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For holographic approaches:

What about jet energy loss? Do we expect this scaling to be followed?
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In the single parton picture

All energy lost due to Sudakov emission

Lost energy due to 
medium interaction
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For jets this picture changes

Energy lost due to Sudakov emission

Some energy is “recovered” since the jet is an extended object
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For jets this picture changes

Conclusions: For jets not all emissions contribute to the lost energy spectrum
The Casimir scaling for medium interaction should be modified
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Two points we want to understand:

Does medium induced energy loss scale with the ratio of the Casimirs ?

It may differ by a scale factor [Spousta, arXiv: 1606.00903/ Spousta, Cole, arXiv:1504.05169]

Next talk [Mehtar-Tani, Schlichting, arXiv:1807.06181] : for jets which lose sufficient energy 
the scaling is broken

This is effect should be seen both in-vacuum and in-medium events

How does energy lost scale due to R?

https://arxiv.org/pdf/1606.00903.pdf
https://arxiv.org/pdf/1504.05169.pdf
https://arxiv.org/pdf/1807.06181.pdf
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We use the MC generator JEWEL [Zapp, Krauss, Wiedemann, arXiv: 1212.1599] to 
produce Z+qjets or Z+gjets in-vacuum and in-medium events (0-10 % 
centrality) with default parameters, no recoil and at parton level

Z cuts: pT > 50 GeV , |η| < 5 , di-muon channel

Jet cuts: pT > 50 GeV , anti-kt reconstruction
algorithm 0.1 ≤ R ≤ 0.7

Order jets by pT and require back-to-back 
with the Z (i.e. Δφ < 7π/8)

pT
Z is used as a proxy for the momentum of the initial parton

µ

µ

https://arxiv.org/pdf/1212.1599.pdf
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(Small aside)

∆𝑝𝑇

𝑝𝑇
𝑍 =

𝑝𝑇
𝑍 − 𝑝𝑇

𝑗𝑒𝑡

𝑝𝑇
𝑍 =
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𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑎𝑟𝑡𝑜𝑛 𝑝𝑇

arXiv:1411.5182

Study of total energy imbalance

First order in t yields  

 
∆𝑝𝑇

𝑝𝑇
𝑍

𝑞𝑢𝑎𝑟𝑘
∆𝑝𝑇

𝑝𝑇
𝑍

𝑔𝑙𝑢𝑜𝑛

= 0.424… ≈  𝐶𝐹 𝐶𝐴

https://arxiv.org/pdf/1411.5182.pdf


10

Quark and Gluon Jet Energy Loss

First we look at
∆𝑝𝑇

𝑝𝑇
𝑍 =

𝑝𝑇
𝑍 − 𝑝𝑇

𝑗𝑒𝑡

𝑝𝑇
𝑍 =

𝑡𝑜𝑡𝑎𝑙 𝑖𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑎𝑟𝑡𝑜𝑛 𝑝𝑇

Vacuum evolution 
with R for 3 pT

Z bins

Study of total energy imbalance



10

Quark and Gluon Jet Energy Loss

First we look at
∆𝑝𝑇

𝑝𝑇
𝑍 =

𝑝𝑇
𝑍 − 𝑝𝑇

𝑗𝑒𝑡

𝑝𝑇
𝑍 =

𝑡𝑜𝑡𝑎𝑙 𝑖𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑎𝑟𝑡𝑜𝑛 𝑝𝑇

Vacuum evolution 
with R for 3 pT

Z bins

Study of total energy imbalance



10

Quark and Gluon Jet Energy Loss

First we look at
∆𝑝𝑇

𝑝𝑇
𝑍 =

𝑝𝑇
𝑍 − 𝑝𝑇

𝑗𝑒𝑡

𝑝𝑇
𝑍 =

𝑡𝑜𝑡𝑎𝑙 𝑖𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑎𝑟𝑡𝑜𝑛 𝑝𝑇

Vacuum evolution 
with R for 3 pT

Z bins

Gluon initiated jets lose 
more energy

Study of total energy imbalance



10

Quark and Gluon Jet Energy Loss

First we look at
∆𝑝𝑇

𝑝𝑇
𝑍 =

𝑝𝑇
𝑍 − 𝑝𝑇

𝑗𝑒𝑡

𝑝𝑇
𝑍 =

𝑡𝑜𝑡𝑎𝑙 𝑖𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑎𝑟𝑡𝑜𝑛 𝑝𝑇

Vacuum evolution 
with R for 3 pT

Z bins

Gluon initiated jets lose 
more energy

As R increases solutions 
approach since all 
energy is recovered

Study of total energy imbalance



10

Quark and Gluon Jet Energy Loss

First we look at
∆𝑝𝑇

𝑝𝑇
𝑍 =

𝑝𝑇
𝑍 − 𝑝𝑇

𝑗𝑒𝑡

𝑝𝑇
𝑍 =

𝑡𝑜𝑡𝑎𝑙 𝑖𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑎𝑟𝑡𝑜𝑛 𝑝𝑇

Vacuum evolution 
with R for 3 pT

Z bins

Gluon initiated jets lose 
more energy

As R increases solutions 
approach since all 
energy is recovered

Study of total energy imbalance

Independence on the 
initial momentum
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Vacuum evolution 
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Study of total energy imbalance

