
Heavy flavour spectroscopy and 
exotic states at LHCb

Liming Zhang 
(Tsinghua University)

On behalf of the LHCb Collaboration              

DIS2018
16-20 April 2018, Kobe, Japan



Introduction
• Spectroscopy provides opportunities to study QCD 

predictions for models 
– e.g. lattice QCD, diquark model, potential model …

• Exotic states are important for understanding strong 
force in QCD 
– Predicted in quark model
– Recent results show strong evidence for their existence
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mesonic	
molecule	?	 pentaquark	?tetraquark	? hybrid	?

…



The	LHCb	detector	described	in	JINST	3	(2008)	S08005

LHCb detector
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VELO:
primary vertex
impact parameter
displaced vertex

Tracking Station: p for
lower energy tracks and long 
lived V0 reconstruction

Tracking Stations:
p of charged particles 
that traverse the magnet

Calorimeters:
PID: h,e,g, p0

Muon SystemRICH:
PID: primarily K,p separation

Interaction 
region

Beam 1 Beam 2

The LHCb detector

• precise primary and secondary vertex
reconstruction: 20µm for high-pT tracks

• excellent momentum resolution: �p/p = 0.5% at
low momentum to 1.0 % at 200GeV/c

• very good separation of charged ⇡, K and p and

excellent muon identification over the

2 < p < 100GeV/c range

• 2 < ⌘ < 5 range: ⇠ 25% of bb̄

pairs inside LHCb acceptance

• L = 3 fb�1 in 2011+2012 data
taking ) ⇠ 1012 bb̄ pairs

• data taking restarted in 2015: at

the end of 2016 we expect to

double the statistics
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Impact	parameter:
Proper	 time:
Momentum:
Mass	:
RICH	! − # separation:
Muon	 ID:
ECAL:

$%& = ()	+,
-. = 45	fs for	345 → 7/9: or	;4<#=
Δ?/? = 0.4 ∼ 0.6% (5	– 100	GeV/K)
$M = N	OPQ/R( for	S → T/UV (constrainted	,T/U )
W X → X ∼ YZ% mis-ID	W [ → X ∼ Z%
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Calorimeters:
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Muon SystemRICH:
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region

Beam 1 Beam 2

The LHCb detector

• precise primary and secondary vertex
reconstruction: 20µm for high-pT tracks

• excellent momentum resolution: �p/p = 0.5% at
low momentum to 1.0 % at 200GeV/c

• very good separation of charged ⇡, K and p and

excellent muon identification over the

2 < p < 100GeV/c range

• 2 < ⌘ < 5 range: ⇠ 25% of bb̄

pairs inside LHCb acceptance

• L = 3 fb�1 in 2011+2012 data
taking ) ⇠ 1012 bb̄ pairs

• data taking restarted in 2015: at

the end of 2016 we expect to

double the statistics

Int.	J.	Mod.	Phys.	A	30	(2015)	1530022



LHCb collected luminosity
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7TeV
~1/fb

8TeV
~2/fb

13TeV
3.7/fb so far 

𝝈 𝒑𝒑 → 𝒃𝒃%𝑿 ≈ 300 𝛍𝐛 @7 TeV vs ≈ 500 𝛍𝐛 @13 TeV



Two methods for spectroscopy
• Direct production in 𝑝𝑝

collisions
• Combine a heavy flavour

(HF) hadron with one or 
more light particles 

• High statistics

• Production by a heavier 
particle decay, usually with 
amplitude analysis

• Low background
• Better determination of JP
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PV

𝑩𝒄-
𝐵/-(2𝑆)

PV

𝚲𝒃𝟎



𝑩𝒄
∗ 7

𝟐𝑺 → 𝑩𝒄
∗ -𝝅-𝝅; from ATLAS

Based on a yield of 327
𝐵/- → 𝐽/𝜓𝜋- decays

ATLAS observed a peak in 𝐵/-𝜋-𝜋; spectrum 
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ATLAS, PRL 113 (2014) 212004

𝑚AB(CD) = 6842 ± 4 ± 5	MeV 𝟓. 𝟐𝝈



𝑩𝒄
∗ 7

𝟐𝑺 → 𝑩𝒄
∗ -𝝅-𝝅; search at LHCb

• The peak could be due to
– 𝐵/- 2𝑆 → 𝐵/-𝜋-𝜋; or 
– 𝐵/∗- 2𝑆 → 𝐵/∗-𝜋-𝜋;with

𝐵/∗- → 𝐵/-𝛾 (missing) 

