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® Diffractive structure function data
o introduce the talk on QCD fits by W. Slominsky

- Regge fits
- comparison among selection methods
- proton dissociation background treatment

= H1/ZEUS comparison

to introduce the discussion at the end of the session
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HERA collider experiments

" 27.5 GeV electrons/positrons on 920 GeV protons —Vs=318 GeV

= 2 collider experiments: H1 and ZEUS

" HERA I: 16 pb! e-p, 120 pb! e+p

HERA IT (after lumi upgrade): 500 pb!, polarisation of e+,e-

Closed July 2007, still lot of excellent data to analyse......

Halle NORD (H1)
Hall NORTH (H1)
Hall nord (H1}

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

p (920 GeV)

Halle WEST [HERA-E)
Hall WEST (HERA-B)

Hail auest (HERA-E) Elektronen / Positronen
—a— CElecirons 7 Positrons

Synchrotronstrahlung
=wuv Syncihrotron Hadiafion
Rayannermant Synchrotran

Halle 30D (ZEUS)

Hall SOUTH (ZEUS)
Hall sud (ZELIS) /

Detectors not originally
designed for forward
physics, but diffraction at
HERA great success story!

ZEUS forward
instrumentation no longer
available in HERA IT >
ZEUS final diffractive
structure function
measurements based

on HERA I data
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Diffractive DIS at HERA

Standard DIS Diffractive DIS
e’ (k”)
e(k) e(k) /
Y (@)
» X(X)
X GAP
P(p) P(p) IP |
() E N
Probes proton structure Probes structure of color

singlet exchange

According to Regge phenomenology:
- exchanged Pomeron (IP) trajectory
- exchanged Reggeon (IR) and © when

proton loses a higher energy fraction, Xgp
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Diffractive DIS at HERA

" Single diffractive dissociation: N=proton

Diffractive DIS

e’(k’)

(k) /

Y (q)

» X(X)
) X1p GAP

" Double diffractive dissociation: proton-dissociative system N

- represents a relevant background
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Kinematics of diffractive DIS

Q? = virtuality of photon =
= (4-momentum exchanged at e vertex)?

W = invariant mass of y*-p system
e(k)

My = invariant mass of y* -IP system

X1p = fraction of proton's momentum
carried by IP

B = fraction of IP momentum P(p)
carried by struck quark P

X = P X, Bjorken's scaling variable

t = (4-momentum exchanged at p vertex)?
typically: [t]<1 GeV?2

" Single diffractive dissociation: N=proton
" Double diffractive dissociation: proton-dissociative system N

- represents a relevant background
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Diffractive structure function

" Diffractive cross section dUEp _ AW Dd?’a'e?oqe.xId
dM, a@+(@-y)?) dQdM,dw

2 __ opoeXp 2 2
" Diffractive structure function F,b(*) d 62 = 4m4 M-y +—2 —]-F(8,Q%,xp,1)
and reduced cross section 6,5 dpdQ dxpdt - PQ 21+R7)
4’ 2
" 1=y + 21072 (A.Q" xp.
" When t is not measured o0 (B, Q" xp) = [ 07 (B, Q" X, Ot

= RD = 6, 7'P>XP/5;7PXP ; 60 = F,0 when RP = 0
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QCD factorization in hard diffraction

" Diffractive DIS, like inclusive DIS, is factorisable:
[Collins (1998); Trentadue, Veneziano (1994); Berera, Soper (1996)...]

universal partonic cross section

o (V*P 9 Xp) ~ fi/p(lezlxIPIT) X o-y*q (ZIQZ)

Diffractive Parton Distribution
Function (DPDF)

f,/ (z,Q? X1p, 1) expresses the probability to find, with a probe of resolution Q?, in a proton,
par‘ron i with momentum fraction z, under the condition that the proton remains intact, and emerges
with small energy loss, x;,, and momentum transfer, t+ -the DPDFs are a feature of the proton and

evolve according to DGLAP
see talk by W. Slominski
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QCD factorization in hard diffraction

" Diffractive DIS, like inclusive DIS, is factorisable:
[Collins (1998); Trentadue, Veneziano (1994); Berera, Soper (1996)...]

universal partonic cross section

o (V*P 9 Xp) N fi/p(lezlxIPI-r) X o-\("*q (ZIQZ)

