Results of performance test and
error estimation iIn AMTF

T This work was done by many advices from W.-D. Moller and D. Reschke
Yasuchika Yamamoto (DESY/KEK)

¢ The seminar is done in 20/Jan/2015
¥ The slides are updated in 5/Feb/2015

20/Jan/2015 Accelerator Seminar KI rk 1



ADbstract

Performance tests for cavities and modules are on-going In
AMTF for XFEL. In this seminar, the recent results are
presented including the error estimation. Moreover, some
topics, Q. shifting in V.T., performance degradation in
module test, and so on, are discussed.
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Introduction

How much Is systematic error in performance tests at AMTF?
How about validity in performance tests?

How many cavities had the degradation in CM test?

They are also hot issues for the ILC!



Measurement syste min V.T.
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TTF Cavity test

ohlogks diagram

)
h v" Fixed coupler is used (typically, over-coupled)
v" Four cavities per stand
v" Complicated switching circuit is used
v Radiation measurement at the both ends
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Power conservation law In steady state
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Measurement method in V.T.

» First measurement (calibration) point (at lowest gradient)
» P, Is estimated from power balance in steady state (always)
» 1 (decay time) is measured from RF switch off

» Then, every parameter is derived

@ -s0.0my ] C LSO0MSSE |
10k points

» After second measurement points
» Q,., should be constant for every measurement point (assumption)
» Then, every parameter Is derived (t IS not necessary)



Formulas for cavity testing
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Validity check by Q.,, measurement

P.. Is derived from RF switch off

- It depends on cavity and coupler geometry

2
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- p>1 f This 1s effective only for V.T.

e e s Because, B 1s not so high.




LabVIEW program in V. T.

v' B is calculated in four ways
v’ B from power meter is stored

v" Then, Q. is calculated

20/Jan/2015 Accelerator Seminar



Used Data for this analysis

> ttfvertl.desy.de (server)

» [home/ttf/ttfcavity.db/cavity. CAVO00*/test.*/
» [data/[date]ge™*.txt (raw data)
» expCAV00*+01lg.txt (experiment log file)
» Files.txt (brief report, limiting cause, radiation, etc.)
» pwr_corr.cfg (cable calibration)
» RF_state.txt (time stamp for RF switch ON/Off)

