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( CAu(ed Outline | UL

Calorimeter for IL

* Introduction: Case of Semi-DHCAL:

R & D: MiniDHCAL and 1 m? prototype
- Electronic, Mechanical, Gas system;

- DAQ and data format;

TB: Search for the best design
- TB setting & Statistic of different test beam period,;

- TB Performance:

- Efficiency & Multiplicity scan with HV, Threshold, Gas;
« Efficiency with semi conductivity glass;
i - Shower profile with 1m”2 prototype

Next step: 1 m? prototype
MC & Analysis: Integration to full detector

» Conclusion
25/09/2009
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Case for a Semi Digital
CT/I"@:9 HAdronic CALorimeter L”L— |
|

Calorimeter for IL

« 1 or 2 bits of information per cell

- Finer granularity — 1x1 cm? x 48 planes

* Ideal for a PFA approach
— Cheaper, simpler, more robust detectors

- GRPC, MGRPC, uMEGAS, GEM's
» Gaseous detectors

2 8 5 3
|

|

=

- insensitivity to neutrons

=
=

=

* narrower showers (99% of hits in 70x70 -0 *
cm? for 100 GeV 1) o

- suppression of big fluctuations K - By ¢ B
< Recovery of information |

=

2 & &
!

- Counting: 3 thresholds T R T W T

~ Topology: clustering
25/09/2009 See note LC-DET-2004-029 | 3




CAned Resolution studies | [{_ '

Calorimeter for IL( 35

- GLD HCAL StUdy by KEK Group g | Digital: 0 5MIP
30 Semi-digital: 0.5, 10, 100 MIP
- 3 thresholds (0.5, 10, 100 MIP's) %ﬂ o Tile ize: Tems e %
- 1x1 cm? scintillator tiles 251 Single 1's
| Jet Energy Resolution | 20;
=40 4 .
= | [——91.187 GeV, Digital i 5 ==
538 | - 350 Gev. Digital 15 gt
S aal | —— 500 GeV, Digital g
?,36: e 91.187 GeV, Analog 10l * Analog
&34;— ---m--- 350 GeV, Analog i 5 D|g|tal
32;_ ---a--- 500 GeV, Analog 5___ 5 Sem|-D|g|tal
301 [ > Real Data
B ST Y A Y [ R U T T T S TV W T T M
281 % 01 02 03 04 05 06 07
26| 1NE(GeV'?)
24
22| - e'e - gq (uds)
ZDZI 1 I 11 1 1 | L 111 | 1 | I

IR NN (SR S T I L !
1 1.5 2 2.5 3 3.5 4 — \/S = 91, 350’ 500 GeV

Segment [cm]

H MATSUNAGA « Assuming Perfect PFA 4

Pramana J. Phys., Vol. 69, » Improved jet resolution
No. 6, December 2007
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'RPC Gaseous | |
LA detector prototypes L”L‘

« GRPC (/HEP+/PNL) —[Pick-up pads} Graphite}'

- simple, robust, rate < 100 Hz/cmsignal
* 1.2 mm gaz gap

* 400 um glass plate

 Graphite/Licron/Statguard — 7 \
resistive cover Gas [ Resistive plates]
o ~7.4kV

Signal electrode
Cathode -12 kV

« Multi-gap RPC (INFN Bologna-CERN)

- Higher rates & efficiency

| | (-9 kV)

: TFE 93%
- Idem Alice ToF system | ; | (-6 kV) R
* 4 x 250um gaz gaps | | (-3 kV) SF6 2%
* 400 um inner glass plates
- 550 pm ext. glass plates Anode O V
25/09/2009 .~ 1012 kV 5
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Prototypes: *"I
CALIe2 Mini DHCAL and 1 m2U/ .

+ GRPC:

- 8x8, 32x8, 50%x32, 100x32, 100x100 with 1 cm2-pad : already produced
(with different option) and tested.

