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Introduction

e Following the discovery of the Higgs boson
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H — ~~ decays have now all been observed 8 [ E
by ATLAS S :
e Higgs decays to second generation fermions, 1021 %4 -
H — ccand discussed by E ]
F vy B
e | will cover ATLAS searches for H — Z~ and 103 = 7 -
H — ~™+ in this talk F ]
e In addition, many beyond the SM Higgs & i ]
decays have been proposed. | will discuss 10} g s
ATLAS searches for lepton flavour violating My [GeV]

(LFV) Higgs decays


https://indico.cern.ch/event/1030068/contributions/4512708/

H— Zyvand H — v*~y



H— Zyand H — ~v*y

e The H — £+ £~ decay can be seperated into two
channels: H —+ Zvand H — ~*~

e We can select events dominated by one process or
the other using myy, the invariant mass of the
lepton pair

e The H — Z~ analysis requires my, to be consistent
with mz, while the H — ~*~ analysis requires
Mmyge < 30 GeV (excluding //v and T resonances)

e The analysis strategy is similar in both cases. Events
are selected with a photon and two opposite sign
leptons before being categorised and a peak in the
My~ distribution at my, is searched for

e Both analyses use the full Run 2 dataset (139 fb—")

> Phys. Lett. B 809 (2020) 135754

> Phys. Lett. B 819 (2021) 136412



https://www.sciencedirect.com/science/article/pii/S0370269320305578?via=ihub
https://www.sciencedirect.com/science/article/pii/S037026932100352X?via=ihub

Event categories

Six categories
e VBF-enriched

e High-p: ee
o High-pre pp
e Low-pr; ee

o Low-pre pp

.
e High relative pr (”f;—j7 > 0.4) e VBF-enriched pu

> Phys. Lett. B 809 (2020) 135754  » Phys. Lett. B 819 (2021) 136412

Nine categories

e VBF-enriched ee resolved/merged

e High-pr ee resolved/merged

e High-pre pp
e Low-pr: ee resolved/merged

Low-pre pp

e VBF requirements detailed in back-up

o pre = P57 x t| wheret =

7).
PP’

highly correlated with pfrh but better experimental resolution

High/low p; distinction at 40 GeV for Z~ and 100 GeV for v*~

e Resolved/merged ee candidates detailed on next slide


https://www.sciencedirect.com/science/article/pii/S0370269320305578?via=ihub
https://www.sciencedirect.com/science/article/pii/S037026932100352X?via=ihub

H — v*~: merged ee candidates > Phys. Lett. B 819 (2021) 136412

e Generally it is required that events
contain one photon and two opposite
charge leptons

e Due to the event kinematics of
H — ~*~, itis common for the energy
deposits of the two electrons in the EM
calorimeter to be reconstructed as a
single cluster. These events are known
as merged ee as opposed to
resolved ee and a dedicated
reconstruction and calibration of
merged ee candidates is performed.
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https://www.sciencedirect.com/science/article/pii/S037026932100352X?via=ihub

U ncerta i nties » Phys. Lett. B 809 (2020) 135754 » Phys. Lett. B 819 (2021) 136412

e In both analyses the total uncertainty is dominated by the statistical uncertainty
e The leading systematic uncertainty is the non-resonant background modelling in both analyses

e Other uncertainties, including signal uncertainties, currently have negligible impact on the results


https://www.sciencedirect.com/science/article/pii/S0370269320305578?via=ihub
https://www.sciencedirect.com/science/article/pii/S037026932100352X?via=ihub

H— Z’Y results > Phys. Lett. B 809 (2020) 135754
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https://www.sciencedirect.com/science/article/pii/S0370269320305578?via=ihub

H — Z~ results > Phys. Lett. B 809 (2020) 135754
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H— o * Y resu Its > Phys. Lett. B 819 (2021) 136412