A B C D E F G H | J K L M N o] P Q R 5 T U vV
1 Cavity Time Eacc Qo Q load Q ext Qtrans Qhomtop Q hombot P trans P ref Pinc P diss P homtop P hombot beta Rep Rate Dutycyc. fO Temp Tau CP Volt
2 CAV00177 06/10/14; 2.41E+06 2.62E+10 6.16E+09 8.36E+09 2.39E+11 9.87E+12 2.54E+12 2.53E-02 7.42E-02 3.33E-01 2.31E-01 6.12E-04 2.38E-03 2.787012 1.00E+00 50 1.30E+09 1.99E+00 7.54E-01 0.00E+00
3 CAV00177 06/10/14; 4.38E+06 2.81E+10 6.25E+09 8.36E+09 2.39E+11 1.02E+13 2.54E+12 8.35E-02 2.63E-01 1.06E+00 7.09E-01 1.96E-03 7.85E-03 2.97358 1.00E+00 50 1.30E+09 1.99E+00 7.33E-01 0.00E+00
4 CAV00177 06/10/14; 7.77E+06 2.79E+10 6.25E+09 8.37E+09 2.39E+11 1.03E+13 2.54E+12 2.63E-01 8.19E-01 3.37E+00 2.25E+00 6.12E-03 2.47E-02 2.948525 1.00E+00 50 1.30E+09 1.99E+00 7.71E-01 0.00E+00
5 CAV00177 06/10/14; 1.08E+07 2.59F+10 6.15E+09 8.38F+09 2.39F+11 1.03FE+13 2.54F+12 5.05E-01 1.46E+00 6.67FE+00 4.64E+00 1.17E-02 4.73E-02 2.760792 1.00E+00 50 1.30E+09 1.99E+00 7.75E-01 0.00E+00
6 CAV00177 06/10/14; 1.33E+07 2.40E+10 6.02E+09 8.36E+09 2.39E+11 1.03E+13 2.54E+12 7.67E-01 2.05E+00 1.05E+01 7.63E+00 1.78E-02 7.20E-02 2.577763 1.00E+00 50 1.30E+09 1.99E+00 7.46E-01 0.00E+00
7 CAV00177 06/10/14; 1.62E+07 2.18E+10 5.87E+09 8.35E+09 2.39E+11 1.03E+13 2.54E+12 1.15E+00 2.75E+00 1.66E+01 1.25E+01 2.67E-02 1.08E-01 2.372858 1.00E+00 50 1.30E+09 1.99E+00 7.06E-01 0.00E+00
8 CAV00177 06/10/14; 1.93E+07 2.00E+10 5.69E+09 8.26E+09 2.39E+11 1.04E+13 2.54E+12 1.62E+00 3.53E+00 2.47E+01 1.94E+01 3.72E-02 1.53E-01 2.214597 1.00E+00 50 1.30E+09 1.99E+00 6.75E-01 0.00E+00
9 CAV00177 06/10/14; 2.25E+07 1.90E+10 5.53E+09 8.09E+09 2.39E+11 1.04E+13 2.54E+12 2.21E+00 4.69E+00 3.49E+01 2.77E+01 5.05E-02 2.08E-01 2.158184 1.00E+00 50 1.30E+09 1.99E+00 6.56E-01 0.00E+00
10 CAV00177 06/10/14; 2.51FE+07 1.81F+10 5.37E+09 7.91F+09 2.39FE+11 1.04F+13 2.54E+12 2.75FE+00 5.74E+00 4.50E+01 3.62E+01 6.31E-02 2.58E-01 2.110832 1.00E+00 50 1.30E+09 1.99E+00 6.46E-01 0.00E+00
11 CAV00177 06/10/14; 2.81E+07 1.73E+10 5.18E+09 7.67E+09 2.39E+11 1.03E+13 2.53E+12 3.43E+00 7.21E+00 5.85E+01 4.74E+01 7.93E-02 3.24E-01 2.082749 1.00E+00 50 1.30E+09 1.99E+00 6.42E-01 0.00E+00
12 CAV00177 06/10/14; 3.11E+07 1.63E+10 5.00E+09 7.46E+09 2.39E+11 1.03E+13 2.52E+12 4.21E+00 8.66E+00 7.50E+01 6.16E+01 9.78E-02 3.98E-01 2.029428 1.00E+00 50 1.30E+09 1.99E+00 6.49E-01 0.00E+00
13 CAV00177 06/10/14; 3.43E+07 1.52F+10 4.64E+09 6.89F+09 2.39F+11 1.02F+13 2.50E+12 5.12F+00 1.17E+01 9.78F+01 8.04E+01 1.20E-01 4.88E-01 2.058202 1.00E+00 50 1.30E+09 1.99E+00 6.44E-01 0.00E+00
14 CAV00177 06/10/14; 3.76E+07 1.40E+10 4.37E+09 6.55E+09 2.39E+11 1.02E+13 2.51E+12 6.16E+00 1.42E+01 1.26E+02 1.05E+02 1.44E-01 5.87E-01 2.012908 1.00E+00 50 1.30E+09 1.99E+00 6.37E-01 0.00E+00
15 CAV00177 06/10/14; 4.09E+07 1.27E+10 4.09E+09 6.21E+09 2.39E+11 1.02E+13 2.50E+12 7.29E+00 1.62E+01 1.62E+02 1.37E+02 1.70E-01 6.97E-01 1.925663 1.00E+00 50 1.30E+09 1.99E+00 6.32E-01 0.00E+00
16 CAV00177 06/10/14; 4.40E+07 1.13E+10 3.77E+09 5.83E+09 2.39E+11 1.03E+13 2.51E+12 8.46E+00 1.79E+01 2.07E+02 1.79E+02 1.96E-01 8.05E-01 1.832825 1.00E+00 50 1.30E+09 1.99E+00 6.18E-01 0.00E+00
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Analysis tools for this work

» PAW (CERN library)
»very useful tool for complicated analysis

>Text_ d_ata productlon used In PAW PATY
(original files should be modified)

Computng and Networks Divasion




Typical example In V.T. result

Curve ﬂ)r CA Vooo4 9/Test-01 in XFEL

O 1st p(m er rise (QO)
O2nd power rise (Q0)
O3rd power rise (QO0)
A 1st power rise (Qext) |
X 2nd power rise (Qext)|
031 d power r ise (Qext) H

ompans on of O,vs. E

(ILL

1.OE+11

0 |@6é o

o @ &

1.0E+10 --------

Qext : ' ' ' '
If no trouble, the power rise is done a few times as a consistency check.
The constant Q,,; means the valid measurement.
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ltems for error estimation

e Cable calibration parameters
— The distribution should be estimated

e Q. distribution for each V.T.
— Typically, when a cavity Is in the transient state or
B approaches one, something happens



Error estimation In
cable calibration



Error estimation in cable calibration

Content of “pwr_corr.cfg”

XATC1
pwr_corrcfg ¥ ‘ /

Iglobal] - They are separated into XATC1 or XATC2,
521 _ref=-43.47 due to the different cables.

521 trans=-46.27
521 hom1=-36.22

S21 hom2=-36.43 XATC2

After that, every data is accumulated as histogram.
XATC1 has 141 events, and XATC2 has 120 events.
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The max. RMS is 0.1 dB, this means systematic error of £2.5% in power measurement.
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Error estimation In
Q.. distribution



Examples of Good / No Good Q.

