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pp collisions: Impact Parameter Picture

e Profile function:

1
215(27)?

(small anqgle scatterinQ)

['(s,b) = /qu e TP A(s 1), t~ —q?

» pp elastic amplitude

e s-channel unitarity:

\
Otot — 2/d2b éRF(S,b),
Given T,
Ol = /d2b T(s,b)|%, > we get all of
these.
oo = / &b (2§RI‘(s,b) _ |F(s,b)|2).
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Modelling pp cross-sections

at very high enerqies

\/gz 14 TeV
;

Unitarity constraint on (dominantly real) profile: I'(s,b) <1
Extrapolation to very high energies: (v/s ~ 14TeV,GZK energies)

— Use extrapolation of elastic differential cross section.

j (chiral bag model)

2
b (fm)

(example extrapolation

Islam, Luddy, Prokudin
’_ (2003))
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Modelling pp x-sections at very high energies

Both hard and soft contributions:

— Typically modelled in an eikonal/parton picture:
(e.q., R. Engel review (2003))

['(s,b) =1—exp|—xn(s,b) — xs(s,b) + -]
(DPMJET, OGSJET, SIBYLL...) Y
hard soft

Hard part modeled by pQCD dijet factorization formula.

— 1Icmpact parameter dependence usually modelled / obtained from
Its.

Soft part modelled with Regge theory.

Eikonal model unitarizes profile function. (Many versions.)

Can use profile function to compare to total cross sections. 4



Focus: Hard Scattering

* At least one (semi-)hard jet pair
factorization formula

distribution function o0 do
/ dp;
by

A O-%?gt — dp% fh1 (3717 :u2) ® fhz (5132, M2)
u? o~

—

Hard scattering:
use pQCD




Hard Scattering: Issues

do
inc 2 17—kl 2 2
0-2]6t‘ S pt Z 1+5kl / d Pt d 2 fi(x]-?/'l/ ) ®fj($27:u )

. y
Shape of profile? i (b) = gh(sg exp {—b?/AR2)
TR

— Can we obtain profile from pQCD?

How to extrapolate f(x,p,?) to very small x?

1
- flew) ~ —xm, AT

Sensitive to precise value of p°

— Varies between ~ 1.5 GeV & 6 GeV in different approaches.
(sometimes grows with energy)

— How large p, cutoff for factorization formula to be taken literally? ’
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How to constrain minimum p, and/or
Cross section?

Directly imposing unitarity constraints on inclusive

process Is not possible.

Strateqy

Reconstruct total inelastic cross section from pQCD dijet
cross section (with some assumptions).

Obtain pQCD description of impact parameter
dependence from GPDs — J/y photo-production.

Check consistency between reconstructed cross section
with model/measurement.



Information from pQCD:

* Factorization for vector meson production:

(universal object) = e
L

e Non-diagonal transition in Generalized PDF

— gives information about transverse distribution of
partons.




Information from pOCD: GPDs

 The generalized gluon PDF from J/p photo-
production.

xfg(m;tzﬂ') — Qf/‘fg(ilfjﬂ-) Fg(mit;/u')

Non-c.li.agonaI‘ I Fg(;zr,t =0,p) =1
transitions. ~

* Impact parameter space gluon distribution
function.

Folz, p,p) = / CAFy(x,t,p)e 27 t=—A°

!
A

>
(universal object) 2 gluon form factor
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Information from pOCD: GPDs

* Frankfurt, Strikman, Weiss (2004): fit to 2-
gluon form factor from J/yp production:

. 2
1 o 2
( Ik-m;(;r-.p)

mass scale varies to take into
account evolution/small-x

Fy(z,t,pn) =

e In Impact parameter space:

mg (2, 1)p

A7

Folx, p,p) = Kyi(mg(z, p1)p)
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Minijet cross section: overlap function

* pp — 2 jet+ X cross section in impact parameter
space.

o4, (5, %) = / b Ny(b, s, p5)

do;
d % j_ﬂdfg( I, p%)®fg($2,pf)Pz(b,CB1,£B2,pt)

