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Multi-Purpose Detector (MPD) Collaboration

MPD International Collaboration was established in 2018
1 to construct, commission and operate the detector

12 Countries, >500 participants, 38 Institutes and JINR p—
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, Dubna;
A.Alikhanyan National Lab of Armenia, Yerevan, Armenia;

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, Huzhou, 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 Col

FD  TPC  Cryostat

University of South China, China; Belgorod National Research University, Russia;
Three Gorges University, China; Institute for Nuclear Research of the RAS, Moscow, Russia;
Institute of Modern Physics of CAS, Lanzhou, China; High School of Economics University, Moscow, Russia
Thilisi State University, Tbilisi, Georgia; National Research Nuclear University MEPhI , Moscow, Russia;
Institute of Physics and Technology, Almaty, Kazakhstan; Moscow Institute of Science and Technology, Russia;
Benemeérita Universidad Autonoma de Puebla, Mexico; North Osetian State University, Russia;
Centro de Investigacion y de Estudios Avanzados, Mexico; National Research Center "Kurchatov Institute", Russia;

Instituto de Ciencias Nucleares, UNAM, Mexico;
Universidad Auténoma de Sinaloa, Mexico;

Universidad de Colima, Mexico;

Universidad de Sonora, Mexico;

Universidad Michoacana de San Nicolas de Hidalgo, Mexico
Institute of Applied Physics, Chisinev, Moldova;

Institute of Physics and Technology, Mongolia;

Peter the Great St. Petersburg Polytechnic University Saint Petersburg, Russia;
Plekhanov Russian University of Economics, Moscow, Russia;
St.Petersburg State University, Russia;
Skobeltsyn Institute of Nuclear Physics, Moscow, Russia;
Petersburg Nuclear Physics Institute, Gatchina, Russia;
Vinca Institute of Nuclear Sciences, Serbia;

Pavol Jozef Safarik University, KoSice, Slovakia 2




Memopanaym

«CornameHue 0 Hay9YHO-TEXHUUYECKOM COTPYJHHYECTBE B 001acTu siaepHON pusuu, Husnku
AJIEMEHTAPHBIX YaCTHUIl U CMEXHBIX oOmacTax» Mexay HUILl «KypuyaToBCKH MHCTUTYT» U
OUSIU (Ne COT 23/p 15.08.2018)

(CMOpOoHbI  NPU3HAIOM  8ANCHOCMbL  00beOUHEeHUs. YCUIUU 0N NPOBEOeHUsl HAYYHO-UCCIe008AMENbCKUX U
UHHOBAYUOHHBIX pA3PAOOMOK HA Oa3ze MeHCOYHAPOOHbIX NPOEKmMO8 Klacca meza-cavenc Ha meppumopuu Poccutickoti
Deoepayuu u 3a pybexcom (MLIHU ITUK, NICA, UCCH-4, UTTHUTOP, FAIR, XFEL, CERN-LHC u 0p.)

2021 — memopanaym Mmexay HUIL «KypuartoBckuit uncturyt» - [IMAD u xommadoparueit
MPD Ha 1 roa, nmpomien (kak MuHUMyM 10 2026 roma) B 2023 roay crenuaibHbIM
JOITOJIHCHUCM.

Signatures

The undersigned Parties declare that they agree on to the present Memorandum of ion: pg
= Y ag Signatures

Understanding for the MPD Experiment. _

For JINR:

For JINR: y i Prof-Vadimir Kekelidze
Prof \',znlm.lr Kekelidze sl i JINR Vide Director
JINR Viee Director wa Y
{ A A
/7 |
YN Date: S Date:

For the MPD Collaboration:

For the MPD Collaboration: Prof. Viktor Riabov
Prof. Adam Kisiel Addendum 1 MPD Collaboration Spokesperson
MPD Collaboration Spokesperson To the Memorandum of Understanding
dated June 09" — 17, 2021
3 Date Date:
between
MPD Collaboration, For the Petersburg Nuclear Physics Institute named by B.P. Konstantinov of National
For the Petershurg Nuclear Physics Institute named by B.P. Konstantinov of National Joint Institute for Nuclear Research Research Centre “Kurchatoy Institute™:
Research Centre «Kurchatov Ins and Sergey-Gerchakov
hakov R . K N . Pirector of NRE, “Kurchatov Institute” - PNPI
r of NRC «Kurchatov Institutes - PNPI Petersburg Nuclear Physics Institute named by B.P. Konstantinov
of National Research Centre “Kurchatov Institute”
(hereinafter — NRC “Kurchatov Institute” - PNPI) @ x | Date:
Date
for
) 5 s & 3 s ress o Yuriy Ryahoy
performing the MPD Experiment for Studies of Baryonic Matter at the NICA Collider . ek
Group Leader
Dr. Viktor Riabov
Group Leader
[P pade, Date
/
Date:
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TPC gas system

length 340 cm

outer Radii 140 cm

inner Radii 27 cm
gas 90%Ar+10%CH,

drift velocity |5.45 cm / us;

drift time < 30 us;

#R-0 12+ 12
chamb.

# pads/ chan. |95 232
max rate < 7kGz (L= 10%7)

TPC MPD gas system was designed in 2014 and assembled at PNPI in 2016. It provides (Ar + 10%
Methane) gas mixture to the TPC detector at the correct differential pressure (2mbar). The system
operates nominally as a closed circuit gas system with the majority of gas recirculation through
the detector. The TPC MPD gas system is the first system designed in our laboratory with two
recirculation circuits. The inner circuit provides fast gas mixture exchange in the detector at large
flowrate. The outer one provides quality control of the mixture, fresh gas supply, pressure
stabilization etc. The slow control for the gas system is based on single DAQ32 module.

https://Ikst.pnpi.nw.ru/projects/nica/tpc/

JlabopaTopusi KPHOreHHO U CBEPXIPOBOASAIIECH TEXHUKHU


https://hepd.pnpi.nrcki.ru/hepd/structure/div/LKST/lkst_introduction_ru.html
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[ —| PETERSBURG NUCLEAR PHYSICS INSTITUTE NAMED BY B.P. KONSTANTINOV
\ OF NATIONAL RESEARCH CENTRE «KURCHATOV INSTITUTE»

Ya. Berdnikov, D. Ivanishchev, D. Kotov, M. Malaev, V. Riabov, Yu. Ryabov

NONMUTEX
CaHkT-MNerep6ypreknin
NONUTEXHWYECKWA yHNB@pCUTET
MNetpa Benukoro

3anaya: MccinenoBanue Bo3MokHOCTEN ciekTpomeTpa MPD (ct. 1) mpousBoauts oTO0p
COOBITUH B Pa3JIMYHBIX CTAJIKMBAIOIIMXCS CUCTEMAaX MPHU Pa3IMYHON SHEPTHUHU.

