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Introduction of myself
• Starting job at KEK Photon Factory (2002)

Normal conducting 500 MHz cavity
R&D for future project of ERL light source

• Design and development of cERL main linac 
cavity/CM
Design and fabrication of HOM damped 100mA 

CW main linac cavity
Construction and operation of cERL main linac 

cryomodule  

• High-Q/High-G study for CW SRF cavity
N-doping, flux expulsion, mid-T baking (high-Q)
N-infusion, 2-step baking (high-G)

• Development of ILC prototype CM
One prototype CM fabrication in under going

Radial HOM damper (My first work…)

Design of cERL main linac cavity

cERL main linac 
cryomodule

ITN/MEXT-ATD cryomodule
(from T. Hara)
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Typical SRF cavity
• Used for acceleration of particle 

with (mostly) speed of light
• Normally made by Nb

Variety of SRF cavities are under 
operation.
• 350 MHz, 500 MHz, 650 MHz, 

1300 MHz, 1500 MHz, 2600 MHz, 
3900 MHz, etc.

• 1-cell, 2-cell,  4-cell, 5-cell, 6-cell, 
7-cell, 9-cell, etc.

• Nb, Nb coating on Cu
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Elliptical cavity SRF2019 tutorial, E. Jensen
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Low-β cavity SRF2009 tutorial, H. Padamsee
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Performance of elliptical SRF cavity

• Surface resistance（Surface loss）
Surface resistance： several nΩ
N-doping, mid-T baking push up Qo up to 3e10(@2K, 1.3 GHz)
Benefit for CW operation accelerator

• Accelerating gradient (accelerating voltage)
High gradient of 40～50MV/m is possible
Close to theoretical limit of critical magnetic field (~200mT) at cavity surface.

• High current operation
CW high current operation is benefit of SRF accelerator!
Storage ring: > 1 A
Linac: (100~) 10mA with ERL scheme

High-Q (low loss), High-Gradient and High current
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Very important parameters for SRF cavity
Q-value(Q0) and Accelerating gradient（Eacc)

Qo=2πf x U / P
     U:Stored energy [J]

P:Surface loss [W]
f: Resonant frequency

Qo∝1/Rs
      Rs: Surface resistance[Ω]
Eacc: Accelerating gradient [MV/m]

Target of our study for SRF cavities
High gradient & high Qo (low loss)
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Surface loss and Eacc (Vacc)
CW operation vs pulse operation
• Surface loss is proportional to Vacc2 (or Eacc2)
• Following estimation Qo~1e10 is used for L-band 9-cell cavity.
~ 10/40/90W loss for 10 /20/30 MV/m (CW)

• For the case of CW linac (200 cavity x 20MV/m, 4GeV, 100% duty)
Eacc = 20MV/m, surface loss ~40W (100% duty)
Total loss = 40W x 200 cavity = 8kW

• For the case of pulse linac (8000 cavity x 31.5MV/m, 250GeV, 1% duty)
Eacc=30 MV/m, 1% duty, surface loss ~1 W
Total loss = 1W x 8000 cavity = 8 kW
If operation is CW(100% duty), 1MW(@2K) class He refrigerator is 

needed and 1GW level AC power is needed.

𝑷𝑷 =
𝑽𝑽𝟐𝟐

𝑹𝑹

High-Q is essential for CW machine.
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Pillbox cavity
Pillbox cavity : Most basic shape of TM cavity
• Only the shape which EM fields can be analytically calculated.

