Superconducting Accelerating Module Tests at DESY

European

XFE
rAbstract

D.Kostin, W.-D.Moeller, A.Goessel, K.Jensch, Deutsches Elektronen-Synchrotron, DESY, Notkestrasse 85, 22607 Hamburg, Germany.

. _ pre-tuned (customized) RF power distribution nodes
PXF E L 1 FLASH 30MV/m Cavity tests:

XFEL goal Bl Vertical (CW)
_ _ . . . . B Horizontal (10Hz)
The 9-cell TESLA type superconducting cavity based Green line Is proposed tailored binary [ CMTB M8 (10Hz2)
. : non-equal RF power distribution. BN CMTB  (10H2)
q P
accelerating module I1s one of the key elements of the ] o
successfully operating FLASH linear accelerator at DESY 40- I:I;; @- I %
as well as of the XFEL. The next FLASH 1.2 GeV upgrade 35 4 > © i7
and new XFEL prototype modules have been assembled — i@ - u B I I I N g ] A
and tested on Cryo Module Test Bench (CMTB) at DESY. § ] é - | | o e
25 1 57 | Figure 5. Non-equal binary RF power distribution planned for the XFEL
> i 04/ . //.
9 ”0 i (V.Katalev, DESY)
| | | | : 57 53 . . e . . .
Lot | PXFELL cavities i PXFELL cavities 10 - g Table 1. XFEL cavities production statistics simulation: total accelerating
j< B i et : I : s voltage differences with different cavities storage/distribution approaches.
I - | g : "
10" ertical test: W Slak ™ - E?/ E‘? . . . .
] o p K. j 0 = = = D —— simulated number of cavities in production 32 64 | 240
o° ] 2 nows o | 1-AC129 2-AC123 3-AC125 4-7143 5-7103 6-Z93 7-Z100 8-AC113 ——— ——
| |3+ Aci2s cavity 13.07.2009 not sorted cavities with equal RF power distribution vs.
M — maximum possible gradient (cavities voltage sum)
6 m | L | |8 2o Figure 3. PXFEL1 module cavities performance. - absolute accelerating voltage loss
e 0 IR A I e not sorted cavities with binary non-equal WG RF power
ol I " - i Module PXFEL1l MTS: S OVIES < e _
s 0 5 I SR 10— PXFEL1L Cavities Field Emission FE start | distribution (cavities sorted within module) vs. maximum
. E oo IMV/M] >n§a)>( ;2; d:“g%’t/ min possible gradient (cavities voltage sum)
10%] [ PXFELL caviies. //‘ [ Ll L 303005 - absolute accelerating voltage loss
] ] cavities . .
f /2" + 107 40': Z sorted (stored) cavities with equal RF power distribution vs.
E10‘1§ // — 35 ; - maximum possible gradient (cavities voltage sum)
E ] Neroe // £ g0 ] 2 - absolute accelerating voltage loss
O, A2 e An O 73 % " : :
%10 § 28132 // / % ! 30 4 7 g g sorted (stored) cavities with binary non-equal WG RF power
g ] |4~z & 403 ; 2 distribution (cavities sorted within module) vs. maximum
_ ® 10 : -
x103; o 73 ! S Horzonta st ‘= 254 W o g possible gradient (cavities voltage sum)
N A / » 8 ACH3 ; N 5 i \ - absolute accelerating voltage loss
e (T =, 20 " »
0 5 10 15 _ 235 30 I 40 20 25 e 0 35 A g N unsorted cavities vs. sqrtgd (gtored) cavities modules cavities sorted
_ _ N L 15 with equal RF power distribution
Figure 1. Module PXFEL1 single cavities tests results. ! - relative accelerating voltage loss without sorting the cavities - 6 YEEL cavit et
- igure 6. cavities production
10 - iti iti - . . .
unsort_ed cavities vs. sorted (stored) cqwﬂ_es | statistics  simulation: 64 cavities,
; with binary non-equal WG RF power distribution independent random numbers from a
_ ] (cavities sorted within module) N .
Flat-top pulse 500+800pus operation at 10 Hz i . . . . . . . . - relative accelerating voltage loss without sorting the cavities normal dIStI’Ibutlon V.Vlth mean 27 MV/m
=0 0 and standard deviation of 5.
=, | 110 He /3 P = cavity 1-AC129 2-AC123 3-AC125 4-7143 5-7103 6-293 7-2100 8-AC113
0 %6 10"
d / I PXFEL1 single cavities radiation atE__ XTaYS,
E 4 / : cavities 1..4 tested in vertical cryostat before module assembly (V) | RZ2VIHIM test
T O? 1 cavities 5,6,7 were in the module 8 at the same positions (M) B MTS.Gun
X - _cavity 8 tested in horizontal cryostat before module assembly (H) MMTS.Dump
& — - S
5 - ummary
= v 13.07.2009
] i 77 ) R
= -1 7 . . . .
gl 1 e 10 - é First XFEL prototype module PXFEL1 was assembled in team-work with XFEL Cold Linac
w0 e w2 0 B A 2 - ] N H Partners (IHEP/Beijing, CEA-IRFU/Saclay, IN2P3-LAL/Orsay, INFN/Milano, CIEMAT/Madrid, DESY)
. e CRE A U J . - s - " -
s N o - at DESY using 3 cavities from disassembled module 8, 5 cavities from the new production and
101110 1 310 é é % é % cold-mass from IHEP/China.
ol e 3 Sk B 7 . .
/\i\ BRI ) E ; Z Z é Z Z Module was successfully tested on the Cryo Module Test Bench: cavities gradients from 27 to
== ol =10 0 . 7 : : - : -
- \ 'M £ 1073 >10" - é é % : é é 36 MV/m reached, module operation with average gradient of 30 MV/m using tailored RF power
N g IV 7 o i i % tribution i i
o o < 10* Z é é é é é Deriving from the statistical study, storage and gradient based sorting of the cavities before
o0 107 Gun . 33 K | S35 2 : : : : . : :
E::U £ 10 #- X g é é é é é assembly to the module with equal RF power distribution limited by the worst cavity gives about
. e T HEEEEEES Innman N . ] é é é é | é 20% of total accelerating voltage increase, but if the tailored binary non-equal RF power
10 Y v o 3 107 VL il il i Gl il il b distribution is used the increase because of storing/sorting of cavities is about 3 %.
cavity 1-AC129 2-AC123 3-AC125 4-7143 5-Z103 6-293 7-Z100 8-AC113
Figure 2. PXFEL1 module test results (equal RF power distribution). Figure 4. Module PXFEL1 gamma radiation measured at both ends.
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