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Difficult Summary

I asked AI…


Help me on a presentation to a group of 
people working for CMS…
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Initial Conditions

• Impressive uncertainty reduction of nPDF from LHC

‣ Heavy flavors, jets, Z/W, …

‣ esp. for gluon sector & small x (~10-5) 

‣ Shadowing is confirmed, touching EMC region
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Initial Conditions

• Impressive uncertainty reduction of nPDF from LHC

‣ Heavy flavors, jets, Z/W, …

‣ esp. for gluon sector & small x (~10-5) 

‣ Shadowing is confirmed, touching EMC region


• What we can do next

‣ Direct photon [minimum final state effects], DY not 

only resonance, high pT light hadrons [simpler treat 
theoretically], beauty [Q, more perturbative]


Some questions…

• How to combine UPC?

• How much uncertainty correlation helps in global fits?

• Have we addressed the other effects properly? 


‣ Saw discrepancy (light hadron & HF at backward)

‣ Hadronization modification


• Factorization → underlying mechanisms 
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Soft Hadrons
• High precision in experiments


• Feed global analysis more ➜ new opportunities in 

‣ New observables


- Polarization ~ shear

- Thermal photon ~ temperature

- Longitudinal deccorelation 

- Correlation between observables 
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Soft Hadrons
• High precision in experiments


• Feed global analysis more ➜ new opportunities in 

‣ New observables


- Polarization ~ shear

- Thermal photon ~ temperature

- Longitudinal deccorelation 

- Correlation between observables 


‣ New physics questions

- Nuclear structure, nucleus profile (neutron skin)

- Interesting in its own right, but also relevant
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Soft Hadrons
• High precision in experiments


• Feed global analysis more ➜ new opportunities in 

‣ New observables


- Polarization ~ shear

- Thermal photon ~ temperature

- Longitudinal deccorelation 

- Correlation between observables 


‣ New physics questions

- Nuclear structure, nucleus profile (neutron skin)

- Interesting in its own right, but also relevant


‣ New conditions - Ultra-central collisions

- Zero/constant impact parameter & temperature fluctuations

- Better hydro, probe nuclear structure


• Uncertainty can be controlled with ratio to some reference
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Hard Probes

• Heavy hope on hard probes, as colored particles with known four-momentum 
initially far from thermalization, to tell us

‣ How does QGP emerge from an asymptotic free gauge theory

‣ Substructure of QGP when probed at various length scales

‣ QGP transport properties to very high temperature


• How do we answer these questions by a translation of the observables?
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Medium Response

• Extracting information from medium response

‣ Extend to diffusion wake study to 3D

‣ Sensitivity studied to 


- Energy loss

- Shear viscosity 

- EoS


‣ Smaller smearing effect for gamma-jet than Z-jet

‣ Subtraction of MPI feasible in the model
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Medium Response

• Extracting information from medium response

‣ Extend to diffusion wake study to 3D

‣ Sensitivity studied to 


- Energy loss

- Shear viscosity 

- EoS


‣ Smaller smearing effect for gamma-jet than Z-jet

‣ Subtraction of MPI feasible in the model


‣ Definition of background matters 

- Clear features of each contribution will help design 

experiments 
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Heavy Flavors

• Capability to constrain multiple effects 
~ Weak constraint on each effect


• Detailed comparison between hadronization models 
ongoing, about different

‣ Fragmentation function

‣ Wigner function

‣ Excited states considered 
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Heavy Flavors

• Capability to constrain multiple effects 
~ Weak constraint on each effect


• Detailed comparison between hadronization models 
ongoing


• High-precision era ➜ higher requirement of 
systematics control


• But have we made the most of the existing 
measurement results?

‣ More results should be taken into account


- FF of b-jet, J/ψ and Λc; D-jet correlation; v2{4}, v3

‣ Puzzles waiting for answers 


- Rapidity dependence of baryon/meson ratio

- Different Ntrk dependence for light & heavy flavors
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Quarkonia

• Excited states are important 

‣ Constrain feed-down contribution

‣ Distinguish heavy-quark potential


• New opportunities in polarization

• Sensitive to both J/ψ production mechanisms 

and the QGP rotation

• Try to avoid the trap of weak constraint on both
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Small Systems

• “QGP-like” effects in small systems

‣ Collectivity, hadronization modification, sequential 

suppression of quarkonia, strangeness enhancement, 
no energy loss


• Dominant source of each observation can be different 

‣ e.g. collectivity and hadronization modification are 

different between pp and ee, but the reason can be very 
different
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Small Systems

• “QGP-like” effects in small systems

‣ Collectivity, hadronization modification, sequential 

suppression of quarkonia, strangeness enhancement, 
no energy loss


• Dominant source of each observation can be different 

‣ e.g. collectivity and hadronization modification are 

different between pp and ee, but the reason can be very 
different


• All the observation should be taken into account at the 
same time in the models, e.g.

‣ What is the effect on collectivity from the CR 

implemented to describe hadronization in small systems

‣ Can the hot spot initial condition describe v3?
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Summary of summary — The most useful slide…
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Thanks for your attention!

Back up

 Thanks for your attention!

 Thanks to all the speakers!           
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Ultra-Peripheral Collisions

• Make the most of the huge EM fields in 
heavy ion collisions 


• Light-by-light scatterings

• 8.8σ observation with (2015+18) data


• Axion-like particles searches

• Low mass 5 ~ 100 GeV


• Tau lepton (g-2)

• …


