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‘We propose a model of interactions in which two states of a quark, a colored and electrically
charged state and a colorless and electrically neutral state, can transform into each other
through the emission or absorption of a colored and electrically charged gauge boson. A
novel feature of the model is that the colorless and electrically neutral quarks carry away

the missing energy in decay processes as do neutrinos.
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I. INTRODUCTION

At the present stage of particle physics, there is an asymmetry between quarks and leptons: For
every charged lepton, there is a corresponding type of neutral lepton, neutrino, which participates
neither in strong interaction nor in electromagnetic interaction, whereas, for every charged quark,
there is little known about a corresponding type of neutral quark, which participates neither in

strong interaction nor in electromagnetic interaction.

The question can be raised as to whether such neutral quarks, which participate neither in strong
interaction nor in electromagnetic interaction, exist. If they really exist, they should have neither
color charge nor electric charge, and could carry away ‘the missing energy’ in decay processes as
do neutrinos. One can build up a theory of such quarks, leaving the experimental verification of

their existence blank.

In the present paper, this is the case, we postulate the existence of such quarks, i.e., the
colorless and electrically neutral quarks, and build up a theory of the quarks. For the description
of interaction between quarks, we also introduce another postulate that the transition of a quark
from colored and electrically charged state to colorless and electrically neutral state or vice versa
is accompanied by the emission or absorption of a colored and electrically charged gauge boson,
just as the transition of a lepton from elctrically charged state to electrically neutral state or vice

versa is accompanied by the emission or absorption of an electrically charged gauge boson.

In section II, we consider the transition of a quark from a colored and electrically charged state
to a colorless and electrically neutral state with the emission of a colored and electrically charged
gauge boson, and its reverse transition with the absorption of the gauge boson. In section III, we
discuss the properties of the colorless and electrically neutral quarks. In section IV, we construct
a model of interaction Lagrangian for the colorless and electrically neutral quark and the colored
and electrically charged gauge boson fields. In section V, the possibility is explored of making
an estimation of the mass of one of the colored and electrically charged gauge bosons from the

measured K — 77+ ‘missing energy’ branching ratio.

We shall hereafter denote by pg the state of a particle p, of which the color charge and electric
charge are ¢ and c’e respectively, and denote by Cj colorless. For any color ¢, the relation c+¢ = Cj,

¢ being the anti-c, holds .



II. QUARKS, AND COLORED AND ELECTRICALLY CHARGED GAUGE BOSONS

Let us consider a transition of a quark from a colored and electrically charged state ¢! to another

state g¢2 with the emission of a colored and electrically charged gauge boson bc?, gcl — g2 + be?,

€1.

and its reverse transition with the absorption of the gauge boson, ¢z +bf> — ¢gl:

ey = gy + 3, (1)
where
1 2
6175007 €1 7507 (Cl :Tagvb’ 61:_5’ +§)7 (2)
ey # Co, ep #0. (3)

We shall now determine the color and electric charges of the gauge boson bct, and those of the

quark ¢¢2. The transitions (1) must satisfy the law of conservation of color and electric charges:
c1=c2+ap, er=ez+t e, (4)
which gives
cp=c1+Cy, €, =e1 —eq. (5)
Substituting for ¢, and ep in (1) their values, we have

9oy = 4oy +000 5 (6)

2 c1+céa”

Among the various cases, we shall be concerned only with the case: The transition of a quark
from a colored and electrically charged state gg! to a colorless and electrically neutral state q%o
with the emission of a colored and electrically charged gauge boson b!, and its reverse transition

with the absorption of the gauge boson:
Ger = 4y + b (7)

€1

el and the colorless and electrically

which means that the colored and electrically charged quark ¢
neutral quark qgo transform into each other through the emission or absorption of the colored and
electrically charged gauge boson bg!. The extension of the transition (7) to the cases of involving

anti-particles may be made as follows:

€1 — 1 —

get 2 2 b, gl b 2 gy, b2 gl qd,, i+ =g (8)

etc., where A denotes the anti-particle of A.



