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Layout of my Lectures:

1) Introduction of CMS Detector
2) CMS sub-detectors
3) CMS Trigger System
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Background

LEP closure 1n 2000
Tevatron still running

Questions remain unanswerable

Lack of evidence of Higgs boson
— Dark matter

— Anti matter

The Large Hadron Collider and the associated experiments are

designed to address a number of these questions.
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Event Rate
R=oxL=80mbx10**cm™2s™" ~10°/s

Q Large distance collisions
o Soft scattering
Q Short distance collisions

o Hard scattering (rare events)

Introduction of LHC

Collisions at LHC

Proton-Froton (2835 x 2835 bunches)
Protons/bunch 10"

Beamenergy 7 TeV (7x10'2eV)
Luminosity 10 cm2 s

Crossing rate 40 MHz

Proton
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Bunch Separation = 7.5m
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Selection of 1 in 10,000,000,000,000
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PP collisions

Proton momenta p4 = pp = p = 71leV
m ometum of partons in proton

La - P Ly = P
x= longitudinal momentum fraction

center of mass energy

of pp collision: /5 = 2Fpcam
of hard subprocess:
8§ = X1XT22pAPB = T1Z2S

Vi=<z >3

which x needed to produce masses M ?

M <X> LHC Tevatron
100 GeV ~0.007 ~0.05
5 TeV ~0.36 fr
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Minimum-bias Events

Inelastic pp scattering cross section (70 mb = very large)
dominated by

long distance interaction between pp with low momentum transfer
» final state very little pT, very large pL
» pt of charged tracks ~ 500 MeV

* # charged particles dN/dn ~ 7

L e

so-called minimum-bias events
why this name ? Trigger on... almost nothing = minimum bias

why interesting?
Underlying event = everything but what I'm interested in
e.g. everything except the hard subprocess

min.-bias events = part of underlying event, Lumi dependent pile-up

all interesting events come along with underlying min-bias events!
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Pile up of min-bias Events (1/72)

2835x2835 proton bunches
separation 7.5 m (25 ns)
10** protons/bunch

bunch crossing rate: 40 MHz
Lumi (design): 10 *cm™ s

~10° pp collisions / s and
10°/40 - 10°

~ 25 pp interactions/bc = pile up!

Simulated event in CMS
h — pjugip
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Pile up of min-bias Events (272)

2835x2835 proton bunches

separation 7.5 m (25 ns)
10** protons/bunch

bunch crossing rate: 40 MHz

Proton

Lumi (design): 10 *cm™ s™

~10° pp collisions / s and
10°/ 40 - 10°

~ 25 pp interactions/bc = pile up!

Simulated event in CMS
ho — g

CMis, |

The pile-up is one of the most serious difficulties for the
experimental operation at the LHC

To confront with Pile-up: detector
demands

* Fast response time
« High granularity

+* Radiation resistant
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Triggering at LHC

Reminder of some numbers ... in 25 ns particles at the
speed of light travel only 7m

next bc while particles still

* LHC bunch crossing interval 25 ns traverse the detector!

event rate of 40 Mhz

. N : for triggering BC rate of
each bunch crossing ~23 piled up events 40 MHz is of interest

leading to an interaction rate of 1 GHz

ATLAS has in total 140

« size of events e.g. ATLAS : 1-1.5 MB mio channels
« affordable mass storage: ~300 MB/s or event rate of 200 Hz

reduction needed 40 MHz down to 200 Hz reject 99.9995 %

interesting rare physics cross section ~10° and lower w.r.t. Total cross section
but have to identify these events fast!
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Physics Goals

» To explore physics at the TeV scale
* To discover the Higgs boson

* To look for evidence of physics beyond the
standard model, such as supersymmetry, or extra
dimensions

