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Overview

& some ‘glossary’

e Strong motivation for extended Higgs sector
* Baryogenesis, dark matter, strong-CP problem, ...

* Talk covers recent public results from ATLAS searches
* H - yy low mass N

{' S - ZdZd — 4]
Brand new!
« HX > W*h —(lv/qq)bb

et > Htb = cs b > Allare full Run 2%, Lip = 140fb, /5 = 13 TeV
* H—> aa = bbtrt
* HH combination 4 _ N\
| Glossary of reappearing acronyms
[ ]
X - HS - |44 T epton(s) ~ e BDT: Boosted Decision Tree
* MC: Monte Carlo (simulations)
e SM: Standard Model
*HH combination has some channels with e CL: Confidence limit (on a cross-section)
Lint < 140fb? due to trigger k / 5
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H — yy low mass —

. . Submitted to: JHEP
Motivation
* Previous bumps ~95GeV _ SMS poimnay 1322107 (13TeV)
* Small (1) bump at ATLAS using % Run 2 data = 09_ = — Obseved
» Followed by larger 2.9 bump at CMS (full Run2)  + ost .Expeme:m E
E E ————— Expected £ 2¢ E
* Updated ATLAS search using full Run 2 x O
b 0.6
* Both model-independent & model- g os
dependent search for narrow resonances 5 04
* Covers range: 66 — 110 GeV 1 ZZ’
R
X O | I N FE R T B
bI 70HH75HH80 8 90 95 100 105 110
m, (GeV)

2.90 local @ 95.4GeV with CMS full Run 2
[CMS-HIG-20-002]
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https://cds.cern.ch/record/2852907
https://arxiv.org/abs/2407.07546

H — yy low mass —

Submitted to: JHEP

Strategy

* Event selection:

* Di-photon trigger with pr > 20 — 22 GeV + isolation requirement
* Mass-dependent E; cut to avoid trigger sculpting

* Backgrounds: ‘continuum’ yy / y+jet / jets, Z — ee photon-fakes
* Model continuum background with double-sided crystal ball (MC/data driven) [fig. 1-2]

* Apply BDT to reject electron-fakes [fig. 3]

* For model-dependent, second BDT [fig. 4] looks for Higgs-like resonance (using SM-
couplings)
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H — yy low mass

Results

arXiv:

Submitted to: JHEP

* No confirmation of previous excesses

95% confidence limits on cross section times branching ratio
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S — ZdZd — 4‘l arXiv:

Submitted to:

Motivation & strategy

* New scalar S decaying into new spin-1bosons Z; 3 “we  F e e
o~ L \/s=13TeV,139fb ' EMH~ZZ~4r 1 | 161 Vs=13Tev, 1397 W H~ ZZ'~ 4¢ 4
= 12r - ’ zZ' 4¢ T g r - ’ zZ'- 4¢ ]

[ mZ E [15 300]Gev % 554’26204'4’{15”:” -ﬁ;zjets % 14:—SA>ZUZUA>4Z’SR2 -IZ/VJrZJelS —:
d ) (] 10 . N 2 qor .
L L [

+ mg € [30,115]GeV or [130,800]GeV = | =

. a2 3 8- E

* Event selection: 4-leptons 6 el ]

* Includes requirements on P;, angular separation, A3 : :MM“} % \ \ ‘
pairwise-combined mass values, and more R NI T SRR

* Backgrounds: (m./) GV _maee

: . : (my;) [above] and my; [below] fits for
* Dominant: non-resonant ZZ" — 4l modelled using MC SR1 [left] and SR2 [right]

* Additional: tt, Z+jets estimated using data-driven R T R T R TR

it 1 1 H o 16 f/EL:fSTeVJSFHb" ‘E’;azf;"‘“f o 160 f/ELffSTev,mgfb" ig?sz"“"_

* Split into signal regions 5o Sraatieem =L 8 Santeem =L

* SR1: my; < 115GeV g 188 -y ]

* SR2: m4_l > 130GeV ﬁ l* sm 7
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https://arxiv.org/abs/2410.16781

S — ZdZd — 4‘l arXiv:

Submitted to: Phys. Lett. B

Results

* No significant excess observed

* 95% upper CLon o X branching ratio set for range of masses

500 T

E ATLAS Simulation
451 \/s=13TeV, 139 0™
L S Z,Z,— 47 SR1
40F Limits at 95% CL

355 50—

F ATLAS
45 /s=13TeV, 139 fb™'
C S— Z.,Z, — 4¢ SR1

4Q[- Limits at 95% CL

35

500 T

F ATLAS

45 /s=13Tev, 139 b~
L S— Z,Zy— 4¢ SR1
40 Limits at 95% CL

J

mzd [G eV]
w

mzd [GeV]
mzd [GeV]

2

A
o

35[- 35} 2 35 1.5
30F 15 30F 15 30
251 25F 251

—_

Expected upper limiton o x & [fb
Observed upper limit on o x & [fb]

o
o
no
(=)
bt
3

20F

155
50 90 100 110 40 50 60 70 80 9 100 110 90 100 110
Expecte ms [GeV] Observe ms [GeV] Ratio ms [GeV] v

Observed / expected upper limits on
(%2}
=
=

%' :"'T""-I"‘-'l""l """" g % :"‘T""I""I""I"‘ g %' :"'T""I""I""I"' \
gﬁ 250( GEL:A?S ngcu:aggnlb‘ ® O 250 GEL:Afs TeV, 139 o™ 8 O, 2s0f %Ljfs Tev, 139 b
& - S-— ZZ,— 47 SR2 5 N F S ZzZ,-4r SR2 5 N - S-— ZZ,— 4¢ SR2
I Limits at 95% CL = S I Limits at 95% CL c S I Limits at 95% CL
2001 S 2001 S 200f
- E - E C 5
1501 g 150 8 150F g >
- s - g - 8% SR2
07 A ‘§ 0 A e 100¢ 77 s &
m | § _: —
| ol E
200 300 400 500 700 200 300 500 300 400 500 600 700 800 8

SILAF - Expected ms[GeV] Observed ms [GeV] Ratio ms [GeV] v 7
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HE* - W*h ->(lv/qq)bb (i

Submitted to:

Motivation & strategy

» N2HDM, 3HDM, Georgi-Machacek model e

e« HX —» W*h decay mode becomes important
 Single-lepton, multi-jet (including b-jets) final state

* Backgrounds: tt, W+jets, Z+jets
* Modelled using MC (data-driven corrections to tt)

* Split based on h = bb: resolved or merged

Resolved Merged
« h expected as 2 b-jets  hexpected as 1 large-R Representative Feynman diagram of signal
* Use m; to split lvbb vs. qqbb ‘boosted h — bb’-tagged jet
e Use BDT to reconstruct event * Split lvbb vs. qqbb by
* Use (same) BDT reconstruction number/masses of large-R jets
score to define regions e Reconstruct event by hand
e Train NN to define regions

* Fit on my,+, (30 channels!) M
* Combine CLs: resolved m,+ < 900GeV, merged m,+ = 900GeV 200 0 &0

UACY

- . T - : -
[ ATLAS Simulation ]
0.3 Vs =13 TeV = Background =
= === qGbb (m_=800GeV)

L I === fvbb (m,_ =800 GeV) ]
0.2— i , =

Fraction of events / 12.5 GeV

01— | ]
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HE* - W*h ->(lv/qq)bb

Submitted to: JHEP

Results

* No significant excess observed
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_|_
t > H*b - cs b arXiv: 2407.10096

Submitted to: EPJ C

Motivation & strategy

* BSM Higgs extensions (eg. 2HDM with tan f < 1) e

* Large branching ratio at HX masses below m, —
* Covers 60 GeV< my,+< 168 GeV

* Previous CMS result* with less data & smaller massrange ..~ ]
* Main background: tt s -

* Strategy: B
 Single lepton + multi-jet final-state event selection Branching ratios of charged Higgs
e Pseudo-continuous b/c jet-tagging using DL1r tagger [Phys Rev D 94 (2016) 115032}
* Reconstruct tt system fully | | <
* Background modelling: MC simulation + data-driven corrections B R
* Use Boosted Decision Tree (BDT) to classify events ) I 5
* Binned maximume-likelihood fit on BDT score B WQ ;«

SILAFAE XV 08/11/2024 * [arXiv:2005.08900] Sid Baines Feynman diagram of signal process 10



https://arxiv.org/abs/1610.02398
https://arxiv.org/abs/2407.10096
https://doi.org/10.48550/arXiv.2005.08900

t — Hib — CS b arxiv:

Submitted to:

Results

* No significant excess found
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https://arxiv.org/abs/2407.10096

H — aa — bbTT arXiv: 2407.01335

. . Accepted by: Phys. Rev. D
Motivation & strategy DOI: 110.052013

p T

* Decay of SM 125 GeV Higgs boson into 2 light pseudoscalars a go.
. 12 GeV < m, < 62 GeV > ,,
p T(}

* Backgrounds: 74,,4-fakes, e /u-fakes, tt+jets, Z+jets
Feynman diagram of

signal process

e Event selection:
* e/u (py > 27GeV) or ey triggers
* small-radius b jet(s) or large-radius B jet
* b-jet originates from 1 b-hadron, B-jet originates from a — bb pair

* Dedicated B-tagger used since others struggle for low-mass M e 1)

(ep,1B) | (ep,1b) | (ep,2b)

)
=

I”—hadalB) (#Thadalb) (I-"‘mad 72b)

5
g
o

T-lepton decays

(eThad s lb) (eThad ,Qb)

parents [see ATL-PHYS-PUB-2022-042] 505 0B 0B
* Parametrised neural network (pNN) trained using heavy- e select|(})Inc}aiegoJrltes

flavour jet + tau-lepton variables

12
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https://cds.cern.ch/record/2825434
https://arxiv.org/abs/2407.01335
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.052013

H — Cla — bbTT arXiv:

Accepted by:

Results DOI:

0.1ll|\\l\‘lllllll‘\‘ll\Illlllll\\lll\lllll\l TTTT
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https://arxiv.org/abs/2407.01335
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.052013

HH combination

arXiv:

. . Accepted by: PhysRevLlett
Motivation DO

* Di-Higgs of interest...

...in SM ...and beyond
g H 9 2920999999990 > @-----—----- H Non-SM gluon—gluon fusion
/ production of Higgs pairs
——-H-——o:\ A g _H
K\ k\\ -
g (chni) o 9 9929999998999 -« Q- --- H
Above: SM gluon-gluon fusion production of Higgs pairs
g ‘H
Below: SM vector boson fusion production of Higgs pairs g B
Cggh Chhh
_______ .:’
H
H g H
g H
H Cgghh ,//
SILAFAE XV 08/11/2024 Sid Baines g H
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https://arxiv.org/abs/2407.07546
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101801

HH Comblnatlon arXiv: 2407.07546

. Accepted by: PhysRevLlett
Analysis strategy DOI: 133.101801

 Combined results from several decays:

. bIEbE - now using both resolved & merged (ie boosted) topologies
. blzr T~ - better classification, higher stats, better background modelling
 bbyy - better classification

* multilepton
* bbll+ EF"'®°

* Fit to different variables per decay channel

* Create ‘global likelihood’ as product of individual channel likelihoods
* Check overlaps & uncertainty correlations between channels

* Signal strength uHH defined as:

* ratio of measured inclusive ggF and VBF HH production cross section to the SM
prediction
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https://arxiv.org/abs/2407.07546
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101801

HH combination "

Accepted by: PhysRevLlett

Results DOI:

+ Observed imit (95% CL) Expected & observed values of test statistic as functions
ATLAS _ Expected limit (95% CL) Of K (Ieft) and K (rl ht)
VS =13 TeV, 126—140 fo-' (s = 0 hypothesis) . 2V . A \rg
|:| Expected ||m|t 110 < CT T rr 1 rrr7 LI Y L L BB [N L B L B B _| L < T T T T T T T T T T T T T T _| ]
03‘?:+VB|:(HH) =32.8fb Expected limit +20 c [ ATLAS —— Combined —— btgy\{ 1 = [ ATLAS —— Combined —— b-‘.?y\f ]
- —— Multilept — bbbb ] L —— Multilept —— bbbb ]
Obs.  Exp. VY 7EVE=13TeV, 12614000 - iﬁiss pierr- ] O TEVS=13TeV, 126—140f070 ., ip;:ss oot ]
- HH combination . - HH combination ]
bbil + EFissf~ * 10 14 6 All other K fixed to SM —— Obs.: 95% CL[0.6,1.5] ] 61— All other k fixed to SM —— Obs.: 95% CL [-1.2,7.2]
C —== Exp. (SM): 95% CL[0.4,1.6] ] C === Exp. (SM): 95% CL[-1.6,7.2] 1
Multilepton— * 17 11 5 :— \ i :'_: 5 :— - —
; ) I - |‘I \ .
bbbb|- { 53 81 1N UL W U ;’, ,,,,,,,,,,,, swolf 40 4\ . f95%Cl
: Y ] / N - \ g
Co f ;] C \ ]
bbyy[~ } 4.0 5.0 3F i PR E
o . i ’,f' - | 1
bttt - { 5.9 3.3 oF / VA = =
Combined|— 29 2.4 1 :_\‘\ /68 wale 1 2 ™ _:
e b b b e e b b B / ’/,,;' ’,”: I \\ 7
0 5 10 15 20 25 30 35 40 e v /.;/j/,/ - - | 1
) imi i L1 Ll BN P bt M G Rl ] [ ]
95% CL upper limit on HH signal strength Ly 0_0.5 : 75 5 55 0 5

