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σinel =
π2

3
F2d2αs(λ/d2)xGT(x.λ/d2)

d

F2 Casimir operator  of color SU(3)

F2 F2(quark) =4/3 (gluon)=3

Consider first “small dipole - hadron” cross section

Comment:   This simple picture is valid only in LO.  NLO would require  introducing 
mixing of different components.  Also, in more accurate expression there is an 
integral over x, and and extra term due to quark exchanges

2

Baym et al 93

How strong is the interaction of small dipoles?Introduction:

For  review of the most topics discussed in this talk see 
FS & Weiss, Annual Review of Nucl. & Particle Physics 05



New high energy QCD regime: regime of complete absorption for small αs: 
limit  -  fixed Q & large energies -black disk regime (BDR)

studies of the “quark-antiquark 
dipole”(transverse size d)  - nucleon 

cross section based pQCD and  
HERA data 

Evidence for proximity to BDR at HERA

Frankfurt et al 
2000-2001

Provided a reasonable prediction for  σL

Soft

Regime

Matching Region

Hard

Regime

Υ J/ψ



Combine  with:   analysis of  exclusive hard processes 
(t-dependence of the dipole - nucleon scattering)

 determine   impact factors for  elastic                               qq̄−N scattering

Γ= 1   corresponds to  regime of complete absorption - BDR

Γh(s,b) =
1
2is

1
(2π)2

Z
d2!qei!q!bAhN(s, t)
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T.Rogers et al

In the case gg-N scattering 
we assume pQCD relation

Γgg =
9
4
Γqq̄

|1- Γ(b)|2  - 

probability not to 
interact at given b
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gg -N interaction seems close to BDR for Q2~4 GeV2, x~10-4

for these x nuclear leading twist gluon shadowing effect is rather small

➙

 for Q2~4 GeV2, x~10-3 gg - Pb  interaction at b=0 is deep in BDR qq - Pb  interaction in BDR-

➙

Suppression of the leading hadron production in 
pA scattering at large pt comparable to the scale 
of Black disk regime at given energy  (FS 01-06)

⇒

Natural explanation of the 
BRAHMS result at RHIC, 
the only one consistent 
with the STAR data on 

correlations

Significant fractional energy losses and pt  broadening for partons propagating through 
black media  (FS 01-03)



xF for pp at LHC
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A = 208, no shadowing

A = 208, shadowing

proton, b = 0

Brahms 
kinematics

pt BDR ∼
π

2d

where d is the 
minimal size of the gg 
(qq) dipole for which 
Γ(b=0)≥ 1 in LT

Gluon densities in nuclei and 
proton at b=0 are very similar!!!!

Difference is in the spread  in b



The  gluon transverse distribution is given by  the Fourier transform of the two gluon form factor as

Fg(x,ρ;Q2) ≡
Z d2Δ⊥

(2π)2
ei(Δ⊥ρ) Fg(x, t =−Δ2⊥;Q2)

It is normalized to unit integral over the transverse plane:
Z
d2ρ Fg(x,ρ;Q2) = 1.

Fg(x,ρ) =
m2g
2π

(mgρ
2

)
K1(mgρ)

The         dependence is  accounted using LO DGLAP evolution  at fixed       .           Q2 ρ

Fg(x, t) = 1/(1− t/mg(x)2),m2g(x= 0.05)∼ 1GeV 2,m2g(x= 0.001)∼ 0.6GeV 2.

For x=0.05 it is much harder than e.m. form factor  (dynamical origin - chiral dynamics)     ⇒  more 

narrow transverse  distribution of gluons than a naive expectation.  (FS,  Weiss -02-03)

2

x-dependence of transverse distribution of gluons 
can be extracted from t -dependence of the exclusive vector meson production - 

QCD factorization theorem for exlcusive processes, Collins &FS 97



Implications for LHC -  impact parameters for  collisions with new particle production are much 
smaller than for  generic inelastic collisions. 
Using HERA data  and fits to elastic pp data we can quantify this.
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Also,  a spectator parton in the BDR regime loses a 
significant fraction of its energy (> 10%)  similar to electron 
energy loss in backscattering of laser off a fast electron beam.

For different triggers we now can take into account distribution over b.

13
O

ct
20

05
18

:1
7

A
R

A
R

25
7-

N
S5

5-
10

.te
x

X
M

L
Pu

bl
is

hSM
(2

00
4/

02
/2

4)
P1

:K
U

V

SM
A

L
L

-x
PH

Y
SI

C
S

44
7

F
ig

ur
e

17
B

la
ck

-d
is

k
lim

it
in

ce
nt

ra
l

pA
co

lli
si

on
s

at
L

H
C

:
(a

)
T

he
pr

ofi
le

fu
nc

tio
n

fo
r

th
e

sc
at

te
ri

ng
of

a
le

ad
in

g
gl

uo
n

in
th

e
pr

ot
on

(r
eg

ar
de

d
as

a
co

ns
tit

ue
nt

of
a

gg
di

po
le

)
fr

om
th

e
nu

cl
eu

s
at

ze
ro

im
pa

ct
pa

ra
m

et
er

,
!

d
A
(b

=
0)

,
as

a
fu

nc
tio

n
of

th
e

tr
an

s-
ve

rs
e

m
om

en
tu

m
sq

ua
re

d,
p2 ⊥

.(
b)

T
he

m
ax

im
um

tr
an

sv
er

se
m

om
en

tu
m

sq
ua

re
d,

p2 ⊥
,B

D
L
,

fo
r

w
hi

ch
th

e
in

te
ra

ct
io

n
of

th
e

le
ad

in
g

gl
uo

n
is

“b
la

ck
,”

!
d

A
>

!
cr

it
,

as
a

fu
nc

tio
n

of
th

e
gl

uo
n’

s
m

om
en

tu
m

fr
ac

tio
n,

x 1
.

H
er

e
w

e
as

su
m

e
√

s
=

14
Te

V
fo

r
th

e
ef

fe
ct

iv
e

N
N

co
lli

si
on

s,
in

or
de

r
to

fa
ci

lit
at

e
co

m
pa

ri
so

n
w

ith
th

e
ca

se
of

ce
nt

ra
l

pp
co

lli
si

on
s

in
Fi

gu
re

16
.

p2 ⊥
,B

D
L

fo
r

a
le

ad
in

g
gl

uo
n,

as
a

fu
nc

tio
n

of
th

e
gl

uo
n

m
om

en
tu

m
fr

ac
tio

n,
x 1

;
fo

r
le

ad
in

g
qu

ar
ks

,
th

e
re

su
lt

fo
r

p2 ⊥
,B

D
L

is
ap

pr
ox

im
at

el
y

0.
5

tim
es

th
e

va
lu

e
fo

r
gl

uo
ns

.
T

he
nu

m
er

ic
al

es
tim

at
es

sh
ow

th
at

le
ad

in
g

pa
rt

on
s

in
de

ed
re

ce
iv

e
su

bs
ta

nt
ia

l
tr

an
sv

er
se

m
om

en
ta

w
he

n
tr

av
er

si
ng

th
e

sm
al

l-
x 2

gl
uo

n
m

ed
iu

m
of

th
e

nu
cl

eu
s.

W
e

em
ph

as
iz

e
th

at
ou

re
st

im
at

e
of

p ⊥
,B

D
L

ap
pl

ie
s

eq
ua

lly
w

el
lt

o
th

e
in

te
ra

ct
io

n
of

le
ad

in
g

pa
rt

on
s

in
th

e
ce

nt
ra

lr
eg

io
n

of
A

A
co

lli
si

on
s.

Tu
rn

in
g

no
w

to
pp

co
lli

si
on

s,
w

e
ha

ve
to

ta
ke

in
to

ac
co

un
tt

he
tr

an
sv

er
se

sp
at

ia
l

st
ru

ct
ur

e
of

th
e

co
lli

di
ng

ha
dr

on
s.

A
cr

uc
ia

lp
oi

nt
is

th
at

hi
gh

-e
ne

rg
y

in
te

ra
ct

io
ns

do
no

ts
ig

ni
fic

an
tly

ch
an

ge
th

e
tr

an
sv

er
se

po
si

tio
n

of
th

e
le

ad
in

g
pa

rt
on

s,
so

th
at

th
ei

r
in

te
ra

ct
io

n
w

ith
th

e
sm

al
l-

x 2
gl

uo
ns

is
pr

im
ar

ily
de

te
rm

in
ed

by
th

e
gl

uo
n

de
ns

ity
at

th
is

tr
an

sv
er

se
po

si
tio

n.
B

ec
au

se
th

e
le

ad
in

g
pa

rt
on

s
in

th
e

“p
ro

je
ct

ile
”

pr
ot

on
ar

e
co

nc
en

tr
at

ed
in

a
sm

al
lt

ra
ns

ve
rs

e
ar

ea
,a

nd
th

e
sm

al
l-

x 2
gl

uo
n

de
ns

ity
in

th
e

“t
ar

ge
t”

pr
ot

on
de

cr
ea

se
s

w
ith

tr
an

sv
er

se
di

st
an

ce
fr

om
th

e
ce

nt
er

,i
ti

s
cl

ea
r

th
at

th
e

m
ax

im
um

tr
an

sv
er

se
m

om
en

tu
m

fo
ri

nt
er

ac
tio

ns
cl

os
e

to
th

e
B

D
L

,p
2 ⊥

,B
D

L
,

de
cr

ea
se

s
w

ith
th

e
im

pa
ct

pa
ra

m
et

er
of

th
e

pp
co

lli
si

on
,b

.F
ig

ur
e

18
(u

pp
er

ro
w

)
sh

ow
s

th
e

de
pe

nd
en

ce
of

p2 ⊥
,B

D
L

on
b,

as
ob

ta
in

ed
w

ith
th

e
pa

ra
m

et
ri

za
tio

n
of

th
e

tr
an

sv
er

se
sp

at
ia

ld
is

tr
ib

ut
io

n
of

gl
uo

ns
ba

se
d

on
an

al
ys

is
of

th
e

H
E

R
A

ex
cl

us
iv

e
da

ta
(S

ec
tio

n
4.

