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Outline
1)  Some Special Topics
2)  PV Weak Neutral Currents
     (Past, Present and Future)

                            Theme 
          Testing the Standard Model 
                            and 
             Seeking “New Physics”
  (see theory talks by J. Erler and M. Ramsey-Musolf)
          LHC by M. Schmitt






1) Special Topics
 i) Electric Dipole Moments:(Violate P & T)
    R. Timmermans (No Visa))
    M. Ramsey-Musolf (New Physics Motivation)
    Matter-Antimatter Asymmetry  New CP Violation
   Supersymmetry, Higgs etc. Suggest Observable EDMs
           New Experiments Highly Motivated!
    dn, dAtoms (de, dp, dn), dmol… dp, dD, d (storage rings)
     
      B. Heckel    dHg<3.1x10-29ecm (95% CL)!
      Very Impresssive Constraint on “New Physics”







Griffith, Swallows, Loftus, Romalis, Heckel & Fortson
PRL102, 101601 (2009)
	Some Implications of dHg<3.1x10-29ecm


   dqcolor(cm)<6x10-27     Best
   dp(ecm)<7.9x10-25    Best
   dn(ecm)<5.8x10-26    ( Direct <2.9x10-26)
     QCD<3x10-10                 (n: <1x10-10)
    de(ecm)<3x10-27         (Tl: <1.6x10-27)
   Further dHg Improvement 3-5 Expected!
   Other Future Exps, direct dn, dp, dD <10-28ecm!
      






ii) Nuclear and Neutron Beta Decays
     N. Severijns: Overview(?)
     H. Abele: Neutron Decay (PV Asymmetries)
    
  Vud =0.97425(22) Superallowed 0+0+ (Hardy & Towner 2008)
          0.9719(17) T=1/2 Mirror (Naviliat-Cuncic & Severijns 2009)
          0.9749(26) +0e  (Pocanic et al 2004)
  
  Vus = 0.2253(9)   Kl & K++ Decays (Kaon Revolution)

     CKM Unitarity:Vud2+Vus2+Vub2=0.9999(4)(4)!
                







 
   CKM Unitarity:Vud2+Vus2+Vub2=0.9999(6)
    Outstanding agreement with 1! (Without RC 1.039!)
    Radiative Corrections Tested at 60 sigma level!
    Some Current Implications:
    B(+e+e)<0.001       wrong neutrinos
     comp.>30TeV                  compositeness
     mW*    >2-6TeV                 Kaluza-Klein Excitations
     mH>5.6tanGeV             type II 2Higgs Doublet
     SUSY Loops (see Ramsey-Musolf Talk)
       etc.
    What if LHC sees a 2-3TeV W* or 150 GeV H+…?







 Neutron Beta Decay:  npee  (H. Abele)
      Measure n and gA  GA/GV, Alphabet Parameters
          Vud2= 4908.7(1.9)sec    (V&A Interactions)
                      n(1+3gA2)
       PDG nave=885.7(8)sec, gAave=1.2695(29) 
                      Vudave=0.9746(4)n(18)gA(2)RC

            Most recent 878.5(8)sec?  gA1.2763(8)!
             (Are n & gA both shifting?)
    History gA=1.181.231.251.261.271.2763?
             
              0+0+ Nuclear Beta Vud=0.97425(22)  (Vector)
   CKM Unitarity Test Needs Neutron Beta Decay Confirmation
            Many New n & gA Experiments Planned 
          






Some Implications of larger gA=1.2763(8)
	Affects primordial nucleosynthesis
	Affects solar neutrino flux
	Affects spin content of the proton
	(Bjorken sum rule  gA)
	Affects extraction of gp(muon capture)

                             gpexp=8.08.2 (H,He)
                      Exact Agreement with ChPert.Th!







iii) Neutrino Physics (E. Kearns Overview)
    S. Linden (neutrino cross-sections)
     Osc.2345,1234 
       m322=2.4x10-3eV2   m212=8x10-5eV2   
     Important Issue: sin2213=? (<0.15)
     New Reactor and Accelerator Experiments
                   0.008 Sensitivity
     (some exp. preference sin22130.03, 135)
                      Very Interesting Possibility
 Future:  Hierarchy, Precision, CP Violation e vs e
                            Very Long Baselines (eg FNAL-Homestake)

        CP Violation and Lepton Number Violation
              Leptogenesis Requirements
   









Neutrinoless Double Beta Decay
NN’e-e-   (H. Ejiri talk)
	Implies Lepton Number Violation L=2
	Suggests Leptogenesis Matter-Antimatter Asy.Baryogenesis
	Majorana Neutrinos =c Mass?
	Many New Experiments Planned

   (Several Generations likely required)
    Variety of Nuclei Needed
    Better Nuclear Theory Needed






iv) Nucleon EM Form Factors
	Surprising discovery: GE/GM behavior

   Many new experiments at high & low Q2
      Box diagrams under scrutiny
    Difference of e+ and e- scattering important
    Potentially useful for Z Box Analysis in
    Qweak and Strangeness Tests

  see talks by: M. Kohl, J. Bernauer, 
                       A. Afanasev, J. Mammel,
                        D. Rios








v) Muon Physics
Muon anomalous magnetic moment
a(g-2)/2   D. Hertzog












 E821 at BNL: Final Results
    
    
	aexp  (g-2)/2 =116592080(54)stat(33)sysx10-11
                                     =116592080(63)x10-11

	Factor of 14 improvement over CERN results


   Proposed Fermilab Experimental Goal: another factor 4 improvement
        
           “The Last Muon g-2 Experiment?”
                        
