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Helicity amplitude

For decay process Y — Z. + 7£+,ZC — j/w + 1, J/g[/.—> I*I", the helicit‘y amplitude is:

Az (Ay, Az, A, AF) =F/JY D’ (0z..¢z.) - BW(Z.) - FJZC D (IR
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For decay process Y — fo(f2) + J/U, fo(f2) = n* +n, J/Y — I*I™, the helicity amplitude is:
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The cross section:
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Parameterization of intermediate states

e /c are parameterized with constant width Breit-

Wigner function I
s— M2+ iMT

* For it S-wave, we utilize the amplitude from
rin—> 1t and KK—=2 1t scattering experiment.

The scattering amplitude is rewritten in N(s)/D(s)
form, the numerator is replaced by a polynomial

expansion
1 + z(s)
D(s)
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S,-(s) = = S _(s5) + ¢S _(s),
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It S-wave parameterization
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Same method as
CLEO: Phys. Rev. D 84, 112009 (2011).
BESIIl: BAM 168



Finding nominal fit

Fit 0: Zc(3900) fixed
mass and width

Fit 1: one Zc(xx)(J?)

Fit 2a: one Zc(xx)(1*) +

Fit 2: one Zc(3900)(1*) +

Fit 3: one Zc(3900)(1*) +

Single Zc(3900) like 4260 data can’t well fit 4420
-5198
data
[ Zc(3550) give better fit than Zc(39xx), } 5218
The structure contain significant 1* component

[ The best result is gotten when both Zc are 1*, one

} -5286
of them has mass and width very close to Zc(3900)

[ Nominal fit, mass and width of Zc(3900) are fixed

Another Zc has mass aroud 4020, but much wider } -5285

[ The JP of Zc(4020) favors 1*, additional states are }
not neede
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Fit 1: Fit result with one Zc(x)

JF of Z.(35xx) -2InLL ANdor. | Mass of Z. MeV | Width MeV
0~ -5143.32 4 3539.2 + 9.1 01.2+ 194
1+ -5218.74 10 3546.9 + 6.1 9037+ 14.9
1~ -5159.78 4 3550.6 +£ 6.5 72.8 +11.8
27 -5159.45 4 3541.8 £ 6.0 65.7+11.0
2~ -5208.12 10 3546.3 + 5.7 106.4 + 13.9

Table 1: The fit result with different J* assumption of Z.(35xx)

J¥ of Z.(40xx) -2InL ANgof. | Mass of Z. MeV | Width MeV
0~ -5154.62 4 39174 +£5.2 55.3+90.3
1" -5202.58 10 3959.5 £ 8.9 116.0 £ 13.4
1~ -5135.88 4 3948.5 £ 15.6 042 +24.3
2 -5130.10 4 3959.2 £ 13.0 112.4 +17.6
2 -5182.70 10 39494 + 8.8 113.3+17.1

Table 2: The fit result with different J* assumption of Z-(40xx)

HO



Fit 1: Fit result with one Zc(35xx)
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Fit 1: Fit result with one Zc(40xx)
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Fit 2a: fit with two Zc

JPof 2 Z_ | 2InL | JP of Z. | ANg,y. | Mass of Z. MeV | Width MeV
_ 0- 4 3903.9 + 9.4 416 +84
0 258 1+ 10 4004.1 £ 124 | 110.2 £ 14.9
1+ 236 - 10 3893.8 + 5.0 412 +87

i 1+ 10 40184 + 134 | 106.7 + 19.0 H1
- <rs3 - 1 35010+ 142 | 523+118
1+ 10 3535.1 = 8.1 109.8 +29.2
2F 4 40143 132 | 1145+ 28.1
+
2 ~5236 1+ 10 3914.0 + 5.4 65.8 + 10.0
B 2= 10 3892.6 + 6.4 30.6 + 8.5
2 ~5204 1+ 10 39948 +11.5 | 124.8+16.2

Table 4: The fit result with different J* assumption of Z.(J?)+ Z.(17).

Compare with page 8, Likelihood ratio test shows that the 1+ component is significant.

Jnp of Zc of HO___| 8L( H1-HO) N | significance ____
0- 52 10

8.60
1+ 34 10 6.50
1- 47 10 8.00
2+ 38.5 10 7.00

2- 28 10 5.60 H



Fit 2: nominal fit result with two Zc

HO

JPofZ, | -2InL ANg,s. | Mass of Z. MeV | Width MeV
0~ -5217.67 4 4005.7 £ 18.0 | 130.2+£44.5
1 -5285.50 10 4027.0+11.5 | 105.6 £20.2
1~ -5237.11 4 4028.7+ 64 39.0+14.9
2% -5228.86 4 4000.0 £ 15.1 | 121.9+£284
2” -5244.44 10 3995.7+10.6 | 108.8 +16.3

Table 5: The fit result with different J” assumption of Z.(40xx)+ ZC(39OO)(II\
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The completeness of fit 2

 Completeness: The components in fit 2 are all significant, no
other states are needed.

