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17.1 Ultrapure Water

Particles on the SRF surface are seeds of field emission.
Hydrocarbon contamination also enhances multipcating or field emission.
Ultrapure water is crucial to make clean SRF surface.

Ultrapure water was applied first at Cornell early 1980’s.

Ultrapure water system was already established for semiconductor
production.

.

Pure water Polisher Ultrapure water lon exchanger
storage tank

General ultrapure water system for semiconductors
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Principle of Water Filtering for Ultrapure
Water

Principle of water filtering _ _
 Osmotic pressure generates when Osmosis Reverse Osmosis

isolated water and salt solution

_ - O Pressure
by a semipermeable membrane. p g YR
0 o] B AN
» Oppositely, when put pressure larger | ¢ = . 4 Bt Q
than the osmotic pressure on the o © e o
salt solution, water in the salt mebemn B 5
solution moves water side. This 0 %
phenomena is called reverse 95) 7% ' é—’ | = o
0SMOSIS. D {/,:> . o Q r] =
: - A0 5 . ¢) Al . =
- The membrane is covered by 7 L ST - % A
hydrated water. A XELBI
« The hole size in the membrane is Hz0 NaCl "}'ydrated water
similar to the thickness that covered HpO ~ H0 Hy0 Hy0H,0 Hp0™ 7 Hy0
oy e A @ \
* When pressurized, the water only H20 \I\_I |
ole

through the hole and the dust,

bacteria, ion etc. can be filtered. Structure of semipermeable membrane
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Example of Ultrapure Water System in KEK

Usually no degassing
| system on an ultrapure
making system

More than 90% of ions, particles are filtered by RO(Reverse Osmotic)

\ N, gas Milli Super - Q system
—/
. T/ Q. QI8
»|Reservoir[  [Dé e
[Raw waterf=st—J=m >
aw water tank(90)| _| |
A |DI| MF
Pre filter B
U =
C: Concentration of ions [eg/]] o
. : - e By 1
A: Ion e'qulvalent. condpchwty LTI D | —————— ‘
R: Specific electric resistance [M2cm] (Pure water) [TOC monitor|—
For the neutralized water Sal}llglil:g point
(Bacteria,
CH+:C()H': 1 O_7eg/ 1 Pure water)
1
R=""""— R|MQ -cm| =
Z(Ci}"i) Cn Au' +Con -how Class 10 Clean room
1 Rinsing room

T 3498x10°x 1077 +197.6 x 103 x 10~

= o3 = 1827IMQ am] @ 25 Oc
o X
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17.2 Degassed Water

 The maintenance cost of the commercial ultrapure water
system is not cheap.
- They have an ultraviolet sterilizer to kill bacteria in the system.
- The filters in the system filtrate the dead bacteria, and as the result
the filters are blocked off and replaced (maintenance).
- The life of the ultraviolet lamp is not long (maintenance).
* One cost-effective maintenance is to install degassing system

in the ultrapure water system
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Degassing Time | hr |
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Degassing Effect with TOC in the
Ultrapure Water
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* A large impact was observed to reduce TOC by degassing at KEK.

 TOC was reduced by one order of magnitude.
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17.3 Cleanroom Cavity Assembly

Cleanroom cavity assembly is the same concept against particle for clean
SRF surface.
This technology was also applied at Cornell early 1980’s.
Cleanroom technology was established for semiconductor production.
Cleanroom system is simple and robust:
- Air circulation through high efficiency filter (HEP) for class 100 and ultra high
efficiency filter (ULPA) for class 10.
The definition of class (US NASA definition)
- Class 100: number of particles (>0.5um) is less than 100 pieces in one
cubic feet (23.8L).
- Class 10: number of particles (>0.5um) is less than 10 pieces in one cubic
feet (23.8L)
ISO definition:

- ISO 100: number of particles (>0.1um) is less than 100 pieces (>0.5um) in
one cubic meter (1m3).

- ISO 10: number of particles (>0.1um) is less than 10 pieces (>0.5um) in one
cubic meter (1m3).
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Cleanroom Cavity Assembly: Example in
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Real Cleanliness, Example KEK
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Particles during Cavity Assembly, KEK

* As expected, lots of particle generates from bolts

« Ultrasonic clean of bolts is very helpful to reduce
particle contamination but not perfect !!

* Even cleanroom assembly, more care is needed !!
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Cavity Assembly under Airflow

\ ' /’Low

pressure

cavity

Airflow Method for assembly
Inside pressure is higher

than outside pressure, then

prevent the particle
contamination during cavity
assembly
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Airflow Cavity Assembly
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Airflow method is a perfect cure
against the particle contamination in
cavity assembly.

0.3 L/min

'Sysftem_ of airflow method
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Cavity Performance Improvement by
Airflow Assembly

ot Wlthout Alrflow __________ ; Wlth Alrflow

X-ray 19th
X-ray 20th
X-ray 21th
Q0 5th |
Q0 8th |

Q0 19th ||
Q0 20th |
QO 21th
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17.4 Hydrogen Behavior during Chemistry
Hydrogen Q-disease-free Electropolishing

« Hydrogen is very common issue for all metal surface and vacuum technology.
SRF cavity performance is very sensitive, so we can use this method.

* Here, the perfect understanding of hydrogen doping in the metal surface will be
give, which will help your future studies.

« KEK took hydrogen degassing as the cure against hydrogen disease.

» Horizontal rotational EP was originally to design to eliminate the hydrogen Q-
disease, but it was no time to confirm at that time (1986) due to the tight
TRISTAN construction schedule.

o After the TRSTAN SRF, KEK has confirmed the horizontal rotational EP itself
has no hydrogen Q-disease.

« KEK discovered Hydrogen Q-disease is caused when mechanical grinding is
carried out prior to EP.

* The combination of mechanical grinding and EP is a worst scenario for the
hydrogen Q-disease

* However, KEK established hydrogen free preparation method even in the

combination of mechanical grinding and EP. NSCL Spring lecture on Mar 14, 2017
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Investigation Coupon of Hydrogen
Absorption during Various Processing

« Niobium material absorbs hydrogen during dipping EP acid, the higher acid
temperature increases more adsorption.

* Hydrogen is absorbed under Intermitted EP.

* Hydrogen is not absorbed under continuous EP.

« Cathode bag protects hydrogen absorption.

Process Processin conc:n){[?art?igin[ m] Delta
Number g PP (No.) —(1)
(Average)
i 0]
) ﬁrnneallng at 750°C for 3 0—1.0 (0.5) 0 (reference)
Dipping into EP acid 3
(2) (309C) for 3hr 4.6 -5.7 (5.2) +4.7
Dipping into EP acid 3
(3) (459C) for 3hr 5.2-6.8(6.0) +5.5
(4) Intermitted EP 151um 2.2-2.8(2.5) +2.0
Continuous EP 147um
() with cathode bag 0-0.2(0.1) -04
Continuous EP 151um
6) without cathode bag 0.1-1.1(0.6) 01
F National S Foundati i
@ M?Clﬁigzn Sogqeoa ni?/;PSi t?/ ion NSCL Spring lecture Oga|\li|sr_ 134||’dzeo:|]g
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Investigation by Cavity of Hydrogen
absorption during Various Processing

« Nb cavity absorbs hydrogen during dipping EP acid, the higher acid temperature
increases more adsorption.

