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CGEM-IT project, BESIIl experiment
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In 2020, replace the inner chamber with a Cylindrical Triple-GEM - Inner Tracker
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* particle rate ~104 Hz/cm?
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Digitization of a triple - GEM

[ simulate the triple-GEM response to the passage of the ionizing particle ]

from the generation of the electrons.. .10 the signal farmation

Drift cathode
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Available tool: GARFIELD++

STRAIGHTFORWARD CHOICE!

Reading from the webpage https://qarfieldpp.web.cern.ch

is a toolkit for the detailed simulation | the main area of application is

of detectors which use gases or semi- | currently in micropattern gaseous
conductors as sensitive medium. detectors.
° ° . . . xagnnali;
lonisation > Heed generates ionisation patterns of ‘ - Omety,,
) = Ansys scrip
fast charged particles r

Electric fields = interfaces with the finite element
programs (Ansys, Elmer, Comsol and CST) which can
compute approximate fields in nearly arbitrary 3D
configurations with dielectrics and conductors

Transport of electrons > Magboltz is used for
computing electron transport and avalanches in
nearly arbitrary gas mixtures
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Available tool: GARFIELD++

BUT (CPU) TIME IS PRECIOUS!

GOAL: use this digitization inside the full detector simulation = needs to be fast

We tried to run the complete simulation of a triple-GEM:

* jonization

* three stages of amplification

* drift of the electrons

on the distributed computing environment based on (_JJDIRAC
for BESIII experiment, but it took more than one day!

[ GARFIELD++ capabilities ] [ Parametrization!

[ More speed J Q




Looking for inspiration
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IEEE TRANSACTIONS ON NUCLEAR SCIENCE. VOL. 49, NO. 4, AUGUST 2002

A Complete Stmulation of a Triple-GEM Detector

W. Bonivento, A. Cardini, G. Bencivenni, F. Murtas, and D. Pinci
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Primary lonization GEM properties Drift properties Signal formation

# clusters [ain Lorentz angle & Induction
# electrons/cluster Transparency Diffusion Readout
[in the four gaps]

ﬂ




Our final solution
GARFIELD++ ~

studies of various )
parameters A5 A
implementation of

“~ 3 standalone code

comparison z’
between the -
standalone code Q\
and GARFIELD

tuning to 4
A~ testbeam data
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GARFIELD++ simulations




» geometry, field, HV described in ANSYS
* development of the avalanche from GARFIELD++
 planar GEM chambers considered

/ The triple-GEM was simulated in steps

. /
CLe e 1 more details will follow
i Drift
GEM 1---;’;;-,.---------111
/' Transfer 1 , _
GEM 2m m '7___ . * used different HV settings
AW Transfer 2 » used different field settings
GEM 3= ..%.\.‘.. EEEEEEEEs * with and without magnetic field on
/ 1\ Induction
Readout PCB /T == =

/

Amplifier m




- GTS lmplementation

/\
comparison to GARFIELD++ /|




GTS scheme

varigus steps are independent = can be studied separately

lonization

Drift GEM
properties properties




lonization

varigus steps are independent = can be studied separate

lonization

Drift GEM }
properties properties




lonization

e e primary ionization — Poissonian process

- relative position from exponential distribution

—> the number of the ionizations follows

* secondary ionization — from tables [F.Sauli (1977) Principles of

Operation of Multiwire Proportional and Drift Chambers; A. Sharma
Properties of some gas mixture used in tracking detectors]

L e e | =2 CcONSistent with GARFIELD++ simulations

Schematic Principle

of gas detec
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Simulations
Electron clusters were extracted for M.I.P. (150 GeV/c muons) => will be
extended to other particles and energies

number of clusters in 0.5 cm

hnofcluster

100— Entries 1000

i Mean 18.19

i Std Dev 4.253

80— 2/ ndf 21.69/28

e s - Prob 0.7954

Two approximations P e79ia3

p1 18.69 + 0.13

* ionization electrons generated “t

only in the drift gap ‘of-

» secondary electrons with the -
same origin of the primaries AN .. ST IT... SO

Number of collision




GEM properties

varigus steps are independent = can be studied separately

lonization

Drift GEM
properties propertles

(&




Transparency
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Collection efficiency

