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the Standard Model (SM)
works great but it is not a
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the Standard Model (SM) New Physics (NP) is
works great but it is not a required but its scale
complete picture is unknown
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THE QUEST FOR NEw PHYSICS

precision measurements
(up to MeV)

compare theory 7 observables which™
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theory is not good enough
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the same electronic transition, i, in two isotopes, A and A’

King 63
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|ISOTOPE SHIFT KINC PLOT

the same electronic trans1t10n 1, in two 1sotopes A and A’
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! 1 electronic nucleus
S T parameters parameters
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linear relation between
two transitions

factorization

King 63
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ISOTOPE SHIFT - KING PLOT

two directions

the plane spanned by mf and md (7“25

testing factorization only by data
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ISOTOPE SHIFT - KING PLOT

existing isotope shift measurement of Ca*
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VzAA, = Kjpaa + 1 5<7°2>AA/ + anpX; Ya4

“——new physics
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ISOTOPE SHIFT AND New PHYSICS
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ISOTOPE SHIFT AND New PHYSICS
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® Xo= X1 Fo1- long distance NP nonlinear King

plot from NP

e 1 - is not aligned with mvi, mvs, mu
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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

o Xo= X1 F71 - long distance NP *
e 1 - is not aligned with mvi, mvs, mu
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the only theory inputs

similar to data driven background estimation at the LHC

data consistent '
with linearity
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new bosons with

couplings to e and n
(spin independent)

» Vs(r) = anp(A — Z) e—:W
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new bosons with

» Vs(r) = anp(A — Z) e_rw

e—M¢T

couplings to e and n
(spin independent)

=

ol hor b e /d%« 1T(r)[2 = [Ta(r)?]

r

1%t order perturbation theory and
multi-body perturbation theory

me<4keV  4keV <my< 50MeV 50MeV < my
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constant my dependent X-X1F21—0
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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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» precision isotope spectroscopy can probe new light

force-carriers with spin independent couplings to the
electron and neutron

o the bounds has minimal theory inputs - only the new
physics has to be derived from theory (“data-driven
background”)

e current constraints are weak - but future measurements
may improve the state-of-the-art bounds
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BACKUP SLIDES



» in principle - if nonlinearities are measured -

correlation between different systems may help to
distinguish between SM or NP

e from higher-order SM effects

» dominant effect from corrections to field shift (2nd
order perturbati()n theory)

mult = 3, |(k|Ows|i) /A By ~ (mub)?/AE
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