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® Measurement of inclusive diffractive DIS cross section
e DGLAP QCD fit
® Diffractive parton densities

® Measurement of inclusive diffractive charged- current cross section



Diffraction at HERA

® ¢p collisions: probe proton with photon
e examine QCD structure of diffraction

deep-inelastic ep scattering (DI diffractive ep collision
(=10% of DIS events)
e (k)
v (9)
. } x
(E particles gap

P =1y
i N

e colour flow ® colour singlet exchange
® proton breaks up ® proton intact or low mass
excitation
—» many particles in —» events with gap and/ or
prOton direction |eading pro’[on
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Kinematics

. / Q?® photon virtuality
., o)

B quark momentum fraction
w.r.t. colour singlet exchange

S B }X X, colour singlet momentum fraction
| w.r.t. proton
Xp|| largest gap in event
Y X=PX, quark momentum fraction

i/ p
P t p w.r.t. proton

t squared momentum transferred at
proton vertex

\/s_ ep centre- of- mass

energy =300 GeV
2 Y M, mass of (dissociating) proton system,

y =SQ—X Inelasticity variable mostly m
P

diffraction: x _<0.05, |t|<1 GeV~, M < 1.6 GeV
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Reduced diffractive cross section

reduced cross section

diffractive structure
functions
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At LO QCD: F°=0
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t dependence: Forward Proton Spectrometer

® roman pot detectors closeto 2<Q°<50 GeV*

- 0.6
ing proton m y<
°_“t9° g proton bea -0.45<t<-0.08 GeV?
® limited acceptance x,,<0.09
L=28.8 pb’
H1 PRELIMINARY
xp < 0.01 xe = 0.01 — 0.03
‘%\102:—8 = 4.6 + 0.4 + 0.9 GeV™2 %102:— B=57+0.5+ 1GCeV?
< g
® measure t dependence To b To -

i

® fits to cross section
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Rapidity Gap Selection

® proton escapes undetected
through beam pipe

® require no activity between
proton and system in detector

Disadvantages w.r.t. proton tagging:

® integrate over t range:

It|<1 GeV?
. . ...but: higher statistics!
® proton dissociation

background:

MY< 1.6 GeV
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HERA Diffractive DIS Cross Section
® H1 (LRG, prel.)

= H1 (FPS,prel.)
v ZEUS (LPS)

— H1 2002 NLO fit (prel., Vs=319 GeV)
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o GrD‘3)measurements with
rapidity gap method and

good agreement

® good agreement with ZEUS
proton tagging measurement
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Xip GrD(3)

s+ H199 (Vs=319 GeV, prel.)
= H199-00 (Vs=319 GeV, prel.) — H1 2002 c,0 NLO QCD fit (prel.)

H1 preliminary

e H197 (Vs=301 GeV, prel.) - extrapol. fit
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<— '99-'00 high Q? data
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QCD Factorisation and Diffractive Parton Densities

diffractive photon- proton cross section factorises
at fixed x ,and t (proof by Jd Collins)

}x

Y*p _ D i

g = Z _ fi/p ® e

parions i
4 »
v /
partonic
diffractive PDF cross section

—» ep collision: diffractive structure functions factorise:

D( 4) D y* i
F oC E TR0 : Y*p _ __Yy*p y* p
par[onsz

D( 4) D * |
FL o« Z fi/p®0-{

partons i
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Regge Factorisation

factorise the diffractive PDF:

}X ff/p( XIP’t’B’QZ) :fIP/p( xIP’t) fi/]P< .B,Qz)
l_l_ fIR/p< xIP’t) fi/]R< B’Qz) ]
/

'Reggeon’ contribution for x _>0.01

e (3,Q°) dependence independent of (x ,,t) dependence

® Regge phenomenology, no proof in QCD!
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Experimental Test of Regge Factorisation

e Fit to 6 °® assuming Regge factorisation (y<0.45 to avoid F,°)

