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Universiré Libre de Bruveles, Belgum University of Edinburgh, UK

For den (eoreliska upplackien av an mekanism som bidrar il Irstaelsen av massans ursprung
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Observation of a new boson at 2 mass of 125 GeV with the

CMS experiment at the LHC

The CMS Collaboration

Abstract

Rezults are presented from searches tor the standard model Higgs boson in praton-
roton collisions at /5§ — 7 and 8TeV in the Compact Muon Solencid experiment
at the LHC, using data samples corresponding to mitegrated Juninosities of up to
51/ ut 7TV and 537" at 8TV, The scarch is performed in five decay moedes:
w1, ZZ, WYW~, 41", and bb. An excess of events is observed above the ex-
pected backgreund, with a lacal significance af 5.0 standard deviations, at a mass
near l_bl_n.'v signalling the prududmu of o new partide. The Lx|.\.d.u| sigreficanoe
for a standand model Higys buson of that mass 15 58 stundard deviations. The excess
i3 most significant in the two decay modes with the best mass resolution, 4y and £Z£;
a fit to these signals gives a mass of 125.3 + (0.4 (stat.) + 0.5 (syst. ) GeV. The decay to
two photons mdicates that the new partiche 15 a boson with spin different from one.
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Overview

What do all these people do?

- How to make a new particle
- Building a particle detector
- Operating a detector

- Understanding the detector

- Analyzing the data & making a discovery
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H
ow to make a new particle

E = 2ymc?
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How to make a new particle

CMS

\s=7TeV,L=51fb"\s=8TeV,L=53fb"
T | L | l L T = = =

vvvvv

Unweighted

Events / 1.5 GeV
o
o

— S+B Fit
e B Fit Component
L J+1e
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N IR BT B :
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How
to make a new particle
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Tools of the trade
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Particle accelerators/colliders

propagation >
beam1 - — beam 2
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CMS detector components

| | [ [
Om im m im
Key:
Muon

Electron
= Charged Hadron (e.q.Pion)
-~ — — - Neutral Hadron (e.g. Neutron)
"""" Photon

Silicon
Tracker

’ Electromagnetic
);’ ]l Calorimeter
o’

Hadron Superconducting
Calorimeter Solenoid

Transverse slice
through CMS

Iron return yoke interspersed
with Muon chambers

D.Bamaey, CERN, Febriy 2004
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How detectors work

Semiconductor Scintillator

1. dope Si(or Ge)to
create a diode

depletion region

Cherenkov Readout
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How detectors work

Semiconductor Scintillator

1. dope Si(or Ge)to
create a diode

2. apply reverse bias;
no current flows

Cherenkov Readout
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How detectors work

Semiconductor Scintillator

1. dope Si(or Ge)to
create a diode

2. apply reverse bias;
no current flows

3. charged particle
passes through;
creates e/h pairs

Cherenkov Readout
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How detectors work

Semiconductor Scintillator

1. dope Si(or Ge)to
create a diode

2. apply reverse bias;
no current flows

3. charged particle

N passes through;
T A creates e/h pairs
1(t) | S
Cherenkov 4. current pulse is Readout
produced

45



How detectors work
Semiconductor Scintillator

1. choose a material
with energy levels
separated by visible
wavelength

oA

Cherenkov Readout
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How detectors work

Semiconductor

o LA

Cherenkov

Scintillator

choose a material
with energy levels
separated by visible o
wavelength

charged particle
passes through;
transfers energy to
atoms in material

Readout
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How detectors work

Semiconductor

o LA

Cherenkov

Scintillator

choose a material
with energy levels
separated by visible

wavelength
charged particle Y M
passes through:; o

transfers energy to
atoms in material

excited atom
decays; emits a
photon

Readout
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How detectors work
Semiconductor Scintillator

1. choose a material
with energy levels
separated by visible
wavelength

2. charged particle
passes through;
transfers energy to

N atoms in material
I(t) T A
' 3. excited atom g
Cherenkov decays; emits a
photon

4. photodetector
measures the
photon and
produces a current
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How detectors work

Semiconductor

o LA

Cherenkov

choose an optically
clear material with a
known index of
refraction

Scintillator
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How detectors work

Semiconductor

o LA

Cherenkov

choose an optically
clear material with a
known index of
refraction

relativistic particle
travels through with
speedc/n<v<c

Scintillator
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How detectors work
Semiconductor Scintillator

1. choose an optically
clear material with a
known index of

refraction
N
I(t) T A 2. relativistic particle
i > travels through with >
Cherenkov speedc/n<v<c
"§‘<//// N 3. Cherenkov radiation
R, ‘\/// is produced with
A \[/// characteristic cone
yeR Ny angle relative to
N /‘,\ < speed of particle
\ e "\\ )
\ e "{\;‘\ A
V_\\‘/;‘:.:\\“
&Y \\‘
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How detectors work

Semiconductor

AY
-~ N
b
A4\ % A
L !

