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ABSTRACT 

The theoretical progress on neutrino mass and neutrino 
cosmology made in china during the period 1980-81 is 
reviewed. 

Wide interest in neutrino mass problem has arisen in China recently and 

many research works have been done. I address myself to talk about them here. 

1. On the Experiments of Measuring the Electron-Neutrino Mass and of - 
Observing the Neutrino Oscillation 

If the neutrinos are massive, then how much is their mass, how to measure 

neutrino mass with an adequate accuracy and looking for the best way to 

observe the neutrino oscillation are further interesting problems. 

(a) In China, Ching and Ho have considered the atomic effects in the decay of 

H3 -f He3+ + e- + G, which has been used to measured the neutrino mass 

They took into account the contribution of the three lowest 

~~~~hr of He3+ exactly and for the rest they used the Closure 

Approximation. Therefore a more accurate formula of spectrum including 

the atomic effect is obtained:1 
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where 

"n = <f,lH. - Hfjfn> , 
1 

'n = Mi - Mf + Ei - Ef - ER , 
n n 

Mi and Mf are the masses of the initial and final nuclei respectively; Ei 

and Ef 
n 

the binding-energies, Hi and Hf the.Hamiltotiians of the initial 

and final atomic systems H3 and He3+ respectively, EK is the recoil 

energy, F(Z,E 
B 

- Vn) is the Fermi function, A is a factor including the 

nuclear transition matrix element and the related constants, and the bars 

mean in average. Comparing (1) with the theoretical formulae used by 

Lyubimov et a1.2 it is certain that (1) is more accurate. 

In addition, Ching and Ho have also pointed out that in determining the 

end point of the B spectrum, a systematic error of about 13 eV had been 

brought in the analysis of Lyubimov. Therefore the uncertainty of the 

same order would also be involved in their final result. 

(b) Ching, Ho and Chang have analyzed what is the "best" experiment for 

detecting neutrino oscillations.3 They thought that the "best" way to 

observe the neutrino oscillation is to use the monochromatical v beam 
obtained from the stopped K+-mesons, or, more realistically, 

lJ 
to use the 

VJV IJ u 
and ve beam obtained from the stopped 
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+ + ;‘vu ~ e++v +; 
e u 

(2) 

cascade decay in a beam dump facility of n-meson factory, because both of 

the spectrum E and the distance L which the neutrinos have travelled are 

more definite, compared with the others. Since there is no Qe in the 

cascade decay process (2), either in the beam unless there is 

v -v and/or v "V 
u e e e (3) 

oscillations, therefore one can detect the neutrino oscillation (3) and 

determine the oscillating angle 4.. by means of measuring e+ 
1J 

produced by 

the neutrino beam colliding with a hydrogen or other nuclear target. As 

the cross section of neutrino increases with E2,4 one can expect to have 

the same rate for collecting the events as that of a high power reaction 

experiment (e.g., F. Reines et al. 25>, since the high energy component in 

such a neutrino beam is richer than in a reactor neutrino beam although 

its intensity is lower. In this way a preliminary bound of the 

oscillation (3) has been obtained by P. Nemethy et al.26 

2. On Some Problems of Massive Neutrinos 

If the neutrinos are massive (mu = 30 eV) some special modifications 

should be made for some of the simplest models (e.g., the SUL(2) @U(l) GWS 

model, 5 the SU(5) GUT model,6 etc.). On the other hand, the physical 

neutrinos may be different from the weak-current neutrinos, due to nonzero 

neutrino mass, namely, there may exist a KM matrix between the physical and 

weak-current neutrinos. Therefore the study of the generation problem can be 

grounded not only on the level of grand unification but also on the level of 

electroweak unification, e.g., one can try to work out the generation problem 

by introducing a horizontal symmetry in the quark section and lepton section 

separately. 

Based on the SUL(2) @ SUR(2) @ U(l), Wu and Cao have investigated a kind 

of horizontal discrete symmetry.7 Several mass formulas of leptons were 

obtained. One of the interesting results is that a kind of neutrino (vr?) 
