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= Introduction
» Measurements of F,® and QCD fits
= Test of QCD factorization with jets and charm

= Summary

» DVCS and Vector Meson topics are presented by Niklaus Berger
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Electron/positron-proton collider. E, = 27.6 GeV E, = 920 GeV
Two colliding experiments: H1 and ZEUS (/s =319 GeV )
Fixed target experiment: HERMES

Halle NORD (H1) \
Hall NORTH (H1)
Hall nord (HT)

// HERA

Hali EAST (HERMES)
Hall est (HEAMES)

I "
\\.
p (920 GeV) *\*\:;/”’/
Halle WEST (HERA-B) et (27 6 GeV)
Hail WEST (HERA-B)
Hail ouest (HERA-EB) Elektrenen [ Positronen
—=— Clectrons / Positrons
Eiectrons / Positons
Frotonen
-a— Frofons
Protons
Synchrofranstrahlung
=uuv Synoirotron Radiation
Rayonnement Synchrotran

Halle SUD (ZEUS)

Hall SCUTH (ZEUS) ;
Hall sud (ZEUS) /

The results presented in this talk are based on HERA-I data
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Diffraction kinematics

Kinematic variables definition

Colorless exchange, vacuum quantum numbers

* proton survives the collision intact or

€ dissociates to low mass state
* large region 1n pseudorapidity is left empty
* small momentum transfer t
Q* = —¢q* photon virtuality
W P : colourless exchange _ Q_2 Biork li iabl
: o T = gt jorken scaling variable
\ Xgp; (rapidity gap) W? = (p+q)*> ~*p CM energy squared
/N t = (p— py)® 4-momentum transfer squared
3 Y (P’) T = % fraction of p momentum transferred
to IP (&p ~1— Ey/Ep)
_ &

fraction of IP momentum carried
by struck quark (zp3 = x)

M x Inv. mass of system X

~10% of DIS events at HERA are diffractive
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Cross section of inclusive diffraction

Cross Section

do 2o
= 1—y—3212) 0" UB,0%, x,,,t
df dOdx,di ,BQ4( y=3* 12} 00 (B.0x,01)
2
cPW =FPO L pP®  _reduced diffractive cross section
1+(1-y)

QCD factorization — proven in diffractive DIS (Collins 1997)
* " 2
GD(}/ p—> Xp)oc Zfl.f;(xlp,t,x,Qz) Ko’ (x,Q )
fl.l;P -- diffractive partoln distribution function

* .
o’ ' --universal hard scattering cross section

At HERA we usually measure cross section integrated over t

Vitaliy Dodonov, Diffraction at HERA, HSQCD Workshop, 20-24 September 2005, St. Petersburg 5



Diffractive event selection - 1

Leading proton method (scattered proton detected in “Roman Pots” )

Using Forward/Leading Proton Spectrometers at H1 and ZEUS

1_-)1-0[0[1 B77 B72 Ba7 (Q51,55,58 B47 Q42 Q303438 B26 B1822 (Q6-15 ZEUS
L u ] S
M= i
85 S4 83 82 Sl
LPS
% i ]
Di ¢ t < Diffractive peak J
Irect measurement o L I N
m{= (P — P,) 120
Reject proton dissociation background — «
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Diffractive event selection - 2

Large rapidity gap method

No activity in the forward region of the H1 detector: N max < 3-2

No hits in proton remnant tagger.

PRT

6
1.0 5 4
-ww S

W o : colourless exchange 1
\ Xyp, (rapidity gap) Z=+26m
/\:N beam pipes
J Y (P
M, < 1.6 GeV
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Diffractive event selection - 3
ZEUS M, method

W= 164-200 GeV

In M, * distribution

" y 11%3( =D + c-exp(b-IlnM%)

= exponential rise with My
for non-diffractive events
= different shape for diffractive
events

szﬂf}elr’z

ot 3, ) ) .
In My~ (GeV") Fit subtracts non-diffractive events

Vitaliy Dodonov, Diffraction at HERA, HSQCD Workshop, 20-24 September 2005, St. Petersburg 8



Comparison of F,P measurements

HERA Diffractive Structure Function

: H1 |LRG, pral.] « ZEUS (M)
- a
E"’- [F=l.01 f=0.04 .|!=|]|.1 f=0.2 -.l=|].4 -||=ﬂuﬁ5 |!=z,£| A
5 [N | |
x 008 ii'l 3.5
. I e B R
n_uu.- r.& th i B | - | F 5
T PLCIne
0.05 ; 4 !
Good agreement between IR AR iy
three methods and two o oo o oag KW R
experiments AR Y E NN
nu:- E 1.4' hﬂ: L“d .'-: .‘F\' ﬁ 20
IHI:- : L L,_! g“ | : *‘.L 25
i
.08 o tor ;_ﬁ ;’h 'y ~ 35

