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Abstract

The Electron-Light lon Collider ELIC proposed by Jef-
ferson Lab aims at a luminosity in the 10%% cm~2sec™!
range for collisions of 150 GeV protons on 7 GeV elec-
trons[1, 2]. To achievethese high luminosities, very strong
low- 3 focusing of low-emittance beamsisrequired. Taking
advantage of the unequal design proton beam emittances
in the two transverse planes, an interaction region design
based on superconducting quadrupole doublets has been
developed. Compared with the original designin [2], this
scheme provides larger beam apertures at lower magnetic
fields, while potentially doubling the luminosity.

INTRODUCTION

Jefferson Lab has proposed the CEBAF-based Electron-
Light lon Collider ELIC to provide the worldwide nu-
clear physics community with a high-luminosity electron-
ion collider with center-of-mass energies from 20 GeV to
65 GeV. Thismachine consists of afigure-8 shaped 7 GeV
electron circulator ring, and a similarly shaped 150 GeV
polarized ion storage ring. Four interaction regions are
located in the straight sections. Low-( focussing to (-
functions on the order of 3* = 5mm at the interaction
points (IP) and bunch collision rates of 1.5 GHz are re-
quired to achieve luminosities of 103% cm™2sec™!. Some
basic parameters of ELIC according to Ref. [2] are listed
in Table 1.

Since a bunch spacing of only 20 cm is planned, alarge
crossing angle of 100 mrad is required to avoid parasitic
collisions. Without separation dipoles that would generate
intense synchrotron radiation, the interaction region design
is greatly simplified. The use of common magnets for both
beams is aso unnecessary because the separation between
the two beams is large enough to guide either one of the
beams through afield-freeregion of thefocussing elements
for the other beam even at the innermost quadrupoles.

DESIGN CONSIDERATIONSAND OPTICS

A distinctivedesign featureof ELIC isthe use of unequal
hadron beam emittances in the two transverse planes, as
it results naturally from intra-beam scattering and electron
cooling in aflat, (locally) decoupled storage ring.

When these beams are focussed to the same 3-functions
in both planes at the IP, 3; = (,, the resulting beam-
beam tuneshift in the vertical plane of both beams becomes
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parameter EPAC [2] “NEW”
energy E (p/e) [GeV] 150/7 150/7

# part./ounch N (p/e) [10'°] 0.4/1.0 0.4/1.0
collision rate [GHZ] 15 15
emittance e (x/y) [nm] 6.3/0.25 6.3/0.25
6% (xly) [mm] 5/5 25/5
a* (xly) [pm] 5.8/1.2 13.0/1.2
beam-beam tuneshift &, (x/y)  0.002/0.01  0.002/0.005

beam-beam tuneshift £. (x/y)  0.017/0.086 0.019/0.043
lumin. £[10%* cm ™ 2sec™ ] 7.7 34

Table 1: Parameters of the Electron-Light lon Collider
ELIC. The column labeled “EPAC” shows the design pa-
rameters presented in Ref.[2], while the parameters used
for the design presented in this paper are listed in the
column labeled “NEW”. Luminosities are given for equal
bunch intensities in both designs. However, in the “NEW”
design, bunch currents can potentially be doubled due to
the smaller beam-beam tuneshift resulting from unequal ;-
functionsin the two planes.

much larger than in the horizontal plane, £, > &,. With-
out single-bunchinstabilities the maximum bunch intensity
is therefore limited by the larger beam-beam tuneshift pa-
rameter &, regardless of the actual of £,,. A more balanced
situation with nearly equal beam-beam tuneshift parame-
tersin the two planesis therefore more desirable.

With the beam-beam tuneshift parameter given as
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where N, r., and v denote the number of particles in
the oncoming beam, the classical particle radius and the
Lorentz factor, respectively, this can be accomplished by
increasing the horizontal 5-function 3. This must be done
in both electron and hadron rings in order to keep equal
beam sizes at the IP. The resulting increase of the horizon-
tal beam size o of the oncoming beam reduces the verti-
cal beam-beam tuneshift parameter £, while the horizontal
tuneshift remains practically constant aslongas o ; > o.

With g-functions focused down to 5} = 25mm and
B, = 5mm at the IP by means of quadrupole doublets,
beam-beam tuneshift parameters of £, = 0.019 and &, =
0.043 are achieved in the design presented here (See Ta
ble 1). The higher energy hadron beam is focused by a
superconducting quadrupole doublet located 2 m from the
IP. The first quadrupole of this doublet, QH1, focuses in
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Figure 1. Hadron (top) and electron (bottom) interaction
region lattices. The electron low-( doublet fits in the gap
between the two quadrupoles of the hadron low-3 doublet,
minimizing the required transverse separation of the two
beam lines. The third magnet shown in the electron lattice
is used to match thisinteraction region to the regular optics
of the arc.

the vertical plane where the G-function rises more rapidly
due to the smaller S-function at the IP, see Figure 1. The
length of this magnet needs to be minimized to avoid aper-
ture problems due to the rapidly growing, defocused hori-
zontal -function. At alength of [ = 1.2 m, a strength of
k = —0.5m™2, and a maximum horizontal S-function of
ﬁl = 677 m, aminimum aperture of 120, can be achieved
with apesk field of 6.2 T.

The second lens, QH2, focuses horizontally, with a
maximum horizontal S-function inside the lens of 5:1: =
5750m. With a length of [ = 3.0m and a strength of
k = 0.12m~2, this magnet has a peak field of 4.3 T for
120}, minimum aperture. Table 2 lists the parameters of
the hadron doubl et.

