SKCNEepUMEHTLI B (PU3UKe BLICOKUX
3Heprum (Ha npumepe LHC)

Start-up of the Large Hadron Collider (LHC), one of the largest and truly global
scientific projects ever, is the most exciting turning point in particle physics.
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O UemM ...o AeTeKkTopax

LeTekTop - emkoe cnoeso.

Knaccuoukaumm mHoro.

TTpuHUM MBI perncTpaumnu,

TUMBI KOHCTPYKLUUM.

KomnnekceI agetektopos - [eTeKkTop.

C.CmunpHos/MUDU Russian Teachers Programme, November 2013



BeeneHue
"nasHasa uenb @U3MKU BLICOKUX IHEpruu -
U3yYeHUe «PYHAAMEHTANbHBIX» UMNU «3N1EeMEeHTAPHbIX>

YyacTul U UX B3aUMOLEeNCTBUMN.

Yto ana atoro Hano?
Teopua (CM, SUSY ..) unu naea dukc

Yckoputenu (LEP, Tevatron, LHC, ..)

Hetexktopbr (OrpomMHbIE KOMMEKCHL...)

C.CmunpHos/MUDU Russian Teachers Programme, November 2013



BeepneHue Quarks

uarks (Gell-Mann
= 1(964 ) Proton

Neutron
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BeeaeHue
Perncrpauma yactumuy,

' What is a particle '  Whatis a detector
- Irreducible representation of the - an instrument to measure the all
Poincaré group (E.Wigner) properties (E, p, m, lifetime,

quantum numbers,...) of a particle
and identifying it

Elementary particles

puam—
Weak
Interaction
Electro- ==
magnetic
Interaction
T

on neutrino fau neutrino

Leptons

C.CmunpHos/MUDU Russian Teachers Programme, November 2013



BeepneHue

Standard model Ctonn I: Marepus

It is a theory that explains all the hundreds of
particles and complex interactions with only
6 quarks and 6 leptons.

Most quarks and all charged
leptons very deeply
scrutinized

Neutrinos not really testable
at hadron colliders

Leptons Quarks

Up to now some thousand Top
I B III quarks observed...
The Generations of Matter .
Many open issues yet!

C.CmunpHos/MUDU Russian Teachers Programme, November 2013



BeegeHue
Standard model Ctonn II: Cuner

All interactions very precisely
determined:

C.CmupHoB/MUNDU

Olem = 1/137.03599976(50)
Gu = 1.16639(1) - 10°° GeV-2

Mz = 91.1882(22) GeV

Russian Teachers Programme, November 2013




BeeneHue

Cronn IIT: Higgs

=> Non renormalisable theory!
Standard Model way out: Four Higgs fields
-Three give mass to W/Z

Boson masses and fermion masses break gauge symmeftries

-One is physical with well defined properties (except mass)

Leptons Quarks
€, lu’ T u: C; {
| 0 e | ¢
Photon ww Z° Gluons

H
‘ Higgs Boson | The only missing piece of the SM

C.CmunpHos/MUDU Russian Teachers Programme, November 2013



BeeneHue
Cynepcummempus (SUSY)

(Julius Wess and Bruno Zumino, 1974)

Establishes a symmetry between fermions (matter)
and bosons (forces):

- Each particle p with spin s has a SUSY partner p
with spins -1/2

~

- Examples q(s=1/2) =2 q(s=0) squark

< Supersymmetric
_ _ ; " "shadow" particles
d(s-1) - g(s=1/2) gluino P ,.
Our known wor Maybe a new world? |
Standard-Teilchen SUSY-Teilchen
U '{; ) @ Motivation:
: | rloc® b @ - Unification
\’); v 7 (fermions-bosons,
-~ - . 4 matter-forces)
e u t (Wo - Solves some deep
Quarks 0 eptonen O Kraftteilchen Squarks Sleptonen .| SUSY-Kraftteilchen prObIems o.f the
LHC Dream-Reality-Vision Standard Model

C.CmunpHos/MUDU Russian Teachers Programme, November 2013 9



BeepneHue

UTO MbI MeHbllUe 3HaemM NoKa...

