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@TRNMF Outline

* Introduction to SRF
* Elliptical cavities
— High Q and High Gradient
* Doping, Infusion, Magic
* Flux expulsion

°

* Frequency dependence e 0y

* Non-elliptical cavities
— High performance
— New Structures

* Technical advances

* Future path
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Introduction to SRF



QR TRIUMF

SRF Surface Resistance (€2)
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SRF surface resistance
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Q@ TRIUMF SRF surface resistance
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Q@ TRIUMF Optimization

A - Higher Q

Reduced
operating
costs

P /
‘ Rsh /
0, ,
O, / Constant power
/
/

>
Ea m—3  Higher gradient

Reduced linac length —

lower capital cost
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QR TRIUMF Superconducting (H,T) Space for Niobium

H.(T)=H.(0)-

> L

2]

Niobium is a Type Il superconductor

* SCstate: 0 > H_; H,

400mT

i

240mT

=

Normal

* Vortex state: H.; 2> H,, Vortex

* Meta-stable state: H_;, &> H, I'Ish

- surface energy barrier can
inhibit vortex nucleation

Hc1

* Flux vortices cause rf heating Superconducting
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QR TRIUMF Superconducting (H,T) Space for Niobium

H.(T)=H.(0)-

> L

2]

Niobium is a Type Il superconductor

400mT
HcZ

i

240mT

=

For high gradient we need a material that can withstand TC
vortex penetration up to a high magnetic field.

* SCstate: 0 > H,; Normal

Vortex

* Vortex state: H.;, > H,,

* Meta-stable state: H_;, &> H, I'Ish

- surface energy barrier can
inhibit vortex nucleation

Hc1

* Flux vortices cause rf heating Superconducting
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QR TRIUMF

1
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SRF cavities — velocity and frequency range
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QR TRIUMF

SRF performance limitations

* The SRF surface resistance is so low
that it is easy to make it worse

e Some causes of reduced
performance are:

* Niobium insufficiently pure —
inclusions of lossy material

* Insufficient cleaning —
particulates, chemical
residues

* Trapped magnetic flux

* Q-Disease —too much
hydrogen in material

16.09.2018
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Residual losses
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Thermal breakdown

Field emission

Oxide interface

Grain boundaries
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. . B,=240mT
Accelerating Field 2
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QTRIUMF

* The SRF surface resistance is so low
that it is easy to make it worse

e Some causes of reduced
performance are:

* RRR Material — EB welding

* US degrease - High pressure water
rinse (HPWR)

* Mu metal
* Hydrogen degassing 600-800C

16.09.2018

11
10

10
10

SRF performance limitations

Residual losses

Ideal

Multipacting

Thermal breakdown

Field emission

Oxide interface

Grain boundaries

25

Accelerating Field
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2

11



European

XFEL Where are we?

* XFEL is successfully completed — many m Non-elliptical
projects on the go

Rec past XFEL FRIB
t LCLS-II ESS, RISP
Fut EIC, ILC  PIP-II, ADS

* Projects can drive SRF development
and SRF developments can enable Pre
projects

* XFEL (ILC) research has been very
successful at pushing 1.3GHz

technology to high gradient -mm

performance 28.3 MV/m

« Many of the techniques developed for CM 815 27.5 MV/m 4.8
XFEL are being applied successfully in XFEL cavity useful gradient in vertical test
both elliptical and non-elliptical cavities and in cryomodule (goal 23.6MV/m)

See Talk FR2A02
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Q@ TRIUMF Global Baseline - 800C degas

* Baseline — 140micron electro-polish (EP) or BCP plus 600 - 800C degas to reduce
hydrogen concentration in Niobium and avoid Q-disease — all cavity types benefit
from this degassing
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@ TRIUMF

Global Baseline - 800C degas

Baseline — 140micron electro-polish (EP) or BCP plus 600 - 800C degas to reduce
hydrogen concentration in Niobium and avoid Q-disease — all cavity types benefit

from this degassing

16.09.2018
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QR TRIUMF

Global Baseline — 120 C Bake

* Bake in vacuum at 120C for 48 hours
mitigates high field Q-slope (HFQS) in
1.3GHz cavities

