Inclusive diffraction and DVCS
L. Favart

[.LI.LH.E., Université Libre de Bruxelles.

ULB

RINGBERG CASTLE

T LN .

r];*ﬁl conferen ‘ t-cifth x-Pla nk_l sche ft ngberg \Morkshop 2005
Ny by — T i
| e 2-7% of October 2005

]

Ringberg Workshop 2005 - L.Favart — p.1/32



Interest of Hard Diffraction

e Understanding of Diffractive phenomena in
terms of QCD

two gluon exchange
Several possible hard scales
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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 x of nucleon structure
function and parton correlations —»the
Generalized Parton Distributions (GPDs).

e Test of DGLAP and BFKL asymptotic
behaviour dynamics
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e (Colour Dipole model approach: transition to non
pQCD, saturation
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e (K)

Kinematic

L p

Deep Inelastic Scattering

= —¢? - virtuality of the exchanged photon
v* — p system energy

Bjorken-z: fraction of proton’s momentum
carried by the struck quark

v* inelasticity : y = Q*/s x

Diffractive Scattering

fraction of proton’s momentum of the colour

singlet exchange (also named &)
2 M2
rp = %Ziw)g
fraction of IP carried by the quark "seen"
by the v* B =xz/xp

= (p — p’)?, 4-momentum squared at

the p vertex \
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Factorisation Properties

QCD Hard Scattering Fact.

O-Bifs ~ fé)(ﬂfjp,t,llf, QQ) %y 5-pQCD

Diffractive parton densities

qu(xP,t,ZC,QZ)
— conditional proton parton probabil-
ity distributions for particular x p, .

DGLAP applicable for Q? evolution.

Rigorous for leading Q2 dependence
but not in hadron-hadron collisions

Regge Factorisation

fPapt,2,Q%) = frjp(er, O)-ap(5, Q)

Diffractive parton densities factorise
into “pomeron flux factor” and “pomeron
parton densities”

y*

= P X y* q'
IP p p q
p p 0, 1P
@,

IP flux factor from Regge theory ...
eBt

flP/p($Pat) = Sa@m-1 where ...
Lp

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

No firm basis in QCD \
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Recent Diffractive DIS Data

ZEUS Data:

e “Study of Deep Inelastic Inclusive and Diffractive Scattering with the ZEUS Forward Plug
Calorimeter” (Mx method)

DESY-05-011, accepted by Nucl. Phys. B 2.4 < Q% < 39 GeV? (98-99)
e “Dissociation of virtual photons in events with a leading proton at HERA” (Leading Proton)

Eur. Phys. J C38 (2004) 43 2.7 < Q* < 55 GeV?(97)
H1 Data:

e “Measurement of semi-inclusive diffractive deep-inelastic scattering with a leading proton at HERA”
(Leading Proton)

Paper 6-984 subm. to ICHEP 2002, H1prelim-01-112 2.6 < Q% < 20 GeV? (99-00)
e “Measurement of the Diffractive DIS Cross Section at low Q? ” (LRG method)
Paper 981 subm. to ICHEP 2002, H1prelim-02-112 1.5 < Q? < 12 GeV?(99)

e “Measurement and NLO DGLAP QCD Interpretation of Diffractive Deep-Inelastic Scattering at
HERA” (LRG method)

Paper 980 subm. to ICHEP 2002, H1prelim-02-012 6.5 < Q% < 120 GeV?Z2(97)
e “ Measurement of the Inclusive Diffractive Cross Section 05(3) at high Q*” (LRG method)
Paper 5-090 subm. to EPS 2003, H1prelim-03-011 200 < Q% < 1600 GeV* (99-00)
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H1 and ZEUS Measurements

HERA Diffractive Structure Function
e H1 (LRG, prel.)

