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A few questions for you
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Outline

* The Big Bang
 Brief Introduction to Particle Physics

» Discovering the Higgs Boson

- The Large Hadron Collider
- The ATLAS Detector
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All atomic matter iIs made of three
particles: the electron, the proton, and
the neutron
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The Standard Model

Make up Electro-

protons 2] magnetism

and

neutrons Weak and
strong
nuclear
forces

Make up

atomic

matter Three Generations of Matter
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What's missing from the

Standard Model?

FERMIONS* BOSONS
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A New Particle i1s discovered!

HIGGS BOSON H
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By the end of
the lecture, you
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where this plot
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The Standard Model (now)

* The Higgs field
fills the universe
and gives mass to
the fundamental
particles

 The rest of this
talk will discuss
how we found the
Higgs boson
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Searching for the Higgs Boson

f




How do we look for the Higgs?

Step one: accelerate protons
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Insert Protons

All the protons e
that we will ever LHC_ by
need at the LHC
are contained In
this bottle of

hydrogen
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Accelerate Protons
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Accelerator Movie
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How do we look for the Higgs?

Step two: collide protons

Elizabeth Brost, UO February 26", 2015



The Large Hadron Collider

o ~27 km + 4 experiments

» Collision energy: 8 TeV
(upgrade to 14 TeV later this year)

> Tuniverse att=1010s
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How do we look for the Higgs?

w Step three: Higgs boson Is
produced
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Collisions @ the LHC
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How do we look for the Higgs?

) VI
H — 3.

Step four: observe
decay products
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How do we look for the Higgs?
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There are other decay channels, but we will focus on this one (H - 4¢
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How do we observe the leptons
from the Higgs decay?

HIGGS BOSON H

“The HIGGS BOSON ix

» Use detectors to
record the decay
products from the
process we're
looking for
(H - ZZ* - 40)

o » Detectors ~ huge
3D digital cameras

> picture = “event”
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The ATLAS Detector

Detector characteristics

Width: 44m
Diameter: 22m
Weight: 7000t
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Particle Ildentification

Tracking EM calorimeter Hadron calorimeter Muon system

Photons

Electrons

Muons

Charged
hadrons

Neutral
hadrons

Neutrinos

Towards the outside edge of the detector >
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Event Display (4 muons)
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Run Number: 190300,
Event Number: 60554334
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H - 4/ event movie
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Practice Ildentifying Higgs Events

» Remember: we're looking for four
leptons

- Two electrons and two muons
— Four electrons
- Four muons

* You will be timed!
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GATLAS

EXPERIMENT
hitp:/ fatlas ch
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ATLAS

LEXPERIMENT
http:/ fatles.ch

Rum: 284153
Event: 35360265
ZO12-05-38 20:31:28 CEST

https://cds.cern.ch/record/1631395



Run: 191426 %ATLAS

Event: 86694500 EXPERIMENT
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Run Number 158466, Event Number 4174272
Date: 2010-07-02 17:49:13 CEST




ATLAS

EXPERIMENT

http://atlas.ch

Run: 203602

Event: 82614360

NN Date: 2012-05-18
Time: 20:28:11 CEST

https://cds.cern.ch/record/1459495



@EATLAS
L EXPERIMENT
http://otlos.ch

Run: 191933
Ewentk: 44067539
fALL-1@-38 15;14:12 CEST



People are not good at this.

(so we don't identify oIIision signatures by hand.)

ATLAS Control
Room on a
normal day

www.atlas.ch

ATLAS Control Room on an exciting day
(first 7 TeV collisions)
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The ATLAS Trigger System
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“Big Data” - an aside

Business emails
sent each year

LHC's annual

data output
(15,360 terabytes)

Google's
search index
Library of

Congress'
digital collection

Videos

uploaded to :

YouTube each Content

year ﬁf \ <  uploadedto
% Facebook each
ngfree-‘.—httg:’;www.wired.com/2013/04/bigdata/ year
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Now, back to the search.
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Now, back to the search.
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Now, back to the search.

el

/s

S
- o=
Protons: Higgs boson: ‘}\*
collided ﬂ produced
+ l

N

Elizabeth Brost, UO February 26", 2015



Now, back to the search.

