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The need of Particle Identification (PID) in physics

INFN

Particle Identification (PID) is a crucial aspect of most High Energy Physics (HEP) experiments stituto Naziorae i Fisca Nclare

In a typical experiment beams collide within the detectors or a single beam collides with a fixed target. Physicists wish to
reconstruct as fully as possible the resulting events, in which many particles emerge from the interaction point

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
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— an important task for all detectors in particle physics
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Introduction: Particle Identification, motivation

To identify long-lived (but still weakly decaying) neutral particles like the hyperons A, and =, short-lived particles

<R

Istituto Nazionale di Fisica Nucleare

(t, charm, beauty, resonances) the determination of the 4-vector (energy and momentum) of all decay products
is necessary to be able to calculate the invariant mass of the final state and identify the original particle.

PID reduces to identify all (nearly) stable particles: p, n, K%, KLO, it ef, ui, y

Particle | m [MeV] Quarks | Main decay Lifetime | ¢t [cm]
n 140|  ud  |pv, 2.6 x 108 780

K 494 us uv,, o’ 1.2x10%s 370
K’ 498 ds T 0.9 x 10195 2.7
K, 498 ds nnn, v 5x10%s 1550
938 uud stable > 10% years o0

n 940 udd pev, 890s | 2.7 x 1013
1116 uds pw 26x 1010 7.9

Exampleof K >~ +m*
Not a “stable particle” but it decays in nearly stable ones

CATLAS |
AL EXPERIMENT \

£009-12-06, 10:24 CET
Run 141749, Event 460665

Event wut‘hw
Kg— mtm—
Candidate
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Introduction: Particle Identification
INFN

Particle identification techniques are based on the interaction of particles with the matter. The applicable et Nazirale e Mulere
methods depend on the range of momenta of the particle to identify

= Based on the specific features of particle interactions, examples
o High energy muons, penetration
o Intermediate energy muons, range
o e.m. particles vs hadrons: calorimetry (shower development)

= Measurement of the particle mass m
combining the measurement of p (deflection in magnetic
field) and the measurement of E

o E2=(mc2)2+(pc)? (4 vector) = Time of flight techniques
o Measurements of the time between taken by a particle to

travel between two different detectors at distance L
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Introduction: Particle Identification, example of muons | N FN

Istituto Nazionale di Fisica Nucleare

Muons act like heavier versions of the electron, with mass 105.7 MeV
They decay to electrons p"—>e~ (anti)v, v, with (proper) lifetime t,= 2.2 us

Distance they travel (on average) before decay: d= Byct,
where velocity B= v/c boost y= E/m= 1/V(1-?)

So a 10 GeV muon flies ~ 60 km before decay >> detector size - effectively stable

Since mass is large, Bremsstrahlung radiation is small, and as a lepton it does not feel the strong interaction

I I i I i I i I
Om im m 3m 4m 5m 6m 7m

Key:
Muon

= Electron
Hadron (e.g. Pion)

Iron return yoke interspersed
with Muon chambers
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Introduction: Particle Identification via the Time Of Flight technique | N FN

Simple concept: measure the time difference between two detector planes B= d/cAt TOF difference ford=12 m

8
.
S
e |
Distance d % |
At high energy, particle speeds are relativistic, closely approaching to c T e 4
For a 10 GeV K, the time to travel 12 m is 40.05 ns, whereas for a t it would be 40.00 Momentum (GeV)
ns, so the difference is only 50 ps ) : o F

le— aclive area 74 mm —l

Modern detectors + readout electronics have resolution
0,~ 1 ns, butneed o<1 nstodo useful TOF

TOF gives good ID at low momentum, very precise
timing is required for p> 5 GeV

Flat cabl le connector
Differential signal sent from
strip to interface card

s=508 ps

Can not rely on this method at large momenta iy
Any other method exploiting the measurement of

L i a P i i
500 -800 200 0 200 400 800
Tirné with respect o slan scintilaton [ps]
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Measurement of the speed of the particle an alternative method via the Cherenkov light | N FN

Istituto Nazionale di Fisica Nucleare

Named after the Russian scientist P. Cherenkov who was the first to study the effect in depth (he
won the Nobel Prize for it in 1958)

From Relativity, nothing can go faster than the speed of light c (in vacuum)

However, due to the refractive index n of a material, a particle can go faster than the local speed of
light in the medium ¢, = c/n (For example, the speed of the propagation of light in water is only
0.75c)

This is analogous to the bow wave of a boat travelling over water or the sonic boom of an airplane
travelling faster than the speed of sound
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Measurement of the speed of the particle an alternative method via the Cherenkov light, propagating waves | N FN

Propagating waves

Istituto Nazionale di Fisica Nucleare

slow

@

Where blue arrows are photons and ,B=§ yo=l= p zl Threshold effect!
H
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The polarization effect in the media, Cherenkov light emission | N FN

phase velocity of the light in the medium : ¢/n

Istituto Nazionale di Fisica Nucleare
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4 part'C < Phase velocity of the light in the B oari'C > phase velocity of the light  in the medium
medium symmetric configuration No longer a Symmetric configuration a coherent
—> Destructive interference interference front is created

