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Al low 24, the data are consistent with a factorizable #; dependence, which can be
described by the exchange of an effective pomeron bmjectory with intercept oy, (0} =
L 1R o 00 (expe. ) T gy (meedel). Diffractive parton distribution functions and the #p dependence is interpreted in terms of an effective pomeron bajectory with intercept

uncerlaintics are determined from o nexi-to-leading crder DOLAP QCD analysis of the ap (1) = 11140001 [atat.) 0012 (ayst.) iHH‘.‘IH [model] and a sub-leading exchange.

pendence of approximately deafdt & €, independently of #p. A and 7 within uncer-
tainties. The cross section is also measured triple diffeventially in 2 e,  and Q2. The

and d dependences of the cros section. The resulting gluon distibuticn carries an inte-

P ! - ) ! - e The data are in good agreement with an Hl measurement for which the event selection is
grated faction of around T of the exchanged momentum in the €37 range studied. Total
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for proton disscciation contributions in the latter. Within unceriaintics, the dependence of

the cross section on & and £)? can thus be factorised from the dependences on all studied
variables which charcterise the proton vertex. for both the pomercn and the sub-leading
sections is studied. Chver mest of the kinematic range, this miio shows o significant de-
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Event Selection Methods

1. Tag and measure final state 2. Require Large Rapidity Gap

proton in Forward Proton spanning at least 3.3<n<7.5
Spectrometer (FPS method) and measure hadrons in
O No proton dissociation central detector (LRG
0 Can measuret method)
O Acceptance at high x, 0 Some proton dissociation
Q ... butlow Pot acceptance J Correct to My<1.6 GeV
U Near-perfect acceptance at
low Xxp

Roman Remnant

Pots [FPS] ngger X
‘ ......... E ﬁ s {_ P
Z(m) 80 64 26
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Data Sets and Observables

 FPS data sample * LRG data sample
d 1999-2000 data (28 pb-) d 1997 data (2 pb!, Q2<13.5 GeV?)
3 1997 data (11 pb-1, 13.5<Q2<105 GeV?)
O Study of t dependence: 0 99-00 data (62 pb-1, Q2>133 GeV?)
d2gep—eXp

TIP™ dzpdt

O The Diffractive reduced cross section:
4 _ep—eXp 4
dgd(a?dx pdt 1734 Yior 23 )(3’ Q?,zp,t)

0 Relates to the structure functions F,P and F P as:

P (2,02, zp,t) = YW - L FP® ~ FP®

4 Integrated over t:

UTD(S)("I;a Q23$P) — ffrr];':zn 01‘D(4)("L'3 Qzaxﬂ)at)dt
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Two Levels of Factorization

e QCD hard scattering collinear <+ “Proton vertex” factorization

factorization (Collins) at fixed of x,Q2 from xp, t (and M)
Xp and t dependences
O After integration over O Separately for leading IP and
measured M,,t ranges sub-leading IR exchanges

QCD collinear ) \
factorisationat W/
fixed X, t ¥ X (M,) > X
f J
Protonvertex ||
factorisation PR
N
(t)
. — D 2 —
do-?'(ep — GXY) fg (maQ ,.’BP,t) -

fP(CB, Q2,$]P,t) 02 d&ei(xa Qz) fP/p(-’Bp,t) X fzﬂg(ﬁ — m/mP,Q2)
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Data Overview

LRG: M<1.6 GeV >
d 3.5<Q2<1600 GeV?
0 2.7<Q2<24 Gevz\A
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Comparison LRG vs FPS Data

e Form ratio LRG/FPS of measurements as function of

[ @ H1LRG/FPS Data

——

X,p, P Or Q2 after integration over others

——

yaf >|!1_4; ® H1 LRG/FPS Data f!' 1_4; ® H1LRG/FPS Data
%43 t 1 } %43l t i L3l ' I 1
< i < i 3 ¥ S i
312 } T T si12| ! ' 1 t o1.2f | i T
Q11p Q11| ©11}
¥oqf v oqf Sl
= i = i = [
509 - © 0.9 a 09|
0.8[ 0.8} 08l
0.7 o 0.7} o o 0.7F o o
10 102 1 10 5, > 102 10" 1
Xip Q" (GeV?) B

U Independent of kinematics within errors

o(My<1.6 GeV) __
(Y =p) = 1.234+0.03(stat.)£0.16(syst.)

e Agreement in detail between methods

M, dependence factorizes within (10% non-
normalization) errors!
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Comparison of H1-LRG with H1-FPS and ZEUS-LPS data

