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that sounds kind of interesting, so many people 
want to do that
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that sounds kind of interesting, so many people 
want to do that ... and I can understand why

  New Physics at the Super Flavor factory “  ”

Ornette Coleman, Free Jazz

or in other words:

  Let’s play the music and not its background!“  ”
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  WGB: Theoretical uncertainties“  ”



or in other words:

  Let’s play the background and not the music!
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“  ”

  WGB: Theoretical uncertainties“  ”
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or in other words:

  Let’s play the background and not the music!“  ”

  WGB: Theoretical uncertainties“  ”

that sounds kind of less interesting, maybe even 
boring, so not many people (only two) were willing 
to contribute at the end
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or in other words:

  Let’s play the background and not the music!“  ”

  WGB: Theoretical uncertainties“  ”

yet I believe that a good (and hopefully better) 
understanding of “theoretical uncertainties” aka 
“the background” is crucial in many cases to make 
a physics case for Super Flavor Factory



Why? Just a random example:
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5

in CP -violating asymmetries, in branching fractions
and kinematic distributions of penguin-dominated de-
cays and in leptonic decays can indeed be seen in the
five-year SuperB data sample.

TABLE I: Comparison of current experimental sensitivities
with a 10 ab−1 sample and the five year SuperB 75 ab−1

sample. Only a small selection of observables are shown.
Quoted sensitivities are relative uncertainties if given as a
percentage, and absolute uncertainties otherwise. An “X”
means that the quantity is not measured at this integrated
luminosity. For more details, see text and Refs. [1, 3, 4].

Mode Sensitivity

Current 10 ab−1 75 ab−1

B(B → Xsγ) 7% 5% 3%

ACP (B → Xsγ) 0.037 0.01 0.004–0.005

B(B+ → τ+ν) 30% 10% 3–4%

B(B+ → µ+ν) X 20% 5–6%

B(B → Xsl
+l−) 23% 15% 4–6%

AFB(B → Xsl
+l−)s0 X 30% 4–6%

B(B → Kνν) X X 16–20%

S(K0
Sπ0γ) 0.24 0.08 0.02–0.03

Table I shows a quantitative comparison of the two
samples for some of the important observables that
will be measured at SuperB, including all the so-called
“golden processes” of Table II (see the following sec-
tion). We list below some additional comments on the
entries of Table I

• The measurements of B(B → Xsγ) and
B(B+ → "+ν) are particularly important in
minimal flavor violation scenarios. It is crucial
to be able to search for small deviations from the
Standard Model value. Therefore the improve-
ment is sensitivity provided by SuperB is highly
significant (see Figure 5).

• A 10 ab−1 sample is not sufficiently large to take
advantage of the theoretical cleanliness of several
inclusive observables, such as the zero-crossing of
the forward-backward asymmetry in b → s"+"−.
Results with 10 ab−1 would not match the pre-
cision from the exclusive mode B → K∗µ+µ−,
which will be measured by LHCb. Furthermore,
these exclusive channel measurements will be
limited by hadronic uncertainties. SuperB can
provide a much more precise and theoretically
clean measurement using inclusive modes.

• Several interesting rare decay modes, such as
B → Kνν̄, cannot be observed with the statistics
of 10 ab−1, unless dramatic and unexpected New
Physics enhancements are present. Preliminary
studies are underway on several other channels

in this category, such as B → γγ and B → invis-
ible decays which are sensitive to New Physics
models with extra-dimensions.

• Another area for comparison is the phenomeno-
logical analysis within the MSSM with generic
mass insertion discussed in the SuperB CDR.
Fig. 1 shows how well the (δ13)LL can be re-
constructed at SuperB and with 10 ab−1. Im-
provements in lattice QCD performance, as dis-
cussed in the Appendix of the CDR, are assumed
in both cases. The remarkable difference in sen-
sitivity stems mainly from the different perfor-
mance in measuring the CKM parameters ρ̄ and
η̄.

FIG. 1: Determination of the SUSY mass-insertion param-
eter (δ13)LL with a 10 ab−1 sample (top) and with SuperB
(bottom).

Charm Physics

The influence of New Physics on the charm sector is
often overlooked. Constraints on flavor-changing neu-
tral currents from new physics in the up quark sector
are much weaker than in the down quark sector. Thus
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Why? Just a random example:

3

to reach such an accuracy on the theoretical side 
is “crazy” aka “very difficult”
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in CP -violating asymmetries, in branching fractions
and kinematic distributions of penguin-dominated de-
cays and in leptonic decays can indeed be seen in the
five-year SuperB data sample.

