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s+ Search for Lepton-Pair Decays of Mesonic Resonances
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- In this letter we report a search for lepton pairs originating from

PN

i+ * mesonic resonances in the reaction K +p =+ A + 2 prongs, The motivations
5 g " for the experiment were (a) a test for Ne'eman's proposal for a new vector

- field possibly associated with the 4 meson, i (b) a test for the quantum elec-

Pt " trodynamic description of the muon, 2 (c) a systematic search for undiscovered
meson resonances with a major decay mode into lepton pairs, No unambiguous

evidence is obtained in this experiment for lepton pairs, enabling us thereby

to exclude the ¢ as a candidate for Neleman's ﬁeld and also extend the quantum- .

" electrodynamic description of the muon to another class of experiments.

’

The experiment was performed with 2,45-,2.6-, and 2 7-BeV/o K™ in
the Lawrence Radiation Laboratory s 72-in, hydrogen bubble chamber, Ina '
measured sample of 23,500 V 2-prong events, 417,800 of the V's were found

to fit A« pr ., In bubble-chaxnber kinematic analyses, one usually assumes

-

o that the charged tracks at the mtera.ctmn ‘vertex are pions or kaons, and 1ndeed

. of these, 2160 fitted A1r m With x < 24 for this 4- constraxnt fit, i Most of -
MR the remainder fitted either A-rr LK A1r T MM (where MM, the mmsmg mass,
Ca e . . / K|

. _ is-greater than n°), or AK+K- However 1510 events fitted none of these re-_

actions, Among this last group, one would expect to find cand1dates* for the

‘reaction K +p -A + Z + 4 where £ is a lepton, i e,, either a muon or

. ' R '
. " . . .- U L S
» ‘ ° " LN ¢

electron.
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: the expected xz distribution for .a 4-constraint fit, This condition merely

- . permits us to deal with an enriched sample of/possible candidates for lepton

-2- _ UCRL- 11891
Eventa fitting A-rr 7 and the 1510 events that did not f1t any reactmn '
were sub_;ected agam to a computer fit assuming that the two tracks at the

productxon vertex were muons or electrons, The results were:. (a) Some

events that had previously fitted A1r+1r' now also fitted A2+£-. We éonsidere'dv,, ‘

-
them as lepton-pair candidates if the confidence level of the fit to A£+2‘ was ’

three times greater than for ArTw.3 (b) For those events with no previous
fit,. some noi.w fitted AZ+Z- with x2< 24, TableI summarizes the fesults of :
these fits, For those events fitting both'Ap.+p,- and Ae+e- we have chosen the . .
hypothesis with the higher confidence level, After the first measurement we

are left with 75 candidates for Aptp” and 24 for Aete”, In this manner,

starting from 17,800 events, we obtain an enriched sample of possible lepton

1

pairs upon which we perform other studies, . '
Let us first investigate the _xz distribution fc;r the fits to AZ+2.. for

type (a) events, that also fit A1r+1r‘. This is shown in f‘ig. ia for A|.L+p.7 and

in 41b for Ae+e',' where we pllof xz for Aw+v- vs xz for A,e+£‘. “The solid

curves represent different ratios of confidence level based on the fit to the two .

hypotheses, The lined: areas in the projections: refer: to events that did not

fit A£+£- with xz < 24; the shaded area in the other axe:s refers to events with

C 2+ 2" > 3C1r+~n'-. It is clear from the distribution of points that the intrinsic

uncertainties on each event are such that there .cani be no clean separation of ..

lepton pairs, The e.irents with CE+£' >3C 1r+1r- are entirely consistent with

pairs,

The conchtion Cz‘“z‘ > 3C t oo a.lso/rejects possible lepton-pair events .-

for which we must apply a correction for la.ter evaluation of branching ratios,

-
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d _ ... " We can estnnate this correctmn by assummg the x dlstnbutxon for the true o
ot L . . I X

) Coagt £ ~events to be the same as for true An'n" where we have an expenmental

. yalue, and that the dxst_nbutmn for the wrong hypothesis_m the same in ‘e1ther' o =

N caee. This estimate indicates that 65% of the A;f+u- and 82% of the Ae’e”

. R T o

: "’-“‘are exammed under the imposed conditions, This fraction f is‘re'ported in "

“ the 1ast COIumn of Table I From Fig. 1 it is ev1dent that had we set a h1gher e

