Chapter 3

Experim enﬂ Apparatus

3.1 The Large"Hz (R 'fz'- LHC)

\"\
To search for the Higg I lﬁ w. physies at 14 TeV, the Large

D3 ) ‘ y
Hadron Collider will collide / \ with a design luminosity
L =10 cm~2s7". Withigfthé e fr ?\ \ nitial running, the LHC

will be able to providefa fdll overage o col 8 o i 1 to the TeV energy scale.
Whether or not the Higgs#bo, r%%ﬂ OF vhatey 1e source of the electroweak
symmetry breaking, some defectablé’evide; st be unveiled under the collision

[ "4';;' ¥
energies below 1. TeV [22]. s == E

¥
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The constructign ofsthe EHC beam' e the-old 27-km-long tunnel

system of the Largér i mm’t:’rﬁmr-""“"‘"‘“"" ;4‘ is located across the

L
Swiss-French border »‘ th > .[F . In Table 3.1, we give

the outline of the LHC
machine and its sub-accélerators are illustfiated. More detail information of the

LHC can be fﬂa‘ug’@#ﬂ HNINEIND

In this sec 1on, we give some Prief overview.of the main components of the
QRS RIRTRHNI TR
q

1. Injection The old injection system and infrastructure of LEP will be used

some important charaeteristics of the LHC. In Fig. 31

to empower the LHC. The LHC energy build-up chain starts at a small linear
accelerator, which provides the proton beam of primary energy of 50 MeV
and boost it up to 1.4 GeV. Next, the Proton Synchrotron (PS) increases
the beam energy to 25 GeV and injects it to the Super Proton Synchrotron
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(not to scale)

Figure 3.1: The sub-accelerators e : ction system of the LHC. (picture
from the LHC Conceptual-DésSig; CERN/ 995.)

(SPS). After :V‘ 4 £ |
the LHC ‘r

2. Vacuu dl lar tube made of
stainles nﬁi uzj m ﬁ state is achieved

by the runﬂmg flow of 1.9 K super-fluid heﬂm around th be. For prob-

IR NEAN

3. Magnet The quality of magnet system of a collider indicates how high

‘is then transferred to

energy the collider can attain. For the LHC, the LHC superconducting
dipole magnets are expected to attain the field as high as 8.4 T which will
induce the beam energy of 7 TeV according to Eq. (3.1):



Table 3.1: The main LHC characteristics

Beam and interaction characteristics

T -
£y

Beam Energy (TeV) 7
Luminosity (em~%s~1) 1034
Time between collisions (ns) 25
Bunch léngth (cm) TT
Beam radius at intérae 15.9
Ring Circumfe 26658.9
RF frequenc 400.8
Number of bus€hesg . 2835
Number of beng : D les Sl 1232
Magnetic length of th 5 ‘.1 ‘ 14.2
Field of the bending'dipoles 1) 8.386
Bending radius 2784.3
Temperature ¢ _— £ 19
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(3.1)

where R () is the bending radius of the proton beam and Py is the trans-

AT NN ...

of antiprotons and protons, it is not feasible to produce enough amount of

antiprotons to attain the high luminosities which are needed to fully ex-
ploit the physics potential at 14 TeV. Thus, the LHC has installed a twin

bore magnet in which two beams of protons can circulate under the same

mechanical design and cryogenics system.
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4. Cryogenics The LHC cryogenics system uses niobium-titanium as super-
conducting cable which is maintained under the temperature of 1.9 K by a
flow of super-fluid helium. The super-fluid helium has an advantage over
normal liquid helium (4.2 K) for its higher heat conductivity and lower vis-
cosity. At 1.9 K temperature, a high magnetic field of 8.4 T can be achieved.

5. RF system The radio frequenc system of the LHC will be located at
one of the eight insertions of the ; . Each beam will use separate set
of RF system, providing fr equency Hz. This high frequency will

al off 2. 5@0 the RF bucket. Bunches

of protons filled by pefath of| this b I 'be separated by 25 ns.

6. Interaction po Fhodty f ations of two g era.l purpose detectors A
Toroidal LHC App i / A { 25] will host the two high-
est luminosity integctién p : : he prot ch currents. The other two
detectors, the heavydionfe ? i " La Colhder Experiment (AL-
ICE) [26] and theB-Bhyics Jerge Hadron Collider beauty
experiment (LHCb)J27); wi li& : ier v lu ninosity interaction points.

