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Beauty production

 Based on FONLL (fixed order next-to-leading logarithm) approach,
the production cross-section is predictable

Leading Order

q

q

gluon splitting flavour excitation
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Beauty production cross-section
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The measurement of the ratio can largely
cancel some uncertainties.
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B* production cross-section in pp collisions
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LHCb detector
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Pseudorapidity of LHCb detector
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Cross-section determination

dQO' NB:I:

dydpr L X cror X B(BE = JWKE) x B(Jhh — putu—) x Ay x Apr

- Ng+ : number of B¥signal events in each bin of Ay X Apy
- &0t - total efficiency in each bin of Ay X Apr

-L  :integrated luminosity

-B(B* - J/YK™) : branch fraction, Bellal®and BABARM!
-B(J/Y - utu~) :branch fraction, 2016 version of PDGD!
- Ay X Apr : bin width for p2 and y2
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Data sample and selection

« B* > J/YK™* decay
'5 < 4
w+ I/t

Ol

Bt
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vK+

u u

e Data sample and Selection
-1.0fbt, 7TeV, 2011;0.3 fb'1 13 TeV, 2015

___

> 0.7 GeV > 0.5 GeV [0,40] GeV
PID >0 -
track y?/ndof <3 <3
vertex y? /ndof - - <9 <9
Mass - - [3.04,3.14] GeV -
t - - - > 0.3 ps

2017/12/20 CCNU




Extract B™ signal

* Fitdatain each bin of Ay X Apy
* Resultof 3.5 <pr <4.0GeV, 2.5 <y < 3.0asan example

LHCb /5 = 7TeV
¥ /ndf=1.23

t+ Data
— Fit

- = = - Signal
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Efficiency

Etot = €acc X €Reco&Sel X ETrack X EPIDX ETrigX EGEC

Eacc acceptance Simulation

EReco’&Sel reconstruction and selection Simulation
ETrack tracking Data & Simulation

EpID particle identity J /¥ data
ETrig trigger Data &Simulation
EGEC global events cut Data & Simulation

GEC : require nSPD hits < 900 to reject high-multiplicity events
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Acceptance efficiency

BT with 2 <y < 4.5 and all tracks in LHCb

EAce = .
BT with 2 <y < 4.5
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Relative systematic uncertainties

Uncertainty (%)

Sources

7TTeV 13 TeV R(13 TeV/7 TeV)
Luminosity [T 3.9 3.4 Limited knowledge
Branching fractions 3.9 3.9 0.0 _— T of B (B o J/WK +)
EII:;;H;-C. 3’;‘} f;’ 22‘ ____>Bin size and fit model
Acceptance 0.2 i 0.2
Reconstruction 0.1 0.1 0.2
Track 1.6 2.6 1.0 Efficienc
PID 0.4 0.1 04— | o ' |
Trigger TE 56 14 > Limited sample size
GEC 0.7 0.7 1.0
Selection 1.0 id 0.1
Weighting 0.2 0.2 0.3
Total il 74 5.9
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Double-differential production cross-section
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Good agreements between data points and
theoretical predictions
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Single differential production cross-section

. E — e
E B I I I ] i 80 E I I I | E
e 3 s E S oF LHCb5=7Tev + Data k
= F i P FONLL : S E 0<pr<40Gev/e R FONLL. E
2 1F T < 60 E
S Ty z
R S 7Tev ] oF 7TeV 3
i ; 30 E
102 LHCb \/5="7TeV — 20 ‘_*_‘—*—,_._ 3
F 20<y<45 . 10E i

107 E P TR T B R N | | = 1 1 i g il T

0 10 20 30 40 2 2.5 3 3.5 4 4.5
pr[GeV/c] y
— T T T T T T T T ' 90 = —
Q : I I I ] i 80 E I I I | E
o, — = = =
3 10pH. + Data T of LHCb Vs=13Tev + Data :
— T “"..‘ ' 3 - 329 =
= [ e, H¥ FONLL - S E  0<pr<40GeV/c H¥ FONLL 3
ESS it 60E 3
T P EE 13 TeV ] S 13 TeV 3
5 - . 40 - E
il 2090920 SEaes ] SEEEEEEetEeeees —_— 3
3 E 30§ T e =
 LHCb./s=13TeV ot = 20 E HEss
107 F 20<y<45 E 10E H:
- L L | L P . | PR | PR . 3 E " | | | | E

0 10 20 30 40 2 2.5 3 3.5 4 4.5
pr[GeV/c] y

2017/12/20 CCNU 15




Ratio and total cross-section

* Ratio of cross-section, R(13 TeV/7 TeV)
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* Total cross-section (2.0 < y < 4.5)

o(pp - BEX,\/s = 7TeV) =43.0 +0.2(stat) + 2.5(syst) + 1.7 (Br) ub
o(pp » BEX,/s = 13 TeV) = 86.6 + 0.5(stat) + 5.4(syst) + 3.4 (Br) ub
R(13TeV /7 TeV) = 2.02 + 0.02(stat) + 0.12(syst)
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Summary

* First precise measurement of the BT production cross-section at 13 TeV of
LHCb.

* Result at 7 TeV is updated with 1.0 fbL.

* All measured results are in agreement with theoretical calculations based on
the FONLL approach.
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Fit model

PDF(X'M g, p;NSLg»kag) =

B(BT-J/Yr™) &J/pn* cabibbo
Ng; o FES (x; M, 0) + Ny Ford (3 ) + ( YN FEabibbo (y. ppy
sig g EXP B(Bt—] WK+’ St &) oK+ CB

- double-sided CB function for signal

- exponential function for combinatorial background

- a combination of two single-sided CB functions for B* — J/ym™
- ignore other decay modes out of the fit region as

B® - J/YK®, BS = ]/, Ay — ] /YpK and 4, - ] /ippr
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