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PSNDetector based on '°E and gas chamber
Position-sensitive neutron detector (PSND) No3uuuMoHHO-
YYBCTBUTEJIbHbIXN HEUTPOHHLIN peTekTop (MYH]A)

PSNDs based on solid °B or *°B,C layers combined with gaseous chamber have

recently been built. The detector is also suitable for detecting fast neutrons. It
operates due to nuclear reactions: HegasHo MNMYH/[, OCHOBaHHbIN Ha TBEpPLOM
1B nnn °B,C B KOMOMHaLWK C ra3oBon Kamepon 6bin nocTpoeH. OH paboTaeT

bnarogapsa s4epHbIM peakynam
n + B -» “He + ’Li (a )andn+1°B—>4He+7L|+v(a)

IDTOT OETEeKTOpP TakxXe I'IOJJ,XOJJ,VIT ONs perncrtpaunm bbICTpbIX HENTPOHOB.
Potashev S., Drachev A., Burmistrov Yu. et al. // EPJ Web Conf. 2020. V. 231. P. 05010

lonization loss of secondary nucleous directly depends on outgoing angle and
fast (in MeV range) neutron energy. Therefore, neutron energy can be
determined from these values. MloHM3auMOHHbLIE MNOTEpW BTOPUYHOrO sA4pa
HenocpeaCcTBEHHO 3aBUCAT OT Yyrja BblJlIeTa N d3HEpPrum HemTpoHa (B MaB-HOM
OnanasoHe).
A. A. Kacnapos, C. /. MNotawes, A. A. AdpoHuH, FO. M. bBypmucTtpos, A. . ipayes. /3Bectusa PAH.
Cep.thus., 2021, T. 85, Ne 5, cTp. 694-697
Charge particle, for example, *He or ’Li nucleous can be identified and its energy is
determined on ionization loss in successive gaseous gaps. 3aps>XeHHas 4YacTuua,
HanpuMmep, a4po “He wam ’Li MOXeT mnoeHTUPUUUPOBaAHO U onpenesieHa ero
SHEPrmng rno MOHM3aUMOHHbLIM MNOTEPSM B NOC/IeA0BaTe/IbHbIX NAa30BbIX 3a30pax.

Lehraus I., Mattehewson R., Tejessy W. // NIMA. 1982. V. 196. P. 361-379
S Potashev et al // J. Phys.: Conf. Ser. 2019. V.1390 P.012120



Neutron detectin
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boron-10, 0.003 mm
0.02 mm anode, L

H H H H
.........

0.05 mm cathodes Tangsten
Renium wire grids RN RN
Gas: Ar + 25./oC02, P=1Dbar g Viid g 3‘ \5'»‘ Li
1 - 2.5-mm first gas gap RN T\ \
2 - 2.5-mm second gas gap 1 \Li

3 - 2.5-mm third gas gap

4 - 2.5-mm fourth gas gap

Nuclear reactions : oo ofoooofoeecsced

N+ 1B - *He + "Li (a,)

n+®B->*He+7Li+y (a)
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Neutron cross section and approximation
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E = 1.8 MeV, only Tonbko a,(*He+’Li) . Energy of “He is not enough for a (*He+’Li + y) 3Heprum

*He HeQOCTATOYHO A1 perucTpaunn peakuum a (*He+’Li + v)
Assume that the trigger occurs when a signal from the 4-th

N[ gap is received. In this case, energy loss of the “He
250 nucleus can be only taken into account because of ’Li
E, loss 200} contribution is negligible. Monoxwum, 4To Tpurrep
¢ spectrum ol cobbITUA NOSABNAAETCA KOr4a rnoslydyeH curHasna ot 4-oro
ol 3a30pa. NpeHebperaem BkNagom oT ’Li
in 1-st ga [ : :
9ap or Threshold of 0.1 MeV in 4th gap is set to suppress the
TR T I T BT background. NMopor no sHepruun 0.1 M3B B 4-0M 3a30pe
CnekTp a8y, Mev : :
notepb  n[ Energy loss increases and spectrum spreads versus index
SHEprum 2} of gap. MoTepun Bo3pacTaloT U CNEKTP paclumpsaeTca C
*He BO 2- .| yBesin4eHneMm Homepa 3asopa.
OM 3a30pe | — N1(a0) - -
P 150 (e Residual energy loss in 3-d and 4-th gaps can be summed.
in 2-nd gap o[ in 4-th gap Residual ionization loss in 3-d
ol i _and 4-th gap together
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-bIX 3a30p

