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HERA

1992-2007
DESY, Hamburg, GE
Hl & ZEUS - 4m

O1ncl - PS, LRG
OJets - PS
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H1 Integrated Luminosity / pb

400
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Status: 1-July-2007

- glectrons
~== positrons
~— low E

Days\of running

Omc - PS, LRG
O7Jets - LRG

Ep = 820-920 GeV
Linf = ~O.5 Fb_l

Ep = 460 GeV
Lint = 12.4 Pb'1

Ep = 575 GeV
Lint = 6.2 pb'1




Diffractive kinematics

p— ]

e’ (k')

,> M,

Rapidity Gap

My = mp ... intact proton
> M, | Mp <My <16 GeV ... infact
(P’) proton or proton dissociation

Collins factorisation, proven:
—eX 2 D 2 ' 2
do” “""(B,0 ’xlp’t):Z,- [ B xmit)do B0 )
Proton Vertex Factorisation, consistent with data:
D 2 g 2
fi (B’Q ’ x]P’ t)_fIP/p(le’ t)f;(B’Q )
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Experimental Methods

® LRG method: ® Proton Tagging:

® no activity in forward part @ detection of the outgoing proton in
forward proton spectrometers (PS)
® + high statistics - FPS (H1), VFPS (H1), LPS (ZEUS)

® - proton dissociative ® + direct extraction of
background \ diffractive variables, t
dependence

® + free of p-diss background

® - small acceptance -> low stats

Large Rapidity




Diffractive Cross Section

d'o _41T0(2

o?M(B,0% x,,,1)

dBdQ*dx,dt BO°

(4)

D . . . .
where o' ' is diffractive reduced cross section:

2(1—y+y%/2)

longitudinal diffractive
structure function

(T,I,)B)(B, Qz,xlp) is integrated over t to allow PS
and LRG comparison
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Reduced Cross Section

° H1 VFPS Preliminary H1 LRG Published x 0.81

H1 PREL"V"NARY o H1FPS H1 2006 DPDF Fit B x 0.81

o H1 LRG Preliminary x 0.81 H1 2006 DPDF Fit B x 0.81 (extrapol.)

p=0.027 p=0.043 p=0.067 . $=0.170 p=0.270 $=0.430 5@@3_:0.670

- 5

$=0.002
X,=0.010

X,p=0.013

X,5=0.017

X,5=0.022

10 Q2 [GeVz] 10?
Different measurements cover large region of phase space in xp, b and Q?

Excellent agreement between different reconstruction methods in overlap regions
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Leading protons at Hl and ZEUS

e H1 FPS HERA II, My=m,

H1 PRELIM'NARY H1 VFPS/FPS Preliminary o ZEUS LPS (intel‘pol.), MY=m
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p - FPS vs LPS Xip
agreement within errors in whole L
, : , Hl - ZEUS agreement within errors
Kinematical region

15 % difference in overall normalization
compatible with norm. uncertainties (8% FPS,
10% LPS)

allows combination of datasets




Hl - ZEUS PS Combination

H1 and ZEUS H1 and ZEUS 055 G

0.09<[t[<0.55 GeV?
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due to different t-slope measurements used in extrapolation to [t] < 1
GeV?, the combination was performed only in the t-range directly
measurable by both proton spectrometers:

Q2 2.5 - 200 GeV?, |t: 0.09-0.55, B: 0.0018-0.816, x1p: 0.00035 - 0.09
X2/ndf = 52/58




Hl - ZEUS PS Combination

® HERA
H1 and ZEUS H1 and ZEUS 0.09<|t/<0.55 GeV?
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due to different t-slope measurements used in extrapolation to || < 1 GeV?, the

combination was performed only in the t-range directly measurable by both proton

spectrometers:

Q2% 2.5 - 200 GeV?, [t]: 0.09-0.55, B: 0.0018-0.816, x1p: 0.00035 - 0.09

2 -
significant improvement in precision in combined results X /ndf -~ 52/58
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- sensitive to gluons, F.° ~ xg(x)
- independent test of QCD factorization
- different beam energies necessary

E, = 460 GeV Ep =575 GeV Ep = 820 GeV

i X|p-o.m3
| Q* =4 GeV*
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H1 data
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linear fit

- H1 2006 DPDF Fit B
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1
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Q? =11.5 GeV?
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xip = 0.003

@’ =11.5GeV? |

B =0.101

xip = 0.003

p =0.117

@’ =11.5Gev? |
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p =0.155

y = kK*x + g, where
X = y2/Y, and k = F PG

AN

- sensitive to gluons, F.° ~ xg(x)
- independent test of QCD factorization
- different beam energies necessary

E, = 460 GeV

Ep =575 GeV

E, = 820 GeV

L X|pzo.m3
| Q* =4 GeV*

ssoe M1 data

l'n'°
= H1 2008 DPOF Mt B8
extrapolsted Fit 8




- sensitive to gluons, F.° ~ xg(x)
- independent test of QCD factorization
- different beam energies necessary

H1 data

E,=920 GeV
E =820 GeV E, = 460 GeV E, = 575 GeV E, = 820 GeV
E,=575 GeV X =0.003 7
E,=460 GeV | Q' =4GeV*

