Anekcees .., HTC /1AM, 10.12.2020
Tema/npoekT «IkcnepumeHT PANDA Ha yckoputenbHom KomnaekKce FAIR (yuactue OUAN)»
MpoaneHne Tembl 1108/HoBbI NpoeKT (2022-24)

* OcHoOBHbIe pe3ynbratbl npoekTa (2015-20):
- Mporpammbl onncaHmnA aeTekTopa, pa3sutme MoHTe-Kapno reHepaTopos, BKAaA,
B pa3BuTtue pusmyeckom nporpammeol (Phase C) ...
- MarHuT (pa3paboTKka NOAIHOM NPOEKTHOM AOKYMEHTALMMN Ha CBEPXNPOBOAALLNMN

co/fieHoua 1 APMO-NornoTuTens) -> nepegada B Hosocmbupck (MADP) ana
N3roToBNEHUA (APMO MarHMTa NO/IHOCTbIO U3rOTOBJIEHO)

- MiooHHaA cuctema (NpoToTUN, KANNMOPOBKKU, SINEKTPOHUKA)
- CnHeprua npoeKkToB MOOHHbIX cuctem PANDA/FAIR 1 SPD/NICA -> 90-100%

(AeTekTopbl, 3NEKTPOHMKA, anroputmbl PID, KannbpoBku)
- NonyueHune/rapaHTna puHaHcuposaHusa npoeKTta oT FAIR -> 830 K €

* MpoaneHune tembl/npoeKTa (2022-24)



ABTOopbl oT OUAMN:

V.M. Abazov?), G.D. Alexeev?V, V.A. Aref'ev?), V.|. Astakhov?), M.Yu. Barabanov?),
B.V. Batyunya?), V.K. Dodokhov?), A.A. Efremov?), A.V. Efremov?),
A.A. Feshchenko?, A.S. Galoyan?), G.A. Golovanov'), E.K. Koshurnikov?),
V.S. Kurbatov?, S.A. Kutuzov?, V.I. Lobanov?, Yu.Yu. Lobanov?),
P.V. Nomokonov?), |.A. Olex?, A.A. Piskun?), |.K. Prokhorov"),

A.M. Rozhdestvensky"), A.G. Samartsev), A.V. Semenov?), S.S. Shimansky?,
A.N. Skachkova'), N.B. Skachkov?"), A.S. Sorin3), E.A. Strokovsky?), O.V. Teryaev?),
V.V. Tokmenin®, V.V. Uzhinsky?, A.Yu. Verkheev"), L.S. Vertogradov?,

Yu.L. Vertogradova'), A.S. Vodopyanov?), V.P. Volnykh"), N.I. Zhuravilev?

1) Dzhelepov Laboratory of Nuclear Problems (DLNP)

2) Veksler and Baldin Laboratory of High Energy Physics (VBLHEP)
3) Bogolyubov Laboratory of Theoretical Physics (BLTP)

4) Laboratory of Information Technologies (LIT)

Total FTE = 21.7. The average age of the JINR PANDA team is 63.4 years. There are: 1

young scientist preparing PhD, 10 engineers, 18 staff members with PhD degree and 9

professors.




The view of PANDA setup: the Muon System elements (Barrel,
End Cap, Filter and Range systems) are indicated in red
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MarHuTHOe Aspmo, U3rotoBJIeHHOe Ha HOBOCMbupckom 3aBoae:
(a) «6bouka», (6) nonHaa cbopkKa c TopLEeBOM YACTbIO

(a) (6)




Event Examples (P =5 GeVi/c)

Range System will also be used as a coarse hadron calorimeter — >
very important for neutron registration (the only system in PANDA)!
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NMnaHbl Ha 2022 — 2024 r:

[0) 3akntoueHune KoHTpakTa FAIR-OUAU (830 K€) Ha npon3BoACTBO AETEKTOPOS ......... 2021 ]
1) lMogrotoBka NpPoM3BOACTBEHHOIO Lexa ansa getektopos MAT .............. 2021-22
2) TponssoactBo AeTeKTopoB MIT ..., 2022-23
3) HNOKP B 00MaCTu 3MEKTPOHMKM ..o cee vt e e e e e e e e e eaeeeaeens 2021-22
4) [Mpon3BoaCTBO aHANOrOBOM ANTEKTPOHMKM ...t iinieeiieeeeaiaeeeaneenns 2022-23
5) lly4ykoBble ucnbiTaHua npototuna B LUEPH ..., 2022-24
6) MOHTaX MIOOHHOW CUCTEMBI (OETEKTOPOB M anekTpoHukn) B FAIR ........ 2023-24
/) PaspaboTtka nporpammHoro obecrnevyeHna n gpmsmnveckon nporpammbl .. 2022-24



