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Introduction

1.- Introduction

1.1.- Overview

@ Accuracy on the knowledge of |V,p| and |V,,| demands detailed measurements of
b-hadron decays

@ A substantial contribution to the semileptonic decay width of b-hadrons is
provided by decays including orbitally excited charmed mesons in their final state

9 Additionally, the analysis of signals and backgrounds of inclusive and exclusive
measurements of b-hadron decays calls for an improved understanding of these
processes

9 In this scenario, data reported by Belle and BaBar offer new theoretical
possibilities to test meson models as far as they include both weak and strong
decays
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Introduction

1.- Introduction

1.2.- Belle and BaBar measurements

Belle [1] (x1073)  BaBar [2] (x1073)

Dj (2460)

B(B* — D3°1*u)B(Ds® — Dtn—) 224+03+04 1.4+£0.240.20()
B(BT — D3It v))B(D3° — D**+x~) 1.84+0.6+0.3 0.940.24+0.2(%)

B(B® — D}~ I*v)B(D;~ — D) 20407405  1.14+02+0.1()

B(B® — Dy~ Itv)B(Dy~ — D*On~) <3 0.74+0.2+0.1)
Bp/p+) 0.55+0.9 0.62 +0.03
D1 (2420)

B(B* — DYIty)B(DY — D**7~) 42407407 2.97 £0.17 £0.17
B(B® — D; I*v)B(D; — D*0n~) 54419409 2.78 +£0.24 +0.25

1 D. Liventsev et al. (Belle Collaboration), Phys. Rev. D 77, 091503 (2008)
2 B. Aubert et al. (BaBar Collaboration), Phys. Rev. Lett. 103, 051803 (2009)
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Theoretical framework

2.- Theoretical framework

2.1.- Constituent quark model. Main features

@ Spontaneous chiral symmetry breaking (Goldstone-Boson exchange):
L= 'lj_;(i'yl-baM —MU)p — U =1+ é,YS)\aﬂ.a _ ﬁﬂ—awa + ..
2y _ 2y _ A2 Y2
M(q?) = mgF (q°) = mq [m]
@ QCD perturbative effects (One-Gluon Exchange):

L = ivaras Py, GHA Y
@ Confinement (screened potential):
VEon(Fy) = [—ac(l — 7<) + A] (X7 - Xf)

Véon(Ti) = (—acperj + B) ng “XE) rj—0
Véon(7i) = (=ac + B)(XS - X¢) rj — o0
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2.- Theoretical framework
2.1.- Constituent quark model. Some applications

@ N-N interaction

@ D.R. Entem, F. Ferndndez and A. Valcarce, Phys. Rev. C 62, 034002 (2000)
@ B. Julia-Diaz, J. Haidenbauer, A. Valcarce and F. Ferndndez, Phys. Rev. C 65, 034001

(2002)

@ Baryon spectrum

@ H. Garcilazo, A. Valcarce and F. Ferndndez, Phys. Rev. C 63, 035207 (2001)
@ H. Garcilazo, A. Valcarce and F. Ferndndez, Phys. Rev. C 64, 058201 (2001)

@ Meson spectrum

@ J. Vijande, A. Valcarce and F. Fernidndez, J. Phys. G 31, 481 (2005)
@ J. Segovia, D.R. Entem and F. Fernandez, Phys. Rev. D 78 114033 (2008)
@ J. Segovia, D.R. Entem and F. Fernidndez, accepted by Phys. Rev. D

@ Molecular states
@ P. G. Ortega, J. Segovia, D. R. Entem and F. Fernandez, Phys. Rev. D 81, 054023

(2010)
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Theoretical framework

2.- Theoretical framework

2.1.- Constituent quark model. Some applications (Continuation)

Charmonium reactions X(3872)
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Theoretical framework

2.- Theoretical framework

2.1.- Constituent quark model. Mass predictions involved in the reactions

Quark masses mp (MeV) 313
me (MeV) 1763
— mp ((’\"/’l'e\‘/’)) 210 Meson  JPC  CQM (MeV) EXP (MeV)
onfinement ac e’ . -
e (fm 1) 0.576 B 0 5275 5279.3 + 0.64
A (MeV) 184.432 D 0- 1896 1867.20 + 0.44
as 0.81 D* 1- 2017 2008.60 + 0.21
One-gluon exchange ao 2.118 D;1(2420) 1t 2466 2422.85 £ 3.36
Ao (fm™1) 0.113 D;(2460) 2+ 2513 2460.5 + 5.59
o (MeV) 36.976
Fo (fm) 0.181 L 0+ 138 137.27339 + 0.00069
Fe (fm) 0.259
GBE taken from Ref. [1]
[1] J. Vijande, F. Ferndndez and A. Valcarce J. Phys. G 31 481 (2005) J
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2.- Theoretical framework
2.2.- Weak decays. Total decay width