— H1 2008 DPOF Mt B8
extrapolsted Fit 8

linear fit X P

1 1 1
xjp = 0.0005 x;p = 0.0005 ---- H1 2006 DPDF Fit B 1 1 M1 2006 DPOF Ft B
Q% =11.5 GeV Q% =11.5 GeV? I ! | extrapolated Fit 8

B =0.699 extrapolated Fit B o /
m S

H1 Collaboration
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y = k*x + g, where ' e 2003 048 CoV
v2/Y, and k = F PG "
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linear fit

- H1 2006 DPDF Fit B

extrapolated Fit B

- sensitive to gluons, F.° ~ xg(x)
- independent test of QCD factorization
- different beam energies necessary

E, = 460 GeV

E, = 575 GeV E, = 820 GeV

| X|p3°.°°3
B Q% =4 GeV?
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ssoe M1 data
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1
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p =0.117
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p =0.155
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significantly non zero
consistent with DGLAP
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H1 Collaboration

—— H1 2006 DPDF Fit B
extrapolated Fit B

IP

_ooooso =4 GeV?
—000050 =11.5 GeV?>
X,p = 0.003, 02-4GeV2

x _0003 Q’ 2=11.5 GeV?
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95% CL
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Comparison of LRG and PS in JQ"' 4 GeV? < Q% < 80 GeV?

final state 01 ¢y <07
pPr1 > 5.5 GeV

- diffractive DIS dijet analysis with LRG Pn* > 4.0 GeV
(JHEP 0710:042)
- LRG data are corrected for proton

. . two central jets
dissociation

® H1 FPS Data
VFPS DIS Dijets © H1LRG Data/1.2 H1

H1 Preliminary - LRG phase space

e H1Data (Prel)

w== NLO DPDF Jets 2007 (x 0.83)

- very good agreement between reconstruction methods
- phase space extension by factor of 3 in xip wrt LRG

- same fraction of proton dissociation as for incl. diff.
14




Beyond DGLAP...

DGLAP: strong pr and x ordering

BFKL: no pr ordering, strong x ordering, hard parton at the
beginning of the ladder may be emitted

in diffractive case, no proton remnant in the forward region

1 central + 1 forward jet selection:

® pr> 3.5 GeV, my>12 GeV

® -10<nNc<25,1<ne< 2.8, Ne<nNs

one central + one forward jet one central + one forward jet one central + one forward jet

o

| + H1FPS Data H1
| = NLO Fit 2007 Jets
. NLO Fit 2006 B

"+ H1 FPS Data
" ~ Resolved IP x 2.2 H 1
- " 2 GluonIP
— " SCI + GAL

10 |+ H1FPS Data
- = NLO Fit 2007 Jets g
[ NLO Fit 2006 B

do/dz,, [pb]
do/dAg*l [pb/°]
do/dz, [pb]

1A¢"I [°]
no significant deviations from DGLAP are observed
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Vector Mesons

AYA A
I.A.A.A.A.A.A.. 0.0,0.000

® measurement of VM production cross section to test the transition
between soft and hard physics

® do/dlt] = exp(-bt)

5 p ZEUS 96-00 (120 pb™) & ZEUS 94
® b~10 GeV2 for soft O ZEUS 95 SHI9640
. p H1 96-00 Jhp ZEUS 98-00
Phys|cs Jhp ZEUS 96-97

JAp H1 96-00
Y ZEUS (prel.)

® b~4-5 GeV2 pQCD

® ZEUS (prel.) 468 pb'
— MC T'(18) total

— - MC T(18) (elastic) # DVCS H1 96-00

<= MC T(1S) (p.diss) # DVCS H1

* DVCS ZEUS LPS (31 pb™)

dN/d|t! (1/GeV?)

Q*+M*(GeV?)

b slope decreases with scale as expected by

e = smooth transition from soft to hard physics
b,=4.3",:£0.5[GeV~"] 6
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VM - J/Y

400 J/v Photoproduction

- H1 Preliminary

350

- H1 data J/y — ee
(s = 225 GeV)
— Fit (N(J/vy) = 1007)

300

250

Events / (0.08 GeV)

® measure simultaneously elastic and o
proton dissociative production of 150

J/\F In photoproduction 100

50

e 4
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o froenedy P
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® measuring ee and pu decay channels PSR s s s e

Elastic J/y Photoproduction Proton Dissociative J/yw Photoproduction

" H1 Preliminary - H1 Preliminary

Q% < 2.5 GeV?
@ H1data\'s =318 GeV (prel.) 1 it| < 6 GeV?

B H1data \'s = 225 GeV (prel.) M, <10 GeV
— Fito < W®
§ = 0.55 + 0.09

@ H1data\'s =318 GeV (prel.)
B H1 data \/s = 225 GeV (prel.)
— Fito < W?%,§ = 0.81+ 0.08

o(yp—dJ/yp) [nb]
o(yp—J/vY) [nb]

Q% < 2.5 GeV?
It| < 1.2 GeV?
A H1HERA I (J/y—pup), 5 =0.75+ 0.04
/\ Fixed target
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summary : 5

Inclusive cross section measurements presented

first diffractive proton spectrometer cross section
H1-ZEUS combination presented

non zero F.° measured

proton dissociation in jet systems is consistent with
Inclusive measurement

no physics beyond DGLAP observed

latest VM measurements ilustrating smooth
transition between soft and hard physics were
presented