Universe is dominated by "unknown” dark matter/energy.
Constituents of dark matter are new particles? Can be detected?

- TemHas matepus
-CynepcummeTtpus

-Extra dimensions
of space

-YHUMpUKauusa cun

- HosbIe cunbl

Predictions from String theory:
Every particle should have a massive “"shadow" super-partner.

This new symmetry between particles of matter and carriers-
of-force is called supersymmetry.

One of these might be a dark matter particle.

Grand Unified Theory.

There is some evidence that electromagnetic,
week, and strong forces (interactions) merge
into one unified force. New force? W', Z'

Will explore the tiny difference that exist between matter and antimatter

- AHTUMATepus

C.CmupHoB/MUNDU

Russian Teachers Programme, November 2013
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BeepneHue

c LHC  <s=14TeV L=10%cm™s rate eV/Yef"
barn g7 T T T T S S 510 ¥
£ & inelastic LV1 input GHz 310
E H oo H E 14
RN - : 410
gl S S— D
= ﬁ:MHZ —510 13
= nax-£V2-input 2 <10 12
c max V1 output > »
Rb Eimi 310
i A R N ', i J4g 10
E *. 2 3 ?kHZ §10
Al i 3 3
E N2l - max LV3-output > 5 10 9
Foio . z_)|+|- - B H E ]
nb i m-t e g +10°
3 éHZ —é 107
I
pb é_ H é _é105
L ]?: mHz — 104
] ] 3
fb i byt ING \ 4102
g N \ \ 3 3
. NdpHz 4 10
. scalar LQ¥ rac N
’ L a i i
50 100 200 500 1000 2000 5000 1

C.CmupHoB/MUNDU

particle mass (GeV)
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«XopoLlo N3yyeHHble
npouecchbi»,

HeT HeobxoaAMMOCTU
peructpupoBaTtb Bce
coObITHA...

®dusuka LEP - bonbworo
3NeKTPOH-NMO3UTPOHHOro
Konnauaepa

«HoBasi ®u3unka»

9TO Mbl XOTUM BbIAeNNUTb
M 3anucaTtb Ans
AanbHeuLlero aHanusa...

11
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BeepneHue

Oblwue 3ameduaHus...
MbI He byaem paccmaTpuBaTh BCe U3BECTHLIE YaCTULBL...

CKOHLEHTpUpyemcsa TOJIbKO Ha 4acTULax ¢ AOCTATOYHO
60NbWMM BpemMeHeM XU3HU, MO3BONSFOLUM UX
3aperncTpupoBathb

vV, e i, K, p,n

HacTuua, YTO 6bI bbITL 3apPernUCTPUPOBAHHOU, AOSIXHA
UCMbITATb KAKOe-TO B3ammopeucteue ¢ [letektopom

Ecnu nocne 3TOro, Yactmua He CUJIbHO MeH4aeT CBOU

CBOUCTBA, B3aUMOAeCTBUE AONXHO bbITb
3N1eKTPOMATrHUTHLIM

C.CmupHoB/MUNDU Russian Teachers Programme, November 2013
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B3aumopencreue yactuu ¢ BELEeCTBOM

UTo cnyyaetcs ¢ YacTULAMU, NPOXOASLUMMM Yepes BelleCTBO -
B 3aBUCMMOCTM OT TUMA YACTULILL OHA TeM USIU UHBIM CNocobom

B3AMMOACMUCTBYET C ATOMAMU BellecTBa (94pa, 3NeKTPOHLL...)

3apsxeHHbIe YacTULbI

WUCNbITLIBAOT: TeparoT 3Hepruto:
Ynpyroe paccesHue NoHu3aumsa v Bo3byxaeHue
MHorokpatHoe paccesHue TopmosHoe usnyyeHue

YepeHkoBckoe UsnyyeHue
TTepexoaHoe u3nyyeHue

POTOHbLI: doT0-30pexT, KOoMNTOHOBCKOE paccesHue,
PoxnaeHwe napbl 3/1eKTpOH-NO3UTPOH

A.D.pOHbIl Heynpyrue aaepHble npouecchl, HeMTpOHbI
MHFOOHBI:  MoHusaumoHHbIe noTepu, cnaboe B3aMmosaelicTeme

