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Neutrinoless B3 decay, Dark matter search,
EDM search, Exotic force, Millicharge search, etc.

Temporal variation of fundamental constants
o, me/mp using atomic clock

YbT 281/2 R 2F7/2(E3) Hunteman et al. (PTB) 2016
ov/v ~ 1071, v ~ sub Hz
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Precision measurement of

new neutron-electron interaction
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Transition frequency difference between isotopes
hvy = EY — EY, i)
IS:VA/A = UVAr — VA £) lW&V

No IS for infinitely heavy and point-like nuclei

IS =MS+FS

. finite mass of nuclei (reduced mass)
MS o ppar — ppa (dominant for small Z)

. finite size of nuclei
FS < %, —r5 (dominant for large Z)

Theoretical calculation of IS: not easy
IS ~ O(GHz) ~ O(10 peV)  cf. v ~ O(eV)
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King, 1963

IS of two transitions: ¢/ = 1,2
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VA’A:KEMA’A+F€T124’A HarA = far — A

raa = (rf)a — (r¥)a
Modified IS: 7% 4 = vy a/1hara
Vara = _|_TA’A/UA’A
electronic factors
King linearity  eliminating the nuclear factor
VA/A = Ko ‘|‘F21V114/A Koy := Ko — F51 K1, Fyy :=Fy/Fy

(ar4,74:4) on a straight line
King plot
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Gebert et al. PRL115,053003 (2015)

Line 1:397 nm “Py/2(4p) —* Sy /2(4s) P,
Line 2: 866 nm 2P1/2(4p) 2 D3/2(3d) 397 nm

sotope pairs: (42, 40), (44,40), (48,40)

IS precision ~ O(100) kHz
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Line |: 369 nm Martensson-Pendrill et al. PRA49, 3351 (1994)
Py /o (4f)"*(6p) — Sy /2(4f)"*(6s) vk, 4, ~ O(1) MHz
Line 2:935nm Sugiyama et al. CPEM2000
°D[3/2]1 /2(4)"?(5d)(6s) —* D3/ (4f)*(5d)
6v4, 4 ~ O(10) MHz
Isotope pairs: (172, 170), (174,172), (176,172)

Yb* modified IS [THz amu]
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C o~ Ye— Yukawa potential

o V(r) = (-1)" gng.

e—mr/a

new particle

(Z,A) A A (atomic units)

Frequency shifts by particle exchange (Yb™)
10~* Hz Higgs (SM)
400 Hz  Higgs (LHC bound)

800 Hz ~Z
10 MHz Xy 7 17 MeV vector boson

<< theoretical uncertainties
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IS = MS + FS+PS Delaunay et al. arXiv:1601.05087v2
PS by new neutron-electron interaction

Vﬁl’A — Kg A A —+ Fg Ti/A—l-Xg(A/ — A)
Generalized King’s relation
Uaa = Ko1 + Forg 4+ c A A

PS nonlinearity cps = X1(Xo1 — F21)  Xo = Xo/X,
HeaV)’ Particle ||m|t mapg >> « Berengutetal arXiv:1704.05068
Fi, X o< |13, (0)F = |17, (0)|* = Xo1 — Fpy ~ O(1/m)
Xg ~ O(l/mQ)

EPS 7 O(l/mg)
less sensitive to heavier particles
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Data fitting with 735, , = Koy + Fo10g, 4+ = A’ A
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= (—2.45 4+ 4.05) - 107°
au

future prospect 6v =1 Hz
el < 4.5-107H

= (—=1.26+1.35)- 104

future prospect 6v =1 Hz
| < 4.2-107H



0.001

‘gnge‘ 107° |

10712

10-1°

Minoru TANAKA

x m* (p states)
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One of the sources of nonlinearity in QED
FS = Fg T124’A_|_ G@ 74%4/14

~ ~1
Vara = Koy + F21VA/A‘|‘ cA'A
E=Epg T+ EFS + -

Wavefunction inside the nucleus is relevant.
p state dominant: Ca* 4p,Yb™ 6p

d

s o 210, ()P () 4

\ nuclear Helm distribution
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— Ca" present év ~ 100 kHz
0001 —— YbT present v ~ 10 MHz *
107° - :
‘gnvge‘ 10_9 B i I
1072 o :
10—15
0.01 0.10 1 10 100 1000 10*

m [keV]
FSNL dominant: Ca* v <0.04 Hz Yb*"dor <4 Hz
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Comparison to other constraints
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and
ISSMS+FS, 754 = Ko1 + Fo104, 4
Linear relation of modified IS of two lines
a4 = Ko1 + Fo10g 4+ c A/ A
& = EPS T €FS
Particle shift nonlinearity: eps ~ O(1/m’>*)
sensitive for lighter particles, m < 100 MeV

Other nonlinearities: more study needed
selecting better candidates

Yb" ion trap project by Sugiyama et al. (Kyoto)
ov < 1 kHz with in a few years
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