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Stenhanie Majewski (ATLAS Highlights)
Phys. Lett. B 867 (2025) 139608

BOOSTED TOP MASS YATLAS

EXPERIMENT

First ATLAS measurement of
top quark mass using
boosted tops

m; = 172.95 £ 0.53 GeV

Most precise ATLAS
measurement in a single channel [ Lejets boosted
H |gh precision due to reduced Direct top quark mass measurements Total uncertainty
jet energy scale and recaoll . mtotal (stat. £ syst) (GeV]
uncertainties, improved flavor Tevatron comb., 1.8+1.96 TeV, < 9.7 fb’ || e 17430 £ 065 (0.35 £ 0.54)
response Un(,)ertaint LHC comb., 7+8 TeV, <20 fb™' m} 172.52 + 0.33 (0.14 + 0.30)
p y ATLAS, leptonic inv. mass, 13 TeV, 36.1 fb” ,f : e 174.411 0.81 (0.39 £ 0.71)
CMS, l+jets, 13 TeV, 35.9 fb”' 171.77 £ 0.37
CMS, I+jets boosted, 13 TeV, 138 fb' 173.06 + 0.84 (0.24 + 0.80)
ﬁ ATLAS, I+jets boosted (this result), 13 TeV, 140 fb' 172.95 £ 0.53 (0.27 + 0.46)
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VECTOR BOSON FUSIONH —cc & bb
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Stephanie Majewski (ATLAS Highlights)

Challenging hadronic final state;
new inclusive vector-boson fusion
trigger developed for Run 3

Improvement in multivariate
techniques & use of new flavor
identification algorithm (GN2)

H—cc signal strength 18 +/- 13
H—Dbb signal strength 0.97
+0.57/-0.50

Combining with Run 2 H—bb, obs
(exp) significance of 3.2 (3.6) o

arXiv.2511.21911




CMS

HIGGS PRODUCGTION -TTH(-> CGC)

Florencia Canelli

First search for H—cc in ttH production. Performed simultaneously with ttH(H—bb) in the three mutually

exclusive channels with 0 to 2 leptons.

Trades rate for top-tagging and flavor information in an extremely challenging heavy-flavor environment,

rather than relying on clean leptonic VH signatures.

Uses ParticleNet for b vs c vs light jet
discrimination and Particle Transformer ML
algorithm for full event classification.

When combined with VH(=>cc) results =» most
stringent constraint on the charm Yukawa

coupling to date
|| < 3.5 at 95% CL

Simultaneous probe of the charm and bottom quark
Yukawa couplings.

p(ttH, H_)bb) =091 +0.26_0.22
4.4 observed significance

Florencia Canelli - University of Zurich - ASPEN 2026

138 fb~' (13 TeV)
. 2.4 B i

Combined

Exp. 5.6
Obs. 9.3

CMS - Preliminary
¢ Observed

Median expected

68% expec'ted
95% expected

ttH(H - cc)
Exp. 8.7
Obs. 7.8

VH(H-cc)
Exp. 7.6
Obs. 14
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95% CL upper limit on py_ce
p(ttH, H—cc) = —1.6 £ 4.5 (stat-dominated)

Opens possibility of p(ttH+VH, H—cc) < O(1) with HL-LHC.



CMS

QUANTUM STATES OF ALL-CHARM

TETRAQUARKS

Observation of 3 X states in the |/ J/U final state
— The 3 X particles form a family of cccc states with the same

quantum numbers.

First determination of the spin and parity of the all-charm

tetraquark family using Run 2 data.

Use a full angular analysis of the four-muon final state, and
simultaneous testing of all plausible JPC hypotheses.
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Tlghtly bound tettaquark

. i
_Loosely-bound molecule /

JCP can be |nferred from the polarizations of the mesons
— angular distributions of the decay muons

135 b (13 TeV) + 180 tb™" (13.6 TeV)
CMS Preliminary

— Run 2+3

, to be submitted

— Run 2
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Run-3 data confirm family structure and
interference. Brings 3.6x more data.