There are effects 
beyond R evolution
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The quark to gluon scaling

Vacuum evolution 
with R for 3 pT

Z bins

Study of total energy imbalance

There are effects 
beyond R evolution

Opposite trends 
between MC and 
analytical results
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Medium evolution 
with R for 3 pT

Z bins

Study of total energy imbalance
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The same plots now with in-medium evolution

Slower evolution with R

Medium evolution 
with R for 3 pT

Z bins

Study of total energy imbalance

Greater separation for higher 
pT , although only one bin

Greater imbalance (more 
out of cone radiation)
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The scaling for quark/gluon 

Medium evolution 
with R for 3 pT

Z bins

Study of total energy imbalance
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The scaling for quark/gluon 

Opposite evolution to 
vacuum case

Study of total energy imbalance
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The scaling for quark/gluon 

Study of total energy imbalance

Seemingly invariant in 
pT , very slow evolution

Opposite evolution to 
vacuum case
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We looked at the total imbalance

Study of total medium energy imbalance



15

Quark and Gluon Jet Energy Loss

Consider now  
∆𝑝𝑇
𝑚𝑒𝑑. − ∆𝑝𝑇

𝑣𝑎𝑐.

𝑝𝑇
𝑍 =

(𝑝𝑇
𝑣𝑎𝑐. − 𝑝𝑇

𝑚𝑒𝑑.)𝑗𝑒𝑡

𝑝𝑇
𝑍 =

𝑖𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒 𝑑𝑢𝑒 𝑡𝑜 𝑚𝑒𝑑𝑖𝑢𝑚

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑎𝑟𝑡𝑜𝑛 𝑝𝑇

Study of total medium energy imbalance

We looked at the total imbalance



15

Quark and Gluon Jet Energy Loss

Consider now  
∆𝑝𝑇
𝑚𝑒𝑑. − ∆𝑝𝑇

𝑣𝑎𝑐.

𝑝𝑇
𝑍 =

(𝑝𝑇
𝑣𝑎𝑐. − 𝑝𝑇

𝑚𝑒𝑑.)𝑗𝑒𝑡

𝑝𝑇
𝑍 =

𝑖𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒 𝑑𝑢𝑒 𝑡𝑜 𝑚𝑒𝑑𝑖𝑢𝑚

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑎𝑟𝑡𝑜𝑛 𝑝𝑇

In the single parton picture this should scale exactly with the Casimirs

Study of total medium energy imbalance

We looked at the total imbalance



15

Quark and Gluon Jet Energy Loss

Consider now  
∆𝑝𝑇
𝑚𝑒𝑑. − ∆𝑝𝑇

𝑣𝑎𝑐.

𝑝𝑇
𝑍 =

(𝑝𝑇
𝑣𝑎𝑐. − 𝑝𝑇

𝑚𝑒𝑑.)𝑗𝑒𝑡

𝑝𝑇
𝑍 =

𝑖𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒 𝑑𝑢𝑒 𝑡𝑜 𝑚𝑒𝑑𝑖𝑢𝑚

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑎𝑟𝑡𝑜𝑛 𝑝𝑇

In the single parton picture this should scale exactly with the Casimirs

Study of total medium energy imbalance

We looked at the total imbalance



Study of total medium energy imbalance

15

Quark and Gluon Jet Energy Loss

Consider now  
∆𝑝𝑇
𝑚𝑒𝑑. − ∆𝑝𝑇

𝑣𝑎𝑐.

𝑝𝑇
𝑍 =

(𝑝𝑇
𝑣𝑎𝑐. − 𝑝𝑇

𝑚𝑒𝑑.)𝑗𝑒𝑡

𝑝𝑇
𝑍 =

𝑖𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒 𝑑𝑢𝑒 𝑡𝑜 𝑚𝑒𝑑𝑖𝑢𝑚

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑎𝑟𝑡𝑜𝑛 𝑝𝑇

In the single parton picture this should scale exactly with the Casimirs

We looked at the total imbalance

Gluon jets lose more energy



Study of total medium energy imbalance

15

Quark and Gluon Jet Energy Loss

Consider now  
∆𝑝𝑇
𝑚𝑒𝑑. − ∆𝑝𝑇

𝑣𝑎𝑐.

𝑝𝑇
𝑍 =

(𝑝𝑇
𝑣𝑎𝑐. − 𝑝𝑇

𝑚𝑒𝑑.)𝑗𝑒𝑡

𝑝𝑇
𝑍 =

𝑖𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒 𝑑𝑢𝑒 𝑡𝑜 𝑚𝑒𝑑𝑖𝑢𝑚

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑎𝑟𝑡𝑜𝑛 𝑝𝑇

In the single parton picture this should scale exactly with the Casimirs

We looked at the total imbalance

Gluon jets lose more energy

For small jets the medium 
effects are a small contribution



Study of total medium energy imbalance

15

Quark and Gluon Jet Energy Loss

Consider now  
∆𝑝𝑇
𝑚𝑒𝑑. − ∆𝑝𝑇

𝑣𝑎𝑐.

