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SUGGESTIONS FOR IMPROVING THE EFFICIENCY OF GROUND-BASED
NEUTRON MONITORS FOR DETECTING SOLAR NEUTRONS

N+ IUCCTy MJPARISIy C.SIGNORINI» M.STORINI arnd G.VILLORESI
Istatuto da Fisice dello Srazio Interrlanetario del CNR
Mirartimento di Fisica - Universita’ "Lz Sarienza"
Fiarzale Aldo Moros2 -~ 0018% ROMA» ITALY

1. Introduction. On the occasion of the Jurne 3y 1982 intense
damma- raw solar flare 3 significant i1ncrease in counting rate
due to solar neutrons was observed by the neutron monitors of
Jungfrauvsoch/1/ and Lomnicks Stit/2/ located at middle lati~
tudes and high asltaitudes. In serite of a larder detector empl-
oved (12-NMé4) and of the smaller solsr zenith angles the am-
rlitude of the same event observed at Rome (see Figure 1) was
much smaller and the statistaical fluctuations of the galasctic
cosmic raw backsround higher than the ones redistered at the
two mountain stationgs because of the dreater atmosrheric de-
#th at which the Rome mormitor is located.

We will stude here the efficiencs for detecting 3 solar neutr-
on event by a8 NM-64 monittor as a3 function of the Sun =zenith
angley atmosrheric derth snd threshold rigidity of the stati-
oni sume suddestions for imrroving remarkably the detection
efficiency will he sgiven.

2. The efficiency of a standard neutron monitor for the dete-—
ction of solar neutron events. The increase Al(Xe) rroduced
be a8 solar neutron event in the neutron monitor counting rate
will derend on the amount of stmossrheric matter in the Sun’s
directiony Xe=X/co¢®r where X 1s the asctuasl atmosrheric derth
in g/em? and © the solar zenith sndle (see Figure 2). The ob-~
served relative amrlitude isAJ(XJB)/I(Xrﬁ.vt)r where the nuc-
leonic intensity backsground I(Xyﬁ.vt) is 8 function of astmos~-
#heric derthy threshold rigiditu Py and modulation level at
the observation time t.

The standard ervor & of the relative amrlitude is rroduced by
the fluctuations an the cosmic raw  background [S(XsF st) =
=M{XrFr s t)/ VICKsFr v1)  where @ 18 1n first arrroximation the
mean detected multirlicity Jy therefore will derend s8lso on
the size and ture (IGY or IQSY) of momitor emrlowed. In Fisu-
re 3 we show the exrected chandge of the relative amelitude
Al/I for a solar neutron event redgistered at the rigidity th-
reshold of Rome ( F= 6.3 GV )y as a function of X and & .
For this comrutation we used the asttenustion lengths A (X) of
the rucleonic comronent estimated by BACHELET et 81./3/ for a
modulation level TC 1033505t )=0.,9 I( 1033+0sMay 1965 ). For
the secondarwy neutrons of the solar neutron event a tentative
attenuation lendgth an 110 s/cn® was used.This value of anas
derived from the June 3y 1982 solar neutron event (see Fidure
3).The exrected change of the relstive amrlitude for a chande
AX = (X"=X') in atmosrheric derth as a function of © 1s comp-
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T Figure 3 the variation of the i1rverse of the standard er-
ror of the relative asmrlitude 1% 3lso wlotted. From this slot
we may estimate thal the value of the signal to nolse ratio
CAI/Z11e 6> 3 obtained for the Jure 3y 1982 event redistered
at Rome (€ x 20°) becemes ~14 for the same NM-64 slaced at an
intermediate allitude of 750 g/cem® . In Fidure 3 the comrutat-
one relative to © -0%are also rororted becsuse the results
obtained here for Fe= 6.3 GV can be asrelied to  anw  rididitw

threshold by simely tabing 1nto account the latitude effect
of the rnucleonie comrornent.

