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Objectives

Objectives: Understanding the gain in standard GEMs

e To investigate various influences on the gain
e Penning effect: rp
o GEM voltage: VoeMm
e Drift field: Ep
e Induction field: FEr
e GEM hole diameter: D/d

e To find the actual value of 7p for Ar/COy (70%/30%)

e To make an animation of an electron avalanche in a single GEM
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Method

Software
e ANSYS: to model & mesh the GEM

e Magboltz 8.9.6: contains all relevant cross sections of
electron-matter interactions

o Garfield4++: to simulate electron avalanches

e ROOT and C scripts: to analyse the data
Compare simulations with experimental data

e PhD thesis G.Croci (2010)

e S. Bachmann et al. NIM A 438 (1999) 376-408

e 0.Sahin et al. (2010) JINST 5 PO5002
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Standard simulation setup | UNVERSTETERIDS T

Standard GEM Drift Ep
Vo
o Vp=—-Vr—FEpxhp Ar/C0, (70/30)
T=293.15K hy: Drift region
o Vi=Vg+ E; X hy P=760Torr °
[ ) VT = —VB = _%VGEM t: Upper metal

® &y polyimide = 3.5 T: Polyimide

® Pr metal = 0

t: Lower metal

e hp =3mm, h; =2mm

* D B 70Mm7 d - 50,[1111 h;: Induction
o ' = 50,um, t = 5,um GND region

e P =140pum Induction E,
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Standard simulation setup Il

Extra information and conventions

e (Giot: Total number of electrons produced in the simulation

Geg: Electrons that reach at least the imaginary plane 50um below
the lower metal

f = RMS/u: measure for the avalanche size fluctuations
Navalanches = 1000 (3-4% statistical error on the (eff/tot) gain)

Avalanche size maximum Ny, is not yet implemented
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The Penning effect: explanation |

1522522p®3523p°4s
1) Electron excitation of Ar 15225%2pf3s23p°4p
1522522p®3523p°3d

2) Energy transfer Ar-C0,

e teon = 50-100ps
29629635236

Energy transfer

3) lonisation of CO, tax=0(ns) @ 10%° collisions/s

@ ———  1s22s22p®3s23p°3d
@ +
f=
i lonisation energy of CO, .:.:.
F———  1s22s522pf3s23p°4p
lonisation
15225%2pf3s23p>4s 4) Gas gain x 2 -> 1000
Ground level e
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The Penning effect: explanation Il

2a) Direct reaction 2b) Indirect reaction
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~ 000 (» 000
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The Penning effect: explanation Il

Different implementations yield same results (checks were performed)

¢ Garfield (FORTRAN)
%ﬁza(1+r%m)
Vion

o Garfield++: Probability r that excited state transforms into ionised
state
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The Penning effect: Setup

Simulation setup:

E|TH9§

e Standard GEM v, Drift
* Bp=1LkV/em Tl
(" Influence of the Ep and Ex") P=760Torr

e EFr =3kV/cm

o Verm = 200, ...,500 V;
AV = 50V

e rp =0.0,...,1.0
Experimental setup:

hp: Drift region

t: Upper metal

T: Polyimide

t: Lower metal

h;: Induction
region

Data from PhD thesis G.Croci GND
e Fp =2kV/cm, Induction
E;=3kV/cm

T T ey T T NI (e e
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The Penning effect: Results

E T { 1 T T 1 T T 1 T T L \/\
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[—rp,=06 /
—r,=07 /
.. . 12— —r,=1.0 *
e Gain increases with rp I x Data 2010 »
e Notice that none of the rp sim. ;
data agrees with the exp. data "
e Therefore it was necessary to %
scale the exp. data accordingly /
10
| WAL LA L1 L1 !
300 350 400 450 500

VeemlV]

Figure: Geg as function of Vgewm for
various Tp.
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Determination of rp |

1 Complications

e No error bars for exp. data (?)
e Systematic effects
(Calibration, definition W,...)
e No simulated data for 320 V,340 V,360 V, ...

