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SILICON STRIP-DETECTOR WITH A POLYETHYLENE CONVERTER
AS A POSITION SENSITIVE DETECTOR FOR A NARROW BEAM OF FAST NEUTRONS

I. E. Anokhin, O.S. Zinets
Institute for Nuclear Research, National Academ@agénces of Ukraine, Kyiv

The possibility of using the silicon strip-detectarated with a polyethylene film for the coordindttermination of
fast neutrons has been discussed. The accurabg €dst neutron coordinate determination is depanae peculiarities
of the interaction of neutrons with polyethylenalahe accuracy of the registration of the recodtpns produced by
fast neutrons in a polyethylene film, i.e. energaesl angular distributions of the recoil protons @haracteristics of
tracks produced in the detector. The average chaiigcted on strips as a function of coordinatesmcident neutrons
has been calculated. It is shown that the most itapbfor the best charge collection and accurdahe coordinate
determination is the choice of the interstrip dis& The other factors influencing on the coordirddtermination (the
distribution of the electrical field in the detectdhe ratio of the track length to the interstdistance) have been
discussed.

Keywords position sensitive particle detectors, neutrotecters.

1. Introduction example, a polyethylene film can be used as a
converter for generation of recoil protons. For

neutrons into charge particles can be used asameutpstimated using the next expression

position  sensitive  detectors.  Semiconductor
detectors with converters for detection of neutrons F~o,IN I,
were investigated in a number of papers. They were

used for the neutron spectroscopy [1], as thghere o, is the neutron elastic scattering cross-

position sensitive neutron detectors [2], fo%ection N is the proton concentration in
investigations of thermal neutron fluxes [3, 4]r fo P

the neutron radiography [5, 6]. polyethylene (N, =0.801G°cm® for polyethylene
The neutron detection efficiency determinegyith the densityp = 0.93g/cnt), d is the converter

mainly by the efficiency of the conversion of the{hickness(d <R_), where R _ is the maximum
neutron radiation into charge particles or other T ax

ionization radiation. Relatively high efficiency ~3 range of the recoil protonsy(,, =20pm for 1 MeV

4 % for the thermal neutrons detection can be nbtaieutrons andR ., =137um for 3 MeV neutrons).
using for the neutron conversion the next nucledhe cross-section of the neutron elastic scattering
reactions with high cross-section of the thermahe polyethylene is from 4 to 1 barn in the ranfe o

neutrons absorption: the neutron energy from 1 to 3 MeV respectively.
o - ; For polyethylene films with thicknesses equal te th

Li+n - a+°H, maximum proton range one can obtain efficiencies

“B+n- a+Li, 0.064 and 0.22 % for 1 MeV and 3 MeV neutrons

“Cd+ n - ™Cd+ y+ convertion electror, respectively. Thus polyethylene converters suitable

for using for fast neutron detections along with
157 158 _ converters based on using nuclear reactions for
Gd+n- ™Gd+y+ convertion electror. producing secondary charged particles.
o The objective of the present work is the
Such converters are well studied in a number @fjgeration of the possibility of the coordinate
papers [2 - 7]. determination of a narrow beam of fast neutrons
However, for fast neutrons>({ MeV) the qjng 5 polyethylene film as a convertor and stri
efficiency of using such converters significantlyyeector for the registration of recoil protons.ush
decreases due to the decreasing neutron captyfgre are two parts of the problem. The first jigrt
cross-section. For instance, in [5, 6] for pixey,q getermination of characteristics of recoil prat
detectors with a°Li(n, a)'H converter it was ponetrated into the strip-detector. It is well kmow
obtained the efficiency ~3 % for thermal nGUtronEroblem considered in a number of papers [1 - 4, 6]

and ~0.02 % for 4 MeV neutrons. At the same tiMgys second part is extracting the information about
with increasing of the neutron energies the dedacti,.ijent neutron coordinates from the data of
of recoil protons becomes more efficient. For

%Gd + n - ™°Gd+ y+ convertion electror,

220 SJAEPHA ®I3MKA TA EHEPTETHMKA T.10,Ne2 2009



SILICON STRIP-DETECTOR WITH A POLYETHYLENE CONVERTHE

responses of the strip-detector on penetrated lreomhere E, is the energy of the incident neutron and
protons. The problem of registration of short rangg s the angle between pulses of the incident
charge particles was studied in papers [8 - 11].  peytron and the recoil proton. For the maximum

