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Outline of the lectures

* Lecture 1

— Radiofrequency (RF) cavities
» A variety of superconducting RF (SRF) cavities in pictures
» Cavity Parameters: The Pillbox cavity
» Acceleration of a bunched beam

— Superconductivity basics

— RF superconductivity

— Limitations of superconducting RF cavities
« Diagnostic tools
» Surface and material science

« Defects
— Thermal conductivity

* Field emission
« Multipacting
* Increased surface resistance at high field
« Lecture 2
— Cavity Design
— (Cryomodule Design)
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SRF cavities

* What do they actually look like?
— Protons
— lons
— Electrons
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Layout of the LEP tunnel including future LHC infrastructures.
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Niobium bulk cavities
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Livingston plot for SRF cavities

Courtesy H. Padamsee
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Outline of the lecture

RF cavities

— A variety of SRF cavities in pictures
— The Pillbox cavity

— Acceleration of a bunched beam

Superconductivity basics
RF superconductivity

Limitations of superconducting RF (SRF)
cavities
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Properties of Cavities

Example: cylindrically symetric cavity - Pillbox
0’E, 10E, 1 0°E,
oz r or 2 O
Ey(r,t) = E(r)e™*  with uw==r

C
E(u) = Eo Jo(u)  J,, J, Besselfunctions

_€+2.405
7D

Frequency: E (r - g) =0 f=

Stored Energy: U =

Dissipated power:
Ho

. Op = w - U _ poc-2.405
Quality factor: o Po  2Rs(1+2)
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Field Distributions in Cavities

Elliptical cavity: Numerical solution for surface fields:

Agjuador

> Sy
120 ———
100
=) E
| >
— ‘E 60 | E
40 =
20 |
0
s [em]
Relations for the surface fields to acclerating gradient:
E ca/Eacc = 1,98 minimize this to reduce field emission
= B cak/Eacc = 4,17 [MT])/[MV/Im]  minimize because of maximum critical

field of the superconductor
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Equivalent Circuit of
Generator-Cavity-Beam system

reference planes
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Equivalent circuit formulas

Cavity quality factor: Coupler (external) quality factor:
Ry . R
Qo= —— with wy=1/VLC Qupt = —2
WOL WOL

Loaded quality factor:

Rioad 1 11
load — ; — |
WOL Qload QO Qext
Decay time : Coupling factor :

_ 2Qloa.d /86 _ QO
«0 Cgext
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Acceleration of
a bunched beam Incident power

from Klystron :

Reflected power Ferd
to Klystron :
a)
B=1
45 : , .
40t |
/ﬁ:ﬂemtor induced
'E'BS- _ gradient i
= 30 e |
= - b)
g ......,\__R‘ | B < 1
S .
oo
)
P ) .
beam induced gradient . ine r
C) Pdi.ss :

1000 1500 2000 CXPy\—
time [us] p> 1 /—L P( L

For beam operation
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Acceleration of a bunched beam

0502

I T T
45 - -
10 0501 B
generator induced ; 3 A
35t 1 &%

a..'.,a"'f gradient u.j'\,;.’ \‘ I\'_,-/]Lf/ ]/ I|r// \IK'J II|||_;’.. lL_/ I||I«’f)l |\‘// |Ir/,-’""

o

He

(8]
[a]
T

0490 = —

2
(a]
T

-

| 1
2 U] 1

o,

‘x\ : 3

beam induced gradient

gradient [MV/m]

—_— —
= wh
T T

n
T

¢ Let’'s see what
500 timlgo[ol.l,s] 1500 2000 happenS, When the
Q. Is wrong...

(=]
-

Lutz Lille DESY -MPY- 13.03.2008



Outline of the lecture
RF cavities
Superconductivity basics
RF superconductivity

Limitations of superconducting RF (SRF)
cavities
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Examples of Superconductors: Pure Elements
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Superconductor (Blue) / Superconductor under pressure
From: SUPERCONDUCTING MATERIALS — A TOPICAL OVERVIEW, R. Hott et al. FZK
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Superconductors in magnetic fields (Type |)
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Superconductors in magnetic fields (Typ |I)

1,2 -
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Flux penetration into
a superconductor

Electron holography is
used to make magnetic
fluxons visible
(Tonomura et al.)

wicrlerenee mrogruphs of magneike Enes of oree penctrting supereomducting b Bles: (e B thickness 002 gmz (8 Blen ithickness

Fluxons stick to
defects !

