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Proposal
for Time Table of
TTF Il and FEL

Status of present Linac operations will be given
in several presentations this morning

Cavities of module #3 are ready to be combined
to string

6 out 8 couplers have been preconditioned
with RF

Proposal: Spend 1 more week to condition
couplers #7 and #8

Module #1 will be replaced by Module #3

Module #1 will equipped with better cavities
and cryostat will be modified.

ready as #1* for reinstallation

end October 99

Proposal for Linac operation:

End run as planned March 15th

Proposal: Linac operation

from July 15th
to end October

Install module #1*

resume Linac operation February 1st 2000

Schedule for installation will be presented
by G.Schmidt

Linac operation until end of

November 2000
End of TTF stage |

Stay with start-up date for proof of principle
experiment for FEL

July 15th

Nl need 10 MW Klystron plus modulator
to operate three modules

EXPO 2000 at DESY runs from
beginning of JUNE to end OCTOBER



Module #4 (NEW CRYOSTAT!!!) will be ready
mid December 99

will be used as exhibition part for EXPO 2000

Material for 32 standard cavities is being ordered

Fabrication order for 24 + 8 cavities is on
call for tender

Earliest dates for completion of
module #5 end of May 2000

module #6 end of July 2000

Problem superstructure

If design report report based on superstructure
beam test would be important

=» has to be done in phase |
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Summary of cavity tests

Michael Pekeler
TTF Collaboration Meeting
DESY, 18t 3rd March 1999

Overview above tested TESLA 9-cell
cavities

Performance of cavities installed in
module 2

Test results of new cavity production
Cavities for module 3
Field emission

Test result of Rossendorf gun

Overview above tested TESLA 9-cell
cavities .

50 om<Eom arrived at TTF

( + 5 cavities for Schwettman

+ 6 cavities for Rossendorf )

44 cavities got HT 1400 C
( + 6 cavities for Rossendorf )

42 cavities tested in vertical cryostat
( + 5 cavities for Schwettman
+ 2 cavities for Rossendorf )

28 cavities equipped with He vessel

18 cavities tested in horizontal cryostat
CHECHIA

13 cavities installed in the linac
( + 8 cavities will be installed now)

In addition 4 single cell cavities, one 2-cell
cavity, one 4-cell cavity, one 5 cell cavity
and one 1/2 cell (gun)-cavity have been
treated.



"How much have we done in one year

activity 1996 [ 19971998 [* 359"
cavities arrived 7 12 | 27 3 |
inner surface removal [mm] 1.2 uk..w n_h 011.3
cavities HT 1400 8 5 [24 ] 8
cavities got first vertical test 10 8 20 .ml
total number of vertical tests| 29 A.m 46 7
He vessel welded 8 3 14 2
CHECHIA tests 8 1 5 4

‘How much time do we need now for cavity
test and preparation

activity

{days]

now

personal estimation
for mass production
[days}

mech. + RF check

BCP before HT

HT 800 C

HT 1400 C

BCP after HT

tuning

preparation vert. test

vertical test

He vessel welding

preparation for CHECHIA

CHECHIA test

total

Ch .
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<— 500 GeV
1(21.5 MV/m)

% U AARAS RARRE RARA T
gl &
S lE Bl
Tk
Q a.mm.
= ISEE | °
S % |,
7 | 228 00
L
238 N
EEES[ {24
e llfm > i}
..m so|[ |o .
O
<3
o
2 o
O OH
o i
= N g o
« ®
H)
g °
e o -
g el
= AR 4K laegn-e
M , o208
[W/AIN] A

1996 1997 1998 1999

1998: we normally reach gradients between 20 and 30 MV/m.

1995

But there are also cavities with quenches in that region.
We need to find the quench locations, reduce field emission and

study the Qdrop without xrays



We have observed now the Qdrop

without or with very low xrays.
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1. Cavity production

cavity _Ma,w_ﬂ_ _Awwu used Infas comment
P1 >29.1 Lfm EP at KEK Prototype
P2 16.3 22 stored Prototype
C19 22.1 2 capture cy
D1 24.7 17 module 1
D2 21.9 4 module 1
D3 25.6 29 module 1
D4 13.5 16 module 1 detect
S7 13.8 8 module 1 weld defect
S8 125 12 module 1 weld defect
S10 14.2 16 module 1 weld defect
S11 13.5 13 module 1 weld defect
A15 | >23.0 4 module 2
C21 1 >29.3 8 module 2
c22 20.2 21 module 2 weld defect
C23 | »25.3 8 module 2
C24 | »19.7 5 module 2
C25 | >28.4 9 module 2
C26 | >21.4 4 module 2
C27 | >26.7 8 module 2
S12 12.6 13 | cap. cy (FNAL) weld defect
D5 | 86 24 | cy 4 wner test defect
D6 13.6 12 cut defect
59 11.4 11 stored weld defect
A13 3.4 10 museum | strong weld defects
Al4 6.4 11 stored weld defect
A16 | 20.8 5] needs new test
Al17 not tested yet
A18 not tested yet
avg. | 18.9

— -




2. Cavity production (scanned material)

Eacc Qo | will be used
cavity | rMv/m) [109] In comment
S28 | >25.3 6 -> module 3
829 | »>26.7 6 -> module 3
S30 | >28.4 7 -> module 3
832 | »26.5 7 -> module 3
D39 | »25.2 7 -> module 3
D40 | »228 § 5 -> module 3
D41 | »23.3 5 -> module 3
D42 24.6 7 -> module 3
- 831 | (28.1) 4 {-> module 4) | new test necessary
C44 | >25.5 6 ->module 4 | He vessel welded
S33 | 238 | 7 " | Qurop Without xrays
S34 | »>144 2 fiekd emission
Z49 | >18.0 4 field emission
D37 { 20.3 5 BD
D38 19.5 3 BD
C43 12.9 20 BD, weld defect
S35 HT 1400 done
536 HT 1400 done
C45 HT 1400 done
C46 HT 800 done
Ca7 HT 800 done
C48 just arrived
Z50 - under production
Z54 at Zanon
avg. | 22.9

Performance of cavities installed in

module 2

cavity vert. test hor. test comment

[MV/m)]

C21 293
C22 20.2

C23 25.3%
C25 28.4%
Al5 23.0%
C24 19.7%*
C26 21.4%
C27 26.7%

avg.: 24.3

*

[MV/m]
18.3 new HPR after
hor. test
18.1 new HPR after
hor. test
33.0
24.0%*
26.4%*
no hor. test
no hor. test
no hor. test
23.4

limited by field emission and available cw RF power

** limited by coupler in horizontal test

2 cavities had problem:

* C22 quench @ 20.2 MV/m, quench at
repaired whole in equator weld

* C24 had accident during HPR, nozzle of
HPR system scratched inner surface, no
grinding was applied, only 20 um BCP.



What did we reach with module 2 ?

All cavities get the same incident power,
the Qext of the input coupler vary by +10%

Without beam up to now 20.8 MV/m were
reached with 1 Hz operation and 500 pis
rise + 500 ps flat-top time.

In addition cryo losses were measured with
10 Hz and 500 ps rise time, 800 ps flat-top
time operation.

18.8 MV/m, Pcryo=14.2 W -> Q = 2.7 E9
19.7 MV/m, Peryo=20.8 W -> Q = 2.0 E9

With beam up to now 18.5 MV/m were
reached with 500 ps rise + 100 ps flat-top
time.

The warm part of the coupler is the
Limiting factor --> still needs more
processing time.

~4 -

Test results of new cavity production

3 cavities showed quench below or close to
20 MV/m:

* D37 @ 20.3 MV/m, reason not known

* D38 @ 19.5 MV/m, suspicion: bad
weld preparation

* C43 @ 129 MV/m, quench at repaired
whole in equator
weld

cavity D42 shows quench @ 24.6 MV/m,
reason not known.

cavity S33 shows quench @23.9 MV/m,
reason not known

All other cavities are limited by field
emission and available amplifier power

_ \.:u.l
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2. cavity production from ACCEL:

red, 9 arrived, 7 tested, 4(+1) > 25 MV/m

"i"rll""l""l"' T
S$28, 529, $30, $34: limited by field emission and available ]

amplifier power

S31, 833 : limited by Qdrop without Xrays and quench

S32: limited by Qdrop without xrays and available
amplifier power
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2. cavity production from DORNIE
6 ordered, g arrived, 6 tested, 4 >~ 25 MV/m
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2. cavity production from CERCA:
6 ordered, 6 arrived, 2 tested, 1 > 25 MV/m
10“"""I""I"“l""E""l""-

-

a0 0000 0 4,

..

-

QO 1010 ' . .

e (43, limited by quench (repaired whole
in equator weld)

a  C44, limited by field emission and available
amplifier power
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2. cavity production from ZANON:
! 6 ordered, 1 arrived, 1 tested
0  ——
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o 749, limited by field emission and
quench
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Cavities_for module 3

4 cavities from ACCEL (S28, S29, S30,
S32) and 4 cavities from Dornier (D39,
D40, D41, D42) selected for module 3.

Average gradient in the vertical test was:
254 MV/m

All cavities are equipped with He vessel

4 cavities are equipped with processed cold
part of main coupler

3 (+1) cavities have been tested in
Ommombw

2 additional main coupler are processed
and 2 more additional main coupler are
under processing -> all cavities will be

equipped with a processed cold window

—AS-

vertical test of cavities selected for module 2
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Comparison of vertical to CHECHIA test
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r vertical test cwW opweratlon
- CHECHIA: 10 Hz, 500/800 ps rise/flat-top time
I always limited by vacuum of warm part of coupler

Pcryo = 0.6 W, 1 Hz: 28 MV/m reached 1
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¢ D39 CHECHIA test
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1999

apr may jun jul aug sep oct nov decl jan  feb
1998
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FE onset of first power rise
maximum field reached in test
no FE during test
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1995 1996 1997 1998
History of cavity S31
® 1.test: 80 um BCP, HT 800, HT 1400, 100 um BCP, HPR --> 20 MV/m, FE
1 011 , ¢ 2test: 10 pum BCP, HPR --> 15 MV/m, FE
#8  3a. test: HPR, mount HPP coupler --> 28 MV/m, no FE
r D 3b.test: HPP @ 10 HZ + flat top @ 10 Hz --> 18 MV/m, FE
0 3c. test: HHP @ 1 Hz -—> 22 MV/m, FE
4 4. test: 10 pm BCP, HPR --> 14 MV/m, FE
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Test result of Rossendorf gun

Idea to use a superconducting cavity as a

photo injector

We have tested this cavity called RG1 with

and without cathode

Parameters:
TESLA 9cell [RG1 without |RG1 with
cathode cathode

R/Q [Q] 1036 67.9 68.3
Hpeak/Eacc [4.26 3.17 .17
[mT/MV/m]
Epeak/Eacc ]2.0 2.0 1.5
Results:

RG1 without RG1 with

cathode cathode
Eacc [MV/m] 18.2 28.5
Hpeak [mT] 57.7 90.3
Epeak [MV/m] ]36.1 43.6
Ecathode [MV/m] 31.8

Hpeak = 90.3 mT in a TESLA 9cell cavity would
correspond to an accelerating gradient of 21 MV/m.
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Rossendorf gun 1/2 cell cavity

10" |

= without cathode, limited by field emission
» with cathode, limited by quench

i preparation: 20 um BCP, HPR
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H . Edvars

T he Lasersystem

Performance
e Energy:
— up to 30 pJ per Micropulse, largely sufficient for
8nC
— stability (shot to shot/within train) better than
5% rms
e Fhase:

— stability better than 1 ps

- drift seen with short pulses, fixed by forcing laser
phase to 0 using the phase feedback system

— occasional drift of resonator length

e Transverse profile:
— flat top, uniformity not satisfactory yet

— spatial filter in UV to be included, conversion green
to UV to be optimized

e 4 Pulse length:

— phase scans suggested a long pulse, confirmed by
streak camera and autocorrelation measurements
{0 = 15ps in UV)

— fixed by replacing the oscillator laser head

— now: o = 9ps in IR, estimate 5 to 8ps in UV

The Lasersystem II: Reliability

e Uptime:
— is running since mid December (except Xmas)
— in total 1600 hours with 1 Hz or 5.8.10% shots
— uptime 99 %, available for beam 97.5%

® Fallures

— flashlamps of pulse train oscillator (PTO) exchanged
after 8.10° shots

— lost 4 hours + 2 shifts with very unstable condi-
tions

— complete PTO laser head exchanged to cure pulse
length

— Sparc cpu in laser VME had to be replaced

e Server

— laser server and control program is running smoothly
and stable

— laser cpu was heavily effected once by Desy net-
work problems, reboot was required
® HILernUCKky
— no failure of personal laser safety interlock

— access to tunnel with laser beam on is not vet es-
tablished in a way, that operators could make use
of it.

— no failure of technical laser safety this time (we
had one failure in May 1998), SPS is working fine

/6
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LLRF Team

Valeri Ayvazyan
Alex Gamp
__ Serguei Goloborodko
Two Cryomodules and the RF Gun Henning Imsieke
Run 1/99 Andrei Kholodnyi
| Tomasz Plawski
Kay Rehlich
Stefan Simrock
Yurij Tchernoousko
Guido von Walter

RF Operation

e B 17 g e S A R

Guido von Walter

=

with support of

MHF-P :
- The Linac LLRF System MHF-SL :
- Module 2 RF commissioning Eumﬁ, n

- The RF Gun : TTF Collaboration :
- Conclusion and Outlook
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usrittsvr2/gwalter/frame/RFOperaticn/Module

~—N
The Linac LLRF System

New DSP System

- New hardware, faster DSPs, input channels

for the control of 24 cavities

- Features Kalman Filter and Smith Predictor

- Exception handling DSP
- Ready for three module operation

New DSP server software

- Parameter based operation, tables calculated

by server

- Operator interface integrated into DOOCS

control system

R T e B T T 1 o R ey T e T

3 WS ek Ty

LA iy CENETN S i s

Fancy

T TN PR

R o o T

oo A T e

R A Y e

28 February 1939 9:34 pm

LINAC
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A\ T4 2 23434
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D¢ D oS D
CC leed DC)
G ¢ < X
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- WOA.T SMITE .
- -~ EXCEH 10
ROT TION [ T™
KAL _
MAN ROT [~ “. ." -
- ROT |-
| |
| S— o
. gain table |-~ . feedforward table
setpoint (GT)i ;o (EF)
(SP) r——————— == — - — —
” u“u - s
T X P
; A A _
’ | |
250kHZFF | | . :
I I
— - I 1 beam table
“ P(z) z _ (BT)
b e - J
Kalman Filter |-

Andrei Kholodnyi
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DSP server features

Parameter driven table generator

Tables and feedback operation data are derived
from the RF operational parameters:

- Setpoint:
Voltage (calibrated)
Phase (relative to beam)
Fill time
Delay time
Flat top duration

=2 B - e ....qﬂ.ﬂHM\.ul.u.ﬂ\r.lJn.a.\ g
Delay Flat Top Duration
T e
.10 = +. 501 —t
- v w—
End
bbbbbb
+ 204R
v 1 trr 1 e ==
—t=0 [

T

ST T
Eeam Start ol -
- Q
-

1stitisve2/gwalter/frame/RFQperation/Modula

LIRS B o M

Cuinin e

T T e ey

ey ST e

A

R R T

28 February 1999 9:34 pm

DSP server features (2)

- Feedforward:
derived from setpoint table
Fill to flat top ratio
Amplitude scaling M el pastoetns
Phase offset

- Beam compensation:
Beam current
Beam phase
Beam start time
Beam duration

- System Gain Cospo lam

Jusritisve2/gwatter/frame/RFOperation/Module

/

O eV N R I SR

(I R

28 February 1998 9:34 pm
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DOOCS Operator interface

7
5 T md-wﬂ/

|
System selection: 1
— —. ra—— — — - - 4(
U TTERF/DSP/LINACT/ -
= = 4
Update: ,fﬂN._ Morm ' Fast _ Slow _ E o ”
RF Gun TOOLS 'LINAC1 i
' _ _
Startup:
"= TTE.RF7DSP/LINACTS i o
Update: r& Normi:: Fast | Slow m.w..u z@_
‘ INIT — ‘ Wake up _ RELEASE

Linac LLRF operation panel:

i e

o TTERF/DS P/LINACT/

SP <odﬁmmmu,z<

LsArba - sa

Vector Sum-

!

+ 160.00

W ToT oo

SP Phase rel. bean

{ . EA .
K _umaa__umnx
Loop Gain

A Y

s

vvww v

— + 20.00

Current

V._I,.VA Feedforward

Beam Comp.

