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Single Emitter Analysis

in situ SEM

107

1.3- 107 cm?

S=

Berg. Univ. Wuppertal

T.Habermann, A.G&hl, G.Miiller, D.Nau, H Piel

AfeY] (enped) suua] oueqy ‘doysyIom- 1S WS UUBULAGRH 1

smsodxd
Sed pue jusunjeal) Jeay IS @l AQ UOedJIPow-IdIUY e
JIRWPIEqUIOq UOT 7715 Ul AQ UON)RIJIPOW-193) WY JAIIIS e
SAV 7S 7 Aq (€ < Z) uoyisoduwiod [ed[uay) e
(wu ¢ "[osaI) NS WS #1 Aq ASojoydaowr 13y 1wy e
JIOIABYAq ULId) SUO|
pue (yvu | 0} dn) uopedrdde jusaand Aq Aiqers pnuy -
JOIABY3qQ J *SAT -
$971S SUNJIUID JO Y)SUIL)S PALJ JISUO IY) JO JUIWAINSLITA] -
w7 @5 0) dn seate apdures Jo sueds uoIssIuLd pR1 -
:sana9doad uoIssID PRI AY) JO UOKBZLIIIBILYD
pue (wrl | ~ "[0s31 ‘yeds) UONIBZI[BIO] JIJJIWI IAIOTLIISIP-UON] o

(INSHA) 3d02s0.101IA] SuiuuedS UoISSIuy pLg -y
3y} Jo J_quieyd uonesedaad pue -sisjeus-AHN

5] Suieay
£lweaq-2

0050.21W
[eondo

lsquieys
uoneJede.d

abeyoa ybiy

TVINHNINIIXH



SEM Analysis - Statistics
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Analysis of single emitters on sample B

E(0.5nA) =35 MV/m
B =86
S =710 em?

particle, slanted view:

view from the side:

E(0.5nA) = 40 MV/m
B =88
S=21012 cm?

defect, slanted view:

E(0.5nA) = 47 MV/m
B=103
S= 2.10‘[4 cm?

defect/scratch, slanted view:

T. Habermann, A. G6hl, G. Miiller, D. Nau, H. Piel

Berg. Univ. Wuppertal

Analysis of single emitters on sample A

E(0.5nA) = 19 MV/m
B = 83
§=2-10"% cm?

particle, slanted view:

E(0.5nA) =28 MV/m
B =107 :
§=1-10% cm?

particle, view from above:

E(0.5nA) =28 MV/m.
p=310
$=4-10"10 cm?
particle, view from above

Berg. Univ. Wuppertal

T Hahrrmann, A, Goll, G. Miller. D. Nau, H. Piel




Analysis of single emitters on sample D

E(0.5nA) = 12 M¥Y/m
=233
§=21010¢m?

defect, slanted view:

E(0.5nAy=231 MV/m
=101
S =_3-10'“- cm?

particle, slanted view:

view from the side:

E(0.5nA) =62 MV/im -
B =43
S=81010¢m?

defect, slanted view:

view from the side:

T. Habermann. A. Gohl, G. Milller, D. Nau, H. Piel

Berg. Univ. Wuppcertal

Analysis of single emitters on sample C

E(0.5nA) =19 MV/m
B=98
S =2.10"° cm?

particle, slanted view:

E(0.5nA) =24 MV/m
B=118
8§ =610"10 cm?

particle, slanted view:

view from the side:

E(0.5nA) =26 MV/m
B=119
$=6-10"11 cm?

particle, slanted view:

R

T. Habermaonn. A. Gahl, G. Miiller, . Nau, H. Piel

* Berg. Univ. Wuppertal



Outlook

e Chemical analysis of the emitters (EDX, AES?)
— origin of the emitters?

® Electropolished samples
—> easier to clean?

® High pressure rinsing parameters (pressure, nozzle)
— better cleaning?

® Further changes in the preparation (e.g. rinsing with warm
water, shorter delay between BCP and water rinsing) -
— better cleaning? '

T. Habermann, A, Gohl, G. Miiller, D. Nau, H. Piel _ Berg. Univ. Wuppertal

' S_ﬁm_man{

- 4 samples prepared in TESLA cavities at TTF cleanroom
—> emitters relevant to TESLA cavitly preparation

‘@ Average emitter density of 4/cm2 at Egce =25 MV/m
and 28/cm2 at Eacc =40 MV/m

— for reliable cavity production further improvement required

® Analyzed emitters: micron and submicron-sized particles (49%) as well as
- (mechanical) defects (31%)

: ~
T. Habermann, A Gohl, G. Miiller, D. Nau, H. Piel () Berg. Univ. Wuppertal
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TESLA cavities (comparison Nb vs Nb/Cu)

design Ar Az
niobium 2.5mm unstiffened 0.038um | 0.252um

niobium 2.5mm

present stiffening sheme G.034um | 0171pm

niobium 2.5mm + cuivre 2mm

{homogeneous layer) 0.019pm | 0.106um

niobium 2.5mm + cuivre 2mm

+ Iris stiffening 0.016m | 0.056um

nicbium 1mm + cuivre 2mm

+ iris stiffening 0.023um | 0.094um

NB 2.5 mm unstiffened Nb 1mm+Cu 2mm with iris sﬁffening

AS
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Kapitza Resistance Experiment
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16