TABLE I: Comparison of current experimental sensitivities
with a 10 ab−1 sample and the five year SuperB 75 ab−1

sample. Only a small selection of observables are shown.
Quoted sensitivities are relative uncertainties if given as a
percentage, and absolute uncertainties otherwise. An “X”
means that the quantity is not measured at this integrated
luminosity. For more details, see text and Refs. [1, 3, 4].
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B(B → Xsγ) 7% 5% 3%

ACP (B → Xsγ) 0.037 0.01 0.004–0.005
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AFB(B → Xsl
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B(B → Kνν) X X 16–20%

S(K0
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Table I shows a quantitative comparison of the two
samples for some of the important observables that
will be measured at SuperB, including all the so-called
“golden processes” of Table II (see the following sec-
tion). We list below some additional comments on the
entries of Table I

• The measurements of B(B → Xsγ) and
B(B+ → "+ν) are particularly important in
minimal flavor violation scenarios. It is crucial
to be able to search for small deviations from the
Standard Model value. Therefore the improve-
ment is sensitivity provided by SuperB is highly
significant (see Figure 5).

• A 10 ab−1 sample is not sufficiently large to take
advantage of the theoretical cleanliness of several
inclusive observables, such as the zero-crossing of
the forward-backward asymmetry in b → s"+"−.
Results with 10 ab−1 would not match the pre-
cision from the exclusive mode B → K∗µ+µ−,
which will be measured by LHCb. Furthermore,
these exclusive channel measurements will be
limited by hadronic uncertainties. SuperB can
provide a much more precise and theoretically
clean measurement using inclusive modes.

• Several interesting rare decay modes, such as
B → Kνν̄, cannot be observed with the statistics
of 10 ab−1, unless dramatic and unexpected New
Physics enhancements are present. Preliminary
studies are underway on several other channels

in this category, such as B → γγ and B → invis-
ible decays which are sensitive to New Physics
models with extra-dimensions.

• Another area for comparison is the phenomeno-
logical analysis within the MSSM with generic
mass insertion discussed in the SuperB CDR.
Fig. 1 shows how well the (δ13)LL can be re-
constructed at SuperB and with 10 ab−1. Im-
provements in lattice QCD performance, as dis-
cussed in the Appendix of the CDR, are assumed
in both cases. The remarkable difference in sen-
sitivity stems mainly from the different perfor-
mance in measuring the CKM parameters ρ̄ and
η̄.

FIG. 1: Determination of the SUSY mass-insertion param-
eter (δ13)LL with a 10 ab−1 sample (top) and with SuperB
(bottom).

Charm Physics

The influence of New Physics on the charm sector is
often overlooked. Constraints on flavor-changing neu-
tral currents from new physics in the up quark sector
are much weaker than in the down quark sector. Thus
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total theory error at the 
level of 10% depending 
on how one combines 
individual uncertainties 
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BR(B → Xsγ)Eγ>1.6 GeV
SM = (3.15± 0.23)× 10−4
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B → Xsγ: Theory status



“cutting-edge” calculation 
may be able to get ride of 
large parts of some of the 
perturbative error
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BR(B → Xsγ)Eγ>1.6 GeV
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B → Xsγ: Theory progress (?)
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non-perturbative effects 
related to the fact that 
there is no OPE for        

the theoretical “brick wall”
B → Xsγ might represent



to reach the error on  B → Xsγ  of 3% “anticipated”

(a lot of) theory progress is needed

Upshot:
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at a Super Flavor Factory with 75 ab−1



to reach the error on  B → Xsγ  of 3% “anticipated”

(a lot of) theory progress is needed

Upshot:
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at a Super Flavor Factory with 75 ab−1

the same statement applies to Vub, B → Xsl+l−, ... 
and probably even more (personal opinion) to 
observables like B → τν, ... that involve lattice QCD 



to reach the error on  B → Xsγ  of 3% “anticipated”

(a lot of) theory progress is needed

Upshot:

4

at a Super Flavor Factory with 75 ab−1

the same statement applies to Vub, B → Xsl+l−, ... 
and probably even more (personal opinion) to 
observables like B → τν, ... that involve lattice QCD 

this requires a joint theoretical effort



Finally:

5

more interchange between experimentalist and 
theorists is welcome and probably required to 
exploit full potential of a Super Flavor Factory

cuts!?
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more interchange between experimentalist and 
theorists is welcome and probably required to 
exploit full potential of a Super Flavor Factory

cuts!?
Introduction Leading Order Shape Function Subleading Shape Functions

Kinematics for B → Xs!+!−

Experimental kinematic cuts

1 < q2 < 6 GeV2, mX < mcut
X ∼ 2 GeV

Unavoidable to suppress huge
b → c!−ν̄ → s!+!−νν̄ background
Cuts drastically enhance perturbative and
nonperturbative corrections
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mX ≤ 2.0 GeV

q2 ∈ [1, 6]GeV2

Rates become sensitive to b-quark PDFs in B meson (shape functions)
Same issues arise as in B → Xu!ν and B → Xsγ

Leading order: Universal shape function (SF) [Bigi et al., Neubert (1993)]

O(ΛQCD/mb): Several more subleading SFs [Bauer, Luke, Mannel (2001)]

Shape function effects are important and could potentially spoil NP sensitivity
Experiments have used Fermi motion model to extrapolate rates
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Finally:
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this can and should 
be a goal of WGB, as 
theoretical and 
experimental errors 
are often connected

more interchange between experimentalist and 
theorists is welcome and probably required to 
exploit full potential of a Super Flavor Factory
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