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Chapter 6

Three body decays

6.1 Muon decay

For a three body decay we have from eq. (4.1)

1 d’pi d’py d°p3
= §Y(P —
~(2rp )52M IMPFHP —p1 —p2 = ps) 2F, 2B, 2F;
1 1 & apr 4 d*py dPps
_ 54 (P — _
~(27)5 2M 2B, /‘M’ N T RETA
(6.1)
6.1.1 Amplitude estimation
Since M is dimensionless, the amplitude averaged over spins for p decay must be
IM[|* = CGEm,, . (6.2)
We use
1
C:§(2><2><1><1):2 (6.3)

The first factor is for the initial average and the factor are for the number of spin states of u, e and
the two neutrinos.
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Consider first the integral
d d3 d3 d3
/54(P P D) o :/5(E By = B)5(P — py — po) O 2

2F, 2Ey
o d3p2 3 3
= 5(E—E1—E2) 0 (P—P1—P2>d b1

4F, Es
:/5(E — By — E) p: /53(1)1 +p2 — P)dpy
4F, Fy
_ / S(E — By — By)-LP2 / Blpy— (P —po)ldPpr (6.4)
4F, Es
using
/(5(x — zg)dx =1 (6.5)
we have
d3p1 d3P2 d
P — / E—FE —E
/5 TR T L 2)4E1E2
d’p1 d’py p2 d|pa|dQ
5 (P — )(FE—-FE .
/ e TN / L )R AELE, (6:6)
Since |p;| = |p2| we have

E = Ei + Ey =(m? +p)Y? + (m3 + p2)'/?
=(mi +p3)"/* + (m3 + p3)"/ (6.7)

differentiating this equation with respect to ps

(m2 + 1)2)1/2 (m3 + p3)'/?

d|p2’ 2
5 )
E

) (6.8)

dlps) = 2= ( ks ) (6.9)

Therefore
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replacing back in eq. (6.6)

d3p1 d3p2 dE p2 df E1E2
P —p — = S(E — By — Ey) -2
/ (P =pi=p)5p o, pal ¢ B ip T, (E1+E2)
ds?
P2/
=—d2 1
iE (6.10)
For a relativistic particle |ps| &~ Es = E/2 and
d3py d?
/54(P - pQ)F’il?p; = o (6.11)
Applying this result to eq. (6.1) we have
1 1 d3p1 4 d*py d’ps
(P — _
~(2r)5 2M 2E, /|M| 0 T RToN
1 1 d° apr / 4 d? D2 d? ap3
_ s4(pP— _
~ ()8 )52M8E M PP )
~(2n )52M8E M 2m)
F u 2
8(2m)*m Elpl |p1|/
Gzm;
~—E2dE 4
S@ryiE, Dk
G%m
= LB dE 6.12
4(2m)3 = ( )

As the maximum value of E; is m,,/2

3m2
=F up (6.13)

or

L (6.14)
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6.1.2 Amplitude calculation
The Standard Model Lagrangian includes

V2g,_ _ - 7 -
L=— Tg(ueLv“eLW: +ey've W, + VMLVMMLW: + ALY v W)
_ i(,/—”#PL@le + ey PrvW, + o PopW,f + iy Py, W)

V2

g . ) o . -
=— =1 = 5)eW,[ + e (1 —v5)veW, + 7" (1 — vs) W, 4+ i (1 — v5) v, W),)

2v/2

(6.15)
where
(V_eV“PLGWJ)T - eW“PLT(V_e)TW; — BTPLV“TVO%W; — €T70707‘LTPR70V@W;
= ey’ V1O PLu W, = ey PLu W, (6.16)
We can build the effective Lagrangian
Applying the Feynman rules to the diagram in fig. 6.1 we have the amplitude
_'2_ _uu+ququ M2 ~
M = g Uz Y (1 —v5)u g 5 2/ W) @iy, (1 — 75) v, (6.17)
8 q* — My,
where u (v) is for an incoming particle and u (v) is for an ongoing particle (antiparticle).
The Dirac equations for spinors u and v are
(p—m)u=0 (p+m)v=0
u(p—m) =0 o(p+m)=0. (6.18)
In this way
o, - 1 .
a2 Tl (1 = 9s5)urtigy,q” (1 — 75) :W(l + Vs)qurtiag(1 — v5)
W W
myMe _
= — ]\22 (1 + 75)U1U4(1 — ’75) (619)
w

the term in ¢*q¢” can be safely neglected. The term ¢ is mi is small compared with m%,. Therefore

