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Overview
Mixing
I Mixing in neutral mesons: mass 6=flavor eigenstates

I |D1,2i = p|D0i ± q|D0i, |p|2 + |q|2 = 1
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D0 ! K±⇡⌥

I RS decays: dominated by
Cabibbo favored decay

I WS decays: two routes
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This Measurement [1]
I Charm decay reconstruction
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I Search for mixing and CPV using decay chain
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I Doubly Tagged: µ� and ⇡+
S tag the D0 at production

I Extremely clean

I Complements prompt D⇤+ ! D0⇡+
s measurement [3]

Goals:

I Measure WS(t)±/RS(t)±

using DT sample only

I Combined fit with prompt
result

Fit Variations

I No CPV: R+
D = R�

D ,
y 0+ = y 0�, (x 0+)2 = (x 0�)2

I No Direct CPV: R+
D = R�

D

I All CPV allowed: all
parameters free

Inclusion of Detector E↵ects

I Incorporate detector e↵ects, backgrounds
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Expectations

Theoretical Expectations
I Mixing at 1 loop level in SM, GIM and CKM suppressed

I Long-range e↵ects may dominate short-range interactions,
di�cult to calculate

I Short- and long-range calculations: x , y . 0.5%

I CPV expected to be O(10�3) in SM [4, 5, 6, 7]

I Any enhancement could be New Physics

Experimental Expectations

I From pseudo-experiments,
statistics alone will reduce
errors on RD, y 0 by 17% and
15%

I Gain comes from low
decay-time lever arm
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Selection

I Kinematically constrain daughter K , ⇡ to same vertex,
constrain µ, ⇡S and D0 to come from same vertex

I Veto candidates which appear in both Prompt and DT
samples

I Subtract random muon and
muon mistag shape using
B ! µ+D⇤+X
(Unphysical “Same Sign”
sample)

I Scale to sideband in each
decay time bin ]2)[MeV/c-µ*+ m(D

3000 4000 5000 6000

)2
 E

nt
rie

s /
 (1

0 
M

eV
/c

1

10

210

310

410 LHCb
[1]

I Gauge systematic uncertainty by setting scaling factor to 1

These requirements set �±
p = 0

Yield Extraction
I Binned Maximum Likelihood Fit

I Signal: 3 Gaussian Core + 1 Johnson SU [8]

I Background: Empirical shape

I Strategy: Fit full RS sample, fix signal shape, fit RS and WS
in each of 5 decay time bins
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I DT = ⇠ 3% of Prompt

NRS = 1.7M NWS = 6.7K

[1]

Detection Asymmetries

AK⇡ =
✏(K+⇡�) � ✏(K�⇡+)

✏(K+⇡�) + ✏(K�⇡+)

⇡ A(K 0
S⇡)raw � A(K⇡⇡)raw � A(K

0
) + AMuon Trigger

[9, 10]

I A(K
0
) = �(0.05 ± 0.01)% from [9]

I AMuon Trigger directly from DT data

I To cancel D± production asymmetry, must weight samples
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A(K⇡) = [0.90 ± 0.18 ± 0.10]%

Peaking Backgrounds

I Divide low and high D0 sidebands into 6 regions each

I Fit m(D⇤) in each bin, extract the number of peaking events

I Project into signal region, extract number of peaking events.
Total: 128 ± 31

I Integrated over decay time due to limited statistics

I Fraction of doubly misidentified D0 to RS yield:
(7.4 ± 1.8) ⇥ 10�5 ⌘ pother

CPV Fit Strategy

I Fit by minimizing
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Systematic Uncertainties

the inelastic cross-sections of K� and ⇡� mesons with matter, and those of their their
antiparticles. We measure ✏r, accounting for all detector e�ects as well as cross-section
di�erences in a similar manner to the prompt analysis [1]. The e�ciency is determined using
the product of D+ ! K�⇡+⇡+ and D+ ! K0

S (! ⇡+⇡�)⇡+ decay yields divided by the
product of the corresponding charge-conjugate decay yields. The expected CPV associated
with di�ering K0 ! K0