* Bake manipulates the surface oxide layer

* Reduces the mean free path (dirtier)
in the first 20-50nm to reduce the Ry

* reduces lossy nano-hydrides

* Any cavity operating with Ry>R, can
typically benefit from 120C bake

Dirty Clean »
L0t _
510- \\ — :

5

1 1‘0 y 160 1600
16.09.2018 (nm)

M. Martinello (FNAL) - Thesis

1011 I R T I E— T T T T T T ]
I 4 120C baked]
: 1.3GHz Ep ]
5 100| MFQS _
3 120C bake |
HFQS
T=2K
-]09 I . [P R N I . L I 1 I
0 5 10 15 20 25 30 35 40
E_ (MV/m)
] | ! 1 El::J::-l | 1 1 1 ]
0 20 40 60 80 100 120 140 160 180
B (mT)

15



Recent Progress with Elliptical cavities
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High Q — LCLS-II
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QTRIUMF Introduction to LCLS-II

e LCLS-Il consists of 35 cryomodules each with 8 cavities — total of 280
cavities at 1.3GHz

e LCLS-II (boldly) chose N-doping as the baseline recipe with a cavity
performance specification of:

2.7 x101% at 16 MV/m and 2 K

~

‘ Lo L1 L2 L3
p=** =127 p=-21° p=+10°
V=100MV V=211 MV  HL V,=1446 MV V,=2437 MV
=12A [,=12A  9=-150° 1,280 A =10 KA
0,=1.02mm 0=1.02 mm V=64.7 MV -0 15 mm 6,=9.0 um
£ a—a{ cmo1 }/\{ ovozoa Psar N cmoa }-{ amas J N omite Jo{ amss
BC1 BC2 BYP/LTU
E—100 MeV E=250 MeV F=1.6 GeV £=4.0GeV
Rgs=-3.5 mm Rss=-55 mm Ree=-37 mm R0 mm
| Photocathode Gun 0=0.05% 0~1.6% 0=0.38 % 05~0.014%

750 keV electrons

100-pC machine layout: Aug. 25, 2015; v21 ASTRA run, L3 +10 deg.
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l 2& Fermilab Nitrogen Doping

A.Grassellino, et al, Supercond. Sci. Technol. 26,

N2 is introduced at 25 mTorr after 800C 102001 (2013)
— 71 1 T - T~ 1 T * T T T
degassing for a few minutes 2K A 120 C baked ]
. © 2/6 N-doped -
. . . i '... o “......‘ ]
N2 doping increases Q substantially by a1 g
. X i
reducing electron mean free path, _ ‘Am‘““
. . s "
redycmg BCS resistance with signature i Asaa,,
anti-Q-slope < ool M, |
: a
Requires 5-10 micron EP to clean the : Dirty  Clean
surface [ L\ /
. . w10 h T
Results in a lower quench field and I
. . ML L S R R RN S
increased sensitivity to flux trapping 0 5 10 15 20 25 30 35 40 45
E . [MV/m]
I0 2|0 4IO 6IO 8IO 1|00 120 1t|'.0 1(|50 1I80 2I00
Bpeak (mT)
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LCLS-Il SRF Issues - mitigations

D. Gonnella (SLAC) — TTC 2018 [Riken]

* First articles from vendors did not perform as
well as qualifying cavities — problem trapped
flux -> rf losses

* It was found that different batches of material o ciee
o[ . & CAVODO3
(that meet specification) can behave First articles 3o |
differently with respect to flux expulsion e : o 15 2
Ece IMV/mI
* New treatment and processes developed to 4101 e
. . 2 m-l"%""a
mitigate the issue — process now robust \:‘*10*0- wﬁi‘:-un o Yo
A e
o 2x10™
| CAVO017 |
@ CAVO018
: . . S A
Magnetic Flux Magnetic Flux ., Cavity 17-20 ¢ LCLs I Spec|
. . 1x1 T T T v g
Expulsion Trapping o 5 10 15 20 25

E_.. [MV/m]
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Obtaining and preserving Q 2 2.7e10 at 16 MV/m, 2K

