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The Drell-Yan cross-section results were released in September 2023, in 3D (M, qT, xF), 2D and 1D, 
from the three targets: (NH3+He), Al and W.

In the released results, for Al and W targets a systematic difference between two triggers was seen 
(taken as 5% for Al and 13% for W). Results were scaled accordingly and combined by simple average.

A mass-dependent systematic uncertainty related to the purity of DY process was considered. Purity 
factors were obtained from the cocktail fits to mass spectra, while systematic error was taken as the full 
difference to the simple method (difference from RD data to MC HMDY).

Two systematic uncertainties due to acceptance were considered: the HMDY MC sample size and the 
sensitivity of the cross section to a variation of trigger efficiencies by 1sigma.

A large variance of the DY cross section from period to period was observed.

In the released cross-section plots, the errors were added in quadrature and assumed fully correlated.

Release: a summary



  

Progress after the release

Since both methods to extract purity have pros and cons, we decided to take the average of 
purity between the two methods, thus optimizing the systematic error related to purity. The 
purity affects mostly the low masses and W is more affected than ammonia. Due to the 
methods used (fit by sigmoid of the purity datapoints), a correlation in mass is introduced.

The systematic related to acceptance is δσ(syst-acc) = √(δσ(syst-MCsize)2 + δσ(syst-time)2)
The first is uncorrelated, thus it is estimated that δσ(syst-acc) is 44% uncorrelated and 89% correlated.

see Vincent talk January 2024 

The variations of cross section per period suggest that the only time-dependent systematic, δσ(syst-time),
might be under-estimated.

The acceptance correction was made globally, adding the 8 HMDY MC samples in same proportions as
In real data. These proportions are now checked to be correct.

https://twiki.cern.ch/twiki/pub/Compass/Drell_Yan/Subgroupmeeting/Andrieux_20240123.pdf
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PT1 LO 0D

1 2 3 4 5 6 7 8
period

0.17

0.18

0.19

0.2

0.21

0.22

0.23

 (
n

b
/n

u
cl

eo
n

)
σ

 / ndf 2χ  34.68 / 7
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 / ndf 2χ  34.68 / 7
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PT1 LL 0D

PT1 cross sections per period: compatibility
(only statistical errors)

From global analysis:                         σ = 0.198 ± 0.003 nb/nucleon
Periods weighted mean (beam flux): σ = 0.203 ± 0.003 nb/nucleon

-0.2< xF < 0.8
4.3 < M < 8.5 GeV/c2

qT<3.6 GeV/c

From global analysis:                        σ = 0.129 ± 0.003 nb/nucleon
Periods weighted mean (beam flux): σ = 0.131 ± 0.003 nb/nucleon

0.1< xF < 0.9
4.3 < M < 8.5 GeV/c2

qT<3.6 GeV/c

(See Vincent talk, slide 6)

https://wwwcompass.cern.ch/compass/software/analysis/transparencies/2023/am_230822/talks/Andrieux_20230824.pdf
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PT2 LL 0D

PT2 cross sections per period: compatibility 
(only statistical errors)

From global analysis:                        σ = 0.193 ± 0.002 nb/nucleon
Periods weighted mean (beam flux):  σ = 0.195 ± 0.002 nb/nucleon

-0.2< xF < 0.7
4.3 < M < 8.5 GeV/c2

qT<3.6 GeV/c

From global analysis:                              σ = 0.129 ± 0.002 nb/nucleon
Periods weighted mean (beam flux):      σ = 0.131 ± 0.002 nb/nucleon

0.1< xF < 0.9
4.3 < M < 8.5 GeV/c2

qT<3.6 GeV/c

(See Vincent talk, slide 6)

https://wwwcompass.cern.ch/compass/software/analysis/transparencies/2023/am_230822/talks/Andrieux_20230824.pdf
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Al LL 0D

Al cross sections per period: compatibility
(only statistical errors)

From global analysis:                         σ = 0.167 ± 0.004 nb/nucleon
Periods weighted mean (beam flux):  σ = 0.168 ± 0.004 nb/nucleon

-0.2< xF < 0.6
4.3 < M < 8.5 GeV/c2

qT<3.6 GeV/c

(See Vincent talk, slide 6)

From global analysis:                         σ = 0.122 ± 0.003 nb/nucleon
Periods weighted mean (beam flux):  σ = 0.123 ± 0.003 nb/nucleon

0.< xF < 0.8
4.3 < M < 8.5 GeV/c2

qT<3.6 GeV/c

https://wwwcompass.cern.ch/compass/software/analysis/transparencies/2023/am_230822/talks/Andrieux_20230824.pdf
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W LL 0D

W cross sections per period: compatibility
(only statistical errors)

From global analysis:                         σ = 0.161 ± 0.001 nb/nucleon
Periods weighted mean (beam flux):  σ = 0.162 ± 0.001 nb/nucleon

-0.2< xF < 0.6
4.3 < M < 8.5 GeV/c2

qT<3.6 GeV/c

(See Vincent talk, slide 6)

From global analysis:                         σ = 0.117 ± 0.001 nb/nucleon
Periods weighted mean (beam flux):  σ = 0.117 ± 0.001 nb/nucleon

0.< xF < 0.9
4.3 < M < 8.5 GeV/c2

qT<3.6 GeV/c

https://wwwcompass.cern.ch/compass/software/analysis/transparencies/2023/am_230822/talks/Andrieux_20230824.pdf


  

Pulls of cross section per period in 3D analysis

The variations of cross section per period suggest a time-dependent systematic that can be evaluated from the pulls of 
cross section per period.

12 pulls are built, per target (PT1 & PT2, Al, W) and per trigger (LAS-LAS, LAS-OT) separately.

Each pull contains: 
-- 16 points for (NH3+He)
-- 8 point for Al
-- 8 points for W

Each point (x-section σ ± δσ(stat), where δσ(stat) stands for the statistical error only) in the pull is calculated 
using the usual formula:

(σi – σ)/√(δσi
2 – δσ2) where σ is the average cross section luminosity-weighted

The ideal pull behaves as a normalized gaussian with mean value μpull=0 and sigma σpull=1. The spectrometer behaviour 
varies with time, namely with detectors efficiency, trigger efficiency and global alignment that vary from period to period. 
The pull is used here to evaluate the compatibility of periods, by resulting in a systematic error in the cross section, 
due to acceptance variations 

δσ(syst-time) / δσ(stat) = √(σpull
2 – 1) + |μpull|
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3− 2− 1− 0 1 2 3
0

0.5

1

1.5

2

2.5

3  / ndf 2χ  6.562 / 12

Constant  0.765± 1.651 

Mean      0.3197±0.5002 − 

Sigma     0.2264± 0.8455 

pull

 / ndf 2χ   6.28 / 12

Constant  0.683± 1.573 

Mean      0.35935± 0.06268 

Sigma     0.256± 1.015 

3− 2− 1− 0 1 2 3
0
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1.8

2  / ndf 2χ   6.28 / 12

Constant  0.683± 1.573 

Mean      0.35935± 0.06268 

Sigma     0.256± 1.015 

pull

 / ndf 2χ  11.86 / 12

Constant  0.573± 1.307 

Mean      0.43734± 0.06387 

Sigma     0.325± 1.224 

3− 2− 1− 0 1 2 3
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1
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1.4
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1.8

2  / ndf 2χ  11.86 / 12

Constant  0.573± 1.307 

Mean      0.43734± 0.06387 

Sigma     0.325± 1.224 

pull

The systematic 
error is a 
multiplicative 
factor wrt the 
statistical error of 
the respective bin. 
Given by

√(σpull
2 – 1) + |μ|

Bins with 0 x-section 
do not have 0 
statistical error!

Systematic from “acceptance” variations over time: pulls
Example: (NH3+He) LAS-LAS, 3D, 4.3 <M < 4.7 GeV/c2

6/40 pulls slightly non-
compatible with sigma=1  
→ no systematics?

(M,qT,xF) bins



  

Systematic from “acceptance” variations over time: pulls
            (NH3+He) LAS-LAS, 3D: variations in mass(qT,xF) bins

 / ndf 2χ  18.89 / 12

Constant  1.475± 8.191 

Mean      0.16814±0.07535 − 

Sigma     0.123± 1.146 

3− 2− 1− 0 1 2 3
0
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 / ndf 2χ  18.89 / 12

Constant  1.475± 8.191 

Mean      0.16814±0.07535 − 

Sigma     0.123± 1.146 

(qT0,xF0)

 / ndf 2χ  9.249 / 12

Constant  1.365± 7.523 

Mean      0.1847±0.1092 − 

Sigma     0.14±  1.25 

3− 2− 1− 0 1 2 3
0
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8

10  / ndf 2χ  9.249 / 12

Constant  1.365± 7.523 

Mean      0.1847±0.1092 − 

Sigma     0.14±  1.25 

(qT1,xF0)

 / ndf 2χ  19.46 / 12

Constant  1.576± 8.782 

Mean      0.15623±0.09627 − 

Sigma     0.112± 1.068 

3− 2− 1− 0 1 2 3
0
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14

 / ndf 2χ  19.46 / 12

Constant  1.576± 8.782 

Mean      0.15623±0.09627 − 

Sigma     0.112± 1.068 

(qT2,xF0)

 / ndf 2χ  11.53 / 12

Constant  1.590± 8.862 

Mean      0.15479±0.04276 − 

Sigma     0.111± 1.059 

3− 2− 1− 0 1 2 3
0
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 / ndf 2χ  11.53 / 12

Constant  1.590± 8.862 

Mean      0.15479±0.04276 − 

Sigma     0.111± 1.059 

(qT3,xF0)

 / ndf 2χ  8.654 / 12

Constant  1.682± 9.489 

Mean      0.14583± 0.01045 

Sigma     0.104± 1.009 

3− 2− 1− 0 1 2 3
0
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10  / ndf 2χ  8.654 / 12

Constant  1.682± 9.489 

Mean      0.14583± 0.01045 

Sigma     0.104± 1.009 

(qT0,xF1)

 / ndf 2χ  12.15 / 12

Constant  1.366± 7.603 

Mean      0.18488± 0.04286 

Sigma     0.139± 1.263 

3− 2− 1− 0 1 2 3
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10  / ndf 2χ  12.15 / 12

Constant  1.366± 7.603 

Mean      0.18488± 0.04286 

Sigma     0.139± 1.263 

(qT1,xF1)

 / ndf 2χ  8.394 / 12

Constant  1.385± 7.718 

Mean      0.18177± 0.04318 

Sigma     0.136± 1.244 
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8  / ndf 2χ  8.394 / 12

Constant  1.385± 7.718 

Mean      0.18177± 0.04318 

Sigma     0.136± 1.244 

(qT2,xF1)

 / ndf 2χ  8.869 / 12

Constant  1.607± 9.052 

Mean      0.15309± 0.02093 

Sigma     0.110± 1.058 

3− 2− 1− 0 1 2 3
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10  / ndf 2χ  8.869 / 12

Constant  1.607± 9.052 

Mean      0.15309± 0.02093 

Sigma     0.110± 1.058 

(qT3,xF1)

 / ndf 2χ  13.16 / 12

Constant  1.441± 8.064 

Mean      0.17307± 0.01059 

Sigma     0.127± 1.189 

3− 2− 1− 0 1 2 3
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 / ndf 2χ  13.16 / 12

Constant  1.441± 8.064 

Mean      0.17307± 0.01059 

Sigma     0.127± 1.189 

(qT0,xF2)

 / ndf 2χ  10.84 / 12

Constant  1.82± 10.27 

Mean      0.13463±0.03128 − 

Sigma     0.0955± 0.9324 

3− 2− 1− 0 1 2 3
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 / ndf 2χ  10.84 / 12

