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Motivation

Covariant tensor formalism
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Helicity amplitude construction

* Two body decay  Helicity coupling amplitudes depend on the

relativistic factor for particles with spin 1 or
a(Ja,na) — b(Jy,m) + c(Jeyne)
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» G5 is LS coupling partial wave amplitude

» With a definite set of helicity of (b,c), G.¢
should be same

» In fit, G;5 is a float complex parameter
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Helicity amplitude construction

e Sequential decay: Y - ntn~J/y, J/p - 11 Deci}f : Y__ _>Z_C "
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Four partial waves: SS, SD, DS and DD




Covariant tensor amplitude

construction
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« UM is the partial wave amplitude
constructed according to LS coupling
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Amplitude construction

Two points:
* Relativistic factor is included in covariant helicity formalism
 Blatt-Weisskopf barrier factor

Two test methods:

* Calculate amplitude directly

* Fit to same samples with two formalisms
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Consistency between two formalisms

MC:Y s> natn~J/y, /Y - 11]™ phsp MC

Amplitude: only Zc SS component [X*(N) - o(N)]
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xsec_cov=81966.6 xsec_hel=190.662 R=429.906 xsec_cov=81966.6 xsec_hel_RF=195.262 R=419.777

e The ratio is close to a constant as well
e The relativistic factor also makes the ratio more stable




Consistency between two formalisms

« The black plot represents case without relativistic factors

« The red plot represents case with relativistic factors
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Consistency

between two formalisms
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Energy dependent terms are included in

covariant tensor amplitude naturally
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Consistency between two formalisms
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Here )y is a hadron “scale” parameter @y =
0.197321/R GeV/c, where R is the radius of the centrifu-

B k t . gal barrier in fm. We remark that in these Blatt-Weisskopf
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where W=gqo+ko, qo=\m>+q>, ko=vu>+q>, and

r=gq — k, the wave functions in the .J rest frame are given by

If R=1fm is used in helicity formalism, R=2fm

should be used in covariant tensor formalism
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Consistency

between two formalisms
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« The amplitude ratio of Zc components are almost constants for different partial waves




Consistency between two formalisms
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« Two components of FO have constant ratio for two amplitude formalisms

* Only |LS > = |01 > partial wave of F2 is considered, the amplitude ratio is not a constant




Amplitudes of F2

The difference natural exists? Pecow:¥ = b
JY 1T =1 2F
 Check one step decay Same res.u.lts
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Amplitudes of F2

The difference natural exists:

 Check one step decay

|ILS > = |01 > partial wave
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Amplitudes of F2

Helicitv formalism:
(m = 3" |FL, Dy (40)[ = >Z FL D!, (¢0)[ - ’Z‘Z(/\l w)d!

MA\v
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double Ecms = 4.4; Amp covariant tensor

TLorentzVector mother(0.0, 0.0, 0.0, Ecms);
double masses[2] = { 3.0969, 1.275}

TGenPhaseSpace event; The parts with/without angle

event.SetDecay(mother, 2, masses);

double maxWeight = event.GetWtMax(); have different amplitude ratio

R0O=10.0366 R1=16.9879

RO is the ratio of term in blue box
R1 is the ratio of term in green box

Two body decay phsp MC




Amplitudes of F2

Yp() — (030103M)
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Vo= oy ps B M= 0= « Even for the “constant” term, amplitudes are
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Single partial wave may be different for high
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Test with MC

« MC sample:

* The fractions are consistent between > Generated in helicity formalism
covariant tensor formalism and helicity » Four components: SS+SD+DS+DD
formalism > BW: different Zc mass and 1 MeV width

« Different (LS) wave components for two * Fit tools:

» AmpTool for helicity formalism

formalisms are in match
» GPUPWA for covariant tensor formalism

_ SS wave: Cov = 0.11943 Hel = 0.117659

Zc mass=3880 MeV SD wave: Cov = 0.0223932 Hel = 0.0220939
Width = 1 MeV DS wave: Cov = 0.723714 Hel = 0.725169
DD wave: Cov = 0.134462 Hel = 0.135078

Zc mass=3885 MeV SS wave: Cov = 0.140743 Hel = 0.137783
. — SD wave: Cov = 0.0218467 Hel = 0.0217328
Width 1 MeV DS wave: Cov = 0.724729 Hel = 0.725696
DD wave: Cov = 0.112681 Hel = 0.114788

7c m — M SS wave: Cov = 0.126908 Hel = 0.122224
C, aS_S 3890 ev SD wave: Cov = 0.0227674 Hel = 0.0222862
Width = 1 MeV DS wave: Cov = 0.722514 Hel = 0.724973
DD wave: Cov = 0.127811 Hel = 0.130517




