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Diffractive processes

e feature of hadron-hadron interactions (30% of HERA - Compass

g tot)
e {-channel exchange of the vacuum quantum
numbers

Small momentum transfer
—> << s
—> small p momentum loss zp(= £) < 0.05

Final state part. separated by a Large
Rapidity Gap

Beam hadrons scattered elastically or
dissociated into a low-mass state (My ).

QCD: colourless exchange
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Diffractive processes

e feature of hadron-hadron interactions (30% of HERA - Compass

g tot)
e {-channel exchange of the vacuum quantum
numbers

e Historically (60’s) described by a Pomeron ex-
change in Regge theory
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Optical theorem: o2, ~ dgfl (t=0)
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Interest of Hard Diffraction

e Understanding of Diffractive phenomena in
terms of QCD

two gluon exchange
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Interest of Hard Diffraction

e Understanding of Diffractive phenomena in
terms of QCD

two gluon exchange D v
Several possible hard scales —g
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Interest of Hard Diffraction

e Understanding of Diffractive phenomena in
terms of QCD

two gluon exchange
Several possible hard scales

probing the exchange partonic structure -
like in inclusive structure functions
typical signature of hard scale presence:
steep rise with W (cms energy)
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Interest of Hard Diffraction

e Understanding of Diffractive phenomena in
terms of QCD

two gluon exchange
Several possible hard scales

probing the exchange partonic structure -
like in inclusive structure functions

typical signature of hard scale presence:
steep rise with W (cms energy)

e Access to very low z of nucleon structure
function and parton correlations —»the
Generalized Parton Distributions (GPDs).

e Test of DGLAP and BFKL asymptotic
behaviour dynamics

DGLAP: log(Q?) —»kr ordering
BFKL: log(1/x) —»1/x ordering

e (Colour Dipole model approach: transition to non
pQCD, saturation
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Kinematic

Deep Inelastic Scattering

Q? = —¢q? - virtuality of the exchanged photon
W  ~* — p system energy
x Bjorken-z: fraction of proton’s momentum

carried by the struck quark

Y v* inelasticity : y = Q*/s x

Diffractive Scattering

xp fraction of proton’s momentum of the colour

singlet exchange (also named &)
2 M2
rp = %2—_'}__1/[/)2{

I5; fraction of IP carried by the quark "seen"

by the v* B =xz/zp
t = (p — p')?, 4-momentum squared at

the p vertex \
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Factorisation Properties

QCD Hard Scattering Fact. Regge Factorisation

Dif _ £D 2 -
ODIS fq (CUJP,t,QU,Q )®OPQCD qu(LEﬂD,t,ZC,Q2) = flp/p(x]p,t)QﬂD(ﬁ,Q2)
Diffractive parton densities Diffracti . densit; frctor
iffractive parton densities factorise
qu(.’EﬂD,t,CE,Q2) P

into “pomeron flux factor” and “pomeron

— conditional proton parton probabil- parton densities”

ity distributions for particular xp, .
DGLAP applicable for Q? evolution. v’

= IP x v «
IP p p q
p p @, IP
\J

IP flux factor from Regge theory ...
eBt
f]P/p(zlP, t) = Za@)-1 where ...
Tp

a(t) = a(0) + o't

Rigorous for leading Q2 dependence No firm basis in QCD
but not in hadron-hadron collisions \
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Regge factorisation: 3 Dependence of F2D

factorisation

Does Regge

work 7

ie. is F(B3,Q* dependent
of xpp after factoring out the
flux dependence ?

Bt
frp(xp,t) = scm—
TP
Take experimentally mea-

sured B, a(0)

—» Regge factorisation holds !

H1 preliminary

* X,5=0.0003 * x,;=0.001 * X,,=0.003 * x,=0.01

a2 ?=6.5 GeV? Q?%=8.5 GeV? Q%*=12 GeV? Q%=15 GeV?

1 i3

B (] e & e ot
N ‘a3 R
E Q%=20 GeV? Q?=25 GeV? Q2=35 GeV? Q?=45 GeV?

