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Spin Formalism !

One-Particle State at Rest
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o MEANEHEMMNEADEN: Ty, Jy, LB, Jo, Js
o MBEIEFEFIIN 5 RRN:
[Ji, Jj] = ieiji

1F ) % %% (canonical basis vectors)|jm > ] — o451 -

o Lk I BT AR P I U £ Bh RS R R m >, FIER I
IS 5% I
J2|jm > = j(j+ 1)|jm >
J.|gm > = m|jm >
Ji|jm > = \/(Jq:)(jim+ 1)|jm >

FohJ? = J2 4+ J2 4 J2, Ty = J, i,
o IEMIAZhEIERMA—HKR:
< gm'|jm >=6;;0mm
o ENMEhEIERNITEMERR:

Z|jm ><jml =1

jm

JRFFEREN T ANERERKEN:

o —MYIERRGA IRIINER B W E RN R (0, B, ), HA B L EE A
UlR]
U[R(a, ,8, ’)’)] — e—ian e—iﬂJy e—i'sz
U[R:1, R2] = U[R1|U[R,]
o U[R(a, B, 7)) Wi Bl %445 [ i ALhRdih (1) A 45 52, 26 45 B B By
A, FEG5y BUEFEBA, P55 BEF 0l
o LIESFFU[R(a, B, 7)) FEFIF— MR 0 2K jm > b, JL4E A2
T LR IF, 454 SO0 0 R MO0 A2 2 R O,
D, EHER
UlR(a, B,7)]ljm > = |m' >< j/m/[U[R]|jm >
g’

=Y _[jm’ >< jm/|U[R]|jm >
= |im' > D), (,8,7)

Dy (R(ex, 7)) =< jm'|U[R]|jm >
= e ™ < im/|e” PN |jm > e~

__—ima 3] —imry
=e d ..e

my

https://arxiv.org/abs/1507.03414

Relativistic One-Particle State

FEXT S RSB A NED , o DUE I F R RT3 jm >1EH —A>Lorentz
A2 3). A 1E N HA (canonical description)F1IE e FF 1k (helicity description)
[CEEi YW

Lorentz trans formation 5132 A1 i :
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VU B B A0 ALK & :

o [TRMBIERRRN:
p =, p*,p°) = (E,ps,py,p:) = (E,P)
Py = (p07 _pla _p2, _pS) = (Ea —Pz, — Py, _pz) = (Ea _ﬁ)
o pHHllp, Z IR I FE Rk & g AHTE R
1 0

g/w = 9w =

LorentzZZR B FEAL -

gaﬁAfjAg = gu,detA =1,A) >0

o LorentzZ5 ok U5 Eph A5 fyp #

p"=Ap"

o LorentzZ5#: L (B) 35 s 2 11y 4l Lorent z boost L, (B) S ek A5 He
R(9,6,0):
L(B) = R(¢,6,0)L.(B)R*(¢,6,0)
HAHR(¢,0,0) 1% Hz—axis FEEER 7, R (¢, 0, 0) L% # 4
BB 7 1 H5= 34 2 ] R 7 I
o LorentzZBHit N[ £ IEH TGN
U[L(p)] = U[R(¢,6,0)]U[L.(p)|U '[R(¢,0,0)]

Tt R(, 0, 0) ¥k 2 [0 3744 #1149 (0, @) B S B F7 1A p = R(6,6,0)2

the canonical state

FER 18 BORE 125 B AL ) B 12522 ] Lorent 2 443 31, 22 1484 J&, i LKL 1

SPMA N Ep

B, jm > = [¢, 0,p, jm >= U[L(ﬁ)]|jmo>
= U[R(¢,6,0)]U[L.(p)|U ' [R(¢,06,0)]|jm >

o |jm >RVIRIER LR T3, 2 77 i # E IE 5 Em A 7E 2746 ¥ T B
LEF ARG A, T AR T S S D a5 R A

o FEIENIARTT, Akrkh ¥y A /2 [ %€ 1, A 7E Lorentz 224t 5 K AEAZ AL,
IS E =i i e e
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(ﬂ') 1 A e

