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Intr oduction

Why study QCD? It is a background.
e Colliding beams are QCD objects.

e New physics often sits on alarge QCD production background.

Have a lot of data on QCD from HERA, LEP and Tevatron. What have we learnt
from the current data? How will this help us for future experiments?

LEP HERA Tevatron

In particular , measure variables sensitive to ~ structure , underl ying events, etc..



Strategy
Have compared HERWIG 6.4, PYTHIA 6.206 with (fit to) current data sets.

This checks the consistenc y of current data and provides reliab le MC for future
collider s.

Using over 20 papers (mainly from HERA) to test the MC.

Varied many parameter s not already constrained by LEP tunes (by eye rather
than complete tune.)

Using JetWeb facility whic h is a WWW interface database for MC tuning.

J. M. Butterworth, S. Butterworth, “JetWeb: A WWW Interface and Database for Monte Carlo Tuning
and Validation” hep-ph/0210404, http://jetweb.hep.ucl.ac.uk/



Recent additions for fits

Generation of more and much larger HERWIG and PYTHIA MC samples (although

still more needed).

Finding and fixing bugs to give better fits.

(Ongoing) addition of new data from HERA, Tevatron, LEP, minim um bias SPS

data

Rapidity gaps, H1 DESY 02-023.
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Implementation of Beamstrahlung in PYTHIA
Beamstrahlung not available in PYTHIA for vy — QCD processes.
Could implement into PYTHIA as done in HERWIG.

Easier to extract weights from HERWIG by considering a cross section with
beamstrahlung on and off.

A 2D grid in the energy fractions (logi1o(E~/Ee)) of the two virtual photons was
formed.

A weight was then found as the ratio of cross sections in each bin in the grid.
Direct, single-resolved and doub le-resolved events used to span all phase space.

Performed separatel y for 500 and 800 GeV.



Testing of Beamstrahlung weights

Found for a given set of
HERWIG parameter s.

(Trivial) retest on HERWIG

sample with same settings.

Apply to a sample of direct

photon-photon collisions.

Parameters changed (p",

PDF) and weight applied —

Energy fractions and other

complicated distrib utions
reproduced exactly.

Confidence in weighting

procedure =- use in PYTHIA.

HERWIG, changed parameters
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Current good fits

HERWIG (Fit 707): PDFy - SaS2D, EB.: = 3 GeV, JIMMY + SUE (PRSOF = 0.05),
Normalisation = 1.7. High Er, XM\QQ = 2.0, Low Ep, x?/dof = 3.6.

HERWIG (Fit 464): PDF, - SaS2D, p!i" = 3 GeV, SUE (PRSOF = 0.3),
Normalisation = 1.6. High Ep, XM\QQ = 1.8, Low Ep, x2/dof = 3.5.

HERWIG (Fit 236): PDF, - GRV LO, @3_: = 3 GeV, JIMMY, Normalisation = 1.65.
High Ep, x2/dof = 1.9, Low Er, Xm\n_odﬁ — 3.4,

PYTHIA (Fit 3): PDF, - SaS2D, ﬁB_s = 2.4 GeV, UE model 3 Normalisation = 1.3.
High Ep, x?/dof = 2.4, Low Er, xM\o_o_n = 3.1.

PYTHIA (Fit 235): PDF, - SaS2D, ﬁB_: = 3 GeV, UE model 1 Normalisation = 1.3.
High Ep, x2/dof = 2.5, Low Er, Xm\n_oﬁ = 2.7.

Trend for p''" = 3 GeV to be favoured for high E measurements.



Example: Fits at high Er

Fits 707 and 236 for HERWIG (see
before) compared to dijet data.

Good description of direct to
resolved ratio - persists up to
higher Erp.

Good description of leading jet in
forwar d region.

Poorest description for /€t cross
sections.

Generall y similar descriptions of
high E data.
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Example: Fits for more exclusive final states

Fit 707 Fit 236
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Example: Fits from PYTHIA

Fit 235 Fit 3
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(Default) predictions at 500 GeV
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(Fitted) predictions at 500 GeV

Again fits give similar results.

Spread is also reduced,
NB. predictions from two MCs

Significant diff erences to
“default” prediction.

Predictions of QCD back-
ground known to much better
accuracy.

These MC settings should be
used in QCD background esti-
mates for ee and ~~ collider s.
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(Fitted) predictions at 800 GeV
Choose “central” MC prediction and calculate how much other predictions diff er.

Defaults, E ., = 800 GeV
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Summary

Have detailed MC parameter settings whic h describe a number of processes
over a large kinematic range.

The QCD production rates have been calculated for a future linear collider with
accurate predictive power.

These MCs and the parameter settings detailed should be used to calculate
QCD production for future collider s.

Beamstrahlung has been implemented into PYTHIA. Code available.

Will impr ove fits but general proof of principle has been achieved and will write
up a note detailing these results and making recommendations of what to use.

As a quic k solution, details will be give at: http://jetweb.hep.ucl.ac.uk/flc/



