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I HL-LHC = High Luminosity Large Hadron Collider
2 MAMMA = Muon ATLAS MicroMegas Activity
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Introduction.
The Saclay + Athens MAMMA beam test in 2010 at Cern :

-0 The beam test setup.
-0 Characteristics of the resistive detectors under study.

O Signal acquisition system.
-0 Common mode noise rejection.

-0 Data Analysis :

-0 Clusters and track reconstruction.

-0 Track selection.

-O Efficiency and resolution results.
-0 “Sparks”.

-0 Conclusion.
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The LHC! Machine plans:

I nt r d Cti n * phase 0 : continue to run until 2012 increasing the
O u O energy. Nominal luminosity by 2014?

* phase | :increase to 3 x nom. > 2018? — new small weel.
 phase Il : 10 x nominal in 2020? (HL-LHC).

-O Increase on the neutron, photon and hadron background.

-O ATLAS? prepares an upgrade of the muon system in, at

least, the highest rapidity region.

Requirements:
* High rate capability (< 10 kHz.cm)
Spatial resolution ~100 pm (0 < 45 °)
S Radiation hardness and good aging.
feops Time resolution ~few ns.
Levell triggering capability. ~1.8 Us
Large surface.

MDT: 6

-0 The MAMMA R&D activity focuses on the
u development of large-area muon detectors

- MDT:9

MDT: 23 | based on the bulk-micromegas technology.
| 1GC: 2
MDT: 40 . 19 HV|
Tile cal. | Tile cal :’ b c
: MDT: 103 {\un: 68 'g
, L 1GC: 100 T1GC: 66 9
&] |,.\r¢u|.| CSC: 347 Vi : N § E ¢ §
[ Inmer det. \/ﬂ':: shield. . Micromesh i+ 3
| % W S | Ehers e & Pk HV>
§ & strips S| 5
MDT = Monitored Drift Tubes, R = ———— —— >
TGC = Thin Gap Chamber, g o

CSC = Cathode Strip Chamber.

particle
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' LHC =Large Hadron Collider, 2 ATLAS = A Toroidal LHC ApparatuS 3
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Introduction.
The Saclay + Athens MAMMA beam test in 2010 at Cern :

“O  Characteristics of the resistive detectors under study.

© The beam test setup.
O Signal acquisition system.
-0 Common mode noise rejection.

-0 Data Analysis :

-0 Clusters and track reconstruction.

-0 Track selection.

-O Efficiency and resolution results.
-0 “Sparks”.

-0 Conclusion.
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E The resistive detectors

Irfu -0 To avoid sparks on micromegas different resistive coating
configuration are tested.

-0 We tested 3 different resistive technologies.

=== Resistive strip

=== Readout strip
RIO 2 mm

Carbon Loaded Kapton

kapton 2MQ)

©
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0.5 mmor | mm
| — |
| |
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RI0 2.0mm 2';:;"!37; .67 nF 22.1% (310V) 7829 (410v)
RI7 | 1.0mm |resistvestripl  g43 oF 29.8% (310V) 10236 (410)
to ground
RI14 |.0mm | strips 300kQ 943 pF 36.3% (350V) 10023 (410v)
RI7 RI2 0.5mm | strips 300kQ 637 pF 24.4% (320V) 9835 (410v)

RI2/R14

“
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+20V on mesh HV is equivalent to ~x2 for the gain

RIO

R12 / RI14
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E The beam test setup -~
Irfu

Y v :s :’f‘
-O Pions of 80 GeV (-) and 120 GeV J“} A 1’“ _i‘ % |
(+) from CERN Hé. ‘—}\
-0 Non resistive telescope: “Beam H6 | ;‘/-,l =g AcHll by X
o 3 X-Y detectors ‘ |
o Gas Ar + 2% CeHio

o PitCh 0.5mm, 0.25mm

-O Resistive chambers tested:
o 2 X -Y detectors
o as Ar + 2% CaH1o+ 3% CFa

o pitch 0.5mm, 1.0mm, 2.0mm -
-O Trigger: 3 PM. Somm i

-O Electronics: Gassiplex 96 channels,
Gassiplex picking time |.2s

-0 DAQ: based on labview.

joany.manjarres-ramos(@cea.fr Workshop IRFU MPGD, CEA-Saclay 6 december 201 | 6
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E Signal acquisition

