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Direct photon ALL

ALL =
∆σ

σ
=
σ++ + σ−− − σ+− − σ−+

σ++ + σ−− + σ+− + σ−+

=
1

PBPY

N++ − RN+−

N++ + RN+−

I Different runs have different polarization PB and PY , so measured in a run-by-run basis.

I Even and odd crossings have difference electric circuits, so measured separately.

I There are also four spin patterns, so total eight groups.

I For particles in isolation cone:
I Loose cut: ToF < 50 ns, E > 0.15 GeV
I Tight cut: ToF < 10 ns, E > 0.5 GeV
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ToF distributions

From John and Milap’s jet ALL AN
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Discrepancies in loose cuts
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T

p
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A

0.05−

0

0.05
 CombinedLL Adirγ

pT [GeV] F p
2-2.5 5.901 8.709e-07
2.5-3 12.4 1.554e-15
3-3.5 8.116 9.932e-10
3.5-4 5.853 1.009e-06
4-4.5 3.334 0.00157
4.5-5 1.223 0.2864
5-6 1.704 0.104
6-7 1.256 0.2686
7-8 0.7887 0.5968
8-9 0.5234 0.8174

9-10 1.299 0.2471
10-12 0.697 0.6747
12-15 0.9198 0.4899
15-20 0.6332 0.7287

4 / 24



Better agreement in tight cuts
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pT [GeV] F p
2-2.5 1.254 0.2697
2.5-3 3.282 0.001815
3-3.5 3.933 0.0002903
3.5-4 1.777 0.08792
4-4.5 1.724 0.09921
4.5-5 1.125 0.3442
5-6 0.8223 0.5686
6-7 0.9596 0.4593
7-8 1.065 0.3837
8-9 0.4716 0.8556

9-10 0.9886 0.4377
10-12 0.9743 0.4482
12-15 0.6964 0.6752
15-20 0.8313 0.5613
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Run-by-run fitting

runnumber
390 395

310×

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  390.2 / 352
Prob   0.0782
p0        0.001178±0.0009688 − 

 / ndf 2χ  390.2 / 352
Prob   0.0782
p0        0.001178±0.0009688 − 

: 2.0-2.5 GeV
T

p

runnumber
390 395

310×

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  335.5 / 352
Prob   0.7281
p0        0.001223± 0.001774 

 / ndf 2χ  335.5 / 352
Prob   0.7281
p0        0.001223± 0.001774 

: 2.5-3.0 GeV
T

p

runnumber
390 395

310×

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ    379 / 352
Prob   0.154
p0        0.001439± 0.0006211 

 / ndf 2χ    379 / 352
Prob   0.154
p0        0.001439± 0.0006211 

: 3.0-3.5 GeV
T

p

runnumber
390 395

310×

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  331.4 / 352
Prob   0.7789
p0        0.001796± 0.0009982 

 / ndf 2χ  331.4 / 352
Prob   0.7789
p0        0.001796± 0.0009982 

: 3.5-4.0 GeV
T

p

runnumber
390 395

310×

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  313.8 / 352
Prob   0.929
p0        0.002319± 0.002926 

 / ndf 2χ  313.8 / 352
Prob   0.929
p0        0.002319± 0.002926 

: 4.0-4.5 GeV
T

p

runnumber
390 395

310×

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  345.7 / 352
Prob   0.5846
p0        0.003046±0.00289 − 

 / ndf 2χ  345.7 / 352
Prob   0.5846
p0        0.003046±0.00289 − 

: 4.5-5.0 GeV
T

p

runnumber
390 395

310×

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  334.5 / 352
Prob   0.7411
p0        0.003147± 0.001836 

 / ndf 2χ  334.5 / 352
Prob   0.7411
p0        0.003147± 0.001836 

: 5.0-6.0 GeV
T

p

runnumber
390 395

310×

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  356.2 / 352
Prob   0.4275
p0        0.005152±0.001443 − 

 / ndf 2χ  356.2 / 352
Prob   0.4275
p0        0.005152±0.001443 − 

: 6.0-7.0 GeV
T

p

runnumber
390 395

310×

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  337.9 / 352
Prob   0.6966
p0        0.008013± 0.003794 

