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Programme Advisory Committee for Particle Physics 58th meeting,
21-22 June 2023. Recommendations

1) The PAC takes note of the report on preparing the SCAN-3
experiment presented by S. Afanasiev. The project is aimed at
studying highly excited nuclear matter formed In dA
Interactions. This state of matter is studied by observing the
decay of the excited nucleus into a pair of energetic particles
emitted at an angle close to 1800 and with an energy resolution
of 4-5 MeV. The physics programme includes the study of the
n- and A-nuclei formation and the determination of binding
energies and widths of quasi-bound states.

2) Recommendation. The PAC feels that a firm recommendation
cannot be made at this time. As a project approved in 2019 and
seeking extension, the PAC requests the JINR team to return to
It at the next session of the PAC with a clear proposal and a
clear presentation outlining the original goals of the project in
2019, the achievements over the past four years, and its plans
for the requested extension period.
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The goals of the project SCAN-3 in 2019 was:

to prepare detectors for measurement;

to assemble three-arms spectrometer;

to test and tuning magnetic spectrometer:;

to investigate the behavior of S,, resonance in the nuclear
medium as signal of n-nuclei.

First 2 items have been finished in 2019-2023.
All detectors have been assembled.
The place for spectrometer have been prepared and detectors
are installed.
DAQ system was assembled and all electronics were bought.
Last 2 items have not completed due to nuclotron
had not operated in 2019-2023.

28 papers on the project topic have been published from 2019 to 2023.



Experimental setu

magnetic field (B=7
kGs)

pion registration
Kinetic energy 313 MeV.
4 detectors dP/P=10.82 %
(dE = 2.6 MeV)
3 detectors dP/P=1.28 %
(dE =4 MeV)

proton registration
Kinetic energy 270 MeV.
4 detectors dP/P=1.17 %
(dE = 3.2 MeV)
3 detectors dP/P=2.4%
(dE = 6.5 MeV)

For #zN — pars
S/N estimated ~ 10

 the energy resolution is improved significantly (better than 10 MeV)
* the effect and background are recorded simultaneously what significantly
reduces systematic errors



Tracker

The silicon vertex -r
detector. |

The detector has single
coordinate silicon
module with 640 strips.

Two chambers are based
on Straw detectors

The two-coordinate proportional
chamber 600x200mmMm.



TOF system

The forward TOF detector

The TOF system is include forward
counter and scintillation hodoscope.
The forward detector is based on SiPM
matrix and fast plastic scintillator.
Time resolution TOF system is 150ps.

The TOF wall

Sigma = 149.9 ps

%’h(ries

1000

Time Dispersion (psec) Time of flight hodoscope M-arm, before assembly



Neutron detectors (prepared for P and K arms of SCAN)

The array of the neutron counters for Multi layers neutron counters for
P-arm. K-arm.
It based on Scintillators 500x130x50mm They based on scintillators 800x180x30mm

Summary from beam test:

TOF resolution has mean value TOF resolution are 0.2-0.3ns
0.31ns
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DAQ

The data acquisition system is used VME system and includes full set of
modules for experimental setup. All VME modules where produced in VBLHEP JINR.
DAQ consist of:

FVME — VME crate controller;

FVME2TM - trigger module;
TQDC-16 - 16-channel converter of time and charge, the total number — 64 channels;

TDC64V - 64-channel TDC with a resolution of 100ps, total - 128 channels;
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Nuclotron operation from 2018 to 2023

No Physical runs were carried out at the accelerator complex.

http://nucloweb.jinr.ru/nucloserv/statist/stat-main.htm

NUCLOTRON

/ OMNLINE

STATISTIC MATERIALS

bycrep-Hyknotpon-NHP-4 (20.09.22-03.02.2023)

byctep-MHP-3 (06.01-01.04.2022)

Bycrtep-NMHP-2 (06.09-23.09.2021)

bycrep-MNMHP-1 (12.11-30.12.2020)

55 ceaHc (22.02-05.04.2018)

[THP - commissioning works



Plan for the project prolongation for next period:

 to test and tuning magnetic spectrometer;
(for the measurement of correlated pairs with an energy resolution up to 4-5 MeV);

J to investigate the behavior of S,, resonances in the nuclear
medium as signal of n-nuclei :

* to determine the cross-section of n-nuclei formation o(,A);
(will be observed N back-to-back correlation coming from a target,
which may be associated with decay of S;; resonance in nuclei.);

» determine the bound energy of n-meson in nuclei;
(to be measure mass and width of the S,; resonance in nuclei.);

» to measure ("N) and (NN) branches of the S;, decay;



Estimates of the required beam time and financing resources.

p(d) + BC— n+p + °C,

Y(rp) ~ 40 hour—, 60 hours (3% accuracy)

Y(rm'n) ~12 hour, 200 hours (3% accuracy)
Y(pn) ~12 hour-,

Y(pp) ~ 2 hour. 700 hours (3% accuracy)

Expected characteristics of pairs from decay of m-nuclei (xN - branch)
T,=313 MeV
Ty=94 MeV
p,=431 MeV/c

Required project financing for 5 years ~28k3/year.

