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I 2HDMs: |

U Most probably the Standard Model (SM) Higgs mechanism is only an effective
description of a more complicated sector responsible for the breaking of the
electroweak symmetry.

0 Several extensions of the SM involve an extended Higgs sector,
with more than one Higgs doublet.

(See for example Supersymmetry, Extra dimensional models) Some recent works:

| /Botella, Branco, Rebelo '09;
U Possible sizable Flavor Changing Neutral Currents (FCNCs) | Pich, Tuzon 09;
. | Gupta, Wells, 10, ...
due to the exchange of (one or more) Higgs bosons. -
| Giudice, Lebedev '08;
- < Agashe, Contino '09; |
_Azatov, Toharia, Zhu '09, ...

_ Worth to investigate in a general Two Higgs Doublet Model (2HDM)

the New Physics (NP) contributions to flavor observables. D
‘See Dobrescu, Fox,
It can represent the low energy effective theory which arises as the limit ~ Martin, '10

of more complete models (like Supersymmetry, Warped Extra Dimensions). \\(uplifted Susy)
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mmlwems of the most general 2HDM

o H , H two Higgs doublets with hypercharges Y =1/2and Y =-1/2

0 Most general Yukawa interaction Hamiltonian

where X are generic 3x3 matrices in flavor space

-

In general too large NP contributions to flavor changing neutral processes,
since quark mass matrices and Yukawa couplings are not alligned

P FCNCs at the tree level

l How to protect the model from too large FCNCs? I

SL

dpr
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-HHHW%:tion mechanisms

HY" = QX DpHy + QX UpH{ + Qr X s DpHy + Qp X,,2UrH, + h.c.

Largest group which commutes with the SM gauge group:
G, =SU(3):®@U(1)p ® U(1l)y ® U(1l)pq
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Mw#&cﬁion mechanisms

/H:%fn — (?L-ZY:MDRHl + 'QLX-::.

WUrH; + QX pDrHs + QrX,.2UrH> + h.c.

Largest group which commutes with the SM gauge group:

G,=SUB3)®@U(1)p®U(1l)y ® U(1)pq

D'Ambrosio et al., '02

@ Minimal Flavor Violation hypothesis:
SU(3)’ symmetry broken only by two spu
YDNEQXBD, YUNEQX3U

@ Tree level implication

Xg1 o Xd?a X1 o< X2

@ Including radiative corrections, one gets

Xa1 = Ya (definition)

X1 =eY, +eYV,Y, + Y]V,

\\\szf — Y, (definition)

Xay = €Ya+ €Y YaYo + &YV, Yo+ . ..

rions

+...

/
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”*H%Hwt%ktion mechanisms

HY" = QX DpHy + QX UpH{ + Qr X s DpHy + Qp X,,2UrH, + h.c.

Largest group which commutes with the SM gauge group:

gii’ — S[I(B)i @ U(l)B ® [I(I)Y @ @ Glashow, Weinberg, '77

D'Ambrosio et al., '02 Paschos, '77

A\
N @ Natural Flavor Conservation hypothesis:
SU(3)’ symmetry broken only by two spurions only a Higgs field can couple to

Yp ~ 30 X 3p, Yu ~ 30 X 30 a given quark species

g implication @ The hypothesis is enforced
Xy o Xogo Xon ¢ Xoo by the U(l)PQ symmetry
eln cluding , one gets @ Tree level implication (D, and H, with
[ X, =Y, Xaz = X1 =0 opposite PQ charges)
) Xaz = €oYa + 1Y, YoYu+ Y V. Ya+ ... @ The symmetry U(1),, must be broken

(otherwise appearance of a Goldstone boson)

X =Y, + YV Y, + YV, Y, + ...

Xu2 =Y, Xaiz = Ed&ds Xa1n =Yy
| \(m = €y, Xz =Y, /
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Mw#&cﬁion mechanisms

HY" = QX DpHy + QX UpH{ + Qr X s DpHy + Qp X,,2UrH, + h.c.

