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CHROMATIC EFFECTSAND ORBIT CORRECTION IN eRHIC ARCS

F. Méot, C. Liu
Collider-Accelerator Department, BNL, Upton, NY 11973

Abstract E (GeV)
8 10 12 14 16 18 20
This paper gives a brief overview of some aspects of the 0.4 T T 0!
beam dynamics effects induced by the natural chromaticity T T 1 | 03
in the eRHIC FFAG lattice. 0’ s 5 | H-0.25
> 0.25 [ ol
o] . o —— 1 70.3 W
. 0.2 F - Q) —— H -0.35
INTRODUCTION & o0.15 | i S B,
b - -0.45
A Fixed Field Alternating Gradient (FFAG) doublet-cell 0(';) [/ TT— | Ao
version of the energy recovery recirculator of the eRHIC N A A A A 1 :3325
electron-ion collider is being investigated [1, 2, 3]. Apai 2025 30 y 35 40 45
a

of such FFAG rings placed along RHIC recirculate the eleclii ure 2: Energy dependence of cell tunes and chromaticities;
tron beam through a 1.322 GeV linac (ERL), from respec-hg ’ .I b rg?;] ‘ ‘: lize the 11 desian enerai ’
tively 1.3 to 6.6 GeV (5 beams) and 7.9 to 21.2 Gev (11" Vertica bars materialize the 11 design energies.

beams), and back down to injection energy. A spreader and

a combiner are placed at the linac ends for proper orbit anghe origin of the ring (the location where the bunches are
6-D matching. injected) is taken in the middle of the LSS since the refer-
ence orbit is zero there, whatever the energy.
SIMULATION CONDITIONS SR energy loss is roughly compensated at the linac : the

The second, 11 beam, 21.2 GeV ring is considered i@ctual energy gain is 1.322 GeV + half the energy loss at

this discussion for convenience. The cell is shown in Fig. Zhe previous pass + half the energy loss at the next pass.

there are 138 such cells in each one of the 6 eRHIC ards. particular the starting energy is 7.944 GeV + half the

The 6 long straight sections (LSS) use that very cell, witkenergy loss at pass #1.

quadrupole axes aligned. In the twelve, 17-cell, dispersio

suppressors (DS) the quadrupole axes slowly shift from EMITTANCE GROWTH

their distance in the arc, to zero at the LSS, in a reputedly

“adiabatic” manner (details can be found in [3]). Due to the large chromaticity (Fig. 2), any beam mis-

alignment results in its phase extent in phase space, fol-

ic Cell " lowing A¢ = 2wn&0E/E. SR for instance is an in-
Basle/Cell RI{138 cel i‘sfjrarc)'7'944_21'164 Gy trinsic cause since it introduces both energy spread and

x{mm) beam shift [5]. This SR effect is small however com-
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Figure 3: SR induced horizontal phase space portrait, for
an initially zero 6-D emittance bunch, as acquired after an
11 GeV pass in the eRHIC ring.

Energy dependent cell tunes and chromaticities are dis-

played in Fig. 2. Additional details concerning the latticé®@red to nominal beam emittances, it is illustrated in Fig. 3
and beam dynamics can be found in [5]. which shows the phase-space portrait acquired by a bunch

A complete ring is considered in the simulations disiaunched with zero emittances and energy spread, after a
cussed in the following, single 11 GeV. pass in the_eRHIC ring, assuming a very
small beam misalignment in the DS regions (in the sub-
millimeter range, as induced by a “lack of adiabaticity” of

the adiabatic DS). Note that here we introduce a measure

Figure 1:Arc cell in the 7.944-21.16 GeV eRHIC ERL ring [4].

6 x %LSS — DS — ARC — DS — %LSS + Linac



(used in the following) of that chromaticity related effact
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Figure 4. Horizontal phase space portrait of a bunch
launched at 7.944 GeV with initial Gaussiams ¢, =~ ay

€y ~ 50Tum anddE/E = 0. Top : end of the 21.2 GeV Figure 6: Emittances after each turn. The bunch is recen-
pass (collision energy), bottom : end of the the deceleratedred at each of the six LSS.
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Since the chromaticity is not corrected in the eRHIC lin-
ear FFAG lattice, and given the natural beam energy spread

op/E inthe2 x 10~ range, thus the emittance growth is g 400 §
prohibitive in the absence of orbit correction. This issHu E 130k
trated, for the horizontal motion, in Fig. 4 which shows the P - ;28 -
phase space portraits of a 5000-particle bunch at the end of > 14 200 >
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pass 11 (21.2 GeV, collision energy), and at the end of pass
21 (back to 7.944 GeV), whereas initial conditions at start,
7.944 GeV, were Gaussiams e, ~ ¢, ~ 50mum and
dE/E € [107*,+10~1] (random uniform). 2y
Fig. 5 summarizes the overadlpparentemittance in-
crease, over the 11 accelerated passes (from 7.944
21.16 GeV) followed by 10 decelerated passes (from 21.16
back to 7.944 GeV), for a bunch launched at 7.944 GeV
with initial Gaussiamrmse, ~ ¢, ~ 50 mrum anddE/E €
[10~%,4+10~%] (random uniforr;]). In this simulation there ateach LSS.
is no vertical orbit defect whereas the bunch is (i) expe- Fig. 7 is obtained in the case of a vertical orbit defect
riencing small misalignments in the dispersion suppressofaused by a small dipole errap € [-1,+1]Gauss, ran-
that cause betatron oscillations in the mm range, and i) rdom uniform, injected in all the quadrupoles of the ring.
centered on the theoretical reference orbit once per eRHIthe bunch in this case is recentered at the linac, in both
turn, at the linaci(e.,, center of an LSS). Bunch distortion in transverse planes, at each turn.
phase space (similar to what is observed in Fig. 3) is at the Fig. 8 displays the evolution of the polarization (the pro-
origin of the steps (local apparent emittance increasé)en tjection, cos(A¢), of the 5000 spins on the average spin
regionay =~ 27 onthe accelerating phase ang~ 38, 28  direction) and of the spin angle spreag, in the previ-
on the decelerating phase. ous conditions of orbit defects : the polarization appears
Fig. 6 shows the much reduced emittance growth in thearginally sensible to misalignment effects of this nature
presence of orbit control, namely here, bunch recenterirand at this level. Note that the number of precessians (