This is good for
magnets, but bad
for cavities.

Fig. 16, Vortex conlipuration near bMack defects (7= 73K, H= 73 gauss). Rfl — ?7 R-Su-rf,’?lc
Lutz Lille DESY -MPY- B



. Casalbuoni,

. von Sawilski,
. Schmdser,

. Steffen et al.

Susceptibility
Measurements:

Niobium Properties

Surface treatment does not change the bulk
properties e.g. B, and B,

Surface critical field B, depends on surface

preparation
— EPvs. BCP
— Baking

Open question: What is the relation to the

RF critical field?

BCP EP
T, [K] 9.263 £+ 0.003
RRR ~ 300
surf. ronghness
on grain [nm)] =~ 1
steps at grain bound. | 1-5 pm | < 0.1pm
B-(0) [mT] 180+ 5
B.2(0) [mT] 4104+ 5
J(0,0) [A/mm?] 2404+ 10 | 180 £ 10

1.0}

Boo [T]

0.5}

0.0

0 BCP
-l BCPbaked
& BCPbaked+10pm BCP
& EP

# EPbaked

O
| # BCPbaked
*x BCPbaked+10um BCP
o EP
® EPbI:aked J !
2 4 T[K] 8




Critical magnetic field for the RF case

 REF field at 1,3 GHz is on for less than 10° s

 |If there are no nucleation centers (surface defects...) the penetration of the
magnetic field can be delayed. Superheating!

Superheating fields: Niobium properties:

By, =0.75B,. for k> 1 Critical temperature T. 9.2 K
_ ~ Coherence length &g 39 nm

Bgp = 11'25’3 for r~1 London penetration depth Az | 30 nm

By, = EB.‘: for k<1 GL parameter & 0.8

= Theoretical accelerating field limits

Experimental data [mT| | Calculated field mT] | Egee [MV/m]
Property at 4.2 K at 0 K at 2 K at 2 K
B 130 164 156 37 What is really
B, 158 200 190 45 } the fundamental
Ban 190 240 230 54 limit for RF
Bea 248 312 297 62 cavities?
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Outline of the lecture
RF cavities
Superconductivity basics
RF superconductivity

Limitations of superconducting RF (SRF)
cavities
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RF superconductivity

The superconducting Cooper pairs have
inertia. Therefore the unpaired
normalconducting ‘feel’ also a part of the
electromagnetic RF (ac) fields.

= Superconductors have for temperatures
T>0 K a surface resistance!

Lutz Lille DESY -MPY- 13.03.2008



Electric conductivity and Surface resistance

Normalconducting electrons: n x exp(—FE,/kgT)

Jn = onEoexp(—iwt)

Superconducting electrons:
m., = —2eFpexp(—iwt) = j. =1

n.4e’

Eoexp(—iwt)
MW

Combine both nc and sc electrons:
Ohm’s Law: J = Jn + Je = cEpexp(—iwt)

Electric conductivity: n.4e
oc=o0,+io. with o,.=

MW

Lutz Lille DESY -MPY- 13.03.2008



Electric conductivity and Surface resistance

1 1 o
Surface resistance R, = Re <—) — i . >
(analogous to skin depth): OAL AL 0, + 0¢

Surface resistance for
superconductors in BCS (!

theory: Rpcs = T f2 On A? exp(—l.?G TF/T)

Effective penetration depth: A — /\L \/1 -+ 50/(

— Resistance depends
 strongly on the temperature, we need 2 K
 quadratically on frequency: Limit for 3 GHz would be 30 MV/m.

« on the mean free path, what purity do we need?

Lutz Lille DESY -MPY- 13.03.2008



Rs [Ohm]

Surface resistance R, Geometryfactor: | _ G
G = 270 Ohm R
1,00E-06
N Surface resistance:
" SV = S
. / RBCS(T) s T res
1,00E-07 %
N4
L 2
1,00E-08 - 700 nOhm @y‘o ¢ o+ o
RRES
~10 nOhm @ 2K
1,00E-09 ! ! ! ! ‘
1,15 2,15 3,15 4,15 5,15 6,15 7,15
1IT [1/K]
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Cavities for ILC -RF surface resistance

-—=-L==

/L

T S Sy oy

L | f. =1.300.000.000 Hz

Quality factor: RF surface resistance:
_ f _ 270 Ohm A e 1000

Q - &z_e keT + R \

0 Af RS T res * .

.E.’IOO 8 Mg

‘Natural’ Line width with & / .

