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  “However,	
  if	
  an	
  efficient	
  tagging	
  of	
  the	
  bb	
  	
  
final	
  state	
  is	
  performed,	
  this	
  may	
  not	
  be	
  the	
  	
  
case.	
  Table	
  19	
  shows	
  that	
  the	
  rate	
  of	
  eeàbbl+l−	
  	
  
is	
  significantly	
  modified	
  if	
  the	
  Higgs	
  is	
  present.	
  	
  
More	
  study	
  is	
  needed	
  -­‐	
  and	
  is	
  worthwhile-­‐	
  	
  
since	
  the	
  presence	
  of	
  a	
  scalar	
  in	
  the	
  vicinity	
  of	
  	
  
mZ	
  has	
  been	
  advocated.	
  This	
  would	
  again	
  be	
  an	
  	
  
argument	
  in	
  favour	
  of	
  effecUvely	
  reaching	
  	
  
√s=	
  200	
  GeV	
  at	
  LEP.”	
  

reach	
  MH	
  =	
  √s	
  −100	
  GeV	
  	
  	
  	
  	
  	
  	
  adding	
  the	
  4	
  expts,	
  more	
  channels,	
  more	
  work	
  à	
  	
  MH	
  =	
  √s	
  −	
  MZ	
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  PDG	
  88	
  In	
  summary	
  the	
  only	
  cast-­‐iron	
  constraint	
  on	
  the	
  Higgs	
  mass	
  Is	
  MH>14MeV.	
  	
  
TheoreUcal	
  arguments	
  and	
  bounds	
  from	
  B,	
  Y	
  and	
  K	
  decays	
  probably	
  excludes	
  the	
  range	
  below	
  4	
  GeV	
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  200	
  
Presented	
  by	
  Sau	
  Lan	
  Wu	
  
ECFA	
  Workshop	
  on	
  LEP	
  200,	
  	
  
Aachen	
  1986	
  	
  	
  	
  	
  CERN-­‐EP/87-­‐40	
  
	
  

POSSIBILITIES	
  FOR	
  THE	
  FUTURE	
  OF	
  LEP	
  	
  	
  	
  
Ecole	
  d’été	
  de	
  PN	
  et	
  PP,	
  LAPP,	
  sept.1989	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  CERN-­‐EP/90-­‐30	
  
	
  

P.Janot,	
  
LAL/92-­‐27	
  	
  

J.Alcaraz	
  et	
  al	
  
CERN-­‐PPE/93-­‐28	
  

J/Ψ	
  74	
  Tau	
  75	
  KM	
  73	
  
	
  	
  	
  Charm	
  76	
  	
  	
  	
  	
  Y	
  77	
  

	
  



check	
  whether	
  such	
  a	
  boson	
  <130	
  GeV	
  exists	
  or	
  not.	
  Both	
  answers	
  rewarding…	
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  “Even	
  experimentalists	
  cannot	
  fail	
  	
  
	
  	
  	
  	
  to	
  be	
  infected	
  by	
  the	
  enthusiasm	
  of	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  the	
  super	
  theorists”	
  

	
  	
  LSP	
  as	
  Dark	
  Mawer?	
  
not	
  MACHOS,	
  etc,	
  	
  
why	
  not	
  axion?	
  	
  Fayet	
  Moriond	
  81,	
  	
  	
  	
  
P.Sikivie	
  in	
  audience	
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  versus	
  warm	
  liquids	
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Homework	
  well	
  done….	
  

B-­‐tag	
  

RF	
  caviUes	
  

400K	
  Z	
  decays	
  	
  
|Pe|	
  =	
  0.734	
  ±	
  0.004	
  
18M	
  Z	
  at	
  LEP	
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  pipe	
  



Search	
  at	
  LEP1	
  

What	
  happened	
  

no	
  excess	
  observed	
  
	
  	
  best	
  limit:	
  ALEPH	
  
	
  	
  	
  	
  MH	
  >	
  63.9	
  GeV	
  

b-­‐tag	
  

4J,	
  anU-­‐QCD	
  

mH	
  

	
  
evts	
  
expd	
  



s/b	
  value	
  for	
  each	
  event	
  used	
  as	
  a	
  weight	
  assigned	
  to	
  it.	
  Adding	
  of	
  all	
  of	
  them	
  gives	
  the	
  
final	
  esUmator,	
  the	
  likelihood	
  raUo	
  −2lnQ	
  =	
  2stot	
  −2	
  Σi	
  Ni	
  ln	
  [1	
  +	
  si/bi]	
  	
  
CL	
  esUmated	
  using	
  a	
  MC	
  method,	
  where	
  esUmator	
  distribuUons	
  are	
  built	
  for	
  the	
  B	
  only	
  
hypothesis	
  and	
  for	
  the	
  B+S	
  hypothesis.	
  SeparaUon	
  =	
  sensiUvity.	
  	