0.05

Xp ch(S)

0.05

0.05

0.05

1

LRG vs FPS data: e LRG vs ZEUS LPS data:
+ H1 Data = H1 Data
o H: (FFt'S) Q? . o ZEUS (LPS) Q? \
p=0.01 [p=0.04 [P=0.1 |P=0.4 |p=0.65 [GeV7] g B=0.01 |p=0.04 |p=0.1 |p=0.4 [GeV7]
— 5.! o L 0.05— ; 35
L m*ﬁd 2séieng pnas i'%n bn- Y .éiﬁna %D N %ﬁ
x_ 0
— F }i 0.05 |— %
L 6.5
S e mﬂrﬁ Fomii0 i‘pﬂn : > - o ﬁ'ana %né %
- # mﬁ.ﬂ;ué[‘% 12 Cd g e B 7
L %'% II! o5 0.05 — ?% E .
- 5« @‘Eﬁi}i ﬁ.ﬁ ? - %E; e
Xip Xp

FPS and ZEUS-LPS data scaled by global factor of 1.23
ZEUS-LPS and H1-FPS normalizations agree to 8%

Vergy good agreement between proton tagging and LRG methods
if p dissociation is accounted for!
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t dependence from FPS measurements

e Fitto exp(Bt) in bins of xp * Resulting B(x,p)
el 0.0002 < xp < 0.00Z [ 0.002 < xp < 0.006 [ 0.006 < x, < 0.014 ,_..:I""_Io B ® HiFPS
o ' R > | [ ZEUSLPS
0 - L — Fit -e ﬂ) 5 . .
5 I g i % — Parameterisation
10 - ; m °f
T ; ; j
< [ i
E 0.014 < xp < 0.03 E 0.03 < %p < 0.06 E 0.06 < xp < 0.1 |
N_g | [ |
a : : i
» \\ \ |
10p 3 F i
z 5 2r
0 02 040 02 040 02 04 T R B—
|t| (Gev ) 10 10 10

Xip
* B(x,p) data constrain IP,IR flux factors in p vertex fact. Model

 Regge motivated form: (TP, ) = 2;::;1%:;_1 ap(t) = ap(0) + opt
TP

* E.qg. fitting low x, datato B = Bp + 204'p In(1/zpp)
yields

Bp =553%9 GeV2 of, = 0.061772 Gev—2
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t-slope dependence on B or Q2?

B measured double differentially in (f or Q%) and xp
T gf  0.0002 < xp < 0.03 $gb 0.0002 < xp < 0.03
7} ] 7§ }
X : S8 ;

m,f )
3f 3F
2k 2¢
1:_ . | . TF ] R R
8 0.03 < xp < 0.1 sf  0.03<x <01
;: ® H1FPS g: ® HiFPS
5F } 5F
4F 4 * ¥
3f i ¢ 3F
2F 2
1 T 10~ 10” 1
Q? (GeV?) B

* No change of t dependence with 3 or Q2 at fixed x,p
 Proton vertex factorization for t dependence working within errors
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. P3)(B,Q2,x,p) at X;»=0.0003

* Principal binning scheme for
LRG data

e Study Q? and x (=p*x,p)
dependences in detail at

small number of fixed x,p
values

e Good precision —in best
regions 5% (stat.), 5% (syst.),
6% (norm.)

 Directly measures diffractive
quark density at fixed xp

« Data compared with “H1 2006
DPDF fit” and its error band
(assumes p vix factorization,
see later)

X,pG,D(3)

i

¢ H1 Data
X,p = 0.0003 = H1 2006 DPDF Fit A

G (extl‘apol. ﬁt)

F E]
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= -1 -1 -1
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C B
_IIIIII| L

10” 1
X;p = 0.0003

® H1 Data
x=5E-05 - H1 2006 DPDF Fl‘l A
B=0.17 (i=3) rwwew (extrapol. fit)
E x=8E-05
§ p=0.27 (i=2)
x=0.00013
ii B=0.43 (i=1)
x=0.0002
i p=0.67 (i=0)
0.05 | # $
| | I | | | I I | | | 111