Bandwidth: main coupler 2 4 R (T M

Af=0,1 Hz Af = 300 Hz BCS

RRES
= Q, ~ 10" = Q, ~ 10° 1
1,00 2,00 5,00 6,00 7,00

3,00 4,00
Tc/T [1/K]
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Surface resistance and mean free path

3

In the two-fluid model: Racs(t) x (1+5) -

= 1.00E-05

Strong contamination changes the
surface resistance significantly.

Oberflachenwiderstand [Ohm

1.00E-06 -
—— Two fluid model, 4.25 K
— — BCS; Diffuse reflection 4.25K
- - - -BCS; Specular reflection 4.25
1.00E-07 ‘ ‘ | |
1 10 100 1000 10000

Kneisel, Saito ] . N
Mittlere freie Weglange [nm]
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Surface resistance and electric conductivity

=1um
Normalconductor (Copper): R, :i At1GHzz 7 °#
o0 R, =4mQ

Superconductor (Niob):

j=1),+ ) =(c,—lo,)E o, Conductivity of normal electrons,
o, Cooperpairs

Z. =R, +iX,
O, >> 0,
R, =Re(Z,) * o,
oc |
Mean free path iobium ~ 2\
—> Ideal superconductor for RF applicaton
1. Layer: slightly contaminated material,
small surface resistance o
2. Layer: very pure metal, /y Niobium (RRR =~ 500)
high thermal conductivity Liquid Helium
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Residual surface resistance

* Is not fully theoretically understood, but
depends strongly on:

— Surface contamination
« Gas layers

e Dust
— Lattice imperfections
— External magnetic field. Remember: B.. 7t p
« We have to shield sc cavities from magnetic ffélds td] B.o sur f,nc

have a low surface resistance!

« Measured values
— Typically: Ries = 5-10 nOhm
— Lowest: R = 1-2 nOhm
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Surface resistance and accelerating gradient

* One usually measures the Q(E
_ QO~(1/ Rsurf)
— Quality factor will tell you how much you have
to pay for the cooling power

— Depends on the acclerating gradient e.g. field
emission

— Helps to understand the loss mechanisms
especially is supported by temperature

mapping

a2cc) CUrve:
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Surface resistance and accelerating gradient

1,00E+11

i ol K
1,00E+10 | FENSISIF g 5 o "o o, S
N

Test temperature: 1,6 K

- u
<] Test temperature: ZK/ ik '-::'I ol
1,00E+09
TESLA 500 TESLA 800
One-cell cavities l l
1,00E+08 | w ‘ | | | |

0,00 5,00 10,00 15,00 20,00 25,00 30,00 35,00 40,00 45,00

Eace [MV/m]
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Example for an excitation curve of a TESLA cavitly

1017
Badtd R e e e S S
Q, 100 "
: - —4—
+
10,9-uu|||||-|||||||.|||||||||||||| I
0 5 10 15 20 25 30 35
E e [MV/M]
Specification:
E...=23,4MVim@ Q, = 1+10"° for TESLA-500
E...= 35MViIm@ Q, =510 ? for TESLA-800
Lutz Lilie DESY -MPY- 13.03.2008



Temperature mapping system

Temperature mapping
IS a very important tool
to understand the loss
mechanisms in
superconducting
cavities.

All loss mechanisms
have typical
signatures:

-local heating for local
defects, multipacting
and field emission

- global heating like in
the case of high field
enhanced surface
resistanceutz Lije DESY -MPY- 13.03.2008




Temperature mapping system

Example of a |
Temperature mapping:

-the picture shows a
Mercator projection of a
single-cell cavity

Eace [HV/ml oo file

-strong localised heating s e S8 B BismiES
spot on the equator — wi

-another band of heating o iy
around the equator in the __. == T

high magnetic field (high i - |
current) region Imh)::iiéﬁfﬁﬁnﬁﬁﬁﬁfva‘iﬁé&&ﬁﬁ;ﬁ&ﬁﬂ:%

szinuthal pozition
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Outline of the lecture
RF cavities
Superconductivity basics
RF superconductivity
Limitations of SRF cavities
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Break
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Outline of the lecture
RF cavities
Superconductivity basics
RF superconductivity
Limitations of SRF cavities
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Limitations of SRF Cauvities

« Thermal effects

— Defects
« Foreign material inclusions, holes etc.

