FAIR — Facility for Beams of lons and Antiprotons — npnHATbLIN K OCYLLECTBNEHUIO
npoekT ctonmocTbto ~1200 M€ B GSI, JapmwTtaar. OduunanbHoe Havano
ctpoutenbctea — 07.11.2007 r.

Existing Future Project

400 m

CyLuecTByoLmMi ycKkopuTenbHbIn kKomnsieke GSI, cogepxallmin NMMHENHbBIN YCKOPUTESb
UNILAC, cuHxpoTpoH Taxernbix noHoB SIS18, dhparmeHT-cenapatop FRS n
HakonuTenbHoe KomnbLo ESR (nokasaHO cepbiM), U HOBbIV NPOEKT, BKIOYAOLLMIA
ABOMHOE KOJbLO CUHXPOTPOHOB SIS100/300, BLICOKOSHEPIMYHOE HAKOMUTESNbHOE
konbuo HESR, konnektopHoe konbuo CR, HoBoe HakonutensHoe Konbuo NESR u
doparmeHT-cenapaTtop Super-FRS (nokaszaHo KpacHbIM).

MepBUYHLIE NYYKU BTopuyHbIe NYYKH HakonutenbHble konbua

* 1012/s, 1.5-2 GeV/u, noHsbl o 238U * LLMPOKMIN Habop paano- * padnoaKkTUBHbIE MY4KN

* 2x10"%/s, 30 GeV, NpOoTOHBI aKTUBHbIX ny4koB, 1.5-2 GeV/u * e-A Konnanaep

« BNnotb Ao 90 GeV, NpoToHb! * aHTUNPOTOHBI, 3-30 GeV * 10""/s, HakonneHHble 1

* 1019/s, 8 - 40 GeV/u, noHsbl oo 238U oxnaxgeHHble aHTUMPOTOHbI,

0.8-14.5 GeV



CBM (Compressed Baryonic Matter) — akcnepMMeHT no s4po-a4epHOMY
B3aMMOOENCTBMIO Ha BbIBE€AEHHOM My4ke saep (BNNoTb A0 YpaHa) ¢ SaHepruen
8 -40 '3B/u (S1S100/300).

SIS18 (fixed target, GSI) — o 2 GeV/u
AGS (fixed target, BNL) — pgo 15 GeV/u
SPS (fixed target, CERN) — oo 160 GeV/u
RHIC (collider, BNL) — 0o 200 GeV/u
LHC (collider, CERN) — 0o 3 TeV/u

Hauvano akcnepumeHTta nnaHmpyetca Ha 2014 (2015) r. ¢ 3anyckom SIS100.

BaxHo! CBM — oauH 13 5 npuoputeTHbIX akcrepumeHToB Ha FAIR, nogoepxmBaembix
orompxketom GSI.

HavyanbHasa hasa akcnepumMeHTa — HblHEe JeNCTBYIOLLAa aKCnepuMeHTanbHaga ycTtaHOBKa
HADES, pa3smeuleHHada nepeq muwieHbto CBM, ans obnactn aHeprun 2 -7 N'aB/u n,
BO3MOXHO, ycedeHHbIn BapnaHT CBM.




Temperature &

BM — nay4yeHue cBepxnsioTHOM a4epHON MaTepuun, co3gaBaemMon nNpu aHeprum

SIS300 B ueHTparnbHbIX CTONKHOBEHUSIX TsKenbIX MOHOB (bapnoHHas NinoTHOCTb,
CpaBHMMas C NIIOTHOCTbIO B cepaueBnHe HEUTPOHHbIX 3B8e3 1 B ~10 pas
npesocxoaswas 0bbI4HY0 A0ePHY0 NITIOTHOCTD).

dasoBaga gnarpamma CUnbHO
B3anMOLeNCTBYOLLEN MaTepum

m [py¥ HU3KMX NNOTHOCTAX C NOBbLILEHUEM TeMNepaTypbl
HYKNOHbI BO30yXxaalTcA B 6apMOHHbIE Pe30HaHCHhI,
poXxaarTcA Me30Hbl — (ha3a agpoOHHOU MaTepuun (cBeTnas
obnactb). Npu 6onee BbiICOKMX TemMnepatypax pa3oBbIn
nepexoa K KBapK-rintOOHHOU MaTtepumn (AekoHhanMeHT).
Temnepatypa nepexopna T.~170 MaB npu HyneBon 6apnoHHOMN
NAOTHOCTH, 4YTO B ~130-10° Bbille TeMnepaTypbl BHYTPU
cosHua.

