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Outline

* FRIB Project
FRIB Cryomodule Prototyping

FRIB SRF Development around Cavity
Niobium materials

Processing

Cavities

Coupler and Tuner

= Cavity/Fringe Field Interaction
« 8T solenoid prototyping
« Magnetic shield behavior exposed high magnetic field
« Cavity/fringe field interaction
3D full modeling

= Summary
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FRIB Scope & Machine Requirements
FRIB is a DOE project for nuclear science, total fund $730M
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= Features:

» Delivers FRIB accelerator as
part of a DOE-SC national user
facility with high reliability &
availability

= Accelerate ion species up to
2381 with energies > 200 MeV/u

* Provide beam power up to
400 kW Satisfy beam-on-target
requirements

= Future energy upgradability >
400 MeV/u by filling vacant slots
with 12 cryomodules

« Heavy iron beam intensity frontier machine, e.g. 5x1013238U/s, 250 times higher

than ATLAS

» All SRF from low beta to middle beta section and 2K operation
 Large nuclear physics user (~1300 users) facility

|- Facility for Rare Isotope Beams
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FRIB CF Constriction and SRF nghbay

ECR lon Sources

Project Stage -

CDO: Planning i

CD1: Proposal, Sept. 2010 '

CD2: Baseline design, Aug. 2012

CD3-a: Conventional facility, June 2013

CD3-b: Accelerator system, August 2014

Acc. System construction starts Oct. 2014
Early completion 2020

CD4: Completion, to be 2022 3 .

Completed SRF nghbay, under installing mfrastructure

Tunnel construction started in May 2014

Y e t-“ J ..“ f 3 :z .I
¢ Facility for Rare Isotope Beams B —
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FRIB SRF Scope

Challenge: All SRF from low 3(0.041) to

middle B(0.53)

Cavity Type QWR QWR HWR HWR
0.041 0.085 | 0.285 0.53 1- meter -
80.5 80.5 322 322 — '
0.810 1.80 2.09 3.70
E... [MV/m] 5.29 5.68 7.89 7.51
E,/Eacc 5.82 5.89 4.22 3.53 adess
B, /Eacc [MT/(MV/m)] 10.3 12.1 7.55 8.41 [ n
R/Q [Q] 402 455 224 230 '
G [Q] 15.3 22.3 77.9 107 ‘ﬂ
Aperture [m] 0.036 0.036 | 0.040 | 0.040 | =g =g& =(§ "~ o - =
Lo = BA [M] 0.153 0.317 | 0.265 | 0.493
Lorenz detuning »
[Hz/(MV/m)? N A A R T
Specific Qo@VT 1.4E+9 | 2.0E+9 | 5.5e+9 | 9.2E+9 B,=0.041 B,=0.085 B,=0.29
Q. 6.3E+6 | 1.9E+6 | 5.6E+6 | 9.7E+6 N = 12 38 79

Beam Delivery
System To Target

Cryomodule

$=0.085 Matching [=0.29 Matching
Cryomodule

/

$=0.29 Matching
Cryomodule

316 cavities need,
total 347 including matching module, spares

B=0.53 Matching  Superconducting
Cryomodule Folding Segment

el
oL

va
11 8=0.085 Cryomodules

Li-Stripper
Module

3 p=0.041 Cryomodules 500 keV/u RFQ

10 m Vertical Drop from
lon Sources (above ground)
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Room-Temperature
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FRIB Cryomodules, Exsamples

Need totally 49 CMs: 3(0.041), 11(0.085),12(0.29), 18(0.53), and 5 matching CMs

0.085QWR
Cryomodule

‘ 0.53HWR
——~ _ Cryomodule

Local magnetic shield - = 7 Includes
; 8 QWRs and Local o ahiold Includes
3 solenoids g —0C%! MAGNENC SIS 8 QWRs and

