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Outline

• Brief explanation of hadronic background 
from gamma-gamma collisions.

• Description and demonstration of JetWeb

• Early comparisons to HERA data



Lepton collider != zero hadronic background

Photons can also be a bag of partons

Plenty of photons at a linear collider...

Background



Pinch effect - leads to bending of e± trajectory

e+ e-

Increases luminosity but smears beam energy...

Pinch effect



... and leads to photon-photon background

Photon
 PDF

Photon remnant

Similar to   p events at HERAγ

Beamstrahlung
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Also      events from  LEP, even in future from LHC 
with tagged protons

γγ

Want to tune generators so they fit the HERA and LEP 
photon data and then extrapolate to future linear 

collider energies.  

First need to develop the tools to do this...



Cedar

(results going back to the ‘70s)

HZTool/Rivet 
generated on grid

JetWeb 
(web interface, database of models)

HepData

Comparison plots between experimental measurement and 
Monte Carlo for any set of Monte Carlo parameters

Cedar



A quick slide about Rivet (Robust Indepedent Verification 
of Experiment against Theory) 

C++ replacement for HZTool
Generator

Event

Jets

Multiplicity

Thrust Missing
Et

Q2

Only need do each projection once per event

Analysis

Aida or
 root 

histogram

Rivet



Search for models/tunes
list of matching models

or

submit new model

JetWeb

model details

list of papers

list of plots from paper 
compared to Monte Carlo

Fit and χ2



Live demonstration

Demo



Comparison to HERA data (more complete at the 
moment in HZSteer).  LEP will follow.

New(ish) Pythia parton shower does not (yet) work in 
ep mode

Can play with the photon/proton radius, minimum PT, 
photon PDF, compare to ATLAS tuning for Herwig...

Comparisons



Default Herwig

Different PT Min (in Jimmy multiple interactions)

SaS 2D only 

valid for Q2 

>2GeV2.  SaS 
1D goes below 

1GeV2

Try PT Min of 
2, 3 and 4 

GeV



PTMin=4GeVPTMin=3GeVPTMin=2GeV

Common sense says 4 GeV is out 
for fitting down to 4 GeV jets

PTMin

reconstructed from the energy of the scattered positron. The lower cut on ye ensures

that a high momentum photon enters the hard scattering process such that the detector

acceptance for the two hard jets is large; the upper cut is required by the acceptance of

the small angle electron detector.

3. At least two jets with transverse energy ET,jet > 4 GeV and an invariant jet-jet mass
M1,2 > 12 GeV have to be found using a cone algorithm [9] in the region −0.5 < ηjet <
2.5. Here ηjet is the pseudorapidity in the laboratory and positive η corresponds to the
direction of the outgoing proton. A small cone radius of R = 0.7 in the η − φ plane is
used to reduce the effects of the underlying event energy on the jet energy measurement.

The two jets with highest transverse energy are associated to the hard scattering process.

4. The difference in pseudorapidity between the jets is restricted to |ηjet1 − ηjet2| < 1. This
cut reduces the background of events where one jet is in the beam pipe and a second jet,

not associated with the hard scattering process, is found instead.

Using these cuts 1889 di-jet events remain. The longitudinal momentum fraction of the incident

parton in the photon is estimated using ye and the transverse energies and pseudorapidities of

the two jets with the highest ET ,

xγ,jets =
ET,jet1e−ηjet1 + ET,jet2e−ηjet2

2 ye Ee,0
, (1)

where Ee,0 denotes the electron beam energy. In the selected event sample, xγ is limited to the

range xγ,jets > 0.03 as a result of the cuts on the transverse energy, on the invariant mass of the
jets, on the pseudorapidity and on ye.

The trigger efficiency is monitored in the data by using an independent calorimetric refer-

ence trigger. The efficiency ranges from 90% at high xγ,jets to 65% at low xγ,jets, and is well

described by the detector simulation. An error of ±5% is assigned to the trigger efficiency.

4 Monte Carlo Generators for Hard γp Processes

The analysis uses simulated events to correct the measurements for detector effects, and to

further compare the data with perturbative QCD predictions for the hard parton scattering and

different models for multiple interactions. The Monte Carlo generators used in this analysis are

PHOJET [10] and PYTHIA [11]. Both use LO QCD matrix elements for the hard scattering

subprocesses. Initial and final state parton radiation and the string fragmentation model are

included as implemented in the JETSET program [12]. The two Monte Carlo generators differ

in the treatment of multiple interactions and the transition from hard to soft processes at low

transverse parton momentum p̂T . The hard parton-parton cross-section diverges towards low

p̂t and therefore needs a regularisation to normalise to the measured total cross-section. This

regularisation is achieved for PHOJET by a simple cut-off at p̂t = 2.5 GeV. For the PYTHIA
generator we have chosen the option to use a damping factor p̂2

t /(p̂2
t + p̂2

0t) where p̂0t was taken

to be 1.55 GeV. 1

1 This regularisation corresponds to a model with variable impact parameter for multiple parton interactions as

explained in reference [11], section 11.2.
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ATLAS tune

ATLASDefault

ATLAS tune suppresses 
multiple interactions by 

making PT Min high.  

