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Introduction

Two Higgs doublet model (2HDM)

Charged Higgs production at the LHC and decays

Bosonic decays of charged Higgs: H* — W*A?/W+hO

o Wiy, W4b, W2b27 signatures for a light H* at the LHC.

@ CP violation in charged Higgs production and decays.

Conclusions
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Introduction:
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Introduction:

After the Higgs-like discovery at 7 8 @ 13 TeV LHC, the mission
of the LHC run at 13.6 TeV is:

e The improvement of the Higgs-like mass and
Higgs-like coupling measurements.

e Find a clear hint of new physics beyond SM
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Introduction:

After the Higgs-like discovery at 7 ® 8 & 13 TeV LHC, the mission
of the LHC run at 13.6 TeV is:

e The improvement of the Higgs-like mass and
Higgs-like coupling measurements.

e Find a clear hint of new physics beyond SM

e Accurate measurements of the Higgs-like couplings
to SM particles would help to determine if the
Higgs-like particle is the SM Higgs or a Higgs that
belongs to a higher representations:
more doublets, doublet & triplets, doublet & singlets

e Most of the High representations predicts:
singly and/or doubly charged Higgs
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Extended Higgs sector: EWPT

mass terms:

L= Y
Z(Du¢i)+(Du¢i) , Dy=0,+igT,W2, + 'g/EBM

1

2 2V'2 Y? 2 g’ 2\/2
mW:Zg?I(Ii(Ii‘i‘l)_T’)? Mz =42 ZV,'Y,'
i W

y?2
m2, S vAL(l+ 1) = 4)

= = ~ 1.00037 + 0.00023
’ Clz/Vm2Z Zi Vi2Y7i2
_ ZW\/V(O) Zzz(O) ~ 3G,:m%
op = > — N
m?, m2 8m2v/2
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Extended Higgs sector: EWPT

mass terms:

L= Y
Z(Du¢i)+(Du¢i) , Dy=0,+igT,W2, + 'g/EBu

1

2 2V'2 Y? 2 g’ 2\/2
mW:Zg?I(Ii(Ii‘i‘l)_T’)? Mz =42 ZV,'Y,'
i W

y?2
m2, S vAL(l+ 1) = 4)

= = ~ 1.00037 + 0.00023
’ Clz/Vm2Z Zi Vl'2y7i2
_ ZW\/V(O) Zzz(O) ~ 3G,:m%
op = > — N
m?, m2 8m2v/2

1. Doublets (/;=1/2, Y;j==1): it works at tree level;
but “radiative corrections can modify "
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Extended Higgs sector: EWPT

mass terms:

2o Y
Z(Du¢i)+(Du¢i) ; Dp=20,+igTaWa, + 'gIEBu

1

2 2V'2 Y? 2 g’ 22
mwzzg?l(li(/i‘f‘l)_fl) » Mz = a2 ZV,'Y,'
i ‘w

2 V2 L(+1)— ﬁ
p=—W_ 2 U 1) = ) 4 00037 + 0.00023
“‘winz > V,2Y7'
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Extended Higgs sector: EWPT

mass terms:

2o Y
Z(Du¢i)+(Du¢i) ; Dp=20,+igTaWa, + 'gIEBu

1

2 2V'2 Y? 2 g’ 22
mW:Zg?I(Ii(/i‘i‘l)_Tl » Mz = a2 ZV,'Y,'
i ‘w

2 2/, I +1 —ﬁ
p= W =il D) = %) ) 00037 + 0.00023

2
co,m 2Y;
wiiz dvis

2. choose : | =3 and Y = 4 such that 4/;(/; + 1) =3Y? , but it
is rather complicated
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Extended Higgs sector: EWPT

mass terms:

L= Y
Z(Du¢i)+(Du¢i) s Dp=0,+igTaW?, + 'g,EBu

1
v.2 Y2 2
my =3+ 1) - ) my= £ 3 2y?
- 2 4 ey -

2 W2+ 1) - X
g My 2D = )y 0037 1 0.00023

2 2 '
Cwmz v

3. Triplet representation: like in type-ll seesaw model
(one-doublet and one-triplet)
g? g? VC2, + 2vt2

2 2 2 2 2 2
my = =—(vi+2vy) , m7 = vi+ave), p=
w 4(d t) V4 4cos‘2/v(d t) P v3+4vt2

tune the triplet vev. In type-ll see-saw: v; < 5 — 8 GeV
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2HDM:G. Branco et al Phys rep'2012

o _ 2 o ¢3
st tia) | T (et S tia) |

The most general potential for 2HDM:

V(®1,0;) = midldy + msdld, + (m),d1d, + h.c)
1 1

5A1(P101)7 + S ha(®]02)?

