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Abstract
The Electron Ion Collider Hadron Storage Ring (HSR)

will be built on the campus of Brookhaven National Labo-
ratory. The injection into the HSR will be vastly different
from what is currently performed in the Relativistic Heavy
Ion Collider. This paper will highlight the differences from
RHIC, present the injection optics, and layout of the current
design.

INTRODUCTION
The Electron Ion Collider (EIC) [1, 2] is currently being

built on the campus of Brookhaven National Laboratory in
the existing Relativistic Heavy Ion Collider (RHIC) [3] tun-
nel. The proton and heavy ion beams will circulate counter-
clockwise through the former RHIC yellow ring. The arcs of
the RHIC lattice will be reused as the Hadron Storage Ring
(HSR) arcs. The straight sections, with the exception of
the experimental interaction region and the electron cooling
section as a future upgrade, will keep the standard RHIC
layout with the triplet optics of RHIC. The only changes to
the the lattice geometry within the straight sections are the
removal of the DX magnets which were the final bend into
collisions for RHIC. The experimental hall, which houses the
electron-Proton/Ion Collider (ePIC) detector, is upstream of
the injection region in the denominated 6 o’clock region [4].
Upstream of the ePIC experimental hall is the 8 o’clock re-
gion where the Superconducting Radio Frequency (SRF)
591 MeV cavities reside. The 10 o’clock region is the dump
location. The 12 o’clock region is designed with the ambi-
tion of a second detector possibly placed in the region as a
future upgrade. The 2 o’clock region is the location of the
hadron cooling system future upgrade where the injected
beam will be pre-cooled prior to acceleration and cooled
again, during the store.

INJECTION REGION LAYOUT
The layout of the injection region is shown in Fig. 2. The

beam enters the HSR from the newly designed Alternating
Gradient Synchrotron (AGS) to HSR (AtH) transfer line [5],
through the two split DC current septa and an induction
septum with a 15 mrad bend and a wall thickness of 4.9 mm.
The beam is accelerated through the four 24.6 MHz normal
conducting cavities. The eight 197 MHz normal conducting
cavities are used at store. The 49.2 MHz cavities are split
with two cavities immediately downstream of the 197 MHz
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system and the third cavity downstream of the triplet. The
pair of warm dipoles follow with the 98.4 MHz system com-
posed of 4 normal conducting cavities placed immediately
after. The 49.2 MHz and the 98.4 MHz system are used for
bunch splitting.

Figure 1: A simplified schematic of the two cell stripline
injection kicker design

The 20 injection kickers, which have been updated from
the previous discussions [6, 7] for a more compact design,
are located ∼65 m away from the from the induction septum.
Figure 1 is a simplified schematic of the stripline kicker
where each kicker module has two cells. A set of legacy
triplet quadrupole magnets follows the injection kickers. The
polarimetry instrumentation-proton-carbon (pC) coulomb
nuclear interference (CNI) polarimeters [8], the helium-3
polarimeter [9, 10], and the hydrogen jet polarimeter (H-
jet) [11]-is located directly downstream. The two plane
pC polarimeter measures the instantaneous hadron beam
polarization in the vertical and horizontal plane by rotating a
thin carbon ribbon target through the accelerated beam. The
jets measure the absolute polarization of the stored beam.
Forward taggers are needed to reject the breakup products
produced by the collision of the 3He+2 with the jet beam.
The dipoles downstream of the jets are then used to separate
the protons, deuterons, and neutrons.

Between the warm dipoles used to separate the particles
from the byproducts of the beam/jet collisions and the tag-
gers is a longitudinal stochastic cooling pickup and the trans-
verse stochastic cooling kickers. The stochastic cooling
transversely cools the hadron beam by applying a RF kick
to the off momentum particles based on the pickup signal
amplified and processed [12,13]. Downstream of the taggers
is a helical dipole snake [14], which is used to rotate the spin
vector of the particles 180° vertically.

