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CERN HL-LHC Project 

Last decade: 1.96 → 13 TeV
My PhD: simple ATLAS searches

Today: 13 → 13.6 TeV
Seek new ideas & science goals

TODAY

Highest energy collider for another 30+ years

Renaissance of creativity enabling exciting science

LANDSCAPE

JL in high school

LARGE HADRON COLLIDER HIGH LUMINOSITY

https://project-hl-lhc-industry.web.cern.ch/content/project-schedule


THINK OUTSIDE THE BOX
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“Recommendation 4: The United States should explore new synergistic 
partnerships across traditional science disciplines and funding boundaries” 

— National Academy of Sciences | Elementary Particle Physics Report 2025 

“Cross-disciplinary work often leads to innovation and breakthroughs but 
can be challenging both for the scientists involved and for those who fund it”

ASTROPHYSICS 

COLLIDER 
PHYSICS

QUANTUM
ATOMIC 

NUCLEAR 
PHYSICS

GEOSCIENCE

PRECISION
FLAVOUR

https://www.nationalacademies.org/read/28839/chapter/4#25


OUTLINE

 4 | Jesse Liu (NYU) | BNL Seminar | 28 May 2026

LHC as Photon Collider
Quantum dipole physics

Tau g – 2 via ɣɣ → 𝜏𝜏
QUANTUM + NUCLEAR + FLAVOUR

LHC as Cosmic-ray Lab
PeV astroparticle physics
Proton-oxygen collisions

PRECISION + NUCLEAR + ASTROPHYSICS

Broaden collider science across disciplinary boundaries
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Dirac 1928

RELATIVISTIC QM
Antimatter exists
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Dirac 1928 Schwinger 1948

RELATIVISTIC QM
Antimatter exists

QUANTUM FIELDS
Dynamical vacuum

+

–

QED: QUANTUM 
ELECTRODYNAMICS

a = (g – 2)/2 ≃ 
𝛼/2𝜋 ≃ 0.00116
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Dirac 1928 Schwinger 1948 New physics?

RELATIVISTIC QM
Antimatter exists

QUANTUM FIELDS
Dynamical vacuum

NEW PARADIGMS?
Dark matter?

+

–

Dark photons Aʼ
Scalar leptons 𝜏

Axion-like particles a
Fermionic dark matter 𝜒

Charge-parity violation d𝜏⠇

DARK MATTER

SCALAR 
LEPTON

~

~
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Electron g – 2 first measured in 1948 

Phys. Rev. 74 (1948) 250 

Discovery of quantum field theory
Vacuum neither static nor empty!

“Why measure next decimal place when theory predicts nothing?”

https://journals.aps.org/pr/abstract/10.1103/PhysRev.74.250
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Electron g – 2: 13 decimal places
CORNERSTONE OF ATOMIC PHYSICS

“TRIUMPH OF MODERN SCIENCE!”

3.9𝜎2.1𝜎

← Northwestern: Fan et al PRL 130 (2023) 071801

↓ Paris: Morel et al Nature 588 (2022) 61  

Berkeley ↑: Parker et al 
Science 360 (2018) 191

↑ Theory: 10th order QED 
Aoyama et al PRL 109 (2012) 111807

2–4𝜎 tensions?

Fig: Pierre Cladé 

See also ACME electric dipole search Nature 562 (2018) 7727 

https://arxiv.org/abs/2209.13084
https://www.nature.com/articles/s41586-020-2964-7
https://science.sciencemag.org/content/360/6385/191
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.109.111807
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.109.111807
https://indico.cern.ch/event/1119695/timetable/#55-precision-measurements-of-t
https://www.nature.com/articles/s41586-018-0599-8
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Muon g – 2: testing 10 decimal places

FNAL Muon g–2 
PRL 135 (2025) 101802
Theory White Paper 2025
Phys. Rept. 1143 (2025) 1-158 

 “NEW PHYSICS OR HADRONIC IGNORANCE?”
aµ (exp)   = 0.001 165 920 72 (15) 
aµ (pred) = 0.001 165 920 33 (62)

0–5𝜎 tensions?

https://journals.aps.org/prl/abstract/10.1103/7clf-sm2v
https://doi.org/10.1016/j.physrep.2025.08.002


What about tau g – 2? 
SHOCKING EXPERIMENTAL IGNORANCE!
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Overlooked problem: PDG value from 2004

Not even testing 78 year old 1-loop QED 😱
DELPHI EPJC 35 (2004) 159, Eidelman & Passera MPLA 22 (2007) 159

Phys. Rev. 73 (1948) 416

Hide new physics larger than QED term?

