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Final results, new for this conference. Everything shown is
taken from these two closely related papers.
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• Comparing proton-tagged and
large rapidity gap data

• Dependences on t

• Q2 and β dependences and fits for
diffractive parton densities (DPDFs)

• xIP dependences and effective 
pomeron intercept

• Charged current diffraction

• Comparing diffractive and total cross sections



Event Selection MethodsEvent Selection Methods

• Some proton dissn 
• Near-perfect acceptance at low 

• No proton dissociation
• Can measure t
• High       accessible
• … but low Pot acceptance

ηmax

1) Tag and measure final state 
proton in Forward  Proton 
Spectrometer (FPS method) 

2) Require Large Rapidity
Gap spanning at least 

and measure
hadrons comprising X (LRG method)
3.3 ~ 7.5η< <
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Data Sets and Data Sets and ObservablesObservables

2where 1 (1 ) .Y y+ = + −

expressing  dependencet

• FPS data sample 1999-2000 data (28 pb-1)

• LRGdata sample 1997 data (2 pb-1 for Q2 < 13.5 GeV2)
1997 data (11 pb-1 for 13.5 < Q2 < 105 GeV2)
1999-2000 data (62 pb-1 for Q2 > 133 GeV2)

which is also measured in ...

… used to measure σr
D(3), also charged current cross section and 

ratio of diffractive σr
D(3) to inclusive σr



QCD hard scattering collinear factorisation (Collins) at fixed xIP and t
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`Proton vertex’ factorisation of x and Q2 from xIP, t, and MY dependences

Modelling Modelling the Data: Two levels of the Data: Two levels of factorisationfactorisation

(applied after integration over 
measured  and  ranges)YM t

(separately for leading  and 
sub-leading  exchanges)

IP
IR



FPS: Y=p

Data OverviewData Overview

2 22.7 24 GeVQ≤ ≤

2 2GeVQ3.5 ≤ ≤1600
LRG: MY < 1.6 GeV



Detailed Comparison LRG v FPSDetailed Comparison LRG v FPS

• Form ratio of measurements as a function
of xIP, β or Q2 after integration over others

independently of kinematics within errors
• Agreement in detail between methods
• MY dependence factorises within (10%) 
(non-normalisation) errors

( 1.6 GeV) 1.23 0.03 (stat.)
( )

YM
Y p

σ
σ

<
= ±

= 0.16 (syst.)±

LRG measurement 
also done with FPS 
bins



Comparison of H1 LRG, H1 FPS, ZEUS LPS DataComparison of H1 LRG, H1 FPS, ZEUS LPS Data

• ZEUS LPS and H1 FPS
scaled by global factor of 
1.23.

• ZEUS LPS and H1 FPS
normalisations agree to
8% (cf 10% normalisation
uncertainties each)

• Very good agreement 
between proton-tagging
and LRG methods after
accounting for proton
dissociation



tt Dependence from FPS MeasurementsDependence from FPS Measurements
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Fit to exp(Bt) in bins of xIP

B(xIP) data constrain IP, IR flux factors in proton vertex facn model
Taking Regge motivated form 

(similarly for IR)

e.g. fitting low xIP data to yields …
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tt Slope Dependence on Slope Dependence on ββ or or QQ22??

• t dependence does not change with β or Q2 at fixed xIP
• Proton vertex factorisation working within errors for t dependence

… B measured double differentially in (β or Q2) and xIP



• Principal binning scheme for
LRG data … 
• Study Q2 and x (= β . xIP)
dependences in detail at small
number of fixed xIP values.

• Good precision – in best regions
5% (stat.), 5% (syst) 6% (norm)

• Directly measures diffractive 
quark density at fixed xIP

• Data compared with 
`H1 2006 DPDF Fit’ and its error
band (assumes proton vertex
factorisation - see later) 
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(3) 2( , , ) at 0.001D
r IP IPQ x xσ β =

(Like an inclusive F2 measurement
at each value of xIP)
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QQ22 Dependence in More DetailDependence in More Detail

2lnD
r

Derivatives large and positive at low β … suggests large gluon
Results independent of xIP within errors

A B Qσ = +

such that d
2d ln

D
rB
Q

σ
=

Fit data at fixed x, xIP to

Divide results by
to compare different xIP values

σr
D(3) measures diffractive 

quark density.
Its dependence on Q2 is
sensitive to diffractive 
gluon density.

/ ( )IP p IPf x



H1 2006 DPDF Fit, OverviewH1 2006 DPDF Fit, Overview
• Fit data from fixed xIP binning, using
NLO DGLAP evolution of DPDFs  (massive
charm) to describe x and Q2 dependences.

• Proton vertex factorisation framework 
with Regge-motivated flux factors 

to relate data from 
different xIP values with complementary x, Q2 coverage.

• For IP, free parameters are αIP(0) (describing xIP dependence via 
flux factor) and parameters of DPDFs at starting scale Q2

0 for 
QCD evolution. Fix BIP and α’IP using FPS data.

