


Overview

- Physics processes driving calorimeter design

- Calorimeter design issues and examples
- Calorimeter technologies:
- Electromagnetic
- Hadronic
- Other technologies (inc. Forward)

- Conclusions
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Physics examples driving calorimeter
design

Missing mass peak

Higgs production e.g. ete -> Z@ or bbar jets

separate from WW, ZZ (in all jet modes)
Higgs couplings e.g.

- Oun Fromere- -> tth -> WWbbbb -> gqqgbbbb !
- Oy From ere- -> Zhh

Higgs branching ratios h -> bb, WW?, cc, gg, tt
Strong WW scattering: separation of
e'e -> vwwWW ->vvqqqg ee” ->vwZZ -> vvQqQQqQ

and ete- -> vvtt



Physics examples driving calorimeter
design

-All of these critical physics studies demand:

<+ Efficient jet separation and reconstruction
+ Excellent jet energy resolution

+ Excellent jet-jet mass resolution

+ jet flavor tagging

Plus... We need very good forward calorimetry for e.g.
SUSY selectron studies,

and... ability to find/reconstruct photons from
secondary vertices e.g. from long-lived NLSP ->vyG



Calorimeter system/overall detector design

TWO APPROACHES:

e Large inner calorimeter radius -> achieve good
separation of e, vy, charged hadrons, jets,...

Matches well with having a large tracking volume with
many measurements, good momentum resolution (BR?)
with moderate magnetic field, B ~2-3T

But... calorimeter and muon systems become large and
potentially very expensive...

However..may allow a “traditional” approach to
calorimeter technology(s).

EXAMPLES: Large Detector, GLD,...?
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Calorimeter system/overall detector design

(2) Compact detector - reduced inner calorimeter radius.

Use Si/W for the ECal -> excellent resolution/separation of
v/charged. Constrain the cost by limiting the size of the
calorimeter (and muon) system.

This then requires a compact tracking system -> Silicon only
with very precise (~10um) point measurement.

Also demands a calorimeter technology offering fine
granularity -> restriction of technology choice ??

To restore BR?, boost B -> 5T (stored energy, forces?)
EXAMPLE: SiD
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The critical issue - jet energy resolution,
jet-jet mass resolution

-> Separation of W,Z,... on an event by event basis

This meeting: is
this the right
target? What is the
physics impact of a
lesser requirement?

60%/E 30%/E

Target region for jet
energy resolution

Must be
answered

H. Videau soon!



Results from “traditional” calorimeter systems
- Equalized EM and HAD responses (“compensation”)
- Optimized sampling fractions
EXAMPLES:
ZEUS - Uranium/Scintillator :
Single hadrons 35%/E @ 1% §
Electrons 17%/~E @ 1%
Jets 50%/~E

DO - Uranium/Liquid Argon
Single hadrons 50%/~E ® 4%
Jets 80%/~E

Clearly a significant improvement is needed for LC.



The Particle Flow Approach

Particle Flow approach holds promise of required solution
and has been used Iin other experiments effectively - but
still remains to be proved for the Linear Collider!

-> Use tracker to measure Pt of dominant, charged
particle energy contributions in jets; photons measured in
ECal.

-> Need efficient separation of different types of energy
deposition throughout calorimeter system

-> Energy measurement of only the relatively small neutral
hadron contribution de-emphasizes intrinsic energy
resolution, but highlights need for very efficient “pattern
recognition” in calorimeter.

-> Measure (or veto) energy leakage from calorimeter
through coil into muon system with “tail-catcher”.



The Energy Flow Approach

- A lot of work before/at this meeting!
- Subject of a separate talk after this by A. Raspereza.

- Ongoing -> performance(s) of PFA(S) iIs critical input to
detector design and performance requirements:

It drives - radial detector locations
- segmentation

- choice of absorber material/active layer
thickness (R,,).



Integrated Detector Design

: M
VXD Tracking EM Cal HAD Cal Sysﬂé’r?,,

tag b,c system tail
jets

catcher



Integrated Detector Design

So now we must consider the detector as a whHole.

The tracker not only provides excellent momentum
resolution (certainly good enough for replacing cluster

energies In the calorimeter with track momenta), but
also must:

- efficiently find all the charged tracks:

Any missed charged tracks will result in the
corresponding energy clusters in the calorimeter
being measured with lower energy resolution and
a potentially larger confusion term.

- Muon finding/tracking through calorimeter....etc.



Calorimeter System Design

So how do we realize the requirements In
terms of actual calorimeter systems?



Calorimeter System Design

Two options explored in detail:
(1) Analog ECal + Analog HCal

- for HCal: cost of system for required granularity?
(2) Analog ECal + Digital HCal

- high granularity suggests a digital HCal solution
- resolution (for residual neutral energy) of a purely
digital calorimeter??
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Calorimeter Technologies

Physics requirements emphasize segmentation/granularity
(transverse AND longitudinal) over intrinsic energy resolution.

Localization of e.m. showers and e.m./hadron separation ->
dense (small X,) ECal with fine segmentation.

. _ -
Moliere radius -> O(1 cm.) frp o cal
- : ] \/R?'LI + (4dpad)2
Transverse segmentation= Moliere radius David Strom

Charged/e.m. separation -> fine transverse segmentation (first
layers of ECal).

Tracking charged particles through ECal -> fine longitudinal
segmentation and high MIP efficiency.

Excellent photon direction determination (e.g. GMSB)

Keep the cost (Si) under control!



