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Bunch Lengthening: Simple Picture

Combined Main RF & Harmonic Voltage
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Bunch Lengthening System Introduction

= Concept spring 2014: One superconducting harmonic cavity in the APS-U storage ring

Reduces Touschek effect, increases the beam lifetime  , providing a practical benefit to the
majority of APS users

Reduces beam heating
Other potential reasons for EIC: bunch linearization , mitigation of gap transient issues?

= Compact: fits within less than Y2 of an APS-U 5-meter straight section — Sector 38
= Cryomodule :

1 SC cavity with mechanical tuner

2 adjustable RF power couplers

2 beamline higher-order mode dampers
Internal diagnostics (thermometry, level probes)

= RF system (adjustable coupler) for extracting up to 32 kW of beam power
= LLRF (mechanical slow tuner frequency control)

= Liquid helium refrigerator and distribution . Designed for 50 W into 2.1 K helium at the
cryomodule (Linde model LR140)
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Bunch Lengthening System Design Parameters

BLS high level system requirements

Operating Temperature

R/Q r/Q Ohm 104
Cavity Quality Factor (2.1 K) Q, 6x10°
External Q; range Q,,, 2x10°-2x107
Detuning Frequency Af, kHz 10
_ Q, nominal Q, 6x10°
rezlugirr]e-lri\éilts Cavity Resonant Frequency f MHz 1408
Beam-Induced Voltage Vy MV 1.25
Detuning angle UN degrees 83.0
Cavity Loaded Bandwidth JAY kHz 2.35
Total Beam Loss Power @ nominal Q =6x10° P, kW 25
Cavity Wall Loss Power (2.1 K budget) R W 2.5
Peak Surface Electric Field E peak MV/m 24

Peak Surface Magnetic Field mT 49

Bpeak
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R&D To Mitigate BLS Technical Risks

Testing complete in May 2017; Designs are final; Pr  ototypes will be used in production
1.4 GHz SRF Cavity

Testing high-power
CW RF couplers
(tested to 18 kW)
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Highlight of the BLS R&D Program

SRF cavity tested and exceeds performance requireme  nts

Harmonic cavity performance curves
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Pickup
Large HOM Probe

Absorber

Small HOM He-jacketed
Absorber Niobium Cavity
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Simulated (CST MWS) Impedance Spectra

Solid lines — Time Domain Trianges - Eigenmode

Monopole and Dipole Impedances Compared with Instab ility Thresholds
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Experimentally Measured HOM Damping

Strong damping for all monopole modes; similar for dipole modes

Upper curves — No damper Lower curves — with damper
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Beamline HOM Absorbers for EIC

Possible to avoid the complexity involved with ridg ed waveguides
Does require modification of caV|ty aperture

1.E+07 -
- = BBU L|m|t
I ——W.ith No Cold Absorber
= 1.E+06 ——With Cold Absorber
I=
£ 1.E+05 +— ‘ ’
o
_l\:i I} It l LMt R 1 : i :
N 1E+O4 i A {’/' g vw, /1{7 A A ‘ / 4
_ ' yr Vit 4 Sk ‘! ir iri‘ /’N'
i
2.7 3.2 3.7
Cryomodule
-
Wlth No Cold Absorber L. With Cold Absorber L.

‘Standard’ waveguide
coupling

Conclusion: HOM damping with only beamline absorber S can provide strong damping; with
multiple cavities per module a cold absorber may be necessary to avoid trapped modes
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Properties of Beamline HOM Absorbers

Using ‘dielectric resonator’ effect
Absorbers can be tailored to most harmful HOMSs

Cavity: Elgenmode

: . T e e o e e e e e s s s s s e e s s .
Cavity: Eigenmode Beampipe i | f f | * Eigenmode
: : : 45 - '» i i  — | | 15 with
with SiC Rlngs: _ - | % - | ] = Electrically
. . E 4 4 z N ' ! . 3 Short End
Transmission Line s | ‘“ = Planes
£ 3.5 45 A
2 ‘2 = Eigenmode
g 3 6 .S with
I-:I 0 Magnetically
€ 25 75 °E  Short End
o £ Planes
S 2 9 @
P —Transmission
1.5 1 - =105 of TE11 mode
] 1 4 1 1 1% | e **e | | ue |- 2 2
{4 mmthick x 35 cmlong} os 1 15 2 25 3 3.5
+ {6 mm X 30 Cm} Frequency (GHz)
+ {10 mm x 25 cm}
Conclusion: Possible to optimize dimensions of the s ilicon carbide rings for strong damping at
highest R {/Q; We take advantage of intrinsic property of the SiC ring as a broadband dielectric
resonator
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BLS Components for SRF Storage Rings
Engineered solutions for high current SRF accelerat  ors
= Low impedance
= Compatible with UHV requirements

= Compatible with SRF (clean room) requirements

Cavity/beamline
bellows for
compliance and
thermal isolation

Cavity/beamline
pump out port
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BLS Cryomodule

V | deli din 2018
Recent progress: essel delivered in

— Three cool downs of liquid nitrogen circuit
— Integrating cavity and helium circuit

— Cold test 2" cavity this Oct./Nov.

