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"
Diffractive processes

m r-channel exchange of

the vacuum quantum numbers

Colourless exchange

Small momentum transfer
<Ky

s Longitudinal momentum

fraction & (= xp) < 0.05

m Large Rapidity Gap (LRG)

m Historically described by
an exchange Pomeron

trajectory in the Regge theory
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"
Aim of studying diffraction

m ... IS to understand P— >
the exchange C;'OUf'eSS gg g
> > p . -

in terms of pQCD ” ”

2-gluon exchange at LO

QZ
The exchange itself does not have ?
hard scale: typically ¢ A%, q
Need a scale to see partons D P

m Probing partonic structure by '

hard diffraction e.g.
DIS, jet / HQ production, large P Jets (or HQ)
Epmy,
p, X

’

D
p
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" A
The basic of hadron physics:

W2 oc 1/xp; dependence 2\ zees )
Y F, from
S H1, ZEUS
1
m F,rises steeply xQ)
towards low-xp; » e
This means: 10 l
the cross section steeply rises T a0

with W, the centre-of-mass energy ?é o |
of y()p system: = Q’=0Gev? 4
» (1 )2 O Do |
Wo=——1|0"==— (x<<1) g oo .
x x s olot-osce s
Or: rise in s for hadron-hadron 0T "
_ _ 0 Q%= 15 GeV?
m Fastrise in W: partons = pQCD o (x8)
. . EEETETITT BRI B AR ETIT B AR TTTT B
m Slow rise: soft collisions 0 100 w0 10,
W7(GeV")
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"
Why diffraction ?

a simple view S 1-gluon:
D__, ~ < Inelastic
m Plenty of partons at low-x ] ]
1-parton exchange 2-gluon:
= Hard scattering . IID |= ” C 3
2-parton exchange O;U'ress g ég
: : > > P — >
0 M_ultl-parton scattering diffraction Multi-parton
— incoherent 3-gluon:
m Diffraction — coherent p P —
Z C3§<ic
3 or more could occur as well Z - R
p < R IS [ K=
m [hese phenomena should uloarton
be explained uniformly difiraction P
. . +rescattering  Fel)6iii=0s
Cannot be ignored at high
energy
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" A
Diffraction is a good part of 5, "

m Diffraction expected to be

P—

dominant in high-energy ] )
isi iy |8(x)
hadron-hadron collisions » diff
Elastic + diffraction: alrezady ~ 35 % " " ~ 35 9%,
Oror X g(x), Udiff . ‘g(x)‘ P—> > C
" O[O € &(X), rising with s é T o1 € 8(X)
pP—s .

m Important component for
understanding the asymptotic
behaviour of hadron-hadron
scattering at high energies

15 Aug 2003 Diffraction and Vector Meson Production, LP03 6



"
Outline of the talk

m Hard diffraction and its partonic structure at HERA
m Vector meson production at HERA
m Diffraction at Tevatron

The first subject:
Hard diffraction and
its partonic structure at HERA
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"
Diffractive DIS (DDIS)

m (O’ provides a hard scale
probing partonic structure
m Main task: F,PC)(S, 02 xp)

Structure function for
diffractive processes

4 _ep ’ ,
Jdt d  dify W
dfdQ* dxpdt t=(p-p'y
4o’ 2
~ 1 (1—y—y2JF2D(3) (,B,Qz,xp) B: long. momentum fraction
PO of the parton in the exchange

Xp . long. momentum fraction

Sensitive to quarks of the exchange in the proton

m Gluons are “measured” by
Jet and HQ production
Scaling violation of DDIS using DGLAP eq,.
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"
1. Factorisation in DDIS

m In normal DIS or hard scattering
o= filx, u?)® 6y (x, %)
QCD factorisation

m The factorisation theorem is also applicable for DDIS:
do(x, 2,x 1 X N
COO0X00) 5 [* 4267 (2,07, x9)f,2 (2,07 5]
dxpdt T
/P pdfs with a diffractive exchange at (xp, ?)
Q1: Is the pdfs universal ?

