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e Hadron collider basics
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e Jets and W, Z production
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e Event generation;
top quarks
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e Higgs production



C Hadron Collider basics )

Existing: Tevatron, pp collisions at
Vs = 1.96 TeV L ~10% cm2sec™! < 1fb~!/year

ready in 2007: LHC, pp collisions at
Vs =14 TeV L ~10%-10% cm~2sec™! « 10-100fb~1 /year
Advantage: available energy is much larger than at e™e~ colliders

e tf pairs could not be produced at LEP...

Disadvantage: protons are composite =—>

e hard scattering is between

partons = quarks, anti-quarks, gluons

e proton-(anti)proton cross section is large
otot(pP) =~ 100 mb > 10! times new physics cross sections
—> Must understand patterns of SM and new physics processes to identify something new

e useful energy = 1/§ of partons << /s
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( Parton Distribution Functions (pdf’s) )

Factorization Theorem for infrared and collinear safe observable i.e. observables which are
insensitive to soft gluon emission or collinear splitting

Any infrared and collinear safe observable (depending on hard internal momenta Q) in the
scattering of two hadrons /1 and h; can be expressed as a convolution of parton distribution
functions f, /,(x, pf) with hard scattering kernels H,

1
H = Zb,/o dx1dxy fom (x1, 1) Hap(Q; Q° /1, wg /1, a5 (1)) fipmy (%2, 1)

+ terms of order o2
e The hard scattering kernel is calculable in perturbation theory and is independent of long
distance effects, in particular it does not depend on the nature of the hadrons 11 and 5.

Trick: consider the special case with h; = external partons

e The pdf’s are universal in that they only depend on the nature of the hadron /1, h; and the
extracted parton a, b, but not on the details of the hard process.

Dieter Zeppenfeld SM at Colliders

2



C pdtf’s cont’d )

The physical observable H is independent of the factorization scale ;. Using the perturbative pi¢
dependence of the H,;, one obtains evolution equations for the pdf’s, the DGLAP equation

i fnew = ¥ [ % (L) e

j=a.4.8

where the P;; are exactly the Altarelli-Parisi evolution kernels

By combining information from many experiments, the pdf’s are extracted from data
e DIS = deep inelastic lepton nucleon scattering
e Drell-Yan data at hadron colliders
e di-muon data in v, DIS give information on s(x) via s—c¢ CC transition and c—uX decay

e Inclusive jet production at the Tevatron as input for g(x)

Dieter Zeppenfeld SM at Colliders 3



( Example DIS input data with CTEQ6 fit )

BCDMS proton data NMC proton data
11 r x=0.75] [ +\‘ 7 82
2+ ° \\ . i
ey —t s s+ x=0.65 ° \‘\S\‘\ 682
1+ ]
W — x=0.55 . ‘:\‘\‘\‘\,\ 591
2 = B 5.14
g 09 W X:03§_045 il g 1-5 [ \ 1
_? t x=0.275 i \N*‘\‘\‘\‘A\ s
o8 M x=0.225 Na * 3.85
z Wi b} X1 pedes 3.37 |
~ { x=0.18 LT:] [
0.7 1 2.98
**"t“ﬁ*-'—‘-v—HTl x=0.14 WHN . 56
0.6 mﬂ"“"""" x=0.1 1 0.5 ‘”""'-O-m\. 2.34 -
‘h-g_..._,_;_'\' 51
0.5 Y f Q[GeV]
4 6 8 10 12 14 16 I8 0.1 02 03 04 05
Q[GeV] :

CTEQ and MRS and ... perform global fits to available data...
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¢

CTEQG6 pdf’s at two different scales
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e large valence u and d quark contributions at x > 0.01

e pronounced scale (Q = ps) dependence of pdf’s



relative errors on: u(x, Q) at Q% = 10 GeV?

C Uncertainties of pdf determinations )
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C Uncertainties cont’d )

Modern pdf parameterizations provide information on uncertainties which arise from
e experimental errors: statistical and systematic
e theory errors, e.g. missing higher orders in cross section calculations

Note: limitations of ansatz for functional form of pdf’s cannot be included in error estimates

Typical uncertainties are in the 5-10% range, but much larger at x 2, 0.3 for gluons, x 2, 0.5 for
valence quarks. Note that these ranges are factorization scale dependent!

MRS and CTEQ pdt’s available as FORTRAN packages

(google cteq or mrst)

Some errors are correlated and cancel in cross section calculations

Dieter Zeppenfeld SM at Colliders 7



( Effect on calculated/predicted cross sections )

Example: Higgs production at the LHC for 3 pdf sets with errors
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( Effect on calculated/predicted cross sections )

Example: Higgs production at the LHC for 3 pdf sets with errors
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( Tevatron Inclusive Jet pr Distributions )

hep-ex /0409002
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e Agreement with NLO QCD at 10-20% level over more than 6 orders of magnitude

e Steep pr dependence = jet rates depend totally on applied cuts:
no back-of-the-envelope estimates



( Jet Er in W + n jet events )

E distribution of the n-th jet (n=1,2,3,4) in W + n jet events
Jets are E1 ordered in descending order
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Perturbative QCD gives good description of distribution of additional jets in W production:
important for top quark search



