Peructpaumsa (aetexktuporaHue

yactuy - 2
Hukonav 3umuH

H.3uMnH Hosbpb 2014 LLkona Yuntenen ®usmnkum 1



TpekosbIie AeTeKTopbI:
a) ra30BbIE OKMOKOCTHBIE)
6) TBepAOTEesbHbIEe

KanopumerTper:

a) 3N1eKTPOMArHUTHbIE
6) aapOHHbIE

HetexTopbr Ha LHC
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"a3oBbIe AeTeKTopbI

«ConomeHas» Tpybka
Katog: Metannnyeckasa Tpybka anametpom R

AHopA: 3o/s104eHan BosibGpaMoBana NPOBOJIOYKA I
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Total ionization 0 10 20 30

\ Distance fromanode in units of anode radius

o(lonization) = f (E, gas) > Ta30Boe ycuneHune
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Pexumbr paboTbr

MoHU3aLMoHHas — BeCb 3apAaj, cobupaercs,
ra3oBOro yCUAeHus HeT, ycuneHue ~ 1
MponopuuoHanbHas — ycuneHmne NoHU3auum;
CUrHaN NPONOPLIMOHANEH HaYabHOM MOHM3ALUMN
—> BO3MOKHO namepeHue (de/dx);
BTOPUYHbIE NaBUHbI A0MKHbI ObITb NOAAaBAEHbI;
ycunenue ~ 104 - 10°
OrpaHu4YeHHas NponopLnoHanbHana (cTpumepHas) —
cuNbHaA $OTOIMUCCUA; BTOPUYHbIE NAaBUHbI

12
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1010

(@]
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o
]

0b6beaAnHAOTCA C Ha4ya/IbHOM; CUNbHbIE
nogasnTenn nam umnynbcHoe HV;
60NbLWOM CUTHAN —> NPOCTAA 3NIEKTPOHUKA;
ycuneHue go ~ 101°

[enrepoBCcKaa — MaccMBHaa GOTOIMMUCCHUA; pa3pad Nno
BCEW A/IMHE NPOBOJIOKU ; OCTaHABAMBAETCH 1
cHATUEM HV ; HYXHbI CU/IbHbIE NOrNoTUTENN
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MHoronpoeosiouHasa nponopumoHanbHaa kamepa  MWPC

Wnes pasmectutb mHoro npososiovek: Nobel Prize 1992 Py gy

TTepBoe yCTpPOMCTBO ANA 3MEeKTPOHHBIX 3KCMEepUMEHTOB,

no3sonsrolee HabupaTb BLICOKYHO CTATUCTUKY !

TunuyHas reomeTpus

(e \

5mm, Imm, 20 pm |
e N~

Linepposoe cuntbisaHue :
TTpocTpaHcTBeHHOE paspelleHue

AL LR LCL e #

Oy X — L

V12
Onad=1mm g, =300 um

G. Charpak, F. Sauli and J.C. Santiard
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"a3oBbIe AeTeKTopbI

CUnTBIBAHUE C KATOAHLIX CTPUMOB UMU NAAOB.
OnpepeneHuve BTOpOU KOOPAUHATLI C MOMOLLBHO
WHTEepnonNaumMn UHAYLUPOBAHHOIO CUMHANA Ha
CTPUMBL UMK NAAbL.

ManeHbkuu 3a30p -> 6LICTPLIN AeTeKTOop.

/
-

T T T L] T

T0O p= —
Fit by Gauss + Pambolaw

‘ B0 Gp=634um
/ 500 = =

MeTopa B3BewmBaHUS
HaBeAeHHOro cUurHana.