7. Beam cleaning In a 1g 08 :4 - there will be a halo of particles

elastically scattered away%ﬁw
their energies (£0 gduld damage the magnet
system. At th -,ﬁ@‘f‘:“"‘ - colli alled to absorb these par-

ticles to keep material parall line fri being damaged. Two

ea. These particles will deposit

beam cleaning systems are installed at the LHC.

8. Beam dﬂ\%n&}ﬁ % g%lbﬁsw gjkq gn t will first extract
he main ring. !

the bea: he beam is then defocused and transported

o e ALYARIE AN LV L M.

be 11uted and the radiation from the beam will be shielded.

3.1.1 The LHC experimental environment

The major characteristics of the experimental environment of the LHC lie in its

high luminosity and a short bunch crossing interval.
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High luminosity is the same meaning as high collision rate. In a proton-
proton collision, the interactions occur among the proton’s constituents — the
valence quarks, gluons and the sea quarks. The amount of energy created from
the collision of the protons is determined by the fraction of the total proton energy
carried by its constituents. There is a large difference in order of magnitude
between the cross-sections for inelastic interactions and the cross-section of the

interesting events (for example the

uction).

For example, at the 1 -‘% rof L/ /m"%‘l and a fraction of 2835
out of 3564 bunches filled "By the LHG, a@ interaction which has the
mf one bunch crossing, the

cross-section o = 55

number of collision

or quarks with a s hadrons of low mo-

e ———

mentum and nothir i slale o C-energyet i minimum bias events

will lead to a huge s
Because of high Interaction rate and short bunch interval, the trigger and

data acquisitio t ‘Iﬁﬁ uﬁﬂﬁ ﬁ of computing ca-
pability. Theyﬁ/ »lrﬂe h ﬁmﬁs 1 ifyi nteéresting events and

store them in a.q&me correspond toghe bunch cressing an interyal of 25 ns. At

this hi ﬁﬁﬁ ﬂﬂ?mg %Wﬁtﬁﬂ ﬂlﬁvel trigger
system isgmplemented to reduce the data volume from the collision rate of 40 MHz

to the level 1 maximum trigger rate of 100 kHz. The types of particles observed by
the trigger system are isolated leptons, photons or electrons in the electromagnetic
calorimeter and muons in the muon system, jets or missing transverse energy in
the combined calorimeter system. The first level determination to select an event
will be under the requirement of these trigger objects.
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Another main feature of the design of the LHC is the radiation protec-
tion system. In a high rate of proton-proton collisions, intense radiation always
presents. While most of the products from collision are absorbed in the calorime-
ters, backscattered particles and shower tails will still cause danger everywhere
in the detector.’ Especially in the inner detector and the forward region of the

experiment, the dose rates and particle fluence are at their highest intensity. Ra-

the LHC.

3.2 The Co ' 1 Solenoid (CMS)

The CMS detector i ¢ deteetors built for supporting

particle physics experi A0 al ' ,HC. s thesis has made an inves-
tigation based on the C R 3 al, ‘electr N ics, etc, to study the possi-
bility of using the W+ ction y measurement. Therefore,

in this section, we give s rief gverview of the'detector and some physical and

3.2.1 An Ovéigiew of the CME %

The CMS detector is Qes_igned to run at the highest luminosity at the LHC with

RGN Tha 11 o i w B
abbreviation h Elp lengid ﬁ “Compact” comes

from its uniqueqaesign to confine most of the crmial parts of tl@etector inside

e v AT ML A L (A e
from the muon SyStemof the detector which is of the most important part for

detecting and measuring Higgs and other interesting signal that yield muons as
their final product. At its completion, the detector will weigh about 12500 ton and
cost around 452 million Swiss Francs (MCHF) at 1995 prices. In order to connect
with the LHC beam line, the CMS detector will be put about 100 m underground

in the caverns.
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With the goal of looking for the Higgs boson particle, the CMS detector is
optimized to reach a full detecting capability over a mass range of 90 GeV/c? to
1 TeV/c?. In addition, the detector is optimized for capturing various kind of un-
expected physics phenomena beyond the Standard Model such as Supersymmetry
or Extra Dimension. Furthermore, CMS will be capable of providing insight on

the study of beauty and top quarks at lower luminosities and will accommodate
chs experiment.

| ﬂ m in length and 14.6 m in
i mtzttometer (=~ 10718 m), the

itude. This proportion is

many important aspects of the h

diameter. Considering 1
dimension of the CMS.issab611{-20
about the ratio of the si g% @ and ¢ .of the milky way.

