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Twelfth Conference on the Intersections of Particle and Nuclear Physics 

CIPANP is a conference designed to explore areas of interest to scientists working in 

elementary particle physics, nuclear physics, astrophysics, particle astrophysics, 

nuclear astrophysics, and cosmology. Topics include theory, experiment, and 

instrumentation, as well as facilities needed for the study of fundamental interactions, 

elementary particles, nucleons and nuclei, astrophysical phenomena, and cosmic rays.  

http://cipanp2015.yale.edu/ 
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Previous CIPANP  Locations and Dates 

CIPANP 1984: Steamboat Springs, Colorado; May 23-30, 1984 

CIPANP 1986: Lake Louise, Alberta, Canada; May 26-31, 1986 

CIPANP 1988: Rockport, Maine; May 14-19, 1988 

CIPANP 1991: Tucson, Arizona; May 23-29, 1991 

CIPANP 1994: St. Petersburg, Florida; May 31-June 6, 1994 

CIPANP 1997: Big Sky, Montana; May 25-June 2, 1997 

CIPANP 2000: Quebec City, Quebec, Canada; May 22-28, 2000 

CIPANP 2003: New York City, New York; May 19-24, 2003 

CIPANP 2006: Rio Grande, Puerto Rico; May 30-June 3, 2006 

CIPANP 2009: San Diego, California; May 26-31, 2009 

CIPANP 2012: St. Petersburg, Florida: May 29-June 3, 2012 
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Program 

Fyzikální okruhy Referáty v 
paralelních 
sekcích 

Plenární 
referáty 

Physics at High Energies           28              3 

Precision Physics at High Intensities           26              3 

Cosmic Physics and Dark Energy/Inflation             9              2 

Neutrino Masses and Neutrino Mixing           37              4 

Tests of Symmetries and the Electroweak Interaction           13              3 

Dark Matter           24              4 

Particle and Nuclear Astrophysics           11              3 

Heavy Flavor and the CKM Matrix           18              3 

QCD, Hadron Spectroscopy and Exotics           18              3 

Partonic Distributions in Nucleons and Nuclei           28              3 

Hadronic Physics and the Structure of Nucleons and Nuclei           25              5 

Quark Matter and High Energy Heavy Ion Collisions           27              2 

302 referátů,  488 autorů 
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Referáty experimentů ATLAS a CMS 

Higgs Properties: Mass, Width, Spin, Parity 

Higgs couplings measurements at CMS and ATLAS 

Higgs couplings combinations and interpretations 

Prospects for Higgs properties measurements at future colliders 

 

Measurements of the weak mixing angle in ATLAS and CMS 

LHC measurements of the non-Abelian nature of EW interaction 

ATLAS Drell-Yan measurements 

W/Z measurements at LHC 

Top production at the LHC 

Top Property Measurements from the CMS, ATLAS, D0, and CDF Collaborations 

SM precision W/Z and top measurements at HL-LHC and future colliders 

αs Measurements at the LHC 

Precision tests of the SM and pQCD with Jets and Photons at LHC 
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Referáty experimentů ATLAS a CMS 

Long lived particles, displaced vertices, and lepton jets 

Extra Dimension-Inspired Models: Z’, W’, Dijet resonances, Black Hole Searches 

Search for new phenomena at the LHC in multi-lepton or multi-jet nal states 

Searches for Bosonic and fermionic top and bottom partners at CMS 

Beyond the Standard Model Higgs Searches at ATLAS and CMS 

Exotic Higgs searches at the LHC 

Search for SUSY light electroweak objects at the LHC 

Searches for squarks and gluinos at the LHC 
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Higgs Properties: Mass, Width, Spin, Parity 
Sarah Demers for ATLAS and CMS 
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Higgs Properties: Mass, Width, Spin, Parity 
Sarah Demers for ATLAS and CMS 
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Higgs Properties: Mass, Width, Spin, Parity 
Sarah Demers for ATLAS and CMS 
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Higgs couplings measurements at CMS and ATLAS 

Nick Edwards 
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Dark Matter Indirect Detection: 

