EDELWEISS/RICOCHET

O6’BeI[PIHeHHBII>i MPOCKT IpAMOI0O IMMOUCKa TEMHOM MaTepuu U MPECUU3NOHHOTO UCCIICAOBAHUA CEVNS ¢ HOBBIMH KPpHUOTICHHBIMH NCTCKTOpAMU

EDELWEISS:TIpsimoit mouck 4yacTUIl TEeMHOM
matepun, HPGe netektopsl mpu Temmeparype
~20 MK, HU3KOQOHOBBIE YCIOBHS B IIIyOOKOU
noa3eMHoi# 1aboparopuu (LSM)

B nocnennune 25 ner EDELWEISS siBnsteTcst
JUANPYIONTUM IKCIIEPUMEHTOM 10 MPSIMOMY
NETEKTUPOBaHUIO TeMHOM Matepun ¢ HPGe
JETeKTOpamMu-00JIOMETpaMHu.

bnarongaps HoBeHM pazpaboTkaM
HKCIIEPUMEHT OCTAETCS
KOHKYPEHTOCIIOCOOHBIM B 00JIACTSIX,
HEIOCTYIHBIX OonbiM Ar/Xe
HKCIIEPUMEHTAM.

YHukanpHasi COOCTBEHHAS] TEXHOJIOTHS
JeTeKTOpOB. HOBBIE reHepannu 1eTEKTOPOB C
VIYUIIEHHBIMU XapaKTEPUCTUKAMMU TS
Ka)KJI01 HOBOH (ha3bl IKCIIEpUMEHTA (HIDKE

boH, HUKE FHEPTETUUECKUH TTOPOT).



pa3zpaborannsie EDELWEISS, obnanaror
YHUKAJIbHBIMU CBOHCTBAMH MO
perucTpanuu HU3KOIHEPreTHYECKUX sijiep
OTIAYH.

Z
HoBrie n1eTeKTOphI-00JI0METPHI, R I E Eﬁﬁ ? >

10*

Oxunaercs, yto Biusinue Hosoit puzuku
OyZieT NMPUBOJUTDH K CIIEKTPAJIbHBIM
HCKaXCHUSM B 00JIACTH DHEPTHUH siep
OT/Ia4d, UHAYIIUPOBAHHBIX KOTEPEHTHBIM
paccesiHueM HeuTpuHo, HUxke 100 3B.
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Event rate [evis/kg/keV/day]

IIpennaraercsa pacluMpurb
HCIO0JIb30BAHNE 1€TEKTOPOB, 1
pazpadorannbix EDELWEISS, na

ucciaenopanust CEvNS B o01acTu mosiHou 107
KOTePeHTHOCTH (PeaKTOPHbIE

AHTUHEHUTPHUHO). JTA YACTh NMPOEKTA

nmoJyunsa Hazpanme Ricochet.

i 10
Recoil energy [keV]



Kopotko o Texkyuiei gase

*  HabGop naHHbIX ¢ HOBOM reHepaluei
nerekropoB siHBapb 2019 — urons 2020

* 11 Ge ngerexTopoB

—  YacTs KpHocTaTa HCIob30BaNach A
CUPID-Mo

*  (CpaBHeHUHeE pe3ylbTaToOB C IETEKTOPAMU

N . nusnosx{u'b}?ii)mm TES thermal sensor * RED30 33 g GE)I electrodes, NTD thermal sensor
Maccoii B 32, 200 u 800 r e rrrr— S
. “ NbSi209 Preliminary 10.4 keV RED30 Prelimi 10.4 keV
*  Cpasrenne NTD u NbSI-TES B i
1% = 1.3 keV
TepMHCTopOB o5 BleVe 1.3 keV o= 1.8 ev,.

