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H{nE 22 (Nb/Cu clad cavity)
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Pickup coupler
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A Z RF Input Coupler

Bellows

Antenna\‘ /
Metal valve BHCHE S AR —

Sliding =Y
support ‘
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N-connector

Variable input coupler for the vertical test in KEK

11-13/May/2011 HAMBRFRESRER/—H 364
K.Saito 2011



Theory of Measurement

Pulse method

P (t)=P, exp(—Q—t)
L
B _k/m =2nf, Qr : Loaded Q

One- port t—0 Decatime : z,,

' 1
l? P (71/2) = P =P, exp(— 71/2)
Q.
27 f
In(2)=<2"+
B 112 1/2
QL — 2751: ln(2) QL
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One-Port Cavity

oU .
Qo = P 12
lOSSmU oU P, - BIEE
Qp = P, (for one port) p
l)loss T Pe Ploss (]_ + ) ro
l)loss
E"’ﬁ QL’ Bin

%m 534 D EH B / 1

, PrOD RO o b |_
1+ P/ d ;=.'I'§Z Qo
= (over > 1/ under <1) T
Pin= l)loss — ’ Ry :Q_
1n 0




Two-Port Cavity

Bl 8>2 %
Pioss = Pross T Pt
. i S % oU oU
/r\ [__ \_ QO: * :P _|_P
\ loss loss t
N ~ oU
P, A 7EA]
l)loss 1+
. loss é]
R5E ] p
_ & s By = t
| (1+B) Ploss
> = (14B})QL
o
Bin = — (over > 1/ under <1)
17 ly
T 1)in
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Qo =(1%f3t)
Qo =(1+Bin) "(1+By) QL

=+ +Bo B +B. QL

=1 +Bi, TB) QL By =(1+B) By,

oU oU  oU/ P

Q,= ’ Qt
0 1)loss Pt Pt / 1)loss

OU =Q, - Ploss =Q¢ - Py

=(1+B) QL

B¢ Qo

EEIREE -h=const <= U const
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MEREBRDEEHE

© V= Eace "defr

R = :
sh
I loss

- (Eacc .deff )2

Eace = : Y Rey Plogs = : 'J(RS%O)'(QO Ploss )

d eff d eff
=Z'JQO .Ploss
=Z+4Q¢ Py
.. OU Q, Py
Q¢ = = s Qo "Pross = Q¢ Pt
Py Py
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Summary:

Measured parameters:

/ QL =27Cft1 /2/ ln(Z)

£, Ty —>

P.

1%

(EHIREE : CW)

Eacc= Z yP¢ Qq,

Pr, Pt—V

<

[P
B. % — I:)IN

17 |2

PIN

PlOSS=Pin —-P.—P,
B t=Pt/ 1)loss
Q=Qo/ Bt
Bin=(1+B t) B in*

QO=(1+Bin+Bt) QL

N

Qo

Q0=QtBt
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Cable Correction

P, 5P, sP, : measured in the measurement room
P,.P;.P; : Power at the cavity (cooled), P =c, -p,., Pr=c¢ p,. P,=c,p,

RF Amp. C D

Directional coupler

Circulator 7/‘
Pin»  PoatA,
m I D K p,: short A

P ¢ connect B to A
Po/Pins Po/Pr Po/Py

—_—

Py’ at E : connect A and C

and short D

| Pjp” at E : connect D to A’

P at E : connect D to B’

P
PIN - Cill=(p0lpill) * (pin’/p()“)”2
o o

* Cr=( Polpl.) o P(),/pln’)m
C=(Po/py) - (Po’lp)"”

P v

Px=¢jn P
Pr= ¢ Py
P,= ¢ Py
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Feed Back System

Powa ANP Gredaar
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JE TS [m) a2

£ DBIFE{ENI S —T JLcorrection factor
Cin, Cr, CtZEtE &,

I. Cable correction

Cable correction measurement
Pi,=95.5uUW, p,=50.0mW,

P=10.72uW, p;=3.04mW 11Z5% 3B B (£1300MHz= A T 2R D

A42KTHDHIEFRRTHSH, LTKDHT-Cable
correction factor&EZ NS DAITEMNS .
Bin*aploss’ Bin’ Bt’ QL’Qin’Qo’ Qtv Rsv
Eacc,Ep,Hp
FETE K

