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• Where does the material budget come from ? 
• Do we understand it ? 

• Can we reduce it ?  
• Reducing Cables ? 

• Changing cables route ? 

• Can we improve tracking/I.P. resolution ? 
• Can we move disk 1 closer ? 

• Or can we add a disk close to the Faraday cage ? 



Reminder : Geometry in the forward region 

• Different regions to consider 
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Disk min max 

 

1 10.1o 36.7o 

2 7.6o 23.8o 

3 6.2o 25.5o 

4 5.5o 16.5o 

5 5.1o 12.1o 

6 5.0o 9.5o 

7 4.8o 7.8o 



ILD tracking: number of hits 
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Acceptance Forward disks 

• Caveats 

– Region to compute material budget (which is expected to be high) = 5o - 10o Range 

 This 5o - 10o region covers 1 %  of the total acceptance (in Steradians) 

– Additionnal material @  ~10o 

 Connectors through Faraday cage  

 Beam pipe (1st cone)  

 Flex print cables inside Faraday cage 

– Disk 1 is not in the 5-10o acceptance ! 

 moving it closer won’t help 

– Putting disk 1 closer in |z| will actually remove 1 hit in the 10o to ~12o acceptance !  

 Then reducing Rmin in the same time is mandatory but is it possible ? 

– Route 1 is in the 5o - 10o region 

– Changing cables route can only affect in a positive way the 5o - 10o region 

 (and marginally in a negative way in the 10-17o region) 

 Why do we see an effect in Mikael Bergren study in this region ? 
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Mikael Berggren study: is it possible w.r.t. geometry ? 
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In this region, tracks don’t cross cables outside 
the cryostat  
 So changing cable routes should not have a 

positive impact here  
 black and red curves should be ~ the same 

1st cone 
(~10o) 

2nd cone (~5o) 
cylindrical 

Route 2 

Route 1 

10-16o 



Material budget estimates method 

• Estimate 

– Power cables 

– Control cables 

– Data cables 

– Beam pipe 

• Asumptions 

– sp.res = 4m; time resolution = 4 s -> pitch = 23 x 23 m2 

– DBD numbers for background and geometry 

• Sum all cable contributions and average it over the perimeter: 
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R = 30mm 



Data encoding & rates (assuming 4 s read-out time) 

• Beam background hits (DBD @ s = 500 GeV); no safety factor. 
– Layers 0/1: Radii (1.6/1.8cm); length: 12.5 cm; ladders: 10  

  5 hits/BX/cm2 

– Layers 2/3 : Radii (3.6/cm) ; length: 2x12.5 cm ; ladders: 11x2    

  0.25 hits/BX/cm2 

– Layers 4/5 : Radii (/cm) ; length: 2x12.5 cm ; ladders: 17x2  

  0.04 hits/BX/cm2 

• Total number of hits/read-out 
– Layer 0+1: 5 hits x 8 BX x  140 cm2 x 2 ~ 12 000 hits 

– Layer 2+3: 0.25 hits x 8 BX x  600 cm2 x 2 ~ 2400 hits 

– Layer 4+5: 0.04hits x 8 BX x  1000 cm2 x 2 ~ 650 hits 

– Total hits (in 4 us) ~15 000 hits 

• Data encoding: 

– 16 bits/pixel x 5 pixels/cluster + trailers/headers ~ 100 bits/hit 

• Instantaneous data flux: 
– Flux = 15 000 hits x 100 bits/hit / 4x10-6 s ~ 375 Gbits/s 

• Optical fibers (assuming ~8 Gbits/s as a standard)  
– Ladders 0/1 -> 40 fibers 

– Ladders 2-3-4-5 (1 fiber/ladder) -> 28 fibers 

–  ~35 fibers on each side 

– Diameter: ~ 1 mm (X0 = 33 cm) 
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• Surfaces: 
– L0: ladders: 1.1 x 12.5 x 10 = 137.5 cm2     

– L1: ladders: 1.1 x 12.5 x 10 = 137.5 cm2 

– L2: ladders: 2.2 x 12.5 x 2 x 11 = 605 cm2 

– L3: ladders: 2.2 x 12.5 x 2 x 11 = 605 cm2 

– L4: ladders: 2.2 x 12.5 x 2 x 17 = 990 cm2 

– L5: ladders: 2.2 x 12.5 x 2 x 17 = 990 cm2 

– TOTAL :            ladder surfaces = 3461 cm2 



Cables (for the region of interest: 5o-10o) 

• Power consumption VXD (CMOS) 
– Pinst = 50 mW / cm2 

– Number of chips: ~103 CPS of 4 cm2 

– Ptot = 200 W ; @ 1.8 V  Itot ~ 100 A  I1side = 50 A per end caps 

• Beam pipe (500 microns thick) 
– x/X0 ~ 0.05 / 35.28 / sin() ~ 0.8 % X0  (assuming  = 10o) 

• Power cables 

– Assuming copper (Aluminium doesn’t change the picture) 
 Cable length L ~4 m 

 Pdiss(cables) ~ 10 W  V = Pdiss(cables) /I1side = 0.2 V 

 R =  L / S = V / I1side   S =  L I1side  / V ~ 20 mm2  

 Going out @ Radius r = 30 mm 

 Material budget : 20 mm2 / (2  r) / sin()  ~ 0.1 mm / sin()  

 x/X0 ~ 0.01 / 1.436 / sin() ~ 4.0 % X0  (assuming  = 10o) 

