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Why studying gas discharges in gaseous detectors?
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A Gas discharge physics is one of the #@stwn fields of modern physics
A >200 years since the discovery of the arc discharge by V.V. Petrov
A still, the main limiting factor for the stable operation of gaseous detectors

A Understanding gas discharges helps to avoid their occurrence and mitigate their effects!
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GAS DISCHARGE PHYSICS
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Volt-ampere characteristic curve in low pressure

Two discharge categories

A Non selfsustaining urv |
no space charges | space charges

— —1

A Seltsustaining . <
1000 + ‘

Arc
discharge

Townsend
mechanism
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In the continuous dischargeregion, a steady

dischargecurrent flows. Theapplied voltageis 100 -_gggt-;iilifng |

so high (breakdown voltage Vo) that, once discharge

lonization takes place in the gas, there is a ol /
1

continuous dischargeof electricity,so that the i . “ v W _ ——E
/A

detector cannot be used for radiation

detection

m Discharge/Breakdown/Spark often used interchangeably!




Townsend mechanism
. |
A Go back to the principleSownsendfirst ionization coefficient :::%:::::::::iﬁc_ﬂx
* x
C

A The number of electrons produced by an electron per unit

Anolde
length of path in the direction of field | :]
"O um J Cathode

© wikipedia.org

A €' R electron avalanche

|
(number of electrons produced by one electron travelling from cathode to anode)
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Cathode processes

A Third Townsend coefficientlectrode surface ionization coefficient

A Cathode plays an important role in gas discharges by supplying electrons for the initiation,

sustenance and completion of a discharge

A Metal, under normal conditions: electrons are not allowed to leave the surface as they are tied

together in the lattice

(a) Electron leaves metal

A Metal work function:

I the energy required to knock out an electron froma Fermile ___

Potential well

I characteristic of a given material. EWF Electron work function

(EWF): the minimum

energy required to move

electrons at the Fermi

0) level from inside a metal
to its surface.

Y. Luo et al. Sci Raf, 11565 (2021)
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How to release an electron from the cathode?

Thermionic emission

A Electron thermal energy not sufficient to leave the surface at room temperature

A AboveD1500 K electrons will receive energy from the violent thermal lattice vibration,

sufficient to cross the surface barrier and leave the metal

. . ] (3} w v . ©™ ©w " T“ dTQ .
A Saturation current densityd 6 "YQ 7 with 0 _ 0 and § 5 il
W ¢ work function,T ¢ temperature,_g ¢ materiatspecific constant, ¢ universal constant
Vacuum chamber

A Current density increases with decrease in work function

and increase in temperature.
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How to release an electron from the cathode?

Field enhanced thermionic emissie®chottky effect

A If a strong electric fiel&is applied between the electrodes, the effective work function of the

cathode decreases by, \/ nort«
Eo
A Saturation current density:; 5 "vo 7
A Wide range of temperature and electric fields
E:

FowlerNordheimtunnelling¢ field emission

“ = Thermionic Emission

Metal  Vacuum
A For the fields >19V/m the cathode surface barrier becomes very thin and quantum tunneling

of electrons occurs which leads to field emission even at room temperature.
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How to release an electron from the cathode?

A Electron emission by a positive ion and excited atom bombardment

A Effective secondary emission by a positive ion with enEggyx W

(one electron will neutralize the bombarding positive ion and the other electron will be released)

A The additional current due to the presence of positive ions

I Electrode surface ionization coefficient
Inl
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How to release an electron from the cathode?

A Electron emission by a positive ion and excited atom bombardment

A Effective secondary emission by a positive ion with enEggyx W

(one electron will neutralize the bombarding positive ion and the other electron will be released)

A The additional current due to the presence of positive ians

i Number of photons approximately proportional to number

of positive ions at breakdown electric field strength

i Common secondary emission coefficient

T Of AAAMES f STNERFS O NF K&t SOa NRRE
y dzY DD & MENAS

Gaseous Detector Technologies



12

Townsend mechanism

A In practice positive ions, photons and metastable, all the

three may participate in the process of ionization

A There may be more than one mechanism producing

secondary ionization in the discharge gag=g +g,+ g, +...

A1 =f(E/p, electrode material, surface condition, gas)

A Townsend avalanche:

p r(Q p) p r(Q p

secondary emission
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Townsend breakdown mechanism

A Theoretically, the current become infinite whén=f (e ¢ 1) =1

A Practically:

i limited by the resistance of the external circuit

i limited partially by the voltage drop in the arc

A Townsend breakdown criterion | e

T # < 1-current flow is not selbustained. 1- ead - 1)

I # = 1-seltsustained discharge.

I # > 1-ionization produced by successive avalanche is cumulative.
Discharge grows more rapidly.

A After gas breakdown the form of the discharge is related to the (

shape of the electrodes, geometric distance, pressure and exter

radiation
o
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t I 4 OKay Q&

A Discovered empirically in 1889

A Analytic expression of gas breakdown potential imdorm electric field.

A Derived from the ¥ Townsend coefficier 5=aex (—EI;P) and breakdown criteriord = y(e® — 1) = 1

Vkv T |I|I L] IITI T I']I'[ T L
Bpd °

Vs = i
In(A4pd) — In[in(1+ L] 10

7se

A If the type of gas and the cathode material a

known, A, B, and are known constants, 1.0

I.II|

V;is only the function of thé>dproduct

_ 2 Ar Pd, Torr-cm -
A The equation loses accuracy for g&p&l0> Y o1l . . 00 L il . Ly

: 0.1 1 10 100 1000
at atmOSpherIC pressure Y. PRaizer Gas Discharge Physics. Berlin, Germany: Springer,




15

Observation of discharges

(V)

=/
O—F

w Record current and potentialV, for different gas pressuréand temperatureT

w Current reflects a discharge: charge separation

w Watch through the glass tube
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Different types of discharges
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A Breakdown voltag&/sreached

A Circuitwith current limitation:
I inhomogeneous field

i homogeneous field with high series resistance

A Observed effects
I pre-discharges, corona

I visible glow
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Volt-ampere characteristic curve in low pressure

Electric discharge regimes

dark discharge glow discharge arc discharge
_townsend regime
oo <+— breakdown voltage
= D
(2}
> »  glow-to-arc
>. c $ transition
S i
(=]
o]
-
>° saturation normal abnormal
i lo
regime . glow " glow
B non- J thermal
5 thermal arc
A <+—background ionization R
10" 10° 10° 10* 107 1 100 10,000

Current, |, Amps

https://www.plasmauniverse .cortelectric-glow-discharge/
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Volt-ampere characteristic curve in low pressure DRD]]

A In strongly noruniform fields

T around sharp points or wires :
harge regimes

A A radiant corona around the 1 dark dischi 3 scharge arc discharge
L . _townsend regime
critical region corona
<— breakdown voltage
i indication of defects in the system £ D
(>D ® glow-to-arc
A Can be a special case of either >| ¢ P
: & 2|
glow or arc discharge g
~ AN o~ - A~ o § _ |saturation R normal abnormal
Ad{ A PHEHSOINRPRS RAGOKINASE | gow | 9w,
A Possibly caused by secondary
. B non- J thermal
photo-processes in the gas near p | /e sackground onization hemal Sy arc
10°  10° 10° 10°* 10° 1 100 10,000

the wire Current, |, Amps

https://www.plasmauniverse .cortelectric-glow-discharge/
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Volt-ampere characteristic curve in low pressure DRD]]

