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V = − m2
Φ |Φ |2 + λ |Φ |4 + λP |H |2 |Φ |2 + λH |H |4 − μ2

H |H |2 .

If a continuous global U(1) symmetry is spontaneously broken, there is 
a Nambu Goldstone Boson (NGB), , which is massless.a

a ! a+ ↵
<latexit sha1_base64="PMzXK+IT/E0ob+kgMWe1dnV48QY="></latexit><latexit sha1_base64="PMzXK+IT/E0ob+kgMWe1dnV48QY="></latexit><latexit sha1_base64="PMzXK+IT/E0ob+kgMWe1dnV48QY="></latexit><latexit sha1_base64="PMzXK+IT/E0ob+kgMWe1dnV48QY="></latexit><latexit sha1_base64="PMzXK+IT/E0ob+kgMWe1dnV48QY="></latexit>

U(1)
<latexit sha1_base64="SPmexYvWYaKNROmDx1rY9N+E6pE="></latexit><latexit sha1_base64="SPmexYvWYaKNROmDx1rY9N+E6pE="></latexit><latexit sha1_base64="SPmexYvWYaKNROmDx1rY9N+E6pE="></latexit><latexit sha1_base64="SPmexYvWYaKNROmDx1rY9N+E6pE="></latexit><latexit sha1_base64="SPmexYvWYaKNROmDx1rY9N+E6pE="></latexit>

The mass of the NGB is 0.

Ṽ (a) = Ṽ (a+ ↵)
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Φ ∼ (v + s)exp(i
a

2v
)

https://physicsforme.com/2012/01/31/a-historical-profile-of-the-higgs-boson/

vΦ

U(1) Higgs field:

Review: model of ALP/axion
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*QCD axion explains the vanishingly small neutron EDM.
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Why not a CP even scalar DM, e.g. 
modulus?

λ ∼ 2 × 10−4m10−3eV
mϕ

V = − GN
m1m2

r
(1 + αe−r/λ)

Fifth force search kills most models with CP even scalar mass  .mϕ < 10−3eV



Why aren’t axion/ALP ruled out by 
the fifth force?

-> They are CP odd particles. Thus the mediated force is short range  
(dipole-dipole or spin-spin type force). 

Jackson Kimball et al, 1711.08999 

i
cNMN

fa
aN̄γ5N

＊It  may or may not a QCD axion depending on whether there is gluon anomaly.

It couples nucleon spin.

Hnonrela
EFT ≃ −

cN

2fa
⃗∂ a ⋅ N̄ ⃗σ N .

⃗∂ a ∼ ⃗vDM ρDM ∼ 10−3 ρDM

⃗σ
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Why aren’t axion/ALP ruled out by 
the fifth force?

-> They are CP odd particles. Thus the mediated force is short range  
(dipole-dipole or spin-spin type force). 

CP symmetry is based on miracle and accident
Given the tuning, accidental CP symmetry

gCPV
aNN ∼

cgθCP

fa

2mumd

(mu + md)2
⟨N |σ |N⟩

Strong CP problem

V(r) ∼
θ2

CPM2
N

4πf 2
ar

exp(−mar)

It is strong CP problem that  
allows us to have a light CP odd DM. 

θeff ∼ JG2
FΛ4

QCD
J ≡ ImVtbV*tdVcdV*cb ∼ 10−5

EW induced contribution is small by an accident. 

ℒ ⊃ gCPV
aNN aN̄N

αs

4π
θCPGG̃

This problem is naturally solved if there is a QCD axion.  
But I will not discuss about it. 

θCP ≲ 10−10

V(r) ∼
θ2

effM2
N

4πf 2
ar

exp(−mar)

Moody and Wilczek, 1984



Axion/ALP can be light DM without running afoul with 5th force 
bounds because of the fine-tuning + accidental CP symmetry. 
This is observational consequence which we have to admit, but 

do we really need to impose CP 
symmetry in dark sector?



3. 　　　CP-even ALP  
　　　from generic CPV 

Kodai Sakurai, WY 2111.03653 

In the following I take for simplicity , which does not change our conclusions.θCP = θCKM = 0

https://arxiv.org/abs/2111.03653
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A simple UV completion of axion without imposing CP 
symmetry has accidental  with ALP being CP-even.   

CPEFT ≡ Cdark ⋅ CP → a[t, ⃗x ] → a[t, − ⃗x ]

CPEFT



Couplings of the CP-even ALP 
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ℒeff ∼
m2

amh

mΦ
ah, θah ∼

m2
a

mhmΦ

ℒeff ∼
𝒪SM

md𝒪SM
Φ

(∂a)2
•Induced from U(1) symmetric part, and thus   

  symmetric.  
•Non-renormalizable (dim 6 or 8). 
 i.e. very weak at low energy.

Cdark × CP

•Induced from U(1) breaking part.  
•At ,(i.e. ), it vanishes, i.e.  

amplitude  
•Renormalizable, dominant at low energy. 

κ → 0 m2
a → 0

∝ m2
a



3. Phenomenology of CP-even 
ALP

• Probing CP-even ALP in Higgs 
factory  

• CP-even ALP DM

Kodai Sakurai, WY 2111.03653 

https://arxiv.org/abs/2111.03653
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Higgs portal coupling : U(1) Higgs field  
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CP-even ALP can be naturally 
produced via Higgs boson decay

ℒeff ∼
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CP-even ALP can be naturally 
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Production from Higgs decay
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Light BSM 
Decay  
Length

Invisible decay (Case of DM)

Invisible decay and  
missing+displaced vertex

Higgs decay events

Higgs exotic decays

Detector 
size

Vertex 
resolution

≈

Displaced vertex*2

Decay Length

See c.f. Bauer, Neubert and Thamm, 1708.00443 , Curtin et al, 1412.0018  for LHC
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After the production,  
it is long-lived if light. 
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gḡ<latexit sha1_base64="Iobb8ymtTxg+WgPAcNkaJfFzvpo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2Ae0Q8mkmTY2k4QkI5Sh/+DGhSJu/R93/o1pOwttPSRwOOde7r0nUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3U6inmXr9c8av+HGiVBDmpQI5Gv/zVG0iSJlRYwrEx3cBXNsywtoxwOi31UkMVJmM8pF1HBU6oCbP5tlN05pQBiqV2X1g0V393ZDgxZpJErjLBdmSWvZn4n9dNbXwTZkyo1FJBFoPilCMr0ex0NGCaEssnjmCimdsVkRHWmFgXUMmFECyfvEpaF9Xgqnp5X6vUa3kcRTiBUziHAK6hDnfQgCYQeIRneIU3T3ov3rv3sSgteHnPMfyB9/kDlhqPGg==</latexit>⇡⇡
<latexit sha1_base64="8z/+JXip91+HBeYUsHF+UVUzcOM=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BL0IuUcwDkiXMTnqTIbOzy8ysEEL+wIsHRbz6R978GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/loxkn6Ed0IHnIGTVWeqjVesWSW3bnIKvEy0gJMtR7xa9uP2ZphNIwQbXueG5i/AlVhjOB00I31ZhQNqID7FgqaYTan8wvnZIzq/RJGCtb0pC5+ntiQiOtx1FgOyNqhnrZm4n/eZ3UhDf+hMskNSjZYlGYCmJiMnub9LlCZsTYEsoUt7cSNqSKMmPDKdgQvOWXV0nzouxdlS/vK6VqJYsjDydwCufgwTVU4Q7q0AAGITzDK7w5I+fFeXc+Fq05J5s5hj9wPn8AN1WNHg==</latexit>

KK

<latexit sha1_base64="Iobb8ymtTxg+WgPAcNkaJfFzvpo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2Ae0Q8mkmTY2k4QkI5Sh/+DGhSJu/R93/o1pOwttPSRwOOde7r0nUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3U6inmXr9c8av+HGiVBDmpQI5Gv/zVG0iSJlRYwrEx3cBXNsywtoxwOi31UkMVJmM8pF1HBU6oCbP5tlN05pQBiqV2X1g0V393ZDgxZpJErjLBdmSWvZn4n9dNbXwTZkyo1FJBFoPilCMr0ex0NGCaEssnjmCimdsVkRHWmFgXUMmFECyfvEpaF9Xgqnp5X6vUa3kcRTiBUziHAK6hDnfQgCYQeIRneIU3T3ov3rv3sSgteHnPMfyB9/kDlhqPGg==</latexit>⇡⇡
<latexit sha1_base64="eYQdiM7UTiLCQqHhLdGANsKyOdA=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBEEscxoUZcFNy4r2Ae2Y8mkmTY0yQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDC4Zx7ufeeIOZMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+U0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdJP5rSeqNIvkvRnH1Bd4IFnICDZWeuiK5PE0+856pbJbcadAi8TLSRly1Hulr24/Iomg0hCOte54bmz8FCvDCKeTYjfRNMZkhAe0Y6nEgmo/nW48QcdW6aMwUvZJg6bq744UC63HIrCVApuhnvcy8T+vk5jw2k+ZjBNDJZkNChOOTISy81GfKUoMH1uCiWJ2V0SGWGFibEhFG4I3f/IiaZ5XvMvKxV21XKvmcRTgEI7gBDy4ghrcQh0aQEDCM7zCm6OdF+fd+ZiVLjl5zwH8gfP5A/KGkGg=</latexit>

µ+µ�

<latexit sha1_base64="eYQdiM7UTiLCQqHhLdGANsKyOdA=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBEEscxoUZcFNy4r2Ae2Y8mkmTY0yQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDC4Zx7ufeeIOZMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+U0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdJP5rSeqNIvkvRnH1Bd4IFnICDZWeuiK5PE0+856pbJbcadAi8TLSRly1Hulr24/Iomg0hCOte54bmz8FCvDCKeTYjfRNMZkhAe0Y6nEgmo/nW48QcdW6aMwUvZJg6bq744UC63HIrCVApuhnvcy8T+vk5jw2k+ZjBNDJZkNChOOTISy81GfKUoMH1uCiWJ2V0SGWGFibEhFG4I3f/IiaZ5XvMvKxV21XKvmcRTgEI7gBDy4ghrcQh0aQEDCM7zCm6OdF+fd+ZiVLjl5zwH8gfP5A/KGkGg=</latexit>

µ+µ�

<latexit sha1_base64="Wcrp5T9UR4v/QNcpZcenQkE5du0=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIsgiGVXi3osePFYwX5Auy3ZdLaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHDS0TRaFOJZeqFRANnAmoG2Y4tGIFJAo4NIPR7dRvPoHSTIoHM47Bj8hAsJBRYqzUgO4ZdM97xZJbdmfAy8TLSAllqPWKX52+pEkEwlBOtG57bmz8lCjDKIdJoZNoiAkdkQG0LRUkAu2ns2sn+MQqfRxKZUsYPFN/T6Qk0nocBbYzImaoF72p+J/XTkx446dMxIkBQeeLwoRjI/H0ddxnCqjhY0sIVczeiumQKEKNDahgQ/AWX14mjYuyd1W+vK+UqpUsjjw6QsfoFHnoGlXRHaqhOqLoET2jV/TmSOfFeXc+5q05J5s5RH/gfP4AwQaOjg==</latexit>

e+e�

<latexit sha1_base64="Wcrp5T9UR4v/QNcpZcenQkE5du0=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIsgiGVXi3osePFYwX5Auy3ZdLaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHDS0TRaFOJZeqFRANnAmoG2Y4tGIFJAo4NIPR7dRvPoHSTIoHM47Bj8hAsJBRYqzUgO4ZdM97xZJbdmfAy8TLSAllqPWKX52+pEkEwlBOtG57bmz8lCjDKIdJoZNoiAkdkQG0LRUkAu2ns2sn+MQqfRxKZUsYPFN/T6Qk0nocBbYzImaoF72p+J/XTkx446dMxIkBQeeLwoRjI/H0ddxnCqjhY0sIVczeiumQKEKNDahgQ/AWX14mjYuyd1W+vK+UqpUsjjw6QsfoFHnoGlXRHaqhOqLoET2jV/TmSOfFeXc+5q05J5s5RH/gfP4AwQaOjg==</latexit>

e+e�
<latexit sha1_base64="fR2OR8IWth6edoVj+vbtiARb6oc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ac0oUy2m3bpbhJ2N0IJ/RtePCji1T/jzX/jts1Bqw9meLw3w86+MBVcG9f9ckpr6xubW+Xtys7u3v5B9fCoo5NMUdamiUhUL0TNBI9Z23AjWC9VDGUoWDec3M797iNTmifxg5mmLJA4innEKRor+f4IpcRlH1Rrbt1dgPwlXkFqUKA1qH76w4RmksWGCtS677mpCXJUhlPBZhU/0yxFOsER61sao2Q6yBc3z8iZVYYkSpSt2JCF+nMjR6n1VIZ2UqIZ61VvLv7n9TMT3QQ5j9PMsJguH4oyQUxC5gGQIVeMGjG1BKni9lZCx6iQGhtTxYbgrX75L+lc1L2r+uV9o9ZsFHGU4QRO4Rw8uIYm3EEL2kAhhSd4gVcnc56dN+d9OVpyip1j+AXn4xsPVpGq</latexit>��

<latexit sha1_base64="gwyWwFF6kIEbYZpcMRyfBxYuQIY=">AAACB3icbVDLSgNBEJz1bXxFPQoyGARPYVeDehS8eIxgopCE0DvbMUPmsczMimHJzYu/4sWDIl79BW/+jZO4B18FDUVVN91dcSq4dWH4EUxNz8zOzS8slpaWV1bXyusbTaszw7DBtNDmKgaLgitsOO4EXqUGQcYCL+PB6di/vEFjuVYXbphiR8K14j3OwHmpW96GNm3LWN/miZZcgXI0QQZDKnWCdtQtV8JqOAH9S6KCVEiBerf83k40yyQqxwRY24rC1HVyMI4zgaNSO7OYAhvANbY8VSDRdvLJHyO665WE9rTx5Q+ZqN8ncpDWDmXsOyW4vv3tjcX/vFbmesednKs0c6jY16JeJqjTdBwKTbhB5sTQE2CG+1sp64MB5nx0JR9C9Pvlv6S5X40OqwfntcpJrYhjgWyRHbJHInJETsgZqZMGYeSOPJAn8hzcB4/BS/D61ToVFDOb5AeCt08dUZlw</latexit>

a dominant decay modes
<latexit sha1_base64="r6gyYPF49dXh7gd4iObHUkv5Ex0=">AAACCXicbZC7SgNBFIZnvcZ4i1raDAbBKuxqUMuAjWUEc4EkhNnZk2TIXJaZWcmypLXxVWwsFLH1Dex8GyeXQhN/GPj4zznMOX8Yc2as7397K6tr6xubua389s7u3n7h4LBuVKIp1KjiSjdDYoAzCTXLLIdmrIGIkEMjHN5M6o0H0IYpeW/TGDqC9CXrMUqss7oF3BahGmUSRhZHSjBJpAOgJMVCRWDG3ULRL/lT4WUI5lBEc1W7ha92pGgiQFrKiTGtwI9tJyPaMsphnG8nBmJCh6QPLYeSCDCdbHrJGJ86J8I9pd1zi0zd3xMZEcakInSdgtiBWaxNzP9qrcT2rjsZk3FiQdLZR72EY6vwJBYcMQ3U8tQBoZq5XTEdEE2odeHlXQjB4snLUD8vBZeli7tysVKex5FDx+gEnaEAXaEKukVVVEMUPaJn9IrevCfvxXv3PmatK9585gj9kff5Aw7dmoY=</latexit>

next dominant decay modes

:
:

LHCb

LEP

NA62 CHARM

<latexit sha1_base64="DG/zkSMmLfYYWimVgrrmqCfva/A=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtatMeCF48V7Ae0a8mm2TY0ya5JtlCW/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O2vrG5tb24Wd4u7e/sFh6ei4paNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357QlVmkXywUxj6gs8lCxkBBsr+chzH1OvlvVQKrJ+qexW3DnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwmlW7CWaxpiM8ZB2LZVYUO2n86MzdG6VAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlrfspknBgqyWJRmHBkIjRLAA2YosTwqSWYKGZvRWSEFSbG5lS0IXjLL6+S1mXFu65c3VfL9WoeRwFO4QwuwIMbqMMdNKAJBJ7gGV7hzZk4L86787FoXXPymRP4A+fzB0FbkRc=</latexit>10 18
m

<latexit sha1_base64="WOmzrULBBptbSAcJP9aepCIJXPQ=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtaqseCF48V7Ae0a8mm2TY0ya5JtlCW/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O2vrG5tb24Wd4u7e/sFh6ei4paNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357QlVmkXywUxj6gs8lCxkBBsr+chzH1OvlvVQKrJ+qexW3DnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwmlW7CWaxpiM8ZB2LZVYUO2n86MzdG6VAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzaloQ/CWX14lrcuKV6tc3VfL9WoeRwFO4QwuwINrqMMdNKAJBJ7gGV7hzZk4L86787FoXXPymRP4A+fzBz5HkRU=</latexit>10 16
m

<latexit sha1_base64="ORhTdfVIB9ChayBISlwdoJ/eeDE=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh4LXjxWsB/QriWbZtvQJLsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDvz2xOqNIvkg5nG1Bd4KFnICDZW8pHnPqZeLeuhVGT9csWtunOgVeLlpAI5Gv3yV28QkURQaQjHWnc9NzZ+ipVhhNOs1Es0jTEZ4yHtWiqxoNpP50dn6MwqAxRGypY0aK7+nkix0HoqAtspsBnpZW8m/ud1ExPe+CmTcWKoJItFYcKRidAsATRgihLDp5Zgopi9FZERVpgYm1PJhuAtv7xKWhdV76p6eV+r1Gt5HEU4gVM4Bw+uoQ530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwB87nDzszkRM=</latexit>10 14
m

<latexit sha1_base64="ms1YQjoqOjbC4jqBT52hbZ0zXQY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Kru1qMeCF48V7Ae0a8mm2TY0ya5JtlCW/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O2vrG5tb24Wd4u7e/sFh6ei4paNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357QlVmkXywUxj6gs8lCxkBBsr+chzH1OvmvVQKrJ+qexW3DnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwmlW7CWaxpiM8ZB2LZVYUO2n86MzdG6VAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzaloQ/CWX14lrWrFu6pc3tfK9VoeRwFO4QwuwINrqMMdNKAJBJ7gGV7hzZk4L86787FoXXPymRP4A+fzBzgfkRE=</latexit>10 12
m

<latexit sha1_base64="Jat3lpYCXHGp/GVkrl15PxZIW/0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh4LXjxWsB/QriWbZtvQJLsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDvz2xOqNIvkg5nG1Bd4KFnICDZW8pHnPqaem/VQKrJ+ueJW3TnQKvFyUoEcjX75qzeISCKoNIRjrbueGxs/xcowwmlW6iWaxpiM8ZB2LZVYUO2n86MzdGaVAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzalkQ/CWX14lrYuqd1W9vK9V6rU8jiKcwCmcgwfXUIc7aEATCDzBM7zCmzNxXpx352PRWnDymWP4A+fzBzULkQ8=</latexit>10 10
m

<latexit sha1_base64="0WAmiO8CiNZThfNFcOvTIziznFU=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2W3FvVY8OKxgv2Adi3ZNG1Dk+yaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBRFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8e3Mb02o0iyUD2YaUV/goWQDRrCxko889zG5qKRdlIi0Vyy5ZXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHCaFrqxphEmYzykHUslFlT7yfzoFJ1ZpY8GobIlDZqrvycSLLSeisB2CmxGetmbif95ndgMbvyEySg2VJLFokHMkQnRLAHUZ4oSw6eWYKKYvRWREVaYGJtTwYbgLb+8SpqVsndVvryvlmrVLI48nMApnIMH11CDO6hDAwg8wTO8wpszcV6cd+dj0Zpzsplj+APn8wcx85EN</latexit>10 �
2
m

<latexit sha1_base64="B33PZ3TG6AyCDileTEwfBg52QGQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BLx4jmAckS5iddJIhM7PLzKwQlnyEFw+KePV7vPk3TpI9aLSgoajqprsrSgQ31ve/vMLa+sbmVnG7tLO7t39QPjxqmTjVDJssFrHuRNSg4AqblluBnUQjlZHAdjS5nfvtR9SGx+rBThMMJR0pPuSMWie1SdAjmZz1yxW/6i9A/pIgJxXI0eiXP3uDmKUSlWWCGtMN/MSGGdWWM4GzUi81mFA2oSPsOqqoRBNmi3Nn5MwpAzKMtStlyUL9OZFRacxURq5TUjs2q95c/M/rpnZ4E2ZcJalFxZaLhqkgNibz38mAa2RWTB2hTHN3K2FjqimzLqGSCyFYffkvaV1Ug6vq5X2tUq/lcRThBE7hHAK4hjrcQQOawGACT/ACr17iPXtv3vuyteDlM8fwC97HN2Uhjuw=</latexit>1
m

<latexit sha1_base64="HY3gUxiwGzsTluX9Gt6dhDw6e8I=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtRT0WvHisYD+wXUs2zbahSXZJskJZ+i+8eFDEq//Gm//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP5nSeqNIvkvZnG1Bd4JFnICDZWekCe+1jro1TMBuWKW3XnQKvEy0kFcjQH5a/+MCKJoNIQjrXueW5s/BQrwwins1I/0TTGZIJHtGepxIJqP51fPENnVhmiMFK2pEFz9fdEioXWUxHYToHNWC97mfif10tMeO2nTMaJoZIsFoUJRyZC2ftoyBQlhk8twUQxeysiY6wwMTakkg3BW355lbRrVe+yenFXrzTqeRxFOIFTOAcPrqABt9CEFhCQ8Ayv8OZo58V5dz4WrQUnnzmGP3A+fwD8d4/K</latexit>10 2
m

<latexit sha1_base64="0vLfnnAkVzWan7RTg9nu/K9da4I=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4sexqUY8FLx4r2A9o15JNs21okl2TbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdDv1W2OqNIvkg5nE1Bd4IFnICDZW8pHnPqbn1ayLUpH1SmW34s6AlomXkzLkqPdKX91+RBJBpSEca93x3Nj4KVaGEU6zYjfRNMZkhAe0Y6nEgmo/nR2doVOr9FEYKVvSoJn6eyLFQuuJCGynwGaoF72p+J/XSUx446dMxomhkswXhQlHJkLTBFCfKUoMn1iCiWL2VkSGWGFibE5FG4K3+PIyaV5UvKvK5X21XKvmcRTgGE7gDDy4hhrcQR0aQOAJnuEV3pyx8+K8Ox/z1hUnnzmCP3A+fwA1B5EP</latexit>10 �
4
m

<latexit sha1_base64="S/we44OtvAqbHFQF0JrvXYaZGqI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXS/VY8OKxgv2Adi3ZNG1Dk+yaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBRFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8e3Mb02o0iyUD2YaUV/goWQDRrCxko889zG5qKZdlIi0Vyy5ZXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHCaFrqxphEmYzykHUslFlT7yfzoFJ1ZpY8GobIlDZqrvycSLLSeisB2CmxGetmbif95ndgMbvyEySg2VJLFokHMkQnRLAHUZ4oSw6eWYKKYvRWREVaYGJtTwYbgLb+8SpqXZa9avrqvlGqVLI48nMApnIMH11CDO6hDAwg8wTO8wpszcV6cd+dj0Zpzsplj+APn8wc4G5ER</latexit>10 �
6
m

<latexit sha1_base64="X3hG5sCkb0yc6Ri9eEpg9WyqDKI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXi/ZY8OKxgv2Adi3ZNG1Dk+yaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBRFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8e3Mb02o0iyUD2YaUV/goWQDRrCxko889zG5qKZdlIi0Vyy5ZXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHCaFrqxphEmYzykHUslFlT7yfzoFJ1ZpY8GobIlDZqrvycSLLSeisB2CmxGetmbif95ndgMqn7CZBQbKsli0SDmyIRolgDqM0WJ4VNLMFHM3orICCtMjM2pYEPwll9eJc3LsnddvrqvlGqVLI48nMApnIMHN1CDO6hDAwg8wTO8wpszcV6cd+dj0Zpzsplj+APn8wc7L5ET</latexit>10 �
8
m

<latexit sha1_base64="dLOANI/9KAuwTYnXcz/ZzWLBLF8=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4sexqUY8FLx4r2A9otyWbZtvQJLskWaUs+z+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gfDv1W49UaRbJBzOJqS/wULKQEWys1EOe20vPPTfrolRk/VLZrbgzoGXi5aQMOer90ld3EJFEUGkIx1p3PDc2foqVYYTTrNhNNI0xGeMh7VgqsaDaT2dXZ+jUKgMURsqWNGim/p5IsdB6IgLbKbAZ6UVvKv7ndRIT3vgpk3FiqCTzRWHCkYnQNAI0YIoSwyeWYKKYvRWREVaYGBtU0YbgLb68TJoXFe+qcnlfLdeqeRwFOIYTOAMPrqEGd1CHBhBQ8Ayv8OY8OS/Ou/Mxb11x8pkj+APn8weg/ZFG</latexit>10 �
10

m

<latexit sha1_base64="zFELyrT3C4svTyGOc54DuinEqM0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ac0sWy2m3bp7ibsboQS8je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ353SeqNIvlg5kmNBB4JFnECDZW8pHnPmaN3EeZyAfVmlt350CrxCtIDQq0BtUvfxiTVFBpCMda9z03MUGGlWGE07zip5ommEzwiPYtlVhQHWTzm3N0ZpUhimJlSxo0V39PZFhoPRWh7RTYjPWyNxP/8/qpiW6CjMkkNVSSxaIo5cjEaBYAGjJFieFTSzBRzN6KyBgrTIyNqWJD8JZfXiWdi7p3Vb+8b9SajSKOMpzAKZyDB9fQhDtoQRsIJPAMr/DmpM6L8+58LFpLTjFzDH/gfP4AyTWQ2A==</latexit>10 4
m

<latexit sha1_base64="LrHnuVfdefWIEnixENqyNGNzFkk=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KomW6rHgxWMF+wFNLJvtpl26uwm7G6GE/A0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTDjTxnW/nbX1jc2t7dJOeXdv/+CwcnTc0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3M787hNVmsXywUwTGgg8kixiBBsr+chzH7NG7qNM5INK1a25c6BV4hWkCgVag8qXP4xJKqg0hGOt+56bmCDDyjDCaV72U00TTCZ4RPuWSiyoDrL5zTk6t8oQRbGyJQ2aq78nMiy0norQdgpsxnrZm4n/ef3URDdBxmSSGirJYlGUcmRiNAsADZmixPCpJZgoZm9FZIwVJsbGVLYheMsvr5LOZc1r1K7u69VmvYijBKdwBhfgwTU04Q5a0AYCCTzDK7w5qfPivDsfi9Y1p5g5gT9wPn8AzEmQ2g==</latexit>10 6
m

<latexit sha1_base64="pr5Xg3pR1zmOhP3Vsn7hdb32T+w=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KokW7bHgxWMF+wFNLJvtpl26uwm7G6GE/A0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTDjTxnW/nbX1jc2t7dJOeXdv/+CwcnTc0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3M787hNVmsXywUwTGgg8kixiBBsr+chzH7NG7qNM5INK1a25c6BV4hWkCgVag8qXP4xJKqg0hGOt+56bmCDDyjDCaV72U00TTCZ4RPuWSiyoDrL5zTk6t8oQRbGyJQ2aq78nMiy0norQdgpsxnrZm4n/ef3URI0gYzJJDZVksShKOTIxmgWAhkxRYvjUEkwUs7ciMsYKE2NjKtsQvOWXV0nnsuZd167u69VmvYijBKdwBhfgwQ004Q5a0AYCCTzDK7w5qfPivDsfi9Y1p5g5gT9wPn8Az12Q3A==</latexit>10 8
m<latexit sha1_base64="Jat3lpYCXHGp/GVkrl15PxZIW/0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh4LXjxWsB/QriWbZtvQJLsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDvz2xOqNIvkg5nG1Bd4KFnICDZW8pHnPqaem/VQKrJ+ueJW3TnQKvFyUoEcjX75qzeISCKoNIRjrbueGxs/xcowwmlW6iWaxpiM8ZB2LZVYUO2n86MzdGaVAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzalkQ/CWX14lrYuqd1W9vK9V6rU8jiKcwCmcgwfXUIc7aEATCDzBM7zCmzNxXpx352PRWnDymWP4A+fzBzULkQ8=</latexit>10 10

m
<latexit sha1_base64="/9+KxwLso2LC/oJeh+SQad1XyyM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JoUTdCwY3LCvYBbSiTyW07dDIJMxMxhuKvuHGhiFv/w51/47TNQlsPXDiccy/33uPHnCntON9WYWl5ZXWtuF7a2Nza3rF395oqSiSFBo14JNs+UcCZgIZmmkM7lkBCn0PLH11P/NY9SMUicafTGLyQDATrM0q0kXr2QTf0o4csAEpSzEEM9HB81bPLTsWZAi8SNydllKPes7+6QUSTEISmnCjVcZ1YexmRmlEO41I3URATOiID6BgqSAjKy6bXj/GxUQLcj6QpofFU/T2RkVCpNPRNZ0j0UM17E/E/r5Po/qWXMREnGgSdLeonHOsIT6LAAZNANU8NIVQycyumQyIJ1SawkgnBnX95kTRPK+555ey2Wq5V8ziK6BAdoRPkogtUQzeojhqIokf0jF7Rm/VkvVjv1sestWDlM/voD6zPH7j5lVw=</latexit>decay

length
=

SN1987A

Decay length and product of  from Higgs decay 
and signature at ILC

a

Probing CP-even ALP at e.g. ILC 250GeV
Kodai Sakurai, WY 2111.03653 

See also Bhattacherjee et al  
2111.02437  
for hadron collider reach  
of CP-even light mediator