4 ZEUS (Mx) QZ , HERI’,)A Leading Proton Structure Function
m H1 (FPS,prel.
® [GeV?] v ZEUS (LPS) ,
a =0.01 |p=0.04 |p=0.1 B=0.2 B:}o.4 B=0.65 | p=0.9 — — H12002 NLO fit (prel.) [QG V2]
— L ™ : e
b 00 s %, ﬁi{ 8, j 2.5 o B=0.01 =0.04 B=0.1 p=0.2 | p=0.4 $=0.65
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’ 4{% Twitd wds v ¥
0
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Regge factorisation: 3 Dependence of FZD

Does Regge factorisation
work ?

. . -~ 01
ie. is F(B3,Q%) dependent I
of xp after factoring out the 0.0.06
flux dependence ? ~ oo
B g/ 0.02
_ _ 01
fP/p(xP’ t) o x%;(t)—l 0.08
0.06
Take experimentally mea- 0.04
sured B, a(0) 002
0.1
0.08
0.06
0.04

—» Regge factorisation basicaly holds %»oz

H1 preliminary
* X,,=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?

5 X

" § § § oy “
¥ ¢ t‘.iﬂﬁ#% A e £ bad 3@ s oe®s
E Q%=20 GeV? Q?=25 GeV? Q2=35 GeV? Q?=45 GeV?

2 ' X N epds b J b

- inéﬁf. sty ’ tig 5553
- Q%60GeV’ Q%=90 GeV? Q=120 GeV? 102 10t

- ¢ iﬁg } i iL

- -2 | -1 | -2 | -1 1

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)

10

Measures parton density over wide 3 range.
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()? dependence displays strong scaling vi-
olations with positive o2 /0 In Q? up to

high 3

(Q? Dependence

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

3 o1
= [ p=0.013 =0.020 =0.032 =0.043 =0.050
5& :
0.05 [
Y— L 4 ¢ ;‘i’ igi"!
~~ r L ]
™ 01
o [ B=0.067 =0.080 B=0.107 $=0.130 p=0.167
© 05 - > 'ii
L 4@ ﬁ.i“ ..!. i.§.“ ‘.lo..
01 -
[ B=0.200 B=0.267 =0.320 $=0.433 =0.500
0s |- o .
B ¢.§ol“!§{ ¢!.o“‘ *.iO“‘i *oi""ii i.!“; 4
01 |
[ pB=0.667 B=0.800
005 | 5 " ;{ ; e H1 97 (prel.) y<0.6
Foe¥ oot B gity ° 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
CTEQS5D
T
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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 GeV: ﬂat 1n W
Q?=14Gev? K Q?=27Gev? X Q’=55Gev?
e i 0<M, <2GeV 8<M, <15GeV same W dependence as 0.
::E 006} * . b - Not consistent with naive 2 gluon
To ooyt b : 3 -, g g exchange:
002| ¢ },* Pl i t § § R = |wxgg((il3x%2))| — r g(x,Q2)
O:_&_&f‘.wk”"iuk‘mk”\ A T
006; 2<M, <4GeV i 15<M, <25GeV ° MX > 8 GGV no QQ 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 X ‘4<M*<8C‘;ev e o If Mx \,0B / P~ @ more and more
o6 5 of the exchanged object (2 g)
0.04 fgg g 5§ 5 [ o Mx <2 GeV (large §): falling with W
00| g* g i z . 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
W2~ Q?*/x B ~Q*/(Q°+ M%) "closed" gluon object \
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Ratio of Diffractive to imnclusive cross-sections

H1 preliminary
° X,,=0.0003 * x,,=0.001 ¢ x,=0.003 °x,=0.01 °x,=0.03

© 10° (=0.011 $=0.013 3=0.017 (=0.020 3=0.027
~ 2
_. 10
€ 10
DL 1 oo — et—— el oo
o
10° (=0.032 (=0.043 =0.050 (=0.067 3=0.080
102
H1 Preliminary
10 o0 (Y} ..
0000y —— . o ®o %0000  etee— e 8900 0—— -~
1 O o002 T * x,,=0.001
3 E I * X,5=0.003
10 (=0.107 3=0.130 3=0.167 (=0.200 3=0.267 - — * X,;=0.01
102 o L]
10 oo soet N, 001
seotet——— eocoeet— o000t — o
1 ——ege o000 0000 — L cees -o-%000-%00— — evess E L 1
° I i E }
10° (=0.320 3=0.433 (=0.500 3=0.667 3=0.800 ; N '%# ------ E ------------------
10 2 oo ooo— ” I
eoooet —— [ VPOV P —
10 0o c0 00 00— o0t cen “-‘"‘..\ ‘_'l\ '
1 Ty f X 001 } l
‘ ‘ ‘ ‘ o
2 2 2 2 2 o !
10 10 10 10 10 10 10 10 10 10 Y-
. 2 2 -0.02 = = =
H197 oD (prel.g / H1 96-97 o, Q [GeV ] I p=1 p=1 p=1
— Fit(a+blog QY I :
003 — S —
10 10 10
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Colour Dipole approach

