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Outline
• Operations

• YETS and 2018 data taking

• Computing resources and use of online farm

• Physics (selection of results since the last LHCC meeting)

• CP violation in beauty

• Searches

• Production and cross sections

• Upgrade

• Status and plans
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YETS Progress Report
• Detectors: no major issues
• Opening for Service and small repair work

• Dec-Jan, Completed: MUON side A, CALO side C
• Feb-March, Ongoing: MUON side C, CALO side A, 

Change RICH2 HPD  
• Advance work for LS2/Upgrade: 

• Cable trays
• Cooling circuits
• Detector assembly facilities 
• Access structure
• ….
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Luminosity Prediction

• Estimated delivered 
lumi ~2.3 fb-1

• 2332 colliding bunches

• 45% stable beams 
efficiency 
(conservative, 
probably larger)
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Performance LHCb
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� Model based on levelling at a peak luminosity of 4.6×1032 cm-2s-1 for the 
BCMS beam (2332 colliding pairs) – 2017-like.
– Integrated luminosity given purely by time in stable beams (and number of 

colliding pairs).
– LHCb does not gain from higher bunch charges, smaller xing angles (in 1 & 5) 

and E* levelling, only availability and beam type matter.

~ 2.3 fb-1

• This additional statistics could make a “significant” difference for 
some crucial measurements

J.Wenninger, Chamonix, 29 Jan 2018

Assuming 45% eff
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Special Runs

• LHCb can operate in fixed target mode, using its internal gas 
target SMOG (System to Measure the Overlap integral with Gas)

• Low-E run, pHe for cosmic ray physics: LHCb could benefit only 
from Ebeam=900 GeV and stable beams

• Pb-Pb and Pb-Ne run: simultaneous data acquisition for Pb-Pb 
collisions and Pb-Ne fixed target, analogously as in 2017 with p-p 
and p-Ne
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Special runs: SMOG 

•  Fixed target physics program so far: 

•  Possibilities for 2018 were considered: 
–  N2:  Cosmic ray physics;  Ep= 6.5 TeV  

–  He:  Cosmic ray physics;  Ep= 0.9 TeV (?)  

–  Xe:  Heavy flavour physics;  Ep= 6.5 TeV  

–  Ne:  Heavy ion physics;   EPb=6.37 TeV 

 
30 Jan 2018 -  Tuesday meeting   -    N. Tuning 8 

See details see meeting organized by  
Emilie Maurice, 23 Jan 2018 

https://indico.cern.ch/event/698711/ 

Possible 2018 LHCb – SMOG runs 

• Physics program: analysis (almost) done 
 
 
 
 
 
 
 
 
 
 

Antiproton production 
for cosmic ray (does not 

require large lumi) 

Heavy flavor 
production (does 

require large lumi) 

Heavy flavor 
production (does 

require large lumi) 
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Trigger, Reconstruction, Alignment
• Expected conditions 
very similar to 2017 
and keep them stable:

• Real-time alignment and 
calibration

• Same trigger configuration 
throughout the year

• During the luminosity ramp 
up, possible additional 
trigger lines for charmed 
baryon studies
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Operations

Trigger

Run 2 strategy

• L0 bandwidth optimized for the wide physics
programme: retuned for 2017 and updated
according to the latest LHC forecasts

• Buffer data on disk after HLT1

• Real-time alignment and calibration evaluation

• Data processed by HLT2 asynchronously

Disk buffer ⇠ 10 PB

• Two HLT1 configurations have been prepared: loose and tight. Started with loose configuration

• Simulations are made to estimate the disk buffer occupancy up to end of the year

• With current LHC performance, unlikely to exhaust the buffer this year: keep loose configuration

M. Fontana (INFN Cagliari and CERN) LHCC - CERN 13-09-2017 4 / 27

Online alignment and calibration (1/2)

Real-time alignment per fill

Alignment of the full tracking system: VELO, TT, T stations
Alignment of PID detector: RICH mirrors and Muon chambers

Real-time calibration per run or per fill

RICH calibration
OT time calibration
Calorimeter calibration

Full automatization of Rich mirror alignment and improved Calo calibration
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Software Activities
• Restripping:

• 2015/2016 data finished

• 2017 just started

• Optimal use of 
resources: 

• MC production run on the 
Online Farm + Grid

• 40% of simulated events 
produced on Online Farm

• MC simulation: after 
filtering, produced 4 
billion events last year 

• 450 millions during YETS
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MC Simulation

Online Farm

Running Jobs CPU Time by site
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Paper Status

• Submitted 
papers: 416

• Additional 12 to 
be released for 
the winter 
conferences
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2011	 2012	 2013	 2014	 2015	 2016	 2017	2010	

Submitted papers, grouped by submission year
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Paper Status
• Submitted since last LHCC meeting

• 2017-033 Amplitude analysis of the decay B0 ➝ Ks0ππ  and first observation of B0 ➝ K∗π
• 2017-039 Search for the rare decay Λ+c ➝ pµ+µ-

• 2017-040 Studies of the resonance structure in D0 ➝ Kπππ decays
• 2017-042 Search for excited Bc+ states
• 2017-043 A search for weakly decaying b-flavored pentaquarks
• 2017-044 Search for direct CPV in Λ+c ➝ pKK and Λ+c ➝ pππ decays using semileptonic 
Λ0b decays

• 2017-045 Search for B+c decays to two charm mesons
• 2017-046 Update of D0-D0 mixing parameters and CP violation in D0 ➝ K+π- decays
• 2017-047 CP asymmetry in B0s ➝ D∓sK± decays
• 2017-048 CP-violating phase φsdd in quasi-two-body B0 ➝ (Kπ)(Kπ) decays
• 2017-049 Evidence for the rare decay Σ+ ➝ pµµ

• Preliminary
• 2017-050 Forward top pair production in the dilepton channel in pp collisions at 13 TeV
• 2018-002 Upsilon production cross-section in pp collisions at √s=13 TeV
• 2018-003 Inelastic pp cross-section at a centre-of-mass energy of 13 TeV
• 2018-00X Ultra-peripheral Charmonium Production in Pb-Pb

11
The following slides will focus on the papers in red 
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CP Asymmetry in B0s ➝ D∓sK± Decays
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• Update of previous results 
on 1 fb-1 [JHEP 11 (2014) 060]

• Fit to Bs and Ds invariant 
mass, extract signal weights 
using sPlot technique

• Flavour tagging, ε = 5.7%
• Fit to weighted decay-time 

distribution to extract CP 
parameters

• Per-candidate time uncertainty

• Control channel 
• Systematic contributions: 

correlation among 
variables, detection 
asymmetry, tagging, fit

~↵ = (�, �s, rDsK , �) ~A(~↵)
~A CP

V

��2 ⌘ �2

(~↵0
min

)� �2

(~↵
min

) �2

(~↵) = �2 lnL(~↵) ~↵
min

~↵0
min

�s

�s = �0.030± 0.033 rad �s = �2�s

� = (128

+17

�22

)

