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Abstract

The SO(10) model has got some determined results because it may interpret
the unification of the three interaction. The limit of the Z' mass is the 495 GeV
<myu < 10° GeV. The formulas of the width and asymmetry for Z' decay
will only depend on the Z’' masses. We apply the method of Boudjema et al {or

identifying a theoretical origin of Z° boson between $0(10) and other modeis.
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i. The establishinent of the Standard Modell (SM or the Glashow-Weinberg-
Salam theory) is one of the major accomplishments in particle physics. The SM
is compatible with known experimental data, including a wide variety of low energy
neusral curzent?l. But there are maov question that cannot be answered satisfactorily
vithin the {ramework of ke 331 For example. why are there so many undetermined
ftee papameters (21 of them)? Why is Higgs put in by hand aad rot yet fouand on
experiment! Why is the gauge siructore a picduct of three gauge groups rather than

jusi a single one! Why |
n order o Y Lo answer befors mensicned «

wesiion 1n YNV many authors sought

& fandamental theery whicy will reduce 1o the 53 2l present energles. On the other

Misks AbLeinpt to sees a coptradiciion beiween the experimental data

and 3hi. However thev are often disaprwmated. i we think that the electromag-

NELISE 2RG (he wesd Al 5uyoag aieiag sught w0 niifies thep last s lew gear

TESR-Precision siuenmienia; Tesliiy <heil be the coatradicilon. Because they can

Bov e oin i Sl s oevder 10 iWlerpret the contradic tlun we ust g0 To pe-
vand SM. There are many bevond the SM. However at present only SO{10) and the
SULET mode] sy iatevure: the uaffication. This will express that

EEVInmieitie 3L {51 model has bren supported by the expenment.

Both these models will mierte miore alieation s onatparison wich other bevond 5N

ciper words soliether we mav cowsider that SO{20) ave supensymunetiic 30(5)
incdels may be firsi candidacy of the wmodels after 3M. For this reason both these

models will neves:itate furtner reseaich.

2. The SOH) model™ has already beeu explored hy a number of anthors. It
wncitded oniy ose exica {ermuss, oue exira neuitral gaage boson (27 bosor) and 32

2XLIB GOR-ALUNERL Zuage husuus more than standard model., This one extra {ermion as

“The suporsimnetry model 15 vet nesdfd in cozmoalogy broauss it wili be expected to interpret

0% dark mastter



right-handed neutrino vz will be necessary if the neutrino mass is aot zera. ln orger
to unify the electzomagnetism and the weak and the strong interactions for SO1 i)
model. the pattern of the spontaneous symmetry breaking (SSB) to be adoptec rust

be as follows:

SO(18) Mg SU(B)e x SU2Y x SU(2)g x Uil)a-s
My SU(3) % SU) x ULg x Uit

Mg SU(3) x SUs2) x Uity

Ms  SUGBY x Ul

Ii we adopts the experimiental values at J° = M2 of oy = 63134 and a3’ =

two straight lines of the running coupling cunstant for STUI2Y and SU{3Y based o ihe

renormalization group equations should meet az

5t

Mg~ 107 GV

T Tt

as illustrazed in Fig.i. {That s Resuer's Fig 18{bs" ;. Tha ic which tae mo
of ihe 30 extra non-neutral gauge bosans is about 10 Gel. They are ion

and the accelerator can noi arrive at the energy in the nesr futnse. So Ve wul towys
1
L

the 30 tco heavy gauge bosons urdone. The Litilg imust pahave a3 3

because we adopts a symmetrs breaking schee i whten SU(
unified at M scaile. The 7/(1)z coupling strength becomes egual to that oi of Ui

at Mg mass scale

Mg~ 10° GV ey

That is which the mass scale of the 2 extra non-neutral gauge bosons {that is v
about 10° GeV. They are also vary heavy and the accelerator is nei easy Lo ajnve
at the energy in the near future. So we wili not research the 2 heavy gauge nosens
gauge in a hurry. The limit of the mass scale of Z° boson will be mz < s <
10° GeV in the SO(10} model. Because recent experiment gave Z0 a limut of the

