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 The concept

— diffusion of fast neutrons
— the AMANDE facility

e Hardware

— why large & thin detectors ?
— the Strasbourg/Cadarache project

* Multiple scattering

— the (possible) problem
— EUDET experiment (april 08)
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Neutrons: what for ?

« Activation studies, u-chemistry
 Rad-hardness (materials, electronics)
 Energy (ITER, spallation, nucl. waste manag?)
 Neutron imaging (low Z discrimination)
 Hadrontherapy

* Dosimetry

e Physics: baryogen, stars, cold n diffraction...

25/07/2008 D.Husson - VERTEX 2008 3



CMOQOS chips as neutron detectors

Detecting Neutrons ?
C H

2n
Secondary charged partic: /
1) dit+ o [1meV-10 keV] <

N+Li/B  —» o (+d/t) fast n
2) p (fast neutrons ~10 keV-100 MeV

Longstanding pb: n/y discrim..
mmm)> thin* detectors ARE

~100% y-transparent !

(*15 um epi Si)

low E photoelectrons < noise

{ high E photons go through.. - _J

Fast counting:
aRad chip !
~3 10° n/cm?/s

CMOS pixels

(xy resol)

rtransparent !

25/07/2008 D.Husson - VERTEX 2008 4




1)

@ pn=c.n,= 0.12 cm-l

O elastic

Kinematics I

~ 1 bn (5 MeV)

2)

E =E,.cos?(0)

@ o(E)/E, = {(c(E,)/E,)? +4.tan%(0).c4%} 12
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AMANDE faclility, Cadarache(Fr)

LMDN=Lab. Metrology and Dosimetry of Neutrons
(National Institute for Radioprotection IRSN)

7/
So

----- mr"r i sMonoenergetic fields (2 keV-20 MeV) OG’//‘/%

Metrological quality «— Reference facility

. =

High Performance Detectors !

/ 5-20 MeV:
CMOS Telescope

Strasbourg

Low E: uTPC (*He)
(Grenoble)
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AMANDE : detalls

Reactions:
Sc(p,n): 2 keV, 24 keV ™
‘Li(p,n) : 144, 250, 565 keV
3H(p,n) : 1.2, 2.5 MeV > mono-En
2H(d,n) : 2.8 ;5 MeV

3H(d,n) :14.8% ;19 MeV ~

+ adjustable diffusion angle / target : — E scan

Measured* ¢, @ d=50 cm:
- without apertures: 6500 n/cm?/s

- with apertures: 1730 n/cm?/s (+350 vy [0.3;8.46 MeV ])
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The European Reference

« PTB (Phys.-Tech. Bundesanstalt) ,
Braunschweig (Germany)
 Gaseous cell, « 0 degree »

« /) ¢ (~1% of scatters in [0:5°]...)
. ‘ If all 0 detected+measured !
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n-efficiency of CMOS pixels

(MimoV In calibrated AmBe) VZ

1.8

1.6 [—
1.4
1.2
1.0
0.8
0.6

Intrinsic Efficiency (>-<10'3}

£~1.6103p/n!

3 40 50 60 70 80 90 100 110
Distance [cm]

o

M.Trocmé, D.Husson et al. , Rad.Meas.43(2008)1100
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RPT: general outlook

E = 5-20 MeV

neutrons

_\‘_-\f\ﬁ\\» For 30 um pitch:

d~2cm Gy < 30 um/(12)Y2

) (GS )elec< 103
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Froton number
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Praton number

T,=5e+0 MeV / t,, =0500 um / N)=1e+08

=

Thick Converter

Praton kinatic energy [MaV]
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Why large CMOS ?

PTB: 9.9 10° p/n (« 0° » cell)

~——

Open the Q2!
tan(30°)=0.57 4.10*

E,=E,.cos*(0) \
c o(E,)/E, = {(c(E,)/E,)? +4.tan?(6).c%} /2

y
2% b %
L~
—q High effic
\\ 0.1% g
N diode (3 mm) AND
- energy < 5%
2Ccm
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MIMOSTARSL

AMS-035 OPTO 07/2006

Imager10u

MimoStar3

- 320 x 640 (30 um) pixels
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Why thinned CMOS ?

