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Background and Motivations.

+ + - +. J.M. Link et al. [FOCUS Collaboration], Phys. Lett. B 601, 10-19 (2004).
« D > 77 K"

Decay channel  Fit fraction (%) Phase ¢; (degrees) Amplitude coefficient

p(7TT0) K™ 38.83 +£5.31 £ 2.61 0 (fixed) 1 (fixed)
K*(892)xt  21.64+321+1.14 161.7+£86+22  0.747 = 0.080 £ 0.031
'Df - Ktatn™) — 0.127 £ 0.007 + 0.014 NR 1588 +4.92+ 1.53  43.1+104+44  0.640 +0.118 + 0.026
'(Df - KtK-n+) 7~ e T i)et 158244035122 38+ 121543 0,696 0.097 £ 0.025
K;(1430)r*  7.654+50+£170  59.3+195+132  0.444 £ 0.141 + 0.060
p(1450)K+  10.62+£3.51£1.04 —151.7+£11.14+44 0.523 = 0.091 £ 0.020
C.L. =5.5% x* =385 d.o.f. = 43 (#bins) - 17 (#{ree parameters)

Medina Ablikim et al. [BESIII Collaboration], JHEP 08, 196 (2022). BF(1077) PDG(1077)

Intermediate process

Df — KtpY 1.99 + 0.20 £ 0.22 25 + 0.4
Amplitude Phase ¢,, (rad) FF(%) Statistical significance(o) D§ — K*p(1450)° 0.78 + 0.20 + 0.17  0.69 = 0.64
Dj’ - I(+pﬂ 0.0 (fixed) 325 +31+ 36 ~10 D;_ — K* (892)()7T+ 1.85 £ 0.13 £ 0.11 1.41 + 0.24
Dt — K+p(1450)°  2.72 4+ 0.14 £ 0.24 12.7 £ 3.2 + 2.7 ~10 Df — K*(1410)°7%  0.29 +£ 0.13 £ 0.13  1.23 + 0.28
Df - K*fo(500)  0.98 017 +0.19 7.0 %22+ 40 6.8 D — K;(1430)°z+ 115+ 0.16 + 0.15  0.50 = 0.35
DAY smipsien MOESD 0 DioURGN)  omomion -
DF - K*(302)0r 30340004004 303+ 19+ 18 ~10 D — K™ fo(980) 0.27 £ 0.08 £ 0.07 -
DF — K*(1410)°7* 562+ 0.14 £ 0.09 47 £ 22 + 2.1 5.2 Dy — K*fo(1370)  1.22 £ 0.19 £ 0.18 -
D — K§(1430)%7  1.89 4+ 0.19 £ 0.18 18.9 & 2.5 + 2.4 8.6 DY - (K ntn7 )NEg - 1.03 £ 0.34

B(D} — K rtm™) = (6.1140.18¢at. £0.114y5.) X 1073 5
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* The processes of three-body decay:

ngnman * quark level
diagrams
Eleldelaia=y * hadron level
e propagators, two-body scattering
amplitudes(Bethe-Salpeter equation)
 relativistic amplitude
resonances

differential width

« fitting experimental data

branching
fractions
8

distribution




Propagators.

* The diagonal matrix G is two intermediate meson propagators:
4
TRy - !

27)* > —mi+i€ (py + py—q)’ —m3 +ie

* The integral is logarithmically divergent, there are two methods to solve this problem:

v the three-momentum cut off: v" the dimensional regularization method:
Ymax 2 2 2 2 2
Gils) = [ e G = ot i T s
o (27 g0, [s—(wl +w2)2+z‘s] i H s i
+q"’"f) [In (s = (m3 = m) + 2n () Vs) + In(s + (3 = m07) + 20 (5) V)
)

— 2 2 = ?
a)i - (q + mi ) S= ( pl T p2) —1In (—5 - (m% - m%) + 2QCm (S) ‘\/;) —1In (_S + (m% - m%) + 2qu (Y) W)]}

* The value of the subtraction constant :

v a relationship between two regularization v a calculation which adopted by other references
method )
n
4y = 167°(G (thr, Gmas) — G (00 1), app(u) = =2log (1 Tt e ) oo

G. Montara et al., Phys. Rev. D 107, 054014 (2023). J.A. Oller et al., Phys. Lett. B 500, 263-272 (2001).  ©



Propagators.