Diffractive Parton Distribution
Function (DPDF)

f,/ (z,Q2 X1p, 1) expresses the probability to find, with a probe of resolution Q?, in a proton,
par‘ron i with momentum fraction z, under the condition that the proton remains intact, and emerges
with small energy loss, x;,, and momentum transfer, t+ -the DPDFs are a feature of the proton and

evolve according to DGLAP
see talk by W. Slominski

" Assumption > proton vertex factorisation:

I

o (v*p > Xp) ® frp) (X, 1) X f1p(2,Q%) X 0,4, (2,Q7)

Regge-motivated IP flux

At large x5, a separately factorisable sub-leading exchange (IR),
with different x;, dependence and partonic composition
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ractive event Iselec’rion |

~ZEUS Leading Proton Spectrometer (LPS)

: H1 Forward Proton Spectrometer (FPS)

LPS method

PROS: no p-diss. background
direct measurement of t, xg,
high x;,, My accessible

CONS: low statistics

An AR
| r a
e *

PROS: near-perfect acceptance at low xg,

CONS: p.-diss background

— Slope(nondiff) - - Const(diffy — Fic(diff+nondiff)

1030 W =200-245 GeV
Q% =7-10 GeV*
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How do diffractive data look vs t, xp, Q2 ?

10
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Data sets

ZEUS

“ZEUS LPS"
[NPB 816 ((2009)]

"ZEUS LRG"
[NPB 816 (2009)]

"ZEUS FPC II" (My method)
[NPB 800 (2008)]

“ZEUS FPC I" (My method)
[NPB 713 (2005)]

Xrp coverage

X up to 0.1

xp up to 0.02

IR suppressed

IR suppressed

11



da® = P /d|t| (nb/GeVA)

DIS 2009, M. Ruspa

[
o
N

=
o

t dependence
LPS data

ZEUS

T
(@  0.0002¢x;,<0.01

[« ZEUS LPS 33 pb*

—
- () 0.01<x5<0.1

=
o
N

=
o

0.1

0.2 0.3 0.4

It| (GeVA)

Fit to eIt

Do~ P /d|t] (nb/GeVP)

0.5

0.4

It| (GeVA) |

0. 0.1

> b =7.01+0.4 GeV-2

used in DPDF fits
see talk by W. Slominski

ZEUS
T T T T T T QZ
2<My<5 GeV 5<My<10 GeV | 10<M,<40 GeV | (GeV)
10} 1 . ]
t 38
5}§§ _________ fii _____ | ik‘ i
e ZEUS LPS 33 pb*
0 : :
10| | { |
}5§I§§§ ----------------- §---¥--dy 520
5, i
0
101 r E
---------- i}. H 20-120
ot i1 .
0 ‘ ‘ ‘ ‘
10° 107 10" 10% 10? 10" 107 107
Xip

Lack of Q? dependence and b much
larger than in vector meson production
- features of a soft process

12
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xp dependence of g.b(*)

LPS data ZEUS
ZEUS LPS 33 pb™ — Regge fit LPS
B=0.003 | p=0.011 | p=0.049 | p=0.217
o Itl= 0.13 Gev? % First measurement in
o | ~ f | twotbms
j’ﬁ *f——‘-ié N
N B e o P o
B=0.004 | p=0.017 | p=0.074 | p=0.302
3 > Low xp: 6,24 falls
ﬁh | | > ith x;p faster than 1/x
wi
Lu;? s b ‘\*\i\p o IP IP
0 : : o oo, %o, | P ooor
B=0.008 B=0.031 B=0.127 B=0.441
0.1} jj} i \N\‘I\L $ 2High xp: xgpo, P4
: sev® |~ o flattens or increases
0 = _ oood < ooo | Tee with x;p (Reggeon and )
B=0.015 B=0.059 B=0.222 B=0.609
ety S —> Same xp, dependence
0 ; ; ; —OTQ_O@)} }“9~6—}9—0’} W ; in .rwo 1- bins
B=0.043 B=0.151 B=0.449 B=0.816
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X,,0.D(4) (GeV™?)

DIS 2009, M. Ruspa

0.1

0.1}

0.1}

0.1}

0.1}

Regge fit

LPS data

ZEUS LPS 33 pb™

FZD(4) (B . QZ X1P, 1.) = fIP(xIP ’ 1')F2IP(B . QZ) + N fIR(xIR' t)FZIR(B ’ Qz)

— Regge fit LPS

[ It]= 0.13 Gev?

C |t] = 0.3 GeV?
L 0 <|t|>=0.3 GeV~

=0.011 B=0.049

k.