4)
(7

3)
.O

ne
se

es
th

at
p ⊥

,B
D

L
∼

se
ve

ra
lG

eV
in

ce
nt

ra
lc

ol
lis

io
ns

at
L

H
C

.S
ub

st
an

tia
lly

sm
al

le
rv

al
ue

s
ar

e
ob

ta
in

ed
at

th
e

Te
va

tr
on

en
er

gy
.

Annu. Rev. Nucl. Part. Sci. 2005.55:403-465. Downloaded from arjournals.annualreviews.org
by High Energy Accelerator on 11/09/05. For personal use only.13

O
ct

20
05

18
:1

7
A

R
A

R
25

7-
N

S5
5-

10
.te

x
X

M
L

Pu
bl

is
hSM

(2
00

4/
02

/2
4)

P1
:K

U
V

SM
A

L
L

-x
PH

Y
SI

C
S

44
7

F
ig

ur
e

17
B

la
ck

-d
is

k
lim

it
in

ce
nt

ra
l

pA
co

lli
si

on
s

at
L

H
C

:
(a

)
T

he
pr

ofi
le

fu
nc

tio
n

fo
r

th
e

sc
at

te
ri

ng
of

a
le

ad
in

g
gl

uo
n

in
th

e
pr

ot
on

(r
eg

ar
de

d
as

a
co

ns
tit

ue
nt

of
a

gg
di

po
le

)
fr

om
th

e
nu

cl
eu

s
at

ze
ro

im
pa

ct
pa

ra
m

et
er

,
!

d
A
(b

=
0)

,
as

a
fu

nc
tio

n
of

th
e

tr
an

s-
ve

rs
e

m
om

en
tu

m
sq

ua
re

d,
p2 ⊥

.(
b)

T
he

m
ax

im
um

tr
an

sv
er

se
m

om
en

tu
m

sq
ua

re
d,

p2 ⊥
,B

D
L
,

fo
r

w
hi

ch
th

e
in

te
ra

ct
io

n
of

th
e

le
ad

in
g

gl
uo

n
is

“b
la

ck
,”

!
d

A
>

!
cr

it
,

as
a

fu
nc

tio
n

of
th

e
gl

uo
n’

s
m

om
en

tu
m

fr
ac

tio
n,

x 1
.

H
er

e
w

e
as

su
m

e
√

s
=

14
Te

V
fo

r
th

e
ef

fe
ct

iv
e

N
N

co
lli

si
on

s,
in

or
de

r
to

fa
ci

lit
at

e
co

m
pa

ri
so

n
w

ith
th

e
ca

se
of

ce
nt

ra
l

pp
co

lli
si

on
s

in
Fi

gu
re

16
.

p2 ⊥
,B

D
L

fo
r

a
le

ad
in

g
gl

uo
n,

as
a

fu
nc

tio
n

of
th

e
gl

uo
n

m
om

en
tu

m
fr

ac
tio

n,
x 1

;
fo

r
le

ad
in

g
qu

ar
ks

,
th

e
re

su
lt

fo
r

p2 ⊥
,B

D
L

is
ap

pr
ox

im
at

el
y

0.
5

tim
es

th
e

va
lu

e
fo

r
gl

uo
ns

.
T

he
nu

m
er

ic
al

es
tim

at
es

sh
ow

th
at

le
ad

in
g

pa
rt

on
s

in
de

ed
re

ce
iv

e
su

bs
ta

nt
ia

l
tr

an
sv

er
se

m
om

en
ta

w
he

n
tr

av
er

si
ng

th
e

sm
al

l-
x 2

gl
uo

n
m

ed
iu

m
of

th
e

nu
cl

eu
s.

W
e

em
ph

as
iz

e
th

at
ou

re
st

im
at

e
of

p ⊥
,B

D
L

ap
pl

ie
s

eq
ua

lly
w

el
lt

o
th

e
in

te
ra

ct
io

n
of

le
ad

in
g

pa
rt

on
s

in
th

e
ce

nt
ra

lr
eg

io
n

of
A

A
co

lli
si

on
s.

Tu
rn

in
g

no
w

to
pp

co
lli

si
on

s,
w

e
ha

ve
to

ta
ke

in
to

ac
co

un
tt

he
tr

an
sv

er
se

sp
at

ia
l

st
ru

ct
ur

e
of

th
e

co
lli

di
ng

ha
dr

on
s.

A
cr

uc
ia

lp
oi

nt
is

th
at

hi
gh

-e
ne

rg
y

in
te

ra
ct

io
ns

do
no

ts
ig

ni
fic

an
tly

ch
an

ge
th

e
tr

an
sv

er
se

po
si

tio
n

of
th

e
le

ad
in

g
pa

rt
on

s,
so

th
at

th
ei

r
in

te
ra

ct
io

n
w

ith
th

e
sm

al
l-

x 2
gl

uo
ns

is
pr

im
ar

ily
de

te
rm

in
ed

by
th

e
gl

uo
n

de
ns

ity
at

th
is

tr
an

sv
er

se
po

si
tio

n.
B

ec
au

se
th

e
le

ad
in

g
pa

rt
on

s
in

th
e

“p
ro

je
ct

ile
”

pr
ot

on
ar

e
co

nc
en

tr
at

ed
in

a
sm

al
lt

ra
ns

ve
rs

e
ar

ea
,a

nd
th

e
sm

al
l-

x 2
gl

uo
n

de
ns

ity
in

th
e

“t
ar

ge
t”

pr
ot

on
de

cr
ea

se
s

w
ith

tr
an

sv
er

se
di

st
an

ce
fr

om
th

e
ce

nt
er

,i
ti

s
cl

ea
r

th
at

th
e

m
ax

im
um

tr
an

sv
er

se
m

om
en

tu
m

fo
ri

nt
er

ac
tio

ns
cl

os
e

to
th

e
B

D
L

,p
2 ⊥

,B
D

L
,

de
cr

ea
se

s
w

ith
th

e
im

pa
ct

pa
ra

m
et

er
of

th
e

pp
co

lli
si

on
,b

.F
ig

ur
e

18
(u

pp
er

ro
w

)
sh

ow
s

th
e

de
pe

nd
en

ce
of

p2 ⊥
,B

D
L

on
b,

as
ob

ta
in

ed
w

ith
th

e
pa

ra
m

et
ri

za
tio

n
of

th
e

tr
an

sv
er

se
sp

at
ia

ld
is

tr
ib

ut
io

n
of

gl
uo

ns
ba

se
d

on
an

al
ys

is
of

th
e

H
E

R
A

ex
cl

us
iv

e
da

ta
(S

ec
tio

n
4.

4)
(7

3)
.O

ne
se

es
th

at
p ⊥

,B
D

L
∼

se
ve

ra
lG

eV
in

ce
nt

ra
lc

ol
lis

io
ns

at
L

H
C

.S
ub

st
an

tia
lly

sm
al

le
rv

al
ue

s
ar

e
ob

ta
in

ed
at

th
e

Te
va

tr
on

en
er

gy
.

Annu. Rev. Nucl. Part. Sci. 2005.55:403-465. Downloaded from arjournals.annualreviews.org
by High Energy Accelerator on 11/09/05. For personal use only.13

O
ct

20
05

18
:1

7
A

R
A

R
25

7-
N

S5
5-

10
.te

x
X

M
L

Pu
bl

is
hSM

(2
00

4/
02

/2
4)

P1
:K

U
V

SM
A

L
L

-x
PH

Y
SI

C
S

44
7

F
ig

ur
e

17
B

la
ck

-d
is

k
lim

it
in

ce
nt

ra
l

pA
co

lli
si

on
s

at
L

H
C

:
(a

)
T

he
pr

ofi
le

fu
nc

tio
n

fo
r

th
e

sc
at

te
ri

ng
of

a
le

ad
in

g
gl

uo
n

in
th

e
pr

ot
on

(r
eg

ar
de

d
as

a
co

ns
tit

ue
nt

of
a

gg
di

po
le

)
fr

om
th

e
nu

cl
eu

s
at

ze
ro

im
pa

ct
pa

ra
m

et
er

,
!

d
A
(b

=
0)

,
as

a
fu

nc
tio

n
of

th
e

tr
an

s-
ve

rs
e

m
om

en
tu

m
sq

ua
re

d,
p2 ⊥

.(
b)

T
he

m
ax

im
um

tr
an

sv
er

se
m

om
en

tu
m

sq
ua

re
d,

p2 ⊥
,B

D
L
,

fo
r

w
hi

ch
th

e
in

te
ra

ct
io

n
of

th
e

le
ad

in
g

gl
uo

n
is

“b
la

ck
,”

!
d

A
>

!
cr

it
,

as
a

fu
nc

tio
n

of
th

e
gl

uo
n’

s
m

om
en

tu
m

fr
ac

tio
n,

x 1
.

