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Novel method to determine hyperon decay parameters
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Observation of A transverse polarization
= Determination of A decay asymmetrles and CP test
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Spin %2 baryon octet: A hyperon:
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[f proton polarization could be measured
there is one more decay parameter ¢ ...
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Hyperon properties

hyperon | Mass cT decay (BF) a / 7
[GeV/c?] [cm]

A(uds) 1.116 7.9 | pr” (63.9%) || 0.642 £ 0.013] —-6.5° +3.5°

o a nr’ (35.8%) / a4
A(itd5) prt (63.9%) || —0.71 + 0.08 -
2 (dds) 1.197 4.4 | nn (99.8%) | —0.068 + 0.008 10° £ 15°
2 (uus) 1.189 2.4 p.‘i’l’ﬂi (51.6%) | —0.980 +0.017  36° + 34°
nrnt (48.3%) | —0.068 + 0.013 167 + 20°
Z0(uss) 1.315 8.7 | An°(99.5%) | —-0.406 + 0.085  21° + 12°

E(dss) 1.321 5.1 | Anr™ (99.8%) | —0.458 £ 0.012 -2.1° £ 0.8°
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In sequential decays also ¢ () is accessible
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Hyperon-antihyperon production at BESIII
ete™ collider: 2.0 GeV < +/s < 4.6 GeV

Thresholds: 2
AA_: 2.231 GeV Z"'g_ 2.379 GeV
ZO§O 2.385 GeV Z_E_:Jr 2.395 GeV
ESEO 2.630 GeV =~ =t 2.643 GeV e*_
AX? 2.308 GeV (QQ  3.345 GeV)
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Born amplitude for ete™ - y* - BB

e (k1) A(p1)

s = (p1 + p2)°
q = p1— P2

€+(k2) /_\(pz)

TH(py, po) = —ie |V F(s) + i
(p1, p2) ey Fi(s) IZMB

QVFZ(S)

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

Sachs Form Factors (FFs) < helicity amplitudes:

Gu(s) = Fi(s) + Fa(s), Gge(s) = Fi(s) + TF(s)
s
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Cross-section for e+te— — p+u-

At high energies annihilating e+e- have opposite helicities.

X 2
n j—g = %(1 + cos%6)
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Baryon FFs (continuum):

e

Baryons B, and B,
(spin1/2,3/2,..)

W(29), ..
vs J /P decay
ribed by tWo
> ocesses desc ®
22227 Boglprljgx FFs: relative phase :
co
e B, Cabibbo, Gatto PR124 (1961)1577

Time like baryon FFs:

Dubnickova, Dubnicka, Rekalo

Nuovo Cim. A109 (1996) 241

Gakh, Tomasi-Gustafsson Nucl.Phys. A771 (2006) 169 Charmonia decays:

Czyz, Grzelinska, Kuhn PRD75 (2007) 074026 . .

Faldt EP] A51 (2015) 74; EP] A52 (2016)141 Faldt, Kupsc PLB772 (2017) 16



ete” - y* > BB

The process at Born level is described by two complex FFs:
Gy (5), Ge(5)
= at given energy +/s three real parameters (neglecting overall
phase):
d  cross section (o)
4 angular distribution parameter (o) or R
d andrelative phase (A®)

— R2 G .
Qy = T—R R = el 23 GE — RGMelACD
T+ R? Gum
Baryon angular distribution: ar )
(well known) dQ o 1 + oty cos™Y -1 <oy <1

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



For unpolarized e+e- beams = transverse polarization

\/1 — aw cos B sin O
P Ox) AP
\ Py (cos 04 ——T) sin( )
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Inclusive angular distributions

dI’
T X (1 + COSQQA) {1 4+ a1 Pr(0A) sinfy sin ¢ }

dcosfpdS )y
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A —->prn: Q =(cosb,¢) 1= a_

Hyperon polarization determined from
angular distribution of the nucleon from the weak decay



Exclusive angular distributions
Two decay modes for A:
ete” - (A - pn)(A - prt) ete” - (A - pn)(A - and)
L, > AL L0y = Qg
A - prt(or am®): Q, = (cos0,, ¢P,)
A - pn: Q = (cosb,Pq) Loy = O
dl" o W(&)dE = W(E)dcos Opd 2y dS 2y §:(cosb,,0q,Q,) 5DPhSp

W(E) = 1 + g cos?d,

N — .
+ o aa|(sin“fy sin By sin by cos 1 cos g + cos 0y cos B cos bs) Spm
+ ajaz)/1 — ay? cos(AP) {sinfx cos b (sin #y cos Bz cos @1 + cos By sin By cos d2) }

+ (1 Qg au,(("ua (1 cos B — sin“f sin f#q sin fs sin ¢q sin (,')2)

+ 1/1 — ay? sin(AP) sinflp cos b (aq sin by sin ¢y + oo sin by sin ) o
polarizatioh

A® + 0 = independent determination of a; and a,!
Faldt, Kupsc PLB772 (2017) 16



efe” - J/Pp - (A - pn)(A - pr™)
event in BESIII detector
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Events / 0.5 MeV/c?

ete” - (A - prn)(A - prt) ete” - (A - pr ) (A - nnd)
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C e 10 =
10 o
11.09 1.1 1.11 1.12:2 1.13 1.14 18 1.1 1.122 1.14
M, . (GeV/c?) M_, (GeV/c9)
p T
420593Revents BES]]I r217009 events
399 background 66 background

Global unbinned maximum log likelihood fit to the two data sets with the
likelihood function constructed from probability function:

C((’ETJ)? A(I)‘ x_, az)w(gt* Qo 5 A(I)., v, @2)

Where C(ay, A®, o, a3) js the normalization factor obtained from
W(&;i; ay, AD, ) weighted sum for flat phase space model MC events after
detector reconstruction.



