"A perfect calorimeter”
P Why
P How
b Who/When

Nigel Watson
for CALICE Collab.
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Context
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[ BDS simulation
B BDS Design

[ Helical Undulator
CJLiCAS

B FONT

O Laserwire
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B Smith-Purcell

B DR Design

[J Plan Development

B Compilation of UK effort by LC Steering Committee (6.Blair et al.)

B Accelerator effort covers many elements of machine

B Detector effort restricted to few projects

B CALICE: Aim to be in position to write calorimeter TDR on
timescale of global LC decision (2006?)
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| Linear Collider, with Higgs I

B Multi-jets: Higgs spectroscopy, WW/ZZ, tt decays
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- Need to measure all BR's

b Require excellent calorimetry and vertexing
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Performance Goals: no-Higgs case
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m Separation of "nW'W- ® 4 jets and nnZ'Z'® 4 jets

B No kinematic fit possible - better resol” equivalent to ~+40% data
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‘ Design Considerations I

m High magnetic field required (~4T)
» Limits beam related background
» Improves charged/neutral separation

m High B coil P ~ 1-2 interaction lengths material

B Extra material
b prefer both calorimeters inside coil
b thin (cost issue)

B Jet resolution more important than single particle

B Initial state radiation & beamstrahlung
» Reduce benefit of constrained fits (cf. LEP2)
» Raw jet energy measurement more important
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‘ "Energy Flow" I

B Typical jet energies ~ 50-100 GeV
» Charged particles (627%E.;): measured in tracker

» Photons (27%): ECAL separates ds from hadronic
debris

» Neutral hadrons (10%): ECAL & HCAL separate true
neutral hadrons from hadronic debris

m Jet measurement: combine tracker/ECAL/HCAL

B "Energy Flow": explicit association of tracks/clusters

» Replace calorimeter measurements with tracker
measurements - no “"double counting”

» Prerequisite: very fine granularity, ~ Moliere radius
in ECAL

» A figure of merit: B.R2/R, jicre
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| High Performance Calorimetry I

B Multi-jets, WW/ZZ separation, + decay, H couplings
m LEP/SLD: optimal jet reconstruction by energy flow
B Calorimeters inside coil, space/cost constraint b v.thin

e.qg. SiW 'Tracking’' Calorimeter 40 (® 20?) layers

» Tungsten
P R

~ 9mm, small lateral shower size

moliere
b X, ~ 3.6mm, excellent longitudinal containment, S~ 24 X,
b |,+/X, large, \ good EM/hadronic separation ©

» Silicon

P Pixel readout, minimal interlayer gaps, stability ©

b Cost a area & _
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‘ CALICE I

CAlorimeter for a LInear Collider with Electrons

R&D project to study integrated ECAL+HCAL
B Technical feasibility of detectors

B Physics performance for jet reconstruction (energy
flow algorithms, +...)

m Simulation validity + modelling in test beam

B Baseline technologies under study
» HCAL

P analogue r/o + scintillating tiles
b digital r/o of RPCs, small scintillating tiles, GEMs

» ECAL: Si-W (UK effort concentrated here)
» Broad programme, possible by enlarged collab.
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CALICE UK

See http://www.hep.ph.ic.ac.uk./calice

Birmingham Hawkes, NK Watson Engineers

Cambridge Ainsley, DR Ward, Thomson, +new RA
Imperial Bowerman, Cameron, Dauncey, Price, Zorba

Manchester Barlow, Duerdoth, Malden,
Mercer, Thompson, Soldner-Rembold

UCL Boogert, Butterworth, Miller,Postranecky, Warren
RAL Baird, Halsall

UK people ~ 1/6 of collaboration
CALICE likely to have strong influence on
calorimetry for any LC detector
UK involvement approved by PPRP Dec. 2002



‘ HCAL R&D Tour |

. RPCs, anodes outside gas gap,
Anal:gue 1:“::. e~98%, cheap, versatile, for first
meiry studies beam tests (9 groups)
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2cm hexagonal tiles, spray coated =
reflective surface, ready ~ late GEM's, 10x10 (1cm) arrays, for
2004/early 2005 (North Illinois) beam in 2005 (UT Arlington)

2



Detector Geometry

HCAL, /> \( 0il Detection slab

Tungsten slab Ajveolus N\Partition

= Eeale Pulyi el

m 8-fold structure, 0.2x1.6x5.5m

B W layers in Cfibre/epoxy
» Minimal support, outer surface

m Each sector 14 tonnes
» Rigid within tolerances??

