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Motivation & Introduction




Neutrino EM Moments

Basic properties of elementary particles
Potential new physics

Implication for astrophysics & cosmology
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EM Form Factors (spin-1/2)

charge anomalous mag. dipole
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Neutrino EMs in the SM

Charge: zero by construct

Other moments: tiny from radiative corrections

If neutrinos are milli-charged or have anomaly big
EM moments: could be something “new”, “wrong”,
- or"background™?!
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Current Direct Limits

From PDG 2014

MM: 2.9x10-1ug (GEMMA 13); 7.4x10-1 up (TEXONO '07)

- mQ: 4.7x1012e (from TEXONO *03)
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Why Low Energy Exps.?

Neutrinos scatter off free electron with energy
doposition T
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Low threshold detectors:




Theory Basics
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What Are Needed?

Differential cross sections: do/d I for weak and EM
interactions (MM, mQ, CR)

- Most dlfflcult transmon matrix elements (fl] ’y)|z>
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Free Electron Approximation

do Z do ©
ki o T R
77 = 20T B

FEA i=1 l \

T>Bi atomic shell open  free scat.

No atomic calculation needed (almost)
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Equivalent Photon Approximation

do
dT

EPA i \

from exps. from kinematics

- AP built-in in exp. data

MM sensitivity gain?
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Not really
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Reason: improper Ny(T)
Chen, CPL, et al, '13 Recoil Energy (keV)




Many-Body Calculations

Hartree-Fock (fitted local ex.)
Fayans, et al., '92; '01; Kopeikin, et al., '97; '03

FEA + WKB + 2e correlation
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Our Method: MCRRPA

An ab initio method based on Hatree-Fock (full ex.
treatment) with refinements:

-+ MC [multi-configuration]: open-shell atoms have
more than one g-s configuration
for Ge: || =0) = ¢ \[Zn]4p%/2) + ¢ |[Zn]4p§/2)
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Our Results for Ge




Benchmark Calculations

- Firstion. E: 7.899 eV (exp) vs. 7.856 €V (th.)

Valence configuration Configuration weight Percentage

4p3 ), 0.84939 72.15%
4p3 0.52776 27.85%

- Single particle energies of subshells:

K(]si) Li(2sy) Lu(2p5) Ln@p3) Mi(3s;) Mu(3p1) Mm(3pg) Miv(3d3) My (3ds) N1(455) Nu(4p3) Nm(4P;)
S.p. 11185.5 1454.4 12879 1255.6 201.5 144.8 140.1 438 15.4

edge 11103.1 1414.6 1248.1 1217.0 180.1 1249 120.8 299

- To test Ge ex. states, we chose photoionization
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Ge Photoionization
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Ge Photoionization

solid vs. atom
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Ge Al by MM

(@) E, =1MeV typical for reactor v’s
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Ge Al by MM
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Ge Al by MM

(a) E, =1 MeV

typical for reactor v’s

do/dT (Mb/keV)
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Ge Al by MM

(b) E =10 keV example of low-E v’s
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Ge Al by MM

(b) EV =10 keV example of low-E v’s
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Ge Al by mQ
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Implication

Compared with FEA, our results:

- Slightly increase upper limits on MM (but more reliable)
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Conclusions

Atomic physics is relevant for sub-keV detectors

High-quality atomic calculations substantially
reduce theoretical errors

- FEA does not work well at sub-keV regime and low-
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