« MGRPC
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Another ASIC developed

t a threshold of 3 fC

* DIRAC
aims a

Channel wise

98—9talks < 2%

Threshold > 10 fC

25/09/2
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- CAu(@d  Mini DHCAL | UL |}

Calorimeter for IL
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8-layer, 800 p thick PCB
buried and blind vias
x-talk <0.3 %

4 hardroc chips

Readout FPGA -> USB
8x32 pads detector

HArDROC's

Acquisition modes : different modes are allowed:

a) Train (ILC mode)

b) External trigger :
cosmic rays & test beam

Data output:
21yieed and analogue
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| CAu(ed The 1 m? project U/'L—

Calorimeter for IL

DIF

* 10-layer board (6 for signals)
designed and prototype produced

* FirmWare & SoftWare operationnal

. and tested in beam

(with 4 HR pMegas card)

ASU

» 8-layer board designed and produced

e 500x33.3x1.2 mm3

e Connections between adjacent PCB
foreseen

.+ ASICs were tested and plugged

Software
Acquisition software
based oh US/XDAQ developed

N




1 m?2: ASIC

E@ﬂ support Units

Calorimeter for IL
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ASU hosting 24 HARDROC chips produced and being tested
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CAu(ed Gas circulation study | UL

Calorimeter for IL

improve on gas distribution system in new
chamber design

Gas velocity maximal ~ 1mm/s

in

_ npom

New chamber




EC DAQ & Data format LLIL_

DHCA

L slab

DAQ Schematic view l

LDA*ODR| pC | DAQ for m3

HDM

DIF supervisor Event builder Storage

DIF

use ()

DHCA

L slab

DIF supervisor

DIF UI manager

DHCA

L slab

DIF supervisgr

DI Online monitor,

Main FSM

O

DAQ software (Xdaq
framework)
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LCIO format for reconstructed DHCAL

Header & DIF part (proposal v0.01)

back of envelop discussion
V. Boudry, G. Grenier, R. Kieffer

EVENT: : LCEvent

{
int _runNumber; /7
int _eventNumber; // Global Trig Count == # evt
EVENT::long64 _timeStamp; // Mean timestamp from Hit/DIF
// TB: Large BC
// For ILC: Large BC since run start.
std: :string _detectorName; // Detector version ??
LCCollectionMap _colMap; // List of collections
std: :vector< std::string > _colNames; // Name of collections
LCParametersImpl _params; //
LCCollectionSet _hotOwned; //
¥
EVENT: :LCGenericObject
{
// ->DIF Collection
// - int DIF_ID+Module_ID // DIF_ID (48-144 ==> 7-8b)
// // + Module_ID (4@ barrel + 24 Endcap ==> 6b)
// - 1int ATC // delta GTC / DTC
// - 1int DTC // Diff Trig Counter == #evt vu par la DIF
//(C - float TimeDiff // TimeZ2Previous event )
// - int LargeBC // BC from run start.(32b)
¥

25/09/2009 15
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CALI(e2 TB Performances:

Calorimeter for IL

PST9 28 Jul - 4 Aug, Mini DHCAL
2008

%

PST9 18 Jun - 8 Jul, Mini DHCAL +

25/09/2009
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Calnnmol’ar far 1l
[ Time distribution Run 153 |

Mini DHCAL.:
Event Selection

|_Signal+Noise Map Run 153 |

h_events

% AN 30

19" Previous spill Current spill i

10° ;— :

i ? 20f
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‘ ; 15}

:: ” EE 10:
10} Noise
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[ Noise Map Run 153 |
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Calorimeter for IL
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| Efficiency Vs Hight Voltage (Gas mix: Isobutane/TFE/SF6)

Mini DHCAL.:

Scan

HV

Multiplicity Vs Hight Voltage (Gas mix: Isobutane/TFE/SF6

> Plateau: 7.2 to 8 kV

25/09/2009

100 - _ _ _ ol C e __ - _
80; ___________________________
9 L
g B Graphite RPC (IHEP Protvino)
9 ]
0 - ]
= L ————— Graphite RPC (IHEP Protvino
£ af Pl REG vino)
L —_ Licr:on RPC (IPN Lyon)
B 1
20— ——— StatGuard RPC (IPN Lyon)
: |
B |
o||w|||||\|\|\‘\\\‘\|K:-r\|||||||\||\
6.2 6.4 6.6 6.8 7 72 (74 ) 76 7.8 8
Hight Voltage (kV)

-> Efficiency between 80 and 98%
» Lower multiplicity is preferred.

-> Best ratio multiplicity/efficiency: around 7.4 kV
» Until now the licron coated detector seems to be the best candidate:
-> it has the lowest multiplicity and shows very good efficiency performance.