Fit results

AP=42.3°+0.6°+0.5°

0004 €Te” = (A - pn_)(/_\ - pm') oosf. eTe” - (A - Pﬂ_)(/_\ - 77”[0)
| L B
S o0.002[
o i
.-"-"\::: - - _
%—u.mz— @@@ X“
~0.004[- +
- - | E— 1
CUSGh 1 N(O,) CUSHﬁ
Moment: j(cosfx) = N Z sin 6} sin ¢} — sin @5 sin ¢%)
Parameters This work Previous results
e ) 0.461 4+ 0.006 + 0.007 0.469 + 0.027 BESIII
AP (rad)  0.740 4 0.010 % 0.008 -
o _ 0.750 + 0.009 1+ 0 4 0.642 1+ 0.013 PDG
o —0.758 ;[; 7 —0.71+0.08 PDG
X @ 6 + 0.006 —
B.ES]]I Acp — 6 + 0.012 4+ 0.007 0.006 + 0.021 PDG

Eliufﬂ_|_

0.913 4+ 0.028 4+ 0.012 —




Summary of the J/¥ — AA analysis

A > pr~: @=0.7500.0090.004

BESII
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DAUES

OVEE7

CROB3
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—> Polarization:
max 20%

BESII

17(3)% larger than
PDG average
> 5 o difference

CPtest: A, = @ Ty

CZ_—C(_|_

| Acp=-0.006 + 0.012 0.007. &\ \

Previous result (using aP product):

Agp= 0.013%0.021
PS185 PRC54(96)1877
CKM Agp ~ 10




Parity conserving / violating amplitudes

PDG

BESIII

Yy

2
P p?/s? p/s
0.119(6) 0.135(8) 0.368(11)
0.171(6) 0.207(9) 0.455(10)
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Test of |AI| = 1/, rule

%/, =0.913 + 0.028 + 0.013 BESIII
r’/ _ =0.560+ 0.009 PDG

A - pm” A - nm®
S$7=— (v/$)Sue 1+ (v/})Ssse, S%= (v/5)Sue®+ (1/3)S 3¢,
P~=— (\/%)P11e"1+ (y/}) Psettns PO= (\/3)Pue®i+ (\/}) Pyse®n,,

Al =1/, = T~ =2r%ay = a_

a® 11 3 Sss CDS(ﬂn—aa) 3 Pj; C05(331'—-31)
— __(1+ -} )

ﬂf___z o V2 S11 C'DS(§11—31) \@P]] COS(511—61)

Corrections: Phase Space, radiative (Coulomb)...



Outlook:

A DECAY PARAMETERS

o FOR A — pr— 0.642 + 0.013
a; FOR A = prt —0.71 + 0.08
¢ ANGLE FOR A — pr— (tang =8/ ) —6.5+35"°
ap [ a_ = ald = nx") [ a(d = pr) 1.01 + 0.07
(a+a)/(a—a)ind—pr , A—prt 0.006 + 0.021
gy [ gy FOR A — pe v, —0.718 £ 0.015

Decay Modes

Mode Fraction (T'; /T)

Iy pr (63.9 + 0.5)%

Lo nx’ (35.8 + 0.5)%

Iy my (1.76 + 0.15) x 10~2 [_\ - ﬁy
Ly pry 11  (B4+14)x 104

Ly pe v, (8.32 -+ 0.14) = 10~*

Tes PR v, (157 + 0.35) x 10~*

PDG18

ete” - J/P— AA : tagging + polarization



J/¥, ¥(2S) > BB

Decay mode Events B(x107%)
J/ — AN 440675 ¥ 670(19.43 £ 0.03 £ 0.33
»(2S) — AA 31119 # 187| 3.97 +0.02 +0.12
j/u'; S 111026 § 335[11.64 4 0.04 4 0.23
(25) = 28 6612 32| 2,444 0.03 £0.11
T/ — $(1385)°5(1385)° 102762 10.71 £ 0.09
I/t* — =0=° 134846 4 437|  11.65 =+ 0.04
Y(28) = 3(1385)Y3(1385)" 2214 § 148 0.69 & 0.05
)(25) — =0=0 10839 § 12 2.73 + 0.03
J/p — =-=F 42811 § 2 10.40 % 0.06
J /1 — 3(1385)~ X(1385)* 42595 £ 467  10.96 +0.12
T/ — 3(1385)T3(1385)~ 52523 12.58 £ 0.14
P(28) - == 5337 3. 2.78 +0.05
(2S) = X(1385)” 3(1385) " 1375 : 0.85 4 0.06
(2S) — 2(1385)73(1385)~ 1470 - 0.84 £ 0.05
Phys. Rev. D 93, 072003 (2016)
PLB770(2017)217
Phys. Rev. D 95, 052003 (2017) J/Y—- nn: B = 2.09(16) x 1073

1.31x 10° J /¢ and 4.48x108 ys(2S)
Pem = 1231 MeV/c



Conclusions:

Polarization in ete™ — AA observed at J/{ (unexpected)
|phase close to 40°]

J]/W and Y’ decays into hyperon-antihyperon:
unique spin correlated system for CP tests and for determination of
(anti-)hyperon decay parameters (polarization is essential!)

Presented results use 1.31:10° ] /{ but 101° J /1 are being collected

orthe A —P

larger value ftat'lo nofall A

%
17(3) OfOr reinterpre

— calls

a_:0.642+0.012 (PDG) = 0.750+0.009+0.004 Thank you!
BESIT  arxiv:1808.08917 BESII Prel



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21