Martin & Wells PRD 64 (2001) 035003

https://arxiv.org/abs/hep-ex/0406010
https://arxiv.org/abs/hep-ph/0701260
https://journals.aps.org/pr/abstract/10.1103/PhysRev.73.416
https://arxiv.org/abs/hep-ph/0103067
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Pioneer in ATLAS & CMS 
First tau g – 2 results in 2 decades

ATLAS (JL Editor) & CMS PRL 131 (2023) 151802 & 03

Propose new idea
Creativity revives interest

Beresford & JL PRD 102 (2020) 113008

Tau g – 2 measurable without lepton collider
Foundational (B)SM tests hidden in LHC data

Stalled progress motivates “crazy ideas” 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151803
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.113008
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Heavy-ion collisions: what usually comes to mind

CMS PHO-EVENTS-2023-024

https://cds.cern.ch/record/2872371?ln=en
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 ↑ “All charged-particle tracks above 100 MeV are shown” 

Heavy-ion collisions: sometimes itʼs all quiet

 ATLAS (JL Editor) PRL 131 (2023)151802 

Pb

Pb

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151802


Head-on 
collisions

Photons from 
electric fields

CONVENTIONAL 
WISDOM

“Heavy-ion data 
irrelevant for 

particle physics”
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Think different: turn LHC into photon collider

Beresford & JL PRD 102 (2020) 113008

NEARLY MISS LOW 
HANGING FRUIT
“I never thought 
heavy ions may 

hide new physics”

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.113008


LHC 2020 breakthroughs overlook ɣɣ → 𝜏𝜏  
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Photon self-coupling & axion-like particles
ATLAS PRL 123 (2019) 052001

Observe outgoing protons stay intact
ATLAS (JL Editor) PRL 125 (2020) 261801 

Create electroweak mass states 
ATLAS PLB 816 (2021) 136190

Phys. Rev. 46 (1934) 1087    NYU 92 years ago!

http://dx.doi.org/10.1103/PhysRevLett.123.052001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.261801
https://www.sciencedirect.com/science/article/pii/S0370269321001301
https://journals.aps.org/pr/abstract/10.1103/PhysRev.46.1087
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Collide light to measure tau g – 2 

Tau wobbles 
in magnetic 

field via S · B

EM fields 
source photons B S

𝜏

Turn LHC into a 
photon collider

Beam 
particles 

intact

𝜎 ~ Z4 ~ 500 000 nb (ZPb = 82)  ⇒ 1 million events per month 

Beresford & JL PRD 102 (2020) 113008

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.113008
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ATLAS (JL Editor) 
PRL 131 (2023)151802

>10𝜎 ɣɣ → 𝜏𝜏  signal

Pathbreaking results competitive with LEP
Missed signal in existing data as we were not looking!

First hadron collider tau g – 2 result

pT(µ) > 4 GeV trigger, 2015+18 data

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151802
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LHC as precision quantum microscope

Effective theory 
of new physics 
imprinted in 
quantum dipole

Per-mille dipole shifts ⇒ percent cross-section shifts 

Theory progress
gamma-UPC fluxes: Shao & 
dʼEnterria JHEP 09 (2022) 248
Superchic soft survival: 
Harland-Lang EPJC 84 (2024) 12
NLO EW corrections: Shao & 
dʼEnterria JHEP 02 (2025) 023
Shao & Simon JHEP 07 (2025) 020
Dittmaier et al JHEP 08 (2025) 051

Beresford, Clawson & JL 
PRD 110 (2024) 092016

https://link.springer.com/article/10.1007/JHEP09(2022)248
https://arxiv.org/abs/2410.10978
https://link.springer.com/article/10.1007/JHEP02(2025)023
https://arxiv.org/abs/2504.10104
https://arxiv.org/abs/2504.11391
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.092016
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PRD 110 (2024) 092016 