H
er

e
w

e
as

su
m

e
√

s
=

14
Te

V
fo

r
th

e
ef

fe
ct

iv
e

N
N

co
lli

si
on

s,
in

or
de

r
to

fa
ci

lit
at

e
co

m
pa

ri
so

n
w

ith
th

e
ca

se
of

ce
nt

ra
l

pp
co

lli
si

on
s

in
Fi

gu
re

16
.

p2 ⊥
,B

D
L

fo
r

a
le

ad
in

g
gl

uo
n,

as
a

fu
nc

tio
n

of
th

e
gl

uo
n

m
om

en
tu

m
fr

ac
tio

n,
x 1

;
fo

r
le

ad
in

g
qu

ar
ks

,
th

e
re

su
lt

fo
r

p2 ⊥
,B

D
L

is
ap

pr
ox

im
at

el
y

0.
5

tim
es

th
e

va
lu

e
fo

r
gl

uo
ns

.
T

he
nu

m
er

ic
al

es
tim

at
es

sh
ow

th
at

le
ad

in
g

pa
rt

on
s

in
de

ed
re

ce
iv

e
su

bs
ta

nt
ia

l
tr

an
sv

er
se

m
om

en
ta

w
he

n
tr

av
er

si
ng

th
e

sm
al

l-
x 2

gl
uo

n
m

ed
iu

m
of

th
e

nu
cl

eu
s.

W
e

em
ph

as
iz

e
th

at
ou

re
st

im
at

e
of

p ⊥
,B

D
L

ap
pl

ie
s

eq
ua

lly
w

el
lt

o
th

e
in

te
ra

ct
io

n
of

le
ad

in
g

pa
rt

on
s

in
th

e
ce

nt
ra

lr
eg

io
n

of
A

A
co

lli
si

on
s.

Tu
rn

in
g

no
w

to
pp

co
lli

si
on

s,
w

e
ha

ve
to

ta
ke

in
to

ac
co

un
tt

he
tr

an
sv

er
se

sp
at

ia
l

st
ru

ct
ur

e
of

th
e

co
lli

di
ng

ha
dr

on
s.

A
cr

uc
ia

lp
oi

nt
is

th
at

hi
gh

-e
ne

rg
y

in
te

ra
ct

io
ns

do
no

ts
ig

ni
fic

an
tly

ch
an

ge
th

e
tr

an
sv

er
se

po
si

tio
n

of
th

e
le

ad
in

g
pa

rt
on

s,
so

th
at

th
ei

r
in

te
ra

ct
io

n
w

ith
th

e
sm

al
l-

x 2
gl

uo
ns

is
pr

im
ar

ily
de

te
rm

in
ed

by
th

e
gl

uo
n

de
ns

ity
at

th
is

tr
an

sv
er

se
po

si
tio

n.
B

ec
au

se
th

e
le

ad
in

g
pa

rt
on

s
in

th
e

“p
ro

je
ct

ile
”

pr
ot

on
ar

e
co

nc
en

tr
at

ed
in

a
sm

al
lt

ra
ns

ve
rs

e
ar

ea
,a

nd
th

e
sm

al
l-

x 2
gl

uo
n

de
ns

ity
in

th
e

“t
ar

ge
t”

pr
ot

on
de

cr
ea

se
s

w
ith

tr
an

sv
er

se
di

st
an

ce
fr

om
th

e
ce

nt
er

,i
ti

s
cl

ea
r

th
at

th
e

m
ax

im
um

tr
an

sv
er

se
m

om
en

tu
m

fo
ri

nt
er

ac
tio

ns
cl

os
e

to
th

e
B

D
L

,p
2 ⊥

,B
D

L
,

de
cr

ea
se

s
w

ith
th

e
im

pa
ct

pa
ra

m
et

er
of

th
e

pp
co

lli
si

on
,b

.F
ig

ur
e

18
(u

pp
er

ro
w

)
sh

ow
s

th
e

de
pe

nd
en

ce
of

p2 ⊥
,B

D
L

on
b,

as
ob

ta
in

ed
w

ith
th

e
pa

ra
m

et
ri

za
tio

n
of

th
e

tr
an

sv
er

se
sp

at
ia

ld
is

tr
ib

ut
io

n
of

gl
uo

ns
ba

se
d

on
an

al
ys

is
of

th
e

H
E

R
A

ex
cl

us
iv

e
da

ta
(S

ec
tio

n
4.

4)
(7

3)
.O

ne
se

es
th

at
p ⊥

,B
D

L
∼

se
ve

ra
lG

eV
in

ce
nt

ra
lc

ol
lis

io
ns

at
L

H
C

.S
ub

st
an

tia
lly

sm
al

le
rv

al
ue

s
ar

e
ob

ta
in

ed
at

th
e

Te
va

tr
on

en
er

gy
.

Annu. Rev. Nucl. Part. Sci. 2005.55:403-465. Downloaded from arjournals.annualreviews.org
by High Energy Accelerator on 11/09/05. For personal use only.

13
O

ct
20

05
18

:1
7

A
R

A
R

25
7-

N
S5

5-
10

.te
x

X
M

L
Pu

bl
is

hSM
(2

00
4/

02
/2

4)
P1

:K
U

V

SM
A

L
L

-x
PH

Y
SI

C
S

44
7

F
ig

ur
e

17
B

la
ck

-d
is

k
lim

it
in

ce
nt

ra
l

pA
co

lli
si

on
s

at
L

H
C

:
(a

)
T

he
pr

ofi
le

fu
nc

tio
n

fo
r

th
e

sc
at

te
ri

ng
of

a
le

ad
in

g
gl

uo
n

in
th

e
pr

ot
on

(r
eg

ar
de

d
as

a
co

ns
tit

ue
nt

of
a

gg
di

po
le

)
fr

om
th

e
nu

cl
eu

s
at

ze
ro

im
pa

ct
pa

ra
m

et
er

,
!

d
A
(b

=
0)

,
as

a
fu

nc
tio

n
of

th
e

tr
an

s-
ve

rs
e

m
om

en
tu

m
sq

ua
re

d,
p2 ⊥

.(
b)

T
he

m
ax

im
um

tr
an

sv
er

se
m

om
en

tu
m

sq
ua

re
d,

p2 ⊥
,B

D
L
,

fo
r

w
hi

ch
th

e
in

te
ra

ct
io

n
of

th
e

le
ad

in
g

gl
uo

n
is

“b
la

ck
,”

!
d

A
>

!
cr

it
,

as
a

fu
nc

tio
n

of
th

e
gl

uo
n’

s
m

om
en

tu
m

fr
ac

tio
n,

x 1
.

H
er

e
w

e
as

su
m

e
√

s
=

14
Te

V
fo

r
th

e
ef

fe
ct

iv
e

N
N

co
lli

si
on

s,
in

or
de

r
to

fa
ci

lit
at

e
co

m
pa

ri
so

n
w

ith
th

e
ca

se
of

ce
nt

ra
l

pp
co

lli
si

on
s

in
Fi

gu
re

16
.

p2 ⊥
,B

D
L

fo
r

a
le

ad
in

g
gl

uo
n,

as
a

fu
nc

tio
n

of
th

e
gl

uo
n

m
om

en
tu

m
fr

ac
tio

n,
x 1

;
fo

r
le

ad
in

g
qu

ar
ks

,
th

e
re

su
lt

fo
r

p2 ⊥
,B

D
L

is
ap

pr
ox

im
at

el
y

0.
5

tim
es

th
e

va
lu

e
fo

r
gl

uo
ns

.
T

he
nu

m
er

ic
al

es
tim

at
es

sh
ow

th
at

le
ad

in
g

pa
rt

on
s

in
de

ed
re

ce
iv

e
su

bs
ta

nt
ia

l
tr

an
sv

er
se

m
om

en
ta

w
he

n
tr

av
er

si
ng

th
e

sm
al

l-
x 2

gl
uo

n
m

ed
iu

m
of

th
e

nu
cl

eu
s.

W
e

em
ph

as
iz

e
th

at
ou

re
st

im
at

e
of

p ⊥
,B

D
L

ap
pl

ie
s

eq
ua

lly
w

el
lt

o
th

e
in

te
ra

ct
io

n
of

le
ad

in
g

pa
rt

on
s

in
th

e
ce

nt
ra

lr
eg

io
n

of
A

A
co

lli
si

on
s.

Tu
rn

in
g

no
w

to
pp

co
lli

si
on

s,
w

e
ha

ve
to

ta
ke

in
to

ac
co

un
tt

he
tr

an
sv

er
se

sp
at

ia
l

st
ru

ct
ur

e
of

th
e

co
lli

di
ng

ha
dr

on
s.

A
cr

uc
ia

lp
oi

nt
is

th
at

hi
gh

-e
ne

rg
y

in
te

ra
ct

io
ns

do
no

ts
ig

ni
fic

an
tly

ch
an

ge
th

e
tr

an
sv

er
se

po
si

tio
n

of
th

e
le

ad
in

g
pa

rt
on

s,
so

th
at

th
ei

r
in

te
ra

ct
io

n
w

ith
th

e
sm

al
l-

x 2
gl

uo
ns

is
pr

im
ar

ily
de

te
rm

in
ed

by
th

e
gl

uo
n

de
ns

ity
at

th
is

tr
an

sv
er

se
po

si
tio

n.
B

ec
au

se
th

e
le

ad
in

g
pa

rt
on

s
in

th
e

“p
ro

je
ct

ile
”

pr
ot

on
ar

e
co

nc
en

tr
at

ed
in

a
sm

al
lt

ra
ns

ve
rs

e
ar

ea
,a

nd
th

e
sm

al
l-

x 2
gl

uo
n

de
ns

ity
in

th
e

“t
ar

ge
t”

pr
ot

on
de

cr
ea

se
s

w
ith

tr
an

sv
er

se
di

st
an

ce
fr

om
th

e
ce

nt
er

,i
ti

s
cl

ea
r

th
at

th
e

m
ax

im
um

tr
an

sv
er

se
m

om
en

tu
m

fo
ri

nt
er

ac
tio

ns
cl

os
e

to
th

e
B

D
L

,p
2 ⊥

,B
D

L
,

de
cr

ea
se

s
w

ith
th

e
im

pa
ct

pa
ra

m
et

er
of

th
e

pp
co

lli
si

on
,b

.F
ig

ur
e

18
(u

pp
er

ro
w

)
sh

ow
s

th
e

de
pe

nd
en

ce
of

p2 ⊥
,B

D
L

on
b,

as
ob

ta
in

ed
w

ith
th

e
pa

ra
m

et
ri

za
tio

n
of

th
e

tr
an

sv
er

se
sp

at
ia

ld
is

tr
ib

ut
io

n
of

gl
uo

ns
ba

se
d

on
an

al
ys

is
of

th
e

H
E

R
A

ex
cl

us
iv

e
da

ta
(S

ec
tio

n
4.