ℒeff ∼
m2

amh

mΦ
ah, θah ∼

m2
a

mhmΦ

https://arxiv.org/abs/2111.03653
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<latexit sha1_base64="LWzBrDlz6ETOHI+5FD9JIL2lJEg="></latexit> c h
=
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✓ a
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◆

<latexit sha1_base64="OKNA9682cSs+U7mLpdSTefcasBw=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KoqMeiBz1WsB/QhLDZTtqlu0nY3Sgl9qd48aCIV3+JN/+N2zYHrT4YeLw3w8y8MOVMacf5skpLyyura+X1ysbm1vaOXd1tqySTFFo04YnshkQBZzG0NNMcuqkEIkIOnXB0NfU79yAVS+I7PU7BF2QQs4hRoo0U2FUREA/j3JMC966h7U8Cu+bUnRnwX+IWpIYKNAP70+snNBMQa8qJUj3XSbWfE6kZ5TCpeJmClNARGUDP0JgIUH4+O32CD43Sx1EiTcUaz9SfEzkRSo1FaDoF0UO16E3F/7xepqMLP2dxmmmI6XxRlHGsEzzNAfeZBKr52BBCJTO3YjokklBt0qqYENzFl/+S9nHdPauf3J7WGpdFHGW0jw7QEXLROWqgG9RELUTRA3pCL+jVerSerTfrfd5asoqZPfQL1sc3AM+TMw==</latexit>

ma [GeV]

<latexit sha1_base64="7WxVpQYWBjARXYLIOLdOg0K9Qes=">AAAB83icbVDLSsNAFL2pr1pfVZduBosgiCXRoi4LblxWsA9oYplMp+3QySTMQyihv+HGhSJu/Rl3/o3TNAttPXAvh3PuZe6cMOFMadf9dgorq2vrG8XN0tb2zu5eef+gpWIjCW2SmMeyE2JFORO0qZnmtJNIiqOQ03Y4vp357ScqFYvFg54kNIjwULABI1hbyfc1No9nWT/vlStu1c2AlomXkwrkaPTKX34/JiaiQhOOlep6bqKDFEvNCKfTkm8UTTAZ4yHtWipwRFWQZjdP0YlV+mgQS1tCo0z9vZHiSKlJFNrJCOuRWvRm4n9e1+jBTZAykRhNBZk/NDAc6RjNAkB9JinRfGIJJpLZWxEZYYmJtjGVbAje4peXSeui6l1VL+9rlXotj6MIR3AMp+DBNdThDhrQBAIJPMMrvDnGeXHenY/5aMHJdw7hD5zPH4AZkUw=</latexit>

⌧+⌧�

<latexit sha1_base64="l2TnuDo2YUtIC6gSOGJkXchDYns=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ae0oWymm3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqkDUxFrHqBFQzwSVrGm4E6ySK0SgQrB2Mb2d++4kpzWP5YCYJ8yM6lDzkSI2VOtgLqMpw2i9X3Ko7B1klXk4qkKPRL3/1BjGmEZMGBdW667mJ8TOqDEfBpqVeqllCcUyHrGuppBHTfja/d0rOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNUziYlGYCmJiMnueDLhiaMTEEoqK21sJjqiiaGxEJRuCt/zyKmldVL2r6uV9rVKv5XEU4QRO4Rw8uIY63EEDmoAg4Ble4c15dF6cd+dj0Vpw8plj+APn8wdANZAT</latexit>

cc̄
<latexit sha1_base64="X2Tq9R0IDwBThb4cGaDgIT0hqQk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ae0oUy2m3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKHd0LUGV62i9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5vfOyVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14Y2fcZmkhkm6WBSmgpiYzJ4nA64YNWJiCVLF7a2EjlAhNTaikg3BW355lbQuqt5V9fK+VqnX8jiKcAKncA4eXEMd7qABTaAg4Ble4c15dF6cd+dj0Vpw8plj+APn8wdxNZAz</latexit>

ss̄

<latexit sha1_base64="asqyclxi8ZLPOg7N2xg0Op5Fxc8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUGfYCqrLhtF+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfja/d0rOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMnueDLhCZsTEEsoUt7cSNqKKMmMjKtkQvOWXV0nroupdVS/va5V6LY+jCCdwCufgwTXU4Q4a0AQGAp7hFd6cR+fFeXc+Fq0FJ585hj9wPn8ATHWQGw==</latexit>

gḡ<latexit sha1_base64="Iobb8ymtTxg+WgPAcNkaJfFzvpo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2Ae0Q8mkmTY2k4QkI5Sh/+DGhSJu/R93/o1pOwttPSRwOOde7r0nUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3U6inmXr9c8av+HGiVBDmpQI5Gv/zVG0iSJlRYwrEx3cBXNsywtoxwOi31UkMVJmM8pF1HBU6oCbP5tlN05pQBiqV2X1g0V393ZDgxZpJErjLBdmSWvZn4n9dNbXwTZkyo1FJBFoPilCMr0ex0NGCaEssnjmCimdsVkRHWmFgXUMmFECyfvEpaF9Xgqnp5X6vUa3kcRTiBUziHAK6hDnfQgCYQeIRneIU3T3ov3rv3sSgteHnPMfyB9/kDlhqPGg==</latexit>⇡⇡
<latexit sha1_base64="8z/+JXip91+HBeYUsHF+UVUzcOM=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BL0IuUcwDkiXMTnqTIbOzy8ysEEL+wIsHRbz6R978GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/loxkn6Ed0IHnIGTVWeqjVesWSW3bnIKvEy0gJMtR7xa9uP2ZphNIwQbXueG5i/AlVhjOB00I31ZhQNqID7FgqaYTan8wvnZIzq/RJGCtb0pC5+ntiQiOtx1FgOyNqhnrZm4n/eZ3UhDf+hMskNSjZYlGYCmJiMnub9LlCZsTYEsoUt7cSNqSKMmPDKdgQvOWXV0nzouxdlS/vK6VqJYsjDydwCufgwTVU4Q7q0AAGITzDK7w5I+fFeXc+Fq05J5s5hj9wPn8AN1WNHg==</latexit>

KK

<latexit sha1_base64="Iobb8ymtTxg+WgPAcNkaJfFzvpo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2Ae0Q8mkmTY2k4QkI5Sh/+DGhSJu/R93/o1pOwttPSRwOOde7r0nUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3U6inmXr9c8av+HGiVBDmpQI5Gv/zVG0iSJlRYwrEx3cBXNsywtoxwOi31UkMVJmM8pF1HBU6oCbP5tlN05pQBiqV2X1g0V393ZDgxZpJErjLBdmSWvZn4n9dNbXwTZkyo1FJBFoPilCMr0ex0NGCaEssnjmCimdsVkRHWmFgXUMmFECyfvEpaF9Xgqnp5X6vUa3kcRTiBUziHAK6hDnfQgCYQeIRneIU3T3ov3rv3sSgteHnPMfyB9/kDlhqPGg==</latexit>⇡⇡
<latexit sha1_base64="eYQdiM7UTiLCQqHhLdGANsKyOdA=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBEEscxoUZcFNy4r2Ae2Y8mkmTY0yQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDC4Zx7ufeeIOZMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+U0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdJP5rSeqNIvkvRnH1Bd4IFnICDZWeuiK5PE0+856pbJbcadAi8TLSRly1Hulr24/Iomg0hCOte54bmz8FCvDCKeTYjfRNMZkhAe0Y6nEgmo/nW48QcdW6aMwUvZJg6bq744UC63HIrCVApuhnvcy8T+vk5jw2k+ZjBNDJZkNChOOTISy81GfKUoMH1uCiWJ2V0SGWGFibEhFG4I3f/IiaZ5XvMvKxV21XKvmcRTgEI7gBDy4ghrcQh0aQEDCM7zCm6OdF+fd+ZiVLjl5zwH8gfP5A/KGkGg=</latexit>

µ+µ�

<latexit sha1_base64="eYQdiM7UTiLCQqHhLdGANsKyOdA=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBEEscxoUZcFNy4r2Ae2Y8mkmTY0yQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDC4Zx7ufeeIOZMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+U0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdJP5rSeqNIvkvRnH1Bd4IFnICDZWeuiK5PE0+856pbJbcadAi8TLSRly1Hulr24/Iomg0hCOte54bmz8FCvDCKeTYjfRNMZkhAe0Y6nEgmo/nW48QcdW6aMwUvZJg6bq744UC63HIrCVApuhnvcy8T+vk5jw2k+ZjBNDJZkNChOOTISy81GfKUoMH1uCiWJ2V0SGWGFibEhFG4I3f/IiaZ5XvMvKxV21XKvmcRTgEI7gBDy4ghrcQh0aQEDCM7zCm6OdF+fd+ZiVLjl5zwH8gfP5A/KGkGg=</latexit>

µ+µ�

<latexit sha1_base64="Wcrp5T9UR4v/QNcpZcenQkE5du0=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIsgiGVXi3osePFYwX5Auy3ZdLaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHDS0TRaFOJZeqFRANnAmoG2Y4tGIFJAo4NIPR7dRvPoHSTIoHM47Bj8hAsJBRYqzUgO4ZdM97xZJbdmfAy8TLSAllqPWKX52+pEkEwlBOtG57bmz8lCjDKIdJoZNoiAkdkQG0LRUkAu2ns2sn+MQqfRxKZUsYPFN/T6Qk0nocBbYzImaoF72p+J/XTkx446dMxIkBQeeLwoRjI/H0ddxnCqjhY0sIVczeiumQKEKNDahgQ/AWX14mjYuyd1W+vK+UqpUsjjw6QsfoFHnoGlXRHaqhOqLoET2jV/TmSOfFeXc+5q05J5s5RH/gfP4AwQaOjg==</latexit>

e+e�

<latexit sha1_base64="Wcrp5T9UR4v/QNcpZcenQkE5du0=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIsgiGVXi3osePFYwX5Auy3ZdLaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHDS0TRaFOJZeqFRANnAmoG2Y4tGIFJAo4NIPR7dRvPoHSTIoHM47Bj8hAsJBRYqzUgO4ZdM97xZJbdmfAy8TLSAllqPWKX52+pEkEwlBOtG57bmz8lCjDKIdJoZNoiAkdkQG0LRUkAu2ns2sn+MQqfRxKZUsYPFN/T6Qk0nocBbYzImaoF72p+J/XTkx446dMxIkBQeeLwoRjI/H0ddxnCqjhY0sIVczeiumQKEKNDahgQ/AWX14mjYuyd1W+vK+UqpUsjjw6QsfoFHnoGlXRHaqhOqLoET2jV/TmSOfFeXc+5q05J5s5RH/gfP4AwQaOjg==</latexit>

e+e�
<latexit sha1_base64="fR2OR8IWth6edoVj+vbtiARb6oc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ac0oUy2m3bpbhJ2N0IJ/RtePCji1T/jzX/jts1Bqw9meLw3w86+MBVcG9f9ckpr6xubW+Xtys7u3v5B9fCoo5NMUdamiUhUL0TNBI9Z23AjWC9VDGUoWDec3M797iNTmifxg5mmLJA4innEKRor+f4IpcRlH1Rrbt1dgPwlXkFqUKA1qH76w4RmksWGCtS677mpCXJUhlPBZhU/0yxFOsER61sao2Q6yBc3z8iZVYYkSpSt2JCF+nMjR6n1VIZ2UqIZ61VvLv7n9TMT3QQ5j9PMsJguH4oyQUxC5gGQIVeMGjG1BKni9lZCx6iQGhtTxYbgrX75L+lc1L2r+uV9o9ZsFHGU4QRO4Rw8uIYm3EEL2kAhhSd4gVcnc56dN+d9OVpyip1j+AXn4xsPVpGq</latexit>��

<latexit sha1_base64="gwyWwFF6kIEbYZpcMRyfBxYuQIY=">AAACB3icbVDLSgNBEJz1bXxFPQoyGARPYVeDehS8eIxgopCE0DvbMUPmsczMimHJzYu/4sWDIl79BW/+jZO4B18FDUVVN91dcSq4dWH4EUxNz8zOzS8slpaWV1bXyusbTaszw7DBtNDmKgaLgitsOO4EXqUGQcYCL+PB6di/vEFjuVYXbphiR8K14j3OwHmpW96GNm3LWN/miZZcgXI0QQZDKnWCdtQtV8JqOAH9S6KCVEiBerf83k40yyQqxwRY24rC1HVyMI4zgaNSO7OYAhvANbY8VSDRdvLJHyO665WE9rTx5Q+ZqN8ncpDWDmXsOyW4vv3tjcX/vFbmesednKs0c6jY16JeJqjTdBwKTbhB5sTQE2CG+1sp64MB5nx0JR9C9Pvlv6S5X40OqwfntcpJrYhjgWyRHbJHInJETsgZqZMGYeSOPJAn8hzcB4/BS/D61ToVFDOb5AeCt08dUZlw</latexit>

a dominant decay modes
<latexit sha1_base64="r6gyYPF49dXh7gd4iObHUkv5Ex0=">AAACCXicbZC7SgNBFIZnvcZ4i1raDAbBKuxqUMuAjWUEc4EkhNnZk2TIXJaZWcmypLXxVWwsFLH1Dex8GyeXQhN/GPj4zznMOX8Yc2as7397K6tr6xubua389s7u3n7h4LBuVKIp1KjiSjdDYoAzCTXLLIdmrIGIkEMjHN5M6o0H0IYpeW/TGDqC9CXrMUqss7oF3BahGmUSRhZHSjBJpAOgJMVCRWDG3ULRL/lT4WUI5lBEc1W7ha92pGgiQFrKiTGtwI9tJyPaMsphnG8nBmJCh6QPLYeSCDCdbHrJGJ86J8I9pd1zi0zd3xMZEcakInSdgtiBWaxNzP9qrcT2rjsZk3FiQdLZR72EY6vwJBYcMQ3U8tQBoZq5XTEdEE2odeHlXQjB4snLUD8vBZeli7tysVKex5FDx+gEnaEAXaEKukVVVEMUPaJn9IrevCfvxXv3PmatK9585gj9kff5Aw7dmoY=</latexit>

next dominant decay modes

:
:

LHCb

LEP

NA62 CHARM

<latexit sha1_base64="DG/zkSMmLfYYWimVgrrmqCfva/A=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtatMeCF48V7Ae0a8mm2TY0ya5JtlCW/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O2vrG5tb24Wd4u7e/sFh6ei4paNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357QlVmkXywUxj6gs8lCxkBBsr+chzH1OvlvVQKrJ+qexW3DnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwmlW7CWaxpiM8ZB2LZVYUO2n86MzdG6VAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlrfspknBgqyWJRmHBkIjRLAA2YosTwqSWYKGZvRWSEFSbG5lS0IXjLL6+S1mXFu65c3VfL9WoeRwFO4QwuwIMbqMMdNKAJBJ7gGV7hzZk4L86787FoXXPymRP4A+fzB0FbkRc=</latexit>10 18
m

<latexit sha1_base64="WOmzrULBBptbSAcJP9aepCIJXPQ=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtaqseCF48V7Ae0a8mm2TY0ya5JtlCW/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O2vrG5tb24Wd4u7e/sFh6ei4paNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357QlVmkXywUxj6gs8lCxkBBsr+chzH1OvlvVQKrJ+qexW3DnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwmlW7CWaxpiM8ZB2LZVYUO2n86MzdG6VAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzaloQ/CWX14lrcuKV6tc3VfL9WoeRwFO4QwuwINrqMMdNKAJBJ7gGV7hzZk4L86787FoXXPymRP4A+fzBz5HkRU=</latexit>10 16
m

<latexit sha1_base64="ORhTdfVIB9ChayBISlwdoJ/eeDE=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh4LXjxWsB/QriWbZtvQJLsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDvz2xOqNIvkg5nG1Bd4KFnICDZW8pHnPqZeLeuhVGT9csWtunOgVeLlpAI5Gv3yV28QkURQaQjHWnc9NzZ+ipVhhNOs1Es0jTEZ4yHtWiqxoNpP50dn6MwqAxRGypY0aK7+nkix0HoqAtspsBnpZW8m/ud1ExPe+CmTcWKoJItFYcKRidAsATRgihLDp5Zgopi9FZERVpgYm1PJhuAtv7xKWhdV76p6eV+r1Gt5HEU4gVM4Bw+uoQ530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwB87nDzszkRM=</latexit>10 14
m

<latexit sha1_base64="ms1YQjoqOjbC4jqBT52hbZ0zXQY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Kru1qMeCF48V7Ae0a8mm2TY0ya5JtlCW/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O2vrG5tb24Wd4u7e/sFh6ei4paNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357QlVmkXywUxj6gs8lCxkBBsr+chzH1OvmvVQKrJ+qexW3DnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwmlW7CWaxpiM8ZB2LZVYUO2n86MzdG6VAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzaloQ/CWX14lrWrFu6pc3tfK9VoeRwFO4QwuwINrqMMdNKAJBJ7gGV7hzZk4L86787FoXXPymRP4A+fzBzgfkRE=</latexit>10 12
m

<latexit sha1_base64="Jat3lpYCXHGp/GVkrl15PxZIW/0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh4LXjxWsB/QriWbZtvQJLsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDvz2xOqNIvkg5nG1Bd4KFnICDZW8pHnPqaem/VQKrJ+ueJW3TnQKvFyUoEcjX75qzeISCKoNIRjrbueGxs/xcowwmlW6iWaxpiM8ZB2LZVYUO2n86MzdGaVAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzalkQ/CWX14lrYuqd1W9vK9V6rU8jiKcwCmcgwfXUIc7aEATCDzBM7zCmzNxXpx352PRWnDymWP4A+fzBzULkQ8=</latexit>10 10
m

<latexit sha1_base64="0WAmiO8CiNZThfNFcOvTIziznFU=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2W3FvVY8OKxgv2Adi3ZNG1Dk+yaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBRFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8e3Mb02o0iyUD2YaUV/goWQDRrCxko889zG5qKRdlIi0Vyy5ZXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHCaFrqxphEmYzykHUslFlT7yfzoFJ1ZpY8GobIlDZqrvycSLLSeisB2CmxGetmbif95ndgMbvyEySg2VJLFokHMkQnRLAHUZ4oSw6eWYKKYvRWREVaYGJtTwYbgLb+8SpqVsndVvryvlmrVLI48nMApnIMH11CDO6hDAwg8wTO8wpszcV6cd+dj0Zpzsplj+APn8wcx85EN</latexit>10 �
2
m

<latexit sha1_base64="B33PZ3TG6AyCDileTEwfBg52QGQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BLx4jmAckS5iddJIhM7PLzKwQlnyEFw+KePV7vPk3TpI9aLSgoajqprsrSgQ31ve/vMLa+sbmVnG7tLO7t39QPjxqmTjVDJssFrHuRNSg4AqblluBnUQjlZHAdjS5nfvtR9SGx+rBThMMJR0pPuSMWie1SdAjmZz1yxW/6i9A/pIgJxXI0eiXP3uDmKUSlWWCGtMN/MSGGdWWM4GzUi81mFA2oSPsOqqoRBNmi3Nn5MwpAzKMtStlyUL9OZFRacxURq5TUjs2q95c/M/rpnZ4E2ZcJalFxZaLhqkgNibz38mAa2RWTB2hTHN3K2FjqimzLqGSCyFYffkvaV1Ug6vq5X2tUq/lcRThBE7hHAK4hjrcQQOawGACT/ACr17iPXtv3vuyteDlM8fwC97HN2Uhjuw=</latexit>1
m

<latexit sha1_base64="HY3gUxiwGzsTluX9Gt6dhDw6e8I=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtRT0WvHisYD+wXUs2zbahSXZJskJZ+i+8eFDEq//Gm//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP5nSeqNIvkvZnG1Bd4JFnICDZWekCe+1jro1TMBuWKW3XnQKvEy0kFcjQH5a/+MCKJoNIQjrXueW5s/BQrwwins1I/0TTGZIJHtGepxIJqP51fPENnVhmiMFK2pEFz9fdEioXWUxHYToHNWC97mfif10tMeO2nTMaJoZIsFoUJRyZC2ftoyBQlhk8twUQxeysiY6wwMTakkg3BW355lbRrVe+yenFXrzTqeRxFOIFTOAcPrqABt9CEFhCQ8Ayv8OZo58V5dz4WrQUnnzmGP3A+fwD8d4/K</latexit>10 2
m

<latexit sha1_base64="0vLfnnAkVzWan7RTg9nu/K9da4I=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4sexqUY8FLx4r2A9o15JNs21okl2TbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdDv1W2OqNIvkg5nE1Bd4IFnICDZW8pHnPqbn1ayLUpH1SmW34s6AlomXkzLkqPdKX91+RBJBpSEca93x3Nj4KVaGEU6zYjfRNMZkhAe0Y6nEgmo/nR2doVOr9FEYKVvSoJn6eyLFQuuJCGynwGaoF72p+J/XSUx446dMxomhkswXhQlHJkLTBFCfKUoMn1iCiWL2VkSGWGFibE5FG4K3+PIyaV5UvKvK5X21XKvmcRTgGE7gDDy4hhrcQR0aQOAJnuEV3pyx8+K8Ox/z1hUnnzmCP3A+fwA1B5EP</latexit>10 �
4
m

<latexit sha1_base64="S/we44OtvAqbHFQF0JrvXYaZGqI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXS/VY8OKxgv2Adi3ZNG1Dk+yaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBRFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8e3Mb02o0iyUD2YaUV/goWQDRrCxko889zG5qKZdlIi0Vyy5ZXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHCaFrqxphEmYzykHUslFlT7yfzoFJ1ZpY8GobIlDZqrvycSLLSeisB2CmxGetmbif95ndgMbvyEySg2VJLFokHMkQnRLAHUZ4oSw6eWYKKYvRWREVaYGJtTwYbgLb+8SpqXZa9avrqvlGqVLI48nMApnIMH11CDO6hDAwg8wTO8wpszcV6cd+dj0Zpzsplj+APn8wc4G5ER</latexit>10 �
6
m

<latexit sha1_base64="X3hG5sCkb0yc6Ri9eEpg9WyqDKI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXi/ZY8OKxgv2Adi3ZNG1Dk+yaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBRFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8e3Mb02o0iyUD2YaUV/goWQDRrCxko889zG5qKZdlIi0Vyy5ZXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHCaFrqxphEmYzykHUslFlT7yfzoFJ1ZpY8GobIlDZqrvycSLLSeisB2CmxGetmbif95ndgMqn7CZBQbKsli0SDmyIRolgDqM0WJ4VNLMFHM3orICCtMjM2pYEPwll9eJc3LsnddvrqvlGqVLI48nMApnIMHN1CDO6hDAwg8wTO8wpszcV6cd+dj0Zpzsplj+APn8wc7L5ET</latexit>10 �
8
m

<latexit sha1_base64="dLOANI/9KAuwTYnXcz/ZzWLBLF8=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4sexqUY8FLx4r2A9otyWbZtvQJLskWaUs+z+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gfDv1W49UaRbJBzOJqS/wULKQEWys1EOe20vPPTfrolRk/VLZrbgzoGXi5aQMOer90ld3EJFEUGkIx1p3PDc2foqVYYTTrNhNNI0xGeMh7VgqsaDaT2dXZ+jUKgMURsqWNGim/p5IsdB6IgLbKbAZ6UVvKv7ndRIT3vgpk3FiqCTzRWHCkYnQNAI0YIoSwyeWYKKYvRWREVaYGBtU0YbgLb68TJoXFe+qcnlfLdeqeRwFOIYTOAMPrqEGd1CHBhBQ8Ayv8OY8OS/Ou/Mxb11x8pkj+APn8weg/ZFG</latexit>10 �
10

m

<latexit sha1_base64="zFELyrT3C4svTyGOc54DuinEqM0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ac0sWy2m3bp7ibsboQS8je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ353SeqNIvlg5kmNBB4JFnECDZW8pHnPmaN3EeZyAfVmlt350CrxCtIDQq0BtUvfxiTVFBpCMda9z03MUGGlWGE07zip5ommEzwiPYtlVhQHWTzm3N0ZpUhimJlSxo0V39PZFhoPRWh7RTYjPWyNxP/8/qpiW6CjMkkNVSSxaIo5cjEaBYAGjJFieFTSzBRzN6KyBgrTIyNqWJD8JZfXiWdi7p3Vb+8b9SajSKOMpzAKZyDB9fQhDtoQRsIJPAMr/DmpM6L8+58LFpLTjFzDH/gfP4AyTWQ2A==</latexit>10 4
m

<latexit sha1_base64="LrHnuVfdefWIEnixENqyNGNzFkk=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KomW6rHgxWMF+wFNLJvtpl26uwm7G6GE/A0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTDjTxnW/nbX1jc2t7dJOeXdv/+CwcnTc0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3M787hNVmsXywUwTGgg8kixiBBsr+chzH7NG7qNM5INK1a25c6BV4hWkCgVag8qXP4xJKqg0hGOt+56bmCDDyjDCaV72U00TTCZ4RPuWSiyoDrL5zTk6t8oQRbGyJQ2aq78nMiy0norQdgpsxnrZm4n/ef3URDdBxmSSGirJYlGUcmRiNAsADZmixPCpJZgoZm9FZIwVJsbGVLYheMsvr5LOZc1r1K7u69VmvYijBKdwBhfgwTU04Q5a0AYCCTzDK7w5qfPivDsfi9Y1p5g5gT9wPn8AzEmQ2g==</latexit>10 6
m

<latexit sha1_base64="pr5Xg3pR1zmOhP3Vsn7hdb32T+w=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KokW7bHgxWMF+wFNLJvtpl26uwm7G6GE/A0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTDjTxnW/nbX1jc2t7dJOeXdv/+CwcnTc0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3M787hNVmsXywUwTGgg8kixiBBsr+chzH7NG7qNM5INK1a25c6BV4hWkCgVag8qXP4xJKqg0hGOt+56bmCDDyjDCaV72U00TTCZ4RPuWSiyoDrL5zTk6t8oQRbGyJQ2aq78nMiy0norQdgpsxnrZm4n/ef3URI0gYzJJDZVksShKOTIxmgWAhkxRYvjUEkwUs7ciMsYKE2NjKtsQvOWXV0nnsuZd167u69VmvYijBKdwBhfgwQ004Q5a0AYCCTzDK7w5qfPivDsfi9Y1p5g5gT9wPn8Az12Q3A==</latexit>10 8
m<latexit sha1_base64="Jat3lpYCXHGp/GVkrl15PxZIW/0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh4LXjxWsB/QriWbZtvQJLsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDvz2xOqNIvkg5nG1Bd4KFnICDZW8pHnPqaem/VQKrJ+ueJW3TnQKvFyUoEcjX75qzeISCKoNIRjrbueGxs/xcowwmlW6iWaxpiM8ZB2LZVYUO2n86MzdGaVAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzalkQ/CWX14lrYuqd1W9vK9V6rU8jiKcwCmcgwfXUIc7aEATCDzBM7zCmzNxXpx352PRWnDymWP4A+fzBzULkQ8=</latexit>10 10

m
<latexit sha1_base64="/9+KxwLso2LC/oJeh+SQad1XyyM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JoUTdCwY3LCvYBbSiTyW07dDIJMxMxhuKvuHGhiFv/w51/47TNQlsPXDiccy/33uPHnCntON9WYWl5ZXWtuF7a2Nza3rF395oqSiSFBo14JNs+UcCZgIZmmkM7lkBCn0PLH11P/NY9SMUicafTGLyQDATrM0q0kXr2QTf0o4csAEpSzEEM9HB81bPLTsWZAi8SNydllKPes7+6QUSTEISmnCjVcZ1YexmRmlEO41I3URATOiID6BgqSAjKy6bXj/GxUQLcj6QpofFU/T2RkVCpNPRNZ0j0UM17E/E/r5Po/qWXMREnGgSdLeonHOsIT6LAAZNANU8NIVQycyumQyIJ1SawkgnBnX95kTRPK+555ey2Wq5V8ziK6BAdoRPkogtUQzeojhqIokf0jF7Rm/VkvVjv1sestWDlM/voD6zPH7j5lVw=</latexit>decay

length
=

SN1987A

Decay length and product of  from Higgs decay 
and signature at ILC

a

Probing CP-even ALP at e.g. ILC 250GeV
Kodai Sakurai, WY 2111.03653 

Vertex resolution 

See also Bhattacherjee et al  
2111.02437  
for hadron collider reach  
of CP-even light mediator