Rs = Rges + R, + Ryr £ 10nQY R;~=S*n*B,,.
I O

Doping  Intrinsic  Trapped flux Sensitivityto  Flux trapping Residual
residual resistance trapped flux  percentage field 'T‘
AT
Study led to three important v
conclusions
1. Different treatments impact the 20 ‘ MU 18+
L doped —Theoretical model | L ...
sensitivity to trapped flux P€d o Experimental data 17 o
I ] e ,®@ ©
: : 13 16/ 900c, @ o® M
2. Trapping percentage impacted by /| £ P v
) / & 15 o) B TD-01,800°C
speed of cooldown Elof /«% 1 5 v ® 001,900
) ) g /’ é 14- e ¢ TD-02, 800°C
3. Trapping percentage impacted by a,| 120 EP. BCP 21-3 ° Y D000 e
material — heat treatments >800C _¢7, «}'@ £, o ¢ o 00 =
help mitigate by reducing pinning ol iy P o .<> g 8ooc
Ll | | 1 . . . . . . . 3
S. Posen et al., J. Appl. Phys. 119, 213903 (2016) 10 100 1000 o 1 2 3 4 5 6 7 8
# {nm) Iris-to-Iris AT [K]

TTC 2018 [Milano] (M. Ross, SLAC)
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B oo iatnte LCLS-II Cryomodule Performance

S Posen (FNAL) TTC [Milano] 800C

900C

Usable Usable
Cavity | Gradient || o0 ook [l Caviy | Gradient | O oty 2 K
. [MV/m] [MV/m]
FNAL utilizes new  [cavooos 205 2.0E+10 CAV0034 21.0 3.4E+10
(CAV0003 21.0 2.5E+10 CAV0039 21.0 4.2E+10
heat treatment (CAV0006 21.0 2.0E+10 CAV0040 10.0 3.6E+10
and fast cooldown [cAvooo7 21.0 2.2E+10 CAV0026 9.2 3.2E+10
(CAV0016 18.2 1.8E+10 CAV0027 21.0 3.2E+10
(>32 gm/s) to (CAV0013 16.5 2.0E+10 CAV0029 21.0 4.4E+10
achieve 3.5e10in (CAV0011 20.5 2.3E+10 CAV0042 16.8 2.8E+10
(CAV0015 21.0 et CAV0032 21.0 30F+10
the cryomodule Average | 20.0 | 2.1E+10 | Average | 176 3.5E+10
Total Voltage| 166 MV Total Voltage| 146 MV
Fermilab CM-2 Fermilab CM-3
Cavities treated with Treatment modified to
baseline recipe improve flux expulsion

Total voltage Spec: 133 MV~ Q, Spec: 2.7x101°
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Q@ TRIUMF

1.3GHz N-doping Summary

e LCLS-I
— High Qg has been reliably demonstrated 6.00E+010
after early pains - Q, more than 3.4x10%°
can be consistently achieved 5.00€+010 1
* Conclusion:
4 0CE+010 +
— Nitrogen-doping is a robust reproducible g
procedure 3.00E+010 4
— Flux expulsion is the most important factor
limiting performance -
— Low residual field and fast cooldown are
1.00E+010

required to get the best performance

— Flux expulsion is material dependent —
heat treatments can help — community
engaged with vendors to optimize

16.09.2018

Dong Wang TTC2018 [Milano]

'Y

Andt

A

B 715K

A 18K | ]

® 20K |
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Eace (MVim)

PKU N-doped 1.3GHz cavity
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Doping and Frequency Dependence

N-doping favours higher frequency 2K applications

FNAL data: negative Q-slope at 2K
would be expected for freq>1GHz

1.3 T T T T T T T T T T T T T
1T=2K m i
1.2 - . J
1 - glfiEE  EEge"
1.1 . E J
] ‘TLLE
1.0 ~ . -
o § ‘g{: : N ¢ e e &
X 094 T Aay %5000 .
5 | . A ®s09
Q L ‘A“ ®e,
© 08 taa,, *%eee,
4 A‘
0.7 <N Y i
] < ,lj,-<:>/. -
061 = 650 MHz (BOASPAVO04) . B
05| ® 1-3GHz (TE1AES017) 0000,
714 26GHz (TTS1AES001) T
< 3.9 GHz (T31F004)
0.4 T T T T T T T T T T T T T
4 6 8 10 12 14 16 18
E... (MV/m)
M. Martinello (FNAL) SRF 2017 [Lanzhou]
16.09.2018

Frequency
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Cornell achieves factor of 2 gain in
Q at 500MHz and 4K with N-dope

