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INTRODUCTION & MOTIVATION

4 Higgs properties measurements at run 1 and run 2 are in a

good agreement with the SM ATLAS and CMS  + Towl [ stat. &= Syst

7 TeV, 8 TeV and 13 TeV Tot. Stat. Syst.
4 Perhaps other scalars are not yet discovered ATLAS H - yyRun 1 [+ 12602 £ 0.51 (= 0.43 £ 0.27) GeV
. CMS H —yyRun1 @ 124.70 = 0.34 (£ 0.31 £ 0.15) GeV

4 Two Higgs Doublet Model (2HDM)

ATLAS H - 41Run 1 E 124.51 +0.52 (+ 0.52 + 0.04) GeV
.. . - 125.59 + 0.45 (+ 0.42 + 0.17) GeV

4 Minimal extension to the SM | CMSH-4Runt 12659 +045(2042 20.47) GeV
ATLAS-CMS vy Run 1 EE 125.07 £ 0.29 (+ 0.25 + 0.14) GeV
+ 2HDM-Typell = MSSM ATLAS-CMS 41 Run 1 125.15 + 0.40 (+ 0.37 + 0.15) GeV

125.09 = 0.24 (£ 0.21 + 0.15) GeV

4 Rich collider phenomenology

ATLAS H —»yyRun 2 125.11 £ 0.42 (£ 0.21 + 0.36) GeV

4 LHC benchmark mode

ATLAS H — 41 Run 2 124.88 + 0.37 (+ 0.37 + 0.05) GeV

CMS H - 4lRun2 125.26 + 0.21 (£ 0.20 + 0.08) GeV

4 Benchmarks for light/heavy charged Higgs

118 120 122 124 126 128 130 132
4 Benchmarks for light/heavy neutral Higgses m,; GeV
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TWO HIGGS DOUBLET MODEL PARAMETRIZATION

The most general scalar potential of the 2HDM :

V(©1®5) = m3, @[ @1+ mZ, L0z — [m?,®]®; +he

) (w100 (olon)" 42 (s10) (0102) . (010 (a0

# {22 (@l02)+ [ (aler) +2r (dh2)] @l +he )

Dy = Ozt il
12 % (Ul,z +p12+ im,2)

with :

4 The 10 independent parameters (m?,, m?2,, m?2,, Ai....7)are asumed to be real.
P P 11 22 12 )

9

4 2 minimization conditions and the combination v? +v3 == 7 free parameters:

_ v 2
Mmp, M, MA, Mg+, &, tanPf = v—i and my 5.
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YUKAWA COUPLINGS

4 Tree-level FCNCs allowed == both doublets can couple to leptons and quarks.
4 The associated model is called 2HDM type-III.

4 The Yukawa Lagrangian in terms of physical scalar masses:
m] _ _ _
—c{! = Z Tj [(ﬁ;{)ijfLiijh (&L FrifriH — i(ﬁﬁ)z‘jfLiijA]

f—ude

+ Z [( (E5 ) ki Vg Pr + Vi (€5) iym PR)}de+

+ gm(gfg)ijmgpj%ejm + hc., (3)
4 To get naturally small FCNCs, one can use the ansatz formulated by: f’,-j o< /Mim v X
¢ (£9)is (&9 (€5)is
ho| sy - }TZ\/Z Xy | iy m_?xgj 0y + \/@xfj
H | s25;+ 2= \/”T X | - fﬁc; \/Eiixfj £y — S;C; \/z;ﬁxfj
Al 50— A m—?x% t6% — 7o Z—;X% 180 = Jos %ij
M.BOUKIDI 5
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ALIGNMENT LIMIT

In the Higgs-basis the alignment limit is most clearly exhibited :

Hf Hy
H = <H10> = ®jcosf+ Py sin 3, Hy = (H20> = —®;sinf+ Pycosf
1 2
- -
H1 — G 0 , H2 — H
(v+S14+1iGY) /v2 (S2 +iS3) /V/2
The 2 physical Higgs states h et H are as follows:

H = (\@ReHiJ —v)cos(f —a) + V2ReHYsin(f — a) 4)
h = (V2ReH) —v)sin(8 —a) + V2ReHY cos(B — a) 5)

4+ cos(B —a) — 0, h = Hgys (J. Bernon, J. F. Gunion, H. E. Haber, Y. Jiang and S. Kraml, Phys. Rev. D 92 (2015) no.7, 075004 ) ;
standard hierarchy

4+ sin(f — a) — 0, H = Hgyy (J. Bernon, J. E. Gunion, H. E. Haber, Y. Jiang and S. Kraml, Phys. Rev. D 93 (2016) no.3, 035027 ) ;
inverted hierarchy

MARCH 22, 2022 First Pan-African Astro-Particle and Collider Physics Workshop 21-23 March M.BOUKIDI 6



THEORETICAL AND EXPERIMENTAL CONSTRAINTS

4 2HDMC (D. Eriksson, J. Rathsman and O. Stal)

4 Unitarity, Perturbativity, Vacuum Stability.
4 EW Precision Observables (S, T and U).

4 HiggsBounds (P. Bechtle et al), and HiggsSignal (P. Bechtle et al)

4 Exclusion limits at 95% Confidence Level (CL) from Higgs searches at colliders (LEP, Tevatron and LHC).
4 Constraints from the Higgs boson signal strength measurements (SM-like Higgs properties).

