
Recent studies on 
pentaquark states from LHCb

Yuxiang Song (Tsinghua Univ.)

10th XYZ workshop

April 14, 2025

1



➢2015 Run1: 𝑃𝑐 ҧ𝑐 4380 +&𝑃𝑐 ҧ𝑐 4450 + observed from Amplitude Analysis

➢2019 Run1&2: 1D fit to cos 𝜃𝑃𝑐ത𝑐
-weighted 𝐽/𝜓𝑝 projections

• 𝑃𝑐 ҧ𝑐 4312 + observed. 𝑃𝑐 ҧ𝑐 4450 + resolved into 𝑃𝑐 ҧ𝑐 4440 + & 𝑃𝑐 ҧ𝑐 4457 +

• 𝑃𝑐 ҧ𝑐 4380 + need to be confirmed. (1D fit not sensitive to broader resonance)

➢2021: Evidence of pentaquark with strangeness 𝑃𝑐 ҧ𝑐𝑠 4459 0 → 𝐽/𝜓Λ

Review of main results before 2024

𝑃𝑐 ҧ𝑐 in Λ𝑏
0 → 𝐽/𝜓𝑝𝐾−

PRL 122 (2019) 222001

Evidence of 𝑃𝑐 ҧ𝑐𝑠 in Ξ𝑏
0 → 𝐽/𝜓Λ𝐾−

Sci.Bull.66 (2021) 1278
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➢2022: Evidence of 𝑃𝑐 ҧ𝑐(4337), while 𝑃𝑐 ҧ𝑐 4312 +, 𝑃𝑐 ҧ𝑐 4380 + not seen

➢2023: Observation of 𝑃𝑐 ҧ𝑐𝑠(4338) in 𝐵+ → 𝐽/𝜓ഥΛ𝑝 decay

Review of main results before 2024
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Evidence of 𝑃𝑐 ҧ𝑐 in 𝐵𝑠
0 → 𝐽/𝜓𝑝 ҧ𝑝

PRL 128(2022) 062001

𝑃𝑐 ҧ𝑐𝑠 in 𝐵+ → 𝐽/𝜓ഥΛ𝑝

PRL131 (2023) 031901



Review of main results before 2024
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➢The mass of pentaquarks is found to be close to charm-baryon and 
charm-meson mass threshold

❖Popular theories: molecular states

❖Other hypothesis (Compact pentaquark, kinematic effects like triangle 
singularity,…) are not ruled out

➢A rough sketch of theoretical predictions

❖Mass and width are consistent with experiment 
results within uncertainties

❖Most calculations suggest 𝐽𝑃 𝑃𝑐 ҧ𝑐 4312 + =
1

2

−

❖𝐽𝑃 𝑃𝑐 ҧ𝑐 4440 +  & 𝐽𝑃 𝑃𝑐 ҧ𝑐 4457 +  controversial
between molecular models and others

❖1-2 orders of magnitude difference on 
𝐵(𝑃𝑐ത𝑐 𝑠 →Σ𝑐(Ξ𝑐) ഥ𝐷)

𝐵(𝑃𝑐ത𝑐 𝑠 →𝐽/𝜓𝑝(Λ))

❖Many states are predicted

➢Lots of possibilities need to be checked by experiments

PRD (2022) 105: 014029

PRD (2019) 100: 011502



➢Single-arm forward. Specially designed for heavy-flavour physics.
LHCb Run1&2 detector

2 < 𝜂 < 5, ℒ𝑖𝑛𝑡 = 9 fb−1 ➢ Excellent tracking and vertexing

❖
𝜎 𝑝

𝑝
< 1% @𝜖𝑡𝑟𝑎𝑐𝑘 > 96%

❖ 𝜎 IP = 15 +
29

𝑝𝑇
𝜇𝑚

➢ Excellent PID
❖ 𝜖𝑃𝐼𝐷 𝐾 ≈ 95%@MisID 𝜋 → 𝐾 ≈ 5% 
❖ 𝜖𝑃𝐼𝐷 𝜋 ≈ 97%@MisID 𝜋 → 𝜇 ≈ 3%

JINST3 (2008) S08005

IJMPA 30 (2015) 1530022

LHCb detector
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1. Latest results from LHCb