Beam axis
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𝐸𝐸𝐸𝐸 = 𝐸𝐸0 cos 𝑝𝑝𝑝𝑝𝑝
𝑑𝑑

 𝐽𝐽𝐽𝐽 𝑢𝑢𝑚𝑚𝑚𝑚𝜌𝜌
𝑅𝑅

 cos(𝑚𝑚φ)

 𝐸𝐸𝜌𝜌 = −𝐸𝐸0
𝑝𝑝𝑝𝑅𝑅
𝑑𝑑𝑢𝑢𝑚𝑚𝑚𝑚

sin 𝑝𝑝𝑝𝑝𝑝
𝑑𝑑

𝐽𝐽𝐽𝑚𝑚
𝑢𝑢𝑚𝑚𝑚𝑚𝜌𝜌

𝑅𝑅  cos(𝑚𝑚𝑚)

 𝐸𝐸𝜙𝜙 = 𝐸𝐸0
𝑚𝑚𝑝𝑝𝑝𝑝𝑝2

𝜌𝜌𝑑𝑑𝑑𝑑2
𝑚𝑚𝑚𝑚

sin 𝑝𝑝𝑝𝑝𝑝
𝑑𝑑

𝐽𝐽𝑚𝑚
𝑢𝑢𝑚𝑚𝑚𝑚𝜌𝜌

𝑅𝑅
sin(𝑚𝑚𝑚)

 𝐻𝐻𝐻𝐻 = 0

 𝐻𝐻ρ = 𝑖𝑖𝑖𝑖0
𝑚𝑚𝜔𝜔𝑚𝑚𝑚𝑚𝑚𝑚𝑅𝑅2

𝜂𝜂𝜂𝜂𝜂𝜂𝑢𝑢2
𝑚𝑚𝑚𝑚

cos
𝑝𝑝𝑝𝑝𝑝

𝑑𝑑 𝐽𝐽𝑚𝑚
𝑢𝑢𝑚𝑚𝑚𝑚𝜌𝜌

𝑅𝑅 sin(𝑚𝑚𝑚)

 𝐻𝐻ϕ = 𝑖𝑖𝑖𝑖0
𝜔𝜔𝑚𝑚𝑚𝑚𝑚𝑚𝑅𝑅
𝜂𝜂𝜂𝜂𝜂𝜂𝜂𝜂𝜂𝜂 cos

𝑝𝑝𝑝𝑝𝑝
𝑑𝑑 𝐽𝐽′𝑚𝑚

𝑢𝑢𝑚𝑚𝑚𝑚𝜌𝜌
𝑅𝑅 cos(𝑚𝑚𝑚)

 γ𝑚𝑚𝑚𝑚 = 𝑢𝑢𝑚𝑚𝑚𝑚

𝑅𝑅
, 𝜔𝜔𝑚𝑚𝑚𝑚𝑚𝑚 = γ2

𝑚𝑚𝑚𝑚 + 𝑝𝑝𝑝𝑝
𝑑𝑑

2

Complete set of TMmnp mode of pillbox cavity

Pillbox cavity
Solve Maxwell equation, with boundary 
condition of 
           n x E = 0 (E: perpendicular to surface)
           n・H = 0 (H: parallel to surface)

𝐸𝐸𝐸𝐸 = 𝐸𝐸0 𝐽𝐽0
2.405𝜌𝜌

𝑅𝑅  cos(𝜔𝜔010 t )

 𝐻𝐻ϕ =
𝐸𝐸0

𝜂𝜂 𝐽𝐽1
2.405𝜌𝜌

𝑅𝑅 sin(𝜔𝜔010 t + 𝜋𝜋)

 𝐸𝐸ρ = 𝐸𝐸𝜙𝜙 = 𝐻𝐻𝑧𝑧 = 𝐻𝐻ρ = 0

 𝜔𝜔010 = 2.405𝑐𝑐
𝑅𝑅

     c (speed of light):  2.9979e8 m/s

      𝜂𝜂 (vacuum impedance): 376.73Ω  

Solution for TM010

R

z
ρ

Half model of 
pillbox cavity

m: Axial (φ)
n:  Radical (ρ)
p:  Longitudinal (z)
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Long pillbox cavity effective?

• If we fabricate long pillbox cavity, can we make high-energy machine?
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Long pillbox cavity effective?