* The value of the parameter for pseudoscalar-pseudoscalar interaction:

> 1=06GeV

7K

a, =-157,a,,=-157, a _,=-1.66
7 K nK

/A

a.,_ =-1.30, a, =-1.29, a ., =-1.63, 00 =-1.63, a,, =-1.68

> 1=06GeV

a, =-166,a,,=-166 a_,=-1.71
7 K nK

7K

a,_ = -1.41, a,, = -1.41, a ., =-1.66, 00 =-1.66, a,, =-1.71
Gloria Montaf®, Angels Ramos, Laura Tolos, Juan M. Torres-Rincon, Arxiv: 2211.01896 (2022).

M. Y. Duan, J. Y. Wang, G. Y. Wang, E. Wang, and D. M. Li, Eur. Phys. J. C 80, 1041 (2020).

Wang, Zhong-Yu, Yi, Jing-Yu, Sun, Zhi-Feng and Xiao, C. W, Phys Rev D.105.016025 (2021). 10



Two-body scattering amplitudes.

T I1s the two-body scattering amplitudes, it can be evaluated by the coupled channel
Bethe-Salpeter equation of ChUA:

T =[1-VG]'V,
The interaction potentials of each coupled channel for PP—PP processes:

S 0_0 _ —0 . _
> | =077, = r, KTK™, K°K, M » 1=1/2. Kz~ K°%2° K%
1 1 _ 1 -1 (3 3, 5 5 \2
V” = —FS\ V]-z = _\/ifz (S—J’?I‘%). VB = —FS'. V]l = 6f2 (_“ - E (m _m!{) )
1 1 . | (mz C )2
Viag=——=s5, V]SZ_ f?!-,zr. V22=——_m;r, _ 1 § I S }T K
T V27 2f7 7Y R S T |
1 1 1 '
Vis=———=>s, Vau=- 58, Vos=——3my, 1 3 7, 1,5, 1,5 3/, YA 5
41\[2f | 4217 of Vis = INGF 357§ T 3™ T 3k T 5 (mn - mK) (mrr B mx))’
Viy=——=s5, Va, =—-——73S, 2
BT BTy S 2w (s — i)
| 1 Vi = 4f2 - + m. + mg — T
Vig=~— Os —6mz —2m2), Vy=-———=s, h
35 12\@)”2( §—ony, ) 44 212
1 | Va3 = : (E —zmz—lmz—lmﬁ +i(m2—m2)(m2—m2))
= }r K K )\, K
Viys=— = (9s —6my; —2myz), 4v3f 6 2" 3 25 !
12v/2f 1 (3 2, 3, ., Ly
1 Vi = ~IR ——3— gmﬂer +3mK 2_(m,“;—m;c)

J. A. Oller and E. Oset, Nucl. Phys. A 620, 438-456 (1997).



Two-body scattering amplitudes.

* The Interaction potentials for VV—VV processes(Tree-level transition amplitudes of the
four-vector-contact diagrams and of the t(u)-channel vector-exchange diagrams ).

