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Jets in e+P PYTHIA Simulation in Fun4All
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• PYTHIA 8


-  (GeV/ ) 


-  GeV


- Electron beam: 20 GeV


- Proton beam: 100 GeV

Q2
min ≥ 16 c2 2

s = 89

• Jets

- Charged Jets

-  > 4.0 GeV

- “Truth” = Particle Level

- Anti-   = 1.0

-  (jet-electron) > 0.5


‣ “Electron Veto”

EJet
Reco

kT R
ΔR

p+e−

• Jet Constituents

-   4

- 

- -dependent  cut

- Cut 


- Central barrel meets forward 
layers


Nconstituents ≥
pconstituent ≥ 60 MeV/c
η pconstituent

T
1.06 < |η | < 1.13
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What’s New
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• Changing Reco-Truth Jet matching criteria 
from Fun4All to geometric matching ( )


• Resolved bug in neutral jet constituent 
subtraction (previously reported)

- Subtract 4-vector of neutral constituent from particle-

level truth jets

- Required for comparisons to Charged Truth Jets

ΔR
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Reco-Truth Jet Matching
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• Fun4All:

1. Loop through reco 

constituents (tracks)

2. Find truth particle 

associated with track

3. If particle makes up a 

truth jet, matched

4. Omit non-unique 

matches

• R < 0.1

- Check to see if there is a 

change to the final 
observable


- “Standard”: at least is 
easier to interpret

Δ

*Note: Reco Jets without a match are skipped
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• Fun4All Matching ( 1.009) 
•  Matching ( 0.94)

μ =
ΔR μ =

Number of Missed Constituents ( )NTruth − NReco − NNeutral

Slightly lower number of missed constituents
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Momentum Resolution Example
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ΔR < 0.1 Fun4All Matching

• Standard deviation changes 
•Narrow peak is unaffected
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Updating Performance Plots
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Charged Jet Momentum Response
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B = 3.0 T B = 1.4 T

Clear Truth-Reco correlation, but with significant number of off-diagonal hits 
See momentum resolution example for small differences
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Comparing Momentum Response (B=3.0 T)
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Reduced off diagonal component with new matching 
See momentum resolution example for smaller differences

ΔR < 0.1 Fun4All Matching
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Fun4All Matching B = 1.4 T
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 Matching B =1.4 TΔR < 0.1
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Fun4All Matching B = 3.0 T
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 Matching B =3.0 TΔR < 0.1
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Lepton-Jet Correlations
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1. Truth and Reco Jet  Distributions

       • 


2. Full and Charged Jet  Distributions

       • 


3. Unfolding Uncertainty

       • ~1-2%

Δφ
(Δφcharged

truth − Δφreco)/Δφcharged
truth

Δφ
(Δφcharged

truth − Δφfull
truth)/Δφcharged

truth

Correlation Uncertainty
Δφ ≡ φe − φjet − π

Obtain  from 
double gauss fits

σΔφ

Sum in quadrature 
with  σΔφ

Negligible for 
now
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Electron-Jet Correlations ( )Δφ
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Smearing  by  at fill time. Includes Estimated Unfolding  Δφ σΔφ



Fernando TA 9/13/21Fernando TA 9/13/21

Comparison To Truth-Level
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Truth and Reco Correlation agree within uncertainties
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Memory Refresh:

Lepton+Jet Theory
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• Lepton+Jet Correlations for different 

- https://arxiv.org/pdf/1812.08077.pdf

̂qL 4

FIG. 3. The single transverse spin asymmetry as function of
∆φ = φJ − φ! − π for different lepton transverse momenta
k!⊥ = 7, 10, and 15 GeV, respectively, which illustrates the
transverse momentum dependence of the quark Sivers func-
tion.

account the complete scale evolution of the twist-three
functions [51–55].

As an illustration of the Sivers effect we show the mod-
ifications of the correlation spectrum in Fig. 2 when the
transverse spin of the nucleon !S⊥ is parallel or anti-
parallel to the transverse momentum !k!⊥ of the final state
lepton. In Fig. 3, we show the single spin asymmetry di-
rectly as a function of ∆φ. The ∆φ distribution provides
information on the transverse momentum dependence of
the Sivers function as∆φ is proportional to q⊥ in the cor-
relation limit. The magnitude of the asymmetry depends
on how large the Sivers function is compared to the unpo-
larized quark distribution. For example, for k!⊥ = 7 GeV
the asymmetry is very small because the probed value
of x is about 0.03 and the quark Sivers function is very
small. Therefore, by varying the lepton’s momentum and
the rapidities of the lepton and jet, we can study the x-
dependence of the asymmetry, which will lead to signifi-
cant constraints on the quark Sivers function. Compared
to the Sivers asymmetry in SIDIS, this observable has the
advantage that it does not involve TMD fragmentation
functions. The asymmetry itself can directly provide in-
formation the size of the quark Sivers function relative to
its unpolarized counterpart. This will provide a unique
opportunity for the transverse momentum tomography
of the quark in a transversely polarized nucleon at the
EIC. From the size of the effect we expect that it will
observable at the EIC and allow detailed scans of the k⊥
and x dependences of the Sivers functions with a clear
physics interpretation within TMD factorization.

