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Neutrino scattering

v+ X —=>v+X
€.8. X =e", ®Ge. Only recoil observable. CHARM II, TEXONO, COHERENT

Quasi-elastic

I -

v+ X —=404+Y

e.g. Ve+p— et +n (IBD, Daya Bay, RENO), v, +180 — u~ +18F (CCQE, T2K)
>

Deep inelastic

v+ X — ---(dirty final states!!)

€.8. lceCube. using u track to identify v;,.

b




o

Advantages of elastic:
precision measurement of SM interactions

@ X = e, elastic v-electron scattering.

e CHARM II, TEXNON, LSND...
e contributes to EW precision test

o e.g. sin26y =0.232440.0083 (CHARM 11, 1994)

@ X = nucleus, Coherent v-nucleus scattering.

o recently observed by COHERENT (6.70, Aug. 2017),
CONUS is running, 2.40 (announced at Neutrino2018).




{ Coherent Neutrino-Nucleus Scattering }
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{What is “Coherent”? } .\-;k_____/__/_______\_____

Z boson

Without Coherency: neutrino wavelength < nucleus radius

Sum over cross sections

Otot =Op+Op+ -+ 0Cn+0pn+---

With Coherency: neutrino wavelength > nucleus radius

Sum over amplitude, then square

iM=iMpy+ M+ i+ i+ -
G = |1ty iy 4=+ i+ il + -2




Cross section

do - G.g [N o (1 _45%{)2]2 M:nucleus 1 T
dT 47 Trnax

T: recoil energy, N&Z: neutron&proton numbers

r

: 2E7
@ Large cross section for large N Toax(Bv) = 3197

@ because l—éls.fﬂb,r ~ 0, % oc N3,
@ Although large, difficult to detect, T too low,
o Toax determined by kinetics, 1 MeV neutrino = T, =0.1 keV

@ Modern tech: ultra-low threshold detection

e thanks to dark matter experiments



Coherency requires F, < 50 MeV.
Two suitable neutrino sources:

SNS

pros: higher E, & T, larger o,
Tihre = O(10) keV enough.

cons: lower v flux, future re-
ducing Tinre cannot help.

Reactor neutrino
pros: intensive v flux, high

statistics if 0.1 keV achieved

cons: needs very low Tipre,
quenching factor unknown.

Example:

100 kg Ge
Threshold: 0.1 keV
1GW nuclear reactor

Distance: 10m

Event number:

7.6 x 109 /yr



Event number: .

7.6 x 10° /yr

1. Small, portable detector

2. Precise measurement of neutrino interactions
and EW parameters
E.g. sin® fy = 0.238 = 0.0022

(Optimistic estimation in 1612.04150)

3. Finding new physics



BSM neutrino interactions:
e If the mediator is heavy, integrated out

= nNew gauge bosons = NSI (1804.03660, 1708.02899...)
= any kinds of mediators = SPVAT (1612.04150, 1806.07424..)

e If the mediator is light

— Interesting case: mediator = photon

*x neutrino magnetic moment 4, (151001684, 1706.02555...)

— or other light mediator

*  1612.06350, 1711.04531, 1703.00054, 1710.10889, 1802.05171, 1803.00060, 1803.01224,...

We focus on light scalar, see also James Dent’s talk on Z’



When the mediator is a scalar boson, we consider two cases:

| ¥ | ¢
N N N N
Lepton number violated Lepton number conserved
Same cross section

Interferes with the SM process? No!



| ¢ | ¢
W W

Lepton number violated Lepton number conserved
LINV = yZ—ngDEVL +He Linc =y,ovrrr + H.c.

LNy = YNOYNYN



Lepton number violated Lepton number conserved
LINY = yQ—U¢VEVL +H.ce Linc =y,0vgrr + H.c.

LN = YynOUNUN

, do g MY+ A? MT T2
Same cross section —— = + 0| —

dT 4w(2MT+m?b)2 E? E?
2 9
Y = yﬁg” A: atomic number:

M : nucleus mass;:
A has been extracted out of Y, so

that Y is less dependent on the nu- Lyt neutrino energy;

cleus .
T": recoil energy.