> 1=0: K'K', po, 0w, @¢ , p

> | =1: K'K", pp, po, pp

K*K* pp ww wao 0% —
- K*K™  pp puw pY
K*K* 69> 234> —2¢* 4q° —44* — . N 5
K"K” 2 0 —2v2 4
op 842 0 0 0 g g
ww 0 0 0 pp 0 0 0
b 0 po 0
7 K* K* e ww web b0 K*K* pp pw po
o o | 0% ‘wo+(2‘“.11"1;332@.)‘ZIM)(LUK* —3s) V3g (2*‘;3;;“% ) ¢ (W»;‘fi ) oo (Mot 1{}:2\ ) a7l —2Mjc. +35) R o> (MZM2— (M2 —2M2) M2 ) (AM%.. —35) 0 9P (Mp+MZ+2MF . —3s) 92 (MZ+ M2 +2M7,, —35)
L K K K AMIMIMZ VEMZ, M.,
pp 2g° (4 - VE) 0 0 0 P . . :
ww 0 0 0 e
o . . pw 0 0
b 0 Joler 0

L. S. Geng and E. Oset, Phys. Rev. D 79, 074009 (2009).

12
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* The Interaction potentials of each coupled channel for VV—PP processes(The t(u)-
channel pseudoscalar-exchange diagrams ):

4 > > P 4 > P Evpp = —?:g (V)u [P,@”P])
P Py g=My/(2f:) My =0.84566GeV
1% > ' > P 1% > P fr =0.093
(a) The t-channel (b) The u- channel
Vst koo 00 =— — 4 926 kS ea kil
Kt K=~ 5 KOK t—m2? st » The form factor for each VPP vertex
3 1 , of the exchanged pseudoscalar
VK*OK*O%KOKO = —2 (t — m% + F_ mgr) gZEIMkéLEka4, meson:
1 v 1 14
Vg oo = —4g° (melu’i@f eaky + mﬁmkff €2u’f3> ) r_ A —m2,
1 1 A2 — g2
qu;%KOf(o = 2\/592 (mﬁlﬂkébEQ,,k’Z + mﬁleZEQng) ,
K 1K Z.L.Wang and B. S. Zou, Eur. Phys. J. C 82, 509 (2022).

1
Vogsxogo = —2V2 (t — m%g%mké”(—:gukz + wg%mkg‘eg,,kg) M. Bando et al., Phys. Rept. 164, 217-314 (1988)
13



The decay of D; -zt K




D' > z'7n K’

* The external and internal W-emission mechanism:
u u d d 5 5
d 5
) _ Wt i ) R Wt . < / i / |
b > Lt [# b - Ll - [ I’{’; A u C L{] A u
D Dy DF D}
(a) (0) (a) (b)
FIG. 1: W-external emission mechanism for the D} — K77~ decay. FIG. 2: W-internal emission mechanism for the DY — K77~ decay.
_ _ a + 1 _ o T
HO9 —VoViaVia { (ud — 1) [d5 — d - (ui + dd + 55)] H) VoV { (00 ) s = s (v + 0+ 59)]
+(ds — KO)_[’M — ud - (uti + dd + s5) | } + (dcf—> %W) [u5 — u3 - (uii + dd + s5)]
=VpVeaVua 1 (ud = 7%) [Mas — (M - M)y +(u5 = K*) [dd — dd - (uii + dd + 55)]}
+ (ds = K°) [Myy — (M - M)}, _ |
—BVpVuiVia 1 dd — fTTr Mz — (M - M),,]
H) — K*) [35 — 55 (uti + dd + s3
=VpVesVus {(“92%' ) [55 — 55 (uii +dd + s5) ] (dd% — ) [Myg — (M - M)y + (us — KT) [May — (M - M),,)} .
+ (ss — ——n) [u§ — Us - (uﬁ + dd + sg)] } )
V6 =BVEVesVis {(99 - —— ) [u§ — US - (uﬂ +dd + 55)]
:VIQVCSVUS {(u§ — K*) [M3zz — (M - ]\/[)33]
9 + (us - K") [s5 — s5- (uu+ dd + ss)] }
+ (55 — ——17) (M3 — (M - M)lg]} :
V6 VAT {(99 - ) My — (M - M) ]
1 - 1 -
0 T - = +)
'y = —|(uit — dd)), = —|(uit +dd — 2s3)). + (us - K7) [Ms's—>(M M)as]}
") ﬁl( ) m) 7 ( )