1 solenoids

&m i
= FRIB Cryomodule Features
* Local shield: cost reduction for magnetic shielding and reliable shielding
« Bottom-up assembly: easy assembly and better alignment
« 2K operation: better cavity performance and less micro-phonics by stable
pressure control

-
\ Facility for Rare Isotope Beams
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Cryomodule Developments at MSU
ReA is a benchmark for FRIB

= MSU is constructing ReA project by own fund i 37K
= ReA SRF system as a benchmark for FRIB CM system I - R
= A buncher (CM#1, 0.041) and an accelerator module (CM#2, 2 ™
0.041) are successfully operated with beam since 2012 o 200
= Additional 0.085 CM (CM#3) has been installed and is under ~ °
commissioning August-September 2014 Mopp044, T. Xu L JUUWWUL

= Additional FRIB type CM (ReA6, 0.085) will be installed and
tested by December 2014

Energy [MeV]

4.5K operation

ilot Source EX| Stl ng

Mass Separator

B T

Under commissioning

MHB 0.041 Rebuncher Cryomodule
\

s " o 0.085 Cryomodule o
By L R Under construction

Slow 1+ rare isotope beams ;
charge breeder

Ll
™ : ——
d
D
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Lessons Learned from ReA3 Construction

Bottom f|ange issue Gavity performance with th first prototyped
= ReA3, 15t prototyped B=0.085 cavities N E=
* Insufficient cooling the tuning plate due to NbTi o *"“*-«.,‘ —e
bottom flange with poor thermal conductivity S, gy
* Modified design o
» Elongated the bottom outer tube to reduce magnetic field and made \\\
a distance tuning plate-inner conductor 7
» RF coupler moved from the tuning plate to the side
= Refurbished all 11 ReA3 QWRs v

Epeﬂk (MV/m)

=)
<

» Successfully validated the reliable performance

T T
Nb 1-2

80 |- A Nb2-3 -
[ L] g m Nb 3- 4
Wlth a" refurb|Shed CaVItIeS 7 E ;ﬁii Thermal conductivity ﬁ{} 7]
| o wwrisa  of RRR grade Nb U §

Old design New design s | ik

w
=1
T

B ]
i

Thermal conductivity (Wm "K'I)
B
T

&= # ]
or - = Thermal ]
O e = conductivity of NbTi
Coupler port -
[V = oAO o Fay [} (o] Fay -
1.5 2?0 2.5 3.0 3.5 4.0 4.5

Temperature (K)
T T

Stainless steel Flat area =

High RRR Nb
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.| Cavity performance with the
" | refurbished 0.085 ReA3

0 5 cavity

Eacc (MV/m)




Redesigned QWR Bottom Flange and Alternative

Improved cooling, Metal gasket seal flange is also under developing

Redesigned QWR Flange as FRIB Baseline Alternative (metal gasket seal):
(Indium seal): Validated already, used Under developing
refurbished ReA3 QWRs

QWR Quter
conductor (Nb)

QWR tuning plate
(Nb or Cu)

Cooli alel Ti He ves_sel
brazing
NC50 hard
copper
flange
A Y

3 y —
Niobium Disc (3mm)

Niobium Outer MO Seal

Conductor (2mm) Ti flange

Electron-Beam Welding

; . Copper
A Indium Seal Ao NC50

bottom
t
(gasket) « flange

* Vacuum leak tight cohfi}'md
Bottom View  Good RF contact confirmed by paper pressure test

‘ Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science
j Michigan State University K. Saito, September 2014 LINAC14 THIOAO02, Slide 10



Cryomodule Prototyping Aproch for FRIB

) TDCM i ETCM, Engineering
(Technical Demonstration of Test CrvoModule
CryoModule at 2K) 2012- 2013 % 13 ReA6/FRIB QWR-Under Construction, 2 cavities and one solenoid
on-line testing Dec 2014

HWR, 2 cavities and one solenoid, Design in advanced stage
Construction planned in 2015

7 e T v Testing in new SRF bay in 2016
ReA3 B=0.085 QWR on-line ’ A
Commissioning in August 2014 -

