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Agenda
Monday 19" October
9:30 Opening - scope of the meeting B. Aune (Saclay)
9:45 Status of input coupler TTF2 and TTF3 : W.D. Méller(DESY)
10 :30 coffee break
11 :00 Vanable coupling by stub tuner B. Dwersteg (DESY)
11 :20 open discussion : should the coupler be tunable ?
12 :30 Lunch
14 :00 New cryostat design. Implication on coupler design C. Pagani (Milan)
14 :45 open discussion : should the coupler be rigid ?
15 :30 Status of WG coupler activity at DESY V. Kaljuzhny (DESY)
16 :00 open discussion :
where 1s our present understanding of limits of existing couplers,
new ideas ?
TMO010 mode waveguide window A. Zavadtsev (DESY)
16 :45 Coffee break
17 :00 Status of superstructure studies : J. Sekutowicz (DESY)
17 :20 open discussion : specification for superstructure coupler
WG vs. Coax, ...
fabrication experience, brazing, ceramics
Cu coating, .....
Coaxial coupler for superstructures D. Proch (DESY)
Tuesday, October 20th
9:30 Saclay/Orsay test bench M.Desmons (Saclay)
10 :00 Test results C. Travier {Saclay)
11 :00 Coffee break
11 :30 Traveling wave window design C. Travier (Saclay)
12 :00 Polarized transition P. Lepercq (LAL)
12 :30 Lunch
14 :00 Coupler test bench visit
15 :00 Multipactor simulation D. Proch (DESY)
15 :20 TiN coating studies S. Chel (Saclay)
15 :40 open discussion

18

-what will be done next at DESY, Saclay ?

-subject of possible cooperation

-important items not under investigation

-are there outside activities of interest for us ?
: 00 end of meeting
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Meeting conclusions

This coupler workshop held in Saclay on October 19" and 20™ was meant to have an update
on the work. concerning. input power couplers related to the TESLA project. The last such
review was done more than 2 years ago at DESY (may 29" and 30", TESLA note 96-09). The
presentations included a status of TTF couplers production, processing and operation status,
several talks about future coupler related to new cryostat design and superstructures. The
status of the Saclay/Orsay coupler development was also presented including test results and
design of new components. A large space was given to open discussions concerning questions
like : should the coupler be tunable, rigid, waveguide or coax, ...... ?

1) Main results

The high power test of TTF2 couplers have shown that this coupler can sustain high power
{up to 1.8 MW), and that the multipactor can be processed. The TTF3 coupler has the same
cold part as the TTF2 coupler but has a different waveguide to coax transition that includes a
cylindrical window, allowing to suppress the expensive warm waveguide window.
Experiment and simulations have shown that the present design of cylindrical window is

multipactor free.

The recent test of the A/2 window at Saclay indicates that this window can also sustain high
power (1 MW, limited by klystron power), both at room temperature and 80 K. Here too, the
window is multipactor free.

2) Tunabili ibili

An important discussion was conducted on the question of the necessity of a tunable coupler.
The different reasons that could demand for a change in the Qext were reviewed :

B cavity fabrication errors : it is estimated from present experience that this necessitates at
most a tunability of + 25%, that can be obtained with the waveguide three stubs
transformer.

B change of current or gradient : the fixed Qext leads to an over power consumption if the
current or gradient are not the nominal ones. This is OK since the machine is supposed
to operate at nominal parameters.

B bad cavities : if a cavity becomes much worse then the others in the cryomodule, it will
be detuned.

From these considerations, it can be concluded that the tunability of the coupler itself is not
necessary. A stub tuner placed at the rectangular, warm waveguide will adjust phase and
coupling at the cost of some overvoltage in the coax-line. However, it would be important to
conduct a detailed reflection on the implication of this choice.

It was then noted that for the present cryostat and coupler design (TTF3) going to fixed Qext
coupler will not make much savings. One can only save the tuning system, since the bellows
are necessary for compensating thermal shrinkage.

With the new cryostat design for TTF module 5 and higher, the coupler do not need to
compensate for this thermal shrinkage, since the cavities can slide on their support. In this
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case, the coupler can be rigid. Its connection to the cryostat should however provide for a + 2
mm error to take into account mechanical tolerances. This can be obtained on the warm part
of the coupler at the level of its connection to the cryostat, so that the RF conductor can be
completely free of bellows. The other condition to allow such scheme, is to find a way to limit
the forces applied to the coupler (or the cavity coupler port) by the cavities or helium pipes
bellows to 5 kg,

3) Remaining questions

Several questions were discussed but remained unanswered with present knowledge.

B should the superstructure include 4 or 8 cavities, and consequently, what is the
necessary power demanded to the coupler. It was however shown, that the peak
power demanded for HPP in the case of 4*7 cells cavities superstructure, can be
reduced to 1.6 times the peak power needed for one 9 cell cavity by detuning the
sub-units, and not 3.1 as for a tuned superstructure.

B should the coupler for superstructure be coax or waveguide ?

B are cavity electrons and radiation really damageable for coupler window in the case
of TESLA 7 Do we need to shield the window surface against direct sight from the
beam ? '

B though with our present operating experience, there are no convincing argument to
give up the 2 window design, someone raised the question whether two was really
necessary 7

W for the processing of the coupler, several questions were raised and would need
more investigation :

B is there an effect of temperature ?

B what is the level of tolerable activity ? (at present it seems that Saclay
allows much more activity than DESY during processing. It would be good
to compare with more detail the processing procedures, interlock levels, etc..

B cffect of bias ?

B what are the gas desorbed during processing ? It would be good to do the
RGA ? It was reported by DESY that storing coupler parts in plastic bags
increases multipactor of these components.

B can we use gas discharge during processing ?

4) Collaboration

In conclusion, it was decided that a tighter collaboration should take place between
Saclay/Orsay and DESY. This collaboration would include :

B regular meetings (the next one was fixed in April 1999 at DESY)

W visits of individuals to participate to the work (e.g. processing) in the other lab

B cstablish a common database (e.g. ceramic properties)

B TiN coating

M multipacting calculations (e.g. the A/2 window will be calculated with Helsinki

code)
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STATUS OF INPUT
COUPLER TTF 2 AND TTF 3

WOLF - DIETRICH MOLLER
DESY, Hamburg

W.D. Méller, TTF coupler meeting, Saclay, October 19-20, 1998

Page 3



TESLA Report 1998-28

STATUS OF INPUT COUPLER TTF 2 AND TTF 3

TTF COUPLER MEETING
SACLAY, OCT. 19- 20, 1998

WOLF - DIETRICH MOLLER
DESY, Hamburg

1. Specification for TTF Couplers

2. The Prototype Couplers FNAL 1 and TTF 1

3. Problems of the Prototypes and Requirements for Improvement
4. Design TTF 2 and TTF 3

5. Test Results of the TTF 2 Coupler on Test Stand

6. Problems with the TTF 2 Coupler

7. Production Status

W.D. Méller, TTF coupler meeting, Saclay, October 19-20, 1998
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1. Specification for TTF Couplers

-1.3 GHz

-pulsed operation, 1.33 msec pulse length, 800 psec flat top with beam
-maximal operation power: 210 kW \

-peak power capability up to 1 MW for High Power Processing in situ
at reduced pulse length (500 psec) and repetition rate (1 Hz)

-Qext between 10° and 10’

-sufficient diagnostic system for interlock and monitoring

-transverse flexibility up to 15 mm

-two windows for clean cavity assembly and safety reasons

2. The Prototype Couplers FNAL 1 and TTF 1

1 Pr I ion:
FNAL delivered 15 complete couplers:

-5 couplers assembled at module 1
-2 couplers assembled at booth capture cavities at DESY and FNAL

8 couplers under assembly at module 2

DESY produced 3 couplers TTF 1:
-all assembled at module 1

W.D. Méller, TTF coupler meeting, Saclay, October 19-20, 1998
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2.2. Diagnostic system:

24

-pressure at cavity and coupler vacuum
-several electron pick ups in both vacua
-photomultiplier at coupler vacuum
-photodiode on air side of RT window

-Pt 1000 temperature sensor on 70 K window
-infrared temperature sensor for RT window

Assembly:

-cold coupler (70K window) onto the cavity in clean room class 10
-warm parts 'dirty' in the TTF hall

Pr. in re;

Cycle the power from low to high values, starting with short pulses (20
usec). After reaching the specified power value double the pulse length
and start again at low power.

Processing was necessary for each operation type like cavity off / on
resonance,coupler warm / cold and after each assembly / disassembly.

The processing time was different for each individual coupler: 3 days to
more than a week, typical less than 1 week.

W.D. Moller, TTF coupler meeting, Saclay, October 19-20, 1998
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T i fPr

on coupler test stand:
2 FNAL couplers and 3 TTF 1 couplers

on horizontal test cryostat together with the cavity: - - -
7 cavities of module 1, (schedule problems)
5 cavities of module 2 (schedule problems)
(due to late delivery of the warm FNAL couplers parts the tests
where performed with the same warm coax, wave guide and wave
guide window)

on module 1:
all FNAL warm coupler parts were processed the first time on the
module (max. power = 400 kW)

on module 2;
not jet ready assembled

Xperien

All couplers reached the specified values (TTF 1 after assembling of a
redesigned warm window).

Operation on capture cavities and module 1 was without problems
(nearly no interlock events due to the couplers). Limitations only by the
cavity performances.

High Power Processing in situ could be done only up to 400 kW per
coupler at the module.

