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WTHERA colliding experiments

27.5 GeV leptons on 920 GeV protons

Halle NORD (H1]
Hall NORTH [H1)
Hall nord (H1)

Halle OST (HERMES)
Hall EAST (HERMES)
Hall est (HERMES;)

p (920 GeV) :
e" (27.6 GeV)

ZEUS

Halle WEST (HERA-B]
Hail WEST (HERA-B)
Hail ouest (HERA-E)

Elekirenen ¢ Positronen
—=— Clectrons / Positrons

Frotons
Synchrotranstrahiung
wue Synchrotron Radialion
Raponnement Synchiotron

Halle SUD (ZEUS)

Hall 5OUTH {ZEUS) 4
Hall sud (ZEUS) /

Lots of results achieved in diffraction at HERA:
v _Inclusive diffraction
v _Exclusive diffraction
v Leading Baryons
and many analyses onqoing

Detectors not originally designed
for diffractive physics. Forward
instrumentation added:

ZEUS LPS for HERA T only
H1 FPS for HERA I and II
H1 VFPS for HERA II

H1 Integrated Luminosity /pb’

HERA I + HERA II ~0.5 fb-!

400

100

— 575 GeV
ep 460 GeV
= low E
HERAII

(2003-2007)

HERAI
(1992 - 2000)

1500



Inclusive Diffraction at HERA —

Standard Deep Inelastic Scattering

wmmmp- VIS probes the partonic structure of the proton

Diffractive DIS

wmp Diff DIS probes the partonic structure of
colour singlet exchange: DPDFs

B ) X v exchange of colour singlet producing a rapidity
jl P gap in the particle flow — LRG method

v the scattered proton intact or quasi-intact
(low-mass state) — Proton tagger method

The object exchanged carrying the vacuum quantum numbers (IP)
3



Kinematic variables

Standard DIS variables

W = y*-proton centre of mass energy

X (M,)
Q? = y* 4-momentum squared

x = fraction of proton's momentum carried by struck quark = Q2/W?

} Y(M,

Diffractive variables

t = squared 4-momentum transfer at proton vertex = (p-p’)?

qg-(p—p) QO +M;
Xep = ction th mom carried by the IP x,, = =
» = fraction of the p mom carried by the P g L

2 2
B = fraction of the IP mom carried by the struck quark [ = 0 — = 2Q 5= a
2g-(p—p") O +M; xp,

reduced cross section diffractive structure function
d‘c Al y® y?
= 1=y +2 0"V (B.Q*xpst) "V (BQY Xy t) =FPY — FP®
d,Bszdx,Pdt ,BQ4{ y > |0 (8.0 pot) r (8.0 ) =F, 2(1_y+y2/2) L

F,°®) integrated over t needed for LRG comparisons *




Selection methods .

LRG method
Large rapidity gap method (H1 and ZEUS):
— No activity in the forward direction
High statistics, p-diss (~20%)
Measurements integrated over t

0 80 64 40 24

FNC

«

it 1 1t 1§

LPS/FPS Proton tag methody i 1.pg

Dedicated detectors:
ZEUS-LPS for HERA I only i
H1-FPS for HERA I and IT Methods compaar"son
H1-VFPS for HERA II
Low statistics but no p-diss bkg and My=m,
Measurements of x and t 5
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Comparison between methods

6,03 (LPS)/ 6,03} (LRG)

ZE

Us

[ Z!EUS LPS!ITF{G ntale Averag?ﬁi . ‘
B=0.020 B=0.065 B=0.217 w
L
........ [ T S S A i
£=0.031 B=0.098 B=0.302
L
........ !--i--- E- R -.--.!.--:--i.--- o
o
B=0.019 B=0.055 B=0.165 B=0.441 -
s
........... $ RS I B Ry g e w8 ] -
B=0.037 B=0.104 B=0.280 B=0.609
L
.............. o8t e g 8. 8 3
B=0.100 B=0.248 B=0.526 B=0.816 "
2
1 1 % 4 i {- 13
---------------------------- PSP 3 S S 2 3
* ¥ ¥ ¥s
-3 2 -3 -2 3 -2 3 2
10 10 10 10 10 10 10 10
Xip

H1

| ® H1LRG/FPS HERA-2 (prel.)

® H1 LRG/FPS HERA-1

|

10 10
Q% (G

—
eV?)

ZEUS estimate of p-diss
fraction about 20%

No significant dependence
on p, Q? and x;p

Same conclusions from H1

Combining FPS HERA I and HERA II
data p-diss contribution about 20%

(H1prelim-09-012)

New measurements from H1! ﬁ
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First results from H1 VFPS

