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Introduction

W
hy

stud
y

Q
C

D
?

It
is

a
background.

�

C
olliding

beam
s

are
Q

C
D

objects.

�

N
ew

ph
ysics

often
sits

on
a

larg
e

Q
C

D
production

background.

H
ave

a
lot

of
data

on
Q

C
D

from
H

E
R

A
,

LE
P

and
Tevatron.

W
hat

ha
ve

w
e

learnt
from

the
current

data?
H

o
w

w
ill

this
help

us
for

future
experim

ents?

LE
P

H
E

R
A

Tevatron

γ γ

p γ

p p

In
particular

,m
easure

variab
les

sensitive
to�

structure
,underlying

events,
etc..



S
trategy

H
ave

com
pared

H
E

R
W

IG
6.4,P

Y
T

H
IA

6.206
w

ith
(fit

to)
current

data
sets.

T
his

checks
the

consistenc
y

of
current

data
and

provides
reliab

le
M

C
for

future
collider

s.

U
sing

over
20

papers
(m

ainly
from

H
E

R
A

)
to

test
the

M
C

.

V
aried

m
an

y
param

eters
not

alread
y

constrained
by

LE
P

tunes
(by

eye
rather

than
com

plete
tune

.)

U
sing

JetW
eb

facility
w

hic
h

is
a

W
W

W
interface

database
for

M
C

tuning.
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R
ecent

ad
ditions

for
fits

G
eneration

ofm
ore

and
m

uc
h

larg
erH

E
R

W
IG

and
P

Y
T

H
IA

M
C

sam
ples

(although
still

m
ore

needed).

F
inding

and
fixing

bugs
to

give
better

fits.

(O
ngoing)

ad
dition

of
ne

w
data

from
H

E
R

A
,

Tevatron,
LE

P,
m

inim
um

bias
S

P
S

data

R
apidity

gaps,
H

1
D

E
S

Y
02-023.

C
harm

and
beauty

,Z
E

U
S

D
E

S
Y

00-166.



R
ecent

ad
ditions

for
predictions

P
redictions

no
w

obtained
for

P
Y

T
H

IA
-

beam
strahlung

taken
from

H
E

R
W

IG
and

event-b
y-event

w
eight

applied
to

P
Y

T
H

IA
.

P
redictions

for
800

G
eV

as
w

ell
as

500
G

eV
-

m
uc

h
larg

er
background

at
higher

(m
ore

interesting)
m

asses
and

energies.

Looked
at

charm
and

beauty
production

-
charm

particularl
y

rele
vant.

Looked
at

detector
rele

vant
aspects,

e.g.
events/par

tic
les

per
bunc

h
crossing

(for
a

given

ACB
DEF

).
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IG
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W
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E
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W
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H

E
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W
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T
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T
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E
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Im
plem

entation
of

B
eam

strahlung
in

P
Y

T
H

IA

B
eam

strahlung
not

availab
le

in
P

Y
T

H
IA

for�� J

Q
C

D
processes.

C
ould

im
plem

ent
into

P
Y

T
H

IA
as

done
in

H
E

R
W

IG
.

E
asier

to
extract

w
eights

from
H

E
R

W
IG

by
considering

a
cross

section
w

ith
beam

strahlung
on

and
off.

A
2D

grid
in

the
energy

fractions
(KLMNOPRQ

S T Q
UV )

of
the

tw
o

virtual
photons

w
as

form
ed.

A
w

eight
w

as
then

found
as

the
ratio

of
cross

sections
in

each
bin

in
the

grid.

D
irect,

single-resolved
and

doub
le-resolved

events
used

to
span

allphase
space

.

P
erform

ed
separately

for
500

and
800

G
eV.



Testing
of

B
eam

strahlung
w

eights

F
ound

for
a

given
set

of
H

E
R

W
IG

param
eters.

(Trivial)
retest

on
H

E
R

W
IG

sam
ple

w
ith

sam
e

settings.

A
pply

to
a

sam
ple

of
direct

photon-photon
collisions.

P
aram

eters
chang

ed
(ACB
DEF

,
P

D
F

)
and

w
eight

applied

J

E
nergy

fractions
and

other
com

plicated
distrib

utions
reproduced

exactly.

C
onfidence

in
w

eighting
procedure

W

use
in

P
Y

T
H

IA
.

H
E

R
W

IG
, changed param

eters
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C
urrent

good
fits

H
E

R
W

IG
(F

it
707):

P
D

FS

-
S

aS
2D

,ACB
DEF
`

3
G

eV,JIM
M

Y
+

S
U

E
(P

R
S

O
F

=
0.05),

N
orm

alisation

`
1.7.

H
ighQ

F

,a�bT

dof `

2.0,Lo
wQ

F

,a�bT

dof `

3.6.

H
E

R
W

IG
(F

it
464):

P
D

FS

-
S

aS
2D

,ACB
DEF
`

3
G

eV,S
U

E
(P

R
S

O
F

=
0.3),

N
orm

alisation

`
1.6.

H
ighQ

F

,a�bT

dof `

1.8,Lo
wQ

F

,a�bT

dof `

3.5.