* The fit with Zc(3900)(1*)+Zc(40xx)(1*)+Zc(40xx)(JP), the mass
and width of all states beside Zc(3900) are free in the fit.

H1
JP of Z. Hy | Likelihood of Hy | 6L(H, - Hp) Nio1™ | significance of 1™ | AL(Hy - fir2) | NgopJP | significance of J?
0 -5306.09 4 10 1o 10.3 4 35
¥ 312,84 8 10 - 3.7 10 3o
I~ -5293.79 28 10 5.6 4.1 , Wi
A -5294.74 33 10 0.3 4.6 , [.9¢
2 -5320.71 38 10 100 [7.6 10 38
\! I

The significance of 1+ over other JP assumption for Zc(40xx) ”

!

The significance of extra Zc states with different JP assumption




The completeness of fit 2

* The significance of *rt D-Wave (f,(1270))is
2.70

* Fit 2 compare with fit 1 = The significance of
Zc(3900) is 6.40

* Fit 2 compare with fit 0> The significance of
Zc(4020) is 7.60



Fit 0: Zc(3900) fixed
mass and width

Fit 1: one Zc(xx)(J?)

Fit 2a: one Zc(xx)(1*) +

Fit 3: one Zc(3900)(1*) +

The logic

Single Zc(3900) like 4260 data can’t well fit 4420
-5198
data
[ Zc(3550) give better fit than Zc(39xx), } 5218
The structure contain significant 1* component

[ The best result is gotten when both Zc are 1*, one

} -5286
of them has mass and width very close to Zc(3900)

[ Nominal fit, mass and width of Zc(3900) are fixed

Another Zc has mass aroud 4020, but much wider } -5285

[ The JP of Zc(4020) favors 1*, additional states are }
not neede

15
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The projection of fit 2
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Fit fraction

* The fit fraction is calculated by the MC integral of the cross
section of intermediate process and the total cross section.

Fi(

/Z(dd),

The interference table of fit 2

Z.(3900) | Z.@020) | 5% | S. | Sx
Z:(3900) | 0.43
Z.(4020) | -028 | 0.324
S un 017 | 026 0923
S x 0.06 01 | 1.0 | 042
Skk | 001 | -0.002 |0.067 | 0019 ] 0.076

18



Dalitz plot of Four dominant states
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Dalitz plot of Four dominant states
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Another m(rnt*mt’) parameterization

* Three pipi S-wave components are used. ¢,, {,(980), o,

* The o, : The bump at the lower threshold of m(nr)

T
g1=f(s l& —_”:,, )) exp[—(s — M?*)/a). ::+ \ mwﬂﬂw?jﬂ

« 1,(980) is parameterized with flatte formula: fixed to BESII’s

measurement Phys.Lett. B607 (2005) 243-253

;o 1
’ ;\[2 — s —1 (yl Prw + PPKEK ) '

* 0, :The bump at higher threshold of m(nr)

RN AR RN LR AR AN AR

......................

do
dm

JUTT

o« G| @* - 4m®) x ¢*

g is the four momentum of the dipion system
|q| is the magnitude of space part of g

L L L L L L I L

......................




Fit result with alternative m(rmt*rt’)

parameterization
Fit result with different JP assumption
JP of Z.(40xx) | -2InL | ANy | Mass of Z. MeV | Width MeV
0~ -5231.66 4 3974.1 £ 14.2 96.6 £ 21.0
[ -5281.17 10 40251+ 17.7 | 1084 +22.7
1~ -5240.66 4 3983.0+7.2 53.0+99
2% -5234.63 4 39772 +9.5 67.1 £18.0
2” -5252.47 10 40049 + 12.1 97.7+17.3
The interference table of fit
Z:(3900) | Z,(4020) | o(600) | NS model | f(980)
Z:(3900) | 0.324
Z:(4020) | -0.133 0.248
a(600) -0.094 0.111 0.339
NS model | 0.066 -0.037 | -0.124 0.252
f0(980) -0.052 0.047 0.112 -0.221 0.157

22



Fit result projection with alternative
m(m*r) parameterization
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Dalitz plot of Four dominant states
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Dalitz plot of Four dominant states
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Goodness of the fit

 We use the Mixed-Sample Method used in BAM278.

M. Williams, Journal of Instrumentation S, P09004 (2010).

> >

0.5 0.5

Ng+Np Ni

I'= nA(rza + np) Z Zl(l ),

I(1,k)=1 if the neighbor are from same sample
I(1,k)=0 if the neighbor are from different sample

26



Goodness of the fit

 The expected mean value of T if two samples have same

distribution
Ng(Ng — 1) + np(np — 1)

T =
. nn-1)

 The expected variance of T if two samples have same
distribution

2,2
) 7 1 NaNp nanb
lim o3 = + 4

).
g, D— o nn, n2 n*

 We generate MC sample according to fitted result. Then

separate them into 300 samples. Then compare them with
real data.

 The pull distribution of T should be a standard distribution if
these samples have same distribution.



