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Analytical analysis
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Tolerance of Energy Jitter for RUN 21 Parameters

Settings from RUN 21 is used: RMS energy spread 0.12% and bunch length of 3.5ns, RF voltage of 0.4 MV, Bunch intensity of
8.4e8

18 T T 1 1 B 1 T T T T T T T T
Initial ——— 0.42 } No cooling, only IBS ——
Mo cooling, only IBS —— No jitter
1.6F No jitter —— 7 Energy jitter: 2e-4
Energy jitter: 2e-4 Energy jitter: 4e-4
1.4} Energy Jitter: 4e-4 i S 041l Energy jitter: be-4 i
P Energy jitter: 6e-4 - Energy jitter: 8e-4
< Energy jitter: 8e-4 >
- ' v
5 1.2} ] T ‘;
E E 0.4} ]
o 1r 1 E=
:
3 0.8} - o039 .
: 5
+
= =
o 0.6 F 1 =2
& 5
c wn 0.38 1
0.4} - =
0.2 § 0.37} -
0 0 5 10 15 20 25 30 35 40

Time (minute)



Benchmarking Simulation with Analytical Results

For an ion bunch with small energy spread,
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Preferred Parameters for Run 23

Electron beam parameters lon beam parameters

Energy, v
Peak current, A

Bunch charge, nC

RMS relative energy
spread

Normalized emittance,
RMS, mm.mrad

Beam width at
modulator/kicker, RMS,
mm

Minimal beam width at
amplifier, RMS, mm

RMS bunch length, ps

Cooling section length
for CeC, m

Cooling section length
for e cooling, m

28.5
50
1.5
2e-4 (slice)
<5e-4 (projected)
3

0.485

0.1

12

Energy, v
Bunch intensity

Bunch length (RMS), ns

Relative energy spread
(RMS)

RF voltage (28MHz), KV

Normalized transverse
emittance, RMS, mm.mrad

* . .
B" at cooling section, m

Average B function at
cooling section, m

Longitudinal emittance,
eV.s/ u

28.5
2e8
3.5

6E-4

100

2.5

10

0.18



Simulation with both CeC and e cooling working
together
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Summary

* According to the simulations for ion beam parameters in RUN 21, the
tolerance for the bunch-by-bunch energy jitter in the electron beamis
~2e-4,

* The tolerance needs to be updated for the ion beam parameters
preferred for RUN 23 and later. Howeuver, jitter level at 2e-4 seems to
be sufficient from preliminary simulations.



Cooling electric field (V/m)

Comparison of cooling field between CeC and

e cooling

— CeC field
=== ¢cooling field
Fitting for ecooling

2017

sEs=EEESsa,

ik

- 201"

_ 107> 0 %10~ 3

Relative energy deviation of an 1on

Energy kick per pass / (mc*c)

e — CeC
''''' \ ll
1o F e cooling |_|
0
—2¢10°°F .=
] ] ]

_ 21071

Relative energy deviation of an 1on



Instantaneous current (A)

Artificially turning on and off CeC and e cooling to see effects

RHIC 28 MHz RF voltage: 0.1 MV
RHIC bunch intensity: 2e8

Relative energy difference between electron bunch and ion bunch (to

compensate delay due to solenoid in electron beam line): 1e-3
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