> > 3 > >
3 e B Crmeni 3 7 ool 3 i 3 i T are (ower o) 3 osfaries e
o V5=13Tev, 139107 Bkg+ o V5= 13Tev, 139 o o[ 5 =13Tev, 13857 — Bka + g (4=15) ] O 16F =137ev,139m"  BhgeH-yy © f5=13Tev, 139107
N B ee resoved ver 75%04 Wesowns N B ee merged VBF —sm»« Wesaun o u VBE  Daia D 14 ee resoved nighp,, S B seueis o ee merged high-p, —sv«w Wesaue
K o z 402 ] Fl o g 2
§ 5 § § 1 §
a4 [ @ @ 19 @
3| 3 8
2] 2| 9
4
1 AN 2)
2 2 E g u 2 1
@ @ 5 @ 5 @ @ +
i i i i bbby b i IWERTR LT ST
U S R WA N B T VY S VY VR S Jl\“hi'dll TR NTTE R PR £ Olbphi s
8 8 8 ’ & - & -10f
TS TS TR IO MSBTIe0 u0 IS TSI OIS IO Te0 OIS IS T IR TSI T 10 TS IR IS T T O TS T80 188 LGS T TS T T4 140 145 T80 TS5 oo
m, [GeV] m, [Gev] m, (GeV] m, [GeV] m, [Gev]
> 3 > >
3 ATAS, kg (Poner Law). 3 500F rias kg (ower Law) 3 3 ok Exppoyz) 3 1200 Atias. g (Bppony ]
8 aof —akgosw 5 4 8T 8 B vy B0 e e alge s G
: R N TS Weshwmis 1000} 0w, o oaa
i & i i
2 1 g 2 5 2 5
] 3 H 3
i *‘udﬁ\ IPIYIVRTOV B N POVIIY byt N I TTT0E 7 ST TILNTIOVER H‘B{W TARCITIVNN
I B ARAAANIN T B (AR
110115 120 125 130 135 140 145 150 155 160 6? 0115 120 125 130 135 140 145 150 155 160 110115 120 125 130 135 140 145 150 155 160 110115 120 125 130 135 140 145 150 155 160
m, [GeV] ™, [GeV] my [GeV] m, GeV]


https://www.sciencedirect.com/science/article/pii/S037026932100352X?via=ihub

H— f\/*') results > Phys. Lett. B 819 (2021) 136412
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Run: 339387
Event: 812083095
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Run: 331951
Event: 334662243

2017-08-08 19:24:59 CEST



LFV Higgs decays




LFV Higgs decays

Lepton flavour violation is not allowed in the SM. However, the observation of neutrino
oscillations indicates that LFV occurs in nature!

e ATLAS has also searched for LFV Higgs boson decays in which H — £¢/
e These decays are forbidden at tree level in the SM, but many BSM models include them

The searches have been performed in the ey, e+ and pr channels

e The ey analysis uses the full Run 2 dataset, while the er and p7 analyses use only data from
2015-2016, corresponding to 36 fb™



H — e ,[L »> Phys. Lett. B 801 (2020) 135148

e The H — ey analysis follows a similar strategy to S 700 e e
the H — Z~v and H — ~*~ analyses 3 E ATLAS s=13TeV, 139 b J
~ 600 -
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o A Iow-pfr category in which one of the 300F =
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https://www.sciencedirect.com/science/article/pii/S0370269319308706?via=ihub

H—erand H— Wt > Phys. Lett. B 800 (2020) 135069

o T T
aTLAS 4Data  [JSig(B=1o5x10

wany o
JAISNYS N

T
ATLAS

. R 2 & =13TeV, 36.1 b .'Tv*;‘ﬂ =é;.’: 2 5 =13TeV,36.1 b -3;:"’ =;m
e Search includes both hadronically and [ SV LI A

leptonically decaying 7 leptons
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e Events are selected with zero b-tagged jets (to & i /
suppress top background) and: o8 S T T PR N TR
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. s T e e 2 T e e
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H 5 on
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https://reader.elsevier.com/reader/sd/pii/S0370269319307919?token=DAC64E0A1CDD9B370250FF85688BFF59C741518E7AE3314F8C3922792C84E12721289A49416B8B703185418412709913

