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The 512-channel large aperture muonm hodoscope has been diveloped
to investipate the solar-terrestrial physics in the energy region above 10 GeV. The
accuracy of the registration of cosmic rays direction is about 1-2 degrees in the
solid angle close to 2, Thr. apparatus is on-linc with the micro-computer, The

 counting rate is about 10° events per second.

The experimental setup is located at the ground I::vel and is capable of
being oriented in the Sun's direction. The 64-channecl prototype of muon
hodoscope has been tested. The obtained results demonstrated its working
abilities. At the present ime the construction of I.hr: full scale muon hodoscope is
in progress.
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The nauimn monitors a.nd muon t:Iescopcs havc mmparahvely low

. el angu]ﬂr resolution which docs -not allow to detect th:: dm:w:uon of cosmic rays

g mr.h asuﬂ'immt a;cumcy o 5 T ;

L We dnscn'bc thc sctu.p 10 . mvesugata the snlar-lmesmd phys::cs in the
Zia, "mr:rgy region above 10 GeV -including solar proton events, high energy flares,
A mtcrplmcta.ry magunhc ﬁcld prucessm:, ]ma.'[ auysotmpy m:u:l galactic point

TR BT

' 1 PHYS{GS' GDALS' ' '_
1. Suhr Ingh mergr pmtnn ﬂrcnts

i The thmret:cal models of acoeleraum u‘f pm'l:mlcs coming &mn the Sun
- predict- the poss:bmty “of e:ustenne af pmmns w:th cm:rym uP to
_m2 10‘ GeV [1]. T : , :

: 'I'hc goud anguiar remluunn of t!us hodoscmw (ahuut 5x 10" s)

: -a]lnm_ one to suppress the background by a - factor of more than 100 in

. comparison with the existing muon telescopes.. The muons are detected within the

range of zenith angles 0° < § < 90°. The effective thickness of the atmosphere is

: changing from 10 to 300 m.w.e. The Table prmntstheencrg:.r cha:aclmstms
.~ of muons and pmtnns at the d:l'ft:rcnl z:mm angje:s :

AR I‘nr examplc if the ﬂare dumhun is. 10{] seounds lheu we :an reg:sl;er the -

~ flux of high " encrgy pmtons up to Iﬂ - 10"7 s.:m'1 st in angu]nr

region 0° <8 <90, " - s T

[ T X |
L . s L s r ke iy .

_ 2 Mcchnmsms of hlgh energy ﬁares

o The up-m-date: mod:[s of SDIar pmton Hmts predmt i.hat the process of
o aoc:lcrahan ufhlgh cnr:rgy pro!ons takea a shurt time: < 10 - 10° seconds [2]. :

. Thc time mulutmn of lhc hodwcupc is abutn 107 secands which
allows one to measure the time profile of the pulse of the accclerated protons.

’ This muon hodoscope is also capable of direct neutron detection
(En > 10 GeV), produced in nuclear reactions at . proton acceleration. Such



ncutrons have to move a]cmg thc Imc between the Sun’ and the Ear!h ‘I'he
secondary muons wﬂl also be moving in this d1mchon s ity

; BE S5 Table
Zenith angle 9° 0 45 60 70 85
Effective thickness of , : '
atmosphere m.w.e) | 10 14 20 { 30 100
Encrgy of muons on the Epymin | 25 | 45 5.0 | 10.0 | 40.0
level of gencration, GeV <Ep>| 8 14 16 | 34 120 |
Encrgy of E min 4 6 8 12 40
protons, GeV : <E > | 20 30 40 60 | 200
ﬁ’;;’;::f;":_‘,‘:‘;ﬂ‘ a° 10" | 09 | 07 | 02 | 0.09 | 001

3. Processes in the interplanetary magnetic field

Shock waves expansion. The intensity of galactic cosmic ray protons,
with cncrgies E, > 10 GeV may be modulated by shock wave front. The
measurement of intensity of muons in different directions allows onc to
cstimate this effect. If the front velocity is = 10% km/s then the moduhtmn of the
muon intensity will be muwng with the vcloml'.j.r about 2° per hour.

_ ‘The space mhamngcncmr of 1n1em|anetar}: magnetic field. At quict Sun the -
investigation of anysotropy of the muon intensity from the galactic cosmic
rays in the different dircctions could give information about the
dimensions of interplanctary magnctic field. :

The estimates show that the ° maximum modulation due to the
mhomogencity with a size (0.1 - 1.0) au. concems to the region of proton
energy (5-50) GeV, that corresponds to the range of the muon hodoscope.

