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Introduction

= Heavy baryons are useful systems to study the weak and strong dynamics at low
energy of flavor physics

= Much progress in beauty mesons, while many aspects of beauty baryons are
largely unknown.

: Beauty baryon
Production ybary Decay parameters

1

New decay modes New hadron states

Mass & lifetime CP asymmetries

Beauty baryons are produced copiously at LHC
opening up new avenues, improving the precision
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LHCb experiment

= A single-arm forward region spectrometer covering2<n <5

= Optimised for beauty and charm physics

ECAL HCAL

High Vertex resolution // POES L M o

N RICH2 M1

opp ~ 20 pum

. LI Years Vs Luminosity
) 2011/12 7/8TeV | ~3fb~1
2015/16/17/18 | 13TeV ~6fb71

Crucial particle identification
e(K - K) ~95%
mis-ID e(m - K) ~ 5%

Good momentum resolution /80 1
0,/p~0.5% — 1% (5 — 200 GeV) VN g e

[JINST 3 (2008) S08005] [IJMPA 30 (2015) 1530022]
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https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
https://arxiv.org/abs/1412.6352

Outline

= Production, mass and branching fraction:

* Observation of 5 —» £fDs and 5, — 52D decays [Eur. Phys. J. C 84, 237 (2024)]

= New decay mode:
* First observation of the A) - D*D~/A decay [JHEP07(2024)140]

* Observation and branching fraction measurement of the decay 5, — Admw™
[Phys. Rev. D 108, 072002 (2023)]

s Lifetime:

* Precision measurement of the =, baryon lifetime [arXiv: 2406.12111]

= Decay parameters and CPV

* Measurement of A9, AT and A decay parameters using A) - AYh~ decays
[LHCb-PAPER-2024-017]
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https://doi.org/10.1140/epjc/s10052-024-12443-z
https://link.springer.com/article/10.1007/JHEP07(2024)140?utm_source=rct_congratemailt&utm_medium=email&utm_campaign=oa_20240718&utm_content=10.1007/JHEP07(2024)140
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.072002
http://arxiv.org/abs/2406.12111

Observation of 5 —» £ D; and

H—

5. — E)D; decays

[Eur. Phys. J. C 84, 237 (2024)]



https://doi.org/10.1140/epjc/s10052-024-12443-z

Observation of 5 —» £fD; and 55 - £2D; decays

Motivation [Eur. Phys. J. C 84, 237 (2024)]

* According to the quark model, Ag,Eg and =, form an SU(3) flavour multiplet

* According to heavy quark effective theory,
they should have approximately the same partial width
[Phys. Rept. 245 (1994) 259], [Phys. Rev. D 100 (2019) 034025]

s

» B(AD > AFD;) = (1.10 £ 0.10)X 1072 [Phys. Rev. Lett. 112 (2014) 202001]

—~+(0) /y—
* no measurements for Hb( ) C( )DS

» Test the SU(3) symmetry, give insights into the dynamics of beauty-baryon weak decays.
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https://doi.org/10.1016/0370-1573(94)90091-4
https://doi.org/10.1103/PhysRevD.100.034025
https://doi.org/10.1103/PhysRevLett.112.202001
https://doi.org/10.1140/epjc/s10052-024-12443-z

Observation of 5 —» £fD; and 55 - £2D; decays
[Eur. Phys. J. C 84, 237 (2024)]

Analysis strategy

= Measure the relative production rates of the decays

R(”S) a(Zp) B(&p - EXDy)

29) = 549 " B4 > A3D;)’
5\ (g B(E; - E°D;)
R(F) o (A9 )XB(AO AEDS)

iR( b) U(“b) B(Hb"5+D)
E o(Z ) B(&, = E¢Dy)

b

B(E)—~EXDy)
B(AD—-Af Dy )

0
f)zl
b
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= Provide measurements of the Hj, production cross-section ratios, assuming

(1]

= Test Isospin symmetry: assure that G{”% ~ 1 to a good approximation, resulting R (
=b

[1]

at leading order


https://doi.org/10.1140/epjc/s10052-024-12443-z

Observation of 5 —» £fD; and 55 - £2D; decays
[Eur. Phys. J. C 84, 237 (2024)]