↑ Savannah Clawson / JL / Lydia Beresford

Next target: high-mass ɣɣ → 𝜏𝜏  in pp

https://arxiv.org/abs/2403.06336
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Unconventional signature: no proton breakup

Soft tracks pT > 500 MeV to extract ɣɣ → 𝜏𝜏  → e𝜈𝜈µ𝜈𝜈  
ATLAS PLB 816 (2021) 136190 

Δzmin 

https://www.sciencedirect.com/science/article/pii/S0370269321001301


 22 | Jesse Liu (NYU) | BNL Seminar | 28 May 2026

CMS observation of ɣɣ → 𝜏𝜏  in Run 2 pp 

ɣɣ → 𝝉𝝉  in pp: 5.3𝜎 (6.5) obs (exp) Tau g – 2: 5x improvement vs LEP

Nearing per-mille & stats limited:

RPP (2024) 87 107801

Dominated by soft QCD modelling ↑

https://iopscience.iop.org/article/10.1088/1361-6633/ad6fcb


Model building 
innovation needed
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Tau g – 2 
precision

Time

Experimental 
innovation 
needed

15x QED
DELPHI 2004 
hep-ex/0406010 

10x QED
ATLAS 2022

2204.13478 
3x QED
CMS 2024
2406.03975 

LHC Run 2+3 goal?1-loop QED
Schwinger 1948𝛼/2𝜋 ≃ 10–3

≃ 10–8

SM uncertainty
Eidelman, Passera hep-ph/0701260

Observed 68% CL 

Beresford & JL 
1908.05180 

ROADMAP

Beresford, Clawson & JL 
2403.06336 

2004–22: tau g – 2 ʻwinterʼ 2022+: LHC renaissance

“It would be very nice to measure µ𝜏 with enough precision to check [the Schwinger term]...
At present such precision is a dream” — Martin Perl hep-ph/9812400

https://arxiv.org/abs/hep-ex/0406010
https://arxiv.org/abs/2204.13478
https://arxiv.org/abs/2406.03975
https://journals.aps.org/pr/abstract/10.1103/PhysRev.73.416
https://arxiv.org/abs/hep-ph/0701260
https://arxiv.org/abs/1908.05180
https://arxiv.org/abs/2403.06336
https://arxiv.org/abs/hep-ph/9812400


HISTORY

Neutron magnetic moment
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Completely confounded expectation!

DIRAC THEORY 1928

gn = 0 
Neutral & pointlike

EXPERIMENT 1930s

 gn = –3.8 
Large & negative?! 

Chadwick 1932, Bacher 1933, Tamm & Altshuler 1934, Breit & Rabi 1934, Alvarez & Bloch 1940, CODATA 2018

https://www.nature.com/articles/129312a0
https://journals.aps.org/pr/abstract/10.1103/PhysRev.46.230
https://physics.nist.gov/cgi-bin/cuu/Value?gnn%7Ccategory=atomnuc
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TRANSFORMATIVE

Neutron magnetic moment

STRONG FORCE
Quarks & gluons 

u

d d

MEDICAL PHYSICS
Nuclear magnetic moments save lives

hopkinsmedicine.org, Nobel prize in Medicine 2003

~10–15 m

B

DIRAC THEORY 1928

gn = 0 
Neutral & pointlike

EXPERIMENTS 1930s

 gn = –3.8 
Large & negative?! 

https://www.hopkinsmedicine.org/health/treatment-tests-and-therapies/mri-of-the-bones-joints-and-soft-tissues
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e µ

ELECTRON
Quantum

Atomic

MUON
Precision 

Lattice

Vision: “Quantum Dipoles for Discovery” Program?