Protons:
collided

Higgs boson:
produced

4-lepton events:
collected by
ATLAS
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Signal and Background: An Analogy

» Metal detector "

Everything on the_ p_eac
e Search criteria:
metal things
- Signal = pirate treasure

- Removes background like
seashells (“reducible”
background)

» Results: some treasure,
some rusty metal

- Rusty metal = Pirate treasure
“Irreducible” background

Metal things
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Signal and Background (Higgs)

e« Search criteria = All events

4 leptons
- Signal=H - ZZ*- 4%
- “reducible” background:

3-lepton events, etc.

* Results: 4-lepton
events, some from

Higgs decay
- “Irreducible” background: H -2z* - 4bevents
»—2

pp > 27 - 48 3\\@—»
"y
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Now: plot the invariant mass of
4-lepton events
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Calculate Invariant Mass

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 203602
Event: 82614360
Date: 2012-05-18
Time: 20:28:11 CEST

https://cds.cern.ch/record/1459495
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Calculate Invariant Mass

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 203602
Event: 82614360
Date: 2012-05-18
Time: 20:28:11 CEST

https://cds.cern.ch/record/1459495
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Calculate Invariant Mass

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 203602
Event: 82614360
Date: 2012-05-18
Time: 20:28:11 CEST
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Calculate Invariant Mass

@EXPERIMENT
http://atlas.ch
Run: 203602
Event: 82614360
Date: 2012-05-18
Time: 20:28:11 CEST

https://cds.cern.ch/record/1459495
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Calculate Invariant Mass

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 203602
Event: 82614360
Date: 2012-05-18
Time: 20:28:11 CEST

https://cds.cern.ch/record/1459495
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Now, we can plot the measured
4/ invariant mass:

# of events per bin

0 | | | 100 | | | 200
M, [GeV]
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Now, we can plot the measured
4/ invariant mass:
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Now, we can plot the measured
4/ invariant mass:

# of events per bin
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Now, we can plot the measured
4/ invariant mass:
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Now, we can plot the measured
4/ invariant mass:

# of events per bin
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Now, we can plot the measured
4/ invariant mass:
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Now, we can plot the measured
4/ invariant mass:
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Now, we can plot the measured
4/ invariant mass:

# of events per bin
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Now the guestion Is: How many of these are
Higgs events, and how many are “background”?

- Recall the beach / metal detector analogy

# of events per bin

0 | | | 100 | | | 200
M, [GeV]
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Watch the ATLAS collaboration
collect and analyze data
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Final Result:
Higgs mass = 124 5 GeV
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The Future

* _LHC turns back on this spring, at a
higher energy (14 TeV)

 \What will we discover next?

- Supersymmetry? Something else?

Standard particles SUSY particles
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Any Questions?

HIGGS BOSON

The HIGGS BOSON is
the particle of the Higgs
mechanism, believed by
pliysicists to reveal how
all matter in the
UHIVETSE FEDs I miss
On July 4, 2012, the
CMS and Atlas
collaborations at
CERN announced a
Gesigma level of
certainty that the
Higgs boson had

% besen detected with
@ a mass of arowmnd

125 GeV,

$10.49 vssuemne

900000000 GOOTD I ;Jnflﬁ‘”,fft'f‘f'f’ with ‘L:'."?H'r'.l'l‘lf:'.a'r;

LIGHT HEAVY ﬁu' ML IR LS,

HIGGS BOSON

sPARTICLIEZ 0

http://www.particlezoo.net/

February 26", 2015



Backup Slides
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How to measure the Higgs mass

Since the leptons have very high energy compared to
their mass, all you need to calculate the Z boson mass
IS their energy, the angle between them, and the
speed of light: M, = V2E,E,(1-cos8) / c2

and M, =vm,_2c*+ m_2c* + 2E,E_(1 -V

w2 &
g N -

http://www.particlezoo.net/
Elizabeth Brost, UO February 26", 2015
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125.36 GeV))

Signal yield (o/og,(m .

Results

Current Higgs mass measurements from
ATLAS and CMS (in 4¢ and yy channels)
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