15



DS >z 7 K™

* The SU(3) matrix M in quark and * The hadonizations at the hadron level:
hadron level: (M- M) = ——rty + K* K,
uii ud us \fé 1
M=\ gz ad a5 |. M- M Kt + 7K' — —nK™,
dit dtf ds ( )13 =5 N
sii sd 5§ (M - M) . 1 40 N 1 1 L KOO
=atn —T —nn — —=m" )
| 1 22 9 GTH /3 U :
1 0 L + K+
\/E/}T + \/En 0l — 1+ 1 0 1.0 1 0
— 1.0 1 0 M- -M)yw=1m7 K" — —1m K" — —K'"n,
P = T — AT K , ( )23 NG /6 G
K~ K —%’f} - 0770 , 2
* The contributions for different mechanism: * The relationship of the CKM
_ 1 1 . 70 7 trix elements :
H = VpVigVa(r 7 K+ — —=a"7°K® + —a* K% + KT K°K°), ma -
PVed d( /2 NG n )
_ 1 2
(16) _ y// + 1o+ 1o — ~+ 170 10 G | B o N o 7 ()
H ViVesVus (KTKT K™ + KKK + Ky ok K'n 7" Kn). ViVis = —V.. V..
1 1
H® = B x VpVeaVua(n P KT+ KTK°K® — —nn" K" + —nrt K°),
PVed d( /2 \/6?7 ;
‘ _ 1 2
H® = g x ViV Vo (KT K"K~ + KT KK + ymK™ — —nn° K+ — —nnt KY). 16
Bx Vi ( nm 7 75" )



D > 7z'7n K"

* The total contributions for the decay D] -> K 7"z

H =H@ + g® 4 f2a) o py(2b)

1 1 _
_ to —gt 4+ 00 470 ~+ 770 70
=VeaVua(1 + B) {Vp(’ﬂ‘ T K \/ﬁ’ﬂ‘ T KW + \/gmr K’ + K*K°K")
2 (1
*I—V, — KKK —pnK™T + —T?T+KU _K-{-KGI{D_'_& ,H.OK-i—j
P m Nk =1 }
1 1 _
=Cy(rtr K" — —a"n’ K’ + —nr" K" + KT K'K"
! 72 vk )
2 _
— CZ(K+K+K_ + Kt — —nrt K’ + K+K0K0).
V6
* Tree-level production and final state interactions via rescattering mechanism:
rt K+
/W+ T
DY > > . D} 0
\\ K+ K" K+ 7, K, K~ n T
K+ '
(b) Rescattering of K*7~, K97 and K. (c¢) Rescattering of 7+n~, 7%, nm and KT K.

(a) Tree-level production.

17



D > 7z'7n K" £

* The amplitudes for the decay D] - K"z 7z~ In the S-wave:

t (512: 523) :Ol [1 + Gﬂ'_K+ (923) TTF_K+—>TF_K+ (823) + Gﬂ'"‘ﬂ'— (512 Tw+ﬂ_—>?r+1r—](312)

1 1
- EGWOKO (823 Tro g0 _ym— K+ (323) + %Gnm (523)[TnK0—m—K+ (523)

+ GKDR’O (812) TKogoﬁﬂJrﬂ-— 812)] — 02 I:GK‘FK* (512) TK+K*—m+7r* (812)

2
+ G???? (812)lTnn—>7r+1r— (512) - %Gn}(@ (923) TnK0—>7r—K+](523)

+ Ggogo ($12)|Togosmt x| (512) ]

* The contribution of other intermediate states:

u . 2
10 K * (892 m —m
My (812, 823) = D= (som)e’™ 7 (m3 —m?2) 7 S A
K*(892) {512, 523 - 5 p K T D) $13 T S12
d 523 — m‘K*(ggz) + Z-mK*(sgz)FK*(sgz) mK*(BgQJ
W+
c » > {