7

N\

NN

(K.m¥W )

=dr==Nb Cabot/Cu

= @ = Nb Cabot

Total Thermal Resistance

4E-03 5
3E-03
2E-03

-
2,10

~B-
2,00

1E-03
0E+00 +——imy

2,20

1.I90
T(K)

1,80

1,60

1,70

1,50

Fig. 3.1 : Schéma du dispositif expérimental ntiliné



Resistance thermique globale

R, ( K.m’/W)
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8. BOUSSON, TTF Meeting, 10 March 98
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Improvement of Q slope for high fields.

preliminary results ( february 98 )

cavity warm-up (90 °C) before cool down ( 1,6 K )

TTF Meeting - March 98 BV- CEA/Saclay- DSM/TXAPNIA/SEA

Saclay cavities features.

DAPNIASSEA 06197

heat treated Monocell Nb F=1,3GHz T#1.7K
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C1 05 cavity results.

DAPNIA/SEA 02/98
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Research issues

. How to avoid field emission safely?

. Best surface preparation

. Q-drop at high field without X-rays and new physics
. New cavity production line (spun +hydroformed)

. Quench origins

=> Single cell program

because of

[ ]
L]
*

+

fast tumaround time

T-mapping possible

good diagnostics

cutting of cavities possible (Cornell)

probes for Hp,, etching parameters, FE,HPR, etc.

at DESY, CORNELL, CERN (EP), INFN Legnaro (EP)

Muny things to do, a joint effort is needed!

Standard surface preparation

» remove damage layer (50 - 100 pum BCP)
* 800 degrees firing

= 20 pm BCP

¢ Test

* 1400 degrees firing

100 pm BCP

* Test

always 1:1:2 BCP

* always drying by pumping

New preparation ideas

« BCP with dilution at the end (reduced heating of surface)
» BCPI:1:1...

* BCP and rinsing with HyO,, O

+ HPR with hot water and/or higher pressure
* Electropolishing

+ Tumbling and EP or BCP

» hardening of niobium surface

0/

M. Liepe & L. Lilje 9.3.98

M. Liepe & L. Liljc 9.3.98



Standard deep drawing and

welding Spinning Hydroforming TEOI 1-Resonator
test of standard preparation and | test of manufacturing | test of manufacturing | test of critical
of alternative preparation at procedure procedure field
Cornell
many tests many {ests few tests few tests
in collaboration with Cornell | in collaboration with | DESY DESY
INFN Legnaro

build and test EP at Cornel! EP at Legnaro EP at CERN ?
(learn technology) (or CERN) (or Legnaro)
Cornell: DESY: DESY: cleanroom new design

build 1-cell cavities cleanroom (Hall NO) special insert

build EP infrastructure (pumps, DESY: cleanroom

build T-map for 1.3 GHz

antennas, 2nd T-map-
ping, own insert...)
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- TTF meeting - Hamburg - March 1998

Power coupler development
~at Saclay/Orsay

Christian TRAVIER (CEA Saclay)

S C:EA IPN B AL
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- Introduction
- Coupler Test Facility

- A few results
- Comparaison of different windows

Coupler development at
Saclay/Orsay

collaboration started in 1996
* test different designs of coupler g
components i,
* build a cheap prototype coupler (goal 1 f
MW - factor 2-3 reduction in cost)




Present !Coupler_ Testﬂ_,_S_t:;md |

modulator - klystr0n° 1MW, 800 us, 0,1 Hz
waveguide system (SW or TW) |
RF pick-ups
electron pick-up
photomultlpllers
vacuum measurement
computer system (PC + Labv1ew)
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1997 experiments

04/97: test stand ready to operate

04-06/97: conical coax transition ($40-060)
07/97: RF contact

08-11/97: FERMI window (référence)
12/97: antenna transition
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Cryostat

- temperature 70 K
- allow bakeout 150 C
- local heating of window

during cool down to avoid
cryogenic adsorbtion

ready to start test: avril 98
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Cold window comparison

Criteria to compare windows:

- maximum field on ceramic, at brazing location
- bandwidth

- multipactor (normal E field at ceramic)

- ghosts modes

- dielectric losses
- exposure to cavity electrons and X-rays

- mechanical and thermal properties

- mechanical tolerances

- number of braze or weld

- fabrication process (price) 30
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Window comparison
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TiN coating studies

Goal: define fabrication process to obtain a good reproducible
coating of known thickness and stoechiometry

RBS spectrum on C sample

Tools: - Rutherford back
scattering analysis
- 4 probe resistivity

measurement
- quartz thickness monitor

800 foo A b




Windows RF studies

RF studies are done with SUPERFISH

-runon a PC o
- allow good definition (small mesh size
0.5 mm -> 400 k mesh -> 5 minutes)

