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Q2. Formalism

@ Chiral Unitary Approach (ChUA): coupled channel approach,
solving Bethe-Salpeter (BS) equations.

T=V+VGT, T=1-V(G|~

><><><><

Vv G T

where V matrix (potentials) can be evaluated from chiral
Lagrangians.

o J. A. Oller and E. Oset, Nucl. Phys. A 620 (1997) 438
2 et and A. Ramos, Nucl Phys A 635 (1998) 99 .




G is a diagonal matrix with the loop functions of each
channels:

Gu(s) =1 . L
ll f (27r)4 (P—q)2—m3 +ie q?—m7,+ie

The coupled channel scattering amplitudes T matrix
satisfy the unitary :

Im Tz’j — Lin Onn T,:]
Onn =1Im G, = 8‘;‘3\”}59(3 — (mq1 + ma)?))

To search the poles of the resonances, we should
extrapolate the scattering amplitudes to the second
Riemann sheets:

Gyi' (s) = Gpy(s) +1 g

47+/s




To understand more properties of the resonances, we
first evaluate the sum rule for the composite state

32 [dG

i =1-Z7
ds ] $=Spole

The wave function and the form factor are given by

1 47T 1 s (Qmax |p_1) m%/
= d
$(r) = (2m)3/2 r C /qmaxp PRIPT) X E — w(p) — wa(p) p2 + mé,

F@) = [ &0 e "

.y O(A ~p) 6(A ~ 5~ q)
[E — wi(p) — wa(p)] [E — w1i(P— §) — wa(P' — q)]

With the form factor obtained, the radius can be evaluated by
<7“2> — 6 [dF( )]
¢*=0

Or one can use the one from the tail of the wave functions
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' 411; B ;




300

Q3. Results

1) The results of the coupled channel interaction
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The central value of the cutoff
Gmaz = 931 MeV

which is taken from

CWX, U.-G. Meil3ner and J. A. Oller, Eur.
Phys. J. A 56, 23 (2020).



Pole trajectories for varying the cutoff
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Couplings and the conpositeness

I = 0 sector

Gmaz = 931 MeV |9k g9k g (GeV?)||9k g |(GeV) | grrgrr(GeV?) ||grr|(GeV)
o 469.23 +199.70i) —1.05+1.72 | 142 | —3.49 4 8.20i
fo : 991.17 + 13.45i| 10.92 — 10.91i ~1.76 +0.70i|  1.37

gmaz = 1080 MeV
o : 469.28 +180.46i| —0.80+1.86i | 142 | —2.048.28i | 2.92
fo: 982.13+21.67i| 16.15—10.55; | 4.39  |-2.34+1.11i| 1.60

gmaz =931 MeV | (1-2Z)gg |1 = 2Z)ggl| (1= 2)rr ||(1 = Z)nnl
o : 469.23 +199.70i|—0.01 +0.01i|  0.01  |—0.13 — 0.37
fo : 991.17 + 13.45i| 0.79 4 0.12i 0.02—0.01i |  0.02

Gmaz = 1080 MeV
o : 469.28 + 180.46i|—0.00 + 0.01i|  0.01  |[—0.16 —0.36i|  0.39
fo : 982.13+21.67i| 0.70+0.11i |  0.70 | 0.02—0.01i |  0.02




I =1 sector

Gmaz = 931 MeV

QKRQKK(Gevz)

9k &|(GeV) grn9nn (GeVz)

ag : 1002.90 + 56.68i| 24.17 — 9.22i 10.30 + 5.714
Gmaz = 1080 MeV
ag : 974.50 +57.31i | 21.83—3.28 | 4.78 | 816+5.20i | 3.11

(1 - Z)KI‘{ |(1 - Z)Kf(l

(1= 2Z)an ||(1 = Z)an]

ao : 1002.90 + 56.682

0.37 + 0.413

~0.09 — 0.13i

Gmaz = 1080 MeV

ao : 974.50 + 57.312

0.34 + 0.29:

0.45

—-0.07-0.12z] 0.14




The radii of states

Resonances |¢maqz = 931 MeV |2[§r2)| Imaz = 1080 MeV ||/ (r2)|

fo 1.42 +1.102 fm/{.SO %} 1.31 4+ 0.62¢ fm |1.45 fm

o 0.68 + 0.005¢ fm |0.68 fm) 0.63 4+ 0.04¢ fm |0.63 fm
ao 0.83 + 0.44 fm\ 0.94 fyz 0.96 4+ 0.35¢ fm |1.03 fm