* Nb cavity absorbs hydrogen under Intermitted EP |

* Nb cavity absorbs hydrogen does not absorb under continuous EP.

« Cathode bag protects hydrogen absorption.

Process Processing Increased Surface_resistance after
Number 100K soaking [nQ]
(1) Dipping into EP acid (30°C) for 3hr +0.6
(2) Dipping into EP acid (45°C) for 3hr +5.9
(3) Continuous EP (30°) 33um -4.3
(4) Intermitted EP 82um with cathode bag +12.6
(5) Continuous EP 55um with cathode bag -0.7
(6) Continuous EP 110um without cathode bag +35
F National Science Foundation :
@n Michigan State University NSCESpring fecture Ogal\i/tlca)r_ 1Sﬁi’d2eo1177
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Horizontal Rotational Continuous EP Has No
Hydrogen Q-Disease

50

40

Eacc,max [MV/m], Rre [nQ]
p—
(=]

<

EP

©n

NSCL

- Eacc max : fast cooldown

o+ Eacc max : after exposed 100K for 16 hr
—2— Rres : fast cooldown
| % Rres : after exposed 100K for 16 hr

* Started from a brand new cavity
No pre-preparation prior first EP
Repeated EP and increased

the material removal up to 330 um
Cold tested at ~ every SOpum
material removal

=) Fast

cooling

 o—

e d
100

e
150

ol
200

M BT SRR
250 300 350

d : Material removal p{im]

—>

Cold test

Repeated

TNCULIUI I WU IV T UL ULV |

Michigan State University

Fast
cooling

=

100K hold
= R = Lo = <

No hydrogen Q-disease
even held 100K for 16 hr

Cold test

NSCL Spring lecture on Mar 14, 2017
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Hydrogen Absorption by CBP + EP

« KEK successfully validated the horizontal EP dose not produce
hydrogen Q-disease.

* In the last lecture, the process: CBP + Horizontal EP (10-20um) +
Annealing + HPR produce 25MV/m but they took annealing in this
procedure suspecting hydrogen Q-disease.

« How about hydrogen Q-disease with the procedure CBP+ Horizontal
EP ?

A cavity was annealed at 750°C for 3hr (hydrogen degassing), then the
process was tested.

F National Science Foundation NSCL Spring lecture on Mar 14, 2017

@ Michigan State University . .
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Hydrogen Absorption by CBP + EP

Serious Q-disease! N . S—— C

1011 t t 1] 1 L] t t 1] || 1] t t
Q, \
Q2D ol Detergent
o
[ e~ 0 &

10° L,

108

O Fast cooldown
® After keeping
around 100 K for 16 hours

w15 20
Eacc [MV/m]

Hydrogen Q-disease was observed after 100K soaking.
Even by fast cooling, light hydrogen Q-disease is observed.
CBP produces hydrogen Q-disease.

E,)n National Science Foundation NSCL Spring lecture on Mar 14, 2017
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Hydrogen Trapped Site

: . s Flrst ex erlment (x) 10. 023/x+46056 _
"“’ﬁq 4He+ Scatterlng 100 _? +Sec0nd£xperlmenty y(x)=11.523/x + 4.4442
10 4 . i
e 9 By C. Antoine et al. ‘
a8 80 —+
8 9 E | .
g7 B Hydrogen gas analysis
£ 5" To60 [\ )
= 4 g bl (melting sample)
=31 T 40 1Y :
1 &
N
s 150nm . sn nm 0 i ¥

Depth \ 0.5 1 1.5 2 2.5 3
/ X} thickness of samples [mm]
Absorbed hydrogen located underneath of top surface d—f | Nbsample

do

Hydrogen is trapped in the top surface layer.

Surface defects might be a trapped center. wo2Sd ad 1
Sdep p d

If hydrogen localized on the top, the hydrogen analysis result depends on
sample thickness. The thinner sample has the heavier hydrogen gas concentration.

T T T OoToT Tow T OO TOrCAtroT T

Michigan State University NSCL Spring lecture on Mar 14, 2017
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H-Gas Analysis of Nb Samples with CBP

Process H Concentration [ppm] CBP without water procudes less hyfrogen
CBP (no solvent) 109 = 0.8 o
CBP (water) 79.1 = 5.0 > : !
CBP (water+detergent) 780 £ 2.9
CBP (10%H,0,) 284 + 14
CBP (non water propyl-alcohol) 494 = 2.2

Idea acquired through above experiment
Damages picks up hydrogen decomposed water

CBP produces Radical reaction
damages

Oxidation process coves the damaged surface by oxide film and

F N prevents the hydrogen picking up at the damage. NSCL Spring lecture on Mar 14, 2017
L HTTTYAT T oState UTTvVET SITY
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Innovation of H-free-CBP

! Utilize the detergent without any hydrogen
Process H Concentration [ppm] Comment

CBP (FC77) 4.60*= 0.80 FC77@M-florinert):CF,+C,F, O
CBP(FC77)+EP50um 58.10= 2.95 Hydrogen Q-disease by cavity test
CBP (FC77)+CP50um 1.02 £ 0.060 No Hydrogen Q-disease by cavity
te st
Annealing (750°C, 3hr)+EP50pum 5.02t 1.72 No hydrogen Q-disease by cavity test
o FC77: Flourinert, H-free solution
; o} Fa:st cgooli:ng :dov;fn
L A S, L, o ® After keeping
T & O (|) ’ o 500 around 100 K for 16 hours
BES. 8L T6D 009 0506660 :l) 10" ‘
Qo 0)
@ o
D)
10 C
10 10 >

Annealing+CBP(FC77)+CPS0 um

. @ -FaSt cooldown : Anneaiing + C.BP(FC77)+-CP50 o A line-CBP(FCTTV+EP E
) 7. After kipping around 100K for 16hr ) ® ® nnealing ( 77) Smm -1
100 i i i L ] 1
0 5 10 15 20 25 10 ‘

Eacc [MV/m]

5 10 15 20
Eacc [MV/m]

The innovation succeeded with CP but not EP.
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Hydrogen Pickup during Pre-EP

Removed abrasive contamination

Not continuous EP
No acid circulation = Hi

h Temperature

Hydrogen analysis result by samples

Process H Concentration Comments
[ppm]
CBP (FC77) +EP50pum 3.62+ 1.68 Hydrogen Q-disease by cavity test
Pre-EP might pick up hydrogen.
CBP(FC77)+Pre-EP(30°C)3.25um 5.80t 0.64 Pre-EP picks up hydrogen.
CBP(FC77)+Pre-EP(37°C)3.25um 16.71x 3.43 Much more hydrogen is picked up at

the higher temperature.

be removed by the additional EP

Hydrogen is picked up during Pre-EP. When the EP acid temperature the higher,
the more hydrogen picked up. The hydrogen once picked up this process can not

NSCL Spring lecture on Mar 14, 2017
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H-free Preparations

/1) CP(2~3pm) — EP(normal acid)

CBP(FC77)’_. (2) Per-EP(+HNO,) — EP(+HNO,)

\(3) Pre-EP(+HNQ;) — EP(normal acid)

From the easy waste acid treatment point of view,
(3) 1s most feasible.

