REFERENCE

INTERNATIONAL
ATOMIC ENERGY
AGENCY

UNITED NATIONS
EDUCATIONAL,
SCIENTIFIC

AND CULTURAL
ORGANIZATION

Ic/82/141

INTERNATIONAL CENTRE FOR
THEORETICAL PHYSICS

QUARK MIXING ANGLES IN THE LEFT-RIGHT SYMMETRIC MODEL
'WITH LIGHT W, FROM k% k° MIXING

Amitava Raychaudhuril

1982 MIRAMARE-TRIESTE



EM.




ICc/82/141

International Atomic Energy Agency
and
United Nations Educaticnal Sclentific and Cultural Organization

INTERNATTONAL CENTRE FOR THEORETICAL PHYSICS

QUARK MIXING ANGLES IN THE LEFT-RIGET SYMMETRIC MODEL
WITH LIGHT W, FROM KO-X° MIXING *%

Amitava Reychaudhuri **
Internaticnal Centre for Theoretical Physics, Trieste, Italy.

ABSTRACT

B K, mass difference and the CP violation parameter,&, of the
KO—? system are used to set bounds on the right-handed Cabibbo-like angle
and the CP violating phase angle in the left-right symmetric electroweak
model of four quarks. The corresponding mixing and phase angles in

typical left-right asymmetric models (gL # SR) are alsa determined.
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I. INTRODBUCTION

In spite of the remarkable successes of the standard SU(E)L x U(1)
model of the electroweak Interactions [1] there has been a growing interest in
the left-right symmetric model (L-R model) [2] based on the gauge group
SU(Q)L x SU(E)R };U(l)B—L‘
that physics (unliﬁphysicistsl) at the fundamental level does nct discriminate

between left and right and that the violation of parity is only a low energy

An mesthetic reason for this stems from the belief

consequence of the spontaneous symmetry breekdown. The L-R model is also a
subgroup of the Pati-Salam group, SU(Q)L x SU(E)R x SU('-&)C, which naturally
emerges in many grand unifying mcdels. Fran the experimental standpoint, the
L-R model holds the pramise of an enriched particle confent, some of which could
well be within the striking range of the CERN pp collider.

In the context of the L-R model, it has been usual to interpret the
left-handed nature of the observed weak interactions as a consequence of the
large mass of the right-handed gauge bosons (me > me) though an exemination’
of the different wesk processes resulted In a colparatively low bound of
me > 2.8 mWL [3]. Recently 1t has become clear that if neutrinos are

Majorana rather than Dirac fermions then several attractive features follow.
For our purpcses, the important cutcome 1s that one is naturally led to a heavy

vy of mass v My (ﬁmwa) associated with a light v, of mass m2/MR, where

m{<< M.R) is & typical Dirac fermion mass [4]. 1In stIx‘ch & scenario, the r-h
leptonic and semileptonic weak Interactions are kinematically suppressed by the
heavy YR and it is possible tc envisage a situation with meosg Wy, -

This is extremely interesting from the experimental point of v§ew since the charge
vector boscne (W *', WL't) and the two weak neutrel veetor bosons (2‘-1 and. 2.2) are
all within the range of the pp collider and ISABFLLE. Of course, one must
ensure that the model does not conflict with the known experimental data. Rizzr
and Senjanovi€ [5] have made an analysis of the neutral gurrent phencmenology of

model and have found many allowed solutions with low MR .

As & further_test of thig model one can confront 1t, in the nonleptonic
sector, with the KD-KO system. Tt has been found [7] that in the case of

*) As a word of cauvtion we must add that Barger, Ma and Whilsnant in a recent
analyels of the data [6] find more stringent bounds st the one standard
deviation level.
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manifest” left-right. symmetry (i.e. . the same Cabibbo angle in the left- and violation in this model obvious.

right-handed sectors) in the four quark model, one must have mw?,EO m,

¢ 7o ; . X
. -K stem involves an effective 45 = 2 Hamiltonian. In the
(v 1.6 TeV) in order to have Am_ of the right sign. However, if the " W, is The K°-K° system inv
- jat ontribution to this piece is generated through the
actually of the same order of mass as the wL then it lmplies a breaking of wmanifest L-R model the lowest order c o P g

aft - . box diasremas shown in Fi 1 C} We have not ex.hi'bi‘l';ed the "crossed"
left-right symmetry with interesting implicstion for charmed particle decays [8] . £. ) ( (

A il disgrams asscclated with these diagrems which have also been included irn the
detailed calculation of this process has been used to set bounds on the ri ght -

. @ del Fig.l i resent . Once the
handed Cabibbo angle (GR) tol. caleulation.) In the standard model only Fig.lla) is p .

