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Cavity Package &
Performance Specification
for the ILC



G wonommeome Cavity Package In TDR

TESLA cavity

TTF-III coupler

He Jacket (Titanium)

Magnetic Shield
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@o LINEAR COLLIDER COLLABORATION IL C S p eC 1 ﬁ C atl Oon

[0 Performance test for Cavity only
O0Q,=0.8x 10" @35 MV/m (28 — 42 MV/m)

/ [0 Should be passed in twice V.T.s

[ 10% | ] O Only EP/BCP as Surface Process

Q:I Cryomodule Operation with Beam
O0Q,=1.0x10"Y@31.5MV/m (25 - 38 MV/m)
O Average Gradient in one Cryomodule

Random gradient spread of =20% 1s acceptable!
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Worldwide R&D Laboratory



G~ »-Worldwide Laboratory for SCRF R&D

FNAL(ILCTA), ANL
DESY(FLASH, XFEL) NALELEED S formelt (Newman Lan,)
O THEP, PKU S
O O JLAB(CEBAF, Test Lab.)
KEK(STF
o (STF)
RRCAT

i \/‘ Ry ..“_,_.,,—-: i 5

- L

STFQKEK ILCTA@FNAL

"

FLASH@DESY
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FLASH (TTF) tunnel

. e

Assembly hall
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@ wommes  Euro-XFEL @DESY

800 Cavities and 100 Cryomodules will be fabricated and tested!

Furo-XFEL unnel
> 1/20 scale for ILC!
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Recent Cavity Performance in KEK
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G »eo=m=emMeasured/Fabricating Cavities

» MHI-01~04 Phase-1 (already done)

» MHI-05~09 S1-Global (already done, except for MHI-08)
» MHI-10, 11 SO plan (already done)

» MHI-12, 13 Quantum Beam (under beam operation)

» MHI-14~22 Phase-2 (for CM-1)

» MHI-23~26 Vertical testing (for CM-2a)

» MHI-27~30 Under fabrication

» MHI-A, B,C  New fabrication method study @MHI

» HIT-01, 02 New vendor .
> TOS-01. 02 New vendor Totally, 40 cavities!
» KEK-00, 01 In house / Under fabrication

» AES-001 International Collaboration (commissioning)
» IHEP-01 International Collaboration (Large Grain)

» PKU-04 International Collaboration (Large Grain)
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Ge mmm s SEqUENCE 0f cavity process

as received from a vendor

. N f, & Field flatness
[ Optical inspection f—s

surface treatment

bulk EP~ IOOum

measurement

surface treatment

(light EP ~20 or Sum, pre-tuning

Degreasmg, HPR) @

/T @ 7
O ’7 .
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R O 1 | Re T B @KEK—STF

1) T-mapping/X-ray-mapping

2) Optical inspection (Kyoto Camera)

3) Local Grinding Machine

396 carbon resistors
182 PIN photo diodes
Radiation monitor

Tohokw Forum for Creativity
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t ~nnl@R@Et Identification by Inspection tools

e

Thel‘mal QuenCh T-]nappmg

mme23MV/m
& E .

396 carbon resistors
182 PIN photo diodes
Radiation monitor
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Degrees [°]

Field emission

T- mappin g 3 X-ray-mapping
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@ e camowExample of Local Grind at STF

IE TTER Y

For equator

acc

Comparison of Q, vs. E Curve of MHI—I 4

1.0E+11 T T
§ : § ; o 1st V.T. |-
T o 5 i i o3rd V.T. |...
o000 . o d : : : :
JURUS SO O UL SO S (NN - 1 ORI T S
= ! LIl Power limit

o [

T s 15 - 37 MV/m

1.0E+08 T T T T T T T T T
0.0 5.0 10.0 15.0 2[] 0 25.0 30.0 350 40.0 45.0 50.0

E . [MV/m]
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Be e eueb@bbormance Improvement by Local Grind

Curve & Radiation level

e

Comparison of Q,vs. E

Radiation level [uSv/h]
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The radiation level also decreased drastically!
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G» oo RecENt Cavity Performance in KEK

Q, — Eacc Curve for Recent Cavities

1.0E+11

1.0E+10 -

-] OMHI-12 |3
| OMHI-13 |3
[ | ovHI-14 |3
| | AMHI-I5 | |
OMHI-16 | :
AMHI-17 | i

Qy

LOE+09 £t o iiirs

Fl o MHI-19
L-| oMHI-20
| OMHEI-21
-l o MuL-22
O HIT-02

1.0E+08 t . ' t
20 25 30 35

E,..[MV/m]

& All cavities achieved above 35 MV/m.
& Averaging gradient 37.1 £2.0 MV/m.