A3(S]01)(PI o) + Ag(®I o) (1)

+ o+ o+

1
§[A5(¢I¢2)2 + (MeP]D1 + N D) dldy + hic],
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2HDM:G. Branco et al Phys rep'2012

o _ 2 o ¢3
st tia) | T (et S tia) |

The most general potential for 2HDM:

V(®1,0;) = midldy + msdld, + (m),d1d, + h.c)
1 1

5A1(P101)7 + S ha(®]02)?

A3(S]01)(PI o) + Ag(®I o) (1)

+ o+ o+

1
§[A5(¢I¢2)2 + (MeP]D1 + N D) dldy + hic],

e Zy: CD,' — *¢,’<:> )\6,7:0

o No explicit CP violation: Im(m3y\s567) =0
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2HDM:G. Branco et al Phys rep'2012

o _ of o 03
1 %(vl+¢9+ia1) roT2 T %(V2+¢8+iaz) '

Ly = 3 [ Y3 @adr+ Qu Vg Baup + L V7 Ol +hc|
a=1,2

leads to FCNCs at tree level.
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2HDM:G. Branco et al Phys rep'2012

o _ oF e 2
Tl s ria) ) T et tia) |

Ly = 3 [ Y3 @adr+ Qu Vg Baup + L V7 Ol +hc|
a=1,2
leads to FCNCs at tree level.
e Classification of 2HDMs satisfying the Glashow-Weinberg
condition which guarantees the absence of tree-level FCNC.

Type-I Yld =0, Yg =0

Type-lI Yyl = Y3€ =0
Type-lll (X) | Yi,=Y7=0
Type-1V (Y) YL},Z =Y7=0
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2HDM:

Oy = & Oy = &
! St tia) ) TP T+ +im) |

o first rotate a; and qﬁf in order to obtain the goldstones G°, G*
o CP-odd A® = —sga; + cgap and a pair of H* = —s3¢T + cpos.
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2HDM:

Oy = & Oy = &
! St tia) ) TP T+ +im) |

o first rotate a; and qﬁf in order to obtain the goldstones G°, G*
o CP-odd A® = —sga; + cgap and a pair of H* = —s3¢T + cpos.
e In the general case with CP violation, the neutral mass matrix
M3 is diagonalized by an orthogonal 3 x 3 matrix O:

(¢9,99,3), = Oai(H1, Ha, Hs)]

such that 0T M20 = diag(Mg, , M, , M,z_,3) with
Muy, < My, < My,.
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gmf = .
Lysr = —2mWf(Yi,5f+lY,-ﬁc’Ys>in,
m —
Lrew = +—2 (e PL+crPR)tH™ + hec.,
V2my
m .
Luvw = —% (cos 3Og,i + sin BO0y,i) gu V*V”
H; vV
g . (. -
Lhynzw= = —E(Si—l—lP;) H™(i0u,) Hi| W™ + h.c.,
Sio= CBO¢>2I'_550¢1I'7 P; = O,
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gmr - .
Lyfe = 2mw f (Yf',sf +1 Yi':Jf’Y5> fH;,

m —
Lrew = +—2 (e PL+crPR)tH™ + hec.,
V2my
m .
Ly = _gcv\; (cos 3Og,i + sin BO0y,i) gu V*V”
H; vV
<~
Lhynzw= = —% (Si + iP;) [H_ (i @L) H,} W*H + h.c.,
Si o= CBO¢>2I' - 550¢1i7 Pi = O,
Sum rules:

e T (H;VW)? =1
o (HHVV)? + |HEWTH;|? =1for i =1,2,3
o sin? B[(Y7,)? + (Y7)?] +cos® B[(Y73,)? + (Y, = 1
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CP conserving 2HDM: CP-even h,H, CP-odd A and H*