LFV Higgs decays > Phys. Lett. B 801 (2020) 135148 » Phys. Lett. B 800 (2020) 135069

o No significant excesses over the SM prediction are found

T
ATLAS — Observed
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https://www.sciencedirect.com/science/article/pii/S0370269319308706?via=ihub
https://reader.elsevier.com/reader/sd/pii/S0370269319307919?token=DAC64E0A1CDD9B370250FF85688BFF59C741518E7AE3314F8C3922792C84E12721289A49416B8B703185418412709913

o ATLAS has now observed many of the SM Higgs boson decay channels
e Searches are have been performed for those not yet observed

e ATLAS now has evidence for the H — ~™~ decay. The first evidence for the decay of the Higgs
boson into a photon and a pair of leptons

e Searches have also been performed for LFV Higgs boson decays and no evidence has yet been
found



Back up



H — ~*~ VBF selection

e > 2jets with pp > 25 GeV

If the leading or sub-leading jet has |n| > 2.5 it is required to have pt > 30 GeV

e mj; > 500 GeV

|An;| > 2.7

Moo — 0-5(mjs + 1mi2)| < 2.0
AR(¢,j) > 1.5 and AR(~,j) > 1.5
Ap(llry,jj) > 2.8



H — ~v*~ breakdown
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H — ~v*~ backgrounds
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e Non-resonant ¢/~ from MC

e Other backgrounds from data control regions



H — ~*~ uncertainties

Uncertainty source u ox8B

Spurious Signal 6.1

B(H — (ty) 5.8 -

QCD scale 4.7 1.1

.y, jets 4.0

PDF 2.3 0.9 e Spurious signal is the uncertainty on the
Luminosity 17 non-resonant background parametrisation
Pile-up 1.7

Minor prod. modes 0.8 e Statistical uncertainties approximately 3-4
H — vy background 0.7 times larger than systematic uncertainties
Parton Shower 0.3

Total systematic 11 7.9

Statistical 31

Total 33 32




H — Z~ VBF selection
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H — Z~ backgrounds
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e QCD Zv (green), EW Z~jj (red) from simulation
e Z+jets (blue) from data control regions



H — Z~ uncertainties

Sources H— Zy Sources
Luminosity [%]
Luminosity 17 Total cross-section and efficiency [%]
Signal efficiency [T —

Modelling of pile-up interactions 0,002 ggF Underlying event 13
Photon identification efficiency 0.8-1.8 .
Photon isolation efficiency 07-19 perturbative order 4.7-9.6
Electron identification efficiency 0023 PDF and ay 1.8-2.8
Electron isolation efficiency 0.0-0.1
Electron reconstruction efficiency 00-0.5 B(H — Zy) 5.7
Electron trigger efficiency 0.0-0.1 - T
Muon selection effciency 0.0-06 Total (total cross-section and efficiency) 7.5-11
Muon trigger efficiency 0.0-1.6
Jet energy scale 0.0-3.5 Categ ory acceptance [%]
Jet resolution 0.0-15 ggF Underlying event 0.1-11
Jet pile-up 0.0-7.5 .
Jet flavor 00-11 ggF H pr perturbative order 0.3-0.4

Signal modelling on o cp %] ggF in VBF-enriched category 37
Electron and photon energy resolution  0.5-3.4 o ;
Muon — Inner detector resolution 0.0-12 ggF in high relative pt category 21
Muon — Muon resolution  0.0-3.4 F . h . 10 15

Signal modelling on picp [%] ggF in other categories —
Electron and photon energy scale 0.09-0.15 Other production modes 1.0-15
Muon momentum scale 0.0-0.03
Higgs boson mass 0.19 PDF and ay 0.4-3.5
Background modelling [number of spurious signal events]
Spurious signdl 539 Total (category acceptance) 11-37
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