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NICA S iswsiesy Mcmopusn co3daHus Jlabopamopuu

1953 ocHoBana Juekrpodusnueckas jgadoparopusa AH CCCP
1956 co3nana JlaGoparopus BLICOKUX IHEPrU
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NICA bswsiees  Mcmopus Jlabopamopuu

«Ymoowt 3a0ymams u nocmpoums maKoe COOPYIHCeHUe, HYHCHA 0bl1a 04eHb 001bulan
CMEIOCHLD ). Hunawc bop

1949 1. — Hauano nmpoektupoBanus; 1952 r.—HaYaIO CTPOUTENBCTBA;
1957 1., 16 anpens, 23 vaca 40 MunyT — ecTh ipoekTHasA 3HEpTUA 10 3B !

1969 1. — yckopeHnue 1euTpoHOB; 1972 I. — MOJy4eH BBIBE JCHHBIN ITy4OK TPOTOHOB;

1981 r— yCKopeHHe anep ot H 1o Si; 1983 1. — yckopenue l'IOJI}IpI/ISOBaHHBIX I[€I/ITpOHOB

NICA Cunxpodazorpos. O0ummii Bij



Nuclotron-based

lon Collider fAcility Ucmopusn Jlabopamopuu

1957 1993
CuHxpoca3oTpoH HyknoTpoH NICA

epeutii 6 Eepone BbiBegeHHBIC MYYKH
IO UL YN N s NI BM@N — 2018;

” PN ISIQ NN CBepXnpoBOAAIINIA

KOJIJIai/1ep TsKeJIbIX HOHOB;
Qra:2ny ey MPD —2026; SPD — 2030+
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HUccaenoBanus siiepHoit
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Nuclotron-based
NICA lon Collider fAcility

Ha3HauyeHue 3aaHUII Ha cxeMe naowaakm JI®B3

1 - YCKOpUTENbHbIN KOMNNEKC: UCTOYHUKN MOHOB, IMHEWHbIE yckopuTenu, byctep n HyknoTpoH
2 - NynbToBasa yckoputenbHoro komnnekca NICA, opucbl YCKOPUTENBHOIO OTAENEHNS
3 - Odwmchbl, BUbnMoTeka, Manblt KoHbepeHy-3an
17 - 3paHue konnangepa NICA
39 - AAMUHUCTPATUBHOE 3aaHue
205 - DKCnepuMeHTanbHbI 3an,

ycTaHoBka BM@N

215 - PykosoacTso, xonn NICA,
KOMHaTa BUAEOKOHMEepeHuni,
Bonblwoit KoHdepeHu-3an,

kade «Muuuepormn»

217 - ®abpuka CBepXNpoBOASLLMNX '
MarHnuToB

234 - Cronosas, byder

16 CTpaH-y4yacTHuy,

KNnNnes

5 dCCoUNNPOBaAHHbIX 4J1IEHOB

2 cTpaHbl ¢ 0CObbIM CTaTyCcoM
(cornawueHune o
COTPYyAHMNYECTBE Ha
NpaBUTENbCTBEHHOM YPOBHE)
900+ napTHEPCKMX
nccrnenoBaTesibCKUX
opraHusaumn n yHUBEpPCUTETOB
n3 60+ crtpaH

i
JI®BI 310
~1xkm2, 1300 coTpyIHHKOB

7 nabopatopumn
~ 5200 coTpyaHUKOB

n3 33 cTpaH
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Hayuynasi nporpamma JI®BD

- YexkoputeabHas pusuka (LHC, NICA, FAIR, CII-maruutb)

- ®usuka yactun (mposepka CM, noucK HOBOU (PU3MKH)

2 LIS 020 . (B

-DU3UKA TAKEJIbIX HOHOB BHICOKHUX HEPTUid

& .-
H® -

- I[CTCKTOPHLIQ TEXHOJOI'UM ! IIPHKJIATHBIC HCCIICT0OBAHUA

o




Nuclotron-based
jon Collider fAcility Obnacmu npumeHeHusn yckopumeneu

- DyHaaMeHTAJbHbIE HCCIAEN0BAHMS B (PU3MKE, OMOJIOTHHU U JIp. HAyKaX.

- Meauuurna (Tepanust OmyXxoJieH, TMarHoCTUKa, MPOU3BOJICTBO PAANOAKTUBHBIX H30TOTIOB).

