BECQUEREL = Beryllium (Burun]

PROJECT 1
“MMH,HL”,StET'"g W ey
Quest I1n e

: [IpoexT Relatwlﬁt‘lc Multlfragmentatinn :
BEEKKEPEJAL | \ ; http://becquerel.jinr.ru

IIpoekt BEKKEPEJIb-D na 2012 — 14 rr.

HCCJIEJOBAHUE PEJATUBUCTCKON ®PATMEHTAILIMMA JIETKUX PAIIMOAKTUBHBIX SIIEP
METO0M SAJAEPHON SMYJIbCUN

1. A. ApremenkoB, B. bpagnosa, Il. . 3apyoun, U. I'. 3apyouna, H. B. KonaparseBa, H. K.
Kopnerpyua, /1. O. KpuBenkosn, A. 1. Majaxos, I1. A. Pykositkun, B. B. Pycakosa
Oo6veounennvlii UHCMUmMYm A0epHbIX uccieoosanui, /[yona, Poccus

C.TI.TI'epacumos, JI. A. I'onuaposa, B. A. /[ponos, H. I'. Ilepecaabko, H. I'. [Toaxyxuna, A. C.
Pycenxunii, H. 1. CtapkoB, M. M. Uepusisckuid, B. H. ®etucos, C. I1. Xapaamosn
Duzuueckuit uncmumym umenu Il. H. Jlebeoesa PAH, Mockea, Poccus (DHUAH)

B. P. Capkucsn, A. A. Mouceenko, I'. T. Topocsin

Epesanckuii ¢puzuueckuit uncmumym, Epeean, Apmenus

P. CranoeBa

FOz0-3anaonwiii ynusepcumem, bnazoeezpao, bonzapus.

M. Xaiiayk, A. Heary, E. llltedan

Hucmumym kocmuueckux uccineoosanuii, byxapecm, Pymoinus

C. C. AsnkyJios, P. bekmup3aes, K. 3. Mamarky.ios,

JIrcuzakckuii nedazozuueckuii ynugepcumem, /[orcusax, Yzoexucman

P. P. Karra6ekos, K. OaumoB

Duzuko-mexnuyeckui uncmumym, Tawkenm, Y30ekucman






IlenTpanabHasi mpooaema Ha 2012-14 rr.: HccaeaoBaHne CTPYKTYPHI ajaep 'Be,

10C u 2N npu nepudepunyeckoii pparMeHTalNH B SIAEPHON SMYJIbCHH.
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Exposure of emulsion to a mixed beam of Z=4
e e g 120y 10 7 )
relativistic "N, "C, and 'Be nuclei 400

Generation of "N and '’C nuclei is
possible in charge exchange and fragmentation
reactions of accelerated '*C nuclei [3]. The 300
charge to weight ratio Z,,/A,, differs by only
3% for these nuclei, while the momentum
acceptance of the separating channel is 2 - 3%.
Therefore, their separation is not possible, and 200
the N and ''C nuclei are simultaneously
present in the secondary beam, forming a so-
called beam “cocktail”. The contribution of *N
nuclei is small in respect to ''C ones in 100
accordance with the cross sections for charge
transfer and fragmentation reactions. Also, the
beam contains 'Be nuclei, differing by Z,,/A,
from "N nuclei only by 2%. 0

100 200 300 400 500

Nuclear track emulsion is exposed to a mixed beam of l"‘N., %C and "Be nuclei
formed by means of primary 1.2A GeV ">C nucleus beam. The initial scanning phase
consisted in visual search of beam tracks with charges Z,, = 1, 2 and Z,,> 2. The ratio of
beam tracks with charges Z,,, = 1, 2 and Z,. > 2 is found to be equal = 1 : 3 : 18. Thus, the
contribution of *He nuclei dramatically decreased compared with the °C irradiation, which
radically raised the event search efficiency. The scanning along the total length of primary
tracks in emulsion layers that was cqual to 924.7 m revealed 6144 inclastic interactions,
including 516 “white” stars.
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The 'C nucleus is the only example of the system, which has the “super-boromean”
properties, since the removal of one of the four clusters in the 2o + 2p structure leads to an
unbound state.

3He | “He | *He | °He

Distribution of the number of “white” stars, Ny, and the number of events involving the
production of target fragments, N, with respect to > Zg = 6 channels

SZi=6 C 2He + 2H He + 4H 6H 3He
N s - 159 16 8 11
N 27 (CC) 211 76 16 11

For "white" stars N, with charge topology > Zs. = 6 the most probable channel is
represented by events 2He + 2H, which might be expected for the isotope '’C. The channel
He + 4H is found to be suppressed, as in the C case it is required to overcome the high
threshold of the a-cluster break up. Besides, events are observed in the channel '°C — 3He.



Production of *Be and ’B nuclei in °C dissociation
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a) Distribution of the number of “white” stars 2a + 2p versus excitation energy Q,,
of the a-pairs. In the inset a zoom over the Q,, distribution is shown. b) Distribution
of the number of “white” stars 2a + 2p versus excitation energy Qaq, of triples 2a + p.
In the inset a zoom over the Q;,, distribution is shown.

In 63 events the Q,, value does not exceed 500 keV (inset a)). For them, the average value is <Q,,> =~
110 £ 20 keV and the mean-square scattering ¢ = 40 keV, which well corresponds to the decays of the *Be 0"

ground state. The unbound ’B nucleus can be another major product of the

10

C coherent dissociation. The

Q4 values for one of two possible 2a + p triples do not exceed 500 keV in 58 events (inset b)). The average
value for these triples is <Q,,,> = 250 £ 15 keV with rms ¢ = 74 keV.



Coherent dissociation of * N nuclei
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The particular feature of the >N nucleus
consists in the low proton separation threshold 2ol A
(600 keV). Furthermore, the dissociation can o FW
occur through the channels a + B (8 MeV), p + - %
"Be + o, as well as into more complicated 10 7 =4\Z =5
ensembles with the 'Be core break. rr_ﬂ_l Z,=6

10 30

Number of “white” stars Ny, (0 < 11°) with > Z;. =7 and Z,, =7

C+H 8 + He | 'Be+He+H | ®B+2H ‘Be+3H | 3He+H | 2He+3H | He +5H

4 3 9 11 10 2 24 9
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Of a fundamental interest is the search for effects depending on the charge of
parent nucleus for relativistic ''B and ''C nuclei which demands new exposure. Nuclotron
beam time requested is approximately 60 hours per year.