It should be noted that the colored and electrically charged gauge boson b¢! in (7) has the same
color and electric charges as the colored and electrically charged quark ¢c!, i.e., bz = 7!, it thus

has the color charges 7, g, b and the electric charges —%e, +%e.

The transitions (7) can be rewritten in the form
0 = g+ W (9)
where we have put k, = q%o, W =b,i=cy, Q/e =e1. The (9) takes the form when ¢ = u, c or t,
(Q/e=+3),
(10)
and when g =d, s or b, (Q/e = —%),

1 1
q; P S Rg+W, 2. (11)

III. COLORLESS AND ELECTRICALLY NEUTRAL QUARKS

We may see from (10) and (11) that there can be six colorless and electrically neutral quarks,

which we shall call simply ‘neutral quarks’ or ‘neutrino-like quarks’:
Rq (q = u, C7t7d787b) : Ru, Rey Kt, Kd, Rs, Kb, (12)

that is, there can be six pairs of (q, Kq): (u, ky), (¢, Ke), (¢, ke), (d, Kaq), (s, Ks), (b, Kp).

Neutral quarks are colorless and electrically neutral quarks, whereas neutrinos are colorless and
electrically neutral leptons. Since neutral quarks have neither color charge nor electric charge,
they participate neither in strong interactions nor in electromagnetic interactions. This means
that neutral quarks can carry away the ‘missing energy’ as do neutrinos.

Let us consider two kinds of transitions

g2 = kg + W (13)

=2y +W-, (14)

where /e = —l—% (g =u,c,t), Qe = —% (g =d,s,b), l =e,pu, 7. We may see that the transitions
(13) take the same form as the transitions (14): A colored and electrically charged quark loses its
color and electric charges completely through the emission of a colored and electrically charged
gauge boson, just as an electrically charged lepton loses its electric charge completely through

the emission of an electrically charged gauge boson. This suggests that the description of the



transitions of a quark (13) can be made in the same way as the transitions of a lepton (14), that
is, in the form of electroweak theory of leptons.

The neutral quarks must have spin % and baryon number % To describe within the framework
of SU(2) xU(1) model, the left-handed neutral quarks have isospin 3: Each left-handed colored and
electrically charged quark and its left-handed neutral quark have the same magnitude of isospin

charge but opposite in sign. Thus from the isospin charge T3

—i—%\q, L) for q=u,c,t,

T3’Q7L> =
—%\q,L) for ¢ =d,s,b,

(15)

and % =15+ %Y, the isospin charge T5 and hypercharge Y of each left-handed neutral quark are

—LYky, L) for q=u,c,t,
T3"{qu>: ? !
+3lkq, L) for q=d,s,b,

and

+1|kq, L) for g =u,c,t,
Ving )= et fora (17)
—1|kg, L) for ¢ =d,s,b.

Each right-handed neutral quark has isospin charge zero and hypercharge zero.

Accordingly, quarks can be classified into four types:

u—type : wu, ¢ t

kg —type : Kq, Ks, Kp

(18)
Ry — type ¢ Ry, Rey, Rt
d—type : d, s, b
and
U c t
KRd K Rp
Gr = G = | ,Gm = . (19)
Ky Ke Kt
d s b

We may see that neutral quarks resemble neutrinos in many respects. We utilize the resemblance
between them by determining the masses of neutral quarks from the mass conditions of neutrinos:
We assume that the mass of each neutral quark is either zero or very small in comparison to the

mass of the corresponding colored and electrically charged quark, i.e., my, = 0 or my, < my.