o TEERARHT, B H R TR, ASIENE TR (U4 ),
ZHTT A RRERE, RS AZNEDBZANEANTTHE B
W&

o (EREFASHAT G, Sh BT Mk A2

the helicity state

BRIEMIZSAE, 55— Fhi iR AR 8 A 3 Bk 1A 1 77 V5 R IR e A 77 % (helicity
formalism).Ehelicityfk &, AHXTIRRLT- A2 R 1L 1R 78400 Lorent 2%
AT 2N

= U[R(¢,0,0)]U[L.(p)]|jA >

o Mzhelicity® 74, /2 B e# sh B 75 [ K 2 &, BISE 7 m oy E 14,
o TENREARHT, By @RI 1A) R AR, PITTERBE AR

il
S
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Helicity 25 (1)f4id :

o WA NEIEZ|IN >, VAR L TCal 5, M8 KR Ty A brdhz
fl, BNfEhelicity & & T, AIAA T ALK 2T #7461 £S5 — 2

o fEffiLorent2 A felif, AN T IE WA R T A2 HeAT A, helicityfk & T,
i L ANBUANL IR, R BT 2 05 R R BB BT A

o a1 HEHAS U [R(, 0, 0) 1 RIS kA b, 4 51l )y 15 51
B & 75 1], SR8 5 fH— 1 boost, MK T ARG P,

o J52: FHEA U2 — Mboost, R TSR KB & ||, 251
—NEFEUR($, 0, 0)], 44 2l s 87 1, 24 i sh & thas
N TP ARSI E

Jie ¥ 2 ¥ 48 F B helicity?s -

U[R]|B,jA > = U[R|U[R(8,6,0)]U[L(p)]|jA >
= |Rp,jA >

o (EIERARHE, BRI , BISIETT AR, PITRE FE AN K A4
AL

1E U & F 25 A helicity 2 2 8 #) Bk &
ULL:(p)][A >

RU(L. (P
[W[@][WUW>
—ZMM[ZINWD(MW>
Z

IpJ>\>— UIR

z

R)|p,jm >
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Two-Particle States

o BE PR TRR, KT IR T 27050 B ligst, s2 M wr , we
o {EPTRLT IR IERBIILO R, ShEpE ORI E, H7HAaL
A5 (¢, 0), KLy 20080 & SRT 17 [ %

Construction of two-particle states in the canonical basis
IENAR 2R R TR SR 12508 P, sima >, RE7 200 8RN — B, sama >
ENAERT, BT AR IEB/ESHERN:

|p0mymy >= aU|L(p)||sym1 > U[L(—p)]|sams >
o [MNs1, so7E F A BB E TR X ANRL T R UL B E (E, g 254
=
o SLIAFIQ = (¢, 0)2 KT 1RSI T 14, B KL T 1,2 Bl K/ IMHEE, U5
== @0y 1 S 1P, VAR RN RS
o M ESHHRE, a = i\/g, wRAR R KA R &

IEN AR T, PR T 1 R I B et & & X8

|pOsms >= Z |pOmimy >< PpOmyms|phsm, >

my,ma

< phmyma|plsms >= (s3mqsama|sm;) 2 Clebsch-Gordan(C-G) F £

B STEREFL A T AR PTR80S T SRR R RGN — N
RERET, WU £ A FL S 2 R KL R GE " R 125 "):

U[R]|Qsms >= ZDfn’sms (R)|RY, smf >
FEENEANERNPFRTFERRNEBREBETSAN
[lmsms >= /dQY,,ll (Q)|Qsm, >

o IE A B R BT B R RO

20+1
Y4 (©) = /=Dl ()

o dQ = ded cos O PALLARTT, (12114 ZE4H777?)

