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TpekoBble AeTeKTopbI:
a) rasosbIe
6) TBepAOTEesbHbIe

KanopumerTper:
a) 3N1eKTPOMArHUTHbIE
6) aapoHHbIe

Hetektopbl Ha LHC




"a3oBbIe aeTeKTopbI

«ConomeHana» TpybkKa
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COBPEMEHHBIE OETEKTOPLI, cosparowme cunbHeIU rpaaueHTt E-nons:

Mukpomeras Mukpoctpun GEM ra3oBbIN 3neKTpOHHBIU ycunuTens

parallel plate strip hole groove



NoHM3auMoHHasa — Becb 3apas cobupaetcs,
ra30BOro yCUAeHmA HeT, ycuneHue ~ 1

[MponopunoHanbHaa — ycuaeHne MoHmM3aumm;
CUrHanN NPONOPLMOHANIEH HAaYalbHON MOHM3ALUMN
—> BO3MOKHO namepeHue (de/dx);
BTOPUYHbIE IaBUHbI A0NXKHbI ObITb NOAABAEHDI;
ycunenue ~ 104 - 10°

OrpaHuyeHHas nponopumoHanbHas (cTpumepHas) —
cMnbHasa $OTOIMMUCCUA; BTOPUYHbIE JTaBUHDI
0b6beanHAIOTCA C HaYa/IbHOM; CUNbHbIE
nogasnTenn nam umnynbcHoe HV;
60/1bWON CUTHAN — NPOCTAN 3/IEKTPOHUKA;
ycuneHue go ~ 101°

[enrepoBcKkaa — MmaccuBHaA GOTOIMUCCUA; pa3pAaa Mo
BCEW AJ/IMHE NPOBOJIOKM ; OCTaHaB/IMBAETCH
cHATUEM HV ; HYXHbI CU/IbHbIE NOrNoTUTENN
Bonblioe mépTBOE Bpemsa, MeaNEHHbIN.
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"a3oBbIe AeTeKTopbI

CUUTLIBAHUE C KATOAHBIX CTPUMOB UMK NAAOB.
OnpepeneHue BTOPOU KOOPAUHATLL C MOMOLLBHO
WHTEpnonNaumMmn UHAYLUPOBAHHOIO CUMHAMA Ha
cTpUnbL (NOMOCKU) UNU NaabI (NOWaaKM).

ManeHbkuu 3a30p -> 6LICTPLIM AeTeKTOop.

Induced positive - -
signal on X strip T~ Low density filler 3 mm

Graphite layer A tResistive electrode 2 mm
Frame “l‘ '—:—spacer—l—' Gas 2 mm :

HV contacﬁ

- T/ ¥ Induced negative Copper ground plane

Insulating foil ' signal on Y strip




MHoronpoeosiouHas nponopumoHanbHaa kamepa  MWPC

Wnes pasmecTutb MHoro npososiovek: Nobel Prize 1992
| Bonbliaa naowanb, LMPPOBOE CHUTbIBAHME. e

S
| Sy o —
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| TlepBoe ycTpoUCTBO ANS 3NEKTPOHHLIX IKCMEPUMEHTOB,
no3sonsrolee HabupaTb BLICOKYHO CTATUCTUKY !!

TunuyHas reomeTpus
5mm, Imm, 20 um

TTpocTpaHcTBeHHOe paspelueHue:

Anad=1mms, =300 mm

G. Charpak, F. Sauli and J.C. Santiard



field cage
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readout chargber

Alice TPC
HV central electrode at -100 kV
570132 pads with pad size 7 x 4.5 mm?

