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● ILC

● Hadron calorimetry and particle flow

● AHCAL: analogue hadron calorimeter

● Test beam at CERN with the technological prototype

Overview
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Next Collider - ILC

31km

ILC: 

- next generation lepton collider
- clean environment
- 500GeV / 1TeV
- high luminosity
- precisionprecision studies/ measurement
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ILC hadron calorimetry

ILC physics: separation of hadronic W, Z decays

→ need high jet energy resolution :

→ particle flow : choose detector best suited for particular particle type
Typical jet energy 
composition:
60% charged hadrons
30% photons
10% neutral hadrons

  measured by HCALmeasured by HCAL

δ E jet

E jet

=
30%
√E

 → Build the best possible calorimeter in order not to use it.



5/13Sebastian Laurien – LEXI meeting 12.10.2012

Hadron Sampling Calorimeter

- measures the energy of a neutral hadron → need to stop particles: very dense absorber (Steel) 
- only fraction of the calorimeter is sensitive volume (detectors)

HCAL for ILC:
- highly segmented for particle flow (separate energy deposits in calorimeter)
- 48 layers (~6λ)
- ~10  channel⁶ s  
- integrated readout 
- low power consumption (avoid active cooling)
- time information
- HCAL inside magnetic field 

incoming
particles

absorber

detectors (scintillators)

sensitive layers read out 
with scintillators and light detectors.

(www.harfesoft.de)
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The AHCAL (analogue hadron calorimeter)

HBU with ASICS scintillating tiles mounted 
on the other side

 wedge:

72
cm

The analogue hadron calorimeter: 
- modular, smallest hcal base unit (144 channels)
- 48 cassettes in one wedge
- 3x3x0.3 cm³ plastic scintillator 
- fully integrated readout and ASICs
- power pulsing (25 µW/ channel)
  (not needed electronics switched 
   off in parts of a cycle)
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3cm

AHCAL – single channel

 plastic scintillator tile
Readout of tiles with silicon photo multipliers (SiPM) 
mounted directly on HBU

SiPM:
● insensitive to magnetic fields
● array of ~1000 APD pixels in Geiger mode
● every fired pixel gives a fixed charge
● analogue signal: sum of all pixels
● single photon sensitivity       

4mm

50µm

Up and running setup for scintillator tile and 
SiPM characterization:

- response to minimal ionizing particles (MIP)
- temperature and voltage dependencies
- investigation of different SiPMs and 
  tile coating / wrapping

Trigger
system

Sr 90 
Beta source

 clima box
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The readout chip

4 ASICs on one base unit:
- optimized for ILC operation
- 36 channels 
- low power consumption (25µW/ch)
- dual gain ADC (adjustable)
- auto triggerauto trigger with 
  adjustable threshold
- timing measurement 
  (resolution ILC mode 100ps100ps)

  singlesingle channel
 schematics:
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DESY electron test beam

Minimal ionizing particles (MIP) in 
DESY test beam for calibration 
of auto trigger threshold

 base unit in DESY test beam:

 Shower in one chip (3GeV, 2X0)

X [cm]

Y
 [

cm
]

sum ADC

MIP peak
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The AHCAL – CERN test beam 

The technological prototype: one layer with 4 HBU:

- 576 channels
- same electronics and readout as for ILC 

→ 16 independently auto triggered chips

AHCAL technological prototype will go in test beam :
- SPS at CERN (pions) in November
- downstream the tungsten digital HCAL (W-DHCAL)
  after 4λ
- time resolution 1ns1ns (test beam mode)

W-DHCAL

SPS
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Hadron test beam goals 

Main goal: Main goal: 
 establish electronics and readout in a realistic detector scenario

Physics goal: Physics goal: 
- detailed measurements 
  of Hadronic showers 
- test and validation of different 
  physics simulations
- resolution 1ns1ns

→ e.g.  radial distribution of
    mean time of hit in the 
    last layer 

Time resolution of prototype
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● CALICE collaboration is developing particle flow calorimeters for linear 
colliders

●  AHCAL technological protoype:
● One layer with 4 AHCAL base units (HBU) in hadronic test beam Nov.2012

- test of the integrated readout electronics
- investigation of hadronic shower time development 

Summary and Outlook
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Thank You!