S and K0 ! K0
S rates and the di�erences in neutral kaon inelastic

cross-sections with matter are accounted for [15]. Trigger and detection asymmetries
associated with the muon candidates are calculated directly from data and included in
the determination. The 1% asymmetry between D+ and D� production rates [16] cancels
in this ratio, provided that the kinematic distributions are consistent across samples. To
ensure this cancellation, we weight the D+ ! K�⇡+⇡+ candidates such that the kaon pT

and � and pion pT distributions match those in the DT K⇡ sample. Similarly, D+ ! K0
S⇡

+

candidates are weighted by D+ pT and � and pion pT distributions to match those of
the D+ ! K�⇡+⇡+. The weighting is performed using a gradient boosted decision tree
implemented in scikit-learn [17] accessed using the hep ml framework [18]. We measure
the K⇡ detection asymmetry to be (✏r �1)/(✏r +1) = (0.90±0.18±0.10)% for the sample
of this analysis, and find it to be independent of decay time.

Table 1: Summary of systematic uncertainties for the DT analysis for each of the three fits
described in the text.

Source of systematic uncertainty Uncertainty on parameter

No CPV
RD[10�3] y�[10�3] x�2[10�4]

D�+µ+ scaling 0.01 0.04 0.04
A(K⇡) time dependence 0.01 0.07 0.04
RS fit model time variation 0.00 0.01 0.03
No prompt veto 0.01 0.16 0.09
Total 0.01 0.18 0.11

No direct CPV

RD[10�3] y�+[10�3] (x�+)
2
[10�4] y��[10�3] (x��)

2
[10�4]

D�+µ+ scaling 0.01 0.04 0.04 0.03 0.04
A(K⇡) time dependence 0.01 1.17 0.98 1.64 1.67
RS fit model time variation 0.00 0.02 0.03 0.01 0.03
No prompt veto 0.01 0.11 0.00 0.19 0.19
Total 0.01 1.17 0.98 1.66 1.68

All CPV allowed

R+
D[10�3] y�+[10�3] (x�+)

2
[10�4] R�

D[10�3] y��[10�3] (x��)
2
[10�4]

D�+µ+ scaling 0.01 0.03 0.04 0.01 0.04 0.04
A(K⇡) time dependence 0.06 0.25 0.03 0.07 0.28 0.03
RS fit model time variation 0.00 0.01 0.01 0.00 0.04 0.05
No prompt veto 0.01 0.09 0.01 0.01 0.21 0.19
Simulated DT coverage 0.00 0.18 0.30 0.00 0.18 0.33
Total 0.06 0.32 0.31 0.07 0.40 0.38
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A(K⇡) time dependence

I Find variation in
RS�/RS+ ratio

I Consistent with flat line
at p = 0.06

I Assess systematic
uncertainty by adding
decay-time variation to
A(K⇡)
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Table 2: Fitted parameters of the DT sample. The first uncertainties include the statistical
uncertainty, as well as the peaking backgrounds and the K� detection e�ciency, and the second
are systematic.

Parameter Value

No CPV

RD[10�3] 3.48± 0.10± 0.01

x�2[10�4] 0.28± 3.10± 0.11

y�[10�3] 4.60± 3.70± 0.18

�2/ndf 6.3/7

No direct CPV

RD[10�3] 3.48± 0.10± 0.01

(x�+)
2
[10�4] 1.94± 3.67± 1.17

y�+[10�3] 2.79± 4.27± 0.98

(x��)
2
[10�4] �1.53± 4.04± 1.68

y��[10�3] 6.51± 4.38± 1.66

�2/ndf 5.6/5

All CPV allowed

R+
D[10�3] 3.38± 0.15± 0.06

(x�+)
2
[10�4] �0.19± 4.46± 0.32

y�+[10�3] 5.81± 5.25± 0.31

R�
D[10�3] 3.60± 0.15± 0.07

(x��)
2
[10�4] 0.79± 4.31± 0.38

y��[10�3] 3.32± 5.21± 0.40

�2/ndf 4.5/4

the fit variations as for the DT fit. These systematics are reported in Table 4. In general,
the uncertainties from the combined fits are 10% – 20% lower than those from the previous
measurement [1]. The decrease in the uncertainty comes from the improved precision that
the DT sample provides at low D0 decay time. The corresponding correlation matrices
are given in Appendix B.