B Insert (Si-W-Si)+electronics slab

» Minimise gaps, accuracy?
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Detector Geometry

m 8-fold structure, 0.2x1.6x5.5m

B W layers in Cfibre/epoxy
» Minimal support, outer surface

B Each sector 14 tonnes
» Rigid within tolerances??

B Insert (Si-W-Si)+electronics slab
» Minimise gaps, accuracy? P
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‘ ECAL Critical Issues I

alumdnium shielding

m (TESLA) baseline design
» 32 miillion channels
» All electronics outside ECAL in ~ cm3
» Dense analog/digital/optical integration

6.3 (B4 Wi
o =

B Gaps ~ mm, important as many layers
» Very front end electronics inside?
p Cooling in detector volume?
b Pickup/noise ok if outside?
» High mechanical/electronic integration

ost (TESLA TDR) €133M
. » 3500m? of silicon
| » Very high, can be optimised
\ b Fewer layers (Si area ~ 70% cost)
P Diode yield (QC level reqd.)

» Magnet: €2M per extra radial cm
16 IoP HEPP Futures, 12 Feb. 2003



‘ Test Beam Prototype: 2004-5 I

m Combined ECAL & HCAL
HCAL

m ECAL, 3x10 layers, Si-W
» 0.4X,, 0.8X,, 1.2X,
» Each layer 3x3 wafers

» Each wafer 6x6 pads
P 9720 channels total

m HCAL, 38 layers Fe
» Common mechanical structure

» Insert combinations of
P “digital” (350k, 1x1cm pads)

Beam monitor i = RPC
Moveable = scintillator tiles
Silicon wafers  igple b analogue (15k, 5x5cm tiles)

scintillator tiles
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‘ UK Contributions I

Readout and DAQ for test beam prototype
»Provide readout electronics for the ECAL

»Possibly use UK boards for some HCAL options
»DAQ for whole system

Simulation studies

»ECAL cost/performance optimisation

»Impact of hadronic/e.m. interaction modelling on design

» Improvements in energy flow algorithm (model depend.)
» Comparisons of Geant4/Geant3/Fluka

»Luminosity spectrum (from Bhabha acolinearity)

Both areas lead directly to analysis of beam test data
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‘ Summer 2002 Readout System I

_ External trigger
TR Trigger board
.o ““5—_# I Limited time so
JEST o arang) 3 Twisted—pair Simple/robus‘r
-+ U not high

" performance or

/ innovative
v

Si diode wafers chips \.—_:_—-;

B Standard VME system

» Readout boards connected directly to Si
wafer/VFE PCB's

» Trigger board to distribute trigger in crate
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Autumn 2002: Conceptual Design Review

Proposal (Halsall) to use existing CMS Tracker FED board

Run/Halt v oV —>=L1 15V _33v 33V 1.5V . [Compac hoibid | s e
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12V a 4x > Matrix
+3+§\\// Prog -ront End FPGA
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_Hot swap cvcle
=

— " +
THve-eXtract

Fequest

Higher cost/board, but more channels so ~ cost neutral
Advantage: saves time/effort, fewer iterations
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‘CMS Tracker Front End Driver Layou1'|

Re-design - I R-—use

Fii

Constrains readout
board to identical
I/0 and inter-
FPGA paths as FED

No “"show stopping”
problem identified

Nigel Watson / Birmingham Fi*




‘ Simulation Studies I

m Forms a large part of effort
m Study effects of:

» Fewer active layers

> Allowing dead channels

» Non-uniform response

B Validate detector description
with test beam (e.m. &

m Existing Geant4 simulation hadronic interaction)
(French groups)

m Used in TESLA TDR (2001)

B Several energy flow schemes

m Better energy flow algorithms
» More performant
» More robust (to modelling)
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‘ Geant3/4 Comparisons I
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makes this important

1 Repeat studies with Fluka

» May differ from all MC!
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‘ Geant3/4 Comparisons I
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‘ Timescale I

B Ready for beam test starting mid-2004

m 2 Prototype boards
» Designed by 3/2003
» Layout/fabrication/assembly 3-5/2003
» Testing 6-10/2003

B9 Production boards:

» Redesign/layout/fabrication & assembly:
11/2003-2/2004

» Testing: 3/2004- ...
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‘ Summary I

B UK joined CALICE, the leading LC calorimetry
project

B TESLA oriented, but generic features

B Integration issues vital, study with prototypes
» 1m3 (ECAL+HCAL) module in test beam, from 6/'04

» Missing item: r/o electronics + DAQ
P Not final system, re-use existing tools where possible

B Major simulation effort for analysis/design

mTime to get involved in LC work is now!
» Good contacts with other non-UK groups
» 1st PPRP proposal May 2002, approved Dec. 2002
> Only for 2 years (so farl)
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