TETEH R T AT A
U[R]|lmsm; > = /(;ZQY#L(Q)U[R]|Qsms >
— Z / dQYL(Q) D, (R)|Q smi >
Q' =RQ=R

S PR B B AU
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20+ 1
D (0
4r mO( )

/21+1‘Dl* (RR)
2l+1
Dl* /
=\ & o(R)
= ZD L(RTHYL(Q)
= ZD (R)Y!, ()

Y (Q) =

UES)

[Rlltmsm, > =3 / dOVLQ)D:, (R)|sm) >
= Z Z / D, (R)Y,, ()D;,,, (R) smi >
= ZD (R)D3, .. (R)[lm' sm)s >

FEREFEAR N, BUIE B e AR & 25 R0 L UK T 25280, AR AR & S HE R I 2 N
&

BN

PIRL TR RPLE B B E AN

|[JMls > = Z [lmsmg >< Ilmsmg|JMls >

mmsg

= Z (Imsmg|JM)|lmsmg >

FE TR T -

U[R||JMls >=Y D7, (RlJM'ls >
M/

BUE A RIS S S TAM R T IL — SHE, J,1, sEliedk A2

Construction of two-particle states in the helicity basis

Helicity# & N HI# A M)A >, MURIRIEE, B A ieresh& 77 ) b i, 4k
H A NP, JA >

helicityfA & T R 7 B B e A

|Q,)\1)\2 >= |¢)9,5182/\1/\2 > = aU[Iﬂ%]{U[LZ(p)]\slx\l > U[L,Z(p)”Sz — /\2 >}
= U[R($,0,0)]00, 515501 Ay >

PIA BORE T2 A A BROPTRL TR RIS R B, #2518 — DN Hla

47

1 /p
w

Bp
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1 S S
|, A1 >= [@0, 5152 A1 A9 > = E’/g‘pvsl)\l > | —p,s5 >

1 /p.. ~
- ;‘PyslAls—P,32>\2>

PR TR RIS B eSS
|TMA Xy >= NJ/dQDﬁ/\(Q)m,)\l)\g >

A=A — A RIZIERE A, Ny = /2L RiA (LR E

Connection between canonical and helicity states

(R A= 0]
|pOAL Ag > = U[I%]{U[Lz(p)ﬂsl)\l > U[L_,(p)]|s2 — A2 >}
= aU[L(B)|U[R]|s1 1 > UIL(p)]U[R]ls2 — A2 >}
= ZD;}MI )|B, 511 > Z:Df;z)\2 )| — B, samg >
= Z Dfrlll)\1 (f%)Dsz/\Z( )|Qm1m2 >
= Z Df7;1)\1 (¢’ 0’ O)Difzz/\g (¢’ 670)‘(757 07 mimse >

PR B A BES KRB R

TMA Ay >—= 12(223111 )5 (10sATA) (51 A1 85 — Ao|sA)|TMIs >
Sk,
IMLs > = 37 [TMM Ay >< JMA | JMls >
A1,
-3 (5 2” ! =) (105\TN) (3152 — Ao sN)[TMA g >
A1, A2

A=A — A IR 1 AE
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Decay Amplitude

The invariant transition amplitude for two-body reactions and the partial-
wave expansion formula are derived in the helicity basis

S-matrix for two-body reactions

B R A S

at+b—c+d
BT al AR RS2

e FE:p

o HIE:s,

o WEWERE: N,

o WEFH:n,

o R BE IR : wo (MR Ta, b ASAS R i)

o B FR PV & pl (KT ARSI L AP IS Ap))

WHAR RN IS — matriz FFEITCN:

< PBeAc; Pard|SPara; Pyl > =< DrAcs _ﬁf)‘d|5‘ﬁi/\a; —PiNp >
W,
= (47r)2ﬁ < QoA Ad|S|00A Ny >

WA TR ] 1077 1 (0,0), KB IUEN R 7 FIRNQ = (6o, 60),
(4m)? | /o 1 TR T A SRR T R T 5 AR L8

VIR BE 30 B <7 5 2K

< Q0>\c)‘d|‘s’|00)\a>\b >= (27\’)454(1)C +DPd — Pa _pb) < Q(])\c)‘d|‘5'((“10)|00)\a)\b >

