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The Standard Model

*The Standard Model

Three Generations

“""Quarks of Matter (Fermions)
I [l 1l
v mass—*| 2.4 MeV/ 1.27 GeV 171.2 GeV 0
*Gauge bosons charge| 2% 2 2, t 0 Y
Spin—+| 14 L4 14 1
. - h t hot
»Interactions (forces) o T [ [
. 4.8 MeV 104 MeV 4.2 GeV 0
*Electroweak force: o | d o o b X g
v, W, Z0 = | Yo 1, 1
*StrOng force. Cj)’ down strange bottom gluon
g (gluon) <2.2 eV <0.17 MeV <15.5 MeV 91.2 GeV 0
0 0 0 0
*Generated by gauge »Ve .Vu Vel £ |
. . ] N
Invariance: Sieton | | atons || netitino || e | ©
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_ 2 v e 15 l.-l v U | W 5
‘MaSS generated by nggS E’ electron muon tau o?gek E
mechanism
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Standard Model Higgs

»The least explored sector
of the Standard Model

Higgs Mass Exclusion

Excluded by Excluded by

QSO far the Higgs partiC|e LEP :Emerimamls T l 1&vnr|¢-r|IEmerimen1s
has not been found 0 0 |0 Mo ko | w0 a0 20 Gew
*Direct limit from LEP:
my>114 GeV @ 90% )
C_L_ N%a :"'I"dl | | IR | | | .
»Tevatron now rules out o S N e
a mass of 170 GeV. o HE B 1"
»Global fits to precision : s i :
data favors a small Higgs °C S E
mass N R A — T2
B : Theory uncertainty ]
B J — Fit including theory errors -
2 B P ) Fit excluding theory errors ~_
-/ A
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from arXiv:0810.3664v1
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Higgs Decays

»Higgs couples to mass — prefers to decay to heavy particles

]

BRH)
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Quarks are Observed as Jets
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Proton-Proton Collisions

»Proton consists of three valance quarks: uud
*plus the gluons that hold them together

Proton

H

'l

/
t"

Parton momentum fraction
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Xfo(x)
xf(x)
XT(X)

xf(x)

08

06

0.4

sFor the produced particle or particles
k + Net transverse momentum ~zero

e * Longitudinal momentum can be large
Momentum fraction

0.2

0
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Higgs Searches

Different search strategies depending on the Higgs mass
m,_,=130 GeV

my=140 GeV
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MSSM Higgs at Large tanf

» Another example is Higgs searches in MSSM with large tanf3

*|In these models the couplings to b-quarks and t-leptons are

strongly enhanced
*Higgs produced by radiation of b-quark

.-:EJ EI | |
> or [ Backgreund
] EHE I Signals Bl for tan(f)-20
o m, =200 GeVie*
et | = [ Signal+ Bk, for tan()=30,
P F m, =500 GeVic®
o 4
o C
S
n C
E MF gy -A"bb in MSSM
[ - wiet My =500 GeV
10F E-.‘“""'E'-‘?‘q AP TT— "L 4

0 400 600 1000
m,., [GeV/e]

Good vertex reconstruction for b and t identification
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Top Physics

*LHC is a top factory

*107 tt-pairs in a year

CMS Preliminary @ 10pb™

Entries

1 2 3 4 >5
Jet Multiplicity

We need to detect:
*U

°2 b-jets

22 jets

Entries

* Pseudo data
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CMS Preliminary @ 10pb™
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Physics Requirements

»High energy and luminosity to produce new particles: LHC
* Broad detector capabilities to reconstruct
*Leptons:
+ Electrons
*Muons
* Photons
* Jets
+ Electromagnetic and hadron energy measurements
+ Missing transverse energy in collision
*Charged particle tracking
*Vertexing
+ [dentify separated vertices from long lived particles
*Trigger
+In realtime identify interesting events
| will try to explain how CMS has solved this challenge
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Storage Rings