= TDCM: confirm FRIB 2K opertaion

» CM construction leak tight at 2K
» Demonstrate cavity, FPC and microphonics

= ETCM: valudate bottom-up sassembly

« Validation of alighment tolerance in the bottom-up assembly

. FRIB first 0.041 CM
» Feedback to future FRIB mass production early 2016

=
\ Facility for Rare Isotope Beams
B | U.S. Department of Energy Office of Science )
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TDCM (Technology Demonstrate Cryomodule)

Demonstrated 2K operation and verified FRIB design concept

= Cavity and FPC 1geu1 — Cavity performance limited by FE
 Cavity performance limited by FE, need improve assembly Dewar test at 2K (beseline)
procedurg L N S "4
» Degaussing LE+10 - e '
« FPC demonstrated 8kW feed and stable operationat6 - 7kw < = 7 e % TDCM 2K
. . i T 0 FE limited the performance
CW, MP is an issue el "
1pos | TDCM4K
= HWR RF bandwidth (Specified: BW=30 Hz, Af, <0.5 BW) S e ¢ e
. . . . . _ ¢ QdPit4/1713 post DG/pre TC ¢ QdPit4/18/13 post DG/post TC
« Fast detuning distribution: Gaussian, 6~0.5 Hz, Af,, <6 Hz = BB RS Y IRl
. . pn . 1.E+08 T T T :
+60 <0.5BW, satisfied FRIB specification = 10 20 30 40
. . E,. (MV/
« Slow detuning following He pressure el
8.00E-05 'TDCM3 -FPC Conditioning
= 2 K He bath pressure stability 700605 - RF processed
*« AP < +O 1 mbar peak, as in SNS < 6o0m05 . UPtoBKWCW ~
- - ; PDF of Cavity Amplitude Deviation oo PDF of Cavity Phase Deviation g 5.00E-05 //
— | cwi1
S rﬂ‘m £ 400805 o
1 Boms O 5 o0e05 =4=CW3
0 g ——C\W4.0
0.005 © 2.00E-05 ==CW4.1
R — B 1.00e-05 W7
% degree, . . . LIJ e C\NQ
oo rremns rnasenennsen 1YV R d€tUNING distribution: 0.00E+00 | . ‘ cw1o ‘
| 6~ 0.5 Hz rms 1 00E-05 ) 2000 4000 6000 8000 10000

| Max detuning <=

—— TDCM3 (6=0.98°)

6 Hz p-p

' FRIB specifications
fulfilled in TDCM

Forward Power [W]

K. Saito, September 2014 LINAC14 THIOAQ2, Slide 12



ETCM (Engineering Test Cryomodule)

Validated bottom-up cryomodule assembly concept with high alignment
accuracy (~0.1 mm)

wi i)

Linear

1.00E-13

. . . bearing slid
- Cavity & solenoid support rail oot se / / g
\ /Cawty mass mocki Loess L\ —Predicted Beamline
\j\A A = .. 080 ===Alignment Allowance
Lo \V\ / v / “““““ 0.70 | -O-Measured Lateral
E E
F 100817 S E.0.60
‘E'l 00E-18 / \ / ===InputDrive 5
g U \)\_f 4-Post (1X) = 0.50
g ——3-Post (1) =
1.005-19 = /\ = 0.40 |
QWR \ ya L - ——
e - hanical V‘_\*‘__/ 0.30 Pewatlon of rail position
e - lowest mode Zat 0.20 is <0.1mm
ooea | around 40-50Hz 0.0 4
1.00E-23 000
0 10 0 0 0 50 ) 70 30 %0 100 0 50 100 150 20

Frequency (Hz) Delta Temperature (End Web & Main Rail) [K]

» Successfully verified cavity self-aligning by linear bearings during liquid nitrogen cool-down &
vacuum vessel enclosure