2.5 GeV?

3.9 GeV?

7.1 GeV?

14 GeV?

40 GeV?

Q2

: 22 : el | oo
3=0.004 B=0.017 B=0.074
[3=0.008 3=0.031 =0.127

N
vef | B

‘ ‘ ee? ‘ 459949 —6-—o06— <k°**ﬁf
B=0.015 | g=0.059 | p=0.222 | |
[3:0-‘043 | | [3:0.‘151 | ‘ B:o,‘449 ‘

o $
3 2 -1 3 2 -1 3 2 1 3 2 -
10 10 10 10 10 10 10 10 10 10 10 10

—> Assumption of Regge factorisation works

frp 1r = exp(Brpt)/xp2 M1, arp/rp(t) = ap/rp(0) + o'rpjrp - t

ZEUS

(red: parameters fitted)

op(0) = + 1,11 £ 0.02(stat)
+0.01 - 0.02(syst)

+0.02(model)
o = -0.01+0.06(stat)
+0.04 - 0.08(syst) GeV-2
o0 = +0.06 +0.19 - 0.06 GeV-2

arp(0) = + 1.114 + 0.018(stat)
+ 0.013(syst)
+0.040 - 0.020(model)

- IP intercept consistent
with soft IP (1.096)

- o'pp significantly smaller
than 0.25 GeV-2 of hadron-
hadron collisions

o'tp, Brp used in DPDF fits

see talk by W. Slominski
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xp dependence of g,.b()

LRG data

ZEUS

® ZEUSLRG (M=M,)) 62pb™ — Regge fit LRG
- ‘p=oo1s | p-ooss|  p-ooor|  p-0.217]
° <o .\‘*.....— \’\"’1—
p=0.020 |  p=0.052 |  p=0.123 | . ' =0.280
° B \\.~0-
B=0.026 |  B=0.066 |  B=0.153 |  B=0.333
oo <oq N\'*H
'=0.014 |  B=0032|  p=0079|  p=0.180]  B=0.379
° e o oo \*'...
'B=0.016 |  B=0.037 |  B=0.092 |  B=0206 |  B=0.419
° oy - \N
B=0021 |  p=0.048|  p=0.117]  p=0254|  p=0.486
° e . \"
B=0.0291  p=0.066 |  p=0.158|  B=0.324 | _ PB=0.571
oo A ~oos e, T
'B=0.038 ]  B=0.086 |  B=0.200|  B=0.390 | _ PB=0.640
[ X} Y oo -2 o ° \N_l—
B=0.052 ]  B=0.115|  B=0.256 | _ B=0.468 | _ B=0.710
o L Y . \'-o—
32 3 2 3 2 32 32
10 10 10 10 10 10 10 10 10 10
Xip

45GeV? 35GeV? 2.5 GeV?

5.5 GeV?

8.5 GeV? 6.5 GeV?

16 GeV? 12 GeV?

Q%=22 GeV?

- Rise with
Xrp Not visible
as xp < 0.02

15



xp dependence of g,.b()

ZEUS

35GeV? 2.5GeV?

16 GeV? 12GeV? 85GeV? 6.5GeV? 55GeV? 4.5GeV?

Q%=22 GeV?