ℒeff ∼
m2

amh

mΦ
ah, θah ∼

m2
a

mhmΦ

https://arxiv.org/abs/2111.03653
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<latexit sha1_base64="LWzBrDlz6ETOHI+5FD9JIL2lJEg="></latexit> c h
=
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<latexit sha1_base64="OKNA9682cSs+U7mLpdSTefcasBw=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KoqMeiBz1WsB/QhLDZTtqlu0nY3Sgl9qd48aCIV3+JN/+N2zYHrT4YeLw3w8y8MOVMacf5skpLyyura+X1ysbm1vaOXd1tqySTFFo04YnshkQBZzG0NNMcuqkEIkIOnXB0NfU79yAVS+I7PU7BF2QQs4hRoo0U2FUREA/j3JMC966h7U8Cu+bUnRnwX+IWpIYKNAP70+snNBMQa8qJUj3XSbWfE6kZ5TCpeJmClNARGUDP0JgIUH4+O32CD43Sx1EiTcUaz9SfEzkRSo1FaDoF0UO16E3F/7xepqMLP2dxmmmI6XxRlHGsEzzNAfeZBKr52BBCJTO3YjokklBt0qqYENzFl/+S9nHdPauf3J7WGpdFHGW0jw7QEXLROWqgG9RELUTRA3pCL+jVerSerTfrfd5asoqZPfQL1sc3AM+TMw==</latexit>

ma [GeV]

<latexit sha1_base64="7WxVpQYWBjARXYLIOLdOg0K9Qes=">AAAB83icbVDLSsNAFL2pr1pfVZduBosgiCXRoi4LblxWsA9oYplMp+3QySTMQyihv+HGhSJu/Rl3/o3TNAttPXAvh3PuZe6cMOFMadf9dgorq2vrG8XN0tb2zu5eef+gpWIjCW2SmMeyE2JFORO0qZnmtJNIiqOQ03Y4vp357ScqFYvFg54kNIjwULABI1hbyfc1No9nWT/vlStu1c2AlomXkwrkaPTKX34/JiaiQhOOlep6bqKDFEvNCKfTkm8UTTAZ4yHtWipwRFWQZjdP0YlV+mgQS1tCo0z9vZHiSKlJFNrJCOuRWvRm4n9e1+jBTZAykRhNBZk/NDAc6RjNAkB9JinRfGIJJpLZWxEZYYmJtjGVbAje4peXSeui6l1VL+9rlXotj6MIR3AMp+DBNdThDhrQBAIJPMMrvDnGeXHenY/5aMHJdw7hD5zPH4AZkUw=</latexit>

⌧+⌧�

<latexit sha1_base64="l2TnuDo2YUtIC6gSOGJkXchDYns=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ae0oWymm3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqkDUxFrHqBFQzwSVrGm4E6ySK0SgQrB2Mb2d++4kpzWP5YCYJ8yM6lDzkSI2VOtgLqMpw2i9X3Ko7B1klXk4qkKPRL3/1BjGmEZMGBdW667mJ8TOqDEfBpqVeqllCcUyHrGuppBHTfja/d0rOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNUziYlGYCmJiMnueDLhiaMTEEoqK21sJjqiiaGxEJRuCt/zyKmldVL2r6uV9rVKv5XEU4QRO4Rw8uIY63EEDmoAg4Ble4c15dF6cd+dj0Vpw8plj+APn8wdANZAT</latexit>

cc̄
<latexit sha1_base64="X2Tq9R0IDwBThb4cGaDgIT0hqQk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ae0oUy2m3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKHd0LUGV62i9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5vfOyVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14Y2fcZmkhkm6WBSmgpiYzJ4nA64YNWJiCVLF7a2EjlAhNTaikg3BW355lbQuqt5V9fK+VqnX8jiKcAKncA4eXEMd7qABTaAg4Ble4c15dF6cd+dj0Vpw8plj+APn8wdxNZAz</latexit>

ss̄

<latexit sha1_base64="asqyclxi8ZLPOg7N2xg0Op5Fxc8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUGfYCqrLhtF+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfja/d0rOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMnueDLhCZsTEEsoUt7cSNqKKMmMjKtkQvOWXV0nroupdVS/va5V6LY+jCCdwCufgwTXU4Q4a0AQGAp7hFd6cR+fFeXc+Fq0FJ585hj9wPn8ATHWQGw==</latexit>

gḡ<latexit sha1_base64="Iobb8ymtTxg+WgPAcNkaJfFzvpo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2Ae0Q8mkmTY2k4QkI5Sh/+DGhSJu/R93/o1pOwttPSRwOOde7r0nUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3U6inmXr9c8av+HGiVBDmpQI5Gv/zVG0iSJlRYwrEx3cBXNsywtoxwOi31UkMVJmM8pF1HBU6oCbP5tlN05pQBiqV2X1g0V393ZDgxZpJErjLBdmSWvZn4n9dNbXwTZkyo1FJBFoPilCMr0ex0NGCaEssnjmCimdsVkRHWmFgXUMmFECyfvEpaF9Xgqnp5X6vUa3kcRTiBUziHAK6hDnfQgCYQeIRneIU3T3ov3rv3sSgteHnPMfyB9/kDlhqPGg==</latexit>⇡⇡
<latexit sha1_base64="8z/+JXip91+HBeYUsHF+UVUzcOM=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BL0IuUcwDkiXMTnqTIbOzy8ysEEL+wIsHRbz6R978GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/loxkn6Ed0IHnIGTVWeqjVesWSW3bnIKvEy0gJMtR7xa9uP2ZphNIwQbXueG5i/AlVhjOB00I31ZhQNqID7FgqaYTan8wvnZIzq/RJGCtb0pC5+ntiQiOtx1FgOyNqhnrZm4n/eZ3UhDf+hMskNSjZYlGYCmJiMnub9LlCZsTYEsoUt7cSNqSKMmPDKdgQvOWXV0nzouxdlS/vK6VqJYsjDydwCufgwTVU4Q7q0AAGITzDK7w5I+fFeXc+Fq05J5s5hj9wPn8AN1WNHg==</latexit>

KK

<latexit sha1_base64="Iobb8ymtTxg+WgPAcNkaJfFzvpo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2Ae0Q8mkmTY2k4QkI5Sh/+DGhSJu/R93/o1pOwttPSRwOOde7r0nUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3U6inmXr9c8av+HGiVBDmpQI5Gv/zVG0iSJlRYwrEx3cBXNsywtoxwOi31UkMVJmM8pF1HBU6oCbP5tlN05pQBiqV2X1g0V393ZDgxZpJErjLBdmSWvZn4n9dNbXwTZkyo1FJBFoPilCMr0ex0NGCaEssnjmCimdsVkRHWmFgXUMmFECyfvEpaF9Xgqnp5X6vUa3kcRTiBUziHAK6hDnfQgCYQeIRneIU3T3ov3rv3sSgteHnPMfyB9/kDlhqPGg==</latexit>⇡⇡
<latexit sha1_base64="eYQdiM7UTiLCQqHhLdGANsKyOdA=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBEEscxoUZcFNy4r2Ae2Y8mkmTY0yQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDC4Zx7ufeeIOZMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+U0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdJP5rSeqNIvkvRnH1Bd4IFnICDZWeuiK5PE0+856pbJbcadAi8TLSRly1Hulr24/Iomg0hCOte54bmz8FCvDCKeTYjfRNMZkhAe0Y6nEgmo/nW48QcdW6aMwUvZJg6bq744UC63HIrCVApuhnvcy8T+vk5jw2k+ZjBNDJZkNChOOTISy81GfKUoMH1uCiWJ2V0SGWGFibEhFG4I3f/IiaZ5XvMvKxV21XKvmcRTgEI7gBDy4ghrcQh0aQEDCM7zCm6OdF+fd+ZiVLjl5zwH8gfP5A/KGkGg=</latexit>

µ+µ�

<latexit sha1_base64="eYQdiM7UTiLCQqHhLdGANsKyOdA=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBEEscxoUZcFNy4r2Ae2Y8mkmTY0yQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDC4Zx7ufeeIOZMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+U0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdJP5rSeqNIvkvRnH1Bd4IFnICDZWeuiK5PE0+856pbJbcadAi8TLSRly1Hulr24/Iomg0hCOte54bmz8FCvDCKeTYjfRNMZkhAe0Y6nEgmo/nW48QcdW6aMwUvZJg6bq744UC63HIrCVApuhnvcy8T+vk5jw2k+ZjBNDJZkNChOOTISy81GfKUoMH1uCiWJ2V0SGWGFibEhFG4I3f/IiaZ5XvMvKxV21XKvmcRTgEI7gBDy4ghrcQh0aQEDCM7zCm6OdF+fd+ZiVLjl5zwH8gfP5A/KGkGg=</latexit>

µ+µ�

<latexit sha1_base64="Wcrp5T9UR4v/QNcpZcenQkE5du0=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIsgiGVXi3osePFYwX5Auy3ZdLaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHDS0TRaFOJZeqFRANnAmoG2Y4tGIFJAo4NIPR7dRvPoHSTIoHM47Bj8hAsJBRYqzUgO4ZdM97xZJbdmfAy8TLSAllqPWKX52+pEkEwlBOtG57bmz8lCjDKIdJoZNoiAkdkQG0LRUkAu2ns2sn+MQqfRxKZUsYPFN/T6Qk0nocBbYzImaoF72p+J/XTkx446dMxIkBQeeLwoRjI/H0ddxnCqjhY0sIVczeiumQKEKNDahgQ/AWX14mjYuyd1W+vK+UqpUsjjw6QsfoFHnoGlXRHaqhOqLoET2jV/TmSOfFeXc+5q05J5s5RH/gfP4AwQaOjg==</latexit>

e+e�

<latexit sha1_base64="Wcrp5T9UR4v/QNcpZcenQkE5du0=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIsgiGVXi3osePFYwX5Auy3ZdLaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHDS0TRaFOJZeqFRANnAmoG2Y4tGIFJAo4NIPR7dRvPoHSTIoHM47Bj8hAsJBRYqzUgO4ZdM97xZJbdmfAy8TLSAllqPWKX52+pEkEwlBOtG57bmz8lCjDKIdJoZNoiAkdkQG0LRUkAu2ns2sn+MQqfRxKZUsYPFN/T6Qk0nocBbYzImaoF72p+J/XTkx446dMxIkBQeeLwoRjI/H0ddxnCqjhY0sIVczeiumQKEKNDahgQ/AWX14mjYuyd1W+vK+UqpUsjjw6QsfoFHnoGlXRHaqhOqLoET2jV/TmSOfFeXc+5q05J5s5RH/gfP4AwQaOjg==</latexit>

e+e�
<latexit sha1_base64="fR2OR8IWth6edoVj+vbtiARb6oc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ac0oUy2m3bpbhJ2N0IJ/RtePCji1T/jzX/jts1Bqw9meLw3w86+MBVcG9f9ckpr6xubW+Xtys7u3v5B9fCoo5NMUdamiUhUL0TNBI9Z23AjWC9VDGUoWDec3M797iNTmifxg5mmLJA4innEKRor+f4IpcRlH1Rrbt1dgPwlXkFqUKA1qH76w4RmksWGCtS677mpCXJUhlPBZhU/0yxFOsER61sao2Q6yBc3z8iZVYYkSpSt2JCF+nMjR6n1VIZ2UqIZ61VvLv7n9TMT3QQ5j9PMsJguH4oyQUxC5gGQIVeMGjG1BKni9lZCx6iQGhtTxYbgrX75L+lc1L2r+uV9o9ZsFHGU4QRO4Rw8uIYm3EEL2kAhhSd4gVcnc56dN+d9OVpyip1j+AXn4xsPVpGq</latexit>��

<latexit sha1_base64="gwyWwFF6kIEbYZpcMRyfBxYuQIY=">AAACB3icbVDLSgNBEJz1bXxFPQoyGARPYVeDehS8eIxgopCE0DvbMUPmsczMimHJzYu/4sWDIl79BW/+jZO4B18FDUVVN91dcSq4dWH4EUxNz8zOzS8slpaWV1bXyusbTaszw7DBtNDmKgaLgitsOO4EXqUGQcYCL+PB6di/vEFjuVYXbphiR8K14j3OwHmpW96GNm3LWN/miZZcgXI0QQZDKnWCdtQtV8JqOAH9S6KCVEiBerf83k40yyQqxwRY24rC1HVyMI4zgaNSO7OYAhvANbY8VSDRdvLJHyO665WE9rTx5Q+ZqN8ncpDWDmXsOyW4vv3tjcX/vFbmesednKs0c6jY16JeJqjTdBwKTbhB5sTQE2CG+1sp64MB5nx0JR9C9Pvlv6S5X40OqwfntcpJrYhjgWyRHbJHInJETsgZqZMGYeSOPJAn8hzcB4/BS/D61ToVFDOb5AeCt08dUZlw</latexit>

a dominant decay modes
<latexit sha1_base64="r6gyYPF49dXh7gd4iObHUkv5Ex0=">AAACCXicbZC7SgNBFIZnvcZ4i1raDAbBKuxqUMuAjWUEc4EkhNnZk2TIXJaZWcmypLXxVWwsFLH1Dex8GyeXQhN/GPj4zznMOX8Yc2as7397K6tr6xubua389s7u3n7h4LBuVKIp1KjiSjdDYoAzCTXLLIdmrIGIkEMjHN5M6o0H0IYpeW/TGDqC9CXrMUqss7oF3BahGmUSRhZHSjBJpAOgJMVCRWDG3ULRL/lT4WUI5lBEc1W7ha92pGgiQFrKiTGtwI9tJyPaMsphnG8nBmJCh6QPLYeSCDCdbHrJGJ86J8I9pd1zi0zd3xMZEcakInSdgtiBWaxNzP9qrcT2rjsZk3FiQdLZR72EY6vwJBYcMQ3U8tQBoZq5XTEdEE2odeHlXQjB4snLUD8vBZeli7tysVKex5FDx+gEnaEAXaEKukVVVEMUPaJn9IrevCfvxXv3PmatK9585gj9kff5Aw7dmoY=</latexit>

next dominant decay modes

:
:

LHCb

LEP

NA62 CHARM

<latexit sha1_base64="DG/zkSMmLfYYWimVgrrmqCfva/A=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtatMeCF48V7Ae0a8mm2TY0ya5JtlCW/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O2vrG5tb24Wd4u7e/sFh6ei4paNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357QlVmkXywUxj6gs8lCxkBBsr+chzH1OvlvVQKrJ+qexW3DnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwmlW7CWaxpiM8ZB2LZVYUO2n86MzdG6VAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlrfspknBgqyWJRmHBkIjRLAA2YosTwqSWYKGZvRWSEFSbG5lS0IXjLL6+S1mXFu65c3VfL9WoeRwFO4QwuwIMbqMMdNKAJBJ7gGV7hzZk4L86787FoXXPymRP4A+fzB0FbkRc=</latexit>10 18
m

<latexit sha1_base64="WOmzrULBBptbSAcJP9aepCIJXPQ=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtaqseCF48V7Ae0a8mm2TY0ya5JtlCW/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O2vrG5tb24Wd4u7e/sFh6ei4paNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357QlVmkXywUxj6gs8lCxkBBsr+chzH1OvlvVQKrJ+qexW3DnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwmlW7CWaxpiM8ZB2LZVYUO2n86MzdG6VAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzaloQ/CWX14lrcuKV6tc3VfL9WoeRwFO4QwuwINrqMMdNKAJBJ7gGV7hzZk4L86787FoXXPymRP4A+fzBz5HkRU=</latexit>10 16
m

<latexit sha1_base64="ORhTdfVIB9ChayBISlwdoJ/eeDE=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh4LXjxWsB/QriWbZtvQJLsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDvz2xOqNIvkg5nG1Bd4KFnICDZW8pHnPqZeLeuhVGT9csWtunOgVeLlpAI5Gv3yV28QkURQaQjHWnc9NzZ+ipVhhNOs1Es0jTEZ4yHtWiqxoNpP50dn6MwqAxRGypY0aK7+nkix0HoqAtspsBnpZW8m/ud1ExPe+CmTcWKoJItFYcKRidAsATRgihLDp5Zgopi9FZERVpgYm1PJhuAtv7xKWhdV76p6eV+r1Gt5HEU4gVM4Bw+uoQ530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwB87nDzszkRM=</latexit>10 14
m

<latexit sha1_base64="ms1YQjoqOjbC4jqBT52hbZ0zXQY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Kru1qMeCF48V7Ae0a8mm2TY0ya5JtlCW/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O2vrG5tb24Wd4u7e/sFh6ei4paNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357QlVmkXywUxj6gs8lCxkBBsr+chzH1OvmvVQKrJ+qexW3DnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwmlW7CWaxpiM8ZB2LZVYUO2n86MzdG6VAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzaloQ/CWX14lrWrFu6pc3tfK9VoeRwFO4QwuwINrqMMdNKAJBJ7gGV7hzZk4L86787FoXXPymRP4A+fzBzgfkRE=</latexit>10 12
m

<latexit sha1_base64="Jat3lpYCXHGp/GVkrl15PxZIW/0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh4LXjxWsB/QriWbZtvQJLsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDvz2xOqNIvkg5nG1Bd4KFnICDZW8pHnPqaem/VQKrJ+ueJW3TnQKvFyUoEcjX75qzeISCKoNIRjrbueGxs/xcowwmlW6iWaxpiM8ZB2LZVYUO2n86MzdGaVAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzalkQ/CWX14lrYuqd1W9vK9V6rU8jiKcwCmcgwfXUIc7aEATCDzBM7zCmzNxXpx352PRWnDymWP4A+fzBzULkQ8=</latexit>10 10
m

<latexit sha1_base64="0WAmiO8CiNZThfNFcOvTIziznFU=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2W3FvVY8OKxgv2Adi3ZNG1Dk+yaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBRFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8e3Mb02o0iyUD2YaUV/goWQDRrCxko889zG5qKRdlIi0Vyy5ZXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHCaFrqxphEmYzykHUslFlT7yfzoFJ1ZpY8GobIlDZqrvycSLLSeisB2CmxGetmbif95ndgMbvyEySg2VJLFokHMkQnRLAHUZ4oSw6eWYKKYvRWREVaYGJtTwYbgLb+8SpqVsndVvryvlmrVLI48nMApnIMH11CDO6hDAwg8wTO8wpszcV6cd+dj0Zpzsplj+APn8wcx85EN</latexit>10 �
2
m

<latexit sha1_base64="B33PZ3TG6AyCDileTEwfBg52QGQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BLx4jmAckS5iddJIhM7PLzKwQlnyEFw+KePV7vPk3TpI9aLSgoajqprsrSgQ31ve/vMLa+sbmVnG7tLO7t39QPjxqmTjVDJssFrHuRNSg4AqblluBnUQjlZHAdjS5nfvtR9SGx+rBThMMJR0pPuSMWie1SdAjmZz1yxW/6i9A/pIgJxXI0eiXP3uDmKUSlWWCGtMN/MSGGdWWM4GzUi81mFA2oSPsOqqoRBNmi3Nn5MwpAzKMtStlyUL9OZFRacxURq5TUjs2q95c/M/rpnZ4E2ZcJalFxZaLhqkgNibz38mAa2RWTB2hTHN3K2FjqimzLqGSCyFYffkvaV1Ug6vq5X2tUq/lcRThBE7hHAK4hjrcQQOawGACT/ACr17iPXtv3vuyteDlM8fwC97HN2Uhjuw=</latexit>1
m

<latexit sha1_base64="HY3gUxiwGzsTluX9Gt6dhDw6e8I=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtRT0WvHisYD+wXUs2zbahSXZJskJZ+i+8eFDEq//Gm//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP5nSeqNIvkvZnG1Bd4JFnICDZWekCe+1jro1TMBuWKW3XnQKvEy0kFcjQH5a/+MCKJoNIQjrXueW5s/BQrwwins1I/0TTGZIJHtGepxIJqP51fPENnVhmiMFK2pEFz9fdEioXWUxHYToHNWC97mfif10tMeO2nTMaJoZIsFoUJRyZC2ftoyBQlhk8twUQxeysiY6wwMTakkg3BW355lbRrVe+yenFXrzTqeRxFOIFTOAcPrqABt9CEFhCQ8Ayv8OZo58V5dz4WrQUnnzmGP3A+fwD8d4/K</latexit>10 2
m

<latexit sha1_base64="0vLfnnAkVzWan7RTg9nu/K9da4I=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4sexqUY8FLx4r2A9o15JNs21okl2TbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdDv1W2OqNIvkg5nE1Bd4IFnICDZW8pHnPqbn1ayLUpH1SmW34s6AlomXkzLkqPdKX91+RBJBpSEca93x3Nj4KVaGEU6zYjfRNMZkhAe0Y6nEgmo/nR2doVOr9FEYKVvSoJn6eyLFQuuJCGynwGaoF72p+J/XSUx446dMxomhkswXhQlHJkLTBFCfKUoMn1iCiWL2VkSGWGFibE5FG4K3+PIyaV5UvKvK5X21XKvmcRTgGE7gDDy4hhrcQR0aQOAJnuEV3pyx8+K8Ox/z1hUnnzmCP3A+fwA1B5EP</latexit>10 �
4
m

<latexit sha1_base64="S/we44OtvAqbHFQF0JrvXYaZGqI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXS/VY8OKxgv2Adi3ZNG1Dk+yaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBRFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8e3Mb02o0iyUD2YaUV/goWQDRrCxko889zG5qKZdlIi0Vyy5ZXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHCaFrqxphEmYzykHUslFlT7yfzoFJ1ZpY8GobIlDZqrvycSLLSeisB2CmxGetmbif95ndgMbvyEySg2VJLFokHMkQnRLAHUZ4oSw6eWYKKYvRWREVaYGJtTwYbgLb+8SpqXZa9avrqvlGqVLI48nMApnIMH11CDO6hDAwg8wTO8wpszcV6cd+dj0Zpzsplj+APn8wc4G5ER</latexit>10 �
6
m

<latexit sha1_base64="X3hG5sCkb0yc6Ri9eEpg9WyqDKI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXi/ZY8OKxgv2Adi3ZNG1Dk+yaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBRFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8e3Mb02o0iyUD2YaUV/goWQDRrCxko889zG5qKZdlIi0Vyy5ZXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHCaFrqxphEmYzykHUslFlT7yfzoFJ1ZpY8GobIlDZqrvycSLLSeisB2CmxGetmbif95ndgMqn7CZBQbKsli0SDmyIRolgDqM0WJ4VNLMFHM3orICCtMjM2pYEPwll9eJc3LsnddvrqvlGqVLI48nMApnIMHN1CDO6hDAwg8wTO8wpszcV6cd+dj0Zpzsplj+APn8wc7L5ET</latexit>10 �
8
m

<latexit sha1_base64="dLOANI/9KAuwTYnXcz/ZzWLBLF8=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4sexqUY8FLx4r2A9otyWbZtvQJLskWaUs+z+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gfDv1W49UaRbJBzOJqS/wULKQEWys1EOe20vPPTfrolRk/VLZrbgzoGXi5aQMOer90ld3EJFEUGkIx1p3PDc2foqVYYTTrNhNNI0xGeMh7VgqsaDaT2dXZ+jUKgMURsqWNGim/p5IsdB6IgLbKbAZ6UVvKv7ndRIT3vgpk3FiqCTzRWHCkYnQNAI0YIoSwyeWYKKYvRWREVaYGBtU0YbgLb68TJoXFe+qcnlfLdeqeRwFOIYTOAMPrqEGd1CHBhBQ8Ayv8OY8OS/Ou/Mxb11x8pkj+APn8weg/ZFG</latexit>10 �
10

m

<latexit sha1_base64="zFELyrT3C4svTyGOc54DuinEqM0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ac0sWy2m3bp7ibsboQS8je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ353SeqNIvlg5kmNBB4JFnECDZW8pHnPmaN3EeZyAfVmlt350CrxCtIDQq0BtUvfxiTVFBpCMda9z03MUGGlWGE07zip5ommEzwiPYtlVhQHWTzm3N0ZpUhimJlSxo0V39PZFhoPRWh7RTYjPWyNxP/8/qpiW6CjMkkNVSSxaIo5cjEaBYAGjJFieFTSzBRzN6KyBgrTIyNqWJD8JZfXiWdi7p3Vb+8b9SajSKOMpzAKZyDB9fQhDtoQRsIJPAMr/DmpM6L8+58LFpLTjFzDH/gfP4AyTWQ2A==</latexit>10 4
m

<latexit sha1_base64="LrHnuVfdefWIEnixENqyNGNzFkk=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KomW6rHgxWMF+wFNLJvtpl26uwm7G6GE/A0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTDjTxnW/nbX1jc2t7dJOeXdv/+CwcnTc0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3M787hNVmsXywUwTGgg8kixiBBsr+chzH7NG7qNM5INK1a25c6BV4hWkCgVag8qXP4xJKqg0hGOt+56bmCDDyjDCaV72U00TTCZ4RPuWSiyoDrL5zTk6t8oQRbGyJQ2aq78nMiy0norQdgpsxnrZm4n/ef3URDdBxmSSGirJYlGUcmRiNAsADZmixPCpJZgoZm9FZIwVJsbGVLYheMsvr5LOZc1r1K7u69VmvYijBKdwBhfgwTU04Q5a0AYCCTzDK7w5qfPivDsfi9Y1p5g5gT9wPn8AzEmQ2g==</latexit>10 6
m

<latexit sha1_base64="pr5Xg3pR1zmOhP3Vsn7hdb32T+w=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KokW7bHgxWMF+wFNLJvtpl26uwm7G6GE/A0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTDjTxnW/nbX1jc2t7dJOeXdv/+CwcnTc0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3M787hNVmsXywUwTGgg8kixiBBsr+chzH7NG7qNM5INK1a25c6BV4hWkCgVag8qXP4xJKqg0hGOt+56bmCDDyjDCaV72U00TTCZ4RPuWSiyoDrL5zTk6t8oQRbGyJQ2aq78nMiy0norQdgpsxnrZm4n/ef3URI0gYzJJDZVksShKOTIxmgWAhkxRYvjUEkwUs7ciMsYKE2NjKtsQvOWXV0nnsuZd167u69VmvYijBKdwBhfgwQ004Q5a0AYCCTzDK7w5qfPivDsfi9Y1p5g5gT9wPn8Az12Q3A==</latexit>10 8
m<latexit sha1_base64="Jat3lpYCXHGp/GVkrl15PxZIW/0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh4LXjxWsB/QriWbZtvQJLsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDvz2xOqNIvkg5nG1Bd4KFnICDZW8pHnPqaem/VQKrJ+ueJW3TnQKvFyUoEcjX75qzeISCKoNIRjrbueGxs/xcowwmlW6iWaxpiM8ZB2LZVYUO2n86MzdGaVAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzalkQ/CWX14lrYuqd1W9vK9V6rU8jiKcwCmcgwfXUIc7aEATCDzBM7zCmzNxXpx352PRWnDymWP4A+fzBzULkQ8=</latexit>10 10

m
<latexit sha1_base64="/9+KxwLso2LC/oJeh+SQad1XyyM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JoUTdCwY3LCvYBbSiTyW07dDIJMxMxhuKvuHGhiFv/w51/47TNQlsPXDiccy/33uPHnCntON9WYWl5ZXWtuF7a2Nza3rF395oqSiSFBo14JNs+UcCZgIZmmkM7lkBCn0PLH11P/NY9SMUicafTGLyQDATrM0q0kXr2QTf0o4csAEpSzEEM9HB81bPLTsWZAi8SNydllKPes7+6QUSTEISmnCjVcZ1YexmRmlEO41I3URATOiID6BgqSAjKy6bXj/GxUQLcj6QpofFU/T2RkVCpNPRNZ0j0UM17E/E/r5Po/qWXMREnGgSdLeonHOsIT6LAAZNANU8NIVQycyumQyIJ1SawkgnBnX95kTRPK+555ey2Wq5V8ziK6BAdoRPkogtUQzeojhqIokf0jF7Rm/VkvVjv1sestWDlM/voD6zPH7j5lVw=</latexit>decay

length
=

SN1987A

Decay length and product of  from Higgs decay 
and signature at ILC

a

Probing CP-even ALP at e.g. ILC 250GeV
Kodai Sakurai, WY 2111.03653 

Vertex resolution 

Detector size (TPC)
See also Bhattacherjee et al  
2111.02437  
for hadron collider reach  
of CP-even light mediator

ℒeff ∼
m2

amh

mΦ
ah, θah ∼

m2
a

mhmΦ

https://arxiv.org/abs/2111.03653
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<latexit sha1_base64="LWzBrDlz6ETOHI+5FD9JIL2lJEg="></latexit> c h
=

✓
✓ a
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◆

<latexit sha1_base64="OKNA9682cSs+U7mLpdSTefcasBw=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KoqMeiBz1WsB/QhLDZTtqlu0nY3Sgl9qd48aCIV3+JN/+N2zYHrT4YeLw3w8y8MOVMacf5skpLyyura+X1ysbm1vaOXd1tqySTFFo04YnshkQBZzG0NNMcuqkEIkIOnXB0NfU79yAVS+I7PU7BF2QQs4hRoo0U2FUREA/j3JMC966h7U8Cu+bUnRnwX+IWpIYKNAP70+snNBMQa8qJUj3XSbWfE6kZ5TCpeJmClNARGUDP0JgIUH4+O32CD43Sx1EiTcUaz9SfEzkRSo1FaDoF0UO16E3F/7xepqMLP2dxmmmI6XxRlHGsEzzNAfeZBKr52BBCJTO3YjokklBt0qqYENzFl/+S9nHdPauf3J7WGpdFHGW0jw7QEXLROWqgG9RELUTRA3pCL+jVerSerTfrfd5asoqZPfQL1sc3AM+TMw==</latexit>

ma [GeV]