S oo

+ 2.20

TE N v

usrtifsvr2/qwalter/frame/RF Qperation/Madule

R o N G. von Walter
tﬁl""

_—

28 February 1999 9:34 pm

L

SETIESRENA, i MES P PTG R

LLRF Utility softw

Support applications integrated into DOOCS

are

environment:

" ...I| ~Tirf_tools_menu - !
Loop phase . U
Adaptive FF . «

! ——— 1 |

"

q

R T T

IR

T G. von Walter

fusrittisvr2/gwalter/frame/RFOperafion/Applications

i
-

e i h

28 February 1999 9:30 pm
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Loop phase Beam phase

-compensates phase offsets from klystron and

phase shifter (in BC operation) - measures phase of beam with respect to RF

: . ; . . » et
- required for stable feedback operation 1 - allows simple adjustment for ‘on crest
' acceleration
LOOP_PHASE_MEAS/77 e i
e e i
LOAD INTO DSP! | start | & | S MEASURE_BEAM_FHA/// ¥
26 60 A
_Start time [usecl  end time [usec) 4 BEAM_PHASE/OUT/PHASE_OF_VECTORSUM  TpeiEariiance . A
[T0H Z702. 51 NEB-101. 047 g 18- W
; L OUT/ Al & C .
2.5e+04F zﬂx. .:, MPL 140. 1 :
E R .. dNO.;W
1.5e+04+ 100. 4~
Te+04-E- g0. L |
mi mo.lw.- X
0. 1 m e ! &O.u...l ) .
0.  500. 2500 20.T A mermenpetd
Res= 1,Buf= 1 . BT 0.1 R
- LMC1/0UT/PHASE -20. E :
180. U7/ PhAS tap. ] =103 EEERT0T9
0. ~60. . - S I3EEERO2
20 : —RO A~
~a0. £ -100. +
T E -120.4~ S ;
~100. £ S [E6Fee :
~1B80.E+ 1 _m T T __ L1 _4, : _ Lod. 11 _ ' T A C . . : :
rese Lpupe 150" 1000. 1500. 2000, 2500 L LI I IS I D B '
es= 1,But= 1_° : o . 0. 500. 1000. 1500. 2560.
SAVE > 7 YES | NO ] i ! Res= 1,Buf=.1 " E :
_ PR [START[ STOP MEASURICALTER] CLEAR | HIST | QUIT [RESERV

2 :

IH\,%UH\?: _Qb}ﬂﬁnehos 0: mﬂ Ledud § N.\v:d

L G, <::|<<l..,_:“./ / T AR R L Ve T T 1 (G ygn ¢<.~:m_ An
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fustititsvr/qwalter/irame/RFOperation/Applicalions 28 February 1599 %:30 pm fusthttsvraigwaltar/rame/RF Oparation/Applications 28 February 1992 2:30 pm
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Ripple table

- enables a correction scheme for the systematic
error from down conversion to 250kHz IF
- replaces simpler filtering schemes and allows

feedback with higher gain

=
[bits] cmv\er>n ﬂxcmnqox SUM. AMPL
2.5e+04
2.35e+04
2.25e+04
2.15e+04
2.05e+04 | | IR
300, -1 - —00 B
Res= 1 ER TTF.RF/DSP/LINACI/VECTOR_SUM
[grad] B Tbits] DSP/LINAC.1/VECTOR_SUM. AMPL
35. “2.5e+04 —
20. -2.35e+04 -
_NL :2.25e+04
’ “2.15e+04
-13. 12.05e+04 _ _ :
300. 300. 700 900. S
_rmmmu 1 - Res= 1 [us] e
, Device Addr: - 1l '[grad) cmverzpn 1/VECTOR_SUM. PHASE s
35.
20. o
10.
OI i
~15. | !
300. - 500. 700. 900.
[ Res= 3 [usi
Navire Arddr- TTF RFMKDAINAS, 1 AFE R SIIM a0l

NI T

7 Yo ey i ?.ﬁb??x \o@ \5&»% \%\o

ussttfsvr2/gwalter/frame/RF Operation/Applications

Q. von Waller

28 February 1998 9:30 pm

L

fu

srittfsvr2igwalter/irame/RFQOperation/Applications

Adaptive Feedforward

- controls the calculation of FF tables with cor-
rection for pulse-to-pulse repetitive errors

———

ADAFTIVE_FEEDFOR///

parameter
Setpoint begin [usec]: 160
Setpoint end [usecl: | 1268
Number of steps: i
Step height:

Max rus error [%]:
Pause [s]: 60
Max ff change: 10
Max vector_sum:
Max ff value [bitl: 2000
Delay + x [usecl: 15

Stop

Response ‘aatrix:
~New ff. table

umﬁﬁowsmsnm
grwﬁxrma

s

Fnsph

mv_\‘ﬁﬂb& MNW.BEXMK
Colugha T inpnes fullslelilhy £

{ o fuce, of 10

. e R i RS ¢

G. von Walter

)

e,

e

28 February 1999 9:30 pm



. : Calibration ]
Vector sum display :
- monitors vector sum of modules separately ;
i - assists In beam based calibration of gradients |
| Ly
! 4
"~ VECTOR_SUM/// R —_— = = M
Start [ .Stop:[VS_o] vS [ FF | SP | GT [ACC1]ACC2 = CALIBRATION/// ;
bean start 560 | calibr | [ start | §
ACC1 bean end 590 CALCULATE 3
90 - NSDISP/OUT/VS_AMPL flattop 1002 _ VES ._ % NO _ w
60. = . 1 anpl 0 phase 0 M
40— CALIER/OUT/AMPL
20. , 4000.
O.__....__.____.__.___._mm._‘ h . ) ' m
0.  '500. 1000. 1500. 2000. 2500. _ 2000. : 3
Res= 1,Buf= 1 y 1000 . :

w., _ O. el 1 _.,._ Ll P _K.. " B R L. _|. Lt %rb

NSDISP/OUT/VS_PHASE ' - 1 1 = T 1 £ e

: - F 0. = 500, 1000. " 1500. 2000, - . 250 i
: Res= 1,Buf= 1 "~ - o i
CALIBR/OUT/PHASE o i
: 180. o e 5
: ,.H__.-_____,..,,_ .,....m ._._____.___ wm‘ MO.IW :
0 500,  1000.. 1500. 2000. 2500. 20. & :
Res= 1,Buf= 1 o i 40 i
w ~100. -
. 4 . o S 4
' i -1B0. Sl T B _ T S __ TR S _ T S _ Lt #W
& 0. 500, 1000, - 1500, 2000. 2500 [
& Res= 1.Buf= 1 _ E
4 i

/ T mT g e . U G.von Walter
= = G.ovon Walter
{usritisvr2:gwalterframe/RFOperation/Applications 28 Fabruary 1999 9:30 pm
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fusrftifevr2/gwalter/frame/RFOperation/layout_rf1

Module RF commissioning

1. Phase adjustment

- Three stub tuners used to adjust phases and
loaded Q

- improvement from +50° to +3°

- one tuner (cavity 8 of module 1) fitted with
motor drive

2. Beam based calibration
- good beam required to get sufficient signal/
noise ratio (8nC, 30us for IMV/m gradient)

3. Gradient calibration

- preliminary calibration (to 10%)

- used as current measurement to improve trans-
mission between modules

N

fusritttsvr2/gwalter/frame/RFOperation/Module
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Module RF commissioning (2)

4. Operation

- Stepper motor driver induced crashes
resolved, stable operation since then

modulator with feedback enabled (will be
addressed by exception handling DSP)

- Microphonics measurement G,, < SHz

- Lorentz force detuning measurement

T R e R L TR T T P T B e

G. von Walter

———

fusritifsvr2/gwalter/frame/RFOperation/Maodule 28 February 1999 9:34 pm
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# o measuremerts _ #olmessuremens Module RF commissioning (3)
2 =
o g W_ -
=) = 2 .M.O . ] w9
% I = b : :
T = T Module 2 at high gradients
# of measurements ° # of measurements
5 8 5 g 8 Lo 3 8 8 5 8 8 - connect modules to Klystrons 1 and 2
g E g - control module 1 from Linac DSP
W_J M,. g W_ U 1 :
_ - 2o d a - control module 2 from Checcia DSP
. Ly 2. _ %
— : g = 2 (Feedforward only) .ﬂ,
= - 3 days processing without beam
# of measurements # of measurements
g z g - gradients of 18MV/m per cavity reached (after |
~ § B, ¢ increasing fill time)
&0 g e — .
"y = " - maximum beam energy 240MeV ;
T T T . . . .
N £ - high field emission from cavity 8
# of measurements ° # of measurements - limited va OOCG_@MM 2 and 6 (vacuum and :
5 B8 8 & & B2 lo 5 B8 8 & & 8 . a4
- _° — " photomultipliers) )
2 = g ¢
s 3 — - - reduced power to couplers 2+6 i
SET L — -> limited by 1 and 3, field breakdown in
I._"_v m uull_IH_.L ..n_v u\ ) :
x T % cavity 8 during flat top

fusi/titsvr2igwalter/frame/RFOperation/Modute 28 February 1999 9:34 pm
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fusritisvrafgwalterfirame/RF Operationfayout_rf2

RF Gun

System overview

- identical DSP software, identical control soft-
ware

- two DSPs

- no use made of feedback loop due to short
time constant of normal conducting cavity
(Q;=22000)

- control by adjusting feedforward table
between pulses

Mauster <on6_. Modulator Klystron

Oscillator ﬂﬁ. Jnm —/

CONT
ROL

/,z:ﬁ: T e e e e el (5. von Walter &
.

Jusrittfsvi2/gwalterfframe/RFOperation/BFGun 28 February 1953 9:47 pm
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RF Gun Operation

Operation

- temperature drift of water cooling (0.5°C) re-
sults in a detuning (25kHz per °C)
-> Phase changes by 15°

- Phase and amplitude drift mw:mﬁ,.ﬁmw\om wmw)w en
pulses ’ el
cannot predict fluctuations from pulse to pulse

- regulation on mean value, there is a slope left,
during operation the stability is around +3°

- Tests with new downconverter boards have
been made to improve signal quality and re-
duce 250kHz noise

( T

fusritfsvr2/gwalter/frame/RFOperation/RFGun
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Conclusion + QOutlook

LLRF achievements:

- 24 cavity Linac RF system operational
- New LLRF operator interface

- RF Gun system

Future developments

-Integrate exception handling into the inter-
lock system, provide a fast shut off of the klys-
tron

- State machine will simplify operator’s per-
ception of the system
provides automated startup
state transitions {on/off, interlock, mode
changes) can be programmed

- Increase RF Gun pulse length and change DSP
code to perform correction during flat top

R D Ry LS T S T T e

G. von Walter

lustittfsvr2/gwalter/frame/RFOperation/Outlook 28 February 1999 9:49 pm
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Author

Sheet 1

foachim Kahl RF-transmitter for TTF

Date

03.03.99

Subject foramtion

L. Historical summery

2. Some impressions of the RF-Transmitters

3. Situation at moment

4. Projects in future

Deutsches Elektronen-Synchrotron Desy
Nolkesirasse BS
22607 Hamburg Gesmany

Section MHF-p /55A-Z120

Author Sheet 2
Date
Joachim Kahl RF-transmitter for TTF 03.03.99
Presentation of the RF-transmitter:
Manufacturer Type Nation
Saclay RF-transmitter Fr
Orsay cavite de capture
Fermi National Acce- RF-transmitter USA

lerator Laboratory

-3

Deutsches Elektronen-Synchrotron Desy
Natkustrasse 85
22607 Hamburg Germany

Section MHF-p /55A-Z120
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Author Sheet 3
Date
Juuchin Kahl RF-transmitter for TTF 03.03.99

Presentation of the RF-transmitters:

\ L 3 &

RF-transmitter Nr.| for the cavity testing

P

Author

Sheet 4

Juachim Kuhl

RF-transmitter for TTF

Date

03.03.99

Deutsches Elektronen-Synchrotron Desy
Posthunt e B8

2607 Hambury Cienany

Section MHF-p /55A-Z120

Deutsches Elektronen-Synchrotron Desy

Nothesiranse 83

22607 Hambyrg ety

Scction MHF-p /55A-Z120

55



Author Sheet 5
. Date
fuachim Kaht RF-transmitter for TTF 03.03.99

Author Sheet 6
Dute
Jvachis Kahl RF-transmitier for TTF 03.03.99
¥ B AR

aln e - o

N

: nit
RF-transmitter-Fr provide the capture cav

_3

Deutsches Elektronen-Synchrotron Desy

Nogkeniranae 53

22607 Hambury Crermany

Section MHF-p /55A-Z120

Deutsches Elektronen-Synehrotron Desy

MNothexirisse B3

2607 H

thurg Clersuany

Section MHF-p /35A-Z120)
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Author

Sheet 7

Jouchim Kahl

RF-transmitter for TTF

Date

03.03.99

Historical summer

Deutsches Elektronen-Synchrotron Desy

Nitkesirse 85

236007 Hamburg Germany

Section MHE-p /55A-Z120

Author Sheet 8
Date
Jouchim Kahl RF-transmitter for TTF 03.03.99

Historical summery of the 3. RF-transmitter:

41-42 RF-transmitter destructed at Fermi National Acce-
week lerator Laboratory

RF-transmitter reseived at Desy
with a small damage on cabinet No.1

47. week mounting of the Klystron

48. week connection to the Main Power 400V-AC
49, week voltage safty tested

51 week first high voltage

52, week conditioning the Klystron

Deutsches Elektronen-Synchrotron Desy Section MHF-p /55A-Z120)

Natkustranse 85

23607 Hamburg Germany

5



Author Sheet9 | Author Sheet 10
Date Date
Juachim Kabl RF-transmitter for TTF 03.03.99 Joachim Kaht RF-transmitter for TTF 03.03.99
9 ey
W ey |
L Y S
TEE L. &
) = - & W oz, Some impression of the 3. RF-transmitter
Lowe T ‘M.m
VRS | m
Erg e
RY &
B p SR
e..u.mr 0&&
2@
Deutsches Elcktronen-Synchrotron Desy Section MHF-p /55A-Z120 Deutsches Elektronen-Synchrotron Desy Section MHF-p /55A-Z120)
Kothosrime 88 Notkestrasae 85
2071 are Lietilany

22607 Hamburg Germany
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Author Sheet 11 . ’

Date
RF-transmitter for TTF 03.03.99

Joachim Kahl

3. A situation at the moment.

When everything is working, nobody takes any notice ot the RF-
transmitter, but whenever there are small mistakes, caused by
using, they realize that there are RF-transmitters. In the beginning

of this year they had to realize more than once that there are RF-
transmitters.

As the electronic parts, installed into the RF-transmitters, partly
used up to their limit, it might happen that they stop working.

Deutsches Elektronen-Synchrotron Desy
Notkexirsee 85
22600 Hamburg Germany

Section MHF-p /55A-Z§20

Author Sheet 12
Date
Joachim Kahl RF-transmitter for TTF 03.03.99

The RF-transmitter stopped working, as it did not stand the requirements.
Just by the immediat helpful support of Peter Prieto and Mike Kucera it
became possible to keep the period of not working limited.

The RF-transmitier of the capture cavity had a runstop because of their
using up. I want to thank the developer Michel Desmons very much that he
supported me whenever he could. Michel Demont left his electronic parts
to me, which enable us to eliminate the damage rather soon.

Deutsches Elektronen-Synchrotron Desy Section MHF-p /55A-Z120

MNutkestrinse 85
22607 Hanthury, Germapy



Author Sheet 13

Date
Jouchim Kahl

RF-transmitter for TTF 03.03.99

4. Future projects

In the near future we want to prepare the RF-transmitters for re-
mote control more then it now exists. We want do this with new
equipments.

That means an improuvement of the remote control as well as
automatic of service-functions.

For example we want to mention the calibration of the perse-
verance with a micocontroller system.

Another pointe is to diagnose instabilities which might be found
in the system. By this diagnosis we will be able to react of endu-
rance limits and to improve the working of the mechines.

Author Sheer 14
Date
Toachim Kahl RF-transmitter for TTF 03.03.99

Deutsches Elektronen-Synchrotron Desy Section MHF-p /S5A-Z120
Notkestrimng 8%

22607 Haburg Gennany

At the time we are discussing about the development and the
construction of a fourth RF-transmitter. This RF-transmitter wil]
be delivered by the factory Puls-Plasmatechnik.

0

Un_._?_n:nv_m_nw.qozn:-wzzn_:.o:o:Un.é wnn:oq_ZIm.nGub.N_mc
Nethestranse 83 B
22607 Humburg Germany



A. Gamp 26.2. 99

Modulator and Klystron Procurement

Multibeamklystron:

RF Performance was ok.
A leak has ocurred. This opportunity is used to implement

improvements in the gun.
Testing at Thomson foreseen for June. Delivery to DESY foreseen for

September 99.

The following items have been ordered:

Two additional 5 MW Klystrons. There is already one reserve tube.
Expected December 99 and January 00.

Two vertical MBKs.
Expected April 00 and July 00.

One Modulator.
Expected May 00.

Call for tender for two additional modulators is out. These

modulators could be here by
December 00.

SMES will hopefully be at DESY in the
first half of 00.

The pulse transformer for SMES has been delivered to DESY
end of December 98

b6



Status of Od\cwoiom

( Extended TTF / FEL-Supply )

TESLA Meeting
1.-3. March 1999

DESY-MKS-

B.Petersen

Overview:

Status of the TTF — 900W-plant
Objectives of the extended supply
Concept of the extended supply
Redundancy
Status of the main components
Concept for a Module Test Stand

b



Status of the TTF-900 W Plant

The plant is operable as projected in 1993
( vertical dewars 1,2,3; CHECHIA; LINAC)

still missing:
third cryo module, large heat exchanger

still room for improvements:
capacities for parallel operation of dewars
changes in tubing

A. vertical dewars are cooled down and filled
with liquid in about 1 h - still too slow !!!)

maintenance in week 12 :
2 screw compressors (C101> 60000 h !)
vacuum compressors ( > 16 000 h)

remember:

- the 900 W plant was projected as a test facility

- main parts of the equipment older than 15y

- screw compressors are ‘individual prototype’
machines — the manufacturer is no longer
interested in big repairs

- cooling water supply of screws ‘superannuated’

Extended Cryogenic Supply
Main Components

HERA-FEL-Valve-Box  (operable)
HERA-FEL-Transfer-Line ( installation end of March )

HERA-FEL-Line of Construction (critical! )
( delayed — installation in March)

FEL-Subcooler-Box ( under fabrication )

2 nd set of Vacuum Compressors ( order in March)
FEL-Cryo-Building ( ready )

SMES-Transfer-Line ( see schedule )
TTF-Transfer-Line-Connection ( order in March )
Single-Module-Test { some ideas —see schedule)

2 nd BCBTL ( start of layout - see schedule
Warm-Gas-Tubing ( call for tender

Low Pressure HEX ( delivery in Julv .

o



The Concept of the Extended
Cryogenic System

the heat loads of the TTF / FEL — linac will exceed
the capacities of the existing 900 W /4.5 K TTF
refrigerator

the helium distribution system of the TTF / FEL —
linac will be connected to the HERA helium
refrigeration plant

the helium distribution system of the linac will be
maintained as designed for the operation of the
original TTF — linac
( consisting of three cryo modules )

the existing TTF-900 W / 4.5 K helium
refrigerator and the 1* set of vacuum
compressors will supply the TTF test plant for
single cavities ( four cryostats )

a 2" set of vacuum compressors will be added to
the syvstem for the supply of the TTF FEL -linac

Objectives of the Extended Supply:

Cryogenic supply of

the 1GeV TTF/ FEL-Linac consisting of 6 —10
TESLA cryo modules (2K,45K and 40/80 K
temperature levels )

a Superconducting Magnetic Energy Storage
Cryostat (SMES)
(45K and 40/ 80 K temperature levels )

a test for single cryo modules
(2K ,45K and 40/ 80 K temperature levels )

ional —
and optiona 3
the supply of the TESLA Test Facility for the test

of single cavities (2K ,4.5K and 40/80 K
temperature levels )

further advantages:

-—
i
3.

iecoupling of the 2K Supply of Linac and Test
Plant!  Heat Load Measurements !'")

Redundani suppiv of the TTF . FEL -Linac
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Single Cryo-Module-Test:
Proposal for a Test Program

(input from W.D.Moeller / M.Pekeler )

no Beam !

