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l l
— It is in this model where the prediction goes for the Higgs boson decays to 1 or 2 pseudoscalar a.
— The decays of a — 2/ are determined by the Yukawa couplings of a to fermions.
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Motivation-Theoritical context-

Two BSM benchmark models considered:

@ 2HDM++S model: 2 Higgs doublet model with an additional singlet field
l l

l l
— It is in this model where the prediction goes for the Higgs boson decays to 1 or 2 pseudoscalar a.

— The decays of a — 2/ are determined by the Yukawa couplings of a to fermions.
@ HAHM model: Hidden Abelian Higgs Model

l l
— Introduce an additional U(1) dark gauge symmetry mediated by a dark gauge boson Z,.
— The Z4 boson interacts with a SM gauge particle and the strenght of this coupling is defined by the Kinetic mixing parameter e.
— When the U(1)4 is broken by a dark Higgs boson, the SM Higgs boson is then mixing with a dark Higgs boson and their coupling is controled by the strenght
parameter k.
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Overview

. The results using 2015-8 data (1397b1) are published (using release 21)

[ANA-HDBS-2018-55-PAPER]

- These results conver three channels with 4e, 2e24 and 44 in the final
state:

 High-Mass (HM): H — Z;Z,(aa) — 4/, 15 GeV < mz,(m,) < 60 GeV.
' Low Mass(LM): H — Z4Z4(aa) — 4p, 1 GeV < mz,(m,;) < 15 GeV.
ZZ4: H — ZZy — 41, 15 GeV < mz, < 55 GeV.

Today, we are going to focus on the HM channel.
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HM analysis selection

o Quadruplet formation and selection

« in each event, a quadrulpet is formed from two lepton
pairs each with same flavour opposite sign leptons: "1,2"
and 1) 3,411

« each lepton should fire at least 1 trigger.

o Three leading-pt leptons must have: pt > 20, 15 and 10
GeV.

« AR(I,I') > 0.10(0.20) for same-flavour (different-flavour)
leptons in the quadruplet

RAr

pair(l,2)

l1l2
1=
quadruplet
l1lalzly

ety

pair(3,4)
_ l3lg
l
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« The selected quadruplet should have the smallest difference in mass between lepton pairs:Amy =| my; — ms,
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HM analysis selection

o Quadruplet formation and selection

« in each event, a quadrulpet is formed from two lepton
pairs each with same flavour opposite sign leptons: "1,2" pair(1,2)
and "3,4" - l1l2
« each lepton should fire at least 1 trigger. .
uadruplet
o Three leading-pt leptons must have: pt > 20, 15 and 10 “lalalgly
GeV. it
« AR(/,1") > 0.10(0.20) for same-flavour (different-flavour) >P“f’"l(3'-4)
leptons in the quadruplet 1~ 3

o Quadruplet ranking

« The selected quadruplet should have the smallest difference in mass between lepton pairs:Amy =| my; — ms,

o Event selection
« Higgs boson mass window:115 GeV < my; < 130 GeV

o Z veto: 10 GeV < myp34 < 64 GeV and 5 GeV < myg3 < 75 GeV

- Quarkonia veto: event is rejected if either (or both) condition are fulfilled
(mJ/\[] —0.25 GeV) < Mp2341432 < (mw(gs) + 0.30 GeV) or (m'r(ls) —0.70 GeV) < Mp2341432 < (m’r(35) + 0.75 GeV)

« Medium Signal Region (SR): ms4/my > 0.85-0.1125f(my5)
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H — Z,Z4 — 41 backgrounds estimation

The background processes considered in this analysis are as followed:

oH— /7% — 4] represents 72% of the total ° WZ, VVV/VBS processes

= * 0 -_— —
° trlg?m;esonant 22" — 4l TGRS 2 ©F o tt, ttZ and Z—I—Jet(reducible background)

o All backgrounds estimates for this search rely basically on using MC simulations.
o Dominant backgrounds are cross-checked using validation regions.

o The data-driven ABCD method is used to estimate the reducible backgrounds.
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HM Signal region
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HM Validation Regions
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HM Validation Regions
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o VR1

| Inverted Z-veto requirement myg 3, > 75
GeV, and the compatibility requirement on
msq/myo is removed

= H — ZZ* — 4/ and non-resonant
ZZ* — 4] processes are dominating (4e
and 4 FS are contributing to this region).

o VR2

| The four invariant mass pairings and the
compatibility on ms4/mi5 requirements are
removed with my; > 64 GeV
= H — ZZ* — 4] and non-resonant
ZZ* — 4] processes are dominating(all FS
are contributing in this region).
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o VR1

| Inverted Z-veto requirement myg 3, > 75
GeV, and the compatibility requirement on
msq/myo is removed

= H — ZZ* — 4/ and non-resonant
ZZ* — 4] processes are dominating (4e
and 4 FS are contributing to this region).

o VR2

| The four invariant mass pairings and the
compatibility on ms4/mi5 requirements are
removed with my; > 64 GeV
= H — ZZ* — 4] and non-resonant
ZZ* — 4] processes are dominating(all FS
are contributing in this region).

o VR3

| Inverted Higgs boson mass window and
compatibility requirements
=> Dominating ZZ* — 4/ process.