- bezonacHOCTh (IMAarHOCTUKA CKPBITHIX BEILIECTB).

- JIoObI4a pecypcoB (HEUTPOHHBIN KapOTaX CKBAXKUH MPHU J0OBIYE YITIEBOAOPOIAOB).

- MarepuanoBenenue (00padOTKa MOBEPXHOCTEN MTyTEM UMILIAHTAIIMM MOHOB, YBEIINYCHUE
IPOYHOCTH, aHTUKOPO3UNHBIE TEXHOJIOTHH).

- [Tpou3BOACTBO MUKPOIICKTPOHUKH.

- ['eHepanus CHUHXPOTPOHHOTO U3JTyYEHHS Ha JIEKTPOHHBIX YCKOPHUTETISX.

- ' eHepanss HEUTPOHHOTO U3JYyUYEHUS DJIEKTPOHAMM.

- TpancmyTanus siIepHBIX OTXOAO0B.

- [TpompbInIIEeHHOE NPUMEHEHUE YCKOPUTENEH (CBapKa M pe3Ka MaTepuaioB, CTEPUIIA3 AL

MPOAYKTOB, MEIUIIMHCKUX MATEPHUATIOB U JP.)




Nuclotron-based h
jon Colider faclty [P CKoOpumeJibHbIUu KOMIEeKC

SPD
(Detector)

E-cooling

BM@N (Detector)
Extracted beam
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UCTOYHUK Nerkux MOHoB

AT
JIY-20 0b1i1 3anymien B 1974, mogepuusupoBan B 2007r., B 2016r. M3roToBJI€HbI

HOBbIN popuHkKekTOP RFQ ¥ HCTOYHMK MOISAPU30BaHHBIX HOHOB SPI
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Bevatech, UAU

A/q (Ueneeoii nyyok Au3'*) | 6.25

Tok nyuka <10emA
HYacmoma nocwinios <10Hz7
Iuepzusn na 8vixooe 3.2MeV/u

JIMHEHHBIN YCKOPUTEIb TAKEIbIX HOHOB

JIYTHU 3anymen B 2018 1.
NICA




T e e - . o LT e b 7

el Pabpuka CI macHUmMoe

.
>~ e

A

11111

r;‘

/5

f :
» o R
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NICA MAarHuToB3anyumeHna B 2016 r.



NICA SN Bycmep — CIT cuHXpompoH

IHepumerp, M

Crpykrypa
JHepPrus HHKeKI UM,

Mb3B/HykjoH

MakcumaJjibHasi JHeprus,
Mb>B/nykiaoH

Ilosae B numoJsx, Ta 1.8

MarnuTHasi xKeCTKOCTb, TJ1'M 25.0

CopT HOHOB (MMPOEKTHBII) 197 Au31*
209B{35+




il Js1eKmpoHHOe oxJslaxodeHue

3amaua Bycrepa ycKOpUTH HHXKEKTUPOBAHHBIN IIyYOK HOHOB He IOTEPSB
MHTEHCHBHOCTH H ¢(pOPMHUPOBAB 0aAHYH, Jajlee IPOBECTH HOIHY O
06aupKy HoHOB (Au3!*-> Au”*)u nepeBectu B HyknotpoH st
JNAJIbHEUILIEr0 Y CKOPEHUS.

Peamm3zoBano crienuanucramu 13 MHCTUTYTA siiepHO PU3NKH
um. I'. 1. bynkepa CO PAH (USA® CO PAH) (HoBocubupck),
IJI€ UICTOPUUYECKU 3apOJIMUIICS CaM METOJI AJEKTPOHHOTO OXJIAKICHHUS.

¢ ¢ DIIEKTPOHHOE OXJIAKICHHUE 3TO MPOIIECC
o * :l: TepManbHOTro oOMeHa myTeM KyJaoHOBCKOTO
*e o Vo PaCCeTHUSI MEXIY «TOPSTIAMID TSHKSITBIMU
‘. o, JaCTHIIAMU ITy9Ka B «XOJIOIHBIMI
Awt = z — —2 = DJICKTpOHAMH

: . * % Audl+
B RS A Coate e 25 g‘ ‘e Jlst TOTO 9TOOBI METOX PadOTaT CKOPOCTH
& a-\ Wete &9,y ¥ 40, 5% o * IIYYKOB JJOJDKHbI MAaKCUMAJIbHO COBIIAAaTh.