W.D. Méller, TTF coupler meeting, Saclay, October 19-20, 1998
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3. Problems of Prototypes and Requirements for
Improvement

1., Probl

production:
-copper plating on bellows and weldings (FNAL)
-gray clouds on the ceramics after brazing
-Philips wave guide window not more available, new other wave
guide windows are very expensive

assembly:
-sufficient cleaning of the cold part was very difficult
-warm parts assembly on module is 'dirty’
-couplers loose partially the processing effect

processing:
-two main multipacting levels were seen during processing
(~60 kW and ~120 kW)
-strong outgassing during processing
-processing takes too long time

W.D. Méller, TTF coupler meeting, Saclay, October 19-20, 1998
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2 ir nts for rovemen

Design:
-consideration of actual results of multipacting analysis
-introduction of a high voltage bias for muitipacting suppression
-less bellows o
-new RT window

Production:
-easy production, manufacturing technologies
-simplify coupler design
-reduction of price
-ultimate cleanliness of all part during and after production
-more control of materials especially ceramic
-reduction of Hydrogen by furnacing all parts at 1100 °C
-careful checking of copper coating

Handling
-easy to clean parts for class 10 cavity assembly
-store under N, to keep the processing effect

4. Design of TTF 2 and TTF 3

TTF 2:

-70 Ohm cold coax line to reduce multipacting

-high voltage bias system to reduce multipacting

-less bellows than TTF 1 and FNAL 1

-Qext tuning is a mixture of DESY and FNAL design

-bigger pumping port on wave guide

-less brazing, more welding

-cold window like DESY design, but improved geometry of ceramic
(according to multipacting calculations)

-wave guide doorknob transition like FNAL coupler, but with Kapton
isolation for high voltage in the vacuum

-new wave guide window is designed at DESY

W.D. Méller, TTF coupler meeting, Saclay, October 19-20, 1998
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TTF 3:
-cold part 1dentical to TTF 2
-cylindrical window in the coax to wave guide transition
(no wave guide window, no vacuum wave guide)
- -no doorknob but half high wave guide
-Kapton insulation not in vacuum and easy to replace
-Qext tuning drive not in the vacuum, no rotary feedthrough (like TTF 1)

-

—
b

T AL

-

W.D. Méller, TTF coupler meeting, Saclay, October 19-20, 1998
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S. Test Results of TTF 2 Coupler

Two tests are performed so far:

-First test of a simplified version of a TTF 2.coupler without bellows and

copper coating on the outer coax

-Without high voltage ] MW at 1.3 usec pulse length in traveling
wave was achieved

-No limitation visible

-Multipacting could be processed

-With high voltage of 0.5... 3 kV, new mutipacting levels appear
-New processing was necessary and successful

Problems:

-bad antenna match led to 30% power reflection
-Kapton foil in vacuum needed heating (200°C, 1 day) otherwise
bad vacuum

Second test of the TTF 2 coupler

-Without high voltage 1.8 MW at 1.3 usec pulse length in traveling
wave was achieved

-No limttation visible

-Multipacting could be processed

-Same problems with high voltage than at the first test !

-one waveguide window (Philips) was slightly sputtered with
metal (50 GOhm/cm?), but no unnormal heating was seen on the
ceramic

W.D. Méller, TTF coupler meeting, Saclay, October 19-20, 1998
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6. Problems with TTF 2

Production:

-bellow dimensions not as specified

-copper plating shows 'black spots' after furnacing

-ceramic has to be careful shaded against the evaporation during e-beam -
welding

-handling causes often scratches and dirt marks on copper plated RF surfaces

Cleaning:
-cold part not easy to clean according to class 10 assembly
-parts are not jet stored under N,

Operating:

-Kapton outgassing in coupler vacuum

-High voltage bias was not successful on test stand (probably due to the
- teststand wave guide transition)

-Qext tuning not easy; too much friction in the thread in vacuum

-high outgassing during processing

-new waveguide windows not jet tested under vacuum

7. Production Status

Pos.|Type Warm |Cold [Status Remarks
Parts |Parts
1 (TTF2 5+5 |[5+ 5 |under RF test Module 3
2 [TTF2 10 10 |under fabrication |Module 4
3 |TTF3 10 under fabrication | Handling and RF tests,
next module
4 |TTF3 10 |order requested |Complete Pos. 3
5 |TTF3 10 10  |order requested |Next modules
6 |WG window |20 under fabrication [Module 3

W.D. Méller, TTF coupler meeting, Saclay, October 19-20, 1998
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Waveguide Transformers for
Superconducting Cavities

B.Dwersteg

DESY

B.Dwersteg, TTF coupler meeting, Saclay, October, 19-20, 1998
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B.Dwersteg

{File WGTraf)

Waveguide Transformers for Superconducting
Cavities

Waveguide transformers can be used for matching superconducting
cavities to a high power transmitter or waveguide system and at the
same time providing phase adjustment for proper phasing of the

bunch passage.
This is done at the DESY/HERA cavities since many years.

The price for matching by a waveguide transformer and not by a
variable input coupler consists of standing waves between waveguide

transformer and cavity.
Pure phase shifting can be done without producing standing waves.

This is why 1n the following it will be tried to show a more or less
complete analysis of only the standing wave phenomena occuring at
different operation modes of cavities, couplers and waveguide
transformers.

A waveguide transformer as discussed here consists simply of three
cylindrical metallic plungers which are inserted at the middle of the

wide side into a rectangular waveguide.

B.Dwersteg, TTF coupler meeting, Saclay, October, 19-20, 1998

Page 20



TESLA Report 1998-28

"suoyeINdwos Xinew-g Woxy spnsal o} puodsailed sanjea MOjj Jemod p3oNpap BU L 'S80 BLLI0JSURY BY) jeuM uz(dxa ¢ * T ' L jo 9dusnbas u| sjusWILLIoD 9y

Zv1ZS/ (peOT)Rld _ 0J9Z jowns e
e . 0] UolOaijal peoj
Uonpuos yojew pue Jauiojsuel) Jo
woJdj payndwonal _ uojsodiadns 10}
uonoslal Jomod peO] @ , . uonipuod-yoye @
SL'0/SZT0=Unld uojssiwsuel} Jamod S 0m=(peojyelg
b= ZTE > S0
Coﬁw._wcm@v:?_o»n_ Ziyibusieaem ,u = Bus) suy
= [Jald - MmO, Ml = oul = :
. cBWE&o mmm%nnc_ } = 8ouBpadi auj m,.lﬁohm._._.vm_ | = souepsduw] 3t 10jesdusnH
g=p mo.ﬂ& uolssiwsuely Jomod
ZvElS > G4 0. ] b=PieMIO}
SL0/ST'0 wb=Mi0ld )

Qvnv+uw._n_up_mzcoh_n_
. Aessadau yojew Joj @

JaulolsUel; au Aq J0jeJauab ay} 0} £=peoy Jo umo_ e Buiyoiey (q

ST0=ZvZZ8=TvLi8 < ["XuBW a1 Kl2und & Jo SI9BUIBIEG-G PiBA 818 8SaY1) 1 ZLS=1TS | §'0+=ZZS  (SONSL 0=CLS | S O-=LS <=

SL0=EviTS <= (5'0M2vzesS-1L)=/1 28! <= (L+LO1-19) =zzs §L0=2v2tS  <=(3°0)(ZvliS-L)=/ZIS/ <= (L+1LW(L-191)=118
0} Spea| apis peo| 8y} woy souels|sal ndul Jauilopsue athd sy} 0} spesj apls 1ajerausl ay) uo asue)sises Jnduy) Jewiiojsues; eand ey

opis =T | . . opIs mm.meEv_ SZosield
Jojeisuab : apIs ._Qn_w._w,.m_wm_ Fo.c
wc__m._nmvr__.“o MM_M_OOMCE L = 20ouepadun au) wo.cmﬁm_wm._ u_._Qc_AH i = aouepadi; au)| J0jEIBUSY
e il S 1,
LO=PlEMOId | nojaelaq JalIO)SUES | =Pieritid
Sepis Yjog uo saul| payoiewu UM £=1 ¢ onjel jo Jswlojsuen alue]s|say .Am .
| | g=peoy ‘yolew peoT:sjdwexg
8601 Z1M(J Slojawieied-g Jo uononpa -- lawojsueld | w_u_smm>m>>

B.Dwersteg, TTF coupler meeting, Saclay, October, 19-20, 1998

Page 23



TESLA Report 1998-28

Waveguide transformer with transformation factor BT=2 Dwisioss
-+ Scaling laws at real load (Cavity on résonance)

(all voltages normalized to transmitter/gencrater forward voltage

Power computation : Generator forward power*Voltage”2)

(BT->Resistance transformation)

Maximum and minirmum voltage of standing wave
between transformer and load : ’

v 3 ,
1 2/(RT40.5) 0.5 ' ] 7
. BTAQ. .
t . y
B c \ / : -
g 1. : — ; converging towards
¢ / \Wi 2*(BT*0.5)
b, % "
o B : =, ~tEovergy
s;glrtr‘\gg]ﬁy E o Py towards 0
e o~
0.5 148T50.5) :
1 2 3 4 5
ne beam . match point - cavity SWR = BLoad
load Bload=RT ¢ ) ‘increases with beamload
cavity position is actually identical to both window positions
forward and backward voltage -
(BT+1)(2*BTA0.5) at cavity |
(R —
X 1 : | — | conlverging %owards
l I aT*0.5
t . .
a o, .
HE 5, (Gr1M28T05) /g,.
e 0.5 L | . U
\ % 3
1/(RTA0.5) $4 "o{_,a
KBTS . A I
‘/ ] 2 B ! 5
~=0.5
WV | |
no beam mateh point - cavity SWR = [Load
load . BLoad = 3T - increases with beamtoad
short circuit an generator voltage reflection towards generator
oy - side of trapsformer
-t :
1
1-0.8 \
a
- 8-0.6
-] * \
0.4 \'\ zero reflection
= e
0.2 converging
. towards +1
+0.2 4 B \]\ __h
+0. 4 _ - _
no beam match point "cavity SWR = iLoad
load increases with beamload

BlLoad = RT

B.Dwersteg, TTF coupler meeting, Saclay, October, 19-20, 1998
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- (all voltages normalized to transmitter/generator forward voltage
Power computation : Generator forward power*Voltage”2)

00+ — 0

maximum SW voltage
between transformer and load/cavity
vs cavity detuning angle
without beam

Fan ) fn . - s
|_converging 0 converging _-
to 2*(RT*0.5) ~ F |to 2*(RT*0.5)
-5 V_]o R5 g & 715
. - : 8T
/ L RTA0.5
- ~ I yd
-h. « O " ’
ﬁ ~

I

omiQ-aa_EE:m angle / °
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- Waveguide transformer with 3T=0.2 .. 5 DW161098
with cavity load matched , unloaded , detuned

(Voltages normalized to generator forward voltage
Paower computation : Generator forward powar‘Voltage*2) | Maximum and minimum voltage of standing wave
: : between cavity and transformer in matched case

X.Z.LS:\

Co

g 1.75+ e — :
N N e
b N T et

3 pd ' 4 R b
0.7 g — |

: / i T
0. 5T ‘ ] ———]
- fload=0Trafo —a=—

The cavity voltage doubles in case of totally detuned cavity and reduces to 0 in case of no beamload,
The vaoitage lamda/4 befors the cavity reduces to O at total detuning and doubles in case of no beamicad, .
(Total datuning-> apen cirguit , ne beamload -> short circut) .

