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Clues in the charm sector
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Clues in the charm sector
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Formalism

Heavy quarks: The Spectator

Hidden Gauge Formalism

+1 7 7 + DT] ¢ c [DT
47 0 _ wuu—dd
pO: u‘u;/ﬁdd p = 75
_ _ d d
0 a = 0
(K] E s (K] (K] s s K7



Formalism
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Formalism

TABLE L. Interaction for the different coupled-channel systems considered contributing to the guantum

numbers JF.

Channel (JF)

BK — B*K* (0, 21)

Potential
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Formalism

Lippmann-Schwinger equation: .
d* q
Tij(Ei D, k) — Vij(EJ D, k) + 2 J (27_[)3 Vik(E' P, q)lk(E: q)Tkj(E' q, k) ’
A
K

where
1 1
I.(E,q) = 2xl@+w2@ I(E,q) =

2. _ ' T °
2w1w2 E2—(w1(q)+w2(q)) +ie AORrWp()  PO—wps—w () +is

Three-body cut  ;

Bound state.

|4
T = VG ‘ det(l — VG) =0 - Virtual state.

Resonance.

1

10



Results
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If decays in B*tK~,
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TABLE 1I. Predicted pole positions of the B K ) systems with the on-shell potentials. In the fourth
column, “+7 and “—7 indicate that the poles lie on the physical and unphysical RS relative to the corre-

sponding two-body cut, respectively. For the B K* systems, all poles lie on the second RS associated with
R e S u ltS the B™ K7 three-body cut, which is not explicitly shown in the fourth column. The quantity g; in the fifth
column denotes the S-wave effective coupling, The sixth column, labeled “Thr.”, represents the relevant
threshold. The mass splitting £}, is defined as the difference between the real part of the pole position and

the relevant threshold. We implement errors from A = 593 £ 8 MeV.

ml — (61 08 8 + 1 8) MeV Jr Channel Pole [MeV] RS g; |[GeV] Thr. [MeV] Ey [MeV|
O 1T 1. N
1'1 - (22 + 9) MeV 0t BK 5TH8.9 £ 1.5 (+) 23.0£0.5 5775.0 —16.1 £ 1.5
1 = T .

1t B R 5804.0 = 1.5 (+) 23.0£0.5 5820.0 —16.0+£ 1.5
1+ BK* 6109.0£1.4— (7.2£0.5) (+) 39505 — (2.5 £0.4)i 6173.0 —64.0+£ 1.4
o+ /1+ /24 B*K* 61541415~ (72+06) (+) 38.8+04—(2.8+0.4)i 6218.0 —63.9+1.5

TABLE III. Same as Table 11, but using the off-shell interaction. The g; in the fifth column is the S-wave
effective coupling, except for the J¥ = 2% case, where we also include the D-wave coupling. Since the D-
wave coupling is generally too small, we do not show the numerical result in the table for other cases. The

errors shown in the table are evaluated from the systematic error in the cutoff parameter. A = 775 £ 8 MeV.

J¥  Channel Pole [MeV] RS g; [GeV] (wave) Thr. [MeV] E, [MeV]

249+ 04
57H2.4 1.3 (+.+) a775.0 —22.6 = 1.3

0+ BEK B K B m, = (6158 + 9) MeV,

0.8 0.2+ (1.1 £0.3)i

6153.8+ 1.5 — (6.2+0.3)¢ (—.+) 6218.0 —64.2 = 1.5 l"z — (72 _I_ 43) MeV

—45.1 0.6 + (2.4 £ 0.4)d

25.1x0.4
5800.0 £ 0.8 (+,+) 5820.0 =200 £ 0.8

—4.8 0.3
0.53 £0.12 + (1.2 £ 0.3):
6108.0 1.6 — (10.3 £ 0.4)i (—, +) 6173.0 —65.0 & 1.6
=525 0.6 + (1.5 £0.3)¢

1t B*"K-BK~*

1+ B*K* 6155.7 1.7 — (6.4 0.4)¢  (+) 15,1+ 0.5 — (2.2+0.2)i 6218.0 —62.3 £ 1.7

6218.0 —64.0 &= 1.4
—45.1 0.6 + (2.4 £ 0.4)4 12

_ _ (69 &+ 4 + (2.3 £ 0.3)i] x 10~3
2+ BK-B"K* 6154014 — (6.2+£0.3)i (—. +)




Outlook

Tobeincluded in a future global fit.

New experimental constraint

On-shell single channel results using the B%,(5700) as input.

» | B, (5700)

Mp: = 5698.9 + 2.2 MeV

We implement errors from A = 87448

MeV.

Jr Channel Pole [MeV)| RS Thr. [MeV]| Ey [MeV]|

0t BEK H698.9 £ 1.5 (+) 5775.0 —-76.1 £ 1.5

1t B'K 5744.0 £ 1.5 (+) 582000 —76.0 £ 1.5

17 BK* PO8L.9 = 1.4 — (0.17 £ 0.05)i (+) 6173.0 -191.1 £ 1.4

o+ /1+ /24 B*K* 6026.9 £ 1.5 — (0.17 £ 0.06): (+) 6218.0 -191.1 £ 1.5

. *
Decay width: B}, - B,m° > | [(Bsp) = 50 + 12 KeV
Prelimi .

F.Gil-Dominguez and R. Molina, Phys. Rev. D 109, 09

6002 (2024)
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Conclusions

Using HGF, taking into account the three-body effect when K* is envolved, we have solved the
LS equation in the on-shell and off-shell approach.

The cutoff is determined by reproducing the pole position of By;(6063)°, interpreting it as a
BK™ molecule.

Our results support the existence of six B K™ molecules:
1. Two poles near BK and B*K thresholds.
2. Apole close tothe BK*. Possibly corresponds to B;(6063)°.

3. Three polesinthe B*K* system with J® = 0%,1%,2%. The J® = 1% molecule may be related
to the B;(6114)° state.

14
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SS wave expansion for B*K*
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Loop

G(PY)
d*p 1 1 1
2m)* dwgrwge

~y

I
q° — wgr +i5

We integrate the q° component,

G(PY) — J dq | G°

2 () () I [lg-(q)
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Riemann Sheets

The on-shell momentum pp" is determined by the zeros of the denominator of the Green’s function.

G (E) = GIMH(E) + P
k k AmE’
d3q

G () = [ s (B,

Considering the second RS of the BWKx three-body cut, the momentum-dependent partial width can be
replaced by

FL(M) - —FL(M) fOI’S(M) < 0.

18



Lippmann-Schwinger unitarization

T=V+VGV+VG*V+..=V+VG

\ - s
/' - 7/

7

/

/\ / C\\ / N :',.,/ \ /C\\ '

~

Nagahiro H. et al., "Hidden gauge formalism for the radiative decays of axial-vector mesons", Phys.

Rev. D 79, 014015(2009); arXiv:0809.0943[hep-ph].
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