NICA S CuHxpompoH HykriompoH

Ceepxnposogawmii cuHxpotpoH (MarHutbl «Ay6Ha»: 1.8Tn,2Tn/c)

B pabome
¢c mapma 1993 2o0a

Mepumetp ~ 251m

M. »ectkoctb <43 Tnm

MepneHHbIM BbiBOA
ny4yka: B 2000r.

59 ceaHcoB paboThI

YCKOpPEHBI Ny4YKH: AHeprua p max 12 GeV
Hous! ot p no Xe (C, Mg, Fe, Ar, Kr) Nérkne noHbl max 6 GeV/u
IToasspu3oBaHHbIE p & d Tsaxenble MoOHbI max 4.5 GeV/u




NICA IhsEtess Hayarno cmpoumernibcmea




NICA st Hauasio cmpoumenscmea

CtpouTenbHaa naowagka. CBanHoe none nog apKu, WNyHT
JlapceHa B npnamku MPD u SPD.

A B

y RS

Bornee 5,5 TbIC. cBaw.
[TorpyxeHue metogom 3agasnueaHus (¢ Harpyskon 300 T) 3aHano 3 roga!
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Nuclotron-based
NICA iy PasmeuwjeHue konnaldepa
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NICA s f’?,iiﬁ’ity Pa:meu;enue konnaiidepa
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NICA s f’?,iiﬁ’ity Pa:meu;enue konnaiidepa
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NICA sl MagHUMHbIE 3/1eMeHMbI KoNnbya

5/ “s  [QMNONbHbIA MarHUT

KBagpynosnb y
APy AnnonbHbIN MarHnT 80x2 . B KONbLE

46X2 WT. B KONbLE




NICA s 3anyck konnatidepa

CraptoBasa KoHduUrypauumsa ba3oBasa KoHduUrypauus
*RF-1 (6apbepHan) ona HakonneHus *RF-1 (6apbepHasn) ana HakonaeHus
*RF-2 B COKpalLeHHON KOMMNEeKTauuu: *RF-2 (22h) Bocemb pe3oHaTopos (no 4)

no 2 pe3oHaTopa Ha Koabuo (50%) *RF-3 (66h) npoeKtHaa = 16 pes.

*1 KaHan CToX. OXN1aXKAEHUA Ha KObLO * CTOX. OXZ1aXKAeHUA nosHasa KoH.

(npoponbHoe oxnaxkpeHue) *C30

QbpaTHble CBA3U

22 CrycTKka 4/IMHOM G ~2 M 22 CryCcTKa B Ka*Xaom Konbue
B KaXXA4,0M KoJibLe ANMHON G ~ 0.6 m
ceeTMmoctb L~ 5 10%° cm?c?! ceeTumoctb L~ 10%7 em?c?




Nuclotron-based

lon Collider fAcility 3anyc:< Konnaﬁdepa

11°r° auBapa 2026 nony4yeH LUPKYINNPYIOLWUA MYHYOK B HUXKHEM KOSbLie.
23°7° sHBapsA ny4ok Xe ¢ aHepruen 1.76 N'3B, nHTeHcnBHOCTBLIO 2 106
yCreLwHO MHXEeKTUPOBaH B BepXHee KomnbLo Konnangepa. Bpems xXusHun

npeBbicusno 50 MuH

= Data

350000 —Fit

[ Model NewFunction (User) ]

Equation Arexp(-(x-t1)'tau)
300000 |Reduced Chi-S 1,64465E

|Adj. R-Square  0,62893

| Value Standard Err
250000 B A 97636,655  1575,3489

:B tau 2991,8160  105,50157

" 200000
150000 -
100000

50000

0 500 1000 1500 2000 2500 3000 3500
t,s




NICA I Mpoexm NICA

Cunxpoghazompon, PS, Y-70, SPS, ... LHC, NICA

- 2009: pewwenue KIIII OUAH o peanuzayuu npoexma Nucloton based lon Collider fAcility:

- 2016:noonucano Coenawenue mesxicoy OUAHU u Ilpaeumenvcmeom P@® o cozoanuu u
akenyamayuu komnjexca NICA

- 2018: Meracaiienc npoekt Kommiaexke NICA Bxmouen B Hanmonanmeabii mpoekt HAYKA

ARIADNA i
o =
"o - ﬁ'fq
P
"

( Konnangep
\ C=503m




NICA I srsissn JxcnepumMeHmanbHbie ycmaHO6KU

PaspabomaHa Hay4yHas nipoepamma NICA, HaueneHHas Ha uccriedosaHue: KX/ duazpammbl 8 Masio
u3yyeHHoU obriacmu 60s1bwol 6apuoHHOU NJIOMHOCMU,; CITUHOB0U CMPYKMYypbI HYK/T0HOS; a
mak>xe WupoKo20 criekmpa rpukadHbix pabom.

