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Large Area Detectors 

Ivan De Mitri 
Università del Salento and INFN Lecce 
 

Roberto Cardarelli 
INFN Roma2 



 
- “Large”  .. a relative concept… 
 
 
- The case of Physics at Accelerators 
       (R. Cardarelli , G. Aielli, L.Paolozzi, R. Santonico) 

 
- The case(s) of Astroparticle Physics 
       (I. De Mitri) 

 
- Complementarity with other talks  
     at this workshop 
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LADs: Large Area Detectors 
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Large area muon systems 
(e.g. at FCC-hh) 
Requirements: 
 
• Very large area. 

 
• Provide bunch crossing identification. 

 
• Tracking capability. 

 
• Operate in high background. 

 
• Excellent aging performance.  

o(10000m2). 

Time resolution < 1 ns. 

Space resolution < 100 µm 

o(10 kHz/cm2) barrel + o(100 kHz/cm2) endcap 

Integrate 10 HL-LHC. 
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  SiD - "Silicon Detector“ @ ILC 

One example 

http://pages.uoregon.edu/silicondetector/SiD.html
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SiPM readout and thin gap RPCs 
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The progress in the front end electronics is  
mandatory for new colliders  

• Transfer the amplification from the detector to the front end 
electronics. 

• Decrease the noise (down to 100 e- RMS). 
• Decrease the shaping of the pulse (10-40 ns). 
• Increase the dynamic range. 
• Decrease the power consumption. 
• Decrease the cost. 
• Increase the speed (100 GHz). 
    A very promising technology is SiGe. 
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SiGe amplifier application on Resistive Plate Chambers (1) 

Using a more sensitive front end allows to 
operate the detector at a lower gas  gain. 

Lower gain means lower charge per count. 
 
NOTE: the total charge reported is not the 
prompt charge collected in the front end. 

A 1 mm gap RPC detector read out with a ATLAS like 
threshold (black), the new preamplifier in silicon 

technology (blue) and in SiGe technology (red) 

Data from a cosmic ray test. 

Total delivered charge per count in the detector. 
The working point with different front ends is 

reported. 

ATLAS like threshold 

Silicon new preamplifier 

SiGe new preamplifier 

Data from a cosmic ray test. 
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SiGe amplifier application on Resistive Plate Chambers (2) 
• Operating the detector at a lower charge per count means improving rate and  

reducing the ageing of the detector. 

• Starting from experimental data at 7 KHz/cm2 we simulated the efficiency VS counting 
rate for a RPCs with ATLAS standard electrode plates. The applied voltage is 200 V 
above the plateau knee. The results  are in agreement with the experimental data 
collected at the CERN GIF. 

Efficiency  vs counting rate simulated for a 1mm single gap RPCs. 

ATLAS like threshold 

Silicon new preamplifier 

SiGe new preamplifier 
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LADs at Accelerators 
Synchronous particle density  

v.s.  
amplitude signal in streamer mode in the RPC  

RPC Linearity up-to 2-5 particles/mm2 density when operated in avalanche mode 
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LADs at Accelerators 
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Recent developments on Front End electronics played a major 
role in improving the performance of present generation of 
particle detectors: 
RPC: Rate capability 1 kHz/cm2 > 10 kHz/cm2 

Silicon detectors: 

Space resolution 1 mm 100 µm 

Time resolution 2-3 ns 100 ps 

Scintillating detectors: 
Operation in magnetic field is now possible. 

Very low noise,  
fast shaping amplifiers. 

Very low noise,  
fast shaping amplifiers. 

SiPMs and fast low noise amplifiers. 

