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Motivations

Analog Digital
CALICE

Why the digital solution?

granularity

e Cheap robust
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But what about the readout with 2 bits solution?




| Comparison of Energy Resolutions
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» Real data (analog) :
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| Digital: 0.5MIP
H Semi-digital: 0.5, 10, 100 MIP

Tile size: lcmxlcm
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 1-bit digital solution 1s better at low energy
e Analog solution 1is favored at high energy
due to number of particles in the central region.

But what about the 2-bit readout solution?
The study of KEK group for the GLD HCAL using :
2-bit, 3 thresholds (0.5, 10,100 MIPs) associated to

1x1 cm? tile size shows :

e Similar energy resolution with respect to the analog
readout version for single particle at HE
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| Jet Energy Resolution

>~ “ Jet Energy Resolution
+ —
4 efe” = qq (Wd/s) a0,
. | & [ [—— 91.187 GeV, Digtal
\{S — 91, 350, 500 GeV 838:— —+— 350 GeV, Digital
3363_ —+— 500 GeV, Digital
4 Energy measurement O™"r | o 91187 GeV, Analog
o I
o ~ o 34 |-+ 350 GeV, Analog
W lth (perteCt) PFA [ | -a- 500 GeV, Analog

4 In case of 1x1 cm? tile
s1ze, digital calorimeter
achieved similar or
slightly better jet energy
resolution
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Digitall plAdronic CALarimegier for ILC

Two efforts are followed 1n parallel to have high- granularity
compact DHCAL:

USA: using GRPC/GEM with binary readout (1 bit) =
Physics Prototype

Europe: using GRPC/MICROMEGAS
with semi-digital readout and ILC-like features =
Technological Prototype with the following guideline:



Detectors for the DHCAL
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S
.2 E N
L -
S ~1 kV/ecm
o
S - Micromesh [/ ~500v
S =
£ 3 T a0 xvre
[ = T N s B s B s T s T s WO, s WO s SO e O, s A s WO s V4 s

Strip read-out



GRPC: 8x8, 32x8, 50 2 100%32, 100100 1cm?-pad : already produced and

V“ \s ’ , | [L1 ﬂ
\"‘ p‘,:l |

UMEGAS: 16%6, 32x8,32x12 1cm?
produced and tested. Larger size

detectors are under development
30 May Calor08 I.Laktineh-:




How to have a detector of few thousands m?
fully equipped with low consumption semi-digital readout

Clock+Config+Control // & o
< < Clock

< <
R 4 BN A FE
- : - ! | : ! [ FPGA
| VFE | VFE ! VFE 1 i\ VFE |
—>: ASIC | I ASIC I ASIC ] ! ASIC ——pp» PHY <«

? ' B i o | R

R

>
v | Analog output
Clock Clk
<}« FE-FPGA < ¢ FPGA Config/Clock
Bunch/Train Timing Extract
: BOOT CONFIG
Config Data
VFE ASIC <
Data Format
Data l%er? Sulp/)gregs | /O 0
ADC > rotocol/SerDes > Buffer
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Electronics
HARDROC
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e 64 channels, 1 6mm?
* Digital/analog output.
e 2 thresholds(3 very soon)
 low consumption, power
pulsing (< 10 pnW/ch)
 Digital memory able to
store up to 128 evts.
 Large gain range
-+ Xtalk <2% .
« Adequate for GRPC”
(threshold > 10 fc)

*For utMEGAS another ASIC is developed in with a threshold

as low as 3 fc
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Through via Blind via  Buried via

30 May Calor08 I.Laktineh-IPNL 16



8-layer PCB , 800 pu thick
e 8X32 pads of 1 cm2 and 500 p separation

» » » : »
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ile  Vertical Timebase Trigger Display CEE A ysis  Utilities Help
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500 mvidiv
550 mV offset

5/11/2007 8:07:35 PM
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The 4 chips are daisy-chained and connected to a
FPGA communicating with a pc through a USB
device.

Firmware + Software were developed to allow
charging the slow control parameters from file/flux
and controlling the procedure.

Acquisition modes : different modes are allowed:

a) Internal triggers

b) External triggers : cosmics & test beam
Data output: The two kinds of data output of the hardroc
chips are accessible: and

30 May Calor08 [.Laktineh-IPNL 18



Assembléd(IPNL)??,«;" » ;ﬁ Readout software (LLR)

Fichier Yertical Base de temps Déclenchement Affichac Seurs Mesure iath Analyse Ultilitaires Aide

I ! I
First Daisy cham measurement
| ! t

I
S

: ba=e 616 p=] [Decienchendsil 518
1.00 ‘V‘J’dlv 1 .00 “Sridiv 1.00 “idiv 200 pissiciv Fiormal 119 %
-1 010 = ofst =1 500 V¥ ofst S70 s offset 200 kS 100 SIS FFrond Positive

