B JIABOPATOPUAX MHCTUTYTA
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AT THE LABORATORIES OF JINR

Crynentsbl 3 Mekcuku B OUSAN

Jlerom 2023 r. Gnaronapsi CTyJC€HUYECKOH Mporpamme
START ueTbIlpe MEKCHKaHCKUX CTyJeHTa Kadenapsl hpuzu-
KH 3JIEMEHTapHBIX YaCTHUI] MOTYYHIN BO3MOXKXHOCTh PO~
TH OYHYIO CTKHUPOBKY B Jlaboparopuu (pu3HKK BEICOKHX
sHepruii uM. B. . Bekcnepa u A. M. banauna. OUSAN —
OJIMH M3 KPYNHEHIINX HHHOBALIMOHHBIX LIEHTpoB Poccuu,
U B TE€UYEHHE BOCHMHU HEJENIb CTaXEepPhbl OOLIATIHCH 3/eCh
C Hay4YHBIMH COTPYAHUKAMH JIAOOpaTOPHUU U CO CTYJEHTa-
MU Pa3HBIX CTPaH U KYJIBTYD.

Bo Bpemst cBoero nmpeObIBaHusl OHH MPOCITYIIATHN KO-
POTKMIA LMK JIEKIHH 110 (PU3MKE JIEMEHTApHBIX YaCTHII,
y3HaJIH 00 UCTOPUH CO3JaHUs JIETEKTOPOB IEMEHTAPHBIX
YaCTHI U UX padoTe, a TaKkke 00 OCHOBHBIX M3MEPEHHMSIX
B JKCIIEPUMEHTAX C TSDKEJIBIMH MOHAMH, KOTOpbIe OyayT
MIPOBOJIUTKCS, B YacTHOCTH, HAa MPD (MHoTrO1IEIEBOM JIE-
TEKTOpE), KaK TOJILKO OH Oy/IeT 3aIlyIieH.

Craxepsl MOCETHJIM KaXKIbIH 3JI€MEHT KOMIUIEKca
NICA. B 3ganuu cuuxpoh)a30TpoHa OHHM O3HAKOMUJIUCH
C WHXKEKIIMOHHBIM KOMILJIEKCOM, CBEPXIPOBO/SIIMM CHH-

XPOTPOHOM OycTep M CBEPXIPOBOASALIMM CHHXPOTPOHOM
HYKJIOTPOH.

OHM y3Hanmu O Mpolecce HMHKEKIUH, NMPU KOTOPOM
JTUHENHbIN yckopuTens JIY-20 yckopsieT mydku oT mpoTo-
HOB J10 Maruus 10 5 MaB/HykI10H, 4TOOBI HHKEKTHPOBATH
WX HEMOCpeNCTBEHHO B HYyKJIOTpoH, a HILAc yckopser
MOHBI, BbIpabaThiBaeMble KPUOI€HHBIM UCTOUHHKOM TSIKe-
JpIX MOHOB Krion M3 MCTOYHHKA MOHOB DJICKTPUYECKOU
crpynsl ESIS, no 3,24 MaB/HyK/I0H, KOTOpbIE MH)KEKTH-
pytorcst B Oycrep. OH pa3melaercst BHyTpH sipMa Mar-
HUTa cuHXpodaszorpoHa u umeer nepumerp 210,96 wm,
MOKeT Hakamaupath 10 2-10° HOHOB M yCKOpATH HX 0
~600 M>B/uykinon B cayuae 97Au!", npexne uem onn
OyayT MH)KEKTHPOBaHBI B HYKJIOTpoH. Hykmorpon sBis-
€TCsI OCHOBHBIM YCKOPUTENIEM ¢ mepumerpom 252,52 w,
B KkotopoMm 1-10° HOHOB MOTYT OBITH YCKOPEHBI 10
1-4,5 I'3B/ayxiioH, npexe uem OyayT BbIBEICHBI HA yCTa-
HOBKY BM@N (Baryonic Matter at Nuclotron) niu B 1182
CBEPXIMPOBOSIIIX HAKOMTUTEIBHBIX KOJIbIIA KOJITaliaepa.

1. Maldonado

Students from Mexico at JINR

In the summer of 2023, thanks to the START program-
me, four Mexican students of the Department of Elementary
Particle Physics had the opportunity to complete a full-time
internship at the Veksler and Baldin Laboratory of High
Energy Physics. JINR is one of the largest innovation cen-
tres in Russia, and throughout eight weeks, the trainees in-
teracted there with researchers of the Laboratory and with
students from different countries and cultures.

Throughout their stay, the students attended a short
course of lectures on particle physics. They learned about
the history of the development of particle physics detec-
tors and their operation, as well as about the main mea-
surements that are performed in heavy-ion experiments,
in particular, those that will be carried out at MPD (Multi-
Purpose Detector), as soon as it is commissioned.