SPS, RHIC, LHC

"\Nuclel Net Baryon Density

m B cunbHO cxaTton XxonoaHown siaepHON MaTepumn, Kak 3TO MOXeT CyLLleCTBOBaTb BHYTpPU
HENTPOHHbIX 3Be3/, 6apUOHbI TEPAIOT CBOKO MHAUBUAYANbLHOCTb U PAaCTBOPSAIOTCA B KBapKu U
rnooHbl. OgHAKO KpuUTUYeckas NioTHOCTL ANA TaKoro nepexopa He nsBecTtHa. lMpu o4eHb BbICOKUX
NNOTHOCTSAX U HU3KUX TeMmnepaTtypax NOMMMO AeKOH(panMeHTa oXXnpaeTcs HOBbIN (hpa3oBbIN
nepexoa, NpyM KOTOPOM KBapKu KOpPpenupyrT 1 OpMUPYIOT LLBETOBYIO CBEPXNPOBOAUMOCTD.

SIS18, AGS, FAIR



MpeackasbiBaeMble ABJIEHUS B CBEPXMNJIOTHOU SAEPHON MaTepumn

m MoAnduKaums aapoHOB — BOCCTAHOBIIEHME KMPanbHON CUMMETPUN

m pa30BbI Nepexon K COCTOSIHNIO CBOOOAHLIX KBAPKOB — AeKOHMaNMEHT, KBapK-TIHOOHHas
nnasma

® BO3HUKHOBEHME BO3MOXXHO HOBOro oa3oBOro nepexoa K COCTOSAHUIO C KOPPENUpPOBaHHbLIMMN
KBapKkamu - “LiBeToBasd CBEPXNPOBOAMMOCTL”

B HOBbl€ 3K30TUYECKNE COCTOAHUNA MATEPUN TaKMNE, KaK KOHOEHCATbl CTPaHHbIX YaCTUL.

CBM copueHTUpoBaH Ha U3MEPEHUSA B AOCTYNMHOM SHEPreTUYECKOM AMnanasoHe:

® KOPOTKOXUBYLLUNE JTIETKNE BEKTOPHbIE ME30OHbI, pacnagakoLlmnecd B JIENMTOHHbIE Mapbl

® CTpaHHblE YaCTuubl, 0CcobeHHO 6apMOHbI, coaepXxaline bonee yem oauH CTpaHHbIﬁ KBapK
® ME30Hbl, cogepalune 4Yapm

® KOJTNEeKTUBHbIE MOTOKN YaCTuUL,

e cvent-by-event QuykTyauuu



(d°N, /dndm_) / (dN, /dn) (100 MeV/c®)
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[V3NeKTPOHHbIN CMEKTP MHBApPMAHTHOW Macchl,

namepeHHbI Ha SPS, B cpaBHEHUM C OXngaemMbim

[AvnenToHHble pacnanbl KOPOTKOXMBYLLMX
BEKTOPHbIX ME30OHOB — MHCTPYMEHT AN
N3y4eHUs1 BO3MOXXHOIO BOCCTaAHOBIIEHUS
KMparnbHOM CUMMETPUN B NITOTHOW cpese.

Mogundukaumsa cnektpa nHBapmaHTHOMN
Maccol ans e*e- (utur) nap.



Au+tAu (Pb+Pb) central collisions

OTHOCUTESBbHbIN POCT POXAEHUS CTPAHHOCTU
paccMaTpuBaeTCcH Kak Npu3HaKk AeKoHdanMeHTa
(poXxaeHne nap CTpaHHbIX KBApKOB B KBAPK-ITHOOHHOM
nnasme aHepreTM4Yeckn BolrogHEN, YeM B aaPOHHON
Matepum)
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Yield / participants relative to p+Be

AdhekT gormkeH b6bITb Hanbonee BbipaXXeH ans
BbIXO4a MYIbTU-CTPaHHbIX YacTuL, Kak 3TO U
Haonwpganocbk Ha SPS, NA49 n WA97/NA57
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Bo{J) / (DY), o

PoxgeHne yapma — ewe 6ornee 4yBCTBUTENbHbIM 30HA ropsiyYen U NNOTHOM cpeabl, CoO34aBaeMon B
CTONKHOBEHUU TAXKESbIX MOHOB.

