
parametrize fi(x,Q0
2) 

 know  fi(x, all Q2) 
 global fit  fi’s 



M=m=Q= 
hard scale 

So LHC and Tevatron data also constrain  the PDFs 
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is a way to display pL dependence               C 
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Kinematics of  pp   M in c.m. frame 



M2 

x 

  LHC 
14 TeV 

10-5 10-3 

M=100 GeV 

M=10 GeV 
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DGLAP 



DGLAP 

Higgs 

Q2 

x 

LHC 

10-5 10-3 

So even before 
the LHC we could 
reliably extrapolate 
PDFs and make 
predictions 

DGLAP appears to 
work down to x~10-3 or 
less, and Q2~2-5 GeV2 

 ---  so PDFs known 



Anastasiou, Dixon,  
Melnikov, Petriello 

LHC physics:  an example -- W production 
14 TeV 
                     LO:    duW--         udW+ 

W+ W- 

charge asymmetry 
u goes more forward than d 

Now confirmed 
in detail by LHC 
experiments 



tt production at the LHC and Tevatron 

x ~ 0.05 
gg~85% 

x ~ 0.2 
qq~90% 

Another 
example 



DGLAP 
LHC 
ggtt 

Tevatron 
qqtt 



Rates at LHC 

                     
if m ~ 500 GeV 



Rates at LHC 
or, more exciting, 
something totally 
unexpected 

Wen 

  1983 
top 
1995 

Hgg,4m 

2012 

                     
if m ~ 500 GeV 
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Global analysis
(Durham HepData)

• They use the 
same theory.

• At small x, gluon 
is dominant.
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Global analysis
(Durham HepData)

• They use the 
same theory.

• At small x, gluon 
is dominant.

• Very important to 
the LHC.

• Negative gluon

• LHAPDF



  

Nuclear partons
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Factorization scale dependence

• LHCb – Phys.Lett.B694:209-216,2010



  

Scale dependence of
Drell-Yan production

• LHC: pp collisions -- seen as parton 
collisions

• x variables



  

NLO diagrams



  

DY scale dependence



DGLAP sums (aslogQ2)n terms --- as Q2 increases probe 
                                      finer and finer structure of proton 
 
but as x decreases need to sum (aslog(1/x))n  terms 
                                                                               BFKL 
as 1/x increases gluons interact (combine) – absorptive 
                 corrections and eventually saturation 

  sketch 

small x 
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DGLAP sums 
(aslog(Q2))n 
 
BFKL sums 
(aslog(1/x))n 



DGLAP 

Higgs 

Q2 

x 

LHC 

10-5 10-3 

But LHC can 
probe v.small x 
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But LHC can 
probe v.small x 

102 104 106 

M 
y 

x1p x2p x1=(M/E) ey 

x2=(M/E) e-y 

Q=M 

10-1 

E=14 TeV 

central W prod. 
x1,2=0.007 

LHCb m+m- 

|y| ~ 0.4 
x  ~ 10-5  

x 



double parton scattering (DPS)
• Two INDEPENDENT scatterings in ONE proton-proton collision:

• Motivation?

• QCD: non-perturbative dynamics, parton distributions, etc.

• Searches for complex signatures typically rely on fact that 
new, heavy particles decay “spherically” while QCD 
backgrounds are correlated.

• Higgs searches? New Physics searches?

•Cross section expressed as a product
    of two SPS cross sections:



  

Thus should use a Variable Flavour Number Scheme
in which a matching is performed at the heavy quark
thresholds



  

Heavy quarks evolution

Usually quarks are taken as 
massless.

GM-VFNS (General mass – 
variable flavour number scheme) 

→ quarks as massless for  scale 
bigger than quark mass

→ zero contribution for scale 
smaller than the quark mass



  

Heavy quarks evolution

GM-VFNS is justified at LO

Produces kinks at quark 
masses.

We want a smooth behaviour

Only one step needs to be 
corrected



  

g → Q splitting function

• Color factor, z, scale, quark mass

• No divergence!

• Correct high scale limit

• Split flip

• Step function (putting the emitted heavy 
quark on shell)



  

Other splitting functions

• Momentum conservation 

• Intrinsic heavy flavour



  

Running of the coupling

• Conventional approach 
• Active number of light (zero mass) flavours

= 3 for scales between strange and charm masses

= 4 for scales between charm and bottom masses

= 5 etc...



  

Running equation

(Our work) Smooth transition: multiply 
each unit in n_F by:



  

Smooth running



  

Change in the running



  

Ratio of change



  

Muito obrigado!
• Thank the organizers for having me.

• Special thanks to Alan Martin.

emmanuel.de.oliveira@ufsc.br

Florianopolis


