
Update	on	simula/ons	for	
scin/llator	bars	
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Outline	

•  Introduc/on	
•  Setup	
•  Results	
•  Plans	
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Introduc/on	

•  Goal:	understand	be:er	how	various	parameters	have	influence	on	
fragmenta/on	and	scin/llator	energy	resolu/on	
–  Z	of	par/cle	
–  Thickness	of	scin/llator	
–  Energy	of	passing	par/cle	

•  Comparison	with	experimental	results	(not	included	today)	
•  Today:	results	of	first	studies	(work	in	progress!!)	
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•  Introduced	to	FOOT	soMware	related	to	FLUKA	by	Giuseppe		
•  5	steps	(mostly	automized	to	simulate	different	Z,	A,	E,	z,	scint	thickness,	etc	…	):	

1.  Crea/on	of	FLUKA	input	file	
2.  Run	FLUKA	simula/ons	(already	available):	
3.  Convert	FLUKA	txt	output	à	RooZiles	(already	available)	
4.  Crea/on	of	analysis	histogram	file	(“AnaFOOT”,	added	a	few	lines	up	to	now)	
5.  Plots/analysis	(my	analysis)	

FLUKA	simula/ons	
Version:	FOOT	V13.1.1	
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Z	 A	 E	[GeV]	 SCN	thickness	[cm]	
1	 1	 0.2	 0.3	
2	 4	 0.2	 0.3	
3	 7	 0.2	 0.3	
4	 9	 0.2	 0.3	
5	 11	 0.2	 0.3	
6	 12	 0.2	 0.3	
7	 14	 0.2	 0.3	
8	 16	 0.2	 0.3	

Fragmenta/on	and	energy	resolu/on	vs	Z	
How	does	Z	influence	the	fragmenta/on	
probability?	

•  1M	par/cles	shot	directly	on	scin/llator	
with	fixed	energy	and	8	different	Z-values	

•  No	detector	effects	included	for	the	
moment!	
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Ngen=1	à	not	fragmented	
Otherwise	it	was	fragmented	

•  In	scin/llator	loop(over	SCNn	
deposits):	
•  check	the	genera/on	

number	of	associated	TR	
par/cle:		

trid1=pevstr->TRgen[ipart];	
•  For	each	event	fill	the	

histogram	

Z=1,	A=1	

Z=8,	A=16	

Fragmenta/on	probability	=	
	

Fragmenta/on	vs	Z	

1−
Neventswith Ngen =1

Nevents
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•  Stat	error	is	included	
(small)	

•  1M	par/cles	
•  Thickness	of	1	bar=0.3	cm	

(so	0.6	cm	for	2	bars)	
•  Energy=200	MeV/n	
•  Z	varied	
	

Fragmenta/on	vs	Z	
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FOOT	Fluka	simula/ons	

•  Introduc/on	
•  Setup	
•  Results	

–  Study	as	func/on	of	Z:	
•  Fragmenta/on	probability		

–  Study	as	func/on	of	bar	thickness:	
•  Fragmenta/on	
•  Energy	resolu/on		

–  Study	as	func/on	of	energy:	
•  Fragmenta/on		
•  Energy	resolu/on		

–  2-D	plot	calorimeter	energy	vs	scin/llator	energy	
•  Plans	
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Z	 A	 E	[GeV]	 SCN	thickness	[cm]	
6	 12	 0.2	 0.2	
6	 12	 0.2	 0.3	
6	 12	 0.2	 0.4	
6	 12	 0.2	 0.5	
6	 12	 0.2	 0.6	

Z	 A	 E	[GeV]	 SCN	thickness	[cm]	
1	 1	 0.2	 0.2	
1	 1	 0.2	 0.3	
1	 1	 0.2	 0.4	
1	 1	 0.2	 0.5	
1	 1	 0.2	 0.6	

Samples	with	varying	bar	thickness	

•  1M	par/cles	shot	directly	on	scin/llator	with	fixed	
energy	and	8	different	Z-values	

•  No	detector	effects	included	for	the	moment!	

How	does	bar	thickness	influence	the	fragmenta/on	
probability	and	energy	resolu/on??	
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What	about	energy	resolu/on?		

Fragmenta/on	vs	bar	thickness	

Z=1, A=1,  200 MeV/u
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Energy	deposit	in	1	bar	

~Factor	
36		

Landau	shape!	

Energy	deposit	vs	bar	thickness	

Bar	width=2mm	 Bar	width=3mm	 Bar	width=4mm	 Bar	width=5mm	 Bar	width=6mm	

Z=1,	A=1	 Z=1,	A=1	 Z=1,	A=1	 Z=1,	A=1	 Z=1,	A=1	

Landau	shape!	