Figure 7: Evolution of the emittances in the presence of
tical orbit defect. Bunch recentered at linac only.



after cell, in a running mode all around the ring (in both
planes in addition, in the presence of both horizontal and
vertical multipole defects), until the residual orbit casis
tolerable residual emittance growth.

A different type of constraint, rather than the theoretical
FFAG orbits, is to request minimal bunch oscillation ampli-
tude in the cells, leaving the average orbit free. This would
have the merit of allowing a self-adjustment of the FFAG
orbit on the actual bunch centroid energy (which is not the
design one, due to SR for instance). This is an on-going
study.
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Figure 8: Polarization, spin angle spreading, precession,
the conditions of Figs. 5, 6. ORBIT CORRECTION, SECOND STYLE

A second style of orbit correction in eRHIC FFAG, un-
right vertical axis) slightly differs from an integer value der prospective, is the global orbit correction. Due to the
this is just an indication of a residual effect in the preseriarge chromaticity of the lattice, the measurable orbié (th
rough compensation of SR energy loss. centroid position of a bunch of particles) is deviated from

the orbit of the on-momentum particle with the presence
MULTIPLE-BEAM ORBIT CORRECTION  of lattice errors, as discussed earlier. Furthermore, the

A first approach to multiple-beam orbit correction uses '¢asurable orbit response is different from the orbit re-
matching procedure, in which the theoretical FFAG orbit iSPONS€ Of the on-momentum particle as well. In simula-
imposed on the bunch centroid in the arcs, for each enerdi?"S the simplest case that can be studied is to correct the
The constraint is imposed every 23 cells, this makes 6 suc| -momentum particle orbit using th? on-momentum par-
sections to be corrected in a 138 cell arc. That allows 2%‘:'6 orbit response. For corrections n real m_achme h(_)W'
variables (H-correctors at quadrupoles) for 22 constsaint Veh ON€ can only measure the centroid position. And ide-
(x and x’ for each one of the 11 energies, in one go). A 5é_lly the measured o_rb!t response shoul_d be used_ in correc-
particle bunch is considered for the matching. tion. By con_tr{:lst, this is not necessary in a machine where

the chromaticity effect on orbit is negligible.
5 (Gev) There are two questions associated with the global or-
10000 oo 14 ‘ T ‘18 fo 100 bit correction scheme. The fI.I’St one is whethgr cgrrectlpn
Eo LA 1 ‘ Do based on on-momentum orbit and response in simulation
is realistic, or whether the correction based on real orbit
and response can perform as good as the simulations yield.
The second question is whether it is acceptable to correct
the orbit using the on-momentum particle (model) orbit re-
oo L ; ; ; ; ; sponse. The answer to the first question is positive based
20 25 30 35 40 15 on observation of orbit and the beam emittance. The an-
ay swer to the second question is negative. Therefore, one has
to measure the orbit response for the orbit correction ih rea
Figure 9: Turn-by-turn evolution of emittances, in the presmachine.
ence of acorrectedb, € [—20, +-20]Gauss random defect. ~ Results obtained with this method can be found in [6].
This is an on-going study.

As an illustration, a strong horizontal orbit defect is in-
jected in the arc quadrupoles, namely, a vertical dipole REFERENCES
errorby € [—20, +20]Gauss (equivalent to misalignment [1] E.C. Aschenauer et als., “eRHIC Design Study, Electron-
Az = £40 pm), random uniform. As a consequence the  |on Collider at BNL", arXiv:1409.1633, Sept. 2014.
emittance growth in the absence of correction would be faf>) b Trpojevic, FFAG Lattice Design of eRHIC and LHeC,

beyond even what the earlier Fig. 5 shows. Fig. 9 displays = E|c 2014 workshop, Newport News (17-21 March 2014).
the evolution of the horizontal emittance after applyingtth [3] D. Trbojevic et al., ERL with non-scaling fixed field al-
orbit correction scheme in the arcs (orbit correction USeS ~ (grnating gradient lattice for eRHIC, these proceedings
dipole correctors located in drifts between quadrupoles),  (TuPTY047).

given initial conditions, at 7.944 GeV, ~ ¢, ~ 50 mum
and dE/E. - O'. This result is promlsmg (the surge at [5] F. Méot et al., End-to-end 9-D polarized bunch transport in
ay = 27 is again anapparentemittance increase result-

. . . ) eRHIC [...], these proceedings (TUPWI052).
ing from a surge in bunch off-centering at that particular [6] C. Liu, Orbit Correction, FFAG'14 Workshop, BNL (2014)
pass/energy in the eRHIC ring). (https://indico.bnl.gov/conferenceDisplay.py?confld=686)
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[4] D. Trbojevic, private communication.

An option in this method is to apply the constraint cell
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