- Rise with
Xrp Not visible
as xp < 0.02

LRG data - ® ZEUSLRG (M\=M,) 62 pb? — ReggefitLRG _ .
8 005 B=0.015 | p=0.038 | B=0.001 | . p=0.217
[ ]
b& ° - oo s SO
0 t t + + t t t t
Z E U S x 005 | B=0.020 | B=0.052 | p=0123 | = B=0.280
— -1 . :
- ° ZI;US ITRG (MN—MD) 6% pb — Regge fit LRG| | | i S
o 0.05 | 3=0.151 | 3=0.319 | - B=0.545 | 3=0.769 1% ; ; ; ; ;
- 3 $=0.066 | p=0.153 | p=0.333
b& Ly oo oo S “*’*.
b4 0 ; ; ; ; ; ; ; ~$-o-o
0.05 | B=0.191 | B=0.385 | B=0.615 B=0.816 | e ; ; ;
. - . . $ B=0.079 | B=0.180 |  P=0.379
0 : : : : : : : ‘ : N -oos \\'*'
0.05 | B=0.111 | B=0.228 | B=0.439 | B=0.667 B=0.847 ]y e ; ; ;
' . ey . 8 p=0.092 | B=0.206 |  B=0.419
0 : : : : : : : ® ~oeeo \*’
0.05 | B=0.140 | B=0.278 | B=0.504 | B=0.722 B=0.878 ], — : : :
: o . . > p=0.117 | p=0.254 | B=0.486
0 : : : : : : ; © oo \‘
0.05 | B=0.175 | B=0.335 | B=0.570 | B=0.773 | B=0.904 ], — : : :
: ® =0.158 | p=0.324 | p=0.571
° o e, e o B S
0 : : : : : : *H* ® Ras ot e T
0.05 | B=0.216 | B=0.394 | B=0.632 | B=0.815 | B=0.924 % — : : : :
. g B=0.200 | B=0.390 | B=0.640
° e 2 S o Py
0 ‘ - ‘ ‘ ‘ w ‘*" = i W S \""‘
i =0.259 | =0.453 | =0.686 | =0.848 | =0.940 |* S : : : :
0.05 P . P - P i, P P E B=0.256 | p=0.468 | B=0.710
S 0 : ‘ ‘ ‘ \ e sey |3 Seoe T
m T _ 1 T _ T _ T _ T _ T ~ ) ) ) ) )
2 005 | 3_0.3;6 1 B=0.523 | B=0.743 p=0.881 B=0.954 | RN R >
: . x, - ] ¢ 1071007 107107 10710
= 0 ‘ ‘ ‘ ‘ ‘ ‘ $oo : S X
- TN 2 e A e N o N o S P
% 0.05 | B=0.389 | B=0.601 | B=0.799 ] B=0.911 ] p=0.966 | 3
o ® ° ] . o o
&L - il BT TS ERNPONS & > Wide kinematic coverage
) 3 2 32 32 3 =2 - 2 © e 4.
K 10 10 ° 10 10 ° 10 10 © 10 10 10 10 and very good statistical
X\p precision

16



Regge fit
LRG data

0.05 |

0.05 |

0.05 |

0.05 |

o
o
a

o
o

o
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o

F.P® (B, Q2%,x1p,1) = frp(xpp, P)F.7P(B,Q3) + npp + Fra(Xr, HFIR(B, Q?)
fip 1r = exp(Brpt)/ xp2M-1 arp,p(t) = agpp(0) + ' 1pyrp - t

ZEUS

(red: parameters fitted)

o

[ Ne)

0.05 |

= ® ZEUSLRG (M,=M,) 62pb™ — Regge fit LRG
ZEUS g"_ oosl ' 3=0.015 6=0.038 |  p=0.001 | . ' B=0.217 |
[ ]
® ZEUSLRG (M=M,)62pb* — Regg(?ﬂ_-it LRG ° Bt e
B=0.151 | B=0.319 ]  Pp=0.545 | p=0.769 | g=0.052 |  p=0.123 | . ' 3=0.280
'p=0.191 |  B=0.385 ]| B=0.615 ' B=0.816 | g B=0.066 |  B=0.153 |  B=0.333
0] °
“ee \&'\._._ o\'*.* S \u,.._’
'p=0.1111  p=0.228 |  B=0.439 | B=0.667 ' B=0.847 g 'g=0079 |  p=0.180|  p=0.379 |
° | s 0]
] R ad \.\.*'
'g=0.140 |  p=0.278 | B=0.504 | B=0.722 ' B=0.878 | 'B=0092 | =006 |  B=0.419
. . . 6 ha VU
o ~S-e-o
'p=0175|  p=0.335 | p=0570 |  p=0.7731  p=0.904 |% 'B=0117 |  p=0.54]  p=0.486
5]
¢ b ke 1'“'*- e ¥ g oo \.‘
'p=0216 |  pB=0.394 | p=0632 |  p=0815|  p=0924 |% p=01s8 | p-0324] _ p=0571
° L s Soe *ee g R = \* \\"
L L L L L L | | ‘_*\.— :" L L L L L
'p=0259 |  B=0.453 | p=0686 |  p=0.848 |  B=0.940 |% B=0200 |  B=0.390 B=0.640
O
B R Il B INPeut) | R santl M |
'p=0316 |  p=0523 | p=0743 |  p=0.881 |  p=0.954 |% B=0.256 | _P=0468 | _ PB=0.710
¢ L 2. g SAPS \N"’
-~ abes [52 |9 ] - |
(0389 30601 T0.799 "p=0948 P 10 2p-0866 15 2 3572 31972 31072
p=0.389 | p=0.601 1 B=0.799 | B=0.94p } 10 “B=0966"}1§ 10 10 10 10 10 " 10
¢ ° 0
__— _— = o e |4 Xip
3 -2 3 -2 3 -2 3 -2 3 2 ©
10 10 10 10 10 10 10 10 10 10

X
- Assumption of Regge factorisation works "

35GeV? 2.5GeV?

