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ete” > J/Yw > AN > prn~ prnt / pnan
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W& oy, AP, o0 ay) =1+ vy, cos°0

+ a_ay [5;11126'31 (N1 2N2z — QN yN2y) + (coszl'B{.ai - 0:,1;,) nl‘zng‘z}
+ a_agpy/1 — ay? cos(AD)sinfp cosOp (ny zna + 11 2N2.)
—|—msin(A<I>) sinfy cos Oy (a_ny y + ayngy),

Parameters This work Previous results

vy 0.461 £ 0.006 £0.007  0.469 £ 0.027 [25]

AP (42.4 + 0.6 +0.5)° — ~

Y _ 0.750 £ 0.009 = 0.004 0.642 + 0.013 [27]

Y4 —0.758 £ 0.010 = 0.007 UTl:I:UUB 127

xp —0.692 £ 0.016 = 0.006

Acp —0.006 £ 0.012 £ 0.007  0.006 :I: 0.021 [27]

(_rm/ﬂ+ 0.913 £+ 0.028 4+ 0.012 —
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-S scheme

L: S and D wave

Y - B(1/2-)B(1/2+)

L
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-S scheme

_ L: S and D wave L

This 1s a very useful PWA tool

PHYSICAL REVIEW C 67, 015204 (2003)

Lorentz covariant orbital-spin scheme for the effective N*NM couplings

1.2.3. . 3§
B. S. Zou* and F. Hussain’
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-S scheme

L: S and D wave

This 1s a very useful PWA tool

PHYSICAL REVIEW C 67, 015204 (2003)

Lorentz covariant orbital-spin scheme for the effective N*NM couplings

1.2.3. . 3§
B. S. Zou* and F. Hussain’

Here | mainly introduce it for p - NN* case

L




Y > NN*

| -S scheme
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| -S scheme
] =5y = Sxn + Ly
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Y > NN*

g— .

SNN* — o
n .

(n)

Ui,U2,..

(n+1)
Hi,U2,..

| -S scheme
J =5y =Syn* + Lyn

Sy Uy, iy (PN Sn*) VsV (Pw, Sn)

rﬂn+ 1

| f(ﬂﬂl’f? RR5 ()

St = uul,uz,...,ﬂn (pN*; SN*) <yﬂn+1 B mlp+mN* +mN
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L-S scheme o1 2n+1
N 2’ N 2
Y - NN* J =5y = Syn* + Ly r=Dn* — DN

e ) _ s S

o ta bzt = Qi piztty PN SN*)Y5V (PN, SN)

SNN* — +1- (n+1) = IS Thun+1 S

N * lp‘ul,ﬂz,...,ﬂn+1 - uﬂl,ﬂz,...,ﬂn(pN*' N*) y[,l,n+1 _ m‘l[)+mN* +mpy v(le N) + (Ml S #])

e

~(L)
LIVN* ~ Uy gy (T D)

£ (7, pw) =1 (DH (r) p¢) =T = gﬂv(p¢)rv
~ = 2 1 > % 1
€9, (rpy) = s =3 G- DG ()
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L-S scheme

Y > NN*

ol Ui,U2,...

SNN* — (n+1) -
: — uﬂl»ﬂz,...,ﬂn (pN*rSN*) yﬂn+1

+
n 1 ) H1,H2,--Hn+1

s

~(L)
LIVN* ~ Uy gy (T D)

£ (r, pt/)) =1 f(l)ﬂ (7, p¢) =T = g‘w(plp)r"
- N T

t(z)w (rpy) = 7ufy =3 PG (py);

S. Dulat, J.—J. Wu, B.S. Zou PRD 83 (2011) 094032

[L/2] L (7; ) I").!

