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Nekuma 2-3
Penatusucrtckaa aaepHaa pusmka
nnu
Kakue coctosHua y apepHou
matepum(Hawe HoIHelwHee
HenNOHUMAaHue)



[opusoHT Hawero 3HaHua (no Py6akosy u K) 1 MaBI?
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Keapk-rnrooHHaa nnasma (KIMTT)

BbluncneHna Ha ocHose KX/ npeackasbiBatoT, UTO Npu TemnepaTtype okono 170 MaB
CMNbHOB3aMMOAENCTBYIOLL,AA MAaTEPUA UCMbITbIBAET Pa30BbIN NEpPexo/] B HOBOE
COCTOAHME, B KOTOPOM KBApPKW U NIH0OHbI bosiblue He 3anepTbl B aApPOHbl U c1abo
B3aMMOAENCTBYIOT MeXKay COOOM, TaK KaK NPU BbICOKUX SHEPTUAX YMEHbLUAETCA
cuna B3anmoaemnctama B KX/,

hadrons

quarks and gluons

Ha ckonbKo ropsayo npu temneparype T~ 170 MaB ?



Temnepatypa B UeHTpe ConHua ~ 15 000 000 K(3B)

Temnepatrypa KI'TT okono 170 MaB



$asosas Auarpamma spepHou matepum 40 net Hasaa u ceropHs

RHIC Physics: 3 Lectures™
Y ’ ) + CERN Yellow Report
Larry McLerran 2007_005' p . 75

Physics Department PO Box 5000 Brookhaven National Laboratory Upton, NY 11973 USA 200 005
September 13, 2003

The Evolving QCD Phase Transition
t~ 1980

Quark Gluon Critical Temperature 150 - 200 MeV (P g = =0)
Critical Density 1/2-2 Bmyons/Fm (T=0)

Plasma

Nuclear Physics A 837 (2010) 65-86

Hadron Gas
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[opsauas spepHas matepus.
CTONKHOBEHUA TaXesnbIX UOHOB - AA-CTONKHOBEHUSA



CTOoNnKHOBEHKE PEJTATUBUNCTCKUX

CGC Initial Glasma
Singularity
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UsobpaxeHue LeHTpanbHOro cronkHoseHua Au-Au B TPC

yctaHoeku STAR, paéoml-omeu Ha yckoputene RHIC (BHJ'I CLUA)
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UsobpaxeHue LeHTpanbHOro cronkHoseHua Au-Au B TPC




Size: 16 x 26 meters
eight: 10,000 tons
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YcraHoska ALICE |

uoHHas kamepa (TPC) P
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UsobpaxeHus cobbritum ¢ poxaeHuem ~ 100
JyacTuu B pp-cronkHoseHun u ~ 10 000

yactTul B AA-CTONKHOBEHUU HA YCTAHOBKe
ALICE

in p-p at 7 TeV in Pb-Pb at 2.76 A-TeV

_: Hide RhoZ Wiew

File Camera Help I

Pb+Pb @ sqrt(s) = 2.76 ATeV

2010-11-08 11:30:46
Fill : 1482

Command EventCirl I ! L : ! / Run : 137124

Event : 0x00000000D3BBE693
First I Prev | WQBﬂ /2041 Mext I Last | I Refreshl Il ™ autoload Time: 5§I £ .

[ESD event info: Fom#: 104802 Event type: 7 (PHYSICS_EVENT) Period: 1 Orbit. e22657 BO: 301 =
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TemnepaTypbl obpasyrolienca matepum B pasnUUHLIX

e pp-pp collisions

+ - . e
O e e collisions

2 3

N Vs (Ge)

CTONKHOBEHUAX NMPU BLICOKUX 3HeEpPruax.

;fjl }l

O 4 » B 8 ®

Heavy ion collisions
E p collisions
*n:+p collisions
pp collisions
p;_:u collisions
e e collisions
ral

10

* T~170 MeV (good old Hagedorn temperature)

* T.,, does not (or only weakly) depends on \/S

e Universal hadronization mechanism at critical values ?

10

bl

10 ?
v s (GeV)

15



Aona napToHHON (KBapK-rooHHOM) pa3a obpasyoweirca npu
pPa3HbIX NPULENbHbIX NapameTpax (paccTtoaHue mexKay LeHTpamm
CTaNIKNBAIOLLUXCA AAEP) U SHEPruaxX CTOIKHOBEHUW ANA Aaaep CBUHLA.

partonic energy fraction vs centrality and energy

' —| Pb+Pb, b=1 fm
0.4 L -

T_[AGeV]
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partonic energy fraction
partonic energy fraction

0.0

9 0 3 5 & 10 13 15 18 20
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Dramatic decrease of partonic phase with decreasing energy
and centrality

Cassing & Bratkovskaya, NPA 831 (2009) 215



HekoTtopble Habnropaembre nerye UHTepnpeTUpPOBATb YeM Apyrue ...