16 GeV? 12GeV? 85GeV? 6.5GeV? 55GeV? 4.5GeV?

Q%=22 GeV?

- Rise with
Xrp Not visible
as xp < 0.02

0rp(0) = 1.108 + 0.008(stat+syst)

+0.022 - 0.007(model)

17
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0,(x,Q)

Q? dependence of ¢,5()

M, data

F2

HERA | €' p Neutral Current Scattering - H1 and ZEUS

— H1 2000 PDF
— ZEUS-JETS

e HERAI (prel.)
O ZEUS

0 Hl

6.23) shows positive scaling violations up to high-p values

Q?/ GeV?

HERA Structure Functions Working Group

3
xIPGr'D( )

0.05f

0.05f
0.05}

0.05

0.05

0.05

-> Diffractive exchange is gluon-dominated

ZEUS

* ZEUS FPCI|
- BEKW(mod) Total

® ZEUS FPCII

B=0.90

p=0.005 B=0.025 P=0.125 P=0.40  P=0.70

p=0.97

o
T

AN

N\
N

0.05

o
A
ik

0.05

\
A
}
i

0.05

\
Y
b
4

~0.0025 00012 00006 0.0003 0.00015

~0.005

0.01

0.02

see talk by W. Slominski

Xp =0.06 0.03
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Comparison among selection methods

19
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Data sets

ZEUS

“ZEUS LPS"
[NPB 816 (2009)]

"ZEUS LRG"
[NPB, 816 (2009)]

“ZEUS FPC II" (My method)
[NPB 800 (2C08)]

“ZEUS FPC I" (My method)
[NPB 713 (2005)]

35% of LPS events selected by LRG
Overlap LRG-My ~75%

Xrp coverage

X up to 0.1

xp up to 0.02

IR suppressed

IR suppressed

Precise knowleadge (and correction) of p.-diss
background key point in the data comparison!

M\ coverage

'“N =mp

My=mp

A\N < 2.3 GeV

MN < 2.3 GeV

20
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ZEUS

LRG _ ® ZEUSLRG (M=M,) 62pb™ — Regge fit LRG
= oosl 1 eoos]  pooss]  pe0oo1] . p=0217 |%
- O]
b& ¢ S ."*O-o* T q
0 t t t t t t t t
x i B=0.020 |  p=0052|  B=0123|  p=0.280 |
ZEUS °* N
° oo \"'1* i
® ZEUSLRG (M=M ) 62pb* — Regge fit LRG A : e
: ‘ ‘ ‘ ‘ : ‘ ‘ | p=0066]  p=0153]  p=0.333 %
005 | 1 B=0.151 | B=0.319 |  P=0.545 | B=0.769 | 1. .. 3
? P oo L PPy é R o
0 ——— — . . ——i—d | p=0079 1  p=01801  p=0.379 |
0.05 | 1 B=0.191 | B=0.385 | B=0.615 | B=0.816 | 1. .. [
0 | B=0 111 | B=0 228 | B=0 2139 | B=0.667 | B=0 547 | poo2} 0206 | | 0418 3
005 [ =0. 1 =0. 1 =0. 1 =0. 1 =0. ] f> o
0 A—— — A— A— i | p=0117 |  pB=0254  p=0.486 |
005 | B=0.140 | B=0.278 | B=0.504 | B=0.722 | B=0.878 |} ~.. |®
4 oo oo J‘D’ s 4 3
0 :BO: :Boeis :Bo:o 150‘3 :Bog‘o | pe01ss]  p=0.324 ] \.\ij?l %
005 | =0.175 | =0.335 | =0.570 | =0.773 | =0.904 || g
° e L 1.\.* ﬂé < eos ‘“*.-' 9.
0 —— — — —— e—] | B=0200 |  B=0390 | _ B=0.640 |
i =0.216 | =0.394 | =0.632 | =0.815 =0.924 |7 s
0.05 B B B B B S e SN ©
° L A N oo ey - ‘ ‘ ‘ ‘ ‘ -
0 : : : : : : : : : —{ ' p=0.256 | p=0.468 | B=0.710 |%
005 | B=0.259 | B=0.453 | B=0.686 | B=0.848 | B=0.940 | : M. §
® e l&' e 5 ‘ ‘ ‘ ‘ ‘ J
0 : : : : : : : : il 03107 03107 03107 ©
005 | B=0.316 | B=0.523 | B=0.743 | B=0.881 | B=0.954 | 101 10 1 10 1
* L o X
ob— - Tt wee | bes | i
i B=0.389 | B=0.601 | B=0.799 | B=0.911 | B=0.966 | &
005 3 Corrected to My = m
‘ . r & P
0 . . . . . . . Se . S | N(g’ \
10°10% 10°10% 10°10% 10%10% 10°107 H '>
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LRG: correction to My, = m