Drift lenght 250 cm at E=400 V/cm
Gas Ne-CO, 90/10 %

Space point resolution ~500 mkm
dp/p 2%@16eV; 10%@10 GeV

Lllenesp rasosbrx aetextopos!

counts

ALICE

Pb-Pb \/snn = 2.76 TeV

run: 137171, 2010-11-09 00:12:13
3 3
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ALICE cuctema BpemeHu nporneta
Cathode pickup

electrodes
/ N
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TeepaoTenbHbIe AeTeKTOopbI

TTonynpoeoaHukoBbie kpuctannel Si, Ge, GaAs, Diamond
TTnotHocTb ~ 1000 pas 6onble, NO CpABHEHUHO C rA30BLIMU

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

HauanbHeiv 3apsaa ~ 10000 6onblue -> He HyXHO ycuneHue

B rasoBbIx CKOpPOCTb 351eKTPOHOB U UOHOB pa3nuudaetca 8 1000 pas, B
MOy NPOBOAHUKOBBLIX CKOPOCTb 3/1IEKTPOHOB U ALIPOK ~OAUHAKOBA

-> MeHblUe HanpsxeHue, KOpoTKMe CUrHAnbL, 6bICTpbIe AeTeKTopbI
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TeepaoTenbHbIe AeTeKTopbI

OAHOCTOPOHHUU CTPUNOBBLIU AETEKTOp ,,)1

e CermeHTtaums p* cnos Ha CTPUMLI U CYUTLIBAHUE MO UHAUBUAYASIbHBIM KAHAIAM
AGeT KOOPAUHATHYHO UHOPMALUIO.

won A W TunuuHaa TonwwmHa: 300um  (150um - 500um)
I
- M / 4 A
A ) NA T L Mcnonbsyetca n-tun Si ¢ conptusneHnem
p* stlicon
W p = 2 KQcm (N, ~2.2:10%2cm’3)
7 % ntypésiucun HanpsxeHue ~ 150V

TununyHaa reometpma 20 um— 150 um = 50 um pitch aaet paspeweruve 14.4 pm
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TeepAoTenbHbIe AeTeKTopbI

TMOpUAHBIN NUKCeNbHBLIN AETeKTop

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

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

PARTICLE

!
DETECTORCHIP  ,*+ ,.

A
. /.
+

- .{1.'

ra
s / CHIP COMTACTS
BUMP
SIGMAL OUT
—-

/ ELECTRONIC CHIP
/

¥

Flip-chip technique

ATLAS <= 92:10° nukcenei
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TBep.ElOTeJ'I bHbIE AETEKTOpPbI |V|O.£l.yfl b A€TEeKTOpa

I [JeteKkTtopHble moaynaun - “OCHOBHbIE 3/IEMEHTbI TPEKOBbIX AETEKTOPOB”

e Si ceHcopbl

e MexaHMYecKne aepKaTtenu, NMTaHME U OXNaxkaeHune
e Front-end aneKTPOHMKA 1 Nepegaya CUrHanos

I Mpumep: ATLAS SCT Barrel Module

e Silicon sensors (x4)

- 64 x 64 mm?

- p-in-n, single sided

- AC-coupled

- 768 strips

- 80um pitch/12um width

e Mechanical support

- TPG baseboard
- BeO facings

e Hybrid (x1)
- flexible 4 layer copper/kapton hybrid

- mounted directly over two of the four silicon sensors
- carrying front end electronics, pitch adapter, signal routing, connector

o ASICS (x12)

- ABCD chip (binary readout)
- DMILL technology
- 128 channels

e Wire bonds (~3500)
- 25 um Al wires

ATLAS - SCT

15.552 microstrip sensors
2.112 barrel modules
1.976 forward modules
61 m?2 silicon

ATLAS <= 6.3-10° strips
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TBepaoTenbHbIe AeTeKTOopbI

ATLAS Inner Tracking Detector (ID) 6.2m

) L T nunnnnnn
ja111 EEEER

...............

21m
. i \{\ Barrel semiconductor frack
: e \ arrel semiconductor fracker
V / iw-u ® - W= ‘,_; Y| ™ - Pixel detectors
- D e aa AN Barrel transition radiation tracker

,.l‘ . End-cap transition radiation tracker

End-cap semiconductor tracker

PeanbHbie AeTekTOpHbIe Moay U
OnopbI-noaAepxKu

Kabenu cuntbiBaHUS U ynpaeneHus

CnoxHasa cuctema oxnaxaeHus
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AeTexKTope

ATLAS

Data Vs = 13 TeV (2015) |z| < 400 mm
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65 ogHOBpPEeMEHHbIX NPOTOH-NPOTOH CTO/IKHOBEHUIA