� ,

� = (358

+13

�14

)

� ,

rDsK = 0.37 +0.10
�0.09 ,

180

�
1�

� L(~↵0
min

)

�
(�A��

f , Sf ) (�A��

f
, Sf )

rDsKe
i(±��(��2�s)) rDsK

Cf � 2.3 � �
�

B0

s ! D⌥
s K

±

3.8 � CP B0

s ! D⌥
s K

±

CP B0

s ! D⌥
s K

±

3.0 �1 pp

Cf = 0.73± 0.14± 0.05 ,

A��

f = 0.39± 0.28± 0.15 ,

A��

f
= 0.31± 0.28± 0.15 ,

Sf = �0.52± 0.20± 0.07 ,

Sf = �0.49± 0.20± 0.07 ,

� �
rDsK B0

s ! D�
s K

+ B0

s ! D�
s K

+ � = (128

+17

�22

)

�

� = (358

+13

�14

)

� rDsK = 0.37 +0.10
�0.09 180

�

3.8 � CP
� B0

s

2 4 6 8 10 12 14
BeautyTime

10

210

C
an

di
da

te
s /

 ( 
0.

10
 p

s)

LHCb
Acceptance
Fit to decay time
Data

2 4 6 8 10 12 14
) [ps]±K

±

sD → 0
sB(t

2−
0
2

0 0.1 0.2 0.3
) [ps]sm∆/π) modulo (2−K+

sD →0sB(t

0.4−

0.2−

0

0.2

0.4

)−
K s+

D(
m

ix
A

LHCb

0 0.1 0.2 0.3
) [ps]sm∆/π) modulo (2+K−sD →0sB(t

0.4−

0.2−

0

0.2

0.4

)+
K s−

D(
m

ix
A

LHCb 

B0

s ! D⌥
s K±

B0

s ! D�
s ⇡

+ B0

s ! D⌥
s K±

B0

s ! D�
s ⇡

+ CP
D+

s K
� D�

s K
+

2⇡/�ms

�s ��s

B0

s ! D�
s ⇡

+

�s ��s

�s ��s

B0

s ! D�
s ⇡

+ B0

s ! D⌥
s K

±

~↵ = (�, �s, rDsK , �) ~A(~↵)
~A CP

V

��2 ⌘ �2

(~↵0
min

)� �2

(~↵
min

) �2

(~↵) = �2 lnL(~↵) ~↵
min

~↵0
min

�s

�s = �0.030± 0.033 rad �s = �2�s

� = (128

+17

�22

)

� ,

� = (358

+13

�14

)

� ,

rDsK = 0.37 +0.10
�0.09 ,

180

�
1�

� L(~↵0
min

)

�
(�A��

f , Sf ) (�A��

f
, Sf )

rDsKe
i(±��(��2�s)) rDsK

Cf � 2.3 � �
�

B0

s ! D⌥
s K

±

3.8 � CP B0

s ! D⌥
s K

±

CP B0

s ! D⌥
s K

±

3.0 �1 pp

Cf = 0.73± 0.14± 0.05 ,

A��

f = 0.39± 0.28± 0.15 ,

A��

f
= 0.31± 0.28± 0.15 ,

Sf = �0.52± 0.20± 0.07 ,

Sf = �0.49± 0.20± 0.07 ,

� �
rDsK B0

s ! D�
s K

+ B0

s ! D�
s K

+ � = (128

+17

�22

)

�

� = (358

+13

�14

)

� rDsK = 0.37 +0.10
�0.09 180

�

3.8 � CP
� B0

s

3.8 sigma evidence of CP violation and most precise determination of gamma from Bs0

CP
rDsK ⌘ |�DsK | = |A(B0

s ! D�
s K

+

)/A(B0

s ! D�
s K

+

)| �
� � 2�s

Cf =

1� r2DsK

1 + r2DsK

,

A��

f =

�2rDsK cos(� � (� � 2�s))

1 + r2DsK

, A��

f
=

�2rDsK cos(� + (� � 2�s))

1 + r2DsK

,

Sf =

2rDsK sin(� � (� � 2�s))

1 + r2DsK

, Sf =

�2rDsK sin(� + (� � 2�s))

1 + r2DsK

.

B0

s ! D⌥
s K

±

B0

s D�
s

L(K/⇡)
K±

CP

B0

s

B0

s ! D�
s ⇡

+

B0

s ! D⌥
s K

±

B0

s ! D�
s ⇡

+

B0

s ! D⌥
s K

±

B0

s ! D⌥
s K

±

B0

s ! D�
s ⇡

+

B0

s ! D⌥
s K

±

�

2 < ⌘ < 5 b
c

pp
4Tm

Run1 Data

arXiv:1712.07428

2 4 6 8 10 12 14
BeautyTime

10

210

C
an

di
da

te
s /

 ( 
0.

10
 p

s)

LHCb
Acceptance
Fit to decay time
Data

2 4 6 8 10 12 14
) [ps]±K

±

sD → 0
sB(t

2−
0
2

0 0.1 0.2 0.3
) [ps]sm∆/π) modulo (2−K+

sD →0sB(t

0.4−

0.2−

0

0.2

0.4

)−
K s+

D(
m

ix
A

LHCb

0 0.1 0.2 0.3
) [ps]sm∆/π) modulo (2+K−sD →0sB(t

0.4−

0.2−

0

0.2

0.4

)+
K s−

D(
m

ix
A

LHCb 

B0

s ! D⌥
s K±

B0

s ! D�
s ⇡

+ B0

s ! D⌥
s K±

B0

s ! D�
s ⇡

+ CP
D+

s K
� D�

s K
+

2⇡/�ms

�s ��s

B0

s ! D�
s ⇡

+

�s ��s

�s ��s

B0

s ! D�
s ⇡

+ B0

s ! D⌥
s K

±

Ds+K-

Ds-K+



Riccardo Cenci

• Highly suppressed decay, FCNC 

• Normalization channel Λ+c➝ pϕ(µ+µ-)

• Largest systematics: error on efficiency 
ratio, Data/MC discrepancy on BDT 
training samples, PID calibration

• No event observed over the 
background, UL computed using CLs 
method @95%(90%) CL

• First observation for ω resonance

LHCC Meeting, Feb 28, 2018

Search for the Rare Decay Λ+c ➝ pµ+µ-
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Figure 3: Mass distribution for selected pµ+µ� candidates in the three regions of the dimuon
invariant mass: a) nonresonant region, b) � region, c) ! region. The solid lines show the results
of the fit as described in the text. The dashed lines indicates the background component.

where the first uncertainty is statistical, the second corresponds to the above-mentioned165

systematic e↵ects and the third uncertainty is due to the limited knowledge of the relevant166

branching fractions.3167

In summary, a search for the ⇤+

c

! pµ+µ� decay is reported, using pp data collected168

with the LHCb experiment. The analysis is performed in three regions of dimuon mass: �,169

