Six texture Zeros for the SM quark mass matrices

William A. Ponce
Instituto de Fisica.

Universidad de Antioquia.
Medellin Colombia.

OCTOBER UMASS MEETING.
Friday 22
Amherst USA

1/ 12



""7--'._'_'_-__

Flavor problem

Mass Matrices

Charged current _EM — ﬁOLMuUOR —+ DOLMdDOR + h.C,

Weak basis

Parallel 6 zeros.
Orthogonal rotation
Mixing Matrix |
Non-Parallel 6 zeros

Mixing Matrix 1 UOL — (ﬂ(), (_30,{0)1;; DOL — (CZ(), S0, BO)L : Weak basis.
Experimental values

Numerical results

Sector poorly understood

Total number of families?
Hierarchical quark masses?
Small neutrino masses?

Quark and lepton mixing angles?
Origin of CP violation?

Radiative mechanisms? Horizontal symmetries?
Froggat-Nielsen? Texture Zeros?
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Mass Matrices

Flavor problem

Charged current M’LL Md

Weak basis
Parallel 6 zeros.
Orthogonal rotation

Mixing Matrix | .
Non-Parallel 6 zeros two 3 X 3 complex mass matrices

Mixing Matrix Il 36 free parameters.

Experimental values

Numerical results

POLAR THEOREM OF MATRIX ALGEBRA
M = HU with H' = H and UT = U1,
U absorbed in Uyr and Dggr in SM.
—> down to 18 free parameters. 12 real and 6 phases.
only one phase with physical meaning.
—> down to 12 real parameters and 1 phase.
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«| Charged current

Flavor problem — T3 T

Mass Matrices JML - UOLVMDOL — ULWMVCKMDLj
Weak basis B VCKM — (]'UJ(]dT

Parallel 6 zeros. UL — (ﬂ/, E, ‘E)L and Dg — (d, S, b)L

e e stand for the quark field, mass eigenstates
Non-Parallel 6 zeros

Mixing Matrix Il

Experimental values

Numerical results

B U, diagonalize the Hermitian M, M
B [, diagonalize the Hermitian Mde
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Weak basis

E/‘la“rw*l’“t’?'em A unitary transformation acting simultaneously in M, and M
ass Matrices

Charged current does not change Vo

Parallel 6 zeros.

Orthogonal rotation Mu SN Mf — UMUUT

Mixing Matrix | R

Non-Parallel 6 zeros Md - Md — UMdUT

Mixing Matrix Il

Experimental values

Numerical results

Vil = URUSE = U, UtUU) = ULU = Ve,

3 texture zeros without physical meaning.

(M1 = (M) = (Myhs = (M')s1 = 0.
—> down to 9 real parameters and 1 phase.
To explain 6 quark masses, 3 mixing angles and CP violation.
One more texture zero — New physics.
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Flavor problem

Mass Matrices
Charged current
Weak basis

Orthogonal rotation
Mixing Matrix |
Non-Parallel 6 zeros
Mixing Matrix Il
Experimental values

Numerical results

H Fritzsch Phvs

Parallel 6 zeros.

0 aqemq 0
MéG) — aq q—’baq O bqeiﬁq : (1)
0 bqe_wq Cq
where ¢ stands for v and d
U 1 0 0 U
Co = 0 e " 0 ch
to 0 0 e HoutBu) th
U
— U;E Co ,
to
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Orthogonal rotation

Flavor problem

Mass Matrices ( ) O a’q O

Charged current M 6)/ — a O b 2
Weak basis q q q ! ( )
Parallel 6 zeros. O bq Cq

Mixing Matrix | . . . 6)/ 6)/ 6)/
Non-Parallel 6 zeros  Using the invariants trMé ) tr[(Mé ) )41, detMé )
Mixing Matrix Il

Experimental values

Numerical results Cq — mi — M2 + m3
02 — mimams
9 mi — M9 + Mms
p2 _ (M3 —ma)(ms + my)(ma —my)
q — °

mip —mz + M3

momg(mg—m3) mimg(mi+mg)
( :I:\/(M3—m1)(m2+m1)(m1—M2+m3) j:\/(m2+m1)(7”'1:),%-?”'%2)("%1—7"”L2+m3) =
(f6) _ m1(mg—my) mo(mq+m3)
Oq i\/(M3—m1)(m1+m2) $\/(777«2+m3)(Mﬁrmq)

