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Fig. 12.5 The e�ect of the convergence of the shape function on m1S
b and |C incl.

7 Vtb V �
ts| for

di�erent bases and with fits for with two (c01), three (c012), four (c0123), and five

(c01234) coe⇥cients. The ellipses denote the corresponding ��2 = 1 confidence

regions as calculated from the experimental uncertainties.
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Exclusive Ansatz

B̄ ! ⇡ ` ⌫̄`, B̄ ! D(⇤) ` ⌫̄` ...

Inclusive Ansatz

B̄ ! Xu ` ⌫̄`, B̄ ! Xc ` ⌫̄`
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Signal x 100!
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Xc = D,D⇤, D⇤⇤, ...

b
Vcb

B̄ ! Xc ` ⌫̄`

• Inclusive |Vub| determinations are difficult:

• Large backgrounds from


• O(100) larger than signal 


• Decays involving D** not well understood


• Clear separation only possible in corners of phase space

What makes measuring inclusive |Vub| difficult?
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|Vub| =

s
�B(B ! Xu ` ⌫̄`)

⌧B ��(B ! Xu ` ⌫̄`)
<latexit sha1_base64="Pd7RDYGwYNcKYDdDLZkg+iJe+wI="></latexit><latexit sha1_base64="Pd7RDYGwYNcKYDdDLZkg+iJe+wI="></latexit><latexit sha1_base64="Pd7RDYGwYNcKYDdDLZkg+iJe+wI="></latexit><latexit sha1_base64="Pd7RDYGwYNcKYDdDLZkg+iJe+wI="></latexit>
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What makes measuring inclusive |Vub| difficult?

• Does not help much though, as theory 
prediction heavily depends on details of 
shape function

• “Experimentally wonderful region, but 
completely useless as no theorist can tell you 
what |Vub| you measured”
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• The SIMBA idea: turn this around:


• Large model dependence ⟺ sensitivity to constrain SF 

• Most information in differential spectra


• Can use different decay modes (same leading shape function) and cary out 
global analysis that propagates uncertainties:

!6

The Idea in a nutshell 

|Vub|

|Vcb|

|C7|
mb

G
lobal Analysis

+
B̄ ! Xu ` ⌫̄`

B̄ ! Xs �

B̄ ! Xc ` ⌫̄`

+ shape function
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FIG. 2: Fit results for two (c0,1), three (c0,1,2), four (c0,1,2,3), and five (c0,1,2,3,4) basis coefficients and

basis parameter λ = 0.5GeV. Left: The extracted F̂ (k) (with absorbed 1/mb corrections), where
the colored envelopes are determined by the uncertainties and correlations of the fitted coefficients
cn. Right: The extracted values of |C incl

7 VtbV ∗
ts| and m1S

b , where the colored ellipses show the

respective ∆χ2 = 1 contours, and the gray band shows the NLO SM value for |C incl
7 VtbV ∗
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FIG. 3: Comparison of the fit results using different basis parameters using only two basis coeffi-
cients (left) and five basis coefficients (right).

few coefficients we have to add the truncation uncertainty. A reliable value for the final
uncertainty is provided by the fitted uncertainty when the central values have converged
and the respective last coefficients, here c3 or c4, are compatible with zero. At this point,
the truncation uncertainty can be neglected compared to the fit uncertainties. Equivalently,
the increase in the fit uncertainties from including the last coefficient that is compatible with
zero effectively takes into account the truncation uncertainty. Using a fixed model function
and fitting one or two model parameters would thus underestimate the true uncertainties in
the shape function. This is also seen in Fig. 3, which shows the results for different basis
parameters λ. The left plot shows the results using only two basis coefficients in the fits.
The three fits all have a good χ2/dof < 1, but disagree with each other. This shows that
there is an underestimated uncertainty due to the basis (i.e. shape) dependence when fitting
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Fig. 12.5 The e�ect of the convergence of the shape function on m1S
b and |C incl.

7 Vtb V �
ts| for

di�erent bases and with fits for with two (c01), three (c012), four (c0123), and five

(c01234) coe⇥cients. The ellipses denote the corresponding ��2 = 1 confidence

regions as calculated from the experimental uncertainties.
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• NNVub [Healey, Mondino, Gambino, arXiv:1604.07598]

• Based on same idea, quite different approach
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• SIMBA master formulae:


• Fit parameters:

• Theory Input:                   computed to (N)NNL’+NNLO in 1S scheme


• Factorized shape function:

!8

Theory side of Global Fits
Theory Side of Global |Vub| Fit.

