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YckoputenbHbin KoMmnnekc FAIR (FTepmanuna, JapmMmwTtagr)

Experiments

CBM (Compressed Baryonic Matter) — akcnepumeHT no A4po - sa4epHOMY U
NPOTOH - AAepPHOMY B3aUMOAENCTBMIO Ha BbIBEAEHHOM MNy4Ke C Lenbio
nccriegoBaHna NNOTHOW A4epHON maTtepum

SIS100 B pacnonoxeHne CBM 06ynet noctaBnatb ny4dykn Au(Ca) c aHeprmnen oo
11(14) 'aB/HyknoH n npoToHoB 0 29 [3B

SIS300 — sgpa BnnoTb 40 ypaHa 8- 40 ['3B/HyknoH u npoToHbl 4o 90 3B



JKcnepuMeHTbl, uccnegyroLime NAOTHYIO AAEPHYIO MaTepuio

Experiment Energy Vsnn
(Au/Pb beams)

ALICE@ 2.76 -5.5 TeV

LHC CERN

STAR, PHENIX@ 7 —-200 GeV

RHIC BNL

NA61@ 6.4-17.4 GeV

SPS CERN

HADES@ <2.4 GeV

SIS18 GSI

Planned Experiments:

CBM@ 2.7-4.9 GeV

SIS 100/300 FAIR 2.7 - 8.3 GeV

MPD@ 4.0 -11.0 GeV

NICA Dubna

HI-Expt@ 2.3-4.9 GeV

J-PARC

Observables
p, T, strangeness
charm, e, y

p, T, strangeness
charm, e, p

p, T, strangeness

e, p, m, strangeness

p, T, strangeness
charm, e, p

p, T, strangeness, e

p, T, strangeness

Reaction rates
Hz

80

(limitation by detector)

5104

10°5-107
(limitation by detector)

~1000
(design luminosity of
102" cm2s™! for heavy ions)

105
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[Mpu o4eHbL BbLICOKOM TemMneparype:
> N yactuy = N aHTMYacTuy

Cutyauusa nogobHa paHHeun BceneHHoOM
» KX[1 Ha pelueTKe HaXxoauT KpoccoBep

ensity pg (fm's)

Mpu BbicOKOU GAaPUOHHON NNOTHOCTU:

> N yactuy >> N aHTMyacTuy,
NMNOTHOCTL KaK B KOPe HEUTPOHHbIX
3Be3n

Mexay anpoHHOW maTepueii n Keapk-TnioonHon ~ Moaenu npeackaskiBatoT ¢ha3oBbIi

Mnasmon

nepexon nepBoro poaa co
CMELLaHHbIMU U 3K30TUYECKUMMU
¢azamm



Early Universe

| Future LHC Experiments
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Punsnyeckasa nporpamma

The Phases of QCD

m CBONCTBa S4epHON MaTepumn Npu BbICOKMUX
NSIOTHOCTAX, YpaBHEHNE COCTOSHUSA

m [1posiBNeHns1 HEHYKITOHHbIX cTeneHen cBoboabl
SAepHON MaTepumn, B TOM YUCIIE KBAPK-TMOOHHbIX
m [lonck ¢asoBbLIX NepexonoB N BO3MOXXHOW
KPUTUYECKOW TOYKM Ha ba30BOM anarpaMmme
CUITbHO B3aMMOOENCTBYIOLLEN aapOHHON MaTepun.
m [lonck BO3MOXHbIX CUrHanoB AeKoHanHMeEHTa
n/Mnn BOCCTaHOBIIEHUSA KMparbHOW CUMMETPUN

m KX[I-Bbl4nCieHUs Ha peLueTke, yKasblBatoT, YTO
B 06nacTu aHeprun \s,,, = 4 — 9 MB ans,
Hanpumep Au — Au nnn U — U, MOXeT HaxoauTbCA
KpUTUYecKasi Touka angd
cunbHoB3anmogencTeyowen KX matepun

m CBouncTBa aneMeHTapHbIX YacTul, U Pe30HaHCOB
B NOTHOW SiAepHON cpeae

m Bonpoc o HavanbHoOW cTagun opmMmpoBaHUS
cunbHO B3aumogencreyowen KX matepun, roe

Color’ 3aMeTHYIO POIib MOTYT UrpaTh 3NEKTPOMarHUTHbIE
Superconductor PRI G cocTosme anpoHtioe
IIr Ajpa KImi
Nuchaar "
Matter  Neutron Stars .
e T
500 MeV
Baryon Chemical Potential Li skt afporusaLys