m How to test:

Diffractive pdfs extracted from DGLAP NLO fit of inclusive DIS

Data of Jet / HQ production cross section (sensitive to gluons!)
compared to the calculation using THE pdfs

%
gap—»
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" J
Extraction of the diffractive pdfs
m NLO QCD fit performed to F,P®)

Strong scaling violation up to high-f, origin from a boson (cf. F.Y)

— the exchange contains more gluons than quarks

H1 preliminary

H1 2002 0,0 NLO QCD Fit

H1 preliminary

X;p=0.0003 * X,,;=0.001 * X,,=0.003 * x,,=0.01
g 0! < Singlet S Gluon
><— - 3=0.013 3=0.020, 3=0.032 3=0.043 3=0.050 o: g Q)
“Qoos | s N 02 2
=" L [} C
r 370 el W :_/—\ (@)]
: L/ ¢ ’ ¥ % N 01 N
™ 01 :
o [ p=0.067 $=0.080 B=0.107 $=0.130 B=0.167 0— : : :
© 005 - » ‘ii -
L 1 |15 I“ ‘.!‘ é"“‘ ‘.lo'.
0.1
[ B=0.200 B=0.267 B=0.320 $=0.433 B=0.500
005 (X st
C o (78 il * o ..“. o gotoed ¥ L ’ii g !“; #
01
[ p=0.667 $=0.800
005 [ * H1 97 (prel.) y<0.6 e e
% } )
et @@ovzii; o H1 97 (prel.) y<0.6; M, <2 GeV 02 04 06 08 1 02 04 06 08 1
r 1 | H1 2002 6, NLO QCD Fit (F,_0=0) z z
10 10° 10 10° H1 2002 0,0 NLO QCD Fit
2 2 E=1 (exp. error)
Q [GeV ] [ ] (exp.+theor. error)
— H1 2002 0,0 LO QCD Fit
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Comparison with Jets and D* production

m Jets and D*: sensitive to gluons

m Both jets and D* agrees
well with NLO

m A1. QCD factorisation
holds in DDIS

PDFS are Universal H1 Diffractive Dijets (prel.)

H1 fit 2002, P2=p?2, 12=40 GeV”

within DDIS 5 455 [ - mibaap cosmoev | =t
= £ DDISENT NLO *(1+8,,4) Z
2 DDISENT NLO ol
3 ©  -.- DDISENTLO N
N B 2
S 400 * 5
b - °
o L +
200 [p: g :
| * e
_ ------------------ -*.i N——
0 T'\"\:\ R RN RTINS VIR R IN MVIN "‘
0O 02 04 06 08 1
7 (jets)
IP
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"
2. Test of the resolved Pomeron model

m If the exchange is a pseudo-particle
= (flux of Pomeron) ® (F, of P)

FZDOCfP/p(xPat)'FZP(ﬂ:Qz) fP/p(
'—"——\b\ ,
Q2: Does the “resolved Pomeron” P
model describe data ? ZEUS proton-tagged ,
m [his means p=0.13 =048 (gevz)
The x, shape is independent of (B, 0?) ¢ 24
values (“Pomeron flux” shape) et S
m Flux fit: x, or W dependence "
1 \
B o — 5 b(S,0%) b "
xP ul PEPRTITT EEPErETTT | P | PEERTTIT BECEERTITT BRI |
5 al2 Q2 10 107 107 107
=W b(B.OY) - Xp
(sz " B
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"
W slope of the diffraction
ZEUS

| 6 GeV %m /
D 5 —~ 500
Fy," o —=-b(f,07) > . 08
Xp O 20| o
5 al2 = | Q=27 o
= W e b(,B,QZ) g 500 —— . 0.4
Q = . 0.2
5 O 250 , e*
..sz Q o §‘¢Q2=4
* - 07\ T B!
P xp W(GeV) .,

m An indication of the slope
rising with 02 s 144 1

soft Pomeron [

m Shape of the flux differs in O?
A2. The exchange is not
single pseudo-particle state

