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Appendix: Supplemental material

A Definition of angles

Using the decay B — D*~D,;(2460)" as an example and naming the intermedi-
ate dipion resonance R(wm), there are four decays accounted for in the amplitude:
B — D*~D,;(2460)*, D*~ — D°r~, D,(2460)* — D{R(rr), and R(rm) — 77 ~.
Figure S1 shows the definitions of the helicity angles and the angles between two decay
planes used to describe the amplitude. The helicity angle of the B — D*D;(2460)*
decay is denoted as #. The angle between the Dg;(2460)" — DY R(nwm) and D* — Dm
decay planes is denoted as ¢g = gbg + gbg. The helicity angles of the D* — Dn and
D41 (2460)" — D} R(wm) decays are denoted as 6y and 6, respectively. The angle between
the D;;(2460)" — DY R(n7) and R(7m) — ntn~ decay planes is denoted as ¢y, and the
helicity angle of the R(wm) — 77~ decay is denoted as 0s.

R(mrm) rest frame
t 0,

D;1(2460)" rest frame

D*™ rest frame

Figure S1: Definitions of the helicity angles for B® — D*~ Dy (2460)" decays, with the interme-
diate resonance R decaying into nr.
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B Data distributions

The efficiency-corrected data distributions combining B°— D~D,;(2460)* and
B*— D'D,;(2460)* channels are shown in Fig. S2. The corresponding distributions
for the B— D*~D,;(2460)" channel are shown in Fig. S3, while two-dimensional distri-
butions for this channel are shown in Fig. S4.

C Pull distributions

The distributions in the m?(777~) —m?(Df 7 ") and ¢; — cos (6,) planes, superimposed on
the normalised residual between adaptive binned data and model (pull) for the f;(500) +
f0(980) + f2(1270) model, the f3(500)+RBW T.£" model, and the fy(500)+K-matrix T.5*
model, are shown in Figs. S5, S6, and S7, respectively. The adaptive binning is chosen
such that each bin contains enough data points, so the x? value can be correctly evaluated.

D Significance test

The 2ANLL distribution obtained from pseudoexperiments is shown in Fig. S8, and
is fitted with a x? distribution. Given that the 2ANLL value from data is 490.4, the
significance of two T,; contributions is estimated to be much larger than 10 0.

E Spin-parity test

The 2ANLL distributions obtained from pseudoexperiments are shown in Fig. S9. The
blue histogram denotes the distribution obtained from an ensemble of pseudoexperiments
generated according to the results of the fit to data with the spin-0 hypothesis, which
has a mean consistent with the 2ANLL value observed in data (violet line). The red
histogram denotes the distribution obtained from a corresponding ensemble with the
spin-1 hypothesis, and is fitted with a Gaussian function, the result of which is shown
(green line). The difference between the 2ANLL value observed in data and the mean
value of the spin-1 pseudoexperiments corresponds to a significance of 10 o, demonstrating
that J¥ = 0% is favoured with high significance.

F Fit plots including interference contributions

The comparisons between data and fit results with different models including the interfer-
ence contributions are shown in Figs. S10-S12, where the interference contributions are
mostly negative.



(o)
S
T

580:- LHCh (a) é«: 'L'HC? S
§60— 9fb} ] §40_ 9fb~ + ]
TR I R
S 20t ++ 4 ++++++++++ 1 2 ' { # ]
8 :f.I....I...*..fI....I..-*..'Q': S:s _+...|....|....|....|..+_
8.25 030 035 040 045 0.50 8.10 215 220 225 230
m(nt ™) (GeV) m(D{ ") (GeV)
JOFes @ ] 9L g opg @
%60 -_‘{9. fb! _ §6O _ 9fp! Background
Lt Wit Guoy t ;
gzoz ++ t tt gzoi +’+++++ t ++++++ ++++++—'
TE Tyt sE o TE T
910—(I)50I00|510 0O — é I I éll III é
cos6; ¢y (rad)
SO e e B L e B
% [ LHOb ()
=t
ézoi H'++ ++++H++++ +++++ ;
IR + 1
O e e ] ety e S I
8.10 215 220 225 230

m(Dy 1) (GeV)

