HPN-BL 744 )=0u

EPELUL ) ShP2P3UBP PoUSPSHAS
EPEBAHCKHNH DHSHYECKHHA HHCTHTYT

H.M. ASATRYAN, A.N. IOANNISYAN

SUPERSYMMETRY AND INTERMEDIATE SYMMETRY BREAKING IN
S0(10) SUPERUNIFICATION

ILHHUHaromuudopm
EPEBAH-1985



o

@ l{eHTpaabHA HAYUHO-HCCACNOBATENBCKHA HHCTHTYT HHPOPMaUHH

4 T€ XHHKO-IKOHOMHMYECKHX MCCACNOBAHHA NO aTOMHOR HayKe
H Texhuke  (LLHHHsrounupopw) (9B5I.



BO-617(44)-65

ROt ASATRYAY, 4. TOMMPTSYAY

eHes
g

EREYIMITRY ALOCINTCRMDDIATT SY'™ETDY nPLARTHS ™

S0(10) SUPERUNIFICATINM

nosuterunifies 3017 redel with simnltanecus breabdewn of sunersuyemet
iy i o ; S1(n [ £
L2}, x U1 x SU2Y, w S vy means nf 3

ang i tercedizte svewetry  SU
is suarested. Takireo inte account the auantyr

sirtie scale weraueter M
currections Lo vacuur eneray one can ohtain unawhicuocusly a nhvsicallv

acCueliteite Lreakiown schere for £3(17) anc intermeciate svmwétry un tn thre

sreun SU{3)e x Si{e)y x U(])y . The treakdowp naramater values
M ~ . - 1014 ey sre in acreecent with the Weiphero anrle exrerirent»

D> uiar .

Yerevan “nysics Tnstitute

veravan 1985



ki

e

TR T e TR e N —

‘;\J o I{;\'}“ -

’

BoU-5I7(44)

T.LACATPH, &, H. MOAHHN! 5

HAPYIREHHE CYITEPCUMMETEMY i )

CIMMETPAM B TEOPWM CYIEPODE

Hpemrarae e MOISIH CVIEDODLOANYGH,

Y7

bE
bl

.;'

(€W

(faiad TU

MEOHHYEM HADVIIeHREM CYMEeDoImmaT iy W ILOMAFY TOTHE

:,.w

SUE)e *U1)x SU(2)
pamMerpa

II03BONAET OUHGSHOYWHO 1O/ WE

w1
-

,-u«Yu,-,\/-'

meHua SO (TU)Y ¥ goouery oy

e S0

AHAYEHAEH

LB HOKY 4 owinss

(B)e # BU2y » Uty L Dmay

GME,
YL
i

ReRSI L

. JUeT TAdudAlBOHHED TOMIER: -

LTI

Voor SUHE /e & momoilsn Gree

oy e v e
SO




The S0(10) grand umf'led theory. unlike SU(5) makes 1t nossible to unite
all fermions of the same generation into one irreduc*lb'le rerresentation.
gives an acceptable solution of the auestion concernine the reutrino mass.
due to the fact thét S0(10) 1ncludes a symmetry hiagher than that of the
Su(5), the S0(10) breakdown may be followed by the occurence nf an interme-
diate scale between the W -boson mass, MW . and the orand unificatien
mass, My . This scale is associated with the presence of intermediate
symmetry involving the standard aroup G, = SU(3), x SU(2), x U(l)y . On the
other hand, the supersymmetry breakdown in the superunified theories also mav
take place in the intermediate between My and My, recion >m [1];
fn this case the mass splitting 1n supermultipnlets of the ordinafv particles
occurs owing only to the qﬁantum corrections and may be of the order of
Mw [2,3] . It is not excluded that the scales of breakdown of the inter-
mediate symmetry SO(10) and supersymmetry coincide.

The present work is devoted to studying a possibility of simultaneous
breakdown of supersymmetry and intermediate symmetry by means of a sinole ‘
scale parameter H in the S0(10) superunified theory.

