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Z0

See Yen-Jie Lee’s talk 
CMS-PAS-HIN-23-006

G.M. Innocenti, Overview of CMS results, Hard Probes 2024

Medium response with Z0-tagged hadrons in PbPb and pp

26

→ Good agreement when including medium response (e.g. recoil, wake, ..)
→ direct evidence of medium-response with the Z+Jet event (confirmed by analogous study as a function of Δych,Z)

Z0

See Yen-Jie Lee’s talk 
CMS-PAS-HIN-23-006

3

[CMS-PAS-HIN-23-004]

Is it possible to get a consistent picture across observables?
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Another puzzle: pPb reality

4

Charged-particle jet production in pp and p–Pb collisions ALICE Collaboration
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Figure 5: The nuclear modification factor Rch jet
pPb of inclusive charged-particle jets as a function of pch

T,jet at
p

sNN = 5.02 TeV for R = 0.2, 0.3, and 0.4. The data measured are compared with the POWHEG+PYTHIA8
predictions calculated with various nPDFs. The bands on the predictions represent statistical uncertainties. Sys-
tematic and statistical uncertainties of data are shown as boxes and error bars, respectively. The normalization
uncertainty of 4.37% is shown as a box around one.

200 GeV by the PHENIX Collaboration [22] at RHIC. Full jets are reconstructed with charged and
neutral components. It is important to realize that the energy scales of the ATLAS, CMS, PHENIX, and
ALICE measurements are different (jets measured by ALICE do not include neutral fragments) which
complicates a direct comparison between the measurements. The ATLAS and CMS measurements show
a hint of enhancement above one, but it has to be confirmed with higher precision measurements. It
is worth noticing that by assuming the final state particles are dominated by pions, one can roughly
estimate a scaling factor of around 1.5 between the energy of charged-particle jets and that of full jets. In
general, the ALICE measurement is in qualitative agreement with those from ATLAS and CMS within
the current experimental precision. The ALICE results shown here extend the measurements down to a
jet pT of 10 GeV/c and complement the measurements of the ATLAS and CMS Collaborations.

5 Conclusion

The inclusive pT-differential charged-particle jet production cross sections in pp and p–Pb collisions atp
sNN = 5.02 TeV were measured using the ALICE detector at the LHC. The inclusive charged-particle

jets were reconstructed with resolution parameters R = 0.2, 0.3, and 0.4. The measured charged-particle
jet cross sections are corrected for experimental effects, such as the finite detector resolution on the
jet energy scale as well as the effects of the uncorrelated background and its fluctuations. The ratios
of jet cross sections measured for different values of R in pp collisions are consistent with those in
p–Pb collisions within uncertainties, indicating no sign of jet structure modification in p–Pb collisions
within the current measurement precision. Besides, the results confirm that the higher-pT jets are more
collimated. The cross section ratios also provide additional comparisons to theoretical predictions.

Within the current experimental precision and uncertainties, the nuclear modification factor Rch jet
pPb is

observed to be consistent with one, implying that the nuclear effects on jet production in p–Pb collisions
are below the resolution of the current measurement. The Rch jet

pPb is also found to be approximately
independent of the jet resolution parameter, and is consistent with the measurements of full jets by the
ATLAS, CMS, and PHENIX Collaborations within the kinematic region of overlap among the different
measurements. The ALICE results reported in this paper extend the jet pT reach down to 10 GeV/c and
are thus complementary to those obtained with ATLAS and CMS.