Po’ =39.0mW, p;,"=22.6mW
Py =27.9mW

II. Calculation of Qo and Eacc

Measured power and decay time
f=1303.590529 MHz

Tin= 23.6 msec
Coupling: over

Pip = 3.11 mW,
p,=192 nW,
p=0.142 mW

He pressure = 758.1 torr
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SafOAIER Qo-Eacc curve

® JL-1Qo(1.95K)
Qo _..omw
o0 ¢ ° o
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Temperature(K)

BN )LDBEE Pvs. T

| —©— Temperature(K) I

4.25 K=760 Torr

A-point :
2.1773K =38.41 Torr

2K =23.77 Torr

LHe-T(K).d
y O
oo T
52/
a/\
9‘/43/\/
o
ST
Wox
5/
y = m1+m2+¥M0"m3
fi& I5—
m1 0.79588 0011111
m2 0.46085 0.0082503
m3 0.30163 0.0023609
HhA2F 0.0070631 NA
0.99992 NA
200 400 600 800

He Gas Pressure [Torr]
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Efficiency of superconducting RF cavity

Efficiency of liquid He : n 2K operation Tl n &, 4.2K®D
T
3007 | tech LAL. QEA—HTLAEDT,
T= 425K, 0 = 0.0142, 4.2K operationd&kY) Hgain ' 3F LA D,
Meen =02~ 03=0.2 . —hhi, 2K operation|Z§ 5 —DONEH,
Mg = 0.0142 7 020 =2.80 1073 = e
nAC _ Pp
ESITAN 15%357=535.5W=0,54 KW
CW operation @ 4.2K for S(x SC cavity | NC cavity
Qo \ 2x10° a0t A [
RIQ(Q/m), rf frequency S00MHz \ 330 P
Ploss/L(W/m) for Eacc=1MV/m \ 1.5 // 56,000
AC power(KW/m) forEacc=1MV/m \ 035‘4') 112
AC power(KW/m) for Eacc=5MV/m <ES 13.5 2,80 Super(ZNormal®2004%
Efficiency(%)@5MV/m&CW operation \ < (4.2K)~600f52K)RFA R
with 10mA beam ( Klystron +Ploss) 44 1.7 EHRLY

11-13/May/2011 RAYMEBXZERETESR/— 380
K.Saito 2011



it n LD B

COMIEEE X THEER, |
ETEREEAE B &, #5-1 WEOBREFNY
He n-H, N, 0,
SFE 4.003 2.016 28.013 32.00
B (KEE) (K] 4.22 20.39 77.35 90.19
AR IRE 5.20 33.19 126.2 154.6
EH MPa 0.227 1.32 3.40 5.04
ZEA  mE (K] 2.18 13.96 63.15 54.36
Eh kPa 5.04 7.20 12.5 0.146
wWE W A kegn N 0.125 0.0708 0.809 1.14
AR (B R) (kg/l \ 0.0169 0.0133 0.0046 0.0045
14 (300K, K&E) [kg/m’] 0.1625 0.0819 1.139 1.301
HA (B00K) &iEfhe DEiklL Q 864 710 876
TN kg | (204) 452 @, 212
(#5) wi/m L7 255 31.7 161 243
i AEAS (BBE»5300KET) 1543 3510 234 193
CAVFINVELRN 5§ 193 249 189 220
WA (B%k AR R WSk 75.6 7.8 1.18 0.91

AN LORRBREREZED10, AY LI EEEED10EERELEL,
1WRDRBNH D, BEAN)DLIT1.41 L hrikFHT S,
EEREEI. ChERDEE &,




2K BRA ) L5 E B (CEBAF)