MeXXO0yHapOOHbIX Hay4HbIX Kosinabopauyud 5 cmpar +OUSIN, 13 ueHmpos, >220 yyacmHUKOS;
Hadamakl 3KcriepumMeHmabl

Barrel \-_}
mTarget \_‘ —
Si beam tracker

12 cmpa+ + OUSIN, o mveroc (NS \
39 ueHmpoe’ = Si beam tracker ; Nt o6
* Si beam profiler ~ O \CsCa

> 500 y4acmHUKO8; o oaBC2) \&sca

wBC1 /Y
3aeepwaemcs co3daHue st beam profiler / /
demekmopa, —— BM@N
rnodzomoeka K Habopy

? OaHHbIX

12 cmpaH+OUSIN, 35 ueHmpos,
> 300 y4aCmHUKoOS;

a \ | // Electromagnetic calorimeter Endcap
| | y4 -

~ " Time-of- flight system and Aerogel Endcaps

Vertex detector Endcap Range s

-

Beam-beam counter

. Straw tracker Endcap

07151 rpukKnadHbIX U UHHOBAUUOHHbIX pabom:
6 cmpaH, 27 ueHmpos, > 185 yyacmHukos; ,
Ha4ambl uccriedosaHusi %
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Kak ycmpoeH Mup?
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roAapl.

Leptos

1911 - otkpwitue Pezepdopaom atoMHOTO sizipa.

1930™— s1pa cOCTOAT U3 HYKIOHOB. B TeueHUU MHOTUX JIET
p&n cUUTATUCH SJIEMEHTAPHBIMU YaCTULIAMH, T.€.

FERMIONS
Leptons spin = 1/2

matter constituents
spin = 1/2, 3/2, 5/2,...

Quarks spin=1/2

HE UMEIOT BHYTPCHHEM CTPYKTYPHI.
yTp pr Typ Flavor é“%sliz Ei‘e otric Flavor Approx. E}fc felc
1964 — I'ennmMaH mp € 1JI0K1JT KOHIETIIHIO KBAPKOB. | Ge _charge | © charge
L% neutrimo {<7x10° | 0 QU
Tun Panuyc € clectron | 0.000511 | -1 W
B3aMMOIEHCTBUS JeNUCTBUS L tneutrine | <0.0003 C charm
u muon 0.106 S strange
CunbHoe 10-13 7
T:l"el:xtrino <0.03 t&::;‘t)ml edence)
L ——— o T cau 1.7771 b bottom
Cmaboe 2.10-16
['paBuTanIMOHHOE oC
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Bajouns! B KI'TI

KITI

Figure 1. Schematic pattern of the conceivable ways for ‘cold’ nuclear
matter to evolve along with gradual compression. The big circle refers to
anatomic nucleus, the smaller ones to the hadrons, the smallest ones to the
valons, and the dots to the current quarks. The left-hand branch refers to
the coincidence of conditions for color deconfinement and chiral symme-
try restoration (direct transition), while the right-hand branch implies that

N I C A color deconfinement precedes chiral symmetry restoration (indirect
transition, an intermediate phase is incorporated).
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Heavy ion collisions

The phase diagram of QCD ® Search for the critical point

- v oa 200
-~ ]| R P =

RHIC-BES

v iER ® Study of the phase transition
B eme, | from hadronic to partonic
"Nsitio matter —
Quark-Gluon-Plasma

2 Hadrons

/ Nuclotron-M
- & N .
n i )
o 5’ - ® Search for the signatures of
T e AN chiral symmetry restoration
-\ proto-
« o\ Neutro

C

Net baryon density n/ n,

ompact Stars No=0.16 fm—>3

® Study of the in-medium properties of hadrons at high
baryon density and temperature
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Phases of strongly
Phases of water interacting matter
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HISTORY OF THF | INIVERSF A