The results are well described by NLO POWHEG+PYTHIA8 predictions (for pp and p–Pb collisions),
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First measurement of jet mass in Pb–Pb and p–Pb collisions ALICE Collaboration
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Fig. 6: Fully-corrected jet mass distribution for anti-kT jets with R = 0.4 in p–Pb collisions, compared
to PYTHIA and HERWIG simulations for three ranges of pT,ch jet. Statistical uncertainties in data are
smaller than the markers and in the models are smaller than the line width.
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Fig. 7: Fully-corrected jet mass distribution for anti-kT jets with R= 0.4 in minimum bias p–Pb collisions
compared to central Pb–Pb collisions for three ranges of pT,ch jet.
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PYTHIA (tune Perugia 2011) at

√
s = 2.76 TeV and

√
s = 5.02 TeV (width of the band represents the

statistical uncertainties).

energy loss. In JEWEL each scattering of the leading parton with constituents from the medium is
computed giving a microscopic description of the transport coefficient, q̂. By default, JEWEL does
not keep track of the momenta of the recoiling scattering centers (“recoil off”). This leads to a net
loss of energy and momentum out of the di-jet system, and is expected to mostly affect low-pT-particle
production. For the jet mass measurement, low-momentum fragments are important, so JEWEL was
also run in the mode in which it keeps track of the scattering centers (“recoil on”). In that mode, more
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ALI-PREL-581987
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Is it possible to get a consistent picture across observables?

EEC RAA Jet mass

ALICE Collaboration / Physics Letters B 776 (2018) 249–264 255

Table 1
Systematic uncertainty in mean jet mass from different sources in the 10% most central Pb–Pb collisions (left) and minimum-bias p–Pb collisions (right).

Source pT,ch jet
(GeV/c)

Pb–Pb p–Pb

60–80 80–100 100–120 60–80 80–100 100–120

Prior 1.0% 3.0% 5.0% 0 0 0
Background 3.0% 3.0% 5.0% 1.0% 0.5% 1.0%
Tracking efficiency 5.0% 5.0% 5.0% 3.0% 3.0% 3.0%
Unfolding (iterations, range) 1.0% 3.0% 4.0% 0.5% 1.0% 4.0%

Total 6.0% 8.0% 9.0% 3.5% 3.5% 4.5%

Fig. 6. Fully-corrected jet mass distribution for anti-kT jets with R = 0.4 in p–Pb collisions, compared to PYTHIA and HERWIG simulations for three ranges of pT,ch jet . 
Statistical uncertainties in data are smaller than the markers and in the models are smaller than the line width.

Fig. 7. Fully-corrected jet mass distribution for anti-kT jets with R = 0.4 in minimum bias p–Pb collisions compared to central Pb–Pb collisions for three ranges of pT,ch jet .

100 < pT,ch jet < 120 GeV/c in Pb–Pb central collisions. The system-
atic uncertainty in p–Pb collisions is about two times smaller than 
in central Pb–Pb collisions due to the much smaller underlying 
event contribution.

7. Results and discussion

7.1. Jet mass measurements in Pb–Pb and p–Pb collisions

The fully unfolded jet mass distributions including all system-
atic uncertainties, measured in p–Pb collisions at √sNN = 5.02 TeV
in three ranges of pT,ch jet between 60 and 120 GeV/c are shown 
in Fig. 6 and compared with PYTHIA Perugia 2011 and HER-
WIG EE5C [30,52]. Minimum-bias triggered events were used for 
pT,ch jet < 80 GeV/c, while the online jet triggered event sam-
ple was used for pT,ch jet ≥ 80 GeV/c. The agreement of data and 
PYTHIA is within 10–20% for most of the Mch jet range. The de-
viations increase for the low and high mass tail and can exceed 
30–50% for the intermediate pT,ch jet range. The agreement with 
HERWIG is slightly worse, mostly in the low mass tail of the dis-
tribution and in the highest pT,ch jet interval. Considering the good 
agreement with simulations and that the jet nuclear modification 
factors RpPb and Q pPb measurements show no cold nuclear mat-
ter effects [45,53–55], the p–Pb measurement (and PYTHIA) can be 

used as a reference for the assessment of the hot nuclear matter 
effects in Pb–Pb collisions.

