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Motivation

Covariant tensor formalism « The Z.(3900) cross section line shapes from
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Helicity amplitude construction

* Two body decay  Helicity coupling amplitudes depend on the

f icl ith spin 1 high
(o) — bom) + (o) Lorentz factor for particles with spin 1 or higher

[X“)*(?\)'w()\)] 1 for A==2
Ao\ (8,¢; M) = Ny, Fyl*\ DJi%(6,0,0), (A = Ay — Ac) 0= D 1 for A== 1 P e
ys for A=0, 57-‘2‘+§ for A=0.

F/{b, A is helicity decay amplitude

Covariant helicity

coupling amplitude
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Gi = 4r (p) (JMis|M|JM) 12
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» G5 is LS coupling partial wave amplitude s
» With a definite set of helicity of (b,c), G, should be same XWer’ [\ )5 (Ye)s

» In fit, G, is a float complex parameter

PhysRevD.57.431 (1998) by S. U. Chung




Helicity amplitude construction

Sequential decays: Y »ntn~J/Y, [/ - [F1™

Decay : Y —Z. T Ze—yY w
. . . PC | 1—— + - 1" —=1 0
* Helicity formalism J el —17 0
2 vy Jy : 7 Iz, Jz. .

Az, (Av, Az, Aev, \e- ) =FY ) oDiy s, (0z,,¢z.) - BW(Z:) - Fy 70 oDy s (8070, dayy)
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J/Y = [71” is included in helicity formalism et A= DA s et A
For the last step J/¢ — (74—, at the relativistic limit, by QED calculation, Fl/];t;/z =
F;IJ/“’ _1s9 = 0. Here we define A\, = A\p+ — A\y—, we can see only A\, = £1 is allowed.
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Helicity amplitude construction

. 4 o Decay : Y —Z. L =0(S — wave)
 Sequential decay: Y - n"n J/yY, J/Y - 7] JPC .1 1t o
' 7 L =2(D — wave)
2
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 Four components: SS, SD, DS and DD




Amplitude construction

Sequential decays: Y » ntn~J /¢

» (Covariant tensor formalism
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« UMY is the partial wave amplitude
constructed according to LS coupling

UM = (Ars)(Ais)

Decay : Y —Z. 7 Z, =
PC 14— + — A
J 1 —1 0 17 =10
w ~ 1L Z ~ v Z.
U(;yez, )58 — 9{4 fltnfaj +g:z\ )f(tu-z‘J]

[ _ (2)uv p(Z.)
[IL}’ —ZFnT)SD 7t f[(ll + t (¥ f(U'Z]

w m(2)pA  ~ o
[T{y L ZEaT\DS — ‘[[Z','lw V9(Z;: )\ f((u + ‘[[Z 92 009" fm
1w =(2)pA “[2) v =(2)uA "f?) s o(Z.)
[”y Lz:x5)pD = 1| z#ﬁ Eoraed” fm) + T, z;n JEgr a8 f02)
+ —
Decay: Y — — fo fo —=m" 9w
JY1 1 00 00 =00

UL sy mss = (05ol01) = g 118
v _ _ A2 (f)
Ul u@s)mps = ($Fol21) = TN fig



Amplitude construction

Two points:

* J/Y - [T1™ is included in the helicity formalism and not in
covariant tensor formalism

 Lorentz factor is considered in covariant helicity formalism
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Amplitude construction
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Test with MC

7Zc SS | ZcSD! | «ZcDS| | [ZcDDj
00 I A R I R I
2”?00— . (oo | T :' ] Lﬁogr ! |
| S B . | + The simplest MC sample:
O I S I S o e « Only Zc SS component
m(n*psi') (GeV) m(x*psi') (GeV) m(ntpsi') (GeV) m(npsi') (GeV)
+ No BW width
i o ] b ] 2 : 5 i ]
00| R R 1 4 ORI A « Generated by helicity formalism
P ey e b e 1« Fit in two formalisms
i ! o | | ost | : ] oot I b ]
Go“%'o.‘5"”:;”' Oc}"i'o.ls""l"i'" Db“j'o.‘s"“l-'?'”_ 0()7”)“0]5”“"';”‘
m(nn) (GeV) m(nn) (GeV) m(zx) (GeV) m(nx) (GeV)
With Cov: SS wave fraction = 0.976046 Hel: SS wave fraction = 0.975296
1 Cov: SD wave fraction = 0.0127248 Hel: SD wave fraction = 0.0130789
]/1/) — [T]~ cov: DS wave fraction = 0.0110846 Hel: DS wave fraction = 0.0114711
Cov: DD wave fraction = 0.000144749 Hel: DD wave fraction = 0.000154264

0.151207 The test result supports
]/w — [1]~ Cov: DS wave fraction 832515?4 the neCGSSity Of ]/lp - l+l_

Cov: DD wave fraction 0.272534

. Cov: SS wave fraction
WlthOUt Cov: SD wave fraction




Test with MC

« The fractions are consistent between covariant tensor
formalism and helicity formalism when J/y — [T]™ is

included MC sample:
« Different (LS) wave components for two formalisms Four components: SS+SD+DS+DD
are in match BW: different Zc mass and 1 MeV width