; * [} ] : .08 é J 3

B i*ﬁéﬂj. iy, [] ¢;§ §§§‘
- Q%60 GeV? Q=90 GeV? Q*=120GeV? g 107

; ¢ iﬁg } i iL

7‘—2 ‘—1 ‘—2 ‘—l ‘—2 -1

10 10 10 10 10 10

* H1 97 (prel.) y<0.6
° H1 97 (prel.) y<0.6; M, <2 GeV
H1 2002 o, NLO QCD Fit (F b=0)

Measures parton density over wide (3 range.
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()? dependence displays strong scaling vi-
olations with positive O /0 In Q? up to

high 3

(Q? Dependence

H1 preliminary
* X,,=0.0003 * x;=0.001 -+ x,,=0.003 - x=0.01

3 01
= © p=0.013 =0.020 B=0.032 B=0.043 =0.050
5& :
0.05 -
Y— L 4 ¢ ;‘i’ igi"!
~~ r L ]
™ o1
o © p=0.067 =0.080 =0.107 $=0.130 p=0.167
© 05 - > 'ii
L 4@ ﬁ.i“ ..!. i.§.“ ‘.lo..
0.1
[ B=0.200 B=0.267 B=0.320 $=0.433 =0.500
005 | o i
B ¢.§ol“!§{ ¢!.o“‘ *.iO“‘i *oi""ii i.!“; 4
01 F
I B=0.667 p=0.800
0.05 i,.-.,,;{ s * H1 97 (prel.) y<0.6
F oe T 0 gat ° H1 97 (prel.) y<0.6; M, <2 GeV
r ‘ } H1 2002 oD NLO QCD Fit (FLD=O)
10 10° 10 10°
2 2
Q" [GeVT]

Not like a "normal" hadron

0.5

x=0.008

ZEUS 96/97
H194/97
Fixed Target |,
NLO QCD Fit
MRST99
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Q? Dependence of F’

()? dependence displays strong scaling vi-
olations with positive O /0 In Q? up to
high 3

H1 preliminary

* X,p=0.0003 * x,=0.001 ¢ x,,=0.003 < x,=0.01

o [ p=0.013 =0.020 =0.032 =0.043 =0.050
X
0005 [
Y— L 4 ¢ ;‘i’ igi"!
~~ W L]
™ 01
o [ B=0.067 =0.080 B=0.107 $=0.130 p=0.167
© 05 - > 'ii
L 4@ ﬁ.i“ ..!. i.§.“ ‘.lo..
0.1
[ B=0.200 B=0.267 =0.320 $=0.433 =0.500
0.05 (X s¥5d
- ¢.§.§“!§{ ¢!..00‘ *.i.“éi *.‘.o"ii i.!“; ;
01
C p=0.667 $=0.800
0.05 " ;{ ; e H1 97 (prel.) y<0.6
Foe¥ oot e gity ° H1 97 (prel.) y<0.6; M,<2 GeV
‘ } H1 2002 0,0 NLO QCD Fit (FLD=O)
10 10> 10 10°
2 2
Q" [GeVT]
1 D 2
P/p

H1 2002 o,0 NLO QCD Fit

H1 preliminary

Singlet Gluon

J . —~
o L N 5
S b o [GeV’]
N N 1
W - o i 6.5
N 01 N i
O — oy
02 1
g\/—\ - 15
0.1 i
b | | | i
0.2 F
r 90
0.1

02 04 06 08 1 02 04 06 08 1

z Y4

H1 2002 o,0 NLO QCD Fit
1 (exp. error)
1 (exp.+theor. error)

— H1 2002 g,b LO QCD Fit
e 2 is the fract. mom. of the parton in IP
e parametrised at Q3 = 3 GeV?

e DGLAP evolution fit for Q% > 6.5 GeV
a lot of gluons (75 + 15 % of mom.)
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Test of QCD factorisation: Dijet and Charm

Use diff PDFs to predict Dijet production

H1 Diffractive DIS Dijets

e H1 Preliminary H1 2002 fit (prel.) € Q‘ )
] correl. uncert. DISENT NLO*(1+9, ) e (k) -
----- RAPGAP >
S 100 =) 100 *
3 90 & 90 y (q)
g’l 80} o 8o} Jet
& X 70|
&S > eof Jet
= S S
S aof _
30|
20— —
10F
%.1 012 013 0.‘4 015 0‘.6 0.‘7 0.‘8 Oigjetsl E)2.3 -2‘.2 -é.l ‘2 -1‘.9 -1‘.8 -1‘.7 -1‘.6 -15
Zip l0g;4(Xp) P (p) P (p’)
(a) (b)

e Q% >4 GeV2, PIFM2) 5 5(4) Gev

e Normalisation and shape OK.

