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Introduction

Meson angular momentum quantum numbers for L =0, 1, 2, 3

B
N t J (See below) r
o uordquark 7 ° 2 = z
o 1 1 + 1t
2 2 - 2
esanduord: K 5 E - s
0 1 - 1-
1 2,1,0 + PR
@ canduord: D 3 5 = e
3 ERT + 4%,3+, 2%
o cands: Dg Types of mesansi?]
Type s L P J ”
° b and u or d B pseudoscalar meson| 0 0 = 0 o
Pseudovector meson 1 1 + 1 1*
Vector meson 1 ] - 1 1
o b and S: BS Scalar meson 1 1 + 0 [
Tensor meson 1 1 + 2 2+

Dso(2317)**
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The D*7(2137) and DX (2460) puzzle
s0 sl

The Ds; meson spectrum

Particle L S JP | mass [MeV] | decay width

DF 0 0 0 1968 7 =500 x 1071°s
D:* 0 1 177 2112 < 1.9 MeV
Ds(2317)** |1 1 0* 2317 < 3.8 MeV
Ds1(2460)* |1 0 17 2460 < 3.5 MeV
Ds1(2536)F |1 1 17 2535 0.92 MeV

5(2573)F |1 1 27 2572 17 MeV
D (2700)* |2 1 11— 2709 117 MeV
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The D} (2137) and D7 (2460) puzzle

The Ds; meson spectrum
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The D, (2137) and DJ;(2460) puzzle

The D, (2137) and D;(2460) puzzle

DZ;7(2137) and D7 (2460) are exotic states (tetraquark, DK molecule).
K. Terasaki, Phys. Rev. D68; T. Barnes, F. E. Close and H. J. Lipkin, Phys. Rev. D68; A. P. Szczepaniak, Phys. Lett.
B567; T. E. Browder, S. Pakvasa and A. A. Petrov, Phys. Lett. B578

Masses can be understood when we take into account 1/m. corrections.
Fayyazuddin and Riazuddin, Phys. Rev. D69; R. N. Cahn and J. D. Jackson, Phys. Rev. D68; A. Deandrea, G. Nardulli
and A. D. Polosa, Phys. Rev. D68; M. Sadzikowski, Phys. Lett. B579; W. Lucha and F. F. Schoberl, Mod. Phys. Lett.
Al8.

DK threshold may play an important role in explaining D}, (2137) and
D::_l(2460) IMaSS. Luka Leskovec, C.B. Lang, Daniel Mohler, Sasa Prelovsek, R.M. Woloshyn.

It is important to look at D}, (2137) and D_;(2460) decay modes, especially
radiative decay modes D3;"(2137) and D (2460); S. Godfrey and R. Kokoski, Phys. Rev. D43.
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Particle

lattice [1]
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[1] C.B. Lang, D. Mohler, S. Prelovsek, R.M. Woloshyn, Phys. Lett. B 750 (2015)

relativistic quark models: D. Erbert et. al. (EPJ C 66 - 2010); M. Di Pierro et. al. (PRD 64 -2001), Y. Sun et. al. PRD 895

(2014)

Isospin violating decays of positive parity Ds and Bs mesons



Decays of positive parity Ds and Bs mesons

The D (2137) and D_;(2460) decay modes

@ isospin violating strong decay modes

o radiative decay modes

- 19
S K ud u,d
ud
s /U.E s i ; s
D, D B, D,
c G c C

not possible
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Decays of positive parity Ds and Bs mesons

The Ds; meson spectrum

Decay Channel 2 (2317)F D. s (2460)*

DF " Seen Forbidden
D~y Forbidden Seen
Din’ (a) Allowed Allowed
Di(2112)*x° Forbidden Seen
D35(2317) Ty — Allowed
Di a0 Forbidden Allowed
D vy (a) Allowed Allowed
Di(2112) Allowed Allowed
Dintr— Forbidden Seen

(a) Non-resonant only
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Decays of positive parity Ds and Bs mesons

Isospin violating decay modes

Dso(2317)** decays BR

D} Y seen
D070 not seen
Ds1(2460)* decays BR
D+ 70 (48 £11)%
Dt~ (18 £ 4)%
Dfrtr— (43+1.3)%
D}ty < 8%
D%,(2317) 1y (B.759)%
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Heavy meson chiral perturbation theory

Heavy meson chiral perturbation theory

o We cannot use QCD Lagrangian perturbation as strong coupling constant is
too large in this energy region.

o Effective theory: we look at the additional symmetries that are specific to
the decay process and use it to find an effective Lagrangian that can be
solved by perturbation. Instead of quarks, mesons enter as fields.

o As mp, me > Agcp > my, Mg, ms we look at the limit in which heavy
mesons have infinite mass and mass of light mesons is 0.

o Heavy meson chiral perturbation theory can be used to describe the decays
of heavy mesons in to heavy or light mesons, if light mesons do not carry
large momenta.
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Heavy meson chiral perturbation theory

HMyPT - fields

Heavy mesons form doublets (spin and flavour symmetry):
1 * 1 * [
H:§(1+V"7)[Pﬂ“—P’75] 525(1+V"Y)[DH’Y vs — D]

Light mesons form octet:

7/V/2 +1g/v/6 ot K+
n= ™ —7%/vV2+ng/V6  K°
K~ K° —21g//6
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Heavy meson chiral perturbation theory

HMYPT - the Lagrangian

2
Ls= f— Tr[0, 0% 4 Pog [m5E + Em§]—

Tf[’:/a(/V “Dap — 5abAH)Hb] + gTr[HpHay - Aapys)
+Tr[Sa(iv - Dap) — 0abAs)Sp] + & Tr[SpSa7 - Aapys]+
hTr[HpSay - Aapys) s

/
L, = % Tr[HaHpo™ F Q5] + 5 ﬁ Tr[5:Sp0M" Flu Q5]

+ Tr[HaSpo™ FLu Q5] + hec.
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Heavy meson chiral perturbation theory

HMYPT - coupling constants

@ strong coupling constants (g, g, h)

o coupling between two parity negative heavy mesons and a light meson - g

o coupling between two parity positive heavy mesons and a light meson - &

o coupling between parity positive heavy mesons, parity negative heavy meson
and a light meson - h

o radiative coupling constants (3, 3, ')

o coupling between two parity negative heavy mesons and a photon - 8

o coupling between two parity positive heavy mesons and a photon - /3’

o coupling between parity positive heavy mesons, parity negative heavy meson
and a photon - 5
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Heavy meson chiral perturbation theory

Strong coupling constants

g T T T T -l T !
% —o—i 1
- ¢ o coupling constant g — 0.54(3)(2) [1]
8 e , .
$ e o coupling constant § — —0.122(8)(6) [2]
' (in agreement with other studies)

——i |1
HE ' o coupling constant h — 0.84(3)(2) [2]
é ! (phenomenology: 0.5 - 0.7, except [3] where h=0.88)

TP B S B R |
02 03 04 05 06 07 08
9e

[1] D. Becirevic, F. Sanfilippo, Phys. Lett. B 721 (2013)

[2] B. Blossier et. al. EPJC 75 (2015)

Isospin violating decays of positive parity Ds and Bs mesons




Heavy meson chiral perturbation theory

Radiative coupling constants

decay mode || cu cd | Cs ||
1- I, < 2.1MeV .= (83.4+1.8)keV | I, < 1.9MeV
17 =07y (38.1£2.9)% (1.6 £0.4)% (942 +£0.71)%
0" I = (267 £ 40) MeV possible state M <3.8MeV
0" — 17y no data no data

0" — 0y forbidden forbidden

1t I, = (27.4 £2.5) MeV no state M < 3.5MeV
1" — 0Ty no data (3.759%

1t =0y no data (18 £ 4)%

1t — 1~ no data < 8%
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Heavy meson chiral perturbation theory

BlGeV™']

Lousy bounds of 3: (-2,7) GeV 1
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1T — 0~ 7w decay modes

1" — 0 7w decay modes

Occur only trough chiral loops:
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1T — 0~ 7w decay modes

1" — 0 77 decay modes

[(Ds1(2460)* — DFr+7~) = 0.25keV
[(Ds1(2460)" — DF7m97%) = 0.15keV
r(BY — Bdrt7~) =10"3keV

M(BY — Bort7=) =0.7-10 3keV

Chiral loops are proportional to difference of squares of kaon masses

Small decay width in the case of B; states is due to small available phase
space

Finite results (no counter-terms needed
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1T — 0~ 7w decay modes

Other approaches to 17 — 0 7w

T__.-

ks

- soocmecodl — g
DF(1*)  DF(r)

o W. Bardeen et. al. Phys. Rev. D 68, 054024 (2003)
o M(D«1(2460)t — Dintn™) = 4.2keV
o Sigma meson contribution
o No s contest expected in ¢ D. Howart at. al., arXiv:1508.05658

o X. Liu et. al. Eur. Phys. J. C 47, 445 (2006)

o f0(980) contribution
. Ds1(2460)" — DI ntm—
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1t — 1~ 7 and 07 — 0~ 7 decays

1" -1 7and 0" — 0 7 decays

n K

B . pren) 0ren

o Counter-terms are present

o We use the calculated '(Ds1(2460)* — D w7~) and experimentally
measured ratio between I'(Ds1(2460)" — D nt7~) and
I(Ds1(2460)" — D;*7%) to extract counter-terms
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Overview

Overview

method r(BXY — Bsm°) [keV] r(BY — BXn%) [keV] T(BY — Bsmm) [keV]
molecule picture 46.7 50.1

molecule picture 0.8+ 0.8 1.8+1.8

heavy quark and chiral symmetry 21.5 215 ~ 0.05

heavy chiral unitary approach 7.92 10.36

3Py model 35 38

light cone sum rules 7.92 10.36

chiral loop corrections (this work)

h=10.79 — 0.89 < 55 < 50 = 0.001

h = 0.56 2 — 210 2 — 195 ~ 0.001

@ The contributions of loops is large (can not be ignored)
o Results are very sensitive to h (large leg corrections)

o More data is needed to see what is actually going on
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Conclusions

@ More input would be welcome:

o total decay widths of Ds positive parity states

o detection of Bs positive parity states and their decay channels

o lattice results on radiative coupling constants and h extracted form the Bs
states

o Simultaneous fit of counter terms and coupling constant h
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