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Polarization in weak decay

Digging more information

— Dynamic parameters? Phase shift? CPV observables?

Experiment & Phenomenon

Methods for measurement

— Angular analysis? Partial wave analysis?

New results coming soon
BEPCII-U

Summary



Polarization in weak decay

:PA P = (_a_:PT'ﬁz)ﬁz+ﬁ(?TXﬁz)+yﬁzx(?TXﬁz)
: A 1+ a.‘PT . ﬁZ
2Re(s*D) 2Im(s*p) 152 — |p|?
odQ = ——- = ——- e
IsIZ + |p|2 sZ+pl2 VT s+ IpP?

a’l+p%+y?=1

o))
@/ 2 2 . If party violation exists: a, B #0, y # —1
s — parity violation

p — parity conservation

« Another definition:
2 2

> B =+1—a?sinA y=+1—a?cosA A

a’+pc+y*=1

 +

 Transform using a simple linear relation Two-body decay with
extremely narrow width

~ 2+ 1 )
H22 =Yg, (15,0 610, 6)(J1J2, Ay — Aals, 5*%)’3,(% go.d)
ls

2Jo + 1

equal to one
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Digging more information

The amplitude for the two-body weak decay B; — Bf + P can be parameterized as

A-s,B-p/k
K = |Pc|/(Ep + mp)

2

+ ma+

2
B(AY - AY)| [Pl [(mar +mp)” —m

2
Tad 8T M+

_ 2kl|Al|B|cos(6y — 6s)
~ |AI2 + ?|BJ?

2k|Al|B|sin(6, — d5) | /
|A|2 — k2| B|? 1 YT AR T eBe

_ |AI* —k?|BJ?

A = arctan

L Oncey>0ory <0,
Three unknowns and I one solution will

. . e be determined.
three independent equations

2024/4/7 4



Digging more information

» For CPV observables

s = |s|e¥sei®s  undercp  § = —|s|e¥seiPs
£ i Fanstormation, _ _ i€, —id ¢ weak phase, ¢ strong phase
p = |ple*re'®r p = |pletre tPr
Lo RGP 2y s = Il
s|? + [pl? Is|? + [pl? Is|? + [pl?
« If CP conserved:
CP
S =——> -5 40
A = ¢ (_Y = tan¢gcptanAg
p _CP p P a-a
. Thus: fanilag = B+B _ V1-a’sinA+ VI —a’sinA
) - _B-B  Vi-a%sinA - VI -a%sinA
B—= B =-8 M T ema T 7@

y —— 7 =+y
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A : The lightest charmed baryon spectroscopy

* Most of the charmed baryons will eventually decay to A}.

* The A/ is one of important tagging hadrons in c-quark counting in the productions
at high energy experiment.

* Naive quark model picture: a heavy quark (¢) with an unexcited spin-zero diquark
(u-d). Diquark correlation is enhanced by weak Color Magnetic Interaction with a
heavy quark(HQET).

* A} may reveal more information of strong- and weak-interactions in charm region,
complementary to D/Ds

U d -  Charmed

J > Charmed meson u —  Strange baryon
(D*[cd]) e 94 '(%[%”;’) (AJudc])
uas ;
{ my << m, 2> ‘ my, My << m¢ >
C quark + heavy quark S My, My = _TS K diquark + quark
(a) (@) (9qq) uniform C (@@  (Q
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A{ weak decay picture in theory

* Contrary to charmed meson, W-exchange contribution is important.(No color suppress
and helicity suppress)

A

”:,' W

(T) (C) (C)
color-favored tree color-suppressed tree color-commensurate
factorizable fac + nonfac non-factorizable

: W
4
(E) (B) (P)
W-exchange Bow tie penguin
non-factorizable non-factorizable neglected

® Phenomenology aim at explain data and predict important observables.
* Calculate what they can(HQET, factorization)+parametrize what they cannot + some
non-perturbations extracted from data=> explain and predict.
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New data samples in 2020 and 2021

Two major changes in BEPCII machine:

* max beam energy: 2.30=>2.35(2020)=> 2.48 GeV(2021)

* top-up injection: data taking efficiency increased by 20~30%

Belle: PRL 101, 172001 (2008)

A T

400

200

o (pb)
1 | 1 l 1 1 1 I I
-0_-:)_4)_
— 3

0 L |

BESIII:PRL 131, 191901(2023)

ete” > AlA;
4-BESIII 2023
<-BESIII 2018
- Belle
----- Threshold

AECW DeXe Sele

Al

46
\(_ (GeV)

Available data for charmed baryons

v' 0.567 fb! at 4.6 GeV (35 days in 2014)
v' 3.9 fb!scanat 4.61, 4.63, 4.64, 4.66, 4.68, 4.7 GeV (186 days in 2020)

CPC46.113003(2022)
Sample Eems/MeV Lohavha/pb

4610 4611.86+0.12+0.30 103.65+0.05+0.55
4620 4628.00+0.06+0.32 521.53+0.114£2.76
4640 4640.91+0.06+0.38 551.65+0.124+2.92
4660 4661.24+0.06+0.29 529.43+0.1242.81
4680 4681.92+0.08+0.29 1667.39+0.21+8.84
4700 4698.82+0.10+0.36 535.5440.12+2.84
4740 4739.70+0.20+0.30 163.87+0.07+0.87
4750 4750.05+0.124+0.29 366.55+0.10+1.94
4780 4780.54+0.124+0.30 511.4740.1242.71
4840 4843.07+0.20+0.31 525.16+0.1242.78
4920 4918.02+0.34+0.34 207.824+0.08+1.10
4950 4950.93+0.36+0.38 159.28+0.07+0.84

v' 1.93 fb-lscan at 4.74, 4.75, 4.78, 4.84, 4.92, 4.95 GeV (99 days in 2021)

o 8x A, data that those at 4.6GeV.(~0.77M At A7)
e accessible to X./Z. /A prod. & decays
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Experiment & Phenomenon

