Recent results on hadron states from LHCDb
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Hadrons @ LHCb

LHCDb: a dedicated spectrometer to b or ¢ hadrons
« excellent tracking and particle identification
« 9fb~! for Runl (7-8 TeV) + Run2 (13 TeV)

The structure and properties of hadrons from QCD remains a challenge, non-perturbative

effects involved
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Observation of new baryons £.(2923)7

arXiv:2502.18987

 Decay chain: 2** - £.(2645)nt, £.(2645)° - Efn~,Ef > pKn™
Observed a new excited =.(2923) ™" , as the isospin partner of Z.(2923)"

[ J
 Observe new decay mode: Z.(3080)* - £.(2645)°™
« Measured precisely the £,(2815)* and £,(2970)%
e natural width of £,(2970)* twice as Z,.(2965)° state
SSXI-O4| T T T T 31045' LA B R BB R B LA BN R
é) I Ba 'll?(iltt:lﬁt LHCb % ; LHCb . Data 5.(2815)* ; m[Z.(2815)1] = 2816.65 + 0.03 £ 0.03 £ 0.23 MeV,
® 6l E(2645)° 54107 N — 10° L 547 —— Total fit E(2923)" | T[Z.(2815)"] = 2.07 £0.08 £ 0.12 MeV,
S | Eombmaﬂtorlal bkg. | :‘_'_: . Background Ec(2970)+ 3 - "
S | seurus P X =.(3080)* - nz[if(2923)+] = 2922.8 + 0.3 £ 0.5 = 0.2 MeV,
54 chl - I'[Z.(2923)"] = 5.3 + 0.9 & 1.4 MeV,
= [ = m[Z.(2970) 7] = 2968.6 = 0.5 & 0.5 = 0.2 MeV,
So0 S L 1 DIE(2070)"] = 317+ 1.7 £ LMV,
[ : 1 n[=.(3080)%] = 3076.8 = 0.7 £ 1.3 £ 0.2 McV,
o A N L , '\ T[Z.(3080)F] = 6.8 + 2.3 + 0.9 MeV.,
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First determination of the Jof 2,(3055)*(®

Phys. Rev. Lett. 134 (2025) 081901

Amplitude analysis separately for Hb( ) 5 gt Op= g+ 0) |, pry

0(-)

* signal weights extracted from E_* ~ mass fit

« first observation of HO( ) 5 2_(3055)* @7~ in pp collisions
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First determination of the Jof 2,(3055)*(®

Phys. Rev. Lett. 134 (2025) 081901

Best fit combination gives £,(3055)*(®) P = 3/2* with significance 6.55 (3.50)
« Measured mass and width agree with PDG value

« first time measured up-down asymmetries for Eg(_) - 2.(3055)T O~ a =
—092+0.10 £ 0.05(—092 + 0.16 £ 0.22),

consistent with maximal parity violation = wfwe o e _:
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2 2 73ves TN . I 5.3055)" g
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Observation of new decay 2 - E0n T m~

arXiv:2504.05063
Observed ~ 80 signals for =/ — 227"~ with significance of >100
« measured Z}F mass agree with known value " g ]
« no significant narrow =} found in 22 spectrum - <ij
* branching ratio set related to 2}" - ATK " ntm~ e > ]:

B(EFT— E0rtn™t - F S
(=5 Tt = 1.37 + 0.18(stat) + 0.09(syst) £ 0.35(ext) w}Lﬁ< a’] ¥

B(Z/T— ATK ntn™)

ga'x 50 ""I""I""I""I"'l_ @35:' L L L @1000
@ 40 4 RSData 4 7 [ —— Totalfit 5.4 fb! 1 o 800F — Totalfit
= SBData 1 S p5p ---5&-5nw 4 > - B AK T
35 E SE I . 700
© .--. WS Data ] = - Ell-E ntnt 1 = Comb. bkg.
7 30 1 3 20F Comb. bkg. 4 3 600
< 25 == X 1 £ 500
E 20 3 5,5 15F 3 T 400
= ] © . o
SHE ++ -}- ‘{' 4 510 ; 4 E 30
10 + {,Jr H_ 4 O { H O 200
SEI -
5 1 "]' "H' + .......... . 100 I
++ +++++ ++++++'f, 0']'1' A S S 3 { o ] = SRS SRS DL S U SR
3550 35{)0 3550 3700 3550 3600 3650 3700 3550 3600 3650 3700

