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ASYMMETRY PARAMETER FOR A= nn® t*

S. Olsen, L. Pondrom, R, Handler, and P. Limoni
University of Wisconsin, Madison, Wisconsin 53706

and

J. A. Smith and O, E. Overseth
University of Michigan, Ann Arbor, Michigan 48104
(Received 18 February 1970)

The asymmetry parameter o, for A"—=n7" has been measured relative to @ - by com-

paring the neutron distribution with the proton distribution from the decay A"—=pr~ for
polarized N hyperons. A sample of 4760 NEUITon GeCay eVents And 5500 proton aecay |
events gave @ ,/a - =1.000 +0,068 in good agreement with the |aT| = z rule.

This Letter reports the result of a second ex-
periment designed to test the validity of the | AT
=% rule in the hadronic decays of hyperons. The
first experiment was a measurement of proton
polarization in % —=p7°.' Because the A° hyperon
is an isospin singlet, the |.-ﬁ| =3 rule leads to a
very simple relation between the amplitudes for
A°=pn~ and A° - nn°, namely, S_=-V2S,, P.
=~V 2P,; here S and P represent the amplitudes
for orbital angular momentum 0 and 1, respec-

The Princeton-Pennsylvania Accelerator fur-
nished a secondary positive beam at 1,0 GeV/c.
The n* intensity in the beam was 10°/sec with a
+1% momentum spread; the spot size at the final

focus was 3.9 em X 4,5 em, The polarized A” hy-
perons were produced in liquid deuterium by the
reaction 7*n(p) = K*A°(p), where (p) represents

the spectator proton. The k' mesons were de-
tected electronically to select associated produc-
tion events. The nucleons from A° decay were

N (cos w)

1100
1000
900
800
700
600
500
400
300
200
100

@,/ _ =1.000+0.068.

This result was combined with the results of
Ref. 3 to give a weighted average

a,/o_=1.006+0.066.
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R. X. Shi et al., Chin.Phys.Lett. 42 (2025) 3, 032401

Decay modes Data [19-21, 32, 33]

NRCQM [12] LFQM[13]  EOMS YPT [14]

—0.16(10)(5) —0.67(6) —0.25 [—0.43, 0.15] v(q)
nt = py —0.652(56)(20) —0.58(6) —0.1 [-0.32, —0.27] Y by -
¥ = ny e 0.37(4) —0.22 [—0.70, 0.70] B;(p) B (k)
20— Any —0.741(62)(19) 0.72(11) 0.23 [—0.83, —0.59] o N
=0 s 50, ~0.69(6) 0.33(4) 015 [-0.74, —0.63 e o S
2T 5 Xy [—0.18, 0.38]
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o(ete” - hadrons)

= KEDR

| 100K 3T

27K T (3686)

20fb - @ 3.773 GeV

2d

A" - GFEGQQY “RY  D-r
DMf1 6

A 100k J/lw= 27k w(3686)x &’

Decay mode B(x1073) Np (x109)
J/p — AA 1.61+0.15 16.1+1.5
J /i — X050 1.294+0.09 1294 0.9
J/p — DtE- 1.50+£0.24 15.0+2.4
J /¢ — 5(1385)~ X+ (or c.c.) 0.31+0.05 3.1+05
J/ — 3(1385) 7 2(1385)" (or c.c.) 1.10+0.12 11.0+1.2
J/p — E0=0 1.20+0.24 12.0+24
J/p— E-EF 0.86+0.11 86+1.0
J/v¥ — =(1530)°=0 0.324+0.14 3.24+1.4
J/¥ — Z(1530)" =+ 059+0.15 59+1.5
W(2S) — 2 0F 0.05+0.01 0.1540.03

“eb d C D”

MMVvQ VY3N&® wrhn
Decay mode B(x10—%) Np (x109)
J/— pK~—A 8.9+ 1.6 8.9+ 1.6
J/p — AAnta— 43 4+ 10 43 4+ 10
J /b — pK— 30 2.940.8 2.940.8
J/t — AX 7t (or c.c.) 8.3+0.7 8.3+ 0.7
J/ — AXTa=* (or c.c.) 8.3+ 0.7 8.3+ 0.7
J /1 — pK~ 3(1385)° 5.143.2 5.1+ 3.2

" LIJj
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A The first reaction: i+ 0 ¢ ¢

A Two helicity amplitudesgNv & N p& PN pd
A Interferencébetween them produces-a-dependent
production for' hyperons that are sppolarized:

V1 —a?sinfcosf .
Py, =— T acos2 0 sin (A®).

