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Directed Flow 
• In heavy ion collisions, the particle azimuthal distribution

measured with respect to the reaction plane (Ψ!" ) is
anisotropic and can be expanded into a Fourier series [1]:

• "# describes the collective sideward motion of produced
particles and nuclear fragments. It carries information on
the very early stages of the collision.
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Challenges with forward v1 measurement

1. Momentum conservation effect
2. EPD is not a tracking detector
3. EPD is far away from the primary vertex, so the

measured "# is influenced by the STAR material
budget.
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• Reaction planes cannot be measured experimentally. Instead, event
planes are used to measure flow.

• In this analysis, "# is measured with respect to the first-order event
plane (Ψ# ) from the Time Projection Chamber (TPC, |$| < 1,
0.15 < *$ < 2.0 GeV/,) to avoid the momentum conservation
effect [2].

• is calculated by:

where

• Resolutions are calculated by the three sub-events method:
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First-order event plane (Ψ")
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Event Plane Detector (EPD)

Time 
Projection 
Chamber
(-1<η<1)

(0<φ <2π)

Event Plane Detector 
(East)

6/6/18 02:0
1:10 EDT Ru

n# 

19157004

Au+Au 27 GeV Even
t# 

1000

© https://www.star.bnl.gov/~dmitry/edisplay/
Event Plane Detector 

(West)

• EPD has two wheels located on the east and west
side of the STAR detector. Each wheel consists of
744 tiles [3].

• The pseudorapidity ($) and - of a EPD tile are
determined by a straight line between the primary
vertex and a random point on the tile.

• Despite the high granularity, as a scintillator
detector, EPD cannot count the exact number of
particles hitting a tile in each event. Instead, the
ADC value of each tile is recorded, and the signal
depends on:

1. the number of particles hitting the tile,
2. the energy loss of each particle.

• The number of particles passing through a tile,
averaged over events, can be probabilistically
determined from the ADC distributions.

The EPD acceptance is 2.1 < % < 5.1
when ((!, (", (#) = (0,0,0).
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“Count” particles from the ADC spectrum 

MPV=1

WID/MPV≈ 0.13

WID/MPV only depends
on the material and the
thickness of the detector

1-MIP Landau 2-MIP Landau 3-MIP Landau 4-MIP Landau 

convolution of 1-MIP 
Landau with itself

convolution of 2-
MIP Landau with
1-MIP Landau

convolution of 3-
MIP Landau with
1-MIP Landau

Example: In 30% of the events, 1 MIP
hits a EPD tile; in 5% of the events, 2
MIPs hit the tile; in 0.4% of the events,
3 MIPs hit the tile and in 0.3% of the
events, 4 MIPs hit the tile. What will
the ADC spectrum look like?

ADC = 0.3×1−MIP+0.05×
2−MIP + 0.004×3−MIP+0.003×
4−MIP

When a Minimum Ionizing Particle (MIP) goes through a scintillator tile, the energy loss (therefore the ADC
spectrum) follows a Landau distribution. The forms of all the Landau distributions are known

Given the ADC 
spectrum, can we 
find the fractions 
of .-MIP events?

Of course!
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&" extraction 
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1MIPweight  0.001± 0.284 

2MIPweight  0.00039± 0.05424 

3MIPweight  0.000314± 0.004394 

4MIPweight  0.000204± 0.002761 

MPV       0.0006± 0.9757 

WIDbyMPV  0.0004± 0.1658 
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• The .MIPweight (/%) in the fitting parameters represents the
fraction of the .-MIP events. Therefore, the (- − Ψ#) distribution
can be obtained by:

where and .

• The associated error bar can be calculated by:

where is the covariance matrix of the .MIPweights.

• "# (before the resolution correction) can be extracted by fitting
the Fourier decomposition of the (- − Ψ#) distribution:

• "# needs to be corrected by the resolution:
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&" for 16 '# bins 
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• "# was measured at 16 different 3& bins. The $ of a
EPD ring is different for different 3&.

