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ILHCb data

* pp collisions aty/s = 7, 8,13,13.6TeV, [ L =20fb~!

* All species produced with large rates
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‘Why CP violation

* Matter and antimatter asymmetry in Universe (BAU)

" Baryon-violation
Sakharov < ( and CP violation

e CKM mechanism
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Three types of CP violation

e CPV inthe decay
oceurs if | As|* # | Az’

Diract CP violation

e CPVin mixing
occursif |g/p| # 1

® |ndirect CPV in interference
between mixing and decay
occurs if ¢y = arg(qu/pAf) # 0

Figure by Serena Maccolini




Direct CP violation

* Interference between decay paths

Strong phase difference Weak phase difference
_ 2| Az /A1 |sin(d; — o) sinf 1 — ¢2)
1+ |As/AL|?2 + 2| Az / A1 cos(d1 — b2) cos(dr — ¢po2)
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CPV for mesons



CPV 1n K mesons

CPV in K°- K° mixing Direct CPV
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Direct CPV 1in charm

CP asymmetries difference between
D° > K*K~-and D° > mn™

Acp = Acp(KTK™) — Acp(n™m™)
. (—15_4 + 2_9))(10_4‘ PRL 122 (2019) 211803
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Beauty: CPV 1n mixing

Oscillation asymmetry
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Beauty: mixing induced CPV

sin2f in B® - YK decay €€ in B2 — cés decay

Comb. ¢S = —0.052 + 0.013 rad

Evidence of non-zero CPV
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Beauty: direct CPV
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Beauty: CPV pattern for n-body charmless decays

PRD108(2023)012008

Varying strong phases and resonance compositions
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Beauty: direct CPV for b to charm decays

Yy measurement Evince of direct CPV in b to charmonium

Interference between b - uand b — ¢ Bt - J/YK* vs. Bt - J/ym™
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CPV 1n beauty baryons



Long list of efforts by LHCD

e T
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Acp, AAcp
Miranda Stp
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AAcp
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Amplitude analysis
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b
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PLB 787 (2018) 124-133

JHEP 04 (2014) 087
PRD104 (2021) 112008
JHEP05(2016)081

JHEP 06 (2017) 108
PRD105 (2022) L0O51104

EPJC (2019) 79:745
PRD 102 (2020) 051101

Phys. Rev. D 104, 052010
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‘Why and how

* EW-type baryogenesis requires large CP violation in baryons
* Baryons share the same decay dynamics with mesons in the SM

= Large CP violation in b-baryons is possible

* Methods explored to search for CPV 1n baryons (complementarity)  symmetry 15 (2023) 522

Triple product asymmetry (TPA) Angular/Amplitude analysis Decay rate asymmetry Ty
Decay parameter Acp = b
Ip+ FE
_— A > AK*K~
1. _ NGsin® > 0) — N(sin® < 0) pd I x{ cp P4 ot e ___Lﬁg;___g_iiﬁ o

T = N(sin® > 0) + N(sin® < 0) S , B = © S i )

+ _Nsin® < 0) - Nsin® > 0) oo G, 0:@‘ — g EZ; ¥ 3

T~ N(sin® < 0) + N(sin® > 0) 6 - f @x/ — o 3 o

T-odd _ (4 _ 7 Y L . -

Qcp - (AT AT)/Z P pﬂ_ z ﬁ S 1_\ = ﬁn-*' 5400 5600 m(s/z;(}(o*K_) [ﬁ/{[)g(\)//ﬂ 5400 5600 m(s%[;gvo [:222//02]

Current precision: b baryon O(1 ~ 10%), ¢ baryon 0(0.1%), hyperon 0(0.001 ~ 0.01%)
So far (22/Mar/2025), baryon CPV not established, despite some indications




‘Triple product method for A) > pnntn

* Triple products in AY rest frame
0. = 3 . — — .

