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https://cds.cern.ch/record/2807721
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Introduction

* Tetraquark: exotic meson composed of 4 valence quarks

I T m baryon __tetraguark __pentaquark

Number of quarks 3 | 4 | 5 6 and more
candidates - - T, K p, N Z (3900)+ P.(4380)" ‘H*
@
’ q
Exotic states classical quark model Exotic states Normal nucleon
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Introduction

* 4 new tetraqua

rk candidates in LHCb
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Date of arXiv submission
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New states
this year




B - DD.m

e Isospin related decays: B® - D°Dfn~,B* > D Dirn?
* Dominated by D" states: D, (2460) et al.
* sign of D, contribution
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Amplitude analysis without new states

* Only D" states and Dm S-wave, can not describe it well
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With T.,(2900)%++

* New states T,50(2900)%**
* Mass: 2908 + 11 £+ 20 MeV
* Width: 136 + 23 + 11 MeV
* > 9 g significant
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Properties of T.;,(2900)"**
_

T%,(2900)° 2892 + 14 + 1 6+ 1 8.00
T%,(2900)*+ 2921 + 17 + 19 137 + 32 + 14 6.50
Constraintas same 2908 + 11 £+ 20 136 £ 23 + 11 > 90

_ _ 3 L L I i

* Remove constrains of mass and width £ _t— Gausin i 1 Toy data /" =0" -

. ] ) g — Data 2ALL=59.34 I"773 ToydataJ’=1-"

* Consists with the same mass and width 3 T ]

* Single states are also significant L% l ]

. . + 100 —

 Spin Parity: prefer 0™ states ' :

* Only 17 states is 6.30 significant - ]

« 7.50 significant for 0% states over 1~ ! :

* 1.30 for additional 1~ when including 07" | )

Ji0 0 100
LHCb—PAPER—-2022-026 2ALL
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Model independent results

* Validation of lineshape

* Normal states have Breit-Wigner
like shape

* Breit-Wigner Model

* Circle in Argand diagram

I ] | I 1 | 1 I | 1 | I
B «  Breit-Wigner of 77%,(2900) 7
LHCD & Start point (m=2.708 GeV) —
9 fb-! - Spline lineshape
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* Model independent
 Spline function
7 interpolation points
* Mostly consist with Breit-Wigner

<
o

Imaginary part of amplitude

0.2 0.0 0.2
Real part of amplitude

LHCb—PAPER—-2022-026

* Agree with new states in D,
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Relation to X,(2900) in D™D K™

T%,(2900) » D}n* X,(2900)/T,.,(2900) > D*K~
e Spin parity: 07 e Spin parity: 0%
* Charge: 0, +2 * Charge: 0
* Quark combination * Quark combination
1 How about D*K*(c5du)?

e csud
+ 20 MeV e Mass: 2866 + 7 + 2 MeV
+ 11 MeV e Width: 57 + 12 + 4 MeV

e csud, c5diu
e Mass: 2908
e Width: 136

11

T
+ 23

Similar quark combination, but s & s
T%.,(2900) mass and width larger than T .4((2900)
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Bt > DfD;K*

. B(BT->DI D K™)
B(B*—>D*D~K*)
* Relative pure data in LHCb
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LHCb
9 fb~!

Amplitude analysis

* New state X(3960): 0%, 12.60
e Mass: 3956 + 5 + 10 MeV

e Width: 43 + 13 + 8 MeV
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Relation to y.,(3930) in DDK

X(3960) - DI D; ¥.0(3930) > D*D™
e Spin parity: 077 e Spin parity: 077
e Mass and width * Mass and width
e Mass: 3956 +5 4+ 10 MeV e Mass: 3923.8+ 1.5 + 0.4 MeV
e Width: 43 + 13 + 8 MeV e Width: 17.4+ 5.1 + 0.8 MeV

If X(3960) is x.0(3930)
(X ->D*D™)
I'(X - DSD;)
X(3960) should have ss components for large fraction
for DS Dg

=0.29 £0.09 £0.10 £ 0.08<1
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T5s1(4000)° in

e Similaras B* — J/Y¢K™* (PRL.127.082001)

BY - J/YK™

B° = J/YdKs
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https://inspirehep.net/literature/1849524

T5s1(4000)° vs Z.(4000)* /T;ps; (4000)*

* Properties
| J”[Mass(MeV/c?) | Width (MeV)
Tps1(4000)° - J /K 1t 3991.3+11.7485  104.8%223+171 794 25739
Z& T8, (4000)* > J/pK* 1% 4003+6%%,  131+15+26 94 +21+34

* Consistent with being isospin partners
« Am = —12.1%]31%59

* Significance from simultaneous fits
« BY > J/y@Ks and Bt - J/YpK ™ together
* 4.00 without isospin symmetry for T$s1
* 5.40 with isospin symmetry constrains

2022/10/20
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Xcl(3872) — 7T+7T_]/l/j LHCB-PAPER-2021-045

* Using x.1(3872) - p°J /¥ only do not fit well

* sizeable y.,1(3872) — w/ /Yy contribution:
* Including interference: (21.4+2.3+2.0)%
* Pure: (1.9+ 04+ 0.3)%
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Isospin violation

* xc1(3872)

* Xc1 — w/ /Y conserves isospin
* Xc1 — pJ /Y violates isospin

* Violation estimated for couplings ;zzz
. Ixc1-pl/ _ \/B(w,—>2n) — 0.29 + 0.04 =

Ixc1~w]/P Ruw/p S1500

« Compare to £E=2mUI _ 0 045 + 0,001 '?1000

I (28)-nJ /v 2.

* Too large isospin violation for 0

X-1(3872) to be a pure charmonium state.
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extended phase space to m,,_ =4000MeV

model obtained from the LHCb data
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Summary

* 3 new tetraquark candidates found in LHCb.

* T0(2900)%**inB - DD 1
e 07, mass=2908 + 11 + 20 MeV, width=136 + 23 + 11 MeV
 First doubly charged tetraquark candidate
o Similar quark components with X(2900) - DK

* X(3960) in Bt - DS"'DS_K"'
e 07t mass=3956 + 5+ 10 MeV width=43 + 13 + 8 MeV
* If same as X(3930), X(3960) should have ss component

* Tps1(4000)° in B® — J /hpK
* isospin partner of Z.;(4000)
* Observed y.1(3872) » w// Y in y.,(3872) » n ™ ]/ ¢

2022/10/20 18
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Search for new states in B™ > (J/yn)K~™

LHCB-PAPER-2022-025

* Scan the J/Yn mass with new states, check the fraction
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