The S0(10)-symmetry breakdown can proceed throuch one of its maximal
subgroups: SU(5) x U(1) or G = SU(4) x SU(Z)L x SU(2}g . For our purnese

oniy the second version of breakino is nontrivial, i.e. when the scale M
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of the intermediate symmetry breakdown differs from the scale My connected
with the proton decay f4,5] . The Pati-Salam G group is preferable also in
the sense that in the schemes with such intermediate symretry (or when the
role of the intermedicce symmetry is played by 1ts subaroup G, = SU(S)c X
x U(1) x SU(Z)L x SU(2)p ) it is possible to obtain the Weinbera anole
values more acceptable than in the supersymmetric SU(5)-model [6] . where
the theoretical prediction for this angle exceeds somewhat its experimental
vaiue {7] . Note that of greét importance {s a content of the Higos super-
fields breaking the intermediate symmetry G or G; up to Gg : when for
these Higgs superfields we take 126 + fig , the value of the Weinberg angle
decreases against the supersymretric SU(5), while in the case when the Higos
superfields are 16 + 16 the Weinberg angle increases [6, SJ The choice of
126 + ;gg_ as the Higgs superfields is more suitabile also because it allows
one to soive the question concerning the neutrino mass. Therefore we shall
follow this choice.

In this ccnhection noté the following circumstance. The decomposition

of 126 under G has the form:
= (10, 1, 3) + (10, 3, 1) + (15, 2, 2) + (6, 1, 1) (1)

One can sée that this decomposition 15 symmetric under_ the operation of
Hermitian conjugatiﬁn and.simuTtaneous replacement of SU(2), by SU(2)n .
When the singléts G, being in (10, 1, 3) 126 and (10, 1, 3) 126 receive
the vacﬁum expectation value (v.e.,v.), thus breaking the intermediate sym-
metry G up to G, , particles in the supermultiplets (10, 1, 3) + (10, 1, 3)
écquire a mass of the order of the M breaking scale {except for the
Goldstone particles). Due to the discrete symmetry mentioned, such mass may
be obtained also by particles in the supermultiplets (i6,3.1) + (10,3,1),
this being 1~ contradiction with the survival hypothesis for the Higos




fields [9] .-Besides, this discrete symmetry makes it difficult to under-
stand why namely the right andhnot the left SU{2) group is broken at the
M scale: for we know that (10,3,1) + (10,3,1) from 126 and 126 also
contain the SU(3) x U{l)em ~singlef whose v.e.v. can break the intermediate
symmetry up to SU(3)e x SU(2)g x U(1) and give the W. -bosons the mass
M > My |

In order to avoid this difficulty, in Ref.[8] 1is considered a model with
intermediate symmetry SU(3), x U(1) x su(2), x U(l)g , where the. risht aroun
SU(Z)R is broken already at 1_;he grand unification mass, Mx . As to us, we
shall con;ider a possibility when the intermediate symmetry is G or G, with
unbroken SU(Z)R , whereas the left-right discrete symmetry whfch is present
in SO(10) 1s broken. As is mentioned in [10] , for that one can use the
Higgs superfield 210 - antisynmmetric tensor of rank four which has the

following decomposition under G:

210 = (15,1, 1) + (15,1,3) + (15,3,1) + (6,2,2) +
+ (10,2,2) + (10,2,2) + (1,1,1)

(2)

The singlet of G from (2), (1,1,1), changes 1ts sfon at the replacement of
L by R, hence a v.e.v. of this superfield simultaneously with breaking of

S0(10) up to G breaks also the discrete L-R symmetry.

Then owing to the coupling _'1_3-_6_ 210 126 oparticles in surermuitiplets
(ﬁ,l,B)"énd (10,3,1) from 126 {11ke (10,1,3) and (10,3,1) from 126) can
obtain different hasses, this making possible to avoid the above-mentioned

difficulties. ’ _

The superpotential which gives rise to breakdown of the intermediate

symetry and supersymmetry we choose in the form:
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V‘&‘O‘X(LZ___S'@“NZ)“PHW__@'EE"JZEX*M«Z’C (3)
- where M is the breakdown parameter. X,H,Z:,t are the chiral sin-
glet superfields.