Predictions and measurements
CLEO(1990) 1 - —1.07) ] - - -
ARGUS(1992) [2] - ~0.96 £ 0.42 - - -
Korner(1992), CCQM [3] ~0.10 ~0.70 0.70 0.71 0
Xu(1992), Pole [1] 0.51 ~0.67 0.92 0.02 0
Cheng, Tseng(1992), Pole [5 -0.49 -0.96 0.83 0.83 -
Cheng, Tseng(1993), Pole [6 -0.49 -0.95 0.78 0.78 -
Zencaykowski(1994), Pole [7] -0.90 —0.86 —0.76 —0.76 0
Zencaykowski(1994), Pole [8] —0.66 -0.99 0.39 0.39 0
CLEO(1995) [9] - ~0.947 060 o6 - ~0.45 £ 0.31 £ 0.06 -
Alakabha Datta(1995), CA [10] -0.91 -0.94 -0.47 -0.47 -
Tvanov(1998), CCQM [11] ~0.97 ~0.9 0.43 0.43 0
Sharma(1999), CA [12] —-0.99 -0.99 -0.31 -0.31 0
FOCUS(2006) [13] - —0.78£0.16 £ 0.19 - - -
BESIII(2018) [14] 0.184+0.43+0.14 —0.80 £ 0.11 4+ 0.02 -0.73+£0.17 £ 0.07 -0.57£0.10 £ 0.07 -
PHYSICAL REVIEW D 100, 072004 (2019) | . + 0
[ I I v First At - pK_). I
[ [ I v' Most precise Af - Amt. I
l Measurfments ;)f weilk dfC&(l)y asym1(1)1e£r1es I v The sign of AT - Im.
I of A] - pK® Azx*, 2*7° and X'z l
L----------------I

Renaissance on the charmed baryon decay asymmetry from 2018!
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Experiment & Phenomenon

F_-.—_-_-_
Predictions and measurements 2;2 2? ig"+ ai;’rn I aigK * :
CLEO(1990) [1] - 10701 - - I - I
ARGUS(1992) [2] i —0.96 + 0.42 - - I -
Korner(1992), CCQM [3] —0.10 —0.70 0.70 0.71 [ 0 [
Xu(1992), Pole [4] 0.51 —0.67 0.92 0.92 0 I
Cheng, Tseng(1992), Pole [5 -0.49 -0.96 0.83 0.83 I - I
Cheng, Tseng(1993), Pole [6 —0.49 —0.95 0.78 0.78 I - 0
Zencaykowski(1994), Pole [7] -0.90 —0.86 -0.76 —0.76 | 0
Zencaykowski(1994), Pole [8] —0.66 -0.99 0.39 0.39 1 0 I
CLEO(1995) [9] - ~0.947 56 0 o6 - ~0.45 £ 0.31 £ 0.06 - |
Alakabha Datta(1995), CA [10] —0.91 —0.94 —0.47 —0.47 l - [
Tvanov(1998), CCQM [11] ~0.97 ~0.95 0.43 0.43 i 0y
Sharma(1999), CA [12] ~0.99 ~0.99 —0.31 —0.31 1 0
—0.78 £0.16 £ 0.19 e ————

FOCUS(2006) [13]

BESIII(2018) [14

0.18 +0.43£0.14

—-0.80 £ 0.11 + 0.02

-0.73 £ 0.17 £ 0.07

—=0.57 4+ 0.10 £ 0.07

0947090

Geng(2019), SU(3) [15] ~0.897 75 ~0.8740.10 ~0.35 4 0.27 ~0.35 £ 0.27 oy
Zou(2020), CA [16] —0.75 —0.93 —0.76 —0.76 0.90
BELLE(2022) [17, 18] - —0.755 £ 0.005 £0.003  —0.463 £ 0.016 £0.008  —0.48 £ 0.02  0.02 -
Zhong(2022), SU(3)* [19] —0.57 4+ 0.21 —0.75 4 0.01 —0.47 4 0.03 ~0.47 4 0.03 0917008
Zhong(2022), SU(3)" [19] —0.29+0.24 —0.75 4 0.01 —0.47 4 0.03 —0.47 4 0.03 0.99 +0.01
Liu(2023), Pole [20] —0.8T£0.05 —0.75 £ 0.01 —0.47 £ 0.01 —0.45 £ 0.04 0.95 £ 0.02
Liu(2023), LP [20] —0.68 + 0.01 —0.75 £ 0.01 —0.47£0.01 —0.45+0.04 el
r I I I I I I I I I I I I I I I I I I I ﬁ
I v' The decay asymmetry parameter of AY —» E9K* significantly changed from O to almost I

= |

v;%mgm fovdiitateexperimentatly— — — — — — — — — 10 —



Decay asymmetry for pure W-exchange process Af — E°K™

Phys. Rev. Lett. 132, 031801(2024)

