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ABSTRACT: Massive neutrinos are a generic prediction of SO(10), and models of unifi-
cation cry for supersymmetry. Since we have a rather detailed information on neutrino
and charged fermion masses, the real question is: how/whether it is possible to build a
SO(10) supersymmetric model, that correctly incorporates fermion masses. We show that
a simple construction is possible in the context of a minimal theory. We concentrate on
the two heaviest generations, discuss the predictions of the model, and briefly comment

on open questions.

1. Yukawa Couplings at Mgyt "

In order to avoid unacceptably big Dirac neutrino masses in SO(10) [1], one introduces
126-plets scalars. These produce huge Majorana masses for v° [2], and decouple them
from the light spectrum:

£=-16; V{10 + v!""126 | 16; + h.c. (1.1)
The 10-plet contains two Higgs doublets, that we call ¢, and 4, while the 126-plet
contains one singlet S (needed for v¢), one triplet A (which may contribute to light neutrino

*Speaker.


mailto:Borut.Bajc@ijs.si
mailto:goran@ictp.trieste.it
mailto:vissani@lngs.infn.it

‘gTT°0 = o pue Surount, doof T asn apy sty 198 03 Frgg ~ (PE )/ ("l ) = g wey onelasa o1y pauny M

0L XLTm (o fA2 <= TA
-0l X8T~ (g &
Swm\w < 0T XTI~ Gmwm\ww = KU
Gmwm\ww <60~ Swm\w o A

:9[q®) SIY} Ul UMOYS 9Ie LNOpy e UIe}qo om SON[eA [ROLISWINU 31} PUE
MO[[0} @M UOIINPIP JO UTRYD Y ], "S9dLIjell eMeynx ((T)OS @Y} JO SHUSWS[D [RIIAIS JO 9ZIS
o} 9onpap ued am ‘(LNOpy e uoryejoder)xs Ioyje) sguidnod emeyny oy) MoOUY M IDUI

oz A2 €~ (AR A
(1¢) (e) A 2+ (A~ A
uowurfap fiq ppuobvip (XA & "%

:I9UURW SUIMO[[0] 9} Ul ssuljdnod emeyng WSS 2Y3 AJ13uapt 01 sn spea] uonisod siy T,
(Burrds  J9[qnop-jo[qnop,, ® pasu am ‘Apweu —uolyedyrun Jurdnod agnes
urejurew 0} ‘wnipoads NS oY) wolj a[dnodsp p[noys s19[qnop [eUOFOYIIO 31} ‘9SIN0D
JO) b 24P ~ Ppp pue " & Mgy isppey sSSI NSSIN Y3 jo uorpesyrjuapt ojduris £104 o1y
193Je (21nSy snotaald ur pajerisny(l) spasu NGSIN 243 9w ued (01)0S /s8urdnod emeyny
(0T)OS pu® JNSSIN U2rel 0} MOy :S9U0daq Uoljsanb o) ‘1981e) 9y} pauyap am Jely) MON

sIajotueded pue [9POJA wgmgmghwwwm Y

"A[STOLI9S 1 9Y®) 0} [SNOUS JAI)SISSNS ST IN( ‘}0e] [RJUDPIIIR UR 3( P[NOD SIY T,

MO st LNOpy qe *fi X ¢— = "fi soa18 yery ‘1] Surdnoo
emeyng 1o[d—9ZT SuIpeo[ Jo sisayjodfiff o1y :$9ssRUI UOIULIS) POGIRYD AJIUIR] 1,7 10] @

(O St ALNDpy e 4 = 9fi = Hi soa1S 1) ‘[9] .w::a:ou
emeyng 19[d—QT SUIped[ Jo sisoyjodfif] oY) :S9sseU SUOIULIS) PaBIetd A[Iue] , & 10] @

:)RY) 998 QU0 ‘T 21n3y

woa] “(s[rejep 10§ y xipuadde 99s) g ¢ & xz/(Zpy/LN2py)S0] = [, 03 ( = J, woay s3urdnod
eaeynA 9y Suipejoderixs Aq emsue ue 493 oA\ /(01)0S wodj yuem (NSSIN) [Ppoul piepuess
dLPWASIadNS [RWIUIW I S0P jeym :SI Suip[ing [epow dn Surpreys jo uonsenb oyJ,

1a9s9(J (o11pewrwAsiadng) jeair) ayj puokag g

‘pajiojdxa are £109Y) ((1)OS [ewIUIW

91} JO S9INYe9J 9Y) [[ Y2TYm Ul ‘surjdnod emeyng ayj jo (opour ® asodoid om ‘yIom s1y) uf

