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Introduction

Since the discovery in 2012, all experimental observation matches with the SM
prediction

A portal to BSM physics:
* Composite Higgs, Additional BSM Higgs bosons
* “SM-like” Higgs boson coupling to Bggm «this talk

Present today:
*H - wy /K%Y (arXiv:2301.09938)

*H-> My (ATL-PHYS-PUB-2023-004)
*H-vyy+X (arXiv:2301.10486)
*H - yyq (JHEPO7(2023)133)
 H — invisible (arXiv:2301.10731)
*H - LFV (JHEP07(2023)166)



https://arxiv.org/abs/2301.09938
https://cds.cern.ch/record/2851888/files/ATL-PHYS-PUB-2023-004.pdf
https://arxiv.org/abs/2301.10486
https://link.springer.com/content/pdf/10.1007/JHEP07(2023)133.pdf
https://arxiv.org/abs/2301.10731
https://link.springer.com/content/pdf/10.1007/JHEP07(2023)166.pdf

arXiv:2301.09938

%
H - wy /K%Y
» Measurement of Higgs boson coupling to the first and
the second generation of fermions

»To probe the: H(Z)---------
* Flavour-conserving coupling to u and d quarks (H = wy)
* Flavour-violating coupling to d and s quarks (H = K*y)

»SM prediction of such decays are driven by two Direct
contributions:

* ‘direct’: scales with Yukawa coupling

* ‘indirect’: H - yy > My (M being a meson)

* The two contributions are typically destructive interfering
* The SM expected branching ratio is of order < 107°

»Major background from mis-identified meson from ID
tracks originated from a jet

» Estimated by a non-parametric data-driven model
(arXiv:2112.00650) Indirect



https://arxiv.org/abs/2112.00650
https://arxiv.org/abs/2301.09938
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H — M y ATL-PHYS-PUB-2023-004
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Model-independent search of with H - yy ===

»Search for BSM Higgs + X production, with H — yy final state

» Relatively clean background, less systematic uncertainty

»Consider SRs not covered by the Higgs coupling analysis (STXS)
[arXiv:1610.07922]

* Heavy flavour / High jet activity: Multi-b jet (3 or 4), multijet (4, 6 or 8)
* High ET™SS: >100, >200, >300 GeV

* Top: £ + b, tep, thaa

* Lepton: 1¢ / 2¢ / 3¢ / multi-lepton, same sign dilepton

* Three photons

Events /2.5 GeV
o))
(=]

»Background modelling
* Resonant background: modelled using a double-sided crystal function
* Continuum background: fit with data into analytic functions using the

- ATLAS

F A . ¢ Data E
= s=13TeV,139fb" __ Signal+Background —
F SR:1y- mﬁf ----- Total background ]
— S+B fit ’ E

spurious signal test [arXiv:1802.04146], except for the ot

} --- Continuum background

* Multi-lepton regions: extrapolated from CRs

10120 130 140 150 160
m,, [GeV]
Signal-plus-background fit,
3 photons SR
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Model-independent search of with H — yy
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only fit plots
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H N de JHEP07(2023)133

»Search for Higgs boson decaying into a (SM) photon and a dark
photon (y;)

The search for Higgs invisible decays

. . (to be discussed in slide 10 - 11)
> EXp|OIt the ZH productlon mode would share the same signature as

o 7 — PP~ dark photon from the VBF
production mode (arXiv:2109.00925).
*H->vyyq

» Optimized for dark photon searches in the [0 — 40] GeV mass range

» Major Backgrounds:

: S
* Fake E7*"°: la-
k7] B A 14
»“ABCD method” Tful— >
»Validation Region (A’) S 24 fO‘O(;O'O“ > Y
<
* e — y fakes: 5 o o | | £
»>fake factors of ete™ and eTy final states g . Y

»apply to a probe electron CR 30 40 60 ET'SS [GeV] - i



https://link.springer.com/content/pdf/10.1007/JHEP07(2023)133.pdf
https://arxiv.org/abs/2109.00925

