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Timing in calorimeters 

This talk benefits a lot from the discussion during the preparation of the ECFA Detector R&D Roadmap
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Requirement on timing

● Timing is a wide field 

● A look to 2030 make resolutions between 20ps and 100ps at system level realistic assumptions 

● At which level: 1 MIP or Multi-MIP?

● For which purpose ?
● Mitigation of pile-up (basically all high rate experiments) 
● Support of PFA – unchartered territory
● Calorimeters with ToF functionality in first layers?  

● Might be needed if no other PiD detectors are available 
(rate, technology or space requirements)

● In this case 20ps (at MIP level) would be maybe not enough
● Longitudinally unsegmented fibre calorimeters

● A topic on which calorimetry has to make up it's mind 
● Remember also that time resolution comes at a price -> High(er) power consumption and (maybe) 

higher noise levels

● See also talk by Nural   
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The next decade – ps timing in calorimeters

Pioneered by LHC Experiments, timing detectors are/will be also under scrutiny by CALICE Groups

Inverse APD as LGAD?

Inverse APD
by Hamamatsu

Gain ~ 50

Clock frequency 5 MHz, Powering pulsing

Hit time resolution: 
Results from 2018 beam test of AHCAL with muons

● We need to understand quickly how much
“timing” is really needed
● Average timing O(100ps) in all layers
● Excellent timing O(30ps) or better

in a few layers
● This drives the hardware development

Under development:
GRPC with PETIROC 
●  < 20ps time jitter 
● Developed for CMS Muon 

upgrade 

Single channel resolution
1.1/√2 = 0.78ns
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Calorimeters with ToF Functionality?

Momenta and abundance of pi/K/p
      in ee->bb @ 250 GeV

Available “now”

Doable with
Intensive R&D in
5-10 years

Requires a new
breakthrough

Difference in ToA at ILD Calos   Available time 
resolution with calos

● Particle momenta (at 250 GeV) have peak below 10 GeV but long tail to higher energies
● Realistically ToF measurements will be (in foreseeable future) limited to particles below 10 GeV

● Note that, apart from power consumption, in a final experiment one needs to control full system 
● Momenta above 10 GeV require a real breakthrough and maybe even radically new approaches

● Mandatory if ToF should work at and well above 250 GeV i.e. at Linear Collider energies

p[GeV]

Figure
G. Wilson

ILD: Irles, Richard, R.P.
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Timing in calorimeters I

st = 30 ps
(state of the art 

@ HL-LHC)

Red dots: 200 simulated vertces 
Vertcal yellow lines: 3D-reconstructed vertces (i.e. no tming info.) Black
crosses and blue open circles: 4D-reco inc. tme informaton 

Many vertces that appear to be merged in the spatal dimension are clearly
separated when tme informaton (~30ps accuracy) is available
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CMS ECAL uses template fts to in-tme signal plus 
out-of-tme signals to extract the best energy measurement

CMS HGCAL has measured
evoluton of hadronic showers
in the tme domain with ~80ps
accuracy (50ps TDC binning)

ECFA Roadmap TF6, 
Summary of calorimeter symposium

https://arxiv.org/abs/2006.14359
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Timing in calorimeters II

Features that emerge in the tme domain can help distnguish partcle types and, with GNNs, enhance σ(E)/E

arxiv:2108.10963
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Novel optical materials

● Radiation hard optical materials with 
ultrafast timing response are required for 
new detectors in HEP, nuclear medicine and 
industry

● A time resolution below 30 ps or even in the
sub ps domain requires a better understanding
of the fast signal production mechanisms in
detection materials

● Innovative test suites required for the combination
of fast timing and radiation tolerance will be
developed for the characterisation and 
classification of materials 

● Scalable and cost effective production techniques for the novel 
materials have to  be explored together with the industrial partners 
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R&D needs for precision timing in calorimeters 
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Shower development in CALICE type calorimeters I

H.Videau et al., LCWS2021
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Shower development in CALICE type calorimeters I

H.Videau et al., LCWS2021
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Summary and Conclusion

● Optimal use of timing is the challenge for the next decade to come

● Need to specify what we mean with time resolution
● Timing of high energetic shower with O(100MIPS) in a cell is “easy” 
● Timing at MIP level is much more challengng, O(10ps) for each cell!!!! 

● Need to understand soon very well what we need 
● Can build up on LHC but future calorimeters man need to go further

● Imaging calorimeters will transit from highly pixelised snapshot cameras to film cameras 
● Rich fileld for application of modern algorithms 
● Attractiveness for next generation of scientists?



Backup
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Timing – Key questions

● Particle flow is driving concept for most of the detector designs for Higgs factories  

● Introducing timing for Higgs factories may assist PFA but has implications for detector design 

● What is better? 
● Excellent timing of the order of 10-30ps in a few layers at e.g. the beginning of a calorimeter or
● Average timing of the order of 100-200ps in the entire detector 

● Guidance has to come from GEANT4 simulations that implement properly the time structure of
hadronic showers

● The specific needs for timing would trigger dedicated hardware developments

● Given current hardware constraints CALICE will be able to validate G4 physics list at the 500ps - 1ns level
● With large prototypes
● Maybe better with smaller dedicated setups        
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(Main) Technological prototypes 

Name Sensitive
Material

Absorber
Material

Resolution Pixel
size/mm3

~Layer
size**/cm3 

~Layer
depth/X

0

~Layer
depth/λ

I

# of
Pixels/
layer

# of layers Comment

ScECAL Scintillator W-Cu
Alloy

Analogue,
12bit

5x45x2 23x22x0.5 0.73 0.03 210 32 2x16 x and y strips

SiECAL Si W Analogue,
12bit

5.5x5.5x
0.3 (0.5,
0.65)

18x18x
0.24 (-
0.63)

0.6-1.6 0.02-0.06 1024 ≥22 Can be run in
different configs.

AHCAL Scintillator Fe*/W Analogue,
12bit

30x30x3 72x72x2/
1.4

1/2.9 0.11 576 38 Running with Fe
and W

SDHCAL Gas Fe* Semi-
digital 2bit

10x10x6 100x100x
2.6

1.1 0.12 9216 48

*Stainless Steel
**Only absorber + sensitive material for z direction, air gaps, electronics discarded here (would add 5-10%)

ScECAL SiECAL AHCAL SDHCAL
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