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Challenges of Forward Region 
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Detectors design 
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Pair Monitor 



Integration and montage in ILD 
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LumiCal 
Half barrels will be 
inserted from top and 
bottom and fixed to the 
front plate of LHCal frame 
inside Ecal EndCap  

BeamCal  

Half barrels will be inserted 
from top. The bottom part 
will be rotated 180 degrees 
under the in- and out- going 
beam pipes. 



Precision LumiCal alignment 
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Good reference points  

for position measurement  

of LumiCal can be: 

•  QD0 magnet   

•  Beam Position Monitors  

•  also beam pipe  

The measurements of 

absolute distance 

between  

Left and Right 

LumiCal calorimeters 

The measurements of the 

 relative distances to QD0  

 in X,Y and Z directions     

 High accuracy in luminosity measurements at ILC/CLIC  (L/L  ~ 10-3 /10-2)  require 

 precisely measurement  of the luminosity detector  displacements: 

 less than 500 m  in  X,Y directions , 1 mm in  Z  direction  and 

 a few microns  for  internal silicon sensor layers  



Design of LAS system 
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Semi-transparent sensors PSD  
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Power dissipation of  
LumiCal & BeamCal readout 
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Power dissipation 
• Front end electronics will be the major source of heat 

in the LumiCal.  
• Thanks to the power cycling during brakes (199 ms) 

between trains (5 Hz, 1 ms) the dissipated power in 
one LumiCal will be around 30 W.  

• We overestimate 60 W per detector which gives ~2 W 
per sensor plane.  



Thermal expansion 
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The most important parameter for luminosity measurement is the inner radius of 
LumiCal silicon sensors. This parameter should be known and stable with the accuracy 
better than 4 µm.  

• The silicon sensors are glued on the tungsten absorber with Kapton E foil 
insulation. Tungsten has a small coefficient of thermal expansion α (CTE = 4.3 x 
10-6 K).  

• The inner radius of LumiCal absorber (76 mm) will expand thermally by 0.33 
µm/ºC.  

• The outer active radius (195.2 mm) will change by + 0.84 µm/ºC.  
• Silicon has coefficient of thermal expansion α (2.5 x 10-6 K) ~2 times smaller than 

tungsten. We can roughly estimate that the inner radius of LumiCal will expand 
less than 0.5 µm/º C.  

 
MC simulations have proved that inaccuracy in distances among tungsten plates and 
silicon sensors along the LumiCal axis less than 50 µm has negligible influence to the 
luminosity measurement.  
• The length of LumiCal is ~135 mm and will expand + 2.41 µm/ºC.  
• This distances between two silicon sensors will change in z less than 0.1 µm/ºC.   
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LumiCal temperature stabilization 

• It is foreseen to use the water as a 
temperature stabilization medium for 
the LumiCal.  

• Thermal insulation of the LumiCal to 
prevent temperature changes is 
necessary. 

• Assume the temperature change of ±2 
ºC which seems to be a save 
estimation.  

• The thermal expansion of LumiCal 
silicon sensors inner radius will be 
smaller than ~2 µm (<4 µm). 

• The water flow of ~0.5 l/min. per plane 
will take heat off with 0.1 ºC 
temperature increase. The total water 
flow in one LumiCal will be less than 
~5 l/min. 
 

 
 



Cabling and services 
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LumiCal: 
• Signal cables TP or FO ~10 cm² 
• Power cables, ground ~5 cm² 
• Water pipes ~5 cm² 
Total ~20 cm² 
 
BeamCal 
• Signal cables TP or FO ~10 cm² 
• Power cables, ground ~5 cm² 
• Water pipes ~5 cm² 
Total ~20 cm² 
 

All signal and power cables and water pipes from LumiCal and BeamCal should go 
inside the square support tube. The space for cables and services can be shared with 
other components (Vertex, FDET etc.).  



Cabling and services 
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The cables from inner 
detectors and TPC 
should have 
connectors to allow 
to pull out of TPC. 
The LumiCal and 
BeamCal cables 
should have 
connectors and patch 
panels to allow 
dismounted half 
barrels.  



Next steps 

• More effort on FCAL 3D model improvement (detailed 
mechanical design, implementation in ILD model). 

• Build  of FSI alignment system in laboratory similar to 
that  used for  SiD (ATLAS concept). 

• Detailed cables, services path and connectors space 
desing. 

• Design of LumiCal thermal insulation. 

• Design od temperature stabilization concept. 
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FCAL Collaboration 
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