3 PM trigger

o C-RAMS
coincidence
96 2 Control
-O Trigger 3 PM coincidence. : .
I rf u & Micromegas | Gassiplex .
. . detector 3 L
-O Gassiplex card integrates v Cart o Acquisition
de Charge (PeaCking time Channels
|.2ps, 96 channels) Injection Reglage
lest Offset
~O CAEN sequencer with four A R T SN O -
CRAM modules. FHE R G ™ T ey VI
b b fs .--_:.'" : ;:':1: Tar = ,Q) ' B.T.+/-5V
‘ F 0§ 1 e e .
) ol b R S O —CL
-O LabView software to data E S IR P, -
acquisition and detector FERCEREREC | 8 L 1:;"
. . RF Ok b L Ca g B8 o o a: _
monitoring — ; Runs summary
Connecteurs 3 Gassiplex top Régulateurs Cavaliers Translameurs
chambre i 0m tension comman niveau .
e~ -O High rate exposures:

=O A normal run with beam before pedestal

adjustment
| Before mapping pedestal distribution of detector 3 | —_——=
" e i e e | Erries 15043060007
E 400~ 1 Means & wr2
8 ; Mean y an
- | s . nasr
G 3505” | s y w2
9( 300
250 -
200
150 —
100 - SR
B e AP ."l":- e e ey
SO aems o b * e ‘%‘n‘ 2 S Pl ) :
WL i LSk SR LY e
Rt o A L : : |
o,_LAA‘L,t.<[,AAJL‘A,_- AAAAA -A_A.A_",AA‘AL;-IA.A LA L A L)

0 10 20 30 40 50 60 70 80 90
Gassiplex channel

Pions of 80 GeV (-) and
120 GeV (+)
Rates: 25-250kHz/cm?

~O  High Voltage scan.

O Track angles w.r.t the beam:
0°,20°,30°.
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E Common mode noise rejection

-O A normal run with beam before
pedestal adjustment

{

-O We do gaussian fit channel by
channel and we bring the mean
value to zero.

~O We can clearly see some
pedestals shifts.

@

saclay

-0 The mean value of the event is
calculated and subtracted,
without taking in account the
|5 strips with the highest signal.

1700680 2T

17,) 1400 Wean o8 " Voo e »
e I 4 b}
g Wean y i"” g 1000 s AL g 1000
8 1200 ns y 1385 8 — il 8 »
LD) g 8 800
< 1000 < %00 <
. 600l Common 600.
| mode noise
600 400, 400
400 200~ 200
200, £ 0; 0k
! , e £ é‘-"-_. . '._'-""' ;‘7-'“ N :
O 10 20 30 40 50 60 70 80 90 O 10 20 30 40 50 60 70 80 90 200,40 20 30 40 50 60 70 80 90
Strip ID Strip ID Strip ID
. . if M
=O The noisy channels are 10000 10000/ R
identified and masked. I :
8000 1+ 8000
soooft| 6000/ , L
il , [
4000 - I 4000 |
| ] .I
2000:“. | 2000 j
Ry ver oA TOT PRI e oo o LT 1 Ty Lot S Rty
0710 20 30 40 S0 60 70 8 90 0% 50 20 30 40 50 60 70 80 90
strip ID strip 1D
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Introduction. v/
The Saclay + Athens MAMMA beam test in 2010 at Cern : /

-0 The beam test setup. ¢/
-0 Characteristics of the resistive detectors under study. /

-0 Signal acquisition system. ¢
-0 Common mode noise rejection. ¢

===>» DataAnalysis :

-0 Clusters and track reconstruction.

-0 Impact point estimation.
-0 Impact point estimation: A different approach.

-0 Track selection.
-0 Efficiency and resolution results.

-0 “Sparks”.
-0 Conclusion.
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E Impact point calculation (1)

Irfu

A Cluster is a group of fired strips with
charge above threshold. The threshold is

defined by 3.5 sigma of electronics noise
(usually ~ 2-3 ADC counts).

strip ADC value

O We use the Center Of Gravity, to calculate the

impact point :

Wi Xi
Xhit = :
5
i

Wi

Xi

Charge on strip.
coordinate of strip in cluster.

Xni: = coordinate of cluster COG.