Ay Cp=p, (p”fast X P p+) o sin®
A): C =75 (?”fast X P .-) «sin®

* P-odd asymmetries

b’ T NAO(Cf>O)+NA2(CA<O),
20 7 NAO( Cz > 0) — Npp(-Cp <0
b "1 Np(=Cs > 0) + Njp(—Cz <0
° -1 . . o 1 —
CP-violating observable: gto 3 = 5 (Az — Az)
. . T-odd 1 A
* P-violating observable: ap = §(AT + Ap)

J.-P. Wang, Q. Qin, F.-.S. Yu,
Complementary CP violation induced by T-

odd and T-even correlations
arXiv:2211.07332



CPV in A} - pr~n*tm~ with TPA
* Evidence of of CPV (3.30) by with Run 1 data

- LHCb Scheme A ] - LHCb Scheme B

< 20[% = < 20F k

= Opodegeree B £ O B :
g o0k M-l p o ¢F = g o0k N S N - Nature Phys. 13 (2017) 391

E Foalod y2ndf=27.9/12 °§’ -0 alod x2/ndf=20.7/10 E

5 20, _' 5 20 ; _:

< ] ¢ 3¢ 3 ; < ] §

0*}‘*;i """"" I 3 AEE O 8- & 5;;* ““““““ .

—20} 3 —20} ]

e afpl xindf21112 - Ceagg /ndf=30.510

5 10 1 2 3
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However, not confirmed by study with 2015-2017 data  PRD 102(2020) 051101

» No significant CP violation found in A} - pK " m~, A} - pK~KTK~ and
E) - pK~K~m" using Run 1 data

JHEP 08 (2018) 039




CPVinE, - pK~ K™ decays

PRD 104 (2021) 052010

* Three body charmless b — s transition, analogy to B — Knm decays

* Amplitude analysis with 6 resonances

= T T T T T T T T T T T T T T T T
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A(1405) —1424 (stat) + 32 (syst)
A(1520) —5+ 9 (stat) = 8 (syst)
A(1670) 3+ 14 (stat) £ 10 (syst)
X(1775) —47 £ 26 (stat) £ 14 (syst)
X (1915) 11426 (stat) 22 (syst)

mhlgh (pK )

- +Data
- —Fit
— -- A(1405)
E - A(1520)
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No evidence of CPV



Baryon decay parameters

* Proposed by Lee & Yang to study parity (P) violation in hyperon decay A — pmr™

S and P waves

z P 5 = QRG(S*P)
. ~ 5P+ [P
; B 2Im(S* P)
ar ISP+ (P
Teosd A(1 4+ aPy cosB) _|S]2 = |PP
| (a+P 0)z' + BPpx’ + yPpY' ! ISP 1P
_ a ACOSO)z" + [PpX" + Y Ppy with o + 82+ 2 = 1,
p 1+ aPycosB

Parity violating observables: a(A/A)), B(A/A)), ¥ (A/A))

a _ a)+aN)
CP ™ qg(A)=a@)

Complementary to decay
rate asymmetry

CP violating observables: A




BESIT Decay parameters and CPV in hyperons

e Pioneering work to probe CPV in J /1 = AA Nat. Phys.

PRL129(2

15 (2019) 631
022) 131801

T T T LA AL L L L IR L . T T T
_ BES3 1.3 billion J/y(Z/Z ) @ PDG
Entangled A and A

|
BES3 10 billion J/y(A/R) @ CNTR85 g

DM2

CLAS19 ——

|
CNTR96 -

BES |
BES3 1.3 billion J/y(A/A) |
BESIII 1.3 billion J/y -

o BESIII 10 billion J/y 'l-
||||||||||||||||||||\|||||l\||||\|||||1|
LR e ] 02502 -0.15 0.1 005 0 005 0.1 0.15
0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 Acp
o.(A — pm)

* Many other 1 to hyperon channels explored, no sign of CP violation

Decay AA xtY-

EET z0F0
—0.0025 —0.004 —0.006 —0.0054
Acp +0.0046 +0.037 + 0.013 +0.0065
+0.0012 +0.010 + 0.006 + 0.0031