• If we fabricate long pillbox cavity, can we make high-energy machine?
   (answer) RF flip the phase  acceleration/deceleration alternately ⇒ no energy gain

Acceleration

Deceleration

After half RF cycle…
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Multi-cell structure with π-mode operation

+ - + - + - + - +

Cavity cell length = halfwave of resonant frequency
• Particle pass one cell  180 degrees phase change
• Most efficient acceleration using pi-mode 

2026/10/21 Kensei Umemori ISBA26, Super conducting accelerator



How many cells are optimum?

• Packing factor
• Beamtube does not contribute to beam acceleration
• More cells are basically better.

• Higher order mode
• Multi-cell makes huge amount of HOM’s  Control of all HOM’s becomes difficult
• Multi-cell tend to generate trapped modes

• Handling of cavity
• Too long cavity is difficult for handling of EP, HPR, assembly, test, etc.
• 1~1.5m optimum?

• Limitation from peripheral equipment
• Input coupler could be limitation for high current CW linac.
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Performance limitation

Superconductor has critical magnetic field and critical temperature. 
Cavity performance was limited by break of superconductor.

• Magnetic quench
• Quench at critical field
• Defects (enhance magnetic field on surface)

• Thermal quench
• Field emission
• Multi-pacting
• Normal conducting material
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Performance limitation(1) ~Defects~

• Defects on cavity surface 
lead to quench.

• Cause of defects
Bad electron beam welding
Scratch

• Edge of defect enhance 
magnetic field on surface

Example of pit
    Height 15~20um
    Width ~200um  

Target
Cavity surface should be defect free

Magnetic 
Quench

• Cavity fabrication without scratch, welding defect, etc.
• Make smooth surface by Electropolishing. 
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Correlation between defect size and quench
SRF2009, K. Watanabe

• Larger and deeper defects 
cause quench.

• Edge angle is important

• Normally we can not find 
defect at quench > 30 MV/m 
for 120C baked cavity.

• Also, we can not find defect 
for N-dope or mid-T cavity, 
even quench < 20 MV/m.

• Quench at high field, > 30 
MV/m, mostly come from 
surface condition (bad 
superconductor)?

Current my question?
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Performance limitation(2) 
~Field emission~
• µm to sub-µm dust on 

cavity surface could 
become field emitter.

• Field emission can easily 
reduce Q-value.

Example of field emission calculation (done by Enrico Cenni)

Example of field emission

Target
Dust free assembly is important

Thermal 
Quench

• Clean assembly in clean room
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Parameter for acceleration
Accelerating Voltage

V𝑎𝑎𝑎𝑎𝑎𝑎 = �𝐸𝐸𝐸𝐸(𝑟𝑟 = 0, 𝑧𝑧)𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑 [V]

Accelerating Gradient

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 =
𝑉𝑉𝑎𝑎𝑎𝑎𝑎𝑎

𝐿𝐿𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
=

1
𝐿𝐿𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

�𝐸𝐸𝐸𝐸(𝑟𝑟 = 0, 𝑧𝑧)𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑 V/m

Transit Time Factor

T = ∫ 𝐸𝐸𝐸𝐸(𝑟𝑟=0,𝑧𝑧)𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖𝑑𝑑𝑑𝑑

∫ 𝐸𝐸𝐸𝐸(𝑟𝑟=0,𝑧𝑧) 𝑑𝑑𝑑𝑑

Shunt impedance (Rsh)
𝑅𝑅𝑠𝑠𝑠

𝑄𝑄 =
V𝑎𝑎𝑎𝑎𝑎𝑎 2

𝜔𝜔𝑈𝑈0
=

�∫ 𝐸𝐸𝐸𝐸(𝑟𝑟 = 0, 𝑧𝑧)𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖 |𝑑𝑑𝑑𝑑 2

𝜔𝜔𝑈𝑈0
[Ω]

        Eacc2 = 1
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 2 (

𝑅𝑅𝑅𝑅𝑅
𝑄𝑄

)(PQ)

