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Introduction

e Standard Model (SM) & New physics beyond the Standard Model (BSM)

Standard Model of Elementary Particles

three generations of matter
(fermions)

interactions / force carriers
(bosons)

* The Standard Model (SM) explains a wide range of experimental

I
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* Remaining problems (such as absence of gravity, neutrino masses, o charm top luon higgs
matter-antimatter asymmetry, supersymmetry, and absence of dark A
matter candidates) indicates new physics Beyond the Standard ‘'O I'® || @
MOdEl (BSM) down ) kstrange L bottom photon
* Many BSMs predicts heavy resonance of new particles e\ Crmre e (G
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* This talk summaries the recent heavy resonance searches " / — O¢
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Charged Higgs searches (HX, HX)

2025/5/20 Recent Heavy resonances Searches (inclusing new scalers & BSM Higgs decays)



Previous study using 36.1 fb~1, /s = 13 TeV

_I_

— TV,

PhysRevD.111.072006

Signal process

Analysis splitted based on associated t decay

T+

T + jets (sensitive in high mass)

miss

E™ trigger

04 (e or u), pt > 20 GeV

1 hadronic 7, pT > 40 GeV

> 3 jets, pt' > 25 GeV

> 1 b-jets

ET > 150 GeV

mt (1, BF) > 50 GeV

Not in overlap with 7 + jets t£ CR

T+

(sensitive in low mass)

Single lepton trigger (e or )
12 (e or u), pt > 30 GeV

1 hadronic 7, pT > 30 GeV

> 1 jets, pf* > 25 GeV

> 1 b-jets

E7Tss > 50 GeV

7 and £ must have opposite sign
Not in overlap with 7 + £ tt CR

Summary of Improvements from the Previous Results:

RNN tau ID Good Agreement on PNN score between data and SM

No excess is observed

T T T — T T 3
: : n : 107 ATLAS +Data’ 107 ATLAS < Data tt Q E _ o% 3
* Reweighting tt & W+jets backgrounds A o S mSnge T it Mot Wongetr g " ATLAS 1 Observed (95% CL)
. . . . . 10 ) ' | fake w 10 . , ] fake w ~ E - E: 1 % CL. 3
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pJ et gt E v v 1 102 .
plet -2 n]et -2 ¢_|et -2 v & g E
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T X _ ) s 10 10
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https://link.springer.com/article/10.1007/JHEP09(2018)139
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.072006
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H_ —> CS Eur. Phys. J. C 85 (2025) 153

) . - .
. -> ]
c Use BDT to reduce backgrounds (mainly tt) for each mass points
Signal process
& Preselection Ht // _ Property type List of input variables (26)
g t L g “>J2 . 4 Jets Top Quark kinematics (15)
Q9L ( > 25GeV .
B bl ] Pr e Hadronic Top ijl'ijZ’prhad'pb;’lltlid_resr’mjljz'mjlbhad’ijbhad’COSB
- had (—— a
tA DL12r_b8-5u:/_:sWP Leptonic Top PTp,, PTy Mw) Mey,, PT,
g T b -> blepJ J tE system AR (biep, bhaq), myz
W-— & Pr > 27GeV, tight ID + Isolation Event level Njets, St(= Zlprl), ﬁt; (Probability of correct jet labeling)
Trigger _ MET Flavour Tagging (8)
) 17
Lowest unprescaled lepton triggers L No Et cut Flavor tagging score j1,j2bhadb13p Flavor tagging scores
. . Number of tags N b—tag70» N b—tag60’ N c—tagLoose» Nc—tagTight
Jet labeling based on b tag & top mass reconstruction
— 20 T T T I T T T I T T T I T T T I T T T I T
2 .
, . Good Agreement betweendataand SM & [ “arlas " —ommmes " ]No excess is observed
§ 10 aTLas t Data —Hy 3 § ATLAS { Data Hy 8 y S= ev, 1avm - ... Expected 3 . + .
G [ \s-13Tev, taot" [lifue)  [lffes) - i 102 (5= 13TeV, 140f6" [Iff(us)  [Iif(cs) S - I Expected +1 ] Upperllmlt on Br(t - H_b) assuming
108 L Signal Region [Jft+HF  W@Other 10°= signal Region [Jfi+HF  WOther = = 3r Xpecied Tlo +
E Post-Fit 72 Uncertainty E 107 = Post-Fit 7ZUncertainty é e 2" I:I Expected +26 H® BT‘(t g Wb) + BT(t - H_b) =] 1
105; * normalised to & (t—H*(—cs)b) = 1% ; 10° *normalisedto%(taH’(acs)b)=1%é ::_) 1 - e BT(H"I' N CS) _ 1
18 0.066% * ‘
i ] i a . 0 7
: o 13 i at 95% CL between 0.066 % to 3.6 %
3 10 1 O
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https://link.springer.com/article/10.1140/epjc/s10052-024-13715-4

H*¥ > W*h h - bb (resolved & boosted) eroosias

Signal Process [ New channel |

| qgbb | [*vbb

I'HSO&"()*+,, Vot L " HSSW( . | [OLOM, (- | ) HES®( .