Cratyc duHaHcupoBaHua npoekta PANDA/JINR
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[Mpeanaraembin nnaH-rpadomk n Heobxoaumble pecypcbl Ass

ocyulectereHuns npoekta PANDA

dopma Ne 26

CroumocTtb |[lpeanoxeHunAa
Y3708 JNabopaTtopumn no
HanmeHoBaHWe y3/10B U CUCTEM YCTAaHOBKMU,
YCTAHOBKM, |pacnpeaeneHuto
PecypcoB, NCTOYHUKOB PUHAHCUPOBAHUS
noTpebHOCTU |[GUHAHCUPOBAHUA U
B pecypcax, |pecypcos, Tbic. €
TbiC. € lrog | 2roa | 3ropa
5 Y Co3aaHne AeTeEKTOPOB MIOOHHOW CUCTEMDbI 830 480 300 50
§ = (netektopbl MAT AN UMAUHAPUYECKOMN
@ ‘;8[ yacTM MULEHHOro cnekTpomeTpa)
§ § HWOKP 1 KoMaHAMPOBKM 170 40 50 80
I O
S 2 |Bcero 1000 520 | 350 | 130
Broaxxet OUAU 60 60
< |Cornawenue BMBF-OMAN 110 40 | 50 20
= 3 [KowTpakT BMBF-OMAM 830 480 | 300 | 50
g_' E,_ (no co3paHuio 4eTeKTOPOB MIOOHHOWM
< © |CMCTeMbI ANA LUAUHAPUYECKON YacTuU
3 |[MuweHHoro cnekTpomeTpa)
Bcero 1000 520 | 350 130




Cwmerta 3atpart no npoekty PANDA

dopma Ne 29

pacxoaam (Tbic. €)

No HanmeHoBaHuMe cTaTen [NonHasA lrog | 2rog | 3 roa
No 3aTpaT CTOUMOCTb,
nn TbiC. €
1. Co3aaHMe MIOOHHOM 830 480 300 50
CUCTEMDI
2. HUOKP 50 30 20
KomaHanpoBKu:
- B CTPaHbl-y4aCTHULbI 5 5
- B CTPaHbl-HEey4YaCTHULbI 115 5 30 30
NToro no npambim
1000 520 | 350 130




MonHbIX PUHAHCOBbIN CTATYC NPOEKTA

e Tekyuwee/rapaHTMpoBaHHoe dnHaHcMpoBaHMe = 1000 K€

e Bo3smoxkHoe/pononHuTenbHoe pUHaAHCUPOBAHME:
- oT OUAU (B3HOCc BMBF) — («gonr» 3a 2018 -19) = 220 K€
—( nnaH Ha 2021 -24) =440 K€

= 1660 K€

- oT FAIR (nonHbIn KoHTpakT ¢ OUAN) = 2650 K€

Bcero: = 4310 K€



MEKIYHAPOITHAS MEXKIOPABHTEIBCTBEHHASNA OPITrAHH3IAIIAA
INTERNATIONAL INTERGOVERNMENTAL ORGANIZATION

C s OBbEAWNHEHHBIM MHCTUTYT SAEPHLIX UCCNEQOBAHUMA
UL JOINT INSTITUTE FOR NUCLEAR RESEARCH

Dyfisa MockoBckol obnacti Poccua 141880 Dubna Moscow Region Russia 141980
Fax: (7-495) 632-78-80  Tel.: (7-49621) 6-50-59  AT: 205493 WOLNA RU  E-mail: posti@jinr.ru  hitpofwww jinr.ru

Professaor Dr. Paclo Giubellino Date _ 08.06.2020
Scientific Managing Director of GSl and FAIR Ref. Ne _010-16/206

Dear Dr. Giubellino,

On behalf of JINR | am writing to you to express our readiness to share our long-term experience
with G5l in constructing detectors for FAIR.

JINR is prepared to provide G5l with the Muon System of PANDA detector (presently, for the
Barrel part) in the framework of the collaboration contract between FAIR and JINR (of the cost
book value including an inflation correction coefficient).

This proposal has the following PSP Number: 1.4.1.13.1.1 (Target Spectrometer Barrel Muon
Detector Chambers). The cost book value of this item amounts m@nm €in 2005@

If you require any further information, please feel free to ask.

We look forward to your reply.

Yours sincerely,

 a

Academician Victor Matveev
Director of JINR

The letter of JINR director, confirming the interest of JINR to participate in PANDA/FAIR project and conditions for the
production of the starting part of the PANDA Muon System (detectors for tkie Barrel of the Target Spectrometer). The

cost of this part at present (2020), including the inflation factoxZequals to 830 his amount is part of the full cost
3,480 M€ (see Appendix Il below), and will be deducted from that cost at later stage in framework of the next
contract.