! and nonresonant. The upper limit on the nonresonant mode is improved by two orders170

of magnitude with respect to the previous measurement [5]. For the first time the decay171

of ⇤+

c

! p! is observed with a statistical significance of 5 standard deviations.172

3Due to better precision, the branching fraction B(! ! e+e�) is used instead of B(! ! µ+µ�),
assuming lepton universality.
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Figure 2: The e�ciency weights for ⇤+

c

! pµ+µ� as a function of the dimuon invariant mass
m(µ+µ�) and the invariant mass of the proton and a negative charged muon m(pµ�). The
weights are normalized to the average e�ciency.
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assumed that the observed candidates in the ! region are dominated by decays via the !152
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2 orders of magnitude better than Babar
[PRD 84 (2011) 072006]
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Search for Weakly Decaying b-flavored Pentaquarks

14

• Additional charmonium 
pentaquark states, not 
observed yet

• Scan for peak, step size 4 
MeV

• No significant signal was 
observed

• Normalization channel

• Largest systematics from 
different selection of signal 
and normalization channels

Table 1: Quark content of the b-flavored pentaquarks and their weak decay modes explored
here. We consider only the quark decay process b ! ccs. The lower and upper bounds of the
mass region searched are also given. (In this paper we use natural units where ~ = c = 1.)

Mode Quark content Decay mode Search window
I bduud P+

B

0
p

! J/ K+⇡�p 4668–6220 MeV
II buudd P�

⇤

0
b⇡

� ! J/ K�⇡�p 4668–5760 MeV

III bduud P+
⇤

0
b⇡

+ ! J/ K�⇡+p 4668–5760 MeV

IV bsuud P+
B

0
sp

! J/ �p 5055–6305 MeV

decay modes.2 It is possible for these pentaquarks (P
B

) to decay either strongly or28

weakly depending on their masses. The threshold mass for strong decay for P+
B

0
p

would be29

m(B0)+m(p), for P�
⇤

0
b⇡

� m(⇤0
b

)+m(⇡�), for P+
⇤

0
b⇡

+ m(⇤0
b

)+m(⇡+) and for P+
B

0
sp

m(B0
s

)+30

m(p). Therefore, we define our signal search windows to be below these thresholds. Note31

that a fifth state, the bsuud pentaquark (P+
B

0
sp
) could also decay into J/ �p, and thus is32

implicitly included in our searches. Should a signal be detected for mode IV, we would33

need to examine noncharmonium modes to distinguish between the possibilities.34

2 Detector description and data samples35

The LHCb detector [8,9] is a single-arm forward spectrometer covering the pseudorapidity36

range 2 < ⌘ < 5, designed for the study of particles containing b or c quarks. The detec-37

tor includes a high-precision tracking system consisting of a silicon-strip vertex detector38

surrounding the pp interaction region, a large-area silicon-strip detector located upstream39

of a dipole magnet with a bending power of about 4Tm, and three stations of silicon-strip40

detectors and straw drift tubes placed downstream of the magnet. The tracking system41

provides a measurement of momentum, p, of charged particles with a relative uncertainty42

that varies from 0.5% at low momentum to 1.0% at 200GeV. The minimum distance of a43

track to a primary vertex (PV), the impact parameter (IP), is measured with a resolution44

of (15+29/pT)µm, where pT is the component of the momentum transverse to the beam,45

in GeV. Di↵erent types of charged hadrons are distinguished using information from two46

ring-imaging Cherenkov detectors (RICH). Photons, electrons and hadrons are identified47

by a calorimeter system consisting of scintillating-pad and preshower detectors, an elec-48

tromagnetic calorimeter and a hadronic calorimeter. Muons are identified by a system49

composed of alternating layers of iron and multiwire proportional chambers.50

The online event selection is performed by a trigger, which consists of a hardware stage,51

based on information from the calorimeter and muon systems, followed by a software stage,52

which applies a full event reconstruction. The subsequent software trigger is composed of53

2Unless explicitly stated, mention of a particular mode implies the use of the charge-conjugated mode
as well.
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Figure 6: Upper limits on R at 90% CL for (a) J/ K+⇡�p, (b) J/ K�⇡�p, (c) J/ K�⇡+p,
and (d) J/ �p final states.
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5 Results166

After the selections were decided upon, the analysis was unblinded. A search is conducted167

by scanning the P
B

invariant mass distributions in the four final states shown in Fig. 5.168

The step size used in these scans is 4.0MeV, corresponding to about half the invariant169

mass resolution. No signal is observed with the expected width of approximately 7.5 MeV.170

The P
B

mass resolution seen in the simulated samples is 6.0 MeV for modes I, II, III,171

and 5.2 MeV for mode IV which, as expected, is similar to the 7.5 MeV width seen in172

data for the ⇤0
b

baryon in the (J/ ! µ+µ�)K�p final state, when the two muons are173

constrained to the J/ mass. In order to obtain conservative results, we set upper limits174

based on the wider 7.5 MeV signal width.175

At each P
B

scan mass value m
PB , the signal region is a ±2�(m

PB) window around176

m
PB , while the background is estimated by interpolating the yields in the sidebands177

starting at 3�(m
PB) from m

PB and extending to 5�(m
PB), both below and above m

PB178

following Ref. [21]. The statistical test at each mass is based on the profile likelihood179

ratio of Poisson-process hypotheses with and without a signal contribution, where the180

uncertainty on the background interpolation is modeled as purely Poisson (see Ref. [21]181

for details). No significant excess of signal candidates is observed over the expected182

background. The upper limits are set on the signal yields using the profile likelihood183

technique, in which systematic uncertainties are handled by including additional Gaussian184

terms in the likelihood.185

In the absence of a significant signal, we set upper limits in each P
B

candidate mass186

interval on the ratio187

R =
�(pp ! P

B

X) · B(P
B

! J/ X)

�(pp ! ⇤0
b

X) · B(⇤0
b

! J/ K�p)
, (1)

where we use the ⇤0
b

! J/ K�p channel for normalization. The product of the production188

cross section and branching fraction of this channel has been measured by the LHCb189

Table 2: Decay modes that are vetoed for each pentaquark candidate mode and the specific
particle misidentification that causes the reflection.