Constant  1.82± 10.27 

Mean      0.13463±0.03128 − 

Sigma     0.0955± 0.9324 

(qT1,xF2)

 / ndf 2χ  7.065 / 12

Constant  1.445± 8.083 

Mean     01− 1.727e±16 − 5.748e

Sigma     0.127± 1.187 

3− 2− 1− 0 1 2 3
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10  / ndf 2χ  7.065 / 12

Constant  1.445± 8.083 

Mean     01− 1.727e±16 − 5.748e

Sigma     0.127± 1.187 

(qT2,xF2)

 / ndf 2χ  12.48 / 12

Constant  1.64±  9.23 

Mean      0.15005±0.02091 − 

Sigma     0.107± 1.038 

3− 2− 1− 0 1 2 3
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10  / ndf 2χ  12.48 / 12

Constant  1.64±  9.23 

Mean      0.15005±0.02091 − 

Sigma     0.107± 1.038 

(qT3,xF2)

 / ndf 2χ  8.522 / 12

Constant  1.394± 7.773 

Mean      0.18031±0.02141 − 

Sigma     0.134± 1.235 

3− 2− 1− 0 1 2 3
0
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8  / ndf 2χ  8.522 / 12

Constant  1.394± 7.773 

Mean      0.18031±0.02141 − 

Sigma     0.134± 1.235 

(qT0,xF3)

 / ndf 2χ  5.469 / 12

Constant  1.86± 10.49 

Mean      0.13180±0.02085 − 

Sigma     0.0934± 0.9129 

3− 2− 1− 0 1 2 3
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 / ndf 2χ  5.469 / 12

Constant  1.86± 10.49 

Mean      0.13180±0.02085 − 

Sigma     0.0934± 0.9129 

(qT1,xF3)

 / ndf 2χ  8.627 / 12

Constant  1.564± 8.801 

Mean      0.15762± 0.02104 

Sigma     0.114± 1.088 

3− 2− 1− 0 1 2 3
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9  / ndf 2χ  8.627 / 12

Constant  1.564± 8.801 

Mean      0.15762± 0.02104 

Sigma     0.114± 1.088 

(qT2,xF3)

 / ndf 2χ  14.72 / 12

Constant  1.323± 7.333 

Mean      0.19284± 0.04327 

Sigma     0.147± 1.311 

3− 2− 1− 0 1 2 3
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10  / ndf 2χ  14.72 / 12

Constant  1.323± 7.333 

Mean      0.19284± 0.04327 

Sigma     0.147± 1.311 

(qT3,xF3)

 / ndf 2χ  6.205 / 12

Constant  1.48±  8.32 

Mean      0.16731± 0.04219 

Sigma     0.122± 1.152 

3− 2− 1− 0 1 2 3
0

1

2

3

4

5

6

7

8

9  / ndf 2χ  6.205 / 12

Constant  1.48±  8.32 

Mean      0.16731± 0.04219 

Sigma     0.122± 1.152 

(qT0,xF4)

 / ndf 2χ  5.349 / 12

Constant  1.705± 9.625 

Mean      0.14378± 0.04176 

Sigma     0.102± 0.995 

3− 2− 1− 0 1 2 3
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 / ndf 2χ  5.349 / 12

Constant  1.705± 9.625 

Mean      0.14378± 0.04176 

Sigma     0.102± 0.995 

(qT1,xF4)

 / ndf 2χ  9.444 / 12

Constant  1.80± 10.18 

Mean      0.13579± 0.04171 

Sigma     0.0964± 0.9403 

3− 2− 1− 0 1 2 3
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 / ndf 2χ  9.444 / 12

Constant  1.80± 10.18 

Mean      0.13579± 0.04171 

Sigma     0.0964± 0.9403 

(qT2,xF4)

 / ndf 2χ  9.549 / 12

Constant  1.8±  10.3 

Mean      0.13428± 0.02085 

Sigma     0.10±  0.93 
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 / ndf 2χ  9.549 / 12

Constant  1.8±  10.3 

Mean      0.13428± 0.02085 

Sigma     0.10±  0.93 

(qT3,xF4)

 / ndf 2χ  11.03 / 12

Constant  1.654± 9.324 

Mean      0.1485± 0.0209 

Sigma     0.106± 1.027 

3− 2− 1− 0 1 2 3
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 / ndf 2χ  11.03 / 12

Constant  1.654± 9.324 

Mean      0.1485± 0.0209 

Sigma     0.106± 1.027 

(qT0,xF5)

 / ndf 2χ  7.326 / 12

Constant  1.8±  10.3 

Mean      0.13427±0.02085 − 

Sigma     0.0952± 0.9298 

3− 2− 1− 0 1 2 3
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 / ndf 2χ  7.326 / 12

Constant  1.8±  10.3 

Mean      0.13427±0.02085 − 

Sigma     0.0952± 0.9298 

(qT1,xF5)

 / ndf 2χ  9.156 / 12

Constant  1.548± 8.705 

Mean      0.15947± 0.03149 

Sigma     0.115± 1.101 

3− 2− 1− 0 1 2 3
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10  / ndf 2χ  9.156 / 12

Constant  1.548± 8.705 

Mean      0.15947± 0.03149 

Sigma     0.115± 1.101 

(qT2,xF5)

 / ndf 2χ  11.37 / 12

Constant  1.583± 8.913 

Mean      0.15559± 0.05253 

Sigma     0.112± 1.075 
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9  / ndf 2χ  11.37 / 12

Constant  1.583± 8.913 

Mean      0.15559± 0.05253 

Sigma     0.112± 1.075 

(qT3,xF5)

 / ndf 2χ  12.93 / 12

Constant  1.548± 8.705 

Mean      0.15947± 0.03149 

Sigma     0.115± 1.101 

3− 2− 1− 0 1 2 3
0

2

4

6

8

10

12  / ndf 2χ  12.93 / 12

Constant  1.548± 8.705 

Mean      0.15947± 0.03149 

Sigma     0.115± 1.101 

(qT0,xF6)

 / ndf 2χ  13.34 / 12

Constant  1.408± 7.862 

Mean      0.17799± 0.02128 

Sigma     0.13±  1.22 

3− 2− 1− 0 1 2 3
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 / ndf 2χ  13.34 / 12

Constant  1.408± 7.862 

Mean      0.17799± 0.02128 

Sigma     0.13±  1.22 

(qT1,xF6)

 / ndf 2χ  5.458 / 12

Constant  1.91± 10.81 

Mean      0.1278± 0.0521 

Sigma     0.0905± 0.8855 

3− 2− 1− 0 1 2 3
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12  / ndf 2χ  5.458 / 12

Constant  1.91± 10.81 

Mean      0.1278± 0.0521 

Sigma     0.0905± 0.8855 

(qT2,xF6)

 / ndf 2χ  5.257 / 12

Constant  1.645± 9.276 

Mean      0.14928±0.02091 − 

Sigma     0.107± 1.032 

3− 2− 1− 0 1 2 3
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10  / ndf 2χ  5.257 / 12

Constant  1.645± 9.276 

Mean      0.14928±0.02091 − 

Sigma     0.107± 1.032 

(qT3,xF6)

 / ndf 2χ  18.06 / 12

Constant  1.394± 7.701 

Mean      0.17981±0.02173 − 

Sigma     0.13±  1.22 

3− 2− 1− 0 1 2 3
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 / ndf 2χ  18.06 / 12

Constant  1.394± 7.701 

Mean      0.17981±0.02173 − 

Sigma     0.13±  1.22 

(qT0,xF7)

 / ndf 2χ  18.78 / 12

Constant  2.0±  11.1 

Mean      0.12454±0.01042 − 

Sigma     0.0881± 0.8628 
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 / ndf 2χ  18.78 / 12

Constant  2.0±  11.1 

Mean      0.12454±0.01042 − 

Sigma     0.0881± 0.8628 

(qT1,xF7)

 / ndf 2χ  12.24 / 12

Constant  1.684± 9.503 

Mean      0.14565± 0.05222 

Sigma     0.104± 1.008 

3− 2− 1− 0 1 2 3
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14  / ndf 2χ  12.24 / 12

Constant  1.684± 9.503 

Mean      0.14565± 0.05222 

Sigma     0.104± 1.008 

(qT2,xF7)

 / ndf 2χ  11.72 / 12

Constant  1.578± 8.882 

Mean     01− 1.561e±13 − 1.561e

Sigma     0.112± 1.079 

3− 2− 1− 0 1 2 3
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10  / ndf 2χ  11.72 / 12

Constant  1.578± 8.882 

Mean     01− 1.561e±13 − 1.561e

Sigma     0.112± 1.079 

(qT3,xF7)

 / ndf 2χ  5.271 / 12

Constant  1.529± 8.589 

Mean      0.16172± 0.03153 

Sigma     0.117± 1.115 

3− 2− 1− 0 1 2 3
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12  / ndf 2χ  5.271 / 12

Constant  1.529± 8.589 

Mean      0.16172± 0.03153 

Sigma     0.117± 1.115 

(qT0,xF8)

 / ndf 2χ  9.324 / 12

Constant  1.541± 8.663 

Mean      0.1603± 0.0105 

Sigma     0.116± 1.106 

3− 2− 1− 0 1 2 3
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10  / ndf 2χ  9.324 / 12

Constant  1.541± 8.663 

Mean      0.1603± 0.0105 

Sigma     0.116± 1.106 

(qT1,xF8)

 / ndf 2χ  7.222 / 12

Constant  1.88± 10.66 

Mean      0.12974± 0.01042 

Sigma     0.0919± 0.8986 

3− 2− 1− 0 1 2 3
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12  / ndf 2χ  7.222 / 12

Constant  1.88± 10.66 

Mean      0.12974± 0.01042 

Sigma     0.0919± 0.8986 

(qT2,xF8)

 / ndf 2χ  14.77 / 12

Constant  1.94± 10.94 

Mean      0.12632± 0.01042 

Sigma     0.089± 0.875 

3− 2− 1− 0 1 2 3
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 / ndf 2χ  14.77 / 12

Constant  1.94± 10.94 

Mean      0.12632± 0.01042 

Sigma     0.089± 0.875 

(qT3,xF8)

 / ndf 2χ  14.38 / 12

Constant  1.25±  4.98 

Mean      0.19640± 0.06259 

Sigma     0.1395± 0.9615 

3− 2− 1− 0 1 2 3
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7  / ndf 2χ  14.38 / 12

Constant  1.25±  4.98 

Mean      0.19640± 0.06259 

Sigma     0.1395± 0.9615 

(qT0,xF9)

 / ndf 2χ  6.008 / 12

Constant  0.741± 1.709 

Mean      0.3305±0.3128 − 

Sigma     0.235± 0.934 

3− 2− 1− 0 1 2 3
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3  / ndf 2χ  6.008 / 12

Constant  0.741± 1.709 

Mean      0.3305±0.3128 − 

Sigma     0.235± 0.934 

(qT1,xF9)

 / ndf 2χ  7.312 / 12

Constant  1.174± 4.683 

Mean     01− 2.090e±13 − 2.601e

Sigma     0.149± 1.022 

3− 2− 1− 0 1 2 3
0
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5  / ndf 2χ  7.312 / 12

Constant  1.174± 4.683 

Mean     01− 2.090e±13 − 2.601e

Sigma     0.149± 1.022 

(qT2,xF9)

 / ndf 2χ   13.1 / 12

Constant  1.097± 4.362 

Mean      0.22503± 0.02099 

Sigma     0.162± 1.098 

3− 2− 1− 0 1 2 3
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7  / ndf 2χ   13.1 / 12

Constant  1.097± 4.362 

Mean      0.22503± 0.02099 

Sigma     0.162± 1.098 

(qT3,xF9)

The systematic 
error is a 
multiplicative 
factor wrt the 
statistical error of 
the respective bin. 
Given by

√(σpull
2 – 1) + |μ|

Bins with 0 x-section 
do not have 0 
statistical error!