Cavity length(1.3GHz)
  1cell:     λ/2 = 0.115 m
  9cell:  9λ/2 = 1.038 m

Rsh = (Vacc)2/Ploss

Eacc = Z x SQRT (Pt x Qt)

Rsh/Q
※ Only depend on cavity shape
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𝑄𝑄0 = 𝜔𝜔
𝑈𝑈0

𝑃𝑃0
=

𝜔𝜔𝜔𝜔
𝑅𝑅𝑅𝑅

∫𝜈𝜈 𝐻𝐻2𝑑𝑑𝑑𝑑
∫𝑠𝑠 𝐻𝐻2𝑑𝑑𝑑𝑑

𝑈𝑈0 =
𝜇𝜇
2

�
𝜈𝜈
𝐻𝐻2𝑑𝑑𝑑𝑑 =

𝜀𝜀
2

�
𝜈𝜈
𝐸𝐸2𝑑𝑑𝑑𝑑

𝑃𝑃0 =
𝑅𝑅𝑅𝑅
2

�
𝑠𝑠
𝐻𝐻2𝑑𝑑𝑑𝑑

        
        𝑄𝑄0= 𝜔𝜔 𝑈𝑈0

𝑃𝑃0
=2πf  𝑈𝑈0

𝑃𝑃0
=2π 𝑈𝑈0

𝑃𝑃0/𝑓𝑓
 

  
           𝑄𝑄0 = 𝐺𝐺

𝑅𝑅𝑠𝑠
  or  G = QoRs 

                 G = ωμ ∫𝜈𝜈 𝐻𝐻2𝑑𝑑𝑑𝑑

∫𝑠𝑠 𝐻𝐻2𝑑𝑑𝑑𝑑

             
          

Q-value
Large stored energy (Uo)
Small surface loss (Po)

             Large Qo

Uo: Stored energy
Po/f: Energy loss / RF cycle

G: Geometrical factor
    (Only depend on cavity shape)
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Other important parameters
• Epeak / Eacc
⇒ Field emission

• Hpeak / Eacc
⇒ Magnetic quench

These are the field for cERL cavity.
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Typical parameters for TESLA cavity
※ Definition of R/Q is deferent.
      This number is half.
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R. Geng (JLAB)

• EBW
• EP
• HPR
• Clean assembly
Above are important for the 
improvement of SRF 
performance
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Cavity Fabrication

Cell (male & female)

Beam pipe
×2

Flange ×2

Support plate×2

Nb disk
Press to prepare 
half cell

End parts and half 
cell are welded

EBW of equator

Cavity complete!

Each parts are welded by EBW (electron beam welding).
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Surface preparation
(Standard recipe)

 Bulk EP(Electro-
polish)~100um

 Heat treatment 800deg x 3h
 Frequency tuning
 Final EP ~20um
 Ultrasonic cleaning with 

detergent
 HPR(Ultra-pure water High 

Pressure Rinsing)
 Cavity assembly
 Baking 120 deg x 48h
 Vertical test
 Inspections

Heat treatment Pre-tuning

Electro-polishing High pressure rinsing

Cavity assembly Cavity inspection
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Effect of hydrogen
H-desease(Q-disease) HFQS(High Field Q-Slope)

If cavity, with some amount of H, stay around 
100K, it shows strong Q-degradation from 
very low gradient.

No low temperature baking(ex. 120C, 48h 
baking) after EP process makes Q-degradation, 
above 25 MV/m.

Hydrogen clearly give bad influence on Nb surface

「The “Q disease” in Superconducting Niobium RF Cavities」, J. Knobloch
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NbH at low temperature

128K (During cooldown) 300 K (Cooldown->warmup)

From Shuichi Ooi (NIMS)

Of course, no structure before cool-down

If cooldown Nb which contain large amount of H (for example, no annealing)
Cluster of NbH appear on surface during cooldown, the diffused into inside during warm-up process. 

