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Main objective: development of alternative technologies to replace the 3He
tubes in large-area detectors for neutron scattering applications.
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The detector concept

Stack of MWPCs with Boron-lined
“macrostructured” cathodes

Sense wire planes

Concept exploits the increase of detection
efficiency with angle
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3D regular pattern consisting of grooves that

_ can be created in the substrate material by
milling, extrusion, forming, etc.
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Model simulations

GEANT4 simulations
» Effects of the conformality of the coating

» Optimal geometry of the groove to on the detection efficiency.
maximize the detection efficiency of the t,
coated plate.
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I. Stefanescu et al., Nuclear Instruments and

Methods in Physics Research A727 (2013) 108. (coating non-uniform, realistic)



Model simulations

GARFIELD SimUIaﬁonS Positron drift lines from a wire

> Electric field inside a MWPC with
macrostructured cathodes.
> Drift lines and times for electrons.

221" Drift time =700 ns (400 ns for flat cathodes)
,I. A-C distance = 6.5 mm.

I. Stefanescu et al., Nuclear Instruments and
Methods in Physics Research A727 (2013) 109. >



Proof-of-concept measurements

First proof-of-concept measurements with a
small size test detector and grooved cathodes
made by milling and coated by magnetron
sputtering at the Univ. of Linkoping, Sweden.
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I. Stefanescu et al., Nuclear Instruments and
Methods in Physics Research A727 (2013) 109. ©
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Efficiency of stacked MWPCs

A realistic detector must incorporate several 70 —
Boron layers in order to be competitive with - A exp.[0.95 im] @ exp. [3 um]
60 um G4, 2xF e G4, 4XF
the He-3 tube. - = G4, 6xF G4, 8xF
_ 50F w— G4, 10xF e G4, 12xF
S E wnn G4, 14xF
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Detector stack used to test the efficiency of up X F =G4, 10xM -~ G4, 12xM
to 5 MWPCs (10 Boron layers). > 40
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The larger efficiency obtained with the stack with -
10 crostriictiired
macrostructured cathodes could be beneficial = ]
especially for instruments using thermal neutrons. I S S S S S SR N
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The 19B-demonstrator

5 cm x 40 cm macrostructured
plate fabricated by extrusion
(MIFA, Holland).

Design by llario Defendi, FRM2

dn

40 cm x 40 cm active area

‘ : ,.‘ 3
— Cathode panel, 48
10B,C-coated plates for the 40 cm (8 plates).

demonstrator (Univ.

14:25 1/0CT/2013

Incorporates a stack with 3 layers of

macrostructured planes (2 MWPCs) each Linkdping, Sweden).
coated with 1.4 um 1°B,C by magnetron
sputtering. Meant to answer questions concerning

upscaling and procurement of the various
Operated in a continuous flow of Ar/CO, gas. components.
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The 19B-demonstrator

Stablohm 875 (resistive) wire
@=17 um
wire pitch =5 mm

- anode - cathode distance: 7 mm

FREFEREFIEREI BRI b
72 wires/plane

each wire 40 cm long
resistance wire: ~3 kQ
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Resistive wire readout concept

A B A B Concept*:
« group the resistive wires in pairs by
taking every other wire to create 2
independent, interleaved chains (4
5 mm preamp channels, Y-position).

+ connect all wires through a resistive
chain (2 preamp channels, X-position).

*  Front-end boards, multichannel CSP
and shapers delivered by Mesytec.

*Thanks to R. Schneider, mesytec.com

'''''''''''''''''''''''''' & B (Y-pos)
'—-—I—-—a—- — -—I—-~—- - %EL* (le?pb:sI)Group

Aimed position resolution: 5 mm x 5 mm. 10
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Performance tests with a 2°2Cf source:

SOURCE

charge released in detector

Gas: 1 atm Ar-CO, 80/20
12 anode wires per counter grouped for readout

Readout with Mesytec CSPs (MPR-1), Silena amplifiers, and
commercial MCA.

n+2B - 7Lj(0.84MeV) + o (1.47MeV) +y (0.48MeV) (93%)

> 7Li (1.02MeV) + a (1.78MeV) (7%)
100 T T T Y T v T Y T v T Y T ] 104 : E
1 Charge released b i — MwPC1
. g y — HV=1680 V — MWPC2
1.47 MeV alpha g 100 i
10 .—' ]
(@]
=2 . @
S . 1 510° ;
g ] . MWPC 1 |1 8
O ] e MWPC2
1 2 .
, " 10' E
0,1-+ T T v T v T d T v T v T v 100 \ ‘
1000 1100 1200 1300 1400 1500 1600 1700 0 500 1000 1500 2000 2500

Anode voltage [V] Energy (channels) 11



SOURCE

Performance tests with collimated beam: 0 Soasaamon

position resolution

4.7 A collimated beam delivered by the TREFF
instrument @FRM2. Detector placed on a XY
moving table.

Group of 4 consecutive wires selected, 2
independent chains created by connecting each
second wire (I =80 cm).

chain

W2a W2b
Wla N »

Potograph of the 1°B-demonstrator during the
in beam tests at TREFF@FRM2 (A=4.7 A).

Mesytec CSPs + CAMDA multichannel analyzer used to
collect and analyze the signals at the ends of each

chain.

40 cm

Yoos = Wa)al (W2)at Wi o))
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Wi 2100 W' Signals readout at the end of each chain
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Position resolution: preliminary tests with 0 S

the 1B demonstrator
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Beam spot: 2 mm x 2 mm.

Charge distributed to maximum 2 wires, which
belong to different chains.

Measured FHWM ~ 4 mm along the wire.

Y Position along the wire, A+B (mm)
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Coming soon....

* Next week Mesytec will deliver the MWPC9
custom-designed frontend boards = 6
output signal channels: Y-pos. group 0, Y-
pos group 1, X-pos.

« 16-channel preamplifier (MPR-16) and Mesytec MPR-16 and shaper
shaper delivered earlier.

* Final set-up ready to be assembled at FRM2.

* Performance tests with the 2°2Cf source
planned for July at FRM2.

* In-beam tests at the TREFF instrument at
FRM2 foreseen for the upcoming reactor
cycle (starting in Fall "14).

14
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Conclusions and outlook

* We propose a concept for a neutron detector based on the 1°B-converter,
stacked MWPCs with macrostructured cathodes and resistive wire
readout.

* The concept was extensively studied in GEANT4 and GARFIELD calculations
which were validated in a several experimental campaigns with a small
area test detector.

* Design and construction of a realistic size demonstrator with 2 MWPCs (3
cathodes layers and 2 anode wire plans) almost completed. Intense testing

planned with a moderated fission source and collimated neutron beam.

* The proposed detector could be an option for instruments that require
large-area, moderate position resolution detectors.

15
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Model simulations

Possible scenarios for the conformality of the coating of a macrostructured plate

t. to
A
tside = ttop * (X/h)
teide = tiop tige = tiop * SiN(0t/2)
Y
(forming after coating) (coating after grooving, ideal) (coating after grooving, realistic)

16
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Model simulations
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Model simulations

20 =—Flat ==side=top _ .
18 : : : Calculations for 45° grooves, 2
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The 19B-demonstrator

Design by llario Defendi, FRM2