]
®
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Certification of the H-free Process: BCP(FC77) +
Pre-EP (+1500ppm HNO,)+EP(50um, normal acid)

10" | Needless of hydrogen degas annealing !!

== SEEEEESES EEEEE CBP(FC77)
o s TTISNAR !
& - T7P000e Pre-EP(+1500ppmHNO;)
10 l
10 EP(50pum, normal acid)
ajfter keeping around 100K for 16hours ) HNC)3 1500ppm 1 5 cC HNC)3 /1 L
a8 a ? EP acid
10° . i
0 5 10 15 20 25 30 35

E_ [MV/m]

A H-free process has been successfully certified, which can

eliminate the annealing for hydrogen degassing. The process
become simple and cost-effective.

F National Science Foundation :
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Hydrogen Behavior during Chemistry

1) The horizontal EP method was designed as that it should have no hydrogen
absorption. However that was not certified during TRISAN project due
to the tight construction schedule. After the TRISTAN that has been successfully
certified.

2) Mechanical grinding like BP or CBP dopes hydrogen on the cavity surface, whic
can not be removed additional EP.

3) The hydrogen comes from the water or detergents including hydrogen as the
component.

4) When use H-free detergent like Flourinert, hydrogen is not absorbed.

5) The oxidation of the damaged surface can preserve the hydrogen doping.

6) The pre-EP used in TRISTAN project dopes hydrogen, however it can be
protected by using EP acid one drop HNO; added, for instance 1500ppm.

7) When combined such pre-EP(HNO;) and additional conventional horizontal EP ,
processing can reach the gradient 30MV/m without hydrogen Q-disease.

National Science Foundation

I - i NSCL Spring lecture on Mar 14, 2017
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Hydrogen Absorption Mechanism

Channeling

‘e

Tunnel structure

F National Science Foundation NSCL Spring lecture on Mar 14, 2017

@ Michigan State University . .
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Hydrogen Trapping Sites by Tritium
Autoradiography

By G.Katano et al. 4

| Ak o ) v 9 s
National Science Foundation
Michigan State University

N
NSCL

e T rmteas of Ty doeen
Doping tritium to sample
Make the photo emulsion
layer on the specimen
Triligm decajys :

H-> He+e+V

B-rays hits photo emulsion
After developmentsilver grains remain

Observe silver grains using
SEM(scanning electron microscopy) or
TEM(transmission electron microscopy)

Photo emulsion

Exposed emulsion particl

i Collodion
] protection film

P
P

i
o

-ra N,
B Y tritium

I Development

Silver grain

FIGURE 4. Principles of tritium autoradiograpy on metal specimen.

(Carbide iron)

Tritium trapped around grain boundaries and in the grain

NSCL Spring lecture on Mar 14, 2017
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Visual Observation of Hydrogen Tapping Sites by
Tritium Autoradiography

ot *{l &

p——

Titanium precipitated around Ceramic: Carbide iron

F. National Science Foundation :
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Hydrogen Absorption on Nb Surface Defects

CBP+EP 1um CBP+CP 3um

The porous structure on the sample surface
electropolished after CBP is the hydrogen
trapped sites.

National Science Foundation NSCL Spring lecture on Mar 14, 2017
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Hydrogen Absorption Model

Assumption : Exponential distribution with damaged depth

T defect layer .
— 1 a— material removal Ng(x)=N} ¢ @
defectitrapping '
OPRIIS] (1) Defect trapping Amount of absorbed H :  Cy;
v exp(-—)
&0 — e Cuw/w)yc — o« ———
I P HO W) L-t
: / - i Amount H is proportional to remained number
A - -:':‘ - \i:::fg.‘.‘:i;;:::t::.:i;::::_kmg“dww“(m change Of damage
N
/ | ® ' | (2) Channeling through defects
\ s kS S
5 Y channelin . .
00— /1\. & Cy is proportional to removed number of defects
oo - ® t X A
I I(;Nd-dx L) EXp(-E)-dX 1-e @]
' Cg(w/w) = =
I L-t L-t L-t
I .
| No defect case | | (3) Channeling
e .
I ® channghng Cy is proportional to removed material thickness
I
® O t
[ Cygw/w)ycw —
| aw/w) ¢
=4
:‘ﬁﬁ”gfgg{;ﬁ:isgps(?taﬁon NSCL Spring lecture on Mar 14, 2017
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Hydrogen Absorption on CP and EP

|~ @ AN+EP:  C, =70.813t/(1000-2t)+2.1755 ’
-] —O— AN+CBP(FC-77)+CP : "
E15 ] C,, = 203.42exp(-t/1.1645)/(1000-2t) +1.1167
g —& - AN+CP: C,=1.0
g 2
g 10 -
=
[<P]
Q yd
=
=)
@) "
= s
O 5% ———
< 1 -
S B
T 2
Y T @ (o
0 E [ i ]
0 20 40 60 80 100 120 140

t : Material removal | Lm]

1) Well annealed niobium material dose not absorb hydrogen

2) EP(intermitted) makes channeling hydrogen absorption.

3) BCP after CBP produces defect trapped hydrogen.

E@ National Science Foundation
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Hydrogen Absorption by CBP+EP(normal acid)

160 || -@ - CBP(FC-77)+ EP :
CH = {28091*[1-exp(-t/1.6987)]+434.65*t}/(1000-2t) u

. +3.28 n
g ]
Q H H
=120 -
= e
2 ; i~ T
= i
E By 28
S 80 Lz
(P '
: - -
S s
= .
1) .
e 40 _
b -~
S v
> )
£ Ly

0| @

k
0 20 40 60 80 100 120 140

t : Material removal [ um]

CBP+EP(normal acid) processing produces two hydrogen trapping mechanisms
in parallel: defect trapping and channeling through defects.
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Hydrogen Absorption in Various
Mechanisms

Defect Trapping Channeling through Channeling Comments
Preparation C|-expe ) defects C,-x
” C1-J} exp i
CBP(FC77)+EP(normal) NO YES YES Defects
(0=1.7um)
CBP(FC77)+CP YES NO NO Defects
(a=1.2 pm) Stationary oxidation
process
Annealing+EP(normal) NO NO YES NO defect
Annealing+CP NO NO NO NO defects
Oxidizer like nitric acid can oxide the defect surface and preserve the channeling
through defects.

