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Muon Collaboration

Cooling RF R&D - | ssues

o High accelerating field (» 15 - 30 MVm?)
Large beam pipe apertures (» 38 - 16 cm diameter)
Strong magnetic field (» 5T)

— Maximize shunt impedance - minimize power requirements

* Novel accelerating structures
— Closed-cdlls
» Windows or grids of tubes

breakdown, multipacting, heating, dark current, ...
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FICFFeom

Cooling RF R&D ’\{1

e 805MHz o 201.25 MHz RF cavity

— Collider parameters — Neutrino factory

— “End” of cooling section parameters
— “Beginning” of cooling
section

o Paper studies
— p/2interleaved cavity
* Bewindows
e Thin-walled tubes
— Integration into cooling channel

e Hardware
— p/2interleaved cavity
* Bewindows
* Low-power test cavity

— LN, temperature
o High-power test cavity
— p-mode open cell cavity
o Cold-test cavity
o High-power test cavity
— Superconducting solenoid
— Lab G development
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805 M Hz n/2 pillbox f”\l
with Be windows

COAX AL COUPLING CAVITY (2) PLACES

LIQUID N2 PASSAGE (4 PLACES ® Per-CdI dlSSl pated power 250 W
i « Bewindow dissipated power 43 W

- E,=30 MVm1
7 — 3t filling
VIEWING PORT /SEC|ON CA-A" - 15 HZ
ACCELERATING CAVITIES _ Q — 21,000
» » kHz cell-to-cell stability
— Z,=5%4 MWm-1
— ZT2=44 MWm1
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wd ¥ L ow-power test cavit rereeed] |
uon Collaboration p y

e Test Bewindows

— Mechanical stability
» » um stability
* RF heating
 Halogen lamp heating
e Low temperature
» Gain factor 2in ZT?
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L ow-power Test Cavity /—’\l

r

Muon Collaboration I\/I eaSLI r em er]t S

e Low-temperature testsin vacuum
— » 500 W RF input

— Halogen lamp heating

— LN, cooling
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4 RF windows for /—”\l
i é o rereree| |
Muon Collaboration 805 M H Z CaVl il es

e Befoils0.005” thick
e 99.8% Be
e Foil diffusion bonded to

Be frame

— 0.063" thick rings
— 6.3" internal diameter
— 7.58" outside diameter

* \Windows purchased for tests
— Not “ designed” in detalil

e Foll flathess 0.001”

e Pre-stressed
— Different CTE aloys
foil/frame

BEERNELEY LAS I
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i Window M easur ements
Muon Collaboration H a| Ogen . am p H] eat| n g

FICFFeom i

« Al and Befolls
— Al not stressed
— Heat with halogen lamp

* Temperature profile broadly
similar to RF heating

I B R LY LaAs

Slide 9

Temperature rise ('K)
L)
o

[xa3
(=3

o
o

W B B oW ot D
[ T T 4 B o T O =

[
o

.
L= &)

o Measured temperature (scaled)
Theoretical temperature

-6.0

~-4.0

-2.0 0.0 2.0 4.0 6.0 8.0
Be Window Radius (cm)

John Corlett Nufact 2000



Halogen Lamp Heating

FICFFeom i

-

Muon Coaoration R Oom T ern p er a,t u r e
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Halogen Lamp Heating /—’\l

v
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Muon Collaboration L OW T em p er a.t u r e

» Cool cavity with LN,
e Heating with halogen lamp ayar
— Window does not move T e / 1
 Df dueto cavity body DT o P4 1,

: ) - 1
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RF Heating A

Muon Collaboration L W I el ' I p el t r ’_\
O a' u e -
RF Power (watts) 0.30 I I I
250 300 350 400 RF heating (5 mins) at each power level g
70 ! ! L. ! 0.25 Slope (fit)=0.009 MHz/K /
RF power heating (0-400 watts)o,-" ¢ ~ 400 w
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e Heating with RF
— Q, » 4000
 Bolt-together cavity
— RFonfor»5mincycles
— Window does not move

 Df dueto cavity body DT

» “Null” measurement
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y b ; Be WindOW FEA ;jhl {1
uon Collaporation

Shsps Corrquoaieesn - Teedag m FiEA

e ANSYS modd of Beand Al el
foil windows "

* Include pre-stress of Befoll
— Difficult to model accurately

e Room temperature foil

distortion arises from = .
temperature gradient in foil e . Rl
» Need increased o e -

conductivity ‘ e
— thicker foils b
— low temperature 2 =
* |Increase pre-stress? : o

W IlAl M. g®sy ]
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¢ Increased Be Window Thickness “——< |"
Muon Collaboratio
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T  High-power Pillbox Cavity f%

Muon Collaboration
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e TestinLab G facility
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T 805 MHz 6-cell n-mode Cavity »—N

Muon Collaboration
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T 805 MHz 6-cdl r-mode Cavity »—N

Muon Collaboration

* Al prototype tests

— Determine final dimensions for Cu
cavity

e Cu cavity machining has begun
— 12 tuning points per cell
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I1-M ode Frequency I
and Q M easurement

Muon Collaboration
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Muon Collaboration I n put I m pajan Ce I\/I eaSLI r ern ent

