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1.What and why matching 





Factorization Theorem: 

Separate Short Distance 

Physics from Soft one 

 

Hard Scattering: 

LO, NLO, NNLO QCD, 

QED.. 

 

ISR, FSR Parton 

Shower: 

Pythia6/8, Herwig(++), 

Sherpa Dipole Shower 

 

 

Hadronization: 

String Model; 

Color Cluster 

Parton Shower:  capture the leading singularities, have a good description 

of an arbitrary numbers of emission 

(N+1)-th Jet can come from parton shower,  

                     can also from  ME parton 



What and why matching 

Exclusive observables not 

described well in PQCD 

e.g. 

NLO V:  divergence at low PT_V 

NLO V+J:   2nd Jet?  Unwgt Eff? 

 

Parton Shower  

although approximation (~LL), 

work well in collinear and soft 

region;  LHE events 

 

Let’s Combine them! 
Be careful of: Double counting, 

matching scale dependence 

 

 

 

Exp. Wants Events! 



What and why matching 

1.  ME-PS  Matching  (Shape) 
e.g. Eur.Phys.J.C53:473,2008 

 

  CKKW 

  MLM  … 

 

2.  NLO PS Matching   

(Shape & Normalization) 

 

  MC@NLO   e.g. hep-ph/0204244 

  POWHEG   e.g. arXiv:0709.2092 

  … 

 

3. Multi-leg Multi-Loop Matching:  

(Shape & Normalization) 

 

  Merging      e.g. arXiv:1311.3634 

 

Not meant to be exhaustive, see more 

In arXiv:1203.6803 

Sudakov 

Veto 

Double counting 

arXiv:hep-ph/0109231 

http://arxiv.org/abs/hep-ph/0109231
http://arxiv.org/abs/hep-ph/0109231
http://arxiv.org/abs/hep-ph/0109231
http://arxiv.org/abs/hep-ph/0109231


ME-PS  Matching@LHC 

arXiv:1012.5382 



ME-PS  Matching@LHC 

arXiv:1310.3082 



NLO PS  Matching@LHC 

Until 2013/10 
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Until 

2014/03/12 

52 

14 

64 



NLO PS  Matching@LHC 

aMC@NLO Used in our recent analysis CMS-PAS-SMP-12-006 

WWγ+WZγ →lνjjγ  for full Sim and K factors 

Approved by 

Daneng Yang 

 

First Triple-V 

Measurement  

at the LHC 



13 

PKU CMS group is now involved and leading many Triple Gauge Boson 

measurement:  WWW, WZA,  and  EWK WA+2J, ZA+2J…. 



Multi-leg Matrix Element Matching 
 in 1 Page 
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Phys. Rev. D 89, 033015 (2014)           gg→ HH+0,1Jet matching with Pythia6 

                       Accurate Exclusive Simulation for gg->HH 



16 

2. A bit about Parton Shower 



A bit about Parton Shower 
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Leading Log Approximation 

QCD:  0.12*Ln((10/100)^2)~50%,     QED:   1/137*Ln((1/100)^2)~10% 



A bit about Parton Shower 
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A bit about Parton Shower 
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Subtle choices affecting NLL 



A bit about Parton Shower 



A bit about Parton Shower 



A bit about Parton Shower 
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3. NLO Parton Shower Matching 



MC@NLO 



MC@NLO 



MC@NLO 



MC@NLO 



MC@NLO 
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POWHEG 

Freedom to define the R part: 

 

Dumping factor 



MC@NLO vs. POWHEG 



Z’in MC@NLO 

Precision predictions for Z'-production 

at the CERN LHC: QCD matrix elements, 

parton showers, and joint resummation 
B. Fuks (Freiburg U.), M. Klasen (LPSC 

Grenoble), F. Ledroit (LPSC Grenoble), Q. Li 

(Karlsruhe U.), J. Morel (LPSC Grenoble) 

Nucl.Phys.B797:322-339,2008 

http://arxiv.org/find/hep-ph/1/au:+Fuks_B/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Fuks_B/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Fuks_B/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Klasen_M/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Klasen_M/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Ledroit_F/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Ledroit_F/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Li_Q/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Morel_J/0/1/0/all/0/1
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4. bb𝐚𝐫 →h in POWHEG as an Example 
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http://powhegbox.mib.infn.it/ 

 

http://powhegbox.mib.infn.it/
http://powhegbox.mib.infn.it/
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POWHEG-BOX is semi-automatic for users to include new process 
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      i1=5 

      i2=-5 

      i3=25 

      flst_nborn=1 

      do k=1,3 

         flst_born(k,flst_nborn)=ii(k) 

      enddo 

 

      i1=-5 

      i2=5 

      i3=25 

      flst_nborn=2 

      do k=1,3 

         flst_born(k,flst_nborn)=ii(k) 

      enddo 

Init_processes.f 

parameter (nlegborn=3) 

 nlegborn.h 
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      i1=5 

      i2=-5 

      i3=25 

      flst_nborn=1 

      do k=1,3 

         flst_born(k,flst_nborn)=ii(k) 

      enddo 

 

      i1=-5 

      i2=5 

      i3=25 

      flst_nborn=2 

      do k=1,3 

         flst_born(k,flst_nborn)=ii(k) 

      enddo 

Init_processes.f  flst_nreal=0 

      condition=.false. 

      do i1=-5,5 

         do i2=-5,5 

            do i4=-5,5 

c***************Li*******************         

condition=((abs(i1).eq.5).and.((i1+i2).eq.0).

and.(i4.eq.0)).or. 

