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Abstract

In polarized proton operation, the RHIC performance is
limited by the head-on beam-beam effect. To overcome
these limitations two electron lenses were installed and are
under commissioning. One lens uses a newly manufactured
superconducting solenoid, in the other lens the spare super-
conducting solenoid of the BNL Electron Beam Ion Source
(EBIS) is installed to allow for propagation of the electron
beam. (This spare magnet will be replaced by the same type
of superconducting magnet that is also used in the other
lens during the 2013 shut-down.) We give an overview of
the commissioning configuration of both lenses, and report
on first results in commissioning the hardware. We also re-
port on lattice modifications needed to adjust the phase ad-
vance between the beam-beam interactions and the electron
lenses, as well as upgrades to the RHIC instrumentation for
the commissioning.

INTRODUCTION

In RHIC there are 2 head-on (Interaction Points IP6 and
IP8) and 4 long-range (IP2, IP4, IP10, [P12) beam-beam
interactions with large separation (10 mm) between beams.
The polarized proton luminosity is limited by the head-
on effect, and head-on beam-beam compensation is imple-
mented with one electron lens in each ring to compensate
for 1 of the 2 head-on collisions. Together with an increase
in the bunch intensity an increase in the luminosity by a
factor of 2 is anticipated.

The design and construction progress of the RHIC elec-
tron lenses was reported previously [1-18], and the main
parameters for the proton and electron beams are shown
in Table 1. Here we describe the installation after the 2012
summer shut-down, and the progress in commissioning the
proton ring lattice and instrumentation, as well as the elec-
tron lens hardware.

PROTON BEAM LATTICE AND
INSTRUMENTATION

A new lattice was commissioned for both rings that has
a phase advance of a multiple of 7 between IP8 and the
electron lens in Interaction Region IR10. This is necessary
to minimize resonance driving terms [16]. For this new
phase shifter power supplies were installed in both rings
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Table 1: Reference cases for RHIC beam-beam and beam-
lens interactions. Bunch intensities without electron lenses
are expected to saturate at about 2 x 10'! due to head-on
beam-beam effects [16].
quantity unit
proton beam parameters

total energy Fp
bunch intensity Ny,

value

GeV 100 255 255
1011 2.5 2.5 3.0

B3,y at IP6, IP8 (p-p) m 0.85 0.5 0.5
B3,y at IP10 (p-e) m 10.0 10.0 10.0
rms emittance €,,, initial mm mrad — 25—

rms beam size at IP6, IP8 U; pm 140 70 70
rms beam size at P10 o, pum 485 310 310
rms bunch length o m 0.50 0.40 0.20
hourglass factor F', initial 0.88 0.85 0.93
beam-beam parameter &£/IP 0.012  0.012 0.015
number of beam-beam IPs — 2+1* —
electron lens parameters

distance of center from IP m —2.0—
effective length L m —2.1—
kinetic energy Ee keV 7.8 7.8 9.3
current I A 0.85 0.85 1.10

*One head-on collision in IP6 and IP8 each, and a compensating head-on
collision in IP10.

and both transverse planes. In the Blue rings the integer
tunes had to be changed from (28, 29) to (27,29), and in
the Yellow ring from (28,29) to (29, 30) in order to find
a solution. With the new lattice higher luminosities were
reached than in the previous years, but the polarization was
lower. The lower polarization is still under study and may
not have been the result of the new lattices. Other lattice
options are also under study: (i) A solution was found for
the Yellow ring that maintains the integer tunes of (28, 29)
and has the correct phase advances; (ii) The phase advance
of'a multiple of ™ may also be realized between IP6 and the
electron lenses.

A bunch-by-bunch beam loss monitor, based on gated
PIN diodes at the primary collimators, was made oper-
ational. Figure 1 shows the measured rates for all 109
bunches, and bunches with only 1 collision can be clearly
distinguished as having lower loss rates. For the commis-
sioning of the electron lens, a pulsed electron beam that
affects only the last proton bunch of the train is available,
and the bunch-by-bunch loss monitor can detect the losses
of this bunch relative to the others. Transverse BTF mea-
surements are routinely used to monitor the tune, and an
algorithm is developed to extract the beam-beam induced
tune spread in the presence of coherent modes [20]. A new
mode was tested to measure the single bunch response by
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gating the detector.
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Figure 1: Bunch-by-bunch loss monitor showing lower loss
rates for bunches with only 1 collision.

CURRENT LENS INSTALLATION

For the ongoing RHIC Run-13 the hardware of both
lenses is partially installed (Fig. 2). The Blue lens has
a complete electron beam transport system, although in-
stead of the superconducting main solenoid designed for
the electron lens a spare solenoid of the BNL EBIS [19]
is installed. This magnet is a 2 m long superconducting
solenoid with a maximum field strength of 5 T, but without
an iron yoke and therefore field lines that are not straight
enough for beam-beam compensation. It does, however,
allow for propagation of the electrons from the gun to the
collector even at a field as low as 1 T. The low field is nec-
essary in order to minimize the effect on the proton spin
as long as the second superconducting solenoid is not yet
powered. The Blue lens also has a full complement of in-
strumentation with the exception of the overlap monitor
based on back-scattered electrons [11]. In this configura-
tion all warm magnets can be commissioned as well as the
electron beam in pulsed mode. The two dual plane BPMs
inside the superconducting solenoid, the YAG screen pro-
file monitor and pinhole detector can be tested. Interaction
with the proton beam is possible.