Good example (CAV00049, Test-01)

No good example (CAV00108, Test-01)

C mnpanwn 0)‘ ( ),, vs. E,. 3 Curve )‘ar CAV00049/T est—fH in XFEL Comparison of Q,vs. E,.. Curve for CAV00108/Test-01 in XFEL
LOE+11 1L0E+1] —— | — S S S S S—
I I [ J . O l\t pﬂ“ t‘l I l\e {Q‘}} : .................. : :r J: i J: E ....... - - L - - I“ " _I ........
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H H ' ' L . . J
| H i ] 1
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'
..............................................................................................................................................................
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LOE+09 t + + +
0.0E+00  5.0E+06 1.OE+07 L5E+07 E.OEEO?

+ + t LOE+09
EO? ?OE 07  35E+07  4.0E+07 4.5E+07 5.0E+07 0.0E+00

E e [V/m]

5.0E+06  1.0OE+07 L3E+07 2.0E+07 2.5E+07 3.0E407

E(f( & / l//nll

3.5E+07  4.0E+07 4.5E+07  S.0E+07

Almost all V.T.s have constant Q..

But, sometimes, it has No good measurement.
Then, we can evaluate the validity for Q...
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Examples of Good / No Good Q.

Good example (CAV00049, Test-01)

|40‘| II4BI‘
E,. [MV/m]

5k 3 : 1 : : ‘

i e
e A

II43I‘ “50
E, . [MV/m]

acc

=T

20/Jan/2015
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No good example (CAV00108, Test-01)

II]OII - I|25‘I ||30|| “35|I ||40“ ||45|| “50

acc

E [MVim]
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About No Good Q.

e Q. shift at p~1 (Q,,,~Q,) -> Pattern1

e Q. shift by sudden  jump —> Pattern 2



Q.. distribution in CAV00019/Test01

Pattern 1 Cavity#19, Test#1, Error=11.8677%
12 """"""""""" ID -------------- -------- 10600
C ompﬂrmm of ( )(, vs. E . ( nurve for (A V()(}()I Y1 esf-(}f in X FEL - - Entries | s
1.0E+11 Mean | 0.8622E+10
i - Olst pm\u rise (QIJ) """"" 10 RMS 0.1023E+10
| O2nd power rise (Q0) [
i : : : : : A lst power rise (Qext) [
QO ' ' ' ' ' % 2nd power rise (Qext) | U | O O O S S

00 eaen
LOE+10 4o i________l__g_g%@g ; Xx#_______;________i _________ 6
P ] ' 1

%
@
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a
Q '. I : : I ’.‘x """"" é
ext ! i 5 5 5 5 5 4 R

2
o b4 L[
0.0E+00  50E+06 1.0E+07 1.5E+07 2.0E+07 L.'U/?/ 3.0E+07 3.5E+07 4.0E+07 4.5E+07 5.0E+0 0 250 500 750 1000 1250 1500 1750 2000
(J((/ m/

Ol 0

Error = RMS / Mean * 100 = %
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Q.. distribution in CAV00109/Test02

Pattern 2

1.OE+11

Qy

1.0E+10 A

< 1st power rise (Q0)
O2nd power rise (Q0)
O3rd power rise (Q0)
A 1st power rise (Qext)

X 2nd power rise (Qext)r

O3rd power rise (Qext)

Al |

Qe.\‘f

1.0E+09

0.0E+00

S.0E+06 1.0E+07 1.5E+07 2.0E+07 25E+07 3.0E+07 3.5E+07 4.0E+07 4.5E+07 5.0EH

Epec [V/m]

Comparison of Q,vs. E, .. Curve for CAV00109/Test-02 in XFEL ;.

| 12

Cavity#109, Test#2, Error=29.562 %

D 1000
: H H Entries ; 30
- e P L Mg 0:6470E+10--
' ' | RMS (].1;913E+10
10
8, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
6, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, :
20 $+ 7 :
—
0 250 500 750 1000 1250 1500 1750 2000

No reason iIs written down In the experiment log.
Why did Q.. Jump at only last point in the first power rise?
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Q.. distribution in CAV00670/Test01

1.OE+11

Pattern 2

Comparison of Q,vs. E

acc

Curve for CAV00670/Test-01 in XFEL

Q()

1.OE+10 1

1 & 1st power rise (Q0)
1| O2nd power rise (Q0) ||
E O3rd power rise (Q0)
.| + 4th power rise (Q0)
i X Sth power rise (Q0)
'| Alst power rise (Qext) [
j X 2nd power rise (Qext)
'| O3rd power rise (Qext)
|| X 4th power rise (Qext)
i © 5th power rise (Qext)