Everts

400 -

200~ -

100~ -

o J—— | oA 1

-08 -04 02 0 0.2 04 0.6

Recldual |, (mm)
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"a3oBbIe aeTeKkTopbI

e
r

N_288

€ Ha4va/IbHblM 3N1EKTPOH

Opyrue reometpuum, cosparowme rpaameHt E-nona: COBPEMEHHbBIE OETEKTOPBI

MuKpomelu

MukpocTpun

parallel plate

strip

GEM ra3oBbIv 3NeKTPOHHBIN ycunuTenb

groove

@)
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Alice TPC

HV central electrode at -100 kV
Drift lenght 250 cm at E=400 V/cm
Gas Ne-CO, 90-10

Space point resolution ~500 mkm
dp/p 2%@1GeV; 10%@10GeV

Events from STAR TPC at RHIC
Au-Au collisions at CM energy of 130 GeV/n
Typically ~2000 tracks/event
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TeepAoTenbHbIe AeTeKTopbI

TTonynpoeoaHukosbie kpuctannel Si, Ge, GaAs, Diamond
TTnotHocTb ~ 1000 pas 6onble, NO CpABHEHUHO C FA30BLIMU

SHeprus Ha cosaaHue napbl 3NeKTPOH-AbIPKA B / pas mMeHblue,
Yem B AproHe

HauanbHeiv 3apaa ~ 10000 6onblwe -> He HyXHO ycuneHue

B rasoBbIx CKOpOCTb 351eKTpOHOB U UOHOB pa3snuudaetca 8 1000 pas, B
MOy NPOBOAHUKOBBLIX CKOPOCTb 3/1IeKTPOHOB U ALIPOK ~OAUHAKOBA

-> KOpPOTKUE CUTHanbI, 6bICTpbIe AETEeKTOpHI.
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OAHOCTOPOHHUW CTPUNOBLIN AETEKTOp @Iw

® cermeHTaums p* cnosg Ha CTpUMbI U CYUTLIBAHUE MO UHAUBUAYASIbHLIM KaHAaM
AGeT KOOPAUHATHYHO UHOPMALUHO.

TunuyHasa TonwwmHa: 300pm  (150pm - 500pm
§i0, Al 7 / 7z 2 = Hm - (1504 Hm)
N AArAr
A ) NA s L Ncnonbsyetca n-tun Si ¢ conptusneHnem
> pt silicon
LAY A p =2 KQcm (N, ~2.2:10%2cm™3)
1 n type silicon HanpaxeHue ~ 150V

TunuyHaa reometpma 20 um— 150 pm = 50 um pitch aaet paspeweruve 14.4 pm
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TeepaoTenbHbIe AeTeKTOopbI 5 . @‘
[BYXCTOPOHHUW CTPUNOBLIU AETEKTOp /)
s

I N3mepeHue 2°% KoopAUHaTDI sio Al
Pasmeltaem n™ n p* cTpunbl Ha Pa3HbIX CTOPOHAX U 2\‘ 1] [ ]

6 ++ T+ +++ + +
cYMTbIBaeM CUrHan c obeunx e e

I Problem: Electron accumulation layer
n*-strips are not isolated because of an electron
accumulation layer at the Si-SiO, interface. This
effect is due to the presence of positive charge in
SiO, layer which attracts electrons.

I Solution: “Break” accumulation layer

- p-strips in between the n-strips (“p-stop”) “field plates”

- moderate p*-implantation over all surface (“p-spray”) @Jr o 'T ‘

- “field plates” (metal over oxide) over the n*-strips and - == \;,Xf
apply negative potential with respect to n*-strips to "

repel electrons. N T
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TeepAoTenbHbIe AeTeKTOopbI

TMOpUAHBIN NUKCeNbHBIN AETeKTop

I HAPS — lMbpuaHbIN aKTUBHbIN NUKCENbHbIN CEHCOP
e CermeHT Si C BLICOKOU MPpaHyIipHOCTbHO Sl R AT
(= true 2D, HeT npobnem c X-y HeonpeaeneHHOCTbHO)
o CUMTLIBAFOLLAA 3NIEKTPOHUKA C TOU Xe reomeTpuen
(kaxaas a4enka - K CBOeMy KaHany)
e cOenHeHWe nocpeacTBom "bump bonding”

o Lnpoko ucnonb3yrotca 8 LHC skcnepumeHTax:
ATLAS, ALICE, CMS and LHCb

PARTICLE

!
DETECTORCHIP  ,*+ ,.

A
. /.
+

- .{1.'

