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Validating PFA Performance

• A fully realistic test of PFA in a test beam is (close to) impossible

• requires “jets”, tracking and momentum measurement & calorimetry covering all particles
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Possible Approaches

… and even with such a setup there are limitations:  
jet energy not very well defined, particle composition, …
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Possible Approaches

… and even with such a setup there are limitations:  
jet energy not very well defined, particle composition, …

➫ The CALICE approach: 
Factorize the problem: Full 
PFA in simulations, test 
individual ingredients in beams
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Figure 5. Probability of neutral 10GeV hadrons energy recovering within 3 (left) and 2 (right) standard
deviations from its real energy vs. the distance from charged 10GeV (circles and continuous lines) and
30GeV (triangles and dashed lines) hadrons for beam data (black) and for Monte Carlo simulated data, for
both LHEP (red) and QGSP BERT (green) physics lists.

simulated neutral hadrons the standard deviation is calculated in the same manner, but using esti-
mations based on fits to the appropriate distributions.

If the charged hadron is situated in the vicinity of a neutral hadron with similar or higher
energy, the confusion is typically less than in the reversed situation. In figure 6 we use the test
beam data to estimate how the confusion depends on the energy of the neutral hadron. In jets in
a full detector such as ILD, the charged particles will tend to be separated from the neutrals by
the magnetic field. Therefore, in this figure the charged hadron is placed at a distance typical of
its deflection in a 4T magnetic field in the ILD geometry. The RMS90 deviation of the recovered
neutral hadron energy from its measured energy does not depend significantly on the neutral hadron
energy (see left plot in figure 6). The relative confusion is large for small neutral hadron energy.
This results in a smaller probability of neutral hadron energy recovery for small neutral hadron
energy (see right plot in figure 6).

5 Summary

To test the particle flow algorithm, PandoraPFA, we have mapped pairs of CALICE test beam
events, shifted by the definite distances from each other, onto the ILD geometry. Then we modified
the treatment of tracks in the PandoraPFA processor for the case of straight tracks. In this study
we have investigated the hadron energy range typical for a 100GeV jet. For jet fragment energies
from 10GeV to 30GeV we estimated the confusion error for the recovered neutral hadron energy
caused by the overlapping of showers.

We have confronted our result for test beam data with the result of Monte Carlo simulations
for LHEP and QGSP BERT physics lists. The results for the data and MC are in a good agree-
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For calorimeters: Energy reconstruction, 
resolution and two-particle separation
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Validating PFA Performance

• Still, combined measurements of tracking and calorimetry remain interesting - and in some cases this can 
also be done with reasonable effort in beam tests:
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Possible Approaches

• One example: Tagged photons - can be used to test electron / photon separation, bremsstrahlung 
recovery, … 

… has for example been used to study a 
very compact SiW ECAL for luminosity 
measurements at Linear Colliders
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Possible Approaches

• One example: Tagged photons - can be used to test electron / photon separation, bremsstrahlung 
recovery, … 

… has for example been used to study a 
very compact SiW ECAL for luminosity 
measurements at Linear Colliders

• For hadrons this is much more difficult - impossible to tag neutral hadron energy in that way…:  
Combined measurements of tracking and calorimetry with a target can be made, but there is very little 
control - unlikely to yield quantitative performance results, but useful as an integration exercise
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A Note on Occupancies

• In a AHCAL with 3 x 3 cm2 cells: Typically ~ 10 cells / GeV hadronic energy: At most a few 1000 active 
cells for a typical hadronic event at CEPC


➫ Backgrounds will be a (the?) key occupancy and data volume driver
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Very naive ballpark numbers



Frank Simon (fsimon@mpp.mpg.de)Thoughts on PFA Calorimetry at CEPC - March 2019

A Few Thoughts on Cost

• General cost structure of the system:

• ~ 22% fixed costs (services, high level interfaces, …)

• ~ 22% scale with the volume of the detector (primarily absorber cost)

• ~ 33% scale with the area covered by active layers (PCBs, scintillator)

• ~ 22% scale with the number of channels (SiPMs, ASICs)


• Looking at the costs of a scintillator cell:

• 74% SiPM

• 15% Scintillator

• 11% Reflector foil


• Looking at the PCB costs: 

• Fully assembled ~ 115% of corresponding cell + SiPM costs (almost as much as cell + SiPM + ASIC) 

➫ a key cost driver! 
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Based on AHCAL estimates for ILD, mainly

~ 25% of total cost
- ASIC costs are ~ 25% of the cell + SiPM costs
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A Few Thoughts on Power

• Detector elements:

• ASICs ~ 25 µW / channel (with a 1% duty cycle - target values, current prototypes ~ 5x higher)

• SiPMs ~ 15 µW / channel


• On-detector electronics:

• Interfaces per layer (and module) ~ 10 W (current numbers, with PP)

• Data concentrators per module ~ 20 W
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All based on power pulsing

Key challenges for CEPC: 

• ASIC power consumption - and need for cooling in active layers

• Also relevant: layer-wise interfaces