« Good transparency to MeV photons
 Unmeasured dEdX below 7 %

AND

e Minimize multiple scattering !
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Coulomb scattering //7

---"""'--

(62)12 ~ 20 MeVi/c.(1/pB).(z/X )2 {logl* | . /\ 3

{ Silicon: X,=9.36 cm
E.=20 MeV: pf = 200*0.2 = 40 MeV/c

Eomadyeg=sopm) | L
‘ AX = 1.A ~
) 2 cm

*after Highland

@ (« large » pixels OK)
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Highland formula: Scattering as f(E;oon)

o
o
<

theta (rad)

=
%]
&n
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0.02

IS W 0G

0.015
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n_nnﬁ 1 ! 1 1 1 | 1 1 1 | 1 1 1 | 1 II 1 | 1 1 1 3 1 1 1 | 1
0.1 0.12 0.14 0.16 0.18 0.2 0.22

beta Lorentz
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Projected proton positions vy

Pl1-+P2 @ d=1cm N C/V
(after e_Si_P1=50 um) K2
Q/}O
77
En:20 MeV bazs AT
['~10 pix=300 pm
GX~120 um * 1

|:> Ge~12 mrad 0,005

50
100

Pixey; @
Clisatjp,, N 200 &

| ! | T T T T
100 150 200 250 *MCNPX uses Urban algo:
pix —» overestimation??
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RPT agenda

1R

3 “15 '3

e 21/04/08 : « EUDET » test
4 Mimo18: p=10, 250kpix, S=0.5x0.5, e~50um
—) (analysis: track reco, c,)

e 11/2008: 3 planes MimoStar3L (p=30 um; Rad-Tol,
S=2x1 cm) + 1 PIN diode (1cm?, e=3 mm)

5 chips avall., 10 PCB (+void),acq board 4 ADC
=) to be thinned, glued .....

25/07/2008 D.Husson - VERTEX 2008 20



CsD

/"

SM

-
o
B

PC ACQUISITION

ASGLO/ASE]

o0 ©

& & 1000000+

0000000 @ o




25/07/2008

 The concept
— diffusion of fast neutrons
— the AMANDE facility

e Hardware

— why large & thin detectors ?
— the Strasbourg/Cadarache project

* Multiple scattering

— the (possible) problem
— EUDET experiment

D.Husson - VERTEX 2008

22



Cadarache, april 2008

- DH,SH, M|T+MT I\/IV EB (RaI\/ISeS
= WD,E.Corrin,D.Haas (EUDET)
P\ A.Allaoua,L.Lebreton (LMDN)




Cumulated proton events (1 day 19 MeV)

plane_0 lane 1
Entries S098TE& IP__I
E 255.5 E 257
=l 147.9 s 144.3
= _147.7 = 147.2
400 400
12
10
300 300}
200 200
100 100
aﬂ 500 uﬂ 500
x(pixeals) x(pixals)
plane_2 lane 3 plane_3
Entries 306841 IF__I Entries 239536
= Mean x  308.2 =500 e ; i Meanx 316.7
- Meany 257.B " “EL
2 RMSx  122.8 2 118.9
g |RMSy  148.2 =
400
300
200
100 1
a A 4 ! | 3
500 a 400 500
x{pixels) x{pixals)
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Natural selection....

Imarh Hdi=1 0
£

IIII|IIII|IIII|IIII|IIII|I

1F

pO/pl coincidence

IELISER oEa—
7 EI ‘ p0/pl/p2 coincidence
e .

=3 o, B
3 - “ fyg
E p0/p1/p2/p3 coincidence ‘6

N3 Vs
= = - = i T = . y’'-y



Acceptance angles

\\

25/07/2008

Geometry Detected protons
€2,,1/Q2 Np+1/Np:
0/0: 100% 0/0: 100%
1/0: 28.1 % 1/0: 21.97 %
2/1: 2.06 % 2/1: 2.95%
3/2: 1.56 % 3/2: 0.84 %
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Scattering angles

Cartesian proj: 0, , 0,

(should be independant...)
Spherical
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| event2432_1315 x | ¥/ ndf 0.2111/2
pO 1.239+ 0.004
pl 0.002526 + 0.006018

Reconstructed
proton track

X
I
(=]

=

0.8

S

0.6

\

00 \ Step 1) y?test:
N T T T T BV T T DS ST error bars include scattering

/ (6%9)2=(0X)2+(Z.G 4.1 (E))?