<latexit sha1_base64="7WxVpQYWBjARXYLIOLdOg0K9Qes=">AAAB83icbVDLSsNAFL2pr1pfVZduBosgiCXRoi4LblxWsA9oYplMp+3QySTMQyihv+HGhSJu/Rl3/o3TNAttPXAvh3PuZe6cMOFMadf9dgorq2vrG8XN0tb2zu5eef+gpWIjCW2SmMeyE2JFORO0qZnmtJNIiqOQ03Y4vp357ScqFYvFg54kNIjwULABI1hbyfc1No9nWT/vlStu1c2AlomXkwrkaPTKX34/JiaiQhOOlep6bqKDFEvNCKfTkm8UTTAZ4yHtWipwRFWQZjdP0YlV+mgQS1tCo0z9vZHiSKlJFNrJCOuRWvRm4n9e1+jBTZAykRhNBZk/NDAc6RjNAkB9JinRfGIJJpLZWxEZYYmJtjGVbAje4peXSeui6l1VL+9rlXotj6MIR3AMp+DBNdThDhrQBAIJPMMrvDnGeXHenY/5aMHJdw7hD5zPH4AZkUw=</latexit>

⌧+⌧�

<latexit sha1_base64="l2TnuDo2YUtIC6gSOGJkXchDYns=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ae0oWymm3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqkDUxFrHqBFQzwSVrGm4E6ySK0SgQrB2Mb2d++4kpzWP5YCYJ8yM6lDzkSI2VOtgLqMpw2i9X3Ko7B1klXk4qkKPRL3/1BjGmEZMGBdW667mJ8TOqDEfBpqVeqllCcUyHrGuppBHTfja/d0rOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNUziYlGYCmJiMnueDLhiaMTEEoqK21sJjqiiaGxEJRuCt/zyKmldVL2r6uV9rVKv5XEU4QRO4Rw8uIY63EEDmoAg4Ble4c15dF6cd+dj0Vpw8plj+APn8wdANZAT</latexit>

cc̄
<latexit sha1_base64="X2Tq9R0IDwBThb4cGaDgIT0hqQk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ae0oUy2m3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKHd0LUGV62i9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5vfOyVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14Y2fcZmkhkm6WBSmgpiYzJ4nA64YNWJiCVLF7a2EjlAhNTaikg3BW355lbQuqt5V9fK+VqnX8jiKcAKncA4eXEMd7qABTaAg4Ble4c15dF6cd+dj0Vpw8plj+APn8wdxNZAz</latexit>

ss̄

<latexit sha1_base64="asqyclxi8ZLPOg7N2xg0Op5Fxc8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUGfYCqrLhtF+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfja/d0rOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMnueDLhCZsTEEsoUt7cSNqKKMmMjKtkQvOWXV0nroupdVS/va5V6LY+jCCdwCufgwTXU4Q4a0AQGAp7hFd6cR+fFeXc+Fq0FJ585hj9wPn8ATHWQGw==</latexit>

gḡ<latexit sha1_base64="Iobb8ymtTxg+WgPAcNkaJfFzvpo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2Ae0Q8mkmTY2k4QkI5Sh/+DGhSJu/R93/o1pOwttPSRwOOde7r0nUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3U6inmXr9c8av+HGiVBDmpQI5Gv/zVG0iSJlRYwrEx3cBXNsywtoxwOi31UkMVJmM8pF1HBU6oCbP5tlN05pQBiqV2X1g0V393ZDgxZpJErjLBdmSWvZn4n9dNbXwTZkyo1FJBFoPilCMr0ex0NGCaEssnjmCimdsVkRHWmFgXUMmFECyfvEpaF9Xgqnp5X6vUa3kcRTiBUziHAK6hDnfQgCYQeIRneIU3T3ov3rv3sSgteHnPMfyB9/kDlhqPGg==</latexit>⇡⇡
<latexit sha1_base64="8z/+JXip91+HBeYUsHF+UVUzcOM=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BL0IuUcwDkiXMTnqTIbOzy8ysEEL+wIsHRbz6R978GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/loxkn6Ed0IHnIGTVWeqjVesWSW3bnIKvEy0gJMtR7xa9uP2ZphNIwQbXueG5i/AlVhjOB00I31ZhQNqID7FgqaYTan8wvnZIzq/RJGCtb0pC5+ntiQiOtx1FgOyNqhnrZm4n/eZ3UhDf+hMskNSjZYlGYCmJiMnub9LlCZsTYEsoUt7cSNqSKMmPDKdgQvOWXV0nzouxdlS/vK6VqJYsjDydwCufgwTVU4Q7q0AAGITzDK7w5I+fFeXc+Fq05J5s5hj9wPn8AN1WNHg==</latexit>

KK

<latexit sha1_base64="Iobb8ymtTxg+WgPAcNkaJfFzvpo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2Ae0Q8mkmTY2k4QkI5Sh/+DGhSJu/R93/o1pOwttPSRwOOde7r0nUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3U6inmXr9c8av+HGiVBDmpQI5Gv/zVG0iSJlRYwrEx3cBXNsywtoxwOi31UkMVJmM8pF1HBU6oCbP5tlN05pQBiqV2X1g0V393ZDgxZpJErjLBdmSWvZn4n9dNbXwTZkyo1FJBFoPilCMr0ex0NGCaEssnjmCimdsVkRHWmFgXUMmFECyfvEpaF9Xgqnp5X6vUa3kcRTiBUziHAK6hDnfQgCYQeIRneIU3T3ov3rv3sSgteHnPMfyB9/kDlhqPGg==</latexit>⇡⇡
<latexit sha1_base64="eYQdiM7UTiLCQqHhLdGANsKyOdA=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBEEscxoUZcFNy4r2Ae2Y8mkmTY0yQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDC4Zx7ufeeIOZMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+U0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdJP5rSeqNIvkvRnH1Bd4IFnICDZWeuiK5PE0+856pbJbcadAi8TLSRly1Hulr24/Iomg0hCOte54bmz8FCvDCKeTYjfRNMZkhAe0Y6nEgmo/nW48QcdW6aMwUvZJg6bq744UC63HIrCVApuhnvcy8T+vk5jw2k+ZjBNDJZkNChOOTISy81GfKUoMH1uCiWJ2V0SGWGFibEhFG4I3f/IiaZ5XvMvKxV21XKvmcRTgEI7gBDy4ghrcQh0aQEDCM7zCm6OdF+fd+ZiVLjl5zwH8gfP5A/KGkGg=</latexit>

µ+µ�

<latexit sha1_base64="eYQdiM7UTiLCQqHhLdGANsKyOdA=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBEEscxoUZcFNy4r2Ae2Y8mkmTY0yQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDC4Zx7ufeeIOZMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+U0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdJP5rSeqNIvkvRnH1Bd4IFnICDZWeuiK5PE0+856pbJbcadAi8TLSRly1Hulr24/Iomg0hCOte54bmz8FCvDCKeTYjfRNMZkhAe0Y6nEgmo/nW48QcdW6aMwUvZJg6bq744UC63HIrCVApuhnvcy8T+vk5jw2k+ZjBNDJZkNChOOTISy81GfKUoMH1uCiWJ2V0SGWGFibEhFG4I3f/IiaZ5XvMvKxV21XKvmcRTgEI7gBDy4ghrcQh0aQEDCM7zCm6OdF+fd+ZiVLjl5zwH8gfP5A/KGkGg=</latexit>

µ+µ�

<latexit sha1_base64="Wcrp5T9UR4v/QNcpZcenQkE5du0=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIsgiGVXi3osePFYwX5Auy3ZdLaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHDS0TRaFOJZeqFRANnAmoG2Y4tGIFJAo4NIPR7dRvPoHSTIoHM47Bj8hAsJBRYqzUgO4ZdM97xZJbdmfAy8TLSAllqPWKX52+pEkEwlBOtG57bmz8lCjDKIdJoZNoiAkdkQG0LRUkAu2ns2sn+MQqfRxKZUsYPFN/T6Qk0nocBbYzImaoF72p+J/XTkx446dMxIkBQeeLwoRjI/H0ddxnCqjhY0sIVczeiumQKEKNDahgQ/AWX14mjYuyd1W+vK+UqpUsjjw6QsfoFHnoGlXRHaqhOqLoET2jV/TmSOfFeXc+5q05J5s5RH/gfP4AwQaOjg==</latexit>

e+e�

<latexit sha1_base64="Wcrp5T9UR4v/QNcpZcenQkE5du0=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIsgiGVXi3osePFYwX5Auy3ZdLaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHDS0TRaFOJZeqFRANnAmoG2Y4tGIFJAo4NIPR7dRvPoHSTIoHM47Bj8hAsJBRYqzUgO4ZdM97xZJbdmfAy8TLSAllqPWKX52+pEkEwlBOtG57bmz8lCjDKIdJoZNoiAkdkQG0LRUkAu2ns2sn+MQqfRxKZUsYPFN/T6Qk0nocBbYzImaoF72p+J/XTkx446dMxIkBQeeLwoRjI/H0ddxnCqjhY0sIVczeiumQKEKNDahgQ/AWX14mjYuyd1W+vK+UqpUsjjw6QsfoFHnoGlXRHaqhOqLoET2jV/TmSOfFeXc+5q05J5s5RH/gfP4AwQaOjg==</latexit>

e+e�
<latexit sha1_base64="fR2OR8IWth6edoVj+vbtiARb6oc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ac0oUy2m3bpbhJ2N0IJ/RtePCji1T/jzX/jts1Bqw9meLw3w86+MBVcG9f9ckpr6xubW+Xtys7u3v5B9fCoo5NMUdamiUhUL0TNBI9Z23AjWC9VDGUoWDec3M797iNTmifxg5mmLJA4innEKRor+f4IpcRlH1Rrbt1dgPwlXkFqUKA1qH76w4RmksWGCtS677mpCXJUhlPBZhU/0yxFOsER61sao2Q6yBc3z8iZVYYkSpSt2JCF+nMjR6n1VIZ2UqIZ61VvLv7n9TMT3QQ5j9PMsJguH4oyQUxC5gGQIVeMGjG1BKni9lZCx6iQGhtTxYbgrX75L+lc1L2r+uV9o9ZsFHGU4QRO4Rw8uIYm3EEL2kAhhSd4gVcnc56dN+d9OVpyip1j+AXn4xsPVpGq</latexit>��

<latexit sha1_base64="gwyWwFF6kIEbYZpcMRyfBxYuQIY=">AAACB3icbVDLSgNBEJz1bXxFPQoyGARPYVeDehS8eIxgopCE0DvbMUPmsczMimHJzYu/4sWDIl79BW/+jZO4B18FDUVVN91dcSq4dWH4EUxNz8zOzS8slpaWV1bXyusbTaszw7DBtNDmKgaLgitsOO4EXqUGQcYCL+PB6di/vEFjuVYXbphiR8K14j3OwHmpW96GNm3LWN/miZZcgXI0QQZDKnWCdtQtV8JqOAH9S6KCVEiBerf83k40yyQqxwRY24rC1HVyMI4zgaNSO7OYAhvANbY8VSDRdvLJHyO665WE9rTx5Q+ZqN8ncpDWDmXsOyW4vv3tjcX/vFbmesednKs0c6jY16JeJqjTdBwKTbhB5sTQE2CG+1sp64MB5nx0JR9C9Pvlv6S5X40OqwfntcpJrYhjgWyRHbJHInJETsgZqZMGYeSOPJAn8hzcB4/BS/D61ToVFDOb5AeCt08dUZlw</latexit>

a dominant decay modes
<latexit sha1_base64="r6gyYPF49dXh7gd4iObHUkv5Ex0=">AAACCXicbZC7SgNBFIZnvcZ4i1raDAbBKuxqUMuAjWUEc4EkhNnZk2TIXJaZWcmypLXxVWwsFLH1Dex8GyeXQhN/GPj4zznMOX8Yc2as7397K6tr6xubua389s7u3n7h4LBuVKIp1KjiSjdDYoAzCTXLLIdmrIGIkEMjHN5M6o0H0IYpeW/TGDqC9CXrMUqss7oF3BahGmUSRhZHSjBJpAOgJMVCRWDG3ULRL/lT4WUI5lBEc1W7ha92pGgiQFrKiTGtwI9tJyPaMsphnG8nBmJCh6QPLYeSCDCdbHrJGJ86J8I9pd1zi0zd3xMZEcakInSdgtiBWaxNzP9qrcT2rjsZk3FiQdLZR72EY6vwJBYcMQ3U8tQBoZq5XTEdEE2odeHlXQjB4snLUD8vBZeli7tysVKex5FDx+gEnaEAXaEKukVVVEMUPaJn9IrevCfvxXv3PmatK9585gj9kff5Aw7dmoY=</latexit>

next dominant decay modes

:
:

LHCb

LEP

NA62 CHARM

<latexit sha1_base64="DG/zkSMmLfYYWimVgrrmqCfva/A=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtatMeCF48V7Ae0a8mm2TY0ya5JtlCW/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O2vrG5tb24Wd4u7e/sFh6ei4paNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357QlVmkXywUxj6gs8lCxkBBsr+chzH1OvlvVQKrJ+qexW3DnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwmlW7CWaxpiM8ZB2LZVYUO2n86MzdG6VAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlrfspknBgqyWJRmHBkIjRLAA2YosTwqSWYKGZvRWSEFSbG5lS0IXjLL6+S1mXFu65c3VfL9WoeRwFO4QwuwIMbqMMdNKAJBJ7gGV7hzZk4L86787FoXXPymRP4A+fzB0FbkRc=</latexit>10 18
m

<latexit sha1_base64="WOmzrULBBptbSAcJP9aepCIJXPQ=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtaqseCF48V7Ae0a8mm2TY0ya5JtlCW/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O2vrG5tb24Wd4u7e/sFh6ei4paNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357QlVmkXywUxj6gs8lCxkBBsr+chzH1OvlvVQKrJ+qexW3DnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwmlW7CWaxpiM8ZB2LZVYUO2n86MzdG6VAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzaloQ/CWX14lrcuKV6tc3VfL9WoeRwFO4QwuwINrqMMdNKAJBJ7gGV7hzZk4L86787FoXXPymRP4A+fzBz5HkRU=</latexit>10 16
m

<latexit sha1_base64="ORhTdfVIB9ChayBISlwdoJ/eeDE=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh4LXjxWsB/QriWbZtvQJLsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDvz2xOqNIvkg5nG1Bd4KFnICDZW8pHnPqZeLeuhVGT9csWtunOgVeLlpAI5Gv3yV28QkURQaQjHWnc9NzZ+ipVhhNOs1Es0jTEZ4yHtWiqxoNpP50dn6MwqAxRGypY0aK7+nkix0HoqAtspsBnpZW8m/ud1ExPe+CmTcWKoJItFYcKRidAsATRgihLDp5Zgopi9FZERVpgYm1PJhuAtv7xKWhdV76p6eV+r1Gt5HEU4gVM4Bw+uoQ530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwB87nDzszkRM=</latexit>10 14
m

<latexit sha1_base64="ms1YQjoqOjbC4jqBT52hbZ0zXQY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Kru1qMeCF48V7Ae0a8mm2TY0ya5JtlCW/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O2vrG5tb24Wd4u7e/sFh6ei4paNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357QlVmkXywUxj6gs8lCxkBBsr+chzH1OvmvVQKrJ+qexW3DnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwmlW7CWaxpiM8ZB2LZVYUO2n86MzdG6VAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzaloQ/CWX14lrWrFu6pc3tfK9VoeRwFO4QwuwINrqMMdNKAJBJ7gGV7hzZk4L86787FoXXPymRP4A+fzBzgfkRE=</latexit>10 12
m

<latexit sha1_base64="Jat3lpYCXHGp/GVkrl15PxZIW/0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh4LXjxWsB/QriWbZtvQJLsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDvz2xOqNIvkg5nG1Bd4KFnICDZW8pHnPqaem/VQKrJ+ueJW3TnQKvFyUoEcjX75qzeISCKoNIRjrbueGxs/xcowwmlW6iWaxpiM8ZB2LZVYUO2n86MzdGaVAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzalkQ/CWX14lrYuqd1W9vK9V6rU8jiKcwCmcgwfXUIc7aEATCDzBM7zCmzNxXpx352PRWnDymWP4A+fzBzULkQ8=</latexit>10 10
m

<latexit sha1_base64="0WAmiO8CiNZThfNFcOvTIziznFU=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2W3FvVY8OKxgv2Adi3ZNG1Dk+yaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBRFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8e3Mb02o0iyUD2YaUV/goWQDRrCxko889zG5qKRdlIi0Vyy5ZXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHCaFrqxphEmYzykHUslFlT7yfzoFJ1ZpY8GobIlDZqrvycSLLSeisB2CmxGetmbif95ndgMbvyEySg2VJLFokHMkQnRLAHUZ4oSw6eWYKKYvRWREVaYGJtTwYbgLb+8SpqVsndVvryvlmrVLI48nMApnIMH11CDO6hDAwg8wTO8wpszcV6cd+dj0Zpzsplj+APn8wcx85EN</latexit>10 �
2
m

<latexit sha1_base64="B33PZ3TG6AyCDileTEwfBg52QGQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BLx4jmAckS5iddJIhM7PLzKwQlnyEFw+KePV7vPk3TpI9aLSgoajqprsrSgQ31ve/vMLa+sbmVnG7tLO7t39QPjxqmTjVDJssFrHuRNSg4AqblluBnUQjlZHAdjS5nfvtR9SGx+rBThMMJR0pPuSMWie1SdAjmZz1yxW/6i9A/pIgJxXI0eiXP3uDmKUSlWWCGtMN/MSGGdWWM4GzUi81mFA2oSPsOqqoRBNmi3Nn5MwpAzKMtStlyUL9OZFRacxURq5TUjs2q95c/M/rpnZ4E2ZcJalFxZaLhqkgNibz38mAa2RWTB2hTHN3K2FjqimzLqGSCyFYffkvaV1Ug6vq5X2tUq/lcRThBE7hHAK4hjrcQQOawGACT/ACr17iPXtv3vuyteDlM8fwC97HN2Uhjuw=</latexit>1
m

<latexit sha1_base64="HY3gUxiwGzsTluX9Gt6dhDw6e8I=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtRT0WvHisYD+wXUs2zbahSXZJskJZ+i+8eFDEq//Gm//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP5nSeqNIvkvZnG1Bd4JFnICDZWekCe+1jro1TMBuWKW3XnQKvEy0kFcjQH5a/+MCKJoNIQjrXueW5s/BQrwwins1I/0TTGZIJHtGepxIJqP51fPENnVhmiMFK2pEFz9fdEioXWUxHYToHNWC97mfif10tMeO2nTMaJoZIsFoUJRyZC2ftoyBQlhk8twUQxeysiY6wwMTakkg3BW355lbRrVe+yenFXrzTqeRxFOIFTOAcPrqABt9CEFhCQ8Ayv8OZo58V5dz4WrQUnnzmGP3A+fwD8d4/K</latexit>10 2
m

<latexit sha1_base64="0vLfnnAkVzWan7RTg9nu/K9da4I=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4sexqUY8FLx4r2A9o15JNs21okl2TbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdDv1W2OqNIvkg5nE1Bd4IFnICDZW8pHnPqbn1ayLUpH1SmW34s6AlomXkzLkqPdKX91+RBJBpSEca93x3Nj4KVaGEU6zYjfRNMZkhAe0Y6nEgmo/nR2doVOr9FEYKVvSoJn6eyLFQuuJCGynwGaoF72p+J/XSUx446dMxomhkswXhQlHJkLTBFCfKUoMn1iCiWL2VkSGWGFibE5FG4K3+PIyaV5UvKvK5X21XKvmcRTgGE7gDDy4hhrcQR0aQOAJnuEV3pyx8+K8Ox/z1hUnnzmCP3A+fwA1B5EP</latexit>10 �
4
m

<latexit sha1_base64="S/we44OtvAqbHFQF0JrvXYaZGqI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXS/VY8OKxgv2Adi3ZNG1Dk+yaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBRFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8e3Mb02o0iyUD2YaUV/goWQDRrCxko889zG5qKZdlIi0Vyy5ZXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHCaFrqxphEmYzykHUslFlT7yfzoFJ1ZpY8GobIlDZqrvycSLLSeisB2CmxGetmbif95ndgMbvyEySg2VJLFokHMkQnRLAHUZ4oSw6eWYKKYvRWREVaYGJtTwYbgLb+8SpqXZa9avrqvlGqVLI48nMApnIMH11CDO6hDAwg8wTO8wpszcV6cd+dj0Zpzsplj+APn8wc4G5ER</latexit>10 �
6
m

<latexit sha1_base64="X3hG5sCkb0yc6Ri9eEpg9WyqDKI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXi/ZY8OKxgv2Adi3ZNG1Dk+yaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBRFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8e3Mb02o0iyUD2YaUV/goWQDRrCxko889zG5qKZdlIi0Vyy5ZXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHCaFrqxphEmYzykHUslFlT7yfzoFJ1ZpY8GobIlDZqrvycSLLSeisB2CmxGetmbif95ndgMqn7CZBQbKsli0SDmyIRolgDqM0WJ4VNLMFHM3orICCtMjM2pYEPwll9eJc3LsnddvrqvlGqVLI48nMApnIMHN1CDO6hDAwg8wTO8wpszcV6cd+dj0Zpzsplj+APn8wc7L5ET</latexit>10 �
8
m

<latexit sha1_base64="dLOANI/9KAuwTYnXcz/ZzWLBLF8=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4sexqUY8FLx4r2A9otyWbZtvQJLskWaUs+z+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gfDv1W49UaRbJBzOJqS/wULKQEWys1EOe20vPPTfrolRk/VLZrbgzoGXi5aQMOer90ld3EJFEUGkIx1p3PDc2foqVYYTTrNhNNI0xGeMh7VgqsaDaT2dXZ+jUKgMURsqWNGim/p5IsdB6IgLbKbAZ6UVvKv7ndRIT3vgpk3FiqCTzRWHCkYnQNAI0YIoSwyeWYKKYvRWREVaYGBtU0YbgLb68TJoXFe+qcnlfLdeqeRwFOIYTOAMPrqEGd1CHBhBQ8Ayv8OY8OS/Ou/Mxb11x8pkj+APn8weg/ZFG</latexit>10 �
10

m

<latexit sha1_base64="zFELyrT3C4svTyGOc54DuinEqM0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ac0sWy2m3bp7ibsboQS8je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ353SeqNIvlg5kmNBB4JFnECDZW8pHnPmaN3EeZyAfVmlt350CrxCtIDQq0BtUvfxiTVFBpCMda9z03MUGGlWGE07zip5ommEzwiPYtlVhQHWTzm3N0ZpUhimJlSxo0V39PZFhoPRWh7RTYjPWyNxP/8/qpiW6CjMkkNVSSxaIo5cjEaBYAGjJFieFTSzBRzN6KyBgrTIyNqWJD8JZfXiWdi7p3Vb+8b9SajSKOMpzAKZyDB9fQhDtoQRsIJPAMr/DmpM6L8+58LFpLTjFzDH/gfP4AyTWQ2A==</latexit>10 4
m

<latexit sha1_base64="LrHnuVfdefWIEnixENqyNGNzFkk=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KomW6rHgxWMF+wFNLJvtpl26uwm7G6GE/A0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTDjTxnW/nbX1jc2t7dJOeXdv/+CwcnTc0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3M787hNVmsXywUwTGgg8kixiBBsr+chzH7NG7qNM5INK1a25c6BV4hWkCgVag8qXP4xJKqg0hGOt+56bmCDDyjDCaV72U00TTCZ4RPuWSiyoDrL5zTk6t8oQRbGyJQ2aq78nMiy0norQdgpsxnrZm4n/ef3URDdBxmSSGirJYlGUcmRiNAsADZmixPCpJZgoZm9FZIwVJsbGVLYheMsvr5LOZc1r1K7u69VmvYijBKdwBhfgwTU04Q5a0AYCCTzDK7w5qfPivDsfi9Y1p5g5gT9wPn8AzEmQ2g==</latexit>10 6
m

<latexit sha1_base64="pr5Xg3pR1zmOhP3Vsn7hdb32T+w=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KokW7bHgxWMF+wFNLJvtpl26uwm7G6GE/A0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTDjTxnW/nbX1jc2t7dJOeXdv/+CwcnTc0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3M787hNVmsXywUwTGgg8kixiBBsr+chzH7NG7qNM5INK1a25c6BV4hWkCgVag8qXP4xJKqg0hGOt+56bmCDDyjDCaV72U00TTCZ4RPuWSiyoDrL5zTk6t8oQRbGyJQ2aq78nMiy0norQdgpsxnrZm4n/ef3URI0gYzJJDZVksShKOTIxmgWAhkxRYvjUEkwUs7ciMsYKE2NjKtsQvOWXV0nnsuZd167u69VmvYijBKdwBhfgwQ004Q5a0AYCCTzDK7w5qfPivDsfi9Y1p5g5gT9wPn8Az12Q3A==</latexit>10 8
m<latexit sha1_base64="Jat3lpYCXHGp/GVkrl15PxZIW/0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh4LXjxWsB/QriWbZtvQJLsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDvz2xOqNIvkg5nG1Bd4KFnICDZW8pHnPqaem/VQKrJ+ueJW3TnQKvFyUoEcjX75qzeISCKoNIRjrbueGxs/xcowwmlW6iWaxpiM8ZB2LZVYUO2n86MzdGaVAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzalkQ/CWX14lrYuqd1W9vK9V6rU8jiKcwCmcgwfXUIc7aEATCDzBM7zCmzNxXpx352PRWnDymWP4A+fzBzULkQ8=</latexit>10 10

m
<latexit sha1_base64="/9+KxwLso2LC/oJeh+SQad1XyyM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JoUTdCwY3LCvYBbSiTyW07dDIJMxMxhuKvuHGhiFv/w51/47TNQlsPXDiccy/33uPHnCntON9WYWl5ZXWtuF7a2Nza3rF395oqSiSFBo14JNs+UcCZgIZmmkM7lkBCn0PLH11P/NY9SMUicafTGLyQDATrM0q0kXr2QTf0o4csAEpSzEEM9HB81bPLTsWZAi8SNydllKPes7+6QUSTEISmnCjVcZ1YexmRmlEO41I3URATOiID6BgqSAjKy6bXj/GxUQLcj6QpofFU/T2RkVCpNPRNZ0j0UM17E/E/r5Po/qWXMREnGgSdLeonHOsIT6LAAZNANU8NIVQycyumQyIJ1SawkgnBnX95kTRPK+555ey2Wq5V8ziK6BAdoRPkogtUQzeojhqIokf0jF7Rm/VkvVjv1sestWDlM/voD6zPH7j5lVw=</latexit>decay

length
=

SN1987A

Decay length and product of  from Higgs decay 
and signature at ILC

a

Probing CP-even ALP at e.g. ILC 250GeV
Kodai Sakurai, WY 2111.03653 

Vertex resolution 

Detector size (TPC)
See also Bhattacherjee et al  
2111.02437  
for hadron collider reach  
of CP-even light mediator

ℒeff ∼
m2

amh

mΦ
ah, θah ∼

m2
a

mhmΦ

Higgs  
exotic  
decay Brh→aa(→cc̄cc̄) ≳ 10−3 (2σCL,2 ab−1)

Liu et al, 1612.09284 

https://arxiv.org/abs/2111.03653
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<latexit sha1_base64="OKNA9682cSs+U7mLpdSTefcasBw=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KoqMeiBz1WsB/QhLDZTtqlu0nY3Sgl9qd48aCIV3+JN/+N2zYHrT4YeLw3w8y8MOVMacf5skpLyyura+X1ysbm1vaOXd1tqySTFFo04YnshkQBZzG0NNMcuqkEIkIOnXB0NfU79yAVS+I7PU7BF2QQs4hRoo0U2FUREA/j3JMC966h7U8Cu+bUnRnwX+IWpIYKNAP70+snNBMQa8qJUj3XSbWfE6kZ5TCpeJmClNARGUDP0JgIUH4+O32CD43Sx1EiTcUaz9SfEzkRSo1FaDoF0UO16E3F/7xepqMLP2dxmmmI6XxRlHGsEzzNAfeZBKr52BBCJTO3YjokklBt0qqYENzFl/+S9nHdPauf3J7WGpdFHGW0jw7QEXLROWqgG9RELUTRA3pCL+jVerSerTfrfd5asoqZPfQL1sc3AM+TMw==</latexit>

ma [GeV]

<latexit sha1_base64="7WxVpQYWBjARXYLIOLdOg0K9Qes=">AAAB83icbVDLSsNAFL2pr1pfVZduBosgiCXRoi4LblxWsA9oYplMp+3QySTMQyihv+HGhSJu/Rl3/o3TNAttPXAvh3PuZe6cMOFMadf9dgorq2vrG8XN0tb2zu5eef+gpWIjCW2SmMeyE2JFORO0qZnmtJNIiqOQ03Y4vp357ScqFYvFg54kNIjwULABI1hbyfc1No9nWT/vlStu1c2AlomXkwrkaPTKX34/JiaiQhOOlep6bqKDFEvNCKfTkm8UTTAZ4yHtWipwRFWQZjdP0YlV+mgQS1tCo0z9vZHiSKlJFNrJCOuRWvRm4n9e1+jBTZAykRhNBZk/NDAc6RjNAkB9JinRfGIJJpLZWxEZYYmJtjGVbAje4peXSeui6l1VL+9rlXotj6MIR3AMp+DBNdThDhrQBAIJPMMrvDnGeXHenY/5aMHJdw7hD5zPH4AZkUw=</latexit>