) 3 b W K BT
wibibihihibdibibbdaibhddddadddaibn?
Xip
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Q? dependence

X, =0.03 H1 preliminary ZEUS

=
= %=0.00032 , =0.0107 %=0.005 , p=0.1657 g = 2
o oos = ¥ BEKW(mod): — Total = (qq); “ (qq), = (qqg);
a /f“ /*ﬁi‘! _______ = RB=0.005 B=0.025 [=0.125  B=0d R=0.7 R=i19
o e . J— = g g T i T x=000014 ] 5
------- e 005 -9 FEUST T §
0 =Y 9899 - e 19
1=0:p005 , i=0.0167 1=0.008 , f=0.2667 ) [ A F
005 - we 2
. 12
_",_.--"' __'_________ I ﬁ
0
x=0.0808 , = 0.0267 x=0.013 , =0.4333 g
005 - AT
o 7 ] i it Ix ] g
0.05 [ L
0 L e i ik 1 il Z
¥=0.0013 , p=0.0433 x=0.02 , f=0.6667 i I LA e T ’:::?:/J—LH— ,,,,, : TF
005 - 0 [+ ....‘."T.'..‘...‘ PRV EFPF DOETIN I SN i it T
r / T x=0.00175 T x=0.00224 ]
aem 0.05 | / - - 4=
[anar ™ SR myey Yo i g igtoat - L 1%
- --—-.---.i r 10
,0 1 Illlllﬁ 1 1 IIIIII| 1 e o) il }
x=0.002 , §=0.0667 10° 10° r x=0.00013 ] lé
005 - Q? [GeVd : 12
o ® H1 97 [Vs=301 GaV, prel] sl
B H199.00 (Vs=319 GeV, prel.} i N
o H1 2002 o.© NLO QCD fit ] %
il (Vs=319 GeV, prel.} 1.k
0.05 - [} ----- IP only
/#-ﬁ'if [ extrapol. fit i 2
" o | | EE
0 1 L1 1illl 1 L 111l 1 -y
10° 10”
Q’ [GeV?

x'F, increases with Q? — positive scaling violation up to large [3
Suggests large gluon contribution to diffractive PDF
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QCD Fit to F,bG)

Apply same NLO QCD DGLAP technique to Q? and B dependencies
as for inclusive DIS

= quark density directly from F,P
* gluon density from scaling violation
Assume Regge factorization: PDF = Pomeron-flux x Pomeron-parton-density

Hard Scattering

Factorization

FPx,t,0%, B)= fip), (51 )FS (O, B)

Regge

Factorization Xp
fipp (X5 1)
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H1 NLO QCD fit - diffractive PDFs

H1 2002 ¢,° NLO QCD Fit
H1 preliminary

- - . e assume Regge factorization
hb : Singlet No [% ev?)
N 0% ) 65 * determined from NLO QCD
5] - o ‘ 1 . . .
R N analysis of diffractive structure
of .
: function
15 * large uncertainty at large z,
* gluon carries 75%=+15% of pomeron
momentum
90 H1 preliminary
—— 12 T Gluon Momentum Fraction
02 04 06 08 1 702 04 06 08 1 or 0.0tz
Z z

H1 2002 c,© NLO QCD Fit
=== (exp. error)

— H12002 6,° LO QCD Fit

[dz z g(z,@%) / [dz z [Z+g](z,@%)

H1 2002 c,° NLO QCD Fit
Fraction of the overall diffractive =y 50205 (o oo erron
exchange momentum carried by ° "
gluons in NLO fit Q* [GeV?]

This fit to preliminary H1 data 1is used in following for comparison with
exclusive processes
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NLO QCD fits to H1 and ZEUS data

g Gev?)
N
T 6.5
N
Fit to H1 and ZEUS
data by
1= Paul Laycock,
Paul Newman,
Frank-Peter Schilling
90
This differ from H1 2002

fit, so could be larger
uncerntanty in PDFs

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

----- (exp. error)

----- (exp.+theor. error)
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ZEUS NLO QCD fit to F,P and charm

+ xgp <0.01 ZEUS (LPS)
- QCODNUM - fro I s “ =t T frous T
- Regge factorisation assumption L‘;“*‘”' ® ZEUS(prel) 97y | / 1 r*“"*’- | 0.0005
possible for this small data set =" ®*™" 1 P :
- DL flux N ETC | P
el R _ rL—‘——i"" 0.0012
- initial scale Q2=2 GeV? ] — "”/ | _—
- zf(2)=(a; +a,z+a3z?)(1 - x)a4 Eﬁf | / | ] jums
- other PDFs parametrisation tried = .| R .. il TM
0.06 | 1 t
* Thorne-Robert variable-flavour- o4} / . | | .
number-scheme 002f | : ,;/ .“,,,-'/4 e
i .
1 10 1 10 1 10 1 10
B QCD fit describes data Q* (GeV?)
0.01 Q"':cl GeV’ ﬂ.Dl-o ZELS g;;m Q2I=25 Gev®

