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A hadronic shower contains two components:

hadronic + electromagnetic
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charged hadrons p,n=, K neutral pions — 2y

* nuclear fragmets ... — electromagnetic cascades
{. breaking up of nuclei (binding energy)

* neutrons, neutrinos, soft v's, muons
| example E =100 GeV: n(n?) =~ 18

n(7° )~ In E(GeV) - 4.6

I\-b invisible energy — large energy fluctuations — limited energy resolution
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Lead 82 207 056 17.1
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Crystal
Density (g/cm?3)

Melting Point (°C)

Radiation Length
(cm)

Moliere Radius (cm

Interaction Length
(1))

Refractive Index @
Hygroscopicity

Luminescence P
(nm)(at peak)
Decay Time P (ns)

Light Yield b (%)

d(LY)/dT P (%/ °C)

Summary of C

NG
507,

651

2559

CSIf

-

4|
.t

)

Crystal KTeV

rystals for HEP

BG0O
7.13
1050
1.12

Dl Fz
8.3 7.40
2050

1.14

2.3
21.8

2.3

0.6
‘1-9

CcMS
ALICE
PANDA?
BTeV...

TAPS
(L*)
(GEM)

L3
BELLE
PANDA?

PbWO, LSO(Ce) GSO(Ce)

6.71
1950
1.37

2.37
22

a. at peak of emission; b. up/low row: slow/fast component; c. measured by PMT of bi-alkali cathode.
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Crystal
Density (g/cm?3)

Melting Point (°C)

Radiation Length
(cm)

Moliere Radius (cm

Interaction Length
(1))

Refractive Index @
Hygroscopicity

Luminescence P
(nm)(at peak)
Decay Time P (ns)

Light Yield b (%)

d(LY)/dT P (%/ °C)

Summary of C
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KTeV

Crystal
Ball

rystals for HEP

BG0O
7.13
1050
1.12

Dl Fz
8.3 7.40
2050

1.14

2.3
21.8

2.3

0.6
‘1-9

CcMS
ALICE
PANDA?
BTeV...

TAPS
(L*)
(GEM)

L3
BELLE
PANDA?

PbWO, LSO(Ce) GSO(Ce)

6.71
1950
1.37

2.37
22

a. at peak of emission; b. up/low row: slow/fast component; c. measured by PMT of bi-alkali cathode.




lechnologies used in the LHC calorimeters

® PbWQO, homogeneous calorimeter:
»CMS ECALALICE PHOS
® | Ar sampling calorimeter:

» ATLAS EM Barrel and Endcap, Hadronic Endcap,
Forward calorimeters

® Scintillator/WLS fiber sampling calorimeters:

» CMS HCAL Barrel and Endcap, ATLAS TileCal
(barrel HCAL), LHCb HCAL

® Shashlik Pb/Scint sampling calorimeters:

» ALICE EMCal/DCal, LHCb ECAL

® Quartz Fiber/Steel sampling calorimeter:

» CMS HCAL Forward




CMS Endcap Upgrade Options

Iwo approaches

. Maintain traditional geometry:
» ECAL w. Shashlik-like design with rad. hard scintillators, e.g. LYSO, CeF3

» HCAL w. rad. hard scintillators and more readout fibers

Existing tile design Mew tile dasign

e :I"-_

- | i, ]
g \ @
& T - — Iz
A e ] &
¥ i |
Iy f i

2. Alternative geometry/concepts with potential improved performance at high pileup

» Dual Readout following DREAM/RDS52
» Particle Flow Calorimeter w. high granularity detector following work of CALICE

Considering an integrated approach with an endcap detector covering up to nN=4




Calorimetry @ ILC/CLIC

® Goal: distinguish W,Z hadronic decays
»WW/ZZ = 4 jets

® Requirement: jet energy resolution ~3-4%
@ ~50 GeV

» 30%\/E stochastic term ] | | 60%/ '\EF:

® High granularity detectors

fraction of energy A ectoe single particle jet energy

Particles in jet e : :
I injet resolution resolution

® Particle Flow Algorithm:
charged

» measure charged particles with trackers particles

» photons with ECAL photons
» neutral hadrons with ECAL+HCAL

neutral

: » 4 500GeV

» Combine tracker and calo information
to separate clusters originated by P it
R 1 R
charged from those by neutral e S

» Minimization of shower overlaps to
avoid ambiguity and double counting

Jet-Energy Resolution

.,n'-
- _ ."A
'I'uug.\n'n
Tl

0 = Ocharged D O~ © Oneutral @ Ocir, oo




*Various options for high granularity sampling calorimeters...

| PFA Calorimeter I
v

v
ECAL

Absorber: _
i
Readout: * digital

1 ‘.

Active : ‘Silioon Scintillator‘ IMAPS




Calorimetry @ ILC. DHCAL_

» RPC + Fe (or W) ‘\\u ”l” T

M

absorbers Hi L it

» Main stack (38-layers
| 7.5mm steel)

» Tall catcher (|4-layer 25
mm steel + 6x|10mm)

» Each layer (Im2 area)
consists of 3 RPCs
(Icm2 pads) for
approximately ~9000
channels/layer

8 GeV e*

P ¥ithe .
| | il

® Fxposed on testbeam at
FNAL first and then to
CERN on PS and SPS

beams

120 GeV p

| &
£

|
ekl gl |
it -.bchliiM'?"?;'

L6 GeNa




Calorimetry @ ILC: SDHCAL

Linearity recover (INL<5%) with semi-digital readout with multiple (Nthr=3) thresholds

Energy Response

Multi-threshold mode : linearity & resolution

g YL e Linearity < 5% over full range

po 0.992 £ 0.008a7

IThases o

e Significant impact on the energy

4 ,
resolution

SDHCAL muhi-threshold mode
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® Dream Detector not PFA 200G eV;"j "

® scintillator / cerenkov fiber
" EMshower i

Entries 13507
T s Uncorrected

RMS  18.6

unit cell

Copper

Eeo

Entrics 13507

x>/ndf 292/158
Mean 190.1
Sigma 9.69
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The HHCAL Detector Concept

Corrected jot recporse ond & r\g;.-rl::l.rt on, erergy dependenc

See S. McGill, H.
Wenzel, Callor2012:
GEANT simulations

show a jet energy
resolution at a level

of 20%/‘\’E after
corrections.
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1]

R.-Y. Zhu, ILCWS-8, Chicago: a HHCAL cell with pointing geometry




Candidate Crystals for HHCAL

Parameters Bi,Ge,0,, PbWO, Bi,Si;0,,
(BGO) (PWO) {:310)

p (g/em?3) 7.13 8.29 6.8?

A, (cm) . 20.7 . . 23.1
n@AM,, : 2.20 . . 2.06
Tyecay (NS) 30/10 . 100
A.... (nm) 425/420 : 470

Cut-off A (nm) 350 300

Light Output (%) 1.4/0.37 . 20
Melting point (°C) 1123

Raw Material Cost (%) 49
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