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= Case for a digital calorimeter = 1 m? prototype

= Detectors : » Validation of large surface
» UMEGAS detector & readout
¢ Characterisation = 1 m? prototype
> RPC = First use new gen. of EUDET
DAQ?2

Digital Readout by ASICs
- J y » see V. Bartsch talk

» HARDROC : :
m Efforts of integration
» DIRAC in ILD & SiD
= Integration & Debug Cara: » Mechanical & simulation

DHCAL1 & readout

| » See corresponding talks
m Cosmic tests
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Case for a Digital HAdronic CALorimeter

= 1 or 2 bits of information per cell
» Finer granularity - 1x1 cm? X 40 planes

+ |deal for a PFA approach
» Cheaper, simpler, more robust detectors

¢ GRPC, UMEGAS, GEM's
m Gaseous detectors

2 5 & 2

=

» insensitivity to neutrons 10

=

¢ narrower showers (99% of hits in I
70x70 cm? for 100 GeV n) 10 HIP el

¢ suppression of big fluctuations
= Recovery of information ?

=

= = &

» counting

s

L ol S, [ ! L. =
¢ improvement: 3 thresholds -50 -40 <30 -20 <10 O 10 20 30 30 50

» topology See note LC-DET-2004-029

¢ Clustering
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Resolution studies

Digital: 0.5MIP

3{1; Semi-digital: 0.5, 10, 100 MIP
= GLD HCAL study by KEK Group | Tile size: Lemxlem
» 3 thresholds (0.5, 10, 100 MIP's) 25 ;
» 1x1cm? tiles 200
= 1 bit better @ low E a=
| Jet Energy Resolution | 10? Analog
—40r — i . Digital
= [ |—=— 91.187 GeV, Digital L
_533_— —+ 350 GeV, Digital 5 + Semi-Digital
E.of | —— 500 Gev, Digital %
Eaﬁg e 91.187 Ge‘u’.gﬁnalog ST T = HEa!DIaIta g
o34~ | o 350 GeV, Analog % 01 02 03 04 05 06 07
32:_ ---a--- 500 GeV, Analog 1/\JE(GEV_1/2)
3 = ete - qq (uds)
28
26 » Vs =91, 350, 500 GeV
24;— = Assuming Perfect PFA
221 : :
Jobe = — Better jet resolution

H MATSUNAGA
Pramana J. Phys., Vol. 69,
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DHCAL's in the Calice Collaboration

= USA: See pres. of J. Repond

» GRPC/GEMs
» Physics prototype
» Binary (1 bit) R/O

= France, Russia, Spain

CIEMAT, IHEP, IPNL, LAL,
LAPP, LLR

m ~25 persons

= EUROPE:
» GRPC / UMEGAS = Funding:
: CNRS/IN2P3 + EUDET + French
» Technological prototype ANR

¢ embedded RO electronics
» Semi digital R/O
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Gaseous detector technology

m Detectors —[Pick-up pads} Graphite|~

» GRPC (IHEP+IPNL) g |
igna

+ simple, robust,
rate < 100 Hz/cm?

» MUMEGAS: (LAPP)

¢ robust, high rates, B r_% (\ A
delicate implementation Gas | Resistive plates
Y.Giomataris, Ph. Rebourgeard, J.IPP Robert and G. Charpak g L% b

MNIM A376 (1996) 29
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Amplifier
Strip read-out
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Detectors: prototypes

= GRPC:

» 8x8, 32x8, 50x32, 100x32, 100x100 _
1 cm?-pad : already produced and tested. l

= UMEGAS:

» 16%6, 32%x8, 32%x12
1 cm2-pads: produced and tested.