15 Aug 2003

ot

02 F

b

i e ZEUS98-99 (prel.)
- 0<Mx<2GeV - 2<MX<4GeV
R R B R0
R e KRR ST TOTO0, SO OO0
P g P
C soft Pomeron [ soft Pomeron

4<M, <8GeV L

Il \\\\\\\‘ Il N
8<M, <15GeV

soft Pomeron

1

10 1
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" A
3. pQCD models and W dependence

m Colourless exchange of a gg dipole /\,WL S
and proton: how ? g%%
Two perturbative gluons (+HO) 2 Hard 1HO ”
Oinel € &(X); Ogigr o€ [E(X)|? p
i.e. 0, o W= Gy 0c WH SCl etc.
If softer gluons are exchanged e.qg. —
= Soft-colour interaction (SCI) model Hard Soft

=1 hard + 1 soft

s Saturation model:
two gluons, but somewhat softer

»

— o4 lises less steep than |g(x)> or W? Hard
Q3: how fast is the rise in W ?

[

>

Saturation model etc.
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" JE
W slopes: ¢, and o,

m Result:

m A3. Diffraction and
inclusive has the same
energy behaviour

Not consistent with “two
hard parton” model

c)_dlff/O_tot

Hard Soft

Y —

Hard

» [
L »

15 Aug 2003

0.06

0.04

0.02

0.06 -

0.04

0.02

0.06

0.04

0.02 |

® Q?=27Gev? W Q’=4GeV?
Q?=14 GeVv?

% Q?=27Gev?

ZEUS 98-99 (prdl.)

A Q?=6GeV? Vv Q?=8GeV?
X Q%=55Gev?

HH
iy éﬂ

Jtﬂ**fi;

8<M, <15GeV

SETE

Diffraction and Vector Meson Production, LP03

&&*mk K Kk |k N B
2<M, <4GeV 15< M, <25 GeV
ISR S S S é§ i
7\‘\*\* * * * \*\\‘7\ \\\\‘
4<M <8GeV 25<M <356eV
. B
s EREN
u ¥ % ; ¥ s | i
50100 150 200 250 50 100 150 200 250
W(GeV)
16



"
Conclusions from DDIS at HERA

m Diffractive pdfs are universal within DIS
QCD factorisation holds

m Diffractive exchange is not single pseudo-particle state
The “flux” depend on 0?: onset of pQCD

m G,/ o iSflatin W
Softer than pure 2-gluon exchange

Next:
Vector meson (VM) production at HERA
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" A
pQCD framework of the VM production

> M,? HL yp - JAyp
O J'w, p T S e R
Eﬂzoo * H199-00 JAp 'y (prefim) /|
5 SO0 6 H196-97 JIy - e*e” (BR cort) I
g(x, 17) ;175 - 4 ZEUS 4
o} i ]
)4 P 150; ) ]
\_/' r .7 $ ' ]
t 125 - o ]
. 100 :, ]
m Hard scale given by |
O, M2, ort = ;
50 - — FMS(CTEQ4L,A=4)
m 2-gluon exchange o R Teotn
c; ~ |g(x)]* i.e. steep rise in W A MRT (MRST99)
O |

Loy Ce b e e by ]
0 50 100 150 200 250 300

m The concept works ! W [GeV]

Jhy photoproduction:
steep rise in W, agree with pQCD predictions
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"
Another example: DVCS

(Deeply virtual Compton Scattering)

m Elastic process in y*p
No uncertainty in the VM

wave function e ﬁ‘% * hioves
. . T ey ZEUS DVCS
| Steep rISG |n W ;_ 1F % o El%%%évfgmh—b(oz)
o z I ST I
coc W ° 10 .1? i ---------------- I
§=0.98+0.44 (HI) | =srce
10 o b b b b b b b b

