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Not Fundamental 
 
 

(Sorry Chemists) 



T O D AY:  T H E  S TA N D A R D  M O D E L
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Fermions 
“matter”

Bosons 
“forces”
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S M  P R O B L E M S :  D A R K  M AT T E R
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S M  P R O B L E M S :  A N T I M AT T E R
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T H E  M A S S I V E  P R O B L E M
• In 2012 the Higgs boson was discovered at the LHC, with a mass of 125 GeV 

• The Higgs field gives masses to fermions and bosons 

• But the Higgs mass itself is not fully explained …  

• It receives quantum mechanical corrections to its mass from other 
particles … including particles we don’t know about
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T H E  M A S S I V E  P R O B L E M
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S U P E R S Y M M E T R Y:  H I G G S  M A S S

• Introduce a new boson for every fermion (+ vice versa) 

• If they interact in the same way, and have the same mass, this 
new symmetry largely cancels out divergence!
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S U P E R S Y M M E T R Y

Half of the particles the theory predicts have already been 
discovered
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S U P E R S Y M M E T R Y:  D A R K  M AT T E R

• SUSY particles can have strong, electromagnetic, weak 
and gravitational interactions 

• If any of the particles were to have strong or EM 
interactions and were stable, we would notice them 
very quickly 

• Therefore if there are any stable SUSY particles, they 
can only have weak+gravitational interactions 

• This makes them an ideal Dark Matter candidate!
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H O W  T O  F I N D  S U S Y  I N  5  E A S Y  S T E P S
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H O W  T O  F I N D  S U S Y  I N  5  E A S Y  S T E P S

1.Build a Large Hadron Collider 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27 km

You are here



21

1 GeV = 1 proton mass 
E=mc2

The ATLAS experiment 32

LINAC 2
1978 | 50 MeV

Booster
1972 | 157 m | 1.4 GeV

PS
1959 | 628 m | 26 GeV

SPS
1976 | 7 km | 450 GeV

CMS

ATLAS

ALICE LHCb

LHC
2008 | 27 km | 7 TeV

Figure 3.1: The LHC accelerator complex at CERN. The successively higher energy accelera-
tors are: Linear Accelerator 2 (LINAC 2), Proton Synchrotron Booster, Proton
Synchrotron (PS), Super Proton Synchrotron (SPS), and finally the Large Hadron
Collider (LHC). The four main LHC detectors are also shown.

magnetic components.1 Most of these magnets rely on unprecedented superconducting

twin-bore magnet technology operating at cryogenic temperatures.

For experiments to be sensitive to rare processes with small cross sections, such as

Higgs boson production, the detectors must record a large integrated luminosity. This is

seen by considering the expected number of events produced for process i

Ni = �i

Z
L dt (3.1)

where �i is the cross section and L is the instantaneous luminosity, a figure of merit for a

collider. The instantaneous luminosity can be increased by optimising the parameters of

L =
N2

bnbfrev
4⇡⌃x⌃y

F (3.2)

where Nb is the number of particles per bunch, nb is the number of bunches per beam,

frev is the revolution frequency, ⌃x and ⌃y are the x and y components of the beam size,

and F is a reduction factor due to the crossing angle at the interaction point. The LHC

1 Former DG of CERN Christopher Llewellyn Smith chose the magnet colour to resemble Oxford blue.
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Proton source

LHC beam pipe 
 100m underground



H O W  T O  F I N D  S U S Y  I N  5  E A S Y  S T E P S

1.Build a Large Hadron Collider ✔ 

2.Build a particle detector — The ATLAS experiment  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T H E  AT L A S  E X P E R I M E N T

• Massive, custom built 
experiment 

• 12 stories high, 46m long 

• 7000 tonnes 

• ~3000 physicists + 
engineers 

• 160 Megapixel  
40M snapshots / second
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PA R T I C L E  D E T E C T I O N
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H O W  T O  F I N D  S U S Y  I N  5  E A S Y  S T E P S

1.Build a Large Hadron Collider ✔ 

2.Build a particle detector — The ATLAS experiment ✔ 

3.Collect data — ongoing! 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D ATA  TA K I N G