Tracy Slatyer 
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Dark Matter Indirect Detection: 

Tracy Slatyer 
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The Search for Milky Way Satellite Galaxies  

from Optical to Gamma Rays   Keith Bechtol 
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The Search for Milky Way Satellite Galaxies  

from Optical to Gamma Rays   Keith Bechtol 
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Dark Matter Indirect Detection: 

Tracy Slatyer 
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Dark Matter Indirect Detection: 

Tracy Slatyer 
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Dark Matter Indirect Detection: 

Tracy Slatyer 
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CONSTRAINING DARK ENERGY WITH THE BARYON 

OSCILLATION SPECTROSCOPIC SURVEY (BOSS) 

MARIANA VARGAS-MAGANA (compiled by Bradford Benson) 



W/Z measurements at LHC 

 
ATL-PHYS-SLIDE-2015-277 

https://cds.cern.ch/record/2018497 

Pavel Staroba 

for 

ATLAS and CMS Collaborations 
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Outline 

• Introduction 

• ATLAS + CMS : Summary of Run1 results 

• Selected Run 1 results: 

              W/Z cross sections 

              Differential Drell-Yan cross section 

              Z differential distributions: transverse momentum, rapidity 

              W/Z + jets 

              Z + b 

• Run1 - summary 

• Expectations for Run 2 

27 
The 12th Conference on the Intersections 

of Particle and Nuclear Physics 
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Why W/Z Boson Physics? 

Inclusive cross sections of W/Z 

 testing of QCD predictions 

 

Differential cross-sections  as a function of P_T and rapidity 

 constraints on PDFs, testing of parton emission calculations and 

 resummation models 

 

More exclusive final states: W/Z+jets, W/Z+b 

 stronger and more stringent tests of QCD 

 

Low Mass Drell-Yan 

 constraints on PDFs, testing of parton emission calculations and 

 resummation models 

 
The 12th Conference on the Intersections 

of Particle and Nuclear Physics 
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Why W/Z Boson Physics? 

 

High Mass Drell-Yan 

 precision test of pQCD, constraints on PDFs, new physics  

 

Forward Backward Asymmetry of Drell-Yan pairs 

 on-shell region: sensitive to the value of 

              off-shell region: sensitive to the new physics 

 

Charge Asymmetry in Inclusive W production 

 constraints to the PDFs 

 

W
2sin

The 12th Conference on the Intersections 
of Particle and Nuclear Physics 
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      Integrated luminosities collected  

            during Run 1 by ATLAS 

 Period 

  2010                 7         ≈ 0. 035 

  2011                 7         ≈ 4.57  

  2012                 8         ≈ 20.3 

][ 1

int

fbL][TeVs

The 12th Conference on the Intersections 
of Particle and Nuclear Physics 

270k W, 24k Z 

dec. into e, µ 
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W/Z measurements at ATLAS and CMS 

                          LHC Run-1 

 More than 60 publications in total. Wide range of topics is covered: 

 

- production cross section of  inclusive W and Z decaying into e, µ, τ and b 

  channels 

- differential Drell-Yan cross section 

- differential cross section of W and  Z as a function of boson transverse  

   momentum, Ф* and rapidity 

- production of  W and  Z in association with light jets 

- production of  W and  Z in association with c and b quark 

- the ratio of the W and Z cross sections in association with jets 

- forward-backward asymmetry of  Drell-Yan lepton pairs 

- lepton charge asymmetry in inclusive W production 

- measurement of weak mixing angle with the Drell-yan process 

- angular distributions in the decay of W and Z 

- electroweak production of dijets in association with a Z boson 

 
 