High statistics analysis of ‘Be dissociation

The BECQUEREL Collaboration performed irradiation of nuclear track emulsion
in a mixed beam of >N, '’C and "Be nuclei. Thus, there are new opportunities with regard
to the issue of “dihelion” based on the analysis of the found about 400 “non-white” stars
"Be — 2°He with knocking out of a neutron and the formation of fragments of target nuclei
or mesons, as in the case of B — 2He + H. Thus, the indication to the existence of
“dihelion” will be reviewed using a significantly larger statistics.

000

Distribution of the number of “white” stars,
Nwss and the number of events involving the
production of target fragments, N, with
respect to > Zs = 4 channels

SZw=4 | 2He He+2H 4H
Nuvs 95 116 14
Nir 371 554 16
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Total distribution of opening angles @,;. between the relativistic He fragments in the “white”

stars ’C — 3’He and in events °B — 2He + H with the formation of target nucleus fragments or
meson; dotted line indicates the ''white'' stars contribution.
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HccaenoBanne nepudepudeckoii pparmenranuu sapa 0C
Ha ctatuctuke S00 B3anMoaencTBuM.

UccaenoBanne nepudepunueckoii pparmenranuu sapa N
Ha craTucTuke 100 B3auMoaencTBUM.

Ilouck 2°He-pe3onanca Ha craructuke 200 map.

AHAJIU3 SIIEPHOH IMYJIbCUU, 00JTY4CHHOH BO BTOPUYHOM
nyuke sigep 'C, popMupyeMoM ¢ moMOIIbI0 peakui
nepe3apsaki YCKOpeHHbIX saep !B.
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UCCJIEJIOBAHME PEJIATUBUCTCKONU ®PAIMEHTALIMH JIETKHUX
PAJIMOAKTUBHBIX SJIEP METOJIOM SAJIEPHOH SMYJIbCUHN

[Mpoxomxenne npoexra BEKKEPEJIb-D(ripline) na 2012-2014 rr.

BBIIINCKA
w3 nporokona sacenanns N1-2011 HTC HOOPTH JIPBD
ot 14 despana 2011r.

TEMA 1087

Npucyrerrosams 10 =menos HTC 13 14 mo cnmcodnoMy cocTasy.
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Peuenzusi na oruer o pa6ore no npoekty BEKKEPEJIb 3a 2009-2011
I'T. M NpeAI0/KeHHH 0 npoisiennn na 2012-14 r.

Mpencrapaennslii MaTepnan cojepxnT Beeaenne B aKTyAlbHEIE npobiembl GUINKH
slepHoii KIACTEPH3ANAN, OCHOBHBIE (H3HYECKNE PE3YIbTATHI, NOAYHeHnbIe H ONy0AHKOBAHNbIE
no npoexty BEKKEPEJIb B nepmoa 2008-11, m 3agaun anammsa obyuenHol IMYIALCHH HA
nocJaeAyIONHe TPH roja.

3a ordernbrii nepuox onybankosano 6 myGamkanuii B penensupyembix Aypuanax. Cpean
nanGoaee 3HAUMTeNBHBIX Komdepenmuii rae npeacTaBasanch yernbie jgokaaaei: «The 20"
European Conference on Few-Body Problems in Physics», Iusa. Hraams, 2008; «International
Symposium on Exotic Nuclei», Coun, Poccns , 2009; «2" Workshop on «State of the Art in Nuclear
Cluster Physics» Bpiocceas, Beawrus, 2010 (upnraamennsii aoxnan); «The 21" European
Conference on Few-Body Problems in Physics», Casamanka. Henanns, 2010, 3amumens: 3
KANIWAATCKAX M JoKTOpckast Amccepraimus. Ilocrosmmo obHosiasiercs caiiT npoekra H
BHICOKOLIEKIAS BIanmojeiicTsnii saep B omyascnn. Takum obpasom, HTOr padoTb N0 NPOEKTY
JA0CTATOMHO XOPOLIO NPEACTAB/IEHbI, ONYDAHKOBANLI i 0 OPMICHBI B IHCCEPTALHIX.

Faasuetii # 3aBepmiennbiii  pesyabTaT X mee ii COCTOHT B HM3yMeHHH
CTPYKTYpHBIX ocobennocteil  aapa C npn omeprum 1.2A I'B. Jlokasana npasmiLHOCTE
dopmuposanns na nykaorpone OHAH nyqxa usorona ’C, moayuena oGzopuasi nudopmanus 1o
3APHI0BOI TONOJOrHH ero (GPATMEHTANHN B SUIEPHOIl IMYJILCHE M _H3YHeHbI AHHAMHMECKHE
0coBEeNHOCTH KAHAIOB KAK C 0T/eJIeHHEM NPOTOHOB, TAK 0 HA TPA spa *He. B kanase "C — 3°He,.
Obnapy#enbl  KOPPeJHPOBAHHBIE NApPBLl  sjep 2’He, YRA3bIBAKWIIHE HA  BOIMOKHOCTE
cymect p HOTO  COCT g cucreme 2°He s6amsm mopora ofpazoBamms.
Buiisunyta npofiaema ero noucka. Ha ocnose 5THX pe3y/LTATOB NOATOTOBJICHA K 3aldTe eme
0/IHA KAHAHIATCKAS [IHCCEPTAINS.