* 4-post support established as design choice based on vibrational response analysis
» Successfully evaluated vibration, test with actual load and realistic configuration
* Divided into three sections for the FRIB QWR support rail to eliminate lower mechanical modes
I 1\ W Michigan State University K. Saito, September 2014 LINAC14 THIOA02, Slide 13



Niobium Materials for FRIB

Early procurement, all materials will be delivered by end of 2014

= FRIB procures of niobium material from three 50% Nb + Nb-Ti Delivery TO3

vendors

« Wah Chang — NbTi flange material

» Tokyo Denkai — RRR250 niobium sheets

* Ningxia — RRR250 niobium sheets and tubes
= Material specification

» Dimension check, surface inspection

* RRR > 250 for niobium sheets

* Grain size ASTM#5 (64um)

* 0.2% Yield strength > 48.3MPa

* Tensile strength > 96.5MPa

 Elongation > 40% (longitudinal), 35% (transverse)

* Hardness < Hv = 60

* Vender etching

» FRIB acceptance tests
» Two samples from per production lot are tested
» Dimensional and surface finish
» Mechanical test (Ultimate, Yield, Elongation, Hardness)
» Metallurgy properties measurement (Grain size, '
Crystal orientation, Recrystallization)
« RRR/Thermal conductivity

25%

2012 2013 2014 2015
Material Procurement

= Materials are well controlled at FRIB

AN o
Mlsorlentatlon Dlstrlbutlon

| Y- Facility for Rare Isotope Beams
FRI B (= U.S. Department of Energy Office of Science
& 'z.’ Michigan State University K. Saito, September 2014 LINAC14 THIOAO2 Slide 14



TOC in ppb

FRIB Unique QA Process Control
Particle contamination control based on particle counter

= Established the QA procedure by diagnostic tools ERINVNe#lok PR BRI E S e N RO N TR
developed in the past R&D phase
« BCP, removed 150um

Average Surface Particle Counts on HWR
Tapped Hole Flange for Various Procedures

- HPR, 1hr
» Monitoring particles in the HPR waste water 0 " USC
« Monitoring particle contamination on flanges during - Sred Stk

=y
(A8
o

Low Pressure UPW Rinse

cavity assembly
« Baking 120°C for 48hr

= QA control by particle counter is very effective to 60 |
reduce FE B ™=

-
o
o

o
o

Particles/In?

40 -

e 3| 0 ]
[ I | o - u

QIll Surface

. ; e/ 0.3 0.5 1 5 10
Particle €SLS-1200 Particle size (microns)
Counter - : ; Liquid particle Good correlation between particle and FE onset
0 -counter = 7.5 7247 cavity SN
: s 7 & -XB813,7
1000 Pre-st'e“r[mzamn - E 6.5 553' ? #5C248
. g 6 | W 936,6.12 BSC251
. FRIBE, Goal A SC252
\ H A GE Checkpoint g 5.5 X 1146,548 5C256
800 i hsﬁ"ange Total organic w 5 UPW baseline 1775 5.32 l
carbon (TOC E count ""'EEQ FE potentially due to other 130249
400 \ s ) \ moni(tor 9) 3 42 * 15/’ Cauges) ! ®5C253
Hewr it < A 517,4,
o 4 ¥ 768,3.99
B0l a1 Am ] #5C254
200 PE[UIMIIEF ;Jury ¥3.5 I
Hefv O CO filte: .
mgﬁﬁ p WML_W_QJ w W oo o ReASE, Goal SC255
200 700 1200 1700 2200

7 " g
0
’ Facility for Rare Isotope Beams ) - . .
FRI B ‘ U.S. Department of Energy Office of Science Final HPR liquid counts (0.3 micron cumulative /ml)
J Michigan State University

K. Saito, September 2014 LINAC14 THIOAOQ2 , Slide 15



FRIB Final Cavity Design

Improved cavity design with lower Hp/Eacc and Ep/Eacc

= The SRF Review Committee in 2011 recommended not to exceed E =35 MV/m
and B,=70 mT in operation based on experimental data of 40 QWRs in
operaﬁon at TRIUMF