The interns visited each of the elements of the NICA
complex. In the Synchrophasotron building, they walked
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through the injection complex, the superconducting boost-
er synchrotron (Booster) and the ion superconducting syn-
chrotron Nuclotron.

They learned about the injection process, in which
the LU-20 linac accelerates beams from protons to mag-
nesium up to 5 MeV/nucleon, which are then injected
directly into the Nuclotron, and HILAc accelerates ions,
produced by the cryogenic heavy-ion source Krion of the
Electric String Ion Source (ESIS), up to 3.24 MeV/nucle-
on, which are then injected into the Booster. The Booster
is located inside the yoke of the Synchrophasotron magnet
and has a perimeter of 210.96 m. It can accumulate up to
2107 ions and accelerate them up to ~600 MeV/nucleon
in the case of 197Au3!" before they are injected into the
Nuclotron. The Nuclotron is the main accelerator with a
perimeter of 252.52 m, in which 1-10? ions can be accel-
erated up to 1-4.5 GeV/nucleon before being transported
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[locne 3TOro CTYIEHTHI MOCETHUIIN 3[4AHME KOJUIaije-
pa ¥ IPOIIITH TI0 BCeMY KOJIBIY TyHHeNs auuHo# 503,4 M,
y3HaIN O MPOLELYype MOHTaXa CHCTEM YCKOPHUTENS U MX
IOCTHPOBKE, & TAKKE O MPOILECcce MOCTPOSHUs KOoJler Kol
Jalzepa ¥ UX OCHOBHBIX BJIEMEHTaX — JAUIOIBHBIX U
KBaJpynoJbHbIX MarHutax. [locie 3amycka kosaiiznep
JIOCTMTHET NpoekTHol cetumoctd 1027 cM2 - ¢1, u

CTOJIKHOBEHHSI TSKEJIBIX MOHOB OYIIyT IPOMCXOIUTD B IKC-
nepuMeHTanbHbIX yctanoBkax MPD u SPD (Spin Physics
Detector), pacrioIoXeHHBIX B IPSIMBIX YacTsAX KoJulaiiiepa.

to the BM@N (Baryonic Matter at Nuclotron) experiment
or into two superconducting storage rings of the collider.

Afterwards, the students visited the collider building
and walked along the full circumference ring of 503.4 m.
They learned about mounting and alignment of the accel-
erator’s systems, as well as the procedure of constructing
the collider rings and its main elements, such as dipole and
quadrupole magnets. After the launch, the collider will
achieve the design luminosity of 1027 cm™2-s71, and the
heavy-ion collisions will take place in the MPD and SPD
(Spin Physics Detector) facilities located in the straight
sections of the collider.

In the MPD hall, the students visited the 800-ton su-
perconducting solenoid. It is a huge magnet of over 5 m in
diameter, a magnet yoke and a platform that will carry the
electronic equipment designed for reading data from MPD
detectors.

The students found out about the creation of elements
of the Time Projection Chamber and Electromagnetic
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B 3ane MPD crynenTs! o3HakoMIITHCH ¢ 800-TOHHBIM
CBEPXIPOBOIAIIAM COJICHOUAOM, TPEICTABISAIONINM CO-
001 OrpOMHBIN MarHUT TUAMETPOM OoJiee 5 M, MAaTHUTHOE
SIPMO U T1aThopMy, Ha KOTOPOH OyIeT yCTaHOBJIEHO JJIeK-
TPOHHOE 000PYJI0BaHHUE, MTPEHAZHAYEHHOE VISl CUUTHIBA-
HUS JAHHBIX ¢ AeTekropoB MPD.

OHM NOJTYYHIIN TIPEJICTABICHHE O CO3IaHHUH SIEMEHTOB
BPEMSIIPOCKIIMOHHOM KaMephbl 1 AIIEKTPOMAarHUTHOTO KaJlo-
pUMETpa U JCTAIBbHO Y3HAIHW 00 MICHTU(DHKAIUKA YaCTHII
10 MOHH3AIMH BEILECTBA, Yepe3 KOTOPOE OHH IPOXOJISIT.

DKCKypCHsl B 37[aHHE
CUHXPO(]a30TpoHa

Excursion to the Synchrophasotron
building

Calorimeter, and learned about all the details required to
identify a particle through its passage by matter and the
ionization that it produces.

In addition, the students were given a tour to the
Meshcheryakov Laboratory of Information Technologies,
where they learned about the history of computers and stor-
age devices. They also visited the Govorun supercomputer
based on the development of the heterogeneous platform
HybriLIT that allows one to perform parallel computation
through the cluster solution.

