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RHIC — a High Luminosity (Polarized) Hadron Collider
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o Au—Au  3.8/4.6/5.8/10/14/32/65/100 GeV/n |
1d—-Au 9.8/19.5/31.2/100 GeV/n '
Cu—-Cu 11/31/100 GeV/n

Achieved peak luminosities: — e pT—pT  11/31/100/205/250 GeV
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pT—pT (250 GeV) 245x1030 cm2 s 1 pT —Al 100 GeV/n
Performance defined by

1. Luminosity L 1 v pT—Au 100 GeV/n |
2. Proton polarization P 7 Ru-Ru 100 GeV/n
3. Versatility (species, E) S, Zr — Zr 100 GeV/n
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InstabIlity auring Iransition

In RHIC, all ions above 23 GeV except proton have to cross transition energy, with slow
superconducting magnet ramping rate

Single particle effects -> chromatic non-linearity -> different momentum particle to cross
transition at different times

Multi-particle effects -> bunch shape mismatch to RF bucket (induced by low frequency self
fields) and microwave instability (higher frequency self fields)

These multi-particle effects will increase the momentum spread, enhancing the chromatic
nonlinear effect and leading to particle loss

Electron clouds -> bunches are short at transition triggering e-cloud formation -> e-clouds lower

the stability threshold given by the machine impedance and enhanced by electron clouds

In RHIC, instability has limited total bunch intensities in the past (not presently)




T'1me scales Characterize transition crossing

— Two time scales to characterize transition crossing

— The non-adiabatic time: not described 3 2 \1/3
T — AE7 ¥r o
by adiabatic Hamiltonian (longitudinal) ¢ ZeV|cos(@,)| hy' 4mc?
— The non-linear time: single particle non- Yr

— 2
) ) ) Tnl— |(a1+1-5'ﬂT)|'6max'_,
linearity chromatic effect (transverse) 14

Design 2004 2007 2016
Transition Lorentz Factor 22.80 22.80 22,91 23.95
FNAL FNAL | AGS RHIC KEKPS | CPS Acceleration rate /s 1.60 0.50 0.40 0.36
Booster | MI Maximum off-momentum parameter 0.00 0.00 0.01 0.00
C (m) 474.2 3319.4 | R07.12 | 3833.8 | 339.29 628.32 Circumference m 3833.85 3B833.85 3833.85 3833.85
VA(kV) 950 14000 300|300 |90 200 AL for 00| o700 700] 700
h 84 b88 12 360 9 6-20 Transition Energy per nucleon Gel 21.40 21.40 21.50 23.33
Yr 5.4 20.4 8.5 ey 6.76 6.5 phase rad 0.16 0.08 0.08 0.07
F (s7h) 200 190 70 40 60 Peak rf Voltage kv 300.00  300.00 300.00  200.00
A (eVs/u) | 0.04 0.04 1. 0. 0.3 0.5 rf Voltage during transitiion kv 296.17 299.04  299.04  199.51
5 (X 10—3) 6.4 25 6.7 4.5 5.4 6.6 Harmonic number 342.00 360.00 360.00 360.00
Tod (ms) 0.2 2.0 25 36 1.8 15 Nonlinear momentum compaction parameter 0.60 -0.54 -0.30 -2.64
) . 3y beta T 1.00 1.00 1.00 1.00

Tul (105) 0.13 019 |0.61 }63 0.7 05 non-adiabatic time ms F.m_ 53.45 5795 74,
nonlinear time ms 128.50  187.67 356.54 m

S.Y. Lee, Accelerator Physics, p302




1. Beam Decay and BBB beam loss

2. |IPM for Emittance

3. Coherence signal

4. Electron cloud detector
5. Longitudinal Bunch length & Shape
6. Vacuum

7. 10Hz & TBT BPM

8. Longitudinal phase tomographic
reconstruction
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Figure 6: Time series of the 2 strongest principle compo-
nents for a slower instability. The traces are offset verti-

cally to improve clarity.
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FIN diode rate at collimator [Hz]
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lotal beam LOSS (Fill1lel/o, 4/6/2014)

Beam Decay

0 e e

130

P

<— Transition Crossing

20:08:20 20:08:25

50000

40000

30000

20000

10000

20:08:20 20:08:25

Beam Decay: 4500%/hour

. —— Bunched Intensity:13%

—— BBB Beam Loss




180

140

120l i SRR S B SR PRRNOE SO PPRR PP SRR SUR

<— Transition Crossing - .

60 _______________________ _______________________ _______________________ Yellow rlng Co herence Slgnal (V) _______________ ____________

0 ....................... ........................ ....................... ...................... ....................... ........................ ....................... ............

201 - : : : - : :
20:08:20 20:08:22 20:08:24 20:08:26 20:08:28 20:08:30 20:08:32 20:08:39

coherence yel low  hor iz datafeeayi [, ] coherence,yellow, vertdatafrrayl, ] ev-bganmat.

80

-100
20:08:20 20:08:22 20:08:29 20:08:26 20:08:28 20:08:30 20:08:32 20:08:39

Time (Start Fill = 18178)

coherence,blue, horiztdatafrraytl, ] coherence,blue, vert :datafrraghl, ]

ev-ygamnmat



—lectron Cloud signal (Filllel /o, 4/0/2014)
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10Hz BPM and Mean Orbit (Fill19704, 3/17/2016)
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1. gt-jump implemented 1.In-situ baking
2. Octupoles control 2.NEG
3. Chromaticity control 3.Scrubbing

4.Solenoid, anti-grazing rings ....
4. Lower Accelerator RF voltage

5. Landau Cavity for shape Oscillations after

Transition

6. Split transition lattice

7. Feedback of quadrupole oscillations
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—-cloud: NEG coating In RRIC
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all ions excepts protons cross transition in RHIC, a relatively slow
ramping sc machine

observed transition instabilities with rise time as fast ~15 ms in the past
clearly driven by electron clouds

presently not limiting operations after implementation of a number of
mitigation measures

Used methods include gamma-t jump, octuples, fast chromaticity change,
RF voltage, tune and orbit control, NEG coating of warm pipes, scrubbing
over several years




1. Reactive loading for less impedance

2. Rf system feedback

3. Avoiding phase jump by continuously varying phase and voltage

4. Artificial blow up longitudinal emittance

5. Using flattened rf (9MHz and 28MH2z)

6. Temporarily changing the orbit circumference using programmed V and phase
7. Rf manipulation to eliminate bunch length oscillation.

8. Reduce rf voltage

9. Simulation?

Handbook of Accelerator Physics and Engineering, 2"4 print. J. Wei, p286
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