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Coherent Elastic v-Nucleus Scattering
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If there is a weak neutral current, then the elastic scattering processhould
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Spectrum

d N Nuclear recoil
dosy  GEM MER
Differential cross section: dEr — Zﬂ QIZ/V <1 - ZEZ F2(CI)

Effect charge: qw = N — (1 — 4sin® Oy ) Z

dR d® do
Event rate: " — N dE,
dEp / dE, dEg

Only a small portion of nuclear recoiling energy Ex will go into
electronic ionization energy E; , which is measured in Si or Ge detector.

Quenching factor:  Q = E;/Fg

B 4R (1 E; d
Number of events: Ni:t/ ( ! Q)
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Standard Lindhard Model
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Key approximations:

* The atomic binding energy of electrons is negligible.

* Energy transfers to electrons are small relative to energy
transfers to atoms. Sorensen, PRD 91, 083509 (2015)
[arXiv: 1412.3028]

Jiajun Liao CEVNS and Migdal effect 7



Germanium QF Measurement

Collar, Kavner, Lewis, PRD 103, 122003 (2021) [arXiv: 2102.10089]
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The new dataset can be explained by the Lindhard model supplemented
with the Migdal effect.
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Migdal Effect

Migdal, J.Phys.(USSR) 4, 449 (1941).
“..itis usually assumed that the atomic electrons around the recoil nucleus
immediately follow the motion of the nucleus. However, it takes some time for the

electrons to catch up, which causes ionization and excitation of the recoil atom...”
Ibe, Nakano, Shoji and Suzuki, JHEP 03,

194 (2018) [arXiv:1707.07258 [hep-ph]].

|(I)€’C> |(I);c> — e—ime Zlv;{z (I)ec> P = |<(I)Zc|(1);c>|2

A value of P =50% are needed to obtain agreement of the data, being a factor of
approximately seven above the integrated ionization probabilities calculated for

Migdal shakeoff from atomic germanium by 1707.07258
Collar, Kavner, Lewis, PRD 103,
122003 (2021) [arXiv: 2102.10089]
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Modified Lindhard Model

Sorensen, PRD 91, 083509 (2015) JL, Liu, Marfatia, PRD 104, 015005
[arXiv: 1412.3028] (2021) [arXiv: 2104.01811]
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sharp cutoff in the energy
given to electrons.

N
o

* A negative g value allows an -
smemem k=0.160, g = -10x 107°
enhancement in the energy I
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-------- k=0.148, g = =21 x 107
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given to electrons. recoil energy (keVi)
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New Physics in CEVNS

* Alight vector Z'
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d» P (dN,
dE,  4nd%é \ dE,
We simulated SM data with Migdal

parameters (k, g), fit the new physics
with the standard Lindhard model.

myz /MeV | gz x 10° | k l g x 10° | Ximin
162 | 424 | 0148 | 21 | 5.95
246 | 540 | 0153 | -15 | 1.32
321 | 671 | 0160 | -13 | 0.81
me/MeV | g, x10° | k| ¢x10° | Xii
052 | 631 | 0153 | -23 | 211
5.0 | 552 | 0153 | —15 | 0.32
100 | 604 | 0160 | -10 | 146

Both light Z' and scalar with the standard

Lindhard model can mimic the SM with

the Migdal effect on the quenching factor.
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* Both the light Z' and scalar cases with the standard Lindhard model can fit
the SM spectrum for a fixed set of Migdal parameters.

* This will lead to confusion in determining the nature of new physics.
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Summary

Recent measurements of the quenching factor in germanium
indicate a departure from the standard Lindhard model.

This deviation can be explained by the Migdal effect on the
guenching factor, and parameterized by a negative g in the
modified Lindhard model.

Both light Z’' and scalar can mimic the SM with the Migdal
effect. There is a degeneracy between light Z' and scalar for a
given set of Migdal parameters.

A precise measurement of the quenching factor with low
energy thresholds is required to detect new physics at CEVNS
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Thanks for your attention!
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