— Complete full system test Q2 FY20

— Installation into APS-U 2022
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Summary

= Designed and built a higher harmonic cavity for APS Upgrade with
MBA lattice

— Controls the harmonic voltage and phase using the adjustable RF couplers
as well as a pneumatic frequency tuner

— Compact, high-gradient, ‘easy’ HOM damping
— Reduces Touschek effect; also beam heating, improved bunch linearization,
mitigation of gap transient instabilities?
= Appears likely to be included as a part of a future EIC

— Well-developed technical solutions exist and will be demonstrated as part of
APS-U bunch lengthening system

Gratefully Acknowledge: SH Kim (FRIB), G.P. Zinkann, M. Kedzie, Z.A. Conway
(BNL), A. Abogoda, B. Mustapha, U. Wienands, T. Ng
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Backup
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Cavity Parking

for parky = fo + 136 kHz: 1/2 revolution frequency higher than the 4th harmon IC
for parkiy = fo — 407 kHz: 1-1/2 revolution frequency lower than the 4th harmo  nic
farpark = fp — 1.22 MHz: 4-1/2 revolution frequency lower than the 4th harmo  nic at RT

f f - 1ERT,read for cooldown
RT,Park +1275 kHz: RT->2K 2K, Park(l) ST: Deprgs(surized )
+85 kHz: Depressurizing $H > Cavity space: under vacuum
| fZK,Op He space: ~1.5 psig
I <+—-126 kHz: Pressurizing ST Cryomodule insulation space:
-85 kHz: Pressurizing $H f f2K,Park(ii) _ o under vacuum
o8 : RT.ready < -5f13 kHz: Pressurizing ST
I | 1 = Harmonic Voltage
e : ——RT Parking ~ 0.1 MV @ 2K/4K Parking(i)
LE+06 . [ 2/aKparkng() — 36 kV @ 2K/4K Parking(ii)
. 1 | -~ —— 2K/4K Parking (ii) _ 12KV @ RT Parking
S e | | ; L
N 1E405 / /\ / \/\ Operation = Wall Dissipation Power
2 |
rioa | — 10 mW/0.6 W @ 2K/4K
M Vé/ && Parking(i)
— 1 mwW/0.06 W@ 2K/4K
1.E+03 \ ———— . -
/% % Parking(ii)
1E+02 | e U — 140 W @ RT Parking
-1.629 -1.358 -1.08 -0.815 -0.543 -0.272 0.000 0.272 0.543

Frequency Relative to the | 4th Har ic (MHz)
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Bunch Lengthening System (External) Interfaces
Cryomodule/RF Systems/Controls/Machine Protection ( MPS)

i MPS
Bunch Lengthening System T NTERLOCK |
AreD INTERLOCK SYSTEM
Interface Control Document | e |
APSU-2.03.03.05-ICD-001 il
' ' A D . i EPICS gateway i
: Event link -
\ PLC fault
: Water Dir. =
: Load #1 cnu;l-rb:-i' . ‘ """'"m < S
! LHe Pres. [ rTD | T : Controller
| Gauge = :
: e e (WL, Sy R =T IR
\ Slow Tuner | | (1 probe | [ cav/crvo || |pebeo| 5 i
! Ilml\:ﬁll 1 LHe LV Probe |— Heaters : LHe/LN2 Level S PLC
: . . Tank 2p it cav/cryo |/ :
Abbreviation : ‘ 7 Thermometers : cavicavo | CONTROL
MPS: Machine Protection System | : i kN &
CRYO: Cryomodule, CAV: Cavity 1 | e
VAC: Vacuum, GV: Gate Valve i | T.mp".!“m —> INTERLOCK [<—>
POS: Position, Dir.: Directional | ! RO o SYSTEM Controls
TMP: Turbo Molecular Pump | | . " EPICS
Temp.: Temperature, LV: Level, Pres.: Pressure : Monitor (RTDs) ( C )
: Cryomodule Vacuum : -
- Vessel Boundary :
: : w | T | Controller
1 Components inside this box are Driv ~RY C ¢ .
' directly attached to the Cryomodule sor T IMP T TMP Controller
Cooling Water Manifold CW Temp. Sensors "i
(HOM #1&#2, Coax Water Load #18#2) | cw Flow Gauges
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2.1 K Heat Budget for BLS Cryomodule

m

Cavity dynamic RF 1.5W

Power couplers (static + dynamic) 6 W
300 K to 2.1 K radiation (beamline) 6 W
Bayonets/valves 3W
Instrumentation 2 W
Beamline conductive load 2 W
Slow tuner/vacuum lines/hangers 2 W
Burst disk assembly 1W

80 K to 2.1 K radiation 0.1W

Total 24 W

Assumptions:
No credit taken for MLI
Emissivity 2.1 K surfaces is assumed = 1
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4.3 K Standby Heat Budget for BLS

Crvomodule
Component

Cavity dynamic RF oOw
Power couplers (static + dynamic) 3W
300 K to 2.1 K radiation (beamline) 6 W
Bayonets/valves 3W
Instrumentation 2 W
Beamline conductive load 2 W
Slow tuner/vacuum lines/hangers 2 W
Burst disk assembly 1W
80 K to 2.1 K radiation 0.1W
Total 16 W

Assumptions:

Cavity detuned from resonance

No credit taken for MLI

Emissivity 2.1 K surfaces is assumed = 1
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