# electrons into the hole

# generated electrons

Extraction efficiency

# electrons from the hole
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# electrons in the avalanche




Transparency
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Ep=2kV/cm |

Collection efficiency

# electrons into the hole

# generated electrons

Extraction efficiency

# electrons from the hole

\ ' # electrons in the avalanche
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Simulation
* shoot 10k e7, 150 um above the GEM T:Ecoll Eextr

e count e7, 150 um below the GEM
* avalanche OFF
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Gain
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Gain fluctuations = Polya distribution

(6. lakovidis PhD Thesis, Research and Development in
Micromegas Detector for the ATLAS Upgrade]
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G =intrinsic gain mean value
0 = connected to variance




Gain

e L S g L

Ep=2kV/em |  Gain fluctuations = Polya distribution

(6. lakovidis PhD Thesis, Research and Development in
Micromegas Detector for the ATLAS Upgrade]

|+ 0
P(G) = Co(l +0) (E) expl—(l +0) %]

['(1+0) \Gg

G =intrinsic gain mean value
0 = connected to variance

it

B, = 6kV/cm | Simulation
" eshoot1ok e- , 150 um above the GEM
e count e~ in the avalance
) oy C . :
Gog = 1T Gy l —> intrinsic gain
e avalanche ON

r Ar-CO270-30
- AVcem = 500V

§— ¢} n ls e

For each of the three GEMs




Triple — GEM full gain

Studies have shown that the actual triple-GEM full gain is not simply the
product of GEM1, GEM2 and GEM3 gains!

Procedure

1. evaluate transparency + intrinsic gain by GARFIELD++

2. apply them to GEM1, GEM2, GEM3

3. fill the effective gain histogram will 1M events with full simulation chain,
i.e. sampling:
Ecoll, cem1 2 83INcemr 2 Eextr, GEM1
€coll, GEM2 2 gaingpy, 2 Eextr, GEM2 2 2000

2500 Entries 9157408

€coll, GEM3 2 gaNcems 2 Sextr, GEM3
4.sample from it!

1500
1000

500

11 | I 1| | 11 | ‘ 11 1 ‘ 111 | 111 ‘ 11| || T e— } -~
2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
effective gain (number of electrons in avalanche)
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Drift properties

varigus steps are independent = can be studied separately

lonization

Drift GEM
properties properties
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Drift properties

Drift cathode
Drift
GEM e essssssssssessN
Transfer 1
GEM2mmesueennennnnnn
Transfer 2
GEM 3= = EEmEEEEEEEEEEE
f%’lnducﬁon
Readout PCB /™= —

Amplifier

Presence of gas > Diffusion
* spread in position
* spread in time

Presence of mag. Field = Lorentz force
e shift in position
* longer times



Drift properties

Drift cathode
Drift

GEM esssssssesesennN
Transfer 1

GEM 2u s s e eSS EEEE

Transfer 2
GEMmmmsmesssssnnnnn
| Induction
Readout PCB —— — S—

Amplifier
Study the different gaps separately
for each gap:
—>extract Ax and At distributions

- fit the oy, G, Ky, W, distributions
to parametrize them

Presence of gas > Diffusion
* spread in position
* spread in time

Presence of mag. Field = Lorentz force
* shift in position
* longer times

Simulation
* shoot 10k e~ in each gap
* magnetic field B =1T
* avalanche OFF
* only drift ON
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Position/time: shift & spread

Drift cathode i
Drift Transfer/Induction gaps
GEM nmessssseseeennn * the electrons all enter each gap from
Transfer 1 the same level > NO z dependence of

CEM2esssssessessnsan

spread and sigma of position distribution

Transfer 2
GEMimmmsmeeessenenEN
Induction * Analogous behavior for time distribution
Readout PCB ' ___ __ __
Amplifier

r . h 2000 l h

r Enlries 7764 e Entries 44934
00k j Mean 003775 1800 :_ P\.\ Mean 002018

u Fi Sid Dev 0.071746 - il Std Dav 0.02258
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Position/time: shift & spread

