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L. Building 400A - Future SPX Cryogenic Building
- Wil temporarily house SPX RF Test Stand with SC Cavity Enclosure g
- Approximate waveguide lengths:
25 Feet to S6 Cryo Module
25 Feet to 58 Cryo Module

RF Building #1 requirements
for the RF Components and
the RF equipment are:

W AC

300gpm DI water
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Option F

RF Building #2 requirements
for the RF Components and
the RF equipment are:
500kW AC
300gpm DI water
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JLab 100mA Cryomodule Design

J. Preble, JLab

RT HOM loads inside vacuum vessel

HOM waveguide

with load \

HOM end group |

He fill line

high power

dogleg if window fundamental power couplers
chicane

Conceptual design of a cavity-pair cryomodule
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ELBE/ALICE ERL Cryomodule

P. Mcintosh, STFC Daresbury Laboratory

Fully-shielded Bellows 7-cell Cavities  Lever Tuner with Piezo Actuators

Beam-pipe HOM Absorbers 25 kW CW Adjustable Input Couplers

Original ELBE/ALICE Cryomodule 3D Drawings provided by FZD Rossendorf
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Heavy lons: TRIUMF ISAC-II

R. Laxdal, TRIUMF

= Low-[3 drift tube-loaded quarter wave cavities

=  Common beam & insulating vacuum spaces
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ATLAS

Heavy lons

B=0.15 DTL QWR

Separated beam & insul. vac.
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JLab SPX Cryomodule Concept (1)

J. Henry, JLab

= Based on CEBAF/SNS/12GeV Upgrade Evolution
=  Shown with internal HOM loads
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JLab SPX Cryomodule Concept (2)

J. Henry, JLab
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Cornell ERL Injector Cryomodule (1): Cold Mass

M. Liepe, Cornell

Frequency tuner

HOM absorber at 80K

between cavities
Twin Input Coupler

1.3 GHz RF cavity =

= Number of 2-cell cavities 5 * Numberof HOM loads 6
= Acceleration per cavity 1-3 MeV Couplers per cavity 2
= Accelerating gradient  4.3-13.0 MV/m RF power per cavity 120 kW

= R/Q (linac definition) 222 Ohm Amplitude/phase stability 10/ 0.1° (rms)
* Qext 4.6x104-4.1x10° ICM length 5m

= Total 2K /5K / 80K loads: 30W / 60W / 700W
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Cornell ERL Injector Cryomodule (2): TTF Evolution

M. Liepe, Cornell

* Necessary changes compared to a TTF cryomodule:

300K exterior support

— Increased diameter of 2K He pipes
for high dynamic CW cavity loads

EDK HOM load and shield |

— Direct gas cooling of chosen 5K
and 80K intercept points

2K cavity

5K beamline intercepts

— No 5K shield, only a 5K cooling
manifold

Support post assy
He Gas Return Plpes {HGRP s) Post alignment assy

— HOM absorbers between cavities <1 Shield

- s -
.—'__'-.—1.3._ =3, f.L-__-.L

— New end-cap and feed-cap B sar— mwﬁ_ﬁ ety | |
concept with reduced length s U a
H% SRF :;)M %Vacuum
cawty loads vessel
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Cornell ERL Injector Cryomodule (3): CM Support

M. Liepe, Cornell

* Precision fixed cavity support
surfaces between the beamline
components and the HGRP

— easy “self’ alignment

Cavity-subunits can be fine-aligned
while cavities are at 2K (if required)

'-| ] queg )
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Cornell ERL Injector Cryomodule (4): Alignment

M. Liepe, Cornell

* Injector cryomodule cool-
down to 4.2K in 2.5 days
to minimize thermal
stresses (<10 K/hour)

» Shift of cold mass (from
Wire Position Monitor)

-Expected: dx=0.38 mm
dy= 0.94 mm

Observed: dx = 0.58 mm
dy = 0.81 mm

Cavity string is aligned to
+0.2 mm after cool-
down!

SPX Technical Study Group Meeting  J.D. Fuerst
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Cornell ERL Injector Cryomodule (5): Maintenance

M. Liepe, Cornell

* |njector module was dissembled
during the last 3 weeks to
— Re-process SRF cavities =>improve Q
— Fix absorber charging problem

Bt il it
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i
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Refrigeration (1)

HELIUM < > HELIUM GAS
PURIFIER STORAGE
< > MAIN < >
i COMPRESSOR
MAIN
LN2 STORAGE > COLDBOX < LHE STORAGE
A ¥
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v 1
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Refrigeration (2)

= Pressure stability

= Vibration

=  Off-design operation
= System margin

= Upgradeability

= Safety
= Reliability
= Efficiency

=  Cost/delivery

= Similar systems

SPX Technical Study Group Meeting  J.D. Fuerst
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Refrigeration (3)

= Refrigeration @4.3K:

COP,\, = 70 W/W
Carnot efficiency = 30%

Input power required = 230 W per watt at
4.3K

= Refrigeration @2K:

COP,y = 150 W/W
Carnot efficiency = 18%

Input power required = 830 W per watt at
2K
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ELBE Cryoplant
FZ-Rossendorf

=  Cryoplant hall: 17m x 10m

= 220W @ 1.8K + 200W @ 80K,
upgradeable to 380W with more
comp & LN2 precooling

= 417kW at full load (220W)

| 2
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C ryo p I ant COStS Load [W] @ Equivalent load Cost scaled from | Compressor power for
operating temp @ 4.5K [W] FNAL* [M$] 2.0K operation [kW]
270 1230 8.0 295
. . (FNAL reference)
Requirements are calculated using
data from T. Smith, 03MAY10: 312 1242 g1 298
~ 312w for Q=1E9 (4MV @ Q=1E9)
- 161W for Q=1E10 (4MV @ Q=3E9)
— 152W for Q=2E10 160.8 834 6.1 200
— Same Qs, but % voltage (4MV @ Q=1E10)
Equn/_alent load mcluc!es _300_W for 152.4 811 6.0 195
5-8K intercepts and distribution (4MV @ Q=2E10)
sys. losses and 200W equivalent for 156
40-80K shield load. This extra load ~ 821 6.0 197
L (2MV @ Q=1E9)
is a fixed value and assumed to be
independent of the 2K load. 100_ 670 59 161
For cryoplants of this type, 1.8K (2MV @ Q=3E3)
ti dds 33% to plant si
operation adds 33% to p .an size 80.4 617 49 148
compared to 2.0K operation. (2MV @ Q=1E10)
/6.2 606 4.9 145

(2MV @ Q=2E10)
*Fermilab is buying a new cryoplant for ILC string tests. Design capacity is 270W@2K +
300W@5-8K + 4500W@40-80K (= 1230W equivalent at 4.5K). Costs scale with the 0.7
power of plant capacity (per Byrns & Green, “An update on estimating the cost of
cryogenic refrigeration,” 1998).
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