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After the discovery of the Higgs boson at 125 GeV: what is the nature of the Higgs sector?
Is 1t completely SM or are new interactions waiting to be discovered?

Extended Higgs sectors predicted by many theories of beyond the Standard Model
physics, especially theories with naturalness, axions, SUSY, or dark matter.

New light (my < my;/2) states could appear in exotic decays of the 125 GeV Higgs boson,

with current model-dependent constraint from fits to SM Higgs couplings being around
Br(H—-BSM) < ~25% [1].

AsT'u~ 4.1 MeV, small coupling g ~ 10-2 can lead to Br(H—BSM) ~ O(10%)

Additional Higgs-like scalars (neutral or charged) also predicted in extended Higgs
models and can be probed in low/high-mass resonance searches.

Newest ATLAS results highlighted in this talk (all full Run-2 dataset results):

Higgs to light resonances || Charged Higgs in tf High-Mass
e ZH — ¢¢bb + MET e H* > ¢b e H—yy

e H— XX/ZX — 4¢ e H* - aW™*,a = uu
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o After the discovery of the Higgs boson at 125 GeV: what is the nature of the Higgs sector?
Is 1t completely SM or are new interactions waiting to be discovered?

e Extended Higgs sectors predicted by many theories of beyond the Standard Model
physics, especially theories with naturalness, axions, SUSY, or dark matter.

e New light (my < my;/2) states could appear in exotic decays of the 125 GeV Higgs boson,

with current model-dependent constraint from fits to SM Higgs couplings being around
Br(H—-BSM) < ~25% [1].

e Aslu~4.1 MeV, small coupling g ~ 10-2 can lead to Br(H—BSM) ~ O(10%)

e Additional Higgs-like scalars (neutral or charged) also predicted in extended Higgs
models and can be probed in low/high-mass resonance searches.

Newest ATLAS results highlighted in this talk (all full Run-2 dataset results):

Charged Higgs in #f High-Mass

e H* > ¢b e H—yy

e H* - aW*,a - uu

@ATLAS [1] ATLAS-CONF-2021-053

EXPERIMENT



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/

UNIVERSITY OF
MICHIGAN

X1

e Scarch for cascade decay H — )’(’2 — (a — bb) y, ;((1) , predicted by
NMSSM models, in ZH productlon h— — — X1

e Events required to have at least 2 jets (1 b-tagged jet), v

EmlSS > 100 GeV, and p fraction cut to suppress top backgrounds. a5 ~ \4

e Main bkg contributions derived from Z and ¢f enhanced regions.

o Fit performed on dijet mass m,; . No significant excess seen and limits pT + Et mniss
: : 0.8 < <1.2
set on several (m)?l, mfz) benchmark points as a function of m,
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e Searches for new U(1), gauge boson in Higgs decays with a Z boson,
targeting both on-shell and off-shell region.

o Select 4 leptons (e, i), one pair consistent with m,
50 < my, < 102 GeV, my, = my; £ 5 GeV.

e Main bkgs (ZZ*, H — ZZ*) estimated by simulation and validated
in my, sidebands.

e Search for excess in lower mass pair 15 <m,, <55 GeV.

e No significant excess observed. Improves limits ~2x over previous

analysis 2110.13673. accepted by JHEP
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e Searches for pair of new low mass U(1),, gauge bosons
(scalars) in the 4 lepton final state (4u for scalars).

o Select 4 leptons (e, 1), my, = my.

Require mass compatibility between pairs H-06- ) — o«
m12/m34 > 085 Z, , s/c;\‘\<£
e Veto events with any pairings consistent ¢ 1 ¢
with quarkonia and mis-paired Z boson. Fit average mass < my, > = E(mlz + myy)
2110.13673. accepted by JHEP
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e Targets exotic Higgs decays to pair of muons and b-jets using muon triggers,
(large Br(a — up) in lepton-specific models).

