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Presented by B.Loehr on behalf of H1 and ZEUS
Data from the running period 1999-2000.

The (almost) 'last word' on inclusive diffraction from HERA I.

In the HERA II setup the ZEUS detector lost components for
diffractive physics, namely the Leading Proton Spectrometer (LPS),
and the Forward Plug Calorimeter (FPC).

The H1 detector lost the Proton Remnant Tagger (PRT) but kept the
Forward proton Spectrometer (FPS) and even added a

Very Forward Proton Spectrometer (VFPS) and some silicon based
detectors in the forward region.

Measurements from three different methods.

We attempt to get a consistent picture of inclusive
diffraction from both experiments and from all different
methods for this running period.
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Methods to measure Inclusive Diffraction

ZEUS Leading Proton
Spectrometer (LPS)

Number of events
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1.) Detection of the scattered proton:

- diffractive peak at x_

- no contribution from proton dissociation events
- contribution from Reggeon exchanges

- only method to measure t-distribution

- small acceptance -> limited statistics

[

2.) Rapidity gap between incoming proton direction and
first particle seen in the detector: :

- contributions from proton dissociation events
- contributions from Reggeon exchanges
- large acceptance

----- eup{o-b{inkg") —_— axp(e+b{Inki)
- ) . . -DJANGOHSATRA:-tRHon+s:NG(M.<2.3 Ge\) = S:':(:E-:l-(pz.].;a\n
3.) The My-method: exploits the mass distribution S SATRAP - RHOP+ SNG4 2.3 0o ® DATAZSANGOAL>3 0
of the diffractive system L szo o v ]

Q'=40-50 GaV

- contributions from proton dissociation events
- no contributions from Reggeon exchanges
- large acceptance

All three methods initially measure
different mixtures of different processes.
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H1 and ZEUS Data Sets

FPS 284 pb-! Q32=27- 24 GeV? Eur.Phys.J. C48(2006) 749 no p-dissociation

LRG 74.2 pb-! Q3= 35-1600 GeV? Eur.Phys.J. C48(2006) 715 corr. to My < 1.6 GeV

ZEUS.
LPS 32.6pb-! Q2%=25- 406GeV? no p-dissociation
LRG 622pb-! Q325 -2556eV? corr. to My= m,

FPCTI 42pb! Q3%22- 80GeV? NuclPhys.B 713 (2005)3 corr.to My« 2.3 GeV

FPCIT 11.0pb-! Q2=20- 40 GeV? |_hep-ex 0802.3017, corr. to My < 2.3 GeV
52.4 pb-1 Q? =40 - 450 GeV2J accepted by Nucl.Phys. B corr. to My < 2.3 GeV
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E Diffractive Cross-Section and Diffractive Structure Functions @
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sizeable only at high y, if neglected F,=07

If 1 is not measured, i.e. integrated over: " (B,Q"xp) = [a7"(B,Q’,xp, Ol

d'o,. 2ra D3) /(2
7P = (1-y)* | o7 P(Q%, Xpp, and anlogously | 7 (Q°,x,, 8)
szdX“:)dﬁ ﬁQ2 [ ( y) ] O-r (Q IP ﬁ) 2 IP

Hluse o %(Q% x,,8) ZEUS use F)¥(Q?%,x,,,8) for the My results and neglect
longitudinal contribution.

Bernd Lohr, DESY Low-x Workshop, 6-10 July 2008, Kolimpari (Crete) Page 5



Factorisation and Diffractive Parton Distribution Functions

Diffractive DIS factorisation: proven theorem

Ao?= XY (2, Q% t) = Y fP(2, QR g t) ® d6%(z, QP)

- /) - J
' Y

universal diffractive parton hard universal
distribution function (dpdf) DIS cross section

Regge factorisation: not proven hypothesis

E.Ept

fiD(I? szxmvt) = fﬂJfP(IP?t) ’ fz( - I/I Qg) WlTh fPfP(IP?t) - ‘th ’ Iﬂczjn(t]l—l

s

This is the basis of the Regge fits used for the LPS/FPS data and LRG data
to separate the diffractive (Pomeron) contribution from the Reggeon exchange
contributions and to perform NLO DGLAP fits to its (Q?, B)-dependence ( see later).
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Regge Fits and DGLAP Evolution of the Pomeron Structure Function

Diffractive cross sections obtained with the FPS/LPS or LRG method may
contain in some kinematical regions sizeable contributions from Reggeon exchanges.

