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Resummation calculation in 𝒑𝑻 modeling
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 Break down of fixed order calculation
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Fixed order calculation breaks down when 𝑞𝑇 → 0, 

after 𝑞𝑇 resummation, the 𝑞𝑇 distribution can agree with data.

Lepton kinematics are also 

sensitive to the 𝑝𝑇 modeling.
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Resummation calculation in EW parameter measurement
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 Measurement of electroweak parameter is sensitive to 𝒑𝑻 modeling

PhysRevD.97.112007

W mass measurement sin2 𝜃𝑒𝑓𝑓
𝑙 measurement

Measurement of W boson mass and sin2 𝜃𝑒𝑓𝑓
𝑙 at 

hadron collider both need resummation calculation.

 ResBos (Resummation for Bosons)

Event generator.

Precision Electroweak Physics at Hadron Colliders

https://cds.cern.ch/record/2853290/files/ATLAS-CONF-2023-004.pdf

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.112007
https://cds.cern.ch/record/2853290/files/ATLAS-CONF-2023-004.pdf


CSS 𝒒𝑻-resummation formalism and ResBos program
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 CSS resummation formalism
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𝐴(𝑛) , 𝐵(𝑛) , and 𝐶(𝑛) are 

calculated order by order.



Nonperturbative part in CSS formalism
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 Nonperturbative function

When 𝑏 → ∞, 𝑞𝑇 → 0, the calculation is nonperturbative.

Final resummation formalism is

BLNY:

SIYY:

hep-ph/0212159

arxiv: 1406.3073

Nonperturbative function depends on collision energy 𝑠 and energy scale 𝑄.

𝑄-dependence 𝑠-dependence

https://arxiv.org/abs/hep-ph/0212159
https://arxiv.org/abs/1406.3073


New nonperturbative function is needed
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• 𝑝𝑇 data from ATLAS and CMS has rapidity dependence, and the data from LHCb is 

obtained in high rapidity region. It’s good to test whether the nonperturbative function 

has rapidity dependence.

• The calculation order of ResBos is improved from A=3, B=2, C=1 (NNLL) to A=4, B=3, 

C=2 (N3LL), the nonperturbative function is needed to be updated.

• Previous nonperturbative function fitting only include low energy data and Tevatron 

data. Currently ATLAS, CMS, and LHCb collaboration have published more precise 𝑝𝑇
data. Including the impact from new data is important.



Rapidity-dependent nonperturbative formalism
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 IFY functional form

• 𝑦𝑚𝑎𝑥 is the maximum allowed rapidity for a given experimental setup, it’s fixed to 5 here.

• The term proportional to 𝑔4 is chosen such that at the Tevatron, the dominate contribution 

comes to the non-perturbative function comes from 𝑔1.

• The term proportional to 𝑔5 is chosen such that for 𝑦 = 0 the contribution from this term 

vanishes.

• The 𝑔3 is fixed to 0 in the fit.



Data list in nonperturbative fit
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New data

Only 𝒑𝑻 < 𝟐𝟎 GeV data will be used in the fit, since the resummation calculation 

is mainly focus on low 𝒑𝑻 region.



Fitting strategy
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 𝝌𝟐 function

 PDF uncertainty

𝐷𝑘: Central value of data.

𝑇𝑘 𝑔 : Theoretical prediction of the data.

𝑠𝑘
2: Quadratic sum of the statistical uncertainty and uncorrelated uncertainty.

𝛽𝑘𝛼: The matrix for correlated uncertainty.

𝜆𝛼: Nuisance parameters.

−0.5𝜒2 is used to be as the logarithm of Gaussian function in the likelihood fitting. The 

Bayesian Analysis Toolkit (BAT) package is used to perform the fitting.

The PDF uncertainty of each data point is treated as uncorrelated, which is also included 

in the 𝜒2 function.

The PDF uncertainties of ATLAS, CMS, and LHCb data set are divided by a factor of 3, to 

increase the weight of the rapidity dependence data in the global fitting. After fitting, the 𝜒2

are calculated again using the normal PDF uncertainty for each data set.



Scale choice
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 Resummation scale and fixed order scale

Resummation scale: 𝐶1(𝑏0), 𝐶2(1), 𝐶3(4𝑏0)

Fixed order scale: 𝜇𝑅(𝑀𝑇), 𝜇𝐹(𝑀𝑇)

𝑏0 = 2𝑒−𝛾𝐸

𝑀𝑇 = 𝑝𝑇
2 + 𝑄2

The choice of 𝐶3 = 4𝑏0 is to ensure that the ratio 𝐶3/𝑏
∗ is always greater than the cutoff 

scale for the PDF to ensure that there is no extrapolation needed in the calculation.

