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DHCAL concept:

15/10/08

* Digital readout allows construction of high granular hadronic calorimeter
This leads to better PFA performance (hadronic shower separation)
Gaseous detectors are well suitable choice for DHCAL

Cheap and robust detectors are under development:

* Europe - yMegas and RPC

* US - RPC and GEM

DHCAL has energy resolution performance comparable with AHCAL
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’dP@ New SiD HCAL geometry

Symmetric geometry - optimization (LAPP)

R =38 cm

circle

' Internal shell is identical

with ECAL

Assembly proposition

ECAL

HCAL represent ~3000 m?
of active area and ~30M
channels of 1cm?

S |

R, =2,5m HCAL

New off-pointing geometry of DHCAL has been approved by SiD collaboration
15/10/08 J. Blaha, CLICO08



MicroMEsh GAseous Structure
’dPP (EuDHCAL "project)

Drift electrode

~800V

3 mm

#Megas characteristics
* Gas (Argon + Isobutane)
* Hight voltage < 500 V
* High rates
* Robust, relatively low cost
* Thickness 3.2 mm

3,2 mm

Micromesh ~500V

Stripsor pads
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#Megas prototypes at LAPP
* Bulk technology
* Mesh - 325 LPI
* Spacers: 120 ym height
300 pm diameter
* Pads: 1x1 cm?
* The chamber
* Stainless steel with copper cathode

it i
=S s

g — 1252 éctive pads

* 95% Argon + 5% Isobutane pMégas prfo:
* 3 mm conversion volume * Analog readout: - 3 chambers 6x12 pads
* Read out: gassiplex, hardroc, dirac - 1 chambers 12x32 pads

* Digital readout: - 4 chambers 8x32 pads

- 1 chamber 8x8 pads
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lap Readout electronics - HARDROC

4 mmx4 mm 2 Discris/channel

Hardroc 1 (2) (LAL)
* ASIC developed for RPC readout 64
* AMS SiGe 0.35 ym technology Analog
* Analog and digital readout Channels
* 1 chip (16 mm?, 19 mm?) - 64 channels
* 2 (3) thresholds in 10 bit precision
* Digital memory for 128 events
* Gain 2°(28) - 10 fC to 1 pC (5 pC to 10 pC)
* Crosstalk < 2% Dual DAC
* Low consumption - < 10 yW/channel
* Power pulsing < 0.5%
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DIF board (LAPP) ‘
* Control data from up to a5
100 VFE (hardroc and E iy bl ) N ©
dirac) chips el I [ T
 Store and send data to DAQ R TR T

* Provide USB connection to PC |

it
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’dP@ Readout electronics - DIRAC

Dirac (IPNL)

* ASIC developed for pMegas readout
AMS CMOS 0.35 pm technology

Digital readout

1 chip (7 mm?) - 64 channels T e A
3 thresholds in 8 bit precision -
Digital memory for 8 events

2 gains - 3 fC to 200 fC (100 fC to 10 pC)
Low consumption - < 10 yW/channel

Power pulsing < 1%

15/10/08

4.7 mm

Beam profile S
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channels 33 10 64
=
0 digital
channels 110 32 /
V4
DACs

Power pulsing
Power supplies
Analogue control

Dirac has been Testéd in test beam 2008 with 8x8 pads
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’dp@ Test beam

at H2 line SPS-CERN
Main objectives B =

* Prototypes disparity | 1 Megas 12x32 pads
Pad homogeneity

Efficiency and multiplicity W =
Crosstalk study| 3 steel absorber plates (1.9 cm) |¥&

Behavior in hadronic I_shp_m@r' Y B
3 pMegas 6x16 pads [N
Set-up H7ed P S |

* 3 chambers 6x16 pads
* 1 chamber 12x32 pads

* Analog readout (gassiplex)

* DAQ: centaure (subatech, Nantes)
* Slow control
(HV, gas distribution, temp.)

Test beam data
* 50 and 200 GeV pions
200 GeV muons

absorber in front of the system
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MIP signal in 4 chambers (for all pads)

Entries = 6138215

Chamber 1 Spectrum
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Only events with single hit in 4 chambers

are considered (30 % of events)
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Electronic noise

Pedestal sigma (ADC counts)

Landau peak vs pad

Landau MPV map ch0
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Efficiency for 4

ambers (for all pads

ch

Efficiency Chamber 0 Entries = Efficiency Chamber 1 Entries = 72140
12 12 1
X r g X
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A

Count the Number of hit(s) ina

3x3 array around the expected hit
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Efficiency
Chamber 0 97,05 £ 0,07%
Chamber 1 98,54 + 0,05%
Chamber 2 92,99 + 0,10%
Chamber 3 96,17 £ 0,07%

Pad multiplicity ~ 1.07 for 1 chamber
(75 kevents)

1 hit; 90,60%

/£ 2hits; 6,34%

Ohit; 1,96%

7 hits; 0,00% \
6 hits; 0,01% 3 hits; 0,87%
5 hits; 0,04%/ \_4 hits; 0,17%
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Test beam setup is being simulated
* Comparison with real data
* Better understanding of our detector
* Preparation for next test beam

Simulation tools

e SLIC full simulation (Geant 4)
* Analysis using JAS3

200 GeV Pions

30 cm iron absorber in front

Single channel respond in shower

15/10/08

Signal from 200GeV Pions Showers |
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500— Entries 62695
N Mean 267.6
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Simulation
Real test beam data

ADC counts
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M? prototypes:
* ~10 000 channels !
* Prototypes to be ready
for test beam 2009!

Top (2mm steel)
+ Drift Cathode

* Performance studies towards

the technology for m?

M? pMegas design

* 6 bulks (50x32 pads each)
* Hardroc or dirac readouts

- DAQ
. USB + PC
. CALICE DAQ2

Bottom (2mm steel)

6 Bulks (6 MESH + ASU + 144
HARDROCZ2) 5 mm entre bulks

Next step: m3 with ~ 400 000 readout channels

Similar work (m2/m3) is underway with RPC (US and EU)

15/10/08
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Simulation tools

* SLIC full simulation (Geant 4) DHCAL - 40 planes (uMegas)
* Analysis using JAS3

Geometry - 40 planes with pMegas
and 2 cm steel absorber

100 GeV Pions

150 mmM

2 mm steel
0.007mm copper
3 mm gas

2 mm steel
2 mMm epoxy
0.9 mm PCB

15/10/08 X (mm) J. Blaha, CLIC08 13
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Example - 100 GeV Pions, 1000 events

Energy (GeV)

0.0040+
0.0035+
0.0030T
0.00251
0.0020+
0.00151
0.0010T
0.0005T

0.0000+

15/10/08

0.0080T
0.0075T
0.0070T
0.0065T
0.00601
0.0055
0.0050T

0.0045T

Energy vs hit for each event

M3 uMegas Simulation
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Entries : 1000
#Mean : 70222
H*Rms 216.36

Mean : 2.1267E-3
YRmMs: 7.717BE-4

Longitudinal shower profile

# hits

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Layer #
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* Several yMegas and RPC prototypes have been
successfully built and extensively tested

* The first yMegas test beam results have showed very
good performance complying with DHCAL needs

* Development of large scale prototypes is well underway
and is going to be ready for a test beam 2009

* The simulations have started for TB and M3 structures
and will be extended to SiD/CLIC detectors studies

* Similar work on RPC (US and EU) and GEM (US)
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