@ HIT-02 achieved 41 MV/m (Japan record)

ILC spec.: 35 MV/m =%+ 20%

Maximum Gradient for Recent Cavities

Almost every cavity achieved above 35 MV/m!

Almost all cavities were limited by administration limit.

MHI-12 MHI-13

MHI-14 MHI-15

17

Typically, that is the RF power limitation.

This means the cavity performance becomes higher possibly.

We can achieve around 40 MV/m possibly!

22/O0ct/2013
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Toward Higher Gradient
for 1 TeV Upgrade



Ge vwmmannn (Cavity Yield Plot in TDR

Eigl{m 2 1|3 " 100 e >28 MV/m yield
avity yield for two i
gradient thresholds a0 e >35 MV/m yield

as a function of years,
based on the global
ILC cavity database
updated as of October

Yield [3%]
[ ]
[ ]
—— ——
——

2012 [67,68]. Numbers 40
in parentheses refer .
to cavity sample size. U

The cavities received

standard treatment
and were provided by 2006—-2007 (4) 2008(13) 2000(14)  2010-2012(21)

established vendors.
Test Date (number of cavities)

We already achieved 37 MV/m in averaging gradient!

[}

00 — 5 » >28 MV/m yield
e >35 MV/m yield
80
—_— ]
® 60
o
@ -
= 40
20
0
2006—2007 (3) 2008 (10) 2009(9) 2010-2012(16)

Test Date (number of cavities)
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(G- -~-(=omparison of 1- and 9-cell performance

20

There 1s large gap between 1-cell and 9-cell cavity performance!

Figure 2.20 &0
L-band SCRF nicbium-
cavity-gradient enve-

lope and gradient R&:D = L
impact on SCRF linacs.

Eacc [MVim]
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| [ ]
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& Zingle-cell RED resul

& Muh-cell A&D resul

4 GeV physics run

FLASH PXFEL1  curppesn XFEL |
B —

FLASH SA'SE opersaian
I C100designgoal |

N
B Cesign gradent
W Achieved gradient |
Cualty —

Design u I I ]

Design [l [ -

I CE0 module rework

B GaV physics run

1970

0 ,

1880

180

2000
Year

2010

9-cell performance 1s almost saturated?!
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e vor=ee=00 GeV ILC Accelerator Layout
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Main Linac section is 11 km for each beam in Phase-1.
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El. LINEAR COLLIDER COLLABORATION

Staging Scenario(s)

500GeV operations L
start civil construction C\ / ( B
/
¥ / / [/ | D /b
BC / / Main Linac ~ BDS
_|_
civil construction + installation ° 1P
500GeV operations -
o / aua C
\i— = Y [/ h— b
BC | / / / / Main Linac = BDS
R + 1P
_ - - ~ o~ - ©
e’ ~ _ -
mnstallatlon/upgrade sb#utdown‘x (
[ [ B
| [/ \ | ]/

'

final installation/connection
removal/relocation of BC
Removal of turnaround-etc.

/

/ / Main Linac

Installation of addition
L magnets etc.

Commissioning / operation at 1 TeV

ﬁ_ |
o BDS

5 P

C

€

N\
o
N\
T

22

| [/ ' =
o / Main Linac = BDS
5 IP
N.Walker @Granada
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G» voree-T@V-Upgrade . From 500 to 1000 GeV

<26 km ?
(site length <52 km ?)

g <10.8 km ? 10.8 km é 2.2km——>
/\ / ;_
\—ll /] _T-

S, / / Main Linac e BDS
: 5
E Main Li
E alh LINAc central region
<G iy~ =31.5MV/m
G.s ~22.7MV/m

(fill fact. = 0.72)

Snowmass 2005 baseline Based on use of low-
recommendation for TeV upgrade: d Q 9

pg loss or re-entrant
Gcavity =36 MV/m = 9.6 km ﬁ - cavity shapes
(VT =40 MV/m)

New Goal!

N.Walker @Granada
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@' an s cowsaenro )N [ agproach can we take?
According to TDR (Volume 3, Part 1, Page 28)...

(D Cavity Shape
» Low Loss, Re-Entrant, Low Surface Field
(2) Material

» Large Grain, Seam-less

@ Surface Treatment
» Recently, new idea trying

@) Packing Factor of Cryomodule
» Exchanging Q-mag to Cavity

22/0ct/2013 Tohokw Foruwm for Creativity



E.. LINEAR COLLIDER COLLABORATION

(D Cavity Shape

TESLA

H

LL-shape

tield

Figure 1: H contour mn two shapes of mner cell.