Phase diagram of NbH

Nb and H have an extremely high affinity, and H within Nb moves relatively freely while 
undergoing phase changes. ⇒ It's a real pain for us.
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Effect of baking
 (120 C x 48 hours)

• De-gassing (especially water)
• Improve high field Q-values

One hypothesis of effect of 120 C baking

• Does ideal treatment 
against H improve cavity 
performance?

• 120C baking ideal 
approach?
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EP-1（ > 100 µm)

Heat treatment ( > 800℃, 3h)

Baking
( 120℃, 48h)

Standard
(EP+baking)

EP-2（cold EP, 
10~20 µm)

Baking (75℃, 4h 
+ 120℃, 48h)

2-step baking

EP-2（10~20 µm)

HPR, Assembly

N-doping

Heat treatment
( 200~400℃, 3h)

EP-2（~20 µm)

Mid-T baking N-infusion

EP-2（~20 µm)

Heat treatment(800℃, 3h) 
+ N-dope  ( 800℃, 数分)

Heat treatment( 800℃,3h) 
+ N-infusion (120℃,48h) 

EP-2（cold EP, ~5 µm)

EP-2（cold EP, ~20 µm)

Several surface treatment procedure ⇒ Cavity performance largely depend on surface treatment
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2-step baking (75 C + 120 C)
A. Grassellino et al.,「Accelerating fields up to 49 MV/m in 
TESLA-shape superconducting RF niobium cavities via 75C 
vacuum bake」

Results from FNAL

Manchester F D and Pitre J M 2000 Phase Diagrams of Binary Hydrogen Alloys ed F D 
Manchester (Materials Park, OH: ASM International) pp 115–37

2-step baking was proposed by FNAL, which can 
improve Eacc up to 49 MV/m. 
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Single-cell

9-cell

2-step baking

Ryo Katayama, TTC high-Q/high-
G WG, 2022/Sep

• Combination of Cold EP(air 
cooling) + 2-step baking(70-
75 C, 4h + 120C, 4h) was 
applied to SRF cavities at 
KEK

• Q-value was improved by 
the combination of cold-EP 
and 2-step baking, whereas 
quench field was not 
improved.
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re

Time

48h

3h
800 C

120 C

~ 5 nm nitrogen enriched layer

Sebastian Aderhold / Anna Grassellino (TTC@Saclay)

Nitrogen-infusion (N-infusion)

N-infusion can improve acceleration gradient.

After high temperature heat treatment, ~Pa of N2 is 
fed into the furnace at ~120C for several 10 hours.

Nitrogen goes into depth of ~ 10 nm.
No need of additional EP after N-infusion.

Achieve better-Q
Also can get better Eacc
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N-infusion results

N-infusion without Q-degradation

Example of Q-degradation

• Half of N-infusion at KEK / J-PARC showed 
Q-degradation due to the furnace 
contamination.

• Some successful results showed 
improvement of Q-values, which is caused 
by lower R_res.

• No cavity showed improvement of 
accelerating gradient. 2026/10/21 Kensei Umemori ISBA26, Super conducting accelerator



N-doping (Nitrogen-doping)

Inject N2

Keep 800C

Results for KEK 1.3GHz single-cell cavityDuring high temperature heat treatment, ~Pa of 
N2 is fed into the furnace for a few to a few 10 
min.

Nitrogen goes into depth of several 10 um.
Achieve high-Q

But Eacc decrease

Furnace with diffusion 
pump did not work.
Furnace with 
cryopump work well.

Apply several ~ 
20um EP after 
N-doping
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LCLS-II & SHINE (2.7E10 at 16 MV/m)

LCLS-II HE (2.7E10 at 21 MV/m)

Mid-T furnace baking for single-cell cavity

300°C furnace baking (R-8)
•5.3E10 at 16 MV/m
•5.0E10 at 21 MV/m

2~3 times higher Q value than 
standard treatment
-> 1/2~1/3 times higher heat load

Furnace baking Hayato Ito

• Oxygen diffusion is important process to 
control the performance of Nb cavity. 