Dark energy
accelerated
expansion

Structure

Cosmic Microwave :
formation

Background radiation

Accelerators is visible

Inflation

b

Big
Bang

t = Time (seconds, years)
E = Energy of photons (units GeV = 1.6 x 10710 joules)
Key

) quark - }
) neutrino S ion * star
s}~ gluon

bosons

0 electron o atom & galaxy

meson

M muon
black
~ ¢ baryon ! photon @ hole

tau

The concept for the above figure originated in a 1986 paper by Michael Turner. Particle Data Group, LBNL © 2015 SUppOl’fed by DOE
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Neutron Star Interior

Mass = 1 Solar Mass
Radius = 10 km

Average density
~1.7 times nuclear matler

' CATMOSPHERE
Hot lonized Plasma

OQUTER CRUST (200 m thick)
Crystal Lattice of
Nuclei + Electrons

INNER CRUST (1 km thick)
Crystal Lattice of
MNuclei + Electrons,
Free Meutrons (neutron drip)

=

20 km = 12.5 miles
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Baryonic Matter at Nuclotron “Analyzing Magnet ToF-4005

ToF-700 & ZDCa

(BM @N) mSTS
IKCNepUMEHM Ha 6b16€0eHHOM =i beam tracker
nyuxe Hyknompona e et

= Si beam profiler

N
wBC1/

= Si beam profiler
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‘ MPD International Collaboration was established in 2018
to construct, commission and operate the detector

12 Countries, >500 participants, 38 Institutions and JINR

Yoke ECal TOF

Organization

Acting Spokesperson: Victor Riabov

Deputy Spokespersons: Zebo Tang, Arkadiy Taranenko
Institutional Board Chair:  Alejandro Ayala

Project Manager: Slava Golovatyuk

Joint Institute for Nuclear Research;

A.Alikhanyan National Lab of Armenia, Yerevan, Armenia;

Institute for Nuclear Problems of Belarusian State University, Belarus;

Institute of Power Engineering of the National Academy of Sciences of Belarus, Belarus;
SSI "Joint Institute for Energy and Nuclear Research - Sosny" of the National Academy
of Sciences of Belarus, Minsk, Belarus;

University of Plovdiv, Bulgaria;

Tsinghua University, Beijing, China;

University of Science and Technology of China, Hefei, China;

Huzhou University, Huizhou, China;

Institute of Nuclear and Applied Physics, CAS, Shanghai, China;

Central China Normal University, China;

Shandong University, Shandong, China;

University of Chinese Academy of Sciences, Beijing, China;

SC Coil
TPC  Cryostat

Belgorod National Research University, Russia;

High School of Economics University, Moscow, Russia;
Institute for Nuclear Research of the RAS, Moscow, Russia;
University of South China, China; National Research Nuc{ear Univefsity MEPhI , Moscow, Russ::a,:
Three Gorges University, China; Moscow Institute of Sc:enf:e and Techyology, Russ:.a,
. : e North Ossetian State University, Russia;
DG OG L e IRl e A, b, G National Research Center "Kurchatov Institute " Russia,'
Egyptian Center for Theoretical Physics, Egypt National Research Tomsk Polytechnic University’ Russia"
Tbilisi State University, Tbilisi, Georgia; ’ !

Institute of Physics and Technology, Almaty, Kazakhstan; PR S;,'I }jfhtersbu;g Po!yt ezhl?ic Upive;il_‘ty Saint' Pe:;rsburg, guss::a,:
Instituto de Ciencias Nucleares, UNAM, Mexico; LA Gl T SRR e e L T

. . . . St.Petersburg State University, Russia;
Universidad Auténoma de Sinaloa, Mexico; . . ! .
Universidad Auténoma Metropolitana, Mexico; Skobeltsyn Institute of Nuc{ear Phys:cs, Moscpw, Russ:.a,

; ; ; P Petersburg Nuclear Physics Institute, Gatchina, Russia;
Al Rl L e Vinca Institute of Nuclear Sciences, Serbia;
Universidad Michoacana de San Nicolas de Hidalgo, Mexico; Pavol Jozef $aférik University, Kosice, Slova Kia*

Institute of Physics and Technology, Mongolia;
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CERN, EMC collaboration just discovered “EMC-effect” but must stop experiments
with nuclear targets and start with polarized proton target

“...We understand the proton spin structure via the quark parton model and measuring
the spin structure functions would not be fruitful...”