XonoaHaa NNOTHAA aaepHas matepus



TTpumep becnonesHou cxaTou XONOAHOU aAepHOU MmaTepum
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Kak cospemeHHbIe TeopeTudyeckue moaenu BUAAT COCTOsHUE
aAepHOl MAaTepum B LieHTpe MACCUBHLIX 38E34, KOFAG MAOTHOCTH
B pastl 6onble O6LIYHOU SAepHOM NNOTHOCTU. astro-ph/0604422 vI - 20 Apr 2006

Strangeness in Neutron Stars quark-hybrid raditional neutron star
star

FRIDOLIN WEBER? ALEXANDER HO! RODRIGO P. NEGREIROS!

PHILIP ROSENFIELD?
h?rperon
S

ar neutron star with

pion condensate

H ~ 1016 Gs

Fe

color-superconducting
strange quark matter
(u,d,s quarks)

106 glcm 9

E~ 10¥° V/cm

1011 glem .

CFL

28C
28C+s

10 ™4 glcm 9

~-_ Hydrogen/He
atmosphere

strange star
nucleon star

R~10km

Fig. 1. Competing structures and novel phases of subatomic matter predicted by theorv to make

significant range of chemical potentials and strange quark masses®. If the strange
quark mass is heavy enough to be ignored, then up and down quarks may pair in
the two-flavor superconducting (2SC) phase. Other possible condensation patters

C?|OF—SUpeI’C§)ndut(t3ting K. Rajagopal and F. Wilczek, The Condensed Matter Physic:ss of QQC'D, At the Frontier
(U d o) e 7 of Particle Physics / Handbook of QCD. cd. M. Shifman, (World Scientific) (2001).
Y M. Alford, Ann. Rev. Nucl. Part. Sci. 51 (2001) 131.



XonopHas nNNotHas saepHas gasa, He
cosfaaeTca, CKopee Bcero, B npouecce
CTONKHOBEHUS TaXenbIX saep.

Moxem nu mebr B naboparopum muccnenoeatsb
XONOAHYHO KOMMNOHEHTY aAepHOU maTtepum u rae
3TA KOMMOHEHTa NpoABNseTcs Kak pusmyeckas
peanbHOCTb?
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KymynatusHbie npoueccer,
OTKpLIBAFOT BO3MOXXHOCTb
UccnenoBaTb XONOAHYHO

NAOTHYHO saAepHYHO MaTeputo



TTepsasa pabora A.M. banauHa BbICckasaslas
WAero O CyleCTBOBAHUU B ape KOH(PUrypaumn

Kpareus coobatun no gusens M 1 aorn 1971 COASPIKALMX HECKOSIBKO HYKMOHOB, KOTOpbLIE
BeAyT ceba Kak TOYeYHbIN O6beKT.

MACUWTABHAA HHBAPHAHTHOCTE AFAPOHHDIX
CTOMKHOBEHHH H BO3MOMHOCTE NONAYYEHKA
HYYKOB HACTHU BHICOKMKHX SHEFTA TP
PEAATHEHCTCKOM YCKOPEHKK MHOMO3ZAPAIHEIX
HOHOB '

A, M, Bansue

[Tygx® HacTHEN BLICOKKX IHEprHd N0 nocnelHerD BpeMe—
HE MONYQAIIMCE HCKIIMYHATEARHO HA NPOTOHHBIE ¥ 3O£KTDROH-
HuX YCROPHTERAX, T.€, MDA YOKOPenWd IacTeL, obnanaio-
ImEX eOHHHYHBIM SapdaomM. Ycxopesde wacTrU, obrailawmux
3apidfonm  GoONblWidM eIHHELLl, Kax E3IBECTHO, B UpRHIKNE
[AeT BOBMOKHOCTb HOJYIHTE SHEPrHio YCKOPASMLIX Hac-
Tun (OpW OAMHAKOBRLIX NApaMeTpax yckopuTand) Goaburyi,
Yyer DHeprud M[OPOTCHOB, B 4YESAC pA3, PABHOE KDPATHUVTE
sapRia. Taxr, EanpEmep, HA [lyGAcHCKOM CHHXpGpAlICTpO-
HE, paCCYRTAHE CM HAa OCnyvY cHHS HpOTGHOB c gﬂeprueﬁ
10 'se, MomHO RoAy3uTe aapa tenus c sHeprued 20 Iss,
a unpa secna (3apsn 10 &) c suepreed 100 ['se, Boausu.
KaeT ECTECTBeHEDIf BCOODOC, HE MHIYI8TCA NE B pel3yih-
TATS CTOHKHOgGHHﬂ C MHUIEHBKH HL‘lep, HanpEMepn, HeOHs,
obnagawimax sHeprael 100 T'ss, uytkd BrOpHYMLIX ZaCTHL,
AOAYYEHHEIE NOK& TOJNLKC H& UepnyXOBCKOM YCKOp¥Tene?
YTBepNUTENbEET OTBeT #48 3TOT BONPOC 03HA9an Gbl, 9TO
< O IIOMOIE RN YCKXONEeHHH THAMEDBIX f2ep, 05118{1&}0&1';11 Gonce
BLICOHERM aapﬁnom, MO¥MHCO 6L Ghi CDABBHTENEHD Qeme—
BbiM CNOcOSoM B KOPOTKHE CPUKH TMONYyHETh IYHKH 9HCTHL
© PEEGDAHO BBICOKHX »HeDrER.
llens vacTORWER SAMETKE — PacCMOTDEThH ATOT BONDAC
¥ CABnaTh oOpeflefeBHbie TPeoKa3aHHd.
OfsiyHo Ha BONPOC O BO3IMOMHGCTH Oopeilauwd HOabuoh
SHEpPrKi COCTABHbIM sApom oTdelsdomy {(dalipdMep, cno-

