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Outline

• The semileptonic asymmetries

• LFU in tree level decays

• |Vub|
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Semileptonic asymmetry

Standard Model predictions1,2
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[1] Lenz, Nierste, 0612167 (2007)
[2] Artuso, Borissov, Lenz, 1511.09466 (2016)

Im

✓
�12

M12

◆

http://arxiv.org/abs/hep-ph/0612167
http://arxiv.org/abs/1511.09466
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Experimental status
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The dimuon asymmetry
• Measures1
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[1] 10.1103/PhysRevD.87.074020
[2] PRD 89, 012002 (2014)
*U. Nierste pointed out (CKM 2014) that the ΔΓd correction was overestimated

• Final D0 statement2

3.6σ from SM*

http://arxiv.org/abs/1310.0447
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LHCb adsl
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Decay time dependent, untagged, asymmetry 
between B and Bbar:

!( D�µ+ !, t ) � !( D + µ�!, t )
!( D�µ+ !, t ) + !( D + µ�!, t )

Time dependent study needed to disentangle Ap and asl.

AP is the asymmetry between the production rates of B and Bbar.

PRL 114 041601 (2015)

http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.041601
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LHCb adsl
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Also measure the B0 production asymmetries at 7 and 8 TeV

PRL114, 041601 (2015)

PRL 114 041601 (2015)

http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.041601
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LHCb assl

• Effect of production asymmetry washed out by 
fast oscillations.

• Simply measure:
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With ≈1.5 million Bs →Dsμν candidates in Run-I dataset1

PRL 114, 041601 (2016)

http://10.1103/PhysRevLett.114.041601
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LHCb error budgets  
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1.PRL 114 041601 (2015)
2.LHCb, 1605.09768 (2016)

δadsl = ±35×10-4 δassl = ±33×10-4

Adet syst
17%

Bgd. syst
12%

Ctrl. mode stats
41%

Bd stats
31%

Adet syst
14%

Bgd. syst
24%

Ctrl. mode stats
31%

B stats
31%

http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.041601
https://arxiv.org/abs/1605.09768
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Detection asymmetries
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2: Detector misalignments

1: Nuclear interactions

�(K�N )
�(K+N )

⇠ 1.3
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Kaon asymmetry
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Method using combination of CF charm decays:

JHEP 07 (2014) 041.

Limited by yields of D+ → Ksπ+ decays (~106 in Run-I)

Completely new method in the pipeline for Run-II
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Backgrounds
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Little problem to count Ds →KKπ decays:

PRL 114, 041601 (2016)

PRL 114, 041601 (2016)

http://10.1103/PhysRevLett.114.041601
http://10.1103/PhysRevLett.114.041601
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Backgrounds
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Source Fraction

B →DDX 13%

Λ →ΛcDsX 3%

B →DsKµνX 2%

However, many sources of DsμX, e.g:

 Background fraction  (18 ± 6)%

 Correction to assl  (-0.04 ± 0.06) x 10-2

PRL 114, 041601 (2016)

http://10.1103/PhysRevLett.114.041601
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B

Corrected mass
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D
μ
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B

Corrected mass
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D
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Bs→Dsµν corrected mass
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Cut

Future analyses to fit this distribution and 
subtract all non Bs backgrounds

LHCb simulation

PRL 114, 041601 (2016)

http://10.1103/PhysRevLett.114.041601
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Alternative view of assl

• Fleischer, Vos, 2016 1606.06042

• Combination of ΔMs, ΔΓs and ɸs, allowing for NP: 

assl = (0.014 ± 0.018)%

• Suggested to use Bs→DsμX decays to measure 
Ap(Bs) and ACP(Ds → KKπ)

17
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where the time-dependent function allows us to probe
(1). Assuming the relations given there, aRS can be ex-
tracted – as in the case of aWS – from the tagged, time-
integrated rates.

