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Motivation

Motivation

@ The Higgs mass my, is around 125.09 + 0.24(+0.24 £ 0.21 £ 0.11) GeV.

@ Many models could explain the LHC results (2HDM, Susy, Inert Higgs, composite Higgs).
@ Several theoretical issues still unexplained ( d,, S, T, B-physics).

@ From LHC data, there are deviations of reduced coupling v and xf.

@ Excess at 750 GeV ? ? ? Hard to explain within in MSSM or even in 2HDM.

&

LPHEA(H

LasoRaToRE {EE
S ENERGIES
ET ASTROPHYSIQUE

LPHEA 3/18



Motivation

Motivation

~ What is the nature of the Higgs ? Is

it a doublet ? Or a mixing between a
—
/(

doublet and singlet ?
’ Our motivation is to study the 2HDMS in the light of LHC results ‘ 3
+*
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x? Fitting Approach
[ JeJe]

Parameters and global fitting

In order to study the new physics effects on the LHC measurements for some specific Higgs
decay modes, we define the signal strength as the ratio of Higgs signal to the SM prediction as :

(__ailh)-Br(h— f)
Hi = GSM (k) BroM(h — f)

=0j- pf, (1)

where o;(h) denotes the Higgs production cross section by channel i and Br(h — f) is the BR for
the Higgs decay h — f.
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x? Fitting Approach

(o] ]e]

Parameters and global fitting

Production Loops Interference Expression in terms of fundamental coupling strengths
o(geF) v b—t i ~ 106K +0.01-k; —0.07 K.k,
o(VBF) - - ~ 074Ky +0.26 - %
o(WH) - ~ Ky
o(qq — ZH) - ~ K
olgg = ZH) Z—t Kogzn ~ 2275 +0.37 % — 1.64 - k%,
o(bbH) - - ~
o(ttH) - - ~ Kf
o(gh — WtH) - Wt ~ 184k + 15T Ky — 241 - Kk
o(gb—tHd) - Wt ~ 3.4 +3.56 K3y — 5.96 - K kw
Partial decay width
Typ - - ~ Kf’
Tww - - ~ Ky
Tzz - - ~ K%
r.,. - - ~
F/ut - - ~ Klzt
Y W—t Ko~ 159Ky +0.07 k) — 0.66 - Ky K,
Ty v Wt Ky ~ 112Gy +0.00035 - k; — 0.12 - kK,
Total decay width
- 0.57 - k¢ + 0.22 - Ky + 0.09 - K2+
W —t 2 2 2 5 28
Ty v Y K~ 0.06-%% +0.03- x5 +0.03- K>+

0.0023 - 2 + 0.0016 - k5, + 0.00022 - &

LABORATOIRE

FIGURE 1 : overview of Higgs boson production cross sections o; and Higgs boson partial decay widths e Peg R
production or decay mode the scaling of the corresponding rate in terms of Higgs boson coupling strength scale factors.

LPHEA 6/18



x? Fitting Approach

oe] )

Parameters and global fitting

In order to study the influence of new free parameters and to understand their correlations, we
perform the x-square fitting by using the LHC data for Higgs searches.

For a given channel f = vy, WW*, ZZ* | 7, we define the x? as:

_ _ 2 ; f_ﬁz_ziﬂ f_ afye f
*312(17,02)( phYE + 521 (Hp — 2) &1&2(1_p2)(u1 A1) (up — A2) 5 (2)

N

where ﬂq -, 01,2 and p are the measured Higgs signal strengths, their one-sigma errors, and their
correlation.

the indices 1 and 2 in turn stand for ggF + tth and VBF + Vh, and pﬁ , are the results in the
2HDMS.

The global x-square is defined by :

2= G+
f
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The Model : 2HDMS
°

The Higgs potential

the Higgs potential

The most general 2HDMS scalar potential is [Chien-yi chen,Michael freic and Marc sher
arXiv :[1312.3949v1]] :

V(Hi,Hp, S) = ey HiHy + my HiHp — yi? (HjHy + HHy)
M UHTHN + 22 (HEH,)2 tH, HI
+ ?(H1H1) +?(H2H2) + Xg HI Hy H} Ho
A 2 2
+ >\4H1TH2H§H1+?5[(H1TH2) +(H2TH1)}

1 5 1 , 1 .
+ éms(SIS)Jrgxa(sTS) +§A7(H1TH1)(S'S)

1 .
+ 5 (HIHe) (S'S) (4)
avec : (
2 2 2 1=
mg, , m5, et m% : mass parameters. LPHEA(H]
Ai=1,4 : real parameters. o rsol BELE, s

s
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Xs, 12 : complex parameters.
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The Model : 2HDMS

Theoretical constraintes

The allowed regions in the (A7, Ag ) parameter space after sequentially imposing the various
theoretical constraints (Unitarity, BFB and EW) .

