universitétbonnl A

Properties of Zb(10610) and Zb(10650) from
an analysis of experimental line shapes

Vadim Baru

Helmholtz-Institut fiir Strahlen- und Kernphysik and Bethe Center for
Theoretical Physics, Universitat Bonn, Germany,

ITEP, Moscow, Russia,
P.N. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow, Russia

Charm 2018, Novosibirsk

in collaboration with

A.A Filin, C.Hanhart, A.V. Nefediev, Q.Wang and J.-L.Wynen
arXiv: 1805.07453



Intro to hadronic molecules

more in a review talk by Alexey Nefediev on Monday

e Plenty of observed XYZ states inconsistent with a quark model picture

Hadronic molecules — a special class of exotic states
@ m reside very close to hadronic thresholds
and couple to them in S-wave

w= decay predominantly to open-flavour channels

' gpecific analytic properties: unitarity cut

observable coupling of a state to a hadronic channel

= VI (VI < VI

geff —
v 5

probability of finding a molecular component in the full w.f.

— non-analytic in binding energy €
H Weinberg 1963-65
our work 2004

Natural candidates: X(3872) and Zb(10610)/Zb(10650) Belle (2010-2016)



Heavy-quark spin symmetry (HQSS)

e Inthelimit Aqcpn/mg — 0 strong interactions are independent of HQ spin

. . o-B
e Spin decouples = spin partner states = test of the nature! H o
Cleven et al. (2015) maqg

—> plenty of predictions for the partners using contact interactions
Bondar et al. (201 1), Voloshin (201 1), Mehen and Powell (201 I), Guo et al. (2015)

® Role of one-pion exchange (OPE) for the molecular partners can be non-trivial
Our works: PLB 763, 20 (2016), JHEP 1706, 158 (2017)

— HQSS violation from the mass splitting o is enhanced by strong S-D transitions from OPE

_ P _
vV — V' pryp 2 V210 ~ 500 MeV > m, V = D* and B*
V lV i V 5:mv—mp P=D and B

— Assuming molecules are bound states = Visible shifts of spin partners from
thresholds, especially in the c-quark sector

But accurate line shape analyses with the OPE included are needed!



Molecular states from line shape analyses: Goals

obeying chiral and HQ symmetries of QCD

e Analyse line shapes in a chiral EFT approach

manifestly analytic and unitary

The goals:

™ infer the role of SU(3) GB octet interactions (= and n exchanges) and HQSS violation

- extract the molecular state poles directly from line shapes

w predict HQSS partner states parameter free

- investigate chiral extrapolations of molecular states <—> Iattice

Can be applied to various molecule candidates: ~ X(3872), £¢(3900), Zc(4020), ...
Zb(10610), Zb(10650) ...

This Talk — application to JX'¢ =17~ Zp(10610) and Zp(10650)



Formalism for line shapes Y (10860) — WZZE Y
e Input: experimental distributions for

Y(10860) — 72\ — ma  a=BB*, B*B*, hy(lP)r, hy(2P)

and branching fractions for « = BB*, B*B*, hy(1P)n, hy(2P)r, T(1S)m, T(2S)m, T(3S)m
Belle: Bondar et al. (2012), Garmash et al. (2016)

® Y (mS)zr distributions not included: involve sizeable 7z FSI

— Recent calculations for Y(35) — Y(1S)rw, Y(4S) — Y(1S,25)rw but not yet for Y(55) — T(mS)rn
Chen et al. (2016-2017)

Production amplitudes for the events dominated by the Zb’s poles:

Y(55)

b»(mP)

w Inelastic source Y(5S5) — hy(nP)rm requires flip in the HQ spin = suppressed by HQSS



Formalism for line shapes: effective potential

® Production amplitudes U: from coupled-channel Lippmann-Schwinger Egs. (LSE)
2 elastic channels x 2: o = BB*[*S,], BB*[°D,], B*B*[*S:], B*B*[*D/]
5 inelastic channels: a= hy(1P)m, hy(2P)m, T(18)m, T(25)m, T(3S)w

