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1. Specification of the TESLA High Power

Coupler
TESLA
TTF TESLA superstructure /
9-cell / upgrade upgrade
beam power incl. 250 kW 250 kW /500 |555kW /1110
control margin kW kW
repetition rate 10 Hz 5 Hz 5 Hz
counlin adjustable fix fix
PHRe (106-107) [(3*105) (2.5%105)
cavity position flexible fix point fix point
during cool down (15 . (1.5 i (1.5 m
longitudinal) | longitudinal) longitudinal)




General Parameters

frequency

1.3 GHz

operation

pulsed: 500 usec risetime,
800 usec flat top with beam

power for High Power
Processing 1n situ

1 MW at reduced pulse length
( 500 usec and repetition rate 1 Hz )

2 K heat load 0.06 W

4 K heat load 0.5W

70 K heat load 6 W

diagnostic sufficient for safe operation and

monitoring




2. Design criteria for the TESLA Coupler

coax 1s easy for: - variable coupling
- fabrication
- assembly
two windows for: - clean assembly of the cavity
- save operation
cold coax: - at 70 Ohm, 40 mm diameter
warm coax: - at 50 Ohm, 60 mm diameter
bias on inner conductor: - suppress multipacting
flexibility: - bellows 1n the warm and cold coax
ceramics: - A1,0O; with TiN coating
copper plating: - 10/30 um outer/inner coax

- high thermal conductivity (RRR > 30)
- high purity, Hydrogen free



Multipacting as a Design Criteria

in order to avoid multipacting during conditioning and
operating one has to:

- choose the right coaxial line diameter (MP level moves up
with the 4% power)

- the right impedance (MP level moves up linear)

- lower the secondary electron emission coefficient on the
surfaces (especially the ceramic)

- add a bias voltage to the inner conductor to suppress
multipacting



3. TESLA Coupler TTF 3

waveguide to room light detector (PM)
coax temperature
transition window

warm vacuum warm coax cold coax
pumping port @ 62 mm @ 40 mm
Z=50 Ohm Z="T70 Ohm

cold window
4.2 K point

bias voltage
feedthrough

e—

pickup
1solating roomtemperature 70 K point 18K
Kapton foil isolation vacuum flange to

flange cavity



4. Power Couplersinuse at TTF-FEL

Coupler type FNAL TTF I TTF Il
window conical cyl. cyl.

% E coax diameter, mn 40 40 40
Impedance, Ohm 50 70 70

c window flat, WG flat, WG cyl.

g S |coax diameter, mn 60 60 60
Impedance, Ohm 50 50 50
coupling adjustable adjustable adjustable

bias no yes yes

TiN coating FermiLab FermiLab DESY

= 2Hz / 500ps 1MW 2MW 1MW

2 & |2Hz/1.3ms 1MW 1.8MW 1MW
? cold test done yes no no

7 2Hz / <500s 1MW 1MW 1MW (HPP)

% = 10Hz / 1.3ms 33MV/m 35MV/m _

2 cold test done yes yes yes

fabricated total 16 20 62
tested 16 20 24
used in TTF modules 12 19 11
assembled to Mod.1* 2 Mod.1* 3* 4 Mod.5 (6,7, 8) SS
operated 1997-2004 1998-2004 2001-2004
100000 hr*coupler|{130000 hr*coupler| 35000 hr*coupler




5. Tests at 35 MV/m

* Long run test of EP cavities in the horizontal cryostat

o This test includes all auxiliaries like power coupler, HOM
coupler, tuner, piezo...

o Gradient: 35 MV/m
o Max forward power: 600 kW
o RF on time 2400 hs

o No breakdowns in the coupler

* High gradient test with beam (in module ACC1)
o Gradient: 35 MV/m

o Gradient calibration with beam



6. Industrial Study

of the TTF 3 Coupler for X-FEL
(Collaboration between LAL & DESY)

Publication of the call for candidacy was on February 15% 2005,
study will finish February 2007 with delivery of two prototypes.
Three companies will be involved.

