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One Higgs Doublet ¢ = (

¢(+)
¢(0)

)

Q) = (u),d)) b =i d*
0

(0]#[0) = ( v )
V2

Ly =

14

I\/IQ:—2F 5

*Q;Lrijq)de -

M

A/ .
Qi Ajj® Ur —

lSSB
;v

—=A
Cov2

)

Diagonalization = w=si»- {

GIM Mechanism (Unitarity)

Yukawas proportional to masses

No Flavour-Changing Neutral Currents

A-2HDM - A. Pich - July 2010 2

FRiA



Two Higgs Doublets: ¢, -1

(01¢] ()I0) = J5 (0, vae™) ,  61=0 , 0=6-0
nggS basis: v=4/vZ4 2 ; tanff = wa/wvy
ol | cospB  sinp 01
—o, ~ | sin8 —cosf e 10 ¢,
Gt H+
— ¢1:[\%(V+51+i(;0)] ; ‘Dz:[%(sz—i—i_%)

Mass eigenstates: H* | %x) = {h(x), H(x), A(x)} = Rj S;(x)
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Yukawa Interactions in 2ZHDMs

Ly = —Q (M1 +T2¢2)dr — Q) (D11 + Dodo) Ui

— L} (M1¢1 + Mag2) I + hec.
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+ L (Mjdy + Y]o) Iy + h.c.}

¢ and Y/ unrelated =»  FCNCs

\/EMQ =wli+ V2r2ei0 s \/iMf, =viA; + VgAge*"e
V2Y) = wnle — vl ; V2Y! = wvlse 0 — v
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Avoiding FCNCs

Very large scalar masses == THDM irrelevant at low energies

Very small scalar couplings

Type Il model: (Yr)ij o< /mim; Yukawa textures

Discrete Z, symmetries:  only one ¢,(x) couples to a given fr(x)

2y 1=, = —¢2 , Q—Q , Li—L , fr—=Efk

— CP conserved in the scalar sector

FRiA
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Aligned 2HDM

Require alignment in Flavour Space of Yukawa couplings:

Mo =¢ge70T ; Dy = el Ay ; M =¢&e My
ff—tanﬁ
Yy =caiM Y, =M = sr—tanp
d, ) = Sd,t Ma,1, u =<, My, SF 1+ & tanf
3
Ly — _% H+{u 5 Vi MaPr — sy MiVi Pl d + <1 (7 M) Pr /)}

1 Z yf?cp? ()?MfPRf) + hec
v pry
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e Fermionic couplings proportional to fermion masses.

o Neutral Yukawas are diagonal in flavour

o , 0 _ .
Yai = Rii+ (Ria + i Ri3)sd, , vi' = Ra+ (Rin—iRiz)s,
e V.., is the only source of flavour-changing phenomena

o All leptonic couplings are diagonal in flavour
e Only three new (universal) couplings ¢r.

e The usual Z; models are recovered in the limits & — 0,00

The inert doublet model corresponds to ¢r =0 (& = tan 3)

e ¢r are arbitrary complex numbers

= New sources of CP violation without tree-level FCNCs

FrvA
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A2HDM: General phenomenological setting without tree-level FCNCs

2
Ly = —% H+{D [Cd VCKMMdPR — Su MZVCKMPL] d+ < (l_/ M Pr I)}
1 &L o e
- Z v (fl\/lf’PRf) + hec
. f

Model Sd Su S
Type | cot |cotf | cotp
Typell | —tanf | cotB | —tanf

Z> models:
Type X | cotf |cotf | —tanp

TypeY | —tanf | cotfB | cotf
Inert 0 0 0
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Quantum Corrections

L, ,upy  invariant under the phase transformation: [af = al]
fi(x) — e Fi(x) fi(x) — e Fi(x)
L L ) R R
i it v —iatt iaft —ial R
Vi — et V2 e , Mg i — €% My e '

e Leptonic FCNCs absent to all orders in perturbation theory

e Loop-induced FCNCs local terms take the form:

