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MUCOOL RF R&D ey

Muon Collaboration

e High accelerating field (= 15 - 30 MV m-?)
o Largebeam pipe apertures (= 38 - 16 cm diameter)
e Strong magneticfield(=5T)

— Maximize shunt impedance - minimize power requirements

* Novel accelerating structures
— closed-cells
» windows or grids of tubes

« frequency stability, breakdown, multipacting, heating,
dark current, ...
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MUCOOL RF R&D

e

Muon Collaboration
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e 805 MHz

— Collider parameters
— “End” of cooling section

e Hardware

— 7/2 interleaved cavity

« Bewindows

e Low-power test cavity

— LN, temperature

e High-power test cavity
— m-mode open cell cavity

o Cold-test cavity

e High-power test cavity
— Superconducting solenoid
— Lab G development

201.25 MHz RF cavity

— Neutrino factory
parameters

— “Beginning” of codling
section

Paper studies
— m/2interleaved cavity
« Bewindows
e Thin-walled tubes
— Integration into cooling channel
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805 MHz /2 pillbox %tf,.é(l

Wl t h B e Wl n d OWS Muon Collaboration

i [ s e passwce (o) mLaces —- E,=30MVm?
- — 3t filling
<> K — 15Hz
\ — Q=21,000
<> » = kHz cell-to-cell stability
. — Z,=54MQm1
D - ZT?= 44 MQm*

o Per-cell dissipated power 250 W
« Bewindow dissipated power 43 W
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L ow-power test cavity Tl

Muon Collaboration

 Test Bewindows
— Mechanical stability
» = um stability
* RF heating
» Halogen lamp heating
e Low temperature
— Gainfactor 2in ZT?
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L ow-power Test Cavity ﬁ‘%—é{(

M easur em entS Muon Collaboration

[—

e Low-temperature tests in vacuum
— LN, cooling
— =500 W RF input
— Halogen lamp heating
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RF windows for 805 MHz cavities T":/(

Muon Collaboration

e Befoils0.005” thick
e 99.8% Be

e Foil brazed to Be frame
— 0.063” thick rings
— 6.3" internal diameter
— 7.58" outside diameter

e Windows purchased for tests
— Not “ designed” in detail

e Foll flatness 0.001”

e Pre-stressed
— Different CTE alloys
foll/frame
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Halogen Lamp Heating Window &

M easur em entS Muon Collaboration

» Al and Befoils ol e |
— Al not stressed : gf

— Heat with halogen lamp ﬁ’ |
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Room Temperature Measur ements TQ([

Muon Collaboration

Al and Befoils ol |
e Halogen lamp heating
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Low Temperature Measurements T

Muon Collaboration

* Cool cavity with LN,

e Heating with halogen lamp S
— Window does not move

Low temperature

Frequency shift at low temperature (MHz)
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Low Temperature Measurements T/

Muon Collaboration

RF Power (watts) 0.30 I
250 300 350 400 RF heating (5 mins) at each power level
70 T T e 0.25 Slope (fit)=0.009 MHz/K ]
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e Heating with RF
— Q, = 4000
» Bolt-together cavity
— RFonfor =5 mincycles
— Window does not move
o Af dueto cavity body AT

Temperature rise of Be window (K)
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Be Window FEA ey

Muon Collaboration

Shape Comparison - Testing to FEA

* ANSYS model of Beand Al
foll windows

 Include pre-stress of Befail
— Difficult to model accurately

e Room temperature foil
distortion arises from -
temperature gradient in foil o e

. Inerense thermal g P v s Dbt e Tt i o
conductivity
— thicker foils
» grade foil thickness
— low temperature

 Increase pre-stress?

Displacement [mm]
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| ncreased Be Window Thickness

)
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Muon Collaboration

Temperature rise (°K)
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d’ (thickness)
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e Thicker window at large radius
— Increase thermal conduction

» Cooler window
— Reduce window expansion
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High-power Pillbox Cavity 5";/[

Muon Collaboration
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 Test Befoilsat high gradient in magnetic field
— Breakdown
— Multipacting
— Temperature stability
e TestinLab G facility
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805 M Hz 6-cell m-mode Cavity ﬁt'c"é((

Muon Collaboration

o Al prototype tests

— Determine final dimensions for Cu
cavity

e Cu cavity machining has begun
— 12 tuning points per cell

i
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805 MHz 6-cell t-mode Cavity % /

M easur ements Muoh Collaboration

1 Sy ¥ Zop,
T T B B e B B d 33 couplhg slot yo shims ekt
| w2 . 0. Q00 04O it e X
[ R . [ ! Mdix A‘REF=IJ CH1 Sqq 14Jrs 2: 1.4896 a 004.88 ma 963.13 FH
i ) i il . gas ag7 MH= 13 806. 865 998 MHz
1_ | 480438 MH=z
SERSNO (- — 3 38.854 a
; 0: 8404.7 Cor ~ . “eoes08 MHZ
- - t61. 368 dB | =
[
ILMH o — S
b—"1 | | e ol *-XK
-~ -Resonant fre uepcy--_ .. h
L B 7“J7 . . - . 4 — CENTER B0O6. 480 000 MH= SPAN 1. 600 000 MH=z=
c R 0 -.a o P :
Lo a 2000
CH Dy phase 500 RE! 53. 34 is 57. B
=] ’ z.[z285 4
N | P I N M
P | A A t
2: -56.|561 °
I
3 “bsglge
HINININARINE
&
3
HININARRNIN
IRV RRNA
BRIl
Wik \
v Y
Field profi
LI AV AW | ' 1y
— ——
CENTER 7 ‘500 Cw BO6 480 6500 MH=z= SPAN 1Z