4)
(7

3)
.O

ne
se

es
th

at
p ⊥

,B
D

L
∼

se
ve

ra
lG

eV
in

ce
nt

ra
lc

ol
lis

io
ns

at
L

H
C

.S
ub

st
an

tia
lly

sm
al

le
rv

al
ue

s
ar

e
ob

ta
in

ed
at

th
e

Te
va

tr
on

en
er

gy
.

Annu. Rev. Nucl. Part. Sci. 2005.55:403-465. Downloaded from arjournals.annualreviews.org
by High Energy Accelerator on 11/09/05. For personal use only.

13
O

ct
20

05
18

:1
7

A
R

A
R

25
7-

N
S5

5-
10

.te
x

X
M

L
Pu

bl
is

hSM
(2

00
4/

02
/2

4)
P1

:K
U

V

SM
A

L
L

-x
PH

Y
SI

C
S

44
7

F
ig

ur
e

17
B

la
ck

-d
is

k
lim

it
in

ce
nt

ra
l

pA
co

lli
si

on
s

at
L

H
C

:
(a

)
T

he
pr

ofi
le

fu
nc

tio
n

fo
r

th
e

sc
at

te
ri

ng
of

a
le

ad
in

g
gl

uo
n

in
th

e
pr

ot
on

(r
eg

ar
de

d
as

a
co

ns
tit

ue
nt

of
a

gg
di

po
le

)
fr

om
th

e
nu

cl
eu

s
at

ze
ro

im
pa

ct
pa

ra
m

et
er

,
!

d
A
(b

=
0)

,
as

a
fu

nc
tio

n
of

th
e

tr
an

s-
ve

rs
e

m
om

en
tu

m
sq

ua
re

d,
p2 ⊥

.(
b)

T
he

m
ax

im
um

tr
an

sv
er

se
m

om
en

tu
m

sq
ua

re
d,

p2 ⊥
,B

D
L
,

fo
r

w
hi

ch
th

e
in

te
ra

ct
io

n
of

th
e

le
ad

in
g

gl
uo

n
is

“b
la

ck
,”

!
d

A
>

!
cr

it
,

as
a

fu
nc

tio
n

of
th

e
gl

uo
n’

s
m

om
en

tu
m

fr
ac

tio
n,

x 1
.

H
er

e
w

e
as

su
m

e
√

s
=

14
Te

V
fo

r
th

e
ef

fe
ct

iv
e

N
N

co
lli

si
on

s,
in

or
de

r
to

fa
ci

lit
at

e
co

m
pa

ri
so

n
w

ith
th

e
ca

se
of

ce
nt

ra
l

pp
co

lli
si

on
s

in
Fi

gu
re

16
.

p2 ⊥
,B

D
L

fo
r

a
le

ad
in

g
gl

uo
n,

as
a

fu
nc

tio
n

of
th

e
gl

uo
n

m
om

en
tu

m
fr

ac
tio

n,
x 1

;
fo

r
le

ad
in

g
qu

ar
ks

,
th

e
re

su
lt

fo
r

p2 ⊥
,B

D
L

is
ap

pr
ox

im
at

el
y

0.
5

tim
es

th
e

va
lu

e
fo

r
gl

uo
ns

.
T

he
nu

m
er

ic
al

es
tim

at
es

sh
ow

th
at

le
ad

in
g

pa
rt

on
s

in
de

ed
re

ce
iv

e
su

bs
ta

nt
ia

l
tr

an
sv

er
se

m
om

en
ta

w
he

n
tr

av
er

si
ng

th
e

sm
al

l-
x 2

gl
uo

n
m

ed
iu

m
of

th
e

nu
cl

eu
s.

W
e

em
ph

as
iz

e
th

at
ou

re
st

im
at

e
of

p ⊥
,B

D
L

ap
pl

ie
s

eq
ua

lly
w

el
lt

o
th

e
in

te
ra

ct
io

n
of

le
ad

in
g

pa
rt

on
s

in
th

e
ce

nt
ra

lr
eg

io
n

of
A

A
co

lli
si

on
s.

Tu
rn

in
g

no
w

to
pp

co
lli

si
on

s,
w

e
ha

ve
to

ta
ke

in
to

ac
co

un
tt

he
tr

an
sv

er
se

sp
at

ia
l

st
ru

ct
ur

e
of

th
e

co
lli

di
ng

ha
dr

on
s.

A
cr

uc
ia

lp
oi

nt
is

th
at

hi
gh

-e
ne

rg
y

in
te

ra
ct

io
ns

do
no

ts
ig

ni
fic

an
tly

ch
an

ge
th

e
tr

an
sv

er
se

po
si

tio
n

of
th

e
le

ad
in

g
pa

rt
on

s,
so

th
at

th
ei

r
in

te
ra

ct
io

n
w

ith
th

e
sm

al
l-

x 2
gl

uo
ns

is
pr

im
ar

ily
de

te
rm

in
ed

by
th

e
gl

uo
n

de
ns

ity
at

th
is

tr
an

sv
er

se
po

si
tio

n.
B

ec
au

se
th

e
le

ad
in

g
pa

rt
on

s
in

th
e

“p
ro

je
ct

ile
”

pr
ot

on
ar

e
co

nc
en

tr
at

ed
in

a
sm

al
lt

ra
ns

ve
rs

e
ar

ea
,a

nd
th

e
sm

al
l-

x 2
gl

uo
n

de
ns

ity
in

th
e

“t
ar

ge
t”

pr
ot

on
de

cr
ea

se
s

w
ith

tr
an

sv
er

se
di

st
an

ce
fr

om
th

e
ce

nt
er

,i
ti

s
cl

ea
r

th
at

th
e

m
ax

im
um

tr
an

sv
er

se
m

om
en

tu
m

fo
ri

nt
er

ac
tio

ns
cl

os
e

to
th

e
B

D
L

,p
2 ⊥

,B
D

L
,

de
cr

ea
se

s
w

ith
th

e
im

pa
ct

pa
ra

m
et

er
of

th
e

pp
co

lli
si

on
,b

.F
ig

ur
e

18
(u

pp
er

ro
w

)
sh

ow
s

th
e

de
pe

nd
en

ce
of

p2 ⊥
,B

D
L

on
b,

as
ob

ta
in

ed
w

ith
th

e
pa

ra
m

et
ri

za
tio

n
of

th
e

tr
an

sv
er

se
sp

at
ia

ld
is

tr
ib

ut
io

n
of

gl
uo

ns
ba

se
d

on
an

al
ys

is
of

th
e

H
E

R
A

ex
cl

us
iv

e
da

ta
(S

ec
tio

n
4.

4)
(7

3)
.O

ne
se

es
th

at
p ⊥

,B
D

L
∼

se
ve

ra
lG

eV
in

ce
nt

ra
lc

ol
lis

io
ns

at
L

H
C

.S
ub

st
an

tia
lly

sm
al

le
rv

al
ue

s
ar

e
ob

ta
in

ed
at

th
e

Te
va

tr
on

en
er

gy
.

Annu. Rev. Nucl. Part. Sci. 2005.55:403-465. Downloaded from arjournals.annualreviews.org
by High Energy Accelerator on 11/09/05. For personal use only.

13
O

ct
20

05
18

:1
7

A
R

A
R

25
7-

N
S5

5-
10

.te
x

X
M

L
Pu

bl
is

hSM
(2

00
4/

02
/2

4)
P1

:K
U

V

SM
A

L
L

-x
PH

Y
SI

C
S

44
7

F
ig

ur
e

17
B

la
ck

-d
is

k
lim

it
in

ce
nt

ra
l

pA
co

lli
si

on
s

at
L

H
C

:
(a

)
T

he
pr

ofi
le

fu
nc

tio
n

fo
r

th
e

sc
at

te
ri

ng
of

a
le

ad
in

g
gl

uo
n

in
th

e
pr

ot
on

(r
eg

ar
de

d
as

a
co

ns
tit

ue
nt

of
a

gg
di

po
le

)
fr

om
th

e
nu

cl
eu

s
at

ze
ro

im
pa

ct
pa

ra
m

et
er

,
!

d
A
(b

=
0)

,
as

a
fu

nc
tio

n
of

th
e

tr
an

s-
ve

rs
e

m
om

en
tu

m
sq

ua
re

d,
p2 ⊥

.(
b)

T
he

m
ax

im
um

tr
an

sv
er

se
m

om
en

tu
m

sq
ua

re
d,

p2 ⊥
,B

D
L
,

fo
r

w
hi

ch
th

e
in

te
ra

ct
io

n
of

th
e

le
ad

in
g

gl
uo

n
is

“b
la

ck
,”

!
d

A
>

!
cr

it
,

as
a

fu
nc

tio
n

of
th

e
gl

uo
n’

s
m

om
en

tu
m

fr
ac

tio
n,

x 1
.

