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                         Preface 

     Why Do We Still Need the LHC?    

Crucial Step Toward Resolving 

Fundamental Outstanding Issues: 

- Big and Little Hierarchy Problems 

- Number of  Families 

- Fermion  Masses 

- Baryon Stability 

- Union of QM & Gravity 
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- Origin of CP Violation 

- Origin of Lambda 

- Dark Matter, ….. 

Much Theory Effort: New Physics – 

    Still on the Table 

  *String Theory: Solves Everything in  

    Principle but Trouble in Practice –  

     >  10500 candidate “solutions”! 
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*String Inspired Theory:  

   -- Large Extra Dimensions 

   -- KK Excitations, … 

* MSSM,  

* D(EW)SB, 

* ANTHROPICITY 

* NEW PARADIGMS   

       NEW DEVICES: 
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* NEW PARADIGMS: 

 1005.3394(EPJC71(2011)1686) -- 3 or more 

   New Heavy Families w SM quarks-New  

   Leptons, SM leptons-New Quarks:  

   MGUT ~100TeV, proton stable, 

   coupling unification,…   TLEP, VLHC,… 

 1008.1046 -- RQG  w Asymptotic Safety  

      (2.40  10-3 eV)4  FOR SUSY,  

   FLIPPED COPY  TLEP, VLHC,… 

 1010.1415 – Classicalons, …. 

 1304.3464 – Higgsogenesis …. 
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** CURRENT STATUS AT LHC 

     (De Roeck-LP13): BEH Boson 

 

 

 

      

    

     

    

     

                      (Englert, Higgs: Nobel Prize, 2013) 
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** CURRENT STATUS AT LHC 

     (Owen - LP13): BSM Higgs 

 

 

 

      

    

     

    

     

                       

                  (Still Alive – See Pokorski’s Talk!) 
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** CURRENT STATUS AT LHC 

     (Owen - LP13): BSM Higgs 

 

 

 

      

    

     

    

     

                       

                  (Still Alive – See Pokorski’s talk!) 
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** CURRENT STATUS AT LHC 

     (Rappoccio - LP13): BSM -- General 

 

 

 

      

    

     

    

     

                       

                  (Still Alive – See Pokorski’s talk!) 
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** HOW ARE THESE RESULTS 

     OBTAINED?  

     COMPARISON OF THEORY   

     AND EXPERIMENT  FUTURE 

      1. PRECISE  BEH STUDIES 

      2. PRECISE BSM STUDIES 

      3. DISCOVERY??? 

 

 

     

 
 



    ** PRECISE BEH PHYSICS(De Roeck, LP13) 

                The Decay H → ZZ → 4l 

Significance is well over 6 standard deviations in this channel 

/SM  at 125.7 GeV = 0.92  0.28 p-value:    Expected:    7.1σ 

                   Observed:     6.7σ 
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** PRECISE  BEH STUDIES(Jakobs-LP13)   
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              ** 10-12% th  vs  ~20% expt  

 OK for NOW 

 BUT, (WELLS, LP 2013)  300 fb-1   by  2021   

        th   3.2%  NEEDED 

     1. PRECISION  SM THEORY 

     2. PROVABLE  PRECISION TAG, IN 

         ANALOGY WITH WHAT WAS DONE 

         FOR LEP : See  H. Anlauf et al., CERN  

         96-01, v. 2. , eds. G. Altarelli et al.,  

         p229; S. Jadach et al., Phys.Lett. B 450  

         (1999) 262; G. Montagna et al.,ibid. 459   

                (1999) 649, and references therein. 

                     THERE ARE MANY! 
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 ** PRECISE  BSM STUDIES(Owen-LP13) 
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 ** PRECISE  BSM STUDIES(Owen-LP13) 
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       ** PRECISE  BSM STUDIES 

 

   CURRENTLY,  

             expt ~3.4%   & th ~ 2.8%  

   

 With 300 fb-1 , to get similar return on 

data  we need    

                th   1%     

                  Precision  Theory  for both   

                               QCD  and  EW        
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   ** PRECISE  BSM STUDIES(Rappoccio-LP13) 

 Quark 

 Partners      
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       ** PRECISE  BSM STUDIES 

 