Mechanical check of the componeats
Leak tests of the vacuum systems
Conditioning of the main RF-couplers ( cavities off resonance )
Conditioning with resonant cavities ( check of tuning systems )

Measurement of the dynamic cryogenic loads of the cavities (Q
versus E,.. characteristics of the cavities )

HPP-treatment of the cavities
Test of the superconducting quadrupole
Measurement of the static cryogenic heat loads

Measurement of the alignment of the cavities during cool down
and warm up
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Test Test-cell Nb RRR * | Ro(K.m"/W) | ARo(K.m’/W) Remarks
Samples andCu& Nb| @18K @18K
thickness
1 4 rods (D8) 100 * 5610 OK
1 4 rods (O8) ece: 1-1.5mmor| 65-7.5107 | 09419107 OK
2- 2.5 mm
2 2 Nb Cabot disks, BCP 50im 30-40 * 1.46 107 oK
eny = 1.96 mm
2 | 2 Nb cabot disks, BCP 50 pmwith | en,=1.96 mm 2.07 107 6.2 107 permeability test to be
APS bonding alloy and APS Cu ¢c=2.5mm performed on the APS Cu
coating (Mallard) coating disk
3 2 Nb Plansee disks, BCP 40um 30-40 * 6.3210° OK
enp= 2 MM
3 |2 Nb Plansee disks BCP40ym with] eny=2 mm 1.27 19° 6.4 107 0K
APS baonding alloy e = 0.2 mm
4 2 Nb Wah-Chang disks BCP 30-40 * 3.84 107 Nb k(T) not yet measured
S0pm enp= 0.5mm {without HT : Ti@1200
°C).
4 2 Nb Wah-CHaang disks, BCP ewp= 0.5 mm 7.48 307 36107 permenbility test to be
SGum ¢cu= 2.2 mm performed on the APS Cu
with APS bonding alloy and APS coating disk
Cu coating (Mallard)
5 2 Nb disks Wah-Chang machined 200 * 56107 Nb k(T) not yet measured
on the lathe eny = 2.02 mm
5 2 Nb disks Wah-Chang machined | ey, =1.85 mm 56107 =0 Nb/Cu interface analyzed
on the lathe with CAPS (Argon) | ec,= 2.0 mm by US, Micrograph to be
Cu coating.(CENDAM) done (after second test ?).

TABLE 1 :OVERALL THERMAL RESISTANCE Rg OF ALL Nb and Nb/Cu SAMPLES TESTED UP TQO NOW
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L. FOUALDY
¥Fabrication and +esk o} mon ecell and
nu P cell cavities
e 3GHx camnties (numbe: 7 5
o Fove 4.2GHL amonocelle cavetes

nosun_mn.m

e Two 4.2GM3y Tricell

» Nb sheets supplied by Hermeus RRRQ = 140
Thickness : 4dmm

. Ccookt caviies WKL +{.mﬂ39$< nﬂg.\& &mﬂo.myf

J.?no.ux:@. thikness : -2 mwm

—_ Hoterial : +obe decided Atkr Mechanicf
ard thermal teshs on samples

- SQ.TDU- ._..NOYS_.J‘Fm. % W,lw-mo../mvhﬁalﬁﬂ.
T be chosen ﬂnoc..%sv\ +o severnl ceiferta:
* E@r @qav..:u. ..vf.o?o._.w(
¢ High Young modadus
» Good thermal performance
* Besk medanical .w..«welq.mm m Low Temp. >

Measure of the superheating

magnetic field

C.Thomas (PhD), G.Bienvenu, M.Fouaidy*, H.Sun**

* Direct measuring H, in High Power RF

Short Pulsed mode
 H, =f(A/E) H,

— Measuring A on cavity

*IPNO **Visitor



LAL - ORSAY

CAVITIES R&D

Hydroforming

hot forming

plasma spraying of copper
E.B. welding

non destructive controls
mechanical tests

more tomorrow.. ...

grandsir@lal.in2p3.fr |
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Beam current meusurement by "Suclay” toroids

CRYHOLAB MoDulATOR { M.OMEICH [ ORSAY)
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TTF Collaboration Meeting
DESY, March 1-3, 1989

News on TTF Activities at INFN

(LNF, LNL, Milano & Romaz2)

Presented by Carlo Pagani

1) Cryostat Design & Cryomodule Assemby

® Cryostats # 2 & # 3 - including WPMs
« 2nd Cryomodule in operation successfully
« 3rd Cryomodule assembly: starts this month

s Cryostat # 1 to # 17 order close to be sent out

+ From May to October 99: cavities and shields replaced

® Cryostats # 4 to # 8 - #4 & # 5 in fabrication

« Final drawings at ZANON since end 98
» Expected delivery at DESY: October 99
* Composite posts (FNAL design} in tabrication

* New Assembling Tools - order close to be sent out

* New assembling tools compatible with Cryo # 1 10 #3
« Design has been defined
* Tooling due by September ‘99

Cooldown of TTF Module #2
Y Displacements
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Cooldown of TTF Module #2

X Displacements

B y3yzee 2"d Generation Cryostat
PP IR
2 m m m m m m m Active element movements for a 1000 N force at the edges
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3rd Generation Cryostat

Active element movements for a 1000 N force at the edges 2) Photocathodes (P.Michelato)
* TTF Injector Il Cathode System
* INFN Photocathodes in operation at DESY and FNAL
» Cathodes prepared at Milano transported to DESY
¢ R&D Activity

* “New” photoemissive materials: K-Te & K-Cs-Te
* Poisoning and life tests on new cathodes ‘
* Low energy electron spectrometer for thermal emittance

Py
w..&...,: x)

Ayloix}
Ayl
w..._.ia_

AyOlInix} - .
o 3) Beam Diagnostics (LNF & Roma 2 groups)

* Diagnostics instrumentation

* Actuators for new OTR screens
] _ = Actuators for the pepper pot screen
w0t * New fast electronics modules for the strip-lines

, 0 * Beam parameter measurements with OTR
A00- 1D

* Emittance and energy spread measurements
* Emittance measurements with pepper pot

4) Cavity Fabrication

* Standard Cavities - A13 to A18 delivered
*A15in module # 2: 26.4 MV/m @ 1.2 W (800 ps - 10Hz)
* New Technologies - Spinning at LNL

sy

p|=..n.:1
Ay KXy
A 1
w::::
.Eu.n::_:
m-_.n_o:..:

Ax 1ing{a)

5) Theoretical activity (. Ferrario)

X * Beam behavior in Superstructures
e » quasi-on line calculations for RF Gun optimization

At [1potx)

TTF Collaboration Meeting o rio P i
DESY, March 1-3, 1999 arlo Fagan!
Carlo Pagani
INFN Milano - LASA
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Fermilab Report
Don Edwards
1 March 1999

There are two activities underway at Fermilab that may be of potential interest
to the TESLA Collaboration.

The Photoinjector

The equipment installed in service building A0 is very similar to Injector II in
Halle 3. The RF gun is the twin of the one at DESY, the capture cavity is
512 from DESY installed in the cryostat of ORSAY design. The bunch com-
pressor following the capture cavity 1s identical, as is the INFN Milan cathode
preparation chamber.

The schedule for Halle 3 shown earlier today by Dieter Trines is quite am-
bitious. The program at Fermilab has considerable overlap in the study of the
RF gun, of space charge dominated beams, and of related diagnostics for the
investigation of the 3 d-o-f emittance. It is quite possible that the A0 work can
be helpful as regards schedule.

RF Separated Kaon Beam

The old (1970 vintage) Main Ring at Fermilab has been replaced by the Main
Injector, a 120-150 Gev proton synchrotron in a separate tunnel. While per-
forming its role as particle source for the Tevatron collider, it can also deliver
beam to a fixed-target physics program in simultaneous operation. When the
Main Injector was proposed over ten years ago, a kaon physics effort was to be
part of the fixed-target activity.

The spill duty factor of the Main Injector is one second out of three. A
separator system for kaons must therefore employ superconducting cavities. [
commented on the possibility of such a project at the collaboration meeting in
Zeuthen during November 1997. Last year, we developed a design report, which
was reviewed last October. Now, in the last few days, initial funding is in place.

Kaon economy favors high frequency; the rise of surface resistivity with
frequency as well as concern for unreasonable extrapolation from experience
argues for caution. Our conclusion is that 4 GHz is an upper limit. Taking 25
MV /m as a given for TESLA style resonators, in the deflecting mode considered
here the corresponding figure is 5 MV/m with the assumption that surface
magnetic field is the limiting factor.

Two remarks are in order. The development of deflecting mode structures
in this frequency range may find application for beam splitting toward several
FEL’s at some stage in the TESLA program. And, it is important to recognize
that because of the past seven years of the TESLA development program, it has
become possible to approach the kaon separator project with some confidence
that the goals can be achieved.



TESLA Electropolishing of single cells

C. Antoine,
L. Ferreira,

B. Aune,
E Haebel,

D. Bloess, J.P. Charrier,

L. Lilje, J. P. Popov,

CEA-CERN-DESY

H. Safa,

E Chiaveri,
B. Thony,

1 Electropolishing of Half Cells

Is working. 10 half-cells have been polished. However, copper dissolved from cooling circuits and

from cathode and got deposited onto niobium. Copper deposit was effectively removed with nitric
acid.

In two hours 1004um polished. For an example of surface finish see the transparents of L. Lilje.

2 Electron Beam Welding

No rhombic raster. Welding from outside in two passages (warming and then welding)
However, much improved vacuum: better than 10~%mb,

Ten half cells have been successfully been welded.

3 Electropolishing of Single Celis

Inatallation will be ready beginning April

Instead of copper electrodes niobium electrodes will be used, and then ¢ baked after electropolishing
in order to outgass the hydrogen

The cooling circuits will be made from PFA with longer pipes to compensate for less efficiency.

4 Measurements

The first Measurements have been done at CEA without any surface or thermal treat-
ment after welding. A thin niobium film deposited by evaporation during welding explains the
moderate resulte. However, no effect from hydrogen has been observed.

Another installation for measurements is ready at CERN. This will permit more measure-
ments to be done.



5 Oven Treatment

Single cells can be treated at Temperature up to 1500°C

Quantitative degassing measurements can be done

6 Improvement of HP-rinsing

An sdapter for the LEP cavity HPR installation is being built to permit high quality rinsing at
pressures of 100 bar for 1.3 and 1.5 GHz cavities

‘Will be ready in April

7 Niobium-copper Cavities

Breakthrough
The slope has been very much reduced
Residual resistance 2-4 nOhm

Still many electrons (see G)
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IMLS

Planar diode configuration

Camera (film or CCD)

ttr 0-2kV
ITO-Screen \ J /
\ e I Pl W T e

- Pressure 10”7 mbar .

- Spaber thickness 10 — 100 pm (Teflon foil)
Maximal anode Voltage 2 kV => Ep <200 MV/m
- I-U measurement with PC

FE-measurements at University of Wuppertal
B. Giinther, T. Habermann, G. Miiller

Outline

DC field emission measurements with a new planar I-U
measurement technique configuration with a luminescent ITO
screen (IMLS)

-  Measurement configuration
e First results on niobium samples
- "Comparison of FESM and IMLS

Investigation of enhanced field emission due to etching defects

- Etching of niobium cavities
- FESM scans of differently etched niobium samples

Samples prepared at TTF by D. Reschke -
Z8



Comparison of IMLS and FESM

IMLS FESM
(field emission scanning microscope)
Advantages Advantages

simple and cheap apparatus
fast sample investigations (2h):
- onset of FE : E.(I=0,5nA)
- integral I-U measurements
- imaging of strongest emitters

long term current- and gasprocessing
possibie

very high spatial resolution (100nm)
in situ SEM for emitter analysis
single emitter investigations

(Eon, Fowler-Nordheim : B,S)
reliable non-destructive Fe
measurements

UHV 107" mbar

in situ AES, Ion gun

Disadvantages
limited spatial resolution (=100 pm)
reidentification of emitters impossible
no single emitter investigations
danger of (multi-} discharges due to
switch on effects

Disadvantages
slow Fe investigations (1 day/sample)
complex and expensive measurement

system

First tests of IMLS on a niobium sample

sample area of 1x1 cm

U =880 V;1=50pA;d=50 pm

7 light spots visible at 17.6 MV/m

(mechanically bad prepared sample)

g3



TTF Collaboration Meeting
DESY, Hamburg
/ 1-3 March 1999

New configuration of accelerating structure
| for TESLA

V. Balakin

Branch of the Institute of Nuclear Physics
Protvino, Russia

TTF Collaboration meeting
DESY,Hamburg
1-3 March 1999

BINP activity in TESLA project

. Measurements of the tapped higher order modes for

two polarization in the superconducting cavities of the
TTF linac,

. Studying of microbunch-to-microbunch jitter, using

BPM’s with submicron resolution.

. Measurements of vibrations of the superconducting

quadrupoles in the cryogenic modules of the TTF
linac.

. Experimental study of the fast feedback system on

TTF linac, using this equipment (fast kickers, BPM’s,
etc.)

. Development of a new SC accelerating structure with

a high gradient for TESLA project.

90



A new proposed accelerating structure consists of two
standing wave coupling resonator systems

-f
7

J

j
|

~
rd
“

e f——— s —— ——

The accelerating resonators of each systems are coupled
by two cut-off waveguides.

The resonant coupling on n-mode is formed by two stubs
inside waveguide. t-mode frequency is equal to
operating frequency f,.

9



.\\
\‘\w,
Equivalent circuit for one of two chains

of resonantly coupled cavities.

ﬁ Siaene
(RN wln

Structure simulations carried out by P. Avrakhov (Branch
of INP) show that for a practically realizable structure the

coupling koefficients 6%
—A_ ~ H %t
K:=30%
~Au - ﬁeo\o
can be achieved. %

Advantages of new configuration

1. High accelerating gradient

Acc.gradientyey conig ™ 2 * Acc.gradientres; 4

2. No problem with trapped modes
a) transverse

b) longitudinal

3. Easy tolerance (according to P. Avrakhovs
simulations)

bml «,\3
0.5+ 1MHz - for accelerating resonators
4 +8 MHz - for coupling resonators

4, Few input couplers

(1 per 8 meters)

Shl



Cavity manufacture

=1/2 ,

= A/4

N\

precise press mould  high pressure
liquid

Pressing
(not precise)

Squeezing
(not precise)

Hydroforming
(precise)

o

Machine-cutting
of coupling slots

Stamping waveguide
with stabs and slots

Welding

Welding place

slot

A5
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1.  Short-range wake-fields because Om small
aperture (=30 mm)

Solutions

1. Bunch charge should be reduced two times
because of two times higher accelerating gradient

‘(Luminosity can be kept by changing of repetition
rate)

2. Due to waveguides the structure is more rigid.
It means alignment can be better.

3. Signal from waveguides can be used for the
alignment.

Il. Accidental breakdowns can damage a structure
surface because of big storage energy and high
group velocity.

Solutions

1. Experiment

2. Reduction of group velocity

lL11. Electron B:_:vmnc:m _: complex cavity
geometry.

Solutions

1. Experiment

2. Computer simulation

A



_uo_.mo_..m:mmNmsc.:B Karlsruhe
h Technik und Umwelt

3/\,\\1.2{:,,./_.{ OF THE “SMES* MODULATOR DEVELOPMENT (Feb 26, 1999)

| SEATLS SCHEDULE
POWER SUPPLIES FOR ORDERED 10/99 DELIVERY
SMES AND CAPACITOR
POWER PULSE FORMER UNIT |BEING ORDERED BY COMPONENTS 11/99 DELIVERY
PULSE TRANSFORMER DELIVERED 1/99 DELIVERY
SAFETY SYSTEM SPECIFICATIONS READY 11/99 DELIVERY
CONTROL SYSTEM UNDER WORK 11/99 DELIVERY
SC MAGNET SYSTEM MODEL COIL SUCCESSFULLY TESTED 9/99 DELIVERY %
CRYOSTAT incl. CURRENT|BEING ORDERED - 10/99 DELIVERY
LEADS
MODULATOR CONSTRUCTION 12/99 - 2/00
SYSTEM TEST AT FZK PREPARATIONS 3/00 - 4/00
TRANSPORT & MOUNTING 5/00
SYSTEM TEST AT DESY 6/00




TESLA-Meeting

DESY, 1.-3.3.99

D. Hecht, U. van Rienen, K. Rothemund, H.-W. Glock

Institut fiir Allgemeine Elektrotechnik, Universitiit Rostock

2.585 GHz - Mode in Three Cavities (Mod 1 Cav 3, 6; Mod 2 Cav 5)

Summary of Experimental Results
(N. Baboi, S. Fartoukh, H.-W. Glock, G. Kreps, F. Marhauser,

O. Napoly, H. Schlarb, S. Simrock, G. v. Walter  .... and many else)

- Spectral position of passbands is shifted upwards at least

=10 MHz.

- Transmission measured with a network analyzer between

different pairs of HOM couplers leads to certain pattern of field
distribution/coupling:
.“ J—
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- Beam induced HOM-coupler signal measured with spectrum

analyzer confirms this pattern (Cav 6, Mod 1 not measured).

- Mode causes relevant beam deflection; measured with o

resonant excitation (Cav 6, Mod 1 not measured).

Conclusion:

Beam relevant field pattern exists, coupling three cavities.
Astonishingly high amplitude spread (> 30 dB) in
neighbouring HOM-couplers.

Aim:

Identify cause in order to avoid,
Try to simulate,
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Beam Induced HOM-
Coupler Signal:
Module 2,
around Cavity 5
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2,585 GHz - Mode in Three Cavities (Mod-1 Cav 3, 6; Mod 2 Cav 5)
Attempts of Explanation

- Type of cavity or

coupler?

Spezial beam-pipe
length?

Polarization
effect?

Beam pipe
bellows?

Not a dipole field?

Strange field
pattern, caused by
different passband
frequencies?

Not likely:

M1C3 and M1C6: Saclay-type cavities and
HOM-couplers, but not the only ones in
MI1.

But: M2CS is the only A-type cavity in
module 2,

Yes: Allows for beam-pipe-centered mode,
which is beam relevant.

But: Variation of length in a reasonable
range does neither change the character of
the mode ensemble nor the order of beam
relevance - so why not elsewhere?

And: How to explain very weak coupling of
one of the HOM-couplers at each pipe?

Maybe: On each side of a “dangerous®

" cavity only couplers of one polarization

talk to each other.

But: Polarization changes across
“dangerous® cavity, i.e. rotation of about at
least 60° - why?

No. (Very slight change in S-parameters
due to bellow.)

No. (Neither monopole nor quadrupole
modes near this frequency.)

If yes, not found yet: The only field
geometry somewhat similar depends very
sensitively on tuning. Furthermore there
is no explanation of weak coupling of one
HOM-coupler.

All models neglecting the influence of the couplers on the field
geometry may be insuficient.

