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Theсent LHCb results on  LHCb deсent LHCb results on teсent LHCb results on ctor

 LHCb - forward spectrometer at LHC 
with excellent
 momenta/mass,
 vertex/time resolution
 particle identification (K/π/p/μ)) 

very powerful tool for 
heavy hadron spectroscopy
→ contribute to major part 
of hadrons discovered at LHC

 Heavy hadron spectroscopy
is a powerful tool for 
understanding how QCD works 
at “atomic” scale

JINST 3 (2008) S08005

LHCb-FIGURE-2021-001

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
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Teсent LHCb results on traquark in B+→D+D-K+

 Make full amplitude analysis of B+→D+D-K+ Dalitz plot
 Observe 2 peaks in D-K+ mass distribution
 Minimal quark content cuds
 a DK* / D*K molecule?

PRL 125 (2020) 242001

PRD 102 (2020) 112003

ψ

9fb-1

9fb-1

https://arxiv.org/pdf/2009.00025.pdf
https://arxiv.org/pdf/2009.00026.pdf
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Moreсent LHCb results on  eсent LHCb results on xotics in B+→J/ψφKK+

 In Run1 analysis four X→J/ψφ states 
were observed with S>5σ
with Run2 get ~6 times larger sample

 Construct 6D amplitude in helicity approach

 Add more states to the Run1 model 
5 K* states + 4X states + J/ψφ non-res.

to get good description:
 + 4 more K* states

+ 2(3) neсent LHCb results on w X(→J/ψφK) stateсent LHCb results on s
+ 2 neсent LHCb results on w Z

cs
(→J/ψK) stateсent LHCb results on s

LHCb-PAPER-2020-044

~4% bkg fraction

Neсent LHCb results on w

https://arxiv.org/abs/2103.01803
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Moreсent LHCb results on  eсent LHCb results on xotics in B+→J/ψφKK+

 Demonstration of effect of adding Z
cs

 states
 The “narrow” Z

cs
 at 4 GeV is evident

LHCb-PAPER-2020-044

NOT consistent with 
Z

cs
(3985) observed by BESIII

can’t rule out 1-

https://arxiv.org/abs/2103.01803
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Moreсent LHCb results on  eсent LHCb results on xotics in B+→J/ψφKK+ / π+π-

LHCb-PAPER-2020-04
4

Seсent LHCb results on eсent LHCb results on n in 
Run1

Neсent LHCb results on w 
Z

cs

Neсent LHCb results on w X

can’t rule out other JP

can’t rule out 2-

can’t rule out 1-

 In B
s
0→J/ψφππ a X→J/ψφ state is seen around 

4.74 GeV with S~5.5σ:

may be consistent with being X(4700) from B+→J/ψφK

JHEP 02 (2021) 024 

 Resulting parameters for X and Z resonances
 Determine JP for all states except X(4150), X(4630) and Z

cs
(4220)

 LHCb-PAPER-2020-044

https://arxiv.org/abs/2103.01803
https://arxiv.org/abs/2103.01803
https://arxiv.org/pdf/2011.01867.pdf
https://arxiv.org/abs/2103.01803
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Doubly charmeсent LHCb results on d teсent LHCb results on traquark
 QQq’q’’ states are anticipated for 40 years and are the prime candidates 

within all other exotic systems to be tightly bound and weakly-decaying

 In m
Q
→+∞ limit attraction

in [QQ][ud] system
should give bound 
(and thus stable) state 

Likely to be true for [bb][ud],
no clear for [bc][ud] and [cc][ud]

 Predictions for a ground ccud state 
(isoscalar with JP=1+)
vary within ±250MeV wrt to D0D*+ threshold

 

 

Q
Q

u

d

[see Refs. in Backup]
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Hadrons with two c-quarks at LHCb
 The observations of Ξ

cc
++ [ccu] and X[cccc]→J/ψJ/ψ indicate that if 

the [ccud] exists it should be accessible at LHCb in DD(*) final states 

 

c

c

u

c

c

c
cΞ

cc
++ X

cccc
→J/ψJ/ψ

N
sig

 ~ 1.6k

LHCb-PAPER-2019-037 LHCb-PAPER-2020-011

N
sig

 ~ 250

https://arxiv.org/pdf/1911.08594.pdf
https://arxiv.org/pdf/2006.16957.pdf


   Ivan Polyakov, Syracuse University 9

Seсent LHCb results on leсent LHCb results on ction of D0D0π+

 Select prompt D0D0π+ candidates via D0→K-π+

 Require non-prompt K- & π+ with high p
T

 Require good quality of track, vertexes 
& particle identification

 Ensure no K/π candidates belong to 
one track (clones)
or duplicates or reflections via mis-ID 

LHCb-PAPER-2021-031 in prep.

K-

π+

π+

π+

K-

D0

D0

p
p

 Subtract fake-D background
using 2D fit to (m

Kπ
,m

Kπ
)
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Signal
 A narrow peak near DD* threshold is seen
 No peaking structures in sidebands or 

opposite-sign mode (can’t be explained by DCS decay D0→K+π-)
 The structure is present in all different data taking conditions subsamples

!

opposite charge
scaled by x0.1

LHCb-PAPER-2021-031 in prep.
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Fit with Breсent LHCb results on it-Wigneсent LHCb results on r function
 The distribution is fit with a sum of

- P-wave relativistic Breit-Wigner
- D*+D0 phase space x pol

1

both convolved with 
resolution of ~400keV

 Found to be below 
the D*+D0 threshold
(with 4.3σ significance 
for “below D*+D0”)

 Preliminary results:

LHCb-PAPER-2021-031 in prep.

zoom in
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Systeсent LHCb results on matic unceсent LHCb results on rtaintieсent LHCb results on s and reсent LHCb results on sult
 Preliminary:

LHCb-PAPER-2021-031 in prep.

