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Coherent Elastic Neutrino Nucleus Scattering (CEVNS)

scattered
0 neutrino Predicted more than 40 years ago within Standard Model (SM)
/;7 s D.Z. Freedman, Coherent effects of a weak neutral current, Phys. Rev. D 9 (1974)
Y 1389
bogon nuclear s Kopeliovich V B, Frankfurt L L JETP Lett. 19 145 (1974); Pis'ma Zh. Eksp. Teor. Fiz. 19
recoil _ 4 236 (1974)
_ a / d 2 in 2 2
o o G N — (1 —4sin“ 0w )2 2
— = ——k*(1+ cos 9)( ( w)Z) F2(Q*)| ©€ N-
/ 3 df 472 4
gzsefg’cnodi@ry where G — Fermi constant, Z— number of protons, N — number of neutrons, F(Q?) — nuclear form
scintillation factor, Q — momentum transfer, k — neutrino energy, 8,, — Weinberg angle
- 3 . .
B R e T ® First observations:
E v,1icc Pb v, NIN 2n o
: c o -
€ L o o Cs & | - Experimental point by
s F = . COHERENT: Science Vol. 357
S - S e i, o | | —1(2017) 1123
é ? 8 COHERENT Measurements
3 I o 105 e  SM Prediction i ] .
g e g = FF = unity o LAr - Experimental point by
5 S [ o Kentwswnefe 1| COHERENT: arXiv: 2003.10630
F 10| (2020)
; o 70 20 30 40 50 60 70 80 9ol

Neutrino Energy (MeV) Neutron Number



CEVNS around the World
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RED-100

* Two-phase noble
gas emission
detector

e Contains ~200 kg of
LXe (~ 100 kg in FV)

e 38 PMTs
Hamamatsu
R11410-20 (19 in
each PMT array)

* Thermosyphon-
based cooling
system (LN,)

Titanium

cryostat ; j

Top PMT
array

Electrodes
&
{ji%l(gisshapmg

Sensitive
volume LXe

Bottom PMT
array




RED-100: schematic layout of grids and PMTs
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Two-phase emission detector technique

Very suitable for CEvVNS study. It
combines the advantages of gas
detectors: the possibility of proportional
or EL amplification, XYZ positioning, and
the possibility to have the large mass!

Time

S2

This method was proposed by Russian
scientists in MEPhI in 1970:

B.A. Dolgoshein, V.N. Lebedenko, B.U.
Rodionov, JETF Letters (in Russian), 1970,
v. 11, p. 513

Drift time
indicates depth

L S1

Two-phase emission detector with PMT
matrices for rare events study:

Bolozdynya A. |., Egorov O. K., Rodinov B.
U., Miroshnichenko V. P. (1995). Emission

detectors. IEEE Trans. Nucl. Sci. 42:565- S
569 —— ionization electrons LUX Collaboration

NN UV scintillation photons (~175 nm) image by CH Faham (Brown) 7




Single Electron (SE) detection

e Capability to detect
single ionization
electrons (SE) was
demonstrated

* Projects for CEVNS
with LXe two-phase
detectors appeared
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RED-100 assembling
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RED-100 performance: LXe purity

”Mo!dodyr” spark-discharge
els

8

purifier
* EIeCtronegatlve D.Yu. Akimov et al., }Ng,;/{.rr /170

Xenon was contaminated
by highly-electronegative

. . impurities presumably
Im p urities catc h t h e :;;tlr;)n:‘.oEzp;:;ch. 60 | ‘4 due to the use of a special
. . . - ~HE It fluorine-containing high-
ionization electrons it ! molecular-weight
. . . 5 ' L lubricant in gas
* Purification in two stages 7 i centrifuges.
. 3\\\.
1%%: spark discharge ~ |-
technique with ~dl T After purification, the
" . py X-ray tube as a source of ?:g\\ -5 LB achieved lifetime = 50 us
M OJ d Odyr ionization electrons for df St g B for ~200 kg of LXe
. . . e lifetime — .
2"d: continues circulation of measurements