»Beams of particles are stored using
magnetic fields to keep particles in

electron beam
. e
an orbit

*p=0.39Bp ([p]=GeV, [q]=¢, bending
[BI=T, [o]=m) storage magnet

ring

»Due to constantly being
accelerated the particles emit
synchrotron radiation

4 4
o A AT (By) L synchrotron
3 P P radiation
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Limitations of Storage Rings
Tevatron: pp collisions LEP: ete- collisions

f=- - A S
T 3 =
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*R=1.0 kKm *R=4.3 kKm

oB=45T «B=0.08 T

sAE=11x10-12 TeV=11 eV sAE=2.0 GeV
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LHC uses the LEP tunnel and Superconducting Magnets
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The LHC

*|nject protons at 450 GeV and accelerateto 7 TeV
220 km of superconducting dipole magnets
*96 tons of superfluid helium at 1.9 K

28.3 T field.
*Energy in field is about 10 GJ

22808 bunches with each 1.15x1011 protons
*360 MJ per beam (equivalent to 60 kg of TNT)
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LHC Beampipe

»VVacuum has to be very good — beam lifetime 100 hours

| HC beam pipe near experiments are NEG (non-evaporative
getter, TiZrV) coated
*Has to be activated by heating the beampipe to 200 °C
*CMS pixel detector has to be removed yearly for 'bakeout
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The LHC Challenge

CERN l LHC l

»The LHC will collide protons on
protons at E_ =14 TeV

»Collisions every 25 ns or 40 MHz _
*Design luminosity is 1034 cm-2s-1 1 ol
»Required to produce the rare -
processes we are interested in, -

e.g. Higgs

__.‘.._

=
o
I

»\With a total inelastic cross-
section of 100 mb we have ~20 i
Interactions per bunch crossing L o (ms - s00Gevy B0

T
=175 Galf
mmp (=]

- Ty
1 pb my = 100 GeV

In particle physics luminosity is my= 1TV

o Higgs

defined by: — m-500Gev

Rate=Luminosity x Cross-section 0.001 001 01 1.0 10 100

a (proton - proton)

3
o
I
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H—ZZ >4y Event

Higgs plus 20 other proton-proton interactions in one collision

All Tracks Tracks with P>2 GeV

Need a highly segmented detector
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Particle Detection

=
7
g
-
=
=z
g
-
-

»Charged particle tracking (et, ut, pt, K%, ntt)
» Electromagnetic calorimeter (et, v)

sHadron Calorimeter (pt, K%, %, n, K|)
*Muon detection

*Missing fransverse energy (v)

RN
LA

|
_
—
=
_

Oom im m 3m 4m 5m 6m 7m

Key:
Muon

Electron

Hadron (e.g. Fion)
---- Photon

Iron return yoke interspersed
with Muon chambers

through CMS
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The Compact Muon Solenoid
Collaboration

»CMS was officially
approved in 1994
»The collaboration now
has
+~2300 Scientific
Authors
+*from 175 Institutions
+*in 38 Countries
»Major technology
choices were made in
1996-1998.

Austria

USA

Russia

Uzbekistan
Ukraine
Georgia
Belaru

Armenia
Turkey

Serbia
Pakistg

ithuanija

New-Zealand €X1XKorea/lran

\

Belqgium ulgaria
inland
CERN
France

Germany
/

| f______—Greece

N Hungary
\ taly
UK \PPoland
ortugal
Brazil
China, PR pain

ina (Taiwan)g,itzerland
olombia

roatia
Irelandndia| Cyprus
Estonia
Cornell joined CMS in 2005
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Why Compact Muon Solenoid?

cuis s Compared to the ATLAS experiment

A Compact Solenocidal Detector for LHC

CMS is much smaller
*Yet CMS weighs 12,000 tons vs.

