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ANTIMATTER ASYMMETRY



Why is the Universe Mostly Matter?

Following the Big Bang:
for every 108 matter particles, there
were 10% — 1 anti-matter particles.

The Standard Model (SM) can’t

account for this asymmetry!

For answers: the Higgs
boson’?
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For Answers: the Higgs Boson?

Predicted by the SM: i Predicted by alternate theories:
particle anti-particle particle anti-particle
* Higgs interacts § * Higgs interacts

identically with particles g differently with particles

and antiparticles and antiparticles

No matter-antimatter i Matter-antimatter

* i sk
dsymm etry *actually just very small | d>ymm etry *if some other conditions are also satisfied

Nik[hef




For Answers: the Higgs Boson?

Predicted by the SM: i Predicted by alternate theories:
particle anti-particle particle anti-particle
* Higgs interacts ~* Higgs interacts Charge-
identically with particles differently with particles = parity
and antiparticles and antiparticles 1 (CP)
No matter-antimatter Matter-antimatter violation
* i %
dsymm etry *actually just very small | dsymm etry *if some other conditions are also satisfied
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Looking for CP Violation at the Large Hadron Collider

1. High-energy proton beams
accelerated at the LHC.

3. Proton collisions

2. ATLAS detector records || Tigaadd produce new particles...
collision products. including Higgs bosons!
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Looking for CP Violation at the Large Hadron Collider

Time flows this way

Higgs produced by interaction of

guarks and gluons in the proton. ¢ q
\ 7
Quarks from H
colliding - TTTEEEEEES
protons

One mechanism: / ~ W/Z

vector boson fusion (VBF). q q

collimated cones

CP violation would change angular distributions of the jets./ of hadrons
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CP Violation in Vector Boson Fusion

Variable sensitive to CP violation: Adj;.
 Azimuthal angle difference b/w the two jets, ordered by their angle wrt the beamline.

arxiv: hep-ph/0703203v1
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LHC beamline

AD;; is: symmetric for SM
symmetric for non-CP-violating beyond SM
asymmetric for CP violation
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https://arxiv.org/pdf/hep-ph/0703202
https://arxiv.org/pdf/hep-ph/0703202
https://arxiv.org/pdf/hep-ph/0703202

Measurement Strategy

* Four distinct bins capture the major shape effects.
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https://arxiv.org/pdf/hep-ph/0703202
https://arxiv.org/pdf/hep-ph/0703202
https://arxiv.org/pdf/hep-ph/0703202

Measurement Strategy

* The Higgs boson lives for 1022 s = look for its decay to
W bosons, then to leptons (e/u) and neutrinos.

Detect:

* 2 Jets

* two leptons (e/u)

* mIsSing energy
from neutrinos
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Typical event in the ATLAS detector:

Jet 1

Collision e i G
happens here /il
Muon track

EXPERIMENT

Run: 351969 Event: 3097459390 2018-06-05 12:57:24 CEST
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Results Eur. Phys. J. C 85 (2025) 1403

Three main categories for sensitivity
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https://link.springer.com/article/10.1140/epjc/s10052-025-14761-2

Conclusion

* First time probing CP I
violation in VBF H->WW'".

* Measurement strategy o e - e !
enables combination

with others for stronger
results [arxiv:2603.20117].

* No sign of CP violation
here vet!

EXPERIMENT

Run: 351969 Event: 3097459390 2018-06-05 12:57:24 CEST
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-26/