i) ratio LPS/LRG 7ZEUS
—~ ® ZEUSLPS/LRG --- Average fit
8 | " | g=0.020 " | p=0.065 | p=0.217 N
< 2
© b | S !---___;;____;________-;;1--;--.‘--;--; g
bh L L L L L
a 0 B=0.031 " | p=0.098 | p=0.302 N
> LPS/LRG independent | | | | |®
= I S P SRR SR |
Of Qz' XIP: B gl ®
° 0 B:o.oig | B:o.oés | [3:0.1%55 | 3:0.4L11 .
S
o DU L N I N S BSU T B
LPS/ LRG = 0.76 +-0.01(S1’01‘) 0 B:o.057 | [3:0.154 | Bzo.zéo | 3:0.659
>
+0.03-0.02(sys) +0.08-0.05 (norm) .| | I NP S
- p-diss. background in LRG data: N | | | | | | -
[24 +-1(stat) +2-3(sys) +5-8(norm)]% | """ o o S
o S oy !—--‘--&-----}--i--i-i— %
. | o
10° 107 10° 107 10° 107 107 107
XIP

In itself a comparison LRG vs LPS!
22
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LRG: correction to My

i) Monte Carlo (PYTHIA)

" 2 samples of proton-
dissociative data, one with
LPS (“LPS P-DISS") and
one with Forward Plug
Calorimeter (“LRG P-DISS”)
- coverage of full My
spectrum

" PYTHIA reweigthed to
best describe Erp- and x|

U) ' ' ' ' I
r= 3000 =

>
T 2000}

1000

I:zdiss
o
fee)

e ZEUS LRG P-DISS
o ZEUS LPS P-DISS
— PYTHIA
--- Average fit

- p-diss. background in LRG data Ry = [25 +-1(stat) +-3(sys) 1%
- consistent with the ratio LPS/LRG
> 25% correction applied to LRG data
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LRG vs M,

M, data (My < 2.3 GeV) normalised to LRG (My=m,): factor 0.83 + 0.04
determined via a global fit estimates residual p-diss. background in M, sample
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Comparison with H1
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Data sets

ZEUS

H1

“ZEUS LPS"
[NPB, 816 (2009)]

"ZEUS LRG"
[NPB, 816 (2009)]

“ZEUS FPC II" (My method)
[NPB 800 (2C08)]

“ZEUS FPC I" (My method)
[NPB 713 (2005)]

35% of LPS events selected by LRG
Overlap LRG-My ~75%

"Hi FPS”
[EPJ C48 (2006)]

"H1 LRG"
[EPJ €48 (2006)]

Xrp coverage

X up to 0.1

xp up to 0.02

IR suppressed

IR suppressed

X up to 0.1

xp up to 0.03

FPS and LRG measurements statistically independent
and only very weakly correlated through systematics

My coverage

'“N =mp

My=mp

My < 2.3 GeV

My < 2.3 GeV

iAN = mp

My < 1.6 GeV
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ZEUS LPS vs H1 FPS

o
o
o

0.05}

0.05}

0.05}

ZEUS

5.3 GeV?

B=0.02 _0.06 015 0.35 07
[ ] )
5 .ooo'o% 0 bongnc? s ovn of 5
] | b
g o
io;c’gi 'c:!oi‘?‘cig t’o!c:ini K !Qio! :
o #| il 5 |tes
§!QIQ!§§ EQ'O;O‘Q o Qﬂ ] %

§

i

§*§$§¥

T

&

Xip

2.7 GeV?

10.7 GeV?

24 GeV?

QZ

5.2 1.3 2 1. 3 2 1.3 2 1.3 2 -
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

The cleanest possible
comparison in principle...