0 10 20 30 40 50 60 70 80 90

=0.75+0.157 0 (ZEUS) [V
Similar to J/w value (~ 0.7)

— 12
2 - e H1DVCS prel. <Q*> =8 GeV?
Larger than soft (~ 0.22) =10 | & HIDVCS
=3 B ZEUS DVCS T WT
8 I Freund et al.
m (O? dependence also O et O L
: RN A o )
described ° af P
2 b g ------- i
0 0 2‘0 ‘4‘0‘ | 6‘0‘ 8‘0 ‘1(‘)0 ‘1£0‘ | ‘140
W [GeV]
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" A
Forward slope (B) for VMs

Bin p production vs Q3

m Slope of the scattering 14 PP
angle of the proton g | " Hpelimnay
. . . — 12 o |
= Interaction size 2l . Hio |
c « exp(Bt): B is the size of 10 |- ZEUS )
the interaction [ HLJY *
m B~45GeV>2

at p in high 0% and J/y ]
Similar to proton size - VM } §

production is point-like if a
hard scale proton 45 Gov-2 20 30 20
High 0° Q" [Gev]

ig
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"
Conclusions from VM production

m Steep W dependence for VM and DVCS
Agrees with pQCD prediction

m B-slope ~ 4.5 GeV

VM with a hard scale is point-like production

Pure-pQCD approach is successful in VM, unlike in DDIS

Next:
Tevatron results
and comparison with HERA
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Run 1 results: hard diffraction

m Extensive survey S
ingle
W — sensitive to quarks diffraction

Dijet, b-quark, Jiy —gluons ~ (SD)  p,

P

o
¢
’
o
»

m Hard diffraction is
suppressed w.r.t. the prediction
using pdfs measured at HERA

by about factor 5-10 (depending on
diffractive pdfs)

m Diffraction seems lost by
re-scattering between two remnants

Gap survival p =
probability §2  Colour S
is small singlet <

Octet

L

F° (8)

100

10F -

0.1k

p
Y
P
‘ P, ,
[ HLfit2 ~+- CDF data
[ H1 fit-3 EX™?>7Gev
E (Q°=75GeV?) 0.035 < £<0.095
: |t]<1.0GeV

0.1 1

B

Tevatron data vs H1 fit
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" A
Recent theoretical development on S?2

)

m Various approach for multi-exchange effect:
Rapid progress in last several years
Renormalised Pomeron flux: Goulianos
Estimation from the soft hh cross sections:
m Kaidalov, Khoze, Martin, Ryskin

quark / gluon
= J S — P/ P,

s Gotzman, Levin, Maor , e oo
= Bialas, Peschanski .
Soft colour interactions: Kaidalov et al., Eur.Phys.J.CB)Z’I (2001) 521
Ingelman, Enberg et al. \ .
Overlapping with hard multi-parton 7 CDF o ; Do0aen

scattering:
Cox, Forshaw, Lonnblad ...

...(not complete)
m \Which model is more universal ? :
(e.g. applicability to LHC) TN TN T

more data needed to check models o 10g 1 %
Enberg et al., Phys. Rev. D 64 (2001) 114015
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" A
Suppression within HERA ?

c00 H1 Diffractive yp Dijets

m Photoproduction: scatterofa & |ty unees”
real photon and the proton g . - g‘i}ei?‘f fit (prel.)
Resolved photon can be x
regarded gs a hadron = % | /?\%
possible re-scattering between O |
the photon and proton remnant 00
suppression for resolved ?
" ReSUIt 0 0‘.2 | OZ | 0.6 0‘.8 ‘. 1
The shape described by MC - ~ o %x y’ets
No evidence of the resolved vy |
suppression of resolved y y y direct y
m No significant of factorisation %Lo<i
breaking in photoproduction p/
P ——
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"
Runll results

