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This is the “Flavor Hicrarchg Problem”
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Some would say that the flavor Problem is not a Problem, since

the Yukawa couplings are Protected 139 a chiral symmetrg.

dy Small couplings remain small:
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“Technical Naturalness’

The reason there is a Problem is that all these coul:)lings

appear to come From the same Phgsics. ThCFC]COFC theg should
all start at the same order of magnitucle at some UV scale, and

the ﬁierarclﬁg should come from RG effects. This is wlng gauge

cou Dlings are not considered hierarchal.
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So it looks like we can solve the Flavor Puzzle byjust

having more scalar bosons, Ietting all Yukawa

couplings be O(1), and let tan8 > 1.
PR
Das, Kao; Phgs. Lett. B 392 (1996) 106.
Xu, Phgs. Rev. D44 R590 (1991).
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2HD Tgpes

* Tyl:)e [ - Onlg one scalar doublet couples to

fermions.

TS THPC Il - Scalar doublets split between “uP—-
type” and “clown~tyl:>e” fermions (SUSY).

° Tgpe Il - Both scalar doublets couple to all
fermions.




Hierarchg Pattern

There is a Pattem between the 1-2 and the -5

generation case:

fthet-2 hierarchg was set bg tan (3, then we can

fix the -3 ]’lierarchg by generating tan2 5 :
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These are moclels that tr9 to explain the ‘qavor

Puzzle bg setting various off cliagonal Yukawa

Couplings to zero in the “weak isosl:)in basis”.

Ly = (QulVulur® + QL[Ya)dr® + Lr[Yi)(r)
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XA coml:)lex matrices

(not tgpxca”g diagonal)
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59 choosing, matrix elements care?u”g

S

, We can

reProcluce ]:)oth the mass spectrum as we” as

the CKM matrix elements.

The Problem with that is that the “wea

basis” is not a well-defined basis, so w

< isosl:)in
1

nat cloes

it mean for some Yukawa Couplings to vanish in

that basis?
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Our Goal
We would like to have a model that:

(A) Solves the hierarchg Problem with same-

sized Yukawa couPlings and large tan (3.

(B) Is flavor-basis indepen&ent.
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=2

a Y=YW 1+ y® tan 8 is the mass matrix in units of ¥ cos g.
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Full A Generation SM
What we need is:

detoY = dets (Y(l) 1+ Y® tan 6) ~ O (Y(l)Y(Z) tan 5)

det Y = det (Y(l) +Y® tan B) ~ O ((Y(l))3)

which implies atter a lot of algebra:




Full A Generation SM

| Sutficient conditions for this to haPPen:

S (Y@)Y(?)T ) = 1
detY| = |det Y(l)\
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Full A Generation SM

FeEtan h—20

mb(mt)
Mg (mt)

meg (mt>

~ 1.05 tan S,
mq(my)

~ 2.38tan S,

Hierarchg solved!

mg(my) i (1)

e (mt)

mc(mt)

~ 21.6tan (3,
My (M)

~ 13.4tan [, ~ 290 tan? /3

Ty (mt)

requires (For examl:)le): ()il ~ 01 Te (YY)

e~ 10.4tan B, 2T 085 tan f3, 7 8.8tan? 15
Me iy, Me

can be fixed with a minor amount of tuning.
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The condition on Y@ implies the existence of

O g0
a basis Wl"lCFC onlg Y3(32) 75 Bl Ve ( 05050 )
0 0

This implies an interaction scheme in this basis:

2y (®) () 4(b)
40 4(b) ( H(®) )

This is also true in the mass basis up to corrections

]C 3 y (1)
OT SIZE O(mg, /mg,) ~ O (Y(Z) i 5>~
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This constraint is harder to interpret than in the tog model.

It now Puts several ConstraRt s Ry aHots Yukawa

COUP“! IgS:
'jr].b]r].b ]rlbjr].b
1(1) 2(2) 1(2) 2(1) =

This can be accomplishecl (For example) ]:)9 setting
y (Db _ y b _ g

However, this is NOT going to remain true in the mass basis.
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Cabibbo Angle
One may have 6™ ~ 6. it one assumes a

slight hierarchg: v (D8 o 0.25Y.00°.

