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current exp. status of CPV
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Already observed CPV effects (PDG review)

Z.-H. Zhang (U. South China) CPV in multi-body decays of heavy hadron 04/23/2022 5/25



Vot
Already observed CPV effects (PDG review)

Motivations

13.8 Observed CP violation effects
Wwe by lsting the observables where

tion has been observed at a ley

P violation in K — 77 and K — /v decays, and in the Ky = 77

el = (2228 =0011) x 107 (13.98)

« Ditect CP violation in K — & decays s given by

Re(e'/

(165 +0.26) x 107 (13.99)

by (we use KO
sign appropriate

Soxo = +0.699 £ 0.017 (13.100)
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Already observed CPV effects (PDG review

13.8 Observed CP violation effects
We conclide by listing the observables where C

iolation has been observed at a level above.

50 (43,615
* lndiet CP vioaion in €~ 77 and Kty decays, and n the Ko > 1°7¢"¢” decay
" Jel = (2228 20.011) x 10 (1398)
« Direct CP violation in K — =7 decays is given by

Re(e'/e) = (16540.26) x 107 (13.99)

© CP violation in — cés transitions,
such as B0 > vk, is given by (we use KO \hmublmul to denote results that combine Ks
and Kz modes, but use the sign appropriate to K

Soxo = +0.699 £ 0.017 (13.100)
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o CP violation in the mixing and decay in by the
b= ciid transitions is given by

Spoo = +071£0.09 (13.101)

o CP violation in the interference of mix
transitions is given by

i decny in various modes related to b - ezd

Srr = —0.86+0.14,
Spip = —081£0.12,
Spezpr = —0.81%0.06
0714009

02)

« CP violation in the interference of miing and decay in various modes related to b — g7
(penguin) transitions is given by

o = +0T438,

+0.63 tlrm)

Siow
Sk+i-Ks = +0.68 :m (13.103)

« CP violation in the interference of mixing and deca

in the B~ w7~ mode s given by
Spip = ~067£003. (13.104)

 Direct CP violation

the B = 7 mode s given by

Corpe = 0314003 (13.105)

o Dircet CP violation in the BY — KK~ mode is given by

Cyer

0174003 (13.100)
o Divect CP violation in 5+ — DYK* decays (D i the CP-even nentral D) state) are
given by

Apip.xr =+0139£0.009 and A peser = —0.109£0.019 (13.07)

while the corresponding quantity in the case that the neutral D meson is reconstructed in
the suppressed K

Apiop, ke = —0453£0026 (13.108)

 Direct (P viol

has also been observed in B+ — DK+ decays through differences between
the Dalitz plot distributions of subsequent D — Ks 7~ decays.
« Direct CP violation

the BY - K7~ mode is

ven by

Api e am = 0.083 %0004

09)
* Direct CP violation in the BY -+ K~ mode is given by

Apyk-xr = 022520012 (13.110)
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Already observed CPV effects (PDG review

13.8 Obscrved CP violation cffects
We conelude by listing the observables where €
50 (43,6151

iolation has been observed at a level above.

 Indirect CP violation in K — 77 and K — 7/ decays, and in the K1 — 77 ~¢*e decay

ot Jel = (2225 20.011) x 10 (15.98)

« Direct CP violation in K — =7 decays is given by
Re(e'/e) = (165 %0.26) x 107 (13.9)
« CP violation in b cés transitions,
such as B 0K, is given by (we use KO um...k,l.«,m o denote results that combine K

and Kz modes, but use the sign appropriate to K

Soxo = +0.699 £ 0.017 (13.100)

« Direct CP violation in B+ — K+ K™+ decays is given by

Aptoss - 0.118 +0.022 (13.111)

* L P vilatin elfct v been ot e idependetly o ptal egans o e
phase space of Bt — K*K-K*, K*K~a%, 77 K+ and 7*n~n" decays. An ampli-
i ki s et e \,mhmm S Aot L A 15 0 it
rescattering in B* — KK~ decays. | decays, amplitnde analysis has
established CP vilation effcts in the decay ampltnde nylving the (1270 resomances i
the ave at low imvariant mass, and in the interference between the 7
and the Psve B+ — TT0f+ ampltde

 Direct CP violation has been established in the difference of asymmetries for D° — K=K~
and DY - x deeays

Acr

0.164:£0.028) x 1072 (13.112)
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o CP violation in the
b= ciid transitions is given by

mixing and decay in by the

Spoo = +071£0.09 (13.101)

