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Abstract

: The RHIC ion (polarized proton) beam intensity has in-
_creased to 4x (1.1x) of the original design specifications.
% For heavy ions the beam dump window has limited the beam
intensity. In 2014 the beam dump vacuum window was
o changed from stainless steel to a titanium alloy and the ad-
< jacent beam diffuser block carbon material was changed to
% allow for higher ion intensities. A thicker beam pipe was
‘£ installed to prevent secondaries from quenching the adja-
f% cent superconducting quadrupole. For high intensity proton
§ operation heating of the abort kicker ferrites had limited
é the intensity, leading to a reduction in kicker strength. Also
'3 in 2014, the abort kicker ferrites were changed, the eddy
< current reduction design was upgraded, and an active ferrite
£ cooling loop was installed to prevent heating. With these
—Fa upgrades the intensity was raised to new records for Au+Au
& operation in 2016, and for p+p operation in 2015 (100 GeV)
‘é and 2017 (255 GeV). A further increase in the beam intensity
B is planned for the RHIC program with the sSPHENIX detec-
§ tor, and the Electron-Ion Collider eRHIC. We evaluate the
g‘ need for upgrades and upgrade options for the beam abort
’ system to accommodate these intensity increases.
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INTRODUCTION

The current focus of the RHIC physics program is the
8 Beam-Energy Scan II (BES-II) in search of a critical point
= in the nuclear physics phase diagram. This requires colli-
2 sions at and below the nominal injection energy [1]. Af-
.lé ter completion of the BES-II in 2021 RHIC is expected
S to return to high-energy operation with the SPHENIX de-
> tector [2], presently under construction. With sSPHENIX
© Au+Au, p+p and p+Au collisions with higher intensity
% beams are planned [3]. Higher beam intensities are also
f planned for the Electron-Ion Collider eRHIC [4,5]. Table 1
- list the main parameters relevant for the abort system de-
g sign. For the beam dump design the heavy ion beams are
» more demanding, and for the abort kicker ferrite heating the
% polarized proton beams are more demanding. Shown are
E values achieved and planned for RHIC and eRHIC, for Au
— and polarized p beams.
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BEAM DUMP UPGRADES

The RHIC beam dump is an internal dump inside the
5 tunnel but outside the vacuum, separated from the beam
- vacuum by a Ti alloy vacuum window. It was originally de-
£ signed for 60 Au bunches with 1.0 x 10° intensity (0.12 MJ)
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and upgrades several times. The last upgraded in 2014 to
allow for higher Au intensity with a new Ti alloy vacuum
window [6,7] and new carbon-carbon blocks that disperse
the energy of the extracted beam (Fig. 1). A thicker beam
pipe was installed to shield the adjacent superconducting
Q4 quadrupole from secondary particles. The beam dump
is surrounded by marble slabs. During an abort the beam is
swept in the horizontal plane across the window but not in
the vertical plane. With these upgrades RHIC operated at
100 GeV/nucleon with Au bunch intensities of up to 2.0x 10°
in 2016 (Table 1).

(a) Existing dump with vacuum window

Carbon-Carbon  Window Stainless Steel

Graphite

Ll a “‘]

. 5m
0.5 m C-C blocks, 2.6 m graphite blocks and 2.0 m SS blocks

(b) Dump without vacuum window
Orifice Carbon-carbon
Vacuum pipe NEG pump

.
==
T

3.2 m C-C blocks and 2.0 m SS blocks

Stainless Steel

Figure 1: (a) Existing RHIC beam dump with vacuum win-
dow. (b) Possible upgrade without a vacuum window. The
external marble shielding is not shown and may affect the
location of the vacuum pumps. In both cases the view is
from the top and the beam enters from the left.

For a further intensity increase the following upgrades are
under consideration for the beam dump:

¢ adifferent Ti alloy window
* the addition of a vertical kicker

e a beam dump in vacuum without a window

The first two options have been previously considered [7],
and the first option was implemented in the last upgrade.

Ti window upgrade. The energy deposition in the vacuum
window was calculated with the MCNP6.2 code [8], which
simulates the heavy ions directly, not approximated by pro-
tons multiplied by the charge number Z. It must be possible
to abort the beam at any energy safely. In the RHIC energy
range the highest energy deposition in the window is at the
highest beam energies. Figure 2 shows the calculated energy
density profiles in the horizontal (a) and vertical (b) plane
for the case of the planned RHIC upgrade with Au beams
(Table 1).
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Table 1: Main beam parameters relevant for the abort system design. The operating modes shown are for the highest energy
deposition in the dump window for Au beams, and for the highest abort kicker ferrite heating for p beams.