Z(L) 5 = .
# = T, T ceeT —|—Z
Py Mig =My, Hig © iy Hip, ¢ - < —2...(¢ — G
I =7 i1 <igocin=1 (2L — 1)(2L — 3) (2L —20+1)
P pe e 9 SRl q a 9 ¢ SOl
X %(gml pig Tpighuiy " Grtigy iy + Mins Hiny * * = Piy, PET rmutation, (20)! term)
X (Fpay Tug - - “Tpiy aTpig 1 " TpigaTpig 1 " Tpig 1 Tpigg 1" 7 Tug)s (12)
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L-S scheme 5o

Y > NN* J =5y =Syn* + Ly

' : (n) —
S In. Uitz el uﬂ1,ﬂz,---,un(pN*' SN*)VS”(pN: SN)
2T NT X <
NN n+l - (n+1) — i ( . S *) % . Tun+1 U( S )+( VAN )
: U1,U2, s Un+1 U1,U2, . Un PN 9N Un+1 My +my« +my PN, ON Hi ,LL]
S

Sy = Syn* + Lyn~

~(L)
LIVN* ~ Uy gy (T D)

£ (r, pzp) =1 f(l)ﬂ () p¢) =T = gm,(plp)r"
- N T

t(z)w (rpy) = 7ufy =3 PG (py);

S. Dulat, J.—J. Wu, B.S. Zou PRD 83 (2011) 094032

[L/2] L (7; ) I").!

(s) z(L)
Vuitig s Cugtigtys Epg,etty P Sp)

#(L) 5 = 5
# = T, T ceeT —|—Z
Py Mig =My, Hig © iy Hip, ¢ - ¢ B A T — G
: 2 A (L—D)(2L—3)---(2L—2l+1)
—(qg g e ] el DETITU S (TR frars
X 201 (_(;Ml prin Dprig iy i, 4 tiny 4 Ly 5 ias Jhiy, PETTRULAtION, (20)! term)
X (Fpay Tug - - “Tpig 1T 1 " " T 1 Tipt1 ° " Toigy 1 Tarigy 11" 7 s e (12)
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L-S scheme 5

Y > NN* J =5y =Syn* + Ly

' : (n) —
In. U1,U2,0lhn — uul U2,-lhn (pN*: SN*)VS”(pN: SN)
SNN* +1: (n+1) = S Tun+1 S JEN
el Wiy tgrntings = Wi iztin PN SN | Vigyy — My +my+ +my v(pn, Sw) + (i < 1)

S
~(L — C_ _

LNN>|<
(0) _ 1. z(D _x o= v () (L)
t (r’ plp) - 1’ t I,l, (r’ p'l'[}) — rﬂ - gl,[l/(pl/))r wu'luu'Zr"'uu'S’ t.ul;.uvz;---;liL’ gﬂl'ﬂj(plp’ SIIJ)
~ 1
£(2) r, =ff —=(F g :
Mv( p¢) ulv =3 guv(PtlJ)» If S+L+J=odd, M ~ e@Broy® O p¢ag“‘”lg“1“fg”k”k
S. Dulat, J.-J. Wu, B.S. Zou PRD 83 (2011) 094032 Hikj,x Illlkﬁ ”J“ky
a s e LR (=7 -7)’ +L+ (5) (L) Hik] gHIH] ik
By, = ToaTon =T+ 30 Y @L-DEL-3 @A+ 1) It Stl+J=even, M ~ vy, tr, € 97519779
1
YT (u i H 2.‘:’”.“;:,4 o¢ '!:T,LW Lty T M Piny 7 fig permutation, (210)! term) . . .
x(” Jren i (12) We also need to consider Parity conservation.
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-S scheme

L: S and D wave L

Y - B(1/2-)B(1/2+)
This 1s a very

" Terf ~ 5
useful PWA tool

PHYSICAL REVIEW C 67, 015204 (2003)

Lorentz covariant orbital-spin scheme for the effective N*NM couplings l/) — N*N*
EANE
B. S. Zou"*** and F. Hussain™' / Such as X*X

Here | mainly introduce it for yp - NN case

Update: Recently, we propose a new method
based on Group theory to write down covariant
partial wave amplitudes within L-S scheme for
three-particle vertex with any spin. And we also
show that it is equivalent with usual helicity
amplitude.

