BROOKHFVEN

NATIONAL LABORATORY

BNL-107424-2015-CP

Polarized proton beam for eRHIC

H. Huang, F. Meot, V. Ptitsyn, T. Roser

Presented at the 6" International Particle Accelerator Conference (IPAC’15)
Greater Richmond Convention Center, Richmond, VA 23219 USA
May 3 — 8, 2015

May 2015

Collider Accelerator Department

Brookhaven National Laboratory

U.S. Department of Energy
Office of Science, Office of Nuclear Physics

Notice: This manuscript has been authored by employees of Brookhaven Science Associates, LLC under
Contract No. DE-AC02-98CH10886/DE-SC0012704 with the U.S. Department of Energy. The publisher by
accepting the manuscript for publication acknowledges that the United States Government retains a non-
exclusive, paid-up, irrevocable, world-wide license to publish or reproduce the published form of this
manuscript, or allow others to do so, for United States Government purposes.

This preprint is intended for publication in a journal or proceedings. Since changes may be made before
publication, it may not be cited or reproduced without the author’s permission.



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any
agency thereof, nor any of their employees, nor any of their contractors,
subcontractors, or their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or any
third party’s use or the results of such use of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service
by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof or its contractors or subcontractors.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.
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Abstract

RHIC has provided polarized proton collisions from 31 o By ‘o
GeV to 255 GeV in past decade. To preserve polarizi <. -
tion through numerous depolarizing resonances through t

whole accelerator chain, harmonic orbit correction, parti
shakes, horizontal tune jump system and full snakes ha
been used. In addition, close attentions have been paid x
betatron tune control, orbit control and beam line align ~ gness
ment. The polarization of 60% at 255 GeV has been d¢
livered to experiments with 1:810*! bunch intensity. For o
the eRHIC era, the beam brightness has to be maintain  @7agpy. =~ /S'ibe?a"S"ake
to reach the desired luminosity. Since we only have on
hadron ring in the eRHIC era, existing spin rotator an
snakes can be converted to six snake configuration for o
hadron ring. With properly arranged six snakes, the pola.
ization can be maintained at 70% at 250 GeV. This paper .
summarizes the effort and plan to reach high polarization Figure 1. Layout of RHIC complex.
with small emittance for eRHIC.
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Siberian snakes are used in each of the two RHIC rings to
INTRODUCTION maintain polarization [5]. The betatron tune, coupling and
The parameters for eRHIC proton beam is 70% polaerbit feedback on the energy ramp are also crucial for po-
ization with3 x 10'*/bunch and 0.2zmm-mrad 95% nor- larization preservation.
malized emittance [1]. This emittance is at store and is
expected to be cooled down by coherent electron coc so
ing(CeC) [2]. On the ramp, the emittance will be larger a 7q|
delivered by AGS. The resonance strength associated w_ .|
the larger emittance will be stronger. This paper will dis€
cuss how the 70% polarization can be achieved based £
current status of RHIC polarized proton operation and poz “°f
sible snake configuration changes. N 30 [— P=(80.21+-1.68)-(4.90+-0.81)¥ |
The current proton acceleration chain is shown in Fig. I 20 ]
High intensity and high polarizatiod ~ is produced from  10f .
the polarized proton source. THé~ beam polarization o(; “““ L L L]
is measured at the end of 200 MeV linac as 80-82%. Tf AGS Beam Intensity (19)
beam is then strip-injected into AGS Booster. The Booster
vertical tune is set high so that+ v, intrinsic resonance Figure 2: AGS polarization at extraction as function of
is avoided. Two imperfection resonances are corrected Byinch intensity. The polarized proton source can deliver
orbit harmonic correction. In the AGS, two partial Siberiaﬂntensity of9 x 10! at the Booster input. Booster scraping
snakes separated by 1/3 of the ring are used to overcofith horizontal and vertical) is used to reduce the beam
the imperfection and vertical intrinsic resonances [3]e Themittance for AGS injection. The intensity in this figure is

vertical tune on the energy ramp is mostly above 8.98, sshanged by varying the Booster scraping level.
that it is in the spin tune gap and away from the high or-

resonances driven by the partial snakes, a pair of pulsgflown in Fig. 2 as function of beam intensity. The in-

quadrupoles are employed to jump cross the many wegknsity was reduced by Booster scraping. The polariza-

horizontal intrinsic resonances on the ramp [4]. Two fultion dependence on intensity is really dependence on emit-
“Work performed under contract No. DE-AC02-98CH1-886 wth t tance. As higher intensity is always associated with larger

auspices of the DOE of United States, and with support of RKIapan). €Mittance, and consequently stronger 'deF?Ola';iZing reso-
 huanghai@bnl.gov nance resonance strength, lower polarization is expected




