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Digital Hadron Calorimetry for ILC

ILC: Separate W,Z boson masses on event-by event basis

-—

60%I/E
Elements for BestUET
DHCAL based . — = es
b THGEEI;SAG; Internationai, Linear Collider resolution with
Precision studies of traditional
H. Natal da L :
etal. * new physics calorimetry
Need 30%/E
—
DHCAL for ILC
. . Generally need 0/E;,; ~3-4%
VLY Digital calorimetry
Detector . . .
associate “hits” with charged i
KPiX . E J
tracks, remove hits, measure } ‘ ijf

opinatien neutrals in calorimeter using hits : 5
Conclusions Vs. energy /

Particle Flow Algorithms now achieve the required energy
resolution!
@ Requires thin, efficient, highly segmented, compact, robust

medium
@ Possible technologies: D-GEM, Micromegas, RPC, THGEM
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Design within the SiD Detector Concept,
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but also as part of the CALICE collaboration
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A. White et al UTA

General detector
scheme

Simulated event
w 2 hadronic jets

D-GEMs @ UTA:
//,/ /| 1m?in process

2 sampling‘layers (out of 40) with THGEM-based elements

Sampling jets + advanced pattern recognition algorithms

=> Very high-precision jet energy measurement.

enties/0S GeV

510 g 10 2
Visible Encrgy (MC trth - recons.) GeV.

Reconstructed jet:
Simulated energy resolution
0/Ejet ~ 3%

(CALICE)



20mm-thick Stainless steel absorbers (TH)GEM

GEM-BASED DHCAL CONCEFT /
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NOT TO SCALE

@ Thickness of sensitive region: 6—8 mm, including readout
electronics.

@ 95 % efficiency;
oz @ up to 1.7 particles/pad overlap is acceptable.
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~ 10-fold expanded GEM

Thickness 0.5-1mm

THGEM advantage for DHCAL:
SIMPLE, ROBUST, LARGE-AREA
Cheap: Printed-circuittechnology
Digital counting=>

gain fluctuations not important

THGEM Recent review
NIM A 598 (2009) 107

drilled

etched

El

Double-THGEM: 10-100 higher gains

*Robust, if discharge no damage
«Effective single-electron detection
*Few-ns RMS time resolution

*Sub-mm position resolution
«>MHz/mmZrate capability

*Broad pressure range: 1mbar - few bar
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@ Higher gain in Ne mixtures
but: lower ionization — nyy; ~ 40 e/MIP

@ 2-THGEM: higher gains/lower HV

but: too thick.

MIP
€
'/; Segmented
- readout
- electrode

10x10cm Double-THGEM



e @ THGEM area: 10 x 10cm?;

H. Natal da Luz @ Gas volume: ~ 280 x 180 x 32 mm?;
@ Gas: Ne/CHy4 (95:5)
(non-flammable);

DHCAL for ILC @ Single THGEM, gaps: 3/2 mm (d/i)

THGEM or
Detector Double THGEM, gaps: 3/2/2 mm

KPiX (). )
Optimization

Conclusions

I Drift=3mm

\ ] | ] | ] | |0

]Tmns =2mm

1

[_Readout electrode " | | |

4 pad dimension: 0.8+0.8 cm’ \_L_%

Integration with KPiX readout electrode in course.

June, 112011
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THGEM C <20% FWHM
Detector e
KPiX L
Optimization 100 —
Conclusions E
| bl I I 1 1
nﬂ 500 1000 1500 2000 2500 3000 3500

Data taken using RD51 Scalable Readout
System.
A?E < 20 % at moderate/safe gain (no sparks).
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[ Cosmics with standard electronics |

%2 | ndf 2.892e+04 / 444
Constant 1322+ 6.923

£ MPV 142.5+ 0.9961
3 Sigma 82.01+ 0.7194
(&)
250 Entries: 37057
200 Double THGEM
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150 AV, =300V
c AVigem = 610V
100F- AV, = AV, =300V
50—
0:...|...|...|...|.| ki s e
( 200 400 600 800 1000 1200 1400
Charge (fC)

Cosmic data, standard analog electronics.

Operation at huge gain (~ 65k)!
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1 beam, ~5000/spill 221 ndf 2.837e+04/ 3 11 Double THGEM, analog readout 22/ ndf 4509 /-3
1 10 Constant 4793+ 12.09 60 Constant 171+ 2.026
% E MPV 6.795+ 0.009737 % MPV 12.6+0.1597
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o o
50
0_7;7 Single 0.8 mm THGEM, with MCA o Detector gain: 6000
o s; Gaps (mm): 10 /2
) AVy=790V Gaps (mm): 3.4/2/2
0.5 AViygen =850 V 30
04 AV,=200V Total counts: 4117
Total counts: 29123 20 Rate: 1100/spill
g Gas Flux: 3 lih y LH UL
0.2 I
10,
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PP I BN iirt e [t et
0 10 20 30 40 50 60 % 20 40 60 80 100 120 140 160
Charge (fC) Charge (fC)

@ RD51 test beam facility at CERN (SPS/H4),

@ Several geometries tested.

