
C.-P. Yuan 
Michigan State University 

 
July 8-11, 2013 @  
Peking University 

 

Introduction to  
Collider Physics 

 



QCD and  
Global Analysis of  

Parton Distribution Functions 
 

 Due to the limit of time, I can only talk about an example: 

I will also briefly comment on some aspects of collider phenomenology 

 related to  electroweak interactions.  



In this series of lectures, I would like to convey the following ideas.  

(1) How to construct theoretical model to explain experimental data.  

Example: From SLAC-MIT experimental data to  

the birth of naive parton model.  

(2) How to complete a consistent model with symmetry principles.  

Example: Construct QCD theory (from an SU(3) non-abelian  

local gauge symmetry) and the QCD improved parton model.  

(3) How to test a theoretical model against experimental data.  

Example: Check predictions of QCD improved parton model  

via global analysis of Deep-inelastic scattering (DSI), Drell-Yan pair,  

and jet data at various lepton-hadron and hadron-hadron colliders.  

(4) I will also extend the above methodology to discussing the  

phenomenology of electroweak interactions. 

The Goal of this series of lectures 
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• QCD and its success

• A NLO calculation of pQCD

• Collider phenomenology and 
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Jet
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Outlines
Motivation

Jet function  

Resummation

Jet energy profile

Jet mass distribution

Summary

arXiv: 1107.4535 [hep-ph]
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Other clustering algorithmThe kT family of jet algorithms 

!! p=1 

!! the regular kT jet algorithm 

!! p=0 

!! Cambridge-Aachen 
algorithm 

!! p=-1 

!! anti-kT jet algorithm 

!! Cacciari, Salam, Soyez ’08 

!! also P-A Delsart ’07 

!! soft particles will first 
cluster with hard particles 

before clustering among 

themselves 

!! no split/merge 

!! leads mostly to constant 

area hard jets 

!!#1 algorithm for 

ATLAS, CMS   

dij = min pT ,i
2p
, pT , j

2p( )
!Rij

2

D
2

dii = pT ,i
2p



arXiv: 0802.1189
Cacciari, Salam, Soyez

Figure 1: A sample parton-level event (generated with Herwig [8]), together with many random soft
“ghosts”, clustered with four different jets algorithms, illustrating the “active” catchment areas of
the resulting hard jets. For kt and Cam/Aachen the detailed shapes are in part determined by the
specific set of ghosts used, and change when the ghosts are modified.

the jets roughly midway between them. Anti-kt instead generates a circular hard jet, which clips a
lens-shaped region out of the soft one, leaving behind a crescent.

The above properties of the anti-kt algorithm translate into concrete results for various quanti-
tative properties of jets, as we outline below.

2.2 Area-related properties

The most concrete context in which to quantitatively discuss the properties of jet boundaries for
different algorithms is in the calculation of jet areas.

Two definitions were given for jet areas in [4]: the passive area (a) which measures a jet’s
susceptibility to point-like radiation, and the active area (A) which measures its susceptibility to
diffuse radiation. The simplest place to observe the impact of soft resilience is in the passive area for
a jet consisting of a hard particle p1 and a soft one p2, separated by a y − φ distance ∆12. In usual
IRC safe jet algorithms (JA), the passive area aJA,R(∆12) is πR2 when ∆12 = 0, but changes when
∆12 is increased. In contrast, since the boundaries of anti-kt jets are unaffected by soft radiation,

4

Anti-Kt jet clustering algorithm
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Calorimeter jet (cone)
jet is a collection of energy deposits with a 

given cone R:
cone direction maximizes the total ET of the jet

various clustering algorithms 

22!

Particle jet
a spread of particles running roughly in the 

same direction as the parton after hadronization

correct for finite energy resolution 
subtract underlying event 
add out of cone energy
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Various Theoretical 
Predictions



Event Generators: leading log radiations, 
hadronization, underlying events, etc.

