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STF DOFAFERT

Phase 1 (2005 -2008)

ILC SC-RF technology development
TESLA-style cavity technology,
LL-type cavity technology,
cryomodule, 2K cryogenics, HLRF, LLRF technologies.

SC-RF infra-structure development

Electro-chemical polish facility, clean room,
vertical test-stand, cryomodule assembly

Phase 2 (2009 — 2014)
Demonstration of ILC Main Linac RF unit

ILC BCD performance demonstration,
longterm stable operation demonstration,
technical detailed design and precise cost evaluation.

Cavity Industrialization study (2009 — 2014)
R&D of ILC cavity pilot plant
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STF (Superconducting RF Test Facility)
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STF Phase1.0 4 TESLA-style cavities in a short cryomodule

Cool-down test: May 2008 — Dec. 2008
Experience of ILC cryomodule technology

cryomodule assembly,

2k cryogenics technology,

low heat load technology,

cavity control for high performance for pulsed RF,
LLRF digital control technology,

RF power distribution, Qext control.
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Loaded Q control using external phase shifter and
reflector. +/-15% QL control was possible. Cryomodule cold-mass assembly




Cavity performance in short cryomodule
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Surface treatment and Vertical test

Electro-chemical polish at STF

1 ‘ ) W | ‘\ =2 k = ﬁi‘~ "'{ " :

EP acid: HF + H,SO,
Aluminum anode,
surface removal speed: 20um/hour,

~18V ~270A ~30degC (for 9-cell) .
cavity rotation: 1 rot/min Vertical test at STF




(a') ‘S1 Global’ cryomodule test
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S1-Global cryomodule test

Demonstration of average gradient 31.5MV/m cryomodaule by international collaboration

Realization of ILC Plug-compatibility concept
Module-C : INFN Cryostat + 2 FNAL cavities + 2 DESY cavities

Module-A : STF short cryostat + 4 KEK TESLA-style cavities  Aaaous 27N VIm(VT) 25 TMV/m(HT)
power distribution : 2 SLAC VTO + STF waveguides 32-108  31.3MV/m
47-109  30.7MV/m
. i 5MHI-05 27.1MV/m
Asseml?ly. Jan 2010 - May 2010 o MHLOS 27 TMV/m
Operation: June 2010 — December 2010 7 MHI-07 33.6MV/m
8 MHI-09 27.0MV/m
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S1-Global Module C (DESY, FNAL cavities)
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Cryomodule and cavities were arrived at STF on Jan. 2010.




Eacc,max [MV/m]

E. KAKO (KEK)
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4 KEK cavities for S1-G
ave. Eacc,max = 29 MV/m

Eiji Kako (KEK)
2009, Dec. 20
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,-,"l: Final VT Results of MHI Cavities

4 MHI cavities for STF-1 4 MHI cavities for S1-G
ave. Eacc,max =23 MV/m ave. Eacc,max = 29 MV/m
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,-"'l: Eacc,max (ceII) by Passbands modes Meas.
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STF phase2.0 accelerator

STF Accelerator Plan
dump

ILC bunch Laser

ILC RF unit : 3 cryomodules

capture cavity energy analyzer
[l

51 RS S S St i S BN (5 i A i et

RF gun cavity

Bouncer Modulator

5MW RF 5MW RF Front end electronics
power (#1) power (#2) 10MW Multi-beam Klystron (#3)

Cavities : 2+26
Klystrons : 5SMW + 5MW + 10MW
Beam : 850MeV, 1ms train. 9mA. 5Hz

ILC structure beam, high pressure vessel regulation, beam user section in downstream

Component

Photocathode-RFgun : DESY-FNAL gun cavity, JINR-IAP Laser, ATF photo-cathode
Capture cavities: two 9-cell SC cavities in short cryomodule

Cryomodule: three ILC cryomodules with 26 SC cavities

Klystron: horizontal 10MW multi-beam klystron

Modulator: bouncer type modulator

waveguide: Linear-type power distribution




STF phase2.0 accelerator :Tunnel Layout

Injector operation: Oct 2011~

1st Cryomodule operation:Jan 2013~

2nd and 39 Cryomodule schedule is
under discussion

i ‘

STF phase 2
accelerator layout

. =
A Ak

water cooling, © this picture is STF phasel cryomodule
water cooling, P
air-conditioning

i  5m X 3.85m x 93.5m tunnel

Gar-azeyimil

Carry |n hatch

\Y:
| carry-in hatch (small) >4 “r2m X 15m

2m x 7.5m
._‘) 1g.mj—940 g O \\ _r) Cj‘)&w o) \\1 . 1
1 2 w 4 (‘s 3 (7
|_photo-cathode Ca iti ILC cryomodules
pture cavities
Fgun (2 cavities) (3 connected)

V9.0 H. Hayano, 09/18/2009




Compact X-ray source experiment using STF2 injector

STF phase-2 IEF/DEFZ DR LT, [EFE—L]
REMREEILT S,

Use of STF RF gun generated
multi-bunch beam,
Collide to laser in a laser
storage cavity,
Generate Compton >
scattered X-ray T«
Laser

beam | .