Simultaneous fit and separation of the contributions by:

fmp(xa sz :E_Pﬁt) — fﬂ:’fp(mﬂ:‘at) ' fi(ﬁa Qg) + R - fﬂ?fﬁ(mﬂ:‘ﬂt) ’ ffﬁ(ﬁj sz

Pomeron contribution relative Reggeon contribution
normalisation

E'(B,Q%) =X f.(B,Q%) diffractive (Pomeron) structure function

f(8,Q°)  obey DGLAP evolution

Regge fits and DGLAP fits are performed simultaneously by H1 (see later).
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ZEUS BEKW(mod) Fit

Fit with BEKW model
(Bartels, Ellis, Kowalski and Wusthoff, 1998)

D(3 T L T
® zply S =cr - Fagter - Loggteg-Fyg Dipole Model
Pl = (2% (@) 6(1 —6)
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xp )nL(Q ) Q2+Q2 [ln( —|_ 46Q2 )] ) /63(]' - 2/6)2 )

FT = (20yng(Q%) . In(1 + %) (1-8)

499 TP S

2\ Q? 2 Q?
assume ny(Q?) = ey +c7In(1 + 02 5), n(Q7) =es +egIn(l + Qz),
0 0

ng(Q%) = cg + co In(1 + gz)

e

The ZEUS data support taking n.(Q?)=n,(Q?)=n (Q?=n,In(1+Q%Q%)

Taking x,=0.01 and Q?;= 0.4 GeV? results in the modified BEKW model
with the 5 free papameters :

an'L'g ¢ y

Cr+.C ., C

g 4
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E Results from the Proton Detection Method I @

New results from ZEUS:ZEUS Measurements at two
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Results from the Proton Detection Method II

Published H1 results:

2 GeVe« Q2 <50 GeV?

Slope B slightly lower for xp > 10-2, possibly due to Reggeon contributions .
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Comparison of ZEUS LPS Results with H1 FPS Results

ZEUS

$=0.02 0.06 0.15 0.35 0.7 H1 FPS results:

SD"’: Eur.Phys.J. C48(2006) 749
b;_ e ZzEUSLPS33pb™| ">
s 0.05] o i ees |8 ZEUS LPS results:
*é ; . ~ M.Ruspa, XVI International Workshop
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E ZEUS Results from the Large Rapidity Gap Method I

ZEUS LRG data corrected for proton ZlEUS |
. _ _ ® ZEUSLRG (M=M ) 62 pb™ — Reggefit LRG
dissociation o My=m, D e e e — e
5 005! 1 B=0.015 | $=0.038 | p=0.001 { . B=0217 |
. o . O
PYTHIA-MC tuned with LPS(x <0.9) data o . -es Seee | e |8
and Forward Plug Calorimeter (FPC) X 0 0(5) - 1 p=0020]  p=0052 | =0123 |  p=0.280 |
o« . . . . () [}
energy spectrum requiring a rapidity gap. ~o.. S
° oo &'“'-o—o- o
ZEUS 0 A——— —— — — :
. | | | 0.05 | | p=0.026 |  p=0.066 |  p=0.153 |  p=0333 |%
] @ r o] o
£ %% (o) - U s SUURR |-
| & 2000} 1 0 : : : : : : : : : : N
1000} E 005 | p=0.014 | p=0.032 | $=0.079 | $=0.180 | B=0.379 |%
—e—l’e'ro__e’e—oj_o_"e'lo o | O
okersls = - o . e “‘*,_’ 0
0 f f f f f ; ; ; ; ;
1 XL 005 | p=0.016 | p=0.037 | $=0.002 | $=0.206 | *\Ejflg NE
S~ 08F (@) ¢ kg Raad S
0.6 E 0 : : : : : : : : 1
0ab ; 005 | p=0.021 | $=0.048 | $=0.117 | B=0.254 | B=0.486 |
02 T ey . - : T |9
OO 0‘2 0‘4 016 0‘8 1 O . . . ; ; ; ; } } ®
B 005 | B=0.029 | $=0.066 | $=0.158 | B=0.324 | | B=0571 |
g 1 ‘ ‘ 'X) o~ teoe ‘\m._' \... g
o 08f (e) E ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ -
05} ] oEoa P b DS 0 Og 'B=0.038 |  B=0.086 |  B=0.200]  B=0.390 | _ B=0.640 |
o ZEUS LPS P-DISS 05| =0.038 | =0.086 | =0.200 | =0.390 | =0.640 1
g': 3.55,§$ — PYTHIA oo e ~ees e \CJ_ o
.O ‘ ‘ --- Average fit 0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ -
107 107 ' 3=0.0 ' B=0.1 ' B=0.2 ' B=0.4 ' B=0.7 S
005 | B=0.052 | $=0.115 | $=0.256 | B=0.468 | p=0.710 |%
Xip o toe Seos \.\.\""0' N
. . . .. i
P-diss. contribution is independent Q?, B, X 0 CEa CE R o <5 ©
10 10 10 10 10 10 10 10 10 10
- ©,
R, _giss= 29 +-1(stat)+-3(sys) % X