Decay channel t*vbb qgbb t*vbb qgbb
Resolved CWIJ Merged channel y .
20000000000, -
100000000000, .
= "l* Preselecti ET™ > 30GeV
qq/y H+ W+4—¢IU reselection Nsmall—R jets >5 Nlarge—R jets >1
Ht La rge R Jet Nb-tags > 2 Nh-tags — 1

------------------------ 4 small-R jet (R=0.4)

. . Mip > 225GeV | migy <225GeV | NWes =0 | NVt =
Classification requirement

. - 5j3b, 5] > 4b, > 6j3b, and > 6] > 4b Ob and > 1b
mmm\t B
- Use BDT to solve jet combinations for Resolved channel
Moy = Mgy 1 Use NN to distinguish Signal and backgrounds for Merged channel

Free parameters : Cross Section and background Normalization Factors

_ _ > a 102_%' L L L L AL AL LA L L B 'Jé
(tt + HF for Resolved channel ,tt + HF,tt + LF and VV & V + jets for Merged channel) If:: = ATLAS . 95% CL limits :
SR qgbb JT: 10k Is=13TeV, 140 b —— (E)bser:(/ejll.im.itt 3

. I e xpected limi E

CR qqgbb Low purity SR qgbb 5j24b, 26j24b g{;g‘; SRS and CRS fOF RESOlved Channel o h I [ Expected = 1s.d. ]

j3b, 26j j3b, 26j 614y . . X 1 [ ] Expected = 2s.d.

__omeom L swem ) are categorized using max BDT score. = F i E

[ RIEDEOED J 53b 5/24b S - | i ]

CRIvbb | 53b, 524b, 26j3b, 6j24b ) T 10 | No excess is observed?_

3 08 06 04 02 0 02 04 06 08 ] £ Max local significance=0.9 @900 GeV

345(#)$0" 2102 I

jgﬁﬁ?ﬁ For Merged channel, CRs are sidebands % 10-3; resoned I vorges _
Ivbb 0+1b (50<mhbb<95GeV,mhbb>14OG€V). %10_4:..|...||....|....|....|....|:
— : . 500 1000 1500 2000 2500 3000

nmser  ORS are categorized using NN score . [Gev]
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https://link.springer.com/article/10.1007/JHEP02(2025)143

" Phys. Lett. B 860 (2025) 139137

"#$%&' (%" &)™)+, -/, +)*-) | "#,  )0-"12.,1)$3)456

H;—’J—’: Same sign 2 leptons

George-Machacek model (GM) extends SM Higgs sector
I Add a new real triplet and a new complex triplet

HZ: 3 leptons

. m,
| Preserve the custodial symmetry and keep p = - p— 5 = 1
I Physical states: a quintuplet (H;—"i, H5i, Hg) couplesto W,Z,
a triplet and two singlets
I Production CrossSection and width of HE, H% « sin? 6, b
I sin @y: the contribution of the isotriplet scalar fields to

the masses of the W and Z bosons.

r 1
Distribution for my, = 375 GeV T 09
7]
g O T g Samhs T 08 — Obs. 95% CL upper imit<///////////////////////7/7777
. . 2 O'G?i::f'Ti\v/‘szOfbr‘ ; zft27see sint,, =0.17 i 2 2'5}fn:r—1|‘3’"Te\\t\//v’140fbrl ; zitaamse sint, =0.17 E 0.7 == Exp. 95% CL r limi .
* ZW CR overlap exists > Use ZW CR in 3 lepton T e v ] B Ermn ™ ma w1 o e
w £ 2z B VW+Top 4 w r Non-prompt Conversions N 7
* Full systematics propagated from original analyses \ oL 7 o e S st | e %4 0.5 L JExpected imit (+2") - Combination
« Jet Energy Uncertainties configuration is different .- ’ | oapdrtmey>oa L
* Calculate the difference on limit w/ and w/o ? T 03 : ~ E
. . s O — ‘ ‘ == E s 0.2 'A == Combination _J
Jet Energy uncertainties g s \ 1 3 £=- — Wz chamnel
. . . .. . & L E e 0.1 N -
 Shift combination limit by the difference b 3 b T
I e T | ] © r ]
e 260 + 460 660 860 ldOO 1200 e 0'50 260 460 660 860 1600 leO 14‘00 200 400 600 800 1000 1200m ][éoeov]
m,,, [GeV] m,; [GeV] Hy

