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Main results at the Synchrophasotron

Observation full destruction of nuclei

The new effect of full destruction of nuclei
of Ar and Br in nuclear emulsion irradiated
by protons and light nuclei in energy region
of from several GeV up to several hundreds
GeV was observed under guidance of
K.D.Tolstov in 1970-1980.




Main results at the Synchrophasotron

Observation full destruction of nuclei

Probability
Projectile Momentum, Target of full
A-Gev destruction,
%0
P 10 - 400 Ag, Br 3+0,3
P 70 Pb 6+1,5
‘He 4,5 Pb 10£2
‘He 4,5 Ag, Br 7+1
12C 4,5 Ag, Br 18 +2
22Ne 4,5 Ag, Br 20 +£2
23Gi 4,5 Ag, Br 26 +4




Dr. P.zarubin % Clustering in Light Nuele
"Li "Li g 12







C [lHem poxaerms!



OMutpria KpueeHkos

N? 49-50. 26 nexabpa 2008 roga

Monogexpe U Hayka

KOBBIM MPOBEAEHO WG
tparMenHTauMy M3oTona Geppunka-9
KaK CHCTEMbI W3 ABYX ansa-vacTuy

“ HeiiTpowa. Bnaropaps npoctote

Gole np: ywecTea M3-3a Bo3pacra-
WWeA NoNHOTel HabnwgeHua Qpar-
menTos. OpHo w3 Takux Apep — Gop-
8 wrpaet kwYeByld pont B ANEPHOR

M3y4aemon | MONY4eHsl pe-
3YNbTATLl, 3aMEMaTenbHbie No noc-

actpopmanke. OHo M crano obbex-
TOM [eTansHoro WCCNefoBaHus, npo-

THTHYTOW ACHOCTW W CTATWC

obecnedvedHocTw. Cpenad BeiBog ©
AOMUHMDYIOWEM BKNage B CNeKTpsl
(hparMeHTayMM pacnanoe Hectatuns-
Horo sppa Gepunnua-B U3 OCHOBHO-
ro W nepeoro Bo3IBYXOEHHOTO co-
CTORHMA. 3T0 AOPO paccMartpusaer-
€A Kak ank(ha-koHpeHcaTHoe Aapo u
KAK BOIMOXHBLIA «KMPNUHUK» Gonee
CNOXHBIX ¥ NPOTAXEHHBIX CUCTem. B
3TOM OTHOWEHWM nunyquthii an\
AOpa Gepunnna-9 pesynbTaT CnywuT
! ] il obo-
CHOBAHWEM NPEJCTORWEra noucka
ansga-qactuyHoro Bose-koHpeHcarta
Bce

B p TCKOR [MCEC
Gonee cnoxHeix ANEp.
MoxHO CKa3aTh! TOT, KTO BAOMT Be-
PHNNWA-8, — BUOWT «BCE» B (DUanKe
ANEpPHLIX KnacTepos. B HacToswee
BpemA nop pykosoacTeom [ewwca
BLINONHAET MarMCTEpCKYI0 paboty cTy-
neHTka Tomckoro f HECKOrD

e o P Cr K
Havany aTod pafoThi OHa yHe 3awm-
na 8 OWAW maructepekyio paboty
no Hawemy npoekty. Ha ator pas
NpegcTosno BbINONHWTL CNOXHBIR
aHanu3 obny4eHMA BO BTOPUYHOM
nyYse (MnM «nNy4KoBOM KOKTEHNes),
uTo notpebosanc ot Panuusl HoBoOro
YPOBHA NOHAMEHWA NpoGneMsl, Twa-
TENEHOCTH W FMYGMHBI aHanuaa.
fAppo Gopa-8 — vawGonee wyBcTEM-
TeneHeW npofHUK QA anekTpomar-
HUTHLIX B3aMMOOERCTBMA C TRAXENbI-
MW AOpamu Gnarofaps pPexopaHo
Manol JHepruM Cesaw npotoHa. B
3TOM Cny4ae MpoLecc KyNoHOBCKOA
OWCCOLMALIMKM CTAHOBMTCA OCOGEHHO
NPOCTEIM U B TO Xe BPEMA LEHHLIM
MEXaHW3MOM DEaKkLWW, Tak Kak Bo3-
AeACTEME NONA ANPA-MWAWLEHW W3Bec-
THO AOCTATOMHO TOUHO. B oueHb cunb-
HBIX NONAX TAKENLX ROEQ MOTYT npo-