Study of the weak process based on

@ E. Herndndez, J. Nieves and J.M. Verde-Velasco, Phys. Rev. D 74, 074008
(2006)

@ M.A. Ivanov, J.G. Kérner and P. Santorelli, Phys. Rev. D 73, 054024 (2006)
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Theoretical framework

2.- Theoretical framework
2.2.- Weak decays. Case 0~ — 2T

(D(2"), AP,

()| BOT)Ps) = euvasely (Po)PsP™ ¢ Ta(a?)

—i{e(*x)u(;(PD)P Ti(¢)) + PP’ {r5(Po) [PuTa(d) + 4. Ta(a))] }

. 2mp 4
1

Ti(q®) = — PETl a—+1(G 1),

1 3 m? ~ 3 m? - -
T2() ::ﬂ{ 2B 1D — 3 () — ma)a 1)

N 2|’;‘D (1 _ ED(_q)(ED_‘(_q) - mB)) A17—>\:+1(|a‘)}

g2

2y . 1 3 m% 0 = 3 m = 3 =
T3(q") _l2m3,';{ - \/gWAm:o(\‘H) > |q|3( Ep(—q) + ms)AT5_0(IG1)

2mp (1 _ Ep(=q)(Ep(—4) + mB))

g | g [?

. mp 1 o
Tu(q®) =i— = Vi1 (15])
mZ|q | i

+

A#Azﬂ(m)}
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Theoretical framework

2.- Theoretical framework
2.2.- Weak decays. Case 0~ — 1T

L . -1
(D(1+)1)\PD|J;(O)‘B(O )7PB>:m€p,uaﬁe (PD)P qA( )
) . - P - ety (Pp)
- ’{(mB - mD)E(A)u(PD)VO(qZ) - ﬁ [Pu ACHES QuV—(qz)] }
i mB+mD
AG") =~ _ (1§
(@) = = 55 TE AL (4]
.mg +mp mp 0 (1= mg — Ep(—=§) .3 =
V. q2 =4 i— — Vi_o(lg]|) — — V5 _o(|g
(@) =+ i ‘q‘ms{ Reotla - 22 (a1)
E,
+\[ka7_1(‘5‘)
IG |mp
.mg+mp mp 0 R mg + Ep(—qG), 3 R
Vo(§)=— i - Gl)— ———— V5 (g
() =it \q|m5{ Rotiah - LD (1d)

+\/—MV>_,1(\EI’D}

[G|m

Vo(q®) = +'\[ Vaoa(1d1)
— mp
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Strong decays

2.- Theoretical framework

2.3.- Strong decays. 2Py and microscopic models

o 3Py decay model

) 0
B B
€ €
@ A @ A
A C A C
B P &) P
=g [ a3 6R)
o Microscopic decay model
° ' p iy
€ €
o —»—e A ; o —»e A ,
A R ——) c A 3 P ¢
5 5
B B
€ €
o —— A o —— A
A c A c
3 —ae V4 3 —a—e P

=5 [ dxdy PR KR - 71) S )
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Theoretical framework

2.- Theoretical framework

2.3.- Strong decays. 2P, and microscopic models (Continuation)

o 3Py decay model

@ L. Micu, Nucl. Phys. B 10, 521 (1969)
@ A. Le Yaouanc, L. Olivier, O. Péne, and J.C. Raynal, Phys. Rev. D 8, 2223 (1973)
@ R. Bonnaz, and B. Silvestre-Brac, Few-Body Syst. 27, 163 (1999)

9 Microscopic decay model

e E. Eichten et al. Phys. Rev. D 17 3090 (1978); 21 203 (1980)
— update: Phys. Rev. D 73 014014 (2006)

@ E.S. Ackleh et al. Phys. Rev. D 54, 6811 (1996)

@ Yu.A. Simonov arXiv:1103.4028v1 [hep-ph] 21 Mar 2011

@ Bao-Fei Li et al. arXiv:1105.1620v1 [hep-ph] 9 May 2011

Ig+le—Iat+-Jg+Jc—Jpet
Mapc = Ma_,pc + (—1)'8Hclatlstlc=Jscting, | g

Ma—.sc = Zcotor Lflavor (Isignature Ispinfspace)
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Strong decays

