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General aims of the project

This project Is aimed at studies of highly excited nuclear matter
created in nuclei by a high-energy deuteron beam. The matter will be
studied through observation the products of decay — pairs of energetic
particles with a wide opening angle, close to 180°.

A new precision hybrid magnetic spectrometer SCAN-3 Is to
be built for detecting charged (=, K*, p) and neutral (n) particles
produced at the Nuclotron internal target in dA collisions. The
spectrometry of such pairs will enable to studies of
« low-energy nA interaction and a search for n-bound states (n-mesic

nuclel);
 the A-isobar produced and stopped inside the nuclear matter.
Beyond that detection of the pairs will enable to studies of
- np and pp correlations;
- single and pair cumulative processes;
- heavy nuclei fragmentation to low-energy fragments.



Phxsics motivation

The discovery of n-mesic bound systems would give unique
possibility for better investigation of the elementary meson-nucleon
Interaction in nuclear medium for low energy region. Moreover, it
would provide information

 Onset of 1 -meson binding in the He Isotopes [N. Barnea, E. Friedman,
A. Gal; arXiv:1706.06455v1 [nucl-th] 18 Jun 2017],

as well as about the n and n° meson structure [ S. D. Bass, A. W. Thomas,
Acta Phys. Polon. B 45, 627-638 (2014).].

» The n bound states in nuclei are sensitive to the singlet component in
n and can be used as a probe of flavor-singlet dynamics [ S.D. Bass and
A.W. Thomas, Phys. Lett. B 634, 368 (2006); Acta Phys. Pol. B 45, 627 (2014).].
Hence, n—mesic nuclei can improve our understanding on the n—’
mixing.

- About 11 meson properties in nuclear medium [ T. Inoue, E. Oset, Nucl.
Phys. A 710, 354-370 (2002).]



The JINR collaboration performed the search for back-to-back = p pairs related to
the n-mesic bound states in d + 2C —x + p + X process [S. V. Afanasiev et al., Nucl.
Phys. B (Proc. Suppl.) 219-220, 255-258 (2011).]. An observation of the np back-to-back
correlation as well as the resonance like structure below n production threshold could
be associated with the two-body N* resonance decay related with formation of an n-
mesic nucleus.

The criterion of a bound 7-meson is the condition

for the zIN pair's total energy, which should be X S
below the threshold: E_+ E\ <1486 MeV
n+N,—>S;—>n+N. ‘

Next criterion of a bound 7n-meson is the width of 1) -Aapo

the peak in the distribution of zN pairs which is
not related to the width of the resonance S;; (1535).
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with back to back
requirement

IC setup, where one observes
in coincidence with 3He, the decay of a possible

bound n-*Mg state, again, through the S;;
resonance.




Tahle 1

n, w and 1f bound state energaes (in MeV), E; = Re(E] = my) {7 = n,w,7f), where all
widths for the of are set to 2ero. The eigenenergies are given by, Ef = By +m, - iT;/2.
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I
Expected characteristics of pairs from decay of n-nuclei and requirements to

precisions of their measurements

The task of the experiment is the allocation and measurement of the narrow peaks
In the energy distribution of pairs, which are products of n-nucleus decay.
Apparently, future experiments should assume that the peak width will be about
10 MeV, and therefore they should provide accurate measurements of particle
energies will be not worse than ~ 3.5 MeV, so that the accuracy of the total energy of
the pair will be at least 5-7 MeV. The effects of an broadening of observable peak,
caused by energy dispersion in cause intra nuclear nucleons motion. This dispersion
a increases observable width of peak by ~20 MeV. This moment is reduce the
accuracy to the level of 10 MeV.
If we consider the process 77 + N; — 7+ N with initial particles at rest, the kinetic
energy, momentum and velocity of the secondary particles can be estimated:
T.=E.-m_ =W?2?+m_2?-my?)/2W)—-m_ =313 MeV,
Ty=Ey—my =(W?+mg?-m_2)/2W)-my = 94 MeV.
prc = pN = [Enz - mnz] V2 = [EN2 - mNZ] V2 = 431 MeV/C1
B. = P/ E; =0.95,
By = Pn/ Ey = 0.42.
Here W =m, +my~1486 MeV, also were used masses m,= 140 MeV, my = 939
MeV, m, = 547 MeV.




Besides the TN mode, n-nuclei can decay with emission of NN
pairs due to the reaction

l]+Ni+Nj9N1+N2

The rate of this decay channel is expected to be compatible with
the rate of the channel ©p.
Isotopic contents of the emerging NN system s

25% pp, 5% nn, 290% pn
Such pn pairs having the kinetic energies
T, =T, =2/0 MeV



significant improvement of the energy resolution
(better than 10 MeV)

» simultaneous recording of the effect and
background significantly reduces systematic
errors
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Recoil-free transfer reactions are most acceptable to the successful

formation of the n-nuclei.

P,=Py E,=2.22MeV

13C +d=2C+t+n+Q
Q=1.3 MeV

eta-meson momentum , MeV/c
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d+Ad-ngA-1)+X—->a+N+X

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

d+A4—-n+X
'7+A’ _>nA P}]< I:)Fermi
A > m+N+X

Estimates of the effect Y(rmp) ~40 hour?, Y(x*n) ~12 hour,
yieldofmanuciel Y(pn) ~ 12 hour?, Y(pp) ~ 2 hour.