H
er

e
w

e
as

su
m

e
√

s
=

14
Te

V
fo

r
th

e
ef

fe
ct

iv
e

N
N

co
lli

si
on

s,
in

or
de

r
to

fa
ci

lit
at

e
co

m
pa

ri
so

n
w

ith
th

e
ca

se
of

ce
nt

ra
l

pp
co

lli
si

on
s

in
Fi

gu
re

16
.

p2 ⊥
,B

D
L

fo
r

a
le

ad
in

g
gl

uo
n,

as
a

fu
nc

tio
n

of
th

e
gl

uo
n

m
om

en
tu

m
fr

ac
tio

n,
x 1

;
fo

r
le

ad
in

g
qu

ar
ks

,
th

e
re

su
lt

fo
r

p2 ⊥
,B

D
L

is
ap

pr
ox

im
at

el
y

0.
5

tim
es

th
e

va
lu

e
fo

r
gl

uo
ns

.
T

he
nu

m
er

ic
al

es
tim

at
es

sh
ow

th
at

le
ad

in
g

pa
rt

on
s

in
de

ed
re

ce
iv

e
su

bs
ta

nt
ia

l
tr

an
sv

er
se

m
om

en
ta

w
he

n
tr

av
er

si
ng

th
e

sm
al

l-
x 2

gl
uo

n
m

ed
iu

m
of

th
e

nu
cl

eu
s.

W
e

em
ph

as
iz

e
th

at
ou

re
st

im
at

e
of

p ⊥
,B

D
L

ap
pl

ie
s

eq
ua

lly
w

el
lt

o
th

e
in

te
ra

ct
io

n
of

le
ad

in
g

pa
rt

on
s

in
th

e
ce

nt
ra

lr
eg

io
n

of
A

A
co

lli
si

on
s.

Tu
rn

in
g

no
w

to
pp

co
lli

si
on

s,
w

e
ha

ve
to

ta
ke

in
to

ac
co

un
tt

he
tr

an
sv

er
se

sp
at

ia
l

st
ru

ct
ur

e
of

th
e

co
lli

di
ng

ha
dr

on
s.

A
cr

uc
ia

lp
oi

nt
is

th
at

hi
gh

-e
ne

rg
y

in
te

ra
ct

io
ns

do
no

ts
ig

ni
fic

an
tly

ch
an

ge
th

e
tr

an
sv

er
se

po
si

tio
n

of
th

e
le

ad
in

g
pa

rt
on

s,
so

th
at

th
ei

r
in

te
ra

ct
io

n
w

ith
th

e
sm

al
l-

x 2
gl

uo
ns

is
pr

im
ar

ily
de

te
rm

in
ed

by
th

e
gl

uo
n

de
ns

ity
at

th
is

tr
an

sv
er

se
po

si
tio

n.
B

ec
au

se
th

e
le

ad
in

g
pa

rt
on

s
in

th
e

“p
ro

je
ct

ile
”

pr
ot

on
ar

e
co

nc
en

tr
at

ed
in

a
sm

al
lt

ra
ns

ve
rs

e
ar

ea
,a

nd
th

e
sm

al
l-

x 2
gl

uo
n

de
ns

ity
in

th
e

“t
ar

ge
t”

pr
ot

on
de

cr
ea

se
s

w
ith

tr
an

sv
er

se
di

st
an

ce
fr

om
th

e
ce

nt
er

,i
ti

s
cl

ea
r

th
at

th
e

m
ax

im
um

tr
an

sv
er

se
m

om
en

tu
m

fo
ri

nt
er

ac
tio

ns
cl

os
e

to
th

e
B

D
L

,p
2 ⊥

,B
D

L
,

de
cr

ea
se

s
w

ith
th

e
im

pa
ct

pa
ra

m
et

er
of

th
e

pp
co

lli
si

on
,b

.F
ig

ur
e

18
(u

pp
er

ro
w

)
sh

ow
s

th
e

de
pe

nd
en

ce
of

p2 ⊥
,B

D
L

on
b,

as
ob

ta
in

ed
w

ith
th

e
pa

ra
m

et
ri

za
tio

n
of

th
e

tr
an

sv
er

se
sp

at
ia

ld
is

tr
ib

ut
io

n
of

gl
uo

ns
ba

se
d

on
an

al
ys

is
of

th
e

H
E

R
A

ex
cl

us
iv

e
da

ta
(S

ec
tio

n
4.

4)
(7

3)
.O

ne
se

es
th

at
p ⊥

,B
D

L
∼

se
ve

ra
lG

eV
in

ce
nt

ra
lc

ol
lis

io
ns

at
L

H
C

.S
ub

st
an

tia
lly

sm
al

le
rv

al
ue

s
ar

e
ob

ta
in

ed
at

th
e

Te
va

tr
on

en
er

gy
.

Annu. Rev. Nucl. Part. Sci. 2005.55:403-465. Downloaded from arjournals.annualreviews.org
by High Energy Accelerator on 11/09/05. For personal use only.

13
O

ct
20

05
18

:1
7

A
R

A
R

25
7-

N
S5

5-
10

.te
x

X
M

L
Pu

bl
is

hSM
(2

00
4/

02
/2

4)
P1

:K
U

V

SM
A

L
L

-x
PH

Y
SI

C
S

44
7

F
ig

ur
e

17
B

la
ck

-d
is

k
lim

it
in

ce
nt

ra
l

pA
co

lli
si

on
s

at
L

H
C

:
(a

)
T

he
pr

ofi
le

fu
nc

tio
n

fo
r

th
e

sc
at

te
ri

ng
of

a
le

ad
in

g
gl

uo
n

in
th

e
pr

ot
on

(r
eg

ar
de

d
as

a
co

ns
tit

ue
nt

of
a

gg
di

po
le

)
fr

om
th

e
nu

cl
eu

s
at

ze
ro

im
pa

ct
pa

ra
m

et
er

,
!

d
A
(b

=
0)

,
as

a
fu

nc
tio

n
of

th
e

tr
an

s-
ve

rs
e

m
om

en
tu

m
sq

ua
re

d,
p2 ⊥

.(
b)

T
he

m
ax

im
um

tr
an

sv
er

se
m

om
en

tu
m

sq
ua

re
d,

p2 ⊥
,B

D
L
,

fo
r

w
hi

ch
th

e
in

te
ra

ct
io

n
of

th
e

le
ad

in
g

gl
uo

n
is

“b
la

ck
,”

!
d

A
>

!
cr

it
,

as
a

fu
nc

tio
n

of
th

e
gl

uo
n’

s
m

om
en

tu
m

fr
ac

tio
n,

x 1
.

H
er

e
w

e
as

su
m

e
√

s
=

14
Te

V
fo

r
th

e
ef

fe
ct

iv
e

N
N

co
lli

si
on

s,
in

or
de

r
to

fa
ci

lit
at

e
co

m
pa

ri
so

n
w

ith
th

e
ca

se
of

ce
nt

ra
l

pp
co

lli
si

on
s

in
Fi

gu
re

16
.

p2 ⊥
,B

D
L

fo
r

a
le

ad
in

g
gl

uo
n,

as
a

fu
nc

tio
n

of
th

e
gl

uo
n

m
om

en
tu

m
fr

ac
tio

n,
x 1

;
fo

r
le

ad
in

g
qu

ar
ks

,
th

e
re

su
lt

fo
r

p2 ⊥
,B

D
L

is
ap

pr
ox

im
at

el
y

0.
5

tim
es

th
e

va
lu

e
fo

r
gl

uo
ns

.
T

he
nu

m
er

ic
al

es
tim

at
es

sh
ow

th
at

le
ad

in
g

pa
rt

on
s

in
de

ed
re

ce
iv

e
su

bs
ta

nt
ia

l
tr

an
sv

er
se

m
om

en
ta

w
he

n
tr

av
er

si
ng

th
e

sm
al

l-
x 2

gl
uo

n
m

ed
iu

m
of

th
e

nu
cl

eu
s.

W
e

em
ph

as
iz

e
th

at
ou

re
st

im
at

e
of

p ⊥
,B

D
L

ap
pl

ie
s

eq
ua

lly
w

el
lt

o
th

e
in

te
ra

ct
io

n
of

le
ad

in
g

pa
rt

on
s

in
th

e
ce

nt
ra

lr
eg

io
n

of
A

A
co

lli
si

on
s.

Tu
rn

in
g

no
w

to
pp

co
lli

si
on

s,
w

e
ha

ve
to

ta
ke

in
to

ac
co

un
tt

he
tr

an
sv

er
se

sp
at

ia
l

st
ru

ct
ur

e
of

th
e

co
lli

di
ng

ha
dr

on
s.

A
cr

uc
ia

lp
oi

nt
is

th
at

hi
gh

-e
ne

rg
y

in
te

ra
ct

io
ns

do
no

ts
ig

ni
fic

an
tly

ch
an

ge
th

e
tr

an
sv

er
se

po
si

tio
n

of
th

e
le

ad
in

g
pa

rt
on

s,
so

th
at

th
ei

r
in

te
ra

ct
io

n
w

ith
th

e
sm

al
l-

x 2
gl

uo
ns

is
pr

im
ar

ily
de

te
rm

in
ed

by
th

e
gl

uo
n

de
ns

ity
at

th
is

tr
an

sv
er

se
po

si
tio

n.
B

ec
au

se
th

e
le

ad
in

g
pa

rt
on

s
in

th
e

“p
ro

je
ct

ile
”

pr
ot

on
ar

e
co

nc
en

tr
at

ed
in

a
sm

al
lt

ra
ns

ve
rs

e
ar

ea
,a

nd
th

e
sm

al
l-

x 2
gl

uo
n

de
ns

ity
in

th
e

“t
ar

ge
t”

pr
ot

on
de

cr
ea

se
s

w
ith

tr
an

sv
er

se
di

st
an

ce
fr

om
th

e
ce

nt
er

,i
ti

s
cl

ea
r

th
at

th
e

m
ax

im
um

tr
an

sv
er

se
m

om
en

tu
m

fo
ri

nt
er

ac
tio

ns
cl

os
e

to
th

e
B

D
L

,p
2 ⊥

,B
D

L
,

de
cr

ea
se

s
w

ith
th

e
im

pa
ct

pa
ra

m
et

er
of

th
e

pp
co

lli
si

on
,b

.F
ig

ur
e

18
(u

pp
er

ro
w

)
sh

ow
s

th
e

de
pe

nd
en

ce
of

p2 ⊥
,B

D
L

on
b,

as
ob

ta
in

ed
w

ith
th

e
pa

ra
m

et
ri

za
tio

n
of

th
e

tr
an

sv
er

se
sp

at
ia

ld
is

tr
ib

ut
io

n
of

gl
uo

ns
ba

se
d

on
an

al
ys

is
of

th
e

H
E

R
A

ex
cl

us
iv

e
da

ta
(S

ec
tio

n
4.