M Z—ﬂ:ﬂu(l — 5)ur gy (1 — 75)v2

—1G
_WF%%U — ¥5)ur gy (1 — 75)va (6.20)
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v

Figure 6.1: Tree level diagram for muon decay

M is a dimensionless scalar. The relevant coupling is

2
9 Gr
— = —. 6.21
The conjugate is, following the same steps that in eq. (6.16)
* 7’92 = Tr= Au 1
M = [@37u (1 = y5)ua]" [@ay™ (1 — 75 )ve]
w
. igt -
M =0 (U177, (1 — 75)us] [0 (1 — v5)ud] - (6.22)
W
Multiplying M and M* we have
gt
M? :64M3v 437, (1 = 75)urti v, (1 — 75 ) us]
X [ty (1 = 5)v2027" (1 — 75)ud]
4
g
=—L,M" 2
640, (6.23)

where

Ly = [0 (1= 35) 05751 = 25)ert]

Hy U3a Ty V5) By U1 U157, V5 )enUs

M™ = [ags (1= 75) " 02,0595 (1 = 75) Ttay (6.24)
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= [uju 3a’Yu — 95) gvu] tasYo (1 = ¥5)en]
[ Uz U3 77067;1 1 - 75),67(“1“1)76’)@ (1 - 75)677]
= Tr [(ustis)yu (1 — v5) (u1t1) 7 (1 — 75)] (6.25)
Using
> ulp, s)u(p, s) = (p+m) > u(p,s)v(p,s) = (p—m) (6.26)

D L =T [(ps) (1 = 95) (p1 + my) 7 (1 = 7))

=p§ Tr | Yy (1 — ¥5) (P75 + M) 7 (1 — 75)
=p§ Tt | (Yo Vi — VoY ¥s) (@1 7670 (1 — 75) + My (1 — 75))]

—=p$ Tr | P va 870 (1 = 75) — DYy 187 (1 = 7s)
MYV Vo (1= ¥5) — MuYa Y57 (1 — 75))]

=p$ Tt | DY VeV V80 — P Ya ViV Vs — DiVa VY5 V8V + Do Yu Vs V870 Y5
TN Ya VYo — MY Yu Yo Vs — MuYa VY5 Vv + m#7a7u757u75] (6'27>

as the trace of an odd number of y—matrices is zero, we have

D L =159] Tr [Ya V8% — YaWu¥8%% — Yo VY8 W5 + YaVu V8773 ]

=2p5p7 Tr [Ya 7 (1 = 75)] (6.28)
Similarly

Z M" = 2paspae Tr [v°9"y" (1 = 75)] (6.29)
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substituting back in eq. (6.23) we have,

4
MF = 64M4 4p3pypasp2e Tr Y%y (1 = 75)] T [1"7" 99" (1 = 75)]
g4
64M4 p3p1p45p26(645§55)

g4

64M4
4 4
:W(p:s - pa)(p1 - p2)
w

————4 X 64(p3 - p4)(p1 - P2)

—4 (8%)2 (p3 - pa)(p1 - p2)

=4 (8%)2 (3 - pa)(p1 - p2)

=128 G (ps - pa)(p1 - p2)
2

G
:2567F(p3 - pa)(p1 - p2) -

The demonstration of the used TrxTr identity can be found in Appendix B. of [7].
The spin-averaged differential decay width for p= — v,e7 7, is

1 1 ds d*py d’py
dT = 5 &Pz &P
(27r)5 2F 2E5 Z MF ) 841 =2 = ps = p3) 2 2,
1 d>py d*ps dpy
CP2sa0 _
2E1 Zl @rpsE,0 W1 PP T p)
_li;( )( )ﬁ(g ( )d3p3 &’py
_2MIZ/LV (2m)52E, D1 - P2)\P3 - P4 2F, P1—P2—P3— P4 2, 2F,
2g*

- P,
16(27)5 M B\ By Pip§d’palag

where the covariant integral /.3 on the neutrino momentum is

d3p2 d3p3
L= / D230 (D = Py — pg) ——= —= .
] P3aP2ps (p D2 p3) E, I

61

(6.30)

(6.31)

(6.32)
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The variable p in ec. (6.32) is defined as p = p; — ps = p2 + p3. Moreover

p* =p3 + 3+ 2p2 - ps

=m,, +my, +2ps - p3

R2ps - P3
9o P’ =290sP5P5
p°p” =2p5p; . (6.33)
I3 must have the form
Ing = JapA(D®) + papsB(p?) . (6.34)
Defining the itegral I as follows
d3p2 d3p3
I= [ &(p— — 6.35