Slicon Tracker

Very-forward Pixel Detctor

Calorimeter

Hadronic
Calorimeter
Bectromagnetic
Calorimeter

\ WA\ Muon
CURGL
9 :

Figure 3.2: The CMS Detector with its components labelled. (picture from
http://cmsdoc.cern.ch)

At the CMS, the energy resolution for measuring particles generated by the
LHC will be better than 1% at 100 GeV. A CMS’s large superconducting solenoid
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Figure 3.3: Slice of th

of radius r ~ 2.9 m is ex
This size of solenoid coil 3 @ ‘compact « or the muon system up to
pseudorapidities of 2.5 _:J omeéntum resolution.

ofiiﬁfé?ﬂeteﬁll om inside out are: the Tracker,
the Electromagnetic CalorimetﬂrjﬁAmm&on Calorimeters (HCAL) and
the Muon Chamber JExcept for the muon chM

,*__,_—7

The four major componen

other components are

one quarter of the det@dtor taker portant component 1ns1de
the CMS detector. Fig. 3 3 shows the pie of cross—sect10nal slice of the CMS and

ff;‘ci‘;‘;if@j ﬁﬁfiﬂw AW e
€ Iour major com onensoﬁ‘te etector € desc etall 1n e
subseiﬁﬁm ASHS AR Y

3.2.2 The Tracker

The Tracker of the CMS provides precise momentum measurement for energetic
leptons in search for decay signal involving Gauge bosons, W* and Z°. The

measurements made by the tracker are combined with track segment reconstructed
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Silicon strip detector

Pixel detector

in the outer muon sy, -more of 't region and to increase
the precision of muon ing. T g nly able to identify and
reconstruct isolated leépto hothnd) to establish that they are
really isolated ones.

The shape of thg Tracker . 3.4, of 6 m in length and
1.2 m in radius. Inside the magnetic field of 4 Tesla along the
beam axis (z-axis) is presented.” vers rapidity in range of | n |< 2.5

All high transw -‘ n particles produced in the cen-

tral rapidity region ar&reconstructed with a momenturmn precision of § Pr/Pr ~
0.005€p 0.15P7, i m ini g i ith the outer muon
chamber systeﬁiu esolutio fg;ﬁ m oﬂthﬂ‘rﬁmentum of muons
above 100 GeV ¥ enhanced to more than 10%. . o

Vi YEH ot ol b dbidon) oG e to mate
a semiconluctor detector material because it could provide the highest energy and
spatial resolution, and give excellent response time. The basic operation of the
tracker is the following: when a charged particle penetrates the semiconductor
detector, it causes electron-hole pairs along its track. The more the loss of the

energy, the more electron-hole pairs being created. Electric field is applied to

separate the electron-hole pairs before they recombine; the electrons then drift
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towards the anode while the holes move toward the cathode. The charges are
collected by the electrodes and they produce a current pulse on the electrode
corresponding to the measurement of the deposited energy.

@ (B) being perpendicular to
the plane of particle’s circu

ation f radius-k
: / nt 1o ‘\ \ of charged particles utilizes

In the ’Ilrax':ker, j

the concept of bending# e frach . .\ Q\

Figure 3.5: The diagram she -- '

nagnetic field. Inside the
Tracker, for a charged paftigle icular to a magnetic field
of strength B (in Teslé) ci tilg ina,  of rad (in meters), as shown in
Fig. 3.5. The transver . lar to the B field measured

in GeV/c, is calculated by'a

The CMS Tracker cordposes-of t deteetor elements, arranged in con-
e .
'S, Silicon Strip Detectors (SST) and

0 the outermost respectively.

centric cylindrical volumes: the Pixel Detec
Micro Strip Gas Chambe

e

Pixel Detectors

-

Figure 3.6: The Pixel Detector Layout.