• LHCb used ~3300 𝐵/-
signals and searched
for 𝐵/

(∗)- 2𝑆

• No 𝐵/
(∗)- 2𝑆 signal

7

𝑁AB
STUV	WXYZ = 3325 ± 73

JHEP 01 (2018) 138

Signal region



𝑩𝒄
∗ 7

𝟐𝑺 → 𝑩𝒄
∗ -𝝅-𝝅; search at LHCb
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where � is the production cross-section, N the yield, and " the e�ciency of reconstructing
and selecting the B

+

c

or B(⇤)
c

(2S)+ candidates in the required p

T

and y regions. In the
case �M = 0, the reconstructed B
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(2S)+ and B

⇤
c

(2S)+ states fully overlap, and the ratio
R corresponds to the sum of the R values of the B
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(2S)+ states. The upper
limits are calculated using the CL
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method [35], in which the upper limit for each mass
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is the expected signal yield. For a given value of the ratio R, N
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The likelihood L is defined as

L(n; x) = e

�x
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x

n

. (5)

The total statistical test value Q
tot

is the product of that for each of the four MLP
categories. The CL

s

value is the ratio of CL
s+b

to CL
b

, where CL
s+b

is the proba-
bility to find a Q

tot

value smaller than the Q
tot

value found in the data sample un-
der the signal-plus-background hypothesis, and CL

b

is equivalent probability under the
background-only hypothesis. The B

c

(2S)+ state is searched for by scanning the mass region
M(B+

c

⇡

+

⇡

�) 2 [6830, 6890]MeV/c2, which is motivated by theoretical predictions [1–11].
The value of �M is successively fixed to 0, 15, 25 and 35MeV/c2. The search windows
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w
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gives the best sensitivity according to Ref. [36].

The selection e�ciencies "
B

+
c
and "

B

(⇤)
c (2S)

+ are estimated using simulation. The track

reconstruction e�ciency is studied in a data control sample of J/ ! µ

+

µ

� decays using
a tag-and-probe technique [37], in which one of the muons is fully reconstructed as the
tag track, and the other muon, the probe track, is reconstructed using only information
from the TT detector and the muon stations. The track reconstruction e�ciency is the
fraction of J/ candidates whose probe tracks match fully reconstructed tracks. The
particle-identification (PID) e�ciency of the two opposite-charge pions is determined with
a data-driven method, using a ⇡+ sample from D

⇤-tagged D

0 ! K

�
⇡

+ decays. The total
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Table 3: Comparison of the R value between the LHCb upper limits at 95% CL and the ATLAS

measurement [17], where 0 < "
7,8

 1 are the relative e�ciencies of reconstructing the B(⇤)
c

(2S)+

candidates with respect to the B+

c

signals for the 7 and 8TeV data, respectively.

p
s = 7TeV

p
s = 8TeV

ATLAS (0.22± 0.08 (stat))/"
7

(0.15± 0.06 (stat))/"
8

LHCb – < [0.04, 0.09]

5 Summary

In summary, a search for the B

c

(2S)+ and B

⇤
c

(2S)+ states is performed at LHCb with a
data sample of pp collisions, corresponding to an integrated luminosity of 2 fb�1, recorded
at a centre-of-mass energy of 8 TeV. No significant signal is found. Upper limits on
the B

c

(2S)+ and B

⇤
c

(2S)+ production cross-sections times the branching fraction of

B

(⇤)
c

(2S)+ ! B

(⇤)+
c

⇡

+

⇡

� relative to the B

+

c

cross-section, are given as a function of the
B

c

(2S)+ and B

⇤
c

(2S)+ masses.
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𝜺𝟕, 𝜺𝟖: relative efficiencies of reconstructing 𝑩𝒄
∗ 𝟐𝑺 - wrt  𝑩𝒄-

• ATLAS did not publish 𝜺𝟕, 𝜺𝟖
• More studies needed to resolve the tension between  

ATLAS and LHCb. 
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𝜩𝒃 baryon spectroscopy
• Numbers of excited b-baryons have already been discovered
– 𝛯de 5935 ;, 𝛯d∗ 5955 ; → 𝛯dg𝜋;