Z=6,	A=12	 Z=6,	A=12	 Z=6,	A=12	 Z=6,	A=12	 Z=6,	A=12	

gauss	shape!	
Evaluate:	 •  <Edepos>:	mean	energy	deposit	in	bar	

•  FWHM	of	distribu/on	
•  Max:	value	of	maximum	probability	
•  Sigma	and	mu	of	gaussian	fit			 11	



Energy	deposit	vs	bar	thickness	
Z=1, A=1,  200 MeV/u
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•  Energy	loss	increases	linearly	
with	bar	thickness	

•  Apart	from	1/β2,	Bethe	Bloch	
depends	mainly	on	Z2	

•  Remember	that	the	value	for	β	
is	the	same	given	the	kine/c	
energy	is	given	in	energy	per	
nucleon	

~Factor	
36		

β =
p
E
=

E 2 −m2

E
=

(Ekin +m)
2 −m2

Ekin +m
=

(Ekin

m
+1)2 −12

Ekin

m
+1

What	about	the	energy	resolu/on?		

Plane	1	
Plane	2	

Plane	1	
Plane	2	
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Fit	with	1/
β2	
	

Landau	shape!	

Gaussian	shape!	

•  Z=1,	A=1:	FWHM/max	varies	between	20%-25%,	no	strong	dependence	on	thickness!	
•  Z=6,	A=12:		FWHM/max	varies	from	6%	(d=2	mm)	to	3.5%	(d=6	mm):	resolu/on	

decreases	with	thickness	d	

Energy	resolu/on	vs	bar	thickness	
Z=1, A=1,  200 MeV/u
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Landau	shape!	

Gaussian	shape!	

Energy	resolu/on	vs	bar	thickness	
Z=1, A=1,  200 MeV/u
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•  Z=1,	A=1:	σ/μ	varies	between	9%	(2	mm)	and	7%	(6	mm),	weak	dependence	on	d	
•  Z=6,	A=12:		σ/μ	varies	from	2.5%	(d=2	mm)	to	1.5%	(d=6	mm):	resolu/on	decreases	

with	thickness	d	

Plane	1	
Plane	2	
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Plane	2	
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Plane	1	
Plane	2	
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FOOT	Fluka	simula/ons	

•  Setup	
•  Results	

–  Study	as	func/on	of	Z:	
•  Fragmenta/on	probability		

–  Study	as	func/on	of	bar	thickness:	
•  Fragmenta/on	
•  Energy	resolu/on		

–  Study	as	func/on	of	energy:	
•  Fragmenta/on		
•  Energy	resolu/on		

–  2-D	plot	calorimeter	energy	vs	scin/llator	energy	
•  Plans	
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Z	 A	 E	[GeV]	 SCN	thickness	[cm]	
6	 12	 0.10	 0.3	
6	 12	 0.12	 0.3	
6	 12	 0.14	 0.3	
6	 12	 0.16	 0.3	
6	 12	 0.18	 0.3	
6	 12	 0.20	 0.3	

Z	 A	 E	[GeV]	 SCN	thickness	[cm]	
1	 1	 0.10	 0.3	
1	 1	 0.12	 0.3	
1	 1	 0.14	 0.3	
1	 1	 0.16	 0.3	
1	 1	 0.18	 0.3	
1	 1	 0.20	 0.3	

Samples	with	varying	energy	

•  1M	par/cles	shot	directly	on	scin/llator	with	fixed	
energy	and	8	different	Z-values	

•  No	detector	effects	included	for	the	moment!	

How	does	energy	influence	the	fragmenta/on	
probability	and	energy	resolu/on??	
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What	about	energy	resolu/on?		

Z=1, A=1, 3 mm bar
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100	MeV	
120	MeV	

200	MeV	160	MeV	
180	MeV	

140	MeV	

Example	1H	energy	deposits	

•  Energy	deposits	in	3	mm	bar:	between	1	and	3	MeV	
•  Landau	shape	worsens	with	increasing	energy	(decreasing	deposit)		

Landau	shape!	
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Example	12C	energy	deposits	

100	MeV/u	 120	MeV/u	

200	MeV/u	160	MeV/u	
180	MeV/u	

140	MeV/u	

•  Energy	deposits	in	3	mm	bar:	between	50	and	90	MeV	
•  Nicely	gaussian	over	whole	energy	range		

Gaussian	shape!	

Evaluate:	 •  <Edepos>:	mean	energy	deposit	in	bar	
•  FWHM	of	distribu/on	
•  Max:	value	of	maximum	probability	
•  Sigma	and	mu	of	gaussian	fit			 19	



Z=6, A=12, 3 mm bar
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Fit	with	1/β2	
	

Factor	
~12/62		

Energy	deposit	follows	Bethe	Bloch!	

Energy	deposit	vs	energy	
Z=1, A=1, 3 mm bar

0 50 100 150 200
 [MeV]kinE

0

0.5

1

1.5

2

2.5

> 
[M

eV
]

de
po

s
<E

Z=1, A=1, 3 mm bar

Z=6, A=12, 3 mm bar

0 50 100 150 200
 [MeV]kinE

0

20

40

60

80

100

> 
[M

eV
]

de
po

s
<E

Z=6, A=12, 3 mm bar

Plane	1	
Plane	2	

Plane	1	
Plane	2	

20	



Energy	deposit	in	1	bar	
E=140	MeV,	Z=1,	A=11	bar	

Fit	with	1/
β2	
	

Landau	shape!	

Gaussian	shape!	