Kackaabr
[nsa saneTpoHos u OTOHOB [nsa aapoHos
DI1eKTPO-MArHUTHbIE SIUBHU ALpPOHHbIE NUBHU

C.CmupHoB/MUNDU Russian Teachers Programme, November 2013
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B3aumopencreue yactuu ¢ BELEeCTBOM

NaeHTUPUKaLMa 4YacTul,

Tracking Electromagnetic Hadron Muon
charnber calorirneter  calorirmeter charnber
photons
—_—
et
—
muons
—
+
-,
— P
n
—
Innermost Layer... P ...Qutermost Layer
Biticld High p High p Tracking
Low p

* Electronsionize and bremsstrahlung due to their small mass

 Photons do no ionize but undergo pair production in high Z material

* Charge hadrons ionize and produce hadron shower in dense material

* Neutral hadron do not ionize but produce hadron shower in dense material

C.CmunpHos/MUDU Russian Teachers Programme, November 2013 15



B3aumopencreue yactuu ¢ BELEeCTBOM

+ -
e /e r WHMoHuszauus

» Topmo3sHoe usnyveHue

dE/dx

A

3apsiKeHHbIe YacTULbI
U (POTOHbI

PoTO-3(pPeKT

1N

SpgpekT KomnToHa

n
>
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n
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B3aumopaencteme Yactul C BeleCTBOM AﬂppoI

SlnepHble B3aumopemcTeus

Bsaumogpeuncteume aApOHOB BbICOKUX 3Heprw>’| C BelleCTBOM NPOUCXOAUT B OCHOBHOM MOCPeaCTBOM
Heynpyrux aaepHbixX npoLueccos.
ynpyrux saep pou .
7.4
p, p, K

TTpoucxoauT Bo3byxaeHUe 1 passan aaep
[¥] dnepHbie pparmenTer (radioactive)
+ poxAaeHWe BTOPUYHBIX YacTuUL.

HauuHas ¢ aHeprun (>1 GeV) ceyeHue cnabo 3aBUCUT OT 3Heprum U OT TUNa
HaneTarowen Yyactuusl (p, p, n, K...).
~c,A"" 0y =35mb

O-inel

Mo aHanormumn c X, BBOAUTCA aAPOHHaA A/IMHA NOT/I0LWEHUA

A 1
A, =—— o< A* because O; zO‘OAO'7

inel
N AOinel

n aaepHaa A IMHa B3aMMOJencTBuS

A 1
Aj=—"— o A° A <4,
N o
A% total
C.CmupHoB/MUNDU Russian Teachers Programme, November 2013 17



Biaumoaencteme yactuL, ¢ BelleCTBOM AAPOHHbIE JIUBHU

BoeneuyeHbr pa3HoobpasHbie
npoLecchl.

HamHoro 6onee cnoxHas kapTuHa
MO CPaBHEHUHO C
3NEeKTPOMArHUTHLIMU KACKAAAMM.

(Grupen)
AAPOHHBIN NUBEHb BKHOYAeT 2 KOMMOHEHTLI:

GAPOHHYHO + 3NeKTPOMArHUTHYHO

; l
HeTpanbHbie nuoHbr p°[¥] 2g

3apsaxeHHbIe aapoHbr  p,p, K&

SpepHbIe PparmeHTbI LY} 311eKTpPOMArHUTHbIE KaCKaAbl
{ Ot passana saep (3Heprus ceasm) n(fco)z In E(GeV)—4.6

HEWUTPOHbI, HEUTPUHO, MATKUE g, MHOOHbI Mpumep E = 100 GeV: n(p?) [7] 18

HeBuAuMas 3Heprus (¥] 6onblume pnykTyaumm (¥} sHepreTuyeckoe paspelueHue

C.CmupHoB/MUNDU Russian Teachers Programme, November 2013
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HetexTopbl Ha LHC

Lake of Geneva

C.CmunpHos/MUDU Russian Teachers Programme, November 2013



HetexTopbl Ha LHC

OcHoOBHbIE NpUHLMNBL BbI6OpaA KOHCTpYKUUU [leTekTopa:

KoHuenuua [etexktopa 3aBUCUT OT TOro, YTO U3yuaTb

* NonxHer 6b1Tb curHatyper U3 Teopumn (Higgs, Sparticles, etc ...)
* Kak usmepatb (pasnuyHag akcnepumeHTanbHas TexHUKa)

CunbHOe MarHuTHoe none

[epemeTUYHOCTDb, Ho nerkuii aocTyn nocrne OTKPLITUSA
AeTeKTopa

MoaynbHOCTb

Hapo nomHUTL

CTOUMOCTb YCTAHOBKM YBESIUYUBAETCAS NPONOPLUOHANIBHO ~0b6bemy
Kak MOXHO MeHblle maTtepuana nepepn Kannopumerpamu

Kak moxHo 6onblue matepuana nepes MHOOHHBIM CMEKTPOMETPOM

C.CmupHoB/MUNDU Russian Teachers Programme, November 2013 20



3apsKeHHas 4acTuua B MArHUTHOM
none

B=0 B>0

C.CmunpHos/MUDU Russian Teachers Programme, November 2013

B>0

3-3
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Hetextopbr Ha LHC

XapakTepHble TpeboraHUS

Hetextop aonxeH otpabotatb 10 net unu 6onblie
PaauauuoHHoe paspylueHue matepuanos U 35eKTpOHUKU
Bo3spevicTeue Ha BCHO aKcnepumeHTanbHyH 30Hy (neutrons): NEW!

[onxeH 6bITb MAKCUMANbHO 6bICTPOAECUCTBYHOLMM
25 ns - Bpemsa mexay ctonkHoseHuamu baHuyen: NEW!

LonxeH uMeTb XOpoLUYyHO TPaHyNSPHOCTb
Heobxoammo MUHUMU3UPOBATL 3PdeKT HanoxeHusa: NEW!

LonxeH UHAGHTUPULIMPOBATL OYeHb pefkue cobbITus
NaeHTUPUKaLMa NenTOHOB MO OTHOWEHUHO K OFPOMHOMY
KXO ooHy, Tak Kak e/ jet oTHOweHue Ha LHC ~ 102,
T.. ~ 100 xyxe, yem Ha Tevatron
CeyeHue CUTHATTIA ~ 10-1* ot nonHoro cevyeHua: NEW!
On-line pexekuua aonxHa 6b1tb ~ 107 NEW!
XpaHeHwe aaHHbIX ~ 10° cobbrTui 1 Mb-Horo pasmepa B roa: NEW!

C.CmunpHos/MUDU Russian Teachers Programme, November 2013
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Preparing for the future : pile-up reconstruction
4 pp interactions in the same bunch-crossing

Run Number: 153565, Event Number: 4487360
Date: 2010-04-24 04:18:53 CEST
Event with 4 Pileup Vertices
in 7 TeV Collisions




HetexTopbl Ha LHC

C.CmupHoB/MUNDU

Muon chambers

v

Electromaqgnetic

Hadronic calorimeter

calorimeter

-
%
N

Inner detectoir

Russian Teachers Programme, November 2013
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Hetektopbr Ha LHC

CMS Detector

CALORIMETERS

ECAL HCAL

— o : .
=% - 76k scintillating~” Plastic scintillator/brass
AL /=) =\ / PbWO4crystals sandwich

. ALY \\ /
o

: Level-1 Trigger Output
« Today: 50 kHz
|-

“ (eventually100 kHz)
+ Directly feeds Higher
Level Trigger CPU farm

Superconducting Coil, 4 Tesla

Steel YOKE

\ ‘ g

TRACKER <N
Pixels

Silicon Microstrips [
210 m? of silicon sensors '
9.6M (Str) & 66M (Pix) channels

()

3 /
A
"\

”

&
/%

.