Xe through RED-100
and SAES

10
f Iy
o o O_l"“" .'.
* Electron lifetime of , | : | ¢
- E ;1035‘
several milliseconds was ﬁ e
° E 104 | fit range 3 : :.,".
achieved
i b : -’
Time, UUs 10




RED-100 performance: SE

250

200

e SE is a cluster of individuals
SPEs (single photo
electrons)

150

amplitude, ADC units

100

50

 Typical duration ~ 2 ps i

e ~ 30 SPE/SE for RED-100

Typical single electron (SE) signal
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RED-100 performance: gamma calibration

e Gamma calibration was Gamma calibration Position reconstruction for 22Na
done = 10 50 : "

* Position reconstruction Y8 60Cq ary L
tested 5 6 o 2 i

* LRF obtained for the top B 4 T i ? :
PMT plane : Na "E'Zj? s

. =
e Electron extraction S | 1.-{&1&
m 0 200 400 600 800 1000 1200 1400 "e

100 200

efficiency (EEE) -ray energy, keV Mg i
e S2-based only

* Ng = 2’Na peak position/SE = ifﬁ%giﬁgﬁéssmwna*
area = | EEE ﬁ 2 LRF example
e N. — from NEST @ Ed =0.217 g : ?;u?g E.I\/I.Gushchin et al.,, Sov. Phys. gﬁﬁlo,
kV/cm r Z o6 }ﬁ§ JETP 49 iss. 5 (1979) 856 £y
 N.* — corrected for electron = o+ § aXw1904.02885 g
IifEetime - e [physics.ins-det] 7y
02— "B
* EEE = NSE/NE* =0.54 £0.08 00: S T S e 50 100 TR :250 --30-0
@ EeXtr = 3'0 i 0'1 kV/ Cm Electric Field - liquid (kV/cm) Distance from PMT center, mm
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RED-100 performance: “spontaneous” SE

* An increasing of SE rate after

A PO i T 11 (2016) no. 7
energy deposition in liquid noble ji Sg;e;‘ge(gbférs;ng'zn 002032 JINST 11 (2016) no.03, C0300
gas detector was observed by b il et it SR N i
several groups 1 L Ui | 3 F
° TWO Components: g- i J “ % 102_ const  0.249 + 0.000
1. short, but more intense, caused o g
by emission of the electrons I e e N S
trapped at LXe surface tme 1 2 HMMHH
2. long, but less intense; unknown 2 S P e T
mechanism, decreases with time 770 \ e time, ms
as p‘ﬁ.”ty mcdrealse, POSS'?ly't o g Observed in ZEPLIN-III: JHEP 1112 (2011)
catching anad refeasing e ectrons £ 115, arXiv:1110.3056 [physics.ins-det]
by impurities (correlation with i ST I ’ S PRysIcs.
purity (of LAr) was also observed ’ gt o™

In DS50)

e Electron shutter in RED-100
* To minimize 1%t component
* Muon is a trigger

D.Yu. Akimov et al., Two-phase emission low-background detector (in Russian),
Utility model patent RU 184222 U1, 2018

* SE rate was reduced by factor of ?;2!'"""""'ZIZZIZZIIIIIZI’.IIIZZIZZI
about 3 Gl_::::::::::: ....................................
« Still high SE rate of the second ﬂ LXe
component (250 kHz) in the lab | | ‘ ’
* Expecting reduction at the site of il

KNPP in a factor of about 5

13


http://arxiv.org/abs/arXiv:1110.3056

RED-100 at KNPP

KNPP — Kalinin Nuclear
Power Plant

2757

19 m from the reactor
core

* Antineutrino flux

~ 1.35*%1013 cm2s-1

~ 65 m.w.e. in vertical o
direction / L p— Ppmmm i ’ AV TG

* Passive shielding: :

| {(~330 mwe) |
e 5cmCu
e ~60cmH,0

Neutron flux

lab (Stanford)