Largest group which commutes with the SM gauge group:

gi} — SIJ( ) ® U( )B ® Ij( )Y @ Glashow, Weinberg, '77

D'Ambrosio et al., '02 Paschos, '77

A\
@ Minimal Flavor Violation hypothesis: @ Natural Flavor Conservation hypothesis:
SU(3)’ symmetry broken only by two spurions only a Higgs field can couple to

Yp ~ 30 X 3p, Yy~ 30 X3y a given quark species

@ Tree level implication @ The hypothesis is enforced

X:‘.’Il o X:‘.’I? . Xul 'S X}M2 by the U(l)PQ Symmetry

@ Including radiative corrections, one gets @ Tree level implication

Xa1 = Ya (definition)
Xar = @Yy + 1YY,V + &YV, Y, + ... @ The symmetry U(1), . must be broken

(DR and H,1 with
Xaz = X1 =0 opposite PQ charges)

(otherwise appearance of a Goldstone boson)

X = Y+ €YY, + Y]Yay, +... | oTerise

N d2 = Et &c Xu=Y,
Xu2 = Y. (definition) \ i { i2 19 5 " i
FCNCs \’“'1 = e, X =Y,
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-M%%mints on the two hypothesis

SR SL

Constraint from the K meson mixing system: EK Ex. — 5 —

dL d]'{

Buras, Carlucci, S.G., Isidori, '10

/ Natural flavor conservation found imposing

exp

- . y Ml <0.2]e
* 1/2 _ 7 cgMp lex | < K

eql X [Im|(A, A, <3 X 107" x
leal X Im[(Aq)3,(Aa)12]| " < X 00 GV

Al i
A very high level of OOp suppression

\\ fine tuning is required!

€ ~ 102 is not sufficient

J
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w#tlﬂaints on the two hypothesis

SR SL
HU, AD
Constraint from the K meson mixing system: € Ex. — o —
dL d]'{
Buras, Carlucci, S.G., Isidori, '10
/ Natural flavor conservation found imposing
e |eRF ]| < 0.2 [eFP
. 12 |, 7, _Mnu K
eql X [Im|(A, A <3 X 107" x
|€al X [Im[(Aq)3, (Ad)12]] S 3% 107 X100 Gov
Al i
A very high level of 00}_)2 .suppressu.)n.
\\ fine tuning is required! €,~10"is not sufficient )
/ Minimal flavor violation \
| where
R My 1 found imposin eatp(1 + "‘V)2
ao] < 8 x N e a0 = >
\ 100 GeV tg e | < 0.05 |ef y? [1 4 eots]
The constraint is satisfied very naturally, ry = (€2 + €2)ts
\\ even for relatively light Higgs bosons! 1+ (€0 + €1 — €3 — €3)t
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H%ﬁ# MMnsitions in MFV 2HDMs

@ Tree level Higgs exchange generates NP contributions to the operators
(after integrating out the Higgs fields)

SLL — (5pdy)(Spdy) @ However, in the limit of decoupling of the heavy Higgs

srE B doublet, the heavy H’ and A° are almost

1 = (52dr)(SLdr) degenerate in mass and the contributions to Q **and Q "
5" = (5rdr)(5rdR) cancel approximately each other

:> Q," is the only relevant operator

- : ao? ()
K mixing: (?’2”:‘!*R x — ﬂ;2 MMy [If;";‘[f}d]z
H
| (ag + aj)(ao + az) 2 lati
B mixing: Ci'P¢ o — mymg [V Vid] relative
a & 2 M2 ° to the SM:
o ar + a¥)(ag + as .
B_mixing: CyH B o —( ¢ D ) myms [ViVis]?

/ M%

Good for the experimental
___ constraints! ,

Tiny K mixing
Small B, mixing

Sizable B mixing

Possibility of solving some AF=2 “anomalies” introducing flavor blind phases
(decoupling between the breaking of CP and flavor symmetries)

(*)
a,a, linear combinations

of the €, Ei' parameters
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-H% MF=2 “anomalies”

' ' . CP violati b bles of the B
1. Tension between S and & in the UT fit at the level of 20 (CP violating observables of the B,

and K system, respectively)

More specifically, determining the value of sin(2p) from §SM - gexp

the measurement of ¢ _and of V_, one predicts in the SM: VK vEs

:> Needs of a negative NP contribution in S Buras, Guadagnoli, '08
s Lunghi, Soni, '08, '09
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MWH “anomalies”

1 . Tension between SLPKs and € in the UT fit at the level of 20

(CP violating observables of the B
and K system, respectively)

