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Overview 

•  Introduc/on	
	

•  Generali/es	about	beam	diagnos/c	devices	
	

•  Overview	of	on-line	measurement	techniques	and	instruments	
	

•  Experience	reported	at	the	L3IA	facility	
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Introduction 

An	accelerator	can	never	be	beEer	than	the	instruments	measuring	its	performance!	
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Different uses of beam  
diagnostics 

•  Check	of	accelerator	performances	
	

1.  Beam	intensity	
2.  Beam	energy	
3.  Beam	posi=on	
4.  Beam	profile	

	
•  Advanced	measurements	
	

1.  Beam	par=cle	iden=fica=on		
2.  Beam	emiEance	
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Expected values for the main  
beam parameters 

Protons	per	shot: 	 	1010	-1013	
Max	proton	energy: 	80	MeV	
Bunch	temporal	profile: 	ps	
Source	size: 	 	µm	
EmiEance: 	 	5	10-3	𝜋	mm	mrad	
Beam	angular	divergence: 	10-20°	
Energy	spread: 	 	large	(20%)	
Ripe=bility: 	 	poor	
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L3IA: Line for laser light ion 
acceleration (INFN and CNR) 
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L3IA facility 

Target	holder	 Thomson	Spectrometer	
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Diagnostic devices and  
quantity measured 

Measured	quan/ty	 Physical	Effect	 Instrument	 Effect	on	the	
	beam	

Analysis	

Charge,	fluence	 Charge	collec=on	 Faraday	Cup	 Destruc=ve	 OnLine	

Charge,	fluence	 E.m.	induc=on	 Current	transformer	 Non	destruc=ve	 OnLine	

Transverse	size/shape/
posi=on	

Excita=on	with	light	
emission	

Scin=llator	materials	 Destruc=ve	 OnLine	

Transverse	size/shape/
posi=on/dose	

Radia=on	damage	 Radiochromic	films	 Destruc=ve	 OffLine	

Transverse	size/shape/
posi=on	

Direct	Ioniza=on	 Pixel	Detectors	 Destruc=ve	 OnLine	

Fluence	(low)	
Par=cle	Ident.	

Radia=on	damage	 Track	detectors	
(CR39)	

Destruc=ve	 OffLine	

Energy/Par=cle	Ident.	 B	and	E	deflec=on	 Thomson	Parabola	 Destruc=ve		 OnLine	

Energy/fluence	 Dynamics/Ioniza=on	 Time	of	flight	 Destruc=ve	 OnLine	

Flux	Spectral	Distribu=on	 Nuclear	Reac=ons	 Nuclear	ac=va=on	 Destruc=ve	
	

OffLine	
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Electromagnetic Pulse 

Interac=on	of	high-energy	and	high-power	laser	pulses	with	a	target	is	accompanied	with	the	genera=on	of	a	
significant	number	of	energe=c	electrons	producing	many	secondary	effects.	The	intense	x-ray	emission,	ion	
accelera=on	and	many	other	effects	have	been	intensively	studied	and	have	been	used	in	many	applica=ons.	
However	there	is	a	domain	related	to	the	laser	electron	accelera=on,	which	has	not	yet	been	fully	inves=gated.	
This	is	the	genera/on	of	an	intense	electromagne/c	pulse	(EMP)	during	and	a\er	the	laser	pulse	spanning	a	
very	broad	frequency	range	from	megahertz	to	terahertz.	This	transient	EMP	has	been	measured	in	several	
laser	facili=es	with	different	regimes	of	laser	intensity	and	pulse	dura=on.	The	EMP	genera=on	is	commonly	
aEributed	to	radia=on	by	laser-driven	currents	within	the	plasma	and,	at	higher	intensi=es,	to	high-energy	
electrons	leaving	the	target	and	hidng	either	the	chamber	internal	surface	and/or	the	other	elements	

J.Raimbourga 
Electromagnetic 
compatibility 
management for fast 
diagnostic design 
REV. SCIE.INSRUM., 
75, N.10, OCT 2004 
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Electromagnetic Pulse 