In the present paper the processes ificiency the film thickness should not exceed the

polyethylene films are considered in Section 2 and,yimum proton range in polyethylenB_ (E,).
the coordinate determination of recoil proton tsack P

and the accuracy of the neutron coordinat-g_he energy of the proton penetrating into deteistor

determination is consider in Section 3. given by
2. Neutron to recoil protons conversion E,.= Ep_AEp[ h j )
in polyethylene film cosd

The most of neutron detectors are based &yhere AE, is the proton energy loss in
conversion of the neutron flux into charge parscle polyethylene.
We consider the neutron-proton elastic scatter;ig a The proton range in polyethylene can be
a mechanism of the energy transferring from a fagpproximated by the empirical expression [1]
neutron to a proton. Polyethylene is used oftea as
hydrogen containing material. B E, g
The possibility of the neutron coordinate R=R MeV | (3)
determination and the registration efficiency are
determined by the processes of the recoil protaith parametersR, = 20um, S=1.75.
generation in polyethylene and the coordinate cqnsideration of the neutron conversion in a film
determination of the track of the recoil protonycoumes that a) the neutron beam incident on
incident on the silicon strip-detector. _ detector is monoenergetic; b) only single (n-p)
Fig. 1 shows the principle of the coordinatgjjision take places in polyethylene; c) the film
determination. Recoil protons entering into th@str ihickness is equal to the maximum recoil proton
detector are generated in a polyethylene film #p)n rangeR _ .
collisions. These protons create electron-holespair Th o q ited into the strio-detector f
Analysis of the charge collected on strips alloaws t . € energy deposited Into the strip-cetector from
obtain information about the coordinate of th single event (rec_:0|l proton gengrated at the tpoin
incident neutron. and the scattering anglé) E, is equal to the
energy of recoil proton penetrated into detectgy.

n is determined by the energy lost at the range
lyethyleneyFilm R, —h/cog(#) (see Fig. 1). Using (1) and (3) one
can obtain
i , i+1
h B
E, =| (E,cog 8)’ - MeV. (4
' ((En ) (ROCO%,B (@)
/s
o/ n-Si This energy determines the proton track length

— - lelecton-holepairs__——————— anq orientation and hence the distribution of the
/\_////_\ charge in the strip-detector. The dependencé& of

versush and @ is shown in the Fig. 2.

From the conditionE, =0 one can obtain the
dependence of the maximum angle of scattering
Fig. 1. Principle of the coordinate determinatidnfast when recoil proton can reach the detector on the

neutrons using a polyethylene film for generatiérthe N€utron energy and the point of the (n-p) scatgerin
recoil protons.

The recoil proton energy in polyethylene is given cos@,., )= (Lﬂjml . (5)
by R E/
E,=E, cos @ , (1) Points of entering recoil protons into the strip-

detector create “spot” on the strip-detector sw@fac
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with the radius x, =hsin(6,,). Taking the evolution ofa track[12, 13]:

thickness of the polyethylene film equal to the a) generation of the primary excitation region

with the radius r~100 A and the characteristic time

maximum proton rang® . = R E¥ one can obtain 10" s
1 b) thermalisation and creation of the plasma
[ h track with r~1 pm, t~1%'s;
cos@ )_(RoEfJ : ©) "¢y drift and diffusion (the dividing and

collecting charges on strips) r~6 um, t210

E;[MeV] The peculiarities of collection of short-range
particles in strip-detectors were discussed in [10,
11].

The track length in silicon can be approximated
by the same form as for the polyethylene

A
j : (7

where R, 5, are the empirical parameters for
silicon. Approximation of proton range data from
PSTAR Databases [14] give® =15.5um and
B, =1.63 for proton energy from 0.1 MeV to
4 MeV.

Fig. 2. Deposited energy as a fun.ction of the pofrthe Fig. 4 shows the track distribution in silicon from
neutron-proton scatteringh and the angle of the (N-P) collisions at differenth in the planey=0.
scatteringé . Length of a track is given by

(O =1,(Ey) = RtﬁME;V

Fig. 3hshows the depe;dencg c;]f the_sphot rfadius h ( : )ﬂ h BB
X, on the neutron energf, and the pointh o [(h,8)= + co - .
(n-p) scattering. o) cos@) R{ R oos 6) Ry 005(9)}

Xorl Rimax (8)
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Fig. 3. The spot radius versus the point of (nea}tering.