Fa
s / CHIP CONTACTS
BUMP
SIGMAL OUT
—-

/ ELECTRONIC CHIP
/

¥

Flip-chip technique

ATLAS <= 8010° nukcenei
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TeepaotenbHbIe AeTeKTopbl Moaynb getekTopa @‘
7

I [OetekTopHble moaynun - “OCHOBHbIE 3/IEMEHTbI TPEKOBbIX AeTeKTops”
e Si ceHcopbl
e MexaHuyeckme aeprkatenu (oxnaxxaeHue)
e Front-end aneKkTpoHMKa 1 Nnepeaaya CUrHaA0B

I Mpumep: ATLAS SCT Barrel Module

e Silicon sensors (x4)

e o ASICS (x12)

- p-in-n, single sided .

- AC-coupled - ABCD chip (binary readout)
- 768 strips - DMILL technology

- 80um pitch/12pum width - 128 channels

e Wire bonds (~3500)

e Mechanical support -25 pm Al wires
- TPG baseboard
- BeO facings F ATLAS - SCT

15.552 microstrip sensors
2.112 barrel modules

- flexible 4 layer copper/kapton hybrid 1'9762f(?r.wa rd modules
- mounted directly over two of the four silicon sensors 61 m? silicon
- carrying front end electronics, pitch adapter, signal routing, connector B ATLAS <=6.3-10° strips

e Hybrid (x1)
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TBepaoTenbHbIe AeTeKTOopbI

ATLAS Inner Tracking Detector (ID) 6.2m

B )

) I L T nunnnnnn
ja111 EEEER

\ Barrel semiconductor tracker
Ll Pixel detectors

Barrel transition radiation tracker

-1 End-cap transition radiation tracker

End-cap semiconductor tracker

PeanbHbie AeTekTOpHbIe Moay U
OnopbI-noaAepxKU

Kabenu cunTbiBaHUS U ynpasneHus

CnoxHasa cuctema oxnaxaeHus
43



TeepAoTenbHbIe AeTeKTOopbI

Hetextopbl, peructpupyrowme cset ot Bo36yxAeHHLIX aTOMOB
2> CUUHTUNNATOPLI

«Bcemu «pubpamu» aywm nodyscteoearsb...»
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TBepAoTenbHbIE AeTeKTopbI

POTOHBLI OTPAXKAIOTCSA MO HANPABMEHUIO K KOHLIAM
CUUHTUNNATOPA.

TTo ceeTtoBOAGM (POTOHLI NonaaatoT B FOTOymHOXUTenb, rae

KOHBEpPTUPYHOTCA B 3MEeKTPUYECKUU curHan.
A

Scintillator Light Guide Photon Detector

{ /
O >:D/

CermeHTUpYya, MOXHO NOMY4YUTb NPOCTPAHCTBEHHOe paspelleHue.
U3-3a ucknroumrtensHoro 6rictpoaeuctsua (<1ns) ,

- Trigger, Time of Flight, kanopumeTper u T1.4.
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KanopumeTpbr

KanopumeTtpusa - nsmepeHue sHeprum nytem nNosiHOroO NOroLeHus

O6b14HO 06 BeauHsaeTCa ¢ «rpybou» NpOCTPAHCTBEHHOW PeKOHCTPYKLUEU
[ecTpyKTUBHbIN MeToA)

YacTuubr ucuesarotl!ll

[Ba rnaBHbIX TUNA Ka/JIOPUMeETpPOB
-> 3/1eKTPOHbI U GOTOHDbI (INEKTPOMaArHUTHbLIN KanopumeTp)
-> MPOTOHbI, HEUTPOHbI U NUOHBbI (AAPOHHDbIN Kanopumerp)

[ABa cnocoba nsmepeHui :

lfomoreHHble KanopumeTpbl: JletekTop = abcopbep (CULUHTUANALNOHHDbIE KPUCTaNADbI)
Ncnonb3ylotca TONbKO ANA 3/1EKTPOMAarHUTHbIX KaJIOpuMeTpoB

CamnauHr KanopumeTpbl = yepegytowmeca Abcopbep + getekTop
(ra3oBble, }XUAKOCTHbIE, TBEPAOTENbHbIE)

MHOro pasHbLIX TUNOB KOHKPETHOW peanu3aLuu B pasHLIX 3KCNepumMeHTax
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OPAL Ecal @

OPAL Barrel + end-cap anektpomarHuTtHbiM KanopumeTp: lead glass + pre-sampler
(OPAL collab. NIM A 305 (1991) 275)