• Suppression of HFQS is important to 
reach high gradient.



Sam Posen, TTC topical meeting at FNAL (2017)

Full 
expulsion

zero 
expulsion

Inside 
cavity

No flux
 Small 
Rres

Much flux
 Large 
Rres

Outside 
cavity

Large 
enhancem
ent

No 
enhancem
ent

Effect of magnetic 
field surrounding 
cavity

Slow cooldown
• Magnetic flux tends to be 

trapped to the cavity
• This trapped magnetic flux 

is source of surface 
resistance

Fast cooldown
• Magnetic flux tends to be 

expelled to outside of 
cavity 

• Important technique to 
achieve high-Q 
performance of cavity
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• Higher annealing temperature is effective 
for flux expulsion.

• Larger temperature gradient at Tc 
transition is effective for flux expulsion

2.0K~0mG

19mG trapped

Qo and flux expulsion

• If magnetic flux is trapped to the cavity, 
the flux are shaken by RF field and 
become source of resistance.
⇒ Degradation of Q-value (Increase of 

           residual resistance)

Flux expulsion is controllable.
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Sensitivity [nΩ/mG] comparison

Sensitivity (trapped flux to 
residual resistance) for 400C, 
3h is middle of N-
infusion/EP+baking and N-
doping.

400C, 3h

N-doping
N-infusion

120C baking
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Oxygen diffusion study 
(JLAB)
• Study of oxygen diffusion dependence 

on temperature and time.
• Measurement results by SIMS and 

simulation results are compared.
• Try to optimize the best condition of 

oxygen diffusion for best SRF 
performance.

E. Lechner, “Tuning Nb Cavity Performance via Oxide Dissolution”, TTC meeting (2022) 



Results show correlation between depth of oxygen 
diffusion and HFQS onset.



「The Role of Oxygen in Enabling High Gradients and High Q0, D. Bafia TTC2022」



D. Bafia, “The Role of Oxygen in Enabling High Gradients and High Qo”, TTC meeting (2022) 2026/10/21 Kensei Umemori ISBA26, Super conducting accelerator
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Cryomodule Yasuchika Yamamoto
SRF2025 tutorial

Cryomodule consists from 
various components to 
accelerate beam

2026/10/21 Kensei Umemori ISBA26, Super conducting accelerator



HOM coupler

HOM damper

Yasuchika Yamamoto
ASCCA2017
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Coupler feed RF power to 
the cavity.
Cavity vacuum and air is 
separated by ceramics.
Connect warm to cold 
sections.

TTC2025 tutorial
Wenkan Xu
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Frequency tuner

• Coarse tuning
Mechanical tuner
3mm stroke for ～900kHz 

change(typical spec.)
Max. Torque ~ 1ton 
Controlled by motor through 

shaft

• Fine tuning
Piezo tuner
Stroke > 4um at low temp.
 (80um at room temp)
Controlled by voltage 

(100~several 100 V)

Cavity frequency is controlled by frequency tuner
 - Thermal shrinkage from RT to 2K: a few MHz
 - He pressure, vivration: afew 100 Hz

Tuner system of STF cavity
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Yasuchika Yamamoto, SRF2025 tutorial

Pulse operation require ~10mG level magnetic field 

CW high-Q operation require ~1mG level magnetic field 
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HOM coupler / HOM damper
HOM: Higher Order Mode excited inside cavity 
by beam.
• HOM degrade beam quality. Could source of 

beam loss and beam current limitation.
• HOM is taken out by HOM coupler or 

absorbed by HOM absorber.
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SRF accelerator in the world

加古永治「超伝導空洞を用いた加速器の現状と展望」低温工学 Vol.54 No.4 2019

Many SRF accelerators are 
operated and constructed world-
wide.