P

saclay

BBV Laadtants aates dosss antas ionsdassns saet inass anss

- Size = 2 strips

g Xhc = 6.4 strips D

- Charge=11ADC :

6l §9I%oftotal

: . | charge

aH

2

" 9%

10
strip 1D

1 1 . L. .
P === Resistive strip
mm=  Readout strip

1 1
| mm

If we look at the residuals distribution, which

are the difference of the COG position (xhi;) and
extrapolated track from telescope (Xtrack)-

-O Large strips pitch discretization introduces

R-strip to ground, 1.0 mm | ——
& 500 Mean -0.009615
E [ RMS 0.232
s = 22 1 ndf 446.4 | 50
400 - Constant 489.6=69
- Mean -0.01108 = 0.00266
F | Sigma 0.2122+ 0.0014
“E “—
Not a gaussian
shape, something
like two gaussians
% ——T7z 2 .
X=X s (M) systematic errors.

joany.manjarres-ramos(@cea.fr
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E Impact point calculation (2)

S 10__”"f"”I””i"“"""'fvr
Irfu -0 Let’s look the residual z Size 7 2 siripe
. . . ] 3 al xhie = 6.4 strips ID
distribution as a function of 3 Charge = |1 ADC
the position of the impact point w.r.t s
the central strip (xmp)- = 64— Xeuwp = 0.4
. . 2::— Xstrip 0 — ;
-0 We can clearly see the two contributions to  “} ;
the residual distribution. 0# N

0 1 2 3 4 5}

residu

R-strip to ground, 1.0 mm

residu RS_ID> 05

6

@

saclay
< Xstrip — |
7 B 9 10
strip ID

.

m —
© 250 residu RS_ID <05
: =
(o [~ residu RS_ID=05
m —

200+

150

100

W
o
NIII1IITIIIIIII]
oS 1 \
-’ e
B
|

0 L Ll |,.I | SN | a.\.L|_|_m rl__‘:: LA L I 'l b\,.x |.|J LA L L)
. 1.5 -1 0.5 0 5 1 1.5 2
xhi(-xtrack[mm]
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Impact point calculation
A different approach- (1)

(@)

@
/

saclay
Irf O The new idea is to calculate the o e
.l . 2 _ Size = 2 strips ; 1
position of the cluster like a center of S| = 6dsuips D
gravity but with logarithmic weights. < 8 Charge=11ADC
( \ e
0
wi = wo+ log
E, O 2
\ J / 0: v , Lo, . (T | L
0 1 2 3 4 5 6 7 8 9 10
min strip 1D
Wy=-log Qo —> Wy>0
Qm; Using the Iog welghted technlque with wy =6
E T
. . . . . @ F oo — .
-0 The weight is constrained to be positive, or is S gp Size=2strips
. § xhic = 6.06 strips ID
otherwise set to zero. . Charge = |1 ADC
3l
-0 So Wy is threshold on the charge to decide which :
: , : : 2
cell will be taken into calculation of gravity-center -
s
0 ! 1eaa ey |
0 1 2 3 4 5 6 7 8 9 10
strip ID

* CMS Note 2001/034, Electron Reconstruction in the CMS Electromagnetic Calorimeter 2001~ * D.Konstantinov, ECAL single particle response 2006 12
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Impact point calculation :
A different approach (2)

=)

saclay
R-strip to ground, 1.0 mm -stri . -
P g i Entries 6956 = R-strip to ground, 1.0 mm Entries 6841
@ 500[— Mean -0.009615 © 600~ Mean 0.002702
= - RM 0.232 = - RMS 0.2261
= n 12 1 ndf 446.4 | 50 l.lCJ u 72 | ndf 144,51 51
By 00l Constant 4896+ 6.9 500 Constant 4998+ 7.6
N Mean  -0.01108 : 0.00266 Mean  0.005192 + 0.002659
- Sigma 0.2122+ 0.0014 Better fit Sigma 0.2139 + 0.0019
300/ agreement
- 300
200— - fter
= 200}
100+ -
™ 100
0 - PPN EPEPEPE B (PR PR NP EPEPEPE B
2 2 L S 05 0.5 1 15 2
p xhit'xtrack[mm]
"'"I""'lr1'r]"r‘lr7"l'r"IIITI]I""II""I']' E YV""T"'I'YV'I""]U"Y]'Y'TIYV‘Tlle']V‘r\'T 7"'~J
£ 2 ‘ .
S 15 . After,
>§“ ..
x 0' * - . " . * '
- ' 3
. e .
1.5 :
-2 -2
N N NN NN NN NN NN NN N NN NN NN AN NN NN NN NN NN
0 01 02 03 04 05 06 07 08 09 0 01 02 03 04 05 06 07 08 09
Xstrip Xstrip
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E Track selection

Irfu

1) The charge must be bigger than 3.5 Opedestal.