D g+ (1430) €"* K+ (1430)
( ) [(823 - m.f{ - mi) - (513 + 812 — mf{ - miﬂ ;

M+ (1430) (812, 823) = .
Dy (1430 823 — Micw (1430) + 1M+ (1430) T K+ (1430)

Dpei‘.a_‘}

. _ 2
$12 —mg + im,l’,

D e’mfn(m'm}
M, 1370 (512, 823) = 5 Jo(1370)" [(512 — 2m2) - (s13 + 523 — 2m2)],
8§12 = My (370 T Mg, (1370) L g (1370)
i it

3
S12 + Sy3 + S13 = My, + My + M + m2, 18

(823 - 313) ;

f'v:{p (812, .‘523) =

DF




gy,
D + + - +
—> T T 5 :
O ~
) S
e, s

* The double differential width distribution of three-body decay:
)

* The limits of integral variable for the invariant masses are higher than 1.2 GeV, we need
to smoothly extrapolate G(s)T(s) above the energy cut v/s = /Sy = 1.1 GeV :

G(5)T(s) = G(su) T (scu)e™ ™V V3) - for /s > \/Seu

d2r 1 1 (
ds,,ds,; (27;)3 32mp,

t(812 ’ 523)+ M K* +M K +M fo(1370) + Mp +M p(1450)

(892) (1430)

* The parameters need to be fitted:

S-wave: (Cq,C,, a

Dp’ ap, Dg+(892), k*(892), Dk*(1430), Ak*(1430), Df0(137o),

other resonances:
af,(1370), Dp(1450), Xp(1450),

V. R. Debastiani, W. H. Liang, J. J. Xie, and E. Oset, Phys. Lett. B 766, 59 (2017). o



D' > 7277 K"

b 2 1dof = 183 37/128 = 1.43 Medina Ablikim et al. [BESIII Collaboration], JHEP 08, 196 (2022)
mm "/ dof = ' - BESIII Experiment:

Our Results:
100 - &
| — Total =
| | an un PO % ¢ data
80 —.- k*(892)° i > —— fit result
- S-wave ] Q3 ——— background
sol = Ko (1430) l G N O e i 41 0 I R e K*p’
+ 0
P | —= £p(1370) 2 K™p(1450)
D 40k > K*f (980)
- - S 4 (1370)
e K(892)'m
201 e K (1410)'0
| = e K (1430)T0*
ol e e ] &
0.5 1.0 1.5
Mp+n-[GeV]
M. (GeV/cz)

Parameters Co o D, «ap Dpge(892) ®x+(892) Drc*(1430) Cr+(1430) D fo(1370) @ fo(1370) Dp(1450) Xp(1450) x?/dof.
Fit 263.74 -63.08 12.34 80.77 0.18 62.99 3.04 -62.50 1.21 -60.24 3.07 -456.70 0.93 1.43 20




D > 7’7 K"

. Ktmgt )(Z/dof — 183.37/128 = 1.43 Medina Ablikim et al. [BESIII Collaboration], JHEP 08, 196 (2022)

Our Results: BESIII Experiment:
e 80— }
| —— Total | a L
80 o0 | IS dat
' . |~ 60— ¢ ata
(== K (892)° é) - (a) * —— fit result
S-wave B
60 ) 1 »n F * ——— background
| —-= K, (1430) N 40— K"'po
ﬂ [| == f{][1370) ~ I~ K+p(1450)
c [ —.- p(1450) a2 [ +
S47 4 Data 1 5.0 g}' §§§3§
> L
Sal L S— K*f (1370)
20 . oo Sl L J (892) a
B A0 S NS : A i S K (1410) T
_____ : — 3
et T e R T o s, j 1 5 —ddin ] TN RETEN| l!}l }!I *}l [ K (1430)
. , , . v S UL B TR U AT L I L
10 15 _3 l | | | | l l | | | l l |
My+n-[GeV] 1
M.,._. (GeV/cz)