The	EMP	represent	a	serious	limita/on	for	the	plasma	diagnos/cs	and	in	general	for	the	opera=on	of	the	
electronic	devices.	The	mechanism	of	genera=on	of	the	electric	and	magne=c	fields	in	the	broad	frequency	
domain	are	not	well	known,	yet.	It	is	accepted	that	the	fields	are	generated	during	the	interac=on	of	the	laser	
pulse	with	the	target	and	increase	with	the	ejected	charge	but	the	exact	mechanism	is	not	defined.	It	could	be	
related	either	to	the	electric	current	carried	out	by	escaping	electrons	or	with	the	charge	accumulated	on	the	
target.	The	experimental	data	indicated	that	the	signal	strength	and	the	temporal	profile	depend	on	the	target	
material	and	geometry	on	the	shape	and	the	place	of	the	metallic	elements	of	the	chamber,	as	well	as	on	the	
laser	pulse	intensity	and	dura=on.	
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Electromagnetic Pulse 

being undertaken by scientists from the Lawrence Livermore
National Laboratory (LLNL). Typical wave forms taken with
300 MHz analogue bandwidth oscilloscopes sampling at
2.5 GHz are shown in Fig. 2. These show harmonics and
high frequency noise, which are reduced when the signals are
integrated to give the magnetic field. These results are typical
of those obtained for aluminium and copper foil targets with
beam energy varying from 330 to 450 J.

The wave forms shown in Fig. 2 display the behavior of
a system with two weakly coupled modes of slightly differ-
ent frequency. The beam impulse initiates a vertical H mode
and then energy is transferred slowly to a tranverse H mode.
The latter has a smaller amplitude, which varies at the beat
frequency. The wave forms were integrated to give a voltage
proportional to the magnetic field and then fast Fourier trans-
formed (FFT) to find the frequency of the modes. The 512
time samples from each time wave form were integrated and
transformed into 257 frequency samples as shown in Fig. 3.
The frequency of the vertical H mode was found to be
63 MHz and the tranverse H mode 59 MHz. The peak mag-
netic field measured at the antenna location was 4.3 A/m in
a vertical direction and 0.46 A/m in a transverse direction.

III. THEORETICAL MODEL

The magnitude and frequency of the EMP generated
within an ideal rectangular or spherical target chamber can
be calculated. The behavior of a real target chamber is dif-
ferent due to the effect of equipment inside the chamber such
as the target positioner. These will cause a shift in the reso-
nant frequency and encourage resonance at harmonics.

The magnitude of the EMP depends on the number of
the electrons ejected from the target, which strike the cham-
ber wall. This is determined by many factors including the
laser beam energy and type of target. For a petawatt laser the
number of electrons ejected as a beam from the target has
been estimated from measurements to be about 1012 (Ref. 3).

Consider first the Vulcan petawatt target chamber, which
is rectangular of height 2.2 m, width 2 m, and length 4.6 m.
Assume it resonates in a TE mode with an east-west E field.
The Cartesian coordinate system is as shown in Fig. 4 with
a=2.2 m, b=2 m, and d=4.6 m.

The following field equations are given by Ref. 4:

Wavelength !0 =
2ad

!a2 + d2 = 3.97 m,

Frequency f0 = 76 MHz,

Ey = E0 sin
"x
a
sin

"z
d
,

Hx = − jHx0 sin
"x
a
cos

"z
d
= − j

E0!0
#2d

sin
"x
a
cos

"z
d
,

FIG. 1. Moebius loop antenna fitted inside pettawatt.

FIG. 2. Antenna wave forms from shot 13.

FIG. 3. Integrated wave form and FFT.

FIG. 4. Coordinates used for calculating east-west mode.