» To study aspects of heavy 10n collisions
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http://en.wikipedia.org/wiki/TeV
http://en.wikipedia.org/wiki/Higgs_boson
http://en.wikipedia.org/wiki/Supersymmetry
http://en.wikipedia.org/wiki/Extra_dimensions
http://en.wikipedia.org/wiki/Extra_dimensions
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What is CMS

v' CMS-stands for Compact Muon Solenoid

v General purpose detector

v Onion shape

SUPERCONDUCTING CALORIMETERS
COIL ECAL Scintillating PobWO, HCAL Flastic scintillator

. Crystals T 1 copper
- e CT T T sandwich

IRON YOKE

Total weight : 12,500 t

Overall diameter : 15 m
Overall length : 21.6 m
Magnetic field : 4 Tesla

MUON
ENDCAPS

Silicon Microstrips
Pixels

Drift Tube Resistive Plate Cathode Strip Chambers (CSC)
g s A Chambers (DT) Chambers (RPC) Resistive Plate Chambers (RPC)




How was CMS design

> Lessons learnt from LEP

» Fifteen separate sections lowered into cavern




Typical Signatures

The signatures we look for are characterised by...

« Leptons and photons at high p_
initial state pp : no leptons , no p_

hight pT leptons in final state :
decay of heavy particles
sighature of interesting physics

* b quarks, tau leptons from decays
long lived particles, decay vertex reconstruction

- missing Energy --> E miss

Higgs, W decays involve neutrinos
many SUSY and other BSM scenarios

missing Energy
measure missing transverse E

why not E miss?

«* Stable particles

“* Quasi-stable particle
«* Vertex tagged particles
«* Short lived

“* Missing particles
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What we will see in CMS

Leptons Vetexing Tracking ECAL HCAL Muon Cham.
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Detector Requirements...

The signatures we look for ...
e Leptons and photons at high p;
e missing Energy --> EMiss
e b quarks, tau leptons
e Jets
with high backgrounds and low pT pile up
Detector requirements ...
e radiation hardness
e timing 25 ns
e identify and measure leptons, photons at high pT
lepton ID over huge background e/jet ~ 10-°

e good measurement of missing transverse Energy energy
measurement in forward region (|n|<5)

e b and t tag (silicon detectors)
e highly selective and fast trigger
signal xs ~ 10-14 of total xs
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CMS

Specific Design

* A high performance system to detect and measure muons,

* A high resolution method to detect and measure electrons
and photons (an electromagnetic calorimeter),

* A high quality central tracking system to give accurate
momentum measurements, and

* A “hermetic” hadron calorimeter, designed to entirely
surround the collision and prevent particles from escaping
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http://cms.web.cern.ch/cms/Detector/Muons/index.html
http://cms.web.cern.ch/cms/Detector/ECAL/index.html
http://cms.web.cern.ch/cms/Detector/Tracker/index.html
http://cms.web.cern.ch/cms/Detector/HCAL/index.html
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Why is it so Big

* Record the Universe’s tiniest
» Possibility of obtaining more accurate measurements

* Need a strong magnetic field to bend the particles
trajectories

Total weight: 12,500 Tons
Diameter: 15m

Length: 21 m

Field: 4 Tesla

Readout channels: ~80M
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_ CMS /1
The CMS Collaboration

Belgium

= Bulgaria
Number of Austria
Laboratories
Finland
Member States 59 USA CERN
Non-Member States 67 France S
ermany
USA 49 _—
Total 175 RUSSI | A — Greece
. Hungary
# Scientific Italy
Authors Uzbekistan_
Member States 1084 Ukraine
Georgia
Non-Member States 503 Belar Poland
USA 723 Armenia Portugal
Turkey
Total 2310 Serbig Spain
Pakistap s thuarli 4 gh:”abgTaiwa”)Switzerland
. _ _ exicqred Iran ofombia
Associated Institutes New-Zealand' Croatia
Irelanbhdig Cyprus

Number of Scientists 62 )
- Estonia
Number of Laboratories 9

2310 Scientific Authors
38 Countries
175 Institutions
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CMS Design Criteria

» Very good muon identification and momentum
measurement
Trigger efficiently and measure sign of TeV muons dp/p < 10%

* High energy resolution electromagnetic calorimetry
~0.5% @ E;~ 50 GeV

* Powerful inner tracking systems
Momentum resolution a factor 10 better than at LEP

* Hermetic calorimetry
Good missing E; resolution

* (Affordable detector)

First School on LHC Physics, 12-30 October 2009
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Detector Thickness

Material thickness in terms of radiation length and
interaction length
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The CMS Solenoid

The CMS magnet...

