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CGoherent elastic v-N scattering

largest neutrino-matter cross section

Cross-section (10% cm?)
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A grave experimental challenge
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Our suggestion may be an act of hubris, because
the inevitable constraints of interaction rate, res-
olution, and background pose grave experimental
difficulties for elastic neutrino-nucleus scattering.
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Recoil spectra: no quenching, efficiency or background

— Csl 1457 kg, 19.3m

-+ Nal 2000.00 kg, 28.0 m
— *Na 306.00 kg, 28.0 m
— Ar22.00 kg, 29.0 m
— Ge 10.00 kg, 22.0m
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CEvNS in the SM and heyond

do  GEM 5 5 NS s o T
ﬁcoh = B (GV 2 GA) + (GV — GA) 1-— E—V = (GV = GA) EV
Gy =

(% Z + g»N)FY _(Q?) «— F~1 for low E , ~3% uncty. at E ~50 MeV
= (4(Z+ — Z-) + g4 (N4 — N2))Ff,a(Q?), g

S
1/A suppressed s

CEvVNS probes non-standard 5
interactions (NSI) g
p p f _u\_/ - _d\_/\
gy — gy H2¢.. +¢€
l
gV = gy Ficee + e |
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stars, dark matter, nuclear physics...

Irreducible WIMP
background

Critical for heat transport
in supernovae
Independent sin?0
measurement
Form factors sensitive to
neutron skin

Future means of reactor
monitoring

Probe BSM physics from
vV mag. moment
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The Spallation neutren neutrlno ‘source

Capture: ~99%
e ~10" cm?s™ per flavor ’/7
e 1MW@~1GeV

e pulsed @ 60 Hz for °">

~10* bkgd rejection

*)“/7

Decays at rem
: -26nsec

— Prompt v,

— Delayed v, and v,

a.u.
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“Neutrino Alley”
,
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“Neutrino Alley”
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Protons on Target [1023]



Fake vs

Dedicated Sandia n-scatter camera
and SciBath measurements

T |
,‘::ﬂh - -—- BeamLine-14a prompt :
10° E ""H,H\ -~~~ BeamLine-8 prompt :
e BeamLine-14a delayed :
- 10 —— BeamLine-8 delayed
-.-m 1 =-—- Basement 0.5 m.w.e. prompt 1
-
CO [ Basement 0.5 m.w.e. delayed
% 10 I Basement 8 m.w.e steady-state
=
g 1072 [if | I 1
= LM - | B
a 10—3 J-!l-l .-!IE-H-[:I:.}L r— o J- U -|_|'
= ] h I | I |
0 A
y 107 i TR
il IR I | :
10° R A R
| |
10—6 .lu -'|| .:E:i: | l | L

0 20 40 60 80 100 120 140 160 180 200
neutron energy (MeV)

Forthcoming measurements w/
multiplicity and recoil spectrometer
(MARS) detector
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Neutrino-induced-neutrons

correlated with beam

Photomultiplier tubes (PMTs) for liquid scintillator cells—

Aluminum ceiling plate —

Modular water
shielding

— Plastic scintillator panels

g L0 PE =5 NOPEF g (CC)

%
20—y B4 4+ 2y + yn

vy +208 Pp = 208pp* 4y (NC)

|}
208=y pp 4 v + yn.

Not just a “nu”-isance --
cross section is of
astrophysical interest, e.g.
SNv detection in HALO expt

—

We are measuring this
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A hand-held neutrino detector

B o

f/‘ e 14.6 kg low bkgd crystal in e-formed Cu,
PTFE reflector, super-bialkali PMT

e Na doping for lower afterglow

e shielded w/ HDPE, Pb, water + u-veto

sl[Na] detector
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afterglow (fraction of primary yield per us)
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Measuring the quenching factor
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e detect fast-n scatters with known kinematics
e Dominant systematic for Csl[Na] result
e Improved analysis within COHERENT forthcoming



In situ background measurements
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Gsl calibration and cuts
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Extracting the CEvNS signal

Acquire beam coincident and anti-coincident data

90 T T T - - T
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Time in waveform (us)

Construct expected signal from

known light yield, Q.F., flux, timing,

form factor information

—

construct measured signal vs time and p.e.

CEVNS V7 PDF

Res. counts / 2 PE

Res. counts / 500 ns
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Eirst results and impact

CEvVNS signal at
SM agreement at
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ee
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Meanwhile in neutrino alley...

—— Beam Delivered
—— Neutron Scatter Camera (BG Neutrons)
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22 kg single-phase LAr scintillator

F90

Built by FNAL, commissioned at IU
heated getter for ~1ppm purity
E,~20 keV, ~3 p.e./keVee

expect first CEVNS resultin ~1y

|
i Cryocooler System

Vacuum Jacket
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1072 §
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107 Water Shield Tank
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150
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e 185 kg compact Nal[Tl] array

® Measure inclusive *’I(v_,e’)Xe" cross section -- nuclear
modeling/address g, quenching

e Expect 0(5-10) evt. per month

e u-veto upgrade in Nov 2017

e Bkgd characterization for ton-scale upgrade

Fe |%Fe(v.,e )*Co |Stopped n/u |KARMEN 256 + 108(stat) + 43(sys) |264 [Shell] (Kolbe et al., 1999a
Ga "(;.l(l', .e” ) 'Ge |"'Cr source GALLEX, ave. |0.0054 4+ 0.0009(tot 0.0058 [Shelll (Haxton, 1998)
“Cr SAGE 0.0055 £ 0.0007(tot)
T =T PASowde BAGET 7T 0055 E 0.0006(tor) T | 00070 [Shel (Balical, 987 = = |
l"""‘l :l“ql(u,;.(' )" Xe iSl()ppui n/u_ |LSND i'.!H'I + 91(stat) + 25(sys) j'.?l()-:il() [Quasi-particle| (Engel et al., 1994)

_—_—_—_—_—_—_—_—_—_—_—_J
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A look ahead

We have detected CEVNS at 6.7 o, with good
SM agreement -- Csl[Na] data-taking
continues

Improved background studies with
Nubes/MARS

10 kg PPC Ge, w/ future upgrade to
state-of-the-art tech -- study e.m. properties
Nal: 2-ton CEVNS sensitive upgrade
Further NIN studies, several prospects for
additional target nuclei for improved
nuclear-, astro-, and particle-physics reach
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