for higher intensity. As shown in Fig. 2, the polarization anormalized emittance invariant is about 0.18 below 100
3 x 10! is about 65%. The AGS lonization Profile Mon-GeV and is about 0.45 beyond 100 GeV. The resonance
itor(IPM) can measure beam emittance but the measursttength threshold for 100% polarization transmission effi
beam size is affected by space charge force. To mitigatéency with two snakes may lie between 0.18 and 0.45.
the effect, the RF is turned off at flattop. The emittance re- In the electron-ion collider stage, only one hadronring is
ported by IPM with RF off is plotted in Fig.3. Since thereneeded. In this case, the spin manipulating devices in both
is possible emittance growth in the Booster, the projectduadron rings can be used in one ring. Six snakes can be
emittance with zero intensity is not zero. made from combining four existing snakes into one hadron
. ring, and reconstructing additional two snakes from spin
- T rotators. In this case, six snakes will be available in the
Vel Nl ' hadron ring. As a rule of thumb, the resonance strength
— E,~(0.609+-0.068)+(0.816+0.033 - threshold should increase by the same factor as number of
snakes. Since the real resonance threshold is unknown,
simulations are needed to see if polarization can be pre-
served for six snake case.

i SPIN SIMULATIONS

To estimate the polarization transmission efficiency on
of—— T s T ) the ramp, spin tracking was done for one of three strongest

AGS Intensity(1) resonancegll — @, with ZGOUBI code [7]. The track-

ing were done for 8 particles on = 2.57 vertical emit-

Figure 3: AGS emittance measured by IPM vs. intensity 4fNce ellipse. To speed up the tracking, the acceleration
the AGS extraction. is 7 times of normal acceleration rate. It should be noted
that with snake inserted, polarization loss is not seresitiv
to resonance crossing speed. Only vertical betatron motion
is in the simulation. For comparison purpose, the simula-
tions are also done for 2-snake case. The results are shown
in Fig. 5. As shown in Fig. 5, the 2-snake is not enough to
preserve polarization for beam particles outside norradliz
rms emittance.5r.

6-SNAKE CONFIGURATION

For multiple snakes scenario, the snake arrangement has
to satisfy the condition for energy independent spin tune,
namely
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The axis angles are at= +45° from longitudinal axis
in the local Serret-Frenet frame, so ensuring respectively

Figure 4: The intrinsic resonance strength of RHIC lattic&’s = 3/2. following

for a particle on a 16 normalized emittance invariant. Be-

N;=6
low 100 GeV, the resonance strength is less than 0.18. To Q, = 1 Z (—)F
accelerate proton beam to 250 GeV, the stronger resonance T =

strength of 0.45 has to be overcome. o . .
Not all snake arrangements satisfying above conditioris wil

At 3 x 101 rms normalized vertical emittance is aboutPréserve polarization. However, a simple arrangement with
37, rms normalized horizontal emittance is abaugr. (e 6 snakes equally spaced by/6 can preserve polar-
These are emittances we are going to dealt with on the e§ation. The simulations with ZGOUBI are also done for
ergy ramp. As the running experience shows, the p0|a§_—snake configuration and the results are shown in Fig. 6.
ization transmission efficiency up to 100 GeV in RHIC islt shows that the polarization is preserved for the small and
close to 100% but about 85% for 250 GeV and»118!!  large emittance cases.
bunch intensity, due to stronger intrinsic resonances. The
intrinsic resonance strength can be calculated from DE- SUMMARY
POL [6]. The results are shown in Fig. 4. As itis shown in Currently, RHIC proton ring is able to deliver 60% po-
Fig. 4, the highest resonance strength for particle on 1Qarization at 250 GeV for collisions with.8 x 10! bunch
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Figure 5: Spin simulation results for 2 snakes, snake axis as o .5
+45 degrees. From top to bottom, the vertical invariant is’ o-¢
€y = 1, 6, 90, with 0 = 2.57mm.mrad normalized emit-  °:"

. . . 0.7
tance. Each plot shows the average vertical projection of 378 380 382 384 386 388 390 392 394

the spin, computed from the tracking of 8 particles evenly o
distributed on the invariant. The horizontal invariantégn AVERAGE POLARIZATION, 6 SNAKES, AXES %45 DEG
ligible. The polarization is preserved for th&gmmm.mrad 095 Le 290 ‘ =
case, but not the realistic large emittance case. oal
o 0072 8 pcls, 9sigma
0.7

intensity [8]. AGS can deliver 65% polarization with 0.3
3 x 10, The additional gain in polarization comes from ~ ** 57 s ez ses see sen as0 92 s
vertical emittance preservation in the AGS, so that the res- ey

onance strength in the AGS can be reduced. This then

can lead to higher polarization required for eRHIC. At 25¢ '9ure 6: The simulation results for 6 snakes, snake axis as
GeV, with 6-snake configuration, the polarization transmis=4° degrees. From top to bottom, the vertical invariant is

sion efficiency is close to 100% in RHIC. The required lowfv = 1> 6, 90, With o = 2.5mmm.mrad normalized emit-
emittance will be done by CeC. Simulations with multi-tance. Each plot shows the average vertical projection of

particles and 6-D distribution for real acceleration rati w (€ SPin, computed from the tracking of 8 particles evenly
follow. distributed on the invariant. The horizontal invariantégn

ligible. The polarization is preserved for all cases.
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