0.4

| event2432_1315 vy | x? [ ndf 4295/ 2
po 1.473+ 0.004 /
y 4 pl -0.02417 + 0.00602

|/ Step 2)_best initial angle:
4 onIy and 6, =Gcyos
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nt2442_xz remap |

X (mm)

Nt2442_yz remap l

y (mim)

45
4
35
3
25
2
15
1
05
0

Life can be nice...

12 ndf 0.676/2

5= po0 4864 10,020

L pl -0.1171+0.0070
py
3=
I~
1__
0_...|...|...|...|...|...|...|...|...|...|...|.

0 2 4 6 8 10 12 14 16 18 20 2

zin EUDET(mm)

149912
18652 0.020

(.126840.0070

=)

1
12 14 16 18 20 2
zin EUDET(mm)
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2vent2442_xz remap l

x (Mmm)

...0r complicated...

2vent2442_yz remap l

y (mm)

12 ndf 365.6/2
5 po 4.68+0.02
pl -0.164 £ 0.007
‘=
3—
2__
1__
0_. ] ] ] ] nflnnnlls ] ] lnnnllnnnllo,
0 2 4 6 8 10 12 14 16 18 20 2
zin EUDET(mm)
i ndf 652.7/2
15 po 3.804£0.020
‘\: pl -0.157+0.007
] v
35—
-y |
3= N
2.52—
=
155
£
05—
0:...|...|...|...|...|...|...|...|...|...|...|.
0 2 12 14 16 18
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25/0
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s [ y 0.08533 a5l -
Co.af _ : NON |
: - 20¢ 1 gaussian
o A x tails...
St 15
B gt -
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.E_
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Conclusions

e Acceptance + ¢ : OK; scattering ~high @ 14 MeV
« Found 15 events @ 5 MeV' ! (R~250 um)

* |nelastic events could be a pb @ 19 MeV
 Hardware+thinning Mimo* underway

« = 3p-RPT for Cadarache end 2008

. —> 2p-RPT for IPHC (AmBe) [5;9 MeV] 2009

Ackowledgments to Woj, Emlyn, Daniel @ EUDET
Vincent@Cadar , Mathieu, Christine@ Strasbourg !
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Effective convertor thickness

n5 MeV

C H,.:p=0.96 ; n,=8.23 10 22 H/cm?3

p+H — n+p: o (5 MeV)=1.5 bn p
) =c.n,=0.12 cm1=(1.2 103/ 10@
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10°

10

Main contamination channels (JEFF 3.1)

<€ >
----- *’si (n.p)
3 (na)
“’Al(n,p) /
— NG el
UN(ho) @ e
----- "N (n,p) ( 1(1)
— "N(na) | | AN
:i IE o L "f"l':l:' F .
----- %0 (n,a) 55 T 28Si(n,p)
' W R e
L 28Si(n, o)
L PR
""" H (n.p) N
i ~160(n,au)
el b ]
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High y-transparency
of a 10 um Si layer

102 ¢

ELECTRONS RANGE

@ neutron 14 MeV 10"k

==p proton ~10 MeV: :
dEdX= 30 keV / 10 um Si 5
Loy,

o WoF

e f

@y MeV  =p e ~1MeV A |

= MIP L

Polyelhylene
107k -=== Aluminum ~Sj

—— Lpad

dEdX = 2.4 keV / 10 um Si 3
L..(Si) =4 mm /

10-2 ] i p iyl 1 L i s ppel ] L i LijL
> 0.1 1.0 10 100
Energy [MeV]
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Gamma-transp

10

1ot staciren & 16°
— platiren &8 30°

wlacisn & 58°
— platiren &8 73 1
— lgchen & 80° e, 04

10°

Ein [kEY]
T T

10

§ -------------------------------------------------------------- % ’ i r-; «— Cut 50 keV
L \ T~
10 E_ @ = \
1 L 1 IIIIII| I 11 IIIII 1 IIIIIIII L 1 IIIIIII 1 IIIIIII | L 11111
10° 10 10 1 10 1 10°
Energy [MeV]