E@ National Science Foundation
9
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Summary of Hydrogen Absorption
with SRF Nb Cavities

* Hydrogen absorption mechanism during EP has been understood
perfectly.

* Mechanical grinding which makes surface damages produces
hydrogen absorption during the processing. The hydrogen in the
detergent is absorbed on the damages. Utilizing H-free detergent can
prevent the hydrogen absorption.

* Pre-EP used in the TRISTAN recipe produce hydrogen absorption.

 Using the EP acid dropped a little amount of nitric acid can
eliminated the hydrogen trapping.

F National Science Foundation NSCL Spring lecture on Mar 14, 2017
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17.5 High Gradient Cavity

Basic R&D for High Gradient SC Niobium Cavity in KEK L-band Group

Degradation-free Cost-Effective
Final Cavity Assembly Cavity Production
Method

High Gradient

SC Cavity
Eacc ~40MV/m

.

1) High pure niobium material RRR~200 1) Opening vacuum with Argo n Gas 1) Nb/Cu Clad Seamless Cavity

2) Electropolishing (EP) 2) Simple Aluminum Vacuum Sealing 2) Simplified Surface Treatment

3) High Pressure Water Rinsing (HPR)
4) Baking (70~140°C)

High Gradient & Highly Reliable &  Cost-effective SC Cavity

F National Science Foundation :
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Discovery of Superiority of EP with High
Gradient Performance

i Y —— SRF1997, Saito M Is EP the good method for SRF ?
‘ “+  Electropolishing

~ Ba rre! polishi'ng'+ Eletropolishing
ug | & Chemical polishing By e Dose the high cavity performance in
| e - NN TRISTAN cavities due to EP?

. N : . /
E 3] SO S S\
2 R ] ASX b BCP is much simple and cost-effective
= N2 LN ® ’
% roa s i IA AN I B Can it replace to EP ?
g, i A SH o/
= s |

10 - .

Ofe ||
O I POy — T
0 50 100 150 200 250 300

Removed thickness [Lm]

Cavity performance was investigated with increased material removal by BCP: three
cavities were used to see the statistics
1)Even removed 250mm, the gradient was limited below Eacc=20~28MV/m and saturated.
2)When electropolished the cavities with similar performance, the gradient improved

quickly with EP material removals.
3) Electropolished cavities have no gradient saturation below 30 MV/m.
4) Electropolishing has confirmed to have superiority over BCP for high gradient performance

(S vichigen state University NSCL Spring lecture on Mar 14, 2017
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Other Fact of EP Superiority over BCP

E I ! I I ! I I I I ! I I I l I I
B I S-3 CaV1tv CP after EP&EP after CP N 2000 E K k
" ------ - ----- - ------ - ------------------ NO Heat treated RRR—230 . ::::E::: J * a O
B
.| ® KEK3: EP5um, HPR, Bake ...... ..... ......
.| ¢ KEK4: EP+7un, HPR, Bake bbb bbb
© KEKS5: CP6(um, HPR,Bake i : { § & § § © © @ & i
10° | © KEK6: CP+7qun, HPR, Bake |
~-| A KEK7: EPS@m, HPR, Bake [
--{ ¥ KEKS: EP+5um, HPR, Bake
| X KEK9: EP+5Qum, HPR, Bake |:
i i { i i i i i i t 1 l i i t i i i { i i i
0 10 20 30 40

Eacc [MV/m]
Electropolished the cavity from Saclay repeatedly

1) Gradient was improved up to 38 MV/m with increased EP material removals.
2) Subsequently took BCP, the gradient degraded up to 24 MV/m with increased

BCP material removals, of which degradation is called as high field Q-slope.
3) Again took EP, the gradient improved up to 40 MV/m with increased EP material

- removals.

/J Michigan State University NSCL Spring lecture on Mar 14, 2017
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Baking Effect with EP’ed Cavities

® S-3 cavity : EP, HPR, No bake
4 S-3 cavity : EP, HPR, Bake(120C)
1011
[ e %0ee coe
[ ‘AAAMAArA::ngo %0 7
Qo Lasife2e ,h“
.AA AAAAA A
A,
1010 | ,%. 4
F °
/ .. ® K-14 : half cell annealed at 1400C, EP, HPR, Bake
10° £ O K-8 : BP, 760'C anneald, EP, HPR, Baké 3
Q'Sl pe L2 X K-9:BP, 760C annealed, EP, HPR, Bake
[ o  JL-1: fabricated at CEBAF, CP, EP, HPR, Baki¢
109 ______ O K-11: CP,760C annealed, EP HPR Bake
: v K22:CPEPHPR,Bakp | 1 |
L L L i i i i " " lm H H H H H H H H : : H H H : :
0 10 20 30 40 0 10 20 30 40 50
Eacc [MV/m] Eace IMV/ml

No understanding the importance of 120°C baking until 2000’s

1) KEK used 120°C baking traditionally to improve vacuum quality (remove water)
until then

2) Importance of the baking was discovered at DESY, 2001 after EP technology was
transferred to DESY

3) EP’ed cavity has also high field Q-slope but it was perfectly eliminated by the baking,

4) KEK has reached 40 MV/m and start to be conscious the 40 MVm limitation.

6 :‘ﬁgﬁgg?gg‘;i;32?5;“0” NSCL Spring lecture on Mar 14, 2017
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Baking Effect on BCP’ed Cavities

B T=137K T=2.2K nT=1.37K T=2.2K
* T=2K & T=2K, 120C 48h bake + T=2K # T=1.37K, 160C 48h bake
1 aT=137K 120C48nbake  ®T=2.2K, 120C 48h bake " 111T=E.EK.1606 43h bake T=2K 160C 48h hake
T +
.HHIH..- —
‘ -llﬁ-ll_niﬂ|f7f i“.“&uench P —
fﬁ'ﬂﬂinl“ - "Qdrop”
L T TR ™ Q-drop I
{:?1E+1[:] &ﬂ."ﬁﬁi!mlm".?‘l'ﬁléx_“'_ £1E+m ai M"Wl"i Hl_q-_._“_nm.'u gl
‘s S i —
: ""- K —"""‘_ 3 —
¥ &
=k
B+ e 1E+09 +——"——— '
oA e B R | I

The same question happed with BCP’ed cavities soon
1) Baking effect was observed partially

2) The improvement up to 40MV/m was not happened with BCP’ed
Cavities

3) Understanding why is Didi’'s PhD study

National Science Foundation )
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Only Oxygen Diffusion Can't Explain
the Limitation of 40 MV/m

Coupled Problem

Why EP’ed cavity 1s limited 40MV/m?
Why BCP’ed cavity 1s limited below 40MV/m even after baking.

