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Item Parameter

Electron-positron energy 125+125 GeV

Repetition rate 5 Hz

Beam pulse time 0.73 ms

Accelerating gradient
Q-value

31.5  MV/m( +/-20%)
Q0 = 1E10 
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STF-2 accelerator
⚫ ~70 m Superconducting linac（1.65 msec/5Hz）
⚫ SC cavities：Total 14 cavities（1.3 GHz、9-cell）
⚫ Cryomodule：CCM（2 cavities）とCM1/CM2a（8+4 cavities）
⚫ Photocathode RF gun（Cs2Te、Q.E.~1%）
⚫ Laser system：162.5 MHz、1064 nm、12 W

⚫ Klystron：3（5 MW、800 kW、10 MW）
⚫ Beam dump：2（Dump2: 37.8 kW）
⚫ 2K He refrigerator

⚫ Beam monitor：Position, current, beam profile

⚫ Bending magnet：2

Specification in application (radiation safety)

• Max beam energy：500 MeV

• Max beam current：3.0 μA

• Max beam power：1.35 kW

History on STF-2 # of cavities

F.Y.2014 Low power test ---

F.Y.2015 High power test 1 cavity

F.Y.2016 High power test 8 cavities

F.Y.2018 High power +

beam test

7+2 cavities

F.Y.2020 Low power test ---

F.Y.2020~2021 High power + 

beam test

12+2 cavities
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Cavity replacement work from 2019 to 2020

CAV#9 was replaced by the N-infusion cavity, in order to improve the 
accelerator performance.
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Cavity Performance in VT and CM
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ILC spec: 31.5 MV/m CAV#9 was exchangedCAV#5 performance was recovered

CAV#6 show abnormal heat load Heavy field emission Heavy field emission
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Max. Beam Energy Operation

384.9 MeV @Max.

4/9 Tried to Max. beam energy operation by adjusting cavity phase, while looking at beam plofile.

⚫ Maximum beam energy of 385 MeV was observed after 

adjustment of cavity phase.

⚫ Maximized cavity performance was difficult, because of spread of 

cavity performance.

⚫ After quenches at max. field, cavity performance sometimes 

became unstable, probably due to heat up of somewhere. 

⚫ All of electron-gun, He refrigerator, LLRF/HLRF, cryomodule

were stable.

Beam profile monitor Cavity status monitor

RF pulse display
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Max. Average Eacc Operation

⚫ Average accelerating gradient estimated from beam energy was 32.9 MV/m, and 

estimated from RF measurement was 33.0 MV/m. Both showed very good agreement.

⚫ 5%  margin exists against ILC specification of 31.5 MV/m.

⚫ Sometimes quenches happed during adjustment. We had to re-start.

⚫ Beam was stable during operation.

Pulse Viewer

2021/4/12 Max. average Eacc operation was performed for 9 cavities (3 cavities were detuned).

Cavity status monitor

Waveform when quench happened
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Achievements in 2019 and 2021
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Parameters Mar/2019 Apr/2021

Number of cavities incl. CCM used for operation 7 + 2 12 + 2

Beam energy 280 MeV (40 MeV @CCM) 384 MeV (40 MeV @CCM)

Beam intensity 0.28 μA 1.8 μA

Beam power 78 W 677 W

Total charge per pulse 56 nC 360 nC

RF power @RF Gun 2.5 MW 4.0 MW

Normalized emittance @CCM ~10 / ~10 mm mrad 1.93 / 1.44 mm mrad

Normalized emittance @CM1/2a 70~90 / 35~53 mm mrad 18.9 / 26.2 mm mrad

Eacc from beam energy
33.1 MV/m

(7 cavities)

32.9 MV/m

(9 cavities)

Eacc from RF power (Ptra)
33.8 MV/m

(7 cavities)

33.0 MV/m

(9 cavities)

⚫ Successful beam acceleration at STF-2 by 14 cavities.

⚫ Average accelerating gradient estimated from beam energy was 32.9 MV/m, and estimated from RF measurement was 33.0 

MV/m. Both showed very good agreement.

