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What is this talk about?
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Red - all rates within 5% of

corresponding SM values.
Green - 10% and Blue - 20%.
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Type-ll From the cos(B - &) perspective

This scenario is
possible only if one of
the Yukawa couplings

has a different sign
from the respective SM
one (while the Higgs
coupling to gauge boson
does not change sign).
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Wrong-sign Yukawa coupling - at least one of the couplings of h to down-
type and up-type fermion pairs is opposite in sign to the corresponding
coupling of h to VV (in contrast with SM).



Z, symmetric CP-conserving 2HDM (softly broken)
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2HDM Lagrangian

* scalars-gauge bosons couplings

K"ﬁ =sin(ff - )

Kk, =cos(f-a)

for the light CP-even Higgs
for the heavy CP-even Higgs

* Yukawa couplings

no FCNC at tree-level
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The CP-conserving 2HDM
after the 8 TeV run



ScannerS

a tool for multi-Higgs calculations

m Tool to Scan parameter space of Scalar sectors.
m Automatise scans for tree level renormalisable Vsqz/ar-

m Generic routines, flexible user analysis & interfaces.

Scanners .hepforge.org

http://www.hepforge.org/archive/scanners/ScannerSmanual-1.0.2.pdf

E-mail: msampaio@ua.pt



ScannerS islinked to

SuShi - Higgs production at NNLO in gg and bb
HDECAY - Higgs decays

Superiso - Flavour physics observables

HiggsBounds - Limits from Higgs searches at LEP, Tevatron and LHC

HiggsSignals - Signal rates at the Tevatron and LHC

and ScannerS has the remaining constraints/cross sections
* Perturbative unitarity
* Potential is bounded from below
* Electroweak precision

* Global minimum



Scan
e Set mh = 125 GeV

* Generate random values for potential's parameters such that

50 GeV = m, . =700 GeV

1 £ tanp <€ 40
m, +5GeV =m,, m, =500 GeV
—5 a3

-50% GeV* = m/, = 300° GeV”*

* Impose all experimental and theoretical constraints previously
described.

* Calculate all branching ratios and production rates at the LHC.

o™ (pp —=h) x BR*™" (h = XX)
e =77 5 o o) x BRY (h — XX)

* Use collider constraints via HiggsBounds and HiggsSignals.
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The wrong-sign Yukawa
coupling

LF. Ginzburg, M. Krawczyk and P. Osland, LC Note LC-TH-2001-026, [hep-ph/0101208]
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The limit where we have the wrong coupling
for down quarks is Type-IT (and Flipped).
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Why is it not excluded yet?

SM-like limit

Wrong sign
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Difference decreases with tan B
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As we approach the wrong sign
limit, sin (B - o) approaches 1.

Large tanf is needed.
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Same colour code
Red - all rates within 5% of
corresponding SM values.
Green - 10% and Blue - 20%,;
No points at 5 %.

Type-ll




Why isn't it excluded by the p,y ?

Type-ll, only wrong—-sign Yukawa couplings
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Assuming WW and ZZ rates to
be within 5 % of the SM
predictions.
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Type-Il, only wrong-sign Yukawa couplings
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How come we do not have any points at 5 %?

All rates within 20% (blue), 10% (green) and 5% (red) of SM. ]_'f we were only consider'ing the gauge

1.05
. I bosons and fermion loops we should

1»

find points at 5 % for the wrong-sign

095} scenario.
WY . .
091 “ 1 Infact, if the charged Higgs loops were
~7 085/ absent, changing the sign of Kk, would

; imply a change in K, of less than 1 %.
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.. and how do they come about?

All rates within 20% (blue), 10% (green) and 5% (red) of SM.
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Table 1-20 of 1310.8361

Facility LHC HL-LHC ILC500
/5 (GeV) 14000 14,000  250/500
f Ldt (fb~1)  300/expt 3000/expt  250+500
ey 5—7%  2-5%  83%
kg 6-8%  3-5%  20%
Kw 4— 6% 2 —-5% 0.39%
Kz 4 — 6% 2 — 4% 0.49%
K¢ 6 — 8% 2 — 5% 1.9%
Kd = Kb 10 — 13% 4 —7% 0.93%

Ky = Kt 14—-15% 7-10% 2.5%

Large non-decoupling charged-
Higgs loops contribution until the
unitarity limit is reached.

The bound is imposed on A; due
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How do the effective couplings to gluons behave?

All rates within 20% (blue), 10% (green) and 5% (red) of SM.

In h -> gg only fermion loops
1151 ¢ “ contribute.
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ol | ‘ | | Facility LHC  HLLHC ILC500
- ~03 ;’ 05 ‘ Vs (GeV) 14,000 14,000  250/500
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ke 5—7%  2-5%  83%
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Ky = Kt 14—-15% 7-10% 2.5%




Exclusion at the ILC

—
n

135

ete™ = Zh — Zgg

—
w

#Zg (ILC) =

1251

o BR(h — g9)

oM BR(hsm — 99)

—
N
T

—
-
(4]

sin?(8 - o) BR(h— gg)>"°™/BR(h— gg)*™

—
—
-

At the ILC, the 95% CL predicted measurement for a center-of-mass energy
of 350 GeV and 250 fb! luminosity is u,, = 1.02 + 0.07.

Measurement would exclude all points in the figure.




Conclusions

All CP-conserving 2HDMs have at least sin(f-o) > 0.6.

Large tanP needs sin(B-a) very close to 1,
except for the Type I model,

Models Type-IT and Type F have an extra allowed leg
for sin(B+x)=~1.

This scenario will be probed at the high luminosity 14 TeV LHC
and/or ILC.
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