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works great but it is not a required but its scale
complete picture is unknown






energy frontier
(TeV scale)



energy frontier intensity frontier
(TeV scale) (MeV - GeV scale)



energy frontier intensity frontier
(TeV scale) (MeV - GeV scale)

precision measurements
(up to MeV)



energy frontier intensity frontier
(TeV scale) (MeV - GeV scale)

precision measurements
(up to MeV)

compare theory to v
experiment



energy frontier intensity frontier
(TeV scale) (MeV - GeV scale)

precision measurements
(up to MeV)

compare theory to ~ observables which are
experiment insensitive to theory
error



THE QUEST FOR NEw PHYSICS

P

energy frontier intensity frontier
(TeV scale) (MeV - GeV scale)

precision measurements
(up to MeV)

¢ observables which are™,
\ insensitive to theory /
s IR Te € (o

/~ compare theory to
experiment

hydrogen and helium heavy elements, Yb, Ca
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theory is not good enough




[sotope Shift



the same electronic transition, i, in two isotopes, A and A’
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|ISOTOPE SHIFT KINC PLOT

the same electronic trans1t10n 1, in two 1sotopes A and A’
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linear relation between
two transitions

factorization
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two directions

the plane spanned by mf and md (7“25
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ISOTOPE SHIFT - KING PLOT
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® Xo= X1 Fo1- long distance NP nonlinear King

plot from NP
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the only theory inputs

similar to data driven background estimation at the LHC
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nonlinear King
plot from NP
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(spin independent)
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new bosons with

» Vs(r) = anp(A — Z) e_rw

e—M¢T

couplings to e and n
(spin independent)
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1%t order perturbation theory and
multi-body perturbation theory
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* a system with:

» narrow optical clock transitions
e only even isotopes - at least 4
e current data:
e Cat: 866/397nm, 0~0.1MHz
e Yb?% 556/399nm, 0~0.1-0.5MHz
» candidates for future measurements:
e Ca*: S—Dsp/S—Dsp
o Srt: S—=Ds5,/ S—Dj3p
e Sr*/Sr: S—P/S—Dsp
e Yb*: S—=D3,/S—F7p
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BOUNDS AND PROJECTIONS
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few electrons atoms
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direct comparison of theory to experiment
(not limited by theory error)

bound Yukawa like force with spin independent interactions:
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direct comparison of theory to experiment
(not limited by theory error)

bound Yukawa like force with spin independent interactions:

hydrogen » YeYp

Ye(YpZ + (A — Z)yn) e’ helium » YelYp, YeYn, Ye

47 P

Sl 1sotope shift
Yer €2 2
(He3-He4, H-D)

4 12
positronium *

18 He summary: Pachuki, Patkos, Yerokhin, 1704.06902
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HYDROGEN AND HELIUM §PECTROSCOPY

isotope shift
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HYDROGEN AND HELIUM §PECTROSCOPY

electron interaction isotope shift
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precision 1sotope spectroscopy can

10F — 2S-2SHe (e—s.cat? 2 - .
1177 252 Ho brecon probe new light force-carriers with
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spin independent couplings to the
electron and neutron

King analysis has minimal theory

inputs (“data-driven background”)
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