«¢ 1s the largest superconducting magnet ever built

» weighs 12,000 tonnes

» 1s cooled to -268.5°C, a degree warmer than outer space
1s 100,000 times stronger than the Earth’s magnetic field
» stores enough energy to melt 18 tonnes of gold

% uses almost twice much iron as the Eiffel Tower
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Central Ring

Outer Rings

Barrel ring

1250 tonnes

1174 tonnes

Vacuum vessel

264 tonnes

CMis, |

Total weight

12500 tonnes

Diameter 15m

Length

21.6m

Magnetic field | 4 Tesla

Superconducting coil

234 tonnes

Endcap disk 1 (YE1)

~730 (disk) + 90 (cart) tonnes

Endcap disk 2 (YE2)

~730 (disk) + 90 (cart) tonnes

Endcap disk 3 (YE3)

~300 (disk) + 90 (cart) tonnes

Support feet 72 tonnes 06 tonnes
Cabling on vacuum vessel 150 tonnes -
Support for racks and cables 10 tonnes 10 tonnes

Total

1980 tonnes

1250 tonnes




Muon System
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The

Muon Chambers

= 80D

Barrel region:

< DTs and RPCs

“* Low almost uniform B field
< Low muon rate ~ 1 Hz/cm?

*» Negligible neutron induced
background

MB4 o

MBS 600

DT

ata=|

08 RPC 1,04

==l

1.2

ME4/1
restored

1
1200
Z (cm

Endcap region:
« CSCs and RPCs

% Strong non-uniform B-filed (~ 3.5
Tesla)

< High muon rate ~ 1000 Hz/cm?

+* vy and neutron induced
background are comparable

» Stand alone
dp/p: =8 -15%
dp/p; = 20 - 40%

» Global
dpi/p:=1-1.5%
dp/p; =6 - 17%

at p; =10 GeV
atp; =1 TeV

at p; =10 GeV
atp; =1 TeV

«128 BX Latency = 3.2 us

-Shost Rate < 0.5 %

-Geometrical coverage up to n=2.4

«Output Rate: ~ 30 KHz — reduction factor = 103

*No Dead-time allowed: every BX must be processed

*p; threshold should be set in the range ~ 4 — 50 GeV
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 Muon Identification
* Muon Trigger

» Standalone Momentum Resolution: from 8 to 15% pT/pT at 10

GeV and 20 to 40% at 1 TeV.
» Global Momentum Resolution.
« CHARGE Assignment.

* Capability of Withstanding.
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The Drift-Tubes (DT)

Anode wire Electrode s

- L / r ‘/' /// \/ A /’— 52‘ 44'{
/ /
g (W&
f i

Muon System: DT

CMS, /|

Vi ~ 99 nm/ns -> Max drift time ~380 ns

Single wire resolution ~ 250 um

Local reconstruction (r-¢) ~ 100 um

Arranged in layers

L

Drift Tubes
4 —>
| 4o/ | ™
o[ /ee3 [
| 2e=/ | -
. I.J’J—H 1 _I:

250 chambers like this in the barrel
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Muon System: CSC

» 6 planes/chamber —540
chambers in total

» ¢ measured from fit to the
induced charger r and BX 1d
from the signal on the wire f
resolution ~ 100 mm

468 CSCs of 7 different types/sizes

> 2,000,000 wires (50 mm)

6,000 m?2 sensitive area

1 kHz/cm? rates

2 mm and 4 ns resolution/CSC (L1-trigger)
100 pum resolution/CSC (offline)

