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Current list of supporting physicists and institutes

■ 151 physicists… ■ …from 34 institutes



Introduction – why an electron deuteron programme?
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■ Surprisingly little is known about the deuteron, and hence the 

neutron, at high energies.



Introduction

■ Current HERA inclusive data 
beautifully described by QCD.
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Introduction

■ Fit using NLO DGLAP 
formalism allows determination 
of PDFs…

■ …and competitive measurement 
of strong coupling constant:

■ Why continue beyond 1 fb-1?
■ Aim: determine over as wide a 

kinematic range as possible the 
PDFs
and measure with increased 
precision αs(Q2).  
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■ H1 (+BCDMS) PDFs:  
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Structure functions and PDFs

■ Extractions of PDFs assume
at low x.

■ Plausible as both mu ~ 3 MeV 
and md ~ 6 MeV << ΛQCD.

■ But look at available data…

■ What happens at low x?

d u=
■ Why is
■ Ideas include Sullivan model:

■ Chiral soliton model:

d u ?≠



Measure d u−

■ Remove constraint          at low x. d u= ■ Recall:

■ Hence:

■ But “nucleon” structure

■ Need electron-deuteron expt. in 
HERA kinematic domain.
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Measuring d u−

■ Measurement with H1, 20 pb-1

of ed data: 

■ Determine quark flavour 
responsible for rise of F2

p.

■ Shadowing corrections can be 
applied with required precision.

■ Important for LHC, e.g. 
luminosity determination via

■ Requires knowledge of sea 
quark distribution functions at 
low x.
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Valence quarks at large x

■ Understanding of LHC data at 
highest                      requires 
valence quark dist.s at high x.

■ Latest E866/NuSea Drell-Yan
results imply PDFs too high at 
large x.

■ Measure               hence d/u more 
accurately than possible with CC.

■ Expectation:

d/u = 0 scalar diquark dominance.
d/u = ½, naïve SU(6).
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Valence quarks at large x

■ Result of measurement with ed 
and ep luminosities of 50 pb-1:

■ Tag spectator nucleons to 
identify                          etc.

■ This, plus reconstruction of 
kinematics from lepton and 
hadronic (control radiative 
effects), make HERA 
measurement unique.

■ Needs ep run at Ep = 460 GeV.
■ High ed statistics required, 

important also for CC 
measurement, FL and precision 
measurement of αs.

e(pn) eX(n)→



Diffraction

■ Deep inelastic diffraction.

■ Hence determine partonic 
structure of diffraction.

■ Current measurements.



Diffraction

■ Running with ed, plus tagging, 
allows study of:
–

–
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■ Is structure of diffractive 
exchange same in electron 
neutron and electron proton 
scattering?

■ Is diffractive exchange 
produced coherently off 
deuteron same as that from 
proton?



Diffraction

■ C.f. diffraction from p and n.  ■ C.f. F2
D(p) and ½ F2

D(d).



Shadowing and diffraction

■ Shadowing… 

■ …related to diffraction.
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■ Measure and check Gribov’s
relationship between 
shadowing and diffraction for 
the first time.

■ Use results in correction of 
measurement of           etc. 
(precision 1%).

■ Effects of shadowing more 
pronounced with heavier ions.

■ HERA running with ed 
important first step towards 
possible future eA programme. 

d u−



H1 upgrade for electron deuteron programme

VFPS

■ VFPS allows identification of: 

Acc. ~ 100% for −t < 0.25 GeV2

and 0.011 < xP < 0.024. 
■ Current FNC can tag:
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Proton spectator tagger design

■ Two stations designed, outside 
beam pipe (exit windows), at 
about 80m and 95m.

■ Scintillating fibre detectors 
allow measurement of psp
energy to better than 1%.

■ Acceptance of 70% (zero tilt) 
to 95% (optimal beam tilt) 
achievable with SC magnets in 
place.

■ Higher acceptance requires 
removal of GO and GG.

■ Beam optics determine possible 
positions



Spin structure 
measurements

■ Proton spin given by

■ Current world data suggest 
spin carried by quarks

■ Remainder carried by gluons, 
orbital angular momentum?

■ Can measure gluon 
contribution by studying Q2

evolution of g1(x,Q2).
■ NLO QCD fit gives

∆G = 0.616 ± 0.318 ± 0.400
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Spin structure measurements with p or d

■ Measure asymmetry ■ Extract structure function

■ Large x and exploratory low x 
measurements possible with 
~ 100 pb-1 and high 
polarisations.



Low x physics and QCD radiation processes

■ Measurement of FL and low x 
gluon in the transition region.

■ Requires upgrade of backward 
region.

■ Study of QCD radiation 
processes over large rapidity 
range “forward jets”.

■ Requires upgrade in forward 
region. 

■ Measurement of GPDs and the 
“3D” structure of the proton.



Study of saturation and nuclear parton distributions.

■ Overlap of gluons from different 
nucleons in nucleus leads to high 
parton densities within kinematic 
reach of HERA, colour glass 
condensate?

■ Study nuclear parton distributions.

■ Diff. = 50% of x-sect? BB limit.
■ C.f. RHIC/LHC heavy ion physics.



H1 backward upgrade to access low x and Q2

■ Remove GO and GG.
■ Add (very) backward:

– SpaCal.
– Prop. chamber.
– Silicon tracking 

stations.
■ Proposed detectors 

based on current H1 
technology.

■ Upgrade acceptance 
2 20.1 Q 10GeV .< <



H1 upgrade to measure forward jets

■ Remove GO and GG.
■ Add new calorimetry.

■ Consider instrumentation of beam pipe.
■ Studies of FNC treating one 2λ depth section as dead material give 

expected energy resolution of ~ 100% / E (GeV).



H1 upgrade to measure forward jets

■ Use “digital” calorimeters in forward 
region? 

■ Combine some tracking capability 
with energy measurement, improved 
dead material correction.

■ Count cells above threshold in fine-
grained calorimeter.

■ Studies with H1 LAr calorimeter 
demonstrate concept.

■ Number of cells above threshold in 
forward LAr highly correlated with 
deposited energy.



A new injector for HERA?

■ If PETRA is converted into a 
light source, new injectors will 
be needed for HERA.

■ A permanent magnet 7 GeV
damping ring for electron 
injection could be constructed 
in the PETRA tunnel.

■ A 40 GeV ring could be 
constructed in the DESY 
tunnel.

■ New p injector in DESY tunnel:



A new injector for HERA?

■ The new p injector would 
require 4 T SC magnets.

■ Proton injection path:

■ JINR has expressed interest in 
magnet design and construction. 



Summary

■ Many aspects of QCD are still 
poorly understood.
– Need complete map of 

nucleon partonic structure.
– Precise knowledge of strong 

coupling.
– Diffraction and shadowing.

■ ed at HERA makes possible 
unique measurements of electron 
neutron scattering and the study 
of  CC and diffractive reactions. 

■ We request support for this 
programme from the PRC.

■ Detailed schedule will be 
submitted with proposal.

■ In the longer term future, HERA 
and H1 offer further unique 
possibilities, including the study 
of: 
– Partonic origins of nucleon spin 

over a large kinematic range.
– The transition between DIS and 

photoproduction. 
– Parton radiation patterns.
– QCD at high density in eA

collisions.



Support from theory community

■ Following the DIS 2003 
conference, members of the 
theoretical community 
announced their support for a 
future HERA programme.
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