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EM Jet AN with FMS and EEMC
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p↑ + p→ EM-jet + X

Extract AN as a function of
EM-jet pT , energy and
photon multiplicity.

EM-jet in FMS and EEMC

Dataset:
- Run 15(200 GeV pp trans)
- Run 17 (510 GeV pp trans)

Data-stream:
-FMS-stream (For FMS EM-jet)
- Physics-stream (For EEMC
EM-jet)
Triggers:
- Small BS, Large BS and FMS-JP Triggers (For FMS EM-jet)
- EHT0, JP and MB triggers (For EEMC EM-jet)
- Veto on LED and abort gap

 

Detectors and Orientation

FMS
Forward
Meson
Spectrometer

EEMC
Endcap 
Electromagnetic
Calorimeter
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Jet Reconstruction
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∼20% of total Run 17 dataset (Day 74 -
Day 87)

Initial calibration from Minghui

FMS hot channel masking before
reconstruction. → No additional masking

Exclude highly bit-shifted FMS channels

Vertex z priority: TPC, VPD, BBC

FMS points as input for Anti-kT

Anti-kT with R = 0.7

Eγ > 1.0 GeV (For FMS EM-Jet)

Jet pT > 2.0 GeV/c

-80 cm < Vz < 80 cm

Jet Reconstruction 
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Jet Levels MC Jets 

Anti-KT Jet Algorithm: 
•  Radius = 0.6 
•  Used in both data and simulation 

Pa
rt
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STAR Detector has: 
•  Full azimuthal coverage  
•  Charged particle tracking from  

                      TPC for |η| < 1.3 
•  E/BEMC provide electromagnetic 
energy reconstruction for -1 < η < 2.0 
STAR well suited for jet measurements 

p. 23 August 25, 2014 A. Gibson, Valparaiso; STAR Low x g; PANIC 



Update on EM-Jet AN in FMS and EEMC

Run 17 EM-jet QA: EM-jets and Trigger Types

h1nJets 
Entries    1.143222e+08
Mean    1.068
RMS    0.2653
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Update on EM-Jet AN in FMS and EEMC

Run 17 EM-jet QA: Photons Multiplicity and Vertex

h1nPhotons
Entries    1.221333e+08
Mean    3.959
RMS     2.038

 Number of Photons in EM-jet
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Update on EM-Jet AN in FMS and EEMC

Run 17 EM-jet QA: Jet Energy

 Jet E [GeV]
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Run 17 EM-jet QA: Jet pT
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h1Pt
Entries    1.221333e+08

Mean     4.34

RMS      1.73
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Run 17 EM-jet QA: Angular Distribution
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h1Eta
Entries    1.221333e+08

Mean    3.091

RMS    0.3326
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EM-Jet AN Extraction

Cross-ratio formula to calculate AN

ε = PAN cos(φ)

ε ≈

√
N↑φN↓φ+π −

√
N↑φ+πN↓φ√

N↑φN↓φ+π +
√

N↑φ+πN↓φ

Advantages: Cancels systematics, such as luminosity and detector effects
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Backup FMS coordinates and Azimuthal plan

25 / BSTAR Spin PWG (Mar. 25, 2020)

• Coordinates and Azimuthal angle

─ FMS is located at west end of STAR WAH:

forward direction WRT the Blue (cw running), backward direction WRT the Yellow (ccw)

─ 0-point of the azimuthal plane is x = 0 (South), distributed in the range of [-π, π]

─ South is +x in FMS (detId 9, 11)

-z (E)+z (W)

-x (N)

+x (S)

+y

x

y

-π

+π 0

• AN by cross-ratio method

─ (dσ/dΩ)pol = ε(φ) = P × AN × cos(φ), where

a. ε(φ) : estimated (or raw) asymmetry, where

ε(φ) =

𝑁𝐿
↑ ∙𝑁𝑅

↓ − 𝑁𝐿
↓∙𝑁𝑅

↑

𝑁𝐿
↑ ∙𝑁𝑅

↓ + 𝑁𝐿
↓∙𝑁𝑅

↑
= 

𝑁φ
↑ ∙𝑁φ+π

↓ − 𝑁φ
↓ ∙𝑁φ+π

↑

𝑁φ
↑ ∙𝑁φ+π

↓ + 𝑁φ
↓ ∙𝑁φ+π

↑

b. P : beam polarization (%)