Bernd Lohr, DESY Low-x Workshop, 6-10 July 2008, Kolimpari (Crete) Page 12



E ZEUS Results from the Large Rapidity Gap Method IT @
ZEUS LRG data: R ® ZEUSLRG (My=M,) 62pb™ — Regge fit LRG
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E ZEUS Results from the Large Rapidity Gap Method IT
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Comparison of Preliminary ZEUS LRG Results with H1 LRG Results I

ZEUS data coznﬁagi with PYTHIA to M=1.6 GeV for comparison WEEtlJlgam
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Fair agreement in shape except at low Q2, some slight differences in b-dependence

« Overall normalisation difference of 13%, covered by uncertainty of p-diss. correction (8%)
and relative normalisation uncertainty (7%)
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E Comparison of Preliminary ZEUS LRG Resféw‘ré H1 LRG Results IT
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O H1 . 3
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2 Results from ZEUS with the M,-Method and the BEKW(mod) Fit
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Comparison ZEUS M, Results with ZEUS LRG Results

For comparison, M, data (M\<2.3 GeV) normalised to LRG (My=m,):
factor 0.83 + G4 determined via a global fit

e ZEUSLRG (M=M,)62pb™ 8 ZEUSFPCI(x0.83) o ZEUS FPC Il (x0.83)

ZEUS

¢ ZEUSLRG (M=M,)62pb” =8 ZEUSFPCI(x0.83) © ZEUS FPC Il (x0.83)
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006 | B=0.009 $=0.020 =0.062 f=0182 T p=0.4r1 0.06 | B=0.072 B=0.149 1 p=0.366 $=0.660 $=0.886
] oy 1 s
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0.02 | i % %m0 M, |7 {8 002 L % ", % Qla% S
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006 | B=0.029 $=0.063 $=0.182 $=0.429 $=0.750 0.06 | P=0118 } p=0.231 p=0.498 p=0.769 $=0.930
o s
0.04 | % % > 004 3
- Q.o M Lae o o ; o
0.02 | & o Bo g % s 0.02 & Q”? 969 1 Qa‘% ]
0 = | L | | | | | | | | 0 - I I L L | | | | 1 | | °
006 |  B=0.048 $=0.101 $=0.271 $=0.556 p=0833 0.06 | B=0174 $=0.322 p=0.611 p=0.841 '  (=0.955 o
> @)
-] @ I I 10
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1P XIP
Overall satisfactory agreement for x;,<0.01 after multiplying M, data by factor 0.83,
for higher x;, Reggeon contributions are possible in the LRG data.
9 p €99
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Comparison ZEUS M, Results with H1 LRG Results
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H1 LRG data for My> 1.6 GeV

Qualitative agreement except
overall normalisation.

Different Q?-dependence seen
in some B-bins.

There are indications for a
slightly different p-dependence.
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Ratio of Diffractive DIS to Total DIS Cross-Section (ZEUS)

ZEUS
"5 0.2 T T T T T T
From the ZEUS FPC I+IT data: IR « ZEUSFPC |
3 O8] « ZEUSFPCII
g 677 (0.28 <M, <35GeV) ) i
R™ = o 3 0.16| ]
© ¥ [ W = 220 GeV
Diffraction is a sizable fraction §>< 0.141 i
of the total DIS cross-section v i
oo 012+ ]
g i
(@)
The ratio of diffraction to total DIS = 01 .
falls only logarithmically with Q2 “o :
0.08¢ .
Fit gives: 0.06 - .
RET = (0.207 +0.008)— (0.032£0.002) - In(1+Q?) 204 }
0.02} :
0 . o |
1 10 10°
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Ratio of Diffractive Reduced DIS to Reduced DIS Cross-Section (H1)

E 0.015 1 Data
From H1 LRG data: - o xp=0.001
-~ 001 N 4 ¥%p=0.003
- - ¢ xp=0.01
= v xp=0.03
Logarithmic Q?-derivative S ooos [
of ratio 6.0G)/c,. at fixed xgp o 1.1 & { L
T u}jul,.;r -
T |71ttt { } g L7
Divide by flux factor f/ (Xrp) T oams [ |
to compare values at different x;, & | I
001 1
Results at different x; as a function > a
of B fall approximately on the same s =5 :
curve. B

Logarithmic derivatives are compatible with zero up to B values of about 0.01
and become negative for larger B values.
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The t dependence of the Diffractive Cross-Section I