⌧+⌧�

<latexit sha1_base64="l2TnuDo2YUtIC6gSOGJkXchDYns=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ae0oWymm3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqkDUxFrHqBFQzwSVrGm4E6ySK0SgQrB2Mb2d++4kpzWP5YCYJ8yM6lDzkSI2VOtgLqMpw2i9X3Ko7B1klXk4qkKPRL3/1BjGmEZMGBdW667mJ8TOqDEfBpqVeqllCcUyHrGuppBHTfja/d0rOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNUziYlGYCmJiMnueDLhiaMTEEoqK21sJjqiiaGxEJRuCt/zyKmldVL2r6uV9rVKv5XEU4QRO4Rw8uIY63EEDmoAg4Ble4c15dF6cd+dj0Vpw8plj+APn8wdANZAT</latexit>

cc̄
<latexit sha1_base64="X2Tq9R0IDwBThb4cGaDgIT0hqQk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ae0oUy2m3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKHd0LUGV62i9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5vfOyVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14Y2fcZmkhkm6WBSmgpiYzJ4nA64YNWJiCVLF7a2EjlAhNTaikg3BW355lbQuqt5V9fK+VqnX8jiKcAKncA4eXEMd7qABTaAg4Ble4c15dF6cd+dj0Vpw8plj+APn8wdxNZAz</latexit>

ss̄

<latexit sha1_base64="asqyclxi8ZLPOg7N2xg0Op5Fxc8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUGfYCqrLhtF+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfja/d0rOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMnueDLhCZsTEEsoUt7cSNqKKMmMjKtkQvOWXV0nroupdVS/va5V6LY+jCCdwCufgwTXU4Q4a0AQGAp7hFd6cR+fFeXc+Fq0FJ585hj9wPn8ATHWQGw==</latexit>

gḡ<latexit sha1_base64="Iobb8ymtTxg+WgPAcNkaJfFzvpo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2Ae0Q8mkmTY2k4QkI5Sh/+DGhSJu/R93/o1pOwttPSRwOOde7r0nUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3U6inmXr9c8av+HGiVBDmpQI5Gv/zVG0iSJlRYwrEx3cBXNsywtoxwOi31UkMVJmM8pF1HBU6oCbP5tlN05pQBiqV2X1g0V393ZDgxZpJErjLBdmSWvZn4n9dNbXwTZkyo1FJBFoPilCMr0ex0NGCaEssnjmCimdsVkRHWmFgXUMmFECyfvEpaF9Xgqnp5X6vUa3kcRTiBUziHAK6hDnfQgCYQeIRneIU3T3ov3rv3sSgteHnPMfyB9/kDlhqPGg==</latexit>⇡⇡
<latexit sha1_base64="8z/+JXip91+HBeYUsHF+UVUzcOM=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BL0IuUcwDkiXMTnqTIbOzy8ysEEL+wIsHRbz6R978GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/loxkn6Ed0IHnIGTVWeqjVesWSW3bnIKvEy0gJMtR7xa9uP2ZphNIwQbXueG5i/AlVhjOB00I31ZhQNqID7FgqaYTan8wvnZIzq/RJGCtb0pC5+ntiQiOtx1FgOyNqhnrZm4n/eZ3UhDf+hMskNSjZYlGYCmJiMnub9LlCZsTYEsoUt7cSNqSKMmPDKdgQvOWXV0nzouxdlS/vK6VqJYsjDydwCufgwTVU4Q7q0AAGITzDK7w5I+fFeXc+Fq05J5s5hj9wPn8AN1WNHg==</latexit>

KK

<latexit sha1_base64="Iobb8ymtTxg+WgPAcNkaJfFzvpo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2Ae0Q8mkmTY2k4QkI5Sh/+DGhSJu/R93/o1pOwttPSRwOOde7r0nUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3U6inmXr9c8av+HGiVBDmpQI5Gv/zVG0iSJlRYwrEx3cBXNsywtoxwOi31UkMVJmM8pF1HBU6oCbP5tlN05pQBiqV2X1g0V393ZDgxZpJErjLBdmSWvZn4n9dNbXwTZkyo1FJBFoPilCMr0ex0NGCaEssnjmCimdsVkRHWmFgXUMmFECyfvEpaF9Xgqnp5X6vUa3kcRTiBUziHAK6hDnfQgCYQeIRneIU3T3ov3rv3sSgteHnPMfyB9/kDlhqPGg==</latexit>⇡⇡
<latexit sha1_base64="eYQdiM7UTiLCQqHhLdGANsKyOdA=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBEEscxoUZcFNy4r2Ae2Y8mkmTY0yQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDC4Zx7ufeeIOZMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+U0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdJP5rSeqNIvkvRnH1Bd4IFnICDZWeuiK5PE0+856pbJbcadAi8TLSRly1Hulr24/Iomg0hCOte54bmz8FCvDCKeTYjfRNMZkhAe0Y6nEgmo/nW48QcdW6aMwUvZJg6bq744UC63HIrCVApuhnvcy8T+vk5jw2k+ZjBNDJZkNChOOTISy81GfKUoMH1uCiWJ2V0SGWGFibEhFG4I3f/IiaZ5XvMvKxV21XKvmcRTgEI7gBDy4ghrcQh0aQEDCM7zCm6OdF+fd+ZiVLjl5zwH8gfP5A/KGkGg=</latexit>

µ+µ�

<latexit sha1_base64="eYQdiM7UTiLCQqHhLdGANsKyOdA=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBEEscxoUZcFNy4r2Ae2Y8mkmTY0yQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDC4Zx7ufeeIOZMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+U0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdJP5rSeqNIvkvRnH1Bd4IFnICDZWeuiK5PE0+856pbJbcadAi8TLSRly1Hulr24/Iomg0hCOte54bmz8FCvDCKeTYjfRNMZkhAe0Y6nEgmo/nW48QcdW6aMwUvZJg6bq744UC63HIrCVApuhnvcy8T+vk5jw2k+ZjBNDJZkNChOOTISy81GfKUoMH1uCiWJ2V0SGWGFibEhFG4I3f/IiaZ5XvMvKxV21XKvmcRTgEI7gBDy4ghrcQh0aQEDCM7zCm6OdF+fd+ZiVLjl5zwH8gfP5A/KGkGg=</latexit>

µ+µ�

<latexit sha1_base64="Wcrp5T9UR4v/QNcpZcenQkE5du0=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIsgiGVXi3osePFYwX5Auy3ZdLaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHDS0TRaFOJZeqFRANnAmoG2Y4tGIFJAo4NIPR7dRvPoHSTIoHM47Bj8hAsJBRYqzUgO4ZdM97xZJbdmfAy8TLSAllqPWKX52+pEkEwlBOtG57bmz8lCjDKIdJoZNoiAkdkQG0LRUkAu2ns2sn+MQqfRxKZUsYPFN/T6Qk0nocBbYzImaoF72p+J/XTkx446dMxIkBQeeLwoRjI/H0ddxnCqjhY0sIVczeiumQKEKNDahgQ/AWX14mjYuyd1W+vK+UqpUsjjw6QsfoFHnoGlXRHaqhOqLoET2jV/TmSOfFeXc+5q05J5s5RH/gfP4AwQaOjg==</latexit>

e+e�

<latexit sha1_base64="Wcrp5T9UR4v/QNcpZcenQkE5du0=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIsgiGVXi3osePFYwX5Auy3ZdLaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHDS0TRaFOJZeqFRANnAmoG2Y4tGIFJAo4NIPR7dRvPoHSTIoHM47Bj8hAsJBRYqzUgO4ZdM97xZJbdmfAy8TLSAllqPWKX52+pEkEwlBOtG57bmz8lCjDKIdJoZNoiAkdkQG0LRUkAu2ns2sn+MQqfRxKZUsYPFN/T6Qk0nocBbYzImaoF72p+J/XTkx446dMxIkBQeeLwoRjI/H0ddxnCqjhY0sIVczeiumQKEKNDahgQ/AWX14mjYuyd1W+vK+UqpUsjjw6QsfoFHnoGlXRHaqhOqLoET2jV/TmSOfFeXc+5q05J5s5RH/gfP4AwQaOjg==</latexit>

e+e�
<latexit sha1_base64="fR2OR8IWth6edoVj+vbtiARb6oc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ac0oUy2m3bpbhJ2N0IJ/RtePCji1T/jzX/jts1Bqw9meLw3w86+MBVcG9f9ckpr6xubW+Xtys7u3v5B9fCoo5NMUdamiUhUL0TNBI9Z23AjWC9VDGUoWDec3M797iNTmifxg5mmLJA4innEKRor+f4IpcRlH1Rrbt1dgPwlXkFqUKA1qH76w4RmksWGCtS677mpCXJUhlPBZhU/0yxFOsER61sao2Q6yBc3z8iZVYYkSpSt2JCF+nMjR6n1VIZ2UqIZ61VvLv7n9TMT3QQ5j9PMsJguH4oyQUxC5gGQIVeMGjG1BKni9lZCx6iQGhtTxYbgrX75L+lc1L2r+uV9o9ZsFHGU4QRO4Rw8uIYm3EEL2kAhhSd4gVcnc56dN+d9OVpyip1j+AXn4xsPVpGq</latexit>��

<latexit sha1_base64="gwyWwFF6kIEbYZpcMRyfBxYuQIY=">AAACB3icbVDLSgNBEJz1bXxFPQoyGARPYVeDehS8eIxgopCE0DvbMUPmsczMimHJzYu/4sWDIl79BW/+jZO4B18FDUVVN91dcSq4dWH4EUxNz8zOzS8slpaWV1bXyusbTaszw7DBtNDmKgaLgitsOO4EXqUGQcYCL+PB6di/vEFjuVYXbphiR8K14j3OwHmpW96GNm3LWN/miZZcgXI0QQZDKnWCdtQtV8JqOAH9S6KCVEiBerf83k40yyQqxwRY24rC1HVyMI4zgaNSO7OYAhvANbY8VSDRdvLJHyO665WE9rTx5Q+ZqN8ncpDWDmXsOyW4vv3tjcX/vFbmesednKs0c6jY16JeJqjTdBwKTbhB5sTQE2CG+1sp64MB5nx0JR9C9Pvlv6S5X40OqwfntcpJrYhjgWyRHbJHInJETsgZqZMGYeSOPJAn8hzcB4/BS/D61ToVFDOb5AeCt08dUZlw</latexit>

a dominant decay modes
<latexit sha1_base64="r6gyYPF49dXh7gd4iObHUkv5Ex0=">AAACCXicbZC7SgNBFIZnvcZ4i1raDAbBKuxqUMuAjWUEc4EkhNnZk2TIXJaZWcmypLXxVWwsFLH1Dex8GyeXQhN/GPj4zznMOX8Yc2as7397K6tr6xubua389s7u3n7h4LBuVKIp1KjiSjdDYoAzCTXLLIdmrIGIkEMjHN5M6o0H0IYpeW/TGDqC9CXrMUqss7oF3BahGmUSRhZHSjBJpAOgJMVCRWDG3ULRL/lT4WUI5lBEc1W7ha92pGgiQFrKiTGtwI9tJyPaMsphnG8nBmJCh6QPLYeSCDCdbHrJGJ86J8I9pd1zi0zd3xMZEcakInSdgtiBWaxNzP9qrcT2rjsZk3FiQdLZR72EY6vwJBYcMQ3U8tQBoZq5XTEdEE2odeHlXQjB4snLUD8vBZeli7tysVKex5FDx+gEnaEAXaEKukVVVEMUPaJn9IrevCfvxXv3PmatK9585gj9kff5Aw7dmoY=</latexit>

next dominant decay modes

:
:

LHCb

LEP

NA62 CHARM

<latexit sha1_base64="DG/zkSMmLfYYWimVgrrmqCfva/A=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtatMeCF48V7Ae0a8mm2TY0ya5JtlCW/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O2vrG5tb24Wd4u7e/sFh6ei4paNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357QlVmkXywUxj6gs8lCxkBBsr+chzH1OvlvVQKrJ+qexW3DnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwmlW7CWaxpiM8ZB2LZVYUO2n86MzdG6VAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlrfspknBgqyWJRmHBkIjRLAA2YosTwqSWYKGZvRWSEFSbG5lS0IXjLL6+S1mXFu65c3VfL9WoeRwFO4QwuwIMbqMMdNKAJBJ7gGV7hzZk4L86787FoXXPymRP4A+fzB0FbkRc=</latexit>10 18
m

<latexit sha1_base64="WOmzrULBBptbSAcJP9aepCIJXPQ=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtaqseCF48V7Ae0a8mm2TY0ya5JtlCW/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O2vrG5tb24Wd4u7e/sFh6ei4paNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357QlVmkXywUxj6gs8lCxkBBsr+chzH1OvlvVQKrJ+qexW3DnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwmlW7CWaxpiM8ZB2LZVYUO2n86MzdG6VAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzaloQ/CWX14lrcuKV6tc3VfL9WoeRwFO4QwuwINrqMMdNKAJBJ7gGV7hzZk4L86787FoXXPymRP4A+fzBz5HkRU=</latexit>10 16
m

<latexit sha1_base64="ORhTdfVIB9ChayBISlwdoJ/eeDE=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh4LXjxWsB/QriWbZtvQJLsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDvz2xOqNIvkg5nG1Bd4KFnICDZW8pHnPqZeLeuhVGT9csWtunOgVeLlpAI5Gv3yV28QkURQaQjHWnc9NzZ+ipVhhNOs1Es0jTEZ4yHtWiqxoNpP50dn6MwqAxRGypY0aK7+nkix0HoqAtspsBnpZW8m/ud1ExPe+CmTcWKoJItFYcKRidAsATRgihLDp5Zgopi9FZERVpgYm1PJhuAtv7xKWhdV76p6eV+r1Gt5HEU4gVM4Bw+uoQ530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwB87nDzszkRM=</latexit>10 14
m

<latexit sha1_base64="ms1YQjoqOjbC4jqBT52hbZ0zXQY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Kru1qMeCF48V7Ae0a8mm2TY0ya5JtlCW/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O2vrG5tb24Wd4u7e/sFh6ei4paNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357QlVmkXywUxj6gs8lCxkBBsr+chzH1OvmvVQKrJ+qexW3DnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwmlW7CWaxpiM8ZB2LZVYUO2n86MzdG6VAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzaloQ/CWX14lrWrFu6pc3tfK9VoeRwFO4QwuwINrqMMdNKAJBJ7gGV7hzZk4L86787FoXXPymRP4A+fzBzgfkRE=</latexit>10 12
m

<latexit sha1_base64="Jat3lpYCXHGp/GVkrl15PxZIW/0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh4LXjxWsB/QriWbZtvQJLsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDvz2xOqNIvkg5nG1Bd4KFnICDZW8pHnPqaem/VQKrJ+ueJW3TnQKvFyUoEcjX75qzeISCKoNIRjrbueGxs/xcowwmlW6iWaxpiM8ZB2LZVYUO2n86MzdGaVAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzalkQ/CWX14lrYuqd1W9vK9V6rU8jiKcwCmcgwfXUIc7aEATCDzBM7zCmzNxXpx352PRWnDymWP4A+fzBzULkQ8=</latexit>10 10
m

<latexit sha1_base64="0WAmiO8CiNZThfNFcOvTIziznFU=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2W3FvVY8OKxgv2Adi3ZNG1Dk+yaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBRFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8e3Mb02o0iyUD2YaUV/goWQDRrCxko889zG5qKRdlIi0Vyy5ZXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHCaFrqxphEmYzykHUslFlT7yfzoFJ1ZpY8GobIlDZqrvycSLLSeisB2CmxGetmbif95ndgMbvyEySg2VJLFokHMkQnRLAHUZ4oSw6eWYKKYvRWREVaYGJtTwYbgLb+8SpqVsndVvryvlmrVLI48nMApnIMH11CDO6hDAwg8wTO8wpszcV6cd+dj0Zpzsplj+APn8wcx85EN</latexit>10 �
2
m

<latexit sha1_base64="B33PZ3TG6AyCDileTEwfBg52QGQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BLx4jmAckS5iddJIhM7PLzKwQlnyEFw+KePV7vPk3TpI9aLSgoajqprsrSgQ31ve/vMLa+sbmVnG7tLO7t39QPjxqmTjVDJssFrHuRNSg4AqblluBnUQjlZHAdjS5nfvtR9SGx+rBThMMJR0pPuSMWie1SdAjmZz1yxW/6i9A/pIgJxXI0eiXP3uDmKUSlWWCGtMN/MSGGdWWM4GzUi81mFA2oSPsOqqoRBNmi3Nn5MwpAzKMtStlyUL9OZFRacxURq5TUjs2q95c/M/rpnZ4E2ZcJalFxZaLhqkgNibz38mAa2RWTB2hTHN3K2FjqimzLqGSCyFYffkvaV1Ug6vq5X2tUq/lcRThBE7hHAK4hjrcQQOawGACT/ACr17iPXtv3vuyteDlM8fwC97HN2Uhjuw=</latexit>1
m

<latexit sha1_base64="HY3gUxiwGzsTluX9Gt6dhDw6e8I=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtRT0WvHisYD+wXUs2zbahSXZJskJZ+i+8eFDEq//Gm//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP5nSeqNIvkvZnG1Bd4JFnICDZWekCe+1jro1TMBuWKW3XnQKvEy0kFcjQH5a/+MCKJoNIQjrXueW5s/BQrwwins1I/0TTGZIJHtGepxIJqP51fPENnVhmiMFK2pEFz9fdEioXWUxHYToHNWC97mfif10tMeO2nTMaJoZIsFoUJRyZC2ftoyBQlhk8twUQxeysiY6wwMTakkg3BW355lbRrVe+yenFXrzTqeRxFOIFTOAcPrqABt9CEFhCQ8Ayv8OZo58V5dz4WrQUnnzmGP3A+fwD8d4/K</latexit>10 2
m

<latexit sha1_base64="0vLfnnAkVzWan7RTg9nu/K9da4I=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4sexqUY8FLx4r2A9o15JNs21okl2TbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdDv1W2OqNIvkg5nE1Bd4IFnICDZW8pHnPqbn1ayLUpH1SmW34s6AlomXkzLkqPdKX91+RBJBpSEca93x3Nj4KVaGEU6zYjfRNMZkhAe0Y6nEgmo/nR2doVOr9FEYKVvSoJn6eyLFQuuJCGynwGaoF72p+J/XSUx446dMxomhkswXhQlHJkLTBFCfKUoMn1iCiWL2VkSGWGFibE5FG4K3+PIyaV5UvKvK5X21XKvmcRTgGE7gDDy4hhrcQR0aQOAJnuEV3pyx8+K8Ox/z1hUnnzmCP3A+fwA1B5EP</latexit>10 �
4
m

<latexit sha1_base64="S/we44OtvAqbHFQF0JrvXYaZGqI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXS/VY8OKxgv2Adi3ZNG1Dk+yaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBRFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8e3Mb02o0iyUD2YaUV/goWQDRrCxko889zG5qKZdlIi0Vyy5ZXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHCaFrqxphEmYzykHUslFlT7yfzoFJ1ZpY8GobIlDZqrvycSLLSeisB2CmxGetmbif95ndgMbvyEySg2VJLFokHMkQnRLAHUZ4oSw6eWYKKYvRWREVaYGJtTwYbgLb+8SpqXZa9avrqvlGqVLI48nMApnIMH11CDO6hDAwg8wTO8wpszcV6cd+dj0Zpzsplj+APn8wc4G5ER</latexit>10 �
6
m

<latexit sha1_base64="X3hG5sCkb0yc6Ri9eEpg9WyqDKI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXi/ZY8OKxgv2Adi3ZNG1Dk+yaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBRFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8e3Mb02o0iyUD2YaUV/goWQDRrCxko889zG5qKZdlIi0Vyy5ZXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHCaFrqxphEmYzykHUslFlT7yfzoFJ1ZpY8GobIlDZqrvycSLLSeisB2CmxGetmbif95ndgMqn7CZBQbKsli0SDmyIRolgDqM0WJ4VNLMFHM3orICCtMjM2pYEPwll9eJc3LsnddvrqvlGqVLI48nMApnIMHN1CDO6hDAwg8wTO8wpszcV6cd+dj0Zpzsplj+APn8wc7L5ET</latexit>10 �
8
m

<latexit sha1_base64="dLOANI/9KAuwTYnXcz/ZzWLBLF8=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4sexqUY8FLx4r2A9otyWbZtvQJLskWaUs+z+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gfDv1W49UaRbJBzOJqS/wULKQEWys1EOe20vPPTfrolRk/VLZrbgzoGXi5aQMOer90ld3EJFEUGkIx1p3PDc2foqVYYTTrNhNNI0xGeMh7VgqsaDaT2dXZ+jUKgMURsqWNGim/p5IsdB6IgLbKbAZ6UVvKv7ndRIT3vgpk3FiqCTzRWHCkYnQNAI0YIoSwyeWYKKYvRWREVaYGBtU0YbgLb68TJoXFe+qcnlfLdeqeRwFOIYTOAMPrqEGd1CHBhBQ8Ayv8OY8OS/Ou/Mxb11x8pkj+APn8weg/ZFG</latexit>10 �
10

m

<latexit sha1_base64="zFELyrT3C4svTyGOc54DuinEqM0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ac0sWy2m3bp7ibsboQS8je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ353SeqNIvlg5kmNBB4JFnECDZW8pHnPmaN3EeZyAfVmlt350CrxCtIDQq0BtUvfxiTVFBpCMda9z03MUGGlWGE07zip5ommEzwiPYtlVhQHWTzm3N0ZpUhimJlSxo0V39PZFhoPRWh7RTYjPWyNxP/8/qpiW6CjMkkNVSSxaIo5cjEaBYAGjJFieFTSzBRzN6KyBgrTIyNqWJD8JZfXiWdi7p3Vb+8b9SajSKOMpzAKZyDB9fQhDtoQRsIJPAMr/DmpM6L8+58LFpLTjFzDH/gfP4AyTWQ2A==</latexit>10 4
m

<latexit sha1_base64="LrHnuVfdefWIEnixENqyNGNzFkk=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KomW6rHgxWMF+wFNLJvtpl26uwm7G6GE/A0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTDjTxnW/nbX1jc2t7dJOeXdv/+CwcnTc0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3M787hNVmsXywUwTGgg8kixiBBsr+chzH7NG7qNM5INK1a25c6BV4hWkCgVag8qXP4xJKqg0hGOt+56bmCDDyjDCaV72U00TTCZ4RPuWSiyoDrL5zTk6t8oQRbGyJQ2aq78nMiy0norQdgpsxnrZm4n/ef3URDdBxmSSGirJYlGUcmRiNAsADZmixPCpJZgoZm9FZIwVJsbGVLYheMsvr5LOZc1r1K7u69VmvYijBKdwBhfgwTU04Q5a0AYCCTzDK7w5qfPivDsfi9Y1p5g5gT9wPn8AzEmQ2g==</latexit>10 6
m

<latexit sha1_base64="pr5Xg3pR1zmOhP3Vsn7hdb32T+w=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KokW7bHgxWMF+wFNLJvtpl26uwm7G6GE/A0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTDjTxnW/nbX1jc2t7dJOeXdv/+CwcnTc0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3M787hNVmsXywUwTGgg8kixiBBsr+chzH7NG7qNM5INK1a25c6BV4hWkCgVag8qXP4xJKqg0hGOt+56bmCDDyjDCaV72U00TTCZ4RPuWSiyoDrL5zTk6t8oQRbGyJQ2aq78nMiy0norQdgpsxnrZm4n/ef3URI0gYzJJDZVksShKOTIxmgWAhkxRYvjUEkwUs7ciMsYKE2NjKtsQvOWXV0nnsuZd167u69VmvYijBKdwBhfgwQ004Q5a0AYCCTzDK7w5qfPivDsfi9Y1p5g5gT9wPn8Az12Q3A==</latexit>10 8
m<latexit sha1_base64="Jat3lpYCXHGp/GVkrl15PxZIW/0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh4LXjxWsB/QriWbZtvQJLsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDvz2xOqNIvkg5nG1Bd4KFnICDZW8pHnPqaem/VQKrJ+ueJW3TnQKvFyUoEcjX75qzeISCKoNIRjrbueGxs/xcowwmlW6iWaxpiM8ZB2LZVYUO2n86MzdGaVAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzalkQ/CWX14lrYuqd1W9vK9V6rU8jiKcwCmcgwfXUIc7aEATCDzBM7zCmzNxXpx352PRWnDymWP4A+fzBzULkQ8=</latexit>10 10

m
<latexit sha1_base64="/9+KxwLso2LC/oJeh+SQad1XyyM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JoUTdCwY3LCvYBbSiTyW07dDIJMxMxhuKvuHGhiFv/w51/47TNQlsPXDiccy/33uPHnCntON9WYWl5ZXWtuF7a2Nza3rF395oqSiSFBo14JNs+UcCZgIZmmkM7lkBCn0PLH11P/NY9SMUicafTGLyQDATrM0q0kXr2QTf0o4csAEpSzEEM9HB81bPLTsWZAi8SNydllKPes7+6QUSTEISmnCjVcZ1YexmRmlEO41I3URATOiID6BgqSAjKy6bXj/GxUQLcj6QpofFU/T2RkVCpNPRNZ0j0UM17E/E/r5Po/qWXMREnGgSdLeonHOsIT6LAAZNANU8NIVQycyumQyIJ1SawkgnBnX95kTRPK+555ey2Wq5V8ziK6BAdoRPkogtUQzeojhqIokf0jF7Rm/VkvVjv1sestWDlM/voD6zPH7j5lVw=</latexit>decay

length
=

SN1987A

Decay length and product of  from Higgs decay 
and signature at ILC

a

Probing CP-even ALP at e.g. ILC 250GeV
Kodai Sakurai, WY 2111.03653 

Vertex resolution 

Detector size (TPC)
See also Bhattacherjee et al  
2111.02437  
for hadron collider reach  
of CP-even light mediator

ℒeff ∼
m2

amh

mΦ
ah, θah ∼

m2
a

mhmΦ

Displaced  
vertex  × 2

Brh→aa > 10−6,
(2σCL,3 ab−1)

Higgs  
exotic  
decay Brh→aa(→cc̄cc̄) ≳ 10−3 (2σCL,2 ab−1)

Liu et al, 1612.09284 

https://arxiv.org/abs/2111.03653
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<latexit sha1_base64="LWzBrDlz6ETOHI+5FD9JIL2lJEg="></latexit> c h
=

✓
✓ a
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<latexit sha1_base64="OKNA9682cSs+U7mLpdSTefcasBw=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KoqMeiBz1WsB/QhLDZTtqlu0nY3Sgl9qd48aCIV3+JN/+N2zYHrT4YeLw3w8y8MOVMacf5skpLyyura+X1ysbm1vaOXd1tqySTFFo04YnshkQBZzG0NNMcuqkEIkIOnXB0NfU79yAVS+I7PU7BF2QQs4hRoo0U2FUREA/j3JMC966h7U8Cu+bUnRnwX+IWpIYKNAP70+snNBMQa8qJUj3XSbWfE6kZ5TCpeJmClNARGUDP0JgIUH4+O32CD43Sx1EiTcUaz9SfEzkRSo1FaDoF0UO16E3F/7xepqMLP2dxmmmI6XxRlHGsEzzNAfeZBKr52BBCJTO3YjokklBt0qqYENzFl/+S9nHdPauf3J7WGpdFHGW0jw7QEXLROWqgG9RELUTRA3pCL+jVerSerTfrfd5asoqZPfQL1sc3AM+TMw==</latexit>

ma [GeV]

<latexit sha1_base64="7WxVpQYWBjARXYLIOLdOg0K9Qes=">AAAB83icbVDLSsNAFL2pr1pfVZduBosgiCXRoi4LblxWsA9oYplMp+3QySTMQyihv+HGhSJu/Rl3/o3TNAttPXAvh3PuZe6cMOFMadf9dgorq2vrG8XN0tb2zu5eef+gpWIjCW2SmMeyE2JFORO0qZnmtJNIiqOQ03Y4vp357ScqFYvFg54kNIjwULABI1hbyfc1No9nWT/vlStu1c2AlomXkwrkaPTKX34/JiaiQhOOlep6bqKDFEvNCKfTkm8UTTAZ4yHtWipwRFWQZjdP0YlV+mgQS1tCo0z9vZHiSKlJFNrJCOuRWvRm4n9e1+jBTZAykRhNBZk/NDAc6RjNAkB9JinRfGIJJpLZWxEZYYmJtjGVbAje4peXSeui6l1VL+9rlXotj6MIR3AMp+DBNdThDhrQBAIJPMMrvDnGeXHenY/5aMHJdw7hD5zPH4AZkUw=</latexit>