« CP violation in the interforence of mixing and decay in various modes related to b — ezl

transitions is given by

Srr = —0.86+0.14,
Spip = —081£0.12,
Spezpr = —0.81%0.06
S 0714009

02)

.op in the
(penguin) transitions

ol

erference of mixing and decay in various modes related to b = g
given by

g
SicenKe = 10068780 (13.103)

+ CP violation in the interference of mixing and decay in the B° = 7

mode is given by
Sper = —067£003. (13.104)

 Direct CP violation in the B — 747~ mode s given by

Corpe = 0314003 (13.105)

o Dircet CP violation

the BY  K+K~ mode is given by

Oy = 0172003 (13.106)

« Direct CP violation in B+ — D{”K* decays (D
given by

is the CP-even neutral DO state) are

Apip.xr =+0139£0.009 and A peser = —0.109£0.019 (13.07)

while the corresponding quantity in the ease that the neatral D meson is reconstrucee in
the suppressed K

Apiop, ke = —0453£0026 (13.108)

 Direct (P viol

also been observed in B+ — DK+ decays through differences between
the Dalitz plot distributions of subsequent D — Ks 7~ decays.

« Direct CP violation in the B — K+~ mode is given by

Api e am = 0.083 %0004

09)
« Direet CP violaion in the 52 — K~ mode is given by

Apyk-xr = 022520012 (13.110)
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Already observed CPV effects (PDG review

13.8 Obscrved CP violation cffects
We conclude by listing the observables where CP violation has been observed at  level above
50 (43,6151

* It P laton i K £ and I — e and n the K 1°3 ™ ey R alinin i iking s ey et g
. el = (2228 =0011) x 107 (13.98) b= ciid transitions is given by
« Direct CP violation in K — =7 decays is given by Spionn = 40714009 (13.101)
Re(e'/e) = (165 %0.26) x 107 (13.9)

« CP violation in the interforence of mixing and decay in various modes related to b — ezl

violation in b cés transitions, transitions is given by

uch 13 B0 —» 6K, s given by (wo use KO um...k,l.w 0 deote resuls that combine Ky

Srr = —0.86+0.14,
and Kz modes, but use the sign appropriate to K

Spip- = ~081£0.12,
S = 40,6994 0,017 (13.100) Sprpr = ~031 £0.06
s R (13.102)

« CP violation in the interference of mixing and decay in various modes related to b — ggs
(penguin) transitions is given by

07431

« Direct CP violation in B+ — K+ K™+ decays is given by

(13.103)
0.118 +0.022

gk

+ CP violation in the interference of mixing and decay in the BY — 7~ mode s given by

o Large CP violation effects

observed modendepeadently i ces
K+ and what d
¢ CP ol tion effc associnted wil wave
* decays. In I = decays, amplitude analysis hos
established CP violation effects in the decay )\mvhlv\de imkving the (1270 ronance, in
~ Savave at low imariant mass, and in the interfrence between the wave

gions of the

Sper = —067£003. (13.104)

 Direct CP violation in the B — 747~ mode s given by

[

= —031£003 (13.105)

and the P-wave B+ — p(770)’x* amplitude. o Dircct CP violation in the BY - K*K~ modc is given by
 Direct CP violation has been established in the difference of asymmetries for D° — K=K~
Re Ciog- =017£003 (13.106)
Aap = (~0.164:+0.028) x 1072 (13.112) il &
~  Direct CP violation in B+ — DK decays (D is the CP-even neutral D) state) are
Apip. gt = H0139£0.009 and A ;g = —0.109 £0.019 (13.107)

overall CPA in three-body B¥ decay (LHCb, 2206.07622) while the corresponding quansiy in the cas tha the neutral D meson 1 reconstucted i
he suppressed K-7* fnal shte s

Apiop, ke = —0453£0026 (13.108)

Acp(rmm
Acp (KK
Acp(KKK
Acp(Kmm

» Direct CP violation has also been observed in B+ — DK+ decays through differences between

= +0.080 + 0.004 + 0.003 + 0.003

= —0.114 + 0.007 + 0.003 + 0.003 e TS e

—0.037 + 0.002 - 0.002 + 0.003 Apoaia = ~0.083£0.000 (13.109)
’ : : : « Direet CP violaion in the 52 — K~ mode is given by

= +0.011 £ 0.002 + 0.003 £ 0.003

Apyk-xr = 022520012 (13.110)
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CPV in baryon sector: not confirmed yet

@ CPV has been observed in B, Bs, D meson decays.