EMU Cathode Strip Chambe
wire plane (a few wires shown) CathOde Stl‘ip Chal‘l‘lber {CSC)

cathode plane with strips Principles of Operation

7 trapezoidal panels form 6 gas aaps




Muon System: RPC

* Intrinsically fast response ~ 3 ns
* Rate handling depends on electrode resistivity

Bakelite

‘ Graphite
strips spacers electrodes

Bakelite resistivity ~10 1 Qcm
Gap width: 2 mm
Surface resistivity: 200-300 KW /sq
HYV electrodes : 100 um graphite layer
PVC Spacers (tolerance * 200 pm)
* Gas pressure : ~ 1 Atm
Gas mixture: 96% Freon, 3.5% Iso-
butane, 0.5% SF6
* CMS RPC-trapezoidal in shape, 3 eta segments
* Inter-strip spacing ~ 1.5 mm
* Strip length ~ 1 m, # of strips/chamber = 96
* Strip Width ~ 20-30 mm

°




Muon System: RPC mode
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Muon System: RPC

IS = JQ(P(T))CDW(P(t —7))xVy (P(7))dz

Cathode pickup
D, (t)=-gradV, =5(1)®,, electrodes
AT
d - |
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— = = _ gIecl
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Tracker: Overview

Outer Barrel
(TOB)

* 198 m? of Si strip sensors
* 1 m? of pixel sensors

* volume: 24.4 m’

* running temperature: —10°C
* dry atmosphere for years
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Tracker: layers s

Outer barrel Endcap .

6 layers of 500 um Inner disk 9 disks, 7 rings (1..4 thin)

ensors 3 disks, 3 rings (thin)
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CMS, 1
Tracker: Fluence -'

Need factor 10 better momentum resolution than at LEP
1000 particles emerging every crossing (25ns)

Ch. Hadrons {cm'z)
AL I < 4.107 h=/cm?/s
10" p———————— pixels (=10 um?)
3 11 occupancy = 10

: zuﬂg__r,w_ﬁ____; < 4.10° h=/cm?/s
Fluence over 10%EF 41 Si u-strip det.
10 years of oo # (=10 mm2)
LHC e T occupancy = 1%
Operation i | ,
P 10BN 1 | < 4.10° h*/cm?/s

- 11 Sior Gas detectors.
;"+"I'-ll--|l—_|_f_m """+_,_....._._+_H_F'_++-H__; (ﬁll sz)
i |~ occupancy = 1%

-ty
LRSS
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0 100

200
Z (cm)




crciency

0.6

0.4

Tracker: Vertex Identification

Cius, |

o OpT/pT=(15pT+0.5)%, with pT in TeV, in the central region
In|<1.6, gradually degrading to opT/pT=(60pT+0.5)% as |n|

approaches 2.5.

& 1 =0..0.7

mn=1.2.16
A N=2.24 g
-
—— -
-
L A
_*_._
i L
—*;
10° 10° 10

Mistagging probability

 bjet

Primary Vertex
_ Secondary Vertices
[
|
|

b-jet
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Tracker: b-tagging

» b-tagging
— impact parameter, secondary vertex finding, soft lepton tag
track

minimuim .
distance jet

A% O
filltlIIIIIFIrlIllllllllllII1IIII|IIII|IIII|II£ - | T I . B . I .
B i“] L] ) [ .

10 il b-jets 107 .
g P :i E‘--_-"“'—-_

107 102 -
g ufls & cj

107 = 0’ E

107 = 104 g
'_I' I [ | IIIIIIJII | | ; L

-0.2 -0.15 -01 -0.08 -0 0085 0.1 015 0.2



ECAL: Shower Development

« Radiation length X, ~ 180 A / Z2 g.cm™? ;
* Mean free path L ;. = (9/7) X, 5
» Critical energy . = 560/ Z (MeV)

 Moliere radius R,,= 21X0/eC ~7A/Z g.cm?

