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b-hadron production

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:

® guark mass (mq) defines the scale at which the strong-interaction coupling
constant (Xs) is evaluated. High heavy quark mass (mp »> Aqcp) allows the

production properties to be estimated within the perturbation theory.



Fragmentation functions

The b hadron production cross section can be expressed as a convolution
of the b quark production cross section (O PP~bb) and the b hadron
fragmentation function (Dp-8) :

do®B doPP—bb
_ b b
i dp7 dx 7 Dy p(x) 0(pr — xp7)
Pt P
perturbative non-perturbative
(not known from the first-principles)

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 mg).
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An example of how the differences between fragmentation
functions for Bs and B? can experimentally be seen:

Db—)BO (Z) [arXiv:1309.1979]
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* 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] 4



https://arxiv.org/abs/1309.1979
https://arxiv.org/abs/1102.3148
https://arxiv.org/abs/hep-ph/0204025

Kinematic dependence of N\, production is clear
and very likely for Bs (though experimentally less clear):
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a) Relative Ay and Bo(*) production
(fAn/fd) varies strongly with the
hadron transverse momentum

[JHEP 08(2014)143]
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b) Experimental hints for the relative
Bs and BY production (fs/f4) dependence
on meson transverse momentum

[JHEP 1304 (2013) 001]
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[LHCb-PAPER-2018-050]
Submitted to PRL

Relative Bs and Ap production at 13TeV

pp collisions

® Measure fs / (fu+fd) and fab / (futfd) with semileptonic decays

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

e Update to the previous LHCb measurement at 7TeV
[PRD 85 (2012) 032008]

® Restrict the measurement to
4 <p1<25GeV (was 0 <pr< |4 GeV)
2<NnN<5


https://arxiv.org/abs/1111.2357
https://arxiv.org/abs/1902.06794

[LHCb-PAPER-2018-050]

Bo, B+, BS and Ab yields Submitted to PRL

The yields are measured from abundant semileptonic decays to: He¢ U Vu X,
where Hcis:
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[LHCb-PAPER-2018-050]
Submitted to PRL

¢ BO yield is estimated from the D9 pvuX final state:

1
corr B — DO ) =
Ticors W)= B0 S Ka ) B = DY)

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


https://arxiv.org/abs/1902.06794

The (non)resonant B; —» (D°K*) pv and Ap — (D%*) MV yields
determined from simultaneous fits to the corresponding mass distributions
and vertex likelihood difference:
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[LHCb-PAPER-2018-050]
Submitted to PRL

® B+ yield is estimated from the total D* pvuX final state:

B Dry-) — 1 n(D* ™) . .
Neor(B — D7p™) = (B> D) |B(D' = K =r+) Relyon isospinsym:
n(D°K+tu~)  e(BY — D7)

— +KO 0K +
B(DY = K 7+) (B0 — Do+ s DO pvirom B = DO pv

_ n@D’pp) (A= DY) Ay D*n MV from A, — DO pv
B(D° — K—7t) e(A) — D%) |
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https://arxiv.org/abs/1902.06794

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

* B; yield is estimated from the total Ds* pvuX final state:

n(Dyp”)
B(D} — K+*K-—7t)e(BY — Dipu~)
_ B— DK u
—~N(B’+ B7)B(B — Dj[?o)e( s H ).
e(By = Dip~)

plus the estimated decays to D*KOuvyX final state:

ncorr(Eg — D::u_) —

n(D°K*pu™)
B(D° — K—7+)e(BY — DOK+p—)’

Neorr(BY = DK ™) = K

* N\p yield is estimated from the total Hec HVuX final state:

n(Afp")

corr AO Hc ) =
eorr(Ay = Hept”) B(AF = pK-nH)e(A) — AF)

n(Dpp~)

2
TEB(DY = K-nt)e(A) — DOp)
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[LHCb-PAPER-2018-050]
Submitted to PRL

Express fs / (futfd) and fap / (futfa) assuming equality of
the semileptonic widths:

fs . ncorr(Eg — D,U_) TB— + Tpgo (1 —€ )
fu + fd ncorr(B — DO,U_) + ncorr(B — D+,U_) QTEQ ’
ng Neorr (A — Hopt™) Te- + Tio
(1= &)

fu + fd B ncorr(B — DOM—) + ncorr(B — D+,u—) 27—/12

Correct for the known differences:

& =-1.0(0.5 %
Enb = 3.0 (1.5) % (for different chromomagnetic effects in mesons/baryons)
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[LHCb-PAPER-2018-050]
Submitted to PRL

13TeV results: fs / (fu+fd) and fap / (futfa) are both
observed to depend on transverse momentum
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Fit results:
A=1+0.043
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[LHCb-PAPER-2018-050]
Submitted to PRL

The relative b-hadron production in pseudo-rapidity
Is stable (as expected from pQCD):

|+ : LHCb g S|+ 035
~ 02F \s=13TeV > 03

0.1;— — 0.15 LHCb

0.055_ _ 0.1 \'s =13 TeV

)
[S—
N
I
g
S &l
L o
! |
)
S o
N W
=
——
bttt

14


https://arxiv.org/abs/1902.06794

Integrated results

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

Efficiency corrected yields are summed over pr and 1 bins

a0
fu + fd

= 0.259(18)

/s

Jfu

= 0.122(6)

fa

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).

Source Value (%)
Fo/Fut f2) Fao/(Fu+ 12 folfo

Simulation 1.7 2.4 —
Backgrounds 0.9 0.3 -
Cross-feeds 1.2 0.4 0.2
B(D° — K—=™) 1.0 1.0 1.3
B(D* - Ktn—n™) 0.6 0.6 1.8
B(Df - KTK—7™) 3.3 — —
B(AF — pK* ™) — 5.3 —
Measured lifetime ratio 1.2 0.7 -
I'y; correction 0.5 1.5 -
Total 4.3 6.1 2.2
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® Uncertainty
dominated by Hc
branching fractions

® Improvement over
the LHCb 7TeV fJ/fq
average precision
(5.8%)

[LHCb-CONF-2013-011]
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[LHCb-PAPER-2019-020]

Relative B; and B= Ney,,

production at 7,8 and 13TeV

Measure the relative B+—)/\pK* and B;—)/P® yields at 7,8 and 13 TeV pp
collision data to study f/fu...

® energy dependence using f/fy 8/ 7TeV and |3 / 7 TeV ratios

¢ kinematic dependencies (p1,pL,p, N,Y)

Strengths:

® trigger on |/P— UtU- (greatly reduces trigger efficiency uncertainty)
® near identical selection (bar the additional kaon from ®)
® no hadron PID requirements necessary

Weakhness:

® precise fs/f, value measurement not possible due to the uncertain

branching fraction (after the excluding the measurements normalised to the

Bx—|/PYK2).Will scale to match the LHCb 7TeV fs/fq result.
16



B:—)/P® mass fits

[LHCb-PAPER-2019-020]

In preparation
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e Signal clearly separated despite no hadron PID is applied
® [mportant to correctly model the mis-identified contributions
(across the kinematic bins)
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Bx—)/PYK* mass fits

10°

Candidates / (2 MeV/c?)

[LHCb-PAPER-2019-020]

In preparation
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e Signal clearly separated despite no hadron PID is applied
® [mportant to correctly model the mis-identified contributions

(across the kinematic bins)
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B; production at different pp [LHCb-PAPER-2019-020]

In preparation
collision energies %

e 2011 (7TeV) 2012 (8TeV) = ' ARy -
2015,2016 (13TeV) ¢ [ LHCb :
treated separately E 11k ]

e Normalised to 201, S t
2015,2016 combined 2 [ . ‘l’ h

® Bins correlated, E
consistent with no energy > N
dependence | 8 10 12 _

Proton-proton collision energy [TeV]

Double ratios:

Retev/Romew = 1.026 + 0.017(MC) + 0.009(syst) + 0.011(stat)
= 1.026 4= 0.023,

Riztev /Rrtev = 1.068 + 0.017(MC') £ 0.009(syst) + 0.011(stat)
= 1.068 4= 0.022.
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In transverse momentum bins:

o efficiencies for years estimated separately
® results combined and scaled to the LHCb 7TeV fs/fs

[LHCb-PAPER-2019-020]

In preparation m

® a clear prvariation observed, compatible with: [LHCb-PAPER-2018-050]

i 0.3 | — 71 r r r r 1 ©r r °r T°r 711
] LHCDb average 7
~ | LHCb o AveEs :
S i DlStI'lblltiOIllg mean
028 f(pg)oce Py —
) PRELIMINARY  _
0.26 }-«}@-’Hmﬁ - -
_ s sl 4
\ ................... -
I a0 a1 4 'R I W T T TR NN SR SR SHN S N ]

0 10 20 30 40

p1T3 [GeV/c?]

