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Forward region design - side view 
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Forward region design 
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Forward region design 
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Forward Detectors 

 LumiCal – precision integrated luminosity 
measurement (Bhabhas), and hermeticity 

 dL/L <10-3 for √s = 0.5-1TeV 
 dL/L <210-4 for GigaZ – very challenging! 
 LHCal – PID behind LumiCal, hermeticity 
 BeamCal – instantaneous luminosity optimization 

(beam-strahlung pairs) and hermeticity 
 Tracking/spectrometers: 
 Pair monitor – luminosity optimization 
 GamCal - instantaneous luminosity optimization 

(beam-strahlung  detector at z 190m) 

20 October 2015 



Forward Detectors 
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LumiCal BeamCal 

LHCal 

  GamCal    

Pair monitor 



 Density, g/cm3                        3.98        3.52        5.32        2.33 

 Dielectric constant             9.3 – 11.5      5.7         10.9         11.7 

 Breakdown field, V/cm           ~106 *        107            4.105            3.105 

 Resistivity, Ω·cm                    >1014        >1011          107          105 

 Band gap, eV                            9.9         5.45        1.42          1.12 

 El. mobility, cm2/(V·s)            >600 **    1800      ~8500       1360 

 Hole mobility, cm2/(V·s)              -         1200           -            460 

 MIP eh pairs created, eh/μm    22             36           150          73 

 

 

Sensor material properties 
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* Typical operation field ~1-2·104 V cm-1 

** at 20ºC, ~30000 at 40ºK 

Sapphire   Diamond     GaAs         Si 



Modification of BeamCal  

design for sapphire sensors 

application 
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Dynamic range needed for BeamCal                

Readout (high energy electrons/MIPs) 
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MIPs MIPs 

200 GeV electrons 
200 GeV electrons 

Factor ~2300 Factor ~220 
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GamCal – Yale Group Design, 

    no new developments since 2007 

20 October 2015 
W.Morse - BNL 

Could be a spectrometer based 
on sapphire sensors 



ILD Mokka model → DD4HEP,  L*=4.4 m 
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Beam pipe 
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Forward region, reduced L* = 4m   (1) 
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Forward region top view, reduced L*=4m (2) 
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Forward region, reduced L*=4m   (3) 
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Second conical 
beampipe section 
gets shorter 

Graphite shield 
moved into LHCal 
inner cutout 
 

LumiCal 



Forward region, LHCal(1/2) and beampipe 
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LHCal Layout (bottom half) 
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712 pads  15 x 15 mm2 300 

Kiev group started with LHCal simulations (see talk at this WS) 

Sensors: 
 Si (~ECal) 
 Sci+SiPM 

(~AHCal) 



Beam pipe 
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(See talk by Lucia Bortko at this WS) 



Conclusions and outlook 

 Design of the ILD forward region revisited to match L*=4 m 

1. BeamCal shifted by 40 cm in the IP direction 

2. Vacuum pump moved behind QD0 

3. Graphite absorber placed inside LHCal inner cutout 

 MC simulations of LHCal started at Kiev (first results on 
tungsten option performance) 

 Study of BeamCal sapphire version is ongoing 

 Pair background simulations are done for new BeamCal location 

 GamCal design should be reconsidered (sapphire tracker?) 

 

 Schedule?    Resources?    Manpower?   - not clear…. 
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Thank you 
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Beam Pipe 
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Possible vacuum problem solution? 
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QD0 
IP 

LumiCal 

BeamCal 
Additional thin perforated pipe 

e 

secondary vacuum 

To be checked…. 



BeamCal sensor requirements 
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BeamCal should be compact,  
small Moliere radius needed: 
        -sampling calorimeter 
    with solid state sensors, 
    tungsten as absorber. 
 
Severe load at small radii 
due to beamstrahlung: 
      - radiation hard sensors 
    (up to 1 MGy annual dose) 
 
Bunch-by-bunch operation: 
   - fast response of sensors 
 
Test beam studies, physical 
calibration: 
   - sensitivity to MIPs 



BeamCal – sapphire based design 
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