Test with real data

@4180 @4260 @4360

: covT :helicity | covlI | helicity | covlT | helicity
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ffi‘f__fgf_fff???z_?? _____ I_?;}??E_I_?_}?fﬁfi frac: #pi Zc(3900) DD | 0.00022 | 0.00019002 | |frac: #pi Zc(3900) DD | 0.01403 | 0.0137886
frac: £{0}(500) #psi’ S5 | 009734 | 0.0988305 e ) e | o | oz |WMeee e e & | oo | o |
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fract £ (0)(680) spei” b5 | 0.02808 | 0.0200202 | ooy oy ek b5 | o.00020 | 00000700 | | s 107 an0) soes” b5 | 0,993 | o.a15008
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Fractionof |-~ e [y e P S P P
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frac: f_{0}(500) #psi' : 0.374027 : 0.374723 | frac: f£_{0}(500) #psi' I 0.29203 I 0.29174 frac: £ {0}(500) #psi' | 0.310156| 0.311393
frac: £_{0}(s80) #psi' | 0.263715 | 0.263706 S e Ty g gaec | | Sy g ———

Frac: £_{0}(1870) #psi’ | 0.443862 | 0.443934 | [ et T T | | frmes £q03 13700 #peit | 100454 | 1.0128




Test with real data

Aft . 1 d f2(1270) | covl | helicity | \_________ :__E(_)YT___: ________ }_KEESEX __________
e inctuace frac: 71 20(3900) 55 | 0.05120 | 0038663 +- 0.0lo31d6 | |ITCi #01 Z(3900) S5 | 0.08436 | 0.0446973 +- 0.0368660

frac: #pL 7c(3900) S | 0.01958 | 0.0173068 +- 0.00sGgo7s | |TSC: #PL7e(300) S | 0.0034 | 0.077733 - 0.0641152

* The fractions for each partial |- ol | et zeason) D5 i‘af;;;;;‘i‘a‘aaaaga;;‘;:‘a‘aagzg;;;
wave are different for two frac: #pi 7e(3500) Db | 0.08700 | 0.0960525 +— 0.0n57261 | |ETect #pi Ze(3000) DD Tl Rttt

¢ y Frac: £{0}(500) #psi’ 55 | 0.09348 | 0.120354 + 0.0432865 e el il Rl Rl
oTmalisms Fract T{01(500) #psi D3 | 0.37175 | 0.340525 +- 0.0sswron | |fract £-{O}(S00) #psi' DS | 0.06607 | 0.55959 - 0.17aeds

. For some specific component, | frac: £ (0}(s0) #psi’ §5 | 0.17403 | 0.180217 +- 00473867 e O ol B | OO | ORGSR |
fraction deviates a lot Bract £.00] (509 #osl’ DS | 0.00593 | 0.0496353 +s. 0.0452157 | Sl sl Rl e
e ) oD R || O [ e e Gurae | skt Ml S

Frac: £.(0}(1570) #psi’ DS | 0.20624 | 0.14875 +- 0.0652215 el hstholioisaliiudl Btaatoll Bddsstiod Mt

frac: £.(2}(1270) #peir Sb | 0.08635 | 0.0746205 - 0.0305804 | |Erac: £{2}(1270) #psi' SD | 0.03990 | 0.0291616 +- 0.0205761

| covl | helicity | | T e

frac: #pi 70(3900) | 0.36408% | 0.346914 - 0.06028le | |frac: #pi Ze(soo) | Gt [ CoRRE o

ract £101(500) Fpsi' | 0.421575 | 0.414233 +- 0.08sa10 | |frac: £{03(500) #psi’ | 0.570377 | 0.615523 +- 00999847
;;;;"EE(;;E;;B;_;;;;":_6_;;;5;":_a_ggggag":_afaé;;;; frac: |£_{0}(980) #psi’ : 0.0690711 : 0.41935 +- 0.0938778

frac: £.{07(1370) Fpsi+ | 0.370830 | 0.352055 s- 0.08sce7i | |frac: £_{0}(1370) | D | LD o O
;;;;T;:;;;;;;;;;‘;;;;T‘l'gfg;g;;;;'l‘gfg;;g;{);':‘gfgggggg;’ frac: f_{2}(1270) #psi'| 0.0398985 | 0.0291616 +- 0.0205761




Test with real data
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Test with real data

« Without J/y — [7]™, fractions of partial waves and
components are not consistent for two formalisms