—
»  H1 VFPS Prellminary o H1 LRG Publishad x 0.81
H1 PRELIMINARY o H1 FPS Praliminary H1 2006 DPDF FIt B x0.81
H1 LRG Preliminary x0.81  ------- H1 2006 DPDF FIt B x0.81 (exirapel.)
o 004 Qsj-gﬁe‘fz fz0.022 [=0.045 [=0.089 f=0.178 [=0.355 [=0.708 New r‘eSLll'l'S r‘eleased!
[ P r ’
b& 0'02;_ A1y el IR Pen _m . |a.s _______ Yo _______
* ooaF @P=10.5Gev? VFPS:
0.025— s rﬂiﬁ‘-m—‘—wa.._m_.__?‘?\wu (Hl’prellm‘10‘14)
j 5< Q2%<100 GeV?
004F  Q'=17.0 Gev? ) -1
0_02; " -¢‘ . e WWK‘.‘_‘_'» :__ 92Pp$b
o0d cr-asocer ! (H1-prelim-10-12)
: o o, p
oo v T et S e | B Q24200 GeV?
00MF QP=37.0GeV? 4 ko R 157 pb-l
0_02;_ s ¢ TV T ta | Sy, | ¢;','%ﬂ LRG:
e : (H1-prelim-10-11)
0_023— ¢ WW“E*],‘M% QZ > 3.5 GeVZ
SRR, VT TRUOTTRTTT! RURTOOTTOIT ! ROVt IRTOTIN FSTTUTTVOTTl OO TR URIT I VT TONT IO 370 pb'1
001 002003 0.01 002 003 001 002 003 001 002 003 001 002 0.03 001 002 003 001 0.02 003

VFPS:Covers complementary x;, range w.r.t. LRG analysis, 20 times
higher statistics than HERA I data, VFPS normalisation uncertainty 5%,
low background contamination < 2%

All the measurements in agreement with H1 2006 DPDF fit B
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irst results from H1

VFPS .

H1 LRG Published x 0.81
H1 2006 DPDF Fit B x 0.21

[ H1VFPS Preliminary

H1 PRELIMINARY = et psiminey

H1 LRG Preliminary x0.81 ======= H1 2006 DPDF Fit B x 0.81 (extrapol.)
& M g=55ceV’ @’=10.5 GeV? @l=17.0 Gev? @’=24.0 GeV? @=37.0 Gev? a?=ﬁs{n Gav?
%._ i ~|p=':||0|0 ta a
L = - '
X C

004 x,.=0.013

/_}"‘0«04'

q

0.02 :_‘ b ! e s

004~ x =0.017

6 e Mg

S

LA
®
L)
T -
L

seiil

oorffoe T - F‘{k‘_. &
0.114:— x,=0.022 )
} i T
0.02 ?iul . i ‘ﬁﬁ'\i.,‘_/ +M M >
:...-l ...-.l-.....-l sogied ool o9 iipied lesipnl o @ el g owoeseinl Vol oo vpmed e g iisnd |oigeenl 8 8 sss ECEETTIT I EETIT jed 49 g il
0 107 1 10t ! 140 10! 1 10° 10! 1 1n? 10! L [ | 1
] H1 ¥FPS Preliminary o H1 LRG Published x 0.81 ﬁ
H1 PR ELl MlNARY @ H1FPS Preliminary H1 2008 DPDF Fit B x 0.81
©  H1LRG Preliminary x0.81  ------- H1 2008 DPDF Fit B x 0.81 {extrapol.)
& 004- ﬁ=0031; p=0.022 F=0.045 [=0.089 B:o.ﬁ[ra f=0.35% [f=0.708
= ; e = 84
DE 0'02-_9"" w‘?‘#‘ ofﬁ OM BM -7 W
>< Fe ’ . - -
004 Xp=0.012
oot AT | | e | e Positive scaling
: ‘ - violations visible:
004+ Kp=0.017
i 4 .
v | A e | _sst| _ser| —__ | alot of gluons in DDIS
L - - '..' - - 1]
0,04:— ®,=0.022
Mz:? 'j‘ B L » i __,,.-c—@‘ ﬁ___.?@é
Lol il Ll ol Ll Ll Ll vl il il il 1l il Ll
10 107 10 107 10 10 10 107 10 107 10 10 10 107
G [GeVY] 8

All the measurements in agreement with H1 2006 DPDF fit B
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Comparison between experiments

