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Intr oduction
Why study QCD? It is a fundamental part of the Standard Model.
e Accurate measurement of quantities; «as, FY, FJ,.

e Tests of QCD production.

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?



Methodology - what has been done?

Have general-purpose MC generator s; HERWIG, PYTHIA,...
They have many free parameter s and give varying descriptions of diff erent data.

Want to tune to as much data as possib le and find the best parameter s.
E.g. structure functions, underl ying event,...

Consistenc y of current data sets; within an experiment, within a collider , all
collider s?

Using these parameter (with an estimation of the uncer tainty) can predict rates
for other collider s.

How well can QCD be measured? How precisel y is the QCD background known?
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Spread Iin the predictions for a linear collider?
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Data used for tuning

HERA jet photopr oduction (vp) data (16 papers):

e largerange in scale; 4 < mmwﬁ < 80 GeV

e inclusive , dijet and multijet events.
LEP ~~ jet data (2 papers):

e diff erent centre-of-mass energies: 130 < Ecp < 172 GeV
Tevatron jet data (4 papers):

e highest transver se energies

e strong dependenc y on underl ying event

Monte Carlos used for tuning

Currentl y have tuned HERWIG and PYTHIA:
e Minimum transver se momentum of hard scatter s.
e Underlying event model.
e Proton and photon PDFs.
e Intrinsic transver se momenta in photon and proton.

Using HERWIG v6.1 — v6.4, PYTHIA v6.206, (CIRCE version 7)



Relevance of previous data

LEP HERA Tevatron

Obvious how LEP results relate to a linear
collider ...

Photon structure also being probed at HERA
(higher scales).

Remnant-remnant interactions exist at all
collider s.

HERA and LEP can turn them “on” or “off ”.




JetWeb*

Based on HZTool for comparing published data and MC.

Can answer:
e How well do my PYTHIA/HERWIG parameter s agree with current data?

e What is the best known set of parameter s describing current data?

Data can be simpl y added (fortran,...) - help needed; Tevatron, heavy quarks.
A test version currentl y runs on the grid - will be available soon.

More search and analysis functionality should be added to the pages.
User feedback welcome .

Develop OO (probably C++)replacement for HZTOOL for future use (e.g. PYTHIA7
& HERWIG++)

*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/



\
........

| File Edit View Tab Seftngs Go Bookmarks Tools  Help

<] Back / [= / & ¢} ¥ Stop|100 2 @ [htp:ijetweh hepuclac.ukivelcome himl

o

{Gougle « Gggle » Gayak « @ Dictionary « [Hedarad

« [JB

¥ Downloads @¥ Software @ Hardhware @ Developers @ Help ¥ Search

simulations

L ]

L

experiments

* \(H1, )
o LEP (OPAL)

e Tevatron {CDF, DO)
best fits, all data
&

& |

summaries, all fits

JetWeb

Automated Data Comparisons for High Energy Physics

Search the DataBase

Searches Prepared Earlier...

It you do use any results from here, please reference the URL

=1




Getresults | Clear Farm | Sort results by [Fit (all ET)

File Edit Yiew Tab Settings Go Bookmarks Tools  Help
| <dBack ¢ > / & @} @ stop[ion S @ [hitpjetwen.hepuclac ukiJetWeb/ JWSearch T E
| Gougle « Goigle » Gouole « (@ Dictionary « [Fedara] « fom « 38
¥ Downloads @¥ Software @ Hardhware @ Developers @ Help ¥ Search
Search the JetWeb DataBase
Welcome
x| Only show me results with data from: | Don't care |

Common parameters

Fhoton
Version o | POE
Generafor | - /s — [Minimum transverse | Underlying event GRVLO [
herwig [~ dm.m_um momentum ofhard  |model{integer 0-5) [ e
pythia [~ . I~ scatters _”_mm._c__u_ VA ore 1A
e, 100 [ sasah [
WHIT2 [