Search mode Reflection Particle misidentification
P+
B

0
p

! J/ K+⇡�p B+ ! J/ K+⇡�⇡+ ⇡+ to p
B+ ! J/ ⇡+⇡�K+ ⇡+ to K+ and K+ to p

P�
⇤

0
b⇡

� ! J/ K�⇡�p B� ! J/ K�⇡�⇡+ ⇡+ to p

B� ! J/ (�! K�K+)⇡� K+ to p
P+
⇤

0
b⇡

+ ! J/ K�⇡+p B+ ! J/ (�! K�K+)⇡+ K+ to p

P+
B

0
sp

! J/ �p B+ ! J/ �K+ K+ to p
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•  

• Useful for getting γ 
measurement, but rate 
is very small (small BFs 
and low ε)

• Normalization mode 

• No significant signal 
was observed

• Largest systematic 
contribution from bkg 
model
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Figure 2: Fits to the (top row) D+

s

D0, (second row) D+

s

D0, (third row) D+D0 and (bottom
row) D+D0 final states. For the left plots, the D0 meson is reconstructed in the K�⇡+ final
state, while the right column corresponds to the D0! K�⇡+⇡�⇡+ mode.
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1 Introduction1

Flavour transitions between quarks are governed in the Standard Model (SM) of elemen-2

tary particle physics by the Cabibbo-Maskawa-Kobayashi (CKM) matrix [1, 2]. Here3

the transition amplitudes between up-type quarks, q, and down-type quarks, q0, are4

described by the complex numbers V
qq

0 , defining the 3⇥ 3 unitary CKM matrix. Precision5

measurements of the magnitude and phase of the CKM matrix elements may reveal signs6

of new physics if observables that could be a↵ected by new particles are found to be7

inconsistent with SM predictions.8

One parameter of particular interest is � ⌘ arg(�V
ud

V ⇤
ub

/V
cd

V ⇤
cb

), which can be deter-9

mined experimentally with negligible theoretical uncertainties from the charge-parity (CP )10

asymmetry caused by the interference between b! u and b! c transitions. Presently,11

the most precise determinations of � come from measurements of the CP asymmetry in12

B+! DK+ decays, where D stands for a D0 or a D0 meson [3, 4].113

Decays of B+

c

mesons to two charm mesons, B+

c

! D+

(s)

D, have also been proposed to14

measure � [5–8]. Decays with one excited charm meson in the final state, B+

c

! D⇤+
(s)

D and15

B+

c

! D+

(s)

D⇤, can be treated in the same way as B+

c

! D+

(s)

D decays. For B+

c

decays with16

two excited charm mesons, B+

c

! D⇤+
(s)

D⇤, the angular distributions provide an alternative17

method to determine � [7]. Some predicted branching fractions are listed in Table 1.18

An advantage of B+

c

! D+

s

D decays over B+! DK+ decays is that the diagram19

proportional to V
cb

is colour suppressed, while the diagram proportional to V
ub

is not,20

as illustrated in Fig. 1. This results in a large value for the ratio of amplitudes, r
B

+
c
⌘21 ���A(B

+
c!D

0
D

+
s )

A(B

+
c!D

0
D

+
s )

��� ⇡ 1, and potentially in a large CP asymmetry. In contrast, in B+! DK+

22

decays, the small value of r
B

⌘
���A(B

+!D

0
K

+
)

A(B

+!D

0
K

+
)

��� ⇡ 0.1, results in small values of the CP23

asymmetry. However, observing and using B+

c

! D+

s

D decays is challenging because of24

the small B+

c

production cross-section, the short B+

c

lifetime, the complex final states,25

and the small branching fractions.26

This paper describes a search, performed for the first time, for twelve B+

c

! D(⇤)+
(s)

D(⇤)
27

decay channels, using data collected by the LHCb experiment and corresponding to28

an integrated luminosity of 3.0 fb�1, of which 1.0 fb�1 was recorded at a centre-of-mass29

energy
p

s = 7 TeV and 2.0 fb�1 at
p

s = 8 TeV. Charm mesons are reconstructed in30

the D0! K�⇡+, D0! K�⇡+⇡�⇡+, D+! K�⇡+⇡+, and D+

s

! K+K�⇡+ decay modes.31

Table 1: Estimates of the branching fractions of four B+

c

! D+

(s)

D decays in units of 10�6.
Decays of the B+

c

meson to final states with one or two excited charm mesons have similar
branching fractions and can be found in the cited references.

Channel Ref. [9] Ref. [10] Ref. [11] Ref. [12]
B+

c

! D+

s

D0 2.3± 0.5 4.8 1.7 2.1
B+

c

! D+

s

D0 3.0± 0.5 6.6 2.5 7.4
B+

c

! D+D0 32± 7 53 32 33
B+

c

! D+D0 0.10± 0.02 0.32 0.11 0.32

1Unless specified otherwise, charge conjugation is implied throughout the paper.

1

fc/fu: Bc/B production ratio 

The measured branching fractions for the fully reconstructed B+

c

decays are listed229

below. Quoted in brackets are the corresponding upper limits calculated at 90 (95)%230

confidence level with the asymptotic CL
s

method [42],231

f
c

f
u

B(B+

c

! D+

s

D0)

B(B+! D+

s

D0)
= ( 3.0± 3.7)⇥ 10�4 [< 0.9 (1.1)⇥ 10�3],

f
c

f
u

B(B+

c

! D+

s

D0)

B(B+! D+

s

D0)
= (�3.8± 2.6)⇥ 10�4 [< 3.7 (4.7)⇥ 10�4],

f
c

f
u

B(B+

c

! D+D0)

B(B+! D+D0)
= ( 8.0± 7.5)⇥ 10�3 [< 1.9 (2.2)⇥ 10�2],

f
c

f
u

B(B+

c

! D+D0)

B(B+! D+D0)
= ( 2.9± 5.3)⇥ 10�3 [< 1.2 (1.4)⇥ 10�2].

For B+

c

decays with one excited charm meson, the results are232

f
c

f
u

B(B+

c

! D⇤+
s

D0) + B(B+

c

! D+

s

D⇤0)

B(B+! D+

s

D0)
= (�0.1± 1.5)⇥ 10�3 [< 2.8 (3.4)⇥ 10�3],

f
c

f
u

B(B+

c

! D⇤+
s

D0) + B(B+

c

! D+

s

D⇤0)

B(B+! D+

s

D0)
= (�0.3± 1.9)⇥ 10�3 [< 3.0 (3.6)⇥ 10�3],

f
c

f
u

B(B+

c

! (D⇤+ ! D+⇡0, �)D0) + B(B+

c

! D+D⇤0)

B(B+! D+D0)
= ( 0.2± 3.2)⇥ 10�2 [< 5.5 (6.6)⇥ 10�2],

f
c

f
u

B(B+

c

! (D⇤+ ! D+⇡0, �)D0) + B(B+

c

! D+D⇤0)

B(B+! D+D0)
= (�1.5± 1.7)⇥ 10�2 [< 2.2 (2.8)⇥ 10�2].

For B+

c

decays with two excited charm mesons, the measurements give233

f
c

f
u

B(B+

c

! D⇤+
s

D⇤0)

B(B+! D+

s

D0)
= ( 3.2± 4.3)⇥ 10�3 [< 1.1 (1.3)⇥ 10�2],

f
c

f
u

B(B+

c

! D⇤+
s

D⇤0)

B(B+! D+

s

D0)
= ( 7.0± 9.2)⇥ 10�3 [< 2.0 (2.4)⇥ 10�2],

f
c

f
u

B(B+

c

! D⇤+D⇤0)

B(B+! D+D0)
= ( 3.4± 2.3)⇥ 10�1 [< 0.65 (0.73)],

f
c

f
u

B(B+

c

! D⇤+D⇤0)

B(B+! D+D0)
= (�4.1± 9.1)⇥ 10�2 [< 0.13 (0.16)].