/,,--//#m'\‘\
X
( Gas Storage [‘ B TTTTTTTTT] Serew Compressors
\ 4 D._ l/ | B T
"“‘-"r'—‘// [ IR
. o= v L I
bl D_,,?y_ 5% e 13 12 li 4,3,2 i
ER-] oS~ S T
f"'[>‘-‘ b ':EE 10 f : e " 1st stage
] H . He-T / Wet expansion warm compression
i e Rl / T
. | Ll 1 6.7
Purifier " Z 2 1 == =001 4.5 2nd satge
! =g| 23 12 ! b= | _JT _s<— Critical point warm compression
i bEl bE 1 - exp. 227522 K, 2.3 atm)~yr 4
" 1 £l i LNZ Precooler (3 P;_—: +'s 25 .
i : bnad i 1
g I ] ] 1 |t o, : :
= : i g% C)smc Oil Remov el N 2 T2 =
g ! F497 g L = i T
S ZX 1 axs [ ,4| | 7] - L dl“‘ W‘.‘)th cold compressuon .
' - 3 s ! T
E Return from 40 K shield 25 s : 8 2 /—2 ;
3 e Mt I : (- = B » 4th cold compressaon
u i u [ 25 ] &\ \.ix Aoapor; p - |
<] o e N—T 0.1 il fe : 3rd cold compnessnon
to 40K shield uxa[£_ = 2 | | 5 AR
i A — He-IT: = e S m‘ =
1 Hxs[=_ = = | i o AT 2 1T 2nd co compressnon
| 91 \ ey | 8\(‘5.....()---’('J N, ! .
1 - = Zz R 20
| uxe (3 £ [eal T, 19 Ist cold cpmpress:on
| /2 i: h \l’—'_ i P
' Q) 20K Purifier 0.01 Eil : : i i i
| i3 1 1
L aEE @iﬂ 10 100
= i
s I Hxs [ ) : Temperature [K]
3 1 7 I w
= ! 4 1 H
2 T % i 23 g
3 L __molE sl HE 3
22
: _ . 5 S Cold compressor
AL ey > = =
= . = = N
—~ Zoki-gal Dewar = 1 © ~AT jj lml ~E O
-~ = Qewnra:nd Pump <} Subcooler '?; L/ n :L \He Z I l% ;m A Y
F”:L':,-‘.;'ﬁ"_“m ;E [
Standard Helium Refcigerator System g 20 :E F J— j] '_ __a_
=3 m el vy [ = = | Subatomspheric Subcooler. JLISZ i hE o
Subatomspheric System 77
IHe Gas Yeturn /9 -

J\JT valve

[3“‘[‘ [

' Superconducting LINAC .



L

BN La(He- 1) DHEE

10
A" (1.76k,3.0kpa)
1 R
= Critical
- .
w
=
-
Zz 01}
S
0.01
0.co2

-

Temperature [K]

“L-point L T DR E RIS THRIRENMRREIZE S, He-ll
‘He-IITIFREENLZLEEY  R/—1)—H%F T,
‘He-NITIX, RIADEEEFENELIIEKT S,

& (IK;R) D 1001,
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EBOE=OIZKHELGHERRTOBREXREBEL N,

EEHBARE

IW1hrDHEBATERFE T HREAN) DL (ZZTIK A 2KOEZEEEFED) (£,
w=1.41¢,
Z 1 [E300K-normal volumelZ#aE 35 &,
V=1.41 x 769 =1084.29¢=1.08429 m3,
WHNBGAYSYH LOHESEEL.
Q=1084.29/60 =18.07 &/min & 5L \[%0.301¢.sec,
ERICIISSIZAVF IR REEETLILELNDH D,
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Normal Core  Magnetic Field Lines HIENEFEETHARETHAENEINS L., BInEIRRE
P [Z7EoT-B% ., M FRIEFTRIGHA NSV TESh,

RYFF<,

— D, Flux@DcoreD &5 HinormallZ75 5,

Hext
Rs(Hext)= Rn ) H :)((T)
C

Superconductor Supercurrents

L@
Ry =4—
: 260

— Hext
R<(H -
s(Flext) RRR-6(300K) Hg)

H ext
R, (300K )-
n ) YRRR -H(T,RRR)

= Ro(T,RRR)- Hext B

— &2, RELEEHAMELMZEE . Frozen flux trapping effectld /&L,
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He: at 2K[Gauss]
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3 EAMUEEE RN R
N A Ro=3.1493 * RRR %
25— 2K et
S . Ro calculated
m KEK
2 A CEBAF
Ro . @® Saclay
1.5
1
0.5 iz, -
Ly St a—
0
1 10 10* 10° 10
RRR

Frozen flux trapping X 5K[Z[XRRRD B WA THZEFEIENEZFELLY,
Bl Z [E. RRR=500TILRRR=100DHFE D F 5,
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6. Summary

- BEREZROMERAEZEETRL .

o BIZEZERTIX. QENBLNDTNILRAZEIZEYQIER
iTE5 95,

o ZERMEREAIEIZIE. HT HEI0OWDRFY—ATEREY
Bo BIAEAN)Y LTHEANTH2LEIIHHH. HRERITE R
BIXEEEIFERZLHABIIFTE,

o BIEEZROBKHE. HIEMIZTAS.
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