—> Shower maximum att__
- Logarithm growth of t

with E,,
= N__ a energy of the primary particle

max

max

=) 1 2 3
Radiation Lengths [ X,]

2 E, 46E, ]
N o — A% 2—=——=| > Measured energy proportional to E 0
3" "E, 3E,
| N 4 Number of 10ns per unit of incident energy is a
—_ a=—%% = —Cconstant=>constant = absolute calibration of the calorimeter
EO (

o(E) 1
£ JE —> Resolution improves with E (homogenous calorimeter)

- Longitudinal development scales with X, 95% of the shovsfer is coptainefi
—> Lateral development scales with p,, laterally in a cylinder with radius 20,
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Chas, |
ECAL: Shower Development |

Resolution: G(EE). j— Dbh® "\ Noise, etc

Sampling Calorimeter: Statistic fluctuations Constant term (Cahbratlon,
non-linearity, etc

detectors absorbers

AN

; O'sample ‘V The more we sample, the

— —’ . .
IN «/ better 1s the resolution
L] L] sample

— Worst resolution than homogenous

: o(E) 1
calorimeter o i
d o(E) d 1

For lead, <cos(9)> ~0.57 |dy= <cos(6?)> = E > <cos(6')> JE

TOT SO e ST =T T T Ty OTewy T U T OT =TT




Electromagnetic Shower Development

Lateral leakage

Some considerations on energy resolution

;&* 100 . : . : - : .I
— u."..nl
Energy leakage 3 w TR
= 08
. . 8 s B Lr ISR
Longitudinal leakage 5
c o':loj'.
. S 5 .0,
100 EnLrgy : tIIﬂWﬁH‘LﬂFHmenrm. g o0 o ; . *
— I % x |'-.I--“. 'JJ-FJ T
g w[dependence 5" ": .+ ~No energy dependence
— ] . o F i) o
=) % 'y A F &) 3 [
g o4 " ; / i 2 & . o Aluminium 1
£ ] . = ’
. ) e : e
8 2) f | 4 ] s J00GeVe 1 = ot
c X | ] o000 GeV e | S 80 ' : - -
' ] - 2 3 4 5
% P, S | < ‘
& MY Radius (p,,)
£ ol Material . S—————
g | dependence T o 700 GaV in Liquid Krypton
3 ¥ A 100 GeV :
£ 9% A
g 4 _F’f‘- ! e Al A
o M ol 0 &
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.é 1] N /! ¥ in ! ; ]
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R EELNED
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More X, needed to contain y initiate shower

1
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CMS
ECAL: General Purpose

e Need for a high-resolution electromagnetic calorimeter comes

from the Higgs decay channel H = 2y, for Higgs mass 100 < m <
140 GeV

goon —

(=]
=
=

,4
=
=
=
I

400

Goon —

000 —

Events/500 MeY for * 00 fb-1
Eventsf500 MeY for * 00 fb!

4000 —

I 1 I L | L | 1 |
110 120 130 140 110 120 130 140
aj rn-n.-(G el b m-n.-(G &l

— | ECAL just outside the tracker, in the magnetic field
— | ECAL will operate in a challenging environmentof B=4T,

25nsec bunch crossings and radiation flux of a few
kGyl/year
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ECAL: Goals

R/
0’0

R/
0’0

0‘0

High Resolution calorimetry:

c(E) a c
= ®bd—
E ~E E

» Stochastic term 2.7%, Constant term 0.5%, Noise term 150 — 220 MeV.

Large volume:
» 75,848 crystals covering | 2| < 2.6.
> 90.8 tons of crystals or 10.9 m3.
Operated inside a 4T magnetic field.
In a radiation environment with an integrated dose of:

» 103 neutrons/cm?and 1kGy atz=0
to 2x104 neutrons/cm? and 50 kGy for 2 = 2.6.

