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Intro:Simplified	anatomy	of	a	typical	subatomic	
experiment

Create	a	beam	of	particles	(what	kinds?),	accelerate	them,	
crash	them	into	a	target	(target	may	also	be	another	beam:	
colliders)

Observe	the	collisions	in	a	detector,	filter/«trigger	on»	
interesting	collisions	and	store	them

Reconstruct	the	outgoing	particles	(typically	what?)

Filter	the	data,	study	statistical	patterns	in	the	data

Monte	Carlo-simulate	known	and	potential	new	
processes	and	compare	with	the	data,	check	for	anomalies,	
look	for	excesses	above	the	known	processes,	measure	
process	rates	and	particle	properties
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Plan

To	touch	very	briefly	all	the	elements	of	a	«typical»	
HEP	experiment	(ATLAS	at	CERN	Large	Hadron	
Collider).

To	take	a	quick	look	at	other	detectors
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The	Large	Hadron	Collider	
(LHC)
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Typical	modern	HEP	
experiment
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ATLAS-eksperimentet
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Elektroner (stabile)
Myoner (stabile nok)
Tau-leptoner (fra henfallsprodukter)
Jets (fra kvarker og gluoner)
Manglende  transverse bev.mengde
(nøytrinoer, ny fysikk e.g. SUSY)
 

7000 tonn (~100 tomme Boeing 747er)

22m p

p x

y

z

90 M 3-D piksler
400 “bilder”/s
Kaster 20 Mbilder/s
Noen 1000 TB/år



High	Energy	particle	interactions
• Electrons	above	~10	MeV	lose	energy	mainly	by	radiation
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High	Energy	particle	interactions
• Photons	above	~1	MeV	loose	energy	mainly	by	𝑒!𝑒"	pair	creation
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High	Energy	particle	interactions
• Electrons	above	~10	MeV	lose	energy	mainly	by	radiation

• Photons	above	~1	MeV	loose	energy	mainly	by	𝑒!𝑒"	pair	
creation

• Hadrons	above	~1	GeV	loose	energy	mainly	by	strong	
interactions	with	nuclei

• Radiation	supressed	by	 ⁄1 𝑚#
$

• Interaction	lengths	tend	to	be	long (with	respect	to	«radiation	
length»	for	electrons	and	photons

• Muons	loose	energy	mainly	by	𝑑𝐸/𝑑𝑥

• No	strong	interactions

• Radiation	supressed	by	 ⁄1 𝑚%
$
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Jets

• High-mass	(6.9	TeV)	dijet	event	collected	in	August	2015.	
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Sub-detector	example
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Made	in	Norway	(+Uppsala)
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L. Franconi, PhD thesis, page 52

What causes the liberated
electrons and holes to 

move in opposite directions?

Radiation damage makes
«trapping centers» in the bulk.

Any ideas how radiation damage
could be mitigated?



New	ATLAS	tracker	
202?-3?
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Higgs	boson	discovery
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LHC	challenge:	We	looked	for	about	
10,000	Higgs	bosons	in	a	million	
billion	proton-proton-collisions
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Results 4 July (*), 2012

*
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Other	experiment	types
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“Fixed-target”
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ALICE	-	heavy	ion	specialist
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ALICE	TPC
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ALICE	TPC	– dE/dx	vs	p/Z
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Landau	distribution
• Too	few	interactions	in	thin absorbers	for	central	
limit	to	hold

• Landau	distribution	(approximation,	but	quite	
good)

• Max	energy	loss	is	“infinite”

• Treat	electrons	as	free	– ignore	small	energy	
transfers	from	distant	collisions

• Particle	velocity	is	constant

• If	many	dE/dx	measurements	(a	la	TPC),	cut	out	
the	10%	highest

Fig 2.18 - Leo
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Bubble	chamber	(1960’s,	slowwww…)
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Bubble	and	cloud	chambers

• Historically	important

• How	do	they	work?
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Neutrino	detector:	DUNE

Liquid	argon	(LAr)	Time	Projection	
Chamber	(TPC)	-	3D	detection	of	
ionising	particles.

The	10	kton	LAr	is	first	target	then	
detector.
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Neutrino	detector:	DUNE

https://indico.in2p3.fr/event/17355/contributions/66894/attachments/50840/65055/gdr_strasbourg.pdf

Incoming 7 GeV pion from test-beam at CERN
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