Light is emitted symmetrically around the direction of the particle 2 cone of light
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Resolution on f3

INFN

. . . . . . Am .pe .
Assuming p is measured with fine resolution, the resolution on m — becomes a specific request concerning the sttt Naonae difisica Nuceare
resolution of the B measurement: p = myyfc

y
2 9 y)
. dm o d[3 dp 1
Resolution: _ = [v"— 4| — ¥ =
m 3 P ] v
T2
1 "
02 04c 06c 08c V

g

210

10
1
-4

2 2 10 —K
AF . mi—mj 0
f — 2 2 '
3 P i
"
™
] 0 10’ 0’ 10’

momentum (Gel/cl

Joint ICTP-IAEA School on FPGA-based SoC and its Applications for Nuclear and Related Instrumentation S. Levorato



INFN

The Frank—=Tamm formula yields the amount of Cherenkov radiation emitted on a given frequency as a charged
particle moves through a medium at superluminal velocity. It is named for Russian physicists llya Frank and Igor

Tamm who developed the theory of the Cherenkov effect in 1937, for which they were awarded a Nobel Prize
in Physics in 1958.

Istituto Nazionale di Fisica Nucleare

The energy dE emitted per unit length travelled by the particle per unit of frequency dw is:

d’E q° ) c?

drdw ENQ v*n?(w)

Permeability of medium

Cherenkov radiation does not have characteristic spectral peak. The relative intensity of one
frequency is approximately proportional to the frequency. That is, higher frequencies

(shorter wavelengths) are more intense in Cherenkov radiation = Vacuum ultraviolet
domain
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INFN
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Fixing the radiator length L: dW  LZ*¢*w (1 1 )

dw c2 - n2(w)

2
Integrating the spectrum: A_N — (ﬁ)ZZLSinzg = (E)ZZL 1—11 _n ’
AE hc

E;
B 1
WhenB=1,L=1andAE=1:  N(cpmlev!) = 37027 (1 - —2) No=— JeD(E)sR(E)ET(E)dE
n 137hc
E,

N = 1-1/(Bn)2=sin26

N is a mean value: poisson statistics - v from a direct measurement of 6., not from N !!I!, Apart when Z2 # 1
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The Ring imaging technique in a nutshell

<R
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The refractive index defines the threshold at which the particle can be identified,
the angle at saturation, the maximum radius and the resolution needed
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Particle Identification, not onl Cherenkov light | N FN

Particle identification techniques are based on the interaction of particles with the matter. The applicable et Nazirale e Mulere
methods depend on the range of momenta of the particle to identify

n-K identification ranges
TR+dE/dx

electron identification | |

Cherenkov -
]

dE/dx -
1 ]
TOF 7
150 ps=
FwHM N
0,1 1 10 100 1000

p (GeV/c)

Advanced Workshop on FPGA-based Systems-On-Chip for Scientific Instrumentation and Reconfigurable Computing
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RICH in HEP ' INFN

LH C b ALI C E H M PI D Istituto Nazionale di Fisica Nucleare

_ Photon
7 Detectors

&4 0 el

’ ~ Spherical
Mirror

_ Beam pipe

..\ 'J’ VELQ exit window .l >
HADES at GSI, AMS RICH b

Cherenkov imaging
techniques (RICH counters)

L I J
100 200 z (cm)

COMPASS at SPS DIRC at PANDA GSI

Solenoid Dipole RICH

STAR-RICH at RHIC

Their performance is
largely based on that of the single photon detectors employed.
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COMPASS

Bochum, -
Bonn (ISKP

& PT),Erlangen,Freiburg,
Warsawa (NCBJ), CERN Mainz, Miinchen TU

Oy6Ha (LPP and LNP),

Mockea (INR, LPI, State @

University), TTpoTteuHo

Warsawa (TU) i
Warsawa (V)

—
—

A (UIUC
Praha (CU/CTU) USA (UIUC)
Liberec (TUV) . .
Brno (ISI-ASCR)

Saclay

Calcutta (Matriviani) Lisboa/Aveiro . .
Torino (University, INFN),

Taipei (AS) Tel Aviv  Trieste (University, INFN)
Experiments with muon beam: Experiments with hadron beams:
COMPASS - | (2002 —2011)

Spin structure, Gluon polarization Pion polarizability

Flavor decomposition Diffractive and Central production

Transversity Light meson spectroscopy

Transverse Momentum-dependent PDF Baryon spectroscopy

COMPASS -1l (2012 -2021) ...
DVCS and HEMP Pion and Kaon polarizabilities
Unpolarized SIDIS and TMDs Drell-Yan studies

Joint ICTP-IAEA School on FPGA-based SoC and its Applications for Nuclear and Related Instrumentation
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_ INFN
T e CNAR

hadron spectroscopy (p. m. K)