Attempt of S-parameter description of combined 2D/3D-structure:
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Frequency shift of cavity-localized mode in symmetrical
cavity vs. common length scaling factor

f/GHz
]
2.61
2.6
2.59 .
2.58
[ ]
2.57}
°
0.97 0.98 0.99 1 T.01
L/Lg=8
Setup for calculations:
try to tune length l {
in order to find i i
field pattern > j—

S$=1.01=fhom=2.565GHz  §=0.994607 = from = 2.585 GHz

MAFIA-Calculations of 9-cell cavity with 3/ 2-cell-length beam pipes

Log(kloss / [V/(As m2)1)
15

-
14
13 : . .
12 4 J .
11 //
10
9 9 9 9 5 9 9
2.49 10 2.5 10 2.52 10 2.54 10 2.56 10 2.58 10 2.6 10
2.5748 GHz, kigss = 3.965 1014 V/(As m?2) t/Mz
located inside the cavity
2.5862 GHz,

Kioss = 6.068 1014 V/(As m?2)
located in the beam pipe




FTRAME: 13

25/02/99 - 13:2%:27

VERSION[W4.QL15]

./STAUCHL1/STAUCHL], DRD

MAFIA

FREQUENCY /HZ

MAXIN EMROA OF CURLCURL-E
MEAN ERROR QF CURLCURL-E
MAXIWUM ERROR OF DIVERGENCE-D

2.58762157080247E+0%
2.218T476970852E-08
1.5826664993388E-10
1.0675476090704K-16

TIME HARMONIC ELECTRIC FIELD IN V/M

OP-:4015

# 1DGRAPH

CRDINATE: E_45
COMPONENT: R

FIXED COORRINATES:

ABSCISSA: GEOMETRY
(BASE OF E_45]

REFERENCE COORDIRATE: %
MESHLINE

0.400

0.200 A

-0.200 =

-0.400

MAFIA

25/02/99 = 13:25:37

VERSION[V4.C15]|

+ FSTAUCH11/STAUCELl . DAD

MAXIMIM ERAOR OF CURLCURL-E
MEAN ERROR OF CURLCURL-E
MAKIMUM ERRCR OF DIVERGEWCE-D

2_587625TBS024TE+DY
2.2187476970852E-08
1.64266649933189E-10
1.06T54T6GS8704E-16

TIME HARMONIC ELECTRIC FIELD IN V/K

OP-:4015

#ARROW
COORDINATES/N
FULL RANGE / WINDOW
R[ 0.0000, 0.10330)
I Q.0000. ©.10330)
21 @,0000, 2.0720]
i 4.00Qo, 2.07320]
SYMBOL = E_45
INTERPOLATE = 0
LOGSCALE, .. .= a.
MAX ARROW = 0.706%%
ANGLE[FI)...: 0.
+




FRAME: 12 22702799 - 15:51:1d

VERSIDH[V4.015]

HOM.DRD

TESLA COUPLEUR H.O.M.

3D. PLOT OF THE MATERIAL DISTRIBUTION IN THE KESH

P--:4015
#VOLUME

I CCORCINATES/M

FULL RANGE / WINDOW

%1 -0.040000. 0.04000C)
! -0.040000. 0.040000)

/1 -0.040000. 0.12600]
| -0.040000, 0.12600)
f
'

-0. 025000, ¢.025000)
-°.025000, §.0250001

UNDEFINE
-3.95G00E-02

v

FRAME: 11 27/02/99% - 10:42:17

VERSIOH[VA.013]

HOM. DRD

MAFIA

TESLA COUPLEUR H.O.M.

#ARROW

COORCIRATES/M
FULL RAMGE / WINDOW
X{ -0.040000, 0.040000)
[ -0.040000, ©0.040000]
YI -0.040000, 0.12600)
| -0.040000, 0.079889]
Z! -0.0425000. 0.02500Q]
: 0.0000,  0.GODOY

SYMBOL = EDL_LAST_VOL

Z-MESHLINE: 21

CUT AT Z/M: 3.90313E-1§
INTERPOLATE, = 1
LOGSCALE. .. .= 0.

MAX ARROW = 2.15262E-902

4.000E-02

2.776E-17

-4.000E-02 J

w

b

LU W T S S Y

-

LU T T O U T
LN T T S S Y
LONL T T T T Y

LU TR S T S S Y

-4.000E-02

1.994E-02

7.989E-02

-
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MAFIA

27/02/89 - 10:42:17

VERSIODN[V4.015)

HOH_DRD

TESLA COUFLEUR H.O0.HM,

#ARROW

COORDINATES /¥
FULL RANGE / WINDOW

Xl -0.
[ -0

040004, Q.040b000]
0432000, c.040000)

L

i

=-0.

(==}

¢40C00,

.0758&9,
.025000,

0.0008,

¢.12600)
0.12600}
0.025000)
D.C000]

SYMBOL = EDL_LAST_VOL

I-MESHLINE;
CUT AT Z/M:
: INTERPOLATE, =
LOGECALE....=
MAX ARROW =

21
3.90313E-18
1
Q.
4,03203E-02

+ 7 X

0.126

0.103

7.989E-02

-4.000E-02

2,.776E-17

4.000E-02

MAFI

FRAME: 15 28/02/99 - 1%:15:35

VERSION [V4.015}

HOM. DRD

TESLA CODPLEUR H.O.M.

[WGRZAM_OUT* [APACTOR] ) / [KOAM_1N* [BFACTOR] |

D--:4015

#1DGRAPH

ORDINATE: SWRIKAM
COMPONENT: -

FIXED COORDINATES:
SIM.. .. HESHLINE

ABSCISSA: GEOMTIME_F_17
[RASE OF SWRIKAM|

“T.FERENCE COORDINATE: F

TO 121671

-5.00 S

-10.0 4

-15.0

2.400E+09

2.450E+08

2.500E+09

2.550E+05 Z.600E+09

ISAR



FRAME ©

14

28/02/%9 - 19:15:35

VERSION[Wi, 015)

HOM . DRD

MAFIA

TESLA COUPLEUR H.O.M.

IWGR1AM_OUT* [AFACTOR] | / [KOAM_IN® [BFACTOR] |

P--:4015

#1DGRAPH

| FIXED COORDINATES:

| ORDINATE: SWR1KAM
CUMPONENT: -

DIM. ..ol HMESHLINE

ARSCISSA: GEOMTIME_F_17
|BASE OF SWRLXAM)

REFERENCE COQRDINATE: f
TVRRY ... ... HESHLINE
FEOM

D
TO 131071

-5.00

-10.0

~15.0

-20.0

2.400E+09 2.450E+09

2.500E+09

2.550E+09

2.600E+09

FRAME :

66

22702799 - 11:22:38

VERSTONIVY. 015)

HONS . DRD

MAFIA

AD PLOT OF THE MATERIAL DISTRIBUTION IN THE MESH

M--:4015
| $VOLUME

DINATES/M

RAKNGE / WINDOW

[ -0.04000Q, 0.10300]
f -0.240008, ©.109G0]
Y1 -0.0340000, 0.040000]
0 =0.040000, 0.040D00)
.425600, 0.02500Q)
.025040. 0.02500Q)

MATERIALS: 1,

A0




Eigenmode Calculation of RF-Structures using
S-Parameters

e structure too complex to calculate eigenmodes directly
e subdivide structure and calculate S-parameters of each part

e define boundary conditions

al bt
g® |- | S§°
bl ai
~— l——— l———
. *\‘ ,“— ————————
al b2
LT -
K] 2
1 b1 S a2 )
~— [l ———

e get S-parameter matrix of the whole structure

e calculate eigenmodes and -frequencies . . .

A First Test

e two equal sections linked together: wave guide with iris

e calculate s-parameters

e 511,512,522 = ,S£t1)|:90§?:90§?

/0%



The Eigenvalue Problem

¢ boundary condition: a; = r1(w)b;, as = ro(w)be

e = find non-trivial solution of

b _ [ S SRw | [ nw o
bo S5 (w) 83 (w) 0 raw)
e with (for instance) electric short: r1 =r; = —1

¢ and assumptions: the structure is
1. reciprocal: Spmn = Shm
2. loss-free: S*S =E
e = resonance frequencies wg are solutions of

(¢)

sin(pt4 (wo)) — 1S (wo)| * sin(e!? (wo) — ¢4 (wo)) = 0

e solve

D=

sin({% (wo)) = |92 (wo)| sin(e) (wo) — ¢4

(wo))

eigen frequencies:

il 1.
ISHI'I"I"!‘&I ﬂ phit2}

e
os5p o 3

NS

S-parameters MAFIA E-mod. A%
1.243639 GHz 1.243016 GHz 0.50
1.283487 GHz 1.283967 GHz —0.04
1.363857 GHz 1.363793 GH=z 0.005
1.419875 GH=z 1.420691 GHz —-0.06
1.461280 GHz 1.459711 GHz 0.11
1.588825 GH=z 1.589970 GHz=z -0.07



Prospects

s advantage
— eigenmode calculation of complex structures possible
— exploit symmetry of each subsection

— “re-use” calculation of repeated subsections

e future plans: use this procedure on “real” structures like
— TESLA-modules with cavities, beam pipes, coupler

— bunch compressor section

- AD6
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Advanced Photon Source

TTF Undulator Vacuum Chamber Cleaning:

Flush rinse with 2% Ridoline-18+ detergent in DI water

Immerse in ultrasonic bath for 10 minutes at 63° C
with 2% Ridoline-18 detergent in DI water.

Water is purified by a de-ionizing bed and an activated
carbon bed, then particle-filtered to 204m.

Flush rinse with DI water.
The rinse water is filtered to o.u\&:‘. by a particle filter

Rinse with ethyl alcohol.

Blow-dry with dry nitrogen that has been
filtered to o.M\G._.. by a particle filter

*Many tests were done in the early days of APS construction to
find the best detergent for cleaning aluminum,. Ridoline-18 is an
alkaline detergent; it etches the native oxide and rebuilds the
thinnest oxide layer of any detergent we tested. It is also
environmentally friendly enough to pour down the drain.

/o =4
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Advanced Photon Source

Cavity Fabrication - Learning Process
Made two single-cell copper cavities.
Beta version of the new bead-pull system exists
is being used for cavity measurements

[next version will be better].

Making aluminum end and center salad bowls that can be
mechanically combined as desired to form a cavity.

Making two Type-1 Nb single-cell cavities.

Plan to make a RRR300 single-cell cavity
before end of the summer.

1036



1.3-GHz 1-Cell Copper Cavity #1
Monopole Modes

Monopale [(MH) (R/Q) 2 Q [{measured) Q(meastired) (RQ) Q2
at R=0.0m measured
TMO-EE- 1 1292.33 17.29 79950 1203.03 75500 10.51
TMO-LE 2 TSRO0 T7.060 31310 7768.24 78000 7630
TMO-EE2- 3 209821 0.227 44230 2720.31 35900
TMO-EE- 4 3314.54 0.02¢ 26930 above cut-ofl N/A
TMO-LE 5 360,50 0644 73940
-3-//0/‘?‘7 Cu—/, T= 7.¢°F
CH2 Spy log 4AG 20 dB/ REF -80 dA 1; —48.039 aB
st 1] 296.250 odo MHz
2] ~65,415 _db
MARKER |1 ol on “:7‘5:;
i-;ﬂ 1]. 296425 BHz 1. EHS BAz
*a

START 1

250.000 000 MH=z

0%~ F

STOP 2 250.000 000 Mz







Advanced Photon Source

Vacuum Seal Studies

Investigation of a gasketless vacuum sealing method is underway
1o see if it could be suitable for Nb cavities. In tests, the seals are
able to go from cryogenic temperatures to 550C without
problems. It could be very cost-efficient if it works.

Nb Material studies:

Ordered single-crystal Nb pieces - delivered at DESY soon.

Reference for lifetime and magnetic studies.

N0¥ 9



REF T HING

Twao RHP fittings tested n® & @1/4" and Another test has been carried out for these 2 fitings ot
o 160 3/8", 650 bars, +20° C.
fitting Leak Temperature
RHP ref, atm.cm’/s ond pressure
+20° C, 80 bars N® & <1.10% +20° C, 450 bars N° & <1.10"
Fl +20° C, 200 bars N° & <110 +20° C, 650 bors N 14 <1.10%
anee +180° €, 80 bors N6 <1107 .
Protection sing +20'C 80 bars NS Z110° Tests were carried out oker lemperature has been kept
stable for af least one hour,
+20° C, 200 bars N 14 < 110"
Centering ring +180° C, 80 bars N 16 <1.10°
Gland Tests were carried out akter tlemperature has been kept
stable for at least one hour.
i
-4

3.3 HIGH PRESSURE OIL TEST [UP TO BURST)

RHP fitling N° 8 @ 1/4” RHP fitting N° 18 @ 3/8"

Observation Pressure {Bars) Observation
300 no detecled leak 300 no detected leck
400 no detecled leak 400 ne detected leak
ADVANTAGES 500 no defected laak 500 no detected leak
* Oplimal conduit canfinuity 600 nc detected leak 600 no detected leak
* No dead volume 700 no detected leak 700 no detected leak
* Metal-lo-metal sealing {only on joining plone) 800 no delecled legk 800 no detected leak -
* Excellent pedformance at _.,._m.r pressure 200 no detecled leok 900 no detected leak l_!
230 P 1St o el prstur 1000 o defected leak 1000 o detected leak 3
* No mela!-to-meial rubbing an assembly 1100 no detected leak 1100 no delected leak !
* Mulliple essembly and disassembly without 1200 no detected leak 1200 no defected leak ~
loss of efficiency 1300 no detected leak 1300 no detected leak
* Easy assembly and dissassembly (3 or 4 mm 1400 no detected leak 1400 na detected leak
CHC key} - 1500 no detected leak 1500 no defected feak
* No male and female end Fitlings -
« No gasket 1400 no detecled leok 1600 burst pipe
* Reduced foot print 1700 no detected leck
* Axiol tightening [no forque on the tubes) 1800 no defected leak
* Accurate alignment of the glands by 1500 no detected leak

centering ring

PRINCIPLE

Tube torque and metal Friction
on assembly ore eliminated
by transforming the standard
perpendiculor force into two balanced
axial opposed forces.

Leak test: <1.10" atm.cm®/'s Helium with the
protection rings ~100°C 1o +180°C degree
d with tection ri °
M.Mdiih_ o:-w”“.%mna rowowwum%m\_momqu\ww C. FLOWMECA, Inc. - 19450 Stevens Creek Boulevord - Cuperting, CA, 95014 - Phone & Fax (408) 343 1110

eport : FLOWMECA Fronce - 47 rue du Bcis Chaland - Lisses - 91029 Evry cedex - Tel. ; {3301 49 11 2283 - Fox; (301169112284




DYNAMIC TEST OF FLOWMECLA KHF CUNNELIVK

Prepared by:

C.ETIM : 74 Route de lo Joneligre - BP 957 - 44076 NANTES Cedex 03

1 WHERE WERE THE TESTS PERFORMED?

CETIM Mecanical Industries Technical Center. Tests have been carried out on March 25 th, 1994

FINAL REPORT RECORDER N° & 022404/4681/4A

2 HOW WERE THE YESTS CARRIED OUT?

2.} LEAK TEST

Test has been carried out on a specirameler lype ASM1 81T [ALCATEL) under Helium pressure.
Fiting assembly was lested.

2.2 TEMPERATURE TEST
Test has been carried aut on a PYROX lfeature type CETIM 911772,

{temperature scale: between - 150° C and + 300° C).
For higher temperalures, tests have been carried out on o PYROX feature type IN° CETIM $01673.

3 THE TESTS

A1 VACUUM TEST

3,1,1 VACUUM TESTS WITH PROTECTION RINGS 3.1.2 VACUUM TEST WITHROUT PROTECTION RING

Two RHP Fittings tested n®2 @ 1/4" ond n°12 & 3/8". Two RHP fittings tested n°4 @ 1/47 and n°14 @ 3/8",

Leak Temperature Fifing Leak

RHP ref. atm.env’/s °C RHP ref. atm.an'/s
+20° C N° 2 <1,10" +20° C N°® 4 < 1.10™
1000 C N° 2 <1.10" -100° C N° 4 <1.10"
+180° C N° 2 <1.10% +550° C N 4 <1,10"
+20° C N°12 <1.10" +20°C N° 14 < 10"
-100° ¢ Nz <1.10" -100° C N 14 <1.10"
+180° C N 12 <1.10" +550°C N 14 <1.10"

Tests were carried out abter temperature has been kept Tests were carried oul chter temperciure has been kept

stoble for ot least one hour. stoble for ot least one hour.

AT -



DRAFT

Single Bunch Energy Spread in a TESLA
Cryomodule

Alexandre Novokhatski, Martin Timm and Thomas Weiland

Fachgebict Theorie Elektromagnetischer Felder
Technische Universitit Darmstadt
SchloBgartenstrafie 8, D-64289, Darmstadt

February 26, 1999

Abstract

The present paper is a compilation of results of the
wake field calculation of single Gaussian bunches with
different length (700pm, 250um and 50um) in the
TESLA Cryomodules. In order to take the transition
dynamics into account, the wake fields are calculated
in a sequence of two TESLA Cryomodules, includ-
ing bellows and drift tubes. The single bunch energy
spread is calculated as the rms-deviation from the av-
erage energy gain of the bunch. It is derived for the
combination of accelerating voltage and wake fields.
The energy spread is computed for acceleration with
maximum energy gain. Furthermore the minimum en-
ergy spread achievable for different bunch charges and
bunch length is calculated. The resulting phase and
thus the energy gain at this phase are given.
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Wake V/pC

Wakes in the TESLA cryomodules
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1 Energy spread and Integral parameters of the
Wake fields

‘The energy spread (squared) (AU)? in the bunch is

(AU)? = UG(AV P+ QXAW 2+2UpQ(V (5)W (8))— (VI(W))
The energy spread due to the accelerating voltage (AV)?

(AV)E = W: — e~ %) (1 — cos (24)e (ko))

Integral parameters of the wake field:
The energy spread (squared) caused by the wake fields is

ﬁps%nmwg@@sa,mggm A:
Introducing the Cosine-Fourier part

Leos = [T a(s)W (s)(cos(ks) — e~ * s (9
and the Sine-Fourier part

Lin = [7 q(s)W(s)sin(ks)ds (3)
we finally get the total energy spread

(AU = U3(AV)? + Q*(AW)? + 2U0Q(Zeos cos(@) — Isin sin(gh))

Integral parameters in [V/pC] for the wakes of 700um and
250 pm long Gaussian bunches in one cryomodule are given
in table 1. The wakes of a 50um long Gaussian bunch are
given for first and sccond cryomodules in the same table. For
the wavelength of the accelerating field A = 230.768imm was
taken.

o K, Lius Lin V{AW)?
T00x | -98.33152 | -0.2461G43E-02 | -0.8492748 | 47.49361
2505 | -125.8672 { -0.3346571E-03 | -0.3044311 | 60.83610
50u(1) | -198.2546 | -0.4340105E-04 | -0.0960391 | 79.86720
504:(2) | -153.2351 | -0.5752997E-05 | -0.1107154 | 82.82798

Table 1: Integral parameters for the wakes of 700;an, 250;m and 50;un Gaussian
bunches in the TESLA cryomodule

The relative energy spread AU/{U) and the energy gain
(U) upon the phase degree are shown in Fig.1 and Fig.2 for
Up = 120MeV, o = 250um and Q = 8nC.