[

Forward and backward wave at the cavily
in always matched case vs 8T=8L

o ) : . ]
a : \.,forward : ' | ]
g i \ voltage :
0.5 - -
[ ' . — backward
i voltage

Bload=RTrafo —e=—

Fonﬁar_d and backward wave at the cavity
- in case of Wial detuning and in case of no beam

w0
N

b G
—_—

PO — <
LT

pt
-3
o

-

/ ‘

= \Jo:wafd and refi#cied

15
ae b \ . Pl ' wave af total defuning
L.251 forward and refiécted
] A wave without bem load

4 B | b

\.____;______g

(=]
-
N

: " BTrafo —es=
(Total detuning -> open circuit , no beamload -> short circuit)
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DOQYeme— O <

[\
My
wp

with cavity load matched . un

ﬁ<_o=mumm normalized to generator forward voltage
Power computation : Generator forward power*Voitage2)

loaded , detuned

Maximum and minimum voltage of standing wave
between cavity and transformer in matched case

N

TrrT

rryi

/ | voltage lamda/4
4 shifted

e

A -~

voltage at

FTTT

cavity

LILERIL

T~

0.75

h

T

T

T

Vd

P

mro.manm;.qm*o ———

The cavity voltage aog_mw in case of totally detuned cavity and reduces to 0 in case of no beamioad.
The voltage lamda/4 before the cavity reduces to 0 at total detuning and doubles in case of no beamiload.

(Total detuning -> open circuit , no beaml

oad -> short circuit)
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DO ~~— O <

Forward and cm,oa,zma wave at the cavity
in always matched case vs RT=RL

...I||||.\||I|.I||‘.IL

) //ﬁo:ama g _ ]
[ voltage . g\\ | =
5 \_\\\\\\\\. —
- - | backward
I voltage
[ > } :
|.-a|u i *

RLoad=RTrafo —e=
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PQD~— O <

Forward and backward wave at the cavity
in case of total detuning and in case of no beam

2.25%
1.75T - ,
1.5¢ [ ~ forward and refl¢cted
L sl . wave at total defuning
S forward and reflgcted
r wave without beam load
b B | ) b
0.75¢% / .
0.5+ ——————

(Total detuning -> open circuit , No beamload -> short circuit)

RTrafo —e=
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New Cryostat Development

Carlo Pagani
INFN Milan

C. Pagani, TTF coupler meeting, Saclay, October, 19-20, 1998
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Coupler workshop
Saclay, October 19-20, 1998

New Cryostat Development

Carlo Pagani

Three Cryostat Generations

* Cryomodule #1 Prototype - Expensive

- Shields connected with screws and cooled by copper braids
- Difficult to align - New Assembling Tools

*Cryomodules #2 & # 3 50% Cost Cutting

- Shields connected and cooled by "finger welding"
- Improved alignment and tolerances

*Cryomodules #4 to # 8 Thinking to TESLA 500

- Reduced size of the Vacuum Vessel
- Compatible with "rigid coupler" and "Super-structures”
- Stiffer against external forces acting on the HeGRP

Carlo Pagani
INFN Milano - LASA

C. Pagani, TTF coupler meeting, Saclay, October, 19-20, 1998
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3rd Generation Cryostat

Thinking to TESLA 500

- Reduce the Cross Section and use a standard "pipeline" tube
- Redistribute the internal components
- Reduce the distances to the minimum

- Compatible with "rigid coupler" and "Superstructures"
- Position of the active elements longitudinally free

- Improve the connection of the active elements to the HeGRP
- Poor in the present scheme

- Reduce alignment sensitivity to the forces on the HeGRP edges

- Move the external posts closer to the edges

- Further simplify the assembling procedure
- Simplify coupler cones and braids
- Reduce by a factor two the shield components

- System thought for mass production cost cutting
- Tolerances reduced to the required ones
- Simpler components and standard tubes wherever possible

Carlo Pagani
INFN Milano - LASA

C. Pagani, TTF coupler meeting, Saclay, October, 19-20, 1998
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3rd Generation Cryostat

Cross section on Coupler

1
1

38" Standard Pipeline

Carlo Pagani
INFN Milano - LASA

C. Pagani, TTF coupler meeting, Saclay, October, 19-20, 1998
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3'd Generation Cryostat

Cross section on Cavity - Sliding fixture detail

Carlo Pagani
INFN Milano - LASA

C. Pagani, TTF coupler meeting, Saclay, October, 19-20, 1998
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3rd Generation Cryostat

- Cross section on Cavity - Sliding fixture detail

Cario Pagani
INFN Milano - LASA

C. Pagani, TTF coupler meeting, Saclay, October, 19-20, 1998
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Status of waveguide coupler
activity at DESY

V. Kaljuzhny
DESY

Vekgipwhny, TTF coupler meeting, Saclay, October 19-20, 1998
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Rectangular Wave Guide Coupler for |

Two 4x7-cells SuEercavities

M.Dohlus, A.Gamp, H.Hartwig, N.Holtcamp,
A.Jostingmeier, C.Martens, M.Marx, C.Pagani,
J.Weisend, V.Kaljuzhny, K.Jin, A.Zavadtsev, S.Yarigin

- @ General Advanta’geé-of RWG Coupler

m 2xdx7-cells — 1.327 MW at 25 MV/m

= Space (longitudinal)
w E —750.96 - 409.8 kV/m, Losses — 1.85 - 2.50 W/m

(Travelling wave)
W Less parts, less materials, less steps in the assembly
m Behaviour with multipactor (Vp,=22.53-45 kV)

@ Layout of RWG Coupler

m Coupler Design

® Transmission Line Components

B One Cell Copper Test Cavity Design
m (Feeding circuit)

Vedgalgazhny, TTF coupler meeting, Saclay, October 19-20, 1998
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Parameters of two 4x7 —cells

supercavmes
~ SUPERCAVITY
two 4x7-cells cavities | |
Eeccett, VIm| -fop,HZ | Tor, S€C| Neat|
3p.500E+7 | J1.300000000E+9 41.330000000E-3 56 |
Kioss/iNcel V/C| Kuioss, VIC| — fops|  MNee
2.13071E+11[[1.19320E+13 16.20000E +2 [{3.63000E+10
Top, SEC ool TRH fo, HZ
8.231068204E-4 [6.18877E-1 | «|i 413043478E+6 |
Oextl | _Qext1+4) ge, C _
- [3.361626242E+6[1.200580801E+5 5. 815947E-9 |
ti, sec t1/Tre I, A Pgen , W | .
5.705341719E-4 [4.28073E-1 | 18.218186E-3 |[1.326635E+6
Q — TEE 8CC eff:N'cerzllc . Eacc efcheIlC
ext
4K lc,SSN ef, 4K toss N €Ly T op
) ='Tln2 : ' P&en — EaccefcheIICNeefb
: - ° - 2fop '

¢ =2.99792458 x10° m/sec
e =1.6021892 x107" C

Kloss(%) |
2= /= 02131

cell

VP#elfilzhny, TTF coupler meeting, Saclay, October 19-20, 1998
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Rectangular'Wav
“For Two 4><7«cells Supercavmes

 4xT-cells supercavity

p= 1327MW 211447 | A=230.6|
lll | 1

M2\,

Ceramic window

150x80 hellow quide/

At 2 - Y Bk I Y - Y B i i S ok o
Bk o e e S B Sl o o o e i T T B

| o 78 | E—
Copper-plated steel _~ \ —_ -
(4-70 K% = 2|
165.1x30 Nb RWG~ e
@Ky | A2

s e o e
- N S W W e
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Qg as function of o

Qext . |

" 140000.000; - _ _ -
135000.0003- , _ + — 7"

" 130000.0003——-- ' — , /
125000.000 — . 7
120000.0003 : —— . ~
115000.0003 —— : L
110000.0003 L —
105000.0003 +— | _ —
100000.0004 o N
95000.000 : - <t
90000.0003 - //

3 - A e

80000.000 —

75000.0005— =

- 70000.0003 v rerbneerrrerteeree - :
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o, degrees |

--------- ST L T T T T (T TR

~ Short-circuiting surface view
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MFP3D.DRC

Z — ﬁH _ FRAME: 6 15/10/98 - 11:01:23 VERSION[V4,010)

Siram ° Q.NN

I

#VOLUME |

COORDINATES/H

FULL RANGE / WINDOW

X 0.0000, 0.082550])
{ 0.0000, 0.082550)
Y[ -0.050000, 0©.21000)
[ -0.050000, 0.21000)
zZl 0.0000, 0,26110])
1 0.0000, ©.26110]

SYMBOL: UNDEFINE
TIME......: 9,86R42E-04
MATERIALS: 1,

thwgr% Port

j

80mm

Vg

AD PLOT OF THE WATERIAL DISTRIBUTION IN THE HESH

53mm
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Losses and Field Strength
In the RWGSs and Coaxial Lines

Duty factor=250.626

COPPER

RWG 165.1+30 mm, E=750.96 kV/m, Hxz=1426.7 - 1392.1 A/m

T,K Losses, dB/m _ Losscs, W/m
;;: 4000E+0  PN518E3  [1.850E40
S1.00cE+1  E15605-3  ElI910E+0
320006+1  [1.685E-3  ER.OSOE+0
J3000E+1  [1.968E3  FRAO0E+0
4.000E+1  BRASOE3  [2.960E+0
FB.000E+1  H8.921E-3  El4.780E+0
FP000E+T  B5.083E-8 FB.200EHD
SM.000E+2  FB.923E3  [B.440E+0
R 000E+2  F1.207E-2  ENATIEH

RWG 165.1#101 mm, E=409.28 kV/m, Hx»x=777.5 - 758.7 A/m |
T,K Losses, dB/m  Losses, Wim

Travelling wave: P=1.327 MW, f=1.3 GHz, T=0.00133 sec, frp=3 Hz ‘

T FAOME+) 611964 F7AS0E-1
FTO0EH | [6319E-4  F7.7006-1
2 000E+1  £6.788E-4  FB270E-1

dk000E+1 - Hi7.927E4 o 660E-1
d4000E+1  HO.790E4 it .190E+0
5. 000E+1  F1.580E-3 Hl1.830E+0