The maximum radius of spot s
Rspot = )d;ﬁx = 0'3037Rmax ath e — ().568].':'{”‘,:‘>< . 05t

3. Neutron coordinate deter mination

Coordinates of incident neutrons can be

determined from measurements of charges collected -04 -02 00 0z 04

n adjacent strips from recoil proton tracks. , o HBmax
° jacent strips € pro S Fig. 4. The track distribution in silicon from ()-p
A. Proton tracksin strip-detector collisions at different pointé .

A recoil proton creates a track of ionization in Fig. 5 presents a 3D picture of the tracks in
silicon. There are the following stages in theilicon.
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a(pl,)=f(pL)ad,), 9)

where fi(f), I;) is the response (charge collection)

function of the strip-detector. This response figrct
depends on the detector design (the strip widéh, th
interstrip distance, the electrical field distrilount
etc.).

Its impossible to determine the neutron
coordinate by the registration of single tracks
because in each collision different tracks can be

generated with the probabilitg(, 1, (h,8)).
To obtain from the experiment the information
about the point of the neutron incidencg the

average charge collected orthi-strip from many
tracks should be measured.

Yy B. Chargecollection on strips

Fig. 5. 3D region of proton tracks in silicon stdptector. The average charge collected ath strip can be

Geometry of the single track registration idVritten inthe form
illustrated in Fig. 6.
— 1 R OmadD)
QOp) = [, dhf " wo, L(ho)) x
(10)

x [ a(1,(h.8)) f,(p., (,6,¢)) sin@ )Xo dp

This integral depends on the coordinate of an

incident neutronx, becauseb: f:)()g, hé,9). The
total average charge deposited in detector is given
by

Q=["dn[ ™" W@, |,(h8)) ¢ |,(h6))sin@) .

0 0
Fig. 6. Geometry of the coordinate determination (11)

of the recoil proton.

The integral response function of the detector is

Q(%)/ Q= F(x) which depends on the detector
design, the interstrip distance, the strip widtie t
electrical field distribution.

. To illustrate behavior of the response function
p={x, +hdan@)cosp )hdtarf )sinf )} is the we assume that the collection of charges on adjacen
entrance proton point, wherg is the azimuth strips depends on the position of tracks relativiety
angle: plane x =0 (Fig. 7).

I, ={1,(6n),6.n} determines the length and the L&t A(%1;) be the charge density in a proton
track in silicon. Then the total charge in the krésc

Charge generated by the proton with enekyy
in silicon is q=E,/E, where E is the average
energy of the e-h pair creation ~3.6 £ 0.3 eV.

Track characteristics are the following:

orientation of the proton track in silicon. Thenefo

|, determines the track charge distribution in the q(fp) :J'p(xo,fp)d?_ (12)

detector and thus charge dividing and collecting on i

strips. o _
Charge collected from a single track ot istrip The charge collected orth-strip from a track is

is given by
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Ty — U — ; detector. The most important for the best charge
qi(|p)—IU(X),O(Xm|p)dr_x.[0'0(xﬂ'|r’)dx’ 33 collection is the choice of the interstrip distance

o Analysis of (14) as a function of the neutron
coordinate x, allows to estimate the accuracy

where g(x) :{O x<0 is the step function. (uncertainty in the determination of the coordinate

X2 of the incident neutron with respect to the cewfer
the interstrip distance) and limitation of the
coordinate determination and can be carried out onl
numerically in each concrete case.

C. Accuracy of the neutron
coor dinate deter mination

From above some conclusions about choice of
the optimal detector geometry can be made. Our
consideration supposes that neutron beam is inciden
between strips and all tracks from the spot are

T 1] ¥ \| ] > polle_cted on adjapent strips._ The position _resomti
. . in this case is mainly determined by spot size.dden
) ) the interstrip distancel should be of the order of

Y. the spot sized = R ;. At |X, B R, all tracks are

2 il el
>

collected on one strip. The strip widtln must be of
the order of the spot radius as well as interstrip

In this case the charge collection function for distanced . So the pitch widthd + w must be of the
track is given by order of the maximum diameter of the sp®, 2 .

