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Introduction: Experimental observation el - CSIC
Observation of a resonant structure close to the DJ D; threshold in B — DF D K™ decay
;50 :— T T I 1 T Ll I Ll 1 T I T Ll 1 I T 1 Ll I—-
2 LHCb -+ Data : JPC =07+, M =3955+6+11 MeV ; [ =48+ 17+10 MeV
40 9fb —— Total fit .
STt —— X(3960) :
=0k - fb"fﬁgg; ] Component J%C M (MeV) Ty (MeV) F (%) S (o)
cha ) (4660) 1 TX(3060) O'F 3056+£5+10 43+£13+8 254+7.7+50 12.6(14.6)
N Nonresonant D+D- 1  Xo(4140) 0+ 41334646 67+17+7 167+47+39 38 (41)
20¢ T 1(4260) 1-- 4230 [59] 55 [59] 3.6+04+32  32(3.6)
- 1(4660) 1-= 4633 [31] 64 [31] 22+02+08  3.0(3.2)
10 - NR 0+ - - 46.1+£132+11.3 3.1 (3.4)
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4.0 H 4.4 46 48 LHCDb Collaboration, arXiv:2210.15153
m(D;sD;) [GeV]

Is there enough evidence to invoke a new X;(3960) state?
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Introduction: facts to think about and plausible hypothesis

(CONSELO SUPERIOR OF INVESTIGACIONES CIENTIFICAS

Remarkable closeness to the D D threshold (3937 MeV) =9 signal of a resonance below threshold

LHCb collaboration observed a signal (X,(3930)) inthe D*D~ measuring BY - D*D~K™* decay
JPC =0t+; M, =3924+2 MeV ; T =17+5 MeV
R. Aaij et al. (LHCb Collaboration), Phys. Rev. D 102, 112003 (2020); Phys. Rev. Lett. 125, 242001 (2020)

- If the X,(3930) state coupled also coupled to D D; , we would see a reflection of it in the D& D; invariant
mass distribution...

- Arecent LQCD calculation obtained a bound state below D D threshold with quantum numbers

0** coupling both to D D (strongly) and D* D~ (weakly) channels
S. Prelovsek, S. Collins, D. Mohler, M. Padmanath, and S. Piemonte, J. High Energy Phys. 06 (2021) 035

P A dynamical calculation of the D* D~ and the D} D; in coupled channels could make this

state appear
M. Bayar, A. Feijoo, E. Oset, Phys.Rev.D 107 (2023) 3, 034007
T. Ji, X.-K. Dong, M. Albaladejo, M.-L. Du, F.-K. Guo, J. Nieves, Phys. Rev. D Ser. 106, 094002 (2022)
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| D(Dy) D(Dy) 51 1
p . Vi = By 35— (md 4 md 4 ) — L — m)(md — )
|
v Lfs 1 0 1
T B 2 (Mg * M2 * Mg/q,> ‘/iM;{* (DD, I=0) = %(DJFD‘ + D°D")
1 1 1
p | » 2 + DID;
| Ve " Ve T M@)
Lyvpp = —1ig{|P,0,P|V*) Unitarization via Bethe-Salpeter equation
—1
M — —
g="—~ (My ~ 800 MeV, f =93 MeV) T—[l VG] |4
2f (G loop function renormalized by means of dim. reg.)
M r l9op| 95,0,
[MeV]  [MeV] [MeV] [MeV]
Pole 1 3699.04 14509.0 5707.2

== Pole IT (X,(3930)) 393272 1232 28895 10018.0
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B~ - D*D"K~ and B~ -» DfD; K~ decay processes el - CSIC

¢ U c cc pair is hadronized to finally obtain:

b _
> LS c€— Y cGiqit— Y PyPy=DD’+D*D™ +D}D;
K- i i
=2DD + DI D;
u
B~ decay via internal emission at the quark level
D*, D}
D*,Df
_+_
D™, D;

D=, Dy

Tree-level contribution + Primary production of pair D¥*D~ and the D} D; followed by rescattering
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INSTITUT DE FISICA CSIC
CORPUSC R ot e S ST

PUSCULAT

IFIC

tp+p- =C (1 + G pp(Minv)Tpp,pp(Minw)

1
+EGDSDS (Minv)TDSDS,DD (va)>

tprp- =C (1 +V2Gp5(Mino)Tpp pt pr (Miny)