4226 Rev. Sci. Instrum., Vol. 75, No. 10, October 2004 Mead et al.
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Electromagnetic Pulse 
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Electromagnetic Pulse 

R. De Angelis et al	
High performance diagnostics for Time-Of-Flight 
and X ray measurements in laser produced 
plasmas, based on fast diamond detectors 
2016_J._Inst._11_C1204 

Plasma Physics by Laser and Applications (PPLA 
2015) 
ENEA Research Centre, Frascati, Italy 
5-7 October, 2015	

Elaser = 12 J, 3ns and 1013 W/cm2 intensity 
 on a 7 mm Al target 
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Electromagnetic Pulse in L3IA 

Collabora/on	with	Ins/tute	of	Plasma	Physics	and	Laser	Microfusion	of	Warsaw	

EMP	detectors	
B-dot	
D-dot	

Emax=100kV/m	

Freq=150MHz	
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Shielding and grounding 

•  Background	em	pick	up	noise	along	signal	cables	(length	up	to	30	m):		
+/-	50	mVp,	5	MHz	
	

•  Em	noise	induced	aier	the	laser	shot	on	the	target,	las=ng	hundreds	of	ns	
+/-1	Vp,	250-350	MHz	with	reflec=ons	due	to	impedance	mismatch	

Star=ng	point	
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Shielding and grounding 

In	june	2016	we	made	some	significant	improvements:	
All	the	internal	cables	were	subs=tuted	using	a	new	shielded	Coaxial	Cable	named	SPUMA_240-FR-01			

A	new	electrical	line	devoted	to	
grounding	and	shielding	of	
signal	paths	was	installed	with	a	
direct	connec=on	to	the	bulding	
main	transformer	reference.	
The	target	holder	was	
referenced	to	this	ground	along	
with	the	whole	chamber	

Results:	
Shoo=ng	the	laser	on	a	glass	target	we	had	a	reduced	
noise	of	+/-	15	mVp	on	a	diamond	detector	
Shoo=ng	the	laser	on	an	aluminium	target	we	had	an	
overall	noise	of	+/-	200	mVp	on	a	diamond	detector	
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Diagnostic devices and  
quantity measured 

Measured	quan/ty	 Physical	Effect	 Instrument	 Effect	on	the	
	beam	

Analysis	

Charge,	fluence	 Charge	collec=on	 Faraday	Cup	 Destruc=ve	 OnLine	

Charge,	fluence	 E.m.	induc=on	 Current	transformer	 Non	destruc=ve	 OnLine	

Transverse	size/shape/
posi=on	

Excita=on	with	light	
emission	

Scin=llator	materials	 Destruc=ve	 OnLine	

Transverse	size/shape/
posi=on/dose	

Radia=on	damage	 Radiochromic	films	 Destruc=ve	 OffLine	

Transverse	size/shape/
posi=on	

Direct	Ioniza=on	 Pixel	Detectors	 Destruc=ve	 OnLine	

Fluence	(low)	
Par=cle	Ident.	

Radia=on	damage	 CR39	 Destruc=ve	 OffLine	

Energy/Par=cle	Ident.	 B	and	E	deflec=on	 Thomson	Parabola	 Destruc=ve		 OnLine	

Energy/fluence	 Dynamics/Ioniza=on	 Time	of	flight	 Destruc=ve	 OnLine	

Flux	Spectral	Distribu=on	 Nuclear	Reac=ons	 Nuclear	ac=va=on	 Destruc=ve	
	

OffLine	
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Faraday Cup 

Only	low	energy	par=cles	can	be	measured	
•	Very	low	intensi=es	(down	to	1	pA)	can	be	measured	
•	Crea=on	of	secondary	electrons	of	low	energy	(below	20	eV)	
•	Repelling	electrode	with	some	100	V	polarisa=on	voltage	pushes	secondary	
electrons	back	onto	the	electrode	



Channeling	in	Plasma	Physics	by	Laser	and	
Applica/ons	(PPLA)	-	Ischia	Sep	26,	2018	 19	

The Faraday Cup as  
absolute dosimeter system 

Courtesy	of	G.P.	Cirrone	–ELIMED	Project	

Only	for	monoenerge=c	beam	
or	known	spectrum	
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Fast Faraday Cup 

The	FC	is	designed	to	measure	an	electron	beam	pulse	signal	with	dura=on	of	the	
order	of	50	ns	and	rise	/me	shorter	than	10	ns.	For	such	a	short	pulse,	the	maximum	
signal	frequency	can	be	up	to	0.1–1	GHz,	thus	the	characteris=c	impedance	and	the	
impedance	matching	between	the	FC	and	test	network	are	important	design	
considera=ons.	A	schema=c	of	the	design	is	shown	in	Fig.	1	and	the	corresponding	
transmission	line	model	is	illustrated	in	Fig.	2.		
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Fast Faraday Cup 