H S AR BITHI & XS = 1 + 4T, IIREWIRE—HM RPN, T BARERYIR
BAR— BRI (v, transition)id 72

HAAES — matriz element ] LTS 2 A2 BRIE YR8 invariant transition
amplitude M ; :

< PBeAe; BaAd| TP Aa; Bodo > =< PpAe; =P Aa|T [P Aa; —D; Ao >
— (47)? “’Op < QoAAd|T|00A Ny >

()

= (2m)*6" (pe + Pa — P — D)
(4m)2 =22 < QAT (w)|00A Ny >

fPi

= (2m)*8* (P + Pa — Pa — Do) - My

B

wo
My = (47)? < QoA T (wp)[00A Ny >
f ( )\/W 0 |(o)| b

invariant transition amplitude M ;; i 73 ¥ #& & (partial-wave amplitude)
J& T
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(QoAcAa |T (w0)| 00X As) = > (QoAAa| JMAN) (JMAAG |T (w0)| JMA )
JM
% (JMAg Ay 00X Ay )

X TP SR, FIARASHR A PTRL TR 2R, BRI IR S PR T B SR

I8,
(QoAN|TMNN, ) = / Y Dy () (QoAcAalQ, NeAy)
— Ny /dQ’DﬁX ()3 = Q0)5(Ae = A)5(N; = Aa)
= NyDJt (Q0)8(Ne — Ae)S(N, — Aa)
LR
(00, Mg A | JMAAs) = Nydpsy
ESHIEE)

<Qo)\ >\d |T (’wo |00)\ >\b ZNJD Q())N]DJ* ( )(JM/\C)\d |T(wo)|JM/\a)\b>
1
= 24— (2J + 1)( ZD 5 (Q0) 83 (TMAN T (wo)| TMAN))
J

1
= 4_; (27 + 1) (AAa [T (wo)| XaXs) D3, (0, 60,0)

/H\:EP)\:)\C —)\d,)\l :)\a —)\b,M:X
Xt T i %€ helicity i) & B2, [ B i) 23 B i 4 :

do  ps My;

2
dQ() a Di 87Tu)0|

PABST 4R 18 (scattering amplitude) ) E 2 5 s i B :

do
Ol
\1/2
s0) = PPy,
TWo
_ —Z (H ) (A [T (wo)| Aads) DY, (0, 66,0)
PR IEAR

E e N HIRES BN MR TR T — 1+ 2

o JILIRATHI HBEFFRAI, i E Aw

o KT 1) EIEN s (s2), NEFI AN (n2)

o JEIARASIAHT L % (rest frame of resonance J,JRF) 4 2% & 2 i, JRF
RIRE ¥ 1,20 5T 0 2R

o KiT1HzED, HI7mNQ = (6,9)

o JLREBVIHN|IM), BN, z—5rEAM, KiF1,2KE 8P, M),
| — B, Ao), BRBELE S AT, Ae

WA [TM)EZ AR, Ai; 5, Xo2) KR IE A :
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A= <ﬁa )‘1; 71_9" >‘2|M"]M>
= 4n( )2 QA Ay | M| T M)
P
= 47r(p 2D QA A [TMN Ny ) (JMN, Xy | M| M)
N,
= 47r(p)1/2N 7DLx (Q)(TMM Ao | M| TM)

= NJDJ\;)\ (Q)F/\Jl/\2

o« Ny=/HELRARRY

© X = A - M RARAHIHL T Hhelicity % i

o MR AE NI

o FY,, RIS (helicity decay amplitude), (X {¥ feifi T ik A
BT, A Ao

F{,, =d4m (p)1/2<JM/\1/\2|M|JM>

Fi 53¢ J& ¥ helicity HARIEF) |

% & Fhelicity WL AT IEHLE] N, S AEIESHIRR, A

20+1
2J+1

< IMMAg|JMls > = ( ) (10sA[JA) (51 A182 — Aa|sA)