  
Discovery	
  esUmator,	
  1−CLB,	
  computed	
  as	
  the	
  integral	
  in	
  the	
  distribuUon	
  below	
  the	
  
point	
  marked	
  by	
  the	
  esUmator	
  value	
  observed	
  in	
  the	
  data.	
  Reflects	
  departure	
  from	
  SM.	
  
CLS,	
  conservaUvely	
  defined	
  as	
  CLS+B/CLB,	
  used	
  for	
  the	
  limit.	
  Results	
  in	
  different	
  	
  
channel	
  from	
  the	
  LEP	
  experiments	
  combined	
  by	
  the	
  LEP	
  Higgs	
  Working	
  Group.	
  	
  
	
  
	
  

The	
  2000	
  odyssey	
  

From	
  G.Dissertori	
   medium	
  purity	
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  we	
  rediscovered	
  the	
  	
  
existence	
  of	
  backgrounds	
  

	
  	
  and	
  ended	
  in	
  confusion...	
  

189	
  −	
  MZ	
  =	
  98	
  

206	
  −	
  MZ	
  =	
  115	
  
	
  

threshold	
  
	
  machine	
  
	
  

HZ	
  with	
  Z-­‐>νν	
  
	
  	
  	
  Two-­‐jet	
  at	
  rest:	
  
	
  	
  	
  	
  	
  automaUcally	
  
rescaled	
  at	
  115	
  GeV	
  

nothing	
  in	
  sight…	
  

DELPHI	
  

hep-­‐ex/0107029	
  

J.Marco	
  

Hνν	
  



now	
  

not	
  far	
  away…	
  

in	
  2011	
  
	
  	
  	
  	
  	
  	
  	
  	
  LEP	
  archived	
  data	
  
great,	
  but	
  treat	
  with	
  care..	
  

expected	
  

Tevatron	
  

great	
  !	
  

suspense….	
  	
  	
  	
  
But	
  what	
  a	
  great	
  machine!	
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Figure 20. Comparison of the indirect measurements of MW and mt (LEP I+SLD+νN
data, solid contour) and the direct measurements (Tevatron and LEP II data, dashed con-
tour). Also shown is the standard-model relationship for the masses as a function of the
Higgs mass. (From the LEP Electroweak Working Group, Ref. 54.)

6 The electroweak scale and beyond

We have seen that the scale of electroweak symmetry breaking, v =
(GF

√
2)−

1
2 ≈ 246 GeV, sets the values of the W - and Z-boson masses. But

the electroweak scale is not the only scale of physical interest. It seems cer-
tain that we must also consider the Planck scale, derived from the strength
of Newton’s constant, and it is also probable that we must take account of
the SU(3)c ⊗ SU(2)L ⊗ U(1)Y unification scale around 1015−16 GeV. There
may well be a distinct flavor scale. The existence of other significant energy
scales is behind the famous problem of the Higgs scalar mass: how to keep
the distant scales from mixing in the face of quantum corrections, or how to
stabilize the mass of the Higgs boson on the electroweak scale.

TASI 2000 Lectures on Electroweak Theory: FERMILAB–CONF–01/001–T 51
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All's	
  well	
  that	
  ends	
  well!	
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no	
  scale	
  SUSY,	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  etc	
  Cosmo	
  DM	
  

	
  	
  	
  	
  	
  “ΛCDM	
  Model”	
  post-­‐LEP	
  	
  

Common	
  scalar	
  mass,	
  common	
  gaugino	
  mass	
  at	
  GUT,	
  
Trilin.	
  coupling,	
  Higgs	
  v.e.v.	
  raUo,	
  Higgs	
  mixing	
  mass	
  	
  
Term,	
  Pseudosc.neutral	
  Higgs	
  mass	
  
	
  

EWSB	
  
	
  

