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BAtomic clocks

® Atomic spectroscopy with an extreme precision.

©) Error of the atomic clocks O(105-1018).
3TSr : 429 228 004 229 873.4 Hz

(From Wikipedia:atomic clock)

c.f.) the electron g-2 is O(10°9).

ge —2  [—0.001159 652180 73(28)rx
2 ] —0.001159652 181 64(76)H

) The calculation of the spectrum is too difficult.

P Reduce the uncertainty with a linear relation.

» The new constraints on the light new boson.



BPreliminary results
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BPlan

@ Introduction
@ The linearity and its violation

_[:The field shift and its higher order (SM)

The particle shift (New Physics)
¥

The relativistic effects

¥

® The constraint of a light new boson

® Conclusion



Blsotope shift and the linearity

@ Isotope shifts follow a linearity.

OH A A = 0K A1 4 + 0V a4

\ 4 _..-="|sotope dependence.
————— »

Wave function dependence.

P Linearity for isotope pairs.  1963: W. H. King

5V2 o F2 5V1 [ FQ ]
5u  |Fylon +|G FlGl

Constant for isotope pairs.



Blsotope shift and the linearity
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does nc; /non
@ Isotope shifts follow a linearity.

OH A A = 0K A1 4 + 0V a4

v e Isotope dependence.
Sv =G+ Fo(r?) + X~— NLO corrections
\/ Yukawa potential

Wave function dependence.

P Linearity for isotope pairs. 2016, C. Delaunay et. al

Non
5V2 B F2 5V1 | FQ F2
ou  |Fi|du [GQ F1 GJ+ <X2 B X1> fou

Constant for isotope pairs.



JField shift .
Def: [ dr (147 ~ [wu(I)) V(7) ~__

Expand —Za /dr =

x /OOO dr’ /07“ dr r? kark (r’ — ?) dp(r")
k
5(rk> = /d?r%p(r)

\j fk - 1969, E. C. Seltzer
— 7 +
O‘Z(k+3)(k+2) ) .

in { out

P NLO field shift
v =Gop+ F&(r?) + F5(r*) + - --

Y[ ~ o+ Ear® -
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Expand —Za /dr =

/ dr’ / dr r? (r - ?) op(r')
/drrk5p( )

\j fk - 1969, E. C. Seltzer
— 7 +
O‘Z(k+3)(k+2) ) .

in { out

» NLO field shift
ov = G+ Fo(r?) + Fé(rt) +

|7 ~ &g + Lo +
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Expand —Za /dr =

/ dr’ / dr r? (r - ?) op(r')
/drrk5p( )

\j fk - 1969, E. C. Seltzer
— 7 +
O‘Z(k+3)(k+2) ) .

in { out

» NLO field shift
ov = G+ Fo(r?) + Fé(rt) +

P|? ~ 20 + 527“/244‘
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mr

Def: [ ar (ju;(I — s (P?) (4 — )28

47 r

P Sensitive to the e-n coupling

/I;ight
& For a heavy mediator )
L Heavy

Y. dnde
= (4= A)7 ;mmzf’f -

v =Gou+ F (§(r? :
v H o+ ‘ (6(r®) + co/m )‘\Keep the linearity
+F (3(r"y + co/m*) + - --
N Non-linearity




B Relativistic effects 6

Atomic scale =—— Mediator — Nuclear scale
Flat 1/m*

‘w‘Q ™~ T2k(§O +&ir + 627“2 + .- )
p [ : hon-relativistic
j—1/2 :relativistic

/F: $(0)]* = &
5V2 o F2 5V1 F
5,LL F1 5# G2_F1G1+ (X2_F1X1> /5,u
» S>P & F>S : Fi=F m) 1/m*

>S1/2_) I:)1/2&F5/2_)S1/2: F17£F2(7£0) =) 1/m?



B Sensitivity and constraints
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@ Sensitivity to heavier mediator is improved for Yb*.

® Higher order field shift limits the future sensitivity.



B Conclusion

Precision spectroscopy + Linearity of isotopes

\ 4
New physics as the non-linearity

® The scaling law at the heavy region.
® The SM background of the h|g her order field shift.
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B Some comments
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@ The stellar cooling has large uncertainty.

@ Our result is smooth because of the analytic study.
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