— QCD factorization works within hard Diffraction (in DIS regime) \
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Test of QCD factorisation: Charm
e k)

=0.007 p=0.03 p=0.13 p=0.48

g oos[ ¥ + 1 T i’i’ij/’ | *

~ Ul e ZEUS97
LL& 0.0005 Y% (CI)
58 , . .

— NLO QCDfit /
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[a)
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< X,p=0.004 LR x,F,=o.ooz(19 N
L L 0 L L
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2 g A mvrent e Data using tagged leading proton
L os) | o5l 0 ZEUS97,98-00 ]
I
s Q%*=4 GeV? Q%=25 GeV? L NLO QCD ﬁt
Z X,5=0.004 X,5=0.004
N 0 Ll Ll o I 0 T | N | N, Y N N
TS 107 107 1 107 107 107 —» charm predlctlon
B B

— QCD factorization works for Charm in Diffraction with Q? > 4 GeV? \
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Test of QCD factorisation: Charm

. 3=0.007 3=0.03 B=0.13 B=0.48
D IR - - -
Q_ 005} 1 1
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H1 Diffractive D’

1ot

»

..

® H199-00 (prel.)
E NLOQCD
A ZEUS (rescaled)

6 7 8 910
Prp- [GeV]

e Data using tagged leading proton
e NLO QCD fit
—» charm prediction

— QCD factorization works for Charm in Diffraction with Q? > 4 GeV?
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Factorisation breaking at the Tevatron

CDF measurement of the diffractive
dijet production (using ratio SD/ND): e same to factorisation breaking in soft
diffraction (Tevatron RUN I).

A + CDF data e also seen in W& Z production (sensi-
T e HLit3 EF"? > 7 GeV :
1000 (Q=75GeV?) 0035 <<0.085 tive to quark) and J/¥ and b-mesons
|t1<10Gev? (sensitive to gluons)

E e Factorization not expected to hold in

pp. Violation of factorization under-
stood usually in terms of (soft) rescat-
tering corrections of the spectator par-
- . ...= tons
Vo 1 But other approaches exist...
e The prediction based on diffractive
PDF’s extracted at HERA are one or-
der of magnitude above the measures
cross section!

01k
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Factorisation breaking at the Tevatron

" O ; O i O
® ¢ . @ _
- - - T AR
P O 3 @ P —@- [ J
N n n
Single Diffraction Double Diffraction Double Pomeron Exchange
[ o RYE 7 <EF"? <10 Gev De:_
10 F o R 0.035 < &; <0.095 LL —4- CDF data, based on DPE/SD
F 001<E <0.03 100k
i t <10GeV
. +
e 1F ; oy
= e - '
> i ~+
o af —0—-—o—i+ 10 - _+_
210 3 _HH—:t <T7 —4—
X [ T _e— i
« 2: g T “%‘ | —+
10 FZosf 1k
e oo oo — H1 2002 0,0 QCD Fit (prel.)
-3 O- |||||||||||||||||||
10 F 0 g 0.1
e e 0.1F
10 10 10 E .
X
0.1 1

RDPE

CDF measurement of R3%2 and b
DPE compatible with expectation

RRZ /ROLE =0.19 £0.07
from H1 PDF's

Second gap formation unsuppressed
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HERA: Factorisation test: Dijet in Photoproduction

