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SRFeavity

A Usedfor acceleration of electron,
proton, heavy ion beams.
A Normally made byNb (Niobium)
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Flow of SRF cavity
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SRF cavity performance and important paramet
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Performance limitation(1) ~Defects~

ADefectson cavity surface EX:mp'Of pit
lead to quench cl9
| Widt
ACause of defects
U Bad electron beam welding
U Scratch .
AEdge of defect enhance B

magnetic field on surface
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Performance limitation(2)

~Field emission~

Amm to submm dust on
cavity surface could
become field emitter.

AField emission can easily

reduce Qvalue.
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Example of field emission

Example of field emission calculation (done by Erntiean)

X-ray [arbit. unit]



Field Emission from Ildeal Surface

Fowler-Nordheim model
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Cavity fabrication



Nb material

ATypically two type oNb materials are used.
U Fine grair(grain size: a few to several fin)
U Easy and stable fabrication

U Large grairfgrain size: from several to more than 10cm)
u Difficulty due to deformation caused by asymmetric grains
U Relatively cheep

Halfcell made by larggrain disk
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Fabrication of Nb sheets at Tokyo Denkai

E Cutting

Mother Forai
material orging
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Pressing T_ Milling :BI Annealing
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melting (D— 9 Levering

2nd, 3rd etﬂ-a@-— Polishing Z“mm=" Chemical

EB melting polishing

i ICP-AES

Separate ‘ ) . %ﬁ |

p— RD" N = Gas Analysis

E? from base () — d Lo H = .

plate |n5pectlon Grain size
Hardness

In the final sheet the purity of niobium should be not inferior as in the ingot Tensile tests

W. Singer. Tutorial. 14th International Workshep on RF Superconductivity, September 20-25, 2009, Dresden, Germany




Cavitabrication Each parts are welded by EBW (electron beam weldinc
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Surface preparation



Surfaceoreparation

A Bulk EP(Electro-
polish)~100um

A Heat treatment 800deg x 3h

A Frequency tuning o

A Final EP ~20um EIeCtro-piShding‘j*-"

A Ultrasonic cleaning with fm 5. daged
detergent e |

A HPR(Ultra-pure water High
Pressure Rinsing)

A Cavity assembly

A Baking 120 deg x 48h

A Vertical test

A Inspections

Cavity inspection
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Bulk EP / CP

ACavity surface was damaged after fabrication.

A>100mm of damaged surface is removday
U EP (Electrical Polishingy)
U CP (Chemical Polishing)

EP acid: 1:9 of HF(49%) an&8(96%)
2Nb + 5S¢ + 5HOA Nb,O; + 10H + 5S¢* + 10e
Nb,O; + 6HFA H,NbOE + NbQF 0.5HO + 1.5HO
NbQOF 0.5H0 + 4HRA H,NbOE + 1.550

CP acid: 1:1:1 or 1:1:2 of HF(49%), E(B%&Y%6) and EPQ,(85%)
2Nb + SHNOA NB,O; + 5NQ
Nb,O: + 6HFA H,NbOE + NbQF 0.5HO + 1.5H0
NbOF 0.5HO + 4HA H,NbOE + 1.5HO




Bulk EP

A EP is carried out inside a hut.

A Flow of EP acid and flushing inside
cavity by ultrapure water is
automatically controlled by remote
valves.
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Heat treatment

800

800 degree x 3 hours in vacuum = o |
furnace g |
g 300 i

De-gassing (Hydrogen etc.) |
Release of stress 100 |
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Frequency tuning

ACavity fabrication
U Press for haitell
U Electron beam welding

(Vertital)

ACell shapes differ each others
A cell frequencies are different

A not flat field distribution
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AFrequency should be tuned.

A Tune cavity frequency

A Adjust frequencies of eaa

ells

A make flat distribution of field |
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How to measure field distribution?

Beadpull measurement
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Network Analyze

Metallic ball pass through cavity and give
perturbation to field (change boundary condition)
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If it run on axis, where HO,n & B




How to change cavity (cell) frequency?

A Two plates push and pull a cavity cell and giastic deformation
A Repeat deformatiom, frequency checld deformationA
FNBIljdzSyOé OKSO{ X
(Automatic tuning machine has been developed.)
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Surface after EP




Ultrasoniacleaningwith detergent

I TGSNI 9t X
--- Wash out by ultrgpure water
--- Then, applyltrasonic cleaning with detergent (33min)




HPR (Ultrgpure water High Pressure Ringing

AWash inside cavity by
high-pressure (< 100 bar)
ultra-pure water

AFor example, 6 hours
washing time for el
cavities.