LATTICE OPTICS
Injection

Figure 3 shows a comparison between the injection optics
and the pre-ramp optics of the injection region. The asym-
metric injection optics are driven by the placement of the
kicker in comparison to the septum and the asymmetry of
dipole placement in comparison to the triplet magnets. The
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Figure 2: The plan view layout of the injection region. The top level is upstream of the injection kickers. The second level
is the center in the kicker region. The third level is the polarimetry region.

kickers place the injected beam onto the closed orbit. To
optimize to the minimal kick angle while maximizing the
amplitude at the septum, the formula

Δ𝑥 = 𝜃√𝛽𝑥,𝑠𝑒𝑝𝑡𝑢𝑚𝛽𝑥,𝑘𝑖𝑐𝑘𝑒𝑟 ⋅sin(𝜙𝑥,𝑠𝑒𝑝𝑡𝑢𝑚−𝜙𝑥,𝑘𝑖𝑐𝑘𝑒𝑟) (1)

is used, where the horizontal Twiss function, 𝛽, is optimized
at the exit end of the induction septum and the center of
the kicker assembly with a deflection angle, 𝜃 = 0.7 mrad,
which is within the maximum voltage limit of the kicker.
The difference in horizontal phase advance, 𝜙, between the
induction septum and the kicker assembly is forced to be
near 𝜋/2 to maximize displacement at the septum. Table 1
shows the displacement of the beam at the septum for various
deflection angles.

Table 1: Kicker Strength and Separation at Septum for Vari-
ous Kick Angles

Angle Strength Separation at Septum
[mrad] [mTm] [mm]

0.6 2.43 0.461
0.7 2.84 6.862
0.8 3.24 13.264
0.9 3.65 19.666
1 4.06 26.067

Aperture Concerns
Figure 4 is of the injected Au+79 beam with an unnormal-

ized emittance of 150 nm and the circulating beam with an
unnormalized emittance of 200 nm. The circulating beam
emittance reflects the intrabeam scattering growth after ap-
proximately 10 minutes. In the figure, the injected beam

Figure 3: The injection and pre-ramp optics, left to right,
respectively. Top: 𝛽-functions, middle:layout, and bottom:
dispersion. The optics after injection smoothly ramps into
the pre-ramp optics to prevent the shunt power supply cur-
rents exceeding current thesholds.

is deflected onto the closed orbit with a deflection angle
of 0.7 mrad. The separation at the septum between the 5𝜎
injected beam and the 6𝜎 circulating beam is 6.862 mm. At
the triplet, the 3 quadrupoles (blue xbox shapes) between
the 49.2 MHz bunch splitting cavities (red xbox shapes) in
Fig. 4, the focusing middle quadrupole deflects the beam
horizontally placing the 5𝜎 near quadrupole aperture with a
clearance of 7 mm between the 5𝜎 beam envelope and the
vacuum chamber wall. The aperture of the quadrupole with
the beam screen, used to reduce resistive-wall heating and to
suppress e-clouds [15], is 105 mm for the major axis of the
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ellipse. Increases to the deflection angle, if not performed
carefully, will cause beam scraping on the triplet quadrupole.

Figure 4: A schematic of injection into the HSR with a
simplified aperture model. The injected beam envelope
(blue dashed) is 5𝜎 and the 6𝜎 circulating beam envelope
(red) both fit comfortably with the apertures of the beam
pipe. The black curves, dashed and straight, are the injected
beam trajectory and closed orbit, respectively. The black
xbox on the right-hand side of the figure is the end of the
injection septa. The red xbox indicates a normal conducting
RF cavity, the blue xbox indicates a quadrupole, and the
black box a dipole.

SUMMARY
The layout of the injection region of the HSR is presented.

The polarimetry, RF, stochastic cooling, and injection lo-
cated in the region forces the warm dipole layout asymmetry
in the region. The injection optics allows for reduction of
cost by preserving the RHIC power supply shunting scheme
and accommodating the quadrupole triplet layout of the
lattice. The beam screen inserted into the beam vacuum
chamber reduces the aperture of the superconducting mag-
nets limits range of the injection kicker deflection angle due
to possible scraping.
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