Proton FDF
G
RGOS
ETE L

lntrinsic transverse
momentum 10

photon _”mmS_

lntrinsic transverse
momentum 0

proton _”mm._____”__

Change Pythia Parameters _ Change Herwig Parameters _

favae Aziool fitter, J. Butterworth, 5. Butlerworth




|DI_ ﬂmﬁﬂwﬁmyxu# B

File Edit Wiew Tab Seftings Go Bookmarks Tools  Help

<] Back / [= / & @} ) Sop|100 2 @ [ntp:ijetweh hepuclac.ukiletWel/ WSearch

A4

| Gougle « Gouale 5 Gm.%m_n « ¥ Dictionary

¢« fm « OB

¥ Downloads @¥ Software @ Hardhware @ Developers @ Help ¥ Search

Results sorted by Fit (All ET)

Last updated 05-Cct-2002 at 12:24:15

HERWIG w6, 100 run 30/09/2002 PDFs: Photoh GRVLO Proton CTEQEL PTRMIN 3.0GeY UE JIMMY Photon k0.0 Proton k0.0 Scale 1
B3 AINET: 21

Combined: Chi2'Dct: High ET: 1.4F Low ET: 241 Jet Shape: 1663 Charm
HERA Lurmi &.0(+) w_n_.._ Chi2!Def: High ET: .47 Low ET: 2 12 Jet shape: ~8  Charm
EER: Lurni 400.0(+) w_n_; Chi2'Dof: High ET: »  Low ET: 3.52 Jet Shape: .73 Charm:

Tevatron | ymi 0.00003(+) _un_; Chi2Deof: High ET: »  LowET: 7 Jet Shape

C 2787 Charm:

CEIFAINET: 1.84

F

?

Al ET: 5.52
Al ET: 257

55 Model 1D 97« Plots efc _

HERWIG v5.100 run 30/09/2002 POFs: Photon WHIT2 Proton CTEQSL PTMIN 3 0GeV UE JIMRY Photon kt:0.0 Proton kt:0.0 Scale 1.65: Model 1D 241 ¢ Flots efe _

Combined: Chi2'Dcf: High ET: 1.9 Lew ET: 2.46 Jet Shape
HERA Lurni -0.0¢+) vn_; Chi2'Deof: High ET: 1.8 Low ET: 2.22 et Shape
LEF Lurmi 3000 _n_n_.._ Chi2'Def: High ET: »  Low ET: 5.58 Jet Shape

Tevatron | ymi 0.00003(+) _un_; Chi2!Def: High ET: # Lew ET: 7 Jet Shape

143 Charm: 3.05 All ET: 2.23
s Charm: 3.058 &ll BT 2408

218 Charm:
L 2.8 Charm:

7

2

allET: 5.58
AILET: 1.97

HERWIG v6.100 run 30/08/2002 POFs: Photon SaS20 Proton CTEQSL PTMIM 3.0Gey UE JIMMY Photon kt:0.0 Proton kt:0.0 Scale 1.55: Model 1D 76 ;  Plots etc _

Combined: Chi2!Dof: High ET: 1.92 Low ET: 264 Jet Shape: 1229 Charm: 13.54 All ET: 2.39
HERA Lurmni 6.0(+) pt" Chi2/Dof: High ET: 1.92 Low ET: 2.39 Jet Shape: 1202 Charm: {3.54 All ET: 219
[ Lurni 200.0 w_n_; Chi2'Deof: High ET: »  Low ET: 3.57 Jet Shape: {184 Charm: 7 Bl ET: 557
Tevatron 1 uemin onnnace s Chi2/Dof: High ET: 7 Low ET: »  Jet Shawpe: 2787 Charm: 7 e

|

Ciane.




| File  Edit Wiew Tab Seftngs Go Bookmarks Tools  Help
; g Back / [= / n_u m_..uq (%) Stop|100 w -] _:Eu“S.mgm_g.:mn.:n_.mn.cﬁm_ﬁmhmmmu_:amx.za_ |,__,_ .,_-1
Gougle « Gouole » v ale « (% Dictionary « [Hledrws) « fom &

JetWeb Fit No:269

HERWIG v6.100 run
Dm..wm _H_.— _m.m._” .—_.W_U_m____.._ .._____M_U__U_m _meﬂ__[_mm._” j_@jmﬂ m._”m.._”_m.:_n.m ._”_U;.__ HER & h— Submit _

Request similar data Get form _
Search for similar data Get farm _

FParton distribution functions: Fhoton GRYLO Proton
CTEQSL
FTMIN (Minimum transverse momentum for hard scatters)

