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                            Forward 
** NEW PHYSICS/PRECISION ‘H’  AT LHC 

    Must Distinguish from Higher   

    Order SM Processes  AND Must 

    Probe Precisely to Specify Uniquely 

      Precision QCD for the LHC 

** UV LIMIT OF EINSTEIN’S THEORY 

     Can QFT Handle It? 

     Exact, Gauge Invariant  Residual Control in  

    Resummation for UV 

      

 

 

 

 

 

 

 



9/26/2013 9/26/2013 3 

                         

 

 

 

 The Archetype:   

 *Approach to 1% Precision QCD for 

  LHC Physics via MC Realized  

  Amplitude-Based QEDQCD  

  Resummation --  
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The Archetype:   

 *Approach to Feynman’s   

  Formulation of Einstein’s Theory 

  : Amplitude-Based Resummation 

  of the Feynman Propagators therein  
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                         Precision QCD for the LHC 

 Contact with Standard Resummations, 

     SCT, SCET  -- see Phys. Rev. D81(2010)076008 
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                         Precision QCD for the LHC 

 Contact with Standard Resummations, 

    CSS– RESBOS, etc.: (see 1305.0023 for details) 

      

     

     

 

 

 

 Dropped terms O(QT/Q) in all orders of  s :  

  at 5GeV, Q=M_Z, 5.5% Physical Precision Error(PPE) 

  Errors on the NP functions gl also yield ~1.5% PPE,… 
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     Shower/ME Matching: 

 

  Remove double counting between  
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 IR-Improved DGLAP-CS Theory(PRD81(2010)076008): 

    New resummed scheme for PAB, reduced cross 

section derived from (1) applied to splitting process -- 

 

    

parameter )( off-cut IRfor  need no --

stability  MC  improved with  ,for     valuesame    thegiving

 etc., ,)1(
1

1
)(CPP

for     ˆ ,Fˆ ,F

0

2

2

1

F

exp

qqqq

jj

k

z
z

z
eF q

q

qYFS



















9/26/2013 9/26/2013 10 

 

 
 

 Complete Set (A are O()) : 
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• KEY PART OF APPROACH: 

BUILD ON EXISTING PLATFORMS 

                                   

 

                                

       

       

       

 

 

 

 

 

 

IR-Improved DGLAP-CS Theory  

 

NLO Parton Shower MC’s: 

MC@NLO, POWHEG, … 
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• Illustration: 

 

                                   

 Sudakov FF 

                                

       

      

       

                

              for           
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 Rigorous Contact with Wilson’s OPE: 

    Repeat the Gross-Wilczek-Politzer analysis of DIS.   

    From 

 

 

 

 

    

      

     (1) allows us to note that 
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Basic Physical Idea: 

Bloch-Nordsieck –  

 

                             Accelerated Charge  Coherent State  of Soft  

                                                                  Gluons (Photons) 

  More Physical View of Splitting Process (O(n), n1, corrections): 
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Basic Physical Idea: 

Bloch-Nordsiek –  

 

                

   More Physical View of Splitting Process in Practice: 

 

  PAB(z)     Pexp
AB(z)   

     

  Resum terms O((s ln(q2/2) ln(1-z))n)  

  for  IR limit z  1     

  Generate Gribov-Lipatov exponents A . 
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•Example Direct Calculation 
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 so that differentiation yields      
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• Herwiri1.031(PRD81(2010)076008): 

w consultation  from Bryan Webber, Stefano Frixione, and 

Mike Seymour,  implementation of  IR-improved kernels in   

Herwig 6.5 environment  to get Herwiri1.031, 

MC@NLO/Herwiri1.031.  

  Observations: 

   1. SUMIR  is an IR effect – It contains as designed only the  

       IR part of the LL, the rest of the LL is in D and  

       the residuals      , as we show in PRD81(2010)076008.   