Resonances |¢mqz = 931 MeV| |\/(72)| |gmaz = 1080 MeV| |1/ (r?)|

fo 16.32 + 1.20¢ fm |16.36 fm| 1.73 4+ 0.13¢ fm |1.73 fm

o 0.43+0.312 fm | 0.54 fm | 0.44 4+ 0.297 fm |0.53 fm

ag 0.56 —1.25¢ fm | 1.37 fm | 0.96 +0.367 fm |1.02 fm
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2) The results of the single channel interaction

Pole trajectories for varying the cutoff
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Couplings and the conpositeness

Gmaz = 931 MeV | grzgr g (GeV?) |9z |(GeV) grrgrr(GeV?)||grr|(GeV)
o : 466.81 + 212.21 0 0 —4.41+7.77i|  2.98
£5(980) : 948.62 26.4 5.13 0 0

Gmaz = 1080 MeV
o : 468.213 + 195.8i 0 0 ~3.20 +8.05i| 2.942
£5(980) : 923.77 29.8 5.45 0 0
mae = 931 MeV |1 = 2) kg ||l = 2)kil| 1= 2)an (|(1 = Z)rxl
o : 467.13 +209.968i| 0 0 ~0.11 — 0.37i
£0(980) : 948.62 0.62 0 0
Gmaz = 1080 MeV
o : 468.213 + 195.8i 0 0 ~0.13—0.36i| 0.386

£0(980) : 923.77

0




The radii of states

Resonances| gmqz = 931 MeV ||1/(r2)||gmaez = 1080 MeV ||/ (r?)]
o 0.69 + 0.007 ¢ fm.6.69\fm 0.64 + 0.03 ¢ fm |0.64 fm

£0(980) 1.29 fm \1.2syfm 1.11 fm 1.11 fm

Resonances |¢maz = 931 MeV| |1/ (r2)||@maz = 1080 MeV ||/ (r?)|
o 0.43 + 0.32 ¢ fm |0.54 fm| 0.43 + 0.30 7 fm |0.53 fm

f0(980) 0.75 fm 0.75 fm 0.55 fm 0.55 fm
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3) The results of the final state interaction
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BY — ¢mta B? — ¢ntn™
80} —— f(;(980),q,,;ax=931lMeV ' Out0 ' '
=== fo(980),qmax = 600 MeV — Gmax=931 MeV, excluding nn
&;: 60k _ fp_‘_ £,(980))@qrmax = 931 MeV - 008 — Qmax=600 MeV, including nn
e H 2 oo
T 40 £
8 | 2 0.04]
% 20t lf'
S 0.02}
0 - 0.09 : : :
400 500 600 700 _ 800 _ 900 _ 1000 1100 00 400 600 800 1000 1200
Min, MeV My MeV
Branching ratios Without nn channel With nn channel Exp.
Br(B® — ¢£0(980)) | (5.21 £ 0.987179) x 10710 | (8.19 +£1.547532) x 10710 | < 3.8 x 1077
Br(B? — ¢£5(500)) | (6.89 £1.2910:27) x 1070 | (7.97 £ 1.497033) x 10~° -
Ratios Without channel With nn channel
nm nm
Br(B°— ¢ f0(980)) +0 26 ) +0 17 —4
Br(B%—¢f0(500)) +0.03 —4 +0. 04 2




2 m?2
B2

h_ TB0,4,0 1 11 | VausVaa+VesVe L =
M= T = e ||, = 67010
th _ I'BOSgw 111 VZ,QVZ,¢+VQQVQQ _i w —4
R o Pl;g_)qu ch 42 Vb Vus+Vep Ves BO Zq& 6 70 X 10
Rth FB.(S)_*¢K*0 — | Vs Vaud+VerVed ; Pgx*0
T FBg—>¢¢ | Vs Vaus+Veb Ves Pe
Br(BY — ¢K*%)  (1.14£0.30) x 10~ _
erp __ s — 6.09 £+ 2.09 X].O
B = BB S 6d) (187 £0.15) x 10 )
Br(B® — ¢p°) = 2% = (1.25 +0.10) x 10, =

Br(B° — ¢w) = ~222¢= — (1.25 +0.10) x 108,

Br(B? — ¢K*0) = B"Fj;ff*" = (8.83+0.71) x 1077,

Br(B? — ¢p°) < 3.3 x 1077,
Br(B° — ¢w) <7 x 1077,
Br(B? — ¢K*°) = (1.14 £ 0.30) x 107S.




Q4. Summary

[1The £,(980) states is mainly a KK bound state.
1 The o state is a resonance of 77 .

[1The ao(980) state is a loose bound state of KK,
with the significant component of 77} .

1 These conclusions can be further confirmed in the
final interaction results of B, — ¢r*n~ decays.

Hope that our predictions can be tested in the future
experiments!
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Thanks for your attention!