40 MHz bunch crossing rate.

¢
{
Ny
il g, 4 A H\‘ﬁ
: W

S

Approximately 80,000 Crystals (22X22 mm?)
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ECAL: Lead Tungstate Crystals

T e » Radiation length — 0.83 cm
| * Moliére radius — 2.2 cm.
* Fast light output — 80% in 25 nsec.
y * Relative Light Yield — 1.3% Nal
3 « Large radiation hardness
3

Emission

o Operate at 18°C — Temp
| dependence = -2.2%/°C.

oYy ————— T R T 0.00 S-I:II:I | | | |
300 3 400 450 500 550 600 650 700 tEITIp GDEHiCIEm I::IIE‘IOC)
350 nm Warslngh o a5l Q‘# |
izm— CI‘ N
3 ™
== -
= 150 / _
3 % -
No long-lived radiation damage. 100~ Mﬂ“;f'dm -
‘ODD-G
. 50 I I I I
But short-lived metastable color centers ~40  -20 0 20 40 60
created by radiation — careful monitoring Temperature (°C)
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CMS
Results from Test beam with final electronics

Energy Position

1.0

P
2
N’
<
.0
4
=
(@)
v
Q)
o

o
=]

. ........... ............. ............ - 5040 . gan).. o

{7 o(um) = q_@430 5
; Energy(GeV :

0.9 i ® R - -

Resolution(mm)

0.8 N ____________ TN WU N W S

o
n

+TTTT'[TTTTITTTT'|'TTTT'[TTTT'[TTTT]'TTTT]’TTTTITTTT]’TTTT]

0.7 ............ ......... ............ ............ ............ ............. ...........

Noise: 142 MeV 06 ............ ............ ............ ........... ..... ............. S . .........
Stochastic: 2.4 %/E : : : : : : :
Constant: 0.44 %

02

O/ N W W R NN R W W SN B

L L1l Ll Ll | | Ll | Ll | L1l | Ll | Ll | Ll I Ll

20 40 60 80 100 120 140 160 180 200
Beam Energy (GeV)

caoada s beaaa beea b a b by s baaaa |l
40 60 80 100
Energy (GeV)

0.0

b2
[=]

o(E) | 24% g 192MeV 5 044 o o, (um) = 53@ @ 430

E JE E E

0.6% at 50 GeV.
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ECAL: Preshower

Two-layer silicon preshower detector placed in front of the endcap calorimeters

2 Xo absorber Cooling screens 1 Xo absorber

Micromodules

Y/

AOpLIAA
laqlosqy
MOPUIAA

“@%%&R&R&

ToqIosqy

- umo4 Bupejnsup

- ueo4 Buiesyy

{CAL Endcap Preshower ES

Motherboards

Heating films

2mm silicon strips to separate y’s from ©t°’s and for vertex identification.
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CMS

ECAL: Preshower

* Neural Network Technique

Purpose
— Neutral pion rejection from higgs decaying into 2 photons

[I->yy Single photon

et
i o

g,

Key: Photons Muons
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CMS

Hadronic shower K,

- Process similar to EM shower:

—> Secondary particles interact and produces: K° o
—> tertiary particles 2y < 7 -
—> tertiary particles interact and produces Bt T eV

> . (and so forth) ’ - LT
. ’ﬂ-— <
—> However, processes involved are -—-—"? —
much more complex | ii S

—> Many more particles produced

> Multiplici ty oc ln( ) (E = energy of the primary hadron)

—> Shower ceases when hadron energies are small enough for energy loss by n WL
ionization or to be absorbed in a nuclear process.

—> The longitudinal development of the shower
scales with the nuclear interaction length, 4,. A

. . Ay =—
- The secondary particles are produced with large transvg™ ’ N o

abs
Consequently, hadronic showers spread more laterally trram v smowers.

