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,Masnko" domsuka ...



BellecTBoTO

electron

<10"%cm
proton
(neutron)
quark
<10"°cm

nucleus

— ~10""%cm
atom~10 "cm ~10"3cm
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IOHM3MpAaLLO MTbyeHne



HNonwn3upaiiio JIp4cHUE:
0, YaCTHUIIN

Alpha




HNonwn3upaiiio JIp4cHUE:
B yactumu

p+/ B-

Beta
. e - f‘fﬂ_.a—"f’
.""-F.-d--d-"--i_
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_F'H-.-F-




HNonwn3upaiiio JIp4cHUE:

Gamma




HNonnsupaliio JIp4cHUE:
HEYTPOHU

Neutron
o n




Eounuyu ¢ cypamomnama ¢puzyra )

Eneprus

1 electron-Volt (eV):

EHeprusita Ha yacTula cbC 3apsa = |e|,
Hamwupalna ce mbpBOHAYAIHO B [TOKOU U

YckopeHa B €JIEKTPOCTAaTUYECH NoTeHIran 1 V
(e=1.60x 10" C)

1.60x10-°]

| 1 eV
[IpousBoaHu:
l keV=10°eV; 1 MeV =10°%eV
1 GeV =10°¢€V; 1 TeV=10"?eV

Eneprusita Ha npotoH B LHC:
7TTeV=1.12x10-°]

(eHeprusTa Ha TSJIO ¢ Maca = 1 mg ABMIKEIIO C€ ChC CKOpOCT = 1.5 m /s)
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Bunxenm KoHpaa PbLOHTreH
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Flash of

Lead Screem
Microscope

Fluorescent
Screen

9\\

Scattering




Geiger Muller Tube

lonizing +500 VDC
Radiation ®

Metal

Tube Wall lonizing
Avalanch

Signal Output




% high voltage
*

heating

glass / | ﬁfﬁ\ vapours /Z/-\¢ duct

containments

liquid

- L - -—mw - o
LT R R T Pl

TR Ok, lighting

alcohol inflow and outflow black board







MexypuecTta kKamepa

Particles

0000000 000000,

Camera

Liquid
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Magnetic field
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CERN — European Centre for Nuclear Research




CERN — European Centre for Nuclear Research

lies the world’s fastest and most brutal racetrack. ..

Protons race
around a 27 km
circuit at

99.999999% the
speed of light,

crashing head on
into each other

40,000,000 times
a second.



CERN — European Centre for Nuclear Research

in the emptiest space in our solar system. ..

Heat Exchanger Pipe

1 ___.-v-f"‘"f'
> -a W7
Spool Piece = v
Bus Bars - -3 - i w._‘

Beam Pipe
Superconducting Coils

Helium-II Vessel
Superconducting Bus-Bar
Iron Yoke
Non-Magnetic Collars

Vacuum Vessel
Quadrupole

Bus Bars Radiation Screen

Thermal Shield

The
15-m long
LHC cryodipole

Auxiliary
Bus Bar Tube

Instrumentation

Protection Feed Throughs

Diode

The beam pipe is evacuated to the same vacuum as interplanetary space
The pressure is about 1/10%™ that of the surface of the moon.



CERN — European Centre for Nuclear Research

in one of the coldest regions in the universe...

Superconducting and superfluid liquid helium is maintained at -271.3 C or 1.9 K.

That is a little colder than interstellar space.



CERN — European Centre for Nuclear Research

will occur some of the hottest reactions in our galaxy. ..

Violent collisions corresponding to temperatures a billion times higher than the core of the
sun will be produced.

That 1s roughly 160,000,000,000,000,000 C
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CERN — European Centre for Nuclear Research

and analyzed by the most powerful computing system in the world.

uuuu

~ TlHE GRID

The detectors will spew out analyzed data at 700 MB/sec.

That is ~30,000 Encyclopedia Britannicas every second!