AS = 2 effective Hamiltomian is obtained, the twe relevant parameters

In this work, we consider the prediction of the L-R model for the CP AmK mK mKs and Tmm ere extracted u,sin'g
) 12

violetion in the KO—KO system. The basic CP viclating mechanism in this model

has been examined by Mohapstrm and Pati [10]. Unlike the standard mcdels even

¢ H ‘ ke >
in the four quark case t_h_is model allows CP violation through the mass matrix A Qe < ‘I{ l 2% ! 123

and here we use the X -K° system toc set bounds on the CP violating phase. (In
the standard model the KO—? system has been often used to set bounds on the

; - ¢ ¥ VK > (3)
Kobayashi-Maskawe mixing engles and phase for the six quark model [11]). As a Im 'f'ﬂu_ = Im £ K-a\ H Q% . 3

byproduct we find some new allowed ranges of 8y mwot included in [9] where .
. . ) ion- t -mabrix € 3 cemplicated by the presence of
the CP violating phase was dropped. The extraction-of these mabtrix eélements is camplicsl Yy he)

strong interasction effects. We follow the time-honoured practice of assuming

This paper 18 orgenized in the following manner. In Sec.IT we that the insertion of the vacuum intermediate state 1n all possible ways

summarize the calculatign of the KL—KS mass difference and the CF viclating

Phase in the four quark L-R model. In the next section we use the known neutral

apturates thne matrix element [12] . A colour Tactor of B- has been included

3
in the result. Bag model calculations tend to agree with this result up to

kaon parameters to et bounds on the mixing angles and thePRES€ gngle. We end 0(1) facters [13]

in Sec.IV with our discussions.
The eglculations have been described in great detail in Ref.[9] taking

inte account the possibility of mixing between WL and WR for the special case of
' ‘ =4§_=0, i foar the simplicity of presentstion we ignore the
11. OF VIOLATICN AND THE X -Ko MASS DIFFERENCE IN THE L-R MODEL L7 % In this peper for the simplicity of p &
( WL—WR mixing which 1s, anyway, constrained to be amall [3]. Furthermore, we
In th tandard 8U(2 Uil d h - - !
" < shandar ( ) * ) model the charge 3 quark wesk inter redefine the phase of the s-quark through the transformation s—)ei L S.

gsction eigenstates are rela.ted to the mass eigenstates through an orthogonal

This transfirmation has no observable consequence but it allowa us to write the
transformetion parametrized by the Cabibbo angle, BC. In the I-R medel the

final expressions i1n a simpler form. Following the steps of [0], we find in a

left and right-handed weak eigenstates are related to the mass eigenatates by, straightforvard manner

e (A = (Ao, [1+ e o0 22

in general, different unitary transformations {10] 2

A Sinf, e;g,_ cos Bg Sinflp € M 1t
U = -.8 | = "LSR 2 {
- -SEnQLQLL EOH 9!. / UR *3;:19 C’O{SBR { ( S+md +i} M chg(f + _“1‘“ f )
o My ek 2 ()
- m_ (Z5+ 2R od :25)(3C¢—i)}]
where BL = Bc. Manifest left-right symmetry corresponds to setting eL = GR. L SI_

The existence of the phase factors 6L and 6R makes the possibility of CP

-3 =h-



‘ 2 -1 1
T Mo =- (M‘K)su[_' &w2$+.§{6 m+mol)+i}‘ (Am,) =4.2x 10 [4+ lep® 20

2 2
2 M S , _ — 4034 §1 g Mmoo .’!Lnuf’__n o
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2
-103.1{ SinS (1+.‘J g m“) 1|5-%_ %J;_ SEMQS}] fey (10)
f=(M M s BTy fef(ew 2 s
e 2

mw These gusntitles have t_o be compared with the experimental walues. Im(mlE)

L g is related to the K°-K° CF violating perameter € through

S €L m R=ER ,§=85,-%

M= . J = _{. 3 R i (8
= 3 m 8
S C W L
R™R L 0. ek ilmm, +=InT
, Yoo= CoA c. 12 "2 12
SL'z c;mgL) CR R e= ilAF .
A few words of explanaticn are possibly called for. (AmK)std is the 2 Amk

result obtained using the standard model (i.e. Fig.l(a} only) and is the only
Neglecting T

surviving contribution in the m, =) © or gR—-'DO 1imit. The terma 12
AT ~ I‘S = .41 Amk, one finds from the experimentel value of & [15]

which 1s small and using the experimental result

proportional to 1/y come from F:Lgl.ql('h) while those proportionsl to 1/y are
2

i
from Fig.1l(ec). The factor {S(ﬁ) + 1} arises from the matrix elements T M,s

-3
= 325 x10 .
of Heff(ﬁs = 2) of the (s-p){s+p) type Dirac structure obtained from Fig.1({c} Ami( _ (1)
‘as compared to the (Va)(V#A)  form from Figs.l{a) and 1{b). The factors

involving f , f_  emerge from the loop wmomentum integrationm. External particle Mao [16]
=15

Av, = 3,52 % 10 Gew

momenta sre neglected since it has been shown that these contributions are

negligible in the K°-K° mixing provlem [1L] enad mWL >> m, >>m  has been used )

to simpiify the integrals.
In the typical case of Egs.(9) and {10}, one has to look for suitable cholees

of 0p and § (aL =8, of course) such that (11) end {12) are satisfiea.