Still not enough
statistics



  

 / ndf 2χ  28.96 / 12

Constant  1.74± 11.23 

Mean      0.14181±0.04806 − 

Sigma     0.10±  1.12 
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18  / ndf 2χ  28.96 / 12

Constant  1.74± 11.23 

Mean      0.14181±0.04806 − 

Sigma     0.10±  1.12 

pull

 / ndf 2χ  30.45 / 12

Constant  1.9±  12.5 

Mean      0.1259±0.1859 − 

Sigma     0.09±  0.99 
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20  / ndf 2χ  30.45 / 12

Constant  1.9±  12.5 

Mean      0.1259±0.1859 − 

Sigma     0.09±  0.99 

pull

 / ndf 2χ   14.7 / 12

Constant  1.561± 9.951 

Mean      0.161937±0.008171 − 

Sigma     0.122± 1.267 

3− 2− 1− 0 1 2 3
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12  / ndf 2χ   14.7 / 12

Constant  1.561± 9.951 

Mean      0.161937±0.008171 − 

Sigma     0.122± 1.267 

pull

 / ndf 2χ  15.78 / 12

Constant  1.77± 11.47 

Mean      0.139859± 0.007881 

Sigma     0.101± 1.114 

3− 2− 1− 0 1 2 3
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14  / ndf 2χ  15.78 / 12

Constant  1.77± 11.47 

Mean      0.139859± 0.007881 

Sigma     0.101± 1.114 

pull

 / ndf 2χ  11.44 / 12

Constant  1.57± 10.09 

Mean      0.16106± 0.04024 

Sigma     0.12±  1.27 

3− 2− 1− 0 1 2 3
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 / ndf 2χ  11.44 / 12

Constant  1.57± 10.09 

Mean      0.16106± 0.04024 

Sigma     0.12±  1.27 

pull

 / ndf 2χ  8.531 / 12

Constant  1.87± 12.17 

Mean      0.13143± 0.03929 

Sigma     0.094± 1.049 

3− 2− 1− 0 1 2 3
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 / ndf 2χ  8.531 / 12

Constant  1.87± 12.17 

Mean      0.13143± 0.03929 

Sigma     0.094± 1.049 

pull

 / ndf 2χ  10.82 / 12

Constant  1.60± 10.33 

Mean      0.15679±0.03201 − 

Sigma     0.117± 1.239 

3− 2− 1− 0 1 2 3
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 / ndf 2χ  10.82 / 12

Constant  1.60± 10.33 

Mean      0.15679±0.03201 − 

Sigma     0.117± 1.239 

pull

 / ndf 2χ   16.8 / 12

Constant  1.97± 12.86 

Mean     01− 1.243e±14 −1.455e− 

Sigma     0.0885± 0.9932 

3− 2− 1− 0 1 2 3
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16  / ndf 2χ   16.8 / 12

Constant  1.97± 12.86 

Mean     01− 1.243e±14 −1.455e− 

Sigma     0.0885± 0.9932 

pull

 / ndf 2χ  8.494 / 12

Constant  1.91± 12.41 

Mean     01− 1.288e±14 −7.897e− 

Sigma     0.092± 1.029 

3− 2− 1− 0 1 2 3
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 / ndf 2χ  8.494 / 12

Constant  1.91± 12.41 

Mean     01− 1.288e±14 −7.897e− 

Sigma     0.092± 1.029 

pull

 / ndf 2χ  9.801 / 12

Constant  1.492± 9.523 

Mean      0.17239± 0.01671 

Sigma     0.133± 1.348 

3− 2− 1− 0 1 2 3
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10  / ndf 2χ  9.801 / 12

Constant  1.492± 9.523 

Mean      0.17239± 0.01671 

Sigma     0.133± 1.348 

pull

 / ndf 2χ   12.5 / 12

Constant  1.93± 12.58 

Mean      0.1270± 0.0235 

Sigma     0.091± 1.015 

3− 2− 1− 0 1 2 3
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 / ndf 2χ   12.5 / 12

Constant  1.93± 12.58 

Mean      0.1270± 0.0235 

Sigma     0.091± 1.015 

pull

 / ndf 2χ  16.45 / 12

Constant  1.86± 12.12 

Mean      0.13200±0.02355 − 

Sigma     0.095± 1.054 

3− 2− 1− 0 1 2 3
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14  / ndf 2χ  16.45 / 12

Constant  1.86± 12.12 

Mean      0.13200±0.02355 − 

Sigma     0.095± 1.054 

pull

 / ndf 2χ  8.709 / 12

Constant  1.80± 11.72 

Mean      0.13668± 0.01573 

Sigma     0.10±  1.09 

3− 2− 1− 0 1 2 3
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14  / ndf 2χ  8.709 / 12

Constant  1.80± 11.72 

Mean      0.13668± 0.01573 

Sigma     0.10±  1.09 

pull

 / ndf 2χ  5.886 / 12

Constant  2.0±  13.2 

Mean      0.12096± 0.06259 

Sigma     0.0860± 0.9669 

3− 2− 1− 0 1 2 3
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18  / ndf 2χ  5.886 / 12

Constant  2.0±  13.2 

Mean      0.12096± 0.06259 

Sigma     0.0860± 0.9669 

pull

 / ndf 2χ  10.25 / 12

Constant  2.0±  13.3 

Mean      0.12011± 0.03129 

Sigma     0.0853± 0.9602 

3− 2− 1− 0 1 2 3
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16  / ndf 2χ  10.25 / 12

Constant  2.0±  13.3 

Mean      0.12011± 0.03129 

Sigma     0.0853± 0.9602 

pull

 / ndf 2χ  9.829 / 12

Constant  1.77± 11.47 

Mean      0.139866± 0.007881 

Sigma     0.101± 1.114 

3− 2− 1− 0 1 2 3
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 / ndf 2χ  9.829 / 12

Constant  1.77± 11.47 

Mean      0.139866± 0.007881 

Sigma     0.101± 1.114 

pull

 / ndf 2χ  12.64 / 12

Constant  1.85± 12.05 

Mean     01− 1.328e±13 − 2.424e

Sigma     0.10±  1.06 

3− 2− 1− 0 1 2 3

0
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12
 / ndf 2χ  12.64 / 12

Constant  1.85± 12.05 

Mean     01− 1.328e±13 − 2.424e

Sigma     0.10±  1.06 

pull

 / ndf 2χ  5.334 / 12

Constant  2.12± 13.82 

Mean      0.11550± 0.05475 

Sigma     0.0819± 0.9236 

3− 2− 1− 0 1 2 3
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14  / ndf 2χ  5.334 / 12

Constant  2.12± 13.82 

Mean      0.11550± 0.05475 

Sigma     0.0819± 0.9236 

pull

 / ndf 2χ  10.78 / 12

Constant  1.74± 11.25 

Mean      0.142793± 0.007897 

Sigma     0.104± 1.136 

3− 2− 1− 0 1 2 3
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12  / ndf 2χ  10.78 / 12

Constant  1.74± 11.25 

Mean      0.142793± 0.007897 

Sigma     0.104± 1.136 

pull

 / ndf 2χ  10.24 / 12

Constant  1.78± 11.58 

Mean      0.13837± 0.02362 

Sigma     0.100± 1.103 

3− 2− 1− 0 1 2 3
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16  / ndf 2χ  10.24 / 12

Constant  1.78± 11.58 

Mean      0.13837± 0.02362 

Sigma     0.100± 1.103 

pull

 / ndf 2χ  3.682 / 12

Constant  2.06± 13.47 

Mean      0.1185± 0.0313 

Sigma     0.0842± 0.9478 

3− 2− 1− 0 1 2 3
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14  / ndf 2χ  3.682 / 12

Constant  2.06± 13.47 

Mean      0.1185± 0.0313 

Sigma     0.0842± 0.9478 

pull

 / ndf 2χ  16.43 / 12

Constant  1.75± 11.37 

Mean      0.14124± 0.03944 

Sigma     0.102± 1.124 

3− 2− 1− 0 1 2 3
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14  / ndf 2χ  16.43 / 12

Constant  1.75± 11.37 

Mean      0.14124± 0.03944 

Sigma     0.102± 1.124 

pull

 / ndf 2χ  10.41 / 12

Constant  1.97± 12.71 

Mean      0.12466±0.03186 − 

Sigma     0.0888± 0.9885 

3− 2− 1− 0 1 2 3
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 / ndf 2χ  10.41 / 12

Constant  1.97± 12.71 

Mean      0.12466±0.03186 − 

Sigma     0.0888± 0.9885 

pull

 / ndf 2χ   17.1 / 12

Constant  1.92± 12.48 

Mean      0.128059± 0.007837 

Sigma     0.091± 1.023 

3− 2− 1− 0 1 2 3
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 / ndf 2χ   17.1 / 12

Constant  1.92± 12.48 

Mean      0.128059± 0.007837 

Sigma     0.091± 1.023 

pull

 / ndf 2χ  17.05 / 12

Constant  2.05± 13.35 

Mean      0.11964± 0.01565 

Sigma     0.0850± 0.9565 

3− 2− 1− 0 1 2 3
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14  / ndf 2χ  17.05 / 12

Constant  2.05± 13.35 

Mean      0.11964± 0.01565 

Sigma     0.0850± 0.9565 

pull

 / ndf 2χ  2.687 / 12

Constant  2.21± 14.41 

Mean      0.110795±0.007817 − 

Sigma     0.0785± 0.8862 

3− 2− 1− 0 1 2 3
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 / ndf 2χ  2.687 / 12

Constant  2.21± 14.41 

Mean      0.110795±0.007817 − 

Sigma     0.0785± 0.8862 

pull

 / ndf 2χ   11.6 / 12

Constant  1.71± 11.07 

Mean      0.14515± 0.03956 

Sigma     0.106± 1.154 

3− 2− 1− 0 1 2 3
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18  / ndf 2χ   11.6 / 12

Constant  1.71± 11.07 

Mean      0.14515± 0.03956 

Sigma     0.106± 1.154 

pull

 / ndf 2χ  14.77 / 12

Constant  1.298± 5.875 

Mean      0.18956±0.09722 − 

Sigma     0.136± 1.053 

3− 2− 1− 0 1 2 3

0
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10  / ndf 2χ  14.77 / 12

Constant  1.298± 5.875 

Mean      0.18956±0.09722 − 

Sigma     0.136± 1.053 

pull

 / ndf 2χ  13.31 / 12

Constant  1.505± 6.948 

Mean     01− 1.625e±14 − 9.423e

Sigma     0.1152± 0.9189 

3− 2− 1− 0 1 2 3

0
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8  / ndf 2χ  13.31 / 12

Constant  1.505± 6.948 

Mean     01− 1.625e±14 − 9.423e

Sigma     0.1152± 0.9189 

pull

 / ndf 2χ  14.14 / 12

Constant  1.293± 5.943 

Mean      0.19053± 0.01572 

Sigma     0.137± 1.075 

3− 2− 1− 0 1 2 3
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7  / ndf 2χ  14.14 / 12

Constant  1.293± 5.943 

Mean      0.19053± 0.01572 

Sigma     0.137± 1.075 

pull

Systematic from “acceptance” variations over time: pulls
                   (NH3+He) LAS-LAS, 3D: variations in qT(M,xF) bins

The systematic 
error is a 
multiplicative 
factor wrt the 
statistical error of 
the respective bin. 
Given by

√(σpull
2 – 1) + |μ|

Bins with 0 x-section 
do not have 0 
statistical error!

