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~ 1.Introduction ~

1.Introduction

The search for a new physics beyond the Standard Model (SM) is now
one of the aims of the high energy physics. One of the new physics can be
induced by the possible four color symmetry treating leptons as quarks of
the fourth color[J. C. Pati, A. Salam. PRD, 1974]. This symmetry can be
unified with the SM by the gauge group

Gnew = Gc X SUL(Q) X UR(l)

where G is the group of the four color symmetry.

New gauge fields:

—SUV(4) = V, Z

= SUL(4) x SUR(3) = Vi, gW, 7

= SUL(3) x SUR(4) = VE gW, Z

= SUL(4) x SUR(4) = VI VvE W, z 7.
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~ 1.Introduction

The most stringent lower mass limits for the gauge leptoquarks are the
indirect mass limits resulted from K? — eTu™ decay which in the case of
zero fermion mixing are [G. Valencia, S. Willenbrock. PRD, 1994;

A. V. Kuznetsov, N. V. Mikheev. PLB, 1994 YaF, 1995: A. D. Smirnov.

MPLA, 2007, YaF, 2008, in print ]

mi2e" = 2000 TeV,
m%}”ﬁ)er = 260 TeV.
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~ 1.Introduction

New scalar fields: scalar leptoquarks, scalar gluons

existence of scalar leptoquarks and such particles have been
phenomenologically introduced in ref. [W. Buchmiuiller, R. Ruckl,
D. Wyler. PLB, 1987 | and have been discussed in a number of papers.

direct search are [PDG. W.-M. Yao et al., J. Phys.,2006]
1st generation 2nd generation 3rd generation

mrg > 256 GeV, 251 GeV, 148 GeV, 153 GeV [*)]
Br(eq) =1, Br(uq)=1, Br(vb) =1, Br(rb) =1;
mrg > 234 GeV, 204 GeV
Br(eq) = 0.5, Br(ug) = 0.5.
[*) T.Aaltonen et.al. (CDF), hep-ex//0802.3887 ]

The indirect mass limits for the scalar leptoquarks — h/mg.

It should be noted however that the four color symmetry allows also the

The experimental lower mass limits for the scalar leptoquarks from their
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~ 1.Introduction
Minimal Quark - Lepton Symmetry model (MQLS - model):

Gnew = SUv(4) X SUL(Q) X UR<1) +

(including the quark—lepton mass splittings )

a=1,2,3, k=1,2,...,8 = SU.(3)—color indices.

o (o) () (5)-(5)- ()

h ~mg/n,
The indirect mass limits for the scalar leptoquarks from K¢ — ey
decays are of order of the direct mass limits. [A. D. Smirnov. MPLA,
2007, YaF, 2008, in print ]

Radiative corrections — mg,mp ~ 7

MQLS - model = the Higgs mechanism of fermion mass generation

S\ (S (Fw) (o) [ or
MQLS - model = < Sél_) ) Sé;) ) sz ) (I)/2 ) (I);SM)

+

)
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(-2. S, T,U parameters of Peskin - Takeuchi
2. S,T, U parameters of Peskin - Takeuchi

Mpew > myz

The S-, T-, U- parameters of Peskin and Takeuchi are defined as
[M.E. Peskin, T. Takeuchi. PRD, 1992]

aS = dswew([swew (I ,(0) — I, 4(0)) — (ew” — sw?)IL 4(0)],
al = CW;”ZQ Iy (0) _CW2HZZ(O)]’

aU = sy [y (0) — ew Il ,(0) — eIy 4(0) — 2ew sw Iy 4 (0)],

where TT% (k?) = g™ Tlxy (k%) + (kHk” — terms) are the self energy
functions of X-, Y-fields, I1xy (k?) = Ilxy(0) + k*Ilx(0) + ..., X, Y are
A7, and Wj—fields.
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~ 2. 5,T,U parameters of Peskin - Takeuchi

The S,T,U parameters are normalized so that in the SM ( i.e. in the
case of absence of any New Physics) S, T, U must be equal to zero:

Snew — 07 Tnew — 07 Unew = 0.

The current experimental data on 5,7, U are

—0.13 £ 0.10(—0.08),
—0.13 + 0.11(40.09),
0.20 & 0.12(+0.01),

where the central values assume my = 117 GeV and the change for
mp = 300 GeV is shown in parentheses [PDG. W.-M. Yao et al.,
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~ 3. Contributions into S,T', U from scalar leptoquark doublets ~

3. Contributions into 5,1, U
from scalar leptoquark doublets

Skas§i)
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Figure 1: The self energy diagramms contributing into S, T', U from the scalar leptoquarks
Sfi), Sk, k=1,2,3 (V is the vector leptoquark, X, Y are the photon and Z-boson).
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~ 3. Contributions into S, T, U from scalar leptoquark doublets

The contribution of scalar leptoquark and scalar gluon doublets into S,
T, U in general case have been calculated in refs: [A.D. Smirnov. PLB,
1998; YaF, 2001; PLB, 2002; A.V. Povarov, A.D. Smirnov. YaF, 2003] In
general case the scalar leptoquark contributions into S, T, U are rather
complicated because of the possible scalar leptoquark mixing

3 3
S = 3PS, 57 =%"dDs,
m=0 m=0

and because of existence of the goldstone mode 5.