Ipogonaenne upoekra BEKKEPE/b-D ma 2012-14 rr. mocesmeno obzopaoMy
HCCACIOBANMIO (PPATMENTAUNE B SICPHOH IMYJILCHH DEISTHBHCTCKHX sAep G Cw N,
of.Iyqenne KOTOPHIMH yike BhIIOJHeHO B npenmecrsyiomeii ¢ase mpoexra. Ouo sasiercs
pasentiem paGor COTpYIHNYECTBA 1O KJIACTEPHOii CTPYKType siep "Be u “'™'B. Bymyr
POJOITREHBI HCE KJIACTEPHBIX €T ii csoBomt B suapax "Be u *'''B na nosom
YPOBHE CTATHCTHKH H AETAILHOCTH Ve obry IMYJALCHA MO3BOJIHT HCCIEI0BATE
SICPHO-MOJIEKYIPHYI0 CTPYKTYPY HecBszanmsix siep ‘Be, "B, °C u 'N, koroprie opasyiores b
peakumsix (pparmentamnn saep ‘Be, 'B, °C u "N co cpuisom meiitponos. Corpyauntectso
obaagaeT CTATHCTHKON BiaumojeiicTeuii B coTun cobbITHil, 9T0 CO3AET OCHOBY A8 YIIAOBLIX
u3mepennii. B paGore yuacTeyior 5 acnupanrtos.

Hcnoab3yemeiii METO1 sUIePHOIl IMYIBCHH MOKET NPHBECTH K HADIIOICHHAM CTPYKTYPRI
parMenTALNN PEIATHBHCTCKAX 5jiep, KOTOpPble TPYHO OyAeT NOBTOPHTL B APYIHX HEHTPAX M
apyramu  metogamu  ma obospumyio  nepenextusy. [Ilo-cymectsy B nepudepuecKux

iicTBHAX ocyniecTBHTEL «Tomorpaduio saepuoii crpykrype. Iosromy, saskno
COXPAHNTHL METOJHYECKYI0 KYJbTYPY H HAOpAHHBIl TeMI AHANN3IA SACPHLIX B iicreuii B
amyascnn. Heobxogumo ma Gojee mpocThiX 3aJauax MOATOTOBHTL CIie IHCTOB, CHOCODHBIX

peliaTh CTONL CHOKHYI0 3a1a4y KAK AHAIN3 MHOKECTBEHHOI dparvenTanHN  THAEABIX
PeAATHBHCTCKAX sgep B jlecaTkn Tpexos. CaM MeTOl slepHOii IMYJILCHH 3acaykuBacT
obnonaenns, Ge3 H3MeHeHus B NPHHNHNAX ATCKTHPOBAHNS, ¢ TeM, 4T00bI YBEAHINTE CKOPOCTH
NOMCKA N0 NEPBHYHBIM CIEIAM J0CTATOMHO PEAKHX coGbITHIl mepuder il amce "
OT4eT 10 NPOEKTY 3ACAYAKHBACT 0100PEHHH, A CAM PEKOMEHI0BAH 118 NPO/LIEHNS Ha Ganaiimune

TPH Fojaa.

Hauaasnuk cexropa JIOBI

A.T. JInTBRHEHKO

Peuiensus
Ha oT4éT 0 pabote no npoexry BEKKEPEJIb 3a 2009-2011 rr
U Ha NpeUIoKEeHUe O NpoUIeHnH TeMbl Ha 2012-14 1.

Corpynanuectsom BEKKEPEJIb ocymectpisiercs obiyuenne sepHBIX IMYJIbCHH Ha
BHOBB (popMHpYeMEIX ITyukax HykaoTpona OMAM, xmouas BTOpHYHbIE MTYYKH PAIHOAKTHBHBIX
anep. B CorpynnuuecTBe oOBeJMHEHBI Ipynmnbl, obnajaomme MTPOCMOTPOBEIMH  H
M3MEPHTENLHBIMH MHKPOCKOIIAMH, a Takke 060py/10BaHHEM Ul 00paGoTKH AEPHOH MYIIECHH.
Meton sinepHOH SMyiabCHM o0ecIiedHBaeT YHHKNBHYIO IO TOJHOTE HabMoaaeMocTh
MHOJKECTBEHHBIX CHCTEM ()parMeHToB, 00pa3yromMXcs NpH JHCCOLHALMH PEATHBHCTCKHX
agep. B mpoekrte enuHO00pasHO H3YYaeTcs KOTGPEHTHas JHCCOLHAIHA LENnoro cemelicTBa
nerkux gaep. [onyuen psl NPHAIHIHATLHEIX PE3YJIbTaTOB.

B nepudepuueckoii mucconHanun saep Be mo 20-9acTHYHOMY KaHany OOHApyixeHO
JIOMHHHPOBAHHE OCHOBHOTO M NEPBOr0 BO30Y:KIEHHOTO COCTOsHUI sjipa "Be, NpOsBIAIOMHUXCS
¢ OnM3KMMH BEepOATHOCTAMH. BIiepBble YCTAHOB/ICHO, YTO NpPH JHCCONMALMH Anpa N no
JIHMPYIOEMY 30-4aCTHIHOMY KaHANY OCHOBHAs YacTh KOHEYHBIX COCTOHHI COOTBETCTBYET
ofnacTH KIacTepHBIX BO30YKICHHI sjpa 12C. B KorepeHTHOMH JMCCOMHAIMM PEATHBACTCKHX
u3oronos '''B oOHapyxeHO JTMANpOBaHKe 3apa1oBoii Tononorun (parmentos 2He + H, wis
KoTopoil ycraHoBieHo mposieienne d W t THNOB Knactepusauuu. Briepsbie ycTaHoBicHa
Juaupyiomas pojb “He THNA KacTepH3alMs B PENATHBMCTCKON JHCCOLMALMH sep "Be.
Breppele H3yueHa KOTEPEHTHAs JMCCONMAlUMs  PEIATHBHCTCKOrO #1pa 5B, oGHapyskeHO
nMaMpoBanMe kaHana 'Be + D H ONpEJIETEHB! YCIOBUS SMEKTPOMATHHTHON IHCCOLMALIAM.
Breppble H3yueHa KOTEpeHTHAs JIHCCOIMAIMA pensTUBHCTCKoro sapa C, B KOTOpOii
uaeHTHGHUIIHPOBAHO 00pa30BaHHE KJIACTEPHOTO COCTOSHHS 3°He. Bee 5TH pe3ymbTaTh XOpoLIo
npejicTaBneHkl Ha KoHQepeHIuax, B nyOIMKannax u 4-x quccepTauusx (BK/IOYas I10KTOPCKYIO)
M KpaTko H370%eHbl B OTCHETHOH dYacTH IpejcraieHHoro mpoekta. [lpoext aumnamupuno
pa3sBHBAETCH, YTO MO3BOJIACT CTABUTH HOBBIE 3a/IavH.

