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Big questions

* SM cannot explain

© Why EWSB scale ~ O(100 GeV)
~ What dark matter is

* Physics beyond SM is needed.
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Searches for BSM signals

o Direct searches

- Indirect searches

How to organize BSM signals ?
Can we be systematic ?
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Talk plan

- Scalar sector 15407618 (PrD)

~  Fermion sector 21020859
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Field space : R?

Vacuum : S° (5 O = vz)
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(Minimal) Composite Higgs

Agashe-Contino-Pomarol (2005)

A

Energy

fl SO(B)— SO@U)

4 NGBs = ( h, 1Tl, 112, 113 )
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(Minimal) Composite Higgs

Agashe-Contino-Pomarol (2005)
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Scalar manifold

SM MCHM
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Higgs EFT

Geometrical form ¢ = (h, 7T1, 7T2» 773)

1

LHEFT = 597;7'(@ 0,0 — V()

Alonso, Jenkins, Manohar (2015)

Familiar forms

Cartesian (SMEFT) [ = %(@Lq_ﬁ)(a/‘cﬁ) + C(D)(D - 0,P)? — V(D)

Polar (HEFT) L = %(8,&)(8‘%) + UZQF(h) Tr[0,UT0 U] — V (h)
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Higgs EFT

Geometrical form ¢ = (h, 7T1, 7T2> 773)

1

LHEFT = 597;7(@ 0,0 — V()

— —

Alonso, Jenkins, Manohar (2015)

Assumption : Extra scalars are decoupled.

We cannot compute on-shell amplitudes of BSM scalars
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Adding spin-0

Generalization with spin-0 particles:

1

LHEFT = §9ij(¢) 0,0 — V()

¢: (h77T177T277T37‘97H+7H_7”')

* The “charged” scalar manifold can be constructed

by Callen-Coleman-Wess-Zumino (CCW/Z) method.

Nagai, Tanabashi, Tsumura. Uchida,
1904.07618 (PRD)
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On-shell scalar amplitudes

Label for scalars ’
( NGB / Higgs )
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On-shell scalar amplitudes

1

L= 59@7(@ 00" — V(o)

« Particle interaction

9ij(9) = 6ij(9) + gij k(o) o" + %gz‘j,kz(ﬁg) P Pt -
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On-shell scalar am

plitudes

1 . |
L= 59ij(9) 0ud'0" ¢/

* “Normal coordinate”

2 _
gij (@) = 0i5 + gRiklj(¢) oo+ R

- V(o)

k I m

ikljm @ @@ A

(¢° = ¢" + ")

Ryo Nagai



On-shell scalar amplitudes

1 \\ 82 ,/ 3
a ~ Ri1234 8
2 ,/ \\ 4
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o ~ Vi(1234)
2 ,/ \\ 4
1 , 3
A ~ E V120 Vi(iza)
2 ] \ 4 ,I:

1

S

Ryo Nagai



Perturbative Unitarity Violation

Perturvative unitarity is violated if the
scalar manifold is curved.

Typical PUV scale o< (Curvature)-!/2
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Perturbative Unitarity Violation

e.g. Minimal Composite Higgs Model

f

“Resonances” appear at E ~ 4711f

Typical PUV scale o< (Curvature)-!/2
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Summary so far

* Scalar sector: ¢ = (NGB, Higgs)

1

L= 59@;‘(@ 0,0 — V()

* On-shell amplitudes are expressed by covariant

quantities on the scalar manifold.

Perturbative unitarity is violated at A ~ 1/VR
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Talk plan

- 1904.07618 (PRD)

~  Fermion sector 210208519
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Fermionic extension

1

L = 59ij(¢) 0ug' "¢ — V(9)
- SUSY ! (Weyl) fermion
“
¢ (¢, 91" 0 p1T)
gij <¢) gig* (¢7 ¢T) Kzhler metric
V(¢) P(gb) PT(¢T) Superpotential
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SUSY HEFT

ﬁscalar — Gij* (8,UJ¢Z)(8'LL¢T]*) o gZ]*RZRE*

; RAPTENEY:
£fermion — 5 gij*w o %10

+§(gij*,k Oud"” = gije ke O™ ) (W ")

—P.i; (") + h.c.
1

— gtk (') (T 177
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Generalized HEFT

‘.
Lscalar = %gz‘j(@mi)(@“ &) —V(9) "‘E‘N

’ 15 215 o
Lfermion = 5 9;5*¢ o a,uw

(

5 Gk 5 = 91 jo) WV 5"0%) (0u0")
_%M (V7)) + h.c.
— Rijsie (7)™ 0T

1

— 5 Ry () (M) + he

can be constructed by CCWZ method. Nagai, Tanabashi, Tsumura. Uchida,
2102.08519
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Covariance

- Geometric interpretation of “fermionic metric”
is not clear in non-SUSY case.

 Anyway, S-matrix should be invariant under
O = f(9) ;00 W' = f(9)' ¢

Let us define covariant quantities under above trans.
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Covariance

g 1
“Affine connection” F;.]% = —

i
59" |

Giiv T 9jie o ~ Ijie)

o Tk 1k _
where 95+ -— 955+ ; — gki*rﬁ - gik*rij* =0

» by PL._ T T i ol ik
Curvature tensor Rjkl = Flj,k ij,l+rklrlj Fllrlj

A A
. .

. ; vt _ 4t 'Z% :ﬁ
For any covariant vector a'(¢), @;; — G.; = —a Rkij
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On-shell scalar/fermion amplitudes

—_>
o
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On-shell scalar/fermion amplitudes

i‘ Energy
' growing !
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On-shell amplitudes

High-energy on-shell amplitudes probe the “curvature”.

R

SSSS £~ Rpoys
2.7 4
1 3
N\

FFFF ~ flja3 S
5/ \\i
1. 3

SSFF . ~ Fyp3;8
N
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Summary and Outlook

» EFT for spin-0 and spin-1/2:

1

Lscalar — igij (au¢z)(8u¢]) o V(¢)

AT APy Y
Ltermion = 5 9;,340 o au¢

i .
5 (e i — 9 )@ 70" (Oug”)
1

_§ME§ (wzwj) + h.c.

1

— R @) (™ 1)

1 NI
— 5 R (W) () + hee.

*  On-shell amplitudes are expressed by covariant
quantities on the field space.
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Summary and Outlook

In our papers, we have also studied

Couplings to EWV gauge bosons
CCW/Z construction
Power counting

Normal coordinate on fermionic part
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