𝑝𝑇
𝑍 =

(𝑝𝑇
𝑣𝑎𝑐. − 𝑝𝑇

𝑚𝑒𝑑.)𝑗𝑒𝑡

𝑝𝑇
𝑍 =

𝑖𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒 𝑑𝑢𝑒 𝑡𝑜 𝑚𝑒𝑑𝑖𝑢𝑚

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑎𝑟𝑡𝑜𝑛 𝑝𝑇

In the single parton picture this should scale exactly with the Casimirs

We looked at the total imbalance

Gluon jets lose more energy

For small jets the medium 
effects are a small contribution

Wider jets lose more energy
[Milhano, Zapp, arXiv: 1512.08107/ Rajagopal, 
Sadofyev, van der Schee, arXiv:1602.04187/ 
Escobedo, Iancu, arXiv: 1601.03629]

https://arxiv.org/pdf/1512.08107.pdf
https://arxiv.org/pdf/1602.04187.pdf
https://arxiv.org/pdf/1601.03629.pdf
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The ratio tends to a constant value

Multiplicative correction to the Casimir 
scaling is in accordance with Spousta
and Cole’s paper, despite large uncertainty

The ratio is close to 1; insensitivity to 
initial flavor

We looked at the total imbalance
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Consider now  

In the single parton picture this should scale exactly with the Casimirs

∆𝑝𝑇
𝑚𝑒𝑑. − ∆𝑝𝑇

𝑣𝑎𝑐.

𝑝𝑇
𝑍 =

(𝑝𝑇
𝑣𝑎𝑐. − 𝑝𝑇

𝑚𝑒𝑑.)𝑗𝑒𝑡

𝑝𝑇
𝑍 =

𝑖𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒 𝑑𝑢𝑒 𝑡𝑜 𝑚𝑒𝑑𝑖𝑢𝑚

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑎𝑟𝑡𝑜𝑛 𝑝𝑇

We looked at the total imbalance
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Quark and Gluon Jet Energy LossStudy of total medium energy imbalance

Consider now  

In the single parton picture this should scale exactly with the Casimirs

∆𝑝𝑇
𝑚𝑒𝑑. − ∆𝑝𝑇

𝑣𝑎𝑐.

𝑝𝑇
𝑍 =

(𝑝𝑇
𝑣𝑎𝑐. − 𝑝𝑇

𝑚𝑒𝑑.)𝑗𝑒𝑡
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𝑍 =

𝑖𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒 𝑑𝑢𝑒 𝑡𝑜 𝑚𝑒𝑑𝑖𝑢𝑚

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑎𝑟𝑡𝑜𝑛 𝑝𝑇

Again ratio near 1, despite uncertainty

We looked at the total imbalance
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Again ratio near 1, despite uncertainty

We looked at the total imbalance

However still roughly 
constant over  pT scale and 
independent of choice for R
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In the single parton picture this should scale exactly with the Casimirs

∆𝑝𝑇
𝑚𝑒𝑑. − ∆𝑝𝑇

𝑣𝑎𝑐.

𝑝𝑇
𝑍 =

(𝑝𝑇
𝑣𝑎𝑐. − 𝑝𝑇

𝑚𝑒𝑑.)𝑗𝑒𝑡

𝑝𝑇
𝑍 =

𝑖𝑚𝑏𝑎𝑙𝑎𝑛𝑐𝑒 𝑑𝑢𝑒 𝑡𝑜 𝑚𝑒𝑑𝑖𝑢𝑚

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑝𝑎𝑟𝑡𝑜𝑛 𝑝𝑇

Again ratio near 1, despite uncertainty

We looked at the total imbalance

This hints that Casimir 
scaling is broken for jets

However still roughly 
constant over  pT scale and 
independent of choice for R
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Quark and Gluon Jet Energy LossConclusion and outlook

We looked at two effects:

1) Energy loss due to jet definition: 

2) Jet energy loss to the medium: 

In vacuum, there is an evolution of the quark 
to gluon energy loss ratio, which seems not to 
be explained just by R definition

We recovered a constant ratio, but results 
seem to indicate this is not given directly 
by the Casimirs’ ratio

Flavor seems less relevant than at the 
single parton level

This should be checked for 
another MC generator and for 
in-medium evolution

JEWEL energy loss is similar for quark and 
gluon jets (quark jets have many gluons) 



20

Quark and Gluon Jet Energy LossConclusion and outlook

More statistics, wider pT and R range. This is 
particularly important for total imbalance study.

Study R evolution in the medium and 
further test it for other MC generators

Extend the study for less central events (see next talk)

What is left to do:



Thank you
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