HoBeiii, #, DO-BHAMMOMY, 3aBEpIUAONMMA  3Tam  CBH3aH € MCCIENOBAHHEM
nepudepuueckoii Gpparmentamun sapa  C Ha craructuke 500 B3aumoneicTsril 1 A1pa N na
craricruke 100 B3aumoseiicTri. OOnyueHne yike BBINONHEHO, MPOBEJICH MEpBHYHLI Habop
craTucTHkA. HOBBIH 3Tan COCTOMT B YIUIOBBIX H3MEPEHHsX M (JH3MYecKoM aHanu3e gaHHbX. Ha
MaTepuaie 93Toro e oOiydenus OyJdeT NpoBejicH MOMCK 23Hc-pe3cmaﬂca (1urenuona) e
nepudepuyeckoil pparmentannn ‘Be ma cratmcruke 200 map 2’He. Han stivu 3azauamu
aKTHBHO pabOTAIOT 5 acmHpaHTOB, YTO TO3BOJISAET PACCUMTBIBATE HA CKOPOE H YCIEIIHOE
pelIeHHE MMOCTABJICHHBIX 3a/1a4.

OTyeTHBIH MaTepHa MOMKET OBITh 0/100peH, a IPOEKT PEKOMEH/IOBAH K [IPOJUIEHHIO.

I'naBHEI HAay4HEIT coTpyaHHK JIOBD

JI. .M. H. 2
Ipodeccop 2 - j

»')’7/;57{.{,{%/{ '{,‘?M% . B. A. Hukutun
20.02.2011.
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BECQUEREL
PROJECT
S bt 442

Beryllium (Boron)

lpoekr ylativistic Multifragmentation

*BEKKEPENb i ] http://becquerel.jinr.ru

Progress of the BECQUEREL project and its
continuation in 2012-2014

D. A. Ar kov, V. Brad s A. L. Malakhov, N. K. Kondratieva, N. K. Kornegrutsa, D. O. Krivenkov,
P. A. Rukoyatkin, V. V. Rusakova, P. 1. Zarubin (Project Leader), I. G. Zarubina

V. L. Veksler and A. M. Baldin Laboratory of High Energy Physics

Joint Institute for Nuclear Research, Dubna, Russia

M. M. Chernyavsky, V. A. Dronov, V. N, Fetisov, S. P, Kharlamov, 8. G. Gerasimov, L. A. Goncharova,
A. 8. Rusetsky, N. G. Peresadko, N. G. Polukhina, N. 1. Starkov

P. N. Lebedev Physical Institute RAS, Moscow, Russia

M. Haidue, A. Neagu, E. Firu

Institute of Space Sciences, Bucharest-Magurele, Romania

A. A. Moi ko, V. R. Sarkisyan, G. G. Torosyan

Erevan Physical Institute, Erevan, Armenia

R. Stanoeva

South-West University, Blagoevgrad, Bulgaria

R. R. Kattabekov, K. Olimov

Institute of Physics and Technology UAS, Tashkent, Uzbekis
S. 8. Alikulov, R. N. Bekmirzaev, K. Z. Mamatkulov
Dzhizak State Pedagogical Institute, Dzhizak, Uzbekistan

BECQUEREL
PROJECT

yllium (Boron)

MpoexT
"BEKKEPENB

Progress of the BECQUEREL Project in 2008-11 and Contribution
to the Joint FAZA/BECQUEREL Project for 2012-2014

D. A. Artemenkov, V. Bradnova, A. I. Malakhov, N. K. Kondratieva, N. K. Kornegrutsa, D. O.
Krivenkov. P. A. Rukoyatkin. V. V. Rusakova. P. 1. Zarubin -(Project Leader). I. G. Zarubina

V. I Veksler and A. M. Baldin Laboratory of High Energy Physics

Joint Institute for Nuclear Research, Dubna, Russia

M. M. Chernyavsky, V. A. Dronov, V. N. Fetisov, S. P. Kharlamov, S. G. Gerasimov, L. A.
Goncharova, A. S. Rusetsky, N. G. Peresadko, N. G. Polukhina, N. I. Starkov

P. N. Lebedev Physical Institute RAS, Moscow, Russia

M. Haiduc, A. Neagu, E. Firu

Institute of Space Sciences, Bucharest-Magurele, Romania

A. A. Moiseenko, V. R. Sarkisyan, G. G. Torosyan

Erevan Physical Institute, Erevan, Armenia

R. Stanoeva

South-West University, Blagoevgrad, Bulgaria

R. R. Kattabekov, K. Olimov

Institute of Physics and Technology UAS, Tashkent, Uzbekistan

S. S. Alikulov, R. N. Bekmirzaev, K. Z. Mamatkulov

Dzhizak State Pedagogical Institute, Dzhizak, Uzbekistan

The BECQUEREL Project (Bervllium (Boron) Clustering Quest in Relativistic
Mudiifragmentation) at the JINR Nuclowon is devoted systematic exploration of clustering

Seanures of light stable and radioactive nuclei. A nuclear wrack emulsion is used to explore the
Sfragmentation of the relativistic nuclei down to the most peripheral interactions - nuclear

"white" stars. This technique provides a record spatial resolution and allows one to observe the
3D images of peripheral collisions. The analysis of the relativistic fragmentation of neutron-
deficient isotopes has particular advantages owing to a larger fraction of observable nucleons.

The features of dissociation of ’Be, "'C, and N nuclei of 1.24 GeV in nuclear track
emulsion energy are presented. The data presented for the nucleus “Be can be considered as
evidence that there is a core in its structure in the form of 0" and 2° states of the *Be nucleus
having roughly equal weights. Events of coherent dissociation °C — 3’ He associated with the
rearrangement of the nucleons outside the a-clustering are identified. The charge fragment
topology in the dissociation of "’C and N nuclei is obtained. Contribution of the unbound
nucleus decays to the cascade process '"C — °B — *Be is identified.