[OMOreHHbIN

MpuHumn paboThbl
pre-shower getekTopa

-
Calorimeter
10’500 blocks (10 x 10 x 37 cm?3, 24.6 X,), Mpumep ycTpoiicTea. BbicoKas
PM (barrel) or PT (end-cap) readout. rpaHy4ApPHOCTb NONe3Ha AnA

o(E)/E =0.06/-/E ©0.002 v/n% e/y, e/n* cenapaumm.
Ob6bl4yHO rasosble,

[lpocTpaHcTBEHHOE pa3peweHne ~ 11 mm npu 6 GeV
Tenepb Si AeTeKTopbI. -



Kanopumertper

CaMmnauHrosble — Kak INEKTPOMArHnUTHbIE, TaK U a4POHHbIE€ Ka/Z1I0OpUuMeTpbl

MWPC, ctpumepHble TpybKw,
*ugkoctu (TMP = tetra-
methylpentane, TMS = tetra-
methylsilane)
CUMHTUANATOPDI, Ppaiibepbl,
KpeMHMeBbIe AeTEeKTOPbI
CBMHEL,, Meab, *Kese30, ypaH
Hnakume nHepTHblie rasbl .

LAr (LXe, LKr)

o ANALOG  SIGNAL

Csetocbop TvMna ‘Iawnbik’
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KanopumeTtpsbr

@)

Mpumep ECAL (camnaunHr)
Mpumep ECAL: DELPHI High Density Projection Chamber (HPC)

NMonepeuHoe pacnpepeneHune

x{wn‘{[{u[!” P> €
NN | 3 3apaga s DELPHI HPC
- - \ - 2 ‘ w
NSULATOR : 2 ) T H A o
ZNNL \ % 3 OAMHOYHDIN POTOH
3 i =) [
57 Yo X g 3
- iy AL g
EAD RIBBONS N A <
EAD | S > Ay o «
A i = / z
{é// N Z < | K0 WIS B
T B
ET i\ I Y k %
€ N L o
AN S, Nk 77 20 2
,\//\?“ +‘ : N e p . [ s
s M= 2 S
ET/J‘ i < ///(/}//'/ ; - v
N | < >
N
& ) \ |
e ARy | CLOSING SHELL
(J i AT / ( VETRONITE )
A HanoxkeHue aByx
/ LL
SIGNAL FEED THéEl.lG!L/ HETROMIE A T ¢OTOHOB OT pacnaga 0

GAS OUTLET /

CermeHTUPOBAHHbIN KaTopg + Bpemsa gpeiida
(‘TPC’) nonHasa 3D peKOHCTPYKLMA IUBHA

o(E)/E =0.32/~/E ©0.043 o, =17 nrad, o, =1.0 mrad

(HPC was placed behind massive RICH detector !)
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KanopumeTtpsbr

Mpumep HCAL (camnauHr)

AApPOHHDbIU KanopumeTtp CMS

5p0H3a+ CULNHTUNNATOPDI

2 x 18 knnHbeB (barrel)
+ 2 x 18 knnHbeB (endcap)
~ 15000 T abcopbepa
5.8 4, at n=0.

CUMHTUANATOPDI Yepes WndTepsbl
cuntbiBatotca HPD (B = 4T!)

o 65%
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Hetextopbr Ha LHC

OcHOBHbIE NPUHLMNBI BbIOOpa KOHCTpYKUMU [leTekTopa:

KoHuenT [JetekTopa 3aBUCUT OT TOrO, YTO U3y4daTb

* NlonxHbL 6bITb cUrHaTYphI U3 Teopuu (Higgs, S-particles, efc ...)
* Kak usmepathb (pasnuyHag skcnepumeHTanbHas TexXHUKa)

Hapno Bceraa NnOMHUTDL

CTOUMOCTb YCTAHOBKU YBesIMYUBAETCS NPONOPLUUOHANBHO ~0bbemMy

Kak MOXHO MeHblle maTtepuana nepen KannopumetTpamu

Kak moxHo 6onblie maTtepuana nepes MHOOHHBIM CMeKTpoMeTpom

f[epMeTUYHOCTb, Ho nerkuii AocTyn nocne OTKPLITUSA
AeTeKkTopa
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Hetextopsr Ha LHC

XapakTepHbIe TpeboBaHUS

Letextop gonxeH otpaboratb 10 net unu 6onblue
PapuaumoHHoe paspylueHre maTepuanos U 3N1eKTPOHUKU
Bo3spevicTBUe Ha BCHO 3KCNepuMeHTanbHyHo 30Hy (neutrons): NEW!

