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General Comments

• LC calorimetry R&D: a diverse effort
• Apologies for missing out or inadvertently 

misrepresenting any particular project
• Most efforts are working with the Particle 

Flow framework in mind
• Schedules are tentative and reflect the 

technical assessment of groups and may 
not reflect the funding realities 
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Goals

Establish the feasibility of
the respective technologies.

Validate and tune hadronic
shower Monte Carlo’s. This
is essential for calorimeters
hoping to use particle flow 

Refine detector concepts

G. Mavromanolakis
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Si-W ECal

For dense highly segmented calorimetry
Minimize dead zones
Minimize readout gaps (small Moliere R)
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Prototype Geometry

30 layer prototype
3 independent W-CFi structures
(1.4, 2.8 and 4.6mm W plates)
Detectors can be slid in the gaps

Active area: 3x3 wafers
Each wafer has 36 1cm x 1cm pads
Total channel count ~10k
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Exposure to beam

Test in Feb. 2005 at DESY
14 layers (~ 3k channels)
20x106 events collected

Longer run with full detector in 06
Readout integration R&D continues
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Si-W ECal

Beam 
Direction

Layers of Si sensors
and Tungstens

Frontend readout boards

Digital
and Control
Boards

Obtained 28%/sqrt(E)
Further analysis going on
R&D for thinner layers and
AC-coupled sensors in progress
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Si-W ECal
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Readout Electronics

1 chip/wafer
Chip bump-bonded to wafer
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Status and Plans

1 wafer/layer (750 pixels)
30 layers
2.5 and 5 mm Tungsten plates

64-channel chip submission soon
One layer beam test in 2006
Full assembly in mid-2007



2/7/2006 V. Zutshi, Snowmass 2005 14



2/7/2006 V. Zutshi, Snowmass 2005 15

LCcal

45 layers
25cm x 25cm x 0.3cm Pb
25 (5cm x 5cm) Scint. Tiles
3 Si pads at 2,6 and 12 X0
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Status and Plans
• The LCcal prototype has been built and fully 

tested.
• Energy  and position resolution  as expected:

σE/E ~11.-11.5% /√E, σpos ~2 mm (@ 30 GeV)
• Light uniformity acceptable.
• e/π rejection very good ( <10-3)

Looking to combined tests with HCal
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Scint. ECal

½ - ¾ X0 Tungsten
5x5 cm2 tiles WLS fiber readout
Cells in alternate layers are offset

Starting to work with SiPM’s
Working with Fermi/NIU to 
produce extruded scintillator
with tight tolerances
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Scint. HCal

~1000 pixels on 1mm x 1mm
Bias voltage ~ 50-60V
Gain ~ 106

Quantum x geom ~ 12-15% 2 cm 
steel

0.5 cm 
active
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Prototype Geometry

30 layers 8 layers
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Status and Plans

In the construction and assembly phase
Hoping to see beam in mid-2006
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RPC-based HCal

Signal PadMylar sheet

Mylar sheet Aluminum foil

1.1mm Glass sheet

1.1mm Glass sheet
1.2mm gas gap

-HV
GND

10 RPC’s built for studying
no. of gaps, resistivity,
chamber configuration and size
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Status and Plans

40 layers
1cm x 1cm pads
64 channel custom ASIC
(1-bit readout)
Also used for GEM-based
HCal prototype

Hope to be ready for beam in 2006-07
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RPC-based HCal

Was done
1. Chamber R@D itself
2. Tests of 1m2 RPC plane with strips 
-1.2 mm monogap glass RPC, 6 mm thickness
- robust design with 2mm steel caps
- efficiency ~94 %, nonuniformity ~2%
3 .Tests of  RPCs in 5T mag field in DESY
-There was no difference in RPC behavior when 5T was  on or off
-Prototype of 64 ch. FEE printed board was tested successfully , PCB is outside of 

RPC and includes 8 channel MINSK chips OKA (amp.+disc.), ALTERA EP1K50  
as FPGA and RS232 driver for sequental read out with PC

Ongoing
Beam tests in IHEP of 1 m2 RPC plane with 32x32=1024  channels 

(Nov05)
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GEM-based HCal

Ar/CO2 gas mixture
Amplification with dual foils
G ~ several thousand
Each layer 8-9 mm thick
1cm x 1cm pads
1-bit readout
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Status and Plans
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Assembly of five 30cm x 30cm GEMs
Development and testing of long foils
Completion of 1m3 prototype in 2006

Signal size, cross-talk, efficiency
studies with prototype detector
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DREAM

Measure the EM content
event by event

Copper absorber structure
Scintillating (dE/dX) and
Quartz fiber (Cerenkov)
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Status and Plans

Investigate designs suitable for an
ILC detector
Introduce non-hydrogenous Sci-Fi
2006-07 test beam timescale
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Getting together for beam
Abstract

PROTOTYPES FOR THE LINEAR COLLIDER DETECTOR
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IV. PERSONNEL AND INSTITUTIONS 1
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VIII. RESPONSIBILITIES BY INSTITUTION - FERMILAB 2
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8.3 Fermilab  Particle Physics Division
8.4 Fermilab ES&H Section       
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X. Bibliography                 24
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Summary

Unprecedented calorimetric
performances demanded at
the ILC.

A world-wide effort gearing up to meet this challenge
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