— Weld defects
* Increased surface resistance

— Due to material dissolved in the niobium
« Hydrogen
« Oxygen in the surface region (?)
* Electron effects
— Field emission
— Multipacting

Lutz Lille DESY -MPY- 13.03.2008



Thermal Breakdown (Quench)

Temperature of part (or all) of surface exceeds T,
dissipating all stored energy.

Localised effect = surface defect has higher R..

Quench (thermal breakdown) occurs when
surrounding material cannot transport the increased
thermal load to the helium.

Possible solution:

— High RRR = better thermal conductivity
— But: Nb Material becomes very soft!

Lutz Lille DESY -MPY- 13.03.2008



Examples Of Cavities With Material Defects

1D'1"| .

0 1[}'“]' :

10

[
"; Ty LT, LI I

1 No eddy-current
1 scanning was

| applied on the
niobium sheets
4 used in these

1 cavities from the
1 first production
| series.

[MV/m]

EEG
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Stabilising Normalconducting Defects

Thermal breakdown = QUENCH!

High RRR || T4

Low RRR| | T,

Defect Defect
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Thermal Models: Numerical Calculations

50

Eace [MV/m]
N w D
o () o

RN
o

—=— RRR=525 ; 1,8K ; Rdef=10mOhm
--¢- RRR=270 ; 1,8K ; Rdef=10mOhm
—— RRR=40 ; 1,8K ; Rdef=10mOhm

0

D. Reschke

50 100 150 200 250 300 350 400

defect diameter [um]

Lutz Lille DESY -MPY- 13.03.2008



Benefit Of The High Temperature
Heat Treatments
O

I ] I 4 ] | I ] i 1 |

(¢)

X-ray starts

| JEFWOTNRIOROH S B o o o Lo - .L%
® = o - [
|

[ |
10 ‘\“lf . %]
10 B quench quench x -

no quench -
limited by amplifier

® no HT, RRR 400

© HT 800 C, RRR 400
m  HT 1400 C, RRR 770
9 1 1 1 1 1 | 1 1 1 1 1 ] 1 1 | L 1 1 1 1 1 1 1 1
10 | ] | ] ]
0 5 10 15 20 25 30

E _[MV/m]
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Example Of A Material Defect

Heating on the outside Defect found with X-ray
surface measured with technique: Tantalum

carbon resistors

Lutz Lilje DESY -MPY- 13.03.2008



Quality Control Of Nb For Cavities

» Eddy current scanning of all sheets
— measures change of electric resistance
— 0.5mm depth, 40 um defect dia. sensitivity
— rejection rate of sheets about 5 %

« SQUID scanning under development

« Some special investigations are possible on demand
— X-ray radiography (defect visualization)
— x-ray fluorescence (defect element determination)
— neutron activation (Ta distribution)

Lutz Lille DESY -MPY- 13.03.2008



Eddy Current Scanning

» Large tantalum inclusions
(~200 um) and places with
irregular patterns from
surface preparation

(grinding)
Grinding mark

Lutz Lille DESY -MPY- 13.03.2008



Result of eddy current scanning a Nb disc, dia. 265 mm

Data - C:\Eigene Dateien\Luftkopl 032.nex M= E3 I
Eﬂ <30 £ =30 [1] 30 (51 Q0 120 150 160 210 240 270 300 330 360 Ja0 420
|"ﬂ-'fl : {0 IS S I 1 Y 1 O I T T o 1 ) T T T T o T T T T T T Y AT
. =
280 bl
y "Anzene - Luftkopd D3 j]
T
e il — '—---.- s
) 4.,_,,._.,.-..;” .......;--- =24 csam ""‘""ﬁ;'?::r"
p-—-— SO
5
E‘I é' [256 Digits/Div :I __fI
Spur 141 |
Iﬁdmlinn: G4 mnn 22 0.5 mm & <1007 mm, 16,5 mm Iﬂﬁ.ﬁm.-Z?.ﬂm ]2,451 v S, 7B |-53-4 <18 Digits 1453 . Im ]Ch‘l |1524 |UN
Global view, rolling marks Real and imaginary part
and defect areas can be seen of conductivity at defect,

typical Fe signal
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Nb test sheet with
JAmm Ta inclusions

