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* Selection of Diffraction at HERA
» Forward Proton Spectrometers vs LRG method
 New H1 FPS HERA-2 results vs ZEUS leading proton data:
> Diffractive reduced cross section 0,°* and Regge fits
 Ratio of LRG to leading proton cross section

» Ratio of Diffractive to Inclusive DIS cross section
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Diffractive DIS at HERA

=>» Probe structure of color singlet exchange with virtual
photon at HERA - F.°P

Standard DIS Diffractive DIS

Momentum fraction of e
color singlet carried by e

o
e / struck quark

*
Y el 0’ )
) Xip Q2 + MX2
X
X
X ,
> > X ::q.(p_-p)zQZ—H\/|X2
p \J\d . CI ’ p Q2 +W2
: J
Momentum fraction of P, &
F, — probe structure proton carried by colour P == M
of proton singlet exchange (t) Y
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Selection of diffraction at HERA

Large rapidity gap (LRG) between  Forward Proton Spectrometers

leading proton p” and X y
Mmax e =TT S Fj: M:] Tl
FPS n E
, H1 FPS + ZEUS LPS |x,=1-—
e — i ——&| ~P? +H1VFPS E,
| W!Y 4 free of p-dissociation background

4 X, and t-measurements
O access to high x range (IP+IR)

O high statistics, data integrated over U low geometrical acceptance

t|<1GeV? HERA-2:

4 [.)-d-ISSOCIa’[IOI’] contr.lbutlon o » H1 FPS detector upgrade

d limited by systematic uncertainties 5 o0 times higher statistics than
related to missing proton collected at HERA-1

2 LRG and FPS methods have » H1 VFPS has high acceptance
different systematic uncertainties (see talk of Tomas Hreus)
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Diffractive Reduced Cross Section
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— integrate over |f|<1 GeV?to compare
with LRG and diffractive PDF predictions
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Xip0,"(B,Q% Xp, t)
O H1FPS (|t|=0.4 GeV?

o H1FPS (|t|=0.6 GeV?) — Regge fit IP+IR B New H1 FPS HERA-2
o P@ data
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ZEUS LPS 33 pb- 1

ZEUS LPS: x,,0. 0

ZE

US

— Regge f|t LPS

7.1 GeV? 3.9 GeV? 2.5 GeV?

14 GeV?

HERA

Q2=40 GeV?

Published in NP B816 (2009) 1
e ZEUS LPS |t|=0.13 GeV?

o ZEUS LPS |t|=0.3 GeV?

— Regge fit IP+IR

« norm. uncertainty of ZEUS
LPS o/ P“ data is 7%

x,0-dependence in (B,Q2,t)
bins

= |P and IR contributions



Regge fit

* Assume proton vertex factorization for IP and IR

R (8,Q% Xpot) = fio (Xps) - F" (8,Q7) + N - Fra (X, 1) F, " (8,Q7)

» Parameterization of x,,and /dependences for /Pand /R

Bt

f]P(x]P’t):xz(x[P(r)—l do exp B|t|

— Y
T dt

ap()=ap(0)+a,'t B= BIP +2a'IP 1n(l/XIP)

* Fixed parameters for IR (as in H1 DPDF Fits): a,5(0)=0.5, a’r=0.3 GeV-?,
Br=1.6 GeV-?, F,/R(B,Q?) — m structure function, F,° contribution corrected

using H1 2006 DPDF fit B

 Free parameters: a,,(0), a’s, B)p, n;r and IP normalization F,’P(8,Q?) in
every (8,Q?) bin
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Result of Regge fit

New H1 FPS -
HERA-2 result. | 91P(0) = 1.10 £ 0.02 (exp.) £ 0.03 (mode)

2 =an(O)+ayt] |ap=0.04£0.02 (exp.) 0-08 (model) Ge V-2

B=B;+2a', In(1/X;) BIP =573 10.25 (exp.) iggg (mOdel) GeV/+

2> a, (0) = ap(soft)~1.08
2> d', = 0- no “shrinkage” (a'(soft)~0.25 GeV-?)
> B, consistent with hard process

Compare with published HERA results:
H1 FPS HERA-1 parameterization: ZEUS LPS Regge fit:

a,p(0)=1.114£0.022(exp.) £y os0 (model)  a,(0) =1.11+0.02(stat.) £, (syst.) +0.02(model)

a'p,=0.067,, GeV? o' p =—0.01£0.06(stat.) = os (Syst.) = 0.04(model) GeV™
B, =552 GeV~ B,, =7.1+0.7(stat.) £, (syst.) GeV™~
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t-slope as a function of Q?,8,x -