* J/Y > ITl” part is necessary

With J/y —» 111~ Without J/y — [T1~
_ SS wave: Cov = 0.11943 Hel = 0.117659 Cov = 0.108338
Zc mass=3880 MeV SD wave: Cov = 0.0223932 Hel = 0.0220939 Cov = 0.143104
Width = 1 MeV DS wave: Cov = 0.723714 Hel = 0.725169 Cov = 0.321651
DD wave: Cov = 0.134462 Hel = 0.135078 Cov = 0.426907
Zc mass=3885 MeV SS wave: Cov = 0.140743 Hel = 0.137783 Cov = 0.0721274
. — SD wave: Cov = 0.0218467 Hel = 0.0217328 Cov = 0.283996
Width = 1 MeV DS wave: Cov = 0.724729 Hel = 0.725696 Cov = 0.130078
DD wave: Cov = 0.112681 Hel = 0.114788 Cov = 0.513799
7cm — MeV SS wave: Cov = 0.126908 Hel = 0.122224 Cov = 0.0780388
C, aS_S 3890 € SD wave: Cov = 0.0227674 Hel = 0.0222862 Cov = 0.164744
Width = 1 MeV DS wave: Cov = 0.722514 Hel = 0.724973 Cov = 0.243955
DD wave: Cov = 0.127811 Hel = 0.130517 Cov = 0.513263




Test with MC

Zc3900 MC sample: only SS component, BW function has width

Without J/y — [T1~ in covariant tensor formalism

Cov: SS wave fraction = [0.292975 Hel: SS wave fraction = 0.905202
Cov: SD wave fraction = 0.500984 Hel: SD wave fraction = 0.00800091
Cov: DS wave fraction = [0.0744949 Hel: DS wave fraction = 0.0859795
Cov: DD wave fraction = 0.131546 Hel: DD wave fraction = 0.000817607

With J/y — [*]™ in covariant tensor formalism

Cov: SS wave fraction =|0.930268 Hel: SS wave fraction = [0.905202
Cov: SD wave fraction = 0.00704404 Hel: SD wave fraction = 0.00800091
Cov: DS wave fraction =|0.062201 Hel: DS wave fraction = [0.0859795

Cov: DD wave fraction = 0.000487272 Hel: DD wave fraction

0.000817607

« The test result supports the necessity of ]/ - [t~ .
. Differ.ences appear in fragtions of two formalisms Gl = 4n (’w)g (J Mls| M|JM)
 Invariant scattering amplitude has mass-dependent

term? This term is treated as a constant?




Consistency between two formalisms

5.3.1 ¢ — p'7% - atqr—nO

WA, BATRAMAEE LT, Ty — o070 — ata— a0 SRR A A A
Fif5], X Breit-Wigner /0 Ali DA SAEN T, (HIEA SR TR 0.

5.3.1.0.1 #m RAVCHOEEA G A vH 5 ok (2 8iBreit-Wigner) , & & PP
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d !t * * (1|4
(G)n o 1P Y| DE(69)DI(E'd) — Dij 1 (66) D1 (0'0))|”
M

Helicity: 0.353986 L-S: 0.353986 Ratio: 1.000000 X 201+ cos?)sin? '+ sin sin?  cos 24
Helicity: 0.795525 L-S: 0.795525 Ratio: 1.000000

Helicity: 0.410571 L-S: 0.410571 Ratio: 1.000000 ‘

Helicity: 0.004812 L-S: 0.004812 Ratio: 1.000000 do @iwwu
Helicity: 0.704383 L-S: 0.704383 Ratio: 1.000000 d My s "7
Helicity: 0.480020 L-S: 0.480020 Ratio: 1.000000 = |Col?eijkplPhe ™ Prmpan

= [Co|*(p1 x P2)2, -



Consistency between two formalisms

MC:Y s> natn~J/y, /Y - 11]™ phsp MC
Amplitude: only Zc SS component
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« The ratio for ]/ —» [T~ is close to a constant as well
e The relativistic factor also makes the ratio more stable
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Consistency between two formalisms
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Consistency between two formalisms
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Consistency between two formalisms
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o 200 600 « Without J/Y = [T]7, even the amplitude
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200 ook ratio of Zc SS component is not a constant
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Summary

 In this report, tests are performed to demonstrate the consistency between two
commonly used formalisms: helicity formalism and covariant tensor formalism
« For example process Y » ntn~ ]/ » nTn~ 17", test results support the necessicity
of J/w - 1T~
> How about other case? ¢ » KK? w »> ntn n°?
> For Y -» ntn~y(3686), only use Y(3686) » n n~J/Y > ntn~IT]"?
* In general for L > 2(D wave or higher), differences exit in amplitudes constructed
from helicity formalism and covariant tensor formalism
» The consistency problem needs some attentions in studies with large
statistics or high wave components
» Which one describes physical process better? Or Is it possible to search a

better amplitude construction method?
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Consistency between two formalisms
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Consistency between two formalisms
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Consistency between two formalisms

nx w1 D — p 7 — nta— Cbﬂ' — KTK 7Y D — f27TU — 7l
uDC ity
Both P wave for two steps Both D wave for two steps
P EEIFBT A Helicity formalism:
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Hbz = [qd]*, 20 = [qod]®s d x2S T RE Here @y is a hadron “scale” parameter Qu =
0.197321/R GeV /¢, where R is the radius of the centrifu-
L Br,(q) gal barrier in fm. We remark that in these Blatt-Weisskopf
factors, the approximation is made that the centrifugal
0 1 : .
barrier may be replaced by a square well of radius R.
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1) *BarrierF(2,rhoJpsi_zcp*2.0);

)*BarrierF(2,rhoZcp*2.0);