‘The same parameters, but for the charge of Q = 1nC are
shown in Fig.3 and Fig.4

From the pictures we can see, that there is an optimal phase,
where the bunch gets the minimum energy spread. Energy
distributions for such cases are shown on Fig.5(Q = 8nC, ¢ =
—32.5°) and Fig.6 (Q = InC, ¢ = —45°)

Even after compensation, the energy spread has still linear
dependence, at least for 60% of the particles.
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Table 2; Maximum energy gain and minimum energy spread of a o = 250;zm bunch

in a TESLA cryomeodule. Charge @ = 1nC

Voltage MV | Phase | (U) MeV, | AU/(U) - 1000
100 ¢=0 99.872 0.6032
¢=—10| 99.506 0.1655
120 ¢ =0 119.871 05017
6=—41] 1195064 0.1347
130 =0 130.871 0.4203
6=—35 139.61 0.11%8
160 ¢=0 159.87 0.3751
¢ =3 | 159651 0.0968
180 ¢=0 17087 0.3203
¢=-27| 179.67 0.0841
200 6 =0 199.87 0.2993
4=-24| 190603 0.0744
320 6=0 319.867 0.1861
¢=—15] 319.757 0.0129

Table 3: Maximum energy gain and minimum energy spread of a ¢ = 250;1m bunch

in a TESLA eryomodule. Charge ¢ = 8 nC.

Voliage MV | Phase (U MeV, | AU/{U) - 1000

100 =0 98.991 4.9097
= —39 76.706 1.964

120 $=0 113.99 4,083
¢=—32.8[ 99.859 1.477

140 $=0 138.99 3.4949
p=-282[ 122373 1.1937

160 ¢=0 158.989 3.0544
¢ =—246| 144.407 1.006

180 $=0 178.989 2.712
$=—218| 166117 0.8715

200 ¢=0 198.988 2.4391
$=—-106] 1574 0.7696

320 $=0 318.986 1.5192
¢=-12.2{ 311.750 0.4537
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Energyspread of 3D-Structures
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Bunch center position and Energy loss
Koo=12.5, =290
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Time in synchrotron periods

High Q One ﬁ'equency Surface roughness wake.

S Time= 600:00

Ki=125 K2= 1.0 Damp=100.0
[1=290.0 12= 0.0 N=1.001908

Q1=1000.0 Q2= 1.0 Greetings! Sasha N. Fri Jan 29 18:34:43 1999
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TESLA Damping Ring

Parameters of the ring:
opr = 9.5mm, Q = 5.8nC

Sm = wm.}\.ﬁw\, .WE.. = ﬁwwb\ﬁmnu \nmwo.uw = (.086

Parameters of the vacuum chamber:
L = 17km, 52 x 28mm?, roughness & = 0.5u

Roughness wake frequency parameter

mnoodm = 190

Intensity parameter

@S\oh @Nonh
Iy= =

= = =4x10°
Veekrroor ﬂ%Sﬁ»ﬁqg

Estimation for threshold

IR = 1.5(kgops)® = 54 x 10°  (13.5 times larger)
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Spinning from Planar disks

Spinning from deep drawn tubes

ﬁm_uEbEm from flowturned tubes

250 RRR Nb
Spinning from planar disk

reactor grade Nb
Spinning from deep drawn tubes

(monocell after mechanical grinding;
5 cell in preparation)

{Nb clad Cu from disks
(Plan to reduce internal cracks)

500 mm thick wall Nb cavities
in program.

Spinning onto an Al mandrel

Spinning onto a collapsible mandrel

{ Spinning of OFHC Cu monocells for Nb
sputtering
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The Rectangular Coil Method (RCM)

QQuoad Seatrr

_ Sy D LTy
Z

St
Y L 7

e

2,

Flux through rectangular coil moving along y :

¥
AD()=N-L-[B(y)-dy-=N-L-g-+((y-y)* - (v, - %))

Y

B(y)=—g - (y-¥)

S

same coil moving along z:
z

AD(Z)=N-L- [B(Z)-dt =N-L-g-$((z-2) - (z, — 2,)")
Z,

B (z)=g (z—2z,)

muoq:oamam.:_ﬁrnHa_C._Nvu+w.Q.&+n = (Yp.2,)=-b/2-04 ; g=2-al/L-N

g field gradient

L effective quad length
Ya, Za Start point

Yo, Zo quad center

N Number of turns (49)
Leoir Coil length (327.8)
Weait width of coil (330mm)
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Collimator Section

Holger Schlarb
March 1, 1999

o Overview
& Status of the components
¢ Beam loss detection

¢ Installation scadule

Main Features of the Collimator System

Scheme collimator section

>in _ hing -— Y=xl —

TT -
w—vz wm.:

-vmo £2f .En_.n_.uv em”..—ﬁﬂ“ﬂ /Emmﬁm_u_r

¢ Type: Two stage spoiler/absorber system
primary particles are intercepted by spoilers (Al)
secondary particles are absorbed by absorber system (Cu)

e Possible variation of beam energy Ey = 200-500 MeV

¢ Full performance of the collimator within an energy width
of D»ﬂo \ MQ =3 ﬁv

¢ Diameter of spoilers g=6 mm
+» 8.30, at 200 MeV TTF-beam parameters

¢ Optic
— design 8; . =1.25m at OTR-screen
— maximum transition
— functionality of collimator independent of the beam
optic
— maximum variation of beam cross-section at the OTR-

screen a79% [o™" > 5 for all energies
-+ accurate measurement of 3-function

AT
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Beam loss detection by photomultiplier
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Photomultiplier signal versus current

Up-en/V

Photomultiplier Voltage U = 1.1 kV

Number of bunches N=10
Number of lead bricks M=1(5cm)
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Beam transmission
Danger:

e high peak energy losses in collimators
— cracks in material :
(collimator chamber with a minimum of d=6 mm)

Electron Diagnostics for FEL

Physics i t d T
hysics requirements an expected performance e irradiation of permanent magnets

. . i — loss of magnetization -
Pedro Castro / MPY (undulator chamber: d=9.5 mm and 15 m long)

Requirements:

e meas. of transmission loss up to 1%
1. Beam current monitors

o fast inhibit signal if transmission losses

2. Beam position monitors
3. Transverse emittance monitors

4. Bunch length monitors

/159



Saclay current monitors

J. Fuselliu, J.M. Joly, M. Jablonka/Saclay

anﬁ:

undu 1 undu 2 undu w
»f [ J| - L
4 1”, _ | =

%o__n_.m

¢ were designed for injector 1, adapted to 1 MHz
e lab. test resolution 0.1 nC, with beam >0.1 nC

¢ 9 MHz: it would require change toroids

Fast differential security system
e works at 100 kHz (every 10 bunches)
e between pairs of toroids, for example: T3-T7, T4-T6
o if diff.> 0.15 nC during 30 bunches. stop laser in 5 JI%;
o first test in July

SWOp gun

... >0.15nC

60 70 B0 90 100

An THU b A ARG, MAHD /13050

Needed:

e for collimation of beam halo:

* for amplification of photon beam (SASE):

centering of beam at spoilers ~ 0.2-0.5 mm

Beam trajectory

beam alignment along undulator ~ 10-20 gm

Requirements:

e high accuracy on absolute beam position

* high resolution + beam based alignment

Schene:

e BPMs in undulator

e diagnostic blocks — absolute reference
e other BPMs

cnma

;rrw

;

m?:_na

undy 2
(L1 |

undu 3
_h._.

- E_n_._ |
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Jexpl  dexpl

| [EE
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BPMs IN UNDULATOR
Requirement: 1-2 pm resolution (averaged over one pulse)
Vacuum chamber

U. Hahn/Argonne

T Oz | | 12mm
léma

AN
Bx

By
l%opu.. beam
hor. steerer Ver, steerer

vas m&m&&.

U

sz / Heswlab




Electrostatic BPM Pickup
Cross-section of a couple of opposide electrodes

»
-

-FEL

128 mm

- iElectrode

./~ Feedthrough

~~10 mm dia. Beampipe

A ThO S ULARUD, FEB26/11:94

Coaxial line monitor

M. Wendt/DESY
e number: 20 at undulator mod. 1 and 2
¢ expected resolution: 20 um per single bunch
¢ 1-8 nC ok, amplifier included for < 1 nC
* 2 signals to ADC: need digital conversion to x,y
e installation in Argonne: ready

* Q_GO_H_H.ODwOm“ I sumimer

A



Wave guide monitor

T. Kamps, R. Lorenz et al./DESY-Zeuthen

e number: 10 at undulator mod. 3
e expected resolution: few pym

e ok for 9 MHz
e 4 signals to ADC: current measurement possible

New desien:

e mechanics: new wave guide-coax. adapter
— robust mechanical pieces

Measurements of prototype in S-band (1 nC, for single
hunches):

e linear range 1 mm
e ~ 50 pm resolution limited by 8-bit ADC of scope

Measurement of coupling between slots:

e coupling similar as in prototype

e slots in two BPMs have mechanical defects, coupling
a factor 100 larger:
— large error on absolute position
— however, resolution should be ~10 pm

Installation:
e vacuum chamber Argonne — DESY, March

e vacuum preparation, 1-2 weeks
e clectronics

‘Beam Trajectory monitor

J.S.T. Ng, S. Roth/DESY

_ undulator _ detector

—
beam

e experimental device
e number: 1 at undulator mod. 3
e range 500 pm

e position resolution ~ 10 pym

.

e absolute pos. depends on alignment hole-detector -

.



Ummmbom:mo_ Block

U. Hahn/Argonne, H. Riiter, G. Schmidt/DESY

beam
llII'l

undu | undu 2 undu 3 ,
1 E ly TD L Il 0 (W ] D 1 ﬂ 1
TUTAY ™ C N [ | (B _JRVT N7

Function: High accuracy absolute beam position and ab-
solute beam profile

e number: 4 diagnostic blocks
e length = 300 mm

e has hor. and ver. wire scanners and a cavity BPM
¢ installation: mid-April

Wire scanner
G. Schmidt, H. Schultz, M. Werner, K. Wittenburg et al./DESY

e relative position 1 gm with optical ruler
e absolute position ~ 15 um against undulator reference

Detection:

o@ lead glass detector with photo-multiplier at the
end of the linac

decay time is 20 ns (9 MHz oper. ok)

. @ plastic scintillator with photo-multiplier at each
monitor block

o @Q:.E:ﬂ on the conducting wire (due to secondary
clectron emission)

Blocl

ognoshe

C'Loss Se.c,'tt'o% og H‘t ®

Ven. WIAZ SCammen

300 mm

e
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. Future option: photo diode to measure reflected
photons from the FEL radiation on the wire (only
vertical direction through the window below)

Problem: Heat load on the wire

o with 8 nC : wire survives only few hundreds us
solution: operate with short pulses or low bunch cur-
rent

o full FEL power: at the last block: sublimation of wire
material (operation limited to 0.1 nC)

Solution: 3 wires per frame (spares)
Cavity BPM
R. Lorenz/DESY-Zeuthen, S. Sabah/TU-Berlin

e expected resolution 1 pm (for single bunches)
e current measurements

e clectyonics installation: ready for March

10

11

OTHER BPMs

Cold cavity monitor

R. Lorenz/DESY-Zeuthen

beam
aec? acc3

undu 1 undu 2 undy 3
chrm rc [ | I |l _ DP L
TTUT TA C Bl ] |C _ T T
e number: 2 in acc. module 2 and 3

o expected: 10-20 pm resolution (averaged over one
pulse)

Probleni:

e 1o self-calibration on beam current,
(work in progress with tests in BPM ”3BC2")

Reentrant cavity monitor

M. Lalot, C. Magne, J. Novo, B. Phung/Saclay

beam

[ — undu | undy 2 undu 3
ngﬁ r: | | | |l ] DH 1
T J ﬂ _ LI L VT N

spoilers

e number: 2 at spoiler locations
e resol. ~ 10 pm (meas. with beam at 3 nC)
e bunch charge range 1-8 nC

* up to 3 MHz (for 9 MHz needs change of electronics)
e installation: electronics: July and August

1t

<~



Strip-line monitor

F. Tazzioli et al./INFN

wn .
undu 1 undu 2 undu 3 unx_uh Anx?
1 : ( 1 J
T _ |

o number: 3 behind undulator

e resol. ~ 20 um

® bunch charge range 1-8 nC

13

Beam transverse emittance - Optics
Needed:

e for collimation of beam halo:
90° phase advance between spoilers

¢ 3 matching linac - undulator
Instrumentation:

e OTR and view screen
resolution of camera: pixel 20x20 pm (387x256 pixels)
resolution of very small spots limited by diffraction

e Wire-scanners in diagnostic blocks
cnm

undu 1 undu 2 undu 3
i D i | [ ] @ 1
T 1 _ m | MV

mnozm;

N4F
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TECHNIQUES
Quadrupole scan

M. Castellano et al./INFN

doublet 3

mov_a%.}\\\\\\M
U N

spot | |
size ™
|
.*“t
3.
s
:JJ.r N \\\\
SR
.
grad.

Phase-space tomography
M. Geitz/DESY

ok
L

e to get good resolution: 18 rotations in steps of 10°
e ntrinsic errors of tomography: 10%(symmetric) to
30%(non-sym.)

15

e measurement time: ~20 min.
e systematic errors: beam jitter, quad. field errors,
screen calibration — 50%
e problem: beam dispersion
solution?
— measure dispersion
— correct with dispersion bumps

48
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Bunch length
Needed

e large charge density for SASE

Interferometry with OTR. light
M. Geitz et al./DESY

Coherent light emitted by the beam when crossing the
OTR. screen.

Detectors:

e Pyro-electro det.: interferogram in ~ 30 min.
e Josephson junction det. : voltage scan in few min.

Freq. range 100-1500 GHz, i.e. 3 to 0.2 mm

Long. phase-space tomography
M. Geitz et al. /DESY
Rotation of long. phase-space

e at 1BC2 screen: changing phase cav. 8 in module 1
e at 1EXP3 screen: changing phase of module 2 or 3
o first tests: this week #8

\El\lyl/lh 2 H# o EXP3

BC2 undulator

dump

i7

Intensity interferometry of spontaneous
synchrotron light

J. Fink-Finowicki, J. Krzywinski, L. Plucinski, R. Sobierajski/
IP PAS-Warsaw

spectrometer

beam \/
-

Y
D detector

dump

Synchrotron light emitted at spectrometer
» experimental technique
¢ 1o cut-off freq. effects
® 10 systematic errors

o for FEL-parameters and over 1000 bunches: 10% res-
olution



Photon diagnostics
J. Feldhaus, HASYLAB at DESY

Photon beam characterization

1. Total flux of each photon pulse

spontaneous radiation: 0.2 - PtSi Schottky diodes
® Overview FEL at saturation (70 nm): 0.4 mJ - thermo-electric detector
e Status
2. Beam size and angular distribution
e Schedule

~5 mm diameter at ~1 mm resolution - pinholes
- fast thermopile matrix

- PbWQO, crystal + CCD

3. Spectral distribution of individual pulses

mvoE.Bn:m:o:m:oE _.n_w,om:ﬂwo: _Bzﬁz._moo::_:fc.w.nnU @
FEL fine structure at high resolution 3600 Ifmm, ICCD ~

4. Time structure

bunch length: T ~ 1 ps - autocorrelation exp. (Jilich)
fine structure: At ~ 10 fs - crosscorrelation exp. (Jena)
H A “—.‘m“m 5. Radiation damage of optical components
neo,
[FPAM , Wangaw peak power density 10° - 10" W/ecm® special experiment using
Pablin Cihy Uiiv, focusing mirror and various
Fz ywitrle

detectors (Warszawa)
Univ, Jtua
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Saturation of the Pt-Si E_cmzc%

0.04 pJd (10 x stretch)

1
<>
50 ns

Approximated micropulse energies at
_ 527um wavelength
(2. Harmonics of a Nd:YLF laser)
Uev=12 V

/]



Thermopile detector

<t ~[Ong |
Emusv e spdinie %n_}.«\ A
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Preamplitier Delay line +

Combiner

Fast thermopile matrix detector

| ‘T1T
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d md.bﬂ. Cuw Oy planes e r .

]

100 ns
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|4 channel
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YBa, Cuy 0, 4 film (38, 500num)
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(1995)
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digital
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Piezo-actuator

TEMPORAL STRUCTURE

deloy

Tor & detector

mrsu 24 - &

meta *Ps\_h\
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Crorp correlatcon exper ,.x;n:x

ASS..“ u Pvr?w

Beamline control
(stepping motors ...)
Experiment control
(ADCs,DACs, TDC,GPIB...)

Measurment of

- frequency spectrum
- intensity profile

Yisual beam control

LINUX PC
(SPECTRA)

Windows
PC

VM

CCD cameras

&nro?\?s\nn@” SSHE onSiC

I 1

motors ADCs U>nm GPIB .

l@mo.\( T = + .m == \:..?.k

(1) thnl &&F\ werors w3 T8 M dmm o = Lps
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Schedule for photon diagnostics

Vacuum
pre-assembly, test
cleaning, final assembly in cleanroom
installation

Detectors
delivery, tests
assembly, tests

Monochromator
dismounting from HASYLAB beamline
re-configuration, tests, calibration
installation

Cabling for motors and signals

Computer control
hardware configuration
software
installation, tests

4 weeks in March
4 weeks in May
2 weeks in June

March / April
April

1st week in April
April / May
June

March / April
May

May / June
June

NS
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TESLA Waveguide Coupler

J.Boster, J.Dicke, M.Dohlus, A.Gamp, H. Hartwig, K.Jin, A.Jdstingmeier,
C.Manens, V Kaljuzhny, S.Yarigin, A.Zavadsev
1. Versions
2. Elliptical Wavequide
3. Windows

4. Integrated Waveguide-Coupler / Window

5. Tum':?

Martin Dohlus  Deutsches Elektronen Synchrotron Mar.98%

1. Versions

i . * S
version O: coupler for 228 cells A

whnaIpA-op 1nbaAD:

3,0

N\
A

1
|

1000

N

B
=

T
™~

N
™

|

Report: TESLA 99-01

Martin Dohlus Deutsches Elektronen Synchrotron Mar.99 4 @ 1



2. Elliptical Waveguide

b ;=85 mm (—N:h-]'m

Foney = 1.051GHz

fo =1.3GHz

max{E}E,Mw =449kV/m
a=871-107¢N/m for x =58-10°1/(Qm)

a=2.10-10"N/m for x=10"1/(Qm)

e.q. P=1MW, r=1.4ms, f. =5Hz, copper(40K) = 2.5W/m
g rep

Martin Dohlus Deutsches Elektronen Synchrotron Mar.99

N

version 1: coupler with wall and straight waveguide

Martin Dohlus Dettsches Elektronen Synchrotron Mar.99 Aé&l



version 2: coupler with “chicane” and straight waveguide

Martin Dohlus Deutsches Elektronen Synchrotron Mar.99

4. Integrated Waveguide-Coupler / Window

4.1 Version 1: coupler with wall and straight waveguide + integrated window

214 kW
Epnay = 1-15+ 108 V/m <« E.
o« o8 T
00D o e .
e = Ay MM : :O’: ; : : * X « o o o o
e &5 & = . Y [ ]
Q,,,=3.1-108 )
ceramic in SW minimum
(=3.4-103T R
for 1 <<y, Bnax =3 Blm
P SV ‘6— \ - .
Problems: ¥ P ‘& Q) -
“resonator” losses e

kick: K =16.0kV &, +11kVé,

Martin Dohlus  Deutsches Elektronen Synchrotron Mar.99

-
Er ) U s YNTLIOHLUS, FERZS08:24
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1ondiauis usuany;

a) Fields

E e =075 106 V/m = 3.5 E, <4 E_,

s " 5 0SB F e a3

s e 8 P W 4O S Ea

LI B B B B BN
.

