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Introduction

Semileptonic b-hadron decays important tests of the
Standard Model:

Measure quark mixing CKM matrix elements |Vcb|, |Vub|
Validate understanding of QCD in decays

Can study lepton flavor universality in charged current
LHCb produces large data sets of b-hadron decays of all
types
Large semileptonic branching fractions ≈ 10% allow them
to be used for other measurements
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At LHCb
Excellent vertexing and particle ID enable selection
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|Vub| with baryons
First such measurement
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Tagging decay flavor
Allows mixing studies

∆md = (505.0±2.1±1.0) ns−1
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Other talks
Lifetime of B0
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D. Tonelli on 8/1
arXiv:1705.03475

Lepton universality – τ/µ

Fit	results

06/07/17 Concezio	Bozzi	-- Recent	LHCb	results	on	SL	decays 17

LHCb-PAPER-2017-017

K "∗ ≡
./ .0→1∗23456
./ .0→1∗278

= (1.93 ± 0.13LMNM ± 0.17LPLM)

'Q 'R → "∗S)T*3 = 1.39 ± 0.09LMNM ± 0.12LPLM ± 0.06WXM %

Signal	yield:		

ND*τν = 1300	± 85	candidates

[PDG2017] Br(B0 →D*⎯ 3π)	=	(7.21	± 0.29)	× 10-3

(1.67 ± 0.13	)	%PDG2017

(1.56 ± 0.10	)	%New	naïve	average

B. Siddi on 8/2
LHCb-PAPER-2017-017
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NEW!Λ 0
b→Λ+

c µν
Form factor measurement

Differential distributions key for comparisons with Heavy
Quark Effect Theory and Lattice QCD
Necessary to measure CKM quark mixing parameters
(overall factor G)
Measure form-factors as one Isgur-Wise function ξB:

dΓ

dw
= GK (w)ξ

2
B(w) w =

m2
Λ0

b
+ m2

Λ
+
c
−q2

2m
Λ0

b
m

Λ
+
c

Kinematic factor q2 = momentum transfer2
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Backgrounds are interesting!

Excited states are backgrounds to ground state decay
Measure excited Λ

∗∗+
c with Λ

+
c π+π−

mass-dependent width written as168

�(m) = �0
mR

m

k(m)

k(mR)
, (6)

with169

k(m) =
1

2m

q
m2 � (m⇤+

c
+ m⇡)2 ⇥

q
m2 � (m⇤+

c
� m⇡)2. (7)

The relativistic Breit-Wigner PDF is convolved with a single Gaussian with � = 2 MeV170

that accounts for the detector resolution. While the second parameterization is more171

accurate, the fits to the invariant mass spectra in di↵erent kinematic bins is more stable172

with the baseline parameterization. The ⇤c(2625)+ signal is fitted with a double Gaussian173

PDF. The masses and widths of the ⇤c(2765)+ and ⇤c(2880)+ resonances are determined174

by fitting the signal peaks with PDFs consisting of a Breit-Wigner convolved with a175

Gaussian accounting for detector resolution. The Gaussian � of these two PDFs are176

constrained to be the same and are found to be 4 MeV. Table 2 shows the measured masses177

and Breit-Wigner widths of the two higher-mass ⇤⇤+
c states, and the known values [35] for178

comparison. The shape of the combinatoric background PDF is inferred from wrong-sign179

(WS) candidates, where a ⇡+⇡+ or ⇡�⇡� pair is combined with ⇤+
c instead of ⇡+⇡�. The180

systematic uncertainties on the reported masses and widths are obtained repeating the fits181

with di↵erent PDFs for signal and background. In addition, we perform a fit in which we182

constrain the mass and width of the ⇤c(2880)+ to its world average [35]. The signal yields183

for these four exclusive final states, as well as the ⇤+
c µ�⌫µX are presented in Table 3.184
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Figure 2: The mass di↵erence m(pK�⇡+⇡�⇡+) � m(pK�⇡+) added to the known ⇤+
c mass

for events with pK�⇡+ invariant mass within ±20 MeV of the known ⇤+
c mass in candidate

semileptonic decays for the entire w range: data are shown as black dots, the red dashed line
shows the combinatoric background, and the a gray histogram shows the WS spectrum, obtained
by combining a ⇡+⇡+ or ⇡�⇡� pair with ⇤+

c instead of ⇡+⇡�. The signal fits are identified as
follows: (a) for m < 2.7 GeV, the ⇤c(2595)+ as magenta dashed line, and the ⇤c(2625)+ as green
dashed line, (b) for m > 2.7 GeV, the ⇤c(2765)+ as magenta dashed line, and the ⇤c(2880)+ as
green dashed line.