I pit
SON?S (unit 3)

NNNNNN

Novgorod

HwxHui

H°B"§p°ﬂ aaaaa

aaaaaa
o

neutrons / cm?/ s

1 10 100
g depth (meter water equivalent)
Image by J.1. Collar 14
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Passive shielding

Assembled and tested
in MEPhI

Copper shielding

il




Passive shielding

I%awkground measurement with Nal[Tl] and fit with MC
* Restrictions in space and é packground (exp)

Total fit

kg/m?2 at KNPP

232Th (MC)

IIIIIIII T T TATTTIT

%‘ . 238 (MC)
10° 40K (MC
* 5¢cm Cuand ~ 60 cm \“\N "
water e e
* Reduction of gamma 1% h
baCkground in a fa Ctor Of 15:(IJOI - 1'o|06 - 1'5|06 ' 1201061 ' '2510(3' '3000 3500 ”‘Iu 0 5000
. Energy (keV)
700 accordlng to tests MC background at the external cryostat surface
and MC E 1032_ = No shielding
o = m—— Only water
* MC for neutron : wzmm B

background reduction is 10 Mll‘” I
on going 1\‘%«% AL.W

1 1 | 1 1 1
500

1500 2000 2500
Energy (keV)

1 | 1 1
1000




Estimation of CEVNS count rate at KNPP

* Main background - Ay e . -
: H value stimate xpecte \%
aCCIde?taI CCBL_I nCIdenCSe EOf in electrons background at KNPP, count rate at KNPP,
several spontaneous events/160kg/day events/160kg/day
* But:
* CEVNS events are point-like no cut no cut
events 2 5.3:107 465
e Background is mostly NOT 5
ooint.like 3 4.4-10 129
: L 4 2.7-10° 35.5
* Simple point-like cut was l
tested, and it works! 5 13.7 10.6
. 102
* More about it and about the 0 > 710 —
development of better point- We can detect CEVNS with threshold of ~ 4 SE
like cut in the next talk (Olga Taken into account:
Razuvaeva: Point-like events > Recent data on ionization yield in LXe for NR
searching in RED-100) » EEE = NSE / N*E = 0.54 +0.08

» Factor of 5 reduction of muon rate = 50 kHz spontaneous SE rate
» Poisson flow of spontaneous SE 17



Timeline

Are you currently self isolating at home but also
have many important experiments to do in the lab?

The solution:

Long Glove Box ™

you stay
at home

— long gloves — reach lab

© Found somewhere in Facebook

* Despite COVID-19 situation we
are in time!

* 2020

e October: improvement of water
tank and its test; packing the
detector and all the stuff;

preparing for shipment
* November: shipment to KNPP;

background measurements on
site

* 2021

* Winter: deployment;
background measurements and
analysis

e Spring: start of data taking
2022

e Data analysis
* Prolongation of experiment (?)

18



Conclusion

e RED-100 was assembled and tested @ MEPhI

* Excellent electron lifetime of several milliseconds
* Electron extraction efficiency = 0.54 + 0.08 @ 3.0 £ 0.1 kV/cm
* SE gain is about 30 SPE/SE

* The electron shutter was tested: the spontaneous SE rate suppressed but still high

* Estimations based on our tests show the possibility to detect CEVNS at KNPP with
a threshold of ~ 4 SE (progress is ongoing)

* The results of the first lab test are available: Akimov D. Yu., et al. JINST 15.02
(2020): P02020

* We are in time: shipment to the KNPP by the end of this year!
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CEVNS around the World

Gaseous spherical

proportional counters _
Composite of Zn- and Ge-based

bolometric detectors
Vew2 CaWOs and Al203 ——
bolometric detectors

Germanium detectors

-

RicecHET.

