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Introduction: RIA and the Proton Driver

@y discuss these two machines togetherD

Particle # of Duty
type Cavities | Factor
RIA lon | _400-500 | cw
(H thru U)
Proton lon Pulsed
Driver (H-) ~430 ~1%

See Talks Friday July 15: “Rare Isotope Accelerator”, R. York

“Proton Driver”, W. Foster



Outline

»Cavity arrays: RIA and Proton Driver
»Cavity processing, assembly
» Test Results

»Mechanical Issues (microphonics & Lorentz
detuning)

Pioneering Office of Science r
Science and SRF 2005 July 11-15, 2005 Michael Kelly, ANL Physics Division us. D%F;aé:‘";f;; ‘

oooooooooo



Review
MSU Structures for RIA: 805/10 MHz Bunch

f=0.16 QWR Legnaro/MSU

. 161 MHz
g =0.47 6-Cell
i 805 MHz
| MSU/JLAB
A |
i
| B=0.61 6-Cell
— 805 MHz
t 7 ’ JLAB/SNS
LL UL VLS
T~ < E = s
FOT 790 70 7§
S { 1T [ ] D] I~ p=0.81 6-Cell
=7 — i = 805 MHz
A JLAB/SNS
B=0.041 QWR B=0.085 QWR P=0.285 HWR
80.5 MHz 80.5 MHz 322 MHz
Legnaro Legnaro/MSU MSU
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MSU RIA Cavity Baseline (805/10 MHz Bunch)

Beta Cavity Freq Length Eacc Number
geom type (MHz) (cm) (MV/m) Cavities
0.04 QWR 80.5 18 4.1 18
0.06 QWR 80.5 21 5.6 56
0.16 QWR 161.0 19 5.2 920
0.28 HWR 322.0 19 6.8 208
0.47 6-Cell 805.0 55 10 14
0.47 6-Cell 805.0 55 10 44
0.61 6-Cell 805.0 68 12 64
0.81 6-Cell 805.0 91 12.6 32

Total # Cavities ~ 500



Review
ANL Structures for RIA: 805/14 MHz Bunch

LN 2 &
' ' v -1 345 MHz $=0.40
115 MHz B=0.15 Double-spoke
172.5 MHz

Steering- oo
57.5 MHz Corrected QWR B—OZG HWR

0.03< B <0.14
QWR-based structures

1m

345 MHz
B=0.5 | & 345 MHz
Triple-spoke § f=0.62

Triple-spoke ¢
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Open Technical Option:
Triple-Spoke Resonators

B=0.50 3-Spoke $=0.63 3-Spoke

or 325 MHz (PD) or 325 MHz (PD)

See Talks/Discussions “Spoke vs Elliptical cavities for beta = 0.5”, Wed, July 13th
“Low-beta cavity design”, A. Facco, SRF 2005
“Low and intermediate beta cavity design”, J. Delayen, SRF 2003
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ANL RIA Cavity Baseline (805/14 MHz Bunch)

Open technical
choice: 3-Spoke -<

or e-cell

Beta Cavity Freq Length Encc Number
geom type (MHz) (cm) (MV/m) Cavities
0.02 Fork 57.5 20 4.0 2
0.03 Fork 57.5 25 4.0 5
0.06 QWR 57.5 20 6.8 28
0.15 QWR 115.0 25 6.3 48
0.26 HWR 172.5 30 6.9 80
0.39 2-Spoke 345.0 38 6.0 56
0.50 3-spoke 345.0 65 9.9 69
0.63 3-spoke 345.0 82 9.4 96
0.47 6-Cell 805.0 55 8.1 54
0.61 6-Cell 805.0 68 10.2 88
0.81 6-Cell 805.0 91 12.6 32

Total # Cavities ~ 400




FNAL Proton Driver Linac

JHF
(KEK)

RIA (ANL)
APT (LANL)

SNS (JLAB)
RIA (MSU)

FNAL

ANL / SNS

A

TESLA
COLLABORATION

IV ~N L
Beta < 1 “TESLA”
eta L _ _
Elliptical Elliptical Cavity SCRF Linac
Cavity Linac | ., Beta=1 1300 MHz __
Cavity types

B=0.2 > B=1
9
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Proton Driver Cavity Array

Open technical

choice: 3-Spoke <

or 6-cell

Spoke cavity
EM models
(HPSL 2005,

G. Apollinari)
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Beta Cavity Freq (MHz) Length Encc Number
geom type (cm) (MV/m) Cavities
N\
0.21 1-Spoke 325.0 13.0 10.7 16
/
0.40 2-Spoke 0 28