—————————————————————————————

Q{’.\‘f

1.OE+09

Ey. [V/m]

u t t u t t t } t
0.0E+00  5.0E+06 1.0E+07 1.5E+07 2.0E+07 25E+07 3.0E+07 3.5E+07 4.0E4+07 4.5E+07 5.0EH

Cavity#670, Test#1, Error=39.1543%

40; D : 1000
r Entries | 100
: L Mean | 0.5269E+10
L S e I e R RMS | 0.2063E+10
. 30, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
25-
e | i e e
]5:_ FEUUNUOTNN | USRS TS SO USROS SRRSO SR
]0:_ ........ U | ....................... .
5:_. i Wi ) ....................... .
0 . | | 1 . . | . | . I I |
0 250 500 750 1000 1250 1500 1750 20007
Ol 0

There Is no reason for this phenomenon in the experiment log!
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Examples of Good / No Good Q.

No Good example (CAV00670, Test-01)

10 12 Cavity#670, Test#1

0o 5 10 15 20 25 30 35 40 45 50
E [MV/m]

acc
5 F . . . .

(}HH5HHIOHHJ’5|IHZ()””25H”3GI 35””40””45””50
E  [MV/m]

acc
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Examples of Good / No Good Q.

No Good example (CAV00717, Test-02/-03)

Cavity#717, Test#2 Cavity#717, Test#3

Qc’.r!’ QG.' thns..

UI 5 IJUIIIIIFIIIIL’UIIII_‘FIIIIJUIIIIJ’SIIllc}t’}llII-JSIIIISU {;I 5 IFUIIIIIFIIIIL’UIIII_‘FIIIIJUIIIIJ’SIIII4UIIII-J.SIIIISU
E __[MV/m] E __[MV/m]
20/Jan/2015 Accelerator Seminar
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Q.. distribution in CAV00539/Test01

Cavity#539, Test#1, Error=52.7292%

WOrst case

| i | ID 1419
16, : i | Entries 96

2 S—

Q|

10

| __ ||||||| |

0 1000 2000 3000 4000 I7
x 10 chr

The Q. gradually shifts around higher gradient.
- Pattern 1




Error distribution of Q.

Error distribution of Q_, in AMTF/XATC

50

S
T LI
SIS

QIR

20/Jan/2015

...ID...............é_.............

Entries

| Mean : i

RMS

..........;..........I.OUU...

6081
i 6.322

R

g
o
SRR

X

total # of tests; 804
oo (till 16/Jan/2015)

Mean of error: 6.1%

Error of Q,,, | # of test
0~10% 705
10~20% 65
; 20~30% 21
F“ };‘) - 0-/60 30~40% 9
irror of Q. [%)] 40~50%
50~60% 1
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Calculation of error estimation
for Power, E,.. measurement



Error estimation in V.T.

+2.500

Ocable calibration?

> Ototal

* GQexts +6.1% ,

Error propagation formula

gy
Utotal Y\ cable T GQext

= 6.6% (In power measurement)
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Translation into error for E._..

Eacc — 310\/ PtraQtra

(1£x)2~1+x/2(x<<1)

|

0.066

6. — 3.3%0 (In field measurement)
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Short Summary

v Error in power measurement for V.T.; 6.6%
v'Error in field measurement for V.T.; 3.3%