O_f< . =fIP/p( le) AIP( B’Q2> +fIR/p( 'le> AIR( B’Qz)

flux factor:
t

B
e]P . ,
fIP/p( Xpp) =J.dtx20<1p( ) -1 with o, (1) =a, (0 0) 4o’ t
IP

o fit x  distribution in every (8,Q°) bin
e A_and A _are free parameters controlling the normalisations

Result:
X */ndf =0.95

%, ( 0) =1.173+0.018( star.) +0.017( syst.) 10903

model)
-0.035

—  Regge factorisation consistent with data
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Effective o (0)

® Regge fit in different Q? ranges

H1 Diffractive Effective o,;(0) —> o (0) at different Q°
© 97prel (F°=0) 4 99 prel (F,°=0) ® no significant dependence on Q?
s M _ . e error dominated by uncertainty on F °:
~= __ _Inclusive _ 5 5 L
5 i varied by O<F "<F,
12 | . , .
- i | e o (0) at high Q° larger than in
I hadron- hadron collisions
I softP = no universal pomeron
- O0<FDP<Fp e 0, (0) from fit to inclusive ep scattering:
L — _ a0 -
1 10 10° Fro=cx

2 2 ® data suggest that at high Q2
O 1GeVI iciusive o (0) > diffractive o (0)
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Q? dependence of ¢ ° - Scaling violations

ex_<0.01, y<0.6 to limit Reggeon and F " contributions

H1 preliminary e divided by flux factor
X,=0.0003 * X,,=0.001 * X,,=0.003 * X,,=0.01

“a 01 [ e structure similar for all x
— | p=0.013 3=0.020 =0.032 3=0.043 =0.050 P
L —» supports Regge
- W b factorisation
/% ¢¢ $ %
S~ { ]
™o 01 - ° -
% _ p=0.067 p=0.080 p=0.107 p=0.130 $=0.167 at LO:
- i D( 3) __IP 2
b0.05 . ‘ii O-r /fIP_F2< .B:Q )
- ot "i.‘ oo’. é'i‘” ".... _Z ’ ( 2)
01 - — L .B €. q,; .B ) Q
_ p=0.200 B=0.267 B=0.320 p=0.433 B=0.500 D( 3)
B 0o
0.05 0t 3 (%) d ~ 2
sy s e s X )
E “ioi‘ * “..00 *'i.“& *.‘ o b 6 ln ( Q 2) S g ( B Q )
0.1
" B=0.667 $=0.800
005 5, ;{ . « H1 97 (prel.) y<0.6 ® positive scaling violations
STl Vet gi¥y o H1 97 (prel.) y<0.6; M,<2 GeV for B<0.65
|t H1200260NLO QCD Fit (F,=0) '
10 107 10 10° — large gluon component
2 2
Q° [GeV ]
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Scaling Violations Quantified

H1 Preliminary a O-D( 3) LO )
r
S ~ .87 ( B.07)
0.03 - e x,,=0.001 2 >
I X,=0.003 0ln < Q )
i . * X,,=0.01
002 - e fit of scaling violations:

fppXp) ' -d 6,0/ d In Q°

o + { R J Il J{ o = A+Bln( Q7)

1 S e scaling violations positive
, for f<0.65
-0.01 j
002 - | — large gluon
107 107 1

S Schétzel: Inclusive diffractive cross section at HERA - Diffraction 2004 14



X;p = 0.01 H1 preliminary

[ “xe00002, proco0n Ratio diffractive/ inclusive DIS
o, e e ratio of reduced cross sections
x=0.00032 , 3=0.0320 . . .
&= 005 - o fixed x_ — fixed gap size
| e o . IP
| %0005  p=0.0500 e ratio flat for f<0.5
——— L . , , ; ; ; -
similar QCD dynamics in diffraction
0.05 - X=0-0008p=0.0800 and inclusive DIS?
e 22—
0.05 | X=0:0013,p=0.1300 H1 Preliminary
I e 3>0.6: diffractive ¢ ol | . % ~0.001
. . = i X,p=0.003
0.05 | X=0:002,p=0.2000 contribution = [\ * %p=0.01
SRS decreasing G oo
x=0.0032 , 3=0.3200 £ i !
0.05 — o I E }
— L I R S _; 0 f==mmmgmmees ﬁ ------------------ %----% ----------
x=0.005 , B=0.5000 & N '7,; ? }
0-05 1= —_— ><& -0.01 }
- = | flat ratio i
. . -0.02 j ®
k\ | | \‘ | | | I | ‘ k J : i
® Q? [GeV?) 1
- H1 97 (prel.) B