NERBEAFE—LREERE
MO 10 b~KEKRB

©Rey.Hory

Compact Light Source accelerator in STF Phase 2
Experiment :Oct. 2011 — July 2012

generated X-ray
D Laser accumulation

Light Source Laser /xr ) |:|

STF Laser

uv
Laser

Chicane

STF Capture Cavities STF Cryomodule
STF RF gun

superconducting cavities
Photo-cathode RF-gun

STF Phase 2 accelerator 12212008 V0 H. Hayano

25m




STF Plans for 5 years

CY2009 | CY2010 CY2011 CY2012 CY2013 CY2014
|
g AR l BEL ‘ S1-Global cryomodule
hase2 B —/\ A 5F#p 2 =& B PhaseZ\Injechr part
a ?se I" H__J (BFE— LEBEHR)
% |
Q
_fgf- Phase2 FE1V5(A T 1—ILER J xR 1 1st Cryomodule
o | | |
Phase2 §2, E3VSMAED1—IILEER
2R E KR RiFER LT RRELS EIT



(c) ERABHBRIEADSFUA

>35MV/m Q>8x10° at vertical test,
average 31.5MV/m Q>1x10% in cryomodule operation



Compare 15t and 2" pass yields

yield [%]

updated, Dec. 2009

Electropolished 9-cell cavities

O JLab/DESY first successful test of cavities from qualified vendors - ACCEL+ZANON+AES (30 cavities) ‘

100 T
1
90 1
s | | 15t pass DESY&JLABU)
+
70 T— 0)30 Ino)ﬂ-tlgﬁ% %
1 (ACCEL::7|EL ZANONZE;[F . AESZE[R])
50 R, A13)7. KE
40 +—
30 +—
20
107 | 1 | Electropolished 9-cell cavities
0 >10 >15 520 >25 >30 >35 >An‘l:l JLab/DESY (combined) up-to-second successful test of cavities from qualified vendors - ACCEL+ZANON+AES (25 cavmes)‘
max gradient [MV/m] 100 T T
90 | 1 1
15
80 nd
_ ™ improvement [ o 2% pass
§ 5 | g 60
= - I a 5 50
w» 0 =) O O b
‘T 12 3 45 6 7 8 9 10 1112 13 14 15 16 17 H202122232425262728H30 .2
° > 40 1
S 5
% 30
:J -10 20 1 I
degradation cavity ] o
0 T T T T T T
>10 >15 >20 >25 >30 >35 >40
Performance typically improves after 2" pass max gradient [MV/m] .
7) 2010 SCRF AAP .
anuary Global Design Effort 24

Review



Global Plan for SCRF R&D

Year 07 2008 2009 2010 2011 2012

Phase TDP-2
I | Cavity Gradient in v. test - Process - Production

to reach 35 MV/m Yield 50% Yield 90%

Cavity-string to reach Global effort for string

31.5 MV/m, with one- assembly and test

cryomodule (DESY, FNAL, INFN, KEK)

System Test with beam FLASH (DESY), NML (FNAL)

acceleration STF2 (KEK, extend beyond 2012)

Preparation for Production Technology

Industrialization R&D

7 January 2010 SCRF AAP

. Global Design Effort 25
Review
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Electropolished 9-cell cavities 2nd pass
O JLab/DESY (combined) up-to-second successful test of cavities from qualified vendors - ACCEL+ZANON+AES (25 cavities)\
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Temperature-mapping, Xray-mapping in every vertical test

TR
" ¥ ! !
on equator | Tl
and cell taper AR ol T-map ) Xray-map
352 carbon resistors . x HE
(Allen-Bradley, 50 or 100Q) - #2 #2
“5 " sy O ]
LS R 3 IrEmoEE mHm
P% ﬁ  EEEEsEEER
\ r &). - 3 #7 7 _N6.31v
= s | BEZCRL I ]
1 — B 33 0MV/m Mo
a0 b ORI [ ] CRE |
‘ \Q o Io v
- * 0TS0 0 IS0 200 250 Dser'g)ree ?J}) 0TS0 0 50 200 250 Dje(lg)ree ;3]0
E,..=25MV/m (Quench)