5i-W Calorimeter Concept .{-

Sample Pixel Trace Connections

Sillonin Walers

Transverse Segmentation —~5mim
30 Longitudinal Samples Hﬂ[ﬂﬂ]]“]lﬂllﬂ]‘gﬂﬂn FOrySTRce Lot
142 marmme

Energy Resolution ~15%/E

DaVid Strom e e e T*'ace:ifnr cable

Readout Chip connection

Effective 4 x 4 mm?2

Critical parameter: minimum space between tungsten layers.



Si-W Pixel Analog Section

M.Breidenbach
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Effectively small granularity of 1lcmxlcm
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DongHee Kim
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Structure 1.4
Structure 2.8 (1.4mm of
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First real test versus
the « Particle Flow » method
with a dedicated detector

2 close by electrons (~ 3c

2 .'“"1
; 4,
_:E.E}"';R 1* ; E{u
L E
[ .
- o
- | (m]=]al-]n
£ 8o
D'g e
= - n»g
R&D for the final design @




-]

pulse integral [Vs)
R |

Degradation of optical fiber
transmission over time for
different radii of curvature

Transmitted light pulse Tor cifisren! radil of curvalue

i
21
B Bom: slops = 212 1.T) % year
3 Zom: slops m 8.0 + 2.1] “ywmar
A g & | . - PR O L
I L w E] E] Ty rrr T ¥ L | W
1_.
- - i i =
. T v .il,‘_g -— &g i

i Lo 1 P - " L | 1
30 60 B0 100 120 j40 180 180 200 =m0
thme [days]

[
!dri"'- er

U:r.'1ll:_:lr.'up:

|
LT
coincilence
cincanit

wog

Martin Nagel

scintillator tile

fiber

c) g
E/,) |

S5cm
el
lajehin jzuhide
| - | pd PT2
s hmil ] an
]
SiPD

(top view)

T
I
[
'] ] |
-'-"I I-- "l“\'-'. - ...-I 'y ..-‘L | 1 |
Bl " |
1, ¥ I
]
- |
[
i
HE F Ads M =y = A e

b b



Calorimeter Technologies

Physics requirements emphasize segmentation/granularity
(transverse AND longitudinal) over Intrinsic energy
resolution.

- Depth > 4\ (not including ECal ~ 1A) Enough? Tail-catcher?
-Assuming PFlow:

- sufficient segmentation to allow efficient charged
particle tracking.

- for “digital” approach - sufficiently fine segmentation
to give linear energy vs. hits relation

- efficient MIP detection

- Intrinsic, single (neutral) hadron energy resolution
must not degrade jet energy resolution.



Calibration electronics
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SIPM production/selection

Calibrated light source,
adjust working point,
~500/week
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(1) Gas Electron Multiplier (GEM) - based DHCAL

500 channel/5-
layer test
30x30cm? foils

Details of new 30cm x 30cm foils from 3M
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(2) Resistive Plate Chamber-based DHCAL
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Common to RPC and GEM (400,000 channels/module)
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The evaluation in beam tests and comparison with
GEANT4 simulations to underpin the PFA studies is
the critical issue for LC calorimetry/detector design.

However, NSF/MR1 was not funded and this needs
urgent attention!

Module construction (~400,000 channels/module for
HCal), testing, data analysis, and simulation
comparison will take several years - a large fixed
target experiment.

We must get started on this soon!



The DREAM solution  Richard WIGMANS

o [ESSON 60 IF you want 1o improve hadronic calorimeter performance

- reciiice/eliminate the feffects of) Muctwations that deminate the performance

1} Fluctuations in the em shower fraction, [

2) Fluctuations in visible energy (nuclear binding energy losses)
= Lse dual-readout system:
- Regular readout (scintillator, LAr....) mwasures visible energy
- Quartz fibers measure em shower component E.,,

= Combining both results makes it possible to determine f .,
and the energy F of the showering hadron
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Ren-Yuan Zhu

Empasize energy resolution, position/angular resolution
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- = A better energy resolution, (E)/E, at low

energies than L3 BGO and CMS PWO
because of its high light output and low
readout noise:

2.0 R 0.5 g 002/E

| = Less demanding to the environment

because of small temperature coefficient.

| = Radiation damage is less an issue as

compared to the CMS PWO ECAL.

= No degradation if ILC energy increases.

s An LSO/LYSO crystal calorimeter will provide

excellent energy resolution even the beam energy
Increases, and will produce rich physics with
precision electrons and photons at the ILC.

LC Detector design? HCal?



Very forward calorimetry/Luminosity Cal.

Wolfgang Lohmann

BeamCal
300 cm

VTX

FTD

Yoke

*Measurement of the Luminosity ®Detection of electrons and
with precision O(<10-3) using photons at small polar angles-
Bhabha scattering Important for searches

*Shielding of the inner
Detectors

®Fast Beam Diagnostics




Technologies for the

W-Diamond sandwich

Wolfgang Lohmann
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15 cylinders(6)* 24 sectors(¢ )* 20 rings(Z)= 10800 cells
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Conclusions
- Steady progress (since LCWSO05):

- Calorimeter systems designs

- Prototype construction/testing

- Development of PFA's (later talk)
BUT ! A long way to go for a clear understanding of
Physics needs -> PFA performance -> Detector design

- Approaching a critical phase of large HCal module, and
further ECal, construction/testing - essential to ensure
adequate support is available!

- Designing LC calorimeters with the required
performance for the physics is a fascinating challenge -
let’'s keep up the momentum!