BEKW(mod): — Total === (qg); = (@g), -+ (qgg);

. B=0.005 PB=0.025 P=0125 p=04  PB=07  PB=0.9
00 R Al B L I I B I AL I B ITe)
a i I T 1 x=0.00014 | &
LLCL - 9899 T
O SN ) S 1 '

L L ' r

0.05 - - -
: : T T x=000012 |
0 t H}HH} e

Dominated by (qqg)r for
£ < 0.1

e Dominated by (gq)r for 5 > 0.1

e Importance of (¢q); for G > 0.8

X,5=0.0025 X,,=0.0012 x,,=0.0006 X,,=0.0003 X,
[

X,5=0.005

b5 —1 exclusive final state

X,p=0.01
o

X,p=0.02
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NLO QCD fit:

QCD Fit Technique:

o factorize f(zp)f(z, Q%)
e Singet > and gluon g

e NLO DGLAP evolution

1 9oP
fP/p O In Q2

~zg(x) ® as ® Pyg

e parametrised at Q% = 3 GeV?

e Fit data for
Q2 > 6.5 GeV?, Mx > 2 GeV

PDF’s of Diffractive exchange
e 2 is the fract. mom. of the parton in IP
e > well constrained
e a lot of gluons (75 + 15 % of mom.)

2 /ndf = 308/306
ap(0) =1.173 (Regge fit)

z3(2,Q%)

0.2

0.1

H1 Measurement

H1 2002 o, NLO QCD Fit

H1 preliminary

Singlet Gluon

ke [Gev?]
O N
C = - 6.5
ﬁ AN
15
90

02 04 06 08 1 02 04 06 08 1
y4 y4

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

— H12002 0,0 LO QCD Fit
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NLO QCD fit: ZEUS Measurement

same Fit procedure applied
- results of the HERA-LHC Workshop

e Fit data for NLO QCD fits to H1 and ZEUS data
Q2 > 4 GeV?
S I Singlet S i Gluon 2
e no meson componant (including one g’ - 2’ 2r %GVZ]
doesnot improve the fit) \VE n § = 6.5
o o, (0) fit in the same time
x?/ndf = 90/131 15
o, (0) = 1.132 £ 0.006
90
e Singet similar at low Q?

e Gluon factor ~ 2 smaller than H1’s 7 7

£ NLO fit to ZEUS Mx (exp. error)
—— H1 2002 NLO fit (prel.)

----- (exp. error)

----- (exp.+theor. error)
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NLO QCD fit: ZEUS Measurement

HERA Diffractive Structure Function

e H1 (LRG, prel.) — H1 2002 NLO fit (prel.)
+ ZEUS (Mx) ;
— NLO fit to ZEUS (Mx) Q
o™ : — [GeVA]
al B=0.01 |B=0.04 |p=01 |B=0.2 |B=0.4 |p20.65 |P=Q9 _
Jisia Ea e g 25 NLO QCD fits to H1 and ZEUS data
a 5 A iﬂd %»A de )
x . 5 < I Singlet < r Gluon 2
0.05 - . . |t wg | o# Iﬁ[ 35 @ | o 2- %evzl
N U P Rk ] o2l = - 6.5
N L N
0.05 6.5
0
R Y w &/ k iﬁ& ﬁ 8.5 15
; By,
0.05— Y 15
l\ { Q & & & ﬁi’-ﬁ:::'
O -
0.05— o k &g 25 90
Y .
0
0.05— / &/ 60
N 11!( ¥( %i LY _
YR TP E N Y ?)"' P £ NLO fit to ZEUS Mx (exp. error)
10101010 10101010 1010ib1d101bib 101 idi010ibid1 1010)1(0 —— H12002 NLO fit (prel.)