{, . =d40mm

e

LI R T

Q,,=3.1-108
ceramic in SW minimum B
for t << 1y, im

Martin Dohlus Deutsches Elektronen Synchrotron Mar.99 /é{][
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b) Kick

R2.5mm

_A2.5mm
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¢) Losses

setup 1:

0 4 124 &u

Ni. RRR =380 Cu (RRR=10), wull = |Oum
wall = 2 mm steel, wall =2 mm

T=14ms
Ty .\_.%Hm Hz
H“.u_ 1y =iy
Tu, P=213kW
=664 kW
Yy 08 01 01s % oz o3 01

2K losses: .061 W, 0.093W, 0.162W
4 K losses (6.5K): 1.74 W, |96 W, 243 W

Martin Dohlus Deutsches Elektronen Synchrotron Mar.99

]

el LG BT NTOHLUS, FE BB 1y

setup 2:

333

Cu (RRR=10y, wali = 10pum
steel, wall =2 mm

[T T

1] +4 124 154

Ni. RRR =380
wall=2 mm

Kok

T=14ms
Ty, .\.”nu =5Hz
L P (W
s, P=213kW

=064 kW

2K losses: 2 W, 0101 W, 0.124 W
4K losses (6.5K): Ui W, 2 16W,254W

Martin Dohlus Deutsches Elektronen Synchrotron Mar.99

Fehd U MEYNTDOMLUS, FEBAR 1 147
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setup 3.

bellows, 1(

1 Cu, G 2 steeld v.m,
fength 3G nnn. etfective fengih 90 mny
6.5K e b
ymm _ | W |
o o
t 43 124 15 333 ~ o 12
Ni.RRR=380  Cu(RRR=10), wall = 10pm 2 N
wall=2nm steel, wall =2 mm N
’ 8]
T'=1.4ms Q| E
™ o 20 =
2 ‘\RvIMIN [ M
Ta gy )y nw ot N
— QO
= P=213kW 3 c 3o 3
PV EERTC F ©
=664 kW .m = W "
E - © o
[ W e ﬂw W
[ pas e 81 12 018 a2 a3 N =
@ T > =
=) m c !
o | = €5 o
2K losses: (201 W, 0101 W, 0.124 W nnw nNu T &
4K losses (6.5K): (177 W 0.99W, [ 16 W © Y -— - i
n L
St :
.........H h = e = =
53]
Martin Dohlus  Deutsches Elektronen Synchrotron Mar.99 -

11 b w MEYNTIOHLUS, FERZ 42
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Martin Dehlus
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setup 4: (double window, estimated)

beliows: Hown Cu, 0.2mm steel
fength 30 mn. effective length 90 s

166 70K

04 124 154 3
Ni. RRR =380 Cu (RRR=10), wall = | 0um
wiall=2mm steel, wall=2 mm

- - , S e T=14ms
™ e R a— Ry S+
.—.lt.u. w " “W”Ihil!'..u”f.n.u“ld.rhw‘. LD LTy T e e .._.. = —v /./
TS, S .J!”lwhnl\ww.\%wmwun T o/ P=213kW

el T ] P00k
! 9 208 0.! 83 92 025 Q3 a3s

2K losses: .1 W, 0101 W, 0.122'W
4K losses (6.5K): (177 W 0.87W, .09 W

Martin Dohlus  Deutsches Etektronen Synchrotron Mar.99

ol Lt G MEYRTDOHLUS, FEBZG14:41

5. Tuning

5.1 Coupler with adjustable coupling: ?7?

5.2 External Tuning

design: Q,,,=3.10-10¢

e.g. wrong coupling: beam pipe 5 mm too iong — Q,, =5.44-10°

beam pipe 5 mm too short — Q,, =1.80-108

0.27

example I

i an

Q:::i
e
Q J“lugn

€

reflection by external tuner: |r|

6L

Martin Dohlus Deutsches Elektronen Synchrotron Mar.88
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field distribution in window r=-0.27,0,+0.27 P q=CONS

/B

I+r

1-r

Q:xl chc’“sign
= max W . 0—

03

q
035 03 025 02 0.5 0.1 —0.05 0 .05

E,(P=1MW) = 0.449MV/m

Martin Dohius  Deutsches Elektronen Synchrotron Mar.99
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Measure of the superheating
magnetic field

C.Thomas (PhD), G.Bienvenu, M.Fouaidy®, H.Sun™

* Direct measuring Hy in High Power RF
Short Pulsed mode

o H, =fVE) H.

— Measuring A on cavity

*IPNO *Visitor | LAl
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Theory :

London -> Ay =

GL -> for clean supra A= Ay

for dirty supra ), o &

Method :

. . 2G{ 0, -
Variation of the reactance =_( ° 3 ]
Ko 0,

Evolution of experimental frequency as a function of temperature

3.138850E+09

FRNSTR
‘c¢’.0004ooooooo+ +

hadl ool )
3.138845E+09

3.138840E+09

3.138835E+09

Frequency in Hertz

3.138820€+09

3.138825E+09

3. 135020 +09

3.138815E+09

4.2 5.2 6.2 72 8.2 9.2

Temperature in Kelvin
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Preliminary Results

A Innm
180.00 -~

N g~

.
=" fiinzbu

rq

-Landa

MFA)L =

)

x-41.678

e
1
,
. -
u\vA_ 19.957)
; “
B I

Fit of the experimental Ax by Ginzburg-Landau model

Dirty case: 31< 1(nm) <119
12 <RRR < 44

Caracteristic of the direct

meaurement of H

P, <5 MW

Trp=4.5 Us

f
Q.. ¢ [30000;107]

= 3 GHz
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IMOsay
IPN Orsay - SEA Collaboration

SURFACE RESISTANCE MEASUREMENT OF SUPERCONDUCTING SAlMPLES
WITH VACUUM INSULATED THERMOMETERS

R
M. Ribeaudeau, S.Chel, JP.Charrier, M.Juillard SEA/DAPNIA/DSM CEA
M.Fouaidy IPN Orsay (CNRS/IN2P3-Univ. Paris XI)

Abstract

A cylindrical niobium TEQLI cavity is used at Saclay for measuring, with a differential method , the overall
surface resistance Rg of superconducting thin films { Nb or NbTiN ) sputtered on removable copper disks { Nb/Cu
samples). An alternative device, for Nb/Cu samples RF properties characterization purpose was developed. The main
feature of this technique, which is _based on thermometry, is an improved accuracy and sensitivity as compared to
the usual method. The thermometric method, conjointly with a thermal model, is used for the measurement of the
absolute Rg_ distribution on_superconducting thin film samples. Precise calibration of test-samples RF losses is
performed by means of a removable DC heater and temperature sensors pressed on the back of the disk and placed
in a vacunm chamber, This new facility allows in-situ determination of all the thermal parameters involved in the
model ( substrate thermal conductivity and heat transfer coefficient at the solid-Lhe interface), The thermometric
technique was first successfully validated and RI° properties of several Nb/Cu sample was studied with this new
device. Interesting data was obtained and analyzed. ln particular, the effect of the copper substrate surface

conditions on the Nb/Cu sample RF propertics was investigated and the corresponding results discussed, i

- N M I

Motivations for develoging such an instrument |

® Why did we need to develop a new instrument for measuring the RF
surface resistance ( R,) of sputtered superconducting films with such SRF
cavity ?

1) In order to improve the accuracy_and the sensitivity of R, measurement,
because the lack of accuracy and sensitivity at 4.2 K in the case of measurements
performed by the usual so-called end plate replacement method !

2) Measure exclusively the test-sample RF losses by excluding any extra RF
losses :

=>» Some of these extra RF losses are inherent to the ‘classical’ method
namely : rest of the cavity, indium gasket, RF coupling loops.

=>» Potentially, anomalous RF losses induced by Field Emitted electron
impacting area other than the sample .

f AP




® Purpose :

BO improve the accuracy, reliability and sensitivity of R; measurement .

B> Thorough and precise RF characterization of sputtered Nb and NbTiN films onto

Copper substrate :

> Study the effect of sputtering process parameters and_substrate surface preparation on

the films RF properties in order to improve the superconducting sample performance and

master the technology.

»Investigate Ry(T) in the temperature range : 1.6K - 4.5 K

> Study R,_spatial distribution on the sample .

> Progress _in_the understanding of SRF properties and get more insight into

superconducting film physics and develop new superconducting material interesting for

accelerators applications.

® Main advantages of this method

<> Absolute, direct and local method as compared to the usual RF technique.

=> no reference disk needed (save time, no assumption concerning the rest of the Niobium
cavity RF surface).

=>» Vacuum insulation and hence a precise temperature measurement ( the thermometers
are in contact with a non-wetted solid wall) .

=¥ in-situ measurement of substrate thermal parameters.

sl



.OOFE&OE.EOZ IPN Orsay - SEA/DAPNIA/DSM/CEA
M. FOUAIDY, M. RIBEAUDEAU
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Rs vs B measurement of Nb Films on Cu substrate (T=1.7K, f=4GHz)

3000

2500

2000

Rs(nQ)

1500 1

500

0 —

1 <Rs>(B) par méthode thermométrique A

Mode Te011 Th=1,7K y a7

A

// , / —dss

/ / —dé0
> i
/ / —d62

1000 | / UG A i
0 5 10 15 20 B(mT) 25 30 35 40

> The Nb film RF surface resistance increases with the substrate roughness.

AF0




Résultats HF a Th=4,2K

1 Copper substrate before coating with the Nb film - 2 Nb film ( 1.5 wm) coating on copper substrate (magnetron sputtering )

1/Validation de la méthode de mesure : comparaisen a bas champ deRs (Nb massif) par méthode HF

et thermométrique
30000 ——-—- Rs(Nb) par thermométrie et mesures HF P
disque Nb massif T=4,2K 2 modes l
25000 * [
: 26He
—~ 20000 * TE ? —
G ] THor2 ¢ 26-sous vide
@ 26-th
o
15000 N _: i o e 26-sous vide
. o . 26-th
10000 --*25 22 . |
_ [ ] - TEOI]
i W—ﬂ' en o o @
5000 ——— — — I
0 5 10 B(mT) 15 20

= Valeurs comparables entre les deux méthodes de mesures

25



Rs vs B measurement of Nb Films on Cu substrate (T=1L.7K , =5.6GHz )

6000
1 <Rs>(B) par méthode thermométrique et hf
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M.FOUAIDY

in) Orsay

'"TESLA Meeting, Desy Hamburg March
1999

M.FOUAIDY for IPN Orsay, LAL, SEA/CE Saclay collaboration

SRF NIOBIUM CAVITIES STIFFENING BY THERMAL SPRAYED
COATING |

S.Bousson, A.Caruette, M.Durante, M.Fouaidy, H.Gassot, N.Hammoudi,T.Junquera,
J.C.Lescornet, J.Lesrel, 1PN Orsay - France

J.L Borne, J.C.Bourdon, L.Grandsire, A, Thibault, LAL Orsay - France

C.Antoine. SEA CE Saclay - France

MAIN OBJECTIVES

@5 Cavity stiffening in order to reduce frequency shift Af induced by Lorentz forces
© > Develop an alternate scheme to the actual Nb stiffening rings which are no_more

efficient for E, >28 MV/m ( i.e AT> 434 Hz = TESLA cavity BW @ Q.. =3.10%

@ Possible gain in cavity thermal performance ?
©®3% Reliability and cost reduction ?
MAJOR ISSUES OF THE R&D PROGRAM

© Compare different thermal spraving techniques.

*» Focus on 4 thermal spraying methods in collaboration with 2 French
Laboratories .

1) Yacuum Plasma Spraying ( VPS),

2) Atmwospheric Plasma Spraying ( APS),

3) Controlled Atmosphere Plasma Spraying ( CAPS),

4) High Velocity Oxy-Fuel Spraying ( HVOF)

' M.FOUAIDY TESLA Meeting, Desy Hamburg March 1999

. — Savnples
@ Material characterization on speeisens

»Metallurgy, microstructure, porosity
~Mechanical properties and thermal properties,

© Numerical simulation of cavity mechanical and thermal

behaviour.

O Fabrication and test of monocell and multicell cavities

- m&.xu. monocel cavrtes
« 5 4.36H; monecell cailies
Nb . Heraeus :hickness : dmm RRR 130

A7



H. FOUALDY
Fabrication and +esh QL. 30..300@: and
mu P cell cavidrec
¢ 3GHy camles  (rumbe: F O
o Fuwe 4.2GH3 rmonocelle cavtties

nﬂ‘a”q_.mnrw

e Two A.3GVWy Tricell

o Nb sheets supplied by Heraens RRKQ = 140
Thideness .

dmm

s Coat cawvdies WiV, Thermally Cprayed depoiitr

S R-Jmwm

—_ . Moteriod : +obe decided Al Mechanicnf
and thermal +esks on samples

aCoalin 5 Hhiknes,
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* Best medwwical propecties (Low Temp. )

S. Bousson

IPN Orsay (France)

13/1/99

Test of copper coated 3 GHz monocell cavities
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H.GASSOT/IPN ORSAY

FREQUENCY.SHIFT

AF(Hz) © - v — —— ———————
U sprayed copper layer(h=2cm,Nblmm,Cu2msn)
-200 b ,.//. -
BN 40 .. ,? e S PURATS.
= 3§ H T o o i -/r!;}..
| t N Nb welded stiffening ring(Nb2.5im) |
*ﬂ.&l.ﬂﬂlvs _— - PR o . PRI ﬂ EIEE PR S )
[ ,.?L.J 1 (c//f
- 800 } _ //... |
_. ./}// |
-1000 | unstiffened cavity{(Nb2.5mm) .
s .
-1200 | _ N
i ¢ .,
Eau, ~13mV /L i ™.
-1400 Al UL 'Y CN
0 200 400 600 800 1000
E (MV/m)?
Cu
Nb h

8) Nb welded stiffening ring b) speayed Cu layer

COPPER COATING by PLASMA SPRAY:
A New Method to Improve the Stiffering of TESLA Cavities

M.FOUAIDY

Monocell 1.3 GHz Saclay cavity C1 02

iLm ]-ra veb 'H\{. QQ‘EE
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COMPARISON OF DIFFERENT SPRAYING TECHNIQUES —l
Technique Particles velocity, | Atmosphere| Porosity Bond Coating Powder Remarks
Temperature and (%) strength for | thickness | particle size
spraying distance metals (MPa) [ (pm) { pm)
Flame Spraying 80-100 m/s air 10-20 30 (Typical) | 100-2500 5-100 Inflight Particle
(F.S) 3000-3500K 0 for self- | 60-70 { Max.) Oxidation (1PO),
d :120-250 mm fluxing trapped air...
coating
Atmospheric 120-350 m/s air -7 =70 5-100 1PO, Oxygen content
Plasma Spraying (400-550 mv/s) could be bonding 50-500 up to 2%
{APS) 2000-3500 K greater alloys 2500 density = 830%Bulk
d: 50-150 mm obtained inhomogeneous
Vacuum Plasma Up to Mach 3 Inert gas Ar 1-2 >80 150-500 5-20 Oxygen content less
Spraying {(VPS or 2000-3500 K at ~50 mBar than 500 ppm
LPPS) d : 300-400 mm density = 95%Bulk
homogeneous
high bording strength |
Controlled 80-100 m/s Ar, He, N; 1-7 20-45 5-100 low bonding strength
Atmosphere 2000-3000 K 1-5Bar |, 50-500
Plasma Spraying d :100-250 mm
{CAPS)
D-Gun Spraying 750-900 mv's Air 0.5-1 >70-80 300 5-60 high bonding strength
3500-4500K
d =100 mm
High Velocity < 1500 nvs Air <] up to 90 100-300 5-45 high bonding strength
"Oxy-Fuel 1500-2500 K
Spraying { HVYOF)} d :150-300 mm

/182
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l Atmospheric Plasma Sprayed Coating Build-up

'M.FOUAIDY

m!v-h Orsay

|

CHARACTERIZATION OF PLASMA SPRAYED COPPER COATINGS _

O microstructure analysis by SEM and imase processing ;

> get data on the structure morphology, pores dimension
distribution, microchannels geometry and flow pattern, interface region
analysis ( inter-splat area and Nb/Cu interface), coating porosity....

> optimize the spraying parameters which have an influence on the
coating properties

KT,

Micrograph of Cu coating deposited onto a Nb substrate
A heric Plasma Sprayed C

= Main features of this APS Cu coating :

® big number of unmelted particles,

* low cohesion between particles,

®high porosity,

@ some discontinuities observed at the Nb/ bonding layer interface (MEB)

' 'M.FOUAIDY TESLA Meeling. Desy Hamburg March 1999



T. Junquera

18/2/9%
Mechanical properties of coatings
Young’s modulus Porosity Residual Thermal Thermal shocks Bond
Sample type {elastic constants) stress Stress @7 K..dK Strength
@ room temperature @4K (fatigue,crack growth)
Tube Estimated OK OK OK OK
940...50 from hardness meas. (Archimede, X-diffraction (strain Optical Microscopy —
Image analysis) gauges) SEM Microscopy
Strain-stress meas.
Plate a) tensile OK OK oK OK
100...150 b) compressive (Archimede, X-diffraction | (deflection, Obtical Microseo .
(width : 10...30) | ¢) cantilever beamor | Image analysis) strain gauges) P . Py
i . SEM Microscopy
3 —points bending
meas.

- Thick deposits ({two welded half-cells) : coating growth, thermal shocks, plastic deformation,...
- Bonding Homogeneity : ultrasonic tests

Residual Stress

ﬂmSurem%t by X diftraction
7
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T. Junquera

12/1/99
Tensile properties of V.P.S. Copper Deposits
G. Montavon et al. LERMPS (Belfort, France) 1995
Young's modulus .
250 4—u | 1 A 70 shear modulus o
.:. UTS . 6 125 4 L oL 1 i 50
2254 elongation ° E I L 45 E
£ 2004 ¢ e 2 .
E il ?. -40 .g 3 i 40 3
_ = ] : =
g 11sd ° -30 8 'E [Eh 3
= £ . -35 E
- 20 - ) -3 .
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m-v; Orsay

M.FOUAIDY

LOW TEMPERATURE (4.2 K-300 K ) DIFFERENTIAL THERMAL
CONTRACTION EXPERIMENT

IPN Orsay- LAL Collaboration
» Goal : measure the thermal stresses associated to the differential
contraction between bulk niobium and plasma sprayed copper coating .