v'Largest error in Q,,,; 53%
v'95% of every test is within error of 20%



V.T. to CM test

o
Kgbenhavn Klay
i 2 !
, T Y5 e
/ IZREP™ g o Dl
rry ; = F—Et Malmé =
- o e S I
o T LT
s 8 e - KanunuHrpa
@l 5§ e Flensburg L M test HH=28 o
B -z Kiel " " Gdansk
\'L‘F R — — - o] a W o ——
TSy og— =X 0 Kotob! Roszaln
Blackpool  Leeds TN A ” greeg hFoT 7H|F/|.17‘-4
WA s a- A 3 Olszt
AL OZT/ i Hamburg Slam il | [ TIRIT Y Lezey i
Dublin N — W H = o Schwerin Sztzecin 1 P 4
. O Liverpool i o_w ke Groningen FL—A oL £7 BRIz
i She}ffield LT Bregnery Z 5 AR Pla Bydgoszcz
o = Z o
AN Leeuwarden I i;;;\;;l$ e "
o oA Norwich o ) G“ng NyZ75 i zczecinski 7ﬁ —I2b
0] =tk A Wy 4
LR LFAD 9 F stergam Osnariick Haonover S e2 )2 =
o= ; Ipswich IN—4F ¥ Magdeburg— KU 5 L ST . S
(& 1 —JbX A entang®  AS Y L BT © " Potsdam Zielona Gora AT NTAFE
ford =547 ] jdr\ -~ . gl < Kagsz todz
k Y 7 = N (o] <
Card\ff 2 Lonc on 7y T 7’{7 2 = ” Hj
7') T VPR _ 'J}*ﬁ"l:—" Diisseldorf czilg SOve 3 £
Bristol Reading Brugge étl;:élsis Q 4 “J : Wrog{aw F 1R WA
o BT wei? 5 Ao & = K [,7\7 .,_J'b\mc Czestochowa — =F1
— R 9% 2Tk Oprghton el £ fo)
Southampton e . o ; D[,ESdEI'I AM=L “Kie
Plymouth 1) b :F == Gera ’S
2 i Lille £ 27 i/ ﬁh'j»f‘)l HS54H57
ik = Praha “Katowice® Krakow
I eiEeser Il Z Al P\Zoeﬁ o Za0%
H—vi—g I'e'-loawe T A Niirnberg Fx '\ S, b 8 e\ Tarn
s L - Reims o) Ostravz
e—TI—8 W o ~ahkosy “Aod Brno
N Rouen ~AHIWE Wi a s N Q - -
=[] Stuttgart |/l! d =
Sl s Saint—cMalo &l ngOgtadt £ K
Brest 5 + = ul A o U3 17 ZDI\#?
: b2 . S R e Linz 77t ey
Rennes A2 FIbP ey Freiburg im Miinchen e} Bratislava ® -l
HoN— v 0 Le Mans Z Bréisgau o o fiskols
o SRR o] Orléans o) JrlbA r_,_/\"-— o
2al=x F 1 Wi Wels INA N+ o
7 - T4Zay Mulh
Cavity string/module assembly | 5" Drisealon e g o= RU 7 Budgpest _
Q 7T IPI L5,
Besanqon
_“_ O b o3k RFPFIT 100&& ™ 9’1’ sl ﬁ'ﬁo—‘ 0 i B i AR
24 Jb=3 e-Cholet | Poitiers 7 5, y z /IS 12 TTIh L Graz &
La Roche-sur-Yon = ¥:‘-?_ BT — % ©2015 GeoBasis DE/BKG (©2009), Google *l]ﬁi}iﬁ_%{q ’7'54 Jiie—  PIBET 4R 100 km e

20/Jan/2015

Accelerator Seminar

34



Not exchanged ports after last V. T.

-,
— o - - _—
- ~

( pi:k up antanna \  stiffening ring ’ HIDM t:nuplar 1
J'II " - ™ - - kol = — ..ﬂ"'H-
L

Hl o, - - - - - - - Wﬁ

(| HOM coupler ¥ power coupler

F~o_ __-7 115 4
1036 mm

_ 1256 mm _

After last V.T., pick-up and two HOM ports are never exchanged
l

This means the Q values for these ports are still conserved in CM!
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Translation from Q,,, Into K,

In STF, we usually evaluate the change of Q,,, between V.T. and C.T.
But, in DESY, you use K, for the evaluation.

TESLA Cavity Formula
1 —
Eacc — L \/(R/Q)PtraQtra — 3:I"O\/I:)tracgtra — Kt I:)tra
eff

(L., =1.035m,R/Q =1030Q)

- K, =31.0/Q,.



Measurement system In CM test

cavity

cold part

warm part

RF power coupler

v Input coupler changed (port also)
v’ B~1 = B~5000

v Input power increased
v P, ~200W > P;,~300kW

v measurement method
v' long pulse (10sec) = short pulse (1.4msec)  F= =

measurement is difficult, but change of K, (Qy,) Is used mstead

‘ccelérator

A A A RS

v
20/JarvEexits



Measurement method in CM test

» Cable calibration
» Every cable loss is measured by Network Analyzer or TDR

» Low power test using Network Analyzer (4P;,,Q, =P4.Q::)
» Every Q value (Q., Qs Qromstr Qromse) 1S €valuated

» High power test using Klystron .
» Q, Is evaluated again at the pulse end o
I ronmeal s Bl g =

0
-100 i i i
0 500 1000 1500 2000
time
QI=2.3966x1 e6
40 T T

amplitude [M4Am]
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Formulas for module testing
Q, =wr =277

4 )
1 eZT
\ J

(L = 1.035m, R/Q =1030€2,t =1.3msec)

E K, Y’
K — aCC —
VPra e 7 (31 Oj

traQtra — MHom #1, ZQHOM #1.2

acc for




Calibration data at AMTF

v'1 is measured around SMV/m
v'E,.. is calculated using Q, (t 2 «)
v'K, is estimated using E_.

v'Every Q value is derived



Used Data for this analysis

» http://amtfweb2/cavity/index.zul

» Special web site by Polish colleague (W. Mateusz)

€ http://amtfweb2/cavity/index.zu . g‘ Go

Navigation

Main

Vertical

Preparation

Cavities

AMTF Status

Modules

Couplars

20/Jan/2015

Progress Cavities Couplers Calibration Performance Reflection Tuner Spectra Vacuum Cryo

forExport
Module Tests

v KT Pfor EaccXStart Eacc10*2 EaccMax OperGrad XrayMaxG
Xm24 ; o Caviv(Bun MO | W] Mv/m] [MVIm] [MVim] EaceMaxL | ryivim operGradl o cyiming