• Results from 16 3& bins are consistent: all the data
points can be fitted by the same smooth curve.

• Residual is the difference between the data value and
the fitting value divided by the error bar of the data.
The residual distribution follows a Gaussian
distribution of 4 = 1.5, which indicates the error bars
are reasonable.
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• In the HIJING + GEANT4 simulation, we have access
to the primary tracks of the HIJING events (including
neutral particles) and their corresponding EPD hits.

• How exactly the materials influence the output
"# $ depends on the input "# $ , "#(*$) and
⁄d8 d$.

• The input particle distributions can be set by
weighting the HIJING tracks. The same weights must
be applied to the corresponding EPD hits, too.

• Adjust the input "# (HIJING) until the output "#
(GEANT4) is consistent with the measured "#. Then
the input "# is the flow without the influence from
the material budget.
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New Input !!(5)=
!!()*+(5) +
correction factor(5) 
(Fitted with 9!5 +
9&5& + 9'5' + 9/5/)

Input !! 5 ,
!!(90), ⁄d0 d5
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!!12(5) − !!3-.(5)
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New Input v1(5) =
!!()*+(5) +
correction factor(5) 
(Fitted with 9!5 +
9&5& + 9'5' + 9/5/)

Input !! 5 ,
!!(90), ⁄d0 d5
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!!12(5) − !!3-.(5)
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decreases
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New Input v1(5) =
!!()*+(5) +
correction factor(5) 
(Fitted with 9!5 +
9&5& + 9'5' + 9/5/)

Input !! 5 ,
!!(90), ⁄d0 d5

(HIJING)

GEANT4

Output !! 5 ,
correction factor(5) = 
!!12(5) − !!3-.(5)
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5!%&'((4)
decreases
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New Input v1(5) =
!!()*+(5) +
correction factor(5) 
(Fitted with 9!5 +
9&5& + 9'5' + 9/5/)

Input !! 5 ,
!!(90), ⁄d0 d5

(HIJING)

GEANT4

Output !! 5 ,
correction factor(5) = 
!!12(5) − !!3-.(5)

∑4 5!
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5!%&'((4)
decreases
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ü After four iterations, the output "# $
and measured "# $ are close.

The correction factors can be used to correct 
for the effect from the material budget. 
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Results 
• "#(η) has all corrections applied. Both statistical

errors (smaller than markers) and systematic
errors (boxes) are plotted. The dashed orange line
corresponds to where the incident ions would lie
on a rapidity scale.

• "#(η) changes sign around the beam rapidity.

• UrQMD particles are sampled 100 fm/, after the
beginning of the collision. UrQMD "#(η) shows the
same shape as the measured "# η , although the
values are different.

• The difference between the east and west "#
comes from the unsymmetric ⁄d8'( d$ in TPC
(reference). Correction is underway.
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[5]

[6]

Comparison with PHOBOS

Except for STAR BESII, all
other data sets only have
statistical errors plotted.

ü "#(η − B)*+,) follows the pattern of limiting fragmentation [4].
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Summary 

• Measure "#($) at other BES-II energies.

1. Momentum conservation effect
ü Use a symmetric reference
2. EPD is not a tracking detector
ü Fit the ADC spectrum 
3. EPD is far away from the primary vertex
ü Use the GEANT4 simulation to correct 

for the effect from the material budget.

Challenges & our approaches• "#($) was measured within 10 units of pseudorapidity
(~ +/−5) using the Event Plane Detector (EPD) with
STAR BES II Au+Au @27 GeV data.

• "#($) changes sign around the beam rapidity.

• This measurement was compared with the PHOBOS
results. "#(η − B)*+,) follows the pattern of limiting
fragmentation.

• The measured "#($) was compared with the UrQMD
results. They follow the same trend, but the values are
different.
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Thank you !
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