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Weak decay A —» pmt™

Prx A Pa
A rest frame 3; =51 +an Pp)
_—
p=100 MeV/c

Value in PDG<2018 established in 1978

a_=0.64210.013 based on 1963-75 experiments

It was used/assumed in all experiments where A
polarization is measured.

Also decay parameters of all baryons decays into
final states with A: £ - Am, Q - AK ...



Measuring o, B, v in the 20" century

Oliver Overseth
James Cronin 128-2008
1931-2016 oy

PHYSICAL REVIEW

Measurement of the Decay Parameters of the A° Particle*

Jasmes W. Crowin axp Ouver E. Oversetut
Palmer Physical Laboralory, Princelon University, Princeton, New Jersey
(Received 26 September 1962)

The decay parameters of A° — x~+p have been measured by observing the polarization of the decay
protons by scattering in a carbon-plate spark chamber. The experimental procedure is discussed in some
detail. A total of 1156 decays with useful proton scatters was obtained. The results are expressed in terms
of polarization parameters, e, 8, and v given below:

a=2 Resp*/(|s|+] p|?) = +0.620.07,
B=2TImsp*/(|5]*+ 9| =+0.1810.24,
v=|s|2=p¥/ (|s]*+ p]*) = 40.780.06,
where s and p are the s- and p-wave decay amplitudes in an effective Hamiltonian s+ pe- p/| p|, where p is
the momentum of the decay proton in the center-of-mass system of the A?, and @ is the Pauli spin operator.
The helicity of the decay proton is positive. The ratio |p|/|s| is 0.36_5.0s" " which supports the conclusion

that the KAN parity is odd. The result 8=0.18+0.24 is consistent with the value 8=0.08 expected on the
basis of time-reversal invariance.
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ete” > y* > BB (spin 1/2)

e” (k1) A(p1)

s = (p1 + p2)°
q = Pp1— P2

€+(k2) /_\(pz)

[H(p1, p2) = —ie|V'Fi(s)+1i

v

2Mp

QVFZ(S)

F, (Dirac) and F, (Pauli) Form Factors

Sachs Form Factors (FFs) & helicity amplitudes:

Gu(s) = Fi(s) + Fa(s), Gg(s) = Fi(s) + TF2(s)
helicity non-flip helicity flip




eTe” - uu”
At high energies annihilating e+e- have opposite helicities.
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e 1L

}Q Fl(O) — 1, FQ(O) — a#

™

et d 2
N % = Z—(l + c0s~0)
)

vy" has %1 helicity
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Baryon Electromagnetic Form Factors
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elastic FFs: B,=B,

2
(B,#B, transition) FFs are complex for s > 4m:



Baryon FFs (continuum):

€

Baryons B, and B,
(spin1/2,..)

et

Time like spin %2 baryon FFs: C
Dubnickova, Dubnicka, Rekalo

Nuovo Cim. A109 (1996) 241

Gakh, Tomasi-Gustafsson Nucl.Phys. A771 (2006) 169 Charmonia decays:
Czyz, Grzelinska, Kuhn PRD75 (2007) 074026 . :
Fildt EP] A51 (2015) 74; EP] A52 (2016)141 Faldt, Kupsc PLB772 (2017) 16



ete” >y > BB

For spin ¥ BB production two complex FFs: Gy,(s), Gg(s)

= process described by three parameters at fixed +/s :
d  cross section (o)

FFsratio R or angular distribution parameter a,,
 relative phase between FFs (A®D)

— R2 .
(C( _T R) GE=RGM€lACD

T =

4M7
Angular distribution:

dl’ 5
d—Qo<1+a¢cost9 —l1<ay, =<1

Phase A® expected/predicted for continuum
but neglected /not expected for the decays



Baryon polarization in e+e-

A

Unpolarized e+e- beams = transverse polarization:

/1 — aup? cos Oy sin Oy
50\ ) = sin( AP
\ P, (cosfy) —T) sin( )
R \ /
Ex. /W > AN .|

AD + 0

Max P,=36.4%  (fADP ==



Baryon-antibaryon spin density matrix
e+ e - 31§2

General two spin % particle state: p, .77 Z T u 2
(00= 13,01 = 0y, 0, = 0y, 03 = 0,) P
Y
1 + v cos?0 0 By sin @ cos 0 0
0 sin“¢ 0 Yo Sin 0 cos 6
C,uV —| — 3y, sin 6 cos 6 0 Qe sin?0 0
0 —~ 8in 6 cos 6 0 — @y, — Cos20

By = /1 — ajsin(A®)  yy = /1 — aj cos(AD)

E.Perotti, G.Faldt, AK, S.Leupold,]].Song PRD99 (2019)056008



% BEPCII (Beijing)
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1 BESIII detector  Boam e i T -charm factory 2<+/s<4.6 GeV:

Conmeter . FEm Charmonium spectroscopy/decays

. Calorimeter

Light hadrons

Solenoid

Barrel

Charm

T physics

B R-scan



J/¥.y' - BB

B(J/Y - pp) = (21.21+0.29) x 1074

decay mode B(units 10™7) Qyp eff events

proposal
J/ — AA 19.43 £ 0.03 £ 0.33| 0.469 £ 0.026 40% 3200 x 10°
(25) = AA 3.974+0.02+0.12| 0.824+0.074 40% 650 x 10°
J/p — =0=° 11.65 % 0.04 0.66 =0.03 14% 670 x 10°
(25) — Z°=° 2.73 £ 0.03 0.65+0.09 14% 160 x 10”
J/b — Z7=T 10.40 £ 0.06 0.58 £0.04 19% 810 x 10°
W(28) - =7=T 2.78 £ 0.05 0.91+0.13 19% 210 x 10°

. 10
PRD 93, 072003 (2016) (Feb 2019): 1072 /W

PLB770,217 (2017)
PRD 95, 052003 (2017)

BESIT

BESIII proposal:3.2x10° {(2S)



Inclusive decay angular distribution

ete” > (A->pr)A nyy

dr
— 4 c0s 0.4, < (1 + ay cos? HA){l + a_PynLy}
1 ]

A ->pr:n; > Q) =(cosb,py) :a_

=Determine product: a_P,~ a_ sin(4®)



Exclusive joint angular distribution (modular form)
ete” » (A - pr)(A- pr?)

1 _
General two spin 2 particle state: p, , 77 = Zz Cuv a{)@a%‘
uv

(00= 13,01 = 0y, 0, = O0y,03 = 0;)

1 + v cos?0 0 By sin @ cos 0 0
0 sin“0 0 Yo Sin 0 cos 6
C,m_/ — | —Bysinfcosd 0 (v, Sin°6 0
0 —~ 8in 6 cos 6 0 — @y, — Cos20
By = /1 — ajsin(A®)  yy = /1 — aj cos(AD)
Apply decay matrices: The angular distribution:

3 3
A A 5P W =Trp,; = C,yal,ad
O-/,t — a‘u,;u O-[U p,p ©wv*=u,0%v,0
ﬂ’=0 M,V=O

E.Perotti, G.Faldt, AK, S.Leupold,]].Song PRD99 (2019)056008



Exclusive j

oint angular distribution

A - pT[_: ﬁl

dl’ « W(E;

1+ ay cos® Op poss section

+a_a,

ta_a,

— (cosOy,¢1) ta_- A - prut:i, - (cosb,,P,) a.

§:(cosfy,nq,Ny) 5DPhSp
ay, AD, a_,a,) =

Spin correlation>

{sin® 0, (nq gy — Ny yNyy) + (cos” 6, + “tli)nl,znZ,z}

\/1 — afp CoS(ADP) sin Oy cos Oy (ny Ny, + N ;N9 )

+]1-

ag sin(A®) sin 6 cos O (a_nq,y, + a,n, )

—_

Po\aﬁ"lza‘tmn

A® = 0 = independent determination of a_ and a .,

Faldt, Kupsc PLB772 (2017) 16



Fit results

ADP=42.3°%+0.6°+0.5°

efe” - (A - pﬂ_)(l_\ - ﬁT[Jr) 0.004 |-
* .

= -0.002 -0.002
-0.004f- " -0.004
q o5 5 0.5 1
cos, N@©p)

0.002|-

ete” - (A - pn)(A - nnY)

+

moment:  u(cosfy) = = z (nl,y = ng)y) B'ES]I[

N <

=1
(uncorrected for acceptance)

Parameters This work Previous results
oy 0.461 + 0.006 = 0.007 0.469 == 0.027 BESIII
AP (rad) 0.740 + 0.010 &+ 0.008 E

o _ 0.750 £ 0.009 += 0.004 0.642+0.013 PDG
oy —0.758 +£ 0.010 = 0.007 —0.71+£0.08 PDG
Qo —0.692 + 0.016 + 0.006 E

BESIII Nature Phys. (2019)



Implications of the BESIII result BCSII
A = pm™: a_=0.750+0.009+0.004

Reset of a_ value in PDG

i PDG<2019
BESIII a_ @

ol s BESTT

CLE72 ——
DAUE9 B

OVEG? B ——
CROB3 B

05 0556 06 065 07 075 08

a_
17(3)% larger



+«—— PDG Value

Verification of the result?

