Jet-medium interactions in QCD matter
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Jet propagation in the QGP medium

* Jet: a spray of particles correlated to an initial hard
parton. (defined by the jet algorithm)

* Medium response: some medium constituents get
excited by the jet.



Where does the lost energy go ?

* The energy and momentum deposited by the jet shower into the medium appear at large angles
away from the jet axis.
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* Thermalization : How does the deposited energy thermalize?
* Propagation: How does the deposited energy propagate?
* What are in the background of a reconstructed jet?

Part of the medium background is correlated with jet (inside and outside the jet cone).

Calorimeter
Towers




* Jet weakly coupled to the medium
pQCD based calculation (BDMPS-Z, GLV, AMY, HT, SCETj)
(LBT, MARTINI, QPYTHIA, JEWEL, YalEM, ........ )

>ollaboration

* Jet strongly coupled to the medium
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« LBT [HT] : recoiled partons transported. (shower + transport)
Recoil-medium interaction

* CoLBT-hydro [HT] : Transport + Hydro parallel simulation. (shower + transport)
Recoil-medium interaction

* MARTINI [AMY] : recoiled partons transported. (shower + transport) Monte Ca I'lO
Recoil-medium interaction Jet evolution

« JEWEL [BDMPS-Z] : recoiled partons free-stream. (modified parton shower)
No recoil-medium interaction

e Hybrid [AdS/CFT]: fully thermalized wake. (modified parton shower)
Recoil-medium interaction (simplified)

e Coupled Jet-Fluid [HT] : solve Boltzmann equation semi analytically + Hydro simulation
Recoil-medium interaction

« AMPT, BAMPS, etc



p1°@fl (Xl’ pl) — El (Celastic T Cinelastic ) Jet parton YGGSS‘

Elastic collision + Induced gluon radiation.

recoiled parton

Follow the propagation of recoiled parton.
medium parton %&
Back reaction of the Boltzmann transport.

* Rescattering of the soft partons beyond pQCD .
* Jet-Medium interaction : Where is the feed back to the thermal background ?

Unmodified medium background JET
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* CoLBT-hydro : LBT + CLVisc
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CoLBT-hydro
Chen, Cao, Luo, Pang, Wang, Phys.Lett. B777 86-90

vjet + Medium | ~-jet + Medium Excitation |

 Structure of medium response
Hydro : Mach cone as hydro response.
Transport : Mach cone like structure.

* Diffusion wake
Unique structure of medium response
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 Effect of medium response (black vs red)

« Effect of diffusion wake (red vs blue)
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* The cone size dependence is quantitatively depended on jet energy loss

* Energy recovered at large angle via the inclusion of medium response
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Jet-Fluid
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Jet shape (outside jet cone)

* Energy lost by the hard parton is transported out of the jet cone by the soft parton. ;'

* Medium response to jet generally lead to enhancement at large angle.
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. 2 2
* Energy is recovered at large angles in the form of soft particles. A= \/A¢Trk, jet + A77Trk, jet

« Adding medium response is essential for a full understanding of I = Z_p; COS(4 — Byier) ‘Rdown <A<R,

jet quenching.
Daniel Pablos : Thursday

HYBRID z. Hulcher, D. Pablos, K. Rajagopal, JHEP 1803 010 (2018)
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* The suppression of high pT hadrons
LBT: hard parton energy loss

* The enhancement of soft hadrons at small pT
Hydro: medium excitation

* With increasing pT-gamma transition point from
suppression to relative enhancement shifts to

larger & .

* This transition point corresponds to a fixed
pT range.
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O . gaussian width
* Au+Au jet+me. + Au+Au Jet-only & p+p
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baryon/meson ratio in jet as a function of r
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Things | have not covered

e Jet anisotropy and substructure

Ning-Bo Chang : Tuesday Haitao Li : Tuesday Konrad Tywoniuk : Wednesday
e Jets in non-equilibrium medium Guang-You Qin : Wednesday

Intrigue Hauksson : Tuesday

e Machine learning

Yue Shi Lai : Tuesday Yang-Ting Chien : Wednesday Xin-Nian Wang : Wednesday

Tianyu Dai : Tuesday

e Alot more......

11 Parallel sessions, 2 focus on Jet-medium interaction on Tuesday 16:30
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Medium response is important to achieve a complete description of jet-medium
Interactions

Implementation of jet induced medium response
Recoll vs Hydro

Medium response effect on the observables
Modifications of both jet energy and jet substructures
Enhancement of soft particles at large angle around jets

Unique identification of medium response effect in jet
Diffusion wake
Jet chemistry



Outlook
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AEVSLAPE

« JETSCAPE: “Framework” of Event Generator for heavy ion collisions

Poster by Joern Putschke Poster by Rainer Fries
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* Two competing effects : Decrease by jet quenching + Increase by including medium recoil

* Recoil affects on the jet mass

MARTINI c. park, S. Jeon, C. Gale (’'18)
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