NonxeH 6bITb MaAKCUMANbHO BbICTPOAEUCTBYHOLLUUM
25 ns - BpeMa mexay CTONIKHoBeHUamu 6aHyein: NEW!

LonxeH umeTb XOpoLlyHo rpaHyapHOCTb
Heobxo0aMmo MUHUMU3UPOBATL 3pekT HanoxeHus: NEW!

[lonxeH UHAEHTUMULIMPOBATb OYeHb peaKkue cobbITUS
NpeHTupuKauma nenToHoB No OTHOWEHUIO K OFPOMHOMY
KXO ooHy, Tak Kak e/ jet oTHoweHue Ha LHC ~ 1072,
T.e. ~ 100 xyxe, yem Ha Tevatron
CeveHue CUTHAINA ~ 10'* ot nonHoro ceyeHus: NEW!
On-line pexekuua gonxHa 661Tb ~ 107: NEW!
XpaHeHue aaHHbIX ~ 10° cobbrTuii 1 Mb-Horo pasmepa B roa: NEW!




HetexTopbl Ha LHC

Muon ¢

hambers v

Hadronic calorimeter

Electromaqgnetic

Y

e

calorimeter

3=

i

Inner detecto!r
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["a30BbIe AeTeKTOopbI

B akcnepumeHTax Ha LHC

ALICE: TPC (tracker), TRD (transition rad.), TOF (MRPC),
HMPID (RICH-pad chamber),
Muon tracking (pad chamber), Muon trigger (RPC)

ATLAS: TRD (straw tubes), MDT (muon drift tubes),
Muon trigger (RPC, thin gap chambers)

CMS: Muon detector (drift tubes, CSC), RPC (muon trigger)

LHCb:  Tracker (straw tubes), Muon detector (MWPC, GEM)

25



Kanopumertper

Mpumep ECAL (camnaunHr)

ATLAS 3n1eKTpOMarHUTHbIN KafiopumeTp

Abcopbep c «akkopaeoHHOW» reomeTpuelt B Liquid Argon

W LAr (90K)
\/\/\/\/\/\/Y/\/\M/\/W\W\/\/\/\/\ + CBMHLOBO-}Kene3Hbin (1-2 mm)

N AVAVAY \/\/,v + MHOroC/I0MHaA MeaHo-
NN AN W/
N WA nonMaMuaHasa nnata

% = MOHW3ALLMOHHAA Kamepa.

1 GeV E-BblaeneHune -> 5 x10° e

19Ln

MWHUMYM MepPTBbIX 30H.

LAr pagmMaumMoHHO CTONKUMN.

[lnata cyMTbIBaHMA NO3BONAET
TOHKYIO CermeHTauuto.

PaspeweHue o(E)/E = 9.24%/\/E®0.23% [lpoCTpaHCTBEHHOE pa3pelleHune
5mm /VE



Hetektopbr Ha LHC

ATLAS Detector

45 m
__/\

TLAS superimposed to Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
1e 5 floors of building 40

[

25 m <

8000 Tons

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
27



Hetektopbr Ha LHC

CMS Detector

Superconducting Coil, 4 Tesla CALORIMETERS

ECAL HCAL

76k scintillating” Plastic scintillator/brass
PbWO4 crystals sandwich

/ Steel YOKE
O ‘
Level-1 Trigger Output

« Today: 50 kHz

“_ (eventually100 kHz)
/,

J O

+ Directly feeds Higher

, Level Trigger CPU farm
i 1

TRACKER e 3
Pixels 4’ 'lw/

Silicon Microstrips [

210 m? of silicon sensors
9.6M (Str) & 66M (Pix) channels

y

.-
4 ~

/A :

Jio

|

MUON

MUON BARREL ENDCAPS
Drift Tube Resistive Plate Catl_mc_ie Strip Chambers (CSC)
Chambers (DT) Chambers (RPC) Resistive Plate Chambers (RPC)
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Hetektopbr Ha LHC

ALICE: study of quark-gluon plasma
- L3 solenoid
- Large TPC
- Si microstrip, drift and pixels detectors
- Particle identification: RICH, TRD, TOF
- PbWO, crystals + Pb/scintillator ecal
- Single arm forward muon system

& L
ZDC , MUON"\ ===t
~116m from P, A FILTER S
A gl A g
. L LE

ZDC
~116m from L.P,

.