Sounding balloon ( )
(30 km) - CD stack with
& 1 year LHC data!
(~ 20 Km)

Concorde

(15 km) \

-‘-_—_-*/L'

Mont-Blanc
(4.8 km)

That 1s 15,000,000 GB
(15 PB) per year

20 km stack of average CDs
per year.
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[TPOTOH-NMPOTOHHW COMBCHLUN




Pe3yntatn oT B3aMO4eNCTBUETO

[MpOTOH-NPOTOH
OrnoBHO A4pP0 — OJfIOBHO SAPO

B-Me30HU, VI3BCTHK YacTuuun, Xurrc 6030x, cynepcuMeTpPUYHMN YacTuln,
EK30TUYHM YacTuum U T.H.
KBapk-rnyoHHa nnasma

INBEOKY
[y eHN
ATIPOHW (6apMoHN 1 ME3OHM)
JlenmeHy
Worrorly




PernctpupaHun yactmun

* KBapkuTe ¥ NIYOHUTE aJpOHU3UPAT B CTPYH
* Anponu (0aprOHHU M ME30HH )
* JlenToHM

* eJIEKTPOH, MIOOH, Tay (pa3mnajia Ce U Ce pEruCTpUpPAT pasnagHUTe
MY MPOJYKTH)

* HeyTpuHa (He Mmorar aa ce perucrpupar B CMS u ATLAS,
Ho Moxe J1a ce o1eHr KaKkBa €Heprusi ca OTHECIIH )

* doTOHU



Oobula CTpyKTypa

Tracking Electromagnetic Hadronic Muon deteclor
calorimeter calorimeler

Fhotons
Electrons

Positrons
Muons

Charged

hadrons
MNeautral

hadrons 3

Hautnnﬂ-'-

Innermost layer —————————————— Qutermost layer



Oobula CTpyKTypa

A detector cross-section, showing particle paths

[] Beam Pipe

{center)

. [ Tracking
Charnber T
Fhatar

. B Magret Coil :IJEMI-,LEI \}f'
B E-M

Calorimeter

Electron
[ Hadren MEMEROton
Calorimeter

: [ Magnetized

[ron

Wuon
u Chambers




OCHOBHU cUcTEeMMU

TpekoB neTeKTop

EnxexrpomarauteH kanopuMeTsp (ECAL)
AnponeH kanopumersp (HCAL)

[Ipenaun kanopumerpu (FH)

Maraut

MrooHHa cucrema

TpurepHa 1 MHOIO APYru CUCTEMU



PernctpunpaHe Ha yactvum B CMS

| | | | | | | |
am im m im 4m 5m &m im
Key:
Muon

Electron

Charged Hadron (e.g. Pion)

— — — - Neutral Hadron (e.g. Neutron)
----- Photon

Silicon
Tracker

_ Electromagnetic
}_l! ] ] Calorimeter

Hadron Suparconducting
Calorimeter Solenoid

Transverse slice
through TS

N B

Iron return yoke interspersed
with Muon chambers

i W 1 = -8 T
T Barnay, CERA, Feivgopay 20000



NaoeHTudoukaLuna Ha YacTuum

Tracking  Electromagnetic  Hadronic  Muon detector
calorimeter  calorimeatar

Fhoton
otons

Electron
Positrons
Mugons !.

Charged
hadrons

Neutral

hadrons i

Nautrinﬂi

Energy deposit per unit length (keV/cm)

8
01 1 10
Innermost layer > Cutermost layer Momentum (GeV/c)
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CMS Experiment at LHC,CERN [ b

Data recorded: Mon Aug 2 05:02:51 ESL I
Run/Event: 142132/9243473

+

u
j Py = 48.8 GeV
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Building 40 at CERN
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SUPERCONDUCTING CALORIMETERS

COIL 2ol HCAL
Scintillating

Plastic scintillator/brass
sandwich

IRON YOKE
TRACKER
Silicon Microstrips
Pixels
Total weight : 12,500 t I\EIIIEIJS(I:APS
Overall diameter : 15 m
Overall length : 21.6 m MUON BARREL N
Magnetic field : 4 Tesla Drift Tube Resistive Plate Cathode Strip Chambers (CSC )

/™ap 202% Chambers (DT ) Chambers ( RPC) Resistive Plate Chambers (RPC)



Inner Tracker

Cables and services

G0 01 D2 03 04 05 0B 07 0B 08 100 11 12 13 14 15 18
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Frrnle

Pixels: Strips:
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7wap 2089 and z resolution: 15-20 um  Hit Resolution: 20 um to 50um
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ECAL Overview
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PbWOus crystals
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EnekTpoMarHuTeH KautopuMeTbp
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HCAL Scintillators