2} The detectors were aligned using a minuit minimization,
with the extreme detectors as reference.

3)

4)

Selection of tracks :

For the telescope :

[

[

. . . . 15005—
The track direction must be within 30 of the /OOO:

mean beam direction on x and y

50001 -

Entries

4000

1ol

3000/ff

| NN

2000

/’10:’5
[m— ;

il

20 40 60 80 100 120 140 160 180
cluster total charge [ADC counts]

1wOuY'""l'"""'"';ll‘l""l"l"lr'l

— al CluSiors

1113l

A3

Entries

— UGS

cluster swe

Ll

rhselar & P
cluster swe 4

'
'

— ClUSter S20 3
'
'

cluster se S

Llll

The Event must be in all telescope detectors.

ol |

-

The total charge of the cluster for the
. . - A P - _C:".‘.'E‘.-h—h.-—_““-h“- d o
telescope should be inside de landau shape. 0020 "4 60 80 100 120 140 160 180

cluster total charge [ADC counts]

The cluster size for the telescope events must not

ﬁ Ellll]l'll:l'lll iy 0<8 ll:l l]lill:
be > 3mm. & 3500¢
. . 3000+
If multitrack, several clusters were in one detector seuit
the bisecting line criteria was used to choose. 200cE-

il llllll llll!lllllllllllllllll 1

: P PR J l "
0%003 0,002 0001 0 0.001 0002 0003

track direction [mm)]
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E Spatial Resolution

-0 Oin and O.«: are obtained by computing the track

resolution by including, respectively, excluding the chamber
of interest from the track fit.

-O Owmm :is a geometric-mean recipe between the two
distributions, proposed by R. K. Carnegie.*

Omm = \/Uinaex

R-strip 300kQ, 0.5 mm

1400

Entries

1200
1000
800
600
400
200

O

T

lllIlllllllllll'lll'llllllll

Entries 6200
Mean -0.01557
12 ndt 103.2/14
Constant 1333+ 22.7
Mean -0.01611+ 0.00094

Sigma 0.07301 + 0.00082

—

Oin=73.0£0.8 ym

——
2
jlllllllllllllll

o

it

=
g
b
p—
=
=
—

R-strip 300kQ, 0.5 mm

1000

Entries

800

600

400

200

O

@

saclay

Non resistive telescope :

| ESEEl | I T LI I | 2 . | I | R N ) ' L I

PitCh OmM

0.5 mm 90 = | pm
0.5 mm 72 £ 2 um
0.5 mm 78 £ | um
.25 mm 59.5+ 0.8 ym
25 mm 60.6 £ 0.7 pm

Entries 6200

Mean -0.02329

12 ndt 278.7183

Constant 883.1+153

Mean -0.02364 + 0.00139

Sigma 0.1065+ 0.0012

_1
Oex =107 + 1 um

Omm=88.2+0.7 um

* R.K. Carnegie, et al., Nucl. Instr. and Meth. A 538 (2005) 372.



R-strip to ground, 1.0 mm

Entres 1200
g 140:" o8 B =% R EEEE O ET, Mean 0 0058 8
E - 2 1ot S6.84 123 =
LEI 12()b Constam 9956 1 167 u‘_:l
Mean Q008044 + 0 005N
100 I~ Sigma 01843 1 2.004)
80} j
601 Oin=184 £4 ym
40 -
20
L A A AL l AL AL
9 0% .
R-strip 300kQ, 1.0 mm | *nit XiracklMM]
Entries 6260
8 : T LB ] LB ] L] T T l ' “.'" -002’:, g
y = - s : L.
£ 600K o nat 13421136 j=
LS ; Constant £554+03 I:I.:l
L Mean 002405 + 0.00227
500 — Sigma 0.1743 + 6.001%9
400F
00 Oin =174 + 2 ym
200 —
-
100
0 0.5
R-strip kapton 2MQ, 2.0 mm Xpit X ack (MM
Entries 1200
g 120 LBl LB LBl ] T L] I LBl u'-‘ o o,"‘ 8
% i ¥ 1 nat 76143 .g
w Coontant 1079+:413 w
100 Mean 0.04167 - 0.00509
a Sigma 2.9663 + 0.0044
80| i
60
™ Oin =166 £ 4 ym
20[
0 i

