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Recipe for Quark Soup
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IP-Glasma

Excellent recipe for Quark-Gluon Plasma ! 



Recipe for Quark Soup
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IP-Glasma

How about this new recipe ?



Control initial geometry
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MC Glauber



Control initial geometry
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MC Glauber

Nature Physics 15, 214 (2019)

• Clearly different initial geometry 
in p+Au, d+Au, and 3He+Au collisions

• Smaller <ε2> in p+Au

• Larger <ε3> in 3He+Au



Control initial geometry
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• Smaller <ε2> in p+Au
• Larger <ε3> in 3He+Au

• Smaller v2 in p+Au

• Larger v3 in 3He+Au

Nature Physics 15, 214 (2019)



Comparison with models
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• Hydrodynamic models can reproduce the data quite well

• Initial state correlation model give the right v2 system ordering, 
but a poor overall description

Nature Physics 15, 214 (2019)



Comparison with models
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• Hydrodynamic models can reproduce the data quite well

• Initial state correlation model give the right v2 system ordering, 
but a poor overall description
èIncorrect!

Nature Physics 15, 214 (2019)
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Mark Mace’s slides in INT 2019

Recent reports from MSTV



Searching for colorful domain
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• The effect from CGC model can be studied by comparing another model 
including other phenomenological pieces (IP-Jazma, arXiv:1808.01276)
– MC Glauber for nucleons

– IP-Sat for Qs

– Multiplication of gluon densities in two nuclei for energy density



Searching for colorful domain
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ε2 ε3 ε4

ε5 ε6

• Quite consistent initial geometry  



Searching for colorful domain
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exp. slope = 1.8 ±0.1 a

Au+Au b=0
IP-Glasma

lattice artifacts

nucleon

nucleus

Domains of length scale ~1/Qs ?



Searching for colorful domain
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Au+Au b=0
IP-Glasma
IP-Jazma

No strong evidence yet

lattice artifacts

nucleon

nucleus

exp. slope = 1.8 ±0.1 a
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Can you see initial correlation?
Flat-Flat in IP-Glasma w/ Qs~1 GeV



Imagine new geometry!
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How about 4He?

• Even with additional nucleon in 4He, the size is more compact than 3He
– RMS for nucleon central coordinates: 1.46 fm for 4He and 1.57 fm for 3He
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MC Glauber
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Collectivity in 4He+Au 200 GeV
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• vn relative to initial geometry (vn/<εn>) in 4He+Au is larger

• More compact 4He induced hot spot leads to larger translation of geometry to vn

Phys. Rev. C 99 044904 (2019)



New collision system at the LHC
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MC Glauber

arXiv:1812.06772
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Collectivity in p/O+O 7 TeV

• Similar vn/<εn> between p+Pb and O+O and smaller in p+O
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0-5% p+O (18.2)
0-5% O+O (72.9)
0-5% p+Pb (41.8)

Phys. Rev. C 99 044904 (2019)



α-clustering in 9Be+Au

• In collisions between 7,9Be and large nucleus,
a significant deformation of ellipticity with 9Be 
because of additional neutron
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SONIC 9Be+Au

Phys. Rev. C 97 034912 (2018)
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Collective behaviors have been observed everywhere!

Can we learn more by searching for

particles not participating into the collective behavior?



High pT in small systems

• One of explanation of high pT v2 in heavy-ion is differential energy loss

• Interesting study of high pT v2 in small systems where no clear evidence of 
energy loss has been observed yet
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Annu. Rev. Nucl. Part. Sci. 2018. 68:211–35



Heavier quarks

• Strong flow for charm quarks in p+Pb and Pb+Pb

• How about bottom quarks?

25

Phys. Rev. Lett. 121, 082301 (2018)
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Many recipes for Quark-Gluon Soup!

Lots of efforts are on going to find out key ingredients! 



BACKUP
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