The combined fit of the DT and prompt sample is consistent with CP symmetry. The
WS D0 and D0 rates at t/⌧ = 0 are equal within experimental uncertainties, indicating
no direct CP violation. Similarly, the mixing rates are consistent within experimental
uncertainties, as seen in the bottom plot of Fig. 3. In the combined fit of this analysis,
assuming no direct CP violation, the di�erence between the projected WS/RS rates at
t/⌧ = 6.0 is only 0.15 ⇥ 10�3 (see the dash-dot line in the bottom plot of Fig. 3), where
the WS/RS rates themselves have increased by about 2.5 ⇥ 10�3 (see the top and middle
plots).

The determination of the CPV parameters |q/p| and � from the di�erence in rates of
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fitting the disjoint datasets of the two analyses improves the precision of the measured
parameters by 10% – 20%, even though the DT analysis is based on almost 40 times fewer
candidates than the prompt analysis. In part, this results from much cleaner signals in
the DT analysis, and, in part, it results from the complementary higher acceptance of
the DT trigger at low D decay times. The current results supersede those of our earlier
publication [1].

Table 3: Simultaneous fit result of the DT and prompt samples. The prompt-only results from [1]
are shown on the right for comparison. Statistical and systematic errors have been added in
quadrature.

Parameter DT + Prompt Prompt-only

No CPV

RD[10�3] 3.533 ± 0.054 3.568 ± 0.067

x�2[10�4] 0.36 ± 0.43 0.55 ± 0.49

y�[10�3] 5.23 ± 0.84 4.8 ± 0.9

�2/ndf 96.6/111 86.4/101

No direct CPV

RD[10�3] 3.533 ± 0.054 3.568 ± 0.067

(x�+)
2
[10�4] 0.49 ± 0.50 0.64 ± 0.56

y�+[10�3] 5.14 ± 0.91 4.8 ± 1.1

(x��)
2
[10�4] 0.24 ± 0.50 0.46 ± 0.55

y��[10�3] 5.32 ± 0.91 4.8 ± 1.1

�2/ndf 96.1/109 86.0/99

All CPV allowed

R+
D[10�3] 3.474 ± 0.081 3.545 ± 0.095

(x�+)
2
[10�4] 0.11 ± 0.65 0.49 ± 0.70

y�+[10�3] 5.97 ± 1.25 5.1 ± 1.4

R�
D[10�3] 3.591 ± 0.081 3.591 ± 0.090

(x��)
2
[10�4] 0.61 ± 0.61 0.60 ± 0.68

y��[10�3] 4.50 ± 1.21 4.5 ± 1.4

�2/ndf 95.0/108 85.9/98
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LHCb

▸ LHCb acceptance: 2 < η < 5

▸ Reconstructed O(2 billion)
charm hadron decays in
2011-2016

▸ With more on the way!
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At the top the data correspond to 2015 and the bottom to the 2012 period of data taking.
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Challenges of Hadron Collider Environment: Neutrino Reconstruction

▸ Challenge: Only partially reconstructed final state

▸ For e+e− machines, use the other side of the event and beam energy to constrain
neutrino momentum

Tag Side

Signal Side

▸ Not possible at a hadron collider
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Challenges of a Hadron Environment: Neutrino Reconstruction

▸ We would like to solve for the missing neutrino momentum to
▸ Be able to reconstruct a narrow mass peak
▸ Accurately reproduce q2

▸ Can reconstruct neutrino momentum without any additional information up to
two-fold ambiguity

▸ Given the origin and end vertices of
the D0, neutrino momentum
perpendicular to flight direction is
known

