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Diffraction

Optics High Energy Physics
Diffraction of plane light waves Analogy to Born approximation of high energy
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Today:

Diffractive interactions = interactions without exchange of
quantum numbers or color,

Identification : quasi-elastic scattered beam hadron with only small

momentum loss, rapidity gaps due to color less exchange
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Hadron-Hadron Scattering

Experimental observation:
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Rapidity Gaps in DIS @ HERA
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Probe the structure of the diffractive exchange in DIS.




Kinematic Variables
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QCD Factorization

Inclusive DIS:

* Theory: QCD Factorization holds

* OP'5(x,Q?) ~ F,(x,Q3) ~ f, (x,Q2) x O qcp
Diffractive DIS:
e Theory: QCD Factorization holds

¢ OPPIS(xp,t,3,Q2) ~ F,P (x,p,t,[3,Q2)

~ qu (x,P,t,B,QZ) X Gchn
parton densities universal
same QCD evolution with DGLAP
hard scattering in DDIS = hard scattering in DIS

same parton densities for other processes at the same (x;p,t)

‘ Possibility for experimental tests



QCD Factorization in pp and resolved yp ?

Theory: QCD Factorization not proven and not expected to hold:

Modeled by:
absorption in target fragmentation,
rapidity gap suppression via multiple pomeron exchange,

renormalization of rapidity gap probability, ...

Experimental and theoretical challenge !
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Large data sets available

- high precision

- even rapidity gaps observed in CC events




Events

Rapidity Gaps in Charged Current Events
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Inclusive Cross Section as a function of W
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Diffractive Structure Function
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Resolved Pomeron Model
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Parton Densities for Pomeron Part

large gluon density

large uncertainty at
high B

good description of
data
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Color Dipole Models
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Deep Sea Model

Restrict the validity of the model
to the partonic sea region
- small x, small x;p , small >4
- asymtotic behavior 0.3
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QCD Factorization in DDIS
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Summary HERA

e Large data sets analyzed - high precision
achieved

e Models available to describe the data
e QCD Factorization holds in DDIS

Consistent description
in the framework of QCD
achieved



- ﬁ
Hard Diffraction in pp Collisions

Results from rapidity gaps:

W / Z, beauty, J/¥, jets

]

Tevatron: 1% diffraction

HERA: 10% diffraction

(a) (b) (C) Factorization tests with
leading proton data:

e I e B i Ry oo SD dijet Fjj <> Fjj from HERA

CITTITEE) M RTINS SD dijets: @ 1800 «— @ 630

[l | 1
t ‘.‘ SD dijets — J/¥Y @ 1800
SD DPE SD dijets < DPE dijets

Concentrate on dijet production DPE dijet Fjj < Fjj from HERA



SD dijets @ 1800 GeV
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Further Factorization Tests

Different process,
same Vs:

JIY > pt p- (+jet)

7 Dijets at different
center of mass
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Factorization Test with DPE
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Results from Run 1l
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Summary Tevatron

* Precise data available, statistic even more increasing with
Run Il data

e QCD Factorization not expected to hold:

— Factorization breaking in normalization between Tevatron
and HERA established,
but similar diffractive characteristic seen

— Factorization holds, when changing processes
— Factorization broken between SD/ND and DPE/SD
- Factorization re-established between DPE/SD and HERA

Factorization breaking found,
but re-established under certain circumstances
(same Vs or multiple rapidity gaps)



Going back to PHP @ HERA
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Factorization not expected to hold:

direct resolved
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Expectation from Theory

Calculation by KKMR Calculation by Klasen & Kramer using no

using multiple IP suppression (R=1) or suppression (R=0.34) for
exchange: resolved part:

PHP(resolv.)=0.34 DIS

e No suppression in LO
& exp. smearing

e Suppression needed in NLO

R =difftactive/inclusive dijet production

(but large uncertainty in diffractive pdf’s)
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Equivalent: Leading Baryons

Absorption for Leading Neutrons: Dijet PHP with Leading Neutron:
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Unitarity Effects in hard diffraction at HERA

Further calculations from KKMR:

D ] F|p(Xg,IJ )
i _txp

g
cjj x f (xg,p )

increases quickly for x>0, but
should be <1 by definition

Pumplin bound:
o/ o <0.5 > R=<0.5

violated even at low scale p2 for
xg<10-3

- unitarity violation, saturation
- To be checked experimentally

One possibility: exclusive vector
meson production probing the
gluon density

0.4

R = diffractive/inclusive dijet production

90 ( u.:‘\

1077 107% 1677 X



Exclusive Vector Meson Production @ HERA

Advantage:
* Few particles in final state > clear signal
* Different hard scales available:

Q2 0 < Q2< 100 GeV?2

Wyp 20 <W,, < 290 GeV

t 0 < |t] < 20 GeV?2

VM  p% o, ¢, Jy, ', Y

Soft production: Regge+VDM Production with hard scale: pQCD

dGVp—Np /dt = ebot . WH%P®) -1)

small qq configuration
- resolve gluons _
- y*_ or VM=cc,bb

o) ~ 1/Q¢ [x G(x,Q3)]2

Tp—-Vp

fast increase with WO0-8

Q2 dependence slower than 1/Q¢

Ovpovp ~ W P® 1 ~ W0-22 Universality of t dependence:

b,,4GeV2 and 0.'= 0



Vector Meson Production in PHP
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cross section
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Increasingly
harder scale by
/W°-22 mass of the
+ ﬁb go ¢ QO%W vector meson
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W Dependence for VM in pQCD
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Vector Meson Production in pQCD

® : 0, dominates at high Q2
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=

do(y p—J/yp)/dt (nb/GeV?)

Vector Meson Production in pQCD

dGVp SVp /dt = ebot . w4(0€|P(t) -1)
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Exclusive States in pp Collisions

Exclusive dijet production:
CDF Run Il Preliminary
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Summary

e Data have reached a high level of precision
e HERA:
— Models for diffractive structure function available
— Factorization holds in diffractive DIS, under study in PHP

— Exclusive Vector Meson production described by pQCD
calculations

e Tevatron:

— Factorization breaking found:
Fii (SD 1800) < HERA, dijets in SD < DPE

— But factorization also holds :
SD 1800: Fjj — J/¥ , DPE —~ HERA

- Models exist to calculate features of the data

A lot of progress has been achieved so far, but
still a lot remains to be understood.

Looking forward to even more precise data
in different kinematic regions from
HERA Il and Tevatron Run Il
and of course to first diffractive events at LHC




