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Figure 7.63: Comparison between the dihadron azimuthal angle correlation in e+Au col-
lisions (labeled with filled red circles) and that in e + p collisions (labeled with filled teal
squares). The results with the detector smearing are shown in open markers. The solid lines
represent the results obtained from the theoretical model calculations in the CGC formalism.

link structure of the WW gluon distribution, and calculations within the CGC for-
malism, it has been proposed [537, 740] that the DIS back-to-back dijet/dihadron
production at the EIC can be used to directly probe the WW distribution, which
has not been measured before.

To directly probe the WW gluon distribution and gluon saturation effects at low
x, we can measure the azimuthal angle difference (Df) between two back-to-
back charged hadrons in e+A collisions (e+A ! e0h1h2X). This azimuthal angle
distribution can help us map the transverse momentum dependence of the in-
coming gluon distribution. The away-side peak of the dihadron azimuthal an-
gle correlation is dominated by the back-to-back dijets produced in hard scatter-
ings. Due to the saturation effect, the WW gluon TMD can provide additional
transverse momentum broadening to the back-to-back correlation and cause the
disappearance of the away-side peak when the saturation effect is overwhelm-
ing [537, 741]. A comparison of the heights and widths of the coincidence proba-
bilities C(Df) = Npair(Df)/Ntrig in e + p and e+A collisions will be a clear experi-
mental signature for the onset of the saturation effect.

Furthermore, following the prescriptions in Ref. [742], a Monte Carlo simulation
has been carried out for the azimuthal angle correlations of two charged hadrons
at

p
s = 90 GeV in e+pand e+Aucollisions. The results of the simulation are also

compared with the prediction from the saturation formalism. To focus on the low-x
region, the events within the range of the virtuality 1 < Q2 < 2 GeV2 and inelas-
ticity 0.6 < y < 0.8 are selected. Events in nearby Q2 and y bins are expected
to yield similar results. The hadron pairs are required to have an energy fraction
0.2 < ztrig, zassc < 0.4 within the pseudorapidity range |h| < 3.5 with ptrig

T > 2

YR Fig. 7.63

• Dihadron azimuthal angle 
correlation in e+Au and e + p
collisions

• Linked to saturation physics
• Propose to do jet-hadron 

correlations instead
• Jets have better correlation with 

parton kinematics
• Jet resolution is better than 

tracking resolution
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Figure 7.71: Left: modifications of the inclusive jet cross section in 18 ⇥ 275 GeV e+Au colli-
sions for the rapidity interval 2 < h < 4. The blue and green bands represent contributions
from initial-state PDFs and final-state interaction between the jet and cold nuclear matter,
while the red band is the full result. Right: ratio of jet cross section modifications for differ-
ent radii ReA(R)/ReA(R = 1.0) in 10 ⇥ 100 GeV (upper) and 18 ⇥ 275 GeV (lower) e+Au
collisions, where the smaller jet radius is R=0.3, 0.5, and 0.8, and the jet rapidity interval is
2 < h < 4.

In the semi-inclusive jet function approach ds ⇠ fa(x, µ) ⌦ Hab(x, z; pT, h) ⌦
Jb(z, µ, R). The effects of final-state in-medium parton shower that come at O(as)
are included as follows [813, 820],

Jb(z, µ, R) = Jvac
b (z, µ, R) + Jmed

b (z, µ, R) , (7.39)

and Jmed
b (z, µ, R) is calculated numerically from the medium-induced splitting

functions. Predictions for the resulting jet modification are taken from Ref. [814].
In the left panel of Fig. 7.71, for jets of radius R =0.5, bands correspond to scale un-
certainties from varying the factorization scale and the jet scale by a factor of two
independently. For the chosen kinematics the Bjorken-x values corresponding to
the so-called anti-shadowing and EMC regions of nuclear PDFs. As a result, there
is an enhancement for small pT due to anti-shadowing and an suppression for
large pT due to the EMC effect, which is shown by the blue band. The green band
represents the final-state effects, which give rise to 10 - 20% suppression when
pT ⇠ 5 GeV. They are smaller for larger jet energy as expected, and going to back-
ward rapidities further reduces the effect of medium-induced parton showers. The
predicted full ReA(R = 0.5) for 18 GeV (e) ⇥ 275 GeV (A) collisions is given the
red band. The measurements of jet modification in future will improve our un-
derstanding of strong interactions inside nuclei and nuclear PDFs at moderate and
large x.