𝜏
TAU

Collider
Electroweak

PROTON 
Storage Ring
pEDM @ BNL

p n
NEUTRON 

nEDM
Axions

𝝂

NEUTRINO 
Nuclear 

Intensity

Common goal: new physics imprints in quantum dipoles 

Active community but must cross atomic ↔ nuclear ↔ particle silos

Cass/UColorado FNAL/BNL ATLAS/CMS Borexino/INFN pEDM/BNL nEDM/ORNL 

+
–

https://physicsworld.com/a/physicists-measure-the-electron-electric-dipole-moment-to-unprecedented-precision/
https://muon-g-2.fnal.gov/key-contribution-from-brookhaven.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151802
https://borex.lngs.infn.it/
https://arxiv.org/abs/2504.12797
https://nedm.ornl.gov/


OUTLINE
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LHC as Photon Collider
Quantum dipole physics

Tau g – 2 via ɣɣ → 𝜏𝜏
QUANTUM + NUCLEAR + FLAVOUR 

LHC as Cosmic-ray Lab
PeV astroparticle physics
Proton-oxygen collisions

PRECISION + NUCLEAR + ASTROPHYSICS

Broaden collider science across disciplinary boundaries
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C O S M I C   R A Y S
Highest energy particles 
ORIGINS ENDURING ENIGMA

Where do they come from?
What is their composition?
How do they reach 1020 eV?
Plays role in origins of life?

Historic e+, µ±, π±, K±  discovery
Share heritage with particle physics

Telescope Array in Utah Science 382 (2023) 903
Osaka Metropolitan University/L-INSIGHT, Kyoto University/Ryuunosuke Takeshige

 

https://www.science.org/doi/10.1126/science.abo5095
https://www.scientificamerican.com/article/the-second-most-powerful-cosmic-ray-in-history-came-from-nowhere/
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Figs: APS, IceCube/NASA, NOIRLAB 

Supernova remnants? Dark matter?

Blazars & quasars: supermassive black holes?

Binary neutron-star mergers?

Unraveling origins of cosmic messengers

“Synergies between particle and astroparticle physics should be strengthened” 
— European Strategy Update 2020

https://physics.aps.org/articles/v6/40
https://www.space.com/41156-cosmic-ray-source-multimessenger-astronomy.html
https://noirlab.edu/public/images/noirlab2421a/
https://cds.cern.ch/record/2720129
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Extreme physics of cosmic-ray spectrum

Dembinski et al PoS 501 (2025) 248 

Galactic supernova remnants ← 

< PeV spaceborne data: PRECISE  

↑ Flux

Energy →

↓ Chemical composition

https://pos.sissa.it/501/248
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Extreme physics of cosmic-ray spectrum

← Proton “knee”

Extragalactic 
↓ “ankle”

↓ Iron 
“knee”

Galactic supernova remnants ← → Extragalactic black holes

“GZK cutoff” ↑
LHC energies

< PeV spaceborne data: PRECISE  > PeV air-shower data: COARSE 

↓ Chemical composition

Energy →

↑ Flux

Dembinski et al PoS 501 (2025) 248 

https://pos.sissa.it/501/248
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Cosmic-ray primary
What we want to measure… 

… to unravel their astrophysics
Origins: where do they come from?
Composition: what are they made of?
Acceleration: how are they so fast?

Soft QCD 
“SO MESSY!”
“RUN AWAY!”
“NOT IN P5!”

Auger Observatory
Mendoza, Argentina 

IceCube Observatory
South Pole, Antarctica

Air shower

Brainchild of James Cronin & Alan Watson
Fig: A. Chantelauze, S. Staffi, L. Bret
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MUON PUZZLE
“Atmosphere as calorimeter” 
vs muon data discrepancies

“For the models EPOS-LHC and QGSJet-II.04, 
the slope is found significant at 8 sigma”

ICECUBE UNCERTAINTIES
50–500% uncertainties in muon 

& neutrino background flux 

Albrecht et al Astrophys. Space Sci. 367 (2022) 27

IceCube PRL 113 (2014) 101101

Hadronic ignorance obstructs astroparticle precision 

“Residual of muon vs non-muon data”

https://arxiv.org/abs/2105.06148
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.101101
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ATLAS (JL Editor) 2604.05512

← 50–500% model → 
disagreement! 😱

HEART OF 
PROBLEM

Models tuned to 
pp & p+Pb data 
terrible for pO!

Number of charged particles →

Cosmic-ray 
models !!

