
Recent results on Λb and Bs 
production at 13TeV pp collisions

Siim Tolk  (CERN) 
on behalf of the LHCb collaboration

FPCP 2019  
Victoria BC



Production cross section measurements allow us to study (in that order)

• perturbative QCD models (proton-proton collisions)

• (cold) nuclear matter interaction effects (proton-lead collisions)

• Quark Gluon Plasma formation (heavy ion-ion collisions)

Heavy hadron production: an instrumental benchmark process in 
understanding pQCD models:

• quark mass (mq) defines the scale at which the strong-interaction coupling 
constant (αs) is evaluated. High heavy quark mass (mb ≫ ΛQCD) allows the 
production properties to be estimated within the perturbation theory.

b-hadron production
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Fragmentation functions

The relative b hadron production measurements in bins of B meson 
kinematic variables allow us to experimentally probe the shape of the  
(non-perturbative) b quark fragmentation functions (depend on mq).

The b hadron production cross section can be expressed as a convolution 
of the b quark production cross section (σ pp→bb) and the b hadron 
fragmentation function (Db→B ) :

perturbative non-perturbative  
(not known from the first-principles)
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…leads to an exponentially  
dropping fs/fd in pT.

* differences also lead to noticeable effects in like-sign asymmetry [PRD 84 (2011) 014035] 
and if accounted for, have been shown to alleviate the 3-fold tensions in B production  
[PRL 89 (2002) 122003]

An example of how the differences between fragmentation 
functions for Bs and B0 can experimentally be seen:

https://arxiv.org/abs/1309.1979
https://arxiv.org/abs/1102.3148
https://arxiv.org/abs/hep-ph/0204025
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Kinematic dependence of Λb production is clear 
and very likely for Bs (though experimentally less clear):

a) Relative Λb and B0(+) production  
(fΛb/fd) varies strongly with the 
hadron transverse momentum

b) Experimental hints for the relative  
Bs and B0 production (fs/fd) dependence  
on meson transverse momentum

[HFLAV 2016] [HFLAV 2016]

[JHEP 08(2014)143] [JHEP 1304 (2013) 001]

https://cds.cern.ch/record/2239811/files/arXiv:1612.07233.pdf
https://cds.cern.ch/record/2239811/files/arXiv:1612.07233.pdf
https://arxiv.org/abs/1405.6842
https://arxiv.org/abs/1301.5286


 6

• Measure fs / (fu+fd) and fΛb / (fu+fd) with semileptonic decays

• Analysis performed in (2D) bins of b-hadron transverse 
momentum (pT) and pseudorapidity (η)

• Update to the previous LHCb measurement at 7TeV 

• Restrict the measurement to
 4 < pT < 25 GeV   (was 0 < pT < 14 GeV)

 2 < η < 5

[PRD 85 (2012) 032008]

Relative Bs and Λb production at 13TeV
pp collisions  

[LHCb-PAPER-2018-050] 
Submitted to PRL

https://arxiv.org/abs/1111.2357
https://arxiv.org/abs/1902.06794
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[LHCb-PAPER-2018-050] 
Submitted to PRL

The yields are measured from abundant semileptonic decays to: Hc μ νμ X , 
where Hc is:

B0, B+, Bs and Λb yields

Hc=D0 Hc=D+

Hc=Ds+ Hc=Λ+c

https://arxiv.org/abs/1902.06794


 8

[LHCb-PAPER-2018-050] 
Submitted to PRL

• B0 yield is estimated from the D0 μνμX final state:

after correcting for the  
(non)resonant contributions  
from Bs and Λb.

https://arxiv.org/abs/1902.06794
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Difference: χ2(Dμ) - χ2(Dμh)

The (non)resonant Bs ➝ (D0K+) μν and Λb ➝ (D0p+) μν yields 
determined from simultaneous fits to the corresponding mass distributions 
and vertex likelihood difference:

D*+s1

D*+s2

Λc(2860,2880,2940)

[L
H

C
b-PA

P
E

R
-2018-050] 

Subm
itted to P

R
L

https://arxiv.org/abs/1902.06794
https://arxiv.org/abs/1902.06794
https://arxiv.org/abs/1902.06794
https://arxiv.org/abs/1902.06794
https://arxiv.org/abs/1902.06794
https://arxiv.org/abs/1902.06794
https://arxiv.org/abs/1902.06794
https://arxiv.org/abs/1902.06794
https://arxiv.org/abs/1902.06794
https://arxiv.org/abs/1902.06794
https://arxiv.org/abs/1902.06794
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• B+ yield is estimated from the total D+ μνμX final state:

Rely on isospin sym: 
 
