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High efficiency 3He neutron detector TETRA for DESIR
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First trial gamha-beta-neutron experiment at ALTO

- Dmitry Testov




Goal to study
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beta-delayed neutron emission from fission products in the 132Sn region

To measure the
B -delayed neutron
emission probability
along the chains of
very  neutron-rich

Isotopes.
The effects to be
detected: possible

irregularities in the
A-dependence  of
the P Values
after crossing the
major neutron shell
of N=82.
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Neutron detectors with 3He filled counters

Zero energy threshold

Zero cross-talk

Low gamma sensitivity

Free geometry

Easy in use 3He-

detector scintillator
Neutron energy : Yes

High efficiency

Low internal background High(~30+30
Threshold 0 keV)
Cross talk Yes

3He + n = 3H + p + 780 keV
oth = 5320 barns

Efficiency 30-60% 10-30%
taitiplici Yes

Yes
(<2009)

Time scale 10 ps

Eff. 60% (0.4 — 1.5 MeV)

Preprint JINR P13-2007-154
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Calibration for average delayed neutron energy measurements
E,=400-1500 keV

1d I._. ''A540 (2005) 4 i I o L
Van de Graaff Accelerator, Charles University, Prague
Neutron flux 4
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- moderator °
- counters

Array 2: without moderator in 2 and 4 rows

Array 1: with moderator in each row

row number
row number



JINR-GANIL JINR-RIKEN Bn-experiments

Our work [6] Literature
I5B as a calibration source | !'Be as a calibration [8]
source

3INa 82+ 42 43+ 22 37 £5
¥Na 59 £17 31+ 9 24+ 7
3Na 136+ 34 72+ 18 47+ 6
2Mg 6+ 4 3+2 2.4+0.5
3Mg 50+ 18 26+ 10 17£5
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A detector for measuring the multiplicities and the angular correlation of neutrons

Number of events with two detected

neutrons (a.u.}

Efficiency strongly
depends

on energy of neutron
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Angular distribution

'\\ Y =1,06985-0,01823 X+1,01429E-4 X2

o

7 L. ¥ I * 1. F 1. *F I. 7 1T 7+ 1
20 40 60 80 100 120 140 160

Angles of divergence between
the neurtons

Nucl. Instr.& Meth. in Phys. Research A, v.400, 1997, p.96-100
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Equation y = Al*exp(-x/t1) + yO

‘g Adj.R-Squa  0,82946

Value Standard Er

g 238U y0 2,3525 0,55121
> 238U A1 27,838 1,28591
8 304 238U 1 25,103 2,4518

238
U

20 40 60 80 100 120 X

Time, us

Efficiency in the center of the detector (consists
of 60 counters placed in moderator) for single
neutrons measured (62+4)%

Life time of a neutron in the detector measured

flashes of high multiplicity. Experiment is running
for more than 43 000 hours




a

Uses of 3He detectors in different setups
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Delayed neutron emitters in the 136Sh region
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133Te 134Te 135Te 136Te
17.63 s
- :100.00 %
B-n:1.31%
9,8¢108 [1/s]
< —]
2n n
134Te 135Sh 136Sb
1.679 s 0.923 s
3-::100.00.% | | B-: 100.00 %
B-n-:22.00%:| [ B-n: 16.30 %
8,85°103[1/s]

n
136Sn
0.25s

B-:100.00 %
B-n:30.00 %
Z 9101 [1/s]

136In

[1] Nucl. Instrum. and Mety. in Phys. Res. B 204 (2003) 246—250




Neutron detector setup at ALTO
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paraffin +

polyethylene

shielding (very
" bulky)

Detector consisted of 6 groups

HP“ 15 counters each
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h_gn_timedif

Time between gamma-beta event and a "Entries 28|
neutron — Mean 108.9
RMS 74.38
1.8
1.6~
14—
1.2
1__
0.8 |
0.6 |
0.4
0.2
0 F L 1 | ! 11 L 1 il fi | | 1 L L I i ik |
0 50 100 150 200 250
MS n

1 Step.
P (136Te) (0.47+4.89)% Increase mtensﬂy
P (1%Te) 1.31 % Reduce transport time
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ALTO Neutron Detector Setup: prototype for DESIR

close to 4-11 geometry
90

@ 3cm, 3He at 7 atm
length 50 cm

polyethylene, distance between parallel faces - 5 cm.
30-60% (depends on geometry)

15-30 us (depends on geometry)



Neutron Detector Setup for schedule & cost estimates

AONRS

ETAPE 1 Tests of a detector prototype at ALTO, 20009.

ETAPE 2 Construction and manufacturing of the neutron detector for
DESIR: 1 man year, 2010.

5&1 ETAPE 3 Tests of the DESIR neutron detectors at ALTO: 0.5 man
year, 2011- 2012

ETAPE 4 Installation of DESIR detectors in the DESIR hall:
0.2 man year, 2012- 2013.

Investment:

Array of neutron counters 150 k€

Manpower cost:

TOTAL 310 k€




Neutron Detector Setup for

Risks of the project

Neutron detectors of this type have been used at GANIL and will be
tested at ALTO. We have prepared the last detector of this type for
the low background measurements of spontaneous fission in LSM
(Modane, France) in 2004. The detector for DESIR will be
constructed and manufactured with this experience.

Beam requirements

. Beam intensities: To perform the experiments described above, beam
 _ Intensities of the ions of interest of about 100 pps will be optimum.

Specific requirements

second)




Neutron Collaboration at ALTO
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