2
10 10

Q? [GeV?]
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X,p0,P3)

c,°B)(B,Q% x,p) at x,,=0.001

¢ H1 Data (extrapol. fit)
X,p = 0.001 H1 2006 DPDF Fit A _ UL
™
L — x=5E-05
E Q%=3.5 GeV? Q%=5 GeV? Q%=6.5 GeV? ) Q’=8.5 GeV? %L 10 § B=0.05 (i=6) ® H1 Data
0.05 — ; \;: % i Eo H1 2006 DPDF Fit A
B F Rt FH E e - x=8E-05 (extrapol. fit)
C &7 X < B 3.3 $ 1 % R W B=0.08 (i=5) i
0025 o0 e P h LALE ¥ 1 % G
b BBt ) ™ [ x=0.00013
e r Q! E B=0.13 (i=4)
g Q%12 GeV? Q=15 GeV? Q%20 GeV? Q=25 GeV2 ; 1k . 8 ] 20,0002
e 't : * L] - e % p=0.2 (i=3)
C 3 47 % ¢ttt ¥ = I f 0.00032
- 3 ': E X=U.
0.025 — : ] E - * 52 B o-e $=0.32 (i=2)
C S S
0: IIIIII| L LI IIIIII| L 11 ILI = ) !. [ ] ! ! x=0.0005
C Q%=35 GeV? Q2=45 GeV? 10" 1 10" 1 10 - ::1-.-::::1':”%"'! p=0.5 (i=1)
0.05 :_ E B E NI x=0.0008
N 4 L o $F T FTTre—y $=0.8 (i=0)
0.025 [ ‘ } i
C 1 1 [ | |
O_IIIIII L 1 LI IIIIII| [ l = l - 2 l —
10" 1 10" 1 1° 10 2 2
Q° [GeV ]

* Like an inclusive F, measurement at each value of x ...
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X,p0,PG)
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0.025
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0.025

D(3) 2 -
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c,PG)(B,Q2%,xp) at x,,=0.01
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Q? dependence in more detall

c,P®) measures diffractive
quark density

e Its dependence on Q2is
sensitive to diffractive gluon
density

e Fitdata at fixed (x,x,p) to
c,2=A+B InQ?, so that
B=do, P/ dIn Q?

* Divide results by fip,(x)p) to
compare different x,, values

2

nQ
[=]
8

DE)/d

fipp1(Xp)-do

0.005

-0.005 |

-0.01

- 0.02 [
0.015 |+

0.01 1

3

H1 Data

O lezﬂ.m'l

& xIP=0.[}D3

. lezu.U'l
v x,,=0.03

10

p
 Derivatives large and positive at low [
e Suggests large gluon density (independent of x,, within errors)
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H1 2006 DPDF fit; Overview

Fit LRG data from fixed x,p
binning, using NLO DGLAP
evolution of DPDFs (massive
scheme) to describe x,Q?
dependences

Proton vix factorisation
framework (supported by
data)

d relate data from different x,p
values with complementary
X,Q2 coverage

For IP exchange, free

parameters are

3 a,p(0) (describes xp
dependence)

(0 DPDF parameters at
evolution starting scale Q,?

QCD collinear
faCtorisation at. T R RS CPp PRy AR S LR o Gt L

fixed X, t X (M,)
p P
(t)
Bpi
— e’ P
fP/p(-'I:Pat) — 2ap()-1
TP

e For sub-leading IR

d all flux parameters taken
from previous data

O PDFs taken from Owens-r;
single free param for
normalization
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Kinematic range and DPDF parameterization

To ensure data fitted are compatible with chosen framework, test
sensitivity of fit results to variations of kinematic boundaries

O Results stable for most variations (B,,axs Bmins Mx min» Xip,max)

O Systematic variation of gluon density with minimum Q2 of data
included in fit for Q2<8.5 GeV?; stable for larger Q2-min

Fit all LRG data with Q%>8.5 GeV?, M,>2 GeV, < 0.8
Parameterize

d quark singlet zX(z,Q,?)

d gluon zg(z,Q,2) density

2%(2,Q3) = AgzB1(1 — 2)%  2g9(2,Q3) = Ag(1 — 2)Cs

O Gluon insensitive to Bg

Small number of parameters
1 need to optimize Q2 wrt y?2

Using world average value for a,(M,)=0.118
Results reproducible with Chebychev polynomials
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H1 2006 DPDF fit results (log z scale)

. Q,2=1.75 GeV?

