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Introduction and Motivation
2HDM overview

Photon as a tool in BSM searches

e 4~ 4+ W signature for a light H* at the LHC Run |l based on
A.Arhrib, R.B, R. Enberg, W. Klemm, S. Moretti and S.
Munir, Phys Lett. B774 (2017) 591-598

e 4 production at the LHC Run-2 in progress
arXiv.1712. XXXX. with A. Arhrib, R.B, S. Moretti, A.
Rouchad, Q-S. Yan and X. Zhane

Summary and perspectives

Rachid BENBRIK BSM 4 v + X signatures



Introduction and Motivation:

Photon-based BSM analyses (based on the 8 TeV run-1 data):
— v+ X resonnace searches
— 7+ X searches
— BSM through H — v+ X

The mission of LHC Run Il is:

e The improvement of the scalar boson mass and scalar
boson coupling measurements.

e Find a clear hint of NP BSM

e Accurate measurements of the scalar boson 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(Dlt¢i)+(Du¢i) , Dy=0,+igT,W2, + 'g/EBM
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1. Doublets (/;=1/2, Y;==1): tree ok but "rad. corrections”

2. 41i(l; +1) =3Y?: I; =3 and Y; = 4, rather complicated

3. Triplet representation: tune the triplet vev. In type-ll see-saw:
va <5 —8 GeV
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2HDM:G. Branco et al Phys rep'2012
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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 b; — (*)iq),' = )\6,7 =0
o No explicit CP violation: Im(m3y)\s567) =0

Rachid BENBRIK BSM 4 v + X signatures



2HDM:G. Branco et al Phys rep'2012

o _ oF e 2
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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 Yl = Y3€ =0
Type-lll (X) | Yi,=Y7=0
Type-IV (Y) YL},Z =Y7=0
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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
(V a(myrly P+ m P)dH+—|— 5f IH++HC>
Ky PL dR4 PR — VLl
\fv “ d ﬁv
R AR R R
Type-I Ca/S8 | Ca/Ss Ca/Sg | cotf | —cotf | —cotf
Type-ll Ca/S3 | —Sa/Cp | —Sa/cp | cotB | tanf tan 8
Lepton-specific | c./s3 | Ca/53 —sa/cz | cotB | —cotfB | tanf3
Flipped Ca/S8 | —Sa/C3 | Ca/Sp 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%) < 20 — 25%
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— tan 8) plan in 2HDM type-I

20 fits:

2HDM TYPE-I

50+

30F
20}

95%CL CEPC 5 fb™"
W 95%CL LHC 3000 fb™"'

02l I 95%CL LHC 300 fo™'

Il 95%CL LHC Run-I
0.1F

-05-04-03-02-01 0 01 02 03 04 05

cos(B-a)
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Charged Higgs production

@ Light charged Higgs, i.e, with my4 < my — my: are copiously
produced from tf production pp — tt — thH™ + c.c.
@ various direct production modes:
QCD: gb — tH™ and gg — thH™,
gg — W*HT (loop),
bb — WEHT
qq —~v,Z = HTH™,
gg — HTH ™ (loop)
qq — W* — ¢H* where ¢ = h°, HO, A,
@ Resonant production: ¢5,cb — H*

e W — Higgs fusion : gb — q'H™ b
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Charged Higgs decays

fermionic decays
e H* - 7v |, ¢ , cb
o H* = tb

bosonic decays
o H* — Wtg0 | 40 = ho A0 HO

o H* — W, Z: small loop mediated

o H* — W*Z exists at tree level in triplet models.
(production through WZ fusion)
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H* decays: tan 3 = 4.5, my = 300 GeV, (left) my = 125

GeV (right) ma = 90 GeV: 2HDM-I

1 1 — —
WA .........................
S
T T
F 0.1 F 0.1
o o
cs i
T 0.01 - N
100 150 200 250 300 100 150 200 250 300
my+ (GeV) my+ (GeV)
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HE — tb vs HE — WEAY/W=*h°: my = 300 GeV, my o = 125 GeV, my+ = 170

GeV

Yellow excluded by data, black by theoretical constraints
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very light A% tan 3
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300 GeV, sin([
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Implication for 2HDM: (left) 2HDM-I, (right)
Lepton-specific,

