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Outlook

Introduction
— Hadronic calorimetry at a future linear collider

DHCAL R&D at LAPP

Environmental study

— Experimental setup and gas gain model

— Basic properties of our Micromegas

— Gain, gas flow, mixing ratio, pressure, temperature, gap

Conclusion



Calorimetry at ILC

Electrons i Positrons

el ¢

International Linear Collider
— e+/e- collisions at 500 GeV, 30 km long
— Luminosity of 2.1034 cm2s?
— 1 ms long bunch trains, 199 ms idle
— Detailed study of EWSB, Higgs boson properties,
SUSY particles, extra-dimension models ...

3 detector concepts with # tracker and calorimeters

ILD (TPC) — SiD (Silicon tracker) - 4th (Drift chamber)
— SiD and ILD based on Particle Flow Approach (PFA)
e Single particle shower imaging capability
* Highly segmented and compact calorimeters
* Resolution goal: 30 %/VE

Hadronic Calorimeter design
— Total absorber depth of 4.5 A, 40 layers, 8 mm gap
— Small cell sizes (down to 1 cm?!)
— Thin sensitive layers (solid or gas)
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Matching energy deposits in calorimeter with tracks



Analog and Digital HCAL

Total instrumented area of 3000 m?!
— Find a compromise between Nchannel and cell size

Analog HCAL
— Scintillating tiles of 5-10 cm? depEnergy for 3 GeV plons | 5575
— Light readout with SiPM/MPPC = m“"*’l_
— 1 m3 prototype already tested sosoof sigma = 001616 + 0000
!5I)BIJ+;—
Digital HCAL 10000 Charge

— Gas layers with 1 cm? pads ‘5000
— 1 threshold per pad (single bit info.) "% | "":’"‘”‘"”‘"””“"" |
— GEMs, RPCs, Micromegas ' ol e
— ILC oriented ASICs (HARDROC1/2) O bt e e 0 100 S
oo Hits
Charge '
What is best for energy resolution? VS Hits oot
— Measuring charge or counting hits? sotol
— Actively simulated (J. Blaha contribution MPGD, Crete) sonck




Detectors for a DHCAL

Different types of gaseous detectors are currently under developments:

e Glass Resistive Plate Chambers (GRPC):
e Europe: IPNL (Lyon, France) and IHEP (Protvino, Russia)

e USA: ANL (Argonne, USA) R 2080 Evont 158

e Gaseous Electron Multiplier: \ i
 ANL (Argonne, USA)

e MICRO MEsh GAseous Structure =

Time: 6838157
Hits: 30 Energy: xxx mips

e LAPP (Annecy-le-Vieux, France)

R&D strategy:
—Development of small prototypes and their characterization
—Construction and test of 1 m?and then 1 m3 prototypes
—Prototype performance comparison - final design for DHCAL
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GASSIPLEX

ith embedded electronics

8x32, 32x48 cm?
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HARDROC / DIRAC

DHCAL R&D at LAPP

What we are involved in

Large area detector (WG1), Bulk Micromegas

Phys
ASIC development (DIRAC chip)

ICS S

Detector test
2 beam tests in 2008, 3 planned this year

Prototypes
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Digital readout prototypes w
HARDROC/DIRAC chips)
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Small HCAL performance

e 4 chamber stack
— Gas gain ~ 15000
— Analog readout (pedestal of 3 fC)
— CERN H2 & T9 beam lines

— Muons and pions (absorber option) Single channe! bistogram | channel103
e Results !
— Most Probable Charge ~ 25 fC wh
10 % variation for largest chamber i
— 95 % efficiency to 200 GeV muons
- Hit multipIiCity< 1.1 0 ||||‘||‘||||||‘||:
wn 16 :«Tidf a3 m: lé": _f
g (jnnstu.nl lJ..S il L{_] m
Tl a 4 Mean 98314060 =
EﬁICIeﬂcy q6 5 Sigmi 10264 0.56 _;
0 |97,05+0,07% g E
£ ¢ =
1 98,54 + 0,05% > 6 =
4 =
Chamber 2 92,99 + 0,10% 5 .
Ml =
111 ! |
Chamber 3 96,17 £ 0,07% 560 70 80 90 100 110 120 130 20150
Normalised MPV