DM 160 eV

®on BOomu3M 0 9B ¢ Ge neTekropamu, MPU . search
zone
UCIONIb30BaHUH 3((heKTa BHYTPEHHETO
ycunenust Heranosa-Tpodumona-Jlroka
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Enerav (keVee) Enerav (keVee)

EDELWEISS 6b11 cniocoden mosayuuth B LSM pekopanblii
ypoBeHb pona Hu:ke 10 k3B B MmaccuBHBIX G€ 1eTekTOpax
(~0.1 coonbITHE/KT/CYT./KOB)

*  PesyabTarhl 10 NOUCKY TEMHOU
MarepuH (B mpouecce)



Counts / 0.10 eV,

Hosble pe3yabTarhl B
2020 roay
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EDELWEISS Data

Excluded DM model Fy,, = 1/g°
0.5 MeV/c®, o= 3.5e-29 i’
e 100 MeV/¢®, o= 2.4¢-33 e’

g

2

o

0 5 10 15

Scattering of DM particles on electrons  Scattering of DM particles on electrons
ass mlng a heavy medigtor m’assumlng a light mediator

Kinetic mixing k of a dark photor
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C AOCTUTHYTBIM JHEPIreTUYCCKUM IMOPOroM B HECKOJIBKO 3B, IMOJIYy4YCHBI OIr'paHUYCHUA Ha YaCTHILI

% TEMHOM MaTepuu ¢ MaccaMu B paiione M>B/c? u nuxe.

B HOBBIX MOpensX Jierkoii TEMHOW MaTepuud B3aWMOCHCTBHE ¢ OOBIYHOW Marepuei
MIPOUCXOIUT YePEe3 CBSA3h TEMHOTO (POTOHA C OOBIYHBIM.

Mo:kHO OOHAPYKHUTH YePe3 PACCESTHHUE TAKOW TEMHOU MarepvH Ha JIEKTPOHAX.
[Npenckasanue Teopuu: 3aKpbeiTh Mozenb (ceuenume 1040 cm?) moxkHO ¢ 1 Kr Jier
CTATUCTUKOU C JIETEKTOPAMH, CIIOCOOHBIMU JIE€TEKTHPOBATH €ANHUIHBIE SIEKTPOHBI IIPH
OTCYTCTBHH (pOHA.



Event rate [events/kg/day/eV]
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Equivalent Number of e-/hi+ pairs for electron recoils
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KorepenrHoe paccesinue v

Hcnonb3oBanue 0010METPOB MO3BOJIET U3MEPSITh FHEPTHIO SAIpa HAa MPAMYIO, B OTJINYUE OT MOIYIPOBOJHUKOBBIX

JIETEKTOPOB, U3MEPSIOIINX NOHU3ALHUIO.
DTO AaeT BOBMOXHOCTh TOBOPHUTH O MPELM3UOHHOCTH U3MEPEHHUI.

Cuer B cyTku Ha 1 k3B B 1 kr Ge
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Texnonorum EDELWEISS B HoBOM
CyXoM KpuocTate pacrBopenusi *He-*He

s uzydenne CEVNS

Lens: srepreTudeckwuii mopor B 50 3B ¢ 1 kr

neTekTopoB (27x33 1), ¢ pakTopom
nozaasienus pona 103
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 — Electronic Recoil Quenching Q=1
=== 27 Electronic Recoil Band

=== Linhard Muclear Recoil Quenching
=== 20 Nuclear Recoil Band
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RICOCHET: nepssiii 3Tan B ILL (I'peno01n)

e 58 MBT uccienoBaTeabCKUil peakTop;

* aTerpanbuelii HOTOK HelTpuHO: 1x101° vicek;
* 20 coobiTuii CEVNS B cyTKku nipu ycTaHOBKE
RICOCHET (1 kr) Ha paccTossHUH 7 M;

 3-4 riuxita ON/OFF B rop;

e 3amuTa ~15 M BOJIHOTO PKBHBAJICHTA,

» Undopmanus or STEREO o HeitTpunHOM
CIEKTpE U (pOoHaX.

