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SuperB:	
  Physics	
  
•  See	
  white	
  paper	
  for	
  details	
  (on	
  archive	
  soon).	
  

•  The	
  only	
  experiment	
  with	
  access	
  such	
  a	
  wide	
  range	
  of	
  flavour	
  observables.	
  

•  (theore<cally	
  cleaner)	
  inclusive	
  measurements	
  only	
  in	
  e+e−	
  environment.	
  

Precision	
  
CKM	
  &	
  SM	
  

ALL	
  angles	
  of	
  UT:	
  
α, β, γ	
  

|Vus|.	
  |Vub|,	
  |Vcb|,	
  
|Vts/Vtd|	
  

B	
  &	
  D	
  CPT	
  
Viola<on	
  

CP	
  
Viola<on	
  

LFV	
  

Precision	
  EW:	
  
e.g	
  .sin2θW	
  

Spectroscopy	
  

Exo<ca	
  (A0,	
  
DM,	
  ...)	
  

All	
  areas	
  
are	
  related	
  
to	
  new	
  
physics	
  

Complementary	
  impact	
  on	
  
LHC	
  physics	
  in	
  many	
  areas.	
  

Polarisa<on	
  

Operate	
  between	
  Charm	
  	
  
threshold	
  and	
  ϒ(6S).	
  

Is	
  a	
  Super-­‐CLEO/B/τ-­‐charm	
  
(and	
  more)	
  rolled	
  into	
  one!	
  



SuperB:	
  Physics	
  
•  	
  See	
  white	
  paper	
  for	
  details	
  

•  Data	
  from	
  SuperB	
  will	
  be	
  used	
  to	
  reconstruct	
  the	
  new	
  physics	
  Lagrangian	
  

New	
  
Physics	
  

(C/N/FB)
MSSM	
  

Liile	
  
Higgs	
  

(m)SUGRA	
  

SUSY	
  

Extra	
  
Dimensions	
  

Dark	
  
Mater	
  

Dark	
  
Forces	
  

Techni
color	
  

LFV	
  

Quantum	
  
Gravity	
  

2HDM	
  

4th	
  
genera<on	
  



Goals	
  
•  75ab−1	
  of	
  data	
  in	
  5	
  years	
  of	
  

nominal	
  running.	
  

•  80%	
  polarisa<on	
  for	
  
electrons.	
  

•  Run	
  at	
  ϒ(4S)	
  and	
  other	
  
resonances	
  between	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
ψ(3770)	
  and	
  ϒ(6S).	
  

•  Even	
  more	
  of	
  a	
  flavour	
  
factory	
  than	
  the	
  current	
  
genera<on	
  of	
  B	
  factories!	
  

Polarisa<on:	
  	
  
• 	
  sin2θW	
  at	
  10.58	
  GeV	
  (precision	
  EW	
  test,	
  
cleaner	
  than	
  &	
  same	
  precision	
  as	
  LEP).	
  
• 	
  Improved	
  background	
  rejec<on	
  for	
  τ	
  
LFV	
  searches.	
  

Charm	
  Threshold	
  Running:	
  	
  
• 	
  3months	
  =	
  500r-­‐1	
  
• 	
  CP	
  viola<on	
  using	
  quantum	
  coherence	
  
of	
  D0-­‐D0bar.	
  
• 	
  Precision	
  SM	
  (helps	
  γ	
  extrac<on	
  from	
  B	
  
decays).	
  
• 	
  CPT	
  viola<on	
  in	
  D	
  decays.	
  
• 	
  We	
  are	
  s<ll	
  working	
  on	
  studies	
  to	
  
understand	
  the	
  full	
  poten<al	
  of	
  this.	
  

>80	
  x109	
  B	
  pairs	
  (75ab-­‐1)	
  
70x109	
  τ pairs	
  (75ab-­‐1)	
  
700x106	
  charm	
  pairs	
  at	
  threshold	
  (500r-­‐1)	
  
+	
  BS	
  @	
  Y(5S),	
  +	
  other	
  resonances	
  etc.	
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BR	
  
Some	
  generic	
  examples...	
  



Specific	
  examples:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  k	
  
•  Only	
  accessible	
  in	
  e+e−	
  
•  Really	
  need	
  ~75ab−1	
  to	
  observe	
  this	
  mode.	
  

•  BSM:	
  Right	
  handed	
  currents	
  and	
  complex	
  Wilson	
  coefficients.	
  