A Pixel Detector, as shown in Fig. 3.6 is a semiconductor type made of

wafers with small rectangular two-dimensional elements of linear size less than a
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millimeter. The detector consists of large number of those elements to ensure high
spatial resolution in two coordinates.

The two barrel layers of Pixel Detectors of the CMS are located at the smallest
radius from the beam line. Its two endcap disks cover radii from 6 cm to 15 cm.
Each layer of the pixel consists of modular detector units which are made of thin,
segmented sensor plates. Each unit is implemented with highly integrated readout

chips connected to them using a yvy) technique.

Silicon Strip Detect

The Silicon Strip Detect ed i \
are separated into th : :\\

v 3 ow in Fig. 3.7. The layers
- { . q\
S{(BIB) and
The inner barrel (TIB | Ipose-o 3\ <
I )
X IC \

) and the otter barrel layers (TOB).
’:: \" a.double sided layers 1 and
2 and two inner endcap Sach compose \

: three small disks. The outer
oy \ )
CO1ICE ,\ l\’\ ers, arranging from nearest

to the tracker towards t ri ol |
i

Figure 3.7: The Silicon Strip Detector Layout.

Two endcaps (TEC) (as shown in Fig. 3.4) of the Silicon Strip Detectors

cover a rapidity range |n| < 2.5. The endcap modules are mounted in 7 rings on
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2 x 9 disks consisting of wedge shaped petals. The 1, 2 and 5 detector rings are
double sided, with each side acting as sensors. One of the sides is placed in an
angle of 100 mrad with respect to the other side so that the module can provide
information of the azimuthal angle (¢) coordinate.

Silicon sensors possess a capability of fast response and small pitches, cov-

ering the range from 80 to 205 pm. is feature makes silicon suitable for high

occupancy and high resolution_

Micro Strip Gas Ch

The MSGCs of the :

pm and a hit efficiencybe 9 %0.
of 6 m in length and 3 g ter and prc ) average number of 6 hits
per track with readouf pif _ d & strip length between 10 and 25
cm. The MSGC is a g ' :

technology and millions o

esolution better than 40

nider shape with dimension

ated with micro-electronics
: oments (strips). In the MSGC,
the distance between the seusing eléct odés{the \ ode strips) is typically 200 um
providing an acéuracy mu tHiaf e spreading of the charge on
ffv allows the use of interpolating
algorithms to achieye ion much better than the one dictated by

the readout pitch. THi T id o-strip detectors with

respect to solid-state @c ro-strip de 015 allowed to cover large areas with

a reasonable number of flectromc channels However, the main dlsadvantage of

i ey b
3.2.5°) mammumzma 188

The CMS electromagnetic calorimeter (ECAL) is the most important part to study

the electroweak symmetry breaking, especially the Higgs aspect. The ECAL of
the CMS is designed to provide a measurement of two-photon decay mode for
mp < 150 GeV, and a measurement of the electrons and positrons from the decay
of Ws and Zs originating from the H - WW and H — ZZ decay chain under
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also allows good mes

undetected neutrino-li

The typical ele : .,;' cti g ergy that occur in the
ECAL are: 7

- Bremmsstrahlung (phot issi n’). aAtion or acceleration),

1
o
=
Y]
o
j=n
f<¥]
2}
(<]
[<¥]
o
o
@
.
=]

0]
—~
@
-9
[
Q
-
-
o
it
-gf

e-: "r""’.&j;""—-.l‘ - ""q-

Coulomb scatterip‘gl(e.g. elqctron—nu{%&m.

]
>
=
2
B,
&
&
@]
=]

—
@
o=

Pair production (y — e+e )

e Y2 INHNTNEING

Compton scattering (photon-electzon scatterm

ekl G o b il ']{] NYIRE

Bremsstrahlung and electron pair production are the most dominant pro-

cesses for high-energy electrons and photons; their cross-sections become nearly
independent of energy above 1 GeV. These dominant electromagnetic processes
combining with the small fluctuation help distinguish electromagnetic showers

from hadronic showers decisively.
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The secondary particles produced in the electromagnetic processes are mainly
e*,e” and 7; most of the energy is consumed for particle pair production. The
cascade develops through repeated similar interactions. The shower maximum,
with the largest number of particles, is reached when the average energy per par-
ticle becomes low enough to stop further multiplication. From this point, the
shower decays slowly through ionization losses for e, or by Compton scattering

