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1937 e, YCITEXH D®HIHYECKHX HAYK I. X!

Hakosey, B. M. Bekcaep 10.10MKI O UpWMeHeHHH K H3YUYEHHI0 KOCMM-
YOCKAX JAvdyer paspadoTaHHOH MM OpHIHHAILHOH MeToIukd, OHa cocTouT
B HCNOJb30BAHHH IS CueT:l HAacTHLU ['d30BLIN NPONOPIHOHAJABHBIX VCH-
jgureaed, paboTarUWHX 1O cxeMe COBILLIeHHi. 2T0 [AdaeT BO3SMOXKHOCTH
D[IpEﬂ,EﬂHTb HE TOJABKO YHCIO YdCTHUY, DPROLIUE, LUIHX qEpesd 9TH E‘-IET‘-EHHH,
HO W H3MEeDATh co3Jasaemyio HMH donuzanuiw. B, WM. Bekcaep padoran
¢ TAKOH YCTAHOBKOH JeTOM 3TOro roja 50 BpeMs 3SKCHeaHUHH Ha b-
Opve. Ilpy 3TOoM oOKasadoch, 4ro Ha Boicore 4200 M Hajl ypOoBHEM Mops
HMEIOTCA  JErKO norJgolilaeMile W CHJILHO  HOHH3YVIOUDIHe dYacTHUel, Ha
VYPOBHE IKE MDDH UACAO) TAKWUX YWACTHLUL AHAYHUTEeNBHO MEHbL’LIE,. yeM Ha
BhICOTE NipOpvea. YHCAO HN HACTOAbKO MAXKO, 4TO 3TH HAOAWIAEHHA He
MOTYT OBITL COrJACOBAHLI ¢ LPENOA0MEHNEM O HAAAYHHE B KOCMHUECKHX
Aydax HHTEHCHBHOW NpPOTOHHOW woMmuouedHrtsl, Kpome Toro, B, M. Be-
KCJaepoM OblJIH NOJAVYeHLI M O0Jee HENnocpeACTBEHHLIE VKA3aHUH HA BTO-
DHUYMEI] XapakTep 3TUX vacTtHuy, Ha cyigecrsoBaHHE TAaKHX UYaCTHIL B KOC-
MHYECKMX JyuaX psJ aBTOPOB VKazelgald M paublie, Ho ¢ tako#l otuer-
JUBOCTLH) OHH OblIM OOHapyAeHbl Boepsbie, TakuMm oOpasoMm ViKe 3TH
[MEPBHI€ ONBITHI € TPONOPIUHOHAJABHLIMH ra30BbIMH  VCHIMTEIAMM JlAJH
gyeHb LEeHHble pe3yapTathl, M MoXHO He COMHEBaThCHd, 4YTO JajdbHel-
miee MNpHMEeHeHHe 3TOH MEeTOMHKH TO3BOJHT JAOCTHrHYTHL BechMa cyile-
CTBEHHLIX VCIIEX0B KAaK NPH H3VUEHUM TSKLNbIX YACcTHL, TAK U TPH HCCAe-
JOBAHHH JHBHEH.
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penuHny, Obida opraHuzoBada cepust 0030PHLIX JeKUuWd aad Oonee WHDPO-
KUX KDYFOB HaVYHLIX DAGOTHHKOB., CTYAEHTOB K MePelOoBnIX paGodydx,
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"F“‘Hﬁ { CTEBHA C JDYTHMM AjXpaMm auynecEN. O0a 2TH HEXOCTATKA NOXHO

BoAoBEJHKOB, I.I' JKO3TOBA, B.A,CBUPIJIOR,
K.1.TOICTCB, 3.H.MHT'AHOB

JCCIEI(C BIAFHAE TEMTEPATYPA FA PETHCTPUPYDUEE CBOACTBA
MOTT SLEPHHY 3MYJBCH

MpuMeHeHne AJeDHWX aMyAbCHE XAA NFyYeHMa Baanumogeilcr

INGMEHTADHHX YACTHI| ¢ SIPAMM BOJNODOXA HIM jelirepmsa 2aTpyIH

MANHM ROAHYECTBOM MOCAGNHHX B SMyMBCHR, Kpome Toro, nmpu 6o

H.PBI HE HEX 2HEPrMAX BaamMogefcTBMA KWHEMATHKA He NO3BONAET OTRe roay

AXTH BIAMMOXellCTEMSA waCTA ¢ BOJNOPONON OT AKTOB BlAMMOZeR-

“ E MTPE YCTpPAERTH, €CAM RCMOAL30BATL B RAYECTEEe MNEEHHM BOXODOX B
TAKTE ¢ aMynbcHel, HANpuMep, B BMX& CNOA TBepPXOro BOXOpOZa