improve

mproveA Smear b-jets

e Search performed in dimuon spectrum, 16 <m,, <62GeV L “a =5 “nonene

g H Constrain bb

. . g . . j:_::ib" > system with uu
o Kinematic likelihood fit used to constrain my,, = m,, 8 G —H
and improves 1, resolution. I -~

e Significant gains in sensitivity by using BDTs incorporating kinematic
information. BDTs trained in partially overlapping 8 GeV wide windows 1in m
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Phys. Rev. D 105 (2022) 012006

e Fits performed in signal + control regions to
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e Strong model-independent results are presented for searches for H — aa
and H — Za.

e Includes results current through Mar 2021 (results in 4u now ~3x stronger).
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 Model independent limits on Br(H—2X 2Y) states are translated into
limits on Br(H—aa) assuming a particular 2HDM+S model for couplings.

e Limits provided as a function of m, for a fixed tan f and vice versa.

e Includes results current through Mar 2021 (results in 44 now ~3x stronger).
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After the discovery of the Higgs boson at 125 GeV: what is the nature of the Higgs sector?
Is 1t completely SM or are new interactions waiting to be discovered?

Extended Higgs sectors predicted by many theories of beyond the Standard Model
physics, especially theories with naturalness, axions, SUSY, or dark matter.

New light (my < my;/2) states could appear in exotic decays of the 125 GeV Higgs boson,

with current model-dependent constraint from fits to SM Higgs couplings being around
Br(H—-BSM) < ~25% [1].

AsT'u~ 4.1 MeV, small coupling g ~ 10-2 can lead to Br(H—BSM) ~ O(10%)

Additional Higgs-like scalars (neutral or charged) also predicted in extended Higgs
models and can be probed in low/high-mass resonance searches.

Newest ATLAS results highlighted in this talk (all full Run-2 dataset results):

Higgs to light resonances High-Mass

e /H — bbb + MET e H—yy
e H—- XX/ZX — 47

e H— aa — bbuu

ATLAS [1]ATLAS-CONF-2021-053
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e In models where H* — AW¥ is kinematically allowed,
branching ratios to fermionic states (zv, ¢s) can be suppressed. M_/:

e Search for low mass H~, A 1n tf decays 1n events with %% e
.

1 electron, 2 muons, and 3 jets (1 b-jet) ~,
e Search performed in 15 <m,, <75 GeV region, M : E »
count events in 1.5-4 GeV Wlde windows. : -

e No significant excess observed, limits set as a function of m, for
different m= hypotheses. ATLAS-CONE-2021-047
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After the discovery of the Higgs boson at 125 GeV: what is the nature of the Higgs sector?
Is 1t completely SM or are new interactions waiting to be discovered?

Extended Higgs sectors predicted by many theories of beyond the Standard Model
physics, especially theories with naturalness, axions, SUSY, or dark matter.

New light (my < my;/2) states could appear in exotic decays of the 125 GeV Higgs boson,

with current model-dependent constraint from fits to SM Higgs couplings being around
Br(H—-BSM) < ~25% [1].

AsT'u~ 4.1 MeV, small coupling g ~ 10-2 can lead to Br(H—BSM) ~ O(10%)

Additional Higgs-like scalars (neutral or charged) also predicted in extended Higgs
models and can be probed in low/high-mass resonance searches.

Newest ATLAS results highlighted in this talk (all full Run-2 dataset results):

Higgs to light resonances Charged Higgs in #f
 ZH — £¢bb + MET « H* > ¢b

e H— XX/ZX — 4¢ e H* - aW™*,a = uu
e H— aa — bbuu
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e Search for resonances in the high-mass (m,, > 150 GeV) diphoton spectrum,
benefitting from the excellent diphoton mass resolution.

 Requires 2 well-isolated photons with Er/m,, > 0.3, 0.25 for the leading and
subleading photon respectively.

Phys. Lett. B 822 (2021) 136651
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-27/

e Several new searches by the ATLAS experiment targeting new scalar
resonances have been presented, including the production of new light
resonances in the decays of the 125 GeV Higgs Boson, charged Higgs in #f
decays, and searches for heavy resonances.

* No significant deviations from the SM have been observed, but each search
provides sensitive probes of new physics in the Higgs sector.

 Many analyses beyond the ones shown here!

e A selection of diboson resonance searches: AT -PHYS-PUB-2021-01%
(talk by Fang-Ying from Monday!)

