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ABSTRACT 

Production of heavy neutral leptons by p -.type neutrinos is inves ti- 

gated in the framework of a strangeness-conserving neutral current 

model, ati the analysis is applied to the Ramm effect. The failure to 

observe such heavy leptons in the K-meson decay spectrum is easily 

understood, but the large charged current coupling strength required in 

the heavy lepton decay (well above the universal value) casts considerable 

doubt on the validity of the effect, Confirmation of the effect would 

suggest the existence of a new direct pion-muon interaction. 
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The possible production of heavy leptons in high energy interactions has 

stimulated both theoretical and experimental interest. 132 Heavy charged leptons 

could be produced in pairs in high energy e + - e- colliding beams or in association 

with their characteristic neutrinos in high energy y- nucleus or e- - nucleus 

interactions. On the other hand, both charged and neutral heavy leptons could 

be copiously produced in high energy neutrino interactions if they carry the same 

muon quantum number as the conventional neutrino probe v . 
I-1 

The purpose of this note is to present some theoretical speculations on 

neutral heavy lepton production by p-type neutrinos. This study is prompted in 

part by the observations due to Ramm3 of an apparent peak in the 7~+- p- 

(n- - pe) invariant mass spectrum produced in the 1967 CERN V~ ($) experiments. 

The peaks at 425 MeV suggest the production and subsequent decay of a heavy 

neutral lepton. This so called Ramm effect has not been highly regarded, for over- 

whelming evidence demonstrates that no such peaks appear in the r-p mass distribuJ 

tions from KL + 7rp v decays. 4 We can resolve this apparent contradiction, how- 

ever, by employing a simple model. Although our analysis tends to emphasize the 

Ramm effect at 425 MeV, the study applies just as well to some other hypothetical 

heavy lepton; we select a mass of 1.2 CeV by way of example. 

The apparent processes in question are 

and 

VP + P +p+h” 
P (1) 

h;,a++p-. (2) 

The theoretical model we propose for the production process (1) couples the 

neutral leptons to the nucleon vertex through a weak neutral current interaction. 

To be sure, the existence of weakly coupled neutral currents has not been 
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demonstrated to date; however, we consider the simplest model consistent with 

the present data as discussed previously by Albright and Oakes:5 the neutral 

hadron current is taken to be strangeness-conserving and simply the 3rd compo- 

nent of an isospin triplet. 

In detail, we write down the weak semileptonic Hamiltonian coupling the 

p -type heavy lepton according to 

HSL = s % [ ( Jr) ji-) + Jim) jr) + 2 go Ji3)jr) 

) 1 , 

where Jr) (3) represents the Cabibbo current, Jh is the 3rd component of the 

V - A octet current, and the lepton currents coupling the heavy lepton to the 

ordinary leptons are given by 

(3) 

(4) 

jr’ = 9 ~~(1 + y5) vp + c ~~(1 + y5)hp - 

By charged current universality of the weak interaction, we anticipate g, = 1; 

the neutral current, on the other hand, is very model-dependent and go is unknown. 
6 

Strangeness conservation of the neutral hadron current forbids the direct decay 

P’ 
so the absence of ho in the K ’ 

P P3 
decay spectrum is 

easily understood. 

The production matrix element corresponding to (1) becomes 

M piL+p-)p+h; = 2 2go~p’~J~)~p~~~r,(l+r5)~~ (5) 

*A F; o$p’ - p) +g FAy y p Al h5 1 u p 
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by virtue of an isospin rotation of the hadron part of the matrix element in 

VP 
+n-+p+p-. The form factors Fl and Fl are just the isovec tor electro- 

magnetic form factors while e is the direct axial vector form factor. The 

cross section for (1) calculated from Eq. (5) is very similar in shape to that 

for vP + n-p +k-, with threshold at EV (lab) = 0.5 GeV for mh = 425 MeV and 

at 2.0 GeV for m 

is just 
h = 1.2 GeV. The asymptotic ratio for the two cross sections 

lim r7 5 +p-+p+hi /c(v, +n--+p+p-)=gE cos -2 e 
E --too 

V 

(6) 

in terms of go and the Cabibbo angle. 