IVv. MODEL

Let us consider ten column vectors

uk uf K K
cf cf Ky w5
th th /15 mlf
\Il%z = ZL 7\11511 = ZL ,\Ifé = I 7\IJ£ = I ) (20)
di Ry dl Ky
oL L oL il
by ki bf ki
here i = 7,9,b, ¢ = Prg;, kL = P —u,c,t,d,s,b), Pp =157
where v =T,4,0, qz = I'Lqi, K‘q - L"iqv (q—U,C, y Ay S, )7 L — —5 -
By introducing the 6 x 6 isospin matrices T} (j = 1,2,3, a =1,2,3,4),
1 0 U, 1 0 —iU, 1 (1 O
To=5{ . ") Ta=5( . | Ta=5 : (21)
Uy 0O U O 0 -1

the I being the 3 x 3 unit matrix, the U,’s 3 x 3 unitary matrices, which satisfy the commutation

relations
[Tia; Tjo] = i€ijkTha, (o : unsummed), (22)

and the 6 x 6 diagonal hypercharge matrices Y,

310 31 0 -1 0 -1 0
}/1: 7Y2: 7}{32 7Y;1: ) (23)
0 31 0 +I 0 3I 0 +I

we may construct the Lagrangian, which is invariant under T}, and Y, gauge transformations,

being of the form

3
L =" iUky, DFOL 4 iUk, DIUL 4+ .7, (24)
j=14i=7r,g,b

where the ¢’ involves the terms of right handed quark fields, free gauge fields, Higgs fields, etc.

The covariant derivatives in (24) are defined as

3
1
DIy = (9" + ) igTnW}; +ig'SYiB") U, (25)
j=1
2 1
DMy, = (0 + > igTjaWhy, + igTsWhy + z'g’ngB“)\I'%i, (26)
j=1
2 1
DML = (0" + ) igTysWhy, + igTssWis + igéYgB“)\I’éi, (27)
j=1
> 1
DFUE = (0" + Y igTjaWh + ig’gnB“)\lzj (28)

J=1



The Lagrangian .2 defined in (24) involves not only the well-known term

> Wk, DI (29)
i=7,9,b
but also the newly introduced terms
Z > ik, DI 4 iUy, DPEE + 2 (30)

j=21i=r,g9,b

Since the charged currents constructed out of \Ilfl do not carry color charges, they are coupled not
to colored and electrically charged gauge bosons, but to colorless and electrically charged gauge
bosons like W*. Whereas, the charged currents constructed out of \Ilgl or \Ilgl carry color and
electric charges, and are coupled to colored and electrically charged gauge bosons.

The first term of (30) can be written in the form

Z Z Z\IIJZVNDM\IJ]LZ' - Z Z Z\I/Jz'V#aMIIJL + "zﬂlc + "%N’ (31)
j=21i=r,g,b Jj=21i=r,g,b
where
3 2
=—0> > > VinTuWiv, (32)
=2 k=1i=r,g,b
3 - 1
L == D VimlgTy Wi + 95 VBV, (33)
Jj=2i=r,g,b

The %, describes the interactons in which each current involving a neutral quark and a colored

and electrically charged quark is coupled to a colored and electrically charged gauge boson:

S, = > (WhiTi + WIS, + W Ti + WIS, (34)
2f i=7,9,b
where Wi = —5(Wiy; — iW3y,), Wi = 5 (Wi, + W),
- 0 U;
Jjip = 2Uky HOL H; = . (35)
0 0

2 _
We shall denote the quanta of the field W4 and those of the field WJ; by W;r3 (or W+%) and W, °

(or W_%) respectively. The 77, describes the processes such as

l\.’)

u“—/fu—i—W S, d; 2 kg + W,

7 )

Wl

(36)

where i =1, g, b.