Drift Tube Chambers

4 Layers = 1 Superlayer (SL)

R R R R e R b
/
: pnlrorean] fm - e [E eE [eveen] W G e ] w0 [F e [hmerve] fe o] S o]
) v [ e [ a [ o J v [ e [ o J a J « [ v [ & J = ]
T =] » [ = T w» [ +» [ &« J = [ = T « [ » [ = [ = [ » ]
CHEEEEEER B SEEEEEREREREEE R ;xg.zg:zgigigigi v [ o [ o T o T v T = [ o [ o T « T e J 8o [ a ]

Independent Subunit

Cathode Al Strips = :
(Gas tightness, HV, Front End)

GAS: Ar/CO, (85/15)

HV: Wires 3600V e

Strips 1800 V Honeycomb
[-beams -1200V : L

Tmax: 380 ns Single Wire ) 100um &
Drift Velocity : ~ 55um/ns Resolution : <300 um 150um 6
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250 DT chambers
in the Barrel



Cathode Strip Chambers (CSC)

Wire cathode
s%acing wires
~3mm
cathode
Gas:Ar(40%) + CO2 (50%) + CF,(10%)
HV wires ~ 3.6 kV Induced charge
Gas gap, wiid  cathode with strips
9.5mm savalanche wire

plane cathode
Trapezoidal Chambers (10° or 20°1n @), 6 layers
Radial cathode strips — measure @ (75-150 um)
Wires orthogonal to strips

Precise timing measurement (BX) - ~4.5 ns

Coarse measurement of the radial position (16-54 mm)
7 Map
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CSC




Resistive Plate Chambers

Resistive Plates — bakelite with bulk

resistivity (2 + 1).10'°Qcm
Gas gap (2mm + 20pm wide)
Gas mixture, containing

96% C,H,F (Freon),

3,5 % isobutan, SF, — 0,5 %
Graphite electrodes with resistivity

300 kQ2 / cm

Insulating PET film (0.3 mm thick)
Spacers (cylinders with

Detecting copper strips

40pm thick,2—4 cm wide and 1250 diameter 10 mm and height 2mm)
mm long Copper shielding

Linseed oil treatment

7 map 2024
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HY Al fail
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RPC - Principle of Action

CUITEN

lonizing
particle

.~ Cctron
multiplication
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Regions of baseous lonization Detectors
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GEM

lonizing ]Farticle

- DriftCathode

3 mm - Drift

% % GEM foil

2 mm - Transfer
S %E GEM foil

2 mm - Transfer
N g‘% GEM foll

2 mm - Induction

Readout Plane



GEM




-‘ 40 MHz

COLLISION RATE

100 kHz
LEVEL-1 TRIGGER

1 Terabit/s
(50000 DATA CHANNELS)

500 Gigabit/s

7 @Gigabit/s SERVICE LAN

o

LComputing services]

16 Million channels
3 Gigacell buffers

1 Megabyte EVENT DATA

200 Gigabyte BUFFERS

500 Readout memories

EVENT BUILDER. A targe suitching

network (512+512 ports) with a total throughput of
approximately 500 Ghit/s forms the interconnection
between the sources (Readout Dual Port Memaory)
and the destinations (switch to Farm Interface). The
Event Manager collects the status and request of
event filters and distributes event building commands
(read/clear) to RDPMs

5 TeralPS
EVENT FILTER. it consists of a set of high

performance commercial processors organized into many
farms convenient for on-line and off-line applications.
The farm architecture is such that a single CPU

processes one event

Petabyte ARCHIVE 74
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Data processing
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CERN computing

Trigger

Level 0 center

~40Gb/sec \

system 0.1-1.5 GB/sec

Level 1

\;2.5 Gb/sec
Level 2 -
Level 3
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XUrrc 6030H

CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000
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% :_ CMS Preliminary —e— S/B Weighted Data
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Events / 3 GeV

12

10

XUrrc 6030H

CMS Preliminary {s=7TeV,L=5.05f";y{s=8TeV,L=5.26fb"

!

¢ Data

100 120 140 160 180

m, [GeV]
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XUrrc 6030H
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XUrrc 6030H

CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000
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