
   

B Physics Observables for 
New Physics Discoveries

Tim Gershon
University of Warwick

SuperB Workshop VI, 
IFICValencia, 12th January 2008

Working Group Summary



2

● 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)

● (Also  need nature to be kind)
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|Vub| determination pattern: complex !   

It will be hard to evaluate precisely the Super B factory’s 
potential without a rigorous study (i.e. simulation, as 
accurate as possible).
-> Too Many things to know, from many th. or exp. sources, 
having a complicated behavior (w.r.t the backgrounds, for 
example) to obtain reliable results otherwise… 
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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, bc and bsγ moments, pert calculations, goal 1520 
MeV for  mb

• study all the spectra of bu 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 bc experience, duality violation should be small 
Therefore, a 2% goal on |Vub| seems to be realistic. 

P. GAMBINO



   

Rare Decays

● Several talks
– T.Hurth (b→sγ and b→sll)
– A.Bevan (B→τν(γ))
– S.Robertson (b→sll, b→lν and others)
– F.Renga (b→sll and b→sνν)
– J.Walsh (b→sγ)

● Recurring theme:
– Clean environment, hermiticity and very high 

statistics give SuperB huge advantage for recoil 
analysis (hadronic tags)



   

T.HURTH

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



   



   



   



   



   



   



   

Recoil analyses

● Sensitivity to inclusive B(b→sγ) will be limited 
by systematics (and theory error)

● Benefit to reduce background from improved 
hermiticity?
– Needs simulation study
– Would allow reduction of photon energy cut

● Hadronic tag gives photon momentum in B rest 
frame – important for moments analysis

● Best approach may be different for asymmetry 
measurements



   

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)



   



   

A.BEVAN



   



   

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



   

Benchmarks

● Presentation from F.Ronga
● Work done so far on SPS1a
● Discussion with F.Ronga & S.Heinemayer



   



   



   



   

Benchmarks

● Presentation from F.Ronga
● Work done so far on SPS1a
● Discussion with F.Ronga & S.Heinemayer

– Request to include more observables
● b→sνν
● Forward backward asymmetry in b→sll (inclusive)

– Add new benchmark points 
● SPS4 and SPS5 (do LHC sensitivity estimates exist?)
● Points with nonMFV flavour structure



   

Expect observable 
flavour signatures

 for these MFV points



   

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



   



   

Need <1˚
precision on γ

in UT fit



   
Link with lepton sector (tau lepton flavour violation)
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Lepton Flavour & Neutrino Physics
● In many scenarios, LFV rates are linked to (both low 

and high energy) neutrino parameters
Antusch, Arganda, Herrero & Teixeira, JHEP 0611 (2006) 090

increasing Majorana 
neutrino mass

SuperB sensitivity

Will contact authors 
and request plots 

for SPS4 and SPS5
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NP models

● Most discussion on SUSY and MSSM
● Remember that flavour is generically sensitive 

to NP – illustrate with a few other models
– Little Higgs (brief discussion in CDR)
– Extra dimensions (talk by E.Kou, also T.Hurth)
– NMSSM (talk by F.Domingo)
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T.HURTH



37F.DOMINGO



38F.DOMINGO
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Beginning work on the document
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Prototype Questions

● Comparison between SuperB and KEKB 
upgrade
– Some quantative work in progress
– Emphasise qualitative differences

● Discovery potential of SuperB
● “Golden processes”

– Many golden processes in B physics
– Work ongoing to select those with nicest plots

● Benchmarks
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Translations

L
peak

 = 1034/cm2/s ⇔ 1/fb/day ⇔ 200/fb/year

L
peak

 = 1035/cm2/s ⇔ 10/fb/day ⇔ 2/ab/year

L
peak

 = 1036/cm2/s ⇔ 100/fb/day ⇔ 20/ab/year

L
peak

 = 1037/cm2/s ⇔ 1/ab/day ⇔ 200/ab/year

NB. 1000/ab = 1/zb

Assumes that:
● operating stability
● data taking efficiency
● useability of data

all remain similar to now

To answer Ikaros ...

From TG presentation at BNM2006 
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Thanks

● Would like to thank all participants of the 
working group
– We ask a lot of you ...
– ... and we will ask for more in future

● Special thanks to the local organizers