Example of electron accelerator
・Euro-FEEL (17.5 GeV, pulse)
・LCLS-II (4~8 GeV, CW))
・SHINE (8 GeV, CW)

Example of proton, heavy ion 
accelerator
・FRIB (Heavy ion)
・ESS（Proton）
・PIP-II（Proton）
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SRF Accelerator in Japan

Eiji Kako, Journal of Cryogenics and Superconductivity Society of Japan (2019)

RIKEN SRILAC

QST IFMIF-LIPAc

Yamada, Sakamoto @TTC(CERN)

Kasugai, 14th Particle Accelerator 
Society of Japan (2017)
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KLYSTRON

CM1 (8 cav.) CM2 (8 cav.) CM3 (8 cav.) CM4 (8cav.)

• 10 MW klystron to power 32 cavities
• one accelerating field RF control FB loop
• remote frequency tuning (motor / piezo)  / cavity
• remote phase and external coupling tuning / cavity 

• average coupler peak power 102 kW (140 kW) for low (high) runs
• average gradient 18.5 MV/m  (22.5 MV/m) for low (high) runs
• average detuning +/- 10 Hz
• average Qext = 4.6e6     average Q0 = 1e10

The European XFEL Accelerator : one RF station for 32 cavities

European-XFEL TTC meeting 2022, Julien Branlard and Nick Walker

Pulse SRF accelerator for XFEL generation. 800 SRF cavities are used.
ISBA26, Super conducting accelerator



SRF2025, 
Lauren Alsberg

Energy upgrade from 4 GeV (LCLS-II) 
to 8 GeV (LCLS-II-HE)

High-Q cavities with N-doping 
are applied to accelerator2026/10/21 Kensei Umemori ISBA26, Super conducting accelerator



RIBF(RIKEN) RIKEN  S. Kamigaito, TTC meeting 2018

RIKEN  N. Sakamoto, LINAC2018

Yamada, Sakamoto 
@TTC(CERN)

Heavy Ion accelerator. 
SC-QWR are used for energy 
upgrade.
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LIPAc SRF cryomodule

SRF2025, T. Ebisawa
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ILC project
 Higgs factory machine (250 GeV @ECM)
 Superconducting cavity/cryomodule technology as mass production

 Based on TESLA technology
 ~800 cavities and ~900 Cryomodules (challenging number, but 

not impossible!)
 Nano beam technology

e+

e‒

ILC Spec. Eacc Q0

Vertical Test 35 MV/m 0.8 x 1010

Cryomodule test 31.5 MV/m 1.0 x 1010

>90% (successful rate)



Proposal of 10kW class 
ERL based EUV-FEL 

Injector Linac

Beam Dump

1st Arc

2nd Arc

Gun

Merger

Parameter Specification

Wavelength 13.5 nm

Output power 10 kW

Bunch chare 60 pC

Beam energy 800 MeV

Accelerating gradient 12.5 MV/m (main linac)

Number of SRF cavity 9-cell cavity×64

Beam repetition 162.5 MHz

Beam current 9.75 mA

10MeV, 10mA

10MeV, 10mA

10kW FEL
generation

Presented by Norio NAKAMURA
ERL2015（https://www.bnl.gov/erl2015/ ）

Bunch compressed

decompressed

High current (10mA) CW SRF 
accelerator applying technology of 
SRF linac and ERL(Energy Recovery 
Linac)

※ EUV: 13.5 nm light for lithography
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JAEA-ADS JAEA J. Tamura、SRF2021
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4th J-PARC symposium
J. Tamura
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Design of compact Nb3Sn accelerator 
for irradiation experiment

Oliga Tanaka, TTC meeting at Aomori

S. Posen (TTC@CERN)

• Nb3Sn SRF cavity can achieve Q > 1e10 at 4K.
• Conduction cooling by cryo-cooler can be 

possible. 