▸ Direction of p∣∣(ν) has quadratic
ambiguity

D0

p′T

−p′T
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Methods of Reconstruction

▸ How to get the right answer?
▸ Choose a solution with some requirement

▸ k factor method p(K`ν) = p(K`)
k(m(K`))

▸ Don’t choose, rely on one missing particle

mcorrected =

√

p′2T +m2(K`) + ∣p′T ∣

▸ Use Multivariate Regression
(JHEP(2017) 2017:21)

▸ Use two external mass constraints:
D∗+ → D0π+s → cone closure

▸ Can work for any excited decay, e.g.

B
∗0
s2 → B−K+,B− → D(∗∗)

0

µν

▸ Caveats
▸ Can have failures due to detector resolution

effects
▸ Missing massive particles can shift

distributions → discrimination power
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Figure 18: Distribution of the relative difference between the corrected and the true D0

momenta resulting from the neutrino closure method with pk(⌫) solution cor-
responding to m(D0⇡) closer to (green) mD⇤ and (red) to threshold.

The neutrino’s momentum parallel to the D0 flight direction can then be calculated
up to a two-fold ambiguity as

pk(⌫) =
-�±

p
�2 - 4↵�

2↵
. (15)

Resolution effects however lead, in approximately 40% of the cases for the decay
under study, to negative values of �2 - 4↵�, making Equation 14 unsolvable.

For D⇤+ ! D0(! K-µ+⌫)⇡+ decays, the two-fold ambiguity of Equation 15
can be resolved thanks to the presence of the parent D⇤+ meson. For these de-
cays, the right solution for pk(⌫) is indeed more likely to be that resulting in a
neutrino-corrected m(D0⇡) mass closer to the known D⇤+ mass. From simulation,
we see that only in 16.6% of the cases this does not happen because of resolution
effects. As discussed in Section 4.2, this approach however induces a bias in the
neutrino-corrected m(D0⇡) mass distribution of background events and is there-
fore discarded. To avoid this problem, one can select the pk(⌫) solution resulting
in neutrino-corrected m(D0⇡) closer to the kinematical threshold of mD0 + m⇡+ .
In simulation we see indeed that, because of the low Q value of the D⇤+ ! D0⇡+

decay, this procedure allows to identify the right solution in approximately 75% of
the cases with just a limited loss in momentum resolution with respect to choosing
the solution closer to mD⇤+ (see Figure 18).

The neutrino closure method allows to reconstruct the D0 momentum with much
better resolution (12.6 GeV/c) then the k-factor or E653 estimations, but does not
provide any correction in the ⇠ 40% of the cases where �2 - 4↵� < 0.

From D. Mitzel Master Thesis
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Figure 16: Left: (black points) two-dimensional distribution of the k factor and the visible
mass m(Kµ); (blue points) profile of the distribution, showing the average k-
factor value in bins of m(Kµ); (red curve) fit result to second-order polynomial.
Right: distribution of the relative difference between k-factor-corrected and true
D0 momenta.

when studying charm decays it is generally much smaller then the corresponding
data sample.

4.1.2 E653 estimation

The E653 collaboration derived the following empirical formula to estimate the cor-
rected momentum, neglecting the component of the neutrino momentum parallel
to the reconstructed D0 flight distance [46]:

pcor(D
0) =

mD0 E(Kµ)q
p2
?(Kµ) + m2(Kµ)

, (13)

where E(Kµ) is the energy of the kaon-muon system and p?(Kµ) is the component
of ~p(Kµ) perpendicular to the reconstructed D0 flight direction F̂. Due to momen-
tum conservation, the magnitude of this component is equal to the perpendicular
component of the neutrino momentum and therefore helps to partially account
for the missing momentum. However, the component of the neutrino momentum
parallel to the flight distance remains unknown.

The momentum resolution obtained by this empirical formula, as shown in Fig-
ure 17, is comparable in both size and shape to that of the k-factor method. A bias
of 2 GeV/c and a resolution of 15 GeV/c is observed. The advantage of this method
with respect to the k-factor is that the correction does not rely on simulation.