YR Fig. 7.71
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Figure 7.70: Illustration of the indicated jet kinematics for SIDIS in the Breit frame. The dark
box represents the medium (nucleus) and the red cone represents the jet.

Formation of hadrons in matter

The low center-of-mass energies for the HERMES collaboration measurements of
DIS on nuclei [815, 816] (fixed target and 27.6 GeV electron beam) have spawned
phenomenology based upon the idea of early hadron formation and absorption in
nuclear matter. If particle formation times are smaller than the time to traverse
the nucleus, especially for small and large fragmentation fractions z = phad/pq,
they can be destroyed or transported away from the experimental acceptance [817,
818]. This leads to suppression of hadron production cross section in e+Aversus
e+preactions.

Hadron absorption phenomenology has not yet been developed for the EIC. The
much larger

p
s and the anticipated detector kinematic coverage relative to the

nucleon/nucleus rapidity will provide a large boost to hadron formation times,
making it unlikely for partons to hadronize in light pions and kaons at tf < 10 fm.
Uncertainty principle estimates [566, 819] show that the formation time tf is in-
versely proportional to the mass of the quark/meson squared. Heavy mesons,
such as the D and the B, thus provide the best opportunity to study hadron ab-
sorption physics at the EIC - something that should be investigated further in the
future.

Jet production and modification in e+A collisions

Nuclear effects on reconstructed jets in electron-nucleus collisions can be studied
through the ratio

ReA(R) =
1
A

R h2
h1 ds/dhdpT

��
e+AR h2

h1 ds/dhdpT
��
e+p

. (7.38)

2 < η < 4 
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Table 8.3: Charged particle momentum resolution parameterizations for different pseudo-
rapidity bins that were evaluated by the Jets and Heavy Quarks working group. See text for
discussion.

Pseudorapidity Range Handbook (sP/P%) 3 T (sP/P%) 1.5 T (sP/P%)
�3.5 < h < �2.5 0.1% ⇤ P � 2% 0.1% ⇤ P � 2% 0.2% ⇤ P � 5%
�2.5 < h < �1.0 0.05% ⇤ P � 1% 0.02% ⇤ P � 1% 0.04% ⇤ P � 2%
�1.0 < h < 1.0 0.05% ⇤ P � 0.5% 0.02% ⇤ P � 0.5% 0.04% ⇤ P � 1%
1.0 < h < 2.5 0.05% ⇤ P � 1% 0.02% ⇤ P � 1% 0.04% ⇤ P � 2%
2.5 < h < 3.5 0.1% ⇤ P � 2.0% 0.1% ⇤ P � 2% 0.2% ⇤ P � 5%

flect biases which can arise when truth jets below threshold are smeared to higher
energy. This will be discussed further in Sec. 8.3.5.

Figure 8.43: Comparison between jet energy scale (left) and jet energy resolution (right) for
the 3 T (red squares) and 1.5 T (blue triangles) track momentum resolutions listed in Tab. 8.3
as a function of jet energy. The track pT thresholds associated with the 3 T field were used
and smearing was done in the eic-smear framework.

As can be seen in Fig. 8.43, there is practically no change to JES or JER between
the 3 T and 1.5 T track momentum resolution settings, despite the roughly factor
of two difference between the resolution parameters. The lack of impact on JER
indicates that the contribution from the track momentum resolution constitutes a
negligible amount to the overall jet energy resolution budget compared to other
sources. This implies that bulk jet quantities will likely be insensitive to variations
in tracking resolution at the scale expected for an EIC detector. Also, the mag-
nitudes of the JES (several percent) and JER (less than 10% for jet energies above
roughly 20 GeV) should be amenable to unfolding corrections. This level of resolu-
tion has also been shown to be adequate for measurements for the lepton-jet Sivers
asymmetry differential in qT = �!pT

Lepton + �!pT
Jet (see Fig. 7.58 and [598]). While the

● For supporting documentation 
we will need to generate Jet 
Energy Scale (JES) and 
Resolution (JER)

● For the YR the JES was 
calculated as the 
mean of the smeared 
jet energy minus the 
true jet energy divided 
by the true jet energy

● JER is the RMS. 