LRG LPS/FPS

* H1FPS HERA-2 (prel.), M,=M_

— X,p=0.003 H1 preliminary X,,=0.01 H1 preliminary
% © ZEUS LRG (M;‘<1-G GeV)'0.87 ' % 4| © ZEUS LRG (M,<1.6 GeV)0.87 4 ZEUSLPS {Inlarpnl.'_i, M"|"=“p
o ® H1LRG (My<1.6 GeV) 1996-2007 preliminary o 10 = HT LRG (M,<1'6 GeV) 1996-2007 preliminary g_ o LF=0.0018 I f=0.0056 [ §=0.018 | §= 0086 [ §=0.18 [ #=086
& 02| - Dipole model (C. Marquet) o -+ Dipole model (C. Marquet) "f'ﬁviﬁﬁ' C N C N
zv £ % S T B ; ¥
o o © ) & - ST o TRV RN TR
o9 B=0.027 (I=7) 103 w8 p=0.008 (1=10) M ool Bﬂl L L |
! =0.043 (1=6 Q).. ﬁ=0'013 ('=9) m :_ i :_ ﬂ" :_ i‘ :_ :_ :_i
oo POBRED b : Ly b e u, |
10 O'a | ooe'f.’",j" p=0.02 (1=8) ot N b N | N
ot B=0.067 (1=5) 102 g s 153 Gav' [ sF " L C
.eoﬁ". . - Bb.! p=0.032 (I=7) L - M ILW'- L B "
o® ; | e0oBd i - i F Lanlilt ax [B
Ll p=0.107(=9) o im. e B=0.05(1=6) I T S T | M SRR I SR S R M|
. 8! 0
} [ B .8 B Gﬂﬂ r r B r B
° ‘..w.. 10 of ' On (5=0.08 (1=5) G '_EM L E'_ ‘! X L .
1 g sPwew 0,167 (1=3) 1 .w’,..a""@'o' [ r [ - = -ﬁ [w niﬂ :‘ &
. .g.we.g-v pmom%' B=0.13 (1=4) 0 L1 L : Ll L |: L1 \ : L1 . |: L . : L
,,B.JJ-OIQI =0.267 (1=2) ] o ooaoo..l - 102 (2o s - 46 Gav® - - - - . - :—:
o-wTbe ¥ ® '..‘m.mwb'?ﬁ - » : - M : .huti_ g
; p=0.433 (I=1) 0 Qeo =0.32 (1=2) F A | A | A | N | N
1 o B o
101 oo sdBo T ' 000, #RIRONRD. d00- s [ BOGeV® [ i - PR
-1 B=0.5 (I=1) - - L L L B
T B=0.667 (1=0) 10 o anommonb do0.dg [ C [ [ i!IZ oigl s
BOTY8o opﬂqu B (=0} i} [ 1 P | | I | i | | M 1
=0.8 (I=0 s F F = F C
admbdog e g 0 200 GeV™ - - - {.‘ 0 {
107 > 107 - - - L !i-#} ‘g
1 ¥ 10 10 ¢ '1|:||‘jl 'ﬂr‘ ml" '1::" iul" '1u* inl" '1::-" '1u|" 'm* inl" 'm"
Q® (GeV?) Q® (GeV?)

Xp

ZEUS LRG 62pb-! pub. (High stat precision) G?Od agreemenf, 15%
Compared with new prel H1 LRG 370 pb-! dlffer'e.nce. in over'all.
13% difference in overall normalisation “9""}°|'5°*'°" ‘fO"}PGT'b'e
compatible within uncertaintes within uncertainties

Both H1 and ZEUS inclusive data used to extract DPDFs é 9



Diffractive PDFs

QCD collinear factorization theorem proved also for DDIS (Collins 1998):

oy p—>Xp = [,(2,0',X,,,t)®F,.(2,0’)

variables describing proton vertex (x;,1) factorize from those at photon
vertex (p, Q?) to good approximation

Proton vertex
factorisation

o(7'p— Xp) = [, (x,,,)% f,(2,0) ® 6 _ (2,0°)

N\

. DPDFs:
. t
Regge motivated __¢€ Universal partonic distribution

omeron flux: Xpsl)=———— ; : :
pom flx: fip (X1p 1) x 2o function, obey evolution equations,
) apply when vacuum quantum
Op(t)=0,0)+0,t numbers are exchanged

z is a generalisation of p: fraction of the IP
B and a(t) extracted from HERA data ,.om carried by the struck parton




Proton vertex factorization: f,(x;.t)
— |

H1 Preliminary 02 H1 Preliminary
dO' m QE_L 12 _ ® Regge Fit with o,(t=0,0%) “; ' 7 ° Rggge Fit with o ,(Q?)
o< e 81-175 7 o,0(0) exp. uncert. éu_u-, . o’ |p 8Xp. uncert.
dt 1.15? { ; 01f
ZEUS 128 0.05| [
_ 2,5 GaY 5,10 GeV 10:M, <40 Ga¥ 11F } } 0 5 } {
h';;. « ZEUSLPS33pb'}--- peesscev® | 1.0751 .
o B "!._ [
E 10 F i i i E 1.05 :, -0.05:
N e A E— g A I"E?Lozsi“”.m e S e
sp # T E T 'E 10 10° o 10 10°
} Q? (GeV?) Q? (GeV?)
0 H+h H HHHHH—HHHH HH——HHHHH—HHHHE HH—+—+HHH .
: . Regge fit results:
e bp o bopo b5 NS ZEUS:
s ¥ a,(0)=1.11%0.02(stat.) + 0.02(syst.) + 0.02(mod)

0 b s s g st 2 = —0.01+0.06(exp.) % (systy.) £ 0.04(mod ) GeV

b I i § b =7.1%0.7(stat.)’;" (syst) GeV >
T T wes:
R E e — — @, (0)=1.10+0.02(exp.) £ 0.02(mod.)
P s = : )
b does not depend X &, =0.04%0.02(exp.) £0.03(mod.) GeV
on p, Q2 at fixed xgp: b =5.7+0.3(exp.) £ 0.6(mod.) GeV ~*

consistent with factorization DL: @, (¢t) =1.08+0.25¢ R
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HERA Diffractive Parto

The vertex factorisation allow to extract DPFs fitt

n densities
4—_

ing p,Q? dependance at

fixed x;p from a fit to the HERA data (inclusive+jets): evolution in Q2 with
DGLAP equations, parameterise q and g densities at initial scale Qg2