28— -
C Graphite RPC (IHEP Protvino)
26— '
C Graphite RPC (IHEP Protvino)
24— !
99 :_ Licron RPC (IPN Lyon) |
2 C 1
S L0 StatGuard RPC (IPN Lyon),
g F :
g 1.8 :— '
— 1
1.6
C 1
14— 1
C T ST T T T T T T Tttt TT T T
1.2 1
— 1
1 | P | L /:T\ R T T MR T S
6.8 7 7.2

72 C74) 76 78 8
Hight Voltage (kV)

DAC’s Thresholds: lower 120 fC / higher 450fC
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ini :
CAu(ed Threshold Scan L”L— ‘\

Calorimeter for IL
| Efficiency Vs Threshold | | Multiplicity Vs Threshold. |

1"“; 22
90 B = Graphite RPC (IHEP Protvino)
80— 2 —— Graphite RPC (IHEP Protvino)
L E_ ——— Graphite RPC (IHEP Protvino) ~ ———— Licron RPC (IPN Lyon)
E - 18—
Fy 60 = -
S F 2 StatGuard RPC (IPN Lyon)
s 90— =———— Graphite RPC (IHEP Protvino) g
£ F 516
W 40 E
~ =———— Licron RPC (IPN Lyon) -
30 14—
20 -
F = StatGuard RPC(IPN Lyon) ~
10 12—
0:II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII _III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
400 500 600 700 800 900 1000 1100 100 200 300 400 500 600 700 800
Threshold (fC) Threshold (fC)

» Multiplicity moving as expected => lowering as threshold
Increases.
> Efficiency decreasing down to 80% at 1.1 pC threshold.

25/09/2009 19
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Mini DHCAL.: with
CALl &2 Semi conductive glass ,“L_

Calorimeter for IL

- Thick Chinese Epm p.nﬂ‘zﬂﬂ : Emﬁiﬁ'ﬂ“’ vs Pani'ﬁle F'H“ |
'6? B - Thin Chinese Statguard Chamber dac1-2lm I 100 Y
& 100 : : - -
wor ‘ Th|((:jk f{-—ri—*—l—r—!—‘ r =
| Semiconductive . . s . i
N e I Semi cond glass: WReference: clas
- ass ¥ - 9lass ~1E13 ohm/cm
- / 1E10 ohm/cm :
B / » po= e Graphite RPC {IHEP Protvino)
! — u J
60— / 32 1 maf 111818 = !
= Prob 0.1918 L] m'_
i Throshold 7.5 £ 6006158 E | ——— Graphite RPC (IHEP Protvino)
| Width 0.1141 + 0.006488 s m._
40 7 T ndl 86.7116 E
B e msipe 0— s Llieron RPC (IPN Lyon)
| Threshold 6.942 £ 0.008192 =
20 | Width 0.08693 + 0.005075 30 ':_ ¥{)O HZ,-'Ilcmz
- Thin Semiconductive glass WEZ— StatGuard RPC (IPN Lyca)
0 B L1 L1 1 | 11 | L1 1 | L1 1 I L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | I— 1 | 1 ey
64 66 68 7 7.2 74 76 178 8 8.2 | 0 " ( WIE-
HV (kV) | Particle Fliux | D)

» Cooperation with Tsinghua University: Provide us with semi-conductivity glass
1.0"10 ohm/cm;

» 2 chambers with 32*8 pads: 1.1mm at both side + licorn coating & 1.1mm on
cathode + 0.83 mm at readout + statguard coating

» Semi conductivity glass has good efficiency at high event rate (>10kHz/cm”"2),

A classical glass has significant efficiency drop when event rate exceed 4!
100Hz/cm”2
\—-——l— B — R
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Mini DHCAL:
(E@a with CO:2 gas