Since
m, ~0=E, —p,
E; =p;, (6.36)
and in addition the integral I is covariant, we choose to evaluate it in the rest frame of the two

neutrinos |ps| = |ps|, which implies Ey = FEj.

dpzdp3

— F3)5° -
I= /5(E Es 3) (p P2 p3) E, E3
dp2

Ey By

:/5(E—E2—E3 /5313 P2 — P3)d’ps

J/

g

=1

0E —2F
zf%pidlpzldﬂ

2
2

— / OE — 285) 2E2>E2dE2(47r)
L3

e o £))
:47T%/5 (Eg — E) dEs

=2 (6.37)
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then multiplying (6.13) by g*’ and p®p” successively gives, using eq. (6.33)

Epy &Pps p? 5

gaﬂfaﬁ = 4A+sz = /p3 'p254(]9 — P2 —p3) = 1 =T7p

Ey Es 2

In order to compute papﬁfag, we make use of the fact that it is a Lorentz invariant quantity, so
that we may evaluate it in any reference frame. In particular, we can evaluate it in the rest frame of
the neutrinos involved in this process. This means that p = ps + p3 = (p°,0) and FEy = Fj3

papﬁlozﬂ

p’A+p'B (6.38)
o g/d3p2 d’ps

dp2dp3

p3ap255 (p b2 — pg)

E E3p0E2p054(p — P2 — ps)
3

(»")? / d*pyd’ps6* (p — p2 — ps) (6.39)
0 [ @i’ - 22)

1 0 2 2\ 2
(p)z/dEzEng§5(% - By) = 4nl (P_>

(6.40)

where the usual tricks have been used to simplify the integrals, using the delta function inside.

Therefore

—~

A= %(W ~ B) (6.41)
4 mp'
T~ B T
L _ 4 pB==
4 4+ 2
33_71’
4 4
T

B =— 6.42

: (6.42)
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2
P T
A= L
1 (r=3)
_p 271')
43
p?
= (6.43)
T 2
Lag = 5 (9apP” + 2paps) - (6.44)
Substituting back in eq. (6.31) we have
2mg* i 2 3
= 1 (9a 2papp)d
= 27 [(p1 - pa)p® + 2(p - p1)(p - pa))d®p
16 x 12(2m) ML B B L 4)]¢ P4
2g* ) ,
192(27)' M2 B, 7, (1 p)p” 20 1) (P pa)ld s (6.45)

For further evaluation we will use the rest frame of the decaying muon. In this frame the four—
momentum are

yai :(m/u O)
ps =(E4, pa)
p=p1 —ps = (m, — Ey, —pa)
P’ =E* —p’ =m. —2m,E, + (E} — p3) = m_, +m? — 2m, E, (6.46)
Moreover
P1- P4 :muE4
p-n :mi - muE4
D Py :muE4—EZ+pi:muE4—m
pi =m; = Ef —pi = pj = Ef —m;
Ipal (52 — m?)

e

dlps] 1 2B, _ B
dEy  2(Ef —m2)'?  |p4l
E
= d|ps| = —dE,

P4

d’py =p1 d|pa| d2 = |pa| Ey dE4 dQ (6.47)
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Substituting back in eq. (6.45) we have

2 4
dr :192(2ﬂ)iM4 m [Ps| dE, dQ[(mi + mg = 2my, Eq)m, By + Q(mi —m,Ey)(m,Ey —m
w Ty
Neglecting electron mass we have |py| = Ej, and
294 (4w
dr’ :192(2i)€1M)4 m Ey dE4[(mi —2m,Ey)m, By + Q(mi —my, Ey)m, Ey]
w
2 x 2g*
:192(27T)3]\€[4 m my E{my, — 2my, By + 2my; — 2my, By] dE,
w Ty
— A9 g3t g, dE
T 192(2m)PME, [y, — 4y, Ba] dEs
4g* 2 2 E,
192(2myears, M |3 A | A

_ At oy (2B, 2B\ my o (2B,
S 192(27m)3ME 4\ my, m, 2 m,

o 4gt om (2B, oo (2B\] 4 (2B
S 192(27m)3ME 8\ my, m, m,

E, varies from 0 to E*®* can be obtained from (m, = 0)

P1—Ps=D2+DP3.
The square of he factor on the left is
(p1 — pa)® =P} + D5 — 21 - P4
Zmi+m§ —2p1 - pa.
We have then using eqs. (6.47)(6.50)
2py - ps =m;, +m? — (p1 + pa)°
2my, By =m’, + m? — (pa + p3)?
%mi — (p2+13)*.