The presented limits are consistent with the theoretical expectations: assuming a value234

of fc

fu
= 1.2%, the presented limits give B(B+

c

! D+D0) < 6.0 (7.0) ⇥ 10�4 at 90 (95)%235

confidence level, well above the values shown in Table 1.236
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The measured branching fractions for the fully reconstructed B+

c

decays are listed229

below. Quoted in brackets are the corresponding upper limits calculated at 90 (95)%230

confidence level with the asymptotic CL
s

method [42],231

f
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u
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D0)

B(B+! D+

s

D0)
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D0)
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u
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c
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c
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The presented limits are consistent with the theoretical expectations: assuming a value234

of fc
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= 1.2%, the presented limits give B(B+
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! D+D0) < 6.0 (7.0) ⇥ 10�4 at 90 (95)%235

confidence level, well above the values shown in Table 1.236
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The measured branching fractions for the fully reconstructed B+

c

decays are listed229

below. Quoted in brackets are the corresponding upper limits calculated at 90 (95)%230

confidence level with the asymptotic CL
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method [42],231
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For B+

c
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c

! D⇤+
s

D0) + B(B+

c

! D+

s

D⇤0)

B(B+! D+

s

D0)
= (�0.3± 1.9)⇥ 10�3 [< 3.0 (3.6)⇥ 10�3],

f
c

f
u

B(B+

c

! (D⇤+ ! D+⇡0, �)D0) + B(B+

c

! D+D⇤0)

B(B+! D+D0)
= ( 0.2± 3.2)⇥ 10�2 [< 5.5 (6.6)⇥ 10�2],

f
c

f
u

B(B+

c

! (D⇤+ ! D+⇡0, �)D0) + B(B+

c

! D+D⇤0)

B(B+! D+D0)
= (�1.5± 1.7)⇥ 10�2 [< 2.2 (2.8)⇥ 10�2].

For B+

c

decays with two excited charm mesons, the measurements give233

f
c

f
u

B(B+

c

! D⇤+
s

D⇤0)

B(B+! D+

s

D0)
= ( 3.2± 4.3)⇥ 10�3 [< 1.1 (1.3)⇥ 10�2],

f
c

f
u

B(B+

c

! D⇤+
s

D⇤0)

B(B+! D+

s

D0)
= ( 7.0± 9.2)⇥ 10�3 [< 2.0 (2.4)⇥ 10�2],

f
c

f
u

B(B+

c

! D⇤+D⇤0)

B(B+! D+D0)
= ( 3.4± 2.3)⇥ 10�1 [< 0.65 (0.73)],

f
c

f
u

B(B+

c

! D⇤+D⇤0)

B(B+! D+D0)
= (�4.1± 9.1)⇥ 10�2 [< 0.13 (0.16)].

The presented limits are consistent with the theoretical expectations: assuming a value234

of fc

fu
= 1.2%, the presented limits give B(B+

c

! D+D0) < 6.0 (7.0) ⇥ 10�4 at 90 (95)%235

confidence level, well above the values shown in Table 1.236
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For B+

c

decays that involve one or more excited charm mesons, no attempt is made32

to reconstruct the low-momentum particles from the decay of excited D mesons: the33

distribution of the invariant mass of the partially reconstructed final state peaks at masses34

just below the B+

c

mass.35

The branching fractions, B, of B+

c

decays to fully reconstructed states are measured36

relative to the high-yield B+! D+

(s)

D normalisation modes,37

f
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u
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! D+
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=
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! D+

(s)

D)
, (1)

where fc

fu
is the ratio of B+

c

to B+ production cross-sections, N stands for the signal38

yields, and " for the total e�ciencies. For B+

c

decays with one excited charm meson, the39

invariant-mass distributions of B+

c

! D⇤+
(s)

D and B+

c

! D+

(s)

D⇤ decays are very similar,40

and the sum of their branching fractions is measured, weighted by the branching fraction41

of the excited charged charm meson to a charged charm meson and a low-momentum42

neutral particle, B(D⇤+
(s)

! D+

(s)

⇡0, �),43

f
c

f
u
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where "(B+

c

! D⇤+
(s)

D, D+

(s)

D⇤) is the average e�ciency of B+

c

! D⇤+
(s)

D and B+

c

! D+

(s)

D⇤
44

decays. Branching fractions of B+

c

! D⇤+
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D⇤ are corrected for B(D⇤+
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! D+
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⇡0, �),45
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LHCb measurements of fc

fu

B(B

+
c!J/ ⇡

+
)

B(B

+!J/ K

+
)

show no appreciable di↵erence of fc

fu
between46 p

s = 7 TeV [13] and
p

s = 8 TeV [14], in the kinematic range of rapidity 2.0 < y < 4.547

and transverse momentum p
T

< 20 GeV/c. Predictions for B(B+

c

! J/ ⇡+) range from48

2
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Forward Top Production in Dilepton Channel @13TeV

• First analysis of top production in the dilepton 
final state 

• Reconstructed state: µeb (opposite sign leptons), 
∼ 87% purity, 44 events

• Highest systematics from jet-tagging

16

• Good agreement with theoretical predictions
• With more data can significantly constrain gluon PDF

LHCB-PAPER-2017-050
Table 1: The e�ciency to fully reconstruct and identify the candidates.

Source E�ciency
trigger 0.811 ± 0.016
muon reconstruction 0.930 ± 0.010
electron reconstruction 0.916 ± 0.026
muon identification 0.978 ± 0.008
electron identification 0.918 ± 0.012
jet reconstruction 0.975 ± 0.016
event selection 0.564 ± 0.023
jet tagging 0.556 ± 0.056
total 0.190 ± 0.022

50 100 150 200

ebX) [fb]µ→t t→(ppσ

10000 15000 20000
) [fb]tt→(ppσ

LHCb
 = 13 TeVs

data
POWHEG
aMCatNLO
MCFM

Figure 5: Graphical comparison of the measured cross-sections with the predictions from the
aMC@NLO, POWHEG and MCFM generators. For the data, the inner error band represents
the statistical uncertainty, and the outer the total, while for the theoretical predictions, the
inner band represents the scale uncertainty and the outer represents the total. The prediction is
shown (above) for the muon, electron and jet fiducial, and (below) for the top fiducial region.

corrections applied, and the di↵erence between the computed values before and after the248

corrections taken as a systematic uncertainty. The resolution factor is determined to be249

