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The meeting on “Cold- and beam test of the first Nb Superstructure prototypes”
February 25 and 26 in Seminar Room 292, Building Id.

February 25,2002

Talks on the test crycmodule components (Convener: D. Proch)

9:15 A. Matheisen “Status of the test cryocmodule: short overview of ‘1
components and preparation of final assembly”

9:30 R. Lange “Schedule of the cryomodule assembly”
9:45 R. Lange “"Cold test of new tuner” ’1"
10:00 J. Sekutowicz “Summary of RF measurements at rcom temperature” 3-6

10:30 Coffae break

Talks on the test program (Conveners: H. Schlarb/M, Huening)

10:50 J. Sekutowicz “Preliminary program of the cold test, what do we like to qs
measure 27

11:10 M. Huening “Zhort summary of the HOM experiments in TTF linac” CG
11:25 N. Baboi “"What can we improve in HOM measurements 77 B“I
11:40 M. Ferrario “Estimation of bunch-to-bunch energy variation in TTF C)G

linac with two superstructures and standard cryomodule”

11:55 H. Schiarb “Limits in energy measurements at the injector region 402.-
and at the end of linac”

12:10 §. Simrock “Limits in the amplitude and phase control for 2x7-cell AL
superstructure and for standard cryomodule at 2MV/m and

15 MV/m cperation”
12:30 Lunch

Talks on the TTF linac preparation{Conveners: P. Castro/S. Schreiber)

13:30 P. Castro “Proposed re-arrangement of 1TF linac for the beam test of /L3C)
superstructures”

13:45 S. Schreiber “Injector: stability of charge at operation at 1 MHz and at-ﬂzﬂs
54 MHz"

14:00 S. Choroba “RF power distribution system for the test cryomodule and 44”0

1* cryomodule at ACCZ2 position”

14:15 M. Wendt “BPMs, electronics and automatic data read-out for the HOM ’lus;
experiment and for the FM experiment”

14:30 Coffee break

14:50 K. Rehlich “"Diagnostics: re-arrangement for the beam test of /1EKD
superstructure”

15:05 H. Schlarb “"Interlock re-arrangement for the test” 46.).

15:20-16:00 Discussion on: Other technical aspects of the test

February 26,2002

9:00- 12:00 Discussion on : Other technical aspects of the test,
schedule, manpower and AOCB.
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A. Matheisen

“Status of the test cryomodule: short
overview of components and preparation of

final assembly”
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R. Lange

“"Schedule of the cryomodule assembly”
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Status :22-Feb~02 Jensch/Lange ~MKS1-

Time—Schedule for Superstructure-Module Assembly, Installation
in Linac, Warm Tests, Cool Down and Cold Tests together with Module 1%,

What has o be done , untill superstructure module assembly can be started?

-String superstructure ready ==> HP/Cleanroom work on the way
~AH parts ready ==>Vacuum vessel o.K.
Cold mass o.K.
Thermal shields o.K.
Superinsulation o.K.
Flanges, screws etc. o.K.

Tubing partly different on the way
Quad incl. Hom-Ads, BPMs on the way

Current lead on the way
Super-Tuners tests on the way
Cabling, Sensors... on the way

Magnetic Shielding? Decision necessary!
—Preparation/check all components Start 28-March-02

~Tooling set for module type 2 Start 28-March-02
==>Preparation area incl. Surveyors
(Posts, reference points,cold mass, rail..)
==>Cantilever area
(Railway)

Module § and Superstruktur cryostats are of different types and need different tooling !
(Vacuum-vessel, distances supports/posts, cavity vessel, alignment...)
Module 4, 5 and... are of module-type 3
Module 2, 3, 1* and .. are of module-type 2
Module Superstructure is of module-type 2 and contains some specials
==>Superstructure tooling cannot be set up before Module 5 is ready!!!
After setting up the tooling, superstructure assembly can be started.
Up to now for module 5 assembly there is a delay of 9 days.

—Start Superstructure module assembly==>04-April-02
Superstructur e module ready ==>10-May-02  Must be ready!!!! Or delay!!!!

-Installation superstructure inlinac  ==>28-May-02
-Final Test superstructure /M1* ==>25-June-02
—-Cool Down Linac (Capt/Super/M1*) ==>09-July-02

—Start Cold Tests ==>12-July-02

This Schedule is very optimistic but possible

16
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R. Lange

“Cold test of new tuner”

19
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Status:22-Feb-01 Albrecht/Lange ~MKS1-
Tests of Cold Tuners for Supersructure Cavities.