Global significance = 2.5 @ 375 GeV

2
— 60, pmiss\2 _ |=e¢ | Fmiss
mT—\/(ET + B [+ B
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https://www.sciencedirect.com/science/article/pii/S0370269324006956

Other analyses
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Previous study using 36.1 fb~1,/s = 13 TeV

S - ZdZd — 4‘l Phys. Lett. B 865 (2025) 139472

I Search for new scaler S ([30,115] U [130.800]GeV) motivated by dark matter model: Hidden Abelian Higgs Model (HAHM)
I Decaying to new spin-1 bosons Z; and then decays to 4! final states (4e, 4u, 2e2u) Upperlimit on o XBr

3.5

| Background estimation 3 o T )
; . . 2 455 1 5-13Tev, 13910 -
I Main backgrounds ZZ* — 4l from simulation S F s oo et -
. —_ . . 40 Limits at 95% CL g
I Reducible backgrounds (tt, Z+jet) from control region N: =
, Moygt 1 3 5
| Bump hunting search on (m;) = %— 2ok 2
I m,,,: invariant mass of same-flavor opposite-sign lepton pair 25; i
I for 4e, 4u, lepton pairs with min|m,, — m.q4| are selected 200 °
2 Slgnal Region, SR1: My < 115 GeV, SR2: My > 130 GeV 1540 50 60 70 80 90 100 110
my,; distribution (my;) distribution o ~ ms[Gev]

§ Tty Sy § T | g Ty No significant excess is observed
o gy ERLALEBEY M yomeesw S=EmimBe S o IANWEY IEEERE 2 Roumron o FEERE s g
i =i EEe A I — E O 250F | _
— oo E - g ety ] N S" ZgZy" 4" SR2 -
B o 10 g E 10 E E Limits at 95% CL <
3 ; i3 E g
. | I w7z 2277 o ¢
3 : = iy H ! ] 2
g g é : ;200'0; ! lijOO} * %400 500 600 800 Oé 10 * % } l20]|, ‘l[ io l f 40 50 éO g éé 50 1(%0 °

my [GeV] my [GeV] %, &[GeV]

200 300 400 500 600 700 800
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https://link.springer.com/article/10.1007/JHEP06(2018)166
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2021-13/

Previous Study arxiv2005.02983 using full Run 2 data
7,'893)+20,-:%+,1)'&"#'-3)+,'-./)%&)1%,(+),:,&(+ 2250200770

Benchmarking signals

Event Selection for dijet events Three subsets of Features T -

« W' S W'"z" ) 0 e - 1y—0
m ,m; = 3 or4.5TeV Observabl Selecti " = N N
. AO - H”Z” ' / IeaZ?;g?eteT [GeV] >5603C = {M} {M TZl} {M T32} —~ \ '
.« V' S WV m,t = 2.6,2.8 or 3.8 TeV mpigon L 250 Tij = TL/T] , Ty:N-jettiness o\ Narrowjets
j . [GeV](both) 30<. <500 . . .
e W,Z7,H" : altered versions of the SM W, Z, H Juetlrrisﬁl#[oj Hboth) <12 Ty, T+ INCrease S/\/F in boosted 2- and 3-body decays of BSM particles

Analysis strategy
A) Signal Region(SR): [m;; — 300,m;; + 300]GeV, Sidebands (SB): [m;; — 600, m;; — 300] U [m;; + 300, m;; + 600|GeV.

B) Background estimation in data SR using 2 methods (SALAD/CURTAINS)
* SALAD reweights simulated events using a neural network parameterized by my 4, trained on simulated SB and data SB.

* CURTAINs uses normalizing flows to learn the conditional feature distribution in data SB and morph it into data SR via mass-dependent transformations.