   CURRENTLY,  

             expt ~10%   & th ~ 10% ,   

              with  limits at  ~.7TeV   

 With 300 fb-1 , to get similar return on 

data  we need    

                th   2%     

                 Precision  Theory  for both   

                               QCD  and  EW        
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    ** PRECISE  BSM STUDIES(Hoecker-LP13) 
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       ** PRECISE  BSM STUDIES 

 

   CURRENTLY,  FOR Emiss
T   75GeV 

             expt ~25%   & th ~ 40%    

              

 With 300 fb-1 , to get similar return on 

data  we need    

                th   10%     

                 Precision  Theory  for both   

                               QCD  and  EW        
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    ** PRECISE BSM STUDIES(Nojiri-LP13) 
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     ** PRECISE BSM STUDIES(Nojiri-LP13) 
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     ** PRECISE BSM STUDIES(Nojiri-LP13) 

 

                 

Nojiri: 
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      ** PRECISE BSM STUDIES 

 

 1.  Conclusive results  More precise theory 

 

  2. Transverse Degrees of Freedom Essential 

 

          a.  Precise Predictions  

       

          b.  Event-by-event Realization 

 

             Exact Resummation Methods in the MC 
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                ** DISCOVERY? 

 

           DISCOVERY  STRICT CONTROL of 

 

           Transverse Degrees of Freedom  

 

              Exact Resummation Methods in the MC, 

                 for both QCD and EW Higher Order   

                 Effects 

  

                 WHERE ARE WE (ON THIS)? 
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                ** WHERE ARE WE? 

 

           We use the production of  (Z/*,W) +jets, 

           as the precise data on from AYLAS/CMS on 

           (Z/*,W) production and ecay to lepton pairs,  

           more than 107 events/experiment, is still not  

           released to the public at this writing. 

 

           Let us look at the next plot, made by ATLAS 

           as presented by Hoecker (LP13)  
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** Precision Studies (Hoecker-LP13) 
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                 WHERE ARE WE? 

            SOME OBSERVATIONS 

 FOR THIS  LEADING pT, WE NEED HIGHER 

LEGS IF pT > 50 GeV 

 MC@NLO  OK  for Njet = 0,1 in  (Z/*+Njet  jets)   

 FOR LARGE FRACTION OF  DATA , 

                 pT < 50 GeV 

  FOR LARGE FRACTION OF  DATA , 

                  Njet = 0,1 

        For normalized distributions, we must   

                understand  the th   in the regime  

                pT < 50 GeV,  Njet   0 
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                 WHERE ARE WE? 

       TESTING THE THEORY IN THIS REGIME 

 The  107  SAMPLES  at ATLAS/CMS  NEEDED 

 RESUMMATION ESSENTIAL:  

           1. PARTON SHOWER/ME MATCHED 

               EXACT NLO(MC@NLO, POWHEG, etc.) 

                , phys  10% 

            2. CSS RESUMMATION, 

                RESBOS,  phys  O(QT/Q)  5% 

            3. SCT/SCET RESUMMATION,  

                 phys  𝝀 = 𝚲/𝑸  5% 

            4. EXACT AMPLITUDE-BASED QEDQCD  

                RESUMMATION, phys 1% POSSIBLE 
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                         WHERE ARE WE? 

 Standard Resummations, 

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

      

    
𝒅𝝈

𝒅𝑸𝟐𝒅𝒚𝒅𝑸
𝑻
𝟐 ∼

𝟒𝝅𝟐𝜶𝟐

𝟗𝑸𝟐𝒔
  

𝒅𝟐𝒃

𝟐𝝅 𝟐 𝒆
𝒊𝑸

𝑻
∙𝒃  𝒆𝒋

𝟐𝑾 𝒋𝒋 (𝒃∗; 𝑸, 𝒙𝑨, 𝒙𝑩) 

                                    𝒆 − ln(𝑄2/𝑸
𝟎
𝟐)𝒈𝟏(𝒃)−𝒈𝒋 𝑨 (𝒙𝑨,𝒃)−𝒈𝒋/𝑩(𝒙𝑩,𝒃)      

                                    +𝒀(𝑸𝑻; 𝑸, 𝒙𝑨, 𝒙𝑩)   

   

  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,… 

      SCT/SCET HAVE ANALOGOUS FORMULA 
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                  WHERE ARE WE? 