– 𝛯d∗ 5945 g → 𝛯d;𝜋-
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𝜩𝒃e 𝟓𝟗𝟑𝟓 ;
𝜩𝒃∗ 𝟓𝟗𝟓𝟓 ;

𝑴 𝜩𝒃𝟎𝝅; −𝑴 𝜩𝒃𝟎 −𝑴(𝝅;) [MeV/c2]

PRL 114 (2015) 062004 

𝜩𝒃∗ 𝟓𝟗𝟒𝟓 𝟎

𝑴 𝜩𝒃;𝝅- −𝑴 𝜩𝒃; −𝑴(𝝅-) [MeV/c2]

JHEP 05 (2016) 161 

no 𝜩𝒃e𝟎

State 𝑱𝑷 𝑏 𝑠𝑞

𝜩𝒃 𝟏/𝟐- ↑ ↑↓

𝜩𝒃e 𝟏/𝟐- ↓ (↑↑)
𝜩𝒃∗ 𝟑/𝟐- ↑ (↑↑)

PRL 108, 252002 (2012)

𝜩𝒃∗ 𝟓𝟗𝟒𝟓 𝟎



𝜩𝒃 baryon spectroscopy
• Numbers of excited b-baryons have already been discovered
– 𝛯de 5935 ;, 𝛯d∗ 5955 ; → 𝛯dg𝜋;

– 𝛯d∗ 5945 g → 𝛯d;𝜋-

• The higher excited states are
expected to be above 𝛬dg𝐾
threshold
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First observation of a new 𝛯d∗∗; state

• Hadronic 𝛬dg → 𝛬/-𝜋;: 
– Resolution: 2 MeV
– 7.9s
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Preliminary Preliminary 

LHCb-PAPER-2018-013, in preparation

new



First observation of a new 𝛯d∗∗; state

• Hadronic 𝛬dg → 𝛬/-𝜋;: 
– Resolution: 2 MeV
– 7.9s

• Semileptonic (SL)
𝛬dg → 𝛬/-𝜇;𝑋𝜈̅{
– Resolution: ~18 MeV
– Yields ~15 larger
– 25s
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First observation of a new 𝛯d∗∗; state

• Hadronic 𝛬dg → 𝛬/-𝜋;: 
– Resolution: 2 MeV
– 7.9s

• Semileptonic (SL)
𝛬dg → 𝛬/-𝜇;𝑋𝜈̅{
– Resolution: ~18 MeV
– Yields ~15 larger
– 25s

• Semileptonic (SL)
𝛯dg → Λ/-𝜇;𝑋𝜈̅{
– 9.2s
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Preliminary Preliminary 

LHCb-PAPER-2018-013, in preparation

new

Preliminary Preliminary 

Preliminary Preliminary 



The 𝛯d∗∗; properties (preliminary)
• With hadronic mode

• Production ratios are measured with SL modes

• The new state could be either a 𝛯d 1𝑃 ; or 𝛯d 2𝑆 ;

– To distinguish them further information needed (e.g. JP)
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Mass peak position is consistent between the three decay channels

Quantity 7+8	TeV 13	TeV

(𝜎��∗∗�/𝜎���)ℬ(𝛯d
∗∗; → 𝛬dg𝐾;) (3.0	± 0.4	± 0.4)×10-3 (3.4	± 0.4	± 0.4)×10-3

(𝜎��∗∗�/𝜎���)ℬ(𝛯d
∗∗; → 𝛯dg𝜋;) (47± 9	± 7)×10-3 (22	± 6	± 3)×10-3

LHCb-PAPER-2018-013, in preparation



Doubly charmed baryons
• Observation of 𝛯//- (𝑐𝑐𝑑) reported by SELEX

– Mass: 3518.7 ± 1.7 MeV
– Unexpected short lifetime and large production

• Not confirmed by Babar [PRD 74 (2006) 011103], 
Belle [PRL 97(2006) 162001] nor LHCb [JHEP 12 
(2013) 090]
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𝜩𝒄𝒄- → 𝜦𝒄-𝑲;𝝅- PRL 89 (2002) 112001

Nsig = 15.9 6.3s

PLB 628 (2005) 18𝜩𝒄𝒄- → 𝒑𝑫-𝝅;

Nsig = 5.64.8s

!" = 1
2
&

SELEX

SELEX



Observation of 𝜩𝒄𝒄--	at LHCb
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• Expected to have longer lifetime than 𝜩𝒄𝒄- , higher sensitivity at LHCb
• Decay: 𝜩𝒄𝒄-- → 𝚲𝒄-𝑲;𝝅-𝝅-, ℬ could be as large as 10% 