B → K(∗)νν

Not	
  in	
  SM	
  



Specific	
  examples:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  k	
  
•  Only	
  accessible	
  in	
  e+e−	
  
•  Really	
  need	
  ~75ab−1	
  to	
  observe	
  this	
  mode.	
  
•  NP	
  sensi<ve	
  observables	
  in	
  BF	
  of	
  K	
  and	
  K*	
  mode.	
  

•  Also	
  have	
  fL	
  in	
  K*mode	
  as	
  addi<onal	
  constraint.	
  

B → K(∗)νν

Expected	
  constraint	
  on	
  (ε,	
  η)	
  with	
  75ab−1	
  

B → K∗νν

B → Kνν

B
→

X
S
ν
ν

fL

e.g.	
  see	
  Altmannshofer,	
  Buras,	
  &	
  Straub	
  

Sensi<ve	
  to	
  models	
  with	
  Z	
  
penguins	
  and	
  RH	
  currents.	
  



BLUE	
  
RED	
  

Δms	
  

Φs	
  +	
  Δms	
  

Specific	
  examples:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  k	
  
•  Only	
  accessible	
  in	
  e+e−	
  (golden	
  modes:	
  μγ,	
  3	
  lepton)	
  

•  Expect	
  to	
  retain	
  background	
  free	
  searches	
  with	
  polarised	
  
electron	
  beam.	
  

τ → µγ

Model	
  dependent	
  NP	
  constraint.	
  

Golden	
  channel	
  for	
  finding	
  LFV.	
  

Correlated	
  with	
  other	
  flavour	
  observables:	
  
MEG,	
  LHCb	
  etc.	
  



Specific	
  examples:	
  Precision	
  sin2θW	
  
•  Only	
  accessible	
  in	
  e+e−	
  with	
  polarised	
  electron	
  beam.	
  

•  Theore<cally	
  clean	
  test	
  of	
  SM	
  (cleaner	
  than	
  LEP	
  result).	
  

• 	
  With	
  Polarised	
  e−	
  
beam,	
  SuperB	
  can	
  
measure	
  sin2θW	
  as	
  
accurately	
  as	
  LEP.	
  

• 	
  If	
  an	
  interes<ng	
  result	
  
is	
  found,	
  this	
  
measurement	
  can	
  be	
  
repeated	
  at	
  charm	
  
threshold:	
  precision	
  to	
  
be	
  studied	
  for	
  ψ(3770).	
  



Specific	
  examples:	
  Charm	
  Threshold	
  
•  3	
  months	
  of	
  running	
  will	
  give	
  500r-­‐1:	
  50x	
  BES-­‐III	
  

•  Precision	
  charm	
  mixing.	
  

•  +	
  CPT	
  Viola<on,	
  Rare	
  Decays,	
  CPV	
  using	
  quantum	
  correla<ons,	
  
decay	
  constants,	
  ...	
  



Summary	
  
•  SuperB:	
  
–  Can	
  do	
  everything	
  that	
  Belle	
  II	
  will	
  cover,	
  but	
  with	
  50%	
  
more	
  data	
  than	
  Belle	
  II	
  (same	
  is	
  true	
  Re:	
  BES-­‐III).	
  
•  (so	
  won't	
  repeat	
  the	
  Belle	
  II	
  physics	
  conclusion	
  here)	
  

– Unique	
  poten<al	
  to	
  search	
  for	
  new	
  physics:	
  
•  Polarisa<on:	
   	
   	
  Precision	
  EW	
  tests:	
  sin2θW.	
  
	
   	
   	
   	
   	
   	
  	
  	
  	
  	
  	
  Improved	
  background	
  rejec<on:	
  τ	
  LFV.	
  
•  Charm	
  Threshold:	
  

–  Do	
  everything	
  that	
  KLOE(2)	
  and	
  B	
  Factories	
  have	
  done	
  with	
  K0	
  and	
  
B0	
  decays,	
  but	
  with	
  D0	
  decays	
  and	
  other	
  final	
  states	
  at	
  ψ(3770).	
  

–  CPV,	
  CPT,	
  Lepton	
  universality,	
  Dark	
  Forces,	
  DM,	
  ...	
  [Will	
  also	
  run	
  at	
  
other	
  √s;	
  e.g.	
  ϒ(5S)].	
  