7,500 tons for ATLAS
Muon Detectors Electromagnetic Calorimeters AT LAS
Solenoid Forward Calorimeters

..-'—

toroidal magnetic :
field for their

muon system
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CMS Modular Design

ECAL Scintillating PbOWQO, CALORIMETERS
Crystals

SUPERCONDUCTIN

G

COIL HCAL
brass Plastic scintillator
Total weight : 12,500 t sandwich
Overall diameter : 15 m
Overall length : 21.6 m
Magnetic field : 4 Tesla IRON YOKE
_ MUON
wENDCAPS

BN
HE N
EEN
HEN
ama
T
nE
aimn
; i
Silicon Microstrips — 7 o
Pixels T Vst
/
Drift Tube Resistive Plate Cathode Strip Chambers (CSC)
Chambers (DT) Chambers (RPC) Resistive Plate Chambers (RPC)

MUON BARREL
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The CMS Superconducting

ol ength: 12.5 m
°Diameter: 6 m
*Magnetic field: 4 T
*Current: 20,000 A
»Stored energy: 2.7 GJ
»Cold mass: 220 tons

2.7 GJ is enough energy to melt
11 tons of gold.
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2.2m

Measuring Momenta

sIna4 Tfielda 1 TeV particle has
a bending radius of 833 m
»This gives a sagitta of s=150 um
*Require very good detector
- resolution and alignment of the
WA detector

P =03gBp

0 025 05 0?5 1 125 ‘15 1?5 2 2.25

n=-In tan(6/2)
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CMS Tracker

Outer Barrel (TOB)

>

o Quter detectors | \

measure momentum volume 24.4 m?

2 Inner detectors flnd r‘unning Temper'a‘l'ur'e - 20 °C
vertices and seed track
finding
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Principle of Si-Detectors

s Pitch 80-200 Lm Pre-amplifiers/
Particle Shapers

e

Implant, Metalisation

p-

Strip pitch, P 510
Implant width, W<

.-r'é‘u )

§ .'. holes

o A

c, electrons « * Bulk,

g . - miype
Backplane, n" - type silicon

+ Bias Voltage
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Building the Si-strip Detector

| »Qver 200 m2 of Si sensors
+15,000 det. elements, 107 channels
*Automated assembly
» Strip detector zero suppresses the
data off detector
+40,000 optical fibers to readout
detector

g e
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Pixel Detector

Forward Pixels (FPix)

*4 disks (2 on each side)
24320 ROCs

2192 readout links

218M pixels

Barrel Pixels (BPix)
*3 layers
211520 ROCs

.. . 21100 readout links
*Precision vertexing 248M pixels

*Track seeding
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Pixel Readout Chip

@ ReadOut Chip (ROC) is the basic
unit of the CMS pixel detector.

*The ROC reads out 80X52 pixels

#ROCs are bump bonded to the
sensors
+*The ROC applies, per pixel,
adjustable thresholds and store
hits until the trigger arrives.

*The ROC has 1.3M
transistors
»Manufactured by IBM in

0.25 um technology
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Pixel Modules

capacitors

Barrel Pixel
Module
(1 of 760)

Forward Pixel
Half Disk
(1 of 8)
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Position Resolution

*Pixel cells are 100 X 150 um?

*To obtain resolution of order 10 to 20 um charge sharing is used

285 um
< >

ROC Y

charge loss

- after irradiation

P
B

@ Calibrate for the effects of irradiation

* For the forward detector charge sharing is obtained by rotating the

detectors by ~20°

Anders Rvd

Cornell Universitv
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Radiation Damage

* Radiation damage reduces charge collection

» Keeping detectors cold at about -15 °C traps defects
*Short warm ups of a few days helps with annealing

»Repairs and removal of pixel detector is complicated
*Detector has to be kept cold
*Detector will be radioactive

Fluences: Charged particles per cm2

1200 FCHARGED
— 5E 12
‘© 1000 L
£ - |
) et N Y 0 TR I R, R S
500 1 O
400 £ I| |I li 1T 1T 1 1 E13
- — ——+F+ 1CE.13
200 = 15613
C 1 | 1 I 1 | 1 | 1 I 1
O 200 1000 1500 2000 2500
z (mm)
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Power, Cooling, and Material