Results

= Fit results of m(H_.D)

o~ T T T T T T T T T T

§6OOOE—LHCb | —I{—Il)atall E N\; 160 _LHCb ; I—I—IDlatlal o § 605—ILII{CIIJ | | ;I—IDaltal o
= F o o — Total . = 140 5.1167 — Total = F Sl o — Total
é 5000 s [ signal __ é 120 E_ [ signal é 50 E_ I signal
24()()0: --=* Combinatorial - g 100 E -+=» Combinatorial. g 40F -==-Comb.
3 E Partial Reco. % - Partial Reco. 2 F Partial Reco.
53000F 3 5 80% 5 30
22000 = £ 00R E 20f
o - ] O 40 o -
1000 = 20k 10
TS50 5600 5700 5800 0057005800 3900, 6000 6100 00 5700 5800 5000 6000
m(A; D;) [MeV/c?] m(=; D;) [MeV/c?] m(Z° D) [MeV/c2]
=
R <F> = (15.8+ 1.1+ 0.6 +7.7)%, * Consistent with SU(3) flavour symmetry
b . . . .
__ e Consistent with several predictions for relative
R <:1—%> = (16.9+ 1.3+ 0.9 + 4.3)%, production rates and decay branching fractions.
b
=0 [Phys. Rev. D 100 (2019) 034025] [Phys. Lett. B 751 (2015) 127]
R (i) —(93.6 4+ 9.6 + 6.1 + 51.0)% [Eur. Phys. J. C 78 (2018) 224] [Phys. Rev. D 105 (2022) 013003]
Zp o - o
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https://doi.org/10.1140/epjc/s10052-024-12443-z
https://doi.org/10.1103/PhysRevD.100.034025
https://doi.org/10.1016/j.physletb.2015.10.013
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https://doi.org/10.1103/PhysRevD.105.013003

First observation of the
Ay - DD~ A decay

[JHEP07(2024)140]



https://link.springer.com/article/10.1007/JHEP07(2024)140?utm_source=rct_congratemailt&utm_medium=email&utm_campaign=oa_20240718&utm_content=10.1007/JHEP07(2024)140

First observation of the A) —» D*D~A decay

Introduction JHEP07(2024)140

8 /12 — DTD~A mediated by b — ccs, it is predicted via two types of two-body

intermediate states [Phys. Rev. D 103, 114013 (2021)]

* a /A baryon and a charmonium resonance

* acharmed baryon and a D meson

c u > u
C
W(3770) govt &
¢ A9 s b

b

w- w= S > Pes
AO } w- /10
b u e u A c ~ pb Uu g u
d , d d ~ E d , d
Y(3770) » DD £ > DA P, > AD
= A} > D*D~ /A Not observed yet
2024/7/19 10
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.114013
https://link.springer.com/article/10.1007/JHEP07(2024)140?utm_source=rct_congratemailt&utm_medium=email&utm_campaign=oa_20240718&utm_content=10.1007/JHEP07(2024)140

Results

First observation of the A) —» D*D~A decay

= First observation of A} = DYD~A decay

* Statistical significance ~ 160

= Branching fraction measured

B(A) » D*D™A) = (1.24 £ 0.15+ 0.10 £ 0.28 £ 0.11)x10~*

Stat.

= Two-body invariant masses:

-
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https://link.springer.com/article/10.1007/JHEP07(2024)140?utm_source=rct_congratemailt&utm_medium=email&utm_campaign=oa_20240718&utm_content=10.1007/JHEP07(2024)140

Observation and branching fraction

measurement of the decay 5, — Ajm~

[Phys. Rev. D 108, 072002 (2023)]
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.072002

Observation and BR measurement of 5, — Admw™

Introduction [Phys. Rev. D 108, 072002 (2023)]

= Mediated by s = uud, where the b quark is a spectator

b b
R d A,

S W\%
-
= A previous LHCb study using Run1 dataset shows an evidence (3.20) for this
decay [PRL115 (2015) 241801]

= Updated with Run2 dataset

= Normalizing the signal yield to that of inclusively produced Ag
r, = =L B(E, - A7)
ng
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.241801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.072002

Observation and BR measurement of 5, — Admw™

ReSUItS [Phys. Rev. D 108, 072002 (2023)]

N\: "LHCDb -+ Data, 5.5 b

%300'_ — Full fit

= | : — E,> Adr

% : | ‘{' + ES‘)*—> A

g osignal |} | r=(734+08+0.6)x10"*

g 3 N, -

8 | PTTRY B(&, - A)n~) = (0.89 £ 0.10 £ 0.07 + 0.29)%

100 T

I 1 Using the independent fs,;/ng measurement from [PRD 99 (2019) 052006]
I Ao Atn (mir)