– Will	
  measure	
  the	
  widest	
  range	
  of	
  flavour	
  observables	
  
of	
  any	
  exis<ng	
  or	
  proposed	
  facility.	
  

hip://web.infn.it/superb/	
  



Addi<onal	
  slides	
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Physics	
  Case	
  in	
  the	
  LHC	
  era	
  
Why	
  is	
  a	
  Super	
  Flavour	
  Factory	
  like	
  SuperB	
  relevant	
  
when	
  we	
  have	
  the	
  energy	
  fron<er	
  experiments	
  and	
  
LHCb?	
  

What	
  is	
  the	
  minimum	
  data	
  set	
  to	
  make	
  sure	
  that	
  
we	
  are	
  doing	
  something	
  sensible?	
  

Case	
  studies:	
  
	
  1.	
  Lepton	
  Flavour	
  Viola@on:	
  τ	
  decay	
  as	
  an	
  example	
  of	
  many	
  LFV	
  measurements	
  possible	
  at	
  SuperB.	
  
	
  2.	
  Neutral	
  Higgs	
  A0:	
  what	
  can	
  the	
  flavour	
  sector	
  add	
  to	
  high	
  pT	
  searches?	
  
	
  3.	
  Charged	
  Higgs:	
  what	
  do	
  we	
  know;	
  what	
  will	
  LHC	
  tell	
  us;	
  what	
  does	
  SuperB	
  add?	
  
	
  4.	
  ΔS	
  measurements:	
  high	
  mass	
  par<cle	
  interferometry.	
  

13	
  



Charged	
  Lepton	
  Flavour	
  Viola<on	
  

May	
  2010	
   14	
  



May	
  2010	
  

Lepton	
  Flavour	
  Viola<on	
  (τ	
  decay)	
  

•  LHC	
  is	
  not	
  compe<<ve	
  (Re:	
  ATLAS,	
  CMS,	
  and	
  LHCb).	
  

•  80%	
  polarised	
  e−	
  beam	
  helps	
  reduce	
  SM	
  background.	
  
•  SuperB	
  sensi<vity	
  ~10	
  –	
  50×	
  beier	
  than	
  New	
  Physics	
  allowed	
  

branching	
  frac<ons.	
  

SuperB	
  Sensi@vity	
  
(75ab-­‐1	
  assumed)	
  

LHC(b)	
  	
  

SuperB	
  	
  
(off	
  the	
  scale)	
  

(other	
  modes	
  not	
  yet	
  studied)	
  

15	
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  2010	
  

Lepton	
  Flavour	
  Viola<on	
  (τ	
  decay)	
  

•  LHC	
  is	
  not	
  compe<<ve	
  (Re:	
  ATLAS,	
  CMS,	
  and	
  LHCb).	
  

•  80%	
  polarised	
  e−	
  beam	
  helps	
  reduce	
  SM	
  background.	
  
•  SuperB	
  sensi<vity	
  ~10	
  –	
  50×	
  beier	
  than	
  New	
  Physics	
  allowed	
  

branching	
  frac<ons.	
  

SuperB	
  Sensi@vity	
  
(75ab-­‐1	
  assumed)	
  

LHC(b)	
  	
  

SuperB	
  	
  
(off	
  the	
  scale)	
  

(other	
  modes	
  not	
  yet	
  studied)	
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May	
  2010	
  

Lepton	
  Flavour	
  Viola<on	
  (τ	
  decay)	
  
•  τ→µγ	
  upper	
  limit	
  can	
  be	
  correlated	
  to	
  θ13	
  (neutrino	
  mixing/CPV,	
  T2K	
  etc.)	
  and	
  also	
  

to	
  µ→eγ.	
  

•  Complementary	
  to	
  flavour	
  	
  
	
  	
  	
  	
  	
  	
  mixing	
  in	
  quarks.	
  

•  Golden	
  modes:	
  	
  
–  τ→µγ	
  and	
  3µ.	
  

•  	
  e−	
  beam	
  polariza<on:	
  
–  Lower	
  background	
  	
  
–  Beier	
  sensi<vity	
  than	
  	
  
	
  	
  	
  	
  compe<<on!	
  

•  e+	
  polariza<on	
  may	
  be	
  used	
  later	
  	
  
	
  	
  	
  	
  	
  	
  in	
  programme.	
  

•  CPV	
  in	
  τ→KSπν	
  at	
  the	
  level	
  of	
  ~10-­‐5.	
  