EXPERIMENT

| Run Number: 336852, Event Number: 883966264

Date: 2017-09-29 09:19:23 CEST
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Tpurrep u cuctema cbopa AAHHBLIX

~40 MUNIMOHOB NEPECEYEHN NYYKOB B CEKYHAY
~1 mmunnnapaa NPoToH NPOTOH CTO/IKHOBEHMUI B CEKYHAY

Trigger DA
Event rates g9 “ Peak data rates
(peak) [MGHL.::IU:‘I] [fpslée‘ll'] [Dﬂﬂer] (primary physics)
= O(60 TB/s)
40 MHz ; 5
cmer |2 (re) Cre) (e
FE | [ FE | | FE | [
Hard L
ardware L Level 1 Accept '(JP L ¢ Eﬂ
@
[rop] [rop] [ROD]
100 kHz Regions of M
Interest -~ 160 GB/s
(rsy) vy
Readout System ]
~ 40k
Y Fragments
[[[[ Processing Unit v
Full event ~25 GBls
\J
~1%5kHz . ~1.5GB/s
[ CERN |

A e e e
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KanopumeTpbr

Kanopumerpus - nsmepeHue sHeprum nytem nosiHoOro nornoLieHus

Ob6bIyHO 06beanHsaeTCs ¢ «rpybou» NPOCTPAHCTBEHHOU PpeKOHCTPYKLUeU
[ecTpyKTUBHBIU MeTOoA - YacTuLbl ucyesaroTlll

[Ba rnaBHbIX TUNA Ka/JlIOpUMeTpPOoB
-> 3/1eKTPOHbI U GOTOHDbI (INEKTPOMaArHUTHbLIN KanopumeTp)
-> MPOTOHbI, HEMTPOHbI U MUOHbI (AAPOHHDbIN Kanopumerp)

[ABa cnocoba nsmepeHui :
fomoreHHble KanopumeTpbil
JeTtekTop = abcopbep (CULMHTUNNALUOHHDbIE KPUCTAN/bI)
Mcnonb3ytoTca TONbKO ANA 3/1IEKTPOMArHUTHbIX KAAOPUMETPOB

CaMnNMHI KaNopUMeTpbI = Yepegytowmecs
Abcopbep (nNoTHOE BewecTBO -> YacTbie B3aUMOAENCTBUA -> BTOPUUHbDIE YacTULLbI

Peructpupyowime anemeHTbl - (ra3osble, })XKUAKOCTHbIE, TBEPAOTE/bHbIE)

MHOro pasHbIX TUNOB KOHKPETHOW peanu3aLuu B pasHLIX 3KCNepumMeHTax

18



[OMOreHHbIN anekTpomMmarHnTHbin CMS KanopumeTp

CMS Barrel + end-cap anekTpomarHuTHbIN KanopumeTp: lead tungsten crystals PboWO,

Ring 2 Ring 1 Ring 0
15 14 13 12 11 1 g B 7 & 5 4 3 2 1
.\""w.__h y — x:-:.. - I\:I~(<'AT_‘:~ th:I\TI-:JI_t-J..Br- - ——
= - " -, Y i \ Vool |
T, e - s i "-I' L \ |

N A
" N, 5 L% \ 5 i
L MAGHET, COLL Y, G
k b

. ..'-""H:__\\\:M“'-__ x“‘-\ "&_K xk Y I'".l '_II ':II. ,.I .:
e B ] - S I':

e H\""-\. \\-\-:?\-:“\-\\\ H\‘\-\?\-\“\:\k 'I." .Ill'nlll |III |II '-i
NN
S===———=ee=e

HCAL BARREL

1 HCAL
END CAP

BEAMNI LIME

- 7.0 m L

78000 Kpuctannos BbipalleHHbIX B Poccun n Kutae 3a 10 net (2 AHA Ha KpucTann)
Barrel: 1.5 kr 2.2 x 2.2 x 23 cm?3, 25.8 X, (X, = 0.89 cm)