A	fast	faraday	cup,	with	a	2	GHz	
bandwidth,	has	been	developed	and	
tested.	Pulsed	beams	with	FWHM	of	the	
order	of	500-700	ps	have	been	measured.	
It	may	be	a	very	nice	and	simple	tool	to	be	
used	in	TOF	experiments.	We	will	test	the	
sensi/vity	in	the	specific	environment.		
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Diagnostic devices and  
quantity measured 

Measured	quan/ty	 Physical	Effect	 Instrument	 Effect	on	the	
	beam	

Analysis	

Charge,	fluence	 Charge	collec=on	 Faraday	Cup	 Destruc=ve	 OnLine	

Charge,	fluence	 E.m.	induc=on	 Current	transformer	 Non	destruc=ve	 OnLine	

Transverse	size/shape/
posi=on	

Excita=on	with	light	
emission	

Scin=llator	materials	 Destruc=ve	 OnLine	

Transverse	size/shape/
posi=on/dose	

Radia=on	damage	 Radiochromic	films	 Destruc=ve	 OffLine	

Transverse	size/shape/
posi=on	

Direct	Ioniza=on	 Pixel	Detectors	 Destruc=ve	 OnLine	

Fluence	(low)	
Par=cle	Ident.	

Radia=on	damage	 CR39	 Destruc=ve	 OffLine	

Energy/Par=cle	Ident.	 B	and	E	deflec=on	 Thomson	Parabola	 Destruc=ve		 OnLine	

Energy/fluence	 Ioniza=on	 Time	of	flight	 Destruc=ve	 OnLine	

Flux	Spectral	Distribu=on	 Nuclear	Reac=ons	 Nuclear	ac=va=on	 Destruc=ve	
	

OffLine	
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Integrating Current 
Transformer 

	
	
measure	the	charge	in	a	very	short	par/cle	bunches	of	unipolar	charge	(ions	or	electrons)		
	
high	accuracy	(very	precise	calibra=on	is	possible)	
no	significant	HF	losses	
Linearity	
Noiseless	(<1	nA	rms	for	ac=ve	ICT)	
Very	small	beam	posi=on	dependency		
No	TOF	device	
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ICT measured performances 

Test	bench	measurements	of	
the	detector	performances	

1pC	corresponds	to	an	emission	of	3	10^8	protons	
in	a	10°	semi-aperture	cone.	

1	pC	pulse	

EMP	sensi=ve	
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Bergoz Turbo ICT 

Turbo-ICT-VAC	is	installed	in	a	laser-
plasma	vacuum	enclosure	
Vacuum	compa=ble	to	1E-7	mbar	

Noise	in	single	bunch	measurement	10	fC	

New		alloys:	core		losses		<1%	up	to	350	MHz.	
Integra/on		/me	reduced		by		a		factor	25	
Signal-to-noise		ra=o	improved		by	25	
Mul/ple		cores		further	increase		the		signal.	
Integrated	FE	pHEMTamplifier	and		
Signal	modula/on	assure	EMI	immunity.	
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Diagnostic devices and  
quantity measured 

Measured	quan/ty	 Physical	Effect	 Instrument	 Effect	on	the	
	beam	

Analysis	

Charge,	fluence	 Charge	collec=on	 Faraday	Cup	 Destruc=ve	 OnLine	

Charge,	fluence	 E.m.	induc=on	 Current	transformer	 Non	destruc=ve	 OnLine	

Transverse	size/shape/
posi=on	

Excita=on	with	light	
emission	

Scin=llator	materials	 Destruc=ve	 OnLine	

Transverse	size/shape/
posi=on/dose	

Radia=on	damage	 Radiochromic	films	 Destruc=ve	 OffLine	

Transverse	size/shape/
posi=on	

Direct	Ioniza=on	 Pixel	Detectors	 Destruc=ve	 OnLine	

Fluence	(low)	
Par=cle	Ident.	