The Yukawa Lagrangian:

m - m - .m -
Ly = > (TEREBUR + TEREGHH® — (Tl spA) +

Y=u,d,l

A
I/L/RH+ + H.c. >

Vid
'mu/{ P, + myr4 P dH+—|—
( ( L+ mqrg PR) ﬁv

V2v

R R R R
Type-l | ca/sg | ca/Ss Ca/sg | cotfB | —cotf | —cotf
Type-ll | ca/sp | —Sa/cs | —Sa/cs | cOt S | tan 3 tan 8
Type-lll | co/sp | ca/Sp —Sq/Cp | cotB | —cotf | tanf3
Type-IV | co/sg | —Sa/Cs | Ca/58 cotf | tanf3 —cotf3
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CP conserving 2HDM: CP-even: h < H, CP-odd A and H*

e Couplings:
hVV ocsing_, , HVV oxccosg_, , AVV =0
hHEWT o cosg_o , HHEWT sing_o , AHEWT %
HEWTF~y =0 (e.minv) , HEWTZ =0 but loop mediated
e 2 alignment limits:
e h=125 GeV SM-like: sing_, =1 (Decoupling limit)

e h < H=125 GeV SM-like: cosg_, = 1:
non-detected decays: Br(H — h°h% A°A° Z*AP) < 10%
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@ Stability of the 2HDM potential requires that it should be
bounded from below, i.e. that there is no direction in field
space along which the potential becomes negatif.

A1 >0 R A >0
)\3>—\/)\1)\2

A3 + min(O,)\4— | A5 |) > —1/ A2

@ The vacuum of the model is global one if and only if:
m2,(m2; — k?m3,)(tan 3 — k) > 0 i k= {‘/%

e Perturbative unitarity: V;*V,” — V"V, hi hj — h; h; ...
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3 9
= - — _ _ 2 2
ay 167T{2(/\1+)\2)i\/4(/\1 A2)2 4 (223 + \g) }
b, — E(/\ +)\)i\/1(/\ —X2)2 + 22
7 ler |2V TR g\t A

1 1

1 1
= A 2 4 — 3) —

er o (A3 42X\ 5), , &= Ter (A3 — Xs),
1 1

L. = A 2\ "~

+ Tom (A3 +2X+3X5), , f. = Tor (A3 + Xs),

1
o=
1 h= T6m (A3 + As).
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b — sv constraints

@ In 2HDM-II and IV: my+ > 800 GeV for any tan§ > 1

@ in 2HDM-I there is no limit on H* for tan 3 > 2
11‘5']@'["”‘,"[(3@1]
IE\DD"‘I

\
1250\

\

1000} \
Y

750 \‘
— Model-II
0

50

250 \odel—l

. tanfP

1 ! 4 5
@ in 2HDM-III, light charged Higgs < 200 GeV with large
tan 8 > 30 is excluded from 7 — uvv
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Charged Higgs production

o Light charged Higgs, i.e, with my4 < my — my: are copiously
produced from tt production pp — tt* — tbH~ + c.c.
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Charged Higgs production

o Light charged Higgs, i.e, with myy < m; — my: are copiously
produced from tt production pp — tt* — tbH~ + c.c.

e various direct production modes:
QCD: gb — tH™ and gg — tbH™,
b

p b
- H+
P i

Abdesslam Arhrib Search for light Charged Higgs at the LHC



o gg — WEHT (loop) , bb — h*, H*, A* — WEHF
qq v, Z* - HTH™ , gg— HTH (loop)
qG — W* — ¢H* where ¢ = h, H, A,
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o gg — WEHT (loop) , bb — h*, H*, A* — W*HT
9§ —»~*,Z* - H*H~ |, gg — H*H (loop)
qG — W* — ¢H* where ¢ = h, H, A,

@ Resonant production: ¢35, chb — HT

e W-Z, W-~ fusion:
qG — WEZ — jjH* or W~ — jjH*

(loop mediated in 2HDM)

@ W-Z fusion: possible with triplet representation
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+ aF 2 .
w+-—-w fu5|on. M.Aiko et al PLB'2019 hep-ph/1906.09101

pp = JEIFWEW=* — HEHEjejp

a4 q
vE
W ot
R
1
h/HJA 1
1
PR -[_Fi-
W=
a ¢
m2,—m3

O t=m2)(t—m?)
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Cross sections pp - H* X

s k3 Model | = [ Model If
I N red: tan p=1 o N2 Excluded —e— red: tan B=1
10* green: tan B=3 1

green: tan =3
blue: tan =30

blue: tan =30

pLaRLL

"
2

10|

“ . 10

i y Leuzd 1 1 Lo e
100 200 300 400 500 600 700 800 900 1000
M, [GeV]