•  Added	
  Bonus:	
  
–  Can	
  also	
  measure τ	
  g-­‐2	
  	
  
	
  	
  	
  	
  (polariza<on	
  is	
  crucial).	
  
–  σ(g-­‐2)	
  ~2.4 ×10-­‐6	
  (sta<s<cally	
  	
  
	
  	
  	
  	
  dominated	
  error).	
  

SUSY	
  seasaw	
  =	
  CMSSM	
  +	
  3νR	
  +	
  ν	
   ~	
  
Herreo	
  et	
  al.	
  2006	
  

Use	
  µ γ/3l	
  to	
  dis<nguish	
  SUSY	
  vs.	
  LHT.	
  

17	
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  2010	
  

Lepton	
  Flavour	
  Viola<on	
  (τ	
  decay)	
  
•  τ→µγ	
  upper	
  limit	
  can	
  be	
  correlated	
  to	
  θ13	
  (neutrino	
  mixing/CPV,	
  T2K	
  etc.)	
  and	
  also	
  

to	
  µ→eγ.	
  

•  Complementary	
  to	
  flavour	
  	
  
	
  	
  	
  	
  	
  	
  mixing	
  in	
  quarks.	
  

•  Golden	
  modes:	
  	
  
–  τ→µγ	
  and	
  3µ.	
  

•  	
  e−	
  beam	
  polariza<on:	
  
–  Lower	
  background	
  	
  
–  Beier	
  sensi<vity	
  than	
  	
  
	
  	
  	
  	
  compe<<on!	
  

•  e+	
  polariza<on	
  may	
  be	
  used	
  later	
  	
  
	
  	
  	
  	
  	
  	
  in	
  programme.	
  

•  CPV	
  in	
  τ→KSπν	
  at	
  the	
  level	
  of	
  ~10-­‐5.	
  

•  Added	
  Bonus:	
  
–  Can	
  also	
  measure τ	
  g-­‐2	
  	
  
	
  	
  	
  	
  (polariza<on	
  is	
  crucial).	
  
–  σ(g-­‐2)	
  ~2.4 ×10-­‐6	
  (sta<s<cally	
  	
  
	
  	
  	
  	
  dominated	
  error).	
  

SUSY	
  seasaw	
  =	
  CMSSM	
  +	
  3νR	
  +	
  ν	
   ~	
  
Herreo	
  et	
  al.	
  2006	
  

Use	
  µ γ/3l	
  to	
  dis<nguish	
  SUSY	
  vs.	
  LHT.	
  

MEG	
  (now)	
  

MEG	
  (design)	
  

18	
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Lepton	
  Flavour	
  Viola<on	
  (τ	
  decay)	
  
•  τ→µγ	
  upper	
  limit	
  can	
  be	
  correlated	
  to	
  θ13	
  (neutrino	
  mixing/CPV,	
  T2K	
  etc.)	
  and	
  also	
  

to	
  µ→eγ.	
  

•  Complementary	
  to	
  flavour	
  	
  
	
  	
  	
  	
  	
  	
  mixing	
  in	
  quarks.	
  

•  Golden	
  modes:	
  	
  
–  τ→µγ	
  and	
  3µ.	
  

•  	
  e−	
  beam	
  polariza<on:	
  
–  Lower	
  background	
  	
  
–  Beier	
  sensi<vity	
  than	
  	
  
	
  	
  	
  	
  compe<<on!	
  

•  e+	
  polariza<on	
  may	
  be	
  used	
  later	
  	
  
	
  	
  	
  	
  	
  	
  in	
  programme.	
  

•  CPV	
  in	
  τ→KSπν	
  at	
  the	
  level	
  of	
  ~10-­‐5.	
  

•  Added	
  Bonus:	
  
–  Can	
  also	
  measure τ	
  g-­‐2	
  	
  
	
  	
  	
  	
  (polariza<on	
  is	
  crucial).	
  
–  σ(g-­‐2)	
  ~2.4 ×10-­‐6	
  (sta<s<cally	
  	
  
	
  	
  	
  	
  dominated	
  error).	
  

SUSY	
  seasaw	
  =	
  CMSSM	
  +	
  3νR	
  +	
  ν	
   ~	
  
Herreo	
  et	
  al.	
  2006	
  

Use	
  µ γ/3l	
  to	
  dis<nguish	
  SUSY	
  vs.	
  LHT.	
  