Istituto Nazionale di Fisica Nucleare

» light mesons, glue-balls, exotic mesons

» polarisability of pion and kaon

nucleon structure (L)

* longitudinal spin structure

* transverse momentum and transverse spin structure

" Energy: 100 — 20{] ('Je\
= Intensity: up to 107 /spill
Large acceptance, PID detectors
Several particles in the final state
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Photon detection via MWPC coupled o CSI

INFN

5 — - Istituto Nazionale di Fisica Nucleare
s | ; | — Quartz Window LT —

Collection Wires
20mm Pure CH, (0.1 mm, 2mm pitch)

Cathode Wires
(50 mm, 2mm pitch)

qqqqqqqqqqqqqqqqqqqqq ﬁﬂ{)df.‘ W'i:l‘cS
{20 mum, 4mm piich)

Tons

» Pad Cathode Plane
(BxEmm pitch)

4
b i s o e T e e e
L - photon

Electrons

uaTtx

drift velocity of electrons in this region, it appears that the whole process of miltipli-
{ ""\-1 — 1 o cation will take place in less than 1 nsec: at that instant, electrons have been collec-

= ted on the anode and the positive icn sheath will drift towards the cathode at decreasing
velocity. The detected signal, negative on the anode and positive on the cathode, is the
consequence of the change in energy of the system due to the movement of charges. Simple
electrostatic considerations show that if a charge Q is moved by dr, in a system of total
capacitance AC (% is the length of the counter), the induced signal is

dav
o P (33)

Reduced wire-cathode gap because of :

Electrons in the avalanche are produced very close to the anode (half of them in the last
mean free path); therefore their contribution to the total signal will be very small:
positive ions, instead, drift across the counter and generate most of the signal. Assuming
that all charges are produced at a distance ) from the wire, the electron and ion contri-
butions to the signal on the anode will be, respectively,

p...—nuly
It

ath

Fast RICH (fast ion collection) v, -y D e
Reduced MIP signal N )

) : by v*,ﬂ%;i{rxgdn_%ﬁm,_‘j.r .
Reduced cluster size | AR A U
Control photon feedback spread

vVt g

and the ratio of the mwo contributions is

Typical values for a counter are a = 10 1m, 4 = 1 ym, and b = 10 mm; substituting in the
previous expression ene finds that the electron contribution to the signal is sbout 1% of
the total. It is therefore, in general, neglected for all practical purposes. The time

development of the signal can easily be corputed assuming that ions leaving the surface of
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MWPC coupled to Csl, QE and its limitation ﬁ
INFN

The RD-26 project Csl qguantum efficiency

0.45 1 1 1
Launch of CERN/RD-26 project in 1992, by F. Piuz et al., : 0.4 e
“Developmentoflarge area advanced fast-RICH deiecior for 0.3 +—5* 8 | : fnl;am
panticlendentiiication atihe lHC operaicdiwith heavyions? 03 Ml |
b e s

025 "ihw
0.2 iy =3
0.15 Ty

smm [ : \‘b;\ ®

z — | " Quartz Window 0.1 s
Collection Wires 0.05 N

(20 mm, 4mm pitch)

20mm Pure CH,4 L 0 H. Hoedlmoser et al.,

Cathode Wires 150 160 170 180 120 200 210 220

(50 mm, 2mm pitch)
..................... % Anode Wires A. (n m)

e » Pad Cathode Plane

(SxEmm pitch) [Frum L. Molnar — RICH 2007 TriE'ElE}
Use of the Csl as photon converter:

A revolution in the panorama of Cherenkov detectors

Anyhow this technology suffers from some limitations:

- Long recovery (1 day) time after a discharge occurs

- lons accumulation at the photocathode: limitation in the maximum gain < 10°
- Photon and ion feedback from the multiplication avalanche

- «Ageing» few mC / cm? reduction in the QE

Possible to overcome the limitations of this technology?
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Overcoming the limitation of the MWPC

MWPC-MSGC Rates I N I N

1.2
L . MWPC | 8L o
e Able to work and cope with high rate detection Drift Chamber : Pt Py \\“‘“m,’,/
e High gain achievable: gas gain L M : }\MSGC \\\\\\\\“",’,,,#/
e Good time/space/E resolution e "”Wkk k \‘\\\\}}}\}}‘%W
* Robust: ageing robustness % 06 =
) - A=3x10%
e Natural lon Backflow/Photon feedback reduction CG o4
e Low cost large size detector production possible
e Intrinsically fast: signal is induced by electrons...! o2
d Rate (mm?s”)
U102 10° 10* 10° 10° 107
Rate Capability Comparison for MWPC and MSGC
Dt Cathods / . X-raykl Cathode Plane
H=Ta ~ Cathode Mesh semsmsnssdsnsnsmsnsnms S
fE(m 8¢ Conversion Gap MHSP T S) f goﬁﬂ
£ lonisation Region (a—: Eﬁ%& \ o Cathode Strip
£ THGEM 1 t . N[/ ’
- i Sy
Y MooMesh [ ””jVKCT’ 1Yo = 400V - $E Ll T ! )
g bode i Arnplification Region A0kVien 3 THeEMZ l:__m} @I::] I::] .
- - - ?E inflachiomiBag MS region  Hole region l End
lorising Paricle Anode Meshmem lmj EENEEEEEENEEEEENEEE Cathode Plane
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The THGEM, Thick Gas Electro Multiplier