Overlap function

5 (b, 21, T2, 1 /d21’1/d ro Fy(x1,71,1)F, (5132,7°2,M)5 (b —r; —r2)
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Overlap Function

Geometry of hard collision

« Evaluate using approximation: X1 ~ 2 ~ 207 /s =T
Allows dijet cross section to be factored.
—> NQ(b7 S,pf) ~ O‘%?’gt(s,pg)Pg(b, s,pf)

Overlap can be directly evaluated.

mg(japg) (mg(fapf

P ) =
‘ Z(basapt) 197 9

)b) K (mg (2, 75)b)
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Reconstruct inelastic profile function

* |nclusive dijet cross section:

— NQbS ZHNanS

where,

_ / 02b Ny (b, 5) = 052 (s)

* In general:
Noj(b,s) =) (Z) Nan (b, 5)
n>k
Invert: o
e Nk (b, ) = Z (Z)(—l)”‘kNgn(b, S)

n>k
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Reconstruct inelastic profile function

e Total inelastic cross section:

Liistis(s,0) = > Now(b,s) = > (=1)" " Nan(b, 5)
k=1 n=1

(0. @)

Now(b,s) =S (Z) (—1)" " N (b, 5)

n>k

e Consistency requirement:

e— | T, (5,0) < T (z,b)

« Compare with inelastic profile obtained from unitarity relation
models/extrapolation of elastic profile:

rinel (s, b) = 2T (s, b) — |T'(s, b)|?
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Reconstruct inelastic profile function

o Simplifying assumption valid for large impact
parameters: neglect correlations.

NQk(Sab) ~ (NQ(basapg))k — (O-%?gtPQ(bajapg))k
*
v

use the FSW expression:

U Non-identical partons:

it inc P2(b7£7p§)

. 0- '
anf‘?l S,b = —1 n—an b73 — 23?75
dzgets( ) Z( ) 2 ( ) 1+ O'%Z-LgtPQ(b? japg)

n=1

U Identical partons:

Fii?;éts(sa b) =1 —exp [_Ug?gtp2(bv E,pf)}

Check that: Fiﬁﬁts(s,b) < I'"¢(z,b) 16




Compare reconstructed profile
with model extrapolation.

. \\\\ —-— p°=1.5GeV
0.8 N pc=25GeV 4 e |dentical
. \ -
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extrapolated profile function\ ~ =
from elastic cross section

Small effect from correlations

d  Mismatch in description at large impact parameters where we
expect small effect from correlations.

(other models also compared.) 17



Comparison with extrapolation: UHE

(Cosmic ray energies.)

Vs = 50 TeV
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Comparison with extrapolation:

non-identical partons

0al Vs =14 TeV |
0
S 06
N
—

04

0.2 |

D ] e
0 1 2 3

19



Comparison with extrapolation

* Sensitivity to large-b at -t = .02 GeV-.

V8 =14 TeV
1.5
O Integrand of Fourier
—— p°=15GeV transform to t-space.
—-— pcr=25GeV 1
L Q Integrate to b = 1.5 fm.

Percent of integral,
e pf=15GeV:65%
e pf=25GeV:80%
e pf=35GeV:87%

Integrand
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Width of hard profile

* In eikonal picture, decreased width of hard profile decreases total
Cross section:

['(s,b) =1—exp|—xn(s,b) — xs(s,b) + -]

U%f'}%t(sap%)

Xh(s,b) = o 122 exp {—b2/4R3}
0

« Can be used to fit total/elastic cross sections using very low p..

« Effect is due to onset of saturation at higher p, — does not
correspond to increased range of applicability of dijet factorization

formula.
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27bPy(b) (GeV)

Width of hard profile

« Compare 2-gluon overlap function with Gaussian model for

different radii.

Larger radius needed for consistency with 2-gluon F.F.

