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SM scalar sect

@ Recently, a SM-like scalar particle has been discovered at the LHC
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@ It could just be the SM Higgs... Game Over?

@ Are there more scalars?
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Two-Higgs doublet models

@ The Higgs basis:
G+ H+
¢1:[%(v+51+ic°)] ¢2:{i(52+i53)]
o If p}(x) = {h(x), H(x),A(x)} = @i(x)=R;S(x)

@ When the potential is CP-conserving:

h cos& sina@ O Sy
H | =] —sinad cosa 0 S,
A 0 0 1 S3

@ G=a—f, v=y/vi+ =246 GeV, tan B = vo/v1.

Victor llisie LHC constraints on two-Higgs doublet models



Yukawa Lagrangian

@ The general Yukawa Lagrangian in the Higgs basis:

2 ~/ ! ~ ! /
Ly = —% { QL(Mgd1 + Yy®2)dg + QL (M®1 + Y ®2)uk

+ I Moy + V@) 1}

@ with M and Y/ complex independent matrices (non simultaneously
diagonalizable) = tree level FCNCs.

@ One usually imposes a discrete Z; symmetry on the Higgs doublets:
@1 — ¢1, P2 — —¢2 (in a generic basis), etc.

@ However, a more general approach is to impose alignment in the flavour
space: Y/ ~ Mj}.
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Yukawa Lagrangian

@ Now we can simultaneously diagonalize both matrices and:
Ya,1 = Sd,0 Ma,i Yo =y My

@ The Yukawa Lagrangian now reads:

Ly =— ? H* {u [(d VMyPr — cu Mi VPL] d+ g,ﬁM,PR/}

- % ST vE Y [FMPef] + hec.

@), f
@ If the Higgs potential is CP-conserving then the neutral Yukawas read:

h ~ . H .o ~ A .
Yd) =COSQ + g SINA Vg = —SINA+ G4, COSA Vg = 1iGd,

h ~ - H - ~ A .
y, =cos&+g, sin& y, =—sind+q, cosi  y, =—ic,
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Yukawa Lagrangian

@ The complex parameters still allow for new sources of CP-violation in the
neutral Yukawa sector:

m 0 u 7
****** 'T’]?(t[g/’/’) + iy Im(yy')

0 0
@ SM: Re(y;") =1 and Im(y{") = 0.

@ For real ¢r we can recover the usual Z,; models:

Model Sd Su S/
Type | cot 3 cot 3 cot 3
Typell | —tanf | cot | —tanpf

Type X cot 8 cotfS | —tanp
TypeY | —tanf | cotf cot 3
Inert 0 0 0
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Experimental data
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Experimental data
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@ lts origin might be new interesting physics:
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Complex yukawas Charged Higgs

Flipped sign yukawas
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x> fit, CP-conserving potential & yukawas

@ With a charged Higgs: Lpyiy— = —V Apyyrpy— hHHTH™
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x> fit, CP-conserving potential & yukawas

@ Without a charged Higgs:
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Atlas + Tevatron:
v =0.9879% y/=09+02 yj=[-1,-05]U[051] y =[-1,1]
Atlas + Tevatron + CMS:

yiy =0.98%%% vy =095+025 |y =0954+03 |y'|=0.95+0.3
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x? fit, CP-conserving potential, complex y,
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x? fit, CP-conserving potential, complex y,
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@ You can flip the sign of y = W and t loops make positive interference

= excess in h — 7.
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x> fit, CP-conserving potential & yukawas

@ ATHDM and 2, types with Atlas + Tevatron + CMS:
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Conclusions

@ Other interesting possibilities M, = Ma = 126 GeV, 126 GeV boson is
CP-even CP-odd mixture h — A, etc...[1]

@ With more data and smaller errors we will be able to distinguish among
all these possibilities.

@ We can now put constraints on the properties of H, H*, A, i.e., using the
oblique parameters S, T and U:
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Backup slides
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Backup slides

@ Included flavour constraints: Rp, ex, B — B mixing
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@ Flavour constraints to include in the future: B — X5y
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Backup slides

@ The one loop corrections introduce some misalignment. Using the
renormalization-group equations one finds FCNCs structures:

4(23( 1+ cuca Zso,

X {(sz + iRiz)(sd — Cu)[dL Vim, Miv My dR]

[:FCNC

— (Ri2 — iRis)(s — g;)[nLVMd MiViM, uR]} + he.

@ The leptonic coupling ¢/ does not introduce any FCNC interaction.

@ Assuming the alignment to be exact at some scale po (C(po) = 0), a
non-zero value is generated when running to another scale:

C(p) = —log(p/ o)

@ These effects are very suppressed by mqmﬁ,/v3 and by the quark mixing
factors, avoiding the stringent experimental constraints.
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Backup slides

@ The x° used for the fit is defined as:

f::§:(0w—ﬁﬂ +0w—fw‘7%m0u—ﬂﬂwb—m))

2
g g 030
atb a b a0b

@ /i, and o, are the experimental signal strength and error; p.p is the
correlation coefficient and:

W _ olpp—¢f) Br(g! — a)
N a(pp — h)sm Br(h — a)sm

Br(gof—J —a) 1 r(np? — a)
Br(h— a)sm  p(¢%) T(h— a)sm

(¢?) = p(&!)Fsm(h) (1)
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Backup slides

@ For THDMs with a general potential A_oy+ - is a free parameter. When
the potential is CP-conserving (\; € R):

AhHt+H—- = A3COSa + A7sin&

Appt+H— = —A3sind + A7 cos &

@ As it depends on yet unknown parameters we can calculate the one-loop
correction:

(A¢9H+H— )eﬂ = /\p?l-ﬁH— (1 + A)
@ and impose A < 50%.
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