QUANTUM UNIVERSE

ATTRACT.

WORKSHO Ph

)
Novel methods for testing new Agnese Mariotti, ITP-LUH
. e i;l Lei_bniz- )

physics with quantum sensors 004

[1] Fuchs, Kirk, Mariotti, Richter,
Robbiati
arXiv:2506.07303, PRA (acpt.)

\
/-\/\ [2] Wilzewski, Mariotti et al.,
PRL.134.233002

UH
U Hamb CLUSTER OF EXCELLENCE
niversitat Hamburg
24_25 NOV 2025 DER FORSCHUNG | DER LEHRE | DER BILDUNG QUANTUM UNIVERSE




Motivation

Shortcomings of the SM

Ca Fe,Ca ’
Ca H Ca |HFe Fe H Fe Mg Fe Na 2

ml Search for

Lci\jv—energ%/ new physics




Motivation

Shortcomings of the SM

Ca Fe,Ca ’
Ca H Ca |HFe Fe HFe Mg Fe Na

—— | Search for e e
Low-energy . A High- energ \
| new physics B d \

Quantum sensing

e Trapped ions

e Rydberg atoms

e Atomic clocks

e Superconducting circuits

[Degen, Friedemann, Cappellaro.
"Quantum sensing." Reviews of modern
physics 89.3 (2017): 035002.]
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Shift in transition energies:

m) |sotope shifts and King plots
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article “Peculiarities of

the isotope shift in the samarium
spectrum”’ J. Opt.
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Soreq, “Probing Atomic Higgs-like Forces at the Pre-

6 AA, . . 2
Vq cision Frontier,” Phys. Rev. D 96, 093001 (2017)]
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How do we define isotope shifts to be linear?

[Delaunay, Ozeri, Perez,
Soreq, “Probing Atomic Higgs-like Forces at the Pre-
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Vq cision Frontier,” Phys. Rev. D 96, 093001 (2017)]




Linear King plot
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e Ambiguous definition if n>3
e One element at a time
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“Towards a Global Search for
New Physics with Isotope Shifts”

[1] Fuchs, Kirk, Mariotti,
Richter, Robbiati

e Orthogonal distance regression
(fit to a line)

e Log-Likelihood minimization

— confidence interval for ayp
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Nonlinear King plot
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Introduce big uncertainties




Nonlinear King plot

S AA — A A Musi b, “Nonlinear Calcium King Plot
: Lo info o '%en | Constrains New Bosons and
= leading-order SM + new phySiCS Unt/ Nuclear Propertles”

+ [higher-order SM [2] Wilzewski, Mariotti et al.
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+ | other terms | — nenlinearities

1.Measured nonlinearity

2.ldentified and computed dominant
higher-order term

3.Subtracted from data - back to linear
King plot!

Issues:
e Cannot resolve new physics on
top of these terms
e Require computation » might

introduce big uncertainties Sv L Limits on new
s HO physics coupling




Low mass -
max overlap

Limits on new physics coupling
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Conclusions
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det (m‘s”lw movs, ]I) Spikes occur when
QNP = — — -
det (leﬁyg — Xomdvs, ]I,m'?') Xo/Xy = Fu/Fy
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sensitivity at high masses,
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Computed using
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