- good plotting facilities

- simulation of TW

- FORTRAN codes to calculate SWR,

do automatic matching, calculate bandwidth

Preliminary results

Resistance is not a good parameter to characterize thickness

‘40-1r||!||||[|r|||||-|!|||l!lrl"-

140 T T
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*  march-april;

< ~assembly and test new eryostat

« = start overall study of prototype coupler
¢ - conttinue TiN coating analvsis

* mAv-junc:

* - fest Lambda/2 window

* - fabrication TW window

*  july-ectober:

- conlinue test windows (TW)

* - test polarized transttion

+ - start fabrication of first coupler prototype
= e¢nd of 1998

¢ - instaflation of new modutator (10 Hz)

= heginning of 1999

- fest first profotype coupler

Planning
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Measurement of A Super-Structure

] Sekwtowicz . M. Ferraric | Ch. Tof:?
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4 TTF  Copper Couitrae

Cavity #1 Cavity ¥2 Cavity £3 Cavity #4
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How strong the transverse kick
due to the power coupler?

|

M. Zhang -MPY- and C.-X. Tang -MHF-SL-

Arch9-11, 1998 DESY ; | + 111 | i

0.110 ]

-0.110 |
f

¥ 1 T T ¥ T 1
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Aldmive ool | Piicazing ces
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. TTF Meeting, N
« Why not symmetrical coupler ?

« Beam direction matters
~» W, of the coupler as a reference

+ Thekick | |
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The TranSfVer'seéKick

o KicK quplerrf 1S €quivalent to the kick experienced
by a 1nC o=1mm bunch traversing the TESLA

9cell cavity with a /.2cm off-axis due to wakefield |

« This number depénds bhly Oh:thé_davity ngt

(whenE, fixed)

Beam Direction Matters

* Upstream the Poynting vector shows 2-3 times
larger kicK ., 1er..¢ than downstream

— Upstream:
» P_=5.8x10"

— Downstream: |
- Py, (w/o cavity)=3.1x104, P_ /P, =1.87

* P (W/ cavity)=1.9x10", P_/P, ,=3.05
* This is confirmed by analytical expressions
* Better to choose downstream direction

9
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Transverse kicks caused by a foundamental coupler on a bunch traveling on the axis

50 T T - T
Kes 3Yac owasts tnghr) G 27 1€

Kick/ Votage

Kick caused by RF forces (V) ——
Kick caused by wakefield (g=1nC) ———
electron bunch

; ;
0 0.005 0.1 0.015 0.02
’ s/ meter

-250

TANGE X 0 SDCARGS, MARON 1067

Why not Symmetrical Coupler ?

Kick goupier.rs €an be reduced dramatically

Example shows 10 times smaller than
downstream and 20 times smaller than upstream

A favorable by-product: €, improved 17%

Push for the super-structure, since we can still
spare 1/2 the number of the couplers
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W, of the Power Coupler

Simulation shows W/, jmm=0.011 V/pC with beam on
axis for one single power coupler

It is ~5.3 times smaller than the 9cell cavity’s
W gem1mm=0-06 V/pC/mm

Taking the same factor for kick-factors, we get K o, i,
=0.0032 V/pC, Le. kiCkgceilz 5.3 kiCkcouplcr

|crs=1mm

==> KicK oyplers£ 1S €quivalent to the wakefield kick caused
by a 6,=Imm bunch of 62nC charge passing by the coupler
on axis

What next ?

» Kick and emittance growth measurement
to verify the simulation at the exit of the

capture cavity
« Symmetrical coupler prototype
« Measurement with symm coupler

A
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in a cell which contaius the soliod absorber
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Energy_density in a cell w\nich_ coutains the laminated absovber
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Evergy density in a cell which contains the combined absovber
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D.Proch 9.3.1998

Working Group Cavities
Tuesday, 9:00, Room 4b, Bldg. 1b

I: Cavity fabrication & treatment (Bloess)

field emission scan on samples (Haberman)
quality control in the clean-room (Reschke)
activities at Saclay/Orsay (Fouaidy)
hydroforming of cavities (Singer)
material investigations (Singer)

II : Cavity measurements (Schmiiser)

single cell program at Saclay/Orsay (Bousson)
multipacting calculations for cavities (Proch)
Q-drop and no x-rays in welded cavities (Pekeler,
Visentin)
Q-drop in cavities made by spinning (Haebel)
cavity R&D for Eacc = 30 MV/m (Lily
e,Liepe)
III : Couplers (Haebel)
coupler development at Saclay (Travier)
status of couplers TTF II, TTF III (Proch)
rectangular coupler for TTF (Yarigin)

IV : new cavities & components(Proch)

first rf-meas. of the superstructure (Tang)
transient calc. of the superstructure (Ferrario)
calc. of trans. kick by the input coupler (Zhang)
meas. of the electric cavity axis , (Deibele)
calc. of a broad band HOM absorber (Joestingm.)

ALME