SIMBA [Bernlochner, Lacker, Ligeti, Stewart, FT, K Tackmann, arXiv:1303.0958]

Global fit combining all available information
Employs model-independent treatment for SF
[Ligeti, Stewart, FT, arXiv:0807.1926]
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Factorized Shape Function.

S(!, µ⇤) =

Z
dk bC0(! � k, µ⇤) bF (k)

bF (k) nonperturbative part
Determines peak region
Fit from data

bC0(!, µ⇤) perturbative part
Generates perturbative tail with
correct µ⇤ dependence
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Theory side of Global FitsBasis Expansion for bF (k).

Expand bF (k) into suitable orthonormal basis

bF (�x) =
1

�

 1X

n=0

cnfn(x)

�2

Z
dk bF (k) =

1X

n=0

c
2
n = 1

Provides model-independent description

Fit for bF (k) by fitting basis coefficients cn

Experimental uncertainties and
correlations can be properly captured in
covariance matrix of fitted coefficients cn

) Allows for data-driven, reliable estimation
of SF uncertainties

Basis functions
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Theory side of Global FitsResidual Basis Dependence from Series Truncation.

bF (�x) =
1

�

 NX

n=0

cnfn(x)

�2

In practice, series must be truncated
Induces residual basis (model)
dependence
Truncation error scales as 1 �

NX

n=0

c
2
n

In practice most complications are in
choosing good basis (�) and N

Want basis so series converges quickly
but still unbiased (e.g. iterate)
Choose N large enough so truncation
error is smaller than to exp. uncertainties,
but small enough to have stable fit and not
waste statistical power
Add coefficients with more precise data

Truncation error at N = 2

0

0

0

0 11

0.10.1

0.2

0.2

0.2

0.2

0.30.3

0.40.4 0.60.6 0.80.8 1.21.2 1.41.4 1.61.6

�0.1�0.1

�0.2�0.2

�0.3�0.3

k [GeV]k [GeV]

b F
(
k
)
�

b F
(
N

)
(
k
)
[G

e
V

�
1
]

b F
(
k
)
�

b F
(
N

)
(
k
)
[G

e
V

�
1
] bF � bF (2)

± bF (2)

trunc
[f0]

± bF (2)

trunc
[f3]

Truncation error at N = 4

0

0

0

0 11

0.10.1

0.2

0.2

0.2

0.2

0.30.3

0.40.4 0.60.6 0.80.8 1.21.2 1.41.4 1.61.6

�0.1�0.1

�0.2�0.2

�0.3�0.3

k [GeV]k [GeV]

b F
(
k
)
�

b F
(
N

)
(
k
)
[G

e
V

�
1
]

b F
(
k
)
�

b F
(
N

)
(
k
)
[G

e
V

�
1
] bF � bF (4)

± bF (4)

trunc
[f0]

± bF (4)

trunc
[f5]

Frank Tackmann (DESY) Global Fit Strategy for Inclusive B ! XL CKM 2016, 2016-11-28 10 / 19



mb1S, |C7eff| & the Shape Function

Florian Bernlochner florian.bernlochner@kit.edu

B → Xs ɣ



Florian Bernlochner Status of SIMBA

• Theory

• NNLL’ + NNLO


• non-C7 contributions fixed to SM


• Experimental Inputs

• Belle Inclusive (in Y(4S) frame)


• arXiv:0907.1384


• BaBar hadronic (in B frame)


• arXiv:0711.4889


• BaBar sum-over-exclusive (in B frame)


• hep-ex/0508004


• BaBar inclusive (in Y(4S) frame)


• arXiv:1207.5772

!13

Global Fit to B → Xs ɣGlobal Fit to B ! Xs�.

Theory
NNLL0+NNLO
non-C7 contributions from SM

Experimental Inputs
Belle inclusive (in ⌥(4S) frame)
[arXiv:0907.1384]

BaBar hadronic tag (in B frame)
[arXiv:0711.4889]

(old) BaBar sum-over-exclusive (in B frame)
[hep-ex/0508004]

BaBar inclusive (in ⌥(4S) frame)
[arXiv:1207.5772]

Too few coefficients lead to clear bias
and underestimated uncertainties
Extracted |Cincl

7 VtbV
⇤
ts| consistent with SM
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Global Fit to B → Xs ɣGlobal Fit to B ! Xs�.

