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Motivation

Measurement of the neutrino properties is a very important task for a
particle physics, astrophysics and cosmology. Being one of the most abundant
particle in the Universe its detection is very challenging due to a very weak
interaction with matter.

GEMMA-IIT is a continuation of predecessor
projects GEMMA-II and VvGEN. It aims to
investigate neutrino properties:
« Search for Magnetic Moment of Neutrino
(MMN) (expected sensitivity ~ 9 10-12 )
« Investigate  Coherent Elastic  Neutrino
Nuclear Scattering (CENNS) :
o Sterile neutrino
o Non-standard neutrino interactions
o Reactor monitoring
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Magnetic moment of neutrino

Minimally-extended Standard Model
(¢ - Bohr magneton)

Different SM extensions predicts:

Majorana neutrino:

Dirak neutrino:

Observation of MMN would be a new physics
beyond the Standard Model

experimental
sensitivity
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Magnetic moment of v
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The best terrestrial limit on MMN was set in GEMMA-I experiment:
u, < 2.9-10-11 p,
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CENNS

Coherent elastic neutrino-nucleus scattering -
allowed process in Standard Model it was never

observed for reactor neutrinos. Vv v\/

It is important for: 0
« Astrophysics and cosmology. Irreducible Z
background for dark matter experiments.
« Good tool for searches of non-standard
heutrino interactions. A A
« Can be used for sterile neutrino searches.
« Reactor monitoring.
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CENNS "\\/V

da Gz $Z°

F
=T EZ (1+ cos@)N*F*(Q*) A

A
= E, <50 MeV (full coherency ~ 30 MeV) E':]
= Cross-section is being proportional to the 10 A
humber of nuclear target neutrons squared. :
= Several orders of magnitude higher than "usual” "%
cross-section of neutrino. i
= Energy of recoils is very low (usually less than 10t
few keV). ﬁ
= Moreover often only part of its energy can be 10'f
detected (for Ge detector ~ 20%) [ e
= Recently COHERENT experiment claims to 10° : s
detect CENNS, however with a rather high R L AL AL S A A Ry -

energy v from accelerator, close to its
coherency limit. We are going to check this
result.
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Neutrino detection

Neutrino scattering give b o
continuous spectra at low B B B
energies. -
Hard to distinguish from a il
background or noise 1\
Small number of events 014
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recoil energy, eV

To detect CENNS or MMN we need:

Powerful source of neutrinos

Detector with a very low threshold and good resolution
Low background

Clear separation of background events from the signal
Good efficiency and big detector mass
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Neutrino source
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GEMMA-IIl

Experimental setup is located only at ~ 10 m from 3 6W reactor's core. The available
neutrino flux is > 5-10!3 v/(s-cm?) - the highest in the field. Experimental setup is located
under the reactor -> ~50 m w.e. (good shielding against cosmic radiation)

]

Puc. 5.4. Anepusiit peakrop BBOP-1000
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GEMMA project

GEMMA-TI (done) * Long and successful history of
1.5 kg HPGe, collaboration with KNPP

~ * (The best limit p, < 2.9-101 y; was
IZr;s::()l:in re:aacl:('l'ec:/r‘ obtained in GEMMA-T)

bkg ~ 2.5 cts/(keV kg day)

GEMMA-II vGEN (under the constraction)
~ 4x0.4 kg HPGe,
threshold ~ 350 eV
10 m from reactor
bkg ~ 1 cts/(keV kg day) at LSM

GEMMA-TIIT (preparation)

4 HPGe (5.5 kg total)

threshold < 200 eV

10 m from reactor

background < 1 cts/(keV kg day)
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Detectors vGEN

Low-threshold HPGe detectors were developed in a collaboration JINR with
BSI (Riga, Latvia). More than 50 samples were tested at LSM underground
laboratory (Modane). Sources of higher background in GEMMA-IT were found.

L/ \
U
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VGEN spectrometer

« Detectors resolution ~ 170
eV (FWHM)

* Threshold ~ 350 eV - enough
for CENSS detection

« Keeping such parameters
with a background level of
about 1 cts/(keV kg day)
would allow to detect of ~ 10
events from CENNS per day
(background level is ~ 1
cts/day)
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Lifting mechanism

For signal determination

we will use:

* Data during
reactor OFF/ON.

 Lifting mechanism
changes distance
from the reactor core
(~10-125 m).