» Larger size detectors are under

development ”MEGAS’LAPP

ST SRR
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HMegas Prototypes

PCB rooting with great care (4 layers)

m Stainless Steel top with holes for X-rays
= 5 um thick copper drift cathode

m Chamber assembly in clean environment

F. Peltier

....................................

short dust burning time !
very few sparks during functioning
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RMEGAS: X rays response

m >>Fe source (5.9 keV = 228 e- in drift volume)

= Trigger on mesh : preamp (T output) + fast ampli

all pads : 96 entries for each trigger

-é"““ [ | 2/ ndf 100.6 / 87 | X-ray peak (5.9 keV)
T Hl | MainA 2154 + 48.4 1H
N MainMean 700.6 + 1.8 A. Espargilidre
100t | MainSigma 73.52+ 1.49 1
1| | EscA 604.1+ 29.0 {
8071 | EscMean 370.1+ 5.1 '
solll | EscSigma 95.18: 5.69
E\ escape peak
40t
| pedestal ﬂﬂl
” ch s
B
uﬂl I..".'l!lx\'.]'I | Idill!l{]'I | II:Tul.'lll‘.]'I | IBl!l{'.llI1 1000
ADC Counts
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V. .n =420V
V=470V
E = 35 kV/cm

mesh

E,«= 167 V/icm

Gassiplex Readout :

Peak = 680 ADC cnts
=996 mV
=277 fC

Gain =7600

FWHM = 25.5%

T2K(same techno) :
FWHM = 26%

10
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RMEGAS: X rays response

22

%2 I ndf 17.871/5
Constant -6.633 £ 0.07307
7| Slope  0.03381+ 0.0001881

b
«

—

mesh 900

m VsV

» expected exp. behaviour

800

= VsV, . and Gas flow dependencies

700

Mean (ADC Counts)

» Saturates for Flow > 0.20 I/h (7 vol/h

» Gain ~ when Drift field ~

600

Edr

500

= Stability vs atm pressure e e
K. Karakostas Vmesh (V)
*» Slope = - 2 fC/mbar —
890

\ 860

800

770

R 740 -V
Lidd. 680 | B . B

jhassshass 440 450 480 470 480 490 500 510

- Gas Flow (Ifh)

9006
! 9014
 E—— I | | @02
ey SS90V

=33 kV/em

mesh

[ <] =W

ADC Counts

P ‘.-'3'*. O

942 943 944 945 946 947 948 949 950 951 952 953 954 955 956 957 958 959
Atm Pres (mbar)

K. Karakostas K. Karakostas HV Drift (V)
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MLMEGAS: X-talk from Cosmics

= Trig on 3 scint. coinc. Chamber mapping (geographic occupancy)

m MIPs selections:

» Charge ~ 32 fC
Gain ~ 6900

m X-talk:

» 20% of events have events
to highest E pad

g\i 1ooo:_

4@ I = 28 CJ-pedestal :

CIC) ; T soor 50% of the events

> 5 - i

O 4 Gl

S :: = 470 V I > 10 0-pedestal :

2 ; = 34 kV/cm 4002__ 20% of the events
_g b — 167 V/em : [] crosswise muons
8 4 200

= rdes"s‘-gs“ i

LL PCB routing along X -

|i|\|\||||||!|I|||||\|\|I||T|‘|||| | . 1111
% 0.4 02 03 04 05 06 0.7 08 09
(same Y than muon pad) (channels[Orders[94]]-21)/(Channels[Orders[35]]-21)
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Prototype for 2™ gen. of ROC ASIC's

(incl. local storage)
— ECAL, AHCAL
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HARDROC: Power pulsing

s Trigger

2 US
Y 2h 1944 b
e DAC output (Vth) .
00 [ e | |t | .
9 fm " PICITPEY 2
2?9% Y f + 2?9%5\;
485 V| Lmaett] T 1 4.05 v
IIIIIIIIIIIIIIIll Trigger S o e e
Wg

L 25 ps —+ !
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Going digital: Embedded electronics

m 1 m? = Embedded Readout chips
» 10k channels » 64 channels

= 1 m3 (40 layers) = Daisy Chained
» 400k channels » Control & readout

Clock+Config+Control

Clock Analog output

< - FPGA Config/Clock
Bunch/Train Timing H‘H Extract
Config Data OT CONFIG
VFE ASIC b m

ot i
O ouppress

Bat "‘ ocol/SerDes i —Q—
”' Buffer o
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Readout system

The 4 chips are daisy-chained and connected to a FPGA
communicating with a PC through a USB device.

