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     Collider Physics 
     Tao Han @ MITP 
 July 16,17,18,19, 2018

Chapt. 1: Introduction 
Chapt. 2: Basic formalism 
Chapt. 3: Kinematics & phase space 
Chapt. 4: Particle detection @ colliders  
Chapt. 5: Lepton colliders  
Chapt. 6: Hadron colliders 

         Four 1.5-hr lectures 
                 Approach: 
- Pedagogical  
- Self-contained 
- Basic concepts & methods 
- Avoid technicalities & specific models 

References: 
arXiv:hep-ph/0508097, TASI lecturer notes, Han; 
arXiv:1002.0274, TASI lecture notes, Perelstein; 
arXiv:0910.4182, TASI lecture notes, Plehn. 
Book: 
“Review of Particle Physics”, PDG: Chin Phys C40 (2016); 
“Collider Physics”, Barger & Phillips (1987); 
“The Black Book of QCD”, Campbell, Huston, Krauss (2017). 
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Chaptt
. Introduction

§k*H= High Energy physics & phenomenology

IA ) HEP ←→ Elementary particle Phys .

A A

the Means :

Eapc
Objects = building blocks

.

.

=hV lfireldassiad) elements
,

atoms . . .

Till Rutherford & -

Scattering
-⇒ Atom

, planetary

Higher energies, shorter distances ,

E=hv deeper probe :

⇒t nucleons
, quarks

...

Rutherford's legendary method continues
in HEP 09

Lecture 1: Introduction 
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(B) phenomenology :

A term introducedi'm to s

empirical approaches
to describe dates

.

Bridge between Theory & Experiments

from theory
⇒ explainfpredict new phenomena

from exp
'ts ⇒ develop new

theory

.

"

Phenomenologist
"

need

to
understand both

theory
& experiments .ae

(C) Methodology ;

Relativistic
, quantum

- mechanical
,

guided by symmetry principles ,

rooted to experimental Observables

,
much sophisticated methods foods developed . "

advanced
,

automated
,

flexible Codes
,

but black boxes

:
what's there ??
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§h2= Some historic perspectives

of high . energy colliders
•o••

Fekety (2*40)

••

HE . LHC ((208)

¥a

130 140

Major discoveries @ Colliders : 50 Years Confining
1968

; proton structure ( D is @ SLAC ) discovery .d

1974 : J/4 ( SPEAR @ SLAC )

1975 : T lepton

guy
1977 :b - fuark ( E 288

1979 : gluon in 3- jets ( PETRA @ DESY )
(@FNAL )

1983 : W±1z° ( Epps@ CERN )

1989 : EW precision 13 V 's ( LEP 1,2 @ CERN )

1995. top quark C Tevatron@ FNAL )
2012 : Higgs boson ( LHL @ CERN ) ⇒ brightfuture 4
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§1.3 :

*.

Colliding particlesaren't Continues
,

2
. luminosity:

F.lots
£
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F.lots
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Lecture 2: Basic Formalism

§ 3.3:

3- body Kinematics
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Example I
: Atb → 1+2+3
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Chapt , 4: Partrbe Detection @ Colliders

How do We
"

see
" particles ?

Rutherford 's eapt : flash counts by eyes !

measured curvature kxpt - EPQ

measured curvature kxpt - EPQ
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Chapt .

5
. lepton colliders

A few representative Colliders .

.

Lecture 3: Lepton colliders
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(C) Constrained Kinematics
one of the most important features in ete collisions

...

precisely known kinematics
,

Best example :

Model-independent recoil mass
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Mono-chromatic,
But boosted muon:

Kinematic cusps in M(mumu) & M(recoil)
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Utilizingtwo - body Kinematics
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Forward-backward Asymmetry @ LEP: 
Parity violation, sensitive to the chiral interactions @ given E
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Chapt .

6
:
Hadnn - hadnn Colliders

A few representative Colliders .

.

§G.

I ÷Hadron Colliders = Pros& Cons

Lecture 4: Hadron colliders
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with strong interaction:
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§6 ,
2

:

Event Selection
:

CA)
"

Triggers
"

one is unable to tape most events
...

Would like to measure :
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§6.3
,

Parton :c Luminosity :

Hadrm collider
= Parton:c collisions have

a wide spectrum Ht
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1- missing Particle =

2-missingparticles:

↳ this is a commonVariable

It all boils down

to the choice of

transverse energy .HB

1- missing Particle =

2-missingparticles:

↳ this is a commonVariable

It all boils down

to the choice of

transverse energy .HB
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FB Asymmetry 
@ the LHC