* Allows to decrease
significantly
systematic
uncertainties ina
background
determination.
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Measurements at LSM

The radiopurity and the performance of the detectors were tested at deep underground
laboratory LSM (Modane). For the energy region from 100 to 600 keV the background
index was found to be 0.66 + 0.03 cpd/(kg-keV). For the region from 20 to 100 keV it is
1.11 £ 0.07 cpd/(kg-keV) without PSD.
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Figure 5. The low energy spectrum for detector N4. The energy scale was calibrated with clearly detected
1.3keV and 10.37 keV cosmogenic lines. The low energy part of the spectrum is shown as the insert with the

logarithmic scale.
V.Belov et. al, 2015 JINST 10 P12011
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taking with help of real fime ADC using different shaping times of amplifiers.

energy[3] (6 us), keV
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Measurements at JINR

After radiopurity tests at LSM , detectors were moved to JINR (Dubna). A new
acquisition system has been installed. Signal from germanium detector currently we are

Part of the spectrum of germanium detector 4 taken for 3.01 days
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- Signal events yd .
-HF noise - | / - = 10
/J e
— 10?
10

4

6

8

GEMMA-III, PAC 2018, A.Lubashevskiy

10

energy[4] (10 us), keV

12

15



Measurements at JINR

Using difference in energy reconstruction by different filters it is possible to
suppress high and low frequency noises. In addition to such cut we suppress
periodical noise as well.
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Part of the spectrum of germanium detector 4 per 3.01 days

B \'ithout cuts
I  With 10 us cut
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With 10 & 4 us +time cut
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Detection efficiency

Detection efficiency was tested with pulse generator. It was demonstrated at the
energies > 350 eV detection efficiency is more than ~ 70%. That is sufficient for
CENSS detection.
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Passive shielding:

10 cm copper

« 8 cm borated
polyethylene (3%)

« 10 cm lead

« 8 cm borated
polyethylene

+ muon veto (5 cm)
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Installation at KNPP
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To decrease radon background internal parts are being vented with N2.

17.11.2017 GEMMA-III, PAC 2018, A.Lubashevskiy



Installation at KNPP
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Installation at KNPP

First measurements with vGEN spectrometer showed that copper shielding from
GEMMA-I has contamination of 13’Cs much higher than we expected. We
performed several iterations of cleaning it, but they were not enough efficient.
Therefore we bought new ultra clean copper, it will be installed instead of current
one. It radiopurity was tested at LSM (October 2017).
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Scintillation plates (5 cm thickness) for muon veto were produced and tested at
DLNP, JINR.
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Plans for vGEN

- Install new shielding together with muon veto
* Check background level in the final configuration

» In case of higher background we could used internal
active defense from Nal.

- Detect CENNS

» Upgrade experimental setup using newly produced
CANBERRA detectors (they have much better energy
resolution and threshold - GEMMA-ITII setup).
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Detectors for GEMMA-III

Last years technologies for the detector production went to the new
level. CANBERRA can produce detector with a mass > 1 kg which can
reach resolution of better 80 eV (FWHM), than is allows to reach
threshold ~ 200 eV.

160 3,5

| * \
140 n S— 3
120 - E 3 \
2,5

< =)
>
L 100 =
] /)]
= 2 @
§ 80 - S
L 1,5 ==
L 60 - %
@
R7; 0 1 g
S 40 - e O
o it
29eV on small cryvstal
20 . . . U > 7 0,5
0 0
2004 2006 2008 2010 2012 2014 2016 2018 2020
= Crystal Mass (kg) === Pulser FWHM (eV)

Year

17.11.2017 GEMMA-III, PAC 2018, A.Lubashevskiy



Plans for GEMMA-III

* In the beginning of 2018 new CANBERRA detector has
to be produced. Dimension of the first detector 62x62
mm. Mass ~ 1 kg, resolution ~ 80 eV (FWHM).

+ After successful tests at LSM -> swap vGEN
spectrometer.

* In total we are planning to use four detectors with a
total mass of ~ 5.5 kg. Start measurements: end 2018 -
beginning 2019.

* Planned sensitivity to MMN ~ 9.10-12 u, after several
years of measurements.