WA open for my = 40 GeV
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Search for H¥ — W*A° at LEP-II

LEP 183-209 GeV
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o(pp — tF) x BR(t — H*b) x BR(H* — W**¢) ,

¢ = A h=125 GeV

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

- SIin &
Hff = =—=~1
sin 3
0
H°VW = cos(f—a)=~1 (1)
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Fermiophobic h°

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 charged Higgs can be produced from t — bH™ and also
pp — W* — HERO

o with h° close to fermiophobic,
pp — tt — bWbHY — 262Wh® — 2b + 2W + 27 ;
pp — HER® — WHORO — 4~ + W
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Br(H* — W=S)
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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 -0.048 209 359 0.94
2 | 283 837 109.1 -0.050 20.2 2740 0.97
3 445 1231 1199 -0.090 10.9 285 0.70
4 |569 970 1203 -0.174 5.9 39 0.22
5 163.3 148.0 129.2 -0.049 20.7 141 0.71
10 170 10° ) v 170
160 . Fo13Tev 160
a w0 E o 150
& 10° 140 Q@ 140
;: 1305 }— . % *x @ 130%
? 120: I 10 % 120:
S 110 & & . 110 &
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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 W4 + v 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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ATLAS: fermiophobic Higgs searches from SM-like:

Uren(pp = H) X BR(H — AA) X BR(A = 77)2

l\’l_\ L ‘ T T T ‘ L ‘ L ‘ L
z 10t} — Observed upper limit  ATLAS 4
“T, £ --—--Expected upper limit h - aa - 4y E
hd C E+lo _ b
o [ [C+20 m,, =125 GeV ]

X
] [ Vs=8TeV, 2030t ]
_\CTIlO'Z? 95% C.L. upper limits
T = E
o F m,, resonance search
bx = m.-dependent width |
> L i
10%= =
0% 3
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04y = o(pp — H) x BR(H — hh) x BR(h — 27)? at 13

TeV

We use 2HDM type-l with the following scans:

parameters scan?2 scan3
my (SM-like) 125 125
mp, [10,60] [10,60]
ma [60,150] [62.5,200]
my+ [100,150] [100,170]
tan g [2,50] [2,50]
sin(B—a)&a a=5—6 a=3
m2, [0, 100] [0, 150]
e = A7 0 0

e 2HDMC
@ HB5 and HS2
@ Additional constraints from ATALS and Z width.
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o(pp — H) x BR(H — hh) x BR(h — 27)? at 13

scan2

—— Expected upper limit Hohh=dy  « the points of our scans
1107 points

102 ————

Curret Bounds (LHC BTeV, 20 3 data)

Projected Bounds (LHC 14 Tev, 300 dota

005 X BR(H-h) X BR(h-yy

107
10 20 30 50 60
my [Gev]
scan3
10
—— Expected upper limit Hohh=dy  « the points of our scans
s10 2305 points

Current Bounds (LHC B Tev, 203 dats)

Projected Bounds (LHC 14 TeY, 300 dota

0105 X BR(H-hh) X BR(h-yY?

my [Gev]
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04y = o(pp — H) x BR(H — hh) x BR(h — 27)? at 13

TeV

— m, =60 GeV — m,=60 GeV
e m,=40 GeV

e my=20 GeV

Eventsi4 GeV

“+m, =40 GeV

Events/4 GeV

e my, =20 GeV

TR

TR T,
my,(GeV) ms,(GeV)

Figure: Distributions of important observables at detector level: (a) ms,
for gg — hh — 4~ , (b) m3, for gg — AA — 4~.
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Summary and perspectives

@ In 2HDM-I there is regions of the parameter space compliant
with theoretical and experimental constraints yielding
substantial BRs for H* — W**h/W**A in which the
my+ < my — mp, wherein WE* — v (I = e, p).

o o(pp — tt — tbH™ — tbWA?) could be sizeable

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

o If my < my =125 GeV, EWPT imply that H* is rather light
and decay to WEh0 with h® — ~~

o pp — HT¥R® — W™* 4+ 4~ and pp — H — hh — 4~ with
significant events.

o After reasonable cuts of the photons and the lepton, oy +4,
and o4, can still enjoy a cross section of the order 10 fb and
100 fb respectively.
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Thank You
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