* https://wiki.bnl.gov/rhicspin/Run_15_polarization

c. AN : single transverse spin asymmetry

d. cos(φ) : cosine modulation

─ Separated entire azimuthal plane into 16 segments: index 0-7 for [0, π], 8-15 for [-π, 0]

8 / 19STAR Spin PWG (Mar. 25, 2020)

Analysis Adapting cross-ratio method
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+π 0

0

+π0
0 π-

 [rad]φ 0 0.5 1 1.5 2 2.5 3
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w
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0

0.01
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 / ndf 2χ  7.325 / 6

p0        0.0005102± 0.01287 

p1        0.0003573±0.0002187 − 

 / ndf 2χ  7.325 / 6

p0        0.0005102± 0.01287 

p1        0.0003573±0.0002187 − 

 20.0 GeV < E < 40.0 GeV,  No. of Photons = 2, 2.5 GeV/c < Pt < 3.0 GeV/c

ε(φ) = p0 cos(φ) + p1
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EM-Jet AN Extraction

Allows extraction of both physics asymmetry and beam asymmetry

Latif Kabir Update on EM-Jet AN in FMS and EEMC August 11, 2021 10 / 30

N↑ = I↑0 ε(1 + PAN cosφ)

N↓ = I↓0 ε(1− PAN cosφ)

A(φ) =
N↑ − N↓

N↑ + N↓

A(φ) ≈ PAN cosφ+
I↑0 − I↓0
I↑0 + I↓0

A(φ) = PANcos(φ) + p1

A(φ) + A(φ+ π) ≈ 2
I↑0 − I↓0
I↑0 + I↓0
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p1        0.0003489± 0.0004608 

 20.0 GeV < E < 40.0 GeV,  No. of Photons 2, 2.5 GeV/c < Pt < 3.0 GeV/c
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Run 17 FMS EM-Jet AN
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About 20% of Run 17
data

Small BS, Large BS
and FMS-JP Triggers

Anti-kT with R = 0.7

Eγ > 1.0 GeV

Jet pT > 2.0 GeV/c

Error bars statistical
only
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Comparing Run 17 FMS EM-Jet AN With Run 11
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About 20% of Run 17
data

Small BS, Large BS
and FMS-JP Triggers

Anti-kT with R = 0.7

Eγ > 1.0 GeV

Jet pT > 2.0 GeV/c

2.8 < ηEM−jet < 3.8

Error bars statistical
only
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Comparing Run 17 FMS EM-Jet AN With Run 15
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About 20% of Run 17
data

Small BS, Large BS
and FMS-JP Triggers

Anti-kT with R = 0.7

Eγ > 1.0 GeV

Jet pT > 2.0 GeV/c

2.8 < ηEM−jet < 3.8

Error bars statistical
only
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 > 0 (510 GeV)γn

pT (EM-jet) > 2.0 GeV/c
2.8 < eta < 3.8 
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Preliminary Request for Run 15 Results
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Run 15 FMS EM-jet AN Results
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Small BS, Large BS
and FMS-JP Triggers

Anti-kT with R = 0.7

Eγ > 1.0 GeV

Jet pT > 2.0 GeV/c

2.8 < ηEM−jet < 3.8

Statistical and
systematic error bars

3.46% polarization
scale uncertainty not
shown
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Run 15 FMS EM-jet AN Results
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Small BS, Large BS
and FMS-JP Triggers

Anti-kT with R = 0.7

Eγ > 1.0 GeV

Jet pT > 2.0 GeV/c

2.8 < ηEM−jet < 3.8

Error bars statistical
only

3.46% polarization
scale uncertainty not
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Run 15 EEMC EM-jet AN Results
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EHT0, JP and MB triggers

Anti-kT with R = 0.7

Photon multiplicity based on EEMC tower counts

Tower ET > 0.2 GeV

Jet pT > 2.0 GeV/c

1.0 < ηEM−jet < 2.0

Statistical and systematic error bars

3.46% polarization scale uncertainty not shown

 [GeV/c]
T

p
2 3 4 5 6 7 8 9

0.04−

0.02−

0

0.02

0.04
2 3 4 5 6 7 8 9

0.04−

0.02−

0

0.02

0.04
2 3 4 5 6 7 8 9

0.04−

0.02−

0

0.02

0.04
2 3 4 5 6 7 8 9

0.04−

0.02−

0

0.02

0.04
2 3 4 5 6 7 8 9

N
A

0.04−

0.02−

0

0.02

0.04

|>F<|x
0.5 0.6 0.7 0.8 0.9 0.1 1.2  1.3 1.5 x10-1

Sun Oct  4 14:33:21 2020
2 4 6 8

0.05−

0

0.05

Preliminary

 [GeV/c]
T

p
2 4 6 8

0.05−

0

0.05  [GeV/c]
T

p
2 4 6 8

0.05−

0

0.05
 [GeV/c]