- mi(mo—m7y)(mq1+msg) + mo(mg—mo)(mo—my) 4
(m3—m1)(m1 —{—T)’LQ)(’rnl —mz—l—?’YL3) (m2+m1)(m3+m2)(m1 —TYLQ—{—TTL3)
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Mixing Matrix |

Flavor problem

Mass Matrices

arged current 6 S 6 6
Choeed (Veradim = (OFD)u (0 (4)
(I;arillel 6 zleros. | _I_ei¢1 (O,Ebf6) )12 (OC(ifG) )m2
rthogonal rotation
Non-Parallel 6 zeros +€i¢2 (OfELfG) )l3 (Oglf6) )mg,
Mixing Matrix Il
S where 61 = (o, — aa) and 07 (0 + Bu — au— ),

Ve = (- muc) [\/( Mas(1 — mgp) (5)

) uc 1
- ewsl\/ Mue(l +1may) | 178
(1 —mgp) (1 + mygs)
Compared with VP x~ cosg, = 0.223 8 /12

Ruled Out



Flavor problem

Mass Matrices
Charged current
Weak basis

Parallel 6 zeros.
Orthogonal rotation
Mixing Matrix |

Mixing Matrix Il
Experimental values

Numerical results

Non-Parallel 6 zeros

0 Ly €' 0
M) = | g, eiow 0 by ePu
0 b e Pu Cy
0 adeio‘d 0
Mc(lnp) — ade_io‘d bg 0
0 0 Cd

613 and 623 came from the up quark sector only.

The up sector same as before.
For the down setor, the invariants imply

Cd = My

aq —

bg =mg— ms <0

mqmsg

(6)

(7)
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== Mixing Matrix Il

Flavor problem
Mass Matrices

Crarged curer Vi m = (0991 (05" )m1 (8)
e +691(0FD)15 (O™ ) s
e +62(0FD)13(04™)) s,
v e where ¢1 = (o — ag) and ¢35 (a + Bu — g — Ba).

m;?rsms N mﬁdms 0

0 0 1

o) (¢m?fﬁ) i+ e iy, (10)

which for ¢; = 1.49 produces a value 0.222 < Vé?p) < 0.223
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Experimental values

Eavorh;)r:?'em Meassured at the Mz mass scale
Charged current Up sector Down sector
Weak basis my = 171.7 & 3.0 GeV myp = 2.89 £ 0.009 GeV

Parallel 6 zeros.

Orthogonal rotatior me = 0.619 £ 0.084 GeV | m, = 55710 MeV
Mixing Matrix | My, = 1. 27—|_0 % |\/|eV my = 2] 904—% %3 Mev

Non-Parallel 6 zeros
Mixing Matrix Il

Numerical results

0.970 < |V,4] <0.976 0.223 < |V,s] < 0.228  0.003 < |V,,| < 0.004
y (exp) 0.217 < |V.q| < 0.237  0.960 < |V.s| < 0.990 0.039 < |V,p| < 0.040
0.008 < |Vi4| < 0.009  0.038 < | V5| < 0.042 0.78 < |Vip| < 1.00
ViaV.>h
a = arg ——tf =91.0%x 7.2
Vuqub
VeaV>
B = arg 2 bl _ 918428
VigVx
tb
VyaV>
Yy = arg — 22 uwb | _g7.2409.1
Vcdvc*b
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Numerical results

Flavor problem

Mass Matrices

Charged current ( ) 0970 0226 0003
\Ii\;er:llietl)a;jeros. VCT;(]?M — 0.225 0.965 0.039 ?
Orthogonal rotation 0008 0038 0997
Mixing Matrix |

Non-Parallel 6 zeros
Mixing Matrix Il
Experimental values

(a, B, 7)) = (93.90, 15.48, 70.62)

All agree but 3
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