Calorimeter for IL

| HVefficiency scanin CO_ | T ——— .
= i Thin Chiness Statquard Chamber dac1=200 g : - NFrame2
€100 Reference Russian Chamber | LI Tt oo 2 Do g | SR rhinsound Chivess Chamr ductezoo R iorgencz| | A
E : n . ; i L4 ¥ ‘—; R _ Russlan Graphite Chamber dnuitSDD-
L \ e = = 3 = | HEEEEEEEE nick Chinese Licron dac1=200-Rate >10kHziom*2 |
80— sl
B | Thin Semiconductive glass - 5 5
60l Rate <100Hz/cm? C Thin Semiconductive
| ‘|'I 2.5 IR T ........................
f 12 | nddf 559117 - {
B 4 Prob 0 ~
I~ ! Max Eff 86.77 + 0.1954 [
40— / Threshold  6.731+ 0.003599 2 )
— / Width 01351+ 0.003108 C
B / 22 [ ndf S017e+Dd [ 7 L
N ! Prob ] L
f , Max Eff 85.29 + 0.1163 -
20_— / Thick Theashold  E.483 4 0 | M e—— A, SIS
H . Width 0.07791 + 0.0019877 —
= Semiconductive | e S iE -
— . Glass Prob 1.43e05 C
— “ Max Eff 92,09 + 0.6201
u B Rate >1 0kHZ/Cm2 'I'::snhnki 203 & B 1 - O SR
é L1 B|5 L1 1 } —T—T ?:5 — W"“ha 0.0838 + U-M558375 1 6.5 7 7.5 8 8.5
- - - HV (kV
HV (kV) (kv)
2/ ndf 625/13
Prob 0
MaxEff 99.21+1.055
Threshold 661.5 = 25.99
Width 25.3 = 16.14

Avoid the flammable

Slope 0.01506 = 0.003617

u | x2 i ndf 213.3/ 12
gas: replace
u MaxEff 92.28 4 |
Isobutane with CO:2
Width 7.587 + 0.2523
Slope 0.0005748 + 0.00173
+* I ndf : 8239/18
- Thin Statguard Chinese [7.8kV -Rate <100 Hzicm*2 Prob 3.265e-10
MaxEff 107.8 = 2.466
25/09/2009 - Thick Licran Chinesd- 7 4KV - Rate = TORHITem 2 | Threshold 635.1=4.553 |7
Width 31.86 =B.714
- Graphite Russian Chamber - |T.4kV <100 Hzlem*2 Blopﬁ 0.1056 = 0.007684
0 L1 | L1 1 1 | | 11 | 1 1 | I | 11 | I 11 “‘}- ‘J_l N | I“T‘_‘—J-LL‘ L.l |
200 300 400 500 600 700 800

Threshold




CALI(ea2 1 m?: beam profile L,I/IL_

Calorimeter for IL

Beam profile in 1 m2 chamber | | Beam profile in 1 m2 chamber |
E guf_ I160
B0 —140
= ] —120
R 100 '
50 °
a0 " e s a7y . N
E [ - " os ; = : b _50 7 PR | .
W . il HV connection
= my S 40 -|||‘
20 = g g o ’!li;:i-i 5!-!'
105 . - = 1 20 w
L i "
u_llll|||'||f|'|'|||'|||'||||||i|||| b b By o
0 10 20 30 40 50 60 70 80 90
cm

Pads over (low) threshold

DAQ successful in testbeam mode
With 3 DIFs synchronised
Up to 93% efficiency

pion /muon beam

23
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Calorimeter for IL

Trie zlipr 15t guilel 2 rezllisiic graigiyoe,
Velliclzttinle) irle techniriolocical solttior) we

0rfogose for ine |LD conica gt

Technological prototype is made with:
> 40 planes of 1m?
» One plane composed by:

20 mm s.steel absorber + 6 mm GRPC/PCB
» A mechanical structure supporting the planes.
> A parallel gas distribution systermn.

Important points:
» Mechanical structure development:

1m?3 of (Absorber+GRPC) is about 6 ton weight.

> Use of gas system with re-cycling option.
» Semi Digital readout of 368.640 channels :
DAQ, event buiding, & data storage.

25/09/2009

" Next step:

1 m* prototype
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1 m3: shower
e containment L’“L

» With a 1m3 DHCAL, hadronic shower B
could be mainly contained, even for high |
energy pions (about 100 GeV).

Calorimeter for IL

> We already try to evaluate the energy
deposition to help the 1m?® design.

» The 40 planes of 9216 channels each,
will permit us to have the complete AR
profile of the showers, with a very high [ Number of pads vs pion energy |

granularity. Tl (B nowmbompean |
2 E e hits with E>2Mip é

> As the HARDROC2 will have o M e wnetows |
3 [hreshgldg’ we try to evaluate the 5002_ ....................... ............................. ............................. .............
number of fired pads for different 300 - _____________________________ _________________________ _____________
thresholds ValueS, to better reconstruct 400;_ ....................... ............................ ............................ _____________
the energy 300;_ ....................... .......................... ............................. .............

