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* Finish QCD
* Partons
 Hadron collider physics
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Plan for this week

Finish Quantum Chromodynamics:

quark-quark scattering

Partons:

Parton Distribution functions
Deep Inelastic Scattering — measuring PDFs

Hadron collider physics:

Variables for collider physics
Drell-Yan process

Defining jets

Dijet cross section

More hadron collider processes
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Calculation of colour factor for ud — ud
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R.K. Ellis, W.J. Stirling and B.R. Webber, QCD and Collider Physics, Cambridge University Press, 1996.

| M|? at LO for parton-parton scattering processes

Process (IM[*)/ g8 0 =m/2
q9¢' — q¢ datbu 2.22
a7 — q7 474w 2.22
a9 — qq 5 (32;;”2 + 32;;32) Sy 3= 3.26
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qq — qq % (SQQZ“Q + tQ;E“Q) — %";—2 2.59
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Deep Inelastic
Scattering at HERA

820 GeV protons on
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Parton Distribution
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J. Pumplin et al. (CTEQ Collaboration), New Generation of Parton Distributions with
Uncertainties from Global QCD Analysis, JHEP 0207:012,2002.

G. Cowan / RHUL Physics

PH4442 Advanced Particle Physics / lecture week 11



G. Cowan / RHUL Physics

Pseudorapidity
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Jd =
The Drell-Yan Process 7 — A + X , {=epnx

For § << M,2, only g diagram important:

47?052623
3N,

o(qq = prp) =
For pp collisions, need to get g from “sea”, giving

d? Ao
7 pp—optpX) = —2

dri1dxe 9sx1x9

Y Q2 [fy(m1) fa(wa) + fa(m1) fo(w2)]

Similar for pp — pfu™ + X, e.g., at Tevatron using fp,q(m)L: fp.a(x)

fra(@) = frq(2)
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Transforming the Drell-Yan cross section

For, e.g., the different cross section with respect to invariant
mass and rapidity of the p*u™ system:

My = A/T1L28 y = 5 In(z1/z2)
6.’131 6m1
The Jacobian is: g | Omes OV 2my,
6.’1:2 6m2 s
omy, Oy

For the pp case this gives

2 2

dm,dy
() ()]
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Drell-Yan data
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Matteo Cacciari, Gavin P. Salam, Gregory Soyez, The anti-kt jet clustering algorithm, JHEP 0804:063,2008

Jet finding algorithms

Cam/Aachen, R=1
\
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Dijet cross section

Earlier we found the cross section for ud scattering:

A 2 2

do _ AT o m Q

dQ)? 9 Q4 S
d3o _do
dQ%dzidzs  dQ?

2fu(x1) fa(x2)

S=x1x28

For pp — ud — ud + X:

Transform variables to jet-jet invariant mass m;;, rapidity of parton
c.m. y and rapidity n* of outgoing u quark in parton c.m.:

Po Amof Q* 7 2, % mjj mjj —
dmjjdn*dy =90l ll—l— (1—m—”) ] T(l—tanh n*) fu (\/gey) fd(\/ge y)

Include all parton-parton combinations that give two outgoing jets
(at LHC dominant contribution from gg — gg).
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https://cds.cern.ch/record/2202818

Dijet event at the LHC in ATLAS

EXPERIMENT
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ATLAS Collaboration, JHEP 05 (2018) 195

Dijet production in pp collisions
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Véronique Boisvert

Production cross sections at LHC

Standard Model Total Production Cross Section Measurements Status: October 2023
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Search for Z’
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The ATLAS Collaboration, Nature 607 (2022) 52-59

Higgs production in pp collisions

t/b

gluon-gluon fusion vector-boson fusion (VBF) associated production (VH)  ttH
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Higgs boson decays
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ATLAS Collaboration, Phys.Lett. B716 (2012) 1-29

° ° > B B BN
Higgs discovery: H — yy & oo, ATLAS 4 oma
= 2000E- Sig+Bkg Fit (m =126.5 GeV)
% 2500§ -------- Bkg (4th order polynomial)
7 2500
N 2000F-

1900E" {527 Tev, fLot=a.81b"
1000E" {5-8 Tev, fLat=5.91b"

H—>yy

IIII|III HII|IIII|H\I|HII|IJII|\II[

(51}

o

o
IIII|II

Figure 4: The distributions of the invariant mass of diphoton can-
didates after all selections for the combined 7 TeV and 8 TeV data
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ATLAS Collaboration, Phys.Lett. B716 (2012) 1-29
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Figure 6: Distribution of the transverse mass, mr, in the O-jet and
100 150 200 250 1-jet analyses with both eu and pe channels combined, for events sat-
My, [GeV] isfying all selection criteria. The expected signal for my = 125 GeV is
shown stacked on top of the background prediction. The W+jets back-
ground is estimated from data, and WW and top background MC pre-
Figure 2: The distribution of the four-lepton invariant mass, ma, for dictions are normalised to the data using control regions. The hashed
the selected candidates, compared to the background expectation in area indicates the total uncertainty on the background prediction.
the 80-250 GeV mass range, for the combination of the s = 7 TeV
and /s = 8 TeV data. The signal expectation for a SM Higgs with
my = 125 GeV is also shown.
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ATLAS Collaboration, Phys.Lett. B716 (2012) 1-29

Higgs discovery

At every hypothesized m,, find p, = p-value of hypothesis that the
data are composed of background only.
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Pedro Teixeira-Dias ATLAS Collaboration, Nature 607, (2022) 52-59
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Véronique Boisvert

Top Quark Physics

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2017-03/
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Dilepton channel: electron, muon, 2 b-tag jets
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Véronique Boisvert

Top Quark Physics
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2017-17/
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