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EIC provides a novel way to study emergence of 
nucleons/nuclei from QCD

• How do the mass & spin of the nucleon arise? 
• What is the 3D structure of the nucleon? 
• How do quarks and gluons interact in the nuclear 

medium? 
• What are the properties of dense gluons matter?
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High-precision luminosity critical for next-gen colliders

• EIC (BNL) will exceed HERA’s total integrated luminosity in <1 year 
 Systematics limited!  

• Luminosity is a key parameter in nearly all physics analyses 
 Physics impact limited by precision! 

• High-precision luminosity critical for future collider facilities 
 EIC goal: 1% (absolute), 10-4 (relative bunch-to-bunch) 

• This must be accomplished at unprecedentedly high luminosities 

→

→

→ ≤

4 D. M. South, M. Turcato: Review of Searches for Rare Processes and BSM Physics at HERA

periment [15,16] was located, the other in the South Hall
where the ZEUS experiment [17] could be found. The
HERMES experiment [18] in the East Hall studied the
spin structure of the nucleon using collisions of the lepton
beam on an internal polarised gas target. The HERA-B
experiment [19,20] in the West Hall was built to use colli-
sions of the proton beam halo with a wire target in order
to produce B-mesons for the study of CP violation in the
B− B̄ system. The layout of the HERA ring and the sys-
tem of pre-accelerators at DESY is illustrated in the lower
half of figure 3.

The proton beam began as negative hydrogen ions
(H−) accelerated in a linear accelerator to 50 MeV. The
electrons were then stripped off the H− ions to obtain
protons, which were injected into the proton synchrotron
DESY III, accelerated up to 7.5 GeV, and transferred to
the PETRA ring, where they were accelerated to 40 GeV.
The protons were then finally injected in three shots into
the HERA proton storage ring, which is made up of su-
perconducting magnets with a maximum field of 4.65 T,
where they were then accelerated to the nominal beam
energy of 920 GeV.

The electron (positron) pre-acceleration chain began in
a linear accelerator, LINAC I (LINAC II), where the lep-
tons were accelerated up to 450 MeV. The leptons were
then injected into the electron synchrotron DESY II, ac-
celerated to 7 GeV and, similarly to the protons, trans-
ferred to the PETRA ring, where they reached an energy
of 14 GeV. Injection transfer into the HERA ring followed,
where they were accelerated to the nominal lepton-beam
energy of 27.6 GeV using conventional magnets with a
maximum field of 0.165 T.

Up to 210 bunches of leptons and protons were accel-
erated in the HERA ring, spaced at 96 ns intervals. Only
175 bunches were typically used for collisions, where the
remainder were used as pilot bunches to study background
rates arising from interactions of the beams with residual
gas in the beam-pipe. When the proton bunches were com-
pressed by HERA during acceleration, small secondary or
satellite bunches were formed, separated from the main
bunch by up to 8 ns.

The data taking at HERA may be divided into two dis-
tinct periods: HERA I, which was from 1994 until 2000,
and HERA II, from 2003 until 2007. A luminosity upgrade
[21] of the machine took place between the two data taking
periods and brought an observed increase in the luminos-
ity delivered to the experiments from 1.5 × 1031 cm−2 s−1

in the HERA I phase up to a peak value of 5.0 × 1031

cm−2 s−1, achieved during HERA II e−p running. The in-
tegrated luminosity delivered by the HERA accelerator is
shown in figure 4.

The integrated luminosity collected for analysis by H1
and ZEUS amounts to about 0.5 fb−1 per experiment.
This is less than the delivered integrated luminosity, as
quality conditions are applied to the data used for anal-
ysis, such as requirements on the high voltage status of
the various detector subsystems (see section 4). The lumi-
nosity is measured by both experiments from the rate of
the well understood QED Bethe-Heitler process ep → epγ.
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Fig. 4. A summary of the integrated luminosity delivered
by the HERA collider during the HERA I (1992-2000) and
HERA II (2003-2007) phases. The different electron and
positron running periods are indicated, as well as the data
taken at lower proton beam energies in 2007.