a H Koprerpy-

HKEHME HAKC

TaKME RPKME M MHTEpec-
Hblg PPEKTEI, KAK NONHLIE pa3Bans

ua. B np
paHHelx No Gepunninio-9 et nopy-ex
aWanua ropasno Gonee penkwx co-
GbiTMiA QUCCOUMALMM HA AOpax BOAO-
pofia M3 COCTABA BMYNLCMM,
TatesHon LUlenpwHoi Guink nony-
YeHbl CBEAEHWA O KNacTepHbiX 0Co-
GeHHOCTAX Appa azoTa-14 BO BCem
MHOrOOGpaznM KaHanos (parmeHTa-
Uuu. BbiN0 BLIABNEHO NUOMPOBAHME
APKOro YeTsIPEXTENBHOND KaHana auc-
couywayun (3He + H) u wccnepoeawa
ponk JEATPOHOB Kak KnacTepos.
Bnepswie OnA 3TOro AOpa WOEHTWDW-
LMpOBaHbl PefKWe NPOLecckl [WCCo-
UMaLMM, ONA KOTOPBIX XapaKkTepHb
rnyGokan neperpynnupoBka ansga-
HAacTMYHOW CTPYKTYPR W Mpeogone-
HHE BbICOKKX SHBPI'E!TNECI(HX nopo-
rog. CToWT OTMETUTE NpUKNagHoe
3IHAYEHUE BLINOMHEHHOTD WCCNEenoBa-
wun, MNpn GomGapowpoBxe npoToHa-
MW TaNaKkTUYecKOro NPOMCXOKOBHWR
AOep a30Ta B 38MHOA aTtMmochepe
MOIMa NPOMCXOAMTE HapabGoTka pen-
TEPMA W M3OTONOB NMWTHA, Gepunnua
¥ Gopa ¢ NOCNENyWWM HaKonneHu-
&M WX Ha 3EMHOR NOBEPXHOCTW.

YCKOf oro sppa Gopa-8 xa snpa
sofopofda w renua. [na spep wa
cocTasa 3aMmynscum — cepebpa u
Gpoma — MPeAcToANO BbIABUTE COGLI-
THA MMEHHO SNEKTPOMATHWTHOR Npu-
pPonb.

Mpexge Bcero, Haigeds Heobxo-
OUMBIE [OKaZaTenscTea Toro, 4to of-
ny4exHwe GuiN0 BRINONHEHD B I'I')"-Il(e c
AOMUHMPOBAHMEM MMEHHO M30TONa
Gopa-B. NasHLIA apryMeHT — nuou-
poBaHMe CcoGbLITWA gMCcoOUMauuM no
kaHany Gepunnwi-7 + NpPOTOH cpemwm
HauBonee nepudepuyHeckux coyna-
peHwin, craswee =asTorpadoms
WMeHHo Agpa Gopa-8. 3Jta rpynna
COOLITWA NOIBONMNA BHIABWTL Xapax-
TepHble 0COGEHHOCTH MPOUECcCa 3nek-
TPOMArHWTHOR OUCCoUMaumK, LieHHbiM
3a0enom Ha NepcnekTUBy CTano onu-
CAHWE MHOWECTBEEHHBIX KAHANOB OWC-
counaumn Gopa-8.

Bo scex Tpex pafotax ofnyueH
Has y A Guina np po
BaHa C WCHepnLBanwel nonHOTOR.
OTBETC'ISEHHOG OTHOWEHWE K YHA-
KanbHOMY Matepuany 3acnyxuBaeTr
ocofod noxsansl. CpenaHs! RCHbIE

Obl O [MCCOLMALMM AOEP, Npak-

Mank dpar-

MEeHTauMM asora-14 8 cnel
POBEHHOM 3KCMNEDUMEHTE MOTYT Npu-
BECTU K BLIBOMAM O COOTHOWEHWH W
HAKONMNEHWW 3TWX PEOKWX M30TONoB
B 3BMHOW KOpe 33 BpeMA CYLecTBO-
BaHMA aTMocheps.