➢Pentaquarks search in 𝑝𝑝 prompt production

❖Search for pentaquarks in open-charm final states

➢Pentaquarks search from b-hadron open charm decay

❖Observation of Λ𝑏
0 → Λ𝑐

+ ഥ𝐷 ∗ 0𝐾− decay

❖Observation of Λ𝑏
0 → Σ𝑐

(∗)++
𝐷∗−𝐾− decay

❖Observation of Λ𝑏
0 (Ξ𝑏

0) → 𝐽/𝜓Ξ−𝐾+(𝜋+) decay

2.Prospects of LHCb Run3

PRD 110 (2024) L031104

Contents of this talk
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PRD 110 (2024) 032001

EPJC 84 (2024) 575

arXiv:2501.12779



Inclusive Search for Prompt 𝑃𝑐 ҧ𝑐
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➢Search 𝑃𝑐 ҧ𝑐/𝑃𝑐𝑐 directly produced from 𝑝𝑝 collisions, as opposed to 𝑃𝑐 ҧ𝑐 produced 
in b-hadron decays

➢Combining final states from: Λ𝑐
+, Σ𝑐

++, Σ𝑐
0, Σ𝑐

∗++, Σ𝑐
∗0, Λ𝑐

+𝜋± ⊗ 𝐷0, ഥ𝐷0, 𝐷±, 𝐷∗±

➢Scanned for pentaquarks up to 600 MeV away from mass threshold

➢Consistent with background only hypothesis taking Look-Elsewhere effect into 
account

PRD 110 (2024) 032001



Branching fraction of Λ𝑏
0 → Λ𝑐

+ ഥ𝐷 ∗ 0𝐾− decay
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➢Directly search for 𝑃𝑐 ҧ𝑐
+ → Λ𝑐

+ ഥ𝐷 ∗ 0 decay in Λ𝑏
0 → Λ𝑐

+ ഥ𝐷 ∗ 0𝐾−

➢Measured BF normalized to Λ𝑏
0 → Λ𝑐

+𝐷𝑠
−

➢Compared to ℬ(Λ𝑏 → 𝐽/𝜓𝑝𝐾−)
➢ℬ(Λ𝑏

0 → 𝐽/𝜓𝑝𝐾−)/ℬ(Λ𝑏
0 → Λ𝑐

+ ഥ𝐷∗0𝐾−) = 0.152−0.028
+0.032

➢ℬ(Λ𝑏
0 → 𝐽/𝜓𝑝𝐾−)/ℬ(Λ𝑏

0 → Λ𝑐
+ ഥ𝐷0𝐾−) = 0.049−0.009

+0.011

➢Important for future pentaquark searches

➢Extract 𝑃𝑐 ҧ𝑐
+  fit fraction in Λ𝑏

0 → 𝐽/𝜓𝑝𝐾− and Λ𝑏
0 → Λ𝑐

+ ഥ𝐷 ∗ 0𝐾−

➢Test theory predictions on ℬ(𝑃𝑐 ҧ𝑐
+ → 𝐽/𝜓𝑝)/ℬ(𝑃𝑐 ҧ𝑐

+ → Λ𝑐
+ ഥ𝐷 ∗ 0)

EPJC 84 (2024) 575



➢Motivations

➢Peak structures slightly below Σ𝑐𝐷(∗) in Λ𝑏
0 → 𝐽/𝜓𝑝𝐾−

➢Sizeable contributions from 𝑃𝑐 ҧ𝑐
+ → Σ𝑐

∗ 𝐷 ∗  decays can enhance the branching fractions of 
these decays

➢Statistics are small

➢Λ𝑏
0 → Σ𝑐

++𝐷−𝐾−: 480 ± 25

➢Λ𝑏
0 → Σ𝑐

++𝐷∗−𝐾−: 279 ± 26

➢Λ𝑏
0 → Σ𝑐

∗++𝐷−𝐾−: 243 ± 17

➢Λ𝑏
0 → Σ𝑐

∗++𝐷∗−𝐾−: 116 ± 15

➢No obvious peaking structures

First observation of Λ𝑏
0 → Σ𝑐

∗ ++
𝐷 ∗ −𝐾−
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PRD 110 (2024) L031104