Fit (a + b log Qz)
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DGLAP Fit to ¢ °

e rapidity gap data: 6.5<Q°<800 GeV* ('94-'97 datain 200<Q°< 800 GeV?
not shown)

e avoid higher twist: M >2 GeV

e NLO fit: FLD taken into account
o LO fit: y<0.45 to avoid F°

e fit diffractive parton densities:

sum of light quarks X =u-+d +s+u-+d +s
gluon

e parameterised at starting scale Q °=3 GeV
e using Chebychev polynomials + exp. damping at high fractional momentum

* (N)LO DGLAP evolution to measured Q°
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Diffractive Parton Densities

H1 2002 5,0 NLO QCD Fit

H1 preliminary

Singlet Gluon

)
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H1 2002 6,0 NLO QCD Fit
== (exp. error)

] (exp.+theor. error)
— H1 2002 .0 LO QCD Fit

z = parton momentum fraction
w.r.t. diffractive exchange

Q 2
[GeV“]
6.5
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"y
N

Gluon Momentum Fraction
for 0.01<z<1

—t

NA

g |

8 1

™ [T

5 08 %

N B

N 0.6 |-

© i .

— - @ ZEUS QCD fit

. 0.4 -
& L H1 2002 ,> NLO QCD Fit
2. 02| ] (exp. error)

S “t ] (exp.+theor. error)

N B ‘

0
3 10 10°
Q° [GeV ]

e gluon carries 75+ 15% of

momentum (agreement
with ZEUS fit)

e large gluon uncertainty
at high z
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. . _ x
F° at leading twist NLO QCD: F;oc - CS®F12)+C§®ZI- lzg"( 2,07

X;p F,_D(3)

0.05

0.05

e related to NLO gluon density

0.05

FLD- Longitudinal Structure Function

X;p = 0.003 H1 preliminary

_ Q%=6.5 GeV?

L -
0.10.2030405060.70.809 1

B

—— F_P (from NLO QCD Fit)

—> |arge at low

Xip F,_D(3)

e large fraction of F "at low Q?

0.05

0.05

0.05

Xp = 0.003 H1 preliminary

_ x=3.2E-05;3=0.0107

 x=0.00032 , p=0.1067

2
Q? [GeV?]
— F_ D (from NLO QCD Fit)
.......... F2D

and low

|
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XIP =0.03

H1 preliminary

x=0.00032 , p=0.0107

PN
{

P

Xp GrD(3)
o
&

x=0.005 , $=0.1667

-
-
.=

x=0:8005 , $=0.0167
0.05

————

x=0. %os , B=0.0267
0.05 |-

0.05 /H,},‘

-
-
.

0-05 Xg/—...

.-
-
-
-
.’
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10 10°
Q? [GeV?]
e H197 (Vs=301 GeV, prel.)

H1 2002 6,° NLO QCD fit

° 1 xe0.0032 , $=0.1067 (Vs=319 GeV, prel.)
0.05 — L IP only
/f}" --------------- extrapol. fit
0- | \HHH‘ | \HHH‘ |
10° 10°
Q? [GeV?]

= H199-00 (Vs=319 GeV, prel.)

