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Introduction

» B* » D*tDTK*: two channels S 2|
« B* > D*"DYK* s AN
« BY 5 D**D K™ "_,{If L a|
- Bt W= t D)
* Possible resonances: W, e —c]
e D*:D*[cc ! ]; charmonium(-like) |
* 39~ 4.8GeV D— -
- Normal charmonium 1 > wl|”

 (4040),(4160), x2(3930), x1 (4274) ---
» Charmonium(-like) states
¢ xc1(3872) (aka X(3872)), Z.(3900), X (4020), Z.(4430), --

« DMK+ [csud]: T}(2870)° (aka X,(2900)), T2, (2900)(aka X;(2900))
« Foundin B* - D*Tjo, (= DKY) PRL 125 (2020) 242001, PRD 102 (2020) 112003
« DK [c5ud]: T+, (2900)*+
« Foundin BT » D™ T}5,(2900)** (- DSm*) PRL 131 (2023) 041902, PRD 108 (2023) 012017
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Data samples

* Reconstruction:
« B* 5 D**D¥K+ D*~ -5 DO,
* With
e DO S Kt
e D 5 K mtmtm™
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« LHCb Run1 (3 fb1) + Run 2 (6 fb1)

* Total 3.6k events
* Purity ~ 95%
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Charmuinon(-like) states LHCb-PAPER-2023-047

e Large difference in 3.9 — 4.0 GeV
cso1 1S small in that range, do not expect large effect
« Large difference due to C-parity
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C-parity relation

« Used to constrains R® - D* D" and RY - D**D~

« AR°-DDT _ CRAR°—>D*+D—
e Cp Isthe C parity of R

o Effect of this relation
 Two contribution with the same J?
b Rl(C — +1) and Rz(c — _1)

« For BY > R(» D*"D)K"™

« |A]? =4, + A% = |A1|2 + |A2| + 2Re (A143)
« ForBT" > R(» D" D")KT

e |A'12 = 1A, — A% = |A12 + |A2| — 2Re (A143)
 |A|* — |A'|? = 4Re (A, 43)

AT+ A7)?

e Yy

A 6

D

» Only the interference can contribute to the difference of two channel
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Distribution of difference

* Difference
» Require two new states with different C-parities
« Prefer 17 contribution in angular distribution.

 Reference fit w/o new states (green dotted)
» Bad Fit quality
* Required new states

* Add two states around 4.0 GeV

 Similar mass as T.z(4020)[1" 7] (aka X(4020),Z.(4020))

* h.(4000)[1" ~]: much larger width than T.:(4020)
* xc1(4010)[1T *]: different C-parity than T.z(4020)
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hc (4300) Contribution LHCb-PAPER-2023-047
h.(4300) JPE = 1+~ JPC = 1+~

» Peaking structure in 4.3 GeV
. Sigr?ificance 6.10 mo = 43073185737 T =585 mp=4318 [ =75

M . PC _ 1++ PC _ 1++
+ Similar mass and widthas Xea(4274) J=1 XaGP) ] =1
xc1(4274), but different C-parity mo = 4294 +4%§ T,=53+5+5 my=4317 39
« Consistent with h.(3P) prediction PRL 118 (2017) 2, 022003 PRD 72, (2005) 054026
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C-parity determination

* Validation of C-parity determination
» Replace C-parity with phase parameters
. Ap =0, C=+1
C—exp(lA¢)=>{A¢=ﬂ, C=_1
* A¢ consistent with O or
« except Y (4040): 2.70 difference

» Keep the C-parity of y.,(3930) and

Y (4040) and flip all others (C - —0C),

the — In L become worse about 50.
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T}.0(2870)° and T},{(2900)°

» Previous work  PRL 125 (2020) 242001, PRD 102 (2020) 112003

e B* > XD", X > D K*
« Bt - T},(2870)°D*: S wave

LHCb-PAPER-2023-047

« BT - T}.,(2900)°D*: only P wave
* New production mode
« B* > XD**, X > D K*
« BT - T},,(2870)°D**: P wave
« Bt - T},(2900)°D**: S, P, D waves

* Different ratios of branching factions
[ B DD K | B DDk
B(B* - T}, (2870)°D™*)
B(B* - T},1(2900)°D()+)

« Mass and width consistent within uncertainties

~
n

-

1.17+0.31 £ 0.48 0.18 + 0.05
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Téksl (2900) 0 and T:§O (2900) ++ LHCb-PAPER-2023-047

* T:1(2900) — D*"K* . TC*S—O(Z‘BOO)++ — DYK*
* No peak around 2.9 GeV  Also no peak around 2.9 GeV
* Fit fraction < 1.5% @ 95CL (stat.) * Fit fraction < 3.3 % @ 95CL (stat.)
+ Related to 271225 5104 @ 95CL
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Summary

« Simultaneous fit for Bt - D**DtK*

 Constrains of C-parity
« B¥ > R(-»D""DHK™
e« B"¥ > R(-»D"*D)K"™
* New production mode:
« Bt - D**T}.,(2870)°/B* - D**T}.,(2900)°

* New charmonium(-like) states
* Xc1(4‘010)
* h.(4000)
* h.(4300) apeakin4.3GeV

Thank you for your attention!

Different C-parity, describe the difference of two channels
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2D distribution
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Fit fraction and ratio

Fit fraction|%]

Fit fraction[%)|

Branching fraction

Component  J™ g "R p g+ Bty DDt [1074]
EFF,++ 1+ 119450 52 gatii e 0741028 *0-21 + 0.07
1e(3945) 0~ 3.4 H08+19 255 sy v 0.23 1004 +0.13 4 0,02
X2(3930) T  2++ 1.8 4% 1.7 0441 0.12 963 To:08 + 0.01
he(4000) {H- 5. FRa+L0 AgHD0+id 0.35 1997 +0.10 4 g 03
Xe1(4010) JitF 1158 e <Ny - 0.69 13-4 +099 4+ 0.06
1(4040) 1 17 28703703 2.6 %03 705 0.19 X903 To.03 + 0.02
he(4300) = 1197e e 182 e o 0.0812:0: 082 1 g.01
70(2870)°1  0F 6.5 75 1% : 0.45 *5.08 070 & 0.04
T, (2900)° Ui GhTrtod = 0:38 T390 12294 0.03
NR;--(D*¥D%) 1-- 204 ¥ T42 185 0 28 1:39 1328 T 0.12
NR,--(D**D%) 0" 19 F I 407 1.1138 405 0.08 13:04+0.05 .
NRy++(D*¥ D et kR e 161101138 1.9 ras voat . .11
NRo-+(D*¥D%) 0+ 15ig+25 22 14.5+30 430 1.09+9:28 +0-22 4 5,09
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Other projection of B* » D**D¥K*
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Log scale projection
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