for photons. Nuclear mteractlong\\‘!' )hotonuclear effects are negligible at

this step. /
—
There are two malqmnts {Dr thﬂpf the CMS. One is the main
feature of ECAL whlchm(

another is a Preshower, ( " ed at ”the endc shown in Flg 3.8. Both

Is, a scintillating material;

rigure 35 RIS I gmhewrmmm ——

and have a lenggoh of only 23 cm

I@r Wa%&&mm 31 (WV;]D’] meﬂlgﬁdﬂth avalanche

photodloaies or vacuum phototriodes and associated electronics are installed in the
ECAL system, as shown in Fig. 3.9.

The basic operation of the scintillating crystal is the following: when charged
particles go through the scintillating material, they excite the molecules of the

material. When electrons of the excited molecules fall back to its ground state,
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they emit short light pulse which will be amplified, converted and interpreted by

electronic system.

Lead tungstate crystals are material of choice for the CMS because they
offer short radiation length and a small Moliere radius, allowing a very compact
electromagnetic calorimeter construction. Also, the material can be produced from

readily available-raw materials and suhstantial experience of production.

To convert energy of charg \“ ArG1E1eS 40 electronic signal, the scintillation
light from PbW Oy is fir: 'L'“-L. y silieOn"av; anche photodiodes (APDs) in

the barrel region (EB, | 18) : 1odes (VPTs) in the endcap
region (EE, 1.48 <| n [< 3.0 converted to light. Then,
the light is converted™intqg \~,~ e p o odetector. The relatively
low light yields a smadlfcu _ ‘preamplifier and converted
into a voltage waveforraf e Sig " 4 l \\ nd digitized. Finally, the

electronic data are transpértgd off‘thé detedtor 0 w\ ical fiber to the upper-level

A\

readout. The diagram. ] v\ e is shown in Fig. 3.10.

Pipdlne
Cortol
Interface  Trigger
Ineface DAQ

detector ught-to-llght readout a

Figure lﬂu&w&mw dthiabheghence in ECAL
Preshawwe@ﬁnim AN Y

A Preshower detector consists of two components: a barrel detector and an endcap

detector, as show in Fig. 3.11. The barrel detector covers the rapidity range from
n = 0ton=0.9. Its major function is to provide a measurement of the photon
angle in the 7 direction. The endcap detector covers the rapidity range from about

n = 1.65 to n = 2.6 and its major operation is to provide y — 7, separation.



37

Both barrel and endcap contain thin lead converters followed by silicon strip
detector planes, positioned in front of the ECAL. The measurement of the energy
deposition in the 2 mm pitch silicon strips allows the determination of the impact
position of the electromagnetic shower. In order to maintain the excellent energy
resolution of the ECAL, the energy measurement in the silicon is used to apply a
correction to the energy measured in the crystals, thus correcting for the energy
deposited in the-lead converters. - | ’

The two preshower d ilar structure, particularly the

@wer detector and the barrel

front-end electronics and

preshower will be describ

B

Ehisa f%ﬁﬁﬁ?ﬁé@ﬁ%ﬂﬁﬁﬂﬁ% B
¢
et PR SRS RIRBATRY AL} o peovic

v — o seParation in the forward region: in about half of the H — 7 decays, one
of the photons will fall in the rapidity interval covered by the endcaps. At this
rapidity, the high energy of the 7, results in two closely-spaced decay photons

indistinguishablé from a single-photon shower in the crystal ECAL.

The endcap preshower covers the rapidity interval 1.653 < n < 2.6. Its inner
and outer radii are 457 mm and 1230 mm respectively. The endcap preshower is
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a planar structure.

Barrel Preshower The main goal of the barrel preshower detector is to measure
the photon angles in the 7 direction at high luminosity, which is needed for the
search of the Higgs decaying to two photons. The detector modules are similar to

those used in the endcap preshower, with the difference that, each module contains

ydmg to form long strips.
_J

T . A o -

The CMS hadroac calori _, shoﬂl in Fig. 3.12, measures
directions and energy of guark gluon and neutrino. For neutrino, its energy and
directions are erse energy. The
determination ﬁMﬁﬁwﬂn{ﬂm for new particles
and phenomena such as those in the searches forsthe supersymmetric partners of
o QARG T EL 194 AH BT e ennes

a

by the hadronic calorimeter in combination with the electromagnetic calorimeter

and the muon system.