The minimum acceleration time Is about 200 hours.
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Search for the n-mesic nuclei in arecoil-free transfer reaction

SCAN results (nuclotron

COSY-GEM Collaboration internal target) LHEP JINR
A. Budzanowski et al., Phys. Rev. C 79 (2009) S.Afanasiev et al., Cracow, 16 June (2010)
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Due we have uncertainty of the
accelerator complex operation
It is proposed to extend the
project for 5 years.

Financing is requested in the
amount of 28 k$ per year.

Beam time requirement

for tuning the spectrometer:
- 100 hours

For physical program:
first run ~200 hours

for all program ~1200 hours

Names of costs, resources,
sources of funding

Cost
(thousands of
dollars)
resource
requirements

distribution by year

Cost,

2nd
year

3rd
year

At
year

International cooperation (IC)

4

4

4

Materials

Equipment and third-party
services (commissioning)

20

20

20

Commissioning work

Services of research
organisations

15

Acquisition of software

Design/construction

Service costs (planned in case of
direct project affiliation)

Resources

required

Resources

— the amount of FTE,

— accelerator/installation,

1200

Normo-hours

—reactor,....

Sources of funding

JINR budget (budget items)

Budgetary
resources

138

Contributions by
co-contractors

Funds under contracts with
customers

Other sources of funding

(supplementary
estimates)

Extrabudgetary
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CIIACUBO 3A BHUMAHME!

Thank you for attention!
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YTBEPKIOAIO

PykoBOAWUTEND AMPEKUMW

xoBoauTenb npoexTa NICA

nonsom obweme (10000 BT Ha 4.5K)

