
Precision	
  Study	
  of	
  Electroweak	
  Interac6ons	
  
at	
  the	
  Energy	
  Fron6er	
   	
  	
  	
  	
  

Two	
  main	
  topics:	
  

1)	
  Electroweak	
  precision	
  physics	
  

2)	
  Non-­‐standard	
  interac6ons	
  of	
  EW	
  gauge	
  bosons	
  in	
  mul6-­‐boson	
  processes	
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  of	
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  EW	
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  with	
  workshop	
  results	
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1.  MW	
  and	
  sin2θeff:	
  precision	
  measurements	
  and	
  SM	
  
predic6ons	
  -­‐	
  updates	
  

2.  EWPOs	
  in	
  the	
  pMSSM-­‐	
  update	
  

3.  EWPOs	
  and	
  Z’	
  –	
  planning	
  4	
  TeV	
  Z’	
  predic6on	
  
4.  S,T,U	
  and	
  BSM	
  physics	
  –	
  planning	
  2HDM	
  with	
  125	
  GeV	
  

light	
  Higgs	
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1)	
  Electroweak	
  precision	
  physics	
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Current	
  and	
  an6cipated	
  uncertain6es	
  in	
  the	
  measurement	
  of	
  
sin2	
  θeff	
  at	
  the	
  LHC:	
  

Δ	
  sin2	
  θeff	
  [10-­‐5]	
   ATLAS	
  	
  
7	
  TeV	
  
	
  4.8	
  9-­‐1	
  

CMS	
  	
  
7	
  TeV	
  
	
  1.1	
  9-­‐1	
  

	
  LHC	
  
	
  8	
  TeV	
  
20	
  9-­‐1	
  

LHC	
  
	
  300	
  9-­‐1	
  

LHC	
  
	
  3000	
  9-­‐1	
  

PDF	
   70	
   130	
  

H.	
  o.	
  correc6ons	
   20	
   110	
  

Other	
  systema6cs	
   70	
   181	
  

Sta6s6cal	
   40	
   200	
  

Total	
   108	
   319	
  

ATLAS	
  analysis	
  presented	
  by	
  Regina	
  Caputo	
  on	
  Sunday	
  -­‐	
  	
  
	
  Experience	
  from	
  ATLAS	
  and	
  CMS	
  analyses	
  will	
  be	
  used	
  to	
  project	
  uncertain6es	
  
	
  to	
  larger	
  datasets	
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Current	
  and	
  an6cipated	
  uncertain6es	
  in	
  the	
  measurement	
  of	
  
MW	
  and	
  sin2	
  θeff	
  at	
  lepton	
  colliders:	
  

Slide	
  from	
  Graham	
  Wilson’s	
  talk	
  on	
  Tuesday:	
  exploring	
  scenarios	
  for	
  MW	
  at	
  ILC	
  with	
  
threshold	
  scan	
  
Also	
  exploring	
  methods	
  of	
  reducing	
  beam	
  energy	
  calibra6on	
  error	
  to	
  ~2	
  MeV	
  on	
  MW	
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From	
  C.Schwinn’s	
  talk	
  on	
  Tuesday:	
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Slide	
  from	
  G.Moortgat-­‐Pick’s	
  talk	
  on	
  ILC	
  physics	
  on	
  Sunday:	
  

	
  factor	
  of	
  10	
  
befer	
  than	
  
LEP/SLC	
  



Words	
  of	
  cau6on:	
  

1.	
  TLEP	
  will	
  have	
  5.104	
  more	
  luminosity	
  than	
  LEP	
  at	
  the	
  Z	
  peak,	
  5.103	
  at	
  the	
  	
  
W	
  pair	
  threshold.	
  	
  
Predic6ng	
  achievable	
  accuracies	
  with	
  sta6s6cal	
  errors	
  decreasing	
  by	
  	
  
250	
  is	
  very	
  difficult.	
  The	
  study	
  is	
  just	
  beginning.	
  	
