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300 Hz generation
e+ generation in 63 ms

(b) Hybrid Target + Flux concentrator

(a) Liquid Pb target + Flux concentrator
• Drive e- beam: 3.5 GeV, 5.9 nC, 300 Hz, NC Linac

• Drive e- beam: 10 GeV, 3.2 nC, 300 Hz, NC Linac
• e+ booster : 5 Gev, 300 Hz, NC Linac

• Aiming mature and low risk. 
• Need R/D of targets

• e+ booster : 5 Gev, 300 Hz, NC Linac
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(a) Liquid Pb target + Flux concentrator
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Parameters meet x1.5 margin.
     cf. parameters with no margin
             (a) Liq. Pb target:  Drive e- beam: 2.2 GeV, 5.9 nC
             (b) Hybrid target:  Drive e- beam: 10 GeV, 2.1 nC



• Total Number of bunches: 2640  
How?

• Divide into 20 triplets 
   (1 Triplet = 3 Mini-Trains) 

• 300 Hz creation of triplets
     triplet to triplet = 3.3 m sec

• Each triplet contains 132 bunches

• 2640 = 20 x 132 

•Create 20 triplets : 63 m sec 



GLC/NLC (warm LC) 
Ne+/bunch = 0.7 x 1010
Nbunch/tarin = 200
3 targets (conventional)
150 Hz (6.7 m sec train to train)

ILC (cold LC) 
Ne+/bunch = 2 x 1010
Nbunch/tarin = 2640 = 10 x 132

x 3
x 1/1.5

3.3 m sec(300 Hz) x (20-1) = 63 m sec

Comparison to Warm Machines

300 Hz generation: similar to warm machines
in it's time structure
in view point of target thermal/shock issues

300 Hz generation: takes 63 m sec



20 triplets,  rep. = 300 Hz
 • triplet = 3 mini-trains with gaps
 • 44 bunches/mini-train, Tb_to_b = 6.15 n sec

DR
Tb_to_b = 6.15 n sec

2640 bunches/train,  rep. = 5 Hz
 • Tb_to_b = 369 n sec

 e+ creation  go to main linac

Time remaining for damping = 137 m sec

We create 2640 bunches 
in 63 m sec

Booster Linac
5 GeV 
NC
300 Hz

Drive Linac
10 GeV (for Hybrid T)
3.5 GeV (for Liqud Pb T) 
NC
300 Hz

Target
Crystal / Amorphous Hybrid

or
Liquid Lead

Advanced Conventional e+ Source for ILC
Crystal/Amorphous Hybrid Target or Liquid Lead Target

Normal Conducting Drive and Booster Linacs in 300 Hz operation

2640 bunches
60 mini-trains



20 triplets,  rep. = 300 Hz
 • triplet = 3 mini-trains with gaps
 • 44 bunches/mini-train, Tb_to_b = 6.15 n sec

DR
Tb_to_b = 6.15 n sec

2640 bunches/train,  rep. = 5 Hz
 • Tb_to_b = 369 n sec

 e+ creation  go to main linac

Time remaining for damping = 137 m sec

We create 2640 bunches 
in 63 m sec

Booster Linac
5 GeV 
NC
300 Hz

Drive Linac
10 GeV (for Hybrid T)
3.5 GeV (for Liqud Pb T) 
NC
300 Hz

Target

Advanced Conventional e+ Source for ILC
Crystal/Amorphous Hybrid Target or Liquid Lead Target

Normal Conducting Drive and Booster Linacs in 300 Hz operation

2640 bunches
60 mini-trains

Crystal / Amorphous Hybrid
or

Liquid Lead



Beam before DR 
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Beam after DR 



GLC/NLC (warm LC) 
Ne+/bunch = 0.7 x 1010 
Nbunch/tarin = 200 
3 targets (conventional) 
150 Hz (6.7 m sec train to train) 

ILC (cold LC) 
Ne+/bunch = 2 x 1010 
Nbunch/tarin = 1320 = 10 x 132 

x 3 
x 1/1.5 

Comparison to Warm Machines 

300 Hz generation: similar to warm machines
in view point of target thermal/shock issues (diff = x2) 
Need 6 targets ? 

1 target --> Hybrid or Liquid-Lead target  
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 Simulation of heating by beam (Wanming-san)
 Simulation of eddy current (James-san)



t ~ 18 mm

Temperature at 
"t = 16 mm" 
is monitored

 • Liquid Lead doesn't move.
 • Beam injection point moves.

liquid lead
(no move)

 Simulation of heating by beam  (Wanming-san)

Model
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t ~ 18 mm

Temperature at 
"t = 16 mm" 
is monitored

 • Liquid Lead doesn't move.
 • Beam injection point moves.

liquid lead
(no move)

It is not written in 
this figure, however 
bunch structure in 
the triplet (= 3 mini-
trains) is reproduced 
in the simulation.