The 12th Conference on the Intersections 
of Particle and Nuclear Physics 
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Production cross-section of W and Z 

decaying to leptons (7 TeV) 

nbacclumisyststatlWBXWpp )(164.0)(347.0)(121.0)(021.0207.10)()(   

ATLAS                                                           CMS  

[Phys. Rev. D85, 072004 (2012)]                      [JHEP10 (2011) 132 ]  
2010 7 TeV  ∫Ldt = 35 pbˉ¹                                   2010 7 TeV  ∫Ldt = 36 pbˉ¹  

nblumithsyststatlWBXWpp )(41.0)(10.0)(09.0)(02.031.10)()(   

nbacclumisyststatllZBZXpp )(016.0)(032.0)(009.0)(006.0937.0)()(  

nblumithsyststatllZBZXpp )(039.0)(018.0)(007.0)(007.0974.0)()(  

The 12th Conference on the Intersections 
of Particle and Nuclear Physics 
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CMS  Collaboration: [JHEP10 (2011) 132 ]  
                                     2010 7 TeV  ∫Ldt = 36 pbˉ¹  

The 12th Conference on the Intersections 
of Particle and Nuclear Physics 
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ATLAS Collaboration: [Phys. Rev. D85, 072004 (2012)]                       
                                                 2010 7 TeV  ∫Ldt = 35 pbˉ¹ 

The 12th Conference on the Intersections 
of Particle and Nuclear Physics 
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Production cross-section of W and Z 

decaying to leptons (8 TeV) 

CMS  
[Phys. Rev. Lett. 112, 191802 (2014) ]  
2012 8 TeV  ∫Ldt = 18.2 pbˉ¹  

nblumisyststatlWBXWpp )(18.0)(14.0)(03.011.7)()(   

nblumisyststatlWBXWpp )(13.0)(11.0)(02.009.5)()(   

nblumisyststatlWBXWpp )(32.0)(24.0)(03.021.12)()(   

nblumisyststatllZBZXpp )(03.0)(02.0)(01.015.1)()(  

The 12th Conference on the Intersections 
of Particle and Nuclear Physics 
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CMS  Collaboration: [Phys. Rev. Lett. 112, 191802 (2014) ]  
                                             2012 8 TeV  ∫Ldt = 18.2 pbˉ¹  

The 12th Conference on the Intersections 
of Particle and Nuclear Physics 

Measured and predicted fiducial cross sections of      versus     and   

versus         are shown. This measurement has discriminating  

power between PDF sets. 

W
W

W Z
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Differential Drell-Yan cross 

section 

CMS  
 
[JHEP10 (2011) 007 ]  
2010 7 TeV  ∫Ldt = 36 pbˉ¹ 
 
[JHEP12 (2013) 030 ]  
2011 7 TeV  ∫Ldt = 4.8 fbˉ¹ (dielectron) 
2011 7 TeV  ∫Ldt = 4.5 fbˉ¹ (dimuon) 
 
[Eur. Phys. J. C (2015) 75:147 ]  
2012 8 TeV  ∫Ldt = 19.7 fbˉ¹  

ATLAS 
 
[Phys. Lett. B725 (2013) 223-242 ] 
2011 7 TeV  ∫Ldt = 4.9 fbˉ¹  
high mass     
 
[JHEP06 (2014) 112 ]  
2010 7 TeV  ∫Ldt = 35 pbˉ¹ 
2011 7 TeV  ∫Ldt = 1.6 fbˉ¹  
low mass 
                          

The 12th Conference on the Intersections 
of Particle and Nuclear Physics 
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ATLAS Collaboration: [Phys. Lett. B725 (2013) 223-242 ] 
                                                       2011 7 TeV  ∫Ldt = 4.9 fbˉ¹      

1500][116  GeVmee

Shape of background extracted  

fiducial cross section at the 

particle level was compared to 

the predictions of PYTHIA6, 

MC@NLO and SHERPA 

generators and predictions of 

FEWZ 3.1 framework using 

five NNLO PDF sets. 

 

The 12th Conference on the Intersections 
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ATLAS Collaboration: [Phys. Lett. B725 (2013) 223-242 ] 
                                                       2011 7 TeV  ∫Ldt = 4.9 fbˉ¹      

The 12th Conference on the Intersections 
of Particle and Nuclear Physics 

Data are compared to the prediction of FEWZ (NNLO QCD, NLO EW) with NNLO 

PDFs MSTW2008, HERAPDF1.5, CT10, ABM11 and NNPDF2.3 . Deviations between the 

MSTW2008 and all remaining PDFs are all covered in the MSTW2008 uncertainty band.  