- T=4K
.... -
[ N | ®e

1.0E+09 -

v X

- |

=

—

o
1.0E+08 -

0 10

Eacc [MV/m] 15

F. Furutat(Cornell) IPAC2018 [Vancouver]
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High Q, High Gradient
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l 2& Fermilab Nitrogen Infusion

A. Grassellino (FNAL) — TTC 2016 [Saclay]

» After 800°C degas, the temperature - T A 120 Cbaked |
in the furnace is lowered to 120- : @0 © 0090000000 : ?géorxé-ioged :
160°C (under vacuum), 25mTorr 310" _"""'-.,.IlI ’
nitrogen is introduced for 48h. _ “M.“:"'""-""-- teeaa, |

AL
The N2 infusion treatment (FNAL) = ““""‘“M“A -
raises Q and extends gradient beyond 10" : ““‘\ .
standard 120C recipe
No chemistry after treatment.
Potential treatment for ILC 10" 2K - EP

0 5 10 15 20 25 30 35 40 45
A. Grassellino,et al, Supercond. Sci. Technol. 30,

094004 (2017). , . . him [M.,V/m]l L . ; -
Bua (MT) 0 20 40 60 80 100 120 140 160 180 200

16.09.2018 LINAC2018 - SRF Overview - Laxdal - MO1A02 26



,geffégon Lab}& Infusion Experience Worldwide

10— 10"

* This has proven to be a challenging KEK e v Jlab-Dhakal 1500 20¢
recipe — very dependent on the quality A
of the vacuum furnace ] N"’ vorz | —— 1“"’}1_
. ) - S 10 = 5 10" 4 : 7
* N-Infusion research is on-going at a ILG Target " s63mvm

4 +800C3hrs+120C/48hrs @25 miorr N2

number of SRF centers worldwide ‘ o g g

800°C x3h + 120 °C x 48h w2 o 3000 140C 8IS @25 mior N2
whee o vt v v 10" T T T T T
e KEK —successful at 20% of attempts b v w e @ b2 % e
Eacc (MV/m) E,..(MV/m)
e J-Lab — Cornell - higher Q but not T —— N ——
i } ) Cornell [ § 5250 iamum T=2K i
gradient - Cornell — experimenting s e By rana,
. ﬁ. -h-h-......
with N and other dopants - Cand O Thakias S
Oo I..-. e a, . o 107 Ahaa “A.:."-.
* Infusion vs doping — no need for * re20K '\ % X
post chemistry with infusion 10" 1 FNAL N
1
* FNAL — succeeded with infusion on T S T T e 57T

BCP iti
CP cavities See Marc Wenscat TH2A01
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l 3¢ Fermilab Low temperature (Magic) Recipe

New recipe from FNAL - raises Q
and extends the reachable field
beyond standard 120C recipe

Standard 120C bake but with an
initial hold at 75C for 3 hours

No nitrogen required!
No chemistry required!

This will undoubtedly double
efforts to try to harness the
optimum high Q, high gradient
recipe

16.09.2018

10" =

A. Grassellino (FNAL) — TTC 2018 [Riken]

ACCO003: EP+120C - regular
1DE3: Modified 120C bake
1DE3: Re-calibrate/check
AES009: Modified 120C bake

AES0Q9: cooldown #2
AESQOQ09: cooldown #3

2K

0

5

10 15 20 25 30 35
Eice MV/m)

40

45

50

Bpeak (mT) 0

I
20

[} L 1 1 L
40 60 80 100 120

LINAC2018 - SRF Overview - Laxdal - MO1A02

140 160

180 200

220
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Fine grain vs large grain
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.geff;'s)on Lab| ) Large Grain Niobium from Ingot

P. Dhakal (Jlab) TTC2018 [Riken]
Nb ingot

* Lower material cost — less steps

* Need to optimize processing and
demonstrate forming technique
for industrial production

e Sheet production by slicing may

be less prone to pinning’ Qo
variations seen in LCLS-II Large grain Nb sheet Direct slicing from Nb ingot