Real photon (Q? ~ 0) can develop a hadronic

structure 7EUS
31000 \4F ¢ ZEUS(pre)99-00 - Jet
2 i Energy scale uncertainty |
°_é> 800f ------ NLO (R=1) *\\‘\\\\\\— - eeeees NLO (R=0.34) _ > R Jet
5 S NLO (R=1) IF <~ NLO(R=034)
T 600 0 had. JF 0 had. 00
H1 2002 fit H1 2002 fit S
JE (prel.) _

pP)

le) T T
= - : : .
g4 20 . . H1 Diffractive yp Dijets
5 . ' e H1 Preliminary H1 2002 fit (prel.)
3 19 - ] | 1 correl. uncert. FR NLO*(1+3, )
~ 10 \ 7 _ - RAPGAP
(n’-ig . N + \1 7 ///{ ?‘; 800 -élOO()?
8><>. 0.5k + + ® 1L i _‘Z’i&mo— ﬁx>soo
% A g 600 %
S 1 1 1 1 _8 500 < 600
=~ 025 0.5 0.75 0.25 0.5 0.75 1

obs

Xy

—» NLO prediction above by a factor ~ 2

L L L L L L L L 0 L il il il il L L L
81702 03 04 05 06 07 08 09 1 0.1 02 03 04 05 06 07 08 09 1
jets x Jets

P Y

(b)

Suppression of both resolved and direct (@)
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CDF - Run II - Dijet Results

e Slope and normalisation agree with .
0 CDF Run IIAPrellmlnary

Run I o 3 : : :  [® 200210010 (x 1)
P o i |~ £(0.05t00.10) (x 10)
. o © | £(002100.05) (x 0.1)
® NnoO f(: gj]p) dependence observed in g 1 ; ..... SR S DUNAE SR e e ... T
2 A A a g,

0.03 <¢{<0.1 e
Regge fact. also observed g
Conﬁrms Run I reSU.ltS 10 S vv ..... L g v .... v ..... v .......... ............... '?

10° ;_...i‘225%,,norir.n.“un,céar.taint‘)% .............. ,,,,,,,,,,,, ........... ............. v ...........
F <EjT;et>:1A§1GeV§ - v
o : : . |

10 10 )(Bilo’1

CDF Run Il Preliminary

e No Q2(= E%) dependence observed ) —e— Q= 100Gev” (€, 1 [8, 12] Gev)
. 9 9 o i i S S —m— Q% 400 GeV ? (E. [ [18,25] GeV)
in 100 < ) < 1600 GeV g .............. —a Q= 1600 GeV? (), 1 [35,50] GeV)
exchange object evolves like a =10
proton g B o ,
10”
0° I

10° 107 10°
Xg
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Summary of QCD Factorization tests

'l HERA - Diffraction in DIS regime

D* (H1 and ZEUS) validate
Di-jets (H1) validate

‘Yl Tevatron

Di-jets in single Diff. (CDF) factor 10 lower than expected from
HERA PDFs

Double Pomeron exchange (CDF) factor 2-1 lower (OK?)
same in soft and hard diffraction

'3 HERA - Diffraction in photoproduction

Di-jets (H1 and ZEUS) data above NLO QCD by factor 2.
Di-jets: global suppression of both resolved and direct component

=> Description progressing but picture still unclear

=> More work needed (th&exp) \
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Ratio of Diffractive to imnclusive cross-sections

ZEUS 98-9 . .
® Q°=27Gev? m Q’=4Gev®? A taJefev2 v9Q2(=Fs)3I;SZ) ® FOI' MX > 2 GGVZ ﬂat 1n W
Q?=14Gev? K Q?=27Gev? X Q®°=55GeVv?
e i 0<M, <2GeV 8<M, <15GeV same W dependence as oot
::E 006} * . b - Not consistent with naive 2 gluon
“o ool 4 ¢ ; : 3 - exchange:
o.ozft},* Fory i t g ; § 3 R = |$xgg((~’;%2))| — r g(x,Q2)
O:_&_&f‘.wk”"iuk‘mk”\ A T
F ZeMhsasel PeMy=26V 1 o My > 8 GeV: no Q? dependence
o % i i ! same DGLAP evolution
0.04 —
’ $§ £ , ¥ ; é % i v* sees: 1 gluon that can radiate
0.02 — —
* * Kk X x A * i .
ol ”‘4<M*<8éev R o If Mx \,B8 " »~v © more and more
06 5 of the exchanged object (2 g)
0041 2g g 5§ 5 [ o Mx <2 GeV (large B): falling with W
oo2| g* g i P, | i contribution of Vector Meson
olL.. \ i A I IR IR pI'OdU.CtiOIl (hlgher thSt)
50 100 150 200 250 50 100 150 200 250 . .
W (GeV) no g radiation allowed
W? ~ Q?/x B~Q%(Q*+ M%) "closed" gluon object \
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Colour Dipole approach