COCTOAHKWE



Habnogaemblie

YpaBHeHMe COCTOSAAHMA AAePHOU MaTepun NpPU NSIOTHOCTAX KOpa HEUTPOHHLIX 3Be3A,

m KonnekTuBHblE NOTOKM aApOoHOB (06yCnoBNEeHbl pacnpeaeneHMeM AaBfeHns B Cpeae Ha paHHeMN
cragumn)

m Yactuupl, cogepxxaiipne YapM (D - Me30HbI, YapMOHMYM), POXXAAIOTCA B HavaslbHOM (ha3e
CTOJIKHOBEHWUS, T.€. HECYT MH(OPMALIMIO O CUNIbHO CkKaTon 6apnoHHOM MaTepumn

m [1psAMble OTOHDI

Kputnuyeckasn Touka Ha dpazoBou amnarpamme KX
m OXungaeTcs, 4To AgMHaAMUYeckme dorykTyaumm MHOXECTBEHHOCTM NOABAAIOTCS Npyu dha3oBoOM
nepexone 1-ro poga unun B KPUTUYECKOU TOUKE

[ekoHanHMEHT M NPU3HaKN BOCCTaHOBMEHUSA KMpanbHOW CUMMeTPUM npu 6onbLlunx Pg

m Bbixoapbl U cnekTpbl cTpaHHbIX Yactuy, (K, A, 2, =, Q 1 nx aHTU4acTULbl) N aAPOHHbIX
pe30oHaHCcoB (Takue Kak K*, A*)
m Bbixoapbl 1 cnekTpbl o4apoBaHHbIX Yactuu (J/y, ', DO, D, A )

m Jlerkme BeKTOpHble Me30HbI (p,w,@ —e*e’(U*Y’)) AatT HEBO3MYLLEHHYO MHGOPMaLUIO
OTHOCWUTESIbHO aJpOHHbLIX CBOMCTB MIIOTHOW 1 ropsaYen cpeabl
m Moandumkauus cBoMCTB agpoHoB (p,w,@ —e*e(u*u), D)

CtpaHHaa maTtepus
m [nnepsaapa c gsyma A
m CTpaHHble MeTacTabunbHble 06BbEKTHI



charm O B, Q K, &, A, 1

CBM nnaHunpyeTt nsmepeHue
NPaKTUYECKN BCEX

NPOAYKTOB B3aUMOAENCTBUS
ans wnpokoro Habopa aaep

prompt v thermal y p—se*e/u*y- decayy = resonance

N SHEPINN C AOCTaTOYHOM decays
§ MxBR
CTaTUCTUKOMN
10° |
e (X 2 .
AM6GULMO3HbIE 1¢ Yo & SPSPb+Pb 30 A GeV
Tpe6oBaHUA Ha 1 1 STAR Au+Au Vs, =7.7 GeV
3KCNepUMeHTanbHyo :gz P
YCTaHOBKY: 'Y
9 10° r Y2
10° apep/c Ha MMWeHL — |, < .
107 c' — 10 1000 104 /i AN
TPEKOB 3aPSHKEHHbIX YacTULL | g / e DA .
B K&XXAOM CODbITUY 107 CBM Au+Au - / L 4
10_8 "'\'IISNN=?. 1 GEV
1 \ (Y,

-10 — —
10 mtap KFKA P A E @ E+0ip 0 pW*
(dileptons) thadrome decay) (dileptons)



BapuaHTbl 3KcnepuMeHTanbHou yctaHoBkM Ha SIS100 (1-a da3a CBM)

HADES — nsmepeHnue agpoHoB un
Muwetb,MVD, AunonbHbIn MarkuT, OVNENnTOHHbIX Map OT pacnaga Nnerkvx
STS BHYTPM MarHuTa
BEKTOPHbIX ME3OHOB MPWU CTOSIKHOBEHUN
aaep Ni+Ni go sHeprun  13A aB

1. BapwaHT ons namepeHus agpoHoB,
rmnepoHoB un runepsgep B Au+Au o
11A 2B (STS, TRD, TOF, PSD) u
D-me30HoB B p+Au go 30A ['aB 1
B Ca+Ca oo 14A 'aB (MVD, STS,
TRD, TOF, PSD)

2. KBapunaHty 1 nobasneH RICH gng
N3MEpPEHUS SNTEKTPOH-MO3UTPOHHbIX
nap OT pacnaga Nnerkmx BEKTOPHbIX
me3oHoB B Au+Au o 11A aB
(MVD, STS, RICH, TRD, TOF, PSD)

3. Bmecto RICH k BapunaHTy 1
nobasrneHa ctapToBasi Bepcusi
MUCH gnsa nsmepeHnsa yapmoHusi B
p+Au go 30A 'aB, Ca+Ca go 14A
[3B n Au+Au oo 11AT3B (STS,
MUCH, TRD, TOF, PSD)