» FRIB has adopted this specification to guarantee reliable operation of its linac
with a good safety margin ,
* lower E, & B, higher R, by increased outer conductor diameter
 Increased aperture of QWRs from 30 to 36 mm
* Increased operation E__.: the FRIB driver linac could be shortened by 2 ¢
* FRIB operation gradient now more conserl/_jativs_l with Bps7g mT , |

48 11

P —

4.6 4 : N -—®= [Epk/Eacc L 10 ( = y V =\
4.4 4 N ‘& = W= Bpk/Eacc |
42 » -@& 3
g 4.0 1 B =~ =~ - 8 E
:tzs @‘l\\ \‘s' 5
36 1 T L & " ‘:
1 HWR0.29 *
3.0 T T 4
225 275 325 375 425
Outer Conductor Diameter [mm]
QWRO085 -9% 1%  +38%  +10% 3=0.29 3=0.53 3=0.085
HWR29 -3% -28% +47% +10%
xams

HWR53 “17% -19% +13%  (+6)% K. Saito, September 2014 LINAC14 THIOA02, Slide 16



Validation of the FRIB Final Cavity Design
Comparison with first prototyped cavity and final design cavity

ReA3 refurbished 0.085QWR@2K

MOPP044, J. Popielarski

FRIB 0.085QWR@2K

Eacc (MV/m)

o 10"k

[| ¥ FRIB GOAL 2K

—8&— Prototype #1, in-house, 07/2010
[| —e— Prototype #2, vendor #2, 03/2012
|| —8— Prototype #3, vendor #3, 03/2011
—&— Protoype #4, vendor #3, 02/2012
—&— Prototype #5, Vendor #2, 12/2012|

0.53HWR prototype@2K

10’
0 4 6 8

E (MV/m)

0.53HWR FRIB@2K

10
10 "+ w
QT . 72
& 4K
3.85 Watts
—8— ReA6 phase | Cavity #1 (2K)
—©— ReA6 phase 1 Cavity #1 (4K)
Jr FRIB GOAL 2.0 K
8 ' ' | I 1 1 L
10
0 2 4 6 8 10 12
E _ (MV/m)
acc
l
o ]
|
10 [—e— Cav nk (2.
]—o— lium V. “ryostat (1.8K)
=& Helium ryostat (1.6K)
Y FRIB GO, )
0 5 10 1

E,. (MV/m)

« Mitigated high Q-slope by improved design with lower Bp/Eacc
* Improved enhanced performance margin as expected
 All four cavity types have been successfully validated with helium vessel

/ |

F K I D ) U.S. Department of Energy Office of Science
&i / " Michigan State University

K. Saito, September 2014 LINAC14 THIOAQ2, Slide 17



FPCs for FRIB Cryomodule
ANL type for QWR and KEK/SNS type for HWR

Cuplrtys | QR | HiR_ HWR FRC KEK type

Fequencyiil | w5 | w2 |
[y BTy - M - VR FPC ANL type
Max. Coupler Power Rating (kW] | 4 | 0| ) |
58 EA | S8 EA | T ]

QWR FPC Adjustable Bellows HWR FPC
ANL typ

: Cavity Flange
With 4.5 K Thermal Intercept KEK/SNS type | With 4.5 K Thermal Intercept

Coaxial Line
With 55 K Intercept

- Warm Transition Adjustable Bellows For

r; Coupling Adjustment
At Cryomodule
Feedrt);\rou n ity for Rare sc MOPP042, TUPP044 Single Warm Window
g lepartment of Energy Office

- — ichigan State Universit i i
oy Ve v ey J. Popielarski Saito, September 2014 LINAC14 THIOAO2 , Slide 18
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Alternative FPC: MP Free Coupler

= The principle of the FPC design
» Simple structure: choke free at window
» Multipacting free: increase impedance, pushed up the MP over the usable range
 Electron screening for ceramic surface