ANozzle (or cavity) move
up and down, while turn
around.

Wash out dust particles inside
cavity, which could become
fleld emission source




Assemblyor verticaltest

A Flanges are mounted inside class 10 (class 4) clean room.

A Assembly work is done very carefutigt to install dust particlemto
cavity.

A They become sources of field emission.



Baking (120 C, 48hours)
A ‘

¢ o RS <
Baking by heaters Baking oven (FNAL)
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® EP (No baking)

Effect of baking
(120 C x 48 hours)
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@ EP + 120 C baking

A Degassing (especially water) ’
A Improve high field &alues
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One hypothesis of effect of 120 C baking
Not 120C baked sample Cooling down of 120C baked niobium
Oxide Oxide Oxide Oxide
. R «  ~50nm * . © 'C}'.é:?..é.'?.- e 'C}'.é:g..é.'?.- 3
. . L e . '?' L o '(2'
Interstitial hydrogen e o e e 1o signfitant poron of
(non-superconducting) . R Tt
“fast” ! “fast”
cooldown cooldown
T= 300K T=2K T= 300K T=2K

A. Romanenko, F. Barkov, L. D. Cooley, A. Grassellino, Supercond. Sci. Technol. 26 (2013) 035003



Performance test
(Vertical test)
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A Vertical test
U Most basic cavity test using

Qverticaé  LJA 0
U Filled with lig. He

A Horizontal test
U Test caV|ty and/or components

e ﬂ/li/ | / | g A Unkrizaiitak ONE 2 a
= ‘* A Cryomodule test

U Test with reabryomodule




Transpite
vacuum pork

Vertical test
setup

Coaxial antennas
are used for input
and transmission.

[ |
L RS

Variable input coupler




Measurement data & calculated parameters

Measurement data
Pin(fraw) Cin K Pin : Power meter
Pref(raw) Cref K Pref :Power meter
Ptraw) Ct K Pt . Power meter
Ppick(raw)  Cpick K Ppick : Power meter

Decay )i me ( U :Oscilloscope
Frequency(f) . Frequency counter

Calculated parameters from above measurement data

Qo, Q, Qin, Qt, Qpick
b,bin ,Dbt, Dbpick

Eacc, Rs



Measurement(1) Decameasurmenf

Pin,Pref, Pt, Ppick
7 7Y Ploss=Pin- Pref- Pt - Ppick

. _1+ JPref/Pin or 1- /Pref/Pin
1- JPref/Pin 1+ ./Pref/Pin
for over or undercouplingrespectivdy
S _ Pt | _ Ppick
Ploss Ploss
77777 7Y - 3(1+ +
Q=2 v2/In2
7Y Qo=Qul+  +  + 7
7 7Y Qin=Qo/ 7
7 7Y Qt=0o =QoPloss Pt7

7 7Y Qpick=Qo/ = QoPlosy Ppick

Eacc=ZVJPt3 Qt

Rs=G/Qo

AAAAAAA

."".':..‘I'D..t':él 15mW

1(1/2) 2.47 sec

A Decay measurement can
obtain all parameters.
A Used forQt estimation.

Z, G: Fixed numbers obtained
from calculation.




Measurement(2) ~Measurement Based(@ir

FixedQt obtained from decay measurement is used.

Pin,Pref, Pt, Ppick
7 7Y Ploss=Pin- Pref- Pt - Ppick

7 Qo =0Qt3 Pt/Ploss
C2NJ LINSOAAS YSI
— 3
Eacc Z\/Pt Qt U Estimation ofQtis important.
Rs=G/Qo U PrecisePlossmeasurement is

) : Important.
Z, G: Fixed numbers obtained P

from calculation.