TN MUON

4
ENDCAPS

Cathode Strip Chambers (CSC)
Resistive Plate Chambers (RPC)

MUON BARREL

Drift Tube Resistive Plate
Chambers (DT) Chambers (RPC)

C.CmunpHos/MUDU Russian Teachers Programme, November 2013 25



ATLAS Detector

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

the 5 floors of building 40

(

8000 Tons

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

C.CmunpHos/MUDU Russian Teachers Programme, November 2013 26



Denmark

Argentina Morocco E>. S
Armenia Netherlands % __ % X ) .
Australia Norway ‘?\» N :
Austria Poland ” - ﬁ-.m‘
Azerbaijan Portugal et & b
Belarus . Romania -
Brazil Russia "'}’ v >
Canada Serbia &
Chile Slovakia
China Slovenia
Colombia South Africa .
Czech Republic Spain

Sweden

38 cTpaH, 180 yHnBEpCUTETOB, MHCTUTYTOB M Hay4HbIX LeHTpoB., 3000 cneymnanmncros, BKAOYaAA
1000 acnupaHTOB

C.CmunpHos/MUDU Russian Teachers Programme, November 2013



Hetexktop ATLAS

—

—l ”
i
P
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AI

-
-
T
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__,

ATLAS Cavern Nov 2005

Russian Teachers Programme, November 2013
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P T T TR B =2
L = R e e

Barrel Toroid components for integration

56 km STPRPTOROUCIO




Central Solenoid

C.CmupHoB/MUNDU

2.4 mbore x35.3 mlong = 9 km conductor (NbTi/Cu + Al-stab.)
3IO9MJat2T, 7.73 kA 5 tons coId mass

Russian Teachers Programme, November 2013
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ATLAS superconducting magnets

1 Barrel Toroid, 2 End Cap Toroids and 1 Central Solenoid

4 magnets provide 2 T magnetic field for the inner detector (solenoid) and
~1 T for the muon detectors in blue (toroids)

¥, Detector characteristics
* 20 m diameter x 25 m long Monbeakns  pucromagretc ot ;@? Dlameter: 23m

< || Weight: 7000t

77777 T CERN AC - ATLAS V1997

® 1 OOO m 3 VO | u m e Wit h ﬁ e | d ) b Forward Calorimeters

* 90 km superconductor

End Cap Toroid

= )
e — —t

e 170t superconductor
e 700t cold mass
e 205kAat4.1T

e 1.6 GJstored energy
e 4.7 Kconduction cooled
. Barrel Toroid Inner Detector Hadronic (:'..ilunnwlc'rs V Shiéldmg

10 yrs of construction 97-07

C.CmunpHos/MUDU Russian Teachers Programme, November 2013 31



C.CmupHoB/MUNDU

ATLAS Tracking Detectors N o =S —
2 Tesla solenoid &/p,~ 5x10* p, © 0.01 5 e

-

\\\\\\

p—

| {
c : e M ¥
r\ .
\ \ ! ] )‘ l’

Beam Pipe 2 I

Transsition Radiiation Tracker (TRT) Pixels i St
(4 10 channels) with e/ separation (0.8 108 channels) :: f;gpi de:er (5¢h
¥ channels)

Russian Teachers Programme, November 2013
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ATLAS Inner Tracking Detector (ID) 6.2m

P, W =

07 T nnnnnnnmn
ja111 EEEELL

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

e

i el
=
-

2.1Tm

._\

1 ) _
\B>\| Barrel semiconductor tracker
Pixel defectors

55 )

Barrel transition radiation fracker

x 1[ : End-cap fransition radiation tracker

End-cap semiconductor tracker

C.CmupHoB/MUNDU Russian Teachers Programme, November 2013 33



TBepAoTenbHbIe AeTeKTOopbI TMOPUAHBIN MUKCENbHLIN AeTeKTop

I HAPS — T'mbpuaHbliA aKTUBHbI NUKCENbHDbIN CEHCOP

[#] CermeHT Si C BLICOKOM FpaHYSPHOCTbIO Solder Bump: Pb-Sn
(] frue 2D, HeT npobnem c x-y HeonpeaeneHHOCTbHO)

[¥] CumTbIBAIOLWAA 3N1EKTPOHUKA C TOU Xe reomeTpuen
(kaxpas a4elka - K cBOeMy KaHany)

[«] coeanHeHue nocpeacteom "bump bonding”

¥ LUupoko ucnonb3yrotcsa 8 LHC akcnepumenTax:
ATLAS, ALICE, CMS and LHCb

PARTICLE

/

DETECTORCHIP  ,* /.
1
+, /.
- /...'