+Gp, b, (Minv)Tp+p- ,DI D (M””’))

Partial width ratio assuming the same X resonance decaying
to different final states:

+ - (1) =(1)
L(X = D™D7) _ BV FX" _ (994 0.09+0.10 + 0.08
[(X > DiD;) BoF®
LHCDb Collaboration, arXiv:2210.15153

M. Bayar, A. Feijoo, E. Oset, Phys.Rev.D 107 (2023) 3, 034007
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B~ - K™ J/Yw decay

(CONSELO SUPERIOR OF INVESTIGACIONES CIENTIFICAS

The measurement of the J /1w invariant mass in the BT — K% J /1w decay can provide valuable
information about the existence of the X(3960)

» unpublished data available for this reaction yet with poor statistics
Andreassi, Master’s thesis, Rome U., 11 (2014)

« The J/Yw threshold (3880 MeV) is open well below the region of interest, therefore one can see
either one peak or two peaks, refuting or proving the single signal hypothesis

Assuming that only one state, X(3930), is present in that energy region, we study B~ — K™ J/{w decay

that after comparison with future observations can or cannot rule out the need of new X(3960)
L. M. Abreu, M. Albaladejo, A. F., E. Oset and J. Nieves, Eur.Phys.J.C 83 (2023) 4, 309

« Atriangle loop diagram can connect the J /iw with the DD and the D& Dy components (and their

inherent dynamics)

e /(1) e (P2)

D*(g—pm) D~(g—m)

e ——l2) b J /(1)
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ORPUSCULAR

IFIC

J/
. z sil pair hadronization:

b s _ _ —
. . b oo SU— Z $qiq;u = (PV )31

i < a B~ C u i

Primary quark prodogtion u < ﬁ v = K~ (i 0 + + ...

V2
c g q ¢
cC pair hadronization:

N ) c€— Y c§igic — » PuPy=DD’+DTD™ +D}ID;
B~ K~ 1 1

g = @ V2DD + D D7
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i 1
tijpew = NG

(e o))

@ -(mD*)2/ atg (T29€00°9) (%ew'(zq_P—Pl)) (max — 1))
_ (

D D- muc ) ) @m)t[? —m3 + ie] (P — )2 — m? + ie] [(q — p1)? — m3)]

C’E’J/¢ €t CI( [\/iGDﬁ(MinV) TDD DD(MIDV) + GD"'D (va) DI D7 DD(MIDV)]
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INSTITUT DE FISICA CSIC
CORPUSCULAR bt Pt el et

(j DOaD_ sc pair hadronization:
< 7 s€— Y 83:;9:¢ = (P?)3a = K- D’ + K°D"~
1 K_,}_{O i
’ " " b L D7 + 1/ 24/ D5 +0.D;
B~ c Do \/377 s 377 s +n.D,
<
i
1
C,\/iGDB(MinV)TDE,DE(Minv) — (C"\/§ + EC”’)
X GDﬁ(Minv)TDﬁ,Dﬁ(Minv
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B~ - K™ J/Yw decay: ] /yw invariant mass and its contribution to the

X(3930) Width CORPUSCULAR
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L. M. Abreu, M. Albaladejo, A. F., E. Oset and J. Nieves, Eur.Phys.J.C 83 (2023) 4, 309
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CONCLUSIONS
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We have performed a study of the DD, D.D, dynamics in coupled channels, two states found, one of them
identified with the X,(3930) coupling mostly to DF Dy and more weakly to DD.

The D*D~, D D; invariant mass distributionsin B~ - D*D™K™ and B~ — D} D; K™~ decays have been calculated
and showed that:

» the X,(3930) produces and enhancement in the DF D invariant mass distribution close to its threshold

« The shape and the relative integrated strength (compared to the D™D ~one) is in agreement with the
experimental one

=P There is no need to invoke a new X,(3960) state

The study of the B~ - K™ J/{w decay as a tool to see if the X;,(3930) state is the same or not as the X;,(3960).
We present results for our assumption (no need of X;,(3960)) for the ] /{w invariant mass distribution for different
parametrizations finding clear effects produced by the X;,(3930) in all cases.

Future comparison with experimental measurements could confirm or refute our hypothesis.
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Thank you for your attention!
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