About interference

thotal — ZMSM ‘|‘ 7:j\/lnew
Ototal — |7/MSM + 7:-/\/lnew‘2
— OSM + Onew —l—ﬁterm X MSMMHGW]]

Interference

There is no interference this work, why? yI\//I/L VR

Up: obvious
R P

vr,: LNV, so outcoming v Is antineutrino /\
(rigt-handed). N N
do  dogm N do g

dI dT'  dT’

No interference implies:

More general conclusion: Scalar, Pseudo-scalar, Vector, Axial-vector, Tensor;
only V and A can interfere with the SM process. —see 1702.05721.



About nucleus spin
We treat N as a spin 1/2 particle, but the

acutal spincan be 0, 1/2, 1, ---. E.g., “Ge, ¢
minimal spin 0; "*Ge minimal spin 1/2
Difference between spin 0 and 1/2

(computed in 1612.04150): Effective

Interaction
do GRQWM (T Lng = ynOYNYN
d_T spin=0 B dm ( - Tmax)

do
ar

_G@M (| T
ih— 1 B 47T Tmax
sSpin=s;

negligibly small



Event numbers in recoil energy bins

z—l—l
N; = AtNpucleus / ar / dF, @—.

ot | |

detection do  dogmy  dog
number of dT  dT dT’
nuclei v v

Neutrino flux

Detector: 4 kg Ge Detector: 14.6 kg Csl

v source: 3.9 GW reactor in v source: w1 decay at rest,
Brokdorf, Germany, 17 meter, producing v, v, and v, (1:
v flux can be computed (V. I. 1 : 1), theoretically calculable.
Kopeikin, 2012)




Event distribution and spectrum distortion (reactor v)

1.20

(Y =3.5x 1072, my = 100 GeV)
SM+(Y = 1.4 x 107°, mg = 30 MeV)
(Y =7.0x107% myg =10 MeV)
(Y =58 x 1075 myg = 0.1 MeV)
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Recoil energy T /keV




Event distribution and spectrum distortion (SNS v)

1.20

F —— SM+(Y =4.4 x 1072, my = 100 GeV)
1.15F — SM+(Y =53 x 1072, my = 30 MeV)
= | —— SM+(Y =4.3x107%, my = 3 MeV)
Z\ﬁ 110+ — SMH(Y =35 <1075, my = 0.1 MeV)
= |
1.05¢ —
1.00 —
Z
= | I
OB o T——
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Recoil energy T /keV
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Constraints (LNV)

— — — Meson+n scat.
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Summary

e Elastic neutrino scattering (including coherent) is pow-
erful in probing both SM&BSM neutrino interaction;

e Recent coherent neutrino scattering experiments can pro-
vide leading constraints on light scalar interactions of
neutrinos with nucleons.

e Future reactor-based coherent scattering experiments will
reveal more of the unexplored space of hidden neutrino
Interactions.






{ Backup }

The background is CONUS is about 1 count/(day - keV - kg).
The threshold of ionization energy detection in CONUS is 0.3 keV,
which if divided by the quenching factor (=~ 0.25) corresponds to 1.2
keV recoil energy.
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[ Constraints on NSI }

v—{re cons.
v—Ge,opti.

latest bound

DN . oo
L o
<
] 11 1 1 1 111 | 11 1 L 1 bt 1 [ R 1 |
104 10-3 10-2 10! 10°

NSI review: Davidson et al, hep-ph/0302093
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Beyond NSI

LNSI always V-A }

d
S q ©

p
ED— Zua’y 1 —~

aQQ'Y q+€a5qv Y q]

~
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Without V-A, more general, tensor/scalar, etc. } 1

Gr
EED\E >

a=S,P,V,A.T

T [hNT(Cy + 50,?3’75)%}}

a . vV Z. | 4
= {1,079y, 0 = ST
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Constraint on Scalar Constraint on Tensor
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. . . Reactor neutrino flux taken from:
[D'Str'bUtlon } V. I. Kopeikin, 2012
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