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Hard Diffraction - the HERA surprise
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NNPZ, G6LM, FKS, GBW, MMS

Dipole Models DGKP, BGBK, KT, IIM, FSS....
equivalent to LO perturbative QCD for small dipoles KMW - Kowalski, Motyka, Watt
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Fits to F, with the b-Sat mode/
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Fits to F, with the b-C6C mode/
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Dipole Model - gluon density convoluted with dipole wave functions
sumul'rcmeous predlctlon/descrlphon of many r'eac‘rlons
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Diffractive Di-jets
Q? > 5 GeV?
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E ,:1___”:,,;‘ Exclusive Vector Meson Production
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H. Kowalski, L. Motyka, 6. Watt
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Effective modifidation of Fourier Trans
by Bartels, Goldc-Biernat, Peters
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Wave Functions

WF Overlaps
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Sensitivity to end points suppression of the p wave function
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Exponential fall of t-distributions
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Description of the size of  do™

interaction region B, dt
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t-distributions of DVCS
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What have we learnt from HERA about small-x

Rate of rise of the y'p cross-section

o ZEUS ij N (\Nz)ﬂmt —a
—— b-Sot, m,,, = 0.14 GeV

b-Sot, m,, = 0.05 GeV ; %
b-CGC, m,,, = 0.14 GeV

& H1

universal rate of rise
of all hadronic cross-sections

X) Aot

10°

Q* (GeV?)

107" 1 10

1/6™ do™/db (GeV)

In the impact parameter
dipole models of DIS with the
gaussian proton shape

the fit of the rate of rise

of o"P requires QCD evolution
which is DGLAP-like

DGLAP-like €= strong
interdependence between A and Q2

0.35 |

0.3 = o e Q*=0.4 GeV?
0.25 | — *=4CeV
oo b &£ N Q*=40 GeV*
0.15 - [
0.1 - f
0.05 |
O .|.||_|.|mgdi\an|\||\||||\||\| y
0 1 2 3 4 5 6 7 8
b (GeV™")

Large fraction of o”P comes from the
region of large b6 where matter density

is low T (b) ~ exp(—byeoimn

/2-B,) ~40%



Effective slopes
o DS_ LI | LA ELL LR | LAY L L]

0.45 [

04 ' ‘

H ‘ ‘ BGBK - DGLAP evolution
: |

03l ! H & saturation
: 1

025 | | |1|-ﬂ¥ GBW - saturation only
4 .

0.1 ‘I:::' ‘

02 1

015 F

0.05 F E

Q’(Gev?)



Saturation scale
(a measure of gluon density at which gluon re-scattering
starts to be substantial)
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More about saturation
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Is saturated state observed at HERA perturbative?
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Is saturated state observed at HERA perturbative?
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properties of gluon density KMw

Rates of rise of the VM cross-sections
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factor, O(100), = study of t-dependent rate of rise
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study of b-dependent Pomeron evolution

- direct insight into saturation inside the proton or nuclei
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properties of the gluon density
Rise of the DVCS cross-sections
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More about the Pomeron
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Estimate of bare triple-Pomeron coupling gsp

WXL 'YWV\/
A 3 Y 4
- > : s~ 'O
: - Ve
— I KMR-2006
_(Eh :
p p p

cc system very compact =» need yp->J/y Y data as a func. of M,
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DIS on Nuclei
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2-Pomeron exchange Final States
in QCD (naive picture)
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QCD diagrams
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AGK Rules

QCD
Pomeron

The cross-section for k-cut pomerons:

* | *
Abramovski, Gribov, Kancheli N E— ¢S
Sov. ,J., Nucl. Phys. 18, p308 (1974)
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AGK rules in the
Dipole Model —>
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Note: AGK rules underestimate the amount of diffraction in DIS
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corresponding un-integrated gluon density
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= Pt cutoffs for MC x and b dependent?



A High Luminosity, High Energy
Electron-Ion Collider:

A New Experimental Quest to Study the
Glue which Binds Us All
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What are the lessons/open questions for EIC
from exclusive diffraction at HERA

Positron Heinisphene

EM calorimeter and-wall ar - 360cn

* eRHIC

— Variable beam

energy
. EM catcher colorumeter
— P-U ion beams 2 110cm

— Lightion .
. . EM catcher calommeter
polarization at 2=+ 110

— Huge luminosity

EM barrel calonmeter

coverng r=1T0em

Pratomn Hdrl:ll.'.]:lhdpd :

EM and hadrea calorimeter

- end-wall ar +5lcm
Solve the gluon density puzzle -

why DGLAP like properties (dilute, short distance evolution)
are neighboring saturation and diffusion effects?

Diffractive vector mesons scattering - an excellent probe of
nuclear matter,
why is the gluonic radius smaller than the quark radius??

e.g. follow ¢ cross section to low energies and look for
a transition in t-behavior

>>>>> Measure t distribution on polarized nuclei <<<c<c
>>>>> Obtain holographic picture of nuclei Il <<<<c<<