Position

XM23 PR
Position

XM22 1 1.5 120 2009 0.0 20.85 BD 20.35 BD 2.0E-5

Position

XrayMaxD
[mGy/min]

0.0

Pl B ¥ #i

Comments

processing done with 750+100 us
pulse for 30 minutes; quench limit
for short pulse 23 MV/m

M1~XM20 were tested till 16/Jan/2015

(XM8, 15, 16 and 17 not included)

XM16

4 I
1
Position C2 CAV00129
> FlatTop
XM15 ;
Position 2 156 2460 237 31.0 310 PWR 31.0 XRAY 0.01075
XM14 < n
Position !
XM13 ; > FlatTop
Position
XM12 1 167 1219 1225 20.36 210 BD 2036 XRAY 001467
1
Position
4 I
XM11
Position ! » FlatTop
XM10 ; C3 CAV00120 2 167 191 1209 205 210 BD 205 XRAY 001334
Position
4 I
XM9 ;
Position » FlatTop
AME 1 3 166 1042 1186 20.51 2075 BD 2021 BD 0.013
Position n
4 1 » < LiL}

Accelerator Seminar

3.6E-5

12E-4

1.0E4

1.0E4

Short pulse for processing (45
min), BD on 22.3 MV/m

short pulse processing; BD on
Eacc = 22 3MVim

OF

Kar

Dat

Agr
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http://amtfweb2/cavity/index.zul

Comparison of Max./Operational E,.. for CM

Comparison of Max. and Operational Gradient for CM test at AMTF
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CM test should be stopped at 31.0 MV/m by the available power limit!
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Comparison of Max. E,.. between V.T. and C.T.

Comparison of Max. Gradient between V.T. and C.T. at AMTF
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Comparison of Max. E,.. between V.T. and C.T.

Comparison of Max. Gradient between V.T. and C.T. at AMTF

&

Q..

CM test should be stopped at 31.0 MV/m by the available power limit!

QL
0%
RPN
o
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<o
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45.0

40.0

10.0 -

5.0 1

0.0

Performance of each Cryomodule In AMTF

CM test should be stopped at 31 0 MV/m by the avallable power I|m|tI

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Cr}--’omodule # CAV00174 not included

20



omparison o

Change of Max. Field (AE,..) from V.T. to C.T.
C

fAE, .. between V.T. and C.T.

L i i e B

5

46

1o

Average;

-4.AMV/m

CAV00174 not included

| (-12.7%)

L

o
—
=
X
C A

20 |---

[/ AN L A- LD 12 "V

Accelerator Seminar
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Correlation of I% both V.T. and C.T.

Comparison of

- . between V. T. and C.T.
22E+07 A
2. 0E+07 -

1.8E+07 A

* 1.6E+07 -

at Crvomodule Test

+ 1.4E+07 -

K

1.2E+07 A

1.0E+07 = : : : : : :
1.0E+07 1.2E+07 1 45407 1.6E+07 1.8E+07 2 0E+07 2 2E+07 2 4E+07

K, at Vertical Test
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Comparison of AK, between V.T. and C.T.
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Accelerator Seminar

48

20/Jan/2015



Distribution of AK,

Summary of Cryomodule test at XATB/AMTF

m 2000
127

RMS 5.598

X/ ndf 6653 / 11

125 |

MEN— | T — Gausslan;

25 _/ ...................... ' \\ G = 6 1%

ICr BT +2s3e eleleTelele statatata’ L B

0_|||| I““Th-_liJJJ

-30 -20 -10 0 10 20 | 30
AK, (CT/VT-1)x100 [%]

Mean value is nearly 0. - Good
Gaussian-like distribution = Good
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,',',‘: Calibration of Q;, Quom1s Quom?

Cavity L Qy Q. (VT) ,error Q nom Q Hom?
| |

1. C1/AES-004 ,6.01 x10"" 5.9 x10" 1 +2% 6.08x10" 2.25x10"
2. C2/ACC-011 ,2.48 x10"? 2.8 x10"? '-13% 9.45x10"? 4.36 x10"
3. C3/z108 | 2.43x1 0" 1.9 x10" 1+22% 9.23 x1 0" 2.06 x10"°
4. C4/Z2-109 | 3.53x10"" 4.0 x10™ :-1 3% 4.93x10' 7.22x10™

| |
5. A1/MHI-05 : 2.39x10"" 2.2 x10" :+ 8% 1.90x10" 3.99 x10"3
6. A2/MHI-06 : 2.83x10"" 3.4 x10" : -20% 1.53x10" 6.42 x10"3
7. A3/MHI-07 : 2.31x10"" 2.6 x10"" : -13% 9.27 x10"'? 6.09 x10'?
8. A4IMHI-09 ' 2.50x10"" 1.8x10''1428% 9.96x10' 8.04x10™3
errorof Q= -20/+28 %
Qrom1 > Qromz > 1 x10'%, OK
010y 07 S1-G @ STF meeting 50

