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Level-splitting difference between isotopes |Z>
[S=vaa:=va —v4g f)

IS of two transitions: ¢ =1, 2

VX’)A — Kiiara + Ft<7°2>A/A

e Ty

UV

HUATA -— 1/mA/ — 1/mA

(r®)ara = (r®)ar = (r°) a

Modified 1: 78, := V0 /s a=[K | +[Flr?) ara/par a

: eliminating the nuclear factor King 1963

51(42,)14 = Ko + Fglﬂg,{él Koy := Ko — Fo1 K1, Fy =I5/ Fy

(51(41,)14, 51(42,)14) on a straight line, King plot
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1S b)’ new neutron-electron interaction Delaunay et al. arXiv:1601.05087v?2

~Je—¢  VY) = Kypara + Fi(r?) ara+X, (A — A)
MS FS particle shift (PS)

gnN (27 A)

Nonlinearity due to subleading FS

FS=F,(r*Yaa+ F[(r)aal® + Ger*)ara + - -
quadratic FS (FS22) higher moment (FS4)
(r*)aral” = ((r") ara,)” — ((r%) 4, )"
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K. Mikami, MT,Y.Yamamoto EPJC77:896 (2017)
S04 = Kepara + Fr?) wa + Fll(r?) aa)? + Xo (A — A)
3 transitions: t=1, 2, 3 FS22 PS

1
uz(él,) — X1(A" — A) K, F, F] LA’ A A A
V1<42,) — ( ) — K2 F2 FZ/ <7°2>A’A =: M <T2>A’A
/), — Xs(A — A) K3 F3 F3) \[(r*)aal]? (1) ara]?

(M) v+ (M) + (MY,
—{(M )11 X1 + (M )2 Xo+ (M1 )13X3HA — A) = para

(Vg as Vi Vi) [ 1iar 4 on a plane if X; =0

N transitions and N+1 IS pairs ~3
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Yb™"

3.77 eV
P39 ——F—

369 nm
E1, 19.6

)1

3.30
2P1/2 _A_eV_

(4f)**(6p

MHz

(4f)(5d)’

329 nm

244 3 02 eV
2
*D3)s

1,60 ¢V LS coupling

1:):5/2:5/2 25t
R S
'D[3/2]3/ Ly
(4F)13(5d) (65)" : 3.91 eV
K5/ ————
°D[3/2]1, _3:0reV 638 nm
760 nm
(7.2 mg)y” 935 nm E2
1 3.43 um
2.85 eV(53 ms) T~
(4£)13(68)? (1.6 yr)

51 ~ 300 — 500 Hz

: §| Count et al. PRL 125, 123002 (2020)
J| Hur et al. PRL 128, 163201 (2022)

231/2 -y y Yy @y @y

Xe] (4F)14(6s)’
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LS coupling

3.43 eV(6.7 us)
1D2 Sy w— 28—|—1LJ

3.11 eV 14 1
p, ———— (47 (5d)F (6s) 2.88 V(200 s)
(4£) 13 (5d) (65)? ———— Kyoto
; 2.44 eV(15 s, th) 793 nm J =2
gP(?) % 5 93 oV MT et al. PRX 12,021033 (2022)
(4£)14(63)( 21 s, A=1T1) Mainz
t Figueroa et al. PRL 128,073001 (2022)
399 nm .
H07 nm OV ~ 0(100) Hz
g not included | Ryoto
— In this talk T. Ishiyama et al. PRL 130, 153402 (2023)
Al A DiEE 20pA2-4
1SO
Xe](4f)'4(65) | NMIJAIST
A. Kawasakl et al. arXiv:2402.1354 1
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Y.Yamamoto, MT et al. in preparation

Yb: 4 independent IS pairs

3D linearity is nontrivial, while 5 transitions available.
Combined fit of 3 iIndependent 3D relations
v3 = kst + faivr + faava, va = kap + faivr + faove, vs = ksp+ fsivn + fsavo
5X2/d0f — 35.1/3 (A’A omitted)
Assigning this nonlinearity to PS,
o~ /dof = 9.98/1

PS alone cannot explain the observed 3D nonlinearity.
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FS = Fy(r*) ara + F{[(r") ara]® + Ge(r*)ara + -
FSQQ FS4

Using theoretically calculated electronic tactors,
we subtract FS,, and/or FS,.

D5 D3 F7 PO D2
FS» (a) | 81.908 83.247 -201.12 54.277 75.322 (AMBIT)Hur etal. PRL 128, 163201 (2022)
FS, (2) | 14.934 15.159 -39.422 8.951 (GRASP2018)
FS4 (1) 13.08 10.42 (RPA) Figueroa et al. PRL 128,073001 (2022)
(MHz/fm*)

AbbreViatiOﬂ: (Yb—l_) D5 12281/2 —2D5/2 : D3 122 81/2 —2D3/2 : F7 12281/2 —2F7/2
(Yb) PO :='Sy —°Py, D2 :='Sy —'D;

Minoru TANAKA 8



No FS; In vl :=v; — Di/ioVio » Disiy := Gi/G, ratio of FS, electronic factor
Two independent 3D linear relations (i, = D5)
V,g e k’i,u + de'Vf)O + eiuf)z : 1 = D3, E'7

6~ /dof = 13.3/2 without theoretical uncertainty
6x~/dof = 1.8/2 with 6% theoretical uncertainty for p’s

Limit on new physics (not to make the fit worse)
Vi 1= Vi — Di/ioVig yjlzn Xi(m)(A" — A)

Yetyn| < 1.2 x 107 m =10 eV (95% CL)

9
Minoru TANAKA



1078 F e - - - FS.,+FS, sub. (3D)
— —FS, sub.

1070 ———FSy+FS, sub. (2D)
_ (g-2) + n scattering

95% CL
10—12 L i .
10 100 1000 10%
m [eV]
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SM nonlinearity removed, improved sensitivity to new physics

Two or more SM higher order contributions revealed
One SM higher order + PS, excluded by our combined analysis

Yb* ion O(10) Hz, MPI-PTB Door et al.arXiv2403.07792

~(2)
Vara =

improvement of MIT data and Yb masses

Yb atom O(?) Hz, Kyoto A

"S0(6s)" — (4f) 7 (5d)(6p)” (J =

S ADEEE

11

2), 431 nm

Ko1 + FQlV( )

IS=MS+FS, linear relation of mIS of two transitions
: New physics and/or SM higher order
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