JHEP07(2023)133

H - yyq

» Discriminant variable: BDT score to enhance the analysis sensitivity
Zoomed view of the last BDT bin
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° massive yg4: [2.19%, 2.52%] ([2.71%, 3.11%]) post-fit plot in BDT classifier

*mass range from 1 to 40 GeV
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arXiv:2301.10731

Higgs invisible decays
»Search for invisible (dark matter) decay of Higgs boson

»This paper presents a statistical combination from the
following channels

* VBF Topology (arXiv:2202.07953)
* ZH Topology (arXiv:2111.08372)
* ttH Topology (arXiv:2211.05426)
* ggH + jet Topology (arXiv:2102.10874)
* VBF + y Topology (arXiv:2109.00925)

(This also shares the same signature as H — yy, signal)

> Run 2 combination

» Most experimental systematic uncertainties are correlated across
all channels

»Background prediction uncertainties are uncorrelated due to the
different nature of the leading backgrounds

»>Run 1 + Run 2 combination

» Most of the uncertainties are not correlated between Run 1 and

q
. . . . . VBF + photon t I
Run 2, due to the different algorithm calibration using data ttH topology photon topology

(H = yygq signal)

10
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arXiv:2301.10731

Higgs invisible decays
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JHEP07(2023)166

Higgs LFV decays

»Search for Lepton Flavour Violating (LFV) decay of
Higgs boson, with independent signals of

- H - et The search for H — ep signal is
presented in a separated paper
°H-pt [arXiv:1909.10235]
»Two T decay modes are considered: s

* Leptonically decaying tau (7, = fvv)
* Hadronically decaying tau (7,4 — hadrons + v)

><103"']""["'I""I""—
»Two independent background estimation § 2 s *illustration only =
mEthOdS % 182—gas_e)li'crtlgfpromptleptonsonly
w18
Symmetry-Based Method 14E . Mo Hoe o
12F gl et
i b RS(SM)

»Main background estimated mainly via data-driven 10
symmetry method

—— H—urt (B=10%)

* -
-

-
-
et

=
éﬁ'ﬁ--m

6F .
MC-Based Method 2
. . — : o lephad channels
»Main background estimated with MC templates and ; o e,
. . = Lo PO
» Fake background data-driven 50 100 150 200 250

Moy [GeV]
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JHEPQ07(2023)166

H Iggs L FV d e CayS Branching Ratio difference

>S|gna| enhanced by Boosted Decision Trees (MC'based) (leplep channels only)
and Neural Network (Symmetry-based)

0.8 T T T

» 08
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Simultaneous measurement of o;» 06 |- Vs=13TeV, 1381t N
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* 03\|||||:|95/|“_:L 20.4
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0.15 F 3 ! | ' ]
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0.05 F ] 04 : : :
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oF x ] @ 0 i
g 1 Ut 0.183% (0.087%)) ° i
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> No significant excess of signal is observed 5 )

»The simultaneous measurement is found to be compatible with the SM within 2.10

»The symmetry method favours a larger branching ratio for H — ut than H — et signal, with a
significance of 2.50



https://link.springer.com/content/pdf/10.1007/JHEP07(2023)166.pdf

Summary

» Analysis in ATLAS covers many BSM, LFV and rare Higgs decays
»Most results with full Run-2 data has been already published

»No significant excess observed

»Run-3 is now ongoing, and we expect an improvement with more data incoming!
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H - wy /K oo

- ATLAS ) -
600F - § DataVs- 13TeV.89.51"

Events/2.5 GeV

» Final states of the experiment: Moo
*H-> wy: w-ontn n°
*H->K'yv: K*>K*n~ i

200F

100F

»Major background from mis-identified meson from
ID tracks originated from a jet

» Estimated by a non-parametric data-driven model

Data/Model
P

(arXiv:2112.00650) e 7
. . © 6000 ATLAS } Data s - 13Tev, 134"
* Model the background in a background-dominated oy T
“Generation Region”
* Apply a sampling scheme to extract the most important e
correlation among the kinematic variables of the estimated ol
background :