𝑏0 ≈ 1.123

𝑄0 𝐶𝑇18𝑁𝑁𝐿𝑂 = 1.3

𝑏𝑚𝑎𝑥 = 𝑏0 ≈ 1.123

𝐶3/𝑏
∗
𝑚𝑖𝑛 = Τ𝐶3 𝑏𝑚𝑎𝑥 = 4 > 1.3

𝑏𝑚𝑎𝑥 = 𝑏0

Scale variation in the estimation 

of scale uncertainty

In original BLNY, 𝑏𝑚𝑎𝑥 = 0.5



𝒈𝟓 determination in the nonperturbative fit
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𝑆𝐼𝐹𝑌 = 𝑔1 + 𝑔2 + 𝑔3𝑏
2 log

𝑄

𝑀𝑍
+ 𝑔4 log

1960

𝑠
+ 𝑔5(tanh(𝑔6𝑦𝑀𝑎𝑥) + tanh(𝑔6( 𝑦 − 𝑦𝑀𝑎𝑥)))

The 𝑔1 and 𝑔5 are highly correlated in the fit, because most of the data doesn’t have 

rapidity dependence or in low rapidity region. The 𝑔5 term in low rapidity region is 

almost flat and play the same role as the 𝑔1

Fix 𝑔5 = 1, 

fit 𝑔1, 𝑔2, 𝑔4, 𝑔6

Fix the 𝑔5 to new number

And fit 𝑔1, 𝑔2, 𝑔4, 𝑔6
again

Fix 𝑔1, 𝑔2, 𝑔4, 𝑔6
Fit 𝑔5

𝑅𝑎𝑝𝑖𝑑𝑖𝑡𝑦

We fix the 𝑔5 = 1 at first, and only fix for 

𝑔1, 𝑔2, 𝑔4, 𝑔6 parameters.

Then fix 𝑔1, 𝑔2, 𝑔4, 𝑔6 parameters, fit for 𝑔5.

Then fix 𝑔5 to new number, and fit for 

𝑔1, 𝑔2, 𝑔4, 𝑔6 parameters again. After several 

iterations, choose the final parameters which is 

corresponding to the best 𝜒2.

𝑔5(tanh(𝑔6𝑦𝑀𝑎𝑥) + tanh(𝑔6( 𝑦 − 𝑦𝑀𝑎𝑥)))



Fitting results and Data/prediction comparison
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 fitting results on nonperturbative parameters

Correlation matrix

𝑔1 𝑔2 𝑔4

𝑔6

𝑆𝐼𝐹𝑌 = 𝑔1 + 𝑔2 + 𝑔3𝑏
2 log

𝑄

𝑀𝑍
+ 𝑔4 log

1960

𝑠
+ 𝑔5(tanh(𝑔6𝑦𝑀𝑎𝑥) + tanh(𝑔6( 𝑦 − 𝑦𝑀𝑎𝑥)))

𝑔3 = 0 𝑔5 = 13.45



Fitting results and Data/prediction comparison
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Correlation matrix

 𝝌𝟐 results

 SIYY refitting after including new data set

Previous results

arxiv: 1406.3073

https://arxiv.org/abs/1406.3073


Rapidity dependence in nonperturbative function
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𝑔5 = 13.45
𝑔6 = 1.468
𝑦𝑀𝑎𝑥 = 5.0

𝑆𝐼𝐹𝑌 = 𝑔1 + 𝑔2 + 𝑔3𝑏
2 log

𝑄

𝑀𝑍
+ 𝑔4 log

1960

𝑠
+ 𝑔5(tanh(𝑔6𝑦𝑀𝑎𝑥) + tanh(𝑔6( 𝑦 − 𝑦𝑀𝑎𝑥)))

𝑔5(tanh(𝑔6𝑦𝑀𝑎𝑥) + tanh(𝑔6( 𝑦 − 𝑦𝑀𝑎𝑥)))

𝑔1 = 1.034

The 𝑔5 (𝑔6) term is merely constrained 

by the LHCb data.

𝑅𝑎𝑝𝑖𝑑𝑖𝑡𝑦

𝝌𝟐 𝒈𝟓 = 𝟎 𝒈𝟓 = 𝟏𝟑. 𝟒𝟓

𝑝𝑇 = 1.1 1.422 0.042

𝑝𝑇 = 2.8 0.864 0.122

𝑝𝑇 = 4.0 2.666 2.086

𝑝𝑇 = 5.2 0.028 0.065

The 𝜒2 of each data point of 

LHCb data

LHCbATLAS/CMS



Fitting results and Data/prediction comparison
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 Data/prediction comparison for LHC data

ATLAS CMS LHCb

The discrepancy in high 𝑝𝑇 region is due to the missing of 𝛼𝑠
3 contribution.

We also did comparison for LHC 7/8/13 TeV data, all comparison look good. Detailed 

information is in the back-up.



Summary
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• The resummation order of ResBos2 has been updated to N3LL, a new nonperturbative 

fitting needs to be performed.

• A rapidity-dependent function is used in the nonperturbative fitting. New ATLAS, CMS, 

and LHCb rapidity-dependent data are included in the new fitting. Fitting results show 

the nonperturbative function has rapidity dependence.

• Data/prediction comparisons are shown using new ResBos2 calculation with new 

nonperturbative function. All the comparisons have good agreement.



Back up
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Fitting results and Data/prediction comparison
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 Data/prediction comparison for low energy data

E288

E605 R209



Fitting results and Data/prediction comparison

2023/11/16 Yao Fu 19

 Data/prediction comparison for Tevatron data

CDF I D0 I

CDF II D0 II



Fitting results and Data/prediction comparison
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 Data/prediction comparison for LHC data



Fitting results and Data/prediction comparison
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 Data/prediction comparison for LHC data



Fitting results and Data/prediction comparison

2023/11/16 Yao Fu 22

 Data/prediction comparison for LHC data



Fitting results and Data/prediction comparison
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 Data/prediction comparison for LHC data



Fitting results and Data/prediction comparison
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 Data/prediction comparison for LHC data


