
New Physics Constraints 
from B-Factories

 Thomas Mattison
University of British Columbia, Canada

for the BaBar Collaboration

Kruger 2010: Workshop on Discovery Physics at the LHC
Mpumalanga, South Africa

December 5-10, 2010



New Physics Constraints from B-Factories      T. Mattison          Kruger 2010

Outline

• The Story of the B-Factories

• Constraining New Physics in the CKM Sector

• A (very) Incomplete Sample of Other Constraints

• The Future
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How the B-Factories
Got Their Spots
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• Once upon a time, CP violation was found in the K sector.  
Was it part of weak interactions? Or was it new physics?

• Kobayashi and Maskawa noticed that a 3-generation quark-
mixing matrix naturally allowed a complex phase that would 
cause CP violation (a year before the third generation started 
to be discovered!)

• But “everyone knew” that the B lifetime would be too short 
for B-mixing like the K-mixing that made CP visible.
So there was no real hope of checking the KM model.
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How the B-Factories
Got Their Spots (2)

• “Everybody” was wrong.  B’s lived much longer than 
expected, about as long as charmed particles.  

• But “everybody knew” that still wasn’t long enough for 
mixing, because top quarks couldn’t weigh much more 
than bottom quarks, so the GIM mechanism would cause 
mixing to be too slow for CP violation to be seen.
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How the B-Factories
Got Their Spots (3)

• “Everybody” was wrong about the top mass too.  It was 
high enough to break the GIM mechanism, so B’s happily 
mixed.  (There were quite a few B-mixing limits that were 
lower than the eventual signal!)

• And it became plausible that if you had enough B’s, 
you could test if Kobayashi and Maskawa were right,
or if CP violation was new physics.

• So the B-factories were built to test the KM model,
and it was “just so.”
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The Morals of the Story

• One or two of the things that you have been told to look 
for at the LHC may turn out to be “just so.”

• Sometimes “everybody” is wrong when they tell you what 
things will be like, and what will be possible or impossible.
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CKM Physics Constraints
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CKM Matrix and Unitarity Triangle

VudVub
∗ +VcdVcb

∗ +VtdVtb
∗ = 0
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Measuring the Triangle

b→ d Bd Bd
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Before the B-Factories

Left side from             branching fraction,
right side from B-mixing rate, 
hyperbolas from CP violation in K system

b→ u
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Enter the Angles
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Pre B-Factory to Early B-Factory
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φ1  or  β
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φ2  or  α
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φ3  or  γ
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21.1+ 89 + 73 = 183.1 ±10 − 20( )
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Stephane T’Jampens for CKMfitter group, ICHEP 2010: “The combination                                    
favors 2 solutions in contradiction with the other inputs.  One cannot accommodate both inputs 
simultaneously in the global fit... The global fit is accommodated keeping                  constant while 
increasing        to fit               .”

sin 2β( )  and B→τν

fBd
2 × BBd

fBd B→τν
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sin 2β( )  and B+ →τν  vs CKM
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Other New Physics Constraints
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A Very Incomplete Sampling

• Rare B-decays

•              already mentioned (& T.M. parallel) 

• M. Margoni parallel:

• Neus Lopez-March parallel:  light scalar search in Y(nS) 

• Rare tau and charm decays

• Unexpected charming mesons
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 B→ Xs,dγ  & B→ Xs,d
+−

B→τν
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Charged Higgs Limit from       

Decoupled 
Region

Fine-Tuned 
Region

B→τν
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B→ Xsγ  
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The Future
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B-Factories: The Sequels

• Many measurements are still statistics-limited, and many 
systematics can be reduced by larger control samples

• Some measurements could be done in new ways with 
lower systematics if sufficient statistics were available

• Discoveries at LHC are likely to have multiple possible 
explanations; precision low-energy experiments are likely 
to be useful in deciding which is right

• Both the KEKB/BELLE and PEP-II/BaBar communities 
are pursuing next-generation accelerators and detectors
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Can It Be Done?

• PEP-II and KEK-B had fairly conservative parameters, 
except the number of bunches was much higher than in 
previous machines, and KEK-B’s crossing-angle.

• RF power, beam instabilities, vacuum problems, and 
machine-induced backgrounds make it hard to imagine 
further increases in beam current.

• Stronger focusing is technically possible, but was thought 
to require short bunches not feasible in a storage ring

• P. Raimondi’s “crab-waist” scheme combined with a large 
crossing angle circumvents this, allowing far higher 
luminosity with currents no higher than PEP-II or KEK-B.
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SuperB in Italy

• Frascati Laboratory proposes to host a SuperB 
machine in Italy

• SLAC and US DOE have pledged PEP-II machine 
components and BaBar detector components

• Sites have been identified, local support has been good, 
and national support also seems to be good, but project is 
not completely approved (yet).
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Conclusion

• The B-Factories have been a smashing success in their 
decade of running, meeting or exceeding their goals

• No unambiguous flaws in the CKM Model have been found, 
although there may be a few hints of new physics

• B-Factories have done a lot more than CP-physics as well

• The portents are good for a new generation of B-Factories 
with up to 100 times the luminosity, as companions to LHC
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