Au beam p beam

RHIC RHIC eRHIC RHIC RHIC eRHIC
quantity unit 2016 planned planned 2017 planned planned
energy E GeV/nucleon 100 100 110 255 255 275
no of bunches ky, 111 111 1160 111 111 290
bunch intensity N}, 10° 2.0 3.0 0.5 185 300 198
total intensity Nio 101! 2.3 3.3 5.8 205 329 574
stored energy/beam MJ 0.71 1.05 2.0 0.84 1.34 2.53
normalized rms emittance &y y um 2.0 2.0 5.0/0.36 2.7 2.5 4.2/0.9
lattice function at dump window By y m 10/48 10/48
rms beam size at dump window oy, mm | 0.43/0.95 0.43/0.95 0.65/0.38 | 0.33/0.71 0.31/0.69  0.38/0.38
bunch spacing m 31.9 319 3.0 31.9 31.9 12.2
bunch frequency MHz 9.4 9.4 98.5 9.4 9.4 24.6
rms bunch length o m 0.3 0.3 0.07 0.6 0.5 0.06
average beam current lyyg mA 224 330 574 264 417 719
peak beam current Ipeq A 10.3 15.1 10.8 6.1 11.6 63.2

A window material with higher yield stress o, higher PR —

specific heat C, lower Young’s modulus E and lower thermal
expansion coefficient & allows for a larger energy deposition.
A Figure Of Merit (FOM) for the window performance can
be defined as

o, C

FOM = —.
Ee

(D

The present vacuum window is a Ti 6-2-4-2 (Ti-6Al-2Sn-
4Zr-2Mo) alloy with FOM = 474 and can be replaced with
a Ti 15-3-3-3 (Ti-15V-3Cr-3Al-3Sn ST 850C) window with
FOM = 669. However, based on the energy deposition

Prob
Constant1
Mean1
Sigmat
Constant2
Mean2
Sigma2

0.9867

4.339e+04 + 3335
0.001684 £ 0.005581
0.0663 + 0.006723
1.091e+04 £ 2511
0.000857 + 0.00689
0.2272 + 0.03825
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profile for the existing Ti alloy window (Fig. 2), it will be
able to withstand a 110 GeV/nucleon gold beam with 1160
bunches and 0.5 x 10° ions per bunch (Au beam, eRHIC
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Prob
Constant1
Mean1
Sigmat
Constant2
Mean2

8.72/16

0.9245

4.39e+04 + 3930
-0.0024812 0.004474
0.0485 + 0.004417
1.046e+04 £ 986.1
0.001871+ 0.004721

planned in Table 1) while achieving safety factor of almost a
factor of 4 (yield stress over stress, oy, /c). For the planned
RHIC upgrades the safety factor is an order of magnitude.

Vertical kicker. The abort kicker is in the horizontal plane
only, and the addition of a small vertical kicker can distribute
the energy further on the window (Fig. 3). This was analyzed
in Ref. [7] with the conclusion that a small vertical kicker
can increase the intensity damage threshold to the window
by approximately 50%.

Beam dump in vacuum. To overcome the limitation of
the vacuum window the beam dump can be placed in the
vacuum enclosure. During a beam abort there will then be
outgassing from the dump materials. Data exist for carbon
outgassing rates [9, 10], and one to two decades higher out-
gassing rates than stainless steel are expected. A preliminary
vacuum design, shown in Figure 1 (b), has the vacuum win-
dow replaced by an orifice and vacuum pumps are added.
Outgassing measurements of the materials used in vacuum
and a full analysis of the temperature rise in the carbon-
carbon and stainless-steel blocks are planned. This upgrade
is an option if the beam parameters considered (Table 1)
change significantly in the future.
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Figure 2: Energy deposition per Au ion in the Ti alloy dump
window in the horizontal (top) and vertical (bottom) plane.
The spacial distribution is for the case of Au beam, eRHIC
planned (Table 1), and fitted to a double Gaussian function.

ABORT KICKER UPGRADES

With high-intensity proton beams it was observed in pre-
vious years that the abort kicker strength was reduced after
many hours of store time, which was found to be due to heat-
ing of the abort kicker ferrites [11]. In response, the abort
kicker ferrites were changed from CMDS5005 to CMD10, the
eddy current reduction design was upgraded, and an active
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Figure 3: From Ref. [7]. Energy density deposited in the
window using an additional vertical kicker for 111 bunches
with 0.7 x 10° Au ions per bunch and an normalized rms
emittance of 0.7 pum.

—

errite cooling loop was installed to prevent heating. The
rimary advantage of the new ferrites is the higher Curie
emperature. The cooling is designed for a 1 kW heat load
n each of the five abort kicker magnet. The longitudinal
mpedance of an abort kicker was measured [11,12], and the
nergy deposition in the ferrites can be calculated with the
unch number, bunch intensity and bunch length. For the
roton eRHIC case in Table 1 a heat load of 5 kW per abort
kicker is estimated, while the RHIC upgrade case is less than
21 kW. This requires an increase in the cooling capacity for
. eRHIC, or an current-carrying insert which will modify the
2 electrodynamic properties of the kicker and requires further
N analysis [13].
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SUMMARY

Higher beam intensities are planned for the future RHIC
o physics program, and the Electron-Ion Collider eRHIC. We
E evaluated the need for upgrades and upgrade options for the
S beam dump vacuum window, which has limited the heavy
& ion intensity in the past, and the abort kicker, whose ferrites

0 licence (© 20

% were heating up with high proton beam currents in the past.

£  With the presently anticipated heavy ion beam currents
S

8 no upgrade of the dump kicker vacuum window is necessary.

£ For the cases under consideration a minimum safety factor
g of almost four for the stress was estimated. Upgrade options
£ exist in a different Ti alloy for the window, the addition of a
8 vertical kicker, or a beam dump in vacuum.

For the abort kicker with high-intensity proton operation
. in eRHIC the estimated power loss in the ferrites of the
£ existing abort kickers will exceed the present design cooling
”g capacity of 1 kW for one of the five abort kickers by a factor
i of five. As upgrade options the cooling can be improved
S with a higher flow rate of the coolant, or an insert.
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