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Upgrade Plans for ATLAS Forward Calorimetry 
for the HL‐LHC  

Margret Fincke‐Keeler (Univ of Victoria, Canada), on behalf of the ATLAS Liquid Argon Calorimeter Group 

FCal Replacement (sFCal) 
•  Similar design as the exis\ng FCal, but with a smaller LAr gaps to prevent 
   posi\ve ion buildup (smallest foreseen gap‐size: 0.1mm for FCal1). 
•  Installa\on of cooling loops to prevent boiling of argon. 
•  New HV protec\on with lower resistance to prevent HV sag across LAr gap.  
   Exis\ng resistors are located on signal summing boards inside the cryostat. 
   If only the FCal compartment of the cryostat is opened, new signal and HV connec\ons will  
   have to be made, and new installa\on of resistors and summing boards will be necessary.   
•  Installa\on requires  at least par\al opening of the ATLAS endcap cryostat. 
   Complicated and \me‐consuming. Radia\on levels will be high and there is a risk of 
   damaging exis\ng working components inside the cryostat.   
•  A small prototype has been built and proven  to work without degrada\on 
   in a high luminosity testbeam at Protvino. ( NIM A 669 (2012) 47‐65 ) 

A (warm) MiniFCal based on pCVD Diamond Detectors 
•  A new calorimeter module (MiniFCal) to be placed into an exis\ng recess  
  of the cryostat in front of the FCal.  
   This calorimeter would have to survive the harsh radia\on environment at the HL‐LHC, 
   which is an extreme challenge for any warm sensi\ve calorimeter material. Radia\on 
   damage will be non‐uniform across the detector. Ganging of wafers has to be such that 
   the diamonds within each readout channel will degrade at approximately the same rate.  
•  Installa\on would be compara\vely easy and fast. 
•  A baseline design exists of a module comprised of parallel Cu plates  
   with pCVD diamond wafers as the ac\ve material.  
   Degrada\on of diamonds has been explored in beam tests at TRIUMF. 
   ( JINST 6 P05011 (2011) )  
•  Simula\ons have explored the baseline design, taking into account 
   results from the beam tests and predic\ons of the expected neutron 
   flux (up to approx. 6 109 n cm‐2 s‐1) at the HL‐LHC.  

 The ATLAS CollaboraNon conNnues to work towards a  
     decision for an FCal High Luminosity Upgrade  

MoNvaNon for an Upgrade of the ATLAS Forward Calorimetry 

At HL‐LHC luminosi\es the rate of minimum bias events will lead to: 

•  Degrada\on of the FCal signal (par\cularly the high η region of FCal1) due to: 
   ‐ Posi\ve ion buildup in the LAr gap 
   ‐ Large ioniza\on current leads to large HV drop across protec\on resistors; 
     adequate HV across LAr gap cannot be maintained at high η.   
   Herme\city of the detector coverage is compromised, which will lead to an  
       increase in fake missing ET .    
   Performance of the FCal will vary with instantaneous luminosity. 

•  Risk of argon boiling due to beam hea\ng  

LAr Forward Calorimeter (FCal) 

MiniFCal 
Neutron 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 HEC  Without  MiniFCal 

With 30cm Cu MiniFCal 

Possible OpNons and PracNcal Issues 

Simula\on of performance include the effects of: Ganging of diamond wafers 
into readout channels, radia\on damage, electronic noise,  charge collec\on 
efficiency . 

Detector ganging in r/phi and z 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RelaNve distribuNon of predicted neutron flux  

FCal1 

FCal2 

FCal3 

PLUG 

The exisNng ATLAS Forward Calorimeter (FCal) 
•  LAr/Cu (FCal1);   LAr/W (FCal2,FCal3) ; (η ∼ 3‐5)  
•  Concentric rod and tube electrodes embedded in Cu/W absorber matrix   
•  Annular LAr gaps (maintained by helically wound PEEK fibre; 
                                          FCal1: 0.27mm;  FCal2: 0.375mm;  FCal3: 0.5mm  ) 

~75‐100 N‐1 

~350 N‐1 

~3000 N‐1 

Expected LuminosiNes LHC  HL‐LHC The ATLAS Detector 

protec\on 
resistor 

If a decision for an upgrade is made, it would be for the HL‐LHC  (~2022) 

Response of four pCVD diamond detectors as a func\on of  
fluence in a 500 MeV proton testbeam at TRIUMF 

MiniFCal baseline design: 
12 Cu plates 
11 diamond detector planes 
Length: 30cm (18.8Xo)  
R = 65mm ‐ 175mm (η ∼ 4‐5)  

Simulated energy resolu\on  
of a possible MiniFCal of 
single electrons taking into  
account radia\on damage 
of diamonds  

  r/phi papern of diamonds                          ganged planes in z 
  mounted in “checkerboard” papern 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Schema\c layout of signal summing board with  
protec\on resistors (located inside cryostat) 

Qualita\ve illustra\on of the expected  
degrada\on of FCal1 in r/φ with luminosity  
increasing from LHC to HL‐LHC 

Simulated comparison for the energy deposited in 
FCal1 with and without a MiniFCal present 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 HL‐LHC 

PRELIMINARY 

PRELIMINARY 

PRELIMINARY 

Fluence expected ater 
approx. 3000 N‐1  