12w I 310 % i 26 mi 1= 32579 pus = -160.00 ps
S 536 mv T Sigiiens 2= 165.79 15AX= -6.2500 kH
e Loy 22 ML - - Hs - =

Mvaiting for Trigger



Dev 0:
devices.tmp =l
Type=0x00000000
= ID=0x4C4C4448
SerialNumber=USB_DH1_00
Description=DHCAL1 BOARD

slowControlParameters.csv FrHanAla—NvANNNANNN

Name ValueASIC1
EN_RamPFull 1
EN_Dout 1
En_TransmitOn |1
En_out_discri 1
Header(7:0)
bypass_chip
EN_out_trig_int
EN_trig_int
En_trig_ext
EN_out_raz_int
EN_raz_int
EN_raz_ext
not_used
Valid_trig(63:0) | 0x0000000000000000| 0x0000000000000000 | 0x0000000000000000| 0x0000000000000000
dac0(9:0) 0x200 0x200 0x200 0x200

dac1(9:0) 0x200 0x200 0x200

ON_otadac 1 1

O = | O =t = = | O
O = | O =t = = | O
O = | O =t = = | O
O = | O =t = = | O
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Second threshold

First threshold

30 May Calor08

N
O STOP and READ DATA

n“II“IIl.I.IIIIIII“IIIIIIIII st
ddddddddddddiddaadddddda A AR A A 1o R0
dddddddadddddddddddIadGdaaaaaa A
dddddddddddaddddadaddaaaadaaaaaaaaa

FFFFFFFFFFF P FFFrrFrFFFFrrr T Rt |

ddddddddasadddgadadaaaaagaaaaaaa v
ddddddddaddddddvasdayaaaaaaaaaaa
dddd3adaddaaaaddaaasaaaaaaaaaaaa P ]

=

diddddddadddddaddaddadaddadadaaaaaa "' e
dddddddaddaddadddaadadaaasaaaaaaaa ’
JddddIddAEdddddddIdaddadaadd a
ddddddddddddddadddadddaddaadaaaaa
ddddddddddddddddddadddadAAAAAAAR e
ddddadaddddaadaadadadadaadadaaaaaaa
dddddddiddadadddddddadadaaasaan oo
ddddddiddadaddddadaadaddaaaaaaan

Example of.a recorded mip.=

STOP PROGRAM <Return> i

[.Laktineh-IPNL
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GRPC
32x8 pads
RP:graphite

preliminary

60— .
C no gain corr.
40—
20—
ol N T B B B B
y 6.6 6.8 7 72 74 76
HVIKVI
Threshold= 100 fc
|Graph |
g 2
2 [
= 1.8:—
1.6:—
1.4:—
12f no gain corr.
1_|_IlllllllllllllllllllllllIII
6.2 6.4 6.6 6.8 7 7.2 7.4 7.6

HVIKV]

TFE 93%
Isobutene 5%
SF6 2%
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§ preliminary
“F TFE 93%
GRPC so - Isobutene 5%
32x8 pads E SF6 2%
RP:licron o
" no gain corr.

L1 el v by v by by o by s by v by boya g 111 L1 1
6.2 64 66 6.8 7 7.2 74 76 7.8

no gain corr
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Recycle Bin My Computer MAIN_PROG

e B 2

P dhcal1_y2.Ivlib:SousVisuMatricePixel.vi

no error Acqusition uiring MILStoppeﬂod mult Tng_Int

6
*’: r] 300 [mS] ol
Fk Name Time [ms] Nor Trig befor Read  yig axt

|Trametxt l6a18 o1 int_fie] |30 234 [START ACCQUISITION| | STOP and READ DATA |

Format Data Format Detector | Image Detector | Cafbration [ Visu |mi"%°”% I_m

[Peysoind]l _ MIN{son  Timewindow 2750  MAX Range_Max
=y J ——

\/

L R R N R L L L L R LKA, % Time Window
0 100n 200n 300n 400n 500n 600n 700n 800n 900n 1u 1U 1m lS 105

Nbr_TRIGO
1

1
1
0

Even_Poss Even_lost Trig_ext  Trig_ext_lost Compteur[s] Num_Even Efficacité[%]  Trig_ext_lost[%]
60 4 28 15 100n 27 96.43 53.57
64 2 30 13 100n 29 96.67 .33 DISPLAY

Windows 121 1 100n 28 93.33 43.33
Play¢

0 0 0 0 0 0 0.00 0.00

: L .
ua 7/
n 2 STOP PROGRAM <Return> R S A0-N 267 W 23/04/2008 12:04:59 d

WinSCP hricut to
Format_Calib

id start | @ D:nCdhcall a.. | B SearchResuts | B dhcall_vaib:. B dhcall_v2ivib:... | G taka - Microsoft. R & # B 12:05