In high energy collision, the hadronic interaction is mostly dominated by
a succession of inelastic hadronic interactions. These are characterized by mul-
tiparticles production and particles emission originating from nuclear decay of

excited nuclei. Furthermore, there are frequent generations of 7%’s which leave an
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electromagnetic component present in hadronic showers. The secondary particles
produced in hadronic interactions are mostly pions and nucleons. Other important
secondary particles are groups of particles called jets. The jets are produced in
highly collimated form as a consequence of hadronization of partons (quarks and
gluons) produced in hard collisions. They vary widely in shapes, particle contents

and energy spectrums.

The HCAL of CMS is made‘b! M ynetic material, copper alloy and

stainless steel. The intrinsic,hi'% density % makes it suitable for being an
absorber material. — ") —

"-.'ﬁb
Shown in the Fig( mponents of the HCAL consist of three parts:
Barrel (HB), Endcap 6 the et@cap region of the CMS detector, the
Forward Calorimeter

EXPERIBITITAL HALL
UXC TS5

T e —

Figure 3.13: The HCAL Barrel (HB), Endcap (HE) and Forward (HF) in the CMS

Detector.



40
Barrel and Endcap

The Barrel (HB) of CMS HCAL is constructed of two half-barrels each of 4.3 m in
length. The Endcap (HE) consists of two large structures, located at each end of
the barrel detector and within the region of high magnetic field. Because the barrel
HCAL inside the coil is not sufficiently thick to contain all the energy of high energy

showers, additional scintillation 1 are placed just outside the magnet
coil. The full depth of the combined HE auf detectors is approximately 11
absorption lengths. 1_/_‘

The Central Hadron.eatoris .7 s a sampling.calorimeter, i.e. the shower
i is used to produce a signal
proportional to the incide irgigle energy. Tl pling calorimeter of HCAL
consists of active matérial ifisgftgd Coj bsorber plates. The absorber
plates are 5 cm thic ; agrel “and m thic he endcap. The active

elements of the entire cengral fiadron ealofimeter a nm thick plastic scintillator

tiles using wavelength-shifting (W Sy astic fibe fo read out operation.

The barrel hadron calofs -{:. abodf¥79 cmiin depth. To ensure adequate
sampling depth for the entire ’"‘-n 3 1, the first muon absorber layer is

e

. . . . 3 * o
instrumented with scintillatoréies to form an

o

er Hadronic Calorimeter (HO).
7

2

The forward calorimeter QIQ extends the hermeticity of the central hadron calorime-

e

Forward Calorimeter,

ter system to ﬁ i ement for a good
missing transv 15e energy measurement calorlmeter covers the region

30<n nd is bullt f s ee re sampled
at varla ﬁ s‘}i Bﬁ Ejed into the

absorberi)lates. Because of the quartz fiber active element, it is predominantly
sensitive to Cerenkov light from neutral pions which leads to its having a very

localized response to hadronic showers.

The energy of jets is measured in a form of Cerenkov light signals produced
as charged particles pass through the quartz fibers. These signals result princi-
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pally from the electromagnetic component of showers, which results in excellent
directional information for jet reconstruction.

Cerenkov light is emitted whenever a charged particle goes through matter
with a velocity v exceeding the velocity of light in the medium. Fiber optics con-
vey the Cerenkov signals to photomultiplier tubes which are located in radiation

shielded zones to the side and behind. e calorimeter.

Light from waveshiftin lear optical waveguide fibers to

readout boxes located at ndcap detectors. For HCAL
detector components p W ‘ th%coll the readout boxes are
located on the iron flux e m . Inside the readout boxes,
the optical signals from™vs ' Ag i

to An x A¢ interval.

 “towers” corresponding

and converted into fast

ammnmu '1 -~

Figure 3.14: The CMS’s Muon Chamber.

Muons are particles the CMS experiment is primarily dedicated to explore
because their detection could provide clear distinction of signal over background
which help determine a clear-cut signature for most of physics study. For example,

the CMS program’s “gold plated” signal is the Higgs bosons decay into Z — Z or
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Z — Z* and later decays into four charged leptons. For the case that the leptons
are muons, the fesolution of the mass of four particles cannot be too difficult to
achieve since muons are less affected than electrons which suffer radiative losses in
the tracker material. In a 150 GeV /c? Higgs event shown in Fig. 3.15, the muons
are distinctly observed after the high magnetic field and absorbers filter out the
large background of hadrons or non-isolated muons.