• LHCb run II at 𝒔� = 𝟏𝟑 TeV, ~𝟏. 𝟕 fb-1

Ø 𝟑𝟏𝟑 ± 𝟑𝟑 events, 𝟏𝟐𝝈
Ø 8 TeV data analyzed for cross-check, 𝟕𝝈
Ø Consistent with weakly decays
Ø

~ 100 MeV above SELEX 𝜩𝐜𝐜- peaks

Yu	et	al.,	arXiv:1703.09086

PV

𝜩𝒄𝒄-- 𝚲𝒄-

𝛯//-- → 𝐾;𝜋-𝜋-Λ/- → 𝑝𝐾;𝜋-

𝒎 𝜩𝒄𝒄-- = 𝟑𝟔𝟐𝟏. 𝟒𝟎 ± 𝟎. 𝟕𝟐(𝐬𝐭𝐚𝐭) ± 𝟎. 𝟐𝟕(𝐬𝐲𝐬𝐭) ± 𝟎. 𝟏𝟒(𝚲𝒄-) MeV

PRL 119 (2017) 112001



Pentaquark studies
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Discovery of pentaquark states

𝒎𝒑𝑲�	[𝐆𝐞𝐕]

Data										
Fit

𝑷𝒄 𝟒𝟑𝟖𝟎 -

𝑷𝒄 𝟒𝟒𝟓𝟎 -

𝒎𝑱/𝝍𝒑	[𝐆𝐞𝐕]

PRL 115 (2015) 072001

16

• Two pentaquark states observed in Λdg → 𝐽/𝜓𝑝𝐾;

L.	Zhang

7+8 TeV



Discovery of pentaquark states
• Amplitude analysis reveals the properties

• Confirmed by a model independent analysis

• Production & decay
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preferred	

PRL 115 (2015) 072001

PRL 117 (2016) 082002

Results
[LHCb, Phys. Rev. Lett. 115 (2015) 072001, arXiv:1507.03414]

State JP Mass [MeV/c2] Width [MeV] Fit Fraction [%]

Pc(4380)+
3
2
�

4380 ± 8 ± 29 205 ± 18 ± 86 8.4 ± 0.7 ± 4.2

Pc(4450)+
5
2
+

4449.8 ± 1.7 ± 2.5 39 ± 5 ± 19 4.1 ± 0.5 ± 1.1
⇤(1405) 15 ± 1 ± 6
⇤(1520) 19 ± 1 ± 4

These fit fractions are converted into branching fractions
[LHCb, to appear in Chin.Phys.C., arXiv:1509.00292]

B(⇤0
b ! P+

c (4380)K�)B(P+
c ! J/ p) =

�
2.56 ± 0.22 ± 1.28 + 0.46

� 0.36

� ⇥ 10�5

B(⇤0
b ! P+

c (4450)K�)B(P+
c ! J/ p) =

�
1.25 ± 0.15 ± 0.33 + 0.22

� 0.18

� ⇥ 10�5

�(�2 lnL) Significance
0 ! 1P+

c 14.72 12�
1 ! 2P+

c 11.62 9�
0 ! 2P+

c 18.72 15�

The significances are determined using the extended model.
Patrick Koppenburg Exotic Spectroscopy at LHCb 03/12/2015 — PSI Colloquium [81 / 94]

Chin. Phys. C 40 (2016) 011001



Study of 𝚲𝒃𝟎 → 𝑱/𝝍𝒑𝝅;

• Cabbibo suppressed mode with less statistics
• Exotic 𝑍/; contribute in 𝐽/𝜓𝜋;

• Fit with 2 𝑃/-+ 𝑍/ 4200 ; favored by 3s compared 
to no exotic contributions

L.	Zhang 18

𝑚�� > 1.8	GeV
7+8 TeV



𝝌𝒄𝟏
𝟒𝟓𝟑 ± 𝟐𝟓

𝝌𝒄𝟐
𝟐𝟖𝟓 ± 𝟐𝟑

Observation of 𝜦𝒃𝟎 → 𝝌𝒄(𝟏,𝟐)𝒑𝑲;