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with mass ~250 MeV and lifetime -10D6 set, is allowed in their theory. The 

effects on all related processes and the method of detecting it were also 

discussed, they indicated that in order to find it one should look for the 

decay vr(?) + e* + ITS, which should be seen in the beam dump experiments. 

However if one believes SUL(2) @ SUR(2) @ UBBL(l), etc. models in which 

there are not only left-handed neutrinos (v) but also right-handed neutrinos 

(N) in doublets and the left-handed neutrino obtains mass of the order 

l-IO2 eV owing to the right-handed neutrino has extremely heavy mass 

(mN 2 mW ),s-lo then it is very possible that a big splitting may occur when 
R 

considering the mixing among the various generations. Thanks to the big 

splitting, one of the extremely heavy "right-handed neutrinos" may have a mass 

of order of a few GeV or even lower so that it may have remarkable mixture 

with the "left-handed" neutrinos (later on we call this as a two-step mixing) 

as here all neutrinos have Majorana masses and the mass difference becomes 

smaller by the big splitting. This kind possibility has been pointed out and 

investzgated. l1 As an example, a horizontal discrete symmetry 

(4) 

is employed,* then it is easy to demonstrate the possibility and the so-called 

two-step mixing in SUL(2) @ SUR(2) @ UBeL(l) model. 

After the two-step mixing the neutrino doublets have the following 

formulation generally: 

clvl + c2s1v2 + sls2N 
, 

e L 

* We employ R, that means only ve-vr can mix, for the neutrino oscillation 
and u + e+y experiments show v -v, mixes much smaller than ve-vr does, 
either for simplicity. u 
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and 

where 

c1,2 = coseL2 ' s1,2 = sin61,2 , D = J2 -J-(N~+N~) . 

none of the neutrino oscillation experiments could decide the mixing Now 

angles 9 

discover 

Y,2 may 

1 2, because of difficulties. If the above mechanism works, to 

;he N and measure its productions and decays so that to measure out 

be easier than the neutrino oscillation experiments. As a matter of 

fact if we identify the N with MO(?), a possible neutral lepton (mass = 

1.6-2.I GeV, lifetime = 6 x 10 -12 set) discovered in 1977 in a bubble chamber 

experiment,12 

v + nucl. + M"+P+2~'+... 

I e-+p++v ' 

namely, 2: 2.0 GeV, rN = 10 -11 
-10 

-12 we can use m 
N 

set as input then the 

properties of No, in particular, the fact, why it is so difficult to be 

discovered and why it may be easier observed in a bubble chamber filled with 

freon, can be explained, and stsi = 10 
-2 is obtained. The biggest cross 

section for producing N is of e-production but the best way to detect N is 

using a high energy beam dump facility to produce a high intensity neutrino 

beam with more ve and vr components to collide with a target and to produce 

quite an amount of N and without too many backgrounds (the cross section for 

producing N by ve and vr could be as big as 10 -2 of the up neutral current 

cross section). To see the properties of N, we list the most important branch 

ratios in Table I. 
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TABLE I 

Channel 

Br (X) 

3v 

8.25 

+- 
ve e 

16.5 

0 0 
VT W VP 

7.47 2.4 4.71 

-+ +- -+ +- +- 0 
Channel epv+epv e-cv+erv VJ lJ VW VOO 
Br (X) 2 x 3.67 2 x 11.01 1.84 0.55 4.20 

Channel e-r+ + e+vr- -+ 
e P + e+p- e-K+ + e+K- e-K *+ + e+K*- 

Br (X) 2 x 1.77 2 x 4.46 2 x 0.119 2 x 0.177 

3. On Neutrino Cosmology 

One of the most important physical consequences is cosmological: the 

mass of neutrinos will be dominant to that of the present universe and the 

universe will be closed, etc., if neutrinos are massive. Such kinds of 

problems have been discussed by Szalay and Marx,13 Schramm and Steigman,14 

Dorshkevich et al.,15 Sato and Takahara,16 etc., in China, Ching, Wu, Ho, 

Chang and Zou reexamined the consequences according to the latest experiment 

data.17 They further indicated that 

(1) If the neutrino masses are taken to be 30 eV in average and there are 

three generations in nature as well as the right-handed neutrinos entered 

the thermal equilibrium from some very early time of the universe until 

