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Collisions at Forward Rapidity



Nucleon Structure 2

SIDIS

Drell-Yan
New era in QCD studies

• Transverse spin asymmetries for
nucleon tomography

• Transverse momentum dependent 
distribution functions

Compare SIDIS and Drell-Yan production

• Non-universality of spin-orbit 
correlations (Sivers function et al.)

𝑠 = 500 GeV
4 < 𝑄 < 9 GeV/𝑐2

0 < 𝑞𝑡 < 1 GeV
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Factorization and Scale 3

𝑄2 ≫ 𝑄𝑇
2 ≳ Λ𝑄𝐶𝐷
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Initial / final state effects

• TMD factorization: two characteristic 
scales 𝑄2 and 𝑄𝑇

2

• Collinear factorization: twist-3 with 
one hard scale

• Both are closely related

𝑠 = 200 GeV
𝑦 = 3.5

Direct photons, PRL 110, 232301

𝑓1𝑇
⊥q

: Sivers TMD function
𝑇𝑞,𝐹: Efremov-Teryaev-Qiu-Sterman correlator
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Polarized Proton Collider: RHIC 4



Large acceptance

−1 < 𝜂 < 2, full azimuth

TPC+TOF

EMCal

other dedicated subsystems

The STAR Experiment 5

Forward EMCal

2.5 < 𝜂 < 4

preshower detector in 2015

postshower detector in 2017

→ D. Kapukchyan (session KF, 2pm today)



Direct Photons 6

Real photon from QCD hard scattering

• Compton process

• Annihilation

• No fragmentation

𝑝 + 𝑝 collisions, 𝑠 = 200 GeV

• Small cross section 11 𝜇b

• Simulation: event generator PYTHIA 6.4.28

• With preshower selection for photon candidate

𝑥𝐹 = 2𝑝𝑧/ 𝑠

Trigger 𝑝𝑇 > 2.0 GeV/c
Photon candidate with highest energy
Background × 10 larger than signal

pseudorapidity 𝑝𝑇



QCD 2 → 2 Background 7

Characteristics of decay photons and other event activity
(incl. hadronic response in em. calorimeter)

𝑠 = 200 GeV
𝐿𝑖𝑛𝑡 = 40 pb−1

multiplicity nearest particle

leading jets
anti-kt, 𝑅 = 0.5 sum other particles

QCD 2 → 2
𝜸𝒅𝒊𝒓

preshower veto

sum other particles

nearest particle



Direct Photon Identification 8

Multi-variate analysis

• Selection of uncorrelated 
variables

• Best results for boosted 
decision trees

• Signal efficiency ≈ 80%

• Remaining background

• Asymmetric 𝜂 decays

• Low energy, 𝐸 < 25 GeV

• Near edge of acceptance

𝑠 = 200 GeV

QCD 2 → 2 before

after
𝛾𝑑𝑖𝑟



Direct Photon Identification 9

Multi-variate analysis

• Selection of uncorrelated 
variables

• Best results for boosted 
decision trees

• Signal efficiency ≈ 90%

• Remaining background

• Better rejection

• More luminosity,
ℒ𝑟𝑒𝑐 = 240 pb−1 (2017)

• Merged 𝜋0 showers at 
high energies, 𝐸 > 80 GeV

𝑠 = 500 GeV

𝐸 > 80 GeV



Next Steps 10

Comparison data / simulation

• Full detector simulation

• Possible beam related background

• Robust calibration

• UV LED system for curing of radiation damage installed in 2017



Outlook 11

w/o evolution 
𝐴𝑁,max ≈ −0.08

Direct photons are important to our understanding of QCD

• Universality

• Evolution

• Relation between higher twist collinear and TMD pictures

• In combination with measurements of Drell-Yan and W-Boson production





QCD 2 → 2 Background 13

𝑠 = 500 GeVCharacteristics of decay photons and other event activity
(incl. hadronic response in em. calorimeter)

multiplicity nearest particle

leading jets
anti-kt, 𝑅 = 0.5 sum other particles

QCD 2 → 2
𝛾𝑑𝑖𝑟

sum other particles

nearest particle



Ideally… 14

Drell-Yan Production

𝑝↑ + 𝑝 → 𝛾∗ → 𝑙+ + 𝑙−

𝑠 = 500 G𝑒V

𝑄2 = 𝑀2 ≫ 𝑝𝑇
2

Get rid of background

Scan 𝑥 with rapidity

Accumulate a few fb−1