Figure 2: Layout of the two electron lenses in IR10. In
2013 the Blue lens (left) has the EBIS spare solenoid in-
stalled instead of the superconducting solenoid designed
for the electron lens. In each lens three beams are present,
the two proton beams and the electron beam acting on one
of the proton beams. The proton beams are vertically sepa-
rated.

The Yellow lens (Fig. 3) has one of the new supercon-
ducting solenoids (designed and manufactured by the BNL
01 Circular and Linear Colliders
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Superconducting Magnet Division [10]) installed, but with
a straight beam pipe without BPMs or drift tubes (i.e. the
vacuum system of the electron gun and collector is not con-
nected to the proton beam vacuum system). This config-
uration allows for commissioning of the superconducting
main solenoid and all superconducting correctors, as well
as all warm magnets. Since the superconducting solenoid
had been tested only vertically, the installation of the EBIS
spare solenoid in the Blue lens guarantees that the electron
beam commissioning is not delayed by possible problems
with the first horizontal operation of the magnet.

Figure 3: Yellow electron lens as installed in 2013. Visible
are the gun side (left), the superconducting main solenoid
(center), and the collector side (right).

MAGNET COMMISSIONING

All warm solenoids were tested and ran at operating cur-
rents. Their effect on the proton beam [3, 4] was test,
and the introduced orbit, tune, and coupling changes were
well compensated without any increase in the experimen-
tal backgrounds. The warm solenoids will be ramped up
to operating current at store, and ramped down when the
proton beams are not colliding to save energy (both lenses
together consume 0.5 MW of electric power). This is cur-
rently being implemented for operation.

Both superconducting solenoids have reached 110% of
the 6 T operating field in a vertical test, and are now fully
cryostated. The first magnet is installed in the Yellow lens,
and final cryo and electrical connections are being made
during maintenance periods. Cool-down is expected within
a month. The second magnet is set up in the BNL Super-
conducting Magnet Division to commission a system for
the measurement and correction of the field straightness
(Fig. 4). With a rms beam size of 310 pm in the electron
lenses (Table 1), a straightness tolerance of +50 ymwas
specified over a field range of 1-6 T. The measurement is
based on a magnetic needle-and-mirror suspended with a
gimbal and calibrated with a vibrating wire [21]. Correc-
tion of the field straightness is possible with 5 horizontal
and 5 vertical superconducting dipole correctors installed
inside of the cryostat [10]. After commissioning of the sys-
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tem, it will be used in the RHIC tunnel to measure and
correct the field straightness in-situ.

Figure 4: Test setup for the solenoid field straightness mea-
surement in the BNL Superconducting Magnet Division us-
ing one of the two superconducting electron lens solenoids.

INSTRUMENTATION AND SOFTWARE

The Blue lens has new dual plane beam position moni-
tors (BPMs) installed at each end, both of which have been
fully commissioned with proton beams and are now part of
the RHIC operational orbit control system. The BPMs can
be used to stabilize the proton beam orbit in the lens with
the orbit feedback [22].

The installation of the Blue gun and collector is also pro-
gressing during maintenance periods, and electron beam
commissioning is expected to begin before the end of the
RHIC Run-13 in June. Due to the slower rise time of the
electron beam in pulsed mode, the electron beam signal in
the BPMs will be smaller by about an order of magnitude
compared to the proton beam. The BPMs will allow for
only an approximate positioning of the proton and electron
beams. Maximum overlap will be monitored with a back-
scattered electron monitor [11], which will be installed in
the 2013 summer shut-down. With the available electron
beam, the electron beam profile monitors (YAG screen and
pinhole detector) can also be tested.

The electron lens test stand [14, 18] was already used
to develop software for control, measurement analysis, and
machine protection. Most of the required functionality is
now available for the electron lenses. High level control of
the most important parameters is provided through a syn-
optic display application (Fig. 5), which controls magnetic
field strength, electron beam mode (DC or pulsed) and cur-
rent, and has information on beam position, local losses,
and instrumentation devices.

SUMMARY

The main components of the RHIC electron lenses are
complete. For 2013 both lenses were partially installed and
hardware commissioning is under way. New lattices with
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Figure 5: Synoptic display of the electron lens with all
high-level data and control points.

the correct phase advance between one of the two beam-
beam interactions and the electron lenses were tested in
both the Blue and Yellow ring. A high-sensitivity bunch-
by-bunch loss monitor was commissioned, and a bunch-by-
bunch BTF measurement was tested. The e-lens BPMs of
one lens are operational. Control software and the machine
protection system were deployed.

In the summer of 2013 the installation of both lenses will
be completed. The straightness of the main solenoid field
lines will be measured and corrected in-situ. Electron beam
commissioning will follow in the subsequent RHIC run.
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