Regge fit result: B(XIP?ﬂan) = flP(X|PaIBaQ2)' Bip(Xp) + flR(leaIBan)° Bz (Xip)

e H1FPS HERA-2 (prel.) — Regge it IP+IR do/dt ~ exp (Bt)
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Y e B i i i i ) - 2 '
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5 s My TR TTE T
b1 | | = tslope does not change
s | A el |— | with B or Q% at fixed xp 3
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[ 46 GeV® | i i B B . .
5| ; B *Tii\}h{u vertex factorization
OE — . \E . . E . . \E — . \E — . \E — .
- 80 GeV® | i i B B
5 W T
0 5o£2 ‘16“ %012 ‘16“ %012 ‘15“ iolz ‘15“ iotz ‘16“ iolz ‘16“
Xip
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t-slope as a function of x;

Regge fit result: B(Xjp) = fip(X;p) Bp(Xip) + Tir(Xp) - Br(Xp)
H1 Preliminary

N; 9 o H1rPS HERAS * X,p-dependence of
2 o — Regge Fit IP+IR t-slope, data averaged
= | O H1FPS HERA-1 over Q% and
m 7
. %Pi * New H1 FPS HERA-2 data
l have smaller uncertainties
51
) % > H1 FPS HERA-1
; and HERA-2 data are
: consistent
2| do/dt ~ exp (Bt) o |
1 2[R contribution at high x5
— | | = | | 3
10 10 10
Xip
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" t-slope as a function of x,;,M,,Q?

2<M,<5 GeV 5<M,<10 GeV

ZEUS

Published in NP B816 (2009) 1

| e zZEUSLPS33pb™}---
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do/dt ~ exp (bt)

X,p-dependence of t-slope
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proton vertex factorization

= no strong effect from IR
contribution
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Modified Regge Fit in Q2 bins

H1 Preliminary

H1 Preliminary

—~ 0.2

@a 12 7 ® Regge Fit with 0,,(t=0,Q°) c}l> ® Regge Fit with oc'lP(QZ)
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E 77 ’ Zeggei::‘:c':f'P(Q) alP (tD Q ) T aIP (09 Q ) + aIP'(Q )t
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| uncertainties
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"Regge fit to LPS, LRG and Mx data

ZEUS
o 13—y - Published in NP B816 (2009) 1
a?l nl st | --Regge fit to LPS and LRG
' O ZEUSFPCII | data

A ZEUSLPS 33 pb™

1217 - ReagefitLPSHLRG | = no strong dependence
( { 1 of a,;p(0) on Q?

s 1 - ﬁ

11 ""%""++'++'"{"Jﬁ+"+'"'+' """ +H| 9 = results consistent with
. + + I 1 proton vertex factorization
| within uncertainties
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M.Kapishin New measurements of F2D4 at 14
HERA



leGrD(3)

0.05

0.05

0.05

0.05

0.05

0.05

0.05

® H1FPS HERA-2 (prel.), M,=M,
A ZEUS LPS (interpol.), My=M,

oP®): H1 FPS vs ZEUS LPS %

Forward Proton Spectrometer data

=0-0018 5= 0.0056 | §= 008 [ 6= 0056 | #- 078 | p-05¢ integrated over |t|<1GeV?

Q°=5.1 GeV°} - - - L&

i °°l odAl B i i ® _ _
1 il L LIL S x,p-dependence in (,Q?) bins
ERA 1 - 5 5 -

: e R 40088 [4 40 : * H1 FPS norm. uncertainty 6%,
Y T T O ZEUS LPS norm. uncertainty +11%_,,
| B R PV PR PR
.+ . F H1/ZEUS: =0.85 £ 0.01(stat.)
f26'5 GeV® | If i - - 0.09

B | I + 0.03(syst.) + 999, . ,(norm.)
e [ | . m I =» Reasonable agreement of
I R L Y
4t 5t * | newH1FPSHERA-2 and ZEUS
R - o o, | LPS data in shape of distribution

: : °"BF|  ® ool
oV [ [ ] - n | | - H1 FPS HERA-2 data extend

, E : I I PR | phase space to higher Q2

%O"z ‘1‘0'1 %O"z ‘1‘0'1 ‘10"2 ‘1(‘)'1 iO"Z ‘1‘0'1 %O"z ‘10" 1‘0'2 ‘10'1
Xip
M.Kapishin New measurements of F2D4 at 15