Where/how do we test superstructure tuners?
-On old 9-cell cavity with He—vessel
Modifications for He-vessel necessary(bellow, flanges, bolts..)
To fix the cavity length installation of standard tuner necessary!(instead of clamps)
—At 300K i our workshop before and after CHECHIA tests.
(fr, alignment, survey , motor/gear..)
~In CHECHIA at 300K, 4K and 2K and again at 300K.

What do we test in CHECHIA? Using Video/NWA/Computer

-300K fr= f(Cav—pressure, He-vessel—pressure..)
—=Cool Down fr=f( T, He-P)

—4K fr= f(motor—steps)

-2K fr= f(motor-steps)

~300K fr= f(Cav—Pressure, He—Pressure)

How many superstructure tuners have been/will be tested?

-1 prototype in Feb—02 (expensive version)

—1 superstructure tuner (modified, final version)

==>All 4 superstructure tuner will have a cold test in CHECHIA.
Second superstructure tuner already prepared for CHECHIA test.

Some results and comparisions

Super-Tuner Standard—Tuner
Tuning range max . Length 1.1 mm 1.9 mm
Tuning range max. Frequency 430 kHz 820 kHz
Tuning motor-steps/Hz 0.38-042 0.74
Delta f(warm/cold)=fr(300K)—-fr(2K) 2000kHz 2000kHz
Delta f(4.3K/2K=fr(4.3K)-fr(2K) 70kHz 30kHz
Adjust Cav. 300K to get fr equ. 2K <1.3Ghz >1.3Ghz
Tuning at 2K means Length> Length<
Tuning at 2K means fr> fi<

Comparision S'uperstmcture—Tuner/Standard—Tuner stiffness difficult, for both are installed.

Conclusion:
Test results show, the superstructure —tuner is able to tune superstrukturs at 2K.

Important :Correct adjustment at 300K is necessary.
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“*Preliminary program of the cold test, what

do we like to measure ?”
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M. Huening

"Short summary of the HOM experiments in

TTF linac”
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Observe beam deflection after modulation
has been turned off

0 1 T T 4 ¥
—-
beam is on
_ -ZOM
£ . :
i)
T
o 0L -
E beam is modulated
= f_mod = 21.09959 MH2
g -60r —>a HOM is excited |
< we measure . Q = 53000
&E: _so. this amplitude
_1 00 -
f_mod = 21.14959MHz
-120} no mode is excited
149, 0.05 0.1 0.15 0.2 0.25 0.3
Time (ms)
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Beam current measured from beam loading and in BPM 2BC2
5-5 ¥ ¥ ¥ I T |

sk i )i maximumat145mV. G ... S .

w
W o

o
[2))

beam current / mA

[\")

—
n

0.5
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0
0.7 0.8
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& Examples of
time domain spectra:

0.0 :
p— 2.575794 GHz (3rd dipole passband) the eXC|ted mode
200 F — amyame is present in
_ N | all cavities
g -40.0 ]
z
h;': -60.0
o
a
-80.0 |
ol
0 0.5
-30.0 ; ' : : .
7 3083724 GHz (s apoie passtant) | SEVEral modes in
400 il — cavity# Q=1810 | d|fferent cavities
Y — cavity#7 @=231¢° A
S00F | — awmo-170 | gre excited
& w00 |
A=)
o
§ -70.0
-80.0
-50.0
-100.0 . : L - :
0.0 1.0 2.0 3.0 4.0 5.0
Time {ms)
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N. Baboi

“What can we improve in HOM measurements ?“
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M. Ferrario
“Estimation of bunch-to-bunch energy

variation in TTF linac with two

superstructures and standard cryomodule”
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THE HOMDYN MODEL

H. FERRARIO
IMFA-LNME

LONG TERM MULTI-BUNCH BEAM CAVITY INTERACTION
FOR RELATIVISTIC AND NON RELATIVISTIC BEAMS:

TRANSIENTS, BEAM LOADING & SPACE CHARGE EFFECTS

*  NORMAL MODES EXPANSION OF CAVITY FIELDS

we describe the field amplitude evolution under the
slowly varying envelope approximation for each resonant

mode

analytical propagation of field from bunch to bunch,
including external generator