I I L)
0 200 300 400

op

1

57545155755 480 Tobo
M, [GeV]
o “fermionic’: gb — H*t, (solid), gg — H*bt, (dotted),

e “bosonic”: gg — Hj — HT W™, (dash-dotted).
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W-Higgs fusion

e W-Higgs fusion : gb — q'H" b

q q
w H
-
Hi,
"'—"\.b\
b
a b c d
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W-Higgs fusion

e W-Higgs fusion : gb — q'H" b

q q
w H
-
Hi,
"'—"\.b\
b
a b c d

Taking the type Il model as an example, we find

o(Wtb— Hb x 4 tan® 3,

)|t only

o(t+ H only) = o(t + A only) x 2 tan? 3,

+ + mg M124,-
O'(W b— H b){t—i—H—i-AO(O ?+T

Abdesslam Arhrib Search for light Charged Higgs at the LHC



pp — jH™b at LHC 14 TeV

a b c d
10?
100 T T —op T T T T 1oponly
ﬁ o'l Sum .
i~ tan p=30, = O+
_a 10 l0p+A R B sina=-cosf )
= 2 0 op+H
= g2 10°
Iy 1 - all e
m S0t L
A &
P2 0.1 all 2 102
= S
[<] 0.01 108 L
0.001 e 10 . . . . . . .
01 2 3 4 5 6 7 8 9 10 100 150 200 250 300 350 400 450 500
S (TeV) My+=Ma=M,, (GeV)
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H* at linear collider: Battaglia: hep-ex/1102.1892

e ete” = * Z* - HH™
LO: cross section is a function of my+ only.
NLO: is model dependent w/o SUSY :
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H* at linear collider: Battaglia: hep-ex/1102.1892

e ete” = * Z* - HH™
LO: cross section is a function of my+ only.
NLO: is model dependent w/o SUSY :

e ete” =" Z* > vrtH™
e ete™ = ~* Z* — thH™
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H=* at linear collider

o ete™ — W*HT (loops mediated: triangles and boxes)

e ete™ — Z* — W*THT (models with Higgs triplet)
e ete” =" Z* - ZWTH- , SWTH~ , S=hH,A

Abdesslam Arhrib Search for light Charged Higgs at the LHC



Charged Higgs decays

Fermionic decays

e H* 57 , ¢
e HX — tb

ATLAS report 30 excess around my+ = 130 GeV: HT — cb

[ ]
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Charged Higgs decays

Fermionic decays

e H* 57 , ¢
e HX — tb

ATLAS report 30 excess around my+ = 130 GeV: HT — cb

[ ]

Bosonic decays
o H = W0 | @0 = O A%, HO
o H* — Wy, W*Z: small because loop mediated

o H* — W*Z exists at tree level in triplet models.
(production through WZ fusion)
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Branching ratio

Branching ratios for tan =3

!
H
H
107 & 107
o=
=
I sin(B-a)=0.7 sin(B-a)=0.7
- I R B NI R B I
100 200 300 400 500 600 100 200 300 400 500 600
M, [GeV] M, [GeV]
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Br(H+ --> xy)

2HDM-1 , MA=65 GeV

Br(H+ > xy)

150 200
My, (GeV)

250 300
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w
=]

2HDM-X , MA=65 GeV

100 150 200 250 300
my, (GeV)
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CMS 35.9 o’ (13 Tev) MS 35.9 fb™ (13 TeV)

5 w T @ BOFr T e
£ 10 E r
= IS r W
® 8 L
7 50 7 MSSM mpet
(od [
1 3 -
" 401 %
EE F Al inal states combined 5 ;
m [ g
S 30 -
o 5% CL upper limits [ ]
—e— Observed F 95% CL upper limits -
- Median expected 200 —e— Observed 1
[ 68% expected F [ Excluded -
[ 95% expected r Median expected |
F 68% expected B
L 10? 555 expe 7
103 L % mSM 12553 GeV |
= R R | Bl b b b b b b b g
100 150 180 1000 3000 100 150 200 250 300 350 400 450 500
m,. (GeV) m,. (GeV)
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MSSM with m, < my = 125 GeV:

5.2 /'/ s //A,"
N Wit
B T T B VR T R T

M }125 scenario

My, My, M,

]

O

N

| [GeV
/

]\J[[: [GCV]
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left: 2HDM-I, right: 2HDM-III, (WA open: ma = 65 GeV)

tanf

‘ WA c]oéed C
A=65 GeV

14

12

80 90 100 110 120 130 140 150 160
myy, (GeV)

tanf}

‘ WA cloéed C
en:MA=65 GeV X b

80 90 100 110 120 130 140 150 160
myy, (GeV)
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o(tt)xBr(t — bH )xBr(H~ — W~A)

120

100

80

my (GeV)

60

40

o BR(t - H' b) BR(H" — WA) [pb]

20
100 120 140 160 180 200

my+(GeV)
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Search for H¥ — W*A° at LEP-II

LEP 183-209 GeV

100 T 100 T T T
=% c @ m, =30 GeV/c[
= = i
K] k] |
10 ¢ E 10+ | E
1: E 1k E

AW IR
0‘1'70 75 8() 85 90 925 0']70 75 80 85 90 9
my* (GeV/c)

<t

100 T T

tanf
5
5
[
W
S
Q
a
=~
o)

10+

I T I T
0'170 75 8() 85 90 95 0170 75 80 85 90 95
it (GeV/c ) my* (GeV/e )

CMS searches: H¥ — HW=*
HE — AW — ptp~ W with B(A — ptp~) =1
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Very Ilght al in the NMSSM [ A Akeroyd, A.A and Q.S \LmEF‘JC‘DT]

HEWTa; x cosfa: 04 is the doublet-singlet mixing.
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very light a; in the NMSSM: | ]

HEWTa; x cosfa: 04 is the doublet-singlet mixing.

sin 64
081 082 083 081 08 08 087

0.1

g
—~ = 0.6 q
>
"
A j
n 0.01 T al ]
= &
@ 9
0.001 EWA, ) o
i 021 -
tb o«
16-04 1 L 1 L 1 1
50 100 150 200 250 300 350 400 165 170 175 180 185 190 195 200
MH+ (GeV) My [GeV]
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HO-SM like : m, < my = 125 GeV

In the alignment limit cos(8 — «) ~ 1, the heavy CP-even Higgs
H° completely mimics the SM Higgs:
= sin o
Hff = ~
sin 8
H°W = cos(f—a)~1
3g
HOHOH® = == (MZ(cs-
2mw( H(cs
38 -
2mW MH

sin 2«
“sin2p3

—253_4) + /\5v25§_a)

Q
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HO-SM like : m, < my = 125 GeV

In the alignment limit cos(8 — «) ~ 1, the heavy CP-even Higgs
H° completely mimics the SM Higgs:

- sin «
HOff = ~
sin 8

H°W = cos(f—a)~1

sin 2«

3g
0,400 __ 2
HOHOHO = —(MH(cﬁ,asinzﬁ

2mW
38
2mW MH

—253_4) + /\5v25§_a)

Q

e mp < my =125 GeV: H® — hOh and/or HO — AA® might
be open: Br(H® — hOh%) + Br(H® — A%A%) < 10%

o if K% and A too light: Z — h°A% o cos?(3 — a)

@ For my, <125 GeV and my = 125 GeV: EWPT imply that
H* and A° would be also light.
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EWPT:Sand T

2HDM-I with m;, <my =125 GeV.

0.20
72
0.15 64
563
9
0.10 =
487

—0.05

-0.10
=0.10 —=0.05 0.00 0.05 0.10 0.15
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H-SM like vs new CDF measurement: [ics 2201 1201]

MSPF = 80.4435 + 0.0094 GeV. [ ]

MM = 80.357 + 0.006 GeV.| ]

MSVDF presents a deviation from I\/IEV'VI with a significance of 7.0 o.

