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Higgs-quark interactions in an extended Higgs sector

The SM with its SU(2)-doublet Higgs is just the minimal realization of the Higgs mechanism
Ly = g ®Y%upr + @ ®YPdr, MYP =YUP (3
In principle, more than one Higgs doublet might participate in EWSB and couple to quarks

—Ly = ZQL Jur + ZQL(I) yi dr MYP = ?JZU’D (@)

(

Rotating the fields to a basis where one Higgs (®,,) gets the vev and the others ( ®;) don’t
Ly = @@ YY%up + G0 P YPdr + Z L @iy ur + Z qr ®; y; dr

: U,D : : : :
In general, the matrices y,” are not diagonal in the basis where YYD are diagonal

—>» Flavor-Changing Neutral Currents!!!



Avoiding FCNC in many-Higgs extensions of the SM

Natural Flavor Conservation: FCNC in Higgs-quark interactions are absent when
(Glashow & Weinberg, 1977) only one doublet couples to each species of quarks
_ _ 7 H. VU _ D
e.q.. in models Ly qr ®1 Y ur + qr 1Y " dpg (type 1)
with two doublets: ~
Ly = qu®Y%ur + gL &Y dg (type II)
Minimal Flavor Violation: FCNC are absent when all the matrices of non-SM
(strict interpretation) Higgs couplings are proportional to YV and YP

yg = ALYV, yP = A,YP

FCNC are suppressed when the matrices of non-SM
Higgs couplings are made up of combinations of YV and YP
with the right properties under rotations in flavor space

Minimal Flavor Violation:
(loose interpretation)

yl = AL (1+eY'YYT+ )YV yP=A (14+eYYYYT+ ) YP



Only two sets of SU(3)xSU(2)xU(1) quantum numbers are allowed for an additional scalar
whose Yukawa couplings transform like YV and Y? under rotations in flavor space

(1,2)12  Like the usual THDMSs, but independent couplings y¥ and yP (aka Type Ili)

(8,2)12  The additional scalar is a color octet (Manohar & Wise, hep-ph/0606172)

In the MW model, the colored scalars contribute to the production of the SM-like Higgs:
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The contribution of the extra scalars to several electroweak and flavor observables
is also enhanced by color factors w.r.t. the case of the usual THDMs



0.8

Charged-Higgs contributions to precision observables

The scalar sector of a THDM contains five physical states: h, H, A, H*

Electroweak and flavor observables involving the b quark receive sizable contributions
from loops with a charged Higgs and a top quark. The relevant interaction is:

3

£H+tdj = PL—Admd PR> ‘@,Jd H() + h.c.

(e.g., in the type-Il THDM A, = —1/A,; = 1/ tan 3. Now we treat them as independent)

The processes 7 — pb and B — X~ allow us to constrain the couplings A, and Aq

(G + ()




The computation of Z — bb and B — X, in the THDMs is not as advanced as in the SM

e SM: one loop + two- and three-loop QCD
Status of Z — bb: e THDM: one loop
e MW: one loop
e SM: NNLO in QCD
Status of B — Xv: e THDM: NLO
e MW: LO (partial)

In arXiv:1002.1071 we computed the two-loop QCD corrections to the charged-Higgs
contributions to Z — bb and B — X~ in both the usual THDM and the MW model

e The results for Z — bb will be implemented in Gfitter and CKMfitter
® The results for B — X+ have been implemented in SusyBSG 1.4
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Charged-Higgs contribution to R» including QCD corrections

po— I'Z — bg)
* = T(Z — hadrons

; = <1 + 2 (qg#b) (91) + (9R)?] Kq) B

£ch7 STy C

where:
gr.r = (9L r)sm + 097 R

The SM prediction for Ry is roughly one standard deviation below the measured value

RPM = 0.21580 4+ 0.00006 ,  Ry® = 0.21629 + 0.00066

—>» Strong constraints on New-Physics contributions that further reduce Rs



Up to terms of O(m3/m7), the charged-Higgs contributions to the Zbb couplings read

2 Ay \°
5 L _ g Cl ( (7 t ) 2 2
Ib 3272 V2mw falmi fmig) fi(z) = r  xlz
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The inclusion of the QCD corrections amounts to a simple replacement:

flw) — A@) + 2 [Cr f50) + Ch falo)]
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The color factors THDM: Crp =1, Cp =0
depend on the model M- C’}% _ O 012% _ N,

® The two-loop corrections can amount to 10-20% of the one-loop contribution

® Their inclusion reduces the uncertainty associated with the choice of scheme for m;
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Charged-Higgs contributions to B — X v

The basis of effective operators How — 4G, .
eff — stb Cz Q’L
relevant tothe b — s transition: V2 bs T ZL: (1) Qi)
Qi2 = (51¢c)(clyb), Q3456 = (506) (@ q)
(& o U Js — vV rma
Q7 = = mysr, o' br Fl , Qs = 6.2 mysr, o T br G,

The Wilson coefficients can be decomposed in a SM part and a New-Physics part

Qs
Cylaaw) = € () + 6C () + 289 [6D ) 160D ()]

Loops with charged Higgs and top contribute to 6C.”, sC{”, sciV, sc{") and stV
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In the MW model there is a new class of two-loop diagrams involving the Higgs-gluon coupling
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We use SusyBSG to compute BR|B — X,|, and we compare it with the measured value

S

BR(B->Xy)/10™

BR[B — X,y]®™P = (3.52+£0.25) x 1074

For fixed, smallish values of A, (compatible with Rp), the comparison sets bounds on A4
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—- Type C /]

S

BR(B->Xy)/10™

The branching ratio is roughly proportional to |C 12, thus it does not constrain the sign of C;

Other observables (e.g., BR[B — X, ¢"¢~] and A[B — K*4]) rule out the case C; ~-C7SM
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Summary

To avoid FCNC in a THDM, the additional Higgs must be (1,2)12 or (8,2)1,
The colored (or colorless) charged Higgs contributes to precision observables
We computed the QCD corrections to the processes Z — bb and B — X7
Our results improve the bounds on the couplings of the charged Higgs

They have been/will be implemented in several public computer codes
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Thank you!!!