Still not enough
statistics



  

 / ndf 2χ  36.23 / 12

Constant  2.98± 33.16 

Mean      0.08298±0.08062 − 

Sigma     0.060± 1.132 
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 / ndf 2χ  36.23 / 12

Constant  2.98± 33.16 

Mean      0.08298±0.08062 − 

Sigma     0.060± 1.132 

-0.2<xF<-0.1  / ndf 2χ     19 / 12

Constant  2.98± 33.46 

Mean      0.08317± 0.02916 

Sigma     0.061± 1.146 

3− 2− 1− 0 1 2 3
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 / ndf 2χ     19 / 12

Constant  2.98± 33.46 

Mean      0.08317± 0.02916 

Sigma     0.061± 1.146 

-0.1<xF<0  / ndf 2χ  14.88 / 12

Constant  3.13± 35.17 

Mean      0.07892±0.01049 − 

Sigma     0.06±  1.09 

3− 2− 1− 0 1 2 3
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 / ndf 2χ  14.88 / 12

Constant  3.13± 35.17 

Mean      0.07892±0.01049 − 

Sigma     0.06±  1.09 

0<xF<0.1  / ndf 2χ  21.28 / 12

Constant  2.99± 33.57 

Mean      0.0829± 0.0053 

Sigma     0.060± 1.142 

3− 2− 1− 0 1 2 3
0

5

10

15

20

25

30

35

 / ndf 2χ  21.28 / 12

Constant  2.99± 33.57 

Mean      0.0829± 0.0053 

Sigma     0.060± 1.142 

0.1<xF<0.2  / ndf 2χ  14.49 / 12

Constant  3.37± 38.04 

Mean      0.07277± 0.03655 

Sigma     0.052± 1.007 

3− 2− 1− 0 1 2 3
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 / ndf 2χ  14.49 / 12

Constant  3.37± 38.04 

Mean      0.07277± 0.03655 

Sigma     0.052± 1.007 

0.2<xF<0.3

 / ndf 2χ  10.35 / 12

Constant  3.28± 37.01 

Mean      0.07483± 0.02091 

Sigma     0.054± 1.035 
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 / ndf 2χ  10.35 / 12

Constant  3.28± 37.01 

Mean      0.07483± 0.02091 

Sigma     0.054± 1.035 

0.3<xF<0.4  / ndf 2χ  8.184 / 12

Constant  3.20± 35.99 

Mean      0.07702± 0.02101 

Sigma     0.055± 1.064 
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 / ndf 2χ  8.184 / 12

Constant  3.20± 35.99 

Mean      0.07702± 0.02101 

Sigma     0.055± 1.064 

0.4<xF<0.5  / ndf 2χ  18.88 / 12

Constant  3.2±  36.4 

Mean      0.075920± 0.005258 

Sigma     0.054± 1.047 
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 / ndf 2χ  18.88 / 12

Constant  3.2±  36.4 

Mean      0.075920± 0.005258 

Sigma     0.054± 1.047 

0.5<xF<0.6  / ndf 2χ  7.525 / 12

Constant  3.38± 38.17 

Mean      0.07252± 0.01566 

Sigma     0.052± 1.004 
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 / ndf 2χ  7.525 / 12

Constant  3.38± 38.17 

Mean      0.07252± 0.01566 

Sigma     0.052± 1.004 

0.6<xF<0.7  / ndf 2χ  15.42 / 12

Constant  2.35± 18.62 

Mean      0.10462±0.02643 − 

Sigma     0.075± 1.018 
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 / ndf 2χ  15.42 / 12

Constant  2.35± 18.62 

Mean      0.10462±0.02643 − 

Sigma     0.075± 1.018 

0.7<xF<0.8

Systematic from “acceptance” variations over time: pulls
               (NH3+He) LAS-LAS, 3D: variations in M & qTxF bins

The systematic 
error is a 
multiplicative 
factor wrt the 
statistical error of 
the respective bin. 
Given by

√(σpull
2 – 1) + |μ|

Bins with 0 x-section 
do not have 0 
statistical error!

δσ(syst-time) seems 
to depend on xF 



  

 / ndf 2χ  32.69 / 12

Constant  5.2± 101.6 

Mean      0.0472±0.0203 − 

Sigma     0.034± 1.123 

3− 2− 1− 0 1 2 30
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 / ndf 2χ  32.69 / 12

Constant  5.2± 101.6 

Mean      0.0472±0.0203 − 

Sigma     0.034± 1.123 

pull xF low
 / ndf 2χ     21 / 12

Constant  5.5± 108.2 

Mean      0.04438± 0.02094 

Sigma     0.032± 1.062 

3− 2− 1− 0 1 2 30
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 / ndf 2χ     21 / 12

Constant  5.5± 108.2 

Mean      0.04438± 0.02094 

Sigma     0.032± 1.062 

pull xF mid

 / ndf 2χ  21.77 / 12

Constant  6.1± 129.1 

Mean      0.04009± 0.00824 

Sigma     0.029± 1.036 

3− 2− 1− 0 1 2 3
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140

 / ndf 2χ  21.77 / 12

Constant  6.1± 129.1 

Mean      0.04009± 0.00824 

Sigma     0.029± 1.036 

pull xF high

Systematic from “acceptance” variations over time: pulls
      (NH3+He) LAS-LAS, 3D: variations in M & qTxF bins

The systematic 
error is a 
multiplicative 
factor wrt the 
statistical error of 
the respective bin. 
Given by

√(σpull
2 – 1) + |μ|

Bins with 0 x-section 
do not have 0 
statistical error!

LAS-LAS:
δσ(syst-time) 
decreases with xF 



  

 / ndf 2χ  6.737 / 12

Constant  0.924± 3.004 

Mean     01− 2.664e±14 −4.256e− 

Sigma     0.191± 1.063 
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4  / ndf 2χ  6.737 / 12

Constant  0.924± 3.004 

Mean     01− 2.664e±14 −4.256e− 

Sigma     0.191± 1.063 

pull

 / ndf 2χ  5.574 / 12

Constant  1.118± 3.652 

Mean      0.21859± 0.03126 

Sigma     0.1546± 0.8743 

3− 2− 1− 0 1 2 3
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5  / ndf 2χ  5.574 / 12

Constant  1.118± 3.652 

Mean      0.21859± 0.03126 

Sigma     0.1546± 0.8743 

pull

 / ndf 2χ  10.07 / 12

Constant  0.957± 3.117 

Mean      0.25646± 0.03135 

Sigma     0.183± 1.024 
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4  / ndf 2χ  10.07 / 12

Constant  0.957± 3.117 

Mean      0.25646± 0.03135 

Sigma     0.183± 1.024 

pull

 / ndf 2χ   7.58 / 12

Constant  1.013± 3.302 

Mean      0.24191±0.06259 − 

Sigma     0.1719± 0.9669 
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4  / ndf 2χ   7.58 / 12

Constant  1.013± 3.302 

Mean      0.24191±0.06259 − 

Sigma     0.1719± 0.9669 

pull

 / ndf 2χ  6.947 / 12

Constant  1.207± 3.941 

Mean     01− 2.025e±14 − 4.576e

Sigma     0.14±  0.81 

3− 2− 1− 0 1 2 3
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5  / ndf 2χ  6.947 / 12

Constant  1.207± 3.941 

Mean     01− 2.025e±14 − 4.576e

Sigma     0.14±  0.81 

pull

 / ndf 2χ  3.025 / 12

Constant  1.166± 3.808 

Mean      0.20950± 0.03125 

Sigma     0.148± 0.838 
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4  / ndf 2χ  3.025 / 12

Constant  1.166± 3.808 

Mean      0.20950± 0.03125 

Sigma     0.148± 0.838 

pull

 / ndf 2χ   4.35 / 12

Constant  1.096± 3.576 

Mean      0.22313±0.03126 − 

Sigma     0.1580± 0.8923 

3− 2− 1− 0 1 2 3
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3.5  / ndf 2χ   4.35 / 12

Constant  1.096± 3.576 

Mean      0.22313±0.03126 − 

Sigma     0.1580± 0.8923 

pull

 / ndf 2χ    3.7 / 12

Constant  0.882± 2.863 

Mean      0.28009± 0.03163 

Sigma     0.203± 1.115 
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3  / ndf 2χ    3.7 / 12

Constant  0.882± 2.863 

Mean      0.28009± 0.03163 

Sigma     0.203± 1.115 

pull

 / ndf 2χ  13.29 / 12

Constant  0.821± 2.648 

Mean      0.3050± 0.1593 

Sigma     0.226± 1.207 
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4  / ndf 2χ  13.29 / 12

Constant  0.821± 2.648 

Mean      0.3050± 0.1593 

Sigma     0.226± 1.207 

pull

 / ndf 2χ  6.947 / 12

Constant  1.207± 3.941 

Mean     01− 2.025e±13 −1.554e− 

Sigma     0.14±  0.81 

3− 2− 1− 0 1 2 3
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5  / ndf 2χ  6.947 / 12

Constant  1.207± 3.941 

Mean     01− 2.025e±13 −1.554e− 

Sigma     0.14±  0.81 

pull

 / ndf 2χ  7.524 / 12

Constant  1.166± 3.808 

Mean      0.20950± 0.03125 

Sigma     0.148± 0.838 
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4  / ndf 2χ  7.524 / 12

Constant  1.166± 3.808 

Mean      0.20950± 0.03125 

Sigma     0.148± 0.838 

pull

 / ndf 2χ   18.1 / 12

Constant  0.689± 2.171 

Mean      0.38849±0.06817 − 

Sigma     0.317± 1.487 

3− 2− 1− 0 1 2 3
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5  / ndf 2χ   18.1 / 12

Constant  0.689± 2.171 

Mean      0.38849±0.06817 − 

Sigma     0.317± 1.487 

pull

 / ndf 2χ  10.03 / 12

Constant  0.86±  2.79 

Mean      0.28791±0.03161 − 

Sigma     0.210± 1.145 
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4  / ndf 2χ  10.03 / 12

Constant  0.86±  2.79 

Mean      0.28791±0.03161 − 

Sigma     0.210± 1.145 

pull

 / ndf 2χ  15.39 / 12

Constant  0.866± 2.807 

Mean     01− 2.861e±15 − 5.386e

Sigma     0.208± 1.138 
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4  / ndf 2χ  15.39 / 12

Constant  0.866± 2.807 

Mean     01− 2.861e±15 − 5.386e

Sigma     0.208± 1.138 

pull

 / ndf 2χ  14.12 / 12

Constant  0.76±  2.42 

Mean      0.33799±0.06512 − 

Sigma     0.259± 1.324 
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4  / ndf 2χ  14.12 / 12

Constant  0.76±  2.42 

Mean      0.33799±0.06512 − 

Sigma     0.259± 1.324 

pull

 / ndf 2χ  7.261 / 12

Constant  1.097± 3.579 

Mean      0.22303± 0.03126 

Sigma     0.1578± 0.8919 

3− 2− 1− 0 1 2 3
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5  / ndf 2χ  7.261 / 12

Constant  1.097± 3.579 

Mean      0.22303± 0.03126 

Sigma     0.1578± 0.8919 

pull

 / ndf 2χ  8.549 / 12

Constant  0.987± 3.216 

Mean      0.24844± 0.03132 

Sigma     0.1769± 0.9927 

3− 2− 1− 0 1 2 3
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5  / ndf 2χ  8.549 / 12

Constant  0.987± 3.216 

Mean      0.24844± 0.03132 

Sigma     0.1769± 0.9927 

pull

 / ndf 2χ  10.14 / 12

Constant  0.877± 2.843 

Mean     01− 2.82e±16 −5.48e− 

Sigma     0.205± 1.123 
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4  / ndf 2χ  10.14 / 12

