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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)

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

Latif Kabir Update on EM Jet AN with FMS and EEMC October 21, 2020 4 / 17

FMS hot channel masking before
reconstruction.

Fill-by-fill FMS hot/bad channel list

Exclude highly bit-shifted FMS channels

Vertex z priority: TPC, VPD, BBC

Updated StJetMaker for FMS

FMS points as input for Anti-kT

Anti-kT with R = 0.7

Eγ > 2.0 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 
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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 
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EM Jet AN Calculations

Use Cross-ratio formula to calculate AN .

ε = AN × P × cos(φ)

ε ≈

√
N↑

φN↓
φ+π −

√
N↑

φ+πN↓
φ√

N↑
φN↓

φ+π +
√

N↑
φ+πN↓

φ

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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 / ndf 2χ  5.243 / 6

p0        0.0008344± 0.01738 

p1        0.0005843±0.0002069 − 

 / ndf 2χ  5.243 / 6

p0        0.0008344± 0.01738 

p1        0.0005843±0.0002069 − 

Blue Beam, 20.0 GeV < E < 40.0 GeV,  No. of Photons 2, 3.5 GeV/c < Pt < 4.0 GeV/c
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For yellow beam:
φy = π − φ (ifφ >= 0)
φy = −π − φ (ifφ < 0)
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Major Comments From Last Week

Include polarization.

Include trigger dependent pT cut.

Compare with Zhanwen’s result.

Find out the most contributing source of systematic errors.
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Polarization and Trigger Dependent pT Cut

Polarization calculated for every event accepted.

< Pblue > = 0.5365 RMS: 0.0403

< Pyellow > = 0.5614 RMS: 0.0380

FMS Trigger Dependent pT Cut:
- Based Carl’s suggestion in the spin pwg mailing list on 2019-11-22:
- Use FMS trigger dependent pT cut 15% above nominal threshold:
- Adjusted η to 2.8 < η < 3.8

Other Cuts:
- Exclude fills having bad spin pattern
- Exclude sm-bs3 trigger for now to minimize ring of fire issue.
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Trigger Dependent pT Cut
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Trigger Id  (GeV) 15% Higher

FMS-sm-bs1 480801 1.1

FMS-sm-bs1 480821 / 480841 1.0

FMS-sm-bs2 480802 / 480822 1.6

FMS-sm-bs3 480803 2.2

FMS-sm-bs3 480823 / 480843 1.9

FMS-lg-bs1 480804 1.1

FMS-lg-bs1 480824 / 480844 1.0

FMS-lg-bs2 480805 / 480825 1.6

FMS-lg-bs3 480806 / 480826 2.4

FMS-JP0 1.6

FMS-JP1 2.4

FMS-JP2 3.2

EM Jet Jobs

NanoJetTree over written upto Job sub no. 16. or run number: 16078031

Ring of Fire Giving Trigger

Borad sum trigger with higher threshold causes the ring of fire issue. Thus, small-bs3 has the
worset case, next small-bs2 and next large-bs3. Try excluding first small-bs3.

E  T

For EEMC,
-Trigger thresholds for EH0, JP1, JP2
are taken 3.05, 5.41, 7.28 GeV
respectively.
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FMS EM-Jet AN
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EEMC EM-Jet AN
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Zhanwen’s Results
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FIG. 9. Transverse single-spin asymmetry as a function
of Feynman-x for electromagnetic jets in polarized proton-
proton collisions at 200 and 500 GeV. The results that re-
quire more than two photons observed inside a jet are shown
as open symbols. The previous measurements for full jets at
500 GeV reported by the ANDY Collaboration [28] are also
plotted. Theory curves [30] for TSSA of full jets at mean ra-
pidity 〈y〉 = 3.25 for 200 GeV and 〈y〉 = 3.57 for 500 GeV are
also shown. The average transverse momentum of the jet for
each Feynman-x bin is shown in the lower panel.