• For IR, all flux parameters taken from previous H1 data, parton 
densities taken from Owens-π. Single free parameter for normalisation
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KinematicKinematic Range and DPDF Range and DPDF ParameterisationParameterisation
• To ensure data fitted are compatible with chosen framework,
test sensitivity of fit results to variations of kinematic boundaries….. 
….. Results stable for most variations (βmax, βmin, Mx,min, xIP,max)
….. Systematic variation of gluon density with minimum Q2 of data
included in fit for Q2

min < 8.5 GeV2. Stable for larger Q2
min

• Fit all data with 

• Parameterise quark singlet zΣ(z,Q0
2) and gluon zg(z,Q0

2) densities,
where z is parton momentum fraction (= β for QPM).

Parameterisation  used is                                      and  
(gluon insensitive to Bg)

• Small numbers of parameters, so need to optimise Q0
2 with respect to χ2

• Results from this procedure reproducible with Chebyshev polynomials

2 28.5 GeV  (and 2 GeV, 0.8)XQ M β≥ > ≤

2
0( , ) (1 )q q

q
B Cz z Q A z zΣ = − 2

0( , ) (1 ) gCzg z Q A zg= −



H1 2006 DPDF Fit Results (log H1 2006 DPDF Fit Results (log zz scale)scale)

• Experimental uncertainty
obtained by propagating
errors on data through
χ2 minimisation procedure

• Theoretical uncertainty 
by varying fixed parameters 
of fit and Q2

0 (s.t. Δ χ2 = 1)

• Singlet constrained to ~5%,
gluon to ~15% at low z,
growing considerably at high z

Q0
2 = 1.75 GeV2

χ2 ~158 / 183 d.o.f.

~70% gluons
Integrated over z



A Closer Look at the High A Closer Look at the High zz RegionRegion

We have only singlet
quarks, so DGLAP
evolution equation for F2

D ….

d 2      +   2 2d ln
s

qg qq

DF
P g P

Q π
α ⎡ ⎤∼ ⊗ ⊗ Σ⎣ ⎦

• At low β, evolution driven by              … strong sensitivity to gluon
• At high β, relative error on derivative grows,                contribution
to evolution becomes important … sensitivity to gluon is lost

g qq→
q qg→



DPDFsDPDFs (linear (linear zz scale)scale)

• Lack of sensitivity to
high z gluon confirmed
by dropping (high z) Cg
parameter, so gluon is a simple 
constant at starting scale!

•Fit B
χ2 ~164 / 184 d.o.f.
Q0

2 = 2.5 GeV2

• Quarks very stable
• Gluon similar at low z 
• Substantial change to gluon
at high z



Effective Effective Pomeron Pomeron InterceptIntercept

From QCD fit to LRG data ( ) ( ) ( )+0.029
- 0.0100 1.118  0.008 exp.   theoryIPα = ±

( ) ( ) ( ) ( )+0.040
- 0.0200 1.114  0.018 stat.   0.012 syst.   theoryIPα = ± ±

Consistent result from similar fit to xIP dependence of FPS data:

• Dominant uncertainty from
strong correlation with α’IP.
…taking α’IP = 0.25 GeV-2

.instead
of 0.06 GeV-2 yields αIP(0) ~ 1.15

• Adding extra parameters for αIP(0) 
in different Q2 or β regions shows
no significant variation (as required
for proton vertex factorisation) 



Diffractive Charged Current Cross SectionDiffractive Charged Current Cross Section

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

Good agreement with 2006 DPDF fit (assumes                      
and c from BGF) though statistical precision very limited so far

u d s u d s= = = = =



QQ22 dependence of diffractive/inclusive ratiodependence of diffractive/inclusive ratio
Make ratio at fixed xIP and x and fit to 2/ lnD

r r A B Qσ σ = +

such that ( )d
2d ln

D
r rB
Q

σ σ
=

Ratio remarkably flat (derivative ~ 0) except at high β

(e.g.)



QQ22 Derivative and Quark to Gluon RatiosDerivative and Quark to Gluon Ratios
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At low x, ratio of quark:gluon = 70% : 30% common to diff. and incl.

Inclusive
PDFs



xx Dependence of RatioDependence of Ratio
• Plot σr

D(3) / σr at fixed β and
Q2 (hence fixed Mx) as a 
function of x (~1/W2)

• i.e. (with appropriate factors)

2
tot2

d .      
d 

D
r

X
X

M
M
σ

σ

• Remarkably flat v x over most of
kinematic range (bins with large
FL

D or IR contributions not shown)

• Diffractive and inclusive cross
sections cannot be described with
the same αIP(0) , even if it is
Q2 dependent



SummarySummary
• FPS and LRG measurements to be published. New level of precision 
and kinematic range. Agreement in detail between the two methods

• Slope parameter B~6 GeV-2 at low xIP, independently of xIP , β and Q2

• Proton vertex factorisation with Reggeon exchanges continues to
provide a good model for the xIP dependence:

• DPDFs extracted from fits to β and Q2 dependences at Q2>=8.5GeV2

Singlet quarks very well constrained (~5%).
Gluon to ~15% at low-to-moderate z, but poorly known at high z

• DPDFs predict charged current OK. Many more comparisons to follow

• Over much of measured range, ratio of diffractive to inclusive cross 
sections shows no significant dependence on Q2 at fixed x, xIP or on
W at fixed Q2 and MX

( ) ~ 1.118 + 0.06 IP t tα



BACK-UP SLIDES FOLLOW
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