Singlet Gluon

.+ 42~158/183 dof E: E : o
ﬂ 01F E 05 ]
e Experimental 0 b ' 0y
uncertainty obtained by 02 i
propagating errors on o1 b osf 20
data (c.f. incl. fits, Ay?=1) 0: o
u.zf— 1F
 Theoretical uncertainty sk 90
from varying fixed M i
parameters of fit (flux 0 P 0 g
params, ag, m_,, m, etc.) 02f F
and Q02 (AX2=1) 0.1 — '3'-53— 800
U:""" 2I I””“I-1I D_I ””-EI ””””-1I
* Singlet constrained to CE z L L
~5%, gluon to ~15% at _
low z; error blowing up — ;l,f“f,ﬁrﬁf“ mA
at h|ghest y 4 1 (exp.+theor. error)
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A closer look at high z region

 As there are only singlet
quarks, the evolution eq. for
F,Lis

dFD
dmfgz"‘g;[qu@Q + P‘]‘I®Z]

A
A

105" (Xip) - d 6,00) / d In Q7

e Atlow 3, evolution driven by
9— qq.
O strong sensitivity to gluon
e At high B relative error on
derivative grows, q— qg
contribution becomes
important:

O sensitivity to gluon is lost

Log. Derivative wrt Q2:

0.02

0.015

0.01

=
o
=1
a

-0.005 -

* H1 Data (x, = 0.01)

H1 2006 DPDF Fit A

Gluon driven evolution

Quark driven evolution

Sum

-0.01

10

10 1

07/06/2006 HERA-LHC Workshop Frank-Peter.Schilling@cern.ch 21




H1 2006 DPDF fit results (lin. z scale)

Singlet

 Lack of sensitivity to high
z gluon confirmed by
dropping C, parameter, e
so gluon is simple ;
constant at Q,2:

* FitB, x>~164/184 dof

0 Singlet very stable ° o2 04 06 os z
O Gluon similar at low z
. H1 2006 DPDF Fit A
O Substantial change to =1 (exp. error)
gluon at high z [ (exp.+theor. error)

0.25

0.25 [

0.25 [

- W
05F N
BN N

- e

N
0.5 X

C 2

0.2 04 06 08

—— H1 2006 DPDF Fit B
----- (exp.+theor. error)

Q 2
[GeV?|
8.5

800
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Effective Pomeron Intercept

* From QCD fit to LRG data
ap(0) = 1.118 + 0.008(exp.) 3975 (th.)

 Dominant uncertainty from © of . F
Strong correlation with 0C’|p: 5&1.175; ® Fit with o,,(t=0,Q%) E_ 4 Fit with o,,(t=0,p)
taking o’ p= 0.25 instead of i i
0.06 GeV-?2yields op(0)~1.16 "¢ ]

1.125

g 3 + —
* Stable w.r.t adding extra i N

parameters for o,p(0) in 1.0751 :
different Q? or 3 regions - -
(consistent with p vtx 9% H1 2006 DPDF FitA |
factorization) 10251 [ (€xp. error) -
e Consistent result from fits to 10 10 10° 102 10"
FPS data: Q” [GeV?] B

ap(0) = 1.11440.018(stat.)+0.012(syst.) 1) 00 (th.)
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Diffractive Charged Current

1‘-
.
.
.

.
.
o

Ve
e .7
— W+ = _
... d,uc,s
u,d,s,c
P ~ p

Sensitive to flavour
decomposition of singlet
(completely unconstrained by
NC data)

Good agreement with 2006
DPDF fit (assumes
u=d=s=ubar=dbar=sbar, c
from BGF), though statistics
very limited so far

[y ] (]
[4)] o

[ut]
(=]

doldx,, [pb]

10

— 1.2
C e
r =
- el 1
C B
- 5 08 [
- ® 06 - & T
— { 0.4 |- i
- 0.2 — }
......... lemememi o] 8 T R T
0.01 0.03 0.4 0.6 0.8 1
Xip K
® H1 Data

(Q*>200 GeV?; y<0.9; x,,<0.05)

—— H1 2006 DPDF Fit A
----- (IR contrib.)

300
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Ratio diffractive/inclusive: Q2 dependence

_ Xp= 0.01
e}
— = H1 Data
a7 ) —— Fit{a, + b, In Q7
F 10k
LS
o - ) x=BE-O5
; =000 {1=11)
E " 1=8E-05
(3] 0l ! ['=i0. 008 {I=10])
a x=0.00013
C _‘-""l-i, [i=0.013 {1=5)
- ¥=0.0002
, [=0.02{1=8)
10"
C x=0.00032
r ﬂ"_!_'"_.? [i=0.032 {1=7)
L ¥ x=0, 0005
[4=0.08 {1=5)
10
E ] X0, 0008
- * i xS [i=0.03 {1 =5]
[ FeseentE o
[i=0.13 {I=4]
1 —
E=0.002
[i=0.2 {1=3)
-!—0—!.._'.!__.__!_“__‘__ x=0.0032
[i=0.32 {1=3]
A [
10 - -"-F-'!——:____H— =0 005
E fi=tu8 f1=1]
b
¥=0.008
fi=iE {10
2
10 -
vl Lol Lol L1
10 ‘IEIE 1D3
2 2
Q? [GeV?]