Pa3spelueHune sHeprum poToHa npumepHo 1%
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CamMnN/INHIOBbIE Ka/IoPUMETPBbI

DNEeKTPOMArHUTHbIE N a4POHHbIX KaNOPUMETPbI
[NornotTntenn: cBMHeL, Meab, Kenes3o, ypaH,...
AKTUBHbIN 3N1EMEHT:

* [a30Bble geTeKTopbl

* CUMHTUANATOPDI

* ONTOBONOKHO

* KpemHueBble aeTeKTopbl L

¥ugKue uHepTHbIE rasbl: AApPOHHBIN Kanopumetp CMS
Ar, Xe, Kr bpoH3a + CULMHTUANATOPDI




TeepaoTenbHbIe AETEeKTOpbI: CLIUHTUNAATOPLI @
=

$OTOHLI OTPAXAFOTCA MO HAMNPABMEHUHO K KOHLAM CLUHTUNNATOpA.

TTo ceetoBOaam POTOHBI NonaaaktoT B FOTOyMHOXUTenNb, rae
KOHBEpPTUPYHOTCS B 3MEeKTPUYECKUU CUrHan.

POTO YMHOXKUTEND

MINOS SCINTILLATOR STRIP

UP TO 8m

CermeHTUpys, MOXHO
NONyYUTb NPOCTPAHCTBEHHOE
paspeleHue.

REFLECTIVE SEAL

TiO2 LOADED POLYSTYRENE CAP

N3-3a ucknroumTenbHoro
6bicTpoaeucteua (<1ns),
UCNONb3yOTCA ANS

SCINTILLATOR

\ CLEAR POLYSTYRENE

Tpurrepa, spemsa nponera,
WLS FIBER
KanopumeTpel U T.A4. %

41mm
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[leTeKTopbl, pernctpupytowme ceet
OT BO36OY)KAEHHbIX aTOMOB

- ®0oTO YMHOMKUTEND

- Avalanche photo diode
- KpemHeBbI $OTO YMHOMKUTEND

POTO yMHOXUTENb

Photocathode

lonization track

Focusing electrode

/ )
m% “~~~;1%8 Jﬂy " IRt \ i y i ;
High energy | 5% b AA ‘
phOton Low ener;’/lphotons / \
/ 3 | ’ \ [
Scintillator Primary Secondary Dynode  Anode
electron electrons

Photomultiplier Tube (PMT)

IR

Connector
pins

Avalanche photo diode (APD)

P layer

N contact
(cathode)

Si0, layer

incident
light

N layer

depletion

O
P contact
(anode)
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Kanopumertper

Mpumep ECAL (camnanHr)

ATLAS 3n1eKTPpOMarHUTHbIN KaiopumeTp

Abcopbep c «akkopaeoHHOW» reomeTpumelt B Liquid Argon

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

N AVAVAY \/\/,v + MHOroc/10MHaA MeaHo-
NN AN W/
N WA nonMaMuaHasa nnata

% = MOHW3ALLMOHHAA Kamepa.

1 GeV - BblaeneHne -> 5 x10° e

19Ln

MWHUMYM MepPTBbIX 30H.

LAr pagnaumMoHHO CTONKUMN.

[lnata cYyMTbIBaHMA NO3BONAET
TOHKYIO CermeHTauuto.

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



Hetextopbr Ha LHC

OCHOBHbIE NPUHLMMBI BbI6OPa KOHCTpYKUMU [leTekTopa:

KoHuenT [JetekTopa 3aBUCUT OT TOFO, YTO U3y4daTb

* NlonxHbL 6b1Tb CUrHaTYpbI U3 Teopuun (Higgs, top quark, etc ...)
* Kak usmepatb (pasnuyHag skcnepumeHTanbHas TexXHUKa)

Hapno Bceraa nOMHUTDL

CTOUMOCTb YCTAHOBKM YBesIM4YUBAETCS NPONOPLUUOHANBHO ~0bbemy

Kak MOXHO MeHblle maTtepuana nepen KannopumetTpamu

Kak moxHo 6onblie matepuana nepes MHOOHHBIM CMeKTpoMeTpom

fepMeTUYHOCTb, Ho nerkuii AocTyn nocne OTKPLITUSA
AeTeKTopa

24



Hetextopsr Ha LHC

XapakTepHble TpebosaHUA

Letextop aonxeH otpaboratb 10 net unu 6onblue
PapuaumoHHoe paspylueHmne maTepuanos U 3N1eKTPOHUKU
Bo3spelicTBUe Ha BCHO 3KCNepuMeHTanbHyH 30Hy (neutrons): NEW!