As we have seen in Section II, as
sl is constrained by B 0

s
decay data to be too small to be accessible in measure-
ments of decay rate asymmetries. On the other hand, we
may extract AP (Bs) and aCP (`+

⌫`; f D s ) from a combined
analysis of aWS and aRS :

AP (Bs) =
1

2
(aWS + aRS ! as

sl) , (32)

aCP (`
+
⌫`; f D s ) =

1

2
(aWS ! aRS ! as

sl) , (33)

where we have neglected the F±(t) terms and as
sl is given

by (23), playing a negligible role.
From the experimental point of view, it is interesting

to consider the untagged rate asymmetry [4]:

aunt (t) "
! [D�

s `

+
⌫`, t] ! ! [D +

s `

�
⌫̄`, t]

! [D�
s `

+
⌫`, t] + ! [D +

s `

�
⌫̄`, t]

= aCP (`
+
⌫`; f D s )+

as
sl

2
!

!
as

sl + 2AP (Bs)

2

"!
cos(" M st)

cosh("! st/ 2)

"

+
1

2
" A

��

tanh("! st/ 2), (34)

where ! [f, t ] " ! (B 0
s (t) # f ) + ! (B̄ 0

s (t) # f ). In
the experimental analysis to determine (2), LHCb has
employed (34) for the time-integrated untagged rates.
Thanks to the rapid B 0

s–B̄ 0
s oscillations, the term in-

volving the production asymmetry (which su#ers from
a large error (6)) is then essentially washed out [17].
On the other hand, the decay-time dependence of (34)
would allow us to extract AP (Bs) and aCP (Bs; f D s ),
thereby complementing the determination through the
time-integrated, tagged rate asymmetries aWS and aRS .
We advocate to implement these analyses at LHCb and
future runs of Belle II at the $ (5S) resonance.

IV. DIRECT CP VIOLATION

The D�
s mesons, which are produced in B̄ 0

s # D�
s `

+
⌫`,

will decay further as D�
s # f D s and are observed corre-

spondingly in the detector. Keeping only leading-order
terms in CP-violating e#ects, we obtain

aCP (`
+
⌫`; f D s ) = a(B s )

CP |`+⌫`
+ a(D s )

CP |f D s
, (35)

where

a(B s )
CP |`+⌫`

"
! (B 0

s # D�
s `

+
⌫`) ! ! (B̄ 0

s # D +
s `

�
⌫̄`)

! (B 0
s # D�

s `

+
⌫`) + ! (B̄ 0

s # D +
s `

�
⌫̄`)
(36)

probes CP violation at the B 0
s amplitude level, whereas

a(D s )
CP |f D s

"
! (D�

s # f D s ) ! ! (D +
s # f̄ D s )

! (D�
s # f D s ) + ! (D +

s # f̄ D s )
(37)

measures CP violation in the D�
s # f D s processes.

Such “direct” CP asymmetries can be generated
through the interference between at least two decay am-
plitudes with non-trivial CP-conserving and CP-violating
phase di#erences [3]. The CP-conserving phases can be
induced through strong interactions or absorptive parts
of loop diagrams. In the charm sector, significant CP-
violating phases would be associated with NP e#ects.
In the SM, a(B s )

CP |`+⌫`
is zero at leading order in weak

interactions and takes a vanishingly small value through
higher-order e#ects [18–20]. Even in the presence of NP,
this CP asymmetry cannot take sizeable values. For the
non-leptonic decay B 0

s # D�
s ⇡

+ things have to be as-
sessed more carefully, as there may still be room for NP
at the decay amplitude level [11, 12] and strong interac-
tions are at work. It would be interesting to measure

aCP (⇡
+ ; f D s ) ! aCP (`

+
⌫`; f D s ) = a(B s )

CP |⇡+ (38)

with our method, where the CP asymmetry in D�
s # f D s

cancels.
In the non-leptonic Ds channels, CP-conserving phase

di#erences can be induced – in contrast to B̄ 0
s # D +

s `

�
⌫̄`

modes – through strong interactions. Direct CP asym-
metries in D(s) decays are small in the SM but may be
enhanced through NP contributions [21, 22]. Predictions
su#er generally from hadronic uncertainties, where the
SU(3) flavor symmetry o#ers a useful framework [23].
For the LHCb analyses, D⌥

s # K + K �
⇡

⌥ transitions
are used, such that the experimental value in (2) should
actually read

(as
sl)e↵ = as

sl + 2a(D s )
CP |K +K ! ⇡" . (39)

Consequently, in order to extract as
sl we need information

on the CP asymmetry of the subsequent Ds decay. The
PDG [15] gives the following average of CLEO measure-
ments [24, 25]:

a(D s )
CP |K +K ! ⇡" = (0.5± 0.9) $ 10�2. (40)