4. Cosmic ray interaction on the solar surface

Some estimates of the flux of neutrons and other particles that result from
collisions of high - energy Calactic cosmic rays (> 100 GeV) with the solar
atmosphcre are avallable [3]. The neutron ﬂux ma}r appear detectable by means :}f
our sclup. A ; e

‘n'._'

-

S. Geophysical effcets

Internal pravity waves. The r}sciilahnns -::-f almosphcnc density lcad to
modulation of muon intensity registered at gra:-und level. The sensibility of a
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" sctup to this  process noticeably increases if one registers muons in diffcrent
- dircctions in a wide range of zenith angles. The muon hodoscope allows one to

o eshmalc the vclou:ty, lcngth duect.mn and mphtudc of such waves,

Waw: _mnccm fmm th{: he]msmsmm The wave usm]!at:ms Gf the solar
mpgnclusphcm may causc the modulalion of galactic - cosmic prolon intensily in

_ the Earth’s direction. The good angular resolution of hodoscope provides an

opportunity to carry out the observation of this phenomena. During one year of

obm:-rvatinns in the aperture 8Q = 10" sr about 3x10® muons from galactic

prﬂiﬁﬂ-’i ma}r hc rcg::.lcrcd at the  total statistics - of mucns more
'Ihau 10%° B : RN :

2. FXPEMENTAL TLCHNIQUES
Cunsh‘uchnn nf the hndn:u.opt

The dclcm‘ur mcludcs 512 plasuc scmu!lalor cnmltr:rs Each of the cnuntcrs
represents a narrow stripe; its length is 300 cm, cross-section is 2.5 x 1.0 cm’.
The photomultipliers coupled to each stripe provide the safc registration of
relativistic muons. The diameter of the PMT input window is 25 mm. In the
worst cvent, when a muon passes 3 meters away from PMT, it produces not less
. than 10 photoclectrons, which corresponds to 100 % efficiency of the counter [4].

‘The muon hodoscope is made of four layers. Each of the layers consists
" of 128 counters. The figure 1 shows the scheme of the hodoscope. The
ncighbouring layers X, Y form the coordinate axes. The distance between the
. two pairs of layers is about 1 meter. For the safe muon registration the lead
filtet (5 cm) is uaed The filth Ia}rcr of scmt.].!alors (Z.) is addcd for a master

. formation.

“The passage of a muon through the all layers causes the signals  in four
coordinate detectors. This provides the reconstruction of the angles with the
accuracy of about 1-2° . The aperture 8Q of the elementary ccll is less
than 5 x 10" ST. ‘ - dlw 8

2. The system of on-line data processing .

- The muon hodoscope has 128 x 4 independent channels. The read-out
time of cach cvent is 32 microscconds. In order to decrease the dead time the
buffer rapid memory is used. As a result of on-line data processing the
differences of coordinates (AX, AY) arc calculated to reconstruct tne angular
characteristics  of muon trajectory. The rate of the information

. : 5 :



reception is about 10* words per second. The data are mmpr&ss’eﬂ. in urdf..r to
record on magnelic la.pr:. ‘The sch&me of the regmraunn s:,rsr.em is shomm
figure 2. : :

3. The off - linc data prnceasiﬁg

The useful information is 10° words per 24 hours. There is a necessity to
provide the geometric reconstruction, correlation and Fourier analysis, whichis =
related to the arithmetic calculations with double precision. Therefore a compulcr :
has to carry out not less than 10° of thr:se: apm‘aunns per secund. g

At -the present time 1he: syslr;m of data pm-::-ﬂsmg Isdcvtlopad and its
scheme is shown in figure 3a The, original information is prepared by
micro-computer DVK-3M (LSI-11) m uu-tme rcgu'nc and is recorded on 1hc:
magnetic tape dnvc 1ZOT 5300.01. : : :

* For off-line data processing Ihn information is’ ﬁassc-d in DVK-4M (PDP- .