FICFFeom i
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Muon Collaboration

r | o
[1-Mode Field M easur ement
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¥¢  superconducting Magnet /ﬁ\l'
Muon Collaboration p g g

o Magnet produces up to 5T field
on axis

— Solenoid or bucking mode
— modelsfieldsin solenoid channel

A Comparison of Measured and Calculated I nduction Versus Distance

-
While Operating in the Gradient Mode ;
4 —
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Super conducting magnet »—N
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2\
fe Statusof Lab G :ﬁ%

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

— Superconducting magnet to be installed
— Shielding roof to be completed
— RF power waveguide to be installed

V.l 5
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Muon Collaboratio

Crossed Tube and Pillbox Cavities

FICFFeom

-_

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
tubes over aperture

Beryllium foil windows over

15 cm radius apertures

Cavity Dimensions

internal r is 0.600 m
internal cell length,
| b/3,is0.432 m.

internal radius is 0.600 m,

internal cell length, | b/3, is
0.432 m. length of accelera-

ting section is 0.864 m.

Impedance

28.4 MW/m

34.1 MW/m

Shunt Impedance

20.3 MW/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 s, critically coupled

42 us

rf Pulse

114 ns

125 us

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
crossed tubes

15 cm radius, 127 pm thick

Be foil

Average Power on Tubes

30 W (worst tube)

5_3 W (heated from both

sides

W IlAl M. g®sy ]
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Y 201.25 MHz RF Layouts ::%
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WS (Crossed-tube) Cavity

201 MHz Gridded P

[

m uf
- [
—;--1—1.'
Nilip .

« Large apertures accommodated e Aot

o Air cooling inside tubes e L

o Coupling between cavities~ 0.1% J ;"x ,,x

« Cavitiesindependently excited
e Tubewallscan bethin <0.1 mm
e Spun construction - 1.27cm (0.5 in) wall thickness

e Tunable bx wall digl acement
BERKELEY LAD I
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Muon Collaboration

R& D Plans

FICFFeom
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Item

Description

Completion date M&S

Labor (m-m)

Preparation for 201 MHz
lequipment in Lab G.

Purchase and install 201 MHz
tetrode and power supplies
into Lab G. Coaxial lines,
interlocks, etc. Prepare for
superconducting solenoid.

Feb-01 $400,000

12

Prototype high-power 201
MHz cavity

Design and build a prototype
high-power cavity at 201
MHz to test behaviour in high
RF fields and magnetic fields.
Use Lab G facilities with 200
MHz tetrode installed.

May-01 $360,000

12

201 MHz cavity testing

Testing high-power cavity at
200 MHz. Conditioning,
operating at high-power
varying pulse length, varying
magnetic field...

Oct-01 (costs
included in
lab G.

preparation)

Modifications to cavity

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

Feb-02 $120,000

201 MHz cavity testing

Additional testing of high-
power test cavity

May-02 $30,000

Second high-power RF
cavity

Develop second iteration of
cavity design based on
experience with first
prototype and it's
modifications. Manufacture
second cavity.

Jan-03 $300,000

201 MHz cavity testing

Testing second high-power
test cavity

Mar-03 $30,000

Item Description Completion date M&S Labor (m-m)
Be window finite element [Develop FEA model of Be foil Jun-00 $10,000 1
analysis window, determine

engineering feasibility for

805 MHz and 201 MHz size

windows.
IThin-walled tube analysis |Develop engineering model Jun-00 1

for thin-walled tube

structures
Low-power open-cell test |Complete measurements of Jun-00 $1,000 1
cavity low-power open-cell test

cavity
Install superconducting Jun-00 $25,000 3
imagnet in Lab G
Lab G 805 MHz RF Complete installation and Jul-00 $5,000 2

commissioning of 805 MHz

RF system
Be window model Design and build test Sep-00 $30,000 2

windows based on FEA

results
IThin-walled tube test Design and build test tube Sep-00 $30,000 2
model assemblies
805 Mhz open-cell high- |Design and build a prototype Sep-00 $100,000 3
[power cavity high-power open-cell cavity

at 805 MHz to test

behaviour in high RF fields.
805 MHz high-power Design and build a high- Oct-00 $70,000 3
pillbox with Be end plates |power pillbox cavity at 805

MHz to test Be surfaces to

determine behaviour in high

RF and magnetic fields.
ITesting 805 MHz high- Testing high-power open cell START $35,000 4
[power open cell cavity cavity at 805 MHz 10/1/2000
[Test Be window(s) Test window(s) Nov-00 $1,000 1
Test thin-walled tube Testtube assemblies Nov-00 $1,000 1
lassemblies
ITesting 805 MHz pillbox Testing high-power pillbox START 1/1/2001| $35,000 4
high-power cavity with Be [cavity at 805 MHz to test Be
lend plates surfaces
Modifications and further [Unforseen challenges, CONTINUES $100,000 8
high-power cavity testing |changing geometries, surface| through Sep-01
at 805 MHz coatings, etc...

Total (805 MHz):  $443,000 36

Total (201MHz): $1,240,000

45
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Summary

Muon Collaboration

e 805 MHz

— Be windows studies continuing
* Low power test cavity measurements (p/2 interleaved pillbox)
 ANYSY S FEA model
» Designing high-power test cavity
— P -mode 6-cell open-cell cavity
» Al model testing complete
» High-power Cu cavity being built
— Lab G preparations complete this summer
» High power testsin Lab G thisyear

e 201 MHz
— Designing high-power test cavity
» Build high-power test cavity next year

» Develop 201 MHz RF test stand inLab G
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