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@flavor symmetry@

spin symmetry spin symmetry

il B’ e D’

flavor symmetry

@ Binding energy>

My=mg+ A+ 1/mg-( +csly)  + O(1/mp)

@ Power corrections to heavy-quark Iimit’>
@ A;: spin-independent
o ,: spin-dependent

Dmitry Matvienko

Study of B — D**wr at Belle



Neutral narrow D** states
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S Neutral broad tates
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:D D** mixing
-
BELLE

Mixing is suppressed in the heavy quark limit J

ID1(2420)° > = sinw|j, = 1/2> + coswe ¥ |j, = 3/2 >
1D%(2430)° > = coswj, = 1/2 > — sinwe?|j, =3/2 >

w = (-0.10 £ 0.03 £ 0.02 + 0.02) rad
¢ = (+0.05 £ 0.20 + 0.04 + 0.06) rad

}Belle (B~ - D""nn)

&
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HQET vs. experiment discrepancy
Belle Il data could clarify situation
Hadronic dynamics is welcome




tion in hadronic decays

Class | decays

Pion emission: "B — D**” x f;
Isgur-Wise functions: 712 < 7132

e

Narrow D**’s dominate

Class lll decays

Pion + D™ emission:

(B = D™ fr) + (B > "X fp)
Constructive interference
Isgur-Wise functions: 71> < 732
D** weak constants: fi2» > f32

EED)

The rates of all D™’s are of the same order
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,._: ** production in hadronic decays

Class | & BF products (PDG’16) Value
B(B” — D;(2400)*77) X B(D;(2400)* — D7) (6.0 +3.0) x 10~
B(B® - 01(2430)+7r—) X B(D1(2430)+ — D) <7x107
B(B" — D;(2420)* 1) X B(D1(2420)* — D*%z*) (3.7+0.9)x 10~*
B(B” — D5(2460)* ) x B(D;(2460)* — D7) (2.2 +£0.4)x 10~
B(B° — D;(2460)+n-) X B(D (2460)+ D7) (2.5+0.6)x 107

Class | & lll data confirm the theoretical expectations
Class Il data are needed
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{B — D"w — (D"'n7)w decays

BELLE

b

—

o
o

Class Il decays

@ 1. What are the j = 1/2 and j = 3/2 rates in class Il decays?

@ 2. What is the tensor j = 3/2 rate in class Il decays?
Soft Collinear Effective Theory (SCET) (Phys. Rev. D 70, 114006 (2004))
predicts equal rates and strong phases for D1(2420) and D3(2460) (j = 3/2)
in the B® —» DM decays, M = r, p, K or M = K* with long. polarization.
SCET vs naive factorization (?)

Advantage of B — D**w study )

@ Lower fractions of gg continuum and combinatorial BB backgrounds

thanin B —» D*7Y.
@ Possibility to measure the polarizations and partial-wave fractions of D**-states.
@ Possibility to perform the coherent study of p(770), p(1450) and p(1700)

in the wr final state.
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elle experiment

BELLE

Superconducting
cavities (HER

(o Belle Detector

’ s Aerogel Cherenkov cnt.
SC solen0|d S N {/ n=1.015~1.030

1.5T

KEKB B- Factory

ARES copper
cavities (HER)

Csl(Tl) 16X,

ARES copper -
cavities (LER) TOF counter
" TRISTAN

tunnel

w/ KL detection
14/15 lyr. RPC+Fe

3lyr. DSSD

@ Asymmetric beam energies: E,- = 8 GeV, E,+ = 3.5GeV
@ Peak luminosity: £ = 2.1 x 10**cm 257!

@ BB luminosity: [/L dt ~ 711 b} corresponds to (772 £ 11) x 10° BB pairs produced.

@ Reported analysis uses the full BB data sample collected at Belle.
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{B — D**wn~ analysis strateg

BELLE

Mye = \/(Efxg)Z/c“—@p?MsP/cz
i

AE = ISR + m2et — EQMS

5.2725GeV/c? < My < 5.2845GeV/c?

Region | — signal
Regions 11, lll, IV — sidebands

0.72 0.74 .0.76‘ 078 08 082 084 086
M) (GeV/e?)
Multidimensional amplitude analysis

@ Amplitude analysis as an efficient tool for distinguishing the contributions of narrow &
broad D™ states.