mass, mz > 495 GeV® so the limit of the I’ mass scale ought to be correatad



into 495 GeV < mz < 10° GeV. The Z’ mass scale in the range of its limit is yet
comparative heavy and that the accelerator arrive at the energy is not yet impossibie
for the future. In especial when 7' mass is not far away {rom low limit. Therefore
7’ boson will be worthy of further research. The Z' boson has already been explored
by a number of authors’ over a decade ago. However the past research for Z'
boson (included SO(10) model) was different from today. The common point of
the past research was that their models have not been supported by experiment.
so first assumed the existence of Z° boson then discussed their physical characters
and quantities from theory or detailed comparisons between the data and theoretical
predictions. Now the S50(10) model has been supported by the experiment that wnfy
the three interactions and itself has natural included the Z' boson that is not again
assumed by any persons. The running gauge coupling constants have completeiy

determined except g.(m% ) for U'(1)p.1 and qirim%) for U(1)r

-2 2 -1 2 4 I m221 |

2 (mz) = g, (Mg) — (_:1—7\’_)5 In( ;}g) (4)
- 0y 4 m} i 10 , M}

SNty = grAME)—— () 4 — (o 5

gy = M G )+ s e )

The g-*(m%,) and gy3(m%,) will be related to the coupling constant of Z' gauge boson

and only depend on the Z' mass.

3. The Z’ boson field and the B° gauge boson field of the U'(1)y group in the
standard model are the trans'lation of the group O(2) for C% boson field of the U{1)p_
group and W boson field of the U7(1)g group. If we use the notation and formula of

Ref.[4.8] they may write as

B w3
=00 (6)

(31 % na
0(2) = THEZ THEE THES THEL
(2)= -(3) %
TS THE (sia+593)?



The general form for the coupling of a 27 to fermions will be
c =gf['yy(vf +,4!‘V5)]f-2'“ {3)

If we use the formula of Ref.[4] then g. V; and A; may wnte as

Vo= (gl - of
< b(g,, 9ir) for up quark (9)
'iu = ‘5 gir
= 59l +
< d Z(g glR) for down quark (10)
14 = 3 gir
V, = 2(—3¢2 + g}
< ¢ = 5(—39; + gir) for leptons (11)
o
Ac= 7 dir
1
0 {12)

T 2gig + 3907
It is obvious that the running coupling constants of the Z° boson to fermions will
only depend on the Z' mass. For this reason the width of the Z' decay into fermicns

depend only on the Z' mass too for SO(12) model.

|3

m

M

mzl 4m2 . - 24
Tzyr= 1—2;(1 - r—n—i—)”?{[l eV P+ g4y M1+

UgVy P -21a4y 1} (13)

my

g

If m% >> 2mj. that is a very reasonable except for t quark. then eq.(13) may be

reduced to

map .
Lziyr= 1-2‘;[! gV P+ g4 2] (14)

It is very easy to obtain the values and the curves of the width of the Z' decay if
we use the formulas above mentioned. They display in the Table and the Figure 2.
These values and curves will be inspected by further experiment though the S0(10)
model has been supported by one experiment. It will be beneficial that the Z' boson

of the SO(10) model compare with the Z’ boson in other beyond SM before the 7’
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boson is not discovered by the experimeni. Because there are many bevond standard
models including 7" bosons (MIZ’). but they are not yet confirmed by the experiment.
In these case. identifving the theoretical origin of the Z' boson from the numerous

bevond SM will be profitable.

The strategy of Boudjema—L}nrm—R.Pr:ard»'v'erzegnassiiwE (BLRV | is very effective
for identilying a theoretical origin of the Z7 boson in a wide variety of models. The
BLRV strategy is expressad by curves (or strips) of the Rqg versus I 21 —upf Mz plane.
where [z, 15 the partial width of the 77 decay into the muonic pair. where I'z: _yp

is the partial width of vhe 77 decay into ihe THONIC Palr,

Loy \V"&.i o (15!
AT iy 2R
is the part:al width of the 77 decay inis ¢he five or six kuown quarks pair. and
Ky @ s it ,/’/ !V‘IZ‘ - { 163

s s

This strategr reguiies the prelitidnaly measnrement of the muonic pair width 'z _up
and of the ratio H.; oi the 7' resonance. They worked in the Born approxima-
tion. neglecting ene-leop radiative corrections. whose the effect is smaller than the
exverimental errors ol the vorious widths and ratios. In the {Hss. Tziup/Mz)
plane the two MIZ™ anc the feur allernauve models belong to completely different
regions except far their Zy beson. In order to aifferentiate among the three candi-
date models they further discussed longiiudinal polarized asymmetries. The direct
production of an 2’ boson will be problematic both for future pp coliders and LEP for
My > 200 GeV. l the Z'isin the considered mass range. 495 GeV < mz <1 TeV.
then it will be possible (o discover ar Z’ boson with a future ¢ "¢~ collider with total
energy up to 1 TeV and the measurement of its partial width including the top quark

will alsc be possible.

