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Motivations
ATLAS and CMS combined mass . buehrssen talk
my = 125.00 + 0.24 GeV (0.19% precision!)
= 125.09 + 0.21(stat.) = 0.11(syst.) GeV
The 125 GeV boson data is in good agreement with the SM
Flavour exp. & EWPD also agree with the SM picture of EWSB

SU(2), x U(1)y — U(1), due to the vev of a scalar doublet

considering an extended scalar sector
Dark matter, the BAU, the strong CP problem, v masses, ...

adding scalar singlets and doublets
My, X [T(T+1) - VP o
M, T 2y VA

P. Langacker (1981)

= Prree = =1



Adding a second scalar doblet
<¢'(L)>:’UZ/\/§ (i:l,Q) U:\/U%‘FU%, tan 8 = va/v1

5 scalar fields: H*, ) = (h, H, A) [3 x 3 mixing R, ]
(Mp, < My)

In the CP-conserving limit:
cosa sina 0
G A x o) _ SM
R = —sina cosa 0 , Ky = g%gvv/ghvv =R
(VV =W+tW~—,22)

tree-level unitarity sum-rule

Assuming h is the observed scalar boson

The scalar h plays a major role in the restoration of
perturbative unitarity in W W} scattering



Yukawa sector

EY:—Q,[,(F1¢1+I‘2¢2)d,R"'é_\/Tﬁ

(same for up and ¢ Yukawas) (@) =v/V2, (29)=0

Q) (M, @1 + Y, ®o)dfy -+

M;‘ & Y;- unrelated (not simultaneously diagonal) = FCNCS

Solutions:
o Natural Flavour Conservation Glashow-Weinberg, Paschos (77)

I't =0 or 'y = 0 (22 models)

e Yukawa Alignment pich-Tuzon (09)
'y Ty = Yy = a0 Mgy, Yu=c, M,

Gf : family universal complex parameters (new sources of CP-violation beyond CKM)

e BGL models “controlled” FCNCs (symmetries)  Branco-Grimus-Lavoura (96)



Z5 models

Yukawas: (SM units)

0

ydw,li =Ri1 + (Riz +iRi3) Sa
0

Yo' =R+ (Riz — iRiz) <)

Model

Sd Su SI
Type | cot 8 cot 8 cot 8
Typell | —tanf | cotf | —tanf
Type X cot 8 cotB | —tanf
TypeY | —tanp | cotf cot B

Usual Z; models recovered in particular (CP-conserving)
limits of the Aligned two-doublet model
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Implications of h(125) data for Z; models

Bernon-Dumont-Kraml (14); Ferreira et al, Eberhardt-Nierste-Wiebusch,...




Yukawa Alignment
Constraints from tree-level flavour processes
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R(D) & R(D*) show 2.00 and 2.7c excess with respect to the SM
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The excess in R(D*) cannot be accommodated within the A2HDM  AC-Jung-Li-Pich (13)



Yukawa Alignment

Constraints from loop-induced processes

e |¢;| and || not strongly constrained from flavour observables.
o 7 = bb (1) = |su| <2 for My+ < 500 GeV

e Constraints on the ¢, — ¢ plane from B — Xy

w7 T T T T T 1 95%CL, Mpy= € [80,500] GeV

20 L i Jung-Pich-Tuzon (10)
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CP-violating phases are strongly constrained by EDM experiments  Jung-Pich (14)

Misiak et al. (15)



Yukawa Alignment

Rich phenomenology at the LHC

Altmannshofer et al., Barger et al., AC-llisie-Pich, Cervero-Gerard, Lopez-Val et al...

LHC measurements of h(125) properties imply strong
bounds on the couplings of additional scalars

|KJ}‘L/| > 0.80 = |/€5| < 0.6 (90% CL)  Aclisie-Pich (13)

tree-level unitarity sum-rules

YR+ Iye1? — Iy ? = Ry YEHRVYE =1
Gunion-Haber-Wudka (91), Grzadkowski-Gunion-Kalinowski (00), Ginzburg-Krawczyk (05), AC-llisie-Pich (13)
= |yf? = lyi]> € [-0.6,0.5], kH yH € [-0.17,0.5]

& * —y7|* € [-1.2,0.9], K yH € [-0.3,0.7] U[1.3,2.5]

(similar bounds for charged leptons)

These sum-rules are useful handles to test the scalar sector if
additional scalars are discovered at the LHC



Yukawa Alignment

Interplay between h(125) measurements and flavour constraints

e [¢4| and |g| not strongly constrained from flavour observables.

e Measurements of h(125) properties imply strong bounds
on || and || for k% < 1

LHC & Tevatron data = |yB| ~ 1 with y&l = cos@ + sindsq
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similar bounds for charged leptons (flipped sign-Yukawa region)

Yukawas of additional neutral scalars:
yfz—sind—i—cosdgd , yg?=2'§d



Yukawa Alignment

Direct searches for a charged scalar at colliders

Mpg+ 2 80 GeV (95% CL)  Lep

Search for a light charged scalar via top decay at the LHC
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Strong bounds on the alignment parameters, complementary

to fl

avour constraints



Flavour-violating top decays
Loop-level processes in the SM with strong GIM and CKM suppression

the top quark decays dominantly into t — Wb, with T'(t - W+b)/m¢ ~ 1%

Br(t — uX) = IVub/Vcb|2

Observable | SM prediction Exp. Limit

Br(t —cy) [ ~4x 1071 [ <1.8x107% cms| Byt — cX)

Br(t —»cZ)| ~107 <5x107* cwms ~T7%10-3
Br(t —ch) | ~3x 10715 | <5.6x 1072 cwms

very large enhancements possible for t — ch from intermediate H*
Eilam-Hewett-Soni (91), Bejar-Guasch-Sola (01), Arhrib (05)
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Flavour and h(125) constraints
= t — ch beyond reach of high-luminosity phase of the LHC

Abbas-AC-Li-Lu-Pich (in preparation)



Conclusions

Testing extended scalar sectors involves a rich interplay
between h(125) coupling measurements, searches for
additional scalars, EWPD and flavour experiments

The Aligned two-doublet model:

e General setting without FCNCs
& new sources of CP violation

e Rich phenomenology at the LHC H*, ! = (h, H, A)

e Usual Z5 models recovered
in particular (CP-conserving) limits

Constraints from h(125) data on the properties of additional
scalars are manifest in the form of unitarity sum rules
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