Gain correction is ongoing for the different boards

I :_ Entries 192 j
C Mean 2149
1207 14| rms 6.627
1 T | %2/ ndf 35.25/28
1 12| constant 10.36 = 1.15
I | Mean 2139+ 0.5
s . 10— | Sigma  6.144 + 0.544 /
€80 € [
] 3
o Q 8
60/ 4 =6.1 DA
40:' " - 15.
20|
ST 2
ks \ : '\\ BN SN - N\ e
%90 200 210 220 230 240 250 P e oo R T R S

DAQ Value

ASIC 1, 2, et 4 Distribution des SCurves Corrigees. |
| ASIC 1,2, et 4 Gain 16 Apres Corrections |

40—
140 ] 35 f— Entries 192
' E Mean 223.6
120 300
i - RMS 1.812
100~ -0 = 2.0 D A
. - %2 I ndf 4.692/6
Eanl - =H f C
380 i - Constant 39.23 + 3.83
© - - Mean 223.4+0.2
60 T C 4 = 0.
i C Sigma  2.011+0.172
40 :_
200 =
:1111 N A i " 0:||1||||||1|| ||||||||| IIIIIIlIllII
°|90 200 210 220 230 240 250 205 210 215 220 225 230 235 240
DAQ Value DAQ

JVU lviay LCalutvo 1.LaKtineh—1r INL Al



Analog readout was recently integrated and
W111 be used to chose the thresholds adequately

DLUW Lr l LU Y I FRARS/ S IR I

A (D) wm Sewver

Get Crror

bChanNbr

: Traramt Succasshd |
| SELECT CHARGE OUTPUT l 220
=
|Pu.su;uxr.<9x2 u'lg><l7x9>‘ [...1 ’ Release hold ‘
Nbr_Trig 3 .
W Set hold Delay r.'d;lm
T | e
vIC
@
v EE
I Init Clock VIC ! [ Reset VIC l l Init ACQ VIC ‘ [ Close VIC l Myd2 =
Mardd
SO © 9 Q s B

00 -
550 -]
SO0 -
-0
) -
50 -
300«
20~
200+
150

100

Torgs

)

STOP PROGRAM <Return> ' e
Amplitude of the signal injected in one of the 64 channels

of each of the 4 ASICs through internal capacitors



Final confirmation of the success of our electronic
readout system will be coming soon with the beam tests
with 5 fully equipped detectors (328 pads each):

10-17 July :

beam test@ps-cern
3-11 August:
beam test@sps-cern

To study:
* Efficiency and multiplicity

vs:angle, position, particle multiplicit
* but also the first phase of the Hadronic shower

30 May Calor08 [.Laktineh-IPNL 28



DHCAL
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DIF is already designed and sent to fabrication

FPGA

ASIC Config
ASIC read
DAQ interface
Slow control




ASU hosting 24 hardroc chips is already designed

[ =

o

L

- Tt

30 May Calor08 [.Laktineh-IPNL

31



Connection between the different ASU is under study:
sighal transmission+ mechanics (IPNL+CIEMAT)




Perspectives

A technological prototype ILC-moduleO to be built
before 2010

GEANT4

The technological prototype optimization is going on to optimize the design

30 May Calor08 [.Laktineh-IPNL 33



A digital hadronic calorimeter with semi-digital readout
1s very promising candidate for future colliders
experiments

A slice test based on the semi-digital readout was
successfully tested 1n a laboratory cosmic bench

A beam test 1s scheduled next months at CERN.

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

A technological prototype i1s funded and expected 1n
2009-2010

30 May Calor08 [.Laktineh-IPNL
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Energy Resolution

Segmentation dependence
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= 2cm x 2cm
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1NE(GeV'?)

—> Smaller size is better
in high energy region

Threshold dependence
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- No significant difference



DAC output (Vth)




, e 3 DACs (8 bits each)
-] 5 _%_ 5] BCID = 12 bits
1f > | g _
HES D ‘{@ 5 % g : memory depth= 8 ev.
A IT‘ref E el 8
5 3
| comp ©
one channel ;I; >: s
a e okl ol 64-ch chip
orog [ > serialto s [~ DAC oy B CMOS tech
ot [18 [O=™ power pulsed
T
u llll.lllllllllllllllllllllllllll'“‘"gifg
- channels 33 to 64 =
@ =
el 8 | DACs
; - digital = ower pulsin
- 8 . P pulsing
Si l = = bias
Imple geometry m channels 1 to 32 ™
& - | analog control
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Chip1 Channel 29 20 fC

‘>; [ Low
C1000"”".""- Medium
o @ High
2 ]
m .

800 —

600 —

400 —

B )
200

01;:1..;1.;.1.‘1, r'-.:‘1..‘A..%..:‘A.x$:.A‘.
14 16 18 20 22 24 25 2 30 32 34

Threshold (DAC count)

The chip was designed and produced.
A test board using OPERA DAQ

developed @IPNL was used.
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First results:
Mode UMEGAS
0.8 fc/DAQ
Resolution < 2.5 fc

Tests and improvement are going on
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