Z=1, A=1, 3 mm bar
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Energy	resolu/on	vs	energy	

•  Z=1,	A=1:	SCN	resolu/on	defined	as	FWHM/Emax:	15-25%	
•  Z=6,	A=12:	SCN	resolu/on	defined	as	FWHM/Emax:	3-5%		
•  Rela/ve	energy	resolu/on	of	scin/llator	bar	increases	with	energy	

max	

FWHM	
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Energy	deposit	in	1	bar	
E=140	MeV,	Z=1,	A=11	bar	

Landau	shape!	

Gaussian	shape!	

•  Z=1,	A=1:	SCN	resolu/on	defined	as	sigma/mu	=	6%	(100	MeV)-8%	(200	MeV)	
•  Z=6,	A=12:	SCN	resolu/on	defined	as	sigma/mu=	1%	(100	MeV/u)-2%	(200	MeV/u)		
•  Rela/ve	energy	resolu/on	of	scin/llator	bar	increases	with	energy	

Energy	resolu/on	vs	energy	

Z=6, A=12, 3 mm bar
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FOOT	Fluka	simula/ons	

•  Introduc/on	
•  Setup	
•  Results	

–  Study	as	func/on	of	Z:	
•  Fragmenta/on	probability		

–  Study	as	func/on	of	bar	thickness:	
•  Fragmenta/on	
•  Energy	resolu/on		

–  Study	as	func/on	of	energy:	
•  Fragmenta/on		
•  Energy	resolu/on		

–  2-D	plot	calorimeter	energy	vs	scin/llator	energy	
•  Plans	
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2-D	plots	scin/llator	vs	calorimeter	

Z	 A	 E	[GeV]	 SCN	bar	thickness	[cm]	
8	 16	 0.2	 0.3	
8	 16	 0.35	 0.3	
8	 16	 0.7	 0.3	

•  5	M	par/cles	shot	on	start	counter	with	3	energies	and	
2	thicknesses	

•  Chosen	as			

Z	 A	 E	[GeV]	 SCN	bar	thickness	[cm]	
8	 16	 0.2	 0.6	
8	 16	 0.35	 0.6	
8	 16	 0.7	 0.6	

•  Need	to	check	scin/llator	bar	performance	in	
context	of	other	systems:	calorimeter	

•  Separa/on	of	different	isotopes	possible?		
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2-D	plots	scin/llator	vs	calorimeter	
•  Deposits	in	scin/llator	vs	

deposits	in	calorimeter	
•  No	detector	effects!	
•  5M	16O	nuclei	with	E=	200	

MeV	(low	stat)	
•  2	bars	3	mm	
•  Average	energy	of	2	bars	
•  Need	to	understand	the	

fragments	be:er…		
•  Cont4z	drawop/on,	z-max	

set	to	70	

E=	200	MeV	
O

N

C

B
Be?,		Li?		

H?	
He?		

Ecalo	

E s
cn
	(G

eV
)	

Ecalo	(GeV)	
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2-D	plots	scin/llator	vs	calorimeter	
E=	200	MeV	

H?	

He?		

•  Deposi/ons	in	scin/llator	
vs	deposi/ons	in	
calorimeter	

•  No	detector	effects!	
•  5M	16O	nuclei	with	E=	200	

MeV	(low	stat)	
•  2	bars	6	mm	
•  Average	energy	of	2	bars	
•  Need	to	understand	the	

fragments	be:er…		
•  Cont4z	drawop/on,z-max	

set	to	30	

O	

N

C

B
Be?,		Li?		

These	2-d	plots	are	just	visual…	need	a	be:er	way	to	
quan/fy	the	difference	between	3	and	6	mm	bars…	
Seems	that	low	Z	nuclei	profit	from	thicker	bar	(as	before!)	

E s
cn
	(G

eV
)	

Ecalo	(GeV)	
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Conclusions	

–  First	tests	performed	for	fragmenta/on	and	energy	resolu/on	as	
func/on	of		
•  Z	
•  bar	thickness:	with	6	mm	be:er	resolu/on	is	obtained,	but	more	
fragmenta/on.	More	studies	needed!	

•  Energy	
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BACKUP	
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3	mm	6	mm	

29	



•  Polyvinyltoluene		
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•  Momentum	spread	included:	
–  CNAO:	have	dP/P	
–  FLUKA:	Ekin	of	par/cle	
–  Included	dP/P	(energy	spread	in	beam)	as	func/on	of	beam	energy		

•  FWM	of	beam	
–  CNAO	beam	included:	have	FWHM	as	func/on	of	range	in	water	
–  FLUKA:	kin	energy		
–  Translate	kin	energy	into	range,	and	get	FWHM	

•  Study	energy	resolu/on	

Simula/ons	for	2	mm	
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70	MeV	 75	MeV	 80	MeV	

90	MeV	 110	MeV	 140	MeV	

170	MeV	 200	MeV	 230	MeV	

Simula/ons	for	2	mm	

maxp	
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6-9%	

Simula/ons	for	2	mm	
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Reproduc/on	Roberto	Spighi’s	plot	(1)	
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