STEREO Coll., JINST 2018
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RICOCHET: Timeline

The Ricochet timeline is the following:

-End-2019: Nuclear site decision and first version of Ricochet’s Conceptual Design Report
(CDR) to ask for funding of the sctup at the chosen nuclear site to various agencies.

-2021: Ricochet’s Technical Design Report (TDR) completed, including the mechanical
infrastructure, the cryostat and tubing, the cabling and the warm electronics. The cold cabling,
below the 4 K stage, is already being designed in the context of the ongoing CryoCube and Q-
array R&D for which the fundings are fully and partially secured for the former and the latter
respectively.

=2022: Deployment of the Ricochet experiment at the chosen nuclear reactor site.

-2024: Deliver the first low-energy (sub-100 eV) high-precision (%o-level) CENNS measurement
alter one year of data taking leading to unprecedented sensitivities to various new physics

scenarios.

Time

Task

First year

Ricochet: complete building of all Ge detectors (1 kg).
their tests, building and commissioning of the cryo-
system, shields, supplementary systems. Start the Ricochet
implementation at ILL site.

EDELWEISS: using of new detectors in a special
detection modes for reduction of heat-only events.
Building and testing of new HPGe crystals with different
termistors. holders, crystal treatments, delivery of the
detectors to LSM, measurements.

Second year

Ricochet: Start of data taking. Background measurements,
calibrations. Improved MC model based on real data.

Implementation of Zn detectors. First results.

EDELWEISS: results with accumulated data. Decision
about further EDELWEISS detectors design. Selection of
materials for improved EDELWEISS setup at LSM.

Third year

Ricochet: data taking. results. Finalizing characterization
of NVNPP site for possible further Ricochet
implementation.

EDELWEISS: Upgrade of EDELWEISS setup at LSM
with new eryo-system/shields.




Obuwume 0b6asaHHOCTU:
C6opka ycTaHOBKU
3anyck

Habop AaHHbIX

TTposeneHue kanubpoBOYHBLIX
UusmepeHUU

MC

AHANU3 AAHHBIX

Hawa otseTcTBEHHOCTD!:
UsmepeHusa HeirTpoHoB
KoHTponb paaoHa

U3mepeHua paanoaktueHocTu
martepuanos

AKCNNyaTauus YUCTOU KOMHQTLI

CepTUPUKALIUA PAAUOAKTUBHBIX
martepuanos

Hosble netexTopbl (AeTeKTopbr C
HU3KUM 3HepreTU4ecKUm
NOpOrom)

KpuoreHHaa cuctema Ricochet

HBA3C

M1 yuyacteyem:

UsmepeHus HeiiTpoHos B
COBMNAAEHUAX C MIHOOHHLIM BETO

ba3a paHHbLIX



I/I3MepeHI/I$l HU3KHUX HeﬁTPOHHbIX MMOTOKOB

Closed shicld

Open shield
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Ouenka HeiiTponHoro ¢ona Ricochet

* 3mepenus Ha noBepxHoctu (JInon) c HPGe
JIETEKTOPaMH C €CTECTBEHHBIM (DOHOM U C
HEHUTPOHHBIM UCTOYHHUKOM,;

* smepenue ¢poHa ObICTPHIX U TEIJIOBBIX HEUTPOHOB
B TOM K€ 3aIlUTE OT €CTECTBEHHOIO (oHA U
MCTOYHHKA,

* smepenue ¢poHa ObICTPBIX U TEIJIOBBIX HEUTPOHOB
B ILL;

* CpaBuenue ponoB B ILL ¢ uzmepenusmu B JInone
— MOJIy4€HHE JaHHBIX 00 0)KMJIaEMOM KOJTUUECTBE
(oHa OT HEHTPOHOB B r€pMaHuUU;

e JIn3aliH 3alllUThl, OCHOBAHHBIM HA 3TUX JAHHBIX.