Phase lock loop is used to catch up cavity resonant frequanéy).1Hz

STF Vertical Test |Radiation Monitor Up/Down
. Mo dul
RF Block Diagram -
EF Controller
Control Input Control IN
SG RF RF o5 Stepping Linear Driver Amp IN
HP 8657B Switch Switch attenuator modulator (CN3)
{19dB)
Universal Counter
(Freq. Counter)
HP 53132A
m JOUTPUT
Local
Oscillator I} Frequency Phase Input|Feedback
(F-1MHz) I/ Converter |A Detector FB |Controller
SW
Driver Amp ﬁ::ntml
D"[ngffmm BPF PowerMeter Al B OFST
Phase Shifter kel
Low Level System |

Pref

Terminal Block

Control Module

. RF detector -> Oscillo etc

N BPF PowerMeter _
L, RF detector -> Oscillo etc
-
{CFJE] 105 BPF PowerMeter _
L. RF detector -> Oscillo etc
%H’L {[::{izlteﬂrlj? s Dir. Coupler Dir. Coupler Load
I

PowerMeter

Vertical Test

2008/07/30 Kenseil Umemori

Klyostat
500W
] ] Driver Amp
Directional | oUT = Pin
Coupler (Cnd)

Pref

(CMNS)

(CMNE)

Pprobe

(CNT)




Surface resistance

Rgsurfaceresistance)

le-B86 T T T T T . . .
I : : : : " ERL 9-cell #3 2nd |

I : : : : 5 fit{#3 2nd}
\ 4 2K : : . ERL 9-cell #4 1st
w T : ; ; 5 Fit{#4 1st)
L% : : : : . ERL 9-cell #3 1=t

' : fit{#3 1st) -

X0
% _BCSesistance |

.
-

A Lig. He at 1atm is 4.2K.
NN A By pumping down vapor gas,
iPumpdowth, i temperature of He goes dowr

1le-887

Rz[0hnl

LI
— | —— .

i =N TE=E= . - Rs=G/Qolis measured
;Residuaresistance ¢ during cooldown.

8.2 8,29 8.3 8.35 8.4 8.45 B-.ﬁ“ 8.55 8.6 8.69
1/T [1/K] S

le-B85

1/T" Inverseof temperature
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" ERL 9-cell #3 2nd
Fit{#3 ond)
ERL 9-cell #4 1st

L —nn
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M4.2K

Fit{#d4 1st}

ERL 9-cell #3 ist
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B
X

1/T [1/K]

T

Inverseof temperature

Rsc{BCSesistance):
A Exponentiabependenceon
temperature

Rres(Residuaresistance):

A Weekdependenceon temperature

A Contribution from trapped
magnetic field Ry, ., and
Intrinsic term(R,)

dominant.



Qo-Eacaneasurement

R-2(Tokyo-Denaki FG, single-cell) VT11
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Qo-Eacaneasurements show most basic cavity performance,
maximumEacand Qo.



Pasdhand measurement
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T
pi=node $
8pi/9=-node
7pi/9=node ;é
6pi/9=-node
3pi/9=-node
pi/9=node A
pi=-node{2}

I I I I
] 18 15 28 25 38
EacclHY/n]l at 3 and 7 cell

pi—lnode g
8pi/9-node
7pi/9-node gé

" i i A 6pi/9-node
-‘?‘, = !«ﬂ‘\ﬁ" "’ e x‘(‘?‘x‘k A A AL A ﬂ;i;‘g::zﬂz 2
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5 18 15 28 25 308
EacclH¥/n] at 5 cell

Pass-band measurement help to understand performance of each cells.
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Temperature Chart

Time Range: O 60sec ® Smin O 15min  C 30min O 60) ]

RE Quench
20 30 C,X é -S.\Idz-{'- Shoé.

-
Pt
VYVYVVVVYVYY -

11 (1 i

.

Wmmmm
1 [ 2 | 3 4 [ 5 | s 7 [ &8 [ o 10 | a1 [ 12 [ 13 [ 14 |
Temperature Cable#35 A When quench happen
Carbon résistof o e carbon sensor show
- 377\(3?7) 0.007K
| H - e gt heat spot.
380(380) 0.008K] . . .
) B oo | A Inside cavity will be
i i s, e m | 383(383) 0.008K| . .
0.0 0.0 0.0 0.0 [ X 0.0 0.0 0.0 : :g?‘gg?; ggg?E InveStIgated Iate r.
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More sophisticated cavity diagnostics

o

Array of Si diode for X-ray detection and carbon resistor
for temperature measurement
They will rotate around cavity by using pulse motor