Predictivity breaks 
down for soft QCD

https://arxiv.org/abs/2604.05512


Atmosphere
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1 July 2025: first proton-oxygen collisions

16Op

6.8 TeV 3.4 TeV 
per nucleon

LHC √sNN = 9.62 TeV

16Op
49 PeV

=

Cosmic ray

Unique opportunity: last TeV hadron collider in a lifetime

CERN News 1 July  

CERN News 

JL organised sessions on pO case for cosmic rays at ATLAS SM 2023 & LPCC Forward Physics 2024 Workshops 

https://home.cern/news/news/accelerators/first-ever-collisions-oxygen-lhc
https://home.cern/news/news/accelerators/first-ever-collisions-oxygen-lhc
https://indico.cern.ch/event/1275332/contributions/5483754/
https://indico.cern.ch/event/1367517/
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Landmark results: beams to paper in 9 months! 🥳

ATLAS (JL Editor) 2604.05512
Ynyr 

Harris 
(Bonn)

Savannah 
Clawson 

(DESY → CERN)

Lydia 
Beresford 

(DESY)

Clara 
Leitgeb 

(Humboldt)

JL lead analyzer in core team

↑ Top of CERN Homepage 23rd April! 

CERN News

https://arxiv.org/abs/2604.05512
https://home.cern/news/news/physics/atlas-acts-cosmic-ray-laboratory
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Turn ATLAS into cosmic-ray laboratory
634 µb–1 luminosity   |   0.025 pileup  |   transition radiation tracker trigger
246 million events: 5.1 billion prompt tracks pT > 500 MeV, |𝜂| < 2.5

ATLAS (JL Editor) 2604.05512 

Proven pp methods: track efficiencies & ~2% non-prompt backgrounds via Geant4
Details for experts in backup: mean pT & 𝜂 results, track modeling, backgrounds, systematics 

16O

p

Pixels

Strips

TRT

https://arxiv.org/abs/2604.05512
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First terascale pO cross-section measurement

ATLAS (JL Editor) 2604.05512 

Cosmic-ray 
models 

(CRMC 2.2.1)

Luminosity led by Kartik 
Bhide (Freiberg → UIUC) 
& Brian Cole (Columbia)

Heavy-ion 
models

↑ Track reconstruction efficiencies dominant

https://arxiv.org/abs/2604.05512
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Renew links across energy & cosmic frontiers

ATLAS (JL Editor) 2604.05512 

𝜎p+air= fair 𝜎pO, 𝜎pN/𝜎pO ~ (14/16)2/3 ~ 0.9
 

↓ Models to compute acceptance 
𝜎inel = 𝜎fid / AMC,  AMC = (90 ± 6)%

Assume air = 78% 14N + 22% 16O 

https://arxiv.org/abs/2604.05512
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ATLAS (JL Editor) 2604.05512 Charged 
particle 
multiplicity

Before: 50–500% model spread
After: 1.5%–28% precision data 

ORDER OF MAGNITUDE 
better knowledge of 
cosmic-ray showers!

https://arxiv.org/abs/2604.05512
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ATLAS (JL Editor) 
2604.05512 Charged 

particle 
momenta

Before: 50–500% model spread
After: 2.5%–17% precision data 

ORDER OF MAGNITUDE 
better knowledge of 
cosmic-ray showers!

https://arxiv.org/abs/2604.05512
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Adaptive Toroidal Laboratory for Astroparticle Science

ATLAS as telescope directly probing 1017 eV cosmic rays
JL's event display: 9 co-parallel tracks 

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/EventDisplayRun2Start


ALICE JCAP 04 (2025) 009 
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Collider detectors already cosmic observatories

Count muons for astrophysics
“Beam-off data is exciting science!”

Long-lived particle searches
“Your background is my signal!”