	







Standard Model Prediction
               aSM = aQED+aEW+aHadronic

 aQED=116584718.1(2)x10-11  Very Precise

 aEW=154(2)x10-11  Non Controversial (2 loop)

 aHad=6901(42)(18)(26)x10-11 Somewhat Controversial 
       
       aSM=116591788(2)(46)(26)x10-11








    Comparison of Experiment and SM

	a=aexp-aSM=307(63)exp(53)SMx10-11 (3.7!)
This is a very large deviation!
Remember, the EW contribution is
only 154x10-11

New Physics 2x Electroweak!

    Why hasn’t it shown up in other places?








                           Supersymmetry   
 
Most Natural & Likely Explanation: SUSY Loops
Generic 1 loop SUSY Conribution (+QED): 

aSUSY= (sgn)130x10-11(100GeV/msusy)2tan
tan 2/1~3-40, 
msusy200-500GeV Natural!

Experiment favors sgn0!  (Half of all models)

asusy=307(82)x10-11msusy~200-500GeV
                                     tan large 10-40



 






SUSY 1 loop a Corrections









	SUSY Loops are like EW, but depend on:

   ( see M. Ramsey-Musolf)

	2 spin 1/2 - (charginos)
	4 spin 1/2 0 (neutralinos) including dark matter
	3 spin 0 sneutrinos and sleptons with mixing
	 Enhancement tan=2/1

Implications: sgn0  (dark matter searches easier)
                      
                      SUSY at LHC very likely
      bs, e, mu2e edms Good Bets







	New Physics in Chiral Changing Interactions

                     LR  Dipole Moments
	Push edm exps: de, dn, dp,dD, datoms, d

             Transition Moments: e PSI
               (see J. Miller’s talk) NeN FNAL
If LHC finds SUSY, a measures tan
Whatever LHC finds, a complementary

Move g-2 storage ring to Fermilab
Muon Community & Mu2e Exp. + Project X                                 could lead to +- Collider!(s=mH,0.5,2TeV)







 

 “The deviation in a could be to Supersymmetry   what the anomalous precession of the perihelion of  Mercury was for General Relativity”
                                           J. Marburger
                                   Former Presidential Science Advisor
                                                             (Former BNL Director)
                                     








2)  PV Weak Neutral Currents
     (Past, Present and Future)
	Ancient History: By 1975 the SU(2)LxU(1)Y

   Weinberg-Salam Model was nearly established
   Predicted Weak Neutral Currents seen in neutrino scattering at CERN! But did NC have the right coupling?  Zff (T3f-2Qfsin2W -T3f5)

               A New Form of Parity Violation!
                  Non Maximal but Distinctive
    -Z Interference  Parity Violation Everywhere!
         (Hadronic PV: see talk by B. Holstein) 






Atomic Parity Violation (APV)
	QW(Z.N) =Z(1-4sin2W)-N      Weak Charge

                                                   W=Weak Mixing Angle
     QW(p)=1-4sin2W0.08
     QW(209Bi83) = -43 -332sin2W =-126
      Bi Much Larger but Complicated Atomic Physics
      Originally APV not seen in Bi  SM Ruled Out?

    1978 SLAC Polarized eD Asymmetry (Precott, Hughes…)
              ARL= R-L/R+L  ~ 10-4 Predicted
          Exp. Gave ALRexp=1.5x10-4sin2W=0.21(2)







    Confirmed SU(2)LxU(1)Y SM!
     ±10% Determination of sin2W  Precision!
     Seemed to agree with GUTS (SU(5), SO(10)…)
      sin2W=3/8 at unification =mX2x1014GeV

       sin2W(mZ)MS=3/8[1-109/18ln(mX/mZ)+…]
                             0.21!
      But later, minimal SU(5) ruled out by proton decay
       exps (pe+)>1033yr mX>5x1015GeV

       SUSY GUT Unification mX1016GeV
                                                 p1035yr
                               sin2W(mZ)MS=0.232