Constant  0.877± 2.843 

Mean     01− 2.82e±16 −5.48e− 

Sigma     0.205± 1.123 

pull

 / ndf 2χ  7.218 / 12

Constant  1.153± 3.765 

Mean     01− 2.120e±13 − 1.047e

Sigma     0.1499± 0.8478 

3− 2− 1− 0 1 2 3
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6  / ndf 2χ  7.218 / 12

Constant  1.153± 3.765 

Mean     01− 2.120e±13 − 1.047e

Sigma     0.1499± 0.8478 

pull

 / ndf 2χ  9.697 / 12

Constant  0.730± 2.321 

Mean     01− 3.558e±13 −1.565e− 

Sigma     0.279± 1.384 
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3  / ndf 2χ  9.697 / 12

Constant  0.730± 2.321 

Mean     01− 3.558e±13 −1.565e− 

Sigma     0.279± 1.384 

pull

 / ndf 2χ  7.172 / 12

Constant  0.911± 2.962 

Mean     01− 2.704e±13 −1.089e− 

Sigma     0.194± 1.078 
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4  / ndf 2χ  7.172 / 12

Constant  0.911± 2.962 

Mean     01− 2.704e±13 −1.089e− 

Sigma     0.194± 1.078 

pull

 / ndf 2χ  9.393 / 12

Constant  1.118± 3.652 

Mean      0.21859± 0.03126 

Sigma     0.1546± 0.8743 

3− 2− 1− 0 1 2 3
0

1

2

3

4

5  / ndf 2χ  9.393 / 12

Constant  1.118± 3.652 

Mean      0.21859± 0.03126 

Sigma     0.1546± 0.8743 

pull

 / ndf 2χ  6.116 / 12

Constant  1.193± 3.897 

Mean      0.20478±0.03125 − 

Sigma     0.1448± 0.8191 

3− 2− 1− 0 1 2 3
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6  / ndf 2χ  6.116 / 12

Constant  1.193± 3.897 

Mean      0.20478±0.03125 − 

Sigma     0.1448± 0.8191 

pull

 / ndf 2χ  10.68 / 12

Constant  0.84±  2.73 

Mean      0.29486± 0.09512 

Sigma     0.216± 1.171 

3− 2− 1− 0 1 2 3
0
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1

1.5

2

2.5

3

3.5

4  / ndf 2χ  10.68 / 12

Constant  0.84±  2.73 

Mean      0.29486± 0.09512 

Sigma     0.216± 1.171 

pull

 / ndf 2χ  5.378 / 12

Constant  0.943± 3.068 

Mean      0.2607±0.1258 − 

Sigma     0.187± 1.041 

3− 2− 1− 0 1 2 3
0

0.5

1

1.5

2

2.5

3  / ndf 2χ  5.378 / 12

Constant  0.943± 3.068 

Mean      0.2607±0.1258 − 

Sigma     0.187± 1.041 

pull

 / ndf 2χ  8.312 / 12

Constant  0.909± 2.953 

Mean      0.27128± 0.09433 

Sigma     0.195± 1.082 

3− 2− 1− 0 1 2 3
0

0.5

1

1.5

2

2.5

3

3.5

4  / ndf 2χ  8.312 / 12

Constant  0.909± 2.953 

Mean      0.27128± 0.09433 

Sigma     0.195± 1.082 

pull

 / ndf 2χ   5.12 / 12

Constant  1.237± 4.038 

Mean     01− 1.976e±14 −5.289e− 

Sigma     0.1397± 0.7905 

3− 2− 1− 0 1 2 3
0

1

2

3

4

5  / ndf 2χ   5.12 / 12

Constant  1.237± 4.038 

Mean     01− 1.976e±14 −5.289e− 

Sigma     0.1397± 0.7905 

pull

 / ndf 2χ  5.494 / 12

Constant  1.080± 3.525 

Mean      0.2264±0.0938 − 

Sigma     0.1604± 0.9054 

3− 2− 1− 0 1 2 3
0

0.5

1

1.5

2

2.5

3

3.5

4  / ndf 2χ  5.494 / 12

Constant  1.080± 3.525 

Mean      0.2264±0.0938 − 

Sigma     0.1604± 0.9054 

pull

 / ndf 2χ  10.23 / 12

Constant  0.829± 2.676 

Mean      0.3013± 0.0636 

Sigma     0.222± 1.195 

3− 2− 1− 0 1 2 3
0

0.5

1

1.5

2

2.5

3

3.5

4  / ndf 2χ  10.23 / 12

Constant  0.829± 2.676 

Mean      0.3013± 0.0636 

Sigma     0.222± 1.195 

pull

 / ndf 2χ  5.507 / 12

Constant  1.182± 3.861 

Mean      0.20668± 0.06251 

Sigma     0.1461± 0.8267 

3− 2− 1− 0 1 2 3
0

1

2

3

4

5  / ndf 2χ  5.507 / 12

Constant  1.182± 3.861 

Mean      0.20668± 0.06251 

Sigma     0.1461± 0.8267 

pull

 / ndf 2χ  9.725 / 12

Constant  0.842± 2.722 

Mean      0.29573± 0.03172 

Sigma     0.217± 1.174 

3− 2− 1− 0 1 2 3
0

0.5

1

1.5

2

2.5

3

3.5

4  / ndf 2χ  9.725 / 12

Constant  0.842± 2.722 

Mean      0.29573± 0.03172 

Sigma     0.217± 1.174 

pull

 / ndf 2χ   6.97 / 12

Constant  1.39±  4.53 

Mean      0.1760±0.0625 − 

Sigma     0.1244± 0.7042 

3− 2− 1− 0 1 2 3
0

1

2

3

4

5  / ndf 2χ   6.97 / 12

Constant  1.39±  4.53 

Mean      0.1760±0.0625 − 

Sigma     0.1244± 0.7042 

pull

The systematic 
error is a 
multiplicative 
factor wrt the 
statistical error of 
the respective bin. 
Given by

√(σpull
2 – 1) + |μ|

Bins with 0 x-section 
do not have 0 
statistical error!

Systematic from “acceptance” variations over time: pulls
Example: (NH3+He) LAS-OT, 3D, 4.3 <M < 4.7 GeV/c2

10/40 pulls slightly non-
compatible with sigma=1  
→ no systematics?

(M,qT,xF) bins



  

The systematic 
error is a 
multiplicative 
factor wrt the 
statistical error of 
the respective bin. 
Given by

√(σpull
2 – 1) + |μ|

Bins with 0 x-section 
do not have 0 
statistical error!

Systematic from “acceptance” variations over time: pulls
                 (NH3+He) LAS-OT, 3D variations in mass

10/40 pulls slightly non-
compatible with sigma=1  
→ no systematics?

(qT,xF) bins

 / ndf 2χ  10.56 / 12

Constant  1.649± 9.206 

Mean      0.14881±0.05335 − 

Sigma     0.106± 1.019 

3− 2− 1− 0 1 2 3
0

2

4

6

8

10  / ndf 2χ  10.56 / 12

Constant  1.649± 9.206 

Mean      0.14881±0.05335 − 

Sigma     0.106± 1.019 

(qT0,xF3)

 / ndf 2χ  7.018 / 12

Constant  1.615± 9.009 

Mean      0.15216±0.01068 − 

Sigma     0.109± 1.041 

3− 2− 1− 0 1 2 3
0

2

4

6

8

10

 / ndf 2χ  7.018 / 12

Constant  1.615± 9.009 

Mean      0.15216±0.01068 − 

Sigma     0.109± 1.041 

(qT1,xF3)

 / ndf 2χ  22.69 / 12

Constant  1.584± 8.825 

Mean      0.15542±0.06416 − 

Sigma     0.112± 1.063 

3− 2− 1− 0 1 2 3
0

2

4

6

8

10

12  / ndf 2χ  22.69 / 12

Constant  1.584± 8.825 

Mean      0.15542±0.06416 − 

Sigma     0.112± 1.063 

(qT2,xF3)

 / ndf 2χ   5.84 / 12

Constant  1.616± 9.015 

Mean      0.15206±0.08545 − 

Sigma     0.11±  1.04 

3− 2− 1− 0 1 2 3
0

2

4

6

8

10  / ndf 2χ   5.84 / 12

Constant  1.616± 9.015 

Mean      0.15206±0.08545 − 

Sigma     0.11±  1.04 

(qT3,xF3)

 / ndf 2χ  11.25 / 12

Constant  1.553± 8.735 

Mean      0.15890± 0.06296 

Sigma     0.115± 1.097 

3− 2− 1− 0 1 2 3
0
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6

8

10

12  / ndf 2χ  11.25 / 12

Constant  1.553± 8.735 

Mean      0.15890± 0.06296 

Sigma     0.115± 1.097 

(qT0,xF4)

 / ndf 2χ  15.68 / 12

Constant  1.702± 9.604 

Mean      0.1441± 0.0522 

Sigma     0.1027± 0.9972 

3− 2− 1− 0 1 2 3
0

2

4

6

8

10

 / ndf 2χ  15.68 / 12

Constant  1.702± 9.604 

Mean      0.1441± 0.0522 

Sigma     0.1027± 0.9972 

(qT1,xF4)

 / ndf 2χ  3.483 / 12

Constant  1.77± 10.02 

Mean      0.13796±0.01043 − 

Sigma     0.0980± 0.9552 

3− 2− 1− 0 1 2 3
0

2

4

6

8

10  / ndf 2χ  3.483 / 12

Constant  1.77± 10.02 

Mean      0.13796±0.01043 − 

Sigma     0.0980± 0.9552 

(qT2,xF4)

 / ndf 2χ   7.19 / 12

Constant  1.65±  9.28 

Mean      0.14925±0.02091 − 

Sigma     0.107± 1.032 

3− 2− 1− 0 1 2 3
0
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6
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12  / ndf 2χ   7.19 / 12

Constant  1.65±  9.28 

Mean      0.14925±0.02091 − 

Sigma     0.107± 1.032 

(qT3,xF4)

 / ndf 2χ  13.13 / 12

Constant  1.686± 9.514 

Mean      0.14546± 0.07324 

Sigma     0.104± 1.006 

3− 2− 1− 0 1 2 3
0
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8

9
 / ndf 2χ  13.13 / 12

Constant  1.686± 9.514 

Mean      0.14546± 0.07324 

Sigma     0.104± 1.006 

(qT0,xF5)

 / ndf 2χ   9.41 / 12

Constant  1.97± 11.13 

Mean     01− 1.241e±14 − 2.525e

Sigma     0.09±  0.86 

3− 2− 1− 0 1 2 3
0
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12  / ndf 2χ   9.41 / 12

Constant  1.97± 11.13 

Mean     01− 1.241e±14 − 2.525e

Sigma     0.09±  0.86 

(qT1,xF5)

 / ndf 2χ   17.7 / 12

Constant  1.722± 9.722 

Mean      0.14230±0.02087 − 

Sigma     0.101± 0.985 

3− 2− 1− 0 1 2 3
0

2

4

6

8

10

12

14  / ndf 2χ   17.7 / 12

Constant  1.722± 9.722 

Mean      0.14230±0.02087 − 

Sigma     0.101± 0.985 

(qT2,xF5)

 / ndf 2χ  14.61 / 12

Constant  1.492± 8.368 

Mean      0.16628± 0.01054 

Sigma     0.121± 1.145 

3− 2− 1− 0 1 2 3
0
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12  / ndf 2χ  14.61 / 12

Constant  1.492± 8.368 

Mean      0.16628± 0.01054 

Sigma     0.121± 1.145 

(qT3,xF5)

