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Hashemi @ SM contains a single SU(2) doublet :
6= ( ¢r > _ ( (61 + ig2)/V2 )
¢° (63 + i0a))/ V2
o After SSB, ¢ acquires a vev through ¢3 = v and
P1=¢2=¢s=0

SaUREN

@ Result: massless photon, massive W= and Z, and a single
physical Higgs boson: h

SM vs 2HDM
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SM vs 2HDM

2HDM contains two SU(2) doublets : ¢; = ( i’ )

Vi + h,' - iZi

Using two mixing angles o and /3, neutral and charged
Higgs bosons are identified :

hy [ cosa —sina H
ho - sin o cos o h

(
(

z; _ cosf3  —sinf z
z - sin 8 cos 3 A

wy _( cosfB —sinf wt
Wy - sin 8 cos f3 Ht

vi and v, are also related through tan 5 = v» /vy

Majid Hashemi

Result: five Higgs bosons : hisp jike), H. A, H*
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@ Heavy CH excluded only at low tan .

LEP 88-200 GeV Pr ]i]ninaﬁr,r
m,_-max

e il

Charged Higgs 10
searches

Theoretically [naccessible
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LEP HWG [arXiv:hep-ex/0107030]
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o Light charged Higgs fully excluded (no my+ < 160 GeV).

Majid

Hechnt @ Heavy CH excluded only at high tan 3.
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@ tan 3 > 50 excluded

Charged Higgs
searches

ATLAS Preliminary b
¥S= 13 TeV, 14.7 fo™
H" — tv; hMSSM scenario
Observed exclusion’
2015 result = e Expected exclusion
— — Observed B/ + 1o
--- Expected [+ 2c

1020 250 300 350 400 450 500 550 SO
my. [Ge\a‘?
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Majid Hashemi BSM Higgs: Pheno. (15th Feb. 2017)



Searches for the neutral Higgs

IShiraz University]

BSM Higgs:
Pheno. (15th
Feb. 2017)

Majid
Hashemi

Results of searches for the neutral Higgs in different
experiments will be shown in the next slides ...
Again the focus is on :

Neutral Higgs ° LEP
searches ° CM S
e ATLAS
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R @ Only a scenario in which mg < my and tan 8 > 8,

@ Results presented for A: ma < 90 GeV excluded.
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Plrae. (Lo @ Search based on MSSM with mj = 125 GeV (hMSSM),

Feb. 2017)
Majid @ Results presented for mya vs. tan .

Hashemi
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Neutral Higgs
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Majid Hashemi BSM Higgs: Pheno. (15th Feb. 2017)



CMS results

IShiraz University]

BSM Higgs:

Pheno. (15th @ Search based on hMSSM,

Feb. 2017)

@ The same strategy, results presented for my vs. tan .
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Hashemi Higgs-gauge couplings in 2HDM vs SM :
&P _ £
&g— = sin(8 — a), G— = cos(B — a)
Ehvv Ehvv

@ Set sin(f — «) = 1 to obtain SM Higgs (h) couplings
@ No Heavy Higgs boson interaction with gauge bosons :
Gaugophobic Higgs boson (H)
gt @ A model beyond SM but consistent with SM Higgs :
2HDM h(sm like): H to be observed ...

What about Higgs-fermion interactions ?

Majid Hashemi BSM Higgs: Pheno. (15th Feb. 2017)



Higgs couplings in 2HDM : Higgs-fermion int.
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Pheno. (15th @ Yukawa sector of the Lagrangian :
Feb. 2017) _r 7LD[D ) pht 1 5[kl — P DH + = D~50° DA
y= 5D |F ss—atr pa + \[ KCB—a — P SB—a + V3o 5P
Majid 1 4 U U U i [ U
Hashemi + TU [n B—a TP cﬁfu] Uh + \f [N B—a =P sﬁia} UH — ﬁU’Ysp va
+ \%L [n Sg_a t pLCE_a} Lh+ \}iL [m B — PLSB—Q} LH + ﬁL’}SPLLA
+ [U(V kPP Pr — pYVekmPLDHY + optPRLHY + h.c.]