@ no confirmation of CPV in baryon sector from exp. side (LHCb,
Belle(-11), BESIII)

CPA in two-body heavy baryons

regional /localised CPAs in multi-body decays of heavy baryons
Triple Product Asymmetry induced CPA in four-body decay
decay asymmetry parameters induced CPA

energy test method
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Large regional CPV in three-body decays of B+

LHCb, 2206.07622
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Forward-Backward Asymmetry induced CPA (FB-CPA)

Corelation between reg. CPA and event distributions
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Forward-Backward Asymmetry induced CPA (FB-CPA)

Corelation between reg. CPA and event distributions
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Forward-Backward Asymmetry induced CPA (FB-CPA)

Corelation between reg. CPA and event distributions
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Interferen

ce of P (p°(770)) and S ((500)) wave resonances

A = as+ e apcos0, agpy = atsr(eﬁ) + ag‘zr;,g)m"
. ,
o NET o NeT _ (= 1%+ J5) 1412 d cost
5 N2t e ST 1A2 dcoso
B— B—
__ R(azape®))

[(ap)12/3 + |{as) |2

1 .
AE = 5(A;B_ — AR 3

_ 1 ( R((a3ape®))  R((35"7pe)) _! ﬂ'

2 \ {ap)[2/3+ [(as) |2 1(@P)I2/3 + (3s)I? = BEEEE
FBI-CPA can isolate the interference effect between S- and P-waves.
(ZHZ, PLB820, 136537)

P o T =
AGR AR AT A% AZp
0.224 4+ 0.012 0.194 £ 0.013 0.099 + 0.013 0.405 £ 0.020 —0.074 £+ 0.017

(Y.-R. Wei, ZHZ, PRD 106(2022), 113002)
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Angular-correlation related CPA in four-body decays

© Angular-correlation related CPA in four-body decays
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Angular-correlation related CPA in four-body decays

Kinematics

“branching” four-body decay
H — a")(— 12)b)(— 34)

kinematics .. .

Za
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Angular-correlation related CPA in four-body decays

Kinematics

“branching” four-body decay
H — a")(— 12)b)(— 34)

| \.)—"I N _( 3+¢b)
\ I
II \ Ya /I
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Angular-correlation related CPA in four-body decays

Dynamics

interferences
o H— a(— 12)b(— 34) and H — a'(— 12)b(— 34),
o H— a(— 12)b(— 34) and H — a(— 12)b'(— 34),
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Angular-correlation related CPA in four-body decays

Dynamics

interferences
o H— a(— 12)b(— 34) and H — a'(— 12)b(— 34), H — 12b
o H— a(— 12)b(— 34) and H — a(— 12)b/(— 34), H — a34
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Angular-correlation related CPA in four-body decays

Dynamics

interferences
o H— a(— 12)b(— 34) and H — a'(— 12)b(— 34), H — 12b
o H— a(— 12)b(— 34) and H — a(— 12)b/(— 34), H — a34
e H— a(— 12)b(— 34) and H — a'(— 12)b/(— 34)
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Dynamics

interferences

o H— a(— 12)b(— 34) and H — a'(— 12)b(— 34), H — 12b
o H— a(— 12)b(— 34) and H — a(— 12)b/(— 34), H — a34
)

e H— a(— 12)b(— 34) and H — a'(— 12)b/(— 34)
Genuine Interference (Gl) to four-body decay.
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Angular-correlation related CPA in four-body decays

Decay amplitude squared for unpolarized H:

2 /
AP oY AT oy, 0(02)d5,, o(06)e ™7,

a'ar

(ab a'b’ )g aa’ g(bb

" B
T asOply IaI;/IbI*/ 9
aim: find out the interference
. il
wlab;a bl =(5a — 025,10, jo 1) (Sb — Opspr oy [lopry) terms In ,‘VJ .

aa a%b'b

X (—)7a—satob—sp pHrab pH—rabl « @ Parity symmetry

Tacp Yo o
X 8o 00,0 /2 @ Properties of
Clebsch-Gordan

/ B . coefficients
gfaa ) — )\Z}\ (7)53 )\12< ~ As ,)\lz‘J())]_-)\l‘;\lZZFilelz ,
172