Theory
NNLL0+NNLO
non-C7 contributions from SM

Experimental Inputs
Belle inclusive (in ⌥(4S) frame)
[arXiv:0907.1384]

BaBar hadronic tag (in B frame)
[arXiv:0711.4889]

(old) BaBar sum-over-exclusive (in B frame)
[hep-ex/0508004]

BaBar inclusive (in ⌥(4S) frame)
[arXiv:1207.5772]

l=0.5 GeV
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Too few coefficients lead to clear bias
and underestimated uncertainties
Extracted |Cincl

7 VtbV
⇤
ts| consistent with SM
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Global Fit to B ! Xs�.

Theory
NNLL0+NNLO
non-C7 contributions from SM

Experimental Inputs
Belle inclusive (in ⌥(4S) frame)
[arXiv:0907.1384]

BaBar hadronic tag (in B frame)
[arXiv:0711.4889]

(old) BaBar sum-over-exclusive (in B frame)
[hep-ex/0508004]

BaBar inclusive (in ⌥(4S) frame)
[arXiv:1207.5772]

l=0.5 GeV
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Preliminary Hexp. uncertainties onlyL
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Too few coefficients lead to clear bias
and underestimated uncertainties
Extracted |Cincl

7 VtbV
⇤
ts| consistent with SM
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• Too few coefficients lead to clear bias and 
underestimates uncertainties


• Extracted |C7eff Vtb Vts*| consistent with SM
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Global Fit to B → Xs ɣGlobal Fit to B ! Xs�.

Theory
NNLL0+NNLO
non-C7 contributions from SM

Experimental Inputs
Belle inclusive (in ⌥(4S) frame)
[arXiv:0907.1384]

BaBar hadronic tag (in B frame)
[arXiv:0711.4889]

(old) BaBar sum-over-exclusive (in B frame)
[hep-ex/0508004]

BaBar inclusive (in ⌥(4S) frame)
[arXiv:1207.5772]

l=0.5 GeV
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Preliminary Hexp. uncertainties onlyL
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Too few coefficients lead to clear bias
and underestimated uncertainties
Extracted |Cincl

7 VtbV
⇤
ts| consistent with SM
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• Too few coefficients lead to clear bias and 
underestimates uncertainties


• Extracted |C7eff Vtb Vts*| consistent with SM

Global Fit to B ! Xs�.

Theory
NNLL0+NNLO
non-C7 contributions from SM

Experimental Inputs
Belle inclusive (in ⌥(4S) frame)
[arXiv:0907.1384]

BaBar hadronic tag (in B frame)
[arXiv:0711.4889]

(old) BaBar sum-over-exclusive (in B frame)
[hep-ex/0508004]

BaBar inclusive (in ⌥(4S) frame)
[arXiv:1207.5772]
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Too few coefficients lead to clear bias
and underestimated uncertainties
Extracted |Cincl

7 VtbV
⇤
ts| consistent with SM
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Global Fit to B → Xs ɣ

• Perturbative uncertainties:


• Dominant source of 
uncertainties


• Important to take into account 
correlations


• Evaluated via set of profile 
scale variations


• Expected theory uncertainties 
of comparable size of fit 
uncertainties

Work in Progress.
Perturbative uncertainties

Dominant source of theory uncertainties

Important to take into account correlations across spectrum
I Integrating resummed NNLL0+NNLO spectrum should reproduce smaller

uncertainties in total NNLO rate
(quite nontrivial)

Evaluated via large set
of profile scale variations

Expect theory uncertainties of
comparable size to fit uncertainties

l=0.5 GeV

Standard Model

Preliminary Hexp. + theo. uncertaintiesL
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Florian Bernlochner Status of SIMBA !17