»The ideal tracking detector has a minimal amount of material

»But the large number of channels, the high collision rate, and the
large data volume means that the detector electronics consume
a lot of power
*The strip tracker is about 25 kW and the pixel about 2 kW

»The power is supplied to the detector at 1.5V and 2.5 V. This
means we supply about 15,000 A and 1,200 A to the strip
detector and the pixel detector respectively

» This adds material just in copper to bring the power in and more
importantly in the cooling needed to take the heat out

» The matenal is probably the single largest problem with this
detector. (The situation is similar in ATLAS.)
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Measuring Energy:
CMS Calorimeters

CMS
A Compact Solenoidal Detector for LHC

R LIOM CHAM BE PS TPRACKER

[ Hoal

[ chvsTaL EcaL |

----------
S B e i

Total welkg bt H
Ovemlldlameter: 15.00m e
Ovemlllength : 21.680m

Magnetic fleld : A Tesla CMS-PARA-DD1-11/07/97

*CMS ECAL and HCAL are inside the solenoid
*Good as it reduces material before the energy measurement
*But it restricts the thickness of the HCAL and we have some leakage
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ECAL:Measuring Energy of e,y

Crystal 23 x 2 x 2 cm3

276,000 PbWOQ4 Crystals . T
*Density: 8.3 g/lcm3
» Radiation length: xp=0.89 cm
»Moliere radius: 2.2 cm
sFast: 90% of light collected in 100 ns =
»Readout with avalanche photodiode =

or vacuum phototriodes

_'_'_{I-

m
= E
- L
=
Ll B Resolution 3x3 |
80l o/E =0.39 + 0.01 %
80 |
40— —
20 = |
¥ i L L 1 asta a1 o 1 o 1
?14 116 118 120 122 124 126

Energy (GeV)
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ECAL Challenges

»sMany photons and electrons @ The light yield is sensitive to
will interact in the tracker temperature 2% per °C
material. This makes energy  *Keep temperature stable to 0.1 °C
reconstruction more »The transparency and hence the light
complicated yield from the PbWOQO;, crystals are

sensitive to radiation

Material in front of ECAL "Ry E
. oss8 - L=2x1033 cm-2s-"

1.4 - All Tracker IJ : S =
| 1 Beam Pipe Jl;f“ 1"]"”&_ -
1.2 | = Pixel M’ ‘Ji L 0,994 2
- &= Inner Silicon, [}l 5 N‘Jﬂ‘[ . 0.992 [
1L B Outer ‘ullcmjl ik w\_JJL‘,l =
S Samm ",

_ 0.986 e L Y :

\ 0.6 | 0.984 __ \\M ﬂ"'*-.___ s N m———

04 |

|1_5 =

n

i | L
50 &0

time (hours)

» This will be monitored by a laser
calibration system that will provide
calibration pulses during running
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HCAL:Measuring energy of p, n, T, K

CMS
A Compact Solenoidal Detector for LHC

P U CHAM BE PS TRACKER CRYSTAL ECAL

Pl O e i 0

Total welkyhit H
Ovemlldlameter: 15.00m L rinLC e

Overalllength - 21.60m [FETURY +OKE |

Magnetc flekd : A Tesha CMS-PARA-DD1-11/07437

*Barrel and Endcap — brass with wavelength shifting fibers
*Forward — stainless steel and quartz fibers
*Plug calorimeter will get irradiated and will have to be put in
its 'garage’ during access
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HCAL Construction

Half of the HCAL barrel Stacking of the forward HCAL

LF:_: ﬂ'ﬁ_1-"l T 1 LI L | L L |
= |- B
I=L'I 0.5 — ni=1.4
B - |
Y odER 0 e 1.4<|<3.0
g E 14 3.0<]n}|<5.0
E,j_ o — ".. : 1} i
g, - ™)
l_L:JI : -:I L]
i