1 IOH 1 - 1 - Iﬂ” T T T
material . ; ] —
] KEK Slngle cells 1 9-cell large grain cavities at 2K ]
* DESY and KEK show impressive | [ e, |
An5’{::_.. 4 d“‘!“‘ ‘ﬁw LR Y 4
. . 0o " Ao o .,
high field performance - near '-“"—-l-u.....,,,-;;;_;:u 00w 6 6. SRR SR iy
- 1w -y %o i~ 1w = TRg |
50MV/m and Q=1e10 7 T T
. ACIL2 ® ACI53
® CLGH], CBP+CP(10)+AN+EP+Bake(120 C) e AC113 @ AC154
O CLGH2, CBP+CP(10)+AN+EP+Bake(120 C) A ac1l4 ® ACIS6
‘ A CLGH3, CP{10)+AN+EP (30)+HPR+Bake(120 C 48 hes) ¥ ACLIS " ACIS7
AC151 * ACISB
* ACIS2
: DESY 9-cell
10" T T T T 109 T T T T T T T T T
0 10 20 30 40 50 0 10 20 30 40 50
E . (MV/m) E . (MV/m)
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,geffégon Lab A LARGE GRAIN CAVITIES

Q vs E of PKU 9-cell cavities (2.0 K) fgm,___ emge Gnain SHERCRSIRISR-SI0F (EBRIM)
1.0E+11 ] = As received
] ‘ e +120C/24hrs| |
X X KK X X x| w % = 1 : i 4 +HF Rinse |
semsienreafertsh ::a::mz%"m‘ig;}% MM%%M |
1.OE+10 1 I xx‘ 1 }_*_;', ¥ ; i
S s 10" - '.—%l' i
+ NXPKU1 OO ] Eacc= 36 MV/m I'FI ]
1.0E+09 = NXPKU2 I I I I I Qo = 2)(1010
o 6t [T=2.0K, f=1.297 GHz ||
o 0.0 5.0 10.0 é;l;c (Mv.'flt:‘:l) 25.0 30.0 35.0 10 0 " é X 110 5 1|5 ; 2I0 X 215 5 3I0 Y 3I5 J 40
E,..(MV/m) P, Dhakal (JIab)
e 6 large grain 9-cell cavities were fabricated A Large grain cavity (ingot from CBMM)
and post-treated in PKU fabricated and processed at KEK was
e Only BCP, no EP tested at JLAB - measured record Q and
e \Vertical tested in 2017 at PKU gradient for RRR= 107.
e E__of 6 cavities all larger than 25 MV/m E...=36 MV/m, Q, = 2x101°
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Beyond Bulk Niobium
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° BRIGHT BEAMS @.

M. Liepe (Cornell)

10 4

"

@ Conventional niobium cavity at 4.2 K
e Nb,Sncavityat4.2K

: .Muu WO CWWOO @ wap @

20x more efficient
than Nb at 4.2 K!
and 1.3 GHz

0 2 4 6 8 10 12 14 16 18

Accelerating gradient (MV/m)

Nb;Sn Development

Why Nb,Sn?

— Nb3Sn still remains the only new
material that has produced a result
suitable for acceleration

— High H,, means high theoretical
max accelerating gradient (~ 96
MV/m)

— 1.3GHz at 4.2 K means cheaper
cryogenics!
Current State:
— 18 MV/m CW operation
— 26 MV/m pulsed operation

— HighQof2x10%3at 4.2 K
operation

16.09.2018 LINAC2018 - SRF Overview - Laxdal - MO1A02 33



l 3¢ Fermilab Nb3Sn Development

S. Posen (FNAL) — TTC 2018 [Riken]

* Work continues globally to optimize the
coating — Focus is on understanding

|
° |
|
limitations in the film - defects and tin 10" Oog C;OO R I
. o]
depleted regions o, O@C@@Oegao :
[ ] |
* FNAL is extending applications to nine cell A d :
A
and 650MHZ o ﬁéﬁﬁ&%m%& . :
* What is limiting gradients to 18MV/m at © 1010 MAsasag :
1.3GHz - a fundamental limit? 01
Wuppertal 2000 I
= Cornell 2017 I
® Fermilab 2017 |
Fermilab 2018 |
A 44K I
O 20K !
10° !
0 5 20

FNAL sample
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Non-elliptical Cavities
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<

FRIB Heavy lon Linac

FRIB

FRIB is the largest SC hadron linac ever built S

Room Temperatune RFQ Accelerator
B=0.041 Quarter Wave Resonalors .
B=0.085 Quaner Wave Resonalors