BHRY@.«/ Mas NETIC Moments

E ARR Maec
Boagven \I\Q‘u\:‘v:_ﬂou g:a. MoMenT Ex{i&?wr
QN Tstsfs M= 3/45 = =2y —-2.02%.05
: . _O? — 06133008
N s Tu veb Mp= My = =0T fiw
—9  tgTsiu fsisul = dme— —1-25+. 014
—_ > o™ S ©® = — ,.6
— sé s; . M= /:—-/‘ z'

KNOowN WEIGNHTS
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— Tt satte ew = &« « Ms . + 1 458
Z stutu /ui* ] ’-—/‘3 > =42 s zt.olo
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*(A‘u*ol =S = /"(P = 4_/““:3—/4‘( = 3-0/4‘, 2793

NICA I L M = Sl = —20p, 193
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F F LEON’
CARRIED BY QUARKS:-

SS"" = I'P —+g" flog)+ag ——-f(a"‘)+AZ———-h(aS)

o . flo). h(§ ) EMC, J. Ashman et al., PLB 206 (1988) 364
(gt ax = 7 ——g" 2 F(ag)+ag— P+ AR =252 (> 1660 citations)
o
flog) h(oc s )— QCD Radiative correction factors ~ £ -'1 1
SU3:- 018 ELLIS-JAFFE sum rule . "9,: “‘;'Id oo
y « (x)dx
as=_(3F D): ga=F+D=126 (= @z, For np DiiS) )9
F, DSymmetnc, antisymmetric SU(3) couplings from w012k 10
hyperon decay, F =0.48+01, D=0.76+01 S s 2
l:LQM Q_;. 0.09}
A = Au+ Al +Ad +Ad +As + A5 0.06

= Total fraction of proton spin carried by quarks

ag = -1—,§{A14+Aii+Ad+Ac7—2(As+A§)}
v

84 =Au+ AT —Ad - Ad

-use ', I’} to obtain AX; then g4 an
for Au, Ad, As.

- previously Ellis - Jaffe su:rg@ e;lg?
assuming As = 0 t e ctions for Iy,

- the modern s that the Ellis - Jaffe sum
rule is SO the strange sea is polarised.

~> . "' . .
MeAsurR ED "[gf AX = ©-12¢¢ -00t-018

e N3 =012 t.0q *-4

N)l?o OF SPIU aF.fkabv GZZleg By
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”Experimen‘ts with spin have Icé”ed\more theories than
\
any other singfe physical parameter

Elliot Leader, Spin in Particle Physics, Cambridge U. Press (2001)

”Po!zrész‘téon data has o@-ter) been the gra’\/eya’ra’ o‘@
‘pa’shéonzbfe theories. I@ theorists had their way ‘they

might well %)3") such medsurements af‘toge‘ther out 01/3 se(@"
\
protection.

). D. Bjorken, Proc. Adv. Research Workshop on QCD Hadronic Processes,
St. Croix, Virgin Islands (1987).
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NICA facility at JINR

NICA (Nuclotron-based lon Collider fAcility)

Stage 1

Temperature T [MeV]

Hot hadronic matter
in extremal conditions
with heavy-ion beams

Stage 2

Proton and deuteron
spin structure with
polarized beams

n
ny=0.16 fm—?

Clean Room
(Detector Electronics) SPD

(Detector)
\ 4
&

«©
- -
R
e W,

BM@N (Detector)
Extracted beam

' \/ Collider

503 m

MPD
(Detector)

~

E-cooling

Internal target

Heavy lon Linac ) /\
lon source |- \ @
LU-20 I .-
7 Magnet factory

Nuclotron
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0IN CrisSis

EMC experiment,

CERN 1988
,,,,,,,,
Quark
contribution to the 9
4 proton spin is 4
. below 30%! i .
Naive quark model oW Real situation
1 T L - orbital moments of quarks
5 — E ( 5 ) and gluons
g=u,u,d SN=1/2=]/2AZ+AG+L




e
SPD setup

Range system Vertex detector end-cap . Zero degree calorimeter

Electromagnetic calorimeter  Magnef
Time-of-flight system
Straw tracker

Vertex defector

Beam pipe
BBC MCP detector

Range system end-cap

Electromagnetic calorimeter end-cap

Tine-of-flight systeq Polarized proton and
Beam-beam counter deuteron beams:

p'p':\/s < 27GeV

Aerogel Cherenkov detector

.KTe

% SPD C Straw fracker end-cap T 11
/ " o oo s d'd":\s < 13.5GeV
] % of COMPASS @ )
! S .gPAL ‘gﬁfwa ULT IPI>7OA
10° .
@ Free-running DAQ
10* 10° 10° 107
Event size (Bvtes) . .
' Polarized *He beams are also possible
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SPD golden probes

Not only J/y!

