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O Introduction



Introduction

€ Experiment from BESIII collaboration Phys.Rev.D 104 071101(2021)

Study of the Decay D} — wtwn*n—n and Observation of the W-annihilation Decay
DF — a¢(980)*p°

€ Dynamic generation:

> ay(980) —» mn

> a1(1260) - pm
praTey > ...

a,(980)"

€ Motivation and goal: reproduce the six invariant mass distributions

80 N '* S | ST S TABLE 1. Phases and FF's for various intermediate process-
60 es. The first and the second uncertainties are statistical and
a s systematic, respectively.
> 40 Amplitude Phase FF(%)
Z 20 t a1(1260) T (p(770)°7 )y 0.0(fixed) 55.4 £ 3.9 £ 2.0
> 0735 05 T 1.5 a1(1260)" (fo(500)7F)n  5.0+01+£0.1 81+1.9+21
v 1\/[(,-c n+) (GeV/cz) M(n ) (GeV/cz) M(TC+T]) (GeV/c}) a0(980) " p(770)° 25+01+£01 6.7+25+15
Q —— T 7(1405)(ao(980) 7 H)xT 02402401 0.7£0.2=+0.1
S I 1n(1405)(a0(980) f 77 )xt 024£02+£0.1 0.7£02+0.1
= f1(1420)(ao(980) "7 T)rt 4.3 £ 024+ 04 1.94+05+0.3
D 50 f1(1420)(ao(980) T 7~ )rT 4.3 £0.24+04 1.7+0.54+0.3
e y t [a0(980) =7+ ] g7+ 0.1£02+02 51+1.2+0.9
0 *r || §% [a0(980) 7~ |smt 014+02+02 34+08+06
1 1.5 0.5 1 [f0(980)n]sm™ 1.4+£024+03 62+1.7+0.9
M) (GeV/c?) M(n'n'n) (GeV/c’-) M(rt*Tm) (GeV/c ) [£0(500)n]sm™ 2.5 +0.240.3 12.7 £ 2.6 + 2.0
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0 Theoretical formalism
1. Hadronization of one qq pair

Rescattering from the tree level np°r* component
Two hadronizations: external and internal emission

Rescattering from the tree level nf,m* component

AR A

Evaluation of the differential cross section: integral



1. Hadronization of one qq pair

v’ Final states: G—parity: “—; p°mn (PPV).
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> Internal emission mechanism
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1. Hadronization of one qq pair

v’ Final states: G—parity: “—; p°mn (PPV).

|
)
n|
n|
¥all

g

1. Hadronize sd with PP and u3 is a vector:
2. Hadronize u5 to PP and sd is a vector:;
3. Hadronize sd to V P, PV and u5 is a pseudoscalar;

4. Hadronize us to VP, PV and sd is a pseudoscalar.
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1. Hadronization of one qq pair

> Ingredients

af (1260)

n
/ n
DY 0 .
> \ | |

n

» Suitable states and the weights («, £, y)
C: Global normalization factor

— _ 2 0+ i 0 7+ g+ 0
|H1)_C'[ \/;npw —I—\/g(1+oa—i-5)(K K™ - K'"K")

+ V28" KTK? + ant(K* K+ — K*'K%) — 47T (K*°K° — K*+K_)]
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1. Hadronization of one qq pair

» Couplings
L. Roca et al.,Phys. Rev. D 72, 014002 (2005)
a1 bl
IRk K Gpr IK*K Gpn
1872 — 1486 —3.795 + 42330 —3041 + 1498 6172 — 75
» Amplitude

2 T} ga K*Rgalva
t + 0 = —\/j —1 * inv Ot =
0 = O [T 00 D ) it

mv

gG‘, KRQGO:WW
- G 2 inv ~
\/_6 K( (ﬂ- 77))J\4'2 (ﬂ-+?7) — Mf%() + iMagFao

1mnv

9v, , K*K9b1,pn
+7)G inv : ;
(a 7) K= K( (p 77)) M2 ( ) . Mle _|_ ZME)lFbI

mv
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2. Rescattering from the tree level np°m* component

