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Consider the production of a yy pair in the gluon-
fu31on_process via a single Higgs boson at the LHC
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The amplitude for the process is defined as
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Using the narrow-width approximation,
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the cross-section expression can be factorised as

o(pp — yy) = o(pp — H) x BR(H — yy)
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If, instead, two Higgs bosons contribute to the
production, the complete propagator matrix
S — m%h -+ ijﬁll(é) ijﬂ12(§)
iImllsq (8) 5 — m%b + 1Imllso(8)
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with generalised self-energies given, e.g., as
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should appear in the amplitude, which becomes
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i,j=1,2

"Interference’ can be sizeable if the magnitude of
the off-diagonal terms is comparable to the mass-
splitting (indicator: I + I', ~ Am,,)
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Add a singlet superfield to address the u-problem’
of the Minimal Supersymmetric Standard Model:

Winssns = DM@, + DOhaTLaQ + B AL K + ST + 5

Zi-invariant

EWSB # Uoff = A(§) = A\

o ( va+Hgr+1iHgs 0 _ H+ B .
Hd—( H; ), Hu_(vu+HuR+’iHuI , S=vg+ Sp+1iS;

- 5 neutral Higgs bosons: T T T T
h, hs, H, as, and A tan 8 = v, /vg 500GV~ T-

A~0.5, tanB~2 lead to large Scenario 2
singlet-doublet mixing

# My, ~ 125 GeV 125 GeV [—

Scenario 1
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Scenario 1 - m, = m,_= 125 GeV S
Define for cross section computations:
Aggrrs| = 3 |M : Moy |
Case 1: = | P.) _ D
i .8 §— M% +idmlly, (3)
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Case 2:|Agg | = Z MpaDii(8)Mpr=
t=1-3
2 ) 2
Case 3:|Ayysvy| = Z Mp3Di;(3) Mpr
i,j=1-3

Relevant constraints:
I',s < 41 MeV from fits to the

LHC signal rate measurements ol 11
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Benchmark points

SAIFY

ICTP—Eqist Alfcon Ingliute
far Fundamanbal Resscinch

Case 1:53.10fb
Ar’nH FHl FHQ 15t sE Case .'12:58.;6“)
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(NNLO) Cross section enhanced Ik
0. "*“'-;_““‘_““""‘A'"’—J e ———— -
by ~40% for 1'!1 + 1"2 >> Am12 126.0 126.1 \j_ 126.2 126.3
2 (GeV)
Convolute the differential 1 —
= . . . . 0.36} — Case
distribution with a Gaussian Bin size: 300 MeV — Case3
Resolution: 300 MeV
[—ciat 0.048[ [Ldt = 300 fb'
. 0.24}
y Bin size: 300 MeV ﬂ
Resolution: 300 MeV 0.036 Bin size: 50 MeV
45}
JLdt = 300 o™
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Distribution shapes mutually distinguishable only

for I'i,s >> 41 MeV
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Two main contributions at the leading order,

g TOOD) , H, g 5 - __H,
/7
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N
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with amplitude-squared of the process given as

2 2 2
lA = 'CAFA + CoFnl| + |CDGD Co = ZgHiéngﬂiq
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Define and compute'

diag __ f ll =
Fiy v Ciy E Dy(8)Am, 1, H, ~ C, E Dri(8)AH, 1, H,
I—1 k=1

Including NLO corrections (NNLO also available)
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... in the NMSSM e
500

Squarks O(1)TeV; I'' + I', > Am;, .|

condition never satisfied 400 | R

mm) contribution to o from § 30| nmssmM — Best points with

off-diagonal propagator & 300 my x m,_~ 410 GeV

terms never exceeds ~1% 250

Maximal dependence on the :Z | | | | Amyy<5 GeV -

strengths and relative Sig'nS 150 200 250 300 350 400 450 500

My, (GeV)

of the two top-Yukawas
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Singlet-extension of the 2 Higgs-doublet-model

. . . s % A 2 A\ 2
Voo = my, | Hal? +m%, |Hal? — m2, (H311d+h.c.) + 5 (HlHu) + 2 (H)}Hd)
‘ . b= 2
+ g (H{H) (HiHa) + A (HEHa) (HIHL) + = {(HJ,H,,) + h.c.}
ne A6 A7 A :
+ D852+ 20504 O (i) 82+ 32 (HIH,) S,
Physical masses of the 3 | | “my, = my, =410 GeV .
_ N2HDM ~ * my, , mj,, =405, 410 GeV
neutral Higgs scalars (h, ,,| . My, my, =400,410 GeV . |
. mH my, =300 GeV .
hs, H) are input parameters My = My, = 200 GeV
- We scanned the Type-II ~ 10}
N2HDM parameter space, ) )
fixing m, to 125 GeV and N, Bt By e
m; % m, to several 1'f' B """“""‘*"’" e oo
different test values 0 2 4 6 8 10
2Ty (GeV)
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We extracted six BPs from the m; = m, = 410 GeV scan
- allows direct comparison with NMSSM

- largest observed total widths, since H and h_ can
decay into top-antitop pairs

Parameter /Observable BP1 BP2 BP3 BP4 BP5 BP6
ma (GeV) 712.2 772.67 640.04 601.21 658.33 630.11
my+ (GeV) 709.04 776.41 654.53 604.04 663.11 654.45
m%Q (GeV?) 84725.4 71277.6 82115.1 61133.1 69580.1 65586.7
tan 3 1.3 1.0 1.8 2.0 1.8 1.2
GH T 1.024 1.038 0.955 0.981 0.989 0.986
9H\VV 1.000 1.000 0.954 0.990 1.000 0.930
sign(R13) - + - + - T
Ros —0.671 —0.569 —0.921 0.887 0.436 0.870
vs (GeV) 1511.3 2357.5 1945.8 1667.5 2025.9 2459.4
o, (fb) 34536.1  13417.6 260.1 96.6 62.9 101.3
o (fb) 154.3 146.7 153.1 96.2 63.6 102.6

Negative interference reduces the total cross
section by two orders of magnitude!
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We investigated whether propagator interference
effects can help disentangle two mass-degenerate
Higgs bosons produced at the 14 TeV LHC

* In the NMSSM, strongly constrained Higgs boson
widths prove to be limiting factors

* In the N2HDM, the cross section for the pair
production of the H,,5s can get suppressed by
orders of magnitude due to these effects

Moving forward, we plan to

* analyse how the Higgs propagator interference
manifests itself in dark matter (co-)annihilation

* develop a general formalism for exploring such
effects in various sectors of BSM physics
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