Wikl o, AD, BOHALE (%)
J/b— AJ:\ 0.47540.002+0.003  0.752 4+ 0.004 4+ 0.007 24.7

J/h— E*?‘ —0.508 £+ 0.006 + 0.004 —0.270 + 0.012 + 0.009 16.4

J/— E"@* 0.586 + 0.012 +0.010 1.213 4 0.046 + 0.016 30.1

J /b — Z0Z° 0.51440.006 £ 0.015  1.168 +0.019 + 0.018 32.1

18



A The next two reactions:e © & ¢ O &

A In° and’ restframes: dN

x 1+ a=P=cos by
d cos O

(a= + P=cosOp)z + P=p=X + P=y=y

Pir =
A 1 4+ a=P= cos O,

A The decay angle-(—) relative to0 direction
A0 is polarization ofQwith chahotbriented in helicity frame

A » hnhs are theLee Yang decay parameters ethat can be determined with— ando

A The last two reactions:®° =t @0 =7
AN

A In ¥ andy rest frames 4<s?%

o< 1+ aaPa cos ).

A The decay angle-(—y relative tod direction

A Only » of @can be determinedsince proton polarization is not measured. 3

19
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cos6

1+ ay cos? 02 By sin@cos O 0
_ 0 sin” @ 0 Yy Sinf cos 6
Cww=2X| 5 sinfcosd 0 ay sin 0 0 -
0 —Yy Sinfcos 6 0 —(ary + cos’ a)
By = /1—a5 Sin(AD)  yy = /1—a5cos(AcD)
A For- © - mdecay(fh © ¥a ):
l 0 0 @ U
£ = acos¢gsinf ycosfcosg —Lsing —fBcosfcosg—ysing sinfcosd © ol
. asinflsing fcosd+ycosfsing ycosd—pFcosfsingd sinfsing
@ cos —ysinf psind cos 00l
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» Tag technique:
O SingleTag (ST) A—w'p
O DoubleTag (DT) A—yn

BESIII

QQépR 2T, & >10%)
| data-driven AAW* r a D4+
Ao Zryondo r-8vw "y
"QTQT, H,G <1%

A wdr A D®WOmh

R(%)

NDT - NJ/([/—)A/_\ X e%/_\_m.-r[—; X =%A_yy” X EDT,
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EST

Epr

—4— Data
—}— Default MC
—}— Corrected MC

Events

300
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150 p

100F

50F

O Ngr STyield
a NDT DT yield
O &5 ST efficiency
O &pr DT efficiency
i0?
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- !

1 | A |

O.IS 08 1 12 T4 1.ls 18 2
Anti-neutron deposted energy (GeV)
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Combinatorial

7)™t (neutron channel)

ll

nm’)w*.(anti-neutron channel) ey,

" iz N YT 3 Z1 bgotxDi er la

10° — Total fit R
10° ---Signal e Nonresonant
10°
RN,

090 091 092 093 094 095 0.9 097 0.98

Antineutron missing mass (GeV/c?)

¥O eg“ Y :3 N’
¥O eg* Y.z N’

J/w—yn.—~yEE
J/y—-EE" > A(= pr)n A(pat)n?

2"Q143 973 4141 Ay 91.2%
2"Q123208 3821 Ay 91.0%
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A Production parametersare consistent with
previous results, verifying the polarization
and spin correlation.

A Precision off and »
factor of 4 and 1.7.

A Strong and weakphasedifference are
measured.