⚫ Emittance growth observed after passing through CM1/2a is under investigation.
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2-step baking
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2-step baking (70-
75C, 4h + 120C, 
48h) was applied to 
TESLA-type 9-cell 
cavities, in order to 
investigate 
improvement of 
cavity performance.
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Fast cool-down
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Fast cool-down Standard cool-down

Fast cool-down was tried 
at KEK. VT pit was 
pumped during He 
transfer from the dewar. 
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Results of 2-step baking
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Blue: 120C, 48h baking
Others: 2-step baking

• Some improvement was observed for Q-values. But fast-cool down might be important factor.
• No improvement of Eacc was observed.
• Both of normal baking/2-step baking show good results. 16
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Mid-T furnace baking method

We can achieve high-Q value with a 
simpler process by furnace baking.
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Comparison of Q-E curve
Cavity temperature during measurement 
• 120 ~ 600°C baking … at 2.0 K (2.00~2.01 K)
• 800°C baking … at 2.1 K (2.07K)

• Varying the temperature of furnace baking varies 
Q-E behavior drastically

• In 300 ~ 400°C furnace baking, the cavity is limited 
at around 25 MV/m?

250 ~ 400°C 3 h 
• Extremely high Q value and anti-Q slope are observed
• Highest Q value at 2.0 K is ~ 5E10 for 300°C baked cavity
• Magnetic field was trapped before 2 K measurement of 

350°C baked cavity -> Q value is Essentially a bit higher

Standard recipe (120°C 48 h), 200°C 3 h
• 200°C baked cavity follows the standard recipe (120°C 48h)
• Q-E behavior at low Eacc is slightly different

Cavity temperature during measurement 
• 120 ~ 600°C baking … at 2.0 K (2.00~2.01 K)
• 800°C baking … at 2.1 K (2.07K)

500 ~ 800°C 3 h
• High Q value wasn’t observed
• HFQS occurred
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No precooling

No precooling

• Onset of HFQS for 200°C 1 h 
cavity was overcome by 200°C 2 
h furnace baking

->Q exceeded 2E10 at 35 MV/m

• The effect of precooling needs 
to be considered

• Or is there a cavity dependence?

Preliminary

Changing baking time for 200C furnace baking 

200C furnace baking is a good candidate 
for high-Q/high-G ILC cavities.
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Manufacture method of Large and Medium-Grain Nb discs
Direct slice of LG ingot

Slicing image 
by wire-saw

Niobium ingot
(Raw material)

Nb melting

Ingot, forged and annealed

Direct slice of MG ingot

Slicing image 
by wire-saw

Large Grain (LG) Disc
Grain Size >> 1 cm

A New Approach:

Medium Grain (MG) Disc
Average Grain Size < 1 mm

* The “Nb forged ingot” technology originated by ATI, and SRF (GHz) cavities were fabricated and RF tested 

by KEK and JLab, to qualify this approach, in collaboration of  ATI, ODU/BSCE, JLab, and KEK.

• Aiming for clean, mechanically stable, and cost-effective SRF cavity production.

Takayuki Saeki
& K. Umemori, 
SRF2021
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R-1(LG, high RRR, 1-cell) R-5(LG, low RRR, 1-cell)

R-18(MG, high RRR, 1-cell)

KEK-2 (LG, high RRR, 9-cell)
KEK-4 (LG, mid RRR, 9-cell)

KEK-5 (LG, mid RRR, 9-cell)

R-10/10b (LG, mid RRR, 3-cell)

Results of LG 
cavities

High RRR LG:  Eacc = 38 ~ 42 MV/m
Mid RRR LG:   Eacc = 32 ~ 42 MV/m
KEK selected high RRR LG for further study.

Takeshi Dohmae & K. Umemori, SRF2021
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Results of KEK LG/MG cavities
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R1 R5 KEK-2 R10/
R10b

KEK-4/
KEK-5

R-16/
R16b

R-17/
R-17b

R-18/
R-18b

Supplier Tokyo 
Denkai

CBMM Tokyo
Denkai

CBMM CBMM ULVAC ULVAC ATI

Grain size LG LG LG LG LG LG LG MG

# of cells Single Single 9-cells 3-cells 9-cells 3-cells 3-cells Single

RRR
(RT/Tc)

496 107 496 242 ～
298

242 ～
298

500 363 494

Ta-
content

Low High Low High High Low High Low

Results
(π-mode)

42
MV/m

31
MV/m

38
MV/m

38 / 42
MV/m

34 / 32
MV/m

-- / --
MV/m

-- / --
MV/m

39 / --
MV/m

※ Study on LG/MG cavities on-going. 9-cell cavities are under fabrication.
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Summary

• SRF technology has been developed at KEK, toward ILC.

• STF-2 accelerator was successfully operated with 2 + 12 cavities.

• Average gradient from 9-cavity operation achieved 33 MV/m.

• Study on high-Q/high-G is on-going.

• Two step baking and furnace baking have been investigated to
improve cavity performance. Promising results were observed.

• LG and MG Nb materials are under study. They show promising 
performance from single-cell cavity results.
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Thank you very much for 
your attention.
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