Use of the industrial technology to produce Printed Circuit Boards

- Electrical robustness: no damages induced by discharges
- Mechanical properties: robust and self supporting no stretching is needed
- Possible industrial production of large size @ low cost PCB
- Economic material

Compared to GEM

- Geometrical dimensions x 10

- e motion and multiplication properties do not scale
- Dipolar and external field strongly coupled

introduced in // by different groups:

L. Periale et al., NIM A478 (2002) 377.

P. Jeanneret, PhD thesis, Neuchatel U., 2001.
P.S. Barbeau et al, IEEE NS50 (2003) 1285

R. Chechik et al, .NIMA 535 (2004) 303

About PCB geometrical dimensions:
Hole diameter : 0.2 -1 mm

Pitch : 0.5 -5 mm

Thickness : 0.2 —3 mm
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The THGEM, Thick Gas Electro Multiplier as photon detector

INFN

THGEMs are electron multipliers derived from the gem aptontoil b Fe soure sttt Naioral di Fisica Nuclare
. . . . ; 2
concept  changing geometrical dimensions and | ot oo Small size 30x30 mm
. Wires .
production technology. 7am Built and operated
THGEM
2smn__ __ 2
. Charge collected Readout Pads |
Ga|n = Schematic Diagram of the Chamber

Initial Carge Electrostatic simulations

1000
107 SR e Y |

| 1w : :‘;?‘ui::“ : S I ‘l!él;
Characterisation of small 10cm?size THGEM prototypes mm [, ] e, %l:]iw
- Using X-ray sources == l — F R 1'!"‘-2:%
- Using UV light sources = s e L .g?j "‘
- With Cherenkov light at the test beams I EOE S UEEERETEESEE D
- Analogic read-out, single channel I ST O OO PR SO
_ D|g|ta| read'out, 1 Channel per anode pad - '_{I_I'J— h]I..nE:} ......
- Read-out of the current on the various electrodes 3008 i ’ Y

- 151:!3 1EIDD I1I?IEHIJ. .1.3:3.&. I1 'HIII IEIDDIDI

AV V]
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The THGEM, Thick Gas Electro Multiplier as photon detector, small prototypes

INFN
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For small prototypes Ar/CH4 60-40%
Gain achieved in laboratory with triple THGEM structures (stable condition) and UV light 0.9 10°
Gain achieved in test beams with triple THGEM structures (stable condition) and Cherenkov light from quartz radiator 1 10°

. ! J ! ! ! J
™ I : 10
NG Effective gain = 0.91 - 108 :
\.‘ : ! : : i * "
e Tt s S - Estimated gain 1.3 x 10° 5
N Ar/CH,: 50/50 [ "t w ¥
; | ; ; ; C ot I -
| | ”“’%2 | - | i 15}.3!5 ; ; 5!;; :
PARAMETERS: | mpr W
: | e, 10 i
* Diam. = 0.4mm | . = C
* Pitch = 0.8mm AR B - 5-
+ Thickn. = 0.4mm g i :
* Rim = 10 ym J::“,,;s I L 11‘0‘ ‘ '115' - z‘ol s J:-x‘o‘
i r | | ‘tzi.ﬁ v v b by b b by L Ly |l
100 200 300 400 500 600 700 800 0o 2 4 G & 10 120 0 0 |
Charge [fC] 1 E hmﬂw‘g
- T Meanx  7.598
: s Meany 751
% AMSx 4824
. " ] 156
Entries 3787 Small size PD’s (active area = 30x30 mm2):
r ¥?/ ndf 232/29
oo Prob 1.549-033
F C 292 -103 H in - H H H .
- oo typical max. stable gain: with UV light in lab: 1 M
xof Sigma 7624 -0.174 during test beam: 0.2 M
A efficient detection of single photons
: signal formation time = 100 ns, time resolution = 8 ns
100 —
sof—
W5
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The THGEM, Thick Gas Electro Multiplier as photon detector, enlarging the surface

Istituto Nazionale di Fisica Nucleare
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The THGEM, Thick Gas Electro Multiplier as photon detector, large THGEM production | N FN

Istituto Nazionale di Fisica Nucleare
image transfer ‘ development [5i8
—

stripping dry-film = o " W multi-spindle drilling
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The THGEM, Thick Gas Electro Multiplier as photon detector, large size prototype | N FN
PS T10 beam line 5/11/2012-25/11/2012 ' e