⌧+⌧�

<latexit sha1_base64="l2TnuDo2YUtIC6gSOGJkXchDYns=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ae0oWymm3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqkDUxFrHqBFQzwSVrGm4E6ySK0SgQrB2Mb2d++4kpzWP5YCYJ8yM6lDzkSI2VOtgLqMpw2i9X3Ko7B1klXk4qkKPRL3/1BjGmEZMGBdW667mJ8TOqDEfBpqVeqllCcUyHrGuppBHTfja/d0rOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNUziYlGYCmJiMnueDLhiaMTEEoqK21sJjqiiaGxEJRuCt/zyKmldVL2r6uV9rVKv5XEU4QRO4Rw8uIY63EEDmoAg4Ble4c15dF6cd+dj0Vpw8plj+APn8wdANZAT</latexit>

cc̄
<latexit sha1_base64="X2Tq9R0IDwBThb4cGaDgIT0hqQk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ae0oUy2m3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKHd0LUGV62i9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5vfOyVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14Y2fcZmkhkm6WBSmgpiYzJ4nA64YNWJiCVLF7a2EjlAhNTaikg3BW355lbQuqt5V9fK+VqnX8jiKcAKncA4eXEMd7qABTaAg4Ble4c15dF6cd+dj0Vpw8plj+APn8wdxNZAz</latexit>

ss̄

<latexit sha1_base64="asqyclxi8ZLPOg7N2xg0Op5Fxc8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUGfYCqrLhtF+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfja/d0rOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMnueDLhCZsTEEsoUt7cSNqKKMmMjKtkQvOWXV0nroupdVS/va5V6LY+jCCdwCufgwTXU4Q4a0AQGAp7hFd6cR+fFeXc+Fq0FJ585hj9wPn8ATHWQGw==</latexit>

gḡ<latexit sha1_base64="Iobb8ymtTxg+WgPAcNkaJfFzvpo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2Ae0Q8mkmTY2k4QkI5Sh/+DGhSJu/R93/o1pOwttPSRwOOde7r0nUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3U6inmXr9c8av+HGiVBDmpQI5Gv/zVG0iSJlRYwrEx3cBXNsywtoxwOi31UkMVJmM8pF1HBU6oCbP5tlN05pQBiqV2X1g0V393ZDgxZpJErjLBdmSWvZn4n9dNbXwTZkyo1FJBFoPilCMr0ex0NGCaEssnjmCimdsVkRHWmFgXUMmFECyfvEpaF9Xgqnp5X6vUa3kcRTiBUziHAK6hDnfQgCYQeIRneIU3T3ov3rv3sSgteHnPMfyB9/kDlhqPGg==</latexit>⇡⇡
<latexit sha1_base64="8z/+JXip91+HBeYUsHF+UVUzcOM=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BL0IuUcwDkiXMTnqTIbOzy8ysEEL+wIsHRbz6R978GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/loxkn6Ed0IHnIGTVWeqjVesWSW3bnIKvEy0gJMtR7xa9uP2ZphNIwQbXueG5i/AlVhjOB00I31ZhQNqID7FgqaYTan8wvnZIzq/RJGCtb0pC5+ntiQiOtx1FgOyNqhnrZm4n/eZ3UhDf+hMskNSjZYlGYCmJiMnub9LlCZsTYEsoUt7cSNqSKMmPDKdgQvOWXV0nzouxdlS/vK6VqJYsjDydwCufgwTVU4Q7q0AAGITzDK7w5I+fFeXc+Fq05J5s5hj9wPn8AN1WNHg==</latexit>

KK

<latexit sha1_base64="Iobb8ymtTxg+WgPAcNkaJfFzvpo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2Ae0Q8mkmTY2k4QkI5Sh/+DGhSJu/R93/o1pOwttPSRwOOde7r0nUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3U6inmXr9c8av+HGiVBDmpQI5Gv/zVG0iSJlRYwrEx3cBXNsywtoxwOi31UkMVJmM8pF1HBU6oCbP5tlN05pQBiqV2X1g0V393ZDgxZpJErjLBdmSWvZn4n9dNbXwTZkyo1FJBFoPilCMr0ex0NGCaEssnjmCimdsVkRHWmFgXUMmFECyfvEpaF9Xgqnp5X6vUa3kcRTiBUziHAK6hDnfQgCYQeIRneIU3T3ov3rv3sSgteHnPMfyB9/kDlhqPGg==</latexit>⇡⇡
<latexit sha1_base64="eYQdiM7UTiLCQqHhLdGANsKyOdA=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBEEscxoUZcFNy4r2Ae2Y8mkmTY0yQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDC4Zx7ufeeIOZMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+U0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdJP5rSeqNIvkvRnH1Bd4IFnICDZWeuiK5PE0+856pbJbcadAi8TLSRly1Hulr24/Iomg0hCOte54bmz8FCvDCKeTYjfRNMZkhAe0Y6nEgmo/nW48QcdW6aMwUvZJg6bq744UC63HIrCVApuhnvcy8T+vk5jw2k+ZjBNDJZkNChOOTISy81GfKUoMH1uCiWJ2V0SGWGFibEhFG4I3f/IiaZ5XvMvKxV21XKvmcRTgEI7gBDy4ghrcQh0aQEDCM7zCm6OdF+fd+ZiVLjl5zwH8gfP5A/KGkGg=</latexit>

µ+µ�

<latexit sha1_base64="eYQdiM7UTiLCQqHhLdGANsKyOdA=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBEEscxoUZcFNy4r2Ae2Y8mkmTY0yQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDC4Zx7ufeeIOZMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+U0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdJP5rSeqNIvkvRnH1Bd4IFnICDZWeuiK5PE0+856pbJbcadAi8TLSRly1Hulr24/Iomg0hCOte54bmz8FCvDCKeTYjfRNMZkhAe0Y6nEgmo/nW48QcdW6aMwUvZJg6bq744UC63HIrCVApuhnvcy8T+vk5jw2k+ZjBNDJZkNChOOTISy81GfKUoMH1uCiWJ2V0SGWGFibEhFG4I3f/IiaZ5XvMvKxV21XKvmcRTgEI7gBDy4ghrcQh0aQEDCM7zCm6OdF+fd+ZiVLjl5zwH8gfP5A/KGkGg=</latexit>

µ+µ�

<latexit sha1_base64="Wcrp5T9UR4v/QNcpZcenQkE5du0=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIsgiGVXi3osePFYwX5Auy3ZdLaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHDS0TRaFOJZeqFRANnAmoG2Y4tGIFJAo4NIPR7dRvPoHSTIoHM47Bj8hAsJBRYqzUgO4ZdM97xZJbdmfAy8TLSAllqPWKX52+pEkEwlBOtG57bmz8lCjDKIdJoZNoiAkdkQG0LRUkAu2ns2sn+MQqfRxKZUsYPFN/T6Qk0nocBbYzImaoF72p+J/XTkx446dMxIkBQeeLwoRjI/H0ddxnCqjhY0sIVczeiumQKEKNDahgQ/AWX14mjYuyd1W+vK+UqpUsjjw6QsfoFHnoGlXRHaqhOqLoET2jV/TmSOfFeXc+5q05J5s5RH/gfP4AwQaOjg==</latexit>

e+e�

<latexit sha1_base64="Wcrp5T9UR4v/QNcpZcenQkE5du0=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIsgiGVXi3osePFYwX5Auy3ZdLaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHDS0TRaFOJZeqFRANnAmoG2Y4tGIFJAo4NIPR7dRvPoHSTIoHM47Bj8hAsJBRYqzUgO4ZdM97xZJbdmfAy8TLSAllqPWKX52+pEkEwlBOtG57bmz8lCjDKIdJoZNoiAkdkQG0LRUkAu2ns2sn+MQqfRxKZUsYPFN/T6Qk0nocBbYzImaoF72p+J/XTkx446dMxIkBQeeLwoRjI/H0ddxnCqjhY0sIVczeiumQKEKNDahgQ/AWX14mjYuyd1W+vK+UqpUsjjw6QsfoFHnoGlXRHaqhOqLoET2jV/TmSOfFeXc+5q05J5s5RH/gfP4AwQaOjg==</latexit>

e+e�
<latexit sha1_base64="fR2OR8IWth6edoVj+vbtiARb6oc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ac0oUy2m3bpbhJ2N0IJ/RtePCji1T/jzX/jts1Bqw9meLw3w86+MBVcG9f9ckpr6xubW+Xtys7u3v5B9fCoo5NMUdamiUhUL0TNBI9Z23AjWC9VDGUoWDec3M797iNTmifxg5mmLJA4innEKRor+f4IpcRlH1Rrbt1dgPwlXkFqUKA1qH76w4RmksWGCtS677mpCXJUhlPBZhU/0yxFOsER61sao2Q6yBc3z8iZVYYkSpSt2JCF+nMjR6n1VIZ2UqIZ61VvLv7n9TMT3QQ5j9PMsJguH4oyQUxC5gGQIVeMGjG1BKni9lZCx6iQGhtTxYbgrX75L+lc1L2r+uV9o9ZsFHGU4QRO4Rw8uIYm3EEL2kAhhSd4gVcnc56dN+d9OVpyip1j+AXn4xsPVpGq</latexit>��

<latexit sha1_base64="gwyWwFF6kIEbYZpcMRyfBxYuQIY=">AAACB3icbVDLSgNBEJz1bXxFPQoyGARPYVeDehS8eIxgopCE0DvbMUPmsczMimHJzYu/4sWDIl79BW/+jZO4B18FDUVVN91dcSq4dWH4EUxNz8zOzS8slpaWV1bXyusbTaszw7DBtNDmKgaLgitsOO4EXqUGQcYCL+PB6di/vEFjuVYXbphiR8K14j3OwHmpW96GNm3LWN/miZZcgXI0QQZDKnWCdtQtV8JqOAH9S6KCVEiBerf83k40yyQqxwRY24rC1HVyMI4zgaNSO7OYAhvANbY8VSDRdvLJHyO665WE9rTx5Q+ZqN8ncpDWDmXsOyW4vv3tjcX/vFbmesednKs0c6jY16JeJqjTdBwKTbhB5sTQE2CG+1sp64MB5nx0JR9C9Pvlv6S5X40OqwfntcpJrYhjgWyRHbJHInJETsgZqZMGYeSOPJAn8hzcB4/BS/D61ToVFDOb5AeCt08dUZlw</latexit>

a dominant decay modes
<latexit sha1_base64="r6gyYPF49dXh7gd4iObHUkv5Ex0=">AAACCXicbZC7SgNBFIZnvcZ4i1raDAbBKuxqUMuAjWUEc4EkhNnZk2TIXJaZWcmypLXxVWwsFLH1Dex8GyeXQhN/GPj4zznMOX8Yc2as7397K6tr6xubua389s7u3n7h4LBuVKIp1KjiSjdDYoAzCTXLLIdmrIGIkEMjHN5M6o0H0IYpeW/TGDqC9CXrMUqss7oF3BahGmUSRhZHSjBJpAOgJMVCRWDG3ULRL/lT4WUI5lBEc1W7ha92pGgiQFrKiTGtwI9tJyPaMsphnG8nBmJCh6QPLYeSCDCdbHrJGJ86J8I9pd1zi0zd3xMZEcakInSdgtiBWaxNzP9qrcT2rjsZk3FiQdLZR72EY6vwJBYcMQ3U8tQBoZq5XTEdEE2odeHlXQjB4snLUD8vBZeli7tysVKex5FDx+gEnaEAXaEKukVVVEMUPaJn9IrevCfvxXv3PmatK9585gj9kff5Aw7dmoY=</latexit>

next dominant decay modes

:
:

LHCb

LEP

NA62 CHARM

<latexit sha1_base64="DG/zkSMmLfYYWimVgrrmqCfva/A=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtatMeCF48V7Ae0a8mm2TY0ya5JtlCW/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O2vrG5tb24Wd4u7e/sFh6ei4paNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357QlVmkXywUxj6gs8lCxkBBsr+chzH1OvlvVQKrJ+qexW3DnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwmlW7CWaxpiM8ZB2LZVYUO2n86MzdG6VAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlrfspknBgqyWJRmHBkIjRLAA2YosTwqSWYKGZvRWSEFSbG5lS0IXjLL6+S1mXFu65c3VfL9WoeRwFO4QwuwIMbqMMdNKAJBJ7gGV7hzZk4L86787FoXXPymRP4A+fzB0FbkRc=</latexit>10 18
m

<latexit sha1_base64="WOmzrULBBptbSAcJP9aepCIJXPQ=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtaqseCF48V7Ae0a8mm2TY0ya5JtlCW/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O2vrG5tb24Wd4u7e/sFh6ei4paNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357QlVmkXywUxj6gs8lCxkBBsr+chzH1OvlvVQKrJ+qexW3DnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwmlW7CWaxpiM8ZB2LZVYUO2n86MzdG6VAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzaloQ/CWX14lrcuKV6tc3VfL9WoeRwFO4QwuwINrqMMdNKAJBJ7gGV7hzZk4L86787FoXXPymRP4A+fzBz5HkRU=</latexit>10 16
m

<latexit sha1_base64="ORhTdfVIB9ChayBISlwdoJ/eeDE=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh4LXjxWsB/QriWbZtvQJLsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDvz2xOqNIvkg5nG1Bd4KFnICDZW8pHnPqZeLeuhVGT9csWtunOgVeLlpAI5Gv3yV28QkURQaQjHWnc9NzZ+ipVhhNOs1Es0jTEZ4yHtWiqxoNpP50dn6MwqAxRGypY0aK7+nkix0HoqAtspsBnpZW8m/ud1ExPe+CmTcWKoJItFYcKRidAsATRgihLDp5Zgopi9FZERVpgYm1PJhuAtv7xKWhdV76p6eV+r1Gt5HEU4gVM4Bw+uoQ530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwB87nDzszkRM=</latexit>10 14
m

<latexit sha1_base64="ms1YQjoqOjbC4jqBT52hbZ0zXQY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Kru1qMeCF48V7Ae0a8mm2TY0ya5JtlCW/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O2vrG5tb24Wd4u7e/sFh6ei4paNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357QlVmkXywUxj6gs8lCxkBBsr+chzH1OvmvVQKrJ+qexW3DnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwmlW7CWaxpiM8ZB2LZVYUO2n86MzdG6VAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzaloQ/CWX14lrWrFu6pc3tfK9VoeRwFO4QwuwINrqMMdNKAJBJ7gGV7hzZk4L86787FoXXPymRP4A+fzBzgfkRE=</latexit>10 12
m

<latexit sha1_base64="Jat3lpYCXHGp/GVkrl15PxZIW/0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh4LXjxWsB/QriWbZtvQJLsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDvz2xOqNIvkg5nG1Bd4KFnICDZW8pHnPqaem/VQKrJ+ueJW3TnQKvFyUoEcjX75qzeISCKoNIRjrbueGxs/xcowwmlW6iWaxpiM8ZB2LZVYUO2n86MzdGaVAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzalkQ/CWX14lrYuqd1W9vK9V6rU8jiKcwCmcgwfXUIc7aEATCDzBM7zCmzNxXpx352PRWnDymWP4A+fzBzULkQ8=</latexit>10 10
m

<latexit sha1_base64="0WAmiO8CiNZThfNFcOvTIziznFU=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2W3FvVY8OKxgv2Adi3ZNG1Dk+yaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBRFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8e3Mb02o0iyUD2YaUV/goWQDRrCxko889zG5qKRdlIi0Vyy5ZXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHCaFrqxphEmYzykHUslFlT7yfzoFJ1ZpY8GobIlDZqrvycSLLSeisB2CmxGetmbif95ndgMbvyEySg2VJLFokHMkQnRLAHUZ4oSw6eWYKKYvRWREVaYGJtTwYbgLb+8SpqVsndVvryvlmrVLI48nMApnIMH11CDO6hDAwg8wTO8wpszcV6cd+dj0Zpzsplj+APn8wcx85EN</latexit>10 �
2
m

<latexit sha1_base64="B33PZ3TG6AyCDileTEwfBg52QGQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BLx4jmAckS5iddJIhM7PLzKwQlnyEFw+KePV7vPk3TpI9aLSgoajqprsrSgQ31ve/vMLa+sbmVnG7tLO7t39QPjxqmTjVDJssFrHuRNSg4AqblluBnUQjlZHAdjS5nfvtR9SGx+rBThMMJR0pPuSMWie1SdAjmZz1yxW/6i9A/pIgJxXI0eiXP3uDmKUSlWWCGtMN/MSGGdWWM4GzUi81mFA2oSPsOqqoRBNmi3Nn5MwpAzKMtStlyUL9OZFRacxURq5TUjs2q95c/M/rpnZ4E2ZcJalFxZaLhqkgNibz38mAa2RWTB2hTHN3K2FjqimzLqGSCyFYffkvaV1Ug6vq5X2tUq/lcRThBE7hHAK4hjrcQQOawGACT/ACr17iPXtv3vuyteDlM8fwC97HN2Uhjuw=</latexit>1
m

<latexit sha1_base64="HY3gUxiwGzsTluX9Gt6dhDw6e8I=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtRT0WvHisYD+wXUs2zbahSXZJskJZ+i+8eFDEq//Gm//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP5nSeqNIvkvZnG1Bd4JFnICDZWekCe+1jro1TMBuWKW3XnQKvEy0kFcjQH5a/+MCKJoNIQjrXueW5s/BQrwwins1I/0TTGZIJHtGepxIJqP51fPENnVhmiMFK2pEFz9fdEioXWUxHYToHNWC97mfif10tMeO2nTMaJoZIsFoUJRyZC2ftoyBQlhk8twUQxeysiY6wwMTakkg3BW355lbRrVe+yenFXrzTqeRxFOIFTOAcPrqABt9CEFhCQ8Ayv8OZo58V5dz4WrQUnnzmGP3A+fwD8d4/K</latexit>10 2
m

<latexit sha1_base64="0vLfnnAkVzWan7RTg9nu/K9da4I=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4sexqUY8FLx4r2A9o15JNs21okl2TbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdDv1W2OqNIvkg5nE1Bd4IFnICDZW8pHnPqbn1ayLUpH1SmW34s6AlomXkzLkqPdKX91+RBJBpSEca93x3Nj4KVaGEU6zYjfRNMZkhAe0Y6nEgmo/nR2doVOr9FEYKVvSoJn6eyLFQuuJCGynwGaoF72p+J/XSUx446dMxomhkswXhQlHJkLTBFCfKUoMn1iCiWL2VkSGWGFibE5FG4K3+PIyaV5UvKvK5X21XKvmcRTgGE7gDDy4hhrcQR0aQOAJnuEV3pyx8+K8Ox/z1hUnnzmCP3A+fwA1B5EP</latexit>10 �
4
m

<latexit sha1_base64="S/we44OtvAqbHFQF0JrvXYaZGqI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXS/VY8OKxgv2Adi3ZNG1Dk+yaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBRFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8e3Mb02o0iyUD2YaUV/goWQDRrCxko889zG5qKZdlIi0Vyy5ZXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHCaFrqxphEmYzykHUslFlT7yfzoFJ1ZpY8GobIlDZqrvycSLLSeisB2CmxGetmbif95ndgMbvyEySg2VJLFokHMkQnRLAHUZ4oSw6eWYKKYvRWREVaYGJtTwYbgLb+8SpqXZa9avrqvlGqVLI48nMApnIMH11CDO6hDAwg8wTO8wpszcV6cd+dj0Zpzsplj+APn8wc4G5ER</latexit>10 �
6
m

<latexit sha1_base64="X3hG5sCkb0yc6Ri9eEpg9WyqDKI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXi/ZY8OKxgv2Adi3ZNG1Dk+yaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBRFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8e3Mb02o0iyUD2YaUV/goWQDRrCxko889zG5qKZdlIi0Vyy5ZXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHCaFrqxphEmYzykHUslFlT7yfzoFJ1ZpY8GobIlDZqrvycSLLSeisB2CmxGetmbif95ndgMqn7CZBQbKsli0SDmyIRolgDqM0WJ4VNLMFHM3orICCtMjM2pYEPwll9eJc3LsnddvrqvlGqVLI48nMApnIMHN1CDO6hDAwg8wTO8wpszcV6cd+dj0Zpzsplj+APn8wc7L5ET</latexit>10 �
8
m

<latexit sha1_base64="dLOANI/9KAuwTYnXcz/ZzWLBLF8=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4sexqUY8FLx4r2A9otyWbZtvQJLskWaUs+z+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gfDv1W49UaRbJBzOJqS/wULKQEWys1EOe20vPPTfrolRk/VLZrbgzoGXi5aQMOer90ld3EJFEUGkIx1p3PDc2foqVYYTTrNhNNI0xGeMh7VgqsaDaT2dXZ+jUKgMURsqWNGim/p5IsdB6IgLbKbAZ6UVvKv7ndRIT3vgpk3FiqCTzRWHCkYnQNAI0YIoSwyeWYKKYvRWREVaYGBtU0YbgLb68TJoXFe+qcnlfLdeqeRwFOIYTOAMPrqEGd1CHBhBQ8Ayv8OY8OS/Ou/Mxb11x8pkj+APn8weg/ZFG</latexit>10 �
10

m

<latexit sha1_base64="zFELyrT3C4svTyGOc54DuinEqM0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ac0sWy2m3bp7ibsboQS8je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ353SeqNIvlg5kmNBB4JFnECDZW8pHnPmaN3EeZyAfVmlt350CrxCtIDQq0BtUvfxiTVFBpCMda9z03MUGGlWGE07zip5ommEzwiPYtlVhQHWTzm3N0ZpUhimJlSxo0V39PZFhoPRWh7RTYjPWyNxP/8/qpiW6CjMkkNVSSxaIo5cjEaBYAGjJFieFTSzBRzN6KyBgrTIyNqWJD8JZfXiWdi7p3Vb+8b9SajSKOMpzAKZyDB9fQhDtoQRsIJPAMr/DmpM6L8+58LFpLTjFzDH/gfP4AyTWQ2A==</latexit>10 4
m

<latexit sha1_base64="LrHnuVfdefWIEnixENqyNGNzFkk=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KomW6rHgxWMF+wFNLJvtpl26uwm7G6GE/A0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTDjTxnW/nbX1jc2t7dJOeXdv/+CwcnTc0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3M787hNVmsXywUwTGgg8kixiBBsr+chzH7NG7qNM5INK1a25c6BV4hWkCgVag8qXP4xJKqg0hGOt+56bmCDDyjDCaV72U00TTCZ4RPuWSiyoDrL5zTk6t8oQRbGyJQ2aq78nMiy0norQdgpsxnrZm4n/ef3URDdBxmSSGirJYlGUcmRiNAsADZmixPCpJZgoZm9FZIwVJsbGVLYheMsvr5LOZc1r1K7u69VmvYijBKdwBhfgwTU04Q5a0AYCCTzDK7w5qfPivDsfi9Y1p5g5gT9wPn8AzEmQ2g==</latexit>10 6
m

<latexit sha1_base64="pr5Xg3pR1zmOhP3Vsn7hdb32T+w=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KokW7bHgxWMF+wFNLJvtpl26uwm7G6GE/A0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTDjTxnW/nbX1jc2t7dJOeXdv/+CwcnTc0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3M787hNVmsXywUwTGgg8kixiBBsr+chzH7NG7qNM5INK1a25c6BV4hWkCgVag8qXP4xJKqg0hGOt+56bmCDDyjDCaV72U00TTCZ4RPuWSiyoDrL5zTk6t8oQRbGyJQ2aq78nMiy0norQdgpsxnrZm4n/ef3URI0gYzJJDZVksShKOTIxmgWAhkxRYvjUEkwUs7ciMsYKE2NjKtsQvOWXV0nnsuZd167u69VmvYijBKdwBhfgwQ004Q5a0AYCCTzDK7w5qfPivDsfi9Y1p5g5gT9wPn8Az12Q3A==</latexit>10 8
m<latexit sha1_base64="Jat3lpYCXHGp/GVkrl15PxZIW/0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh4LXjxWsB/QriWbZtvQJLsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDvz2xOqNIvkg5nG1Bd4KFnICDZW8pHnPqaem/VQKrJ+ueJW3TnQKvFyUoEcjX75qzeISCKoNIRjrbueGxs/xcowwmlW6iWaxpiM8ZB2LZVYUO2n86MzdGaVAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzalkQ/CWX14lrYuqd1W9vK9V6rU8jiKcwCmcgwfXUIc7aEATCDzBM7zCmzNxXpx352PRWnDymWP4A+fzBzULkQ8=</latexit>10 10

m
<latexit sha1_base64="/9+KxwLso2LC/oJeh+SQad1XyyM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JoUTdCwY3LCvYBbSiTyW07dDIJMxMxhuKvuHGhiFv/w51/47TNQlsPXDiccy/33uPHnCntON9WYWl5ZXWtuF7a2Nza3rF395oqSiSFBo14JNs+UcCZgIZmmkM7lkBCn0PLH11P/NY9SMUicafTGLyQDATrM0q0kXr2QTf0o4csAEpSzEEM9HB81bPLTsWZAi8SNydllKPes7+6QUSTEISmnCjVcZ1YexmRmlEO41I3URATOiID6BgqSAjKy6bXj/GxUQLcj6QpofFU/T2RkVCpNPRNZ0j0UM17E/E/r5Po/qWXMREnGgSdLeonHOsIT6LAAZNANU8NIVQycyumQyIJ1SawkgnBnX95kTRPK+555ey2Wq5V8ziK6BAdoRPkogtUQzeojhqIokf0jF7Rm/VkvVjv1sestWDlM/voD6zPH7j5lVw=</latexit>decay

length
=

SN1987A

Decay length and product of  from Higgs decay 
and signature at ILC

a

Probing CP-even ALP at e.g. ILC 250GeV
Kodai Sakurai, WY 2111.03653 

Vertex resolution 

Detector size (TPC)
Reach of rare displaced vertex 
( , 3ab^(-1))Brh→aa ∼ 1 %

See also Bhattacherjee et al  
2111.02437  
for hadron collider reach  
of CP-even light mediator

ℒeff ∼
m2

amh

mΦ
ah, θah ∼

m2
a

mhmΦ

Displaced  
vertex  × 2

Brh→aa > 10−6,
(2σCL,3 ab−1)

Higgs  
exotic  
decay Brh→aa(→cc̄cc̄) ≳ 10−3 (2σCL,2 ab−1)

Liu et al, 1612.09284 

https://arxiv.org/abs/2111.03653
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<latexit sha1_base64="LWzBrDlz6ETOHI+5FD9JIL2lJEg="></latexit> c h
=
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✓ a
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<latexit sha1_base64="OKNA9682cSs+U7mLpdSTefcasBw=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KoqMeiBz1WsB/QhLDZTtqlu0nY3Sgl9qd48aCIV3+JN/+N2zYHrT4YeLw3w8y8MOVMacf5skpLyyura+X1ysbm1vaOXd1tqySTFFo04YnshkQBZzG0NNMcuqkEIkIOnXB0NfU79yAVS+I7PU7BF2QQs4hRoo0U2FUREA/j3JMC966h7U8Cu+bUnRnwX+IWpIYKNAP70+snNBMQa8qJUj3XSbWfE6kZ5TCpeJmClNARGUDP0JgIUH4+O32CD43Sx1EiTcUaz9SfEzkRSo1FaDoF0UO16E3F/7xepqMLP2dxmmmI6XxRlHGsEzzNAfeZBKr52BBCJTO3YjokklBt0qqYENzFl/+S9nHdPauf3J7WGpdFHGW0jw7QEXLROWqgG9RELUTRA3pCL+jVerSerTfrfd5asoqZPfQL1sc3AM+TMw==</latexit>

ma [GeV]

<latexit sha1_base64="7WxVpQYWBjARXYLIOLdOg0K9Qes=">AAAB83icbVDLSsNAFL2pr1pfVZduBosgiCXRoi4LblxWsA9oYplMp+3QySTMQyihv+HGhSJu/Rl3/o3TNAttPXAvh3PuZe6cMOFMadf9dgorq2vrG8XN0tb2zu5eef+gpWIjCW2SmMeyE2JFORO0qZnmtJNIiqOQ03Y4vp357ScqFYvFg54kNIjwULABI1hbyfc1No9nWT/vlStu1c2AlomXkwrkaPTKX34/JiaiQhOOlep6bqKDFEvNCKfTkm8UTTAZ4yHtWipwRFWQZjdP0YlV+mgQS1tCo0z9vZHiSKlJFNrJCOuRWvRm4n9e1+jBTZAykRhNBZk/NDAc6RjNAkB9JinRfGIJJpLZWxEZYYmJtjGVbAje4peXSeui6l1VL+9rlXotj6MIR3AMp+DBNdThDhrQBAIJPMMrvDnGeXHenY/5aMHJdw7hD5zPH4AZkUw=</latexit>