0 p, <0,6<0 Because of difficulties of the calculation of the
f(p1,) = f06.0,)=11 0. >0@8>0 esonse function the information aboxj in the

interval are indefinite. Thus in the case
O<fi<:|' |px|<xma>< |X0|<.|1p0t .
when the radius of a neutron beam is smaller than
The response function in the interja, k x,  the spot size the neutron coordinate can be

can be calculated only numerically in each concref¢termined with the accuracy of order of the spot
case for the specific strip-detector design. radius R, =0.3037R,,. For example, for 1 MeV
The total average charge collected from all tfaC'ﬁeutronsRmax =20pum and the accuracy is 6 pm, for

on ith strip is the sum of collected charges from a% MeV neutronsR . =67um and the accuracy is
individual tracks o

Fig. 7. Schematic view of tracks division betwe#rips.

20 pm.
- _ s Calculations of the total charge deposited into
Qi(Xo)—lzC]()%, b)= the strip-detector using (11) show that the tracks
’ o with angles @ less than 36° give 80 % of the
=ZIW(«9,|F,)0'(X),0(XO,|p)dI’= (14) contribution into the charge distribution. The
lP

entrance points of recoil proton tracks are
_ - - - - distributed inhomogeneous along the spot radius.
—_[Ptot(XoJ)U(X)d r= I Pa(%, 1) T, The central region of the spot gives the main
>0 . . . ~
" contribution into the total charg&®). For more

where o, = > (8| )p(xo,lﬁ) is the sum of the realistic estimation of the accuracy of the neutron
“ T P i coordinate the diffusion broadening of the tracks

charge densities of individual tracks. should be considered.

Thusai is the part of the total deposited charge The diffusion broadening of a tradk,, can be
neglected when its value is less than the maximum

on the right hand side from the plare=0. The Q spot radiushy, << R,,. The diffusion broadening

is a complicated function of the film thicknesse th

neutron energyE, and characteristics of the strip-an be estimated as
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I JUZ (le d J“Z neutron coordinate is determined by the center of
p
~ — , (15)

B ~ v/ Dplanin ~(Dp - weight of collected charges on different strips.

H.E eV,

depl .
4. Conclusions

where D_ is the hole diffusion coefficientr,.. is N : o
P Fain The possibility of the coordinate determination

the Charge collection time (the drift t|mqyp is the of a narrow beam of fast neutrons using a p0|y_
hole mobility; E is the average electric field in the€thylene film as a neutron converter and the silico
detector; k is the Boltzmann constantT is Strip-detector has been shown.

temperature;e is the electron chargey, , is the Measurements of average collected charges on
P the detector strips allow obtaining information abo

applied voltage (we suppose it equal to the full,e incidence point of neutrons between strips.
depletion voltage). The full depletion voltage is Tpe accuracy of the coordinate determination

given by [12]V,,, 0d*/(2euLp). For a typical depends on the distribution of the proton tracks in

strip-detector withd = 300um and p =1 kOhm-cm the volume of the silicon strip-detector and the
one can obtainV,  ~300V. Thus we have relation between ranges of recoil protons and the
ep! interstrip distance. Estimations give the accuraicy
bys ~1pm for the 1 MeV proton. As we can see theye order of~ 0.3R__, where R _ is the maximum

condition by, << R, is fulfilled in this case. recoil proton range in polyethylene when interstrip
In the case wherd << R, the charges of the distance is order of the spot radius.

track will be shared between many strips. The
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KPEMHIEBUI CTPIN-JIETEKTOP 3 MOJIETUJIEHOBUM KOHBEPTOPOM
SIK MO3ULIVMHO YYTJIUBUN JETEKTOP
JJISI BY3bKOI'O IMYUKA ILIBUJKUX HEWTPOHIB