From D. Mitzel Master Thesis
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Figure 10. A comparison of the q2 resolution achieved with the regression based method versus a
random choice of quadratic solutions.
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Figure 11. The bin purity, as defined in the text, as a function of the true q2. The open markers
correspond to a random choice of the two quadratic solutions whereas the closed markers correspond
to the regression based analysis. Left: seven bins in both cases. Right: twelve bins in the regression
case.

In Fig. 11 (left) seven equal width bins are used over the full q2 range, and it can be seen
that our method achieves a 10-20% increase in purity. Fig. 11 (right) shows that twelve
appropriately defined bins could yield the same purity as for seven bins with the random
approach. Particularly narrow bins can be used in the high q2 region.

5.2 Discrimination between different classes of semileptonic decays

In this section we consider the use of Pinf to define an optimal variable for discriminating
between decays with differing quantities of missing mass. We take as an example the
separation of B0

s ! K�µ+⌫µ from B0
s ! K⇤�µ+⌫µ, with K

� ! K�⇡0, where the ⇡0

isn’t reconstructed. The corrected mass variable is defined with respect to the flight vector
as [12],

Mcorr =

q
(Mvis)

2 +
�
P?

miss

�2
+ P?

miss. (5.8)

It is heavily used in the LHCb trigger [13] to inclusively select b-hadron decays, and was
the main discriminating variable that was used to extract the yield of ⇤0

b ! pµ�⌫̄µ decays
in the LHCb analysis of that mode [4]. The upper row of Fig. 12 shows the Mcorr and Mvis

– 10 –

B0
s → Kµν, from JHEP(2017) 2017:21
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CKM Elements: The “Usual” Ways

▸ Taken largely from PDG Review of CKM Matrix

Vud

▸ Nuclear β decay

▸ Neutron β decay

▸ π+ → π0e+νe (B ≃ 10−8)

Vus

▸ K 0
L → π−e+νe

▸ K 0
L → π−µ+νµ

▸ K+ → π0e+νe
▸ K 0

s → π+eνe

▸ K+→µ+νµγ
π+→µ+νµγ assuming

∣Vud ∣, limited by
fK /fπ

Vcd

▸ Hc → H−
d `

+ν`
▸ D+ → `+ν`
▸ Neutrino Scattering

Vcs

▸ Hc → H−
s `

+ν`
▸ D+

s → `+ν`
▸ On-shell W ala Delphi
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The Not-So Usual Ways

Vus

▸ Λ→ pµν

▸ K 0
s → πµν

Vcd

▸ B+
c → B0π+

▸ B+
c → B0µ+νµ

Vcs

▸ B+
c → B0

s π
+

▸ B+
c → B0

s µ
+νµ

▸ B+
c → B0K+

▸ Taps into s-hadron physics
program possible at LHCb

▸ As-of yet unobserved
K 0
s → πµν reachable

1808.03477

▸ Interesting in LNU searches
alone

▸ New explorations into the Bc physics program of
LHCb LHCb-PUB-2018-009

▸ Limited currently by hadronization fractions,
statistics

▸ Possible unique measurement using ratio with SL D
decays?

Something to watch for in the future!
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∣Vcd ∣/∣Vcs ∣

▸ Use BFs to access FF×CKM elements

dB(D0 → π−µ+ν)/dq2

dB(D0 → K−µ+ν)/dq2
∝
∣Vcd ∣

2

∣Vcs ∣
2

∣f D→π(q2)∣2

∣f D→K(q2)∣2

▸ Analogous to measurement of ∣Vub ∣ from Λb → pµν (Nature Physics 10 (2015) 1038)

▸ Experimental advantages:
▸ Use D∗+ → D0π+s → gives access to ∆m for background rejection, q2 constraint
▸ µ,πs detection efficiencies cancel in ratio
▸ K , π detection efficiencies known well from CP measurements
▸ Use Mcorr ,∆mvisible to reduce multibody/neutral backgrounds
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∣Vcd ∣/∣Vcs ∣

▸ assl(PRL 117, 061803 (2016)), used D∗ → D0πs ,

D0 → Kµν to cross check detection efficiencies.

