CMS at LHC









LHC

« pp collisions == collisions of gluons and light quarks (aka partons)

Stuff

QQ >
A 00,
2 05

parton?

partonl

Stu
« Outgoing stuff: \What kind of stuff is actually detectable?
— electrons and muons (tau leptons decay too fast)

— quarks/gluons: they combine to make hadrons of which only a few live long
enough to interact with the detectors (1%, K*, K%, p, n);

note that high energy quarks/gluons actually produce jets of hadrons...
— photons



p collisions at LHC

1 bunch of protons: 20 cm, 20 um, 10" protons
50 pp collisions per bunch crossing
bunch crossings every 50 ns
10° pp collisions per second

CMS Experiment af EHE) CERN
Data recPrded:Thu pr 5,05:4
Run/Event: 190401

tumi section:\75
Orbit%Cr?ssmg: 19495




CMS

Cathode Strip Chambers (CSC)
Resistive Plate Chambers (RPC)
HCAL Scintillator/brass MUON
sandwich

ATLAS and CMS

ECAL76k scintillating
PbWO, crystals

ENDCAPS
4T Solenoid
'

Tracker Pixels & Tracker

ECAL - Pixels (100x150 pm?)
~1m2

HCAL channeils

Muons =

Solenoid coil

MUON BARREL
channels Drift Tubes (DT) and
Resistive Plate Chambers (RPC

* Two general-purpose detectors
« Each costs about $1B

* Why bother to have two? To verify each others results:

— independent hardware (and different technologies!)
— independent software

— independent analyses



Conceptual design
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 What you can see

W
— electrons i

— muons s

— hadrons (1%, K%, KO, p, n)

adron
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 What you can’t see is assessed from

— missing transverse momentum (“energy”), which may be due to:
* neutrinos
» dark matter particles (if produced)
* (and cracks/mismeasurements in the detector, of course) 7



CMS Overview

CMS
A Compact Solenoidal Detector for LHC
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Total weight 1 12,500t. —f
Overall d%meter: 15.00m SUPERCONDUCTING 8
Overall length : 21.60m

Magnetic field : 4 Tesla CMS-PARA-001-11/07/97 Js.pp



Total weight 12500t CMS

Overall diameter 15 m ECAL 76k scintillating

Overall length 21.6 m PbWO, crystals Cathode Strip Chambers (CSC)

g Resistive Plate Chambers (RPC)
HCAL Scintillator/brass MUON

sandwich ENDCAPS
4T Solenoid

Pixel

Tracker Pixels & Tracker
- Pixels (100x150 um?)

ECAL e b

HCAL 66M channels
-Silicon Microstrips

Muons P MUON BARREL

Solenoid coil 9 6M channels Drift Tubes (DT) and
Resistive Plate Chambers (RPC




Solenoid

4 T field
8 m In diameter
12 m long

3 GJ stored
energy

(1500 cars on a N |
highway) CMS Solenoid WL

////
LT/
////////

|

10



CMS: Superconducting

Solengi

Artist View
of CMS Solenoid

CMS
ECAL76K scintillating

PbWO, crystals Cathode Strip Chambers (CSC)
Resistive Plate Chambers (RPC)
HCAL Scintillator/brass MUON
sandwich ENDCAPS

4T Solenoid

Pixels & Tracker

- Pixels (100x150 um?)
~1m?2

66M channels

«Silicon Microstrips
~210 m? MUON BARREL

9.6M channels Drift Tubes (DT) and
Resistive Plate Chambers (RPC

6 m inner diameter
12 m length
4 T field

3 GJ of stored energy
(1000 car on highway) y

YBO landing in the CMS experiment hall



Solenoid




Si Tracker
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The layout of the CMS inner tracker

Largest silicon-sensor system ever made
« 2.2 m diameter, 6 m long, operates at -15°C
more than 220 m? of sensors

more than 60 million electronics channels (pixels
and microstrips)
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CMS: Si pixel inner tracker

ECAL76k scintillating
PbWO, crystals

CMS

Cathode Strip Chambers (CSC)
o Resistive Plate Chambers (RPC)
HCAL Scmtlll_ator/brass MUON
sandwich

ENDCAPS
4T Solenoid

Tracker Pixels & Tracker
ECAL - Pixels (100x150 pm?)