MBHA 071 nosepxmocTn owysscum, wmx npE MOTDYXeEWM IMYABCHE B EATKEN TAKYD Ka-
BOXLOPOX., [IpM 9TOM OMYABCHA HMe@T TEMIETA) 4OK- 20%K, »
ges anne ol ' * Yraprolt
¢ yeM B 1956 rogy Owno nNpoBeleHO W3YYEHHE JABMGUMOCTH peruc
pm'u HE pyommx ceoflcTs oMyNBCMM 0T TEMTMEDATYDH B MHTelDA&e 300%K-4° KM KAMEDH

IMYNBCHOHHEE CHOM @OIyNaiRCh Ha CHMHXDOImMEAoTpoHe Jiade

B BOINMC IYPY E,

XOXHH®

TODEM SXEDHHX mpoOnex nporomamy 660 Mo m 90 Mop m i —Me30=

TEMRHE HOMH 307 Wae u 340 Ham, YyecTBRTEABHOCTH M3ywaRmach B 5-TH
TOUKAX TEMMePATYDHOTO WHTEDBANA: NMDH TennepaTypax Teepxof

AOTHYECH yraexmcrors, xumkoro asora, ¥#IXOT0 BOZOPOKA, WHAKOTO TeNEA OBeMH,
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Hy @I OH-HYKJIOHHOUE W [TMOH-HYKAOHHOE B3ANMOLBACLIHLE
BBegeun e

Moelt saliaueit ARIAETCH OCRENIEHVE DRCNENUMEHTAJNBHHY De=
Bo Bceit paccMaTpMpaeMoit oUiacTi DHEPI 'V JJM A BOJH

ne-bpoind Bo MHOTe pas MeHbille 9¢feKTUBHHX pasMepoB 00JaCcilH
paaumMoyeftcreuit. [loeToMy ynpyroe paccesHue [l-Me30HOB B HYyKJIO- -

HOB Ha HYRJOHB8X MoxeT 1aTh uHpoOpMaAUMI0O O CTPYKType 3MX uacHml
JIJaCTbRD SHEDI'MM, SakKIKUeHHOW B MHTeEp=ajié OT 1,0 = JI0 1V DOBa

%

E BrOOp HMEHeR rpaHUUN paccMaIPUBaeMoro MHTepBaja 0GycaOB-
E JeH TeM,YTC NpU OCONbUMX BSHEPIUAX cyuecTBeHHY0 POJNb HAyMHAKLY
‘ UTpaTh Heyupyrde 0pouecChle

BepxHAa rpau4la copfaZilaeT c MakcuMalbHOil dHeprueldt vac-
T, KOTOPHE MOryT GHTH nonydeHs Ha ycropureie B lyOue.

lxpokoe npuBjieUeHVE NaHHUX ROCMAYECKOI'0 9KCll epUMEHTa

l-ﬂﬂ.'t‘, ik

} He Kasajioch MHE UgsecoodpasSHHM B CBASH C O0JILMOR HeCLHOBHAU-

HOCThbD, C KOTOpOUd OOCHYHO cBABSAHA TPAKTOBKA 2TMX ONHTOB.



Baznue HOBHE JAaHHHE, XocanuVecH PAcCesHus MPOTOH-IIPOTOH

B9y, nonyuens rpyunoft ¢usuxos /Mapkom u Inp./ H& cuRXpodaso-
TpoEe B AyCHe. Uccregosanock yIpyroe paccediye MPOTOHOB C
sEepruelt 8,5 BB HA CBOGOHHEX npoToHax GoroomynbcEN. B oroR
padoTe GEN MCHOALSOBAH HOBHY MePo}, cocToAmall B OGHYYeHMH
DISCTHHOK MYyuKoM IIPDOTOHOB, MANDABNENHNM NEPHeHNUKYASPHO MA0-
Imn PoTosmynhevM. OOHUM M3 CYNECTREHHHX MPEUMyNjeCTB 8TOrQ
MeTOie fBAAETCH BOSMOERHOCTH BHEUUTENLHO YBEAUUUTE IJIOTHOCTH
JYEHUA, ofecmeuwusn BMecTe € TeM BechbM& 3dPerTUBHHe YCHOBUA
OT00P& @Iy98eR YNPYIrHX CTONNHOBEHM’ /ehbekTHBROCTE OTPJopa
Auska K 92%/. OT0 NOSEONMIO NPONETHYTHCA B OGAACTh 3HAUR-
bHO MeHBEMX YIJIOB, UeM npemenbHwe YriaH, AMA KOTOPHX 1o