(bb") _ sp—A b—334 b —534x%
g/ = )\Z}; (=) b 34 (sp — )‘345[,/)‘34“(»]'_)\3}4 -7:>\3>\4 5
32q
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Angular-correlation related CPA in four-body decays

Selection Rules

g}aa) =D (=)772(s, = Aasa A2 JO) FIARFL N,

@ Parity symmetry M
@ Properties of C-Gs g*) = S (=) s, - Naasp Aa|0) FE3 34 FU 5138,
A3k
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Angular-correlation related CPA in four-body decays

Selection Rules

| G = 37 (=)= (s, — Aasa Mali0) IR 712,
@ Parity symmetry A1A2
@ Properties of C-Gs gl(bb') = Z(—)s"_)‘“ (sp — /\34513')\34|/0>ff;\>34f>?;;:34*’

A3y

Interf. terms show up in 7 when j and/or I:
(“and" is for Gl terms)

Pa'Da’(_)j = 17 Pb'Db’(_)I

|Sa*53" <j<s;+ sy,

I
-

‘Sbfsb/|§/§5b+5/

04/23/2022 14 /25
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Angular-correlation related CPA in four-body decays

Selection Rules

. g}aa ) _ Z(_)saf)qz <Sa o )\1253/)\12|j0>]'—§3\§2]:§;212*,
@ Parity symmetry M
. bb' _ ’ *
@ Properties of C-Gs gl( ) Z(_)sb A (s, — /\34sb/)\34|/0>.7"f\’3_,\’f4.7:f3§:34 ,
PV
Interf. terms show up in 7 when j and/or I:
(“and" is for Gl terms)
P.Pu(=Y =1, PyPy(-) =1
|sa — 52| <Jj <55+ 50, |5b*5b’|§/§5b+5)’
Non-interf. terms show up in vj when j and /:
j even, [ even
0 SJ < 253(’)7 0 < / < 25b(/)
v
04/23/2022 14 /25
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Angular-correlation related CPA in four-body decays

Selection Rules

| G = 37 (=)= (s, — Aasa Mali0) IR 712,
@ Parity symmetry A1A2
@ Properties of C-Gs g,(bb') = Z(—)s"_)‘“ (55— Aasty Aaa| [0) FR 34 R 5234

A3y

Interf. terms show up in 7 when j and/or I:
(“and" is for Gl terms)

Pa'Da’(_)J = 17

|Sa*53" <j<s;+ sy,

PyPp(—) =1

‘Sbfsb/|§/§5b+5
b

Non-interf. terms show up in vj when j and /:

j even, [ even

0 g./ < 252(’)7 0 < / < 25b(/)

v
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@ The Spins and Parities of
the intermediate
resonances are the key
factors.

@ If 2 and &’ as well as b and
b’ have opposite parities,
interfer. and non-interfer.
terms will be well
separated, Gl terms only
contain in 4/ when both j
and / are odd.
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Angular-correlation related CPA in four-body decays

Applications to A) — pr~m

Decay amplitudes squared, integrating out ¢

2 Dim Phase Space

T . N(1440) — N(1520) and f(500) — p(770)

2 Ncos 6,
[P dp o Y s )Pt Pilen) R
o 1
jl : 1
1
1
(abya'b') 5(a3") ;(bb') . '
Wi Y — :
rﬂi T T T , 1 0 l:cos()a
1
a,a’,b,b’ atartbtp 1 :
R B
—1
4
b,a’ b’ - - . ’
Wj(,a @) _ Z(—)a satp Sb(sa — 05, 0(j0)(sp — psb/p\IO)}'([;’;}ab}'g;’a b *,
ap
’ ’
g% = 37 (=) M2 (s, = Aaasy A2 IO FR NS FA
A1A2
bb’ - / *
G = 37 (=) T3 (s — Asasy AalI0) FRIFR T,
PYSWA
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Angular-correlation related CPA in four-body decays

Applications to A) — pr~m

¢p, and ¢y, are correlated because of the Gl terms

(N1aaoNis20) | F12, Non-int

, (N1440 N1520) | |

Fi)~ fp)|N;

() ((fZ))lll\/l;:‘zci)‘li (N1asoNis20fp)ar | (Fp)lNisaol?
Non-int (N1aa0 N1520)|p|2 Non-int

Non-int

@ (NisaoMNis20fp)cr: Gl term.
@ j =/ =1 for Gl term, hence this Gl term is proportional to cos 6, cos 6.