~1 m2
HCAL 66M channels
Muong SO TP MUON BARREL
9.6M channels Drift Tubes (DT) and
Resistive Plate Chambers (RPC)

Solgfioid coil

o 1 m? of sensitive area
=R 100x150 um? pixels

Spatial resolution: 13 pm
66 M channels
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Why do we need so high spatial resolution?

Reconstructed B-mesons in the DELPHI
micro vertex detector

15~ 1.6 ps /=cty = 500 pm-y

DELPHI s/
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front-end electronics
with read-out chips

CMS: Si Strip Detector

silicon sensors

CMS
ECAL75K scintillating

PbWO, crystals Cathode Strip Chambers (CSC)
Resistive Plate Chambers (RPC)
HCAL Scintillator/brass MUON
sandwich ENDCAPS

4T Solenoid

&

v i
Tracker Pixels & Tracker
carbon fibre support flat cables for powering ECAL - Pixels (100x150 pm?)
and data transfer ~1m?2
HCAL 66M channels
Muons SO oS MUON BARREL
Solenoid coil 9.6M channels  Drift Tubes (DT) and
Resistive Plate Chambers (RPC

80 — 200 um strips
Spatial resolution: 15-40 pm

200 m? of sensitive arca

(half of basketball court)
10 M channels
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Si Tracker
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Tracker Performance
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CMS: Electromagnetic Calorimeter

CMS

ECAL76K scintillating

PbWO, crystals Cathode Strip Chambers (CSC)

Resistive Plate Chambers (RPC)
HCAL Scintillator/brass MUON

sandwich ENDCAPS
4T Solenoid

Tracker Pixels & Tracker
- Pi 2
ECAL Pixels (10(2)x150 pm?)

~1m
HCAL

crostrips
Muons gt MUON BARREL
Solenoid coi 6M channels Drift Tubes (DT) and
Resistive Plate Chambers (RPC

(heavy glass: Si0, =2 PbWO,)
Energy resolution: <0.5%
80 K crystals
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EM Calorimeter

CERN Labo 27 - EP/CMA
09/07/2002 - 8

Lead Tungstate crystal SIC-78
[from China

CERN Labo 27 - EP/CMA
08/02/2002 - 1
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Hadronic Calorimeter

Hadron Calorimeter

Barrel Hadron Calorimeter:
brass interleaved with scintillating plates

Endcap Hadron Calorimeter:
steel threaded with quarts fibers




Barrel Hadron Calorimeter

R Erall dlamete 5m ECAL 76k scintillating
o erall length n PbWO, crystals

CMS

Cathode Strip Chambers (CSC)
o Resistive Plate Chambers (RPC)
HCAL Scintillator/brass MUON
sandwich

ENDCAPS
4T Solenoid

Tracker Pixels & Tracker

- Pixels (100x150 pm?)
ECAL gl e
HCAL 66M channels

-Silicon Microstrips
Muons i MUON BARREL
Solenoid coi 9.6M channels Drift Tubes (DT) and

Resistive Plate Chambers (RPC

Brass-Scintillator sandwich

36 wedges, each weighs as much
as 6 African elephants
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Endcap Hadron Calorlmeter
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Hadron Calorimeter Performance
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Muon System

Cathode Strip Chamber

Drift Tubes
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Endcaps:

Cathode Strip Chambers and Resistive Plate
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Endcap Muon System CSCs

Position is obtained from
gaussian fitto”™— — ]
the recorded

charges

0Iis Ilke that, 6 slenS|tive yers per ¢
: 6 m?2 of sensmve area (football filed) |

- [ 1




Muon System RPCs

current

lonizing

: Detecting strips
particle

Electron
multiplication

HV Al foil



Muon System Performance

Ap/p (%)

10’
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CMS is ready to

Tracker

4 ECAL
HCAL

i Muons

Solen

76k scintilating
ECAL £oWo, crystais

HCAL Scintillator/brass
sandwich

v
Pixels & Tracker
- Pixels (100x150 um?)