Solutions can, in principle, exist in any of the four gquadrante for each of GR
$. However, the analysis is somewhat simplified by noting that &, enters

‘ R
II1. COMPARISON WITH EXPERIMENTAL NUMBERS only in the combinstion SRCR in the dominant terms, so it is enough to consider
In order to get a feeling for the relative sizes of the various terms only the range Cf 6&manad foreveryeaﬂ thatgis allowed (8 + v) is also =
in Egs.{4) and {5) we consider the actual numerical values in a typical situation allowed.(In the terms involwing 8 or Cp there is actually also no change

We use mW = 77.6 GeV, mK = 497 gev, mc = 1.6 GeV, m_ = .15 GeV, m, = 5 MeV by this shift of BR.) Meoreover, changing the sign of & only flips the szign

and fk = E.EB u_. For singew = .23, y=h, R=1ve find of Im ml2 keeping Amk unchanged. The slgn in Eq.{11) thus helps to reduce_

the freedom on §. Now, from Eq.(9) 1t is clear that if the signas of (‘.‘R and
cos § are both changed gimultaneously then Amk does not c¢hange. The change

in Im cen be compensated by changing at the same time the sign of sin 6.
Mo

G



Thus if CR' cos § and sin § form an acceptable solution then so do -CR,
-cos § and -ain §. It is therefore enough just to present the results for

(1) g * 0, cos § > 0 and (ii) g > 0, cos 6§ <0,

Because of its large coefficient, the term in the curly 'brag_]_{ets in Bq.(9)
The small amount of CPF violation in the k°-&° systen
It turns out that if

is usually dominant.
restricts sin § close to zero (cos 6231). cos & > 0,
Cy » o then the right hand side of Eq.(9) (and slso of Fg.(h)) monotonically
increases as SRCR ig decreased. Amk is initially negative but eventually
becomes positive. There are significent cancellations between the two terms
within the curly brackets in Bq.(9) and the ratio 1y = 8;C /5.0, does not
heve to be too large, The results for this case are presented in Table TI.
Actually we have not required that the solution exsctly satisfy Eq.{12) but only
that it reproduces the standard model prediction for (Amk); i.e. the bracketed
expression multiplying (Amk)std in Eq.(4) be unity. We have considered

m, /mw = 2,3 and b which seems to cover the allowed range for low m,
Fo§ theLsa.ke of completeness we have also considered the left-right asy‘mﬁetric
model [171.
«ith a low MR'
re noted that the =3 # g possibility may be naturslly reelized in grand

This model is known to fit low energy neutral current data [18]
We have considered the choices gL/g_B =/z and 2. It may

unified theories but for & /gﬂ 45 large as Y 2 or 2 this would imply

mw?>mw_

from gra.n& unified theories

Therefore the asymm- : models we consider here cannot emerge

For case (ii) (cC_: cos § < 0), the two terms in the curly brackets

R
of Eq.{9) are of the same sign and there 1s no cancellation. In this case as
u = SLCL/SRCR s increased, Amk decreases monotonically from a large positive
value. Amk can reduce to the standard model wvalue obly for n == and u

has to be greater than even 500 in order for Amk to be within 10% of the

standard mcdel prediction. This practiecally corresponda to setting C_ =0

R
or SR = 0o 1in which situstion there will be nc CP violation at all.

Iy, DISCUSSIOoNS

The bounds on the right handed Cabibbo angle, SR, and the phase angle

- ]
& SR GL set by the X '-K

es the left-right asymmetric models 6

system have been found. For this model as well

R iz found to be constrained to renges

-T-

such that sin2e

R R
implies thet in the right-handed sector the u-quark {c-—quark) couples almost

The latter
alternarive has striking implications for charmed particle decays [8].

is very small i.e. §_ is elther near O or mear =/2. Thia

%o the pure d-quark (s-quark) or to the pure s-quark (d-querk).

In this caleulstion the t-gquark contribution has bot been considered. &
Even though it is yet to be experimentally detected the predominant feellng seems :
to favour t1e existence of the t-quark. This caleculation may be extended to the

six=-quark s;-stem keeping the t-quark mass as a free parameter.

In conclusion, we find thet the L-A model with low MR requires strong
breakxing of menifest left-right symmetry in order Lo agree with the K.L-KS mess
difference. The CP violating phase In this model is constrasined to bte of

roughly the sgme order as in the Kobayashl-Masksws model.
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