High Q> measurement

® 200<Q°< 1600 GeV?
e = 63 pb', H1 99-00 data

e extrapolated NLO fit to region
6.5<Q°<800 GeV?in good
agreement

e shown for x =0.03
— sizeable Reggeon contribution

® new data will provide constraint
to future fit
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. X;p = 0.01 H1 preliminary 2
% II:’x=3.2E-05 , $=0.0032 x=0.0008 , 3=0.0800 Low Q m eas u r e m e nt
= B
o 0.05 —
> | A *
e e e ®1.5<QP<12 GeV?
B x=5E-05 , =0.0050 x=0.0013 , 3=0.1300
0.05 - R e =3.4 pb', H1 99 data
Lt (unbiased triggers)
B x=8E-05 , 3=0.0080 x=0.002 , 3=0.2000
0.05 |- x ) e NLO fit extrapolated down to
0 R s m Q2=3 GeVZand B=0013 |n
B x=0.00013 , 3=0.0130 x=0.0032 , 3=0.3200 reaso n ab I e ag reem en‘t
0.05 —
— Aed _..-é-v-""'o‘l"—i__ . . .
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B x=0.0002 , 3=0.0200 x=0.005 , 3=0.5000 to f u t u re f it
0.05 —
S O At
0 B x=0.00032 , 3=0.0320 x=0.008 , 3=0.8000
0.05 — .
oz ..‘--'A"m : ¢
0 <=0.0005 , |3=00500 | I | ” | I | 102
0.05 i Q? [GeV?]
el " + H1 99 (Vs=320 GeV, prel.)
! I""“A-Mi W *H197 (\/S=300 GeV, prel.)
0 » —— H1 5.0 NLO QCD Fit (prel.)
10 10 ... 02<Q 5
Q? [GeV?] out
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Diffractive Charged- Current DIS

(e_/ ® process ep — vXY Q%> 200 GeV?
. 2

Q o = 63 pb‘1, H1 99- 00 data X|p<0-05
) ® rapidi lecti 0.9
L 5 }X rapidity gap selection y<
> W
T —> 14 diffractive CC events
- O Y J
p \¢/ p

Hi: o0..=0.42+0.13( stat.) *0.09( syst) pb
ZEUS: 0..=0.49+0.20( stat.) +0.13( syst) pb

Ratio to inclusive CC cross section:

Hi: oo.loq.=2.5+0.8( stat) +0.6( syst) %

ZEUS: o0 /o =2.9+1.2( stat) +0.8( syst) %

— good agreement between results of experiments
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Diffractive CC DIS - differential cross section

2.2

Q - .
r oF ® Hi Preliminary o 30 ® H1 Preliminary
- ~ N ,
- 18f — H1 fit 2002 & gl — H1 fit 2002
S S — Meson -é S Meson
%8 1.4 , o 200 @ 2
O ® Q°>200.0, y<0.9, X,,<0.05 -cbo - Q">200.0, y<0.9, x,,<0.05
© 15_ T 151
"o 10
06| l ! i
0.4 * ; 5
0-2 E"‘ """"""""" ' T E i """""""""""""""""""""
:| IR B R |"|--|--|--|--|--|--|--|-:-|--|--|--|--|--'-1-1-r-r-|--|--|--|--|-- %-_r T'l'FT'!'F“'l'r1'|'|"l'|'r'|'|'r'|'|-r" oo v b b
83— 04 05 06 07 08 09 1 23 22 21 -2 -19 -18 -1.7 -1.6 -1.5 -1.4 -1.3
B log(Xip)

e comparison with RAPGAP LO Monte Carlo + ARIADNE CDM
e prediction based on LO diffractive PDFs from H1 2002 fit
(obtained in neutral current DIS)

— Cross section well described within large statistical
uncertainties of data
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Summary

® reduced cross section measured in diffractive DIS (neutral current) for
1.5<Q?’< 1600 GeV?

® agreement between rapidity gap method and proton tagging

e NLO and LO DGLAP fits performed

® (N)LO diffractive parton densities extracted with uncertainties

® gluon carries 75+ 15%0f momentum of diffractive exchange

e diffractive charged- current DIS cross section measured
e well described by LO Monte Carlo based on LO diffractive PDFs

e H1 and ZEUSresults in agreement

Diffractive PDFs can be used to obtain predictions for
other final state configuration: jets, heavy flavour

—» final states talks
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