05 0

0.5 f
xnu'xtrack[mm]

-

[ Eatries 1202
| | ) LA ) T77 [ T T I L] 7"; “.n O“Tm
- A 1 pdl A4
120 __ Corstant f206-3%2
: \ Mezn 0 009SL1 « 00045824
100+ | Sgma 01332 © 0.0347
o 1
O Oex=193 5 um
40F -
sl Omm =188 + 3 um
T A A AL l A AL LA
0 05008 .
Kt ™ Kot LTI
Cntries 6200
600:_1 T I 1 L] ] 1] LIl I 8:-8:8- 0 LB *"\ a °,°2‘
- 27 1 et 250.51 84
- Constam $142-88
500‘_— thean 0.02459 + 0.00241
r Sigma 0.1023 + 0.0020
400F ]
0=
F Oex=182 %2 um
200} 1
100:._ Omm =178 + 1 HMm

05 0 05
x'u'xtruu[mm]
Entries 1200
-y LB ] T L LA I LA m‘n oo?s
i 1* 1 mat T4 46
- Constamt 9901 416
E Mean  0.0486 : 0.0054
B Sigma 0.1745 1 0.0051

-

Oex =175+ 5 pm

Omm =170 + 3 um

05 0 05 £ )
xnu'xtrack[mm]
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E Spatial Resolution -~

saclay

Irfu -0 We do a scan in HY and we get :

'g‘ 300 J- | | | I | | | I | | | I | | | I | | | I | | | | | | | | | L
.2: _ ~li— R-strip 300 kQ, 0.5 mm H
% 2501 —#— R-Strip kapton 2 MQ, 2.0 mm & —
© B ¥ R-strip to ground, 1.0 mm &
| —&— R-strip 300 k2, 1.0 mm Y 2
2001 .y
B ® i
_ 0 el
100 =
50 .
T | | | | | | | | | | | | | | | | | | | | | | | I | | | I | T

6

2

O 280 300 320 340 360 380 400
vaesh [V]

-0 So for smaller strip pitch and higher HV..... better is the resolution.
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E Efficiency Cefj

O AY aceptance : IS the size of the acceptance window around the expected point.

-0 For each AY acerance We calculated the efficiency using * :

1
1 1
' 77.-+ :
= — 7l number of telescope events.
1 8 1
: n .
. : 71+ number of events on the
tested detector.
S Ny N € (l = (') F1. number of missing events
(6 e —‘ —
n 3 " on the tested detector.
R-strip 300 kQ, 0.5 mm R-strip to ground, 1.0 mm R-strip 300 kQ, 1.0 mm
éﬂ T T T I T[T I T[T T T IT T T oY 3 0‘: g TIT[ I T T[T T [ IT T T[T I [T I r[rerry| 6" IRARENRAREE RERES BRI T TIT I T[T T[T I T r[rrTy
> ™ 1 b .55 > ™ 7
g 100 __— - g 100 ___. a g 1001 T -
g f- 1 X = : $ E - ~
o - ] 0 C ] 0 " ]
G 90F - W 90F _ E o 9of - y
P—. - = - 0 -1
- at 50mm 95.6 % ; at 50mm 97.5 % - at 50mm 95.3 % | -
80} e o F 801 =
60F : o = 3 60f
b--11 lllljlllllllllllllllllllllllllllll - Tl A ljjlllllllllllllllllllllllllllllll n ;llllllllllllllll 'S lllljlllllllllllllllll-
B i B O e T T i B Y P R T Vi T Ty e R R e, T W R R AT R
AX acceplance [mm] \Y scceplance [l’ﬂlﬂ] AX acceplance mm]

* http://www.desy.de/~blist/ Workshop IRFU MPGD, CEA-Saclay 6 december 201 | |18
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-0 Efficiencies using a cut in AY acceptance  Of 50

-0 We do a scan in HV and we get :

Efficiencies using a cut

O\O 1 OO | I I | | I | I | I | I | I | | I I | |
S — il
E — —
S . v ] B
A I :
> 95 — A | 4 ]