1=
. 2 (exp. error)
e in agreement at low Q- ... (exp.+theor. error)

o difference H1-ZEUS at larger Q?
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NLO QCD fit: ZEUS Measurement

HERA Diffractive Structure Function

. X,p = 0.003
gh x=3.2E-05 , $=0.0107 x=0.0005 , 3=0.1667
o)
& 005 .
2 ¢ NLO QCD fits to H1 and ZEUS data
!‘¢ ,,,,,,,,,, §t’""’é‘/.’r‘i
0 .“.' Ty .
x=5E-05 , 3=0.0167 x=0.0008 , B=0.2667 t\'lc; - Singlet Na ) C Gluon %2 v
. - e
. 8
0.05 — ; I~ o : 6.5
__,44’"——:.—}’9 - N N
0 —=
x=8E-05 , B=0.0267 x=0.0013 , 3=0.4333
0.05 - i
15
® 000013, B=0.0433 x=0.002 , B=0.6667
0.05 -
e B A AL 90
ol . | L1 HH‘ | L 11 HH‘
x=0.0002 , 3=0.0667 10 102
Q* [GeV]
0.05 e HL(LRG, prel.) 2 2
.......... ;-«‘*‘é’{ — Hlé(;oz N"Oﬁ; ((pre;') == NLO fit to ZEUS Mx (exp. error)
—— NLO fit to ZEUS (Mx :
O [ x0.00032 , B=0.1067 H1 2002 NLO fit (prel.)
----- (exp. error)
0.05 |- M{é(//i ----- (exp.+theor. error)
0 T!\\ \-\ Ll \‘ I B I \‘
10

10
Q* [GeV]
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More NLO QCD fits

e ZEUS-LPS Diffractive PDFs (x,,=0.01)
fitting LPS data and Diffractive ‘@ ©  Quaks & ©  Gluon
N I Q?=65Gev? | & Q°=6.5GeV?
charm <20 - 2100
W - o I
P GLP : Groysj Levy and H_@ 10 ;~-~, .»-"’.:’ ..?s‘&' H_E “ L
N E e 4N T
PI’OSkuryakOV : .................................. ": ...........
e MRW: Martin, Ryskin, Watt o
(icluding inhomogeneous terms, o F Q%= 15Gev? oo I
direct sea contrib,...) ~e .
7~-...,,:":.\.~. .’.‘_.f'::.-' '\\
— see Graeme Watt talk. 10 IO
°o ... i ?
0 r 1 1 I 1 1 LL1l
quite unclear situation N = 00 Gev? :
20 [ 100 [,
10 - TN Blos0 N
0 | L u. 0 | L
107 107 1 107 107 1
V4 y4
ZEUS-LPSfit
......................... H1 2002 fit (prel)
............ - GLPfit
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Factorisation breaking at the Tevatron

CDF measurement of the diffractive
dijet production (using ratio SD/ND):

~ H1 fit-2 —+- CDF data
-------- H1 fit-3 Ext?>7 GeV

E (Q°=75GeV?) 0.035 < £ < 0.095
|t]<1.0 GeV?

10

0.1 — H1 2002 ¢,b QCD Fit (prel.)
T IR only

0.1 1

B

e The prediction based on diffractive
PDF’s extracted at HERA are one or-
der of magnitude above the measures
cross section!

e same to factorisation breaking in soft
diffraction (Tevatron RUN I).

e also seen in W& Z production (sensi-
tive to quark) and J/¥ and b-mesons
(sensitive to gluons)

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

But other approaches exist...