OcobeHHocTH cToMKHOBeHMIT Ha NICA:
+ Marasg MHOKeCcTBEHHOCTE ~ 1000 Ha coObITHe (AutAu Vs,»=11T5B)
* DOTBIIMHCTBO 3apA/KEHHBIX YACTHUIL HE PETTATUBUCTCKIE
* OcoOble TpedoBaHUA K JIETEKTOpaM IepeHel o0rmacTi
* Yacrtota cronkHoBeHmid 50 'Y — 7 KI 11

Stage 1

o0

MPD TpurrepHsie mnoacucreMbl
FFD: [gg=| <2m, 2,7 <|&| <4,1

FHCAL: |gg=| <2m, 2 <[&| <5 ]

TOF: [gg=| <2m, |[&| I 1,4 7
*JlocTaToOuHbI OBICTPHI o |1 ] ]

*OcHalIleHbl NOAXOIAIICH FEREEER
BJIEKTPOHUKOU

[lokphIBalOT pa3anyHbIe 00JIaCTH i

MICEBIOOBICTPOT

*I3MepAIOT pa3HbI€ CUTHAIIbI =l

. Cryostat

* JIOMOJHSOT APYT Apyra
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boicTpelii nepeanuii nerexkrop (FFD)

19'<|g<7.3'
FFDE 2.7<|n| < 4.1 FFDw

W i

_II Au S—T Au I'_II )

r ’5I|=r

=140cm

*2x20 (4epeHKOBCKUX MOJYJIeH) X 4
(kanana) = 2x80 kaHaJIOB

* Peructpupyer (bOTOHBI u
PENATUBUCTCKHE 3apsKCHHBIE
YaCTHIIBI

* Usmepsietr Ty nns TOF u EMC
* lI3MepsieT z-BepIInHy

* [IpoexkTHOE BpEMEHHOE pa3pelieHue
< 50 mnc (BpeMeHHOE pa3peuieHue
TOF < 60 nc)

* Pazpenienne z-BepuInHbI ~ 2 CM

Ilepennuu aapOHHBIN
KanopnMeTp (FHCal)

* 2x44 kanopuMETPUUECKUX MOIYJIEH —

MHOTOCJIOWHAs CTPYKTypa
nepeMeKaroINXCs CJIOEB
CBHUHEI/ CUUHTHIISITOP

* I3mepenue SHEPreTUYECKUX "

MPOCTPAHCTBEHHBIX  pacTpeeIcHUI
HYKJIOHOB U SIIEPHBIX (hpramMeHToB
(CTIeKTaTOpOB) — MEHTPAIBHOCTh H
IJIOCKOCTh PEAKIINH

* Bpemennoe paspemienne < 1,3 He

* Pa3zpemenue z-pepmnnbl ~ 30 cm

* Axcenranc > FDD

* JHEPreTUIEeCKOe
60%/\E

paspelieHue

Bpems-npoJieTHbIT

NETEKTOP (TOF)
TOF: || < 2n
Xt 1,4

* Knaccuueckuit  TOF  pgerexrtop
Ha  OCHOBE  MHOI'03a30pHBIX

pCSI/ICTI/IBHBIX IIJIOCKHUX KaMep
(MPIIK)

* 14 (cexkTopoB) X 2(MomyJiei) X
10 MPIIK nerextopoB =2 x 140
MPIIK nerexkropos

* Bpemennoe paspemenue < 50-
60 mic

* Unentuduxanus
MMoHOB/KaoHoB 70 1,5 I’ B/c

* Unentuduxanms
(arTH)mpoToHOB 10 3 I3B/C

e TpurrepHslii CHUTHAI — YHUCIO
CpabOoTaBIINX JIETEKTOPOB 7



Bo3moscnocmu mpuzzepuoﬁ cucmenMbsbl

» Collision systems:
" p+p, p+Bi, C+C, Xe+Xe and Bi+Bi.
»Vsyn =4, 7 and 11 GeV (9,2 GeV for results validation).
» Event generators:
* DCM-QGSM-SMM for p+Bi, C+C, Xe+Xe, BitBi.
« realistic z-vertex distribution (200 cm) with 6, ~ 50 cm.
« inelastic collisions with b ~ 0-16 fm (~ 0.5%10° - 1x10° events for every collision system).
» PYTHIAS for p+p and p+Bi (TOF).
» Particles propagation through MPD:
= Full event reconstruction with default MpdRoot.
= Geant-4.
= FFD, FHCal and TOF standard procedures as described in Victor Riabov presentations:
(https://indico.jinr.ru/event/3448/contributions/18622/attachments/14091/23624/TriggerMassProductions.pdf)
» Trigger configurations and definition:
= Different combinations of FFD, FHCal and TOF detectors
*FFD
* Default is > 1 fired channel per side for symmetric and on one side for asymmetric collision system.
* Optional: > 2, 3 or 4 modules per or on one side.
* |z-vertex| < 140 cm (should be wider by 10 — 20 cm during online selection).
= FHCal:
* Default is > 1 fired module per side for symmetric and on one side for asymmetric collision system.
* Optional (per or on one side): > 2 modules, > 1 module in inner region §, > 1 module in inner region 24.
* Optional: > 1 modules in 8, 24 or 44 inner region, > 1 modules in 8§ or 24 or 44 inner regions.
* |z-vertex| < 150 cm (should be wider by 20 — 30 cm during online selection).
= TOF:
* Default > 1 fired detector.
* Optional: > 2, 3, 4 fired detectors.
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Trigger efficiency vs impact parameter b (fm)