A Low pressure, current limited circuit:

T relatively low currents

Electric discharge regimes

T radiant column between electrodes dark discharge glow discharge arc discharge
(neon Iight) » townsend regime .
corona
A Weakly ionised gas, mainly neutral D
o
ey . low-to-
nonequilibrium plasma % c " fanstion
. & "
[ B >>Eyas > F G !
i To (10 K) >Tyas S B s i
< < >
A Gas does not get hot
A Feedback: secondary emission fron] B A N | i
,/ <+—background ionization R
the cathode by ion bombardment 4q 10° 10° 10* 102 1 100 10,000

Current, |, Amps

https://www.plasmauniverse .cortelectric-glow-discharge/
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Volt-ampere characteristic curve in low pressure

A Ambient pressure, no current limit

T bright column between electrodes . . .
Electric discharge regimes
T high current T dark discharge glow discharge arc discharge
L » townsend regime .
A Thermal equilibrium plasma B
<+— breakdown voltage
T TeD Tgas> 10K 2 D
" . . . g % glow-to-arc
I High ionisation >: C ‘,“<tr_ansmon
()] '
A Feedback: thermionic knoaut of & I
o :
saturation normal abnormal
electrons from the cathode 71 |egme w dow | gow
B non- J thermal
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10" 10° 10° 10* 10? 1 100 10,000

Current, |, Amps

https://www.plasmauniverse .cortelectric-glow-discharge/
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Full breakdown
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A Breakdown voltag&/sreached

A Circuitwithout current limitation:

i homogeneous field

T low series resistance

A Observed effects
I voltage collapse

I complete breakdown
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Spark discharge

A A full breakdown of inteelectrode gap

A Strongly ionized plasma channel between
electrodes
A Unstable electrical state
(exhibits discontinuity, not uniform plasma)
A High light emission
A TemperatureO (103-10* K), highpressure area

formation and its movement explosive

phenomenon; nisedue to thermal shock wave

A Non-continuous:duration O (10-1000 ns)
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limitations of Townsend theory

ATownsend suggested secondary emission from the cathode as the main mechanism of a spark creation

i Discharge timdagO (100 ns) cannot be explained by the secondary emission which requixé® {us T e
i No correlation with cathode material u"ﬁ/lll\h*ﬁi:
T Avalanches not only start from the cathodalso anode or any other position between the electrodes \\*:Ei \ YT
secondary emission *»ji’
start /’
Electron ; 2 avalanche
AH.Raether L.B. Loeb, J.B. Meekstreamer theory of spark discharge
_ electric field strength E
T Improvement of the Townsend discharge theory (derived from the latter) (cathode prodelG)

i Electron impact ionization (determined by &process of Townsend discharge),
T Photoionization E
T Spacecharge electric field effect caused by the avalanche

T Breakdown caused by a single electron avalanche. —
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Streamer theory

C2ftt26Ay3Y 50 - Al 23 aDl&4 5A&80KIFNHS YR DIFI& LyadzZldA2yas {LINAYISNI Hamc

Anode
A A singlee starting at the cathode builds up an avalanche (ionization) that crosses the gap

A Electrons in the avalanche move very fast compared to the ions (regarded as stationary)

A The spaceharge Hield will cause significant distortions which
T strengthen the electric field of the head and tail parts of the electron avalanche

i weaken electric field between the positive and negative charge regions

Cathode

— Electric Field direction

A Raethercriterion: Q,,,=e 9> 1@ is the condition for streamer formation and selistained discharge (as in Townsenc

A Meek criterion:radial Efield intensity of the spaceharge (head of the avalanchelJequal to the applied field;

(Supplemented by.oeb conditionon the electron density in the avalanche of &70% cnt3to ensure sufficienphotoionisatior)
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Streamer theory
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C2ftt26Ay3Y 50 - Al 23 aDl&4 5A&80KIFNHS YR DIFI& LyadzZldA2yas {LINAYISNI Hamc

Anode Time
ot o4 + — +—
Space Charge —+ 4+ + — &=
Electric Field Er Lt PR
-+ -+
External . tot-
Electric Field 0N+ 5 A ==
E P ~x Secondary %% + — + —
° + 7t Electron = - +—+
+ Avalanche R
+
+ — + — + Streamer
£ A —
+- - -+ -+
+ +
+F + . PR
+* + - +-+
o + Initial Electron + + = 4+ =
I Avalanche + + [ RS
n + -+ =
-+ =+
Cathode
a b c d

A Applied voltageDbreakdown voltage\9 positive streamer formation

A The electron avalanche is through the whole spackeld of the tail is greatly strengthened
A Photon radiation photoionization secondary electron avalanchig)(

A Electrons form negative ionscreation of a plasma streans)(

A Streamer has a good conductivity, strong electric field in front, process grows rapidly

A When streamer reaches the cathode, gap breakdown is complefed (
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Streamer theory
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C2ftt26Ay3Y 50 - Al 23 aDl&4 5A&80KIFNHS YR DIFI& LyadzZldA2yas {LINAYISNI Hamc

SANN

WVAAAANANNS
Anode

Cathode

A Applied voltage > breakdown voltagé) negative streamer formation

A No need for the electron avalanche to go through the gap

A lonization degree of the avalanche head part sufficient to form a streamer (photon emission)
A Streamer develops towards the anode (voluraed photoionization)

A Expansion speed of of the streamer much larger than avalanche
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Discharges in wire counters
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A Operation beyond proportional mode

A Geiger mode
I Poorly quenched gases, low pressures
i Photon mediated avalanche propagated in both directions along the wire

I Quenched with an external circulR( or spacecharge effects (quenched gases)

A Selfsustained discharges (glow/corona)
I Sustained discharge due to ion feedback mechanism (Townsend discharge)
i He, Ne mixtures at atmospheric pressure (gaihl@®) glows below sparking limits

I Quality, cathode, quencher crucial!

Spread of avalanches in a Geiger-Muller tube I

© wikipe @ org

B RIRER
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© Courtesyf C.Garabatos
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Discharges in wire counters

A Operation beyond proportional mode ,.r/"

: Limited streamer
10" 5 region

A SeltQuenched Streamer (SQS) mode

Proportional
region

s

I Thick anode wires, hydrocarbeaith mixtures

Number of electrons
s\n

i Streamer development, dumped before reaching the cathode

i Radial fields, X/dependency allows to quench streamers 106 2

A Sparking limits

2500 2600 2700 2800 2900 3000 3100
High voltage [volts]

i When the critical chargeD10?) is reached; streamer mechanism M. Atac, AV Tollestrup D. Potter, NIM 200 (1982) 345.
I Enhanced by secondary emission from the high field regions in the cathode plMfadter effect

i Can be destructive, depending on the stored energy



Discharges in parallgblate avalanche counters DRD

A Both Townsend (slow) and Streamer (fast) breakdown modes observe | | ‘ iikh

A In uniform, parallel fields streamer develops until spark channel iscre | | |
Vi
(no SQS, full breakdown) Ve

Pasitive ions

M. Abbrescia P.Fonte V.PeskoyWiley-VCH Verlag GmbH & Co. KGaA, 2(

A Transition depends on the gas composition (photon feedback)

A Critical charge for streamer/spark developm&tt(® (Raethedimit?), but:

i Differences up to factor of 5; quencher dependency (Pp universal limit?