Parameters (1 C a D, ap Dg=(892) K=(892) Dr=(1430) Qi=(1430) Dfo(1370) Xfo(1370) Dp(1450) Qp(1450) x2/dof.
Fit 263.74 -63.08 12.34 80.77 0.18 62.99 3.54 -62.50 1.21 -60.24 3.07 -456.70 0.93 1.43 21




D > 77 K"

Medina Ablikim et al. [BESIII Collaboration], JHEP 08, 196 (2022).

« Ktm~ y?/dof =183.37/128 =1.43

Our Results: BESIII Experiment:
,'-l | | —_— Toltal g : ::
” ..... p(i | %100 (b) . } data
|| =" : (892)° 1 S —— fitresult
_ '] -wave ——— background
1007 —- k0] & T (b K+p0g
g f T RASTO 5 K*p(1450)"
5 i , —-= p(1450) ) K* 500
it ! $ Data 5 f( )
50 i > K”’f (980)
| - R— f (1370)
— (892)1t
i e K (1410)'m
ol : : I SN [ uhll} oy | K (1430)m*
' ' AT R ||H| T
1.0 1.5 -3 | | | | | | | | | | |
Mg+n-[GeV] 1

M. (GeV/cz)

Parameters (7 C a Dy ap Dg=(892) @x=(892) Dr=(1430) Qi=(1430) Dfo(1370) Xfo(1370) Dp(1450) Xp(1450) x? /dof.
Fit 263.74 -63.08 12.34 80.77 0.18 62.99 3.54 -62.50 1.21 -60.24 3.07 -456.70 0.93 1.43 22




Branching fractions

* The ratios of the branching fractions between different resonances :
B[D§ — K* fy(500) — K*rtn~] B[Dg — K*fp(980) = K*n¥n~]
B [D;L < (892)0 o+t K+7T+7T_] B [D; — K* (892)0 Tt — K+7T+7T_}
B|Df — Ktp— Ktota™]
B[D¥ — K*(892)° nt — Ktmtr—]

B|Dg — fo(1370) K* — Ktata—|
B |Df — K* (892)° 1t — K+ntm—|

B|D§ — Ktp(1450) — Ktatn] B
B[D¥ — K*(892)° it — Ktmtr—]
* The branching ratios for intermediate :

Decay process Ours (1073) BESIII (1073)  PDG (1073)
Df — KT fp(500)  0.38 £0.037003  0.43 £0.14 £ 0.24
Df — K*£(980)  0.114£0.01700] 0.27 £0.08 £0.07
B(DS - K (892)r™, K*(892% - K*m™) Df = K*+p" 29442027709 1994£020£022 25+04
=(1.85+ 0134 0.11) x 10 D} — K*£,(1370)  1.07£0.107035; 1.22+0.19 £0.18
DF — K;(1430)°7F  1.06 +0.10700; 1.15+0.16+0.15 0.50 £+ 0.35
D — K*p(1450)°  2.38 £0.227005 0.78 £0.20 £ 0.17  0.69 + 0.64 23
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e The external and internal W-emission mechanism:

d . d
. > Wt s c > W=, E c u c u

> o
DF ( Df Dt ( DY

5 s < 5 5

s < s 5

—
&
~—
< A
—
2
~—

FIG. 1: W-external emission mechanism for the D — K¢Kgn* decay.  FIG. 2: W-external emission mechanism for the D — K3K2r+ decay.