Fig. 7 shows the comparison of the jet mass distribution, nor-
malized per jet, in central Pb–Pb collisions at √sNN = 2.76 TeV and 
the p–Pb collision measurement. It can be observed that the jet 
mass distribution in Pb–Pb collisions is shifted to smaller values 
with respect to the measurement in p–Pb collisions for pT,ch jet <

100 GeV/c.
Fig. 8 shows the ratio between the jet mass distribution in 

the 10% most central Pb–Pb collisions and p–Pb collisions. The 
systematic uncertainties are propagated into the ratio as uncor-
related. The center-of-mass energy at which the Pb–Pb and p–Pb
collisions were taken is different, √sNN = 2.76 TeV for Pb–Pb and √

sNN = 5.02 TeV for p–Pb collisions. This is expected to introduce 
a small difference in the jet mass distributions due to a different 
shape in the underlying jet pT-spectrum and a different quark-to-
gluon ratio. Therefore, the figure shows also the same ratio from 
particle level simulated PYTHIA pp collisions (tune Perugia 2011) 
at the two energies. Considering statistical uncertainties only in 
the ratio, a shift to lower jet masses in Pb–Pb is observed for 
pT,ch jet < 100 GeV/c, consistent with the PYTHIA embedded results 
in Sec. 5.1. Including the systematic uncertainties in our measure-
ments, the decreasing trend of the ratio as a function of Mch jet is 



Let’s take a step back: analytic understanding of jet substructure
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dσ
d𝒪 pt

= P(z, θ)ℱ(z, θ)𝒬(z, θ; ϵ, pt)

Single-emission matrix element



Let’s take a step back: analytic understanding of jet substructure

5

multiple emission function

dσ
d𝒪 pt

= P(z, θ)ℱ(z, θ)𝒬(z, θ; ϵ, pt)



Let’s take a step back: analytic understanding of jet substructure

5

Energy loss

dσ
d𝒪 pt

= P(z, θ)ℱ(z, θ)𝒬(z, θ; ϵ, pt)
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Figure 2. (Color online) The ratio of normalised zg-distributions in Pb-Pb and pp collisions for
pT = 140GeV (full lines) and pT = 250GeV (dashed lines). The shaded area between the pairs of
curves accounts for the variation of q̂.

Again, one of the underlying assumptions leading to the factorised form in eq. (4.4)

is the angular separation between the vacuum and the medium-induced splittings. The

fact that the angular integration for the vacuum part is not sensitive to the upper limit

R, while the medium-induced contribution is not sensitive to the lower limit, justifies our

approximation. Corrections to eq. (4.4) are sub-leading in the leading-log approximation.

The sensitivity to the minimal angle R0 can easily be included in eq. (4.4) by replacing

R0 in the lower limits of the angular integrals. We have plotted the ratio of the normalised

medium-modified splitting function (4.4) to the vacuum one (2.1) in figure 2 (normalisation

to the number of jets). We have considered a static medium of length L = 5 fm, which is

close to the average path-length of jets traversing the medium at LHC, and characterised by

a constant transport parameter in the range q̂ = 1–2GeV2/fm, that gauges the uncertainty

on the medium parameter, and used αs = 0.3. Finally, we set R = 0.3 and replace R0 = 0.1

as in the experimental data. Note that one-pronged jets are discarded in the experimental

procedure, hence the distribution in figure 2 is self-normalised.

The two-prong probability (4.4) is a result of the interplay between vacuum radiation

that is unaffected by energy loss and BDMPS-Z gluons that are emitted within the cone.

Roughly speaking, their z-dependence is given by z−1 and z−3/2, respectively. Since both

terms are approximately proportional to the same quenching factor, which scales out of

the expression, it is mainly the characteristic energy ωc that controls the enhancement.

The jet energy dependence of the relative contribution is contained in the BDMPS-Z term,

which scales as ∼
√
ωs/E implying a more pronounced enhancement over the pure vacuum

spectrum at low jet energies. This is also apparent in figure 2. The steepening of the

distribution for increasing q̂ reflects a larger range for the induced bremsstrahlung, as

ωc grows, but also the stronger effects of momentum broadening at angles closed to the

experimentally minimal resolution.