~ —
- o — 10? > T ﬁl} s @
2 ,,:.Pd=760 cm Torr = 2 | Pd= 760 cm Torr 0 3 g
> o )] = . o [22]
g o Ole Ar+TER ") 2 g a
] ® afa Hesto g o £ g
< A @ @ olmasen |8 ~ 0o« B g S g

Zz A —— e ——— - W —_—— A Qe ___t_'*" 5
< Py S A f |k He+CH, < o * ¥ " 2 <

2 10 v o'W arscH, o o ® L] L
s 8l 7 =
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: = R N foge 1o =
S S L Tay =
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L w
1 = a X 8
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~ Quencher pressure (Torr) Quencher pressure (Torr)
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Resistive plate chambers
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See lecture by RBantonicq(link)
A Material with high volume resistivity

A Drop of the electric field around the initial avalanche

A ChargeQ, that enters the resistive electrode:

~

0 0Qf xEOE ”- -

Awith” F fgl02mOMF ncdilsm

A Remaining counter area remains sensitive to particles

(a) Cathode _readout strips (b)

(c1)

(d1)

© Courtesy of IDeppner GSI


https://indico.cern.ch/event/1384298/contributions/5911797/
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RPG- Streamer development by photon feedback

A The transition from a proportional avalanche to a streame@atf 8eH discharge channel creation
A Thereleasedenergyis stronglylimited by the resistanceof the plate!

A Reduce photon feedback and the avalanche growth with a properly quenched mixtureffg-g, 85> X 0

E reduce streamer probability . T 1 T ]

>80 | - (a)
Z ® EFFICIENCY 0/ O
= 60 L © STREAMER FRACTION od 5% bl-o
Qa0 | e

ks

=20

Kathode Widerstandsplatten 0 v P ‘ .
\

v >80 | - (b)

100 &

- g6o | N NoSF_

\ g R a2
520 | -—
Anode = | o° GFRHJICH,(97/3) + SE
8 8.5 9 9.5 10 10.5 11 11.5 12
Operating Voltage (kV)

P. Camarri et al, NIM A 414 (1998) 317
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Discharges in MPGDs
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adzyA OK HAMmy

MGC

Following: VPeskoZ o 5A &O0KIF NBHS LIKSy2YSyl Ay 3 &S dika 4> wspwm aSSiay3az
Micromegas CAT
T ns
WCiGMESH
;4 Catme-
MULTIPLICATION | ] — —
T Anode

A In all these structures, there are regions wWitparallel field lines
A Streamers can develop by the same mechanism as in PPAC
A No quenching by field reduction, when streamers reaches the cathdalkbreakdown

T A e PR
F.SaulilEEE NSS 2002

= AN A .y
Wb a SMEIKER S S6 RA 4 OK I, RIBBS Keeting, TIM 28 18K) M. Chefdevill b L Y | 9 QisiefreadoGtkf t / &ink)> 6

J.Galan RD5Imeeting(link)

0



https://indico.cern.ch/event/709670/contributions/3008581/
https://indico.cern.ch/event/709670/contributions/3008626/
https://slideplayer.com/slide/6158618/
https://www.slideserve.com/kirtana-devaj/the-pixel-readout-of-tpcs
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Critical charge in MPGDs

A In case of MPGDs we discuss mainly the (positive) streamer mechanism and a spark discharge

A Critical charge measurements in MPGDs pointltmia of 105-107 e, depending on the reference

A Different geometries, gases, sourcady, alphas) 0
§)
P. Fonte, Simulations of discharge phenomena, RD51 meeting, Munich, 3018
F.Saulj Report at the RD51 collaboration meeting in Amsterdam, 2008 c BREAKDOWN LIMIT )
MAX MAX S (Ny=100, CO,, holes=~60um
DETECTOR GAIN  CHARGE 3
§ 1.0E+08
i MSGC 2000 410 P
5 1.0E+07 .
3 o __
i ADV PASS MSGC 1000 210 < LOE+06 N
(o]
& 1.0E+05 ‘ ‘ ‘
ii MICROWELL 2200 4410 ° 5 837 =3 2 2
3 © EST @wx Qg ©
iv MICROMEGAS 3000 6 10 = s38 = =
w2 % Fo 4
v GEM 2000 410 © g
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MPGDDischarge probability DRD

A Clear gas dependencies

A Abrupt drop of discharge rate for source distances larger than alpha range

A Clear correlation between discharge rate a#bf a gas mixturédy, primary charge density
A Alpha range in Ne longer than in Argon
AW; (An) <W, (Ne)

MICROMEGAS

GEMs
- Hadron beam (16L5 GeV¢ protons) Alpha particles
® “ ‘2‘ T T

— = 10 1k dgpyee =145¢cm ¥ g =2:45cm ¥ Ao =32cm 1

® g 10'2F . * + ]

1.00E-5 - - ° 10°F ¥ . PO 3 u 1

S ° S o4k " A + " . + - f 1
.A ° 8’ s a = aA - A u R Ce]
£ o 8 = 10°F n A ¥ . - AA ¥ . " 1 Experimental data ::
> N < 10°F ¥ ¥ 1 —~
£1.00E-6 vy . =~ 3] 4 <
5 - [N 2 107F ¥ ¥ 1 + Ar-CO, (70-30) I
o PY o [a] .8 o
g . o o 10°F T 1 3 1 N
s A He + 10% Iso I — —t " + Ar-CO, (90-10) —
= Ar +10% Iso - b g =3.95 d =512 d =595 2
81.00E-7 ° o) 10°F Ysource = cm T Gouce =2-12CM F Osource = cm 1 g
5 102 i 1 ] + Ne-CO, (90-10) ©

< 10k o ° v ¥ 1 1
A - o e Vs A f Ne-CO,-N, (90-10-5) =
He # 20% |s0 = 10'4F . v 1 A 1 1 =
1.00E-8 = 5 . o v 4 “ z

= P 10°°F A T 1 P\ 1

10°°F ¥ 1 1

107k + 1 1

1.00E-9 10'%F ) ¥ ) 1 ) 1

1000 10000 100000 90000, 500 1000 2000 500 1000 2000 500 1000 2000

Gain

Aleml 5 N



Critical charge in different gases DRD

A GEANT4 based model describes data fairly well over several orders of magnitude

A Only primary ionization and basic gas properties taken into acc®yuridg v,)