Calorimeter Performance?

● Reading the YR it is not clear what calorimeter calibration was done prior to the 
jet finding
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Figure 8.55: Jet energy scale (left) and resolution (right) as a function of jet pseudorapidity
when selecting smeared jets with pT > 10 GeV/c. Results for jets found with the tracker,
ECal, and HCal are shown in red while jets found without including HCal information are
shown in blue.

steeply falling energy spectrum, even small smearing at low jet energy can con-
tribute to higher smeared bins. This effect becomes more pronounced at lower
eta where jets have smaller energies. The effect is also present at higher Q2, but
the bias is not as severe. This bias can be reduced by improving the resolution of
the barrel HCal as shown in Fig. 8.56. However, a more effective method would
be to select only those jets which do not contain a neutral hadron, and thus do
not suffer from the large energy distortion, by using the HCal as a neutral hadron
veto. This is illustrated in Fig.8.57 where the green circles, which are for jets which
do not contain a neutral hadron, show little bias and better resolution than jets
found with tracker+ECal+HCal information or with the HCal excluded. This neu-
tral hadron veto capability depends critically on the ability to physically isolate
individual showers within the calorimeter and match them to a charged particle
track to select clusters arising from long-lived neutral hadrons. The feasibility of
this method will need to be studied in more detail using full detector models to
determine what detector granularity and clustering performance is required to ef-
fectively tag neutral hadrons.

Coverage continuity

All analyses carried out by our working group assumed uninterrupted calorime-
ter coverage over the full range of the central detector. In a real detector, however,
there is the possibility of a coverage gap(s) (likely near the barrel-endcap inter-
face) to accommodate services to/from the inner detectors or due to interference
between barrel and endcap detector components. Without a full detector model, it

YR Fig 8.55 

● Matching on this 
plot was from 
RecoàTruth
(compared to the 
previous)

○ Due to low energy 
hadrons which 
fluctuated to much 
higher energy in the 
Hcal due to 
resolution
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● EMCal Calibration done using g-jet events

Simulation Jet Performance

The reconstructed jet energy after the calibration can be expressed as:3331

Ereco
Jet = Eem

EMCal + A(E) · Ehad
EMCal + B(E) · EHCal , (9.1)

where Eem
EMCal and Ehad

EMCal are the deposited energy in the EMCal classified as electromag-3332

netic and hadronic, respectively. Similarly, EHCal indicates the deposit energy in the HCal.3333

The coefficients A and B are calibration factors and determined by minimizing the quantity,3334

SN
i=1(Ereco

Jet,i � Ereco
g,i )2/(Ereco

g,i )2 , (9.2)

using the numerical minimization computer program, MINUIT2 [36]. Both calibration3335

factors are set as free parameters and determined at the same time.3336

According to the sPHENIX run plan, it is expected to collect data with an integrated3337

luminosity of Lint ⇡ 48 pb�1 during the first p+p run. Thirty sets of photon+jet events,3338

each corresponding to Lint ⇡ 45 pb�1, were generated and each set was independently3339

analyzed to study the statistical fluctuations that might be present in the process of3340

generating the calibrations using the statistics expected in real data. Due to the limited3341

statistics at higher energy, the reconstructed photon energy in the range of 20 < EReco
g < 303342

GeV has been studied. Calibrations at higher energy will require a combination of Monte3343

Carlo and additional measurements to establish, but the low-energy photon+jet calibration3344

will establish a baseline.3345

1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3

 calibration factor AhadEMCal

0

2

4

6

8

10

C
ou

nt
s

sPHENIX MIE 2018
PYTHIA8 dijet, R=0.4

 = 2.10µ

 = 0.06µ/σ

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8

HCal calibration factor B

0

2

4

6

8

10

12

14

C
ou

nt
s

sPHENIX MIE 2018
PYTHIA8 dijet, R=0.4

 = 1.86µ

 = 0.03µ/σ

Figure 9.3: Distributions of scale factors A for EMCal with hadronic energy (left), and B for
the Outer HCal (right). Thirty sets of photon-jet events with Lint ⇡ 45 pb�1 are generated in
p+p simulation to calculate the scale factors.

