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The fate of energy-loss

2

๏Medium back-reaction:
๏ Modification of the QGP dynamics as due to the jet passage
๏ Expected in most models of jet-medium interactions 
๏ Leads to medium-scale particles along the jet direction that 
are incorporated into any reconstructed in-medium jet

see Y. Tachibana’s plenary on Wednesday

Chesler&Yaffe 07
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The effect of Back-Reaction 

3

๏Medium back-reaction:
๏ Important for the description of many observables; must be 
incorporated in any model seeking to describe jets data.

Quark Matter 2019
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3993 /399;.= ratio will increase if PbPb recovers energy faster than pp with increasing R

Effects as R increases:
• Energy more spread out
• Jet splitting emerging
• Gluon radiation and medium 

response recovered
• Quark vs. gluon contributions 

change

Molly Taylor 5

Taken from M. Taylor’s 
QM19 talk (CMS)
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The effect of Back-Reaction 

3

๏Medium back-reaction:
๏ Important for the description of many observables; must be 
incorporated in any model seeking to describe jets data.

๏ Hybrid model provides good examples: including medium 
back-reaction is essential to describing certain observables.

JCS, Milhano, Pablos, 
Rajagopal, 2020
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Figure 1. Results for the charged jet mass from hybrid model computations at
p
s = 2.76

ATeV, for two extreme values of Lres, with Lres = 0 in the upper row and Lres = 1 in the lower
row, compared to ALICE unfolded PbPb data [62]. Results for our vacuum reference, labeled as
PYTHIA, are shown in purple dots. Dashed bands correspond to our results without the inclusion
of particles coming from medium response, while solid bands correspond to the full result.

produced in PbPb events. Unlike in this experimental analysis, in our simulations we do
not perform such a subtraction since we can tag which particles are correlated with the jet
and restrict our analysis to those. In our model these can be broadly classified into two sets:
particles that arise from the hadronization of the quenched jet shower; and particles that
arise from the moving fluid left behind by the back-reaction of the jet on the fluid. Unlike
the former, the latter are generically very soft, since they have a transverse momentum
comparable to the medium temperature; nevertheless, as we will see these have a significant
effect on this observable.

In Fig. 1 we show our hybrid model results for the distribution of the charged jet mass
before quenching (PYTHIA in the figure) and after quenching, for two values of L

res

(the
extreme possibilities L

res

= 0 and L

res

= 1), comparing these results to measurements of
PbPb collisions from ALICE. In order to focus solely on the effects of resolution, we start
by discussing the contribution of particles from the jet hadronization, without including
the soft medium back reaction contribution. This is represented by the dashed lines in all
panels of Fig. 1. Consistent with the expectation described above, for L

res

= 0 we observe
that charged jet mass distribution clearly shifts to the left, consistent with a narrowing of
the final jet distribution for the given jet pT range. In contrast, the choice of L

res

= 1

– 10 –
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Too simple⇒Too Soft & Too Wide
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๏ The simple back-reaction implemented in hybrid model:
Leading Jet

Associated Jet

๏ Captures the general features of the energy-degradation
๏ Produces too many soft particles at large angles

๏ In this talk: first steps towards a better description of back-reaction

JCS, Gulhan, Milhano, Pablos and Rajagopal 16

CMS  
JHEP 1601, 006 (2016) 
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Method: Linearised Hydro

5

๏Why hydro?
๏The QGP is a very good fluid. So should its perturbations be
๏ Hydrodynamics works with large gradients, as should happen 
close to the jet
๏ Well supported by explicit microscopic calculations at strong 
coupling 

๏ Why linearised?
๏The overall amount of energy deposited per jet is small 
compared to the total energy

ΔEtypical ~ 10-20 GeV =1600 0.5 GeV ~800 GeVd Eevent

dη≪

(Chesler&Yaffe 07, Chesler and Rajagopal 15)
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Approximation in the Hybrid Model
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A. Bjorken Background Without Wake
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We can use the di↵erence between the two cases to test the linear approximation used in
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๏ Particle production via Cooper Fry at fixed proper time