2
e

65

)] (6.48)

(6.49)

(6.50)

(6.51)

(6.52)

(p2 + p3)? is the invariant mass squared of the v, + U, system, which ranges from 0 to mz. For
(p2 + p3)? = m, we have E™ = 0, while for (ps + p3)? = 0 we have E** = m, /2. The missing

integration on dI' is in the variable x such that

2F 2F ax
T = y l’min:O, Tmax = =1.
mM mu

(6.53)
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Therefore

md
I = _“ _ 2
192( 27 192(27)3 M, 8 / 7l
4q4 mi 1
192(277)3M4 8 2
9
192738 M, 4
92 m
64M G, 19273 #
2 19273 H
G2
- 192;3 mi (6.54)
Without neglect the electron mass we have
29" 2 2 9 )
. 192(2m) My m [Paf dEy dQ(my, +me — 2my, Ba)my, By + 2(my, —my, Eq) (my, By —me)]
wy
4 4
:192<27T)2M§Vm dEy(Ef — )1/2[m Ey+m?m,Ey — 2(m,Ey)?
I
+ 2m2E4 — 2(muE4)2 — QmZmz + 2musz4]
4 4
dl' = 192(27r)gM4 m dE4(E} — mg)1/2[3miE4 + 3mZm,Ey — 4(m, Ey)? — Qmimg] (6.55)
wu

The decay width, in terms of z = m./m,, is

4g! it 2 o
:192(27T)3M4 m (E4 - me) [(3my +3m; — 4mME4)muE4 - QmMme] dE,
Wi Jme
4q* mb
“mmm 1o @ 1) =18 =20t o) + 82 —0*
Wy
GEm>
I
= I
Toams L (@)

- (&> (o). (6.56)
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p1 p3 p1 p3
onT N mT N
¢~ p ’ ¢~ p ’
P2 l+ b2 l+
B o
Figure 6.2: Tree level diagram for N; decay
6.2 three body decays in radiative seesaw
We have the Lagrangian [1]
L :GabhaijPLLan + h.c.
:haijPLL}XHZ - ha]NjPLLan + h.c.
=hajN;Prvan” — hoiN;jPrlan®™ + hee (6.57)
where
(N, Prlan™) = 1Py Ny~ = Lo Pry° Ny~ (6.58)
Therefore
,C :haijPLl/aT]O — haijPLlaU+ + hz;jﬁaPRNjT]*O — hzjzaPRNjn_
1 T T * — * * 7 —
=5 [haiN;(1 = V5)Vall’ = hag N (1 = 35)lan™ + hiTa(l +75)Nyn™® = hila(1 4 75)Njn~ ] (6.59)

Applying Feynman rules to the diagram in fig.2 N;(p1) — I (ps)h™, h™ — 15 (p2) + Ni(pa).
we have the amplitude

L 1 _
M = = tha;tis(1 = v5)uy (m) hgitia(1 = 5)v2
o 1 _
— zthg(l — ’)/5)U1 (612——]\43) haiU4<1 — ’)/5)1)2
1Hogii _
~— ngug(l — Y5)urtg(1 — y5)va (6.60)
n
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where
Hapij = hajhpi + hailig, (8:61)
% iHoz 1] [ — 7
M =— Tg][u?,(l — s )u] g (1 = 75)vo]'
n
iHa ] r— >
= — o 5 (1 g1 4+ 95 ). (662
n

Multiplying M and M* we have

Higy o ; . )
M? == (@5 (1 = 75 )agu @] (1 + 75 )sul] [ (1 = 75)apvg 03 (1 + 75) 5]

2 [uf5 (1 —75) a0 (14 75)5s] [ud 5 (1 = 75)agv5 03 (1 4 75)1s]

=—PY [(uzlis )50 (1 — V5)ap(U11) gy (1 + 75 )] [(Ualia)sa (1 — V5)ap(v202) gy (1 + V5) 6]

_ Mo Tr(usts)(1 —v5) (wr@) (1 4+ v5)] Tr{(watia) (1 — 95) (v202) (1 + 75)] (6.63)

Using eq. (6.26), and neglecting charged fermion masses

AP =S T (1 55) -+ M) (1 35)] Tels+ ML= i1 +75)]

