Dr. Guruswamy Rajasekaran, |M Sc, Madras (K1 TP Neutrinos 5-08-03) Unification of Quark and Neutrino Mixings

Page 1

UNIFICATION OF QUARK AND
LEPTON MIXINGS

(Semlnmr at KITP) UCSB) b M:—j 2003)

G.RAJ'AS‘EKARAM,
Twshhule of Ma e waatic S'c.ie.u.uo,
Madvas, Imdia .

Wovi, dowe n Collaborakoun whHih
R.MoHAPATRA & M.K. PARIDA

hep-ph /0301234

M

oy
* Unificakow i a old 1dea .

3&415” D f&mba e J.,E-F_rg,v.uj- &'Fn!uaﬂ'w
of tne weak, e & atroug udds.

. v E,)t quj‘h‘,

Susy r\LﬂLu'iTC‘b.

A ‘?{ea l:u.av-&-iewf v {le M.F{cdw'ou of I,Wka

& Ll—r*ouo*
¢ Beow qpraric- &eféw Wi fied Meory, oue way u[aed
fiak e wesh wterxchow of vaA:rka & Lﬂff'om
parametnien bj ureams of tree Llavour ulx[uj watree,
wWaiglt be bw  Rawe .
RBut, o b bue ?

?

U s
cxm = Upyps
- [ (o] © c
3 ” ,531 c’?_ A'?. ©
-
0 23 ’67_3 o 1 o __,5'1 C' 0
2
Where .. -
= iis S . .
‘.J KB“J 3 VS(J - XM B“J

( Me Yake ale P“l% 1o be ierb)

» A s s S, : | A ﬂraq_th‘FC!J\'O“
o §% &M {TIN (t\«hﬂ
e S P b::xial- é( {:E.Mn.ls falk )




Dr. Guruswamy Rajasekaran, |M Sc, Madras (K1 TP Neutrinos 5-08-03) Unification of Quark and Neutrino Mixings Page 2

Ex’n.ﬁmw*‘ul Rerults (qoz cL) ©)

AfMOS LY ..(75'“_’&1- K? . v b:’ KZK Wl‘- l‘ianll f.f u_‘,dﬁ.clk.“ ‘:’ u
’Fd\M‘L = (1.2_. 5) X “;3 f-vt CHoo? bouud . JIS s- o0 lé
3

R

y 2 . -~ 083
A 9’_3 = _D, Sy

Sobar s (0L, Ga, Superk [S)  V/ by[KaweiAND]
e

AWL?;?. s (2-— 50) x (O ’ "'\7;]
Aua By, = b'lf'o_;?.‘_?_?nr’——f

Reactor v (CHooZ, Pale vcralr.)

Rin®, S 016

e Yoate -Fovr tlee dincnvf_yj of m, Mvo oSE .

Solar waovel CDM{W:«(_‘B
¥ Bt sl bj sNe (NC) <$o|a.f v ose tmfcrmc.a

?ie_ka ot bj Kaw LAN D (Rea.c{'or el-}:"')
reactor ELPJ-

¢ Atweos P wWou

« LMA

. EBavlier erueal Coutn b uhou b_'j CHODE




Dr. Guruswamy Rajasekaran, |M Sc, Madras (K1 TP Neutrinos 5-08-03) Unification of Quark and Neutrino Mixings

Quark Secter

0-9757 0-2105 - 0-0030
U =
—0.2203 0- 9747 0.0378
00053 —0-03by 0-7993
Or
' Aw B, = ©O-2205 ¥ A
Uua v A B, =
KB, = 0:037F ~0(2")
Usp = AP (3)
. - .003 =
Ler,;ﬁ Sactor
0 36é
- SE) -L o -
B 2 2
\ 0-35
o § &
= R
0: 35
L3 =
241 T b 2
Sere we fave put
o - 30' (S’o?.cur cmﬁu)
n
= . Atwies . Le
913"'"5 ( we a.ng)
s CHooz awple
3= 0 ( 2 awgle)

2

—

»

-b-5

D-62

—0-70

o-7o

Page 3

A elz 0- 1205 0-5

; 0.
A 6, , 0.037% 7
Ava By, 0. 003 <o lb

How Caw (hese be sokdics 1

AM wey ]

v Reworwmalizakou «t Cugk euergil,

(or, tua Ollker way)
« Uge 'Rf.uormu.&%dﬁ‘ob\ Grﬂn-r

. Llui{:ickkou ouJ:j ot Lugb euu?'ua
« Radiakve wq,gu.if“cd\'ou of u.u‘.m'a:j
. leF&xib 'f:o-!.ud‘