T s Size: 16 x 26 meters
, “ Weight: 10,000 tons

overies 27

ABSORBER
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Hetextopsr Ha LHC

LHCb:
Study of B decays and CP Violation

(indirect search for New Physics)

- Dipole magnet (4 T.m)

- Particle Identification (2 RICH)

- 21 layer of Si microstrip vertex locator (VELO)
- Tracking: Silicon + long straw tubes

- Shashlik (Pb/scint) em calorimeter

- HCAL (Fe/scint),

- MWPC muon system

ECAL
SPD/PS

RICH2 M1

HCAL

M2

M3
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HetexTopbr Ha LHC

ATLAS
Collaboration

(Status August 2010)

38 Countries

174 Institutions
3000 Scientific participants total
(1000 Students)

Albany, Alberta, NIKHEF Amsterdam, Ankara, LAPF Annecy, Argenne NL, Anzona, UT Arington, Athens, N Athens, Baku,
IFAE Barcelona, Belgrade, Bergen, Berkeley LBL and UC, HU Berlin, Bem Birmingham, UAN Bogota, Bologna, Bonn, Boston,
Brandeis, Brasil Cluster, Bratislava/SAS Kosice, Brookhaven NL, Buenos Aires, Bucharest, Cambridge, Carleton, CERN,
Chinese Cluster, Chicago, Chile, Clermont-Ferrand, Columbia, NBl Copenhagen, Cosenza, AGH UST Cracow, IFJ PAN Cracow,
SMU Dallas, UT Dallas, DESY, Dortmund, TU Dresden, JINR Dubna, Duke, Edinburgh, Frascati, Freiburg, Geneva, Genoa,
Giessen, Glasgow, Gottingen, LPSC Grenoble, Technion Haifa, Hampton, Harvard, Heidelberg, Hiroshima IT, Indiana, Innsbruck,
lowa SU, lowa, UC Irvine, Istanbul Bogazici, KEK, Kobe, Kyoto, Kyoto UE, Lancaster, UN La Plata, Lecce, Lisbon LIP, Liverpool,
Ljubljana,

QMW London, RHBNC London, UC London, Lund, UA Madrid, Mainz, Manchester, CPPM Marseille, Massachusetts, MIT,
Melboume, Michigan, Michigan SU, Milano, Minsk NAS, Minsk NCPHEP, Montreal, McGill Montreal, RUPHE Morocco,
FIAN Moscow, ITEP Moscow, MEPhI Moscow, MSU Moscow, LMU Munich, MPI Munich, NagasakilAS, Nagoya, Naples,
New Mexico, New York, Nijmegen, Northem lllincis, BINP Novasibirsk, Ohioc SU, Okayama, Oklahoma, Oklahoma SU, Olomouc,
Oregon, LAL Orsay, Osaka, Oslo, Oxford, Pans VI and VI, Pavia, Pennsylvania, NPl Petersburg, Pisa, Pittsburgh, CAS Prague,
CU Prague, TU Prague, IHEP Protvino, Regina, Rome |, Rome Il, Rome lll, Rutherford Appleton Laboratory, DAPNIA Saclay,
Santa Cruz UC, Sheffield, Shinshu, Siegen, Simoen Fraser Bumaby, SLAC, South Afnca, Stockholm, KTH Stockholm, Stony Brook,
Sydney, Sussex, AS Taipei, Tbilisi, Tel Aviv, Thessaloniki, Tokyo ICEPP, Tokye MU, Tokyo Tech, Toronto, TRIUMF, Tsukuba, Tufts,
Udine/ICTP, Uppsala, Ul Urbana, Valencia, UBC Vancouver, Victona, Waseda, Washington, Weizmann Rehovot,

FH Wiener Neustadt, Wisconsin, Wuppertal, Warzburg, Yale, Yerevan




HetexTopbr Ha LHC
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Hetextopsr Ha LHC