* CURRENT DENSITY DESCRIPTION OF BUNCHES BY
UNIFORM MULTI-SLICE CYLINDER

we describe the transverse dynamics by the bunch
envelope equation for each bunch slice

analytical computation of slice space charge fields

M
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H. Schlarb

"Limits in energy measurements at the

injector region and at the end of linac”
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Orbit Independent Measurement

Momentum of bunch can be written in first order approximation
A.’Eg
p = pot+Ap = po- (1+D
| z(83)

Collective betatron motion occurs as small perturbation of the

measured beam position:
\ ™~

T3 = A.’Eg—l—&l?g

To remove the betatron motion, two bpms in front of the
spectrometer dipole can be used. One finds:

Ap )
-??; = a1Z1 + asTe + as3xy with - for Matri
. ransier vatrix
1 — ~1
ay — . (Mnlgd—l—Mlz) = —0.958m
Dl
1 _
as = — . (Mll(llg-l—lgd)-FMlg) = 1.380m 1
Da:l12
1 _
a3 = 5= = —0.672m ™" .

Dispersion

If the bpm’s are calibrated and the resolution known,

then the rms energy resolution yields:
rms resolution of

bpm’s
= = i(s i.res 2 = . -4
- \/z(a T; res) 1.210

(assumption: bpm noise is statistically independent)
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Resolution of BPM’s in the experimental area

Experimental

setup: - stripline BPM power splitter

-3dB

vuU

)

ADC

HR OJRL
o

VD

vertical

stripline ADC
electronicj

 Measurement (10/01) resolution bunch to bunch at 1 Hz:

BPM1 BPM2
v v v 1500 T

—
mean: -1.35 mean: 2.41

1500

rms: 0.07 rms: 0.07

A 0.32 A: 0.47

sum: 6000 sum: 5935
1000 E 1000

Anzshl

500} . soof

o .l .

N . o
—-1.5 =14 =13 -—-1.2 2.2 2.4 2.8
Ablage in mm

4 1000} P

BPM3

1500
mean: - 2.0
rms: 0.06
A 0.37
sum: 5937

500 -

]
-2.2 -1.8

@Nikolay Sturm

¢ Jitter from electronic noise within a bunch train

is expected to be smaller

o Mesurements are planed this week

(requires long pulse operation)
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Calibration of BPM's

Using well known steerers to induce kicks to the beam

Steerer M BPM
12
L] J-
—
| T
Example BPM1EXP1:
Umrechnungsfunktion flr BPM1 1 1/01
x=-6838U°-4.83U°-9.99U-1.56 , ( )
10 T T I 1 T | I
| | | 1 | i I
- | | I 1 [ | |
o I T 1T 1T I 7T Pt rTTTT
| ) i | I I
[ ; | ! { I
6F—~~—— N ——— A4-———= 4————= T ——— - e ==
| [ | t f i
i | I t [ !
T s s R SR
E I | | | [ I
E I I I | I [
E ol - Sl PR S R L L b e
x I ! [ [ 1 [
Y f i I [ ! 1
5 of-———d—ee dmmm o . SO foomem S SR
g [ | 1 | | |
: S O . S M
] I B I B I TR T T T
3 I I l i I
s s e R
' I ! t I I
| I t | 1 ]
6 ————- fm———— 4————- - e oA -
| i | [ |
[ ! | [ i |
o= M S M N AN
| | ! | | | |
1 | I | | ! |
10 ] ! 1 i ! 1 1
-1 -0.8 -0.6 -0.4 -0.2 0 02 0.4 0.6

gemessene Spannung U in V

Results for the bpm electronic response functions:

xgpm1 = —6,38-U° —4,83-U%—-9,99. U—1,56
xgpmz2 = —17,93 - U3 — 6,37 - U2 —17,30- U — 0,02
xgpms = —12,74-U° —7,32-U?-10,31-U - 0,13
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P2 1XXP3

BPM X 1EXP3 "1
-
;_
-llllilllIIII]II!III!![I!II]IIIlllllllllllllli!lll i
700. 900. 1200. !
Res= 1,Buf=11 [ sl
Energy of bunches in a macro pulse
Mean: 220.14 MeV Number of Punches: 176
1st Bunch:  219.20 MeV I 8
[MeV] Energy of bunches in a macro pulse
221.
220. -
219.5 1
219. |-
218.5 1
218. L
217.5 1
217. P S ! L1 ! T ¥ S ! ' A
780. 820. 860. 900. 940. 980.
Reg= 1,Buf= 8 [usec]

