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Conclusion for LHAASO:/2

To be measuredMulti-hit resolution: 25ns

OKTiming Precision (RMS): <0.5ns

OKDisc threshold: 0.25pe (1 e 1.6 pC)

OKShaping width: < 350ns 

OKCharge dynamic range: 1pe-4000pe (1 e 1.6 pC)

NO (New version of PARISROC)

80 MHz read out frequency and 

ADC 8 bits 

to achieve the 50kHz hit rate

Single channel hit rate: 50kHz

NO (New version of PARISROC)PMT high voltage: positive HV 

PARISROC 2Requirements

WCDA (Water Cerenkov detectors)
PMT: XP3062 (8-in) (GAIN 1x10^7) 
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ASIC R&D at Orsay - PARISROC
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KM2A : scintillator detectors 

WCDA : Cerenkov in water  

Detectors 

WFCDA : Cerenkov/fluores 

-cence telescopes 
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ASIC : high integration, small size and low power consumption

Benefit from the R&D for next generation neutrino experiments : PARISROC



PARISROC for LHAASO ?
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→More details in Gisèle Martin-Chassard’s talk tomorrow
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Conclusion for LHAASO:/3

OKTiming resolution (RMS): <100ns

OK if… (New version)Disc threshold can be adjusted: 0.25pe -- 100pe

OK if… (New version)Resolution: <50%@1pe, <1%@3000pe

OK if… (New version)Charge dynamic range: 1pe-3000pe (1 e 40 fC)

OK (New version)Single channel hit rate: <5kHz (10kHz)

OKPMT high voltage: negative

PARISROC 2Requirements

WFCA (Wide Field Cerenkov Telescopes Array)
PMT: Hamamatsu R5912 (1.5-in) (GAIN 2.6x10^5) 
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2 Channels for one PMT 
to achieve the dynamic range 

(8 PMTs for each ASIC)

Conclusion for LHAASO:/1

To be measuredMulti-hit resolution: 30ns

OKTiming resolution (RMS): <1ns (for ED), <10ns (for MD)

OK if…

OK

Disc threshold: 0.25e (for ED) (1 e 160 fC)

0.25muon (for MD) (1 e 160 fC) (1 e 1.6 pC)

OK

max 0.2 p.e. (32 fC) 

for 10-bit ADC

Resolution: <25%@1e, <5%@3000e (for ED);

<25%@1muon, <5%@3000muon (for MD)

OK if…..Charge dynamic range: 1-3000 electron (for ED); 1-3000muon (for 

MD)

OKSingle channel hit rate: 1kHz (for ED); 10kHz (for MD) 

OKPMT high voltage: negative

PARISROC 2Requirements

KM2A (KM! Array)

(ED: electron detector; MD: muon detector)

PMT: ET9903B or Hamamatsu R11102 (for ED) (1.5-in) (GAIN 10^6)

Hamamatsu R5912 (for MD) (8-in) (GAIN 1x10^7)
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Conclusion for LHAASO

ARGOAS!!!!

4300m a. s. l.!!!!near shower maximum (knee region), low energy threshold

The best high altitude site for cosmic ray observation

(YBJ Cosmic Ray Observatory)

LHAASO (Large High Altitude Air Shower Observatory)

Timing resolution: 220 ps

Timing precision < 1 ns

Disc threshold: 0.3 pe (50 fC) 

Resolution: <20%@1pe

Charge dynamic range: 1- 600 p.e. (100 pC)

Single channel hit rate: 5 kHz

Input signal: negative

PARISROC 2 
PMT gain 10^6

• PARISROC 2 could be used to check the LHAASO sub-detectors performances 
• A test board will be tested at IHEP- Institute of High Energy Physics, Beijing, China
• Modifications of PARISROC2 could be carried out in the next years to achieve the LHAASO sub-
detectors requirementsModifications of PARISROC2 

needed to achieve the LHAASO  
sub-detectors requirements
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PARISROC2 general schematic

Signal acquisition 
on computers

Electronic readout tests

→Tests on prototype detectors in Tibet (4300m a.s.l.) 

in a few months

(new board assembled)

→Training tests at IPNO next month 



Response of muon detectors

• Water transparency

• Tyvek diffusive reflectivity
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Study of cosmic rays from 5TeV to 1EeV 
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Response to ~GeV-muons depends on :



In this section we show the influence of the tank size and the water absorption length on the
decay time. We can see in figure 3 that when the tank size increases, the time decay of muons
decreases.

2.4 Conclusion

The study performed for vertical muons shows clearly a decrease of the signal when the tank
radius increases. But the time profiles showed that most of the signal is concentrated in the two
first peaks, due to the arrival direction and central position of the muons used in the simulation.
To have a more realistic study, we did also the simulation for multi-directional muons.

3 Simulation with multi-directional muons

In this second part, we simulate 10000 muons from all directions with the code EasySim.

3.1 Variations of the parameters concerning the PMT signal

In the same way, we vary the radius of the tanks from 1.8 m to 3.6 m, along with the
water absorption length from 10 to 100 m and then we show the evolution of the number of
photoelectrons produced. The results of this study are shown in figure 4.

Figure 4 – Evolution of the number of photoelectrons as a function of tank size and the water
absorption length (for 10000 muons from all directions).

We notice again a significative loss of photoelectrons when the radius of the tank increases
for all values of water absorption length. This loss is much higher than with when we simulate
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Response of muon detectors

Signals measured with good accuracy

only vertical muons. This is because for multi-directional muons, the number of produced pho-
toelectrons is not so much dominated by the 2 first reflections as it was shown above for vertical
muons. This can be seen better on the time profile.

3.2 Profiles of the signals induced by the PMT

The profiles of the signals induced by the PMT are represented for tanks of a radius of 1.8 m
and 3.6 m, along with three water absorption length of 10 m, 50 m et 100 m. The results are
shown in figure 5.

Figure 5 – Time profiles of PMT signals for absorption lengths of 10 m, 50 m and 100 m, for a
tank radius 1.8m (left) and 3.6 m (right). - Simulation for 10000 multi-directional muons -

In a general way, these two figures confirm a decrease of the number of photons detected
(lower signal), when we take muons from all directions into account. Moreover, this study shows
out the importance of the tank size and of the water absorption length on the signal. So, getting
from a 1.8 m to a 3.6 m tank in radius, we loose more than half of the signal and loose a factor
3 between an absorption length of 10 m and another of 100 m ! !

4 Conclusion

The aims of this study were several. The first thing was to see the evolution of the PMT
signal when the radius of the tank increased, with different absorption lengths. For that, we used
the EasySim program of simulation, designed for Pierre Auger observatory, and we adapted the
LHAASO conditions to that program (one PMT). A first simulation with 1000 vertical muons
was achieved. We’ve seen that the number of photoelectrons in the PMT decreases when the
water absorption length decreases but also when the size of the tanks increases. This result can
be understood by looking at the profiles of the PMT with different radii for the tanks. A more
realistic simulation was performed with 10000 muons from all directions. This study confirms
and accentuates the loss of the signal by using larger tanks. A loss of signal of factor 2 can be
measured between a tank with a radius of 1.8 m and another of 3.6 m.
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Workshop organization
~50 participants (from both HE gamma ray and cosmic ray physics)



Outlook

• Electronic readout developments

• Simulation of the whole KM2A

• Angular/Energy resolution studies

• Gamma/hadrons discrimination

• Mass discrimination (for CRs)

• Simulation of the WCDA

• Angular/Energy resolution studies

• Gamma/hadrons discrimination


