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Coherent effects of a weak neutral current

Daniel Z. Freedmant
National Accelerator Laboratory. Batavia, fllinois 50510
and Mnstitute for Theoreticak Physics, State University of New York, Stomy Brook, New York 11790
(Received 15 October 1973; revised manuscript received 19 November 1973)

If there i5 a weak neutral current, then the elastic scattering process v+4 —p +.A4 should
have a sharp coherent forward peak just as e + A —e + A does. Experiments to observe this
peak can give important information on the isospin structure of the neutral current. The
experiments are very difficult, although the estimated cross sections (about 107% cm? on
carbon) are favorable. The coherent cross sections (in contrast to incoherent) are almost
energy-independent. Therefore, energies as low as 100 MeV may be suitable. Quasi=
coherent nuclear excitation processes v +.4 —u + A*provide possible tests of the conservation of
the weak neutral current. Because of strong cohorent effects at very low energies, the
nuclear elastic scattering process may be important in inhibiting cooling by neutrino
emission in siellar cellapse and neutron stars.
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= “Coherence”: G
g: momentum transfer
> AGIEEE <50MeV qR S_; 1 R: nucleus size V qR > 1

v v

Aluminium: 1/R = 60 MeV
Lead: 1/R = 30 MeV
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Cross-section (10 cm?)
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Neutrino Energy (MeV)

: ,_
do(E,.T) _ Z{Q?ﬂM (1 B ﬂ) F(Q)? ~ N2

dT 2E?

N ~40 > N2=1600 = detector mass 10t = few kg
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Coherent Neutrino Nucleus
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"Our suggestion may be an act of hubris, because the
inevitable constraints of interaction rate, resolution and
background pose grave experimental difficulties for

elastic neutrino SCﬂﬁ&‘ﬂﬂg.” -Daniel Z. Freedman. 1974
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Flux [v/ (MeV s)]
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Low energy v‘s from accelerators:
1019 n-decay-at-rest (DAR) v source
= Different flavors produced

(0 % s o ™ relatively high recoil energies

. g Lo i R L “\\‘\‘\ => close to de-coherence
10 S\
1013 p— -::I-:.. Reactors:

s +| Lower v energies than accelerators

10 I :{ Lower cross section

. ,1573:::::-377' l i Different flavor content

L= 05 1.0 50 100 50.0 implications for probes of new physics
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= Using accelerators neutrinos: larger E, = larger recoils = “easier” detection ‘ﬁrg

gﬁ?‘ Sl

=  Multiple detectors placed 20-30 m away from neutrino source
(107 cm?2 st @ 20 m)

= Up to = 100 events/yr expected

= Neutrons most dangerous source of backgrounds: from SNS itself &
neutrinos induced neutrons on PB and Fe

= 10 neutron discrimination factor thanks to pulsed structure of

beam
Target Technology Mass Distance Recoil threshold Data-taking start date/
[kgl [m] [keVnr] CEnNS detection goal
Csl[Na] Scintillator 14 20 6.5 Sept. 2015; 3cin 2 yr
Ge HPGe PPC 10 22 5 Early 2017
LAr Single phase 35 29 20 Dec. 2016
Nal[Tl] Scintillator 185 28 13 Summer 2016




Res. counts / 2 PE
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COHERENT experiment (stopped ® beam 30-50 MeV neutrinos)

4 different detector technologies

- 14 kg of Csl scintillating crystals
- 35 kg single phase LAr detector
- 185 kg Nal scintillating crystal

- 10 kg HPGe PPC detectors

SNS source with v flux of 4.3 - 107
vicmz/s @ 20m

First COHERENT result July 2017

15 month of live-time accumulated
with Csl[Na]

6.7 o significance for excess in
events, with 1 o consistency with
the SM prediction