MEKIYHAPOIHAHA MEKNPABHTEJBCTBEHHAA
OPrAHH3IAIINA
INTERNATIONAL INTERGOVERNMENTAL
ORGANIZATION

mr;m%nﬁm AUHEHHBIA UHCTUTYT SAEPHbLIX UCCNEQOBAHWUMA
BERIE VSN JOINT INSTITUTE FOR NUCLEAR RESEARCH

Oy6xa, Mockoeckan ofnacTte, Poccua 141980  Dubna Moscow Region Russia 141980
Fax: (7-495) 632-78-80 Tel.: (7-49621) 6-50-59 AT: 205493 WOLNA RU  E-mail: post@jinr.ru
hittp -/ Awww_jinr.nu

To Research Director of FAIR 1905206 &7 ’,c’;”/:,-"y’_..”
Prof. Dr. Giinther Rosner /

Dear Prof. Rosner,

The Joint Institute for Nuclear Research (JINR, Dubna) is interested to implement
its long term experience for the construction detectors of the Facility for
Antiproton and Ion Research (FAIR).

Our Institute is ready to provide the Muon System of PANDA detector in
framework of Collaboration Contract between our Institute and FAIR GmbH (for
the cost-book price including an inflation correction coefficient). This proposal
comprises the following PSP Number of the cost-book: 1.4.1.13.

The cost-book value for this item amounts t¢ 2,318,000.00 €.

Kind regards,

A) W
“” Acadlemician V. A. Matveev
Director

The letter of JINR director, confirming the interest of JINR to participate in PANDA/FAIR

project and conditions for the production of the full PANDA Muon S e cost of the
Muon System at present (2020), including the inflation factor,iequals to 3,480 M£.




SWOT Analysis

Helpful Harmful

Internal

External

STRENGTHS WEAKNESSES

The experience of JINR team in
production and running of big muon
systems for DO/FNAL and
COMPASS/CERN detectors
Possibility to produce all
components of the project (MDT
detectors, analog and digital
electronics, infrastructure elements)
mostly at JINR and its Member-
States

Serious theoretical support available
for further development of PANDA
physics program

OPPORTUNITIES

Participation in excellent physical
program of PANDA/FAIR

Allocation of adequate amount of
money by Rosatom/Russia to FAIR
budget for constructing the full Muon
System

Planned start of PANDA running in
2025

Temporary absence of free space a
JINR to deploy the MDTs productior
workshop

Tight time-schedule for production il
Dubna and assembly of the system
at FAIR

THREATS

Absence of signed FAIR-JINR

contract on production of the Muo
System

Possible further delays with start of
PANDA project at FAIR



Backup slides



Cwmerta 3aTpar ($) no teme 02-0-1108-2011/2024

CraTbf 1891 |7667| 'EPMAHMA | Biarg
np.309

1. 3apaboTHas nnaTa 195.900 195.900
2. CTpaxoBble B3HOCHI 59.200 59.200
3. CoubbiTdoHpa, 12.700 12.700
4. MexayHapogHoe COTpyaHMYeCcTBO 25.000 38.500 63.500

a) KoMaHAMPOBaHME B CTPAHbI-y4aCTHULIbI 5.500 5.500
6) KOMaHAMPOBAHME B CTPAHbI-HEYYACTHULIbI 23.000 33.000 56.000

B) KOMaHAMPOBaHME Ha Tepputopmumn Poccmun 2.000 2.000
5. Matepwuanbl 27.500 27.500
6. ObopynoBaHue 55.000 55.000
NTOIO: 292.800 121.000 |413.800

Kb 3.900 3.900
O3 22.200 22.200
AAQMNHUCTPATUBHO-XO3IMCTBEHHbIE PACX0Abl 151.800 151.800
NTOIO 6e3 nHpp.ONAN 470.700 121.000 |591.700
NHppacTpyKTypa ONAN 283.400 283.400
BCEIO: 754.100 121.000 |875.100




Referee report (I.A. Tyapkin)

The FAIR laboratory, now being constructed at Darmstadt, promises very large variety of studies in the field of hadron and nuclear
physics. The PANDA experiment will use the unique antiproton beam of High Energy Storage Ring (HESR) with high luminosity and
energy homogeneity. The experiment makes emphasis on research of possible exotic states (hybrids, glue-balls, etc.) and structure
of nucleons. It is important to point out that PANDA will complement information about nuclear matter features from analyses of
heavy ion collisions, which will be obtained in collider experiments MPD and SPD at NICA/JINR, as well as in the fixed target
experiment CBM, also at FAIR.

