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NEUTRAL MESON MIXING IN THE ALIGNED TwoO HI1GGS DOUBLET MODEL

Importance of the Neutral Meson Mixing

» Is a Flavour-Changing Neutral Currents (FCNC) process.
» FCNC processes only appear at loop level in the SM.

» Good way to check the quantum structure of the SM in the
search of physics beyond the SM.
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SUTRAL MESON MIXING IN THE ALIGNED Two HIGGS DOUBLET MODEL
NEUTRAL MESON MIXING IN THE SM

Mixing Diagrams in the SM

» The responsible Feynman diagrams for this process are box diagrams.
» We denote the flavour of the internal quark lines as ¢ and j.
> Limit of external momentum equal to zero (pex: = 0).

> 't Hooft-Feynman gauge (éw = 1).
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sNED Two HicGs DOUBLET MODEL

Diagram [1]
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> Fierz identity: (a: A Py u2)(as Pr Bua) = 1 (a3 " Pp us)(i1 A v, Pr B ua).
> Lorentz invariance: [ sk ks = [ FRHE g,
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where uZ(O) =1, ﬁi(O) = E, UZ‘(O) = ¢ and ’171'(0) = 7.



’ SON MIXING IN THE ALIGNED Two HIGGS DOUBLET MODEL
NEUTRAL MESON MIXING IN THE SM

Summing all amplitudes and taking into account relative signs
between diagrams (Wick theorem):

. G My, 5 _ _
Mago_gro = —i = > A S(mE,m3, Miy) (@ v qre] [Gor " dic]
ij

- 1
S(mZ, m3, M) = (1+ Zﬁiﬁj) My Da(m,m3, M) — 2 8; B; My, Do(m3, m3, Miy,)

Dg(a,b,c,d) = bl"(%) + Cln(i) + din (g)

(b—a)b—o)b—d)  (c—a)c—b)c—d)  (d—a)d-b)c—d

2 () i () a2

Ds(a,b,c,d) =
(b—a)(b—c)(b—d) (¢ —a)(c—b)(c—d) (d—a)(d—0b)(c—d)
2 2
where 3; = IC[%%V Ai = Vi Vig, and J\/gI§V = 4V2Gp.
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MIXING IN THE Al Two GGS DOUBLET MODEL
ESON MIXING IN THE S]

Effective Lagrangian

> The Effective Lagrangian must have this structure:

~

Q1 . N
)4t y2

Lest = Clqan ()7 1o (2)][G2r () Va1 (2)] 9eff

92

Matching condition: Miun = M.

C = — %My s AN S(m2,m2, M)

4 72
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L MESON MIXING IN THE ALIGNED Two HiGGs DOUBLET MODEL
SCALARS AND MIXING AT TREE LEVEL

FCNC at Tree Level (AF = 2)

» Let's consider some extension of the SM containing a zero
charge scalar particle, ¢, that allows FCNC by two units at
tree level with the following phenomenological Lagrangian:

Lsogiq; = ¢° @ (9ij Pr + 3ij Pr) 45,
where g;; = g3;.

» We calculate this new contribution to the meson mixing,
assuming zero external momenta.

q1 q2



> MESON MIXING IN THE ALIGNED Two HIGGS DOUBLET MODEL

LARS AND MIXI T TREE L

Constraints to the AF' = 2 operators

>

vy

It is possible to put constrains on the coupling constants (g21 and g21) by
assuming the contributions of new physics to be smaller than the experimental

values, AmS$P > AmiF, where A m¥yF = |(MOHEL|MO)|.

’ Meson ‘ C1 Y (ryl (TeV?) ‘ ICYE] (Tev—2) ‘

K 7.1 x 1078 1.7x 1078
D 1.8 x 1077 5.4 %1078
BY 4.9 x107° 1.5 x 1076
BY 1.2x107% 3.6 x107°

NP — 921921 NP — g21321 NP — g21921
Crir = vl Cri = e and Cr'p = L
FCNC at tree level are very constrained at TeV energy scale (my ~ 1 TeV).
We could conclude that everything is consistent with the SM, |g12], |§12] < 1072
But the motivations for new physics at TeV energy scale suggest that new
couplings in the electroweak sector could exist and suffer also the strong

suppression, similar to the SM.

(Gino Isidori, Yosef Nir, Gilad Perez) [arXiv:1002.0900]



ON MIXING IN THE ALIGNED Two HiGGs DOUBLET MODEL
ESON MIXING IN THE ATHDM

Model with Charged Higgs

» The presence of a charged scalar particle is one common
characteristic of some extensions of the SM scalar sector.

» Let's consider, for instance, the following interaction

LHud = —% H* @' (aij P, +bij Pr) & + h.,

Uq

dg
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ON MIXING IN THE ALIGNED Two HiGGs DOUBLET MODEL
ON MIXING IN THE ATHDM

Diagrams with exchange of H
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SJUTRAL MESON MIXING IN THE AL :D Two Hicgs DOUBLET MODEL
NEUTRAL MESON MIXING IN THE ATHDM

Diagrams with exchange of H and W
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SJUTRAL MESON MIXING IN THE AL :D Two Hicgs DOUBLET MODEL
NEUTRAL MESON MIXING IN THE ATHDM

Diagrams with exchange of H and G
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NEUTRAL MESON MIXING IN THE ALIGNED TwoO HI1GGS DOUBLET MODEL
NEUTRAL MESON MIXING IN THE ATHDM
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3SON MIXING IN THE ALIGNED Two Hi1GGs DOUBLET MODEL
NEUTRAL MESON MIXING IN THE ATHDM