<pT> >0.35 GeV/c
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v

Material Z A p [g/cm3] Xo [g/cmz] A [g/cmz]
Hydrogen (gas) 1 1.01  0.0899 (g/l) 63 50.8
. . Helium (gas) 2 4.00  0.1786 (g/l) 94 65.1
- At energies > 1 GeV, cross-section g yyjiym 4 90l 1848 | 65.19 75 9
depends little on energy: Carbon 6 12.01 2.265 43 86.3
B AO'7 ~35mb — Nitrogen (gas) 7 14.01 1.25 (g/1) 38 87.8
Ous ¥ O , Op~dom Oxygen (gas) 8 16.00  1.428(gN) 34 91.0
Aluminium 13 2698 27 24 106.4
A o AP Silicon 14 28.09 233 | 22 106.0
! Iron 26  55.85 787 | 139 131.9
Copper 29  63.55 8.96 12.9 134.9
2 ForZ>6 2> A >X, Tungsten 74 183.85 193 | 68 185.0
Lead 82 207.19 11.35 6.4 194.0
100, Uranium 92 238.03 18.95 6.0 199.0
L\ [ '
) \ [ ] .
] - omparing X, and A
] \‘0 }\.I A 304 . C P g 0 1>
o . - - . we understand why
_ Hadronic calorimeters
E = 20 . are in general larger
(] iir: ¥ @ .
< - X, = than EM calorimeters
Y ]
] L
" ~ 10 P
Py ]
0.1 L T T T rrrrrrrrrrrorr T T T T e T T T T T T | "
0 10 20 30 4 5 60 70 8 9 100 0 T S S T T _,_J

10

30
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CMS
Development of Hadronic Showers

ower profile

—> Longitudinal distribution scales with A,

—> Transverse distribution depends on the longitudinal depth
—> Initially the shower is narrow, and spreads laterally with the shower depth

—> As in electromagnetic showers, defines a shower maximum at a position x ( in units
of ;) which also depends logarithmically on energy E of the primary hadron:

X E
—=t_(4,)=0.2]n +0.7
9 ﬂl max( I) [lGer

is the longitudinal dimension need to contain 95% of
Lys,, (ﬂ’l ) S L 2.5, the hadronic shower.
e o A, = describes the exponential decay of the shower
at =N GeV aftert .

=2 95% of the shower is contained within a R <, cone around the axis of the shower
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Development of Hadronic Showers

Shower profile C. Fabjan, T. Ludlam, CERN-EP/82-37

- Hadronic showers much
longer than EM shower
- Also broader

l

Allows e/h separation

Longitudinal energy deposit (arbitrary units )

ooooo-L

1

08

Longitudinal  depth ( A)

— Note: A(Al) =39.4 cm > X,(Al) = 68.9 cm

\ 4

Usually, hadronic calorimeters are longer than EM calorimeters
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CMS

| ABSORBER
i i EM.
; . ' COMPONENT

Energy measurement i
—> Based on the same principle as for the | )

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

electromagnetic shower §

HADRONIC
Heavy fragment COMPONENT

—> Shower develops until a E .

- Energy deposition by ionization (n° = yy and
charged hadrons) and low-energy hadronic
activity (fission, neutron elastic scattering off proton, etc)

—> There are two components in the mechanism of
energy deposition

- Electromagnetic component, due to n° = yy with
subsequent EM photon interactions
-> Hadronic

- The end product is sampled and converted into signal.
EM component

- The ratio between the efficiency in energy deposition due to E Hadronic component |

hadronic interaction is given by e/h
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. ) CMS
Hadronic Calorimeter

Hadronlc Calorimeter (HCAL)

—> Hadronic calorimeters are usually
sampling calorimeters

a) SCINTILLATOR
ABSORBER (emission at A1)

—> The active medium made of similar
material as in EM calorimeters:

particles /

/™~ WAVELENGTH SHIFTER
(fluorescent emission
a A2 > A )

—> Scintillator (light), gas (ionization
chambers, wired chambers), silicon
(solid state detectors), etc

c)

—> The passive medium is made of materials with longer interaction length 4,
- Iron, uranium, etc

—> Resolution is worse than in EM calorimeters (discussion in the next slides), usually in the

range: Can be even worse depending on the

o(E) o (35% —80%) » goals of an experiment and
E JE compromise with other detector
parameters
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Forward Detector: VCAL

Cis,

Performance Requirments
» Missing transverse energy
» Tagging jet for vector boson fusion

» High pt neutrinos or lightest SUSY
particles

Design Consideration

** VF energy resolution are more or less
loose

** Operate reliably at the high LHC
luminosity during many years

« Fast response to minimize pileup of
soft hadronic events

PPC

Description

v' Sampling calorimeter based on

v Cherenkov light

Fig. 52. 0= half of = quart= fHiber VF showing the wedge

stoachre.
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Forward Detector: Castor