6

Λc(2765)+ not well measured previously
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Unfolding to w

Unfold using Singular
Value Decomposition
Corrected for acceptance
and efficiency
Final w distribution fit with
multiple ansatz

5 The shape of ⇠B(w) for ⇤0
b ! ⇤+

c µ�⌫µ decays263

In order to determine the shape of the IW function ⇠B(w), we use the square root of264

dNcorr/dw divided by the kinematic factor K(hwi) evaluated at the midpoint in seven265

unfolded w bins. We derive its shape parameters with a �2 fit, where the �2 is formed266

using the full covariance matrix of dNcorr/dw. The distribution of ⇠B(w) is shown in267

Fig. 4.268

We use various functional forms to extract the slope, ⇢2, and curvature, �2, of ⇠B(w).269

The first is motivated by the 1/Nc expansion [38], where Nc represents the number of270

colors, has an exponential shape parameterized as271

⇠B(w) = exp[�⇢2(w � 1)]. (10)

The second shape, the so called “dipole” IW function, more consistent with sum-rule272

bounds [12], is given by273

⇠B(w) =

✓
2

w + 1

◆2⇢2

. (11)

Finally, we can use a simple Taylor series expansion of the Isgur-Wise function and fit for274

the slope and curvature parameters using the expansion275

⇠B(w) = 1 � ⇢2(w � 1) + 0.5�2(w � 1)2. (12)

Table 4 summarizes the slope and curvature at zero recoil obtained with the three fit276

models. Note that the curvature is an independent parameter only in the last fit, while in277

the first two models it is related to the second derivative of the IW function.278
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Figure 4: (a) The Isgur-Wise function fit for the decay ⇤0
b ! ⇤+

c µ�⌫ with a Taylor series
expansion in (w � 1) up to second order. The vertical scale is in arbitrary units. (b) The
correlation between slope ⇢2 and curvature �2: the three ellipses correspond to the 1�, 2�, and
4� contours.
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Slope of ξB

Slope of ξB at w = 1 is key
observable
Measured:

ρ
2 = 1.63±0.07±0.08

5 The shape of ⇠B(w) for ⇤0
b ! ⇤+

c µ�⌫µ decays263

In order to determine the shape of the IW function ⇠B(w), we use the square root of264

dNcorr/dw divided by the kinematic factor K(hwi) evaluated at the midpoint in seven265

unfolded w bins. We derive its shape parameters with a �2 fit, where the �2 is formed266

using the full covariance matrix of dNcorr/dw. The distribution of ⇠B(w) is shown in267

Fig. 4.268

We use various functional forms to extract the slope, ⇢2, and curvature, �2, of ⇠B(w).269

The first is motivated by the 1/Nc expansion [38], where Nc represents the number of270

colors, has an exponential shape parameterized as271

⇠B(w) = exp[�⇢2(w � 1)]. (10)

The second shape, the so called “dipole” IW function, more consistent with sum-rule272

bounds [12], is given by273

⇠B(w) =

✓
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. (11)

Finally, we can use a simple Taylor series expansion of the Isgur-Wise function and fit for274

the slope and curvature parameters using the expansion275

⇠B(w) = 1 � ⇢2(w � 1) + 0.5�2(w � 1)2. (12)

Table 4 summarizes the slope and curvature at zero recoil obtained with the three fit276

models. Note that the curvature is an independent parameter only in the last fit, while in277

the first two models it is related to the second derivative of the IW function.278
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Figure 4: (a) The Isgur-Wise function fit for the decay ⇤0
b ! ⇤+

c µ�⌫ with a Taylor series
expansion in (w � 1) up to second order. The vertical scale is in arbitrary units. (b) The
correlation between slope ⇢2 and curvature �2: the three ellipses correspond to the 1�, 2�, and
4� contours.
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Theory:

Lattice1 QCD sum rules2 HQET3

ρ2 = 1.2+0.8
−1.1 1.35±0.13 1.51
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Comparison to lattice

Unfold also to q2

Comparison with lattice
calculation1 (gray band)
Also described by single
form factor fit (blue line)
Future studies with
normalization channel can
extract |Vcb|

errors, which yields a �2 equal to 2.0 per 6 degrees of freedom, and a corresponding p-value317

of 92%. This shows that the predicted shape is in good agreement with our measurement.318

The form factor decomposition in Ref. [13] does not allow a straightforward extrapola-319

tion to the HQET limit of infinite heavy quark masses. However, we know that in the320

static limit all the form factors are proportional to a single universal function. In order321

to assess how well our data are consistent with the static limit, we perform a second �2
322

fit assuming that all the form factors are proportional to a single z-expansion function.323

Fits with di↵erent pole masses used in the six form factors determined in Ref. [13] are324

performed. The overall shape does not change appreciably; the pole mass of 6.768 GeV325

is preferred. The two fit parameters are the coe�cients a0 and a1, giving the strength326

of the first two terms in the z-expansion. The resulting fitted shape is shown in Fig. 5.327

This fit has a �2 equal to 1.85 per 5 degrees of freedom, with a corresponding p-value of328

87%. Note that the shape obtained with a single form-factor is very similar to the one329

predicted in Ref. [13]. This is consistent with the HQET prediction [10] that the shape of330

the di↵erential distribution is well described by the static approximation, modulo a scale331

correction of the order of 10%, reflecting higher order contributions. Further details of332

this fit and the fit using the Lattice QCD calculation can be found in Appendix 7333
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Figure 5: Comparison between the fit to the seven experimental data points using either the
Lattice QCD calculation of Ref. [13], shown as grey points with a shaded area corresponding to
the binned 1� theory uncertainty, or a single form factor fit in the z-expansion, shown as the
solid blue curve. The data points, modulo a scale factor, are shown as black points with error
bars.
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Conclusion

Semileptonic decays are an interesting and broad subject
at LHCb
Allow measurements of:

CKM quark mixing elements
QCD form factors
Lepton universality

Large cross-sections useful for other measurements:
Meson mixing
Lifetime
Excited charm

NEW: Λ 0
b form factor measurement
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