  IN 

      

       

 

 

 Resummed Collinear Evolution  {Fi} 

 Soft  Resummation (non-coll. )    


ji

resji dxFxFdxdxd
,

2121
ˆ)()( 

d res
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                    WHERE ARE WE? 

  FOR QEDQCD RESMN 
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 Shower/ME Matching: 

 

 

 

 IR-Improved DGLAP-CS Theory: 

    New resummed scheme for PAB, reduced cross 

section -- 

 

    

residuals   subtracted-shower  ,
~̂~

,, nmnm  

  stability.  MC  improved   with, for  value  same  the  giving

 etc., CPP
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WHERE ARE WE? 
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Illustration for Union with MC@NLO: 

𝑑𝜎𝑀𝐶@𝑁𝐿𝑂 = 𝐵 + 𝑉 +  (𝑅𝑀𝐶−𝐶)𝑑Φ𝑅 𝑑Φ𝐵 

 

Δ𝑀𝐶 0 +  
𝑅𝑀𝐶

𝐵
Δ𝑀𝐶 𝑘𝑇 𝑑Φ𝑅 + 𝑅 − 𝑅𝑀𝐶 Δ𝑀𝐶(𝑘𝑇)𝑑Φ𝐵𝑑Φ𝑅 

 Sudakov FF 

  ∆𝑀𝐶 𝑝𝑇 = 𝑒
−  𝑑Φ𝑅

𝑅𝑀𝐶 Φ𝐵,Φ𝑅
𝐵

𝜃(𝑘𝑇 Φ𝐵,Φ𝑅 −𝑝𝑇)                               
        1

2
 𝛽  
 

0 = 𝐵 + (𝐵 Δ𝑀𝐶 0 )  𝑅𝑀𝐶 𝐵 Δ𝑀𝐶 𝑘𝑇 𝑑Φ𝑅    

              1
2
 𝛽  
 

1 
= 𝑅 − 𝑅𝑀𝐶 − 𝐵𝑆 𝑄𝐶𝐷 

 for 

                      𝐵 = 𝐵 1 − 2𝛼𝑠ℜ𝐵𝑄𝐶𝐷 + 𝑉 +  𝑅𝑀𝐶 − 𝐶 𝑑Φ𝑅  

 

         

 

 

 

 

WHERE ARE WE? 
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                 WHERE ARE WE? 

  NLO PAB   Exclusively(Jadach et al.): 

        Proof of the concept for non-singlet NLO 

       DGLAP --  
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                    WHERE ARE WE? 

  NLO PAB   Exclusively(Jadach et al.): 

        Proof of the concept for non-singlet NLO 

       DGLAP –  
Similar Results 

for FSR. More  

insertions & virt. 

corrections:  

see in 1310.6090, 

1310.7537 
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 THEORY COMPARISONS:ATLAS(1107.2381) 

 

 

 

 
 

                                                  

 

 

 

                                   

 WHERE ARE WE? 
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 THEORY COMPARISONS:Hassani(EW Moriond,    

2013) – {                                } 
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• LHC DATA: CMS Rapidity & ATLAS PT Spectrum 

for Z/* Production vs ERQCD(IRI-DGLAP-CS in MC 

Herwiri1.031)  

 

 

  

 

   

 

 

    

     

       

 
 

         WHERE ARE WE? 
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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  
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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. 

   

   

 

 

  
 



1/7/2014 1/7/2014 47 

              

 

 

                      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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                               KK MC 4.22(phys TEST) 
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KK MC 4.22: physics extensions, PDF’s 
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KK MC 4.22: physics extensions, PDF’s  

 

 

 

 

 

• NON-ZERO PT  H.O. EW CORRECTIONS, 

    .2% = th  
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                OUTLOOK 

  * OTHER EFFORTS TO IMPROVE  

     RESUMMATION IN PROGRESS: 

     EW  COLLINEAR REGIME – BARZE ET AL., … 

  * NEW NLO and NNLO RESULTS: multi-leg, 𝑡𝑡 , … 

 * WHAT WE CAN SAY IS THIS: 

    FULL EXPLOITATION OF LHC DISCOVERY 

      POTENTIAL WILL NEED SUCH EFFORTS 
 