35

Ha3BaHMe KymynAaTUBHbIE MPOLLECChI
MNOLL0 N3 3TOU NyH6nKauum

Bripaxaio rany6okyio 6na

napuoctb C, B. I'epacumosy,

A, B, loesopxony B I'. H. dneposy 3a oGcyxaeHre H3no-

XKeHHbIX coobpaxeHnl,

K axk

Be ctano u3secTtHO, I, H.

$nepop eme HECKONbKO NeT HA3Ad BbLICKA3bLIBAJI MBICIL O
BO3MOXHBIX KYMYNATHBHbIX sdpdekTax ODpHE COyAapeHHH pe-

NATEBHCTCKHX dOep,

[Tocrynena B penaxnuio
11 moa6pa 1970 r.



OcHoBHOU 0CO6eHHOCTbHO KyMYNSATUBHLIX NpoOLECcCOoB ABnseTcs
obpasoBaHue YacTuLl B KuHematTuyeckou obnactu sanpelieHHOU
AN KUHEMATUKU C ydacTuem cBOOOAHBIX HyKNoHoB (NpOTOHOB U
HeUTpoHOoB). U3yuyeHue poxaeHUs YacTul B KyMynsaTUBHOU
KUHemaTuyeckou obnactu NossoNuUNoO onpenenuTb BepoSTHOCTU
NpUcyTCcTBUa B aapax 2-x, 3-xXu 6onee TaxenbIX HyKNOHHLIX
(MHOrokBapKOBBIX) KOH(PUIYpPALMIA, KOTOpbIE HA3BASIU (PITYKTOHAMM.

He3aBucumeie uccnenoBaHUa paccesHUs 3MeKTPOHOB Ha SApax
(3xkcnepumeHTHI aHanoruuyHele onsiTam Pesepcpopaa) Takxe
onpenenunu BepoaTHOCTU CYLLECTBOBAHUSA B SAPAX MHOTOHYKMOHHBIX
(MHOroKkBapKOBbLIX) KOHPUrypauuii. CpaBHeHUe pe3ysnibTaToB 3TUX
ABYX He3aBUCUMBIX UCCNeJOBAHUU ANA Yrnepoaa MOKa3aHLbI

Ha crneaylolem cnauvge.

OueHb xopollee coBnageHUe MOJSTyYeHHLIX pe3ysnbTAaTOB AOKa3bIBAeT
(PAKT CYLIECTBOBAHUA B SAPAX MHOMOHYKMOHHBIX (MHOrOKBAPKOBBIX)

KOH(PUTYypaLUU.



CpasHeHWe AAHHLIX O CTpykType 2C npu uccneposaHuax
cneKTpoB BO36YyXAeHUs U pacceaHUs 351eKTPOHOB Ha AApaX

RNP - program at JINR  eA - program at JLab

V.V.B., V.K.Lukyanov, A.l.Titov, PLB, 67, 46(1977) R.Subedi et al., Science 320 (2008) 1476-1478
e-Print: arXiv:0908.1514 [nucl-ex]

B NN
B 2N SRC
I 3N SRC

JINR - 1977 E JLab - 2008

21.5% 19.33%

78.15% 80.12%

0.36% 0.55%
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Ecnu mbr gokasanu cyuiectsoBaHUe MHOrOHYKNOHHLIX
(MHOrokBapKOBBLIX) KOH(PUIypaLUMA, cneaylolas 3aAaYa
uccneposaTb NpUPoOAYy U CBOUCTBA 3TOU KOMNOHEHTLI



UT3E(Mockea) npeanoxeHue -
«CUHTEe3UpOoBATb» C(PSTYKTOHBIL C
MAKCUMQJIbHBIM YUCSIOB HYKITOHOB.