– 10 –

:vacuum+BDMPS-ZP(z, θ)

F(z, θ) :vacuum LL resummation

𝒬(ϵ, pt) :quenching weight

Some jet substructure studies:  in 2017zg [Mehtar-Tani, Tywoniuk JHEP 04 (2017) 125]

Enhancement of unbalanced splittings due to  slope of BDMPS-Zz3/2

Phys.Rev.D 68 (2003) 014008

[Salgado, Wiedemann PRD 68 (2003) 014008]
[Baier et al JHEP 09 (2001) 033]
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:vacuum +BDMPS-ZΘvetoP(z, θ)

F(z, θ) :vacuum LL resummation

𝒬(θ; ϵ, pt) :quenching weight ( ) θc
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Figure 8. The ✓g-distribution for the toy model given by Eq. (26) for various values of the DyG parameter a in vacuum (solid,
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do not wash out the peak around ✓c.

A. JetMed

To begin with, we present results for the Monte-Carlo
framework that is closest in spirit to the semi-analytic
model presented in the previous section. The Monte-
Carlo JetMed is a parton shower based on the factor-
ization between vacuum-like emissions and medium-
induced emissions that holds in the double-logarithmic
approximation for the former and multiple soft scat-
tering approximation for the latter. The main differ-
ences to be expected between the analytic approach and
the numerical results concern (i) the inclusion of part
of the single logarithmic corrections to the vacuum-like
shower, through the running of the QCD couplingg and
the hard collinear emissions, (ii) the proper resumma-
tion of the medium-induced emissions with formation

time tmed

f ⌧ L in the multiple branching regime, (iii) the
quenching weight approximation is relaxed since the jet
energy loss is provided for free in a parton shower ap-
proach and (iv) transverse momentum broadening after
emission that leads to a shift in the final ✓g value of the
tagged subjet is accounted for. Notice that we have ex-
tended the original code to include jet path length fluc-
tuations using the same model of the geometry as in the
analytics.

The resulting ✓g-distributions for JetMed are dis-
played in Fig. 10. Let us start the discussion with the
vacuum curves. A clear quantitative discrepancy ex-
ists between them and the analytic ones presented in
Fig. 1. We have tested that the main source of this
difference is the choice of fixed couplingg in the ana-
lytic result. Despite being an easy element to introduce
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To begin with, we present results for the Monte-Carlo
framework that is closest in spirit to the semi-analytic
model presented in the previous section. The Monte-
Carlo JetMed is a parton shower based on the factor-
ization between vacuum-like emissions and medium-
induced emissions that holds in the double-logarithmic
approximation for the former and multiple soft scat-
tering approximation for the latter. The main differ-
ences to be expected between the analytic approach and
the numerical results concern (i) the inclusion of part
of the single logarithmic corrections to the vacuum-like
shower, through the running of the QCD couplingg and
the hard collinear emissions, (ii) the proper resumma-
tion of the medium-induced emissions with formation

time tmed

f ⌧ L in the multiple branching regime, (iii) the
quenching weight approximation is relaxed since the jet
energy loss is provided for free in a parton shower ap-
proach and (iv) transverse momentum broadening after
emission that leads to a shift in the final ✓g value of the
tagged subjet is accounted for. Notice that we have ex-
tended the original code to include jet path length fluc-
tuations using the same model of the geometry as in the
analytics.

The resulting ✓g-distributions for JetMed are dis-
played in Fig. 10. Let us start the discussion with the
vacuum curves. A clear quantitative discrepancy ex-
ists between them and the analytic ones presented in
Fig. 1. We have tested that the main source of this
difference is the choice of fixed couplingg in the ana-
lytic result. Despite being an easy element to introduce

Some jet substructure studies: DyG in 2022 [Caucal, ASO, Takacs, PRD 105 (2022) 11, 114046]

Drastic modification around the critical angle

dσ
d𝒪 pt

= P(z, θ)ℱ(z, θ)𝒬(z, θ; ϵ, pt)

[Caucal et al PRL 120 (2018) 232001]