0.5

_ ptl —35GeV

03F R2 = 3.5 GGV—2

0.5

0.4

03

I ptl = l2.5lGel\/ |

- R?>=1.5QeV 2 |
-/ _
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Summary

Large uncertainty in inclusive dijet formula due to lack of
knowledge about acceptable value of p, cutoff.

s-channel unitarity provides general consistency relations
relating hard dijet component of the cross section, and
model extrapolations to high energies. (Beyond usual I <1
constraint.)

Can use information about transverse distribution of partons
obtained from vector meson production via generalized PDFs.

p, cutoff and model extrapolations should be chosen to avoid
Inconsistencies — precise t-dependence needed at LHC energies.

How to consistently extend pt to smaller and smaller b:
— Modify shape of distribution at very small pt due to soft effects?
— Resummation of soft gluons?

— Correlations?
23



Back-up Slides

24



Width of hard profile

Compare with profile function for quark-antiquark
scattering in DIS, obtained from 2-gluon form factor.

Modify m, to correspond to R? of 1.5 GeV~2in
Gaussian overlap function.

2(5 C — 3
P = ") (i

o PR Kamg (2.26)0)

Check deviation of profile from what is found in DIS.
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Consistency with DIS

Compare with DIS using the same 2-gluon F.F.

_ T =2p;/V's
qq 2
7 Otot(d, T)mg (T, 1) ((mg(x, p)b f
Dii(b, ) = L L L) K (mg(a, 10)b)
78 ' )
p."= 2.5 GeV p=A/d=p;

Larger - Take
problem S
with TF Adjusted to give R? = 1.5 GeV-? .
factorization
formula for

small radius.

0.5

2 gluon form factor from FSW fit

0.2
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Gluon saturation and low-p, taming:

Very rapid growth of gluon distribution at small-x.

Below some value of X, non-linear effects come into
play, growth is tamed.

In pp — 2 Jets + X jets X-section, what is the role
“saturation” of the gluon distribution?

Look at jet rapidity distribution:
ﬁ(eiyl 4+ eiyz)

L1,2 = \/g

Use models of saturation in DIS to estimate
“saturation” scale.

27



Saturation/Black Disk Scattering
In deep Inelastic scattering

* Use 2-gluon form factor to obtain profile function
for quark-antiquark proton total cross section.

ot (d, z)mj(z, p) (mg(:ﬂ,u)b

I'(b,z) =

) Koy, )0

» Can determine how close the cross section is to
black disk limit — where gluon density grows
large enough that s-channel unitarity is violated.

At what values of x and hard scale does the
gluon density become too large? ”



Saturation/Black Disk Scattering
In deep Inelastic scattering

d= 1 (fm) d= 2 (fm) d= 3 (fm) d = 4(fm)

| —— e — | ——— —

— x=10° N\ \
I x — 10'4 | i I", | i "‘," 'lIIIII ] :x‘ \ I'\'_Il I"\.III
——-x=10" R o )
e = ’]D_L \1.1 R T
=05 r 405y 1 0.5 405 v

\ Y
\'\., '.".
!
i Voo \ \ LR
\\ '\-_“ '.,.. y " \ -,-\ -,"- '\._l‘
%, [ == B ""‘-. ‘1-\. i . \
L .. \

% -\. N o ,
LN\ ] RN _ ] _ N _
| N . \ N\ \
., % =™
., s e L -
s e L NN
[]' iy o S D S s ey D \ [ e D . | e

0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1

 Model that extrapolates directly between soft and hard regions.
(TCR,Guzey,Strikman,Zu (2004))
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Role of saturation:

Inteqrand of dijet factorization formula

Reqgion where gluon PDF would lead to
saturation in dipole-proton scattering

(solid line for octet dipoles) )\

O Apparently small
effect from gluon saturation.
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Comparison with extrapolation

Transition from small to large b, affects cross section at
t=0. _

Vs = 14TeV Q Fraction of differential
3 . . . . . Inelastic cross section
from dijet production
to expectation
(Islam,Luddy,Prokudin

/ .
N ) fit).

N
/

—_—

do™ /dty, _ / (d e/t
dijets
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Width of hard profile

Large radius for hard collision

Small radius for hard collision

Profile function becomes black.
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