. Q“M'\de:)e.uuerc wasse, for e 3 Nnewbiwo
« Sawe CP Pdriéj -FN tte 3 Meuwhuos




Dr. Guruswamy Rajasekaran, |M Sc, Madras (K1 TP Neutrinos 5-08-03) Unification of Quark and Neutrino Mixings

Page 4

©),
Extension o{ SM ualh. RH mewtwuos
ovd e Seenaw

[ 5¢
tL: '{u *f>+- i Ri'vgj--p—l.l.c_
4 J
Yukawa Couf‘u"‘j‘ Mq‘.joroa\d, wmass ferw
\ ss8s
n" = <¢')

EI. K,”'* g o
—_— \" — K
k<< Mp K <
A
K = 4 L W
M2
L — Lgu ~ K Eg? i.¢ (5 i °P"“+N>
P.(CH
> Y. My -\JL
ksf\-h'\’— M-p-‘ ND -!';' MD
R

,Ra'bia%‘u Covrechons awd RG evelubou

t- mek
lor® dMy _ {_ (%&14_ (,3"-)4, T+ (LYUY:)}M;:

+ 3 {(Ye Y:)Mﬂ' MV(YEY: )T-g

ANS mehx 2 L

YU: 3x3  wp-quark Yuk ﬁw\f
Yo = 3x3 Chang® Llephon Yokawrs s
mait S 2
Cosp
w | MSSM
where ’th.: Eﬁ‘_?
&

¢ Chankowski, Keélkowski b Poloveke
* C'M"-s, Esrl'noh., Tharra awd Navaroe

)




Dr. Guruswamy Rajasekaran, |M Sc, Madras (K1 TP Neutrinos 5-08-03) Unification of Quark and Neutrino Mixings

Page 5

U

it
dt

dA,,
At

AA,,

—_—

dt

z
= = afpwe Up = wiFu

’Dla.s onalize aud ’Ru_u”

({:: 1,9_,—.3)41

2
—~ F'c Caa (— -'!'n Uz. Dap + Cn. Utz Dsz)

T

= ~Fy Ca (8, 813 A1y Upy Dy = Co3 813 4o Ype Dy,

» ] t Uy Upy Dz.)

@

wheve  Di: o= WMatwy ol
aw
4
F,c Fu
MSSM o ! < 2
G | plfeqtesgte )
2 &I 5
lew CNP gt-‘u}ﬁ
T
S H 3 “"L J_-. ( 2 8 L 3
b 3. =22 =6Ug=2h
3am? lew® 3 ¢ »
U €13 &y 3 A A3
Co A
= Cayhi— Gt CraCos=An A3 Bea e
B1aBaa =~ Cp 4y Coy =~ 8,,= Cizdin Ay Ciz Cu3

T
u MU

= °U“'-3 ("“1, W2, 'Wls)

@)

SDM(. f&-iu&’)u-F'CA,‘koM -Fo-r w@m+~u)s;-f T Evolu.kou :

3
. I MSSM, F, i enhamed by « Packo ~ 10,
-;o\r ‘ta.u.l’égSo, LY CMng‘a b s value e SM

So, Wuhm Core be alivibutid & SUSY.
Fov cbua,,é'éo_agnmh meutw e etz ’D;J- —> e0 . *
Hin Combibuter b ¢U.4.Hc V’a-f:i_a evolubon -
. A 4»\.-.3'{... neele
1~ A~ 02 Vgy ~ ©(*°)
Ay ~ D(Qﬂ-) ~ 0035 =) D, O(TJ\‘)

3) ~ 0-0025
85, ~ 0(»°)

APwaimk evelubion eﬁ‘:

l

d4,s % N Fr Paa {-mt 3 facter than dfa
Ak dt
3 ) i
A8 A Fp (D32 + Da Tewains Awall
dt
[}

da 7\5 Fe Dy Swallness af i

L ~ * Com’)f_mﬂ."a b

dt

{ujuuﬂ 0{' Dzl
* Dij = wi+wy  (ig4)
M,;—wj

1Dy, IDaa| << |Dy,l




Dr. Guruswamy Rajasekaran, |M Sc, Madras (K1 TP Neutrinos 5-08-03) Unification of Quark and Neutrino Mixings Page 6

| —— D) O,

’\Juuu_-ricqp. rerwldts own e Cvob.c&‘ou. O]E }
o] Sl-r.t: : Mewtrive Wilre2es M:‘:&lﬁ
@  Starking fow koo valus, of gaspe conplivngo, mame | 4 Ex-m.Ptha:rc mhown below =
ixvnr angle,
OF a[fuu()ca od Ckiw}‘) l&rh»«a awcd tva.w-r‘k. u.uwa uﬁ '

