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Introducing	Myself

Contact:
Jeremie.alexandre.merlin@cern.ch

Jeremie	A.	Merlin
Particle	Physicist		
Specialized	in	Detector	Physics

• I	joined	the	CMS	GEM	upgrade	project	in	2011

• My	main	responsibility	is	the	coordinate	the	
development	of	the	triple-GEM	technology	for	
the	CMS	upgrade	and	to	manage	the	
production	and	quality	control	of	the	detectors
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Introduction

Theory
Experiment

Analysis

Build	consistent	models

Make	predictions

Evaluate	experimental	context

Reco.	observed	physics

Compare	to	predictions

Provide	input	for	new	models

Define	experimental	concepts

Design/build	the	detectors

Produce	interesting	data	

Simplified	view

Excluding	the	accelerator	part

§ Experimental	physics	- Detector	physics
- What	is	the	final	purpose	?	à Detect	particles
- How	to	detect	particle	?	à Based	on	the	particle/matter	interaction	processes
- How	to	design	and	build	detectors	?	à various	options
(- How	to	install	and	operate	detectors)	

§ Lets	see	the	cases	of:
- Charged	particles
- Photons
- Neutrons
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Charged	Particles

Coulomb	interactions	between	charged	particle	and	atomic	electrons
à Energy	loss	is	derived	from	the	Bethe-Bloch	formula:

Interesting	energy	range	close	to	the	minimum	ionizing	(MIP)

MIP	energy	loss

With	Ar	atoms	(Z=18):

−
𝑑𝐸
𝑑𝑥

= 𝟏. 𝟓𝟑	𝑴𝒆𝑽	𝒈/𝟏𝒄𝒎𝟐

Energy	loss	in	3mm	Ar	gas	:

∆𝐸	 = 	−
𝑑𝐸
𝑑𝑥

×𝜌×𝑑 = 𝟖𝟔𝟏	𝒆𝑽/(𝟑𝒎𝒎)

Ionization	– total	number	of	primary	e- :

𝑛< = 	∆𝐸×
70%
𝑊A(𝐴𝑟)

+
30%

𝑊A(𝐶𝑂H)
= 861×

0.7
26

+
0.3
	33

~	𝟑𝟏	𝒑𝒂𝒊𝒓𝒔

Understand	
the	context
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Readout	electrode	(Anode)

Gaseous	DetectorsUnderstand	
the	context

Basic	principle	of	operation

Ar

Ar

Drift	electrode	(Cathode)

Readout	Electronics

𝑬
→

Gaseous	detector	structure:
- A	chamber	filled	with	gas (typically	

Ar:CO2 70:30%)
- A	cathode and	an	anode to	

establish	an	electric	field
- A	readout	system	connected	to	

the	anode
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Readout	electrode	(Anode)

Gaseous	DetectorsUnderstand	
the	context

Basic	principle	of	operation

Ar

Ar

Drift	electrode	(Cathode)

Readout	Electronics

𝑬
→

Gaseous	detector	structure:
- A	chamber	filled	with	gas (typically	

Ar:CO2 70:30%)
- A	cathode and	an	anode to	

establish	an	electric	field
- A	readout	system	connected	to	

the	anode

• Particles	crossing	the	gas	volume	
may	interact	with	gas	à will	
directly	or	indirectly	release	free	
charges	(e- +	ion	pairs)

• The	free	charge	is	moved	toward	
the	electrodes	thanks	to	the	
electric	field

• The	moving	charge	induces	
current	(signals)	that	can	be	
captured	by	the	readout	system

-
-

-

++

+
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Gas	Transport	Properties
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Gas	Transport	Properties
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Gas	Transport	Properties
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Gas	Transport	Properties
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Gas	Transport	Properties
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Readout	electrode	(Anode)

Gaseous	DetectorsUnderstand	
the	context

Basic	principle	of	operation
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establish	an	electric	field
- A	readout	system	connected	to	

the	anode

• Particles	crossing	the	gas	volume	
may	interact	with	gas	à will	
directly	or	indirectly	release	free	
charges	(e- +	ion	pairs)

• The	free	charge	is	moved	toward	
the	electrodes	thanks	to	the	
electric	field

• The	moving	charge	induces	
current	(signals)	that	can	be	
captured	by	the	readout	system

-
-

-

++

+
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Readout	electrode	(Anode)

Gaseous	DetectorsUnderstand	
the	context

Basic	principle	of	operation

Ar

Ar

Drift	electrode	(Cathode)

Readout	Electronics

𝑬
→

𝑬
→

𝑬
→

Small	signal

Large	signal

Amplification

Readout	issues:

• The	charge	released	in	a	thin	gas	
gap	is	small	and	difficult	to	
readout	:	part	of	the	charge	can	be	
lost	in	the	gas,	the	signals	can	be	
lost	in	the	electronic	noise	of	the	
system	etc …

• It	is common to	add a	structure	
inside the	gas volume	to	amplify
the	charge	before it goes toward
the	readout electrode

• The	amplification	is based on	the	
acceleration of	the	primary
electrons in	a	high	electric field,	
the	excitation	of	gas molecules
and	the	release	more	electrons

à Electron	avalanche

-
-

-

++

+
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Amplification	Process
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Amplification	Process
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Amplification	Process
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Amplification	Process

Ionization	Mode
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Amplification	Process

Proportional	Mode

à
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Amplification	Process

Proportional	Mode
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Amplification	Process

Geiger	Mode
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Amplification	Process

Geiger	Mode
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Amplification	Process

Streamer	Mode
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Amplification	Process

Streamer	Mode
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Readout	electrode	(Anode)

Gaseous	DetectorsUnderstand	
the	context

Basic	principle	of	operation

Ar

Ar

Drift	electrode	(Cathode)

Readout	Electronics

𝑬
→

𝑬
→

𝑬
→

Small	signal

Large	signal

Amplification

What	next	?

• What gas is suitable for	different
applications	?

• Why	to	mix	different	gases	?
• What	is	the	effect	on	detector	

properties	?

-
-

-

++

+
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Choice	of	Gas
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Choice	of	Gas

Not	as	easy	à

Slide 21
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Choice	of	Gas
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Choice	of	Gas
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Choice	of	Gas
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Gaseous	DetectorsUnderstand	
the	context
Examples	of	amplification	structures	for	gaseous	detectors

Primary	Ionization	

Amplification	
region

Resistive	Plate	Chamber	
(RPC):	amplification	in	
the	gas	gap

MicroMesh Gaseous	
Detector	(MicroMegas):
Amplification	between	a	
microscopic	mesh	and	
the	anode	plane

Multi-Wire	Proportional	
Counter	(MWPC):	
amplification	in	the	
vicinity	of	the	anode	
wires

Micro-Strip	Gas	
Chambers	(MSGC):	
amplification	in	the	
vicinity	of	the	anode	
micro-strips
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The	end
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The	end	

Thank	you

Any	Questions	?