0L Viggens (MM VI (M, ME)™ M, ug

CKM

aL VCTKM (MUME)H VCKM (MdMI/)dedR

MFV structure
FriA
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FCNCs at one Loop

General 2HDM 1-loop Renormalization Group Eqgs. known (cuetic et al, Ferreira et al)

l (Jung-Pich-Tuzén)

lo
Lrone = —% (1+ <55y Zcp?(x

CKM

X { (Ri2 +iRi3) (sg — Su) [dL VI MuM Ve My dR}

CKM d 7 ckMm

— (Ri2 = iRiz) (5§ —<iy) [ Ve My My v M”UR”
+ h.c.

e Vanish in all Z> models as it should
e Suppressed by mqmz,/(47T2v ) and V99 = 5 bg, CLtr

CKM

A-2HDM - A. Pich - July 2010 10



Phenomenological Constraints

o T puje: |8,/ 8e|> = 1.0036 4 0.0029
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Global fitto P — Iv;, 7 — Pv,, P — P'ly
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Constraints from Z — bb and AMp, (95% CL)

Z — bb  (|sy| < 50) o AMp, (ol <50)
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T
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Constraints from e¢x  (95% CL)
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Constraints from b — sy (95% CL)
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Global Constraints on Z, Models (95% CL)

Type | Type X
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Global Constraints on Z, Models (95% CL)

Jung-Pich-Tuzén
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DO0: ;*u* Asymmetry
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Caveat

= M(BY = u*X)—T(BY = u~X)  Al, n
sl — = — q
M(BY — putX) +T(BY — p=X) AM,
Ablpe + a8y = a3 = —0.0146 +0.0075

ay + AMS® + ATV w singg = —2.7+1.44+1.6
Measured DO central value incompatible with Al'; = AMSM

SV 6,028 1008, gg— 52 1%
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B-B? Mixing Phase within the A2HDM
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SUMMARY

e The Aligned THDM provides a general phenomenological setting

Includes all Z> models
o Tree-level FCNCs absent by construction
e Leptonic FCNCs forbidden to all orders
¢ Loop-induced quark FCNCs very constrained (MFV like)
e New sources of CP violation through ¢
¢ Could accommodate a large B? mixing phase ¢,
e Many questions: dipole moments, one-loop FCNC phenomena ...

FrvA
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Constraints from B — Drv,  (95% CL)
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Parameter Value Comment

fa, (0.242 £+ 0.003 £ 0.022) GeV

fs. /s, 1.232 +0.016 4 0.033

o, (0.2417 + 0.0012 + 0.0053) GeV

fo./ o, 1.171 - 0.005 + 0.02

fi /e 1.192 +0.002 4 0.013

fz.\/ Beo (0.266 4 0.007 = 0.032) GeV

fs,\/ Beo/(f5.1/ Beo) 1.258 4 0.025 + 0.043

Bk 0.732 + 0.006 + 0.043

[Vid]| 0.97425 + 0.00022

A 0.2255 + 0.0010 (1— [Vua?)"?

| Vs | (3.8+0.1+0.4)-1073 b — ulv (excl. + incl.)
A 0.80 = 0.01 4 0.01 b — clv (excl. + incl.)
P 0.15 = 0.02 + 0.05 Our fit

7 0.38 £ 0.01 + 0.06 Our fit

0% B—Div 1.18 +0.04 - 0.04

Alg—spiv 0.46 4+ 0.02

f£7(0) 0.965 + 0.010
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Gt Ht
P1=1 L (v s 4 i60) C T (5405

1
V2 V2

Goldstones: G*, GO

Mass eigenstates: HE  @¥(x) = {h(x), H(x), A(x)}

PP (x) = {h(x), H(x),A(x)} = Ry S;(x)
CP-conserving scalar potential: A(x) = S3(x)
HY\ cos (a — )  sin(a—p) S
( h > N [ —sin(a—fB) cos(a— ) ] < 5; >
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