Example of Xay mapping

1e+811 T T T T T
: : : ERL 9-cell S5th{aK}
O- aCC ; ; ; ERL 9-cell 4th{2K}
: : . ERL 9-cell 3rd{2K}
: : : ERL 9-cell 2nd{2K}
[ Aokolotalol - F. ] a : ERL 9-cell 1st{2K}
glSSsevusl 5 s
le+@l1m |- s : .4!. .....  RTITTIe T e i
i i 'p" 5 5
& 2 . , e
let@Bg | R S R RRIERE R RTRTERERe fronnenn e J
1e+808 L
5 18 15 28 25 38

Eacc [HW/nl

Maximum Eacc = 15 ~ 17 MV/m
Eacc was limited by field emission

Large Xay signals were observed
apping system  Result of Xay mapping

80 9
9cell . 8 8-iris
gcell 4 77-8iris
gce:io 6 6-7iris
CEls0 5 5-6iris
50?”‘0 * A-5iris
4celh g 3-4iris
3celb, " 2-3iris tip (f a several 100um
2cely 0 1-2iris a several 10um depth
1cell p

0 50 100 150 200 250 300 350
Degree [Deg]

Array of Si PIN diode
K. Umemori et al., IPAC10, WEPECO030, H. Sakai et al., IPAC10, WEPECO028



location

X—rav and Temperature mapping

Array of Si diode for X-ray detection
and carbon resistor for temperature
measurement

They will rotate around cavity by
using pulse motor

le+011

" ERL9cell #23td
ERL 9cell 2 2nd
ERL 9cell #2 1st

oo | SSEEEEIE0880008 8000
[ ]
_~
1e+009 /'

0 5 10 15 20 25 30

Q
(4

le

tial pi-mode (23MV/m)

SBP iris T T T T T T T T T T T 3 SBPiris T T 1 T T T | S S |
s || X-ray mapping 1] ,.  12ms || Temperature mapping A
236 1 [no data for 1-3 cells] 1| , S s 1l [no data for 1-3 cells]  |f
3-diris "5' 3-diris
4-Siris LS 4% 4-Siris
-oiris 12 SO el
6-7iris 035 E 6-7iris
7-8iris Z-8lkks 200 6cell
8-9iris 0 8-9iris

LBP iris -0.5 LBP iris

0 30 60 90 120 150 180 210 240 270 300 330 360 0 30 60 90 120 150 180 210 240 270 300 330 360

Degree [Deg] Degree [Deg]



Delta T [K]

T-Y' I LIJLIA yhae, @3 MV/m) X-NJ € Y | LdhddeyZ M¥/m)

7-9cell (ch55-ch82) 7-9cel

5.000

7cell $O down part
o E——

55-82)

0.200

\
\

= ;::Z§§;¢ff;.;}3w;Wh
[ —
%u.wu e 2.500 :_J!fﬁq_h____ﬁ—-\_::
et —
= __,_,__.,.-—/_.\‘R,__Nv =
E [
= —_— T o
0.050 1.250
e e e e
e T —— e e T
N e =
0.000 o.o00
30.00 40.00 E0.00 F0.00 30.00 40.00 50.00 70.00

50.00 50.00
Angle3 [deg] Angle3 [deg]

Observed X-ray trace and also temperature rise at same position!

Temperature rise atquenchs | H Ol @A (réce, B2BNR//m ¢ >
EacossDelta T (pmode 2nd) (50deg) (7cell & 8cell)

pi-node {2nd} Eacc we DeltaT {S@deg} (7cell} pi-node {2nd} Eacc vs DeltaT (5@deg} (7cell}
° — o 7cell upl *
- ool el g
4.8 Fcell up3d = 7cell wp3 ¥
Fcell downl 0.08 Fecell douwni
ar Fcell down2 Fecell down2
Fcell down3 Fcell doun3
3.9 ® 4
.| 7cell _ .
2.5 | —
2 e.04 |
2 3
a
s Quench occur at
1 down part of 7cell
8.5
[ ar M /
-8.5 L . L L L a ] 18 15 28 25 38
a 5 18 15 28 25 38

Eacc [HY¥/nl
Eacc [HY/nl

Quench due to field emission was detected



Surface inspection

Cavity surface is investigated by
Inspection camera, at each step of
surface treatment.

Defect free surface iIs desirable

i
Lal
AL
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welding bead




Local grinding
Motor head with abrasive sheet

expand inside cavity and grind surface.

A Defects inside cavity is removed
by local grinding machine.

A Cavity performance recover
after grinding.

Beforegrinding

A

B
fter grinding