[TNAD® yyacTByeT B co3zgaHum mrooHHoro aetekropa MUCH u
yepeHkoBckoro getekrtopa RICH

Technical Design Report
for the CBM

Technical Design Report
for the CBM

Muon Chamber

(MUCH)
" Ring Imaging

Cherenkov (RICH)
I Detector

The CBEM Collaboration

The CBM Collaboration

December 2013
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PeweHne komuteta ®PAUP 0 3aKno4YeHNN KOHTPAKTOB

Decision XI.19.6:
The Council agrees to the collaboration between FAIR GmbH and the NRC Kurchatov
Institute, Gatchina (PNPI) regarding the production of the following components of the
detector of the CBM collaboration:

+ Mechanical Support Structures including Shielding Box for Camera and Gas

System for the Ring Imaging Cherenkov Detector (RICH), (PSP 1.1.1.3.1.2)

This agreement is valid under the assumption that PNPI provides these components
for the 2005-price including an inflation correction similar to that for cash
contributions, according to FAIR Council Resolution V.10.1, and according to the
technical specifications in the approved “Technical Design Report for the CBM Ring
Imaging Cherenkov detector (RICH)". The 2005-price for these components shall be
considered as Russian contribution to experiments, within the contribution to
experiments from the Russian commitment.

A complete collaboration contract including all annexes and technical specifications,
according to FAIR Council Resolution lll.10.1, is to be concluded.

(For information: The total cost-book value of this item amounts to 1,450,000.00 €. The
corresponding Collaboration Contract is planned to be ready for signing during the fourth
quarter of 2014.)

Decision XVI.12.4

The Council agrees to the collaboration between FAIR GmbH and the NRC Kurchatov
Institute (PNPI), Gatchina regarding the production of the following components of the
detector of the CBM collaboration:
+ Absorbers, Mechanical Structures, Gas System and contribution to LV, HV,
Safety, Spare Parts, Alignment, Transport, Infrastructure and Installation for the
Muon Chamber System (MUCH) (PSP 1.1.1.3.2.3)
This agreement is valid under the assumption that PNPI provides these components
for the 2005-price including an inflation correction similar to that for cash
contributions, according to FAIR Council Resolution V.10.1, and according to the
technical specifications in the approvedze “Technical Design Report for the CBM Muon
Chamber System (MUCH)”. The 2005-price for these components shall be considered
as Russian contribution to experiments.
A complete collaboration contract including all annexes and technical specifications,
according to FAIR Council Resolution 111.10.1, is to be concluded.

For information;

The total cost-book value of this item amounts to 3,022,000.00 €. This project is one out of
four summarised in the CB work package: Muon Detector (MUCH), PSP code 1.1.1.3.2, with
a full cost-book value of 7,677,700.00 €. The corresponding Collaboration Confract is
planned to be ready for signing during the fourth quarter of 2015.

[eTekTopbl OOMMKHbI ObITb YCTAHOBMNEHBI B 9KCNEPMMEHTanNLHOM 3ane k 2021 r.
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e lnMHanoZ~2 m OTBeTcTBEeHHOCTb NMNAD:

e AnepTypa — 25° no MexaHuKa
o
BEPTVKanM 1 35° No ropusoHTanu e Perynupyemble pukcaTopbl 3epKar

e Paguyc sepkana—3 ¢ Pama ansi KpenneHvs 3epkar
M ¢ e Kopnyc razoBoro o6bema

3ep|<ar|o pa3geneHo Nno ropu3oHTasri Ha A CprKTypa NOLLEPKKM CbOTO,EI,eTeKTOpa

Be MNMOJ1IOBUHDbI
A [a3oBaa cucrema
o (DOTOﬂ,eTeKTOpr pacrosioXeHbl BbllLE U

HWXXE OCU MNYy4Ka
- I_ﬂf\ nn MFWMIA LIAMAMAA ML LI I\ T LA D

[l PaKTN4ECKN NOAIroToOBJ1IEH KOHTPAKT
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CTpyKTypa nogaepxXku 3epkan




[a3oBas cucrema

[lns npoToTUna cnpoekTMpoBaHa 1 peann3oBaHa rasoBasi cuctema

C HebonbLUMMN NBMEHEHUAMW Takasi cCUCTemMa roguTcsa n ans pearibHOro AeTeKkTopa
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MiooHHbIN peTtekTop MUCH