Feedback: Nikolay.Sturm@desy.de

16.Feb.02 20:12.52
) N0¢
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Test of Energy Server

Dipole calibration: == =iy ot e see
50 — y . . e

wavelength

(3&1](}(]|E]t(;(j SF e LI o

from bunch energy

40 - ) -

Sase spectrum s -
averaged over
several bunches ]
2438,5 +1 i
Ey =
V/\Photon N el 1.\‘1\-_..
2408 2405 2410 2415 2420 2425 2430 2435 244 0
E[) - (8’09 i 0’ 1) : IBl Elactron Beam Energy in MeV
Induced artificial betatron osgﬂgation:
4 T T
2+ e ‘
E oL | -dp/p
£ 0 5%
£l \\Nnjﬂ 1
< i
~4 1 v
"6 100 1 200 250
Zeitins

Bunch Energ|e

245.6 ;

2454 .

245.2 ]
245+

24481

2446

2444} -

700 250

2442 L
0 50

T
1

MaV

1

1

Zeitin s

Correction reduces the influence of betratron motion
by more than a factor of 10 (in limited meas. range).

16§



TESLA 2002-04

Measured Energy Stability

e Varies from time to time and depends on the
machine parameters

e Intra-bunch energy spread during the measurements
about 1 %

e Energy jitter bunch to bunch at 1 Hz operation.

2457

2456

245.5

24547

MeV

2453

2452

245.1 .

L ] 1 ]
500 1000 1500 2000 2500

245
0
Zeitins
mean E = 245.35 MeV @Nikolay Sturm
rms E  =0.09 MeV
rmsdE/E=4-10"% time = 40 min.

= Energy stability is more than an order
in magnetude smaller than the intra-bunch
energy spread
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Cross-Talk to tralllrLcLBunch

ADC-Clock

BPM1
BPM2
BPM3

Tzax Run: 250M5/s Hi Res
I

—

Tex Stop: 250MSIS

—

h\l“l‘A'A A

WEW =T T

LR

‘ 1.‘\ ;‘ ..‘.:

./‘,\

A

Bt A0

FZ2 Z200mv 250Rs LNs TZEMV 22 Feb 2002

Ch3 200mv Cha 200V 20:53:41

R

p-—

Lpf

A A2n5

I

! "“‘-l e %

; 1,

! [/ | :
- ]

i

i

Al

SO OV AT SUTUmY . M I00Ns Lns
Cr'3 50 amv Cha 2.00V T

Samilping time
of ADCs

2.25 MHz operation
with present
electronics

not possible

i@ -178n%

Large oscillations over
a long time periode
( few 100 ns)

Cross-talk
to next bunch

Z12MY 22 Feb 2002

21:04:25
Tex Stop: ZSUMS/?__ 3 Acqs 43 )
e ‘IR [T F Y5 525
iAWY
RN

A

|

i

R LR N GERY T2V 232 Feb 2002

ch3 5 o'ﬂv cra “200v 21:06:06

A0

o b e v ———
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Required Steps for High Precision
Energy Measurement

. Adjustment of ADC timing

« Recalibration of BPMs with beam
(inj & exp = 4 hours stable beam conditions)

« Measurement of the intra-macro pulse resolution
(2 hours beam time/ parasitically possible)

« Implementation 10 the server
(is a server also for the injector desired ?)

¢ Test of servers
(2 hours stable beam conditions)

— major hardware changes are not expected
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S. Simrock

*Limits in the amplitude and phase control
for 2x7-cell superstructure and for
standard cryomodule at 2MV/m and

15 MV/m operation”
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S. Simrock 19 February 2002 250 pm

TESLA 2002-04

LLRF Tests with Superstructure

Contact Person: V. Ayvazyan (x4912), Stefan Simrock (x4556), H. Woeddig (x4910)

Objectives:

1. Determine LLRF performance limitations in presence of beam loading at low (2 MV/
m) and medium (10-15 MV/m) gradients with/without passband filter.
- Note : expected stability is 0.25 MV/m (rms) at all gradients

2. Measure excitation of other passband modes by beam and generator

Prerequisites:

* Modified LLRF control with/without bandpass filters for 2 probe signals.
- filter from 50-150 kHz around 250 kHz
- Modify LO for sinusoidal operation ( 9*4 = 36 points on circle at 9 MHz)
* Remote control for waveguide tuners
- Adjust phase of incident wave and loaded Q
* Monitoring of all 8 probe signals (2 per cavity)
* Detector for excitation of other passband modes (8 cavity probe signals).
- Diode bandwidth few MHz
- Downconverter bandwidth 30 MHz with 0.5 deg. rms phase noise { = 1 %)
- Need digital lock-in to measure with high resolution of measurement.
* Precise detuning measurement for superstructures (accuracy 1 Hz averaged).
» Beam energy measurement ( to resoive 1e-4 fluctuations of cavity field for individ-
ual bunches).
* List of passband modes with coupling to beam and generator.
* Precise measurement of bunch charge (1%) and bunch to bunch fluctuations.

Detailed Procedure:

1. Gradient and phase stability
- Feedforward only
- Feedback, determine maximum gain with/without bandpass filter
- Gradient and phase calibration with beam
2. Waveguide tuner
- adjust for on-crest operation in both superstructures
- adjust loaded Q equally
3. Excitation of passband modes
- generator and/or beam, with/without filter, differenent beam currents, feedback
gain, and gradients.
- time domain and spectrum, identify which modes are excited
- determine coupling of beam and generator to passband modes.
4. Cavity tuning
- Adjust for best field flatness. Requires to know Hz/step each tuner and to deter-
mine ratio of stored energies (proportional to frequency change of SS versus
detuning of individual cavities).

Mome/simrock/docrameAestplan/superstructure.doc 1
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RF generator

superstructure

g

down-converter @@

Y

bandpass
filter @

feedback controller
with infinite bandwidth
and frequency independent gain
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(a) pick-up antenna signal before doWn-oonversion
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loop gain [dB]

50
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| 1\‘.-'1! mode k | ‘\r 1:0 ;noder o
max. gam: <7 (0 o6) max. gain: 210 (46.5 dB)
or-——-———-—-- :5 i to—— o —
} l
I i
T —— 3 PR 45 W, N !
! !
-100F--------- T: ___________ 1 N
&
&*’Q’& i i
N3
—150"-—0&0& b -
& E !
poof oL LN
i }
! i
11| S — R — R
{ !
| l
300 :
10* 10° 10°

frequency after down-conversion [Hz]
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(a)
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(a) 2x7-cell superstr ucture TESLA 2002-04

:I E —6— optimal gain -0 mode
“““““““““ [TTTTTTTTTmTi —=— 6/77-0 mode: gain=1
S N L _________ i —— 6/7n-n mode: gain=1
! || —— m-r mode: gain=1
___________ O S S
|
I
I
1
_________________ DD S e - =N Gl S
© v ‘r v A v
_____________ D
optimal bandwidth: 140 kHzT
max. gain: 50 (34 dB) !

100 150 200
bandwidth [kHz]

(b) 2x9-cell superstructure

200 ; : i’ : T I - T
; ! ! Il —o— optimal gain n-0 mode
180r----- N P R il —— 8/9m-0 mode: gain=1 |
] i i 1 . o
1601~ - b P o i —— 8/9n—mn mode._gam_1 |
! ! ! | —=— m-n mode: gain=1
L e S UM S S—
| I | } l |
L e o e Bt P s
| ! I | I b
I | I | | |
100~ { ¥ —f - e Foom oo g e
| | I b !
80| -~~~ Rosg---—- & S S S
f f | | ! |
60f - VI I R
: 53 I f
40r----- +  abeos S
201 <7 - : —
| optimal bandwidth: 190 kHz |
0 | _max. gain: 60 (35.5 dB) ! ! |
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Vectorsum ACC1
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P. Castro

“Proposed re-arrangement of TTF linac for

the beam test of superstructures”
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S. Schreiber

“*Injector: stability of charge at operation

at 1 MHz and at 54 MHz”
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Typical Measurement of the
Charge Stability

= Charge measured at ICT B1 rf gun exit
Laser energy from photodiode (green)

Content

i

I

f
15 2 25 3
Charge {nC)

- In this case:

charge av =2.3 nC, 5.7 % rms

(smallest 3 %, seen also > 10%)
laser = 1.7 % rms

(have to check linearity of the diode)
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Example of charge fluctuation
in a flat pulse train

charge 0020217 50000
L] Lj

et
&)