Drift cathode
Drift
GEM e ssssesesennN
Transfer 1

GEM2mmesueennennnnnn

Drift gap
* The ionization position is different from
electron to electron = z dependence of
spread and sigma of position distribution

Transfer 2
GEM 3m = UL LD LY
/" Induction * Analogous behavior for time distribution
Readout PCB /T - m—
Amplifier
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Signal formation

varigus steps are independent = can be studied separately

lonization

Drift GEM
properties properties

Induction
Electronics

RD51 - GTS




Induction of the signal: basics

[W. Riegler, CERN seminar]

q
The current induced on a strip on the anode:

q
T L L T I90% 1% % ] endswhen the atecron
L L L P PP 1« ends when the electron arrives on the strip

To be also considered

(in our case) X strip
» we have a double view anode 580 pum
» we still need to be fast!
v strip
130 um

Two options
* Full induction description
* Fast = approximation




Full induction: Shokle}'—Ramo

[S. Ramo, in Proc. IRE 27, 284 (1933

The instantaneous current induced by a charge in motion on an electrode is

[i’ (t) = Ae- X volr’uft X WLoc}

* g, — electron charge

* Vi — drift velocity

* W, . — weighting field, i.e. the electric field generated by the electrode @ 1V,
when all the other electrodes are set (@ oV

Approximation 1

m

< —| e Amso=s0/10B=0T

-5 120

E 100F AriCO2=70/30 B=0 T

5 : O AMISO=90/10B=1T i ConStant Vdr,ft 35 “m/ns
...? 80 Aric02=70/300.5TB=1T R

S F * ok for Ar:i-C,H,, (90:10) @
3 field values = 1.5/3/3/5 kV/cm

BUT
close to the strip the field is
much higher!

10° 10* 10°

Drift Field (V/cm) u




Full induction: Shokle}'—Ramo

[S. Ramo, in Proc. IRE 27, 284 (1933

The instantaneous current induced by a charge in motion on an electrode is

[i’(t) = Ae- X volr’uft X WLoc]

* g, — electron charge

* Vi — drift velocity

* W, . — weighting field, i.e. the electric field generated by the electrode @ 1V,
when all the other electrodes are set (@ oV

Approximation 2

* get electron position on the anode by Lorentz angle & diffusion
parametrizations

* compute induced dg instead of i(t)

* compute induced dq for steps of 1 ns (v, constant)

99 _ g, 2%, AV | dg=g,xaV, |
iR Wl il et

RD51 - GTS




Full induction: weighting field

[W. Riegler, CERN seminar]

Weighting Field for a Strip in a Parallel Plate Geometry

g.=0 %
T - | | | | h B o 'E' 0.2
\ \ e f— / / ~ o N
L = WF for strips of 580 um
D
0.15
v
0.1
0.05
Weighting Field:
‘_ 0
" !‘_l‘ ~ 7‘_L [ sinh (7 == £2) - sinh (7 —"‘f":l ] X [em]
2D -‘\h‘,:fﬂf’—v;‘ —u;-l"—f n‘-.\lllTi—‘F;‘—"lv:u‘\(—‘-:-l_

Approximation 3

computed analytically with only one view = charge sharing introduced
by a tuning factor to account for electric field focussing effect

T wsiens 29




Fast induction of the signal

Once all the electrons have arrived on the anode:
* the signal is finished

* the charge on the i-th strip = the number of electrons collected by the strip

Charge = # electrons collected by i-th strip
FAST INDUCTION
simulates

Time = time of arrival of the e~ on the i-th strip

Charge vs strip ID @ 45°

st FULL

‘£ FAST O;aamum matcﬁmg

[ fast induction is X 30 faster than the full! ]




APV-25 ASIC simulation

Conversion
detector preamp Storage

1. Detector induction = simulate the induced dq in 1 ns time steps
2. Pre-amplifier > V time step, add dq to the integrated charge
3. Shaper = create 27 functions (one for each APV-25 time bin, 25 ns each)

CR-RCwitht=50ns | h(t) = S, x “erp(—=50)

—> get the induced charge in each 25 ns and apply the transfer function
V time bin, evaluate all the previous function @ t, and sum them up!

