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Azimuthal correlation in dijet events

A. Bermúdez Martínez

● Test to QCD
● Sensitive to resummation
● Sensitive to hard radiation
● Possible factorization breaking effects 
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● Deviations of up to 50% at low Δφ
● Deviations of ~10% at high Δφ

Azimuthal correlation in dijet events

Eur. Phys. J. C 78 (2018) 566

Eur. Phys. J. C 79 (2019) 773

https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%201712.05471
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%201902.04374
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The PB method
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Parton Branching (PB) method
● Evolution of TMDs (and collinear PDFs)
● Resummation of soft gluons at LL and NLL
● Solution valid at LO, NLO and NNLO
● Determination of TMDs from the fully exclusive solution
● Backward evolution fully determines the TMD 

shower
consistently treats perturbative and non-perturbative 
transverse momentum effects   

FH et al. [PLB 772 (2017) 446–451]

FH et al. [JHEP 2018, 70 (2018)]

ABM et al. [PRD 99, 074008 (2019)]

A. Bermúdez Martínez

https://doi.org/10.1016/j.physletb.2017.07.005
https://doi.org/10.1007/JHEP01(2018)070
https://doi.org/10.1103/PhysRevD.99.074008
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PB formulation of TMD evolution
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PB formulation of TMD evolution

Implemented in the CASCADE 
event generator
S. Baranov et al. [Eur. Phys. J. C 81 (2021) 425]

A. Bermúdez Martínez

https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-021-09203-8
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Pert. and non-pert. PB TMD contributions

N. A. Abdulov et al. [Eur. Phys. J. C 81 (2021) 752]

ABM et al. [PRD 99, 074008 (2019)]

Consider the integrated distribution above the jet pT 
scale:

__________________________________________________________________________________
- ISR broadens initial distribution

- e.g. probability of 0.3 that the gluon develops a 
kt larger than 20 GeV, for μ = 100 GeV  

- TMD evolution effects crucial at describing jet 
production 

A. Bermúdez Martínez
ABM et al. [arXiv:2107.01224]

https://link.springer.com/article/10.1140/epjc/s10052-021-09508-8?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20210823
https://doi.org/10.1103/PhysRevD.99.074008
https://arxiv.org/abs/2107.01224
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Application to dijet azimuthal correlations
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Application to dijet azimuthal correlations
Matching PB evolution to NLO calculations

● Combined with MC@NLO, also for the case of DY
● Using HERWIG6 subtraction terms
● PB-TMD parton shower unfolds the TMD distribution
● Parton shower implemented in the CASCADE generator

ABM et al. [PRD 100, 074027 (2019)]

ABM et al. [EPJC 80, 598 (2020)]

A. Bermúdez Martínez

mailto:MC@NLO
https://doi.org/10.1103/PhysRevD.100.074027
https://doi.org/10.1140/epjc/s10052-020-8136-y
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● Good description at high and intermediate Δφ
● Missing higher orders at low Δφ
● Scale variations are main source of uncertainty

A. Bermúdez Martínez

Application to dijet azimuthal correlations
Results in the wider Δφ

Eur. Phys. J. C 78 (2018) 566

https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%201712.05471
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● Resummation of soft radiation in the TMD evolution crucial
● Discrepancy only signiicant at very high pT and very large Δφ 

A. Bermúdez Martínez

Application to dijet azimuthal correlations
Results in the back-to-back region

Eur. Phys. J. C 79 (2019) 773

https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%201902.04374
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● pT as argument (set2) has a critical effect at better describing the large Δφ 
 region 

A. Bermúdez Martínez

Application to dijet azimuthal correlations
Strong coupling argument

Eur. Phys. J. C 79 (2019) 773Eur. Phys. J. C 78 (2018) 566

https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%201902.04374
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%201712.05471
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● MPI effects are small in the studied phase space
● Sizable differences  in shape between PB-TMD and MC@NLO+P8

A. Bermúdez Martínez

Application to dijet azimuthal correlations
MPI effects

Eur. Phys. J. C 79 (2019) 773Eur. Phys. J. C 78 (2018) 566

https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%201902.04374
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%201712.05471
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Conclusions

● PB-TMD parton shower match to NLO calculations provides a 

good description of intermediate and high Δφ regions

● At low Δφ, missing higher order contributions are significant  

● Deviations observed at very large Δφ, where factorization 

breaking effects could contribute

● First TMD prediction for jet production at the LHC

A. Bermúdez Martínez



Thank you
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