A7000E+] © BR.048E3  LR500E+D
JT000E+2  H2.789E-3  [R.400E+D
S3000E+2  FA.863E3 59204

7 P, W [1.327000€ +8]
Coaxialline | R2,m| Rl m] E,me IH,A/m Zw, Ohm|
40/12.5 mm>>> gz 000000E-2 | 187 316.978905E+1
62/27 mm>>>43.100000€-2 4.987785E+ |

oy

Vedgelggzhny, TTF coupler meeting, Saclay, October 19-20, 1998
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Behaviour with multipactor
(Vinax=22.53-41.3 kV — P=1.327 MW)

El“ | b VasS1ixdnx(b/A)? KV

- A=230.61 mm
165.1 : _

b=30 mm — V= 108.67kV
b=101 mm — Vo= 1231.73 KV

VP#eltizhny, TTF coupler meeting, Saclay, October 19-20, 1998
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One Cell Copper Test Cavity

. X
£ ,
30y
<130 ' [ 130
4 1wt 1 s

2R, , =78 %,,_,;24. - \2Ry, =70

. The 1-st cell df TESLA

cavity
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New 1dea for waveguide
coupler window

A. Zavadtsev
DESY

ApgGewaitsev, TTF coupler meeting, Saclay, October 19-20, 1998
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b| eDI

TE111-mode cavity
pD2

- -1 [ |
~J R L

TMO010-mode cavity

A /‘?MN”JVQ CaAndF v

APatvalitsev, TTF coupler meeting, Saclay, October 19-20, 1998
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Coaxial Coupler for
Superstructures

D. Proch
DESY

Dedxosh, TTF coupler meeting , Saclay, October, 19-20, 1998
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D. Proch

Coaxial Coupler for Superstructures

Assumptions :

Fix point of cryostat

No mechanical adjustment of coupling strength
Present design :

1 coupler / cavity

no-fix point, up to 15 mm z-mouvement

adjustable coupling 1/10 .. 10

Dp¥geds, TTF coupler meeting , Saclay, October, 19-20, 1998
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Well understood multipacting scaling in coax lines

with large outer diameter no multipacting

Well calculated cold window design
no dan f multipactin

- First calculation of warm window
no hint of multipacting
small radial extension after closing the beam vacuum

- round flanges welded connections

lower RF loss on outer conductor as compared to
rectangular WG

lower peak voltage as compared to rectangular WG

DeRyecls, TTF coupler meeting , Saclay, October, 19-20, 1998



TESLA Report 1998-28

Status of superstructure studies

J. Sekutowicz
DESY MHF-SL

J. Sekutowicz, TTF coupler meeting, Saclay, October, 19-20, 1998
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Coupler Meeting, Saclay, October 19-20,1998 1

Status of superstructure studies

J. Sekutowicz
DESY MHF-SL

1. The copper model of the 4x7-cell superstructure

2. Can we feed 2 superstructure with one FM coupler ?

3. FM coupler for the proposed 4x7-cell superstructure:
RF requirements

J. Sekutowicz, TTF coupler meeting, Saclay, October, 19-20, 1998
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Coupler Meeting, Saclay, October 19-20,1998 2

1. The copper model of the 4x7-cell superstructure

The first set of four 7-cell cavities should be ready by the
end of October.

There is almost two months of delay because:
- brazing was replaced by electron beam welding,
- cutting of cups caused that equator plane was not
parallel to the iris plane, new cutting tool had to be

constructed.

Status:

- all cups for the first superstructure are ready for welding,

- all interconnecting tubes with ports for HOM couplers,
flanges and thread rods for assembly are ready

- tuning systems for each cavity are manufactured,

- welding parameters have been fixed.

- HOM coupler model has been prepared

Comments:
- RF measurements showed that shape of cups is well reproducible,

final frequency corrections are done by trimming on the equator as

it 1s done for Nb cavities.
- we hope to start RF measurements mid November.

J. Sekutowicz, TTF coupler meeting, Saclay, October, 19-20, 1998
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Coupler Meeting, Saclay, October 19-20,1998 3

2. Can we feed 2 superstructures with one
FM coupler ?

The second set of four 7-cell cavities has been ordered to find out
experimentally if one can couple 8 x 7-cell structures.

l

This can be answered when RF-measurements will show
that we can couple 4 x 7-cell structures !

Two layouts have been proposed:

a) 4x7-cell «—— WG/Coax. Coupler —— 4 x 7-cell

I | M coupler

MAMAL.
la]

and

b) WG/Coax. coupler — - 8 x 7-cell

I FM coupler

Cav. #1 Cav. #8

L Sekutowicz, TTF coupler meeting, Saclay, October, 19-20, 1998
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Coupler Meeting, Saclay, October 19-20,1998 4

Problems to be investigated:

layout (a)

1) Is there enough field strength at the FM coupler position to
get required Qext of ~ 3. 10° 7

To keep synchronism of a beam with the accelerating mode
d (length of the interconnection) must be fixed to:

d=A2 for the WG coupler
d=2A for the Coax. coupler
3500
Er
[V/m) .
0 P T P TN
0 0,025 0,05 0,075 0,1 0,125 0,15 0,175

Z[m]

E (z) component at r = 57 mm in the end beam tube. Values
computed for the same stored energy.

Scaling: Qext ~ (E,)?

Conclusion :

T. Sekutowicz, TTF coupler meeting, Saclay, October, 19-20, 1998
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Coupler Meeting, Saclay, October 19-20,1998 5

TTF coupler placed A/2 = 115 mm from the end cell can provide :

Qext ~ 3. 108

For the WG coupler this is not a problem since the distance to
end cell is A/4 = 57 mm. k

2) What is a consequence of the coupling between two
superstructures ?

resonator I < coupling — resonator 2

T in phase’ 1

or T counter phase ¥

WG coupler couples good to the in phase mode and bad to the counter
phase mode: d=A/21is OK

Coax. coupler couples good to the counter phase mode and bad to the
in phase mode: d=2A is OK

J. Sekutowicz, TTF coupler meeting, Saclay, October, 19-20, 1998
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But both couplers couple good only to one mode, it means that
mode with bad coupling has high Qext and when (R/Q) # 0 beam

impedance can be high.

.70
60 . |
50 /
. AN
[4B] 54 4
NI '
s
10—
0
0 10 20 30 40 50 60 70
F-Fo [kHz]
layout (b)

Here both couplers are possible.
But we do not know about:

- transient state and energy flow,
- field flatness,

- HOMs

. Sekutowicz, TTF coupler meeting, Saclay, October, 19-20, 1998
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3. FM coupler for the proposed 4x7-cell superstructure:
RF requirements

Normal operation at 25 MV/m

Total voltage in superstructure for the nominal accelerating
field of 25 MV/m

V =25 MV/m * 4*0.807 m = 80.7 MV

when meam=8 mA

Z=(80.7MV)/ 8 mA =10.088 GQ

and

Qext-Z /(R/Q) = (10.088 GQ)/(2930 Q) = 3.44.
10

Power.

P =8 mA * 80.088 MV = 640.7 kW
J. Sekutowicz, TTF coupler meeting, Saclay, October, 19-20, 1998
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HPP processing

For a tuned superstructure power needed for the HPP processing
18:
P,=4+*P_.*79=31P,_
when P, is the power needed for 9-cell TTF cavity.
In this case :
Pl =P2 =P3 = P4

Pin

J[ Pl P2 P3 P4

e AU — AN AN AN NN AN

Can be this power reduced by the proper detuning of
sub-units?

The problem is not solved yet.
Some examples

1. Processing of the first sub-unit:
Pin

J -100 kHz - + 100 kHz

—— AN AU/ R AN AN

Pl P2=048F1 P3=035F1 P4=019F1

field flatness: sub-unit 1 77%

here power is : Py, = 7/9 Pypp 2.02 = 1.57 Prry

I. Sekutowicz, TTF coupler meeting, Saclay, October, 19-20, 1998
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2. Processing of the second sub-unit:
Pin

| N S

TTVANANAANAANAANANRNAAN S NNANNAAS AN NANANA T
P1=0.43 P2 ) ‘P3=035P2 P4=030F2

field flatness : sub-unit 2 14 %

required power is : Py, =7/9 Py 2.08 = 1.6 Py

3. Processing of the third sub-unit:
Pin -

TTUANANANA M ANNNS AN NN
P1=029P3 FP2=035P3 P3 P4=04373

field flatness: sub-unit3 14 %

required power is : P, = 7/9 Pypg 2.07 = 1.6 Pryy

4. Processing of the fourth sub-unit:

Pin
J + 100 kHz -100 kifz

R TAYAVAY AV, W W W) WA WL W W WL L W W W W S WA WL U W DA ey
P1=0.19P4 P2=034P4 P3=04974 P4

field flatness: sub-unit4 77%

required power is : Py, = 7/9 Pprrp 2.02 = 1.57 Py

J. Sekutowicz, TTF coupler meeting, Saclay, October, 19-20, 1998
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Conclusion :

we can reduce P,, from
3.1 Prpto 1.6 Prpp

but we pay with the field flatness in the processed sub-unit.

J. Sekutowicz, TTF coupler meeting, Saclay, October, 19-20, 1998
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Saclay/Orsay test stand

M. Desmons
CEA Saclay

C:ea M.DESMONS

COMMISSARIAT A UENERGIE ATOMIQUE 11/10/1998
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HP3 test stand
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RF lines description
Klystron characteristics
Modulator
RF control system

Measurements and Acquisitions

¢S

COMMISSARIAT A LENERGIE ATOMIQUE

DSM -DAPNIA

P:?E%e 70
DIRECTION DES SCIENCES DE LA MATIERE

M.DESMONS

11/10/ 1998

DEPARTEMENT D'ASTROPHYSIQUE, DE PHYSIQUE DES PARTICULES,
DE PHYSIQUE NUCLEAIRE ET DE L'INSTRUMENTATION ASSOCIEE
SERVICE D’ETUDE DES ACCELERATEURS



Pumping
ports

Wave guide

window . : , / \
A

TESLA Report 1998-28

1% line

Wave guide
window

4| 17 l

~ /

i
A

Reverse

Input power
from 4
klystron

MEASUREMENTYS :

Direct input power

Reflected power

Transmitted power

Upstream pick-up RF power
Downstream pick-up RF power

Upstream pick-up electron current
Downstream pick-up electron current

Upstream waveguide to coaxial transition PM
Downstream waveguide to coaxial transition PM

