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Higgs as a portal to BSM physics

Strong motivation for new physics, Higgs provides a great opportunity

* New physics could couple to the SM only through the Higgs boson, or have too small couplings to be directly
produced

» Higgs width is extremely small, additional widths can lead to substantial BR

Exotic decays of H(125) as a signature for BSM physics
 Current constraints from fits to SM Higgs couplings (ATLAS-CONF-2021-053)
- BR(H— invisible) < 9%
« BR(H—undetected) < 16%
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BSM decays: H & bb+MET
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BSM decays: H & bb+MET
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BSM decays: H—= XX/ZX— 420

14

Search for exotic decays of the Higgs boson into four leptons through intermediate Z, £
scalars or vector bosons, motivated by dark-sector models "
Three selections tailored to different kinematic ranges ey

- High-mass (HM): H =& XX — 40 (15 GeV <my <60 GeV), search in {myyp) 4 4

- Low-mass (LM): H =& XX = 4, (1 GeV <my <15 GeV), search in {myu) ¢

- Single Zboson (ZX): H = ZX — 40 (15 GeV < my <55 GeV), search in ma4 > T
Main backgrounds are estimated from simulation g :Z M Valdaton Redon 1 Ewﬁ':

+ HM and ZX: H— 42 (~70%), diboson — 42 (~25%) 2 . e

0

» LM: ZZ* and muons from heavy-flavour jets decays (~30%)
15

Multiple validation regions defined inverting one or more of the selection cuts 10

)

20—

* Very good agreement across all validation regions
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BSM decays: H—= XX/ZX— 420

No significant excess observed, largest deviation in HM (myp) = 28 GeV, with local significance of 2.5 o

-+ Set limits on allowed signal cross-section, fiducial cross-section, Higgs branching ratios, and/or model parameters
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BSM decays: H—= XX/ZX— 420

No significant excess observed, largest deviation in HM (myp) = 28 GeV, with local significance of 2.5 o

-+ Set limits on allowed signal cross-section, fiducial cross-section, Higgs branching ratios, and/or model parameters
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BSM decays: H—aa—2u2b

Search for Higgs decays via intermediate pseudo-scalars to a final
state with two b-jets and two muon

Improve
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BSM decays: H—aa—2u2b
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Events / bin

(nObs - Nored) / Oy

BSM decays: H—aa—2u2b

Excess of 3.30 (1.70) local (global) observed at ma=52 GeV

» Results also provided without the BDT cut, no significant excess

Around 40% improvement in excluded BR from the BDT selection
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LFV decays: H — ep

Search for the lepton-flavour-violating decay H — eu (and H — ee)

* Renewed interest in LFV in light of the recent flavour anomalies

Events are split into eight categories with different S/B ratios

- low pt lepton, VBF, and central/non-central x [low,mid,high] p(ll)

Signal and backgrounds are determined with analytic functions

» signal: crystal ball + gaussian, parameters fitted from simulation

» background: Bernstein polynomial of second degree, constrained by the sidebands

Javier Montejo Berlingen
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t% 500 —— Background model —;
= — Signal B(H— eu)=0.05% -
No significant excess, the observed (expected) upper limit on the branching i
fraction is found to be: . _
2001 )
. BR(H — ep) <6.2 x 10-5 (5.9 x 10-5 ) ook E
» First ATLAS result on this decay O
5 38% + ++ + H H+ ’
g 20 WH ﬁﬁH' '+'+;+';++'+'+'+'+'++++ LFRn
Limits on the branching ratio can be translated into constraints on the flavour TR
. . . 110 115 120 125 130 135 140 145 150 155 160
violating Yukawa couplings Yey and Y e: M, [GeV]
Yoyl +IYyal2=8riWimy - BH = en)/(1-B(H ~ ey) O
* Indirect constraints from muon decays are stronger but assume SM values for the 10
Yee and Y, Yukawa couplings
107*E E
Also searches for H — et/ut with 36 fb-! (paper): 105 _
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Rare decays: H — 00y

Search for H—£2£0+y with dilepton mass < 30 GeV
- Boosted ete- pairs produce overlapping showers in the electromagnetic calorimeter S 4
» Dedicated reconstruction to recover merged electrons with one cluster and two tracks }
 Dedicated trigger to recover inefficiency V2
Events are split into nine categories with different S/B ratios &
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* First evidence for decay to low mass 22 +photon 2 Of
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0.35 VH, H— ¢T 27% c-tagging efficiency working point
- DL1, c-tag + MV2 b-tag veto

—cC-jets —Db-jets —light-jets

Rare decays: H = ccC

Extremely difficult final state with small BR (~3%)

- Exploit VH production to trigger and suppress QCD background, use 0/1/2-lepton
categories

Crucial dependence on c-jet identification, which is experimentally challenging

Data c-tagging efficiency = total uncertainty

- Customised jet tagger configuration with an average efficiency of 27% to tag c-jets,

and b- and light-jet misidentification rates of 8% and 1.6%, respectively. jet p.. [GeV]
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- > B00F [ LT T[T T T
Rare decays: H — cc s
= - 0+1+2 leptons Bl VZ(— cc) (u=1.16) -
% 200:— @ ctog ATSH \B,‘-,Zf"l_l; Z‘g::::;:f; —:
Events split into 16 categories: 5 ¢ — SMVH(~B) x26 -
m 150 -
- [0, 1, 2 low-pTV, 2 high-pTV] leptons x [1, 2] c-jets x [2, 3] jets I ]
w 100 ]

- 28 additional control regions defined to improve V+jets and ttbar modeling g M: E

Likelihood fit to the mq. variable in all categories AN\ SERCRE S A
N | -
- Simultaneous extraction of the VZ(cc), VW(cq) backgrounds, and the VH(cc) -50F- -
signal e R w0
m,. [GeV]
- Upper limit on the signal strength of 4 <26 (31+12_g ) observed (expected) e
:|45— ATLAS —coms E::Z; -
] _ . L L A L L A B B :C', 4}_\!§=13Te_v,139fb'1 — 0-lepton (obs.) E

The VH(cc) signal strength is reparameterised ATLAS 3 T A VHHew I-lepton (obs.)