ESNIEE)

FJ

A, = 47 VY2 (T MM Ao | M| TM)

- 47r(;)1/2 > (TMN Ao T ML) (T Mls|M|JTM)
ls

20+1 1
=D (G5 g)7 (W0sATN) (s s — )\2|s>\)47r(p )2 (TMis| M|TM)

2041 .1
= 2,;(2J+ o) g7, (10sA|JN) (s1 A1 82 — Az |s))

* gj, = 4n(% VY2 (T Mls| M|JM) R (L-SHE4) 53 W 35 i (partial wave
amphtude), BV IE AR 22 AN AR ZE AR R R 24

SEBrRN A L helicity #1823 1% RS, 38 75 55 FE 34 22 [K 7 (barrier factor) i Dk
FJ

204+1 2
N = Z( 271 )z (10sA|JA) (s1A182 — )\2|s)\)gl‘]srlBl(r)

ls

e ¢! barrier factor

* B(r)Blatt-Weisskopf (BW) barrier factor

o 7l By(r) bR e 4 22 B 7T G

o HUIE MBS RINAAIE 75 B A F 5] Abarrier factor, A fthe
amplitudes are singularity-free at the threshold

o SERRMSEEE T, (L-SHEG) 7 Bdk kg /& R ZE A e — MRS

IEMA % T Ahelicityfh & T, ARGy FIFY | FE7EK R


https://arxiv.org/pdf/0711.3143.pdf
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A1, A2 Is

p R B AR AR S4B (— AR DL T R R ), WA

J—g1—
Fy, =mmma(=1)7 0 F

o NRVIAMFHE, n, ma KT

kA (sequential decays)

fEHelicity MIHEZE N, X+ ZUPEAR M ALBRAR 5 48, DR e — 00K e 70 (S P
1) MVRE B8 7 G T 0 22T, ELRE— Z0R AR BT 570 FR Hh AR B, AR T
LY.

BT, 7E 4 B IR IE R, RS A S RRE, R )5 LIRS HBWE % T
Bk 2R 2 SR B wr
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Helicity angle and frame rotation 2

MR isobarti i, I FEAZ ) 4 20 i R HR A A2 PR TEAR, AN (A ) I AR 3 A2 s 7
P THIAS, EATTT 75 BE SN FE 25 S Y T ) 5% 2R

BRI IEAR:

A—-B+C,B—-D+FE

—HREABLAEMTSHLE:

o @yt A s e T AR AL R
o LER{AMREEAMT LR
o 5T ERRLTAN e Tk i ]
o BAIFNBINER, LB T BRI, Fom o T-BIE BT AR L AP
i
o R(a, B,v): f# fEular f /R i i

o LIWIIEALER R (25, i A e B 1L R (, B, v) St

o IR EIE A o, BEIMARR (2 1 214

o SBPE RIE FARI O Iy R T — g Bl e
§epf. BRI R (Y, i, )

o SBIRET BRI 2SI IR S I 2, B 2o BB, 13
sk 7 (2, i, A4

o ks (O, 08 0): KT BAEKLT ARIH IE b 3 7
o oM azimuthal angle, /i
. ﬁj{gA}:polar angle, % ff

helicity#/Lii| 4445 £ )22 #
Helicity: helicitys€ X ki H iefE sl & 77 7 b Rse

o HMUT R SRIT AR FAR B0, B e RS m, '
H) Fom N

T fi Flhelicity#Li,
o WIARERLT ARIIEAREE, AAhR R 07 [ LS T LURAT R, — Bk e, &

R J5 ST R IS P S AR e — 50
o WRZLKL T BItSEASEE, Al bR 2 0 F e 6 B 2 77 1 RRL T BRI S B
ELilG
o WEFINERE, HERER AR o = ¢ B = 0l
o Zither i R($Y, 01 0))F, 1B EIA IR R
@, P AP = (@ {A},yé“‘}, A8, B R 3 A
AR T BIO -2, 0B AR T BIF 44 i) 275 BE 1)
0 AR S
o WEEASHE, T AR T DB B BIGSh BT T —
Lorentz boost, {£15 . lUzh &2 N B E 1L R N A
o T B IR 27 16, 81285 g i, A wi R s A
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o 318 = I — Uit A 1k R b BIER D
i B 52
o 2P = pP T AR AT, B, ORI S
BT AR, ST C AR i E
o EORTH G, B BRCT-ALRR R 1 4L B R 0