The JINR group is developing several interesting tasks suggested by our scientists for the PANDA physics program: measurement
of proton structure functions (quark and gluon distributions) in a new kinematical region, measurement of elastic and deep inelastic
antiproton-nuclei processes (tensor glue-balls and effects of nucleon polarized strangeness and others.) It is also worth mentioning
the development of Monte-Carlo generators being used in simulation with PANDAroot (improved FTF and DPM models of Geant4
toolkit).

The hardware contribution of JINR group to the PANDA experiment went through serious changes: from participation in R&D works
on several technologies to concentration on two very important items (the solenoidal superconducting magnet and the muon
system), and finally, the full responsibility for the muon system. Now the JINR group defines totally the design and production of the
PANDA muon system. Keeping in mind that the system is based on Mini-Drift Tubes technology developed in JINR and the
previous experience of the group in constructing the big muon systems (DO/FNAL and COMPASS/CERN), one may be sure that
JINR group will successfully realize the PANDA muon system project.

The R&D results obtained by the group demonstrate high degree of project readiness. The following achievements should be
mentioned: direct calibration of the muon system prototype response to muons and hadrons in full PANDA energy range,
observation of antiproton and neutron signals, successful test of FPGA-based digital front-end electronics (for data acquisition
system).

Very important feature of this project is high degree of synergy between muon systems of PANDA and SPD/NICA. Most of results
obtained by the JINR group during execution of PANDA project are fully applicable to the design of SPD.

The requested resources needed to construct the muon system look adequate to the task.
| fully support this project and recommend approving its extension with high priority for the next period.

07.11.2020 I.A. Tyapkin
Doctor of  physical and mathematical
Sciences, Leading scientist of VBLHEP JINR



Referee report (A.E. Dorokhov)

The Facility for Antiproton and lon Research (FAIR) in Darmstadt, Germany, builds on the experience and technological
developments of the existing GSI laboratory, and provides unique possibilities for a new generation of hadron-, nuclear-, atomic-
and plasma physics experiments. The future fixed-target experiment PANDA at FAIR, which features a modern multipurpose
detector, offers a broad physics program with an emphasis on various aspects of hadron physics. The antiproton beams of High
Energy Storage Ring (HESR) with momenta ranging from 1.5 to 15 GeV/c allow using a wide variety of physics channels.
Understanding the strong interaction in the non-perturbative regime remains one of the greatest challenges in contemporary
elementary particle physics and, to that end, the hadron beams provide several important advantages. Furthermore, the high-
intensity low-energy domain of PANDA experiment will be suitable for Standard Model tests on the high-precision frontier.

Currently, the JINR physicists at PANDA develop a number of important areas. The most urgent of them are related to the detector
construction and JINR has commitments on making the Muon System, very important part of PANDA detector.

PANDA Physics Pillars include study of: 1) the nucleon structure and its characteristics GDAs and TDAs, EMFFs; 2) the
strangeness physics, such as hyperon production, spectroscopy and decays; 3) the physics of charm and exotics, such as
glueballs, hybrids and multiquarks; 4) hadrons in nuclei: color transparency at intermediate energies, short-distance structure of
the nuclear medium, influence of the nuclear potential on hadron properties.

Dubna group’ studies give significant contribution to the physics program. The results obtained in the simulation of the standard
benchmark process of the "muon-antimuon" pair production and its background modeling allowed to work out the requirements
and geometric parameters of the proposed muon system of the PANDA detector. Currently, the more in-depth study of the
backgrounds for the Drell-Yan process is being conducted to estimate the possibility of studying this process at the PANDA. A
complete geometric description/model of the muon system has been accomplished and now it is ready to be implemented in the
PANDARoot package. The development and improvement of the FTF model, implemented in Geant4 with cross-checking with
experimental data from other experiments, allows to study charmed quark, strange quark-antiquark and diquark-antidiquark pair
production, which is especially important for the initial phase of PANDA physics program. This model is also used for modeling and
analyzing inelastic and elastic proton-proton interactions with 2, 4, 6 hadrons in the final states with large transverse momentum.
In addition, simulation of proton interactions with C, Al, Cu and W nuclei was done using Geant4 FTF model, results of which can
be useful in developing the p/bar-nucleus physical program in the energy range of the PANDA experiment. Development of
research program of the exotic multiquark states at PANDA is also being carried out. JINR PANDA group as well involved in the
preparation of the Lol for the ‘Phase-C’ of PANDA, which is devoted to the study the high Pt physics during commissioning of the
PANDA setup. This list of physical activities of the JINR group complements the experimental achievements of the group on the
construction of the PANDA muon system. Finally, let us hope to see the successful start of the PANDA experiment.
| suggest that the Program Advisory Committee should approve the prolongation of the proposed project on JINR group
participation in the PANDA experiment for the years 2022-2024.
07.11.2020 A.E. Dorokhov

Doctor of physical and
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