13
b Ebbain Gt Corimpaddis At Mg=10 Gev At m, =90 Gev
5 ; Yo beaa
ot Low ey, uwoe RG &F baci o
valus, ot Mgb, gealts : 10 — (o Gev. @ 1 .
- b ot Mg~ o} Gev m (ev) 02579 0+ 2066 aud < sxi
@. Assuwe G meulrine uuxuwf g . : i S o .

b be ba Aawe e .UA_.,(\._ 'mizw-f gy.&lh <t ’Mg"v:;ﬁt b, mz(e\l) 0. 2590 > Am:&:o'!S!lo

T e '& .. VAR L&Sl—"‘"r""“" wm d HR ~ D Gf.V Ma (QV) 0. 2935 0. 2088
o Tlake Meutwn uo : '

4o be unkiuousm d;muu.-‘bﬂ %MFC }U"‘”w“‘)' - = luPuf‘ o Bl

‘- .

Det ine tutse 3 El\.ra.uﬁ-'—""'_.'dxw"udn a Wi

. eteruil "

eropts el o. 547

e ol o{MRGQTJ‘ dw: - ‘:{udm: 0. 0% 0

WAl Ot ex.rev-wnud’\l

i X
A““iu.w Awa,y , A2 K23 , A3y
@ X IB‘H“M_ULP "= %[w-ﬂ-uz*'“’*s? @ m, (‘V) 0-29%3 il > Aw:;a= 'f‘ixu;s-
2 ¥ wy 4 .

@ b Top-dewn 8., A ™y (ev) 0 2997 o 24N

esults 0. 3383 0200 2
Results 5 ™y (eV) '
. Nuwserical roulls e Bt I: [é ] ,

¢ Suwimary: R G evolutoun ‘dhu" low ewerqy valiss, for

1 -3
> Awiy s 1:1x 10

0 56%
Ax - bnlh 0- 680
K faad X al b,, ce o Wi -
Y nquanch ¥ U el W(EU-'- of W o bigh 0. 080

meale Kas ta B vauge 0:20 Lo 0-111\/. il
e CoMruﬁ\M-r Twu-tc '4 Md,uj' L °:f
Aeale i 015 b O.bk5eV.




Dr. Guruswamy Rajasekaran, |M Sc, Madras (K1 TP Neutrinos 5-08-03) Unification of Quark and Neutrino Mixings

At mg = '013 GeV

@
m, (w) 0-40bk
m, (eV) 0- gogg
M3 (QV) 0- 462/

®

AL Mgz 90 Gev

03244 > A'“Tﬁ z'“”;f

032 =3
.'7 > AWZJ: 2:3 % 10

0- 32%3

D- 519
D- 60

0. 080

0 478¢ >°‘“‘n.= axigt

0. 479y (! Ax 10>
>A‘“u: o
0- 4347

0. 731

0 by

0- 085

(p Gev)

0.4
A
.
0-3 1 =
™M,
1\
mg
(ev)
0-2 1
0-1
o ' 1 A A
5 le I5 20 el
T ity tzlbap—>
#:% Gev e

p: “;sGtV

Page 7




T

Si"gl ——
3 ——

-
[==]
=
B
r

L
S

BiRGyy e X

15. T .2'0 25 :E](‘J
M =90 Gey BN belnp (.H it Gi.V) pe lpn Gey
rigure 3: Radiative Magnification with neutrino
mixings same as quark mixings at high scale
(Case I) in MSSM with Mgysy =1 TeV.

At Low c;«u-zic?