Upstream vacuum
Downstream vacuum

I
—B>
_B
coupler I

6m WR650 ——
wave guide Tcnnmgtloq .
Short circuit
or
Coaxial window I Load
Cryostat

|

RF detection diodes + veltage amplifiers
{ rise time = 3us )

current to voltage amplifiers
{ ImA/V rise time = 3us)

current to voltage amplifiers
( rise time = 3us )

current to voltage amplifiers
( rise time = lms )

S

COMMISSARIAT A UENERGIE ATOMIQUE

DSM - DAPNIA

DIRECTION DES SCIENCES DE LA MATIERE

M.DESMONS

11/10/1998
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15/08/1998
5h30
standing wave operation PDIR = 1MW
6.00E+00
I. .'.
» a ¢
5.00E+00 .
. | o
n L
4.00E+00 a ‘ﬁo. » L .y
= L
n 0. H 9 " J.. .0 .
3.00E+00 |—» e ¥ 3 J Py -
Ld * a [
2.00E+00 |8 o = 5 .
s * He ¢
» . [ I . 2 ¢
1.00E+00 . . .
* P * ' .
¢ B | ¢ |®
000E+00 @ | o %
1.280E+09  1.290E+09  1.300E+09 1.310E+03  1.320E+09  1.330E+09
o PURF { upsfream }
frequency ( MHz ) » PURF2 { downstream )

S
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2" RF LINE

Test of RF components at room temperature :

- Biased wavegide to coaxial transition

» Coaxial line at atmospheric pressure

« Coaxial windows with atmospheric pressure on one side and

vacuum on the other side

Measurements :

RF measurements

¢ Direct power
Reflected power
Transmitted power
e Upstream pick-up
« Downstream pick-up

Electron measurement
¢ vacuum stde pick-up

Vacuum measurement
¢ ionic pump current

Detection diodes + voltage amplifiers
( 3 us rise time )

Current to voltage amplifier
( 3 us rise time )

Current to voltage amplifier
( 1 ms rise time )

eSP

COMMISSARIAT A L'ENERGIE ATOMIQUE

DSM - DAPNIA
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RF line N°2

/

Qug o 4 Oe0

Waveguide
matched load

Coaxial window
under test

r— a o [] R

A B

el /Pumping port
THOMSON

waveguide window

Bidirectionnal
coupler

RF input

COMMISSARIAT A LENERGIE ATOMIGQUE

Ds M - DAPN ' A DEPARTEMENT D’ASTROPHYSIQUE, DE PHYSIQUE DES PARTICULES,
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10N 11 n lin
Waveguide
switch
1% line
> >
RF power
from klystron . 2" line
ing th lin he same tim

e first line in standing wave mode at half power.

« second line in traveling wave mode at full power.

Sliding short circuit
RF power Alr filled wave guide _l ‘
from klystron |
|
> / RF windows
/ 3dB coupler 4—' 4-|
T ' fixed
L 4 st 1.
1*line Short circuit
+—2" line
Evacuated
line
+—|RF load

( E E 1 M.DESMONS
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KLYSTRON CHARACTERISTICS

THOMSON klystron TH2086A
5 cavities with mecanical tuning .

Output circuit : WR650 wave guide

frequency 1230 to 1330 MHz
bandwidth (-1dB) 20 MHz
peak output 500 ms pulse width 0.6 MW
power 250 ms pulse width 1.0 MW
| short pulse 4.5 MW
drive power 30 w
gain 42 dB
efficiency 37 %
perveance 23 uA/v?”?
solenoid current 13 A
SWR max 1.5
phase shift vs cathode voltage -10 °/kV
vs drive power 4 °/dB
cooling collector 1500 liters/min
water flow body 8 liters/min
solenoid 8 liters/min
weight 120 kg
height 2300 mm

COMMISSARIAT A LENERGIE ATCMIQUE 11710/ 1998
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TH2086A ( N°502 ) —e— IFOC=10.5A
—a— IFOC=15A
z -
1.8
1.6
z 14 T/
=
- 1.2 /
]
2 1
<)
< 08 ) 4
200 7
5 06
)
0.4 J
0.2
0
0 2 4 B 8 10 12 14
drive power (W}
-]
TH2086A ( N°502 ) e (A
—g— MicroPERY
100 2
. M -
80 16
< 70 14
= et >
E &0 / 1.2 5
3 % 18
c L
0
2 30 el 0.6
x ./'
20 04
10 0.2
0 0
0 20 40 60 80 100
klystron voltage { kV' )

ey
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HP3 MODULATOR

IGNITRON
>BK514
6
K
10K g 5UF 230
— .
10K J K
10K g IGNITRON
2*BK514
TH2086A
1 KLYSTRON
60 KV
s O M L 1o § f —
. \/_ﬂ\/

electrical diagram

Ca’] M.DESMONS
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HP3 MODULATOR
- R PH
o ; SUF |
4 T ignitrons switched off
A'A'A"
10K
10K
10K
A Z WFI 3
IGNITRON
2*BK514
; 4 PULSE PHASE
10K g SUF 250
T 1
7
K ignitrons switched on
IGNITRON
2BK514
KLYSTRON
3 10K
S5UF g
- —
1 B
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HIGH VOLTAGE AND RF PULSES

W aitirk For trigger 1998/10/12 08:04:29
CHi=2v : ! CH3m2y @ CHImSY : 200us/div
DCc 111 . : : DG 11 : DG 11 : :
; : : : r : : ! NORM:SMS /s
'; : N

=Hiter= =0ffset= =Record Length= aTrigger=
Smoothing : ON CH1 : 0.00V Maim ¢ 10K Mode | NORMAL
BEW . 20MHZ CH2 : 0.00v Zoom ! SK Type : EDQE EXT 4§
CH3 : 0.00v Delay : 0.0ns
CH4 n.0o0v Hold Off : MINIMUM
W aitirlg for trigger 1998/10/12 08:04.50
: i CHz=z2v : E : : 1 200us/div
Dc: 111 : : : : :

=Filter= =0ffset= =Record Length= =Trigger=
moothing : ON CH1 : 0.00v Main : 10K Mode : NORMAL
W . Z20MHz CHz2 : 0.00v Zoam : 5K Type : EDGE EXT 4
CH3 : 0.00v Delay : 0.0ns
CH4 ! 0.00v Hold OFF : MINIMUM
COMMISSARIAT A L'ENERGIE ATOMIQUE 11/10/ 1998
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RF CONTROL SYSTEM

isolator

Computer

LABVYIEW
TH2086A
klystron

voltage coniroled
PIN attenuator

Analog /0
interface

RF source
HP 8350B

L
[
vz
5 |8 =Xz
ag| 2 Q
E] - x
b :”x £
2 w| o [l
[ra o] Pl — I~ et
— -
a © “—1'm
o v =¥ o
£ 2%| =
= w »
]
Z g
= a's o
g 0]
= ! 5
[ o a =
@ = [ ~= =
£ s 3 g8
3 S
o m © -
= 4 + gg =
b T L3 . oG
g o B 2
@
o
2% > ©
E |
™
l——' T
m
'r]
N
wn
]
1<)
oL
=

@‘J M.DESMONS
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ger

1998/10/12 09:41:55

Waiting for trig

CHZ=2Y
DC 11

f= 1300 MHz r

Pkiy = 1000 kW

200us /div

=Filter= =0Offsets =Record Length= =Trigger=
moothing : ON CH1 @ 0.00v Main : 10K Mode | NORMAL
W . 20MHzZ CH2 : 0.0av Zoom : 5K Type : EDGE EXT &
CH3 : 0.00v Delay : 0.0ns
CH4 : 0.00V Hold OfF : MINIMUM
3000
2500
r e .
.. 2000 ~ 100 KW
3 el e e 200 kw
£ 1500 s . /| e 400 kW
- -/ s (/xw wyk/" s 600 kW
@ 7 3
—@— 800 kW
t;. £ / - 1000 kW
1000 | ——
Z, ‘ /*_,‘%._‘__QH —— 1200 kW
///,,__..._..L_,__\ o — 1400 KW
500 s e e 1600 KW
ot e
o e —m— 1700 kW
..
0 , r =
1270 1280 1290 1300 1310 1320 1330
frequency ( MHz )

eSY

COMMISSARIAT A L'ENERGIE ATOMIQUE

DSM - DAPNIA

DIRECTION DES SCIENCES DE LA MATIERE

M.DESMONS

11/10/ 1998

DEPARTEMENT D’ASTROPHYSIQUE, DE PHYSIGUE DES PARTICULES,
DE PHYSIQUE NUCLEAIRE ET DE L'INSTRUMENTATION ASSOCIEE
SERVICE D’ETUDE DES ACCELERATEURS



TESLA Report 1998-28

INTERLOCKS

Fast RF switch off ( 10 us delay )

¢ over electron current in pick-up-

e over signal on PM

Transmitted power too low compared to klystron power
Arc detection on the klystron window

Output klystron power too low compared to the drive power

| witch

* Vacuum value > 10®°mbar

Exemple of trip caused by over electron current

Waitirkg for trigger

1098/10/15 07:28228

CH1=2vy : CHz=2v . CHamzV
DC11 . DCT1 P DG

Sl

oo 5_4«_|PI$IR= T70KW | .