Covariant orbital-spin scheme for any spin based on irreducible tensor

Hao-Jie Jing (Beijing, GUCAS), Di Ben (Beijing, Inst. Theor. Phys. and Beijing, GUCAS), Shu-Ming Wu (Beijing,
GUCAS and Beijing, Inst. Theor. Phys.), Jia-Jun Wu (Beijing, GUCAS), Bing-Song Zou (Beijing, Inst. Theor. Phys.
and Central South U., Changsha) (Jan 4, 2023)

Published in: JHEP 06 (2023) 039, JHEP 06 (2023) 039 « e-Print: 2301.01575 [hep-ph]

Algorithms for partial wave amplitudes in the covariant L-S scheme

Hao-Jie Jing (Beijing, GUCAS), Shu-Ming Wu (Beijing, GUCAS), Jia-Jun Wu (Beijing, GUCAS and Lanzhou, Inst.
Modern Phys.) (May 10, 2024)

Published in: Phys.Rev.D 110 (2024) 1, 016014 « e-Print: 2405.06576 [hep-ph]
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Two ways for the amplitude of y» - BB

Method 1, using G;p and G;\/,;, the amplltude

vgeh G. Faldt and A. Kupsc, PLB 772 16(2017)

o G. Faldt, EPJA 52 141(2016)
M = —iejug <Gg)yﬂ 7z Gw th )
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Two ways for the amplitude of y» - BB

Method 1, using G;p and G;\/,;, the amplitude,

. 2mp
M = —iejug <Gg)yﬂ —z (G;,,/) — Ggp

) G. Faldt, EPJA 52 141(2016)
)ru Vg€ G. Faldt and A. Kupsc, PLB 772 16(2017)

r?=gq?= i mé
Method 2, using L-S scheme, the amplitude, Y(17) = B(1/27)B(1/2%)
_ @ 52UV, _ i _ (ps— D5 _ v i67(2)uv S, = Sere + L
M = mwv o4 ePF2)uYe =3 v uv 4 elot\LIHV) e Y NN NN
¥, (959" + 9p )ey =g (Vu - 5(9s9"" + 9p )ev el

Including S— and D-wave




Two ways for the amplitude of y» - BB

Method 1, using G;p and th the amplitude,

o 2mp G. Faldt, EPJA 52 141(2016)
M = —iejip <G;~/)VM -— (Gll) _ Gl/f) 7‘”> vpe! :

M E G. Faldt and A. Kupsc, PLB 772 16(2017)
S
1= q? =5 m} _
. . 4 Y(17) > B(1/27)B(1/2%)
Method 2, using L-S scheme, the amplitude,
o B (p — D5 o Sy = Syn* + Lyn+
M =, (gsg" + gpePTPW)e, = (Vu — = | v5(gsg"” + gpe TPH)e, 1=1+(0,2)

my, + Zmp Including S— and D-wave

Relationship, there are three free parameters in both cases, we can define them as: an overall

. aol [ lc¥ c¥ .
coupling constant, |==|(|=%| | and 6 [ADP =Arg|— )|, typically,
gs Gy Gy

3 2mp — rz/(mw + 2mg) — 2mp (GEP/GE)

gs ~ 2r? 2mg —r2/(my, + 2mp) + 2mg (Ggp/Gz\lg)

1’(&] T RR ()

s =T A

versity of Chinese Academy of Sciences



Two ways for the amplitude of y» - BB

Method 1, using Gg) and Glp the amplitude, M = —iejiipg (Ggpyﬂ 2:13 (Glp Glp) )UBE”

Method 2, using PAW, the amplitude, M = ug <yﬂ — (pB_p§)>v§(gSgW + gDei5f(2)”V)ev

my,+2mp

Experimently,
(1) an overall coupling constant can be obtained from the partial width T.

L //_\v/\v/ﬂ\\ m ll * ?(Q 'ﬂ"/? x'/? m Snm ¢ s
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Two ways for the amplitude of y» - BB

Method 1, using G;lb and Glp the amplitude, M = —iejiipg (Ggpyﬂ 2:13 (Glp Glp) )UBE”

Method 2, using PAW, the amplitude, M = ug <yﬂ — (pB_p§)>v§(gSgW + gDei5f(2)”V)ev

my,+2mp

Experimently,
(1) an overall coupling constant can be obtained from the partial width T.

2) t=|22| and § can be determined by angular distribution, ~ (1 + a cos? 9)

gs
GI.U
and A® = Arg | =

d cos @

@ tanvwxsy o)
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Two ways for the amplitude of y» - BB

Method 1, using G;lb and Glp the amplitude, M = —iejiipg (Gg}yﬂ Z;nB (Glp Glp) )UBE”

Method 2, using PAW, the amplitude, M = ug <yﬂ — (pB_p§)>v§(gSgW + gDei5f(2)”V)ev

my,+2mp

Experimently,
(1) an overall coupling constant can be obtained from the partial width T.