▸ Triggering on the µ at L0, and further on the K
candidate gives ∼ 5M signal candidates

▸ This study was done with Run I data (3 fb−1)

▸ Increase in cross section +
√
L scaling gives

roughly factor of 3 more stats → 15M

▸ Using B(D0 → πµν) ≃ 1
15B(D

0 → K−µ+ν),
expect ≃ 1M D → π−µ+ν

▸ Expect relative error on ratio to be 0.1%
statistical

▸ Current relative error on f D→π+ (0) is 4%, 2.5% for
f D→K
+ (0)

▸ Will be limited by form factor calculation from
lattice

PoS CKM2016 (2017) 025
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CPV/Mixing from D0 → Kµν

▸ Similar to D0 → Kπ mixing and CPV,

look at
B(D0→K+µ−νµ)
B(D0→K−µ+νµ)

▸ RS decay dominated by CF decay

▸ WS decay occurs only through mixing

P(D0 → K+µ−νµ)

P(D0 → K−µ+νµ)
∝

x2 + y2

4
(
t

τ
)
2

→
x2 + y2

2

▸ With the current values from HFLAV,
and using 5M RS decays, expect
roughly 700 WS decays
(From D. Mitzel Master Thesis)

▸ Estimated statistical precision on RM

using pseudoexperiments ∼ 0.01%
-0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5

R
M

 (%)

World average  0.013 ± 0.027 %

Belle 2008  0.013 ± 0.022 ± 0.020 %

BaBar 2007  0.004 
+ 0.070

  % 0.004  
- 0.060

CLEO 2005  0.160 ± 0.290 ± 0.290 %

E791 1996  0.110 
+ 0.300

  % 0.110  
- 0.270

 HFLAV 

 Summer 2016 
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Lepton Non-Universality in Charm

▸ In the SM, the only difference between
e,µ and τ are their masses

▸ See differences in the b sector

▸ Are there any other places we can
look? How about in the D sector?

Rµ/e =
B(D0 → h−µ+νµ)

B(D0 → h−e+νe)

h = K , π,K∗...

▸ Why? Differences in b vs c vs s could
point to possible flavor hierarchy

▸ Measure vs q2 to probe possible new
physics effects

PhysRevD.91.094009
7
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FIG. 4: Left panel: The di↵erential decay rate for the process D ! Kµ⌫µ. The thin red band shows the SM prediction,
while its width represents the uncertainty. The (wider) grey band corresponds to the deviations that result from the presently
allowed scalar Wilson coe�cient from the Fig.3. Right panel: the SM prediction and allowed deviations in the ratio Rµ/e(q

2) ⌘
d�(µ)

dq2 / d�(e)

dq2 assuming c
(e)
S = 0.

B. NP in forward-backward asymmetry in D ! K`⌫`

It is instructive to introduce the observables which are exclusively sensitive to the real or imaginary parts of the
Wilson coe�cients. We first consider the di↵erential decay distribution over the cos ✓`, where the ✓` is defined as the
angle between the three-momenta of the K meson and the charged lepton in the rest frame of the lepton-neutrino
pair,

d2�(`)

dq2d cos ✓`
= a`(q

2) + b`(q
2) cos ✓` + c`(q

2) cos2 ✓`. (17)

Note that the information carried by the function b`(q
2) is lost after integrating the above distribution over the angle

✓`. This information can be accessed by measuring the forward-backward asymmetry in the angle ✓`, defined as
following:

A
(`)
FB(q2) ⌘

R 0

�1
d2�(`)(q2)
dq2d cos ✓`

d cos ✓` �
R 1

0
d2�(`)(q2)
dq2d cos ✓`

d cos ✓`

d�(`)/dq2(q2)
= � b`(q

2)

d�(`)(q2)/dq2
. (18)