HERA



%«1.4 H1
1.3 |
812| . - Ratio of LRG to FPS
= i { cross section for
N It|<1GeV?
[ © | W H1LRG/FPS HERA-2 (prel.)
0.9 f B H1LRG/FPS HERA-2 (prel.) 0.9 @ H1LRG/FPS HERA-1
0.8 7 ® H1LRG/FPS HERA-1 0.8 7 LRG/FPS HERA-2 Norm. uncert.
07 w07 10° 07
T M, -dependence of cross section:
Z14) = LRG / FPS ratio has no strong dependence on
%1.3 * * Q?,B, x;p Within uncertainties
212 #i * B =»estimate p-dissociation contribution to H1 LRG
aRls data
T 1| Combined H1 HERA-1 + HERA-2:

0.9 f B H1 LRG/FPS HERA-2 (prel.)
| ® H1LRG/FPS HERA-1

osl ~ | H1:0(My<1.6 GeV)/ a(My=M,)= 1.20 + 0.11(exp.)
2
10 10
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ZEUS LPS / LRG ratio

E

6.00) (LPS)/ 6,0@) (LRG)

ZEUS
B = I L= =7 . 2 LPS/LRG ratio has no
oAt strong dependence on Q2,6,
e e em | Xp Within uncertainties
fgptfsna ot 3 consistent with proton
s e [ e | vertex factorization
(s I A A T L N SL R
_ S E—— « ZEUS data:
» o(LPS,My=M.) / o(LRG) = 0.76 +
-------------- sopEe et e 20,01 (stat) #9493, o, (Syst) 998 . (norm)
o0 o e “" %« Additional correction factor:
.............. oA S e S (M <1.6 GeV) / o(LRG) =

16'3 16'2 16'3 16'2 16'3 16'2 16'3 16'2 0911007(Sy8t)
=2 o0(My<1.6 GeV) / o(My=M,) consistent with H1 result
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" Hl

Ratio 0 °®)/ ¢ /ncl: B dependence

FPS HERA-2 (prel.), My=M_

— H1 2006 DPDF Fit B / H1PDF 2009
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B

= (1-B)x,,0,°C) (FPS HERA-2)
/ o nd (H1PDF 2009)

B-dependence in (x,p,Q?) bins
M. >2 GeV, [t|<1GeV?

= Ratiois flat except at
highest 3 — similar shape
of diffractive and inclusive
quark PDF in proton at low

X=Xpl3

- Ratio weakly rises with
X;p— IR contribution
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(1-B) X, 6,09 / G,

"Ratio 0 0@/ g nd: Q2 dependence

e H1FPS HERA-2 (prel.), M,=M > . _
— H1 2006 DPDF Fit B / HLPDF 2009 Q“-dependence in (xp,f3) bins
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" Ratio 0, 2®)/ g nol: InQ2 derivative

e Slope D: (1-B)x,p0,° /a/n¢'= A+ DInQ? — InQ*-dependence in

H1 Preliminary selected (x,p,3) bins

' ® x,-00025 M x,=0016 A x,=0035 * InQ? slope is consistent

| L xp=00085 A xp=0025 with zero within 1.50 of
| — H1 2006 DPDF Fit B / H1PDF 2009

0.

o
=
o1

(1-B) x,pd(6,0@/c)/dInQ

0.01| exp. uncertainties
0.005 =» (gluon/quark)dift ~
| (gluon/quark)nc
O .
; % in proton at low x=x,5[3
-0.005 [

« weak decrease of InQ?
001 slope with 3 reproduced by
| DPDF / PDF predictions

10 10 1
B
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Summary

 High statistics diffractive DIS data are measured with H1
Forward Proton Spectrometer at HERA-2 and ZEUS Leading
Proton Spectrometer

> diffractive reduced cross section g P® (Q2,B,Xp,t)

» parameters of |IP trajectory are evaluated from Regge fit to
F,P@ (Q2,B,x,5,t); Regge fit is also performed in Q2 bins

» Results of Regge fit are consistent with proton vertex
factorization

» no “shrinkage” of t-slope in diffractive DIS

» Ratio of diffractive to inclusive cross section only weakly
depends on 3 and Q2 — gluon PDF fraction in proton is similar
in diffractive and inclusive DIS at low x
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