• In 2015 data-taking resumed 

• LHC centre-of-mass energy of 13 TeV 

• 2000 bunches of protons in the 
machine 

• 1011 protons per bunch 

• 150 MJ of  evergy in the beam
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H O W  T O  F I N D  S U S Y  I N  5  E A S Y  S T E P S

1.Build a Large Hadron Collider ✔ 

2.Build a particle detector — The ATLAS experiment ✔ 

3.Collect data — Finished yesterday ✔ 

4.Analyse the data  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J E T S
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M I S S I N G  T R A N S V E R S E  E N E R G Y  
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Before Collision

jet1
jet2

jet3

Momentum balances

x

p1 + p2 + p3 = 0



M I S S I N G  T R A N S V E R S E  E N E R G Y  
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Collision

�̃0
1

jet1
jet2

(undetected)

Missing momentum

pmiss
3 = �(p1 + p2)
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M I S S I N G  T R A N S V E R S E  E N E R G Y  



H O W  T O  F I N D  S U S Y  I N  5  E A S Y  S T E P S

1.Build a Large Hadron Collider ✔ 

2.Build a particle detector — The ATLAS experiment ✔ 

3.Collect data — ongoing ✔ 

4.Analyse the data — ongoing 

5.Find SUSY ???  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T H A N K S  F O R  L I S T E N I N G

LHC data



E X T R A



V E R Y  L A R G E  H A D R O N  C O L L I D E R
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D ATA  TA K I N G  R AT E

• LHC collides protons at 40 MHz 

• Each “event” (particle collision) 
takes ~1 MB to store 

• 40 GB/s  

• ~0.1 EB/month 

• World: ~EB/year 

• Cannot store all this. Must 
record most interesting events
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AT L A S  T R I G G E R  S Y S T E M
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• The “trigger system” is used to “fire” on interesting 
events  

• Split into two levels: L1 (hardware). HLT (software)  

• L1 rate: 1 kHz 

• HLT rate: 100 Hz  

• So only record 1 in 400,000 events  

• 250 TB/month (although LHC not continuously running!)



P I L E U P
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Mean:  
13 interactions / BX



B L I N D  A N A LY S I S
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A C C E L E R AT I O N :  R F  C AV I T I E S
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J E T  P R O D U C T I O N  
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https://www.youtube.com/watch?v=wwmErml8t6s
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W H Y  I S  C O M  E N E R G Y  I M P O R TA N T ?

50



51



M Y  W O R K :  A N A LY S I S

• I look for new physics in 
final states with many 
“jets” (at least 7) 

• Events with many jets are 
rare in the Standard Model  
(prob. 1 jet ~ 0.1) 

• We design selection cuts to 
reduce background from 
the SM and enrich signal
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Example model

• t-quarks can produce 2 jets 

•       escape detection! 

• How do we search for 
particles that we can’t detect?

�̃0
1



A N A LY S I S  S E L E C T I O N

• SM events won’t have as much missing transverse 
energy (MET)  

• Can cut out events with small MET to increase Signal/
Background  

• Can also make other “cuts”, like requiring there is a b-
quark inside a jet (leads to the jet being produced 
~mm from the proton-proton collision point)
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M I S S I N G  T R A N S V E R S E  E N E R G Y

• Very small amount of data 
represented in this figure 

• Colours: Standard Model 
background 

• Black dots: 13 TeV data 

• Any excess in data/SM 
indicates new physics!
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S U M M A R Y  O F  R U N - 1  R E S U LT S

• During run-1 of the LHC, 
no SUSY signals were 
found 

• (Run-1 2010 — 2012) 

• Limits on models are set by 
the null-results 

• Typically, models only vary 
2 of the many SUSY 
parameters
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Excluded



• These limits are only accurate in the context of the 
particular model used 

• Different models = different limits? 

• Can we make a more general statement about what 
kinds of SUSY scenarios were excluded by ATLAS
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S U M M A R Y  O F  R U N - 1  R E S U LT S
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150 MJ of energy stored in the beam (new record)

CERN courier



• CERN summer student programme: http://home.cern/students-educators/
summer-student-programme 
 
RAL summer studentships: http://www.ppd.stfc.ac.uk/ppd/students/38521.aspx
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