(6p—85)anm = (1.9 +4.9) x 102 rad

are improved by

(Ep—E&g)ay = (1.8 £1.5) x 10% rad

(51:)_ 5S)HyperCP = (102 + 39) X 102 rad

A Four CP observablesare constructed from
decay parameters.

Parameters

This work

Previous result

X/
Ad ., (rad)

0.611 + 0.007+9:013
1.30 + 0.0370-92

0.586 +0.012 4+ 0.010
1.213 + 0.046 + 0.016

az —0.367 +0.00479-592 —0.376 4+ 0.007 + 0.003
¢= (rad) —0.016 + 0.01219-994 0.011 + 0.019 + 0.009
as 0.374 4+ 0.00473-092 0.371 £ 0.007 £ 0.002
b= (rad) 0.010 + 0.012%5-992 —0.021 £ 0.019 + 0.007
oy 0.764 + 0.00879-00% 0.7519 + 0.0036 + 0.0024
apl —0.774 +£0.00919°002  —0.7559 4+ 0.0036 + 0.0030
o 0.670 + 0.009*5-999 0.75 + 0.05
e _0.668 £ 0,008 7003 —0.692 + 0.016 + 0.006
§p— g (rad) 0.033 + 0.02079-095 —0.040 + 0.033 + 0.017
Ep—E&g (rad)  0.007 £ 0.02079-9L8 0.012 + 0.034 + 0.008
A¢Ep (rad)  —0.003 + 0.00879-002 —0.005 4+ 0.014 + 0.003
Agp —0.007 + 0.00819002  —0.0025 + 0.0046 + 0.0012
A% 0.001 + 0.009*8-392 -
AbL —0.004 + 0.00719-553 -
LT 0.877 +0.01579:014 1.01 4+ 0.07

0.863 +0.01419-012

0.913 +0.028 4 0.012
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AQQour oy0¢g ¥OnqF |, (neutron channel)
AQQour oyonp O ¢g“ | (anti-neutron channel)

Polarised part Spin correlated part

W($) = R + ayTs () l

+_ L:Qnaénagﬁaéﬁ)
A0° BESIII, arXiv:2510.24333
80F ™ T 1 | T T T T T T T T T T
o | + Do 1 A ¥v0o g Y x3N' xQ872450 9821 Ay 95.3%
L — Total Fit
% 60+ — Signal - v o~ v o~
= | Combinatorial | , —h—6o h—lk%o r
© r ] .o
%40: j n) 73 3 h
m -
G 20 1 A ¥v0g" Y =3N’' &&Q: 8%5:3<916Ay<414
L .~ .~
L e A .. N N— — 1= F - P e y _h_k%o h—"%o
8.9 0.92 0.94 0.96 0.92 0.94 0.96 0.98 .
M, (GeV/ c?) M_(GeV/c?) m 7,3 m h
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[1] BESIII, arXiv.2510.24333
[2] BESIII, PRL 132, 101801(2024)

Parameter [1] J/p — AA 2] T/ — =— =+
o 0.756 4 0.008 + 0.003  0.764 4+ 0.008 )02
+0.005
o4 —0.764 £ 0.008 & 0.001 —0.774 & 0.0097" "oz
o 0.668 4 0.007 4 0.002  0.670 + 0.0097F 7 002
Qo —0.677 4 0.007 £ 0.003 —0.668 % 0.00812-20¢
C 40.002
Acp —0.005 £ 0.007 & 0.002 —0.007 & 0.0087 0%
A p —0.006 £ 0.007 £ 0.002  0.001 £ 0.0097) 0>
oo /o 0.884 £ 0.013 & 0.006  0.877 & 0.015700¢
Qo /oy 0.885 + 0.013 + 0.004  0.863 £ 0.0147 (02

The most precise results ofy neutral decay
43% and 27% improvement il © ¥¥
compared withul © f f

Systematic uncertainty improved significantly

Most precise CP test iny neutral decay
SM prediction: 06 x p Tt (PRD 67, 056001(2003

28



Test of CP violation

BESIII, PRL 132, 101801(2024)