PRL129 (2022) 131801  PRL125 (2020) 052004  Nature 606 (2022) 64 PRD108 (2023) 3




Decay parameters and CPV in charm baryons

NE /[0.2]

Decay 0+ 00y K+ o - Alp
AF— At —0418+0.053 —0.442+0.053 —0.566+0.076 —0.592+0.106 |—0.023 +0.116
A —AKT  —0.582+0.006 —0.565+0.006 —0.784+0.010 +0.754+0.020 |+40.020 +0.015
A 35w +0.43 + 0.18 —0.37 £ 0.21 —0.58 + 0.26 —0.49+0.31 +0.08 4+ 0.38
AF — XKt —0.3404£0.016 —0.3584+0.017 —0.45240.032 +0.473£0.042 |—0.023 £ 0.045
<10 x10°
150
3 No sign of CP violation
=1
: =
2? n
e u s B e P
' cosh, ' ' cosh, ' S.S. Tang, L.-K. Li, X.-Y. Zhou and C.-P. Shen,
Symmetry 15 (2023) 91



Beauty and charm baryon parameters e

* Simultaneous angular analysis of 6 decays PRL 133 (2024) 261804
0 —
Ay = Ath™ (h = m,K)
L B T T LA L L L A
. - -+ — 8000 LHCb, 9.0 ! 2000 Al AN AT Al AN (—AK )T 3
with AC - Ah ) A - pT [ o AP E 4 Data ’ 4 Data(x10) ]
i F —Fit —Fit (x10) -
or At - pKY 0 60001 g 1 3 1500F + ]
S - A A KK S i + +
© [ <+ Data(x10) o C .
5 4000F T £ 1000 =
A rest frame 1 Asrest ;rjlr(lzo) 2000 500 : + + _+_+ 4+ _+_:
hi (KS) / P [ LHCb, 9.0 fb™! )
A o i 0- PP BT B B
A®) -1 -0.5 0 0.5 1 -1 —0.5 0 0.5 1
(cosOl) (cosel)

C LHOL, 008" A Al ATHT ] o " A A (AT
2000 + Data . 2000f LHCb 90" o
3 : g 1% : o A _A*F(lt AR
. n + 4 . < L — " — T
S 1500 A AARITY & ysa0b ¥ Data(x10)
B - ~+ Data(x10) R - eicae 1

= . —Fit (x10) 0 I —Fit (x10)

2 1000F S 1000f
Lab frame [ % C -+- =
A rest frame 500 ; ,E 500 W
| | P | :u 1 | 1 1 1 1 1 1 1 1 1 |:
0—1 -0.5 0 0.5 1 0 -2 0 2




P and CP violation PRL 133 (2024) 261804

P violating a parameters

* First time for AY — Afh™ decays

" : a a(N)+a(A)
CP violating A&p parameters  p%, = )

* Most precise for AL decays (a()-a@®))

* Confirmation of BESIII for a(A — pr™) . .
Consistent with CP symmetry

Consistent with Belle and BESIII

I I . I I I I | I ] ] | 1 I ] ] | T I 1 I ] L] L] L] I |
AF—=X'n'
Al—=Zn i =spm T
A0 it Af—>AK”*
A3k
A Al ATt i——
AF—AKT :
P e Af—pK} =
c—ATT -
Al—pK = Ay ALK —
ASAK ey . BESIII . BESIII
At - Belle Ay Aimr - . Belle
b_) T Lag] ° LHCb = LHCb
I I 1 I | 1 I 1 L I L 1 I 1 I I 1 1 1 I
-1 -0.8 —-0.6 —04 -0.2 —0.1 0 0.1 0.2
o A,