- -
]

e Dominated by (gqg)r for
£ <0.1

e Dominated by (gq)r and (q¢q)r

for g >

e 7 —1

0.1

exclusive final state
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Exclusive processes

In presence of a hard scale, (almost) fully calculable in pQCD
"closed" gluon object sensitivity to gluon density o ~ |z g(z, Q?%)|?

sensitivity to Generalized Parton Distributions (GPDs)
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Two approaches
e
q

; JN
v =

s g
r— £ T +

5@ S 3

)0

In the proton rest frame:
- v* fluctuates in qq + qqg + ...

o
6
©

- "exact" QCD calculation possible
o= /dr2¢i”(r,z,Q2) og Y (r, 2, Q%) - [GPD(z,¢,Q?) dx

S caleulabl - J/W wave function
- '™ calculable

- 04 is modelised (e.g. two gluons) - GPDs(z, &, ; 1) build from the PDFs

with a skewing effect and a ¢ depen-
- integrated over trans. gq separation r dence
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o (yp — Vp) [nbl

1072

10

10

m H1 Preliminary
® HI

A JEUS

A fixed target

~
+—>—
~
\.
Lol

0.70
W

W“j

W, [GeV]

Low mass (p, ¢, w; M2 ~ 1

GeV?2): no pert. scale
weak energy dep. (soft
regime)

High mass (J/v, v): pert.
scale —»strong energy dep.

(hard regime)

similar to Fy (i.e. the gluon
qualitatively
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o (yp — Vp) [nbl
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102
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- ® H1 Preliminary
- ® H1

_ A ZEUS

- A fixed target

10

W, [GeV]

W“j

Low mass (p, ¢, w; M2 ~ 1
GeV?2): no pert. scale

weak energy dep. (soft
regime)

High mass (J/v, v): pert.
scale —»strong energy dep.
(hard regime)

similar to Fy (i.e. the gluon
qualitatively
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2 Har
Q—< \Scal t

=
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Diffractive J/V cross section

2 . ZEusPhotoproduction Q?(Gevd) Dipole approach: e.g. Martin Ryskin and Teub-
: | ® ZEUSDIS98-00 “ 0 |
\% 102 |- (x1) - ner (MRT)
=) ]
7 04
o (x0.2) 212
T w0 a1 | - confirms o ~ |z g(z, p7)
(x01) - 2 _ Q2 + M2
68 = Vv
L o = (Q*+ MZ)/W?
(x003) |
ol 1 - sensitivity to gluon distribution input
" @ i3 1 - no absolute normalisation prediction (nor-
2 Q?(Gev?
10 "L — ‘ — . 2 __
” 17 weey malised to Q7 =0)
3 trETTT rT T T rT T T I .
SR . <ws=weev 7 - no constrains on GPDs
o r &, ]
= .
;T 10 ¢ 3
'S LD MRTEUSSx1d | QCD Breit frame approach: Ivanov, Krasnikov
o R MRT (MRST02) x 2.98 o .
e @ and Szymanowski
(b)
S Cewy Almost finished to be included in MC.
e IV rise not increasing with ? - Includes GPD input

e hard scale and 8 =1
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Q? evolution of light vector meson Production

o e ° First NLO calculation: Ivanov et al.
p— e p’p . Y
—_ - — 1000
9 QfGev] > (+ stat.)
S ——— 0.16£0.06
> 047 0.12+0.03
1 100 |
s 10 0.33+0.05
© - 25 :—:—::_::4_ 0.38+0.05
] 3° e 0561010
0% g0 eI, 052009 10 |
83 T e 046010
10 L 130
g 0.88+0.28
L W 1 L
- 27.0
1=
~ m ZEUS%
v ZEUS95
ol ® ZEUS (Prel.) 96-97 p - - - -
5 10 20 50
C | \ \ \ \ \ \ \ \ \
0 25 50 75 100 125 150 175 200 225 Q? [GeV?]
W [GeV]