Compute noise = V time bin, sample from Gaussian (u, 6) = add to the charge

;ﬂ




APV-25 ASIC simulation

Conversion
Storage

detector preamp

: !

induced signal pre-amplifier

Intagrated charga [
I

The charge is the peak value The time comes from a Fermi-
of the signal Dirac fit of the rising edge

as in real signal reconstruction




Tuning to real data

RN
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Tune what to what? ..and why?

comparison to the test beam data collected on April 2018

RD51 testbeam * GOLIATH dipole magnetic field
* H4 beam line, SPS-NA (CERN) *150 GeV/c muons

triple-GEM specifics * HV: 275/275/275 V

* planar triple-GEM, 10 x 10 cm? < fields: 1.5/2.75/2.75/5 kV/cm

* double view readout, APV-25 < magnetic field off or on (B = 1T)

* gas: Ar:i-C,H,, (90:10) » incident angle: 0°, 5%, 10°, 15°, 20°, 30°, 45°

Settings we kept in the GTS simulation
« conversion factor: 30 ADC = 1 fC (%)
* threshold: 45 ADC =1.5 fC
* noise sigma: 15 ADC = 0.5 fC

(*) KA. Ntekas, CERN-THES/S-20IE.-11g




Tuning to real data

need to check the consistency between simulation and real data, due to:
* various approximations applied
» measured charge >> simulated one = tuning factor on gain!

Scan

particle incident angle [0°, 40°],B=0
Tuning factor on

Gain, diffusion

Sentinel variables

* measured charge

* cluster size

* position resolution (charge centroid)
* position resolution (u—TPC)

Procedure
* for each gain and diffusion values, simulate 7 angles: o, 5, 10, 15, 20, 30, 40
 for each angle, run 20k muons > statistical error around 1%

* compute L = Xcharge + Xcl.size + XCCresoI. + XH—TPCresol.
* evaluate ¥2/NDF




Tuning to real data
Best result y2/NDF ~ 3 € gain tuning = 6.8 < diffusion tuning = 1.5

o 12—
N E | simuiation data
s 11
8 = —— Experimental data
4 10¢
B =
= T
]
75
6= &
SEE i [ -
r o/ o
i | <3%*
= | ¢ -
3 0 5 10 15 20 25 30 35 40
Track incident angle [deg)]
g- 500 :7 -+ simulation data
= L —~— Experimental data
O [
£ a00f
= - §
< B
= - [ Of. .l
%:)' 300 l ~10/4 *©
= C
=. B
2001 -
C [ & 0
100 i
0 0 5 10 15 20 25 30 35 40
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Hit cluster charge [fC]

Charge centroid resolution [pm)]
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200

180
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140

120

100—
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: I Lé»‘ SilmllJIallir.\‘n ;atla IIIIII
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C 1 N
- h
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B Eg [N
|
N [ < Y %
C l S H7%
0 5 10 15 20 25 30 35 40
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C [ smusonama | LTy
L —~— Experimental data
B 5 by [ < 3/0 *é]
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E 2]
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Conclusions

We would like to hear your opinions to
understand if we are on the right path!

Our two main source of doubts:

* gain evaluation

- We obtained a gain tuning factor = 6.8
- GARFIELD GEM gain has a factor ~2 missing = roughly 8 on a triple-GEM
—> we still have to account for the charge sharing: another x2 factor?

—> other explanations to this tuning factor? Any ideas?

 weighting field & induction
- Used analytic WF for one view + matching between full and fast inductions
—> For our double view, the idea is to just count the electrons falling on the strips
(x/v) with a probability (evaluated from data) to account for:
* charge sharing between the views
* electric field focusing effect on the strip
* other? shall we consider the change of drift velocity close to the strips?

* other suggestions about points we did not consider?
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Thank you for your attention!

contacts
lid.lavezzi@to.infn.it
rfarinelli@¥Fe.infn.it
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