J/

-3| / Prompt phdtons

M N M N | 4 N ) 4 | ]
0 10 20 30 40 50 60

These golden probes define the layout of the
SPD experimental setup.
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SPD and other polarized pp exps

s 1033 .......... ; T e P O P ST e e e e e o e P e e
o - IAFTER&LHCspln

o SATURNEIE pT_pT R p- pT P

~ § Saglay ;
—i10%

cesssssaast V.--.-.\..-‘l-....-.l-~l--|..'.--‘--..n.-.-..-\--- -.J'-.--.-'..--‘:---.:..-I.-..:--I'-. .......................................

pT+ pT

” SPASCHARM /i :i:
10

10% b A m.qfa ..... it EROA L L PH.E.N!X.&...$IAB....§...§.
(COSY, yglich) ¢ )\ (Fermilab) £ 0 (RHIG,BNL) & |
RT-pt @ 1 prgprg / pT—pT

1029 .......... ...... __ ................ - ........... POSSIblI[ty to Coﬂlde
i [ polarlzed deuterons

CARR lsunlue'§§§
1028 N Iy > l""l'”l“l"l"l ................ preeeeee I“"T'"I’"'I"'I"'I"I' ............... q ........... [ P

1 10 100 /s. GeV




NICA S [TpuknadHble uccriedoe8aHust

HUILl KU UTA®, AO
Konnabopauua ARIADNA + nHdpacTpyktypaNICA «3HIIO CII3JIC», MU®DM,

COLII/I + UCKPA + CUMBO + CI/I;|3T 000 «BCT», «<T'MPOITPOM»

U T ol I NN

CTaHuMﬂ O6ny4yeHus ‘-II/InOB CUAIST = CteHa

WUccneaoBaHumn
AnepHou
OHEepreTukn u
TpaHcMmyTauuu

CUMBO = CtaHuusa UccneposBaHnm
B ME.DMKO bruonorunyeckux 06beKToa

UCKPA = UccnepoBatenbCKu CteHA
KomnoHeHTOB PAANOINEKTPOHUKU

Bo3mMoXHOCTL paboTbl B
luMpoYyauwem amanasoHe COpToOB

MOHOB, 3HEePrMn U NHTEHCUBHOCTEMN.
UoHBbI oT p go Bi,

AHeprumn ot 3.2 no 4500 MaB/H
NHmeHcusHOCMU

om 10490 107° uoHoe e cek.

JINR 43
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K peanusauum meranpoekra Komnnekc NICA npusneyeHo okosio 2000 yyeHbix n
cneymannctos n3 90 nHctutytoB Poccumn n 26 ctpaH mupa.
OT1 Poccum ydacTtytor bonee 1300 cOTpyaHMKOB N3 pa3findHbIX OpraHn3auni:

HUL KU,

NDOB3 KU
NTID KU,
[TUAD KU,

VAD® CO PAH,
WAN PAH,

HUNAD MTY,

HUAY MUDU,

OUAH PAH,

MoOTU,

Crieriy,

criery,

BLI3,

Camapckul yHugepcumem,

Tomckul yH-m,

bernzopodckul yH-m,

CaHkm-llemepbypackul nonumexHu4yeckud yH-m,
cory,

MBI PAH,

MOHX PAH,

OMEL] um. A.N. bBypHaszsHa ®MBA Poccuu,
QUL XD PAH,

NTO6 PAH,

MPHL] um. A.®. L|biba — ¢punuan ©®IeY « HMUL]
paduosnoauu» MuH3Opaea Poccuu,

OUBT PAH,

u op.