May 27, 2022 12/21



HM Validation Regions

> T T T T T T T T T |
® ATLAS B WV 2
(0] Vs =13 TeV, 139 b - 3
0 HM Validation Region 1 B ]
2 B H- 22 >4
0 S5 Uncertainty ]
e e Data —
S E
> ]
L -
2 1of ’
S Lo d 1l )
[0} i T ? I
£ o5t blbe +l ]
O 094526 30 40 50 60 70 80 90 100
(my.) [GeV]
Figure: VR1
T T T T T T T
3 100[ ATLAS £ W, ez B
G 1007 513 Tev, 139 b 5 pozos T
!9 [ HM Validation Region 3 et 1
~ 80— I zz- 4l —
n = S88% Uncertainty -
‘E i e Data :
- -
m F ]
40 4
20 ]
. ]
2 2
o 15
=
5 1
 05f i :
o o "
10 20 30 40 50 60 70 80 90 100

(myz) [GeV]
Figure: VR3

SOUMAIMI Zainab

> FT T T T T T T |
© 450 ATLAS Btz 3
G E \5-13Tev, 139 0" i E
2 40:— HM Validation Region 2 2z 4 E
N e B H 2z 4 T
* E S5 Uncertainty e
£ s0f ¢ b E
[ = 3
& et .
15F- 3
10f- E
56 E
o
& 1 : | !
N1 110481 E
8 L.
B 05
0™4620 30 40 50 60 70 80 80 100
(ms,) [GeV]
Figure: VR2
z F IATLAIS T e Wtz |
O [ \5=13Tev, 139 10" o e ]
2 5; HM Validation Region 4 =z B
o r .l H-zzoa
Py 4 S8 Uncertainty |
-E F e Data ]
s F ]
g T ]
w3 -
2 =
1 s I =
(= 0_ -
2 4
m 3
.y
S 2
5 1
a o

70 20 30 40 50 60 70 80 90 100
(msy) [GeV]

Figure: VR4

ASFAP Particle Physics Day - PhD and postdocs day (27 May 2022).

o VR1

| Inverted Z-veto requirement myg 3, > 75
GeV, and the compatibility requirement on
msq/myo is removed

= H — ZZ* — 4/ and non-resonant
ZZ* — 4] processes are dominating (4e
and 4 FS are contributing to this region).

o VR2

| The four invariant mass pairings and the
compatibility on ms4/mi5 requirements are
removed with my; > 64 GeV
= H — ZZ* — 4] and non-resonant
ZZ* — 4] processes are dominating(all FS
are contributing in this region).

o VR3

| Inverted Higgs boson mass window and
compatibility requirements
=> Dominating ZZ* — 4/ process.

o VR4

| The final ms4/my> compatibility
requirement is inverted with the changed
four dilepton mass requirements to
my < 55 GeV
=> This region is dominated by
H — ZZ* — 4] with a significant
contribution from ZZ* — 4/.
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Results-Interpretaion and limit setting-

Different statistical analysis procedure are constructed to interpret the results according to our benchmark model:

Model-independent limits

Set limits on the cross section in a fiducial volume such that the limit is suitably model-independent.

— The fiducial volume is defined in a way to mimic the selection aplied in this analysis and appropriate for a Higgs boson (my = 125 GeV)
decaying to 2 intermidiate, on-shell, narrow X boson (Zy, a).

8 .. NE
— Model-independent efficiency: €. = -
fid

— Expectation: Ng((my)) = Ng,, + of,.Lumi.ec.Gaus((my), (my), U<Cmu))
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Results-Interpretaion and limit setting-

Different statistical analysis procedure are constructed to interpret the results according to our benchmark model:
Model-independent limits |

Set limits on the cross section in a fiducial volume such that the limit is suitably model-independent.

— The fiducial volume is defined in a way to mimic the selection aplied in this analysis and appropriate for a Higgs boson (my = 125 GeV)
decaying to 2 intermidiate, on-shell, narrow X boson (Zy, a).