HonxeH 6bITb MAKCUMASIbHO BbICTPOASUNCTBYHOLLIUM
25 ns - BpeMa mexay CTONIKHoBeHUamu 6aHyein: NEW!

LonxeH umeTb XOpoLlyHo rpaHyapHOCTb
Heobx0aMmo MUHUMU3UPOBATL 3pekT HanoxeHus: NEW!

LonxeH UHAEHTUPULIMPOBATL OYeHb peaKue COBbITUS
NpeHTupuKkauma nenToHoB No OTHOWEHUO K OFPOMHOMY
KXO ooHy, Tak Kak e/ jet oTHoweHue Ha LHC ~ 1072,
T.e. ~ 100 xyxe, yem Ha Tevatron
CeyeHue CUTHAINA ~ 10 ot nonHoro ceyeHus: NEW!
On-line pexekuma ponxHa 661Tb ~ 107: NEW!
XpaHeHue aaHHbIX ~ 10° cobbrTuii 1 Mb-Horo pasmepa B roa: NEW!




OetexTopbr Ha LHC

Muon
Spectrometer

Hadronic
Calorimeter

Electromagnetic
Calorimeter

Solenoid magnet
Transition
Radiation

Tracking Tracker

Pixel /SCT detector

The dashed tracks
are invisible to
the detector




Pacnag bo3oHa
Xurrca B 2 $OTOHA

M,,=127 GeV
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Pacnapg bo3oHa Xurrca B 2 ¢oTOHa

CMS CMS Experiment at the LHC, CERN
Data recorded: 2016-Oct-09 17:03:21.065792 GMT
Run / Event / LS: 282734 / 310970836/ 153

T R
B

WY




~

S/(S+B) Weighted Events

Pacnapa bo3oHa Xurrca B 2 $oTOHa

INEKTPOMATHUTHbIN KanopumeTpbl ATLAS n CMS 6biau
CMPOEKTUPOBaHblI YTo bbl “yBMAETb” 3TOT pacnaa bo3oHa Xurrca
TpebyeT pa3spelieHne sHeprnm GoToHa ¢ TOYHOCTbIO Ayyle Yyem 1%

O6a sKkcnepumeHTa He3aBMCUMO OTKpPbIIM Bo30H Xurrca!

CMS Preltm:nary 77 4 fb (13 TeV)

c All categones .
30000 S/(S+B) weighted -

¢ Data 3
— S+Bfit ]
------ B component 3
Y
EE)

25000

20000

15000

10000

(8]
(=}
o
o

100 110 120 130 140 150 160 _ 170 _ 180
my, (GeV)

Events / GeV

Data-Background

50000

40000

30000

ATLAS Prellmlnary
Vs=13TeV, 139 fo'

H—yy, m,=125.09 GeV

¢

Data

— Fit
Background
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CMS Detector

Superconducting Coil, 4 Tesla CALORIMETERS

ECAL HCAL

76k scintillating” Plastic scintillator/brass
PbWO4 crystals sandwich

Steel YOKE

Level-1 Trigger Output
« Today: 50 kHz
(eventually100 kHz)

* Directly feeds Higher

TRACKER Level Trigger CPU farm

Pixels
Silicon Microstrips
210 m? of silicon sensors

9.6M (Str) & 66M (Pix) channels
MUON

MUON BARREL g ENDCAPS
Drift Tube Resistive Plate Cathode Strip Chambers (CSC)

Chambers (DT) Chambers (RPC) Resistive Plate Chambers (RPC)
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37 Countries, 154 Institutes,

ALICE: study of quark-gluonplasma | _.4 gver 1500 members

- 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

S {EMCAL

B

)