‘ Q) Ll
g/, & \ U
X-ray sensors on iris

142 PIN diodes
(HAMAMATSU, S1223-01)

on-line T-map display, Xray-map display
are in operational.
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total 494 sensors | = . _
55 sensors/cell STFROE T HEE
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T-mapE NHEHREZ ) VIV S BRERZ

new C-MOS camera, new lens, LED illumination ->3.7um/pix
view area: 13mm x 9mm
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Depth or Height [um]

Relation of Spot size and Heating by detected T-map

( Preliminary result)

STF Baseline cavity #4 : After Phase 1.0 project
#1-cell equator, t=087 degree

200 o - . 100 K R '>’ [y )
@ Depth [um] Pit @Heating cbeddehofddi b ¢ Height [um]@96 e ','\.'\ "
[d Height [um] Bump @Heating oot el I N i R é‘
® Depth [um] Pit @No Heating > 30MV/m SRS 71 S N S - A
: e R - |Wall Gradient R 1, lotted line
150 P] Height [um] Bump @No Heating > 30MV/m || : P T FHF R LS R e Rl MERRANL (ﬁ_‘
A Depth [um] Pit @No Heating 20~30MV/m || i : : [ : & | = N : R0 e
A EREEN ER RN ER RSN FRANN i ieT £ O [ttt Eecm Tt 7 Niobium Material |
e >
Heatlng observed <23 MV/m SuSARE £ :
........... ‘ _‘A ‘ -50 a)
100 L e i -‘I |
WaII Gradnent 22deg: | : F it Diameter © 4 Vac. side’ 1|
MR EPCAn T -100 e L —
BRI a S drabitedeen 600 800 1000 1200 1400
L X N
R ' A Z-axis [um]
50;?3;::; i T R4S
- , A SE ‘ “ SRR 8 SRS RS S R Larger, deeper (or higher) pits (or holes) seem to
‘2?4; * NS SN R cause quenches. However,
0 ' - - * Not all of the optically observed defects lead to
p y

100 200 300 400 500 600 700 800 900 problems.

Diameter [um]

* Note: preliminary results of analysis which utilizes
*both* the pi-mode and pass-band measurements.

Sample: MHI-01 ~ MHI-09, AES-01 : 10 cavities.

Number of cell = 90 cells
Number of detected spot = 49 spots.
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Intensiy [10° Cps]

SEM& KT

EDX % #7461

500

400

200

Binding Energy [eV]

ERWMERO _F7 RE\ DXPSZ#Hl

SEI 100kV  X2000 10um

10um

WD 10.0mm
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STFRAE DS E D E

(1)STFTIEEMMIZECETTERLTWAMN?
(@) LCOF D DESDIEED 21— )LZFEKET. BE%. EEREE (F1923MV/m) .
(b) ILCDFE P DRF/NT—(EMW)D & ELKE HIEEZEET,
(c) TURILRFI4—R /NI fli % 3E5E (DESYICTE—LTHERD .
(d) BRIARBR., BERANY D LO2FEFE D SIEZX AL 2K AT LFEEL,
(e) REAIE, ZRAIEDALITIIEEST-,
ILCDFNDRESDED 2—ILT7 v T)—EKENEST-,

(2) [ MEE SN TLEWEMIEE M ?
ZRDOMELE (REXRME, 71—ILFISV 3 R E) .
ERDHOMBE U EL Y BiRT A4 A,
Fa—F—  AADWYTS— ICRED 12— ILT7EVT)—,
QYT BEWIRE) . S FEEBPM,
E—tO—F., &EAN)DLDHIZEB2kAE A K.
RF/XTJ—Y—X (MBK, WL RAZEERZS) . RF/NT—5 B2, DRFSO R T A, ...



STFRAF NS EDEE (2)

(B)ED KDL THEAMTEFEL TLLM?
ZROMELE: FEZHEEDRHR. ZREEQCLEEMERIHELDREIL
MRED 22— LM ILCROSAAED 12— ILDERET. BT AL T,
RF/NTD—Y— X7 ILCEI/ND——RE L. DRFSEHRZEL T,

Ly 20125 FTTOSTF phase 2 FAF
ILCEMEED1—IL1BEDEHRLEE
MERED1—IILEABADE —LRDER LEER
IOMWTIILFE—LIZA R A DEERZEEE. DRFSY AT LD EEREEE
N0 ZE R (EX35MV/miNR BB, 00% S BEY (HAIE) BT,

L 20145 F TODSTF phase 2 FiF
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A Sample Cryomodule Production Schedule
for One Region

HSAFES2—IL Lse
OHEFE .
=E¥ o 2
2 » AREE .54
DEETE

YEARS 1-2 are R&D, 34 are PRE-SERIES Production

Construction Funding is assumed to begin around year 3 or 4 EREBEHUAR . BEBRERETERRINT)
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