/ ELECTRONIC CHIP
/

¥

Flip-chip technique

C.CmunpHos/MUDU Russian Teachers Programme, November 2013 34



TBepAoTenbHbIE AeTeKTopbI

ATLAS Tpu nuKcenbHbIX
AUCKG FOTOBLI

C.CmupHoB/MUNDU

Russian Teachers Programme, November 2013
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TeepAoTenbHbIe AeTeKTOopbI Detector Module

I [deteKktopHble moayau - “OCHOBHblE 3/IEMEHTbI TPEKOBbIX AEeTEKTOPB”

Y] Si ceHcopbl

[¥] MexaHuyeckue aepatenm (oxnaxkaeHne)
[¥] Front-end aneKkTpoHMKa 1 Nepesaya CUrHaNOB

SCT = SemiConductor Tracker
ASICS = Application Specific

F Mpumep: ATLAS SCT Barrel Module Integrated Circuits

TPG = Thermal Pyrolytic Graphite

< 128 mm ——*

] Silicon sensors (x4)

- 2
" 7] ASICS (x12)
- p-in-n, single sided .
- AC-coupled - ABCD chip (binary readout)
- 768 strips - DMILL technology
- 80{¥]m pitch/12mm width - 128 channels
"] Wire bonds (~3500)

Mechanical - 25 mm Al wires

support

- TPG baseboard F ATLAS -5CT

- BeO facings - 15.552 microstrip sensors
W] Hybrid (x1) s(rf) ~ 16 mm, s(z) ~ 850mm [NIMAS538 (2005) 384] - 2.112 barrel modules

- flexible 4 layer copper/kapton hybrid - 1.976 forward modules

2 o
- mounted directly over two of the four silicon sensors - 61 m*silicon,
- carrying front end electronics, pitch adapter, signal routing, connector 6.3:10°strips

C.CmupHoB/MUNDU Russian Teachers Programme, November 2013 36



Kanopumertper

KanopumeTtpusa = nsmepeHue dHeprum nytem NOSHOro
nornoLeHus,

O6bI4HO 06beanHsaeTCs C NPOCTPAHCTEHHOMU
peKoHCTpykUueit. [ecTpyKTUBHbLIU meToAa)

YacTmubl ucyesaror.

[ABa TMNA KanopumeTpoB
-> 3/1eKTPOHbI U GOTOHbI (DNEKTPOMArHUTHbLIN KafiopumeTp)

-> MPOTOHbI, HEATPOHbI U NUOHBbI (AAPOHHbIA KanopumeTp)

[Ba cnocoba namepeHui :
FomoreHHble Kanopumetpbl: [leTeKTop = abcopbep (CULUHTUNNALMOHHbIE KPUCTaNbI)
Ucnonb3yloTcAa TONbKO ANA 3N1EKTPOMArHUTHbIX KaJIOPpUMETPOB
CamnauHr KanopumeTpbl = yepeaylowmeca Abcopbep + aeteKkTop

(rasoBble, }KMAKOCTHbIE, TBEPAOTENbHDIE)

MHOro pasHLIX TUMOB KOHKPETHOW peanus3auuu B pasHLIX 3KCMepumMeHTax

C.CmunpHos/MUDU Russian Teachers Programme, November 2013 37
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. ‘ _ e S e .
4‘1’ __4/,{&" o g > B -

Barrel calorlmeter (EM PbILAr + Hadron FeIsclntlllator) in |ts final position at Z=0
' ‘\' ; e _Y X "
£ .;,-- e v
r 1 NN :

ll‘! '

o ' : \ / p & S |
ASE, NIIThe 1 Aug 2010 46
ASF, NiThe ~ - Aug 201( LHC Dream-Reality-Vision CtOber 2004 I
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Kanopumertper

COaIMNAUHIoBble — KaK 3/1IeKTPOMArHUTHble, TaK U a4POHHbIE KalopumeTpbl
* MWPC, ctpumepHbie TPYOKu,
* Xugkoctu (TMP = tetra-
methylpentane, TMS = tetra- sosomsen e
methylsilane) -
* JXKUOKUE UHepTHbIe rasbl :
LAr (LXe, LKr)
* cUMHTUANATOPDI, Ppainnbepbl,
* KpeMmHueBble AeTeKTopbl