TRACKING e
CHAMBERS /%

|

I
[ TRIGGER
_ ~ ACHAMBER

—
—
4‘;'"’\ —4

ZDC
~116m from P,

Size: 16 x 26 meters
Weight: 10,000 tons
27

DIPOLE
MAGNET
Road Ma pverie

ABSORBER
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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
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Argentina
Armenia
Australia
Austria
Azerbaijan
Belarus
Brazil
Canada
Chile
China
Colombia
Czech Republic
Denmark
France
Georgia
Germany
Greece
Israel

Italy

Japan

Status: October 2019

i,
‘i

Morocco
Netherlands
Norway
Poland
Portugal
Romania
Russia
Serbia
Slovakia
Slovenia
South Africa
Spain
Sweden
Switzerland
Taiwan
Turkey

ATLAS
o Collaboration

USA 183 institutions (237 institutes) from 38 countries
CERN
JINR ATLAS

34



ATLAS Detector

45 m
A
=
ATLAS superimposed to Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

the 5 floors of building 40

25 m <

(

8000 Tons

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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Kak ctpounca ATLAS petektop




HetexTopbl Ha LHC

"‘f“-; i

27

Fol
s

- e | ATL_AS Caver No
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\
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HetexTopbl Ha LHC

Barrel calorimeter (EM Pb/LAr + Hadron Fe/scintillator) in |ts flnal posmon at Z 0
A ‘g" - q\",f me '

.l

- - ot b : - ,' — _ 8 Al " ': 4 I - - S s -
ASE, e, 1-21. Aug 2010 - N 46
f*%l.,,lNIIﬂHh(.l‘},\ ‘) RuE 201 LHC Dream-Reality-Vision CtOber 2004 b :

Peter Jenmi (CERING
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Hetextopsr Ha LHC

2.4 m bore x 5.3 m long i
39MJat2T, 773 kKA || 5 tons cold mass

s 5 NG

nmmm'm»

- N
w:qmw. el A ) |

N
\
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HetexTopbl Ha LHC

ATLAS Tracking Detectors e A
2 Tesla solenoid &/p,~ 5x10* p, © 0.01 3 ~t4 e

I

Transsition Radiiation Tracker (TRT) Pixels i St
(4 10 channels) with e/x separation (0.8 108 channels) ‘(?: 15;2‘)?‘ ol
8 channels)
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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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OrpomHoe cnacmbo 3a
BHUMaHue |



bnaroaapHocTu...

Werner Riegler (CERN, ALICE)

Olav Ullaland (CERN, LHCb)

Peter Jenni (CERN, ATLAS)

Christian Goram (CERN, PH)

Herman ten Kate (CERN, ATLAS)

Daniel Froidevaux (CERN, ATLAS)
AnekcaHap Yennakoe (OGN, ATLAS)
AHapeu MonyteuH (Imperial College, ITEPh, CERN, LHCb)
Bnaaumup KapxasuH (OGN, CMS)
AnekcaHap BoaonbaHoe (OMSEN, ALICE)
Bnagumump Perxoe (CERN,(OUSN), CMS)

Berpaxaro 6naroaapHocTb 3a paspelueHue Ha
NCMNOJSb30BAHUE MATEPUAnoB U3 UX NeKLUUU
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"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 ans yuntenen
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"a3oBbIe AeTeKTopbI

Detector Simulation

Electric Fields in a Micromega Detector
Electric Fields in a Micromega Detector

Very accurate simulations
of particle detectors are
possible due to availability of
Finite Element simulation |

Mesh: -425 V

programs and computing power.
Follow every single electron by
applying first principle laws of 55-60 kV/em
physics.
60-100 kV/em

For Gaseous Detectors:
GARFIELD by R. Veenhof
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TeepaoTenbHbIe AeTeKTOopbI ) .
[BYXCTOPOHHUIA CTPUNOBLIU AeTeKTOp