The 71, describes the interactions in which neutral currents of quarks are coupled to colorless

and electrically neutral gauge bosons:

3
L == > Uhy (qTaWi + 4 YB”)\I'JLZ, (37)
Jj=2i=r,g,b

where T3 = T3;. By introducing Hermitian fields Z]H and A*

W;j = cos HjZ]’-‘ + sin§; A", (38)

B* = —sin HjZ]‘-L + cos 0; A", (39)

substituting for W?f; and B* in (37) their values, we obtain

3
L = — Z Z \I/JLnyu[ng(cos 0,2} +sin6;A")

j=21i=r,9,b
1
+g’fY-(— sin 0; 25 + cos 0 AR O

:—Z Z \I/ﬂ'yu (gcosf;T3 — g s1n0]2Y3)Z“
-7 2Z T’g’

+(gsin ;T3 + ¢’ cos 9j§)/j)A”]\IJJLi. (40)

Since % =T5+ %YJ and gsin ;T3 + ¢’ cos 0] Y; = Qj, they agree if we take gsin; = ¢’ cosf; = e.

It thus becomes

Q;
Z Z \Pgﬂu (Tg—sm 0; ])Zjl-i-l-QjA“]\llL
Jj=21i=r,g,b
3 (Qj)

g6 |
= - Z e (I sin? 0, —) 7} + 7899 4, (41)

T ~ Q; -
where J) = S Wk Uk and J9) =30, Wk, Q0

From (34) and (41), we have

ﬁc + 'i/pIN - % Z (W21J21M + WMTJ;# + WZZ'TJ?’Z‘M + WM ng,u)
i=r,9,b
- @) T (@)
Y~ — Y~ sin?¢; )2+ 0,5 AN, (42)

Jj=2



A. Weak currents involving K, k¢, K¢

From the three column vectors

~
SN SN T~

=

S O i

B . . .
where ¢ = 7, g, b, qiL = Prq;, /@qL = Prkq, (¢ = u,c,t), P = ! 5, we obtain the interaction term

from the gauge invariant Lagrangian

g
24, = o > (Wﬁi'JQiu"‘Wzlfosz)
i=7,9,b
Q
g (™) in2 9 J;(LZQ) b o J(@2) gp
7(30802( p2 T SHIO2 e ) 2 + w2 ],

2
where W} = %(W{éz — iW35,.), of which the quanta correspond to W;S (or W+%), and

0 Us
0 0

Joiy = 2Ukn, HoWk Hy =

where Us is a 3 X 3 unitary matrix, 0 the 3 x 3 null matrix.

(44)

(45)

The .2, describes the interactions in which a charged current involving a neutral quark (s,

Ke, ¢) and a colored and electrically charged quark (u, ¢, t) is coupled to a colored and electrically

charged gauge boson W3 or W"'%, e.g.,

wiN

+
U = Ky + W,

)

(46)

where ¢ = r,g,b, and the interactions in which a neutral current is coupled to a colorless and

electrically neutral gauge boson Z3 corresponding to the quantum of the field zZy.
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B. Weak currents involving kg4, ks, Kp

From the three column vectors

where i = r,9,b, ¢ = Prqgi, k% = Prry, (¢ = d, s,b), we obtain

By =g 3 (W W)

= T,g,
g (T3) J(éh) (Qs)
3 s 2 e 1% 3
~l 03(J“3 — sin 93T)Z3 + s A, (48)
_1
where Wi = %(VV{%Z + iWJs,), of which the quanta correspond to W, * (or W_%), and
_ 0 U
Jaip = 2Ukry, Hy UL Hy = ’ ; (49)
0 0

where Uj is a 3 X 3 unitary matrix.

The .71, describes the interactions in which a charged current involving a neutral quark (kq, ks,
kp) and a colored and electrically charged quark (d, s, b) is coupled to a colored and electrically
charged gauge boson W=3 or W__%, e.g.,

1

di = kg + W, ?, (50)

where ¢ = r,g,b, and the interactions in which a neutral current is coupled to a colorless and

electrically neutral gauge boson Zg corresponding to the quantum of the field Z%'.