ZEUS LPS data:
From ZEUS LPS data ZEUS
Measurements in two different t intervals N ‘ ‘ ‘ ‘ ‘ ‘ o
+2 < Qz <120 GeVZZ % 2<M <5 GeV 5<M <10 GeV 10<M,<40GeV | (Gev?)
‘ EUS 3 | ﬁ T
o T L —~ L L L R < "i """"" } """"'""""}""{'"{ """"""""""" {"-i!' 2-5
N% ) (@  0.0002<x,,<0.01 N% - (b)  0.01<x,,<0.1 1 5 : 1 T ]
102} .
_% _% 102 e ZEUSLPS33pb*
5 5 0 ; ;
g 5 N :
%‘ 10 | a % 10 "i""i"'i """""""" 'I'"'{'"I """"""""" f'"!"'!'g 520
0 i 11 i St 1 T 1
8 [ e ZEUSLPS33pb™ 8
S 01 02 03 04 05° o1 02 03 04 05 °
It] (GeV?) It (GeV?) 1] | | P
------- 4}1{{H§ 20-120
Fit to ebltl > b=7.0+04 GeV-2 | A SE S N S
ol ‘ ‘ ‘
This is lower than for soft 10° 107 10" 10° 107 10" 10° 107
vector-meson production (b ~ 10-12 GeV-?) Xip
but considerably higher than for ,
hard vector-meson production (b~ 4 GeV=<). The t slope does not depend on Q?, xgp or p.

Inclusive diffraction is more a soft process.
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The t dependence of the Diffractive Cross-Section IT

From H1 FPS data:
In the Regge framework the

Measurements in 3 different t-intervals effective slope is
at 2<Q.
p—— . _ ' .
LI10| ® Hi1FPS B=B, 20, Inx,
% I [0 ZEUS LPS (2004)
g i — Parameterisation
(1] 8 [ Range of Fit a'p (GeV™2) Bip (GeV™2)
0.0009 < ap < 0.0004 | 0.02 +0.0147938 | 6.0 + 1.6+
6 —; 0.0009 < zp < 0.021 | 0.10 £ 00101553 | 4.9 + 1.27573

i The value of By from H1 is in agreement
2 with the ZEUS values within the errors
- for xgp<10-2 .
e For higher x;p, Reggeon contributions can
10 10 10 become important.
Xip
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Scaling Violations in Inclusive Diffraction
7EUS’
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Sizable scaling violations in inclusive diffraction at low high B
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Contributions to the Diffractive Structure Function

x1pF,P®) as a function of B for

25GeV? <Q* <320 GeV? ZEUS

BEKW(mod): - Total ---(qq); ..(qq). --(qag);

™

0 T T

o) i 25 GeV*
N I (b) X,p =0.01 35 GeV*

LL - IP 45 GeV? .
o 55 GeV? ]

X 70 GeV?

90 GeV?

120 GeV? :

190 GeV? ]

320 GeV?

Medium B:
dominated by (qq); contribution ~ B(1-B)

O XX *<4> HO

Small B:

(9qg)+ contribution rises and dominates

Very high B:

(qq), contribution becomes significant
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Diffractive Parton Distribution Functions (DPDF)

Assuming Regge factorisation:

Bt
£
- 2 .. — , Pra_ x 2 T, t)=Ap- ————

j-g‘ (Ia Q » L IPs L) - fpr(a’IPa t) ’ Jf-,a' (*7}_ %ﬂ? Q ) fﬂjj?[rﬁn' ) o Iiﬂjﬂ(ﬁ—l
Parametrize: quark singlet density zs(z,0?) = 4z%°(1-%* and gluon density z(z.0}) -4, (1-2)%*
N c i 2
S o2- Smg}?ﬁ:m %evzl

N - )

“1 o1 &5 | Fit data with:
0 0 2 2
; o5k Q” >8.5GeV", M, >2GeV,3<0.8
E 20
0.25 |
o: Fit A:
0.5 — 2 ”
E o 07 =175GeV2
0.25 - v?>~158 /183 d.o.f.
0
05 Fit B:
, 800
0.25
b N v2~164 /184 d.o.f
0.2 0.4 0.6 0.8 02 0.4 06 0.8 5 rz
z z Oy = 2.5 GeV
H1 2006 DPDF Fit A —— H1 2006 DPDF Fit B
i (exp.error)  ---- (exp.+theor. error)
[ | (exp.+theor. error)
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Summary and Conclusions

- Three different experimental methods to measure inclusive diffraction:
- proton tagging
- large rapidity gap
- My-method.

Results from these 3 methods contain different contributions from
Reggeon exchanges and from proton dissociation.

Contributions from Reggeon exchanges are small for xp<10-2,
There is no unique way to correct the measurements for proton dissociation.

Apart from differences in the overall normalisation due to proton dissociation
contributions, there is fair agreement between the different measurements for

Q2 values above 10 GeV?2.
More results expected from HERA II running period

It may be possible in the future to perform a common fit for diffractive PDFs
with suitable normalisations of the different data sets.
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