Sequential decay: Y » nf =]/, J/Y - [T

2

do
1= 2 |2

Ay, AN

— j{: E{: lmyl)1'.Pbl)2'-Phl)3

with or without Jpsi->11 |

: £_{0}(1370) #psi' DS

or without Jpsi->11|

without | with

e ey
e e
e
e sy
e e ey
e
Tooom T oaores — il
or3s50 | 00230202 o o.0za1228
R e ————
e g
without | with

T 22332 | 0.366526 o= 0.0589376
Mo aTon5s 1 0 57555 o ossoetd
R P y—
0522306 | ©.443934 1~ 0.106097



Summary

 In this report, tests are performed to demonstrate the consistency between two

commonly used formalisms: helicity formalism and covariant tensor formalism

« Amplitudes constructed from two formalisms are consistent for some Barrier factor

cases(Zc case, f, case) Relativistic factor

* In f, case, amplitudes are not consistent for two formalisms :
Not just use part of
» All the partial waves should be considered all partial waves

» Is it possible to search a better amplitude construction method?




BACKUP




Helicity amplitude construction

: : +o— +7—
Y - -
Sequential decays: Y - n n~J/yY, J/Y = [T Decay |y 2, Z.o s @
* Helicity formalism
o J
. 2 2.\ Az A s M) =FS D3, (07,,02.) - BW(Ze) - F7, (D% ropo O/ @a/y)
g
- = Ap, J.J/c o
dé A}ZA:A, AXR: Ayt A (O, D),
= > | X |F il B Ds|{F Dy
A AN | Ak A
2
Decay :|Y —) f = T
- Z Z(ZGLSCGlBI ZG -CGy - By DQ Fr; D]
Ao AN [Ar Ao LS
. i 2 Jr; ,
ARJ-(/\Yv)‘Rr'- Ag+, Ae-) :F)‘\];'J Ay Diz-)\n]fA,;,fh-,.(GR,r-Cbl?‘.-) -BW(Ry) - FU :)fD/\; (](9ﬂ+=@w+)
+1— i 3 : - . E DY (B ),
J/Y = [71” is included in helicity formalism et Ae= T A het A
For the last step J/¢ — (74—, at the relativistic limit, by QED calculation, Fl/];t;/z =
F;]{//;__l/2 ~ 0. Here we define AN\, = A+ — A\y—, we can see only A\, = £1 is allowed. do

Z | Z (ARf + eiA)\eaﬁ(Zj)AZj + eiA)\fag(Z;)AZC_)‘Q

Av AN Az AR

i




Amplitude construction

Sequential decays: Y » ntn~J /¢

e (Covariant tensor formalism
A = ¢, (my)wi(my) A" = ¢, (my)w (my Z AU

2
> @ (ma) @y (ma) = 80 (1 + 8,2)

3
% PP - -
D wulma)e (ma) = —guwr + = = =G ()
mo=1 Y

mp  mo

ZQW Py A AT

/J.l

2
1 . Vo~ * LU"
=5 D AN UM G (p))U;
ij p=1

Jw;, (2 )A"“’¢ (mq)wy (mQ)A*‘”’V’

« UMY is the partial wave amplitude
constructed according to LS coupling

U" = (Ars)(Ais)

Decay :Y —Z, T Ze—>
JE 1 1t 0 1" =1 0
v v (Z7) | o p(Z.)
Ul zeanyss = 9z Ty + 9z fo)
U _ @ f(ZS) 4 {m f(Zp)
(Y=Z n%)SD = “(¢nt)(01) () (02)

v n2)ur - ov p(Z) 5(2)uA ~ ov plZ.)
Uﬁimz TF)DS — T(z;#,—r )9(Z5)Aad f(m) +T(z(,;;—)9(2c)wg f(m)

" ~(2)pA (2 ov #(Z)) ~(2)ph (2 ov #(Z.))
U(#Y—Ji *)DD T(( )yT ) E )r),\g f(m) +T((Zzlw*)tgﬂ)ﬁ mwed )
Decay : Y —) fo fo —m T
JC1 0 =1 ot 0" =0 0
s (o)
UEuYV%L 1(28) fo)S <¢f0‘01> g" f( 12)

v _ (2) v ¢(fo)
U wes)mps = Fol21) = Ty £,



Consistency between two formalisms

2300 2000
e f §800 -
250 F ) _ .
- 1600 - « Without ]/ — [*]7, even the amplitude
C 1400 — . .
200 12005 ratio of Zc SS component is not a constant
150 1000 &
- 800
1001 600
50 400
- 200
Okll"'l"'l"'l"'l"'l"'l"' 0: ||||||||||||I||||I||||X103
18600 18800 19000 19200 19400 19600 19800 20000 0 100 200 300 200 500
Amp covariant tensor Amp covariant tensor
2300 2000 —
¢ Rmax=179.756 Ss00f R max = 14490
- R min = 87.5549 1600 R min =285.977
200 14001
- 1200 |~
150 1000 |
- 800 |-
100:— 600;—
501 400 -
B 200 -
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18600 18800 19000 19200 19400 19600 19800 2000( 0 100 200 300 400 500
Amp covariant tensor Amp covariant tensor
/c SS Zc DS