Theory or experiment B(Af - ZK*)  azog+ |A| |B| dp — 0

(x1073) (x1072Gp GeV?) (x1072Gf GeV?) (rad)
Koérner (1992), CCQM ([7] 2.6 0 - -
Xu (1992), Pole [8] 1.0 0 0 7.94 -
Zencaykowski (1994), Pole [9)] 3.6 0 - - -
Ivanov (1998), CCQM [10] 3.1 0 - - -
Sharma (1999), CA [11] 1.3 0 - - -
Geng (2019), SU(3) [12] 5.74+0.9 0.9470-99 2.7+0.6 16.1+2.6 -
Zou (2020), CA [5] 7.1 0.90 4.48 12.10 -
Zhong (2022), SU(3) [13] 3.8104 0914093 39402 8.719 -
Zhong (2022), SU(3)? [13] 5.019:5 0.99 + 0.01 3.303 12.3112 -
BESIII (2018) [14] 590+0.86+039 - - - -
PDG Fit (2022) [3] 5.5+ 0.7 - - - -
At — Z9K* is pure W-exchange process which have significant € > ; - s
contributions in charmed baryon decay. Ardd— W, u (=’
c C§
Nonfactorizable W-exchange diagram cannot be calculated using (u - WK
theoretical approaches. u - u}
=0
c —> > S (=
Long-standing puzzle on how large the S-wave amplitude. A §W+ s
e K
Experimental measurement of decay asymmetry is crucial and
urgent. FIG. 1. Feynman diagrams for AT — Z°K+

2024/4/7 11



Decay asymmetry for pure W-exchange process AL — E°K*

B 2Re(s*p)
|52 + |p[?’

2Im(s*p) 5|2 — |p|? Phys. Rev. Lett. 132, 031801(2024)

Bep = 557 YBP = T5 1 3>
5|2 + [p|? 5|2 + |p|?

app

Level Decay Helicity angle Helicity amplitude
efe™ = AT (M)A (X2) (60) Axi g
AF - E°(\g) KT (61,91) B,
20 5 Ag) 7 (62,02) Ch,
A—pAs)m™ (03,¢3) Dis

o

W N =

CM frame A rest frame

dr
dcosfy dcosfy dcosfz dcosfsz dé1 doo dos

o« 1+ agcoszeo

+(1+ QQCOSQQQ) Q0 g+ O p -0 COSO2

+ 1+ a0c05200) Qg0 gt Oy — cosfzcosfs

+ (1 + apcos®6) ap 00, —cosbs

— (1 + apcos®8y) ago e+ 4/1 — a2  a,, —sinfasinfzcos(A, 0 + ¢3)

2

=0 rest frame

+

sinAgsinfocosfoazo x+ sinf1sing;

+

2 sinAgsinfgcosfpa,, 0sind;sing; cosdy

+

2 . . .
sinAgsinfocosfo -0 g+ p 0 Q- sinf;sing; cosfs

+

2 sinAosin%cosOoam{f sinf;sing cosfzcosbs

2 sinAgsinfgcosfp4 /1 — ai,,o o, — sinf;sing;sinfasinfzcos(A, o + ¢3) =0 rest frame A rest frame
2 sinAgsinfgcosfo, /1 — a;OK+ o, 0c0s¢1sindasin(Ago i + ¢2)
2 sinAgsinfgcosfo, /1 — aiOK+ oy 0cosfsing;sinfacos(Ago ot + P2)

1—a? sinAosinegcos%m cxpﬂ_,c0501sin¢1sin02005(AEoK+ + ¢2)cosb3 ® The j Oint angular distrib ution
2 sinAgsinfgcosfp,/1 — aiOK+ Q. — CoSP1 sinfzsin(Ago i+ + ¢2)cosfs r— . .
i : for Af - Z°K* is derived

2 sinAgsinfgcosfy \/1 - aéoK+ \/1 - af\wo Q- cosBlsin¢1sin(AEgK+ + ¢2)sin93sin(AAW0 + ¢3)

2 sinAgsinfgcoshy \/1 — 0‘;01(4— \/1 — aiﬂo Q- cosf1singcosf2cos(Ago 4+ + p2)sinfzcos(Ay 0 + ¢3) b aS e d O n h eliCity amplitud e .

2 sinAgsinfgcosfy \/1 - Q;OK+ \/1 - aiﬂo ap"_cos¢1cos(AEoK+ + ¢2)sinfssin(A, o + ¢3)

+

+

+

AERREERERE

+

+
=
|
Q
9

+
—
|
Q
S

2 sinAgsinfgcosfy \/1 — aéOK+ \/1 — ai,,o Q- CO8P1c08028In(Ag0 g+ + $2)sinfzcos(A, o0 + $3)
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Decay asymmetry for pure W-exchange process AL — E°K*

COSOO —+— Data

60~
— Fit

40M [ |sxe
204 ++ + .
Mis-reconstructed

601 COSG{} 60 + ¢1
2 4 4 4"m
« 20 20
PR A e e
=

60 C0802 601~ ¢2

8 3
.
-+
-
L
Events /0.4
3 -
OI =
s o
-+

““““““““““““

Polar angle Azimuth angle

r Physical Boundary

0o, -(BESIII) & BF(PDG)
Korner(1992), CCQM
Xu(1992), Pole
Zencaykowski(1994), Pole
Ivanov(1998), CCQM