11 GBgq AmBe source emitting 600,000 neutrons/s

+ Mean neutron energy of 6 MeV

- Neutron flux at 4.5 m = 0.23 n/s/cm? leading to an
nuclear recoil event rate of 1.5¢6 per kg and per day
Usetful for Nuclear recoil calibration and signal
band determination and demonstrating the Particle
Identification of our detectors
Could it be used to evaluate the neutron moderation
efficiency of the Ricocher shield agains reactor

neutrons during the « Blank assembly » at IP2[ ?

Wzmepenus B iP2i

(a) Back view (b} Side view

Figure .3: AmBe source shielding made of milk brick for safety issue and lead on the front to shield against gamma,

when deployed at positions B and C.

1.3 keV 10.37 keV

. (L-shell) (E-shell) =
1 /’ \ Gammas

L SB PUSL TP SE SO SIS ‘\

Neutrons

e B

Noise blob REDSO
| 13



N3mepenus B |LL

spectrometer
\% < c; Il Heavy concrete
I }\ ,/ .‘f’ I Lead
Water channel | H Polyethylene
footprinr ,."‘ Boron-loaded rubber

Figure 3.9: Plan of Stereo casemate at ILL
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OT1OOp HU3KOPAAMOAKTUBHBIX MaTEPUAJIOB HPGe nerektopsr B LSM



OT1OOp HU3KOPAAMOAKTUBHBIX MaTEPUAJIOB
TectupoBaHue U MOATOTOBKA (M3roTOBJIeHUE) HU3KO(OHOBBIX 00pa3iioB B HIOACuPX

ITpunoii (60% of
and 40% of archP

— | —
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TECHNICAL REPORT
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Low radioactive NH4CI flux

N.A. Mirzayev,*-*"! D. Filosofov,” Kh. Mammadov,” M. De Jésus,* D.V. Karaivanov,*<
D. Ponomarev,” A. Rakhimov,” |. Rozova,” S. Rozov,” N. Temerbulatova,” Zh.P. Burmii®
and E. Yakushev”

binning is shown in the insert

5 Conclusion

NH,OH(25%)

“08ch 20-4" double distilled

I |

concentration with water

|

Purifying of HCI by DST-
1000 Acid Purification

‘ Preparing azeotropic

“0SCh 23-5"

Hl (37%) | H:0

System (Savillex)
I
—_— = | Drying at low pressure |=——>

[ Ma-;;l\eucst\rl:er l [

Final product =
dry NH,CI

In this work we present a new simple method implemented to produce low radioactive NH4Cl flux.
Given the successful results on the tested solders made using the prepared ammonium chloride
salt as the flux, the objective of creating a low-radioactive flux which fulfills the background level
requirements for rare event search experiments is achieved.

Nuclide | y-line, keV | Activity limit, mBg/kg Table 3. Results of ICP-MS elemental analysis of the NHyCl sample. A — “commercial” NH4Cl-Reahin

Pb-210 46 01 E’ — GOST-3T73-60 and B — this work custom-macde NH4C1L

Pb-212 239 2 % : w \Hq Elements | Derecrion limir A B Eements | Detecrion limir A B

Pb-214 242 10 H .y . (DL) ug'e (DL) ugte

Pb-214 352 5 8 o Mﬂﬂ Li 0.001 00032 | < DL Cd (.00 <DL | =DL
Bi-214 609 S o e Be 0.001 <DL | <DL Sn 0002 <DL | <DL

Ac-228 o1 3 jor o B 0.06 <DL | <DL Sh 0.002 00086 | <DL
K-40 1461 ” v—-—T----—-—L--- Na 0.4 28 |[=DL Te 00008 <DL | <DL
Bi-214 1?65 10 LA esg‘oLg,_ o Mg 02 <DL | <DL| s 0.0002 <DL | <DL

TI208 | 2614 5 e Comto o e s i s 05 ot L Al 0l 044 [<DL| Ba 0.003 0032 | <DL

accumalated during 34 days with deteetor’s background (solid lin). The same data with wider ~ 4012 Si | = [ e nil I nann noan [«




N3mepenus pagona




Braemnaas
SMEKTPOHNKA

T=100 MK
IlepBrIil yCHIUTEIBHBIN KacKas

T=10 MK

JleTeKTOpEI - OOIIOMETPEI

.ryoConcept

Description

HEXA-DRY 200 — Cryogen Free Dilution Refrigerator

The HEXA-DRY 200 dilution refrigerator has been designed to achieve three main goals:

LARGE INSIDE: to give to the user the maximum available space to set up his experiment.