Combining inclusive and dijet
data constrains g and g
densities with comparable
precision for all z

— H1 2007 Jeiz DPDF
- exp. uncertainty
|:| EXp. + theo. uncemainty ;g5
—— H1 2006 DPDF fit A

z-gluan(z)

H1 2006 DPDF fit B

zfq

Reasonable agreement ZEUS and H1
A final data set of inclusive data is
now available from H1 and ZEUS:
plan to extract HERA DPDFs from
the H1+ZEUS combined
(reduction of exp. uncertainties)

0.04 — ZEUS
0.03F
0.02}

0.01F

exp. uncertainty
- = ZEUS

DPDF SJ

— FZEUS DPDF 54
exp. uncertainty

| — — ZFUS DPDF G

DPDF C

H1: EPJ €48 (2006) and JHEP 710 (2007).
ZEUS: NPB 816 (2009) and EPJ €52 (2007)

12
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A
(2]

- Several QCD factorisation tests...

S je
‘— d(z.)
5 Q)

"Final states with a hard scale, sensitive to gluons are a good test! 7 P

@S
/

Dijets in DIS Charm in DIS

zEus ZEUS I{Eﬂ &  H1 Displaced Track Data
T T T T T T T g T T % 0015 T T i o i HiD Data
Bl o2 Gt 2 %01l Qacevt |5 Q%25 GeV? ¥ D02- ¥ ZFEUSD
"& . X,=0.004 ><E X,=0.004 H1 2006 DPIDF Fit A
e H1 2006 DPIDF Fi B
s 0.01
@’ = 35 GeV? }
0.005} 1 00T . - 0.004 X
0.005 -
! A\
0 ‘ L. 0 ‘ ‘ o L
R . R R . R -1
10° 107 10" 1 10° 107 10" 1 10 o
B B B
2 2 I
o« - - ™
Eu_wo'oz Q*=4GeV® | § Q%=25 GeV? !%c 0.06-
2= Xp=0.02 o2 0041 X=0.02 [ @® = 35 GeV®
* pos|
® ZEUS diff D* 98-00 ¥ = 0.018
—  ZEUS DPDF SJ
-~ ZEUS DPDF SJ (extrapolated) 0.041
0.01 DPDF exp. uncertainty 1 002l |
- D.03[
i $ D.02-
DPOF am =scedary ‘ ‘ ‘ ‘ oot .2
o . . L L 3 2 -1 03 2 El
0 0E o4 DB 08 1 10 10 10 1 10 10 10 1 - e
B B 167 10"

ZEUS DPDF SJ and H1 Fit describe well the diffractive Dijets
and charm production data (although still statistically limited)

The factorization holds in DDIS! 13




— Forward jets in DDIS —

1 central jet + 1 forward jet + FPS proton
New H1 results on DDIS using FPS in a wider x;, and n; range

No evidence for effects beyond NLO DGLAP (pQCD contributions breaking
DGLAP p; ordering at low x > BFKL)

e
Uiy
1 ceniral jet + 1 forward jet 1 contral jot + 1 forward jat M,
H1 Preliminary

£ — Hi FP& Doia (Pral ) _
1.5

b Faplap 1.
[ == oPoF Fi B/ i35

R do/d<pt™> ( pb/GeV )

(H1 prelim-10-013)
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New F ° measurements at low Q?

4—_

At fixed p,Q? and x;, F\° can be extract with a linear fit

O.rDG) (167Q27xIP) = FZD(3) (,B,Qz,xlp) - F

H1 Frellminar]r

0.03
S [ o ‘

o [ Q=4 GeV E, = 820 GeV
=4 0025 X =0.003 E, = 575 GeV
™ - [ =0.033 E, = 460 GeV
2 oo

i [ *

a [

o i

oorf +
ook zl
r Q2%>2.5 GeV

0usE E > 3.4 GeV
T e v T T —
yily,

2

D(3)
y* !
H1 Preliminary F
:b 0.03~ Q°=4GeV* Q* =13.5 GeV*
= X,p = 0.003 X, = 0.003
a 0.02F
X N
oo e o=l
o - J—
> ol 1 \
H1 prelim-10-017 ﬁ t
L EﬂﬂgﬂDF‘DF Fit A H1 EﬂﬂgDDF'DF Fit B
o D2 —EpFL —Xg
H1 prelim-09-011 R L
1072 107 1

* F.® probes directly the diffractive gluon density
* Measurements are consistent with NLO QCD fits 15



Leading Baryon

__—_

ZEUS

LP produced via é:
exchange IP, IR, ¢
n0. IR exchange °,
dominates at £

medium x_ 0

e ZEUS 12.8 pb'1 — Szczurek et al. (a)

2
p%Aﬂ.S GeV: Pomeron ‘- - TN
QI3 GeV?