<> mo¥

m O e VvV ia ‘ X i:.‘l“

Sharma(1999), CA
Geng(2019), SU(3)
Zou(2020), CA
Zhong(2022), SUB3)"
Zhong(2022), SUB)’

| L L L | L L L 1

S HS

[ =
I\Ill\\lll\\lll\\ll

|
)

Branching Fraction(x 10'3)

2 4 6 8

Phys. Rev. Lett. 132, 031801(2024)

°  From the fit, we obtain azog+ = 0.01 & 0.164.4+ *
O'OBS)/St and ﬁEOK+ - _064 i 0-695tat i 0-13syst
and Y=o+ = —0.77 £ 0-58stat T 0-115yst

® agog+isin good agreement with zero=>strong
identification for theoretical predictions.

r_ B(AY » E°KY) |7 [(mAj + mezo)? —mi AP + (myt+ —meo)?® —miye, |B|2]

tmors = 2k|A||B|cos(d, — d5)

- A2 +&2[B2 7
2k|A||Blsin(6, — ds)
A — k2B

Azog+ = arctan

* Especially, cos(6,, — d5) is measured to close to
zero.=>not considered in previous literature.

* Fills the long-standing puzzle on how to model azoy+
and B(Af — Z°K™*) simultaneously.

2024/4/7
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Experiment & Phenomenon

- pk! at 0.+ + 0 =0+
Predictions and measurements oF : - 12\ - i - A c+K
CLEO(1990) [1] - 10707 - - -
ARGUS(1992) [2] - —0.96 £ 0.42 - - -
Korner(1992), CCQM [3] —0.10 —0.70 0.70 0.71 0
Xu(1992), Pole [4] 0.51 —0.67 0.92 0.92 0
Cheng, Tseng(1992), Pole [5 -0.49 -0.96 0.83 0.83 -
Cheng, Tseng(1993), Pole [6 -0.49 -0.95 0.78 0.78 -
Zencaykowski(1994), Pole [7] -0.90 —0.86 -0.76 —0.76 0
Zencaykowski(1994), Pole [8] —0.66 ~0.99 0.39 0.39 0
CLEO(1995) [9] - ~0.947 0 56 0 o6 - ~0.45 £ 0.31 £ 0.06 -
Alakabha Datta(1995), CA [10] —0.91 —0.94 —0.47 —0.47 -
Ivanov(1998), CCQM [11] -0.97 -0.95 0.43 0.43 0
Sharma(1999), CA [12] -0.99 -0.99 -0.31 -0.31 0
FOCUS(2006) [13] . —0.78£0.16 £ 0.19 - - -
BESTII(2018) [14] 0.18£0.43+0.14 —0.80 £ 0.11 £ 0.02 —0.73£0.17 £0.07 —0.57 £0.10 £ 0.07 -
Geng(2019), SU(3) [15] ~0.89704% ~0.87+0.10 -0.35+0.27 ~0.3540.27 0.94700%
Zou(2020), CA [16] —0.75 -0.93 ~0.76 —0.76 0.90
BELLE(2022) [17, 18] - —0.755 £ 0.005 £ 0.003  —0.463 £ 0.016 £0.008  —0.48 £ 0.02 £ 0.02 -
Zhong(2022), SU(3)* [19] —0.57+0.21 ~0.75 4 0.01 —0.47 4 0.03 —0.47 4 0.03 0917008
Zhong(2022), SU(3)" [19] —0.29 4 0.24 —0.75 4 0.01 —0.47 £ 0.03 —0.47£0.03 0.99 +0.01
Liu(2023), Pole [20] —0.81 £ 0.05 —0.75 £ 0.01 —0.47 £ 0.01 —0.45 £0.04 0.95 £0.02
ails : —0.68 £ 0.01 —0.75 £ 0.01 —0.47 £0.01 —0.45 £0.04 e
BESIII(2023) [21] . - - - 0.0 £0.16
Geng(2023), SU(3) [22] —0.40 £ 0.49 —0.75 £ 0.01 —0.47£0.02 —0.47 £0.02 —0.15£0.14
Zhong(2024), TDA [23] 0.01+0.24 —0.76 £ 0.01 —0.48 £ 0.02 —0.48 £0.02 —0.16 £ 0.13
Zhong(2024), TRA [23] 0.03+0.24 —0.76 £ 0.01 —0.48 £0.02 —0.48 £ 0.02 —0.19 £ 0.12
PDG(for now) [24] | 0.20 +0.50 (only BESIII) —0.84 1+ 0.09 —0.73 £ 0.18 (only BESIII) —0.55 4 0.11 -

2024/4/7
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New results?

stat.un.!