T
Triple THGEM 300x300 (576 pads); 2 Triple 30x30, 1 MAPMT = &+ ——
trigger system, C radiators, Analog & Digital r/o, COMPASS-like DAQ; e

Istituto Nazionale di Fisica Nucleare
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The THGEM, Thick Gas Electro Multiplier as photon detector, large size triple THGEM results

| hits in big chamber | h202 I N F N

hits in big chamber h202 ! .
‘ | :I:::Iei 11:,1252: 24 HEﬂ:::\ei 11:12; HV Se ttlngs Istituto Nazionale di Fisica Nucleare
Meany 122 22 ey 20 (7400,7520,7450,7400,7400,7350),
RMS 6.437 RMSy 6.726
RSy 6ras f: 25 Threshold (FE) 2-3 fC -
e - | hits in big chamber | . hs16 5 g ‘E““z_ Efm ng
ntries C
20 24 Mean x 9.167 ! to0 [~ G =9 ns i’;’:m Igg;;
14 22i Meany 12.61 mn:_ t Sigma 9.449-01
12 g :mgx 6.272 E
15 20; u u y 6;53.; 1 a
10 18;— » B ‘ 000
10 16~ ™M i ol
14 I°- ol
834 50 12; 0. ol
% 10— “o. zm:—
25 3 n i WJ
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o 2 4 6 8 1 0 1 2 1 4 1 6 1 8 20 22 24 } . 1000 900 400 700 500 -500 400 JUEIEImE nsJUJ
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108 ¢ 4330 24 Meanx 11.24 [ photons depends linearly
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20 RMSy 6.985
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The THGEM, Thick Gas Electro Multiplier as photon detector, performance limitation | N FN

For |arge Size prOtOtypeS Ar/CH4 60_40% Istituto Nazionale di Fisica Nucleare
Gain achieved in test beams with triple THGEM structures
Cherenkov light from quartz radiator 2 10*

Effective Gain

_ Effective Gain variation with DELTA_V for BIG(300mm X 300mm)
_ Effective Gain variation with DELTA_V for Jura{30mm X 30mm)
_ Gain variation with DELTA_V for Saleve(30mm X 30mm)
" : _ Effective Gain variation with DELTA_V for Jura Ancther(30mm X 30mm)
_ Gain variation with DELTA_V for Saleve with Separate channels{30mm X 30mm)
1 03 —
-

4800 4900 5000 5100 5200 5300 5400
Total Delta_V applied
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The THGEM, Thick Gas Electro Multiplier as photon detector, performance limitation, thickness

The thickness uniformity plays an essential role in defining the gain achievable

INFN

Istituto Nazionale di Fisica Nucleare

the maximum gain is limited by the thinner area, standard PCB variation 30% , our requirements <2%.
We have implemented a pre selection chain for PCB thickness = tolerances reduced, but material selection is not

trivial

Thickness [um]

Counts

400

300

With no material
pre-selection

GMAX/GMIN=2.9
; 80/400 mm
100~ 1005 . .
[ variation
0 500 R R R R —T % T T 500 1000
[mm] ADC counts ADC counts

Frequency of measured Thickness piece #368

E ffective Gain Uniformity

. - .
Wlth materlal % = Entries 110
. C M 470.3
preselection g ok RMS 1673
° Tk
O 35
o = x E
O'thickness —Z”m WS
z O
4 =
25—
20;
15?—
10;
g
2470 ‘ ‘45‘0‘ = ‘4(‘%0‘ ‘47|’0‘ ' ‘4&‘10‘ — ‘45‘?0‘ — ‘500

THICKNESS
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The THGEM, Thick Gas Electro Multiplier as photon detector, performance limitation, surface quality

INFN

Istituto Nazionale di Fisica Nucleare
The standard procedure of PCE production has been refined - better smoothened hole edges improve the detector
maximum gain achievable, (developed in Tieste Lab)

Large number of holes/layers = challenging

Based on fine pumice grain polishing, high pressure washing and ultrasonic bath in mild commercial etching solution

Joint ICTP-IAEA School on FPGA-based SoC and its Applications for Nuclear and Related Instrumentation S. Levorato 31



The THGEM, Thick Gas Electro Multiplier as photon detector, qualification procedure

Measurement of the raw material
thickness before the THGEM
production, accepted:

* 15 um ¢ gain uniformity 6 < 7%

400 500
X/ mm

X-ray THGEM test to access
gain uniformity (<7%) and spark behaviour

Spark rates

Spark rate [1/h]

THGEM polishing with an “ad hoc” protocol setup by us

including backing:
>90% break-down limit obtained

210
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The THGEM, Thick Gas Electro Multiplier as photon detector, the problem of IBF