⌧+⌧�

<latexit sha1_base64="l2TnuDo2YUtIC6gSOGJkXchDYns=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ae0oWymm3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqkDUxFrHqBFQzwSVrGm4E6ySK0SgQrB2Mb2d++4kpzWP5YCYJ8yM6lDzkSI2VOtgLqMpw2i9X3Ko7B1klXk4qkKPRL3/1BjGmEZMGBdW667mJ8TOqDEfBpqVeqllCcUyHrGuppBHTfja/d0rOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNUziYlGYCmJiMnueDLhiaMTEEoqK21sJjqiiaGxEJRuCt/zyKmldVL2r6uV9rVKv5XEU4QRO4Rw8uIY63EEDmoAg4Ble4c15dF6cd+dj0Vpw8plj+APn8wdANZAT</latexit>

cc̄
<latexit sha1_base64="X2Tq9R0IDwBThb4cGaDgIT0hqQk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ae0oUy2m3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKHd0LUGV62i9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5vfOyVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14Y2fcZmkhkm6WBSmgpiYzJ4nA64YNWJiCVLF7a2EjlAhNTaikg3BW355lbQuqt5V9fK+VqnX8jiKcAKncA4eXEMd7qABTaAg4Ble4c15dF6cd+dj0Vpw8plj+APn8wdxNZAz</latexit>

ss̄

<latexit sha1_base64="asqyclxi8ZLPOg7N2xg0Op5Fxc8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUGfYCqrLhtF+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfja/d0rOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMnueDLhCZsTEEsoUt7cSNqKKMmMjKtkQvOWXV0nroupdVS/va5V6LY+jCCdwCufgwTXU4Q4a0AQGAp7hFd6cR+fFeXc+Fq0FJ585hj9wPn8ATHWQGw==</latexit>

gḡ<latexit sha1_base64="Iobb8ymtTxg+WgPAcNkaJfFzvpo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2Ae0Q8mkmTY2k4QkI5Sh/+DGhSJu/R93/o1pOwttPSRwOOde7r0nUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3U6inmXr9c8av+HGiVBDmpQI5Gv/zVG0iSJlRYwrEx3cBXNsywtoxwOi31UkMVJmM8pF1HBU6oCbP5tlN05pQBiqV2X1g0V393ZDgxZpJErjLBdmSWvZn4n9dNbXwTZkyo1FJBFoPilCMr0ex0NGCaEssnjmCimdsVkRHWmFgXUMmFECyfvEpaF9Xgqnp5X6vUa3kcRTiBUziHAK6hDnfQgCYQeIRneIU3T3ov3rv3sSgteHnPMfyB9/kDlhqPGg==</latexit>⇡⇡
<latexit sha1_base64="8z/+JXip91+HBeYUsHF+UVUzcOM=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BL0IuUcwDkiXMTnqTIbOzy8ysEEL+wIsHRbz6R978GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/loxkn6Ed0IHnIGTVWeqjVesWSW3bnIKvEy0gJMtR7xa9uP2ZphNIwQbXueG5i/AlVhjOB00I31ZhQNqID7FgqaYTan8wvnZIzq/RJGCtb0pC5+ntiQiOtx1FgOyNqhnrZm4n/eZ3UhDf+hMskNSjZYlGYCmJiMnub9LlCZsTYEsoUt7cSNqSKMmPDKdgQvOWXV0nzouxdlS/vK6VqJYsjDydwCufgwTVU4Q7q0AAGITzDK7w5I+fFeXc+Fq05J5s5hj9wPn8AN1WNHg==</latexit>

KK

<latexit sha1_base64="Iobb8ymtTxg+WgPAcNkaJfFzvpo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2Ae0Q8mkmTY2k4QkI5Sh/+DGhSJu/R93/o1pOwttPSRwOOde7r0nUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3U6inmXr9c8av+HGiVBDmpQI5Gv/zVG0iSJlRYwrEx3cBXNsywtoxwOi31UkMVJmM8pF1HBU6oCbP5tlN05pQBiqV2X1g0V393ZDgxZpJErjLBdmSWvZn4n9dNbXwTZkyo1FJBFoPilCMr0ex0NGCaEssnjmCimdsVkRHWmFgXUMmFECyfvEpaF9Xgqnp5X6vUa3kcRTiBUziHAK6hDnfQgCYQeIRneIU3T3ov3rv3sSgteHnPMfyB9/kDlhqPGg==</latexit>⇡⇡
<latexit sha1_base64="eYQdiM7UTiLCQqHhLdGANsKyOdA=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBEEscxoUZcFNy4r2Ae2Y8mkmTY0yQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDC4Zx7ufeeIOZMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+U0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdJP5rSeqNIvkvRnH1Bd4IFnICDZWeuiK5PE0+856pbJbcadAi8TLSRly1Hulr24/Iomg0hCOte54bmz8FCvDCKeTYjfRNMZkhAe0Y6nEgmo/nW48QcdW6aMwUvZJg6bq744UC63HIrCVApuhnvcy8T+vk5jw2k+ZjBNDJZkNChOOTISy81GfKUoMH1uCiWJ2V0SGWGFibEhFG4I3f/IiaZ5XvMvKxV21XKvmcRTgEI7gBDy4ghrcQh0aQEDCM7zCm6OdF+fd+ZiVLjl5zwH8gfP5A/KGkGg=</latexit>

µ+µ�

<latexit sha1_base64="eYQdiM7UTiLCQqHhLdGANsKyOdA=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBEEscxoUZcFNy4r2Ae2Y8mkmTY0yQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDC4Zx7ufeeIOZMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+U0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdJP5rSeqNIvkvRnH1Bd4IFnICDZWeuiK5PE0+856pbJbcadAi8TLSRly1Hulr24/Iomg0hCOte54bmz8FCvDCKeTYjfRNMZkhAe0Y6nEgmo/nW48QcdW6aMwUvZJg6bq744UC63HIrCVApuhnvcy8T+vk5jw2k+ZjBNDJZkNChOOTISy81GfKUoMH1uCiWJ2V0SGWGFibEhFG4I3f/IiaZ5XvMvKxV21XKvmcRTgEI7gBDy4ghrcQh0aQEDCM7zCm6OdF+fd+ZiVLjl5zwH8gfP5A/KGkGg=</latexit>

µ+µ�

<latexit sha1_base64="Wcrp5T9UR4v/QNcpZcenQkE5du0=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIsgiGVXi3osePFYwX5Auy3ZdLaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHDS0TRaFOJZeqFRANnAmoG2Y4tGIFJAo4NIPR7dRvPoHSTIoHM47Bj8hAsJBRYqzUgO4ZdM97xZJbdmfAy8TLSAllqPWKX52+pEkEwlBOtG57bmz8lCjDKIdJoZNoiAkdkQG0LRUkAu2ns2sn+MQqfRxKZUsYPFN/T6Qk0nocBbYzImaoF72p+J/XTkx446dMxIkBQeeLwoRjI/H0ddxnCqjhY0sIVczeiumQKEKNDahgQ/AWX14mjYuyd1W+vK+UqpUsjjw6QsfoFHnoGlXRHaqhOqLoET2jV/TmSOfFeXc+5q05J5s5RH/gfP4AwQaOjg==</latexit>

e+e�

<latexit sha1_base64="Wcrp5T9UR4v/QNcpZcenQkE5du0=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIsgiGVXi3osePFYwX5Auy3ZdLaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHDS0TRaFOJZeqFRANnAmoG2Y4tGIFJAo4NIPR7dRvPoHSTIoHM47Bj8hAsJBRYqzUgO4ZdM97xZJbdmfAy8TLSAllqPWKX52+pEkEwlBOtG57bmz8lCjDKIdJoZNoiAkdkQG0LRUkAu2ns2sn+MQqfRxKZUsYPFN/T6Qk0nocBbYzImaoF72p+J/XTkx446dMxIkBQeeLwoRjI/H0ddxnCqjhY0sIVczeiumQKEKNDahgQ/AWX14mjYuyd1W+vK+UqpUsjjw6QsfoFHnoGlXRHaqhOqLoET2jV/TmSOfFeXc+5q05J5s5RH/gfP4AwQaOjg==</latexit>

e+e�
<latexit sha1_base64="fR2OR8IWth6edoVj+vbtiARb6oc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ac0oUy2m3bpbhJ2N0IJ/RtePCji1T/jzX/jts1Bqw9meLw3w86+MBVcG9f9ckpr6xubW+Xtys7u3v5B9fCoo5NMUdamiUhUL0TNBI9Z23AjWC9VDGUoWDec3M797iNTmifxg5mmLJA4innEKRor+f4IpcRlH1Rrbt1dgPwlXkFqUKA1qH76w4RmksWGCtS677mpCXJUhlPBZhU/0yxFOsER61sao2Q6yBc3z8iZVYYkSpSt2JCF+nMjR6n1VIZ2UqIZ61VvLv7n9TMT3QQ5j9PMsJguH4oyQUxC5gGQIVeMGjG1BKni9lZCx6iQGhtTxYbgrX75L+lc1L2r+uV9o9ZsFHGU4QRO4Rw8uIYm3EEL2kAhhSd4gVcnc56dN+d9OVpyip1j+AXn4xsPVpGq</latexit>��

<latexit sha1_base64="gwyWwFF6kIEbYZpcMRyfBxYuQIY=">AAACB3icbVDLSgNBEJz1bXxFPQoyGARPYVeDehS8eIxgopCE0DvbMUPmsczMimHJzYu/4sWDIl79BW/+jZO4B18FDUVVN91dcSq4dWH4EUxNz8zOzS8slpaWV1bXyusbTaszw7DBtNDmKgaLgitsOO4EXqUGQcYCL+PB6di/vEFjuVYXbphiR8K14j3OwHmpW96GNm3LWN/miZZcgXI0QQZDKnWCdtQtV8JqOAH9S6KCVEiBerf83k40yyQqxwRY24rC1HVyMI4zgaNSO7OYAhvANbY8VSDRdvLJHyO665WE9rTx5Q+ZqN8ncpDWDmXsOyW4vv3tjcX/vFbmesednKs0c6jY16JeJqjTdBwKTbhB5sTQE2CG+1sp64MB5nx0JR9C9Pvlv6S5X40OqwfntcpJrYhjgWyRHbJHInJETsgZqZMGYeSOPJAn8hzcB4/BS/D61ToVFDOb5AeCt08dUZlw</latexit>

a dominant decay modes
<latexit sha1_base64="r6gyYPF49dXh7gd4iObHUkv5Ex0=">AAACCXicbZC7SgNBFIZnvcZ4i1raDAbBKuxqUMuAjWUEc4EkhNnZk2TIXJaZWcmypLXxVWwsFLH1Dex8GyeXQhN/GPj4zznMOX8Yc2as7397K6tr6xubua389s7u3n7h4LBuVKIp1KjiSjdDYoAzCTXLLIdmrIGIkEMjHN5M6o0H0IYpeW/TGDqC9CXrMUqss7oF3BahGmUSRhZHSjBJpAOgJMVCRWDG3ULRL/lT4WUI5lBEc1W7ha92pGgiQFrKiTGtwI9tJyPaMsphnG8nBmJCh6QPLYeSCDCdbHrJGJ86J8I9pd1zi0zd3xMZEcakInSdgtiBWaxNzP9qrcT2rjsZk3FiQdLZR72EY6vwJBYcMQ3U8tQBoZq5XTEdEE2odeHlXQjB4snLUD8vBZeli7tysVKex5FDx+gEnaEAXaEKukVVVEMUPaJn9IrevCfvxXv3PmatK9585gj9kff5Aw7dmoY=</latexit>

next dominant decay modes

:
:

LHCb

LEP

NA62 CHARM

<latexit sha1_base64="DG/zkSMmLfYYWimVgrrmqCfva/A=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtatMeCF48V7Ae0a8mm2TY0ya5JtlCW/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O2vrG5tb24Wd4u7e/sFh6ei4paNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357QlVmkXywUxj6gs8lCxkBBsr+chzH1OvlvVQKrJ+qexW3DnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwmlW7CWaxpiM8ZB2LZVYUO2n86MzdG6VAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlrfspknBgqyWJRmHBkIjRLAA2YosTwqSWYKGZvRWSEFSbG5lS0IXjLL6+S1mXFu65c3VfL9WoeRwFO4QwuwIMbqMMdNKAJBJ7gGV7hzZk4L86787FoXXPymRP4A+fzB0FbkRc=</latexit>10 18
m

<latexit sha1_base64="WOmzrULBBptbSAcJP9aepCIJXPQ=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtaqseCF48V7Ae0a8mm2TY0ya5JtlCW/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O2vrG5tb24Wd4u7e/sFh6ei4paNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357QlVmkXywUxj6gs8lCxkBBsr+chzH1OvlvVQKrJ+qexW3DnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwmlW7CWaxpiM8ZB2LZVYUO2n86MzdG6VAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzaloQ/CWX14lrcuKV6tc3VfL9WoeRwFO4QwuwINrqMMdNKAJBJ7gGV7hzZk4L86787FoXXPymRP4A+fzBz5HkRU=</latexit>10 16
m

<latexit sha1_base64="ORhTdfVIB9ChayBISlwdoJ/eeDE=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh4LXjxWsB/QriWbZtvQJLsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDvz2xOqNIvkg5nG1Bd4KFnICDZW8pHnPqZeLeuhVGT9csWtunOgVeLlpAI5Gv3yV28QkURQaQjHWnc9NzZ+ipVhhNOs1Es0jTEZ4yHtWiqxoNpP50dn6MwqAxRGypY0aK7+nkix0HoqAtspsBnpZW8m/ud1ExPe+CmTcWKoJItFYcKRidAsATRgihLDp5Zgopi9FZERVpgYm1PJhuAtv7xKWhdV76p6eV+r1Gt5HEU4gVM4Bw+uoQ530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwB87nDzszkRM=</latexit>10 14
m

<latexit sha1_base64="ms1YQjoqOjbC4jqBT52hbZ0zXQY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Kru1qMeCF48V7Ae0a8mm2TY0ya5JtlCW/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O2vrG5tb24Wd4u7e/sFh6ei4paNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357QlVmkXywUxj6gs8lCxkBBsr+chzH1OvmvVQKrJ+qexW3DnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwmlW7CWaxpiM8ZB2LZVYUO2n86MzdG6VAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzaloQ/CWX14lrWrFu6pc3tfK9VoeRwFO4QwuwINrqMMdNKAJBJ7gGV7hzZk4L86787FoXXPymRP4A+fzBzgfkRE=</latexit>10 12
m

<latexit sha1_base64="Jat3lpYCXHGp/GVkrl15PxZIW/0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh4LXjxWsB/QriWbZtvQJLsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDvz2xOqNIvkg5nG1Bd4KFnICDZW8pHnPqaem/VQKrJ+ueJW3TnQKvFyUoEcjX75qzeISCKoNIRjrbueGxs/xcowwmlW6iWaxpiM8ZB2LZVYUO2n86MzdGaVAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzalkQ/CWX14lrYuqd1W9vK9V6rU8jiKcwCmcgwfXUIc7aEATCDzBM7zCmzNxXpx352PRWnDymWP4A+fzBzULkQ8=</latexit>10 10
m

<latexit sha1_base64="0WAmiO8CiNZThfNFcOvTIziznFU=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2W3FvVY8OKxgv2Adi3ZNG1Dk+yaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBRFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8e3Mb02o0iyUD2YaUV/goWQDRrCxko889zG5qKRdlIi0Vyy5ZXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHCaFrqxphEmYzykHUslFlT7yfzoFJ1ZpY8GobIlDZqrvycSLLSeisB2CmxGetmbif95ndgMbvyEySg2VJLFokHMkQnRLAHUZ4oSw6eWYKKYvRWREVaYGJtTwYbgLb+8SpqVsndVvryvlmrVLI48nMApnIMH11CDO6hDAwg8wTO8wpszcV6cd+dj0Zpzsplj+APn8wcx85EN</latexit>10 �
2
m

<latexit sha1_base64="B33PZ3TG6AyCDileTEwfBg52QGQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BLx4jmAckS5iddJIhM7PLzKwQlnyEFw+KePV7vPk3TpI9aLSgoajqprsrSgQ31ve/vMLa+sbmVnG7tLO7t39QPjxqmTjVDJssFrHuRNSg4AqblluBnUQjlZHAdjS5nfvtR9SGx+rBThMMJR0pPuSMWie1SdAjmZz1yxW/6i9A/pIgJxXI0eiXP3uDmKUSlWWCGtMN/MSGGdWWM4GzUi81mFA2oSPsOqqoRBNmi3Nn5MwpAzKMtStlyUL9OZFRacxURq5TUjs2q95c/M/rpnZ4E2ZcJalFxZaLhqkgNibz38mAa2RWTB2hTHN3K2FjqimzLqGSCyFYffkvaV1Ug6vq5X2tUq/lcRThBE7hHAK4hjrcQQOawGACT/ACr17iPXtv3vuyteDlM8fwC97HN2Uhjuw=</latexit>1
m

<latexit sha1_base64="HY3gUxiwGzsTluX9Gt6dhDw6e8I=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtRT0WvHisYD+wXUs2zbahSXZJskJZ+i+8eFDEq//Gm//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP5nSeqNIvkvZnG1Bd4JFnICDZWekCe+1jro1TMBuWKW3XnQKvEy0kFcjQH5a/+MCKJoNIQjrXueW5s/BQrwwins1I/0TTGZIJHtGepxIJqP51fPENnVhmiMFK2pEFz9fdEioXWUxHYToHNWC97mfif10tMeO2nTMaJoZIsFoUJRyZC2ftoyBQlhk8twUQxeysiY6wwMTakkg3BW355lbRrVe+yenFXrzTqeRxFOIFTOAcPrqABt9CEFhCQ8Ayv8OZo58V5dz4WrQUnnzmGP3A+fwD8d4/K</latexit>10 2
m

<latexit sha1_base64="0vLfnnAkVzWan7RTg9nu/K9da4I=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4sexqUY8FLx4r2A9o15JNs21okl2TbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdDv1W2OqNIvkg5nE1Bd4IFnICDZW8pHnPqbn1ayLUpH1SmW34s6AlomXkzLkqPdKX91+RBJBpSEca93x3Nj4KVaGEU6zYjfRNMZkhAe0Y6nEgmo/nR2doVOr9FEYKVvSoJn6eyLFQuuJCGynwGaoF72p+J/XSUx446dMxomhkswXhQlHJkLTBFCfKUoMn1iCiWL2VkSGWGFibE5FG4K3+PIyaV5UvKvK5X21XKvmcRTgGE7gDDy4hhrcQR0aQOAJnuEV3pyx8+K8Ox/z1hUnnzmCP3A+fwA1B5EP</latexit>10 �
4
m

<latexit sha1_base64="S/we44OtvAqbHFQF0JrvXYaZGqI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXS/VY8OKxgv2Adi3ZNG1Dk+yaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBRFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8e3Mb02o0iyUD2YaUV/goWQDRrCxko889zG5qKZdlIi0Vyy5ZXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHCaFrqxphEmYzykHUslFlT7yfzoFJ1ZpY8GobIlDZqrvycSLLSeisB2CmxGetmbif95ndgMbvyEySg2VJLFokHMkQnRLAHUZ4oSw6eWYKKYvRWREVaYGJtTwYbgLb+8SpqXZa9avrqvlGqVLI48nMApnIMH11CDO6hDAwg8wTO8wpszcV6cd+dj0Zpzsplj+APn8wc4G5ER</latexit>10 �
6
m

<latexit sha1_base64="X3hG5sCkb0yc6Ri9eEpg9WyqDKI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXi/ZY8OKxgv2Adi3ZNG1Dk+yaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBRFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8e3Mb02o0iyUD2YaUV/goWQDRrCxko889zG5qKZdlIi0Vyy5ZXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHCaFrqxphEmYzykHUslFlT7yfzoFJ1ZpY8GobIlDZqrvycSLLSeisB2CmxGetmbif95ndgMqn7CZBQbKsli0SDmyIRolgDqM0WJ4VNLMFHM3orICCtMjM2pYEPwll9eJc3LsnddvrqvlGqVLI48nMApnIMHN1CDO6hDAwg8wTO8wpszcV6cd+dj0Zpzsplj+APn8wc7L5ET</latexit>10 �
8
m

<latexit sha1_base64="dLOANI/9KAuwTYnXcz/ZzWLBLF8=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4sexqUY8FLx4r2A9otyWbZtvQJLskWaUs+z+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gfDv1W49UaRbJBzOJqS/wULKQEWys1EOe20vPPTfrolRk/VLZrbgzoGXi5aQMOer90ld3EJFEUGkIx1p3PDc2foqVYYTTrNhNNI0xGeMh7VgqsaDaT2dXZ+jUKgMURsqWNGim/p5IsdB6IgLbKbAZ6UVvKv7ndRIT3vgpk3FiqCTzRWHCkYnQNAI0YIoSwyeWYKKYvRWREVaYGBtU0YbgLb68TJoXFe+qcnlfLdeqeRwFOIYTOAMPrqEGd1CHBhBQ8Ayv8OY8OS/Ou/Mxb11x8pkj+APn8weg/ZFG</latexit>10 �
10

m

<latexit sha1_base64="zFELyrT3C4svTyGOc54DuinEqM0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ac0sWy2m3bp7ibsboQS8je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uZ353SeqNIvlg5kmNBB4JFnECDZW8pHnPmaN3EeZyAfVmlt350CrxCtIDQq0BtUvfxiTVFBpCMda9z03MUGGlWGE07zip5ommEzwiPYtlVhQHWTzm3N0ZpUhimJlSxo0V39PZFhoPRWh7RTYjPWyNxP/8/qpiW6CjMkkNVSSxaIo5cjEaBYAGjJFieFTSzBRzN6KyBgrTIyNqWJD8JZfXiWdi7p3Vb+8b9SajSKOMpzAKZyDB9fQhDtoQRsIJPAMr/DmpM6L8+58LFpLTjFzDH/gfP4AyTWQ2A==</latexit>10 4
m

<latexit sha1_base64="LrHnuVfdefWIEnixENqyNGNzFkk=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KomW6rHgxWMF+wFNLJvtpl26uwm7G6GE/A0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTDjTxnW/nbX1jc2t7dJOeXdv/+CwcnTc0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3M787hNVmsXywUwTGgg8kixiBBsr+chzH7NG7qNM5INK1a25c6BV4hWkCgVag8qXP4xJKqg0hGOt+56bmCDDyjDCaV72U00TTCZ4RPuWSiyoDrL5zTk6t8oQRbGyJQ2aq78nMiy0norQdgpsxnrZm4n/ef3URDdBxmSSGirJYlGUcmRiNAsADZmixPCpJZgoZm9FZIwVJsbGVLYheMsvr5LOZc1r1K7u69VmvYijBKdwBhfgwTU04Q5a0AYCCTzDK7w5qfPivDsfi9Y1p5g5gT9wPn8AzEmQ2g==</latexit>10 6
m

<latexit sha1_base64="pr5Xg3pR1zmOhP3Vsn7hdb32T+w=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KokW7bHgxWMF+wFNLJvtpl26uwm7G6GE/A0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTDjTxnW/nbX1jc2t7dJOeXdv/+CwcnTc0XGqCG2TmMeqF2JNOZO0bZjhtJcoikXIaTec3M787hNVmsXywUwTGgg8kixiBBsr+chzH7NG7qNM5INK1a25c6BV4hWkCgVag8qXP4xJKqg0hGOt+56bmCDDyjDCaV72U00TTCZ4RPuWSiyoDrL5zTk6t8oQRbGyJQ2aq78nMiy0norQdgpsxnrZm4n/ef3URI0gYzJJDZVksShKOTIxmgWAhkxRYvjUEkwUs7ciMsYKE2NjKtsQvOWXV0nnsuZd167u69VmvYijBKdwBhfgwQ004Q5a0AYCCTzDK7w5qfPivDsfi9Y1p5g5gT9wPn8Az12Q3A==</latexit>10 8
m<latexit sha1_base64="Jat3lpYCXHGp/GVkrl15PxZIW/0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh4LXjxWsB/QriWbZtvQJLsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDvz2xOqNIvkg5nG1Bd4KFnICDZW8pHnPqaem/VQKrJ+ueJW3TnQKvFyUoEcjX75qzeISCKoNIRjrbueGxs/xcowwmlW6iWaxpiM8ZB2LZVYUO2n86MzdGaVAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzalkQ/CWX14lrYuqd1W9vK9V6rU8jiKcwCmcgwfXUIc7aEATCDzBM7zCmzNxXpx352PRWnDymWP4A+fzBzULkQ8=</latexit>10 10

m
<latexit sha1_base64="/9+KxwLso2LC/oJeh+SQad1XyyM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JoUTdCwY3LCvYBbSiTyW07dDIJMxMxhuKvuHGhiFv/w51/47TNQlsPXDiccy/33uPHnCntON9WYWl5ZXWtuF7a2Nza3rF395oqSiSFBo14JNs+UcCZgIZmmkM7lkBCn0PLH11P/NY9SMUicafTGLyQDATrM0q0kXr2QTf0o4csAEpSzEEM9HB81bPLTsWZAi8SNydllKPes7+6QUSTEISmnCjVcZ1YexmRmlEO41I3URATOiID6BgqSAjKy6bXj/GxUQLcj6QpofFU/T2RkVCpNPRNZ0j0UM17E/E/r5Po/qWXMREnGgSdLeonHOsIT6LAAZNANU8NIVQycyumQyIJ1SawkgnBnX95kTRPK+555ey2Wq5V8ziK6BAdoRPkogtUQzeojhqIokf0jF7Rm/VkvVjv1sestWDlM/voD6zPH7j5lVw=</latexit>decay

length
=

SN1987A

Decay length and product of  from Higgs decay 
and signature at ILC

a

Probing CP-even ALP at e.g. ILC 250GeV
Kodai Sakurai, WY 2111.03653 

Vertex resolution 

Detector size (TPC)
Reach of rare displaced vertex 
( , 3ab^(-1))Brh→aa ∼ 1 %

Higgs invisble  

decay ILC whitepaperBrh→aa ≳ 0.1 %

See also Bhattacherjee et al  
2111.02437  
for hadron collider reach  
of CP-even light mediator

ℒeff ∼
m2

amh

mΦ
ah, θah ∼

m2
a

mhmΦ

Displaced  
vertex  × 2

Brh→aa > 10−6,
(2σCL,3 ab−1)

Higgs  
exotic  
decay Brh→aa(→cc̄cc̄) ≳ 10−3 (2σCL,2 ab−1)

Liu et al, 1612.09284 

https://arxiv.org/abs/2111.03653


0.05 0.10 0.50 1 5 10
0.01

0.10

1

10

100

1000

<latexit sha1_base64="LWzBrDlz6ETOHI+5FD9JIL2lJEg="></latexit> c h
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<latexit sha1_base64="OKNA9682cSs+U7mLpdSTefcasBw=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KoqMeiBz1WsB/QhLDZTtqlu0nY3Sgl9qd48aCIV3+JN/+N2zYHrT4YeLw3w8y8MOVMacf5skpLyyura+X1ysbm1vaOXd1tqySTFFo04YnshkQBZzG0NNMcuqkEIkIOnXB0NfU79yAVS+I7PU7BF2QQs4hRoo0U2FUREA/j3JMC966h7U8Cu+bUnRnwX+IWpIYKNAP70+snNBMQa8qJUj3XSbWfE6kZ5TCpeJmClNARGUDP0JgIUH4+O32CD43Sx1EiTcUaz9SfEzkRSo1FaDoF0UO16E3F/7xepqMLP2dxmmmI6XxRlHGsEzzNAfeZBKr52BBCJTO3YjokklBt0qqYENzFl/+S9nHdPauf3J7WGpdFHGW0jw7QEXLROWqgG9RELUTRA3pCL+jVerSerTfrfd5asoqZPfQL1sc3AM+TMw==</latexit>

ma [GeV]

<latexit sha1_base64="7WxVpQYWBjARXYLIOLdOg0K9Qes=">AAAB83icbVDLSsNAFL2pr1pfVZduBosgiCXRoi4LblxWsA9oYplMp+3QySTMQyihv+HGhSJu/Rl3/o3TNAttPXAvh3PuZe6cMOFMadf9dgorq2vrG8XN0tb2zu5eef+gpWIjCW2SmMeyE2JFORO0qZnmtJNIiqOQ03Y4vp357ScqFYvFg54kNIjwULABI1hbyfc1No9nWT/vlStu1c2AlomXkwrkaPTKX34/JiaiQhOOlep6bqKDFEvNCKfTkm8UTTAZ4yHtWipwRFWQZjdP0YlV+mgQS1tCo0z9vZHiSKlJFNrJCOuRWvRm4n9e1+jBTZAykRhNBZk/NDAc6RjNAkB9JinRfGIJJpLZWxEZYYmJtjGVbAje4peXSeui6l1VL+9rlXotj6MIR3AMp+DBNdThDhrQBAIJPMMrvDnGeXHenY/5aMHJdw7hD5zPH4AZkUw=</latexit>