2 Fit exp. data to function: Gexp = exp(a + be + cv?)

3 Fitting methods:

o Constant absolute uncertainty of 10.5 on the effective gain
e Constant relative uncertainty of 1.6% (x*/ndf = 1)

4 Simulated data was fitted to Gy, (a: scaling parameter)

Gt = a'Gexp = a’ exp (a + bc + ch)
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Determination of rp |l
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Figure: Plot of the x? (left) and the scaling parameter a’ (right) as a function
of the Penning transfer parameter. Compare to the value extracted from
0.Sahin et al. (2010) JINST 5 PO5002: rp = 0.56 # 0.03 (after correcting for
Pand T).
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Avalanche size fluctuations |
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Figure: Avalanche shape for 1000 avalanches at 300V (left) and 460V (right).
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Avalanche size fluctuations Il
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Figure: f = RMS/pu as function of Geg for various rp.
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Influence of the Ep and Ep: setup

Drift Ep
Simulation setup: Vo
Ar/C0, (70/30)
e Standard GEM geometry T =293.15K hy: Drift region
P=760Torr
e Ep=1,..,5kV/cm v t Upper meta
e Fr=1,....,5kV/cm ;
e Verm = 300, 400, 500, 550 V T Polylmide
® T'p = 055, 067 0.7 Ve %D t: Lower metal
Experimental setup: o
Data from S. Bachmann et al. oo i
NIM A 438 (1999) 376-408
Induction E,
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Influence of the Ep and Ey: Results |
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Figure: Plot of Geg as a function of the Ep, Er = 5 kV/cm (left) and as a
function of Er, Ep = 1 kV/cm (right) for various 7p.
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Influence of the Ep and Ey: Results |l
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Figure: Plot of Gest/Gsot as a function Er, Ep = 1 kV/cm for simulated and
experimental data (rp = 0.55).
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Influence of the hole diameter: Simulation setup W% En@,:}

GEN

In cooperation with Mythra Varun Nemallapudi

e D =30,..,120 pm
AD =10 pm

o d=250 =1

e Fp=1kV/cm

e Er=3kV/cm

o VGEM =400V

o rp =0.6

~ SvenDildick (UGent)

Drift Ep
Vo
Ar/C0, (70/30)
T=293.15K hp: Drift region
P=760Torr
A t: Upper metal

T: Polyimide

t: Lower metal

h,: Induction
region

GND

Induction E,
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Influence of the hole diameter: Results |
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Figure: Effective and total gas gain (left) and Geg/Ghot (right) for various
GEM hole diameters.
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Influence of the hole diameter: Results Il
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Figure: [...] The gain increases considerably with decreasing diameter until
around T0um, and reaches a plateau for lower values. [...] (S. Bachmann et al.
NIM A 438 (1999) 376-408)
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Influence of the hole diameter: Results Il EITHBﬁ
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Figure: E, field configuration for D = 30um (left) and D = 120um (right).
For large GEM holes electrons have less difficulty in finding the hole.
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Influence of the hole diameter: Results IV
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Figure: Total electron deposition (left) and electron deposition per initial
electron (right).
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Animation of an electron avalanche |

In cooperation with Heinrich Schindler (LHCb)

In the simulation:
e Conformal mapping
e Electrons are blue dots

e |ons are red dots

Polyimide (meshed) is shown in orange

e Traversing muon is the black line (upper left)

No metal layers are shown (absence of electric field)
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http://garfieldpp.web.cern.ch/garfieldpp/examples/gemgain/

Animation of an electron avalanche I

Incoming p* t=0.050 ns

Phase 1: High energy muon enters the gas and ionizes a molecule.
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Animation of an electron avalanche Il

t=0.300 ns

Phase 2: After some time the primary electron drifts towards the
GEM hole and starts ionizing the molecules in the Ar/CO5
mixture.
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Animation of an electron avalanche IV

t=0.450ns

Y

Phase 3: Avalanche develops exponentially through the GEM hole.
Most of the electrons are produced at the bottom where
the electric field is strongest.
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Animation of an electron avalanche V

t=1.000 ns

Phase 4: Avalanche reaches maximal size.
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Animation of an electron avalanche VI

t=2.550ns
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Phase 6: Electrons drift towards the anode.
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Animation of an electron avalanche VII

t=19.050 ns

Phase 7: Electrons have ’'left the building’. lons start drifting
towards the kathode.
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Animation of an electron avalanche VIII niverseT DS 1

y t=92.050 ns

Phase 8: lons get attached to the top metal electrode.
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Animation of an electron avalanche IX niversirer@PS 1

PR, t = 330.050 ns

Phase 9: lons remain around the top electrode for a long time...
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Animation of an electron avalanche X niversirer@PS 1

Ty
. . “' -‘_" t=1815.050 n
Phase 9bis: ... for a really long time...
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Work in progress...

Complete investigation of r, and compare with current experiments

Simulations with various gasmixtures

Investigate charging-up effects
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Gas gain in a single GEM

Thank you!
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