Moandukauma D-me30HOB — BOCCTAaHOBSIEHNE KMPanbHOM CUMMETPUN

[NogaBneHue BbIXoaa HYapMOHMyMa - NMPpU3HaK CyLeCTBOBaHUA KBapK-FJ'II-OOHHOI7I nna3mbl

o _ Bbixog J/W-me30HOB B 3aBUCMMOCTU OT
NPT P - nonepeyYHon SHepPruu.
357 L | P - P 1896 with Minimum Bias KpuBble — pe3yrnbTaTthl pacyeToB
\ ® Pb-Pb 1998 with Minimum Bias o
3 c yyeTom nornowenus J/'¥Y B agpoHHOM
MaTepun.
25
20
/ Table 3.2: Expected J/ W count rates for Autdu at 25 GeV/u. The corresponding values for the
= CERN experiment NA50 [46] are shown for comparison.
15 e e
‘e . 25GeViu Au+Au 158 GeViu Ph+Pb
10 *e*
Ceiss et .al. Jhy multiphieity 1.5-10°% 1-10°
5 Il (central collisions)
heam intensity 5-10%s 21078
0 Interactions 1-107= (2%) 2 -106/s (5%)
0 20 40 60 20 100 120 140 ral collic 1109 1109
vy "5 b 3 . s . :.'.
E. (GaV) central collision s ]
Jhy rate 15/s 100/
6% Jhy —ete- (UHL) 0.9/2 6/s
spill fraction 0.8 0.25
acceptance 0.20 0.15
Jy measured 0.14/s = 0.22/s=
8104 week 1.3-10%week
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NeTtekTop CBM NHTEeHcnBHOCTL cobbiTnin oo 10 MMy
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TOF (RPC) ECaL

M3MepeHue uMnynbLCOB U TPEKOB YacTul —

STS (Silicon Tracking System) — 8 cnoes
ABYCTOPOHHUX CTPUMNOBbLIX AETEKTOPOB
pa3MelleHbl B CBEPXMPOBOAALLEM
ANNOJNIbHOM MarHuTe 00mbLION anepTypbl

Ha ctagun nccnegoBaHUM NpoLIECCOB C
OTKPbITbIM YapMOM JOMNOMNHNUTENBHO K STS
yCTaHaBIMBAETCS MUKPO BEPLUNHHBIA OETEKTOP
MVD (gBa crnod nuKcenbHbIX 4eTEKTOPOB,
pacnofioXXeHHbIX B6AN3N MULLEHW)

NoeHTndukaumsa agpoHoB — pekoHCTpyKunsa TpekoB (STS n TRD) + TOF (cton - RPC, ctapt —
anMasHbIW NUKCeslbHbIN OEeTEeKTOop )

NoeHTUdUKaLMA INEKTPOHOB — PEKOHCTPYKUMS TpekoB (STS n TRD), peKOHCTpyKUMS KoneL B
RICH, aHanu3 aHepretndecknx notepb B TRD

AnektpomMmarHuTHbIn kanopumeTp (ECAL) — namepeHme npsimbix QOTOHOB, 3SIEKTPOHOB, MIOOHOB

MUCH (Muon Chambers) — uayuyeHne MIOOHHbIX MOA, pacnaga.

[NepBoHayanbHas Bepcua CBM — pernctpaunsa e+e- nap oT pacnaga KOpOTKOXMBYLLNX BEKTOPHbIX
ME30HOB U Me30HOB, coAepXallux odapoBaHHble kBapku. MNpu yyactumn NMAAD npeanoxeH v NpUHAT
CTapTOBbIM BapUaHT 3KCNEPUMEHTA — U3y4eHNe MIOOHHbBIX MO pacnaja.