4)
(7

3)
.O

ne
se

es
th

at
p ⊥

,B
D

L
∼

se
ve

ra
lG

eV
in

ce
nt

ra
lc

ol
lis

io
ns

at
L

H
C

.S
ub

st
an

tia
lly

sm
al

le
rv

al
ue

s
ar

e
ob

ta
in

ed
at

th
e

Te
va

tr
on

en
er

gy
.

Annu. Rev. Nucl. Part. Sci. 2005.55:403-465. Downloaded from arjournals.annualreviews.org
by High Energy Accelerator on 11/09/05. For personal use only.

13
O

ct
20

05
18

:1
7

A
R

A
R

25
7-

N
S5

5-
10

.te
x

X
M

L
Pu

bl
is

hSM
(2

00
4/

02
/2

4)
P1

:K
U

V

SM
A

L
L

-x
PH

Y
SI

C
S

44
7

F
ig

ur
e

17
B

la
ck

-d
is

k
lim

it
in

ce
nt

ra
l

pA
co

lli
si

on
s

at
L

H
C

:
(a

)
T

he
pr

ofi
le

fu
nc

tio
n

fo
r

th
e

sc
at

te
ri

ng
of

a
le

ad
in

g
gl

uo
n

in
th

e
pr

ot
on

(r
eg

ar
de

d
as

a
co

ns
tit

ue
nt

of
a

gg
di

po
le

)
fr

om
th

e
nu

cl
eu

s
at

ze
ro

im
pa

ct
pa

ra
m

et
er

,
!

d
A
(b

=
0)

,
as

a
fu

nc
tio

n
of

th
e

tr
an

s-
ve

rs
e

m
om

en
tu

m
sq

ua
re

d,
p2 ⊥

.(
b)

T
he

m
ax

im
um

tr
an

sv
er

se
m

om
en

tu
m

sq
ua

re
d,

p2 ⊥
,B

D
L
,

fo
r

w
hi

ch
th

e
in

te
ra

ct
io

n
of

th
e

le
ad

in
g

gl
uo

n
is

“b
la

ck
,”

!
d

A
>

!
cr

it
,

as
a

fu
nc

tio
n

of
th

e
gl

uo
n’

s
m

om
en

tu
m

fr
ac

tio
n,

x 1
.

H
er

e
w

e
as

su
m

e
√

s
=

14
Te

V
fo

r
th

e
ef

fe
ct

iv
e

N
N

co
lli

si
on

s,
in

or
de

r
to

fa
ci

lit
at

e
co

m
pa

ri
so

n
w

ith
th

e
ca

se
of

ce
nt

ra
l

pp
co

lli
si

on
s

in
Fi

gu
re

16
.

p2 ⊥
,B

D
L

fo
r

a
le

ad
in

g
gl

uo
n,

as
a

fu
nc

tio
n

of
th

e
gl

uo
n

m
om

en
tu

m
fr

ac
tio

n,
x 1

;
fo

r
le

ad
in

g
qu

ar
ks

,
th

e
re

su
lt

fo
r

p2 ⊥
,B

D
L

is
ap

pr
ox

im
at

el
y

0.
5

tim
es

th
e

va
lu

e
fo

r
gl

uo
ns

.
T

he
nu

m
er

ic
al

es
tim

at
es

sh
ow

th
at

le
ad

in
g

pa
rt

on
s

in
de

ed
re

ce
iv

e
su

bs
ta

nt
ia

l
tr

an
sv

er
se

m
om

en
ta

w
he

n
tr

av
er

si
ng

th
e

sm
al

l-
x 2

gl
uo

n
m

ed
iu

m
of

th
e

nu
cl

eu
s.

W
e

em
ph

as
iz

e
th

at
ou

re
st

im
at

e
of

p ⊥
,B

D
L

ap
pl

ie
s

eq
ua

lly
w

el
lt

o
th

e
in

te
ra

ct
io

n
of

le
ad

in
g

pa
rt

on
s

in
th

e
ce

nt
ra

lr
eg

io
n

of
A

A
co

lli
si

on
s.

Tu
rn

in
g

no
w

to
pp

co
lli

si
on

s,
w

e
ha

ve
to

ta
ke

in
to

ac
co

un
tt

he
tr

an
sv

er
se

sp
at

ia
l

st
ru

ct
ur

e
of

th
e

co
lli

di
ng

ha
dr

on
s.

A
cr

uc
ia

lp
oi

nt
is

th
at

hi
gh

-e
ne

rg
y

in
te

ra
ct

io
ns

do
no

ts
ig

ni
fic

an
tly

ch
an

ge
th

e
tr

an
sv

er
se

po
si

tio
n

of
th

e
le

ad
in

g
pa

rt
on

s,
so

th
at

th
ei

r
in

te
ra

ct
io

n
w

ith
th

e
sm

al
l-

x 2
gl

uo
ns

is
pr

im
ar

ily
de

te
rm

in
ed

by
th

e
gl

uo
n

de
ns

ity
at

th
is

tr
an

sv
er

se
po

si
tio

n.
B

ec
au

se
th

e
le

ad
in

g
pa

rt
on

s
in

th
e

“p
ro

je
ct

ile
”

pr
ot

on
ar

e
co

nc
en

tr
at

ed
in

a
sm

al
lt

ra
ns

ve
rs

e
ar

ea
,a

nd
th

e
sm

al
l-

x 2
gl

uo
n

de
ns

ity
in

th
e

“t
ar

ge
t”

pr
ot

on
de

cr
ea

se
s

w
ith

tr
an

sv
er

se
di

st
an

ce
fr

om
th

e
ce

nt
er

,i
ti

s
cl

ea
r

th
at

th
e

m
ax

im
um

tr
an

sv
er

se
m

om
en

tu
m

fo
ri

nt
er

ac
tio

ns
cl

os
e

to
th

e
B

D
L

,p
2 ⊥

,B
D

L
,

de
cr

ea
se

s
w

ith
th

e
im

pa
ct

pa
ra

m
et

er
of

th
e

pp
co

lli
si

on
,b

.F
ig

ur
e

18
(u

pp
er

ro
w

)
sh

ow
s

th
e

de
pe

nd
en

ce
of

p2 ⊥
,B

D
L

on
b,

as
ob

ta
in

ed
w

ith
th

e
pa

ra
m

et
ri

za
tio

n
of

th
e

tr
an

sv
er

se
sp

at
ia

ld
is

tr
ib

ut
io

n
of

gl
uo

ns
ba

se
d

on
an

al
ys

is
of

th
e

H
E

R
A

ex
cl

us
iv

e
da

ta
(S

ec
tio

n
4.

4)
(7

3)
.O

ne
se

es
th

at
p ⊥

,B
D

L
∼

se
ve

ra
lG

eV
in

ce
nt

ra
lc

ol
lis

io
ns

at
L

H
C

.S
ub

st
an

tia
lly

sm
al

le
rv

al
ue

s
ar

e
ob

ta
in

ed
at

th
e

Te
va

tr
on

en
er

gy
.

Annu. Rev. Nucl. Part. Sci. 2005.55:403-465. Downloaded from arjournals.annualreviews.org
by High Energy Accelerator on 11/09/05. For personal use only.

p

p

8
.8

x
p

=
2.

5x
A
(√

s A
A

=
5.

5T
eV

)

p
2
tBDR(gluon)  

In
cl

u
si

ve
 s

ig
n
al

s:
 g

ro
ss

 d
ev

ia
ti
o
n
s 

fr
o
m

 L
T

 a
p
p
ro

x
im

at
io

n
 

F
2
A
(x

,Q
2
)

=
∑ q

e2 q
/1

2π
2
Q

2
2π

R
2 A
[1

/3
ln

A
+

λ
ln

(x
0
/x

)]
θ(

0.
05

/A
1
/
3
−

x
),

λ
∼

0.
2
÷

0.
3

☀☀
W

it
h
in

 r
ea

ch
 o

f 
E
IC

 f
o
r 

 x
=

1
0

-3
, Q

 <
 2

G
eV

 

sa
m

e
lo

ng
it

ud
in

al
m

om
en

tu
m

du
ri

ng
co

ll
is

io
n.

It
is

th
e

di
st

ri
bu

ti
on

of
sm

al
lx

pa
rt

on
s

w
hi

ch
is

in
flu

en
ce

d
by

th
e

nu
cl

eu
s

m
ed

iu
m

.
T

hi
s

ph
en

om
en

on
is

th
e

es
se

nc
e

of
th

e
pa

rt
on

m
od

el
,

an
d

of
th

e
D

ok
sh

it
ze

r-
G

ri
bo

v-
L

ip
at

ov
-A

lt
ar

el
li

-P
ar

is
i(

D
G

L
A

P)
ev

ol
ut

io
n

of
ha

rd
pr

o-
ce

ss
es

an
d

cu
rr

en
tm

od
el

sf
or

th
e

en
er

gy
lo

ss
es

[1
1]

.I
n

th
e

ne
xt

di
sc

us
si

on
,w

e
w

il
lu

se
th

is
pr

op
er

ty
of

Q
C

D
.