 / ndf 2χ  337.9 / 352
Prob   0.6966
p0        0.008013± 0.003794 

: 7.0-8.0 GeV
T

p

runnumber
390 395

310×

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  299.7 / 352
Prob    0.98
p0        0.01175± 0.01686 

 / ndf 2χ  299.7 / 352
Prob    0.98
p0        0.01175± 0.01686 

: 8.0-9.0 GeV
T

p

runnumber
390 395

310×

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  358.1 / 351
Prob   0.385
p0        0.01631± 0.001172 

 / ndf 2χ  358.1 / 351
Prob   0.385
p0        0.01631± 0.001172 

: 9.0-10.0 GeV
T

p

runnumber
390 395

310×

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  373.4 / 352
Prob   0.2072
p0        0.01719± 0.03501 

 / ndf 2χ  373.4 / 352
Prob   0.2072
p0        0.01719± 0.03501 

: 10.0-12.0 GeV
T

p

runnumber
390 395

310×

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  338.5 / 340
Prob   0.5129
p0        0.02452±0.002695 − 

 / ndf 2χ  338.5 / 340
Prob   0.5129
p0        0.02452±0.002695 − 

: 12.0-15.0 GeV
T

p

runnumber
390 395

310×

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  280.8 / 261
Prob   0.1904
p0        0.0385± 0.01723 

 / ndf 2χ  280.8 / 261
Prob   0.1904
p0        0.0385± 0.01723 

: 15.0-20.0 GeV
T

p

runnumber
390 395

310×

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  107.2 / 90
Prob   0.104
p0        0.08967±0.2081 − 

 / ndf 2χ  107.2 / 90
Prob   0.104
p0        0.08967±0.2081 − 

: 20.0-30.0 GeV
T

p
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Cross check in fill-by-fill analysis
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p
0 5 10 15 20

LL
A

0.05−
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 CombinedLL Adirγ

pT [GeV] F p
2-2.5 1.824 0.08209
2.5-3 4.494 8.618e-05
3-3.5 3.533 0.001139
3.5-4 2.027 0.05136
4-4.5 1.883 0.07174
4.5-5 1.326 0.2373
5-6 0.8033 0.5851
6-7 0.6962 0.6753
7-8 1.029 0.4103
8-9 0.5332 0.8092

9-10 0.7743 0.6092
10-12 0.8879 0.5162
12-15 0.8807 0.5219
15-20 1.345 0.2288
20-30 0.6968 0.6748
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Fill-by-fill fitting

runnumber
17300 17400 17500 17600

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  86.87 / 69
Prob   0.07181
p0        0.001129±0.0008222 − 

 / ndf 2χ  86.87 / 69
Prob   0.07181
p0        0.001129±0.0008222 − 

: 2.0-2.5 GeV
T

p

runnumber
17300 17400 17500 17600

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  74.46 / 69
Prob   0.3051
p0        0.001173± 0.002121 

 / ndf 2χ  74.46 / 69
Prob   0.3051
p0        0.001173± 0.002121 

: 2.5-3.0 GeV
T

p

runnumber
17300 17400 17500 17600

LL
A
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0
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0.4

 / ndf 2χ  87.99 / 69
Prob   0.06134
p0        0.001381± 0.0009941 

 / ndf 2χ  87.99 / 69
Prob   0.06134
p0        0.001381± 0.0009941 

: 3.0-3.5 GeV
T

p

runnumber
17300 17400 17500 17600

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ     65 / 69
Prob   0.6144
p0        0.001726± 0.0008921 

 / ndf 2χ     65 / 69
Prob   0.6144
p0        0.001726± 0.0008921 

: 3.5-4.0 GeV
T

p

runnumber
17300 17400 17500 17600

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  59.29 / 69
Prob   0.7915
p0        0.002234± 0.003223 

 / ndf 2χ  59.29 / 69
Prob   0.7915
p0        0.002234± 0.003223 

: 4.0-4.5 GeV
T

p

runnumber
17300 17400 17500 17600

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  68.42 / 69
Prob   0.4971
p0        0.002938±0.002758 − 