Bs ➝ D+K0 μν from Bs ➝ D0K+ μν 
 
Λb ➝ D+n μν from Λb ➝ D0p μν 

[LHCb-PAPER-2018-050] 
Submitted to PRL

https://arxiv.org/abs/1902.06794
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• Bs yield is estimated from the total Ds+ μνμX final state:

plus the estimated decays to D+K0μνμX final state:

• Λb yield is estimated from the total Hc μνμX final state:

[LHCb-PAPER-2018-050] 
Submitted to PRL

https://arxiv.org/abs/1902.06794


 12

Express fs / (fu+fd) and fΛb / (fu+fd) assuming equality of 
the semileptonic widths: 

Correct for the known differences:  
ξs    = -1.0 (0.5) %
ξΛb =  3.0 (1.5) % (for different chromomagnetic effects in mesons/baryons)

[LHCb-PAPER-2018-050] 
Submitted to PRL

https://arxiv.org/abs/1902.06794
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13TeV results: fs / (fu+fd) and fΛb / (fu+fd) are both 
observed to depend on transverse momentum 

fs
fu + fd

= A [p1 ⇥ (pT� < pT >)]
<latexit sha1_base64="/I8va6Zv9dejQhctFdHpD2nWjV8="></latexit>

f⇤b

fu + fd
= A [p1 + exp(p2 + p3 ⇥ p4)]

<latexit sha1_base64="xQ/V4TwZIfMuzuEqU7ZjTVuYD3A="></latexit>

Fit results:  
  A  = 1±0.061 (syst. unc)  
  p1 = (7.93±1.41)·10−2  
  p2 = −1.022±0.047  
  p3 = −0.107 ± 0.002 GeV−1

Fit results:  
  A = 1 ± 0.043
  p1 = 0.119 ± 0.001
  p2 = (−0.91 ± 0.25) · 10−3 GeV−1 
  <pT> = 10.1 GeV

[LHCb-PAPER-2018-050] 
Submitted to PRL

https://arxiv.org/abs/1902.06794
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The relative b-hadron production in pseudo-rapidity 
is stable (as expected from pQCD):

[LHCb-PAPER-2018-050] 
Submitted to PRL

https://arxiv.org/abs/1902.06794
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Integrated results

fs
fu + fd

= 0.122(6)
<latexit sha1_base64="8K3PZuWLEfUeNu3NGWuAyfN3JXk=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoCCWJom6EohuXFewD2hAmk0k7dDIJMxOhhGzd+CtuXCji1j9w5984bbPQ1gP3cjjnXmbu8RNGpbKsb6O0tLyyulZer2xsbm3vmLt7bRmnApMWjlksuj6ShFFOWooqRrqJICjyGen4o5uJ33kgQtKY36txQtwIDTgNKUZKS54J+6FAOAs9meuWwhMYekEOr6BVtx2ndn7smVWrbk0BF4ldkCoo0PTMr34Q4zQiXGGGpOzZVqLcDAlFMSN5pZ9KkiA8QgPS05SjiEg3m16SwyOtBDCMhS6u4FT9vZGhSMpx5OvJCKmhnPcm4n9eL1XhpZtRnqSKcDx7KEwZVDGcxAIDKghWbKwJwoLqv0I8RDoapcOr6BDs+ZMXSdup26d15+6s2rgu4iiDA3AIasAGF6ABbkETtAAGj+AZvII348l4Md6Nj9loySh29sEfGJ8/2oWX1A==</latexit>

NB! These results should not be compared directly to 7 TeV results, because of the 
different pT ranges: 4 < pT < 25 GeV (was 0 < pT < 14 GeV).

[LHCb-CONF-2013-011]

 Efficiency corrected yields are summed over pT and η bins 

• Uncertainty 
dominated by Hc 

branching fractions

• Improvement over 
the LHCb 7TeV fs/fd 
average precision 
(5.8%)

f⇤0
b

fu + fd
= 0.259(18)

<latexit sha1_base64="P1dI5UI0cjAiQaDotXWcX8oSeG8=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgVsSRVsS6EohsXLirYBzQxTCaTdujkwcxEKCFf4cZfceNCEbfizr9x2mahrQcGDufcw5173JhRIQ3jW5ubX1hcWi6sFFfX1jc29a3tlogSjkkTRyziHRcJwmhImpJKRjoxJyhwGWm7g6uR334gXNAovJPDmNgB6oXUpxhJJTn6keVzhFPfSa0blfLQveG4WaaEBB5C3/EyeAGNSvX0vGzWDhy9ZFSMMeAsMXNSAjkajv5leRFOAhJKzJAQXdOIpZ0iLilmJCtaiSAxwgPUI11FQxQQYafjszK4rxQP+hFXL5RwrP5OpCgQYhi4ajJAsi+mvZH4n9dNpF+zUxrGiSQhnizyEwZlBEcdQY9ygiUbKoIwp+qvEPeR6kmqJouqBHP65FnSqlbM40r19qRUv8zrKIBdsAfKwARnoA6uQQM0AQaP4Bm8gjftSXvR3rWPyeiclmd2wB9onz+SJ50F</latexit>