A
pa

rt
on

w
it

h
su

ffi
ci

en
tl

y
la

rg
e
x

be
lo

ng
in

g
to

th
e

pr
ot

on
em

it
s

a
vi

rt
ua

l
ph

ot
on

(h
ar

d
gl

uo
n)

lo
ng

be
fo

re
th

e
ta

rg
et

an
d

it
in

te
ra

ct
s

w
it

h
th

e
ta

rg
et

,
in

a
bl

ac
k

re
gi

m
e

re
le

as
in

g
th

e
flu

ct
ua

ti
on

,
e.

g.
,

a
D

re
ll

-Y
an

pa
ir.

T
hi

s
le

ad
s

to
a

qu
al

it
at

iv
e

ch
an

ge
in

th
e

in
te

ra
ct

io
ns

fo
r

th
e

pa
rt

on
s

w
it

h
x p
;p

t
sa

tis
fy

in
g

th
e

co
nd

it
io

n
th

at

x A
!

4p
2 t=
"x

p
s N

N
#

(1
)

is
in

th
e

bl
ac

kb
od

y
ki

ne
m

at
ic

s
fo

r
th

e
re

so
lu

ti
on

sc
al

e
p
t
$

p
b:
b:
l:

t
"x

A
#.

H
er

e,
p
b:
b:
l:

t
"x

A
#i

s
th

e
m

ax
im

um
p
t

fo
r

w
hi

ch
th

e
bl

ac
kb

od
y

ap
pr

ox
im

at
io

n
is

ap
pl

ic
ab

le
.

In
th

e

ki
ne

m
at

ic
s

of
L

H
C

,Q
2
%

4"
p
b:
b:
l:

t
#2

ca
n

be
es

ti
m

at
ed

by
us

in
g

fo
rm

ul
as

de
ri

ve
d

in
[1

2]
.A

tm
in

im
al
x A

,p
b:
b:
l:

t
m

ay
re

ac
h
4
G
eV

=c
.

A
ll

th
e

pa
rt

on
s

w
it

h
su

ch
x p

w
il

lo
bt

ai
n

p
t"j
et
#&

p
b:
b:
l:

t
"x

A
#l

ea
di

ng
to

th
e

m
ul

ti
je

tp
ro

du
ct

io
n.

T
he

bl
ac

kb
od

y
re

gi
m

e
w

il
le

xt
en

d
do

w
n

in
x p

w
it

h
in

cr
ea

si
ng

th
e

in
ci

de
nt

en
er

gy
.

Fo
r

L
H

C
,

fo
r
p
t
$

3
G
eV

=c
,

th
is

re
gi

m
e

m
ay

co
ve

r
th

e
w

ho
le

re
gi

on
of

x p
'

0:
01

w
he

re
of

th
e

or
de

ro
f1

0
pa

rt
on

s
re

si
de

.H
en

ce
,i

n
th

is
li

m
it

m
os

t
of

th
e

fin
al

st
at

es
w

il
l

co
rr

es
po

nd
to

m
ul

ti
pa

rt
on

co
ll

i-
si

on
s.

Fo
r
p
t
$

2
G
eV

=c
th

e
re

gi
on

ex
te

nd
s

to
x p

'
0:
00
1.

A
t

L
H

C
co

ll
is

io
ns

of
su

ch
pa

rt
on

s
re

su
lt

in
th

e
ge

ne
ra

ti
on

of
pa

rt
on

s
at

ce
nt

ra
l

ra
pi

di
ti

es
.T

he
dy

na
m

ic
s

of
co

nv
er

si
on

of
th

e
hi

gh
p
t

pa
rt

on
s

w
it

h
si

m
il

ar
ra

pi
di

-
tie

s
to

ha
dr

on
s

is
ce

rt
ai

nl
y

a
co

ll
ec

tiv
e

ef
fe

ct
w

hi
ch

de
-

se
rv

es
sp

ec
ia

lc
on

si
de

ra
ti

on
.

T
he

to
ta

l
in

cl
us

iv
e

cr
os

s
se

ct
io

ns
in

p
A

sc
at

te
ri

ng
ca

n
be

ca
lc

ul
at

ed
w

it
hi

n
B

B
L

us
in

g
a

si
m

il
ar

m
et

ho
d

to
th

at
us

ed
in

!
( -

nu
cl

eu
s

sc
at

te
ri

ng
[1

3]
.I

n
pa

rt
ic

ul
ar

,t
he

to
ta

l
cr

os
s

se
ct

io
n

of
th

e
di

m
uo

n
pr

od
uc

ti
on

is

d"
"p

)
A
!

#
)
#

*
)

X
#

dx
A
dx

p
!

4$
%
2

9

K
"x

A
;x

p
;M

2
#

M
2

F
2p
"x

p
;Q

2
#+

1

6$
2
M

2
+2

$
R
2 A
ln
"x

0
=x

A
#:

(2
)

H
er

e
th

e
K

fa
ct

or
ha

s
th

e
sa

m
e

m
ea

ni
ng

as
in

th
e

le
ad

in
g

tw
is

tc
as

e,
bu

tK
*

1
sh

ou
ld

be
sm

al
le

rs
in

ce
it

or
ig

in
at

es
fr

om
th

e
gl

uo
n

em
is

si
on

s
fr

om
th

e
pa

rt
on

be
lo

ng
in

g
to

th
e

pr
ot

on
on

ly
.
x 0

is
th

e
m

ax
im

al
x

fo
r

w
hi

ch
B

B
L

is
va

li
d.

Fo
r

th
e

sm
al

le
st

x A
(f

or
w

ar
d

ki
ne

m
at

ic
s)

E
q.

(2
)

m
ay

be
va

li
d

at
L

H
C

fo
r
M

2
$

60
G
eV

2
.

O
bv

io
us

ly
,t

he
E

q.
(2

)
pr

ed
ic

ti
on

fo
r

th
e
M

2
,x

A
de

pe
nd

en
ce

of
th

e
cr

os
s

se
ct

io
n

is
di

st
in

ct
iv

el
y

di
ff

er
en

t
fr

om
th

e
D

G
L

A
P

li
m

it.
T

hi
s

di
ff

er
en

ce
w

ou
ld

be
le

ss
pr

on
ou

nc
ed

in
th

e
ca

se
of

p
p

sc
at

te
ri

ng
w

he
re

sc
at

te
ri

ng
at

la
rg

e
im

pa
ct

pa
ra

m
et

er
s

m
ay

m
as

k
th

e
B

B
L

co
nt

ri
bu

ti
on

.
A

no
th

er
si

gn
al

fo
r

th
e

on
se

to
f

th
e

B
B

L
is

a
br

oa
de

ni
ng

of
th

e
p
t

di
st

ri
bu

tio
n

of
th

e
di

m
uo

ns
as

co
m

pa
re

d
to

th
e

D
G

L
A

P
ex

pe
ct

at
io

ns
;

se
e

[1
4]

fo
r

a
ca

lc
ul

at
io

n
of

th
is

ef
fe

ct
in

th
e

co
lo

r
gl

as
s

co
nd

en
sa

te
m

od
el

.T
hi

s
ef

fe
ct

is
si

m
il

ar
to

th
e

ca
se

of
p
t

di
st

ri
bu

ti
on

of
le

ad
in

g
pa

rt
on

s
in

th
e

de
ep

in
el

as
tic

sc
at

-
te

ri
ng

[1
2]

.
A

s
x A

de
cr

ea
se

s
fu

rt
he

r,
th

e
fo

rm
ul

as
fo

r
B

B
L

w
il

l
pr

ob
ab

ly
ov

er
es

ti
m

at
e

th
e

cr
os

s
se

ct
io

n
be

ca
us

e
th

e
in

te
r-

ac
ti

on
w

it
h

a
he

av
y

nu
cl

eu
s

of
se

a
qu

ar
ks

an
d

gl
uo

ns
in

th
e

pr
oj

ec
ti

le
pr

ot
on

w
ou

ld
be

co
m

e
bl

ac
k

as
w

el
l.

T
he

on
se

to
f

th
e

B
B

L
w

il
ll

ea
d

al
so

to
gr

os
s

ch
an

ge
s

in
th

e
ha

dr
on

pr
od

uc
ti

on
:t

he
re

is
a

m
uc

h
st

ro
ng

er
dr

op
w

it
h

x F
of

th
e

sp
ec

tr
um

in
th

e
pr

ot
on

fr
ag

m
en

ta
ti

on
re

gi
on

ac
co

m
pa

ni
ed

by
a

si
gn

ifi
ca

nt
p
t

br
oa

de
ni

ng
of

th
e

sp
ec

-
tr

um
.T

he
re

is
al

so
th

e
en

ha
nc

em
en

t
of

ha
dr

on
pr

od
uc

-
ti

on
,a

t
sm

al
le

r
ra

pi
di

ti
es

.I
nd

ee
d,

th
e

in
di

vi
du

al
pa

rt
on

s
in

th
is

li
m

it
ar

e
re

so
lv

ed
at

th
e

vi
rt

ua
lit

y
sc

al
e

co
rr

e-
sp

on
di

ng
to

tr
an

sv
er

se
m

om
en

ta
&
p
b:
b:
l:

t
w

it
ho

ut
lo

si
ng

a
fin

it
e

fr
ac

ti
on

of
th

e
li

gh
t-

co
ne

m
om

en
tu

m
.