Cavity fabrication almost complete — CMs at
50%

Technical highlights

uperconducth

* CM performance is matching vertical test
— for all four cavity variants

e Beam test of first 3 CMs very successful

See E. Pozdeyev WE2A01

QWR 0.041

QWR 0.085 92 123 101 11 11
HWR 0.29 72 83 72 12 7
HWR 0.53 147 118 101 18 2
Totals 327 340 290 44 24

LINAC2018 - SRF Overview - Laxdal - MO1A02 36



High Field Q-Slope

FRIB

K. Saito (FRIB) TTC2018 [Riken]

Uhsar £ = LRI MV Mreaged{ W) 2 k= 28,5365 (MVim)isgriW)

__HFQS

FRIB offers rich data set

High field Q-slope (HFQS) without ~ + & =« R T~ R HFQS.:;’
X-ray is observed in each cavity i S LY Tl ‘

family.

I '~ 0.041QWR =28 % | 0.085QWR B
The average onset field is N Endirthinke | 0-085QWR o

coincident at a Bp ~ 85 mT
Corresponds to EaCCZZOMV/m for 3 Koy 7 3360 (MY HnVsgri(W) R b= IS MVImbbaecWy S
ILC cavity — similar to the onset s .. HFGS . B

. o I
E, (MV/m) E, (MV/im)

field of HFQS with BCP’ed cavities. i’} o ; HFas
Could high field performance be . ) N

improved with EP?

[ O-29HWR =5 teee.. 053HWR

3
o
E o (MVim) E, (MV/m)
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Performance results Q vs Ea,B

Performances are continuing to improve — latest results from ANL and TRIUMF (RISP)
indicate cavities operating at up to Bp~143mT for both EP and BCP cavities respectively with
ANL at Ep=135MV/m! (well above beta=1 cavity)

ANL HWR Performance RISP QWR Tested at TRIUMF
o ; ' o : j : 1.0E+10
. ®0 oo ®cce, oo
% o0,
® o ®e 2K
. L NP o
10 [ [ ]
. o, ® %
- \ —.— T Y . O 1.0E+09 ® . *
[ [ ]
< Off Li i 4K ®e \
10°F - ine Testing Acceptance 1 °
Criteria ®e °
."‘“""Cavity Dissipated Power EP BCP
: 1.0E+08
1% 5 10 15 20 25 30 0 2 4 6 8 10 12 14 16
Accelerating Gradient (MV/m) E MV/m)
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 a(
A%
) Fpi (VYD 0 20 40 60 80 100 120 140 160
0 10 20 30 40 S0 60 70 80 90 100 110 120 130 140 150 Bp (mT)
B , (mT)
Half-Wave Resonator I
Surface-E Surface-H I
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IPNO Developments

* Excellent developments with 352 MHz spoke
resonators for ESS and Myrte — reach Bp=140mT

* Concentrating on heat treatments and post-
processing — find that using Nb caps during
degassing cycle can eliminate the need for final
chemical etch — better Q achieved — R,=1.3nQ!

* Also studying flux expulsion as a function of
geometry — QWR vs SSR vs DSR
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D. Longuevergne (IPNO)

Cavities are degassed at 650°C
during 10h with their titanium tank
with Nb caps to reduce
contamination
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Q@ TRIUMF Performance

New Cavity Variants
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Q@ TRIUMF SSR Balloon Resonator

TRIUMF has developed a new variant of

the Single Spoke Resonator called the

balloon cavity

* Eliminate multipacting at high field

* Mechanically more stable — drum vs
sphere

71 — 1storder
— Ind order
1 — dthorder
6th order
71— 8thorder
— 10th erder

SE Growth Rete [ per Impact

The development recalls the evolution
from pill box to elliptical cavity in the
early days of SRF to reduce the impact
of multi-pacting

71 — 1storder
— Ind order
1 —— Jth order
6th order
1 — B8thorder
— 10th order

Pillbox Elliptical
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Q@ TRIUMF Multipacting simulations confirmed in First Balloon Cold Test

TRIUMF: First demonstration of Balloon
geometry 325MHz =0.3

There is excellent agreement between
MP simulations and cold test data

No multipacting barriers near the
operational gradient or below 0.1 MV/m.