He free 
compact SRF 
accelerator
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Challenge for high gradient SRF cavity

With Nb SRF cavity
• Optimization of surface treatment and cavity shape
• Traveling wave structure
• Improve average performance
Trial for non Nb cavity
• Coating technology, Nb3Sn, etc.
• Multi layer structure

Nb SRF cavity is now close to theoretical limitation of surface 
magnetic field.
How to improve the performance higher? 

2026/10/21 Kensei Umemori ISBA26, Super conducting accelerator



Traveling wave cavity

Parameter SW(TESLA) TW Comparison

Epk/Eacc 2.0 1.64 18% lower
Bpk/Eacc 4.26 2.73 56% lower
Rsh/Q[Ω/m] 998 2367 137% higher

PRAB 25, 
021001 (2022)

TTC2023, Fumio Furuta

Feature of TW cavity 
  - TW cavity is efficient, have higher transit
   time factor.
  ⇒ Can achieve higher accelerating gradient
  - Most technology is common with SW cavity

If we can go to Nb theoretical limit with TW 
structure, > 70 MV/m is possible

2026/10/21 Kensei Umemori ISBA26, Super conducting accelerator
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Nb3Sn cavity development
> 20MV/m performance of Nb3Sn 
cavity

S. Posen (TTC@CERN)

• Nb3Sn coating inside Nb or 
Cu cavity

• Feature of Nb3Sn
• High Tc: ~18K
⇒ high Q (1e10) at 4K
• High Hsh: 430mT
⇒ Eacc ~ 80MV/m

• Possible to realize compact 
He free SRF accelerator, 
cooled by cryo-cooler

• Beam test of Nb3Sn cavity 
performed at IMP and JLAB.

TTC@Aomori, Hayato Ito
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• Multi-layer structure on cavity surface is promising approach to improve acceleration 
gradient (~100 MV/m?)

• Could enhance the theoretical field-limit from theoretical studies
• It is confirmed at the sample level
• Now trial is also on going for cavities

 A. Gurevich, Appl. Phys. Lett. 
88, 012511 (2006).

 T. Kubo, Y. Iwashita, and T. 
Saeki, Appl. Phys. Lett. 104, 
032603 (2014).

 A. Gurevich, AIP Adv. 5, 017112 
(2015).

 S. Posen et al., Phys. Rev. 
Applied 4, 044019 (2015).

 T. Kubo, Supercond. Sci. 
Technol. 30, 023001 (2017). 

 V. Ngampruetikorn and J. A. 
Sauls, Phys. Rev. Research 1, 
012015 (2019).

 T. Kubo, arXiv:2006.12003

Multi-layer / SIS structure

Cavity

Nb
絶
縁
層

超
伝
導
層

S’ - I - S structure

Surface 
magnetic 

field

Magnetic penetration depth λ ~100 nm

Vortex

Courtesy: Hayato Itp 2026/10/21 Kensei Umemori ISBA26, Super conducting accelerator
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Summary
• I introduced SRF cavity and SRF accelerator.
• Due to superconductivity, very small surface loss is one of merit of SRF 

cavity.
• Research have been carried out to improve cavity performance, to realize 

higher acceleration gradient and higher Q.
• Cavity performance is very sensitive to surface treatment procedure. 

Several procedures have been developed.
• To accelerate the beam, cavity is installed into the cryomodule with 

surrounding components, such as input coupler, HOM absorber, etc.
• SRF accelerators have been mainly operated for academical use, but now a 

days its usage is extended to industrial use too. 

2026/10/21 Kensei Umemori ISBA26, Super conducting accelerator



Announcement (Job opening at KEK)

2026/10/21 Kensei Umemori

https://www.kek.jp/wp-content/uploads/2026/09/accl26-2e.pdf
https://www.kek.jp/en/career/accl26-2e
https://www.kek.jp/ja/career/accl26-2j
Or contact me, e-mail: Kensei.umemori@kek.jp

ISBA26, Super conducting accelerator
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