     $        

((abs(i4).eq.5).and.((i1+i2).eq.i4).and.((i1*i

2).eq.0)) 

               if(condition) then 

                  flst_nreal=flst_nreal+1 

                  if(flst_nreal.gt.maxprocreal) 

goto 998 

                  do k=1,4 

                     flst_real(k,flst_nreal)=ii(k) 

                  enddo 

 10               continue 

               endif 

            enddo 

         enddo 

      enddo 
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Born.f 

      subroutine M2_bb_h(pphy,amp2) 

       … 

      real *8 pphy(0:3,nlegs) 

      s=(pphy(0,1)+pphy(0,2))**2-(pphy(1,1)+pphy(1,2))**2 

     $     -(pphy(2,1)+pphy(2,2))**2 -(pphy(3,1)+pphy(3,2))**2 

  

       xnorm=1/(2.d0*pi)*6.d0*pi/4.d0/9.d0*ph_bmass**2*ph_GF/v2  

       amp2=xnorm*2d0*s  

       end 

 subroutine borncolour_lh 

 if((idup(1).gt.0).and.(idup(2).lt.0)) then 

         icolup(1,1)=501 

         icolup(2,1)=0 

         icolup(1,2)=0 

         icolup(2,2)=501 

      elseif((idup(1).lt.0).and.(idup(2).gt.0)) then 

         icolup(1,1)=0 

         icolup(2,1)=501 

         icolup(1,2)=501 

         icolup(2,2)=0 
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real.f 

 subroutine M2_qaq_hg(pphy,amp2) 

 …… 

 subroutine M2_qg_hq(pphy,amp2) 

 …… 

 

 subroutine M2_gq_hq(pphy,amp2) 

 

      s=(pphy(0,1)+pphy(0,2))**2-(pphy(1,1)+pphy(1,2))**2 

     #    -(pphy(2,1)+pphy(2,2))**2 -(pphy(3,1)+pphy(3,2))**2 

      t=(pphy(0,1)-pphy(0,3))**2-(pphy(1,1)-pphy(1,3))**2 

     #   -(pphy(2,1)-pphy(2,3))**2 -(pphy(3,1)-pphy(3,3))**2 

      u=(pphy(0,1)-pphy(0,4))**2-(pphy(1,1)-pphy(1,4))**2 

     #   -(pphy(2,1)-pphy(2,4))**2 -(pphy(3,1)-pphy(3,4))**2 

        

       m2=(pphy(0,3))**2-(pphy(1,3))**2-(pphy(2,3))**2 -(pphy(3,3))**2 

 

      xnorm=4.d0/(96.d0) 

      tmp=-4.d0*(m2**2+t**2)/s/u 

      amp2=xnorm*tmp*(st_alpha*4.0d0*dacos(-1.d0)) 

     #  *ph_bmass**2*ph_GF*dsqrt(2.d0) 
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real.f     virtual.f 

subroutine setvirtual(p,vflav,virtual) 

……  

subroutine M2_qaq_hg(pphy,amp2) 

 …… 

 subroutine M2_qg_hq(pphy,amp2) 

 …… 

 

 subroutine M2_gq_hq(pphy,amp2) 

 

      s=(pphy(0,1)+pphy(0,2))**2-(pphy(1,1)+pphy(1,2))**2 

     #    -(pphy(2,1)+pphy(2,2))**2 -(pphy(3,1)+pphy(3,2))**2 

      t=(pphy(0,1)-pphy(0,3))**2-(pphy(1,1)-pphy(1,3))**2 

     #   -(pphy(2,1)-pphy(2,3))**2 -(pphy(3,1)-pphy(3,3))**2 

      u=(pphy(0,1)-pphy(0,4))**2-(pphy(1,1)-pphy(1,4))**2 

     #   -(pphy(2,1)-pphy(2,4))**2 -(pphy(3,1)-pphy(3,4))**2 

        

       m2=(pphy(0,3))**2-(pphy(1,3))**2-(pphy(2,3))**2 -(pphy(3,3))**2 

 

      xnorm=4.d0/(96.d0) 

      tmp=-4.d0*(m2**2+t**2)/s/u 

      amp2=xnorm*tmp*(st_alpha*4.0d0*dacos(-1.d0)) 

     #  *ph_bmass**2*ph_GF*dsqrt(2.d0) 
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MH=126.0  7TeV LHC 

yukawa Mb=4.6 

mur=muf=MH 

CTEQ6M  

POWHEG 

LO 0.65906748055878517   pb 

NLO  0.56681231885198458       +-  

1.00631133811981922E-003  pb 

bbh@nnlo  0304035 

 

            0.312285431E+01   # mb(muR) 

 LO      0.303755716E+00   # sigma(0) [pb] 

 NLO    0.260989891E+00   # sigma(1) [pb] 

 NNLO  0.207439506E+00   # sigma(2) [pb] 

 

note running mb used!! 

(4.6/3.12285431)**2  ->  

LO   0.659077787652 

NLO 0.566286100637 

 

Validated with bbh@nnlo  0304035 
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Summary 

1. Matrix Element Matching with Parton Shower 
 

2. Multi-leg/loop merging with PS 
 

3. NLO QCD matching with Parton Shower 
 

4. Next QED matching ? 

Thank you! 



A bit about Parton Shower 



A bit about Parton Shower 



A bit about Parton Shower 



aMC@NLO 