 / ndf 2χ  11.47 / 12

Constant  1.641± 9.253 

Mean      0.14969±0.01046 − 

Sigma     0.107± 1.035 

3− 2− 1− 0 1 2 3
0

2

4

6

8
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 / ndf 2χ  11.47 / 12

Constant  1.641± 9.253 

Mean      0.14969±0.01046 − 

Sigma     0.107± 1.035 

(qT0,xF6)

 / ndf 2χ  12.16 / 12

Constant  1.87± 10.59 

Mean      0.13057±0.01042 − 

Sigma     0.0925± 0.9044 

3− 2− 1− 0 1 2 3
0

2

4

6

8

10

12

 / ndf 2χ  12.16 / 12

Constant  1.87± 10.59 

Mean      0.13057±0.01042 − 

Sigma     0.0925± 0.9044 

(qT1,xF6)

 / ndf 2χ  8.667 / 12

Constant  1.418± 7.923 

Mean     01− 1.765e±14 −3.825e− 

Sigma     0.131± 1.211 

3− 2− 1− 0 1 2 3
0

2
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6

8
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12  / ndf 2χ  8.667 / 12

Constant  1.418± 7.923 

Mean     01− 1.765e±14 −3.825e− 

Sigma     0.131± 1.211 

(qT2,xF6)

 / ndf 2χ  8.918 / 12

Constant  1.87± 10.59 

Mean      0.13057± 0.01042 

Sigma     0.0925± 0.9044 

3− 2− 1− 0 1 2 3
0

2

4

6

8

10

12

 / ndf 2χ  8.918 / 12

Constant  1.87± 10.59 

Mean      0.13057± 0.01042 

Sigma     0.0925± 0.9044 

(qT3,xF6)

 / ndf 2χ  7.723 / 12

Constant  1.649± 9.299 

Mean      0.14892± 0.01045 

Sigma     0.11±  1.03 

3− 2− 1− 0 1 2 3
0
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4

6

8

10

 / ndf 2χ  7.723 / 12

Constant  1.649± 9.299 

Mean      0.14892± 0.01045 

Sigma     0.11±  1.03 

(qT0,xF7)

 / ndf 2χ  12.41 / 12

Constant  1.605± 9.042 

Mean      0.15331± 0.05234 

Sigma     0.11±  1.06 

3− 2− 1− 0 1 2 3
0
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4

6

8

10

 / ndf 2χ  12.41 / 12

Constant  1.605± 9.042 

Mean      0.15331± 0.05234 

Sigma     0.11±  1.06 

(qT1,xF7)

 / ndf 2χ  10.55 / 12

Constant  2.0±  11.5 

Mean      0.12013± 0.01042 

Sigma     0.0850± 0.8323 

3− 2− 1− 0 1 2 3
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 / ndf 2χ  10.55 / 12

Constant  2.0±  11.5 

Mean      0.12013± 0.01042 

Sigma     0.0850± 0.8323 

(qT2,xF7)

 / ndf 2χ   11.3 / 12

Constant  1.549± 8.708 

Mean      0.15946± 0.03149 

Sigma     0.115± 1.101 

3− 2− 1− 0 1 2 3
0
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8
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 / ndf 2χ   11.3 / 12

Constant  1.549± 8.708 

Mean      0.15946± 0.03149 

Sigma     0.115± 1.101 

(qT3,xF7)

 / ndf 2χ  7.314 / 12

Constant  1.487± 8.341 

Mean      0.16687± 0.05272 

Sigma     0.122± 1.149 

3− 2− 1− 0 1 2 3
0
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8

9  / ndf 2χ  7.314 / 12

Constant  1.487± 8.341 

Mean      0.16687± 0.05272 

Sigma     0.122± 1.149 

(qT0,xF8)

 / ndf 2χ  10.51 / 12

Constant  1.547± 8.612 

Mean      0.15944±0.04284 − 

Sigma     0.115± 1.089 

3− 2− 1− 0 1 2 3
0
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8

10

 / ndf 2χ  10.51 / 12

Constant  1.547± 8.612 

Mean      0.15944±0.04284 − 

Sigma     0.115± 1.089 

(qT1,xF8)

 / ndf 2χ  12.65 / 12

Constant  1.681± 9.482 

Mean      0.14598±0.09401 − 

Sigma     0.10±  1.01 

3− 2− 1− 0 1 2 3
0
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8

10

12

14

16  / ndf 2χ  12.65 / 12

Constant  1.681± 9.482 

Mean      0.14598±0.09401 − 

Sigma     0.10±  1.01 

(qT2,xF8)

 / ndf 2χ  6.147 / 12

Constant  1.402± 7.751 

Mean      0.17859±0.08683 − 

Sigma     0.132± 1.212 

3− 2− 1− 0 1 2 3
0
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4

5

6

7

8

9  / ndf 2χ  6.147 / 12

Constant  1.402± 7.751 

Mean      0.17859±0.08683 − 

Sigma     0.132± 1.212 

(qT3,xF8)

 / ndf 2χ  9.033 / 12

Constant  1.761± 9.948 

Mean      0.13903±0.04172 − 

Sigma     0.0988± 0.9626 

3− 2− 1− 0 1 2 3
0

2

4

6

8

10

12

14

 / ndf 2χ  9.033 / 12

Constant  1.761± 9.948 

Mean      0.13903±0.04172 − 

Sigma     0.0988± 0.9626 

(qT0,xF9)

 / ndf 2χ  7.061 / 12

Constant  1.55±  8.71 

Mean      0.15935± 0.05264 

Sigma     0.1±   1.1 

3− 2− 1− 0 1 2 3
0
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8

9  / ndf 2χ  7.061 / 12

Constant  1.55±  8.71 

Mean      0.15935± 0.05264 

Sigma     0.1±   1.1 

(qT1,xF9)

 / ndf 2χ  6.217 / 12

Constant  1.95± 11.02 

Mean      0.12546±0.01042 − 

Sigma     0.0888± 0.8691 

3− 2− 1− 0 1 2 3
0
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12  / ndf 2χ  6.217 / 12

Constant  1.95± 11.02 

Mean      0.12546±0.01042 − 

Sigma     0.0888± 0.8691 

(qT2,xF9)

 / ndf 2χ   12.4 / 12

Constant  1.695± 9.567 

Mean      0.14465±0.02088 − 

Sigma     0.103± 1.001 

3− 2− 1− 0 1 2 3
0
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14  / ndf 2χ   12.4 / 12

Constant  1.695± 9.567 

Mean      0.14465±0.02088 − 

Sigma     0.103± 1.001 

(qT3,xF9)

 / ndf 2χ  15.99 / 12

Constant  1.430± 7.996 

Mean      0.17472± 0.06365 

Sigma     0.129± 1.199 

3− 2− 1− 0 1 2 3
0

1
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9  / ndf 2χ  15.99 / 12

Constant  1.430± 7.996 

Mean      0.17472± 0.06365 

Sigma     0.129± 1.199 

(qT0,xF10)

 / ndf 2χ  5.851 / 12

Constant  1.739± 9.816 

Mean      0.14095± 0.05217 

Sigma     0.1003± 0.9757 

3− 2− 1− 0 1 2 3
0

2
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12  / ndf 2χ  5.851 / 12

Constant  1.739± 9.816 

Mean      0.14095± 0.05217 

Sigma     0.1003± 0.9757 

(qT1,xF10)

 / ndf 2χ  16.95 / 12

Constant  1.519± 8.532 

Mean      0.16288± 0.02103 

Sigma     0.118± 1.123 

3− 2− 1− 0 1 2 3
0
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6

8

10  / ndf 2χ  16.95 / 12

Constant  1.519± 8.532 

Mean      0.16288± 0.02103 

Sigma     0.118± 1.123 

(qT2,xF10)

 / ndf 2χ  16.13 / 12

Constant  1.770± 9.999 

Mean      0.13833±0.02086 − 

Sigma     0.0983± 0.9578 

3− 2− 1− 0 1 2 3
0
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12  / ndf 2χ  16.13 / 12

Constant  1.770± 9.999 

Mean      0.13833±0.02086 − 

Sigma     0.0983± 0.9578 

(qT3,xF10)



  

The systematic 
error is a 
multiplicative 
factor wrt the 
statistical error of 
the respective bin. 
Given by

√(σpull
2 – 1) + |μ|

Bins with 0 x-section 
do not have 0 
statistical error!

Systematic from “acceptance” variations over time: pulls
            (NH3+He) LAS-OT, 3D: variations in M & qT

10/40 pulls slightly non-
compatible with sigma=1  
→ no systematics?

xF bins
 / ndf 2χ  11.53 / 12

Constant  3.23± 36.03 

Mean      0.07609±0.05351 − 

Sigma     0.054± 1.041 

3− 2− 1− 0 1 2 3
0
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35

 / ndf 2χ  11.53 / 12

Constant  3.23± 36.03 

Mean      0.07609±0.05351 − 

Sigma     0.054± 1.041 

0.1<xF<0.2  / ndf 2χ  10.64 / 12

Constant  3.32± 37.48 

Mean      0.0739± 0.0209 

Sigma     0.053± 1.022 

3− 2− 1− 0 1 2 3
0
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10

15

20

25

30

35

40

 / ndf 2χ  10.64 / 12

Constant  3.32± 37.48 

Mean      0.0739± 0.0209 

Sigma     0.053± 1.022 

0.2<xF<0.3  / ndf 2χ   10.9 / 12

Constant  3.38± 38.16 

Mean      0.07253± 0.01566 

Sigma     0.052± 1.004 

3− 2− 1− 0 1 2 3
0
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10
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35

40

 / ndf 2χ   10.9 / 12

Constant  3.38± 38.16 

Mean      0.07253± 0.01566 

Sigma     0.052± 1.004 

0.3<xF<0.4  / ndf 2χ  6.794 / 12

Constant  3.33± 37.59 

Mean      0.073648±0.002616 − 

Sigma     0.053± 1.019 

3− 2− 1− 0 1 2 3
0
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35

 / ndf 2χ  6.794 / 12

Constant  3.33± 37.59 

Mean      0.073648±0.002616 − 

Sigma     0.053± 1.019 

0.4<xF<0.5

 / ndf 2χ  9.228 / 12

Constant  3.36± 37.92 

Mean      0.07300± 0.02615 

Sigma     0.05±  1.01 

3− 2− 1− 0 1 2 3
0
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35

 / ndf 2χ  9.228 / 12

Constant  3.36± 37.92 

Mean      0.07300± 0.02615 

Sigma     0.05±  1.01 

0.5<xF<0.6  / ndf 2χ  13.83 / 12

Constant  3.04± 33.94 

Mean      0.08145±0.04249 − 

Sigma     0.059± 1.118 

3− 2− 1− 0 1 2 3
0
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10
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25

30

35

40

 / ndf 2χ  13.83 / 12

Constant  3.04± 33.94 

Mean      0.08145±0.04249 − 

Sigma     0.059± 1.118 

0.6<xF<0.7  / ndf 2χ  14.81 / 12

Constant  3.44± 38.83 

Mean      0.071266±0.005219 − 

Sigma     0.0507± 0.9865 

3− 2− 1− 0 1 2 3
0
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40

50

 / ndf 2χ  14.81 / 12

Constant  3.44± 38.83 

Mean      0.071266±0.005219 − 

Sigma     0.0507± 0.9865 

0.7<xF<0.8  / ndf 2χ  20.33 / 12

Constant  3.19± 35.89 

Mean      0.07724± 0.02888 

Sigma     0.056± 1.067 

3− 2− 1− 0 1 2 3
0
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35

 / ndf 2χ  20.33 / 12

Constant  3.19± 35.89 

Mean      0.07724± 0.02888 

Sigma     0.056± 1.067 

0.8<xF<0.9



  

 / ndf 2χ  20.19 / 12

Constant  5.5± 100.2 

Mean      0.044957±0.006921 − 

Sigma     0.032± 1.012 

3− 2− 1− 0 1 2 30

20

40

60

80

100

 / ndf 2χ  20.19 / 12

Constant  5.5± 100.2 

Mean      0.044957±0.006921 − 

Sigma     0.032± 1.012 

pull low xF
 / ndf 2χ  16.02 / 12

Constant  5.37± 98.82 

Mean      0.04577± 0.01473 

Sigma     0.033± 1.034 

3− 2− 1− 0 1 2 30

20

40

60

80

100

 / ndf 2χ  16.02 / 12

Constant  5.37± 98.82 

Mean      0.04577± 0.01473 

Sigma     0.033± 1.034 

pull mid xF

 / ndf 2χ  24.16 / 12

Constant  5.25± 96.49 

Mean      0.0468±0.0128 − 

Sigma     0.034± 1.055 

3− 2− 1− 0 1 2 3
0

20

40

60

80

100

 / ndf 2χ  24.16 / 12

Constant  5.25± 96.49 

Mean      0.0468±0.0128 − 

Sigma     0.034± 1.055 

pull high xF

The systematic 
error is a 
multiplicative 
factor wrt the 
statistical error of 
the respective bin. 
Given by

√(σpull
2 – 1) + |μ|

Bins with 0 x-section 
do not have 0 
statistical error!