Tests with digital readout

e Not much done sofar
* Problems with HV, DAQ software

e Still, predictions can be made from
tests with analog readout prototypes

Landau 200 GeV muons Expected efficiency
2r 1 1
1.8f Ar/iCH,, 95/5 |- 1
F [ 4710 - .
ml'ﬁ; / \\ vmesh = 420 V [ : /
Hi1.af 0.8
g c l \ Gain = 15500 i
1.2F i
Moo = Foo
AR TN 3
Ho.sf i
he R I \ 0.4
rgo.s B \ i
o :, \ L
0.4 :l N 0.2
0.2;, - /
%0 20 40 60 80 100 120 140 160 0 0.511.522.533.54455
total charge (£C) MPV/t

Efficiency for a 20 fC threshold is rather low (70 %)
Efficiency sensitivity to changes in various
parameters should be known.




e Study effect of various variables on gain O ur St U dy

— Gas variables: gas flow, mixing ratio
— Ambient variables: pressure, temperature
— Amplification gap

One chamber of the stack is used

e Two studies:
— Environmental study: G(t), P(t), T(t)
— G(V), lot to be learnt from gain curve too!

* Experimental setup:

— @Gas system:
2 bottles of Ar and CO, 250 [ . . .
x* / ndf 232 / 142
mass flow controllers (1% accuracy) - b0 8228 + 95.3
200 o 4 )
rotameters, chamber stack and bubblers - - e
— Readout of mesh (>°Fe) signals: 8 150 p3 1143 £ 60.3 |
L . : p4 248.3 + 2.8
ORTEC preamplifier + ampli/shaper J s 41.49 £ 2.16
12 bits ADC ’ - E '[j:zile gaus fit |
— Slow control: 50 T e
— Escape peak
Pressure and temperature gauges O% / D i
0 200 400 600 300 91000

ADC counts



Amplification properties

e Electron collection efficiency
— Probably some electron attachment
e (@Gasgain

— Maximum gain of 10*

 Energy resolution
— Twice larger than theoretical limit

/.
Vs
/

v
.’} A Ar/CO, 95/5
]

Ar/co, 90/10

gas gain

m Ar/CO, 80/20

vrdonn g L L Lo Lo Ja o L Ly
e
440 460 480 500 520 540 560 580 600 620 640
Vmesh (V}

peak position (ADC countsg)

energy resolution (%)

700 [
- m B =
600: AL, = i
I . |
500 | o . I
C ']
— |
400 |- . CETTE IR
B A&
: L] I
300 [ .
- . A = Ar/CO, 80/20
200 | 3 e Ar/CO, 90/10
- a s Ar/Co, 95/5
100 C 1 [ i1l
10 107 . 10°
field ratio
24 ;
C Ar/co, 95/5
22 -
- Ar/co, 90/10
20 :_ Ar/co, 80/20 +
18 |- +
16 |
C + . ¥ P
14 *wmf '3
C L i 14
- thgot " doig ogttth g |
12 § O T
- ¢
- $
10 F
o F
10° 10*

gas gain
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Gas gain model & gain curve fit

e Using Rose and Korff parametrization of
the Townsend coefficient:
NAP ]
Gﬂ/?’l = A() exp(—Bgn/E) n = RT 10* ¥ / Y
: ﬁ FAn.
6 A
R
‘ J)/ Ar/co, 95/5
e Ar/co, 90/10
* Gain sensitivity to P, T and g variations: T T T T e e
AG 10140 460 480 500 52‘? 540(\!’;)60 580 600 620 640
G = CpAP + Ct AT + C Ag -

b 2 fae 57)@&&;%“(“‘/#”]

L




Environmental study

e @Gain, pressure and temperature as a function of time

time

8

10
(days)

12

14 16

500 B 980 = re r
o 480 £ =
A — 970 -
g E 965 ?“h;‘&\\ P\M
. (] e T I O S
g8 E 560 E \Vf‘
43 440 p FL © 955 F \ AVA /
3 ‘l @ 950 F v \ /
Q420 Wt O o4c b \ ’\/
Ad = = v
g 1 a 940
0, 400 %3 g
L 935 =
3go e Lo Lo L L L Lo a0 1 930 bl L L Lo b L L L
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
time (days) time (days)
29
Voluntary changes of ’e temperature
room temperature ” 7i od f
. ime period for
Time period for G(T) ' . P
G(P) study
study
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Pressure and temperature