4 Superlso (F. Mahmoudi)

4 Constraints of flavour physics observables (B — X7, Bs g — pp~ and By — 1v).
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NUMERICAL RESULTS



4 The free parameters !

;;  are tested at the current constraints from B-physics observables.

95% C.L. Excluded regions
BR(K—uw)

gos BR(B!— p'p)  mmm BR(Bj—p'n”) @ BR(B— Xy) BRoow W R 3 a
100 ,

PN AN v o 50

—50

0.187 0 0 —0.553 0 0 0484 0 0
Y= 0 0254 0 |.x%*= 0 283 0 |.x*=[ 0o -—2100 o0 (6)
0 0 0.210 0 0  1.440 0 0  1.400
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my, [GeV]imp [GeV]imy [GeV]mpy+ [GeV] sg_q | tan m3,
h Scenario| 125 135 220 [50; 160] |—0.98([0.5; 15]jm2 tan B/ (1 + tan® 3)
H Scenario| 95 125 177 [50; 160] |—0.05([0.5; 15]jm3 tan B/ (1 + tan? 3)

95% C.L. Excluded regions
gz BR(B) — ptp™) mmm BRBg—w'n”) w3 BR(EB — Xu)

3.0[ 1 3.0 -

i Type 1 ] i Type 111 i

B 1 25F
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INVERTED HIERARCHY
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4 The decay channel
H* — uvis dominant
over 7v, c¢5s and W*h

4 oHF (T4 b+ pv) could

reach 27 pb in the
allowed region
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STANDARD HIERARCHY
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BENCHMARK POINTS

Selected BPs in m;, = 125 GeV scenario

Parameters BP1 ‘ BP2 ‘ BP3 BP4 BP5
The Higgs masses are in GeV
mp, 125 125 125 125 125
mpy 135 135 135 135 135
ma 220 220 220 220 220
mp+ 110 93.2 99.4 914 102
cos (B — a) 0.145 0.145 0.145 0.145 0.145
tan 3 2.9 3.2 3.7 4.3 3
m3, 4815.35 4448.39 3935.5 3447.28 4687.5
o™ (f+b+ XY) [pb]
cs 6.2 5.76 2.48 1.32 6.48
t*b 0.2 — 0.002 — 0.04
W*h — — - — —
ju% 21.12 11.46 22.92 6.82 23.32
TV 2 1.36 0.34 0.08 1.88
Selected BPs in my = 125 GeV scenario
Parameters BP1 ‘ BP2 ‘ BP3 BP4 BP5
The Higgs masses are in GeV
mp 95 95 95 95 95
my 125 125 125 125 125
ma 177 177 177 177 177
M+ 95 90 94 99.6 90.80
sin (8 — «) —0.05 —0.05 —0.05 —0.05 —0.05
tan 3 3 3.5 4.2 3.7 3.2
miy 2707.5 2383.96 2033.53 2273.14 2569.39
of" (F+b+ XY) [pb]
cs 7.58 3.98 1.42 2.46 6.06
t*b — - - 0.003 —
W*h — - — 0.00046 —
v 26.92 17.8 7.36 11.86 23.96
TV 2.18 0.66 0.1 0.34 1.42
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CONCLUSION

4 Both configuration, standard and inverted, heirarchy allow for Br(H* — uv) to reach 80%

4 Type-Ill is a very promising model that can accommodate light charged charged Higgs with 80 < m g+ < 150 ,while satisfying
experimenrtal constraints from Higgs data and flavor physics

4 Selecting some benchmark points for a further MC simulation promoting a new channel to search for light charged higgs

0.06-EMS 129 b1 (13TeV) 5,0 ATLAS 36.1 fb—1(13 TeV)
N B Expected 10  —®— Observed R Expected + 1o —&— Observed 0%
- | Expected + 20 e  Allowed Points | | = === Expected £ 20 ©  Allowed Points
1 0.057 0.008 - 70%
_H
T .04 60% &
g 0.006 =
» 50% B
— 1
0.004- 2% =
X
0.002 307
20%
0.00 T T P 0.000 T T =
80 100 120 140 160 90 100 120 140 160
mpg= [GGV] mpyg+ [GGV}
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THANK YOU FOR LISTENING



BACK-UP



4 Allowed regions on (m =, tan 3) in colour (standard & inverted hierarchy)

4 Sensitivity in this region mainly from LHC searches

mpyg = 125 GeV . my, = 125 GeV

13
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