FFD trigger efficiency vs. impact parameter FFD trigger efficiency vs. impact parameter FFD trigger efficiency vs. impact parameter
[ 5 % 08F
ks 2 ans o g 1_ 307:
- EL i L E "% 1 channels per side
_ e 08 [: 06} >=2[channels per side
" >=1 channels per side Ay T >=1channels per side N 0sf >=3 channels per side
>=2-channels per side 06~ >=2 channels per side iz F. . >=4 charmels per side
[ >=8 channels per side iy = f‘=3 channels per side L 0'45 — 1 L FrD
- 3=4 channels per side T sl »=4 channels per side - oaf
: i : FFD iy ; L C+C, 7 GeV
- FFD B : | - -
af H 0.2 & -.-LI...H C =l 1
- Bi+Bi, 7 GeV Ny "141} - Xet+Xe,7GeV ] i1 il i
L D) ) o E I—-—._._‘
_\\\ LS 7§ L1 L1 L1 L1l |\;%’HT Di‘l‘ e ek - = L : 0:""'”"'HH = “L‘"J
0 2 4 6 8 10 12 14 5 (fn': 0 2 4 6 8 10 2 b (f 0 ! 2 3 4 > 6 ! t?(fm)
Trigger efficiency vs z-vertex (cm)
FFD trigger efficiency vs. z-vertex FFD trigger efficiency vs. z-vertex FFD trigger efficiency vs. z-vertex
ilBi,7 geV §1 Xet+Xe. 7 GeV ;1
I b wwm . CTAL © F L C+C, 7 GeV
8- AT e i 08 b e s -u“:: 08l
- i et B Ere e I
>=1 module per side =1 iodule per side i >=1 module per side
=2 modules per-side ] 06 >=2 modules per side 06 >=2 modules per side
i [ >=3 modules per side | i k >=3 modules per side i i >=3 modules per side
L >=4 modules per side l sl ' >=4 modules per side - | i M4 modu esE_rr_gye....ﬂ,
i 0.2_ 0.27 g, ol
|- L i e
L [ B SR MUE LB
[ I‘ ot 200 150 -100 -50 0 80 100 ‘150..1[200, - ol i J‘i‘}“}“‘f‘m*ﬁfwwﬁ*ﬁﬁm dall
200 -150 100 50 0 50 100 150 200 It Z-vertex (cm) i e e (em)

z-vertex (cm;

Y
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1 = 1 1 1 I. 1 1 1 1 1 1 1 L 1 1 I. I. L 1 1
pP+p p+Bi C+C Xe+Xe Bi+Bi
Nuclei collision
o »
| e 4 GeV
—m 7 - GeM
¢« 9.2 GeV
F o+ 11 GeV =
1 1 * 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
p+p p+Bi C+C Xe+Xe Bi+Bi

Nuclei collision

[ —— 1 ! ! ‘ T T T T
D) | |ToF = . "
g f
= 28V i
08—%285 Gev
o+ 11 GeV
0.6
0.4
0.2

“p+p p+Bi  C+C  XerXe Bi+Bi
. . Nuclei collision
*Default trigger configuration. Mean over z-vertex.

*Trigger efficiencies are decreasing with decreasing
Vsnn except TOF and FHCal in Xe+Xe and Bi+Bi.

*Xe+Xe and Bi+Bi:
TOF(98-99%)>FHCal(93-95%)>FFD(76-88%).
*p+p, p+Bi and C+C:
TOF(92-97%)>FHCal(2-92%)>FFD(0.5-82%).

10
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XetXe, 4 GeV Trigger efficiency vs impact parameter b (fm)
FFDIIFHCAL trigger efficiecny vs. b (fm) FFD||TOF trigger efficiecny vs. b (fm) FHCAL|[TOF trigger efficiecny vs. b (fm)
;‘; L T o1 ——— ——— : 1 —=|q
08— FFD || FHCAL ' %8 " TOF || FFD I ' °*T " TOF || FHCAL |_
© FHCAL ¥ C FFD . - FHCAL
OAS:_ s TOF 1 o8] TOF
0.4_— 0.4 04_ —|—I
i i C _'IHLI.I
0.2:— Bl ‘ 02
0(; LA “;2(" 00_”‘2“‘4‘”s”‘s”‘10‘“1izmi'{4” 007"' B S S TR |
L m b (im)
100% from 0 to 9 fm 100% from 0 to 9 fm "™ 100% from 0 to 10 fm
Trigger efficiency vs z-vertex (cm)
FFD||IFHCAL trigger efficiecny vs. z-vertex FFD||TOF trigger efficiecny vs. z-vertex FHCAL||TOF trigger efficiecny vs. z-vertex
E 1_ E:’ gl = e T Hflabien 11.'1]][
o L L RN A
08 e 081 B rl H
i FFD || FHCAL - | oo EHEAL
NI Rl i | ARG
: F q : TOF 0.47 rl LI
off | | osf | Lo | 02; ,l | ||
i § Folwed . =99 % il
0_2_ d 9’3 o ll 0.2 by -200 -150 -100 -50 0 50 100 15(?!2_V€r%é))?(cm)
ro | ~ 393 70 b | Lo ~ 0 l, ‘
o F98% b TOF|[FHCAL > TOF,
w0 0 %0 w0, foo ) o |_150 -0 LSO o ‘50““100”‘156va06(”) especiall n the region Ofthe
z-vertex (cm z-verlex (cm y
FFD||FHCal ~ FHCal TOF|[FFD ~ FFD

most peripheral collisions 11



Resolution (ns)
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Teep (ns)