Figure 3.15: A 150 GeV Higgs eJ rdecayir o four muons in the CMS detector.

The muon sy, L"-'M—““-\‘ ig. 3.14 incorporates

5 o . 4
three main function®* gger and muon momentum

measurement.

Muons are identi t ick ﬁ tﬂﬁmaterial (iron) of
the Muon Cha e mr W :l er than neutrinos

and muons. Be’t‘)re the first statiop of the caltE'meters, thereﬁe at least 10

RIS
of iron ygke! By lining tup the*hi i | two out of the four muon stations,

the identification of the muons can be achieved. The installation of multiple
stations also enables the control of hadronic shower punch-through and hard muon
bremsstrahlung.

With multiple chamber layers in each station, many distributed measure-

ment points for building up a muon track pattern, as show in Fig. 3.16, can be
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made without much difficulty.

”//.A \\\ W
- > J ;
®ZZ
£

Figure 3.16: An gx® e muon stations.

The muons’ trag ise or background such

as electrons from neutro of the absorber between

the stations also prevents gfe s due to high energy muon

radiation.
For measuring the momentum of the & |, the magnetic field generated by
the coil and conducted by @g@é& keJcaused,the track of charged particles

Tracker section. _ L.y

i
The muon triggelystem helps identify muons and*€stimates their transverse

momentum online. With digh efficienc stem reduces the
proton-proton ﬁ B ’& w &J ﬁ egl ﬁ:equlnng that the

transverse mome 8htum of the muons énus’c exceed a certain thres old.

A URE TR o5 %ﬂ feis aierent

types of background hits that can be mistaken as genuine, high — Pr prompt
muons. These backgrounds are generated from hadronic punch-throughs, debris
from muon interactions with matter, thermal neutrons, beam halo in the forward

direction and could also be noise in the electronics.

The CMS’s muon system consists of three sub-detectors: Drift Tubes (DT)
in the central barrel region, Resistive Parallel Plate Chambers (RPC) in both
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the barrel and endcaps region and Cathode Strip Chamber (CSC) in the endcaps

region. Below, we give brief explanation for each of the muon chamber’s sub-
detector.

Drift Tubes

7/ MR
7P NN
Figure 3. 34 ThofDiTfe-T ’ hedMuon Chamber.
Drift Tubes (DT )#ongain's w@'; with la \ -\u' 4 cm), and are assembled

in layers. Some moderatg Mg.lﬂ tré :\ apnels are in the DT for the
read out electronics to recogd the'sisnals'that only be collected from the wires.

Once a particle goes through th S the gas in the tube and develops

showers of electrons that will mie wire of positive potential. The
positioning coordi ,‘-' tpendicular to the wire is
calculated from the. fin Sbkoh to drift toward the
wire. Multiplying drigveloc 7 of el N the gaﬁvith the amount of time

taken by the drifted ele&trons, we can obtain the distance of particle from the

T I 3

eTE = ./

ARANTUNF N8y

where e B charge, E is electric field, m is mass of electron and 7 is a mean time
between collisions. In the presence of a magnetic field B, the drift velocity is
reduced, and the drift direction is no longer along the electric field; it is altered to

vp = vpcosag, (3.4)

where ap is the drift angle given by,
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tanap = 2B’UD/E. (35)

Here, we assume that B and E are orthogonal,

A DT layer is assembled by gluing layers of aluminium plate. To the alu-

minum plates, copper strips are glued in front of the wire to provide the electro-

’ ~ V ‘ -
Cathode Strip Chauy
9 tl \" 't

ional chambers composing

of strips of segment ~ \ \ es. Once there are showers
of particles developed ’ -  on strips of the cathode
plane. The two  coordi 2 P ed from the independent

detection of the signal'in
the same time. While t

n the strips and the wires at
on on the ¢ angle (azimuthal
angle), the wires provides .,. I coordinate. Besides giving
assembled wires of the CSC also
iX layers inside the CSC

i : yattern recognition They

x%na.l muon tracks.

spatial and spacial measurement
make it a fast detect iate

modules provide reJ ¥

also provide matchmgﬂ

In Fig. 3.18, the progess of detectix&the signal is displayed. Here, the
electrons are igtm ﬁ ﬂ‘nﬁ)ﬁﬂnﬁlﬁs?racted toward the
cathode. The erpendicular to the
passage of particles.

