Scattering lengths of Nambu-Goldstone bosons off D mesons

and dynamically generated heavy-light mesons

(arXiv:1109.0460)

Michael Altenbuchinger
Lisheng Geng  Wolfram Weise

Physik Department
Technische Universitat Munchen

The Seventh International Symposium on Chiral Symmetry in Hadrons and Nuclei,
October 27th - October 30th, Beijing, China




Excited D(cq) and D4(cS) mesons
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@ D7>,(2317) and D41 (2460) (BaBar, confirmed by CLEO)
(PRL 90, 242001 (2003), PRD 68, 032002 (2003))

@ D;1(2710) and D, ;(2860) (Belle, confirmed by BaBar)
(PRL 100, 092001 (2008), PRL 80, 092001 (2009))

@ D, ;(3040) (BaBar)
(PRL 80, 092001 (2009))

@ Various excited states: D(j(2400), D;(2430), D1(2420), D (2460), D(2610), D(2760),
D(2550), ...
(Summarized in PRD 86, 010001 (2012))



Symmetries in heavy-light mesons (()q)

@ Two hadrons, each containing a single heavy quark:

O O mQ,, mq; > Aqco
Q;(10kg) Q,(1kg)
heavy quark Q; acts as a static color source

@ Consequence: SU(2)yr flavor and SU(2) spin symmetry
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Chiral effective Lagrangian |/l

. . 1 1
Lowest order chiral Lagrangian £() = £ + £,
cY) =p,Pp*Pt — Mm% PPt + D, P DHP — 2. P P

P = (DO,D+,D;L) and P;j — (D*O,D*+,D§+)u
@ Covariant derivative:

D.P, =0,P, <P, D'P!=0"P] TP}

—LO interaction with Nambu-Goldstone bosons ¢; = 5 N
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Chiral effective Lagrangian Il/II

Lowest order chiral Lagrangian £ = £ 4+ £\));

£y’ = ig(Biu P =PuBl) + (P a0, = 03P ua P} e

@ axial-vector current U,

D
u,, = i(u'du — ud,ul), u® = U = exp (Zf—)
0

@ g fixed by
FD*+—>D07r+ = 65 £ 15keV )
BRpes . poy+ = (67.7£0.5)%

> = g = 1177 £ 137 MeV

/

Next-to-leading order chiral Lagrangian: fixed: ¢1 = —0.214, co = 0.015

£ = —Z(CQPPT<X+> — 1 Px P — co PP (utu,,)
—c3Putu, P" + ¢y D, PD, PT{{u*,u"})

+es D Put', u”}Dy PT + oDy Pluls all [ Dy PT ) suppressed



Potentials

@ Contributions to the D¢ — D¢ potential up to NLO:
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Bethe-Salpeter equation and renormalization scheme

motivated by heavy-quark symmetry

@ The BS-equation symbolically
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Figure: Diagrammatic representation of the BS equation

@ loop function

G(s, M?*, m?)

Z/ dr 1
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usually replaced by subtraction constant @
—>» new parameter to be fixed




Bethe-Salpeter equation and renormalization scheme

motivated by heavy-quark symmetry

@ The static limit mg — oo: Loop function in HMChPT

1 A
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2
+AygMm (log (m ) —+ a) }
(2
@ Expand relativistic loop function: Apm = /5 — M
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@ Renormalization prescription motivated by heavy-quark-symmetry:

GHQS(37M27m2) = G(87M27m2>
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Power-counting-breaking term _
Agy = m = mgy TiXed at threshold




Bethe-Salpeter equation and renormalization scheme

motivated by heavy-quark symmetry
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Figure: Dependence of loop functions (at threshold) on the heavy-light meson
mass in different schemes with u =1 GeV, M = M, m = m, = 0.138 GeV,
VS =M 4+ m, and msup = 0.3074 GeV.



Fits to Lattice QCD

Blue bands and black
solid lines:

Red bands and black

. dashed lines:
phar?meteri ;'tlt_ecgéoD parameters fitted to all
the OWSCS)}‘NS LQCD points

Red lattice points by [1] Liu et al., PRD 87 (2013) 014508  _[MeV]



Fits to Lattice QCD within different approaches

Table: Low-energy constants and x°/d.o.f from the best fits to LQCD" in
perturbative ChPT.

co — 2¢y c3 — 2cx C4 Cs x?/d.o.f
Covariant ChPT 0.153(35) —0.126(71) 0.760(186) —1.84(39) 2.01
HM ChPT 0.012(6) 0.167(17) - - 3.10

Table: Low-energy constants, subtraction constants, and the x*/d.o.f from
the best fits to LQCD?' in different approaches of unitarized ChPT

a co — 2cy c3 — 2cs C4 cs XZ/d.o.f
HQS UChPT  —4.13(40) —0.068(21) —0.011(31) 0.052(83) —0.96(30) 1.23
x-SU(3) UChPT - —0.096(19) —0.0037(340) 0.22(8) —0.53(21) 1.57
HM UChPT 2.52 (11) 4.86(30) —9.45(60) - . 2.69

'Liu et al., PRD 87 (2013) 014508



Predicted pole positions

Table: Pole positions /s = M — i< (in units of MeV) of charm mesons
dynamically generated in the HQS UChPT.

(S.1) JP =0t JP =1+
(1,0) 2317 =+ 10 2457 + 17
(0,1/2)( (2105 £ 4) — (103 £ 7) | (2248 + 6) — i(106 =+ 13)

identified with D7, (2317) and D41 (2460)

Table: Dynamically generated 0" and 17 bottom states in (S, ) = (1,0) from
different formulations of the UChPT (in units of MeV).

J¥ | present work | NLO HMChPT! |LO UChPT?|LO x-SU(3)°
0" | 5726 & 28 5696 £ 36 5725 + 39 5643
17| 5778 £ 26 5742 £ 36 ST(8 £ 7 5690

IM. Cleven et al., EPJA 47, 19 (2011)
°F. K. Guo et al., PLB 641, 278 (2006)
3E. E. Kolomeitsev and M. F. M. Lutz, PLB 582, 39 (2004)



Summary and conclusions

@ (U)ChPT describes the LQCD data better than its non-relativistic
(heavy-meson) counterpart

e D?,(2317) can be dynamically generated without a priori

assumption of its existence c.f. Liu et al., PRD 87 (2013) 014508
and P. Wang and X. G. Wang, PRD 86, 014030 (2012)

@ A heavy-quark-symmetry motivated renormalization prescription

— predictions for the D*,(2317) counterparts in the J& = 1%
sector and in the bottom sector