% 10k d e = 1.45 (:ml + duce =245cm ¥ douee =3.2Cm 1 Experimental data
< 10 %F T T 1
Q | | X -
g 10°%F 4 £ p A s f ] 4 ACO, (70-30)
o 10°F .- AAA ¥ o K ¥ .' 1 + Ar-CO, (90-10)
Gas GEM % 10°°F a" A ¥ " A ¥ g A 1
S 10°% 3 ¥ ¥ o 1 L Neco, (010
chil g 107F + ¥ ]
[x1 05 el 10 % 4 . { . ] * Ne-CO,,-N, (90-10-5)
Ne-CO, (90-10) 7.3 + 0.9 10°'F  doouee =395 cm ¥ Joouee =5:12Cm E dgouree = 5.95Cm Simulation
e- h < O+ U, 10°2F ;e :
Ar-CO, (90-10) 4.7 + 0.6 0% . ﬁ 1 &1 2 Aree. (1020
10%F v 1 A r . -
Ar-CO, (70-30) - 105k wd S i £ 1 A‘ Ar-CO, (90-10)
10 °F ¥ 1 Ne-CO, (90-10)
107k L 1 1
10-8 a 4 L Ne-CO,-N, (90-10-5)
1 1 1
500 1000 2000 500 1000 2000 500 1000 2000
Absolute gain
A Primary charge densit§ driving factor for discharge formation
0
A Different Q. for different gase<€£ no universal limit. O
L 14

A See also studies by S. Procurkilivl A621 (2010) 177
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Primary charge density

A Primary charge density is a more relevant parameter than the total number of electrons
A Source inclination studieshigher charge densities per hole for perpendicular tracks impinging a GEM

A B E studies; reduced transverse diffusiophigher charge density arriving at GEM holes

NIM A479 (2002) 294 Angle alpha disch-gain 10-8 - )
s L S Ar/iCH;0(90/10)
H GDD 2/8/00 7
E Lo *Amo source i t + + : :
g 0021 Arco, 70-30 4 ] b4t by
e - 4
£ GEM o
5 0.015 g
£ [ ] H
g PERPENDICULAR f #
0.01 +30° 10 -310 o 10°F ; pt
] LY '
INCLINED ] -
20% 10 55 ] -
0.005 . T
HV,= 420V
HV,= 600V
) S P SRR 52l A i
i Micromegas
. - iy P PR A P B
(].[]().?mJ 200 300 200 500 500 700 10-10 vl b by v b g by

Effective Gain

NIM A654 (2011) 135

0 1 2 3 4 5
B [T]



THGEMesults DRD1

NIM A 1047 (2023) 167730

. . . b ‘ = mm wrce= 24.5 mm ] ' source= 32.0 mm ' I source™= 32.9 MM
A THGEMs are large (robust, inexpensive) version of GEMg™} < '** R S V2 S 1 TN
ES . . . 3 ] ! oL | 1‘;“,“
E D1ORlarger in each direction g 10 d/ / “ ¢ [ A
() > P |
A Discharge probability in THGEMSs higher than in GEMg 107 ¢ IR ; H ; ‘ i1
. ) a [ : 4 “
E D100Rless holes, same electron collection 0 b i f i T 1‘ 14 * |
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Ar-CO, (90-10) 43 + 1.5 4.7 + 0.6 , f e s .
Ar-CO, (70-30) 2.5 + 0.9 - ot wr e 19* 0 10°

Absolute Gain

A Gas dependency observed again!

A Q. for both structures agree with each other, in spite

C

of geometrical differences O

A The primary charge limits shall be considered per single

holes, not normalized to the hole volume.
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M I C ro m e g a& aS e g Gastuus Detector Technologies
A Discharge rate scales with the mesh cell size
E meshcell as an independent amplification structure
. . -3
A Open geometries (e.g. Micromegas): UV photons 107 5
feedback may lead to a Townsend discharge .
E well-quenched gases preferable but watch out chargég ]
@ -4
" 104 3
densities! 37
1 £ o ]
S ] Ar-CO, 90-10 -
£ bad ] 2 e
] o Source: Alpha §
-5 ]
g g 107 3 Egix = 150 V/icm o
o (@] dgource = 31.5 mm g
21 ] ® 730 LPITox=39.5% &
3 ] W 640 LPIT,, = 39.5% 3
5 % A 400 LPITop = 51.0% 15
2 107 5 ¥ 230 LPITy = 52.0% =
2 ] =
Q, T T T L T T T T T T

10° 10*
Effective Gain

© M. ChefdevillePhD Thesis (2009), IRFU/CEA
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Optimisegasin your gaseousietector

?DRD1

,_Gst s Detector Technologies

A Light noble gases are preferable

A Quencher content i optimize primary charge density and electron transport properties.

A Open geometries (e.g. Micromegas): UV photons feedback at high gains may lead to a Townsend discharge
E well-quenched gases preferable but watch out charge densities!

A Reduce gain as much as allowed by the signal-to-noise ratio requirements

E trivial but most efficient method to minimize the discharge probability,

C

0 .
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Build stacks; diffuse primary charge

DRD1

Gaseous Detector Technologies

A GEMs are easy to stack
I Preamplification stage lower gain of single structures
T Charge spread between independent hoteQ.;; per hole stays the same!

T Small pitches preferable (more holesnore sharing)

A GEM + MMG hybrids and mulMMG stacks
NIM A 834 (2016) 14&8ndNIM A 976 (2020) 164282, NIM A 623 (2010) 94

T Clear influence of the pramplification stage on the stability of MMG

T Lower charge densities reach (subsequent) MMG stages

Discharge probability

T Mesh cell as an independent amplification structure (see alsGT 18 (2023) C06(011

A Optimized HV settings

T Lower gain towards the bottom of a stattkincrease overall stabilityliv A 479 (2002) 294

N 12/9/00) Diseh-G SDTGEM
e NIM A479 (2002) 294
Am o source
Ar-CO, 70-30
f
!
10° ;
| SGEM
| |
¢ ; i
H } DGEY '
' ! *
H | TGEM
104 i /
: > — 1
i [-.D 2kV em
. E,=E=35kVom~
107 3 i4 3 6
107 10° 10 10° 10
Effective gain
10" E
E dots: data JINST 7 (2012) C06009
"? [ lines: simulation
5
2
-5
o10E
Q.
X
B
@
Q.
(7]
10° E
MM
]- MM-GEM 1mm
107

4 105



Useresistive layers

DRD1

Gaseous Detector Technologies

A Allow for charge sharing and create sglfenching mechanism

A Delay the charge evacuation and force local field redudtiorate capabilities

Resistive MICROMEGASIM A 629 (2011) 66, NIM A 1025 (2022) 166109)

bulk MicroMegas

Amplification gap: ~1281 TE TR
glue ~ 75-20Q
pads 1 1 1 1 pads
FR4 PCB PCB

A Reduces the charge released by MMG during spark formation.

N
2

A Provides spark protection to electronics

Current (uA)
- (_J: n

o
o

Fans I T Y S

New structures> w 2 9 ([UINST0(2015) P02008) oo™ erom oo

Time (s)

A Single sided Gaseous Electron Multiplier (THGEM)

Coupled to the readout anode through material of high bulk resisti ™ “—.

Polyimide —

A
A High rate capabilities restored by proper grounding of the DLC lay
i . i Resistive film (p)
A Single amplification stage —
Pre-preg —*
--> material budget, simplicity, industrialization, costs!