As to the S0{10) breakdown. it arises owina to the superontential
2
W, = A U (210 210 - M3) 0

where i is the S0(10) sinalet,
It is necessary to write down also terms which nive masses to particles

from 126, 126 :

W, = M5 126 126 + A, 126 126 210 (5)

winere all mass parameters (exce,mf. M } in (2)-(8) are cf the order of My .
Superpotential Wh * Wyt W3 cives, in orincinle. a correct nicture nf’
the Creakdown; however its drawback is that net all particles in the super-
field 2il receive masses of the order of thé sunerunification mass My @
even if audine a cubic 210 tern to (#). the superfields {1R.1.1Y, [1n 72 92),
(5,2,2) from the decomposition (2) co not acauire such masses [11] . To
solve this question cne should introduce new superfi:lds whose v.,e.v, are
caonnected with the SO0{1J) breakdown: one may introduce one mere sunerfield
210" or surerfields 5/ and £5. |

The additional terns in the supmernctential in the former case h_ave the

form:

W, = Mg (210 + (210 + Ag(21u) 210"+ (s

— SrEe——  Sv——

Mg 126 126 210" + A, 210-210-210



where the last term is formed by means of a totally antisvemetric rank-ten
invariant tensor € , Mg ~ My .

1f (1,1,1)210 and (15,1,1)2101 in 210, 21N’ possess nonzere v.e.v.,
then owing to (4), (6) all particles in 210, 210’ acauire superlarae
masses {except for the Goldstone supermultiplets and the superfield
'1,1,1) 210 ), whereas SO(10) is broken up to G, .

Irrespective of the question with gu)_-plet masses, the breakdown scheme
S0(10) —™ SU(S)C x U(1) x su(2), x su(2)gq is more attractive acainst the
scheme SO{10) — SU(4) x SU(‘Z)J- SU(2)g for the followina reason. In our
scheme 1t {s assumed that the richt neutrino receives rass owing to the
coupling L@_{_ 71_6_5 126 ., where lﬁf is a supermultiplet of the ordinary
fermions. However owing to the same coupline, there arises an interaction
between the fermion superfields and the color triolets entering (10,1,3) Eﬁ
As the particles entering this supermultiplet do not obtain mass of the order
. of 4Mx , this may lead to proton decay with relatively hiah nrobability [R].
The introduction of 210' with the v.e.v. of (15,1,1} makes it possthle to
split these color triplets off the singlet G, in (10,1,3) and owing to the
last term in (6) to give a mass of the order of My to the trirlets, So.
there is no problem with the proton decay.

Quite similarly one can write down a superpotential for the case when
instead of 210' we take the Higgs superfields 45 and 54 7Jeadino to the
breakdown S0(10)—G, ; note that in this case also all the sur;erf1:e1ds
(except the Goldstone ones) from 45, 54, 210 obtain superlarce masses. We
shall study at greater length a case with the 210-plets. The results of the
both cases are guite similar.

Let us turn to searching for a minimum of the no'gent'lal . As mentinned,

a part of the potentia'll whic!\’ is 'Independent.o*‘ the fields 12¢, Tf_f has.a
minimum at < (1,1,1)5¢0 > "™ <.(15,1,1)_a,°'>~Mx » this leadinn to a
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breakdown of SO(10) up to G, . So when we search for thé m‘ln'lmdm associated
with the breakdown of the intermediate symmetry and supersymmetry, the
fields U7 (15,1,1)549 » (1,1,1)519¢ » (15,1,3)210 (15,1,3)210*  con-
taining G, singlets will obtain v.e.v. of the order of -{,—1—; , this
leading to zero v.e.v. for the F-components of all sunerfields in 210,
'_2__1_(1" V' . Therefore it is sufficient to find.out the potential minimum
connected with (3) with account of the mass terms of the superfields 126,
126 that are present in (5) and (6).