The quantum numbers are consistent with JPC=2++, while lower-spin

hypotheses are excluded.
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CMS

QUANTUM STATES OF ALL-CHARM @Run 3
TETRAQUARKS L

Observation of 3 X states in the |/ J/U final state e —
— The 3 X particles form a family of cccc states with the same | - |

quantum numbers. @8 % CP 8:8 8:?1
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Lesya Shchutska

LHCb: LHC beauty experiment and
general-purpose detector in the forward region
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or 0.06 new hadrons per author in LHCb
and 0.002 per author in ATLAS+CMS

Particles discoveries: foundation of our field

* discovery of new fundamental
particles now is non-trivial:

e the safest bet on a dark dark
matter candidate

* many unseen hadrons out there
e conventional and exotic

* interpretation of the nature of
exotic hadrons is still debated!



Discovery happening in space?
* Astrophysical antihelium production is expected to be negligible

25 e - Smoking gun for new physics?
* 3.9x106 e+

* but the DM explanation is also difficult _
e Attempts for new production sources in yy = bb

with predicted B(AO 3HeX)~3><

LW X
- o
B

1 10 100 1000 Handful of anti-Helium events?

The existence of the finite cutoff energy (4.70)
is a new and unex ected observatlon
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Positrons from
new source
Positrons or
/" from cosmic Dark Matter
ray collisions
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\ Current Matter and Antimatter Statistics
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Antimatter

anti-C anti-0

Ili IIII]; Hlll; IIII‘: IIIII:IIIW;HI .

4 2 3 4 5 4 7
By 2030, AMS will have additional measurement points in the study of
antimatter: anti-deuterons, anti-helium, anti-carbon and anti-oxygen.
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Latest AMS Results on Heavy Antimatter

Matter is defined by its mass M and charge Z.
Antimatter has the same mass M but opposite charge -Z.

D, He, C,O...

Antimatter Star

- AMS is a unique antimatter spectrometer in space

6



VeLo performance beyond design goals
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Median ADC of all VELO clusters in a track:
—> clear separation in charge:
e 12:all charge-1 particles
e 12+12: photon conversions with 2 tracks together
e 22 Helium
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Paving the way across the fields:

antihelium production and astroparticles
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B(AY - *HeX) < 6.3x1078 at 90% CL
» excludes largest theoretically predicted value
* leaves room for (d,p) & °Hey coalescence

NB: preliminary result!
More thorough investigation

. - . . 22
of this unique data sample is ongoing



Dark Matter Experimental Landscape

Stephen Sekula’+?3

1SNOLAB, Lively, ON, Canada

2Queen’s University, Kingston, ON, Canada
SLaurentian University, Sudbury, ON, Canada
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—~ i "”‘;EL! ﬁi" | Liquid/Argon:

; e il | DarkSide-50,
'”C°fr“|”9 -l & DEAP-3600;
Al B ﬁ!— Liquid/Superheated:

S E L PICO-40L, SBC;

Liquid/Xenon: LZ,
PandaX-4T, XENONNT;

Solid/Crystal: ANAIS,
COSINE-100,
DAMA/LIBRA, SABRE,
SuperCDMS-SNOLAB;

Solid/CCD: DAMIC,
DAMIC-M, SENSEI.

LZ concept (graphic from SLAC)



We must confront neutrino physics
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Currently excluded
(2021)
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New Technology
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In 2021-2022 [13], "Operating" experiments included LZ,
XENONNT, PandaX-4T, SuperCDMS-SNOLAB, and the
Scintillating Bubble Chamber. "Planned" were SuperCDMS,

DarkSide-LowMass, SBC, a 1000 tonne-year liquid Xe detector,

and ARGO.
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®B CEvNS theory predictions (low- and high-metallicity
stars) [14], SNO [15] and multi-experiment combined measure-
ments [16], DM experiment measurements [17, 18, 12], and a
naive combination of DM experiments. LZ rejects the 0-CEvNS
hypothesis at 4.5¢.

We are in an era where these instruments are
absolutely confirmed to be weakly interacting
(somewhat) massive particle detectors.
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