Rest frame of A

Helicity frame of A

Figure 6: Coordinate axes for the spin quantization of particle A (bottom part), chosen to be the
helicity frame of A (Z||74 in the rest frame of its mother particle or in the laboratory frame),
together with the polar (8 3""} ) and azimuthal (¢ B{"l}) angles of the momentum of its daughter B
in the A rest frame (top part). Notice that the directions of these coordinate axes, denoted as
;E[){"1}, l‘:’u{A}
After the Euler rotation R{a = ¢ B{A}fﬁ =40 P{.A}- v = 0) (see the text), the rotated z axis, EQ{A}f is
aligned with the B momentum; thus the rotated coordinates become the helicity frame of B. If
B has a sequential decay, then the same boost-rotation process is repeated to define the helicity
frame for its daughters.

, and 2(]{"1} , do not change when boosting from the helicity frame of A to its rest frame.

o fEBKLIT I LA, 275175 Bah &7 A F, U 2077 15 8 BRI &
T 1), — 2405 O C R A5 17, B s syE, i

[ A— ! [ A—
m/y =mp +my =Ap — A

LAY 5 $K-pybi
RLF A (R 52 ARTHE -
o A) 5 A, A - K pp— php”
* A) =P K P —yp,yp— pp
o NEEARIE SR B AH R B A6 L, A A R RS R A EE T, RS
KU ah & Bk EA R IRIEE 2, £ AN 1E [ coherent

summation

A* decay chainif I

[y

HAE: A) — Ajp, Ay — K p,p— pp

o Ay ARERARLT A AT eI S
o AFEMNFTAE IR S AT, Madd coherently


af://n340
af://n349

A, rest frame

X

! ) A rest frame

el

lab frame

Figure 7: Definition of the decay angles in the A* decay chain.

1 rest frame

AY 5 Ag it B2 IR A IR IR

*

Jy0
Aps = Ay (

b
05
A

A~ FM

(A3}
AA*’)\TIJ A QA*b )

J
F AgA #&helicity coupling amplitude

¢ D,\Z,\A N (Qjﬁg})ﬂi:}ﬂi & 1 FE 5 43 1f)D-function

. Q{Aéb}EA*EAQ%M/%EPa@zﬂ%jﬁ:ﬁaﬁm

o HFFANESII S A RE T A2 s = bl T
Y E AR 7Jhe11c1ty)\Ao

o AFEN o {EHH T 2iadd incoherently

o FEAY > AZlfIREA P b S AR R, A OIS SN 46 P E,
I 3 A F0 32 3h 77 160 A (035 3 7 [ SR B — B, 7E 3L
1A B, A58 A A B Iy T 0 B BT %P

Ay — Kpid BRI ARG

Iz Jag*

5 Al
ANF,\,,,AKD/\A A ,\K(Q{ })RA (mp)

o QU R KT AL 1k AP ) SR A
o KRTREEIME T, MM EA: =0
* Ry (pr)Hﬁﬂ%T” fEkaon-proton £ 4t [ AR i f i HE B R A, 3