- ';

c - | ] _
9 u B =
& - | 5
m 90— —]
85— —
- —— R-strip 300 k2, 0.5 mm 2
: ¥ R-strip to ground, 1.0 mm :
80— | —
— —— R-strip 300 kQ, 1.0 mm —
_l | | | | | | l—

700
HVmesh [V]
-0 So the best efficiency is for the R-strip to ground.

| I | I | | I | | I |
320 340 360 380
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~1.10° p/sec.cm?
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Efficiencies using a cut
,:AI Efficiency vs Angle  narem orsau, cela
saclay

I rfu -0 Efficiencies using a cut in AY acceptance  Of 50w,
-0 We do a scan in HV and at 3 different incidence angle and we get :

o\o 1 OO | I ] 1 I 1 I 1 I ] 1 I 1 I | I 1] 1

g

S = -

LN B -

< 98- —

- = =

0 = o
c

92 B 7

L B a
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O For inclined tracks (the usual case in ATLAS)
the efficiency is better.

1 1 oy .
P === Resistive strip

I I .
| mm mmm=  Readout strip
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“Spark”

saclay
Irfu A spark is a electric arc between the mesh and the anode at ground
potential, be it resistive strips or metallic readout strips.
Non resistive telescope 0.5 mm R-strip to ground, 1.0 mm
£ 390 <9 3% Y
> = Voltage 45 = Voltage " 45
370 = current 4 370 = current )
350 3.5 350 - 3.5
C ’ 3
330 25 330 : \1 2.5
310 2 310 2
290 - 15 90 15
I I
270 | . | o5 270 0.5
"L Ll | e 1 A |
250 " o . 0 250 0
25/10/2010 27/10/2010  29/10/2010 31/10/2010  02/11/2010  04/11/2010  06/11/2010 25/10/2010 27/10/2010 29/10/2010 31/10/2010 02/11/2010 04/11/2010 06/11/2010
time time

O The non resistive chamber suffered from HV breakdowns while the
resistive chambers operate stably.
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“Spark’” rate

-O Sparks measured with a capacitor (50 pF)
on the mesh
-0 Signal too small — pre-amplification (142B)

| rfu -O Threshold to discriminate: | Volt (250 mV in)
-0 Equivalent charge: 12.5 pC — 8.107 e (at least 200 pC — 1.25.107 " for

spark probability per incident particle

park probability per incident particle

joany.manjarres-ramos(@cea.fr

standard detectors)

“Spark” probability R10
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“Spark” probability R12
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E Conclusion el

| rf u -O Three different resistive technologies were tested,

>/

R-strip to ground, 1.0 mm resol_n3

we don’t see any degradation on the efficiency or _ R
the resolution w.r.t the standard micromegas.

w50 e
4 ’ et 4

“IMeanx 82145

44250

(OB N }
2040
161

pillars inefficiency

O The resistive coating is able to contain or even suppress the
spark signal.

~O The detector “R-strip to ground” is the one with the best
efficiency results ~98% at 50.v, and the chosen one for ATLAS

upgrade.

=O In order to improve resolution we need to optimize:
1) the strip pitch — electron diffusion on the drift region gas mixture — electric field;
2) charge spreading along the resistive strips — readout lecture on 2 or 3 direction;
3) the impact angle of the track — integration of Micromegas in ATLAS;
4) a impact point reconstruction “optimized” with small or none bias;

-O Resistive micromegas are currently under other studies like aging (J. Galan poster), larger
surface construction (J. Wotschack presentation), etc.
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E Back-up —

Irfu Sketch of the equivalent electric circuit of the
chamber with resistive strips connected to the

ground
MeSh n ‘ a n n " n mn a8 R n n 2l n n ™ n n a8 n n mn % -HV
CZ_I_ Induced charge Ryy= 100 kQ
Resistive strip (R2)
C_l C3 e C,,=100nF
— — — = n
R1 Copper strip Amp W
0.I5mmx [0cm | ==CA
C4 ==
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“Spark” rate
P saclay
I rfu Definition of spark: A spark is a electric arc between the mesh and the
anode at ground potential, be it resistive strips or metallic readout
Stl‘i PS. Spark probability R12
Spark probability R10 o
Spark probability R17 Spark probability R14
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¢+ R14 ® R10 R12 R17
Gain curves in Ar+2%C4H10+3%CF4
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