CEX 10D MMenuCh OmyCauRoBammyz pexmye (Mo yraoB 0,2° a3 mago-
opHO# cucreme, uro coorsercrByer 1 B cucTeme nemrpa mHep-
gt Cromkra gorTonnacrutor ™, COCTOSMAR M@ CHOeB aMyNb-
et suna HUKOM-P, Tonmumod 400 MMKDOH, OCAyYaxach BHYTDEHHMM
ROM NPOTOHOB ¢ 3Heprueft 8,5 EsB HA cunxpodpasorpoHe (0hems-

IEHHOr0 MHCTUTYTA.
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MULTIPLE PRODUCTION OF PARTICLES IN COLLISIONS
BETWEEN 9 GEV PROTONS AND NUCLEONS

V. S. BARASHENKOV, V. A. BELYAKOV, E. G. BUBELEV, WANG SHOU FENG,
V. M. MALTSEV, TEN GYN and K. D. TOLSTOV

Joint Institute of Nuclear Research, Laboratory of Theoretical Physics and High Energy Laboraiory,
Dubna, USSR
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Fig. 1. Example of a star classified as an elastic (pp) collision event.
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OMyRBCHOHEAs KaMepa, COCTARJCHHAT ©'S CHOSB BMyabenlt
B mxne P, Gura ofnyuernn BHYTDEHHDE I'y URCM NPOTOHOB H&

asoTpoHe O@*epuuesworn mHeTUTyTA. [[pM npocMorpe CHIOEB

Asanch papueM 37,3 40,3 cu. /lis orSopa cayuaeB MpOTOH-
B NPOTOH ~HefiITPOEHHX C300O0MHEX ¥ KBasHCBOCORHHX
BPEHUE HCHONBLBOBANUCE Corce ZeCTEHS,T) CPABHEHED ¢ OOH%-
» RpuTepur oTCGopa. Beero Cuno oToOper o 335 crnyuaeB, OT-
HHHX K NpOTOE-IDOTOEHEM BsawmiolelcTemaM, ¥ 204 ciayvas,

BHX K NPOTOH~-HelATPOHEYM COYNapeHITM™.,
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ig. 2. (pp) collision involving the creation of 8 charged relativistic particles.



l. Yraosue pacopereneHud HYKIOHOB ¥ [I-Me20HOB OR&SHBADT~

Pesko pasiuyHuMu. TIPOTOHH % HEXTDOHH CTPEMATCA COXPAHKTS
PaBICcHME CBOEID ABMEEHAR RGCiCTEME UERTpa TXecTH. MesoHM x
ipefiesieHN SHeM UTeJIbHO Oojiee WBOTPONHO, KaxeTCH HepO BMOXHEM
lacopaTh 9T0T aKT cO crarMcIMueckoft reopueits B orToRt cpA
iyeT oTMe™Th,aT0. B pacore Makemmerxo  sps J19 § norasano,
B paMRax CTaTMCTAUECKOff TeopKX BOOOWE HeNbsA NOAYYATH CBE-
I} © HEKOTOPHX OCOOEHHOCTAX YIVIOBHX pAcOpejese Bl
2. Pacopenenesua HYyKIOHOB W MEBOHOB N0 MMyNbcaM ORa-
BDTCA, RAR OpPaBWIo, PESKO OMNYaLIMMUCA OT pacopejeileHaf,
'pefiCKABAHHLHX CTAaMMCIMYECKOA Teopuefdl; B YACTHOCTH, CTaTHCIU=
'_'_'QOHE Teopufd OpefiCRasHBAET 3HaAUN TEJNIBHO gonee Eﬂﬂiﬂﬂ CNeRTp
|-MesoHOB, yeM HaGaWlaeMu#t Ha onwTe. HAOOOPOT, MMUyIbCH HYK-

JIOHOB OR&SHBALTCA CMENEeHHHM B urupnuy OOJIBNUX SHEH eHURX 0O
JPABHEHED C NPEACRASAHMAMMU CTA M CTUUECKOA TEOPHU.