All predictions lie below data. 
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ATLAS Collaboration: [JHEP06 (2014) 112 ]  
                                                2010 7 TeV  ∫Ldt = 35 pbˉ¹ 
                                                2011 7 TeV  ∫Ldt = 1.6 fbˉ¹      

66][12  GeVmll

Measurement done both in e and µ channels, results combined. 

Fiducial differential cross sections are compared to FEWZ 

predictions at NLO and NNLO as well as NLO calculations 

matched to LL resumed parton shower calculation from POWHEG. 

QCD analysis of the data is performed. 

 

Combined analysis: 

 

Extended analysis  

( muon data from 2010 only) : 

The 12th Conference on the Intersections 
of Particle and Nuclear Physics 

66][26  GeVmll
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ATLAS Collaboration: [JHEP06 (2014) 112 ]  
                                                2010 7 TeV  ∫Ldt = 35 pbˉ¹ 
                                                2011 7 TeV  ∫Ldt = 1.6 fbˉ¹      

The 12th Conference on the Intersections 
of Particle and Nuclear Physics 

Measured fiducial differential cross section is compared to NLO (FEWZ), NLO + Leading 

Logarithm resumed Parton Shower (POWHEG) and NNLO (FEWZ). predictions. Only 

NNLO prediction reproduces data. Left plot shows results of combined analysis , the right 

one results of  extended analysis. 
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ATLAS Collaboration: [JHEP06 (2014) 112 ]  
                                                2010 7 TeV  ∫Ldt = 35 pbˉ¹ 
                                                2011 7 TeV  ∫Ldt = 1.6 fbˉ¹      

The 12th Conference on the Intersections 
of Particle and Nuclear Physics 

To investigate to what extent the disagreement with a pure NLO calculation is dependent 

on the PDF used, a QCD analysis of data is performed. In this analysis, the QCD fit and 

theoretical prediction were created using  PDFs including DIS data from HERA and the 

new measurement presented here. Necessity of using NNLO prediction was confirmed. 
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CMS Collaboration:  [JHEP12 (2013) 030 ]  
                                             2011 7 TeV  ∫Ldt = 4.8 fbˉ¹ (dielectron) 
                                             2011 7 TeV  ∫Ldt = 4.5 fbˉ¹ (dimuon)   

2000][15

:

 GeVm

dm

d

ll



1500][20

:
||

2

 GeVm

ydmd

d

ll



Results are compared with NLO and NNLO 

pQCD predictions using  various sets of PDFs.  

The 12th Conference on the Intersections 
of Particle and Nuclear Physics 

dielectron, 

dimuon and 

combined channel  

dimuon channel  
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CMS Collaboration:  [JHEP12 (2013) 030 ]  
                                             2011 7 TeV  ∫Ldt = 4.8 fbˉ¹ (dielectron) 
                                             2011 7 TeV  ∫Ldt = 4.5 fbˉ¹ (dimuon)   

This is the first double differential Drell-Yan cross section measurement 

with a hadron collider  and will provide precise inputs to update PDF sets. 

The 12th Conference on the Intersections 
of Particle and Nuclear Physics 
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CMS Collaboration: [Eur. Phys. J. C (2015) 75:147 ]  
                                            2012 8 TeV  ∫Ldt = 19.7 fbˉ¹      

2000][15

:

 GeVm

dm

d

ll



1500][20

:
||

2

 GeVm

ydmd

d

ll



Measurement done both in e and µ channels, 

results combined. 

Results compared with NNLO QCD and 

NLO EW predictions using CT10 NNLO 

and NNPDF2.1 PDFs.  