45AWA225 GeV
° [ ]

....... Reggeon ——— TEA

LN produced via
charged exchange
reactions n*, p*, a,
Dominated at large x;
by n* exchange and at
low x, by standard
baryon fragmentation

ZEUS: LP DESY 08-176 JHEPO6(2009)074
LN DESY 09-139 Nucl. Ph. B 827 (2010) 1-33
LN DESY 07-011 Nucl. Ph. B 776 (2007) 1-37
H1: LN DESY-09-185
LN H1-prelim 10-113

=]
c
_ [ -:= LEPTO-SCI-GAL
o] 20 |- — 065-RAPGAP.r + 1. 2.DJANGO
L] C
——
]
=]

......

.0 pp<x_ 0.69 GeV
P I T T T I Tl
04 06 038 1
XL

X =1-xpp
fraction of the p mom

carried by the LB
16



LN x, and p; distributions

ZEUS

] Systematic
unce fainty

=
-

“‘FGep — ejjx}dﬁep — ej]J(n‘l’de

e
=]
a

...........

0 [ |
0.

0_2|||||||||||||
- ® ZEUS 40 ph"
Eg—)ejj!n
< 1Gs¥?
pl <0476 x2 GeV
015

----------
L

e !

I T T T | T 11 I LI

RAPGAP E
RAPGAP - mexch.
== PYTHIA-SCI

TN T T T T T A I i
203040506070809 1

ZEUS pub-09-139

LN+Dijets PHP

of x_ and p; dependences for inclusive neutrons and dijets+neutrons

XL

‘4
d’s/(dx, dp2) [nb/GeV*] H1 Preliminary
om 032« x <042 200 :_ 042 <x <05 150 :_ 05<x <058
150 M 150 -
100 e e, 100 ;
50 50
u F --I---I---- D E 1 1 1
0 0.02
P [GeV?]
o [ 058<x <086 | o b
100 ;y—l_‘_|_ 1

o
________ *
B 50
u : 11 1 | I 11 1 | D :l 11 | I | | I |
0 005 0 005 of
2 2 o
P [GeV’] Pt [GeV”]
10 ' pg2<x<09 09 <x.<1

¢ H1 Data [Prel.)
- 0.65xRAPGAP-1

1.21<DJANGO

H1 prelim-10-113

6 < Q2 < 100 GeV?
MC mix of n-exchange and standard fragmentation gives a good description

— 0.85RAPGAP-t

+ 1.21x<DJANGD

17
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LN structure function

tht:!]l 2

) (@,B,x,) H1
O.LN(3) (ﬂ Qz xL) :FzLN(3) (ﬂ Qz xL)_y_FLLN(3) I:F 7306V @f =11 0e¥" @ =16 GeV" Q° =24 GeV* 0°= 37 GeV" OF =355 0oV OQF =32 GeV”
o . . %, =037 M:_'l,_‘ :_1\‘ _l‘l' _ :_ :_ ll" :_
Assuming p vertex factorisation: ot et Furut ot Fuur ;.I.\.‘.'.. f..\..].. o b .i.h..
FZLNG)(ﬂ,QZ,xL) =f(xL).F2LN(3)(ﬂ,Q2) tL:m 'T“I 1 E‘.‘Ih'.h'l | 'I"‘; | -lI“'I. | é Ih‘l. 1 é | ”I“I E | Tl.l
" . s b InC B EnG EN B ST
FI'I"I‘mg FZLN WI'l'h "'ﬁ A n:..t'lh'.ll N :NI\.T Il RN 'TM.lhl :.|\T..| L :.‘tl [ .Ith.l
A indipendent to x (consustem‘ with _ *t . 2 - - " -
084 - | A :
vertex factorisation) ™ T"“;l - ::}Ll h‘d L ™ T
* Lincreases with Q2 from 0.23 to*™"" ™ :“?l J“‘?l :"J\l | T‘LJ l ‘I'-.J l e
0.3 (similar of proton F,) which is  «f [ A T N A 2
consistent with the hypothesis of -2 ¢ N A N 2 ;
limiting fragmentation I S T TR R S e ;‘.in'.ﬂ.,

Wl N 000 e T VI i T T B s S APV e S AV B B S VT I
w? ' o ow' ow® o w' ow® 1wt w? ow” w® o' ¥ w?

3
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Pion structure function
4_—_

F, (x.=0.73/r ,T, =013 H1

Assuming proton vertex factorisation
and the dominance of w*-exchange at
high x, we estimate pion structure

function from F,NG) at 0.68<x,<0.77

F}(B.0°) =F2LN(3)(ﬂ’Q2’xL)/F7r(xL)
T, = [ frr,(x, =0.73,)dt = 0.13

R £ &

Pion flux parameterisation uncertainty
~30%

B £ B

o
e

=]

=

w0 Iili-'l'= i 1w
Contribution of neutrons from _ f p b
fragmentation (estimated by DTANGO) osf . :; Em

is ~25-30% and p, Q? independent osb 2

0z f

......... ABFKW- m 1 HLﬂ
— 2/3F;, H1PDF2009
T DJANGO=1.2T,

Contribution from p or other bkg .
negligible in this x, bin ’ 0

19



Exclusive diffraction —
DVCS ¥ p—=

v'Fully calculable in QCD
v’ Gives access to GPDs
v' no uncertainty due to

VM wave function

VM decay particle and
nothing else in the main
detector!