Low Temperature Strain Gauge Calibration Set-up 1_

=> 3 samples : Bulk Nb, Bulk Cu, APS Cu coating.
Each sample is equipped_with strain-gauges and 2 calibrated
thermometers ( Carbon & Platinum resistors).
Rosette = 3 superposed strain-Gauge ( resistive sensors made of Nickel-
Chrome Alloy)

P The strain-Gauge are calibrated by the supplier : but the calibration
curve (Temperature effect correction) depends ni the muaterial to be tested
and the mounting conditions ( bonding agent.....).

=2 One need calibration 1o get the temperature-induced apparent strain for
the test-specimens_(Bulk Niolium, Bulk Copper and APS Cu coating),

. m% Orsay

M.FOUAIDY

Low Temperature Strain-Gauges Calibration results

12

&0 . : T - .|._ ". RS _
u. © Bulk Coppor - Gauge 12RA _ _
20 - | o APS Copper Costing - Gauge V28RA [ "7~ T - A i
£ | _s Bulk Miobium - Gueuge $60WR '
200 R — ]
G —y - e e y h
o o — e
.m SO0 - [ Wrored contracien (el & Clack)
[
-
-1500 -
220 |
~2600
3000 :
—— [Coppor Sermmal somiraction Plred & Clurky)
T I I
[ 50 100 154 HUY 1% 300

Temperaiure (K)

Apparent Thermal Contraction of Bulk Niobium, Bulk Copper and APS Copper
during Samples Warm-up from 4.2 K to Room Temperature.

00 I
|_ © Bulk copper - Warm-up Z
200 A APS copper coaling - Warm-up
- ' | + Bulk copper - Cool-down
[ AFPS copper_coating - Cool-down |
S0 -
-1006 -
M !
m -1800
&
-1800 -—
-2200
i
2600 ”
S30n — - a— . S
0 kL (1] 15 20 50 0

Temperature (K)

Bulk Copper and APS Copper Apparent Thermal Contraction : Samples
Cool-down versus Warm-up between 300 K and 4.2 K.
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LOW TEMPERATURE ( 4.2 K - 300 K ) DIFFERENTIAL THERMAL
CONTRACTION EXPERIMENT
o
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_© The experiment will be performed during TESLA Meeting ( March 1999) 11! _
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M.FOUAIDY

EFFECT OF PLASMA-SPRAYED COATING ON THE CAVITY OVERALL THERMAL RESISTANCE I

oWe performed up to now 10 experiments with different Test-cells

3 Purpose : measure the effective thermal resistance of the plasma sprayed copper
<> Differential method : measure and compare heat transfer between Niobium and superfluid helium ( naked Nb
specimen ( pure Nb) versus copper coated Nb specimen ).

=Kapitza resistance Ry at Nb-He IT interface is reproducible :

X Assumption : Ry have the same value for two similar samples

smachined from the same Niobium sheet

sprepared at the same time and

saccording to exactly the same procedure ( Mechanical polishing, degreasing, heat treatment, chemical etching,...etc).

®For comparing all the experimental data obtained up to now (different test-cells used) the analysis is restricted to the
overall thermal resistance Rg data @) 1.8 K.

» The measured overall thermal resistance Ro is given by :

kynp = Niobium thermal conductivity,
enp - Niobium thickness,
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Obviously, for a cavity, the effective thermal resistance ( uniform heating case) is :
e .
R.= Nb R

0 K

“Nb

The data are summarized in Tableau I : the same test number correspond to similar Niobium specimen (naked
Nb sample { Nb} versus coated Nb sample (Nb/Cu ) similar samples.
» same Niobium sheet ( initial RRR, heat and chemical treatment, same surface conditions)
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Test Test-cell Nb RRR * | Ro(K.m'/W) | ARo(K.m"/W) Remarks
Samples and Cu&Nb| @18K @1.8 K
thickness
1 4 rods (O8) 100 * 56 107 OK
1 4 rods (©8) ece: 1-1.5mmor| 65-7510" | 092 1.9 107 OK
2-2.5 mm
2 2 Nb Cabot disks, BCI* 50pum 30-40 * 1.46 107 OK
exy= 1.96 mm
2 | 2 Nb cabot disks, BCP 50 pmwith | ex= 1.96 mm 2.07 107 6.2 107 permesbility test to be
APS bonding alloy and APS Cu ecy=2.5 mm performed on the APS Cu
coating (Mallard) coating disk
3 2 Nb Piansee disks, BCP 40pm 30-40 * 6.32 107 0K
enp= 2 mm
3 2 Nb Plansee disks BCP40um with en,= 2 mm 127 19? 6.4 10" 0K
APS bonding_alloy CaL ™ 0.2 mm
4 2 Nb Wah-Chang disks BCP 30-40 * 3.84 10 Nb K(T) not yet measured
S0pm ewp= 0.5mm (without HT : Ti @120¢
*C).
4 2 Nb Wah-CHang disks, BCP enp= 0.5 mm 7.48 107 16107 permeability test to be
S[HI ew= 2.2 mm performed om the APS Cu
with APS bonding alloy and APS coating disk
Cu coating (Malard)
5 | 2 Nb disks Wah-Chang machined 200 * 5.6 107 Nb k(T) not yet measured
on the iathe exp= 2.02 mm
5 2 Nb disks Wah-Chang machined | enmp= 1.835 mm 5.6 107 =0 Nb/Cu interface analyzed
on the lathe with CAPS (Argon ) eq,= 2.0 mm by US, Micrograph to be
Cu coating.(CEA/DAM) done (after second test 7).
TABLE 1:OVERALL YTHERMAL RESISTANCE RQ OF ALL Nb and Nb/Cu SAMPLES TESTED UP TO NOW
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O DARCY permeability x

®> Room temperature tests { 300 K) usin

permeameter : measurement of the pressure AP across the porous medium
(thickness : 1) versus the gas mean gas velocity v ( flowrate).

_nb
K=AP

7 : helium dynamic viscosity = 20.10°° Pa.s.
» First result obtained with a copper coating (APS) : we measured
K = 2.4 107> m’. This figure is within the range of Darcy permeability of

porous plug devices operated in He H in space applications.

@2 Thermal method in superfluid helium {under development)

» Goal : Characterization and modelling of the heat transfer in the porous
medium cooled by He II,

> Principle : Based on the outstanding thermchydrodvnamics and thermat
roperties of superfluid helium. ( Two-fluid model )

Thermal insulation
. (epoxy resin or

A o vacuum jacket)
AW

. |W iy .NM.H..III,,I.:.EEEEQGE

AT _\\1,: B

Heater He Il P eie 2 aonsor
. 1
Test-sample =
. D
(porous media)

Superfluid helium (He L)
thermostat bath

Darcy permeability experimental method in He |

Darcy permeability experimental method in He 11

According to the phenomenological two-fluid model (Tisza, Landau
&Lipschitz) of superfluid helium, the heat flow is controlled by He I ~y
thermohydrodynamics ( counterflow of the two components). .m;/.d

® We distinguish two main heat flow regimes :

# Low heat flux linear Landau regime, where the dissipation is dominated
by the normal fluid viscosity according to the relationship :

A : porous medium cross section ,

Q : heat flux (W),

AT : temperature difference between the heated He II inside the test-cell
and the thermostat ( He I bath),

e : dynamic viscosity of the normal fluid ,

K, : Darcy permeability relative to_the normal fluid,

S, p: specific entropy and He Il density .

From equation (1), we could define an effective thermal conductivity
K.irin the Landau regime :

22
_p 5T
K=" @

By comparing the relation (2) with the similar expression of K.y for
the case of He II counterflowing in a cylindrical duct (diameter D), the
physical meaning of the Darcy permeability is guite obvious :

2
D
Kn=33 (3)

> For this simple model ,The porous medium equivalent hydraulic diameter
is Dy = 4(2,)"",
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M.FOUAIDY, N.HAMMOUDI, J.C LE SCORNET

THERMAL CONDUCTIVITY K(T) TEST-CELL _

(Ge# I}
sensor
(Ge ¥ 2)

[ =
Bath temperature

thermuometer

— pllpr:l.'fiﬁnu':ii.inzﬁj.frléylnicllef

Sample hicater
tmanganit wire)

OFHC copper
specimen heater post

10mm
e

Sample thermamelers

Test sample

e Temperature control

— Reference thermonmeeter

— Stainless steel vacuum can

o
T

——/_,
41

-
—L

-

115K - 60K)

DLE DE MESURE DE CONDUCTIVITE TRERMIQUE -

Cold copper block
LIQUID HELIUM

= Steadv-state axial heat low method

4
ﬁi
¥

THERMAL CONDUCTIVITY TEST-CELL
(TEMPERATURE RANGE

® Four specimens tested simultaneously (temperature range : 1.54 K - 9.0 K)
® Each specimens Is equipped with « heater ant 3 calibrated thermometers

Feedthrough f———e  To vacuum pumps

-

. L ) 7 7 | — S
T'est-samples description: ! f ! \_ 3 _.L. f
-
»Samples dimensions in mm : 55x10xthickness (th. ﬁ \ \ \ _“ !
boE- 8 TE. REL [ b
~Sample #1 : Niobium Heracus RRR (Spec.) = 160-200 As received ( th. = 0.92mm) = 2 Mm g T F M = m .m
~ Sample #2 : Niobium Wah-Chang Teledyne RRR ((initial Spec.)= 30-40 , measured ) 22 ;L2 2 W.m 2
after Heat Treatement with titanisation /@ 1200 °C { th.= 0.36 mm) 7 = E m . m g2 w =
- Sample #3 : Niobium ('abot RRR (Spéc.) = 30-40 - \s received ( th. = 2.05 mm) = EE P - i 2 < 3 S
» Sample #4: Niobium Plansee RRR (Spéc.} = 30-40 -As received ( th. = 1.94 mm). 2= P Tg 5 @ £3
- = =22 Z

> Good agreement hetween the RRE values as deduced from ko (kyy + RRR)  those
measured divectly ¢ electrical resistivities ratio) and ealculated { impurities content O,
N

Y

R ors

> hitp ipmweb.in2p 3. fri~yaniche
p vip Py fr]




M.FOUAIDY

[PN Orsay
Thermal conductivity of 4 Niobium samples tested at IPN Orsay Lab. ( Nov. 1998)
k (Wim.K)
1000
100
10
1
1 2 3 4 5 6 7 8 9 10
T(K)
M.FOUAIDY-TESLA meeting, Desy (Hamburg) March 1999
Graph2

Valeurs expérimentales (Novembre 98}
des échantillons de Niobium PLANSEE, CABOT, WAH-CHANG et HERAEUS
kK (Wm.K) = (T}
1000 . - S . N - P - .

]

bk
100 ]

A\
\
|

10

—0— PLANSEE brut, RRR : 30-40

~—CABOT brut, RRR : 30-40

—a—HERAEUS brut, RRR :160-200, mesuré : 128-147
—a—WAH-CHANG recuil avec titanisation & 1200°C, RRR initial : 30-40

1 [ —

0 1 i 3 4 5 (i 7 8 9 10
Température T(K}

Page 1 /f’()S



M.FQUAIDY

LOW TEMPERATURE THERMAL CONDUCTIVITY MEASUREMENT AT IPN Orsay

Tests of November 1999 4 specimens tested simultaneously

Test-samples description
SAMPLE #

Material

Length ( mm )
Width { mm )
Thickness ( mm )
Supplier

Inititial RRR ( Spec.}
Initial RRR { Calc. )
RRR ( Measured )
RRR{a. ky;)

ky2 ( W/m.K)
Treatment

1 2
Niobium Niobium
55 55
10 10
0.36 1.94
Wah-Chang Teledyne Plansee

30-40 30-40
36-16 56
not Meas, not Meas.
122-153 45-56
30.5 11.2

HT@ 1200 °C withTi as received

3 4
Niobium Niohinm
55 55
10 10
0.92 2.05
Heraeus Cabot
160-200 30-40
166 41

126-147 not Meas.
164-205 50-63
41 12.5
as received as received

26/02/1999



STATUS OF
CAVITIES R&D
AT LAL ORSAY

PLAN

e Laurent Grandsire

* Jean Claude Bourdon
* Jean Luc Borne

* Jean Marini

* Bernard Jacquemard
o Joel Leduff

* Emmanuelle Vernay
* Alice Thiébault

* Patrick Lecoeur

Hydroforming

hot forming

plasma spraying of o.oEuﬁ.
E.B. welding

non destructive controls
mechanical tests

grandsir@lal.in2p3.fr

grandsir@latl.in2p3.fr

NaF



HYDROFORMING
(SIBB)

Principle
— process in 2 steps
* 40 % of deformation in first step,
¢ annealing (900 °C, 2 hours),
* 90 % in second step
Operative conditions
— bi-cells 3 GHz cavities
* Dinis ext=51.7 mm,
* Deqext=94.6 mm (r = 1.89)
* Th init =2 mm
Results
— 21 tested tubes
~— S tubes to 40 %

— 4 bicell-cavities

Conclusions
— Perfecting period (buckling)
— correlation success / textures of tubes ?

— To come:

* chemical etching (Saclay) and test (IPN
Orsay)

* chemical polishing (saclay) and test (IPN)

grandsir@lal.in2p3.fr 3
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HOT FORMING (I)

HOT FORMING (II)
EMPIRIC STUDIES

Two parallel methodologies in
order to conciliate scientific,
technological and practical
knowledge:
* empiric studies
* scientific studies

* Principle
~ Axial load + internal pressure
—~ No dies
— Induction heating (800 °C)
— VERMETAL

* Operative conditions

- Dext =38 mm, Th = 0.5 mm

* 50 % of deformation (limited by induction
turn)

— Dext=51.7 mm, Th =2 mm

* tubes too rigid for the device (axial load
and pressure limitations)

— Dext=49.7 mm, Th=1 mm
* to be continued. ...
* Knowledge of the ratio
Pressure/axial load (tear / buckling)

grandsir@lal.in2p3.fr 4

grandsir@lal.in2p3.fr 5
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HOT FORMING (I1I)
SCIENTIFIC STUDIES

* 2 successive steps

— mechanical characterization of niobium
* HERAUS RRR 120
* 700-900 & 1300-1500 °C
* SEP Bordeaux
* determination of
— optimal temperature (900 & 1400 °C)
— optimal speed of deformation (1035 -!)
~ mechanical law (tensile test)
— simulation of hot forming
* risks of breaking
* Initial and final thickness
* cycle of temperature / pressure
* die geometry
* ENSAM Angers (ABAQUS EXPLICIT)

grandsir@lal.in2p3.fr 6
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PLASMA SPRAYING
OF COPPER

* QGoals:

— Removal of iris rings
* easiness of manufacturing

— Thinner thickness of Nb

* Cost

* first studies about the process
(Malard)

* 1in collaboration with IPN Orsay

— study of induced stress by differential

dilatations beetween copper and
niobium

— stress and deformation gauges
~ US NDT (unsticking ?)

grandsir@lal.in2p3.fr 7
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E.B. WELDING

* Stamping and E.B. Welding devices
at LAL

* bench mark programme with
CERCA

— monocell 3 GHz 1 mm RRR 120
HERAEUS

— 3 CERCA cavities (CERCA etching) +
4 LAL cavities (Saclay etching)

— IPN testing

~ quality of weldings, vacuum,
proceedings

* Realizations and work program:
~ — thickness (0.5; 1; 2 mm)

— RRR 40; 120; 200

- 1.3 & 3 GHz

— parameters

NON DESTRUCTIVE

CONTROLS

Ultrasonic and eddy currents devices

control of sheets and tubes after
delivery and before deformation

ultrasonic (immersion) device:

— 0.4 mm of resolution for cracks

— 0.5 mm of resolution for Ta inclusions
Eddy current device:

— 50 KHz £ f €400 KHz

—0.1lmm<é6< 1 mm

grandsir@lal.in2p3.fr 8

grandsir@lal.in2p3.fr "9




MECHANICAL
TESTINGS

e Mechanical device

— MTS Systems 150 KN

— tensile test

— compression

— tear /peel

— flexion

— cryogenic test in the future ?
* Program:

— Data base

— Optimisation of annealings
— Material characteristics (copper)

grandsir@lal.in2p3.fr 10
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HOM Measureménts at TTF

- February 1999 -

O. Napoly, N. Baboi, H.-W. Glock, F. Marhauser,
C. Magne, H. Schiarb, S. Simrock, G. Kreps,
G. von Walter, M. Hiining, T. Garvey and others

(DESY, CEA - Saclay, University of Rostock,
Inst. of Applied Physics - Frankfurt)

TTE Collaboration Meeting, 2.03.9% Nicoleta Bubol
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PRELIMINARY CONCLUSIONS

wWE SAwW THE HEAD— TAIL TRESONMANCE
AND THE CORRESPONDING SPECTRUM
ANALYSER  sigNaL (P ~ x?)

NEED  MORE CALCULATIONS [TIME
O UNDERSTAND :

- WHY RUNCH TRAIN SIGNAL
= M- AMH2 )

+  WHY MOME PRESENCE DEPENDS on
WUMRER OF RUNCHES AND How /7

+  WHERE IS THE MAXIMUM __ SIGNAL
TO RE Expecred

- CONTRIRUTION OF MORE MOBES !
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TTT meeting, DESY, March 2, (909

To minimize the cost and the effort we like to perform all treatments and tests for each _sub-unit

(7-cell) individually and then make assembly of 4 sub-units in the superstructure.

This allows to use with some changes the existing “9-cell” infrastructure for the cleaning procedures
and test.

It seems to us that for the first prototype it will be easier to use the flange connection between 7-cell

structures.
The welding procedure, cheaper for the mass production, is not require to test the first prototype and

is not very well established at the moment .
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TTF meeting. DESY, March 2, 1999

Tasks can be splitted into groups :

I. Changes in the design and in the fabrication of:

- Cavities : tooling to form new end-cells, superconducting flange connection of
sub-units as proposed by A. Matheisen.

- FM coupler: increase outer diameter to & 60-80 mm and make FM shorter by
18 mm ( important for position of standing wave undes full-reflection)
D. Proch, B. Dwersteg, W-D. Moller, A. Zavadsev

- HOM couplers : new requirements on HOM damping (H. Chen , V. Puntus, J§)
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TTF meeting, DESY, March 2, 1999

II. Changes in the design of :

Tuners and LHe vessels : there is not cnough space between cavities for the present
version of the tuner (new solution proposed by H. Kaiser )

Cryomodule : new position the sliding supports

111 Treatments and preparation : generally no problem since sub-units are shorter than the

TTEF cavities

IV Cold test of sub-units:

7-cell cavities are terminated with two type of beam tubes:
the short one 21 mm and/or

the long one 91 mm.

