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Lecture 15

» Parton Density Functions
— What do they look like?
— Some processes that measure them.

* parton-parton luminosity
— how to calculate it.

— some crude scale factors for LHC vs

Tevatron, and how they derive themselves from
the PDFs.



Recap of parton structure function

* There is only one F(x).

* It is made out of the incoherent sum of
probabilities for finding a given type i of parton
at a given x in the proton:

2xF,(x)=F,(x) = Eefxfl.(x)

* The experimental problem is thus to extract
f(x) from a large variety of measurements.

« We’ll mention some of these measurements in
a moment.



e-proton vs e-neutron

Isospin for valence quarks.

uP = d" = u(x) | 1 12
dp = un = d(x) ;sz(x) = 5[4uv(x) + dv(x)] + ES(X)
sP=g"=g(x) => i i -
u - ubar = u, —F"(x)=—|u,(x)+4d (x)|+ —
d - dbar = d, X 2 (%) 9[V() )] 9

S

Here S(x) refers generically to sea quarks, while 12/9 accounts
for the sum of e2 for u,d,s and their anti-quarks in the sea.

Note: charm and beauty is ignored in this discussion,
and SU(3) flavor symmetry is assumed for sea partons.



Some observations

« Since gluons create the sea g-gbar pairs, one should
expect a momentum spectrum at low x similar to
bremsstrahlung:

=> S(x) -> 1/x as x -> 0 at fixed Q2.

=> Fep/Fen -> 1 asx->0
=> Fep/Fen -> (4u, + d,)/(u, + 4d,) as x -> 1

* Experimentally, we observe:
Fer/Fen -> 1 as x -> 0 as expected.
Fep/Fen -> 0.25 as x -> 1 => u, appears to dominate
at high x.
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To setthe scale, x=0.14 atLHC is 0.14* 7TeV =1TeV

=> The LHC is a gluon collider !!!




Ways to measure PDFs

 The HERA collider collides electrons on protons.
This has produced a wealth of data.

— Including measurement of the charm content of the proton
by reconstructing charmed mesons in the final state.

 |n addition, hadron collider data from these
processes are used to fit PDFs:

Drell-Yan Prompt photon W asymmetry
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CDF Run II Preliminary (L=1.13 fb")
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Comparing e-proton data with PDFs.

Top = state of the art ~2001, includes early HERA data.
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pp (or ppbar) collision

« Use Feynman diagrams to calculate o for collision of
partons of type i and j at CM energy E. Call this:

6zj(§)56zj(E2)

* To get the cross section of pp, | then need to

integrate over all possible Xi; X with:  ~
§=XX,S

* |n other words, a pp collider is a “broadband collider”

spanning a wide range of CM energies, as well as

types of colliding partons (!), with propabilities given

by the product of PDF of the types of particles

colliding.



Let's explore this formally

da(pi%%f EOU ffdxdx Jix)fi(x; )5(3 xxs)

G,.(5) ¢ s
Z {{dxdx Ji(x) f(x )5(1 xlxjg)

S

T = ; <- to save some writing.

d()'(pf;r%f iEjA A Z’Z’ .de f(x)f (.X )5( - )

do(pp— f) ~0,(5) | T
- E [dx —if(x)f (;)



Cross section as a function of
parton-parton Luminosity

fdxil fz(xz)f](l)
T xii 'xi

do(pp— f) 4Ly, . .
dt _E dt ’j(s)

dL.. 1 a’x

J

dt 1+6

do(pp = f) _ S G(5)

dt
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f(X)f( ) f( )fj(X):



Discussion of parton-parton
Luminosity

1

dL; 1 dx T T -
dr 1+5Zj‘[ X _fi(X)fj(x)-l_ fi(x)fj(X)_

* Function of dimensionless quantity:

— Scaling => independent of CM energy of proton proton
collisions.

. However, 6,(3)=06,(E?) depends on E. The collider
characteristics only help us understand the energy
scale EZ accessible given an S for proton-proton
collisions.
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Zooming-in on the <1 TeV region
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LHC vs Tevatron
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Ratio of LHC and Tevatron parton luminosities
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1st (simplistic) rule of thumb:

— For 1 TeV gg processes, 1 fb-! at FNAL is like 1 nb-' at LHC
— For 1 TeV qq processes, 1 fb'! at FNAL is like 1 pb-' at LHC




Cross sections at
1.96TeV versus 14 TeV
Tevatron vs LHC

Cross section Ratio
Z—>uu 260pb  1750pb |6.7
WW 10pb 100pb |10
H 160Gy 0.2pb 25pb 125
mSugra - 0.0006pb 50pb {80,000

At 103%2cm?sT CMS might accumulate 10pb-' in one day!

... and SUSY might not exist in nature.




Example new physics Scenario:
mSugra at CDF and CMS

Run 1 to Run 2 is x10 in lumi. CMS did detailed study for
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Dijet Mass from CDF
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