1.207 ± 0.006.250

8

5 Results251

Using the formula and inputs described in the previous sections, the cross-section in the252

fiducial region defined by the pT, pseudorapidity, and �R requirements placed on the253

leptons and the b-jet is determined to be254

�

tt̄

= 126± 19 (stat)± 16 (syst)± 5 (lumi) fb

where the first uncertainty is statistical, the second is systematic, and the third is255

due to the luminosity determination. This cross-section is compared to the theoretical256

predictions obtained from aMC@NLO, POWHEG and MCFM. Three di↵erent sources257

of uncertainty are considered on the theoretical predictions: uncertainties due to the258

description of the PDFs (�PDF), the uncertainty due to the choice of renormalisation259

and factorisation scales (�scale), and the uncertainty on the value of the strong coupling260

constant used in the calculation (�
↵s). The uncertainty due to the choice of the top261

quark mass is expected to be small and is not considered further. The total theoretical262

uncertainty, �
theory

, is determined by combining the individual uncertainties according to263

the formula �

theory

=
p

�

2
PDF + �

2
↵s
+�scale [28]. A comparison of the measured cross-section264

with the predictions is shown in Fig. 5. The result is shown in the case where the fiducial265

requirements are placed on the final state muon, electron and b-jet, and where the fiducial266

requirements are placed on the top quarks. The latter fiducial region requires that both267

top quarks have a rapidity between 2.0 and 5.0, and a transverse momentum in excess of268

10GeV. The measured cross-section in the top fiducial region is obtained by extrapolating269

from the measured fiducial region using predictions from aMC@NLO, which contributes270

an additional 1.5% uncertainty to the measurement uncertainty, evaluated using the same271

techniques as for the theoretical predictions described earlier. The cross-section in the272

top fiducial region is additionally compared to predictions from MCFM. The measured273

cross-section in both fiducial regions is seen to be slightly larger than the predictions,274

but does not exceed a 2� level of significance when both experimental and theoretical275

uncertainties are considered. A summary of the systematic uncertainties contributing to276

the measurement is given in Table 2. The dominant systematic uncertainty is due to the277

knowledge of the jet tagging e�ciency.278

6 Conclusion279

The cross-section for top quark pair production in the forward region at LHCb has been280

measured using the µeb final state, where the presence of a muon, electron and b-jet281

are used to identify tt candidates. The cross-section is measured in two fiducial regions:282

where fiducial requirements are placed on the final state objects, and where fiducial283

requirements are placed on the top quarks themselves. The latter fiducial cross-section284

is obtained by scaling the former by an extrapolation factor obtained from aMC@NLO.285

The measurement precision of 20% is comparable to prior measurements of top production286

at LHCb in Run 1 and to the precision of the theoretical predictions. The measurement287

uncertainty is dominated by the statistical precision of the data sample and the knowledge288

of the b-tagging e�ciency.289

The final state presented here is selected with a high purity with respect to measure-290

ments in other final states. While a number of systematic uncertainties contributing to the291
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Figure 4: The combined invariant mass of the muon, electron and b-jet in data compared to
the expected contributions. The tt signal yield is normalised to the data minus the sum of the
expected backgrounds.

sample used, L, is obtained from the accumulated counts of the calibrated rates and is172

determined to be 1.93± 0.07 fb�1.173

The event reconstruction and selection e�ciency, ", can be further divided into eight174

components175

" = "

rec
µ

· "id
µ

· "trg · "rec
e

· "id
e

· "jet · "tag · "sel (2)

where the equation is ordered from left to right such that, for each component, the176

e�ciency is evaluated for candidates passing the stages to the left. The e�ciencies to177

reconstruct and identify the muon candidate are given by "

rec
µ

and "

id
µ

respectively, while178

"

trg refers to the e�ciency to trigger the event on the muon candidate. The e�ciencies to179

reconstruct and identify the electron candidate are given by "

rec
e

and "

id
e

respectively. The180

e�ciency to reconstruct and tag the jet are given by "

jet and "

tag respectively, and the181

e�ciency of the additional selection requirements is given by "

sel.182

The e�ciencies to reconstruct, identify, and trigger the muon candidate are determined183

from simulation, where the simulated sample is reweighted in the muon pT and ⌘ to match184

NLO predictions from aMC@NLO. Additionally, corrections are applied as a function185

of the the muon pT and ⌘ to account for observed di↵erences in the e�ciency between186

data and simulation. The corrections are obtained using a tag-and-probe method on187

Z ! µ

+
µ

� events, where one of the muons, the tag, is required to have triggered the188

event and be fully reconstructed and identified, and a probe is selected that represents the189

other muon and acts as an unbiased estimator of the e�ciency, using similar techniques190

as those used in Ref. [27]. In the case of the reconstruction e�ciency, the probe is a191

track reconstructed using the muon stations and tracking information not used in the192

primary track reconstruction algorithms. For the identification e�ciency, the probe is a193

fully reconstructed particle with no identification requirements applied, and for trigger194

e�ciency, it is a fully reconstructed and identified muon. The uncertainty is determined195

by combining the statistical uncertainty due to the limited size of the simulation, the196

uncertainties on the correction factors, and the di↵erence between the e�ciencies obtained197

with and without the NLO reweighting.198

The e�ciencies related to the reconstruction and identification of the electron are again199

taken from simulation, reweighted as a function of the electron pT and ⌘ to match NLO200
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• higher centre-of-mass energy in Run-II has significant impact on expected statistics

t

t̄

b

b̄

W

+

W

�

l

+

⌫l

l

�

⌫̄l

datasets at higher centre of mass energies. The dilepton channel is interesting as it is the
best way of probing a pair of top quarks in one event and would allow a measurement
of Ac. In this case, the minimum pT requirements in the dilepton channel are 7, 10 GeV
for electrons and muons respectively. The looser cuts in this channel reflect that the
QCD background for producing opposite flavour, charged leptons is small. The electron
cut is looser than that of the muon as calorimetry resolution for electrons is generally
poorer. Requiring the presence a soft b-jet (pT > 20 GeV) can greatly reduce electro-
weak backgrounds.