M;
i,
ZT?LM (6.64)
L =Tr[(ps — psvs)(p1 + prys + M + M;ys) (6.65)

L =Tx[pspr + psprys + Mips + M;psys — psyspr — Psysprys — Ps¥s M + Mjys)
=2Tr[psp1]
=2p3p} Tr[yays]
:Spgp?gaﬂ
—8(ps - p1) (6.66)
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Similarly
M = 8(pa - p2) (6.67)

Therefore

2 _ngﬁij
M| A 64(p3 - pa)(p1 - p2)
n

2 _Ha,Bij
|IM|" = 1 4 x 64(ps - pa)(p1 - p2)
(6.68)

In this way, comparing with eq. (6.30), the results for the moun decay can be directly used after the
replacements

2
94 N Haﬁij
64M{}V 4M;]1

g' 16H§ﬁij

M4 - M4
w n
mu — Mj
Me Mz
= ) 6.69
o my - Mj ( )
The decay width is according eq. (6.56)
16H2 . 4 M$
T(N; — [FIEN,) =— 20U =
(NG = [ 5 0) MP 192(27)°M; 16 (@)
(hajhsi + haihg)* M
= 1 6.70
20} io2m! () (6.70)
where
M;
I(z) = 1—82% — 242" In(x) + 82° — 2® T=gr (6.71)
J
Similarly the decay through n° is
ha'hi haih )2 M5
I'(N; — vavsh;) _ gl & haihg;)” M I(z) (6.72)

2M ;‘O 19273
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In this way, for example for N

h2ohZy + h2 h3y + 2hashaihgahpr  MJ

— + _
za:P(NQ LN = 20} 19275 &

:hgh%ﬂ + h%h%Z + 2h, - hlhﬁghﬁl M25
DM} 19273

I (z)

h2h? 4+ h?h3 + 2(h, - hy)? M
-7+ _ 12 1 2
%r(m — I 15Ny = SITE o5 (@)

_hth3 + (hy - hy)? MJ
M? 1927

I (z)

In general

=

h2h? + (h; - h,)? M? ‘
— 7+ Tty ? J J 7
D TN, = 15N = i o (M)
af n J
h?h? + (h; - h;)*> M? M;
I'(N; WgN;) =——2 i i g é
Z (Nj = vavglV;) M, 19273 (M)

af

J

For fix ¢ and j

Yap Br(N; — 1IN M,

Zaﬁ Br(N; — vovsN;) ML

while for

Y o Br(Nz — var5Na) %hghg + (hy - hy)
Za BI‘(N3 — l;lgNl) h%h% + (hl . hg)
> s Br(Ns — 115 Ny) %hghg + (hy - h3)?
> .5 Br(Ns — l;lgNl) h?h2 + (h; - hj)

=@

af

For N, the total decay width is

o) =i+ o] 30t (37) |+ 5t

19273~ \ M,

(6.73)

(6.74)

(6.75)

(6.76)

(6.77)

(6.78)
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And the individual branchings through n* given by eq. (6.70).

For N3 we have several possibilities for signals with charged leptons. The cleanest one is when
Ns decay only through n* through an intermediate N,.

The branching of N3 to two charged leptons plus missing energy is either

Br(Ns — I3 [F Ny) (6.79)
where the N3 is reconstructed, or

Br(Ns — I3 N1) = Br(N3 — vauaNa) X Br(Ny — I515 Ny) (6.80)
770
that seem to be very difficult to reconstruct. This also seem to be an irreducible background for

Br(Ny — I3 [T Ny) (6.81)

To get rid of processes like the one in eq. (6.80) must be Br(N;3 — v,v3N3) is suppressed. This
happens if

o [(M,y/M3) < 1. In this case the mutilepton signal for N3 is also suppressed. Clearly this
happens for My ~ Mj as I(x) is a sharpest function which controls the kinematical suppression.
We show below for an specific point that even for M3— My =~ 20 GeV, we can have the Branching
in eq. (6.79) sufficiently large.

