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Why collide nuclei?

• What happens if we recreate the 
universe a microsecond after the 
Big Bang?
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https://www.forbes.com/sites/startswithabang/2016/03/11/could-the-lhc-make-an-earth-killing-black-hole/
https://www.researchgate.net/post/As_electrons_are_fundamental_particles_Do_electrons_independently_exist_in_early_universe_particularly_in_Quark_Gluon_Plasma_QGP
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Ordinary matter

• Normally quarks are confined
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https://www.sciencephoto.com/media/460783/view/lead-atomic-structure
https://study.com/academy/lesson/what-is-hydrogen-formula-production-uses.html
https://en.wikipedia.org/wiki/Proton#/media/File:Quark_structure_proton.svg
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Quark-Gluon Plasma

• At extreme temperature the 
nucleons “melt” 

•   100.000 times 
hotter than the suns core
2 × 1012 K ∼
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https://edu.rsc.org/science-research/how-much-water-makes-ice/4011094.article
https://www.raschvin.com/produkt/smirnoff-ice-original-king-size-75-cl-4/
https://www.health.harvard.edu/healthy-aging-and-longevity/how-much-water-should-you-drink
https://www.sciencelearn.org.nz/resources/613-solid-to-liquid-to-gas
https://www.particlebites.com/?p=3081
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How do we observe it?

• … How do we know it exists? 

• Exists for only ∼ 10−23 s
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• We cannot see it directly 

• Need experimental probes
Images
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https://phys.org/news/2023-11-heavy-ion-collisions-lhc-scientists-thickness.html
https://cds.cern.ch/record/2202730
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Jets as probes
• Hard scattering produces jets 

• Collimated “sprays” of particles
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• Jets are produced early, and 
travel through the medium
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https://www.innovationnewsnetwork.com/jets-photons-calorimeters-and-quark-gluon-plasma-from-phenix-to-sphenix/54166/
https://www.google.com/imgres?q=hard%20scattering%20jets&imgurl=https%3A%2F%2Flookaside.instagram.com%2Fseo%2Fgoogle_widget%2Fcrawler%2F%3Fmedia_id%3D3912498826407334737&imgrefurl=https%3A%2F%2Fwww.instagram.com%2Fp%2FDMpN6KwN8vF%2F&docid=az0zCZZJNzn4RM&tbnid=tqLGush7XOLlgM&vet=12ahUKEwjriNrw2YiVAxWIHRAIHd1BMkQQnPAOegUIzAIQAA..i&w=610&h=1084&hcb=2&ved=2ahUKEwjriNrw2YiVAxWIHRAIHd1BMkQQnPAOegUIzAIQAA
https://www.mensxp.com/special-features/today/29229-this-is-what-happens-when-a-bullet-is-fired-under-water.html
https://cds.cern.ch/record/1366934/plots
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Jet quenching
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https://atlas.cern/Updates/Briefing/Oxygen-Jet-Quenching
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Experimental signs: Dijet asymmetry
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src• Clear differences in pp and Pb—Pb 

• Stronger asymmetry in Pb—Pb 

• One jet loses energy while crossing 
the plasma

https://arxiv.org/pdf/1011.6182
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What happens?

• The energy lost by the jet 
does not disappear 

• Redistributed into lower 
energy particles spread 
over a wider region
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Lead jet

Quenched jet

https://cms.cern/news/jet-quenching-observed-cms-heavy-ion-collisions?utm_source=chatgpt.com
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Anisotropic flow

10

image credit

dN
dϕ

∼ 1 + 2∑
n=1

vn cos(n(ϕ − Ψn))

https://www.science.org/doi/10.1126/science.1215901
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The plasma acts like a liquid
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Ψ2 in-plane

out-of-plane

Does it depend on direction?
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“shaping” the medium
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high-v2

low-v2
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Modification of jets with event shape engineering
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Take home messages

• Heavy–ion collisions recreate the early universe 

• Jets act as probes of the Quark–gluon plasma (QGP) 

• By studying how jets are modified, we learn about the properties of the 
QGP
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Thank you!

https://www.bnl.gov/newsroom/news.php?a=122311

