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Standard Model Physics at LHC

How much precision can we achieve at LHC? 
i.e.  How well can we describe “known” SM processes? 

Improvement of measurements of SM parameters.

▫ Couplings (αS, TGC), …

▫ Any deviation from SM?

Improvement of QCD description.

▫ LO, NLO and higher order corrections…

▫ Non‐perturbative effects

Improvement of understanding of proton structure.

▫ Parton distribution functions (PDFs)
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Contents

Diboson production

Inclusive W and Z production

W and Z production in association with jets

Jet production

Photon production

Will not cover soft QCD. 
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Diboson production

Check of the gauge structure in the EW sector of the SM.

▫ Production cross section

▫ Triple gauge coupling

If any non‐SM physics exists, these would be affected.
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Wγ and Zγ

SHERPA and normalised ALPGEN reproduce the data.
▫ MC with Multi‐leg LO Matrix Element.
MCFM, NLO generator, deviates from data at higher ET for 
inclusive cross section. 
▫ lack of additional multiple quark/gluon emission.
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WW  lν lν

Normalised differential fiducial
cross section:

Reasonable description by 
MC@NLO (+Herwig/Jimmy) 
prediction.

• 2 isolated opposite sign 
leptons with
pT>25 GeV, pT > 20 GeV.

• Z mass veto
• Jet Veto
• missing ET > 45GeV 
(25 GeV for eμ)

• pT(ll’) > 30 GeV
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ZZ ( 4l) and WZ ( lνll)

Cross section vs center‐of‐mass energy

Good agreement with SM.
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Anomalous Triple Gauge Coupling limits

No deviation from SM.
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W and Z production

Theoretically well understood.

Clear experimental signature in the leptonic decay.

Test of QCD at large scale.

Feedback to understanding of 
proton PDFs.
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W and Z production

Good agreement 
with theoretical 
expectations.

CMS‐PAS‐SMP‐12‐011
8TeV: low intensity run
muon >20GeV, el>25 GeV.
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Differential cross sections @ 7TeV

They are sensitive to quark 
flavour separation and 
strangeness in the proton.

Useful in PDF determination.
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W and Z production in association with jets

Test of perturbative QCD (pQCD)

▫ Comparison of calculation and generators.

Can probe the heavier parton distribution in the proton.

Dominant background for other processes.
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Z + jets
Fixed‐order NLO: BlackHat+SHERPA up to + 4 jets

LO Multi‐leg ME: ALPGEN, SHERPA up to + 5 partons

MC@NLO+HERWIG/JIMMY: DY + 1 parton +PS

• opposite sign leptons with 
lepton pT >20 GeV

• jet pT > 30 GeV, |y|<4.4
• ΔR(l,j) > 0.5 

MC@NLO fails to 
describe the data.

BlackHat+SHERPA
gives reasonable 
description.

ALPGEN gives 
harder Z bosons.
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Z+jet

Leading jet pT is well described by BlackHat+SHERPA, though 
it fails to describe scalar sum of all final‐state objects (HT).
▫ Need more jets
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W + c‐jet

Sensitive to strange quark 
in the proton
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W + b‐jet
Flavour Number Scheme (FNS)

▫ 4FNS: no b‐quark in the proton

• POWHEG (NLO),  ALPGEN(LO)

▫ 5FNS: intrinsic b‐quark in the proton.

• Included in MCFM prediction.
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Jet production

Hard process

Underlying event
jet

Hadronization
QCD process

▫ Hard process

• Scattering of quarks, gluons

• Described by perturbative 
QCD (pQCD).

▫ Underlying event, Hadronization

• Non‐perturbative effects

Test of QCD

Reflects proton structure

Determination of PDFs in pQCD
framework
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Inclusive jet measurement

Covering large 
kinematic region.

▫ 20 GeV <pT<1.5 TeV
▫ |y|<4.4

Compared to prediction 
from NLO pQCD
calculation with non‐
perturbative correction.
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Inclusive jet @ 2.76 TeV

Good agreement between data and predictions of: 

▫ NLO pQCD prediction with non‐perturbative correction.

▫ MC prediction from NLO Matrix Element with matched parton shower 
(POWHEG+Pythia). 

• Following input from ATLAS, a new version of POWHEG was released.
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Cross section ratio  2.76 TeV / 7TeV

By considering 
correlation of the 
two measurement,

more sensitivity to 
PDFs is obtained.