More specifically, determining the value of sin(2p) from §SM - gexp
the measurement of €, and of V., one predicts in the SM: YKs YKs

I:> Needs of a negative NP contribution in S Buras, Guadagnoli, '08
wKs Lunghi, Soni, '08, '09
2. Discrepancy between the SM prediction and the experimental value of chp (CP violating observable
at the level of ~20 of the B_system)
© HFAG world average:
Barberio exp __ +0.12
Do CDF | s Spe = 081755

S5M . 0.04 ‘
© Very recent data of D0 @ b

Abazov et. al., '10

|:> Needs of a sizable positive NI’ contribution in S

ye

? \ Are they solved /addressed in a 2HDM with MFV and additional flavor blind phases?
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%M%malies in the MFV 2ZHDM

Buras, Carlucci, S.G., Isidori, '10
SyKs

/- N

0.80 |
The constraint

(AM NP < 0.1 (AM,)*M SM
is imposed 0.75
. / e
Note:

Experimental

in the same scenario the EDMs
are predicted to be consistent
with the data

range for S ks

v

\\Buras, Isidori, Paradisi, '10

/

/ Reason for the correlation:

~

because of flavor blind phases, we have real fu:?tion (SM)
7(s:) e Vm2 oA F _ g T
(ﬂ{m ) 9HDM o (V;bvt(sﬂi)) FBa,dﬂ'st,dBBs,d S (s,d) where S(s,a) = So(xt) — TLis,a)
m
with Ty =~ d T, <: They depend on the same NP phase complex
ms function (NP)
A unique flavor blind phase is entering in
\\ the expression of the two observables j
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Hk%ﬂ%king gun” of the framework

Buras, Carlucci, 9
SG, Isidori, 10 107 . Br(By = pyp1)

70 L experimental
; upper bound

60 L
50
40 |
30 ¢
20
10 |

10'°. Br(B,; - up)

/ Reason for the correlation: \

BI‘(BQ — lu’_l_p’_) = Br(BG' — #’—l_ﬂ_)Sl\-'I X (ll + R-qlz + |R'q|2)

i " * ng% Almost universal function,
with Ry o (a; + aj) (1 + my/my) M3 <: because of the light quark masses

A\ /

“Smoking gun” of the MFV hypothesis
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— Conclusions
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l In 2HDMs: l

@ Natural flavor conservation hypothesis is based on the imposition of flavor blind
symmetries and does not hold beyond the tree level.

@ Minimal flavor violation hypothesis is based on a symmetry and symmetry-breaking
pattern in the flavor sector that is renormalization group invariant.

:> [ MEFEV hypothesis is superior in protecting 2HDMs from too large FCNCs. ]
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Wr%hﬁsions

I In 2HDMs: l

@ Natural flavor conservation hypothesis is based on the imposition of flavor blind
symmetries and does not hold beyond the tree level.

@ Minimal flavor violation hypothesis is based on a symmetry and symmetry-breaking
pattern in the flavor sector that is renormalization group invariant.

:> [ MEFEV hypothesis is superior in protecting 2HDMs from too large FCNCs. ]

/ﬂHiggS-mediated FCNCs with MFV and flavor blind CPV phases could provide a clean
explanation of recent anomalies in the AF=2 sector, which could easily be confirmed or ruled out.

o Possible sizable positive NP contributions in Sw | 2HD My

e In correspondence, negative NP contributions in Slsz ””””””””””””””””

@ Independently on the flavor blind phases, the decay B, 4 — pt ™ provides a decisive test
of the flavor breaking structure implied by MFV.
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”Hﬂw;mbpothesis and Z_ symmetry

E Discrete subgroup of U, Z2 J

@ Differently than the PQ symmetry, it can be an exact symmetry of the theory
@ [f the theory has additional degrees of freedom at the TeV scale:
Cc1 — Co —
Ay = FQLXEE)URHﬂHIF + FQLXE)URHﬂHEF

c — c _
+A—1QLX§?DRH1|H1F + A—zQLXSé)DRHﬂHzF

» After the Higgs fields get a VEV, flavor changing neutral currents are introduced

¢ Compared to the PQ symmetry case:

,UE

€4 — C— Same kind of problem of the PQ symmetry case,
A? if NP at the TeV scale

S. Gori FCNCs in 2HDMs
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