8 .. NE
— Model-independent efficiency: €. = -
fid

— Expectation: Ng((my)) = Ng,, + of,.Lumi.ec.Gaus((my), (my), U<Cm//))

. J

Model-dependent limits N

Set limits on total cross section for Z;Z; model.

— In that model, the total cross section for a specific model is in request: oyBR(H — ZyZy — 41)
Zgc
— Model-dependent acceptance in "total phase space” of a given model: a, = x%c

tot

— Expectation: N7,

Nij5 yr—
’exp(<m,,>) = Ngd’bkg(<m/,)) aF O'HBR(H — ZdZd — 4/).£uml. Fg’d .aczd.ec.Gaus(<m/,), (m,,)c, of )
d

(my)
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Fiducial cross section limits(Model-independent)
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Total cross section limits(Model-independent)
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@ All final states are combined.

@ The step changes at mz, = 15 GeV are due
to the change in selection from the LM to

the HM analysis.
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Branching ratio limits(Model-dependent)
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Limit on x'(Model-dependent)
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The upper limit on the effective higgs mixing parameter  is around 0.1%
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Conclusion

@ Searches are performed for exotic decays of SM Higgs boson into two new spin-1 particles H — Z,Z,4 and two new spin-0 particles H — aa

@ The data are found to be globally consistent with the SM backgroud expectations.

@ Limits on fiducial cross-sections are computed in order to be used for testing other benchmark models than treated in this analysis.

o Upper limits as function of the itermediate exotic boson’s mass are set on the branching ratio of Higgs boson to Z,Z,(aa) and on Kk parameter.
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BackUp
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HM backgroung estimation: Fake Factor method

Processes such as tt and WZ may contribute to our selected events if non-lepton objects such as jets are incorrectly reconstructed as leptons.
© Events are selected in an inverted signal region (region B): a region defined by identical cuts to the normal signal region (region A) except with a few cuts
inverted: the selected quadruplet in the event must contain one or two (but not more) leptons that are:

Electrons failing the LooseLH identification working point or failing the FixedCutLoose isolation working point, but not failing both of these requirements, or
Muons failing the FixedCutLoose isolation working point or dy significance requirement

= Those are bad leptons
© Events are selected in two regions that are rich in Z+jets events, where the event contains two leptons consistent with Z boson and exactly one other
baseline reconstructed lepton. These third leptons, which are predominantly leptons faked by hadronic jets, either pass all requirements imposed in the
standard analysis selection (the event then contributes to region C) or are leptons failing the cuts described above (the event contributes to region D).

© Fake Factors are calculated as: f = %—g

© Those factors are applied to the events in region B: events with exactly one bad lepton (B1) receive a weight given by the fake factor corresponding to the
bad lepton, and events with exactly two bad leptons (B2) receive a weight given by the product of the fake factors of the two bad leptons and an additional
factor of -1: Np,f — Ng,fif

© The contribution to this estimate from processes producing four (or more) real leptons is estimated from the MC contribution to the inverted signal region
(Ng'and Ng2') with fake factors applied.

Ngke = (Ng,f — Np, ifs) — (N F — NE£ )

For more details, see 2226555
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https://cds.cern.ch/record/2226555/files/ATL-COM-PHYS-2016-1500.pdf

Fiducial phase-space definitions

Single Z (ZX) analysis
H—->XZ -4 (t=e,pu)

High-mass (HM) analysis
H—-> XX >4t (t=e,pu)

Low-mass (LM) analysis
H— XX —4yu

Mass range 15GeV < mx < 55GeV 15GeV < mx < 60GeV 1GeV <mx < 15GeV
Electrons pr > 7GeV In| <2.5
Muons pr > 5GeV In| <2.7
Quadruplet Three leading-p leptons satisfying pt > 20 GeV, 15 GeV, 10 GeV

AR > 0.10 (0.20) between same-flavour (different-flavour) leptons

m34/m12 > 0.85 - 01125f(m12)

m34/m12 > 0.85

50 GeV < mip < 106 GeV
12GeV < m3q < 115 GeV
ni14,23 > 5GeV (48/4}1)

10GeV < miz34 < 64 GeV
For 4e and 4u channels:
5GeV < miag 23 < 75 GeV

1.2GeV < miz 34 < 20 GeV

Reject event if m 12 34,14 23 1n either:
(my/y —0.25 GeV) to (my (25) +0.30 GeV), or
(mY(Lg) -0.70 GeV) to (mY(3_g) +0.75 GeV)

Reject event if my; 34 in either
2 GeV to 4.4 GeV, or
8 GeV to 12 GeV

115 GeV < mye < 130 GeV
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Local p-value

ATLAS

Vs =13 TeV, 139 fb™
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