The minimum acceleration time requested for n-nuclei
research is about 200 hours.
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the passage of pions with kinetic energy 313 MeV.

the best angular resolution is achieved in a vacuum,
counters minimum thickness meters and 4 cameras

in air and 3 cameras resolution deteriorates irrelevant to

for protons with kinetic energy of 270 MeV

in the first case, the accuracy of determination of the angle is
In the second case, the accuracy of determination of the angle is

Mean 0.1948
" | RMS 0.001787 -
.| Constant 1L.7560+04 T
Mean 0.1948
.| Sigma 0.001607 P=431 MeVic
L vacuum

" " " re e e Pt b
0.18 0.185 0.19 0.195 0.2 0.205

Angle (rad)

0.82 % (2.6 MeV)
1.28 % (4 MeV)

1.17% (3.2 M3B)
2.4% (6.5 MaB)

0.2
Angle (rad)



Efficiency
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The forward TOF detector has been prepared. The detector is based of SiPM matrix and fast
plastic scintillator. The technology was created for thin scintillation plates production. This
technology allow to obtain uniformity in thickness at the level of 1% for scintillators with
thickness from 0.1 mm to 1.5 mm. A fast preamplifier for the SiPM matrix was developed
and manufactured

SiPM matrix

afanasev@lhe.jinr.ru



N3roroBiiensl ABe 64-371eMeHTHbIE KOOPANHATHbIE KaMepbl
HAa OCHOBe JIpeii(hoBBIX TPYOOK.

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




The two-coordinate proportional was been reconstructed. The
chamber has size of 600x200MmMm.

afanasev@lhe.jinr.ru



=> Neutron detectors

Multi layers neutron counter
Scintillator 500x130x50mm For first run test.
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Summary from beam test:
TOF resolution vary from 0.27ns to 0.4ns with mean value is 0.31ns

afanasev@Ihe.jinr.ru



The design of the multilayer neutron detector has been modified,
the counters are being assembled.
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DAQ

The data acquisition system is built on the VME platform and includes a set of
modules serving experimental setup. Basis of DAQ is VME modules , which are 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;

o
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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.
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Otuet no npoexkry «CKAH-3»

Co31aH MHOTOCTIOMHBIM HEUTPOHHBIN JeTeKTOpa [IpOBEAEHO HCTIBITAHME MPOTOTHIIA
Ha [IyYKaxX CTPUIIIUHTOBBIX HEUTPOHOB.

M3roTroBiieHbl KOMIIOHEHTBI HEUTPOHHBIX JETEKTOPOB, IIPOBOAMUTCA OTIAAKA
HEUTPOHHBIX CUETUYHUKOB.

IIpoBeneHa PEKOHCTPYKIHUS JABYXKOOPAMHATHOW MPOIOPLIMOHAIBHON  KaMephl
pasmepom 600x200mMm. Kamepa moarotosiieHa K UCIBITAHUIO HAa MyYKEe HYKJIOTPOHA .
[IpoBeneHo wucnbITaHUEe pabOTBl MAarHUTa C HOBBIM HMCTOYHMKOM. OrmpeneneH
pabouunii TOK

[ToaroToByeHBI TPU IJIOMIAIKH J1J1s pasmelienus 3x mied ycranoBku CKAH
M3roraBinvBaeTcss MUKPOCTPUIIOBBIA BEPIIUHHBINA IETEKTOP.

M3roToBII€H MOJHBINA KOMIUIEKT JJIs1 BCEX 3JIEMEHTOB HEUTPOHHBIX JIETEKTOPOB.
M3roToBIeHBl U YCTAHOBJIEHBI B CHEKTPOMETpP ABE Apeh(POoBbIE KamMepbl HA OCHOBE
npendoBbIX TPYOOK.

Pa3paboTaH 1 M3roTOBJIEH FA30BbIN MYJBT 1JI APEeOBBIX KaMep.

10) IIponsBeieH MOHTaX W TOAKIIOYCHHE K DJIEKTPOHHUKE COOpa JaHHBIX APEH(POBBIX

Kamep.

11) OtnaxuBaeTcsl TEXHOJIOTHS HAITBUICHHUS yIJIepOaa Ha TOHKYIO ITOIOKKY.
12) Pe3ynbraTsl pabOTHI OTpaXKeHbI B 28 MyOIUKAUAX W BBICTYBICHUSIX

IMoaroroBiieHbl BCe JAETEKTHPYIOIIHE CHCTeMbl JJIf NMpoBeaeHus HccaenoBanmii. TpelGyercs
NYYKOBOE BpeM# Ha s/pax AeiTepu LI OTIAAKH CIEKTPpOMeTpa u Hafopa JaHHbIX.
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Summarx

] Have been observed np back-to-back correlation coming from a
target, which may be associated with decay of S,, resonance.

O The resonance is shifted to small masses an shift has value
around 20 MeV. The width of the resonance is around 60 MeV.

L Was estimated the value of the total cross-section (=10ub).

As a result of project implementation we plan:

U to create a precision magnetic spectrometer for the measurement
of correlated pairs with an energy resolution up to 4-5 MeV,
4 to investigate the behavior of S;; resonances In the nuclear
medium:
* to determine the cross-section of n-nuclei formation o(,A);
« determine the bound energy of eta-mesons in nucleus;
 to measure the relationship of outputs (7"p) and (pN) events;



CITACHUBO 3A BHUMAHME!

Thank you for attention!
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Run Ne55: start of experiment

BM@N SRC
Preliminary information about the coll

Beam Time ~ 10 days
Beam Statistics ~ 20M triggers