[Methar-Tani, Tywoniuk PRD 98 (2018) 5, 051501]



uncertainty in the UE model is evaluated by using the
Monash tune [76]. The measured and PYTHIA8 distributions
show good agreement, given the uncertainties. The lower
panels in Fig. 1 also show the ratios between the HERWIG7

and SHERPA2 MC distributions and the PYTHIA8 reference,
to illustrate the level of variation that exists among models.
Since the MC models provide a reasonably good

description of the measured xL dependence of E2C, we
can discuss it in terms of three phases in the evolution of the
produced jets. The momentum exchange between two
particles is proportional to pTxL [12], so that xL reflects
the energy scale of the interaction. In the large xL region,
dominated by wide-angle splittings from the emission of
additional partons during the PS stage, we see that E2C
decreases as xL increases, as predicted by pQCD [25]. The
small xL region, where we have the opposite trend, reflects
a phase dominated by noninteracting hadrons. The inter-
mediate xL region corresponds to a transition phase, where
the partons get confined in the final hadrons. To determine
the xL boundaries, shown as dashed vertical lines in Fig. 1,
we fit the xL distributions in each jet pT range and identify
the regions that follow the quantitative scaling predictions:
In the free-hadron region, the E2C and E3C particle-
level distributions are expected to increase with xL as
expð2 ln xLÞ [77]; in the perturbative region, the E3C=E2C
ratio of parton-level distributions is expected to increase
with xL as ln xL [26], with small differences at the hadron
level. The fits of the parton- and hadron-level distributions
are made using the simulated trends, which describe well
the shapes of the measured distributions. As the jet pT
increases, the boundaries shift toward smaller xL, so that
the energy scale at which the transition occurs,Q ¼ apTxL
[12], remains the same. The constant a is unknown, but the
boundaries derived from simulation suggest that Q=a ≈
20 GeV for the transition between the perturbative and
confinement regions and ≈0.8 GeV for the transition
between the confinement and free-hadron regions. The
boundaries are sensitive to αS. We compare only data and
pQCD where the calculations are reliable.
Figure 2 shows the ratio between the E3C and E2C xL

distributions, both measured and predicted at NLOþ
NNLLapprox [26]. The renormalization scale is set to
pjet
T R=2 in each region, where R ¼ 0.4. This choice

approximates the energy scale of the parton splitting and
improves the convergence of the pQCD calculation [26].
Hadronization and UE effects are corrected using PYTHIA8

and HERWIG7 simulations, accounting for the 1 GeV thresh-
old on the hadron pT . The corrections are applied to the
parton-level calculations and are in the 5%–40% range for
the E2C and E3C distributions, decreasing with increasing
xL and jet pT ; they largely cancel in the ratio, decreasing to
the 0%–3% range. The difference between the PYTHIA8 and
HERWIG7 correction factors is considered as the nonpertur-
bative theoretical uncertainty [33]. Figure 3 shows the slope
of the xL dependence of the E3C over E2C ratio, defined as

ΔðE3C=E2CÞ=Δ log xL, accounting for the covariance
matrix and systematic uncertainties. Since the slope is
approximately proportional to αSðQÞ [12], the trend reflects
the running of αS with jet energy.
Comparing the measured E3C=E2C ratio, as a function

of xL, with the corresponding theoretical predictions (using
the median value of the predictions in each xL bin), we
obtain χ2 values as a function of αSðmZÞ. We consider the
theoretical uncertainties described above, except that the PS
renormalization scale uncertainty is replaced by the NLOþ
NNLLapprox uncertainty [26]. Only the perturbative region
is used; the xL < 0.234 selection avoids boundary effects of

FIG. 2. Measured E3C=E2C ratio (left) and their ratio to
predictions (right) in the perturbative xL region and four jet
pT bins. The NLOþ NNLLapprox predictions [26] are corrected to
hadron level and normalized to the data. The statistical and
experimental systematic uncertainties are shown with bars and
boxes, respectively.

FIG. 3. Fitted slopes of the measured E3C=E2C ratios, in the
eight jet pT bins, compared to theoretical predictions for three αS
values.

