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collimator stages 

  
 

150GeV e- , Pe+= 55%   
 

175GeV e- , Pe+= 59%   
 

250GeV e- , Pe+= 50% 

ILC positron source unit 



F.Staufenbiel / ECFA-LC2013 / 29.05.2013 

drive beam 250GeV e- ,  Pe+= 50% 

C                     Ti   Fe 

15.8 kW 

 

72 J/g 

1. collimator 

C                     Ti   Fe 

25.8 kW 

 

 

 

146 J/g 

2. collimator 

C                       Ti Fe 

35.8 kW 

 

 

 

 

163 J/g 

3. collimator 

Energy deposition 

scored with FLUKA 

         [J/cm3] 

Energy deposition in the collimators (high lumi) 
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C                     Ti   Fe 
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72 J/g 

1. collimator 

150            175              250                      250 

TDR parameter table with different collimator settings  
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C                     Ti   Fe 

25.8 kW 
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TDR parameter table with different collimator settings  
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C                       Ti Fe 

35.8 kW 

 

 

 

 

163 J/g 

3. collimator 

150            175              250                      250 

TDR parameter table with different collimator settings  
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Dynamic evolution in the 1. collimator (high lumi) 

2*1010 e- / bunch 

2625 bunch / train (0.97ms)  

0.366ms bunch spacing 

5 train / s 

pyr. C 

smax = 13-20 MPa 

s = 3 MPa 
_ 
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cyl.

 Q =  
λ 2π z

 colli  
T

ln rout rin
 

 

  2 rout 

2cm 

  8mm = dch 

C / Ti / Fe 

Cu 

 + 

cooling channels 

7.71mm 

spacing 
𝐓𝐢𝐧 

𝐓𝐨𝐮𝐭 

rin 

 

𝐓𝐢𝐧 =
𝐐 𝟎 𝐥𝐧

𝐫𝐨𝐮𝐭 𝐫𝐢𝐧
 

𝛌 𝟐𝛑 𝐳 𝐜𝐨𝐥𝐥𝐢
+ 𝐓 𝐰𝐚𝐭𝐞𝐫 𝟐𝟐°𝐂 +

𝐐 𝟎 𝐧𝐨𝐫𝐦 

𝐝𝐐 𝐜𝐨𝐨𝐥
𝐝𝑻
 

∙
𝐳

𝐳 𝐜𝐨𝐥𝐥𝐢
 

∆𝐓 𝐰𝐚𝐭𝐞𝐫

 

C                     Ti   Fe 
15.8 kW 

T = 19.5 K               22 °C          T = 1.5 K 

1.Collimator 

average Tin = 43.0 °C  

radial heat flow 

Collimator cooling  (average temperature) 
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Carbon average T [°C] T peak [K] E peak [J/g] fatigue Energy [J/g] 

1. collimator 43 86 72  

750 
2. collimator 54 174 146 

3. collimator 46 194 163 

Titanium average T [°C] T peak [K] E peak [J/g] fatigue Energy [J/g] 

1. collimator 67 21 11  

350 
2. collimator 123 61 32 

3. collimator 132 50 26 

Iron (St70) average T [°C] T peak [K] E peak [J/g] fatigue Energy [J/g] 

1. collimator 30 22 10  

50 
2. collimator 31 49 22 

3. collimator 32 42 19 

drive beam 250GeV e- ,  Pe+= 50% 

Cooling and temperature (high lumi) 
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Carbon average T [°C] T peak [K] E peak [J/g] fatigue Energy [J/g] 

1. collimator 70 172 144  

750 
2. collimator 54 219 183 

Titanium average T [°C] T peak [K] E peak [J/g] fatigue Energy [J/g] 

1. collimator 113 34 18  

350 
2. collimator 98 42 22 

Iron (St70) average T [°C] T peak [K] E peak [J/g] fatigue Energy [J/g] 

1. collimator 34 29 13  

50 
2. collimator 32 29 13 

drive beam 175GeV e- ,  Pe+= 59% 

Cooling and temperature  
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Carbon average T [°C] T peak [K] E peak [J/g] fatigue Energy [J/g] 

1. collimator 81 140 177 750 

Titanium average T [°C] T peak [K] E peak [J/g] fatigue Energy [J/g] 

1. collimator 113 31 16 350 

Iron (St70) average T [°C] T peak [K] E peak [J/g] fatigue Energy [J/g] 

1. collimator 30 29 13 50 

drive beam 150GeV e- ,  Pe+= 55% 

Cooling and temperature  
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Conclusion 

- The collimator design achieved the fatigue stress limits of the  

      materials for the proposed parameter sets (including safety factors) 

 

 

 

- Dynamical calculations for the collimator shows not critical behavior 

 