The drift between the two hadron quadrupoles provides
sufficient space for the electron low-3 doublet, as depicted
in Figure 1. This arrangement minimizes the required
crossing angle by avoiding cryostats for both beams be-
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parameter QH1 QH2
length I [m] 12 3.0
strength k [m—2] -05 012

distancefrom IP s [m] 2.0 5.0

Bz [M] 677 5700
peak field B [T] 62 43
quad type d f

minimum aperture [o ] 12 12

Table 2: Hadron low-$ quadrupol e doubl et parameters.

parameter QE1 QE2
length [ [m] 0.6 0.7
strength k& [m~2] 1.4 11

distancefrom P s [m] 33 4.2

B [M] 929 2153
peak field B [T] 16 19
quad type d f

minimum aperture[o,] 20 20

Table 3: Parameters of the electron low-3 quadrupole dou-
blet.

ing side-by-side at the same longitudinal position. The
first, vertically focussing magnet of this doublet (QEL) is
I = 0.6m long and has a strength of £ = 1.4m 2. With
the maximum horizontal 3 function inside that magnet be-
ing 3, = 929 m, the peak field of this magnet is 1.6 T for
aminimum aperture of 200 .

The second, horizontally focussing magnet of the elec-
tron doublet, QE2, is! = 0.7m long and has a strength
of £ = 1.1 m~2. Together with a maximum horizontal 3-
function of [)’I = 2150 m, aminimum aperture of 200, can
be accomplished by a peak field of 1.9 T. The parameters
of the electron low-3 doublet are listed in Table 3.

SYNCHROTRON RADIATION

Since there are no dipoles in the detector vicinity,
synchrotron radiation in this area is only generated in
quadrupoles. For well-steered beam, the core of the beam
where the mgjority of the electrons is located experiences
only relatively low magnetic fields and therefore generates
only soft photons. For example, electrons having a 1o,
amplitude experience magnetic fields of 0.1 T, which pro-
duces synchrotron radiation photons with a critical energy
of E. = 3.3keV. A small number of electrons at an am-
plitude of 200, in the transverse tails, however, undergoes
focussing by magnetic fields up to some 2 T, thus generat-
ing E. = 65keV photons.

Since the total synchrotron radiation power generated by
electrons in the transverse tails is quite small due to the
small fraction of electrons at large amplitudes, this portion
of the synchrotron radiation fan can be easily collimated
upstream of the detector, protecting the detector from high-
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energy photons. These collimators will be placed where
the horizontal beam size is small while the fan is wide, en-
suring sufficient free aperture for the beam.

Synchrotron radiation photons generated by the core of
the beam stay mostly within the 200, electron beam itself
and therefore do not hit any detector components. This
isillustrated in Figure 2, which depicts the 200 . €lectron
beam envelopes and the corresponding synchrotron radia-
tion fans generated by the 50 electron beam core, in both
the horizontal and vertical planes.

In the vertical plane, the fan generated upstream of the
IP can be collimated at the entrance of the central detector,
at s = —2.0m, because at this location the 200, €lectron
beam is narrower than the fan from the 50 . beam. Thein-
nermost quadrupole QE1 generates a fan that is somewhat
outside the 200, beam on the outgoing side at distances
beyond about 4 m, but still well within the aperture of the
corresponding magnet.

In the horizontal plane, however, the situation is some-
what more difficult. The strong focusing of the second
guadrupole, QE2, generates a synchrotron radiation fan
with a“waist” around s = —2 m. This fan becomes very
wide on the outgoing side and does not easily fit into the
quadrupole magnet apertures there. Possible remedies are
larger magnet apertures, which are feasible due to the rela-
tively low gradient of these magnets, and/or installation of
a synchrotron radiation collimator at s = —2m that aso
reduces the free aperture for the electron beam to about
100,. This aperture reduction is not expected to have any
negative effects because the el ectron beam is circulating for
afew hundred turns at most. To avoid additional detector
background from el ectrons scattering off this collimator, an
additional beam collimation system away from the IPs is
advisable that defines the overall beam aperture in the ma-
chine.

CONCLUSION

An aternativeinteraction region design for the Electron-
Light lon Collider ELIC has been presented. Using un-
equal G-functionsin the two transverse planes at the inter-
action point, this scheme provides about half the luminos-
ity of the previous design outlined in [2], given the same
bunch intensities. The magnetic fields of the supercon-
ducting low-3 quadrupoles for the hadron beam are sig-
nificantly lower than in the previous design, while ssimulta-
neously doubling the aperture in terms of rms beam size.

Additionally, this scheme leads to beam-beam parame-
ters that are roughly a factor two below those of the previ-
ous design. Assuming that this is the only limitation, this
allows to double the bunch intensities of both the electron
and the hadron beam, thus approximately doubling the lu-
minosity of the previous designto 13.6 - 1034 cm~2sec .

Doubling the bunch intensities also allows for doubling
the s-functions at the IP, thus reducing the field strengths
of the low-5 quadrupoles while providing the same lumi-
nosity as in the previous design.
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Figure 2: 200 electron beam envelopes (green) and syn-
chrotronradiation fans as generated by particlesat 5o (red).
The superconducting low-3 magnets are indicated in blue.
The electron beam direction is from left to right. Upper
plot - horizontal plane, lower plot - vertica plane.
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