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Methods:



Strategies for new physics searches 

(CP) asymmetries [vs   Rare decays]

Experiments:
BESIII											super	tau-charm	factory	(elegant	method)	
HyperCP LHCb (robust,	sustainable)

Polarization vs spin correlations

𝜎 𝐴 ≈
𝒪 1
𝑁

≡
𝝈𝑪
𝑁 𝜎 𝐴 ~10"# requires 𝑁~10$

Goal: optimize (minimize!) 𝝈𝑪 eg 4 ↘ 1 reduction implies 16×less data needed  

CP	violation	in	nonleptonic	hyperon	decays	



∆𝐼 = ⁄1 2

weak	CP-odd	phases

strong	phases

Decay	amplitudes	in	hyperon	decays

Hyperons:

For	Λ → 𝑝𝜋! ∆𝐼 = ⁄3 2 contribution	~5%

Λ → 𝑝𝜋"
Ξ" → Λ𝜋" Measurable:	BF	and	

two	decay	parameters

𝐾 → 𝜋𝜋 interference ∆𝐼 = ⁄1 2 and ⁄3 2

P	and	S	amplitudes



𝑝 !𝑃!"𝑛

𝜋!

Measuring hyperon	decay parameters

p=100	MeV/c

𝑑Γ
𝑑Ω

=
1
4𝜋

(1 + 𝛼+ G𝑛 I𝑃+)

𝛼#=-0.392(8)	

𝜙$=-0.113(61)	

𝛼$=	0.750(10)	

𝜙#=-0.042(16)	
Accesible	if	daughter	baryon	polarization	
measured	eg in	decay	sequence:
𝚵 → 𝚲𝝅, 𝚲 → 𝒑𝝅

Λ rest	frame

𝜦 → 𝒑𝝅"

𝚵 → 𝚲𝝅,𝚲 → 𝒑𝝅



Testing	CP	violation	in	hyperon	decays

Compare	the	two	decay	
parameters	for	c.c.	decay	modes:	

weak	P-S
phase	diff.

Kaon bounds for CPV in hyperon decays
assuming chromomagnetic penguin



BESIII	
1010 J/ψ
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𝒆!𝒆" → 𝑱/𝝍,𝝍(𝟐𝑺) → 𝑩%𝑩

#events	at	BESIII	(estimate)

ℬ 𝜓(2𝑆) → Ω"TΩ2 = 5.2(5)×10"3
BESIII	proposal:3.2x109	ψ(2S)

ST



Λ𝑒"

𝑒!

𝑧̂

%𝑦Baryon	polarization in	𝒆!𝒆"

𝛼" = 0.469

!𝑃

ΔΦ ≠ 0

𝜃!
'Λ

Unpolarized e+e- beams	⇨	transverse	polarization:

Ex.	𝑒!𝑒" → ⁄𝐽 𝜓 → Λ+Λ

𝑃9

ΔΦ=42.3o Angular distribution:

−1 ≤ 𝜶𝝍 ≤ 1
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Apply decay matrices:

𝑊 = 𝑇𝑟𝜌A,A̅ = \
>,?@CD

E

𝐶>?@𝑎>,D+ 𝑎?@,D
?+

𝛽" = 1 − 𝛼"# sin ΔΦ 𝛾" = 1 − 𝛼"# cos ΔΦ

General	two	spin	½	particle	state:

DT - joint	angular	distribution (modular form)
𝒆!𝒆" → (𝜦 → 𝒑𝝅")(%𝜦 → %𝒑𝝅!)

𝜎>+ → \
>!CD

E

𝑎>,>P+ 𝜎>P
A

The	angular	distribution:

𝐶"#$ =

(𝜎$= 𝟏#, 𝜎% = 𝜎& , 𝜎# = 𝜎' , 𝜎( = 𝜎))

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



𝒆!𝒆" → ⁄𝑱 𝝍 →𝚵"%𝚵! → 𝚲𝝅"%𝚲𝝅! → 𝐩𝛑"𝛑"%𝐩𝛑!𝛑!