=
Q
-
L8]

0.01

=
o
=1
L]

1(X,p) - d (6,0@ /) /d In Q°

fIP.-"p

-0.01

-0.015

Make ratio at fixed x,, and x

and fit it to A+B InQ?2

H1 Data

* x,,=0.01
v x,=0.03

o X,,=0.001
s %,,=0.003

1 _ -0.005 T

I-2 I-'|
10 10

Ratio remarkably flat

1

B

(derivative~0) except at high 3
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Q? derivative and gluon/quark ratios

d(c?l /oy) 1 dol 1 do @ g
o If r LT then L & r > ~ 2
din Q2 ~ 0 oDdinQ2 ™ ordIn Q2 P g
1.2 S
Gluon Momentum Fraction %t
, [ foro0043<z<08 R T T ey
E Diffractive | Inclusive

-
o

|dz z g(z,Q%) / Jdz z [Z+g](z,Q°)

0.6 |-
E N \\ ‘\ xg(0.05)
0.4 H1 2006 DPDF Fit A 03 B \
[ [ (exp. error) b
0.2 — ] (exp.+theor. error)
[ --- H12006 DPDF Fit B B
2 10" 10 107 10’
10 10 R
2 2
Q° [GeV ]

At low x, quark:gluon ratio ~ 70%/30%, common to diffractive and inclusive
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Ratio diffractive/inclusive: 11 Data Rl e
x dependence S e Sk S
— 0025 ,_____H_""*:—_—___:M:—,—_—_—"h-tq::__— R e
e Plot 5,%c, at fixed B,Q2 3 S v T
(hence fixed M,) vs x © B S = R
(~1/W2) N e ot s S L b
« Corresponds to = e T T R i
o doP TS S 2 S b T W S
M5 - 52/ otot | O S N e
X 0025 o . e "'“.._H—"ﬁ-'-r_',_—___f"'%!:—
I:IIIE: s . NM"; — :H_..._r_i-:h”__.__ﬂ 20
« Remarkably flat vs x over ases |t - xk“hx%_ ““*-mﬁf_._.r.‘__iﬁ._;? =
most of kinematic range L I N T
(bins with large F_ or IR u S T C [
contrib not shown) "L I i e
N _,_.li.-._——'—_ - _MH__ [ 60
0025 a‘_'_?gj.___'h.lﬂ——-—ﬁé'{:_
‘ S, " ™
» Diffractive and inclusive i i S g N M
cross sections cannot be oazs|- - :_,#::__H_:l‘“ ...... |
described with the same | I I [ | o
OLIP(O)’ even if it is Q2 I]n:lu" m m"uIJ" | 1;“ﬁm" | T:
dependent X
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Summary

 H1 diffractive measurements using FPS and LRG methods published last
week:

O FPS method: DESY 06-048, hep-ex/0606003, subm. to EPJC
U LRG method+QCD fits: DESY 06-049, hep-ex/0606004, subm. to EPJC

 Data from two methods agree in detail

* Slope parameter B~6 GeV-2 at low xp, indep. of x,,3,Q?

* Proton vtx factorization with reggeon exchanges at high x continues to
provide good model for x,, dependence: o,p(t)~0.118 + 0.06 t

» Diffractive PDFs extracted from fits to 3,Q2 dependences for Q2> 8.5
GeV2 (H1 2006 DPDF Fits A+B)

0 Quark singlet very well constrained (~5%)
0 Gluon constrained to ~15%, but poorly known at high z
e DPDFs predict charged current cross sections OK
0 More comparisons with jets, charm etc. to follow
e Ratio diffractivel/inclusive DIS measured
Q ~flat with Q? at fixed x,xp
O ~flat with W at fixed Q2,M,
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Extra Figures



Comparison H1-LRG and ZEUS-Mx data
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Ratio diffractive/inclusive vs Q? extra plots
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t dependence in bins of  or Q?
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Q2 and B dependences of FPS data
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X,p dependence of FPS data
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