Also turns Herwig underlying 
event off and makes proton small

Out of interest...



Photon radius

Default 0.19

Smaller value = 
bigger photon

PTMin 2 GeV



PTMin 3 GeV

Photon radius

0.19Default

Can trade off photon size Vs. PTJim



PTJim

PTJim 2 GeV PTJim 3 GeV

This paper differs from the previous in the way it reconstructs the 
photon momentum from the calorimeter.

Not so 
different

reconstructed from the energy of the scattered positron. The lower cut on ye ensures

that a high momentum photon enters the hard scattering process such that the detector

acceptance for the two hard jets is large; the upper cut is required by the acceptance of

the small angle electron detector.

3. At least two jets with transverse energy ET,jet > 4 GeV and an invariant jet-jet mass
M1,2 > 12 GeV have to be found using a cone algorithm [9] in the region −0.5 < ηjet <
2.5. Here ηjet is the pseudorapidity in the laboratory and positive η corresponds to the
direction of the outgoing proton. A small cone radius of R = 0.7 in the η − φ plane is
used to reduce the effects of the underlying event energy on the jet energy measurement.

The two jets with highest transverse energy are associated to the hard scattering process.

4. The difference in pseudorapidity between the jets is restricted to |ηjet1 − ηjet2| < 1. This
cut reduces the background of events where one jet is in the beam pipe and a second jet,

not associated with the hard scattering process, is found instead.

Using these cuts 1889 di-jet events remain. The longitudinal momentum fraction of the incident

parton in the photon is estimated using ye and the transverse energies and pseudorapidities of

the two jets with the highest ET ,

xγ,jets =
ET,jet1e−ηjet1 + ET,jet2e−ηjet2

2 ye Ee,0
, (1)

where Ee,0 denotes the electron beam energy. In the selected event sample, xγ is limited to the

range xγ,jets > 0.03 as a result of the cuts on the transverse energy, on the invariant mass of the
jets, on the pseudorapidity and on ye.

The trigger efficiency is monitored in the data by using an independent calorimetric refer-

ence trigger. The efficiency ranges from 90% at high xγ,jets to 65% at low xγ,jets, and is well

described by the detector simulation. An error of ±5% is assigned to the trigger efficiency.

4 Monte Carlo Generators for Hard γp Processes

The analysis uses simulated events to correct the measurements for detector effects, and to

further compare the data with perturbative QCD predictions for the hard parton scattering and

different models for multiple interactions. The Monte Carlo generators used in this analysis are

PHOJET [10] and PYTHIA [11]. Both use LO QCD matrix elements for the hard scattering

subprocesses. Initial and final state parton radiation and the string fragmentation model are

included as implemented in the JETSET program [12]. The two Monte Carlo generators differ

in the treatment of multiple interactions and the transition from hard to soft processes at low

transverse parton momentum p̂T . The hard parton-parton cross-section diverges towards low

p̂t and therefore needs a regularisation to normalise to the measured total cross-section. This

regularisation is achieved for PHOJET by a simple cut-off at p̂t = 2.5 GeV. For the PYTHIA
generator we have chosen the option to use a damping factor p̂2

t /(p̂2
t + p̂2

0t) where p̂0t was taken

to be 1.55 GeV. 1

1 This regularisation corresponds to a model with variable impact parameter for multiple parton interactions as

explained in reference [11], section 11.2.
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Some cancellation



3 GeV

PTJim

2 GeV 4 GeV

4 GeV has best shape (SaS 2D PDF also)



Can be used to scale the Monte Carlo points

2 GeV 3 GeV

Not much wrong with normalisation



Proton

Can tune the proton to min bias from the Tevatron

Use that proton with the HERA data to tune the photon

Not yet though



Summary

• Even at linear collider there is hadronic 
background

• Would like to tune and validate Monte Carlo to 
simulate that background

• Cedar are providing tools to do that

• JetWeb pretty much up and running, though still 
being developed.

• JetWeb Will be useful for validating Monte 
Carlo for a future linear collider