“ Important: open problem: reduction of IBF

THGES
T
Tk 0 din

INFN

' - EE A e
i Fnme o brar

typical charge sharing

THGEM 1

Dirift

" [ When the effective gqain is 10° =2

~ 500000 ions/(detected photon)
back to the photocathode

a factor 10 less is needed

THGEM 2
Scanning AV, 5 3, E e Ei ;
results in a few E_E variation n% the
THGEM 3 IFB=>
a_different architecture is needed
Induction
Chicago, 11/06/2011 - Technology and Instrumentation in Particle Physics Conference, TIPF 2011 Fulvio TESSAROTTO =27

<R

Istituto Nazionale di Fisica Nucleare

S. Levorato
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The THGEM, Thick Gas Electro Multiplier as photon detector, the problem of IBF | N FN

Triple THGEM:
lon Back Flow
reduction by
staggering plates

IBFR (%)

Err, (kV/cm)

s [1z] EA
s [l el (2] [m] [a2] 2]
I EIE
[19]
3+ [1] |22 |
El
= 7]
M
[

C IBFR < 5% !
o (] [ [@] (] o
Erry (kV/cm)

M. Alexeev et al., JINST 7 (2012)

C002014

Istituto Nazionale di Fisica Nucleare

The Misaligned configuration can give a IBF in the order o

few percent.

- the misalignment between holes m = 0.8\/7§~O,6928

- the use of strong electric field between the THGEM
multipliers, results in and increase of the potential values
to be applied to the THGEM electrodes, problematic in
case of discharge

- Lower gain (~ 50%) : higher V to recover, problematic in
case of discharge

Look back in the MPGD world

Joint ICTP-IAEA School on FPGA-based SoC and its Applications for Nuclear and Related Instrumentation S. Levorato



The Micromegas MPGD

A Micromegas detector consists in an ionization stage +
by a parallel plate avalanche chamber with a very narrow
amplification gap (~100 um) defined by the anode plane and

by a micromesh.
MICROMEGAS
Thin (50-100 um) multiplication gap:

HV1

Conversion

Micromesh 200 V/em

Amplification

00 :

@ |

= '

o '

L '

'

'

'

'

'

'

REN

=

'

E, .E

I—Eb.
0 kV/em /e

3

L%

1: lonizing track, 2: Primary ionization, 3: Micromesh, 4
Charge Avalanche, 5 Readout Pad

1TANSITISSIUN { 1UU70)

/INFR

Natural suppression of the lon Back Flow: ...

Fraction of the ions flowing back
from the multiplication volume !!!

Calculated electron and
ion transparency

¢ = E,/E,

MICROMEGAS: a high-granularity position-sensitive
Gaseous detector for high particle-flux environments

Y. Giomataris Ph. Rebourgeard J.P. Robert G. Charpak
Vol 376, Issue 1, 21 June 1996, Pages 29-35

T T o T T T L3 T

o
-
-
o
-
(4]
8

Field ratio (&)
Fig. 5. Calculated electron and ion transparency.

25 30 35 40 45

|
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FUSED SILICA WINDOW

FROTECTION WIRES

h @ ¥ § & & F B & & B B & ¥ F & & F B & & F B & ¥ ¥ B A T

Y i

. ﬂE:DDEUE:DEUDEUDEDEE%DESDEDEEQF?
g 8
MESH > mm f\ A

-

L] L

B 8 & & B & & & B & @

v

THGEM 2

ANOCDE wiTH PAD
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The Hybrid architecture structure

INFN

ituto Nazionale di Fisica Nucleare

FUSED SILICA WINDOW

PROTECTION WIRES

Hybrid detector concept

D IRES
Csl

MR 722 ) ) ) A e . . . .

- [M e MH ini To simplify the construction requirements a
THGEM 2

R V20 A A A R A L P e e modular architecture has been ado pted
MESH

. 5'“; N 2 1.2 . where one “module” consists of:

ANODE wITH PAD

One 300 mm x 600 mm Bulk Micromegas detector
Two layers of THGEMs (300 mm x 600 mm) in
staggered configuration

Two modules are put side by side to build a 600 mm x 600 mm detector

Signal read out via capacitive coupling pad readout
Ve | and APV25 F/E boards

o)

?'—j,, |

i

THGEM 2

8mmx8mm pad size
0.5 mm pad spacing
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The Hybrid architecture structure, the anode signal readout

“surface anode” pad

The COMPASS RICH-1 approach

Metallic
pads

1 Single pad scheme:

c1 — hesh at ground
Detector

RA1
Blue pad at HV via individual COMPARAT OR_IDEAL

0.07mm d . h R0 Resistor c2
fiberglass pad resistor at the PCB rear c2 o1

HV to blue surface _\'ﬂ_ Iy

pad — <

through the o<l i _

trough the  Red pad: signal induced by RC I T

pad coupling

“buried pad”

Mesh at Ground
Pads HV segmentation

“Via closure” - leakage issue

ccodododo obobpbobo

Resistor arrays
Connector 8+1 pin

Test of the (4 x2) 30 x 60 cm? MMs
[in total: 1.4 m2, 19040 pads]:

-2 pads with shorts

-1 pad: no read-out connection
- 3 bad pads out of 19040 before installation

“Z drilling controlled
via” = planarity issue

goQooec

1 i
000000000-00
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Pads A & B (the two adjacent pads being studied) are powered by the same PS
gy
Y i ] |
f : EEEN

i

i

;‘[ 2200F 2200F

k [ oxcilloscope | | H{ osciloscope |
;:[[ - % - ”"“5:,‘-5 H ':szan

e —— R S -
!1115 [ !1}]5—‘ [ Jseoma  1mo= dey

3 & 8

g ELEEE s

2V 320k0
2

© Te00ps ——— “TGoops -
The HV of the non tripping pad is very limited affected:

2V drop 2 ~4% drop in G

R ~ 0.5 GQ is preserving_the non-tripping pads efficient all the time !

s

FUSED SILICA WINDOW

rorecriovwees M
[77] 285mm 77
DR IRES — —
e
Amm
-
o R e e e AR AL A A A
THGEM 2 2mm &
ol 2 W A A
e A\ A
O

ANODE wITH PAD f
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The Hybrid architecture structure, the anode signal readout, comparing large and small prototypes performance
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AV Scan of Sectors of a large THGEM. VMESH = 640V. Gas used Ar:CH4 30:70.

Sector 1A
3000[ £ 3
- ®©
i I}{ 10 = Sector 1 i,:;;
2000 j & *  Sector 2 e
1500/ v Sector 3 ﬂé
- + Sector 4 *
1000; J‘f \“l + Sector 5 /f%
L o Sector 6 .
500 4
SN 10 i
ol e L LT N A
o 10 15 20 25 30 35 40 A
Charge[fC] %;‘lf//;
4500F B EM,SM' 3:9):; % ?i/ ’
4000 ; J #“ Higma 57 ;:“;'ig! , %
3500F 10 i ol o -
3000; ”\] [ W - W W - " o ;//
25007 & /: y
zoooi \ . & & = & ‘I—E’/)/ -
1500f _,47#_’*’
1000 Jr XH ——— ¥
500% R N Sector oA [ [ [ [ [ L1 [ L1 L
T U O N O e - 400 600 800 1000 1200 1400 1600 1800
10 15 20 2C5harge3[fOC] 35 Z 5000: ’J/-!:lu Moan_ AV [V]
1 Source >°Fe
The large prototype works nicely! | |
same performance as the small p.!I| | Jf l Pre-Amplifier stage Cremat CR110 (spark protection
)N circuit installed)+Ortec Amplifier + MCA

Charge[fC]
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The Construction of the detectors in 2016

meChaniCS \ . & ; Istituto Nazionale di Fisica Nucleare

Glueing the support pillars

- p—
. L o e

Wire planes =

4

s a—— S —

R

..u_uLnl..llLul.,u;u;u

detector [aYe
- K_
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The Csl coating
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THGEM box

piston|
» b
f o .I
ad |
— i
A -'_"’VA
- "

- LT g
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4evapy§tors e T
o o
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~ evaporators.
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The High Voltage Control System

=  Typical HV

values
uE 7 //@.i:i:::

- 300V

- -3400 V
-3200 V

- -2000 V

#1700V

» - 500V
0

?+EUI‘JV

« I CITOE

- il J Jf
» LR I.f"!-'!-;l-l i
‘| |J.1!|ju":- =l

In total 136 HV channels

with correlated values

Custom HV control system

Hardware, commercial by CAEN

HV Status
Il PLB
OfRF DI O 00 | OERFRY: O 0.0
PDSS0 | PDSS1 | PDS552 | PDS5S3 | PDESO | PDES1 | PD6S2 | PDES3 |
o T 0 T o [ om0 T 0 T 0 T 0
g'f‘l} 0 T 0 o =0 0 8#: a =iy
Qro: 0 om: o Qo 0 Qro: 0 Qo: 0 om: o am: o
sm. 104 Set: 104 Set: 105 Set: 105 Set: 104 Set: 104 Set: 104 Set: 104
On: 0 On: 0 On: On: 0 On: 0 On: 0 On: ©
PO1SO | PO1S1 | PD1S2 | PD1S3 | PD250 | PO2S1 | PD252 | PD253 |
[ QM 0 i 0 0 0 0 0 0
o = ;0 D = : O r 0 =
o fD: 0 fD: fD: 0 fD: 0 H fD: 0 fD: 0
Set: 105 Set: 105 Set: 100 Set: 100 Set: 104 Set: 104 Set: 105 Set: 105
On: 0 On: O On: 0 On: 0O On: n: 0 On: 0 On: ©
POL I (257
OfRFR: o o0 | OfRFR: 0 00
Sector Info 1
PD1HO Change to Sector : [PD151 - Select |
Name Nom ownsc SetSc Voltage Electrode ViMon IMon MspR
EDrift 400 1.000 1.040 1.000 187 uDrift 3517.57 3517.34 0.000 0
UThgem1 1250 1.000 1.060 0.993 1316.01 UT1Top 427.37 3426.67 0.000 o
ETrans] 1000 1.000 1.060 1.000 318 UT1Bot 211137 211106 0.004 0
UThgem2 1200 1.000 1.060 0.903 1263.37 U 793.37 1793.07 0.001 0
ETrans2 1000 1.000 1.060 1.000 530.00 UT2Bot 530.00 520.06 0.001 0
UMesh 600 1.000 1.060 0903 531.68 UMesh 631.68 631.79 20628 0
CageDrift ; 3517 V. 0.002 uA, 0 SpR CageTop : 3330 V. 0.000 uA, 0 SpR FieldWires : 0V, 0.000 uA, 0 SpR
Status: OnState : 0, ScaleSet: 105%, QualityFactors:: Recent: 0, Former: 0, Dally: 0
Regular updates [s] : [10 3 update |