Turning to the decay process (2), we can understand this transition to occur 

via the charged current part of Eq. (3) which couples the leptons to the pion as 

in Y? decay. The decay matrix element becomes 

g, cos e < 7r+ 1 Jh (1+i2) IO >/i y-J1 + y5) hfl 

= -1 * AZ- g, fT 
fi 

(+I cos e fIi (y . q’) (1+y5) hP, (7) 

(+) where the (charged) pion decay constant is f, /$& 94 MeV and q’ is the pion 

4 -momentum. A mass of mh = 425 MeV corresponding to the Ramm effect yields 

= (3.3 X 10g)g2, set-l 

for the partial rate, while a mass of 1.2 GeV in turn implies 

= (1.2 X loll) g12 set-I. (W 
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Other possible decay modes are 

ho ’ 
P 

--,T v 
P’ Pa) 

h; +‘-, ---t IT T/J. A-V 
P ’ 

Pb) 

ho - 
P + VpVQVQ , VP e- P+ , PC) 

where the leptons indicated by the script Q can be either of the muon or electron 

variety. 7 The partial rates are tabulated’ in Table I for both heavy lepton masses 

of 425 MeV and 1.2 CeV. It is clear that for values of g* and go of order unity, 

the dominant modes are expected to be (2), (lOa), and (10~) for the Ramm effect. 

If go and g, are of order unity, however, the partial rate for h; + 7~’ v 
P 

is embarrassingly large, for the rapid decay r” + 2 y should have produced many 

pairs of electron showers and no visible /J-. Such events have not been copiously 

produced in either the 1967 CERN-neutrino experiment in propane or in the early 

Brookhaven neutrino experiment. 9 We shall proceed by imposing the constraint 

below. 

Ig()kIg* I (10) 

We now try to piece together the production cross section and partial decay 

rates so as to achieve a consistent picture. The observed cross section for (1) 

is just the theoretical cross section times the branching ratio into the decay mode 

(2). A crude estimate from Ramm’s data indicates that cobs z 0.1 x 10 -38cm2 

for mh = 425 MeV. On the other hand, since no gaps are visible in the HLBC 

photographs between the apparent production and decay vertices, a lifetime bounded 

above by T 2 lo-l2 sec. is suggested. 3 

For the Ramm effect, the total decay rate as calculated from Table I implies 

g; + 3g; 2 300 (lla) 
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while the observed cross section yields 

22 2 
( g, + 3g20 

1 

-1 
go % +. 

From conditions (lla), (llb), and (10) we deduce 

Ulb) 

(12) 

Condition (10) is easily satisfied, so that the branching ratio for ho + 7r”v 
I-J I-1 

is 2 0.1%. Note that g, is determined solely by the lifetime, while go is fixed 

by the observed cross section. 10 

According to the above analysis, the charged current coupling is greatly 

enhanced relative to the neutral current coupling of heavy leptons. In particular, 

the universal charged current coupling strength g, = 1 is ruled out in our model. 

This casts considerable doubt on the validity of the observed effect. The 

conditions for the production of heavier mass leptons would not be so extreme. 

Obviously additional neutrino and antineutrino experiments are needed to 

confirm or invalidate the Ramm effect. If the existence and production of heavy 

neutral leptons of mass 425 MeV by p -type neutrinos are confirmed, a new direct 

pion-muon interaction appears to be a likely explanation. 

The author wishes to thank Dr. M. Derrick and Dr. L. Hyman of Argonne 

National Laboratory for stimulating his interest in this problem. He also grate- 

fully acknowledges Dr. S. D. Drell for his kind hospitality at SLAC where this 

work was completed. 
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Table I. Partial Decay Rates for a Heavy Neutral Lepton Expressed in Set -1 

Decay Mode 
% =425 MeV 

h; +- +rP 

ho ’ -+7r v 
P CL 

ho ---) n+r’/~- 
P 

0 + - h +TTTV 
P P 

0 h-,vvv 
I-L CL QQ 

-+ 
ho+ B Q 
P P 

(3.3 x log) g; 

(8.5 x 109)gi 

(2.5 x 107)gB 

(5.0 x 107)gi 

(1.1 x 109)gi 

(0.5 x log&; 

mh = 1.2 Gev 

(1.2 x 1011)g2, 

(2.3 x lO’l)g; 

(1. 7 x 1011)g2, 

(3.4 x lOll)g2, 

(2.1 x lOll)g2, 

(1.4 x loll)g; 
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