The BLRV straiegy has been applied to six MIZ’ and has very well differentiated

these models. so it will be cery clzan and conventent to make detailed comparisen
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between the data and theoretical predictions. However, the SL110) model as a K1Y

has not vei Seen identified using their straicgy. It iz worinwhile 0 make the 506545

before mentionid. otherwise we wik miss one candidais. bapaciaily the DULHT

has beea supported 57 the experimert. Ry oand U, SGUI0) moedel sniy

on the 77 mass. Lherciore i1t s very easy 1o abtain ihe curves of ihe 3
L zoppd Mo plane i we use e crmulas befure weuluned, Aigpliay v 4
Tabie and the Figure & and the masses are within SU% U
TeV y ihe scupe o
small regardiess of ine foy of C o el N0 1
values ol not be oover Do Loeee vBIUDY T
and Hrecilt coim e nia: valuoy fo e v '
not over 0.4 igrE T bl i RS
apd Figure 4 ERTANN oy aian ¢
the curves in P ootagne o owwtl €50 0 o ;
iLi‘ib‘-"’i\;i'L\‘., phe o Cip AR YT il S gre0y ORP LT
Thiz result i coloaistant Witk Lag expe Vi GO TAS De
by the experment LRM 108 T moast Was ao 7 S .
By Cooiin
i st 2
Figure T oand § tne curves ol vae SO0 muued ahd 0IREC OWT Wb 0
20y COMMOR intersection. Leiadse theee compusiss tudnls 1007, Gave vl

been differentiated in Figure 7 and 8 and are confused. BLEY wsed o proriasc

asymmetric methnd to ehminaie the confusion of the composite modeis s @ W

use the polarized asymrmessic meinod for this SO110) model ip crder Lo get o7

confusion of the three composae models 2ad Compare wit

Based on the g maethod 'Y of polarized asvmmeinies o% o RRG #guA

(i1). it will be very =asy 10 get formulas for the three polarnt

SO(10) medel. Decouse the formulas of the asvmmerry in 77 - Jf from ihe wiee



level are as follows (detailed in reference [8] and [13])

Ny - N 2ViA
‘4;,50(10) = .4,50(“’) - ’L 'R ~ = t ‘2 (17)
NLF VR A+ A
, 3 V.4
4u5000 . ysoqoy o 2 ek 18
FB . VI ¥ A (18)
_ e 3 Vudy
qhsoney o soqey 2 TdAd 19
FB 4 2V}+ 42 e

It is very obvious from equation (8)-(11) and (4)-(5) that 43000, 45009 and _430(10)
will only depend on the Z' masses. It is very easy to calculate the values of the
45000 430019) 4pd .450(10’ between 500 GeV to 16 TeV of the Z' masses (Table).
A comparison on the 4,4 versus 4, plane between the SO(10) model and the six
models of BLRV is given in Figure 9 and 10. It appears at a glance that the small
line of Af?,(m) versus 45909 with the six models has not any common intersections.
These are consistent with Figare 5 to Figure 8. These results express that SO(10)

model differntiate from other six model. The SO{10) model has been supported by

1he experiment, cther six models have not.

4. The 50{10) mode]l has been supported by the experiment that unifies the
electromagnetism and the weak and strong interactions. Therefore the SO(10) model
has simultaneous got some results as follows. i) The values of the mass scales of the
SSB are M; = 10'7 GeV and My = 10° GeV. ii) The mass scale of the 30 gauge
bosons is about 107 GeV . iii) The mass scale of the w} bosons is about 10° GeV'.
iv) The limit of the Z' mass is the 495 GeV < mz < 10° GeV. v) The values of
the running gauge coupling constants have completely determined except gelg?) for
U(1)p.r and g1z(g?) for U(1)g and g.{m%.) and g1r(m%,) will only depend on the /A
mass. Therefore the running coupling constants and the width of the Z’ decay into

fermions will only depend on The Z’ mass

We apply the strategy of BLRV for identifying a theoretical origin of Z° boson
between SO(10) and other six models. The results are that SO(10) model with other

six models has not ary common intersection. In other words the SO(10) model is

3



completely differentiated from other six models. We will believe SO(10) as compared

with other six models. Because the SO(10) model has been supported by the exper-

iment but other six models have nct vet. Of course the final outcome will be futnre

experiment.
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