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Predicted in a minimalistic new physics
contender like the 2HDM as well as in extended
frameworks like Supersymmetry and GUTs

Could be the earliest signatures B
of new physics at the LHC E

But

. Masses O (100) GeV:

Small production cross section

- improve statistics
. Masses O (10) GeV: 765580 8s o0 68 10&1&\};0
Large SM Backgrounds - improve search strategies
Also (in either case)

decay rates to SM particles may be suppressed

Exploit Higgs-Higgs and Higgs-gauge production!
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After EW symmetry breaking: &; = ( (v- + 9 ﬁiiwo) /\/5 )

&, — 1 \/§(G+Cosﬁ—H+sinB) (
1_\/5 v1 — hsina+ Hcosa+i(Gcos f — Asin f)

o L \/§(G+sin6+H+cosB)
: V2 \ vy 4+ hcosa+ Hsina +i(Gsin 3+ Acos )

(a: mixing angle of neutral scalars, tanf =v./v:)

> Three neutral Higgs bosons (h, H, A), a H pair

> A, 5 (CP-conserving limit: A4 ,.,) can be traded
for Higgs boson masses using tadpole conditions
-
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. To prevent flavour-changing neutral currents, a

Z, symmetry can be imposed
Z,-charge assignments q four Types of 2HDM

Model u'y d’ €R
Type 1 P i b,
Type 11 P, D4 D4
Lepton-specific | ®o D) b4
Flipped b, P, b,
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Type-1 2HDM: Numerical Analysis i
Numerically scan the parameter space
my = 150 -750GeV ; my = 50-750GeV ; my+ = 50 -750GeV
sin(B—a)=—1-1; m}, =0-m4sinBcosP; tanf =2-25
using the 2HDMC code
requiring consistency of each point with

v Unitarity, perturbativity and vacuum stability

v Measurements of oblique parameters S, T and U

v Constraints from

flavour physics
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317<  BR(B — X,v) x 10* <347
0.87< BR(B, — 7v;) x 10* < 1.25
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Numerically scan the parameter space

my = 150 -750GeV ; my = 50-750GeV ; my+ = 50-750GeV

sin(B—a)=—1-1; m}, =0-m4sinBcosP; tanf =2-25
Using the 2HDMC code

requiring consistency of each point with

v Unitarity, perturbativity and vacuum stability
v Measurements of oblique parameters S, T and U
v Constraints from
flavour physics
v Measured h,,. signal strengths (using HiggsSignals)

v Limits from LHC searches for additional Higgs

bosons (using HiggsBounds) ©
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The H = h,,. scenario: hH* production

q = u,d, e, s

o(qq — H*h) x BR(H*
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Cross sections calculated with MadGraph5 aMC@NLO
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3.Which Higgs-Higgs and Higgs-gauge couplings of
2HDM-I can be probed in various di-Higgs states?

Coupling 1.hh | 22HH | 3.AA | 4.|HYH™ 5.hH | 6.|hA|| T.hH* | 8. HA| | 9. HH* | 10. AH®
a. Ahhh v

b. Anna v v

C. \nHH v v
d. Apaa v v
e. AhH+H- v v
. Aunn v
8. AHAA v
h. A+ - v v
1. Ahaz v

- AHAZ

k. Nt p-2 Vv

L Apm+w- v

1. AHH'H""

11. ;’ﬁ‘q H+W-—
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> Allow di-Higgs or Higgs—gauge decays of one of
the two Higgs bosons
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> Allow di-Higgs or Higgs—gauge decays of one of
the two Higgs bosons
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/ /s
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> Calculate QCD and/or EW production cross sections

(in the narrow-width approximation) as

o(99/9q'’ — h;h,) X BR(h;,, — h.h;/hV)
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Neutral 3-body states
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Charged 3-body States
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Couplings at the LHC

(Enhanced) Access compared to the di-Higgs states?

Coupling 1. hh 2. HH 3.A4 | 4|H*H-|| 5.8H 6.[hA 7.hH* 8. HA] 9. HH* 10. AH*
a. Auhh (hhh)* | (hhH)* (hhA)* (hhH*)*
b. Anhs hhH " hhh hhA hhH* |
hhH
c: AngH (hHH)* }f"l' H’_ (hHA)? | (hHH*)*
1T (hhay | Sl
d i (hAA) (hAA)» | (hHYH-) | HAA ( ;':i (AAH®)* | (hHA)"
| (hhH*)*
e. Mg+~ | hRHYH- (hH*H=)* | HHYH= | AHYHS | L o (hRHH*)* (hAH?*)*
\
EARHE (HHH)* | (hHH)' (HHAY | (HHH*)
. . (HHA)* 5
g Ataa HAA | (HAA) hAA | (hHA) [AAA AAH*| HAH
HHH*)"
b Xgp - HHYH~ (HH*H‘)’ (hHH*)" | AHYH- I(“H_H’i (HAH*)
hh? —
i. Anaz hAZ hAZ HAZ l;—'él AH*Z hHZ| hH*Z |
| HHZ
i Araz HAZ HAZ | hAZ hHZ] [@‘ |AH*Z | \HH*Z|
% Ny H*H-Z |
) | | |hHW - hh W*
LAsgew- | hRHAW= hH W] | HH*W~= 411+uf'-l }LH_ wlf | hH W= |hRAW=|
. | HH*W~ HHW*
m. Agg g+ w- HHYW- HH*W=| | hHTW~ hH W+ [lﬂ-mﬂr-J [Il{+H wl*] HAW*
| . |AAW=|
. A+ w- AHYW= | [AH+W- hAW* HAW=
1‘ H H-W*
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. The 2HDM Higgs bosons other than the h;,: one, even
when lighter than it, can be challenging to
produce singly at the LHC

. Their pair-production might lead to some
unconventional, but relatively clean, signatures

. For certain 2HDM parameter configurations, EW
production of di-Higgs states can dominate over
QCD production

. Access to some triple-Higgs couplings offered by
these states can be greatly supplemented by the
tri-Higgs probes
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