CH=5Y : z0Bus/div
DG 11 :

| NORMEMS /s

PU e- ( upstream ) |

5 mA/div
oFilter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : .00V Main @ 30K Mode | NORMAL
BW : 20MHz CH? : n.0ov Zoom : 5K  Type : EDGE EXT £
CH3 : 0.oav Delay : 0.0ns
CH4 : 0.00V Hold Off : MINIMUM

S

COMMISSARIAT A LENERGIE ATOMIQUE
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1998/06/20 140538

Wailirly For trigger
CHI=2v | CH2=2V . CHIW2Y
o 11 H DC 11 og 11

: T
e &t [ o :

=Filter= | =OFfset= =Record Length= =Trigger=
© NORMAL

moothing 1 DN CH1 :  DODV  Main :
W 20z CH2:  00W  Zoom:
CH3 : 040V
CHe 000V

1988/08/20 1414:07

cHi=2v - 2 : :
1 H B [F -3 N B og 11

Wallirf for trigger
T CHZ=RvY [ CHE&RvV ¢

CHA=SY  © .200us/div
[ v It B H

=Fitars =Offsets  =Record Lengih= =Trigger= -

moathing : OM  CHi

W 20k CH2 : o.oov Zoom :
CH3 : anov
CHi ooV

10K Made @ NORMAL
5K Type : EDGE EXT £
Delay @ 140.0us

¢S

COMMISSARIAT A L'ENERGIE ATOMIQUE
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Waitiely For trigger 1999/08/19 15358

sz : GBIV 1 GIRV T ChWESV  ;  iDusiov
oG LT I DG P bpgTT L DG H
: : H i E L. NORMIIME /s

L3

Format [ FleName | AuLofke
BP z OFF
=Fiiter= =Offsatx =Record Length= wTrigghrs

monthing : ON  CHT: 000V Main @ 0K Mode | NORMAL
W o 20MHZ CH2 :  Boov Zoom : 5K Type : EDOE EXT &

CH3 : 0.00v Dalay : 0.0ns
CHE: 000V Hold OFF ©  MINDAUM
Waitirfy for trigger 1998./08/19_ 155802
CHISV  :  CHzmV  : CHARAY . CRAWSY ¢ Z0ussaiv
[+ 3 I DE11 ! pgr [ i e I :
SO SO UL L NORMSIME S
TRl ECT AR

=Fifer= =0ffsete aRecord Length= =Triggers
moathing @ ON  OH1:  DODV Maln 0 10K Mode @ NORMAL
W 2Oz CHZ : a0y Zoom : SK  Type : EDOE EXT &
CHZ: 000V Deiny : 0ns
CH4 0o Hold OFF :  MINDAUM
4

@J M.DESMONS
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ACQUISITIONS

Analog in
Fast signals ( RF, PM, electron currents ):

2 National Instrument analog inputs devices ( ATMIO 16 E 1)
10 us sample period, 2 ms acquisition length
5 values/parameter stored into files :

e Maximum value

e Minimum value

e Average value

e Pulse rising-edge time

e Pulse falling-edge time

Slow signals ( vacuum ):

] National Instrument analog inputs device ( ATMIO 16 E 10)
10 ms sample period, 1 s acquisition length
2 values/parameter stored into files :

e [nitial value

e Maximum value

Temperature m remen
1 HP voltmeter and GPIB interface
Fr m rement :

1 HP RF counter and GPIB interface

COMMISSARIAT A L'ENERGIE ATOMIQUE 11 /10 / 1998
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Tests results

Christian Travier
CEA Saclay

Cpdgaeier, TTF coupler meeting, Saclay, October 19-20, 1998
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Tests results

C. Travier

DSM/DAPNIA/SEA Saclay

- Data analysis

- List of tested components

- M2 window detailed results
SW@300 K
TW@300 K
SW@80 K

Cpdgaweer, TTF coupler meeting, Saclay, October 19-20, 1998 :
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Recorded data

For each RF pulse, the following information
1s stored in a file

*RF power (input, transmitted, reflected)

*Field at window (upstream, downstream)

*Vacuum (upstream, dowstream) before pulse
and max during pulse

*Electron and PM signals

*Temperatures

*Frequency, time

For each type of signal, one records
*the maximum value during the pulse
*the minimum
the average
«the integral
*the beginning
the end

Alltogether, 77 parameters are recorded
for each pulse

Crdgawier, TTF coupler meeting, Saclay, October 19-20, 1998
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Data analysis

For -atypibal run, one has to deal with: -

300000 pulses * 77 data = 23 millions
=100 Mo

~8 hours @10 Hz (~1 month @ 0.1 Hz)

Too big to be treated with EXCEL type softwares

We use PAW (Physics Analysis Workstation)
used at CERN for high energy physics

A Fortran program reads the data files, and put

them into Column Wise Ntuples through HBOOK
library. The datas are then viewed with PAW++,
in a interactive way, with the following possibilities:

- plot any data vs. any other data (2 or 3 D)
- histogram of any data
- cuts, fits, etc..

Cpdgaeter, TTF coupler meeting, Saclay, October 19-20, 1998
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List of tested components

Waveguide to coax transition

tested 04/1997
tested 04/1997
tested 11/1997
to be tested

tested 07/1997
tested 08/1998
to be tested

tested 05/1997
to be tested

* 4 stubs transition (©40) OK 1 MW
* doorknob transition OK 1 MW
* antenna transition OK 1 MW
» polarized doorknob transition

Cold windows

* FERMI conical window OK 1MW @300K
* A/2 window OK 1 MW @300K

. . d80K
* travelling wave window .

Other components

not OK
multipactor for

* $60-040 tapered transition P<s00kw
* M2 RF trap

to be fabricated  + $60-¢40 step transition

Cragedsr, TTF coupler meeting, Saclay, October 19-20, 1998
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Cragavter, TTF coupler meeting, Saclay, October 19-20, 1998
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A8

Chagkaveer, TTF coupler meeting, Saclay, October 19-20, 1998
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A2 window

Advantages - - Drawbacks
casiest concept *maximum field
*low cost at brazing point
srobustness *high dielectric losses
*E field parallel to ceramic edirect view of
mp no multipactor cavity electrons

Fabricated by SICN

ceramic: Wesgo Al1300
+ TiN coating

inner conductor: copper

outer conductor: kovar +
copper coated SS

(CPdgaeier, TTF coupler meeting, Saclay, October 19-20, 1998
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A/2 window experiment

1) Conditionning at 300 K, Standing wave (SW)

from august 10 to september 25: 338000 pulses

2) Conditionning at 300 K, Travelling wave (TW)

from september 25 to september 28: 28000 pulses
3) Losses measurements at 300 K, 1 MW, SW

from september 28 to october 9: 97000 pulses
4) Conditionning at 80 K, SW

from october 12 to october 15: 20000 pulses
5) Conditionning at 80 K, TW

from october 15 to now:

CPagagter, TTF coupler meeting, Saclay, October 19-20, 1998
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Window design

Christian Travier
CEA Saclay

C. Travier, TTF coupler meeting, Saclay, October 19-20
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Window design

C. Travier

DSM/DAPNIA/SEA Saclay

- Window RF design tool

- Window comparison criteria

- Travelling wave window design
- Mechanical simulations

- Coupler design

C. Travier, TTF coupler meeting, Saclay, October 19-20
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Windows RF studies

RF studies are done with SUPERFISH

-run on a PC

- allow good definition (small mesh size

0.5 mm -> 400 k mesh -> 5 minutes)

- good plotting facilities

- simulation of TW

- FORTRAN codes to calculate SWR,

do automatic matching, calculate bandwidth

C. Travier, TTF coupler meeting, Saclay, October 19-20

Page 118



Cold window comparison

Criteria to compare windows:

- maximum field on ceramic, at brazing location
- bandwidth

- multipactor (normal E field at ceramic)
- ghosts modes

- dielectric losses

- exposure to cavity electrons and X-rays
- mechanical and thermal properties

- mechanical tolerances

- number of braze or weld

- fabrication process (price)

- easiness to clean

C. Travier, TTF coupler meeting, Saclay, October 19-20
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Window comparison

good bad

Conical Cylindrical | Lambda’? | Concave ™ Double coax : Double coax 2 Stak

Coramic thicknoss (i 3 . 384 384 | 20 10 10 20
Bandwidth (MHz} [, 1000/> 1000] 131 | 390 | 340 @ 120 170 | 220

{511<0,2)
EraEooax o9 1,273 1 16 22 726 24 | 24
Evax brazivg Ecoax | () 4 1,5 1 0,1 0,6 0,2 0,2 0,2
xx ceramic/ Ecoax 1 2,9 1 0,6 0,6 0,2 0.2 0,2
! Dialectric power loss
1Conical window 1 1,3 | 136 : 10,2 | 7,7 1,6 24 5,2
power loss
Multipactoe - - + + + ++ ++ ++ ++
Exposure to elecirons e +4 - - - ++ +4 +
mpact

.- - + + + + + + ++

Fabrication {price)

difficulty to estimate precisely the maximum field

C. Travier, TTF coupler meeting, Saclay, October 19-20

Page 1168



TESLA Report 1998-28

TATAVAVAVAVAY NiVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA' NAVAVAVAVAVAVAWVAVAVAT gy
AVAYAVAVAY. ‘VAVAYAVAVAVAVAVAVAVAYAVAVAVAVAVAVAVA E»»@ﬁ#? -
AVAVA! ViTAVAVAVAVAVAVAVAVAVAVAVAVAYAVAVAVAVA (W.v,v

. AV, AVaVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAN PiVA¥
- VAVAYA %E NAVAAAVAVAVAVAAVAAVAVAVAaVAVAVAVA -V, B
FAVAVAVAVAVAVAVAYAN; 74 VAVAVAVAVAVAVAYA 04 PNy AVAVAVAVAVAVAVAVAVAYAVAVAVLVAVAVAVAVLY. 7,7, ¥,
AVAYAVAYAVAY,VAVAN . AVAVAVAVAVAVAVAVAVAVAYAVATAVAR)' \NAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVLV.V, ) Zvav
VATAVAVAVAVAYAVAV,Y oa AVATAVAV.VAVAVAVAVAVAVAVAYA' sVaVAVAVAVAV, VAVAVi V.V VaVaVAVAV.VAV.VSY, AVAVAS AN
VAV AYAVAVAVAV 0, v o 5 Va AVATAYAASAVAYATAVA AViXANAVAVAY.:¥AVAVAVAVAVAVAVAVAVAVAVAV,YS' AVA