See also ALICE JCAP 01 (2016) 032
DELPHI Astropart. Phys. 28 (2007) 273, L3+C PLB 598 (2004) 15

ATLAS PRD 102 (2020) 032006

ALICE
62.5 days livetime 
287 muons 
in ALICE! →

Fe

p

https://iopscience.iop.org/article/10.1088/1475-7516/2025/04/009
https://iopscience.iop.org/article/10.1088/1475-7516/2016/01/032
https://arxiv.org/abs/0706.2561
https://arxiv.org/abs/hep-ex/0408114
https://arxiv.org/abs/2003.11956
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Current tracker confronts radiation damage 

Tracking performs well in 2025
JL derived corrections for % precision

Mitigation: raise voltage & cool sensors 
Hit power supply & cooling ceiling 

ATLAS (JL Editor) 2604.05512 SCTD-2025-01 

https://arxiv.org/abs/2604.05512
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/SCTD-2025-01/
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TELESCOPE 
Copernican revolution

 Lippershey 1604, Galileo 1610, Newton 1668

MICROSCOPE
Microbiology revolution

Drebbel 1621, Hooke 1665
van Leeuwenhoek 1678

Pics: Micrographia British Library, Royal Society, CERN LHC, NASA JWST, ESO ELT 

Today

Inner Tracker (ITk) for ATLAS II

10x sharper & 100x faster for 10x fainter physics
6 → 60 million channels 10 kHz → 1 MHz readout 400 → 4000/fb luminosity

→ →

→ →

2030s

Upgrades: new instruments drive new discoveries

https://www.bl.uk/collection-items/micrographia-by-robert-hooke-1665
https://pictures.royalsociety.org/image-rs-8462
https://home.web.cern.ch/science/accelerators/large-hadron-collider
https://science.nasa.gov/mission/webb/
https://www.eso.org/public/images/eso1716a/
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󰑔 Barrel (US+UK) 󰏅 Endcap C

← Pixels

Staves x392Modules x10796 

Endcap A

Silicon
 Strips

 Strips

ITk: build new precision camera for ATLAS II

JL glueing 󰳘

↑ With Anna Mullin (Cam PhD)

ITk Strips TDR
PHYS-PUB-2021-024

HL-LHCTODAY
LHC Commissioning ← 2021 JL 

joins ITk PRODUCTION HAS STARTED 

↑ Sebastian 
Colmenares Rutherford 

(NYU postdoc)

JL now US ITk Strip Level 3 Module Manager: barrel ~20% complete

https://cds.cern.ch/record/2257755
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-024/
https://lhc-commissioning.web.cern.ch/schedule/LHC-long-term.htm
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FLEX
EPOXY

SILICON SENSOR

LOCAL SUPPORT
SILICONE GEL

–35C 🥶+20C

PEAK THERMAL STRESS

Disaster strikes 2023: sensor fracturing 
BNL staves Cambridge

Material Modulus 
(GPa)

CTE 
(10–6/K)

Silicon 160 2.6
Copper 120 16.7
Kapton 2.5 20
Epoxy 3.1 60

Silicone 0.001 –

Overlooked in original design
Delays production by 1.5 years

Edvard Munch The Scream

https://indico.cern.ch/event/1364184/contributions/5753944/
https://en.wikipedia.org/wiki/The_Scream
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Silicon sensor
Epoxy glue
50 µm Kapton film
100 µm silicone gel 
Circuit boards

New: soft silicone 
decouples thermal stress

“We have interposer parts: letʼs cut and stick with art roller!” 
— Bart Hommels & JL, Cambridge Coffee Break 22 Mar 2024 

Solution: stress mitigating interposer 

My contribution: 1st working interposer module 
Fomin, Hommels, Ivison, Kariyapperuma, JL JINST 20 (2025) P09036 

JINST 20 (2025) P09025 

https://iopscience.iop.org/article/10.1088/1748-0221/20/09/P09036
https://iopscience.iop.org/article/10.1088/1748-0221/20/09/P09025


Precise measurements open paradigm shifts
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EPILOGUE

General Relativity: SPACETIME IS DYNAMICAL
“Mercury known since antiquity: no new planets”
But precise perihelion precession upends gravity

Ordinary harboured extraordinary surprises

Quantum Field Theory: VACUUM IS DYNAMICAL
“Why probe next decimal place: no new particles” 
But per-mille electron precession upends vacuum

+
–



SUMMARY
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LHC as Photon Collider
Quantum dipole physics

Tau g – 2 via ɣɣ → 𝜏𝜏
QUANTUM + NUCLEAR + FLAVOUR

LHC as Cosmic-ray Lab
PeV astroparticle physics
Proton-oxygen collisions

PRECISION + NUCLEAR + ASTROPHYSICS

Broaden collider science across disciplinary boundaries