* The SU(3) matrix M In hadron level:

%WO + %?7 nt K; %,00 + %w 1 pt 1 K*‘(‘)’
P = T —T’}T :—fn K . V= P —Tp_—l— Zw K7 :
K K \/—77 K=~ K* )

* The total contributions for the decay D; — K2K2z" :
H) = ‘H(la)> + ‘H(lb)> + ‘H(za)> + ‘H(Qb)>

- 2 _ 1 1
2017T+K+K_ + OQ?T+KOKO + gOg’FT-'-nn + C47T+K*+K*_ + 057T+K*OK*O + Com " + ﬁcﬂf-’_w@ + 7§CS?T+PO¢,
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Tree-level production and final state interactions via rescattering mechanism:

T nt
KO
KO KO
0,
& g \>\ KO D+ D+
- K=, K°%n K° K* K™, ¢/w/p K

(a) (b) (c)

The amplitudes for the decay D; — KKJz* in the S-wave:
t(Miz)|gogont =C1Gr+ ik~ (Mi2)Tir k- koo (Miz) + Co + CoG gogo(Mig) Tio go gogo(Mi2)
+ gcgcm, (Mi2)T,, ko go(Miz) + CaG et oo (Mia) Tigot om0 igo (Mia)
+ Cs G geeo o (Mia) Tiewo ooy oo o (M) + CoGlpg (Mi2) Tips o o (Mi)
+ %QGW(MM)TW—WDRO(Mu) + iCE%GPOGb(A/jl?)Tqub—)K“R'O(A/IIQ)a

NG NG 0\ 1 0y _ | 0
K§) = o5 (K% — |K?))
1 1 1
t(ﬂ412)|KgKgﬂ+ = _§CIGK+K_ (A/-{12)TK+K7_>KDR'U(A/112) - 502 - §CQGKOR'D(A412)TKD[_(D_)KORD(Afflz)
1 1
- gciﬁGnn(AJIQ)Tnn+K0R0 (M’u) - §C4GK*+K** (A412)TK*+K*——>K0K0 (A’ﬁz)
1 1 .
— 505G kw00 (Miz) Tico oo o o (Miz) — 5C6 G (Mi2) T o ko (Miz) L. R. Dai et al. Eur. Phys. J. C 82, 225 (2022).
1 1
— 2\/§CTGW¢(A412)TQJ¢—}KORO(A412) — mCSGpoqb(ﬂ'{lQ)Tpoqb—)Koko(A412)3 26
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* The diagonal matrix G is two intermediate meson propagators(dimensional
regularization method):

m% m%—m%+s m%
2{aﬂ+ln—2 -+ 2 1n—2
67 u s mj

qm:/(ES) [In (S - (m% - m%) + ZQCm (s) \/E) + In (S + (m% - m%) + ZQCm (s) \/E)

~In (=5 = (13 = m2) + 2qen (5) V5) = In (=5 + (3 = m3) + 20 (5) V5)l}

Gii(s) =

+

* The value of the subtraction constant :  J. A. Oller and U.-G. Meif¥er, Phys. Lett. B 500, 263-272 (2001)

mZ
app (i) = =2log (1 +4/1 +M—2}) +e

v the pseudoscalar-pseudoscalar interaction: v'  the vector-vector meson interaction:

11 =0.6 GeV 1 =1.0 GeV

v In our formalism: the pseudoscalar-vector interactions
J. A. Oller and E. Oset, Nucl. Phys. A 620, 438-456 (1997) .

L. S. Geng and E. Oset, Phys. Rev. D 79, 074009 (2009). '

u: afree parameter
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* The contribution of the vector resonance generated in the P-wave:

DeiQK*(sgz)Jr

tK* " M 7]\J = .
(892) ( 12 23) M223 _ M?(*(SQQ)JF =+ ZMK*(892)+FK*(892)+

K2 KO
X
Dy =

2 2 2 2 2 2 2
’ﬂ'+ A’{12+A’113+A‘{23:mD2-+mK2 +ng+mﬂ_+.

(2. —mi)(miy — m2,)

— M7, + M
Mf(*(

?