9*

cC
ox o C
BE cX
% c
B,

{
i
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Factorisation breaking at the Tevatron

a3 [ — MRW2004 —+- CDF data
§ Wk - NLO QCD fit E*gﬂ,z 57 GeV
100? (Q°=75 GeV?) 0.035 < £ < 0.095
‘ t|<1.0 GeV? . .
[ It e does not change the conclusion with
10 L other DPDF
1L
o | — H12002 5,5 QCD Fit (prel.)
E |

0.1 1

B

|
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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 ts <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 0.1F
10 10 10 E .
X
0.1 1

RDPE

CDF measurement of R3% and b
DPE compatible with expectation

RI2/RELE =0.19 +0.07
from H1 PDF's

Second gap formation unsuppressed
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Test of QCD factorisation: Charm

e(K)

=0.007 p=0.03 p=0.13 p=0.48

g o5t @ 1 1 1 i’i’ij/’ e *

~ Tl @ ZEUS97
LL& 0.0005 % (CI)
> } ' ,

— NLOQCDfit /
0 + t } *
005 | 1 1 ] cCD
/ é,i—i——f/ 0.0012
0 t t t
005 | i / 1 1 ]
e S 0.0028
0 t t }
0.05 / I ‘j/ 1 i ]
L(‘/./? e s, 4 |00068
0 1 1 1
1 10 1 10 1 10 1 10
Q* (Gev?)
1Q . . T T
@U- 001 b) { 00255 ZEusgs-00 ]
o
w Q’=4 Gev? Q%=25 Gev?
< X,p=0.004 LR x,F,=o.ooz(19 N
L L 0 L L
~ 10° 107 107" 1 107 107 10" . .
2 g A mvrent e Data using tagged leading proton
L os) | o5l 0 ZEUS97,98-00 ]
li’— Q2:4Gev2i’§\ Q%=25 GeV? \ﬁ\Q [ 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

= B=0.007 $=0.03 B=0.13 B=0.48
& P - - -
Q. ooslk 1 1
LLN 05T o ZEUSO? i’i’ij/’
5 — NLOQCDfit
X 0 ‘ =
| B P
0 t t t
0.05- - / I I
0 t t t t
0.05- / 1 1 1
‘j/ L./('/? &+ ®
0 1 1 1 1
1 10 10 1 10 1 10
2 2
Q~ (GeV)
|8 T v
o 001} D) 0027 5 zEuses-00 7
[a)
[9V]
w Q%=4 GeV? % Q%=25GeV?
< X,5=0.004 —R\ X,5=0.004
0 ' ' 0 ' '
- 107 107 10™ 1 10° 107 10"
E C)I T T T T T T T T T T LR | T LR |
(V]
L os) | o5l 0 ZEUS97,98-00 ]
I
60&’ Q%=4GeV? Q%=25 GeV?
e X,5=0.004 X,5=0.004
LLN 0 | P | Nl 0 Ll Ll PN W
1072 107 10 1 1073 1072 10
B B

0.0012
0.0028

0.0068

do/dp; . [pb/GeV]

(BN
o

=
o

N

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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Test of QCD factorisation: Dijet

Use diff PDFs to predict Dijet production

H1 Diffractive DIS Dijets

e H1 Preliminary H1 2002 fit (prel.) € (k )
] correl. uncert. DISENT NLO*(1+9, ) e (k) -

----- RAPGAP >

3 100 *( )

& 90 y q

ol Jet

‘>'<6 70F

g 60| _)_Jet

§ 50| G

S aof _
30k
20 S ——— :
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 -1.5
Zip l0g;4(Xp) P (p) P (p’)
(a) (b)

e Q% >4 Gev2, PI"®) 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: ZEUS Dijet

ZEUS ZEUS
_ _ YS— 9 of o zEUS(reyweo0 9 o [ e DISENT NLO Uhad. |
U104 o zeuspreyso | QT f DISENT NLO [J had. Z 75| coueaegsueerany S ok o DN NG Ched ]
% : Correlated syst. uncertainty { & 250 [ H1 2002 fit (prel.) ] = TV ZEUS.L PSfit : 1 =77 ¢ GLPfit ]
0 DISENT NLfO O had. la o mememe glLSFl)E][\ltT NLO O had. |<£ 15F E |<£ 15} E
ZEUS-LPSfit ] i i ]
S 10 L | 1 °Nr200f 1 CLBp 4 <1 i
£ 7o B AR m—— $ & 0 g} et g 2
o i, e Sl 4 ¥ ] 075 % 5 * * 1 ompt et
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ZEUS concludes: “...differences between PDF predictions may be interpreted as an estimate of the
uncertainty..."