Open issues End of 2017

• Consistent treatment of charm contributions

• Integrate out charm loops vs keeping charm dynamic


• Include known massive results


• In the end small effect, but good to get it right


• Four-quark shape functions


• Sub-leading shape functions

• irrelevant for fit, but important for interpretation


• Fix fit strategy 



Florian Bernlochner Status of SIMBA !18

Open issues Now

• Consistent treatment of charm contributions

• Integrate out charm loops vs keeping charm dynamic


• Include known massive results


• In the end small effect, but good to get it right


• Four-quark shape functions


• Sub-leading shape functions

• irrelevant for fit, but important for interpretation


• Fix fit strategy 

Meet up in early January at KIT and finished all open items 
Will meet up again soon and write the B → Xs ɣ paper and 
start working on B → Xu l ν
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We perform a model independent global fit to all available inclusive B ! Xs� data from BABAR

and Belle. We extract the normalization of the B ! Xs� decay rate, which is a sensitive probe of
physics beyond the standard model, together with the nonperturbative b-quark distribution function
and the b-quark mass, mb. Our theoretical framework consistently combines the correct descriptions
of the photon energy spectrum in di↵erent regions of phase space, mB/2�E� � ⇤QCD, mB/2�E� ⇠

O(⇤QCD), and the transition region between. In the first region, the leading nonperturbative e↵ects
are O(⇤2

QCD/m
2
b), while they are O(1) in the second region. We can thus fit the photon energy

spectrum over the full measured range in a model independent way, making maximal use of the
data to obtain the most reliable and strongest constraints. We find C incl

7 = 0.??± 0.??, where C incl
7

is a linear combination of Wilson coe�cients of the electroweak Hamiltonian that is dominated by
C7, as well as B(E� > 1.6GeV) = (2.?? ± 0.??) ⇥ 10�4, both of which are consistent with the
standard model expectation. The fit simultaneously yields the mass of the b quark in the 1S scheme
as m1S

b = (4.??± 0.??)GeV.
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I. INTRODUCTION

The measurements of the B ! Xs� decay rate [1–6]
and their good agreement with standard model calcula-
tions provides strong constraints on physics beyond the
standard model (SM). It is also an important input to the
determination of |Vub| from B ! Xu`⌫̄ and the analysis
of inclusive B ! Xs`

+
`
� decay. With the most impor-

tant parts of the next-to-next-to leading order (NNLO)
standard model calculation completed, the uncertainty in
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Global |Vub| fit

• Theory

• NLL’ + NLO


• ignoring sub-leading shape functions


• Experimental Inputs

• B → Xu l ν partial branching fractions


• picked measurement for which we are sure 
enough that they have negligible (SF) model 
dependence


• BaBar & Belle hadronic tag


• BaBar & Belle lepton endpoint


• B → Xs ɣ partial branching fractions


• Belle inclusive (shown)


• (old) BaBar sum-over-exclusive (not shown)


• BaBar hadronic tag (not shown)


• B → Xc l ν 

• mb1S, λ1 from moment fits 

Global |Vub| Fit.

Theory
NLL0+NLO
ignoring subleading SFs

Experimental Inputs
B ! Xu`⌫ partial branching fractions

I picked measurements for which we are
sure enough that they have negligible
(SF) model dependence

I BaBar and Belle hadronic tag
I BaBar and Belle lepton endpoint

B ! Xs�

I Belle inclusive (shown)
I (old) BaBar sum-over-exclusive (not shown)
I BaBar hadronic tag (not shown)

B ! Xc`⌫

I m
1S
b , �1 from moment fits
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Global |Vub| fit

• Parametric unc. (SF, mb) are part of fit, no pert. unc. 
included


• Without B → Xs ɣ: ~ 10% uncertainties on |Vub|


• With B → Xs ɣ: ~ 5% uncertainty, but also shift in |Vub|

Global |Vub| Fit.

Theory
NLL0+NLO
ignoring subleading SFs

Experimental Inputs
B ! Xu`⌫ partial branching fractions

I picked measurements for which we are
sure enough that they have negligible
(SF) model dependence

I BaBar and Belle hadronic tag
I BaBar and Belle lepton endpoint

B ! Xs�

I Belle inclusive (shown)
I (old) BaBar sum-over-exclusive (not shown)
I BaBar hadronic tag (not shown)

B ! Xc`⌫

I m
1S
b , �1 from moment fits
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Global |Vub| Fit.