ﬂ Self-consistent explain

Critical Field limits the gradient

Eacc ~40MV/m =43.8x40 = 1750 Oe =HcRF
By K.Saito 2001

No magnetic field

EP’ed smooth surface T —> Quench at H ~H_RF

enhancement
EP’ed rough surface ——> Magnetic field B — Quench at
enhancement: Bm -Hyf= ch‘F
Bm = 40/28~40/20=1.4-2
F National Science Foundation :
@n Michigan State University NSCL Spring lecture on Mar 14, 2017
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Grain Boundary Steps on EBW Seams

- " " "]
BECF 117 micran. N

D 3 K 1= o1 | ilS :I::I :Il! 40
Shep Height jraberee
Equator EBW seam of Nb cavity Distribution of the step height
O ,
(O  Vicwoon st rversty e el e
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Magnetic Field Enhancement Model on the
Steps

Normal Conducting region

The field enhancement 8, (1.4 — 2.0)
Estimated from experimental results

is consistent with simulation
by J. Knobrch.

e N o
10pm (y —
COI’I’ICH H Magnetic Field Lines
20 L—— L—— L—— T 1 T ~ 30— [ — T T T T
L § E L
- L
& BT
= 2 25 -
= b L
5 Z 20k .
= = -
2 2 L
st R
o L o L
= L g L
L 1 E L
I_[]_ | | | | | | | | | | | | | | | | | | | i E IOL/ 1 1 | | | | | | | | | | | | | 1
- -2 0 2 4 0 20 40 60 80
Distance from corner (um) Slope angle (degrees)
(a) (b)
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Surface Roughness Allowed High Gradient

2
R 1_( BuH), )
Rpcs(E A ) H.(Rz) =2150 G B,,(Rz)-H
= -exp[— , = auss = :
Bcs (Eqce) Tg +C-Eg, exp| Tg +C-E g ] c\ 3 m\ g P
The surface roughness
Rz <2.5um for
1300 MHz cavities
2
Surface roughness : Rz [ upm]
r\“‘ﬂ?;ﬁ;gfgg{‘eca;3;‘?5;“0” NSCL Spring lecture on Mar 14, 2017
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Limitation of 1750 Qe

S |
o faturation —————————
40 }- EE i =m—_ gl
p ! - S 4
T °©_°% o 0 Q G
>
E L. A -----------
~ 30
E
g Saclay(HT,CP)
< CEBAF(HT,CP)
= KEKEREHPRPR)
20 BEMUfERNYPagkayKEK(EP,HPR)
DESY/JLAB/KEK(Nb seamless cavity, EP,HPR)
DESY/JLAB (Nb/Cucladca  vity, CP,HPR)
INFN -LNL/KEK(Nb spun cavity, EP,HPR)
10 F I I I A I I I Y I I I |
0
'90 '92 '94 '96 '98 '00 '02

Date (Year)

1) 17500e of limitation does not upgrade
for those 10 years (1995 — 2002)

2) The cavity of $=0.45 low beta also
limited 1750 Oe. The 1750 Oe limitation is
independent on cavity shape

3) Nb/Cu clad seamless cavity also limited
1750 Oe, independent on cavity fabrication
method

4) Seamless Nb bulk cavity also limit 1750 Oe.

’@ National Science Foundation
9

Michigan State University
NSCL

1011::::...|....|....|....|
----- '1300MHz, 3=0.45 low beta cavity

Qo 0. 0% % S o o o

P [ 1 Y p™

1010

Hp/Eacce=133 Gauss/MV/m

TE bpacesi i
Fip/Ep=26.1 Gatiss/MV/m
Shape, =0.45
10%, 10 20 30 o s e :7|0
Ep [MV/m]|
1011 YU SO S SO SUS. SO, S S
@ Nb/CuClad Caifit)‘/
Qo
.‘.‘.‘.‘.‘...‘.‘...‘
10 [ T']
10 umuom“.. e
10°
Different fabrication, Nb/Cu clad
108
0 10 20 30 40

Eacc [MV/m]

NSCL Spring lecture on Mar 14, 2017
Saito - Slide 46



Magnetic Critical Field Measurement
by Pulsed RF at Cornell

Cornell University

Comparison with super-heating(Hsh)
Even Pulsed RFE, 1750 Oe limitation
is observed

Nb Measurement

‘ Nhasn Measurement
0 L o . . T
0 0.2 0.4 0.6 0.8 1

2
(TMe)

47
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What Is the Correct Model for H.RF?

By K.Saito

1 1
Planenucleation: ¢ = EuéHg - E;,O\.HZ =0
1
AC Application: H — H
pp —> 2

2

1.2 1 2 RF &
o5 = SHEH - ZuAH® =0 - Ho =J2. THe ==,

J2 J2 (sz J2H . (0) (sz (sz
RF — — ) | = _ C - 11 =
HEF (1) == H(1) = HC(O{I T = 1+ T 1 T
2
1+(—Tj
T,

1 1 H
Vortex Nucleation : ;u4ﬂ:(§Hc )2 ; ud (A E)Z =0

4
J2 J2 J2H (0 T
S BRF_ZZy  gRF() -2y (m)=L2HO) 1,
K k(T) « (0) Te
@ E‘A?Ctﬁnz'nsgtigt”eci r':isgps?taﬁon NSCL Spring lecture on Mar 14, 2017
N 9 y Saito - Slide 48

NSCL



Vortex Line Nucleation Model Can Fit
the Experiment Results

3500 ——

P - - 1
-@® -Hcr Nb-cornell 5

—<¢ Her-Nb3Sn
2500 :-....----......--...-.-.i....---.....----....----E...-----.....--....-. -‘ chr_Pb ......g----....---_

[Oe]

2000 |

HRF

H '
- ' P N P
H XX X R N,
1000 e ————— e PR S XD S g A AN 78
H '

E)m K‘ﬁgﬁ;g'ﬂ%ﬁ?gi;Sgps?@tion NSCL Spring lecture on Mar 14, 2017
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H [Gauss]

Vortex Line Nucleation Model for
Nb,Sn Cavity

200 — 1 Cornell : Nb;Sn Cavity

i § - - - Plane nucleation

— Line nucleation
N Point nucleation _

1500 r— ------------------ X Hcrf(Nb3Sn): Cornell Pulse (- 4

L | | . RF T

| He (T)=1033.3-[1- (—)

- ; | He (D - {1823) !

1000 F————— a8 -

* Nb;Sn Cavity could not
reach Eacc > 23 MV/m
(10000e).

 [f this analysis 1s wrong, we
can a hope for > 80MV/m,
and SRF community is happ

500

Temperature [K]
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Recent R&D for Nb,Sn at Cornell
University

Nb,Sn cavity performance

11

10" -
I Qo is not so much improved so far at R
. | 2K due to the residual resistance s LTE1-6
O
R N SRS e
4y O ' —L . -
g . AXR R Riog O
= o
g- a
2
=
. Data taken at 4.2 K
e 1.3 GHz ILC single-cells
0 4 8 12 16 20
Accelerating gradient (MV/m)
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Summary of Gradient Limitation

* SRF niobium cavity has already reached to the RF critical
magnetic field limitation

* Higher gradient could not be expected in like Nb;Sn

(Kenji's opinion but not for SRF community).