100 150 200 250 300

My, [GEV]
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Hto wy /K™y

»Non-parametric data-driven model

Define a background-dominated “Generation
Region” (GR), by releasing the nominal isolation
requirement

Model kinematic distributions of these events,
including correlations between important variables

Draw from distributions (millions of times) with
random numbers + combine together = pseudo-
candidates

Correlations should then be retained in the pseudo-
candidates, as well as behavior after selection

Resulting distribution is smoothed with Gaussian
Kernel Density Estimation

arXiv:2301.09938

Y
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Model-independent search of with H — yy

arXiv:2301.10486

Target Region Detector level Particle level
Heavy >3b Ny o 2 3, 85% WP My 23
flavour >4b Ny i 2 4, 85% WP My 24
>4j ng =4, el <25 My 24, il <25
. >6j Mg 26, Il <25 Mg 26, il < 2.5
lg .,]et 28] Jel > 8, |T}Je[| <25 _]et > 8, |??_|ct| <25
activity Hr >500GeV  Hr > 500 GeV Hr > 500 GeV
Ht > 1000 GeV  Ht > 1000 GeV Hrt > 1000 GeV
Ht > 1500 GeV  Ht > 1500 GeV Ht > 1500 GeV
‘ EPS>100GeV  EF™ > 100 GeV EFM > 100 GeV
ERSS EXsS 5200 GeV  EXSS > 200 GeV EZ™M™ > 200 GeV
}:',“T"jSS >300 GeV E“"iss > 300 GeV EIT’"SS’“" > 300 GeV
tb Np—eu 2 1, Ny et 2 1,70% WP ne—e , > l’nb-'et > 1
Top Nezey = 1, R = ny = 1,
tiep 70%% ] "h-jet Ne=eu = 1o et =1y 4 = 1
nf:e,p = 03 njel = 35 nb-jel = ]-9 —
Fhad 70% WP, BDTop > 0.9 Meze = 05 Mjet = 3,y oy = 1
Zl'f Nf=e.p = 1 Rf=e,u > 1
2( ee, [t Or el ee, U, or eu
Lepton 27 ee,up,ep; meg—mz| > 10GeV  ee, uu, ep; |meg—mz| > 10 GeV
for same-flavour leptons for same-flavour leptons
SS-2¢ ee, pu, or ey with same charge  ee, uu, or ey with same charge
23'5 nf:g,p 2 3 nfze”u 2 3
>21 ”»r,had >2 ne > 2
Photon l*y—mg y = 3, m,y, defined with y,y> y = 3, my, defined with yy,y,
ly-m3, n), > 3, m,,, defined with 2,73 n.‘,, > 3, m,,, defined with y,,y3
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arXiv:2301.10486

Model-independent search of with H — yy

Expected Background Observed

SR Resonant Higgs  Continuum  Total Background  Observed Yield  Excess Significance [ o]
Heavy flavour
>3b 6.47 234 299 30 -0.3
>4b 0.69 1.22 191 1 -0.2
High jet activity
>4j 85.2 1330 1420 1404 -0.3
>6j 16.4 104 121 105 -1.3
>8] 2.44 6.37 8.81 6 -0.9
Ht > 500 GeV 239 297 321 310 -0.6
Ht > 1000 GeV 1.85 27 28.8 39 1.8
Hrt > 1500 GeV 0.264 3.9 4.17 4 0.1
E{‘I‘IISS
E™* > 100 GeV 29 171 200 212 0.8
EF"* >200 GeV 4.51 8.06 12.6 16 0.9
Efr“is" > 300 GeV 1.15 1.85 3 5 0.8
Top quark
tb 14.9 27 41.9 34 -0.6
fep 0.281 2.58 2.86 1 -0.7
thad 4.44 96.3 101 111 1.7
Lepton
=1¢ 38.8 183 222 237 1.4
2t 424 942 13.7 10 -0.5
20-7 1.95 7.35 9.3 10 0.7
SS-2¢ 0.431 0.224 0.655 1 0.2
>3¢ 0.02 0.25 0.27 0 -
>27 0.256 0.875 1.13 2 0.6
Photon
ly-m.~ 2.33 119 121 132 0.7
ly—m%% 0.436 32.8 33.2 42 1.1
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JHEP07(2023)133

