


Coherent elastic neutrino-nucleus scattering

scattered
neutrino

@ Huge cross section but 1-10 keV nuclear recoil energy

@ Sensitive only to spin-independent interactions



COHERENT

@ Has seen CEVNS in 14.6 kg of CsI and 24.4 kg of Ar at
6.7 sigma and 3 sigma, respectively

® Data are consistent with SM

@ Can probe NSI under contact approximation provided
mediator is heavier than momentum transfer, 50 MeV



Standard Model spectrum
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Light vector mediator
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Quenching factor

is the ratio of the observable recoil energy
In a nuclear recoil E_I to the observable recoil energy in an
electron recoil of the same total recoil energy E_R:

Q - E]/ER

Differential event rate
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—— = [V, dl,
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Standard Lindhard model
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@ Atomic binding energy of electrons is negligible

@ Energy transfer to electrons is small relative fo energy
transfer to atom
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Recent Ge QF measurements

— Lindhard model, k = 0.162 + 0.004
Correlated systematic uncertainties

ionization quenching factor

—e— E,=(790+ 11) keV

—e— E,=(644+4) keV

—+— E,=(490+3) keV
E, = (249+ 2) keV
I 90% C.L.
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Migdal effect

.. IS The atomic ionization and excitation caused by the
displacement between the atomic electrons and the
instantaneously recoiling nucleus

1711.09906



Modified Lindhard model

ok ole
PR = 1+ kg(e)

® Approaches standard Lindhard model at high recoil
energies

@ Atomic binding energy gives g>0 and explains an
anticipated cutoff in Q at low recoil energies (1412.3028)

@ Migdal effect modeled by g<O gives an enhancement at
low recoil energies (2104.01811)
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New physics

2104.01811

m (MeV)

3.9 GW, 20 m, 7 kg-yr

10°¢
——— SM w/Migdal : k = 0.153, g = -15x 107

104 7' w/ Lindhard : gz = 540 x 107°, my = 24.6 MeV

¢ w/ Lindhard : g, = 5.52x 10°°, my = 5.0 MeV
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First evidence with reactor neutrinos?

NCC-1701 is a 3 kg Ge detector placed 10 m from 2.96 GW
Dresden-11 power reactor
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my = 63.1 MeV, gz = 1.4x 107

my = 25.1 MeV, g5 =1.6x 107

wy, =2.5%x10"ug

k=0.157, g=-23.8x107°

k=0.167, g=-222%x107
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k=0157, g=0

k=0157, g=0
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Nuclear form factors

@ Helm

1(gR 2.2 3
Fu(q?) = 3‘71((1 O)e_q Ak (rPYg =B+ 357

@ Symmeterized Fermi distribution
3 [sin(qc) ( Tqa >_ COS((]C)] Tqa |

Far(q?) =

gc | (ge)? \ tanh(mqa) qc sinh(mqa) 1 + (ma/c)?
3 7
(r)sF = 562 r g(ﬂa)2
@ Klein-Nystrand
> gl 2 e 2
Fxn(q™) =3 iRa 1 (r7)kN = 5RA + 6aj,

Adopt same FF parameterizations for protons and neutrons



Rms radius of proton distributions known to one-per-mille

[ [ e [ emawem | e
‘ 4.75036Ar (0.33%) 3.3907°Ge (20.4%) 72(}e (27.3%) 4.057 124%e (0.095%)|4.766|2°Xe (0.089%)|4.774|'8Xe (1.91%)|4.777

| BAr (0.06%) 3.40273Ge (7.76%)74Ge (36.7%) 4.074 129%e (26.4%) |4.777|13%Xe (4.07%) |4.781|131Xe (21.2%)|4.780
--l OAr (99.6%) 3.42776Ge (7.83%) --l 32Xe (26.9%) |4.785|34Xe (10.4%) |4.789|13%Xe (8.86%)|4.796

@ For protons, fix surface parameter and deftermine the other
by fixing proton rms radius to exptl central value

@ For neufrons, do the same except allow neutron rms radius
to vary within r_p and r_p+0.3 fm for Cs, I, Ge, Xe since
neutron skin of Pb is

e P

rms rims

(?°5Pb) = 0.283 + 0.071 fm

@ ... and within r_p and either r_p+0.1 fm or r_p+0.2 fm for
Ar



+ 0.2 fm for Ar
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Size of the uncertainties do not depend on the FF chosen
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Counts/2 PE

1902.07398

COHERENT |

n_
rrms -rrms
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Backgrounds to dark matter searches
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NSI
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3+1 sterile neutrino oscillations

''''' s'nzzoa.ao.rm,"a(rp)
— P 26p4=1, fims"=(rp)
— M, rrms"=(p)

" SMLrms"={(p)+0.1 tm
(Am?,,sin?014) = (1.3 eV?,0.01)

107"
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A 3% change in r_n has a big effect on the exclusion



Neutrino generalized interactions

-0.4|
Scalar

-04 -0.2 0.0
d
1902.07398 Cs

0.2

0.4

Py [gT6 (CF + ivs DY) g

a=S, PV AT
q=u,d

I fnnsn=<fp)+0.3 fm

Vector:

- 0.0
CY

.0
-1.0 -0.5

A A A 1 A A A
0.5

1.0

I 3% 00!

-0.5¢

05 \ \\

Tensor

-1.0
-1.0 -0.5

0.0

2

0.5



Summary

@ Recent measurements of Ge QF depart from standard
Linhard model

@ May be caused by Migdal effect, which can be
parametrized by <0 in modified Lindhard model

@ SM with given set of Migdal parameters can be
simultaneously degenerate with Z' and scalar mediators

@ Recent evidence for CEVNS of reactor neutrinos provides
independent preference for g<0 at 2 sigma

@ New physics constraints quite sensitive to QF at low recoil
energies



@ FF uncertainties are relevant for momentum
transfers above 20 MeV, so not important for
CEVNS induced by reactor and solar neutrinos

@ FF uncertainties are independent of the
parameterization chosen

@ New physics searches strongly impacted by FF
uncertainties