More parameters for A7 - Ah™ decays PRL 133 (2024 261804

* No CP violation in 5, y or phases

* Weak phases consistent with zero, non-zero strong phases

- 2Re(S*P)
Decay Ar - Arnt Af - AKT ISP+ PP
p 0.368 = 0.019 + 0.008 0.35+0.12 +0.04 B= f;?ﬁg)g,
B —0.387 £0.018 £0.010 | | =03240.114+0.03 S]2 — | P2
Y 0.502 £ 0.016 = 0.006 | [=0.743 £ 0.067 £ 0.024 Y= SEE P
7 0.480 £ 0.016 + 0.007 | | —0.828 = 0.049 + 0.013 with o 4+ B2 412 = 1.
A (rad) [ 0.633£0.036 £0.013| | 2.70+0.17+0.04 |
A (rad) | —0.678 £0.035+0.013 | | —2.78 +0.13 £ 0.03
R; 0.012+0.017£0.005  —0.04 +0.15 £ 0.02 Bar =f1—(aar) sin Ay
R, —0.481 £0.019 £0.009  —0.65+0.17 £ 0.07

YAr = \/ - (aAj)zcos Apy

A¢ (weak phase)  0.01 £ 0.02 —0.03+0.14 Ap+ phase difference between two
Ao (strong phase) 2.693 + 0.017 2.57 +0.19 helicity amplitudes




CPV with decay rate




CP asymmetry for A%, Eg — phhh decays EPIC 79 (2019) 745

» Six decay modes, yields 0.5-10K (3 fb™1) A — prmtae
50 s pK-ntn A) = pKmhn~

* Abundant resonant structures 20y pk-nt K- A KK

— - 0 41—
Example: A} —» pK "t A) — pK K*K
—_ T — o s T T + — 17— P 180 — T T 5
G 900 F - Q C RS ]
-~ = * 0 3] > - -~ 160 - -
> 800f P Lao 1 2 %F Lo y Nas20) > 1 40_A<1'm) ## LHCb E
= 700 4 w250 1 > + i
R 600F 3 Z . t +++ n 120 ++ E
E 3 =~ 200 _ - ]
3 ok I T W, 5wl ++ AR NN
S 400F + 4 8§ 1sof { g SO0F 3
g soop + ERE + ol |t it +++++++$
S 300E + + AR E c 100 % M, # ‘ g - +

E 200f 2ot ARG w 4 ° _F o O - E
5 g +“‘" ‘-..' . E 60 '_0‘ * 6 20 — + -
© 100 §_+,+, P T B TP L, ‘+|‘E 0:.. P I N R B 0: N P S T A ]

Q0 800 1000 1200 1200 1600 1200 1400 1600 1800 2000 1000 1200 1400 1600
m(K-m*) [MeV/c] m(px") MeVIc] m(pr*) [MeV/c?]

Global and local A.p around resonances studied, difference to A}, = A¥m~ decay

AAP(A) — pr—nt

) = (+1.1£25+0.6) %
AAP(AO — pK~mt7™)

)

)

)

(+3.2+£1.1£0.6)% No evidence of A-p with ~1% precision
)
)

AAP(A) — pK‘K+7r
AAP(A) - pK~KtK~

(—6.94+4.9+0.8)% Rule out global CP violation > 5%
(+0.2+1.84£0.6)%




CP asymmetry for A} - DpK~

PRD104 (2021) 112008

Vub Vc*s

~ 0.4

* Sensitive to measure y with 1n baryon decays r ~

E
cbVus

Possibly large interference Acp & 15/1p siny sin 6

 CPV studied for DCS decay D? - Kt
Interference between A) —» (K*m™) popK~ and A) - (K*m™)50pK ™~

LHCb -
9 fb!

Dalﬁ:z plot

+0.03
Acp = 0.12 + 0.091992 Acp = 0.01 £0.16 502
(full phase space) (M(pK~™) < 2.2 GeV)
% v L bk
= > s
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CP violation in A}, = ph~ decays arXiv:2412.13958

e Dynamics analogy to B® - h*h™ decays

e Large yield and high purity w .3

* CP violation predicted: ~5% B°/1Y K¥*r™/p~
PRD 102 (2012) 034033
PRD 95 (2017) 093001

e Sizable CP violation not confirmed

APS = (-1140.7 +0.4)% APD = (402408 +0.4)%
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Crucial to control systematics arXiv:2412.13958

* Subtraction of experiment induced asymmetries (~ 1%)