H
E

R
W

IG
(F

it
236):

P
D

FS
-

G
R

V
LO

,ACB
DEF
`

3
G

eV,JIM
M

Y
,N

orm
alisation

`

1.65.
H

ighQ
F

,a�bT

dof `

1.9,Lo
wQ

F
,a�bT

dof `

3.4,

P
Y

T
H

IA
(F

it
3):

P
D

FS

-
S

aS
2D

,ACB
DEF
`

2.4
G

eV,U
E

m
odel

3
N

orm
alisation

`

1.3.
H

ighQ
F

,a�bT

dof `

2.4,Lo
wQ

F

,a�bT
dof `

3.1.

P
Y

T
H

IA
(F

it
235):

P
D

FS

-S
aS

2D
,ACB

DEF
`

3
G

eV,U
E

m
odel

1
N

orm
alisation

`

1.3.
H

ighQ
F

,a�bT

dof `

2.5,Lo
wQ

F

,a�bT

dof `

2.7.

Trend
forACB

DEF
`

3
G

eV
to

be
fa

voured
for

highQ
F

m
easurem

ents.



E
xam

ple:
F

its
at

highQ
F

F
its

707
and

236
for

H
E

R
W

IG
(see

before)
com

pared
to

dijet
data.

G
ood

description
of

direct
to

resolved
ratio

-
persists

up
to

higherQ
F

.

G
ood

description
of

leading
jet

in
forw

ard
region.

P
oorest

description
forced f

g

cross
sections.

G
enerally

sim
ilar

descriptions
of

highQ
F

data.

F
it

707
F

it
236



E
xam

ple:
F

its
for

m
ore

exclusive
final

states

P
oor

description
of

lo
w

AF
hji

data
from

both
fits.

Im
proves

w
ith

increasing
AF

.

A
d

ditional
charm

data
w

ill
help,

but
m

ore
needed.

D
escription

of
m

ultijet
angle

is
poor

although
trend

is
not

far
off.

D
ifferences

in
predictions

sho
w

up
in

the
m

ultijet
cross

sections.

Lo
w Q

F

ph
ysics

(of
course)

m
ore

challenging.

F
it

707
F

it
236



E
xam

ple:
F

its
from

P
Y

T
H

IA

Less
uniform

ly
good

description
of

highQ
F

data
from

P
Y

T
H

IA
.

Q
F

spectrum
looks

good
but

direct
to

resolved
ratio

is
poor.

Lo
wQ

F

data
can

be
described

w
ell(ish).

N
ote

the
good

description
of

the
charm

distrib
ution

(F
it

235
has

higherACB
DEF

).

S
till

m
ore

trials
w

ith
P

Y
T

H
IA

needed.
W

ill
still

use
these

fits
for

predictions.

F
it

235
F

it
3



R
ates

of��

events
per

bunc
h

crossing
H

E
R

W
IG

10
2
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3

10
4
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5
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6

10
7
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20
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40
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V
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2
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F
it 236

F
it 464

F
it 707

D
efault

particles entering the vertex detector
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eV

)

d
k

σl /dp (fb/GeV)
m
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10
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20
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10
2
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10
4
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p
charged  (G
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d
k

σl /dp
m

chargedo  (fb/GeV)
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10
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20
30

40
50

60
70

80

particles/bunchn

Total��

events/b
unc

h
crossing

(ACB
DEF
`

3
G

eV
)

=
0.01

at
500

G
eV

and
=

0.02
at

800
G

eV.

R
ate

should
not

be
a

prob
lem

for
detector

s
-

not
“all”

events
counted.

H
o

w
e

ver,the
param

eter
settings

Iha
ve

detailed
are

a
good

input
for

any
detector

studies
you

m
ight

w
ant

to
do.



(D
efault)

predictions
at

500
G

eV

D
efault

H
E

R
W

IG
prediction

used
w

ith
chang

es
in

under-
lying

event
and

photon
P

D
F.

A
ll

“reasonab
le”

param
eter

settings.

Larg
e

spread
in

predictions,
even

at
high

energies.

H
o

w
accurately

do
w

e
kno

w
Q

C
D

production?

N
ot

very
w

ell!

X
-S

ec (nb), E
t10 G

E
V

H
E

R
W

IG
, p

T
    m

in    = 2 G
eV
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V
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H
IT

2

S
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R
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N
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E

, G
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jet|
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Z
η jet| (fb)

X
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ec (nb), B
arrel E

C
A

L

1 10 10
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10
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T
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T
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M
jj X

sec (nb)

10
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4
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5
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T
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(F
itted)

predictions
at

500
G

eV

A
gain

fits
give

sim
ilar

results.

S
pread

is
also

reduced,
N

B
.

predictions
from

tw
o

M
C

s

S
ignificant

differences
to

“default”
prediction.

P
redictions

of
Q

C
D

back-
ground

kno
w

n
to

m
uc

h
better

accurac
y.

T
hese

M
C

settings
should

be
used

in
Q

C
D

background
esti-

m
ates

for��

and��

collider
s.

X
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(F
itted)

predictions
at

800
G

eV

C
hoose

“central”
M

C
prediction

and
calculate

ho
w

m
uc

h
other

predictions
differ.
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F
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E

R
W

IG
predictions

q

three
H

E
R

W
IG

,tw
o

P
Y

T
H

IA
predictions.

S
am
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DEF

q

differentACB
DEF

.

S
ignificant

reduction
in

spread
in

predictions.



C
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production
cross

sections
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