• Search for 𝑃/ 4450 -in 𝜦𝒃𝟎 → 𝝌𝒄(𝟏,𝟐)𝒑	𝑲;decays
⇒Test hypothesis of kinematic rescattering effect

• First step: observe the decays, measure ℬ
• Use 𝜒/(£,C) → 𝐽/𝜓𝛾, constrain 𝐽/𝜓𝛾	mass to known 𝜒/£ mass
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PRD 92 (2015) 071502

𝓑(𝜦𝒃𝟎 → 𝝌𝒄𝟏𝒑𝑲;)
𝓑(𝜦𝒃𝟎 → 𝑱/𝝍𝒑𝑲;)

=

𝟎. 𝟐𝟒𝟐 ± 𝟎. 𝟎𝟏𝟒 ± 𝟎. 𝟎𝟏𝟑 ± 𝟎. 𝟎𝟎𝟗

𝓑(𝜦𝒃𝟎 → 𝝌𝒄𝟐𝒑𝑲;)
𝓑(𝜦𝒃𝟎 → 𝑱/𝝍𝒑𝑲;)

=

𝟎. 𝟐𝟒𝟖 ± 𝟎. 𝟎𝟐𝟎 ± 𝟎. 𝟎𝟏𝟒 ± 𝟎. 𝟎𝟎𝟗

𝓑(𝝌𝒄𝑱)

PRL 119 (2017) 062001

7+8 TeV



Observation of 	𝜩𝒃;→ 𝑱/𝝍𝜦𝑲;

• Strange pentaquark (𝒖𝒅𝒔𝒄𝒄§) predicted in [PRL 105 (2010) 232001]

• Can be searched for in the 𝛯d; decay [PRC 93 (2016) 065203]

L.	Zhang 20

s s

!"#

PLB 772 (2017) 265-273Nsig = 𝟑𝟎𝟖 ± 𝟐𝟏 (21s)

(4.19 ± 0.29 ± 0.15)×10-2

𝜦 decays
in	vertex
detector

𝜦 decays
after	vertex
detector

7+8 TeV



Weakly decaying b-flavoured
pentaquarks 

• Skyrme model: heavy quarks give 
tightly bound pentaquark

• Search for mass peaks below strong 
decay threshold
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PLB 590(2004) 185; PLB 586(2004)337; PLB 331(1994)362

PRD 97 (2018) 032010
new

1 Introduction

The observation of charmonium pentaquark states with quark content ccuud, by the
LHCb [1] collaboration in ⇤0

b

! J/ K�p decays, raises many questions including: What
is the internal structure of these pentaquarks? Do other pentaquark states exist? Are they
molecular or tightly bound? In this analysis, we search for pentaquarks that contain a
single b (anti)quark, that decay via the weak interaction. The Skyrme model [2] has been
used to predict that the heavier the constituent quarks, the more tightly bound the pen-
taquark state [3–6]. This motivates our search for pentaquarks containing a b (anti)quark.
No existing searches for weakly decaying pentaquarks containing a b (anti)quark have been
published.

Consider the possible pentaquark states bduud, buudd, bduud and bsuud. We label
these states as P+

B

0
p

, P�
⇤

0
b⇡

� , P
+
⇤

0
b⇡

+ and P+
B

0
sp
, respectively, where the subscript indicates

the final states the pentaquark would predominantly decay into if it had su�cient mass
to decay strongly into those states. While there are many possible decay modes of these
states, we focus on modes containing a J/ meson in the final state because these can-
didates generally have relatively large e�ciencies and reduced backgrounds in the LHCb
experiment. The Feynman diagrams for the decay of the P+

B

0
p

and P+
B

0
sp

states are shown

in Fig. 1. The corresponding diagrams for the decay of P�
⇤

0
b⇡

� and P+
⇤

0
b⇡

+ are similar to

that shown in Fig. 1(a), with the decay of the state being driven by the b ! ccs transition.
We reconstruct the �(1020) meson1 in the K+K� decay mode. We note that the P+

B

0
p

pentaquark might have some decays inhibited by Bose statistics if its structure is based
on two identical ud diquarks, i.e. b(ud)(ud). Although the P+

B

0
sp

state is expected to be

produced at a smaller rate on the grounds that B0
s

production in the LHCb experiment
acceptance is only about 13% of the rate of the sum of B+ and B0 production [7], it
would not have two identical diquarks, and hence none of its decays would su↵er from
spin-statistics suppression.

