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B — DDX decays

e Big family of topologically similar decays.
o  Final states containing two charmed hadrons
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e Important for spectroscopy studies:
o  Excited charm (strange) mesons,

Candidates / (17.3 MeV/c?)

o  Charmonium spectrum, jg:
o  Exotic states (tetraquarks, pentaquarks). 0E
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® Relevant results on mesonic exotic states: L A
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of B* — D" D_* 7z decays.
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Amplitude analysis and branching fraction
measurement of B* — D™ D * z* decays

° Measu.red ratio of branchm*g fractions: _ B(B* > D~ D)
o with respectto B’ — D™ DS". R= B(B° — D*- DY)

= 0.173 £ 0.006 = 0.010,

® Observation of the B* — D™ D_* z* decay

o Using partially reconstructed Ds*+—> D'yand D'’ ® - B(B+ - D*~D:*rt)

= 1.32 £ 0.07 £ 0.14.
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Amplitude analysis and branching fraction
measurement of B* — D™ D * z* decays

e  First amplitude analysis of B* — D™ D * 7 * decays.
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e Baseline fit exclusively incorporates activity in the D"z *
channel.
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Amplitude analysis and branching fraction
% measurement of B* — D™ D * z* decays
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e Examined alternative fits incorporating
D 'z* amplitudes.

[\
o

—
o
™T T T 17T ™T 1T ™TT

Entries / (0.03 GeV)

e Motivated by the discovery of
T ,(2900)**in B*— D D * 7",

o
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® No evidence of a scalar D_* 7" state with
parameters fixed to those of
T _,(2900)*,

e Upper limit on its fit fraction:

<2.3% at 90% CL
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Observation of new charmonium(-like) states
in B* — D™ D* K* decays

e Simultaneous analysis of the B* - D™* D" K*and B* — D™ D * K * decays.

e Decay amplitudes for B* — R(D™ D") K* and B* — R(D™ D *) K * linked by C-parity.
o Allows determination of the C-parities of the R resonances.
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Observation of new charmonium(-like) states
in B* — D™ D* K* decays
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in B* — D™ D* K* decays

e JP=1*states are the main contribution in the D™ D*
mass spectrum.

® Interferences due to different C-parities results in
different patterns in M(D™* D ") and M(D™ D *).

o J*Cvalues for 5 (3945), h (4000), ¥ (4010) and h (4300)
o 0-+ 1+— 1++ 1+—

Observation of new charmonium(-like) states
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Branching fraction measured relative

toB° — D' D KSO.

A — D™ D" A decay also observed as
a partially reconstructed component.

Indications of various intermediate

resonances in A, — DD A
Future exploration with larger
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% Summary

® Presented latest spectroscopy results from B — DDX decays at LHCb.

o  First amplitude analysis of B* — D™ Ds*+ .

o New charmonium(-like) states observed in B* — D™D " K *.
o Confirmation of T*C50(2870)0, T*C51(2900)0 states, previously observed in B — D* D" K.
® Results presented based on Run 1 and Run 2 datasets.
o  Still more to come.
e Currently collecting Run 3 datasets.
o  Full software trigger will increase efficiency by about a factor 2.

o  Expecting high statistics and unprecedented production of heavy hadrons.
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® 4D phase space: A(m*(D* n%),m*(Dfx"),0p,6p)

A= AP 4 AP AD7Ds),
(ch) Z .A(Ch ZRﬁfh)HSh)'

HP™ = > W™ dg (0-) dyo (0p) exp (iAdp),

A=0,+1
HPD = Y 3™ d (65.) dio (95) exp (iA0F),
A=0,+1

HEPD) = N RO ddy (052) d) o (65°) exp (iAG5).
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Amplitude analysis of B* — D™ Ds* 7" decays
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% Amplitude analysis of B* — D™ D’ & decays

e Fit Fractions and phases.