50 | 100
M(A%7) = M(A9) — m,- [MeV/c?]
= Three times better statistical precision than Runl

m Consistent with some predictions
* [JHEP03(2016)028] [PLB 750. (2015) 653] [PRD 93 (2016) 034020]

= Extra contribution to the = decay width should be considered for lifetime comparison between
experiment and theory predictions, where the predictions only consider the decay of the b quark.
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https://link.springer.com/content/pdf/10.1007/JHEP03(2016)028.pdf
https://www.sciencedirect.com/science/article/pii/S0370269315007479
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.034020
https://journals.aps.org/prd/references/10.1103/PhysRevD.99.052006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.072002

NEW

Precision measurement of the

=, baryon lifetime

[arXiv: 2406.12111]
Submitted to PRD
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http://arxiv.org/abs/2406.12111

: Precision measurement of the =z, lifetime
Introduction [arXiv: 2406.12111]

= The heavy quark expansion (HQE) framework can predict the inclusive decay

rates of beauty hadrons
* Calculate b-hadron parameters required for determination of CKM matrix elements

* Provide constraints on physics beyond the Standard Model

Test HQE? == confront its predictions of lifetimes
Needs to be updated!

Experi ainties >
Lifetimes Theoretical uncertainties (Experimental uncertainties
&;
TEI;/TAg 1.9% 2.5%

To; /TAg 4.2% 11% [JHEP 04 (2023) 034]

= Available measurement by LHCb limited by statistics, using only Run 1 data

= Update measurement of =, lifetime using Run2 data
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https://doi.org/10.1007/JHEP04(2023)034
http://arxiv.org/abs/2406.12111

: Precision measurement of the =z, lifetime
Analysis strategy [arXiv: 2406.12111]

m Measure lifetime ratio TEI;/TAg

* Using Run2 data
PR o 20— =0 — 1=t
= Reconstrcution: &y —» =™, 5 > pK K™=
* Normalization: A » A¥n~, AY - pK~n*
= Measure the ratio of efficiency-corrected signal yields as a function of decay time

NIgy » E8n7)(0) el > MenT]©) o o
0

R(¢t) = R
N[/lg - AFn~](t) elE, - 20r-1(t)

1 1
ST T3

Te= 1
b — (t,0 = 1.464 £+ 0.010 ps)

TAO 1 - /’{TAO b
b b

[Prog. Theor. Exp. Phys. 2022 (2022) 083C01]
2024/7/19 17
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http://arxiv.org/abs/2406.12111

Precision measurement of the =} lifetime

ReSUItS [arXiv: 2406.12111]
g’ ~LHob, 557 | B[ ~ LHCb, 551" |
i g % ] C ] * The most precise measurement of
o, ' 8 1 g ~+ Data : the =, baryon lifetime
- 3 n | — Simulation 1
; w00l i * Improves on the world-average
3 E ’ value by about a factor of two.
oooE e e ‘degay‘tin‘ﬂe ‘[P;? A decgytime [psj]0
[Phys. Rev. Lett. 113 (2014) 242002]
Runl Run2 Runl+2
Tz
- Z 1.089 + 0.026 + 0.011 1.076 £ 0.013 + 0.006 1.077 £ 0.012 + 0.007
Ap
Tz; (ps) | 1.599 + 0.041 + 0.022 | 1.575+0.019 + 0.009 + 0.011 | 1.577 £ 0.018 + 0.010 + 0.011

Consistent with HQE expectation:

Tz - e 0 — i~ ~10
% _ 1.078 + 0.021 s-quark decay &, — Apym~ would reduce HQE prediction by ~1%.
Tp0 Still in agreement! [Phys. Rev. D108 (2023) 072002]

b [JHEP 04 (2023) 034]
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https://doi.org/10.1007/JHEP04(2023)034
https://doi.org/10.1103/PhysRevD.108.072002
https://doi.org/10.1103/PhysRevLett.113.242002
http://arxiv.org/abs/2406.12111

Measurement of A}, A and A decay

parameters using A} — A}rh~ decays

[LHCb-PAPER-2024-017]
In preparation
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: Measurement of A2, A and A decay parameters
Introduction [LHCb-PAPER-2024-017]

= Decay parameters first proposed by Lee and Yang (1957)
1t a1t

* for- — = 07 decays
2 2

2Re(s * p) 2Im(s * p) |s|* = Ip|?
) E ) y
s|? + |pl? s|? + |p|? |s|% + Ip|*
* With a? + % + ¥2 = 1, where s: S-wave amplitude, and p: P-wave amplitude

a =

= Decay parameters provide an excellent understanding of the baryon decay
dynamics and are used to probe the matter—antimatter asymmetry