Continuation of the BECOQUEREL project for the years 2012-14 will be mostly devoted to
observational studv of peripheral fragmentation of '°C and "N nuclei in exposed emulsion.
Production of unbound nuclei “Be, ‘B, *C and ''N formed in the fragmentation of "Be, °B, *C and
N nuclei will be explored in the exposed emulsion. The investigation of the cluster degrees of

freedom in the "Be and 191 B nuclei will be extended to a new level of statistics and detailed

descriptions.

It is suggested to expose emulsion in a secondary "' C beam prepared via a selection of
products of charge exchange reaction "'B — "' C. The project will support beam tests with heavy
nuclei at the Nuclotron as well as other accelerators.



YYPEAIEHHE
POCCHICKOR AKAJIEMHH HAYK

DrBMYecKri

 umenu AT} Jupexropy OMSIA

, Axagemuxy B. A. MarseeBy
[1H,ledeesa
— = —
) 1] A H

119991, Mocksa, B-333
Jlennucknii npocnext, 53, ®PHAH
Tenedonw: (499) 135 1429

135 4264
Tenedarc: (499) 135 7880
hitp://www.lebedev.ru

postmaster@lebedev.ru .
LelF081 yo JIERO- I ATEC
Ha Ne or

I'ny6okoysasxaembiit Bukrop Anatonsesnt!

B pamkax cotpyanudectsa JlaGopatopun dusuku Beicokux sHepruii OMAM n
Orpenenns sepHoii Gusnku 1 actpodusukn ®UAH noxn pykososctsoM 3apybnua
I1. Y. (OUSIN) u Iomyxusoii H. . (PUAH) ycneuHo BeyTes paGoThl MO NPOEKTY
BEKKEPEJIb. C icronb30BaHHeM AfepHOIl SMYJIbCHH, 00/Ty4eHHO Ha HYKIOTpOHE
OWSIH, uccrefopaHa CTPYKTypa LENOro ceMeiicTea JErKHX Aep, BK/IO4as
paamnoaktisHbie. B 2008-2011 rr. o pesynbTatam COBMECTHOH paGoThl COCTOAINCH
3aIMTBl  JIOKTOPCKOH M HYeThIpex kauguaaTckux jucceprauuei. Cosnana
VHUKATbHAA KOJUIEKIUHs BHAeO3anucell B3aHMOJAEHCTBHH DEIATHBHCTCKHX Alep.
[MonyueHs! BaxHble SAEpHO-(DH3HUECKHE Pe3y/BTaThl U JOCTHTHYT BBICOKHII ypOBeHb
IOArOTOBKH MOJIOZIBIX MCCJIE/IOBATEINEH, HTO JIaeT BCE OCHOBAHMS PACcCUMTBIBATH HA
pa3BHTHE NPOEKTa.

Ha 2012-2014 rr. npeanaraioTcs COBMECTHBIC MCCIEJIOBAHHA B My4Kax
TAXKebIX MoHOB HyknoTpoHa OMSIM. PaspabGartsiBaloTca HOBBIE 3a/1a4H 110 pacrajgam
PaIHOAKTUBHBIX sIep B OMYIbCHH. DTHM JKe KOJUIEKTHBOM HauaThl paboThl 1o
IO/IrOTOBKE HOBBIX IKCMEPHMEHTOB MO MOMCKY YACTHIl TEMHOH MaTepHH, [A Hero
cosmectHO ¢ OAQ «Cnapnu» Besercs paspaboTka H TECTHPOBaHHE HOBBIX 00pasLoB
smynscud. Takum obpasoM, akTnBHoe ucrionbsopanne B npoexre BEKKEPEJIb
XHMHKO-TEXHOJIOTHYeCKOH H MukpockonHoi 6asel OMAW u ®UAH oxasbisaercs
BAXKHBIM JUIA COXpAaHEHHs KakK CaMoro MeToja f[epHOH 3MYJIBCHH, HMEIOIIEro
cepbesHyIo MepecleKTHBY, TaK W CBA3AHHOrO C HHM coobllecTsa uccienosarenei. B
5TOH CBA3M XOTeJOCh OBl MMETh BO3MOXHOCTB COXpaHEeHHA B MNpoGIeMHO-
tematuuyeckoM tiane OMSM npoexra BEKKEPEJIb kak camoCTOATENBHOTO B
pamKax TeMBl [0 HCCIEQRaNFIvs
pykoBouMoii ipod. A. H. M

Jupextop ®UAH, :
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E-mail: info@inp.uz E-mail: infof@inp uz
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OFBEJTHHEHHBIH HHCTHTVT
SAREPHBIX HCCIE/OBAHHI

HHPEKTOPY
AKALEMHKY B.A.MATBEEBY

IiyGoxoyeasicaemoiii Buxmop Anamonvesuy!

B nacrosimee Bpemsi B Hayuneix nceneosanuax no npoekry BEKKEPEJIL or
PecnyGaukn Y3sGexuctan npunumaor yuacrue acnmpants P.P.KarraGekon (Gusnko-
Texumuecknii  mnerntyt  AH VaGexmerana) u o K.3.Mamarkyno  (Jlkusaxcuii
nejarorudeckuii  yuueepenter). Onn npuobpenn ONBIT aHaza  B3AHMOACHCTEHA
PCITHBHCTCKAX SJCD B ANEPHOH SMY/IBCHH H OCBOMIM COBPEMCHHBIE NPOrpaMMEl
NpejicTapieHus  pesynkTaros. Pesynptathl MX aktHBHOil palorsl Ha;m amammsom
ob1yuennii 51epHOii IMYIBCHI B ITyUKe PaMOAKTHBHEIX A/ICP HA HYKJIOTPOHE BOLUI B
Ape  nyGUMKALMM  COTPYIHMHMECTBA W NO3BOASIOT  COPMYIHPOBATE  TeMBI
Anccepraunontbix  pabor.  Co  croponm  JIKM3AKCKOTO  rocyIapcTBEHHOTO
NEJArorHYecKoro  MHCTHIYTA  BEAYTCA NEPETOBOPH € PYKOBOAWTE/IEM NpoeKTa
BEKKEPEJIb JIBD OMSW a..-m.u. 3apy6unsim [LU. 0 gonoannrensiom HaNpaeIeHHH
2-X MOJIO/BIX CHEUHATHCTOB JUIA POBEICHUA COBMECTHBIX MCCIICIOBANMIT H TTOATOTORKH
KAHAMAATCKAX  jccepraumii no  cneuuansioctn 01.04.16 —  ¢usuka sapa u
MEMEHTAPHBIX HYACTHIL

Ot uvenn jupexunn MA® AH PY3 u pyKOBOACTE BHIICYKA3AHHBIX HAYUHBIX
yupesenmii Y30eKucTana Brpakaio npussatensHocts anpexiyn OVSIH sa nojuiepsky
acnupanToB u3 Vabekuerana m cooOmaio 0 3aHHTEPECOBAHHOCTH B IPOJIOIAKEHHH B
2012-2014rr. cosmectibix pabor mo npoexry BEKKEPEIIL B pamkax npobnemHo-
TematHueckoro miana OMIH.