Fixed order QCD calculation: finite number 
of  soft/collinear radiations

Resummation: all order soft/collinear 
radiations 

Various Theoretical Predictions

NLO
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Fig. 3. The measured jet shapes, with effects due to the calorimetric 
measurement removed, compared to NLO predictions with two 
renormalization scales for 2.5 5 101 2 3.0 for the jet ET range 
(a) 45-70 GeV and (b) 70- 105 GeV. 

tered into one jet, using the D0 definition of 7 and 
4, if they are within a distance of 1.0 of each other in 
v - 4 space. The energies of these jets are defined as 
the sum of the energies of the partons in the jets and 
the jet directions are the vector sums of the momenta 
of the partons. The jet shape predictions were calcu- 
lated in the same ET and r] ranges as the data, using 
the CTEQ2M [ 141 parton distribution function (pdf) 
and three values of the renormalization scale, ,X =ET, 
ET/~, and ET/~. They were also calculated using the 
MRSD-’ [ 151 pdf and were found to be insensitive 
to this change. At the lower two jet ET ranges, the 
theoretical predictions are narrower than the data for 
all values of ,u and are narrower for all values except 
,u = ET/~ for the higher two ET ranges. Both the data 
and the theoretical predictions narrow with increasing 
jet ET but the measured jets narrow more quickly than 
the predictions. 

Fig. 3 shows the measured jet shapes in the forward 
region for two jet ET ranges and the values of p( r) are 
listed in Table 2. The measured jets are observed to 
narrow with increasing jet ET. Comparing Figs. 2 and 
3, it is observed that jets of the same ET are narrower 
in the forward region than in the central region. Com- 
parisons to the JETRAD predictions in the forward 
region are shown using two values of the renormaliza- 
tion scale. The theoretically predicted jet shapes are 
narrower than the data in both ET ranges and do not 
narrow with increasing jet ET. As observed in the data, 
the theoretically predicted jet shapes are narrower in 
the forward region than in the central for jets of the 
same ET, but they do not narrow as much as the data. 

Comparison of HERWIG simulations of jet shapes 

Table 2 
The measured jet shapes at the particle level for jets located at 2.5 
< 171 < 3.0. Listed in the table is the value of p as a function 
of the radial distance from the jet axis r for the two forward ET 
regions. 

Subcone 
radius 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1 .o 

p(r) 

45-70 GeV 
(ET) = 52 GeV 

.49f .028 

.67f ,026 

.76f ,018 

.82f ,014 

.86f ,012 

.9Ok ,010 

.93& .007 

.96k .005 

.98f .003 
1.0 60.0 

70-105 GeV 
(ET) = 77 GeV 

.59f ,039 

.75f ,035 

.82f ,031 

.86f ,030 
,885 .025 
.91 i .022 
.94~k ,018 
.96i ,008 
.98f ,006 
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Fig. 4. The measured jet shapes at the particle level for jets with 
45 < ET < 70 compared to NLO predictions for different parton 
clustering algorithms for (a) 171 5 0.2 and (b) 2.5 < 171 5 3.0. 

before fragmentation (parton level) and after (parti- 
cle level) shows that the effects of fragmentation pro- 
cesses are important and tend to broaden the jets in 
both the central and forward regions. 

Although the experimental cone algorithm is well 
defined, it cannot be simulated exactly in the theo- 
retical parton level prediction. We have investigated 
the effect on the jet shape when using different par- 
ton clustering algorithms in the predictions as shown 
in Fig. 4. 

The JBTRAD clustering algorithm was described 
previously. The JETRAD-2 algorithm clusters two 
partons into a single jet if they are each within a 
distance of 1.0 of their vector sum, creating jets with 
the same radius as in the experimental measurement. 

Thaler & Wang,  arxiv:0806.0023
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Our resummation results

 At the first time that pQCD resummation 
approach is established to investigate jets.

 Improve predictions on Jet energy 
profile and jet mass distribution to 
describe CDF and CMS data. 
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Gluon jet dominates in low pT region.
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Jet energy profile @ CMS

Predicted by perturbative resummation 
calculation, and non-perturbative physics 

input is not needed.
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