Global Design Effort




Comparison between AE_ .. and AK,

Compal ison of Max. Gl adient between V.T. and C.T. at AMTF

20.0
34 cavities degraded within 127 cavities J:" e g
100 |f------=---- R e - +:f-f--;,-x-’-'--
ey o: 0 : :’,.»"
e : : l ]
\i 00 ____o_ ______ Lo e e % e e A — — - [ .e J.________’.,.S_
| 10 ! | -~
= o 0 ' o '% ! | (,”
@ 1 1 I”
-_ R « IR0, YAk S P S ¥
w7100 | D |
v : : :
= 200 |f---------- Pom oo EREEEEEEE R RRREEEEE
> : :
S— . 1
H. 300 boooooo- +1lo of K, dlstrlbutlon b ]
o f T CAV00174 ot included
MH 400 _:,_f_’ _______ 1:._::,4"_’__;;4:.»_’___: _____ J:. ___________
<
—500 '_::’J::__"_—f:'::__:,_f_’::__:_'_'____ _____'_'____________'____________'_'___________: ___________
T T ' | This is the unknown region for the degradation. |
2600 -~ 27 A 1 1 1 1 1
-60.0 -50.0 -40.0 -30.0 -20.0 -10.0 0.0 10.0 20.0
E,. (C.T./V.T.-1)x100 [%]
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Summary of error estimation

Power Field

measurement = measurement
Only V.T. 6.6% 3.3%
V.T.2> C.T. 12.6% 6.1%
Summed error 14.2% 6.9%

T These errors show the average number (1) for each condition.
1o includes 68.3%, and 3¢ includes 99.7% for normal distribution.

20/Jan/2015

Accelerator Seminar
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Summary

= Data analysis for V.T./CM test is done with
error estimation

= Error in power measurement in AMTF; 14.2%
= Error In field measurement in AMTF; 6.9%

= Largest error of Q. In V. T. IS 53%

= 34 of 127 cavities degraded beyond K, error



For more detailed analysis

o Cable calibration parameters in CM test

* Q, check in low / high power tests in CM test
— should be added 1n systematic error
— Error region would be wider

» Afl 5 V.S. E,..2 as a consistency check

aCC



Summary of S1-Global

Al A2 A3 Ad Cl C2 C3 C4
MHI#5 | MHI#6 | MHI#7 | MHI#9 | AES#4 | ACC#11 | ZANON | ZANON
#108 #109
Gradient | 28.0 34.2 31.7 23.3 217.2 22.0 18.0 29.2
[MV/m] (31.5) (28.5)
Afneg | 436 710 558 399 708 478 440 1003
(total)
[Hz]
Ay | 353 527 427 219 372 248 195 451
(rise-up)
[Hz]
Ay | 83 183 131 180 336 230 245 552
(only flat-top)
[HZ]
QL 2.55 2.50 2.42 2.31 2.32 2.34 2.37 2.43
(High Power)
[X10°]
QL 2.41 2.41 2.40 2.41 2.40 2.40 2.41 2.40
(Low Power)
07
Average 100 100 100 100 100 100 100 100

2(pulsesh

AC

celerator Semi

nar




Comparison of LFD (full-pulse) in S1-Global

mparison of detuning frequency (full-pulse) @S1-Global

1 1 1 1
| 1 1
1 | 1 1
| | 1 1
| | 1 1
| | 1 1
| | 1 1
1 () 1 1 1
| | 1 1
|||||||| N e 1
| 1 | 1 1
| v | 1 1
| | 1 1
=t
| | | 1 1
1 m.,/_ | | 1 1
| | 1 1
1 o | 1 1
1 = 1 1 1
1 __ 1 1 1 1
||||||||| - - ||WM|L| - R [N (I B
1 1 1 1 1
I Q) I | |
| | | 1 1
| | | 1 1
| | | 1 1
| | | h 1 1
| | h 1 1 1
1 | /_ % 1 1
IR 2 N-_ O H L
||||| o W T TN T TT 0 AN ==
=) | | | I 1 1
| | 1 1
o | | I e 1 1
| | | 1 1
| | | 1 1
_,. 1 _nv/m | 1 1
I~ | 1 1
1 | 1 1
IIIIIII . | I e i Iz.ll._.IIIIIIII._.
1 . 1 : 1 1
| 1 1
| N ! !
| e A | _,._wdA 1 1
| | | 1
| (] o0 ) 1
1 1 e [~ _/___ ) 1
I (- : \ Moo
||||||||| I ). S N ¥ I~ N | V. S s B
1 1 — 1 TV T
1 1 1S I 1 Yo
| | | = = 1
| | | 1
| | o -l 1
1 1 N N\ 1 L W=
| | 1 \ 1
| | 1 1 1
| | | 1 1
||||||||| U [ [ R N R - L
| | 1 1
| | | 1 1
| | |
| | |
| | |
1 1 1
o0 O (@) o]
o o = =
] p— p— —
I .|...z.. = = .|...z..
tEfvnoravsRarn =&
OO o F o OF O
EERREEEEEPREEEER
ANNeZ2222<N2 22 AN
oco<axxo+ 1 ||| ||| ]]