,
\ "

-~ 4

N

\
\,

%

b

T L

NN

EEEERE
I(t)T A

* a4,
EEEE

choose an optically
clear material with a
known index of
refraction

relativistic particle
travels through with
speedc/n<v<c

Cherenkov radiation
Is produced with
characteristic cone
angle relative to
speed of particle

photodetectors
around edges image
this cone

Scintillator
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How detectors work
Semiconductor Scintillator

1. detectors produce a
small amount of
current

HEEE
'(t)T A 54




How detectors work

Semiconductor

'/ .\\
e TN \‘
LR

b
\ -~

P4 %
SN
o] A
. >

Scintillator

detectors produce a
small amount of
current

pass it through an
amplifier to make it
measurable
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How detectors work
Semiconductor Scintillator

detectors produce a
small amount of
current

pass it through an
amplifier to make it
measurable

amplifier output is
passed to an ADC
which converts to

digital data
R(J

R AN
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How detectors work
Semiconductor Scintillator

detectors produce a
small amount of
current

pass it through an
amplifier to make it
measurable

amplifier output is

passed to an ADC .
which converts to
digital data )t
< store events in FIFO i 3
N AN and wait for readout 0
\/\i.... decision i
HEEEN :

'(t)TA . 57




How detectors work

Semiconductor

R AN
) \
b \ AY LY
-~ f/ \ ‘

NN N
anN
o] A
. >

5.

detectors produce a
small amount of
current

pass it through an
amplifier to make it
measurable

amplifier output is
passed to an ADC
which converts to
digital data

store events in FIFO
and wait for readout
decision

save for analysis!

Scintillator
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- Remember the 3000 authors on the Higgs
discovery paper.

- What does everyone do?

- Use FSU as an example...
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ESU author list

A.Ackert, T.Adams, A. Askew, V.Hagopian, S. Hagopian, K.F. Johnson, T. Kolberg,
G.Martinez, T. Perry, H. Prosper, A.Saha, A. Santra, R. Yohay

Academic faculty — at any given time, some of the faculty are retired, or
working part or all of their time on other things (teaching, university
administration, ...)

PhD scientists and postdocs — most are working full time on CMS

PhD students — some are working part time while taking classes, writing their
doctoral thesis, etc.

To be an author, you have to work on the experiment for at least a year, and
help pay into a common fund which keeps the lights on, etc. As a very rough
rule of thumb, about half of the authors might be actively working on CMS at
any given moment.

Only a few of us worked ‘directly’ on the Higgs discovery. What is everyone else
doing?
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Understanding the detector

- Discovering a particle like the Higgs requires a very good
understanding of how the detector responds to different
kinds of events.

- At any given time, CMS physicists are constantly
updating and refining many performance studies which
quantify how well the detector is working.

- These numbers change as the experimental conditions
evolve, the software algorithms used to analyze the data
are improved, and the detector hardware ages and is
upgraded. So it is a constant struggle to stay up to date.

- The next few slides illustrate an example of a
performance measurement...
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Transverse mass of W events

number of events / 4 GeV
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Number of events / 8 GeV

Data/MC

19.7 lb (8 TeV)
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Other activities...

- Building detectors
- Developing electronic systems for readout

- Working on the physical plant of the experiment
and taking shifts

- Distributed computing and writing software
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Detector development
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Electronics development
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Large Hadron Collider turns on 'data tap'
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The CMS experiment team celebrated when the firsl collisions occurred
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- Adding together all the activities needed to
discover a particle like the Higgs, the huge size of
the collaboration starts to look rather small!

- We could do more if we had more resources...

- CMS experiment at the LHC is an exciting place
and time to do physics.

74