= CP violation can be quantified by

_I_
a —

o)
=N

4, =% anAstan A R
= = —ta a , =
“ T a—a nAdtan Ag p

= tan A¢

Kl

* a, f: decay parameters of anti-baryon decay

* AJ: strong phase difference, Ag: weak phase difference between the S and P wave amplitudes
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: : Measurement of A2, A and A decay parameters
AnaIyS|s overview [LHCb-PAPER-2024-017]

= Status of decay parameters measurement:

* A}:several decays measured by Belle and BESIII [Phys. Rev. D 107, 032003] [Science Bulletin,
Volume 68, Issue 6, 2023, pp. 583-592]

* A: Precisely measured by BESIII [Phys. Rev. D 106, 052003 (2022)]

0 1t 1t
* Ap: no result for 5 5 0~ decays

= Decay channels considered in this work
Ap = AYhy ( AY > ARS, A > pr~ (hyy = 7, K)
{Ag - pKJ

= Decay parameters extracted from angular distributions

Yanxi Wu (PKU) Beauty baryon decays at LHCb 2024/7/19 21


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.032003
https://www.sciencedirect.com/science/article/abs/pii/S2095927323001159?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2095927323001159?via%3Dihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.131801

: Measurement of A9, A7 and A decay parameters
Angular analysis [LHCb-PAPER-2024-017]

» For three-step cascade decays: » For two-step cascade decays:
A > AFhT, AY > AT, A - pr (hy, = 7, K) A - ATh™, AF - pKS
(= (00, 01; ¢1, 92; ¢2) = (907 81) ¢1)

+
A¢rest frame Aj rest frame ¢ Acrest frame

74

lab frame

Aj rest frame ¢

bo

A° rest frame
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Measurement of A2, A and A decay parameters

Results [LHCb-PAPER-2024-017]
0 4500 T g 90—
m First measurement of decay parameters of E;‘:gg LHC, 901t 3
= E A) > AL, AT > p K s 700F
Ag —_ A;'I_ h_ ” 3000;——Eflckground—subtracted data —; ” 6005—
F —Fit E F
2500;— —; 500;— :
= Precise measurements of 8, y of AY - Ah™ 2000 wop LHCh. 908! ‘3
1500;_ _; 3002_ Ay > A, Af > At E
u Precision Of a Of A.C|_ N Ah+/pKSO improves 1(5)225 o : 200%— —Backgroundsubtracteddata 3
e ; ~ Preliminary; 100F Prellmlnary
significantly e e R 03 1
cosd, cost,
= Independent measurement for A = pm™, - e
ConSiStent With BESI“ % 1000: —— Background-subtracted data ] é 900§ i
< [ — Fit ] & 800
. . . . . = 800 S 00k
= Negligible CP violation in these processes j E
600 - = 5005
o0l 400 LHCb, 9.0 fo! :
Decay () A, L LHCb,9.0 b _ 300f Ay Aem A At ;
AV S A7r~ —1.003£0.008 £ 0.005  0.007 = 0.008 =+ 0.005 Wf Ay AL AL AR o — Background-subtracted data 4
A9 = ATK~ —0.964+0.028 +0.015 —0.032 = 0.029 % 0.006 NS Prellmmary L Prellmlnary
AT S Azt —0.785 £ 0.006 £ 0.003 —0.003 £ 0.008 £ 0.002 . ’ s, 2 4, lrad]
AF — AK+ —0.516 £0.041 £0.021  0.102 % 0.080 =+ 0.023
AF = pK?  —0.754 4 0.008 + 0.006 —0.014 % 0.011 = 0.008
A — pr~ 0.733 £0.012+£0.006 —0.022+0.016 +0.007 * More detailed results in the BackUp
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= LHCb is a factory of beauty baryons

= With LHCb analysis, we can greatly improve knowledge about...
* New decay modes: 5 —» EFD; and 5, — E9D;, A) - DTD™A, 55 - Adm™
* More precise mass and lifetime about 5p and &,

* First measurement of decay parameters of A) — AFh~, more precise ones of A7

= Open the door to ...

* Search for exotic states
* Test and constrain theoretical models Looking forward to Run3!