Fluctons

Dense baryon system

27



MexaHU3Mbl KymMysmBHbBI X Npoyeccos U cpefHee
yucno Bblibusaembl x HykrioHos (bapmoHos) <B>

ToueuHbIe HYKNOHbLI

HQ ManbIX PacCTOAHUAX

M 60NbWUMU OTHOCUTENbHBIMU
UMNYSIbCAMU

<B> ~ 1

<B> ?
$nykroHer. CpeaHee
uyucno 6apuoHoe 3aBUCUT
OT CBOUCTB (PRYKTOHQ.

k

a)
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CpenHee ymucno 6apuoHOB AnNg (PNYKTOHOB
C pPa3sHLIMU CBOUCTBAMU

<B> > 1

«XonopaHsie» PYKTOHLI
- meHblwue sapa & (@
CKATOU KOH(PUrypauuu.
BuibusaHue nérkux
anep.

<B> < 1

Fopaumne pnykToHLI -
KBAPKU U FNHOOHSLL B
Manom obvéme U .
6onblume OoTHOCUTenbHbIE
UMMYbCHI.

v




CpenHee yucno 6apuoHOB AnNg (PNYKTOHOB
C pPasHLIMU CBOUCTBAMU

<B>>1.

XonaHuie yKTOHLI.
BurbusaHue 8036yXAEHHLIX
MHOTOHYKJTOHHBIX
KOH@PUrypaumm u
AanbHEeUWUU Ux pacnaa.

30



OpHonnevyeBou MarHUTHLIU cnektpomeTtp CTTUH
(NEB3, Tlpomv_j_Ho)

3d pucyHok yctaHoBku CI1AH
B TeKyLlen KoHdpurypaumm

MPOTOHbI
1072 - 1073 /umkn



YctaHoska CTTUH Habnroaana (2013-2016) nosbIweHHLIN BbIXOA
NPOTOHOB U Neryavlmx saep NO CPABHEHUHO C MUOHAMU MpU paccesHUmU
npotoHos ¢ 3Heprueu 50 3B Ha pasHbIX aapax.

d?6/dP/dQ2, mb c/(GeV sr)

1
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PT, GeVic
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CpepnHee vucno 6apuoHos<B> pacrer ¢ poctom umnynbca
perucTpupyemsix 4Yactul U npesbiliaetT eauHULUY. 3TO
3aKpLIBAET BO3MOXHOCTb CYLLECTBOBAHUS KOH(PUIrypaLuuu,
KOraa Tove4Hble HyKSOHbI HQ MASIOM PAcCTOSHUU U
ropsaumve HyKOHbI.
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B paborte nepeoro aupextopa OUNSAU B 1957 sbickassiBanacbh uges,
4YTO B 9Ape MOTyT CyLecTBOBATb SAPA MeHblleW MACChI B CXKXATOU KOHPUrypauuu.

T. 33. Xypranr axcnepumenTarsvroll u TeopeTuueckol guauxu. Bewn. 5 (11)

1957

0 GJYKTYALUSX SAEPHOTO BEIIECTBA
. H. baoxunues

HOKHS&HO UYTO BO3HHKHOBEHHE 3HEPTHUHBIX OCKOJKOB [IDH CTONMKHOBCHHHA 6I:JICpr1X HYKJIOHOB

C SIPaMH MOKET PACCMATPUBATLCH KAK Pe3y/ILTAT CTONKAOBEHN HYKNOHA daykTyanued agep-
HOTO BEIIeCTBA. .

1. BBenenue

B Opollecce ABUIKECHHA HYKJIOHOB B _AAPE MOTYVT BO3HHKATH KPATKOBPEMEH-

Hble TecHble CKOMJICHHUS HYKJIOHOB, UHLIMY CJI0BaMH (DAVKTYALUNHE NJOTHOCTH gep-
HCTI O RellecTBA. Takue CKOIIEHNUS, Oy Lyun OTHOC{/ITeJleO VAAJIeHDbl OT ADVIUX HVK-

B HenaBHee BpeMs MemiepsgkoBbIM U ero corpypuukamu 1*2] npu usysennu
paccesiHHs MPOTOHOB C 2Hepruell B 675 MeV na serkux sanpax, Ol o6uapyxKeHo!
sIBJICIH S, KOTOPBIEe NOATBEPKAAIOT CYIECTBOBAHHE TaKUX daykryauuit, no kpafi-
Hell Mepe st MPOCTEHLINX NApHbLIX cpJIyKTyauHH NPUBCASAILUX K OGPA30RAHHUIO
CXKATOTO JiefdToHa.