® Assumption: interaction of light gq mesons with heavy quarkonia is suppressed

e Effective elastic potentials: Vs (M,p,p') = Vs (M,p,p') + VIs(M,p,p') + Vo (M,p,p"),

. cr .. ! 2l
Contact terms: Vas = Vagp QW\/ggj:mHimhigjangkjﬂ

\ 4
-~

unitarity contribution from inelastic channels

elastic CT’s: Ca(1 + €) + Dy(p? + p?) Dspp'? C + Dy(p? + p'?) Do pp'
v(p,p') = Dspp* 0 Dspp? 0

’ C; + Dy (p* + p'?) Dspp™®  Ca(l —€)+Dy(p® +p*) Dspp’
Dspp? 0 Dspp? 0

Cd,Cl — 0(1) Dd, Dl, Dsp — (’)(p2) € — HQSS violation



Formalism for line shapes: Fitting procedure

e Input: o)
T(10860) — 72, ' — T
— experimental distributions for - -

oa=BB*, B*B*, hy(1P)w, hy(2P)m

— branching fractions for o = BB*, B*B*, hy(1P)x, hy(2P)m, Y(1S)r, Y(28)7, Y(39)n

® Parameters of the fits:

2 elastic S-S waves contact terms at LO

3 elastic contact terms at NLO: 1 S-D waves , 2 S-S waves

5 inelastic-elastic constants

7 HQSS violation parameters if included : 1 elastic + 6 inelastic

One 7z and one n-exchange potentials are parameter free!



Arbitrary units

Arbitrary units

Results: contact theory (CT) at LO
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arXiv: 1805.07453

2 _ X
X7 Jof.
fit Az LO CT’s r=1.25

| HQSS is preserved in the potentials

il T

10:63 10.6410.6510.6610.6710.6810.6910.70

—consistent with the parameterisation
by Guo et al. (2016)



Results: LO CTs + OPE arXiv: 1805.07453

BB* thr. B*B* thr. - Y2
X = dof.

fit A: LO CT’s =1.25

Jammmm- fit B: fit A+ OPE =1.72

Arbitrary units

Arbitrary units

—dynamical HQSS violation due to OPE

- 10.60 10.62 10.64 10.66 10.68 10.70 10 63 10.6410.6510.6610.6710.6810.6910.70

M(BB")(GeV/c?) M(B'B")(GeV/c) — OPE: clear bump structure at
) ‘ | B*B* thr. due to coupled-channels
S5t ]
4 8 4
£ £ )
- - — Data by Belle: no structure
3 7 “Light-quark spin symmetry”
< < 1 Voloshin (2016)
ol
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e Strong coupled-channel dynamics from OPE is inconsistent with the data



Results : Including HQSS violation in the CT’s  arxiv 180507453
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® Violation of HQSS in the contact potentials is not supported by the data!



Results:

BB*thr. B*B* thr.
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X = Qof.

fit A: LO CT’s r’=1.25
------- fitB: fitA+ OPE  42=1.72

|—— fitD: fitB +NLO CT’s ;2=1.10

LT

10:6310.6410.6510.6610.6710.6810.6910.70
M(B*B*)(GeV/c?) —back to HQSS preserving potentials!
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5| @1 —The effect from two S-S NLO

at ]

| | contactterms D, D) is small
1| fitE: fitD+1p =111

i ]1 = Indistinguishable from fit D
105 10.60 10.65 10.70

M(hp(2P)7)(GeV/c?)