‘:ratm for the conﬁdence levels, f ‘would be smaller. . E ' o

‘To test the val1d1ty of this selection cr1ter1a we made a Monte Carlo

. “'~':.'vi-‘”ca1culat1on, usmg the program FAKE4 to generate events in the 72-1n. bubble
chamber, - A sample of ﬁct1t1ous‘ Arnte™ events’was generated takmg into - |

account the known production ratee and angular distributions of p® and Z-h( 1385)

ol in this final state at these momenta., 5 These evente were then fitted to A£ z

- E\zrthermore, to evaluate our detectmn efﬁc1ency for w or ¢ decaymg in lepton |

e pairs, we'generatédisamples of Al *4” events thh the known productxon angular o

- dlstnbutxon for these resonance95'6 and then frtted them to A1r R ", ‘The results.?\;-:
.are in Table II, ' | B o S
The agreement betw'een'_the‘-Monte Carlo-generated .e.vents' and our meas_—~.~

ured Amw events is quite good, "J;._ndicating that the number of lepton pairs in our L

k sample is very small,. 'if"not zero. "On. the other hand ‘the same Monte Carlo

“

i
B}

i
R
REN A
‘
v

2

' calculations (b), (c), (d), and (e) show that for the known resonances in thxs

" mass region, our method allows us to select from 65%, in the worst case, to
98% of the lepton pa1rs produced |

We stud1ed cand1date events further, in an attempt to isolate lepton pa1rs

from the background All 99 events were remeasured to see if the prev1ously f .';'j
1 ot

... poor ﬁts to An'n” could result from measurement error, After remeasure- ;
. - ,- -
ments 24 events are left indicating that poor/k-neasurements. more than am-

b1guous kmematmal condatxons, led to the se ection of 80 many A'n' T events as
g ’ . o X i S , ; / .,’, - Lo Cae e TR '




. which gave (w-ve e )/(w-'v n 1f°) < 2.8X10" 3 . - i
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We have inspected the 48 tracks asaociate:d with the candidates for
lepton pairs for the following properties: |
1. Tonization, Only one track had a momentum sufﬁmently low (< 140MeV/ c)*
to dmtmgumh pions from leptons by ionization, It was consistent with being a .
pion, | |
2. Interactiona,'. Two interactions were observed in 16 meters-of path length,
where we would expect 1.9 for pions of this momentum spectrum in hydrogen.-
3. 6 rays. Among the 24 candidates, only 10 had 5 rays on one or both
possible leptons, None of these 6 rays had an energy and angle that v&;ould
allow separation .betvireen pions and leptons.
In Fig. 2a and b we plot the effective masses of the 15 possible muon

pairs and nine possible electron pairs respectively. Neither dlstributi_'orl shows
. ' i

- peaking at any particular mass, Instead they roughly approximate the_" T Mmass

spectrum for the reaction K"il'»p-'vAJ-xr'P-hﬁ".' In p/articular, for the ¢ "there is one

candidate among the muon- pa1r events with a mass M = 1036+ 13 MeV, For
/

the w there is a posslble p. B event (M = 799+ 9 MeV) and a poss1ble ete”

event (M = 795+ 10 MeV), These three events fit the A1r ™ hypothesm with a

probab:.hty of 5%, <0.5%, and <0, 5%. respectively.

/ !
We conclude that in the sample examined, there is no clear evxdence for

lepton-pair production, We can calculate only upper limits for the leptomc

" decay rate of w and ¢ knowmg the number of w's produced at these energies

in the Kip — A+m +7 +r° channel and b produced in the K +p -’A+K+'l_< channel, -'
‘ /

Table III summarizes the reeults/. The upper limit for w-— e+e decay does not

disagree with the prevxously pubhehed results of Murray et al. which gave,
/
0

<0,04, and Barmin et al, 9 wh1ch gave <0, 0039* 0045 and Bezaguet etal,, [,
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Finally we make some remarks about the theoretical predictibns con-
cerning this experiment. = . , |
1. The suggested fifth interaction of Ne’emanvis-aimilar to electro-
magnetism, but some ten times stronger, The associz}ted vector field x is
coupled to the strangeness current, and in connection with SU3 would prc.wide
symmetry-breaking effects in the correct direction to require all masses to
obey the first-order mass formula, It was further suggested that if the x was
a massive particle, it could also explain the muén‘s mass, Neeman suggested
that ¢ (1020, 1°) was a good candidate for the ¥ field, Its connection with the
muon can be checked by me;suring the ratio (¢-’p+p-)/(¢"’. KK). Bedef et al,
" find that if the ¢ is the ¥ field and if it is responsible for the muon mass, then

the ratio should be about 10, *1

Our upper limit of 0.005 for this ratio is more
than three orders of magnitude lower than the calculated ratio of Beder et al.,
leading to the conclusion that even if the ¢ is the vector field ¥, it cannot be
made responsible for the mass of the muon,