. ] ] s=13TeV, 139" Expected 3.5F k.| <8.5 at 95% CL — 2-lepton (obs.) =
within the kappa framework to the Higgs-charm HHeE —obsorves I -
coupling modifier K cip a0 N

» Constrain | k¢ | < 8.5 (12.4 expected) L 22‘"@5%'@ ------------------------------------------------------

stlepon | 0 ok 1.5;
Obe = 49 SN 1

Combination
Exp.= 31x SM
Obs.= 26 x SM L, L T T
0O 20 40 60 80 100
95% CL limit on u -

VH(cC)
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Javier Montejo Berlingen HIGG-2021-12

Y


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-12/

< B ]
[ B ATLAS _
Rare decays: H — cc
10} E
Analysis is combined with the VH(bb) measurement oF o E
- Designed to be orthogonal via b-jet vetoes ok E
_205_ Observed 68% CL o SM _E
. . . ] - Observed 95% CL Best-fit .
Extraction of coupling modifiers in the kappa framework 1300 L L
» Weak constraints in the 2-dimensional coupling plane S

» Increases in one coupling can be compensated with an increase in the other, 48T
leading to similar BRs ¢ L ATEAS 7 Expected :
\Q, : Vs =13 Te\_/,139 fb Observed _
- Constraint can be derived on the ratio Iku/Kcl without any assumptions about L7 3.5 VM H—bblce TR Y=Y, -
the width of the Higgs boson: T4 | E
- IKun/Kel < 4.5 (5.1 expected) which is smaller than mp/m¢ = 4.578 2.5;—
05E-68%CL |5 N\ o [ Al

O:I I I ‘ 4 | b ' I
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Conclusions

Extensive program of searches in ATLAS for BSM, LFV and rare Higgs decays

« Only covered some representative examples, please see backup for a more exhaustive list

» No significant excess but a few interesting deviations (2u2b, 42)

Analyses keep improving, we are getting access to small BRs, rare and challenging decays

Run 3 will provide an even larger dataset with an upgraded detector

Plenty of room for suprises: BR(H—Invisible) < 0.09 and BR(H—undetected) < 0.16, stay tuned

— 10°

S L ..

. ME ATLAS Preliminary

! 5 March 2021

% 0 = Run 1: ys =8 TeV

M 10° 3 Run 2: {s = 13 TeV

0 - =
bIl =10 2HDM+S Type-11, tanf} = 2

o

=== expected +10
observed

Run 120.3 fb' H— aa— putr
PRD 92 (2015) 052002

Run 1 20.3 fb' H— aa— yyyy

L Nk =
o \ ANAIG EPJC 76 (2016) 210

95% CL on
3 3 3
III|T||1 III|T|||| Illmll_mermernTml‘ III|'|||1 III|T||1 III|T||1 III|T|||| TTHI

ATL-PHYS-PUB-2021-008

| -1 i
10 3 Run 2 36.1 fb' H— aa— uuuu
102 - JHEP 06 (2018) 166
3 - Run 2 36.1 fb' H— aa— bbbb

10 E. e e E JHEP 10 (2018) 031

107 Run 2 36.1 fb™' H— aa— bbbb
PRD 102 (2020) 112006

107° ;
Run 2 36.7 fb© H— aa— yygg

1078 ! ! I ! L PLB 782 (2018) 750

1 10 60

Run 2 139 fb™ H— aa— bbuu

ma [G eV] ATLAS-CONF-2021-009
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List of analyses

* In bold analyses covered in this talk

Javier Montejo Berlingen

BSM decays
H— 2u2b
H — XX/ZX — 4|
H — bb+MET
H — Za— |||

H — invisible
H — bbbb resolvead
H — bbbb merged
H = yy ]
LFV decays
H— ey
H— et/ut
Rare decays
H — lly
H — ccC
H— Zy
H = pu

H— J/psi +photon

139 fb-1

139 fb-1

139 fb-1

13

O

.:Q_-d

139 fb-1

139 fb-1

139 fb-

139 fo-

36 fb-1
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-55/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-37/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2020-11/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-05/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-47/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-09/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-58/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-08/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-43/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-12/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-42/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-14/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-23/

prt definition in H = 20y

The pt; 1s defined as the component of the transverse momentum of the £y system that 1s perpendicular
to the difference of the three-momenta of the dilepton system and the photon candidate (p1; = | ﬁﬁf" X £,

where f = ( ﬁ.{f — ﬁ%)/ | ﬁé" — f)’,}’\). This quantity is strongly correlated with the transverse momentum
of the £{y system, but has better experimental resolution [89, 90].

- [89] https://arxiv.org/abs/hep-ex/9710010
- [90] https://arxiv.org/abs/0807.4956
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BSM decays: H & bb+MET

Top control region, validation region, and limits for all masses
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BSM decays: H—= XX/ZX— 420

Signal models

/ /
§ ( /a <e
H -----e-- H --------- «
Z
‘ / s/a < l
/ /
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BSM decays: H—= XX/ZX— 420

High-mass regions
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BSM decays: H—= XX/ZX— 420
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Fiducial cross-section limits
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BSM decays: H—aa—2u2b

BDT, muu distributions and limits
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Rare decays: H — 00y

Signal efficiencies, uncertainties, and signal diagrams
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