i K Axt 20+ £t 70 =0+
Predictions and measurements oF A A A At
CLEO(1990) [1] - 10707 - - -
ARGUS(1992) [2] - —0.96 £ 0.42 - - -
Korner(1992), CCQM [3] —0.10 —0.70 0.70 0.71 0
Xu(1992), Pole [4] 0.51 —0.67 0.92 0.92 0
Cheng, Tseng(1992), Pole [5 -0.49 -0.96 0.83 0.83 -
Cheng, Tseng(1993), Pole [6 -0.49 -0.95 0.78 0.78 -
Zencaykowski(1994), Pole [7] -0.90 —0.86 -0.76 —0.76 0
Zencaykowski(1994), Pole [8] —0.66 ~0.99 0.39 0.39 0
CLEO(1995) [9] - ~0.947 0 56 0 o6 - ~0.45 £ 0.31 £ 0.06 -
Alakabha Datta(1995), CA [10] —0.91 —0.94 —0.47 —0.47 -
Ivanov(1998), CCQM [11] -0.97 -0.95 0.43 0.43 0
Sharma(1999), CA [12] -0.99 -0.99 -0.31 -0.31 0
FOCUS(2006) [13] —0.78£0.16 £ 0.19 - - -
~587pb~ BESIII(2018) [14] 0.18£0.43+0.14 —0.80 £ 0.11 £ 0.02 —0.73£0.17 £0.07 —0.57 £0.10 £ 0.07 -
Geng(2019), SU(3) [15] =000 0 11 ~0.87 4 0.10 -0.35+0.27 ~0.3540.27 0.947
Zou(2020), CA [16] —0.75 -0.93 ~0.76 —0.76 0.90
BELLE(2022) [17, 18] - —0.755 £ 0.005 £ 0.003  —0.463 £ 0.016 £ 0.008  —0.48 £0.02 £ 0.02 -
Zhong(2022), SU(3)* [19] —0.57+0.21 ~0.75 4 0.01 —0.47 4 0.03 —0.47 4 0.03 0917008
Zhong(2022), SU(3)" [19] —0.29 4 0.24 —0.75 4 0.01 —0.47 £ 0.03 —0.47£0.03 0.99 +0.01
Liu(2023), Pole [20] —0.81 £ 0.05 —0.75 £ 0.01 —0.47 £ 0.01 —0.45 £0.04 0.95 £0.02
Liu(2023), LP [20] —0.68 £0.01 —0.75 £ 0.01 —0.47 £0.01 —0.45 £0.04 —0.02
BESIII(2023) [21] . - - - 0.01£0.16
Geng(2023), SU(3) [22] —0.40 +0.49 —0.75 £ 0.01 —0.47£0.02 —0.47 £0.02 —0.15£0.14
Zhong(2024), TDA [23] 0.01+0.24 —0.76 £ 0.01 —0.48 £ 0.02 —0.48 £0.02 —0.16 £ 0.13
Zhong(2024), TRA [23] 0.03+0.24 —0.76 £ 0.01 —0.48 £0.02 —0.48 £ 0.02 —0.19 £ 0.12
PDG(for now) [24] | 0.20 +0.50 (only BESIII) —0.84 1+ 0.09 —0.73 £ 0.18 (only BESIII) —0.55 4 0.11 -
~64fp~; BESII(20247) X
2024/4/7 15



Discussion on At - 29K ™

Strong phase shift: —1.55 + 0.25 + 0.05 or 1.59 + 0.25 + 0.05| a « cos ~0.02

Very different from hyperon decays mmmp strong phase ~ 0

A° - prr~ — A0~
@ =+0.65 £0.02 .
B==0.10+0.07 Parameter Thiswork

(1.2+3.4+0.8)x107?rad

Only a few y=+0.75 +0.02 £t
measurements 8/ =-0.16 +0.10 P~Gs

ol j' - ;;‘;cgnffl/ @)=9.07+5.5° Sp— B¢ (-4.0£3.3+17)x102rad  Strong phase shift

Phys. Rev. Lett. 19, 391 (1967) Nature 606 (2022) 7912, 64-69

Strong phase shift can be induced by re-scattering processes and loop effects.

v' After consider the strong phase shift:

A. Observed channel E2 - Z*K~ should have phase shift similar to AT — Z°K*.
B. Topological diagrammatic approach leads to a large a of order -0.93 for the

decay Z} —» 2%t even after the phase shift effect is incorporated.

Further confirmation is needed! arXiv:2310.05491
2024/4/7 arXiv:2404.01350 46



https://arxiv.org/abs/2310.05491
https://arxiv.org/abs/2404.01350

Methods for measurement

» The definition of polarization parameters:

If s and p can be
Is|2 — |p|? measured directly, all

2Re(s* 21 *
— e(s’p) — m(s’p) information will be derived.

a = = y =
Is|2 + |p|? s|2 + |p|? Is|2 + |p|?

Partial wave analysis is a good choice for multi-body decays.

—

— .PW A B Developed and updated by Yi Jiang @ UCAS

. . . B Home page: https://github.coml/jiangyi15/tf-pwa
A general and user-friendly partial wave analysis
framework

. . v’ Polarization parameters
s and p of all intermediate resonance states ‘

v' Branching fraction
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Methods for measurement

Partial wave analysis of the charmed baryon hadronic decay AZ - Anr*n°

JHEP12(2022)033

e | —— Data ae R

L1000 B Lt .

> F— Ap(T70)* > 400 = 400

&) - — NR (T t)A ) | ) |

2 [ = o

S soo| —™Ean0r = S I

S T wenp < 200 f < 2000

= - — wE1750) % - E
gl 06 0§ I 2 {2 64 96 1& 2 oo 2 14 16 18 2 22
M., (GeV/c?) M,,. (GeV/c?) M, (GeVic?)
ot " IMore multi-body decays are underway! I
(AF > Ap(770) )
sy (57.2 £ 4.2 £ 4.9)% I
c nta v A+ SN pK_7T+ v A+ N AOn.+ I
BAL *2(1325();1"23?5?85)**A’”) (7.18 % 0.60 = 0.64)% ¢ ¢ L
° | v Af 5 pkntn0 v At S st |
BT S B A (7.92 £ 0.72 + 0.80)% c P Ac > 2'm'm
‘ + 0.0 _