Unperturbed 
spectrum

๏ Approximation in the hybrid model:

๏ Strictly valid for soft particles 

๏ Here we use the expression without expanding in momentum
๏It requires the explicit form of the flow fields

๏ No need to know the perturbed flow, only Eloss.
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= =perturbed velocity

๏Valid for small perturbations as long as thermalisation is achieved

e
�u·p
T ⇡ 1 +

�u · p
T

(0.1)

1

๏ We expect modifications for pT ≫ T
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The flow field

7

๏ Ideal Bjorken flow without transverse expansion

๏ Gaussian source for the stress tensor along the jet path

๏ Energy injection according to the ELoss rate
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๏ Small  (linearised) disturbance due to the jet
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A simplified setup
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๏ Ideal Bjorken flow with no transverse expansion

๏ Initialization time 𝛕0=0.6 fm-1. T(𝛕0)= 400 MeV.

๏ A single jet (energy source) propagates for a fixed proper time 

Disappearance of the jet simulates that the jet leaves the medium

๏ The fluid propagates until a Tfreezeout=155 MeV

๏ Energy loss controlled by a strongly-coupled inspired rate (Hybrid)

𝛕f= 4.6 fm   ⇒   ΔELoss = 8.77 GeV

𝛕f= 8.1 fm   ⇒   ΔELoss = 25 GeV 
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Spectrum of Particles
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๏ The spectrum becomes harder
๏ Reduction of the number of particles with pT<1 GeV
๏ Increase of the number of particles with pT>1 GeV

Comparison of the full calculation with the hybrid approximation

๏ Hardening increases with the energy loss

ΔELoss = 8.77 GeV ΔELoss = 25 GeV

๏ Corrects the soft hybrid model spectrum towards data
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Angular distribution

10

0 1 2 3 4 5 6

�

�0.2

�0.1

0.0

0.1

0.2

0.3

0.4

0.5

d
�

N
d
�

| p T
>

1G
eV

⇡, linearized hydro

⇡, hybrid model

0 1 2 3 4 5 6

�

�0.5

0.0

0.5

1.0

1.5

d
�

N
d
�

| p T
>

1G
eV

⇡, linearized hydro

⇡, hybrid model

Comparison of the full calculation with the hybrid approximation

๏ Beaming of the spectrum along the jet azimuthal direction
๏ Harder particles are better correlated with jet azimuthal direction

๏ Less depletion of particles opposite to the jet (“negative particles”)
Improves the description of the R dependence of jet suppression

see D. Pablos’s talk on Wednesday

ΔELoss = 8.77 GeV ΔELoss = 25 GeV

๏ Corrects the narrow hybrid model spectrum towards data
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Rapidity distribution
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๏ Narrow rapidity distribution for hard particles

Comparison of the full calculation with the hybrid approximation

๏ The distribution is wider than in the approximated form (hybrid)

ΔELoss = 8.77 GeV ΔELoss = 25 GeV
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Energy Recovered in a Cone
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Energy of back-reacted particles in a cone of radius R around the source

๏ Recovery of jet energy due to back-reaction
๏ Larger fraction of semi-hard particles around the jet 
๏ Slower recovery of jet energy as a function of R: 

๏Wider rapidity distribution
๏Less depletion of particles in opposite jet direction (negatives)

ΔELoss = 8.77 GeV ΔELoss = 25 GeV



Hard Probes 2020 J. Casalderrey-Solana 02/06/2020

Conclusions

13

๏ Improved description of the medium back-reaction
๏ Leads to a harder spectrum of back-reaction particles
๏ Beaming of the spectrum along the jet azimuthal direction
๏ Wider rapidity distribution

๏ Promising results for a better description of data 
๏ Work in progress: many details to be implemented

๏ Full jet events, full geometry, MonteCarlo implementation

๏ The effect of viscosity
๏ Transverse flow

๏  …

๏ We will enjoy deconfinement as much as quarks and gluons do! 