Designed and fabricated by TRIUMF for
RISP project

16.09.2018 LINAC2018 - SRF QOverview -
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i

Center for

e (Coaxial Resonators for Frequency Dependence Study

UNIVERSITY

ODU has fabricated and tested a coaxial HWR for fundamental SRF studies — goal is to study
frequency dependent surface resistant in the same cavity using fundamental and harmonics

in the same cold test. Delayen (ODU) TTC2018 [Riken]
1000
No low-T baking ODU
a .
N fe
-~ \'ds ‘e""'é?.. = | @325
; T B
R, (n02) \’ T, G""‘“"ﬁ_'-a} L PN
@ #"‘*""'-aa;i.._ *® o o p
\ \ ‘ip% e oo -
T - L T
10 — -
[ e
) = -'\-......--..
e
“Soe e e S pese ¢ ose
1(].2[) 0.25 .30 0.35 (.40 0.45 0.50 .55 0.60 .65
UT (K See H. Park TUOPO4
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— P Institut fur Angewandte Physik SRF Development for cw Linac at GS|

LINAC AG

Inclined stem D‘wlamic tuner Static tuner PRy ' T T T ]
100 L 'ii-riij,§@'+':;_+»_hﬂu§u »H-.+.=;._‘§_'§W J

UB * e “‘I
10° | E

* \Vertical test w/o He vessel

Preparation
+ Horizontal test with He vessel

ports Helium vessel ol X P e tNAC Tast results of CH-0
217 MHz Demonstrator cavity CH-0 0 2 z ° s 10 c-o
£ 1
20 =0 1E10
e 3

* Imm] ¥ fmmi "u.
(=] -

= 1E8 |- E
H ]
Test results of CH-1 1
1 2z 3 4 s & 7 & 8 1
E,/ MV/m CH-1

Successful beam test at GSI with CH-0 with up to 6 MV/m
W. Barth et al., PRAB 21, 020102 (2018)
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Collaboration between GSI, Helmholtz Institut Mainz, University Mainz, University Frankfurt



Technology Developments



Sl T olde — Niot o1 Cejpe
See W. Venturini Delsolaro TU1A05

e HIE-Isolde now has installed
three cryomodules of QWR
sputtered Nb on Cu cavities C

* Seamless QWR reached
unprecedented peak fields for
Nb/Cu

Il . , ____________ , ____________ _________________ , _____ e i
1 SOWEpeak [MV/m]
. : | 1080, 1.7 207 30 . 4G 50, 60 . 70
e il S Y i el =1\ O 2 4 6 '8 10 12 14
W. Venturini Delsolaro (CERN), Eacc [MV/m]

IMP is also looking now at Nb on Cu for C-ADS development
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Recent developments of SRF technology at CERN

Double quarter wave (DQW)
have been fabricated and
assembled into a cryomodule
for a proof of principle beam
test in CERN SPS

DQW cryoodule installed in the SPS

Cavity string assembly

R. Calaga, O. Capatina, F. Gerigk, A. Macpherson, M. Therasse, G. Vandoni
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First crabbing of a
proton beam

0 Deg

MNorm. Intensity

t[ns]

“£ 90 Deg

y [rmm]

©% 180 Deg

y [mm]

t [ns]
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Q@ TRIUMF SRF Dipole Cavity — Low cost manufacture

 650MHz rf deflecting mode cavity has been
fabricated from reactor grade Niobium
machined from bulk and with TIG welding

* First superconducting rf cavity fabricated at
TRIUMF

e Cavity recently tested and meets design
specification

= *‘*++%fﬁm+ ~
¥

Lsws i
v *"fi‘*-&..:%;l_ ﬁ

n "

Specification *




Plasma cleaning on TEM Mode Cavities

* IMP plasma cleaning on HWR

X-ray (uSvih)

Max E s increased from 57MV/m to
70MV/m (23%) after plasma cleaning
Onset of the FE increased from 32MV/m to
58MV/m (43%)

MP effect eliminated at E ., ,=16MV/m

Y. He (IMP) TTC2018 [Riken] antonwoo@impcas.ac.cn

—m— 2017-Oct-20 Base-line under standard treatment

—A— 2017-Oct-28 CH4 contamination 24 hours @4K
10000 —w— 2017-Nov-03 Pump CH4 out@300K + 2hs RF condition@4K
E —&— 2017-Dec-08 Carbon deposition by PECVD
o —4— 2017-Dec-08 Carbon deposition by PECVD + 50mins RF condition@4K
2018-Jan-04 Plasma cleaning on carbon deposited cavity
1000
E 5 - 4
<« & 1
C A o g
100 < a /
« T ]
£ P v
/
- / & & w/
10 ST S /- 2 6
: L ]
L / T o
: 4 // / /
0.1 1 / L L= 4
1] 10 20 30 40 50 60 70