95% CL upper limits on the signal strength uHH Kav K)

Observe 17% improvement in limits from previous analysis [arXiv: 2211.01216]:
e 13% from improvements to existing channels

e 4% from addition of multilepton & bbll+ EMsS
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https://arxiv.org/abs/2407.07546
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101801
https://arxiv.org/abs/2211.01216

X = HS - yy + lepton(s)

Accepted by: JHEP

Motivation & strategy DOI:

 Search for X — Sh using a new final state R
° i -|_— . . . @ s =13 TeV, 140 fo” vy tﬁi
S>W=W"orzz pdelstrlbutlon ] 0o s'u
« h—>yy for the 21 ) o
* Mass range (WEW ) region +H"
* my € [300,1000]GeV | A
* mg € [170,500]GeV 10 .+ . ...
 Event selection: di-photon + 1 or 2 leptons ﬁ%iéo{i aflf
* Background & modelling: T
e Resonant SM-Higgs uses MC-QnIy modelling I .o
* Continuum (yy+jets, V+yy, ttyy) uses MC + data-driven ooy S
* Define 6 signal regions '
e 11+ 21 (WEW ™) use BDTs s ] 4
e Each split into loose & tight regions 20f
e 2l (eu) and 2l (ZZ) are cut-based myy distribution _ 12-
* Fittom,, for the 1l loose '~
region 0-Fo5 110 115 120 125 130 135 140 145 150 155 160
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https://arxiv.org/abs/2405.20926
https://link.springer.com/article/10.1007/JHEP10(2024)104

X = HS - yy + lepton(s)

Accepted by: JHEP

Results DOI:

* No significant excess observed

* 95% Upper confidence limits set up to my = 1TeV, mg = 500GeV
* Including with SM-like branching ratio of S [see figure] as well as exclusively W/ Z

+ With B(S » WW) = 100%: g, € [91,470]fb1 Gexp € [120,610]fb!
« With B(S > ZZ) =100%: 0ops € [360,1530]b™1 0y € [510,2160] b~
=y 00—T—T T T T T T T T T T T T T T T T T T T T
— E ATLAS =—=— Observed E
& 2500 Vs=13TeV, 140 fo" ---- Expected -
T - SM-like &(S — WW/ZZ) Expected 1o =
x 2000— Expected £t 26  _]
& u N
X u ]
< 1500:— Mg Mg mg ms ms —:
T | 170 GeV 200 GeV 300 GeV 400 GeV 500 GeV _|
o)) - ]
< 1000(— —
hu u N
S C o ! ! .
= 500 L8 R -
- e N B \( | N
O [N N TN T A T SO B L1 L 11 L1
&\2 %QQ @Q@QQCQQQ/\Q)Q\QQQ @Q@QQQ)QQ’\@Q\QQQQDQQQ)QQ/\@Q\QQQQ)QQ’\@Q\QQQ ,\@Q\QQQ
SILAFAE XV 08/11/2024 o2
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https://arxiv.org/abs/2405.20926
https://link.springer.com/article/10.1007/JHEP10(2024)104

Looking forward

* Lots of excellent analyses completed

* Thanks to all collaborators!
* Limit improvements and ‘firsts’ in several important decay channels
* No significant excesses

* More Run 2 analyses (hopefully) soon to be published
* Also lots of exciting Run 3 analyses underway ©
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