Systematic from “acceptance” variations over time: pulls
            (NH3+He) LAS-OT, 3D: variations in M & qTxF bins

LAS-OT:
δσ(syst-time) 
increases with xF 



  

 (NH3+H3) LAS-LAS mean[608] sigma[608] Syst(acc[608])

-0.2 < xF < 0. -0.02±0.05 1.12±0.03 0.53 * δσ(stat)

0. < xF < 0.3  0.02±0.04 1.06±0.03 0.38 * δσ(stat)

0.3 < xF < 0.8  0.01±0.04 1.04±0.03 0.28 * δσ(stat)

Systematic from “acceptance” variations over time: fit to pulls
δσ(syst-time)

(NH3+He) LAS-LAS

 (NH3+H3) LAS-LAS mean[512] sigma[512] Syst(acc[512])

0.1 < xF < 0.4  -0.01±0.04 1.01±0.03 0.* δσ(stat)

0.4 < xF < 0.6   0.01±0.04 1.03±0.03 0.28 * δσ(stat)

0.6 < xF < 0.9   -0.01±0.05 1.05±0.03 0.35 * δσ(stat)

(NH3+He) LAS-OT



  

 Al LAS-LAS mean[256] sigma[256] Syst(acc[256])

-0.2 < xF < 0.1  0.01±0.06 0.98±0.04 0. * δσ(stat)

0.1 < xF < 0.3 -0.00±0.07 1.00±0.05 0. * δσ(stat)

0.3 < xF < 0.6 -0.06±0.06 0.97±0.04 0. * δσ(stat)

Systematic from “acceptance” variations over time: fit to pulls

 W LAS-LAS mean[288] sigma[288] Syst(acc[288])

-0.2 < xF < 0.1 0.02±0.07 1.12±0.05 0.51 * δσ(stat)

0.1 < xF < 0.4 0.15±0.09 1.18±0.06 0.69 * δσ(stat)

0.4 < xF < 0.6 -0.02±0.06 1.09±0.05 0.46 * δσ(stat)

Al LAS-LAS W LAS - LAS

 Al LAS-OT mean[256] sigma[256] Syst(acc[256])

0 < xF < 0.2 -0.03±0.06 1.00±0.05 0. * δσ(stat)

0.2 < xF < 0.5  0.02±0.06 1.07±0.05 0.39 * δσ(stat)

0.5 < xF < 0.8  0.01±0.06 1.04±0.04 0. * δσ(stat)

Al LAS-OT
 W LAS-OT mean[288] sigma[288] Syst(acc[288])

0 < xF < 0.3 -0.02±0.06 1.09±0.05 0.45 * δσ(stat)

0.3 < xF < 0.6  0.01±0.07 1.14±0.05 0.55 * δσ(stat)

0.6 < xF < 0.9 -0.02±0.07 1.15±0.05 0.60 * δσ(stat)

W LAS - OT

δσ(syst-time)

Not enough statistics for extracting 
a systematic from this.



  

3D Drell-Yan cross sections

Another conclusion that can be drawn from the period-dependence of cross sections is that 
it is more correct to evaluate them per period

For each period, use the acceptance of that period, instead of 
the global (combined) acceptance.

Afterwards, combine the cross sections from periods using a weighted-average:
● Weight by the beam flux in each period



  

x-sections: global acceptance versus period-by-period, using beam flux as weight
PT1 LAS-LAS

Larger differences of x-section 
are visible at the low xF. 

For the x-section with 
period-by-period acceptance, the 
weighted-average of x-sections 
can be done using the beam flux 
as weight:

(only statistical errors are shown)
σ ± δσ

σmean =∑(σi*ℒi)/ℒtot

δσmean = 1/ℒtot * √(∑δσi
2 *ℒi

2)
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x-sections: global acceptance versus period-by period, using beam flux as weight
PT2 LAS-LAS

(only statistical errors are shown)
σ ± δσ

σmean =∑(σi*ℒi)/ℒtot

δσmean = 1/ℒtot * √(∑δσi
2 *ℒi

2)

The two methods show very small
differences. 

For the x-section with 
period-by-period acceptance, the 
weighted-average of x-sections 
can be done using the beam flux 
as weight:



  

x-sections: global acceptance versus period-by-period, using beam flux as weight
Al LAS-LAS

(only statistical errors are shown)
σ ± δσ

For the x-section with 
period-by-period acceptance, the 
weighted-average of x-sections 
can be done using the beam flux 
as weight:

σmean =∑(σi*ℒi)/ℒtot

δσmean = 1/ℒtot * √(∑δσi
2 *ℒi

2)

The two methods show very small
differences. 



  

x-sections: global acceptance versus period-by-period, using beam flux as weight
W LAS-LAS

(only statistical errors are shown)
σ ± δσ

σmean =∑(σi*ℒi)/ℒtot

δσmean = 1/ℒtot * √(∑δσi
2 *ℒi

2)

The two methods show very small
differences. 

For the x-section with 
period-by-period acceptance, the 
weighted-average of x-sections 
can be done using the beam flux 
as weight:



  

PT1 LAS-OT
(only statistical errors are shown)

σ ± δσ

x-sections: global acceptance versus period-by-period, using beam flux as weight

σmean =(∑σi*ℒi)/ℒtot

δσmean = 1/ℒtot * √(∑δσi
2 *ℒi

2)

Larger differences of x-section 
are visible at the low xF. 

For the x-section with 
period-by-period acceptance, the 
weighted-average of x-sections 
can be done using the beam flux 
as weight:



  

x-sections: global acceptance versus periods, using beam flux as weight
PT2 LAS-OT

(only statistical errors are shown)
σ ± δσ

σmean =∑(σi*ℒi)/ℒtot

δσmean = 1/ℒtot * √(∑δσi
2 *ℒi

2)

The two methods show very small
differences. 

For the x-section with 
period-by-period acceptance, the 
weighted-average of x-sections 
can be done using the beam flux 
as weight:



  

x-sections: global acceptance versus period-by-period, using beam flux as weight
Al LAS-OT

(only statistical errors are shown)
σ ± δσ

For the x-section with 
period-by-period acceptance, the 
weighted-average of x-sections 
can be done using the beam flux 
as weight:

σmean =(∑σi*ℒi)/ℒtot

δσmean = 1/ℒtot * √(∑δσi
2 *ℒi

2)



  

x-sections: global acceptance versus period-by-period, using beam flux as weight
W LAS-OT

(only statistical errors are shown)
σ ± δσ

For the x-section with 
period-by-period acceptance, the 
weighted-average of x-sections 
can be done using the beam flux 
as weight:

σmean =(∑σi*ℒi)/ℒtot

δσmean = 1/ℒtot * √(∑δσi
2 *ℒi

2)

The two methods show very small
differences. 



  

When obtaining the DY cross section in 3D bins, separately per trigger and target, and per period, it happens 
sometimes to have empty bins, because the binning was optimized for the global analysis (all periods together).

Although a bin with zero event counts means zero cross-section, this does not mean that the uncertainty is null.
To evaluate the approximate error of such bins, one can use the global (all periods together) cross section statistical 
error of the bin, divided by the square root of fraction of beam intensity this period represents. 

all calculations are in the google sheet at this link

There are only small differences between the three methods. But to have each period corrected by its own 
acceptance (MC with trigger efficiencies per period, beam file per period and detectors efficiency of first or second 
half of the Run) is more correct. When combining the periods, weighting by the statistical error leads to 
systematically under-estimated cross sections (due to double counting or to canceling of efficiencies effect?). The 
best method is the luminosity-weighting, which we propose to adopt as standard.

https://docs.google.com/spreadsheets/d/1eOqbm2YEdWxmKrZMTNePHOGognGcpRCGpfzRmE4vJiY/edit?usp=sharing


  

Triggers comparison: LAS-LAS vs LAS-OT

PT1 (mean from periods luminosity weighted)

The two triggers cover different 
phase-space in xF.

The overlap range is 0.1<xF<0.8

In the overlap range the results 
seem to be in agreement.

(only statistical errors shown)
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Triggers comparison: LAS-LAS vs LAS-OT

PT2 (mean from periods luminosity-weighted) 

The two triggers cover different 
phase-space in xF.

The overlap range is 0.1<xF<0.7

In the overlap range the results 
seem to be in agreement.

(only statistical errors shown)
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Triggers comparison: LAS-LAS vs LAS-OT

Al (mean from periods luminosity-weighted)

The two triggers cover different 
phase-space in xF.

The overlap range is 0.<xF<0.6

In the overlap range the results 
seem to be in reasonable 
agreement.

(only statistical errors shown)
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Triggers comparison: LAS-LAS vs LAS-OT

W (mean from periods luminosity-weighted)

The two triggers cover different 
phase-space in xF.

The overlap range is 0.<xF<0.6

In the overlap range LAS-LAS 
is systematically higher than 
LAS-OT.

(only statistical errors shown)
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<PT>: Combining the cells PT1 and PT2

Just as the mean values of cross section in the two cells were combined by a weighted average, where the weight 
is given by the inverse statistical variance, the same weight is used also when we combine the systematic errors 
related to purity and to the size of MC sample (that have no correlation between cells):

The systematic error from periods-dependence, calculated from 3D pulls putting together the two ammonia cells, is
applied after the cells are combined, in previous slide (δσ(syst-time)).

The luminosity-related systematic, a constant evaluated as 3.5% for (NH3+He), is calculated also after combining cells.
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Combining (NH3+He) cells: PT1 vs PT2 
LAS-LAS in the range -0.2 < xF < 0.8 (only statistical errors shown)
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(NH3+He) cells: PT1 / PT2 
LAS-LAS in the range -0.2 < xF < 0.8



  

Combining (NH3+He) cells: PT1 vs PT2 
LAS-OT in the range 0.1 < xF < 0.9 (only statistical errors shown)
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(NH3+He) cells: PT1 / PT2 
LAS-OT in the range 0.1 < xF < 0.9
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Cells combined: LAS-LAS vs LAS-OT 
in common triggers range 0.1 < xF < 0.8<PT>

PT1 and PT2 x-sections are combined as a 
weighted-average, where the inverse statistical 
variance is used as weight:

σmean =(σPT1/δσPT1
2 +σPT2/δσPT2

2)/∑(1/δσPTi
2)

δσmean (stat) = 1/√(∑1/δσPTi
2)

σ ± δσ(stat) ± δσ(syst-Mcsize) ± 
 ± δσ(syst-time)  ± δσ(syst-purity) ±

± δσ(syst-lumi)

(errors added quadratically, assuming no correlation 
between systematics sources. Luminosity error was 
not included)

δσ(syst-lumi) is fully correlated between the two 
triggers. But in the ratio of triggers, it cancels.