Strips/Pads —* « l I . >

71000

Spark Probability/Hadron/cm?

resistive anode MicroMegas

' Mesh @ GND

Mesh @ 360V Amplification gap: ~128un

Resistive MM

< 2F
2 s
51.5 o 500 7
5 = R11 current T
O 1F—Ri1HY
450
osf
] e - 400
66000 67000 68000 69000 70000 71000
Time (s)
9
107 e u-BWELL - PSI 2018
10-1¢ | m Triple-GEM - PSI 2018
E NIM A 518 (2004) 106
oL (2004) 106 | .
e
1012
E ——
10713 L __i:— -—f]'J— +
1074 f
10718 L
10° 10

Gain
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MPGD design good practices

DRD1

‘Gaseous Detector Technologies

A Segmentation
T Reduce area capacitance

I Reduce energy of a discharge

T Minimize dead time

A Careful detector desiggavoid high fields!

T Rounded corners

T Electrode edge effects

T Holerim

© S. Dalla Torre, FessarottaINFN)

S. Bachmann et al. NIM A479 (2002) 294, .

05 Floating strip MMG
. cathode -300V
s | GEM segmentation
o mesh emm
A 1 s s
ZN%W Radies St T 128m___+500V
0.5 /)‘\‘:VS }_|>
V‘J W/4Sectars copper strips  resistive strips .
h resistor 20MQ I signal
% | =
Traonco, 70-30 ©J.Bortfeldt, Ph.D. Thesis, LMU, 2¢
E1= 4.9 kV/em
15 \1
2
%02 0 02 0.4 0.6 038 1

Copper area GEM area
(100 um clearance) £
E
SMD pads %
SMD 1206
resistor

HV distribution HV ";p
circuit top side

—
HV distribution

circuit
HV flap
bottom side
(covered) Cutout for
HV connection

Frame area
/ (Polyimide)
HV distribution
Cutout for circuit
HV connection Copper area

(1 mm clearance) Mounting h

J.AdolfssOretal 2021 JINST 16 P03022
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Further reduction of stability

DRD1

Gaseous Detector Technologies

A High fields, cathode material quality may further reduce stability of your detector

50 50 Surface: Electric field (kV/cm)
L
6ol kVv/em
A 112
40 T
100
20F T
ol 4 100
10 20 - T 80
" 40+ -
ot i 60
80| - 40
-100 - T 20
-120 T
-140 T vo 0
)‘ 0 100 HMm

K D.S. Bhattacharya, RD51 Meeting, Sep. 20d8 (

A High Efields present in amplification regions (the curse of MiBatterns); can easily double/triple the average

A Detector QA of the highest importance: cannot analyze the entire surfat¥ tests @aschenimit
(for MPGDs see ALIOEST 16 (2021) PO30EMSNIM A 1034 (2022) 1667 IATLASIIM A 1026 (2022) 1661)13

D.S. Bhattacharya, RD51 Meeting, Sep. 2418 (

i i ]
20 40 60
x Position (pm)

NIM A 438 (1999) 376


https://indico.cern.ch/event/756297/contributions/3143807/
https://indico.cern.ch/event/756297/contributions/3143807/
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HV scheme optimization

(K. Fldthner, MSc thesis, BoBﬂZO)
(J. Kaul3, MSc thesis, Bonn 2ap

A HV system ———
T Passive/active/stabilized voltage divider safest, reduced flexibility Jourd ™
i Independent HV channefs full flexibility, tripping times may cause fatal results %
i Cascaded power supply full flexibility, no overvoltage possible by design, costly T»« [
e . . T | o cw@ T
A HV scheme optimization use ofprotection resistors o sehe
T Reduce currents
£ 1R™ =10k b) R = 51 kn C)BR:m=100m
I Quench secondary discharge development EOB 22 g N :*Ec:m ome
a 4 - & [OX =800F ﬁ
i Reduce and decouple parasitic capacitances parallel to MPGD § 4 4,4'# C88h= 0.15 nF #
. 3 fox [ opet oot
transfer gaps in the MPGD stacks 20403 0E ) | 403 nF ++ 03 nE
o A1.0nE #1.0 nF el.0nF
(RLC design rules, see €)gIST 14 (2019) P08()24 802250 [ #8.0nF 8.0 nF
® Y Ne-CO,-N, (90-10-5)
OQ%W 00 4000 6000 2000 4000 6000

E g [Viem]



New structures: MPGDs in SQS mode? DRD1

A Discharge probability could be reduced if a radial shafiel&is formed in the MPGD avalanche gap
A Both simulation and R&D effort. Still need for optimization, but ideas on the market!

‘Total charge [# ans]
Induced aurrent (7, W) [3.]

© P\ Fonte

Total charge [4 ians]
Induced aurrent ("W [a.u]

© P. Fonte

Ag Cathode

CERURGRENEL W

JINST8(2023) C07009

trip

P. Fonte, fASimulations of discharge phlaklomenao, RD5 RD5hicommenPepject: Ppark-MagsnAimplificatipmMicgostructures, V. Peskov, PG (2020-2023)


https://indico.cern.ch/event/709670/contributions/3008591/
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Summary

DRD1

Gaseous Detector Technologies

A Gas discharge mechanisms in MPGDs wetierstood

A Fundamental gas limits for streamer/spark formati@p;,

A Avoid streamer development by lowering primary charge, charge sharing, avalanche
guenching methods, and shaping of the electric field.

A Instabilities caused by defects/ageing/contamination can be avoided by good design pra

and quality assurance/control methods

A To do: more modelling work on discharge development, e.qg.:
T Simulation of an avalanche process and its transition to a streamer (Garfield++)
I Understand discharge probability ag,; values obtained with different geometries

I Simulation model describing secondary (propagated, delayed) discharges developing in the g

between subsequent foils in a stack.

CALM

QUENCH
YOUR
DISCHARGE
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t I & ORafiy v, Bpd # DRD]

ln( Apd) —In []1’1 (1 + - )] M.K.Khalagt al., WSN 55 (2016) 114
B E B A
VS___(_P_d)_, e C=In
C+lnpd’ p C+Inpd In(1/y+1)

A There exists the minimal breakdown voltage for a discharge gap gmin 'C
A Vv..,and Pd.,, ¢ dependent on cathode material = - pd
A E/p at the minimum maximum ionization capability of electrons

G2t $ain® JQa - P
A Right from the minimung Efp decreases slowlhysincreases almost 7'/

proportionally topd. At increasegbd electron can still produce ionizing B /

collisions even at not very hidip 2o/ > :;'/

100 /’B’a-—/’

A Left from the minimung possibilities for collisions are very limited. Very =

high fields (and/p) are required for necessary amplification ' Pd(x1.33Pa » m)

5 -Al23Y aDlFa 5Aa0OKINBS
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DRD1

New RPC mixtures

See lecture by MAbbresciglink)

A CF,H,andSEE very high Globalvarming Potential (GWRY 1300and2380Q resp.