0.1

% 50 100 150 200 250 _ 300
EY~, GeW
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CMS Muon Detector

CMS
A Compact Solenoidal Detector for LHC

1 IO CHAM BE PSS T RACK ER CAVSTAL ECAL

bl T TTETY

Total welkyhit

JemiesRei HBE 0 o
» Three different types of detectors »Muon trigger needs to
*Drift Tubes (DT) determine:
*Cathode Strip Chambers (CSC) *Momentum
*Resistive Plate Chambers (RPC) *Bunch crossing

»Covers 25,000 m2 and 106 channels
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»The task of the trigger is to identify interesting events

Triggering

*\We have the 1 GHz rate of interactions
*Most of these are uninteresting

*Hardware trigger(Level 1 or L1)

* Reduce rate to 100 kHz
» Software trigger in CPU (High Level Trigger or HLT)

*Reduce rate to 100 Hz
Hardware trigger oomponets

GAL ECH RPC GSC DT
Eﬂerg‘_-f ti-.nni-,rg:..-r nan».ergz,..r hlts hits hits
. it
trigger o t,, o ‘l' t_‘
primitive segrnen segmen
data HEQ'Unal h finder finder
b Cal. Trigger Pattern - ke y
DAQ “ quiet Comp-
& mip track track
Global bits finder finder
finput | Cal Trigger | ~ _ . 4 N\ .
data - Ty e 4 .
. i
trigger
objects e

Global Muon Trigger ]
TTC System -II-—I%EE%TJL

'"‘(Glcbal Trigger
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CMS Experimental Area: Point 5
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Point 5 Underground

»Underground we have the experimental cavern and the
electronics cavern

»The detector was assembled at ground level and lifted
down in 10 major pieces
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CMS Experimental Cavern

s CMS experimental cavern. 92 m below surface
*CMS gained access in 2005 after long construction delays
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Installing the CMS Detector

Magnet and the central * The largest component,

tector lowerin including the CMS magnet
detector lowering weighed over 2,000 tons

» After lowering these pieces can
be moved on air pads

» Cabling and installation of
services took longer than
anticipated
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Pixel Installation Preparations

»The Cornell pixel group has provided the online software
*While at CERN this spring one of the things we did was to
install a small prototype detector — 'Pixel in a BoX
*Very useful for integration with the central CMS DAQ

Pixel in a Box Cornell CMS Pixel Group

-------
S
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Pixel Installation

»|nstalled around Aug. 1, 2008

| ast major CMS detector component

»Slides in on rails and closes around
the LHC beam pipe
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Cosmics

|n prepartion for beam CMS is recording cosmic ray data
*To integrate and learn how to operate the experiment
*Now we have operated almost all of CMS for >24 hours
*The cosmic ray muons are useful for alignment and other
studies

BE714 #Ewvent 3860732 (176/249) Fress F1 for #Run 66714 #Event 3860732 (176/249)
fct 18 10:13:39 2008 5tSat Oct 18 10:13:39 2008

& ./ Tef
m Detld = 369141246 : Press ' “or '27or . to Display the parent ohbject 144846 - Press ' 'or *2°aor ... to Display the parent object
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First Beam September 10, 2008
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September 19 Incident

» A connection between two
magnets failed
»This damaged about 20
dipole magnets and a few
quadrupoles
*\Will need to replace about
100 magnets
*Some soot in the
beampipe has to be
cleaned up
*Plan to start operations
again in May 2009
*After winter shutdown and
Injector maintenance

The LHC and the experiments are complex instruments. I'm confident
that these initial problems will be overcome.
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Super LHC (SLHC)

*There are two ways you could improve the LHC:
*Higher energy — would allow you to create heavier objects
*Higher luminosity — higher rate of data taking
»Higher energy is hard — requires stronger magnets
*There are ideas for improving the luminosity by a factor of
almost 10

9 2500

8 E
, LHC Phase 1 - 2000

o

r 1500

(V]