    2. Herwiri is just as general as Herwig6.5, as they run the  

       same set of processes                           
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 Herwiri++, Herwiri++/Powheg, Herwiri++/MC@NLO 

  -- running but still undergoing check-out   

 

 Pythia8(Tjorborn Sjostrand, Peter Skands) , in progress 

 

 Sherpa(JanWinter), in progress 
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• Important Technical Point on MC@NLO vs POWHEG 

Hardest Emission Sudakov in POWHEG uses full  O(s) 

emission result  (we follow 0803.0883) 

 

 

 

  must synthesize this with (1) as well 

  

  Some initial illustrative results follow first. 
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 HERWIRI1.031 -- PRD81 (2010) 076008: 
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• LHC DATA: CMS Rapidity & ATLAS PT Spectrum 

for Z/* Production 
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 Observations 

1. For the unimproved case, the data suggest that  

    we need  a GAUSSIAN  (intrinsic) 

    PTRMS   2.2 GeV 

  [ Herwiri1.031(blue line), Herwig6510(green 

line(PTRMS=2.2GeV)), MC@NLO/Herwiri1.031(blue 

squares), MC@NLO/Herwig6510(green squares 

(PTRMS=2.2GeV), green triangles(PTRMS=0))] 

( similar to what holds at FNAL) 

 2. This same shape is provided from fundamental 

principles by  the   MC@NLO/Herwiri1.031 with  

PTRMS   0 GeV ( similar to what holds at FNAL)  
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 Observations (Quantitative) 

1. Unimproved case, the respective 2 /d.o.f.’s  are 

    1.37, 0.70 (MC@NLO/Herwig6510(PTRMS=2.2GeV))  

    for the pT and rapidity data 

2. IR-improved case, the respective 2 /d.o.f.’s  are 

    0.72, 0.72 (MC@NLO/Herwiri1.031) for the pT and 

    rapidity data    

3. Unimproved case, the respective 2 /d.o.f.’s  are 

    2.23, 0.70 (MC@NLO/Herwig6510(PTRMS=0))  

    for the pT and rapidity data 
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 Which is Better for Precision QCD Theory? 

1.  Precocious Bjorken Scaling in SLAC-MIT 

Experiments:   already at Q2   1+ GeV2    

      PTRMS2  small compared to 1+ GeV2   

See R.P. Feynman, M. Kislinger and F. Ravndal, Phys. 

Rev. D3 (1971) 2706; R. Lipes, ibid.5 (1972) 2849;  

F.K. Diakonas, N.K. Kaplis and X.N. Mawita, ibid. 78 

(2008) 054023; K. Johnson, Proc. Scottish Summer 

School Phys. 17 (1976) p. 245; A. Chodos et al.,  

Phys. Rev. D9 (1974) 3471; ibid. 10 (1974) 2599; T. 

DeGrand et al., ibid. 12 (1975) 2060; …. – all have  

PTRMS2 << 1+ GeV2  
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•  Which is Better for Precision QCD Theory? 

 

 2. The first principles approach  is not subject  to 

arbitrary functional variation to determine its th 

 3. Experimentally, in principle, events in the two cases 

should look different in terms of  the  properties of the 

rest of the  particles  in the events – this is under study. 

 

Here, we show the following.  

      

  

   

       

 

 

 

 

 

 

 

  

 

   

 

 

    

     

       

 
 



For example: 2.2% Peak Effect  

9/26/2013 44 



9/26/2013 9/26/2013 45 

THEORY COMPARISON: FINER BINS -- 0.5GeV vs 3.0GeV 
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                OBSERVATIONS 

  * IR-Improved DGLAP-CS Theory   

     Increases Definiteness of Precision  

     Determination of  NLO Parton 

     Shower MC’s and Improves Such. 

  * More Potential Checks Against  

     Experiment Are Being Pursued. 
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 MORE THEORY COMPARISONS:ATLAS(1107.2381) 

 

 

 

 
 

                                                  

 

 

 

                                   



9/26/2013 48 

 

   

 

 MORE THEORY COMPARISONS:Hassani(EW Moriond,    

2013) – {                                } 
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                      Near Future 

  * Herwig++(soon, running , under  

     cross checks) 

  * Pyhtia 8,6 (w consultation from 

     Peter  Skands and Torbjorn  

     Sjostrand     

  * Sherpa (w consultation from Jan  

     Winter) 
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                      Near Future 

*New Observables: 
* (w pT cuts, etc.) 