MEG	
  (now)	
  

MEG	
  (design)	
  

Su
pe

rB
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Lepton	
  Flavour	
  Viola<on	
  (τ	
  decay)	
  

May	
  2010	
  

• 	
  SU(5)	
  SUSY	
  GUT	
  Model	
  (arXiv:
0710.5443,	
  Parry	
  and	
  Zhang).	
  

• 	
  Model	
  has	
  non-­‐trivial	
  SUSY	
  squark	
  
couplings.	
  

• 	
  Current	
  BS	
  mixing	
  measurement	
  
favours	
  B(τµγ)>3✕10-­‐9.	
  

• 	
  Need	
  SuperB	
  to	
  probe	
  to	
  this	
  
sensi<vity.	
  

BLUE	
  
RED	
  

Δms	
  

Φs	
  +	
  Δms	
  

N.B.	
  Different	
  New	
  Physics	
  
Models	
  have	
  different	
  
features,	
  and	
  different	
  

hierarchies!	
  

20	
  



Lepton	
  Flavour	
  Viola<on	
  (τ	
  decay)	
  

May	
  2010	
  

SuperB	
  

• 	
  SU(5)	
  SUSY	
  GUT	
  Model	
  (arXiv:
0710.5443,	
  Parry	
  and	
  Zhang).	
  

• 	
  Model	
  has	
  non-­‐trivial	
  SUSY	
  squark	
  
couplings	
  

• 	
  Current	
  BS	
  mixing	
  measurement	
  
favours	
  B(τµγ)>3✕10-­‐9.	
  

• 	
  Need	
  SuperB	
  to	
  probe	
  to	
  this	
  
sensi<vity.	
  

N.B.	
  Different	
  New	
  Physics	
  
Models	
  have	
  different	
  
features,	
  and	
  different	
  

hierarchies!	
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Lepton	
  Flavour	
  Viola<on	
  (τ	
  decay)	
  

May	
  2010	
  

• 	
  SU(5)	
  SUSY	
  GUT	
  Model	
  (arXiv:
0710.5443,	
  Parry	
  and	
  Zhang).	
  

• 	
  Model	
  has	
  non-­‐trivial	
  SUSY	
  squark	
  
couplings	
  

• 	
  Current	
  BS	
  mixing	
  measurement	
  
favours	
  B(τµγ)>3✕10-­‐9.	
  

• 	
  Need	
  SuperB	
  to	
  probe	
  to	
  this	
  
sensi<vity.	
  

N.B.	
  Different	
  New	
  Physics	
  
Models	
  have	
  different	
  
features,	
  and	
  different	
  

hierarchies!	
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Some	
  Higgs	
  Phenomenology	
  

May	
  2010	
   23	
  

N.B.	
  The	
  SM	
  Higgs	
  (within	
  CMSSM)	
  can	
  also	
  be	
  constrained	
  using	
  b	
  to	
  sγ,	
  g-­‐2	
  
and	
  ΩCDM.	
  	
  SuperB	
  has	
  input	
  to	
  sγ	
  and	
  the	
  g-­‐2	
  constraints.	
  	
  	
  
e.g.	
  See:	
  Weiglein	
  et	
  al.	
  arXiv:0707.3447	
  

Here	
  I	
  show	
  two	
  non-­‐SM	
  scenarios.	
  



CMSSM:	
  LHC/SuperB	
  complementarity	
  

May	
  2010	
  

Blue	
  =	
  LHC:	
  

• 	
  Will	
  be	
  able	
  to	
  measure	
  m(A)	
  [CP	
  odd	
  
Higgs	
  mass]	
  
• 	
  Poor	
  sensi<vity	
  to	
  tanβ	
  [ra<o	
  of	
  Higgs	
  
vevs]	
  
• Poor	
  sensi<vity	
  to	
  A	
  [coupling]	
  

Red=LHC+EW/Low-­‐energy	
  constraints	
  
(includes	
  SuperB):	
  
• 	
  Can	
  build	
  on	
  the	
  m(A)	
  measurement	
  to	
  
measure	
  tanβ.	
  

Again	
  LHC	
  and	
  SuperB	
  are	
  complementary	
  
experiments.	
  	