Iﬂ H2a9naniam) ANENAL e

assemble in 7 Honeycomb panels; where one set of three plates provide support
of two wire planes and the other sets of four plates give the etched strip. The two
inner plates have strips on both faces, while the two outer plates have strips on

only one face.
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Resistive Parallel plate

two electrodes that is made, ome pi: i paterial of very high resistivity. This
design of RPC allows opera on*&f%iﬁfgh@dch could achieve a high gas gain
without causing catastrophic‘séélE{bri;s’.m& _Thus, with this high gain, a

rticle can be achieved.

very precise of little.aélg,y of passing time of
The RPC electrodes, which have hi

signals originated from]jh

ansparent to the electric
: show& due to the shielding of
external metallic strips. dIn the CMS Baurr%l.;Ir the strips are placed in parallel to
the azimuthal : i ‘ aced in parallel to
the radial dlre%M@ﬁMEmﬂﬁm a measurement of
the muon momentum that is used by Trigger.

ARIAIDIUIRITNEAA L e

from ionﬁing particle close to the cathode gives a larger amount of secondary
electrons in exponential multiplication. The cumulative effect of all the particle
showers originates signals to be detected. By setting a proper threshold, the RPCs
can detect signal which are dominantly electrons from the location close to the
cathode. The time resolution, efficiency and time delay of the pulse are achieved

by the threshold setting. Moreover, by choosing appropriate resistivity and plate
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particie

Figure 3.19: Them‘gf det@ess in the RPCs.

thickness, the RPC rate'(’_ 3 )

¥ t%tz per cm?.

3.2.6 Trigger

When the LHC starts op (;fons will cross each other
at rate 40,000,000 ti d. minosity of the particle
beam, approximately 25 pu ‘ be in each crossing. The
Trigger and Data Acquisiti }?ﬁ?ﬁi( riDAS) of the CMS select, among those

millions of events, about a hunif@ th ost interesting events per second, and
he ana.ligﬁ'gt‘d&yf Before goi igito TriDAS examination, the
event has to be proé’ie ed by twoinden jge
of the tests (Level-1"Trig pl equires short duration; but
at the higher level (Higl Levé‘l_.’ﬂ%ger 2, 3, ...), the ourations are complicated

algorithm and require sighificantly more time to run.

At Levelﬂlu)ﬂ&mlrﬂa%]pﬁcﬂﬂqlm@ted to select signs

of an interestingq%vent, such as hits in muon chargger or some of galorimeter cells

e A R T b
less thani) e hillionth of a second ‘and selects the most in eresting 100,000 events

each second. After Level-1 accepts an event, the data for that event will be stored

then record them for.t

in 500 independent memories (RDPMs), of each connected to a different part of
the CMS detector. A picture illustrated the Level-1 trigger system of the CMS is
shown in Fig. 3.20

At Level-2, the TriDAS connects to more than one part of the detector. The
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electrons, photons, jets, MET
A

o P

>r_nuons

Figure 3.20: The CM8"Le figger st . (picture from the CMS Collabora-
tion, The Trigger and Qltafh duisition Project\CRRNYLHCC 2000-038.)

=
of computers. This Thigger Level-2 :
for commercial. -

Finally, at'LevelQ, the fu together J d an advanced level of

physics algorithms can be applied to selectfor rare and complex signatures. This

level of triggeﬁ ﬁlﬁjﬂf(ﬂhﬁ IEJ? Pﬁw\ﬁ‘b%ﬂeﬁatched to particle
tracks, and wheq a photon Is identified as a cell with hig electromagnetic energy
and no track pointing to it. ougho i cess, the TTi ystem also
monitoat %at@ﬂﬁ Miﬁwmﬁfﬁﬂfﬁfﬁ illustrated

the CMSTHigh-Level trigger is shown in Fig. 3.21



49

Figure 3.21: The CM3
oration, The Trigger

bure from the CMS Collab-
bject, CERN/LHCC 2000-035.)
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