• Control cables (copper) 
–  S ~ 5 mm2   ~ 1.0 % X0  (assuming  = 10o) 

• Data cables 
– Assuming 35 Optical fibers (Diameter: D = 1mm) 

 Going out @ R = 30 mm 

 Average material budget ~ 35 x  (D/2)2 mm2 /(2R)/sin() ~ 0.15 mm / sin()  

 x/X0 ~ 0.015 / 33 / sin() ~ 0.25 % X0  (assuming  = 10o) 
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~ 6.0 % X0 



Reducing |z| of FTD-1 

• Minimal Radius of FTD 1 (while keeping the same acceptance) ? 

– Assuming minimal space for cables ~ 11 mm ? 

– Caveat: reducing R (30mm) will degrade the material budget in the 5-10o range 
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Beam pipe radius = 21 mm   

9 mm   

This space might be reduced  
down to ~ 11 mm 

9 mm   

R = 30 mm   

~ 39 mm 181 mm 
  FTD 1 might be moved by ~ 39 mm 
  | z | = 181 mm 

~10o 



Summary 

• Where does the material budget come from ?  
Mainly from power cables (~4% X0)  but other components are non negligible (~2% X0)  

• Do we understand it ?  

Power reduced by ~2 w.r.t. C.Clerc figures but still ~4% X0 (mismatch not understood). 

• Can we reduce it ? 
• Reducing Cables ?  

Probably never by a factor. May be by Several 10%  

• Changing cables route ? 

This route change will affect positively 1% of the total acceptance and concerns only the 5-10O range 

It will increase the total material (longer path) 

• Can we improve tracking/I.P. resolution ? 
• Can we move FTD1 closer ? 

Probably yes (keeping the same acceptance) 

FTD1 may as well be extended to a lower Rmin while staying at the same position (39   

• Or can we add a disk close to the Faraday cage ? 

Probably yes but this disk won’t cover the 5-10O range 

 

ILD Techincal Meeting, June 2017 Auguste Besson 9 



Material for discussions 
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ILD dimensions 



Geometry 

ILD Techincal Meeting, June 2017 Auguste Besson 12 



Geometry 
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Geometry 
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2nd cone (~5o) 
cylindrical 

Route 2 

Route 1 



Materials 

• Materials 
– Beryllium:  

 Density = 1.85 g.cm-3 

 Radiation length X0 = 65.19 g.cm-2 
 35.28 cm 

– Copper:  

 resistivity  = 17 x 10-9 .m 

 Density = 8.96 g.cm-3 

 Radiation length X0 = 12.86 g.cm-2 
 1.436 cm 

– Aluminium:  

 resistivity  = 28 x 10-9 .m 

 Density = 2.7 g.cm-3 

 Radiation length X0 = 24.01 g.cm-2 
 8.897 cm 

– Silicon:  

 Density = 2.33 g.cm-3 

 Radiation length X0 = 21.82 g.cm-2 
 9.370 cm 

– Optical fibers 

 1 mm diameter (25 Gbits/s)  

 Density = 1.19 g.cm-3 

 Radiation length (acrylic) X0  33 cm 
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Dimensions and VXD asumptions 

• VXD asumptions: sp.res = 4m; time resolution = 4 s -> pitch = 23 x 23 m2 

• Chip sizes:  
– L0/1: 11mm x 31. mm ?  

– L2/3/4/5: 22 mm x 31. mm ? 

• Ladders sizes: 
– 4 chips x 31mm   12.5 cm length 

– Layers 0/1: Radii (1.6/1.8cm); length: 12.5 cm; ladders: 10  

– Layers 2/3 : Radii (3.6/3.8cm) ; length: 2x12.5 cm ; ladders: 11x2   

– Layers 4/5 : Radii (5.8/6.0cm) ; length: 2x12.5 cm ; ladders: 17x2  

• Surfaces: 
– L0: ladders: 1.1 x 12.5 x 10 = 137.5 cm2        cylinder surface: 2  x 1.6 x 12.5 = 126 cm2 

– L1: ladders: 1.1 x 12.5 x 10 = 137.5 cm2        cylinder surface: 2  x 1.8 x 12.5 = 141 cm2 

– L2: ladders: 2.2 x 12.5 x 2 x 11 = 605 cm2      cylinder surface: 2  x 3.6 x 25   = 565 cm2 

– L3: ladders: 2.2 x 12.5 x 2 x 11 = 605 cm2      cylinder surface: 2  x 3.8 x 25   = 597 cm2 

– L4: ladders: 2.2 x 12.5 x 2 x 17 = 990 cm2      cylinder surface: 2  x 5.8 x 25   = 911 cm2 

– L5: ladders: 2.2 x 12.5 x 2 x 17 = 990 cm2     cylinder surface: 2  x 6.0 x 25   = 942 cm2 

– TOTAL :            ladder surfaces = 3461 cm2           cylinder surface = 3282 cm2 
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