29.11.2017 WccnepoBaHua Ha yctaHoBKe CIMTUH 6bian otmeueHbl npemueit Kypuatosa
NMoaBeneHbl UTorn OMNENHOro KOHKypca Ha coucxal-me npeMuu UMeHM
U.B. KypuatoBa HUL "KypuyaTtoBckun uHcTUTyT" 3a 2017 ropg

n06eﬂ,MTeﬂﬂMM NMPU3HaHbI criegyrLuiune pa6OTbI N aBTOPCKUE KOJIJTIEKTUBDI:

B 06/1acTH HAYy4YHBIX UCC/IeJOBAHHM:

"MoMnCK XONOAHOWN CBEPXNNIOTHON 6APMOHHON KOMMOHEHTbI SAEePHON MaTepum
B npoueccax poXaeHUs KYMYNATUBHbIX 4YacTUl ¢ O0NbLUMMMU NoOnepevYHbIMU
MMNyNbCaMMU B CTOJIKHOBEHUAX MPOTOHOB C sApaMu npu 3Heprum 50 MaB”
[lanueHko B. A., lNpygkornag A.®©., Cemak A. A, YxaHos M.H. (HUL "KypuyatoBckumn
NHCTUTYT - UOBJI)



CsDBM

1.Cold - (xonoaHas) cyuwecTeyer kKak KBaHTOBAA
KOMNOHeHTa B8 O6LIYHOU 9AepHOU MaTepum.

- HeCKOSMbKO HYKSTIOHOB
Haxoaarca B o6beme MeHblem Yem pasmep HYKSOHA.

3. Baryonic Matter - (6apuoHHaa matepus)
nosbIlWeHHoe coAepXaHue NPOTOHOB U HEeUTPOHOB,

NOAGBNEHO YUCSIO Me30HOB, KOTOopble 0bpasyroTca npu
aAPOHU3ALUUN KBAPKOB U FMHOOHOB.

36



IK30TUYEeCKUue COCToaHUSA

37



Ctatbs [lenn-MaHHa o0 Keapkax, rae AOMNYCKAETCA BO3IMOXHOCTb
CYLLEeCTBOBAHUA TETPAKBAPKOB U NEHTAKBAPKOB

Volume 8, number 3 PHYSICS

LETTERS 1 February 1964

Multiquark states have been discussed since the 15* page of the quark model

A SCHEMATIC MODEL OF BARYONS AND MESONS

M. GELL- MANN
California Institute of Technology, Pasadena, California

Received 4 January 1964

If we assume that the strong interactions of bary-
ons and mesons are correctly described in terms of
the broken '"eightfold way' *~°/, we are tempted to
look for some fundamental explanation of the situa-
tion. A highly promised approach is the purely dy-
namical "bootstrap' model for all the strongly in-
teracting particles within which one may try to de-
rive isotopic spin and strangeness conservation and
broken eightfold symmetry from self-consistency
alone 4). Of course, with only strong interactions,
the orientation of the asymmetry in the unitary
space cannot be specified; one hopes that in some
way the selection of specific components of the F-
spin by electromagnetism and the weak interactions
determines the choice of isotopic spin and hyper-
charge directions.

Even if we consider the scattering amplitudes of
strongly interacting particles on the mass shell only
and treat the matrix elements of the weak, electro-
magnetic, and gravitational interactions by means

*

ber ny - ni would be zero for all known baryons and
mesons. The most interesting example of such a
model is one in which the triplet has spin 7 and

z = -1, so that the four particles d~, s~, u® and b®
exhibit a parallel with the leptons.

A simpler and more elegant scheme can be
constructed if we allow non-integral values for the
charges. We can dispense entirely with the basic
baryon b if we assign to the triplet t the following
properties: spin 3, z = -3, and baryon number 3.
We then refer to the members u3, d-3, and s-7 of
the triplet as ''quarks" 6) q and the members of the
anti-triplet as anti-quarks q. Baryons can now be
constructed from quarks by using the combinations
(agqq), (%gqqq), etc., while mesons are made out
of (qd), (qaqaq), etc. It is assuming that the lowest
baryon configuration (qqq) gives just the represen-
tations 1, 8, and 10 that have been observed, while
the lowest meson configuration (qq) similarly gives
just 1 and 8.

that it would never have been detected. A search
for stable quarks of clllarge -3 or + and/or stable
1
= - +
energy accelerators would help to reassure us of
the non-existence of real quarks.



AAPOHLI U3 AUKBAPKOB.
TeTpakBapku U NEeHTAaKBAPKU.

Still an open question!