Theory
NLL0+NLO
ignoring subleading SFs

Experimental Inputs
B ! Xu`⌫ partial branching fractions

I picked measurements for which we are
sure enough that they have negligible
(SF) model dependence

I BaBar and Belle hadronic tag
I BaBar and Belle lepton endpoint

B ! Xs�

I Belle inclusive (shown)
I (old) BaBar sum-over-exclusive (not shown)
I BaBar hadronic tag (not shown)
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b , �1 from moment fits
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Without full B ! Xs�: ⇠ 10% uncertainties on |Vub|
Including B ! Xs�: halves uncertainties but also shifts |Vub|
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B → Xu l ν differential Information 

• Ongoing measurement with Belle to measure El, p±, mX, q2

• Uses NeuroBayes hadronic tagging


• Eff. (0.3/0.2% for B+ and B0)


• Pre- and fine-selection finished:


• 25% Signal efficiency with 2.2% Bkg retention


• BaBar: 32% / 2.2%


• Analysis strategy: 


• Normalise against B → X l ν 

• Subtract continuum and bad tags via mbc fit
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• Theory

• NLL’ + NLO


• ignore subleading SFs


• Toy study

• Generate mX, El, and Eɣ from theory 


• Smeared from uncertainties and 
correlations inspired by BaBar hadronic 
tag analysis, Belle II hadronic tagging 
efficiency is much better by now


• Target lumi: 1/ab, 5/ab


• Caveats: 

• No resolution effects considered


• No theory uncertainties included (!)


• Not done with Belle II MC

!23

Projections for Belle II
Projections for Belle 2.

Theory
NLL0+NLO
ignoring subleading SFs

Toy study
Generated mX , E`, and E� spectra from theory
Smeared with uncertainties and correlations
inspired by BaBar hadronic tag analysis,
Belle 2 hadronic tagging efficiency is much better
by now
Originally for 75/ab, scaled down to 1/ab, 5/ab,
15/ab
Caveats:

I No resolution effects considered
I Should be done more thoroughly by Belle 2
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alone to determine SF, mb, and |Vub|
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Projections for Belle II

Belle II Projection
(exp. + param. uncertainties)
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At Belle 2 can use B ! Xu`⌫

alone to determine SF, mb, and |Vub|
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• Experimental kinematic cuts for B → Xs l l

• 1 < q2 < 6 GeV2, mX < mXcut ~ 2 GeV


• Unavoidable to suppress huge B → Xc l ν → 
Xs l l ν ν background


• Shape function effects must be taken into 
account to retain NP sensitivity


• Helicity decomposition for inclusive rate 

• [Lee, Ligeti, Stewart, Tackmann (2008)]

!26

B → Xs l l

Combined analysis of B ! Xs`` and B ! X`⌫.

Experimental kinematic cuts for B ! Xs``

1 < q
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cut
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Combined analysis of B ! Xs`` and B ! X`⌫.

Experimental kinematic cuts for B ! Xs``
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Combined analysis of B ! Xs`` and B ! X`⌫.

Experimental kinematic cuts for B ! Xs``
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Combined analysis of B ! Xs`` and B ! X`⌫.

Experimental kinematic cuts for B ! Xs``

1 < q
2
< 6GeV2, mX <m

cut
X ⇠ 2GeV
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Florian Bernlochner Status of SIMBA

• Experimental kinematic cuts for B → Xs l l

• 1 < q2 < 6 GeV2, mX < mXcut ~ 2 GeV


• Unavoidable to suppress huge B → Xc l ν → 
Xs l l ν ν background


• Shape function effects must be taken into 
account to retain NP sensitivity


• Helicity decomposition for inclusive rate 

• [Lee, Ligeti, Stewart, Tackmann (2008)]


• Same basic structure: 


• Combined fit of B → Xs l l and B → X l ν


• Best way to get clean extraction of C9, C10 
with inclusive decays

!27

B → Xs l lCombined analysis of B ! Xs`` and B ! X`⌫.

Experimental kinematic cuts for B ! Xs``
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Shape function effects must be taken into
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Combined analysis of B ! Xs`` and B ! X`⌫.

Experimental kinematic cuts for B ! Xs``

1 < q
2
< 6GeV2, mX <m

cut
X ⇠ 2GeV

Unavoidable to suppress huge
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Shape function effects must be taken into
account to retain NP sensitivity
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[Lee, Ligeti, Stewart, FT (2008)]
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Combined analysis of B ! Xs`` and B ! X`⌫.

