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ONeutral (photon) calorimeter (primary)

OCharged particle detector and PID via ToF
measurements (primary)

OLimited track reconstruction via relative
timing information and read-out
segmentation (secondary)

OAdditional input into charged PID
likelihood analyses with dE/dx and total
energy information (secondary)
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OPerformance Objectives

OEnergy resolution o(E)/E < (0.05+ 0.05/+E) with E in GeV
O Depends on SciFi/Pb sampling ratio
O Depends on Radiation Length
O Depends on #P.E.’s and intrinsic PMT resolution

O Timing Resolution o(t) < (150+ 50/\VE); 0=200 ps

O Depends on #P.E.’s (number of SciFi’s read out per PMT
that have recorded “hits”)

O Depends on intrinsic PMT resolution and rise time
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OModule-1 construction R&D is completed

O Length is 400 cm after machining and polishing

O Height is 23.3 cm (~16Xo0) of Pb/SciFi/Epoxy matrix
O Used almost 80 km of SciFi’s

O Took 5-6 persons a month to complete

O Used five gallons of BICRON 600 epoxy

O Construction & machining was done at CSR/UofA

O Cosmic ray tests will be done at the UofR

OSiPM readout progress and in-beam tests
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Details are shown in the training video
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Module-1 hoisted for
machining
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O Construction techniques and infrastructure
are in place and process can start when
funds become available

O1 mm @ of SciFi is an optimum balance

between performance, construction
guality and costs

OPerformance « SciFi/lPb®light collection
properties®scintillator properties

OCosts « SciFi length®SciFi diameter

OThese are non-linear functions!
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35 tones cylinder

Barrel Calorimeter

Supported at four 5 in thk plate
locations
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O60 SiPM’s have been obtained from CPTA
OResults so far have been very promising

OPulse rise time and energy resolution are
excellent and gain is almost as good as
vacuum PMT’s

O Significant R&D is required to determine
the optimum SiPM-to-SciFi coupling to
obtain the required timing and energy
resolutions with the minimum number of
SiPM’s
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O flashed with
Optitron NR-1A

O : BURLE 8575
under identical
conditions, at 2kV

20ns/div
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S1PM and SciF1 with source

200 [

100

100 200 300 400 500
ADC Channel (Arbitrary units)
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O SiPM'’s are noisier than vacuum PMT’s

O “Effective” noise levels depend on noise
amplitude. Most vacuum PMT’s have
very high dark rates at the 1-5 mV levels,

also known as electronic noise (well
below 1 P.E. levels)

O Some brands of SiPM’s have much

higher noise rates and currents than
others
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OThe correlated “noise” rate is shown to be

negligible when compared to real events in
the ADC spectra at 100 kHz, since the LED
was triggered at that rate

OThe noise amplitude is below one P.E. level

OEach SiPM - in a matrix of 10-20 coupled
devices viewing the same BCAL area - willi
be discriminated at that level to prevent

noise triggering the TDC’s and causing
amplitude resolution effects
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O“Standard” SiPM’s have higher Q.E. in
the A=500-600 nm range (Y-G)

O“Standard” ( ) SciFi’s have peak
emission in the Ax410-450 nm.
However, for lengths > 50 cm, the
light surviving is mostly Y-G

OWe need to model and test - with beam
and/or cosmic rays - the optimum way to
collect the light onto the SiPM’s
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OSource: Ocean Optics
380 nm LED

OSciFi: PoliHiTech
double-clad 1 mm @

O Transmission spectra

have also been
obtained as a function alcm 410cm
of fiber length

O » Yellow-Green
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Average Data Normalized to Maximum Intensity - Pol.Hi.Tech

® Source:380 nm LED

0.9 +

® Spectrometer: Ocean .,
Optics

® One SciFi (PolhiTech)
fiber used for all
measurements ;
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OMatching Green SciFi to SiPM may provide
certain benefits, such as longer attenuation
length and better spectral match to SIPM’s

OFast Green SciFi is now available (BCF-20,
peak emission @ 490 nm, decay time=2.7 ns,
1/e length > 3.5 m). Hybrid Green and Blue
SciFi BCAL is also an option

O Cost may be a problem but construction of a
5 cm high and 4m long test module may
become necessary to test actual performance
against the one obtained from blue SciFi
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O Coupling of several SiPM’s to a finite area of
SciFi’s remains to be modeled and a
prototype needs to be constructed for testing

O Coupling of a number of SiPM’s as one matrix
will be a new development

OAIl has to fit within tight physical constraints

O Conventional vacuum PMT’s - with long clear
fibers as light guides - remain as a fall back
position if all else fails
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® 48 azimuthal slices

ho hil ne h3 h4 hS
0 =(2n/N)radians q
or (360/N)’

® 5x2 readout segments
per slice

® 1000-5000 channels
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ORead-out to be decided by end of 2005

OThis will also lead to final decision on the
type of SciFi, Green, Blue or Hybrid

ODelivery of SciFi’s and their sorting,
inspecting and bundling them is very
time consuming and can be done before
even construction funding is released.

O Similarly for the delivery and preparation
of the Pb sheets
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OSciFi (80 km @ $0.65/m): $52,000

OBICRON 600 epoxy (5 gallons @ $600/gal):
$3,000

OLead: $2,000

O Consumables (industrial epoxy, gloves,
brushes, paper and cloth wipes, alcohol,
etc., etc.): $1,000

OAI plate and steel support channel: $2,500
(includes labour)
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(O10x2 sets of 15 coupled (matrices) of SiPM’s
($55 per SiPM): $16,500

OElectronics (bases + discriminator chips) for
above: $4,000 (includes labour)

O 20 sets of SciFi-to-SiPM (matrix) light guides
and Winston cones + 15 light collection fibers
per set: $4,000 (includes labour)

O Shipping crate: $1,000 (includes labour)
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ONew swaging machine: $20,000 (includes
labour)

OSecond press-frame: $15,000 (includes
labour)

OFiber handling and sorting table with Cu
(grounded) table top cover: $1,500

O“Clean room” to house two presses and
one main SciFi table with A/C (filtered)
and temperature and humidity controls.
Estimated cost: $20,000 (includes labour)
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@ All these numbers are
preliminary e

O Total Materials Cost: $4,128.,000
O Total Equipment Cost: $56,500

O Sub-Total Materials+Equipment
(includes some labour, as indicated):
$4,184,500
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OEach module requires 2.5 man-months to
complete - assuming eight hours per day
(unskilled labour, e.g. 5 students)

O Cutting and swaging =200 sheets require
approximately 10 man-days per module
(unskilled labour, e.g. 2 students)

OLabour and milling machine charges for
machining each module to final dimensions
are approximately $2,800
(machinist rates)
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02.5 x $1,500/month x 48 = $180.,000 for the
construction of 48 modules

(O 24 man-months x $1,500/month = $36,000
for Pb sheet cutting and swaging

OMachining and polishing = $134,400

O Total labour costs for BCAL construction:
$350,400 reflects UofR+UofA labour only

OA large fraction can be contributed from
Canadian funding sources but we will
require early delivery of material (Pb and
SciFi’s) as long lead items to stretch the
funding cycles
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(best estimate at
this stage)

+ $4,534,900 £ 15% ~
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