Ayield = Acp + Aprod + Adetection T Apip + Atrigger

JHEP 10 2021) 060 l \ \
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* Data driven corrections and use control mode (A% - At (pK _T[+)7T_) to cancel

APE” = Ady — AAR — AAE™ — Adpip — AAL — AAp — AT — AT + AL
AT = Ay — AAD — AAT — Adpp — AAS — AAy — AK™ — AT 4 A%

Good cancellation, eventually limited by A}, - Afm ™ sample size




‘Why CP violation so small

'ACPOC

- Sin(5T

— 0p) sin(¢pr —

One diagram overwhelming? small strong phase difference?

* Dynamics more complex than mesons

» Possible cancellation of S and P amplitudes

FhEEAN . R

arX1v:2409.02821

= ;\; O C; O /ﬁ [1 1
3 [ : : o
s halky s
» Tree amplitude dominating
Ay = pK~
T 853.60  —52.08 | 1190.21 —340.84
Es —66.28 —59.48 | —50.31 79.56
Tree T 787.31  —111.55 | 1139.90 —261.28
PC, 75.64 —0.82 S —13.81
PEY 0.10 —11.80 | —4.76 9.93
PE¢ —1.50 7 38 1.66 2.09
Penguin P 74.23 —920.00 _17.45 1578

Adll‘

K,SAS wave 58 KZPAP wave

B - 7t7=(PDG) |
B® — K+7~(PDG) }
BY — K—n*(PDG) }
B — K-K*(PDG) }
Ay, — pr— (LHCD) |
A, — pK~(LHCD) |

o

Ay — pr(direct)
Ay — pr= (S wave) |

Ay — pr~ (P wave) f

|

Ay — pK~ (direct) |
Ay = pK~— (S wave) |

il

|y — — — — —

Ay, — pK~ (P wave)

Ay — pay (1260)(UD) F
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A, — pK{ (1270)(60°)(UD)
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Favoring multiple body decays

50%




CP asymmetry in AY = AhTh; decays PRL 134 (2025) 101502

» Three A) decays Am*m~. AK*tm~. AK*K~;one E} decay

* AY - At (> Ant)m™ as control channel, reduce production and detection asymmetries

AAY (A) —» Antr™) = —0.013 £ 0.053 £ 0.018,
AAY (A) = AK*7n™) = —0.118 +0.045 £ 0.021,
| AAP (A9 - AKTK™) = 0.083+0.023+0.016, | | 3.la, evidence for CPV
AAY (Z) - AK 7)) = 027 £0.12 £0.05,
& 160F [ B 1| S
Zwob W g e O, R
= 1205_ — Total fit = > 120 — Total fit =
@100:— - . --:#ﬁﬁ--ﬁ-&lmg_-- - _X(’)’_)XK+K ]
- - — E,—> AK'K” i - C —:—i—) AK'K™ . 0
8 80F A0 A arrmis 0§ 80F —( A akwmsy 3 Ap = AKTK™ decay
§ 60:— b Coomb. bkg. —; _‘é‘ 60:— Ab Comb. bkg. E
Eob T ThSheee 1EOF O, 4T Ao AKy
8 20f J L Ay)—> AK'K” _; 8 20§H-++ Lo Ab—>AK+K‘fi] :
SR SN i o s i SR R RN ST/ b TP WL T

0
540 5600 5800 6000 5400 5600 5800 6000
m(AK*K") [MeV/c?] m(AK*K") [MeV/c]




Local CP asymmetry for A) > AKTK~ PRL 134 (2025) 101502

* In analogy to BY - K*K+K™ decay

* Two resonance-dominated regions

=k
03
0.2

" BT > K*K*TK~

0

' raw asymmetry

My+p- < 1.1 GeV

A) - Ap(— K*K™) or non-resonant:

AAcp(Ag) = 0.150 + 0.055 + 0.021

Myp+ < 2.9 GeV
A) — N** (> AKT)K™: possibly via b — ulis
AAcp(N*FK™) = 0.165 + 0.048 + 0.017 (local 3.20)
 Many N** may contribute to A) - N*TK~

Several related N** channels to cross-check
N**— AKt = A) > N*"(AKT)K™
N** s prtn~™ = A) > N*'(pntn K~

N*t* > pr® = A) > N (> pr®K~
J.P. Wang, F.S. Yu, CPC 48 (2024) 101002

m(AK ™) [GeV/c?]