1
C l ’g 200:\\II‘\\\I T 1T L T 17T IIII:’é\ 9:IIII‘III\ L T T \\\\:
. = 180/ [7GeV_ | ] % g [FDD,7 Gev ]
E -2 B e b=01fm 1.9 - ]
W 3 O TBIiim 13 s bzim ]
| 8 o spiim g Em :
Bo o U ibgm & e ppzim :
& - + b=71fm A r 4 b;ﬁfm 9
< 120 s b=8t C 3 Be ]
i E = bIgm ] s——rbiim :
: 100+ +b=11fm ] - n gf%? ]
r e b=12fm . C + b= m i
C m b=131m 7 4r +-b=11fm .
«.b=14fm . 4 C e b=12fm 7
801 +bI15m ] C s b=13fm ]
C N 7] 3F +.h=14fm ] r ]
) ’ 60 . ; + b=15fm 4 ] ;
20 405 7 Ge‘v7 A f 2; El 4 ;
1 - 3 ' - ): 7] GeV : ]
. 20 - . $ ]
=10 C - E 7l
1 E L Ll L é+d | ‘X‘e+xle| ‘B‘i+B‘i| L1 1111 | | 11 I\C+C\ 1 IX\e+X\eI \B\H-B\I\ L1
R Nuclei collision Nuclei collision
|
- . . o 7_ . g
o - * T, resolution 1s worsen AT .rﬁs.olutlon. 15
o 0 with increasing impact RSIEEnasinCIcasng
o parameter — 1mpact .par\a/tmeter and
z : reasin :
I e e - decreasing VSN decreasing sy
o e i Vertex resolution . . . '+ . + : >
¥ *Bi+Bi and Xet+Xe: > SAIE andf Xeh Xe
0.16;— g . - 1 m r m
o : 15 — 50 ps for the most 0.5 , cm for the most
o 25t <15 —
oo .-+ central and <45 — 85 ps central and . 1.5 -4
i N N A P AP R for the most peripheral om hforl tﬂ? ' most
4 6 10 12 14 3 z 4 s o 72 T o e rl r 1 1 n .
o -« collisions. peripncral COl1S10nS 12
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v O160p COOBITHIA B CTOJKHOBEHHSX TSLKENBIX SIAEP U SIAEP MIPOMEKYTOUHOM
MaccChl IIpU VSN = 4,5,6,7,9,2 1 11 I'3B MOXKET OCYIECTBIATHCSA C
riomo1npio mogcucreM FFD, FHCAL u ux xomOuHanui

v B cronknoBenunx Xe + Xe npu Vs = 4 3B FDD =e uMeer 061acTH co
100%-HoM 3 (PEKTUBHOCTHIO B 3aBUCUMOCTH 3(PHEKTUBHOCTH TPUTTEPA OT
MPHUIIEIBLHOrO NTapamMeTpa, Heooxoaumo npusiekatb TOF.

v Dddexrusnocts Tpurrepa FFD u FHCal HemocTaTouH0 BEICOKA A1 BEIOOpa
COOBITUH B JIETKMX U aCUMMETPUYHBIX CUCTEMAX CTOJIKHOBEHUH (p+p, p+Bi
u C+C), nostomy TOF nmeeT pelniaroiiee 3HaueHUE 4151 BLIOOpa COOBITHH B
TaKUX CUCTEMAX.

v" Jloruka, ocaoBanHnas Ha couetannu TOF u FHCAL B KoHpHUIypaliH 110
YMOJYaHHUIO, SIBJIIETCS HanOO0JIee NEPCIEKTUBHOM.

v' Jlo6asienne FFD k 3T0i1 KOMOMHALIMK HE3HAUYNTEIHHO YBEIMUNBACT
3((HEKTUBHOCTb.

v' Pazpemenne FFD o Bpemenu (T0): 15150 1ic B 3aBUCHMOCTH OT
LHEHTPAIBbHOCTU U CUCTEMBI CTOJIKHOBEHUI.

v' Paspemenne z-sepimnsl FFD: 0,5-8 cm. Paspemtenue z-Bepmmnsl FHCAL
cocrasisieT okoino 20—40 cwm.

13



Resonances in heavy-ion collisions
NOJIUTEX

CaHkT-Metepbyprckuin
NONUTEXHWYECKUA YHUBEpPCUTET
[MeTtpa Benukoro

[ 1 PETERSBURG NUCLEAR PHYSICS INSTITUTE NAMED BY B.P. KONSTANTINOV

OF NATIONAL RESEARCH CENTRE «KURCHATOV INSTITUTE»

Ya. Berdnikov, D. Ivanishchev, D. Kotov, M. Malaev, V. Riabov, Yu. Ryabov

*Wide variety of resonances in the PDG, most often/easily measured are:
p(770) K*(892)° K*(892)* ¢(1020) =(1385)* A(1520)

8(1530) Copiously produced in heavy-ion collisions at ~ GeV energies, large branching
uil + dd

uus

- &5 & S o ik i ratios in hadronic decay channels — possible to measure
Probe reaction dynamics and particle production mechanisms vs system size and

Particle Mass (MeV/c3) | Width (MeV/c3) Decay BR (%) G SN

o’ 770 150 T 100 v'hadron chemistry and strangeness production, ® with hidden strangeness is one

= % 7 T T ool relves | |

b 1019 57 TR 150 v r;acjuon dynamics apd shape of partl.cle prspectra, p/K*, p/ = vs pr

T 1333 % ey 27 v lifetime and properties of the hadronic phase

- 1387 39.4 Th 87 v spin alignment of vector mesons in rotating QGP (polarization of quarks from
A(1520) 1520 157 Ep 225 spin-orbital interactions)

50 1532 2.1 =3 561 v flow, comparison with e*e” measurements, jet quenching, background for other

probes etc

*Resonances have small lifetime of & ~ 1 — 45 fm/c, part of them decays in the fireball

increasing lifetime ——

o(770) | K'(892) | X(1385) | A(1520) | Z(1530) | (1020)
T (fm/c) 1.3 4.2 5.3 | A0 21.7 46.2
Orescatt GnOn GnOK GrGA OKGCp Cx0= GKOK