Michael Kelly, ANL Physics Division

Office of Science
U.S. Department
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Design & Fabrication

Designed in  Niobium-to-stainless braze or
3D using Niobium-to-NbTi
modern
simulation
codes e.g.
MAFIA,
Microwave
Studio and
ProE/ANSYS

(also 2
and 4 mm)
RRR=250

niobium_>

Die formed '

and EB-

welded
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Cavity Surface Preparation, Assembly

»Low- and mid-beta groups have universally adopted clean techniques

developed at DESY, KEK, JLAB

I

1-hour or more HPR in a clean

100-200 microns removed room area P
using BCP and/or EP
Pioneering Office of Science r
Toennaiaay SRF 2005 July 11-15, 2005 Michael Kelly, ANL Physics Division U3 Department |



Results:
Beta~0. 1 5-1 6 Quarter-wave Resonators

A4, | | i 91
2ol 109
— AA ==
= -~ A]

10105 eeee., 40 MV :
- = m J

Q | .. 1 Qo8-
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-/ <& 1.4 MV/Cavity ] 1st test after CP L aew
' |I/| 1 I 1 I 1 I |(4|K)| I 107 T T T T T T T
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E pcc (MV/m) Eacc(MV/m)

ANL QWR

p=0.15 QWR, f;=115 MHz B-o 16 QWR, f =161 MHz
See: “Minimizing transverse-field effects in superconducting quarter-wave cavities”, Ostroumov, Shepard, LINAC 2002
“Construction and Testing of a 161 MHz, Beta=0.16 Superconducting QWR With Steering Correction for RIA”, A.Facco, EPAC 04 13
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Results:

Beta~0.25 Co-axial Half-

' [a 2k
B 42K
Saa,
3 A a E
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) <¢ 1.8 MV/Cavity
y (4 K)
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(See Kelly et al. THP06, LINAC 2004)

wave Resonators

]
design goal E,c.=5.5
(Mv/

3181202-003

avity

B=0.285 HWR, f,=322 MHz

(See Grimm et al. TPAB067, PAC 2003)

SRF 2005
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Results:
Beta=0.49 Elliptical-cell Cavities

Tk

1 T [ T

Cavity
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e #2

L
wﬁ%% st
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corrected ¢, from RF

3180804-009
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(2 K) ]
B 0 | ‘lﬁ - I1|0I -

E, [MV/m]

(See Grimm et al. THP70, LINAC 2004)
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Results:
Beta=0.40, 0.50 and 0.63 Multi-Spoke Cavities
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Encc (MV/m) EACC (MV/m) E,cc (MV/m)
oy AF B
345 MHz $=0.5 Triple-Spoke after electropolishing /| J
e g f ™
»Q-disease has been
observed; hydrogen
degassing is planned
See Shepard et al. TPPT099, TPPT100, PAC 2005 and Kelly et al. TuP53 SRF 2003 16
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Results:
Beta=0.61 and 0.81 SNS Elliptical-cell
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SEE: Ozelis et al. TPPT079 PAC 2005 and
. Campisi, MoA02 SRF 2005 17
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Fast Tuning:
Microphonics, Lorentz Detuning

»Overcoupling One rf supply/cavity (RIA Baseline)

Klystron/Fast ferrite tuner (Proton Driver Baseline)

»Piezoelectric or magnetostrictive mechanical tuner

Used for compensation of microphonics or Lorentz

detuning

»Voltage Controlled Reactance (VCX)

Currently an option only for low frequency (QWR)
structures

All require further development for mid- and high-beta RIA cavities
See Talk: Tuesday July 12, “Pulsed-operation of SC spoke cavities”
Z. Conway (Argonne)
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Microphonics, Fast Tuning
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(See Grimm et al. THP66, LINAC 2004) 19
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Microphonics, Fast Tuning

Microphonics frequency spectrum

1 1 1 IIIIIII 1 IIIIIIII ] 1 LILELLIELE =

B=0.5 TSR cavity microphonics at E,..=9.7 MV/m -7

-
-
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!
= 0.1
g‘ 2-Spoke with piezo tuner
< 4 "
0.01EMIT
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10 100 S
Vibration frequency (Hz) S
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Conclusion

Development of superconducting cavities for RIA is
well-advanced

Cavity gradients required for RIA have been
demonstrated; Proton Driver gradients at the limit of
what has been achieved

The most pressing development task:
- Fast-tuner system for both cw and pulsed operation
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