 Simulation of heating by beam  (Wanming-san)

Model



 10 m/s,  after 2 triplets

   0.033 m (33 mm)
= 10 m/s x 3.3 ms



10 m/s,  after 2 triplets

[m]
Wanming (ANL)sim. was done with  2.2 GeV and 5.9 nC.

If 2.2 GeV --> 3.5 GeV, delta_T change 220 K --> 350 K



5 m/s,  after 3 triplets

[m]
Wanming (ANL)sim. was done with  2.2 GeV and 5.9 nC.

If 2.2 GeV --> 3.5 GeV, delta_T change 220 K --> 350 K



2 m/s,  after 5 triplets

[m]
Wanming (ANL)sim. was done with  2.2 GeV and 5.9 nC.

If 2.2 GeV --> 3.5 GeV, delta_T change 290 K --> 460 K



1 m/s,  after 10 triplets

[m]
Wanming (ANL)sim. was done with  2.2 GeV and 5.9 nC.

If 2.2 GeV --> 3.5 GeV, delta T change 570 K --> 910 K



・ No heat problem in 300 Hz generation
・ Flow speed can be low. 
    10 m/s is not necessary.
　　Probably 3 - 4 m/s is OK.
・ Temperature is 950 K (= 650 C) 
   if flow speed = 3 - 4 m/s.　
　Lower than brazing melting temp. (800-900C).

 Simulation of heating by beam  (Wanming-san)



Model
  • a rotating rim (solid)
  • mean diameter 0.955m
  • angular velocity 99rpm
  • rim speed of 4.95 m/s. 
  • the radial thickness of the rim = 4.5cm
  • the longitudinal thickness =14mm

Heating by eddy current (James Rochford)

Result of simulation
   　　5 m/s, solid lead, 6 Tesla immerse target
       -->  ~ 1 kW 



James Rochford (CI)

Heating by eddy current (James Rochford)
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 PEDD simulation (Chehab-san)



Hybrid Target Chehab-san

"Radiator"
Thin CRYSTAL

"Converter"
Thick AMORPHOUS



Hybrid Target Chehab-san

simulation of CLIC baseline target



Hybrid Target Chehab-san

PEDD important

simulation of CLIC baseline target



Hybrid Target Chehab-san

Hybrid Target 
reduces PEDD ~ 1/5

simulation of CLIC baseline target



Hybrid Target Chehab-san

simulation of ILC hybrid target

PEDD important



Hybrid Target Chehab-san

simulation of ILC hybrid target

If accumulate 132 bunches (1000 ns)  -->  44 J/g  (> 35 J/g) 
If accumulate 44 bunches (300 ns)  -->  14 J/g   (< 35 J/g) 

Effect of acoustic shock wave:  time scale ~ 100 ns 

Question:
   • Time scale od acoustic shock wave?  
         100 ns?, 300 ns? 1000 ns?
   • What is the "real" limit?
      Is "35 J/g" reliable?



Beam before DR 



300 Hz e+ Generation solves
flux Concentrator issue

• 1 micro sec flux concentrator  <-- existing technology

• Baseline design assumes 1m sec flux concentrator　　　
---> jump 1000 times

• 300 Hz generation use 1 micro sec flux concentrator

• It was working at SLC.

• Prototype study is ongoing for SuperKEKB  
 6 T, 120 Hz

 10 T, 50 Hz, need long time operation test



Beam before DR 

   length of a triplet 
   = 1 micro sec
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Time remaining for damping = 137 m sec
Is this OK?

Advanced Conventional e+ Source for ILC
Crystal/Amorphous Hybrid Target or Liquid Lead Target

Normal Conducting Drive and Booster Linacs in 300 Hz operation

present DCO lattice has a transverse damping time of 
21 ms, i.e. 140 msec corresponds to 6.7damping times.
This should be enough to get the extracted vertical 
emittance near enough to the equilibrium emittance.

For the minimum machine the wiggler is reduced and 
it is easier to get a short damping time.

Answer from Susanna-san



1. Target survivability is the issue in
    conventional source.

3. Advanced Targets Technology

Summary

2. Ease the survivability issue by 300 Hz gen.
make e+s in 63 m sec

Crystal/Amorphous Hybrid Target
Liquid Target

4. We can use existing flux concentrator tech.
5. Advanced Targets Tech. + 300 Hz gen.
       maybe the most mature solution