1+ ap_agcost, L.10 _ —4— R(cos0,, cos0.) — R, ~
R (COS Qp; COSs 935) - 1 _l_ aA+&E CcOS 913 : + R(cosep, coseﬁ)
1.05 [ _
& I | !
Test of AI =1/2 rule ——
100 [2omozagozos - = -
——
1 = 0 - 1 :
R (cosf,,,cosb,) = T a0 08T, [ ]
1+ ap agcost, 095 . . . -
110 R(cosd 0 R ]
The average of the ratio - —#— R(cosb,, costy) — N
A R(cosb_, coseﬁ)
1.05
{(apg) / {ap_) =0.870 £ 0.012F5-911 R
Consistent with kaon decay 1,00 frans == o m o p e oot g™ T o AT e
S1/S3 =28.4+1.3%1-1 +£3.9 vosh | ;
. et 4 10 05 0.0 03 1.0

X

Observed for the first time, different fromv&ave
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Events/1.0MeV/c?

T T T T I T T T T I T T T T | T T T
HBC 1962  Phys.Rev.127(1962)1305 —
B. — Npr ést ~ Npr HBC1966  PhysRev.151(1966)1081 —
sig — Neam € - Nem € HBC 1969  NuclPhys.B14(1969)153 —i
ST €DT ST Esig EMUL 1971 Nucl.Phys.B33(1971)493 ——
3 HBC 1978 Nucl.Phys.B139(1978)61 -
§<1|0| —— | | . XIIOJ : | : HBC 1980  Phys.Rev.D21(1980)2501 BEJ'%[JRU -
b 1% | BESII  This work H
o = anl R S
100 — - signal - g 40 | E+_)HTL—|- HBC 1962  Phys.Rev.127(1962)1305 | e |
Combinatoril BKG | = : Combinatorial BKG HBC 1966  Phys.Rev.151(1966)1081 —
— dyom 1 = i HBC 1969  NuclPhys.B14(1969)153 =
50 - z20 i ] EMUL 1971 Nucl Phys.B33(1971)493 e
] E\ HBC1978  NuclPhysBIR(9T861 D —
LTJ} HEC1980 PhysRev.D21(1980)2501 = —NTT°
0 e i o T 0 - ' BESIII This work M
1.1 1.15 1.2 1.25 ]..]. 1-15 1-2 1.2’5 I 1 | I | ] I 1 ] | ] ] 1 1 | 1 ] I
RM(GeV/c?) RM (GeV/c?) 30 40 50
BEH’ >pﬂn(%) BEH’ ynwt (%) BZH‘ }p'n'n/BE"‘ ynrt
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LY —»nr) = (L%g + L-g 3) exp(zﬁ; ) s

2 1 2 .
L5 s nn®) = 3 (L8, + 525 ) exlif) + (35 = SL5s ) explith).

N 08 O pf¢ WD T KV X V2L(ET -5 pr®) — L(ET 5 nr?) + LS~ —nr) =0

Decay mode a B(%)

Y = pr? | —0.9869 + 0.0019 49.79 + 0.23
>t s nxt | 0.0506 +0.0032 49.87 + 0.30

—1.385 £ 0.008 11.80 4 0.09
0.047 +=0.003 18.84 = 0.07

A AZ 4 V24, = —0.127 4 0.014(this work)
— —0.180 & 0.063(PDG),
B>  — BE++ + \/_Bmu = —2.78 + 0.16(this work)
— —2.50+0.76(PDG).  (5)
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Deviate from zero over 5  , indicate the
non -negligible wO - contribution
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Double-tag method:

NST — NJ/I)&_)ZJri— X Bi—_)ﬁﬂ.(] X EST
Npr = NJN,_,ZJri— X Bi—_)pﬁo X By_,m, X EpT