@ System triggered with 3 10 x 10 cm? scintillators, plus one
small 1 cm? to select different smaller regions on THGEM

area.
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PIONS

acfhon Sy
5 20 25 30

t=0.4 mm, with MCA

Gaps (mm): 3/2

AV, Hoem /i = 200 / 640 /200 V
Total counts: 1844

Gas flux: 16 I/h

Rate: 5000/spill (500 Hz/cm?)
Detection efficiency: 94 %
Detector gain: 1100

Spark rate: zero/20 min.

35 4
Charge (fC)

Measured very low discharge rates even with pions @ rates >>ILC
THGEM: 0.4mm
Gain: 1200-1400

@ Muons and pions easily measured, but charge signals very

@ Spark rate was fine, but KPiX might need higher signals.

221 ndf 1909/ 762
Constant 529.1+ 3.608
MPV 2.062+0.01217
Sigma 09212+ 0.008742

1Lin Single 0.4 mm THGEM

RANALAN RN LR R




3mmgap 20-08-2010 THGEM 0.4
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Maximum detection efficiency (¢ = 96 %) was reached very early,
even with a small drift gap.

June, 112011
1



pricAL KPiX Readout scheme 4-deep
pad “pipeline”
Elements for
DHCAL based
on THGEMs
H. Natal da Luz
etal.

DHCAL for ILC

THGEM
Detector
Optimization -
Conclusions >ADC/fC

- E e

@ Developed for Si/W ECAL at SLAC,
@ KPiX 9: 512 13-bit ADC (our THGEMSs only use 64),
o @ Self-Calibrating (distributions can immediately be given in fC).
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Rt 3
FPGA, interface and KPiX ASIC board

@ 64 pads in a 8 x 8 cm? matrix.

¥

&)

64 pad eectrodes with KPiX ASIC behind.

@ Communication with a PC by USB through interface and
FPGA boards.

structure.

@ Very low efficiency (~ 4 %) due to ILC synchronized timing
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Non collimated %°Fe source.
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[ Beam Monitor, facing upper window |

Elements for E 4 C
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cm

@ Integral of charge in each channel.
June, 112011 @ Each pad has 1 sz.
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Events

T T T T T T

Double THGEM with large drift gap, operating

KPiX: Muon Hits, Gain = 5300

2200

5

m180 T
160 1~
140
120

100
80

6
4
2

3
T

%

Constant
MPV
Sigma

N
Charge Value

at low gain (~ 1000)

Double THGEM

@ Electronics very sensitive to sparks. Got damaged before end
of tests in beam.

@ Problem partially solved, but sparks still originate glitches in
the LV power circuit and strange things happen in KPiX (latch
up in some channels and software crashes).

949 +21.9
11.41+0.19
4.609 + 0.090




Elements for

on THGEMs

. Natal da Luz @ application of protection resistors and diodes in the circuit to
prevent latching up of channels due to sparks,

@ Application of inductances in the LV power supply lines to
avoid propagation of the sparks to the interface and FPGA
boards.

DHCAL for ILC
THGEM

Detector

KPiX

Camer - Minimize spark probabilty
Conelusions @ THGEMSs used in more recent works seem to have a lower
discharge probability,

@ Noise optimization might allow to work at lower gain,
@ Use resistive well geometry (see next slides).

June, 112011
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one-sided
THGEM

B

DHCAL for ILC resistive
THGEM layer
Detector

o anode pads

Conclusions

@ No induction gap
@ Ground on both external electrodes

@ Spark-protection of electronics

Under investigations at Weizmann

June, 112011
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180+

160 Muons

Well configuration with 10 M(Y/sq resistive layer
1401 Wipgen =710V

Driftgap=10.3mm, E__. =1 kV/em
1201 gap ai

Ne/5% CH,

Counts

0 50 100 150 200 250 300 350
Charge (fC)

@ Acquisition with standard electronics chain (KPiX was not
working);

@ Very high gain with no sparks (~ 5600);

@ Charge pulses more than enough for KPiX;

@ Still unclear how it works when reading from separate pads.



DHCAL based

on THGEMs @ Very promissing structure, with a low cost per unit area,
M @ Results have shown that it is possible to see MIPs within 6
mm,
DHCAL for ILG @ Integration with KPiX about to be achieved thanks to close
THGEM cooperation with SLAC.

Detector
KPiX
Conclusions | @ Establish working conditions of THGEM + KPiX in RD51 test
beam,
@ Combine with RD51 GEM/MicroMegas tracker information to
determine multiplicity,
@ Test chamber performance in the presence of hadronic
showers.

June, 112011
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Thank you for your
attention!
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