Figure 9.3 shows the distributions of calibration factors obtained from the thirty sets of3346

simulated photon-jet events. The relative standard deviations of 3–6% have been observed.3347

Next, these calibration factors have been applied to independently-produced samples of3348

dijet events. Figure 9.4 shows the distributions of Jet Energy Scale (JES) and Jet Energy3349

Resolution (JER) after the jet energy is calibrated using thirty different sets of calibration3350

factors. For each set, the JES is obtained by the mean of the Gaussian fit to reconstructed to3351

truth jet energy distributions, < EReco
Jet /ETruth

Jet >, and the JER is defined by the standard3352

191

A and B are chosen to 
minimize the difference 
between Eg and Ejet
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Jet Performance Simulation
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Figure 9.7: Jet energy scale (left) and resolution (right) as a function of truth jet energy in
simulated proton-proton events. Open and closed markers indicate before and after the
calibration, respectively.

9.2.3 Physics observables3385

Text for Figs 9.8, 9.9, and 9.10 needs to be added.3386

Songkyo Lee October 4th 2018

Dijet Asymmetry
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Dijet AJ distributions
• Compare generator-level with reco-level AJ = (pT,1 - pT,2) / 

(pT,1 + pT,2) distribution in all collision systems 

• Two cone size + pT selections to illustrate a point: 

R=0.2, pT,1 > 50 GeV: 
essentially no centrality-

dependence at reco-level 

R=0.4, pT,1 > 30 GeV: 
visible but “small” 

centrality dependence
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pT,2

• Good first observable of jet quenching in QGP
• No centrality dependence at RECO level

PRC 84 (2011) 024906 PLB 774 (2017) 379

xJ =
pT,2

pT,1

3.1 Dijet properties in pp and PbPb data 15

0 0.5 1

Ev
en

t F
ra

ct
io

n

0.1

0.2 =7.0 TeVspp  

PYTHIA

CMS -1L dt = 35.1 pb∫

, R=0.5TAnti-k

(a)

0 0.2 0.4 0.6 0.8 1

Ev
en

t F
ra

ct
io

n

0

0.1

0.2

20-30%

(d) 0.2 0.4 0.6 0.8 1

0.1

0.2 =2.76 TeVNNsPbPb  

PYTHIA+DATA

50-100%

(b)

Iterative Cone, R=0.5

-1bµL dt = 6.7 ∫

)
T,2

+p
T,1

)/(p
T,2

-p
T,1

 = (pJA
0.2 0.4 0.6 0.8 1

0.1

0.2

10-20%

(e) 0.2 0.4 0.6 0.8 1

0.1

0.2

30-50%

(c)

 > 120 GeV/c
T,1

p

 > 50 GeV/c
T,2

p

π3
2 > 

12
φΔ

0.2 0.4 0.6 0.8 1

0.1

0.2

0-10%

(f)

Figure 10: Dijet asymmetry ratio, AJ , for leading jets of pT,1 > 120 GeV/c, subleading jets of
pT,2 >50 GeV/c and Df12 > 2p/3 for 7 TeV pp collisions (a) and 2.76 TeV PbPb collisions in
several centrality bins: (b) 50–100%, (c) 30–50%, (d) 20–30%, (e) 10–20% and (f) 0–10%. Data are
shown as black points, while the histograms show (a) PYTHIA events and (b)-(f) PYTHIA events
embedded into PbPb data. The error bars show the statistical uncertainities.

The evolution of the dijet momentum balance illustrated in Fig. 10 can be explored more quan-
titatively by studying the fraction of balanced jets in the PbPb events. The balanced fraction,
RB(AJ < 0.15), is plotted as a function of collision centrality (again in terms of Npart) in Fig. 11.
It is defined as the fraction of all events with a leading jet having pT,1 > 120 GeV/c for which
a subleading partner with AJ < 0.15 and Df12 > 2p/3 is found. Since RB(AJ < 0.15) is cal-
culated as the fraction of all events with pT,1 > 120 GeV/c, it takes into account the rate of
apparent “mono-jet” events, where the subleading partner is removed by the pT or Df selec-
tion.