~®—Peak Lumi

N

F 1000 "Integrated Lumi"

Peak Luminosity (10434)
Cumulative Integrated Luminosity (fb-1)

. Phase 2

r 500

. ~ . From J. Nash, CMS
2008 2010 2012 2014 2016 2018 2020 2022 2024 upgrade coordinator

Year
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SLHC Challenges

L=1034 cm-2s-1

g k3 ..
TSRS O s e

*Will need to completely
replace the tracker.
*QOccupancy
*Radiation

Het it |
M
il
o
\\\\‘\\\\\

R

i
=

|
Sy
P v eyt ey

- P —

L=1035 cm-2s-1

Al

» Allows us to add capabilities
not present in the present
detector

G ol e *Use of tracking in the
BE e Level 1 trigger
il ; .} ‘:‘“‘E:‘ a: ) i -- -&“\.&n © \‘..,\;i'\% L

|. Osborne
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Tracking Trigger Upgrade

»One of the key ideas for improving the
trigger is to add tracking information
»Challenge here is to read out data fast
enough
*To read out all tracking information
would require one 10 Gbit/s optical
link per cm?
»\We can reduce the rate by linking hits
In two adjacent layers that are
consistent with a high momentum
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Summary — Outlook

»The construction of CMS is now complete.

»\We have operated all the major detector components and are
currently recording cosmic ray muons.
*Learning to operate the experiment

»\We are looking forward to real collisions next year.

» At the same time we are starting to think about upgrades for
future SLHC running.
*The construction of CMS took more than 10 years. The

upgrade will take a comparable time.
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Back-up
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Some Recent Experiments

A series of experiments has tested many aspects of the
Standard Model:
sete-at ~10 GeV: Precision studies of B decays (and other
particles) mapping out the CKM matrix. (%2 2008 Nobel prize)
+*CLEO (1979-2008), BABAR (1999-2008), Belle (1999-now)
sete- at 90-200 GeV: Precision studies of the Z and W. Higgs
searches.
*LEP exp.:Aleph, L3, Delphi, Opal (1989-2000), SLD (1991-
1998)
°pp at 2 TeV: top discovery, W and Z studies, Higgs searches,
SUSY searches.
*CDF (1987-now), DG (1992-now)
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CMS Si-Strip Tracker
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The layout of the CMS inner tracker

Pixels (66M channels) Strips (10M channels)
*~10 um resolution »~20-60 um resolution
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Pixel Commissioning

»The pixel installation was very successful. Within days we had
established that all but about 40 ROCs (out of 15840) was
working. These were known not to work since before installation.

»Within one week we were able to run together with the rest of the
CMS detector and record cosmic ray muons.

» After this we have had a few failures:

»On Aug. 11 developed short in 1 FPix sector low voltage
»On Sep. 14 HV shortin another sector.

*» These problems will be addressed in the winter shutdown when

we take the pixel detector out.
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Testing the Standard Model

Quantity Exp.

my [GeV]
My [Gn—*‘lr'r]

*Since the SM was
formulated in ~1974 it has
been extremely successful at
explaining a wide range of
phenomena: A,

R

+QCD P

Mz [GeV]

Ty [GeV]
T{had) [GeV]
T{inv) [MeV]
T(¢té—) [MeV]

Thiad [”] 1]

sLepton universality ot
»CP violation (in Kaon and i)
B-physics)
AL

*Muon g-2 o)
» Existence and properties of A
Wand Z

»top quark A

From the PDG

1708 £ 1.8 £ 0.6
80,428 4 0.039
80376 4 0.033

91.1876 £ 0.0021
24952 4+ 0.0023
1.7444 £ 0.0020

499.0+£1.5
83984 4+ 0.086
41.541 4+ 0.037
20.804 4 0.050
20,785 4 0,033
20.7T64 4 0.045

0.21R29 £ 0.000/F
0.1721 £ 0.0030
0.0145 £ 0.0025
00169 +£0.0013
0.0188 £ 0.0017
0.0992 £ 0.0016
0.0707 £ 0.0035
00976 +£0.0114
0.2324 £ 0.0012
0.2238 £+ 0.0050

