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PARAMETRIZATION OF N2HDM

The scalar sector of N2HDM consists of two doublets, H; (i = 1, 2) with weak
hyperchage Y = 1, and a real singlet scalar with Y = 0:

_ a 4
B _< Lwitoiti | 5T vET @
2HDM Contribution \_/—\v
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6 physical Higgs : 3 Cp-even hy, iy et h3, 1 CP-odd A? and 2 charged Higgs H*.
)‘1,...,8~

=11 free parameters

The scalar potential has : 15 independent parameters : mi, , m3,, mé, 12, 01,00, vs et
3 minimization conditions and the combination v% + v%

We can write the quartic couplings in terms of :

ou, My, < Mp, < Mjp,.

@13, tan B, vs, My, , 5, Ma, My and p?

2HDM limit :

0 a; —»a+ 7, a—0and a3 — 0,
]:[ )\6» )\7, )\84)0.
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HIGGS COUPLINGS TO GAUGE BOSONS AND SUM RULES

The normalized couplings of neutral Higgs to a pair of gauge bosons V = Z, W are
given by :
h
Ky cgR11 +58R12 = CarCp—oy
caR21 + 38R0 = CazSp—a; — SazSazCh—ay

cgRa1 +58R32 = —Sa358—a; — SarCazCh—oy
which satisfy the following sum rule :

3 h;
i=1 ("‘Vl )2 =1
h3

O (K2 + (K122 + (K

P=1—= |lil<1

?:1“1‘1} “}1' =
hi by P4 h;
O sy =1 Ky :0for1;é]thennf =1
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HIGGS COUPLINGS TO GAUGE BOSONS AND SUM RULES

The couplings between two Higgs bosons and one gauge boson,

Khvs *

Khyvs ¢

KhgVs *

—CarSB—oy

CazCh—a; T SamSazSs—a;

T Sa3Ch—ay T SalazSp—ay

In the N2HDM, one can easily derive the following sum rules :

0.4

0.35

2
KhgAZ
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THEORETICAL AND EXPERIMENTAL CONSTRAINTS

@ Unitarity constraint,

S. Kanemura, T. Kubota and E. Takasugi, PLB’1993 and
A. Akeroyd, A. A and E. M. Naimi PLB"2000

@ Boundedness from below (BFB) of the scalar potential,
Kaffas, Khater, Ogreid and Osland, NPB2007

0) Oblic parameters: S, Tet U,
Grimus, Lavoura, M. Ogreid and Osland, NPB’2008

@ HiggsBounds and HiggsSignal
P. Bechtle and al, EPJC 74 (2014) no.3, 2693
P. Bechtle and al EPJC 74 (2014) no.2, 2711
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h; COUPLINGS
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1 The contribution of the doublet is very large
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h; DECAY

Br (hy — 1+ bb)

10 102 102

Br (hy - 7) Br (hy - 71)

FIGURE - Correlation between Br(hy — ~+) and Br(ly — WTW™) vs. Br(hy — ff) and my, at
95% .CL

] 'n — WTW~ will proceed with one or both W being off-shell

] In most cases h; would decay significantly into bb

o Fermiophobic scenario if n;ll ox cosapsina; — 0.

O h — WW®) can compete with i; — 7.
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h; DECAY
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panel) and Br(hy — HY W~ + AZ) (right panel) at 95%C.L

] The scenario where Br(h; — SV) can become significant
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h, COUPLINGS

hy .
FIGURE - (K7, ;%) as a function of R, »3 and tan 8

] The suppression of n}"} could be of the order of 12%and it could happen both for

Iy I
Ky <1ornf >1

[ An enhancement of n;lz in the range of [1.05 — 1.15] for small singlet component of
hy (R%, ~ 0.1) and moderate tan 3.
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FIGURE — Br(hy — hihy) and Br(ha — AZ + HYW™) versus Knyaz (left panel) and Br(hy — AZ)
vs. m;‘l/z as a function of Khyaz at95% C.L

O Br(hy — Z*A) is suppressed when i, V'V is full strength.

] Br(ha — hihy) is maximized when Br(hy — Z*A) + Br(hy — W*FH*) is minimal
and vice verse.
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CONCLUSION

@ h1 canbe quasi-fermiophobic and would decay domi- nantly into two photons

@ LHC data still allow a room for the non-detected decays of the SM-Higgs

hy — hihy and others with a branching ratio of the order which can reach 24%.
Such decay followed by two photons decay of i could lead to four photons
signature, namely pp — hy — hihy — 4.

@ Comparison of ATLAS data with our four photons signal show that there is a
large area of parameter space that still escapes ATLAS data
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