@ Parameter definition : k' = ﬁ VSB—a = sin(8 — a), Boa = = cos(B — a), PL/R L

o p' are defined according to the 2HDM type:

U D

Type P p o
Higglsl _ | kY cot 3 kP cot 8 xF cot 3
couplings in
2HDM Il Ucotﬁ —kPtanf  —kltanp

11VA% Ucotﬁ —kPtanp xFcot 8
IV/X kYcotp kPcotf —kFtan

F. Mahmoudi, O.Stal, Phys.Rev.D81 (2010) 035016 [arXiv:0907.1791]

@ Set sg_o = 1:
all h-fermion couplings equal to their SM values!
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L

@ Basically suitable for low tan 3, couplings suppress with
growing tan 8
@ Since all couplings have a common cot 3 factor, the
E';ff,fings . fermion mass plays the key role
oM @ Higgs-top coupling sizable at low tan 8 or moderate values
@ H — tt has a visible decay(event) rate : di-top invariant
mass on top of the background.
o Higgs-gauge-Higgs interactions dominate if kinematically
allowed : A — ZH if mp — my > my
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Majid P p P

Hashemi K/U cot IB —K/D tan 5 _K'IL tan ,8

@ Used in MSSM (Minimal Supersymmetric SM)
@ Down type quarks couplings enhanced as tan 3 grows
@ When k! cot B = kPtan 3 or tan 8 ~ 6.5, the same Higgs
::—'ciﬁilsings . coupling with bottom and top quarks
2HDM o At high tan 3, pt exceeds k! which is SM value
Consequences :

o Charged Higgs coupling with 7 increases with increasing

tan g

o H" — 7vis added to SM W™ — 7v leading to an

apparent violation of “leptonic decay universality”

Majid Hashemi BSM Higgs: Pheno. (15th Feb. 2017)
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U

p p" p

kYcotB —kPtanfB klcotp

L

@ Similar to type Il but with lepton coupling suppressed as
Higgs COtB

couplings in

2HDM @ Quark couplings slightly larger due to the leptonic
coupling suppression at high tan 8

@ Neutral Higgs bosons are “leptophobic”
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pv p" p

kYcotB kPcotB —xltanp

L

Couplings to all quarks suppressed as cot 3

Higgs
couplings in
2HDM

Leptonic coupling is enhanced as tan 8 at high tan g values
Clear leptonic decay signals can be observed at colliders

Neutral Higgs decays like H — pyu is visible at high tan 8

The Higgs boson is called “Leptophilic”
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2HDM fits to the collected experimental data better than SM! J
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Observable Experimental SM prediction  Ax3,, 2HDM fit Ax3ypy  Pull
BR(B — Xgv)  3.52x 1074 3.07 x 1074 165  3.50 x 107 0.04 0.21
Ap(B— K*y)  31x1072 7.8 x 1072 282 7.0x107? 1.88 1.37
AMp, (ps!) 0.507 0.53 0.08 053 0.10 0.32
BR(B, — 7)) 1.73x 1074 0.95 x 1074 171 0.95 x 107 1.72 —1.31
Higgs Eper 0.416 0.30 084 030 0.84 —0.91
gzlg:\i/lngs in Rps(K — pur) 1004 1.000 033 1.000 033 —0.58
BR(D; — p,) 58 % 107° 498 x 1073 332 498 x 1072 336 —1.83
BR(D, — 717) 5.7 x 1072 482 % 1072 382 4.82x1072 3.82 —1.95
Total y2(v): 14.6(8) 12.1(6)

F. Mahmoudi, O.Stal, Phys.Rev.D81 (2010) 035016 [arXiv:0907.1791]
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(I) Charged Higgs (MSSM, LHC)

