HoBbI SKCNEPUMEHT ANnd nPAMoro nouckA WIMP.
(NEWSDMm)

Cepreit I opOyHOB

dusnyecknin MHCTUTYT nm. I, H. Jlebepesa
Poccunckom Akagemunn Hayk

Konnabopayua NEWS

Mocksa, 2019



Konnaoopauua NEWSdm

Utanua aAnoxusa
Bari . Chiba
GSsl Nagoya
LNGS

Naples

Rome

Poccus Typuma
MISIS Moscow METU Ankara
LPI RAS Moscow

JINR Dubna

SINP MSU Moscow
Yandex School of Data Analysis Moscow

NEWS: Nuclear Emulsions for WIMP Search
Letter of Intent
(NEWS Collaboration)

A. Aleksandrov™®, A. Anckhina®, T. Asada®, I. Bodnarchuk™, A.
Buonaura®", M. Chernyavskii®, A. Chukanov™, L. Consiglic®, N.
D’Ambrosic®, G. De Lellis™", M. De Serio®=, A. Di Crescenzo™", N. Di
Marco®, 8. Dmitrievski™, T. Dzhatdoev®, R.A. Fini®2, S. Furuya®, G.
Galati®®, V. Gentile™", 8. Gorbunov?®, ¥. Gornushkin™, M. Guler®, H.
Ichikik, T. Katsuragawa®, M. Kimura®, N. Konovalova®, K. Kuge!, A.
Lauria®®, P. Loverre®™, S. Machii*, A. Managadze™, P. Monacellid, M. C.
Montesi®™®, T. Naka®, M. Nakamura®*, T. Nakano®, A. Pastore®=, D.
Podgrudkov®, N. Polukhina®, F. Pupilli’, T. Roganova®™, G. Rosa®!, Q.
Sato*, T. Shchedrina®, S. Simone®S, C. Sirignano™, A. Sotnikov™, N.
Starkov®, P. Strolin®™"®, Y. Tawara®, V. Tioukov®", A. Umemoto®, M.
Vladymyrov®, M. Yoshimoto®, S. Zemskova™

SINFN Sezione di Bari, Bari, Italy
SINFN Sezione di Napoli, Napoli, Italy
“INFN Sezione di Padove, Padova, Italy
dINFN Sezione di Roma, Roma, Italy
“INFN-Laboratori Nazionali del Gran Sasso, Assergi (L’Aquila), Italy
FINFN-Laboratori Nazionali di Frascati, Frascati (Roma), Ttaly
S Ihpartimento di Fisica dell’Universitd di Bari, Italy
h Dipartimento di Fisica dell’Universita Federico IT di Napoli. Napoli, ftaly
i Dipartimento di Fisica e Astronomia dell’ Universitd di Padova, Padova, ltaly
TDipartimento di Fisica dell’Universitd di Homa, Home, HHaly
"‘z".'mgogm University and KM Institute, Nagoya, Japan
'Chiba University, Chiba, Japan
™ JINR-Joint Institute for Nuclear Research, Dubna, Russia
"SINP MSU-Skobeltsyn Institute of Nuclear Physics of Mescow State University, Russia
o LPI-Lebedev Physical Institute of the Russian Academy of Sciences, Moscow, Russia
PMETU-Middle East Technical University, Ankam, Turkey

lOxxkHaA Kopes
Gyeongsang

INR RAS Moscow
Y g N
%.é?

>70 yuénwvix

http://news-dm.Ings.infn.it

HTTPS://ARXIV.ORG/ABS/1604.04199

THE EUROPEAN PHYSICAL JOURNAL C
2018, 78:578



TemHasa matepus — Cnabossanmogeuncteytowme Yactuusl (WIMP)
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[1BUXeHMe CONNHEYHOU CUCTEMbI B ranakTUKe CO3AaéT HanpaBAEHHbIN
MNOTOK «Bumnos»

[OsmxeHune 3emnum BoKpyr ConHua co3aaéT roanyvHble GAyKTyaumu.