An

L
* aw MY ) B d) (=L )Ly,
me>| 0 %o Ly (‘L‘IO, )(MAV) n
0

RA: (mKP) =B A (p,pg,d) (]M-p

4

Y‘AOEE IRE T, A* FoplE] ) BIE f 35
Y — ptp R IRIE

Dy, (@)
. fqpaﬁ*‘%lt%qj PIAS ki 7 5E T 12 3)), #icHhelicity @ AH ELICHEH), A
REH—IE— 11t
J lﬂzlﬁﬂﬁﬂ]ﬁ*, # i helicity coupling amplitude F, & [ ACFIPFHR 5T
18, Bl fihelicity i@ FH#AHSE, BT v] LLK HLAE % Aunity,
magnitudeFlphase# W i 2 H At [ helicity $RiE +
o QU R TR ER L B ISR SR A



BFHEEFESANBEXERENIREE:
MAAOA AN, *Z AM AZ A=A Qj\ég})'zF)\JAAKDAA o (Q Q) Ry (migy) ZDMM @

o MY, o, TR Relicity Xy, AN, ISR, 220
ErS9s: ‘f' L HRME I, 38 75 XX LehelicitysR Al

v = L2 ZZM
N AN,

_pN
72> M
N A,

+
(AAE :+1/2>,)\,,,A>\/A (AAg:71/2>1)\FyA)\”

o PNRRADMIBRALEE, 5 SR g0 BUR A IR 25, 45
T A B A0
P;" decay chainf 3 &
HAE:N) — PjK Py —yp,p > p p

o P AREFTA T REM & e 5 i) 1% 7 A (pentaquark state)
o j=1,2,.. AFERERFEMNP,
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Figure 8: Definition of the decay angles in the P decay chain.
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Amplitude analysis of process Y — (3683)r" 7~

WA AK Het e ficharmonium Y-state, K& A (3686), wtn~ ki T, Al BERHIEE
AR RECHTIE, K1) (3686) 17 5 Jyep):

o Y = ZFwt, ZF — (3683) 1t : IR N Z,, Z, HA N, Z 4
IE A, MO RS bR B AN

* Y — R,(3686), R, — mtn : HHILIREAR,, R, EZ AT o (F
BLES-wave I TTHR), FTREAT 2 PR AR B nt 1

Amplitude construction

e fEhelicity L] R4 igyrt 7~ RERIIRIE
o RFS A E $ AT KA

Decay sequence: Y — Zint, ZF — 4(3683)r*
Amplitude of process Y — Z.w

AfZ A Fi];,xw Di‘;;\zﬁ,\, (Q{Zi/})
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o AL | sRERAHEhelicity (YRR (RIS RISAE— 2
S IRIER, 22X Y helicitysRAT), HKAFN 7, FIA, IR
o QU AEY LRI Z IS 7 S S
o Y-state LT RE Tete, HETH NI =17
o pionfETH NIT = 11, HtHhelicity A\, = 0

Amplitude of process Z. — Y

JZc _ JZC JZC* {ZC}
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Decay sequence: Y — R,1(3686), R, — w'm~
Amplitude of process Y — R,

J J Jy* v}
-AA;,M = F/\; Ay D,\,Y, (A, )\,/)(QRn )

o EYHBIERPEEX TR

o A : AATEhelicitylyY M B AR MR, (BT AR, , Ay

o AR RAEY 1L R R Mg helicity, & Ry i 9, 4 i
RITTE AR 2 AT, (8 DB A R S, W5 AN,

Amplitude of process R, — 77~
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o WIAY [Mhelicity /I ML Ay = +1,0, =AME, i TY = HiE
7 T205 B O T O R A 88 ) 3 K1, B Y 9 helicity 7N B 9 0, B
Ay = £1

o KI&Mpion, HJiE N0, HE 7 X pionfhelicity=R

o KA AN, Hithelicity T FERIHUK A, = +1,0

o (v, Ay IS 6FN 24, B IRIE | M |24 64 incoherent ) sk A1

éj\

L — S coupling partial wave amplitude

RS R ARIE I, AR RN R b B, R A7 2 helicityfR i FHL — S
coupling partial wave amplitude& Ff:

20+1 (1
FAJW:Z(UJr )2 (10sA|JX) (s1A182 — Aa|sA)gi.r' By(r)
ls

Decay sequence: Y — ZFnt, ZF — 4(3683)r*

o Ystatefjm & JPC =1

o MRIEIADMIBTC, BB ZMETHOY: IS =17, Hdthelicity 7 =FiHL
Az = +1,0

o pionff&E T ¥ JE = 07, #Hhelicity R A8 40

Decay:Y —Z.7
JEC 17 =1t o
o FEMFHEIR(-1) = (+1)(-1)(=1)} = (=1)"1, W Z, Flala] FEIE
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D-waveff] 77 Bk
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10’ 10’
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Lo = 4/ 3 (0011[11)(1100[11))r" By (r)gor + 4/ 3 (2011[11)(1100[11)r* By (r)gnn

1 5
Fol’O = \/;(0010|10)(1000|10)7‘OB()(1')901 + \/;(2010|10)(1000|10)r232 (r)g21

o BTF] L NFL = FL
C-GARYUT #4648, {ERRFE A, A BURCRL Y FI LA 5 C-C R M

Decay:Z, w1 =
JPC 1t w10

FRRFEERED=C-DEDEDML, WHGE AR = even
YHTEHENs =1, HAZNESFE, 1=J =1+ 1 1,1 — 1], B
1=0,2

X F U HERL R, helicity$R B —LBHE, NF] ), F!, , Fj,

BRI, P AR AR
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_ J Jix Ohp Taex (2.}
- AZFAZY DY )F” AZCA D;c’kicw(nw )T7,
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MZ

Ay ,\Zc
BARIESHATLS BT 15

Mf;,AZ = /\Z Di’;*AZ Y (Q{Zi/})(asgm + apga1) * (aygh; + anggl)Diz:\gc,)‘” (przc})TZ
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o Hag,ap(ay,ap) il — SEEIF)E, MM TS — wavel D — wave
K 2%, 584 helicity i &
* o1, )y (921, Gy ) 3 AR — AT REAEE — AT RRL — Sor R
e

K A1 LB 7 1) DR BB NN R Hh, T DA 3

Z
M=

Z(Asg(n + Apga) x (Asgy + Apgh) * Tz,

Ze
= ZUss +Usp + Ups + Upp
I
Uss = AsAlsgo1 gy, * Tz,
Usp = As A g9y, * Tz,
Ups = ApAlsg219y, * T,
Upp = ApApgangy * Tz,

o Hrh, Ag(Ap, Ay, AW T L 73D — function ] 5%
o USS(USD,UDS,UDD)E@ﬁ}:E’]@AWi/\? SHREL — SO iRIE

Decay sequence: Y — R,1(3686), R, — w'm

° JPC 1

o R, HIfzh&E ] LA ARIERE, S-wave JFC = 0+ siD-waveff]
JPC = 27 i M p R, F E K TTERK B T S-wave

J};C = 0"t KIS-wavel &

Decay:Y —1vY R
JPC 17 5170t

o FIRFEER(-1) = (+1)(-1)(=1)}, WHEMBIE N = even
o R HENs = 1, FMsh&EF1H, ifff = 0,2
o ki Whelicity$R g A BT E S B A, FL), FLy o, Foy

Decay: R —7w
JEC 0t 070"
o FRMFEER(+L) = (—1)(-1)(-1)", WHLIE A sh Al = even
o mrifl B HENs =0, HMASIEFENE] = 0, HPitid 2 R FS-wave
i 5T Bk
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JFC = 2T fiD-wavelE &

Decay:Y — ¢ R
JPC 17 512t
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o EREE R T

Plz:a)=
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Monte Carlo 34

FER AR AR AR AU, A I, 75 ZEH LB, K w (e, o) TENE 2%, BCVERR 2
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FESEFRH,

1 =
o= /dww(w,a)e(az) =N Zw(wi,a)

1. The section of spin formalism refers to the note by Suh-Urk Chung. €

2. The section of helicity angle and notations refers to the appendix of paper of Lhcb. €
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