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eams of 27.6 GeV
s of ≥920 GeV

lectron beam (P≈0.6)

 Talk
QCD

ysics
Some Aspects of HERA II Physics P

Highlights of HERA I
• Structure of proton;

rise of F2
role of gluon

• Structure of (virtual) photon; 
partonic content of the γγγγ 

• Electroweak Unification
• Search for effects

Beyond the Standard Model
• Colour singlet exchange process; 

Diffraction interpreted in terms 
of QCD

Experimenta
HERA II

• 1000 pb-1

• e+ and e- b
• proton beam
• polarized e

Focus of this
• Aspects of 
• Diffraction

• High Q2 ph
• Searches
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 II

Early version BST
An Upgrade Precursor

In 1995 H1 upgraded the backward direction
• Calorimeter SpaCal
• Backward Drift BDC
• Backward Silicon BST (staged introduc-

tion)

which provided
• precise electron energy/angle measurement
• charged particle measurements(γγγγp-back-

ground)
• access to high y-region

Si Tracking was hence systematically extended
• H1 will have nearly 4ππππ Si tracking for HERA
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CD Extrapolations
FL Measurement

FL as a test of QCD.

• present extractions of FL are 
based on extrapolations of per-
turbative QCD into the region 
of high y.

•

• a measurement of FL free of 
additional assumptions 
requires data at various √s.

• It is most advantageous to 
lower proton energy to 
~400 GeV.

From Q

σr x Q
2,( ) F2 x Q

2,( ) y
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ααααs and the Gluon Density

From the inclusive cross section
• determination of xg(x)
• together with BCDMS

ααααs and gluon
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H1
Parton Densities at low Q

Dramatic 
changes of 
the parton 
description 
as we 
approach the 
low Q2 limit.
• gluon 

becomes 
valence 
like

• Singlet distribution takes over

H1
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  H1 prel.
QCD:
NLO (1+δhadr)
NLO
LO

25 GeV

10
2

10
3

 Q2 (GeV2)

H1 prel. / NLO (1+δhadr)
αs(MZ) = 0.118 ±0.006
  0.5  < (µr / 


ET) <  2

gluon: CTEQ5M1  ±15%
QCD and Jets

Exclusive QCD Processes
• 2-Jets
• 3 Jets

recent progress

 

Request for higher Order
Calculations
• large differences between LO and 

NLO calculations at low Q2

10
-3

10
-2

10
-1

1

10

dσ
3j

et
/d

Q
2  (

pb
/G

eV
2 )

 M3jet > 

0.5

1

1.5

2

10

da
ta

 / 
th

eo
ry



 

E . E l s e n D I S 0 1  -  B o l o g n a

 

Q2=4.5GeV2
(b) Quarks + Gluons (Fit 3)
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Diffraction

Even in hard scattering processes (Q2»0) the 
proton often remains intact.
• early observation at HERA
• analysis of diffractive exchange in terms 

of its partonic content
• factorization has meanwhile been proven 

theoretically
• diffractive exchange is gluon dominated

more differential measurements required to 
disentangle (QCD-) mechanisms
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z
IP
 (jets)

H1 Data
res. IP (dir.+res.γ*)

H1 fit 2
H1 fit 3
res.γ* only

(a)

µ2=Q2+pT=42 GeV2µ2=Q2+p2
Diffractive Dijets

Dijets production in diffractive 
events
• sensitive to partonic content of dif-

fractive exchange

Necessity of more exclusive diffrac-
tive data
• vector mesons
• charm
• jets

and the |t|-dependence
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 for |t|≤0.5 GeV2 

150 200 250
s (m)

beam envelope Ξ 12

|t| = 0.5 GeV2

|t| = 0.1 GeV2

|t| = 0.01 GeV2

HORIZONTAL
large t-acceptance

 Detector Stations
Very Forward Proton Spectrom

• increase proton acceptance in forward direction
• at 200 m proton beam is 

well separated from scat-
tered p (detector has to be 
installed in cold section 
of ring)

• detector to be installed in 
first major shutdown 
after 2002 running

Benefits for inclusive 
measurements, VM, jets, 
charm
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oF
Etag-6

Lumi
-103 m

L4/5

GI1 GI2
Overview of Upgrades

FTT

CIP

FST

Jet Trigger

FTD BSTCST
B
P
C

Sp
ac

al

GG
SToF

BT

GO

FNC 106 m
FPS 60-90 m

FToF

BP

Calo DAQ

VFPS 220 m

PToF
FTi

GI
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ard Direction
Necessary Modifications of the Forw

Challenges
• track density
• separation of 

electrons/pho-
tons and 
hadrons

Solution
• Forward Tracker 

(FTD) with more 
redundancy

• Silicon detector 
(FST) close to 
interaction 
point

pt = 140 GeV
CC event
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Detectors take Shape

FTD
• 3 modules
• 8 wire planar chambers replace radial 

modules and TRD
• more redundancy
• pattern recognition/ambiguities

FST
• 5 planes of Si detector to cover small angle ac

ance
• design taken from BST
• sophisticated detector insertion mechanism 

required
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CJC 2

 CJC 1 and 2
Online Heavy Quark Select

Online Charm and Bottom Selection
• Fast Track Trigger
• Inclusive rates are 

large and prohibi-
tive at low scales 
(Q2 or pt)

• calorimetric meas-
urement not dis-
tinctive at low 
energy scales

• require track 
based reconstruc-
tion of 
∆m=mKππππππππ-mKππππ

CJC 1

Single Track in
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jets
Consistency of the Gluon Extr

Inclusive F2

Jet and Charm data
• mass treatment in theoretical 

description

H
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charm
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Electroweak Physics

Analysis of Charged and Neutral Current

• at large Q2 the electromagnetic and 
weak current assume equal strength

• limited statistics at high Q2!

• more data, in particular for e- beams 
required to explore high Q2 region
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mit
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Q2 (GeV2)

e+p preliminary ℘s
—
=318 GeV

Large Extra Dimensions

H1

limits for CTEQ5D pdf

Ms= 0.50 TeV  λ=+1

Ms= 0.92 TeV  λ=-1
Exploration of the kinematic 

High Q2 data
• Search for indirect effects at the kinematic li
• Example:

Extra Dimen-
sions

• More data at the 
highest possible 
Q2

(Can we still 
increase Ep?) 0
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se Momentum
High pt Leptons with missing Transver

…another event with pt
X>25 GeV
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b) H1
High pt Leptons with missing Transver

High pt µ and e
• H1:

18 events seen
~10 expected
for pt

X>25 GeV:
10 seen for ~3 
expected.

• ZEUS:
good agreement 
with expectation

• Statistical fluc-
tuation of
background or
new signal. 0
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CD suffers from lack 
rder calculations
 exchange only par-
erstood

moved 
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Conclusions

At the dawn of HERA II…

H1 well prepared for more 
inclusive and exclusive 
measurements
• new components to measure 

with better precision are in place
• upgrades in trigger provide 

selectivity for rare processes
• HERA will deliver the rate

…theory has
• theory of Q

of higher o
• diffractive

tially und

Detector has 
back into bea
tion on 29.3
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