H - yyq

»Search for Higgs boson decaying into a (SM) photon and a dark photon (y,; )

/-

» Exploit the ZH production mode The search for Higgs invisible decays
e 7 5 ptp- (to be discussed in slide 10 - 11)
would share the same signature as
* H->vyyq dark photon from the VBF
production mode (arXiv:2109.00925).
»The final state consist of

* Two same-flavour, opposite-charge electrons or muons,
* An isolated photon, and
* Missing transverse momentum

» Optimized for dark photon searches in the [0 — 40] GeV mass range

> Major Backgrounds: TCF- 7
. a =
* Fake ETTILLSS: _g" B A
> “ABCD method” o 000 Z
> Validation Region (A’) 3 24 £t
< A Y
* e — y fakes: D c’ c g Y
> fake factors of ete™ and ety final states < _H_
» apply to a probe electron CR 30 40 60 E?iss [GeV] v
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JHEP07(2023)133

H - yyq

» Discriminant variable: BDT score to enhance the analysis sensitivity

miss_ Y £ . .
. ) _ Y ~miss y |[E7**S+pr|-p7 Zoomed view of the last BDT bin
»Input variables: 0 pmiss, mT(pT, Er ), Mepp, Mppy, Pr) o7

»Binning optimized to obtain the best expected sensitivity, while keeping g 10°EATLAS
L

.. . . . . 9 _ _ -1
low statistical uncertainties in each bin 107 Vs=13TeV, L= 13910
108 -SR, ee+up, Post-fit

» Results consistent among different dark photon mass 107 B ® Data [ Fake E7
6 vy [ ti/tT+y/single t
10 ey ./ wy

-
o

— ATLAS — Observed 1 05 [ tiH, VH ===+ ZH(yY)
T (s=13TeV,L=1391b" - Expected ===+ ZH(yy) 20 GeV -~ ZH(yy ) 40 GeV
i xpecte 1 04 %54 SM total
, H—>yy : !
d [ Expected + 16 BDT classifier response

Expected + 26 1 03

©

95% CL limit on BR(H—)Wd) [%]

o N I
I

| 1| o 1 10 m,, [GeV] %’

. . E = =
> No excess of events above the SM expectation is found SNSRIV
>Observed (expected) upper Iimit Of BR(H N yyd) at 95% CL: 0_5;_ ............................................................................................................................................ ;

° massless y;:  2.28% (2.82%) 007 02 03 04 05 06 07 08 09 1

BDT classifier response

° massive yg4: [2.19%, 2.52%] ([2.71%, 3.11%])

*mass range from 1 to 40 GeV

post-fit plot in BDT classifier
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JHEPQ07(2023)166

Higgs LFV decays

» Choice of analysis methods when combining the channels and categories

B - i - I

/

Q.

9

7] leplep Non VBF

c [ SR ] [ leplep VBF SR ‘
=

>

(V)]

N\ (o

) 17 - ( 17 - 77| \
leplep Non VBF : ) NF o leplep VBF : ) NE

Z — Z —
TR [ leplep Non VBF ] - TTCR

, ‘ SR [ leplep VBF SR ]
leplep Non VBF leplep VBF

Top CR J ﬁ 1 Top NF _ Top CR | <}£ 1 Top NF

MC leplep

1 Top NF when comb. MC- 1 Top NF when comb. MC-
o template leplep and lephad i+ template leplep and lephad
< L b
g oo - | lephad NonVBF e . | lephad VBF
U SR SR
= 1Z - 7t NFw/out CR 1Z — 7t NF wjout CR /
o D
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