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Outline

e What and Why?

e Cavity installation and configuration
e Cavity commissioning in Runl4

e 2014 Shutdown activities

e Cavity commissioning in Runl5
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56 MHz cavity
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The purpose of this Quarter Wave Resonator (QWR) is to provide a
larger RF bucket (5 times larger than that of 197 MHz cavities) for
ions, which should result in higher luminosity of RHIC by: direct
adiabatic capture from 28 MHz system, better preservation of
longitudinal emittance, elimination beam spillage in satellite
buckets, improving luminosity ...

This is a “storage” cavity, that is it does not have large tuning range
to follow the large frequency change during acceleration from
injection energy to energy of experiment and is turned on only
after that for re-bucketing.

One 56 MHz cavity will serve both RHIC rings. It is the first
superconducting RF system in RHIC.

First passive SRF cavity in a hadron machine (I think).
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What’s All This About 56 MHz?
e 56MHz “Passive” SRF Bunch Compression Common Cavity for RHIC

— A beam driven cavity. S. Belomestnykh presentation from Retreat 13.
e Operate cavity with resonance detuned well below beam rev line at 56MHz (h=720).
* Beam induced voltage used to adiabatically compress bunch length.
— =1 120 | Z| 1o720r Iro720 = 0.5A (110x110 1.25E9/bunch) and |Z|= 1.6E9 ohm.
— Piezo and stepper tuners control to adiabatically increase and then maintain voltage at desired
setpoint, compensating for slow beam current decay and LHe pressure changes.

— But, need something like 1E-4 rms stability at 2*f___to prevent emittance growth.

* LLRF modulates 1kw power amplifier to compensate ambient microphonic noise .

sync

* Think triplet vibration. Cavity detunes about 16Hz/um of deformation.

— Other control issues to consider and contend with.
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Installation in RHIC

56 MHz cavity is installed in the IP4 area.
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IP4with the 56 MHz cavity installed
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Cavity Configuration for Runl4

Enormous kudos to everyone involved in getting the cavity installed.

Fundamental Mode Damper (FMD, 2 position motion control, in or out)
e Very strong damping of cavity fundamental and high order modes.
e Used to keep cavity “off” during injection and ramping.
 Fundamental Power Coupler (FPC, remote variable position adjustment)
e Variable coupling allows for adjustment of cavity loaded Q.
 High Qallows us to generate full voltage with limited power.
e Low Qallows us to couple more strongly, to process multipacting for example.
e 1 Higher Order Mode (HOM) Coupler and high pass filter
e Provides strong broadband damping for numerous cavity HOMs.
e HOMs are feared for potential impact on beam stability.
e The Achilles Heel of the 56 MHz system for Run 14.
e Original plan included 4 HOM Dampers.
2 IR detectors
 An attempt at detecting cavity quenches via IR.
e Tuning system (stepper driven mechanical tuner and piezo tuner)
e Work in tandem to control cavity voltage.
e Stepper = slow, Piezo = fast.
e Cavity voltage is determined beam current and detuning (resonant frequency of cavity
compared to beam frequency).
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Cavity Commissioning Results for Run14

Cavity voltage reached ~ 350 kV and cavity was used operationally for a period of time.
e Design goalis2 MV.
e Voltage limited to 350kV by quenching in HOM damper structure.
* Prone to exhibit a ponderomotive instability when beam driven.

Full commissioning of motion control for tuner, FPC and FMD.
e Motion control hardware performed very well (L. DeSanto).
e Easy control of the FPC position.
e Very little hysteresis in the main stepper tuner.
 Important for reliable turn on sequence.
* Problems with software (FEC ADO config) for stepper tuner control.
* Led to the major quench and burst disk rupture.

Full commissioning of LLRF system
e Tuning algorithm developed and tested.
e Automatic turn on and slow control of cavity amplitude.
 Compensation against beam current decay across the store.
e AC coupled IQ Loop developed and tested.
e Fast regulation of cavity amplitude and phase.
e Damping of the ponderomotive instability.

Successful operation of the “quiet helium source”.
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First things first — HOM Damper Quenchlness
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The cavity voltage was
limited by quenching in the
HOM coupler assembly.
The maximum cavity
voltage achieved was:

e ~350kVDC

e ~550kV Pulsed

The LLRF reported
voltage is 10% lower
than the beam based
Schottky calibration.




Investigation of HOM Damper Quenchiness

ANSYS

R15.0

Time: 1
gi11f2014 1:18PM

8.5145 Max
5.0685
76224
7.1764
£.7303
6. 2842
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5.3921
4.9461
— 4.5 Min
RF heating of InCuSil braze material at sapphire window.

Simulation indicates local temperature increases to 8.5K
at 340 kV on cavity. Nb T = 9.2 K. O 1 200,08 (o)
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Investigation of HOM Damper Quenching

ANSYS
AN

RF heating of InCuSil braze material at sapphire Oxidization inside tuning can due to poor
window. Simulation indicates local temperature purging during TIG welding.
increases to 8.5K at 340 kV on cavity. Nb T.=9.2 K.

A solution to the HOM Damper quench problem is not readily apparent.

e Cavity operation at design voltage is the goal for Run 16 => Lumi increase.

* For Run 15, there will be no HOM damper installed on the cavity.

* Thus, a key goal of Run 15 machine development is to characterize the

strength of the HOMs and determine if and how much damping is required.