The AJ threshold of 0.15 corresponds to the median of the AJ distribution for pure PYTHIA
dijet events passing the criteria used for Fig. 10. By definition, the fraction RB(AJ < 0.15) of
balanced jets in PYTHIA is therefore 50%, which is plotted as a dashed line in Fig. 11. As will be
discussed in Section 3.3, a third jet having a significant impact on the dijet imbalance is present
in most of the large-AJ events in PYTHIA.

The change in jet-finding performance from high to low pT, discussed in Section 2.4.3, leads to
only a small decrease in the fraction of balanced jets, of less than 5% for central PYTHIA+DATA
dijets. In contrast, the PbPb data show a rapid decrease in the fraction of balanced jets with
collision centrality. While the most peripheral selection shows a fraction of balanced jets of
close to 45%, this fraction drops by close to a factor of two for the most central collisions. This
again suggests that the passage of hard-scattered partons through the environment created in
PbPb collisions has a significant impact on their fragmentation into final-state jets.
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several centrality bins: (b) 50–100%, (c) 30–50%, (d) 20–30%, (e) 10–20% and (f) 0–10%. Data are
shown as black points, while the histograms show (a) PYTHIA events and (b)-(f) PYTHIA events
embedded into PbPb data. The error bars show the statistical uncertainities.
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The evolution of the dijet momentum balance illustrated in Fig. 10 can be explored more quan-
titatively by studying the fraction of balanced jets in the PbPb events. The balanced fraction,
RB(AJ < 0.15), is plotted as a function of collision centrality (again in terms of Npart) in Fig. 11.
It is defined as the fraction of all events with a leading jet having pT,1 > 120 GeV/c for which
a subleading partner with AJ < 0.15 and Df12 > 2p/3 is found. Since RB(AJ < 0.15) is cal-
culated as the fraction of all events with pT,1 > 120 GeV/c, it takes into account the rate of
apparent “mono-jet” events, where the subleading partner is removed by the pT or Df selec-
tion.

The AJ threshold of 0.15 corresponds to the median of the AJ distribution for pure PYTHIA
dijet events passing the criteria used for Fig. 10. By definition, the fraction RB(AJ < 0.15) of
balanced jets in PYTHIA is therefore 50%, which is plotted as a dashed line in Fig. 11. As will be
discussed in Section 3.3, a third jet having a significant impact on the dijet imbalance is present
in most of the large-AJ events in PYTHIA.

The change in jet-finding performance from high to low pT, discussed in Section 2.4.3, leads to
only a small decrease in the fraction of balanced jets, of less than 5% for central PYTHIA+DATA
dijets. In contrast, the PbPb data show a rapid decrease in the fraction of balanced jets with
collision centrality. While the most peripheral selection shows a fraction of balanced jets of
close to 45%, this fraction drops by close to a factor of two for the most central collisions. This
again suggests that the passage of hard-scattered partons through the environment created in
PbPb collisions has a significant impact on their fragmentation into final-state jets.
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Figure 10: Dijet asymmetry ratio, AJ , for leading jets of pT,1 > 120 GeV/c, subleading jets of
pT,2 >50 GeV/c and Df12 > 2p/3 for 7 TeV pp collisions (a) and 2.76 TeV PbPb collisions in
several centrality bins: (b) 50–100%, (c) 30–50%, (d) 20–30%, (e) 10–20% and (f) 0–10%. Data are
shown as black points, while the histograms show (a) PYTHIA events and (b)-(f) PYTHIA events
embedded into PbPb data. The error bars show the statistical uncertainities.

The evolution of the dijet momentum balance illustrated in Fig. 10 can be explored more quan-
titatively by studying the fraction of balanced jets in the PbPb events. The balanced fraction,
RB(AJ < 0.15), is plotted as a function of collision centrality (again in terms of Npart) in Fig. 11.
It is defined as the fraction of all events with a leading jet having pT,1 > 120 GeV/c for which
a subleading partner with AJ < 0.15 and Df12 > 2p/3 is found. Since RB(AJ < 0.15) is cal-
culated as the fraction of all events with pT,1 > 120 GeV/c, it takes into account the rate of
apparent “mono-jet” events, where the subleading partner is removed by the pT or Df selec-
tion.