The 12th Conference on the Intersections 
of Particle and Nuclear Physics 
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CMS Collaboration: [Eur. Phys. J. C (2015) 75:147 ]  
                                            2012 8 TeV  ∫Ldt = 19.7 fbˉ¹      

The 12th Conference on the Intersections 
of Particle and Nuclear Physics 

The measured double differential cross section is compared to the NNLO prediction 

with two PDFs. Both predictions agree with data within uncertainties 
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Pt , Ф* and rapidity distribution   

                 of  Z boson 

CMS  
 
[Phys. Rev. D85, 032002 (2012) ]  
2010 7 TeV  ∫Ldt = 36 pbˉ¹  
 
[CMS PAS SMP-12-025] 
2012 8 TeV  ∫Ldt = 18.4 pbˉ¹   
 
[arXiv:1504.03511v1] 
2012 8 TeV  ∫Ldt = 19.7 fbˉ¹  
 
 
 

ATLAS  
 
[Phys. Lett. B720 (2013) 32-51 ] 
2011 7 TeV  ∫Ldt = 4.6 fbˉ¹      
 
[JHEP09 (2014) 145 ]  
2011 7 TeV  ∫Ldt = 4.7 fbˉ¹  
                          

The 12th Conference on the Intersections 
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ATLAS Collaboration:  [JHEP09 (2014) 145 ] 2011  
                                                  7 TeV  ∫Ldt = 4.7 fbˉ¹  

Channels                             ,                                and combined 

 

Normalized differential cross sections as a function of                 

transverse momentum and           measured at rapidity bins  

 

              ,                        and                           

 

Data are compared with FEWZ, DDYNLO, RESBOS, NNLO+NNLL, 

PYTHIA6-AUET2B, POWHEG+PYTHIA6-AUET2B, 

MC@NLO, ALPGEN and SHERPA 

The          and           measurements were used to tune 

PYTHIA8 and POWHEG+PYTHIA8 generators.  Here                                                    

 

                                                              :  azimuthal opening angle 

                                                                 between the two leptons 

 

 eeZ */  */Z

*/Z

1|| Zy 2||1  Zy 4.2||2  Zy

*



Z

TP *


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)sin().
2

tan( **

 
 



)2/)tanh(()cos( *   


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ATLAS Collaboration:  [JHEP09 (2014) 145 ] 2011  
                                                  7 TeV  ∫Ldt = 4.7 fbˉ¹  

The 12th Conference on the Intersections 
of Particle and Nuclear Physics 

Fixed order NNLO predictions FEWZ and DYNNLO can describe data only at large 

transverse momenta where radiation of high Pt gluons dominates. Low Pt region is 

dominated by soft gluon emission modeled by soft gluon resumation included in RESBOS.  
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ATLAS Collaboration:  [JHEP09 (2014) 145 ] 2011  
                                                  7 TeV  ∫Ldt = 4.7 fbˉ¹  

The 12th Conference on the Intersections 
of Particle and Nuclear Physics 

Comparison of tuned predictions  of  PYTHIA8  and  POWHEG + PYTHIA8 to the       

and         differential cross sections.   Prediction of base tune is always shown by the 

blue line. 

Z

TP
*


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Channel                            

 

Differential cross section as a function of   the Z              

transverse momentum measured at six rapidity bins  

 

                                                                 

 

 

Data are compared to FEWZ with NNLO PDF NNPDF23, 

MADGRAPH with CTEQ6L1(LO) and POWHEG with CT10(NLO)  

 

 */Z

4.0|| Zy 8.0||4.0  Zy 2.1||8.0  Zy

CMS Collaboration: [arXiv:1504.03511v1] 
                                           2012 8 TeV  ∫Ldt = 19.7 fbˉ¹  

6.1||2.1 Zy 2||6.1  Zy 2|| Zy

The 12th Conference on the Intersections 
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CMS Collaboration: [arXiv:1504.03511v1] 
                                           2012 8 TeV  ∫Ldt = 19.7 fbˉ¹  

The 12th Conference on the Intersections 
of Particle and Nuclear Physics 

The measured absolute fiducial Z boson differential cross section as a function of  

Z transverse momentum      compared to the NNLO prediction of FEWZ. 

