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Double spin asymmetry

Spin structure function



3Motivation

Perturbative QCD:
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ΔΣ ∼ 0.25?

ΔG ∼ 0.2?

Lg = ?

Lq = ?

https://doi.org/10.1103/PhysRevLett.113.012001
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Polarized DIS data

Polarized pp data (RHIC)

CERN SLAC DESY JLab

0πPHENIX STAR 1-jet W boson

https://doi.org/10.48550/arXiv.1212.1701

at finite  Q2

Bjorken sum:
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https://doi.org/10.48550/arXiv.1212.1701


4Double Spin Asymmetry

NC Inclusive DIS: e + p → e′￼+ X

https://arxiv.org/abs/2103.05419
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5 from  DIS: An
1 e3He

‣ Can be extracted from 


       

A3He
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Fn
2

F3He
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An
1 + 2Pp

Fp
2

F3He
2

Ap
1

Pn = 0.86 ± 0.02 Pp = − 0.028 ± 0.004

https://doi.org/10.1103/PhysRevC.64.024004
http://www.lns.mit.edu/

nig/programs.html

Diagram of the DIS process

https://doi.org/10.1103/PhysRevC.64.024004


6 from  DIS: An
1 e3He

Roman Pots

Off-Momentum 
Detectors

EPIC Far forward detectors

http://www.lns.mit.edu/
nig/programs.html

‣ Can be extracted from 


       

A3He
1 = Pn

Fn
2

F3He
2

An
1 + 2Pp

Fp
2

F3He
2

Ap
1

Pn = 0.86 ± 0.02 Pp = − 0.028 ± 0.004

https://doi.org/10.1103/PhysRevC.64.024004

‣ Or directly measured using double spectator tagging:

Diagram of the DIS process

At ~ 22.5 m

At ~ 27 m

https://wiki.bnl.gov/EPIC/index.php?title=FarForward#/media/File:Far_forward_May_2024.png
https://doi.org/10.1103/PhysRevC.64.024004


7Simulation & Analysis flow

BeAGLE

eic-smear

Afterburner

ePIC simulation 

EICrecon

Analysis

BeAGLE: eA event generator

Parton distribution 
functions

Short-range correlations

Fermi motion


Partonic (or “dipole”) MS

Partonic gluon radiation

Formation times

Hadronic Cascade


Nuclear evaporation, 
break up

Photonic de-excitation 
of A*

https://eic.github.io/software/beagle.html


8Simulation & Analysis flow

1M events

1M events

1M events

BeAGLE

eic-smear

Afterburner

ePIC simulation 

EICrecon

Analysis

generated events scaled to planned luminosity 

‣ Generated events are non-polarized, and have no QED radiative effect


‣ Use generated event to estimate statistical uncertainty:


‣ Use parameterization for central values of An
1

δA∥,⊥ =
1

NPePN
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‣  calculated from: Doi: 10.1103/PhysRevC.70.065207


‣                     


‣ all ’s are taken from JAM22

An
1

A3He
1 = Pn

Fn
2

F3He
2

An
1 + 2Pp

Fp
2

F3He
2

Ap
1 Pp = − 0.028 ± 0.004 Pn = 0.86 ± 0.02

F2

• Parameterization at 


• Data points are at various  with majority

Q2 = 2.88 GeV2

Q2 < 5 GeV2

Simulation & Analysis flow

BeAGLE

eic-smear

Afterburner

ePIC simulation 

EICrecon

Analysis

https://doi.org/10.1103/PhysRevC.70.065207
https://github.com/QCDHUB/JAM22


10Simulation & Analysis flow

BeAGLE

eic-smear

Afterburner

ePIC simulation 

EICrecon

Analysis

Scattered electron identification

Double spectator tagging

Kinematic reconstruction

Projecting physics results

‣ Event reconstruction is done in ROOT codes: GitHub link

https://github.com/Meatbally2/eicDIS


11Scattered electron identification - selection criteria 
‣ Start from “ReconstructedParticleCollection”


‣ Require clusters and negative tracks


‣ 


‣ Isolated cluster: 


, 


‣ Select the highest  particle

0.8 < E/p < 1.2

E0/∑ (EΔR<0.4) > 0.9 ΔR = Δη2 − Δϕ2

PT

Currently using MC to match clusters and tracks



12Scattered electron identification - efficiency & purity

Ceff =
Nrec(xgen, Q2

gen)
Ngen(xgen, Q2

gen)