In this scenario, basis (b) can corresponcl

to the “weak isosl:)in” basis without

signiﬁcant tuning between u and d sectors.
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Flavor Phgsics

In the mass basis we can write the Yukawa

Lagrangian as:
—Ly = QrYu]ur® HOL[Y2urUH (u — d) + leptons + h.c.
/ A

Diagonall Onlg source of FCNC.

sec 3 —2H*
V=2 — P tanf = Y4 ( sine h” + cose HY + ¢ A° )

e=a—PB+7/2—>0asmy > x

In this “decoupling imit” all FCNC vanish.
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| Flavor Phgsics:K =k mixing

Parameter space fos (V2 Sy 8, e )

: Assuminng(fQ) = Y3 A ignoring, Plﬂases, MIXINg IS

.' dominated }39 C, and we require (For example):

ma=20TeV Y2 =10"*

| Assuming Y,;) =0 and ignoring l:)l*xases, mixing is
sensitive to ¢ and we require (for example):

ma=2TeV Y2 =01 e=10"°

Alwags ICOI” tan 8 = 20 and m;, = 120 GeV.
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deto (YR Y1) = @
[ det(Y)| = \det(Y(l))\
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Discussion

The first condition implies the existence of a sPecial
basis called “Basis (b)”.

We can chose this as the WIB, which would allow us to

realize texture models in a well defined way.

The second condition is much harder to understand

intuitivelg and requires further stuclg.

This talk has considered these conditions as axioms,
but theg can also be generated dgnamica”g (Z5
symmetry; PQ symmetry; ....).




Future Work

o How do these constraints do in Forbiclcling

cﬂangerous flavor changing clecags and CP violation?




Future Work

o How do these constraints do in Forbiclcling

cﬂangerous flavor changing clecags and CP violation?

» How do these constraints do in generating the full

CKM matrix structure?




Future Work

o How do these constraints do in Forbiclcling

clangerous flavor changing clecags and CP violation?

» How do these constraints do in generating the full

CKM matrix structure?

+ Now that Yukawas are the same order of magnitucle,

this could imply changes In Higgs Procluction and

ecay exl:)ectations




Thank you very much!




FLAVORING 2HD MODELS

° TgPe-lll 2HD model explains flavor hierarchg (masses,
CKM matrix) with a |arge tan [, as long as two additional
(Havor basis inclepenclent) criteria are met:

YO g e

to third generation

el deiV )l Napain

generation couplings
+ Constraints are generic and can be used to test or
seReratc models of flavor. FCNC also under control
in the decoupling limit.
* Yukawa structure can lead to Potcntia”g interesting

changes In Higgs Procluction/ clecag. Work in progress...
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Two Higgs Doublet Models

The Phgsical scalar states are

(I) i G+C085—H+Sin6
1 = L[v1+h1 +i(GOCOSB—AOSin5)] )

2

S Gtsin8+ H™' cosf3
2y \%[Ug+h2+i(GOSinﬁ—|—Aocosﬁ)]

where =2+ and tang= Vo J1

CP even neutral states are

H® = hy cosa + hs sin a ancl hY = —hqsina + hy cos

Whéré m,%o = ()\1 cos® B+ Ay sin? 8 + 2\ sin? 3 cos? 5) v?

Whéﬂ mA,HO,Hj:—>OO = Ckzﬁ—ﬂ'/Q.




Flavor PhgsiCS:K 0 mixing

K- K mixing is described }39 the effective | agrangian

1
Lef = —5 ch(xa%ﬂ)@n(ﬂ)
&%,

n

2
mp

2 9
oy

Whé‘f’é: Tr =




Flavor Phgsics:K 0 mixing

K- K mixing is described }39 the effective | agrangian

The ol:)erator basis we use is

O1 = (A7) (@ ush) 01 = (dry*sh) (drush)
Oy = (dgsy,)(d RSL) Ce = (dRSL)(dRSL)
Os = (dLSR)(dJL R) O3 = (dLSR)(dJL )
O4 = (dpsi)(dysy)  Os = (dgsy)(d]sk)




Flavor Phgsics: K- K mixing
The nonzero Wilson coeficients are (ignoring RG

eftfects):
1 SN G2 C0ST6 1)

2) % |
CQZ_Z(Yd(Ql) )286625< e

2 2

| :
sin“ € cos” € 1)

Co = _Z(Yd%)*)z sec” 3 < |

L Y

1 sin“e  cos2e | 1)
|

2 2) % |
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Flavor Phgsics: K- K mixing
The nonzero Wilson coeficients are (ignoring RG

eftfects):
1 SN G2 C0ST6 1)

2) %
sz—Z(Yd(Qf )QSec2ﬁ< - | 5

% 1 . sin“e  cos?e
Goi= —Z(Yd(f% )2 sec” B < I 1)

L Y

1 sin” e cos? e

o (2)y,-(2) . .
Cy = —§(Yd12Yd21 )se(325< RS 1

In the decoupling limit, C2 = Cy = 0 but 4 is finite.
Thus K — K mixing can be clangerous unless one of

the Yukawa couplings vanishes.