* Is there anyway push the gradient for SRF Nb cavity ?

Yes !l

Choose high gradient Shape

L
®
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Principle of 50MV/m

Cavity shape designs with low Hp/Eacc

TTF: TESLA shape
Reentrant (RE):

Cornell Univ.
Low Loss(LL):

JLAB/DESY

KEK

from J.Sekutowicz lecture Note

Ichiro Single(lS):

TESLA LL RE IS
Diameter [mm)] 70 60 66 61
Ep/Eacc 2.0 2.36 2.21 2.02
Hp/Eacc [Oe/MV/m] 42.6 36.1 37.6 35.6
R/Q [W] 113.8 133.7 126.8 138
G[W] 271 284 277 285
Eacc max 41.1 48.5 46.5 49.2

O

NSCL

National Science Foundation
Michigan State University
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ILC WG5S Asia (high gradient R&D group) Strategy
and R&D Issues .
Leader K. Saito

Push gradient higher for the future ILC energy reach

Needs enough margin on 35MV/m operation

Cavity operation cost saving by 10% by LL cavity shape

Industrialization : Conventional baseline fabrication and advanced Nb/Cu clad
seamless cavity for cost down l

KEK decided to develop the LL shape 9-cell cavity for ILC and demonstrate
the high gradient (45MV/m) module operation in STF at least by the TDR.

Need a wide dynamical range tuner for larger Lorenz detuning
Need a higher power (500kW) input coupler

R&D Issues :
1) 45MV/m high gradient cavity
2) Wide dynamical range tuner system

3) S00KW high power coupler
4) Baseline fabrication, Nb/Cu clad seamless cavity fabrication

F National Science Foundation :
@ Michigan State University NSCESpring fecture Ogal\lilca)r_ 184||’d260511



Goal: 51 MV/m!

Eacc,max = 51.4MV/m___|

Michigan State University

@' National Science Foundation
N
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1011

QO ...

1010
10°

10°

O

NSCL

Demonstrated 50 MV/m and the
Reproducibility

Overcame the wall of 40MV/m (KEK)

45.9+1.3 MV/m, Q0= (1.2120.18) E10

RE qunn |
Sooroe o 7RI ]
LL quench
Eacc=47.34MV/m
Qo=1.13E10
| A Reentrant Single cell cavity @ 2K
@ Low Loss Single cell cavity @ 2K
01I02IO3IO4IO 50 60
Eace [MV/m]
Measurement results@ 2K
Low Loss @ 2K
Eacc,max Qo @ Eacc,max
46.5 1.20E10
47.3 1.13E10
46.6 1.50E10
45.0 1.03E10
44.0 1.20E10

TNGALII 1AL AT IV T AU AL

Michigan State University

11

Temperature dependence (RE cavity)

10
: LY YW
'clté.‘::AAAAAAAA
LT T TV S S YO PV W)
-------- SemmLLLLI L
. [ XXXY. =..;.l- ‘:.“
10 1 """""“"uu::-.:..“'-::
QO Eacc / Qo @Temp
: Qo(ggsg 47.14/1.04e10 @2K-1st
. I 52.31/9.67e9 @2K-2nd
10°} * Qo(L.7K) 51.65/1.27e10 @1.91K 4
b 4 Qo(15K) 52.46 / 1.53e10 @1.73K
52.73/1.48¢10 @1.64K
| HPR(UPW)Nomura, 7MPa*1hr, with valve
108...|....|....|....|...
0 10 20 30 40 50 60
Eacc[MV/m]
Reentrant@ 2k
Eacc,max Qo @ Eacc,max
51.2 0.59E10
52.3 0.97E10
51.9 1.11E10
52.4 1.21E10
50.0 0.98E10

51.6 £1.0 MV/m, Q0 = ( 0.97+0.24) E10
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Principle Proof of the 50MV/m

Reentrant Diameter [mm] 60
Ep/Eacc 2.36
11
10 5 O R R Hp/Eacc [Oe/MV/m] 36.1
® REQo0@ 2K |::
Qo |-imgege LY - R/Q [W] 133.7
10 $00020%0000rss storeingoe 2200000 G[W] 284
Eacc,max = 52.4|v|V/mE Eacc max 48.5
, ,Qo=121E10
10° I I
10 20 30 40
Eacc [MV/m]
Diameter [mm)] 66
10" ————
a Ep/Eacc 2.21
Qo llmn.“!!.._“u YT Hp/Eacc [Oe/MV/m] 37.6
10 ” =§ R/Q [W] 126.8
=
Eacc,max = 47.3MV/m G 277
 Qo=1I3EL0 (W
10° * % .=3:).= HE .=4|0 HEH Eacc max 46.5
Eacc [MV/m|]
10" e ——————
e ICHIRO Qo @ 2K Diameter [mm)] 61
Qo b eggyii -+ Ep/Eacc 2.02
101 LI PY Y Oll'n.cl.cliu'n.m
e Hp/Eacc [Oe/MV/m] 35.6
Eacc,max = 51.4MV/m W R/Q [W 138
Qo =0.777E10 \ QW
10 7t = 35 FE .4]0 I S | =0 20 G[W] 285
Eacc [MV/m] Eacc max 49.2
F National Science Foundation :
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Eacc,max [MV/m]

o>

NSCL

Breakthrough for > 50 MV/m, KEK

A s e e e e e

2"“I BreakthroughI

,,,,,,,, "
R 1St Breakthroughl ”””””””” ””””””””””””””” RE LL IS Shape
90 Ip H|gh pressure
water rinsing
50
40
30
20
10,
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RF Critical Field Analysis

3000 i ‘
Hcr Nb Cornell
—— TESLA-like KEK single
O LL single cell ]
A Reentrant single cell
4 Ichiro smgle cell
Ty
S -~
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Single Cell Study Summary

+ New cavity shapes with low Hp/Eacc made a breakthrough in high gradient
of 50MV/m.

+ Proof of reproducibility was done.
4 Statistics shows IS shape is superior to TESLA shapes with high gradient.