The AJ threshold of 0.15 corresponds to the median of the AJ distribution for pure PYTHIA
dijet events passing the criteria used for Fig. 10. By definition, the fraction RB(AJ < 0.15) of
balanced jets in PYTHIA is therefore 50%, which is plotted as a dashed line in Fig. 11. As will be
discussed in Section 3.3, a third jet having a significant impact on the dijet imbalance is present
in most of the large-AJ events in PYTHIA.

The change in jet-finding performance from high to low pT, discussed in Section 2.4.3, leads to
only a small decrease in the fraction of balanced jets, of less than 5% for central PYTHIA+DATA
dijets. In contrast, the PbPb data show a rapid decrease in the fraction of balanced jets with
collision centrality. While the most peripheral selection shows a fraction of balanced jets of
close to 45%, this fraction drops by close to a factor of two for the most central collisions. This
again suggests that the passage of hard-scattered partons through the environment created in
PbPb collisions has a significant impact on their fragmentation into final-state jets.
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Figure 10: Dijet asymmetry ratio, AJ , for leading jets of pT,1 > 120 GeV/c, subleading jets of
pT,2 >50 GeV/c and Df12 > 2p/3 for 7 TeV pp collisions (a) and 2.76 TeV PbPb collisions in
several centrality bins: (b) 50–100%, (c) 30–50%, (d) 20–30%, (e) 10–20% and (f) 0–10%. Data are
shown as black points, while the histograms show (a) PYTHIA events and (b)-(f) PYTHIA events
embedded into PbPb data. The error bars show the statistical uncertainities.

The evolution of the dijet momentum balance illustrated in Fig. 10 can be explored more quan-
titatively by studying the fraction of balanced jets in the PbPb events. The balanced fraction,
RB(AJ < 0.15), is plotted as a function of collision centrality (again in terms of Npart) in Fig. 11.
It is defined as the fraction of all events with a leading jet having pT,1 > 120 GeV/c for which
a subleading partner with AJ < 0.15 and Df12 > 2p/3 is found. Since RB(AJ < 0.15) is cal-
culated as the fraction of all events with pT,1 > 120 GeV/c, it takes into account the rate of
apparent “mono-jet” events, where the subleading partner is removed by the pT or Df selec-
tion.

The AJ threshold of 0.15 corresponds to the median of the AJ distribution for pure PYTHIA
dijet events passing the criteria used for Fig. 10. By definition, the fraction RB(AJ < 0.15) of
balanced jets in PYTHIA is therefore 50%, which is plotted as a dashed line in Fig. 11. As will be
discussed in Section 3.3, a third jet having a significant impact on the dijet imbalance is present
in most of the large-AJ events in PYTHIA.

The change in jet-finding performance from high to low pT, discussed in Section 2.4.3, leads to
only a small decrease in the fraction of balanced jets, of less than 5% for central PYTHIA+DATA
dijets. In contrast, the PbPb data show a rapid decrease in the fraction of balanced jets with
collision centrality. While the most peripheral selection shows a fraction of balanced jets of
close to 45%, this fraction drops by close to a factor of two for the most central collisions. This
again suggests that the passage of hard-scattered partons through the environment created in
PbPb collisions has a significant impact on their fragmentation into final-state jets.
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Figure 10: The (1/N)dN/dxJ distributions for R = 0.3 jets with di�erent selections on pT1 , shown for the 0–10%
centrality bin (red circles) and for pp (blue diamonds). Statistical uncertainties are indicated by the error bars while
systematic uncertainties are shown with shaded boxes.