300 mm

spherical Ta inclusions
{about 0.1 mm dia.}

—

— 00 mm ——p

Lutz Lille DESY -MPY-

Principal arrangement
of SQUID scanning

G0 ["T

Two-dimensional distribution of eddy-current field above the niobium test sample, measured from the

back side of the sample. The excitation coil had 30 wrns and a diamter of 3 mm; the excitation
frequency was 10 kHz The reference phase of the lock-in amplifier was chosen such that the hift-off
eltect was mimimized



Potential Alternatives to Fine-Grain Material

 Recent development at — Large-grain material
JLab (P. Kneisel, G. R.
Myneni et al.)
— Try to cut sheets directly
from ingots
» Potential reduction of cost:
no rolling etc.

» Potentially less inclusions
from sheet fabrication

— Smoother surface already — Single-grain material
from etching

* No electropolishing
necessary? e

* (Or: Is surface roughness
the final clue to cavity
performance)

Lutz Lilje DESY -MPY- 13.03.2008



Standard Cavity Production (EB welding)

Lutz Lilje DESY -MPY- 13.03.2008



Imperfect Equator Welds

“}H

After improving the -
cleaning procedure -

Insufficient cleaning of the
weld area before welding

ﬂ PR 5 PR .Ilﬂ. .IIS._. M 2[] 25 3{]-
E [MV/m]

dCC
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Imperfect Equator Welds

. 0.020 0.040
Temperature mapping of poand 4 , Roard 12
. e e e ) oyt wedd
the equator region o : =
cavity surface - 5 =
=] = =] *
o k= _ - o
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id — 07 .
equator weald response. Board 1 . queach Tocatica
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~ R2 8 L . L on flse weld
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AT [K]
. 0.250
1 | 1 1 | | | | | | || 1 I 0-000
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13.03.2008
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High-Resolution Optical Inspection

* Very new development by japanese
colleagues to reduce reflections

— Improved lighting technique using flat electro-
uminescense strips

— Damping of vibrations
 Resolution down to a few micrometer!

Lutz Lille DESY -MPY- 13.03.2008



Setup of lllumination

Blue Electro-Lumine

MIrror: ~40d ¢

Blue EL sheet




AES001 #3 cell 169°
Larger grains Fine grains

EBW area: Larger Grain

to Equator
and #2 cell




Stripe lllumination(Sl)

® Fourteen Electro-Luminescence(EL) strip sheets are 10mm
In axial direction and cover 100mm in azimuthal direction.

® These fourteen strips can be turned ON/OFF one by one.

® Assuming that cavity’s interior surface is a complete mirror,
we can measure wall gradients of the cavity’s interior surface

with these ELs.

Iy
Aalab Bmia ICR
EyotoUnivesity
gie Meeflng at DESY, ﬂanuary 14 - 17,2008




Hot spot location

e

Cell #5

#6

Lutz Lille DESY -MPY-
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AC80: cat’s eye
@cell#5_equator

This does not match to T-map hot spot-. -
Need to check again.




AC80: cat's eyeD 5 & 200pm/div

50.0
0.0 Wie ' M
= -50.0 -
e
D
(b}
I
-100.0 ¥ vacuum
-150.0 0 500 1000 1500
Z[um]
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Hydroforming and Spinning
W. Singer (DESY) et al. and E. Palmieri et al.

No equator welds
— End groups of the cavities still need welds

Very good performance on single-cells has been demonstrated

First Multi-cells have been built but performance needs
Improvements

Industrialisation of the process is not far advanced

Lutz Lille DESY -MPY- 13.03.2008



Degradation of the Surface Resistance

 There are two effects which are related to the

composition of the niobium material

— ‘Q-disease’

* Pure niobium can be loaded interstitially with hydrogen from
material cutting. tumbling, etching or electropolishing

* During cooldown an lossy Nb-H phase is built at the surface
* Very low Q already at small gradients

— ‘Q-drop
 Not fully understood yet
 Likely due to a contamination of the surface layer with oxygen