the mass dependence of the asymmetry. The π0 signal595

is concentrated in the mass region less than 0.2 GeV/c2,596

whereas the background fraction changes significantly as597

a function of mass from the region less than 0.2 GeV/c2 to598

the region more than 0.2 GeV/c2. A study of this region599

showed that such dependence does not exist in either600

data set, which indicates that the signal and background601

asymmetries are very similar.602

The jet pT is required to be larger than 2 GeV/c. The603

average jet pT is 3.8 GeV/c for 2011 and 3.0 GeV/c for604

2015. The average jet pseudorapidity is 3.1 for 2011 and605

3.3 for 2015. Figure (10) shows the Collins asymmetries606

originating from the final-state effect, for both the 200607

and 500 GeV data. Both results show very small asym-608

metries within uncertainties.609

The π0 momentum transverse to the jet axis, jT, can610

be used to measure how close the π0 is to the jet axis.611

An investigation of the dependence of the Collins asym-612

metry on jT at 200 GeV is presented in Fig. (11). The613

Collins asymmetries are separated into four jT bins. It614

is found that the asymmetries for jT > 0.2 GeV/c show615

a tendency to be negative. This jT dependence can be616

used to further constrain TMD models.617

FIG. 10. The Collins asymmetry for π0 in an electromagnetic
jet for transversely polarized proton-proton collisions at 200
and 500 GeV. Theory curves for the Collins asymmetry of a
π0 in a full jet with or without TMD evolution [31] are also
shown.

FIG. 11. The jT dependence of the Collins asymmetry in
transversely polarized proton-proton collisions at 200 GeV.

E. Comparison to models618

We compare our results to the theoretical calculations619

that can be seen in Figs. (4,5,7,9,10). The calculations of620

π0 TSSA [49], jet TSSA [30] and Collins asymmetry [31]621

are based on the TMD and Collinear Twist-3 functions622

that have been extracted from semi-inclusive deep inelas-623

tic scattering, Drell-Yan, e+e− annihilation into hadron624

pairs, and proton-proton collisions, and included also pre-625

vious forward π0 and charged hadron TSSA data from626

RHIC. The calculations are adopted for the exact kine-627

matics of the data in this paper to account for the known628

kinematic dependencies of the measurements.629

As shown in Figs. (4) and (5), the calculations have al-630

most no energy dependence. For both collision energies,631

they underestimate the π0 TSSA in the lower Feynman-x632

7

FIG. 5. The transverse single-spin asymmetry as a function of the π0 transverse momentum for three different Feynman-x
ranges for transversely polarized proton-proton collisions at 200 and 500 GeV. Theory curves based on the recent global fit [49]
are also shown.

FIG. 6. Comparison of the transverse single-spin asymmetry
as a function of Feynman-x for inclusive π0 with previous mea-
surements in the center-of-mass range from 19.4 GeV to 510
GeV in transversly polarized proton-proton collisions. The
average transverse momentum of the π0 for each xF bin is
shown in the lower panel.

other group contains the non-isolated π0s, which are ac-487

companied by other photons. In practice, the energy488

fraction zem, which is the π0 energy over the jet energy,489

is used to determine whether or not a π0 is isolated. Two490

photons alone can be reconstructed as a jet, so a π0 would491

be identified as isolated when its zem is close to one. In492

the following step, one applies zem > 0.98 to select iso-493

lated π0 and zem < 0.9 for the non-isolated ones. The494

gap ensures a clean separation between the two groups.495

In this way, both types of π0s always correlate with496

a jet. Therefore, its constituent photons should be lim-497

ited within the same jet. The π0 selection and asymme-498

try calculation remain the same. The jet reconstruction499

parameter R = 0.7 indicates the area where the π0 is500

considered isolated.501

FIG. 7. The transverse single-spin asymmetry as a function
of Feynman-x for the isolated and non-isolated π0 in trans-
versely polarized proton-proton collisions at 200 and 500 GeV.
Theory curves based on a recent global fit [49] are also shown.
The average transverse momentum of the π0 for each xF bin
is shown in the lower panel.

Figure (7) shows the TSSA of these two types of π0.502

Although the asymmetries of both types increase with503

xF, their magnitudes are significantly different. The504

asymmetries for the isolated π0 are clearly larger than the505

asymmetries for the non-isolated π0. This result suggests506
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Comparing With Zhanwen’s Results
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Comparing With Zhanwen’s Results
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AN for Jet Photon Multiplicity = 2
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FMS Jet: Data (Blue) Vs Simulation (Black)
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Summary
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