T . N(1440) — N(1520) and f(500) — p(770)

b= [
oy [ 1

Z.-H. Zhang (U. South China) CPV in multi-body decays of heavy hadron

04/23/2022

16 /25



Angular-correlation related CPA in four-body decays

Applications to AY — pr—m

¢p, and ¢y, are correlated because of the Gl terms

Non-int

(N1aaoNis20) | F12,
(N1440 N1520) | |

T

Non-int

(M) ~| (Fp)N1aso %,
(fp)| N1so |

(N1440N1s20f p) 61

(fp)N1sa0]?

Non-int

@ (NisaoMNis20fp)cr: Gl term.

(N14a0 N1520) | pI?

Non-int

@ j =/ =1 for Gl term, hence this Gl term is proportional to cos 6, cos 6.

N(1440) — N(1520) and fy(500) — p(770)

two-fold FBA (TFFBA):

(N| — Ny + Ny — Ny)

A"ll _
N

TFFBA-CPA (zHz, PRD 107 (2023) 1, L011301)

1 .
11 11
Acp = 5(A —

ALL)

cos O,
Y i
/i I
—1; 0 1 E cos 0,
// v
| I =
04/23/2022
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Angular-correlation related CPA in four-body decays

Applications to A) — pr~m

w: Up-down asymmetry and Left-right asymmetry

Gl terms
o dll)g(ea)dllyo(eb) sin ¢ ~ sin 0, sin O sin

@ 0(9,3)d11 0(Bp) cos @ ~ sin 65 sin O, cos

T

N(1440) — N(1520) and fy(500) — p(770)

sinp: TPA induced CPA (Up-Down
Asymmetry induced CPA)

A~ MCr>0) = N(Cr <0) Ny~ Np
T=N(Cr >0 +NCr <0 Ny+Np’
Ny/p = N(sing >0), Cr = (p1 X p2) - P3

Fo1 _
Acp = E(ATJFAT)s
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cos p: Left-Right Asymmetry induced
CPA

R _ N(Cq >0) = N(Cq <0) _ Ny — Ng
N(Cq >0)+ N(Cqg <0) N+ Ng’
Npjr = N(cos 2 0), Cq = (p1 X p2) - (P3 X Pa)

1 —
LR _ LR LR
Acp = E(A —A™T).
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Summary and Outlook

@ regional CPA and FB-CPA in three-body charged B meson decays

@ interfer. of resonances with opposite parities generate FBA and
FB-CPA in three-body decays of heavy hadrons

@ Angular-correlated CPV observables in four-body decays, such as
UD-CPA(TPA-CPA), LR-CPA, and 2-dim-FB-CPA, can help in the
experimental CPV study.

@ Looking forward to future experimental measurements.
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Summary and Outlook

@ regional CPA and FB-CPA in three-body charged B meson decays

@ interfer. of resonances with opposite parities generate FBA and
FB-CPA in three-body decays of heavy hadrons

@ Angular-correlated CPV observables in four-body decays, such as
UD-CPA(TPA-CPA), LR-CPA, and 2-dim-FB-CPA, can help in the
experimental CPV study.

@ Looking forward to future experimental measurements.
Thank you for your attentions!
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Backup
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Forward-Backward Asymmetry induced CPA

Corelation between reg. CPA and event distributions
5 T ‘ 08,5 —
T B o (2) < < LHCb
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I,';-: 155— o NS—E 15
E 10f -0.2
T 105 o4 " B~ s na n
s5F ’ N ‘
; 0.6
of, . . -0.8 o
of 5 10 15 6 8 10 12 %
p(770) me(reT), | [Gev?icd m?,, [Gev?/c']
v
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T 105 " BT ot
£ 0.4 60 at
E -0.6 s
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p(770) me(reT), | [Gev?icd m, [GeV?/c!]
v

2 2 >
Mhigh ~ (Mhigh,max  Mhigh,min)/ 2

cos O =

v )
(Miigh,max ~ Mhighmin)/2 =

77~ cm. frame
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Forward-Backward Asymmetry induced CPA

Corelation between reg. CPA and event distributions

S _FT ‘ N 08,5 o
r\; £ LHCb ( ) 6 = LHCb
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Forward-Backward Asymmetry (FBA) . ,
b5 g — high ~(high,max +high,min)/2
(Mighmax — Thigh,min) /2 =
A = as+ e’éaP cos, asp) = ag'(e;’,) + age("‘f)“'"
Qt Q= 0 +1 2
s N NT (< 0+ ) AP deose .
At = - — = AR -
NSB}_ +Ng_ JI11A[?dcosO
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PRL 124 (2020) 031801 [1909.05211]
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PRL 124 (2020) 031801 [1909.05211]