= All components on the same PCB

Firmware + Software (generic ROC interface library) developed
» Config loading

» Acquisition modes

» Readout & Debug
= Acquisition modes
» Internal triggers

» External triggers : cosmics & test beam

m Data output: The two kinds of data output of the HARDROC chips are
accessible: digital and analogue
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DHCAL1L test card

m 8X%32 pads detector (GRPC and uMEGAS)
= 8-layer PCB
= 4 ASICs: HARDROC (Omega-LAL)

» 64 ch ]
» 2 thresholds N
m Readout USB + FPGA ; ‘

410

- S *’Eﬁ'ﬂl ) | =Rey -
] e o o o o o o o o o e e o
__41‘-1_, L l 20 .l 20 | | l | 0 ]I 2 J \ J aelab

=

) @ ® L)
—
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June 07:
* 8-layer PCB , 800 pm thick
* 8xX32 pads of 1 cm2 and 500 pm separation

- " - - o

===

T e ]

LeCroy 511/2007 8:07:35 PM

u"".-"—-h_

Warsaw 18

—
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Fichier e E: = 1= = ) = [ 12rment Afichhage IS e urs ViesUre hil stk

First Daisy chain measurement

I
I
==
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== ! Froamt
1= 3IZ25.79 p=s = -160.00 p=
HZ= AG65.F8 p=s 1 i4ak= -6.2500 kH=

[waiting for Trigder
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Labview DAQ

DHCAL1_Registers.csv |

Transmit Successful....

slowControlParameters.csv |

Slow Control

EN out _trig_int
EN tng int 1

Dev 0:

Flags=0x00000000
Type=0x00000000
ID=0x4C4C4448
Serialhumber=USB_DH1_00
Description=DHCAL1 BOARD

Bomer 1T i1 i
- otwed 0 o o o
Vaﬁd_tng(ﬁ.: 0) | 0x0000000000000000( 0x0000000000000000 | 0x0000000000000000( 0x0000000000000000

R.DELLA NEGRA
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HArDROC : S-curves of 64 channels

= Using on chip electronic calibration

After Gain correction
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Cosmic bench
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Analog readout was recently integrated and
will be used to chose the thresholds adequately

rrrrrrrr

‘bChal'INbl' Transmit Successful =]
‘ SELECT CHARGE OUTPUT A20
=
‘PULSE GENE <PX2_trig> <PX9>‘ Period [ms] ‘ Release hold ‘
i‘suu
Nbr_Trig ‘ T
1561 Set hold Delay o
read_value
get hold Delay o
WTC
:
‘ Init Clock ¥TC ‘ ‘ Reset VTC ‘ ‘ Init ACQ VTC ‘ ‘ Close VTC ‘ Hardrz =
Hi

STOP PROGRAM <Return>
Amplitude of the signal injected in one of the 64 channels of
each of the 4 ASICs through internal capacitors
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Beam tests

= 5 fully equipped detectors
(32x8 pads each):
GRPC & pMEGAS

m 10-17 July : CERN PS
» U, low energy 1t's
= 3-11 August: CERN SPS
» higher energy u, 1, e's
= Program:

» Efficiency and multiplicity

» but also the first phase of
the Hadronic shower
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Next steps: m?