[ogoBasa moaynaumsa B akcnepumeHte DAMA/LIBRA

2-6 keV
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Experimental model-independent residual rate of the single-hit scintillation events in
the (2 — 6) keV energy interval

R. Bernabel, et al. EPJ Web of Conferences 70, 00043, (2014) 4



[Mpn noncke peakmx NpoLeccoB, TakMX Kak
perucTpauus TEMHON MmaTepumn HeobXoaANMMO YYNTbIBaTb
BapuaLnmn NNOTHOCTM NOTOKOB MIOOHOB
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Puc. 2. UutencuBrocTh MI0OHOB 3a 8 net pabotel yctanoBku LVD. Kaxablit OMH COOTBETCTBYET OIHOMY JIHIO,
HauuHas ¢ |1 ausapsa 2001 roga no 31 gexadps 2008. [Ipueeaennsle ommOku — ctaTucTHHeckne. Kpusasa — ¢ut
naHHeIX no dopmyne (3).

31-s1 BKKJ1, Mockea, MI'Y, 2010, «AHasiu3 ce30HHbIX eapuayuu nomokKa KOCMU4YeCKUX MHOOHO8 8
demexkmope LVD 3a nepuod 2001 - 2008 2e.», H.FO.A2aghoHoea, B.B.6osipkuH, B.J1. [JaObikuH, E.A.
HobpbiHuHa, P.U. EHukees, I'.T. 3auenuH, A.C. ManbauH, O.I". Psixxckas, B.I". Psicubil, U.P. LLlakupbsiHo8a,
B.®. Slkywee 5



DAMA report is controversial because many experiments
excluded the region allowed by DAMA.

DAMA/LIBRA experiment
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NEWSdm

(Nuclear Emulsion for WIMP Search with directional measurement)

« [eTeKkTMpoBaHue crie4oB siaep otoaum = Tpeku B POTO3IMynbLCUN

* Tpeku HaHOpa3MepHOMN ANMHbI = NPUHUNUASIbHbIE YITY4YLUeHUsI MeTOOUKMU

earth@summer

Detector Target nuclei

Nuclear emulsion
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Dark matter wind DM /\
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Detection of recoiled nuclei as tracks

earth@winter

* JKBAaTOPHAJIbLHBIN TEJECKON - JeTEKTOP HAmpaBJeH HA co3Be3aue Jledeas
 PaauanmoHHas 3alIMTA OT BHEIHHEro (hoHa /




ApepHasa doToamyrnbcust — pabodee Teno n AeTeKTop

Maximum Range (nm)

Element | Mass Fraction | Atomic Fraction
Ag 0.44 0.12
Br 0.32 0.12
1 0.019 0.003
C 0.101 0.172
O 0.074 0.129
N 0.027 0.057
H 0.016 0.396
S 0.003 0.003
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NIT: NANO EMULSION IMAGING TRACKERS

particle Silver grain

dissolved

E A long history, from the =

L mode (OPERA, 2015) |

discovery of the Pion (1947)
to the discovery of v, v,

oscillation in appearance

Silver Bromide crystal
in gelatin film

* Nuclear emulsions: AgBr crystals in organic gelatine
* Passage of charged particle produce latent image
* Chemical treatment make Ag grains visible

* New kind of emulsion
for DM search

® Smaller crystal size
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Nano Imaging Tracker (NIT)

OPERA

OPERA:AgBr crystal size ~200nm  NIT:AgBr crystal size ~40nm

2.3 AgBr/um 11 AgBr/um

5 times resolution for OPERA!



PacnpeaneneHna anametpos AgBr Kpuctannos B
COOTBETCTBUU C ABYMSA Pa3paboTaHHbIMM

NIT U-NIT
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YKe MOXem npomn3BoanTb MaccoBO

TexHonornsa paspabartbiBaeTcs
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Selection of candidate
~ parameterization of shape ~

Original image} | Binarization Contour Ellipse fit

extraction

l ' u.'

- 1.7y
imageanalysis
[Main parameters of readout\
Lllipticity |
=Major/Minor “\ -

. ) | Minor

put out the parameters of all

events that are in the image

automaticany G. De Lellis, Commissione I




CpaBHeHMe n3obparkeHni Knactepa Ha
ONTUYECKOM U PEHTTeHOBCKOM
MUKPOCKOMax

ML
I i U

PeHTreHOBCKUM -
MUKpPOCKON

OonTunyeckuu
MUKpOCKON

Random fog

Ontunyeckun npegen - 200Hm!
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Ona namepeHUn HUXKe ONTUYECKOro npeaenas:
pe30HaHCHOe paccesAHUA cBeTa
Ha HaHOKracTepax cepebpa

A o |

e o |-

HaHo4yacTuubl cepebpa B
AW3NeKTpn4eckom cpepe

&/

NMna3mMoHHble ocuMNNALUK

CnekTp paccessHHOro U3sriy4yeHusl 3aBUCUT OT
nonapusauum ceeta n cpopmbl Knacrtepa