CTtpaTterus — nosTanHoe co3gaHue rnosiHomacluTabHoOn BepCcUn OEeTEKTOPA,
BKItovaroLen 6 cnoes abcopbepa, NPOCIOEHHbIX TPEKOBLIMU CTAHUNAMU, Kaxkaasa u3
KOTOPbIX COCTOUT 13 3-x nnockocten (X,Y) OeTeKTopoB

- Ycnosus CBM — 107 cobbiTuii/c, kaxaoe
n3 cobbitum cogepxmnt Ao 1000 Tpekos
3apsKeHHbIX YacTul

OAavH 3 BapnaHToB
anga SIS100

Abcopbep: 1-n crnon — 60 cm yrnepoa,
ocTarbHble Xerne3o (Bcero 13.5A,),

LeHTparbHas BCTaBKa (CKopee BCEro n3
CBUHUA) C BaKyymMHOW Tpyboun

™ i
Y+

MuCh

CtaHuun 1,2 — kamepbl Ha ocHoBe GEM,
CUYUTbIBAKOLLME 3NEKTPOAbLI UMEIOT

NagoBYyO CTPYKTYPY

MUA® — abcopbepbl, ' STELI OO =TEEA] S8 Glass
MeXaHuKa, ra3oBad CMCTemMa, MUSI® (SIS300
cncrtema KOCTUPOBKU ( )

oeT noarotoBka KOHTpakTa



BapuaHt1 — abcopbep 1 cocTouT n3 3-x yactemn

| STS Gokc |

BcTaBka 13 cBMHUA Ab6copbep1




Abcopbep1 + nydkoBas Tpyba (koHUenuua, coopka)

BapuaHt2 — abcopbep1 coctont mna 2-x
yacTteun




[1naH Ha 2016 r. — 3aKkn4YeHne 2-X KOHTPaKTOB N UX
npakTuyeckada peanusauugd



bnarogapto 3a BHMMaHue



Quark matter in massive neutron stars?

Equation-of-state: Non-local SU(3) NJL with vector coupling

Relative Particle Fractions

T

0,1 |

0,01 |

1E-3

M. Orsaria, H. Rodrigues, F.

Weber (August 2012)
v l L

- | | I |
Quark/hadron
N mixed phase L
Pure quark -
matter
I\
I I by v\ -
l 1o oy :
| | . . \ -
! i "\ Py
I I ! '\ =T TP
I I [ ‘| d
l I A N I WY ) [ Py
I, N : | . | |
6 8 10 12




IMunarpamma ssoaronua KI'T1

{ 3AMOPAXKHBAHHE:
hHKCHpYHOITCA
CHEKTPhl YACTHIL

i& Freeze-Out ! .—/"4—’—‘1( HHETHYECKOE

" XHMHUECKOE
3aMopakHBAHHE:
thukcHpyeTcs
OTHOITeHHe BRIX0JA
YACTHI

GRRIGAN BN

7,= 1fmie

£
Heympyrne napToH-napTonnbie
{q'qu q-2 . 8-8 } B3aHMoJIeHCcTBHA




BHHHHEDHJ]' — 00JIACTD HNEPEKPLITHA B HELIEHTPAJIbHbBIX

CTOJIKHOBEHHAX JIBYX 51 1EP

Reaction Eff __- —' Wi h;
-~ / i ' :ﬁr
¥
/ HampaBnenue sekTopa b
g MEHK LY HeHTPaMH Alep B

MmOIMEpedH OH NIOCKOCTH




T. GeV QGP
S
g citcl
0.1+
hadron gas
nuclear t!ll‘.:rk
vacuum '\ matter
0 | g GeV

net baryon density:
=~ 4 (mT/21h2c2)32 x [exp((Ls-m)/T) - exp((-1g-m)/ T)]
baryons - antibaryons



KX/[ ¢da3oBast agarpamma

Quark-Gluon Plasma

Critical
Point

Temperature T

‘Quarkyonic
Matter

Gas-Liquid

Nuclear
Superfluid

Baryon Chemical Potential us

Py 04YeHb BbICOKOM TemMneparType:
» N vactuy = N aHTU4YacTuy

Cutyauusa nogob6Ha paHHeun BceneHHoun
> KX[ Ha pelueTKe HaxoAUT KpoccoBep Mexay
appoHHon maTtepuen n Keapk-InrooHHon lNnasmon

MNpu BbICOKOW GAaPUOHHON NITOTHOCTW:
> N yactuy >> N aHTMyacTuy,
NMNOTHOCTL KaK B KOpe HEUTPOHHLIX 3Be3
> Mopaenu npeackasbiBaloT hpa3oBbIA Nepexos nepBoro
poAaa co CMeLlaHHbIMU UMK 3K30TUYECKMMU
¢dazamm
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