C anyBoxum yeaxcenuem,

Hupexmop V.C.CA/THXBAEB

/m//
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Oor: Tarek Hussein <tarek@sci.cu.edu.eg~>
Komy: "'D.V. Kamanin'" <kamaninfiinr.ru>
Hamucano: 24 oxrsiéps 2011 ., 10:59:09
Tema: research using nuclear emulsion tech

Manka: ARE / kamanin
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Dear Kamanin;
Recalling our last call phone we discussed reactivating the joint research in nuclear emulsion

technique. In the past our lab in Cairo University was using emulsion plates processed in JINR.
The plates were dedicated to proton-nucleus and heavy ion collisions at high and extremely
high energy. We appreciate encouraging scientists from both side to use this technique in
dealing with modern trends in this field. You can connect me with the Pl of the laboratory to
discuss together the possible research topics according to the availabilities.

Regards,
Tarek Hussein
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02-hpH3HKa M acTpoHOMMSA 02-120

BEUN KOHKYPCA
a-HuMumaTuBHBEe NPpoOeKTH

DAMUNHUA, UMA, OTUECTBO PYKOBOOHTENA NPOEKTA TENE®OH PYKOBOOMWTENSA
Japy6unNanen Uropennu NMPOEKTA
(49621)62004

NONHOE HA3BAHMWE OPTAHU3AUMWMK, THE BBIMONHAETCA NPOEKT
O beNMHEHHBMA HHCTHTYT siHepHBX HCCNenoBaHWA

NONHOE HA3BAHWE OPTAHHU3AUWMK, YEPE3 KOTOPYWOCYIWECTBNAETCH
OPHHAHCHPOBAHHWE
O6LenHHEHHBA HHCTHTYT AlepHMX HCCNenoOBanKHRA

OBMHMA OB BEM PHHAHCHPOBAHMWSA HA 2012 1. Frood HAYANA [TOODOKOHUYAHHKA
500000 p y 6. MPOEKTA MPOEKTA

2012 2014
YUHCNO UHCHNO YYACTHHKOB, HMEIOWH X UHCNOMONONKX YUACTHHKOB
YUACTHHKOB | YUEHYW CTENEHB 3
NMPOEKTA 3
6

"MCTIONHHTENHU NPOEKTA COTNMMACHB C YCNOBHUAMH KOHKYPCOB POOH, B TOM UHCNE-C
ONYENWUKOBAHUEM (B NEUATHON H3NEKTPOHHOW ®OPMAX)HAYUHBX OTUETOB M
NEPEUHA NYBENUKALUWA MO NPOEKTY."

GAMUNKA, UMA, OTUECTBEO OCHOBHBIX HCNONHUTENEW [NONNHCH HCNONHUTENEN

Aptemenkos lenvc AnekcaHnposuu

Japyb6unaHpunalennannensna

KopunerpyuaHanemxna KoncrTaniTMuoBsHa

Kpupenkos ImurpuniaOnerosmnu

Pycakosa Banepus Buktoposna

NOONNHUCEL PYKOBONUTENA NPOEKTA DATANONAUYH 3AABKH
24.08.2011

NMPOXOKOEHHE 3AABKM (zanonnaerca s PODH)

PEKOMEHOAUHWA 3KCNEPTHOTO COBETA

I1P(I(’K'I npomes NOAHBHA HHEN 3KCNEepPTHILH K qmn AHCHPORAHHKIO
"peROMCHNOBAHN

“He peKOMeHNOBAaH

(HEHYXHBI BapHaHT 3aUepPKHY Th)

PEMEHHE COBETA ®OHIOA

NopesynertaramMmpacemoTrpenus Ha sacepnanuu Cosertadonnanpoert K
huHancuposanmnio:

“NnpHHAT

SHE NPpUHHAT

(HenyXHHMA BapHaNnT 3aUepERHYTH)
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Macrophoto of nuclear star induced by 5 GeV hadron in

nuclear track emulsion and human hair
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S PHYSICS OF ELEMENTARY PARTICLES
> AND ATOMIC NUCLEIL. EXPERIMENT

Experimental Exposure of Nuclear Emulsion
by Xenon Nuclei at the JINR Nuclotron

V. Bradnova®, D. A, Artemenkov’, L. A. Goncharova®, E. D. Donets, E. E. Donets®, P. 1. Zarubin®,
I. G. Zarubina®, A. D. Kovalenko?, N. V. Kondrat*eva®, N. K. Kornegrutsa®, A. 1. Malakhov',
P. A. Rukoyatkin®, V. V. Rusakova®, N. G. Polykhina®, A. S. Rusetskii®, and N. 1. Starkov*
“Joint fnstitute for Nuclear Research, Dubna, Russia
bl ebedev Physical Institute, Russian Academy of Sciences, Mascow, Russia
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Hammer tracksin <3
cosmic ray events: * | .