Reconstructed resonance yields in heavy ion collisions are defined by:
v'resonance yields at chemical freeze-out

v'hadronic processes between chemical and kinetic freeze-outs:

rescattering: daughter particles undergo elastic scattering or pseudo-elastic scattering through a different resonance ¢ parent particle is not
reconstructed ¢ loss of signal

regeneration: pseudo-elastic scattering of decay products (&K & K0, KK&; & etc.) © increased yields
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Reconstruction efficiencies and Mass resolutions

*Full chain simulation and reconstruction with UrQMD v.3.4 (BiBi@?9.2 GeV, 50M events)
Particles propagation through the MPD with ‘mpdroot’ (Geant v.4):

v'realistic simulation of subsystem response (raw signals)
v'track/signal reconstruction and pattern recognition

*Typical reconstruction efficiencies (4 x ) at different centralities, |y| < 0.5
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*Reasonable efficiencies in the wide prrange, |y| < 0.5
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*Measurements are possible from 0 momentum for K°(892)°, p(770) and from 0.2 — 0.4 GeV/c for

*Modest centrality dependence ’e
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*Mass resolution is good enough to preserve the capability for the line shape analysis
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@ (1020), Reconstructed peaks

*Full chain simulation and reconstruction, pr= 0.4 — 0.6 GeV/c, §(1020)—»K" + K", [y| < 0.5
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Centrality
*Mixed-event combinatorial background is scaled to foreground at high mass and subtracted

*Distributions are fit to Voigtian function + polynomial (mass resolution fixed to estimated value,
I' — free parameter)

*Signal can be reconstructed at p;y> 0.2 GeV/c, high-p reach is limited by available statistics

*S/B ratios deteriorates with increasing centrality
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K*(892)° reconstructed peaks

*Full chain simulation and reconstruction, pr= 0.0 — 0.2 GeV/c, K'(892)’—n* + K*, [y| <0.5
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Centrality
*Mixed-event combinatorial background is scaled to foreground at high mass and subtracted

*Distributions are fit to Voigtian function + polynomial (mass resolution fixed to estimated value,
I' — free parameter)

Signal can be reconstructed at py > 0, high-p7 reach is limited by available statistics

*S/B ratios deteriorates with increasing centrality
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p(770), reconstructed peaks

*Full chain simulation and reconstruction, centrality 0-10%, p(770)—=n" + @, |[y| < 0.5
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*Mixed-event combinatorial background is scaled to foreground at high mass and subtracted

*Distributions are fit to Voigtian function + polynomial (mass resolution fixed to estimated value,
I' — free parameter)

*Signal can be reconstructed at py> 0, high-pr reach is limited by available statistics

S/B ratios deteriorates with increasing centrality "



Production spectra and MC closure test

*Full chain simulation and reconstruction, ranges are limited by the possibility to extract signals, |y| < 0.5
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*Reconstructed spectra match the generated ones within uncertainties

*First measurements for resonances in centrality dependent analysis will be possible with
accumulation of ~ 10® Bi+Bi@?9.2 GeV events

*Measurements are possible starting from ~ zero momentum &; sample most of the yield,
sensitive to possible modifications
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Conclusions and outlook

*Measurement of resonances contribute to the MPD physical program
v'hadronic phase properties, strangeness production, hadronization mechanisms and collectivity,
hadrochemistry, spin alignment etc ...

*First measurements for p(770), K(892)°, $(1020) resonances in centrality dependent analysis
will be possible with ~10% sampled Bi + Bi collisions at \/SNN =9.2 GeV

*Measurements are possible starting from very low momenta (for most of the cases from zero
momenta) with decent mass resolution — high sensitivity to different physics phenomena most
prominent at low pr

*Feasibility study of the reconstruction of other resonances such as K (892)*—m'K,,
¥(1385)*—m*A, A(1520)—pK- in Bi + Bi collisions at Vsyy = 9.2 GeV is required for systematic
study of resonance production and is in progress
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O. Fedin, E. Kryshen, Yu. Riabov, N.Burmasov, M. Zhalov
3agava: pa3paOoTKa KOHIEHIIUKU (OPBAPIHBIX TPEKOBBIX JETEKTOPOB JJIsl aKciepuMenTa MPD.

I“ = — On straw tracker:
R ] e V. Kekelidze, V. Peshekhonoy,

==l
7]
S
i

N. Topilin, Phys. Part. Nucl.
Lett. 9 (2012) 180

e J. Fedorishin, PoS Baldin
ISHEPPXXII (2015) 130

On cathod pad chambers:

— e J. Fedorishin, O. Rogachevsky,
TSGR Y. Kiryushin, PoS Baldin

Cryostal
e ol ISHEPP-XXI (2012) 004

v' BbUIH UCKITIOUEHBI B (DUHAILHOM BapHaHTE MEPBOM CTAINHU CIIEKTPOMETPA,;

Status and initial physics. ..,
EPJA 58 (2022) 140
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PSGUdOI‘apIdIty coverage % TPC mo3BossieT perucTpupoBath NpuMepHO 55% vacruil,

. POXKIAIOUIUXCS B LICHTPAIbHBIX CTONIKHOBEHUSIX. DopBapiHbIT
UrQMD o e TPEKOBBIH JETEKTOP MOKET IIOJHATH DTOT IOKa3aTenb > 80 %.
AUAU@1 1GeV +, +‘ Minimum bias events .

\/

*

[T0o3BOMSET YIYyUIINTh TOYHOCTH PA3TUYHBIX HAOIIOJAEMBIX U
OTKPBIBAET BO3MOXXHOCTH JJIsI U3YUCHUS HOBBIX 3(P(PEKTOB:

\‘\H\‘MMIH

I

. v Ompe/esnieHre MOJTHBIX BHIXOI0B M OTHOIICHUH BBIXO0B YACTHIL H
FwWD | TPC | FWD spectators TECTUPOBAHUE Pa3TMYHBIX F(P(PEKTOB CTATUCTUUECKON MOJIENH, TAKUX KaK
the kink, the horn, the step, the dale u np.;
- : . : . /" PaclmpeHHbII TUANa30H 10 MCEBIOOBICTPOTE OTKPHIBAET BO3MOXHOCTh
. T UcclieIoBaHU OGapuOHHON aHOMaJIMU B (pOpBapAHOI 00JacTu B 1uana3oHe
= R -4 - UMIyJIbCOB OT 1 10 4 I'3B, rae ¢ Touku 3peHnss MOIEIN KOAJIECIICHIINH
P s S OKa3bIBAE€TCS BAJKEH UMEHHO IOJIHBIM UMITYJIbC YACTHIL;
jﬁ-vl - -I4 l -2 0 ‘ 2 I lll l F—‘:v;— ‘
PaclIMpeHHbIiH IUana3oH 1o MCeBA0OBICTPOTE OTKPHIBAET BO3MOKHOCTh UCCIIEI0BAHUI GapHOHHOM aHOManK B (pOpBapIHOi 06IACTH B
JIMaIia3oHe UMITYJIbCOB OT 1 10 4 I'3B, rae ¢ Touky 3peHns MOJENH KOAJIECIEHIIMY OKAa3bIBAETCS BA)KEH HMEHHO ITOJIHBIN UMITYJIbC YaCTHIL;
Pacmmpsier BO3MOXHOCTH MCCIIEIOBAHNS JBYXYACTUYHBIX KOPPEJSIIUI, TAK KaK MO3BOJISIET JIy4Ille U30JIMPOBATh MUK, CBA3aHHBIH C
KOppEJSIUsIMHI YaCTHI B CTPYSIX M pacnaaax pe3oHaHcoB. Kpome Toro, paciirpeHHsbli Juana3oH Mo nceB100bICTPOTE 3HAUUTEIBHO
YBEIMYMBAET CTATUCTUKY B UCCIEAOBAHUAX MHOTOYACTHYHBIX KOPPEIIALIHA;
BaxxHo 111 Iperu3noHHBIX U3MEPEHUH 3aBUCUMOCTH HAIIPABJIEHHOTO MOTOKA (ko3¢ duiirenTa v1) oT nceBroObICTPOTH, U3MEHEHHE 3HAKa
KOTOpOTO0 OHiaeTcs npu sHeprusix kotaaepa NICA;
W3MepeHus MOIHBIX BBIXOJ0B YACTHI] TAK)KE BaXKHBI I UCCIIEIOBaHUM (PIyKTyanuii 6apuoHHOTO 3apsaa U MoMcKa KpUTUYECKOM TOUKH Ha
JMarpaMme siICpHON MaTepuH;
[To3BomsieT pacuMpUTh MPOrpamMMy JAPYTHX HCCICIOBAHNHN, HATPUMED MO3BOJISET UCCIIEA0BATh 3aBUCUMOCTD TIOJISIPU3AIINI0 § -THIIEPOHOB
OT OBICTPOTHI, U3y4aTh pa3iINuHble acnekThl HenepTypOaTtuBHON KX/I, Takue kak nudpakiimOHHOE pOXKIEHUE YaCTULl, POKICHHUE
WHCTAaHTOHA U T.JL.;
[To3BonuT 60JIEE TOUHO OMPENENATh LIEHTPAIILHOCTh CTOJIKHOBEHUH U MIIOCKOCTh PEaKIUH;
BHenpenue TpurrepHoii 31eKTpOHUKH AJist OPBAPAHOTO TPEeKepa TaKkKe MO3BOJIUT 3HAUUTENBHO YIYUYIIUTh TPUTTEPHBIE BOZMOKHOCTH
HKCIIEPUMEHTA, OCOOCHHO B CTOJIKHOBEHMSIX MAJIbIX CUCTEM;
Pabora ¢opBapAHOro AETEKTOpa B peKUME HEMIPEPHIBHOTO CYNTHIBAHUS MOKET 3HAUUTEIbHO YBEIMUUTh CTATUCTUKY, HAOUPAEMYIO B
HIPOTOH-NIPOTOHHBIX CTOJIKHOBEHMSAX, YTO TAK)KE MO3BOJIUT U3Y4aTh PA3JIMYHbIE aCIIEKThl (PU3NUECKON MporpamMmsl skcriepuMenTa SPD.

MWMM

HH[
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Limitations from realistic 3D model

e Radial limitations:
o R =357 mm

inner

g R

outer

O My =155
o =2.47

nmax

PaspelweHne no wmMmnynbCy Ana npoTtoTuna
dopBapAHOro Tpekepa ObIIO MCCregoBaHO C
nomowibto naketra ACTS (A Common Tracking
Software project). MNaket ACTS npenocraenset
Habop WHCTPYMEHTOB ANSA BbICOKOYPOBHEBOW
PEKOHCTPYKUMW  TPEKOB, BKMYas  unbTp
KanmaHa gna onpegeneHvs napamMmeTposB
TPEKOB, MHCTPYMEHTbI NS NoMcKa NepBUYHbIX
TPEKOBbIX CErMEHTOB, KOMOUHATOPHbIA PUNBLTP
KanmaHa gOna noucka TpekoB, a Takke
anropuTMbl  PEKOHCTPYKUMM BepwuH. Kpome
Ttoro, naket ACTS cogepXut npocton wu
ObICTpbIN TpaHCcNopTHbIM anroputm FATRAS,
KOTOPbIN NO3BONSET MOAENMPOBaTh TPaeKkTopum
YacTuy, B MarHMTHOM Morfie C y4eToM noTepb
3Heprum n OTKINOHEHNS TpaekTopumn
3apsKeHHbIX YacTuL, B BellecTBe B pesynbrarte
MHOIOKPaTHOro paccesaHus.

=1300 mm
e Two volumes possible:

o Pink: z from 2550 to 2950 mm

o The gap due to beam pipe support
(can be eliminated if beam pipe is
fixed to the tracker volume)

e Resulting pseudorapidity coverage:

Getting used to ACTS tracking algorithms...