...but large normalisation
uncertainties
(LPS:+11-7%, FPS: +-10%)

New comparison plot
available with HERA II
FPS datal

see talk by M.Kapishin

—> ZEUS and H1 proton-tagged data agree within normalisation uncertainties
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- Remaining normalisation difference of 13% (global fit) covered by uncertainty
on p-diss. correction (8%) and relative normalisation uncertainty (7%)

-> Shape agreement ok except low Q2
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Towards
HERA
inclusive
diffraction

DIS08, London, M. Ruspa 07/04/08

- Time for
data combination,
global fits!

|
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HERA inclusive diffraction
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Towards
HERA
inclusive

diffraction!

- Time for
data combination,
global fits!

|
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HERA inclusive diffraction

x|P=0.01

e 7EUS LRG My < 1.6 GeV)x0.87
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— H1FitB
-- H1Fit B (extrapolated)
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Summary and beyond

Final ZEUS results on inclusive diffraction - same data analysed
in three independent ways:

- Proton tag requirement

- Large rapidity gap requirement

- Shape of the mass distribution of the hadronic final state

Proton dissociation background under control

Vertex factorisation assumption works to a good approximation

> QCD fits, talk by W. Slominsky
Consistent results between different methods and data sets

ZEUS results consistent with H1 results within uncertainties

- Discussion on data combination
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First step towards the data combination

Error weigthed average:

= before averaging, H1 points swum
to ZEUS Q?2 values with H1 fit B

= ZEUS normalised to H1 applying 13%
factor (see slide 36) = normalisation
uncertainty of combined data beyond 10%

= correlations between systematic errors

ignored so far

Hints at precision achievable through
combination: for many points errors at
3-4% level (excluding normalisation

uncertainty)

|
3 *XIPO'rD(3)

=
o

10

10

10

=0.003

N
T

e weigthed average ZEUS+H1
— H1FitB
-- H1Fit B (extrapolated)

* % B=0.027(=7)

A}

. o —  B=0.043(1=6)
’ o——  B=0.067 (I=5)

) B=0.107 (I=4)
.“”/_\

B=0.167 (I=3)
. /("

o %"
/'_,__ B=0.267 (1=2)
’ e ° ‘,—
el B=0.433 (I=1)
Phe o e ©
P
.-" =0.667 (1=0)
_________ e © © ©® o o ¥ s
by PN, MR
2
10 10
2 2
Q° (GeV?)
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¢ First step fowards the data combination
o
= _ X;5=0.01
) D
§ %_ 104} ® weigthed average ZEUS+H1
0 o — HI1FitB
= X .
. -- H1Fit B (extrapolated)
2 Error weigthed average: s o
) ) 103l _»  [=0.008 (I=10)
= before averaging, H1 points swum ) )
to ZEUS Q? values with H1 fit B T e P00
= ZEUS normalised to H1 applying 13% g v o o0t
factor (see slide 36) - normalisation 0% L 80,032 (1=7)
uncertainty of combined data beyond 10% L A
= correlations between systematic errors R e
ignored so far 0 f T /_ 60,08 (1=5)
’ ° .,"’
JUEe B=0.13 (1=4)
Hints at precision achievable through L
combination: for many points errors at o /.,.»-—-—-"'"—‘B_O'Z (=)
3-4% level (excluding normalisation B=0.32 (I=2)
uncer"tam‘ty) 10 1 PPt B=0.5 (I=1)
- - . 55 5 ° -
-------------- B=0.8 (1=0)
W
2| by PN, MR *
10 .
10 10
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‘The plot in attachment shows MN distribution at
generated level by red histogram and after all
selection cuts by black histogram. When we apply all
selection cuts in LRG analysis the MN shape of p-diss
background looks like black his’ro%r'am. We calculate
acceptance using SATRAP which
MN. It means that after acceptance correction the
r'emaining p-diss back_?r'ound still has the shage of
the black histogram. The integral under this black
histogram is our 25%. If we want to compare with H1
we should remove from the acceptance corrected
cross section the remaining p-diss background (25%)

and add the integral over generated MN shape (red ~ 10 Cg

histogram) up to Mn=1.6 GeV. The correction factor
is

(sigma_elastic_data+sigma_pdiss_ MC(MN<1.6))
/sigma_data where

with p-diss backgound

= sigma_elastic_data = acceptance corrected cross
section wnThouTg-dlss background, it is just
sigma_data*0.7

= sigma__pdiss_MC(MN«<1.6 - p-diss MC prediction for

ZEUS LRG: correction to My < 1.6 GeV

nows nothing about; 4y 4.