[LHCb-PAPER-2018-050] 
Submitted to PRL

https://cds.cern.ch/record/1559262?ln=en
https://arxiv.org/abs/1902.06794
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Relative Bs and B± 

production at 7,8 and 13TeV
Measure the relative B±→J/ψK± and Bs→J/ψΦ yields at 7, 8 and 13 TeV pp 
collision data to study fs/fu…

• energy dependence using fs/fu 8 / 7TeV and 13 / 7 TeV ratios
• kinematic dependencies (pT, pL, p, η, y)

 
Strengths:

• trigger on J/ψ→μ+μ- (greatly reduces trigger efficiency uncertainty)
• near identical selection (bar the additional kaon from Φ)
• no hadron PID requirements necessary 

Weakness:

• precise fs/fu value measurement not possible due to the uncertain 
branching fraction (after the excluding the measurements normalised to the  
B±→J/ψK±). Will scale to match the LHCb 7TeV fs/fd result.

New!

[LHCb-PAPER-2019-020] 
In preparation
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PRELIMINARYPRELIMINARY

New!

[LHCb-PAPER-2019-020] 
In preparation
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• Signal clearly separated despite no hadron PID is applied
• Important to correctly model the mis-identified contributions  

(across the kinematic bins)
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B±→J/ψK+ mass fits

2011
7 TeV

2016
13 TeV

PRELIMINARYPRELIMINARY

New!

[LHCb-PAPER-2019-020] 
In preparation

• Signal clearly separated despite no hadron PID is applied
• Important to correctly model the mis-identified contributions  

(across the kinematic bins)
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Bs production at different pp 
collision energies

PRELIMINARY

New!

[LHCb-PAPER-2019-020] 
In preparation

• 2011 (7TeV) 2012 (8TeV) 
2015,2016 (13TeV) 
treated separately

• Normalised to 2011, 
2015, 2016 combined

• Bins correlated, 
consistent with no energy 
dependence 
 
Double ratios:
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In transverse momentum bins:
• efficiencies for years estimated separately
• results combined and scaled to the LHCb 7TeV fs/fd
• a clear pT variation observed, compatible with:
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Scaled to match the LHCb 7TeV fs/fd 
average (only for illustrative purposes)

Fit an exponential to estimate the  
significance of the variation (6σ):

[LHCb-CONF-2013-011] k = �(2.50± 0.55)⇥ 10�7(GeV/c)�1 (6.3�)
<latexit sha1_base64="/pyf4mpI92egmOBBGfdpcCPOhGQ="></latexit>

[LHCb-PAPER-2018-050]

PRELIMINARY

New!

[LHCb-PAPER-2019-020] 
In preparation

https://cds.cern.ch/record/1559262?ln=en
https://arxiv.org/abs/1902.06794
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A clear transverse momentum 
dependence across the longitudinal 
momentum range:
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0 < pZ < 75GeV
<latexit sha1_base64="Om5QEo8mQeL6cPpcObeIlewQAUE=">AAAB8nicbVDJSgNBEK2JW4xb1KOXxiB4CjMuxEMOQQ96jGAWnAyhp9OTNOnpHrp7hDDkM7x4UMSrX+PNv7GzHDTxQcHjvSqq6oUJZ9q47reTW1ldW9/Ibxa2tnd294r7B00tU0Vog0guVTvEmnImaMMww2k7URTHIaetcHgz8VtPVGkmxYMZJTSIcV+wiBFsrOS71aT7WK1c3tJmt1hyy+4UaJl4c1KCOerd4lenJ0kaU2EIx1r7npuYIMPKMMLpuNBJNU0wGeI+9S0VOKY6yKYnj9GJVXooksqWMGiq/p7IcKz1KA5tZ4zNQC96E/E/z09NdBVkTCSpoYLMFkUpR0aiyf+oxxQlho8swUQxeysiA6wwMTalgg3BW3x5mTTPyt552bu/KNWu53Hk4QiO4RQ8qEAN7qAODSAg4Rle4c0xzovz7nzMWnPOfOYQ/sD5/AGeOJAq</latexit>