[Tocne eso0a 8 akcryamauyutro konnatudepa NICA e 2026 2. yucsio y4acmHUKO8 3aMemHO 8o3pacmem.
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Henomnxora eﬂe ray F o Tpu rimaBHbIE
CTaHJIapTHON MOJIEIH «\(\6 Of/'@ o01acTu
YaCTHII “  HccmenoBaHmii

Origin of Mass

Matter/Anti-matter
Asymmetry

Origin of Universe

Unification of Forces

New Physics
Beyond the Standard Mode/

A
[ .©
Dark Energy g
ar n
O
S

Proton Decay s Q
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‘f( Dark Matter

- runoTreTudeckas ¢opMa MaTepUM HE YYaCTBYIONIAs B JJICKTPOMAarHUTHOM B3aUMOJIEHCTBUHU
- He npsMoe HabmoaeHue (rpaBuTanus, CTpykTypa BeenenHoi)

Free hydrogen and helium

| Heavy elements

70%

Dark Energy

3IIEKTPUYECKU HENTpallbHa
He OapuoHHas
cocrasnsgeT QOIRIIVIQ YacTh Macchl BeeneHHoM

IIpupoga DM - ?
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Dark Sector

Types of lab experiments
Astrophysical and cosmological

» Semiconductors observations

» Narrow-gap materials

» Organic crystals » Primordial black hole mergers
» Polar materials » Gamma rays from annihilation
* Superconductors » Radio and X-ray signals from

* Dirac materials neutron stars

* 2D targets » CMB polarization rotation

» Single-molecule magnets » Exploding white dwarfs

e — e —

Wave-like dark matter | | Particle-like dark matter

Types of experiments Types of experiments

» Conversion in magnetic field » Multi-tonne liquid noble elements
» Light shining through walls » Bubble chambers

* Nuclear spin precession » Cryogenic calorimeters

* Resonant cavities » Directional time projection

* Lumped-element circuits chambers

» Oscillating fundamental constants « CCDs

* Mechanical sensors

“fuzzi DM” ~10-22 eV (de Broglie wavelength ~ galaxy Direct search: gaseous detectors (XENON,

size) successfully explains the structure and features of PandaX, DarkSidg, ...); crystalls (CDMS,
galaxies motion; CRESST, EDELWEISS,..); bubble chambers

massive compact objects ("primordial” black holes, (PI(?O) .
neutron stars); Indirect search: gamma/ neutrino/ radio
axions & ALP; telescopes; cosmic rays (I¢ceCube, Baikal,
Sterile neutrino; AMS, MAGIC,...);

WIMP: massive particles, E-W scale;
light dark matter Search for particle like DM with accelerators:

- LHC (WIMP)

- L
Dark sector (v<<c) SPS (LDM)
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NAG64 experiment

Schematics of the missing energy technique used by NA64 combining initial €, e*, U and ™ beams

NA64 research program addresses three complementary issues in DS physics that are accessible at the SPS:

NA64e, NA64e': search for vector-mediated (A’) LDM and other BSM physics with masses below the
electroweak scale using electron and positron beams at H4;

NA64p.: search for L, — L, Z’ (DS predominantly coupled to the second lepton generation) and LDM with
the M2 muon beam,;

NAG64h: search for leptophobic DS coupled to light SM quarks with the SPS/PS hadronic beams.
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2026 roa: 8 Henesb HA KaHalle H4 e ¢ sueprueint 100 ['3B, nanee 5 nHEN « TAIIOT» MO BUAUMOMN MOJIE C
OpHUEHTUPOBaHHBIMU BOJIb(PpamoBbiMu kpuctamiamu (INFN Sezione de Ferrara)
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CtuBeH XOKHUHI: « ECiM MBI ICMCTBUTEIHEHO OTKPOEM MOJIHY IO
TEOPHUIO ..., TO Y3HAEM MOYEMY TAK MPOU3O0NLIO, YTO CYIECTBY EM
b MBI U1 cyuiectByer BeeneHHad. ...2To OyaeT HOJIHBIM TpuyMdom
YeJI0BEYECKOr0 pazyma, MO0 TOrjaa HaM CTaHET MOHSTEH 3aMbICce
boray.

JI.Lb.OKyHb: « YpOBEHb (DM3UKHU OMPEACISIET
YPOBEHb IOHUMAHHUS BCErO OKPYIKAIOLIETO
HAaC MUPA, YPOBEHb UHTEIUIEKTY AJIbHOM
3PEJIOCTU YEI0BEYECTBA.»
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