* Bg, evolve

UM—E‘F{cmknu ) wark aud Aow  wax

Quarks : Rolouw = up (Low—; H«gh) '
Lf_H-wc : ’T{;P — dowwn (l-h'g(.-QLom): Rt evo

faotes awd ovectaks, £pa

. )!sl m.ﬁwa{.-a eves wove,

Dr. Guruswamy Rajasekaran, |M Sc, Madras (K1 TP Neutrinos 5-08-03) Unification of Quark and Neutrino Mixings Page 8
®
0.7 pr—vrrrerT

ar Wdfieskion Seale | M290f

Guarks/ tepows A

020 28
0. 035 20
0. 0025 32

Slow evolubon

Lutiou

bub AKU vemains Awall

o Swalluwess of gcgpgz

)
t Awallwess cr.y. w°'-f"""’

L trace 3

3
feius A




Dr. Guruswamy Rajasekaran, IM Sc, Madras (K1 TP Neutrinos 5-08-03) Unification of Quark and Neutrino Mixings

Page 9

@,

0.035

Uppar boemd '
o-16esses Ain €, yoox L 0.16

o-10f

0.05 |

AinB. ooz

— LinBup > ’/» 0 0025
» p(GaV) pl
Prediction "
0 Bin, 'S SMall Aince in e
3 = 4
wark Bactor |\ ] = Bing, =000
Zna/ Here &8 A?A Aeale %ﬂafk- (Qﬁtoﬂ
o g oline @xpL.
Oﬁﬁr Luture {0'?' baselin@
we /brc_a(icf - 0.08 — 010

U,, = /&:”ecm

z




Dr. Guruswamy Rajasekaran, |M Sc, Madras (K1 TP Neutrinos 5-08-03) Unification of Quark and Neutrino Mixings

Rg_ng@aliza!’c'an and Unity of forceS: Gowe forees

one doublet:

¢

2%

o)

I

Page 10

E"‘-F&*‘%M{_v\{'&ﬂ {‘MPLCC!.‘ROM O;C B Tloul_j‘s‘

M

g(w«*uﬂ\ug)x o l5 eV & ©0:65 €V,

'TkL, e ult ’-a T?,me »?bv 3 _ty}’h H:F Mb (a"l b: C),
Prosnntly ouly wppec Liwiks ere availble

\

L u
bot would be Sbserveble YR .ﬁ._{-.,..u_ l.lM.Pv-n\)eb uﬁ:.

(@) ovgp

[Meel= [nime Ve | =

—

L (I? cp {35¢umlu-l—$ Qv

ard CP- vio'dig f’\"‘"‘”
ase isuwa)_

Expt : [Mee] & (0-33- j.35) eV (proed)

ev ( Fnh"a)

wn  be

)

Roval ‘Fﬂ" q-u";'

o- 1
lHu‘ wa T T’MLJL o{‘ o-| &V of Less
probd w e Fuhoe  (QENIUS, -

(b> ’T""Hum @ 2L .
e E.xP{--.

m < 2-2eV (pre,u.&)

( Fubare)
dewn b 0.35 eV unt be ' b (KATFff:d)
(€) CMBR awisetwpy

0.35 eV

L)

(cosMoL0GY)
< 07 ev =

Z wy
4
w (Tw <21tV =

U &by = O 08—0-10 S—

L =5 — -_+j
Actegsible b future reactor o.xp-}s ?i_gmu LBL expts




Dr. Guruswamy Rajasekaran, |M Sc, Madras (K1 TP Neutrinos 5-08-03) Unification of Quark and Neutrino Mixings

Page 11

?:gs‘,bb_ 0'5\31;\ 0{ a iUAAn'l‘at.Jc.v\ww}c 'ngu'tr'«uv S:rgckﬁ-tu-t.

—_—

were M turl

I L-R Sipua 'mb’?dja,} “

# o ‘F‘rl. HD
o dave 'BPLI e na (
___—_d—‘__'—-—-‘—‘_ T
M‘O = {‘U_L —_— MD ({‘\r!) MD

J_,_}— Wy WL

‘F ~ 1 Fo
-~ T
v > My 'F‘rg) ™My

Co\mcvu‘.w 1

AP u.N'LJ"L
©) Et'au.-..\rxbuh of M, are §pa . i

1L o WAL

D M, o dicgumaliy? b
Bl

madix  taak aiqdzwauaco

‘w-. MG&J‘J
The Qmuwmaphion £~ 1§, cam be + rlz_ . )
L c)vu'r‘u_f_ U:F, 94 Aumuttﬂv . (wofk we 1'37‘253
Ui ‘
a~rt pﬂ"éb& w &

CN
(- Ma : Otato Fire)

[
. Qumibgjgu.wdc Ty —Fof v s

worel of Ay gpametay oo