- Dilution unit off axis
- T cooler parallel to dilution unit
- More than 50% of available volume for experimentation

Total Exd. VAT

19



WWER-1200 &S

bnok #6 HBADC
I'enepanus 3+ WWER-1200

MakcuMasibHasi TEII0Basi MOIHOCTh
3212 MBT

Arbitrary location for
the experimental
hall - 22.7 meters
away from the
center of the active
zone:
*  Neutrino flux:
=110 vf{cm?s)

M | -+ should be a good

averburden

i

Approximate  sizes
of the room:

width 5 m

length 8 m

height 3m

[IepBoe BO3MOXKHOE MECTO: -D.4 M

N3mepeHHbIi MAaKCUMAJIbHBIM MEOOHHBIN TTOTOK:

16.2 p M2 crepaguan cex?,

®daxkrop 7 Menblie, yeM B JlyoHe, ~50 MEeTpOB BOJHOTO
HKBUBAJICHTA

Heiirponnsrii motok: <10 M2 cex™,
®akTop nogasieHus 20.




JINR group human resources are:

Development of new low threshold Ge detectors: Assembly and commissioning:
New cryosystem for the Ricochet: development and running;

Development of methods for low background measurements:

Data taking (this includes daily routine procedures, as well as regular and sp
calibration mums);

Low background study and development of methods of neutron and radon detection;

Selection and production of less radioactive materials:

Detector simulations and data analysis: Publication of results.

Characterization of a NPP site for possible further phases of the Ricochet project.

eryosystem.
A, Salamatin Physicist Acquisition system 0.1
K. Shakhov Engineer Radon gas. radon emanation | 0.9
detection development and
measurements
N. Temerbulatova | Radiochemuist Radiochemistry. low background | 0.2
technique
V. Trofimov Physicist Cryosystems 0.3
Yu. Vaganov Physicist Calibration sources, spectrometry | 0.2
V. Volnykh Engineer Computer support 0.1
E. Yakushev Physicist Administrative work. radon and | 0.7

neutron measurements, detectors
building, commissioning. running.

cryosystem.

Name Category Responsibilities Time that each
participant  will
give to the work
under the Project
in relation to its
Full Time
Equivalent(FTE)

V. Belov Physicist NVNPP site measurements, new | 0.1

detectors, commissioning and
running.

V. Brudanin Physicist Administrative work

Yu. Gurov Physicist Detectors’  development and | 0.2

production

A, Inoyatov Physicist Spectrometry. calibrations 0.2

B. Kalinova Engineer Project support, low background | 0.1

technique

D. Karaivanov Physicist Low background technique 0.2

Z. Kazarcev Physicist NVNPP site measurements, new | 0.1

detectors, commissioning and
running.

. Khushvaktov Physicist MC. data analysis 0.3

A. Lubashevskiy Physicist MC. data analysis. cryosystem. 0.2

S. Evseev Engineer Detector building. testing. | 0.5

calibration, running, cryosystem.
V. Evsenkin Engineer Test of supplementary detectors. | 0.5
MC. calibration

D. Filosofov Radiochemist Radiochemistry. low background | 0.3

technique

N. Mirzaev Radiochemist Radiochemistry. low background | 0.3

technique
L. Perevoshikov Physicist Computer and calculation support. | 0.2
MC. data analysis, spectrometry

D. Ponomarev Engineer Neutron background | 0.3
measurements, detectors building,
testing. Expertment running.
Cryosystem.

A. Rakhimov Radiochemist Radiochemistry. neutron | 0.2

activation  analysis, nuclear
spectrometry

1. Rozova Engineer Data analysis 0.1

S. Rozov Physicist Background study and [ 0.5

improvement. detector building.
testing.  calibration.  running.