The above ratio has a small theoretical error in the full q2 region due to the precise evaluation of the form factors
and partly due to the cancellation of the uncertainties in the numerator and the denominator. The function b`(q

2),
given by

b`(q
2) = �G2

F |Vcs|2|q|q2

128⇡3m2
D

 
1 � m2

`

q2

!2
m2

`

q2
2Re(h0h

⇤
t ), (19)

is linearly sensitive to the real part of the coupling c
(`)
S . We illustrate the possible e↵ects of the scalar operator

on the forward-backward asymmetry in Fig. 5, with the values of c
(µ)
S taken from the 68% C.L. allowed region in

Fig. 3. The thin coloured (red) band represent the hadronic uncertainty in the shape of this function in the SM.
The larger coloured band (grey) represents the currently allowed deviations from the SM. We conclude that the large

deviations from the SM in this observable are not excluded at the present. The quantity A(e)
FB is highly suppressed and

insensitive to the corresponding scalar Wilson coe�cient due to the tiny mass of the electron. The average value of the

forward-backward asymmetry, hA(`)
FBi, can be calculated by performing the integration over the q2 in the numerator

and denominator of Eq. (18). The SM value is hA(µ)
FBi = 0.055(2). For various values of c

(µ)
S from the 68% C.L. region

in Fig. 3 this quantity can have values in the interval (0, 0.065).
Some comments about the NP scenarios that could a↵ect these observables are in order here. In the type-II THDM

the Wilson coe�cients that contribute to the c ! s`⌫` transitions are small:

c
(`)
L =

msm` tan2 �

m2
H+

, c
(`)
R =

mcm`

m2
H+

, (20)
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The larger coloured band (grey) represents the currently allowed deviations from the SM. We conclude that the large

deviations from the SM in this observable are not excluded at the present. The quantity A(e)
FB is highly suppressed and

insensitive to the corresponding scalar Wilson coe�cient due to the tiny mass of the electron. The average value of the

forward-backward asymmetry, hA(`)
FBi, can be calculated by performing the integration over the q2 in the numerator

and denominator of Eq. (18). The SM value is hA(µ)
FBi = 0.055(2). For various values of c

(µ)
S from the 68% C.L. region

in Fig. 3 this quantity can have values in the interval (0, 0.065).
Some comments about the NP scenarios that could a↵ect these observables are in order here. In the type-II THDM

the Wilson coe�cients that contribute to the c ! s`⌫` transitions are small:
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Status

▸ Since the last time I presented this plot, a lot of progress has been made!

0.7 0.8 0.9 1 1.1 1.2
/eµ

R

)eν + e− K→0B(D

)µν +µ − K→0B(D

)eν +(892) e
−*

 K→0B(D

)µν +µ(892) 
−*

 K→0B(D

)eν + e−π →0B(D

)µν +µ −π →0B(D PDG 2016

PDG 2016

PDG 2016

LHCb Run I Reach

From S. Fajfer
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▸ Clearly something to keep an eye on!

adapted from PoS CKM2016 (2017) 025
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LHCb Measurement

▸ MC Template fit to
▸ ∆mvisible vs Mcorr(D

0)
▸ m(D∗) from decay-chain kinematic

fit vs m(K`)

▸ Reconstruct q2 using cone-closure

▸ Use template shapes for physics
backgrounds

▸ Psuedoexperiment studies confirm
projections
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Conclusions

▸ LHCb is a charm factory. Should exploit this to its fullest

▸ Huge statistics→ low statistical uncertainties

▸ Many new and interesting ideas on how to access these quantities

▸ While hadron environment is difficult, it is not impossible

▸ Stay tuned

Thank you!

adam.davis@cern.ch Experimental prospects for Vud , Vus , Vcd , Vcs and (semi-)leptonic D decays at LHCb 13 / 13



Backup Slides

adam.davis@cern.ch Experimental prospects for Vud , Vus , Vcd , Vcs and (semi-)leptonic D decays at LHCb 14 / 13


	Appendix