SBe produced in
B-delayed decay of
stopped B and °Li




Beta Decay of a C? Nucleus®

M. S. Swami, J. Scanees, axp W. F. Fry
Department of Physics, University of Wisconsin,
Madison, Wisconsin

(Received June 29, 1956)

e

Fic. 1. A photograph of an event interpreted as the beta decay
of C% The C* nucleus (track F) was produced in star (4) and
disintegrated into a proton, two alpha particles, and a positron
(tracks 1, 2, 3, and 4, respectively).
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B pamkax cotpyannuectsa JlaGoparopun usukn Beicoknx sxepruii OMAN u
®HAH yenemno nposopstes pabors no npoexty BEKKEPEJIL (pykosoawntenn
Japy6un [LU. — OWSM, Tomyxuna HI. — ®HAH). C ucnons3oBanHem
(oTOIMYNECHOHHON METOAMKH  BHITIONHEHbl HCCHE0BAHHA  CTPYKTYPRI LEN0r0
ceMejicTBa JIerKMX #jep, Bkmouas paguoaktusueie. (B 2008-2010 rr. no
pesyisrataM coBmecTHOi paGotel B MHAHe cocTos/INCh 3aUIHTBI COTPYIHHKOR
OUSIU - Tpex KaHAMAATCKHX H OJIHON JOKTOpCKoii amccepraumii). B 2010 roay oM
e KOJIIeKTHBOM HauyaThl paGoThl MO MOArOTOBKE HOBBIX SKCIEPHMEHTOB M0 MOHCKY
YACTHIL TEMHO/ MAaTEPHH HA OCHOBE IMYJILCHOHHOI METOHKH.

[MonyueHHsle BakHble AAePHO-(H3MUECKHME  Pe3YJbTATHl, JAOCTHIHYTBI
YpOBeHb MOJrOTOBKH HCC/ENOBATeNeH, [aeT Bce OCHOBAHMA PACCYHTHIBATE HA
ycrelHoe npojoJiKeHHe NpoekTa, nockonsky B 2012-2014 r.or. npeanonaranocs
NPOJIOJKHTE COBMECTHBIE HCCIIeJIOBAHHA B MyHKaxX THXKeJIbIX HOHOB. B aToil cBA3n
xoTenock 6b HMeTh BO3MOMKHOCTE Bmodenus npoekta BEKKEPEJIb s npoGnemuo-

Tematnueckuii nnan OUSN.
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OBbEMHHEHHBIH HHCTHTYT
STEPHBIX HCCHETOBAHHE
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IiyGoroyeancaemstiit Muxaun Ipuzopbesuy!

BripasaeM 3aHHTEpecoBAHHOCTb B npojo/xenin B 2012-20141T. copmectbix paboT no
npoexry BEKKEPEJIb B pamkax npoGremuo-temariueckoro niana OMSM. B macrosumee
Bpems B 9ToM npoekte ot PecnyGnmkn YaGexuceran npunmmaior yuactue acnupantsi PP
KarraGexos (Puznko-rexunueckuii muctaryr AH Yabexucrana), K.3. Mamarkynos u C.C.
Amukynop (Jlxuzakckuil nejaroruteckuii  YHHBepeutTer). Ounn npuobpenn ONLIT aHAIH3A
RIANMOICHCTRHI PENATHBHCTCKHX SICP B AACPHOI 3MYIBCHH M OCBOHIH  COBPEMCHHBIC
nporpamMmbl 00paGoTkH  pesyibTaTon. PeayibTarhl HX akTHBHOH paboTel HAaA AHATH3IOM
obnyuennil SAepHOIt IMYIBCHH B NMYHKe PAIMOAKTHBHLIX Sjep HA HYKIOTPOHE BOLUIH B [BC
NyBIHKALLI COTPY/IHHYECTBA H N03BONAIOT chOPMYINPOBATE TEMBI IHCCEPTAHORHEIX PaboT.
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COTPYIHHYECTRA I NOIBONNIOT CHOPMYIHPOBATE TEMBI IHCCEPTAUHOHHRIX pator.

fPt‘lu'l'(ip

ép_”rru“j, . Mpod. O. dyemaron

o 1 L MO 0. 1 T 3 S

aenRE. andT - e s
AT VAR i (8 T RO

AL S A TLAY AN AL Tl
e AW AT ANERA

B AT
ERATARL SRARLRY LR

AR WD M

T AR TR AR FEROMAE e AN
P T L et

ELVE TR

=Afw £ W NS {4[2’ 7

.o avpertopa OWFN
Tipags, MUIT, Wreacy

T rryfoenymasnunss Micmn Evropaeam!

Tpoury Poazessaems » 22204 rr. palory comyarsmcran GEKKEPE (MoBT

DPANMEHTALRN, RDTODME TRYANG THRET NONTORWTE B QpyTRX UMMTREX W TR
woToAaMM 1 ofospuye nepchecrany. B caon © Acremsod pASOTON PO NPOGKTY XD

Ppeiop HHI e . Arvesarira
AA Ywrmrrages

T
(= e et

(02 4t w_dfd0 B
I <
£ : M. aanpextopa OHAH
[ipod. M. T". Hraicy
Fay Misxasa Ip 4
Muoraneriee corpymmsectno ¢ OHAN swaneres owcrb samins 138
A myE B ero paskax noaywen oSwngpusil
mmmw morcpmat b ofascTe  agpol- M Aapo-anephas
uenui paa MOADAY

YUCHBIX. Bﬂlmnlll* mpean ool HI
muﬂhmwmmmnumw-ummmmnml
CTPYKTYPH RI0P, A TAKEE YCTANORACHIE HX RIHAHHE HA NPOHCCCM Mmm.
Tama, L]
HAG AH PYa | WTH HINO
wimka-Commmen AH PY3 8 nposoawensn & 2012-2014 v, pabomi
compyanmecteas BEKKEPE/Th n paskax  npofiesiio-TeMuTHueckoro naama
OHAH. B yacrommes spesi o7 Yilexiucmana B 3TOM NPOCKTE NMPHHMMANT
yuBCTISC MOCKOALKD MOTOTMX YYEMMX, ® Wicie worophix acnupawt P. P
Karratexon, O OORT B0
AAEp W wIEpUOR :uynmm W OCROINN CORPEMEHILIE MpOrPanss obpaBaTiat i
W arTHmiol pafioTid jan aHATINOM
uepm IMYARCHR B HyRe pnummwm Anep wa .-yuurpmm
BOULTH B I8 Y.
wccepratMoimLy pafor.