YyacTtue NMMNAD Ha cerogHALWHUN OEHb:

1. B mtooHHOM cucteme MUCH

m onTuMmn3saumsi abcopbepa n TPEKOBOW CUCTEMBI

m R&D 6a30BbIX TPEKOBLIX AETEKTOPOB

m npoekTupoBaHue Tpekoson cuctemol MUCH

2. B netektope RICH - gn3ainH mexaHuku

3. B petektopeTRD — R&D TpekoBbIxX AETEKTOPOB HA OCHOBE straw

5. ObecyxpaeTcs y4acTne B cucteMmax rasocHabXeHus

6. O6cyxaaeTcs y4acTme B pa3paboTke n Nnpon3BoacTee
SNEKTPOHUKM



Standard Muon Chambers (MuCh) system

/ =13.5\

5% occupancy for central
Au+Au collisions at 25 AGeV

min pad

Fe 1.4x2.8 mm?

max pad
44.8x44.8 mm?

Total number

of channels:
low-mass vector meson measurements (compact setup) 480 768
Track statistics / central event

Total 691 186 65 15.9 5.16 1.853
Primary 105 26 8 2.4 1.54 1.251
Secondary 586 161 57 13.5 3.62 0.601
Protons 114 a4 15 2.9 0.51 0.030|
Pions 179 52 15 2.6 0.39 0.029|
Electrons 372 76 26 5.9 1.53 0.291
Muons 10 7 5 3.6 2.52 1.498
Kaons 15 7 3 0.9 0.22 0.005

Track statistics after the first absorber is dominated by secondary electrons
(electromagnetic shower)

— i




Time measurements in MuCh

w + central Au+Au collisions at 25 AGeV

ToF time resolution 80 ps
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Material of pipe shielding central Au+Au collisions at 25 AGeV

particles/(eventxcm?)

particles/(eventxcm?)
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BapuaHTbl abcopbepa

central Au+Au collisions at 25 AGeV
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Track reconstruction with reduced detector efficiency

S/B ratio

MuCh with 10 detectors MuCh with 15 detectors
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L minimum 9 hits required :1 : minimum 14 hits required :1
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detector efficiency (%) detector efficiency (%)

w— MU + central Aut+Au collisions at 25 AGeV




MuCh 25 30 40 40

N ianneis 439 296 — 272 384
P min pad size

(mm?):
» 1.4%2.8

> 2.8%2.8

W

——
—

2.8%5.6

.
]

5.6x5.6



Comparison with standard

w + central Au+Au collisions at 25 AGeV

standard compact MuCh
MuCh 25304040
-~ 0.095 0.094
L 0.02
> i
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X |
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9 - — standard compact
0.01 MuCh
I — MuCh 25 30 40 40
0.005
A [ S Y I I Y | |\|||\\I|I\\|II\
0702 04 06 08 1 12 14 16 1.8
m. , (GeV/c?)




Segmentation: results

=]

» Sector sizes at the first station are mostly determined by occupancy restrictions
» Starting from the 3™ station sector sizes are determined by the required resolution

» The smallest pad size in the default setup is ~2.3 mm (resolution ~ 680 um).

Occupancies

| Occupancy vs radius: station 1 | | Occupancy vs radius: station 3 | | Occupancy vs radius: station 6 |
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Zoomed module view
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Bbibop 6a30BOro getekropa aong ueHTpanbLHOU 006/1acTu TPEKOBOU
cuctembl MUCH (R&D nognepxaHo INTAS)

TpeboBaHua CBM :

e 10 107 cobbiTun/c, kaxgoe n3 cobbiTnn cogepxmt Ao 1000 TpekoB 3apsAXKEHHbIX
yacTtuu, T.e.

* yepes <100 ns geTeKkTOp 4OMKEH ObiTb FOTOB K NPUeMy CreayoLero
cobbITUSA

* BbICOKasi F[paHynsipHOCTb A4 LeHTpanbHom obnactu
® pasyMHOe NpPOCTpaHCTBEHHOE pa3pelleHne — o~500p
® HM3Kas BEPOSATHOCTb pa3psiaoB
e paanaumnmoHHasi CTOMKOCTb

Kanguaarbl

e LleHTpanbHasa obnacTtb (paguyc oT ~12 cm go ~70 cMm) — 4EeTEKTOPbLI Ha
ocHoBe GEM, MICROMEGAS unn nx komouHauums
e nepudepusa — nponopumoHasribHble KaMmepbl, BO3MOXHO CUUHTUNNATOPbI