l-stgap 1

2-nd gap

3-d gap

SS at 2.0 MeV
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so0l- E,= 2.5 MeV, a,=*He+’Li and a,=*He+’Li + vy
[ — NO(a0 & a1) i i
] Y I B Nota1) Events belonging only to the a, nuclear reaction can be
_ T e / .
300 selected by applying the lower and upper thresholds in
200l the 4th or / and other gap. CobbITus, OTHOCALMECSH
ool TOJIbKO K 11€PHON peakLmnmn a,, MOXXHO 0TobpaTh,
iy o MPUMEHSAA HUWXKHUWN U BEPXHUW NOPOrn B 4-oM n/nnau
0 02 08 1 1.2 OPYIrOM NMPOMeEXYTKE.
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-bl 3a30p

l-stgap 1

2-nd gap

3-d gap
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4-th gap

pn loss at 3 MeV

= 3 MeV, a,=*He+’Li and a,=*He+’Li + vy

ionizatio

Events belonging only to the a, nuclear reaction can be

800
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200

selected by applying the lower and upper thresholds in
the 3-d or / and 4th gap. Difference between a, and a,
energy loss is due to y-quant energy of 0.481 MeV.
CobbITNA, OTHOCALLMECA TOJIbKO K AEPHON peakummn a,
MO>XHO 0TOBpaTb, MPUMEHAS HUXKHUW N BEPXHUI NOPOrin
B 3-eM u/unun 4-omM 3a3ope. PasHjcnm mMexay notepsamu

3Heprun a, n a, obycnosrieHa sHepruen y-KBaHToB
0,481 MaB.
Non-detected residual energy loss out
of all gaps. He neTekTupyemsble
OCTaTO4YHbIE MOHN3ALNOHHbLIE
noTepun BHe BCeEX 3a30pPOB
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-bl 3a30p

l-stgap 1

2-nd gap

3-d gap

s at 4 MeV
o
v,
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1000F HR Events belonging only to the a, nuclear reaction can be
i\ selected by applying the lower and upper thresholds in
s00f P the 3-d or / and 4th gap. Difference between a, and a,
) N energy loss is due to y-quant energy of 0.481 MeV.
. AN CobbITNA, OTHOCALLMECA TOJIbKO K AEPHON peakummn a,
R A MOXXHO 0TOBpaTh, MPUMEHSASA HUXKHUIA N BEPXHUIA NOPOTK
N B 3-eM u/unun 4-omM 3a3ope. PasHjcnm mMexay notepsamu
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1000k ~~ N1(0) Non-detected residual energy loss out
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We can reconstruct energy of neutrons summing
energy losses of “He in four succesive detector
gaps. Mbl MO)XeM BOCCTaHOBUTb SHEPTUIO
HENTPOHOB, CYMMUPYS notepu sapa *He B

HeTblpeX nocsieaoBaTesibHbIX 3a30PpaxX OEeTEKTOPAa.

If take the center of loss sum distribution gravity
as the most probable value and correspond it to
given energy we get energy linear calibration.
ECnn NpUHATL LEHTP TAXKECTU pacnpenesieHuns
CYMMbl NOTEPb Kak Hanbosnee BEPOSATHYIO
BEJINYNHY N MOCTAaBUTb €e B COOTBETCTBUE C
OAaHHOWN 3Heprmen, To NoJly4aem JINMHENHYIO
KannMbpoBKY Mo SHEPrun.

Here, errors on below plot are full widths on half
of maximum (FWHM) of distributions.
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Energy loss simulation in gaps of fast neutron detector was
performed. BbINOJIHEHO MOAE/NIMPOBaHNE SHEepPreTuYeCckKnx noTepb B
3a30pax getekTopa ObICTPbIX HENTPOHOB.

Energy loss increases and spectrum spreads versus index of gap.
[loTepn BO3pacTaloT U CNEKTP pacClUNpPAeTCs C YBeNYeHnem
HOMepa 3a30pa.

Events belonging only to the a, nuclear reaction can be selected by

applying the lower and upper thresholds in the 4th or / and other
detector gap. CobbITns, OTHOCALWLMECH TOJIbKO K A0EPHON peakumnm

®,, MOXXHO 0TOOpPaTh, MPUMEHSAS HVXKHUN 1 BEPXHUIA NOpOrv ANs
CUrHana oT 4-0ro U/unn Qpyroro 3a3sopa geTekTopa.
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Experiment: neutron spectrum E_(max) = 3.3 MeV E (max) = 4.2 MeV
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