C) Classification of Signal SALAD and CURTAINSs set similar limits
* Trained NN Classification Without Labels (CWolLa) on SR and SB data and cut on output No S|gn|f|cant excess IS Observed
D) Fit SB data with increasingly complex functions until y2 prob > 5%; o I ATLAS ]
*  if unsuccessful, reduce SB mass range. §3 | {653““39““ ]
"ATLAS g@ h E gﬁi’.%ﬂﬁ?ﬁ'ﬁ

Vs =13TeV, 139 fb~!
£=0.1, M, 751, T3, CURTAINs Exp. SALAD

1 1
1 1
1 1 1
1 1 1
1 1 1
1 1 1
v i i i o
i i i
1 1 1 -
i i i . 0
151 ‘g ! : : o Obs. SALAD
t Daa | | | | B Exp. 1o
SR edge i i i i Exp. 20
o S . PR ! ! -
B 1 1 1 1
oy = 1 I I 1
(ih o 1 1 1 h
e

2,

Events / 60 GeV

SR ol . 1
SB ! i i i 4 Obs. Dijet (37 <0.4) |
o K d A ' i i i i v Obs. Dijet (37 >0.4) |
Bac groun | ‘ | 'l ! ! % Obs. Diboson
x  Signal A R ‘ 5F ! ! ! h : I
1 1 1 1
Estimate ‘ ‘ ‘ ‘ : : : g : I
; n — X 1 1 1 om |
B _wa = U U o = 0 1 1 1 1 1 1 : 1 1 : 1 1 1 : 1 1 1 q'.l 1 : —* 1
L R 8.8.98 S38 83 8.8.48
83838 SEI5F
2 I

3000 3500 2000 4500
my [GeV]

n
W3500, 80,2
n
W300, 80,
1w, 6q
W3000, 200, 400
1w, 4q
W3000, 200, 200
w,

mn
WZOOO, 400, 4

(a) Debnition of Regions (b) Background Estimation (c) Classibcation of Signal
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https://arxiv.org/pdf/2005.02983
https://arxiv.org/abs/2502.09770

Summary

| I"H$%& (V%S ++ #-.%,./.08%".'12%,.$30'0/.%3$." /".$
I The analysis results, including the exploration of new phase space within existing
models and unexplored channels with new models, have been reported.

I With the high statistics of Run 2 data, new analysis methods have improved sensitivity,
No discoveries have been made it but one anlysis have small excess.

. H;—r, H;—ri produced by VBF have 2.5 sigma excess at 375 GeV.

1111111111111

I 4*&*,.9%5,3%6./&$7%
I Continued data analysis in Run-3

I Further development of analysis techniques
I Exploring new theoretical frameworks

First 13.6 TeV collision in 2025 ATLAS experiment X account
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https://x.com/ATLASexperiment/status/1919662692744261823

Back up
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Fvent Selection for HE, HXT analysis

e WZ Control Region

o WZ-QCD CR in ssWW channel overlaps with both WZ regions in the WZ channel
o ANN trained to distinguish SM WZ EW and QCD events from signal

WZ analysis Same-sign WW analysis
. i B W*Z - QCD CR ZZ CR . Romions | g Low-m ;; CR ’\{'*z - QCD i
Requirement Requirement
leading trigger-matched lepton > 27 GeV Leading and subleading lepton pt > 27 GeV
3 Loose leptons pr > 25 GeV Electron 7| < 2.47 (1.37 in ee), excluding 1.3 < | < 1.52
Electron |n| < 2.47, excluding 1.37 < |p| < 1.52 Muon || <25
Muon |7| >~ 3 Leading (subleading) jet pr > 65 (35) GeV
Jet pr > 30 GeV Additional jet pr > 25 GeV
Jet |n| <45 Jet [n| <45
Number of VBF jets >2 mee > 20 GeV
Z candidate [Mee —mz| < 20 GeV E;™ > 30 GeV
ZZ veto veto events with > 4 leptons - Charge misid. Z — ee veto lmee —mz| > 15 GeV | /= \
o e >25GeV . b-jet veto Np.jer =0, p2°° > 20 GeV, [P £2.5 '\
b-jet veto | Np_jo =0, el 20 GeV, [P < 2.5 | - Nyeto leptons =0 =0 = 1 pr > 15 Qe
m;; | > 100GeV | > 500 GeV - meee = = > 106 GeV
ANN score > 0.82 <0.82 . mj; | >500GeV | 200 < m;; < 500 GeV l/ > 200 GeV \_
1Ayl >2

Table 9.1: Summary of the event selection for the signal and control regions in the WZ analysis.
Table 9.3: Summary of the event selection for the signal and control regions in the same-sign WW analysis.
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