Prediction agrees with data within the scale uncertainties. The shape is predicted 

correctly. For the lowest Pt bin, the ratio FEWZ/Data is different from the high Pt 

bins – as expected for the fixed order prediction. 

Tq
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CMS Collaboration: [arXiv:1504.03511v1] 
                                           2012 8 TeV  ∫Ldt = 19.7 fbˉ¹  

The 12th Conference on the Intersections 
of Particle and Nuclear Physics 

The measured fiducial Z boson differential cross section as a function of  Z 

transverse momentum      compared to the LO prediction of  MADGRAPH 

and  NLO prediction of POWHEG. Left plot shows normalised distributions, 

right plot shows absolute cross sections. MC cross sections in the right plot are 

corrected to NNLO level using K factors created by FEWZ. 

Tq
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Production of  W and  Z in 

association with jets 

 
CMS  
 
[JHEP01 (2012) 010] 
2010 7 TeV  ∫Ldt = 36 pbˉ¹  
 
[Phys. Rev. D91, 052008 (2015) ] 
2011 7 TeV  ∫Ldt = 4.9 fbˉ¹     
 
[Phys. Lett. B 741 (2015) 12 - 37] 
2011 7 TeV  ∫Ldt = 5 fbˉ¹      

 
[CMS PAS SMP-13-007] 
2012 8 TeV  ∫Ldt = 19.6 fbˉ¹  
  
[CMS PAS SMP-14-009] 
2012 8 TeV  ∫Ldt = 19.6 fbˉ¹  
 

ATLAS  
 
[JHEP07 (2011) 032] 
2011 7 TeV  ∫Ldt = 4.6 fbˉ¹      
 
[Eur. Phys. J. C (2014) 74:3168 ]  
2011 7 TeV  ∫Ldt = 4.6 fbˉ¹  
 
[Eur. Phys. J. C (2015) 75:82 ]  
2011 7 TeV  ∫Ldt = 4.6 fbˉ¹  
                          

The 12th Conference on the Intersections 
of Particle and Nuclear Physics 
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ATLAS Collaboration: [Eur. Phys. J. C (2014) 74:3168 ]  
                                                 2011 7 TeV  ∫Ldt = 4.6 fbˉ¹  

A measurement of the ratio of the production cross sections for W 

and Z bosons in association with jets with the ATLAS detector 

Measurement of ratios of cross 

sections of  W and Z provides 

more precise test of pQCD 

with respect  the W/Z + jets 

measurement because of the 

cancelations of experimental 

uncertainties (luminosity, jet 

energy scale) and effects from 

non-perturbative processes 

(hadronization and 

multiparton interactions). 
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ATLAS Collaboration: [Eur. Phys. J. C (2014) 74:3168 ]  
                                                 2011 7 TeV  ∫Ldt = 4.6 fbˉ¹  

Fall of  the ratio in the low Pt region is due to the  

W and Z boson mass difference, which affects the scale of parton 

radiation,  and due to the different vector boson polarization 

affecting kinematics of their decay products. ALPGEN provides best  

description of data. 



Summary 

Run 1 

 

•   Both Collaborations produced nearly 60 publications dealing with  

    W/Z  Physics  in total   

•   Wide range of topics is covered 

•   Typical achieved precision of  published values of integrated W and  Z  cross     

     sections is at the level of  few %, both for 7 TeV and 8 TeV data 

•   Analysis of data taken in the years 2010 and 2011 is nearly completed 

•   Analysis of 8 TeV data from the year 2012 is still ongoing 

•   Predictions of Standard model were tested in most cases at NLO accuracy or     

    higher 

 

  

59 
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Summary 

Run 2 expectations 

• New kinematic regime: √s : 8 TeV → 13 TeV (factor ≈ 1.6)  

• Expected luminosities:                    , 

• Short term (using 2015 data) : benchmark  integrated and differential 

     cross sections. Basic tests of Standard Model in the new kinematic region. 

• 14 millions of     ,   20 millions of        and 4 millions of      expected in full 

2015 data  
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W W

12018

int 100  fbL12015

int 10  fbL

Z
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