2, In the past few years many experiments have been performed to check the.
validity of the quantum electrodynamic description of the muon. So far no
difference between muon- and electron-pair production has been obser&ed, A
differen.t approach for checking electrodynamics over small distances .consists
in comparing thé branching ratios of stroggly/interacting vector mesons (w, )
decaying into an electron pair or into a muonf pair, Under .certa.in circumstances
the latter decay may be expected to be greaﬂy enha.ﬂced. 12 Although our bz;anching

ratios are only upper limits, we see no evidence for an anomalous interaction of

‘the muon, - ;
[6‘

'3, Inthe w, ¢ mixing model the ratios of rates'(w-oe+e')/(¢-—e+é-) and of

(w4p+p°)/ (¢-p.+p') are predictable, e/ince only the unitary octet corhpdnent-of the
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;ihyéical states w and ¢ is coupled to elecfromagnetism, Using t;}1é physical
masses of w, ¢, K*, and P, 13 and the experime‘nt_al widths of w and ¢, one
ﬁndé, [{w—~ ,e+z-)/(tota1 @)1/l (6~ £+.@-)/(¢"’ KKX)] < 0.2, This is not in contradiction

to the experimental upper limits reported here, B
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Table I, Summary of events fitted to A|J,+p.- and Ae+e- .

i

- | | © _Good fits - C t,- >3C + -, M=1" c£+z->3cv+w-,M>1.* St
+ Type of fit Number of Fitted : : S
v " events reaction Events 9 Events % Events VA (%)
] N

(a) Fit AnTn™. 2460 Aptu™ ' 1280  59.0. 43 2,0 - 90 0.4 .65 2

Aete”! 52 2.4 47 0.7 4 - 0.2 820
(b) No previous 1510  Au*p” 32 32 . ,
flt Acte” 8 : 8 o 5

e

£ 2

measured only once, M >1 means events measured two or three times, . - . B

T is the fraction of A£+2' events examined under-our criteria,

*c + - is the confidence level for the fit A£+£', where £+ is a lépton. M =1 means events

i
<J
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i o

Table II., Summary -of Monte Carlo geﬁerated events,

. .

Type  Number  Fitted Good fits  [9gtp” 73GH ¢
| generated . generated reaction Events % . Events % (%) !
(a) An'w" ‘ 4200  AxtpT 2680 640 140 2.6 65.
~ 2700 . Aefe” 43 16 - 12 0.5 - 85
(b) Au'+u-(M“+p- =M} 900 Amm 365 40,5 . 777 86 86
(c) Ae+e‘(Me+e-‘=‘Mw) 870 Anr 57 6.6 | 848 98 98
(d) Ap"u‘(Mpm;:Mtp) 970 Arn 775 80.0 . 630 65 . 65
(e) Aete” (Mtg-= M, 980 Anr . 438 14,1 950 97 97 .
. ) b
*'. . 0 ¥ 4 *-
This sample has 50% phase space, 22% p°, 19% Y ', 9% Y. .
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!

Table III. Branching ratios for leptoil pair decays of w and ¢.

— s

Corrected totalb

‘ p.+p.- Lete” Total*> . ‘e Branching ratios
: . . . ¥ - T ¥ - )
: W~ w—+e €
w 17 1? 98050 840 960 T < 0,0012 F==r— < 0.G010
- ' . 4 - + -
& 47 0  290%30 488 / 280  ¥TH B <0,0052 2% ° <0,0036

a, Total number of w and ¢ found in the’ls'ame path length and same topology as examined
here, corrected for neutral decays, /

. ! )
b, Here we use the factors f calculéted' in Table II,
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FIGURE CAPTIONS |

Fig. 1 x* for Azw fit (x%, ) versus x% for A2J fit (Xzzg)’ In (a)
 the leptons are p.+p,'; in (b) the leptons are e+e'. On the right

is the xz distribution for the A2w ﬁt;.;l- lined areas refer to’
evel;ts that did not fit A-£+£'. On the l}ofizontal axes is repofted
the xz distribution for events that fitted AZ+E-; the shaded area
refer to events with Cz+z- > 3Cﬂ_+’_ﬂ,- . .

Fig, 2. (a) Iﬁvariant mass distribution of the (p.+p.') system for the 15
_candidates for Ap.+p.-. (b) Invariant m’ass distribution of the

- . - 1.
' .(e+e ) system for the nine candidates fOr~Ae+e . (c) Momentum

' distribution of chafged secondaries of the above 24 events, .

Dex
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