Below we consider the case of zero scalar leptoquark mixing and with

neglect of the small parameter £ = 2gin5/m3, < 1 of the model. In this
case the scalar leptoquark doublets

(+ -)
sw_<%ﬂ>ﬁu_<%)>
S2 S2

are the physical states and their contributions into S, T, U take the
simplest form:
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~ 3. Contributions into S,T’, U from scalar leptoquark doublets

0,

69 50

2 2
SR — Be ) _ YfMlnm—;r — Y_SMlnm—; :
127 my ms
e
T(LQ) = 167‘(‘8%[/6%4/mzz{f1(m+7m1) + fl(m,m2)} > 0,
Uz
70— 2L e om) + fmem) ) > 0
where
2m2m3 m?
fl(ml,mg) = m12+m22— 5 1 22111 ; > 0,
mq= — Mo msy
fy(mrmy) = bmyt + 5myt — 22my*my?
m1% — 3mqi*mo? — 3m2me? + ms" | m3
+ 2 _ ) 2\3 n— >
(m1? — my?) m;
Ne = 3, YiSM =1+4/3 and m, = M), Mo = Mgy, Mpg =M
\ 2re the scalar leptoquark masses.
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~ 3. Contributions into S,’T',U from scalar gluon doublets ~

3. Contributions into 5,1, U
from scalar gluon doublets
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Figure 2: The self energy diagramms contributing into S, T', U from the scalar gluons F;
and from additional scalar doublet ' (&, = @/, Fj,, a=1,2,j=1,2,...,8, X, Y are
the photon and Z-boson).
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~ 4. Contributions into S,T',U from scalar gluon doublets

The scalar gluon doublets can be written as

o B
! (d1j +ida;)/V2 )
where the charged fields F; and the neutral fields ¢y;, 25,7 = 1,2,...,8
are the mass eigen state fields.

The scalar gluon doublets give the next contributions into .S, T', U

m3 my
.S(F) — —{111 §1+1n21_f2(m¢17m¢2>}7

My, my,

k
T(F) = d 2{f1(mF17m¢1)+f1<mF17m¢2>fl<m¢17m¢2)}’

327TCW28W2mZ

k
U(F) — ﬁ{fQ(mme%)+f2<mF17m¢2)f2<m¢1’m¢2)}’

where kr = 8. The contributions ) and U are not positive definite
and they are negative if mp, is between mgy, and my,.
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~ 5. Numerical results and discussion

5. Numerical results and discussion

S =gu@) g p_ple) L pF) - gl 4 &)

V(oM sy s )y > 0,
)\z’ S )\maa;

lower

mi, Mo, M+, MFE,, mqbp mqbz Z Mycalar-

Amaz = 1.0 = 4.0, (Amaz/47 = 0.1 — 0.3.)

(S . Sexp)Q (T . Te:tp)Z (U L Uexp)Z

2 __ new new new
T @Sy T @arne (aue
AS, AT, AU are the experimental errors in S¢*P Texp [jezp

new?’ — new’ new-
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~ 5. Numerical results and discussion ~
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Figure 3: 2. (m'“e" '\,...) as a function of the lower limit m'9“¢" on the scalar doublet
kmasses for 1)myg = 117 GeV, 2) my = 300 GeV at a) Apaz = 1.0, b) Aoz = 4.0. Y
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~ 5. Numerical results and discussion ~

For example for \., = 1.0, m@¢" = 400 GeV the scalar leptoquarks
and gluons with the masses

M) = 440 GeV, m
mS(+) = 400 GGV, m

S(_) = 400 GGV, mpgp, = 460 GGV,

o = 420GeV, my, = 480GeV, my, =400 GeV

give the contributions

STR) — 003, TUQ =008 UL =55.10"%
SE = —0.01, TV =021, U¥) =-12.1077,
S = —0.05 T=-013, U=6.6-10""%

which agree with

Serp — (.13 4+0.10, 77 = —0.13 £ 0.11, U*? = 0.20 & 0.12

new new

for my = 117 GeV with x* = 3.5 ( in comparison with x%,, = 5.9 ).

\_ J

May 23-29, 2008 Mass limits for scalar leptoquark and scalar gluon doublets
15th International Seminar on High Energy from current dataon S, T, U

Physics QUARKS-2008, Sergiev Posad, Russia (page 16)




~ 5. Numerical results and discussion

In a similar way for A\, = 1.0, m@er = 400 GeV the scalar

scalar

leptoquarks and gluons with the masses

m5(+) = 440 GGV, mS(_) = 400 GGV, mpgp, = 520 GGV,
mS(+) = 400 GGV, mS(_) = 440 GGV, me, — 540 GGV, me, — 440 GeV

give the contributions

ST — 004, TUD =014, UL =95.107*,
SE = —0.03, T =—020, U¥) =—-95.107",
S = —0.06, T=-0.06 U=234-107

which agree with

Serr = (.21 +0.10, T°? = —0.04 £ 0.11, U*? = 0.21 + 0.12

new new

for my = 300 GeV with x* = 5.3 (in comparison with x%,, = 7.6 ).
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~ 6. Conclusion

6. Conclusion

scalar leptoquark and scalar gluon doublets predicted by the four color

~N

e The contributions into radiative correction parameters S,7T", U from the

symmetry with Higgs mechanism of the quark—lepton mass splitting are

discussed in comparision with the curent experimental data on 5,71, U
It is shown that the existence of the relatively light scalar leptoquark
and scalar gluon doublets ( with masses below 1 TeV )

is consistent with current experimental data on S, T, U (this conclusion

is stable under variations of the experimental values of S, T, U),

gives the negative values to S and 7" parameters with improving (in

comparision with the SM) the agreement of the model with the current

experimental data on S,T,U and

can relax the SM upper limit on the mass of Higgs boson.
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