  

Cells combined: LAS-LAS / LAS-OT 
in common triggers range 0.1 < xF < 0.8<PT>

For <PT>, ratios LL/LO in 3D 
seem compatible with 1 (or it 
tends to be 5 – 10% lower).

Errors propagation, here 
assuming no correlation 
between the two triggers.

The error propagation of ratio
will cancel part of the 
systematics. 

corr=0.

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Fx
0

0.5

1

1.5

2

2.5

R
at

io
 L

L
/L

O

 / ndf 2χ  6.119 / 6
p0        0.04943± 0.9575 

 / ndf 2χ  6.119 / 6
p0        0.04943± 0.9575 

PT: M1, qT1

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Fx
0

0.5

1

1.5

2

2.5

R
at

io
 L

L
/L

O

 / ndf 2χ  5.102 / 6
p0        0.05586± 1.033 

 / ndf 2χ  5.102 / 6
p0        0.05586± 1.033 

PT: M1, qT2

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Fx
0

0.5

1

1.5

2

2.5

R
at

io
 L

L
/L

O

 / ndf 2χ  4.072 / 6
p0        0.06102± 1.005 

 / ndf 2χ  4.072 / 6
p0        0.06102± 1.005 

PT: M1, qT3

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Fx
0

0.5

1

1.5

2

2.5

R
at

io
 L

L
/L

O

 / ndf 2χ  4.727 / 6
p0        0.05637± 0.8925 

 / ndf 2χ  4.727 / 6
p0        0.05637± 0.8925 

PT: M1, qT4

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Fx
0

0.5

1

1.5

2

2.5

R
at

io
 L

L
/L

O

 / ndf 2χ  2.166 / 6
p0        0.04691± 0.9918 

 / ndf 2χ  2.166 / 6
p0        0.04691± 0.9918 

PT: M2, qT1

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Fx
0

0.5

1

1.5

2

2.5

R
at

io
 L

L
/L

O

 / ndf 2χ  5.074 / 6
p0        0.05056± 1.018 

 / ndf 2χ  5.074 / 6
p0        0.05056± 1.018 

PT: M2, qT2

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Fx
0

0.5

1

1.5

2

2.5

R
at

io
 L

L
/L

O

 / ndf 2χ  10.11 / 6
p0        0.0491± 0.9523 

 / ndf 2χ  10.11 / 6
p0        0.0491± 0.9523 

PT: M2, qT3

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Fx
0

0.5

1

1.5

2

2.5

R
at

io
 L

L
/L

O

 / ndf 2χ  4.039 / 6
p0        0.05397± 0.9446 

 / ndf 2χ  4.039 / 6
p0        0.05397± 0.9446 

PT: M2, qT4

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Fx
0

0.5

1

1.5

2

2.5

R
at

io
 L

L
/L

O

 / ndf 2χ  4.531 / 6
p0        0.04423± 0.9866 

 / ndf 2χ  4.531 / 6
p0        0.04423± 0.9866 

PT: M3, qT1

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Fx
0

0.5

1

1.5

2

2.5

R
at

io
 L

L
/L

O

 / ndf 2χ  5.492 / 6
p0        0.04312± 0.9527 

 / ndf 2χ  5.492 / 6
p0        0.04312± 0.9527 

PT: M3, qT2

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Fx
0

0.5

1

1.5

2

2.5

R
at

io
 L

L
/L

O

 / ndf 2χ  22.91 / 6
p0        0.04082± 0.8708 

 / ndf 2χ  22.91 / 6
p0        0.04082± 0.8708 

PT: M3, qT3

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Fx
0

0.5

1

1.5

2

2.5

R
at

io
 L

L
/L

O

 / ndf 2χ  7.337 / 6
p0        0.04584± 0.9043 

 / ndf 2χ  7.337 / 6
p0        0.04584± 0.9043 

PT: M3, qT4



  

σ ± δσ(sys_uncorr) ± δσ(syst_corr)

where
δσ(syst_uncorr) =  δσ(stat) ± δσ(syst-Mcsize) 

and
δσ(syst_corr) =  δσ(syst-purity) ± δσ(sys-time)

An estimate of the two trigger measurements correlation factor

We can divide the errors in two classes: those for sure uncorrelated and those where we 
expect a possible correlation:

The two trigger measurements are making partly use of the same detectors and same hodoscopes. 

In the 3D analysis, two datapoints at the same (M,qT,xF) from LL or LO share the same physics phase-
space --  but not necessarily the same spectrometer phase-space.

● In the ratio LL/LO, the error propagation of δσ(syst_corr) may take into 
account the correlation factor (if corr≠0).

● Find corr value that leads to global χ2/NDF = 1
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Triggers ratio: LAS-LAS / LAS-OT 
in common range 0.1 < xF < 0.8

The ratio shows that LAS-LAS is (4 ± 1)% lower than LAS-OT.

When including systematics, χ2/ndf  goes from  1.39 to 1.12 → Good

The systematic errors seem to be reasonable. 
No evidences for under-estimation or for need to take into account trigger 
correlation (increasing the suspicious point error does not change the mean)

(full error propagation)(only statistical errors propagated)



  

Triggers combined: LAS-LAS and LAS-OT 

Scaling factor R=1.04, meaning:

LAS-LAS : All cross-section datapoints are scaled up by (1+R)/2
LAS-OT: All cross-section datapoints are scaled down by (1+R)/(2R)

The scaling obtained in the common xF range of the two triggers is applied in all the phase-space

A normalization uncertainty of 2% is introduced. This uncertainty is fully correlated, just as the luminosity uncertainty.

In the following plots of final results of (NH3+He), the error bars represent the total error, by 
adding in quadrature statistical and systematics errors that are kinematic dependent. The normalization systematic 
error, due to luminosity uncertainty (3.5%) and due to trigger scaling (2%), is not represented in the error bars. 
It amounts to 4%.



  

(NH3 + He) cross section per nucleon in 3D
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Final combined result versus separated LAS-LAS and LAS-OT 
(total error bars, excluding normalization errors)

Linear scale



  

(NH3 + He) cross section per nucleon in 3D  (M, qT, xF)
Final  result  

(total error bars, excluding normalization error of 4%)

Logarithmic 
scale
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PT1 LAS-OT  MC
Location of the muon in HG02 (LAS)HG02Y2 HG02Y1

0.1<xF<0.2

0.8<xF<0.9



  

PT1 LAS-OT MC
Location of the muon in HG02, when muon in OT has no LAS hits associatedHG02Y2 HG02Y1

0.1<xF<0.2

0.8<xF<0.9

~50% cut

~5% cut



  

PT1 LAS-OT MC
Location of the muon in HG02, when muon in LAS has no OT hits associatedHG02Y2 HG02Y1

0.1<xF<0.2

0.8<xF<0.9

  0% cut

  5% cut



  

 LAS-OT

This trigger, at the low xF limit, seems to be contaminated by badly reconstructed events. 
This is visible in the MC, and leads to too large acceptance, and thus too low x-section.  
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Triggers combined: LAS-LAS vs LAS-OT 
in common range 0. < xF < 0.6Al

For Al, the ratios LL/LO in 3D 
are mostly compatible with 1.

The lowest xF point seems
always too low in LO.

(all errors added quadratically, 
assuming no correlation 
between systematics sources)

Errors propagation, here 
assuming no correlation 
between the two triggers.
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Triggers combined: LAS-LAS / LAS-OT 
in common range 0. < xF < 0.6Al

corr=0.

Errors propagation, here 
assuming no correlation 
between the two triggers.

Most ratios compatible with 1.
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Al

Triggers combined: LAS-LAS / LAS-OT 
in common range 0. < xF < 0.6

corr=0.

If the error of this single point becomes 
much larger, the mean gets compatible 
with 1 (P0=0.97±0.04, χ2/ndf=0.89)



  

Al LAS-OT: MC HMDYHG02Y2 HG02Y1

0<xF<0.2

0.6<xF<0.8
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Evidences of differences between periods (RD)
LAS-LAS events M>1.5 GeV/c2



  

Evidences of differences between periods (RD)
LAS-OT events M>1.5 GeV/c2
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Entries  782159

Mean  0.02611− 

Std Dev     1.169

Entries  782159

Mean  0.02611− 

Std Dev     1.169

Entries  1341544

Mean  0.03237− 

Std Dev     1.187

Entries  1341544

Mean  0.03237− 

Std Dev     1.187

Entries  468472

Mean  0.09195− 

Std Dev     1.195

Entries  468472

Mean  0.09195− 

Std Dev     1.195

MeanTime difference: mup-beam

Entries  726354

Mean  0.4151− 

Std Dev     1.422

5− 4− 3− 2− 1− 0 1 2 3 4 5
0

0.01

0.02

0.03

0.04

0.05

0.06

Entries  726354

Mean  0.4151− 

Std Dev     1.422

Entries  1437776

Mean  0.4201− 

Std Dev     1.329

Entries  1437776

Mean  0.4201− 

Std Dev     1.329

Entries  1126433

Mean  0.5113− 

Std Dev      1.37

Entries  1126433

Mean  0.5113− 

Std Dev      1.37

Entries  1056336

Mean  0.4248− 

Std Dev     1.356

Entries  1056336

Mean  0.4248− 

Std Dev     1.356

Entries  683581

Mean   0.002838

Std Dev     1.275

Entries  683581

Mean   0.002838

Std Dev     1.275

Entries  782159

Mean  0.02098− 

Std Dev     1.252

Entries  782159

Mean  0.02098− 

Std Dev     1.252

Entries  1341544

Mean  0.02933− 

Std Dev     1.261

Entries  1341544

Mean  0.02933− 

Std Dev     1.261

Entries  468472

Mean  0.08274− 

Std Dev     1.273

Entries  468472

Mean  0.08274− 

Std Dev     1.273

MeanTime difference: mum-beam

In the first 4 periods there is a timing problem affecting the muons (but the window of 
timing cuts is in principle wide enough to accommodate this: [-3, 3] ns.  



  

LAS-LAS P1 P2 P3 P4 P5 P6 P7 P8

PT1: RD fraction 
that pass time cuts

96% 96% 97% 96% 97% 97% 98% 95%

PT1: MC fraction 
that pass time cuts

97% 99% 97% 96% 96% 96% 96% 97%

PT1: MC/RD 122 133 148 131 134 123 113 144

W:  RD fraction that 
pass time cuts

96% 96% 96% 96% 95% 96% 95% 95%

W:  MC fraction that 
pass time cuts

97% 99% 97% 96% 97% 96% 96% 96%

W:    MC/RD 56 59 66 59 58 60 59 68

LAS-OT P1 P2 P3 P4 P5 P6 P7 P8

PT1: RD fraction 
that pass time cuts

94% 94% 94% 94% 95% 95% 95% 96%

PT1: MC fraction 
that pass time cuts

97% 99% 96% 96% 96% 96% 96% 96%

PT1: MC/RD 133 127 143 128 134 127 122 142

W:  RD fraction that 
pass time cuts

92% 94% 93% 92% 94% 95% 94% 95%

W:  MC fraction that 
pass time cuts

97% 99% 96% 96% 96% 96% 96% 96%

W:    MC/RD 63 65 70 63 65 64 61 78

MC: HMDY

All other cuts are applied,
except time cuts being 
tested.

 4.3 < M < 8.5 GeV/c2 
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