Cpur =
Nrec+gen(xgen, Q2

gen)
Nrec(xgen, Q2

gen)



13Double spectator tagging - method

OMD

RP

‣ Hit-based tagging algorithm


‣ Number of proton tracks = min number of hits per plane per detector


‣ If number of proton tracks > 2, then tag as double spectator



14Double spectator tagging - efficiency & purity

Efficiency

Purity

Ceff =
Ntag(xgen, Q2

gen)
Ngen(xgen, Q2

gen)

Cpur =
Ngen+tag(xgen, Q2

gen)
Ntag(xgen, Q2

gen)



15Kinematic reconstruction - energy from track vs. cluster



16Kinematic reconstruction - algorithms

p2
t,h = (∑

h

px,h)2 + (∑
h

py,h)2 δh = ∑
h

Eh − pz,h

Current available reconstruction in EICRecon

Uses only scattered  infoe−

Uses everything else

No use of scattered Ee

No use of scattered E0

Combine  and  methodE Σ



17Kinematic reconstruction - qualities



18Kinematic reconstruction - algorithms selection

Stability

-methodE

 ?y > 0.045

Use -methodE

Yes

No

Has HFS?
Yes

Use DA-method



19Asymmetry reconstruction

Scattered electron identification

Double spectator tagging

Kinematic reconstruction

Projecting 
physics results

Scaled generated  eventse3He Scaled reconstructed  eventsen



20Projected  from  DIS: An
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‣ 


‣ 


‣ , 


‣ , , 


‣ R calculated from https://doi.org/10.1016/

S0370-2693(99)00244-0


‣ Included statistical uncertainty and model uncertainties

A1(x, Q2) ≡
σ1/2 − σ3/2

σ1/2 + σ3/2
=

A∥

D(1 + ηξ)
−

ηA⊥

d(1 + ηξ)

δA∥,⊥ =
1

NPePN

ℒ = 8.65 fb−1 Pe = Pn = 70 %

0.01 < y < 0.95 Q2 ≥ 2 W2 > 4

https://doi.org/10.1016/S0370-2693(99)00244-0
https://doi.org/10.1016/S0370-2693(99)00244-0
https://doi.org/10.1016/S0370-2693(99)00244-0


21Projected  from  DIS: An
1 e3He

‣ Statistical: 


‣ Systematics using estimate for ATHENA for 


‣ 1.5% point-by-point uncorrelated


‣ 3% pion contamination


‣ 4.7% normalization 


‣ 3% , 3% 


‣ 1-2% detector effects


‣ Estimated using 


‣ Systematics to be studied in more details

δA∥,⊥ ≈
1

NPePN

A∥

δPe δPN

A1 ≈
A∥

D

https://indico.cern.ch/event/1072533/contributions/4779241/attachments/2436807/4173567/DIS22_EICSpin.pdf


22Projected  from  DIS: gn
1 e3He

‣   with  calculated from JAM22


‣ , 


‣ , , 


‣ Top plot: Includes statistical uncertainty, 

systematic estimate


‣ Bottom plot: Includes statistical uncertainty, 

systematic estimate, and  uncertainty

A1 ≈ g1/F1 F1

ℒ = 8.65 fb−1 Pe = Pn = 70 %

0.01 < y < 0.95 Q2 ≥ 2 W2 > 4

F1

Existing data

https://github.com/QCDHUB/JAM22


23Conclusion

‣ High statistics, large & new kinematic coverage  and  starting in year 5 of early EIC running!An
1 gn

1

Thank you!     Analysis note: Link

Existing data

https://zenodo.org/records/17933752?token=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6IjczOGNlMzU0LTU2M2YtNDVlZi1hNmYxLTRjNmU0ZGVjYTg4YyIsImRhdGEiOnt9LCJyYW5kb20iOiIwNzJjNmU5NTlmYjUwMDY1MWMyYjZhMjAzYzdhNzk5YyJ9.zyBT5Tsy7JYUZyPrJ5qPP7KigpAYE7kcB9GLrXfoBPfxhH4lpBfUoSuBhQf4GH9EH4Pmh_GxHf6kFf1_GOCd2Q