(x° /ndf =37.9/36) i e

B fractional gluon momentum LL\ \’\

(82 T 8(Stat) T 9(SyS))% 107 11; = 11; A 107 1c; 2 mln i 1

B shape of pdfs not well constrained
[F,P®)cc from DESY-03-094]
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Diffractive D” in DIS

Q2>2 GeV?2 Q2>1.5 GeVZ
UY* X|p<0.04 X|p<0.035
g v c, ptP™>2 GeV/c P~ ptD*>1.5GeV/c
— 1000 = R
c, e [ ® H199:00 (prel) 2 ndl o ZEUS9800 |
: o jet = - B NLOQCD (H1 fit 2002) =107 © Xp<0.035
IP ] — -
_ N o & : — NLOQCD
= 2 - B .. af  ACTW it B
Xp T 600 -~ ¢ < 10° = ] L3<mg<L6GeVy
p E i ; :
400 - } 0%k -
Yg — CC 200 $ I ----- —
J :I 1 | L1 1 | L1 1 | L1 1 10 __I T IE
ik + Hi4 9900 peall) 0 02 04 06 0.8 0O 02 04 06 08
so— N(D*) = 140 +/- 16 yd B

NLO calculations with diffractive PDFs from F,P

D* Candidates | MeV

60—

Good description. Factorization holds.

40—

20—

Extract D* from fit to AM = M. - M,

i PO T T T N T T W T N T W N T N T T T N N TN N W N O Y
0435 0.14  0.145 045 0455 046  0.165  0.17
AM =M(K, %) - MK, 1) / MeV
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Jet Production in DIS

H1 Diffractive DIS Dijets

e H1Data H1 2002 fit (prel.)
correl. uncert. == DISENT NLO*(1+6, )
""""" DISENT NLO - DISENT LO
,E. 100 E. 100
R 2 90
ﬁ 80 3 80
N& 70[ 355 70
X L 6ol o 60
© S
T 50 i 50 g
“Remnant” 40 g
30 L
+— Gap | SR
) 10
p } Y ?],1 02 03 04 05 06 0.7 08 o'g'cte] E]2.3 22 -21 2 19 <18 -1.7 -16 15
Zp 10g5(Xp)
2 2 ~ 200 s
_ Qz +MX = Q2 +A4Jl gz 2 180 [ 2 300 ZEUS
Xip = > P > g o 160¢ 1%
Q2 +W Q2 +MX °-§"':‘2'g |+ 200 L5
E 0l | & g
= = 100 i
A 13" L
. . : 1 b 0 sy et
NLO calculations: DISENT o0 | R
. . . NN - log, o Xp
with diffractive PDFs %0 02 04 06 08 1 o ZEUS (prel)99-00
obs Correlated syst. uncertainty
®  ZEUS (prel) 99-00 " DISENTNLO ® had.
Correlated syst. uncertainty ZEUS-LPS fit
. : . . PGAP(dir.+res.) x 0.92 s DISENT 2 had.
good description. factorization holds | e 1 2002 it (prely
resolved only o

Vitaliy Dodonov, Diffraction at HERA, HSQCD Workshop, 20-24 September 2005, St. Petersburg



Jets in photoproduction

H1 Diffractive yp Dijets

Direct and resolved ¥ interaction: & FH Tt H1 2002 fit (prel.) dijet gluon
. . . . correl. uncert. == FR NLO*(1+o,_,)
") involved point-like into yp: X, ~ 1 ﬁ o FRNLO
. . g_ %. 800
"y fluctuate into hadronic system. X,, < I g g 0 mn
f 5 s00f ey : o 3 o0 & 4
..8 400 : o - B
| - ! 400 |
— . 300 * + L 550 B ____. ++
.x7 Zjets (E pz )/(zyEe ) i S o wff,-_+_
Momentum fraction of . b
. d b t' %.1 02 03 04 05 06 07 08 O_QIEtS1 %-1 02 03 04 05 06 07 08 D'%ets‘j
y carried by y-parton z, X

Ratio data/NLO for dijets in photoproduction

' T T T T o T T T T
P = 150 TS ] 31 &L 1R _-
= I'”-_ ZEIU‘: e i & "5-_ IIZELE’_ do0as ] * ZEUS(rel)9%:00
y — Qz/SX ) it resolved enric n:-i_'\i: i ) ot direct enriched x >0.75 St
T e Tl s e A === y
inelasticity 2 T vl & e { — NLO®had.
o 05F 3 {1 5 05} Semmmg—— { - NLO/(NLO & had.)
= 5 1 = P 7 R=1, H1 2002 fit (prel.)
1 1 1 1 1 1 1 1
0.2 033 046 059 072 085 0.2 033 046 059 072 085
. | 3

