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Introduction

Tracking system
Δp/p = 0.4% at 5 GeV/c
to 0.6% at 100 GeV/c

Calorimeters
ECAL: σ

E
/E ~ 1% ⨁ 10%/√E [GeV]  

Muon system
ε(µ→µ) ~ 97%

at 1-3% π→µ mis-identification
Cherenkov detectors

ε(K→K) ~ 95%
at 5% π→K mis-identification

talk by Sheldon Stone

 Heavy flavor and quarkonia production is a puzzle of QCD
 Relative role of competing production mechanisms is poorly understood
 LHCb provides unique possibility to probe forward region of 2<y<5

and to imply a stronger tests on theory

 LHCb detector

 High bb-/cc-pair cross-section

 Good B-decay vertex resolution

 Good particle identification

 Good momentum resolution

VELO
σ

IP
 ~ 20 μm

for high p
T
 tracks

JINST 3 (2008) S08005
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Overview

 List of analyses on heavy flavor production during last year

 χ
b
(nP)→Υ(n'S)γ at √s=7&8 TeV

 η
c
(1S) at √s=7&8 TeV  

 B
c
+ differential at √s=8 TeV

 Y in pPb at √s
NN

=5 TeV

 Exclusive Y at √s=7&8 TeV

 J/ψ at √s=13 TeV

talk by Paolo Gandini
(QCD&HP, today)

!New!

talk by Ilya Komarov
(QCD&HP, 24 July)

!New!

talk by Marco Meissner
(HIP, right now)
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χ
bJ

(nP) production
 χ

b
(1,2,3P)→Υ(1,2,3S)γ with unconverted photons at 7&8 TeV

EPJC 74 (2014) 3092 

 Ratio of χ
b2

(1P) and χ
b1

(1P) cross-sections with converted photons

χ
b
(1P)→Υ(1S)γ

χ
b
(2P)→Υ(1S)γ

χ
b
(2P)→Υ(2S)γ

χ
b
(3P)→Υ(2S)γ

χ
b
(3P)→Υ(3S)γ

χ
b2

(1P)

χ
b1

(1P)

JHEP 10 (2014) 088

χ
b
(3P)→Υ(1S)γ

χ
b1,2

(3P)

~30% of Y(nS) are from feed-down

7&8 TeV

7&8 TeV

7&8 TeV

PRD 86 (2012) 074027
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η
c
(1S) production EPJC 75 (2015) 311

 Complementary to studies of J/ψ, ψ(2S) and χ
c0,1,2

 production

 NLO NRQCD predicts different p
T
-dependence for η

c
 and J/ψ and χ

cJ

 Probe inclusive b→η
c
X decays

CLEO limit: PRD 52 (1995) 2661

 η
c
→pp and J/ψ→pp decay modes are used 

 Selection:
 trigger by 

hadron calorimeter
 p

T
(p,p) > 2 GeV/c

 PID requirements

 Separate prompt production and b-decays with
- pseudo-decay time ( )
- impact parameters of protons with respect to primary vertex

 p
T
(pp) > 6.5 GeV/c

 2 < y(pp) < 4.5

t z=Δ z M / pz

p/π separation
EPJC 73 (2013) 2431

B(η
c
→pp)  =(1.52±0.16)x10-3

PRD 70 (2004) 054014
NPB 514 (1998) 245
PRD 48 (1993) 179
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η
c
(1S), from b-decays

J/ψ

N=2020±230

7&8 TeV

η 
c 

N=6110±116

EPJC 75 (2015) 311

 Neglecting the p
T
(pp)>6.5 GeV/c bias derive:

 Mass difference:

exp

in agrement with world average (PDG 2014)



 The efficiencies are the same for η
c
 and J/ψ within 0.5%

in agreement with CLEO upper limit

cross-feed from  
       J/ψ→ppπ0

 Since efficiencies are the same 
for η

c
 and J/ψ within 0.5%

dominant systematics: 
background model, J/ψ polarization, cross-feed from prompt

First measurement
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η
c
(1S), prompt

N=20217±1403N=22416±4072
J/ψη

c

EPJC 75 (2015) 311

 Constraint signal shape from fit of “from b-decays” sample

pol
3

 Similar p
T
 dependence for η

c
 and J/ψ (in contrast to NRQCD expectations)

EPJC 73 (2013) 2631

JHEP 06 (2013) 064

consistent with color-singlet NLO predictions JPG 39 (2012) 015008

 Use previously measured J/ψ cross-section as reference

dominant systematics: Γ(η
c
), background model

η
c
 

J/ψ

First
measurements
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 Similarities of B
c
+ with both B mesons and quarkonium

 Main process: gg→(bb)(cc)→B
c
+ + b + c  (order of α

s
4)  

suppression σ(B
c
+)/σ(B+/0) ~ 10-3

 Competitive role of fragmentation and recombination
→ different impact on p

T
 spectra

 + difference with B+/0 spectra

 Measure cross-section with respect to B+:
using decays B

с
+→J/ψπ+ and B+→J/ψK+ with similar kinematics

 Previously only average ratios of σ(B
c
+) to σ(B+,B

s
0) were measured

at LHCb and CMS

→ measure the kinematics dependence for the first time

B
c
+ production

PRL 109 (2012) 232001 JHEP 01 (2015) 063PRL 111 (2013) 118801

Phys. Atom. Nucl. 67 (2004) 1559

b

recombinantion

fragmentation

b

b

b

b

c

c

c

c

B
c
+

B
c

+

arXiv:hep-ph/9408284
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B
c

+ production, 8 TeV

 Study R
c/u

 kinematic dependency in range 
0<p

T
<20 GeV/c and 2<y<4.5

 BDT-based selection

 Excellent description of B
c
+ spectra by BCVEGPY

8 TeV
2<η<4.5 
2 fb-1

8 TeV
0<p

T
<20 GeV/c 

2 fb-1

N(B
c
+)~3100 N(B

c
+) ~ 3100

fit example

(α
s
4 approach)

Comput. Phys. Commun. 
174 (2006) 241

PRL 114 (2015) 132001
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B
c

+ production, 8 TeV

 Dependence on p
T
 and y is observed: 

8 TeV
2 fb-1

8 TeV
2 fb-1

N(B
c
+) ~ 3100

N(B
c
+) ~ 3100

(α
s
4 approach)

PRL 114 (2015) 132001

Comput. Phys. Commun. 
174 (2006) 241

consistent with measurements at 7 TeV
(0.61±0.12)%

dominant systematics:  fit model

in p
T
<20 GeV/c and 2<y<4.5:

in 4<p
T
<20 GeV/c and 2.5<y<4.5:

 (to compare with previous measurement)

First measurement
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B
c

+→ψ(2S)π+ 

 Update measurement on relative B of B
c
+→ψ(2S)π+ and B

c
+→J/ψπ+ 

based on only 7 TeV data:

 BDT-based selection 

arXiv:1507.03516

consistent with the previous measurement

PRD 87 (2013) 071103

!New!

 B(B
c
+→ψ(2S)π+)/B(B

c
+→J/ψπ+):

N=105±12



Polyakov Ivan, EPS-HEP,  23 July 2015 12

Summary

 LHCb provides unique input for QCD
with exploiting HF production in forward region

 χ
b
(nP)→Υ(n'S)γ with unconverted and converted photons

 η
c
(1S) production (first time measured in pp collisions)

 B
c
+ differential cross-section + update on B(B

c
+→ψ(2S)π+)

 We are looking forward for run at 13 TeV
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