\ Run Il
from CDF Roman /\
POtS ’ \56m to CDF

oscens  w =™
. 0<|t|<2 GeV
m Upgrade in CDF: Dipoles

s

forward detectors - BSC

| 5.5<|N|<7.5
new MiniPlugs

new Cerenkov LUMI Counters 5 p == MiniPlug
new Beam Shower Counters . ID .
More coverage in large rapidity P L
Better detection of rapidity gaps

P N IE
Already reproducing run1 results mmm — MiniPlug

_y
.>BSC
oy
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"
From CDF runll: exclusive dijet

. M——
m Two colourless exchange fusion to
dijet, nothing else (I, dijet (M)
m Resonance in M, can be
— >

detected by Roman pots
clean signal for diffractive Higgs
production
m Cross section: difficult to calculate —»
Cannot use diffractive pdfs Dijets,
QCD radiation to be estimated Higgs
Gap survival probability % on top:

Colour singlet
p

m The dijet measurement gives ... P p
the normalisation of the calculation Additional gluon
— better estim. for Higgs production radiation kills the gap
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Dijet spectrum in R,

CDF Run Il Preliminary

m No peak in dijet mass

8 E A SD; (Prescale 280)
observed S 1075 L oreosoonren 1o (e
. © 5[ _A_—A— _
NO eVIdenCG for 8 10 EE oo -, N [ ] Energy ScaIeLUnc;rGtalnt:)_/1
. . O af o AT =26p
the exclusive dijet G0 T e
X 3 —e= =) |,
The measured cross 0 10F g
c —
section for R” > 0.8 L% 10° Dijet Mass Fraction - -
gives upper limit of the ~ * 10 E jjgiol-gt \E/a<°-1
. . > e
exclusive cross section . AT I A A
0 0.2 0.4 0.6 0.8 1
R =M. /M,
]| J)
—

Exclusive dijet

Minimum Ejet!  Cross section: o5 (R; > 0.8)

10 GeV 970 + 65(stat) + 272(syst) pb
25 GeV 34 + 5(stat) £+ 10(syst) pb
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"
Conclusions on
Tevatron — HERA comparison

m Factorisation breaking Tevatron-HERA
Rapid development in the theoretical framework

m Factorisation test HERA photoproduction: no breaking

m Runll data + results coming
Further data from D& soon (next slide)

15 Aug 2003 Diffraction and Vector Meson Production, LP03
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"
Future direction (1): upgrade in DY

1600 |
= New forward detectors 1400 £ S
1200 F
m New Roman pots 1000
very large acceptance in (&, ?) SEE 3
m Status E
1 1 TaYl e :_ I I ]
alignment just finished Q g B
Observing right -shape ¢
— results in coming months
p ¢P1U F,20
Gy Gy B GuBG G99 |- & (G090 Pl G
S N S
D2 D1 A, " A, o Py
I I I I I I
L% - s
Z(m)
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" JEE
Future direction (2) H1 VFPS

Beam pipe apertur e acceptance

m [agging scattered proton
at very high acceptance
> 90 % for 0.005 < xp < 0.02,
7] < 0.2
m HERA has just restarted
after shutdown
1 New data in coming months

0.9

0.8
0.7
0.6
0.5
0.4
{ 0.3

] 0.2

0.1

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T TOT T ] O
> 90 0/ \ \ \ \ \ \ \ \
(1] 0 0.005  0.01 0.015 0.02 0.025 0.03 0.035 0.04

Acceptance (xp,t) ¥
|
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" A
Summary

m The aim of studying diffraction was
to understand the exchange in terms of pQCD

m \Was it successful ?

The answer is “Quite well, but some homework.”

v The exchange is not a pseudo-particle: we need pQCD
v/ Diffractive pdfs is universal within HERA

? Factorisation breaking at Tevatron — soft re-scattering
? oyl Oy flatin W at HERA

= need non-perturbative phenomenology

m Huge effort in building the theoretical framework

Experiments should provide data to “distinguish” models
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