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Pdusnuecka MOTUBALIUS

B. I'enueB

SM cbabpka ABHO CMOPHN MOMEHTU
(3aLwo nma 6 kBapka?)
SM vma nunceawm efnieMeHTu
(MexaHu3bM 3a reHepmpaHe Ha MacuTe Ha rno3HaTu YacTuum)

SM paBa 6escMmncnuum NpyM MHOMO BUCOKUN EHEPrnm
(BeposaTHoCTTa 3a pascerBaHe Ha W, W, ctaBa >1 npu eHeprum Hag 1 TeV)
SM e nornyecku HesaBbpLUEH
(rpaBUTAUMATA HE € MHKOPopupaHa)
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duznuecKa MOTUBAIIUSA

B. I'enues

KakbB € npon3xoda Ha MacaTa Ha Yactuyute?
(3awo Z 6030Ha e MacmBeH, OokaTo PoToOHUTE Cca
besmacosu ?)

Mma nn HoBa cumeTtpua? SUSY?
(BENMKOTO 00eaNHEHME Ha BCUYKU
doyHOaMeHTarnHu cunn)

KakBa e npupogarta v CbLHOCTTa Ha TbMHaTa
MaTtepusi U TbMHaTa eHeprusa?

KakbB € Nnpon3xoabT HAa acuMeTpusita matepums-

AUTIA Q-rnnmc’)
UIIIV v H

(Oanu oTroBOp®bT NeXu B HapyweHneto Ha CP
NHBapMaHTHOCTTAa?)

ELEMENTARY
PARTICLES

[anu cbuwectByBa HoBa (popma Ha matepuaTa?
(KBapK-rnOOHHa nnasma?)
[anu enemMeHTapHUTE YacTuuu nMmaTt CTpyKTypa?
3aLlo nma camo 3 pamMmunmmn KBapkm n NnenToHn?
NMporpamata Ha LHC TpsibBa na otroBopu Ha Te3n BLMNPOCHU.
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LHC

B. I'enues

Fermilab SSC

CERT l I._Hf l

pp B3aumonaeincreue npu 7 + 7 TeV -
2 x 2808 makeTa OT MPOTOHHU 1mba
10! mporona B makeT N T
[Ipecuuane Ha CHOMIOBETE - BCEKH 25 NS R N c.v:
E 1 Wb Ojet G
S EF>0.25 Tev 59
=3 omw =fv) CDF (p p) S
o 1nbl iy 8
N =L.c.BR P
—  Ogg(mg =500 GeV 5
H(1 TeV) —» ZZ — 2¢e +2y; 4e; 4 Vo ot
3a L=10%* cm™s’! L |
1pb my,= 100 GeV
N/roguna = 1034.1037.103.107= 10 o 403
m_.= 1TeV
oHiggs
m,, = 500 GeV —
| | | |

0.001 0.01 0.1 1.0 10 100
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LHC

B. I'enueB

R

The Large Hadron Collider (LHC)

ATLAS

o ALICE

From LEP to LHC

Superconducting
magnets r

LHC-B

CMS

Compact Muon Solenoid

Beams Ernergy Luminosity
LEP e+ e- 200 GeV 10% cm=2s!
P P 14 TeV 1034

= Pb Pb 1312 TeV 1022

CERNMNE LHC
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NU3uCKBAaHUA KbM JIETEKTOPA

B. I'enues

[MpecnyaHe Ha CHOMOBE MPOTOHU - BCEKM 25 ns

~1 Munuapg cb6uTtus 3a 1 s npu HomuHanHa ceetumoct 103 cme2s-
MHorokaHaneH geTekTop
EnekTpoHKKa 3a NokanHo cbXpaHaBaHe Ha MHopmMaumnsTa
Bucoko pagnaunoHHO yCTONYMBU MaTepuanm
Muoro gobpa MOHHa naeHTUUKauns n usmepBaHe Ha umnyrica
Bucoka pasgenuTteriHa CnoCcoOHOCT Ha efIEKTPOMAarHUTHUA KarnopuMeTbp
MouliHa BbTpeLlHa TpeKkoBa cuctema
XepMeTuyHa KanopumeTpuyHa cucrtema
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bouarapus B CMS

B. I'enues

Expression of Interest for a Compact Muon Solenoid Detector for LHC

CMS
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Université Catholique de Louvain, Louvain-la-Neuve, BELGIUM
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Univ. de I'Etat Mons, Mons, BELGIUM
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Inst. of Chemistry and Physics, Tallinn, ESTONIA