V. K" —rt+ ‘MISSING ENERGY’

For the description of the rare kaon decay mode K+ — 7+ ‘missing energy’ [1-18], beside the

well-known process

Si — (L‘I/lﬁl (l = 67/1’77-)7 (51)



we may consider the quark level process as follows

— 7 !
5; = dikgKY,

11

(52)

where i = 7, g,b. The r; (¢ = d, s) is mixed states of x4, s and k. We may see that this process

is very much similar to the muon decay u~ — e” .1, in many respects.

The interactions of the well-known process (51) are mediated by the gauge bosons W and Z°,

whereas those of (52) are mediated by the gauge bosons W‘é, W~3 and Z?? . We may infer from

extremely short range of the interactions of (52) that the mass of the gauge bosons W~3 and A

must be very massive.

If we now assume that the missing energy in the process K™ — 77+ ‘missing energy’ is mainly

due to (51) and (52), the decay rate of the process can be written as
(K" — 7" 4 Nothing) ~ L'y 4+ (),

where

+

VV)V=1/E,V;L,V77

F(l) = F(S_Z — Jiyly_l)lze,uﬂ- ~ F(K+ T

Ly = D(5; — dirgrl) =~ T(KY — 7t w)sl).
The interaction Lagrangian responsible for the process (52) is .43, in (48),

(Q3)
2v/2 . J
COSZZV (J5¥) — sin? g5 —“2 )24+ J§P A,

Ly = —gw Z (Wzﬁu&'u + W:’fz“]gm) —

i=7,9,b

where gy = 2%}5 and

Jsip = 2ULr, Us WL = 2wliy, ok

vl — UJwk, and

/ﬁig dk

L _ L __
V= w8 |2V sf
L L
Kj, b;

(53)

(56)

(57)

In the limit mey = 00 and m 79 = 00, the W*3 propagator and Zg propagator reduce to

- pv, —2 - pv, —2
ig""'m and 1g""m
T Myey g Mz

respectively.

(58)
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From (48), (56) and (57), we may construct the invariant amplitude of the lowest order for the
process (52) which takes in the form
2
M~ —i 4gW L, Lt Lt dL 59
Nl S Ry Ky Yudy (59)
m :El
w3
Assuming that Us =~ I, my, = 0, my, = 0, mq < ms, and that the process (52) is unaffected by
strong and electromagnetic interactions except some negligible higher order corrections, we have

from (59) and (55)

+ + gf‘ivm5
DK™ — 7 kKl ~ —="——, 60
( ) ot (60)
wts
where g%v = %Gm%ﬁ well-known in electro-weak theory. This gives
_ 7 Tre+ G2mA mP
B(K" = ntkrl) = mis T(K T — n kel = 1592 W s (61)
M Ly
From this, we have
oy = Tt -
w3 M2 B(K+ — ntrlkl)

where G ~ 1.166379 x 107°GeV ™2, myy+ =~ 80.385GeV, m, ~ 95MeV, Tx+ ~ 1.238 x 10785 [19].
From the measured KT — 7+ + ‘missing energy’ branching ratio [9] and the predicted K+ —

7tvi(v = ve, vy, v7) branching ratio[18],

B(K' — 7" 4+ Nothing) gy, = (1.737182) x 10719, (63)

B(KT = 7 00) Theo = (0.78170:080 +0.029) x 10717, (64)
and from (53), we have
B(Kt — atkhil) ~ (0.957%") x 10719 (65)
Substituting this in (62), we obtain
moy 6.18% Tev. (66)

Unfortunately, the range of the experimental uncertainty is so wide as we can see.
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VI. CONCLUDING REMARKS

It should be noted that neutral quarks can be produced in non-leptonic decays, and they carry
away ‘missing energy’ as do neutrinos. Thus we must take into account the processes involving
neutral quarks as well as those involving neutrinos in non-leptonic weak interactions where missing

energies occur.

To confirm our speculation, we should look for colored and electrically charged bosons with

spin-1 and neutral quarks consistent with the properties described in this paper.
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