] Signature:

| —

W and t cross section dependence for VM and DVCS

to investigate the transition from soft to hard at HERA 20



T —

Soft and hard diffraction

VM

IP

2-¢l h
Pomeron trajectory: (gc;%f[') ;D:; Egge

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

Gluon density in the proton

{ oo [xE(x4 )]
U

2 2 2
<(Q " +M,;)
Fast increase of cross section proportional to
probability of finding 2 gluons in the proton

o d Expected to increase from soft (~0.2, “soft Pomeron”)
O'(W)o< w = to har'd (~1., "hard Pomeron®)

do bl b expec‘l'ed to decrease from soft (~10 GeV-?) to hard
Z“e ) (~4-5 GeV-2)



VM photoproduction: W-dependence

_4_
(YD —Vp) Phys. Lett. B 680 (2009) 4-12
. olip=Vp, Q=0 ZEUS
'-é I ot YP) W E L LA AL A B B
=102L W’ E = 4 --- RSS Gouss B ZEUS(9%-07) 468 ph' -
o F o -+ RSS, Coulomb & 7EUS(95.97)
= - - IKS, p=13GeV H(%4-97
o M" o(YP — PP) wo* g_, — 7 ﬁ;ﬂ:ﬂf o T
3 10 b S, OW LDB N - :{h:ifwmm
wn =
S %&%’é of (1P — ©p) we= Y

1_ - - Wwo-22 u.s:— Y
E W F T T sp s op) i

-1t B o -
107k 04r T
3 o(yp — J/yp) - S R it

i : R e
2f 02— - +: e e
- ‘r.r-ﬁ -

M K _ E %3: ( (2S)p) v M.,.-.M_;;-_-_-..-.-.:-.:_-.:--..'_'.:.':.' i
ol oS TR L R e T
c — S W (GeV)
| (p — Y(1S)p) ,@ﬁ'/@/ecenﬂely Y:
veE published
1 10 10° 6 - 1.2 + 0.8
i 5 W (GeV)
Fit: o~ W Consistent comparison with
pQCD models
As the VM mass increases, the process Sensitive to VM wave
gets harder: large M, supplies a scale for function (Gaussian-li
hard processes — apply pQCD models light-cone WF favoured)
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ZEUS: JHEPO05(2009)108

W -

H1: Phys Leﬁ B659 796-806, 2008

2 -
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A H1HERAIllep]

[ * ZEUS 61 pb™ -

o ||||||||| i Lo [FETERREEE i Lo iiai v [FENEEREEE :

Q? (GeV?)

dependence in DI
Fit: o~ W2

ey 0 [JTTTITTIIUIT T r [T T T[Tt [TrrrrrrrT [TT I T [ IT T I T I T[T Tt ]

S

1

10 nyk]
DESY-09 -093

WP+¢P
e} c)
Ea v 2.
102l Q*[GeV?] |

2 3.3

1 Ki/!’i’i

Q.

£ 6.6

’ H/{I

— fite w6 E

50 100

DVCS W dependence shows a hard regime even at low Q?

—

o

—
o

= 1.6

1.4

1.2

1.08 |«

TP PP

& H1i
B H1sV
T ZEUS

e p—=dvp
—* H1i
- ¥ ZEUS

L
vrp—=o0p a) |

4 Hi -
A ZEUS

DVCS
¥ Hi

ot)=4(op(r)—1)

{cr(mﬂcwﬁ

200
W [GeV]

W= +M?*)/4

0 encreases with p?
(from soft to hard)

fw 0)=1+8/4+a, /(|t])
—

Common hardening of a;(0) with p?
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b (GeV?)

t dependence

—
~ _ZEUS g 10
< | > — Dipole model
% ® ZEUSLPS 31 pb Dvcs (3 8 --- GgDS model H1
5 o i
i ° e N —%
EON i 4 7 e H1HERAI
O H1HERAI
L g 2r O ZEUS HERA|
| &P it W = 82 GeV
| W 7 O~ H0 15 20 '2'2' 30
<
 b=451+13104 &[GV
0.1 0.2 0.3 0.4 |t| (GO:VZ)
_ Same slope for all VM vs p2
14 .
T "‘\"H\HH\HH\HHMHWH‘F + I I I il H
i N o PP SP=EP 1 « Db characterize the
| commp (9 2R W ome £ ZEE | size of interaction
o 7EUS 1998 1° 40 _EJJ g b ep > Jwp ) o
% ] i * I large dipole for light
. 8 pvcs 1 VM, the size became
§§ s ; 7 i ¥ Hi < ZEUS ] " . h I
{ 1 e[ vy 1 smaller with scale
. * + 0 ¥ o
4 = e —
T LF 1 1 + b decreases with p?
0 5 10 15 20 25 30 35 40 45 - H1 a) (fr'om soft to har'd)
@ (GeV) "5 10 15 20 25 4
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Two pion electroproduction —

ZEUS-prel-10-012 Two pion mass 0.4<M__<2.4 GeV - 2<Q?<80 GeV?