« Cerenkov detector

« Electromagnetic and hadronic sections
« Strangelets in AA collisions

« LowxQCD

* Multi-parton interactions
* Excellent energy linearity - QGP

« Excellent spatial resolution | * Luminosity

PMTs W/Q-plates HAD section EM section

Light Guides s K2 By L =




Forward Detector: ZDC

» Cerenkov detector
« Centrality in AA collisions
« Hadronic and electromagnetic sections

Design Requirements . = = =
- Width < 9.6 cm, length < 100 cm; A i D R R
 Energy resolution sufficient to resolve the 1 neutron peak : | . | |}
* Very high radiation tolerance | Lightguides. | | | :
* Low sensitivity to induced radioactivity i I 1
- Rate capability above 50 kHz (for Ar-Ar) i 14
* Vertex resolution through timing of few cm, i.e. t 100 ps. | l L |8
| Arsa ¥-Sean: e@100GeV 4APD | (a) | Derivative Area K-Scan: e-@100GeV 4APD | b) : ' t E § I- ria E : -
e S0 R S T W
21 i ] got ! LN | . i | ' i
?&u, ' 7 % £ dlresponse)idx L )ll I| | //L, 1
0 £ e | —— - :
I ] - n' HE | :
J . ( -
'5“ S0 FWHM - 2 rm | e ﬁ
10— ' — :
i : | fran J
= ¢t | - E i
E " b L | Tuspsien plates I
£ Ty : hys.__
raalilala el L L0 e Qo it Rl L L COE M ---,ﬂ| -30 October 2009
X mm) X [mm)




40 MHz

10°Hz

10" Hz

%

) The Trigger and Data Acquisition System |

y/

Data Acquisition Main Parameters

~same as whole
world’s telecom
network!

Collision rate 40 MHz
Level-1 Maximum trigger rate 100 kHz
Average event size 1 Mbyte
No. of electronics boards 10000
No. of readout crates 250
No. of In-Out units (200-5000 byte/event) 1000
Event builder (1000 port switch) bandwidth 1 Terabit/s
Event filter computing power 5 10°MIPS
Data production Thyte/day
Loveit | 2 Detector Frontend 100 TbytEfﬁ
Trgger | T T P Readost
— ] ||:;:| e | e
ool Builder Networks controt | 100 Gbytels
= i -
‘IJ 1 [ Systems
Computing Services 100 Mbyte/s

Trigger and Data Acquisition baseline structure
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Backup
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Dry atmosphere for 10 years

Diameter 2.4m _ on strip detector
Length 5.4m g |
Volume 24.4m> 9 .':.
Running temperature -10°C ST ] .
o SRS DO N

214m? of silicon sensors

11.4 million silicon strips
Pixel endcap disks 65.9 million pixels in final configuration!
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%] Preshower

Characteristics of PbWO,

| X; = 0.8%cm
il p=28.28g/cm?

R, (Moliere radius) = 2. 2cm

| based on Si sensors

Parameter Barrel Endcaps
Coverage n|<1.48 1.48<n[<3.0
Ad X An 0.0175x | 0.0175x0.0175 to

0.0175 0.05 x 0.05

Depth in X, 258 247

# of crystals 61200 14648
Volume 8.14m? 2.7m?

Xtal mass (t) 67.4 22.0




CMS HCAL is constructed in
J parts:

— Barrel HCAL (HB)

* Brass (laiton) plates interleaved
with plastic scintillator embedded

with wavelength-shifting optical
fibres (photo top right)
— Endcap HCAL (HE)
* Brass plates interleaved with
plastic scintillator

— Forward HCAL (HF)

* Steel wedges stuffed with quartz
fibres (photo bottom right)

~10000 channels total

LN

[}
e

" \1
S L aS g
"! "'.Es.:ifl"'ﬁh\ o
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