Radia=on	damage	 CR39	 Destruc=ve	 OffLine	

Energy/Par=cle	Ident.	 B	and	E	deflec=on	 Thomson	Parabola	 Destruc=ve		 OnLine	

Energy/fluence	 Dynamics/Ioniza=on	 Time	of	flight	 Destruc=ve	 OnLine	

Flux	Spectral	Distribu=on	 Nuclear	Reac=ons	 Nuclear	ac=va=on	 Destruc=ve	
	

OffLine	



Channeling	in	Plasma	Physics	by	Laser	and	
Applica/ons	(PPLA)	-	Ischia	Sep	26,	2018	 27	

Scintillators 

Pros:	spa=ally	resolve	the	transverse	profile	
reusable	
Light	can	be	transported	outside	the	interac=on	chamber	(EMP)		
Cons:	Need	absolute	calibra=on	on	proton	energy	and	flux.		
Quenching		
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Scintillators 

A	compact	scin=llator-based	online	area	detector	

The	online	detector	system	resolves	the	spa=al	profile	
of	a	laser-driven	proton	beam	(4	mm	spa=al	resolu=on	
in	the	central	part	of	the	detector)	and	it	can	
dis=nguish	up	to	9	threshold	energies.		

An	online,	energy-resolving	beam	profile	detector	for	laser-driven	proton	beams	
(2016)	
J.	Metzkes,	K.	Zeil,	S.	D.	Krai,	L.	Karsch,	M.	Sobiella,	M.	Rehwald,	L.	Obst,	H.-P.	
Schlenvoigt,	and	U.	Schramm	
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Diagnostic devices and  
quantity measured 

Measured	quan/ty	 Physical	Effect	 Instrument	 Effect	on	the	
	beam	

Analysis	

Charge,	fluence	 Charge	collec=on	 Faraday	Cup	 Destruc=ve	 OnLine	

Charge,	fluence	 E.m.	induc=on	 Current	transformer	 Non	destruc=ve	 OnLine	

Transverse	size/shape/
posi=on	

Excita=on	with	light	
emission	

Scin=llator	materials	 Destruc=ve	 OnLine	

Transverse	size/shape/
posi=on/dose	

Radia=on	damage	 Radiochromic	films	 Destruc=ve	 OffLine	

Transverse	size/shape/
posi=on	

Direct	Ioniza=on	 Pixel	Detectors	 Destruc=ve	 OnLine	

Fluence	(low)	
Par=cle	Ident.	

Radia=on	damage	 CR39	 Destruc=ve	 OffLine	

Energy/Par=cle	Ident.	 B	and	E	deflec=on	 Thomson	Parabola	 Destruc=ve		 OnLine	

Energy/fluence	 Dynamics/Ioniza=on	 Time	of	flight	 Destruc=ve	 OnLine	

Flux	Spectral	Distribu=on	 Nuclear	Reac=ons	 Nuclear	ac=va=on	 Destruc=ve	
	

OffLine	
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Pixel detectors 

RadEye	detector			
CMOS	imager	
	
Fluence	dynamic	range	
4.4	•	107	protons/cm2	
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Pixel detectors 

Con/nuous	and	pulsed		irradia/on	with	15		and	20	MeV	protons		

Characterisa=on	of	the	
response	to	fluence	and	
fluence	rate.	
Sensibility	
Dynamic	range	
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Pixel detectors 
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Pixel detectors 

In	February	2015	a	preliminary	test	has	been	carried	out	at	the	SC	at	
LNS	using	proton	beams	from	62	MeV		down	to	15	MeV	(degraded).		
Low	intensity	beams	(down	to	106	protons	aier	a	20	mm	diameter	
collimator)	have	been	successfully	detected.		
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Diagnostic devices and  
quantity measured 

Measured	quan/ty	 Physical	Effect	 Instrument	 Effect	on	the	
	beam	

Analysis	

Charge,	fluence	 Charge	collec=on	 Faraday	Cup	 Destruc=ve	 OnLine	

Charge,	fluence	 E.m.	induc=on	 Current	transformer	 Non	destruc=ve	 OnLine	

Transverse	size/shape/
posi=on	

Excita=on	with	light	
emission	

Scin=llator	materials	 Destruc=ve	 OnLine	

Transverse	size/shape/
posi=on/dose	

Radia=on	damage	 Radiochromic	films	 Destruc=ve	 OffLine	

Transverse	size/shape/
posi=on	

Direct	Ioniza=on	 Pixel	Detectors	 Destruc=ve	 OnLine	

Fluence	(low)	
Par=cle	Ident.	