 Summary of Higgs to light resonance searches: AT -PHYS-PUB-2021-00%

* Long-lived signatures (talk by Jvoti from Monday!)

e Many new exciting results and possibilities to come for the full Run-2
(and future Run-3) datasets!

ATLAS

EXPERIMENT



http://cdsweb.cern.ch/record/2771783
https://indico.cern.ch/event/1075471/contributions/4668003/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-008/
https://indico.cern.ch/event/1075471/contributions/4668014/
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* One interesting extension of the SM includes a second Higgs doublet and an
additional singlet. This 2ZHDM+S model predicts exotic Higgs decays via new
(pseudo)scalar states.

 New decays to 4-body final states can come from ss, aa, or Za interactions.

* Decay to SM particles determined via Yukawa interactions. Many different
channels to search and dominant decay modes change as a function of mass. /
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e Search performed in events with 1 e/u used for

. . . . . . o« . . %4
triggering and high-jet + b-jet multiplicity > 4/, 3b. ‘
Events are further categorized based on the number of
jets and b-jets.

8 _ c
* Final discriminant from a feed-forward mass H +\< )
parameterized neural network based on low-level b
kinematic, b-tagging, and invariant masses of jet pairs. Fit regions (CRs + SRs)
ATLAS Simulation Pyeliminary [ it + light
Vs=13 TeV St 15
- = R H" — cb search [ non-ii
_'Sge 0.35 :_ :J_rn;;qu ::::!:ﬁon Preliminary - : Tot;;ackgrc(-)‘und (at m, = 70 GeV) 4j, 2b + 1bl 4j, 3b 4j, 4b
§ C {513 TeV —— H" —cb 130 GeV
E 0.3:_ 5j, 3b — Total Background (at m. = 130 GeV) @
‘é 0.253—
0.2?— : 5), 2b + 1bl 5), 3b 5§, >4b
= I
0.052—- -------- ______l_ T 6}, 2b + 1bl 6}, 3b 6], >4b
[FRTANIN AUAN AN A0l e Bl

OE:I-I-I-i-I-ITI-I-IIllllIllllllllllll 1
0 01 02 03 04 05 O . . 0.
SPATLAS .




UNIVERSITY OF

MICHIGAN

_— > L B B L B L BN L B > L B LA BB N > =SSN AL L B B L B L BB

° 8 9000:_ATLAS Preliminan(‘ +[_)ata |-_F —>cb 8 8000:_AT5A$ Preliminan{‘ +I?ata |:F > cb 8 45005—AT£_AS Preliminar)(‘ +l?ata ,__f: b _E
Corrections to 7t g opamoe  mie DU g feonmse Wi QU ] fowme @ oo
o % é $H;:130 GeV, Bei=1%  ~~ Uncertainty % g :H;:1ao GeV, B =1% 7~ Uncertainty % 35005_?;:130 GeV, Ber=1%  ~ Uncertainty _5

background using H 5 ki 5 ol Far "
. . . . - 5000— E ]

based reweighting in bins = - ?
° . . . ° 4000[— r :_ _:

of jet multiplicity 1n g :
o 2000 2000 £ / 7 E

E o E > R

dedicated loose 3

. E - (== _ . . red F [ W o —

b_t t 1 ey 0E 7 S 0: v s S IO e — — . C 7__;_‘“: =
agging contro R R et e
region & out DN B am DI & 00
* 0% 200 400 600 800 1000 1200 0% 200 400 600 800 1000 1200 ‘ 60 800 1000 1200

H' [GeV] HY' [GeV] H' [GeV]