My activities
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(I) Charged Higgs (MSSM, LHC)
(I1) Neutral Higgs (2HDM, Linear collider)
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My activities

My current activities

(I) Charged Higgs (MSSM, LHC)
(I1) Neutral Higgs (2HDM, Linear collider)
(I11) Inert Doublet Model (LC and LHC)
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(I) Light CH in single
top events

tanp

Charged Higgs

TEP 557 CLaxcluslan
L |

I
125 130 135 145 150 155

B

il
M. H. JHEP 1305 (2013) 112
[arXiv:130542096]
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Hashemi




Charged Higgs phenomenological search

IShiraz University]

BSM Higgs:
Pheno. (15th
Feb. 2017)

Majid
Hashemi

(I) Light CH in single
top events

(I1) Heavy CH in single
top events
30"
/'//
T et -
100"
af- "~ Exclusionat s L
1of-
_ b Excluced by (€ e —
Charged Higgs 40 160 180 200 220 240 260 280 300

m(H) {GeV]

M. H. JHEP 1311 (2013) 005
[arXiv:1310.5209]
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(I) Light CH in single
top events

(I1) Heavy CH in single
top events

M= 500 GeV
tanp=70

(I11) Heavy CH in single
top events (top
tagging)

a0 400 500 600 700 800 %00 1000
(6

Charged Higgs

M. H., G. Haghighat, JHEP 1602 (2016)
040 [arXiv:1511.00874]
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(|) Synchronized leptophilic
H and A search
(type IV, linear collider) BP2, {5 = 500 GeV

Events / 2GeV

150 20 250
Di-muon invariant mass [GeV]

Neutral Higgs

Majid Hashemi Pheno. (15th Feb. 2017)
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(l) Synchronized leptophilic
H and A search
(type 1V, linear collider)

(| |) Search for H through
A— ZH
(type 1V, linear collider)

sin(3 — a)

N

o\
\

Neutral Higgs

Majid Hashemi BSM Higgs: Pheno. (15th Feb
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(l) Synchronized leptophilic
H and A search
(type 1V, linear collider)

(”) Search for H through
A— ZH
(type 1V, linear collider)

Ongoing work ...

(|||) Search for H — tt in
type |

Neutral Higgs

Majid Hashemi BSM Higgs: Pheno. (15th Feb. 2017)
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Inert doublet
model

@ my, my and mﬁ can be well measured at a linear collider

Inert doublet model

IDM contains two SU(2) doublets :

G* H*E
¢s = < v+h+iG° >: ¢p = < H+iA >
V2 V2
¢s couples to SM fermions but ¢p remains “dark’”:

No H/A/H* decays to fermions

Dark sector decays like A — ZH or HT — W™ H can still
occur

In scenarios where mﬁ > my > my, H is the dark matter
candidate

Observability only through the decay products of gauge
bosons Z and W#*

Majid Hashemi BSM Higgs: Pheno. (15th Feb. 2017)
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IDM at a linear collider
(CLIC, ILC, ..)

8

Events/5 GeV/
8

N oo
Inert doublet (b) ete™ = (vjjHH at /s =1TeV
model

M. H., et. al., JHEP 1602 (2016) 187
[arXiv:1512.01175]
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IDM at a linear collider
(CLIC, ILC, ..)

(I1) 1DM at LHC,

observable at low

Events / 0.2GeV

luminosity

& 3 -3
Di-lepton invariant mass [GeV]

Inert doublet
model

Majid Hashemi BSM Higgs: Pheno. (15th Feb. 2017)
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Majid There is much room for the BSM Higgs searches from

MSSM, 2HDM, IDM, ...

Heavy charged Higgs to be searched through single top
events

Neutral Higgs searches should be performed at linear
colliders: clear signals

IDM can be verified at LHC low luminosity. A source of
dark matter at LHC!

@ There is much to be observed at LHC high luminosity and
linear colliders.

Conclusions
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Thank you for invitation!

Conclusions
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