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Towards mini-global parton-branchingTMD fitsTowards mini-global parton-branchingTMD fits  
S. Taheri Monfared, H. Jung, K. Wichmann
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MotivationMotivation
● PB TMDs together with PB TMD parton shower allow very good description 

of measurements over wide kinematic range
→ excellent description of the DY spectrum in a wide range of pT 
→ also for jet multiplicity even much beyond reach of corresponding fixed-
order calculation

Is there still any room for improvement? YES!Is there still any room for improvement? YES!
● PB-TMD NLO fits use HERA DIS data
→ can be improved by including different data sets in fits arXiv:2001.06488 

●  NuSea data studied in arXiv:2001.06488  
→ generally well described by PB-TMD + NLO 
→ this deteriorates for region of highest 
masses 

● large-x region - parton densities used in 
calculation poorly constrained

● NNPDF3.0 set fits better – more data 
used 

→ can be improved in global fits
→ jet data constrain gluon at high x
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What data can help constraining quarks and What data can help constraining quarks and 
gluons?gluons?

● Looking at various global fits lots of data can be added
● We start small 

→ adding slowly additional data sets from HERA and CMS 

→ for data sets and bins to use we take recommendation from NNPDF3

→ → Aiming for mini-global parton-branchingTMD fits Aiming for mini-global parton-branchingTMD fits 
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Jets @ HERAJets @ HERA

           dijets                                     trijets

At HERA direct information on 
gluon distribution and as comes 

from jet production

→ Possible simultaneous determination 
of parton densities and as

Jets at HERAJets at HERA
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CMS W/Z productionCMS W/Z production

Drell-Yan Z productionDrell-Yan Z production

W asymmetryW asymmetry
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Data samples used in mini-global fitData samples used in mini-global fit
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We use HERAPDF2 approach for QCD fits We use HERAPDF2 approach for QCD fits 
(also model parameter values) (also model parameter values) 

+ xFitter+ xFitter
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HERAPDF2.0-like parameterisationHERAPDF2.0-like parameterisation

● → → Parameters obtained by Parameters obtained by parameterisation scanparameterisation scan

← + D
uv

 x

(1 + D
db

x)

(1 + D
dv

x)

● additional parametersadditional parameters
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Comparison to HERAPDF2 NLOComparison to HERAPDF2 NLO
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Can we get PB PDFs &TMDs with new data?Can we get PB PDFs &TMDs with new data?

→ start with few discussed new data sets     → start with few discussed new data sets     
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TMDs with jetsTMDs with jets

now we do PB QCD analysis with new data sets:

→ PB method implemented in xFitter: 
Eur. Phys. J. C75 (2015), no. 7, 304

→ kernels for PB fit with HERA DIS:
Eur. Phys. J. C 74, 3082 (2014)
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Comparison of collinear and PB PDFsComparison of collinear and PB PDFs

● Collinear and PB set1 very similar → fixed as  
● c2 also good for jet data after the fit
● At large scale set1 gets similar o set2
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Comparison of PB mini-global and HERA-onlyComparison of PB mini-global and HERA-only
set2set2set1set1

● Difference between PB mini-global and HERA-only larger for set2
→ especially for gluon
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Comparison to data (examples)Comparison to data (examples)

CMS DY Z mass peak CMS W asymmetry 8 TeV

H1 high-Q2 dijets
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Caveat ...Caveat ...
● For jet data we need to “choose” scale for PDF fits
→ set2 sensitive to chosen factorisation scale
→ it needs to be sufficiently large

● We chose mu_r = mu_f = (Q2 + pT
2)/2

● Works well for all included HERA jet data sets except for H1 HERAI 
low Q2 jets

● We observe huge partial chi2 for H1 HERAI low Q2 jets 
→ situation dramatically improves when we use mu_f = (Q2 + pT

2) → 
maybe mu_f = (Q2 + pT

2)/2 not large enough for low Q2 jets? 
→ for presented here fit we use this scale only for this data

● However does it actually make sense?? → we need to understand that! However does it actually make sense?? → we need to understand that!     

(Q2 + pT
2)(Q2 + pT

2)/2
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Summary & outlookSummary & outlook
● PB fits so far include only HERA inclusive data

● Studies of other processes at HERA and LHC gives more information 
on TMD PDFs and better uncertainty constrains

● Ultimate goal: global PB TMDs - why not start small, with mini-global? 

→ HERA jets

→ CMS DY data + W asymmetries
● PB method implemented in xFitter → so far fits with HERA DIS

● Preliminary results with HERA jets and CMS data added → good 
agreement with collinear PDFs

● New precise PB-sets from mini-global fit will be used to repeat our 
previous studies on the inclusive jet, Z+b, ... where our predictions 
were in general 10-20% below measurements 

● Work ongoing to add more LHC and fixed target data 
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Additional slidesAdditional slides
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HERA combined DIS data are 
core of every modern PDF 

extraction

● 2927 data points combined 
to 1307

● impressive precision

Eur. Phys. J. C75 (2015), 12, 580

HERA combined inclusive DISHERA combined inclusive DIS

HERAPDF approach uses 
ONLY HERA data in 

global QCD fit
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