Creation of a precision magnetic spectrometer
SCAN-3 and research of non nucleon degrees of
freedom In nuclel, nucleon correlations and
nuclear fragmentation at the internal target of
the Nuclotron.
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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.
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Experimental setup

K-arm

K1 - Start counter

K2 - Trigger &
Cherenkov counters

K3 - TOF - wall

K4 - E-counter

K5 - \eto counter

P-arm

P1 - Start counter

P2 - Trigger &
Cherenkov counters

P3 - TOF - wall

P4 - E-counter

P5 - \eto counter

Hm - Ring counter
N - Neutron detector

_ An - Neutron-Veto

FL,FR,BL,BR - Monitors
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What we are looking for?

The interaction of the n-meson with a nucleon near threshold is mainly determined
by the S,;, J°= %4 resonance N*(1535), which is just 49 MeV above the nN threshold
(1486 MeV) and has a width I'=150 MeV, thus covering the whole low energy region
of the nN interaction. As the S;;-resonance also decays to «N, yN and N channels
involves its coupling to all these channels.

« The criterion of a bound 7-meson is the condition |
for the #N pair's total energy, which should be Y | Sy
below the threshold: E_+ E, <1486 MeV | "

n+tN,—>S;—>n+N. ‘

 Next criterion of a bound 7-meson is the width of
the peak in the distribution of zN pairs which is | i
not related to the width of the resonance S;; (1535). Ex



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.==313 MeV
Ty== 94 MeV
p, = 431 MeV/c,




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

17+Ni+NjﬁN1+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 is

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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Neutron detectors
I

Energy resolution JE, < 10 MaB.

S8E =y3mc? B 8,

En=270 M>B (f=0.63 u y=1.29) L = 6m

N { 6t <0.4 nc
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e Preliminary data gave a time resolution is

S | 8 JJ"T::P - better then 300 ps for neutron detection.




JHepPrusi HeMTPOHOB OIpeAe/sieTCH 110 BpEeMEHH MmpoJieTa Ha 0a3se 10 6 M.

OauH MOAYJb JETEKTOpA - COOPKY M3 YEThIPEX MNPOTSKEHHBIX IIACTUYECKUX CUUHTHILISATOPA
TOJIIIMHOM 3 CM, C TOPLIOB BpeMEHHbIE (1Y ¢ nuamerpamu poTokarona okoso 100 mm.
Jliia GoJiee TOUHOTO ONpeIeaeHHs 0a3bl MPOJIeTa KaXk1asl IIACTHHA JONOJHUTEIbHO
npocMaTpuBaThCA ABYMs (3y AMamMeTpoM (POTOKATO/Ia OKOJIO 2 CM.

MopenupoBaHue 0JIHOM MJIACTUHBI JUIMHOW 10 OJTHOTO METPA MOKa3aJio, YTO HE0OX0JMMOe
pa3penieHue o SHEPTUU HEUTPOHOB 0KOJI0 S M3B B nuana3zone okoso 100 MaB nocturaercs
IpU BpEMEHHOM paspemiennn nopsiaka 200 mc.

boitn uccienoBaHbl BpEMEHHBIE XapaKTEPUCTUKU COOPKHU OTIIEIbHBIX CIIMHTUIUISIIIAOHHBIX
wiactul ¢ Gy PIY-63, P9814B u XP2020, B kauecTBe OCHOBHBIX (DOTOAETEKTOPOB B
HEUTPOHHOM KaHaze. [Ipuemiiemplie pe3ynbpTarsl HOIy4YeHsb! Julb ¢ 3y XP2020, BpemeHHOE
paspelieHue Ha oHOM iacTuHe nopsaka 250-280 mc.
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JlJ1s moCcTHKEeHH He00X0AMMOro0 BpEMEHHOI0 pa3pelieHusi ObLI0 MPeNJIOKeHO UCII0JIb30BaTh ()Iy
U3 CUCTeMbI HACHTH(QUKAIUN TJIACTHHBI.
B kadecTBe KaHIU1aTOB paccmarpuBaroTcsa ®OY-85 u ®OVY-87.
[IpoBeaeHO FKCIIEPUMEHTATLHOE UCCIIEIOBAHNE BPEMEHHBIX XapaKTEPUCTUK ITUX (1Y C pa3HBIMU
nenutensiMu HanpsikeHus. DOV -87 nmokazan nmpumepHo Ha 20% Oosee ydiiee BpEMEHHOE
paspemienue yuem VY-85, onnako 3pdhekTuBHOCTh peructpaiuu ceera DIY-85 nmpumepno Ha 30 %

MPOIIEHTOB BBIIIIE.
BbIsICHIIIOCH, UTO OJJHOBPEMEHHOE HCToab30BaHue nHpopmaiuu ¢ gy XP2020 u ®IY-87 (unu
®IY-85) yxe MO3BOISIET JOCTUYH HEOOXOAUMBIA YPOBEHb BPEMEHHOTO, a 3HAYUT M DHEPTEeTUYECKOTO

paspelieHus AJis HEUTPOHHOTO JIETEKTOpA.

,ZIJZ}Z 6bl60pa onmumdajlbHo2co eapuarnma ceuyac I’lpOGOa}ZmC}Z O0ONONHUMENbHbLE UCCIeO0B8AHUSL.



B HacTosiiee BpeMsi IJI1 MCCJIEIOBAHUS JIEMEHTOB J1eTEKTOPA HEMTPOHOB U
3apAKEHHBIX YaCTHUI[ (IPOTOHOB M JIETKUX MOHOB) MCIOJIb3YIOTCH:

* U30TOMHEIN HCTOYHMK PSr (Hedocmamku — Henpepvieblll CHEKMp 21eKMPOHOE

MaKcumanvHoll snepeuetl éceco 2.2 MoB);

* KOCMHUYECKOE U3IIyUeHUE (HedoCcmamku — HU3KAsL UHMEHCUBHOCD).

ILarochbl padoThl HA KBAa3MMOHOIHEPTeTHYECKOM NMMy4YKe 3JIEKTPOHOB
(MO3UTPOHOB):
* BBLICOKAsI HHTEHCUBHOCTD;
* BapbUPOBAHUE DHEPTUHU DJICKTPOHOB;
* XOpOIlIee KOOPAUHATHOE pa3pellcHue (onpedensiemcs MOHUMOPHbIMU
CUEMYUKAMU U 2000CKNOM),
 JIMCTaHIIMOHHOE CKAHMPOBAHUE 10 IUIOMIAAX JACTEKTOPA.

B pe3ynomame, cywgecmeennoe cokpauienue epemenu cozoanus oemexmopa !
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Dipole magnet
Coordinate detectors
Drift chambers

Proportional chambers
Neutron detectors
Scintillation counters
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Summarx

As a result of project implementation we plan:

[ to create a precision magnetic spectrometer for the measurement
of correlated pairs with an energy resolution up to 4-5 MeV,

U studies of correlated hadron pairs ejected from the target in dA
collisions;

4 studies of the S;;(1535) and A(1232) resonances in the nuclear
matter;

1 determination of binding energies and widths of i in nuclei;

1 measurements of the cross section o(,A) of n-nuclei formation
In dA collisions; measurements of the A-dependence of o(,A);

L measurements of relative rates of t—p u pN events;

L measurements of relative rates of «*p, =p and pN events.



Thank you
for attention!