In the representations (1_5,1,3) and (10,1.3) from 126 and -IEE there are
the singlets under the exact subgroun SU(3). x U(l)gm ; denote them by
R and R, respectively; the similar sinalets from {10.3,1) and (10,3.1) we

— h 1 —
denote by L and L. The minfmum of potential V = %. | F; la t 7 9¢

ot

( D 1is a vector of the adjoint representation SN(1M}) is achieved at
2
—_ ol 2 . _—
<RR>=-Fig@H <R>=<R>
L<X>+ P<Y>=Mz~M+M'  <L>=<L>=0 (7)

<z»=0 , <t>=0
diiere M and M’ are connected with v.e.v. of sunerfields {1,1,1)5p

ane {15.1,1)p90! , respectively; the condition <R>= < R> provides the

absence of the &0 -term.

Jue tc nonzero values of < R> . <R)D the intermediate symmetry
SU(3)e x U(1) x SU(2), x SuU(2)g s broken up to G, . Besides, the super-
»r .

symretry is broken as well. Indeed,

vmm—<|63<v| >+ <|3 l >_°("- p J“ >0 (R)

If instead of superfields X Y one determines the suoerfields




X'=@XtpY)/NCF P ang Y'= (Y- BR)NAZTRE , then
we have < Fr >=0 | <ng>-=dﬁ}42/Jde+ﬁa , 1.0, the
fermionic component Hl is the Goldstonz fermion, while < ﬂi> is not
determined [1] .

The sup%{symmetry breakdown parameter can be defined as

A= %ﬁ_’%{ﬂa [2] . One can readily see that at a tree level the mass
‘splitting between superpartners of the order of A arises only for suoer-
fields Z , t since 126, 126 do not interact with the suverfield y'
whose F-component has nonzero v.e.v.. ‘

One can see from (7). that all particles from 126 + 126 (except for' the
SU(3)¢ singlets from (10,1,3) + (10,1,3) connected with the intermediate
symmetry breakdown) obtain a superlarge mass ~M,‘ accordino to the survival
hypothesis for the Higgs fields {9] .

However one can readily see that the equations for the potential mini-

mum have along with the solution (7) also the followina one:
2
—— ol : 2 — _
<LL>=W~N _<L.>—<L.>
(9

L2 pZ<x'>= M+ M+ M <RY=<R>=0

<Z2=0, <t>=0

For this solution the intermediate symmetry is broken un te QU(?\C X

x SU(2)g %= U(1), 1.e. the SU(2) left group is broken prior to the riaht
one, while the W -bosons obtain a mass of the order of M » My

what is quite inacceptable. Note that the value of the n&tgr}:gﬂ rﬂi:'imum
for the (9) solution is the same as for the (7) one: m :

This implies that at a tree level it is impossilile to exclude this nossiki-

Jity or discriminate 1t from the physical one when accordine to the (7




solution the SU(Z) rignht group 1s broken at M > My arnd the left
group at Mw .

These two possibﬂities cén be discriminated owing to the fact that
simultancously with the intermediate symmetry alse the supersymmetry is
troken. Then the quantum corrections to the vacuum eneray which are nonzero
unly at broken supersynrmetry can lead to the situation when the ohysically
acceptable mininum 1ies Tower than the nonphysical one.

The ’irsf non-vanishing quantum correction to the vacuum eneray appears
owing to a superdiagram of Fin.1, where along the loop the superfield 2
vasses. The contributions to the vacuum eneray of this diaoram differ for
e cases of (7) and (9). Thus, in tne former case this contribution ‘is