Epeak (MV/m)

16.09.2018

* FNAL plasma cleaning on SSR

* Developing plasma cleaning for 9 cell
1.3GHz cavity —ignition with HOMs

* Also developing plasma leaning of SSR
cavity — Argon at 250mTorr 2-30W

* Require correct mix of modes to cover
areas of interest

P. Berrutti (FNAL) TTC2018 [Riken]

\
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Where are we going?
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QR TRIUMF

Path to higher fields

120C bake is known to manipulate the
mean free path at the near surface
creating a dirty layer of ~50nm

A dirty layer seems beneficial in order
to increase the quench field beyond
B., - theoretical models agree

B/Ba

N infusion and magic bake provide
other means to create a dirty layer

superconductor
subsirate

///
-

“Y—~——  Kubo, LCWS16

Dirty Nb Clean Nb

16.09.2018

1.0 5

0.5+

0.0+

A. Romanenko et al., Appl. Phys. Lett. 104, 072601 (2014)

—m— EP 120 um + BCP 10 um finish
—e— EP 120 um

—4A—EP 120 um + 120C bake

—v— Nitrogen treatment

LSS

I\V & 120 bake
\ ] A 1 Dirty layer
!\i
\\i

AN

n—

:f}\\ész

Romanenko et al, LE-muSR at PSI
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Q@ TRIUMF Flux entry on layered system

muSR Findings (TRIUMF): Baking at 120C (high K) enhances the field of first flux entry; A layer of a
high K and Tc material on niobium enhances the field of first entry by about 40% .
e Consistent with “dirty layer’ hypothesis.

@— BCP+1400°C anneal" =@=PBCP+1400°C anneal+120°bake
1.2
x 1 l S ———————
1 — - :‘M, - |
- oranety) o |
e "
> “E 0.8 |
+ 0.8 - |
4] 7] |
£ S |
& 2 06 |
< 05 120C - 3
¢ Nb Base » £ o
® S 0.4 — -
E 0.4 s ~—Niobium 1400°C annealed 8| 8
B --MgB2 (50 nm) on Nb 8| E
02 aé 0.2 = MgB2 (150 nm) on Nb 3| g
—g - MgB2 (300nm) on Nb ﬂ)| ()
L = ——Nb35n(2000nm) on Nb '|E | -|E
0 g 0 >
0 50 100 150 200 250 0 50 100 150 200 250

B [mT] Magnetic Field [mT]

T. Junginger, R. Laxdal, W. Wasserman, Superheating in coated niobium, SUST, DOI: 10.1088/1361-
6668/aa8e3a, 2017
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QR TRIUMF

Engineering a Dirty Layer
ILC and other projects are looking for

reproducible robust recipes that can be
replicated in industry

Checchin (FNAL), thesis
We know that variations in the dirty layer

produce significant variations in

4x10" |
M N
..m....\ﬁ.
L (o3 i
performance dﬁ% *.. "y
. Vi ¢
» Strategy: to engineer a surface layer on < . 3 2
. . . 10" | Layered structure >
bulk Nb to reproducibly optimize the e 120°CwithN > °
F ¢ 160 °Cwith N >
performance B 120 °C baked >
I Constant >
* Thin film research and theory are a0 | A Ndoms >
continuing in parallel — Nb3Sn, SIS layers, R T T R S S R
. ey 0 5 10 15 20 25 30 35
high frequency cavities, ?
e Stay tuned!
16.09.2018

E_ [MV/m]
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R TRIUMF

Canada’s national laboratory
for particle and nuclear physics
and accelerator-based science

TRIUMF: Alberta | British Columbia | Calgary |
Carleton | Guelph | Manitoba | McGill | McMaster |
Montréal | Northern British Columbia | Queen’s |
Regina | Saint Mary’s | Simon Fraser | Toronto |
Victoria | Western | Winnipeg | York

Thank you!

Mercl!

iR

Follow us at TRIUMFLab
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