THIN METAL-COATED POLYMER FONL CHEMICALL Y ETCHED WITH 5.100 HOLES mr

§
AMFLIFICATION AND TRANSFER ,l’\
SINGLE GEM DETECTOR:

L§

i

MANUFACTURED BY CEAN-TS-DEM
De Omvera)

F Saus, WLEA 30 FITIATE

INDEPENDENT PROFORTIONAL COUNTERS
(- Bomm) £=3 HIGH RATE CAPABILITY

HIGH VOLTAGE ELECTRODE SEPARATED
FROMREADOUT ==> ROBUSTNESS

FASTELECTRON SIGNAL ONLY
E=0 HIGH RATES, GOOD TWO-TRACK RESOLUTION

g
,4;! Anode strips
# r any other readout structure

. READOUT ELECTRODE. ARBITRARY PATTERN
Pillar



Onsa npoBepeHna R&D co3paH cteHa m
HeCKOJIbKO npoTtoTunoB Ha 6ase GEM,
MICROMEGAS n nx komouHauum



MICROMEGAS
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KombuHaumna GEM+MICROMEGAS

U, Cathode
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Efficlency ArCO2(920/10),GEM+MMR__ 18.00.08

o <k A SRS DU B =~
i o5
Ei L
Dﬂ-:' W
o

TO

"t ] Avcoz(90%/10%) |

B 1002172838.jpg

HcTounmk
Kan 1

Efficiency__He/CO2(90/10), GEM+MMR__18.09.08 | o Fx

- : . - oL 3aBUCUMOCTb

B0 — au. e =2 r—— -
o ~ 180 ns

T T apekTneHocTU oT KI'Y

eof He/CO2 (90%/10%) (B-uctouHmk Sr)

s0f b IS S ‘rf”‘

o e

w;i! -4
3 ;., e i

BeposaTHOCTb paspsiga B
¥ 3aBucumocTu ot Ky
i ; 1 ~ 100 ns
55Fe (5:103 1/s) + B-ncTouHMK 2°Sr (3-104 1/s)

BeposaTHOCTb pa3spsga oueHuBanach Kak OTHOLLEHME
i 5 yucna paspsgos (3a paspsag NPUHUMAarncs curHan,
4 i IR _ NPEBOCXOASALNIN YCTAaHOBIEHHbIN BbICOKUIA NOPOr) K
10° o e obLemMy 4mcny 3aperMcTpmpoBaHHbIX CUTHANoB




Gas Gain

104

10°

10?

_________________________________________________________________________________________

He/COZ/lC4H10 (90/5/5)

________________________________________________________________________________________

I T H.e/CQZ (90/10)_______l____ ]

____________________________________________________________________________________________

360 380 400 420 440 460 480 500
MM_Voltage




TGEM

THGEM geometry

40 mm
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MUCH and RICH mechanics

Tracking chamber design




Mnanbi Ha 2009 r.

m [1pogonXkntb oNnTMMM3aLnio MIOOHHOTO AeTeKkTopa
MUCH

m PopmynmnpoBaHne OKOHYaTeNbHbIX TpeboBaHMN Ha
rPaHynNspPHOCTb N MPOCTPAHCTBEHHOE pa3peLleHne
6a30BbIX geTekTopoB Tpekoson cuctemol MUCH

m PopmynumposaHue TpebosaHun Ha front-end
9ITIEKTPOHUKY

m [lpoekTMpoBaHMe 1 co3gaHne NpoToTUNoB 6a30BbIX
OETEKTOPOB AN UCMbITAHUI Ha Ny4Ke

m VicnbiTaHne NPOTOTUMOB Ha My4Ke



Back up
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Section 2

Figure 3.4: The phase diagram of
strongly interacting matter. The
symbols  represent  freeze-out
points obtained with a statistical
model analysis of particle ratios
measured n heavy collisions.
The solid lLine indicates the
chemical freeze-out curve as
function of temperature and
chemical potential. Taken from

[19].
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Table 8.1: Multiplicities for central AutAu collisions at 25 GeV/u from simulations using
RQMD and HSD. Experimental values are obtained by interpolation of data measured by NA49
and E802. The results of a thermal model with T = 140 MeV and us = 480 MeV are caleulated

relative to the number of - which is assumed to be 250.

Table 3.2: Expected J/w count rates for AutAu at 25 GeV/u
CERN experiment NA50 [46] are shown for comparison.