Considering “ideal” tracker:

o5 tracking layers placed between 210 and 300 cm
oR, . =35.7cm —n,,, =2.47

OR e =130 cm — Nenin = 1.55
eThickness per layer: 200 um silicon ~ 0.2% X,
eGaussian smearing in x and y with o =80 um

Simulation config:

eParticle gun (1 or p) with p; from 0.1 to 1 GeV
eBuild-in fatras transport (only EM processes)

eSeed finding using hits on first three layers (adopted s¢
finding algorithm for cylindrical layers)

e Track finding with combinatorial Kalman filter

Study:

eseeding and tracking efficiency vs p; and n
ep; resolution vs p; and n
epulls (residuals normalized to estimated uncertainty)
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Toy TPC model with realistic endcap radiation length

Integrated radiation length: 160 < z < 200 cm Integrated radiation length: 160 < z < 200 cm

® Using standard fairroot tools:
O particle gun with geantinos
O  fRun->SetRadLenRegister(kTRUE)

3 "' 1i4 O  Analysing “RadLen” branch with
~ ‘ 12 TClonesArray of "FairRadLenPoint"
. ‘ ® All structures ( e.g. FEC) are clearly visible

%‘V ~0.2-0.3 X, in ROC region

® ~1.1Xpinthe frame region

50Hy 10l el i byl
-150 100 -50 0 50 100 150 ~150 -100 -50 0 50 100 150
cm cm

E 150*

»

—100

e Toy model with ROC-like and Frame-like layers

0.14— 0.14/—
0.2/ —mn=22 I I o012l —n=22 p

0.

Resolution
Resolution

0.08

0.06—

0.04

0.02— 0.02—

ob——v v L b L L o——v L] T T S | P S
4 0.4 0.6 0.8 1 1
p¥° (GeV/c) p’fc (GeV/c)

Pa3zpemienue o uMmyasCy AJisi paccMaTpUBaeMoOro NpoTOTUIIA TPEKepa ocTaercs B npeaenax 3-10% B quamnazoHe 1 ot

1.6 no 2.2 u pT<1 I'3B, uto gocrarouno i u3MepeHuil. Pazperienne Tpekepa mo UMIyJIbCy MOKET OBITh YIIYUIIIEHO,

€CJIM TPEKH, PEKOHCTPYHUPOBAHHBIE B (POPBAPTHOM JIETEKTOpE, OYAyT MpUBsA3aHbI K TpekoBbiM cermenTaM B TPC. C

Jpyroii cTopoHbl, Tpeku B TPC MOTYT CITy>KUTh B Kaue€CTBE 3aTPABOYHBIX TPEKOBBIX CETMEHTOB i (hopBapAHOTO

TpekuHra. MccrnenoBanne 000ux BapruaHTOB TpeOyeT pa3pabOoTKH CICIHAIU3UPOBAHHBIX AITOPUTMOB U MOXKET OBIThH
BBITIOJTHEHO Ha CJIEAYIOIINX ATarax MpoeKTa. 24
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HyxHo nccnenoBats 3QhEeKTUBHOCTH MOMCKA TPEKOB MPU BHICOKOW MHOYKECTBEHHOCTH, KOTOpasi 0)KUIAeTCS B
CTOJIKHOBEHUSIX TsKebIX sifiep B NICA (10 3TOro OJMHOYHBIE YaCTHUIIbI).
Kpowme toro, ynpomennoe moaenupoBanrie B FATRAS He yunTsiBaeT BIUsSHHE aIPOHHBIX B3AUMOJACHCTBUM YaCTHI] C
matepuasnioM TPC u 06pa3zoBaHue BTOPUYHBIX YACTHII.
J11st TOro 4TOOBI OLIEHUTD BIUSAHUE ATUX 3PHEKTOB HAa 3(HPEKTUBHOCTD MOUCKA TPEKOB U JA0JI0 (DEMKOBBIX TPEKOB, B
mpdroot 6pUT peasin3oBaH 0osee peaTuCTUYHBIA TPOTOTUT (HOPBAPIHOTO Tpekepa, a st MouTe-Kapio MoaenupoBanus
NEPBUYHBIX TPEKOB Hcnoib3oBaiicsa reHeparop UrQMD (uentpanbibie Au-Au CTOIKHOBEHUS MPU VsNN=11 [=B).
Nudopmarnus o xurax B opBapIHOM TPEKEPe 3aTEM UCIOJIb30BAINCH B KAYECTBE BXOIHBIX JIAHHBIX ISl PEKOHCTPYKIIUU

TpekoB B ACTS.

1000

500

-500

—-1000

-1000 -500 0

500

1000

mm

OOJILIIIMHCTBO TPCKOB ObLIN IIpaBUJILHO

PCKOHCTPYUPOBAHbI, HCCMOTPS Ha

BBICOKYIO IINIOTHOCTH XHUTOB.

O} dekTUBHOCTh  PEKOHCTPYKITUU
TPEKOB ISl TICPBUYHBIX IHOHOB M
IIPOTOHOB B PA3IMYHBIX 00JIACTIX
110 IICEBIOOBICTPOTE.
DddextuBHOCTH gocTuraet 90-
95% B 3aBHCUMOCTH OT Juara3oHa
mo  mceBmooObicTpore.  [lotepum
3G ()EKTUBHOCTH  PEKOHCTPYKITUU
CBSI3aHBI C paclajaMy MHOHOB Ha
nyTd K popBapaIHOMY JETEKTOPY, a
TaK)Ke C HEYNPYTHMH aJJPOHHBIMH
B3aMMOJI. TMHOHOB W TIPOTOHOB C
BeliecTBoM Ha Topiax TPC.
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dopeaponsvlit mpeKkoswvlil 0emeKmop.

+¢* JIOTIOTHUTEIILHO TIPOBEICHO MCCIICIOBAHNE BOZMOXHOCTH 10 MACHTH(UKALIHH.

¢ Paccmotpen TOF B kauecTBe THOpuAHOM TTocieaHel ctanimu (koopauHaTsl U Bpemst, RPC wimu TGC) ¢
BpeMeHHBbIM paspemenueM 50-100 mc.

¢ Tlpu pazpemenun 50 mc MoxHO 3Q(HEKTHBHO Pa3AETUTh MPOTOHBI U KAOHBI JJ0 UMITYJILCOB ~3 [3B/c,
a KaOHbI U MU-ME30HBI J10 UMIYJIbCOB ~1.5-2 ['3B/c B 3aBUCMMOCTH OT JMana3oHa Mo MCceBI0OBICTPOTE.