e Peak and pressure e Pressure corrected peak
allow for AT of 1 K and temperature
500_ : : : : : 480 F : 7 ; 7 :
: %% / ndf 1.532e4+04 / 4817 470 f— x? / ndf 5203 / 420
5480 \ PO 0.04895 + 4.167e-05 |. 5460 - | PO 1.403e+04 £ 98.83 .
i 1 0.001762 + 8.88e-07 9 - | Pl 504.4+ 2.11 2 ¥
g ’ Z 450l ;-.M
460 ; ; : LA
o N 0440F o
- - E "
B440 : Pa3of v
Q 8420 o
Q20 9'410 ,,_/'(
© © Py
&400 &400
390 P-corrected |
PY Yo} N AU W S T S S EY-Yo ) X RUTE NI FUEN FENTE NTE ST P
940 945 950 955 960 965 970 294 295 296297298 299300301302
pressure (mbar) temperature (K)
G(P) = exp(A1 Pexp(—B, P)) G(T) = exp(As/Texp(—B2/T))

Cp = -0.63 %/mbar

Cr = 2.01 %/K

Compatible with gain curve: -0.46 %/mbar Compatible with gain curve: 1.50 %/K13



Gas parameters

» Effect of gas flow e Ar/CO, mixing ratio
— four chambers in parallel — Gain decreases with CO, fraction
— Total volume of 0.2 | — Gain curves at various concentrations

(Get energy resolution for free)

e Saturation for flow > 0.2 I/h

— =1 chamber volume / hour Lo 5 T ar/co, sa/1
— Probably e- attachment {Ij' ’)'"" /e se/aa
. . = 2
—_ —
Should improve gas tightness 3 TV 777 1. e eane
s |11
» s o e Ar/co, 8z/1s
2 900 i - / 7/
‘i - //(_ k m Ar/co, 80/20 |-
o) L
O 800 } 1 : ; ;
- I U B T B | | |
E C / 500 520 540 560 580 600 620 640 660
— 700 | Viesn (V)
g E / 205 . Arlcbz 88/12
‘D 600 s 19F ar/co, 86/14 |-
@ - / s a4 Ar/co, 84/16
o C / g 18¢ s Ar/CO, 82/18 [~
2 500 D 19F | [ = Ar/Co, 80/20 |
. Y 3 1» +
o C Q 1ef 1 I I
B e T S I R o g T T
- . . . . . . E i P l-.- 1
gas flow (1/h) 5 uk T .!. +T + +
HoOL4F
. = = T q.
Previous measurements v TR |

performed at flows > 0.5 |/h 127774000 5000 €000 7000 8000 9000 10000 14

gas gain



Gas parameters

» Effect of gas flow e Ar/CO, mixing ratio
— four chambers in parallel — Gain decreases with CO, fraction
— Total volume of 0.2 | — Gain curves at various concentrations

(Get energy resolution for free)

e Saturation for flow > 0.2 I/h
— =1 chamber volume / hour * Look at gain at given mesh voltage

— Probably e- attachment

; : 7/ ndf  2.709e+04 / 3
— Should improve gas tightness X/ n =+04 /
Constant 11.44 + 0.04857
_ Lot N Slope -0.1768 + 0.003517
3 500 i
] - H = | \\
O 800 } g h Y
E E / 0 \
— 700 ] | Vpesn = 550 V \
g - @ >
‘g C P = 958 mbar
600 L
e . / T = 298 K
1]
2 - / E, = 233 V/cm
2 500 I 7 : ! :
Tl'ﬁ : 103 1 1 1 i 1 1 1 i 1 1 1 i 1 1 1 | 1 1 1 1 1
2 C 10 12 14 16 18 20 22
A 400

0.05 0.1 0.15 0.2 0.25 0.3 0.35 CO2 fraction (%)

gas flow (1/h)
AG
Previous measurements —_— = —(]_1‘77Af
performed at flows > 0.5 I/h G 15

(=]



Conclusion

e To summarize:
A o

— ~

G

(0.56—0.6) % AP+ (1.5 —2.0) % AT — 3.5 % Ag—17.7 % Af
AP in mbar, AT in K, Ag in um and Af in % of CO,

these findings are applicable to other MPGDs

e Expected efficiency drop for G=10* and t=20 fC is mild

t (fC) MPV/t 7 7(+10 mbar) n(-5 K) n(+5 pm) n(+0.5 % CO»)
0.64

20 0.95 0.69 0.65 0.63 0.58

 More details on that study can be found at:
http://lappweb.in2p3.fr/~chefdevi/Work_LAPP/environmental_study.pdf
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Jacquemier, Yannis Karyotakis , Nicolas Lafaye, Fabrice Peltier, Julie Prast, Jean Tassan, Guillaume Vouters
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