TTI meoting, DESY, March 2, 1999
This asymmetry reduces number of the flange connections to 3. But to test 7 cells with the
reasonable field profile one has to use two superconducting end-cups:

- end-cup with the variable input coupler
- end-cup with the pickup antenna

which provide electric short at the distance of A/4.
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TTE meeting, DESY, March 2, 1999

V Assembly in the cryomodule and final test with the beam. ( 3.Wusend | €. ‘F,-Mi cwr )
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Waveguide Input Coupler

for Accelerating System
(one of possible constructions)

A.Zavadtsev
DESY

1. APPOINTMENT

The power input coupler may be used for RF feeding of:
- one N-cells cavity (N=9 or more) or

- two N-cells cavities (N=9 or more) or

- one Superstructure [1] (4%7=28 cells) or

- two Superstructures (2%4%7=56 cells).

2. COUPLER STRUCTURE

The power input coupler is destined for power transition
from gas-filled rectangular waveguide at the room temperature
to the high clean vacuum filled accelerating structure at 2K.

The final variant of the input coupler (coaxial or rectangular
waveguide) may be chosen after carrying out the following
main works:

- calculation of the form and sizes of the coupler;

- calculation of the field in the coupler;

- calculation of the kick for the beam;

- investigation of the multipacting ;

- design of the coupler construction (in the cryomodule);

- design of the cooler circuits (70 and 2 K), calculation of
the heat regime and the temperature distribution:

- design of the HOM couplers;

- design of the processes of manufacture, chemistry devel-
opment, heating, tuning, assembling and high power tests of the
input coupler and the accelerating system.

A1



The waveguide input coupler consists of

- warm ceramic window,

- cool ceramic window (at 70K),

- coupling element,

- connecting lines.

Each commercial waveguide window with satisfactory pa-
rameters may be used as the warm ceramic window.

The coupling element may be used as in [2].

The parameters of the waveguides and the coaxial line in
travelling wave regime are represented in Table 1. All parame-
ters in this report correspond to P=1.3 MW (two Superstruc-
tures - 56 cells).

Table 1: Feeding lines parameters.

EE::.E_ Maximal | Decrement
Feeding line mﬁw__ﬂnﬁmm / voltage, relative
’ kV values
cm
Waveguide 165x82 4.48 37.0 1
mm
Waveguide 165x50 5.76 28.8 1.44
mm
Waveguide 165x30 7.44 22.3 2.18
mm
80 mm 80 Ohm coax- 10.3 14.4 1.78
ial line
- inner conductor 1.41
- outer conductor 0.37

The multipacting chart in the rectangular waveguide in trav-
elling wave regime is available [3].

3. CERAMIC WINDOW

3.1. Common ideas

The main requirements for the ceramic window are:

- the window should have minimal sizes because it will be
install into the cryomodule;

- the ceramic should not be seen from the beam axis;
- the electric field in the window should be minimized.

The power transmission through the window is

4By 1
2008f 2
(1+ m_ + _wmv.\n

K = 3
:+@H+@mv

1+

B, and 3, are the coupling coefficients of the cavity with in-
put and output waveguides,

Qg is own Q-factor of the cavity,
Af is frequency shift.

Analysing this equation one can say that
- the power transmission is equal to 1 at resonance frequen-
cy if By =14B5;

- the window has more broad frequency band for higher B 1
and [3,.

Therefore it is better to make $;>>1 and B,>>1. The good

matching may be got for B;= {3, in this case. It means that the
window may be symmetrical about the window centre.



3.2. Calculated parameters.
The configuration of the window is the development of the

idea proposed in [4]. The waveguide cross-section is 165.1x30
mm. The coupling slots sizes are h*30 mm.

Table 2: Parameters of the window variants in the
frequency range 1.0-1.6 GHz.

Af, MHz E
Variant Mode | fp, MHz ’ . cer
0 ($1:=0.1) | kV/em
One-mode TMp10 1155 10 12.3
variant with
TE
00 " 1225 <10 11.0
TEs 1, 1400 10 11.0
Tree-modes TMy0
variant with +TE; | 1300 170 5.0
h=114 mm. +TEy

4. CONNECTING LINES
Table 3: Connecting lines parameters.
Af, MHz E

Connecting line | fy, MHz ’ max:

iecting 0 S1=0.1) | kV/em
82-30 mm tran- 1300 160 1.5
sition
30-30 mm 1300 540 7.5
S-bend

HP 85180A High-Frequency Structure Simulator was used
for all calculations.

3. CONCIL.USION

Proposed construction of input coupler has foltowing prop-
erties:

- minimal sizes; the ceramic window is disposed inside the
waveguide volume practically;

- low electric field; the optimization of the window sizes
provides the travelling wave in the window cavity practically

like in the transmission line rather then the standing wave like
in the resonator;

- admissible frequency band - 160 MHz at S;;=0.1 level
(cool window and connecting lines).
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Fig.1. Maximal electric field E in the waveguide with the
cross-section 162xb at power P=1.3 MW.
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Fig.2. The voltage U in the waveguide with the cross-sec-
tion 165xb at power P=1.3 MW.
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Fig.3. The decrement & depending on b.

Fig.4. View of the window,
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Monopole and dipole band limits (Module 2)
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Dipole mode detuning freq. (kHz)
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I c-Imeasurements at University ot wuppertal
B. Giinther, T. Habermann, G. Miiller. K 74sunss set

Outline

DC field emission measurements with a new planar I-U
measurement technique configuration with a luminescent ITO

screen (IMLS)

- Measurement configuration
- First results on niobium samples
- Comparison of FESM and IMLS

Investigation of enhanced field emission due to etching defects

- Etching of niobium cavities
- FESM scans of differently etched niobium samples

Samples prepared at TTF by D. Reschke

Experimental

high voltage
0-35kVv

preparation
chamber

e-beam
] heating

LR |

FESM :
stepper motors

+
piezo translators & ¥ -adaphlon {or wiflot romt

UHV-Analysis- and Preparation Chamber of the
Field Emission Scanning Microscope (FESM)

T. Habermann, A. Géhl, B, Ganther, D. Nau, G. Miiller Berg. Univ. Wuppertal

2R



IMLS

Planar diode configuration

Camera (film or CCD)

! 0-2kV
Light
ITO-Screen

R B e e T P YT Ty Teperr e

- Pressure 10”7 mbar
- Spacer thickness 10 — 100 um (Teflon foil)

- Maximal anode Voltage 2 kV => Ep < 200 MV/m
- I-U measurement with PC



Comparison of IMLS and FESM

IMLS FESM
(field emission scanning microscope)
Advantages Advantages

simple and cheap apparatus
fast sample investigations (Zh):
- onset of FE : Eo,(I=0,5nA)
- integral I-U measurements
- imaging of strongest emitters

long term current- and gasprocessing
possible

very high spatial resolution (100nm)
in situ SEM for emitter analysis
single emitter investigations

(Eon, Fowler-Nordheim : B,S)
reliable non-destructive Fe
measurements

UHV 10" mbar

in situ AES, Ion gun

Disadvantages
limited spatial resolution (=100 um)
reidentification of emitters impossible
no single emitter investigations
danger of (multi-) discharges due to
switch on effects

Disadvantages
slow Fe investigations (1 day/sample)
complex and expensive measurement

system

Emitter activation due to discharges on Nb
sample

Multidischarge starting from I =5 pA

U=2050V;d=50 pym
E=40.1 MV/m

Enhanced emission

U=880V;I=15pA;d=50 pm
E=17.6 MV/m

Sample area 1x1 cm’

A0




Field Emission Scans of a Graphite Film:
Comparison between IMLS and FERM

g § 2
= 3 2
o & g
g “
o | o g
¥ 2 S &
—— A.n: — o
w I 09 o
S o = =8 IMLS; constant U FERM: constant I(x,y)
8 » = 9 U=1200V I(x,y)=10nA (local)
Il 3 £ - —
5 —_ i~ S d=200um d=50pm
2 > o8 3 I,,=65 pA U=250-2500V
58 2 ¢
0o = m
TR
U ~— fm\

F1rst tests of LIVILD on a niobium sample

A1



Etching of cavities

Problem : Enhanced surface etching by residual acid during filling/emptying
period

Question : Enhanced field emission due to etching defects ?

Three samples were prepared at DESY :

Etching for 15 min
removal of acid

directly . - 10 min

1 min

e

A

* Field emission investigation in FESM -

Sample D6

Direct water rinsing after etching

50 MV/m 80 MV/m
Field emission scans in FESM : @ 13,5 mm

=> Only 1 weak emitter at 80 MV/m (E,, ~ 70 MV/m)

- df



Sample D13

Water rinsing 1 min after removal of acid

= 3
o =
50 MV/m 80 MV/m

Fieldemission scans in FESM : @ 13,5 mm

=> four strong emitters at 50 MV/m and 80 MV/m with E,, = 25-40 MV/m

=> switch on effects

A4S



dampie Div

Water rinsing 10 min after removal of acid
;

50 MV/m

=> three strong emitters at 50 MV/m (E,, = 30-40 MVim)
=> switch on effects
=> dark currents at 80 MV/m

Conclusions

IMLS measurements provide a fast and simple FE-characterisation
=> similar apparatus planned at DESY (D. Reschke)

FESM measurements necessary for microscopic emitter analysis
FESM advantageous in case of heavy or unstable emitters (switch on effects)

Etching from residual acid seems to enhance the FE
=> further FE-investigations with FESM in situ SEM planned

Statistics on etching experiments not sufficient
=> additional measurements on other samples

244



EIectrOpoIishing of cavities

CEA-CERN-DESY

Lutz Lilje -FDET-

Electropolishing and welding status at CERN

Ot = Drg o sl i
tgmmrxfw

1. Collaboration

Thanks to:
D. Bloess
L. Ferreira
S. Forel
J. Guerin
B. Thony
E. Chiaveri

AHS

L.LILTE 72&g



Introduction

* 1 BCP cavity and 4 EP cavities have
been manufactured by CERN

* EP has been done by polishing the half
cells, then welding

Lutz Lilje -FDET- 2

Aim

Has polishing of half-cells a benefit?

What is the procedure for the
preparation of a electropolished cavity?

Can one do a pre-polishing on half
cells?

Lutz Lilje -FDET-
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Polishing Curve
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Diffusionsschicht

Abb. 1: Schematische
Oberflachenrauvhigkeiten.

Darstellung einer

Innenbereich des
Elektrolyten

Diffusionaschicht

Abb. 2: Anderung der Ionenkonzentration innerhalb der Diffusions-

schicht.
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2. Principle of Electropolishing

Reverse process of electroplating in a chemical reaction

Nb +ne- + Hx0 --> Nb,O, + HF --> HaNbO,F7,, + HF + H,S0, --> HNbF,
insoluble Niobium acid

Possible ingredients are:

HF (40 %)

H:S0, (96 %)

H;PO, (85 %)

+ additives (Butanol, Ethyleneglycol, Glycerol,...)

+ -

Niobions
—

Niob Copper

Typical I-U characteristic of electropolishing

2500 USCICTATIONS
2000 &
hi.\

15.00
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Aim:
- large plateau
- Reasonable removal rate of min. 1-2 um/min



HALT CEL L POLISHING
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T

+ HERRmAsy

Niobium — surface etching

Origin: Wah Chang
File: wistex

Preparation status:

» sample dimensions lem?®, manufactured by electroerosion
o scratch made with the edge of a niobium sheet

* chemical etehing 20um, mixture from hydrofluoric acid - nitric acid - phosphoric acid (1-1-2)

S 3

E.LEE». _.W_ Herream 970418

e Loomagnif

Herrnann 57-@4-10

Figure 3: magnification 965

Estsm'mb/8.6. 98

Rapport 98/06/1 1

Echantillon n° 60:

Ohservation générale de lu surfuce de ['échantilion,

3

Dérail de lu photo précédente. ‘

H

O
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Procedures on all
electropolished cavities

EP 100 um on the half cells
Welding preparation with HF
Welding

HF+ Rinsing

Delivery to CEA

Lutz Lilje -FDET-

First measurements at CEA
Saclay

 Thanks

— H. Safa
— B. Aune
—and many more

Lutz Lilje -FDET-
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1B5 Handling

* HPR only

* |ldea: Minimum impact on the surface.

Try to avoid BCP.

Lutz Lilje -FDET-

1B5 Tests

1,00E+-11
*Copper ?
1.00E+10 =
|
| ™ =
||
L |
[ ]
.
||
1,00E+09
n
L L N ] n ™ - - -
%

n «Both tests
limited by
quench

1,00E«08 ¥ -
] 1 2 3 5 6 7 B8 9 10
E ace

Lutz Lilje -FDET-
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817K
B 42K




1BS T-Map

O 0.01-0,015
W 0,005-0,01
|2 00005 |

+No Quench in
Cavity therefore not
enough signal

Lutz Lilje -FDET- 8

1B3 Handling

« US ->copper!
 Nitric acid -> no copper traces anymore
« BCP 2 um -> brilliance got lost

Lutz Lilje -FDET-

PASES



1B3 Tests

1,00E+11

TAH0E+10 | - - o e

1,00E+089

XXXXXXXXXXX ¢

sLimited by pows
many electrons

i

1.00E+08
1] 2 4 G 8 10

E acc [M V/m]

Lutz Lilje -FDET-

1B3 T-Map

delta T{mK]

Lutz Lilje -FDET-

0 0,04-0,05
§ 0,03-004
@ 0,02-0,03
H 0,01-0,02
£ 0-0,01
0-0,01-0

N -0,02--0,01
[8-003-0.02

Resistor [Nr.]

4

it



Qo

1E+11 ~

Cavity 1B3 (EP on halfcells)
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LS o o MR
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1000000000
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Outlook

* How much chemical treatment ? (20

um) |
 Build one-cell apparatus

Lutz Lilje -FDET-

1B3 Tests

14

-

14

T
Qo'-'. 3-40“ @ W %E
Q< 3-10%@ 235 2

1,00E+11
L LN B ] =
] [ ]
]
u
[
1,00€+10 B -
n
»
[
[
1,006E+09 +— -
WOKHHXK K o X o Y
x X X xomx «Limited by power -
- many electrons
1,00E+08 d
o] 2 4 & 8 10 12
E acec {MVim]

Lutz Lilje -FDET-
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Problems

« Copper
— Comes from the electrode or the cooling
pipes

* Electrons
— Niobium weld beads

Lutz Lilje -FDET-

Conclusions

» Copper-free electrode
» What material ? (Gold-plated copper ?)
« Half-cell-polishing ?

— Difficult (Impossible?) to avoid a chemical
treatment after welding

—-BCP?
— One-cell polishing!

Lutz Lilje -FDET-
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G. Schmidt, -MPY-, 1.3.99

Summary on mn:nm:_m for installation and
Commissioning 99

1)} Undulator & experimental area

2) Module
3) Injector
4) Schedule
5) Discussion

G. Schimidt, -MPY-, 1.3.99
1) Undulator & experimental area

Consists of Collimator, Undulator & Undulator vacuum
chamber, Diagnostic blocks, experimental area.
2y A Om bemmltie are pxchagrel
Important milestones: 15.3.99 Start to disassemble EXP
22.3.99 Start to disassemble ACC4
19.4.99 Collimator components ready
19.4.99 Start collimator assembly
26.4.99 EXP area installed
26.4.99 Undulator ready
26.4.99 Diagnostic block ready
14.6.99 Final vacuum connection to
exp and collimator
28.6.99 Ready for beam

1
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G. Schmidt, -MPY-, 3.3.99

¢

Changes and oo:.mm.:o: to the Schedule for
installation and Commissioning 99

U*Q-.T ..ﬁml. .W.JJ
-Time schedule seemed to be reasonable. z&d . 42. .99

-Main problem will be the work load and space
in the clean room.

-No further components have been asked to be
installed except one OTR foil for the EXP area

1) Module

Important milstones: 15.03.99 start of string assembly

until mid April module 1 must be taken
out (2 weeks of work)

04.05.99 module ready to go

into the tunnel
23.06.99 module ready for cool down
01.07.98 module cold

b AL e MHF NTRAISEH, MAHUSUL [

G. Schmidt. -MPY-, 3.3.99

Agreed on:

Clean room is needed for cavitip instaliation until
15.03,99. ¢

>_".»mﬁ that date the clean room Is used with highest
priority for beamline components

2) Collimator

-All parts at Desy end of March.

-mcmz collimator up for checking if everything
fits (2 weeks)

-2 weeks for cleaning

-then start of instailation beginning of May.

AS

3) Photon diagnostic

installed beginning of June inside the tunnel.

2 weeks for commissioning with permanent
.moommm to the tunnel needed, which can be done
In paralie! to the undulator alignment.

L Mk S TR AISE b, MARUIAL O



G. Schmidt. -MPY-, 3.1.9v
a 1 ] . l\%. -
Comissioning was discussed in the working
rou ’

- first tentative schedules proposed in the next

weeks.
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M. Leenen

25/2/1999

Preliminary Agenda
for the TTF Collaboration Meeting
DESY, 1* - 3" March 1999

March 1*, Seminarroom 4a+b, Building 1b

9:00

9:30
10:00
10:20
10:50
11:10
11:20
11:40
12:00

13:30

15:30
16:00
16:30
16:50
17:10
17:30

19:30

Introduction and Future Planning
Summary of Cavity Tests

FNAL Gun Status

Coffee Break

Linac Operation Expenience

RF Operation of two Cryomodules
Modulators and Klystrons

Status of Cryogenics

Lunch

News from Collaborating Institutions
Saclay/Orsay

INFN

FNAL

CERN

Univ. Wuppertal

INP Protvino

FZ Karlsruhe

Univ. Rostock

Argonne

TU Darmstadt

Others as requested

Coffee Break

Undulator Status

Collimator Section

Electron Diagnostics

Photon Diagnostics
Organisation of Working Groups

Social Event (DESY Canteen, Annex)

oot

Chair:
D. Trines S. Tazzar
M. Pekeler
H. Edwards

M. Geitz

G. v. Walter

J. Kahl/A. Gamp
B. Petersen

Chair:
B. Aune

1. Pflueger
H. Schlarb
P. Castro-Garcia
J. Feldhaus



March 2™

9:00

17:00

Working Groups

1) Cavities and Auxiliaries Seminarroom 4a, Building 1b
Conveners: B. Aune, D. Proch

2) Linac Operation and FEL. Commissioning Seminarroom 4b, Building 1b
Conveners: T. Garvey, S. Reiche

Meeting on General Schedule (Time and Room to be announced)
G. Schmidt

Technical Board Room 292, Building 1d

C. Pagani

March 3", Seminarroom 4a+b, Building 1b

9:00

10:30
11:00
11:25
11:30
12:00

Chair:
Summaries of Working Groups H. Edwards
Group 1: B. Aune
Group 2: S. Reiche
Coffee Break
Summary on Schedule for Installation and Commissioning - G. Schmidt
Next TTF-Meeting
AOB
End of Meeting

On Wednesday afternoon (starting at approximately 13:30) a Coupler Workshop is scheduled
(organized by D. Proch).
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