“A better understanding of the PDFs and their uncertainties is required before a firm statement
about the validity of the QCD factorisation"
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HERA: Factorisation test: Dijet in Photoproduction

Real photon (Q? ~ 0) can develop a hadronic e (K
structure ¥
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— NLO prediction above by a factor ~ 2
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Test of QCD factorisation: Charm in Photoprod.

ZEUS
ZEUS ZEUS 2 et S

312 ""I""I""I""I""I""I""I""_ 3 "'I'"'I""I""I""I""I""_ O [ ]
«i ® ZEUS (prel.) 98-00(78.6 pb™) - EE_ ® ZEUS (prel.) 98-00(786pb™) - 1_8 } ® ZEUS (prel.) 98-00 {
= 0001 <, <0035 ] g0 RAPGAP 2 ] < 1 FMNRNLO (HIFIT 2002 (prel)) |
s 1 & SRR 0N ] 316 e,
% RAPGAP(H1FIT2LO) 00.37 - © ) ]
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08 . a - ]
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e Q%2 <4 GeV?, PP > 1.9 GeV, np- < 1.6
e 130 < W < 300 GeV 0.001 < xpp < 0.035

e Shape OK but not normalisation.

—» factorisation broken as for Dijets
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Summary of QCD Factorization tests

' HERA - Diffraction in DIS regime Assuming H1Fit 2002 is correct

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

‘Y 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 below NLO QCD (factor 0.34).
Di-jets: global suppression of both resolved and direct component
D* (ZEUS) data below NLO QCD (factor 0.37).

=> Better understanding of PDFs and their uncertainties

needed for firm statements \
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DVCS - QCD predictions

e Fully calculable
in QCD e

e NLO leading twist (4 twist three) calc. by A. Freund and M. McDermott
Eur.Phys.J. C23 (2002) 651. Input: GPDs

DGLAP region: |z| > £ ERBL region: || < &
H(x, &t 1?) = q(x; p?) el q singlet simple analytic function

HO (. &t 5%) = w g(z; p%) el gluons
MRST2001 and CTEQ6

— Q% and ¢ generated dynamically b from the data \
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Future

e HERA - more data - in part. D*, VM, DVCS

o FP®B3,Q2 zp), FPM(B,Q2 zp,t)

e measure the ¢t slope of D* and Di-jet in both electro and photoprod.

e ratio of incl. di-jet to diff di-jet in photoprod.

e same for Dx

e (k)

p(P)
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Proton

H1 at HERA 11

e Scintillating fiber detector

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

— commissioning January 2004

| FPS + VFP
'7- T 17T T 17T T T T T 1T T T T 17T
| S
()
A 0.8 FPS-H
)
=
0.6 VFPS
0.4 — /FPS—V
0.2 -
05 —24 -3 -2 -1 0

|091o(xu=)
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VFEPS - First year of data

y (mm)

ns

Z {m)
VFPS UV Coordinate Efficiency
14
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o 42
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0.8
06 |-
04 |
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2 Jul Aug
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e High efficiency
e Acceptance in the expected xp region

e High acceptance

_ P hfsXpom2Acc

| Xpom - Acceptance Coinc | N —
o 0.6 Mean 0.0137
o RMS  0.004556

Acceptan
o o
> o

0.3

0.2

0.1

Xpom
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Conclusion

Diffraction is a subtle (Q)CD process.

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

Factorisation broken ppx (Tevatron)).
Factorisation broken in photoproduction (dijets and D™*).

better measurement and understanding of DPDFs are needed

DVCS: first ¢ slope measurement
very good agreement with NLO QCD (absolute) prediction

Sensitivity to gluon density and parton correlations (GPDs).
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