Npr
BZJ’—’P?’ = NST X

EST

EDT
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Py (GeV/o) P; (GeV/o)
Modes >t — py T — py
ST Yield 2177771 + 2285 2509380 + 2301
ST Eff (%) 39.02 4431
DT Eff (%) 21.16 23.20
Individual BF (1.007 +0.032) x 1073 | (0.994 + 0.030) x 1073
Simultaneous BF (0.997 + 0.022) x 1073
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. Wi(f,H) MC
e T[HED el S

W;: differential cross section
N : normalization factor based on PHSP MC

H = (a]/w, A(DLIJ, (x_2+_)py, (XE—_)@TO)

Parameter value
Qy, —0.508 + 0.006
AD —-0.270 £ 0.012
A5+ prd —0.980 += 0.017
a3+ py Iterated from this analysis

02:- —— Data 02—
[ — Signal MC x2 /ndf = 1.82 —I— 2/ndf =0.78
e 0. 1:_ - - Phase Space MC &8 = 0. 1__
g —— —+ £ L r—
X O e 5 O '+— 4]
D [ - - T == [
g -01f T £ -0af
02p @ “02p ®)
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
cos0y. cosOsy.
02F 02F
[ x2/ndf = 1.63 [ x2/ndf = 1.38
& 0.1F 001
g 0 — —+ % 0 L 1
N Pl e = e g - ] T gy S RO N
g -0.1F —+ Z -0 _I_
02p © 02p @ +
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
cosfy cosOy
Processes X — py ‘ X > py
Individual fit —0.587 £ 0.082 ‘ 0.710 £ 0.076
Simultaneous fit —0.651 +0.056

33



BESIII, PRL130, 211901 (2023)

0.2 T T .
-0.4 u Mode >t = py > = py
= - Ngbs 2177771 +2285 2509380 =+ 2301
? 06 egr (%) 39.00 + 0.04 44.31 4+ 0.04
0 ! Nobs 1189 -+ 38 1306 + 39
e ' Pbo ept (%) 21.16 4 0.03 23.20 + 0.03
S 08| AT ,‘;’ﬁ”ﬁ Individual BF (1073) 1.005 + 0.032 0.993 + 0.030
I A = NRCOM Simultaneous BF (1073) 0.996 + 0.021 + 0.018
i 7 ' + * 8%?1(1)(8Fx0.1) -
1k — ChPTII Individual a, ~0.587 4 0.082 0.710 & 0.076
e Simultaneous a, —0.651 £ 0.056 + 0.020
0.5 1 1.5 2

BF (Z*— py) (x107)

A Theaccuracieso f t h e ,@dimpawedby UB% and 34%
A The measuredBFisower than the world average V:
A The accurate result will provideput and constraints for ChPT
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—9.74+054  617+0.74 ||3.7+05] 27+03 |[—-073+0.06[79+05] 102+0.8
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F NV "Q\A TABLE I. The four solutions for the real parts of the form factors a and b (columns 1 and 2) obtained

in relativistic baryon xPT (first four rows) and in its heavy-baryon formulation (last four rows) and
the corresponding predictions in the SM for each case (columns 3-7). In the third and fourth columns
Bup = B(E" — putp ) is from the complete SM amplitude and Bﬁf}"dj:n
the real parts of the form factors ¢ and d. In the fifth column App is the integrated muon forward-

backward asymmetry. The last two columns exhibit B.. = B(X" — pete ) without and with a cut in 35

the dielectron invariant mass. A' ROJ/ e[ 2 /., ar X/'V.' 2 4 0 4. 1 5 2 6 8

gets no contribution from



CP observables:

B, — B_
Acp = = 0.006 £ 0.0115¢n5. = 0.0045ys..
cpP B, + B_ tat. yst.
App = =% 0,095 + 0.087.0r. + 0.0184ys;..
d—_ — O

A May be significantly enhancedy NP upto “ 10 % (PRL109 (2012, 171801 JHEPO1 (2013 027,
JHEPO4 (2017 027, JHEPO8 (2017 09

A Extensiveexperimentastudieson 0, O andé mesorradiativedecays

PhysRevD.51.2271 p T p Tt
Commun Theot Phys. 19.475 p T p Tt
arxiv:2312.17568 C pT
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