(£ 1) + (Polog — Ipip)hds + (Yatag — "nin) " + (‘ata y + Sala )% € '91 92T ‘91
SO 0) + (Pl + Iplp) P+ (faja + 'nin) " € ‘9T OT ‘9T

:[¢] suoruniay [£op) oY) 10J uoryejou Alojeue[dxa-jos e yijm ‘paspuy “([y]

suoryefal ssew (01)(QS Suoim 10f dn ayewr 0y [njasn) b pue i s1a1qnop omy pue ([g] sessewr

TUBSSIA 00S90URI] dAH wo 22uauafuo’)y sasfiydosnsy (puoopu.cajuf



(12 % 66) soutinau uejos €7 og2] g
(Feuv vospuadep) YT+ WIe+ZOOHD 01> Flg
soulinau olsydsowse [,GC ‘. G€] €2g
(ene .01 e > =) yINT Jejos (A 01 x[0g '] Ty
soulinau olsydsowse A2 o 0T X [ ¢ 1] ﬁmgﬂ

:9[q®) SUIMO[[O] 91} JO surLUW Ag UOI}enyIs [ejuawLIadxa a1} aye[njidesar o

JJUeM SOUIINoU 0591} Op Je(M :uonsanb aaryesosoid sIy} U0 UHOISSNOSIP INO 9sBq [[IM oM
‘Tesodord Ino 9jenUIIO] 0) I9PIO U] "OULINAU 9y} :ARD 97J JO UOIUILI] 3} 0} SUIOD dM MON]

soanjesq ourIINaN ‘§

*+*SBUTY) UMOUY SUIPDIPRIIUOD JOU SI [9POUL 97} JRY} PIMOYS 9m ‘aIa1 [T,

( @mwm\w ) 10 Gmwm\w 5 WOIJ Ie] 00} 10U ST J1 YRy} ssong A[qeuoseal

Aewr auo y3noyy) Gmw\w 3 SISY20[q A[IUIe) , & — 4, ¢ 9U) JO JUSUIS[O UmOUNUN LU0 O], @

(sso[BurueaUl JUILIYRII) )RINIIE JIOUW INUI ® Y RUI P[NOD 219 SUOI}IALIOD
So[-uou pue ploysaIy} ‘s109}0 Ioplo I9y31Y Jey) Aes 0} Irej sl 41 Jel) [99] oM ‘I9AIMOH)
‘soseqd IP1) SULIOPISUOD WOIJ SN S9ARS [DIYM ‘SI9QUINUT 3S11} 198 0} SUOIJRZI[RUOIR
-Ip po[tejop wiojiod jou pip om 69 9[qissod se o[duwis se uolponpap oyy) 1doy opp e

<I9PIO Ul od® syletlad OM T,

("0 = .[ e T Jo sseul o1y wolj peyndurod st 4 ‘g ey WSAIS ® 10 ‘UONUI I0J "fi ‘urreyo 10§ °A ‘doy
10} #i 8o ‘z op1yred a1y Jo Surjdnoo emesng oy A £q sj0usp apn) “(1se[[eUIs oY) ST °A ‘so8Ie] o1}
ST 1@ uoTIRISTULeS puodss 10] oures :[oued IemoT "(IsS[RUIs o1} ‘A ‘Zpy qe yse8Ie[ o1 ST i) LNDpy
[ Zpy wolj uorjelsusd pary) jo ssurdnod emexnx WSS Jo Sutuuny :joued roddp :1 sandig

1g/ 5& )30

- 4 5000
- 4100
,,,,,,,,,,,,,,,,,,,,,, B 4 6100

- e 4 zo0
- 4 szo0
- = €00

i T =0

 E— 4 v0'0

TUBSSIA 00S90URI] dAH wo 22uauafuo’)y sasfiydosnsy (puoopu.cajuf



UL6°0 > €egg uls 09 Juafeamba st 91 9ouls ‘A[fejuswiLiodxa 9897 09 YSnoy wﬁzmum

Kyordurs sy (;og syuey)) 991dsap ‘9A1dIp

-01d s1 9sodoid am Surdnod emeyng 1o} [ppour ((1)OS [RUWIUIU ) JRY) IPN[IUOD AN

W07 >€%9 Juay) ‘A9 o 01 X G = "Cwy g e
AR p_01 X g <Mwy ueyy ‘of = €% J] e

ey 9ot om (Tlwy = Zw pue A0 o 0T X ¢ = fwy < fw Sununsse)

jnsad S} 2jelisnil =yiIny oJ, ¢ wmﬂwﬂ Ul U99s 2q Uu®ed se prdﬁw.ﬁHOU w&ﬁm@&@m& OM] 989 T,