Lutz Lille DESY -MPY- 13.03.2008



Hydrogen Contamination Of High Purity Niobium: Q-disease

1,00E+11
“woo o Interstitially dissolved |
* ., hydrogen (from the chemical
1,00E410 '°... treatments) in niobium can
o degrade the cavity
° performance substantially.
1,00E+09
‘ ® Half cell EP + EP + bake
\ ¢ 100K Test 1.00E+11 -
HOOER08 ‘ | | | | | | | o0, Caq,
° ° 0 Eggc [Mvzlfn] %0 3 40 . .'_ 0. ° ..
1,00E+10 e :..
"
High temperature 8 "'\
treatment at 800°C 1,00E+09
reduces the amount of 0007 20um EP + bake al 1007 C
hydrogen and avoids ‘Q- _—

disease’ 0 5 10 15 20 25 30 35 40 45
Eacc [MV/m]
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‘Q-drop‘ and In-situ Baking

« Heating of the cavity
—100-120 °C
— Duration: ca. 40 hours
— Pressure below 10-° mbar
— Inert gas atmosphere on the outside

* This changes the RF properties of the
superconductor

— And this is not fully understood!

Lutz Lille DESY -MPY- 13.03.2008



1,00E+11

1,00E+10

S

1,00E+09

1,00E+08

Improvement by ‘In-situ’ baking

MEE NN g g Thermal breakdown
Bl g
ot g F = s ,
| |
- N
[ | ] - '
e g
[ .
. . [ |
Strong degradation of the quality > .
factor - No field emission!
.l
i >
Power limit of the
M Electropolishing amplifier
m + after 120 °C in-situ baking
0 3) 10 15 20 25 30 35
Eacc [MV/m]
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Electron Effects: Multipacting

e ‘Multiple Impacting’
* Electrons

— Are omnipresent in cavities (from field emitters for
example)

— Are acclerated in the RF field
— hit the surface

— can free other electrons, depending on the secondary
electron emission coefficient

 |If in resonance (same place, same RF field
phase), they produce an avalanche.

Lutz Lille DESY -MPY- 13.03.2008



S-Band TMO010 Resonator
Stanford, late 1960-ies

SR
|| S
IIu----- °

|||
I

this is the standard geometry

for about 15 years; -
unfortunately the cylindrical i

geometry is favourable for

electron multipacting .

Lutz Lille DESY -MPY-

X-ray mapping

= ! |.Ben-2Zvi, J.F. Crar and J.P. Turneaure
Eletron Multipacting in cavities
1973 PAC Cunf p 54 (1973)

..].II_I_I_I_LI_I.'

b U | I T | S S [

Simulated
electron
trajectories

13.03.2008



& T Resonatore

E:IEC ‘
MV/m a Acceleranng structures (nocelis)
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Accelerating gradient vs. frequency
from A. Citron, Compilation of experimental results and operational experience

First Workshop on RF Superconductivity, Karlsruhe, Germany, 1980
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S-band TMD10 Resonator C-band Structure

Stanford Genua ahuutwau
the standard geometry the first spherical geometry
until about 1980 reallzed because uf easier manufacturing

about 3 MV/m 8 MV/m !/
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Multipacting in 1st Order 2nd Order

superconducting cavities
In a cavity with a nearly
pill-box-like shape,
electrons can multiply in
the region shown.

v eavanvan

When the cavity shape is rounded, the
electrons drift to the zero-field region at the
equator. Here the electric field is so low that
the secondary cannot gain enough energy to

regenerate.
4 Pictures taken from: H. Padamsee, Supercond.
() Sci. Technol., 14 (2001), R28 -R51
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Multipacting:
Temperature mapping

« Heating moves along
the equator

« X-ray detectors and
electron pickups are
also showing activity

* Processing takes a
few minutes

13.03.2008



Electron Effects:Field Emission

Emission of e- from cavity surface in presence of
high surface E-fields

Emitted e- impacts elsewhere on cavity surface,
neating the surface and increase R,

_imits the achievable E___ in cavity

Primary limitation over past 5-10 years
— Strongly related to the cavity handling

— Very clean surface preparation and handling are needed
* This is by no means trivial!
— Especially for multi-cell cavities

« On-going effort needed in quality control

— Short introduction into cavity preparation
* For more details please check out the reference material

Lutz Lille DESY -MPY- 13.03.2008



Distribution of Maximum Operational SRF Cavity
Gradients in CEBAF by Type of Limitation

80 .
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E 50) %%% Quench
:E 10 ////’ Other
® //
O 301
Ris :
20+
10
0 =
=7 4 G 8 10 17 Figure from C. Reece,
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Pictures taken from: H.