Cavities prepared by KEK recipe

+ Establishment of recipe is ongoing S ——

200622006
W Count Mean=44.3

Slngle Ce" StUdy Summary Repeat Experiments Removed Stgma=6.9

{(Including 100K warmup)

Al TESLAshape | ] ° LL shape
> [ Eacc=35MV/m | | °© Eacc=44MV/m
% 3 1 s
S LR
g 2 16
2 ]

| =z
0 I ]

20 25 30 35 40 45 50 55 60
SRS Ecc MWinm
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SCL

Gradient Scatter vs. EP Material Removal

4 w/o 3um

® w/3um KEK

B EP(20)+H202

¥ EP(20)+D

25 ——— T T S I I B

’8 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, S e
A :jjjj:jj:jj:jjjjjjji:jjjjjjjjj:fjj:jjjj[jjjfjj:jjjjjijjjjj:j”j”jj;jj—jj:jjjjjjj:jj:jj:jjjjjj
e-/ 20 = e R, """" __—— """"" . O S B S —
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= 15 '_‘ with fresh acid
S C |[Reducedbythespmep | | o3
S L] with fresh acid B S S
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e 17.6 END Cell Study

X-ray >39MV/m
LTI |
P05800 0 me 80

New Ichiro
End cell

Eacc=50.6MV/m
Qo=1.66e10 @2K

limited by quench

L....D(USA2%,1h)+HPR(15min., 22rpm, 22mm/min., 6MPa).
@KEK (10/5)
(TOC=104ppb, Bacteria=0)

10 20 30 40 50 60
Eacc [MV/m
10" T ;i L ] 1 2007/11/13 Tue.
after pr ing 10 T T T T
X-ray >=10 MV/m MP 19°26MV/m (4 min)
. after processing
Qo ‘.: foods I X-ray >49 MV/m
0 . '. MP 7.5-19.5 MV/m (6 min) Qo i i
10 10 S osoq,,
P> (] 10
= ) Eacc=17.6 MV/m . .
$ - Qo=2.619 @2K - Sulfur contamination
“ =5 . . = 4
9 limfted by FE g \ mlght remain 51°=°7 zsgezM@\J/Z/I;n
10" No qu1%r(|)ch ) 5 10° -
Pin= W) .
(Pin=100m o on the complicated fimited by quench
o i
/ | CBP(126um)+CP(L0um)+Annealing(3h, 750deg) + beam pipe. “EP(20+3)+Ethanol rinse(10min., r.temp.)
7 +EP(80+3um)+D(H,1h)+HPR(15min+15min+1h)@Nomura(9/2 () L. +D(2%, 1hr, 50C)+HPR (Lhr, 6MPa, Nomural1/15)
(TOC=4ppb, Bacteria=0-1)+Bakin(48h, 120deg), Nb antenna ’ ’ : ! !
! 1 1 1 TOC=4-4ppb, Bact =0-0
p;l) ac EI'IElI ;

Just HOM 8
o ISE#4 0 10 20 30 40

M i
i oQ
cylinder Eacc [MV/m] = 10 20 30 40 50 60
("] Eacc [MV/m]
11 q
10 7 il i e i e Q) . e
Xoray >= 182 MV/m - (A + Ethanol Rinsing . ; :
i | USQ MP=23-~26MVim, 38~40MVim
i total 10min. ft .
hes TR L
» bt L1 LYY T | ‘ s
% o - “ei
"MP 18.5-19.5 MV/m (4 min) i 10" 22%0 0000,
z:ﬁ:,tiiongerlock(FE) Eacc=40.2 MV/m
{ ) Q0=9.43e9 @2K
Eacc=33.2 MV/m o
Qo0=6.87¢9 @2K 10° limited by quench
CBP(153um)+CP(10um)+Annealing(3h, 750deg) EP(20+3)+Ethanol rinse(10min., r.temp.)
“+EP(80+3um)+D(H, 1h)+HPR(15min+15min+1h)@Nomura(9/20) ¥ ;g(gf/;-ol‘?gpmp’;gg‘;fgﬁ'&?KEK(“’zl))
=5ppb, ia=1-0)+Bakin(48h, 120deg), Nb = } =
Fu" HOM I S E#53 (TOC=5ppb, Bacteria=1-0)+Bakin(48h, 120deg), Nb antenna 108 e i Lt i i
= @ 0 10 20 30 40 50 60 0 10 20 30 40 50 60
National Science Foundation Eacc [MV/m] e [l
- i NSCL Spring lecture on Mar 14, 2017
N Michigan State University
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END Group Study

We have to understand why so such different result happened between single and multi-cell .

=50MV/m ?!

| SE£1 | SE&2 | SE&#3 | SE#4 | SE#5
Ichiro cavity old End cell New Ichiro End cell
So far (2011): | Just HOM cylinder HOM

34.5MV/m 41MV/m 50MV/m 51MV/m 45MV/m

N N
N ~ —

Theoretical limitation : ~ 40MV/m Theoretical limitation ~ 50MV/m

,\NA?CtLC]’i;Z'nSSCtE?eCEr';?/gps?;ﬁo” NSCL Spring lecture on Mar 14, 2017
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Ethanol Rinsing @ DESY 9-cell

OEmaxz: EP wio ethanol

5 D.ReSChke and L.Lilje HEmax: EP with ethanol

OOEmax: BCP ["EP+")

Number of Cavities
(%]

110 + Z2111:

trom pru'uitln I I I

|:| 1
L.,,:r_-. ‘_'x't' __"IEh f"l.-rl" ;"I-'.'h :-III'E:- :-I___'El- :-._.F- ’.-5"|.- -.1:?: __"bﬂ} ;.1:"-'5 f'l:-.':-" ;.ﬂ"l.-
wis s A ik A e A ) ke b s Al oy
Gradient [MV/m1]
— EPw/0 eth: < E,_ > = (30 +4) MV/m Ethanol rinsing is
< Ea(:c,usable> = (29 T 3) MV/m

effective!

— EP with eth: < E
<E

> = (32 + 6) MV/m (w/o Z110)
> = (30 £ 4) MV/m

acc,max

acc,usable

— BCP (“EP+”): <E > = (30 + 2) MV/m (w/o Z111)
< Eacc,usable> = (29 T 2) MV/m

((,f)) M“r‘]’ - US\/tN;NDI == ".’t”“”" NSCL Spring lecture on Mar 14, 2017
E)Sg ichigan State University Saito - Slide 64
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Scatter in the Max Gradient so far (2011)

goal

60 S
f +EP(20) ~ +EP(20+D  +EP(20+3)+E+D | ]
s EP(BO) | +EP(2043) . 0 Tt ) KEKCLL goal
I ‘ | | ]
I I ' Q % l | % I L % 1 ILCACD
o 40 1 : )
l + 3 1 | | 1 ]
2 i | J- ! ISE#s5 | il
§ 0" EP(80+3) ... ~ +EP(20)+H,0 @
LU 2
* - - N - ]
D | T | ; ,
- | | |
0. S B R N o
i | S |
Regular Cell | End Cell
0L S R SRR B A R R
0 2 4 6 8 10

Established 45MV/m Single cell cavity in 2011 with performance scatter

= National Science Foundation
N n Michigan State University

NSCL

NSCL Spring lecture on Mar 14, 2017
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17.7 High Gradient 9-Cell Cavity