For your attention
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Calorimetry – Particle Flow

ILC detectors need to be optimized for precision 
measurements in difficult 
multi-jet environment

Traditional approachTraditional approach
- energy measured by ECAL + HCAL 
→ poor HCAL resolution limits jet resolution

Particle Flow (PF) approachParticle Flow (PF) approach
- measure every particle in the device with best resolution
- need to assign energy deposit in calorimeter to single particles (tracks) 
→ only neutral hadrons measured in HCAL (only 10% of jet energy) 

PF HCAL: Build the best possible calorimeter in order not to use it.

Traditionell approach PF approach

Typical jet energy:
60% charged hadrons
30% photons
10% neutral hadrons

size of traditional HCAL channel
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The Energy resolution of the ILD

Archive better Energy resolution through the Particle 
Flow Algorithm (PFA) approach: 
●Energy of charged particles measured by tracking 
detectors
●Energy of photons measured by Electromagnetic 
Calorimeter (ECAL)
●Neutral particles energy measured by the Hadronic 
Calorimeter (HCAL)

To reduce the confusion term of Energy resolution, an high granularity calorimeter is 
needed to precisely reconstruct the final states of the jet
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Time stamping: the ASIC

Hit signal splitted:

●A fast shaper ( ~ 25 ns shaping time) feeds a threshold discriminator;
●A slow shaper (~ 50 ns) feeds the analog memory;

Whenever fast signal amplitude passes the threshold:
●Time information is stored (of threshold passing);
●Amplitude of slow signal at hold time is stored;

Slow shaper

Fast shaper

Threshold discriminator

t
hit

hold time
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Time stamping: digitization

0.5 MIP threshold

t
1
 

t
2
 = t

hit

t
3
 

To simulate ASIC behavior, for each Cell:

1a) hits are temporally ordered
1b) hit energy is added until t

i
 = t

1
 + 25 ns

1c) t
hit

 = t
i
 first hit passing threshold

2) E
sum

 = sum of E
i
  until t < t

hit
 + t

hold
    t

hold
 ~ 50 ns

No ASIC noise or time jitter had been considered yet ...

t
4
 

hits

E
sum

For each cell several hits characterized by:
●A time value
●A deposited energy value
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AHCAL – Beyond R&D for ILC

First generationFirst generation physical prototype of the AHCAL:
→ proof of principle for particle flow

but also: 
→ test and tune 
     of particle physics simulations (Geant4)

Detailed data from test beam makes 
it possible to distinguish between 
different physics simulations

- longitudinal and lateral shower shapes
- shower starting point
- visible

Second generationSecond generation technical prototype:

- adding time information
→ timing of hadronic shower development

AHCAL physics prototype (Event display)

arXiv:1109.1982 [physics.ins-
det]
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http://arxiv.org/abs/1109.1982
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Technical Prototype TDC

AHCAL ASICs are designed for ILC cycle:

- measure timing only in a fraction of the duty cycle
- Analogue TDC measurement of voltage  
  ramp in sync with ILC bunch train
- resolution of ~100ps in ILC mode
→ → Power pulsing on the TDCPower pulsing on the TDC

time

Time between two trains: 200ms (5Hz)

Time between two bunch crossing: 337 ns

Train length  2820 bunch X (950 µs)

Acquisition (amplifiers)

1ms 

A/D conv.

~3ms 

Readout

~150ms 

duty cycle

IDLE MODE

idle cycle

46ms 

ILC Bunch structure:ILC Bunch structure:

Mayor modification for CERN: 
provide zero time on a “fake” channel
with fast signal from upstream scintillator 
and small time jitter on one chip
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