2.- Theoretical framework

2.3.- Strong decays. Factors for the *Py model

@ Color term = 1
Leolor = ﬁ

@ Flavor term =

t I t,
ZLtiavor = (71)ta+tﬁ+’A 5&\4 fs 5fﬁf/’ 6fu >N 6"1/ fe \/(2IB + 1)(2IC + 1)(2tu + 1) {/g ti /A}

@ Spin-space term =

Topin—space = P Ked*Ked®pad®psd’p,d®p, 6O (K — K
pin—sp m/ 5d*Kcd®pad’psd®p,d®p, s Ko)
(k — ko)
P

5O (Re — Ba)s® (Re — Be)s® (B + B )o@ (Ba) 2
{({[[¢8(B8)(sas.)Se) I8 [oc(Bc)(suss)Scl Ic] Jac Yi(k)} Jal

Ua(Ba) a5l Ia by (252 ) (50110} )
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Theoretical framework

Strong decays

2.- Theoretical framework

2.3.- Strong decays. Factors for the microscopic model

@ Color term = 22
Zeotor = 3

@ Flavor term =

ts et
Thavor = (—1)' T8 4Ge ¢ 6¢.¢, 06,5, 01,1, \/(213 +1)(2lc +1)(2t, + 1) {,Z ti ,:}

@ Spin-space term =

_9 L,
Tspin—space :7/d3KBd3KC Z (Jec MpcIm|JaMa) 63 (K — Ko)d(k — ko)
V14 dpc o Mc
Yim(k - =
# S° (JsMpJcMc|JscMec) / Ipsdpedprdp, 6 (K — Pe)

Mg,Mc
8@ (Ke — Pc)¢s(Be)bc ()6 (Bp — )0 (Bx + Be + Bs — Pa)
K(|Bx + Bel) v/licnlo [Ax (Pa) ve(Pe)] v/“C"lO (@5 (Ps ) ta (Ba)]

/ Ppad®ps 83 (Pa)oa(Ba)
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Results

3.- Results
3.1.- Semileptonic B — D3 [v; decay

%
1h B 2
g 15| 4
08 8 =2
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EN
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-100 T, (Gev?)
02 100x T, (Gev?) 7
S S 0 T
0 o 1 2 3 5 6 7 8
o 1 2 3 4 5 6 7 8

P * (Gev?)
@ Semileptonic decay widths
r(B* — D;%°*y)) = 1.3426 x 1071 GeV

F(B® — Dy~ Ity) = 1.3454 x 107%° GeV
@ Some results about strong decays

B Exp. 3P, Microscopic
rr((;;“%m 19411403  1.80 1.96

%ﬁ,% 24405 1.87 1.97
MDF°=D"7") (6740034002 0.64 0.66

T(D;0=D)F7—)
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Results

3.- Results
3.2.- Semileptonic B — D; /v, decay

0.9 e
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04 ] é’ |
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e Semileptonic decay widths
r(B* — DYIuy) = 1.0226 x 10715 GeV
r(B° — Dy ITy)) = 1.0217 x 107%° GeV
Only one open-charm decay = B(D? — D*p—) = B(D] — DOr) = 1 J
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3.- Results

3.3.- Comparison with experiment

Belle BaBar 3Py Mic.
(x1073) (x1073) (x1073%)  (x1079)
D; (2460)
B(B*Y — D;°I"v))B(D;° — D 7x™) 22405 14403 2.2 2.2
(.‘3+ — DIt y))B(D;® — D*Tr7) 1.8+0.7 0.940.3 1.2 1.1
B(BY — D% v))B(D;° — DX r™) 4.040.9 23404 3.4 3.3
B(B® — D}~ I"v)B(Dy ~ — D°n™) 2.0+0.9 1.14£0.2 2.0 2.1
B(B° — D~ ITv)B(D; ~ — D™z ™) <3 0.7+0.2 1.1 1.0
B(B® — D “Itu)B(D; T — DOPxT) <5 1.8+0.3 3.1 3.1
By, p(e) 0.554+0.9  0.62 +0.03 0.64 0.66
D (2420)
B(B*Y — DItu)B(DY — D*Fr) 42410 297+0.24 2.5 2.5
B(B° — Dy ITv))B(Dy — D*%7n~) 5.4+21 278+0.35 2.4 2.4
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4.- Summary and conclusions

@ We have studied semileptonic B decays into orbitally excited charmed mesons

@ These data offer new theoretical possibilities to test meson models as far as they
include weak and strong processes

@ Weak decays: Studied within spectator aproximation and in the helicity formalism.

o Strong decays: We study these processes within the context of the 3Py and
microscopic models

@ Predictions for B — Djlv;: good agreement with Belle results and slightly higher
than those reported by BaBar

@ However, predictions for B — D;lv;: better agreement with BaBar data
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