Experimental kinematic cuts for B ! Xs``

1 < q
2
< 6GeV2, mX <m

cut
X ⇠ 2GeV

Unavoidable to suppress huge
b ! c`
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⌫̄ ! s`

+
`
�
⌫⌫̄ background

Shape function effects must be taken into
account to retain NP sensitivity
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ij (p+
X , E`, E¯̀; k) bF (p+

X � k) + · · ·

Combined fit of B ! Xs`` and B ! X`⌫

Best (perhaps only) way to get clean extraction of Cincl
9 , Cincl

10

Using the same inclusive helicity decomposition for B ! X`⌫ would
allow to fully disentangle dominant subleading SF effects
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B → Xs l l
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Figure 2: Projected global fit for C9 and C10, when assuming the SM and using as constraints
measurements of the helicity amplitudes of inclusive B ! Xsl+l� decays from 5ab�1 of
Belle II data (left). A comparison of the global constraint on C9 and C10, when assuming
CNP

9 = �1 and from measuring the helicity amplitudes of B ! Xsl+l� decays at Belle II for
1, 5 and 50ab�1 of data with the current constraint from the angular analysis and branching
fraction measurement of B0 ! K⇤0µ+µ� decays by LHCb (right).

worth of Belle II data (⇠5ab�1). Figure 2 compares the resulting constraint on C9 and C10

from such a measurement with that from LHCb measurements of the angular distribution
and branching fraction B0 ! K⇤0µ+µ� decays.

I have experience carrying out research in b-physics having performed my PhD as a
member of the LHCb experiment, where I pioneered the first measurement of |Vub| at a
hadronic collider [18]. This has given me the experience required to do a major physics
analysis as required to measure the helicity amplitudes of b ! sll. I would carry out the
research under Prof. Florian Bernlochner within the High Energy Physics (HEP) group of
Karlsruhe Institute of Technology. The HEP group at KIT has a strong involvement in the
Belle II experiment, having played a major part in developing the Belle II analysis software
including the tracking and B tagging reconstruction algorithms. It is envisaged that the
cutting edge machine learning techniques employed by the KIT group for B and flavour
tagging will be an essential component to the analysis.

3 Aims

The main aim of the project will be to perform and publish the first measurements of the
helicity amplitudes HT , HL and HA of inclusive b! sl+l� decays integrated over chosen q2

regions using the Belle legacy dataset (711 fb�1) and the first 18 months worth of Belle II
data (⇠5 ab�1).

The initial year of the project will involve simultaneously developing the analysis strategy

iv

• Belle II sensitivity study from William Sutcliffe

• Unbinned fit in z for 2 q2 bins (1-3.5 GeV2, 3.5 - 6 GeV2)



|Vcb| and R(X)
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Florian Bernlochner Status of SIMBA

• Combined analysis of B → Xc l ν and B → Xu l ν

• Measure very precisely the lepton energy spectrum 


• Allows for fully consistent and correlated treatment of both channels


• Can constrain leading SF from b → c


• Combined fit to directly extract |Vub| / |Vcb|


• B → X 𝝉 ν and R(X) 

• Belle II should obviously measure R(X)


• if R(D*) is due to NP, it must also manifest itself in R(X)


• Theory for inclusive decay is as clean


• Combined analysis of B → X l ν and B → X 𝝉 ν to measure R(X)(q2)

!30

B → Xc l ν & B → X 𝝉 ν
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Florian Bernlochner Status of SIMBA

• Inclusive |Vub| and |Vcb| with current approaches are theory 
limited, but not in a way that more calculations alone will help


• Strategy for Belle II should be to exploit increased data sets to 
help theory by providing maximal amount of information in the 
form of differential branching fractions measured as model-
independent as possible.


• Global fit to inclusive rare and semileptonic data with model-
independent treatment of shape function will be key to reach the 
ultimate precision for inclusive |Vub|


• Global analysis will be essential to fully exploit NP sensitivity of 
inclusive B → Xs ɣ and B → Xs ll

!32
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Fig. 12.5 The e�ect of the convergence of the shape function on m1S
b and |C incl.

7 Vtb V �
ts| for

di�erent bases and with fits for with two (c01), three (c012), four (c0123), and five

(c01234) coe⇥cients. The ellipses denote the corresponding ��2 = 1 confidence

regions as calculated from the experimental uncertainties.
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