 / ndf 2χ  68.42 / 69
Prob   0.4971
p0        0.002938±0.002758 − 

: 4.5-5.0 GeV
T

p

runnumber
17300 17400 17500 17600

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  52.45 / 69
Prob   0.9308
p0        0.00304± 0.002277 

 / ndf 2χ  52.45 / 69
Prob   0.9308
p0        0.00304± 0.002277 

: 5.0-6.0 GeV
T

p

runnumber
17300 17400 17500 17600

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  57.86 / 69
Prob   0.8283
p0        0.004981±0.001817 − 

 / ndf 2χ  57.86 / 69
Prob   0.8283
p0        0.004981±0.001817 − 

: 6.0-7.0 GeV
T

p

runnumber
17300 17400 17500 17600

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  60.68 / 69
Prob   0.7524
p0        0.007757± 0.003935 

 / ndf 2χ  60.68 / 69
Prob   0.7524
p0        0.007757± 0.003935 

: 7.0-8.0 GeV
T

p

runnumber
17300 17400 17500 17600

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  50.26 / 69
Prob   0.9564
p0        0.01138± 0.01584 

 / ndf 2χ  50.26 / 69
Prob   0.9564
p0        0.01138± 0.01584 

: 8.0-9.0 GeV
T

p

runnumber
17300 17400 17500 17600

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  61.47 / 69
Prob   0.7287
p0        0.01585± 0.004299 

 / ndf 2χ  61.47 / 69
Prob   0.7287
p0        0.01585± 0.004299 

: 9.0-10.0 GeV
T

p

runnumber
17300 17400 17500 17600

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  93.05 / 69
Prob   0.02845
p0        0.01671± 0.03255 

 / ndf 2χ  93.05 / 69
Prob   0.02845
p0        0.01671± 0.03255 

: 10.0-12.0 GeV
T

p

runnumber
17300 17400 17500 17600

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  52.04 / 68
Prob   0.9244
p0        0.02387±0.00321 − 

 / ndf 2χ  52.04 / 68
Prob   0.9244
p0        0.02387±0.00321 − 

: 12.0-15.0 GeV
T

p

runnumber
17300 17400 17500 17600

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ  67.94 / 63
Prob   0.3129
p0        0.03666± 0.007234 

 / ndf 2χ  67.94 / 63
Prob   0.3129
p0        0.03666± 0.007234 

: 15.0-20.0 GeV
T

p

runnumber
17300 17400 17500 17600

LL
A

0.4−

0.2−

0

0.2

0.4

 / ndf 2χ   74.7 / 59
Prob   0.08163
p0        0.06474±0.09995 − 

 / ndf 2χ   74.7 / 59
Prob   0.08163
p0        0.06474±0.09995 − 

: 20.0-30.0 GeV
T

p
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Cross section in tight cuts
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Systematic uncertainties

I False asymmetry in background due to ghost cluster: low pT

I Uncertainty of relative luminosity: 3.853e-4

I Global scaling uncertainty from polarization: 6.6%

I Uncertainty of background fraction estimation

I Uncertainty from eta background
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AL(L) with systematic uncertainties
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AL(L) with Inseok’s calibration
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Bunch shuffling: even crossings
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Bunch shuffling: odd crossings
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Conclusions for ALL

I Discrepancies from spin patterns come from previous ghost events and can be removed by
using tight cuts.

I Agreement with partonic NLO calculations in isolated cross section needs loose cut.

I Will use loose cut for cross section and tight cut for ALL.
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POWHEG with different vetoes for isolated direct photon
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POWHEG with different vetoes for inclusive direct photon
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POWHEG w/o MPI for isolated direct photon
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POWHEG w/o MPI for inclusive direct photon
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JETPHOX for direct photon
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POWHEG with MPI (different vetoes) for isolated over inclusive ratio
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POWHEG without MPI for isolated over inclusive ratio
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Conclusions for POWHEG study

I POWHEG with MPI and default veto agrees data at high-pT, while with QED-QCD veto
agrees data at low-pT.

I MPI is important in the isolated to inclusive ratio.

I POWHEG with pure hard processes is just like JETPHOX without fragmentation
processes, as expected.
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