Scaled to match the LHCb 7TeV f/f4

average (only for illustrative purposes)

[LHCb-CONF-2013-011]
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Fit an exponential to estimate the

significance of the variation (60):

k= —(2.50 + 0.55) x 107 (GeV/e) !


https://cds.cern.ch/record/1559262?ln=en
https://arxiv.org/abs/1902.06794

A clear transverse momentum
dependence across the longitudinal
momentum range:
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[LHCb-PAPER-2019-020]

In preparation




[LHCb-PAPER-2019-020]

In preparation

No evidence is seen for f./f, variation in
other considered kinematic variables:
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Summary

Two recent results on b-hadron production from LHCb:

[a] Ao/ (fu+fd) and fs/ (fu+fd) measurement at |3TeV pp data with

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

s [b] dedicated fs/f, collision energy and kinematic variation analysis
using B = J/¥X decays at 7,8 and |13 TeV pp data [LHCb-PAPER-2019-020]

In preparation

® first absolute fap / (fut+fd) and fs/ (fu+fd) measurement at [3TeV [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]


https://arxiv.org/abs/1902.06794

Results will be included in the HFLAV
combination plots: fs/fqu) pr dependence nhow
clearly observed by LHCb:
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Perturbative QCD can predict both the shape and normalisation of fragmentation

functions for doubly heavy mesons. For instance, the fragmentation function for the forma-
tion of B)Y mesons has the form [arXiv:1309.1979]

_ 205|Rs(0)]*  rz(1 —2)*
fo B (2) = 271tm? (1 —(1—-7)z

)6 (2 —2(3—2r)z+3(3—2r +4r°)2°

—201-r(@4—-r+2r)2+(1-7r)*@B —-2r+ 27"2)24) , (9.3)

where RS(O) is the value of the non-relativistic B wave function at the origin, and r =

-+ This fragmentation function can also be applied to the formation of heavy-light

mesons, in ‘which case the quantlty‘ is a heomnolocl aat to be otand from

data. In this case, the normalisation cannot be determined from perturbative QCD.
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https://arxiv.org/abs/1309.1979

[PRL 89 (2002) 122003]

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.
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FIG. 2. Prediction for the B cross section, obtained using
the calculation of Ref. [22] supplemented with the N = 2 fit
of the non-perturbative fragmentation function, compared to
the CDF data of Ref. [10]. For comparison, the result ob-

tained using a Peterson form with € = 0.006 is also shown.

do/dpy, |yl<1 (nb/GeV)

FIG. 4.
culation presented in this work, relative to a fixed order cal-
culation with Peterson fragmentation and € = 0.006.
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The effect of the different ingredients in the cal-


https://arxiv.org/abs/hep-ph/0204025

[LHCb-PAPER-2019-020]
In preparation
Binning in B meson kinematics is chosen to: %

® align with the binning used in the LHCb B* production analysis
[JHEP 12 (2017) 026]

® contain sufficient statistics (limited by the Generator level MC)
® maximise the overlap with ATLAS/CMS ( 2<n(B)<2.5)

pr(B) = [0.5,2,3,4,5,6,7,8,9,10,11.5, 14,40] GeV/c

nB) = [2.0,2.5,28,3.0,3.2,3.4,3.6,3.8,4.0,4.3, 6.4]

pz(B) = [20, 50, 60,70, 80,95, 110, 135, 165,225, 700.] GeVic
p(B) = [20,50,60,70.,80,95, 110,135, 165,225,700 GeVlc
y(B) = [2.0,2.5,3.0,3.5,4.0,4.5]
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https://arxiv.org/abs/1710.04921

Detection efficiency

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):

LHC LHCY) 5 B 5
Ng, X / ga(pp — bb) X %fQ(b — By)dx

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

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

Bin Bin|XInAcc Bin|XInAcc|RecSel Bin|XInAcc|RecSel|TOSpup
Np—x = Npix — Np_x — Np_,x
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