2 2 2 2
(MY — (M3 = WE s T Sy
CEV — 55‘/ 2 45%
. QaQ 1
AS|n2 eeff = H |:45 — Sa‘/ca/ :| .
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My [GeV]

80.44

80.42

80.40

80.38

80.36

2HDM type-|

—0.025

~0.030

—0.035

—0.040
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0.2320

02318

02316

02314

SN0

02312

02310

0.2308

0.2306

Search for

2HDM type-|

world avg._t1o

COF 210

\\

S *1o

80.36

80.38

80.40

My [GeV]

80.42

80.44

ght Charged Higgs at the LHC

0.20

018

0.16

014

012



My — My [GeV]

140

120

100

2HDM type-|

0.095

0.090

0.085

0.080

0.075

AMy [Gev]

0.070

0.065

0.060

Myy= — My, [GeV]
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2HDM type-|
140
v
120
¥
100

My — My [GeV]
®
3

Search for

Myy= — My [GeV]
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0.095

0.090

0.085
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0.070

0.065

0.060



Can h° be Fermiophobic ?

o In 2HDM-I, hOff oc £2¢ = sin(8 — ) + cot S cos( — a)
For negative sin(3 — ) and positive cos(8 — «),
it is clear that cosaw — 0. h° becomes fermiophobic.

o WV ocsing_o &~ 0; h® — {VV*, V*V*} very suppressed;
h® — 4~ could reach 100%
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Can h° be Fermiophobic ?

o In 2HDM-I, hOff oc £2¢ = sin(8 — ) + cot S cos( — a)
For negative sin(3 — ) and positive cos(8 — «),
it is clear that cosaw — 0. h° becomes fermiophobic.

o WV ocsing_o &~ 0; h® — {VV*, V*V*} very suppressed;
h® — 4~ could reach 100%

o HEWTH o cos(f — ) ~ 1

e light H* can be produced from t — bH™ and also
pp — W* = {HTh, HEA®} ; pp — v*, Z* — HEHT

o with h° close to fermiophobic,
pp — tt — bWbHY — 262Wh® — 2b + 2W + 2+ ;
pp — HER® — WHORO — 4~ + W
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Br(h® — ~v) and Br(H* — W=hP)

BR(h—y)
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Comparison: o(pp — tf) x BR(t — Htb) vs

2HDM-I with m, <m, =125 GeV
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a(qc? — HERY); a(qc;’ 220

BP | my muyr mp  sing o tanfB oy, [fb] Br(h® — ~¥)
1 [ 242 1522 111.1 -0.048 20.9 359 0.94
2 1283 837 109.1 -0.050 20.2 2740 0.97
3 1445 123.1 1199 -0.090 10.9 285 0.70
4 1569 97.0 1203 -0.174 5.9 39 0.22
5 163.3 148.0 129.2 -0.049 20.7 141 0.71
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Cuts and selection efficiencies

We require pseudorapidity |n| < 2.5 for the lepton and photons,

and an isolation AR = \/(An)? + (A¢)? > 0.4 for all objects.

(i) all photons: pJ > 10 GeV; charged lepton: p% > 20 GeV,
(ii) imposes that pJ > 20 GeV and p{zr > 10 GeV.
e The irreducible SM W44~ Background < 107° pb.

e The selection efficiencies: ¢ = o(cuts)/o(no cuts).

pp >10 GeV, pf >20 GeV
my\m,[ 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100

80 0.08( 0.10| 0.08

90 0.10( 0.13| 0.13| 0.10

100 0.14] 0.16| 0.16| 0.13| 0.11

110 0.13] 0.18| 0.19| 0.17| 0.16| 0.13

120 0.14] 0.20| 0.22| 0.24| 0.22| 0.17| 0.13

130 0.10| 0.16 0.23| 0.25( 0.28| 0.25| 0.24| 0.20| 0.15
140 0.10| 0.18| 0.23| 0.27 0.28| 0.31| 0.28| 0.27| 0.21
150 0.11| 0.19| 0.26( 0.31| 0.31] 0.33| 0.32| 0.29( 0.27
160 0.12] 0.21| 0.26| 0.29| 0.34| 0.34| 0.34| 0.30| 0.32
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o(qq — H*h — v + 4v) with cu
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a(qq — H*h — v + 4v) with cuts

e x o(pp—H* h—{* v+4) [fb]

p; >10 GeV, pf >20 GeV
V5 =13 TeV
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A full Monte Carlo (MC) analysis at the detector level shows that
W4+ signal is very promising, at the LHC with 300 fb=! luminosity.
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fermionic decays of h° and A°

production and decay chain

oBi(2W2b2f) | 2 4z x BR(t — bHT) x BR(f — bW)x

BR(H* — Wh;) x BR(h; — ff)

oli(2wW2b2f) | o(pp — thH™) x BR(t — bW) x BR(H* — Wh;) x
BR(hj — fF)