. The corresponding values for the

particle mass RQMND HSD NA49 (40 GeViu ) thermal
MeV) 3% central | ES02 (10.7 GeV/u)

mo 135 394

T 140 398 234+14 250

Tt 140 369 298 197+12 226

n 550 34 39 17

K 494 44 36 39.6x2 46

K- 494 13 145 10.240.5 13

po 770 16

0] 1020 1.0 2.3

A 1116 30 37 (incl. 29) 40

X- 1197 11 9.2 10.5

- 1321 1.25 0.9 2,

Q- 1672 0.15

D- 1865 510+

Jhy 3007 1.5-103 3.7-106

25GeViu AutAu 158 GeV/u Pb+Pb
Jhy multiplicity 1.5-10% 1-10°%
(central collisions)
beam Intensity 5109 2:107s
Interactions 1-107s (2%) 2108z (3%)
central collisions 1-109s 1105
Jy rate 13/s 100/s
6% Jhy —ete- (L) 0.9/s 6/s
spill fraction 0.8 0.25
acceptance 0.20 0.15
JA¥ measured 0.14/s= 0.22/s=
8104 week 1.3-10%week




JMG+GEM_2.txtMg+GEM1,Ar/CO2(90/10),Alpha,HV=1200/360/500/900_Att=31ras. 6.05.08
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response (gas gain ~ 6-104)

At the following stage for Micromegas we
used rolled mesh of Russian production
— stainless steel (wire - 32 y in diameter
and cell - 64p).

We saw the difference in gas gain of ~4
times for the same voltage applied in
comparing to previous case (wire - 30 p in
diameter and cell — 50 y). Qualitatively it
looks reasonable. But quantitative
estimations we will get later in special
measurements for set of different mesh
dimensions.

[(A/C02(90/10),Metal,06.05.08 @/ ndf 1.608+05/ 4
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Working points
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Gas gain is not a problem and

E 2 HelCo2 80:10 . .
E He/Co21 9073 we can have it as high as we
o A HelCo2/l 90:5:5
o 107 He/Co2/| 90:3:7 want.
Use of 3 component gas mixture
e with small portion (~ 5%) of
- isobutane gives about two order
- for gas gain in He at the same
5 =
e voltage.
10*
- | | | | | £ : : : :
500 520 540 560 580 8 ¢ AlCo29040  pe A
ElectricF | @ ¢ ArlCo2/1s0 90:7:3 |- e e .
© % ArfCo2flso90:5:55) 1 L T T LA
105 i e e LT T TP

Using isobutane in working
gas mixture should
considerably put down
working voltage to make
lower discharge energy

| | | | | | i | | | |
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High energy hadron beam
Lower spark probability in low-Z. carrier gases

J. Derre, I. Giomataris Nucl Instrum Meth.A461:74-76,2001
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Comparison between Ar/CO2 and He/CO2

Muon 1 Gev,Pair Production in He/CO2 (85/15) Muon 1 Gev,Pair Production in AR/CO2 (85/15)
2 9 F
G600/~ ht £ | ht
o [ Entries 3906 | | 8% Entries 300
2500 Mean 5474 | |1 | hR":nas" Big
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2400 z |
! 0-
3001
200 i
100 10
0_||||‘|\|\|\|w|||| T o W S 0-||||||uu|||||||1|ﬂ'¥‘ﬂﬂ!‘|ﬂmn
0 5 10 15 20 25 30 3B 40 0 10 20 30 40 50 6 70 80
N electrons in Gap=3 mm N electrons in Gap=3 mm




Gas Gain in HE/CO2 mixture study

Parameters of interaction X-Ray Fe55 (E=5.9 keV)
He comparative Ar

Ar

Photoabsorption cross section o ph =280.2 cm”2/g
Compton cross section 0 ¢=0.688 cm”2/g
K1 =3.206 keV
Mean Energy for ion pair production wi=26 eV

He
Photoabsorption cross section o ph =0.1498 cm”2/g
Compton cross section o ¢ =0.1246 cm”"2/g
K1=24.6 eV

Mean Energy for ion pair production wi=41 eV

So for He compton scattering probability is comparable with that
for photoionisation and full absorption peak is not so pronounced
as in Ar.
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