B(AF — Ap(770)%) (4.06 £ 0.30 % 0.35 + 0.23) x 102 I v Af - pKim vV AL > X ntnt I
B(A} — ¥£(1385)*x0) (5.86 4 0.49 £ 0.52 £ 0.35) x 1073 I v At 5 nKOgt v I
B(AF — $(1385)07) (6.47 + 0.59 =+ 0.66 + 0.38) x 103 ¢ S T

AAp(770)* —0.763 £0.053 £0.045 I The a of all intermediate two-body I
O'53(1385) 0 —0.917+0.069 £ 0.056 I processes will be measured! I
(rs5(1385)0x+ —0.789 + 0.098 + 0.056
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AT polarization on BESIII

ar
deosty dcost) dcosth dy dey
o | +(10(208290

+ 1 - ddapsinfocosthsinAgsingsing;cost

M frame A rest frame + /1= adapsinfycostysinAgcost) singysind 1 - "2A+ cos(Ays +¢o)

+ 1 - afapsinfocostsinAgeosd sindy 1 - af\fsin(AAf +))

+4/1- aéa A sinfycosdysinAgsind; sing

+ @y Cos Hcosth

CM frame A/ rest frame

+ a/\aAlfCOSQQ,

AF vest frame A(ZY) rest frame

dr
dcosO,dcosO,d¢,

x 1+ aycos? 0, + aAzr\/l — ajsinf)cosO,sinA,sinfsing,

angular information from experiment

Af polarization parameters
A? initial transverse polarization parameters

Py 00) = Co /1 - a(z)SinH()COSHOSinAO

energy depended, relate to the form factor ete™ - A A;
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New A polarization on BESIII

_T 3n
Pl (6,=% =P

— Transverse polarization with energy from 4.60-4.95 GeV combined with

Af - pK~n* channel(fixed all decay info. with LHCD input).

— Update 4 two-body decays polarization parameters with higher precision

— Strong/Weak phase shift

— a-induced CPV observables

—— prediction(2021)
—— prediction(2024)

T T T T T T T T
460 465 470 475 480 485 490 495
Vs (GeV)

Eur. Phys. J. Plus 136, no.9, 949 (2021)

; TTT I IIIIIIIIIIII | T T 1T | T T 1T | T TT | T 1T | TT E 075

C + BESIIN2024 + BESII2019 | -

C 7 0.50 A

- Zero or significant? SR EE

:_ + _: % 0.00 -
O eeerememsaseesaesseaseesaseeememeseenseeemee s seemesaseaneenmneeseenmeee = ~0.25

:l 1 11 I 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | L1 11 | 11 IE _050 1
455 46 465 47 475 48 485 49 495

s (GeV) 07
2024/4/7

Chinese Physics Letters 41, 021302 (2024)

+

®»  Xu(1992), Pole 20.0
Cheng, Tseng(1992), Pole .
Cheng, Tseng(1993), Pole “‘> 17.5
Ivanov(1998), CCQM [
Zou(2020), CA 2 15.0

« Liu(2023), LP r\(:D
Geng(2019), SU(3) o 12.5
Zhong(2022), SU(3) =
Zhong(2022), SU(3) =~ 10.0
Zhong(2024), TDA o
CLEO(1995) 7.5

coming

soon!

N - At

2 3 4 5
IA] (x10-2G;GeV?)
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BEPCII-U

» The polarization of weak decay can bring us more information.

» More data needs to be collected.

» optimized energy at 2.35 GeV with luminosity 3 times higher than the current BEPCII.

50

Peak luminosity (cm™“s

oo
X

1x10vUpgrade vS BEPCI| .
N Energy thresholds
v ATE: 4.74 GeV
v AS.m 4.88GeV
v 3T 4.91 GeV
v E.E, 495 GeV
v 0000 5.4 GeV

Jul. 2024

Shutdown for Installation

Commissioning

Jan. 2025

Fabrication Finished

Jun. 2024

Will reach the thresholds of E2 and Z/.
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Prospect Charm Baryons data sample at BESIII

Table 7.1.

List of data samples collected by BESIII/BEPCII up to 2019, and the proposed samples for the remainder of the physics program. The right-

most column shows the number of required data taking days with the current (7¢) and upgraded (7y) machine. The machine upgrades include top-up

implementation and beam current increase.

Energy Physics motivations Current data Expected final data Tc/! Ty
1.8-2.0 GeV R values Nucleon cross-sections N/A 0.1fb ' (fine scan) 60/50 days
2.0-3.1 GeV R values Cross-sections Fine scan (20 energy points)  Complete scan (additional points)  250/180 days

J/y peak Light hadron & Glueball J/¢ decays 321 (10 billion) 32fb (10 billion) N/A
Y(3686) peak Light hadron & Glueball Charmonium decays 0.67 fb ' (0.45 billion) 4.5 ' (3.0 billion) 150/90 days
¥(3770) peak D°/D* decays 291" 200" 610/360 days
3.8-4.6 GeV R values XYZ/Open charm Fine scan (105 energy points) No requirement N/A

4.180 GeV Dy decay XYZ/Open charm 32fb" 6o 140/50 days
4.0-4.6Gev XY7/Open charm Higher charmonia cross-sections 16.0 fb ' at different Vs 30 fb ' at different Vs 770/310 days
4.6 -49 GeV Charmed baryon/XYZ cross-sections 0.56 fb ' at 4.6 GeV 15 fb ' at different Vs 1490/600 days