* Search for new physics

Thanks for your attention
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Observation and BR measurement of 5, — Admw™

Mass fit & systematics [Phys. Rev. D 108, 072002 (2023)]

= Model: = Systematics:
* Signal: two crystal ball
Source Value (%)
° Xy - BW Afn= Arn—atn~
i =, signal shape 1.4 2.4
e Comb,: threshold function 5:— s Piions hiliape 31 18
. . + A signal shape 0.3 0.8
1 Slgnal YIeldI 126 + 19 for ACT[ , AY background shape | 0.7
+ -+ - Geom. acceptance 1.8 1.8
154 + 23 for ACT[ mn Sim. weights & sample sizes 3.6 3.4
L Trigger efficiency Ll 0.4
= Significance: 110 E, pr spectrum 3.2 5.6
IP resolution 1.3 0.7
f— BDT2 efficiency 3.0 3.5
“b _ Tracking efficienc 38 33
a2 =(82+0.7+06+2.5)° g efficiency
on (8 Z _ 0.7 T 0.6 — 2 5) % at Multiple candidates 0.5 2.6
b =, lifetime 3.0 2.5
\/§ = 13 TeV Total 8.5 9.7
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Precision measurement of the =} lifetime

Mass fit & systematics farXiv: 2406.12111]
— x10° . x10°
S [ LHCb, 5.5 b 2 | LHCb, 550 Model:
D100~ A . .
> = T * Signal: 2 Crystal Ball functions
2 o 2 o * misID: 2 Crystal Ball functions
© 0 I - ..
3 ¢ A g | S * Missing X: ARGUS
S 50l b4 G T EEe . .
o Tk X 8o —=-=zx | ¢ Comb. Bkg.: exponential function
— - Combinatoria B — Combinatorial
Source Value (%)
i , Simulated sample size 0.43
= o MUAET) MevrcE] o7 7% M(E2) Mevie? Signal shape 0.07
Background shape 0.01
Xip scaling 0.20
Truth matching 0.07
Bin width in mass 0.03
Mode TOS TIS TOS + TIS Mass fit range 0.18
gy 4363+ 76 3976 +71 8303 + 107 Bin width in time 0.06
BDT requirement 0.21
A (x10%) 519.9+0.9 408.0+0.8 9284 +1.2 Ay lifetime 0.05
Total 0.57
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http://arxiv.org/abs/2406.12111

Status

= Status

Ag

* Decay parameter measurements

a(At - Ant) =-0.80+0.1140.02
a(At - 2% = —-0.57 £ 0.10 + 0.07
a(Af - 2%7%) = —-0.73 £ 0.17 £ 0.07
a(Af - pKg) =

—

0.18+0.43 +£ 0.14

—

Measurement of A2, A and A decay parameters

BESII
BESIII]
BESII
BESII

a(AF > Al*v;) = —0.86 + 0.03 + 0.02[CLEO-]

* Measurements of CP asymmetry of decay parameter
A (A - Ae*v,) = 0.00 £ 0.03 + 0.02[CLEO-C]

Al (AT - Art)
New measurements from Belle

a(Af - 2*n%) = —0.48 + 0.02 + 0.02

a(AtY - 2*n) = —0.99 +0.03 + 0.05

a(Af - 2*n') = —0.46 + 0.06 + 0.03
[Phys. Rev. D 107, 032003]

Yanxi Wu (PKU)

= —0.07 £ 0.19 + 0.24[FOCUS]

a(Af - AK*) = —0.585 + 0.049 + 0.018
a(Af - An*) = —0.755 + 0.005 + 0.003
a(At - 2°K*) = —0.54+0.18 + 0.09
a(Ar - 2%7%) = —0.463 + 0.016 + 0.008
[Science Bulletin, Volume 68, Issue 6, 2023, pp. 583-592]

Beauty baryon decays at LHCb

[LHCb-PAPER-2024-017]

A) &A
. A?, decay parameter measurements

a(A) - J/¥A) = —0.017 £ 0.026 [LHCb, CMS, ATLAS]

* Theoretical predictions in the Standard Model

a(Ay > Afn~) = —0.9999 + 0.0224
a(AY > AfK~) = —0.9998 + 0.0241

[Phys. Rev. D 99, 014023 (2019)]

* A decay parameter measurements

a(A->prn~)= 0.7519 + 0.0036 + 0.0024
a(A - pnt) = —0.7559 + 0.0036 + 0.0030
[Phys. Rev. D 106, 052003 (2022)]

Precisely measured by BESIII

2024/7/19
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Measurement of A2, A and A decay parameters

Selection and mass fit [LHCb-PAPER-2024-017]

= Mass fit:

1 L I B
LHCb, 9.0 fb™! LHCb, 9.0 fb™!

= Selection:

< 1s000 - g E ]