[pull] ; 721 ndf 2078/26 | [pull]
Fit1 Prob 0.04102
Constant 10716 F
30 Mean 1.094 + 0.058 -
Sigma 08878+ 0.0523 5[
% -
20
2 -
15
15 -
° 10:—
5 5
0 5 05+
. 27 ndf
Fit 1 o) (]
& Constant  23.07+1.80 2%
- Mean  0.2678+0.05%
i Sigma  0.8381+0.0474
2 20
15 15
10 - 10
sf- 5
I-l L1l I Ll I 1l l LAl L
L S — R

The pull distribution of T

Fit 2

(b)

111

12/ ndf
Prob
Constant
Mean
Sigma

35.33/25
0.08244

2.7 211
0.3354 + 0.0504
0.7636 + 0.0539

The distance is defined on dalitz plot

The mean of the pull of fit2
Is closer to zero. So Fit 2 is

N .
4

T 2 3
: ZIndi
Fit 2 Prob 05241
Constant  2341:185
Mean 009194+ 0.05152
Sigma 07971+ 0.04390
(b)

The distance is defined on dalitz plot
+ 4 angular distribution
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The X2 check at different m(mnt) range

process total high (M(x"n7) > 1.0GeV) | low (M(n*n7) < 1.0GeV)
Fit 1 44.2. 44, 1.005 63.3, 24, 2.64 65.1, 47, 1.39
Fit 2 39.4. 47, 0.84 36.3, 23, 1.58 53.8,47,1.14

The three numbers in each box are x?, Ndof. and x%/Ndof

“;L'"j”‘“ (a) (b)

[ 3
A 3
E T
i o ; i

Figure 11: Fit 1: The projection result and )(2 for each bin at different M(z*7~) range. (a) total, (b)
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The X2 check at different m(mnt) range
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Figure 12: Fit 2: The projection result and )(2 for each bin at different M(n*n~) range. (a) total, (b)
M(r*n™) > 1.0GeV, (c) M(n*n™) < 1.0GeV.
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Systematic uncertainty

e 1t*rt S-Wave parameterization. Instead of using
the scattering amplitude. We use three Breit-
Wigner like structure. The difference is taken
as systematic uncertainty.

* The influence of it D-Wave. The significance

of £,(1270) is 2.70, the result difference when
f,(1270) included is taken as systematic
uncertainty



Systematic Uncertainty

* The J/ signal range and sideband range is
varied, the difference is taken as systematic
uncertainty.

* The barrier factor. The radius of centrifugal
barrier is varied between 0.5fm and 1.5fm.

 Mass and width of Zc(3900) are varied with
their uncertainty.



Systematic Uncertainty

* The resolution and fitting effect (I/O check): We use the same
300 MC samples to perform the fit. Then compare the input/
output value. The mean difference is taken as uncertainty.

Xout — Xinput

a
£ind %7138 1/ ndf %38/ [ #3800 ) 1 ndi ECTET T i ndf 026/23
Prob 0588 Prob a2 Prob 04382 Prob auz
Consant 136112 Constant  137811.09 Consant  1654:142 Consant M33:20
Mean 006312+ Q08652 18| Nean 099051 0.0807 Mean  -0.3016 1 00745 ¥ Mean  -00ES: Q048
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Figure 17: The pull distribution for 4 measured value. Fit 2: (a) mass of Z.(40xx), (b) width of
Z:(40xx), (c¢) fraction of Z-(3900), (d) fraction of Z.(40xx).
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Summary of the systematic uncertainty

M(Z.(40xx) | T(Z.(40xx)) | Fr.(Z,(3900)) | Fr.(Z.(40xx))
T 7
nn S-Wave +0 27 0 40
parameterization maal -0 8 -
o : 10 AL 50 370
- ) +21. + .
background 104 0 o 0
. +0). +1. + +L.
Barrier factor -6)23 | lzg _(?]43 L8
+0. +61. +61. .
Z,(3900) parameter 053 Y 367 136
0 0 0 i 0
05 5 1 BEb:
0. +/). +0). +144.
Total _137 253 _446 1)
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Last result

* Multiplying the fraction by the cross section of

ete 2mrl/Y,

arXiv:1611.01317v2

we get the cross section of intermediate

process.
Result
Mass of Z.(40xx) | 4027.0 % | 1.5%‘;} MeV
Width of Z.(40xx) | 105.6 + 20.2j5~§8 MeV
Fraction of Z(3900) 43.1 £7.0%431%

o(ete” — m*Z.(3900))
Fraction of Z.(40xx)
o(ete” — nm=Z.(40xx))

_593,
522+ o.ssjggazpb
324 £ 11.8*%0:2¢,

3.92 + 1.43f§§‘,§3 pb
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Summary

* The nominal fit contain a Z(3900) and a Z_(4020).
The JP of Z(4020) is 1%, the width

is much wider than that observed in t*rth...
The detailed value is shown in previous table.

 We show the detailed interference plot between
different states.

* The goodness of fit are performed
* |/O check are performed