Coefficients

_ _ .49 1 2 2 22
Xi=-Xo =i 4(47)? {24 [a;qzaqua:qzaim} D2(mi7mj’]\/[H)

Z i1 Vg @ar Qg MM |:2D[)(m?,m?,]\r1%r7]\'112,1) - 2A12 Dy(m?, m?-.,M&V,]MIZ{)}},

4
.9 L«
Xo = —Xi = =Xs = Xo = i 1 {24 (@0s@iarbigbias | Da(m?,m?, M)
ij

mim, Mg, M, ,
- Z i Vian [ 1€[qu afgbigy + 15}2 lb]qzaqu} D2(7n?,m§,]VI€V,J\/I§I)},
W W

4
. g *
X1 = —Xs = igs {%‘: [b]qzb],h b,qzbm] Do(m?,m2, M)

+

1mgmg, . ) ,
Z iq2 Jtn |:2 ]chz q2b7q2b“11} Dz(m?,m_?,]\/[%%]v[?{)},
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NEUTRAL MESON MIXING IN THE ALIGNED TwoO HI1GGS DOUBLET MODEL
NEUTRAL MESON MIXING IN THE ATHDM

Building the Effective Lagrangian

The Effective Lagrangian that reproduces the previous results must
have the following structure

efF Z A Olv

where we have introduced an eight operators basis,

O1 = (@Y P a1l (@27 PL 1] Os = (@2 PLq1] (2 Pr 1] s
Oz = [@7" PLa] (@2 v Pra], Os = [ Pra1] (@2 Pr 1],
O3 = [@2¥" Pra1] (@2 vu Pr q1] , Or = (@ ow Pra] (@ 0" Prai],
Oy = @ Prall® PLal, Os = (@20 Prallee o™ Prail.
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NEUTRAL MESON MIXING IN THE ALIGNED Two HIGGS DOUBLET MODEL

NEUTRAL MESON MIXING IN THE ATHDM

The Effective Lagrangian for the Charged Higgs model

4 G2 M2 q1, g2
Lh = — =L AN Ci(w) O .
167T . qH
1] Jeff
G2 Q1
and specifying to the ATHDM ( ):
Ai5 = m Su My, Vig, g = MW Sd mdj g

(A. Pich and P. Tuzén) [Phys. Rev. D 80, 091702(R)]
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DOUBLET MODEL

Cy = 2|cu? B B [M&, Da(m?,m?, My, M3) — 4 M, Do(mf,mg,Mﬁ,,M%,)}
+ lul* B B; Miyy Da(m3,m, M),

Mg Mgy

=2 M@ S |2
Cy i {Isullsa

2B M Dy(mi, m3, M)

+

[ﬁj Sisa + Bi s sul My Do(m?,m?, My, M)},

Cy = sal* M2 D2(7n7,m M%) + 2 s> ME, Dy(m?, m , ME, ]WH)}

]\[4 (12 [

Cy = M2 BiB; [(susi)*Miy Do(m3,m?, ME) + 2,55 Miy Do(m?,m?, My, M) ,
Mg, Mgy
M,

+4 w + [su[2) 838 Mty Do(m?, m2, M, MF)]

Cs =2 [4\gd|2|<u\25i5jM;{, Do(m3,m?, Mpy) — 4 |sa)® My, Do(mi,m3, My, M7)

Co = BiB; [(sisa)Mily Do(m3, m?, ME) + 2 Gisa Mify Do(m?, m?, My, M)| ,

]\[2
Cr = Cs =0,
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ON MIXING IN THE ALIGNED Two HiGGs DOUBLET MODEL
ON MIXING IN THE ATHDM

B Meson Mixing

» We can take the limit my,c — 0 because the B meson mixing is completely
dominated by the top quark contributions

_ G
HEP2 = ZE (Vv Zc (1) 0.

O; | Ci(pew)
O1 | (ww + 2%, )MZ, D2(my, My) — 8a%, M3, Do (e, Mw )+

+20cule?, [M2, Da(me, My, Mys) — 4M, Do(me, My, My)] +
+lsul 1y, ME, Da(ma, My +)

Oy | 22480y [[sq|[sul> M3, Da(me, Mye) + 2Re(sjou) M3, Da(me, My, Myy)]
w

2 2 —
O3 | St [\gd\‘*mMEVDQ(m,,,MHi) + 2feal? M3, Da(me, My, My )]

Os | 457t a2, [(susy)? My Do(me, M) + 26us) My, Do(me, My, M)

Os Qm"m” [4‘%‘2‘%‘21%‘/1\14 Do(mi, My=) — 4sa|> M2, Da(ms, My, M=)
+4(|<d|2 + lsul?)a3y M, Do(me, My, M)

05 4%:51, [(sasi)2 My Do(me, My) + 26463 My Do(me, My, My+)]

07 |0

Os | 0
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FIGURE 1 : The 95% CL constraint coming from Ampgo (i = s,d.) in the
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M+ — |su] plane for |gq| € [0, 50], varying in addition the relative phase ¢ in
[0, 27]. The excluded area lies above the dark (red) region anly. In yellow the

allowed area |¢q| = 0 is shown.
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NEUTRAL MESON MIXING IN THE ALIGNED TwoO HI1GGS DOUBLET MODEL

CONCLUSIONS

Conclusions

» FCNC don't exist at tree level in the SM (good way of testing
its quantum structure).

» FCNC at tree level have strong constraints.

» Study of the NMM in the ATHDM at LO.

» The new physics contributions (|, |2 y |su|*) can have sensible

repercussions to the SM contributions (|, | ~ 1).

My,

» Still working on the NMM in the ATHDM at NLO <(9(m§§t)>

and the results will be available soon.

THANKS
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