JanylieHbl B 3IKCMAYATAUMIO KaHanbl ¢ nyuKaMu Ans NPUKNBAHBIX

npoekra NI 23 A
e [ HUKOB B.Zl. Kexkennpse HCCNEA0BaNMR ) ByTeHko A.B.
TexHu4eckun  nycK CBEPXNPOBOAALEIH  MATHUTHOM cucTemol Xommubaruan ..
2 | vonnaiiaepa NICA _Koctpomun CA.
3ransl peanu3aunu npoekta NICA 8 2020-2022rr. ByTeHKo :BJ
wpepe NICA 36 Mewros U.H.
4 _l Hea. l OTseTCTBeHHblt 25 | Hauar Ceawc Nol ¢ nyukom Ha Konnanaep Coipecis EM.
2020 — ‘ 25 Py o4l
Nlypapes A.B 26 | BaeaeH B 3KCnNAyaTauno LienTp NICA Tuxomupos 1.
1 | Yuacrok 1 spanua 17 (nasunson MPD) npunsT ana cBopkm aetexropa | 22 Tonuniis Hik = TloAroToBRGHa  paspewMTenHan AOKYMEHTAUMA, BBEAEH 8| ,o K:(r::::}:-:.
Yuactok 4 (3anagHan apka 3ganma 17), yvacrku 1.1 v 1.2 (kanane! Oyaapes AB., IKCNNYATAUMIO KOMMIEKT NICA Teasciin B Jl
2 | Hyknotpon-Konnakiaep) npuHaTol AnR  MoWTaxa obopyposamus | 29 TpybHukos A.B. 3aperncTpUpPOBaHO Nepsoe cofbiTne B ycT 3"?5“9 MPD — Ty s r B"
Hoansliaspa | 28 | sauano memaywapoaHoi uccneposarenscroh nporpamts: NICA p &
3 | 3anyck Bycrepa NICA ¢ nyuxkom 30 ByTteHko A.B.
Emenssanos H.3.
4 |C i 4
BepXNPOBOAAWMWIA coneHong MPD goctasneH 8 /IOBI OUAN 38 L
- - Aranos H.H.,
5 | 3asepweHo coopy HOBOW KPMOTEHHO KOMNPECCOPHOM CTaHumy | 49 Tidiowi nu
Enxo “p::H.B. CornacoBaxo:
MeNbAH 3. ;
6 | 3anyweH B 3KcnA (} rHuT MPD ! e
yuy KCNAYaTaUMIo MarHuT 50 N Foc e
- Tpybrukos A.B., Byrexko A.B
7
Mpoiifena rocyAapcTseHHan aKcnepTv3a npoexTa saanna LiedTp NICA 51 Tuxomupos LA, Aranos H.H. 4
2021 Tycokos A.B. 4 FonosaTtiok B.M.
o 24 NonGunos Al
8 | KoHuenTtyansHbii npoekT ycraHoskw SPD 3asepweH 04 I'ycbkos A.B. LOyaapes AB, T
9 | Kanan Bycrep-HyknoTpow 3anyuieH = 06 ByteHKo A.B. E osH A/~ 25 Kanuuwin M.H.
VyacTok 3 (soctouHan apka 3gawms 17), ysactkm 2.1, 2.2, 4.1, 4.2 Nynapes A.B., A.“/ E Meunos WiH.
10 | (npAamonuHeiiHble y4acTkn 3paHua 17) npunATBl AnR  MowTama | 12 Tpy6Hukos A.B. Kocrpomun C. ‘
obopyaosaHusa Konnainpepa foTpet & 10K, ;lfeﬁ e~ CoipecvH EM. -
1 Jasepuen 1-i 3Tan CO3AaHWA KOMNbOTEPHOro knactepa NICA w ero 26 Notpebennkos 0K, V /& Tpy6HMKOB A.B
HUHOPACTPYKTYPb! [fonbunos Al Tonunuu H.A,
12 3anyck KOMNNEKC2 KPMOTEHHbIX YCTaHOBOK 8 kopn. 1B Ha nonxylo 29 Arariod HiH; = ,'mnM.\'\/?"*— - Xoppmbarvan [T
motuHocTs (6000 BT npy 4.5K) |
Aynapes A.B.
40.8 MB 30
13 | rNni (40.8 MBY) 1PBI 3anyweHa B IKCNNYATAUMIO Aranos HH.
14 | 3anywieHa B 3KCNAYATaLMI0 HOBAR KPHOTEHHO-KOMNP. CTaHU1A 31 Aranos H.H.
15 | 3anywen Bycrep + Hyknotpon ans paGotel Ha BM@N 38 Byrenxo A.B.
16 | Hauar ceanc va BM@N € nyukamu TAKENbIX HOHOB 40 By A B.
17 3aBepweHa  PEKOHCTPYKUMA — NaBunboHa  ANA  NPUKABAHBIX | . Oyaapes AB.,
MCCNRAOBAHMIA TpybHuros A.B.
18 | 3anywena B 3KCNNYaTauWIo ycranosxka MPD 47 lonosatiok B.M.
3asepweHbl W3rOTOBNEHME W WCMLITAHUA 3IN1EMEHTOB MarHUTHOM Kocrpomun C.A., P I an S f O th N I C A -
. e construct
2 cucremsl Konnanaepa Xopmubarnan 1. r n r I
20 | BsegeHo B 3kcnayataumio 3ganne Konnaiaepa (Ne 17) 50 Tﬂ:::‘;:‘;:ﬁﬁ
= Dubna, 26 February 2020
21 | NoaroToBeH TexHUEcKUid NpoexT ycTaHoekKn SPD 4 Mycoros A.B.
22 | Hpuorennan cucTema Komnnekca NICA sBeseHa 8 3kcnayataumwo 8 | 24 Aranos H.H.
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d+Ad-ngA-1)+X—->a+N+X

1

>

> 1) m-meson production

2) To produce stable nucleus-rest from target
3) Effective capture of the meson

> 4) To measure the products of decay

Recoil-free transfer reactions are most acceptable to the successful formation

of the n-nuclei.

d+tA—>t+n - +(A-1),

P,=Py E,=2.22MeV

13C +d=12C+t+n+Q
Q=1.3 MeV

p+A_) d+ n p:O+(A'l)p:0

Psy=Py  E,=6.25MeV
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Location of spectrometer
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Distortion of * and p of energy range of 200 — 425 M>B in the magnetic field of
SP-46 magnet.