  Each	
  can	
  contribute	
  
significantly	
  to	
  the	
  knowledge	
  of	
  new	
  
physics.	
  Current	
  analysis	
  of	
  data	
  prefers	
  	
  

tanβ~10.	
   EPJC	
  57	
  183-­‐307	
  (2008).	
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CMSSM:	
  LHC/SuperB	
  complementarity	
  

May	
  2010	
  

Blue	
  =	
  LHC:	
  

• 	
  Will	
  be	
  able	
  to	
  measure	
  m(A)	
  [CP	
  odd	
  
Higgs	
  mass]	
  
• 	
  Poor	
  sensi<vity	
  to	
  tanβ	
  [ra<o	
  of	
  Higgs	
  
vevs]	
  
• Poor	
  sensi<vity	
  to	
  A	
  [coupling]	
  

Red=LHC+EW/Low-­‐energy	
  constraints	
  
(includes	
  SuperB):	
  
• 	
  Can	
  build	
  on	
  the	
  m(A)	
  measurement	
  to	
  
measure	
  tanβ.	
  

Again	
  LHC	
  and	
  SuperB	
  are	
  complementary	
  
experiments.	
  	
  Each	
  can	
  contribute	
  
significantly	
  to	
  the	
  knowledge	
  of	
  new	
  
physics.	
  Current	
  analysis	
  of	
  data	
  prefers	
  	
  

tanβ~10.	
   EPJC	
  57	
  183-­‐307	
  (2008)	
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•  Within	
  the	
  SM,	
  sensi<ve	
  to	
  

	
  	
  	
  	
  	
  fB	
  and	
  |Vub|:	
  BSM~1.6×10-­‐4.	
  

•  B	
  affected	
  by	
  new	
  physics.	
  
–  MFV	
  models	
  like	
  2HDM	
  /	
  MSSM.	
  
–  Unpar<cles.	
  

•  Fully	
  reconstruct	
  the	
  event	
  (modulo	
   ν).	
  

Charged	
  Higgs:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  K	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
+	
  

Signal	
  

Background	
  

2HDM:	
  W.-­‐S	
  Hou	
  PRD	
  48	
  2342	
  (1993)	
  
MSSM:	
  G.	
  Isidori	
  arXiv:0710.5377	
  	
  
Unpar<cles:	
  R.	
  Zwicky	
  PRD77	
  036004	
  (2008)	
  	
  

arXiv:0809.4027,	
  	
  
arXiv:0809.3834	
  

[T.Iijima	
  @	
  Hints09]	
   2HDM	
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Charged	
  Higgs	
  
•  B-­‐factory	
  searches	
  compe<<ve	
  with	
  LHC	
  era:	
  e.g.	
  2HDM	
  

May	
  2010	
  

U.	
  Haisch	
  0805.2141	
  

Converted	
  constraints	
  expected	
  from	
  ATLAS	
  
onto	
  the	
  plot	
  by	
  hand.	
  

Exis<ng	
  Constraints	
  from	
  BaBar	
  and	
  Belle.	
  
Combined	
  Higgs	
  search	
  constraint	
  from	
  ATLAS:	
  arXiv:0901.1502	
  @14TeV	
  

LHC	
  expected	
  to	
  have	
  5r-­‐1	
  @14TeV	
  ~	
  2015.	
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•  Higgs	
  mediated	
  Minimal	
  Flavour	
  Viola<on:	
  

•  Mul<	
  TeV	
  search	
  capability	
  for	
  large	
  tanβ.	
  
•  Includes	
  SM	
  uncertainty	
  ~20%	
  from	
  Vub	
  and	
  fB.	
  

Charged	
  Higgs	
  

Charm	
  equivalent:	
  Ds
+→ µ+ν,	
  τ+ν	
  

(Assuming	
  SM	
  branching	
  frac<on	
  is	
  measured)	
  

B-­‐factories	
  actually	
  have	
  1.5ab-­‐1	
  of	
  data:	
  ATLAS	
  sensi<vity	
  sketched	
  from	
  combined	
  sensi<vity	
  plots	
  in	
  arXiv:0901.0512.	
  



Time-­‐dependent	
  CP	
  Viola<on	
  
as	
  a	
  New	
  Physics	
  probe	
  

May	
  2010	
   29	
  



May	
  2010	
  

ΔS	
  measurements	
  
•  β=(21.1±0.9)°	
  from	
  Charmonium	
  

decays.	
  