*New Data: ATLAS & CMS,  

    EACH  >   107  lepton pairs 

      COMPLETE INTRINSIC PT TESTS    

*HERWIRI2.0 (w S.Yost, M. Hjena, V. Halyo)  

     HERWIG6.5  KK MC 4.22  

     KK MC 4.22 (w S. Jadach, Z.Was), 1307.4037 

                   … *MC@NNLO 
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                               KK MC 4.22 

  

 

 

 

 
 

   

 

 

  

                   v=1- s’/s  (EW lib. = DIZET6.21) 
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              Resummed Quantum Gravity 

    

    Recent Progress:  Cosmological  

     Constant   

   In Phys.Dark Univ. 2(2013)97, using  

      

      

   we show that we get the UV limit 

             k2GN(k) .0442 

 

 

  
 



9/26/2013 9/26/2013 53 

    

  and the scalar contribution to  as 

 

   

     

  for             . 

  A Dirac fermion gives -4 times  s. 

    UV limit  
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Comparison with EFRG(Reuter et al., Percacci et al, 

Litim ,….): 

Illustration(Laucsher&Reuter(PRD65(2002)025013))-- 

  UV Fixed Point: 
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    For  d=4,  cut-off  profile  

      R(0)(y) =  y/(ey -1), 

 
g*     /(13  2/144+55/24+) 

*    3(3)/(13  2/144+19/24 ) 

 

Evidently, for  appropriate    and R(0)(y) we can have 

qualitative agreement with our pure gravity results 

 g*    0.0533 

 *     -0.000189 
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              An Estimate of  : 

  Planck Scale Cosmology --
(Bonanno&Reuter(J.Phys.Conf.Series140(2008)012008)) 

Transition between Planck regime and 

classical FRW regime  at  

                    ttr   25tPl 
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we get (see Branchina&Zappala (G.R.Grav.42(2010)141)) 

 

 

 

 

 

 

 

 

Compare:  

     For teq = time of radiation matter equality     
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       CONSISTENCY CHECKS 

  * What About EW, QCD, GUT 

     Symmetry Breaking Scales? 

      

      

     

   

      

  
 

 Consider GUT symmetry breaking: 

 It gives  a MGUT 4 /(.01 MPl
4/64) < 10-6    

 correction, which we drop here.  

 The other breaking scales are even  

 smaller and hence their corrections  

 are even less significant in our result for 

  .    
 
 

 

 

 

 

 

 

B.F.L. Ward                                                                                                                     Mar. 4, 2013 
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       CONSISTENCY CHECKS 

  * What About  BBN Constraint? 

      

      

      

     

   

      

  
 

 B-R BDY CONDITION: H(ttr-)=H(ttr+) 

  Gauge Transformation Between Planck  

 Scale Regime and usual FRW Regime 

 B-R: tt’=t-tas  /ttr = 1/(2(ttr-tas)) 

  tas = (1-1/(2))ttr  , with ttr = /MPl   ,  

   =25.  

 RQG: tt’=t, as part of a dilatation  

 /ttr = 1/(2ttr)  =1/(2) 
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       CONSISTENCY CHECKS 

  * What About  SUSY GUTS? 
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       CONSISTENCY CHECKS 
  * What About  SUSY GUTS? 
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       CONSISTENCY CHECKS 
  * What About  SUSY GUTS? 
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                CONCLUSIONS 

  * Herwiri1.031 Just as General  

     Herwig6.5, No Tweaking, Should  

     Be Better in IR Due to Bloch-  

     Nordsiek Effect – Await New Data 

  * Real Progress on   in QFT 

     (Resummed Quantum Gravity Realization of  

         Feynman’s Approach Einstein-Hilbert Theory) 

  
 