Combined this for all fitted experiments: Chi2/Dofatan  3GeV

overall scale factor of 1 .55) Underlying Event Model

Intrinsic KT inthe photon is:0.0

¢ High ET: 1.5852063 Intrinsic KT in the proton 1s:0.0
Parton shower cutoffis:2 5

e low ET:2.0411307 Photon radiuzs:1 0

. FProton radius:3.0

¢ Jet Shape: 4.0698969 5 Had 300

e Charm: 8.0909271 Fragmentation parameters CLMAX PSFLT(1),(2):.3.35,1,1
PRSOF:O

e All ET: 2.1205643 QCODLAMD 8 -

_Dn_:m.



<] Back / [= / & ¢} ) Stop|100 2 @ [ntpijetweh hepucl ac.uk/Fits/2659/desy01220/paper. him|

A4

-

| Gougle « Gouaole » _“.Z%m_& « ﬁ.D_n:n:mE_ % E_ %

Chl
3/

« [JB

¥ Downloads @¥ Software @ Hardhware @ Developers @ Help ¥ Search

d(sigma)/d{et) high x_gamma, eta_1{1toc 2.4),eta_2 (1 to 2.4)
Chiz Contribution: (chiz / DoF): 14 153410

Data (black) was scaled by: 1.0
The model {red) was scaled by 1.55

This data is relevant for ; All jets; High ET Jets

Pull for each point:
(0.017}(0.047}[0.043}(1.66}3.249}(2 435}(1.412}[0.202}{1. 765}({3.345}

d(sigma)/d(x_gamma), ET (14 GeV to 17 GeV)

Chi2 Contribution: (chi2 / Dok 11 488/ 8

Data (black) was scaled by: 1.0
The model {red) was scaled by 1.55

This data is relevant for : All jets: High ET Jets

Pull for each point:
(0.498}0, 146}(3.085}(0. 729}{0.217}{0.224}{0.823}[6. 773}

Cross section (nbjGey)
10

0.1

%
&

20 40 &0
ET (Gev)

disigma)/di{x_gamma), ET (14 GeY¥ to ..

Cross section (k)

1,800 .
1,600
1,400
1,200
1,000
B0
coo+ ¥ & ¥ X i
4007
200
0 | | | | |
0.2 0.4 0.6 0.8 1.0

T
Ll




HERWIG “fit 17

Recent high E; measurements
contr ol the normalisation.
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HERWIG “fit 27
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HERWIG “fit 3”

Use soft underl ying event (30%)

with no MPI

piPin = 3 GeV, SaS2D

Normalisation factor: 1.55

Describes jet production
reasonab ly well.

Description of CDF minim um bias
and 4 jet data is poor.
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PYTHIA example fits

PYTHIA not as well tuned...

NO MPI, SaS2D

Normalisation factor: 1.35

Reasonab le description of both

low and high Ep

x? = 2.00, 2.35 (high, all Er)

(Impact parameter
MPI, SaS2D
Normalisation factor: 1.3

dependent)

Similar description of E dijets

MI does not impr ove forwar d
region for inclusive jets

x? = 2.38, 2.85 (high, all Ep)
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NEW predictions for the linear collider

Three diff erent fits give
similar results for all
variables.

Very different from default
predictions.

Increased rate at high Ep
and high mass.

Fitting procedure to current
data giving good results for
future experiments.

QCD predictions known to
much better accuracy.
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Future work
Improve fits for PYTHIA and obtain predictions for the linear collider .
Still more parameter s to consider in HERWIG and PYTHIA.
Have found measurements whic h we can concentrate on.

Need to look at the heavy quark production rate - need more heavy quark data
to tune to.

Still a large wealth of data to exploit.
Other interesting and relevant quantities?

Can provide estimation for other collider s; comparison e.g. LHC/FLC.



Summary

Presented MC tunes to current data whic h describe a wide kinematic range and
diff erent processes.

These fits yield expectations for a linear collider whic h have better predictive
power than default MC predictions.

There is sizeable QCD production up to high energies and masses.
The predictions can be used to evaluate the physics potential for
Tests of QCD.

Many other (new) physics where QCD is a background.

What MC are you using to estimate the background to your Higgs signal?