Using (23), we can convert the LHCb result into

a(D s )
CP |K +K ! ⇡" = (0.20± 0.16) $ 10�2, (41)

which is consistent with (40) but five times more precise.
Moreover, it is consistent with the SM picture.
Our new method can actually be applied to any Ds-

meson decay D�
s # f D s . In contrast to conventional

analyses of CP violation in such transitions, our strategy
is not a#ected by the production asymmetry [26]

AP (Ds) "
�(D +

s ) ! �(D�
s )

�(D +
s ) + �(D�

s )
= (! 0.33± 0.22± 0.10)%.

(42)
Concerning direct CP violation, non-leptonic decays

play the key role as we discussed above. With respect
to the impact of NP, transitions with penguin loop con-
tributions are particularly interesting. Prominent exam-
ples are D +

s # ⇡

+ K 0,⇡0K + , K +
�, ..., where the final-

state particles may also be replaced by vector mesons or

Requires time dependent analysis of semileptonic Bs decays. Not easy, but one existing measurement (see this slide)

http://arxiv.org/abs/1606.06042
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ATLAS ΔΓd
Single most precise measurement using time dependent 
study of Bd decays into J/ψK* and J/ψKs.

18

JHEP06 (2016) 081

https://arxiv.org/abs/1605.07485
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On the same timescale ΔΓd/Γd uncertainty at few x 10-3

with LHCb Run-II data

Outlook
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Outlook

SM
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Outlook

SM

300 fb-1 

LHCb upgrade2

Is this of theoretical interest though?
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Tree level LFU
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Fajfer et al., 2012 PRD 85 094025

R(D*)HQET = 0.252(3)
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R(D(*)) experimental status
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LHCb R(D*)
Using τ→μνν
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B
! D

K-

"

" slow

#
νν

ν

B0 →D*+τ-ντ

D*+→D0π+

D0→K-π+

τ →μνν

The signal isn’t rare: ≈10-4 after selections

Hard to isolate though: signal/normalisation ~ 4%
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Kinematics

25

Variables calculated using the following approximation for the B momentum: pz = (mB/mvis)pz,vis

Actually one of the easier backgrounds though....

D*μν
D*τν

B → D*Ds →D*μνX more problematic 
 



Mika Vesterinen

Highest purity q2 slice
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Figure 1: Distributions of m2

miss

(left) and E⇤
µ

(right) of the four q2 bins of the signal data,
overlaid with projections of the fit model with all normalization and shape parameters at their
best-fit values. Below each panel di↵erences between the data and fit are shown, normalized by
the Poisson uncertainty in the data. The bands give the 1� template uncertainties.
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Figure 1: Distributions of m2

miss

(left) and E !
µ

(right) of the four q2 bins of the signal data,
overlaid with projections of the fit model with all normalization and shape parameters at their
best-fit values. Below each panel di↵erences between the data and fit are shown, normalized by
the Poisson uncertainty in the data. The bands give the 1� template uncertainties.
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Highest purity q2 slice
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Figure 1: Distributions of m2

miss

(left) and E⇤
µ

(right) of the four q2 bins of the signal data,
overlaid with projections of the fit model with all normalization and shape parameters at their
best-fit values. Below each panel di↵erences between the data and fit are shown, normalized by
the Poisson uncertainty in the data. The bands give the 1� template uncertainties.
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Figure 1: Distributions of m2

miss

(left) and E !
µ

(right) of the four q2 bins of the signal data,
overlaid with projections of the fit model with all normalization and shape parameters at their
best-fit values. Below each panel di↵erences between the data and fit are shown, normalized by
the Poisson uncertainty in the data. The bands give the 1� template uncertainties.
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R(D*) = 0.336 ± 0.027stat ± 0.030syst
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LHCb R(D*) error budget

28



Mika Vesterinen

LHCb future prospects

• In progress: “R” with D0, Ds, Λc, Λc*, J/Ψ, ....

• And with tau τ→3πνX.

29

... and Xuτν decays?
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1st and 2nd generation?
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Experimental status/prospects?