> Ingredients

» Couplings

L. Roca et al.,Phys. Rev. D 72, 014002 (2005)
a bl
I+ K Gpr IK*K 9pn
1872 — 11486 —3.795 + 92330 —3041 + 3498 6172 — 75
» Amplitude

1 1
2 ﬁgal,pﬂ ﬁgalapﬂ-
tREs(pDW+T]) = —O\/;GpW(Minv(pOﬂ—_F)) M_Z (p(),ﬂ_+) — M?2 + @'Ma Fa

1nv

2 gb gb 2 ga m gCL m
_o2e (M (o 1.on9b1.p1 _ C\ﬁG M (7t 0.0 70
C\/;Gp’f]( (p n))MQ (pon) _ Mgl + iMblFbl 3 7r+’f]( (ﬂ— 77)) M2 (71-7']) — Ma20 —I— iMaUFao

inv inv
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2. Rescattering from the tree level np°m* component

» Symmetrized amplitude with p decaying to two pions.

(a) (b)

» Amplitude

1

t, = —C
P (p,a) — M2 +iM,T,

Pp, - (ps — p2)

) 1 b
#(@) + Pp, - (p4 —PB)MQ (p,b) — M2 +iMprt( )]
? P

inv

M2

inv

* p propagator: the sum over the p polarization

AQudv
mpz

q =Pz + Pa; A2 — Pa)=mmz —mz =0

2 Py €u€y (P2 = P4)"= Py (—guv +——) (P2 —Pa)"

pol
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3. Two hadronizations: external emission

€ Two hadronizations with external emission: f,(980) contribution

v" Final states:

1. directly four pseudoscalars(PPPP)
2. G-parity: “=”

€ Diagrams stemming from two hadronizations producing the f;(980) resonance.

() () * f0(980) propagator

n (1) n (1) 1

™ (3) t (2) D, =
f 2 2 4
> / D: / D M@y ~ Mjy + Mg T,
) \ \
w (4) m (4)

(980

Dfo = Mforfono

f0(980)

[, = 70MeV (1~100 in PDG)

» Amplitude and the weight (u)

t: (fo) = Cu[Df, (Miny(m* (3)7)) + Dy (Miny (* (2)77))]
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4. Rescattering from the tree level nf,m* component

€ Ingredients:

(d)

> Amplitude: t,(fy) = tq + taqg + top + tae + o + tyf
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4. Rescattering from the tree level nf,m* component

» Ingredient 1:

(a) (d)

» Amplitude and the weight (u)
t?.a(f[}) :Cﬁif}ﬁ] (ﬁ":{inv (T'T—I_ (2)“‘_ )) Grr-r;.n (ﬂ'finv ("’T+ (3)?}')> tﬂ-* n,mtn (ﬂ'finv ("T—I_ (3)?}')>

t2a(fo) =CuDy, (ﬂ-fim- (n+ (3)7- )) G, (M (n* <2)n)) A (Mm (= (@)
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4. Rescattering from the tree level nf,m* component

» Ingredient 2:

@) n (1)
1
DF g e
}0(98@\
T (4)
(b) (€)

» Amplitude and the weight (u)

t*&h(f[]l) :C”-ﬁﬁ] (ﬁ'fiuv(ﬂ_ﬂi—;t)> N (ﬂfun (T" ('3) )) wtn,mtn (ﬂ' mu( +(3)3?))
tzc(f[}) :Cﬁlf}ﬁ] (Jp'r'fiuv(ﬂ—i_ (3)?1'1;1_)) ugy) (ﬁfun (T' ??)) Lx—n, (:urun ('T T}'))
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4. Rescattering from the tree level nf,m* component

» Ingredient 3:

» Amplitude and the weight (u)

tge(f[}) :C;L‘f}fil (‘H’fiﬂ‘“' (:'T_ ?Ti—l_nt)> GTT?’? (ﬂ'filw (?T+ (2)?}')) f-?r t n,m f ] (f'v'finv (ﬂ'+ (2)?}))
tar(fo) :Clui}fn (ﬁfi“” (" (z)ﬂ-i:‘lt.)> Gy (ﬁ'fixw(ﬁ_??)) br—nm—n (ﬂ'fimr ("T_"?))
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3. Two hadronizations: internal emission

€ Decay emission € Mechanism contribution of KK~ - a; >

Final states

N ) 1. directly 4 PPPP
Ds < 1|2 G-parity: “

n|
|

» Amplitude and the weight (v)

tpig = CVGKE(Minv(ﬂ_U))tn—n, KOK~

4 _ I
€ Full amplitude:

L t = tyy + tres + t1(fo) + t2(fo) + tpig y
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5. Evaluation of the differential cross section: integral

€ The width for the D decay into ¥t n

d3p d3p.+ dBp . 1 d3p,.- 1
1" 7? rt 71- T 2 45(4) P B B . N Y 9
QMD / 59E, / 27) 2F,.- / 27)% 2E f e 2E,,T_( T) 6 (P —py — prt — Pt — P )|t

» Define the n in the z direction:

> &) condition allows us to obtain the relation of cos@ and variables:
1
2P py,

cost = A = [(MDS—E,?—EW+—E;+)2—W72T——P72T—P727]

» Define the P, in the z direction:

a. Rotation of angle 6 in the xz plane, i.e. the g, along to y-axis,

A q .
&) I 1 sin 0 0 1 sin 0
Ry | 0| = 0 Ry | 1 = 1 Ry 0 = 0
X 0 cos b 0 0 0 cos f

b. Rotation of angle ¢ in the xy plane, i.e. the g, along to z-axis,

Z
\P 1 Cos @ 0 —sin g 0 0
N Ryl 0] =] sing | Bo| 1] =] coso Ryl Oo]=1]0
x P\ y 0 0 0 0 ! !
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5. Evaluation of the differential cross section: integral

« The complete rotation: g = Rq

cos¢p —sing 0 cosf) 0 sinf cospcosf) —sing cos@sinb
R=RyR9=| sing cos¢p 0 0 1 0 = | sin¢cosf cos¢ sin¢gsiné
0 0 1 —sinf 0 cosé —sinf 0 cos

where, the other variables are:

0 sin @ cos ¢
P,=py| 0 |; Pr=PFr | sinfsing |, (cosf = A, sinf =+/1 — A2)
1 cos 0

) sin 6, cos ¢q B+ E., = \/m2 o +q)? \/mz Lp, —qp2
q=¢q| sinf 81n¢q - -
2 p2 2 _Z
COSH \/m + q + Pﬂ-QCOSQ +\/ —|—4P7T—|—4q 2P,,qcost9

€ Simplify, angle rotations, and variable substitution

/ /P AP, dgb ¢*dgdcosf,dp, 1 1

2 A2 y - N v
(2m)3 2F, + 2E;+‘t| (1-A%6(Mp, — Ey — Ex+ — B+

SM’D 4
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0 Results and discussion



Results| Phase space and the tree-level of p

€ Phase space: missing all the different structures which are visible in the experimental data.

100 — v 100 F————————— ———r 100 —
o1 tree level-p 1
8o, et . 80 |-
i % }, I phase space ]
1 & 2 {
6ol : ol
- Ny = o J|
3 ‘ 3 3
5 a0k = 5 w}
20 20 | I
0 1 1 4
05 10 0
M+ [Gev/eT] M+ - [Gevie']
120 . . 120 —— . 120
100 |- 1 o} 100 |
‘-
i \ _+ F
1 A Y
S0 - %0 80 F
A Y 3
Z 60l \ & S 6o f = o}
c 3 E
= |§ 5
a0 - a0 - 40
20 Fe 20 20
Y 0 0
M-, [Gevie’) M_s - [Gevic’] M-, [Gevic']

@ the contribution of the np°r* term alone at the tree level.