- M=MRST2001 and C=CTEQ6M
When @Q? increases, also soft — hard - solid line ur = pp, dashed line g = Q

transition \

BARYONS 2004 - L.Favart — p.21/28



Q? evolution of light vector meson Production

0
€D — € pp

W Fr T T ‘
_ ] 1.6 « ZEUS ¢ 98-00 (prel.) —
2 QfGev] 5 (+tat.) 14 = ZEUSp 9697 (prel.) E
= 040 - 0.16+0.06 "E . ZEUS p 94-95 ]
e F 1.2F o - —
Gy SR 0.12+0.03 i ZEUS Iy 95-00 % l :
o 37 ; 7:
L 107 0.33+0.05 0.8F WL s
o} - 25 ,WW._‘*’*'J_ 0.38+0.05 0 65 0 % 1 3
I 0.56+0.10 b 1 E
10 - 60 ,V*’:*VMRL 0.52+0.09 0.4F ¥ % —
- 83 e e 046:0.10 0.2 i + { =
13.0 C 7
10 ¢ 0.88+0.28 O =
L W '0.2;\ \ T \ e by
- 270 0 5 10 15 20 , 25 30
' m ZEUSX Q"+ M; (GeV")

- v ZEUS95 . . 9 9

0L ® ZEUS(Prel) 9697 p e Universal(?) behaviour for Q° + M7
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Q? evolution of light vector meson Production
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o(yp — yp) [nb]

Deep Virtual Compton Scattering
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fully calculable in pQCD: NLO-Freund & McDermott
Access to the full QCD amplitude using
the interference term with Bethe-Heitler.
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Large t: DGLAP vs BFKL
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Large t: DGLAP vs BFKL
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Very close future

Tevatron Run II started Upgrades of CDF and DO
HERA II started Upgrade of H1

Compass: - results in parallel session

Less close future

LHC - see parallel session

eRHIC...
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CDF at Run 11

28 Miniplug calorimeter (new)
25 MINIPLUGI high transverse granularity
ROMAN A-48 o w
Sl DIPOLES’_I ESS u QUADS u 3.6< | n | <&.1
rll'J]! | | : | allows larger rapidity gaps fo be
| | | | | measured - lower values of &
Z -— 56_4;0 m 31.(;3 m 23_2;3 m 6_!59 m 0
BSC4  BSC3  BSC-2 BSC-1 Beam Shower Counters (new)
tag forward rapidity gaps
2.5<1Inl <75
scinfillation counters around the beam pipe
DIPOLE MACGNETS —y CDF
Roman Poft Fibre Tracker
X — (new readout)
Scintillator fiber xy-tracker TOgS OUTgOIDQ CII'T"I-pI’OTOﬂ
x=0.87 2701 pitch, 2 m lever arm 0.02 < E <0.1,0<I11l <2.

x=1 [Acceptance: 0<tl<2 0.03<E«< 0.1}
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D0 at Run 11

9 Momentum Spectrometers composed of 18
Roman Pots

Scintillating fiber detectors installed in Roman Pots
can track the scattered protons and antiprotons

The reconstructed track is used to calculate the
momentum and scattering angle of protons and
antiprotons

Cover atregion (0 <t < 4.5 GeV?) that was never
explored before at Tevatron energies

Allows combination of proton tracks with high p;
scattering in the central detector

0<¢&¢<0.08

PHYSICS PROGRAM
Hard Double Pomeroneactions
Diffractive jet production

Diffractive heavy quarkc, b and t)
production

Diffractive W andZ production

Glueball searches

ElasticandTotal proton-antiproton cross
section

InclusiveSingle Diffraction
InclusiveDouble Pomeromneactions
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Proton

i__\-

H1 at HERA 11

e Scintillating fiber detector

e Free of proton dissociation bkgd
e proton 4-momentum measurement — ¢

— commissioning January 2004

_ FPS + VFP
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>
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0.4 Al — / FPS-V
0.2 | '
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|091o(xu=)

BARYONS 2004 - L.Favart — p.27/28



Conclusion

We are reaching a QCD understanding of diffraction.

the partonic structure of the exchanged object in diffraction has been
measured.

it is dominated by gluons.

Diffractive Structure functions can be factorised in DIS regime (large Q?) in
v* — p interactions

rescattering corrections in p — p
on the way to understand globally Inclusive and Diffractive scatterings.
Sensitivity to gluon density and parton correlations (GPDs).

Test of both DGLAP and BFKL dynamics.

many results to come...
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