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Performance Requirements

I Qext = 6.5e4
I V = 1.84 MV nominally

(depends on power
limitations)

I Q0 > 7e8
I Static Heat Load < 37.5 W
I Dynamic Heat Load < 60

W
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Acceptance Tests Required for All Major
Sub-Assemblies
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Acceptance Tests Required for All Major
Sub-Assemblies

I HOM load tile testing
I HOM load total absorbtion > 7 kW

I RF Window Conditioning
I 300 kW 80% duty cycle TW
I 120 kW CW SW

I Nb Cavity Vertical Testing
I Eacc > 10 MV/m, Q0 > 5e8
I Cryostat

I nitrogen cold test
I pneumatic pressure test of He vessel to 1.15 MAWP
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BNL Contract with AES, Meyer Tool is the
Primary Sub-Contractor
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AES-BNL SRF Processing Facility
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I newly installed class 100
clean room for
cryo-module assembly at
AES

I recently stamped 500 MHz
half-cells under SBIR
contract

I NSLS-II cavity fabrication
currently in process at AES
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AES Cavity Design Changes for ASME
Compliance
I Design by Analysis 2007 Section VII Division 2
I when collapse has occurred in the past, it occurred at the

Nb waveguide
I NSLS-II cavity and waveguide wall thickened
I cavity is stable against collapse up to MAWP = 1.55 Bar
I satisfies requirements of ASME Pressure Vessel Code

0 0.0091 0.0182 0.0273 0.0364 0.0454 0.0545 0.0636 0.0727 0.0818

Vector Sum of Displacement inches
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Cryostat Construction and Testing at
Meyer Tool

Welded He Vessel

Laser Cut
Thermal
Shield
Pieces

I both He vessels ASME
code-tested and
leak-tested

I both thermal/magnetic
shields completed

I all laser cut waveguide and
thermal transition parts
being welded
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Cryostat Construction and Testing at
Meyer Tool

I racetrack bellows
tolerances less than
acceptable as received
from bellows vendor

I Meyer Tool able to re-work
bellows and mating weld
preps to achieve
functionality

I minimal impact to schedule
as a result

as received
from

bellows
vendor
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Re-Design of He Vent Line and Cryo Lines

I LHe, cold He gas out, and
LN2 in lines are now
routed through the top of
the cryostat instead of the
side

I larger pipe OD to increase
flow during venting from
over-pressurization
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BNL Numerical Analyses

The tuner functions properly
with the thicker cavity walls

(Loading movie...)

I critical fault scenario is air
leak into the cavity
vacuum, producing 70 kW
heat load

I PRV, burst disc, and bends
sized to keep back
pressure accumulation
below 21% above MAWP

PRV

burst disc

He vent in
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BNL Numerical Analyses

Cornell coupling tongue

BNL coupling tongue

I Cornell Qext = 2e5
I BNL Qext = 6.5e4
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RF Window Power Limitations

β = RF input coupling coefficient

β ≈ 1 travelling wave β� 1 standing wave
Cavity Voltage Vc Vc

Forward Power Pf
Pf
4

RF Window Limit 550 kW 150 kW

V =
( 2β

1+β

) √
R
Q QextPf =⇒ VBNL = 0.57VCornell

Temperature gradient across the ceramic determines
window power limit
variation in TiN coating produces a range of power limits

3-stub tuning can vary effective Qext
Not obvious how much window heating will be reduced
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Historical Problems

I cryo-pumping/multipacting in cold waveguide sections
I He leaks to cavity vacuum
I insulation vacuum leaks
I poor adhesion of copper plating
I catastrophic failure of non-interlocked components
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Historical Problems
Resistive Heaters Protected from Overheating
thermometers will be attached to resistive heaters in the helium
vessel for use with interlocks

Copper Plating Adhesion is Tested
priority for QA and test pieces used to qualify the plating

blemishes due to
unpolished substrate,

not copper plating
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Historical Problems
Insulation Vacuum Leaks not a show stopper
Annoying but able to limp along in practice by active pumping
with a turbo pump

K40 port for possibly
connecting a turbo pump
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Historical Problems
He Leaks to Cavity Vacuum a real show stopper

I The cryo-modules are leak-checked at 10% He fill prior to
installation

I FBT indium seal seems prone to leaks, possibly due to
challenges of assembly
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Historical Problems

Cryo-Pumping/Multipacting Waveguide is a constant
challenge

I Periodic warm-up is required to outgas adsorbed gas
I multipacting supressing magnetic field coils can help
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Fluted or Re-Entrant Beam Tube?

RF advantages to fluted
beam pipes...

I Flutes generally provide
stronger coupling to HOMs

I Qext 46% lower for
strongest monopole HOM

I Qext < 5% lower for first
two dipole HOMs
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Fluted or Re-Entrant Beam Tube?
but there are advantages to round beam tubes, too.

I Risk of He-to-cavity leak
may be mitigated by
replacing indium sealed
fluted flange with a circular
Conflat flange

I a cylindrically symmetric
tube would stiffen the
mechanically weakest area
of the cavity
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AES/BNL Phase 1 SBIR Study

I 500 kW through power
I variable coupling
I smaller He vessel volume
I compact
I easier to suppress

multipacting
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