Table 2.11
Comparison of RF pa-
rameters of alternate-

shape cavities with the
bazeline

25

Figure 6: The 9-cell LSF cavity with coupler end-groups.

TESLA  Low-loss/

Re-entrant Low-surface

ICHIRO field
frequency GHz 1.3 1.3 1.3
Aperture mm 0 60 60 60
Epeak /Faee = 1.93 2.36 2.28 1.08
Hpeak/ Eace mT/{MV/m) 415 3.61 3.54 3.71
Cell-cell coupling % 1.90 1.52 1.57 1.27
G*R/Q o 30840 37970 41208 36005

22/O0ct/2013
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E. {INEAR COLLICER GOLLABORATION @ C avity Shape

Table 2.11

Comparicon of RF pa TESLA  Low-loss/ Re-entrant Low-surface
7 -l ICHIRO field
rameters of alternate-
shape cavities with the frequency GHz 1.3 1.3 1.3 1.3
bazeline Aperture mm Fill] 60 60 60
Epeak {Eace — 1.08 2.36 2.28 1.08
Hpeak/Face ~ mT/{(MV/m) 415 361 3.54 371
Cell-cell coupling % 1.90 1.52 1.57 1.27
G*R/Q 02 30840 37970 41208 36005
The most different point 1s “aperture”.
—> Beam Instability
- HOM Damping
—> Need to re-design End Group (?)

22/O0ct/2013
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E.. LINEAR COLLIDER COLLABORATION @ C aVity Shap e

Table 2.11

: TESLA Low-loss/ Re-entrant Low-surface
Comparison of REF pa- ' :
ICHIRO field
rameters of alternate-
shape cavities with the frequency GHz 1.3 1.3 1.3 1.3
baseline Aperture mm il 60 60 60
Fpeak /Eace - 1.93 2.36 2.28 1.98
Hpeak ! Faee ml /{MV /m) 415 3.01 3.54 3.1
Cell-cell coupling % 1.90 1.52 1.57 1.27
G*R/Q 0? 30840 37970 41208 36005

Higher risk 1n field emission for higher E

Fowler-Nordheim law: {‘“EJ (Y [-5.53:4!3"’-;:”]

J(r.t)=15410" ¥ av

@
o= (Hele
’ i

@ - Work function ofthe metal (i.e.. 4.4 for Cu)
[ - Field enhancement factor (300 typical)

E — Magnitude of external electric field
m— Mass of an individual particle

peak

/ Eacc

27 22/O0ct/2013
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l E.. LINEAR COLLIDER COLLABORATION

(2) Material

Fine Grain

Large Grain

The remarkable merit is higher Q, at lower gradient.

l

lower residual resistance

22/0ct/2013
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@. LINEAR COLLIDER COLLABORATION @ Material

Test result of XM-3 Cryomodule for Euro XFEL at DESY
B quench limit

I cperating gradient
— J{FEL goal

PR il

(3E!-'I'¥E 1|

316314 315315
30
i 3 7
20
10

"AC114 AC156 AC146 AC1S4 ACIST ACISE ACIS1 AC1S2
L.G. L.G. F.G. L.G. L.G. L.G. LG. LG.

40840577 " s
40 - (355"? :u

Cryogenic loss 1s 60% lower than only F.G. cavities!
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El. LINEAR COLLIDER COLLABORATION @ Material
Vertical test results for ACC155 and PKU-4 made by L.G.

1.OE+11

Qy

1.OE+09 +

1.OE+08

Figure 2.22 101
Demonstration of 45 MV /m by a
O-cell large-grain nicbium TESLA
shape cafiiatj,rgl{.ﬂ.CIEE} at DESY. ACC 1 55
N Y o VU T R ] _-—— - - - - >
Higher Q, AT
[ o ——
g 107
[ 7
Compangson of Q,vs. E,.. Curve @ n mode for PKU-04 FD (FE)
T T T ’
| - ; : 1
v : i Il
080T CA DA R an i . /

: eﬁ&ﬁ@%daﬂg B8 p coss neat 108 ,!

O e N R T p:lr P e — 0 10 20 30 1 40 50
el pse . A ! Gradient (MV/m) ,'
b : 5 : : !

: DESY’s cavity still has higher Q,
N . .
i - than 10'° at maximum gradient!
losrav.L.|- PKU-4
{0 4th V.T. [ - : :

L Big margin!