. (a) (b) (©)
Correction factor

[ ) % T T T u .u T T | L LA LA % T T 1T | ‘v | L L LA I - % 4500 __- LA | ‘u | L L (LA L N B =
C O S e tO One Or 1 & 9000f- ATLAS Preliminary 4 Data o H S cb & 8000f— ATLAS Preliminary 4 Data wH o5 J § E ATLAS Preliminary -4-Data woH > cb
T 3 E s=13TeV, 139 fb" Wt +>1b [t +>1c 3 F {s=13TeV, 139 0" Wit+2b [Of+21c | g E Vs=13TeV, 139 fb" Wti+>1b  [Otft+21c
<~ gooof H — cb search Ot + light  [Jnon-tt S H: — cb search Oti+light [Onontf < 40001  cb search [tf+light [Jnonti 3
.g [ m,.=130 GeV, B =1%  ~~ Uncertainty .g E m,.=180 GeV, B, =1% 7 Uncertainty E -g F m,=130GeV, B, =1% -~ Uncertainty E
> e S ooob 43 g E 5}, 3b i ¢ 3500(6j3b 3
w E Pre-Fit corrected W 6000 Pre-Fit corrected - w [ Pre-Fit corrected 3
6000 soo0f E 3000 E
5000F g ] 2500 E
C 4000|— - r T
4000~ F E 2000F- b
3000F- 3000 3 E 1500~ =
2000F- 2000~ E 10001~ =
E r ] F 4 -
1000 1000~ = 500 | :
E C i ‘ E I <
o T s B I S s e o = = —— — C 777 e I B ma e e — — —
. 0 . 0 : : - :
(=] o o
X F X E 7 =4 E %
@ 1.25F @ 125F ) o o 1.25F . i A
: W e W
g 3 = Eoee 0 ; ;‘ 7 1 & E 757 Y Y Y
S o7sk S orsE 2 D% & 2 é/ 77
E . , E Z. , . E Z.
05 200 400 600 800 1000 1200 05 200 400 600 800 1000 1200 : 200 400 600 800 1000 1200
H¥ [GeV] H' [GeV] H' [GeV]

C(Hall,i Jl) ) Ndata(H%lLi, ji)_Nnon-tf(H%lLi, Jl)
T 0 )= ; 7
ATLAS NTE(HAM, )




UNIVERSITY OF

MICHIGAN

‘_‘ 9000 :I_I T I TTrTT I LI I LI I L I LI I TTrTT I LI I LI I T I_t ‘_‘ 9000 :C-I T I TTrTT I UL I LI I TTTT | LI I LI I LI | LI I UL ‘_. -I LI I TrTT | UL | UL | UL | L | UL I UL l TTTT I TTT I-l

e - ATLAS Preliminary +-Data wH s | 2 - ATLAS Preliminary +-Data wH 5cb 4 2 . ATLAS Preliminary +-Data H —>cb -

£ gooof- 5 =13 TeV, 139 fb” Wi+>1b  [Off+>lc £ gogo 's=13TeV, 139 0" Wi+>tb  [Oi+xtc § £ 6000 {s-13Tev, 139 fo" Wti+>1b  [i+21c

o - H* — cbsearch Ott+light [Cnontt ] & - H — cbsearch @tt+light [nontt 3 O - H* —cbsearch [@ti+light [Jnontf

(i} 2000 - my. =130 GeV, Bi=1% 7 Uncertainty 4 w 7000~ m,. =130 GeV, B,r=1% 7~ Uncertainty 4 w - m,.=130 GeV, B,,r=1% 7~ Uncertainty -

- 4j,3b E - 5,30 : 50001~ gj, 3b ]

- Pre-Fit corrected ] = Pre-Fit corrected ] ~ Pre-Fit corrected .

6000 - 6000— B % | .

N ] - % ] / 2. 7 —

- N 5000— . - - .

- ] n 7/ ] 5

4000 - 4000 7 = |

3000 3 3000 o - B

7 , /] ] ] i

200098 —"—""—" —] 2000 — |

...... - 1000 [ - ]

. 0 = . 0 mﬂmmm.------;;;;:.;;: R T T T
o (@] (@] =
X X X . -
m 125 m 1.25 y m :

g s / S o
© © ©

0 o075 O 0.75F / o . //:é

0'50 0.1 0:2 03 04 05 06 07 08 09 1 0'50 01 02 03 04 05 06 07 08 09 1 02 03 04 05 06 07 08 09 1