for di�erent pT1 ranges in Figure 10. The pT of an R = 0.3 jet is generally lower than that of an R = 0.4
jet originating from the same hard scattering, and thus features observed in the (1/N)dN/dxJ distributions
for R = 0.4 jets are expected to appear at lower values of pT1 for R = 0.3 jets. To facilitate a comparison
between results obtained with the two R values, the R = 0.3 jet results include an additional pT1 inter-
val, 79 < pT1 < 100 GeV. The di�erences between the Pb+Pb and pp (1/N)dN/dxJ distributions are
qualitatively similar to those observed for R = 0.4 jets. Figure 11 shows the (1/N)dN/dxJ distributions
for 79 < pT1 < 100 GeV for di�erent collision centralities but for jets reconstructed with R = 0.3. This
indicates that the trends present in pT1 and centrality are robust with respect to the UE and that UE e�ects
are properly accounted for by the combinatoric subtraction and unfolding procedures applied in the data
analysis. The distributions are flatter for R = 0.3 jets in all pT and centrality bins, including in pp colli-
sions. This is consistent with the expectation that the (pT1, pT2) correlation is weaker for smaller-R jets
due to the e�ects of parton radiation outside the nominal jet cone.

18

JxdNd   
N1

0.5

1

1.5

2

2.5

3

3.5

4
 < 100 GeV

T1
p79 < 0 - 10 %

Pb+Pb
pp

 < 126 GeV
T1
p100 < ATLAS

 = 0.3 jetsR tkanti-

Jx
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

JxdNd   
N1

0.5

1

1.5

2

2.5

3

3.5

4
 < 158 GeV

T1
p126 < 

Jx
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

 > 158 GeV
T1
p = 2.76 TeVNNs

-1 data, 4.0 pbpp2013 

-12011 Pb+Pb data, 0.14 nb

Figure 10: The (1/N)dN/dxJ distributions for R = 0.3 jets with di�erent selections on pT1 , shown for the 0–10%
centrality bin (red circles) and for pp (blue diamonds). Statistical uncertainties are indicated by the error bars while
systematic uncertainties are shown with shaded boxes.

for di�erent pT1 ranges in Figure 10. The pT of an R = 0.3 jet is generally lower than that of an R = 0.4
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val, 79 < pT1 < 100 GeV. The di�erences between the Pb+Pb and pp (1/N)dN/dxJ distributions are
qualitatively similar to those observed for R = 0.4 jets. Figure 11 shows the (1/N)dN/dxJ distributions
for 79 < pT1 < 100 GeV for di�erent collision centralities but for jets reconstructed with R = 0.3. This
indicates that the trends present in pT1 and centrality are robust with respect to the UE and that UE e�ects
are properly accounted for by the combinatoric subtraction and unfolding procedures applied in the data
analysis. The distributions are flatter for R = 0.3 jets in all pT and centrality bins, including in pp colli-
sions. This is consistent with the expectation that the (pT1, pT2) correlation is weaker for smaller-R jets
due to the e�ects of parton radiation outside the nominal jet cone.
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for R = 0.4 jets are expected to appear at lower values of pT1 for R = 0.3 jets. To facilitate a comparison
between results obtained with the two R values, the R = 0.3 jet results include an additional pT1 inter-
val, 79 < pT1 < 100 GeV. The di�erences between the Pb+Pb and pp (1/N)dN/dxJ distributions are
qualitatively similar to those observed for R = 0.4 jets. Figure 11 shows the (1/N)dN/dxJ distributions
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indicates that the trends present in pT1 and centrality are robust with respect to the UE and that UE e�ects
are properly accounted for by the combinatoric subtraction and unfolding procedures applied in the data
analysis. The distributions are flatter for R = 0.3 jets in all pT and centrality bins, including in pp colli-
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Figure 10: Dijet asymmetry ratio, AJ , for leading jets of pT,1 > 120 GeV/c, subleading jets of
pT,2 >50 GeV/c and Df12 > 2p/3 for 7 TeV pp collisions (a) and 2.76 TeV PbPb collisions in
several centrality bins: (b) 50–100%, (c) 30–50%, (d) 20–30%, (e) 10–20% and (f) 0–10%. Data are
shown as black points, while the histograms show (a) PYTHIA events and (b)-(f) PYTHIA events
embedded into PbPb data. The error bars show the statistical uncertainities.

