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The	Idea
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➣ Use	5x5	pad	array	LGAD	sensor	to	map	fluence	dispersion
[pad	size	1.3x1.3	mm2 - W1	FBK	UFSD3	production]

➣ Extract	gain	layer	depletion	voltage	(VGL)	via	C-V	measurements
→ VGL can	be	measured	with	a	precision	of	± 0.1V

➣ Measure	VGL of	each	pad	when	the	sensor	is	NEW

➣ Measure	VGL of	each	pad	when	the	sensor	has	been	irradiated	to	a	fluence		
of	1.5⋅1015 neq/cm2 and	extract	the	fraction	of	gain	layer	still	active 7.7 mm
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Vertical	
uniformity

Horizontal
uniformity average:		22.30	V

sigma:								0.06	V		(0.3%)

Error	on	each	VGL data	point	=	0.5%

Column Row

Preliminary Preliminary



Irradiation	Strategy	- The	Container
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19	mm

Irradiation	container,	top	view

Sensor

Plastic
Support

Side	view
10	cm

Container	is	in	vertical	position	during	irradiation,	
parallel	to	fuel	rods



Irradiation	Strategy	- Sensor	Placement
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Irradiation	Strategy	- Support	Structure
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Samples	assembled	for	irradiation
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Container	gets	into	the	core	through	a	tube	and	it	is	in	vertical	position	during	irradiation,	parallel	with	fuel	rods
Our	samples	are	irradiated	in	channel	F19
Rotation	of	the	irradiation	container	around	the	axis	of	the	cylinder	is	not	controlled
→We		don’t	know	the	angle	during	irradiation
More	detail	of	the	reactor	in	e.g.:	[L. Snoj et al.,doi: 10.1016/j.apradiso.2011.11.042]

Photo	of	reactor	core	when	reactor	is	on	power	
(photo	taken	through	5	m	of	water	from	the	platform)

Location	of
irradiation channel	
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Vertical	
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Horizontal
uniformity average:		13.28	V

sigma:								0.08	V		(0.6%)

Error	on	each	VGL data	point	=	0.8%
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Linear	fit	to	Column	1	data
y	=	0.623	- 5⋅10-5 x



Some	Statistics
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The	maximum	(peak-to-peak)	difference	in	VGL translate	into	a
difference	in	the	received	fluence	of	the	order	of	± 10%

W1	B1	13-5 W1	B1	16-4 W1	B1	16-5 W1	B1	16-6 W1	B1	19-6 W1	B1	22-3 W1	B1	22-5 W1	B1	22-6 <ave>
average	[V] 22,38 22,13 22,17 22,30 22,36 22,15 22,25 22,23 22,25

average	-	<ave>	[V] 0,13 0,11 0,08 0,06 0,11 0,10 0,00 0,02
sigma	[V] 0,07 0,04 0,05 0,06 0,04 0,05 0,03 0,01 0,04

|difference|	[%] 0,61 0,51 0,35 0,25 0,50 0,44 0,02 0,08
average	[V] 13,06 12,87 12,45 13,28 13,99 13,17 13,99 12,24 13,13

average	-	<ave>	[V] 0,07 0,27 0,68 0,15 0,86 0,04 0,86 0,90
sigma	[V] 0,07 0,11 0,08 0,08 0,09 0,10 0,10 0,09 0,09

|difference|	[%] 0,51 2,03 5,16 1,12 6,53 0,31 6,56 6,82

1.5E15

NEW



Ratios	Converted	into	Fluence
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DF ~ ± 10%

Preliminary



Converted	into	Fluence
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Using parametrisation from
[M.Ferrero et al, doi:10.1016/j.nima.2018.11.121]

𝑁(𝛷)
𝑁(0)

= 𝑒9:,</=9->?@

The sensor orientation with respect to the flux
resulted in having two sensors almost parallel
and two sensors almost perpendicular to the
gradient of neutron flux
→We		can	appreciate	the	maximum	fluence	

variation	within	the	container	volume

Preliminary



Flux	Simulation	in	F19	Volume
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Calculated	flux	of	fast	neutrons	(En	>	100	keV)	
in	location	of	F19	in	the	reactor
Calculations	are	made	with	resolution	2x2x2	mm3

➣ horizontal	direction	is	towards	the	centre	of	the	core	
➣ factor	2	variations	peak	to	peak	in	this	volume

Calculations	are	made	using	Monte	Carlo	MCNP	
software	and	ENDF/B-VII.0	nuclear	data	libraries
For	more	details	see	[K. Ambrožič et al., 
  doi: 10.1016/j.apradiso.2017.09.022] 
 

Preliminary

(0,0,0)	coordinate	corresponds	to	the	centre of	the	reactor	core



Flux	Simulation	in	F19	Volume
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Calculated	flux	of	fast	neutrons	(En	>	100	keV)	
in	location	of	F19	in	the	reactor
Calculations	are	made	with	resolution	2x2x2	mm3

➣ horizontal	direction	is	towards	the	centre	of	the	core	
➣ factor	2	variations	peak	to	peak	in	this	volume

Calculations	are	made	using	Monte	Carlo	MCNP	
software	and	ENDF/B-VII.0	nuclear	data	libraries
For	more	details	see	[K. Ambrožič et al., 
  doi: 10.1016/j.apradiso.2017.09.022] 
 

Sensor
z	position

Preliminary

(0,0,0)	coordinate	corresponds	to	the	centre of	the	reactor	core



Radial	Flux	in	F19	
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In	F19		1	MeV	equivalent	flux:	1.54⋅1012 n/cm2/s	
→ ϕ(En >	100	keV)	=	1.71 ⋅1012 n/cm2/s

→ Radial	gradient	within	irradiation	container	of	the	order	of	± 15%	peak-to-peak	

Preliminary Preliminary

Irradiation
Container	(2	cm)

F19

Container
coordinates



Azimuthal	Flux	in	F19	

V.	Sola 36TH RD50	WORKSHOP	- CERN	ONLINE	3.6.2020 20

Gradient	much	smaller	in	azimuthal	(f)	direction

→ Azimuthal	gradient	within	irradiation	container	is	less	than	± 5%

Preliminary Preliminary

Irradiation
Container	(2	cm)

F19

Container
coordinates



2D	Flux	Simulation	at	Fixed	z
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2D	Fluence	Simulation	at	Fixed	z
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Fluence	from	Data	- Down
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Summary
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➣ LGAD	demonstrated	to	be	very	a	precise	tool	to	map	fluence	profile	at	the	JSI	TRIGA	
neutron	reactor	irradiation	facility

➣ The	variation	of	the	fluence	delivered	to	the	sample	is	larger	in	radial	than	in	azimuthal	
and	vertical	directions

➣ The	maximum	difference	in	VGL inside	the	irradiation	container	translate	to	a 		9-:.C%
E-F.:%

difference	on	the	received	fluence

➣ Monte	Carlo	based	flux	calculation	confirm	data	observation
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Thank	you
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