Extending the above calculation to the dijet spin asym-
metry in pp collisions [21] will be very interesting. In par-
ticular, the previous calculations [23, 56] should be im-
proved by taking into account QCD evolution effects. Us-
ing the correlation of dijets, it will be possible to explore
factorization breaking effects and the non-universality of
the Sivers functions by comparing to the available exper-

FIG. 4. PT -broadening effects for the lepton jet azimuthal
correlation due to the interaction with cold nuclear matter as
a function of ∆φ = |φJ − φ! − π| for two typical values of q̂L.

imental data [57].
4. PT -Broadening as a Probe of Cold Nuclear Mat-

ter Effects. As a second example we will show that the
process in (1) can be used to explore cold nuclear effects
in eA collisions at the EIC. When a highly energetic jet
is produced in the hard partonic process, it experiences
multiple interactions with the target nucleus which will
generate PT -broadening effects [58]. These final state in-
teractions can also be factorized into the TMD quark
distribution of the nucleus [59].
As shown in Refs. [60, 61], nuclear PT -broadening ef-

fects can be systematically included within the frame-
work of TMD resummation by modifying W̃q as

W̃q =⇒ W̃q e
−

q̂Lb2
⊥

4 , (20)

where q̂L represents the typical transverse momentum
obtained by the quark through multiple interactions with
the cold nuclear matter. On the right hand side of the
above equation, the first factor contains the intrinsic con-
tribution from the nucleon and the Sudakov exponent
associated with QCD evolution. We can combine the
nucleon’s intrinsic contribution with the q̂L-term to rep-
resent the TMD contribution from the nucleus [59]. This
shows that we have a consistent picture of PT -broadening
effects for the process in (1) in eA collisions.
In Fig. 4, we plot the azimuthal angular correlation as

a function of ∆φ for different values of q̂L. These val-
ues are in the range of a theoretical estimate for cold
nuclear matter [58]. We expect that this correlation can
be investigated at the future EIC, and the comparison
with the dijet correlation measurement in heavy-ion col-
lisions [11, 62–67] will provide important information on
hot and cold dense nuclear matter using hard probes.
5. Summary. We have proposed lepton-jet correla-

tions as a new class of observables in DIS at the future
electron-ion collider for nucleon/nucleus tomography. In
particular, we have demonstrated that the single trans-
verse spin asymmetries for this process directly probe the

Note: Black should 
be equal to PYTHIA

https://arxiv.org/pdf/1812.08077.pdf
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End
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Double Gaussian Fits data well  well defined → σΔφ

1. Potting  (B = 3.0 T)(Δφtruth − Δφreco)/Δφtruth
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2. Potting  (B = 3.0 T)(Δφcharged
truth − Δφfull

truth)/Δφcharged
truth

Looks to be negligible for current jet population
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https://physdiv.jlab.org/DetectorMatrix/

-dependant pT thresholdsη

https://physdiv.jlab.org/DetectorMatrix/
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Previous Correlations
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Comparing Truth to PYTHIA
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Truth: Truth-Level Jet 
associated with successfully 
reconstructed jet (reco-level).


pT threshold applied to reco 
directly, but not directly to 
“Truth” here.

PYTHIA: Particle-Level full jet,
(not necessarily associated 
with reco). pT Threshold 
applied directly

For Various Jet Component Thresholds
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Reconstructed Correlation

24

For Various Jet Component Thresholds
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Error Propagation
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• Fit+Toy MC

- Fit black to TF1

- Run toy MC , with 


- Smears theory  distribution

‣ Not the same as smearing  separately

‣ Trouble accounting for bin migration effects


- Theory curve can only be smeared in some 
form of this method


• Smear Pythia

- Apply  separately to electron+jet

- Obtains “smeared truth”

-   reco?


• Apply relative difference between reco 
and truth 

- Should account for bin-migration effect

- Resolutions are primarily what cause reco and 

truth different

Δφ σe ⊕ σjet

Δφ
σe, σjet

σe, σjet

≈

Δφ
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Toy MC smearing with 
σΔφ = σJ ⊕ σe
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Delta Phi Plots
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Momentum Resulution ΔR
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 MatchingΔR