H
en

ce
,

th
e

li
m

it
of

in
de

pe
nd

en
t

pa
rt

on
fr

ag
m

en
ta

ti
on

[1
5]

w
il

l
be

re
al

iz
ed

w
it

h
an

im
po

rt
an

t
am

pl
ifi

ca
ti

on
si

nc
e

th
e

le
ad

-
in

g
pa

rt
on

s
w

il
l

ha
ve

m
uc

h
la

rg
er

tr
an

sv
er

se
m

om
en

ta
[1

6]
th

an
th

at
ex

pe
ct

ed
fr

om
th

e
es

ti
m

at
e

of
[1

5]
ba

se
d

on

th
e
p
t
br

oa
de

ni
ng

ob
se

rv
ed

at
th

e
fix

ed
ta

rg
et

en
er

gi
es

.W
e

w
an

t
to

em
ph

as
iz

e
he

re
th

at
th

e
ap

pr
ox

im
at

io
n

of
ze

ro
fr

ac
ti

on
al

lo
ss

es
ho

ld
si

n
th

e
PQ

C
D

re
gi

m
e

an
d

ap
pe

ar
st

o
ho

ld
in

th
e

va
ri

ou
s

m
od

el
s

of
th

e
on

se
t

of
th

e
B

B
L

;s
ee

,
e.

g.
,

[1
6]

.
A

t
R

H
IC

th
is

re
gi

m
e

m
ay

ho
ld

fo
r

th
e

ve
ry

fo
rw

ar
d

ha
dr

on
s

an
d

co
ul

d
be

ch
ec

ke
d

[1
7]

by
st

ud
yi

ng
th

e
pr

od
uc

ti
on

of
le

ad
in

g
ha

dr
on

s
in

th
e

ce
nt

ra
l
p
"2 H

#A
co

ll
is

io
ns

[1
8]

.T
he

pr
op

ag
at

io
n

of
a

pr
ot

on
in

te
ra

ct
in

g
in

th
e

B
B

L
re

su
lt

s
in

th
e

re
m

ov
al

of
al

l
pa

rt
on

s
in

th
e

nu
cl

eu
s

w
it

h
th

e
pr

ot
on

im
pa

ct
pa

ra
m

et
er

an
d

p
t
$

p
b:
b:
l:

t
.

T
hi

s
le

ad
s

to
th

e
fo

rm
at

io
n

of
a
&
1
fm

ra
di

us
tu

be
in

a
pe

rt
ur

ba
tiv

e
ph

as
e.

T
hu

s,
th

e
es

se
nc

e
of

th
e

B
B

L
is

th
e

st
ri

pi
ng

of
nu

cl
eo

ns
of

f
th

e
so

ft
Q

C
D

m
od

es
an

d
re

le
as

in
g

th
e

ga
s

of
fr

ee
qu

ar
ks

an
d

gl
uo

ns
w

it
h

la
rg

e
tr

an
sv

er
se

m
om

en
ta

.
R

em
em

be
r

th
at

th
e

PQ
C

D
in

te
ra

c-
tio

ns
be

tw
ee

n
qu

ar
ks

an
d

gl
uo

ns
w

it
hi

n
th

e
sa

m
e

fr
ag

-
m

en
ta

ti
on

re
gi

on
ar

e
sm

al
l.

T
hu

s,
w

e
co

nc
lu

de
th

at
th

e
ef

fe
ct

s
of

th
e

B
B

L
sh

ou
ld

be
fir

st
m

an
if

es
te

d
in

th
e

pr
oj

ec
ti

le
fr

ag
m

en
ta

ti
on

re
gi

on
an

d
sh

ou
ld

gr
ad

ua
ll

y
ex

-
pa

nd
to

w
ar

ds
ce

nt
ra

l
ra

pi
di

ti
es

.
T

he
de

te
ct

or
s

w
it

h
a

fo
rw

ar
d

ac
ce

pt
an

ce
w

ou
ld

be
op

ti
m

al
fo

r
th

is
ph

ys
ic

s.
L

et
us

no
w

di
sc

us
s

th
e

nu
cl

eu
s

fr
ag

m
en

ta
ti

on
re

gi
on

in
th

e
ce

nt
ra

l
he

av
y

io
n

co
ll

is
io

ns
.

It
w

as
di

sc
us

se
d

pr
ev

i-
ou

sl
y

in
th

e
fr

am
ew

or
k

of
th

e
so

ft
dy

na
m

ic
s,

se
e

[1
9]

an
d

re
fe

re
nc

es
th

er
ei

n,
an

d
a

si
gn

ifi
ca

nt
in

cr
ea

se
of

th
e

de
n-

si
tie

s
w

as
fo

un
d.

L
et

us
de

m
on

st
ra

te
no

w
th

at
ev

en
m

or
e

st
ri

ki
ng

ef
fe

ct
s

ar
e

ex
pe

ct
ed

in
th

e
B

B
L

re
gi

m
e.

In
th

is
ca

se
(i

n
di

ff
er

en
ce

fr
om

p
A

co
ll

is
io

ns
)

so
ft

m
od

es
w

il
l

be
st

ri
pp

ed
of

f
in

th
e

w
ho

le
vo

lu
m

e
of

th
e

nu
cl

eu
s.

To
ca

lc
ul

at
e

th
e

pr
op

er
ti

es
of

th
e

qu
ar

k-
gl

uo
n

st
at

e
pr

od
uc

ed
in

th
e

tu
be

of
ra

di
us

R
A

in
th

e
ta

rg
et

fr
ag

m
en

ta
ti

on
re

gi
on

w
e

fir
st

ev
al

ua
te

th
e

m
ai

n
ch

ar
ac

te
ri

st
ic

s
of

th
e

pr
oc

es
s

in
th

e
re

st
fr

am
e

of
th

e
fr

ag
m

en
ti

ng
io

n.
T

he
in

co
m

in
g

P
H

Y
S

IC
A

L
R

E
V

IE
W

L
E

T
T

E
R

S
w

ee
k

en
di

ng
11

JU
LY

20
03

V
O

L
U

M
E

91
,N

U
M

B
E

R
2

02
23

01
-2

02
23

01
-2

W
it
h
in

 r
ea

ch
 o

f 
C

M
S 

+
T
O

T
E
M

  
fo

r 
 

x
A
=

1
0

-5
, Q

 <
 5

 -
 7

 G
eV

 

fr
ac

ti
o
n
 o

f 
p
ro

to
n
 m

o
m

en
tu

m

R
H

IC
 I
I?

B
D

R
 O

b
s
e
r
v
a
b

le
s

G
ri

b
o
v 

6
9

FS
 &

 c
o
ll.

 0
2
-0

6

p2 t
B

D
R
(g

lu
on

)
≈

2p
2 t
B

D
R
(q

u
ar

k
)
≈

M
2
(D

Y
)/

2



For events with  hard dijet at zero rapidity

average with 
b-distribution 
enforced by 
 dijet trigger

Dijet trigger allows to maximize effects 
of ``black interactions'' of small-- x partons

p2⊥ " Λ2QCD → self consistent  picture 

Warning: x>0.01 corresponds to  scattering off gluons with x <10-5. Our 
extrapolation to these x does not include possible slowdown of the 
increase of gluon density at these x suggested by the recent studies 
(Altarelli et al , Ciafaloni et al 03). In line with cosmic ray data near GZK.

Effective gluon densities ~ 
to central pA co#isions

〈p2
⊥,BDR〉 ≡

∫
d2b p2

⊥,BDR(b)P2(b)
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Peripheral collisions of two high 
energy protons

Valence quarks/gluons of the protons 
miss the interactions. Only very small 
x partons of each proton interact. 
Hence effective energy in the 
interactions is relatively small - 
interactions are mostly soft, 
fragmentation is similar to the one at 
lower energies at moderate impact 
parameters 

b

Limiting fragmentation component of the collisions. 
Scaling violation due to change of the fraction of the 
inelastic collisions where valence quarks did not get large 
transverse kicks. Competition - increase on <b> vs 
expansion of BDR region 

Final states as a function of impact factor
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Central collision of two high energy protons

Valence quarks/gluons of the protons are interacting with probability   ~ one, 
loosing energy and getting large transverse momenta growing with energy.
Soft interactions are suppressed -  minimal scale/virtuality of strong interaction is 
few GeV and growing with energy.  Gross suppression of particle production in 
fragmentation region, much higher rate of hadron production away from the 
fragmentation region.

b
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Qualitative predictions for properties of the 
final states with dijet trigger

● The leading particle spectrum will be strongly suppressed
compared to minimal bias events  since each parton fragments 
independently  and splits into a couple of partons with comparable 
energies. The especially pronounced suppression for nucleons:  for                 
the differential multiplicity of pions should exceed that of nucleons.

z≥ 0.1

●

 Average transverse momenta of the leading particles ≥ 1 GeV/c

Many similarities with  expectations for spectra of leading hadrons in central  
pA collisions.

●

A large fraction of the dijet tagged events will have no particles with                            
              .     This   suppression will occur simultaneously in both 
fragmentation regions, corresponding to the emergence of long--range 
rapidity correlations between the fragmentation regions ⇒ large 

z≥ 0.02−0.05

energy release at rapidities y= 4 - 6.
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Conclusions  

Small x physics is an unavoidable component of the new particle physics production at LHC. and near GZK. Significant effects already 
for Tevatron.

Minijet activity in events with heavy particles should be much larger than in the minimum bias events. Large uncertainties  in 
extrapolation from Tevatron since relevant gluon fields are a factor of > 3 stronger.

✸

Double hard processes at Tevatron provides evidence for transverse correlations between partons. Maybe 
due to lumpy structure of nucleon at low scale (constituent quarks).   Further studies of transverse 
correlations are necessary both at Tevatron  and  at RHIC in pp and pA scattering to improve modeling 
of LHC event structure.

Many of the discussed effects are not implemented or implemented in a very rough way in the current MC’s for LHC and cosmic rays✸

✸

Total opacity in pp scattering at small b ( Γ=1) is due transition from soft to semi hard QCD - consistent with  
expected changes of the inelastic events for small impact parameters.Did not 

have time 
to discuss

✸

✸