Goals:
e minimize risks related to project:
» all technical issues will be solved
 development plan ready
e minimize financial risks:
* precise estimation of cost 1n series
e assurance that the chosen contractors will succeed
e gain time on manufacturing contract: all studies are done

S. Prat, LAL




Principle of
“Definition contract for industrialisation studies”

Essentially intellectual work:
Define all manufacturing processes
Risk analysis (process, logistics)
Determine cost in series and justify

Produce validation models and 2 prototypes

Particularities

3 contracts will be awarded on the same subject

these contracts will run simultaneously during 21 months

evaluation of performance will be continuous ( formal reviews are key points)
2 teams will be selected after final evaluation

contracts for manufacturing 2 series of 500 XFEL couplers will be awarded
without new call for tenders

the 2 contracts may be awarded to a single company S Prat. LAL

10



Status of additional work

» Study of geometrical tolerances (RF studies)

* Thermal studies (analytical + FEA)
- RF studies of capacitor

- Control electronics

- Conditionning studies

- EDMS

« TiN coating technology

- Interfaces definition with:

WP3, WP8, WP9, WP19, WP28, WP29, WP33,

WP34, WP36

Completed
In progress
Not started

S. Prat, LAL
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Time schedule (now shifted by 2 month)

Marm de 2 tache DefLt Fin 2005 2006 2007 ;
MIAM[J[J]ATs|0NID JIFMIAMIdTd[AIS|ONID JIFIMlaIM]J]oIAIS[OINIDJFIMiaM]Jd]alS O]
1 |E Industrialigation phase 030504 30007407 I
2] Dravvings preparation 2rnand  10M204
3 Drawvings upcate 13204 030905
0 Thermal studies MO604 050905
5 HF analysis (tolerances studies) 010604 0612104
6| studies of motorized tuning and control | 01004 300605
7 Coupler conditioning studies 030504 1942105
5 TiM coating technalogy development 7 0amms 211205
g Call for tenders preparation Mi0eEnd . OF01asS
10] Mctification for tenders 0gn204 081204
11 Time: for receipt of candidacy 08204 17005
12/ =election of candidates 180105 O70A0S
13| Tender documents are sent 07205 O7M205
14 Time for receipt of tenders 0am2ns 210305
15 Tenders analysis 2203050 1905105
16 Lweard of defintion cortracts (2 or 3) 0005 300505
17 Technology tranafer to industey 0200 020N
18 Progress of 3 definition contracts 01noens  2rn2n7?
13 syatem Design Reviewy i0ans 010903
20 Preliminary Desion Review 01nz2ne 010208
21 iCritical Design Reviewy 010ames 010806
27 Delivery of prototypes 280207 28007
23] Analysis of sesut 00707
24 Sweard of manufacturing cortract(s) 007 STy
25| 1000 coup SHBHR——TTITI ]|

AL

S. Prat, I




7. Other Developments

Coupler design with 80 mm coax diameter (foreseen for the 4
x 7 cell superstructure) was designed at DESY, build and
tested at LAL, Orsay

DESY RF design for a 60 mm coax diameter is finished for
the 2 x 9 cell super structure

LAL design of 60 mm coax diameter and disc windows is
under construction

In collaboration with AMAC a 80 mm coax coupler with disc
windows 1s designed, fabricated and tested

Simplification of the diagnostic

CW tests at Elbe Rossendorf and Bessy Berlin up to 4.5 kW

New collaboration with KEK well on the way ;
1



TTF 4 coupler

e 80 mm coax
» Foreseen for the 4 x 7 cell superstructure
» Two prototypes build & tested at LAL




LAL Design

e Coax 60 mm
 Disc windows

 Under construction
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AMAC - DESY Collaboration

e 80 mm coax
» Two prototypes fabricated and under test
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Conclusion

62 TTF 3 couplers are fabricated

24 are tested

11 TTF 3 couplers are under operation in TTF
Several tests at Eacc > 35 MV/m done

One test at 35 MV/m over 2400 hrs

— No breakdowns in the coupler

Industrial study for the X-FEL 1s started

Coupler developments for higher power (bigger coax
diameter) 1s under way
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