Co
1200

| |
EEIOOO 1

| (ssnd-[ny) A

o= o o
o o o

ouanbaiy Surunyop

1000 1200 1400 1600

800

Field? [MV/m]?

Accelerator Seminar

200

56

20/Jan/2015



Thank you very much for your attention
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Back-up slides



V.T. results with No GOOD Q.

Cavity # Test # Error of Q,,, [%] Max. E,.. [MV/m] Pattern
AQ.,; > 50% (1 event)
CAV00539 Test 01 51.6 34.9 1
AQ.,; = 30 ~ 50% (12 events)
CAV00021 Test 01 30.4 34.4 2
CAV00056 Test 02 30.2 38.3 2
CAV00123 Test 03 35.9 37.5 2
CAV00123 Test 04 36.1 34.6 2
CAV00183 Test 01 48.9 29.9 2
CAV00518 Test 02 34.2 23.4 1
CAV00531 Test 01 36.3 31.8 1
CAV00534 Test 01 37.3 30.3 1
CAV00538 Test 01 43.3 3.3 1
CAV00539 Test 02 34.0 33.0 2
CAV00540 Test 01 31.0 34.8 1
CAV00552 Test 01 37.9 25.1 1
CAV00670 Test 01 39.2 35.3 2
CAV00691 Test 01 45.5 30.7 2
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V.T. results with No GOOD Q.

Cavity # Test # Error of Q. [%] Max. E,.. [MV/m] Pattern
AQ.,; = 20 ~ 30% (21 events)
CAV00048 Test 01 24.5 37.3 1&2
CAV00063 Test 01 27.7 37.6 2
CAV00074 Test 01 25.3 36.3 1&2
CAV00080 Test 01 23.9 15.1 1&2
CAV00108 Test 02 24.3 6.1 1
CAV00109 Test 02 29.6 35.0 2
CAV00121 Test 02 29.4 37.6 1&2
CAV00134 Test 01 24.7 8.9 1
CAV00167 Test 01 21.2 29.7 1
CAV00201 Test 01 21.9 1.5 1
CAV00509 Test 02 23.5 8.8 1
CAV00514 Test 01 24.2 33.1 1
CAV00515 Test 02 25.0 27.3 2
CAV00524 Test 01 25.5 29.3 1
CAV00529 Test 01 28.8 32.3 1
CAV00530 Test 01 20.6 32.1 1
07Jan/2015 Accelerator Seminar 60



V.T. results with No GOOD Q.

Cavity # Test # Error of Q,,, [%] Max. E,.. [MV/m] Pattern
CAV00533 Test 01 20.6 21.9 1&2
CAV00588 Test 01 20.4 19.4 1&2
CAV00644 Test 01 28.6 28.4 1
CAV00664 Test 01 25.6 5.6 1
CAV00755 Test 01 21.3 34.6 1&2
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Comparison of K, between V.T. and C.T.
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Correlation of Q,,, both V.T. and C.T.
rison o

f Q... between V.T. and C.T.
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Comparison of AQ,,, between V.T. and C.T.
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Comparison of Q,,, between V.T. and C.T.

Comparison of AQ,,. . between V.T. and C.T.
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Distribution of AQ;,,

Summary of Cryomodule test at XATB/AMTF
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Data analysis for radiation level
with geometry check in CM



Radiation/Dark-current monitor in XATB
v'Radiation monitor

v'Measured at the both ends of CM

v different distance from each end cavity
v'quadrupole/BPM system, different refrigerator part

v'Dark current monitor
v'Not available yet (calibration is necessary?)

v If available, be able to estimate the max. energy
from the energy spectrum, and translate into the
max. gradient for each cavity



Radiation level at XATB/AMTF

GUN side DUMP side
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Radiation level at XATB/AMTF

Radiation level in Cryomodule test at XATB/AMTF
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Result with “true” error bar



Comparison between AE_ .. and AK,

Comparison of Max. Gradient between V.T. and C.T. at AMTF
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Error estimation formula

_____

_ 2
V.1.| Ototal = : + o cable T 00,

1

|
| each cable Is different!

l

] 2
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