% £ > 5000 - -

= 16000 - A) > AL 7, AL > p K b= E A) > A AL > At ]

Z 14000 - ' Z a000f A =

* Large transverse momentum — e

= iy el c —

. E 1:222 S E S B A9 AT K- (mis) ]

(final states) ot S S S Com e e T S G combie
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Measurement of A2, A and A decay parameters

Angular analysis [LHCb-PAPER-2024-017]

AY rest frame

AY rest frame oy

/ hy (Ké.’/

Lab frame

A rest frame

» For three-step cascade decays: » For two-step cascade decays:
Q = (0,01, ¢4, 02, ¢2) Q = (6y,04, P1)

d3r A¥hy ArT AR pm— dr Arn; pK
dCOS‘9ldcosaqubzoc(1+ch2 X+ cos@1+a/12r a, cosf, + dCOSé’1oc1+crAg Xy cos 64

Afrhs pm~ AFh; AR pm—

a a, cosf;cosb, — aAg Vyr @a sin 8, sin 6, cos ¢, +

Ap
Fhe At o * AP polarization consistent with zero at LHC
0 Byxtan sindysinf;sing,) [ 1. High Energ. Phys. 2020, 110]
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: Measurement of A2, A and A decay parameters
Angular analysis [LHCb-PAPER-2024-017]

= Likelihood and signal PDF

The logarithm of the likelihood function (log £) is constructed as

log L(7) =) (Ck Y wg; x log [’Pk(ﬁ?clﬁ)]) : (4)

k=1 i€datay

where 7 is the set of decay parameters, ( is the set of angular variables, and P (1|7
represents the signal probability density function (PDF). The subscript &k runs over the five
AY cascade decays, and the subscript 7 runs over all the candidates of the k-th decay, datay.
The sPlot weight wy; in the log £ is used to subtract the contribution of background
candidates [58]. The constants C, = ), data, Whii/ D icdata, Whi aim for correcting the

reported statistical uncertainties [@] The signal PDF P, ($|7) of the k-th A? decay is

formulated as . .
er () - fr(l|V)

P = T46, @) (@)

(5)
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Measurement of A2, A and A decay parameters

Decay parameter results [(LHCb-PAPER-2024-017]

Table 1: Measurements of o parameters and their CP asymmetries for Ag — Afn, Ag — ATK—,
AF — Art, AY - AKY, AT — pKQ and A — pr~ decays. The first uncertainties are statistical
and the second are systematic.

Decay « o () A,
A) - A7m~  —1.010+£0.011£0.003  0.996 = 0.011 £ 0.003 —1.003 = 0.008 £ 0.005 0.007 £ 0.008 £ 0.005
A) - AFK~ —0.933+0.0424+0.014  0.995 £ 0.036 £ 0.013 —0.964 £+ 0.028 +0.015 —0.032 £ 0.029 £ 0.006
AF = Art —0.782£0.009 £0.004  0.787 £ 0.009 £ 0.003 —0.785 & 0.006 £ 0.003 —0.003 £ 0.008 + 0.002
A — AKT  —0.569 +£0.059 +£0.028  0.464 £ 0.058 £ 0.017 —0.516 £ 0.041 £+ 0.021 0.102 £ 0.080 £ 0.023
AF - pK? —0.7444+0.0124+0.009  0.765 £ 0.012 + 0.007 —0.754 £ 0.008 &+ 0.006 —0.014 £ 0.011 £ 0.008
A— pr~ 0.717 £ 0.017 £0.009 —0.748 +0.016 £0.007  0.733 £0.012+£0.006 —0.022 £ 0.016 & 0.007

Table 2: Measurements of the decay parameters 8 and -y, the phase difference A and the CP
asymmetry Rg for AT — Ant, AT — AK™ decays and their charge-conjugated decays. The
first uncertainties are statistical and the second are systematic.

Decay Af — An*t Af — AKT
B 0.368 &= 0.019 £ 0.008 0.35 £0.12 £ 0.04
B —0.387 £0.018 £0.010  —0.32+£0.11 +=0.03
vy 0.502 £ 0.016 £0.006 —0.743 £ 0.067 = 0.024
¥ 0.480 £ 0.016 £ 0.007 —0.828 +0.049 £ 0.013
A 0.633 = 0.036 £ 0.013 2.70 £0.17 £ 0.04
A —0.678 £0.035£0.013  —2.78 =0.13 £ 0.03

Rg 0.012 £ 0.017£0.005  —0.04 £0.15 £ 0.02
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