ASIC support Units

1 ASU — 6x4 chips [=rriery
e I mn
/ 1010
I
]- I8 IF BE RS T
] ] | | | o
E I TN T
...
s e e el .TF I N B .
HEENEEgEERENNNN
[ ] - - - - - - -
_ = -,.I"--—------_‘
pcb-connector —

ASU hosting 24 HARDROC chips designed
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Connection between the different ASU is under study:
signal transmission+ mechanics (IPNL+CIEMAT)
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Mechanical design of a 1 m? prototype

Top (2mm SS) + Drift Cathode + Frame + Gas Supply

T e
‘-:o:o:o:-“_ >
S T
B oy, S P

1002

Joint j
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6 Bulks ( 6PCB + 144 FE chips + 6MESH)
with 4.5 mm gap

Fibreglass + Bottom (2mm SS)
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Detector InterFace card

DIF
Power
Supplies+
5 4+ BV L » +5V
> * Monitoring [ | LDO :: 32&
— 1.2V 90 89
JTAG
v
USB < - FPGA ¥
ASIC Config -
ASIC read y " A
DAQ interface B
Slow control
LDA « > HR analog
(HDMI) i
A 4 2 1
ADC [
DIF

DIF designed and sent to fabricationl
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First test of EUDET DAQ2

DIFs ASUs x40

Machine
clock

Digital (Config, Control, Data)
Clock & Sync

See V. Bartsch talk on
EUDET DAQ
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Perspectives

A 1 m3 technological prototype ILC-ModuleO
to be built before 2010

H\

The technological prototype design optimization on going
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Conclusions & perpectives

= A Digital rl.Adronic C \lLorimeter with semi-digital (2-3 thr.)
readout is very promising candidate for future collider
experiments

» integration work going on = see |ILD & SiD pres.
= Small & big GRPC & UMEGAS detectors realised and tested

= A multi-slice test based on the embedded semi-digital readout
was successfully tested in a laboratory cosmic bench

= A beam test is scheduled next month at CERN.

= 1 m? project is ongoing and the first plane is expected before
the end of 2008.

= A full 1 m3® technological prototype is funded and expected in
2009-2010
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sh seous tructure

Boze Moterll

= The bulk technology

Lamlnatlon of Vacrel

Y.Giomataris, Ph. Rebourgeard, ].P Robert and G. Charpak
NIM A376 (1996) 29
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large area
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Amplification
100 pum
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MicroMegas Prototypes

® PCB and bulk from CERN (rui de oliveira)

» 325 LPI mesh

» spacers : 120 pm height
300 pm diameter

» pads : 0.98x0.98 cm?, 200 pm between pads

® The chamber

» 95% Argon, 5% Isobutane
» conversion volume (3mm)
» a top in Stainless Steel with a copper drift cathode

® The pad readout : analogue

» Gassiplex board : 6 gassiplex chips - 96 channels
Electronics card built for CAST by DAPNIA (P. Colas, Philippe
Abbon)

» VME sequencer and ADC from CAEN

» CENTAURE acquisition (SUBATECH, Nantes, D.Roy)
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DIRAC ASIC

A new chip with a low threshold for u(MEGAS
is under development @IPNL

gain trig_in data_in
‘ e T T q----- -1--t1--+-<]Jclock .
— | : 4 3 DACs (8 bits each)
—i | com| -5 2 -
i EHIE BCID = 12 bits
in shi ' E g
=z | hﬁ > 2|y memory depth= 8 evts
ref g %
one channel :
| 64-ch chip
" | [trig_out data out
prog [ >— serial to // P HAG evelnts A CMOS teCh
— & —1_>carryout
oot |3 power pulsed
I N
channels 33 to 64
E DACs
0 digital power pulsing
. bias
Slmple geometry channels 1 to 32 analog control

4.7 mm
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The chip was designed and produced.
A test board using OPERA DAQ
developed @IPNL was used.

Chip1 Channel29 20 fC

gmo \ otign First results:
z 800 Mode HMEGAS
0.8 fc/DAQ

Resolution < 2.5 fc

600
400

200

III|III|III|III|II]

Tests and improvement are going on

I14I II16I II18I II20II I 32 3
Threshold (DAC count)
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