+ Expected number of events from CENNS ~ 190 per day
will allow to investigate non-standard neutrino
interactions, sterile neutrinos,...
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Back up
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3a4eUCTBOBAHHLIU MepCOoHAs

Name Category Responsibilities Full Time
Equivalent (FTE)

V. Brudanin Head of department Administrative work, project 0.2
management

V. Belov Junior researcher Muon veto, MC 0.2

V. Egorov Head of sector Management, constructions, data 0.3
analysis

M. Fomina Junior researcher Muon veto, MC 0.3

A. Lubashevskiy Senior Researcher Data analysis, MC, commissioning 0.5
and administrative work

D. Medvedev Reseacher Data analysis, MC 1.0

D. Ponomarev Engineer Constructions, detectors  building, 1.0
testing. Experiment running.

M. Shirchenko Reseacher Experiment running. Data analysis 0.3

V.Sandukovsky Head of sector Detector configuration, constructions 0.5

S. Rozov Engineer Detector building, testing, calibration, 0.5
running.

|. Rozova Engineer Data analysis, constructions 1.0

I. Zhitnikov Junior researcher Experiment running, data analysis 0.2

E. Yakushev Head of sector Building, commissioning, running, data 0.3
analysis

D. Zinatulina Reseacher Muon veto, MC 0.2

Total FTE (Engineers): 2.5, Total FTE (Scientific staff): 3.9, Total FTE: 6.4
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HavmeHoBaHMe y35r10B 1 cUCTEM
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2. MaTtepuanbl ans KannbpoBok n
NacCcuUBHOW 3aLUMThI.

3. OnekTpoHuka NIM
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TTnaH-rpacpuk ana npoekta GEMMA-ITI

CroumocTtb y3noB [pepnoxeHus JlabopaTtopuin no

(TbIC.$). pacnpeaeneHuo MHaHCUPOBaHUA
YCTaHOBKM. M pecypcoB
MoTpebHoCTN B 1 ropa. 2 rop. 3roa
pecypcax
70.0 70.0
30.0 25.0 10.0 5.0
50.0 40.0 10.0
55.0 35.0 20.0
215.0 170.0 40.0 5.0
600 200 200 200
215.0 170.0 40.0 5.0
45.0 20.0 15.0 10.0
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HanmeHoBaHue ctaTteu 3aTpart

KomnbroTepHas cBA3b

OOJ3IT NAr

Matepuarnbl

O6opynosaHue

Onnata HAP, BbinonHaeMbIX No
gorosopam
KomaHanpoBo4HblE pacxoabl,
B T.u.

a) B CTpaHbl HepybneBoun 30Hbl
6) B ropoga ctpaH pybnesou
30HbI

Utoro no NpAMbIM pacxXxonamMm.

NMonHas 1 ropn
CTOMMOCTb
6.0 Tbic. $ 2.0
600 Hopmo/yac 200
40.0 Tbic. $ 25.0
175.0 Tbic. $ 145.0
6.0 Tbic. $ 2.0
60.0 Tbic. $ 20.0
5.0
15.0
287.0 TbIC.$ 194.0
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Investigation of neutrino properties with

the low-background germanium spectrometer GEMMA-III

GEMMA-III
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GEMMA-IT
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Main problem is background (level is
~100 times higher of desired value)
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Quenching
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Expected number of events

N
o
o
o

100

N
o

0,01

1E-3

1E-4

1E-5 4 T T T T T T T T T T T T
0,1 0,2 0,3 0,4 0,5 0,6 0,7

Threshold, keV

number of events above threshold, counts/kg/day
o

17.11.2017 GEMMA-III, PAC 2018, A.Lubashevskiy 33



Sensitivity

, - humber of signal events expected
: background level in the ROI
: target (=detector) mass
. measurement time
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Qy ~ 2.7%x108v/cm?/s

t ~ 4years

B ~ 25 keV-1kglday!
m ~ 1.5Kkg

T, ~2.8keV
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KorepeHTHOe pacceaHue v
TTouck KorepeHTHOro paccesHUs HeUTpUHO %ﬁ‘%‘{x

OCYLLEeCTBNAETCS BO MHOTMUX 3KCMepumeHTax: | ﬂ‘@ ”’/SNS
Ricochet, MINER, CONNIE, CONUS, (C& =
COHERENT, vGEN... B aBrycte 3toro roaa
konnabopaums COHERENT  3assuna 06
ObHapyXeHUU  KOrepeHTHOro  paccesHus
HenTpuHo, oT  yckoputena SNS  Ha
cumHTUnnatopax CsI. Pesynbtatel nony4veHbl
C  AOCTATOMHO  BbICOKO3HEpretTUveckumm
HEMTPUHO C 3Hepruasmum 6nNmUskumMm K rpaHuLe
KOrepeHTHOCTW.
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3HAUUTEsNbHO BbIlWe. Takxke NiaHUpyeTcs

MOUCK HeCTaHAAPTHLIX B3AUMOAEUCTBUI
HeUTpUHO.
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