VAVAYAVAVAVAYAVAYAV AV AV ATV A VAVAVAVAVAVAVAVAVAY/ TAVAVAVAV,VAV.Y. CAVAVAVAVAY,” . A .
TAYAY VAVAVAVAVAVAVAY VAN AN N AN A AT AN AV AN A vavavay . AN A AV AV Y LV VYV V. V.V V. V.Y
«40404»40&4»ﬁﬂqbﬂnbﬁﬁ_._ﬁpdbdhﬁ4»4&5Sﬂ.rdbdrﬁd»#«hdp4>4»4>¢>»h«%>0>¢»»__»~.ﬁ.i«.»4»4»4’4»«»i»4>4»4»4»4»4»4»4»»»»»0»0»0»o»«».»»»
0 0 0 » » 0 »4»4»4»4»4»4»4»4»4»1»4»s.A ﬂhr_h§4>4>4>4>4»4»4»4»4»4»4»4..,4h3_,.,,s.»4»4>4><>4.r4>,4.__.r<>4><><>4><>4>§<><>§<>§<><><-4>_
0 \ 0 AVAYAY »4»4»4»4»4»4»4)4»Sﬂ..ﬂqh# A >4r<><r4,>4>4>4>4><»4>4>4»4v4>!.r ._s#45»4»4»4»4»4»4»4»4»4»4».4»4p<><><><><»<>4>4><><><><»4.3.4
04» »4»4»4)4»4&4»4»1»4»47.é.qr AVAVAVAVAVAVAVAVAV AVAVAVAVAVA, Vs> h»q>4>4>4»4»4»4»«»4»4»4»4»4»4__.,4»4><>4>4><>4>§4>4>4>4>§4»1»4»4»1»
N ><>4>4>4>4»<¢4>4» h 44h5}4»4»4»4»4?4»4»4»4»4»4»4;4’4‘»4;f ._,).>4>4»4»4»4»4»4»4»4»45»4»4»4»4»,4;4»4»4»4r<><>§<><><><><>4>4>§4»4»4»4_
4»4»4»4»4»4»4». 4....,._' 0»4»4?4»4»4%5»4»4»4»4»4&_3#f .‘b4!>4><><>4>4_r<>4>4>§4»4»4»4»4»4»4»4»4>4>4><>4><>§<>4><>4><>4»4»4»4»4»4%».4»
0«&4»44&» AVAVAYA r4>4>4>4>4><><&v§4)4»§!.s.>4»¢><><><><><>4»4»4»4»4»4»4»4)4»4»4»4»4p«»4»4»4>§4>4»4»4»4»4»4»4»4»4»4»4»4»4»4>4>.4
2 7040 0 >4><r4>4>4>4>4>4>4P45>4>4’4v«»{;c..m.b‘..>4>4>4>4>4b§4><><>4><>4>4>4>4>4>4b4>4bd>4>4b4»4»4>4>4»4»4><><><>4>4><><>4><»4>4><>4b<b§
R K KK RO XA AR
: ; N A'ATAATATAYATAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY
AVAVAYAVAVANAVAV AV YAVA™ -t AVAVAVAVAVAYAYAVAY AV AV AVAY AV AV AV AV AV AV AVAVAVAVAVAVAVAVAVAVAV WAV, VAV AV, V. W VoW yu Y,
- , 4»1-.» " 54144_4444444 VAYATAYAVAVAVAVAYAVAVAY, 44!4444444444»0 0#00 0_00404»4040404«40404#4040404

SAp@M YYNIUIAL

Qctober 19-20

Saclay,

C. Travier, TTF coupler meeting,

Page 119



TESLA Report 1998-28

UMs-

(W2) /7

R (" W N N — — . i P. L
S G o o o b o o o 5 o n
|_____:_____Z_._.___,_____,,__,m_._v__:._.___.__._”_:__ _______Z_ EERE
n A1\ 14%: -l
- 2 _QWJ 4
R ; |

_:______ﬁ:_#______________

7

_,_<______ __:___.___:_;__

020181

86791 /01

aVIINYIL asjausy
WO waqod @c_zo__ow 3y} wouy ojop paly u;mcooEobum_m :

ti1'0-
YA N
010~
80°0-

900~

¥0'0-
zZ0'0-

D0.0 ,
200

$0°0
90°0
80°0°
010
Zi0
710

C. Travier, TTF coupler meeting, Saclay, October 19-20

Page 128



TESLA Report 1998-28

W

- Hi 3 'I | ll'l 'l T |1 !ll l‘ l
iy 54 A A ‘

e

'-'l.f'.‘?-_t'"-'l" |‘|":| | I;I"“ ||| ||||| ERIBAVRERLN N T

C. Travier, TTF coupler meeting, Saclay, October 19-20

Page 129



TESLA Report 1998-28
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Travelling wave window

- Advantages

epure TW in ceramic

*no direct view of
cavity electrons

low field at brazing point

low dielectric loss

great flexibility in
parameter choice

emoderate cost

*E field parallel to ceramic
=P no multipactor

Champ électrique (MV/m)

C. Travier, TTF coupler meeting, Saclay, October 19-20
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Drawbacks

elarge diameter
*high field on noses
ecavity electrons
difficult to clean

oy Ry
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Travelling wave window

Ceramic: WESGO Al1300

Inner conductor: copper
Outer conductor:
Two fabrication options are considered:

copper and titanium

Ordered to SICN
Should be ready by end of year

C. Travier, TTF coupler meeting, Saclay, October 19-20
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MECKANICAL  CALOULATIONS .
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C. Travier, TTF coupler meeting, Saclay, October 19-20
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C. Travier, TTF coupler meeting, Saclay, October 19-20
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Coupler design

Not yet systematic design made

Ideas persued to reduce cost are the following:

*use two identical coax windows, preferably
TW window
- euse atmospheric pressure waveguide
to coax transition
*use RF trap for conduction barrier
(avoid Cu coated bellows)

C. Travier, TTF coupler meeting, Saclay, October 19-20
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Polarized transition

P. Lepercq
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RF studies for the power coupler

I/ Polarised .doorknob transition: (to be tested). -

2/ Bellow in RF trip (to be realised)
3/ Alternative transition

P Lepercq, TTF coupler meeting, Saclay, October 19-20, 1998

Page 132



TESLA Report 1998-28

.

ECHELLE 54

NN
Fo

ﬁ\sﬂ\\\\\\.,-\\\\\\\\.\\n
G ‘ﬂ

P.Lepercq, TTF coupler meeting, Saclay, October 19-20, 1998

Page 133



TESLA Report 1998-28

A IS FES I Y
FLATTY,

P.Lepercq, TTF coupler meeting, Saclay, October 19-20, 1998

Page 132



TESLA Report 1998-28

P Lepercq, TTF coupler meeting, Saclay, October 19-20 , 1998

Page 138



TESLA Report 1998-28

L

P.Lepercq, TTF coupler meeting, Saclay, October 19-20 , 1998

Page 136



TESLA Report 1998-28

2t 4l

re

el

(ZH0)) ouanbad §
%) pes 2]

8t
TTT T T

7l

9z

LRBLIEY LR3I N 20 0 I O 0 g

£t

&p-

=

1 3
[9%)
[

Magnitude [SJ:(dBJ |

I
[
[oa]

|
]
(8]

|
[a}
<«

L
or

TTTTTTTT]

EENBERERE

TTTTTITTT

T T T TTTTT T

INEREYIERE

/

-

LIS BT O A A O B R e e a2

houanba. 4 *sA x14)opy Bug.reno‘:)g-

J

¥y s §

l

P.Lepercq, TTF coupler meeting, Saclay, October 19-20, 1998

Page 133



TESLA Report 1998-28

0051

osvi

oorl

. 0%k€EL

T

0oc

052t

00Tt

0StLt

EaEQ:g DAY i_o_..

0014
- 0€-

P.Lepercq, TTF coupler meeting, Saclay, October 19-20, 1998

Page 1368



TESLA Report 1998-28

P.Lepercq, TTT coupler meeting, Saclay, October 19-20 , 1998

Page 139



TESLA Report 1998-28

S11 (dB)-

S b & 4 8 & 5 4 & B &

-] N |

5
ZL

TAN S

A

e
ozmw baig

se’)

wigy menbioy

P Lepercq, TTF coupler meeting, Saclay, October 19-20 , 1998

Page 138



TESLA Report 1998-28

$11 a 1.3GMz (dB)

oz
59-

09
55

-+ 05
Gp-
op-
5g-
o8-

uonssaxhuoo

|

P4 ;

——«e::// .. 7 - eg
—

\ .g

]

3

3

3

[

2
N
]

P.Lepercq, TTF coupler meeting, Saclay, October 19-20, 1998

Page 139



TESLA Report 1998-28

E
]
. &
v £
= . 0
T
E
5
J:
3
£
ul

compression

& 5 g ¥y = § g 3 8 ?
(zHD) 04 bosy T

P.Lepercq, TTF coupler meeting, Saclay, October 19-20, 1998

Page 1402



TESLA Report 1998-28

e

S

-
e

e ShTe SRRl
S e T e e

i ';fﬁzmczwm%z
e S e
s e
T SRR L,

P.Lepercq, TTF coupler meeting, Saclay, October 19-20, 1998

Page 143



TESLA Report 1998-28

Alternative transition

Goal: working under air or neutral gas pressure
(instead of vacuum)
study electric field
tolerance on dimensions
leadsto realisation is easier

lower cost

P Lepercq, TTF coupler meeting, Saclay, October 19-20 , 1998
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Multipactor simulations

D.Proch
DESY
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Multipactor Simulations
D.Proch

Report about investigations of Prof. Sarvas and co-workers, Department
of Mathematics, Rolf Nevanlinna Institute, University of Helsinki

I Introduction
II Results of multipacting simulations in:

A, Coax-lines: Traveling & standing waves

B, Coax lines with DC bias

C, Windows in coax lines: tapered and cylindrical ceramics

D, Cylindrical windows in coax lines with complex reflection factors

E, Cylindrical windows in transition from coax to rectangular wave-
guide

II Investigation of Multipacting in rectangular wave-guides (ESTEC, ESA)
IIY Conclusions

DP@d8 TTF coupler meeting, Saclay, October, 19-20, 1998
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122 E. SOMERSALO- et al.
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FIGURE 8 The gray scale contour plot of the distance function dsq when the primary
electron cmission is restricted to the maximum of the electric field. The darkest shading
corresponds to the minima. Initial phases corresponding to electron trajectories that
end up to the shadow are marked with white, Same geometry as in Figure 6. The
horizontal axis gives the square root of the incident power in kW and the vertical axis

gives the field phase in degrees.

€_30/e_0In log scale

Al

100 200 300 400 500 800 700 800
incident power [kW] .

FIGURE 9 Relative enhanced counter function in the logarithmic (base 10) scale
restricted to Epqy, Same geometry as in Figure 6. Note that when multipacting occurs,
the relative enhanced function (in the logarithmic scale) is greater than one,
i.e., the mumber of the electrons is increased.
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COMPUTATIONAL METHODS
FOR ANALYZING ELECTRON
MULTIPACTING IN RF STRUCTURES

ERKKI SOMERSALO®, PASI YUA-OIJALA bek
DIETER PROCH ¢ and JUKKA SARVAS®

* Department of Mathematics, Helsinki University of Technology, Finland:
® Rolf Nevanlinna Institute, University of Helsinki, P.O. Box 4
( Yliopistonkatu 5) FIN-00014, Finland: ¢ Deutsches Elektronen-Synchrotron
DESY, Hamburg, Germany :

{ Received 15 September 1997; In final form 9 January [998)

Electron multipacting can cause loss of the field level in resonators or it can break the high
power rf components like couplers and windows. This: phenomenon starts if certain
. resonant conditions for electron trajectories are fulfilled and if the impacted surface has a
secondary yield larger than one. A general cure against multipacting is to avoid the
resonant conditions. Therefore, we investigated the dynamics of the electron trajectories
in order to find rules for these resonances. We developed new computational methods
which combine the standard trajectory calculations with advanced searching and
analyzing methods for multipacting resonances. In numerical experiments we consider
different coaxial structures. We are able to find those rf incident power levels at which the
‘multipacting occurs and, thereafter, to locate and identify different multipacting pro-
cesses. We characterize multipacting behavior in straight and tapered lines, and for the
straight couxial line we give simple scaling laws for the mullipacting power bands will
respect to the diameter, impedance and frequency. Furthermore, the present analysis
mcthod turns out to be a powerful tool for optimizing different methods to Suppress
multipacting. Here, in particular, the biasing DC voltage method is considered.