200 E— v < ke SN R

1°°§_ ___________________ __________________________ _____________________________ _____________________________ ____________

oE. & L

20 40 60 80 100

25/09/2009 pion energy (GeV) 5




MC: Full Detector |
LALIED Occupancy study LI/ 'L—

Barrel | Barrel |EndCap |EndCap| Ring | Ring
NhitS N Nh Nasic Nhits Nasic

e*e=2qq 207.6 1% 117.8 77.8 6.7 4.5
| Gigaz,30evt/s\| 6-2K/s 3.7k/s ) 3.5k/s 2.3kls 201/s 135/s
\&J.L_W 0.1/s 0.06/s | 0.036/s | 0.02/s

Minimal bias | 0.78 0.64 20.2 17.0 0.038 0.033
GigaZ,10evt/s | 7.8/s 6.4/s 202/s 170/s 0.38/s | 0.33/s

0. .
Minimal bias | 1.06 | 0.91 Kf:— 25.1

| Nominal 700/s 600/s 19.6k/s | 16.6k/s
660evt/s 6/s 4/s

Calorimeter for IL

asic Its

0.058 0.05
38.3/s 33/s

Black: expected N,../N... per event;
Blue: expected N,,/N.... per second;

22/01/2009 _ 21 26
Red: N,./N_.. per second on the hottest Asic

. MC Simulation: our RPC has sufficient rate capability!




MC Digitization: Estimate |
CT/I"@:9 the induced Charge L“L_

Calorimeter for IL

| Hit Energy Deposition of 100GeV Pion (1k evts) | s
_ Entries 587813
- 18000 Mean 2.124
‘ | 7 2 RMS 2.081

/ 16000

14000

D|g|tlzat|0n 12000
with 100 GeV Pion

8000

6000

InduceD Charge Vs Energy Deposition DHCAL Hits with 100 GeV Pion

4000

2000

0IIII|IIII|IIIIIIIII|IIII|IIII|IIIIIIIIIIII

b 1 2 3 4 5 6 7 8 9 10

10" ™ it induced Charge of 100GeV Pion (1k evis) | s
Entries 587813
= Mean 3.013
B RMS 3.562
2 25000 . C ey . .
“ "H|  Basic Digitization tool is
20000t | ready: will be used for

0l thresholds optimization --
i | extract the full potential of]
10000§— Semi DHCAL

5000(—

=
o

I|

3 0

_| L1 IIIIII| (| IIIIII| -
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@@9 ILD Integration

Calorimeter for IL
» Simulations were done with Molka
- software integrating DHCAL
geometry.

» Event produced: single klong &
uds.

» First analysis was done using
Marlin with single threshold at 0.1
MIP in Mark Thomson’s PFAnalysis
module.

» Particle Flow Algorithm need to be
optimized to use the full potential of a
multl thresnhold DHCAL.

» More work has to be done for it.

25/09/2009
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UL

Detector’s resolution Vs polar angle

| SigmaE/E vs Cost 1 |

EvsC1
Entries 26

11

1

0.9

0.8

0.7

0.6

0.5

0.4

III|IIII|IIllllllllIIIIIIIIIIIIIIIIIIIII

uds at 200GeV
uds at 91GeV

Barrel

EndJr
Cap
+
—— + 4:+
: .

Mean 0.667
RMS 0.3165

1

0.3

\ o(E)/E for different energies |

Klong with full PFA

28



cou@  Conclusions & |l
Calorimeter for IL pe rSpeCtlveS

A Semi-Digital Gaz rladronic Czlorimeter with embedded
readout is a very promising candidate for future linear colliders
experiments

* A mini SDGHCzal based on first generation readout with GRPC
and 1 m? prototype were successfully tested in laboratory and in
test beam at CERN

* A lot have been learned from the test beam experiments:
searching for the best design of the RPC for ILC

» A technological prototype “1 m®’ (RPC or MGRPC) is funded
and expected in 2009-2010

* MC Simulation and Analysis are well undergoing

25/09/2009 29
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