T
p

2 4 6 8

N
A

0.05−

0

0.05
 [GeV/c]

T
p

2 4 6 8
0.05−

0

0.05
 > 0Fx
 < 0Fx

2 4 6 8

N
A

0.05−

0

0.05  [GeV/c]
T

p
2 4 6 8

N
A

0.05−

0

0.05
 [GeV/c]

T
p

2 4 6 8

N
A

0.05−

0

0.05
 [GeV/c]

T
p

2 4 6 8

N
A

0.05−

0

0.05
 [GeV/c]

T
p

2 4 6 8

N
A

0.05−

0

0.05

 [GeV/c]
T

p
2 4 6 8

N
A

0.05−

0

0.05
 [GeV/c]

T
p

2 4 6 8

N
A

0.05−

0

0.05
 [GeV/c]

T
p

2 4 6 8

N
A

0.05−

0

0.05
 [GeV/c]

T
p

2 4 6 8

N
A

0.05−

0

0.05
 [GeV/c]

T
p

2 4 6 8

N
A

0.05−

0

0.05

EEM
jet = 0 - 20 GeV

1

2

3

4

5

N
um

berofphotons

STAR Preliminary



Update on EM-Jet AN in FMS and EEMC

Other Consistency Check
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Run 15 FMS EM-jet AN Results: With vs Without Small-BS3 Trigger
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Small BS, Large BS
and FMS-JP Triggers

Anti-kT with R = 0.7

Eγ > 1.0 GeV

Jet pT > 2.0 GeV/c

2.8 < ηEM−jet < 3.8

Error bars statistical
only

3.46% polarization
scale uncertainty not
shown
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t-Test

Following is the t-test output from the program R comparing asymmetries from Latif and Zhanwen
for nγ > 0 case:
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Materials for Preliminary Results

Brief analysis note for the preliminary results

Drupal page with the preliminary results
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Backup Slides
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Run 15 FMS EM-jet AN Results
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Small BS, Large BS
and FMS-JP Triggers

Anti-kT with R = 0.7

Eγ > 1.0 GeV

Jet pT > 2.0 GeV/c

2.8 < ηEM−jet < 3.8

Error bars statistical
only

3.46% polarization
scale uncertainty not
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Run 15 FMS EM-jet AN Results
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Small BS, Large BS
and FMS-JP Triggers

Anti-kT with R = 0.7

Eγ > 1.0 GeV

Jet pT > 2.0 GeV/c
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Analysis Details and List of Cuts
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Analysis Details and List of Cuts
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Unfolding for Event Misidentification

A1′
N = p11A1

N + p12A2
N + · · · · · ·+ p15A5

N

A2′
N = p21A1

N + p22A2
N + · · · · · ·+ p25A5

N

...

A5′
N = p51A1

N + p52A2
N + · · · · · ·+ p55A5

N

A′N = ΣAN ⇒ AN = Σ−1A′N

Σ =

 p11 · · · p15
...

. . .
...

p51 · · · p55
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Unfolding for Event Misidentification

Solve a set of five linear equations with five variables for each energy and pT bin

Decompose AN as a linear composition of Ai
N corresponding to ni photons

Use SVD for the unfolding procedure (e.g. TSVDUnfolding class)
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Run 15 FMS EM-jet AN Results
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Small BS, Large BS
and FMS-JP Triggers

Anti-kT with R = 0.7

Eγ > 1.0 GeV

Jet pT > 2.0 GeV/c

Statistical and
systematic error bars
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Comparing With Zhanwen’s Results

Summary of Comparison After Matching Most Conditions:

nγ = 2 (Two photon multiplicity) case compares well for both of us
nγ > 2 case compares well for both of us
For nγ > 0 case, my asymmetries are over estimated for few points compared to
Zhanwen.
The source of the difference is attributed to:
Differences in -
- FMS gain correction
- FMS photon and jet reconstruction
- Analysis approaches
The details of the comparison can found in this drupal post (Link).
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https://drupal.star.bnl.gov/STAR/blog/kabir/comparing-run-15-fms-em-jet-results-and-cuts-paper-psn0751
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