Gain stability vs P, T:
= G=G(V,T/P)
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8

* Enhancedin a multistagedetector

S
> 4o

= AT=1°C 2AG=12% B

8

8

Current [uA]

&

o

°

= AP=5mbar> AG=18%

401

THE WAY OUT: .

-1000

8 8

38

8
TTTTT I TI T[T TTT[TTT[TTTTTIyT

3

&

T T TT T[T AT T[T T [T [ TTTT

= Compensate T/P variations by V CE
Gain stability better than 10%

3

= Custom-made (C++, wxWidgets)

= Compliant with COMPASS DCS (slow control)

=  “OwnScale” to fine-tune for gain uniformity

= V, | measured and logged at 1 Hz

= Autodecrease HV if needed (too high spark-rate)
= Userinteraction viaGUI

= Correction wrt P/T to preserve gain stability

—&= S02PDEH1S0

Scan results on parameter: GainMean

wo . LOw Intensity SRR [fem e
f Tweek > 5 i

;- I : I : . | < S14PD1H1SO
oy + T 15 50 28 30 - S15PD1IH1ST

| = s03POEH1S1

g meege o s | SO4POSHOSO
A -ém’&'ﬁwﬂ"‘ﬁ

= SO5PDSHOS1
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Performance of the hybrid detector
INFN

The novel gaseous single photon detectors of COMPASS RICH e aorl e e
EVENT DISPLAY e

(no image filtering !) | ' ——
Ring centre (calc. ) 8
" l- - [ ] 4r
. r’j'_ r o p=7.8 Ge\Vlc
s 8 =49 mrad
L]
p=3.5 GeVic
6 = 34 mrad (n hypothesis) : p=48Ge\Vic| L
| | [ |8=435mrad | [
L I -
L s "
p=3.8 GeVic . .
* * |6=38mrad -
-| 11 " p=84GeVic

f 8 =49.5 mrad

Resolution: 1.8 mrad n. of photons/ring : 10-12 (g > 1)
- 4 P . .
Counts EFFECTIVE GAIN: 14 k s Iz:”_l'“ theia_rmdual NummF uf phﬂ.mns studv__ |D- 2 hvbrld
i Eriries 155658 E T Esrics 242604 :
] Mean 4768501207 E | V| e 0547 100 | 0V el AL Wiy = -1 - 3
I AMS 4754 + 0 08537 l— A0 - 116 | & 5
r 141“4|B +- 911?0‘43 Uriderllaw i} : EMS 1367 E_ _- an nan
= Overtiow 0 - ; g of |ue 50!
E Integraiw) 1557408 U ¥/l 22113 8 T [0 e bt
F ;’.- nefl 2?5: 511‘1:; E Constent 1180c+d = 3.7 16401 E L smraw % I
“F:f_ pi;m 3061= 1.0 Uy \ Mean ___ | 0413 2 0.0060 E 6 e * NE
E ot 0.02127 £ 0.00074 . ¢ Sna s 2 ”r#_..;';'p’” %[g
16 = 4 LTI | 4+ i
'E F I_._.-u--'| _'.lt‘:"'?
E A ARt e Sl e
e ns [ | 5 i Y P “socond prt of the fenction= 16 +/. 0.3
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Performance of the hybrid detector
INFN

Istituto Nazionale di Fisica Nucleare

The MPGD-based photon detectors has proven to be an alternative to MPWC + Csl

Technological achievement

- single photon detection is accomplished by MPGDs in an experiment
- THGEMSs used in an experiment

- resistive MM used in an experiment

- MPGD gain > 10k in an experiment

- gain stable at 6% level over months
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Performance of the hybrid detector
INFN

Istituto Nazionale di Fisica Nucleare

The MPGD-based photon detectors has proven to be a valid alternative to MPWC + Csl

stable gain and large gain, fine resolution, good number of detected photoelectrons

Technological achievement

- single photon detection is accomplished by MPGDs in an experiment
- THGEMSs used in an experiment

- resistive MM used in an experiment

- MPGD gain > 10k in an experiment

- gain stable at 6% level over months

Thanks!
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