TOF: squared mass distributions
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dopeaponsvlit mpeKkoswvlil 0emeKmop.

¢ IlepBbIil IpOoTOTHN TPEKEPa, peajn3oBaH B mpdroot ;

» PeanmmcruyHoe oOHaApyKeHHE U MOATOHKA TPeKa ¢ ucnosab3opanuem ACTS
(MHCTPYMEHTBI TOTOBbI K M3YYEHUIO B PA3JIMYHBIX BADMAHTAX €TEKTOPA);

¢ UMnyJibC TpeKa MOKHO U3MEPUTH ¢ PA3YMHOM TOYHOCTBIO 10 N1~2,2;

» Unenrudurkanusa yactul ¢ noMoumb0 TOF BBITISAAUT BO3MOKHOM;

ILian:

R/

*¢ usydeHue BiaussHus 3pPexToB paspemenus umnyJabca/IlINJ Ha pusnveckue
HaOJI01aeMble;

¢ BBIOOP TexHOJOruM Kamep ! (TpyOKH, TOHK03a30pHbIe KaMephl ....) ;

¢ 0oJiee peaJIMCTHYHOE MOAEIMPOBAHNE U JATbHEHIasi ONTHMH3ALMS HACTPOIKA
HeTeKTopa.
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Summary

dusnueckas nporpamma skcriepumenTa MPD He OkKoHUaTelbHass U KaKIbld BKJIAJ]
Ba)keH

Cotpynuuku [TUSA®D ydacTByIOT B pab0TE€ MHOTMX padO4YMX TPyIN B KOJIadOpaluu
MPD u BHOCAT CBOM BKJIaJ B OJIYYEHHBIE PE3YJIHTATHI

[Imanupyem npoaoKaTh padOTHI 10 MPEACTABICHHBIM HAIIPABICHUSIM.

HoBble yyacTHUKHA NPUBETCTBYIOTCS !
28



C HOBBIM I'OJIOM!






DopBapAHbIA TPEKOBBIN JIETEKTOP.

Collect hits originating from the same MC track
Fit smeared (x,y) measurements with a circle
Extract curvature radius R
Derive reconstructed p. = 0.3 B R
Compare with generated p,.
Caveats:
o constant B only
o no energy loss correction
o no accounting for multiple scattering effects
o TPC track segments not included
x e Anyway, good enough for preliminary

5 station

1 station

momentum resolution estimates

MomnTte-Kapiio ['eHepaTop CTONKHOBEHUH AP
DCM-QGSM-SMM ocHoBan Ha JlyOHEHCKOM
kackagHoi Mmogenu DCM, KBapK-TIIFOOHHOM
ctpyHHoi mozaenu QGSM u craTucTUdecKou
MynbTUQparMenTapHoit moaenu (SMM). Otu
MOJEJNH, ONKUCHIBAIOT PA3JIMUHbBIE ATAIIbI
CTOJIKHOBEHHUS SI/IEpP OT HAYAJIbHBIX HYKJIIOH-
HYKJIOHHBIX CTOJKHOBEHUMN O 00pa30BaHUs YaCTHII
B KOHEUHOM COCTOSIHUU. J[aHHBII reneparop
crienuaibHO paspabaTeiBaeTcs B JlyOHe A HY kT
skcriepuMenToB BM@N u MPD ¢ yuerom
ocobeHHOCTeH yckopuTenbHOro komruiekca NICA.
I'enepaTop cobpiTHit DCM-QGSM-SMM
ONUCHIBAET SKCIIEPUMEHTAJIbHBIC TAHHbBIC
skcniepumenTa NA61. [TosTtomy cuntaercs, 4To OH
o0ecreunBaeT MpaBaonoI00HOe OMHCaHUE
MHO>KECTBEHHOCTH 3apsKEHHBIX YaCTHUIl B 00J1acTH
[EHTPAIBHBIX M OOJIBIIUX OBICTPOT, a TAKKE
MIPABUJILHO OMUCKHIBAET OOpPa30BaHUE KaK JIETKUX
YaCTUII, TAKUX KaK JICNTOHBI U aJPOHbI, TaK U
SJIEpHBIX (hparMeHTOB U runephparMeHToB
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p(770), peak shape and correlated background

*Full chain simulation and reconstruction, centrality 0-10%, p(770)—n" + @, |[y| < 0.5

*Peak-like contribution from:
VK -
Voo
v o—7ntrn? (with missing ©°)
v'K*(892)"—n*K* (with misidentified kaon)
*Contributions must be measured in advance and
subtracted (or accounted for)

*Resonances peak shape Breit-Wigner (BW) with peak shape
modifications:

v detector mass resolution

v'dependence of resonance width on mass (for wide resonances)

v'phase space correction

v'Bose-Einstein correlations

v'mass dependence of reconstruction efficiency (for wide resonances)

v/(Partial) restoration of chiral symmetry

v'Hadronic phase modifications (rescatteringof daughter particles,
regeneration)

MMoL (M)
(Mg — M?)?+ MgT(M)

(M? —4m3)
(M2 — 42%)]3/2* fo (/)

BW (M) = A

r(m) = [

x10°
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- K
- + +
800 H 4 o
[+ i % 0
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t
L t
; .
400 ++ Jf
i
B t
t f
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- +++ 4 iy 4
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Introduction

HADRON QGP

Bevalac —— AGS LHC
~1 GeV ~5000 GeV

FAIR; NICA

QGP is produced in high energy collisions

e —" The Phases of QCD T. Galatyuk, Nucl.Phys. A982 (2019)
£ Future LHC Experiments ﬁ\‘l 08 E 7
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¢ Study of the QCD medium at extreme net baryon densities, phase transition at X .~ 5 X

¢ Studied in several ongoing and future experiments:

v collider experiments: maximum phase space, minimally biased acceptance, free of target parasitic effects
v’ fixed-target experiments: high rate of interactions, easily upgradeable, better vertex-finder for heavy flavor decays
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