11/34). The usage of this tape in a wailing regime is not reliable for the whole
year of the experiment. The reliability of another registration system and data
processing shown in  figure 3b is much better. In this system the VAX
computer with an optical disk is supposed to be used. :

4. Prototype

The 64-channel prototype of the muon hodoscopec has been made for
testing and calibrating the registration system. The prototype consists of 4 layers
of 16 scintillation counters. The axes of all counters are aligned in onc direction.
The distance between ncighbouring layers is about 10 cm. Such & geometry
provides the counting rate about 100 events/second in cosmic rays.

The time characteristics of the registration system have becn measured. The
figure 4 shows the dependence of registration efficiency on the trigger delay. The
average value of this delay is 170 mns. The triggering time is
about 70 ns. o : e T =y :

The triggering efficiency 'nf a scparate layer (E) was - tested on the -
prototype working in the regime of three-fold coincidences. The value of E is
about 96%. The distribution of the triggering frequency of separate detectors
in the four-fold regime has been measured. Figure 5 shows the distributions for
each layer. Such a configuration of the registration system provides the on-line
operation at the avcraga munung ratc up to Il’J3 cw:nljs per second with a good
cfficiency. .

6
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5. Technical characteristics of the muon hodoscope

Effective area - 9 m2,

Angular resolution 1-2°. -

Aperture of a separate ccll 5Q=5x 10" sr,
Solid angle Qiscloseto2r.
Range of zenith angles 0° < 9 <90°,
Counting rate = 10° s~

Resolution time = 107 s.

Arrival time accuracy =107 s.

. Registration cfficiency > 96%.

Accuracy of atmospheric pressure - 0.1 mm Hg.

* Operation time - 24 hours/day (over all year).

Location depth - 2 m.w.c. (Musmw)
&uuff'ng:mty 2,4 G?
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“TFig.1. General view of the hodoscope (area 3+ 3 m?). X1, Y1 - the upper ~
: (>2, Y2 - the lower) layers of scintillators (4 + 128 - of counters).
Z - the trigger layer. Pb - 5 cm lead absorber '
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Fig.2.Block - diagram of the on-linc counter experiment:
X1,Y1,X2 Y2, Z-the pulse-formers
LSI-11 - micro-computer (DVK-3M)
OR - the layers OR-s
8 - five-fold coincidence circuit
RG - input registers
CCM - complementary controller of the fast memory
CMM - memory management controller
MEM - fast memory .
CCR - the CAMAC crate controller
MTP - magnetic tape dnive
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<' ' _CAMAC-BUS

CR. CONTR.|—>

e LEI-‘:I.‘I.. :[} g -—_-D E
=

- |PoP-11/34 {[:E‘(]: KT.DRIVE

< CAMAQ_:EUS-

YaX DRIVE

CR. CONTR. >

Fig.3.Block diagram on-line and of-line of the data processing;

a - the real sheme: _
CR.CONTR - CAMAC crate-controller
LSI-11 - micro-computer (DVK-3m)

~ MT.CONTR. - magnetic tape controller

- MT.DRIVE . - magnpetic tape dnve = .
PDP-11/34 - ‘mini-computer (DVK-4M)
CR.CONTR - CAMAC crate-controller -
LSI-11 . = micro-computer (DVK-3M)

HOST COMP. - Host VAX computer ;
OPT.DISK - Optical disk (3-5 Gbt) - =

-
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Fig.5. Mcasured coordinate distribution of triggering frequency
of the separale counters on cosmic rays. X1, X2, X3, X4 -
layers of coordinate counters in the hodoscope prototype



s s em e B om ey e e B i e 6T e B e o T m—— e ———

Pyxonuce noctynuna B peuanunuuuu-uanarenhmrn ornen 07.12.93

Fenamup M. B.Manapuaa
Nuuensua NP N? 020676 . or 09.12.92r. ,
MonnucaHo B nevars 22.12.93 r. £ Mopmar 60x84 1716

. Meu.n. 0,75 Yu.-uan n.0,75 Tupax 100 3k3. 3axkas (/¢ Wan. N 028-93

Mocxostxui meeuepuo-mﬂuuemn WHCTHTYT.
Tunurpamnﬂ MMEDM 115408, Mnu-:ﬂa. Kaumpcme wocce, 31.



	image00001.jpg
	image00002.jpg
	image00003.jpg
	image00004.jpg
	image00005.jpg
	image00006.jpg
	image00007.jpg
	image00008.jpg
	image00009.jpg
	image00010.jpg
	image00011.jpg
	image00012.jpg
	image00013.jpg