T f o . . . ' "

200 —— Fit with 3 resonances: p, p', p

- ¥’ dMNi M 8

— o Thar) _ NI IF, (M) + 55

= ; — toial fit T A
m=

@ FTT{M‘“““‘} — .BW[;J]I-I—{'}'EW((J"}—|—‘;BW[{1”]

: ' 1+ 3+
1 \\ ! -

Parameter ZEUS (prel.) PDG
M, (GeV) 772+ 272 775.49+0.34
r, 1555+ 2 140.4£1.0
1w 3 —0.27 £0.02 £0.02
4 M, (GeV) 1360 £ 2072 146525
' [ 460 + 3012 40060
05 075 1 135 LS 175 2 128 _ o
A sy - 0.10 + D.D?_ﬂ,_ﬂi
L ZEUS : M, (GeV) 1770 £ 20712 172020
§ 1T ZEUS (prel) 82 pb’ 1 [ 310 £ 3073 2504100
12— ° p‘f .
i S | ] Q? dependence:
R : p'/p increases with Q2
. : (consistent with pQCD expectation: Martin,
6 . .
i ] Ryskin, Teubner Phys.Rev. D56, 3007, 1997)
45'— . . i =
* ] p"'/p flat with Q2 o5
L R A e I

QF IGeV

-
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Summary
A lot of data analysed and new measurements are coming:

. \t;lfpwsi)nclusive measurements presented (first H1 measurements with

- NLO predictions using HERA DPDFs agree very well with the data
(see charm, dijet, forward jet, etc.) fact holds at HERA
- Combinations of H1 and ZEUS final results underway

. Plgc:a[<:sise measurements of LN (x_ and P;?) presented in PHP with jets and
in

- Pion structure function estimated from F,N

- New exclusive measurements presented (two pion production)

- VM measurements allow the study the transition from the soft to the
hard regime

HERA represents a powerful ‘instrument’ to understand
diffraction in perturbative regime and to complete the
mapping of the proton structure



Backup
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ZEUS diffractive QCD fits

‘—
F27£4) (xIP ’t’QZ 9 ﬁ)

= [ (xps)F,,(Q°, B)+ f (x,0,)F, 1 (QF, )

Regge factorization assumption ==——p
DGLAP evolution equations
(QCDNUM)

Heavy quarks contribution treated
within TR-VFNS scheme (H1 FFNS)
DPDFs (q and g) parametrized

at the starting scale Q,2=1.8 GeV2as: Zf,, . (2,0,)= AqZB" (1-2)“

f,(2,0))=Az"(1-2)"
Fit C (constant) gluon parameters: B ,=C,=0 (~H1 FitB)

Fit S (standard) gluon parameters: B, ,C, fitted
Fit SJ (standard+dijet) gluon parameters: B ,C; fitted

Q?,.in>D 6eV? (H1: Q?,,>8.5 GeV?) -



Diffractive Dijet Photoproduction -

escatter ::.EE e + CDF data
TEVATRON| —— F "vﬁ:lé-\ulﬂ with ? W[ S ELN2, 7 GoV
g {:ﬁ}a&a - (Q-75GeV?)  0.035<£<0.095
jet : 't|<1.0GeV”
Rapidity Gap Survival i 10} —,
probability S2~0.1: E
Multi-Pomeron exchange 0L
absorptive effect, etc...
0.1 L — H1 20086 DPDF Fit A
) E_— |-.I1.2E.E.E.D|PDFF“E: T
0.1 1
) Rescauer b
with p?
L ey, Resolved . |
Direct jet photon jet
EHD‘I'GH jet (xy<1) jet
(Xv N 1) 9 (2#) g (zs) > | HERA
é «— GAP 4}
wWe2 _oqu
S5°=1 —O - —O .

The strong suppression observed at Tevatron can be studied
also at HERA using dijet cross sections in resolved dijet PHP
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Diffractive Dijet Photoproduction

data / theory

ratio to ZEUS DPDF SJ

-'_

ZEUS

T T T
e  ZEUS diff dijet yp 99-00

ZEUS DPDF SJ

DPDF exp. uncertainty

== H1 Fit 2007 Jets x 0.81
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() 4
DESY 09-191_5

|

10 12 14
Er [GeV]

H1 data ! theory

& &8

B NLO H1 2006 FIt B = (1 48m)
[ | data correlated uncertalnty
---e- MLO HA 3007 Fit Jots = (146
v HLOZEUS Sdx 1.23 x {145

4—_

ZEUS: E; i¢t1> 7.5 GeV

Good description with no evidence
for suppression on any variable

ik} |

i@ 1=

" [Gai]

H1 data / theory

H1: E; i¢t1> 5 GeV
o(data)/o(theory)~0.6+0.2

Results compatible (~20) with
ZEUS

Results also compared with a

refined gap survival model
(KKRM) hep-ph/0911.3716

En NLO H1 200€ Fit B, KKMR supprossed x (1) [hgp-Ph/0911_3716]
| data comelated uncertalmty
—-—- NLD H1 2006 Fit B, raspiod » 0.34 (15w
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Q2-dependence

—
DESY-09-093
p? (M2p = 0.5 GeV?) % (M2p = 1 GeV?)
c - H1 1°e - H1 ( ) 2)—11
£ v E | TP 0P
bmdfo% -:1_>pp__b103;— * H1 E O.OCQ +M
o f °u, m H1SV : m H1SV
07y " 0 T 02| Yo, Clm Fit to whole Q2 range
02| R ~ MRT *%q‘. = MRT gives bad y?/df
:ﬁ\. 10 ' ﬁ"*i’::e E
10 rp—opY A L rpooY b T
i A H1(x05) a “m 10 4 HI0s) i "§;.,,_g |
1 — M, <5 GeV " y< e ; !§ ;
10" ;_a) W = 75 GeV _ 10" éb) W = 75 GeV ! ,
. 1w 1 10
Q%+M?Z [GeV?] Q%+M? [GeV?]