1. p peakinthe M_+_- distribution
2. Abroad bump in M+~ at 0.5 GeV. Not f,(500)! (p term)
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Results| the different mass distributions

€ Formalism comes from the systematic consideration of all possible mechanisms

100 [ , r : . . : T , . 100 : . . , - . r . . 100

80 |- 80 |-

60 - | £ 1 60 |-

/M.« s
dr/aM s -
dridM,,

40 | 40 |

20 20

0

120 . r 121

100 100 100 +

80 | 80 80

60 60

dr/dM ..

dridM
dr/dM_- -

60 YT
.

a0 b 40 | 40 F

20 | 20 20

oLl

& A best fit to all the six mass distributions

1. a =4.2387,5 = 2.8878,y = —3.9334,u = —31.161,v = —39.092 (y?/d.o.f = 1.77)
2. The improvement over the mass distributions of the tree level np°n* term is remarkable.
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Results| the different mass distributions

€ Formalism comes from the systematic consideration of all possible mechanisms

100 — T T T T T T T r T 100 T T T T T T T T T 100
80 | % e ’% - 80 |
L S 1 . 60
1 PNy
wf 1K

l 14

20 OO 4 20

dr/dm
]

——
dr/dm

dridM,,

40 |

0 1 1 A 0

120

100 100

80 [ 80

60 771 60 +
.

dridM .

driaM,
dridM -+ -

a0 | 40
20 F 20

oL

€ The low and high energy bump of the mass distribution is well reproduced

3. p°, f0(980), ag (980), ag (980) peak in the M, +,-, M+, Mn—pdistribution;

4. Mp+ptn-, Mp+q-pdistributions are also in good agreement with the experiment.
Il A peak around 0.85 GeV that we cannot reproduce and do not know its dynamical origin
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Results| The contributions of a,, ad , ag , by, fo, and external emission

€ The contribution of the different resonances

100 I : 100 - " 120 —

;
sol T 80 - i1 - 100 -
! L ] 1\
| / h a v I \
y ’ i 80 |- [ \
\ ) \
o 60 |- L - J \ 1 - b : .{F \
= s ' = 60t oo LT T
=l 3 = n% s/ AN
5 wp 5 = - 7 1o
I

20

o L

120

100

:_ . i . . I" . _ 80__ . T . - wq, . T +H T
i e ]

100 -

dridm_,
drvdM -

dr/dMm

40

20

€ The contributions to the mass distributions: interferences among the different amplitudes

1. The dominant contribution comes from ag
2. a=pB=y=u=v=0,a, term: p peak appears
3. The strength of b; is practically negligible(mechanisms excitation without experiment!).
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Results | Theoretical error bands

€ Theoretical error bands vs. experimental data

100 : . . - . . . . - 100 - : - - - - : . . 100

80 |- 80 |-

60 | | 60

dT/dM, - s
dT/M -
dridM

40 | 40

20 20

0L

120 —r

100 -

80

dr/dM

dridM
% Y

60-‘

40

€ The parameters are different for each fit

1. The bands are so narrow: small uncertainties in the fit results.
2. Take care of the value of the parameters: the strong correlations of the parameters.
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O Summary



€ The study of D —» ™~ n reaction: final state interaction of pairs of mesons

1. The first time of DS — in quark level with external and internal emission.

2. We have made a theoretical study of the D} — nw*n ™7 reaction taking into account
the final state interaction of pairs of mesons. (the filter of G-parity )

3. A support for the amplitudes studied by chiral unitary approach: we obtain a good
reproduction of the 6 invariant mass distributions with less freedom(5) than the
experiment analysis(19).

4. In these mass distributions: we could clearly see peaks for the p°, a4, af, ag, fp in
reasonable agreement with experiment.

5. The fit parameters have large uncertainties but there are strong correlations between

them such that the uncertainties in the fit are small.
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Thanks for your attention!
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