I U3mepeHue 2°% KoopAUHaTDI sio Al

Pasmeltaem n™ n p* cTpunbl Ha Pa3HbIX CTOPOHAX U 2\. \7 1 [ 1
+ o+ O g [
CYNTbIBAaEM CUTHaAN C obeunx L ——r

n+ n+

n - bulk
n+
“p-stop” __ 1] L]

++ T+ + T4
- - - - - .- |
n+ p+ n+

I Problem: Electron accumulation layer
n*-strips are not isolated because of an electron

. e ; ) up_spr_ay” — = - -
accumulation layer at the Si-SiO, interface. This 1 e ] [

N N T~ —

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 — '7' ‘

- “field plates” (metal over oxide) over the n*-strips and - U :xf
apply negative potential with respect to n*-strips to M

repel electrons. N T
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Kanopumertpebr

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

INANEERNANENENA] 1 (3
T
I
il ”‘TﬁH‘HHI i i 8
1 T y = ‘ = 1 “_.!'_
INSULATOR _~ - N T KH— z
; . SN w2
- [
R 7 - o
\J > &
P . 7 A a
EAD RIBBONS N EE NS 5
Q) HIE > N s
o™/ s N : z
© NI = IR [ S S
N\t T 8 «
E NS, g
S N | ,:: o o
/F o = NN S EI
YA e~ NI =2 | ¢
AN Sl NINZ: "
NN 27 N :
T ¢
£ TV \
IT7e YL N
PV | A8 |
P SN / !
G\@// s ; | CLOSING SHELL
ey / ( VETRONITE )
5 / {

f
/ i
) / | VETRONITE_WALL
'SIGNAL FEED THROUGH

GAS OUTLET /

CermeHTUPOBAHHbIN KaTopg + Bpema apeiida
(‘TPC’) nonHasa 3D peKOHCTPYKLUMA IUBHA
o(E)/E =0.32/~/E ©0.043 o, =17 mrad, o,y =1.0 mrad

(HPC was placed behind massive RICH detector !)

@

MNonepe4yHoe pacnpeaeneHune
3apaga s DELPHI HPC

A il
OANHOYHbIN POTOH
Ve »

HanoxeHue aByx

¢doToHoB oT pacnaga °
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Kanopumertpebr

Mpumep HCAL (camnamHr)

AApPOHHDbIU KanopumeTtp CMS

5p0H3a + CUMHTUNNATOPDI

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

CUMHTUANATOPDI Yepes WndTepsbl
cuntbiBatotca HPD (B = 4T!)
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[OMOTreHHbIN OPAL Ecal [@

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

MpuHumn paboThbl
pre-shower getekTopa

-
Calorimeter
10’500 blocks (10 x 10 x 37 cm?3, 24.6 X,)), MpuUMep yCTpoiicTBa. Bbicokas
PM (barrel) or PT (end-cap) readout. rpaHyNAPHOCTb NONe3Ha Ans

o(E)/E =0.06/+/E ©0.002 y/n% e/y, e/n* cenapauum.
Ob6bl4yHO rasosble,

[lpocTpaHcTBEHHOE pa3speweHne ~ 11 mm npu 6 GeV
Tenepb Si AeTEeKTOpPbI. "



Hetextopsl Ha LHC

RDMS Participation in CMS

CMS
A Compact Solenoidal Detector for LHC

FORWARD MUON CHAMBERS TRACKER | crySTAL EcAL |
CALORIMETER

ME1/1 - Forward Muon Station
HE - Endcap HCAL
ME - Endcap Muon Chambers
SE - Endcap Preshower
SUPERCONDUCTING
e
FS - Forward Shilding

CMS-PARA-001-11/07/97 JB.PP
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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)
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HetexTopbl 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

PN Belgium Bulgaria

Russia

Uzbekistan
Ukraine

Georgia
Belaru % Poland
Armenia 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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HetexTopbl Ha LHC

~1000 Members

(63% from CERN MS)
~30 Countries
~100  Institutes
~ 150 MCHF capital

cost (+ ‘free’ magnet)
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TeKTopbI

Fabio Sauli, CERN
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HetexTopbl Ha LHC LHCb

Large Dipole Magnet for Dimuon Spectrometer
(850ton,9x7x4.5m)
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