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

o -~ D — o7 = ntr=7n0, ¢pn¥ - KTK—7Y D — for' - ntn—7n"
uDC ity
Both P wave for two steps Both D wave for two steps
v ] e A R L Helicity formalism:
[0 R IRk 4 0 _ 5
s Z = D,(0,0000)fr(7) D3 (000) Z = D20,\(0 ,6000) fx(7)Dx5(00¢
2
= =gl (o N = = (37 + )d (0)
BRI Ygo(0) 0 37 3
B cos 0 B (2 2+1)(3COb 9—1)
s I B T @
Covariant formalism:
Y P4 B, Ak R 3 7 - i
o N \ 7 — _zp( Pb) )(Pa + po+ Pe) P (pa + p1) 1
Sl S = [mﬂm Pe)i(Pa+ Py —Pe)j — §<5u(1)uﬂ)b—1)«-)2]
RERREW__ a0e%s) = —2p[(VBE" —yq3) — (VBE" + 7g3)] L
[Pu I)ll I)u Pb _551'1(1711_])1))2]
= 4 cos ). , ‘ ‘
O R () pf}/(q ) = [(1)(1 +pp— ])1) (pu pb)]-+%(Prl‘*’]’b_p(‘)z(pu_pb)z
2006481 - 4quy COS 9 ? (pa +py— 1)!) ([)u _l)b) = l(1)!1 + Dy _1)1‘)2(1)41 _I)b)2

3 3
2 1 2 2
= [(1)(1 + Dy — [)() . (1)(1 = })b)] - §(1)a Po— 1)<) (Pu = I)b)

= 16p*¢*y% cos? 0 — - 1()1) ¢*(sin® 0 + 4% cos? 0)

2 5, 1 3cos?d 1}

64
=3 x p*q* {(;7 + 3)(

2 2




Amplitudes of F2

o = o L
F0.35 e 190
= RO - RI1
10.3 — B
- 18.5 —
10.25 B
10.2; 18__
1015 N
- 175
101— 5:
10.05 = -
I R R R N S T T T N N N N N R R A T R SR :|||||||||||||||||||||||||
0.2 0.3 0.4 0.5 0.6 0.2 0.3 0.4 0.5 0.6
momentum momentum
(pip2)* 1 6  3(pip)? 1 1 (pp2)? | 2(pipe)
2 ‘ _
2 g s md " mdmd "t g mdmd T mim
P 2 2
4o QU + [0 (1)1 + | dor (1) | (2D — |01 (10)? — [Agr (O1)[? + 2 Agy (11)[? + 451 (00)

« The tendency of two part amplitude ratio to daughter particle momentum




Amplitudes of F2

2 |FLDLL @0 =23 |3 asAs(Ww)dl,
A\v (S

lo 2
0 = 2 | FDiis(90)

M Av

v

A
9 1 + cos?6 . ) 9 . sin® 0 N N
2 |g01 { .)” [|401(21) [ + | Ao (10)[2 + | Ag (01) 2] + = 2| Aoy (11)]2 + | Ay, (00)[2 }
9 m o 5 sin® 0 9 2 ) 2 )
2.‘/411-'{ Ap1(21)[" + [Ao1 (10) " + [Ao1 (01) ||+ ——[[—|A01(21)° Ap1(10)[* — | Agy1 (01)|° + 2| Agy (11)|° + |Ap1(00)|* }

do 1 (2)

3, & "3 2 A7 (Pw) Pa (Py)
u=1

= %A\.\‘ . {{2 " (Plpz)g} {1 N P’ sinz@}

2. 2 5.2
mims; 2m;

1 5 p?sin?@  p?sin®0  (pip2)?p?sin®0  2(pipo)p?sin® @
6 ¢ 3
_ 1 AL - {,_ (pip2)* | 1} N p’sin® 6

D S o 252 ‘
2 mim; 3

2 2 204 2,22
my my mims, myms;

6 _3(1’11112)2 1 1 1 1 i (p1p2)? o 2(1’1132)}}
1

6 2 2 2 2
ms myms my ms5

2,4 2.2
mymy myms;

 Up plot is the tendency of ratio to momentum for terms
in blue box, down plot is for terms in green box
* Blue lines are the ratios for two body decay phsp MC,

red lines are second power functions for comparison
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Fit result of 4360
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Fit result of 4360
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