1980s - Age of  EW Precision
  sin2W needed better than 1% determination
   Renormalization Prescription Required 
   EW Radiative Corrections Computed 
   Finite and Calculable: DIS N, ve, APV (A. Sirlin &WJM)
                                         mZ, mW,Z, ALR, AFB
    Define Renormalized Weak Mixing Angle: sin2WR

  sin2W1-(mW/mZ)2               On Shell Definition, Popular in1980s
                                            Induces large (mt/mW)2 corrections
                                            Now Largely Abandoned

 sin2W()MSe2()MS/g2()MS   Good for GUT running
                                                  No Large RC Induced
                                                                           Theoretical Nice/ But Unphysical










    sin2Wlep  =  Z coupling at the Z pole
                       very popular at LEP
                   = sin2W(mZ)MS+0.00028 (best feature)
     
    sin2W(Q2) =  Physical Running Angle
                          Continuous                          
                          Incorporates Z mixing loops
      Other Definitions Possible
       World Average: sin2W(mZ)MS=0.23125(16)
       Best measurements at the Z Pole

                           








Best Determinations
sin2W(mZ)  = 0.23070(26)                ALR      (SLAC)
 sin2W(mZ) = 0.23193(29)            AFB(bb) (CERN)
                               (3 sigma difference?)
 Indirect
sin2W(mZ) = 0.23104(15)   from  mW=80.398(25)GeV

                    sin2W(mZ)MS                        S             ND(new doublets)
  Average       0.23125(16)         +0.11(11)        2(2)
  ALR                      0.23070(26)             -0.18(15)       (SUSY)
  AFB(bb)        0.23193(29)           +0.46(17)        9(3)! Heavy Higgs

Very Different Interpretations. We forgot to nail sin2W(mZ)MS








What about low energy measurements?
	DIS  Scattering: R(NX)/(NX)

    mt heavy, sin2W(mZ)MS=0.233SUSY GUTS
               NuTeV sin2W(mZ)MS=0.236(2) High

APV  (seen in Bi, Tl…), More Recent: Yb (D. Budker)

1990 QW(Cs)exp=-71.04(1.38)(0.88)     C. Wieman
         Electroweak RC Required & Better Atomic Th.
1999 QW(Cs)exp=-72.06(28)(34)
2008 QW(Cs)exp=-72.69(28)(39)sin2W(mZ)MS=0.2290(22)
                                                                                little low






E158 at SLAC Pol eeee (K. Kumar talk)
Last HEP Hurrah at SLAC
               APV=-131(14)(10)x10-9    
 sin2W(mZ)MS=0,2329(13)  slightly high
     Best Low Energy Determination
  
   Together APV(Cs) & E158 sin2W(Q2) running

  Constrain “New Physics”  eq mZ>1TeV  (J. Erler talk)
          Many other scenarios (M. Ramsey-Musolf)















Other ALR Experiments
   Strange Quark Content Program: Bates, JLAB, MAMI
 see talks by: D. Armstrong, S.Baunack, K. Paschke, W. Weise,
                      B. Kubis, J. Schaub, L. Capozza, F. Benmokhtar
Proton strange charge radius and magnetic moment consistent with 0.  Axial Vector effects and RC  cloud strangeness.
PREX Experiment: Neuton distribution (R. Michaels)
Preparing the way for future experiments, pushing technology and instrumentation, polarization 
(talks by M. Pitt, K. Autenbacher, G. Cates, E. Chudakov, G. Smith, J.Diefenbach,W. Deconinck)                             
 Hadronic PV Experiments Many Elegant Exps.
 see talks by B. Holstein, C. Crawford, M. Schindler, M. Snow






Recent Developments
	2009 QW(Cs)=-73.16(29)(20) Porsev, Beloy, Derevianko

    sin2W(mZ)MS=0.2312(16) Right on SM Average Value
Powerful Constraint on New Physics eg S =0.00.4, mZ>1.2TeV
                  (World Average S=0.10.1)
  
      QW(Yb) Measured - Isotopes Ratio + PREX exp to follow

                 QWEAK exp at JLAB being prepared (S. Page)
Willl measure forward ALR(epep), E=1.1GeV, Q20.03GeV2
Goal sin2W(mZ)MS=0.0008 via 4% measurement of ALR
                 Will be best low energy measurement






The Gorchtein - Horowitz Problem (PRL)
	Z box diagrams: O(2/E/mp) 6%QW(p)!

   RC Estimate needs to be checked
    Proposed Qweak Uncertainty < 2%?
    JLAB Flagship experiment (threatened?)
 
 Future Efforts:  Polarized Moller at JLAB (K. Kumar)
                          sin2W(mZ)MS=0.0002!
                          Comparable to Z pole studies
ALR in DIS eN  at 6 GeV (talk by X. Zheng)







	Possible Hydrogen APV Exp (clean but hard)

   See talks by R. Dunford and M. de Kieviet

    12GeV eN DIS ALR (P. Souder)

     Further Future EIC ( A. Deshpande talk)
     need high luminosity 1035cm-2sec-1
         for ALR and sin2W(mZ)MS precision      









                  
                   Have a safe trip home
                                 and
                    
                   Remember The Maine

     (With apologies for topics not covered)






