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Introduction and Motivation

Chen Chen and Elisabetta Spadaro Norella, https:/indico.cern.ch/event/1176505/ (5 July 2022)

New exotic members in Particle Zoo @ LHC
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Introduction and Motivation

(@) The DF Dy mass distribution of the BT — D Dy K™ decay (chen
Chen and Elisabetta Spadaro Norella, https://indico.cern.ch/event/1176505/)
(b) The D™D~ mass distribution of the BT — D™D~ K™ decay (r. aaiet

al. [LHCDb], Phys. Rev. D 102 (2020), 112003.)
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JPC =0+ My=3955+6+11 MeV; To=48+17+10MeV
JPC =0+ M, =3924+2MeV; T} =17+5MeV

(Ds Dg)thresho/d = 3937MeV

(DiDi)thresho/d = 3739MeV
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Introduction and Motivation

@ DD and D§ D5 with lighter coupled channels:
= a DD bound state was found
= no bound state was found close to the D{ Ds threshold
D. Gamermann, E. Oset, D. Strottman and M. J. Vicente Vacas, Phys. Rev. D 76 (2007), 074016. C
Hidalgo-Duque, J. Nieves and M. P. Valderrama, Phys. Rev. D 87 (2013) no.7, 076006

@ The QCD lattice result:
= a 0™ bound state coupling strongly to D Dy = weakly to
D+ D~ is found below the DJ D threshold.

S. Prelovsek, S. Collins, D. Mohler, M. Padmanath and S. Piemonte, JHEP 06 (2021), 035.

@ If the X(3930) state coupled both to D™D~ and D{ Dy, that
state would necessarily produce an enhancement close to
threshold in the D Dy mass distribution.

@ Could explain the experimental observation without the need to
introduce an extra resonance?
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Formalism

The coupled channels DD, | = 0 and Df Dy
(D+7 _DO) (DO’ D_)
(DD, 1=0) = \1@(D+D + D°D°); Dy Dy

Dynamics of D(Ds) — D(Ds) interaction due to vector exchange:

D(D, D(D,
” (Ds) (Ds) s

the VPP (V = vector, P =pseudosclar) vertex

Lvep = —ig{[P, 0, PIV") (1)
g= % (My ~ 800 MeV, f =93 MeV)
where P and V are the g;q; matrices written in terms of P and V

mesons
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Formalism

pseudoscalar (P) and vector (V) mesons:
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Formalism

The interaction potential:

Vi = —Bjg®(p1 + ps) (P2 + Pa) (4)
with
1(3 1 2 ) 1
s\amt s+ V2
2 2 2 2
5|2 (Mp MZ M, MZ. s
1 1 1
22—
Ve (M * Mg/w>
(1 + p3)(p2 + ps), projected over S-wave
1rae (2. 2. 2. .2
(P1 + ps)(p2 + pa) — 5 [3s — (M7 + m3 + m3 + mj)
1
- U = ) - )| ©

The new LHCb state X(3960) seen in D Dg~ should be the sal

M. Bayar



Formalism

Bethe-Salpeter equation
T=[-vG'Vv

Two meson loop function
rn2 m2 — m2 + s
tLogM M m
(a, * Oguz * 2s
s — mg + mf +2giv/s

gi
— (Log
\/E( —s+m3 — m +2q;\/s
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Formalism

The D*D~ and D{ Ds production in B~ — DD~ K~ and
B~ — DfDs K~
B~ decay via internal emission at the quark level and hadronization

1

s

The cc pair is hadronized and we have
cC— » ¢Giqic — Y _ P4jPiu = D°D° + D' D~ + D Dy
i i
=V2DD + D D; 7)

where we have eliminated 7n.n. which plays no role here.
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Formalism: The D" D~ and D¢ D, production

Production and propagation of the Dt D~ and D Dy components
through final state interaction

D*, D}

D~ D;

to-p- = C (1 + Gpp(Minv) Tpp, pp(Minv)

]
"’\@GDSDS(MI'”V)TDSDS,DD(MinV))

?Ds* p; =C (1 + *@GDD(va)TDD,D;D (Miny)

s

+ GDSDS (Minv) TD;r Dy ,D: Dy (Minv)>
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T=[1-VGI"V, Vj=-Bjg?(p1+ps)(p2+ pa)

1 3 1 2 1
=+ +— V2a——
5 2(/\//5 M2 M3N> M2,
1 1 1
@ If we remove non diagonal term =- two states appear
@ |f we keep that term — the state coupling to D Dg disappears

. 1

@ Reducing by 0.7 the Ve term two states appear
K*

The reduction of the DD — D} Dy transition is natural

D D
[

|
K + @ =0

|
|
D D

\/ @2+ mZ = m3_at threshold = g% = m3_— mj
Reduction: m%.. /(m5,_+ m%. — m3) ~ 0.68
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® app = —1.58; a=0.7to get approximately Xo(3930)
Mé =3924 +2 MeV; r6 =17 £ 5 MeV (LHch, PRD102(2020)112003.)

@ a,p = 1 togeta DD bound state around 3700 MeV
Table: Masses, widths and the couplings |gi|.

M [MeV] I [MeV] |g9pp| IMeV] ‘gDst‘ [MeV]
Pole | 3699 — 14516 5897
Pole Il (X((3930)) 3936 11 2858 9076
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Results: The Invarinant mass distributions

ar 1 1 -
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dM,. (DFD-) ~ (27)% 4M2 Pk- Pp+ |tprp-|

NVE(ME_ mE_ M2, (DFD™))

nv

Pk- = oMy
ﬁ + = >\1/2(M§7V(D+D7)7m2D+7m2D7)
b 2Min, (DT D7)
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nv

A'/2(MZ, (DS Dg),m? , m? )
Ds  Ds

Po; = 2Mip, (DI D5 )
px- = the K~ momentum in the B~ rest frame
Po+(Pp; ) = the D* or DY momenta in the D* D~ (D7 Dy') rest frame.
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Results: ar/dm,,(b+*D-)and d r/dM,,(D: D) of B~ — D*D~K~ and

B~ — DiDy K-
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The experimental points are taken from (C. Chen and E. S. Norella, ttps:/indico.cern.ch/event/1176505/)

— The second pole couples both to DD and D/ Dy

= produces the peak at 3930 MeV and an enhacement at the D D
threshold compatible with the LHCb

= THERE IS NO NEED TO INVOKE A NEW X,(3960) STATE !!
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Summary and Conclusion

@ The D*D~ and D Dy mass distributions in the B~ — D*D~ K~
and B~ — DS Dg K~ decays

@ A D Dg bound state appears = can be associated to the
X0(3930) _ _
= coupling strongly to DsDs and more weakly to DD
= produces an enhancement in the Df Dy mass distribution
close to threshold with a shape in agreement with experiment

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

@ The experimental observation is due to the presence of the
X0(3930).

THANK YOU FOR YOUR ATTENTION
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