Table 1 lists all of the pentaquarks we search for along with their respective weak
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Figure 1: Leading-order diagrams for pentaquark decay modes into (a) J/ K+⇡�p or (b) J/ �p
final states.

1Hereafter � refers to the �(1020) meson.
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Weakly decaying b-flavoured
pentaquarks 

• Skyrme model: heavy quarks give 
tightly bound pentaquark

• Search for mass peaks below strong 
decay threshold

• Upper limit on production ratio 𝜎 ⋅ ℬ wrt 𝛬dg → 𝐽/𝜓𝐾;𝑝
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Weakly decaying b-flavoured
pentaquarks 

• No evidence for signal, 90% CL limits on 𝑅 < 10;C − 10;«
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Search for dibaryon state 
• A dibaryon state 𝑐𝑑 𝑢𝑑 [𝑢𝑑]

could be produced in 𝛬dg decays
to final state 𝛬/-𝜋;𝑝𝑝̅

• LHCb has discovered the decay
𝛬dg → 𝛬/-𝜋;𝑝𝑝̅

L.	Zhang 23
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1 Introduction1

Fig.1 shows the diagram of2

⇤0

b

! p+ [cd][ud][ud] = p+ D+

c

, (1)

where D+

c

is the predicted dibaryon [1].3
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Figure 1: Leading order diagram of ⇤0

b

! p+ D+

c

, where D+

c

is the predicted dibaryon.

D+

c

could decay by string breaking4

D+

c

! p+ P0

c

(ū[cd][ud]), (2)

and5

P0

c

(ū[cd][ud]) ! ⇤+

c

+ ⇡�, (3)

where P0

c

is a predicted pentaquark which is di↵erent from the pentaquarks P
c

(4380)+6

and P
c

(4450)+ discovered in 2015 [2].7

Another possible decay mode of D+

c

is quark rearrangement8

D+

c

! p+ ⌃0

c

(! ⇤+

c

⇡�). (4)

The above decay chains have the same final state: ⇤+

c

pp⇡�, so one of the aims of9

this analysis is to search for the ⇤0

b

decay. As the knowledge about this channel is poor,10

the first step is the measurement of the branching ratio which is one of the elementary11

properties of this decay mode.12

The branching fraction of the ⇤0

b

! ⇤+

c

pp⇡� decay with respect to that of the ⇤0
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!13
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is measured in this analysis. The ⇤0

b

! ⇤+

c

⇡� decay channel is taken as a reference15

channel, which has a large branching ratio to reduce the statistic uncertainty caused by16

1

→ "#$%&'

952±43 signal

Resonance contributions

LHCb-PAPER-2018-005, in preparation

7+8 TeV
Preliminary Preliminary 
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Search for dibaryon state 
• Ratio of branching fractions (preliminary)

• No obvious dibaryon peak in 𝑚(𝛬/-𝜋;𝑝) spectra
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Summary
• LHCb has made important contributions to the 

knowledge of hadron spectroscopy
－ Observation/study of excited 𝐵(𝐷)mesons & 𝑏(𝑐) baryons
－ Observation/study of exotic states
－ Discovery of doubly charmed baryons
- …

• Stay tuned with new results from RUNI+RUNII

• Spectroscopy at the upgraded LHCb is challenging 
and promising

L.	Zhang 25
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Muonic decays of 𝝌𝒄𝟏 and 𝝌𝒄𝟐
• 𝑐𝑐̅ states 𝜒/ usually studied in 
𝜒/ → 𝐽/𝜓𝛾 decays

• First observation of 𝜒/ →
𝐽/𝜓𝜇-𝜇; decays

• Much better mass resolution 
allows competitive mass and 
width measurements

L.	Zhang 26
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1.0	fb-1			7			TeV
2.0	fb-1			8			TeV
1.9	fb-1			13TeV

𝑵𝝌𝒄𝟏 = 𝟒𝟕𝟓𝟓 ± 𝟖𝟏

𝑵𝝌𝒄𝟐 = 𝟑𝟗𝟔𝟗 ± 𝟗𝟔



Physics program at LHCb
• Not only precision measurements in b, c sectors
– CKM and CP-violation parameters
– Rare decays
– Testing lepton universality
– …

• But also a general purpose detector
– Electroweak measurments: sin 𝜃´, W/Z, top quark
– Spectroscopy, exotic hadrons
– Soft QCD
– Heavy ions
– …
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