4.74 GeV XA cross-section N/A 1.0fb" 100/40 days

4.91 GeV 2 Z. cross-section N/A 1.0f" 120/50 days

4.95 GeV E. decays N/A 1.0 fb ' 130/50 days
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v BESIII collected a large amount of A} data near the threshold,

which enable polarization parameters to be measured.

v" Polarization can help us obtain more weak decay information,
such as amplitude magnitude, strong phase shift, and CPV

observables.
v" Especially with strong phase shift, the performance of A¥ and

hyperons 1s completely different, which requires further

verification with more data.
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v' Partial wave analysis is an effective tool for analyzing multibody
decay, and the polarization of many two-body processes in
multibody decay 1s measuring.

vV NS> pK Tt v AT 5 Aty
vV A > pKntn® v A s Etntno
v A > pKdn® v A s S rtmt
v AL > nKnt v
v More measurement information about AY - pK?/A°n* /307n*/
% *7Y will be released soon.
v BEPCII-U will help us give more interesting information about A}

~0/+
and :.C/ :

v More contributions from Belle(II) and LHCb are expected.
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Polarization in weak d
The beginning of all...

General Partial Wave Analysis of the
Decay of a Hyperon of Spin 3
T. D. Lee* anp C. N. Yanc

Institute for Advanced Study, Princeton, New Jersey
(Received October 22, 1957)

k
4

HIS note is to consider the general problem of the
decay of a hyperon of spin § into a pion and a
nucleon under the general assumption of possible
violations of parity conservation, charge-conjugation
invariance, and time-reversal invariance. The discussion
is in essence a partial wave analysis of the decay
phenomena and is independent of the dynamics of the
decay.

Cle—— —— e

Experimental Test of Parity Conservation
in Beta Decay*

C. S. Wu, Columbia University, New York, New York
AND

E. AMBLER, R. W. Havywarp, D. D. HoppEs, aAnDp R. P. Hubpson,
National Bureau of Standards, Washington, D. C.

(Received January 15, 1957)

N a recent paper! on the question of parity in weak

interactions, Lee and Yang critically surveyed the
experimental information concerning this question and
reached the conclusion that there is no existing evidence
either to support or to refute parity conservation in weak
interactions. They proposed a number of experiments on
beta decays and hyperon and meson decays which would
provide the necessary evidence for parity conservation
or nonconservation.

ze 1£ ysics 1957‘

_
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+ +.0
PWA for Ac A" JHEP 12.033 (2022).
| = Data ~
a [ Background a Q B
2 1000 — Total fit 2 § 400 -
> - — Ap(770)* > 400+ 8
O - — NR (w*n®)A ) - -
- | — a5(1385)" o A
« | a°5(1670)" o = i
S — n’2(1750)* o i e 2001
S 5007 szqzssy < 200} N
[ — n*=(1670)° i = I
g a 2»:%1750)" _ % 3
2 - > / Ly | K Lty
04 06 08 12 2 14 16 18 2 22 M, (GeVic?)
M_. ., (GeV/c?) M, . (GeV/c?)
Magnitude Phase ¢ (rad) FF (%)  Significance
Ap(770)t 1.0 (fixed) 0.0 (fixed)  57.2+4.2 3690
$(1385)t 70 0.43+0.06 —023+£0.18 7.18+£0.60 1480
$(1385)°7+  0.37+£0.07 2.84+023 7.92+0.72  16.00
»(1670)*7°% 0.314+£0.08 —0.774+0.23 2.90 +0.63 d5.1c
»(1670)°7"  0.414+0.07 2.774+0.20  2.65+0.58 520
Y(1750)t7% 1.75+£0.21 —1.73+£0.11 16.6 = 2.2 10.1¢0
»(1750)%7+  1.834+0.21 1.34 £0.11 175+ 2.3 10.2¢0
A+ NR- 4.05+0.47 2.16 +£0.13 29.7+4.5 10.5¢0

° About 10K events survived which purity is larger than 80%.

° PWA based on helicity amplitude is performed.

* Interference mostly exist between Ap(770) and £(1385)%/*+/0,

2024/4/7
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PWA for A} - Arntr®

JHEP 12.033 (2022).