Figure S2: Efficiency-corrected distributions of the Dg;(2460)* — D7t 7~ phase-space variables
including (a) m(r*77), (b) m(Dfx"), (c) cosby, (d) ¢1 and (e) m(DFn~) combining the
B — D™D (2460)" and BT — D°D;(2460)" channels, where black dots with error bars
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Figure S3: Efficiency-corrected distributions of the Dg;(2460)" — D 7rt 7~ phase-space variables
including (a) m(zt7™), (b) m(DIn"), (c) cosby, (d) ¢1, (e) cosbo, (f) ¢o and (g) m(DFn™)
for the BY — D*~D,;(2460)*" channel, where black dots with error bars denote data points and
the background is not shown due to its low contribution.
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Figure S4: Distributions of selected candidates in the (a) m(Df7") —m(7x*7~) plane, (b) ¢1 —
cos 01 plane and (c) ¢g — cos y plane for the B® — D*~ D,;(2460)% channel.
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Figure S5: Data distributions in the (a) m?(7+7~) — m?(Df7") and (b) ¢1 — cos (61) planes
combining the three signal channels, superimposed on the normalised residuals between adaptive
binned data and model (pull) for the f,(500) 4 fo(980) + f2(1270) model. The gray solid line in
(a) denotes the boundary of the Dy (2460)" — DFntn~ Dalitz plot.
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Figure S6: Data distributions in the (a) m?(7+7~) — m?(Dfn") and (b) ¢; — cos (61) planes
combining the three signal channels, superimposed on the normalised residuals between adaptive
binned data and model (pull) for the f5(500) + RBW 7T.t" model. The gray solid line in (a)
denotes the boundary of the Dg;(2460)t — D ntn~ Dalitz plot.
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Figure S7: Data distributions in the (a) m?(7+7~) — m?(Df7") and (b) ¢; — cos (61) planes
combining the three signal channels, superimposed on the normalised residuals between adaptive
binned data and model (pull) for the f5(500) + K-matrix 7.5* model. The gray solid line in (a)
denotes the boundary of the Dg;(2460)t — D ntn~ Dalitz plot.
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Figure S8: Distribution of 2ANLL values used to estimate the significance of two T,z contributions,
where ANLL is the change in negative log likelihood between the fit results with model f(500) +
f0(980) and model fy(500) + fo(980) + K-matrix T,.5. The 2ANLL distribution is fitted with a
x? distribution shown as red solid line.



Figure S9: Distributions of 2ANLL values used to estimate the significance of the 1.5 spin-parity
hypothesis, where ANLL is the change in negative log likelihood between the fit results with
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Figure S10: Comparison between data (black dots with error bars) and results of the fit with the
J0(500) 4+ f0(980) + f2(1270) model (red solid line). The distributions are for the three channels
combined in (a) m(7t7 ™), (b) m(DFn1), and (c) m(Df7nt) requiring m(r*7~) > 0.39 GeV.
Individual components, corresponding to the background contribution estimated by m(DFn 7 ™)
sideband regions (gray-filled) and different contributions from resonances (coloured dashed lines)
and interference between the resonances (coloured dotted lines), are also shown as indicated in

the legend.
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Figure S11: Comparison between data (black dots with error bars) and results of the fit with
the fo(500) + RBW T.5(0") model (red solid line). The distributions are for the three channels
combined in (a) m(7t77), (b) m(DFnt), and (c) m(Dfrt) requiring m(z*7~) > 0.39 GeV.
Individual components, corresponding to the background contribution estimated by m(Dfn 7 ™)
sideband regions (gray-filled) and different contributions from resonances (coloured dashed lines)
and interference between the resonances (coloured dotted lines), are also shown as indicated in
the legend.
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Figure S12: Comparison between data (black dots with error bars) and results of the fit with the
f0(500) + K-matrix T.5(0") model (red solid line). The distributions are for the three channels
combined in (a) m(7t77), (b) m(DFnt), and (c) m(Dfrt) requiring m(z*7~) > 0.39 GeV.
Individual components, corresponding to the background contribution estimated by m(Dfn 7 ™)
sideband regions (gray-filled) and different contributions from resonances (coloured dashed lines)
and interference between the resonances (coloured dotted lines), are also shown as indicated in
the legend.



	
	
	
	
	
	