Current ideas for fixing existing HOM damper design (avoid a redesign):
e Remove sapphire window = remove InCuSil braze material.

e Ensure good purging for all welds.

e Replace Stycast (cryogenic glue) with spot brazing.
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Commissioning Success:
First RHIC operation on June 12, 19:00, fill # 18414.
The cavity was regulated at 300kV for the full store.

File Window Markers Analysis
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Commissioning Success:
First RHIC operation on June 12, 19:00, fill # 18414.
The cavity was regulated at 300kV for the full store.
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e With cavity operating at 300 kV, observed:

Operation at 300 kV

* The cavity was first operated with a full store on Jun 12t, and operated continuously for 18 days.
e HOM coupler with full beam current.

~4% bunch length decrease.
~2.5% luminosity increase.

Improved hourglass factor across store.
Increased central vs satellite peaks.
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56 MHz Work During Shutdown 2014

* Cryogenics:

O Added automatic valve to low pressure return line from 56MHz chimney to WR header to keep cavity cold
without requesting access, if local helium compressor shuts down.
O Burst disk assembly moved up a few inches to keep holder warm if the above bypass flow is being used.
0 Leak-checked RHIC interface phase separator insulating vacuum space, and inspect calibrate fill valve for
this separator
* Vacuum
0 Remove HOM Damper. Blank off port, pump down and restore to ion pump.
O Reconfigure warm space of 56 MHz for asymmetric beam run DX3 side:
0 long bellows to allow lateral movement of the DX
0 IP04 side remove AC dipole and replace with large aperture NEG beam tube
O Vacuum bake out both sides.
O Insulating Vacuum: Leak check cryogenic insulating vacuum installations.
O Rework Insulating Vacuum Controls rack and reroute associated component and communication cables
e Control
O MPS heartbeat - the ado code has been reworked to be more robust and an alarm has been added if HB is
lost
O The ADO now receives the thresholds that the MPS has in HW and compares them to the set point, this will
alarm if they don't match.
O Tuner Motion: We eliminated the possibility of having an input to the tuning feedback loop from the
ana3122 board. This did not cause issues last run but it was a possible point of failure for the future.
O Added fast digitizers for the IR sensors read backs
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56 MHz Work During Shutdown 2014

* RF
O Currently developing LLRF stepper controller firmware and hardware.
O Migrate away from kludgey hybrid control involving VME boards, related ADOs, TcpShare
connections, analog connections ...
0 Benefits 56, RHIC 9MHz systems, ERL, CeCPoP ...
0 Vastly improved robustness and reliability over existing implementation(s).
O Avoid a repeat of the burst disk quench event.
O Ongoing development and refinement of the LLRF loops, loggers, calibrations ...
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Plan for Run 15

Major change for Run 15: Cavity without HOM Damper

e  Without beam (drive with power amplifier)
— Conditioning. Explore maximum cavity voltage and any limitations.
— Investigate Undamped High Order Mode spectrum (FPC->PickUp)
e Compare to Run 14 data with HOM damper.
— Microphonics studies.
— LLRF optimization.

e With beam
— Careful empirical study of HOMs and beam interactions.
e Details are TBD.
— Start at injection with low bunch number, then work up to store with full load.
— Explore effect of bunch patterns, transverse tunes, cavity resonant frequency ...
— Observables?
* Will require significant MD time.
— Easily similar to Run 14.
— 6to 8 hour development shifts.
e Will use both the PP and PA machines (i.e. the whole RHIC run).
— Ponderomotive instability studies and amelioration.
* LLRF did very well at stabilizing this instability in Run 14.
* Need to better characterize the cavity mechanical vibration modes and associated Qs.
— Mystery (embarrassing) of a factor of two discrepancy in nominal detuning vs beam current.
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Back-up
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The Cavity

The 56 MHz cavity is a niobium superconducting
guarter wave resonator. It is a beam driven cavity.

The 56 MHz cavity will increase the RHIC luminosity
by providing very large RF buckets to combat IBS
diffusion.

The cavity does not have sufficient tuning range to
follow the large frequency change during the energy
ramp, so it is turned on only after reaching store.

The cavity fundamental mode is detuned and
strongly damped during injection and acceleration.

A 1 kW amplifier is connected to the cavity to:

i) achieve required amplitude and phase stability;

ii) provide conditioning capability; iii) make up power
for intrinsic losses.

At store, the fundamental damper is withdrawn and
then the cavity frequency is tuned (approaching from
below the beam h=720 line) to achieve an operating
voltage of 2.0 MV.

A piezo tuner is employed to minimize wear on the
stepper tuner and potentially compensate
microphonics.
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Coupler Ports

The cavity has 8 chemical cleaning ports at the rear end. The ports
i¢ ) are occupied by 4 HOM dampers, 1 fundamental power coupler
(FPC), 1 pickup probe, and 2 IR quench detectors.

HOM dampers IR detectors

8 Chemical
cleaning
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Thermal analysis of the HOM coupler quench

[l X P o —

3D model of the

A HOM coupler
G assembly (left) and
view after installed
on the cavity (right).

The HOM coupler has a sapphire
RF window that is designed for
separating the high-pass filter
section from the cavity vacuum.

The braze material at the sapphire — Nb cuff joint
is InCuSil, which is normal conducting at 4.5 K.

— Thermal analysis (Steve Bellavia) shows that at
555555 . 1/6t™ of the design field, the InCuSil material
Max: 8.5 K F wc?uld bring the adjacent N{o (T.=9.2K) to 8.5 K.

Min: 4.5 K
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