(] Mﬁi <K Mno

In appendix 6.A, it is shown a full set of yukawas consistent with neutrino physics. For this
solution

Br(n* +

Brin” = M) .61 Brin” = No) .37

Br(nt — N;) Br(nt — Ny)

Br(n® — N;) ~0.51 Br(nt — Ny) ~0.19 Br(n™ — N3) ~0.30 (6.82)

Below we estimate the branchings to N3 — l;l;]\/l or N3 — v,vgNy — uaugl;lg]\fl. For this we
need the Branchings for Ny — 7 l;Nl compared with Branching to Ny — v,143/N;. In general this is
From this, the visible decays are using eq. (6.76)

Za,@ BI'(NQ — l;l;]\G)
Zaﬁ Br(Ny — vavgNy)

~0.758 = > "Br(N; — I I Ny) = 0431 (6.83)
ap
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On the other hand the chanels for N3 are Ny — I715 Ny, N3 — vavgNy, Ng — I715 Ny, and N3 —

vavgNa. From egs. (6.76) (6.77)

1
BN s =N — 0.406
% tNs = ol N0 S TG 6812 10,0615 1 1520
ZBT(N?’ — vargN7) ~ 0.536
apf
S Br(Ny — vavsa) ~ 0.030
af
ZBr(N3 N [;[;NQ) ~ 0.025
af

The expected background for Ny 3 — lglg]\/’l is

> Br(Ns — vavgNa) x Y Br(Ny — 1515 Ny) ~0.030 x 0.431 = 0.013
af af

(6.84)

(6.85)

(6.86)
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We have that

Ftot(]\[2)

Fvis(N2 - Nl)

Fvis(NS - Nl)

Finvis(NS - N2)

M3 M 1
2h2 + (he - ho)2 2 1
[ ths + (b - o) } 1927r3[ (Mz) [Mﬂ

n

> TNy — 115N

af

hih3 + (h; - hy)? M3 L (M
M3, 192737 \ M,

> T(Ns — 115 N)

af

hihi + (h; - hy)* My (M
ML, 192737 \ M;

> T(N3 = varsNs)

ap

h3h3 + (hy - hg)* M3 (M
M} 19273 \ M3 )~

From above equations we can obtain the following observable:

Br'mvis<N3 - N2) X Brvis<N2 - Nl)

Brm’s(NB - Nl)

h2hi+(ha-h3)? M3 I (%) % hih3+(h;-he)? M3 (%
19273

M1
n0

M3 M2, 192737 \ Mo
n

)

h%h§+(h1~h3)2 ]\435 My
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6.A Sample point
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-0.00188878597 0.000780236776 0.000248251388
-0.000352494763 -0.000180683976 -0.00122443053
0.000392272581 0.00120920029 -0.0012245638

So that
h? ~ 4.238 x 107° h3 ~ 1.656 x 107°
h3 ~ 3.116 x 107° h; - hy ~2.208 x 1077
h; - hy ~ 1.015 x 1077 h, - hy ~1.143 x 1076 (6.98)
h?h3 + (h; - hy)? ~7.067 x 10~ "2 h?h2 + (h; - hy)? ~1.321 x 1071
h2h? + (hy - hs)? ~6.465 x 10~ *2 (6.99)

The spectrum consistent with neutrino data is

M, ~6.16918656 KeV M, ~22.8695451 GeV Mj ~43.126911 GeV
M, ~139.1382 GeV M= ~149.1382 GeV (6.100)
I(M;/Ms) ~1 [(My/Ms) ~0.126 (6.101)

6.B Preliminary discussion

One interesting possibility in view of the large invisible direct decay, like N3 — v,v3Ny, is to get the
observables from the missing plus one energetic lepton (coming from n™*) signal. May be decays like

7]+ — Z:Ng — l;“ Fr
77+ — l;rNg — lz Fr
(6.102)

Once 7 ;, or n* are produced the full list of signals is: For n* production. The decay to N is

L™ — I N;) = WAW (M2, M7, m?) (1 - JT> (6.103)
n
3h2» ]\4.2 —+ mi
> Tln" —IIN) = WAW (M7, M2, m?) (1 — JT) (6.104)
n

o



6.B. PRELIMINARY DISCUSSION

with

A2 (M2, M? m?)

Neglecting m,, with respect to Ny 3, we have for j = 2,3
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In this way
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Br(nt — Nj) 3, T(n" = IIN;)
Br(n® — Ni) >, T(n* — I{N;)
b2 1202/
b2 1— 2M2/M?

h
2 2 2 2\—1
(11— 2M2/M2)(1 — 2M2 /M)

h

hj {1 _9 (—MJ2 _ ME)} (6.109)
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For three branchings we should have

a+b+c=1
pplpet
a a a
1
a4=—— (6.110)
1+b/a+c/a
In this way
1
Br(y" — N1) = — g B (6.111)
L4 so—=m) T B =)
From eq.
Br (N3 — Ny) _ (6.112)

Bl"(Ng — NQ)

77:I:
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