Cpejinaa noTepA 9HEPIUMM CHCTIPHX HYKJIOHOB B HYRIOH$~HYRIOH-
CoyjapeRnAx Giuska Kk S0~30% u,N0BROVMOMY, KauecTseHHO
A0 BAEMCAT OT SHEPTUM NepPBUYHOR UaCTUUb



AHajus pesyinbratoB, DONYUSHHLX (OPH MCCAEfOBAHAM HEynpyrm
. cOyAapeHUft B paccMaTpuBaeMoft ofnacru suepruu / 2 Bam, 6 Bas,
9 BeB / NpuBOLMT X OPELCTABICHAD O CYNECTRORSENA M SHAUUTENb-
'HOR ponm nepugepuuecKUX coyiapeHnit p Heyopyrrx pSaEMojeit-
CTBUAX o

| OpejicrapifeTcH BlOJHE COPABEIUMBHM CUMTaTh (epudepHuec-
‘xuun Tagne CoAfoflema, B Ko TopEX 0pOWCXOZUT OTHOCHTENBHO
Manlaj Oepejaa OHEPrME M, KPOME TOI0, HYKIOHH M8J0 MSMEHTOT
_'.-mnpamiemia cpoero Keumemsa, OcOOCHHO cymeCTBEHHHM OpefCTaB-
JideTel TO 0GCTOSTENLCTBO, 4TO nrlensgemble B coorpeTcPpuM C

9MIMX RpuTepuAMa nepudepuyecrie BsauMoleficTEMg OAarofaps muee

(24 {
Temua ynaerca, no BMIMMOMY, CBASATH C DpeJiCTaBICHUAMH 00

DjjHOME@a0OHHOM oOMere. TauMom Owia yRasaH& BOSBMORHOCTD 8HAEIESA
dae;m:g KUX coylapeHMi HyRJIOH-HYRJIOHWS, OCHOBAHHES HA Opef-
CPARJICHMAY O HONE BOHHOM OOMEHE HysioHe®, B PeSsylbTaTe KOTOpO=-

BOSHKREET OMMH WM JBa Hsofapa, CooTpeTcripyduMe IyarpaMMu
jefiMala NpeCcTaBieHH HA PHCce20.

Pue 0. 45-'( u m

B neppoM ciyuae o0pasyeTcsa ofjHa usoGapa, 2 OIME HYRIOH
iTaercH He pO3OyXIeHHHM, Bo BTOpOM BAyYae OJHOBPEMEHHO BOB8-
Xlaprca 008 HYKAOHA,.
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9.38 GeV/c DEUTERON STRIPPING ON PHOTOEMULSION NUCLEI

N. DALKHAZHAYV, G. 5. SHABRATOVA and K. D. TOLSTOV
Laboratory of High Energies, Joint Institute for Nuclear Research, Dubna, USSR

and

M. I. ADAMOVYICH and V. G. LARIONOYA
P. N. Lebedev Physical Institute, Academy of Sciences, USSR

Received 8 February 1973
(Revised 10 August 1973)

Abstract: The interaction of relativistic deuterons with photoemulsion nuclei has been investigated.
The photoemulsion method makes it possible to precisely measure small angles between
relativistic particles in reactions and to select unambiguously the events of inelastic deuteron
absorption. Proton stripping in the interaction of 9.38 GeV/c deuterons has been investigated.
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PT: 2.76A GeV 3H—3He
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Secondary fragments beam: 7Be

Production reaction: 'Li+ A = "Be + ...
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oY © 67 370 events 1.2 A GeV *Be—2He
+1.7 MeV

144 “white” stars >
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27 stars with target proton recoil (g-particle)
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Secondary fragments beam: DC+A -2 °C + ... (p,= 2.0 GeV/c/nucl)

Energy losses spectrum in a plastics
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Central

Binary Fission
Very Peripheral with Multifragmentation




REVIEW C 72, 048801 (2005)

Multifragmentation reactions and properties of stellar matter at subnuclear densities

A. 5. Botvina' and I. N. Mishustin®”

Unstitute for Nuclear Research, Russian Academy of Sciences, RU-117312 Moscow, Russia
*Frankfurt Institute for Advanced Studies, IW. Goethe University, D-60438 Frankfurt am Main, Germany
3 Kurchatov Institute, Russian Research Center, RU-123182 Moscow, Russia
(Received 20 June 2005; published 24 October 2005)