A Finding a substitute requires compromises: working point, resolution, efficiency, currents, streamer probabil

T E.g. replacement of etrafluoroethanewith HydroFluoroOlefyngHF Os) increases working point. Adding @Oreases streamer probability and RPC currel

é R134A/IC4H10/SF6 95.2/4.5/0.3 1 T T TT TT T T[T T 17T TT T T[T T 17T T 1T

A HE/HFO/R134A/IC4H10/SF6 30/32.45/32.45/4.5/0.6 0 B 1: oy jf’* ‘&—T%ni |

A CO2/HFO/R134A/IC4H10/SF6 50/22.25/22.25/4.5/1 B /‘. - !—A‘j ]

1.0 —— o o T .A. T .A. =3 =T B fx/‘/r- ; ]
[ ] 0.8 .

: A _ i / y
. | |Streamer at working point

//K i.10.3% SFs: 0.9%

o o
o [+
T T T
11 1
o
o

I LI
ww\
i

..g |
; = - ‘ / 17.5‘% C4Fs0: 1.1%
0 “= - I
a [ ] I [ i]2% NOVEC 5110: 0.7%
i : BL l/ [770.1% NOVEC 4710: 0.3%
"~ 0.4 m B /
£ [ 7' 1 i * / ]
& i ] / /
] ] 0.2 :
02F 4 At ] - / " ]
i 4 / : i i U»/ e o -
B AA ,A -1 WorVoy ¥ 2 ‘*.’i’»-«ﬁ_ﬁ}'i;—" = N =~
0'01111“‘:1\111 llllrffl"lA:l T 0'0—f|||$|||1||T||—||IT1|-| [N B
TR T T T 8500 9000 9500 10000 10500 11000
HVer [V] HVerr [V]

R.Guida B.Mandelli G.Rigoletti NIM A 1039 (2022) 167045


https://indico.cern.ch/event/1384298/contributions/5911803/
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fDRD1

g Gastuus Detector Technologies

Secondary discharge formation

Discharge in the transfer/induction gap appear@l-10)>s after the primary spark

0.02

A Leading theory: heating of the cathode after the primary discharge O

- A.Deisting et al. NIM A 937 (2019) 168 e
- A.Utrobicic et al. NIM A 940 (2019) 262 o

—0.06

A Mitigation strategies establishedquenching with externaRelements,Creduction s

Amplitude [V]

- L. Lautner, PG, et @INST 14 (2019) P08024 e A C: (8020)
- A.Deisting C.GarabatosPG, et al. NIM A 937 (2019) 168 012 N’?ki&;klm
—0.14 O0 5 10 15 20 25 30 35

Time [ps]

o [RET=5MQ
12| glead —

bot

Riltk = 5 MQ

1.0{ oo = 10MQ rl
0.8

® NeCOxN, (90-10-5)
B Ar-CO, (90-10)

a) Primary discharge

b) Secondary discharge

A.Deisting etal. NIM A 937 (2019) 168

0.6
A Ar-CO; (70-30)
0.4
0.2 — .
A.Deisting etal. NIM A 937 (2019) 168 Al i N2 étal
0.0 AN e o & AA A MPGD 2019,
3 4 5 6 7 3 LaRochelle

Eima/p [Vcm!imbar?]
* See pioneering studies bg. Bachmann et al. NIM A479 (2002) 294.PeskoyP.Fonte(2009) arxXiv:0911.0463
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Discharge spectroscopy

B.Ulukutluet al.,NIM A 1019 (2021) 165829 + update

A Measuring emission spectra of the light emittddring primary discharges

A Cu and Al emission lines observed in GEM discharges

A vaporisationd presence of foimaterial in discharge

plasma

A THGEMSs with various electroddsno emission linesorresponding to foil cladding

Intensity (W m™n

Ar-CO, 90-10
Eng=0

removed background
—— AIGEM

—— Cu GEM

624.3

> ——— H1656.2 nm

Ar1738.4 nm
Ar1751.0 nm
Ar1 763.5 nm
01777.4 nm
Ar1 842.5 nm
Ar1912.3 nm

T Ar1811.0nm

— Ar2434.8 nm
R Ar2 442.6 nm

—

|

///

-
)
4 S

T

700 800 900

Wavelength (nm)

400

A No or stongly reducednaterial vaporisation from dischargesTtGEM hole geometdy lower temperature reached?

25 X102
I Ar-CO, 90-10 E
8 |Ew=0 2
A Secondary discharges still prevalent in THGE 220 fomc faett T
8 — Al SH-THGEM £l EE
< —— Cu SH-THGEM “;E ;f)
A No direct connection between material 15 T o SHTHOEM IEE:
. . . . —Ta SH-THGEM E 236 EE E
vaporisation andgecondary discharge formatic YW SHTHGEM 21 2
l g5 EES EEEc: EE
©e ~og o <L <54
33 552 g g8 &3
05 2% 5% EEE\\lI |\ I'56
A Influence of the cathode material properties \ AL “‘m /
\ I// 1 i \ A
0.0 Ao Bl LA
300 400 500 600 700 BDO 900

or surface quality
(Mo, polished Cu exceptionally stable)

Wavelength (nm)

0.8

0.6

0.4

0.2

0 e e e

t
1

.
Ar-CO, 80-10 L4

Al SH-THGEM
Cu SH-THGEM #1
Cu SH-THGEM #2
W SH-THGEM

Ta SH-THGEM 4
Inox SH-THGEM t
Mo SH-THGEM

Cu GEM

Cu THGEM

Mo THGEM +

-1 -1
Eindlp (Vem™ mbar™)



5353
Secondary discharge formatiomypothesis DRD1

A Transition between Townsend discharge and Streamer discharge?

A Dependence omas( processpnd cathode? process feeding)
A Time lagD(10>s) with a rapid full gap breakdown

0.02

T : o

Amplitude [V]

Ar-CO; (80-20)

++4 #

Rimd = 5MQ
A 0121 Rist = 18KkQ
+ o+ o+ 4 + + o+ o+ ’ 01l ‘ ' ' : ‘ :
A I T A 0 5 1 15 20 35 30 3
+ + + +F++F ++ 4+t P T Time [ps]
- +

A Townsend mechanism initiated by electrons from a primary discharge;
A Secondary emission from the heated cathode;

A Space charge accumulation at the anode;

A Transition to a streamer.



Studynew electrode materials DRD1

GSlI, TU Minchen
A Various coating materials used to study their influence on GEM performance

A Search for ultrestable configuration for applications using extreme HV settings (e.g. gihgten detectors,)

B. Ulukutlu, PG, etal. A 1019 (2021) 165829

~107 ArCO,90-10 R o
Q ¢

4 AITHGEM ; ¢

¢ Cu THGEM #1 ¢ } \
08 ¢ CuTHGEM#2 1 +

¢ WTHGEM TR

¢ Ta THGEM ¢ + 4

¢ Inox THGEM '+
06- ¢ Mo THGEM 4 ?

? i
?
il Y ;
t t
02- tto¢ . °
AR
ot wt ¢
00} » -’ "'0‘ ° ° .
3 4 5 6 7 8
E.d PV cm” mbar‘1)
Mo THGEM Inox THGEM Ta THGEM W THGEM

A The preliminary results with the Molybdenum layers point to the surface quality as a possible driving factor for enhéilitgd sta

A Surface studies in preparation (profilometer at CERN, AFM in Pisa)
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THGEMesults

DRD1

Gaseous Detector Technologies

A THGEMs are large (robust, inexpensive) version of GI%MS)‘?-

E D1OPlarger in each direction

Discharge Prob

SUNIT CELL OF THG

A Gas dependency observed again!