@ Unbinned likelihood fit in the decay kinematic phase space

@ Likelihood function constructed from the background and signal PDF functions
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S Total branching fraction

BELLE

Peaking bkg from B — D**n*n 7z~

wl Tu

ik Wﬁ
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g 3
AL

BB - D*wn™) = (2.31 £ 0.11 (stat.) + 0.14 (syst.)) x 1073

BF consistent with CLEO and BaBar but has higher precision.
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Angular variables

D
Lo

D* decay plane

@ 5angles + ¢*> = 6 variables
@ Two different bases for wm and D**
@ Full angular analysis for all intermediate states
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S Signal description

BELLE

® Sum of quasi-two-body resonant amplitudes:

M = > age®Mpg
=R
Partial-wave formalism for each amplitude:

] . .
Mg ~ —— > fio S AL 1 L = L(D™w), Ly = L(D*
R ‘D,g(c/*);‘/[' ; L.y Li (D" w) (D" m)

Relativistic Breit-Wigner function with ¢>-dependent width for
all resonances:
Dr(q*) = ¢* — my + imrT'r(q?)

@ Angular distributions in terms of defined variables:

‘ALIZS,LQZP = - S9S¢C/3S§ + S9C¢S/3S¢ - S9S¢S/3C¢C§
AL, =

Blatt-Weisskopf factor for each partial wave: fi, (qz) ~ By, (qz)
Mixing between j, = 1/2 and j, = 3/2

Dmitry Matvienko Study of B — D**wr at Belle



No significant mixing observed:

e
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@ Consistent with HQET = B, 24300 = 3.5 x 107
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D;(2420)° & D%(2460)° resonances
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Bp,aa0p = (0.7 + 0.2 (stat.) ¥4 (syst.) £ 0.1 (model)) x 107

Bpy a0y = (0.4 = 0.1 (stat.) 0 (syst.) + 0.1 (model)) x 107

@ Narrow D™ are suppressed according to HQET

@ SCET prediction could be reasonable
B(B” — D;(2420)°w;) = B(B" — D;(2460)°w))
(but only for the longitudinal component)
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D™ longitudinal polarizations
Long-distance QCD effects could be essential

Pp, 4300 = (63.0 = 9.1(stat.) = 4.6 (syst.) *35(model))%

_I_

_|_

P20 = (67.1 + 11.7 (stat.) 799 (syst.) 33 (model)) %

Porseoy = (76.074% (stat) = 2.0 (syst.) T3¢ (model))%

|Ppo = (66.5 + 4.7(stat.) + 1.5(syst.))% | < BaBar (B” — D"w)

S-, P-, D-wave rates for D;(2430)° )
fs = (38.9 = 10.8(stat.) *g3 (syst,) |7 (model))%
fp = (33.1 + 9.5(stat.) J_'5:5 (syst,) f4:0 (model))%

_I_

fo = (28.3 £ 8.9(stat.) T3 (syst,) *37g (model))%

+
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— Total
lcos6,1<0.5
leosd,1>0.5 _ 450, 120
s p(TTN+p(1450
— p" ]
— b}
el |.: — 7

¥4 vkg a0

Events/0.6 (GeV/ch’

ol
0[]

20

Bparoy- = (1.48 + 0.27 (stat.) 70,03 (syst.) *0-2¢ (model)) x 107 | | § = 10.50

Bpaaso- = (1.07*933 (stat.) 098 (syst.) %002 (model)) x 107

By, = (1.90 £ 0.11 (stat.) *15 (syst.) *0-0¢ (model)) x 10~

By, 1235) < 0.7x 107 (90% C.L.)

Poas0) = (66.5 + 0.6 (stat.) *3 (syst.) 72 (model))%
HQET & factorization prediction based on SL data = (68.4, + 0.9)%
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| =lconclusion
/S Conclusio

BELLE

o B” - D**wr™ decay rate is consistent with the CLEO and
BaBar measurements but it has higher precision (7.7%).

@ Broad D1(2430)0 production is consistent with HQET.

@ Narrow D;(2420) and D;(2460) productions are suppressed
as predicted in HQET

@ Significant tensor D (2460) production is observed.

@ D™ longitudinal polarizations and partial-wave rates are
measured.

@ The consistent study of the p-meson-like states is performed.

These results could be useful for SL studies
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