892)+

* The double differential width distribution of three-body decay:

d°T 1 MipM 1
dMyadMos B (2m)3 8;7213 - 2 M, M= t(Mi2)| ko gor+ + trex(so2)+ (M, Maz) + (1 <> 2),
: D+

* The parameters need to be fitted:

S-wave; U, Cl,Cz,C3, C4_, C5, C6’ C7, C8

P-wave: D K*(892), XK*(892),
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* Fitting results: (Combined fit)

Parameters [ Ch Cy C5 Cy Cs Cg Cr C8 D age(gez)+ x2/dof.
Fit 0.648 GeV  8640.90  2980.71 -1902.86 56906.35 -13433.15 -58284.22 102835.76 202807.71 54.80  0.0024 2.55

—— Total fit

L T
00— Total fit d 100 F |
-—- K'(892)* ] [ -—- K'(892)F
[ S-wave i - S-wave ]
80T 4 BESIIdata 80T { ¢ BESIIdata .
g 2
o -
[\T] [+F]
g ¥

10 12 14 L6 o 06 0.8 10 12 14
Mzxe [Gev] Micn+ [GeV]
This work Ref. [64] Ref. [96] Ref. [43] Ref. [62] Ref. [44]
Parameters po= 0.648 p=10.716 Gmar = 0.931 po=1.0 Onar = 1.0 9max = 1.0
ap(980)  1.0598 + 0.024¢ 1.0419 + 0.0345¢ 1.0029 + 0.0567i » e ‘e
fo(980)  0.9912 + 0.0034 ‘s 0.9912 + 0.01354 -
ap(1710)  1.7981 4+ 0.0018: 1.7936 + 0.0094: . 1.780 — 0.0662 1.72 — 0.010¢ 1.76 = 0.03¢

Jo(1710)  1.7676 + 0.0093i ‘e e 1.726 — 0.014: e e 29
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*  Fitting results: (Fit only for KQK§ spectrum)

100 | — Total fit ] 100 | * —— Total fit
--- K'(892)* --- K'(892)*
L S-wave ok 0 . . S-wave ]
¢ BESIIl data i + ¢ BESIIl data -

60 [ 60 |

Events
Events

40 - 40 -

20+ 20+

0 0

1.0 1:2 1.4 1.6 1.8 0.6 0.8 1.0 1.2 1.4
MKgn' [GeV] MKgn' [GeV]

* The ratios of the branching fractions between different resonances :

B(DF — S(980)7+, S(980) — K9K?)
B(D+ — KVK*(892)F, K*(892)* — Kurt)

B(DF — S(1710)7+, S(1710) — K%KY)
B(Dy — KVK*(892)+, K*(892)* — Kor+)

_ +0.032 _ +0.460
= 0.1227 423, = 0.9527 597,

* The branching ratios for intermediate : B(DS — K* (892)K — K{KJIn™)
‘ = (3.0+0.3+0.1) x 1073;
B(DJ — S(980)7", S(980) — KgKg) = (0.36 +0.04% ) x 1077, B(DF - S(1710)n* —» KIKOm*)
B(D} — S(1710)7", S(1710) — KoK§) = (1.66 4+ 0.1775:33) x 1073, =(31£0.3£01)x107%.
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> Based on the measurements for the decay D¢ - ntn~K* and DF - K2Kdnt | we adopt the
chiral unitary approach to investigate these processes theoretically via considering the
contributions of the W-external and —internal emission mechanisms. Besides, the contributions
of the other intermediate resonances are also take into account.

» D - ntn K™ we take a combined fit to reproduce the ¥n~, K¥n~ and K™ invariant
mass distributions by considering the coherent effects between the S and P waves, and then
calculate the branching fractions of the dominant decay channels, the results are almost in
good agreement with the experimental measurements and PDG within the uncertainties .

> DI - K2K¥n*: the fitted results show that the enhancement around 1.7 GeV in KYK? mass

spectrum is overlapped with two visible peaks, indicating the mixing signal originated from the
resonances ay(1710) and fy(1710) due to their different poles (masses).
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Thank you!