During the internship, several JINR researchers gave
the students good advice on how to learn to analyze data
within the MPD experiment analysis framework, develop
analysis tasks within the train wagon system, and include
their data analysis in the centralized analysis framework,
which is under preparation for the second collaborative
paper.

On the last day of the internship, the students pre-
sented their results to the MPD collaboration members.
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Taxoke crtymeHTsl moObBamm B Jlaboparopuu wH-
(hopmanmoHHBIX TexHONOTHH M. M. . MemepskoBa, rae
y3HaIu 00 UCTOPHU KOMITBIOTEPOB U YCTPONCTBAX XpaHe-
HUSI JAHHBIX U TOCETHJIM CyIepKOMIIbIOTep «l0BOpYH»,
OCHOBaHHBIN Ha rereporenHoi miarpopme HybrilIT, xo-
TOpast TO3BOJISIET BBHITIONIHATE MAPaUIEIbHBIC BEIYUCICHUS
C TTIOMOIIBIO KITaCTEPOB.

Bo Bpems ctaxxnpoBku HaydHbIe coTpyaaukn OMAN
JlaBaJM CTYJCHTaM COBEThl M PEKOMEHJALUU O TOM, Kak
HAay4YUThCSl aHAIN3UPOBATh JAHHBIC, PEIIaTh 33Ja4n aHa-
7132 B CUCTEME «train wagon» ¥ BKJIIOYaTh CBOM aHAIM3

JAHHBIX B CHCTEMY IEHTPAJIN30BaHHOTO aHalIN3a, KOTO-
PBIi HAXOIWUTCS B CTaJHH MTOATOTOBKH KO BTOPOI COBMECT-
HOW TyOIHKAIHN.

B nocnenHuil 1eHp CTaXXMPOBKU CTYAEHTBI IPEACTa-
BIJIM CBOM PE3yNBTaThl WieHaM Koiutabopamnu MPD. Mx
paboTa oXBaTbIBaIa IMPOKUI CIIEKTP TEM, TAKUX KaK aHa-
113 3¢ PEKTUBHOCTH PEKOHCTPYKIMH TPEKOB U BIUSHUS HA
Hee BTOPUYHBIX YACTHUII, KPaTHOCTH ITNOHOB, HEOOXOANMAs
JUISL U3BJICUEHHS KOPPENALUH IBYX ITMOHOB B CTOJIKHOBE-
HUH 1pu sHeprusix BM@N, m3ydenne Gopm coObITHil Kak
WHCTPYMEHTA ISl OLIEHKH 3aBUCUMOCTH TOJISIPU3ALUH OT

B 3ainie nerexropa MPD

In the MPD detector hall
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TOTIOJIOTHUH CTONKHOBEHHUH M (DIYKTyallMyd YUCTOTO YHCIa
KAaOHOB W YHCTOTO YHCIIa TIPOTOHOB OT COOBITHS K COOBI-
Trio. PaboTa, BBITOTHEHHAs CTYACHTAMH, ObIIa BBICOKO
OIIEHEHA WICHAMH KOJIaboparvy.

JlaHHBIN ONBIT CTaJ NPEKPACHON BO3ZMOKHOCTBIO JUISI
CTYICHTOB TPUHATHh y4acTHE B SKCIEPUMEHTAIBHBIX HC-

CIIEZIOBaHMUAX B 007acTH (D)M3WKM BBICOKHX DHEPTHH, TO-
3HAKOMUTECS ¢ KoMIuiekcoM NICA 1 MOCEeTHUTh KayKIabIi
U3 ero 3JIEMEHTOB, YTO ITO3BOJMJIO MM IIO-HACTOAIIEMY
MIOTPY3HUTBCS B MPOLIECC CO3AaHMs, pa3padOTKU U IIpoBe-
JICHHS SKCIIEPUMEHTA 10 CTOJIKHOBEHHIO HOHOB.

VYuactauku nporpamMel START 3HakoMsaATCS ¢ cynepkoMbroTepoM «l0BopyH»

AN

Students of the START programme get acquainted with the Govorun supercomputer

Their studies included analysis on a wide range of topics,
such as the analysis on the efficiency of track reconstruc-
tion and the effect of secondary particles on it, the pion
multiplicity required to extract the two pion correlation in
the collision at BM@N energies, the exploration of event
shapes as a tool to evaluate the dependence of polarization
on collision topology, and fluctuations of net kaon number
and net proton number event by event. The collaboration
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members highly appreciated the work performed by the
students.

This experience was an incredible opportunity for the
students to participate in the experimental research on high
energy physics, to learn about the NICA complex and visit
each of its facilities, which allowed them to really get into
and understand the whole process of constructing, devel-
oping and performing an ion collision experiment.
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