. Beam OFF

5 15 25 35

5 15 25 35 45

N UITIDEI" Of DhUtDE|ECtan5 {pE} D. Akimov et al., Science 10.1126/science.ano0B00 (2017)
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Combine:
MAX-PLANCK-INSTITUT " .
\\\\ FUR KERNPHYSIK - highest neutrino flux = close to power reactor
@K € M® HEIDELBERG - lowest detection threshold & R&D
\\\\ - best background supression = “virtual depth” SC!V U S(
The Brokdorf (Germany) power plant: coaxial HPGe detector (m,= 1.8 kg)
radio-pure passive shielding:
- Pb and Cu against external radioactivity
thermal power 3.9 thh - borated PE to capture and moderate neutrons
. active veto:
detector @ d=17m - plastic scintillators with PMTs
9 v flux: 1014/' szf S - 99% muon veto efficiency (dead time ~2%)
ca. 50 kW/m?2 in V¢s main purpose: material screening
very high duty cycle detector depth  p flux Bkg rate [45,50] keV
[m w.e.] reduction [kg~1d—lkeV~1]
=» most intense integral neutrino flux Gemma-l[5] 70  ~10 21+£07

= Texono[6 25 ~ 4 1.3+05
E_ up to ~8 MeV — fully coherent GIOVE[[7]] 15 7.3 04101
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Ny: PHADIEESHER6.02214e23 , B : FE , #RMIE , my: RTFHERRE

N CNNS CNNS CNNS IBD
0-12MeV *F ¥ 3 68x10-3° 1.10x10°3° 1.36x10°38 1.99x10-43
RNV EE (em?)
10kg YT 8.36x10%5 1.5x1026 4.6x1025 7.0x1026
T E
10ng BR™E 3351 1728 6974 74
|
10kg #EY) K] 138 12.5 3.33 14.8

R (m3)
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Geantd4+NESTgfEER M 224441

USE SPREADSHERET FOE MEAD

NEST vl. CHNUCLEAR RECOIL

T-1 param B -ilon 'K facte
2.9 a0n 3. TFE-02  1.00 0,001043 0, 139244
2.9 a00 3. TFE-0Z2 2,00 0, 002087 0, 139244
2.9 BED 3. T1E-02 0,15 0,000157 0,13%244

£

“z1" or "alphal® "22" or "alpha2” (extraction efficiency x SE
S 1= =01 10 W e RIS
0.1 0. 662218 20 288, 5785 0. 2879658 131 > *ﬁ?@i%ﬁ]gﬁﬁf
0.1 0.004138 20 21. 41433 0. 0151991 131 > BFHNE KL)\&EE},,R@HJL@
> 5‘655,1“132""’8']?6% EEEHE
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ArBE M ZBIEH XeEMHEZEIBE GeE kMEHIZH
(/10kg/d) (/10kg/d) (/10kg/d)

vIga =k

1728 6974 3351

BB —XF FL 72 S H 4% >0.023keV % >0.012keV = {#% >0.0078keV

A04) ANFHF>1.17MeV AGHTF>1.5MeV AT HTF>0.9MeV
1353 4226 2587
ERGTREKE MIT%~>0.4keV [ #%>0.15keV To TR R I A R 1
¥, JFH®EW 235 520 7£200eV;
%20.pe NS A3 F> 4.5MeV
511
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2MeV gy 2 AT LA 10cm a9 PbeR 1263 %,
f i SHa9 K R S511ke VAR R AT

10cm 100000 37330 63%,

15cm 100000 32024 68%,

20cm 100000 31358 69%
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i : —— Neutrino Events
$e€%%’£i§ --------- Betas from Ar39 decay
A Neutrons with shield
--====== Gammas with shield
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YAreg 6922 1Bg/kg, BR Z F4#4£0.005//s/keV/kg
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--------- Siganl+Background distance with 10m _
10t Siganl+Background trun on
10°* Siganl+Background distance with 15m
%
%
. i +
“-.' ----------------- Siganl+Background distance with 20m Siganl+Background turn off
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Light readout in gas
(PMTs)

Gas * Eg
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Scintillation light
VUVAS\?V

lonized Molecule \

Recombination

Excitation Excited Molecule

lonization
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Light readout in liguid
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PUEFEZEES (GeV)
»500uCi %4’Am 60keV gamma
> XEFERMIE ( 5.9keV3SFellR )
2018F6HIDZIg
»SiPM FIPMTHILLER

> YHESHIBRESHILLER ( triple-GEM , TGEM , Micromegas... )
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