LADs at Accelerators 
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Indirect 
The beam : 

Direct 
  

The case of  Cosmic Ray physics  
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Cosmic Rays : Direct Measurements 
Use ballons or satellites:  
- particle ID (scintillators, silicon, TRD, ToF, …) 
- tracking (silicon layers, ….) 
- spectrometry (MDR limited, up to few TeV)   
- calorimetry (mass/size limited, up to few hundreds TeV) 

AGILE - 4 m2 PAMELA - 0.2 m2 FERMI - 74 m2 AMS - 7 m2 

Large Area Silicon tracking and/or charge-measuring detectors: 
- 50-200 µm pitch 
- analog readout  

power consumption 
issues in space 
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Cosmic Rays : Direct Measurements 

ISS-CREAM  2.5 m2 

DAMPE  -> WUKONG  7 m2   /  74k ch 

HERD  14 m2  

Launched  ! 
Dec 17, 2015 at 0:12 UTC 
using a Long March-2D 
launch vehicle from the 
603 Launch Pad at the 
Jiuquan Satellite Launch 
Center’s LC43 in the Gobi 
desert 
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Cosmic Rays : Indirect Measurements 
Use detector arrays on large surfaces  
and/or optical/radio signals  :  
- Larger systematics 
- Very difficult composition measurements 
- Can go to the highest energies 

The vertical atmospheric depth 
corresponds to  28X0   or to  13Λ 

400 m 

muons electrons hadrons 

10 TeV primary proton   First interaction at 21km a.s.l. 

Atmospheric depth (rad. len.) 

Energy range 1 TeV -  108 TeV  

Ch
ar

ge
d 

pa
rt

ic
le

s 
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Cosmic Rays : Indirect Measurements 
Cerenkov light (> 1010- eV ) 
 
Fluorescence (> 1017 eV ) 
 
Radio  (> 1015 eV )  (R&D) 
 
Infra-Red emission, … 
 
 
Particle detector arrays 
(> 1012 eV  at high altitude) 
 
 
Total surfaces 
10-3 km2 – 103.5 km2 
 

“cheap” and reliable detectors  
MACRO @ LNGS 

20000 m2  Streamer   Tubes 
4500 m2 scntillators 
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Cosmic Rays : Indirect Measurements 
111 m 

99
 m

 

RPC : 6600 m2 

ARGO-YBJ  (Tibet) 
Streamer mode 
digital + analog readout 
1.5 ns resolution 
Full coverage + guard ring 
1 TeV - 10 PeV 

ARGO-YBJ data 

150 m 

HAWC  (Mexico) 
Water Cerenkov tanks 
Standard PMT readout 
Sampling 
1 TeV – 100 TeV 

ATLAS / CMS 

dynamic 
range 

dynamic 
range 
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Cosmic Rays : Indirect Measurements 

LHAASO 

ARGO-YBJ  

Many different 
standard 
techniques 
used together 
for the first 
time 
 
 
 
Issues 
Detector 
synchronization 
and data 
handlng 

1 TeV - 106 TeV 
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Cosmic Rays : Indirect Measurements 

AUGER  (Argentina) 
Water Cerenkov tanks 
Fluorescence telescopes 
Radio antennas 
3000 km2 

105 TeV - 108 TeV 

TA  (Utah) 
Scintillator array 
Fluorescence telescopes 
700 km2 

105 TeV - 108 TeV 

LHAASO  
AUGER  
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Cosmic Rays : Indirect Measurements 

AUGER-PRIME  

dynamic range 
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LADs at accelerators: 
 
 
 
 
 

LADs for Astroparticle Physics 
- Space (SiTracker): technologies at the leading edge 
- Space (SiTracker): need for lower power consumption 
- Ground: Need for a larger dynamic range 
- Both: New light sensors (SiPM, VSiPMT,…) 
- ….. 

Focusing Grid 

Focusing Grid 

Photocathode 

SiPM 

INFN – Napoli  / Hamamatsu 

Scintillating detectors: 
• Rate and magnetic field compatibility improved thanks to SiPMs readout. 
• Time resolution < 1 ns compatible with future colliders requirements. 
• Low granularity and high cost for large area detectors still an issue. 
Resistive Plate Chambers: 
• High granularity. 
• Time resolution < 500ps. 
• Space resolution < 100 µm. 
• Rate capability o(10 kHz/cm2) 
       R&D in progress, target 100 kHz/cm2. 

Silicon Detectors: 
• Very High granularity and rate capability. 
• Time resolution < 100 ps. 
• Space resolution < 30 µm. 
• Very high cost. Possible application for high 

eta region. 

The progress in the front end electronics is  
mandatory for new colliders  
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