NLO overestimates dijet in photoproduction data
by factor 2 for both direct and resolved photon

Factorization fails
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Factorization failed in diff. yp, continued

Kaidalov, Khoze,Martin and Ryskin: In real photoproduction the resolved
contribution 1s suppressed by 0.34. (Phys.Lett.B567 (2003) 61)

But suppression of only resolved component by factor 0.34
1s not favored by these measurements:

H1 Diffractive yp Dijets

® H1 Preliminary H1 2002 fit (prel.) _ ZEUS

[ correl. uncert. FR NLO*(1+3, ), (xy‘ets<0.9)x0.34 , e :
o) jets = jets = [ * ZEUS(prel) 99-00 ]
0:9: roor NLO(X’Y <09)X034 1600 NLO(XY <09)><034 ‘E""; - Energy scale uncertainty |
o _eoof S 1400f 8 [ - NLO (R=0.34) 1
% S © 1200f E o \TO{: u:=ﬂ-34l )
- - Dhad. |l =

© ao0f o =t 1 2002 fit ¢
300 F 8oop & |,F|"EI-| -:
600 N 1
200 sl L ]
100 '- - :
N “f "*L"‘"_T“. 1 -
01702 03 04 05 06 07 08 t))(.gjet; 03 035 04 045 05 055 06 '(;65 0.25 0.5 0.75 1
bi uls

X

Good prediction with NLO when using diffractive PDFs gl(;bally
suppressed by factor ~0.5.
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Jets in yp with leading neutron production

P

etp—e +tn+jettjet+X

= Photoproduction (Q? < 102 GeV?)
= pQCD is applicable (Monte Carlo
models, theory calculations)

NLO calculation describes
the jet cross sections both in
shape and normalization

0 i ! ! ! ! ! ! !
02 03 04 05 06 07 08 09

; O Hldata
8 1 NLO (1+3,,)
= WL -- NLO
o =] -« LO
’CISV _g_|
= Vp
m ......
E% &
b 10 f T
© I
—1.
T S
6 8 10 12 14 16 18 20 22
jet
E; (GeV)
o) 600 | O Hldata
2 [ B3 NLO (1+8,4,)
.§X> [ - - NLO
5 500 .... Lo
\8_ : _____
o L T
S 400 YP
300 | 4%7
20f E P !
100 ; .................................

1
jet

jet
da,,/10g,(x: ) (pb)

do,/dn Il (pb)

w
a1
o

300 |-

250 -

200

150

100 |-

50 |

500
450

400 [-....
350 |-
300 |-
250 |-
200 |-
150 |
100
50 E

O | | | | | | | |
-2 -18 -16 -14 -1.2 -1 -08 -0.6 -0.4

O H1ldata
3 NLO (1+3,,4)
LO

-« LO

O Hldata

- - NLO
LO

= NLO (1+5,,)

et
Ioglo(x:T )
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Combinations per 0.5 MeV

Vitaliy Dodonov, Diffraction at HERA,

160

D* in diffractive photoproduction

First D* measurement in diffractive phoroproduction at HERA!

ZEUS

@® ZEUS (prel.) 93-00
0.001 < x,, < 0.035
——  Wrong Charge Background

Loa oo SUBERR . o d oo i b s il ol e o]
0.14 0.145 0.15 0.155 0.16 0.165 0.17

M(K7nmt,) - M(KT) (GeV)

Statistics:
450 candidates

= ZEUS = ZEUS
> """"""""""""""""""""""""""""" -D LELEL BN LA L LB B LN L B L AL R B LN LB AN L L
N ® ZEUS (prel) 98-00 (78.6 pb™") 1 = e R
3 6001 <1 <0058 £ . ® ZEUS (prel) 98-00 (78.6 pb™")
3 1 RAPGAP{HIFITE LO) X0.37 = RAPGAPHIFITZ LO) X0.37
= —  BCF4RES E >~ — BGF+RES
it oo semes RES :'i 100
i ©
o =
= [ | = 80
=
=10
S~
[ | e 60
=

1 "

10
20
.............................. inl [ P EPENE P SN PN B R
1 : 3 4 5 6 7 8 % 1d 0005 001 0015 002 0025 003 0.035

P, (D) (GeV) Xip
shape of data is well described by LO MC

NLO calculations are in progress:

* test whether the factorization is
hold or broken in diffractive D* PhP
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(1 High precision HERA data with wide range in Q? (1.5 - 1600 GeV?)
have improved our understanding of diffraction

L QCD factorization in dijets and charm:

* holds in DIS
 fails in photoproduction for dijets in both direct and resolved regions

» ZEUS: first measurement of D* in diffractive photoproduction

(] HERA-II: more data to come...
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