Component

Fit fraction [%)]

Phase [rad]

D,(2420) S-wave
D,(2420) D-wave
D,(2430) S-wave
D,(2430) D-wave
D3(2460)
Dy(2550)
D3(2600)
Dy (2740) P-wave
D4(2740) F-wave

384 L7408
71.0 + 4.4 + 46129
1424 254 24t
0:5: 0.9 1570
117k 14::10:870°
2siosiovﬂﬁ
484+ 1.0+0.9%%]

04104102%}
2.340.740.9704

~1.96 +0.16 £ 0.1013.27

0 (fixed)
+0.14 £ 0.11 £ 0.131939
—2.99 +0.42 £+ 0.8410-%
43.1440.11 £ 0.14H2%
—2.24 +0.21 £+ 0.2619-5:
4+0.32 4+ 0.16 £ 0.1619:37
—0.02 4+ 0.56 + 0.321016
—~0.09:4+ 0.27 £ 0.21+3.%

Sum of fit fractions

111.0£5.2+4.2
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% Amplitude analysis of B* — D™ D¥ K* decays

Both S-wave and D-wave amplitudes contribute significantly to R — D™ D¥ decays for JP = 1*.
Line shapes for these partial waves:

Amplitudes for B* — R(D™ D ") K* and B* — R(D™ D *) K * linked by C-parity.
Total amplitude: coherent sum of resonant and non-resonant components in

all channels.

Alz) = -l%d—{ Z cjA;(z) + Z CkAk(;If)}

JER(D*%D¥) kER(D*— K+, D¥K+)

1-d
. a { Z C; x cjA;(z) + Z q/l,(:z:)} ;
)

JER(D*£D¥F) IER(D*+K+, D-K+

Ir S/D(‘m-) = : A{;S/D ;
’ m2 — m? — img[y2Ls(m) + v3p(m)]

15



Amplitude analysis of B* — D™ Ds* 7" decays

Table 1: Resonant and nonresonant components included in the baseline fit and their spin
parities, fit fractions and product branching fractions (B (BT — RC') x B(R — AB)), where
A, B,C are the three final-state particles. To obtain the branching fractions including both
R — D**D~ and R — D*~ D%, the values in the table should be multiplied by a factor of
two. The first uncertainties are statistical, estimated with a bootstrap method , the second
are systematic and and the third are from the uncertainty of the Bt — D** D~ K™ branching
fraction. The masses and widths of the resonances marked with the T symbol are fixed to their

PDG values .

Fit fraction [%)]

Fit fraction [%]

Branching fraction

Component  JP(©) Bt — D**D-K+ B*— D*DVK* [10-4]
EFF;++ 1+t me s g s DR e T D T
1:(3945) 0+ F41)a+10 3 o 0.23 1007 Toa8 £0.02
Ye2(3930) T D E e Oy M 012008 4001
h(4000) 1t= iy e 4688 B8t o008
Xe1(4010) 1++ rsse g tte 0:69 1048 100+ 0.06
¥(4040) T = R RS 2B Q19400 00 002
h(4300) i L Drlg e L1355 0.08 £003 T0.01 £ 0.01
Tr,(2870°T  of B e - 0.45 1008 703 £ 0.04
=1(2900)°F  1- iy Ry - 0:38 10374010 0.03
NR;--(D*¥D*) 1-- A TTEIRL, 18.5 721418 1 39+016+014 4 19
NRo--(D*¥D*) 0~ s lia o g 4 11198408 0.08+0.01 08¢ +0.01
NRy++(D*¥D%) 1++ IzsiiR e 161117438 19740134024 4 49
NRo-+(D*¥D%*) 0+ 150183488 145130480 1,09 08 1han40.00
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% Amplitude analysis of B* — D™ D’ & decays

Table 2: Comparison of the 75y, ; properties obtained in this work to those found previously
in Bt - DYD™ K™ decays . In the branching fractions determined in this work, the T |
masses and widths are fixed to the previously measured values .

Property This work Previous work
T2,(2870)” mass [MeV] 2914 +11 +15 2866 + 7
T7,(2870)" width [MeV] 128 +:22 423 57+ 13
T7.,(2900)" mass [MeV] 2887 £ 8+ 6 2004 £ 5
T:,(2900)" width [MeV] 924+ 16 + 16 110 £ 12

B(B* — T3, (2870)°D™*) (45108100 £0.4) x 107° (1.240.5) x 107°
B(B* = T%,(2900)°D™+)  (3.8137 119 +£0.3) x 1075 (6.7+2.3) x 107°

B(B*—T2.,(2870)°D(*)+) ;
B(BT>Tv, (20000 D7) 1.17+£0.31 £ 0.48 0.18 £ 0.05
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