PHYSICAL REVIEW LETTERS 133, 071903 (2024)

071903-4

dσ
d𝒪 pt

= P(z, θ)ℱ(z, θ)𝒬(z, θ; ϵ, pt)

8

What about the EEC? Vacuum considerations 

only sensitive to 
collinear physics, i.e. 
easier to resum!

[CMS Collab. PRL 133 (2024) 071903]

αs(MZ) = 0.1229+0.0040
−0.0050



dσ
d𝒪 pt

= P(z, θ)ℱ(z, θ)𝒬(z, θ; ϵ, pt)

9

What about the EEC? Medium considerations 

In-medium calculation of EEC is as complicated as other jet substructure 
observables, i.e. no apparent simplification due to its definition 

???
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dσ
d𝒪 pt

= P(z, θ)ℱ(z, θ)𝒬(z, θ; ϵ, pt)

:vacuum+semi-classical 
approx
:vacuum LL resummation

:no E-loss ( -jet)γ

Some semi-analytic studies: EEC in summer 2023

Enhancement of wide-angle splittings due to finite formation time effects

of θon and θpeak, the position of the peak in the medium
enhancement, in the PC and DC regimes. In both limits,
and for both n ¼ 1 & 2, the onset angle was found to scale
as θon ∼ θ1"0.1

L , this was very robust against the extraction
procedure. In the DC limit for both n ¼ 1 & 2, the peak
position was found to scale as

θDCpeak ∼ E−0.86"0.1L0.21"0.1q̂0.36"0.1: ð8Þ

In the PC limit, for both n ¼ 1 & 2,

θPCpeak ∼ E−0.54"0.1L−0.31"0.1q̂0.09"0.1: ð9Þ

Note the scalings of θon, θDCpeak, θ
PC
peak are all dimensionally

correct. This was not imposed in our fits and its emergence
is an indication of their robustness. We note that the best
extraction of θDCpeak, θ

PC
peak was achieved from Σð2Þ where a

slightly sharper peak is observed. We expect the change of
scaling between the DC and PC regimes could be accessed
experimentally with jets at different centralities at RHIC
and at the LHC.
The deviation in the scaling of θDCpeak and θPCpeak is a clear

indication of the emergence of decoherence or coherence in
the medium-induced radiation. This can be easily seen by
eye when one plots the ratio θon=θpeak as a function of the
jet energy for fixed medium parameters q̂ and L, largely
removing the θL dependence from θPCpeak, see Fig. 3. The
change of regime is clearly visible in this figure at the
critical energy Ec ∼ q̂L2 which coincides with the con-
dition θc ∼ θL, thus undoubtedly signaling the emergence
of a new relevant angular scale. This transition would not
be possible to observe from the Lund planes only, as seen in
[79,80], where defining specific features as the onset and
peak angles would be considerably more challenging.

Analysis with JEWEL.—Having illustrated the features
of the energy correlators in an idealized theoretical calcu-
lation, we now use the Monte Carlo parton shower JEWEL
with recoils [72–74,83] to show their potential in simu-
lations of jet-medium interactions. The EEC computed
using JEWEL, with anti-kT R ¼ 0.4 jets recoiling off
photons [84] in

ffiffiffiffiffiffiffiffi
sNN

p ¼ 5.02 TeV Pbþ Pb collisions at
T ¼ 0.34 and T ¼ 2.04 GeV is shown in Fig. 4, and
compared with the vacuum EEC. The case of T ¼
2.04 GeV is unrealistically high, but is meant to illustrate
the dependence on temperature. An enhancement at wide
angles similar to that found in our (semi-)analytical

FIG. 2. The EEC evaluated using (7) for the DC (left panel) and PC regimes (right panel). The bottom panels show the volume
normalized medium contribution to the distribution, defined as dΣðnÞ

med ¼ ðdΣðnÞ − dΣðnÞðq̂ ¼ 0ÞÞ=ΣðnÞ
med, so the shape can be more easily

compared. The scales of the medium are clearly imprinted into the correlator.