More local CP asymmetries PRL 134 (2025) 101802

Mpg+ < 2.3 GeV My+,- < 1.7 GeV
A) - N** (> AK )™ A) - Af(mtm)
AAcp(N**t™) = —0.078 + 0.051 £+ 0.027 AAcp(Af) = 0.088 + 0.069 + 0.021
g T Tt 9 435 DL B
45F 5 LHChO fi! 4.5 LHCb 9 1o § "
— A— AK+7L"_E =30 — Ay— Antn 4 12
QO = - Q
Y 3 125 = 35 10
0 : 3
g 3E 20 E
= 5 5E o~ 3
R 5 - 5
T 15 - T L5
1E >
: 0

m(AK™") [GeV/c?] m(Az") [GeV/c?]




CPV for charm decay AL - phth™ JHEP 03 (2018) 182

* Charm baryon CPV expected to be small, ~0.1% I 1. Bigi, arXiv:1206.4554

1.8 1

175

Golden channel: AL - pK*K~,ntn~

73

150

—
=)}

. . ;: 1255 N% s0E
> Singly Cabibbo-suppressed (D° —» KK, 7wm) 14 g 10 0§
: . : b ek 305
» Large yields and high S/B ratio g1z s ° Zos 0
25 10
0 10_
» Rich resonances i - - 0 e 0

m2(pK =) [(GeV/c?)?] m?(pr™) [(GeV/c?)?]

Challenging to control systematics

81 LHCb —— Weighted average

. ¢ Data

Measurement with Run 1 data (3 fb!) -
§ 4 ¢
AAVC‘;% = Acp(pK~K™T) — A‘g%t (pr—m) 3% 2 |
= (0.30 £ 0.91 £ 0.61) %, 0] .. % f
-2

7TeV 7TeV 8TeV 8TeV
Up Down Up Down
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From P violation to CP violation: a summary
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LHCDb (near) upgrade plan

« Take data with Upgrade I detector for 50 fb™1
> Run3 (=2026): > 20 fb~! data and 2X better trigger efficiency

Era of 0.1% precision

>
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Opportunities for baryon CPV
» Confirmation
» More decays
» More dynamics
» Charm baryon

» Unexpected observations ?
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‘Global analysis of CKM mechanism (4 parameters)

When LHC started Current status

/ B<0
Befauttytoe Y ( CL>0.95) — Y
1 | [ | | A V] _1.5|||||||||||||||||||||||||||||
10 -0.5 0.0 0.5 1.0 15 2.0 1.0 0.5 0.0 0.5 1.0 1.5 2.0

A =0.826%0018 21 =10.22500+0.00067 P =0.159+0.010 n=0.348+0.010
a+pB+y=017346)°




CKM matrix up to A°

( 1,2 144 3 )
V., V.. V, 1 =547 =54 A A2 (p — i)
VCKM = Vcd Vcs Vcb =|-4 + %Azlls[l - 2(p + ”1)] 1- %/12 - %/14(1 + 4A2) Alz <+ @(/16)
Vi Vie Vi \ A1 -1 =2 (p+in)] -AA%+ %A,I“[l =2p+in] 1- %A%ﬁ )
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LHCb Upgrade I sensitivities

Table 10.1: Summary of prospects for future measurements of selected flavour observables. The projected LHCD sensitivities take no account of potent
detector improvements, apart from in the trigger. Unless indicated otherwise the Belle-IT sensitivies are taken from Ref. [568].