3. Modifications of Lhe standsrd meutron morator for imerova-
ng the efficrency of detectindg solar reulron events. The re-
lative amrlitude of the event AT/L for o diven Xs&¢t and Py

can be ancreased by decressindg the backdground cosmie raw int-
ensLbye T This could bhe dome in two different wausl (8)~ by
changing the enerdd resronse of the starndsrd meutron momitor
towards lower enerdles and ()~ bw modifuing the omnidirectai-
onae]l prorerty of the standard neutrorn monitor in order to ha-
ve Lhe maximum recronee for earticles arrroaching Lhe monitor
from the Sun direction. A simrle waw to 1ncresse the low ene-
rdy reusrronge and decrescse the cosmice raw backdround 1s suside-
sted bve the enerdy derendence of the rumber of meutrons emit-
Led bw the rmiclear disintedration in lead /747 § the number of
detected correlated meutrons (multirlicity) will be zlso fun-
ction of Lhe enerdgw of the colliding neutron 75/, It 18 exre-
cted that the secondaries rroduced by solar neutrons of ener-
gy 7 1GeV 76/ should influence mainly the intensituy I, of the
charnmel of detected multaisrlicity LF for this channel the rel-
ative amelitude of a8 soler neutron event can be estimsted ast

Al (X&) ATl (X+8)
~ cK(X) where K(X) = I(X)/L,(X) 3§
I, 00 T(X)

T (X) = 17V I, Xy = & OOLYV KXY /7 WmiX)]

The w1gnal Lo nolse ratio increases bw a3 factor m(X). VKX),
which 1o o 2 for a8 NM-64 at sea level. In Fagure 3 we show
the exrected chandge of the relative amrlitude AL/ and of ats
1704 for & solar neutron event resistered bw 8 NM-64 at 6.3
GVr 86 a8 Punction of X and & +« The attermation lendth k4(X)
of Lhe detected multirlicity 1 was teken from /7/F K(X) 1s
Pournd to increase with altitude because Ap(X) - ACX)

When only bthe events with delecled multairlicity 1 a8re redgist-
eredy 1t 1e conventent Lo increase the srobasbility of detect~
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ing the locally sroduced neutrornss this could be obtained bu
adding some BFy -~counters to the standaerd geometrw without in-
creasing the amount of lead’ for instencer 1f the detection
#robesbilite 1e ancressed by 3 factor 2y the s1gnal to noilse
ratio AL, /1, 31.67'w1ll 1ncrease bu o factor 1.5-2.0.,

Moreover the back<4round cosmic rav intensity can be lardgelw
decreaseds st least st middle letitudess bu shielding the mo-
nitor with an arerorriste structure able to reduce the fluwx
of cosmic rav rarticles which arrrosch the momitor from the
Fortion of bthe sk never scanned bw the Sum. For instance at
42N deodrarhic latitude we misht shield the monitor from ~208
to P0N. If the backsground intensity 1s reduced bw a factor~2
the sidnal to nolse rat10 increases by @ factor~l+4, This ef-
fect can be imerroved remarkably 1f the monitor 19 mounted on
8 rlatform which rotates with the Sund im this case the shie~
lding structure maw also cover the lateral sides of the moni-
tori 8 rossible deometrw of this solar neutron telescore i1s
given 1n Fidure S, Wilh this telescore the cosmic raw bhackgr-
ound can be reduced by a factor 10. In Fidure & we showy for
8 rrorer network of 9 nesr-eauatorisl solar neutron telescor-
esy locsted at mountain altituder measuring the intensity of
the detected multirlicity 1 and with inereased ( by 2  factor
2 ) probabilits of detecting the localls rroduced neutronsy
the cortour-lines of (AI4/T4).G?4r Ay 27 and 4A resrectiveluy
as 8 funclion of time (daw and hour)s the value of A diven in
Figure 6 was comruted for an event with observed relative am-
rlitude AI/ZT = 0.5 % for Fr = 6.36Vy X = 1010 s/cnd O = 20°.,
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Fidure 3! Chanses of the ob-

served relative amplitude a-
nd of the inverse of i1ts st-
andard erroryfor 3 solar ne-

utron event redistered bu a
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neuton monitor located at
Fp= 4.3 GV vs, atmosrheric
derth for different Sun zer-
1th andles (total counts re-
L] distered: full lines’ multi-
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Fidure 4! The sbsolute amelitu-
de A1 of the June 3» 1982 event
for the Junsfraudoch(Jd)s Lomni-
cky Stat(LS)» Rome(R) snd Kiel
(K) stations vs, atmosrheric d-
erth to Sun X@. The 1 are com-
ruted from the Al/I bw serrluins
the latitude and sltitude chan-
deq of I.
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