FIGURE 2 : The impact of Unitarity(U), electroweak symmetry breaking (EW) and Vaccum stability (BFB) on the 4(../
plane 2
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The Model : 2HDMS

@00

2HDMS-Oblic Parameters

The oblique parameters are a useful way to parametrize the effects of new physics (NP) on
electroweak observables. the NP effects may be parametrized by thoses quantities [M.E. Peskin
and T. Takeuchi, [A new constraint on a strongly interacting Higgs sector]] :

« s - Azz (mé) —Azz (0) B 0Ayy (qz) n C2W - Sa/ 0Az (qz) 5)
4s?,c2, m2 092 , cwsw dq? ) 7
q°=0 q=0
A 0 Azz (0
ol - WWZ()_ 222()7 ®)
My mz
@ o o_ Aww (m2,) = Aww (0) 2 Azz (m3) — Azz (0)
4s2, N m2, w m?
o 0Avy (qz) 5 0Az (qz)
G2=0 q2=0
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The Model : 2HDMS

oeo
2HDMS-Oblic Parameters

Experimental Constraints

We have introduced the oblique parameters S, T and U [W.Grimus, L.Lavoura et al
[arXiv :0802.4353v1]] :

G2HDMS _

m[(%% 12G(mE,. , mZ,., m2) + R3, G(m, , m5, m?)
+ R5, G(m,, mi, mZ) + R§3G(mh3, mi, m2) + (R%y + R3y)In(m},)

+ (R + R%,) In(m},) + (R% + R3g) In(mp, ) + In(m3) — 2In(m?,, ) — In(rm, )
+ A% Glmye, m2) + R G(mE, m2) + R Gm?, m2) — G(m?,_, mE)]

1
T2HDMS _ T (R, F(mH+7mh )+ R§2F(mH+,mh )+ HSSF(mH+,m,, )

+ F(miy., mi) — Rg F(mi,  m) — RE,F(mh,, ma) — R F (i, m)

o
+ 3(RE, (F(m2, m?. ) — F(m, 2. )) + REy(F(mE, ) — F(m, mhz),
+ RBy(F(m2, ) — F(my, m))) — B(F(m2, mf. ) — F(mf, m? i
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The Model : 2HDMS

ooe

2HDMS-Oblic Parameters

URHOMS — (R, G, %, ) + FE, G, i i)
+ R G(m2,,, me m2) + G(m,,, m&, m?,) — (253 — 1)2G(mE,.., m?,.., m2)
— (B3, G(m}, , mi, mZ) — R, G(m,,, mi, m2) — Re; G(mi , m, m)
2 (G(mR, ,mf) — G(m?, ,m2)) + REy(G(m?,, m?)
— G(m2,, m2)) + Rey(G(m?,, m?,) — G(m2, m2))

- G(mI27,ef7 W) + G(mh,efv n12)]
with :
Ry1 = S1105 +85S12, A2t = S1203 — 83511, A1z = Si3
Ri2 = So1C5 + Sp28p , A2z = S22C3 — S3S21, As2 = Sp3
Ri3 = c5Ss31 + SpSs2, Aoz = S3203 — SpSa1, Azg = Sa3
3 is defined trough the ratio of the vev’s of the two doublets.
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Numerical Results
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FIGURE 3 : Correlation between S and T after imposing theoretical and experimental constraintesthe left and right panels
stand for the case where 2HDMS goes to 2HDM for A7 = Ag = 0 and vs = 107 and 2HDMS respectively. The errors
x-square fit are 99.7% CL (black), 95.5% CL (green) and 68% CL (red).
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Numerical Results
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FIGURE 4 : combined signal strength ellipses for v, the left and right panels stand for the case where 2HDMS goes to
2HDM for A7 = Ag = 0and vs = 107 and 2HDMS respectively. The errors for x-square fit are 99.7% CL (black), 95.
(green) and 68% CL (red).
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Numerical Results
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to 2HDM for A7 = Ag = 0and vg = 107 and 2HDMS respectively. The errors for x-square fit are 99.7% CL (black), 94
(green) and 68%CL (red).
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Numerical Results
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FIGURE 6 : Combined signal strength ellipses for 7+~ the left and right panels stand for the case where 2HDMS goes

to 2HDM for A7 = Ag = 0and vs = 107 and 2HDMS respectively. The errors for x-square fit are 99.7% CL (black), 9
(green) and 68%CL (red).
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Conclusion

Conclusion

The mixing between the singlet and the two doublets has changed the gauge and Yukawa
couplings of our model.

As a result, the model predicts a significant enhancement of the v~ rate compatible with the
signal strengths observed by ATLAS and CMS due to the presence of a singlet scalar.
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Conclusion

Thanks for your attention
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