Tencpannmmii anpexrop
IﬂTD-e@llnn{hlnllb AHPYa
. C. L Jlytyaiaes

PHONE MO, § DSIZ14574471

NATIONAL IINl'mrlellm PLASMA ANDY
PITYSICS

Lﬁg INSTITUTE FOR SPACE SCIENCES

PO Box: MG-23 RO 077125 Busharcsi-Magorele- ROMANIA
Tel Tux (+4] 021 4574471
Fonc: (+4) 021 457.53.40
AR PRI 10
Inttpelvewm spacestionce. o

To :Pref. Mikhail Grigorievieh likis
Acting Disector of the Jnint Institie for muclear

Rescarch
Dubre - Russin

+ 7 (49821) 86-180

Dear Prof, Tiks,

Ousr Inbaratory is interestcd in the RECOUEREL Project for 20012-14, We are
collaborating with JINR since 1960 and would like to continue this collaboration, We
consider 1hat the extension of ibe Beequerel project for 2012-2014 will provide new
walunble information on the fapmentstbon of relativistio nucled, their nuclear srsctore
s well ns very usefil datn for nuclear astrphysics.

Thix is the renson why we would ke to ask you 1o sustaln this project.

Thest regards,

Tirecior 188

Dr.ing. Pumitru HASEGAN

/./""

Hucharest 25012001

Jan, 25 2011 0105 PM
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Cmera 3aTpaT N0 NPOEKTY BEKKEPEJIb-D na 20012-14 rr.

WCCJIEAOBAHUE PEJISITUBUCTCKOM GPATMEHTAIIMHU JIETKHUX
PAJIMOAKTUBHbIX SIJIEP METOZIOM SIJIEPHOIN SMVYJIBCUH

(momroe HasBanue [IpoekTa) dopma Ne 26

Ipepnar 1il aaH-rpaguk # HeobXxoqHMBIE PECYPebI Isl OCYIIECT B eHHs
upoexta_ BEKKEPEJIb-D
NoNe Haumenosanue crareld | [Tonnas crommocts | 2012 T. 2013 r. 20014 r. = Sinoe | DpCivssmRs SaSoprefun R
Hanmenonanne (reiconn.) pecyp . . )
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10 4
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8%
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Woro no npsaMBmM pacxojiaM 35 Trc. $ 151c. § | 11 TBIC. § 9 teic. § = psboma
% JIABOPATOPHSA
0031
% Yewopureas (Hyknorpon)
PeaxTop 50 50 50
g IBM (run)
r
5 E Y ie p
3% Tuic. ponn. 15 11 9
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/4 /”(L ! o
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CmMmeTa 3aTpaT Mo NpoeKTy

BEKKEPEJIb-C na 2009-11 rr.

(monHoe Ha3BaHue IIpoexTa)

NoNo HaumenoBanue crareit | [Tonnas croumocts | 2009 r. 2010 r. 20011 r.
3aTpar

nn

1. Yekopurens HYKJIOTPOH 300 gac. 100 gac. 100 gac. 100 gac.
2. O6opynoBaHue 14 TeiC. $ 9teic.$ |4 T1HIC. § 1 ToIC. $
3. KomaHaupoBOUYHBIE PacXoIbl 15 TeIC. $ S TBIC. $ S TeIC. $ 5 TeIC. §
MToro no npsMbeIM pacxoiam 29 1eIC. $ 14 TB1C. $ | 9 THIC. $ 6 TeIC. §

I'pant I1I1 CP — 4500 $ B rox
I'pant ITIT YP — 3000 $ B rox
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ii

In the study of 2A GeV/c ’C interactions it is found that the probability of the 3*He coherent
dissociation is roughly coincides with the values for the channels with the separation of one or a pair of
nucleons. Due to a significant probability of the channel °C — 3’He, 2°He pairs with opening angles up to 10
rad are found as well as for °B interactions with the neutron knock out. This observation indicates the
possible existence of a 2*He resonance just near the threshold.



2A GeV/c ’Be — 2a “white” star.

The secondary ’Be beam was obtained by fragmentation of accelerated "B nuclei.
When scanning the exposed emulsion 500 events Be — 2a in a fragmentation cone of 0.1
rad have been found. About 81% a-pairs form roughly equal groups on O;,: “narrow" (0 <
0, <10.5 mrad) and “wide” (15.0 < 0,, < 45.0 mrad) ones. The O, pairs are consistent with
*Be decays from the ground state 0°, and pairs O, - from the first excited state 2" The ©,
and @, fractions are equal to 0.56 = 0.04 and 0.44 = 0.04. These values are well
corresponding to the weights of the *Be 0" and 2" states ®p+ = 0.54 and @+ = 0.47 in the
two-body model n - *Be, used to calculate the magnetic moment of the *Be nucleus.
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/ O e o aoa500 For the coherent dissociation Be — 2a + n, the average value of the total a-pair
Q,, keV transverse momentum is equal to <Prym> = 80 MeV/c in correspondence with the
50/ Goldhaber statistical model. So, it can be assigned to the average transverse momentum
% — carried away by neutrons. For the "Be coherent dissociation through the *Be 0" and 2°
— AT T e states there is no differences in the values <Prq,,>, which points to a “cold fragmentation”
e |||||||||ml"|||||||||||||||||||"m'~ i mechanism. The whole complex of these observations may serve as an evidence of the
0 2, winll v = I.?
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12 simultaneous presence of the

6 8 the nucleus *Be.
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Conclusions

The presented observations serve as an illustration of prospects of the
Nuclotron for nuclear physics and astrophysics researches. The relativistic
energy scale does not impede investigations of nuclear interactions down to
energy scale relevant for nuclear astrophysics, but on the contrary gives
advantages for investigation of multi-particle systems.

Due to a record space resolution the emulsion technique provides
unique entirety in studying of light nuclei, especially, neutron-deficient ones.
Providing the 3D observation of narrow dissociation vertices this classical
technique gives novel possibilities of moving toward more and more
complicated nuclear systems.

The results of the light nucleus study lead to the conclusion that their
structure dominates in very peripheral dissociations while some unknown
features are clearly observed

The investigations with light nuclei provide a basis for challenging
studies of increasingly complicated systems He — H - n produced via complete
fragmentation of heaviest relativistic nuclei.

Long and bright road is ahead for nuclear structure studies using
HEP techniques. Nuclear imaging continues to inspire our imagination.
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