•  Look	
  in	
  many	
  different	
  b→s	
  and	
  
b→d	
  decays	
  for	
  sin2β	
  devia<ons	
  
from	
  the	
  SM:	
  

•  The	
  golden	
  channel	
  is:	
  

•  Devia<ons	
  would	
  be	
  from	
  high	
  mass	
  
par<cles	
  in	
  loops:	
  H,	
  χ,	
  ...	
  

b→
s	
  penguin	
  processes	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  b→

d	
  

 ≥	
  5 σ	
  discovery	
  
possible	
  

(extrapola@ng	
  from	
  today)	
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ΔS	
  measurements	
  
•  The	
  SM	
  uncertainty	
  is	
  strongly	
  

mode	
  dependent.	
  

•  Golden	
  modes	
  have	
  to	
  be	
  well	
  
measured	
  and	
  theore<cally	
  
clean.	
  

•  Prefer	
  to	
  also	
  have	
  robust	
  
constraints	
  from	
  more	
  than	
  
one	
  theore<cal	
  approach.	
  

•  Precision	
  measurements	
  of	
  the	
  
reference	
  Charmonium	
  decay	
  
also	
  have	
  a	
  small	
  SM	
  
uncertainty.	
  

May	
  2010	
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ΔS	
  measurements	
  
b→

s	
  penguin	
  processes	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  b→
d	
  

 ≥	
  5 σ	
  discovery	
  
possible	
  

(extrapola@ng	
  from	
  today)	
  

  We	
  were	
  reminded	
  that	
  we	
  should	
  be	
  
careful	
  with	
  what	
  we	
  compare:	
  
  New	
  Physics	
  could	
  affect	
  ccs	
  sin2β.	
  

  Can	
  theory	
  error	
  be	
  reduced	
  for	
  
other	
  modes?	
  

Lunghi	
  and	
  Soni,	
  Phys.Lei.B666	
  162-­‐165	
  (2008).	
  	
  
Buras	
  and	
  Guadagnoli	
  Phys	
  Rev	
  D	
  78	
  033005	
  (2008).	
  

1)  Predict	
  sin2β	
  from	
  indirect	
  constraints.	
  

2)  Compare	
  to	
  ccs	
  measurement.	
  

3)  Compare	
  to	
  clean	
  penguin	
  measurements.	
  

	
  	
  	
  	
  	
  (or	
  the	
  average	
  of	
  the	
  two)	
  
Are	
  these	
  2.1-­‐2.7σ	
  hints	
  

for	
  new	
  physics?	
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ΔS	
  measurements	
  

May	
  2010	
  

D
ec
re
as
in
g	
  
er
ro
r	
  

In
cr
ea
si
ng
	
  im

po
rt
an
ce
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Precision	
  CKM	
  

May	
  2010	
  

• 	
  CKM	
  is	
  a	
  36	
  year	
  old	
  ansatz.	
  

• 	
  Works	
  at	
  the	
  10%	
  level.	
  

• 	
  No	
  underlying	
  physical	
  insight.	
  

• 	
  Small	
  new	
  physics	
  contribu<ons	
  	
  
	
  	
  	
  not	
  ruled	
  out	
  (%	
  level).	
  

Precision	
  CKM	
  from	
  SuperB	
  will	
  open	
  up	
  more	
  
new	
  physics	
  search	
  opportuni<es:	
  e.g.	
  
Kπνν:	
  

K+	
  decay	
  has	
  a	
  
similar	
  error	
  
budget.	
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B physics @ Y(4S) 

Possible also at LHCb 
Similar precision at LHCb 

Example of « SuperB specifics »  
       inclusive in addition to exclusive analyses 
       channels with π0, γ’s, ν, many Ks… 

Variety of measurements for any observable 



Bs at Y(5S) 

Bs : Definitively better at LHCb 
May	
  2010	
   36	
  



The	
  Physics	
  Case	
  in	
  1	
  Page	
  

May	
  2010	
  

BR	
  



The	
  Golden	
  Matrix	
  
•  Each	
  mode	
  is	
  a	
  golden	
  signature	
  of	
  new	
  physics.	
  

–  A	
  priori	
  we	
  need	
  to	
  measure	
  them	
  all!	
  

–  The	
  physics	
  white	
  paper	
  has	
  a	
  sec<on	
  on	
  the	
  task	
  of	
  trying	
  to	
  
reconstruct	
  features	
  of	
  the	
  NP	
  Lagrangian	
  using	
  SuperB.	
  

May	
  2010	
  

...	
  +	
  charm	
  +	
  spectroscopy	
  (DM	
  /Light	
  Higgs	
  etc).	
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