Wecnons3oeaHue ANEPHOR 3MYNBECHK
ANA M3YYEHWA PENATWBMCTCKOA (par-
MEHTAUMM pPafMOaKTMBHLIX Aflep ©
MPOTOHHBIM  M3GLITKOM WMEeT oco-

T HEAOCT AiE B OpYTuX
metogax. Marepuans! OuccepTayqi
COfEpXAT [ETANbHbIE CBEAEHWA, KO-
TOpble MOryT OuiTe BECHMA NONE3HbLI
anA ob nec y 3K-
CNepUMEHTOR H3 OCHOBE 3NEKTPOH-
HbIX METOOOB perucTpaunu. Boamox-
HO, YTO B HUX GymyT JOCTHIHYThI HOBbIE
YPOBHW CTATMCTMKW, OOHAKO NoONHOTa

(OxonyaHue Ha 104 c1p.)
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NUCLOTRON BEAM INTENSITIES (particles per cycle)

BEAM INTENSITY BEAM INTENSITY
p 5-1010 160) 7-108
d 5-1010 24Mg 1108
‘He 3-10° WAy 3-107
TLi 1-10° S6Fe 1.2:106
1B 2-108 84Ky 1-103
12C 2.109 124Xe 1.103
14N 1107 d1 3-108




Interaction of °6Fe ion with E,;,, =1 A-GeV from
Nuclotron with an emulsion nucleus




Nuclotron




NUCLOTRON Users

Belarus: The Institute of Radiative Physical-
Chemical Problems of NASB, The Academy of
Scientific and Engineering Complex ‘SOSNY’,
(Minsk) ...

Bulgaria: Institute for Nuclear

Research and Nuclear Energy of

BAS, University of Chemical Czech Republic: Nuclear Physics Institute (ReZ),
p Technology and Metallurgy (UCTM) Charles University, Czech Technical University
ofia) ... (Prague) ...
—
Greece: Italy: Istituto Nazionale di Fisica Germany: Technishe Hochschule Darmstadt -
m e University of Nucleare. Sezione di Firenze (Florence) Institut fiir Kernphysik (Darmstadt), Universitit
Thessaloniki (Siegen, Karlsruhe), Philipps-Universitit
(Thessaloniki) \ \ Marburg (Marburg), Forschungszentrum Jiilich
GmbH (Jilich) ...
Mongolia: Institute of Physics and Technology -
of MAS, National University of Mongolia Slovak Republic: Institute of Experimental Physics, P.J. Safarik University (Kosice),
(Ulaanbaatar) Institute of Physics SAS, Comenius University (Bratislava) ...
A
Poland: Niewodniczanski Institute Russia: Institute for Nuclear Research of RAS (Troitsk), Lebedev Physical Institute of
of Nuclear Physics (Cracow), The RAS (FIAN), Skobeltsyn Research Institute of Nuclear Physics at the Moscow State
Andrzej Soltan Institute for Nuclear University, Russian Nuclear Research Institute of Experimental Physics (Sarov),
Studies (Otwock, Warsaw) ... Institute of Atomic Energy (Obninsk) ...
And the Scientific Centers in Armenia, Georgia, Egypt, Kazakhstan, Romania, USA, AuLah.a: . .
Uzbekistan, Ukraine, France, Japan The University of Sidney




At the JINR Nuclotron in 2002, the newly formed BECQUEREL collaboration
launched a program of irradiation of the nuclear track emulsion (NTE) stacks in

the beams of relativistic isotopes of beryllium, boron, carbon and nitrogen,
including radioactive ones.
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BECQUEREL

Coinciding with the name of the famous
scientist, the project acronym indicates its key
tasks - BEryllium (Boron) Clustering QUESst in
Relativistic Multifragmentation
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Our study is aimed at exploring the coherent dissociation of neutron
deficient nuclei, adjacent to the beginning of the table of isotopes,
since the NTE technique offers special advantages for this.

The following issues were raised:

How does relativistic dissociation reflect the a-cluster structure
of light nuclei?

How does %3H and 3He clustering manifest itself in relativistic
dissociation?

Is the population of cluster ensembles requiring nucleon
rearrangement beyond a-clustering is possible in relativistic
dissociation?

What is the proportion of nuclear diffractive and electromagnetic
mechanisms of dissociation on heavy nuclei of NTE
composition?
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Within the BECQUEREL project the peripheral interactions
were analyzed in NTE exposed to the following set of nuclei:
®He [1], '°B [2], “Be [3], N [4], °Be [5, 6], ''B [7], ®B [8], °C [9], '°C,
and 2N [10-12].