Central Solenoid

33



HetexTopbr Ha LHC

ATLAS Tracking Detectors
2 Tesla solenoid o/p;~ 5x10* p,; ©0.01

-—

—
—

m— |
= —
. B

~6m long, 1.1 m radius

|

"1

L

Beam Pipe

Transsition Radiiation Tracker (TRT) Pixels i St
(4 10 channels) with e/x separation (0.8 108 channels) '(?: 15;2‘)?‘ il
- channels)
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HetexTopbr Ha LHC

oS e

Barrel calorimeter (EM Pb/LAr + Hadron Fe/scintillator) in |ts fmal posmon at Z 0
Y \g" 7 5 me '
.l q‘y\,' .‘\\ 3

® November 2005 AN

O

l-||

S s ', REEON iV A i ; e _— ‘ 46
ASE, NIThel, 1-21 Aug 2010 , 42
ASP. NiTheF. 1-21 Aug 201( LHC Dream-Reality-Vision ctober 2004 :

Peter Jenmi (CERING
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Hetextopsr Ha LHC

Muon System

Stand-alone momentum resolution
ApT/pT <10% up to 1 TeV

2.6 Tm |n[<1.3 4-8 Tm 1.6<|n|<2.7

/ ~1200 MDT precision
‘ chambers for track

3 Resistive-plate
chambers (RPC)

o i , \,\\\x‘\‘g N

~600 RPC and ~3600 TGC
triggerchambers
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HetexTopbr Ha LHC

The CMS Collaboration

Number of
Laboratories

Member States 59
Non-Member States 67
USA 49
Total 175

# Scientific

Authors

Member States 1084
Non-Member Stateq 503
USA 723
Total 2310

Associated Institutes

Number of Scientists 62

Number of Laboratories g

Belgi :
Austria eigium Bulgaria

France

/ Gemany

__—Greece

Russia
Hungary
Italy
Uzbekistan
Ukraine
Georgia
Belaru % Poland
Amenia Portugal
Turkey
Serbi China, PR Spain
Pakistar { ithuania g:ilna (l;r_aiwan) Switzerland
" ombia
New-Zealand MeXImKorea = Croatia
Ireland India | Cyprus
Estonia

2310 Scientific Authors
38 Countries
175 Institutions
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Hetektopbr Ha LHC

RDMS Participation in CMS

CMS
A Compact Solenoidal Detector for LHC

FORWARD
CALORIMETER

TRACKER

MUON CHAMBERS

2" IR
‘. ] JII-I—LI{“T \

e IS e Dt e e — —
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<>

ME1/1 - Forward Muon Station
HE - Endcap HCAL

ME - Endcap Muon Chambers : \

SE - Endcap Preshower

EE - Endcap ECAL

HF - Forward HCAL CMS-PARA-001-11/07/97  usep
FS - Forward Shilding
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ALICE Collaboration

. Spain/Cuba
Japan,_ Brazil

~1000 Members

(63% from CERN MS)

~30 Countries
~100  Institutes
~ 150 MCHF capital

cost (+ ‘free’ magnet)
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Large Dipole Magnet for Dimuon Spectrometer
(850ton,9x7x4.5m)
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Christian Goram (CERN, PH)

Herman ten Kate (CERN, ATLAS)

Daniel Froidevaux (CERN, ATLAS)
AnekcaHap Yennakoe (ON4N, ATLAS)
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Berpaxaro 6naroaapHocTb 3a paspelueHue Ha
NCMNOSb30BAHUE MATEPUAnoB U3 UX NeKLUUn
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OrpomHoe cnacubo 3a
HeocnabeparoLlee
BHUMaHue |



"a3oBbIe aeTeKTopbI

Detector Simulation

Electric Fields in a Micromega Detector

H.3umunH Hoabpb 2010

Very accurate simulations

of particle detectors are
possible due to availability of
Finite Element simulation
programs and computing power.

Follow every single electron by
applying first principle laws of
physics.

For Gaseous Detectors:
GARFIELD by R. Veenhof

Electric Fields in a Micromega Detector

Mesh: -425 V

55-60 kV/em

60-100 kV/cm

LLIkona ansa yuntenen
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