• Best measurement from Belle1

31

• LHCb challenge: control of electron efficiency

• Plan to measure:

Tentative goal with Run-I data:  δReμ ≈ few x 10-3

1.Belle, 1510.03657 (2015)

Reμ = 0.995 ± 0.022stat ± 0.039syst

Reµ =
B(B ! D(! )e⌫)

B(B ! D(! )µ⌫)
⇥ B(D0 ! Ke⌫)

B(D0 ! Kµ⌫)

1. Introduction 4/18

Strategy

¥ Have largeB semileptonic signals! good statistical sensitivity
• Modelling electron e�ciencies to sub-percent precision challenging,

though

¥ Proposal: measure lepton universality in semileptonicB relative to
semileptonic charm

• Runnamed " B!D(⇤)e⌫/ B!D(⇤)µ⌫
D0!Ke⌫/ D0!Kµ⌫

• Any lepton non-univeral e↵ect visible inB decays would have to depend
on quark ßavour, in order not to be excluded by pions + kaons! physics
sensitivity not especially reduced

• Cancel electron reconstruction / ID e�ciencies: perform measurement as
a function of kinematics / occupancy

• Still need to model (di↵ering) e↵ect of Bremstrahlung inB / D signal
Þts, Þducial regions, etc

• Will need to correctD0 ! Ke⌫/ D0 ! K µ⌫ for phase space di↵erence

http://arxiv.org/abs/1510.03657
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CKM metrology
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Need to better understand |Vub| (and |Vcb|)
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The |Vub| saga
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LHCb Λb→pµν

34

$ 2x104 
signal

In restricted*q2 range:

*q2>7(15) GeV2 for pμν(Λcμν) 

B(⇤b ! pµ⌫)

B(⇤b ! ⇤cµ⌫)
= (1.00 ± 0.04stat ± 0.08syst ) " 10�2



Mika Vesterinen

Lattice1 Λb→pµν 
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[1] W. Detmold, C. Lehner, S. Meinel, 1503.01421 (2015)

Analysis strategy
¥ Normalise signal yield to Vcb decay,                   . 

¥ Cancel many systematic uncertainties, including 
the production rate of Λb baryons. 

¥ Calculate the branching fraction ratio at high q 2.

19
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FIG. 14. Predictions for the ⇤b ! p !� "̄ ! di↵erential decay rates for ! = e, µ, # in the Standard Model. The inner bands show
the statistical uncertainty and the outer bands show the total uncertainty, calculated using Eq. (83).
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FIG. 15. Predictions for the ! b ! ! c ! ! "̄ ! di" erential decay rates for ! = e, µ, # in the Standard Model. The inner bands show
the statistical uncertainty and the outer bands show the total uncertainty, calculated using Eq. (83).

⇤0
b ! ⇤cµ!

Plots from W. Detmold, C. Lehner, S. Meinel, arXiv:1503.01421|Vub|
|Vcb|

= 0 .083± 0.004
expt

± 0.004
latt
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State of the art
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Much more to understand...
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|Vub| (pµν) error budget
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Lattice
51%

Other
13%

Efficiencies
16%

B(Lc->pKpi)
20%

Area of wedges proportional to error squared
*Maybe better control of lattice uncertainties with q2 dependent measurement?

Not* much more that 
LHCb can do here....
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|Vub| with other modes?
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Thanks to P. Owen for the sketch!

https://cds.cern.ch/record/2104018/files/LHCb-TALK-2015-309.pdf
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Bs →Kμν (lattice)
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LHCb should measure Bs→Kμν / Bs→Dsμν...
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Bs →Kμν (LHCb)
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%b & p#' Bs & K#'

Lattice 5% 3%

fprod 20% 10%

BF 4 × 10-4 1 × 10-4

B(Xc) err. ≈5% 3%

Bgds. Λc Λc, Ds, D+,D-

Experimentally more challenging,
but 5% uncertainty possible...
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Other ideas

• b→μμμν, b →ɸμν

• b→lνKKX decays1 

• b→pplν decays

• Bc Vub decays

• ....

41

1.Bigi, http://arxiv.org/abs/1507.01842v3. If we see these modes, can they help to understand |Vub|incl - |Vub|excl?

μ

μ

μ

ν

b

u

http://arxiv.org/abs/1507.01842v3
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Conclusion

42

• How much theory interest in improved asl?

• Focus on which modes to understand R(D)?

• Likewise for |Vub|?