. siﬁma data = acceptance corrected cross section 142

TT T

P fo 1

F i
++

Mn<1.6 GeV 0

15 20 25 30
Mn (GeV)
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zd
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Regge factorisation: yes or no?
(my interpretation)

Apparent contradiction:

- Regge fit works within errors for LPS/FPS and LRG data
- FPCand LRG (see later) show violation of Regge factorisation

-~ Data consistent with Regge factorisation; violation too mild to have
impact on the fit quality

What if we fitted LPS/FPS/LRG without assuming Regge factorisation?

Not done yet but done for the FPC data > BEKW fit works welll
[Bartels, Ellis, Kowalski, Wustoff, see NPB 800 (008)]

Mild violations should not affect QCD fits, which assume factorisation
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xp dependence of g.b(*)
FPS data

) .
e H1 FPS (|t|=0.25 GeV’) — ReggefitIP+IR ----- IP only
H
N-_.}_ - F=27Ge¥ | Q'=27¢GeV | OP=27Ge | O°=27GeV |
o %08 g-o00z | g=006 | g=015 [ 8=035 [
S oo 3 3 3 3
T 004 — — - —
Q b - bacs s |
o 002 3 }M.T., :—'\'-T :—\ —
NE 0:|| TR BT B T EL ]
- F=53GeV | O°=53GeV | =536 F O*=53CeV [ O'=53GeV
008~ jsu002 [ pg=0068 [ g=015 [ §=035 [ g=07
0.06 — — — = —
0.04f- - B = S
s WMEE nrh"l FPead Ty O
0:|| B B B B
- 0'=107Gev* | 0F=107GeV | @*=107GeV | OF=107GeV® | & = 10.7 GeV®
0081 — js_002 [ =006 [ g=015 [ g=035 [ g=07
0.06 — — = v —
0.04 — ﬁ}; — - :_i\i)j :—i\{{
0.02 — g = .1 1!*5:! — R
0:|| B B B B
- F=24Ce¥ | =240 | =240 | P=24G"* | OF=240CeV
0081~ g_002 [ g=008¢ g=015 [ g=035 [ g=07
0.06 — = = o= =
0.04 |— Al = s - —
0.02| = B =1 —
0:‘| L ||1§| L ||1§| L ||1§| L ||1§| L
107 10 10 107107 107107 10107

o=
L' =
L) '



= T dependence
3
; LPS/FPS data
)
= <:'>§£ 0.0002 < xp, < 0.03
A 3 s} i $ $
ja) ‘—‘5§
M 41
3i
2F
1F | o |
8| 0.03 < xp < 0.1
g: I @® H1FPS
5F
3| bt
2|
1F N
1 10
Q? (GeV?)
< sl 0.0002 < x, < 0.03
= 7
D i *
=l $
m o}
3f
2}
1F | o | |
sk 0.03 < xp < O. 1
gf ® H1FPS
57
al % 5
37
27
1EF
\_2 | “‘I“1

ZEUS
T | 2eMe5 Gev 5My<10 GeV | 10<M <40 Gev | @)
S | 7 {1t |
< Si'}""i""; """"" §§E """ | R b53y 25
e ZEUS LPS 33 pb*
0 : :
10| | { | f
}i§}§§¥ ----------------- i---;--i-g-g 5-20
5| 1 i 1
0
10} 1 ! ]
------- }i}.{iﬁi 20-120
| TS S B S

10% 107 10" 107 10? 100" 107 10
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H1 LRG vs H1 FPS

Proton dissociation-background in the H1 LRG data
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W dependence of dodiff/dM,

ZEUS M, data
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W dependence of dodiff/dM,

ZEUS M, data ZEUS
«FPC1 e FPCII
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HERA inclusive diffraction
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DIS 2009, M. Ruspa

Fit with BEKW parameterisation “2i—,, I

. . q
(Bartels, Ellis, Kowalski, Wustoff 1988) :
P 3
—_—
D{3) T [ i
' Jf,rpf‘j =cr-F -ty - I,+-!_.;-'J'I'J.“,J.
qq i 14 9449 ZEUS
T BEKW(mod): - Total ---(qg)} ..(qq) -.-(gqg)
an - 18(1_18) | | | ) 25G‘e\ﬁ
le =0.02 B 35CeV
A 45GeV* 1
v 55GeV N
* 70 GeV?
FT_ ~ (1_ﬂ)y % 90 GeV?
909 s
O 320 GeV?

- Fit gives a good
description of the 427
data points FPC I + IT
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Q? dependence of a;p(0)
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- 05p(0) does not
exhibit a significant
dependance on Q?
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