LHCb

Bt — ntata—

LHCb

B™ —wn nn B
Wcoso >0, QF
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mi, [GeV?/c'] me, [GeV?/c']
v
FBA Induced CP Asymmetry (FB-CPA)
AFB E(AFB _ A8
(e VB~ B+
1 < R((agape®)) R((35"3p")) >
2 \ap)2/3+ as)>  [(@R)I2/3+ 1(@s)I2 )
FBI-CPA can isolate the interference effect between S- and P-waves.
(ZHZ, PLB820, 136537)
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PRL 124 (2020) 031801 [1909.05211]
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FBA Induced CP Asymmetry (FB-CPA)

1
FB FB FB
A = S(Ag= —Apt) SFB

2 ‘ ‘ Acp

1 < R((agape®)) R((35"3p")) >

2 \ap)2/3+ as)>  [(@R)I2/3+ 1(@s)I2 )

FBI-CPA can isolate the interference effect between S- and P-waves.
(Y-R.

(ZHZ, PLB820, 136537)

direct-CPA-subtracted FB-CPA

+ - + -

_ Ngo —Npo - Ngi o+ g
- Q+ Q— Q+ Q—
NZT 4+ NPT+ NG+ NG

R((a3ape®)) — R((F5"3pe’))

[{ap)[2/3 + [(as) |2 + (3p) [2/3 + |(33)|

Wei, ZHZ, PRD 106(2022), 113002[2209.02348])
v
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FB-CPA v.s. reg. CPA (based on LHCb data of PRD90(2014), 112004)

LHCh, PRD0(2014), 112004
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FB-CPA v.s. reg. CPA (based on LHCb data of PRD90(2014), 112004)

LHCb, PRD90(2014), 112004
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Decay amplitude squared

Without integrating out ¢, without the assumption of unpolarized H

20(27#/

oy, 0(02)dh, , o(0p)e!s Prelm %,

(ab a’b’ )g aa’ g b')
jl
= ? 1 cos 6 —sin @
Cal s b/ b IaIa/IbI | PO) = (1 + ( cosb end ) Pz> ,
(aboa Bl For unpolorized H, P, = 0:
ab,a _ .
Vo oy =5~ TaSy 0y lio ) (sb — oSy oy [1oy) Oaa’ = Opy, and
X ()7 =T Sb}-UH;ZbF‘I;I;;;f,* io—aa/d)a eia-bbld)b — eiioaa/@
x Paab,aa,b,(G),
4
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Applications to A) — pr~m

N — N(— pr=)f/p(— pitm™): cy, and cp, are correlated.

Niaao N1s20)| 1%,

Non-int
N1440N1520) ||

Non-int

(
(
T~ | (Fp) Naaaol, |
(

NiaaoNis20fp)er | (fp)|Naszol?
(£p)|N1s20|? (fp)| Nis2o|

Non-int

2 .
N1440N1520) || Non-int

@ (NyasoNis2fp)gr: Gl term.

@ j =/ =1 for Gl term, hence this Gl term is proportional to cos 0, cos 0.

w1
=
mED

TU . N(1440) — N(1520) and f5(500) — p(770)

=]
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Applications to A) — pr~m

N — N(— pr=)f/p(— pitm™): cy, and cp, are correlated.

Niaao N1s20)| 1%,

Non-int
N1440N1520) ||

Non-int

(
(
(T ~| (Fp)[N1asol?, (
(

NiaaoNis20fp)er | (fp)|Naszol?

(fp)|N1szo|?
Non-int

N1aao N1s20) | o] Non-int

@ (NisaoNis20fp)cr: Gl term.

@ j =/ =1 for Gl term, hence this Gl term is proportional to cos 0, cos 0.

w1
=
mED

T . N(1440) — N(1520) and f(500) — p(770)

=]

two-fold FBA (TFFBA): j=1= TFFBA-CPA

(Nj — Ny + Ny — Np)
N

A"ll _

P

1 . -
11 1
Acp = E(A — All)

dir-CPV-subtracted TFFBA-CPA

Al (Ny — Ny + Ny — Npy) = (N — Ny + Ny — Npy)
¢

N+ N
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