25/07/2008 D.Husson - VERTEX 2008 38



PCB-bonding of Mimosal8 (10 um pixels)
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Layout

MimoSTARS pixel Mimosal8 3x3 pixel cluster
(same area as M*3 single pixel)
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The DOSIPIX-N

= meV-MeV

Eneutrons

- Dosimétrie actuelle: passive ! (PN3)

- Opérationnelle? aucun systeme électronique de référence

==p Iransparencey. — CMOS >> tout autre systeme
+ Intégration 100% (*15 um epi)

e . == RarEs

ML

- Qutils: MiV puis aRad 2
+ MCNPX,GEANT IV

&

5

iy - -

- Theses: M.Trocmé, Zhang Ying

0 o e =[N

aRad
5x5mm?2, 1.2 E6 a/cm?/s
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The AlphaRad chip (IPHC, 2003)

-Syst-on-Chip

-Techno. AMS 0.6 um (epi)
-2X2.5Xx5mm

-Détection o, p, d (= n)
-Digital out (discr.)

_futilisation = 3-300 kHz
-Cons: ~10 mA

Physics Simul.:
Q,=4.10°-10° e/h

dye=80 um t_, =100 ns

coll

CAOQ:
Ctot=17pF+33pF ) IIeak=5 pA
W (Rst_TR) ~15um....

25/07/2008

e . e —— - E— —y

v-t-n S EEEEE.
- N
!
R\» 1 .
3 2

.
3
V

i
t
[ 4

D.Husson - VERTEX 2008 42



analo WD @ %

diodes g’ u |
C:)mpensatlon Tek EIXIEH Single qu 2.50M5S/s N }

: : : : : + : : : : 1®: 700my

Clk Bit_End analog_RST

=

Tek Single Seq 254;_0M5fs
E
3 !

| 1 e e e e
i

500mMVE M 20.00s Ch3 7 670MV 18 Oct 20
300mve 13:19:40

43

WM 200ns ChiF 163V 18 Oct 2005
15:30:37

25/07/2008 .. .

500mve




Cadarache, april 2008

Wy e S -f-m|f'[vr_|rr|_!!lilt!llllllm PR B

25/07/2008 D.Husson - VERTEX 2008




nierhilx_dlsl_b

Run 2450: 19 MeV

[T |

=
12000

1d000

Interhitx_dist 1

’EL

=B.053
133.6

o S E— —

400 E00
x_dEstance|pinols)

LI £l

Enaries

500

Ao

S

177EZE
=541
1rgd

]
Interhits_dist 2
=

. n n n n
1500 000
x_distance|pinels)

Ll £l

Enaries

19000

L

144800
=818
128.4

V4o JAVN NP4V V]e]

_L_
&0

U.AuUsSSUIll - VER|

1aaa

EA £ZUUO

“—Za00
3_destancolpisals)




nterhity_dist_0 L J
[dnterhity dist0 | e T

= Meam <5218
20000 RS 133.17

15000

1d000

P Y [ S E S

000
¥_dEstance|pinols)

Interhity dist 1 o 5
Entries 177026
= = Muan 1.28
= RS 164.5
s =
=
o0 =
=
B = 1 . n n n n . n n n n
B 1000 1500 000
¥_dEstance|pinols)
Interhity dist 2 LD TR L
Entries 141800
- Moan 1.727
RAES 148.8
14000
1200
10000

200
00
40
i}
& . " " "

n n n n n n n n 1
1508 K= 500 1900
¥_dEstancolpixols)

V4o JAVN NP4V V]e] U.AUSSUIl - VERTEA £ZUUD 40



	 A CMOS-based Recoil Proton Telescope for fast neutrons
	Neutrons: what for ?
	 CMOS chips as neutron detectors
	 Kinematics
	 AMANDE facility, Cadarache(Fr) 
	 AMANDE : details 
	The European Reference
	n-efficiency of CMOS pixels �(MimoV in calibrated AmBe)
	RPT: general outlook  
	Why thinned CMOS ?
	Highland formula: Scattering as f(Eproton)
	MCNPX �simulation
	RPT agenda
	Acceptance angles
	Scattering angles
	Reconstructed �proton track
	Conclusions
	…more…
	Gamma-transp
	The DOSIPIX-N 