75 < pZ < 125GeV
<latexit sha1_base64="9cYLOtCJPeLwdeuEoKxb6g1Ftdg=">AAAB9HicbVA9TwJBEJ3DL8Qv1NJmIzGxIncowYKCaKElJvIR4UL2lj3YsLd37u6RkAu/w8ZCY2z9MXb+Gxe4QsGXTPLy3kxm5nkRZ0rb9reVWVvf2NzKbud2dvf2D/KHR00VxpLQBgl5KNseVpQzQRuaaU7bkaQ48DhteaObmd8aU6lYKB70JKJugAeC+YxgbSS3Uq5GvceqUyrf0mYvX7CL9hxolTgpKUCKei//1e2HJA6o0IRjpTqOHWk3wVIzwuk0140VjTAZ4QHtGCpwQJWbzI+eojOj9JEfSlNCo7n6eyLBgVKTwDOdAdZDtezNxP+8Tqz9KzdhIoo1FWSxyI850iGaJYD6TFKi+cQQTCQztyIyxBITbXLKmRCc5ZdXSbNUdC6Kzv1loXadxpGFEziFc3CgAjW4gzo0gMATPMMrvFlj68V6tz4WrRkrnTmGP7A+fwCLVpCm</latexit>

125 < pZ < 700GeV
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PRELIMINARY PRELIMINARY
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New!

[LHCb-PAPER-2019-020] 
In preparation
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No evidence is seen for fs/fu variation in 
other considered kinematic variables:
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[LHCb-PAPER-2019-020] 
In preparation
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Summary
Two recent results on b-hadron production from LHCb:

[a] Λb / (fu+fd) and fs / (fu+fd) measurement at 13TeV pp data with 
semileptonic decays 

[b] dedicated fs/fu collision energy and kinematic variation analysis 
using B ➝ J/ΨX decays at 7, 8 and 13 TeV pp data

[LHCb-PAPER-2018-050]  
submitted to PRL

New!

• first absolute fΛb / (fu+fd) and fs / (fu+fd) measurement at 13TeV [a]

• no evidence seen for variation in collision energy [b]

• both ratios depend on transverse momentum [a,b]

• no evidence for variation in other kinematic variables [a,b]

[LHCb-PAPER-2019-020]  
in preparation

https://arxiv.org/abs/1902.06794


[HFLAV 2016] [HFLAV 2016]

Results will be included in the HFLAV 
combination plots: fs/fd(u) pT dependence now 
clearly observed by LHCb:

https://cds.cern.ch/record/2239811/files/arXiv:1612.07233.pdf
https://cds.cern.ch/record/2239811/files/arXiv:1612.07233.pdf


Backup slides
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[arXiv:1309.1979]

https://arxiv.org/abs/1309.1979
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B-fragmentation functions have been previously shown to play a crucial role in 
understanding large (3x) discrepancies between the measured b hadron 
production cross sections (CDS,HERA,LEP) and the NLO QCD predictions.  
Especially important due to the limited experimental acceptance.

[PRL 89 (2002) 122003]

https://arxiv.org/abs/hep-ph/0204025
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Binning in B meson kinematics is chosen to: 

• align with the binning used in the LHCb B+ production analysis 

• contain sufficient statistics (limited by the Generator level MC)

• maximise the overlap with ATLAS/CMS ( 2<η(B)<2.5 )

pT(B)  =  [0.5, 2., 3., 4., 5., 6., 7., 8., 9., 10., 11.5, 14., 40.] GeV/c  
η(B)   =  [2.0, 2.5, 2.8, 3.0, 3.2, 3.4, 3.6, 3.8, 4.0, 4.3, 6.4]  
pZ(B)  =  [20., 50., 60., 70., 80., 95., 110., 135., 165., 225., 700.] GeV/c  
p(B)    =  [20., 50, 60, 70., 80., 95., 110., 135., 165., 225., 700.] GeV/c  
y(B)    =  [2.0, 2.5, 3.0, 3.5, 4.0, 4.5]

[JHEP 12 (2017) 026]

New!

[LHCb-PAPER-2019-020] 
In preparation

https://arxiv.org/abs/1710.04921
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The total detection efficiency is given w.r.t the number of B’s produced in 
a given bin in an MC sample (unfolds the fragmentation function assumed 
by Pythia):

N

LHCb
Bq /

Z LHCb
�

�x

�(pp ! bb̄)⇥ �

�x

fq(b ! Bq)dx

(cross section * b-fragmentation function assumed in Pythia)

NBin
B!X ! NBin|XInAcc

B!X ! NBin|XInAcc|RecSel
B!X ! NBin|XInAcc|RecSel|TOSµµ

B!X

The efficiency is factorised into generator level, reconstruction and selection, 
and trigger efficiencies:

Detection efficiency