~1m?
66M channels

-Silicon Microstrips
210m MUONBARREL

d coil 9.6M chan




Enormous challenge of data flow

Detector:
= 80 Megapixel camera (3D pictures in a 15x15x20 m3 volume)

= Rapid snapshot mode: 40 M pictures/sec

First-level selection: 1:400
s 100 K pictures/sec
= time allowed for a decision: 1 ys
m specialized custom “computers”

’ The L i .
%7 l% Hadrop*C \
ﬁ\ ¥ . T ‘ fi Eum;fﬁakesme ad | I :

» '/1 ’ \m Pamcle Phw |

Second-level selection: 1:300
= 300 pictures/sec
s computer farm with 5,000 CPU cores

Storage and Data Analyses
= 10,000 TB/year (3 million DVDs/year)

m Distributed/accessible for analysis all over the globe:
GRID of 100K CPUs in 34 countries



Trigger and Data Acquisition

40 MHz

10°Hz

10" Hz

Data Acquisition Main Parameters

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
Level 1 N Detector Frontend 100 Tbyte/s
Tﬂc:lw R N — 1"1 [ l]|[md°°'
[ Systoms
4 L | [
Event Run
- l | I : T '—L Filter |
[ Ll‘ I | Jystems

Computing Services

100 Mbyte/s

Trigger and Data Acquisition baseline structure
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What is in Trigger?

Level-1 trigger. 40 MHz input : -——
- Specialized processors (25 ns pipelined, latency < 1 s -_-

- Local pattern recognition and energy evaluation on prompt macro-granular
information from calorimeter and muon detectors
- Particle identification: high p, electron, photon, muon, jets, missing E,

High trigger levels (>1). 100 kHz input :

- Large network of processor farms

- Clean particle signature. All detector data

Finer granularity precise measurement

Effective mass cuts and event topology

- Track reconstruction and detector matching

Event reconstruction and analysis 35



An example of an event:
H->vyy candidate

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




An example of an event:
H->ZZ->4u candidate

CMS Experiment at LHC, CERN

Data recorded: Fri Apr 20 12:35:44 2012 CEST
Run/Event: 191856 / 53791282

Lumi section: 64

w(z,) p;: 22 GeV
K*(Z,) p; : 58 GeV

4-lepton Mass : 125.2 GeV

wi(Z,) p; : 33 GeV W*(Z,) p; : 16 GeV
1/ P17 *
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An example of an event:
H->/ZZ->2e2 candidate

CMS Experiment at LHC, CERN
Data recorded: Mon May 28 01:35:47 2012 CEST
Run/Event: 195099 / 137440354
Lumi section: 115

' (Z,) p;: 43 GeV

e(Z,) p;: 10 GeV

4-lepton Mass : 126.9 GeV

wi(z,) p;: 24 GeV
e*(Z,) p;: 21 GeV v
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ATLAS (for comparison)

X
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ATLAS concept (cf CMS)
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Pierre Auger Observatory
(largest cosmic ray shower detector)
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Pierre Auger Observatory

Argentina

size of the detector site
compared to Paris

two types of detectors . ."." jl\

557
FRANCE ]
Z ),




Cherenkov light

Wate r Ta n kS from muons reaching

the earth surface
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Fluorescence Light Detector

|

Telescopes recording the
development of cosmic ray
showers (em and hadronic)

in the upper layers of atmosphere
via fluorescence light detection
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