(Pw < fw jou) Ayduesary ssew yeam e 109dxo am

Twhm_ aq ued mmi

snyy ¢ 00[q jurUTWIOp,, ' Sl[Iepun ued (1°¢) ‘ba ‘Kurear) *([11] b2 99s—A1jud

-¢¢ 01 9INQUIU0D Jybiuy MRSIIS 9SNBIIQ OS[R PUR ‘UMOUYUN SI Gmwm\w 10] ‘2, 9ARY OA)
(1°9) YT oo
ITT

‘XTI SSUW OULIINAU 9] JO Y20[q 1 — "a
91} I0J uorsseldxo o[durrs ' 198 om ‘sgurdnod emesng WSSV 2} Zpy 0} Jorq SUTTUNY
o) A X TIN : V 99[dly 9y woly fippsows ssewn 9y} SOULIINSU Jel) JUlUINsse aIe 9A\

uonydQ 19[duay, oY, *¢

*(SUOTW IS} 181[}0 o1} WOlJ JUaIofIp o 0 JUeM SOUL}NaU : S9Usim OULIJNau,, Uo uorsanb
91} 0} IoMSUR ISUIS UOUILIOD © J@ PIALLIR 9m ‘Aem o) Aq) [g] [esodsip ano je v jo[d11y a3
9ARY 9M 1BY) 10R] O] OUIOD[oM dM PUR ‘WISIURYIOUI SSRU I9YJ0UR AI) O] PRI] 9I® oM ‘SN,

PO (20} (10 oy payg

0> QD 02

19197 PajeI)SI[[I e

pue [ ‘¥ ut yno pajuiod se ‘punoj are €2y jo sonfea [[ews ‘el *([01] ose 99s ‘19ramol)
fiypporiouah uayyed sy pratd 10U SOOP MeSI9s 91} ‘SSUI[dNod vme N A [RIIYIIRISY 0} anp ‘4ng

TTO0 1€
e v (N Y
M|4 ‘g Elglo+ | 110 | Xx2= m:
WV L T W
000

:pe1s988ns A[3U01)s S YDO[q JUBRUIWIOP,, ® (M XLIJeUW ssew oulnau e ([g] 62
99s) a]doad [e10Ads Aq payIeUIal S "SI 911 JSIY 9} LM PIUIIDUOD A[}SOUI 9 [[1M AN

TUBSSIA 00S90URI] dAH wo 22uauafuo’)y sasfiydosnsy (puoopu.cajuf



International Furophysics Conference on HEP Francesco Vissani

1 00 T T T o

Lo
Figure 2: Possible values of the mass hierarchy parameter m2/m3 and of the atmospheric mixing
angle 23, obtained varying the complex input parameter « (eq. 5.1). A rectangle encloses the range
of permitted values, estimated assuming that the lightest neutrino mass m; 1s negligible.

6. Summary and Discussion

* We discussed an “economical embedding” of MSSM into SO(10), in a sense that all features
of 126-plet have been exploited, namely: we use singlet, doublets and triplet vev's.

* The most important step in the construction: how the masses of the charged fermions of
the 27¢ and 3" generations are explained (Sects. 2 and 3). 3"¢ family unification suggests the
large tan 8 = (H,)/(H,) regime; this is not an appealing case, but perhaps it is still viable
(incidentally, it permits us to accommodate a “heavy” Higgs field, m;, < 135 GeV).

* The triplet mechanism for neutrino mass generation is at least likely (dil§c'u'ssion in Sect. 4).
The correlations among (M) 32 ¢+ m,,, ms, and (M,)23 <> Vg, imply (eq. (5.1)):
m3 11
B3 €[35°, 55° ] —2 €| — , =
2 €| ] m2 [ 250 " 3 ]
Solar v solutions with big hierarchy are disfavored, while LMA fits well the scheme. After the
AmZ, measurement—at KamLAND?-we will get an upper bound on 63 (fig. 2 and Sect. 5).

x A pending question is: masses of 1" family fermions (also m1); proton decay rate; feasibility
of baryogenesis-through-leptogenesis mechanism. These features are strictly tied among them,

and require further study.

To conclude, we stress the main goals achieved: We showed that it is possible to build
a simple model for fermion masses based on supersymmetric SO(10), with renormalizable
couplings only. This model accounts for the masses of second and third generation fermions.
It has large 33, and prefers the solar neutrino solutions with weak mass hierarchy.
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