SEFT, Helsinki, INLAND
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Laboratoire de Physique des Particules (LAPP), Annecy-le-Vieux, FRANCE
Inst. Nat. Phys. Nucl. et Phys. Part., Lyon-Villeurbanne, FRANCE
Ecole Polytechnique, Palaiseau, FRANCE
CEN-Saclay, Gif-sur-Yveite, FRANCE
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CMS

o _

TRACKER

gﬂﬁﬂ fﬂ ﬂﬂ TA Austria, Belgium, CERN, Finland, France,
Austria, CERN, Finland, France, Greece, Germany. liay. Japar’, Swizeriand &}UES%AL ECAL
Hungary, ltaly, Korea, Poland, e Belarus, CERN, China, Croatia, Cyprus, France, Italy, lapan®,

Portugal, Switzertand, UK, USA i = ’
. ; | A I
." 1#&1"“. I

o i\.‘fi]'"" —

Portugal, Russia, Switzerland, LUK, USA
' i

PRESHOWER

Armenia, Belarus, CERN, Greece,
India, Russia, Taimwan (PC),
Uzbekistan

RETURN YOKE
Barrel: Czech Rep., Estonia, Germany, Greece, Russia
Endcap: Japan®, USA

SUPERCONDUCTING
MAGNET
All countries in CMS contribute

to Magnet financing in particular: ‘ S

Finland, France, ltaly, Japan®, FEET _ ' FORWARD

Korea, Switzerland, USA oy,

Hungary, Iran, Russia, Turkey, USA

Sarmed

: Bulgaria, India, Spain”, MUON CHAMBERS

Total weight 1 12500 T Endoap: Belars, Bulgaris, Russia, Ukraly Barrel: Austria, Bulgaria, CERN, China,

Overall diameter : 150 m P S PR S g s— .lg ———

Overall length 215 m * Qnly through
Magnetic field : 4 Tesla industrial contracts
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CMS

CALORIMETERS
HCAL

100 million individual
detecting elements

A \ 43000 cables of
ol RACKER 1200 km total length

Pixels
Silicon Microstrips
210 m? of silicon sensors
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CMS Mmarautr
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CMS maraur

B. I'enues
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CMS maraur

B. I'enues
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CMS TpekoB aeTeKTop

B. I'enues

Huge number of silicon
detectors (rods, petals,
shells)

Rad-hard modules and
s electronics

Alignment
Cooling and -10 °C

“low” mass
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CIWINKOHOB I1E€TEKTOP
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UAUSE - Yuactue B R&D
[IJIMIT - “Bonding” na
CUJIMKOHOBUTE JIETEKTOPHU
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5, H CMS e1eKTpOMAarHUuTEH

B. Terwsen KaJI0PpUMCETHP
/
. Tsm
61'200
barrel
crystals
35omM

14’648
endcap
crystals
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PbWQO, kpucraau

2.18x2.18 x 23 cm? - 61200
2.85x2.85x22 cm’ - 14648
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Ecal enepreruuno

. pa3penieHune
E = 280 GeV
18 - o/E = 0.45%
& FCAL Energy Resolution |
® o 1
SN 2
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1 = I|
Intrinsic E J !
Photo = ! |
“ 10 108 1009 J’ L“
ElGev]
....... i -lit‘}r 1 i T
x5 &ra &5 28>




IEPH, 13-17 Oxromspu 2008

bobarapus B Ecal

B. I'enuen
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bobarapus B Ecal

HNANAE u LIJIMII — crno6siBane Ha
CyNEpPMOJYJINTE,
TeCTBaHE W UHTErpupane B CMS
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CMS aapoHeH KaJopuMeTbp

B. I'enueB

3

- HenTpaana odmaacr (|n| < 3) — caHaABUYEeB MECHHI/CHIUHTUIIATOP THII,
MPOEeKTHBHA reoMeTpus U cTpyKktypa AnxA¢ = 0.0875x0.0875

- [Ipeana odiacr (3 <|n| <S5) — Fe/kBapuoBo ONTHYHO BJIAKHO,
22 YepeHKoBCKa CBETIMHA
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Hcal: adcop0Oep