A Q. for both structures agree with each other, in spite

of geometrical differences

A The primary charge limits shall be considered per single

holes, not normalized to the hole volume.

NIM A 1047 (2023) 167730

10—3.

10—4 E

10~5.

1072

10‘3 k

10—4 E

10~5¢E

dsource= 14.5 mm / ol 'dsw,“= 24.5 mm 1 'dmm.= 3;.0 mm HE 'dsm,,m= 35.5mm
/ d ] - s / s
F ® | [ o [ ‘ ‘
° 4 ‘ J !
@ ’r o | ‘\
s ’ :
| : : f "
i [ ik
+ I + t 1: . * .
L dsource= 39.5 mm | dsource= 51.2 mm | deource= 59.5 mm 102 10°
‘2 L) THGEM
® N ] Exp Sim
o A ‘ } M Ne-cOp (90-10)
A ‘
¢ * $ I ArCO3(90-10)
T ‘T / * $ Ar-CO2 (70-30)
1] |
107 10° 107 10° 10 . T
Absolute Gain
Gas THGEM GEM
(chi() chil
[><106 e] [x106 e]
Ne-CO, (90-10) 7.1 + 2.2 7.3 £ 0.9
Ar-CO, (90-10) 43 + 1.5 4.7 + 0.6
Ar-CO, (70-30) 2.5 + 09 -




56

?DRD1

10°

Effective Gain

10*

M I C ro m e g a& a.S e g Ga!uus Detector Technologies
1073 5
A Discharge rate scales with the mesh cell size 2
=
(optical transparency) ‘é’ 10 -
: T a ]
A Mesh cell as an independent amplification 2 ARCO, 90-10 .
structure o Source: Alpha §
S 10 5 Egire = 150 V/iem O
[a) ] dgource = 31.5 mm @
® 730 LPITon = 305% &
B 640 LPITo = 39.5% &
6 A 400 LPITo=51.0% {5
10™ _
3 ¥ 230 LPITyy = 52.c|)% =



LY

Gas In MMG

DRD1

Gaseous Detector Technologies

A Open geometries (e.g. Micromegas): UV photons feedback may lead to a Townsend discharge

E well-quenched gases preferable but watch out charge densities!

A Discharge curves in different gases cannot be explained witlQgpe

photon contribution

© M. ChefdevillePhD Thesis (2009), IRFU/CEA

Spark probability

10%

105

107

e Geantd Ar+11%iC H,, (@)
m Geant4 Ne+11%C,H+10%CF, (o)
a D. Thers et al. Ar+11%IC H,,

v D. Thers et al. Ne+11%C H,+10%CF,

S.Procureuretal. NIM A621 (2010) 177

A r} ® . Y

L ol
E n T
E R 1
E B ¥ I
L . L - ; 'L
L [ T.I. . vvl'
= T v
g [oboeee s
] I L
B T §§9, ....l lvl
i ST
E..Hl 1 Lo

10° 10*



58

Resistive layerg running horse of RPC technology

DRD1

Gaseous Detector Technologies

A Material with highvolume resistivitye drop of the electric field around the initial

avalancheE remaining counter area remains sensitive to particles

A In normal operation:

i GKS aidNeRy3

aLl O0S OKINBS ONBIGSR

I guenching with molecular and electronegative gases

E streamer probability reduced, but norzero!

A For highrate capabilities, reducint can be beneficial

i See e.g. talks by NPetris(Monday) and IDeppneTuesday)

A With moderateresistive materials, a glow discharge may develop!

Sparks

Glolw discharge

Sparks

1E-02 1E+00 1E+02 1.E+04 1E+06 1.E+08 1E+10 1.E+12

Resistivity (€2 cm)

T.Franckeat al., NIMA 508(2004)83

Effective gain

A.N.Akidinovet al., NIMA 533(2004)74

100 1

r

90

A Efficiency[%]

80

<& Streamers[%]

70

O Resolution[ps]

/
/
/
[ 50 ﬁ/ -
40 /“l
/
/
\/

-
Al
30
20
10
4 _J-.----’-l0
0 T ?
10 11 12 13 14
Applied voltage across 5 gas gaps [kV]
1.E+06 +— Open symbols: 5 mm diameter beam }
—| Solid symbols: 2 mm diameter beam
1.E+05 4+—
“Metallic” limit (PPC) pp=3x10°Qcm
-------------- Pp=4x107 Q cm mmmmmmeme g =4x10"" Qcm
1.E+04 +—— - —— -+ F I
1.E-01 1.E+00 1E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06

Counting rate (Hz/mm?)

P. Fonte etal., NIM 431(1999)154
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DRD1

Gaseous Detector Technologies

Resistive MPGDs

A Allow for charge sharing and create sglenching mechanism

A Delay the charge evacuation and force local field redugtiomate capabilities

f

128um

s

| Resistive Foil ~50ym

| Insulator ~200pm

= Current
o Stan

25

2

Resistive MICROMEGABIM A 629 (2011) 66, NIM A 1025 (2022) 166109)

A Reduces the charge released by MMG during spark formation.

<
2
515
31

05

A Provides spark protection to electronics

dard MM

I ST WY

Current (uA)
o

= R11 current
[ — R11 HV

o
o
T

Rt Y o .

Resistive MM

9 St 400 s%mo 67000 68000 69000 71000
. 66000 67000 68000 69000 70000 71000
A Standard solution for many MMBased detectors Time (s) Tne (o) <
(e.g. ATLAS NSWod. Phys. Lett. A28 (2013) 1340020, NIM A 640 (2011)T2K TPC UpgratéM A 957 (2020) 163286 X 0 §
Average avalanche charge (fC) EL
2:10° a0 10° 2a0° 2:10° N
Resistive WELL and Resistive Plate WENIST 7 (2012) C05011, JINST 8 (2013) P11004) woab T e Ps ey §
E [ —s— RPWELL (induced signal) ~
AwSaiaidardARREYL), 21w @ ¥RRWELL) 2 e =
2 oozl as mixture: Ne/5% CHg. )
i i i i i ) I B.04 keV X-ray at 25 Hz Z
A Stable operation at gains of up to a fewt {@ith gain drop corrections!) gL ]
g 0.01— (—5
072‘0 740 ?éﬂ 780 800 BE‘D 840 ®
Embedded resistorgJINST 12 (2009) P12004, NIM A 824 (2016) 510) S . .m““m‘“f L 2
THWELL gain
A Control of the resistance throughgattern
mmi resistive pads
A Tuned for minimal chargep & spark suppression et =
:i:” strip % @

HV (V)



New structures: micreRWELL DRD1

G.Bencivennet al.,JINST 10 (2015) P02008 Diamond-Like Carbo:fm
A Singlesided Gaseous Electron Multiplier (GEM) coupled to the readout anode sp?

through the material of high surface resistivity /.\I)
sp®

A Single amplification stageé material budget, simplicity, industrialization, costs!

