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Motivation

Covariant tensor formalism « The Z.(3900) cross section line shapes from
£ sof 2ot “ME 47 ete” > nt/n=/% /iy and ete™ - ntm~Y(3686)
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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

| A+1 . ,
Fia = 2o )2 I0SANJaA > < spdose = AclsA > Girr' Bilr) - e—— =2 8,Ass(h),

ls

w\ ?
Gi = 4r (p) (JMis|M|JM) 12
) (/088]|J8)(sho—v|S6)

2J+1
» 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)

do Z ZA ;s ) Jf J /4 AT/

= R: o e 0y
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+1—- 5o 3 : s 7 : 'FAII A D;\I'U»"A a, O, De+),
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.
1/2.—1/2 do
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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
do
= = Ap, 1 1
dé AYXA:/\F /\ZR: ng = 901 \/;1“0 +Qz1\/;?“2
2
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My AN [Ar, Ay
2
=Y | DY O GLs-CG-B)D]- (> G, -CG,y-B)D] - F/ D]
A AN [Ag A LS Is Z, s w L = 0(S — wave)
1" =1 0 L =2(D — wave)
For specific (LS, 1s) ] 1
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 Four components: SS, SD, DS and DD




Amplitude construction

Sequential decays: Y » ntn~J /¢

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

2
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« UMY is the partial wave amplitude
constructed according to LS coupling
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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
PRSI THELSE B, IR EATH EEAE, BT A FT BN H BB {5 5L Helicity v 5 1)

M oK AT SR A A E AT EU Al AT T SOR N e A B

AFIERE R, — pOn® T TEREA A RIB AN

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

o -~ D — o7 = ntr=7n0, ¢pn¥ - KTK—7Y D — for' - ntn—7n"
UDC o
Both P wave for two steps Both D wave for two steps
v ] e A R L Helicity formalism:
s Pa oA ¢
LIRS Z = DY (0,00¢0)fr(v) DL (06¢) Z = DQSA(O B060) f(7) D35 (006
= 1 = = (7 + )d00(9)
SRS E = 7doo(9) A0 ; ; 2
B ‘ _ (g 2+1)(3cos (9—1)
EN] = 7cost, 37 73 2 ’

Covariant formalism:
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o — 3 1 >
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[ Pa — I)ll Pu pb - ‘_(sl.l (1711 == ])l))~]
3
- 4p7(q oS 9) . = [(pu +pb— ])1) (pu pb)]z -+ l(]?u + Py — ])(‘)2(])11 = pb)2
o I AR (b aT) 31
2006484 = dpgrycost, L P+ P — )0 — 262 — = (5 + b — (B0 — 1)’

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)(
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Consistency between two formalisms

MC:Y s> natn~J/y, /Y - 11]™ phsp MC
Amplitude: only Zc SS component

Z300F =300
=280 — S -
2260 2260 -
240 <240f
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1605— ﬁﬁﬁﬁﬁyr 160;— wﬁﬁﬁw.
120 L ™ 120 o
100_|I...lIlllllllllllllllllllllll><-10E -1ET"!‘|‘“|‘[‘.||||||||||||||||||||||||><103
5 60 70 8 90 100 0% e 70 80 90 100
Amp covariant tensor Amn rrvariant tanenr
Xsec_cov=69738.5 xsec_hel=161.882 R=430.797 xXsec_cov=69738.5 xsec_hel RF=165.977 R=420.17
Xsec_cov=56658.7 xsec_hel=134.551 R=421.094 Xsec_cov=56658.7 xsec_hel RF=135.051 R=419.537
xsec_cov=47518.5 xsec_hel=110.925 R=428.384 xsec_cov=47518.5 xsec_hel_ _RF=112.773 R=421.365
xsec_cov=91253.7 xsec_hel=212.259 R=429.916 xsec_cov=91253.7 xsec_hel_ RF=217.526 R=419.508
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
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Consistency between two formalisms
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Consistency between two formalisms

HL[’Iz = [qd]Q; 20 = [qu]Q, d %%Hﬂ_{ll“ﬂaﬂdjﬁﬂjjﬂﬁo 2 (5(1, + Sp — Sc)z
abe — 4 — Sb
8(1
L By,
(@) Here )y is a hadron “scale” parameter @y =
0 1 0.197321/R GeV /¢, where R is the radius of the centrifu-
1 [ 2z gal barrier in fm. We remark that in these Blatt-Weisskopf
14z factors, the approximation is made that the centrifugal
9 % barrier may be replaced by a square well of radius R.
z2—3)*+9z -- : : - - : :
3 27723 9
234-6224452+225 BiQsta)=
4 1274624 | Q2 + Q3
2441023413522 +15752+11025 ™
BQ Qabc )
( ) \/ ab( iy 3Quer(2) + gQg
) ; 277
Bl abc) — 5 9
3(Q { ) \/ abc Lo 6Qabc Q() + 45Qach8 gs 225@8

))*BarrierF(2,rhoJpsi_zcp*2.0);

B4(Qabc) - \/ i

l)*BaI‘I‘leI‘F(Z L] rhoch*z . 0) ; p=01;0,0,0), (11)( + 10 ab( QO + 13‘)Qab( QO + 1070@@()( 8 + 11025@3 '
Clu:(‘{();OyO,CI):(Y.vmﬂvov%ﬁsm),
2 12 (17)
A s(Av)= ( 77+ 1 ) (/OS5|J5)(S7\U_ V|S5) k= (k930,0,—q)=(¥s30,0,— Yo Bs1t),
‘ ; r“=(q9—ky;0,0,2¢q),
XPV!Iﬂ(yJﬂKyJ, (40=ka:00.20)

where W=gq,+ko, qo=+\m>+¢>, ko= u’+¢*, and
r=g— k, the wave functions in the J rest frame are given by




Consistency between two formalisms
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Consistency between two formalisms
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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]"?
« Even for L > 2(D wave or higher), amplitudes constructed from helicity formalism
and covariant tensor formalism are consistent
» Which one describes physical process better? Or Is it possible to search a

better amplitude construction method?




BACKUP




Consistency between two formalisms
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Consistency between two formalisms
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