Step- II fuII cawty |Chlr0#7

J w/ end groups

2010 Feb. | March April May June July
«—> < >
2weeks, 10weeks, Fumio

Fumio, Kenji - oc ot (baseline) 3 RF test (2 EP, 1 re-HPR)

Commissioning done for
Aug. Sep. Oct. Nov. ___[cHRo7
e € >

SSTIN @Jlab 13weeks, Fumio

HPR, 1 re-test w/OSTs)

| |
@% ﬁ;ﬁ;gfg;”eca;3;‘?5;“0” NSCL Spring lecture on Mar 14, 2017
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ICHIRO#7 Study at JLab

® Eacc [ |CHIRO7 Eacc max at Pi-mode
50 7\ T T T ! T T T T ! T T T T ! T T T T ! T T T T ! T T T T ! T T T T | T T T \7
C ]
i | | | re-HPR // |
40 e R S SR L
" | | | | | A 1
.—. I ® £P 3rd ]
E s
S 30 o g S n
S i 1 } »” EP 2nd I
e - | Jlab Base"“e | ,’ Flatness degradation after EP+VT
(&) - | ‘ | ./ ‘ : )
% 0 0 7777777777 S /,re-HPR 77777777 | pits oh an End-group
LLl I KEK A C .-
- ; ., | ontamination by degreaser
i | @ EP 1st ; | | .
- ® § 7 | | | | .
10 I ”””” In seal melted trouble | = ]
O 7\ | | L i | | L 1 i | L 1 | i L | | | i | | | L i | | L | i | L | | i L | | \7
-1 0 1 2 3 4 5 6 7

VT

NSF Site Visit, June 18-19, 2013
Your Name - Slide 67



ICHIRO#7 VT After Re-HPR at Jlab

o Dec. 14 2010
I R I L E
i 1 ‘ 4a 1
e EP3rdatJlab| 3 o E R
* re-HPR [ 4,4, 310
: z L %Eﬂ%‘ %faﬂwi ]
S ee 808002200 . a7 L 7 S E
£ i | | 1
. ":’8}3” ’0.'82¢3 ‘ﬁ r ; E :
0" - T2 Mpgongdeg. - 100
: B 2
R S N . % ) o
Qo | 3 I - Eacc=40.0MV/m" =
B S u** . Q0=8.0e9 D
; ] PR | =2
0 - e Ao e ILC-ACD -
- | a4 | |
- AU S — oo
4,4 : ; 3 :
4 gﬁﬁluﬁ EDE | 3
""""" djﬂﬂﬁ =
Z 4 4 4 j @ZK
“ ‘ : 3 ]
100 b b 0001
0 10 20 30 40 50

Eacc[MV/m]
F National Science Foundation

- i NSCL Spring lecture on Mar 14, 2017
@ Michigan State University . .
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Pass-band Measurement
Dec. 14th 2010

B re-HPR Jlab_14Dec2010

Pi- mode max, 40leml

50

Eacc [MV/m]

7 of O- ceII are Ilmlted around
40MV/m

B B B B B B
3 4 5 6 7 8
# of cell

@’ National Science Foundation

Michigan State University NSCL Spring lecture on Mar 14, 2017
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Inspection after VT 2011 Jan. 287

Cell#8, quench location of pi-mode

guench area at pi-mode other area
for comparison

National Science Foundation i
Michigan State University NSCL Sl [EEE Ogal\iilsr 1;; dzeo;g

NSCL
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ILC LG 9-Cell Cavities Activities at DESY

AC151 - AC158: final BCP performs

Courtesy of DESY

» " " 1 ’00E+1 1 » AC155 BCP: test 1
Direct slicing Nb Ingot + AC154 BCP: test 1 4 AC157 BCP: test 1
+AC151 BCP: test 2 after add. HPR = AC152 BCP: test 2 after add. HPR
4 AC156 BCP: test 2 after add. HPR  + AC158 BCP: test 3 after add. HPR
Qo AAA A .f A A
! “’ ‘t “‘.e"A"‘l%A
,}' ce * o a t. . A‘t sy Ay : A A, A
L ] . ~ . :ﬂ‘ 0" .:AOOh
1,00E+10 1 {
BD_fe
1,00E+09 : : ‘ . .
0 5 10 15 20 25 30
. . MV/m
AC158 with leak + FE in test 1+2
AC151 - AC158: final EP performance
1 00E+11 ¢AC155EP 4 AC153 EP
Quench-sites inspected in AC151-AC158 so far: no ,obvious defects®, «ACI56 EP  AC158 EP
just etching plts (aII over the cavity) and graln boun anes
‘ —— = AC154 EP
S T T T Y-
# . ‘f—“# -—*—4.A.OA- T‘.A-"
- L ® L] [ ] u + Y .f‘.
f*WA# ¢ 4ﬁﬂi__%ﬁ
0E+10
v vy .l
BD
B0 Bpfe BD
BD_fe
0E+09 - : - : , : : :
; g : . 0 5 10 16 20 25 30 35 40 45 50
RCI: .:hanseldaesf: » After FP: smnfed edaes MV/m Eoeétaelll’sTBP%eosfgke's
ational oclence rounaation A
Michioan Stets Urlversity NSCL Spring lecture on Mar 14., 2017
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ILC 9-Cell High Gradient Tracking

Expected gradient
60 R Gen ‘]Iab - BN ANN Lpgrade by new

| New Shapes K shape
o | Single cell, K
i EP+HPR+Baking Bjoern Wiik / ILC 1 TeV Upgrade
_— 4 Very High Gradient R&D
VI§|on |
/ -~ R&D needed
B0 |- Single-cell cavity----.*'-t---'}t—’ lﬁ: ------------ 1 neede
£
i Multi-cell cavity” :
E v b MKW TN N — | TDR by 2012
($) 'TE SASE FEl run FLASH European XFEL 14 GeV linac
© u # Under construction
1] CEBAF 12 GeV Upgrade CEBAF 12 GeV

20 design goal 2x 1.1 GeV linac
, ] ﬁ Under construction

CEBAF
module rework
N
10 po /o CEBAF CEBAF CEBAF
design goal 4 GeV physics run 6 GeV physics run
] S
0.‘.I‘.l‘.Al.A.l“l“‘l.,‘l.‘.
1975 1980 1985 1990 1995 2000 2005 2010 2015

Year RLGENG8mar2011

Steady progress in SRF cavity gradient makes SRF an enabling technology

SRF based electron linacs (CW & pulsed) have track record of successfu! operations
) Michigan State University

ar 14, 2017
Saito - Slide 74




Homework

* Homework 17.1

Recently high gradient is very much pushed for Nb SRF cavities by
understanding of the fundamentals and SRF technologies.

Please describe your understanding what were keys for the high gradient
evolution.

* Homework 17.2

If you are looking for new SRF material instead of Nb, what do you put your key
points for your new material exploring?

F National Science Foundation NSCL Spring lecture on Mar 14, 2017
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