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Status of analysis (I)
•Angular coefficients measurement in 7 TeV data

•Analysis note : AN-2013/180,183 and SMP-13-010
•Analysis status

•A2 in high PT needs to be understood → investigating
•A2 shows unexpected result in high PT region
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A2 in |y|<1.0 drops 
in these two bins

A2 in 1.0<|y|<2.4 is systematically 
lower in most of PT bins



Status of analysis (II)
•1D vs. 2D fitting result

•Some bins in A0 and A3 result shows difference b/w 1D vs. 2D

•Found a bug in 𝜙(CS) calculation (sign assignment when y<0)
•It only affects in 1D result

•Cross-check of the systematic uncertainty
•Efficiency systematics

•(𝜂,𝜙) dependence considered for the central value

•(𝜂,pT) dependence is applied to consider systematics
•PU correction systematics

•2D fitting method had asymmetric error → found a bug
•Systematic error is updated fixing a bug
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1D vs. 2D result 4
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Consistent with Heiner’s result 
(Only difference is sign convention)

The problem affects A3 mostly
Better agreement b/w 1D vs. 2D
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•𝜙(CS) calculation in 1D package had a problem with sign assignment
•Update 1D fitting result fixing the problem : Only A3 changes

Old result for |y|<1 New result for |y|<1

Old result for 1<|y|<2.4 New result for 1<|y|<2.4



A2 in high PT
•𝜙CS distribution looks more complicated in high PT due to acceptance
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•Normalization (N) is determined by fitter
•If Z PT shape in MC describes data well, N should be flat in PT

•Z PT correction derived for Rochester correction is applied
•The correction was measured using 2011A data only

•Found that A2 in high PT has a correlation with the normalization

A2 vs. normalization 6
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A2 vs. N in 55<PT<80
Slope = 8.20

(A0 has less correlation with N)

N for |y|<1.0 N for 1.0<|y|<2.4

N in high PT is lower by ~ 8 %



Z PT correction
•Z PT correction in Rochester correction package is applied

•The correction was estimated using 2011A data (fine Z PT bins)
•Checked Z PT ratio (A+B) with 7 PT bins used for angular coefficients

•High Z PT region has the difference up to ~ 8 % for both y region
•This ratio in PT and y is applied into MC for better agreement
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muon pT vs. 𝜙CS 
•Z PT limit in PT bin constrains muon pT in 𝜙CS
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•Compare 𝜙CS in each category events in PT (data vs. MC)

𝜙CS in category 1 vs. 2 9
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Muon pT corr. in Z PT and y
•Estimate the muon momentum correction in Z PT and y for μ+ vs. μ−

•Rochester correction is applied to remove muon pT bias
•It might not be sufficient enough for this precision measurement

•Find the minimum 𝝌2 of muon pT distribution b/w data and MC
•Background is not subtracted yet in muon pT → need to update
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 dependence

𝝌2 of 𝜙CS distribution is improved
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𝝌2 of 𝜙CS in (55<PT<80, |y|<1.0) :
𝝌2 in category 1 : 138 → 92
𝝌2 in category 2 : 83 → 72
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•Refit angular coefficients after applying muon pT correction in (PT,y)
•The change in A0 and A4 is negligible
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A2 and A3 after muon pT corr. 11

 (GeV/c)TDimuon P
0 20 40 60 80 100 120 140 160 180 200

A3

-0.1

-0.05

0

0.05

0.1
Powheg, |y|<1.0
1D fit, |y|<1.0
1D fit+corr., |y|<1.0

A2 and A3
for |y|<1

A2 and A3
for 1<|y|<2.4

w/o pT corr.
with pT corr.



Other items for A2 issue (I)
•We also performed various approaches to understand A2 in high PT

•The effect from the items listed here was negligible
•FSR (QED) effect :

• Tried to refit with tight mass window (80<M<100)
• David estimated the migration before vs. after FSR in different frame in bins

 (https://indico.cern.ch/getFile.py/access?contribId=2&resId=0&materialId=slides&confId=256881)

• At the end, the change in A0 and A2 are negligible

•Efficiency in (𝜂, 𝜙) vs. (𝜂, pT) dependence
• A0, A1 change from (𝜂, pT) dependence is large ( ~ stat. error)

• A2, A3, and A4 change is small compared to stat. error

• Still, need to include as the systematic error of efficiencies

• More details later in systematic section

•Test Lam-Tung relation (A0-A2) in different frame
• Lam-Tung relation doesn’t have any frame dependence

• If there is no bug in CS frame, A0-A2 should be same in all frame

• See next slide for the plot
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Other items for A2 issue (II)
• |A0-A2| in Gottfried-Jackson(GJ) and s-channel helicity(Schan) frame

• All frames have the similar result → No frame bias shown in CS frame

• It seems that the additional muon pT tuning is the most promissing item

• The background level increases in Z PT

• Refit the correction with the background subtraction and check the result
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Systematic uncertainty check
•2D fitting result had asymmetric PU systematic error

•A bug found to generate the PU systematic error
•Fixed a bug and now PU systematic error is symmetric

•Efficiency systematic uncertainty
•We only consider the systematic error from background estimation

 and method (fitting vs. event counting)

•Add the systematics between (𝜂,𝜙) vs. (𝜂, pT) dependence
•A0 and A1 in low PT region changes bigger than stat. error
•Other angular coefficients change much smaller than stat. error,

 but still larger than the systematic error considered before

•Now, we add (𝜂, pT) dependence systematic error for the efficiency
•The updated table for syst. error in 2D fitting is listed next slide

14



•A0 and A1 result and systematic error in |y|<1.0 15

*** Other tables are in back-up slide



Summary
•Investigating A2 in high PT region → the most priority in this stage

•Tried many approaches to undestand A2 in high PT region
•The most promissing approach seems to understand muon pT better

•muon pT acceptance in Z PT, y, and 𝜙CS

•Fine tuning of muon pT for each charge (μ+ vs. μ−)
•Will try the fine muon pT tuning with background subtraction

•Cross check of systematic uncertainty
•Compare the systematic error b/w 1D and 2D package
•Try to understand any difference
•Confirm the procedure of the systematic erorr propagation

•Try to address the question/comment list from conveners

16



back-up slides



Z PT correction

•Z PT correction in Rochester correction package : 2011A data used
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Data-driven correction
Madgraph correction



Event topology
•Events constrained to the kinematic range, opening angle
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Check muon pT spectrum
•pT distribution comparison b/w data(blue) and MC(black)
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Table for 2D fitting result (I)
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Table for 2D fitting result (II)
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