Hvax=7, 10 xI'c X
® N C3
Central (zere @—angle) track deviation in median plane SP—46
C2 I FWHM far mloncenergetie linel§, = £.34 dm
Cl_ - o foe
Target / I ﬁ—xl 10 ki}s, =56 Me}
122 cMm - ! i, H o+ T ki, &=8[0 MeV ‘
ai 100 cm 2
[ i . - \M\““H‘H“
Magnet pole ; ~ | | N
. H =10 kG, dg=15.0 Mep/
- r P H =|7 kiis,|d,=2115 MeV
10 -_______‘__-H-__-__—‘__- -‘_""—r-_.________‘_‘l_-_-
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Helium bag ) —
Distortion of track in magnetic field as a function of particle type, kinetic e n b b L
energy and two values of the magnetic field Hmax=7 and 10 xI'c. Horizont. coordinates (em) vs E(MeV)

Energy resolution (FWHM) for protons are 21,5 and 15 MeV, for pions — 8
and 5,6 MeV at the magnetic field 7 and 10 kHs accordingly.
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13C target preparation
Carbon synthesized by pulsed-arc plasma

The results of carbon deposition on the substrate
during plasma destruction of butane.

D band

12000 1316 G band Raman spectroscopy
1586

na tonkaya plyonka
na tolstaya plyonka
na Cu provolke
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A gas control panel

A gas control panel was created for
automated gas supply and control of
coordinate Straw detectors, which are part
of the magnetic spectrometer of the
SCAN-3 installation. A photo of the gas
control panel located in Bld. No. 1




COTTIACOBAHO VYTBEPXJIAIO

3am supektopa JIGBD I'maBHEI#, HEKEHED
o HayuHo# pabote

[UIAH
pasmemenua cnekTpomerpa CKAH
B paitoHe BHyTpeHHeH MHIIeHn HyknoTpoHa

Pabouee pacnoaoorcenue cnexkmpomempa CKAH (sud ceepxy):

1400 1200 b 3300 |

3300

| IL#‘

DSS detector

SP-46 — nepeapuxHOR MarHAT o6uM pasmepom 780 mm no ocu X u 1045 MM no ocH Y

FR, FL, BR, BL - CLUHHTH/IISLHAOHHEIE MOHHTOPHIE CHETUHKH;

K1,M1,K2,M2 — TpurrepHsle CLIMHTHISUHOHHbIE feTekTopsl K u M red;

D1 — apeiiposas kamepa pasmepom 50mm mo X, 200 MM 1o Y (niepemernaemas);

D2 — npefidosan kamepa pasmepoM S0mMMm 1o X, 400 MM 1o Y (nepemeluaemas);

M — 610K ¢ CLMHTHUAIMOHHEIMH [ICTEKT. ¥ NMPONOPLHOHANEHOH KamepoH, pasmepsl - 570 mm no X, 760 MM
noY;

K — 670K C CUMHTHIUIALMOHHBIMY JeTekropamu pasMepom 400mm mo X, 1070 MM mo Y,

Pabouee p JICenUe Cnexmp ipa CKAH Pacnonoorcenue cnexmpomempa CKAH ona
(ppormanvHbiii 6UO NO NYYKY HYKIOMPOHA): obcnyoic yCcKOp (pp ]
8u0):

M-arm - MarHHT’HbIﬁ CHEKTPOMETP ¢ CUMHTHIAUHOHHBIMH AETEKTOpaMH H npeﬁ(boaumu KaMmepamH,
q ut 3JIEKTPOMArHUTOM Ul obecrneyeHus cBOGOHOrO npoxoja K npxmonm-leuuouy

Y4aCTKY HYKJIOTPOHA.
K-arm — 610K ¢ CUMHTWUIAUMOHHBEIMM JleTeKTopamu pasmepom 300x1000x400mm o XYZ, pasmernaercs B
pajMaIbHOM TOHHENE.
P-arm — 670K C CHMHTHUIALMOHHBIMH JieTekTopamy pasmepom 400x1000x300mm no XYZ, pasmemaercs B

3aste 1-ro KopIiyca HaJi HyKIOTPOHOM.

HOQ-

COI'JIACOBA
o,
['n. urokeHep ycraHoBKd HykinoTpos.. e Xomxubaruss [T
3aM. AUpeKTOpa 110 HayJHOH paGoTe. ‘*-é/ W Kosanenko A.Jl.

HavanpHHK OT s No2

Havansauk HOO MuKH Byrenko A.B.
Beyumit urkenep mo OT / 7 ..Conomacos B.T.
Cr. umxenep OPB < /]1:9\/- Huxurun AL,
Hauansuuk U130 § Cemnn H.B.

Hawansauk HTOIT % Bonkos B.U.

Hayansuuk cexropa HOO MuKH %// CmupHoB A.B.
PykoBoaurens npoekra «DSS» W Manaxos A.H.
/’M g Jlusanos A.B.

anaceeB C.B.

PyKoBojMTENb yCTaHOBKH «JlebTa-2»

PyxoBoauTeNs ycTaHoBKY «BHyTpenusas Humens Hywotporay...

N ALS