Di-Higgs production and decay chain

a,’;'f(2W2f2f’) o(HTH™) x BR(H* — W*h;) x BR(H* — Wih) >
(BR(h- — ff) x BR(hj — f'f') +h; < h}) 1+5ﬁ,
1+5f,/ o(H*h;) x BR(H* — _Wihj) X

(BR(h; — ff) x BR(hj — f'f") + h; +— h})

hi
th(W2f2f’)

Table: i,j =1,2 and have hy = hand h, = A; f(f') = bor 7.
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2HDM-I while the black points are for 2HDM-X rates:

o(pp — HTh) x BR(H* — W*h) x BR(h — 7777)2
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CP violation in H* production and decays

We investigate the following CP violating HT rate asymmetries:
e Decay rate asymmetries Ang, defined by:

F(HT = f)=T(H™ = f)

CcP + —
AD,f (H - f) - 2rtree(H+ — f') ’ (]')

where f = tb; W*H? with i = 1,2.
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CP violation in H* production and decays

We investigate the following CP violating HT rate asymmetries:
e Decay rate asymmetries Ang, defined by:

F(HT = f)=T(H™ = f)

CcP + —
AD,f (H - f) - 2rtree(H+ — f') ’ (]')

where f = tb; W*H? with i = 1,2.
e Production rate asymmetry AS”:

a(pp — H*t) —a(pp — H™t)
20tree(pp — HTE) ’

CcP _
ASP =
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CP violation in H* production and decays

We investigate the following CP violating HT rate asymmetries:
e Decay rate asymmetries Ang, defined by:

F(HT = f)=T(H™ = f) )
orwee(H — ) )

Ag’,Df (H* = f) =
where f = tb; W*H? with i = 1,2.
e Production rate asymmetry AS”:

a(pp — H*t) —a(pp — H™t)
20tree(pp — HTE) ’

ASP =
e Combined Asymmetries AS” for H* production and
subsequent decays (using NWA):

o(pp — tHt — tf) — o(pp — tH™ — tf)
20%e(pp — tHT — tf)
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@ In order to get CPV, we need both non-zero CPV phases in
the Lagrangian and CP conserving phases (strong phases) in
the absorptive parts of the one-loop amplitudes.

@ In the C2HDM, the CP violating phases arise from:
hOff couplings or HEWTh? couplings or HXGTh? couplings

@ The strong phases: t — bW, HE — Wih,-; h; — bb cuts
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@ In order to get CPV, we need both non-zero CPV phases in
the Lagrangian and CP conserving phases (strong phases) in
the absorptive parts of the one-loop amplitudes.

@ In the C2HDM, the CP violating phases arise from:
hOff couplings or HEWTh? couplings or HXGTh? couplings

@ The strong phases: t — bW, HE — Wih,-; h; — bb cuts
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Acp(H" - tb)
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Conclusions

@ In 2HDM-I there is regions of the parameter space compliant
with all constraints yielding substantial BRs for
H* — W**h/W**A in which the my+ < my — my,.

o o(pp — tt — tbHT — tbWA®) and/or
pp — HT¥h/H*A/H* HF could be sizeable

o light H* in the 80-160 GeV mass range, still being consistent
with all LHC, LEP Tevatron and B-physics data.
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Conclusions

@ In 2HDM-I there is regions of the parameter space compliant
with all constraints yielding substantial BRs for
H* — W**h/W**A in which the my+ < my — my,.

o o(pp — tt — tbHT — tbWA®) and/or
pp — HT¥h/H*A/H* HF could be sizeable

o light H* in the 80-160 GeV mass range, still being consistent
with all LHC, LEP Tevatron and B-physics data.

o pp — HTRY — W™ + 4~ with significant events.

@ After reasonable cuts on the pr of the photons and the
lepton, oy=+4, can still enjoy a cross section of the order 10 fb
and more in an essentially background-free environment.
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