Radia=on	damage	 CR39	 Destruc=ve	 OffLine	

Energy/Par=cle	Ident.	 B	and	E	deflec=on	 Thomson	Parabola	 Destruc=ve		 OnLine	

Energy/fluence	 Ioniza=on	 Time	of	flight	 Destruc=ve	 OnLine	

Flux	Spectral	Distribu=on	 Nuclear	Reac=ons	 Nuclear	ac=va=on	 Destruc=ve	
	

OffLine	
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Time of Flight Technique 

Detectors	in	=me	of	flight	configura=on	are	widely	used	in	laser-plasma	experiments.	
Thank	to	this	technique	it	is	possible	to	obtain	informa=on	on	par=cles	emiEed	from	
the	knowledge	of	their	speed.	The	most	direct	way	to	determine	the	par=cle	speed	is,	
of	course,	by	measuring	the	=me	that	it	takes	to	travel	a	certain	distance.	
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Time of Flight Detectors 

Independent	of	which	semiconductor	material	is	employed,	specific	material	proper=es	
are	required	for	the	realiza=on	of	high	performance	spectrometers	that	provide	both	
high-energy	resolu=on	and	high	coun=ng	efficiency	at	and	above	room	temperature	and	
in	intense	radia=on	environments.	Some	of	them	are	as	follows	:	
	
Radia=on	hardness	 	(up	to	1012	ppp)	
Time	resolu=on	 	 	(ns)	
Low	capacitance	 	 	(tens	of	pF,	beEer	energy	resolu=on)	
Thickness	 	 	(10s	and	100s	micron)	
Low	sensi=vity	to	X	and	𝜰	rays	
Large	bandgap	energy 	(low	noise)	
High	purity 	 	(full	charge	collec=on,	low	leakage	current)	
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Time of flight detectors 
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Time of flight detectors 

500	micron	thickness	
diamond	
collimator	bore	
diameter	2	mm	

Diamond	based	TOF	
measurements	
	
(300	mm	length	of	
flight)	
end	of	june	2016	

0.7	Tesla	permanent	
magnet	inserted	to	
remove	unwanted	
electrons	
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Time of Flight 

Proton	Energy	 TOF	(ns/m)	

2	 51,16	

4	 36,23	

6	 29,63	

8	 25,70	

10	 23,02	

12	 21,05	

15	 18,87	

20	 16,41	

25	 14,73	
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Time of Flight Detectors 

Single	alpha-par=cle	response	

<	1	ns	FWHM	

Alpha	spectroscopy	
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Time of Flight Detectors 
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Time of Flight Detectors 
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Time of Flight 
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Time of flight 

The	prompt	peak	seems	dominated	(!)	by	electrons	with	a	small	contribu=ons	from	X	rays	
(and	perhaps	secondary	electrons)	
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Time of flight 

1.1E-0
07

1.3E-0
07

1.5E-0
07

1.7E-0
07

1.9E-0
07

2.1E-0
07

-16

-12

-8

-4

0

4

0 2 4 6
Energy / MeV

2x1010

4x1010

6x1010

8x1010

1011

P
ro

to
n 

B
un

ch
 E

ne
rg

y 
Sp

ec
tru

m
 / 

M
eV

-1
 s

r-1
SiC2 Ti12.5um

SiC2_T53_S33
SiC2_T54_S34
SiC2_T56_S36

0 2 4 6
Energy / MeV

107

108

109

1010

1011

P
ro

to
n 

B
un

ch
 E

ne
rg

y 
S

pe
ct

ru
m

 / 
M

eV
-1

 s
r-

1

SiC2 Ti12.5um
SiC2_T53_S33
SiC2_T54_S34
SiC2_T56_S36

Satura=on	at	37.2ns			Minimum	energy	1.37MeV	



Channeling	in	Plasma	Physics	by	Laser	and	
Applica/ons	(PPLA)	-	Ischia	Sep	26,	2018	 46	

Time of flight 
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Time of flight 
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Time of flight 
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Time of Flight 
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Thomson spectrometer 

One	of	the	most	interes=ng	detectors	in	the	characteriza=on	of	charged	par=cles	produced	by	laser-target	
interac=on	is	the	Thomson	spectrometer.	
	
