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The design satisfies all requirements while the beam dynamics limits are not exceeded. In
particular, the design parameters remain within the limits for maximum beam-beam tune-
shift parameters (hadrons: xp  0.015; electrons: xe  0.1) and space charge parameter
( 0.06), as well as beam intensity limitations. The outline for the eRHIC electron ion
collider is shown in Figure 1.1.

Figure 1.1: Schematic diagram of the eRHIC layout.

Polarized electron bunches carrying a charge of 10 nC are generated in a state-of-the-art
polarized electron source. The beam is then accelerated to 400 MeV by a linear accelerator
(LINAC). Once per second, an electron bunch is accelerated in a rapid cycling synchrotron
(RCS), which is also located in the RHIC tunnel, to a beam energy of up to 18 GeV and
is then injected into the electron storage ring, where it is brought into collisions with the
hadron beam. The spin orientation of half of the bunches is anti-parallel to the magnetic
guide field. The other half of the bunches have a spin parallel to the guide field in the arcs.
The Sokolov-Ternov [15] effect will depolarize these electron bunches with a time constant
of 30 min (at the highest energy of 18 GeV). In order to maintain high spin polarization,
each of the bunches with their spins parallel to the main dipole field (of which there are
145 at 18 GeV) is replaced every six minutes. The polarization lifetime is larger at lower
beam energies and bunch replacements are less frequent.

The highest luminosity of L = 1 ⇥ 1034 cm�2 sec�1 is achieved with 10 GeV electrons col-
liding with 275 GeV protons (ECM = 105 GeV). The high luminosity is achieved due to
large beam-beam parameters, a flat shape (or large aspect ratio sx/sy) of the electron and
hadron bunches at the collision point, and the large circulating electron and proton cur-
rents distributed over as many as 1160 bunches. Table 1.1 lists the main design parameters
for the beam energies with the highest peak luminosity.
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RCS Compton Polarimeter

2

RCS properties
• RCS accelerates electron bunches from 0.4 

to full beam energy (5-18 GeV)
• Bunch frequency à 2 Hz
• Bunch charge à up to 28 nA
• Ramping time = 100 ms

Polarimetry challenges
• Analyzing power often depends on 

beam energy 
• Low average current
• Bunch lifetime is short

Compton polarimeter can also be used for measurement of polarization in RCS
à Measurements will be averaged over several bunches – can tag accelerating bunches to get information on 

bunches at fixed energy
à Requires measurement in multiphoton mode (~1000 backscattered photons/crossing)
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RCS Integration

dipoles Laser IP
Photon detector

Location requirements:
à Space upstream of one or more dipoles for laser
à Long drift to photon detector with minimal beamline elements (would like to avoid drilling holes in magnets)
à Space for photon detector
à Vertical polarization in RCS – can’t use electron detector so no need for special location for it



RCS Integration

Backscattered photons QD1 and QF1 
Laser IP

1.5 mm from edge of QF2 to photon centerline
à Likely need some modification to quad, or relocation?

Laser IP close enough to QD1 and QF1 
that backscattered photon cone will clear 
aperture

QF2



RCS Integration

Assuming 10 cm wide photon detector, about 10 cm clearance between beam pip 
and edge of detector

Photon detector 27.8 m from end of 2nd dipole – similar drift as ESR Compton



RCS Integration To-do
• Address possible clearance issue at QF2 à photon cone estimates, possible quad 

modification
• Get beam size, divergence at proposed laser IP à verify that rates OK
• Determine location of photon exit window
• Further future

– Detailed integration of laser system
– Realistic photon detector system/stand in model