Observable Current LHCb LHCb 2025 Belle 11 Upgrade 11 GPDs Phase 11
EW Penguins

Rk (1 < ¢* < 6GeV3c?) 0.1 [255] 0.022 0.036 0.006

R+ (1 < ¢* < 6GeV3ch) 0.1 [254] 0.029 0.032 0.008 ~

Rg‘)* Rpl\' 3 -Rﬂ'

0.07, 0.04, 0.11

0.02, 0.01, 0.03

0 < 1%

CKM tests

v, with B - Df K~ (30 [124] 4° 1e

7, all modes (122)° [152] 1.5 1.5° 0.35° .

sin 283, with BY — J/¢K? 0.04 [569] 0.011 0.005 0.003 Uncertalnty
¢s, with BY — J /¢ 49 mrad [32] 14 mrad 4 mrad 22 mrad [570]

¢s, with B = DD 170 mrad [37] 35 mrad 9 mrad reduced by
%%, with BY — ¢¢ 150 mrad [571] 60 mrad 17 mrad  Under study [572]

a%) 33 x 10~* [193] 10 x 10~ , 3% 1074 factor ~10
Vs /|Via| 6% [186] 3% 1% 1% .

B, B’ —utp—

BB — putp~)/B(BY — putu) 90% (244] 34% 10% 21% [573]

TB&'—) - 22(% [2—1—1] 8% 2% 0

il 02 1% level

b — cl” 1y, LUV studies Ta1

R(D*) 9% [199,202] 3% 2% 1% ~ precision
R(J/v) 25% [202] 8% 2%

Charm c o .
AAcp(KK — ) 8.5 x 10~ [574] 1.7 x 10~ 5.4 x 10~ 3.0 x 107 ngh precision
Ap (= xsin¢) 2.8 x 10~ [222] 48 o 107 8.5 s 107 1:0% 10=" .

v sin ¢ from DO — K+~ 13 x 10~1 [210] 3.2 x 10~ 4.6 x 1074 8.0 x 10~° charm thSlCS

xsin ¢ from multibody decays (K3m) 4.0 x 107° (K277) 1.2 x10™* (K3x) 8.0 x 1076




More information for decay paramerters

d’T

d cos 8yd cos 0,d¢,

dr

x 1 +ayay; cost + P - (aAg cos Oy + ay+ cos O cos 0,

— YA0OA sin @ sin @, cos ¢, + Broan: sin @, sin 0, sin ¢, )

d cos @yd cos 8,d¢p,d cos 6,d¢h,

x (1+ ayo s cos 0, + ay+ay cos 0 + ayoa Cos 0, cos b,

— QpOYAFOA sin @, sin 6, cos ¢, + aAgﬁAjaA sin @, sin 6, sin ¢, )

P ((xAg cos Oy + a,+ cos Oy cos O + ApOA+ A COS 6, cos 0,

+ ap cos 6y cos O, cos O, — RTINS sin @ sin @, cos ¢ + ﬁAg(lA; sin @ sin @, sin ¢,
— YA+ €Os 0 sin @, sin 0, cos ¢, + fr+ap cos b sinb; sin 0, sin ¢,

—7A0QA sin @ sin 6; cos 6, cos ¢ + /))Ag(IA sin @ sin @ cos 6, sin ¢,

+ /)’Ag/)’,\ga,\ sin 6 sin @, cos ¢p; cos ¢, + /J’Agy,\ia,\ sin 6, sin 6, cos ¢ sin ¢,

+ ]/Ag/},\;a,\ sin @ sin @, sin ¢ cos ¢, + YAOY A OA sin 6 sin 6, sin ¢, sin ¢,

— VYA AF OA sin @, cos @, sin B, cos ¢, cos ¢,

+ yA(;/)’AjaA sin 6 cos @, sin 6, cos ¢ sin ¢,

+ ﬂAgijaA sin O cos @, sin O, sin ¢h; cos ¢,
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A d >
Vcb
b > >
w
Via
U >
d >
Aj— Vud
w
Ves
c
u >
A% d >
V‘LLS
S L >
w
Via

AO

*
Ves
> >
w
Vud
Vus
w
*
Vea
>
*
Vqs q q qu

W

AO

KO




