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RV placed on the value of the cross section for the reaction
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s checked with a manageable block of detector placed in the meson cave.-
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The object oi this experiment was to see if an upper limit could be .
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7 ‘I'wo observations. reported by Cowan in experiments with cosmic-ray

s 'neutrmos. ma‘y be used to estimate this cross sc:ac:t:.on.1 A diurnal effect is

i i 'reported in the counti.ng rate, suggesting that the earth is acting as an absorber

‘per bound proton !
. for the neutrino flux. This would demand a cross section of . ~107%% em®. A

valu@ of “'10"28 mz is given by an attenuation measurement in whtch the

1

_rate at the- suriace of the earth is compared w:.th the rate a known distance
‘below. If there exists such an enhancement over.the normal order of magni-

tude of the cross section for neut;rmo-induced events. it could be evidence for

4

the appearance of the resonance postulated by Kinoshxta from the intermediate-

boson hypothesis of Tanikawa and Watanahe.3 Preliminary results from the

‘ expelriment of Cowan suggested.the poaaibu;fy of such a resonance at incoming

r

neutrino energies of ~200 MeV, s

The 184-Inch Cyclotron ehould«ba 2 reasonable source of 200 MeV

1;

neutrhos (decay of a 350~MeV"pxon gwes a 2‘.04-MeV neutrino in the forward

‘direétion), A rough estimate of the neu;rlno flux indicates that limits as high

- as 10‘28 em? for the cross section for nedtrino-indu_ced-evénts can readily be

f
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In the p;res.eht experiment the @Qteétqr_wa}e a 7~iby 7~ by 3-in. sodium

- o
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‘cosmic -ray muons stopping in tho crystal was about one per mlnute It was
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iodide crystal., The signature for-the reaction under investigation was the
appearance in the detector of a muon which-regiatered through a delayed

oincxdence with its decay electron 'I‘he poaition of the crystal in the meson

. cave is shown in Fig. 1. In addition to the usual shislding in the cave, throe

feet of steel was placed between the machine and the orystal which was

surroundad on the othex !xve mdea by a l«ft layer of steel At fxrst no anti- -

coincxdence counter was uaod to veto evonts due to cosmic rays. slnce. in 2 a

4 prehmmary run away {rom the machi.ne, the delayed cotncidence rate from .

{

'

beheved that by uaing tho machino on pulsed operation (64 beam pulses per

' sec. oacﬁ “'300 p.aec in width) and gating the detector. a factor of "‘50 could

A

be gained over the cosmic~ ray background However. the rate of accidentals

proved to bo 80 great that ‘we had to abandon thls method of approach and use:

'the auxniary dee to improve the duty cycle. Under these condxtions. aome

_ 50% of the intens:.ty appears in a "beam spxke" (’“300 p.sec). but the remain-

’I

-mg intensxty is apread out uniformly in time over a "beam stretch" ("'IOmsec)
'AThere is a second but comparatively weak “beam spxke" at tho end of the

' "beam stretch "

The sodium iodide crystal was viewed by nine (6655) phototubes Essen-

.-tially. if two pulses occur in the crystal within 5 gsec, then an ‘event is

P regxstered and their time soparation measured from a photograph oi the

delay (~6 psec) with the muon pulse between them A plot of the aocumulated

" data from cosmic rays is shown in Fig. Za, mustratlng ‘the capability of the

i apparatus to detect muons. It ahould be noted that 'n .mesons would be

regxstered as muons,

¢
RN

o oscinoscope trace. " The traoe shows two electron pulses. separated by a fixed L



)

3 | UCRL-10826

During the experiment an anticoincidence counter was placed over the
sodium iodide cryétal in an effoxt to reduce the cosmicw«ray backgrouxid.
However, because of the arrangement of the heavy steel shielding, it could
: no't be placed in an optimumvposition; but'éome reduction in rate was observed.
- EXPAMMEN'I’AL RESULTS

‘Runs With No Anticomcidence Counter '

Rates of evems fox' runs ‘with no anticomcidence countez' ares .

Evants rate with 8 lo-mscc gate on the stretched beam c. 56:1:0 05/mm .

4 Events rate from cosmic rays {beam off) - - - ' 0.85&0(03/mm.
' Calculated background rate due to coamic-ray eventa ce T I

zxo 85 e o 54:!:0 C’Z/mm

during the machine run = 64X10
'Eveunts rate with an 8-msec gate on the stx‘étched beam 0.38%0.04/min
~ Calculated background rate from cosmic rays o O 43:#0 Ol/mm

The time distributicn of the de.layed coincxdences collectc,cl during, these
machme runs is shown ia I«;‘zg' Z)b Iz‘. is evxdent that the dxstnbutioa has a’
leetxme very close to that of the posxtxve muon, . but the rate of eventa is.
con.sxstcnt with that of cosm{c raye vxewed wych the' ?uty cycle of the cyclotron |
‘ iy :

The gate width was reduced from }.0 to 8 msac to avoid the aecond aplke in .

B "the mtens;tydxstribut&on of the stretched beam. 1

.

Runs With an Anticomcxdencc Counter

Rates of events for run§ with an anticoinczdence counter are.

Events rate wtth an B—msec gate on the stretched beam 0. ZO&O OZ/min _

ehdneny

‘ Events rate from cosmic rays (beam off) o 0. 30:h0 OZ/min

I Calculated background rate frcm cosmlic rays ' C 0,15#0.01/m1n.'; :
S el
The time distribution is shown in Fig. 2cs The events appear to be
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B muons, and their rate zs veally consistent with that expected fz'om cosmxc raya.’ ,
The errors quoted in all cases are from counting atatxstics only and are there- '

fore somewhat optimistic.. e ‘s"

»

Interpjetanon of Results |

Suppose we assume that some eventa are produced by the machine thh a

' l

S rate equal to (. 2! minus 0. 15) 6. OS:hO OZ/min. These events could be

. accidentals. ?r+ ‘mesons produced by neutrons. or muons produced by neutrions.