We point out the similarity of thermodynamic conditions reached in nuclear multifragmentation and in
supernova explosions. We show that a statistical approach previously applied for nuclear multifragmentation
reactions can also be used to describe the electroneutral stellar matter. Then properties of hot unstable nuclei
extracted from the analysis of multifragmentation data can be used to determine a realistic nuclear composition
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COHERENT PRODUCTION OF PARTICLES BY 60 GeV,/¢c PIONS
ON EMULSION NUCLEI

E.V.ANZON, I Ya.CHASNIKOV, C.I SHAKHOVA, I S.STRELTSOV, Zh.S. TAKIBAEV,
A.H. VINNITSKY, V.G. VOYNOV,
Nucleay Physics Institute of the Kazakh Academy of Sciences, Alma-Ata, USSR

G.BOZOKI1, E. FENYVES, E. GOMBOSI, E. NAGY,
Central Research Institute for Physics, Budapest, Hungary

J. BABECKI, Z.CZACHOWSKA, O. CZYZEWSKI, B. FURMAI‘:ISKA, J. GIERULA, R. HOLYI':ISKI,
A.JURAK, M. MIESOWICZ, G. NOWAK, K. RYBICKI, W. WOLTER,
Institute of Nuclear Physics, Cracow, Poland

N. DALKHAZHAV, R. KHOSHMUKHAMEDOV *, E. 8. SHABRATOVA, K.D. TOLSTOV,
High-Enevgy Laboraloyy, Joint Institule for Nuclear Research, Dubna, USSR

M. M. CHERNYAVSKY, N.B. MASLENNIKOVA, M.L TRETYAKOVA
Physics Institute of the Soviet Academy of Sciences, Moscow, USSR

K.I. ALEKSEEVA,
Nuclear-Fhysics-Research Institute of the Moscow State University, Moscow, USSR

Kh. M. CHERNEV, P.T.TODOROV
Physics Institute of the Bulgavian Academy of Sciences, Sofia, Bulgaria

5. A AZIMOV, U.G. GULYAMOV, T.V. RECHNITSKY, E. A. TILL
Nuclear-Physics Institute of the Uzbek Academy of S es, Tashkent, USSR

C.BATAAR, B.CHADRAA, D.SHARKHUU and D. TUVDENDORZH
Institute of Mathematics and Physics of the Mongolian Academy of Sciences, Ulan-Bator, Mongolia

Received 3 January 1970

In the study of interactions of 60 GeV/c 7--mesons in nuclear emulsion some peculiarities of the prong-
number distribution and the angular distribution of secondaries have been observed. They are inter-
preted in terms of the echerent production of three and five pions on emulsion nuelei. The cross section
for these reactions increases with the increasing energy.

1970

A hadron-nucleus interaction is called coher- tails see e.g. Veillet [l]) allow the following co-

ent if all the target nucleons participate in the herent reaction for an incident 7~
same way and contributions of all of them add
coherently. Such an interaction is characterized
by a very strong collimation of secondary par-
ticles and neither destruction nor excitation nor
visible recoil of the target nucleus. The selec-
tion criteria valid in this process (for more de-

7= + nucleus — 7t~ 7~ + nucleus
7~ + nucleus — 7-79° + nucleus

7~ + nucleus — r*r+t7~7-7~ + nucleus

- L - = 0.0
* On leave of absence from the Physical-Technical 77 + nucleus — wrATa"aCm" + nucleus

Institute, Dushambe, USSH.

(1)
(2)
(3)
(4)

etc.
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2C 3¢,

(4.5A T5B/c °Li)—a+d






Fragment separation scheme: beam line layout ",,l‘%‘? 4’%,!:!" " |

, Target: 5-8 g/cm?, polyeth.
Extracted

beams: 12C, 19B, 7L




counts

0+, 3Be(92 KeV, 6.8 V)

D '10'] EDD GUD 400 EDD EUD TDIJ 800 9001000
Q,_, keV

2%, 8Be(2.9 MeV, 1. 5 MeV)

Q, , MeV



2A FaB/c




NUCLOTRON: 2.1 A GeV 14N




3.6 24
5A GeV Mg 2+2+2+2+2+2
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3.65A GeV 2°Si 24+2+2+2+2+2+1
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1 0B—>2He+H 70% of hlte stars.
H — deuteron in 40%
(like °Li). "’B—’Bep — 3%



	370 events 1.2 A GeV  9Be→2He