Informa=on	on	energy,	momentum	and	charge	to	mass	ra/o	of	par=cle	beams	can	be	provided	by	a	Thomson	
Parabola	spectrometer,	widely	used	to	study	ion	sources	such	as	ion	accelerators,	laser	produced	plasma,	etc.	In	
such	a	device	charged	par=cle	are	deflected	by	parallel	electric	and	magne=c	fields.		
	
The	electric	deflec=on	depends	on	the	energy	of	par=cles	while	the	magne=c	ones	depends	on	their	
momentum;	moreover	par=cle	with	different	charge	to	mass	ra=o	are	deflected	on	different	trajectories.	
Its	principle	of	opera=on	is	based	on	the	Lorentz	force	and,	in	par=cular,	the	use	of	electric	and	magne=c	fields	
that	deflect	the	par=cles.	
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Thomson spectrometer 

The	Lorentz	force	can	describe	the	mo=on	par=cle:	
	

F	=	q(E	+	v	^	B)		
	
Assuming	that	both	fields	are	uniform	over	a	length	L	and	zero	outside.	Since	the	fields	are	parallel,	the	
deflec=ons	are	orthogonal	each	other	and	the	deflec=ons	are	propor=onal	to	deflec=on	angle	by	means	of	
the	drii	length	between	the	electromagne=c	device	and	the	detector	plane	D.	
	
Thus	assuming	that	the	magne=c	field	deflects	on	x	axis	and	the	electric	field	deflects	on	y	axis,	from	the	
above	equa=ons	one	gets:	
	
y	=	qElD/	2Tkin 	 	x	=	qBlD/(2mT	)0.5	
	
where	q,	m	e	T	are	respec=vely	the	charge	par=cles,	the	mass	and	the	kinec=c	energy	ions.		
	
Solving	the	second	equa=on	for	v	and	replacing	it	in	the	first	one	we	get	the	parabolic	equa=on:	
	

	 	 	x2	=	(q	B2lD/mE)y		
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Thomson spectrometer 

	 	 	x2	=	(q	B2lD/mE)y		
	
which	means	that	par=cles	with	the	same	charge-to-mass	ra=o	and	different	energies	are	deflected	on	a	parabolic	
trace	on	the	detector	plane.		
	
The	previous	equa=on	shows	that	a	TP	provides	a	separa=on	of	all	ion	species	and	charge	state	according	to	their	q/m.		
Every	single	parabola	on	the	detector	belongs	to	a	different	ion	charge-to-mass	state	ra=o.		
	
Thus	knowing	the	charge-to-	mass	ra=o	and	the	charge	state	it	is	possible	to	get	the	ion	mass	and	to	iden=fy	the	ion	
species	
	

Simula=on	of	a	par=cle	beam	laser	product	of	the	
interac=on	with	a	target	of	CH2	
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Thomson parabola 

p	 1,55	MeV	

C1+	 1.05	MeV	

C2+	 1.09	MeV	

C3+	 1.17	MeV	
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Thomson parabola in L3IA 

Preliminary.	Analysis	s=ll	in	progress.		

Best	cut-off	energy	es=ma=on	
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Thomson parabola ‘and’ TOF 
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Conclusion 

In	this	talk	I	described	the	status	and	the	results	of	a	long	=me	
work	about	detectors	and	related	signal	transport	and	analysis	
chains.	
	
The	experience	we	gained	in	such	an	ac=vity	is	valuable	and	
we	may	state	that	it	represents	a	safe	and	solid	solu=on	for	
any	experiment	nvolved	in	laser	beam	accelera=on.	
	
Nevertheless	since	the	physics	is	s=ll	in	a	rapid	evolu=on	we	
are		evolving	our	ac=vi=es	too.	
	
Stay	tuned	(and	we	wait	for	you	in	our	labs)	!	


