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Outline

● B physics measurements
– Precise CKM determination: Vub
– Theoretically clean rare decays (inclusive b→sγ, 

b→sll, exclusive B→K(*)νν, B→lν)

● “Golden modes”
● High energy interplay and Snowmass points
● New physics models
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● Possible NP discovery from precise CKM metrology
● Precise knowledge of SM parameters essential in any scenario

SuperB UT fit scenarios
“the nightmare” “the dream”
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How to make the dream reality?

● Need very precise measurements

● Is 2% error on V
ub

 feasible?

– Experimentally: yes (B.Viaud)
– Theoretically: maybe (P.Gambino)
– Note

● “maybe” is a very positive answer at this stage
● need to discuss with other experts
● (endorsed already by I.Bigi)
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Towards precise Vub

● Control weak annihilation and shape function
– Possible from data

● Control error from mb
– Precise measurements of radiative decays
– Improvements in lattice and other theory 
– Inclusive mX analysis ⇒ reduced sensitivity

● Control pertubative corrections
– Homework for theorists
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A new theoretical analysis

• kinetic scheme. Wilsonian infrared cutoff µ~1 GeV: contribution 
of soft gluons absorbed into definition of OPE parameters AND 
distribution function(s) 

• Fermi motion: finite mb SF, includes all available subleading 
corrections

● local OPE breaks down at high q 2: need to model the tail, 
consistent with positivity, WA naturally emerge.

● Triple differential distribution including all known pert and 
nonpert effects,  c++ code 

published in PG, P.Giordano, G.Ossola, N.Uraltsev, JHEP10(2007)058   

P. GAMBINO
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Theoretical errors
● Parametric errors generally dominant, 

    in particular mb, 3­4%
● Perturbative corrections 2­3%
● Functional form   1­2%
● Modelling of the q2 tail 

    and WA depending on cut
    from 0 to 7%. WA tends to
    decrease Vub

Overall theory errors are 5­9%, depending on the cuts.

A= MX cut Belle,   B= (Mx,q2) cut Belle+Babar, C= El cut Babar

P. GAMBINO
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Main theoretical desiderata

• know the b mass and the OPE pars precisely 
lattice, bc and bsγ moments, pert calculations, goal 15­20 
MeV for  mb

• study all the spectra of bu l v 
    to constrain WA and the SFs, complementary to OPE 

constraints
● be as inclusive as possible 

    to minimize dependence on functional forms

Present parametric is 3.5% with δmb~40 MeV, dominates cleanest cuts.
From bc experience, duality violation should be small 
Therefore, a 2% goal on |Vub| seems to be realistic. 

P. GAMBINO



   

Rare Decays

● b→sγ serves as prototype FCNC
– Extremely important NP constraints (see later)
– Precision of BF ~ theory errors (~7%)

● Prospects to improve the theoretical precision?

– Also, isospin & CP asymmetries, photon 
polarization, etc.

● Discussed in the CDR, not updated



   

T.HURTH

Main source of theoretical uncertainty in B(b→sγ) at present.
If this can be removed, theory error could be 3%.



   



   



   



   



   



   



   

Simulation studies

● Sensitivity estimates for many interesting 
channels require simulation studies

● Huge effort by fastsimu group since Valencia

● Physics studies can and will benefit from this 
important work
– Improved, detailed, dedicated studies 

necessary for TDR phase 



   

Rare decays (cont.)

● b→sll
– Situation very different to b→sγ
– Exclusive modes will be precisely measured 

by LHCb
– Inclusive analyses theoretically much cleaner

● Not yet possible at B factories 
– (semi-inclusive analyses have been done)

● Requires SuperB statistics
– b→sττ provides another interesting possibility



   

Theoretical uncertainty in B(b→sll) quite large at present.
But, in this approach, dominated by CKM factors.

T.HURTH



   

T.HURTH

Forward­backward asymmetry in inclusive b→sll
Theoretically very clean! (Much better than exclusive)



   

More rare decays

● b→sνν and B→lν provide further examples of 
rare decay modes where the full statistics of 
SuperB is required to reach the interesting 
sensitivity region
– Expect observation of B→K(*)νν above 

10/ab
– Precision of B→μν overtakes that of B→τν 

(systematics limited) around the same time 



   



   



   

Leptonic Decays

● B→τν will be limited by systematics at some 
stage
– CDR estimate of precision may be optimistic

● B→μν does not suffer the same problem
– Will become “golden channel” for leptonic B decays 

at some luminosity (likely above 10/ab)
● Also allows universality test



   

Golden modes

● Which channel is “golden” for new physics discovery 
depends on the particular brand of NP
● Many others can be added to the list
● [add your favourite here]
● ... however, the request was to make a selection



   

Improvements in B→lν with Luminosity 



   

Comparison with KEKB upgrade



   

Benchmarks and LHC Interplay

● Work done mainly by F.Ronga & S.Heinemayer
● Many thanks for their efforts and responses to 

our requests ...
● Work on interplay between flavour and LHC is 

ongoing 



   

Flavour as a Window to New Physics at the LHC 5 May ­ 13 June 2008
http://ph­dep­th.web.cern.ch/ph­dep­th/content2/THInstitutes/2008/flavour/TH­Flavour.html

http://indico.cern.ch/conferenceOtherViews.py?view=standard&confId=31959

http://ph-dep-th.web.cern.ch/ph-dep-th/content2/THInstitutes/2008/flavour/TH-Flavour.html


   



   



   



   

Expect observable 
flavour signatures

 for these MFV points



   

More Snowmass Points

No LHC sensitivity estimates ⇔ no uncertainties

Already 
excluded!



   

How to Add Flavour Structure?

● Explicit models (T.Shindou & collaborators)
– mSUGRA (MFV)
– MSSM + r­h­neutrinos
– SU(5) SUSY with r­h­neutrinos
– MSSM with U(2) flavour symmetry

● Alternative, general, approach: 
– MSSM with mass­insertions

● M.Ciuchini & L.Silvestrini, work in CDR, update ongoing
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M.Ciuchini at SuperB Review, LNF, 12 November



37

More comparison with KEKB upgrade

Re vs Im parts of MSSM mass insertion parameter (δ
13

)
LL

 

10/ab 75/ab



   



   

Need <1˚
precision on γ

in UT fit



   

Summary
● Thanks, once again, to the local organizers of 

the Valencia workshop
● The physics case has been made:

– Conceptual Design Report
– Flavour in the LHC Era write­up (arXiv:0801.18{33,26})
– Report from Valencia
– Several other documents

● Further refinements always possible, but what 
we really need now is a machine, detector, and 
lots and lots of lovely luminosity! 
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