
13. 6. 17 A. Geiser,  PDF from V+jets, Low-x 2017 1

PDF results from CMS V+jets measurements

Achim Geiser,  DESY Hamburg

Low-x workshop,

Bari, Italy

June 13, 2017

on behalf of the  CMS collaboration

(+ work by PDF fitters )

Outline: 

- motivation

- PDF results from CMS V+jets measurements in pPb and pp

- recent PDF results from CMS V+jets measurements

- PDF results from CMS V+b/c-jets measurements



� inclusive cross sections sensitive to 
quark content of proton

� W and Z sensitive to different 
combinations of quark flavours

-> discriminate flavours indirectly

� W/Z + jets sensitive to quark and 
gluon content

� explicit final state flavour tagging 

-> discriminate flavours directly

� higher order QCD corrections 

need to be considered and understood 
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Motivation: Why PDFs from V(+jets)?

q

q’

W,Z,γγγγ*

,Z

l

l’



Nuclear Parton Distribution Functions
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EPPS16: K. J. Eskola et al.
arXiv:1612.05741

can not use HERA data

see also H. Paukkunen and E. Chapon, DIS17



EPPS16 fit using CMS data
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see also
E. Chapon, DIS2017

inclusive inclusive



Z Boson production in pPb collisions
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fid. cross section vs. rapidity        forward/backward asymmetry

improved description with nuclear corrections (CT10+EPS09, DSSZ) 
compared to no nuclear corrections (CT10) 

PLB 759 (2016) 36

Z



W boson forward backward asymmetry

clearly favours presence of nuclear corrections
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PLB 750 (2015) 565

W



W charge asymmetry

good description by EPPS16 
(but larger uncertainties than EPS09)
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PLB 750 (2015) 565



also nCTEQ15
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F. Olness, DIS17



A plethora of new LHC data for proton PDFs
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M. Ubiali, DIS2017



CMS differential W/Z measurements in pp

7 TeV            8 TeV         13 TeV 

DY m,y   SMP-13-003, 1310.7291        SMP-14-003, 1412.1115             SMP-16-009 (PAS)

Z pT,y    EWK-10-010, 1110.4973        SMP-14-012, 1606.0586 SMP-15-010 (PAS)        

SMP-13-013, 1504.03511

W pT,y                      SMP-14-012, 1606.0586

W asym.   SMP-12-021, 1312.6283       SMP-14-022, 1603.01803                           
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used e.g. by NNPDF

CMS label, arXiv



Impact of Z pT data 
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J. Rojo, DIS2017



Impact of Z pT data

13. 6. 17 A. Geiser,  PDF from V+jets, Low-x 2017 12

J. Rojo, DIS2017



CMS V+jet and V+b/c measurements

7 TeV            8 TeV         13 TeV

W+jet   SMP-12-023, 1406.7533        SMP-14-023, 1610.04222 SMP-16-005 (PAS)

EWK-10-012, 1110.3226

Z+jet    SMP-12-017, 1408.3104          SMP-14-013, 1611.03844 SMP-15-010 (PAS)         

EWK-10-012, 1110.3226

W+c      SMP-12-002, 1310.1138

Z+c                           SMP-15-009 (PAS 07/2016)  

W+b      SMP-12-026, 1312.6608        SMP-14-020, 1608.07561

Z+b       SMP-13-004, 1402.1581         SMP-14-010, 1611.06507

EWK-11-015, 1310.1349

EWK-11-012, 1204.1643
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CMS label, arXiv



text
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W/Z + jets
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(compare ATLAS: next talk)



Z+jets cross sections
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jet multiplicity                      jet 1 pT spectrum

theory uncertainty larger than PDF uncertainty

CMS-SMP-14-013, JHEP 1704 (2017) 022



jet multiplicity                       jet 1 pT spectrum

need to understand QCD modelling of multi-jet production very well 
before obtaining additional PDF constraints from inclusive V+jets

W+jets cross sections
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CMS-SMP-14-023, Phys. Rev. D95 (2017) 052002



Flavour determination in PDFs

difficult game: big differences at small scale are 
washed out at large scale

small                                                             large 

scale                                                             scale
(~2mc)                                                                       (~MZ)

global                                                                        input 

PDF                                                                           for

fit                                                                             LHC

param.                                                                             
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PDG16

DGLAP



Direct 4-jet (and 3-jet) measurements
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W/Z + charm/beauty

see also B. Roland, DIS17



Z+c and Z+b

� quality of description

by theory models

varies a lot

� “calibrates” searches 

for rare processes 

involving

initial or final state

charm or beauty

� sensitive to 

intrinsic charm

at high pT
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CMS-SMP-15-009



Z+b-jet        and     W+bb

reasonable description, can check/validate theory models
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CMS-SMP-14-010, arXiv:1611.06507        SMP-14-020, EPJC 77 (2017) 92

Z+b

W+bb



W+c  and strangeness in proton 

�Not final
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see also B. Roland, DIS17

consistent 
with
neutrino 
data,

also
Phys.Rev. D91 
(2015) 094002
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Associated W+c: comparison to ATLAS 

courtesy
K. Lipka

(scale uncertainties not included)

� data: CMS 
JHEP 02 (2014) 013

� prediction:
MCFM NLO using

ATLAS-epWZ pdf

arXiv:1612.03016

(based on ATLAS 

inclusive W,Z + HERA)

predicts larger cross section than CMS data

-> strangeness contribution too large? 

see also talk N. Zakharchuk this conference



The strangeness content of the proton 
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J. Rojo, DIS2017

>1 = unphysical ?

see also talk N. Zakharchuk this conference



Conclusions
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� Measurements of W and Z (DY) production in pPb collisions

= great tool to constrain the quark distributions in nuclear PDFs 

� Measurements of W and Z (DY) production in pp, pT spectra

= great tool to improve constraints on quark distributions on top

of HERA and fixed target data; e.g. Z pT used by NNPDF3.1 

� Measurements of inclusive V+jets = great tool to study 
perturbative QCD, PDF effects currently still subdominant

� Measurements of W+c/b and Z+c/b = great tool to study the 

s, c, and b contents of the proton; 

strangeness: direct W+c CMS measurements in slight tension with

more indirect ATLAS inclusive W/Z measurements  

(no HERA)