Role of diquarks in building hadrons?

color
singlet
color ¢ color
color antitriplet singlet
triplet
color color color
triplet triplet triplet

Light and heavy baryon
spectroscopy is sensitive tc
this question

VS. q q a
attractive color force f
in QCD gluons can attractive color force
(a(qq)) baryon couple to each other (aqq) baryon

attractive color force

9 (qq) diquark
color color
color color singlet color color color singlet
triplet antitriplet antitriplet antitriplet antitriplet 9

Additional motivation for

& existence of tetra- and
¥\§/= ' penta-quarks.

_ ((ag)(aa)d)
antiquark attractive color force m@{w

attractive color force

((@@)(aq)) tetraquark

attractive color force attractive color force

(qq) diquark. (aq) diquark

attractive color force attractive color force

(aq) diantiguark (aq) diguark

I I

- _ ¥
Does effective mechanism to suppress rapid fall-apart exist?
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HoBble BO3MOXXHOCTU — HOBbIe AeTEeKTOpPbI

“New directions in science are
launched by new tools much more
often than by new concepts.

HoBble HanpaBaeHMA B HayKe 3aMyCKatoTCs HOBbIMM
NHCTPYMEHTaMMU(MeToAMKaMM) ropasao Halle, Yem HOBbIMU
KOHLENUUAMM.

The effect of a concept-driven
revolution is to explain old things in
new ways.

3pdEKT KOHLENTYaNbHOM PEBONOLMN COCTOUT B TOM, YTOObI
06BACHUTb CTapble BeLU No-HOBOMY.

The effect of a tool-driven revolution
is to discover new things that have to
be explained”

IPDEKT MHCTPYMEHTA/IbHON PEBONIOLIMM 3aK/IIOYaAETCA B
OTKPbITUM HOBbIX BELLEW, KOTOpbIe A0NKHbI ObITb 0O BACHEHDI.

From Freeman Dyson ‘Imagined Worlds),


http://upload.wikimedia.org/wikipedia/commons/3/3d/Freeman_Dyson.jpg

HayuHbIe uccneposaHmua(®B3 cenuac)
- 3TO 3aXBATbIBAFOWMUU AETEeKTUB, rae
«CllefoBaTenn»-TeopeTUuKU
BLIABUIAFOT «BEPCUU»-MOLENU,
«0onepaTuBHbIE PAOOTHUKU» -
3KCMNEepUMEHTATOpbLI ULLYT
0O0Ka3aTeNbCTBA, HO eCcTb U bbinu
UCKNroYeHns!



Tepputopua, Ha KoTopoi HaxoguTtca [ybHa, MOXHO
Ha3BaTb UCKYCCTBEHHbIM OCTPOBOM.



NB3-N%B3: or CuHXpOoPa3oTpoHa
K Konnavaepy TaxenbIX UOHOB

1957 1993
CuHxpoda3oTpoH Nuclotron
S3nepebie B Mupe

- nugep
fo 3Heprim

- o T =
B.U. Bekcnep — aBTop npuHuuna - A.M. BangvH — UccnepoBaHue matepuun npu
aBTO-(ha3nMpoBKU OCHOBOMOMOXHUK 3KCTpeMarbHbIX NSIOTHOCTAX

nccrnegoBaHuK no




YCKOPUTEIIN - uctouHukU nyukos
4acTUL, BLICOKUX 3SHepruun
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TMynbrosas [lybHeHckoro cuHxpogpasaTtpoHa
(3anyweH 8 1957 r.,BuiseneH us akcnnyartauum 8 2002 r.)




TTongpPUC
UcTtouHuk nonspusosaHHbIX aeTpoHos, pabotaswuu B J12B3 OUSGU ao 2002 r.




HOBbIN MCTOYHUK NONSPMU30BAHHBLIX MPOTOHOB M AEUTPOHOB JI®B3
OUsn




KOcTtupoBKa gpeidosbix TpybOK.
BHYTpEeHHUiIA BUA NAMHEHOTO
ycKopuTena JI®B3 OUAN N1Y-20.
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NuHeuHbIU yckoputens JTY-20.
CHAT BAKYYMHBIW KOXYX.
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Ctposwmuca Hosetu yckoputens J1I2B3 OULN

- konnavugep NICA

BM@N the first
physics run

B MPD
a0 (Detector) |

8 4
V.