FIG. 3. Ratio of the peak θpeak and onset θon angles of the EEC
as a function of the jet energy. A clear change in the power-law
scaling of the ratio is visible around the critical energy, which for
the shown values of q̂ ¼ 1.5 GeV2 fm−1 and L ¼ 5 fm is
Ec ∼ 187.5 GeV. The embedded figure shows the same plot
without the Log-Log axis. The power-law fits are provided in the
legend and were extracted from a much larger data set of 242
different sets of the parameters ðE; L; q̂Þ from which this figure is
one slice.

PHYSICAL REVIEW LETTERS 130, 262301 (2023)

262301-4

[Andres et al PRL130, 262301 (2023)]


[Dominguez et al, EPJC 80 (2020) 1, 11]

P(z, θ)

F(z, θ)

𝒬(ϵ, pt)
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dσ
d𝒪 pt

= P(z, θ)ℱ(z, θ)𝒬(z, θ; ϵ, pt)

:vacuum +state-of-
the-art ME (for )

Θveto
γ → qq̄

:vacuum LL resummation

Some semi-analytic studies: EEC in winter 2023

Significant reduction of wide-angle enhancement when improving the 
description of , i.e. leading order result not under controlP(z, θ)

:quenching weight ( ) θc

[Barata, Caucal, ASO, Szafron 2312.12527]
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Vacuum

Semi-classical approx.

Large Nc factorizable

Exact

[Isaksen, Tywoniuk JHEP 09 (2023) 049]

P(z, θ)

F(z, θ)
𝒬(θ; ϵ, pt)
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dσ
d𝒪 pt

= P(z, θ)ℱ(z, θ)𝒬(z, θ; ϵ, pt)

:vacuum+semi-classical 
approx
:vacuum LL resummation

:coherent quenching weight

Some semi-analytic studies: EEC in 2024

Energy loss narrows the EEC as observed in 

[Andres et al. 2407.07936]
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Figure 4: Left panel: EEC for inclusive 140 < pT < 160GeV jets within the 20-30% centrality
class in

p
sNN = 5.02 TeV Pb-Pb collisions computed through eq. (3.2) using the single scattering

approach described in 3.1.2 for several values of the free parameter kGLV (solid curves) compared
to the p-p NLL EEC (dashed black curve). Right panel: Ratio of the Pb-Pb EEC w.r.t the p-p
EEC.

Figure 5: Left panel: EEC for gamma-tagged 140 < pT < 160GeV jets within the 0-10% centrality
class in

p
sNN = 5.02 TeV Pb-Pb collisions computed through eq. (3.1) using the single scattering

approach described in 3.1.2 for several values of the free parameter kGLV (solid curves) compared
to the p-p NLL EEC (dashed black curve). Right panel: Ratio of the Pb-Pb EEC w.r.t the p-p
EEC.

jet samples at central rapidities for di↵erent jet pT bins.
Finally, we note that we do not examine in this manuscript the e↵ects of the medium back-

reaction (or medium response) on the energy correlators. Although the back-reaction primarily
involves soft hadrons and is therefore suppressed by the inclusiveness and energy weighting of the
observable, it might still have a significant impact, as shown in [30]. This impact is expected to
occur in an overlapping angular region with the wide-angle enhancement from medium-induced
radiation. In sum, these competing e↵ects could obscure the interpretation of the medium’s prop-
erties extracted from a measurement of this enhancement, motivating further theoretical work to
better disentangle such sub-leading phenomena.

– 16 –

[Barata, Mehtar-Tani PoS HardProbes2023 (2024) 145]
[Barata, Caucal, ASO, Szafron 2312.12527]

P(z, θ)

F(z, θ)
𝒬(ϵ, pt)

https://arxiv.org/abs/2407.07936
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Impressive on-going experimental program on energy-energy correlators

Some final considerations

Calculability of EEC is not obviously simpler than other observables

Not many theoretical developments (also applies to MC) beside 
exploring different parametrizations of   effectsP(z, θ) → 𝒪(1)

In-medium EECs: quo vadis?

As for other observables, analytic calculations not hitting precision frontier