NN score NN score NN score

‘_. 9000 :I_I LI I LI | UL I LI | LI I LU | LU I UL I LI I LI I.I: ‘_- 9000 :I-I LI I UL I LI | LI I LI I LI | L I L I L | LI I-l: ‘__ _I LI I L I L | UL I LI | UL I LI | UL I UL I LI l_

e - ATLAS Preliminary 4 Data mH >0 1 2 - ATLAS Preliminary -+ Data BmH >0 4 2 . ATLAS Preliminary ¢ Data BH —>cb -

£ gopof- s =13TeV, 139 b Wt+>1b [Oi+2lc £ gogof (s=13TeV, 139" Wi+>b  [Oi+>tc 4 2 8000 {s=13Tev, 139 10" Wi+ [Ji+>c

o C H* — cb search [Jtt + light  [Jnon-tt 1 ¢ - H* — cb search [t + light  [Jnon-tt i ¢ - H* — cb search [t + light  [Jnon-tt ]

L - m,.=130 GeV, % =0.16% ~~ Uncertainty 4 w - m,.=130 GeV, # =0.16% ~~ Uncertainty 14 W - my,.=130 GeV, # =0.16% ~~ Uncertainty .

- 4j,3b . - 5j,3b . — 6j,3b i

~ Post-Fit . ~ Post-Fit ] - Post-Fit .

6000 — —] 6000— — B 7

C ] C ] 4000 — ]

5000 - 5000 — B §

I [ [N L1l I il I Ll I Ll LIl il Ll Ll Ll Ll || || || Ll | L1l I L1l =

B 0 E ' ' ' ' ' ' ' ' o 0 E ' ' ' ' ' ' ' E '8 0 E ' ' ' ' ' ' E

& 1255 & 125f 3 & t1e5f E

C\U 1 g—-————.-————-—"h-—-.—u-.a—.——-.——-.—ﬂ"*ﬂ'udinp ; 1 Wﬂ‘f—’-—-’-ﬂ‘.’m c = E 1 Mﬂhﬂ.ﬁ_ﬁ.'_-h‘umm-ﬁéiﬂVs&il/“//iﬁﬁﬁ r-f

8 075F S 075F 3 S 0755 =

I e N T T Y- W RN Y-S Y-S et e O T I T S VRN TS Y-S ¥ I T s S T T N V- aara

0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1

NN score NN score NN score



UNIVERSITY OF
MICHIGAN

2 3000 [ — £ 3000 I [ —
S - ATLAS Prellmlnary #-Data -«H —cb g S : ATLAS Preliminary1 +I23ata .l—_F —cb :
AT " {s=13TeV, 139 b’ Wtt+>1b  [Oft+21c | @ : F\!|§i=13bTeV,129fb' =tE+|21rt1)t Stn?c i
B t+ i -tt 7 B — cb searc tt+1i non- 7
o500l > o search _ Oti+light [nont osoof - cbsearch L u+ gt . .
- m:=130 GeV, Bes=1% 7~ Uncertainty - - My = eV, % =0.16% -~ Uncertainty .
~ Pre-Fit corrected i ~ Post-Fit i
n 7 - _
2000— / 2000 . —

1500— 7 1500(—

Z 7 7 :
- g, -
1000— 1000[—
= 500
500 2

(@) g o) - E
(O] o 3
o 1.25 / A g =
ﬁ 1 — - - ; 1:%%1// Ll Lol bk ik @ ikl is o ;
(] = - =
& o.75 7 8 0.75F E
0.5t = 0.5t ' . . > -




UNIVERSITY OF

MICHIGAN

+ + - 4/ v
 In models where H* — aW~™ is allowed, Mi
branching ratios to fermionic states (zv, ¢s) can be A |
suppressed. %%%—»—\\ A
b
-+ . —_— . . 1 %
e Search for low mass H—, a 1n tf decays 1n events with b
. . 7 e/q
1 electron, two muons, and 3 jets (1 b-jet) 5 W
v,/ 7
e Search performed in 15 <m,, <75 GeV region.
e Limits also provided on tan f in Type-1 2HDM scenarios
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e High-mass resonance searches are able to constrain new physics.
Here, use the hMSSM as a benchmark (tree-level dependencies on m, & tan f).

e Direct searches for H — 77 providing best constraints at high m,, tan f,
with many channels providing complementary sensitivity at low m,.
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