I. €. Anoxin, O. C. 3inenn

Po3riasiHyTO MOXJIMBICTD BUKOPUCTAHHSI KPEMHIEBOTO CTPIN-IETEKTOPA 3 IOJIIETHIICHOBOIO IITIBKOIO JUISi BU3HAUCHHS
KOOpJHMHAT MIBUAKAX HEWTPOHIB. TOUYHICTH BU3HAYCHHS KOOPAMHAT LIBHIKHX HEHTPOHIB 3aJIe)KUTH BiJ 0cOOIMBOCTEH
B3a€MOJIii HEWTPOHIB 3 IOJIETHJICHOM, a TaKOX BiJI TOYHOCTI peecTpauii B CTpil-IeTEKTOpi NPOTOHIB Bianadyi, 1o
YTBOPIOIOTHCSI BHACIINOK IIPYXKHOTO PO3CISSHHS HEHTPOHIB y mojieTwiaeHi. TakuM YHHOM, TOYHICTh BHU3HAYAETHCS
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EHEPrisMU Ta KyTOBUM PO3IOJAUJIOM MPOTOHIB BiJifjadi Ta XapaKTEPUCTHKAMH TPEKiB, 110 YTBOPIOIOTHCS B JETEKTOPI.
Po3paxoBaHO 3alleXKHICTh CEPEAHBOTO 3apsmy, 3i0paHOTO Ha CMYXKIl, BiJ KOOpAWHATH HeWTpoHa. [lokazaHo, 110
HAHOUTBII BaKJIIMBHUM JUISI TOYHOCTI BH3HAUEHHS KOOPAMHAT € BHOIp Bimmasli MiX CMyXKamH. PO3IIISIHYTO BIUTUB Ha
TOYHICTh BU3HAUCHHS KOOPJIUHAT 1HIMUX (PAKTOPiB, TAKWX SIK PO3MOALT EICKTPUIHOTO OIS B JIETEKTOPI Ta BiIHOIICHHS
JIOBXHHU TPEKY JI0 BiJICTaHI MiXkK CMY>KKaMH.

Knouogi crosa: NO3UIIHO YyTIUBUI TETEKTOP, NETEKTOP HEUTPOHIB.

KPEMHUEBBII CTPUI-JIETEKTOP C MOJMITUJIEHOBBIM KOHBEPTOPOM
KAK IO3UIIMOHHO YYBCTBUTEJILHBIN JETEKTOP
JIUISA Y3KOT'O MYYKA BBICTPBIX HEMTPOHOB

H. E. Anoxun, O. C. 3unen

PaCCMOTpeHa BO3MOXXHOCTb HCIIOJIb30BAHHSA KPEMHHUEBOTO CTPHUII-ACTCKTOpPpA C MOJUATUIICHOBOM IUICHKOM JJIsL
OIpPCACIICHUA KOOPAUHAT 6I)ICTpLIX HeﬁTpOHOB. TouHOCTB OIIpEAC/ICHNUA KOOpAUHAT 6I>ICTpI)IX HeﬁTpOHOB 3aBUCHUT OT
0oco0eHHOCTEH BSaHMOHCﬁCTBHﬂ HeﬁTpOHOB C MOJIMBTUJICHOM, a TAKXKEC OT TOUYHOCTU PETUCTPALUNU B CTPUII-ACTECKTOPE
IMpOTOHOB OTAa4u, KOTOPLIC 06p330BaJ'II/ICL BCJICACTBUC YHPYIroro pacCcesaHust HeﬁTpOHOB B moymdTHICHEe. Takum
06pa30M, TOYHOCTL OIIPCACIACTCA SHCPTUSAMHU U YIJIOBBIM PACIIPECACICHUEM MPOTOHOB OTAAYU U XAPAKTCPUCTUKAMU
TPCKOB, KOTOPLIC 06pa3yIOTC$I B ICTCKTOPC. Paccunrana 3aBHCUMOCTB cpeaHero 3apsnaa, C06paHHOF0 Ha II0JIOCKE, OT
KOOPAUHATHI MaJarouiero HeﬁTpOHa. HOKaSaHO, YTO HanOOJIee BAXKHBIM JJIA TOYHOCTHU OIIPEAC/ICHHUA KOOPAUHAT €CTh
BLI60p pacCTosiHUA MCEXKAY MNOJIOCKaMU. PaCCMOTpeHO BJIMAHUEC HA TOYHOCTL OHNPCACICHUSA KOOPAUHAT APYTIuUx
q)aKTOpOB, TAaKUX KaK pacrnpeaciCHUC JICKTPUYCCKOI'0 IO B ACTCKTOPEC MU OTHOLICHHUEC MJIWHBI TPEKAa K PACCTOAHUIO
MCIKAY MMOJIOCKaMHU.

Knroueswie cnosa. IMO3UIIMOHHO ‘-IyBCTBPITeHLHLIﬁ JACTCKTOP, ACTCKTOP HeﬁTpOHOB.
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