	
  	
  no	
  
	
  	
  yes	
  
	
  	
  yes	
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SUSY	
  	
  	
  	
  	
  Crucial	
  role	
  of	
  the	
  LEP	
  SUSY	
  Group,	
  	
  L.Pape	
  et	
  al	
  	
  	
  www.cern.ch	
  ›	
  lepsusy	
  ›	
  Welcome	
  

sleptons	
   charginos	
  

gluino	
  and	
  squarks	
   standard	
  

boosted	
  
	
  	
  	
  	
  	
  ISR	
  

kinks,	
  impact	
  parameter	
  offsets	
  	
  
heavy	
  stable	
  charged	
  parUcles	
  

sneutrino	
  neutralinos	
  play	
  a	
  role	
  	
  
(e.g.	
  selectron	
  c.s.)	
  
unificaUon	
  of	
  gaugino	
  masses	
  
limits	
  given	
  for	
  R-­‐sleptons	
  
μ=−200	
  GeV	
  	
  tgβ=1.5	
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  GeV	
  
Delta	
  M	
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MSSM	
  lightest	
  Higgs	
  boson	
  
GMSB	
  LSP	
  

	
  	
  Loopholes	
  ?	
  	
  hep-­‐ph/0310037	
  	
  	
  Lower	
  limit	
  on	
  the	
  neutralino	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  mass	
  in	
  the	
  general	
  MSSM	
  	
  >18	
  GeV	
  

selectron	
  

MSSM	
  with	
  lowest	
  order	
  gaugino	
  and	
  
sfermion	
  mass	
  unificaUon	
  at	
  GUT	
  scale	
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  Conclusions	
  
	
  

LEP	
  marvelous	
  Ume,	
  machine	
  and	
  experiments	
  
Checking	
  the	
  SM	
  with	
  exquisite	
  precision	
  
Wonderful	
  measurement	
  machine,	
  but	
  could	
  have	
  been	
  also	
  a	
  discovery	
  machine	
  
in	
  the	
  usual	
  sense	
  of	
  the	
  word	
  
	
  
4	
  experiments,	
  4	
  x	
  luminosity	
  (ADLO,	
  a	
  great	
  first	
  ),	
  specificiUes	
  in	
  each	
  one	
  
Many	
  invaluable	
  cross-­‐checks,	
  both	
  in	
  measurements	
  and	
  the	
  treatment	
  of	
  “fluctuaUons”	
  
	
  
Close	
  collaboraUon	
  of	
  theorists	
  and	
  experimentalists	
  
Even	
  more	
  essenUal	
  for	
  the	
  possible	
  future	
  	
  Higgs	
  factory,	
  Tera	
  Z	
  
	
  
A	
  necessary	
  step	
  on	
  the	
  way	
  to	
  LHC:	
  m2	
  Si.det.,	
  scint.crystals,	
  actors,	
  management	
  	
  
of	
  large	
  collaboraUons,	
  etc	
  
LEP-­‐LHC	
  in	
  same	
  tunnel:	
  a	
  well	
  thought	
  scenario	
  covering	
  five	
  decades	
  
	
  
Through	
  its	
  non-­‐discoveries	
  of	
  BSM	
  physics,	
  started	
  considering	
  many	
  BSM	
  scenarios,	
  	
  
enriching	
  the	
  phenomenology	
  at	
  LHC	
  and	
  largely	
  disproved	
  by	
  the	
  125	
  GeV	
  boson	
  discovery	
  
	
  
When	
  L=1034	
  was	
  advocated	
  in	
  87,	
  not	
  unanimously	
  expected	
  that	
  the	
  LHC	
  experiments	
  	
  
would	
  perform	
  so	
  well,	
  ensuring	
  both	
  subtle	
  searches	
  and	
  high-­‐quality	
  measurements	
  	
  
	
  
A	
  warm	
  tribute	
  should	
  be	
  paid	
  to	
  many	
  actors,	
  machine	
  and	
  experiments,	
  e.g.	
  technical	
  	
  
coordinators	
  of	
  the	
  experiments	
  and	
  great	
  experts	
  of	
  cu�ng-­‐edge	
  technologies.	
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Limit:	
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  GeV	
  
	
  



only	
  two	
  
experiments	
  	
  
(or	
  a	
  single	
  

one)	
  may	
  lead	
  
to	
  tricky	
  

situaUons..	
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