  

Quote	
  from	
  TLEP	
  presenta6on	
  by	
  Alain	
  Blondel	
  on	
  Sunday:	
  

Given	
  enormous	
  sta6s6cs,	
  TLEP	
  has	
  poten6al	
  which	
  needs	
  careful	
  study	
  to	
  quan6fy:	
  

Possibili6es:	
  	
  
	
   	
  Rb	
  improved	
  by	
  factor	
  of	
  10	
  beyond	
  LEP	
  
	
   	
  ALR	
  	
  depends	
  on	
  longitudinal	
  polariza6on	
  
	
   	
  MW	
  approaching/surpassing	
  1	
  MeV	
  using	
  threshold	
  scan	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  …	
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  An6cipated	
  uncertain6es	
  in	
  the	
  predic6ons	
  	
  of	
  MW	
  and	
  sin2θeff:	
  

Ayres	
  Freitas’	
  talk	
  on	
  Monday:	
  based	
  on	
  future	
  calcula6ons	
  of	
  3-­‐loop	
  
contribu6ons	
  

Δmtop=	
  
0.3	
  GeV	
  

Δ(Δαhad)=	
  
5.5	
  x	
  	
  10-­‐5	
  

ΔMZ	
  

=2.1	
  MeV	
  
missing	
  	
  
h.o.	
  corr.	
  

Total	
  

ΔMW	
  [MeV]	
  	
   1.8	
   1.0	
   2.6	
   2.0	
  -­‐>	
  1.0	
   3.9	
  

Δsin2	
  θeff	
  [10-­‐5]	
   0.9	
   1.9	
   1.5	
   2.0	
  -­‐>	
  1.0	
   3.3	
  



1.2)	
  EWPO	
  in	
  the	
  pMSSM	
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From	
  S.Heinemeyer’s	
  talk	
  on	
  Monday:	
  

From	
  S.Heinemeyer’s	
  talk	
  on	
  Monday	
  

I	
  

Points:	
  24	
  Snowmass	
  pMSSM	
  benchmarks	
  

Effect	
  of	
  new	
  
physics:	
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From	
  P.	
  Roloff’s	
  talk	
  on	
  Sunday:	
  

Ac6on	
  item:	
  transla6on	
  between	
  different	
  parameteriza6ons	
  to	
  be	
  included	
  in	
  theory	
  White	
  paper	
  



Slide	
  from	
  O.	
  Eboli’s	
  talk	
  on	
  Sunday:	
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Study	
  of	
  aQGCs	
  in	
  the	
  presence	
  of	
  resonances	
  at	
  the	
  LHC	
  presented	
  by	
  J.	
  Reuter	
  on	
  
Tuesday.	
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VBS	
  WZ	
  -­‐>	
  tri-­‐leptons	
  at	
  HL-­‐LHC	
  and	
  HE-­‐LHC	
  
using	
  Snowmass	
  Delphes	
  fast	
  simula6on:	
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From	
  Shu	
  Li’s	
  talk	
  on	
  Sunday	
  



Tri-­‐boson	
  produc6on	
  at	
  HL-­‐LHC	
  and	
  HE-­‐LHC	
  
using	
  lepton-­‐photon	
  final	
  states	
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Zγγ	
   WWW	
  

From	
  Shih-­‐Chieh	
  Hsu’s	
  talk	
  on	
  Sunday	
  	
  

Using	
  Snowmass	
  Delphes	
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Summary	
  by	
  Shih-­‐Chieh	
  Hsu	
  and	
  Shu	
  Li	
  	
  



Summary	
  

•  Many	
  thanks	
  to	
  all	
  contributors!	
  	
  

•  Plenty	
  of	
  new	
  work	
  shown	
  and	
  discussed	
  at	
  this	
  
workshop.	
  

•  Please	
  contact	
  us	
  with	
  comments	
  and	
  sugges6ons	
  –	
  and	
  
send	
  us	
  your	
  contribu6ons	
  to	
  Snowmass	
  Proceedings	
  

•  We	
  plan	
  to	
  send	
  the	
  drat	
  to	
  the	
  EW	
  working	
  group	
  
mailing	
  list	
  in	
  2-­‐3	
  weeks.	
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