 

 

- Collimator cooling should be not difficult for this introduced design 

 

 

 

 

 

  to do:  a material test experiment at a suitable accelerator have to be performed 

             to verify (fatigue) stress limits with realistic beam conditions 
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Material data 

element 

x0 𝒄𝒎  
E 𝑮𝑷𝒂  n r 

𝒈

𝒄𝒎𝟑  a 
𝟏𝟎 −𝟓

𝑲
 cv 

𝑱

𝒌𝒈 𝑲
 l 

𝑾

𝒎 𝑲
 

 

Au 
0.34 

81 0.42 19.3 1.43 128 320 

Ag 
0.85 

83 0.38 10.5 1.97 234 430 

Cu 
1.42 

117 0.34 8.3 1.65 385 400 

W 
0.35 

406 0.28 19.3 0.45 138 170 

Fe 
1.76 

196 0.30 7.9 1.22 449 80 

Ti 
3.59 

114 0.34 4.4 0.9 580 7-22 

C 
18.84 

20 0 2.2 0.05 - 0.6 837 350 
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Reynolds number  
 

Re =  
v water dch

ν T = 30°C kin vis

=
v water dch ρ

η T = 30°C dyn vis

» 2000 < 2300 = Re
 krit, lamin

 

 
 

laminar flow of water ! 
 
 
 

𝐝𝐐 𝐜𝐨𝐨𝐥
𝐝𝐓

𝐜𝐡𝐚𝐧.
 » 𝟎. 𝟑 𝐤𝐖 𝐦𝟐 𝐊    ⇔    𝐯 𝐰𝐚𝐭𝐞𝐫 = 𝟐𝐦 𝐬   

𝐝𝐜𝐡=𝟖𝐦𝐦
  𝟎. 𝟏 𝐥 𝐬  

 
 

rout = 

   7.0𝑐𝑚 ⇒
dQ cool
dT

32 𝑐ℎ  » 9.6 𝑘𝑊 𝑚2 𝐾 
 

4.5𝑐𝑚 ⇒
dQ cool
dT

22 𝑐ℎ  » 6.6 𝑘𝑊 𝑚2 𝐾 

 

  2 rout 

2cm 

  8mm = dch 

C / Ti / Fe 

Cu 

 + 

cooling channels 

7.71mm 

spacing 
𝐓𝐢𝐧 

𝐓𝐨𝐮𝐭 

rin 

Collimator cooling  (average temperature) 
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𝐓 = 𝐓𝐢𝐧 − 𝐓𝐨𝐮𝐭 = 
𝐐 𝟎 𝐥𝐧

𝐫𝐨𝐮𝐭 𝐫𝐢𝐧
 

𝛌 𝟐𝛑 𝐳 𝐜𝐨𝐥𝐥𝐢
 

 
 
 
𝐜𝐨𝐨𝐥𝐢𝐧𝐠

    𝐓𝐨𝐮𝐭 𝒛 = 𝐓 𝐰𝐚𝐭𝐞𝐫 𝟐𝟎°𝐂 +
𝐐 𝟎 𝐧𝐨𝐫𝐦 

𝐝𝐐 𝐜𝐨𝐨𝐥
𝐝𝑻
 

∙
𝐳

𝐳 𝐜𝐨𝐥𝐥𝐢
 

∆𝐓 𝐰𝐚𝐭𝐞𝐫

 

 

Q 0 norm =
Q 0 
Acyl.

=
Q 0 

2π rout z colli
 
 kW

m2
  

 
 
 
𝐜𝐨𝐨𝐥𝐢𝐧𝐠

 
 

𝐓𝐢𝐧 =
𝐐 𝟎 𝐥𝐧

𝐫𝐨𝐮𝐭 𝐫𝐢𝐧
 

𝛌 𝟐𝛑 𝐳 𝐜𝐨𝐥𝐥𝐢
+ 𝐓 𝐰𝐚𝐭𝐞𝐫 𝟐𝟎°𝐂 +

𝐐 𝟎 𝐧𝐨𝐫𝐦 

𝐝𝐐 𝐜𝐨𝐨𝐥
𝐝𝑻
 

∙
𝐳

𝐳 𝐜𝐨𝐥𝐥𝐢
 

∆𝐓 𝐰𝐚𝐭𝐞𝐫

 

 
cyl.

 Q =  
λ 2π z

 colli  
T

ln rout rin
 

 

  2 rout 

2cm 

  8mm = dch 

C / Ti / Fe 

Cu 

 + 

cooling channels 

7.71mm 

spacing 
𝐓𝐢𝐧 

𝐓𝐨𝐮𝐭 

rin 

radial heat flow 

Collimator cooling  (average temperature) 


