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Jets  in heavy-ion collisions
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Jet 1

Jet 2

Minijets dominate initial parton production
Multiple scattering
Transverse momentum broadening 

Thermalization
Parton energy loss
Jet suppression 



Multiple jet production in pp
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Probability of multiple jet production:
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Total inelastic cross section
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XNW & Gyulassy (1991);
Deng, XNW & Xu (2010)



Jets and particle multiplicity in p+p
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XNW & Gyulassy (1991);
Deng, XNW & Xu (2010)



Associated multiple parton production
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Probability of multiple jets (pT>p0) with at least one jet with pT> pT
trig
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Enhanced multiple minijet 
production in triggered jet events

XNW & Gyulassy (1991)



Jets and collective flow in A+A
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Pb-Pb

pp reference

soft response hard probes



CoLBT-hydro
(Coupled Linear Boltzmann Transport hydro)
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• LBT for energetic partons (jet shower and recoil)
• Hydrodynamic model for bulk and soft partons: CLVisc
• Parton coalescence (thermal-shower)+ jet fragmentation
• Hadron cascade using UrQMD

Chen, Cao, Luo, Pang & XNW, PLB777(2018)86

Concurrent and coupled evolution of bulk medium and jet showers



g-jet propagation within CoLBT-hydro

8

Chen, Cao, Luo, Pang & XNW, PLB777(2018)86



Hadron spectra: from low to high pt
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Interplay of hydro, jet quenching, parton coalescence, fragmentation and hadron cascade

Zhao, Ke, Chen & XNW 2103.14657

https://arxiv.org/abs/2103.14657


Coalescence & hadron cascade  
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Jet suppression and energy loss
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• pT dependence: initial jet spectra and pT
dependence of energy loss DE

• energy dependence:  increase of jet energy 
loss and the slope of initial spectra

• Medium response reduce jet net energy 
loss

He, Cao, Chen, Luo, Pang & XNW 1809.02525 
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Single jet anisotropy
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Medium response in Z/g-jet
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Energy loss in g/Z-jet at LHC 
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Suppression of leading and multiple jets



Medium modification of g/Z-jets
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Luo, Cao, He & XNW, arXiv:1803.06785

With recoil

w/o recoil

Chen, Cao, Luo, Pang & XNW, 2005.09678

Enhancement of soft hadrons 
in large angles 

Chen, Yang, He, Ke, Pang and XNW, 2101.05422



Medium response & soft gluon radiation
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Medium response: 

Medium-induced gluon radiation:
<latexit sha1_base64="OpdaX3jG3phc9npDcSKulstljwY=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgKiSh1roQim5cVugLmhom00k7dJIJMxOhhK7c+CtuXCji1m9w5984fSBqPXDhcM693HtPkDAqlW1/Grml5ZXVtfx6YWNza3vH3N1rSp4KTBqYMy7aAZKE0Zg0FFWMtBNBUBQw0gqGVxO/dUeEpDyuq1FCuhHqxzSkGCkt+eahp1DqhxdeKBDOXI9HpI/G2dCv37pj6JtF2zqvOE7ZhRNSLlUq0LHsKb5JEcxR880Pr8dxGpFYYYak7Dh2oroZEopiRsYFL5UkQXiI+qSjaYwiIrvZ9I0xPNZKD4Zc6IoVnKo/JzIUSTmKAt0ZITWQf72J+J/XSVVY6WY0TlJFYjxbFKYMKg4nmcAeFQQrNtIEYUH1rRAPkA5E6eQKOoSFlxdJ07WcU8u+KRWrl/M48uAAHIET4IAzUAXXoAYaAIN78AiewYvxYDwZr8bbrDVnzGf2wS8Y719YtpkN</latexit>

⌧f =
2!

k2T

<latexit sha1_base64="YEt9tU3qaieBb/vpO3ugYpeGP9I=">AAACA3icbVDLSgNBEJz1bXxFvellMAiewm6IGm+iF48KJgrZdemdzCZDZh/O9IohCF78FS8eFPHqT3jzb5xNgqixoKGo6qa7K0il0Gjbn9bE5NT0zOzcfGFhcWl5pbi61tBJphivs0Qm6jIAzaWIeR0FSn6ZKg5RIPlF0D3O/YsbrrRI4nPspdyLoB2LUDBAI/nFja5/flVxIU1VcktdhMwPqdsBpNd+sWSXD2qOs1ehOdmr1mrUKdsDfJMSGeHUL364rYRlEY+RSdC66dgpen1QKJjkdwU30zwF1oU2bxoaQ8S11x/8cEe3jdKiYaJMxUgH6s+JPkRa96LAdEaAHf3Xy8X/vGaGYc3rizjNkMdsuCjMJMWE5oHQllCcoewZAkwJcytlHVDA0MRWMCGMvTxOGpWys1u2z6qlw6NRHHNkk2yRHeKQfXJITsgpqRNG7skjeSYv1oP1ZL1ab8PWCWs0s05+wXr/AoN/l3M=</latexit>

k2T ⇡ ⌧f q̂
<latexit sha1_base64="kRHkCHHf3883Qi6jojU0DjM9ebs=">AAACDHicbVDLSgMxFM34tr6qLt0Ei+CqzpRa605041LBaqFTyp000wYzk2lyRyxDP8CNv+LGhSJu/QB3/o1pLaLWA4HDOedyc0+QSGHQdT+cqemZ2bn5hcXc0vLK6lp+fePSqFQzXmNKKl0PwHApYl5DgZLXE80hCiS/Cq5Phv7VDddGqPgC+wlvRtCJRSgYoJVa+YKPkLZCH5JEq1vqm57GrOSriHdgz+8C0t7AptziYdXzKiU6JJVytUq9ojvCNymQMc5a+Xe/rVga8RiZBGManptgMwONgkk+yPmp4Qmwa+jwhqUxRNw0s9ExA7pjlTYNlbYvRjpSf05kEBnTjwKbjAC75q83FP/zGimG1WYm4iRFHrOvRWEqKSo6bIa2heYMZd8SYFrYv1LWBQ0MbX85W8LEyZPkslT09ovueblwdDyuY4FskW2ySzxyQI7IKTkjNcLIHXkgT+TZuXcenRfn9Ss65YxnNskvOG+fd4qb4w==</latexit>

⌧f ⇡
p

2!/q̂

Formation time:

Mean-free-path
limits the formation time
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Signal of the diffusion wake

He, Luo, XNW & Zhu, PRC91 (2015) 054908 
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Diffusion wake: propagation of “particle holes” depletion of phase-space

Chen, Yang, He, Ke, Pang and XNW, 2101.05422



Z-hadron correlation
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enhancement
and broadening
of the jet peak

enhancement
of the away-side
background

Chen, Yang, He, Ke, Pang and XNW, 2101.05422



MPI subtraction in Z-hadron correlation
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Longitudinal jet tomography
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Transverse asymmetry
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Enhancing the diffusion wake
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1 < phT < 2 GeV/c



Summary

• Multiple jets dominate particle production in pp 
and AA collisions at LHC

• Coalescence at intermediate pT solves RAA v2 puzzle
• Medium response leads to
– enhancement of soft hadrons in jet direction
– depletion of soft hadron on the away side

• MPI contribute to g/Z-hadron correlation
• Use 2D jet tomography to reveal the angular 

structure of Mach-cone excitation
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