H.Tamaru et al ., Applied Phys Letters 80, 1826 (2002); 14



Pe3oHaHCHOe paccessHMUA cBeTa

« [lponcxoaunT Npu paccestHMM Ha HaHOpa3MepHbIX YacTuuax MeTanna B
ananekTpuyecko cpene (Applied Phys Letters 80 (2002) 1826)

¢ YyBCTBUTENbLHOCTb 3aBUCUT OT pOpPMbI KacTepa: Ha Hecepnuyeckom
KJlacTepe, PeHOHAHCHbI OTKJ/IMK 3aBUCUT OT NONSpM3aumnn naaatowero

CBETa.

polarization
direction

L
-

Scattering intensity

!

o\

polarization direction of incident light

Scattering intensity

polarization
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polarization direction of incident light

b
Cal

W

15



[Tonapn3auMOHHbIN MUKPOCKOT

* MpotoTnn cobpaH B yHuBepcurtete Heanons
* WUcnonb3yeTcsa XUAKOKpPUCTANNMYEeCKUN NonsipusaTop

Output
Polarization
(Variable Intensity)

Exit
Polarizer

LC Polarization
Rotator

Compensated
LC Variable
Retarder

Violet LED
(A = 405 nm)

N4
Retarder

Input
Polarization
(Variable Angle)




CMeLweHune bapuueHTpa

Dynamic sequence of best focus clusters for each polarization angles

Cluster coordinates

cl 872 in frame 420 at xy: 12.65 -3.84

oo

(schematic representation) —  ——»

o’ — Max barshift

0.0

pol angle

ipol 0 cl 2494 in frame 120 at xyz: -5.15 -3.74 126.30

40

5 10 15 20 25 30 35 40

OO

Barycenter shift (100keV C ion)
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CMeLweHune bapuueHTpa

Dynamic sequence of best focus clusters for each polarization angles

Cluster coordinates
(schematicrepresentation) — —————

cl 880 in frame 423 at xy: 12.65 -3.84

ot 2 — Max barshift

polangle

ipol 6 ¢l 4448 in frame 126 at xyz: -5.11 -3.73 126.25

Barycenter shift (100keV C ion)
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CMeLweHune bapuueHTpa

Dynamic sequence of best focus clusters for each polarization angles

Cluster coordinates
(schemalticrepresentation) — —————

cl 886 in frame 426 at xy: 12.65 -3.84

o — Max barshift

— 1350

\

polangle

ipol 0 ¢l 2494 in frame 120 at xyz: -5.15 -3.74 126.30

Barycenter shift (100keV C ion)

19




CMeLweHune bapuueHTpa

Dynamic sequence of best focus clusters for each polarization angles

Cluster coordinates o — Max barshift
(schematicrepresentation) ™ ———— +3%¢"°

ipod 1 ¢l 2856 in frame 121 at xyz:-5.17 -3.75 126.25

cl 877 in frame 422 at xy: 12.65 -3.84

45.0

polangle

Barycenter shift (100keV C ion)
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NEWSdm. Cxema

Dark Matter

*

Sl wind

* |
" b

Cygnus (

nuclear
recoil

nuclear emulsion film

Aim: detect the direction of nuclear recoils
Target: nanometric emulsions acting both as target and tracking detector
Background reduction: neutron and gamma shield surrounding the target

Fixed pointing: target mounted on equatorial telescope pointing to the
Cygnus Constellation

Location: Underground

To Celestial North Pole




TekyLmnn cTaTyc aKkcnepuMeHTa: TeCToBas 3KCMo3mumna u
CKaHMpoBaHue

B 2019 mawwuHa ana npounssoactea NIT-dpoToamynbcum yctaHoBMeHa B
nabopatopuu 'paH Cacco

[TnaHupyeTcs aKCno3nuusl, Nposieka U ckaHupoBaHue 10r. amynbcun 27



3aKn4YeHue
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1. HoBplil OAX0] K MOUCKY TEMHOM MaTePUH

2. DOTO3MYJbCHSI C HAHOPA3MEPHBLIMHU 3éPHAMM.

/ “et B0 3. CkaHHpoOBaHHe 34 MpeaeiaMu mopora
I

it ONTUYECKON BUIUMOCTH.

4. TecroBas yxkcno3unusa B 2019.
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