As the photon is emitted almost collinear to the incom-
ing electron, it is detected using devices located close to
the beam line beyond the main detectors. A photon de-
tector [22,23,24] is employed by H1 and the ZEUS exper-
iment uses two independent systems, a photon calorime-
ter [25,26,27] and a magnetic spectrometer [28]. A recent
analysis [29] of Compton scattering events provided an
alternative and improved measurement of the luminosity
recorded by the H1 experiment. The integrated luminosi-
ties of the data sets4 are detailed in table 1.

Another feature of the HERA II upgrade was the use
of a longitudinally polarised lepton beam. As the lep-
ton beam circulated in HERA it naturally became trans-
versely polarised via the Sokolov-Ternov effect [30,31].
The typical polarisation build-up time for the HERA ac-
celerator was approximately 40 minutes. At HERA II, spin
rotators installed on either side of the H1 and ZEUS de-
tectors changed the transverse polarisation of the beam
into longitudinal polarisation and back again. The lepton
beam polarisation was measured using two independent
polarimeters, the transverse polarimeter (TPOL) [32] and
the longitudinal polarimeter (LPOL) [33]. Both devices
exploited the spin-dependent cross section for Compton

4 Note that for some analyses presented in this review the
integrated luminosity may vary from this table. For example,
some searches do not require a good polarisation measurement
and this results in a higher luminosity yield from HERA II. In
such cases, the integrated luminosity of the analysed datasets
is given in the text.

5000 Expected delivered luminosity 
in first year of EIC  runningep
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HERA demonstrated luminosity measurement with 
bremsstrahlung

• Pure QED process 
• Large, precisely calculable cross section
• HERA precision:

• 1% at HERA-I 
• 1.7% at HERA-II



Luminosity measurement by bremsstrahlung photons

Large cross section driven by QED, photons in a narrow angular cone along electron beam
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HERA demonstrated luminosity measurement with 
bremsstrahlung

• Pure QED process 
• Large, precisely calculable cross section
• HERA precision:

• 1% at HERA-I 
• 1.7% at HERA-II

Applicable at next-generation facilities, with challenges:
• Event pileup, even worse for heavy ions ( )σBrem ∝ Z2

• Increased synchrotron radiation background 
• Large integrated dose requires radiation-hard materials
• High bunch rate requires fast timing/readout 
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Address challenges with two-detector luminosity monitor

Pair spectrometer: 
detect  pairs 
produced in exit 

window

e±
Direct photon 

detector: detect 
bremsstrahlung 

photons
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Address challenges with two-detector luminosity monitor

Pair spectrometer: 
detect  pairs 
produced in exit 

window

e±
Direct photon 

detector: detect 
bremsstrahlung 

photons

• Both systems to use tungsten/fiber-array calorimeters  

• Fibers read out with silicon photomultipliers (SiPM) 

• Mesh design allows shower profile reconstruction 
 better disentangle multi-hit events→
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Development of DPD

• Setup developed at U. York to fabricate PSpec modules 
• Scintillating fibers in tungsten powder absorber
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Development of DPD

• Setup developed at U. York to fabricate PSpec modules 
• Scintillating fibers in tungsten powder absorber

• Need to develop DPD calorimeters 
• DPD exposed to much higher dose  

 must use radiation-hard quartz fibers 
• Fibers read out with fast SiPMs 
• Initial simulations/design of modules required 
• Fabricate first modules with U. York setup 
• Test module to ensure signal size/speed 

 must stay well within 10 ns window!

→

→
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Proposed program
Objectives: 
• Develop, fabricate quartz-fiber photon 

calorimeter module for luminosity detectors 
• Test module with photon beam at MAMI to 

verify signal size/speed, benchmark simulation 
• Optimize design of full DPD with simulation

Requested resources: 

1 PhD student for 3 years (180.000 EUR) 

5.000 EUR for materials/equipment  

5.000 EUR for travel between Mainz/York 

Direct cost: 190.000 EUR 

Total cost: 237.500 EURPartner institutions: 
Johannes Gutenberg-Universität Mainz 
University of York 
Czech Technical University Prague 
Brookhaven National Laboratory 
Jefferson Laboratory