Branching fractions of Λ𝑏
0 (Ξ𝑏

0) → 𝐽/𝜓Ξ−𝐾+(𝜋+)
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➢Motivations: 𝑃𝑐 ҧ𝑐(𝐽/𝜓𝑝:c ҧ𝑐𝑢𝑢𝑑) → 𝑃𝑐 ҧ𝑐𝑠(𝐽/𝜓Λ:c ҧ𝑐𝑠𝑢𝑑) → 𝑃𝑐 ҧ𝑐𝑠𝑠(𝐽/𝜓Ξ−:c ҧ𝑐𝑠𝑠𝑑)

➢Yields:

➢Ξ𝑏
0 → 𝐽/𝜓Ξ−𝜋+: 107 ± 12

➢Λ𝑏
0 → 𝐽/𝜓Ξ−𝐾+: 84 ± 10

➢Branching fractions:

➢
ℬ(Λ𝑏

0→𝐽/𝜓Ξ−𝐾+)

ℬ(Λ𝑏
0→𝐽/𝜓Λ)

= 1.17 ± 0.14 ± 0.08 × 10−2

➢
ℬ(Ξ𝑏

0→𝐽/𝜓Ξ−𝜋+)

ℬ(Ξ𝑏
0→𝐽/𝜓Ξ−)

= 11.9 ± 1.4 ± 0.6 × 10−2

➢No obvious peaking structures

arXiv:2501.12779



LHCb Run3 and beyond 
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➢Run3: plan to collect ~15 fb−1 pp data (Statistics ~2 × Run1&2)

➢Full software trigger
➢Trigger efficiency greatly improved for fully hadron final states

➢2 − 3 × for open charm final states

➢Higher statistics in upgrade boosts exotics studies @ LHCb
➢Evidence of some states/decay modes→Observation

➢Search for new decay modes of observed pentaquark states(e.g. in
open charm decays)

➢Determine 𝐽𝑃 and other properties of pentaquark states

➢….

𝐵+ → 𝐷0𝜋+ efficiency

2011-2012 2015-2018 2022-2026 2030-2033 2036-2041

LHC ERA

Current LHCb LHCb Upgrade 1(a) LHCb Upgrade 1(b)

Run1 Run2 Run3 Run4 Run5...

HL-LHC ERA

𝟑 𝐟𝐛−𝟏 +𝟔 𝐟𝐛−𝟏 𝟐𝟑 𝐟𝐛−𝟏 𝟓𝟎 𝐟𝐛−𝟏 𝟑𝟎𝟎 𝐟𝐛−𝟏



Summary
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➢LHCb experiments has published new results:

➢Search for prompt pentaquarks

➢BF measurements of Λ𝑏
0 → Λ𝑐

+ ഥ𝐷 ∗ 0𝐾−

➢First observation of Λ𝑏
0 → Σ𝑐

∗ ++
𝐷 ∗ −𝐾−

➢First observation of Λ𝑏
0 → 𝐷+𝐷−Λ

➢LHCb Run3 will collect more data @higher efficiency especially for open charm 
channels

➢Expect results in new decay channels

Thanks!



Backups

13



First observation of Λ𝑏
0 → 𝐷+𝐷−Λ
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➢Motivations

➢Abundant charmonium structures in 𝐷+𝐷− structures

➢Possibility of 𝑃𝑐 ҧ𝑠 in 𝐷Λ system, like 𝑇𝑐𝑠1
∗ 2900 0 &𝑇𝑐𝑠0

∗ 2900 0

➢~90 candidates observed while rich structures in invariant mass 
spectrum discovered compared to phase space

JHEP 07 (2024) 140



First observation of Λ𝑏
0 → 𝐷+𝐷−Λ
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➢Motivations

➢Abundant charmonium structures in 𝐷+𝐷− structures

➢Possibility of 𝑃𝑐 ҧ𝑠 in 𝐷Λ system, like 𝑇𝑐𝑠1
∗ 2900 0 &𝑇𝑐𝑠0

∗ 2900 0

➢~90 candidates observed while rich structures in invariant mass 
spectrum discovered compared to phase space

JHEP 07 (2024) 140



Theory predictions on relative BF
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