Top Cu
P—

A Resistive layeE suppression of the transition from streamer to spark,

Polyimide —

with a consequent reduction of the spark amplitude. Resistive film (p)

£ . . . . Pre-preg — v
A DrawbackE the capability to stand high particle fluxes is reduced. StripsiPads — T T",
~2000F 10004 =2000¢ 6000y
E = ol el Y ] - ﬁ E DPAA L - -
=1800-GEM s00 g 218000 >=RWELL Tso0d®
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E 1 19} E T
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800f L 400 ook — .
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G.Bencivennet al.,JINST 14 (2019) P05014

A Singlesided Gaseous Electron Multiplier (GEM) coupled to the readout anode

through the material of high bulk resistivity

A Single amplification stageé material budget, simplicity, industrialization, costs!

A Highrate capabilities restored by the proper grounding of the DLC Grid

layersE improved charge evacuation

A Thoroughoptimisation including surface discharge considerations

E concept of thedistanceof-closestapproachcrucial for stability!

Top Cu
—

Polyimide —

Resistive film (p)
——

Pre-preg —*

. I‘
Strips/Pads — « l l l \

[=n:SGT

=n:DLR

| SG2

=" DLR

9
= t " [ wRWELL Porzore
. = 100 || m Triple-GEM - PSI 2018
' F| o NIM A 518 (2004) 106 .,

_.
<

A Ratecapabilitiesof up to 10 MHz/cn? demonstrated

A Discharge probability of a single migRWELL stage compatible with

=~

ability/Hadro

b
—
=)

@

107"

T g

ark Prol
-
<
IS

%10-15:

triple GEM setup operated at stabiligptimisedHV settings

2

10 10 5 -
2 10 10
Flux (MHz/cm?) can
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New concepts with DLC layers

NIM A 958 (2020) 162759

As5[/ 6¢1 0D9aax aAONRYS3IlIaz X oL e
pa— & LC-TH
. . . . ) ‘ £ |+ Standand THGEM |
i clear discharge quenching mechanism observed I [ 8 1 | ey xay tzmm?
i influence of resistive layers on discharge propagafono be studied copper 7G5 DX £
12
1.0 e

I coating of THGEM holes allows for minimising the chargimgffect!

1 10 100 1000
Time(min)

A sRPGQ Surface RP@/. Giovannetti MPGD202p

E Euf f <R
i Single gap (2 mm) geometry __ £ Zj: t {'
i Baseline (lowate) version: stable operation withf  dp pilapt Yy R i z:: 4_"
i Highrate version, with conductive grids, is being developed N
6F e 6 A (2rays, with Somedngtabilities) ol

= L 1 1 L I L 1 I
85 86 87 88 89 9 91 92 93 94 95
. HV [kV]

A DLGRPC for MEG (. Phys.: Conf. S8874 (2022012143, A. Ochi MPGD2022 a—

* 4HV

DLC

+ -HV

S

i Singleand multigap D 400> V), ultralow mass design (< 0.1%) ' =

] -HV

T 85% MIP efficiency achieved with mdldiyersptf  mpsan 1-10 kHz/cm Mﬂml I "

1 -HV

+HV
t“'"JU Km

T 45-50% efficiency at 1 MHz/c¢th I

-HV

1
Signal'readout

i New developments ongoing (HV feed lines) ~160 um-thick spacers

(2.5 mm pitch)
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Stability challenges of MPGD TPCs

TPCs at higinates (e.g. ALICE TPC @ 50 kHPBp

A Direct rate of impinging particleS (10 kHz/crA)

A Expected loads from the full drift, after amplificatiGr{10 nA/cm?)
A Highly ionizing fragments
A

Unprecedented challenges in terms of loads and performance (low IB

PG,PoS(MPGD2017) 031

2 E ¥ i i 0.5} 220 . .
3 | oM Neoosmk 000, TN e Baseline solution:<BEM stack
S0k —e— Standard HV )
& E ~—® IBFHV -»
el < ACombination of standardy and large pitchL.() GEMs
%10-3; -+ ag AHighlyoptimized HV configuration
: o
10 4 ' AResult ofntensive R&D
C "T' pad plane
" 3 ' Astability of a GEM stack operated in KBF mode

107 T T can be restored by adding"4SEM

—_
(=)
W
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Few words on tracker rate capabilities

> |

fa

(Multi-MPGD) Trackers at moderate gains O(10%)
Short drift gap O (mm), Ar-based mixtures, evacuation of primary electrons in O (100 ns)
No pile-up expected in a single GEM hole in cm? area forrates | 1 MHz/cm?

Up to a few electrons/hole expected (MIP)

Troublemakers

Highly lonizing fragments (Nyim & 10* X Npyim wip)

High neutron doses (e.g. ~1013 n.eq./cm?/year in future CBM@FAIR GEMSs)
Charge densities in the bottom MPGD, after full amplification!

Stability of the system relies on the stability of a single amplification structure (e.g. GEM)
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MPGD trackers at future colliders
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Experiment /

Timescale

LHeC COLLIDER
MUON SYSTEM
at HL-LHC

Application
Domain

Electron i Proton
Collider
Tracking/Triggering

Gas Detector
Technology

RPC/ MDT

Total detector size /
Single module size

Total area ~ 400 m?

Single unit detect: 2-5 m?

Operation
Characteristics /
Performance

Max.rate: 3 kHz/cm?
Time res.. ~0.4 ns
Rad. Hard.: 0.3 C/lcm?
Spatial res.: Imm (RPQ
80 pm (MDTsingle wibe)

FCC-ee and/or CEPC
IDEA PRESHOWER
DETECTOR
START: >2030

Lepton Collider
Tracking

e-RWELL

Total area: 225 m?

Single unit detect:
(0.5x0.5 m?) ~0.25 m?

Maxat 6l 0 Kidz/qu =
patial res.: ~60-80 um
imeres b-7ms

Rad. Hard.: <100 mC/cm?

FCC-ee and/or CEPC
IDEA MUON
SYSTEM
START: >2030

Lepton Collider
Tracking/Triggering

e-RWELL

RPC

ITotaI area:3000m2 |

Single unit detect:
~0.25m?

Max. rate: <1 kHz/cm?
Spatial res.: ~150 um
Timeres.: 5-7 ns

Rad. Hard.: <10 mC/cm?

FCC-hh COLLIDER
MUON SYSTEM

START: > 2050

Hadron Collider
Tracking/Triggering

All HL-LHC
technologies
(MDT, RPC,
MPGD, CSC)

E)tal area: 3000 m? I

eeeperilirPoe wlersaln,
Max. rate: < 500 kHz/cm?
Spatial res.: <100 um
Timeres.. ~3ns
Rad. Hard.: ~C/cm? I
—_—

MUON COLLIDER
MUON SYSTEM

START: > 2050

Muon Collider

RPC or
new generation fast
Timing MPGD

ITotaI area: ~ 3500m? I
Single unit detect:
0.3-0.4m?

Max.rate: <100 kHz/cm?
Spatial res.: ~100um
Time res.: <10 ns

Rad. Hard.: < Clcm?

Challenges

A Highrate capabilities, radiation hardness
(ageing) and stability of largerea
trackers

A Large areas, simple construction,

industrializationA low cost

A Reliability and efficiency with suitable

low GWP mixtures
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*Scaled gairg transparency < 1009