¥ ] 1 1 T ¥ T

- Charge (nC)
a " o D

o

1 1 1 1

20 40 60 80 100 120 140 160 180 200
~Time (us)
nv = 1000 train: nb= 100 mean= 2.188 rms= 0.0141 rms= 0.6%

o

25

20 -
€
§15 n rms = 0.6 %
o]
O10¢t

5F

0 1 1 1 1 1

0.5 1 1.5 2 2.5 3 3.5

Charge (nC)

. In this example:
- pulse train length 100 us (1 MHz)

- average charge over the train 2.2 nC
- rms fluctuation along the train 0.014 nC = 0.6 %
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Example of charge fluctuation
In a less flat pulse train

25 charge 0020217 50000
g2t
215 -
g
s
0.5}
0 —l 1 1 1 L 1 1 1 ‘—‘tﬁ
0 20 40 60 80 100 120 140 160 180 200
Time (us)
o5 nv = 8000 train: nb= 150 mean= 2.094 rms= 0.0590 rms= 2.8%
20}
S5 rms =2.8%
c
o
O10}
5 L
0 3 3 N M
0.5 1 1.5 2 25 3 3.5

LN ]
S

Charge (nC)

in this example, the train is less flat:

- pulse train length 150 us (1 MHz)
- average charge over the train 2.1 nC

- rms fluctuation along the train 0.06 nC = 2.8 %
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To Expected Charge Fluctuations

L B ]
St

Data from the long pulse run 17-Feb-2002

Collected over 8 hours (8229 trains of > 50 us)

charge 0020217 50000

800 T r T Y .
nb= 8229 mean= 2.15 rms= 0.04g rms= 2.0%
600 [
rms=2%
400 -
200 .
0 1 1 1 1
0.5 1 1.5 2 2.5 3 3.5
Average Charge per Train (nC)
‘> the relative fluctuation for short trains is 1 % rms
for longer trains 3 % rms
20 r T . . . T
15 short <€———= =——p |ong trains
10
5F
0 1 1
-1 0 1 2 3 4 5 6

RMS Charge Fluctuation in a train (%)
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.esolution of the Injector Spectrometer:..

Dispersion: 13.66 mm=1% dE/E at OTR screen

(at SEM grid 16 mm)
-> with a 500 um resolution BPM we achieve
an energy resolution of dE/E =0.04%

The resolution of the present OTR screen with the

present camera magnification is

1 pixel = 0.48 mm / 13.66
- 0.035 +- 0.004 % dE/E

We add a stripline here

A

F-Cup
_> additional length
® SEM-grid 600 mm
® OTR Screen
with CCD camera
Toroid
Dipole

( Triplet 5 ]
)
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S. Choroba
“RF power distribution system for the test

cryomodule and 1* cryomodule at ACC2

position”
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M. Wendt
“BPMs, electronics and automatic data read-

out for the HOM

experiment and for the FM experiment”
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M.asurement of the BPM sinals

NS6
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lemented as modular hardware

iICS IS Imp

The BPM electron
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K. Rehlich

“*Diagnostics: re-arrangement for the beam

test of superstructure”
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H. Schlarb

“Interlock re-arrangement for the test”
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Requirements on the interlock system
for Super Structure Tests

e Instantaneous temperature rise not critical

for moderate B-function:
Example: B =20 m, ¢ = 1e-5m, E = 250 MeV, Q =4nC
= ¢ =450 um
= # bunches = 400 until steel cracks
Hence with weak quadrupoles the risk to damage the beam
pipes is relatively small.

= sufficient time to switch of the linac

e To limit the neutron production at energies
above the geant resonance threshold:
Beam Losses < 10-20 W (point-like source)
For 5Hz, 8mA, 800us beam parameters:

— BC2 @ 80MeV: losses < 0.4% -|
= ACC3 @ 250MeV: losses < 0.1% - |

= Can only be achieved by photomultiplier
based interlock (BLM)

e To guarantee the functionality of the
Beam Loss Monitor System (BLM) based
on photomultiplier toroids are required for
supporting. |

o Safety of exit window (to be discussed)
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H.Schlarb

D.Pugachov

Photomultiplier Interlock System for Super Structure Test

3
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* 10 photomultipliers are required

24

* cables exist as well as required PM types
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