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1. Introduction — two scenarios
2. Ultimate performance

3.Ion storage ring issues

4. Electron storage ring issues

5. Energy Recovery Linac issues
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FIGURE 2. Layout of e-p eollicler.

We chosen the scheme of two intersecting in two points rings. Both rings have ap-
proximately equal circnmferences 1388 m. Each ring has two experimental straight
sections, two technical straights and four identical arcs. The rings are separated
vertically about 1 m ontside the interaction areas.

MIT-Bates ring-ring scenario
(Koop et al, 2nd EPIC Workshop)
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eRHIC ring-ring scenario



eRHIC linac-ring scenario, with Energy
Recovery Linac
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ULTIMATE PERFORMANCE

Beam-beam parameters (equal size round beams):

= ¢ lim »
6 — JZ:, (WST/ZC)@') )

Emittance subscripts are correct! For example, e-
cooling reduces €; and allows N¢ to be reduced.

Electron-ion luminosity can be written

A7t -
L = F.&& aé*aé-*( %%) (3)

Te?n?:

e When beam-beam limits and angular apertures
have been met, £.£;0 0" is fixed.

e Then the only way to increase the luminosity is to
increase the collision frequency Fi (more bunches)

e Linac-ring collisions allow the usual & ~ 0.06
limit to be violated.



ION STORAGE RING ISSUES

Long range beam-beam. Early beam separa-
tion is easy with very unequal rigidities. EPIC:

Electron cloud. Ionized electrons are accelerated
by the next ion bunches, possibly with runaway;,
threatening cryogenic heat load, instabilities.

e A paucity of data from superconducting rings
(Tev, HERA, RHIC, LHC). More work required ...

Intra-Beam Scattering, electron cooling.
RHIC expects the gold rms emittance to grow from
2 pm to 7 pm in 10 hours. With electron cooling it
should shrink to about 1 ym in 1 hour.



Laslett space charge tune shift.

AQse = —

N, C r;
¢; orB7? (2(%)3/ 2] @

Strong dependence on circumference C', RMS bunch
length o7, and the Lorentz factor 5+2.

e Make the bunch longer at injection (eRHIC: 28
MHz to inject, 197 MHz to collide).

e The bunch must be shorter than 5* in collision
(hourglass effect).



ELECTRON STORAGE RING ISSUES

Synchrotron radiation. The total synchrotron
POWer 18

E* [GeVH]
p [m]

e The SLAC HER serves as a natural “ruler” to
compare prospective electron rings. (See Table).

P[MW] = 0.0885 I[A]  (5)

Polarization. The natural polarization time

Tyl ls] = 15.8

(6)

can be too long (9.9 hours in eRHIC) — may have
to inject pre-polarized!

e Acceleration through intrinsic spin resonances
probably impossible (F = J 0.441 [GeV]).

e Permanent magnets”



Interaction Region optics — spin rotators.
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e Spin rotator dipoles tend to be stronger than arc

dipoles — must keep linear synchrotron radiation
load to less than 15 kW /m.

e The vertical displacement is usetul ...
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eRHIC tunnel cross section, with an electron
magnet between the ion rings.



ENERGY RECOVERY LINAC ISSUES

A four stage Energy Recovery Linac

10 GeV e beam POMeV_ 2 Mw
to and back 0 GeV |inQC>D (O 9 GeV .II[: 'EI dump
fromn RHIC < : l —
( N Y oomev 10 MoV
source

e Linac must be superconducting.

e Accelerating and decelerating beams must go in
the same direction.

e Fach stage has an energy range of about a factor
of 10 — or much more? (Bazarov, RPPH053).

Beam transport. The electrons must circulate
once with little synchrotron energy loss.

e Use a “full radius” recirculator, even with colli-
sions at only one IP?



Energy recuperation. Electron beam power is
~ 1 GW, so recuperation must be very efficient.

e JLAB IR-FEL (250 kW, 5 mA, 50 MeV) reports
a beam loss upper limit of 2uA, or < 4 x 1074

e Losses in a high power ERL at this upper limit
could be unacceptable. Very little power can be lost
at cryogenic temperatures.

e More work is required to understand both the
origin of ERL beam losses, and their possible cures.



Higher Order Mode power dissipation.
Collective instabilities can be driven by HOMs in
the superconducting cavities.

e EPIC 2 predicts about 8 kW of HOM power dis-
sipated per cavity, primarily in longitudinal modes,
with only a few Watts at cryogenic temperatures.

e More studies & operating experience are required.

Beam Break Up. Collective BBU phenomena
are longitudinal and transverse, single and multi-
bunch, and single and multi-pass.

e Calculated EPIC 2 and eRHIC thresholds are
somewhat below nominal currents. Use feedback.