= Electron emission images at 4 kW

6.75” Baseline (50-84-50-50 Ohm)

= The particle sources density kept similar
for three geometries

el Secondary electrons number for 1 primary
electron
1249
1169 ! 0.0035
1898
1814 - 0.003
Chi 0.0025
RSE
773 0.002
:i: L 0.0015
6.75” MP Free (50-84-61-75 Ohm). igg 1 0.001
Complete screening 977 - 0.0005
4 4.%
™ oL et
199 0 2 4 6 8 10 12
RF Power, kW
o, opipd

—8—Baseline —@—MP Free —@—MP Free Screened

\ Facility for Rare Isotope Beams
FR I B 3 U.S. Department of Energy Office of Science .
& “’ Michigan State University K. Saito, September 2014 LINAC14 THIOAO02, Slide 19



Pneumatic Tuner for HWRs(0.29, 0.53)

FRIB Tuner Specification Pneumatic Tuner Control Diagram

LLRF Controller Black Avaog sl
Tuner Type BI1\6V5R3 e Arggmge
Minimum Tuning Range [kHz] e
Tuning Resolution (2% of Bandwidth) [Hz]

RF Forward Power

RF Reflected Power

Maximum Backlash (5% of Bandwidth) [Hz]
Cavity Tuning Sensitivity (calculated) [kHz/mm] ~236.2

Maximum Displacement [mm] () _
port-to-port

5()
Cavity df/dp (Free Tuner) (calculated) [Hz/torr]
Cavity LFD (Free Tuner) (calculated) [Hz/(MV/m)?] ~-3

Final 0.53HWR w/vessel LFD = - 2.5Hz/(MV/m)32, well fits the _
simulation f
= Demonstrated Performance in VT ‘

+ Maximum tuning speed in regulation (phase < 2° peak to peak, amplitude
< 2%)
» +/-0.35 Hz/sec

» Highher speeds (1 Hz/sec) were possible while detuning within the band
widt

» The background RF noise was higher than expected in this test (12 Hz
peak to peak)

+ Maximum tuning speed in self-excited loop (SEL) mode

» - 400 Hz/sec (pressure increasing)

» + 363 Hz/sec (pressure decreasing)

» Af/AP = 321 Hz/psi (4.566 kHz/kgcm? (frequency change from tuner pressure)

*= The final pneumatic tuner designs fits final HWR cavities (0.29/0.53).

= Final integrated validation test in vertical Dewar is under preparation

J. Popielarski, MOPP042

K. Saito, September 2014 LINAC14 THIOA02, Slide 20



Integrated Certification Test Plan

= All components are ready for FRIB production, full integration test (cavity, FPC, tuner) is
planned in VT for component long term operation. THPP047, J. Popielarski

» ReA6 CM is the first FRIB CM for QWR, of which phase-1 test is to be completed in mid-
December 2014.

» The cavity-solenoid interaction will be confirmed in ReA6-1.
» ReA6/FRIB CM full Integrated test is to be done in December 2014.
» 0.53 HWR CM-1 ( two cavity and one solenoid) will be tested 2016

1 rail section populated
with resonators n

Full cryogenic

1 WPM
Complete rail system System

1 solenoid with
vapor cooled leads

VT integrated Test ReAG-1 0.53HWR CM-1

\ Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science )
' J Michigan State University K. Saito, September 2014 LINAC14 THIOAOQ2 , Slide 21



8T SC Solenoid Prototyping by MSU/KEK Collaboration

Dry winding technique has been confirmed high performance and no training

= Changed FRIB solenoid specification from 9T to 8T 10° —

« Solenoid is not allowed to quench during machine operation from cavity S——— .:_—__jgf‘;f,’"
protection point of view, solenoid has to be in stable operation R

* Reduced solenoid field from 9T to 8T by changing constant 3(z)-function optics _. *°°° :‘\\\;\

to constant beam sized one 9T is too much g %
« Original FRIB commercial solenoid design has only 0.1K operation margin critical for NbTi