 Best precision on mass wrt corresponding threshold of all exotic hadrons! 
Even better than for Λ

c
+, Σ

c
, Ξ

cc
++ ... 

 A fit with dedicated model with adequate treatment of DD* thresholds is 
coming soon ... LHCb-PAPER-2021-032 in prep.

consistent with 
1/3 of theory 
predictions
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D0D0 and D0D+ mass distributions

 Two more stuctures at thresholds are seen:
- narrow  (<1MeV) in D0D0  (is it X→D0D0π+ ?)
- wide    (>1MeV) in D0D+  (is it X→D0D+π0/γ ?)

→ speaks towards the isoscalar T
cc

+ with JP=1+ interpretation
 See these (and more) studies in details in oncoming

 Estimate on yields wrt χ
c1

(3872):

LHCb-PAPER-2021-031 in prep.

LHCb-PAPER-2021-032 in prep.

χ
c1

(3872)→D0D0π0/γ
scaled by x0.1

N(T
cc

+→D0D0π+)

N(χ
c1

(3872)→D0D0π0)
~ 1/20
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c
c

u
d

Summary
LHCb-PAPER-2020-044

LHCb-PAPER-2021-031/32, in prep.

LHCb-PAPER-2021-003

 Observation of [cuds] tetraquark in B+→D+D-K+

 Observation of new Z→J/ψφ and Z→J/ψK in B+→J/ψφK 
(and B→J/ψφππ)

 A novel class of hadrons observed – [ccud]. 
consistent with predicted T

cc
+ with JP=1+ 

near D0D*+ threshold
→ new J/ψ-quality input for spectroscopy calculations!

 Observation of Λ
b

0→χ
c1

pπ-

 See new discoveries in pentaquarks in talk by Jinlin Fu, in 30 min [link]

 LHCb Upgrade is ongoing,  will have x5 more statistics by 2030.
next portion of interesting results is awaiting

JHEP 02 (2021) 024 

PRL 125 (2020) 242001

PRD 102 (2020) 112003

https://arxiv.org/abs/2103.01803
https://arxiv.org/pdf/2103.04949.pdf
https://indico.desy.de/event/28202/contributions/105628/
https://arxiv.org/pdf/2011.01867.pdf
https://arxiv.org/pdf/2009.00025.pdf
https://arxiv.org/pdf/2009.00026.pdf


   Ivan Polyakov, Syracuse University 15

Simon Eideсent LHCb results on lman 1948 - 2021

Our distinguished colleague, 
beloved member of LHCb and 
whole hadron physics 
community has passed away.

His contribution to the field will 
have a lasting impact in future 
generations.

We dedicate the oncoming 
papers on the observation of 
the T

cc
+ to his memory.
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Backup
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Theсent LHCb results on ory preсent LHCb results on dictions
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Reсent LHCb results on fs. for theсent LHCb results on ory preсent LHCb results on dictions
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Neсent LHCb results on w eсent LHCb results on xotics in B+→J/ψφKK+

 In Run1 analysis four X→J/ψφ states 
were observed with S>5σ

 With Run2 get ~6 times larger sample

 Construct 6D amplitude in helicity approach
Model resonances as Breit-Wigner,
K-matrix or Flatte for systematic studies

 Firstly try old Run1 model (5K* + 4X + XNR)
Clear discrepancies are observed, 
model needs to be improved

LHCb-PAPER-2020-044

~4% bkg fraction

https://arxiv.org/abs/2103.01803
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Neсent LHCb results on w eсent LHCb results on xotics in B+→J/ψφKK+

 Model improvements
 Include tails of K* resonances at ~1.4 GeV
 Add more X→J/ψφ and Z

cs
→J/ψK+ states 

- firstly with JP=1+ (largest improvement), 
- later with other quantum numbers

→  found a need for 3 more X states and 2 Z
cs

 states 
with >5σ significance (except for one X)

 new default model: 9K* + 7X + 1X(NR) + 2Z
cs

 Get good data description

LHCb-PAPER-2020-044

https://arxiv.org/abs/2103.01803
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Neсent LHCb results on w eсent LHCb results on xotics in B+→J/ψφKK+

 Demonstration of effect of adding Z
cs

 states
 The “narrow” Z

cs
 at 4 GeV is evident

LHCb-PAPER-2020-044

NOT consistent with 
Z

cs
(3985) observed by BESIII

https://arxiv.org/abs/2103.01803
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Neсent LHCb results on w eсent LHCb results on xotics in B+→J/ψφKK+

 Resulting parameters for X and Z resonances
 Determine JP for all states except 

X(4150), X(4630) and Z
cs

(4220)
 

LHCb-PAPER-2020-044

Seсent LHCb results on eсent LHCb results on n in Run1

Neсent LHCb results on w Z
cs

Neсent LHCb results on w X

can’t rule out other JP

can’t rule out 2-

can’t rule out 1-

https://arxiv.org/abs/2103.01803
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Oneсent LHCb results on  moreсent LHCb results on  X→J/ψφK stateсent LHCb results on 

 In B
s
0→J/ψφππ a X→J/ψφ state is seen 

around 4.74 GeV with S~5.5σ

 Parameters from 1D fit

Consistent with being X(4700) 
from B+→J/ψφK

 Also many results for BR’s of
J/ψK*0K*0, ψ(2S)K+K-, 
X(3872)K+K-… modes 
 
 

LHCb-PAPER-2020-035

https://arxiv.org/pdf/2011.01867.pdf
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