 [GeV]
T

p
30 40 210 210×2

R
el

at
iv

e 
un

ce
rt

ai
nt

y 
[%

]

-60

-40

-20

0

20

40

60
ATLAS

  Total

  JER

  JES

  

  Unfolding
  Others

-1 dt = 0.20 pbL ∫
 = 2.76 TeVs

 R=0.6
t

anti-k

|y|<0.3

 [GeV]
T

p
30 40 210 210×2

) 
[%

]
T

(y
,p

ρ
R

el
at

iv
e 

un
ce

rt
ai

nt
y 

on
 

-20

-15

-10

-5

0

5

10

15

20
ATLAS

  Total

  JER

  JES

  

  Unfolding
  Others

-1 dt = 0.20 pbL ∫
=7 TeV2s=2.76 TeV / 1s

 R=0.6tanti-k

|y|<0.3

2 2 2 2

0.8

1

1.2

1.4 |y| < 0.3

0.6

0.8

1

1.2
 |y| < 0.8≤0.3 

2 2 2 2
0.6

0.8

1

1.2
 |y| < 1.2≤0.8 

2 2 2 2
0.6

0.8

1

1.2
 |y| < 2.1≤1.2 

2 2 2 2

0.8

1

1.2
 |y| < 2.8≤2.1 

0.5

1

 |y| < 3.6≤2.8 

2 2 2 2

0.5

1

1.5  |y| < 4.4≤3.6 

 [GeV]
T

p
30 40 210 210×2

 [GeV]
T

p
30 40 210 210×2

) 
ra

ti
o

 w
rt

 N
L

O
 p

Q
C

D
 (

C
T

10
)

T
 (

y,
 p

ρ

) 
ra

ti
o

 w
rt

 N
L

O
 p

Q
C

D
 (

C
T

10
)

T
 (

y,
 p

ρ

ATLAS
-1 dt = 0.20 pbL ∫

jet
7TeVσ / 

jet
2.76TeVσ = ρ

 R = 0.4tkanti-
Data with
statistical
uncertainty

Systematic
uncertainties

⊗NLO pQCD 
non-pert. corrections

CT10

MSTW 2008

NNPDF 2.1

HERAPDF 1.5

ABM 11 NLO

Same jet calibration is used. 

Can be cancelled in a 
ratio of the two 
measurement.



23

 [TeV]12m
-110×3 1 2 3 4

R
at

io
 w

rt
 C

T
10

0.5

1

1.5 * < 0.5y

 [TeV]12m
-110×4 1 2 3 4

R
at

io
 w

rt
 C

T
10

0.5

1

1.5 * < 1.0y ≤0.5 

 [TeV]12m
-110×6 1 2 3 4

R
at

io
 w

rt
 C

T
10

0.5

1

1.5 * < 1.5y ≤1.0 

 [TeV]12m
-110×8 1 2 3 4

R
at

io
 w

rt
 C

T
10

0.5

1

1.5
* < 2.0y ≤1.5 

 [TeV]12m
2 3 4 5

R
at

io
 w

rt
 C

T
10

0

0.5

1

1.5
* < 2.5y ≤2.0 

statistical error
Data with

uncertainties
Systematic

NLOJET++
×)) y* exp(0.3 

T
p=μ(

Non-pert. corr.

CT10

NNPDF 2.1

HERAPDF 1.5

MSTW2008

-1 dt = 4.8 fbL∫
2011 Data

 = 7 TeVs
 = 0.4R  jets, tanti-k

ATLAS Preliminary

Dijet measurement

Invariant mass < 5TeV.

▫ leading jet pT > 100GeV

▫ subleading pT > 50 GeV

▫ |y|<3.0

Well described NLO pQCD
prediction with NP 
correction.

Compared with several 
PDFs.
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3 jets to 2 jets ratio

Cross section ratio of 3 jets to 2 jets reflects αS.

ATLAS uses the variable

Smaller dependence on

factrization and renormalization
scales than ratio taken as a 
function of leading jet pT.
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αs

αs running is well reproduced by Renormalization group 
equation upto 1 TeV.
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Dijet flavour composition

Three mechanisms of heavy flavour production in a dijet system:
1. Heavy flavour quark pair creation

Two heavy quarks 
in hard interaction 

pQCD

2. Heavy flavour quark excitation
Single heavy quark 
in hard interaction 

PDFs

3. Gluon splitting
No heavy quark in hard interaction non‐perturbative QCD
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Using kinematics of secondary vertex in a jet, dijet flavour
composition is extracted. 
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Measured flavour composition

Generally reproduced by NLO or LO predictions, except for BU 
fraction.
Measured BU fraction is higher than predictions at pT>100 GeV.
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Photon measurements

High‐pT prompt photons can be produced via two mechanism

▫ Fragmentation process

Test of pQCD

Constraint on the gluon PDF.

Check contribution from photon fragmentation processes.

▫Direct photon process
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Inclusive isolated prompt photon 

Measured up to 1 TeV, η<2.4
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photon + jet
Fragmentation process and direct process has different 
cosθγj dependence due to spin of boson.
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Compared to 

▫ LO+PS: Pythia, Sherpa

▫ NLO: DIPHOX

▫ NNLO: 2 γNNLO, 
but no fragmentation 
process.

MC scaled by 1.2

NNLO improves the 
description but not 
pefrect due to lack 
of fragmentation 
contribution.
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Summary

Many precise measurements are done and also ongoing.
▫ Comparison with calculation and simulation to give 
feedback and improve them.
• Especially in QCD.

▫ Many input to PDF determination.
Important in order to have best precision at LHC 

experiment.

Not all the results are shown.
▫ Please see 
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/Standard
ModelPublicResults
http://cms.web.cern.ch/org/cms‐papers‐and‐results

for more.
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Wγ and Zγ
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W charge asymmetry

Good agreement 
between experiments.
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