Keypwords: MuItipacting; rf structures; Superconducting cavities; Dynamical systems

* Corresponding author. Tel.: +3589 19122775, Fax: +3589 19122779, -
E-mail: Pasi.Yla-Oijala@RNI.Helsinki.FI.
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ELECTRON MULTIPACTING IN RF STRUCTURES

T T

iy elactron ylelg.. ‘

saconda
[
[3,]

0 200 400 800 800 1000 1200 ° 1400 1600 1800 2000
: kinetic impact energy [eV] _ 7

 FIGURE 1 The secondary electron yield at differeat impact energies (in e¢V) for y
- niobium surface baked at 300°C. ' :

- Considering the full discrete trajectory, the number of secondary
electrons due to one single electron -startin_g'at pafter n impacts is

: C ol . 7 .
w(p)=[la®(p), pec. (13)
\ =0 S

Ca,(p) > |, PEQG. (14)

Olir aim is to develop methods by which we can, on one hand, find

{ hose EM field levels at which the electron multipacting may occur,
on another hand, analyze the mechanism of the process at the

found multipacting field levels. Especially, we want to find the location

_:_: the multipacting process in the phase space, and also, to compute the

Imultipacting trajectories and find their kind (one-point, two-point,

fetc.) and order.

X388 TTF coupler meeting, Saclay, October, 19-20, 1998
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120 E. SOMERSALO et al.
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FIGURE 6 Relative electron counter functions after 30 impacts. The computation
was done with a 500 line with inner and outer radii a=22.4mm, 6=35L5mm,
respectively, at the frequency 500 MHz. In the top frame, electrons from M4 (maximum
electric field) to -3/2 (maximum magnetic field) were tracked, and in the bottom frame,
the initial electrons were restricted to the maximum of the electric field only. The
differences showing in these plots (from 450 to 690kW) are due to the first order two-
point process. Note the different scaling of the figures. ,

f power is chosen from one of the multipacting bands. A further
demonstration of the phase focusing is seen in Figure 8, where we have
plotted the distance @ — 4|, i.c., the difference between the original
‘and final phases after n impacts for each incident power. Here, the
electron trajectories are initiated only at the maximum of the electric
field. The darkest areas are the attracting phases and the shaded areas
around them are the focused phases. _
Basically two different dominant mulnpactmg types can be recog-
nized. First, there are one-point multipacting processes of different
order on the outer conductor of the line. Secondly, there are two-point
processes from the outer conductor to the inner one and back. In
addition, we were able to find some more complicated processes that
show up only on relatively martow power bands that are usually
overlapping with the more prominent one- and two-point bands. An

DP23edBSTTF coupler meeting, Saclay, October, 19-20, 1998-



TESLA Report 1998-28

122 - © E. SOMERSALO et al. .
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FIGURE S The gray scale contour plot of the distance function dsp when the primary
clectron emission is restricted to the maximum of the electric field. The darkest shading
corresponds to the minima. Initial phases corresponding to electron trajectories. that
‘end up to the shadow are marked with white. Same geometry as in Figure 6. The
"horizontal axis gives the square root of the incident power in kW and the vertical axis

gives the field phase in degrees. :

e_30/e_Dinlog scale
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..............................
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800

FIGURE 9 Relative enhanced counter fumction in the logarithmic (base 10) scale
restricted to Enax same geometry as in Figure 6. Note that when multipacting occurs,
the relative enhanced function (in the logarithmic scale) is greater than one,

i.¢c., the number of the electrons is increased.
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130 ' . E. SOMERSALO e a/-

reflection coefficient
o o
F-Y n

o
2]

0 500. 1000 1500 2000 2500 3000 3500 4000
' incident Power [kw]

FIGURE 14 The gray scale plot of the 10 base logarithmic of the enhanced cov
function ey as a function of the incident power (horizontal axis) in kW and reflec
coefficient (vertical axis). In the figure, ali positive values of the counter func
correspond: to the multipacting processes of different order and type. This zero lir
indicated in the plot, The.outer diameter of the line is 103 mm, frequency is 500 »
and the impedance is 50, _ L :

coefficient increases, the processes of different nature split into elect
and magnetic processes. The dependence of the electric multipacti;
bowers on the reflection coefficient can be de’sc:ibed-approximate!y |
the formula " | |

1 g

Pclcctri::N P — Pow. s
. (LR T (g W (

A heuristic physical explanation for this rule is similar as for the rul
relating the SW and TW operations: For gjven R, the peak voltage ; .
(1 4+ R) times the corresponding peak voltage of the traveling waves

A closer analysis of electron trajectories shows an important feature.
vultipacting in the mixed wave operation is dnm ¢t anwini o o

DP®R¢h8 TTF coupler meeting, Saclay, October, 19-20, 1998
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Refiection coeffs for thg -warm window 10;-Feb—1 988

. Reflection coeffs for the cold window 10-Feb—1993

C( et e )
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) Ehhanced electron counter DESY window / cold

Imag of R

-1 : 0
Real of R
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Enhanced electron counter _DESY coupler / warm side.
1 , ,

Imag of R

Real of R
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A. Woode & J. Petit
; Radio-Frequency Systems Division, ESIEC, Noordwijk, The Netherlands

Investigations into 'Multipactor B’reakdqwﬁ
in Satellite Microwave Payloads

+

Abstract In paralle]l with the Agency's ERS-[ satellite multipactor test programme, a study
" was initiated to examine more closely those factors relevant to multipactor design,
component handling and diagnostics'. The result has been a much improved
understanding of those parameters that arc important for achieving a multipactor free,
high-power payload. The work has been undertaken using the experience and
measurement capabilities at ESTEC and the materials experiise of the Applied Physics
Department of the University Autonoma of Madrid.

ESA Jowrnal 1990, Vol, 14 _ 467

DP@d88 TTF coupler meeting, Saclay, October, 19-20, 1998
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(Appendix): Later thearies were all based on this early work*®!! and the theory of .

Sombrin'' was thought to be the most accurate. Sombrin stated that the velocity of
ondary clectrons ]eavmg the surface (v,) was a constant, whereas Hatch and

Williams made the assumption that the ratio of pnmary to secondary electron velocity’

K=(v/v) was constant.

With the measured results we were able to inake comparisons berween the dlfferem
* theoretical predictions, and it was found that the theory of Haich and Williams was
a much better fit to measurement than that of Sombrin. It is accepted, hewever, that
the. sunp!c theories are incorrect for the region of lowest arrival energy (Wy) for the
minimum gap, and the upper energy boundary,

Based on this finding, the theory of Hatch and Williams was used for setting up a
simple computer model to. match the ESTEC results and to generate sets of
muitipactor susceptibility design curves. The- theory is presented in the Appendix.
Matching of the. parameters was carried out in an.iterative manner, changes beiog

made to the model to match the sets of measured datz for the differcnt materials.

Results of the simulation for afuminium and aluminium abodine are shown in Figares
5 and 6. General design curves for all the tested maierials ave shown in Figere 7.

As a separate experiment, a comparison was also made bebiveci i vabac of W,
measured by UAM in their Electron Spectroscopy Chemical Adialysis (ESCA) facility
and that extracted from the theoretical model matched to the mesgared data

(Appendix, Equation 7). Although a difficuit experiment, the measurements largely

correlated (Table 1), thus demonstrating that the primary electron encrgy (W) was
the major significant factor in establishing the actual multipactor threshold.

ESA Journal 1990, Vol. 14
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Figure 4. Plot of mullipactor threshold as a
function: of frequency—gap product for

waveguide test samples
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Conclusions

» Multipacting is completely described for coax lines
-dominant electric driven one point from the outer conductor
-multipacting charts are available for SW, TW and mixed conditions
-tapers and ‘steps enhance . multipacting .
-tapered window shows broad band multipacting
-cylindrical window is nearly free of multipacting

* Multipacting in rectangular wave-guides
-dominant electric driven two point
-multipacting chart available (traveling wave) -

2D MP code is operational and will be made available

-

2.5D code (e.g. window in transition from coax to rectangular wave-
guide) is operational '

3D code (e.g. needed for round windows in rectangular wave-guide) is
under development

DPBgec?TTF coupler meeting, Saclay, October, 19-20, 1998
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TiN coating studies

Stéphane Chel

CEA Saclay
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Figure 18.12: (a} Secondary emission coefficient and (b) loss tangent of TiN
layer on an alumina substrate, as a function .of coating thickness.

desorption from the ceramic and metal surfaces can degrade the vacuum, leading

to a glow discharge, which in turn can cause metal deposition on the ceramic

by rf sputtering. This can lead to inhomogenous heating, thermal stress, and
- cracking of the ceramic.

18.4.1 Antimultipactor Measures

It is essential t econdar issi jent of the ceramic by ap-
plying a thin coating of special materials. The most used coating is TiN. Others
are TiNO, SiN, Cr203, copper black, and gold black. If they are shghtly con-
ductive, these anti-multipacting coatings also help to provide rge drainage
which reduces the risk of voltage breakdown. The thickness of the coating layer
must be carefully controlled because the rf loss of the coating increases the
surface losses. of windows. Figure 18.12 shows the drop in the secondary yield
and the increase of loss tangent with coating thickness. Evidently 1 nm is the
optimum thickness for TiN. [317].

At CERN the conditioning of couplers has been greatly 1mproved by applying
a bias voltage of 2.5 kV between the center and outer conductors [168,311].
The inner conductor is isolated from the outer conductor at the waveguide to
coax transifion. The multipactor trajectories are altered by the dc field. After
operation for some time, the multipactor levels may reappear, presumably due
to gas recondensation, and re-conditioning may be required [318].
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