Total FTE (Engineers): 2.5, Total FTE (Scientific staff): 4.2, Total FTE: 6.7




NeNe | Hanmenosanue crateii satpat [Monnas 1 rox 2roja Jron
1111 CTOUMOCTE

[Ipsanete 3aTpaThl Ha [IpoexT
L. KommneioTepHas cBA3b 6.0K USS 2.0 2.0 2.0
2. OODIT JIAIL 1500 Hopa u. 500 500 500
3. OII OMSHN 3300 HopMa 1. 1100 1100 1100
4. Marepuaisl 75.0K USS 25.0 25.0 25.0
5. ObopynoBanue 195.0K USS 90.0 50.0 55.0
6. Bsnoc B ko/utabopaiinio 60.0K USS 20.0 20.0 20.0
7. KomaHHpOBOUHEIE PACXO/IEL 75.0K USS 25.0 25.0 25.0

HaumexoBaHHe yaros v CUCTEM YCTaHOBKW, pecypcos, | CTOMMOCTL Mpeanoxenus Nabopatopuii no
VCTOYHHWKOB (PUHAHCNPOBAHNA Yanos (Teic.$) | pacnpegenenmio (oMHaHcuposaHng
YCTAHOBKM. 1 pecypcoB
NoTpebHocTn 1 ron 2 ron 3rox
B pecypcax
1. Matepuans! 4ns TecTMpoBaHUs 45 15 15 15
HW3KONOPOroBbLIX AETEKTOPOB (3aLLKTa, BETO
cuctema u 1.0,.). Matepuans! v
obopyaoBarme YicToi KomHaTbl.
2. CnekTpoMeTpHYECKan aMeKTPOHMKA. 45 15 15 15
HU3KOthOHOBbIE HEATPOHHBIE CEKTPOMETPbI
Ha OCHOBE HOACOAEPXKALMX NETEKTOPOB
3. Marepuane! 1 06opyoBaHie ana 65 50 10 5
KpuoreHHoit cucTeMbl Ricochet
=
z e 4. Marepuans! u gﬁopyp,oaagne ana 20 0 10 10
5 E | noanepxanua pabotocnocoGHocTk
> F | [1eTeKTOPOB, HaXOASILMXCA NOL HALUMM
2 S | ynpasnexnem 8 EDELWEISS u Ricochet (3
Z 2 | HellTPOHHbIX AeTeKTopa, 2 PajioHoBsIX
g8 [NleTekTopa, anbtha-cnektpometp, HPGe
& | cnextpometpy)
5. Matepuans! 1 obopyaosaHue ans 15 5 5 5
npoBeaeHns kanubpoBoK, BKMKYas
Cco3iaH1e KanuBpOBOUHbIX HCTOUHUKOR
Panuoxumadeckoe 06opyaoBaHHe.
6. Matepuansi 1 o6opyaosanne ans 70 2 20 30
nposeaenna R&D B JTAM (anekTpoHuka,
marepvanbl AnA YUCTOM KOMHaTbI,
obopynosatine naGopatopui).
Hroro 270 115 75 80
qé z § OIT OMAN 3300 1100 1100 1100
zz g
; 53: g OODIT JIIIT 1500 500 500 3500
lg -9 =
D =]
= T
5
= § 3atparel U3 O1o/UKeTa 270 115 75 80
=35 =
£z | =
= a
= = =
g 2 E g | Cpedcmsa no cpanman. Jpyaue
= = 2w 5| HCMOUHIKN UHAHCHPOSAHUA 30 10 10 10
= .% = é (noAYUEnIIe OaHHBIX CPEOCIBa 6
= C:E @ Hacmosaujee 6peMa He
CAPAHMUPOBAHO)

Hroro no HPHMBIM pacxojiaM

411.0K US$ 162.0K US$ 122.0K US$ 127.0K US$
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