I  EERKELEY L AB I

Slide 17 John Corlett MUTAC 2000



)
Super conducting M agnet ﬁl'c'é((

Muon Collaboration

e Magnet producesup to 5T field
on axis
— Solenoid or bucking mode
— models fields in solenoid channel
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Statusof Lab G TC/[

Muon Collaboration

— Modulator and klystronin place
— Water system installed up to cave
— Interlocks being assembled

— Superconducting magnet to be installed
— Shielding roaof to be completed
— RF power waveguideto be installed
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Crossed Tube and Pillbox Cavities 5”;/(

Muon Collaboration
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Parameter Crossed Tube Pill Box

Frequency 201.25 MHz 201.25 MHz

Accelerating Phase Angle Sin(25 degrees)

Peak Accelerating Field 15.0 MV/m 15 MV/m

Peak Surface Field 22.5 MV/m 15 MV/m

Kilpatrick Limit 14.8 MV/m 14.8 MV/m

Cavity Type Open Cell with crossed | Beryllium foil windows over

tubes over aperture

15 cm radius apertures

Cavity Dimensions

internal r is 0.600 m
internal cell length,
AP/3, is 0.432 m.

internal radius is 0.600 m,
internal cell length, A/3, is
0.432 m. length of accelera-
ting section is 0.864 m.

Impedance 28.4 M%o/m 34.1 M%o/m

Shunt Impedance 20.3 M%o/m 23.3

Transit Time Factor T 0.845 0.827

Peak Voltage per Cell 6.5 MV 5.7 MV

Q 47,500 52,600

Fill Time 38 us, critically coupled | 42 s

rf Pulse 114 us 125 s

Peak Power per Cell 3.45 MW 2.8 MW

Average Power per Cell 8.0 kW 5.3 kW

Window Type 4 cm diameter Al 15 cm radius, 127 m thick

crossed tubes

Be foil

Average Power on Tubes

30 W (worst tube)

53 W (heated from both
sides)
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201.25 MHz RF Layouts

fact

Muon Collaboration
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201 MHz Gridded TQ((
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(C I Ossed -t u b e) C aV| ty Muon Collaboration

|
|

Tl
i

L arge apertures accommodated

Air cooling inside tubes

Coupling between cavities ~ 0.1%

Cavities independently excited

Tube walls can bethin < 0.1 mm

Spun construction - 1.27cm (0.5 in) wall thickness

Tunable bx wall dis_pl acement o .
ERKELEY A B I,
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R& D Plans

y
Fely

Muon Collaboration

Item

Description

Iltem

Description

Be window finite element analysis

Develop FEA model of Be foil window,

Thin-walled tube analysis

Develop engineering model for thin-walled

cavity

MHz

Test Be window(s)

Test window(s)

Testing 805 MHz pillbox high-power
cavity with Be end plates

Testing high-power pillbox cavity at 805
MHz to test Be surfaces

Modifications and further high-power
cavity testing at 805 MHz

Unforseen challenges, changing geometries,

surface coatings, etc...

determine engineering feasibility for 805 FY '00
MHz and 201 MHz size windows.
Low-power open-cell test cavity Complete measurements of low-power oper
cell test cavity
Install superconducting magnet in Lab G
Lab G 805 MHz RF Complete installation and commissioning of
805 MHz RF system
Be window model Design and build test windows based on FEA
results
805 Mhz open-cell high-power cavity |Design and build a prototype high-power
open-cell cavity at 805 MHz to test
behaviour in high RF fields.
805 MHz high-power pillbox with Be ~ |Design and build a high-power pilloox
end plates cavity at 805 MHz to test Be surfaces to
determine behaviour in high RF and
magnetic fields.
Testing 805 MHz high-power open cell |Testing high-power open cell cavity at 805 FY 01

tube structures FY 00
Thin-walled tube test model Design and build test tube assemblies
Test thin-walled tube assemblies Testtube assemblies
Preparation for 201 MHz equipment in | Purchase and install 201 MHz tetrode and
Lab G. power supplies into Lab G. Coaxial lines, .
; FY '01
interlocks, etc. Prepare for
superconducting solenoid.
Design prototype high-power 201 MHz |Design a prototype high-power cavity at
cavity 201 MHz to test behaviour in high RF fields
and magnetic fields. Incorporate Be
windows or grids.
Build prototype high-power 201 MHz
cavity Design and build a prototype high-power
cavity at 201 MHz to test behaviour in high FY '02
RF fields and magnetic fields. Use Lab G
facilities with 201 MHz tetrode installed.
201 MHz cavity testing Testing high-power cavity at 201 MHz.
Conditioning, operating at high-power FY 03

varying pulse length, varying magnetic
field...

Modifications to cavity

Based on experimental experience, modify
cavity - e.g. anti-multipactor coatings?
Change geometry of power feedthrough?
Improve cooling in some areas?

201 MHz cavity testing

Additional testing of high-power test
cavity
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Summary ﬁl'c"fl

Muon Collaboration

e 805MHz e 201 MHz
— Superconducting magnet delivered — Continue cell termination design work
— Lab-G development almost complete * Window
— Bewindows studies continuing e Tubes
* Low power test cavity — Decide onfeasible design
measurements (n/2 interleaved
pillbox) — Develop 201 MHz RF test stand in
 ANY SYSFEA modd Lab G
 Build high-power test cavity
— TI-mode 6-cell open-cell cavity — Develop high-power cavity
* Al model testing complete » Design FY'01
 High-power Cu cavity being built » Build FY’02

» Test FY'03

» High power testsin Lab G
FY’01
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