2.1 Production cross section

The tt̄ signal is simulated using POWHEG [10–13], including 7-point scale variation for
CT10wnlo [14], MSTW2008nlo68cl [15], NNPDF22 [16] central PDF sets, and then
matched to Pythia8 [17]. The 7-point scale variation of factorisation (µF ) and renor-
malisation (µR) takes the reference points obtained by varying independently µF and µR

such that,
1

2
<

µF ·mt

µR ·mt
< 2. (9)

This is an approximate method of evaluating the potential uncertainty arising from ne-
glected higher-order corrections. The resulting tt cross sections in the pseudorapidity
range 2 < ⌘ < 4.5 relevant to LHCb are summarised in Table 1. The total uncertainty of
⇡ 20% corresponds to ⇡ 14% (scale) +8% (PDF) +10% (shower, tagging). The majority
of the PDF uncertainty reflects the di↵erence in predictions of the gluon PDF at high x

for the di↵erent sampled central PDF sets. The shower and tagging uncertainty arises
from re-seeding the showering process whilst varying colour reconnection parameters and
the shower scale, as well as an e↵ect coming from smearing in the full decay. The higher
multiplicity and dilepton channels have no considerable event yield until

p
s = 14 TeV

centre of mass energies.

d�(fb) 7 TeV 8 TeV 14 TeV
lb 285 ± 52 504 ± 94 4366 ± 663
lbj 97 ± 21 198 ± 35 2335 ± 323
lbb 32 ± 6 65 ± 12 870 ± 116
lbbj 10 ± 2 26 ± 4 487 ± 76
l+l� 44 ± 9 79 ± 15 635 ± 109
l+l�b 19 ± 4 39 ± 8 417 ± 79

Table 1: Summary of tt̄ di↵erential cross section channels within the LHCb acceptance (2
< ⌘ < 4.5) for

p
s = 7, 8, 14 TeV LHC centre of mass energies. The quoted uncertainty

accounts for variation of scale, PDF and the shower modelling uncertainty, as described
in the text.

4

Run-I
Run-II
projections from LHCb-PUB-2013-009

• highest purity µeb state becomes statistically accessible in Run-II
– factor of ≥10 increase in fiducial cross-section

• channel has the potential for smallest systematic uncertainties

• also allows separation of single top and tt̄

top physics at LHCb in Run-II

S. Farry | University of Liverpool 5/21

Table 1: The e�ciency to fully reconstruct and identify the candidates.

Source E�ciency
trigger 0.811 ± 0.016
muon reconstruction 0.930 ± 0.010
electron reconstruction 0.916 ± 0.026
muon identification 0.978 ± 0.008
electron identification 0.918 ± 0.012
jet reconstruction 0.975 ± 0.016
event selection 0.564 ± 0.023
jet tagging 0.556 ± 0.056
total 0.190 ± 0.022
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Figure 5: Graphical comparison of the measured cross-sections with the predictions from the
aMC@NLO, POWHEG and MCFM generators. For the data, the inner error band represents
the statistical uncertainty, and the outer the total, while for the theoretical predictions, the
inner band represents the scale uncertainty and the outer represents the total. The prediction is
shown (above) for the muon, electron and jet fiducial, and (below) for the top fiducial region.

corrections applied, and the di↵erence between the computed values before and after the248

corrections taken as a systematic uncertainty. The resolution factor is determined to be249

1.207 ± 0.006.250
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Upsilon Production Cross-section @13 TeV

17

• Useful to constrain heavy quarkonium production mechanisms
• Double-differential cross section (pT,y)
• Systematics dominated by trigger efficiency and luminosity 

uncertainties
• Reported also various cross-section ratios: 13/8 TeV, Y(xS)/Y(1S) 

with reduced uncertainties
2015 Data, 277±11 pb−1 with same L0 threshold 
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Upsilon(1S)

Run1 measurement: JHEP 11 (2015) 103
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 Inelastic pp Cross-section @13 TeV

18

• Total inelastic cross-section
• Extrapolation factor computed using Pythia 8
•  

• Updated inelastic cross-section at 7 TeV
• Benefit from decreased luminosity uncertainty, 

error 3.5% ➝ 1.7%
•  

Summary of results for the paper
‹ fiducial cross-section at s 13 TeV
inelastic pp interactions with 1 prompt (produced directly or from short lived ancestors),
long-lived ( 30 ps) charged particles with p 2 GeV and 2 5

acc

62 2 0 2 2 5

lumi

mb

intrinsic precision of the measurement 0.25 %
dominant 4 % uncertainty from luminosity
future improvements are easily propagated

‹ total inelastic pp cross-section at s 13 TeV

inel

75 4 3 0

exp

4 5

extr

mb

‹ updated inelastic pp cross-section at s 7 TeV
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68 7 2 1
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4 5

extr

mb

Measurement of the inelastic pp cross-section M. Schmelling, January 22, 2018 20
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Overview of cross-section results
‹ measurements at 2.76, 7, 8,and 13 TeV
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Overview of cross-section results

Early 2015 Data, ~700M evts
No-bias triggered data

LHCB-PAPER-2018-003

LHCb Preliminary

• Cross-section in the acceptance
• Measurement performed using events with at least one prompt 

long-lived charged particle with momentum p > 2 GeV/c in the 
LHCb acceptance, counting empty events on unbiased data 

• Updated luminosity measurement, uncertainty 4%
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Ultra-peripheral Charmonium Production in Pb-Pb

19

• J/ψ and ψ(2S) ultra-
peripheral production in Pb-
Pb collisions at 5 TeV

• One ion collides with the 
electromagnetic field of the other

• Studied by Alice, Nucl.Phys. A967 
(2017) 273-276

• Fit templates from the 
STARLIGHT generator to 
the log(pT2) distribution of 
J/ψ mesons

• Excellent agreement with data and 
clear observation of coherent 
production

• Not enough statistics to study 
ψ(2S) coherent production

• Would benefit from more data 
from the 2018 Pb-Pb run 

PbPb Run 2015

3000 3500 4000
1−10

1

10

210

310 data
(1S)ψJ/

(2S)ψ
non-resonant
sum

mµ+µ� [MeV/c2]

n
C
an

d
id
at
es
/1
3
M
eV

/c
2

LHCb preliminary

Pb-Pb
p
sNN = 5 TeV

Figure 26: Invariant mass fit to determine the fractions of J/ ,  (2S) and non-resonant events.

double sided Crystal Ball function is used to account for  (2S) with all the shape521

parameters constrained to be identical to the ones for J/ . The fit to the invariant mass522

can be found in Fig. 26 and the fit to log(p2T ) in Fig. 27 The templates are corrected for523

resolution e↵ects using the following formula:524

~pµ = G(px, 10MeV)~ex +G(py, 10MeV)~ey +G(pz, 10MeV)~ez

where ~pµ denotes the 3-momentum vector of the decay muons and G(µ, �) a sample525

from a Gaussian distribution. This is done 1000 times per event. For each randomised526

event is accepted if both muons pseudorapidity ⌘ is between 2.0 < ⌘ < 4.5 and the527

invariant mass mµ+µ� is in the range 2 < mµ+µ� < 4GeV. There are three templates from528

STARlight used:529

Signal is using “PROD MODE=2” and is used to represent the coherent production530

which is what we consider the signal.531

Incoherent is using “PROD MODE = 4” and represents the incoherent scattering which532

is referred to as background in this analysis.533

Non-resonant is using “PROD MODE=1” and is constrained to the number of events534

that are actually non resonant.535

The other settings are common to the di↵erent production settings and are presented536

in Tab 13.537

Going di↵erential538

The fit procedure mentioned above is repeated in bins of rapidity. There are three binning539

schemes considered:540

• baseline: 2.0-3.0, 3.0-3.5, 3.5-4.5.541

• 1

2

: bins of half a unit in rapidity.542

35

pT < 1 GeV/c

±65 MeV/c2
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LHCb Upgrade
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LHCb Upgrade

