Saturation at HERA and LHC

Short review of saturation and multiple scattering at HERA,

CMS correlation as a signal of saturation?

H. Kowalski, Analysis Center, 1 of November 2010



Partons vs Dipoles

Infinite momentum frame: Partons

° . F2 measures parton density at a scale Q°
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Proton rest frame: Dipoles - long living quark pair interacts with

the gluons of the proton dipole life time = 1/(m, x)
=10-1000 fm at x =107 - 10+*
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for small dipoles, at low-x, dipole picture
is equivalent to the QCD parton picture



Diffraction

Observation of inclusive and exclusive diffractive reaction
established the dipole picture of DIS
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The same, universal, gluon density describes the properties of many
reactions: F,, F., inclusive diffraction, exclusive J/Psi, Phi and Rho

production, DVCS, diffractive jets
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FL measurements
combined H1 and ZEUS data

FL more directly connected to gluon density than F2
at HERA I+l measurement precision of FL. much worse than of F2
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w F_ measurement at HERA suffers from systematic errors of
small angle electron measurement



In focus: Exclusive J/psi production

Yo = J/¥p “r

educated guess ¢ =0 equally good

for VM wf is St description of
working very well ‘i 200 Q2 and o./oT
for J/psi and phi o 175 ¢ dependences

and DVCS 150 | for J/psi and phi
(25 | and DVCS

Note:

J/psi x-section 100
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like 50 "
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> the determination of gluon density with J/psi would be more precise

than by F; or F.. (MRT) if J/psi would have small systematic errors



Extracting Proton Shape using dipoles
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T(b)-proton shape t (GeV)

v.g. description of B for all VM and DVCS with the same wf ansatz
= determination of the gluonic proton radius, rgg = 0.6 fm is smaller
than the quark radius r,=0.9 fm




*
NS —s
Saturation of gluon density is characterized by the size of the dipole, rs
which, at a given x, starts to interact multiple times

Saturation at HERA
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CMS correlation?



A Modification of the Saturation Model: DGLAP Evolution

J. Bartels®), K. Golec-Biernat(®:?) and H. Kowalski(®)

Unintegrated Gluon Distribution
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The ridge in proton-proton collisions at the LHC

Adrian Dumitru,»? Kevin Dusling,® Francois Gelis,?
Jamal Jalilian-Marian.? Tuomas Lappi,®® and Raju Venugopalan®
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G. 5: A typical diagram which gives an angular collimation.

pr-kr| ~ Qs and |qr-kr| ~ Qs
e 4

pr || kr
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Multiple Interactions in DIS

Henri Kowalski
Deutsches Elektronen Synchrotron DESY, 22603 Hamburg

published in proceedings of the HERA-LHC Workshop
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slower than the

increase of F2
Fig. 4: Three examples of 2-ladder contributions (lhs), with the corresponding, schematical, detector signatures (rhs). Top row:
the diagram (a) with the cut positions (2) describes diffractive scattering. Middle row: the diagram (b) with the cut position (1)
describes inclusive final states with single densityof cut partons. Bottom row: the diagram (c) with the cut position (2) describes
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inclusive final states with increased multiplicity.



-
b S >

2 2 <
d 4 >
AAMAIAALAARANDRN AAAASAAAAAAANN ALAAAAAALAAAANN AL AU
~ > > > >
; $ 5 § pe 5 #
! IVIVUVVVIVIVY A ﬁhbhb AAALL paa s A
[ o >
) »: I 3
ALAAA A AALAL A
e -
SR 3 - 1% > - -
A AR, -t A A »ﬂ A
1
> > - - > - b -
- - - >
AN A8 AL A AARL A
- d
= d - o > > > >
AMMA DAL, AAAALTI AL AAAALA AL

-Pomeron

W>>>>>h->>rh>>> AR LA
o >
-

AAAAAIAAIIUL AL AAMIAAALASAAAA
> > -
- ~ - -
AL AAS A 2 AAAAARAL AAIIA A
V - = - < > " > -
v b > >
AR AL A A WAL A rtr;fkm\[“w
> >
|W - - L (T L] 'Av - L > Fh e
AAAAARAARAL -l - A A A A .Y
> > >
(F F F , E £ e ¢ EOF R
-V AJIBLAN sl AN AL AL A AL AL
- 3 .
- - - - - - - -
AAAAT A A A AL Ehb AL A A AL
; . Q .
e 2 r b4 2
T4 < 4
g g 0 R g .
o AL LA L AL m AAAAALAL LA A o UAUUUUAAAL AL AU AL
- - -
m m = - >
o L ITN TV AAA AMIRAL
- -
| ] - b
AAAAAAA LA ALA AL ALARA
- = >
) - - - - -
AAAE AL A haaakess AAARA
- Il.#l*l* £ > >
A AL A A A AL
- - -
- - - - - o -
AAAAE AL AN AL AAAAR AL




AGK cutting rules

X-section for observing a final state with k-cut pomerons, o«
with the amplitude for exchange of m pomerons, F™
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Fig. 10: Fractions of single (k=1), multiple interaction (MI) and diffraction (D) 1n DIS
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Forward correlations

ep scattering
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ZEUS & H1 & improved acceptance

CMS correlation ?
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