* ASAC 2014-12 recommended for the solenoid to have an operation marginas  '*°[ wire, if consider

Je [A/mm‘]

much as 0.5K an operation
= Designed 8T solenoid package with 0.5K operation temperature tem. margin
margin under KEK/MSU colla oratlon Y54 s e 7 8 s 0
= Prototyped 25cm 8T solenoid package: solenoid + steering dipole . ,
COiIS at KEK 140 »Te-nie'ralure Margine
 Pursued cost-effective fabrication method: dry winding technique o || 450
» Demonstrated the reliable performance for both main solenoid T ol akao / _
and steering dipole coils Operation
. . o tem. Margin in
* Solenoid has no quench up to 8.9T and no tanning i ~ KEK design

» Steering coils have no quench up to 100A( nominal 50A), no training
* No performance change post thermal cycling 12 times (RT to LN,

temperature) 10083 8901 o teman
. Establlshed dry W|nd|ng technl Coi Voltage gz
i 4 : ] T 'i / A 8.73T
(T : v
I E /'/
/ 9.816 mV
98.1A
(8.73T)
/’ \ Current
= 500s S0 = Completed steering coils Solenoid package

f P —— p)

Dry wmdlng no use epoxy c loted solenoid First excitation test
vy om ete solenoid e First excitation tes _
I I\ b ' K. Saito, September 2014 LINAC14 THIOA02 , Slide 22
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Cavity/Fringe Field Interaction

A fringe field of 4G causes a Q-drop under FRIB spec. with 0.53HWR
when cavity happened quench

= Meissner Shield

» Cavity performance no change up to 2500G r LP‘

fringe field, if no quench happens ocaoncr eI — | .
* Q,- drop by the Quench = I f '
* Qg drops under the FRIB specification (HWR) scsocas ol
at >~ 4G of fringe field il
» Flux trapping by quench is proportional to the D v 2
increased fringe field strength Q,-drop and Annealing effect @ Eacc=7.5MV/m

= “Annealing effect” (discovered at FNAL, by g
T. Khabiboulline, et al.) ? 5 5 ?
« Confirmed “annealing effect” against the

Qo-drop by a quench under /OE
» “Annealing effect” can be use the Qg recovery 056 o & y \rB pec
“Annealing effect”: when a Qy-drop happened by | e ZOG +

cavity quench, switch off the solenoid and repeat P
RF processing, then Q4 recovers (FNAL). | = :

10° ! i | | |
0 2 4 6 8 10 12
Order of Swiching of SC Solenoid
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Saturation Field Measurement at FRIB

) ) Magnetic field attenuation at RT for Cryoperm and A4K shields
Magnetic shield 120

1
100 A Cryop?rm diameter 11 in

HOUT = nyZ + HZZ . 20 @ Cryogerm diameter 13.75 in X’

@ AZK fliameter 15.376 in (1)

A CWDPE"{’] diameter 9.0 in

H y k=) 0 A4H diameter 15376 in (2) 9
[] 1
I = 60 . . .
H ﬁ E'C;yopermdlamterﬂ.s in oo n PN
4 g Xll;'ryoperm flat Y AR ‘G‘
a 40 | o 02"
)
[]
ic

' A
'
'
(]
20 ! = Mﬁ
X

Attenuation =H,/Ho,r o

. . . . . -20
* The saturation fle|d, which is defined at the 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750
external field produced 1G inside shield was . . P e _
measured. Material Thickness | Diamete | Height | Saturation
. : . (mm) r(cm) (cm) (G)
« Saturation field is 365 at R.T. for A4K for
. Cryoperm 1.0 34.9 30.5 472
instance
« Field enhancement on the shield surface by | ¢ryoperm 10 21.6 99.1 470
afactor2 =™ , . Cryoperm 1.0 27.9 70.6 475
- Cryoperm 1.0 44.7 38.9 450
. Field enhancement near the
~m shield surface | Cryoperm 1.0 Flat 390
\ A4K (ReA6#1) 1.0 39.0 86.4 368
i i A4K (ReA6#2) 1.0 39.0 86.4 365
= e\ * Saturation field is defined at 1G increase
F RI E oot ! - Beams
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Cold Measurement of Magnetic Shield Property