Nuclotron
)
Booster — - = A

commissioning , i R .
1S 7 i Center NICA
s o SRR | RN T
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V. Kekelidze, JINR SC'125 ’ —Cryostat
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O6wun sua aetexktopa MPD

&5 |

TOF
- —

Sirow EC Trocker ECal -

= RO ety
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s
t
BBC
CPC Tracker
/
Cryostaf
B A0 _

Puc. 2.2: Pacnoaoswcene nodeucmenm 6 yenmpaastot wacmu MPD w ur zafapumnsie paimepn
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PacnonoxeHue
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TTPUNOXEHWNAS



B J18B3 ONSEN 6b1na paspaboTaHa TeXHOMOrma CO3AaHUA KPUOTEHHBIX MULLeHel, KoTopble
MOTYT 3aMONHATLCA XUAKUMU BOAOPOAOM, AenTepuem Unm renmem. C sSTUMU MULLEHIMU
B OGN u apyrux LeHTpax NpoBOAATCA YHUKASbHbIE 3KCMepUMeHTbI. MulweHn n3roTosneHs:
U3 NIaBCAHOBOW MJIEHKU U NeHonnacta. Ml umeroT pekopaHO HU3KUIM Bec. YTo ocobeHHo
BAXHO ANS TONNUBHBLIX 6AKOB HEO6XOAUMBIX A8 UCMOSb30BAHUSA B KaYecTse TOMNIMBA
3KOMOMUYECKU YNCTBIX FOpHOUYUX. TAKOBLIMU 9BNAFOTCS BOAOPOA U NMPONGAH.

bern co3aaH camoner TY-155 umeswuin oaguH asuratens aAnsa pabote Ha Boaopoae

unu nponade. TTo TexHonoruu paspaboTaHHOU A1 U3FrOTOBMEHUS MULLIEHEW

B J1®B3 (pykosoautens rpynnel J1.6. FonosaHoB) 66171 U3roToBrieH TONMMBHLIN 6ak Ang
TY-155, KOTOpbLIV UCNOSB30BANCA B YCMELWHBIX UCMBITAHUSX BO3MOXHOCTU UCMOJIb30BATD
ABUMATENU C IKOSIOTUYECKU YUCTLIM TOMSIUBOM.

B HacTodwwee Bpemsa Ty-155 moxHo ysuaetb B Myzee MoHUHO noa MockBOW.

Ha cnepyrowmx cnamaax NoKasaHbI passivyHbie MULLEHU U nocTep o camonete TY-155.









TY-155 camoneT ¢ asurarenem Ha rasosBom Tonsmee

Ty-155 B nonere.

1. Camoner Ty-155;
2. YcTaHOBHKa a30TOCHAGMEHURA;
3. HomaHAaHbIM NYHHKT YNPaBneHun;
4. OnepaTuBHaA PagHOCBA3b;
5. MNepeaBHKHOW BaKYYMHbIH NnocT;
6. Cuctema oOpolwleHMA BOAOW BO3-
MOMHBIX MEeCT YTeuYHH uonopoua-
7. Cuctema Han uA BoA
8. CpegcrTBa nomapo-ryu.lenuﬁ
(CM. HMIKHHUH PUCYHOK)

_NOSMETHbIK
OPEHAX

ABAPHHAHDBIA
APEHAX

A30T OTCEK 3KCNMEPUMEHTAJIb—
HOrO TONSMBHOr O

ABAPUAHbIA
CAUB B NONETE

CUCTEMAR NOXAPOTYIWEHUS
SKCMNEPUMEHTASLHbBIN

BUYDEPHASA 30HA

PABOYUME MECTA KOHTPONbHO - OBUFATENL HK-88
3KCNEPUMEHTATOFOB 3AMNUCKHIBAOW AR
ANNAPATYPA

HOMMNOHOBOYHAA CXEMA CAMOJIETA TVY-155.

A3POAPOMHbBIA HKOMMNJIEKC ANA 3ANPABHKH CAMONETA.
_—;__e.,/ — e =
g —

— .

1
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FEL

Ucnonb3ysa ycKopuTebHbie TEXHOJ/I0MMK CO38at0TCA /1a3epbl Ha cBO6oAHbIX aneKTpoHax (FEL).
9TW YCTAaHOBKU MOTYT CO34aBaTb MOHOXPOMATUUYECKOro U3/Tly4EeHUA OFPOMHOMN MOLLLHOCTHU

C A/IMHOI BOJIHbI B HAHOMETPOBOM Anana3oHe U popmupoBaTb GeMTOCEKYHAHbIE CrYCTKU.
MoTpebutenamm asTUX NYYKOB ABAAIOTCA, HAaNpUMep, UccneaoBaTeNIn MeauKo-6uonornyecknx
HanpaBs/IEHUI U NONYNPOBOAHUKOBAA NPOMbILLIEHHOCTb.

MpuHuMn paboTtbl FEL noKa3aH HUXe. YCKOPEHHbI NYYOK 3/IEKTPOHOB NPOXOAUT uepes
YCTAHOBKY C NepeMeHHbIM No HanpaBAeHUIo (BepX-HU3) MarHUTHbIM NOEM, B KOTOPOM
coBepLlas ABUXKEeHME NO U3OTHYTOU TPAEKTOPUU U U3nyyaeTt GOoTOoHbDI.