The evolution of the dijet momentum balance illustrated in Fig. 10 can be explored more quan-
titatively by studying the fraction of balanced jets in the PbPb events. The balanced fraction,
RB(AJ < 0.15), is plotted as a function of collision centrality (again in terms of Npart) in Fig. 11.
It is defined as the fraction of all events with a leading jet having pT,1 > 120 GeV/c for which
a subleading partner with AJ < 0.15 and Df12 > 2p/3 is found. Since RB(AJ < 0.15) is cal-
culated as the fraction of all events with pT,1 > 120 GeV/c, it takes into account the rate of
apparent “mono-jet” events, where the subleading partner is removed by the pT or Df selec-
tion.

The AJ threshold of 0.15 corresponds to the median of the AJ distribution for pure PYTHIA
dijet events passing the criteria used for Fig. 10. By definition, the fraction RB(AJ < 0.15) of
balanced jets in PYTHIA is therefore 50%, which is plotted as a dashed line in Fig. 11. As will be
discussed in Section 3.3, a third jet having a significant impact on the dijet imbalance is present
in most of the large-AJ events in PYTHIA.

The change in jet-finding performance from high to low pT, discussed in Section 2.4.3, leads to
only a small decrease in the fraction of balanced jets, of less than 5% for central PYTHIA+DATA
dijets. In contrast, the PbPb data show a rapid decrease in the fraction of balanced jets with
collision centrality. While the most peripheral selection shows a fraction of balanced jets of
close to 45%, this fraction drops by close to a factor of two for the most central collisions. This
again suggests that the passage of hard-scattered partons through the environment created in
PbPb collisions has a significant impact on their fragmentation into final-state jets.
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Figure 10: The (1/N)dN/dxJ distributions for R = 0.3 jets with di�erent selections on pT1 , shown for the 0–10%
centrality bin (red circles) and for pp (blue diamonds). Statistical uncertainties are indicated by the error bars while
systematic uncertainties are shown with shaded boxes.

for di�erent pT1 ranges in Figure 10. The pT of an R = 0.3 jet is generally lower than that of an R = 0.4
jet originating from the same hard scattering, and thus features observed in the (1/N)dN/dxJ distributions
for R = 0.4 jets are expected to appear at lower values of pT1 for R = 0.3 jets. To facilitate a comparison
between results obtained with the two R values, the R = 0.3 jet results include an additional pT1 inter-
val, 79 < pT1 < 100 GeV. The di�erences between the Pb+Pb and pp (1/N)dN/dxJ distributions are
qualitatively similar to those observed for R = 0.4 jets. Figure 11 shows the (1/N)dN/dxJ distributions
for 79 < pT1 < 100 GeV for di�erent collision centralities but for jets reconstructed with R = 0.3. This
indicates that the trends present in pT1 and centrality are robust with respect to the UE and that UE e�ects
are properly accounted for by the combinatoric subtraction and unfolding procedures applied in the data
analysis. The distributions are flatter for R = 0.3 jets in all pT and centrality bins, including in pp colli-
sions. This is consistent with the expectation that the (pT1, pT2) correlation is weaker for smaller-R jets
due to the e�ects of parton radiation outside the nominal jet cone.
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Figure 9.8: Dijet asymmetry.

9.2.4 Photon isolation3387

As well as the jet reconstruction, the photon isolation algorithm also has been developed,3388

which is important for photon-jet correlation measurements. The procedure is as follows.3389

First, an EMCal cluster above certain ET value is selected as a photon candidate. Then,3390

194

● Improvement to JES helpful for unfolding



sPHENIX Particle Flow
● Implementation of 

particle-flow jet 
reconstruction using 
“best of” techniques 
from ATLAS/CMS

○ Charged particle 
tracking important for 
jet physics 

○ Significant 
improvement in 
angular resolution and 
pT response possible

● Particle-flow jets will 
enable the 
measurement of jet 
sub-structure 
observables 
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Conclusions
● Jet evaluators within fun4all are quite mature (jets are a key component 

of the sPHENIX physics program)
● A version of the PF algorithm is in fun4all already

○ I do not know how this will perform outside of mid-rapity
○ Will need further calibration as detectors change
○ This is most likely beyond the scope of the proposal, but could be useful

● Start with making JES/JER plots as in the YR for central, backward, 
forward jets

○ Check if PF gains us the ability to have track+EM+Hcal jets
● Remake dihedron correlation plot and nuclear modification plots
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