⌧+⌧�

<latexit sha1_base64="l2TnuDo2YUtIC6gSOGJkXchDYns=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ae0oWymm3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqkDUxFrHqBFQzwSVrGm4E6ySK0SgQrB2Mb2d++4kpzWP5YCYJ8yM6lDzkSI2VOtgLqMpw2i9X3Ko7B1klXk4qkKPRL3/1BjGmEZMGBdW667mJ8TOqDEfBpqVeqllCcUyHrGuppBHTfja/d0rOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNUziYlGYCmJiMnueDLhiaMTEEoqK21sJjqiiaGxEJRuCt/zyKmldVL2r6uV9rVKv5XEU4QRO4Rw8uIY63EEDmoAg4Ble4c15dF6cd+dj0Vpw8plj+APn8wdANZAT</latexit>

cc̄
<latexit sha1_base64="X2Tq9R0IDwBThb4cGaDgIT0hqQk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ae0oUy2m3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKHd0LUGV62i9X3Ko7B1klXk4qkKPRL3/1BjFNIyYNFah113MT42eoDKeCTUu9VLME6RiHrGupxIhpP5vfOyVnVhmQMFa2pCFz9fdEhpHWkyiwnRGakV72ZuJ/Xjc14Y2fcZmkhkm6WBSmgpiYzJ4nA64YNWJiCVLF7a2EjlAhNTaikg3BW355lbQuqt5V9fK+VqnX8jiKcAKncA4eXEMd7qABTaAg4Ble4c15dF6cd+dj0Vpw8plj+APn8wdxNZAz</latexit>

ss̄

<latexit sha1_base64="asqyclxi8ZLPOg7N2xg0Op5Fxc8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUGfYCqrLhtF+uuFV3DrJKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfja/d0rOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCW/8jMskNSjZYlGYCmJiMnueDLhCZsTEEsoUt7cSNqKKMmMjKtkQvOWXV0nroupdVS/va5V6LY+jCCdwCufgwTXU4Q4a0AQGAp7hFd6cR+fFeXc+Fq0FJ585hj9wPn8ATHWQGw==</latexit>

gḡ<latexit sha1_base64="Iobb8ymtTxg+WgPAcNkaJfFzvpo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2Ae0Q8mkmTY2k4QkI5Sh/+DGhSJu/R93/o1pOwttPSRwOOde7r0nUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3U6inmXr9c8av+HGiVBDmpQI5Gv/zVG0iSJlRYwrEx3cBXNsywtoxwOi31UkMVJmM8pF1HBU6oCbP5tlN05pQBiqV2X1g0V393ZDgxZpJErjLBdmSWvZn4n9dNbXwTZkyo1FJBFoPilCMr0ex0NGCaEssnjmCimdsVkRHWmFgXUMmFECyfvEpaF9Xgqnp5X6vUa3kcRTiBUziHAK6hDnfQgCYQeIRneIU3T3ov3rv3sSgteHnPMfyB9/kDlhqPGg==</latexit>⇡⇡
<latexit sha1_base64="8z/+JXip91+HBeYUsHF+UVUzcOM=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BL0IuUcwDkiXMTnqTIbOzy8ysEEL+wIsHRbz6R978GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/loxkn6Ed0IHnIGTVWeqjVesWSW3bnIKvEy0gJMtR7xa9uP2ZphNIwQbXueG5i/AlVhjOB00I31ZhQNqID7FgqaYTan8wvnZIzq/RJGCtb0pC5+ntiQiOtx1FgOyNqhnrZm4n/eZ3UhDf+hMskNSjZYlGYCmJiMnub9LlCZsTYEsoUt7cSNqSKMmPDKdgQvOWXV0nzouxdlS/vK6VqJYsjDydwCufgwTVU4Q7q0AAGITzDK7w5I+fFeXc+Fq05J5s5hj9wPn8AN1WNHg==</latexit>

KK

<latexit sha1_base64="Iobb8ymtTxg+WgPAcNkaJfFzvpo=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFNy4r2Ae0Q8mkmTY2k4QkI5Sh/+DGhSJu/R93/o1pOwttPSRwOOde7r0nUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3n6g2TIoHO1E0TPBQsJgRbJ3U6inmXr9c8av+HGiVBDmpQI5Gv/zVG0iSJlRYwrEx3cBXNsywtoxwOi31UkMVJmM8pF1HBU6oCbP5tlN05pQBiqV2X1g0V393ZDgxZpJErjLBdmSWvZn4n9dNbXwTZkyo1FJBFoPilCMr0ex0NGCaEssnjmCimdsVkRHWmFgXUMmFECyfvEpaF9Xgqnp5X6vUa3kcRTiBUziHAK6hDnfQgCYQeIRneIU3T3ov3rv3sSgteHnPMfyB9/kDlhqPGg==</latexit>⇡⇡
<latexit sha1_base64="eYQdiM7UTiLCQqHhLdGANsKyOdA=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBEEscxoUZcFNy4r2Ae2Y8mkmTY0yQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDC4Zx7ufeeIOZMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+U0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdJP5rSeqNIvkvRnH1Bd4IFnICDZWeuiK5PE0+856pbJbcadAi8TLSRly1Hulr24/Iomg0hCOte54bmz8FCvDCKeTYjfRNMZkhAe0Y6nEgmo/nW48QcdW6aMwUvZJg6bq744UC63HIrCVApuhnvcy8T+vk5jw2k+ZjBNDJZkNChOOTISy81GfKUoMH1uCiWJ2V0SGWGFibEhFG4I3f/IiaZ5XvMvKxV21XKvmcRTgEI7gBDy4ghrcQh0aQEDCM7zCm6OdF+fd+ZiVLjl5zwH8gfP5A/KGkGg=</latexit>

µ+µ�

<latexit sha1_base64="eYQdiM7UTiLCQqHhLdGANsKyOdA=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBEEscxoUZcFNy4r2Ae2Y8mkmTY0yQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDC4Zx7ufeeIOZMG9f9dpaWV1bX1gsbxc2t7Z3d0t5+U0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdJP5rSeqNIvkvRnH1Bd4IFnICDZWeuiK5PE0+856pbJbcadAi8TLSRly1Hulr24/Iomg0hCOte54bmz8FCvDCKeTYjfRNMZkhAe0Y6nEgmo/nW48QcdW6aMwUvZJg6bq744UC63HIrCVApuhnvcy8T+vk5jw2k+ZjBNDJZkNChOOTISy81GfKUoMH1uCiWJ2V0SGWGFibEhFG4I3f/IiaZ5XvMvKxV21XKvmcRTgEI7gBDy4ghrcQh0aQEDCM7zCm6OdF+fd+ZiVLjl5zwH8gfP5A/KGkGg=</latexit>

µ+µ�

<latexit sha1_base64="Wcrp5T9UR4v/QNcpZcenQkE5du0=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIsgiGVXi3osePFYwX5Auy3ZdLaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHDS0TRaFOJZeqFRANnAmoG2Y4tGIFJAo4NIPR7dRvPoHSTIoHM47Bj8hAsJBRYqzUgO4ZdM97xZJbdmfAy8TLSAllqPWKX52+pEkEwlBOtG57bmz8lCjDKIdJoZNoiAkdkQG0LRUkAu2ns2sn+MQqfRxKZUsYPFN/T6Qk0nocBbYzImaoF72p+J/XTkx446dMxIkBQeeLwoRjI/H0ddxnCqjhY0sIVczeiumQKEKNDahgQ/AWX14mjYuyd1W+vK+UqpUsjjw6QsfoFHnoGlXRHaqhOqLoET2jV/TmSOfFeXc+5q05J5s5RH/gfP4AwQaOjg==</latexit>

e+e�

<latexit sha1_base64="Wcrp5T9UR4v/QNcpZcenQkE5du0=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIsgiGVXi3osePFYwX5Auy3ZdLaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHDS0TRaFOJZeqFRANnAmoG2Y4tGIFJAo4NIPR7dRvPoHSTIoHM47Bj8hAsJBRYqzUgO4ZdM97xZJbdmfAy8TLSAllqPWKX52+pEkEwlBOtG57bmz8lCjDKIdJoZNoiAkdkQG0LRUkAu2ns2sn+MQqfRxKZUsYPFN/T6Qk0nocBbYzImaoF72p+J/XTkx446dMxIkBQeeLwoRjI/H0ddxnCqjhY0sIVczeiumQKEKNDahgQ/AWX14mjYuyd1W+vK+UqpUsjjw6QsfoFHnoGlXRHaqhOqLoET2jV/TmSOfFeXc+5q05J5s5RH/gfP4AwQaOjg==</latexit>

e+e�
<latexit sha1_base64="fR2OR8IWth6edoVj+vbtiARb6oc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeCF48V7Ac0oUy2m3bpbhJ2N0IJ/RtePCji1T/jzX/jts1Bqw9meLw3w86+MBVcG9f9ckpr6xubW+Xtys7u3v5B9fCoo5NMUdamiUhUL0TNBI9Z23AjWC9VDGUoWDec3M797iNTmifxg5mmLJA4innEKRor+f4IpcRlH1Rrbt1dgPwlXkFqUKA1qH76w4RmksWGCtS677mpCXJUhlPBZhU/0yxFOsER61sao2Q6yBc3z8iZVYYkSpSt2JCF+nMjR6n1VIZ2UqIZ61VvLv7n9TMT3QQ5j9PMsJguH4oyQUxC5gGQIVeMGjG1BKni9lZCx6iQGhtTxYbgrX75L+lc1L2r+uV9o9ZsFHGU4QRO4Rw8uIYm3EEL2kAhhSd4gVcnc56dN+d9OVpyip1j+AXn4xsPVpGq</latexit>��

<latexit sha1_base64="gwyWwFF6kIEbYZpcMRyfBxYuQIY=">AAACB3icbVDLSgNBEJz1bXxFPQoyGARPYVeDehS8eIxgopCE0DvbMUPmsczMimHJzYu/4sWDIl79BW/+jZO4B18FDUVVN91dcSq4dWH4EUxNz8zOzS8slpaWV1bXyusbTaszw7DBtNDmKgaLgitsOO4EXqUGQcYCL+PB6di/vEFjuVYXbphiR8K14j3OwHmpW96GNm3LWN/miZZcgXI0QQZDKnWCdtQtV8JqOAH9S6KCVEiBerf83k40yyQqxwRY24rC1HVyMI4zgaNSO7OYAhvANbY8VSDRdvLJHyO665WE9rTx5Q+ZqN8ncpDWDmXsOyW4vv3tjcX/vFbmesednKs0c6jY16JeJqjTdBwKTbhB5sTQE2CG+1sp64MB5nx0JR9C9Pvlv6S5X40OqwfntcpJrYhjgWyRHbJHInJETsgZqZMGYeSOPJAn8hzcB4/BS/D61ToVFDOb5AeCt08dUZlw</latexit>

a dominant decay modes
<latexit sha1_base64="r6gyYPF49dXh7gd4iObHUkv5Ex0=">AAACCXicbZC7SgNBFIZnvcZ4i1raDAbBKuxqUMuAjWUEc4EkhNnZk2TIXJaZWcmypLXxVWwsFLH1Dex8GyeXQhN/GPj4zznMOX8Yc2as7397K6tr6xubua389s7u3n7h4LBuVKIp1KjiSjdDYoAzCTXLLIdmrIGIkEMjHN5M6o0H0IYpeW/TGDqC9CXrMUqss7oF3BahGmUSRhZHSjBJpAOgJMVCRWDG3ULRL/lT4WUI5lBEc1W7ha92pGgiQFrKiTGtwI9tJyPaMsphnG8nBmJCh6QPLYeSCDCdbHrJGJ86J8I9pd1zi0zd3xMZEcakInSdgtiBWaxNzP9qrcT2rjsZk3FiQdLZR72EY6vwJBYcMQ3U8tQBoZq5XTEdEE2odeHlXQjB4snLUD8vBZeli7tysVKex5FDx+gEnaEAXaEKukVVVEMUPaJn9IrevCfvxXv3PmatK9585gj9kff5Aw7dmoY=</latexit>

next dominant decay modes

:
:

LHCb

LEP

NA62 CHARM

<latexit sha1_base64="DG/zkSMmLfYYWimVgrrmqCfva/A=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtatMeCF48V7Ae0a8mm2TY0ya5JtlCW/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O2vrG5tb24Wd4u7e/sFh6ei4paNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357QlVmkXywUxj6gs8lCxkBBsr+chzH1OvlvVQKrJ+qexW3DnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwmlW7CWaxpiM8ZB2LZVYUO2n86MzdG6VAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlrfspknBgqyWJRmHBkIjRLAA2YosTwqSWYKGZvRWSEFSbG5lS0IXjLL6+S1mXFu65c3VfL9WoeRwFO4QwuwIMbqMMdNKAJBJ7gGV7hzZk4L86787FoXXPymRP4A+fzB0FbkRc=</latexit>10 18
m

<latexit sha1_base64="WOmzrULBBptbSAcJP9aepCIJXPQ=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4KrtaqseCF48V7Ae0a8mm2TY0ya5JtlCW/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O2vrG5tb24Wd4u7e/sFh6ei4paNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357QlVmkXywUxj6gs8lCxkBBsr+chzH1OvlvVQKrJ+qexW3DnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwmlW7CWaxpiM8ZB2LZVYUO2n86MzdG6VAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzaloQ/CWX14lrcuKV6tc3VfL9WoeRwFO4QwuwINrqMMdNKAJBJ7gGV7hzZk4L86787FoXXPymRP4A+fzBz5HkRU=</latexit>10 16
m

<latexit sha1_base64="ORhTdfVIB9ChayBISlwdoJ/eeDE=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh4LXjxWsB/QriWbZtvQJLsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDvz2xOqNIvkg5nG1Bd4KFnICDZW8pHnPqZeLeuhVGT9csWtunOgVeLlpAI5Gv3yV28QkURQaQjHWnc9NzZ+ipVhhNOs1Es0jTEZ4yHtWiqxoNpP50dn6MwqAxRGypY0aK7+nkix0HoqAtspsBnpZW8m/ud1ExPe+CmTcWKoJItFYcKRidAsATRgihLDp5Zgopi9FZERVpgYm1PJhuAtv7xKWhdV76p6eV+r1Gt5HEU4gVM4Bw+uoQ530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwB87nDzszkRM=</latexit>10 14
m

<latexit sha1_base64="ms1YQjoqOjbC4jqBT52hbZ0zXQY=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Kru1qMeCF48V7Ae0a8mm2TY0ya5JtlCW/R1ePCji1R/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O2vrG5tb24Wd4u7e/sFh6ei4paNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvp357QlVmkXywUxj6gs8lCxkBBsr+chzH1OvmvVQKrJ+qexW3DnQKvFyUoYcjX7pqzeISCKoNIRjrbueGxs/xcowwmlW7CWaxpiM8ZB2LZVYUO2n86MzdG6VAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzaloQ/CWX14lrWrFu6pc3tfK9VoeRwFO4QwuwINrqMMdNKAJBJ7gGV7hzZk4L86787FoXXPymRP4A+fzBzgfkRE=</latexit>10 12
m

<latexit sha1_base64="Jat3lpYCXHGp/GVkrl15PxZIW/0=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh4LXjxWsB/QriWbZtvQJLsm2UJZ9nd48aCIV3+MN/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfDvz2xOqNIvkg5nG1Bd4KFnICDZW8pHnPqaem/VQKrJ+ueJW3TnQKvFyUoEcjX75qzeISCKoNIRjrbueGxs/xcowwmlW6iWaxpiM8ZB2LZVYUO2n86MzdGaVAQojZUsaNFd/T6RYaD0Vge0U2Iz0sjcT//O6iQlv/JTJODFUksWiMOHIRGiWABowRYnhU0swUczeisgIK0yMzalkQ/CWX14lrYuqd1W9vK9V6rU8jiKcwCmcgwfXUIc7aEATCDzBM7zCmzNxXpx352PRWnDymWP4A+fzBzULkQ8=</latexit>10 10
m

<latexit sha1_base64="0WAmiO8CiNZThfNFcOvTIziznFU=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2W3FvVY8OKxgv2Adi3ZNG1Dk+yaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBRFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8e3Mb02o0iyUD2YaUV/goWQDRrCxko889zG5qKRdlIi0Vyy5ZXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHCaFrqxphEmYzykHUslFlT7yfzoFJ1ZpY8GobIlDZqrvycSLLSeisB2CmxGetmbif95ndgMbvyEySg2VJLFokHMkQnRLAHUZ4oSw6eWYKKYvRWREVaYGJtTwYbgLb+8SpqVsndVvryvlmrVLI48nMApnIMH11CDO6hDAwg8wTO8wpszcV6cd+dj0Zpzsplj+APn8wcx85EN</latexit>10 �
2
m

<latexit sha1_base64="B33PZ3TG6AyCDileTEwfBg52QGQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI8BLx4jmAckS5iddJIhM7PLzKwQlnyEFw+KePV7vPk3TpI9aLSgoajqprsrSgQ31ve/vMLa+sbmVnG7tLO7t39QPjxqmTjVDJssFrHuRNSg4AqblluBnUQjlZHAdjS5nfvtR9SGx+rBThMMJR0pPuSMWie1SdAjmZz1yxW/6i9A/pIgJxXI0eiXP3uDmKUSlWWCGtMN/MSGGdWWM4GzUi81mFA2oSPsOqqoRBNmi3Nn5MwpAzKMtStlyUL9OZFRacxURq5TUjs2q95c/M/rpnZ4E2ZcJalFxZaLhqkgNibz38mAa2RWTB2hTHN3K2FjqimzLqGSCyFYffkvaV1Ug6vq5X2tUq/lcRThBE7hHAK4hjrcQQOawGACT/ACr17iPXtv3vuyteDlM8fwC97HN2Uhjuw=</latexit>1
m

<latexit sha1_base64="HY3gUxiwGzsTluX9Gt6dhDw6e8I=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtRT0WvHisYD+wXUs2zbahSXZJskJZ+i+8eFDEq//Gm//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP5nSeqNIvkvZnG1Bd4JFnICDZWekCe+1jro1TMBuWKW3XnQKvEy0kFcjQH5a/+MCKJoNIQjrXueW5s/BQrwwins1I/0TTGZIJHtGepxIJqP51fPENnVhmiMFK2pEFz9fdEioXWUxHYToHNWC97mfif10tMeO2nTMaJoZIsFoUJRyZC2ftoyBQlhk8twUQxeysiY6wwMTakkg3BW355lbRrVe+yenFXrzTqeRxFOIFTOAcPrqABt9CEFhCQ8Ayv8OZo58V5dz4WrQUnnzmGP3A+fwD8d4/K</latexit>10 2
m

<latexit sha1_base64="0vLfnnAkVzWan7RTg9nu/K9da4I=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4sexqUY8FLx4r2A9o15JNs21okl2TbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8IOZMG9f9dlZW19Y3Ngtbxe2d3b390sFhU0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdDv1W2OqNIvkg5nE1Bd4IFnICDZW8pHnPqbn1ayLUpH1SmW34s6AlomXkzLkqPdKX91+RBJBpSEca93x3Nj4KVaGEU6zYjfRNMZkhAe0Y6nEgmo/nR2doVOr9FEYKVvSoJn6eyLFQuuJCGynwGaoF72p+J/XSUx446dMxomhkswXhQlHJkLTBFCfKUoMn1iCiWL2VkSGWGFibE5FG4K3+PIyaV5UvKvK5X21XKvmcRTgGE7gDDy4hhrcQR0aQOAJnuEV3pyx8+K8Ox/z1hUnnzmCP3A+fwA1B5EP</latexit>10 �
4
m

<latexit sha1_base64="S/we44OtvAqbHFQF0JrvXYaZGqI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXS/VY8OKxgv2Adi3ZNG1Dk+yaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBRFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8e3Mb02o0iyUD2YaUV/goWQDRrCxko889zG5qKZdlIi0Vyy5ZXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHCaFrqxphEmYzykHUslFlT7yfzoFJ1ZpY8GobIlDZqrvycSLLSeisB2CmxGetmbif95ndgMbvyEySg2VJLFokHMkQnRLAHUZ4oSw6eWYKKYvRWREVaYGJtTwYbgLb+8SpqXZa9avrqvlGqVLI48nMApnIMH11CDO6hDAwg8wTO8wpszcV6cd+dj0Zpzsplj+APn8wc4G5ER</latexit>10 �
6
m

<latexit sha1_base64="X3hG5sCkb0yc6Ri9eEpg9WyqDKI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXi/ZY8OKxgv2Adi3ZNG1Dk+yaZAtl2d/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBRFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR3GitAGCXmo2gHWlDNJG4YZTtuRolgEnLaC8e3Mb02o0iyUD2YaUV/goWQDRrCxko889zG5qKZdlIi0Vyy5ZXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHCaFrqxphEmYzykHUslFlT7yfzoFJ1ZpY8GobIlDZqrvycSLLSeisB2CmxGetmbif95ndgMqn7CZBQbKsli0SDmyIRolgDqM0WJ4VNLMFHM3orICCtMjM2pYEPwll9eJc3LsnddvrqvlGqVLI48nMApnIMHN1CDO6hDAwg8wTO8wpszcV6cd+dj0Zpzsplj+APn8wc7L5ET</latexit>10 �
8
m
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=

SN1987A

Decay length and product of  from Higgs decay 
and signature at ILC

a

Probing CP-even ALP at e.g. ILC 250GeV
Kodai Sakurai, WY 2111.03653 

Vertex resolution 

Detector size (TPC)
Reach of rare displaced vertex 
( , 3ab^(-1))Brh→aa ∼ 1 %

Higgs invisble  

decay ILC whitepaperBrh→aa ≳ 0.1 %

See also Bhattacherjee et al  
2111.02437  
for hadron collider reach  
of CP-even light mediator

Displaced  
vertex  × 2

Brh→aa ≳ 10−6,
(2σCL,3 ab−1)

Higgs  
exotic  
decay Brh→aa(→cc̄cc̄) ≳ 10−3 (2σCL,2 ab−1)

Liu et al, 1612.09284 

https://arxiv.org/abs/2111.03653


What roles does CP-even ALP play in  
the early Universe?

• Light mediator to DM with . 
   ALP couples SM fermion weakly but strongly with DM, which is the desired  

     property of a light mediator.  
• CP-even ALP DM. 

ℒ ⊃ ΦΨ̄c
DMΨDM

This talk. 

Please study it with WIMP, which should be an interesting topic! 

Γa→γγ ∼ 10−4 m3
aθ2

ah

π5v2
∝

m7
a

m4
hm2

Φ

CP-even ALP is a good DM candidate if it is lighter than MeV.
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Light bosonic DM can be produced  
during reheating if  as laser. TR > minflaton

For CP-even ALP, we need  
 for the produced  

ALP not to be thermalized.   
Probed by inflaton search, 21cm line.

TR ≪ mΦ

Moroi, WY, 2011.09475, 2011.12285
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Non-thermal production scenario: lighter  
mass range.

log10 ma/GeV



λ ∼ 2 × 10−4m10−3eV
mϕ

V = − GN
m1m2

r
(1 + αe−r/λ)

Does fifth force search kills the CP even ALP DM with ?ma < 10−3eV

α ∼ θ2
ah

M2
pl

v2
∼ 10−27(

3TeV
mΦ

)2(
ma

10−3eV
)4



λ ∼ 2 × 10−4m10−3eV
mϕ

V = − GN
m1m2

r
(1 + αe−r/λ)

Does fifth force search kills the CP even ALP DM with ?ma < 10−3eV

α ∼ θ2
ah

M2
pl

v2
∼ 10−27(

3TeV
mΦ

)2(
ma

10−3eV
)4

No, totally safe.

Difficult to test it at low energy, 
but it is probed by the Higgs invisible decay!



4. Cosmic axion force from 
ultra-light ALP

Dongok Kim, Younggeun Kim, Yannis K. Semertzidis, Yun Chang Shin, WY, Phys.Rev.D 104 (2021) 9, 095010 

Cosmic Axion Force

Earth

CPV

θ

Dark sector

Detector

⃗Beff

mDM≈



Motivation for ultra-light ALP
•Axiverse 

e.g. if SUSY scale is high, an M-theory compactification predicts   
axion coupled to photons with mass  
  

Acharya, et al 1004.5138, see also Marsh WY, 1912.08188;

Witten 1984, Arvanitaki et al 0905.4720, see also Kitano, and WY 2103.08598 for  
a simplified QCD axion model.

m2
ϕ f2

ϕ ∼ M4
pl exp(−2π/αY,2) ∼ e−O(1000)GeV4

•Axionic relaxation of cosmological constant

•Cosmic birefringence 

• Relaxing CC around today, Abbott 1985; Banks 1984, but predicts empty Universe.

• Possibility of  reheating the Universe after a bounce  Graham et al 1902.06793, 

• Relaxation during inflation with a peculiar inflaton potential WY, 2108.04246 mϕ ≲ H0 ∼ 10−42 GeV
In any case

•Parity violation of CMB photon propagation,  Minami and Komatsu, 2011.11254; 
See also Clark et al, 2105.00120 for discussion on dust. 

•Time-varying ALP explanation Minami and Komatsu, 2011.11254, Fujita et al, 2011.11894, (CB and  tension) etc        

•Spatially varying ALP explanation, ALP domain wall Takahashi, WY, 2012.11576

H0
 mϕ ≲ 10−27eV

 mϕ ≲ 10−17eV

https://arxiv.org/abs/2012.11576
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 ̶> Ultra-light ALP+SM+DM

Ultra-light ALP may couple to DM.
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100GeV

≈

0.1 10−8101025n global
DM [cm−3] ≈ ≈

10eV

 bound for thermal productionLyman-α

Non-thermal production
Non thermal/thermal production

Ultra-light ALP which is our focus 
which cannot be the dominant DM.

 ̶> Ultra-light ALP+SM+DM

Ultra-light ALP may couple to DM.



DM-ALP interaction is easily CPV.
ALP DM  + ultralight ALP a ϕ

θ = ⟨a /fa⟩

Ultra-light ALP mediates long range force from DM!

Dark nucleon DM+ ultralight ALP ϕ

gCPV
ϕN′ N′ 

∼
θdarkCP

fϕ

2mu′ 
md′ 

(mu′ 
+ md′ 

)2
⟨N′ |σ |N′ ⟩

If dark QCD does not have the  
strong CP problem,   

and 

θdarkCP = O(1)

ϵCPV = O(1) .

≡ ϵCPV
mN′ 

fϕ

ℒ ⊃ gCPV
ϕN′ N′ 

ϕN̄′ N′ 



Cosmic axion force from DM
δϕps ∼ ϵCPV

mDM

4πfϕr
exp(−mϕr)

(∂2
t − ∇2)δϕ(t, ⃗x ) = − m2

ϕδϕ(t, ⃗x ) − J(t, ⃗x ),From

Cosmic Axion Force

Earth

CPV

θ

Dark sector

Detector

⃗Beff

δϕ(t, ⃗x ) ≈ ∫ d3 ⃗x ′ nDM(x′ )δϕps(t, | ⃗x − ⃗x′ | ) .

Galactic center 
*NFW predicts a core

10-16 10-11 10-6 0.1 104 109

1025

1027

1029

1031

log10[r/rsun]

f ϕ
δϕ
/(
ϵ C
PV
)[
G
eV

2 ]

mϕ = 0 Earth
Integrate over DM distribution,  

for which we use NFW profile



Spin precession towards galactic 
center everywhere on Earth!
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Spin precession towards galactic 
center everywhere on Earth!
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Case of nucleon-electron co-magnetometer with  
coherent averaging. 

We can probe ultra-light axion with decay constant close to the string scale!

•Detector has directional sensitivity 
-> galactic center. 
•A calibration erases a constant effective magnetic field. 
-> Daily modulation 
•Known periodicity 
-> Coherent averaging  
is efficient. 
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-> Coherent averaging  
is efficient. 



Conclusions
Light ALPs are motivated and not excluded by 5th force because the miraculous and accidental  
CP-conserving nature in the SM. On the other hand, if we do not impose the miracle in the dark  
sector,  

•A simple, or perhaps the simplest, ALP model predicts CP-even ALP. 
•It may be probed via displaced vertex followed by Higgs boson decay.  
•It is a good DM candidate if .ma < MeV

•Very light ALP coupled to DM with CPV induces a cosmic axion force 
towards galactic center.  
•A decay constant around string scale can be probed via the spin  
precession of SM fermion. 

Kodai Sakurai, WY 2111.03653 

Dongok Kim, Younggeun Kim, Yannis K. Semertzidis, Yun Chang Shin, WY, Phys.Rev.D 104 (2021) 9, 095010 

https://arxiv.org/abs/2111.03653
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Axion DM production in early Universe
Misalignment mechanism

Preskill et al, 1983;  
Abbott, Sikivie, 1983;  
Dine, Fishler, 1983; 

*U(1) phase transition
Nakayama, WY,  2105.14549 (See also Harigaya, Leedom 1910.04163) *Misalignment mechanism with 

low-scale inflation 

…
.

*Inflaton decay to axion particles  
Moroi WY, 2011.09475; 

…
.

Graham, Scherlis, 1805.07362;  
Takahashi, WY, and Guth 1805.08763 etc

Others (with interactions)

*Broad parametric resonance 
Mazumdar, Qutub, 1508.04136;Co et al, 1711.10486
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LHC (future-)search which reaches smaller couplings. 
This is the case if the event can be identified. 

ALP Hidden photon mixed with photon

Bauer, Neubert and Thamm, 1708.00443 

>100event 
ΛH ∼ (1 − 10)TeV

Curtin et al, 1412.0018 

γ′ → μμ̄

*di-electron reconstraction  
at low  is challenging.  

MeV range is open. 

mγ′ 

LHC Run-2 with 
300 fb-1 of integrated luminosity



h → γ′ γ′ , γ′ → SMs
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Constraint on DM self-interaction.  
(U(1)_dark gauge symmetry)

•  

• Screening is taken account 
(I am not sure if there is study without  
screening. Anyway   

should have a similar effect for screening. )

α̂ : dark fine-structure constant

mϕ ≳ 10−30eV ∼ 1/Mpc

Ackerman , et al  0810.5126



Light axion for CMB polarization?
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See also Clark et al, 2105.00120 for discussion. 
Pogosian et al, 1904.07855 for future sensitivities. 
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Light axion for CMB polarization?

Explanation:
Isotropic CB by : Slow-rolling axion 
Minami and Komatsu, 2011.11254, Fujita et al, 2011.11894, (CB and  tension) 
Mehta et al, 2103.06812, (Many ALPs); Nakagawa et al, 2103.08153, (Very light ALP); etc 

Isotropic CB by : axion domain walls 
Takahashi, WY, 2012.11576 

   

·ϕ ≠ 0
H0

|∂ ⃗x ϕ | ≠ 0
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https://arxiv.org/abs/2103.06812
https://arxiv.org/abs/2103.08153
https://arxiv.org/abs/2012.11576