B. I'enues

The Compact Muon Solenoid Experiment

Date of publication: 17-12-98

CMS intemnal information server: _ hittpe/' {cmsdoccem ch,/ cms.him1

Preproduction proftypes of a nmel wedge and endcap sector have been
manufactured in industry. The barrel wedge was manufactured by Felguera in
Spain using brass plates procured in Bulgaria under the responsibility of HCAL-
US groups. The endmp sector was manufactured by MZOR in Belarus using
brags plates procuned in Bulgania and St Peterdburg under the responsbdity of
HCAL-ROMS grougs. The scintillators trays have bom installed in the
prototypes and the HCAL syatem will be tested in 1999,
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NAUSNE + CY
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Hcal: m3Tuyane Ha CHCPIUs LIEPH, 13-17 Oxromspu 2008
NAUSE
B. I'enuen
® Long barrel vs conical endcap ¢ Conical endcap response
g | | [ S | |
L : 0% ;
[ E=100GeV =100 GeV Conical endcap
9 B ie B gap=14cm
5 10°F i 5 10°F 3
> 3 > F :
0 C ‘ i 0 [ ]
? long barrel, o |
g 121517 g s
€10 L 15cm gap \, ! £ 10 L N=13-15 : __
2:3 : . :?. . - g Eooncrack N, [\ n=08-12 4 3
. #!n ¢ Conical endcap ‘s, - T W
by g SNn=13-15 fd s
i Womgap ) | L
e 1 W S 1k
E b | fif UHH LR F | mm Wi
1 100 150 200 150 200
E (GeV) E (GeV) '
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Hcal: u3cienBane
Ha HpOTOTI/IHa — I/IHI/IHE = Cy HEPH, 13-17 OxromBpu 2008

N
o

B. I'enueB
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o

Hcal only
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Hcal: HV3axpanBaHe
NANUSE

IIEPH, 13-17 OxtomBpu 2008

HPD

- Max pa0doTrHo Hanpe:xenue: 14 kV

- Max TecTroBo Hamnpe:xenue: 15 kV

- Pa3zpemenne: 4 V

- Ibarospemenna cradbuianoct: < 0.1%
- TouHnocT Ha Hanpe:xxeHneTo: 1%

- U3xonen Tok: 0 - 40 uA

- KOMITbTEPHO YNPABJISEMO



Hcal: HV3axpanBane
NANUSE
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NN




Hcal — mpousBoacTBo
Ha abcopOep
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1996

Mennu njao4uu

1997
MecHMHIOBM IIJI0YH




Hcal — mpousBoacTBo
Ha adcopOep
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1997

700 t MeCMHIOBH IJIOYH



Fhcal — HV 3axpanBane
UANSAE
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2kV




1999
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B. I'enues

The Twenty Member States of CERN

ILIEPH nnec:

20 EBpoOIeicKH CTpaHH
bearapus qien or 1999

8 CtpaHu HaOIIOIATEIN:
CALI, Anonus, Muaus, Typuus...

34
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Comparators
| give (1.5 strip
resolution
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- XY npeuusHa maca
- ra3zoBa cucreMa
- KOMITEepHO ynpasiasemo HV 3axpauBane

36

B. I'enueB

Texuuyecku napamMerpu:

- Hanpexenue: 0 - 4000 V

- ToK: 0 — 0.4 mA

- cradmiaHoct: < 0.1%

Mony.r:

- Opoii kaHau: 12

-KOHTPOJI: HAIIPEKeHue, max. TOK,
U3XOAHO HAIIPEKEHHUE 32 BCUYKU
KAHAJU B MOJYJIA

IEPH, 13-17 Oxromspu 2008




RPC: Kamepu cbc
CHIPOTUBUTEJHH MJIOCKOCTH

IEPH, 13-17 Oxromspu 2008

lonizing

Detecting strips
particle

Electron
multiphication

HV Al foil

UAUSE u CY

- MIPOMU3BOACTBO HA MeX. eJIEMEHTH RPC - 1ecHu 32 IPON3BOJCTBO

- cri06siBaHe U TecTBaHe Ha 125 RB3 kamepn M €BTHHA. Morar na ce

- MHTerpvMpaHe B CMS INOKPUSAT IoJICMH IJIOIIH.
BpemeBoTO MM pa3penieHue e
MPEeBb3X0AHO.
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RPC . HpOH3BOHCTBO IIEPH, 13-17 OkromBpu 2008
N TCCTBAHC

B. I'enueB

@ IIPOU3BOJCTBO IgR o

O TECTBAHE

N3INCKBaAHUA
paspelueHue no Bpeme <2ns
ecekTUBHOCT 295 %
yecToTa = 1 kHz/cm?
Lym < 5 Hz/cm?
BEpPOSITHOCT 3a CTPUMep <10 %
HV nnaTto 2300V
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RPC . TECTB aHe LIEPH, 13-17 Oktomspu 2008
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Okono 43’000 kabena c obua
AbmkuHa ot 1’200 km 6axa
MHCTanupaHu
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Fisica Teotica-Universidsde Estad, o F.
liversid. de o3 Estado do Rl g¢ Janein, Rig de

aaren and Nuclear Energy, Sofa
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