(2) t= |28 ~ (14 acos?9),

gs
Gl.b
and A® = Arg | =

and & can be determined by angular distribution,

d cos @

_ —3t’r?/8 —9tr’coss§
9+ 5t2r2/8 — 3tr2cos s’

2 24,08
Sidd _ 1+a ZmB_ r 3+ 2r te.‘
1—al\ my mw(mw +2mg)) 3 —rite?

@ tatvemry ) .
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The effective radius of the decay reaction

(|90 _ —3t’r?/8 —9tr?cos§ s 9
gs 94 5t%r2/8 — 3tr2cosé’ | Trotal o 4 22 (mlp ZmB)Z
. 14+ a(2mg r? 3 + 2r2tetd r -
etA®P — ] - ( > ) 3 27010 l—_ I S iy D
—a\m my(my + 2m —1r“te = lg D
v VAT 7 l_‘total B l_‘tota,l
[
Teff = —
T
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The effective radius of the decay reaction

9o —3t%r?/8 — 9tr? cos § [ 9
- | a= . =
9+ 5t2r2/8 — 3tr2cos S’ /
s / | Ceotar 9 + 22 (mIZP _ me;)
. 1+af2mg r? 3 + 2r2te'd
elACD — . = l_ l FS n l FD
1—a\m my,(my, + 2m 3 —rtel = ls D
v 'IJ( v B) l_‘total B l_‘total
[
Teff = —
“p
Mode e AP gD/gS 0 FS/FTotal Teff

J/p — AA 0.461 +0.013[23] | 0.74 +0.019[23] |0.180 4 0.005|—0.804 + 0.024|85.7 + 0.6%|0.0488 + 0.0021

T/ — S8 [—0.508 & 0.010[24] | —0.270 £ 0.021[24] [0.171 £ 0.006| 2.67 £0.04 [90.9 + 0.6% |0.0362 = 0.0024

»(25) = TS| 0.682 £ 0.041[24] | 0.379 & 0.084[24] |0.097 & 0.009| —0.33 +0.10 |88.3 +2.0%| 0.033 % 0.006

& Tafs®xy e L R

L //_\v/\v/—\\ L T
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The effective radius of the decay reaction

_|9o —3t%r?/8 — 9tr? cos§ Is 9
T 9+ 5t2r2/8 — 3tr2cos 6’ N E
/ | froral 9 1202 (m? — 2m3)
1+a ZmB r? 3 + 2r2te'd
lACD 5 l— l FS + l l_‘D
1—a my,(my,, +2m 3 —rtel = ls D
1’[)( v B) l_‘total B l_‘total
[
Need further decay, such as A—-pm Teff = —
p
Mode & AP gD/gS 0 FS/FTO‘r,al Teff

J/p — AA 0.461 +0.013[23] | 0.74 +0.019[23] |0.180 4 0.005|—0.804 + 0.024|85.7 + 0.6%|0.0488 + 0.0021

T/ — S8 [—0.508 & 0.010[24] | —0.270 £ 0.021[24] [0.171 £ 0.006| 2.67 £0.04 [90.9 + 0.6% |0.0362 = 0.0024

»(25) = TS| 0.682 £ 0.041[24] | 0.379 & 0.084[24] |0.097 & 0.009| —0.33 +0.10 |88.3 +2.0%| 0.033 % 0.006
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The effective radius of the decay reaction

Ad

Mode o gp/gs 0 ['s /T'rotal Teff
J/p — AA 0.461 £+ 0.013[23] 0.74 £0.019[23] [0.180 4 0.005|—0.804 + 0.024|85.7 + 0.6%|0.0488 4+ 0.0021
T/t — £FE | —0.508 + 0.010[24] [ —0.270 + 0.021[24] |0.171 4 0.006| 2.67 +0.04 |90.9 + 0.6% |0.0362 - 0.0024
b(25) — 5| 0.682 4 0.041[24] | 0.379 4 0.084[24] |0.097 4+ 0.009| —0.33 +0.10 |88.3 + 2.0%| 0.033 + 0.006
e ’ \' ( 4
|’ NN T é‘* ? 3 q)/? x'/? m She by ﬁ
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The effective radius of the decay reaction

