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The DLrect Approach

Family Symmetry G broken Lw special way
Subgroups preserved tn neutrino/charged Lepton sectors

GFDS,T,U* g

generators

“Klein  §,U only T only
SYmmetry” nreserved preserveol

Neutrino Uemns Charged lepton
Mass Matrix Mass Matrix




Altarelli, Feruglio,
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Feruglio, Hagedorn (’11)
Ding ('12),
King,Luhn,Stuart(’12)

Smaller groups S,U preserved in Larger groups
A4,S4,A5... Neutrino sector, A(96),...

T preserved in
Simple LO Mixing Chargeo Lepton Richer LO Mixing
Patterns 6 13 — O Patterns 9 13 # O

/ I

T broken U broken S,U broken
"4 A4

Charged Lep Special General Corrections not reguired
corrects HO corrects HO corrects (but may be present)

|
l e.g. Tri-maximal l
v

; canontcal
Solar Sum A’cmospheno

Plus rRqG,

Unpredictive Normallsatiom, ...
Rules Sum Rules P




SlmpLe LO Mixing Patterns
(913 = (0 693 = 45°

O Bumaximal = Pl e

V. Barger, S. Pakvasa, T. Weiler and K. Whisnant

0O Tvi-bimaximeal Urs= p
0.0 = 35.26°

Harrison, Perkins and Scott

O Golden ratLo Uiem =

Datta, Ling, Ramond; Kajirama, Raidal, Strumia; Everett, Stuart,Ding: Feruglio, Paris




- Large Charged Lepton 6
Correctlons to the rescue 1277

O BM, TBM, GR migl/lt OWLH “PPLH to neutrino
V%L)(LW@ and UPMNS — UGUJ LVM}PLLCS 6)13 ~ 12

Solar Sum S g Charged Lepton Corrections: King (‘02), Frampton, Petcov, Rodejohann (‘04),
D Sum Rule: King ('05); Masina ('03);  Altarelli, Feruglio, Masina (‘04), Antusch, King ('04), Ferrandis, Pakvasa (‘04),

Rules Antusch, King ('05) Feruglio (‘05), Datta, Everett, Ramond (‘05), Mohapatra, Rodejohann (‘05)
Antusch, Maurer ('11) Mazocca, Petcov, Romanino, Spinrath (*11)

] Bimaximat (912 — L5 L (913 COSL — 0 T

O TVL—bLVM,a)(LVM,aL 6’12 — 35° + (913 COSO0 — 0 =~ *+

=
2

0] CqOLdEV\« ratLo 6150 = 32° 4+ 013 cos 0

See also: Antusch,Gross,
Maurer, Sluka 1205.1051;
Relation also appears in

C 0
~ King 1205.0506 “Quark Lepton
A 9 . 2 : Complementarity” ... :
\/§ Minakata, Smirnov ('04);
and “Cabibbo Haze”
Everett, Ramond ('05)

N.B. (913 ~




King; Parke; Pakvasa, Rodejohann, Weiler

Tri-Bimaximal Parametrisation

%) b Ve
-5 —a+ re®) (1—2s—a— zsre®)
s+ a—re?) —2=(1— 254 a+ 3re?)

1
Sin(923 — —(1 -+ a) .

V2

a — —0.02 s 0.10 T = 022 E 002
y¥ = reactor

Allows for deviations from TB mixing
€.9. TB solar sum rule recast as s=v.coso




O Tri-bimaximal e
===

Harrison, Perkins, Scott

D T_VL—bLVM/a)(LVM/aL— Urgr = _\/Lg(l+r€i5) L —7“625)

Vea(btor (S=a=0) %(1—7“67’) _\/_5(1_|_§,r€7,)

King; Antusch,Boudjemaa,King; Morisi,Patel,Peinado; Luhn, King

0O Tri-maximal 1

Ui = /2
i
(s=0, a=r.c0s0) s %(“2

Lam; Albright,Rodejohann; Antusch, King, Luhn, Spinrath

Haba,Watanabe,Yoshioka; He,Zee; Grimus,Lavoura; Albright,Rodejohann; King, Luhn
%

O Tri-maximal 2 ST

(s=o0, a =—r/:2.oos§) ~ 3reid)
N.B. Atmospheric sum rules: A= V.OOSS, A=-r/2.c0SO




King, Ross, de Medeiros Varzielas, Antusch, Malinskyj,...

Starting polnt is type [ see-saw

2D G (Ml Bt all ) §
mrp — As =Bt G5 Wi 0 M, 0 * m =
A s (e My

AT = (A1, Ay, A3) B' = (B, By, B3)

Prowote the columns (A, B,C) to dyna mical fields
Gr Yrelds spectal vacuum alignments, for exameple:

(A B,C) proportional to colummns of PMNS called Form Dominance (FD)
Chen, King('09)
AAT/M; € BBT/M, < CCT/M; called Sequential Dominance (SD)
King('98,’02)
SPwith B=b (1,1,-1) and c=c(0,1,1) called Constrained SD gives TB Mixing
King(’05)
SP with B=b(1,1,-1) and C=c(r,1,1) called Partially CSD gives TBR mixing
King(’09), King,Luhn(’11)
SP with B=0(1,2,0) and c=c(0,1,1) called CSP2 gives TML mixing
Antusch, King, Luhn, Spinrath ("11)




King 1205.0506

Tri-bimaximal-Cabibbo Mixing

Oc
D

Combine TB mixing with 6,5 ~ =R0D8

Describes all current data!

obtained from PCSP with B=0(1,1,-1) and C=c( A1,1)




with large 013, still two theory approaches: Symmetry or Anarchy
FamiLg Symmetry may be meLemew’ced D'Lrec’ch or | wdir&c’ch

Simplest Direct models A4,S4,A5 with S,U and T conservation
predict Bimaximal, Tri-bimaximal, qoloen Ratio at LO

However T broken tn. GUT models due to Charged Lepton corrections,
(Cabibbo-like charged Lepton angle required) tmply solar sum rules

U breaking at HO leads to TM2 mixing, atmospheric sum rules

Larger Finite Groups such as Delta (9&) predict e.g. 013 ~120at Lo

Indirect family symmetry models can lead to TML or TBC mixing

vital to measure the mixing angles anod CP phase delta to good
precision to test the sum rules, hence discriminate between models,

dectde Lf the Lniverse is based on Symmetry or Lf Anarchy Rules
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Summary of Sum Rule Predictions
O Quark-Lepton OompLemew’cari’cg 015 + 0o = 45°

O Solarsum rules Bimaximal 6o = 45° + 015 cosd

ST Tri-bimaximal 6015 = 35° + f13cos

corvectlons. ..

Golden Ratio 015 = 32° 4 615 cos d

Tri-bimaximal- 015 = 35° 6O93 = 45°
cabibbo e (90/\/5 — e
Trimaximale o3 = 45° + /26013 cos §

O Atm. sum rules

Plus Charged

Leptow Corrections... 5 3 O
Trimaximal2 O3 = 45

Now that 013 Ls measured these Predlat cos