2fa®  (M3-M+Mm)?
~(7fﬁ)2 <% p? (M3 M2 ) . while in the latter one it 1s

~({s_r)a ::1_;\; (M3 L?*M')a . If the initial parameters Mz+M'
ana M connected with the S0{10)-symmetry breakdown are of the same
sicn, then the contribution of this superdiagram to the vacuum eneray for
trie solution of (7) will be less. Hence this condition havina heen satis-
tied, we have obtained a physically correct breakdown picture when at a
scale M the right SUi(2) agroup is broken and not the left one, becéuse
tae inimum corresponding to (7) will lie lower,

ricla the following circumstance. The notential dependent of the supner-
fielas 210. 210' and responsible for the breakdown of SO(17) un to the
intermediate symmetry has, in principle, also a minimum with < 210’>=0,

< (1. 1. ")210 >~ My corresponding to the breakdown of

SO0(10) up to G . However for this solution the quantum corrections owire to
(_i!. 224  (My-M)2
4] 2 +p2 M’Z
)
in case of (7). If Mg and M differ in signs, this correction will he

¥ \2 ot2A% (M3z-M+ M2 .
larger than (w) AT+ pe Mf , this corresnondine to the

the same superdiagram of Fig.l oive a quani‘ity ~

fact that a wminivum with the intermediate symretry G, will lie lower. i .~
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a physically more acceptable breakdown version where the problems with the
210-plet masses and proton decay are absent is realized.

In our model one can easily calculate from the renormalization aroun
equations the dependence of the breakdown scales for SO(1n), M, ,and for the
' intermediate symmetry Gy , MR(MR"’dH/m ), on the Weinkers
angle [6] . The result is shown in Fi0.2, The intersection of the curves
referring to the dependence My and Mp on sinaew corresponds to
the results of the supersymmetric SU(5) model. One can see that in the
vicinity of the experimental value slnzf%,s 0.226 the values

Mg ~ 1011 - 1012 GeV, this being in good agreement with the estimaticn for
the parameter A given in [2]: A ~ (109 - 101! gev)?.

As to the Tow-energy sector, note that in our model, just 1ike in
Refs [2,3,12] , the splitting of the ordinary particle supermultiplets.
along with the SU(2), x U(l)s -breakdown, must arise owina to the auantum
corrections. Here we have two possibilities. A first one implies adding the
term of interaction between 126-plets and superfield Z , 125_1g§. Z . to
the superpotential. Then the nonzero contribution to the mass of the scalar
partners of ordinary fermions arises only in the third loop. A second nossi-
bility is to replace the singlet superfields Z , + by the S0(10)
1C-plets or 45-plets. Then, just 1ike in [2] , the scalar fermion masses
occur in the second loop. These aspects will be considered in detail
elsewhere. Note only that like in [13] , the trinlet-doublet splittina arises
owing to the coupling A 126 10 210 : though the presence of the v.e.v.

in 126 1leads to occurence of mass also for doublet, it {s however of the
ol +.B‘E M2
ciently large range of parameters.

and can be of the order of My, for a suffi-

yrder of

#ote in conclusion that the possibility of simultaneous breakdown of

su;.2rsymmetry and intermediate symmetry was considered in [11] . but unlike

11
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our work, wherein ve consider a spontaneous breakdown of supersymmetry,
in [11] the supersymmetry is broken by means of directly introduced mass
terins,

Thus we suggest a scheme of simultaneous breakdown of intermediate
symmetry S0{10) — SU(3), x U(1) x Su(2),, x SU(2)g and supersymmetry by
means of a single scale parameter. This intermediate symmetry, which is
preferable physically, owing to the broken supersymmetry has a minimum
lying Tower than SU(4) x SU(2), x SU(2)g . The intermediate symmetry is
broken by the v.e.v. of the Higas superfields 12¢ + 125_. Owing to the
quantum corrections the poteqtial minimum turns out to correspond to break-
down of the intermedfate symme;;§ up to the standard aroup SU(3), x
¥ SU(2), «x U(l)g . The value of the Weinberg angle 1s Jess than that in

the supersymmetric SU(5) model and agrees with the “xperiment.

The authors are thankful to E.Sh, Egoryan, S.G. Matinyan, R.L. Mkrtchvan

and A.G. Sedrakyan for the useful discussions.
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Fig. 1.

A superdiagram that contributes to the vacuum eneroy.
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