[1] M. I. Adamovich et al., Phys. Atom. Nucl. 62, 1378 (1999)
[2] M. |. Adamovich et al., Phys. Atom. Nucl. 67, 514 (2004)

[3] N. G. Peresadko et al., Phys. Atom. Nucl. 70, 1266 (2007)
[4] T. V. Shchedrina et al., Phys. Atom. Nucl. 70, 1230 (2007)
[5] D. A. Artemenkov et al., Phys. Atom. Nucl. 70, 1226 (2007)
[6] D. A. Artemenkov et al., Few Body Syst. 44, 273 (2008)

[7] M. Karabova et al., Phys. Atom. Nucl. 72, 300(2009)

[8] R. Stanoeva et al., Phys. Atom. Nucl. 72, 690 (2009)

[9] D. O. Krivenkov et al., Phys. Atom. Nucl. 73, 2103 (2010)
[10] D. A. Artemenkov et al., Few Body Syst. 50, 259 (2011)
[11] D. A. Artemenkov et al., Int. J. Mod. Phys. E 20, 993 (2011)
[12] R. R. Kattabekov, et al., Phys. Atom. Nucl. 73, 2110 (2010)



Nucleus

New results

Momentum

A-GeV/c
8B 8B — 'Be + p (50%) 2.0
o Channel B — 2a + p/d (~75%), enhanced d yield is observed 1.8
B Channel "B — 2a + p (~75%) 2.75
Be ‘Be — a + 3He (50%) 2.0
‘Be ‘Be —2a (80% superposition of the 0* u 2+ states) 2.0
9 9C — 3%He (14%), 2“3ITIe pos?ibility for the existence of a 20
resonant state (“dihelion”)
10C 10C —2a + 2p (80%), including °B (30%) 2.0
2N no obviously leading channels 2.0
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Dr. S.Afanasiev
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Polarized Physics

Prof. Yu. Pilipenko
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Dr. V.Ladygin
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DELTA-SIGMA
project
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Applied research

 Radiobiology and space biomedicine
Leader: Krasavin E.A.
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MED-
NUCLOTRON




MED-NUCLOTRON

The Bragg peak of 12C ions
JINR NUCLOTRON
500 A-MeV
20.03.2004
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Applied research

e The transmutation of radioactive waste

e Accelerator driven energy production

Activation and tracking
detectors and the samples

Energy + Transmutation

p rOj e Ct Termometric
Leader: Krivopustov M.I.

element
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First Observation of Parametric X-Ray Radiation from
Relativistic Nuclei in Crystals

400 —
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Op = 22.5° G = 22.5°
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l O 50
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0 125 T 15 Prof. A.Taratin
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5 GeV protons 2.2 A-GeV C'2 nuclei
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NMepBbIN B Mupe

camornerT Ha
XUOKOM
Bogopoae

Ty-155 8 noneve.

1. Camoner Ty-155;

2. YcranoBMa aloTocHaGMeHHn;
MAHAHBIA NYHHT YNpasneHHnA;

OnepaTHBHan PAQMOCBA3L;

MepegsrmHon mwunud nocT;

Cucrema P # ®@oO3-

MOMIHBIX MecCT YTeudws Bogopopa;

. CHcTema war AoOpPOoADM;

CpencTBa NOMAPOTYLUSHHA.

(CM. HHMHHMA pPHCYHOK)

PN oopw

_TMOSET HblKA
NPEHAMN

ABAPHMRAHDB A
APEHAMNX

OTCEK IKCNEPUMEHTANL—
HOrO TOoNWMBaHoOro

cCnue B NONETE
CUCTEMR NOMAPOTYWEHWRA
SKCNEPUMEHTANbHBIA

BYPEPHAR 30HA

PABOMME MECTRA KOHTPONGLHO - ATEN -
IKCNEPUMEHTATOPOB IAMNUCHIBAOWAR i b -0
X ANOAPATYPA

=

rennin
HOMMOHOBOYHAR CXEMA CAMONETA TY-155.

AJPOAPOMHLBIA HOMNANEHKC ANA 3SANPABHH CAMONETA.
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MIXED PHASE
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Superconducting accelerator complex NICA
(Nuclotron based lon Collider fAcility)

Fixed target experiments Spin Physics
area (b.205) Detector (SPD)

Extracted beams from
Nuclotron
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G ' Booster (3-660 MeV /u) Multi-Purpose
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Conclusions

« flaepHble 3MyNbCUU NO3BONUIU NONYYUTb bonbLuoe
KONM4ecTBO HOBbIX PU3NYECKUX pe3ynbLTaToB

e flpepHble aIMynNbCUM A0 CUX NOP ABMAITCH YAOOHbIM
MHCTPYMEHTOM A1l MOUCKOBbIX 3aga4

¢ D,aanel‘/'lmee pa3BuUTUE TEXHONOIM npomn3BoacTBa

AAepPHbIX 3MYNIbCUU AacCT HOBbIU TONM4YOK B UX
NMPUMEHEeHUN B MOUCKOBbLIX 3KCNepuUMeHTax
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Thank you for your attention!