) [MeV/c] m_ (Serm*) [MeV/c?] m_ (AK m*rm?) [MeV/c?]

m cand

cand (


http://arxiv.org/abs/arXiv:2504.05063

JHEP 10 (2024) 122
First observation of the y,,(1P), x5, (1P), x,1(2P) and x;, (2P) muonic Dalitz decays
« significance >5¢ for all states

» Most precise measurements of y;;(1P)

(7, Py = 989250 & 0.26 £ 0.10 & 0.10 MeV/c? |
My, ,(1p) = 9911.92 £ 0.29 £ 0.11 £ 0.10 MeV/c?
My, 2p) = 10253.97 £+ 0.75 £ 0.22 & 0.09 MeV/c*
My, (2p) = 10269.67 £ 0.67 £ 0.22 £ 0.09 MeV/c?
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JHEP 11 (2024) 121

First observed y.,(3872) — ¢(2S)y via study of B - y(2S)yK™, with significance of
4.80 (6.0 o) for Runl (Run2)

« 2D fit simultaneously to extract B* and y.;(3872)

« signal and background shapes studied in simulation
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JHEP 11 (2024) 121
stat. syst. ext.

Ry = 1.67 £0.21 £ 0.12 £ 0.04

« The large measured R value are more inclined to

the theoretical predictions of compact | BaBa 2008
charmonium or tetraquark component R | Belle 2011
j.e. PhysRevD 75,014005 f—— LHCb/Run1 2014

ll BESIII 2020

 Pure DD* molecular hypothesis is questionable,
but small admixture of cc component is sufficient - LHCb/Run1 2024

to explain the data g LHCb/Run2 2024
i.e. PhyslLettB 2015 0213

0O 1 2 3 4 5
Ry = D1 (3872 50(28)y
L=
Dy (38721007 9




Search for BY - y.,(3872)m™

arXiv: 2503.20039
Production cross-sections of y.,(3872) measurement from ATLAS indicates the short-
lived contribution arise from the decays of B

OppBIX X BBJ_—>XC1(3872)X

= (254+13+2+5)%, JHEP 01 (2017) 117

Upp—>bBX X Bb—>Xc1(3872)X

LHCDb search for B} — y.,(3872)r™ with full Run1+2 data
* no significant signal is observed, upper limit set related to Bf — ¥(2S)w™
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Tis0(2870)° and

The first open-charm tetraquarks

T:1(2900)° observed in B —

PRL 125 (2020) 242001

D*D-K™*  confirmedin Bt - D**D"K*

PRD 102 (2020) 112003

—— %2(3930)

——  1(4040) == T(2870)0

PRL 134 (2025) 101901
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Open-charm tetraquark in B~ - D~ DK
PRL 134 (2025) 101901
Observation of Tz,,(2870)° —» D°KJ in B~ —» D~D°K¢ amplitude analysis
T0(2870)° with J® = 0 observed in D°K¢ final state, with significance of 5.30
« consistent with T, (2870)° in B~ — D~D*K~ analysis :
* iSOSpin symmetry  Phys.Rev.D102, 112003 (2020)
« No evidence of T}, (2900)° - D°K¢ found

* Isospin violation
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Conclusion and prospects

« LHCD is very active In the field of hadron state research, fast collected:

* new excited baryons 2% _mmsarenasen
> 18 38532132%3%8221@1
. . . B 16 —2018(13TeV)219fb1
« amplitude analysis for exotic states € up “EBEREISE
3 wp CREempien
« new decay modes for hadrons 8 1o 00Ty ooin I
3 8
* Lots of excellent Run3 data already! =3 , / rHCh
£, g (RS
party is going on--- - S S R R
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