(LAr @ Rx)
&

LAr detectors

AAAAAAAAAAAAAAAAAA

Super-CDMS-style
Ge and Sj detectors
Research reactor with movable core

CO/VNi(e
Silicon CCDs 21



In Dark Matter search
experiments, the progress of
setting limits has increased
significantly when liquid noble
gas detectors (two-phase)
started operation
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Noble gas detectors and CEVNS

Ge ionization
Csl and Nal

mk-Ge current
ZEPLIN
XENON

LUX

mK-Ge future
noble lig. single

----4&

Spin-independent cross section (at MW ~ 50-100 GeV) [cm2]

noble lig. double
1 | | | | | I | ]

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026
Time [year] Fig. from L. Baudis 2014

15t proposal (in 2004); LAr detector

UV sensitive PMT or APD —[]
_—
\
Gaseous Ar —_| |

Electroluminescence Gap

C. Hagmann and A. Bernstein,
Two-Phase Emission Detector for Measuring
Coherent Neutrino-Nucleus Scattering

Purified LAr _
P=1atm . IEEE Trans.Nucl.Sci. 51 (2004) 2151
T=87K
p=1.4g/cm®
LAr —
Vacuum —p From Akimov D. talk @ INSTR20
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lonization yield for sub-keV nuclear recoils

7 years ago Now LUX data
There were no data < 4 keV,,
10‘ A
9 | ‘r —— +
%J —— e L..+ S Q*_ .
— B
S A
2 ¢
> 51
N '
:;e ] 4 This work, 220 V/cm
@) _+ 4 Aprile 2018, 190 V/em
X 4 LUX, 180 V/cm
N 3-
! & ! ! ! NESTv2.0, 220 V/ecm
1 | ﬁ |||||||i 1 1||||||i 1 1||||||i 1 NES-I'-TNObiE""i ' ' ' ' ""1'0
-1 . .
)We consideréd 10 ocoil enerdd kev Element Simulation Bv{gy (keV)
“optimistic” and “realistic” scenarios Technique New data by LLNL

From Akimov D. talk @ INSTR20  grXiv:1908.00518 23



Energy spectrum

vV, energy spectrum from nuclear reactor Xe and Ar nuclear recoil spectra
e
g [ g
S S 4 L=19m
3] — = =
310" | L=19 m S|E
X — = -
‘O_ : 81 3 —d
= F 8 =
L g - \
(0]
10° = 10° = region of few ionisation electrons
- 10 =
B = Xe
10° — N
= 1
B 10—
Lo v v v v b vy v b v v b v v b v v by a oy 1111 10-§llll|llll|l"l]l|IIll[llllI||||;”"|II|II”II"|" l||
2 3 4 5 6 7 8 9 10 0 0.5 1 1.5 2 25 3 35 4
antineutrino energy, MeV recoil energy, keV

This is very challenging task, but feasible!
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Additional improvements to improve CEVNS/bckg

1 To increase EEE by increasing extraction (G2-A) electric field =
CEvVNS signal ff, however SE rate fI, but not significantly

For this purpose, additional Teflon isolator is
installed between G2 and A

2 To introduce smart blocking for the muon events: the

higher muon deposited energy, the longer blocking time of
the shutter (up to several hundred ms)

3 To study the influence of LXe purity on the rate of spontaneous SE events

4 To improve algorithm of of point-like events selection

25



Background measurements with Nal[Tl]

e Calibrated Nal[TlI]
detector was used for
the background study

* Thick Cu+Pb shielding
was used to get

internal + muons “ 50 1000 1500 2000
background W o o7 2indf 0910272
e 15 cm of Pb from the Sosk o N Yoot
bottom :
e Atleast 15 cm Cu from -
each side 0.04-
* 5cm Pb belt 0.03

R SN S S ST SO SN ST S ST SN AN ST ST ST SN AN SR ST ST SN AT SO S
500 1000 1500 2000 2500
Energy (keV)

e Publication is under
preparation
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