near the same time as the left-handed neutrinos decoupled so that in the 

present day universe the number of the right-handed neutrinos is nearly 

equal to that of left-handed, then one could not obtain a solution which 

can fit both experimental data of the lifetime of the universe 

(t 0 b 6.6 x 10' year) and the Habble's constant HO (50 < HO G 100 

km/sec/Mpc) according to the big bang Friedmann model. Therefore we can 

conclude that not all of the weak interaction models are consistent with 

the Friedmann model, For example, it is necessary to have mWR/mWL bigger 

than 50-100 in a SUL(2) @J SUR(2) @ U(1) model, however in a CWS model 

modified by adding a right-handed singlet of a nuetrino for each 
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generation, it is necessary not to exist any elementary fermion with mass 

greater than lo6 GeV. -. 
(2) Considering the uncertainties involved in Ho and the number of right- 

handed neutrinos is less than that of left-handed at least one order in 

the present day universe (this means that the right-handed neutrinos have 

never entered the thermal equilibrium or they decoupled earlier than 

hadrons) then the upper bound of the sum of the neutrino masses may be 

relaxed to 1 mu . . 
< 200 eV instead of 1 mu. < 40 eV. 

As the neutiinoi contribute to the mokt pirt of the universe mass so the 

possibility of the background neutrinos forming clusters themselves or with 

other form matter by gravitation would become an interesting problem worth 

studying. Gao and Ruffini18 and Ching, Wu, Ho, Chang and Zou,Ig etc., have 

discussed the problem on neutrino forming clusters themselves. Ching et al., 

the latter, are not only estimated the possible maximum mass for a stable pure 

neutrino astronomy object following the Oppenheimer-Volkoff solutions of a 

neutron star but also discussed the possibility of detecting the background 

neutrinos. 

Fang and Liu,20 Lu, Lo and Yang21 (similar to others '22-24) have discussed 

the massive neutrinos forming clusters with other form matter such as 

baryons. Both of them solve this problem by using a two-component fluid 

model. It seems to me that the Fang et al. 's is more clearer than Lu et al.'s 

so I will talk about Fang et al.'s work only. 

Fang et al. think neutrinos and other matter as two components behaving 

like fluid. They solved the Vlasov equation of massive neutrino distribution 

function under the Robertson-Walker matrix so that an effective "pressure" and 

related Jeans wavelength X could be defined for the neutrino component and 
V 

then they established a Jeans instability theory of the two-component fluid. 

The final result is that the total Jeans wavelength X can be given by the 

formula 

1 1 1 
f= 7' 7' (5) 

V m 

where Xm is the Jeans wavelength of the other form matter. If each generation 

neutrino has mass = 30 eV in average and Jeans mass MJ is 
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M = 4n 
J 3 'rn A3 

(counting the part of the the other form matter only), then according to (5) 

the MJ depends on the temperature can be given (see Fig. 1). It is easy to 

see X is dominant to X before re-combination but X is dominant after 
V m 

recombination. The conditions of forming a cluster which has mass M, 

Mhor > M > Mi now become (T - lo4 OK): 
J 

Mhor = 1.1 x 1017 Mo>M>M = . J 1012 - 101' MO , . 
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universe. 

The curves of Jeans masses 

to the temperature of the 

which is just the order of a galaxy 

cluster. It means that neutrinos 

played a very important role during the 

process of forming galaxy clusters and 

it will partially solve the problem 

that in the old theory the Jeans mass 

jumped such a great extent, i.e., lo6 

to 1017 MS around-before and after the 

recombination period.25 

Fang et al. also pointed out that 

if the neutrino masses are too small 

mu < 3.3 eV then Xv > Xm in any time so 

that neutrinos will give no evident 

effect to the formation of clusters. 

But the fluctuation theory for the 

process of forming clusters, various 

aspects of the linear theory of density 

perturbations, etc.,.which have been 

discussed by others22-24 were not 

considered in Fang et al.'s paper. 
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