1004 BES III Value ———»

80

Yp > KTA
a_ =0.721(6)(5)

20+ Gaussian prior

- D. Ireland et al PRL 123 (2019) 182301

a_—ay

= 0.754(3)(2)

(@_)BEsm =
Since p(stat) = 0.82! and using
quoted syst uncertainties for a_, a ., Ax

to deduce p(syst) = 0.835

ie 49 difference with 3.8 o

o new puzzle?...
Independent verification at BESIII eg:

/= yne > yAR  Ne = AA
W=({1-a_a,cosby;)

ete" > J/Y o EEt 5 An " Ant > pnnpntnt



ete” > y* > AA (continuum: 2.396 GeV)
BCSIT

PHYSICAL REVIEW LETTERS 123, 122003 (2019)

(a) [ (b)
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—1 -0.5 0 0.5 1 —1 0.5 0 05 1
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555 events selected

("o, "=0.13£0.16) Ad =370 +120 + 6°
R=0.94 £ 0.16(stat.) £ 0.03(sys.) £ 0.02(a_)

The same fit as for J /1 - (A - pn~)(A - pn) but a_ = a, and fixed




ete” > J/P, P -TtX” - pn pmt

+__ _—
]/II), —->X7X 11)’ N Z+Z
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---Phase Space
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_o4F —Fit 3 —Fit
: -0.15
106706047020 02 04 0.6 08 1 1 058706°04°02 0 0.2 04 06 0.8 1
COSB EDSB %Sm
O(]/Llj/oclIJ =-0.507%0.006%+0.002 / 0.676+0.030+0.006

AD(J /Y, ) = (-15.4+0.7£0.3)° / (21.5 + 0.4 + 0.5)°
o, = -0.999+0.037+0.010
&, = 0.992+0.037+0.008

A =-0.015+£0.037+0.008
PRL 125 (2020) 052004



ete” - (A - Bn) (A7 - X)
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A} spin determinationinete™ - (AT) (A7)

= 0.01 F R | -
4 = Data RSN 4 .
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Conclusions:

ete” - J/P, Y’ - BB process

BB polarized and spin correlated, process described by few global
parameters (two for spin 1/,,1/,)

Method to determine decay asymmetries of hyperons and
antihyperons: revision of decay parameter for A

Potential to test CP-violation in hyperon decays



A1A2,A 17 Ao * *
P LAZ2Z, A A2 Z Dfl.c:,)al—)m (OﬂQQ:O)D.};,,\lf—)\T (O? gﬂjo)Akl)\?A}\l!}\gf

3/2,3/2
r==+1
h, hs 0 0
4_| bs b hy 0 (Complex) Form Factors
0 hy, h; hy |
0 0 hy hy h;, — hyexp(ioy)

Using base 3/2 spin matrices Q:
M.G.Doncel, L.Michel, P.Minnaert Nucl. Phys. B38,477(1972)

M=-1 M=-2 M=-3
ZQ@"QM,M—L , 15 15 15
15
L P3j2375 = D D Cuw Qu® Qv
Q=71 P32 > TuQu u=05=0



Single tagete™ - Q™ Q1

Single 3/2-spin baryon density

matrix is
15

15
P3/2 = Z T = Z CruoQyu
p=0 p=0

Angular distribution (using decay
matrices in helicity frames):

W))c

p=0 k=0

decay 1/2->1/20

/\_
decay 3/2->1/20 (A->pr)

(Q->AK)

7o = (1 + cos?0q)(h3 + 2h3) + 2sin?0q(hi + h3)
2% (hyhs) + \fd( 5(hy +hy))
V30

h3) + hi(cos? 6 + 1)

V3
-, R(hi(hy —
— V/25in20q 3
R(hzh3)

V3

3(hzh3)

V'3
3(v/3hohj + hj(h; + hy))

V15

r1 = 28in26q

2 sin*fg (h? —

Te = —

h))

rs = 2sin’0q

o = 2sin’fg

r11 = 2sin 20q

Degree of polarization

L
SJ TM

||\4w
|—Lk

d(P3/2) — \

At threshold: d(3/2)=23%

E.Perotti, G.Faldt, AK, S.Leupold,]].Song PRD99 (2019)056008



ete” > J/Y -oEET 5 An Ant - ptnprntrt

dl x W(& w ) ¢ 9 kinematical variables 9D PhSp

Parameters: 2 production + 6 for decay chains

l_lf\

w = (a]p; Aq)) aE) ¢E’ aA' C_IE’ ¢E’ C_IA)

_ E 2 A A -
= z Cyv z Ayt Ay 1 Ayir,0 A0 A® # 0is not needed!
v

u' v
| ETET AA
Variables and parameters AP =0: M=72 (7)
factorize:
W) = kam)mf) AP =0: M=5 (5

E.Perotti, G.Faldt, AK, S.Leupold,]].Song PRD99 (2019)056008
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