Fleld Em |SS|On Padamsee, Supercond. Sci.

Technol., 14 (2001), R28 -R51

’;'.I

!: |
Particle causing Temperature map  Simulation of electron
field emission of a field emitter trajectories in a cavity
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Mini-Excursion:
Cavity surface preparation

— Clean room technology is essential
 Ultra-sound cleaning
« Ultra-pure water rinse
* lonized nitrogen blowing

— Removal of damage layer after forming
 Etching or Electropolishing

— Final surface preparation
* Electropolishing

» High-pressure ultra-pure water rinse
* ‘In-situ’ bake-out

Lutz Lille DESY -MPY- 13.03.2008



Cleanroom Technology for SC Cavities

» the small surface resistance of the superconducting

necessitates avoidance of NC contaminations larger
20| than a few mm

: » detailed material specification and quality

control need to be done

» tight specification for fabrication e.g. welds

have to be implemented

* clean room technology is a must (e.g. QC with

particle counts, monitoring of water quality,

documentation of processes)

The inter-cavity connection is done in
class 10 cleanrooms

B . J . A
Lutz Lilie DESY -MPY- 13.03.2008




Surface
preparation

Chemical etching
of the inner surface
(100um) by closed
pumping circuit.
Acid cooled to 9°C.

13.03.2008



NIOqum surface plctures

L= SE1  EMT= 20.0 KV WD 2 * X 150. PHOTO= TILT=60 * SE1 E Ji KV D= 2 * X 150. PHDIO= 0  TILT-70
6. ABRNAU/14.01 . DO/LF Nb ETCHED ARNAU/14.01.0 Nb ELECTROPOLISHED (fo)

BCP EP

* Etching - “Buffered chemical polish® « Electropolishing
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EP- Systems

KEK/Nomura Plating

March 18, 2005

DESY

EEL 2005, Jefferson Lab

Compilation by P. Kneisel




March 18, 2005

Jlab HPR Cabinet

EEL 2005, Jefferson Lab

Compilation by P. Kneisel
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End of Mini-Excursion

* ... and back to field emission as a limiting
mechanism.
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ngh Pressure Water Rinsing

L — S
' (b)
o4 44 » -

s

1{]][] |

ﬂ-ﬂ%;
p o before HPR\
0 & after HPR

) | N S R T T T

0 5 10 15 20 25 30
E,LC[MWm]

‘Cavities can improve by

new rinses
 Particle removal

« Samples show modification

of surfaces due to the water

jet forces

Lutz Lille DESY -MPY-

Before HPWR

ﬂaﬂer HP‘\"vR
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High Power Condltlonlng

In some cases applying
high RF power to the
cavity can cause the
destruction of field
emitters and improve the
cavity performance

SEM pictures of
molten particle
after application of
high RF power

SEM Pictures taken from: H.
Padamsee, Supercond. Sci. Technol.,

10"
I (a)
| 00 0O ©Q0OO0g
=
o
O
10 | gesce eee®e® ® & & o o o
Q, 10"} o e, 3
B )
DD ‘
O
O
OD o  before HPP
0 % o after HPP
10 ; 1 M L  I—— r— ———
0 5 10 15 20 25
[MV/m]
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30 14 (2001), R28 —R51
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Problems with Reproducibility:

Quality Control Needs Improvements

1.E+11
S e .
1. E+10 e B S D g
%
Strong field ; t
Q, emission B
1.E+09 7 oAC71 Good Surf. Prep.
= AC71 Bad Surf. Prep
AC76 Bad Surf. Prep
AC76 Good Surf. Prep
1.E+08 | | | |
0 10 20 30 40 50
E... [MV/m]
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Summary lecture 1

« SRF cavities properties
— Have very low Ry, very high Q,

— Lower RF peak power outweighs required cooling
power

— Can achieve gradients around 40 MV/m in niobium
(has been demonstrated in single cells)
* SRF technology

— Material science is important
 High purity niobium
e Cleanroom environment

— Several fields of science and engineering are involved
in the work on SRF cavities
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Backup
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