0 :I_' lIO ll5 ZIU ZIS 3IU 3I5 -'I‘U -'1‘5 50
E, .. [MV/m]
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(-=® LINEAR cOLLIDER COLLABORATION @ Material

T Cavity burst test. LG Cavity and Fine Grain
Cavity. Poster MOP048, A. Schmidt et al

LG cavity after burst test. How painful for us was to
look on this.

Comparison burst test AC153 and 2102
frequency shift in KHz
2.500

LGCAV/ 7, 2000

i I’ /:,

AC153 - flange long side

.‘:‘g w0 , ,' £ AC15?-"angeshuthside
i e i
5 :: _réﬁ_f;—”—L/_ | o = =7102 - deviation of frequency Burst happened at the
RN Ty Y connection of stiffening
R ring to half cell
The burst test on a Fine Grain and Large Grain cavity could approve the
W. Singer sufficient stability of both types for European XFEL Linac
The Challenge and Realization of the Cavity Production and Treatment in Industry for the European XFEL. SRF 2013. Waldemar Singer m";,? :t:w # weLmnoirs
L/ s s "-,_,‘/' | ASSOCIATION
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@. LINEAR COLLIDER COLLABORATION @ Surfac e Tre atment

High T bake in nitrogen gas

TE1NROOS - Bake Data

B August 2012 - IB4 Furnace

Gas injection,
~10 min

Standard 800C
degassing cycle

Several cavities treated with nitrogen at different T: 600C, 800C and 1000C for different

duration
Q all extremely poor after treatment ~ 107-10°
Then, we removed a certain amount of material via electropolishing

) ENERGY 3¢ Fermilab

52 | A. Grassellino 22/0ct/2013 Tohokuw Foruwm for Creativity
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El. LINEAR COLLIDER COLLABORATION @ Surfac e Tre atment

Comparing nitrogen treated cavities to standard EP

(8 to 10e10

@ 1.8K) A.Grassellino

et al, 2013
1.3 GHz, 2K Supercond.
i Sci. Technol.
26 102001

W TE1ACCO0S - typical electropolished FG

& TE1AES016 - nitrogen treated LG
TE1AESO0D3 - nitrogen treated FG

W TE1AES005 - nitrogen freated FG

P TE1AESO13 - nitrogen treated FG

5] 1 10 | 15 | 20
E._ (MV/m)

Quench field systematically at 20.5 MV/m (~ 86 mT magnetic peak field) for all nitrogen treated cavities
(except the LG which was limited to low quench even before treatment). This has been verified in a different
geometry (650 MHz) where the quench appeared at 23MV/m, corresponding again to exactly 86 mT Bpk.

U5 DEPARTMENT OF

[0} ENERGY 3¢ Fermilab

A. Grassellino 22/0ct/2013 Tohokw Forwm for Creativity




(Ge oose ouoen consaomne 3 Surface Treatment

Comparing nitrogen treated to standard ILC processing
at 2 and 1.8K

Q~9e10 @ 1.8K! ]

co N®0¥0%08 oo,

M ...0 @

| ® |LC standard recipe (EP+800C+EP+120C)
- ® N doping Fermilab
| L | L

| L 1 ' |

0 5 10 18 20
E_ (MV/m)

acc

", U.S. DEPARTMENT OF

v} ENERGY aF Fermilab

|

A. Grassellino 22/0ct/2013 Tohokw Forwm for Creativity




@. LINEAR COLLIDER COLLABORATION @ PaCking Factor Of CM
Type ACM: 9 Cavities

Type B CM: 8 Cavities

= 12652 mm -

300rmim diam gas return pipe lecation of conduction-cooled
ILC Type IV (Type B) quadrupole

How (at least) many Q-magnets are necessary for Main Linac?

Is 1t possible to exchange from Q-magnet to Cavity?

35 22/0ct/2013 Tohokw Foruwm for Creativity
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'E.. LINEAR COLLIDER COLLABORATION

In my opinion,
the development of the Large Grain Cavity
1s the most probable for the higher gradient option.

22/0ct/2013 Tohokw Foruwm for Creativity



summary
&
Future Plan



E.. LINEAR COLLIDER COLLABORATION Summary & FUture P lan

v" Cavity performance is already around 37 MV/m!
v New shape study is not done enough.

v Many large grain cavities are fabricated in DESY.
v In KEK, single cell cavity study is just started.

v New surface treatment method is starting.
v" Packing factor of CM should be discussed.
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'E.. LINEAR COLLIDER COLLABORATION
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