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o Type-I 2HDM at the LHC

> The H = h,,; scenario: Multiphoton signatures
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Also (in either case)
decay rates to SM particles may be suppressed

Exploit Higgs-Higgs and Higgs-gauge production
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VoupM = m%l(I)J{(IH + m%Q@E(I)Q — [m%2<I)J{<I)2 + h.c.]
F AN (@10))2 4 I (BLDo)? + A3(D1 D)) (BLDy) + Ay (] Do) (D))
{305 (@102)% + [s(@1@1) + Ar(@]22)] @]®s + hc.}

. o
After EW s etry breaking: &, = "
ymmetry g ( (vi + @) +iwy) /V2
o — L V2 (G cos 8 — H sin ) (
1_\/5 v1 — hsina + H cosa +1(G cos 3 — Asin 3)
By — 2 V2(G*sin B+ H* cos )
2_\/5 vy + hcosa+ Hsina +i(Gsin 5+ Acos f3)

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

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

> A,_; (CP-conserving limit: A, ,,) can be traded

for Higgs boson masses using tadpole conditions g
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Minimal Flavour Violation
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Measured h,,; signal strengths (HiggsSignals)

Limits from additional Higgs searches (HiggsBounds)

Parameters with fixed ranges across all scenarios:

sin(B—a)=—1-1; m}, =0-m4sinfcosf; tanff =2-25

» Cross sections calculated with MadGraph5 aMC@NLO
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The Landau-Yang theorem forbids the contribution of a
resonant Z boson to the QCD production of a hA pair

Y
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but not to EW production: enhanced cross sections?
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Dominant Search Channels KIES
[ GeV ] [GeV?]
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Discovery Potential
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Cut Efficiencies
pi >20 GeV, py. >10 GeV
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A 3-fold 4-photon Signature
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tan 3 ‘ cos o/ sinf3

BP | my my  myg:x sin(f—a) my,
3 1143 716 1072 [£0.061929] 29 [16307] —7.2x 10~
BP 3
o(qg —hA —Z*+4y) || 1l.64fb |
(0(gg — hA — Z* +4v)] 5.7 x 10~ fb]
6(qq — H h — W* +4y) 88.8 fb
o(qq — HA — W*Z* +4y) 26.8 fb
BR(H* — W=h) 100 %
BR(A — Z*h) 90 %
BR(h — y7y) 24 %
BR(h — bb) 60 %
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Scenario 1: h = hyy:




Higgs Pair-Production at the LHC KIES

l1.Can the EW production
of some neutral di-
Higgs states dominate
their QCD production?
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Higgs Pair-Production at the LHC KIES
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Neutral 3-body States
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3.Which Higgs-Higgs and Higgs-gauge couplings of

the 2HDM can be probed in various di-Higgs states?

Coupling | 1.hh | 2.HH | 3. AA | 4
a. Ahhh v

b. Apn v

A\HTH- || 5 hH | 6. hA|| 7.hH*

8. HA|| 9. HH* | 10. AH*

7
v

C. /\hHH v

d. Apaa v

e. \nH+H-

v
f. AHHH v

g. AHAA v v
h. /\HH+H— J
1. Apaz

J-AHAZ v
K- Ag+nu-z

1. /\hH"‘W_

v
m. Ay g+w-

v
1. AAH"‘W_
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. Additional Higgs bosons are predicted in most new
physics frameworks - can be lighter or heavier
than the hj,:

. Even when light, they are difficult to detect at
the LHC in the conventional channels, owing to

reduced couplings to the SM generally
, In the Type-I 2HDM, 4-photon final states could

serve as important probes of a light hA pair as

well as of a light hH* pair

. EW production - essential for charged di-Higgs
states - can dominate over QCD even for neutral

Higgs boson pairs
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THANK YOU!



Backup: Flavour Constraints QAR =
Superlso Manual

2.63< BR(B — X,v) x 10*  <4.23
0.71 <  BR(B, — 7v,) x 10* <257
1.3< BR(Bs = putp~)x107 <45

—1.7x107% < Ao(B — K*v) <89 x 1072
0.56 < R, < 2.70
2.9 x107° < BR(B — D°rv;) <14.2x 1073
v Constraints from 0.151 < EDew < 0.681
flavour physics BRBa > uu”) < L0
Py 0.6257 < BRIK = pv) < 0.6459
BR(7m — pv)

0.985 < Ris < 1.013
4.7x107% < BR(D, — 1v,) < 6.1 x1072
4.9x 1073 < BR(Ds — pv,) < 6.7%x107?
3.0x107% < BR(D — uv,,) < 4.6 x 1074

—24x 10710 < da,, <5.0x107?
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