Undulator

: ALALA AL A AL~ Redation
Electron Beam | [} | § |V [ ¥ | 1|

Electron Beam




byMm cTpoutenbCcTBa f1a3epoB Ha CBOOOAHbIX
anekTpoHax (XFEL projects).

The Linac Coherent Light Source (LCLS) at SLAC

SPring-8 Compact SASE Source (SCSS), Japan

‘rjeu.to'/v;’

/
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\“" < G om OF 9 § |(;)l

X-ray s \r/,:l - il #]

O ucs R vl .
P s /%r ;.ruu.mx ’ v

FERMI@ELETTRA. Trieste, Italy
4833 m

A...,.,,,, ] inac Building (E XI0 chsiQ m

Undulator B( l]dll]},‘

Experimental Hall

Pohang XFEL, Korea

gy Pohang Light Source



Esponenckum XFEL:
PacnonoxeHue

< 3.4km >

The European X-ray laser project XFEL l

Planning status October, 2003
— XFELsne +50 m
===+ Options for e xpans
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TTyuykoBasg Tepanus



O6nyveHue noHamu yrnepoaa nonobHo
npeumnsMoHHoOU xupyprum 6es ckanbnens
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TTpeumyuiectso nyuxkos
aApOHOB Nepen ApPYrumMu
CpeACTBAMU
paauoTepanum
3aKNHOMaeTCs B TOM,
yto, 6naroaaps
Hanuuuio nuka bparra,
OHU AGHOT YeTKo
ouyepuyeHHoOe AO3HOe
none C BbICOKUM
rpaaneHToOM AO03bI Ha ero
rpaHULIGX U NO3BONAIOT
obnyuyatb onyxonb B
rnybuHe tena 6e3
conyTcTByHOLWEro
nospexaeHus 340pOBbIX
TKGHeW U OpraHos.

[U.Weber]




CpasHeHue AO3HLIX pacnpeaenieHUiA POTOHHOro ¢ 3Heprueu 6 MaB
(«Hosanuc» (cnesa) u NPOTOHHOrO (cnpasa) Ny4KkoB. [NybuHHbIE AO3HLIE
KpuBbIe NOKA3aHbI BHU3Y. TIPpOTOHLI 06Ny4YarOT HOpMasnbHbIE TKAHU
NnpUmepHOo B 3 pa3a MeHbllle YeM (POTOHSLI.

Dubna, June 14, Yevgeniy I. Luchin, M.D., Ph.D. 65
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CKaHUpYHOWUU UOHHLBIU Gantry (6SI)

npuMeHeHue
onTUMalibHbIX 403

* NepBbIN B MUpe

* BKJ1HOYAEeT 1 nepBoe
B MUpe CKaHMpoBaHue
nyyka

* 13m B AnameTpe
25m AnnHHOM
600 TOHH NONHbLIU Bec
420 TOHH BeC
NOBOPOTHOM YacTun
0,5mm max. pecdopmauuns

* IpOTOTUN (CEerMeHT) MAN-Technologie
ncnbitaH B GSI




YKnaaka naumeHTa BHYTpU FaHTpU

- cneuunanbHoe
*NO3ULIMOHMPOBAHMNE

* UHTerpauus
PET
n
uudpoBbIX X-ray
cUcTemMm u
CTepeoTaKTUYeCK.
obGopyaoBaHuA




Ncnonb3osaHue

CUHXPOTPOHHOIrO U3NyveHUs
(CH)



P Yckoputeiu
' TS IPUKIIAIHBIX

HCCJICIOBAHUM.
Ilonmyuenue
, R CUHXPOTPOHHOTIO
P - AN M3y YEHUS

JUIST ITPUKJIAAHBIX

UCCJICTOBAHUMU.

B X-RAY «



AnexmpoHHble HakornumenbHbie Konbya
[MonydyeHue cUHXpoMpoHHOro U3snydyeHUs.
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Ucnonbsyro C nposoauTbCa UlyyeHUe CTPYKTYpbI pasnivyHbIX 06bekToB,

B TOM 4Yucne NpOCTPAHCTBEHHOM,
BLICOKOMOJIEKYNAPHLIX COeAuHeHWIA

Analysis of Cell structures

Structure of a Ribosom

Ribosomen are responsible for the protein production
in living cells.

The structure of these Ribosom molecules can be
analysed using brilliant synchrotron light from
electron storage rings

(Quelle: Max-Planck-Arbeitsgruppen fur

Strukturelle Molekularbiologie)

Structure of the ribosome, the “protein factory” in fiving cells

Angiographie

x-ray method applicable for the imaging of coronar
heart arteria
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