. ,,-

; The flux of neutrons in the sodium iodide crystal has not been eetimated, but

estxmatee of the accxdantal rate-and the neutrmo flux are given below.

4

The Accidental Rate

The events rate.during a run with a ‘0.5-msec: gate on the beam "spikeﬁ"

was 0.74:’:0.0?/min:. The calculated cosmic-ray background for these condi-
tions waa*only- ~0.03 events/min, g0 the accidental rate was ~0.7 gventa/min.

:If we assume that the. mtenslty of the beam in the ''spike" roughly-eqﬁals that- -

e

in the "stretch," then in going firom a 0 S»msec gate on the ' spxke to &an

&

8-msec gate on the ' stretch. the accidental rate should be. reduced by a

'factor of (16) . nglng 0. 003 eventa/min. . o o o

-,
N ]

_An Estiiﬁaié'of t'he'Neu‘t:rin'o Flux

1

The éomplicated geometry of the internal target of the cyélotron and

"the effecte of the fringe field make a simple estimate of the flux difficult. -

The 'app'roach used finally wa§ to take the lénown flux of high-energy %~ mesons

“in the meson cave and assume‘the.follo'wlingzb

a. The transmission efficiency of the magnet system after the internal

quédrupble' wae unity, i.e. -.' the flux in the cave gave the number of pions of
o .t

i
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" . conditions for .accepting neutrinos are not as stringent as those for muons, .

',;where the momentum requirements of the beam must be satisfied. b

‘ experiment suggests that d is lesa than 4X 10 sz,per bound proton.

“5e UCRL-~10826
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a given energy enterihg a khown‘:sclid_ angle (60% of the aperture of the internal

i

quadrupole)
b.. The percentage contaminatxon of muons In the beam was used to give a

measure of the fra.ction of pions that would give neutrinos 1nto an acceptable

solid angle,

L

{ The n~ fluxes and muon contaminations. used in thia work are 310 MeV, 4.5%

‘muonsi 374, 417, and 454 MeV, 5% muOns:z and 250 MeV, 8% muone; “The

estzmated flux of neutrinoe with energy greater than 180 MeV entermg the sohd_-“

" angle of the sodium iodide_crystal is "4X103/sec. This estirx;ate is believed .

to be accurate to about a factor of 2, and is pﬁrposely conservative since the

o

'
N

A Fstivnate of Posaible Limits. on the. Cross Sectzon and Boson. Mass .
: The result of the present expeximent may be interpreted in terms of an
upper limit on the value of the cross section for neutrmo mduced events. ora

lower llmit on the mass of the intermedlate boson If we assume that the events

4

ra’re of 0. Ob:t- 0. Oa/mm 18 difierent from’ zero and due to nuutcmo induced events,

then we can estimate these limits. . .

" The number of events expected in the'_ﬁ-in. ~thick sodium iodide crystal
* N .‘ . . '_ ’l ' N “
is

23

(4.3X10% X flux/sec X ) per min.

No-aftempt has been made to Correct for inefficiencies in the detection system

_' (fox; instance. a 5-usec gate was used to'look for decaying muons), since these

errors ?.re negligxble compared with that introduced in the neutrmo flux. The
«32

Sl . Lo - : . i
N . . . . .
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N .'_'_'neutrinos with a broad band of energies can react w:eh the resonant cross R
‘aection £or a given boson mase. Therefore the effective cross sectzon.’ O‘e, xa

e given by the cross section at reaonance. R reduced by a factor. R./AE‘ - #

: neutrino energies.

L attained but only a emau fractxon of the protons can partxcipate, 80 the rate

' of events falls off rapidly. L

“6- 'UCRL«-I'O&ZG'_'_-

The hmit on the boson mass may be placem by a method of aualysis 15.ke ,

| that uasd by Kmoahlta. Because of the motion of the protons in the nucleus, -

[

;. where I"R is the width of the reaonance, and AE the width of the band of -

LY
. . . '
3 . ' Lo ’ .

Figure 3 shows a plot of the expected events rate, £oz‘ different masses of

'the mtermechate boaon. The end pomt of the neutrino spectrum fx'om the 184-in.

oo

f cyclotron xs ""250 MeV, . and neutnnos with this energy in collxsion with a

' stationary proton would produce a boson of mass. equal to 2.270 me. H_oweve;:,' -

.}-_‘:.

. with the momentum dis‘tﬂbution in the nucleus. higher boson masses may bé‘f'

I

Because of the low energy.of the neutrinos prddn'cé'd at t:he‘184~'-in._ .cy[clotr:on.'. ‘

" only a rather conservative limit of 2130 m, can be placed on the mass of the

intermediate boson.

s
)
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FIGURE LEGENDS

R Fig. 1. . Geometncal arrangement of sodium iodide crystal with respect to

the 184~Inch Cyclotron target. .

E Fig. 2. Time diatributions of events in the sodium iodide crystal.

(a)_ Cosmic-ray muon data.
(b)' machine on, no doamic—ray anticoincidence;

(c) machine on, cosm1c~ray anticoincidence.

Eig. 3. Expected events rate in sodlum iodide crystal for different values ofv :

the intermediate boson mass. Here A(0.05%0,02) is the.point from the.

‘ present experiment if (beam—minus-cosmic-ray background) gives the o

1

neut.rinofindt_xced events. Errore are from counting statiatics only
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Neutrino energy to produce 'bosqn mass (MeV) .
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