VELO
New Pixel

vertex detector

RICH
New optics and
photodetectors
New electronics Calorimeters

New electronics

UT
New silicon

upstream tracker

SciFi
New scintillating

fibre tracker

Muon chambers
More shielding

and new electronics

Installation in LS2, operation in Run 3

40 MHz readout, flexible software-only trigger

JF Marchand (LAPP) 132nd LHCC meeting – November 30, 2017 22 / 26
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LHCb Upgrade - VELO
• ASIC:

• First wafer tested

• ~70% yield

• Test of 3-sensor tiles: bonds 
and IV function:

• Design a dedicated jig for testing 
with probe station in vacuum

• See LHCC poster, Vinicius F. Lima

• Modules:
• Progress on integration

• Working on final details and tools 
for module assembly procedure 

22
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LHCb Upgrade - RICH
• Full Photon Detector Module 

being installed inside RICH2:

• 4 Elementary Cells, 2 digital 
boards, final mechanics, DAQ 
prototype 

• Placed in high occupancy region on 
A-side: possibility to have partial 
illumination

• Complete vertical slice, goal 
is to perform a fully 
operational test for the whole 
2018 run

• No operational impact expected on 
the current RICH

23

RICH upgrade: installation of a full PDM in RICH2

aim to perform fully operational test for the whole 2018 run in realistic environment!
no operational impact expected on the current RICH

2 / 2
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LHCb Upgrade - SciFi

• Fibres received and 
tested (11’000 km)

• Mat production: 
• Running at 4 sites
• 85% completed

• Module production:
• 65 modules produced
• Second production site 

just came online
• First beam pipe module 

produced

24
Mats and end pieces positioning, applying glue

Modules Production
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LHCb Upgrade - All The Others

• UT
• First production batch of sensors was received, staves are under 

construction, good progress on peripheral electronics, mechanics, cooling, 
integration

• Readout ASIC chip (SALT) under close scrutiny for issues with analog 
performance: fixes implemented already in stalled wafers from last 
submission (changes in metallization)

• CALO & MUON 
• Steady progress on upgraded frontend electronics, plus controls, 

calibration, monitoring, etc. 
• Many CALO electronics parts ready for production

• Online 
• Ready to sign contract for production of new DAQ board (PCIe40)
• Starting test of servers to host DAQ and Event Builder

25
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LHCb Posters
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• LHCb Operations
• Detector is ready to restart data taking, eager to get even more statistics this year

• Running conditions similar to 2017, goal is to keep them very stable

• Optimal and dynamic use of resources, actions to increase MC statistics are paying back

• LHCb Physics

• 11 papers submitted since the last LHCC meeting 

• Some new results were presented today, but more will be ready for Winter conferences

• LHCb Upgrade
• Steady progress on detector and software

• Computing TDR to be delivered in mid-Spring

• Meeting in Annecy for LHCb Upgrade II on March 21st-23rd

• Document on the physics case in preparation

LHCC Meeting, Feb 28, 2018

Conclusions
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CP Asymmetry in B0s ➝ D∓sK± Decays
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Run1 Data
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Photoproduction of heavy vector mesons in ultra-peripheral Pb-Pb 
collisions (ALICE)

Nucl.Phys. A967 (2017) 273-276

2 E. L. Kryshen / Nuclear Physics A 00 (2017) 1–4

Pb–Pb UPC at
p

sNN = 5.02 TeV.
Charmonium photoproduction was studied both at central and forward rapidity. The forward UPC trigger

in Run 2 required two unlike-sign tracks with pT > 1 GeV/c in the muon spectrometer and a veto in the
V0-A (2.8 < ⌘ < 5.1), AD-A (4.9 < ⌘ < 6.3) and AD-C (�7.0 < ⌘ < �4.8) scintillator arrays. (A
full description of ALICE can be found in [8].) Event emptiness at central rapidity was further ensured
by vetoing activity in the silicon-pixel detector (SPD). Events with opposite-sign dimuons in the rapidity
range from �4.0 to �2.5 were selected in the o✏ine analysis. The event sample corresponds to an integrated
luminosity of about 216 µb�1.

The invariant mass distribution for opposite-sign dimuons with pair transverse momentum pT below
0.25 GeV/c is shown in Fig. 2, left. J/ and  (2S ) signals were fitted with Crystal Ball functions on top of
a background described by a convolution of an exponential and a trigger turn-on polynomial function. The
obtained J/ yield is a factor 50 higher compared to Run 1 results at forward rapidity [5] thanks to higher
integrated luminosity, improved trigger logic, wider rapidity range and increased beam energy. The  (2S )
signal can be observed at about 3� significance level. The background shape is in good agreement with
continuum �� ! µµ production.

The transverse momentum distribution for dimuons around the J/ mass is shown in Fig. 2, right. It was
fitted with Monte-Carlo templates produced using the STARLIGHT event generator [9] and corresponding
to di↵erent production mechanisms. Coherent J/ photoproduction, when a photon interacts coherently with
the whole nucleus, is characterized by a narrow transverse momentum distribution with hpTi ⇠ 60 MeV/c.
In the incoherent case the photon couples to a single nucleon. If the target nucleon stays intact, the charmo-
nium pT distribution is driven by the nucleon form factor with hpTi ⇠ 400 MeV/c. J/ photoproduction
on a single nucleon can be also accompanied by nucleon dissociation. Dissociative J/ photoproduction
template produced with the H1 parameterization [10] was taken into account to describe high-pT tail. Contri-
butions from continuum dimuon production and feed-down from  (2S) decays were also taken into account
in the fits.

The ALICE results on the coherent J/ photoproduction cross section at forward rapidity in ultra-
peripheral Pb-Pb collisions at

p
sNN = 5.02 TeV are compared to several theoretical calculations in Fig. 2.

The impulse approximation, the baseline calculation in the absence of any nuclear e↵ects, and the STAR-
LIGHT event generator [9], based on the vector dominance model, overpredict the data. Several predictions
using the Colour Glass Condensate (CGC) framework under di↵erent assumptions have been provided by
Gonalves, Machado et al. [11, 12] and Lappi and Mantysaari [13]. The latter model provides good agree-
ment with the data however its range of validity does not span all the experimental points. Finally, Guzey,
Kryshen and Zhalov provide two calculations, one based on the EPS09 framework and the other on the
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Fig. 1. Left: invariant mass distribution for unlike-sign dimuons with pair pT < 0.25 GeV/c and rapidity �4.0 < y < �2.5 in ultra-
peripheral Pb-Pb collisions at

p
sNN = 5.02 TeV. Right: transverse momentum distribution for unlike-sign dimuons around J/ mass

fitted summing six di�rent Monte Carlo templates.
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LHCb Upgrade - SciFi
•Mats production status
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