SCINTILLATOR
( emission of
wavetengths Ay )

LIGHT DETECTOR

WAVELENGTH  SHIFTER
( florescent  emission
L PR YO

CHARGE SENSITIVE AMPLIFIER

ABSORBER  ( conduxter ) WP

o ANALOG  SIGNAL

Csetocbop TMna ‘lWawnbik’

C.CmupHoB/MUNDU Russian Teachers Programme, November 2013



Kanopumertper
Mpumep ECAL (comnanhr)

ATLAS 3n1eKTpoOMarHUTHbIN KaziopumeTp
Abcopbep c «akkopaeoHHOW» reomeTpuen B Liquid Argon

‘.

W LAr (90K)

+ CBMHL,0BO-Xene3Hbin (1-2 mm)
NANARY y
ANVRYANIA @I\ + mHorocolHas MeaHO-

A AN ZVAATANAY
.\\///\v\/\/ noavammaHaa nnaTa

% = MIOHMU3ALMOHHaA Kamepa.

1 GeV E-BblgeneHune -> 5 x10° e

MUWHUMYM MEPTBbLIX 30H. ,,
LAr paanauMoOHHO CTOMKUMNA. t¥ ‘;
[naTa cunTbIBAHUA NO3BONAET "x

TOHKYIO CerMeHTaLuIo. | "‘i"\

Jhe
’ : 34

Pa3pelwieHune o(E)/E = 9.24%/\/5@0.23% [lpoCTpaHCTBEHHOE pa3pelleHmne
5mm /VE
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Hetexktop ATLAS

Muon System

, Stand-alone momentum resolution
Thin-gap chambers (TGC)

Cathode strip chambers (CSC) 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

|

~600 RPC and ~3600 TGC
trigger chambers

C.CmunpHos/MUDU Russian Teachers Programme, November 2013
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["a30BbIe AeTeKTOopbI

CUnTbIBAHUE C KATOAHbIX cTpunos nnm nanos.

OnpepeneHve BTOpOW KOOPAUHATLI C MOMOLLBHO
WUHTepnoNaLUMU UHAYLIMPOBAHHOIO CUMHANA Ha
CTPUNBI UNU NAABL.

ManeHbkuiA 3a30p -> 6LICTPLIN AeTeKTOop.

vl

700 p= -
Fit by Gauss + Parabola
Bw o —

‘ G =6341m
/ 500 = =

MeTopa B3BelwmBaHUS
HaBeAeHHOro curHana.

Everts

400 -

200~ -

100~ -

P 1

-08 -04 02 0 0.2 04 0.6

Recldual |, (mm)

PaspeweHune
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First collisions at the LHC end of November 2009

Candidate
Collision Event

2009-11-23, 14:22 CET
Run 140541, Event 171897

0 1 EXPERIMENT

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html

C.CmunpHos/MUDU Russian Teachers Programme, November 2013



Hetexktop ATLAS

C.CmupHos/MUDU

Russian Teachers Programme, November 2013

A EXPERIMENT

Run Number: 183081, Event Number: 10108572
Date: 2011-06-05 17:08:03 CEST
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AL
L EY PERIVENT

Z->upu + missing Er candidate event

Run Number: 167776, Event:Number: 129360643

Hetexktop ATLAS

~ '
\\

Date: 2010- 10 28 10:41:18 CEST

= 1

—| |
i
<] '!l :\%'/ l‘"um | ‘

Russian Teachers Programme, November 2013
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Hetexktop ATLAS

WATLAS
A EXPERIMENT

Run 166466 Event 26227945
Time 2010-10-07 22:16:39 UTC

C.CmunpHos/MUDU

Wz-> evpu Candidate

Russian Teachers Programme, November 2013
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Hetexktop ATLAS

JONAS STRANDBERG

The H - WW® — fuvéy + 0 Jet Channel
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OTKpbITUE Xnrrc-603oHa
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OTKpbITUE XMUTTC-D030HA
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HetexTopbl Ha LHC

OrpomHoe cnacubo 3a
BHUMAHUe |