Saturation Field Measurement at 10K side Shield |

Field Strength In

[ = Shield 1[473G] o Shield 1 [284 G] Cryoperm \ l 2091
Shield 5 [387 G] Shield 5 [210 G] A4K ; bl
L a Shield 6 [390G] & Shield 6 [245 G] A4K = V-axis
L A
—Unity slope
|- ﬁ D n
A
|
ot —
|
<] “ -
ry
u—-- ™
]
< 0 a

]

u

n

.
m] n
. o .. ’ 3
.— _ . .- L] 8
B O aAp A s lom WA ArS) ' M | . : [ b .
0 150 300 450 600 750 . —— ——ty
600 @ ® 400 -200

Magnetic field on outside surface of shield (G)

Atten,,~0.63-Attengy

Fringe field of 600G produces a remanent field of < 1G at
high RF magnetic field area of QWR

QWR will be no problem even for the Q-drop after cavity
quench

™
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Fringe Field Simulation on the Cavity Walli

Iron yoke free solenoid design has been completed with bucking coil

3D simulation by CST Studio shows the fringe field of 270G on the magnetic shield
Fringe field of 100G exposes the high RF magnetic area

Backup plan is being developing for Q-drop after quench, Meissner shield by niobium
foil around the helium vessel might be a cure, which will be studied in the integration

;4 8C

test ; : ; 270G
Poisson 2D CST Studio 3D (solenoid package) s e
id Magnet o oftums fo staering ol = 528
‘ ‘ 7 s !
1 — Bucking coil =~ , 0% i
Main coil 1=956A p - 3 7 S
Hento 28127 N=1152 ol ol | 8. i .
1=956A Length =34 cm 3 : 7 7
| u;=1222525379 Width = 0.72 cm H@ z=39.0cm i / /
= - 1 i
[HAdz=282T2m J \ /
. i J \
s / "' l
@r=390em H=2006 e / \ / \
H=260G e / | | \
W ," i
!
]
e | o
e ||
Fringe Field strength at
e = o Py . 1)
shield location |/
= = s
| ] i i i i i il 1 0
I 1 T T 7 length
z (em) Sl Wt
o S g 2 —r—
= SRS t i X tARAAs o
TRt i 2
o0, . PRRY] Xt44pan 1 ooizs
o St 3 I; o
= BR ity NARRANR AR BRI o soms
v 0, RARRARARARRERA ] ik
- el
LRSS , =t o 000273
= ey : Ptge i
St s A LAY LS
“RERR ARRRRRKY wwved i il n
et REARRRRXR e vir. !
FY A A RRRRRRRRRY it VAR R R
AR B RIS ut\unr
CUNNAS A RRK RN noapf
CraR XA ARR AR Yo
NN }2::::. :
RIS TN gl L
-!H%Mk\'« AP *
FHEEARRARR S P

-
High RF magnetic field area

Shield

for R Solenoid package

U.S. Department of Energy Office of Science

Michigan State Universit i
AN LIS K. Saito, September 2014 LINAC14 THIOA02, Slide 26



Summary

 FRIB SRF components have been all designed and
prototyped and successfully validated.

* |ntegration test at vertical Dewar is under preparation
for final validation

« Cavity/fringe field interaction is well understood and a
backup plan is under developing against the Q-drop at
quench for reliable FRIB operation

« Cryomodule prototyping is going very steadily

« SRF highbay has been constructed and the
infrastructure are being installed. Accelerator system
construction will start October 2014

/- Facility for Rare Isotope Beams
FR I B 1 U.S. Department of Energy Office of Science .
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