0.15138 £ 0.00216
0.1544 4 0.0080
0.1498 40,0045
0,142 £ 0,015
0,136 £ 0.015
0.1439 £+ 0.0043
0,923 +0.020
06704+ 0.027
0895 £ 0,091
0.3010 £ 0.0015

Global Fit

171.14 1.9
80.375 +0.015

91.1874 4+ 0.0021
2.4968 + 0.0010
1.7434 £ 0.0010
501.5% 4 0.08
83988 + 0.016
41.466 £ 0.009
20758 £10.011
20,758 £10.011
20803 +£0.011

0.21584 £ 0.00006

0.17228 £ 0.00004

0.01627 £ 0.00023

0.1033 £ 0.0007

0.0738 £ 0.0008

0.1034 + 0.0007
0.2314% £ 0.00013

0.1473 + 0.0011

0.9348 + 0.0001
0.6674 4+ 0.0005
0.9357 £ 0.0001

0.30386 £ 0.00018

Pull

-0.1
1.4
0.0
0.1

-0.7

2.0
0.9
0.8
-0.9
0.7
-0.1
-0.7
0.5
1.5
-2.5
-0.9
-0.5

0.8
-1.5
1.9
1.2
0.5
-0.4
-0.8
-0.8
-0.6
0.1
-0.4
-1.49
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Comparing CMS and CLEO

Very similar on the surface

CMS
A Compact Solenoidal Detector for LHC

2230104-002

.._,__.___..S.olenold Coll g rrel
‘ Calorimeter

. : Ring Imaging Cherenkov
i Detector

PWARD MUCNCHAMEE TRACKER
RMET ER Y.

Drift
\ : T i, Chamber
i i __~_—=__ . Inner Drift Chamber /
' : iy ] Beampipe

/<. Endcap
/ Calorimeter

Rare Earth

- | Anatripct m pm';ETece
Si detectors - Tracking Detectors - Drift chambers
PbWQ, crystals - Electromagnetic Calorimeter - Csl crystals
Brass with fibers - Hadronic Calorimeter - None
None - Hadron Particle Identification - RICH

Superconducting Caoil
Muon Detectors
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Alignment Challenge

»The pixel and strip detectors provide very precise position
measurements
»But only useful if we can align the detector to a comparable

precision.

»There are some 10's of thousands elements in the detector
that need to be aligned — basically each Si-sensor.
*Each has 6 degrees of freedom.

»Means that there are O(100k) alignment parameters to be
determined.

» Start with detailed optical surveys.

»But final alignment needs to be done with the tracks.
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The CMS Data Acquisition (DAQ)

*Each 'Event’ or collision generates about 1MB of data.
*At 40 MHz this would give 40 TB/s

» The data volume is reduced using the Trigger
*The Trigger selects interesting events
*Reduce rate to 100 kHz -
*100 GB/s

*For the selected events:
*Data is read out optically
*The data from the same ==

triggers are assembled

n
- LA o

e L
o Emm—— " -

) v ¥

o -

T o -
3 (e

|1

multistage process {
*The complete events are |
received by the 'Filter-Unit' CPU
which analyzes the data
*100 Hz output rate
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Trigger Requirements

»Trigger has ~3.2 us to make decision
*The actual time the trigger has to process the data is
much smaller as there are long delays for signal
propagation and interconnects.
»The trigger has to decide which 25 ns bunch crossing the
event came from.
»Keep the rate to below 100 kHz.

» The implication for other detectors in CMS is that they
have to buffer the data for 3.2 us, or 128 bunch crossings.
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LHC Collisions

Collision containing a H—ZZ—4pu

*In addition to the
Higgs there are 20
additional proton-
proton collisions
producing about 1,000
charged particles.
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