IT(Ad) = 37(2(1385) ) + 0~ (x°) 17(Ad) = 37(2(1385)%) + 0 (n) , , , - s
Amplitui}e Magnitude Phase ¢ (rad) Amphtmoie Ma.gmtude Phase ¢ (rad) |H | [H 1| +|H L ,0| —|H” L ,OI
gf(%lsss) 1.0 (fixed) 0.0 (fixed) f(31385) 1.0 (fixed) 0.0 (fixed) QAp(770)+ = |HP 2+ IHP 1|2 + |H? 0|2 +|H”, 0|2
%(1385) 1385) 2> T2
g, 1.29 +0.25 282£0.18 | g,% 1.70+£0.38  2.70 +0.22 (4.28)
2 1 PP P AP 8 PP p =P
FT(AD) = 37 (2(1670)) + 0~ (x0) (A = § (@60 +0 (1) g 2% (90,% 9,8 793 gz,%) 9 2R (90,% 939y 92,%)
Amplitude Magnitude Phase ¢ (rad) | Amplitude Magnitude Phase ¢ (rad) = | 7 |2 | |2 T | |2 + I |2 .
B(1670)* 1.0 (fixed 0.0 (fixed EI6T0° 10 (fixed) 0.0 (fixed %03 RS It
L3 .0 (fixed) .0 (fixed) L3 .0 (fixed) .0 (fixed)
Sgeror 1.39 + 0.42 0.85 + 0.26 5(167") 0.74+0.18  0.2940.24
i) i)
3 (M) = 5 (5(1750)7) + 0™ (x°) 3 (AD) = 5 (5(1750)°) 40~ (x ")
Amplitude Magnitude Phase ¢ (rad) | Amplitude Magnitude Phase ¢ (rad)
g()): (11750)+ 0 (fixed) 0.0 (fixed) g2(1750) 1.0 (fixed) 0.0 (fixed)
4 0
gf(f75°)+ 0.45 £ 0.10 ~2.28+0.22 | g 1”50) 0.384£0.10 —2.03+0.20
5 (AD) = 57 (8) + 17 (p(770)") FAD - W) + 17 (VR
Amplitude Magnitude Phase ¢ (rad) | Amplitude Magnitude Phase ¢ (rad)
gg,% 1.0 (fixed) 0.0 (fixed) gé\”? 1.0 (fixed) 0.0 (fixed) H2(1385) 9 H2(1385) 9 2R 2(1385) g2(1385)
9 0.48 +0.12 —1.69 +0.12 g 0.94+0.12 —0.49 +0.16 | 0,1 | o | 0,—3 | 2,3
e 4 _
9 0.90+£0.10  0.48+0.13 oM 021+009 -2.84+053 A% (1385)r = |H2(1385) 2+ |H2(1385) 2 - |92(1385) 2+ |g2 2(1385) |2
’2 ’2
% 0.55+£0.08  —0.04+0.18 g% 033014 -192:030 0,3 0,—3 1,3
M- e+ ()
Amplitude Magnitude Phase ¢ (rad)
g(‘)\)% 1.0 (fixed) 0.0 (fixed)
gﬁ% 0.435376 (fixed) 0.0 (fixed)
° Decay asymmetry parameters can be obtained by the fit results of the partial
wave amplitudes.
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PWA for A-CI_ — /17T+TL'O JHEP 12.033 (2022).

BAY = Ap(TTO/) B(A} — Ap(770)") = (4.06 & 0.30 £ 0.35 & 0.23)%,
— Ap(770

< = (57.2+4.2+49)%,

B(Af = Amtn0) ( 1%

B(A} — £(1385)T70) = (5.86 £ 0.49 & 0.52 £ 0.35) x 1073,
B(A} — £(1385)°n1) = (6.47 £ 0.59 £ 0.66 £ 0.38) x 1073,

B(A} — £(1385)"n?) - B(X(1385)" — Ant)
B(AF = Ar+n0) = (7.18 £ 0.60 + 0.64)%, ap p(70)+ = —0.763 + 0.053 + 0.039,
B(A} — £(1385)°71) - B(2(1385)° — AnP)
B(Af — Antn0)

= (7.92 £ 0.72 £ 0.80)%. ax(1385)+ 0 = —0.917 £ 0.069 + 0.046,
02(1385)07r+ = —0.789 = 0.098 £ 0.056.

Table 9. The comparison among this work, various theoretical calculations and PDG results. Here,

the uncertainties of this work are the combined uncertainties. “—” means unavailable.
Theoretical calculation This work PDG
10% x B(A;" — Ap(770)+) 4.81 +0.58 [13] 4.0 [14, 15] 4.06 £ 0.52 <6

10% x B(A} — £(1385)*#°%) | 2.840.4 [16] 2.24+0.4 [17] 5.86 + 0.80 —
103 x B(A} — £(1385)07%) | 28404 [16]  2.2+04[17] | 6.47+£0.96 -

ap p(r70)+ —0.27+0.04 [13] —0.32 [14, 15] | —0.763 £ 0.066 | —
Ors3(1385)+ 0 —0.91704> [17] —~0.917+0.083 | —
Ql33(1385)0 7+ —0.9119% [17] —0.79+0.11 | —

NO theoretical models is able to explain both BFs and decay asymmetries simultaneously.

Fruitful results are extracted which provide crucial input to extend the understanding of dynamics
of charmed baryon hadronic decays.
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Energy thresholds Singly-charmed baryon

Vete - AIS: 4.74~4.87 GeV f-
v ete” - AfAZ(2595)(E, m)  4.88 GeV =
veter 53,2, 4.91 GeV

vete - E, &, 4.95 GeV

The Born cross-section ratios between AF Az + c.c.and AzZ} + c.c. at different energy
points can provide more information about the production of ¢ or qg from vacuum.

BES]I[ Cross sections for ete™ — Aifg and X, zc

et "

Al =0 d

- ete” - AX; above 4.74 GeV: An interesting isospin ~
violating process to understand the QCD dynamics at ¥ d
charm sector e u

al

v' A cross section scan slightly above 4.74 GeV will be
useful for comparison with that of ete™ - ATA7 and AF X7
v o(AFZ7)/o(AEAT) v.s. o(AX)/o(AN)
=» vaccum pol. to cc v.s. s§
v If observed, study the polarizations and form factors

&

a

« ete” - X, X, around 4.91 GeV:
v' Cross section comparison with that of ete™ — AYAZ
=>» good diquark v.s. bad diquark
v' Study the polarizations and form factors in ete™ — 2252
and X

el &l
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