® Asingle contactterm Dgp at NLO cancels largely the S-D OPE and improves the fit

17 and 1n can be largely absorbed into redefinition of the contact terms at NLO



Extracting the poles

® W/O inelastic channels two-channel problem: BB* and B*B*

Conformal mapping of 4 RS surface to a single sheet surface in omega-plane:
physical region of

k= H19 (w + l) ko = H20 (w - l) Kato (1965) a real energy

2 W 2 W
5:mB*—mB

-
-~
-,

Definition of Riemann Sheets (RS):
/ Iy
RS-I: Im#k; >0, Im ks >0, i
RS-IT: Imky <0, Im ko >0, N S
-15 -10  -05
RS-III: Im k1 <0, Im ky <0, ‘\‘
RS-IV: Imk; >0, Im ky <DO. NIy,
Energy relative to the BB* threshold: I, =
k3 k3 0 1 i
E:—1:_2_|_5:_ w2_|___|_2 -15-
201 2p9 4 w?

® Only the poles close to the physical region are relevant



Poles of Zb(10610) and Zb(10650)

® NO inelastic channels: both states are virtual with energies just below their thresholds

1.5F
w
1.0} —— X Fitw/o inelastic
X
0.5} )
0.0} % .

0.0 05 1.0 15



Poles of Zb(10610) and Zb(10650)

® Include inelastic ch. and treat them all as a third distant channel (kin): 4 RS = 8 RS

—> number of poles doubles

1.5F

Poles are close to the one pole scenario w/o inelastic ch. _
BB*thr. |
. . . _ ® Fullfit, Im ki, <0
—> Role of inelastic channels is subleading

1.0 —— B Full fit, Im k;, >0

X Fit w/o inelastic

The poles

scheme Ez, (MeV) Ez(MeV)

full fit in HQSS limit | —0.28703) —40.67 051 | +0.117005 —0.2970:5
( Im ki, < O)

full fit in HQSS limit | —0.28,03) +40.67 031 | +0.54,0°%6 +i0.6310:55 0 o
( Im ki, > O)

0.0
® 7b(10610) is a shallow virtual state just below BB* threshold
® 7b(10650) resides just above B*B* threshold



Conclusions

A systematic EFT approach consistent with chiral and heavy quark symmetries to probe
various molecular candidates in ¢ and b-sectors is proposed

, 2
® Analysis of the line shapes T (10860) — WZ,E ) s 7o and partial BR’s with X~

dof.
® Data are consistent with HQSS

® S-D tensor OPE force can strongly affect the line shapes due to coupled-channels
® Non-trivial cancellation of the OPE by a single S-D contact term at NLO
— Origin: not yet understood — related to “light-quark spin symmetry”

® The poles of Zb(10610)/Zb(10650) are extracted:
both are shallow states located in the vicinity of the nearby hadronic thresholds

Outlook: — Parameter free predictions for spin partners (In progress)

— Reanalyse the role of OPE for spin partners (In progress)
m- Reanalyse the line shapes in the charm sector






Arbitrary units

Dependence on the regulator
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Necessity for the NLO CT'’s is indicated by renormalisability

A =550 MeV

- A =800 MeV

A =1000 MeV
A =1300 MeV



Formalism for line shapes: long-range potentials

e Goldstone-Boson Lagrangian: Lg = —jTQTr (o0 - VO, H,H]) +h.c.,
. _ X 0+ /s V2t —relevant part
Heavy fields — Hq, =B, + B, -0, - ( \[[ a0 \/7?7 ) of SU(3) GB matrix

with gb=gc=0.57  from D* —=Dx width and HQSS

e Exemplary GB potential for OPE:

Vs oo 20 . ! !
BB*%B*B(p’p)__(Zlﬂ'fw) 7175 (€1-q)(€3 - q) (DBBW(P» )+ Dp- g+ (P, p))

wm- TOPT propagators with NR heavy mesons and relativistic pions

2 12

Dpp-(p,p’) = 2E, (q)(m+m+2p—m—|-§—m—|-E (@) — \/E) E7T((;l):\/q2—|—m72T

2 12

P P
Dpspen(p,p') = 2B, ( 4 E.(q) — )
BB (P, P) ()| m« +m —|—2 *—I—2 *—I— (q) — Vs

One z and one n-exchange potentials are parameter free!