= high precision for elastic p,¢
cross sections

Good H1/ZEUS agreement

o Q°
o @°

0 GeV?, n~2.00+0.01, x*/ndf ~ 10 (n # const)
10 GeV?, n~2.50+0.02, x*/ndf ~ 1.5

= good agreement between

>
> H1/ZEUS
»Steep decrease of o with
increasing Q2+M?

= similar for p-dissociation
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Q?-dependence

__—4
ZEUS .
— Ty LRI T LA R R | T T LA LR Flt to WhOIe Q2 range
T s W=90GeV (a) | ___ (b) - . 9
=10 42 E : gives bad y<4/df (~70)
(=} ]
£ %O :
T103 i « i
Q - - -
T1o? ] ] n increasing with Q? appears to
be favored
10 4 4 B100- - H1
- Yp=0% 1 Ei
1 . o zEUsie0s 1 . 2
4+ ]: --- FSS(SatGauss) __ I o 10
10 E—_KM_ 1 L 1 T Fss !N:Yt DGKP) - < |
o T --- FSS (No§at-Gauss) i | e H1
2\1 ] | & ZEUS
10 2 hlgh Q il L u !IQW QZ Al — Fit
10 10 10 10 1 10 10 " a)
Q(GeV) e
2 T e H1HERAI = T s
5‘,,105' H1 © H1HERAI ZEUIS 10ng/r~,\v2)
L O ZEUS HERA | z | | | | Rl ek
&2 — Dipole model =l ® ZEUS61pb! — Qz"f't @@ |
L ¥ - GPD model g7 W =104 GeV E
g n =1.54A0.05
| DVCS o |
10 F  w=s2Gev T i ]
| PPN BRI EMEVEPEE EPEPEPITE AT B 10'17 | B
0 10 20 30 40 50 60 70 80 90
For DVCS: n= ~1.5 <Q*[GeV’ ° 20 “ %0 % 300

Q2 (GeV?)
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Pomeron trajectory in ep collisions

From SOFT to HARD..... , [T T ,

— ! a(0) T — ]
alt)=a0)+a't O i

In electron-proton interactions: 0.8 W T TT T ]
As the scale gets harder the o o o J/uo o
intercept grows up to 1.2 0.6 | i
The Pomeron slope is around ~0.1 li l l ll l |
0.4 ¢ .

] (\'I% 02 : 77777777777777777777777777777777777777777777777777777777777777777777 _

H1 P : % :ﬁﬂ ﬁ] : ¢ #‘ 7

s . FtELIMIh{ARY s o 0 ]
; i—0— 0méga+H1+Z§EUS Daiaj ] | Jﬁ ZEUS
1.10} Eorer::a;i(:ng;:iut :”';;c-':”"" ---- 02 Lecoiiiiiii, \ ‘ H1 L

| Donnaco & Landsho 0 2 4 6 8 10 12 14 16 18 20

Q*+M,*(GeV?)
p (light VM); elastic production (low |t]):

AN Z= a(0) = 1.087 £ 0.003 £ 0.003
- :L ) - ‘ Flastic p° F:'hotoprod_uction a' = 0 - 1 26 i O . 01 3 i 0 . 01 2 Gev_z
0,00 s '2.2 . measured in h

H1-prelim-09-016 33
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H

s Hard scale provided by + 7}

» t dependence no longer

exponential

Fit:

3

-1

r (W) =281GeV
r z>0.95

10 '

¥

o

N
~
N
“

, 2 < |t] < 4 GeV?
, 4 < |t| < 16 GeV?

P I N WA
2 4 6 8

10 12 14 16 18 20
It| (GeV?)

igh |¥| measurement of

10

J/y

Al

—
ZEUS

Jeus  DESY-00-137

< e zeustizpe’ | B f e zEUST2p
¢ 10 - O H178pb’ E~ 103k O H178pb’
2 --- EMPLL % --- EMPLL
< —— GLMNLL 5 i GLMN LL
O FSz T i

= £ 102

3 5 102}

i 1

e i

[=]

T 10

-~ .
/, 5 _;,;—;41" 10-20 -
e ;’» - ()
:’ ’ f”-:'.:.:
=
7 . | . E
50 100 200

W (GeV)

*s vs W in T ranges: data rise with W for all t
"EMP (BFKL)below data

*GLMN (DGLAP) fails at |t|>BGeV?
FSZ (W dependence of ¢ depends on the gluon
distribution): describes data up to |t]|=12 GeV?
* None of the models describes the data over

the full t-range
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