Mode Q AD gp/gs ) ['s /T'rotal Toff
J/p — AN 0.461 £+ 0.013[23] | 0.74 £ 0.019[23] |[0.180 4 0.005|—0.804 + 0.024|85.7 + 0.6%0.0488 4+ 0.0021
J/p — LTET [—0.508 4 0.010[24] | —0.270 & 0.021[24][0.171 £ 0.006| 2.67 £0.04 [90.9 & 0.6%|0.0362 4 0.0024
P(29) — XTE 7| 0.682£0.041[24] | 0.379 £ 0.084[24] [0.097 £ 0.009| —0.33 £0.10 |88.3 £ 2.0%| 0.033 £ 0.006
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Motivation

Question: How many partial waves does 1) decay need ?

N(2190) 7/2- L=TefXPp

N(2220) 9/2+ E~2GeV—p~1GeV

NS el N and yN L~1fmx Ieé];\;:]\ls~ o
N(2300) 1/2+ v ~|5-3.5+3] ~ 5.5
N(2570) 5/2- How to estimate the effective radius
N(2600) 11/2- of the v decay 7?7 i
N(2700) 13/2+ P B(1/2-)B(1/24) ==b T,cc ~ pi

B TEHTRXEY s 3wC A

/ vV AR

W University of Chinese Academy of Sciences



The effective radius of the decay reaction

Mode e Tefr(fm)
J/h — pp | 0.595 4 0.027[26] [[0.023 — 0.214]
J/p —ni | 0.50+0.25[26] |[0.016 — 0.228] 1000 L0 _
' < — Jy 3%
J/i — X080 | —0.449 £ 0.028[25] |[0.022 — 0.396] R 05
S 090 :
J/¢ — E°Z° | 0.66 £0.08[28] |[0.044 — 0.308] % o085 i
J/p — E-ET| 0.58+£0.12[29] |[0.034 — 0.331] gjz ‘ 1%
' heeent S Letold
04 06 08 10 1 2 3 4 5
100‘!‘ 90;. ' ! L ] T T —1 .
ok o\ e
Soss E ;g - 60
8080 E-,, o 40
0.752— _40_ 20
e T 30, | R P | | 0 | ‘ .
0.1 0.2 0.3 0.4 05 0.1 0.2 0.3 0.4 0.5 0.4 0.6 0.8 1.0 1 2 3 4 5
|go/gsl/GeV l9o/gsl/GeV lgo/gsliGeV |go/gsl/GeV
i ) a4 |
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The effective radius of the decay reaction

Mode o Tt (fm)
Yos — AN |0.82 £0.10[25]|[0.040 — 0.148]
Yos — pp |1.03£0.09[27]| 277
Yas — ni [0.68 £ 0.23[27]|[0.024 — 0.156

Pas — 278 [0.71 £ 0.15[25]|[0.030 — 0.172
os — Z°=° 10.65 4 0.23[28] [[0.027 — 0.196
Yos — ZET(0.91 £ 0.27[29] [0 061 — 0.148

—_ |

0.10 0.15 0.20 025 0.30 0.35 0.40

lgn/gsl/GeV >

L //_\v/\v/ﬁ\\ L T

010 0.15 020 025 0.30 035 0.40
lgp/gs|/GeV >

" Universi ity of Chinese Academy of Sciences
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The effective radius of the decay reaction

Mode « o (fm)
Yos — AA [0.82 & 0.10[25] | [0.040 — 0.148]
Yos — pp  |1.03 £ 0.09[27] 7 7 7
Yos — nin |0.68 & 0.23[27]|[0.024 — 0.156]

Since p(n) can not further decay, thus A® cannot
be measured. We need new observable, such as F// to
stand for the decay width of the process where p(n)
and p(n) have the same polarization,
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Summary

Introduction of L-S scheme

Through y —» B(1/2—)B(1/2+) to estimate the effective radius of
Y decay, around 0.05fm.

It leads to low spin N* dominate in the p —» NN*, thus, highest partial
wave analysis require the total Jof N* with [ = 5/2.

It provides a unique window to search low spin baryon resonances with
masses above 2 GeV In y decay.

We need more experimental data to confirm it.
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Thanks Very Much !
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