9	kinematical	variables	9D	PhSp𝝃𝑑Γ ∝ 𝑊 𝝃;𝝎

Parameters: 2 production + 6 for decay chains

E.Perotti,	G.Faldt,	AK,	S.Leupold,JJ.Song PRD99	(2019)056008
P.Adlarson,	AK	PRD100	(2019)	114005

𝑊 =\
>,?@

𝐶>?@ \
>!,?@P

𝑎>,>PU 𝑎?@,?@P
?U 𝑎>P,D+ 𝑎?@P,D

?+

𝝎 = 𝜶𝝍, 𝚫𝚽, 𝜶𝜩, 𝝓𝜩, 𝜶𝚲, (𝜶𝜩, (𝝓𝜩, (𝜶𝚲
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ΔΦ=(69.5±2.6±0.9)o

Polarization and	𝑪𝒊𝒊 𝐟𝐨𝐫 𝒆!𝒆" → ⁄𝑱 𝝍 →𝚵"%𝚵!

𝑪𝟏𝟏

𝑪𝟐𝟐 𝑪𝟑𝟑

𝑷𝒚
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Polarized 𝒆" beam

𝑒!𝑒" → ⁄𝐽 𝜓 → 𝛬 ̅𝛬, ΞeΞ

𝐶"#$ =

!𝑃!,&

| I𝑃+|

+ 80%	longitudinal	𝑒/ polarization Bondar et	al.	JHEP	03	(2020)	076

| I𝑃U|
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𝕊𝜩𝟐

ℙ𝜩𝟐



𝐼(𝐴*) = 𝑁
2
3𝛼*

#𝛼2#(1 + 1.05 ℙ*# + 0.38 𝕊*# )

𝐼(𝐴2) = 𝑁
2
3𝛼*

#𝛼2#(1 + 3.28 ℙ*# + 0.30 𝕊*# )

𝐼(𝐴*, 𝐴2) = 𝑁
2
3𝛼*

#𝛼2#(1 −
1
3 ℙ*# −

1
3 𝕊*# )

⁄𝐽 𝜓 → Λ?Λ ⁄𝐽 𝜓 → ΞiΞ

Polarization	terms

Spin	corr. terms
𝕊#$

ℙ#$

Information	≡ (covariance matrix)"3

𝐼(Φ*) = 𝑁
2
27
(1 − 𝛼*#)𝛼2#[3.08 ℙ*# + 1.30 𝕊*# ]

𝐼(𝐴2) = 𝑁
1
3
𝛼2# ℙ*#



𝑃(𝑒")

𝜎 𝐴% 𝑁
𝝈 𝑨𝜦 =

𝟐. 𝟎
𝑵

𝜎 𝐴# =
8.8
𝑁

Electron beam polarization 80%
Equiv.	to	×16more	 ⁄𝐽 𝜓 → Λ?Λ data	for	𝐴012



Ξ" → Λ𝜋" → 𝑝𝜋"𝜋"+c.c

Φ01
* = (𝜙*+ i𝜙*)/2
= 0.4 𝐵01* = 0.4(𝜉1* − 𝜉3*)

𝐴U + 𝐴+ = (0.0 ± 5.1 ± 4.4)×10"# HyperCP PRL 93 (2004) 262001

1.2×108 Ξ" 4.1×107 IΞ2

𝚵/ Polarization ( 3.7%)



Ξ" → Λ𝜋" → 𝑝𝜋"𝜋"+c.c

HyperCP → LHCb?

LHCb

𝚵/(?𝚵,) Polarization ( 60%)
simultaneous data
nearly symmetric acceptance

JHEP05(2019)048

#particles per pp interaction
(√s = 13 TeV at  LHCb



Conclusions:	

measurement	of	𝜙U
first	direct	measurement	of	weak	phase	difference:	 𝜉o − 𝜉p

𝛼U = 0.373 5 2 prel	 ⁄𝐽 𝜓 → ΞIΞ

⁄𝐽 𝜓 → ΞIΞ (prel. )

three independent	CP	tests

• J/ψ	and	ψ’ decays	into	hyperon-antihyperon:	
unique spin	entangled	system	for	CP	tests	and	
for	determination	of	(anti-)hyperon	decay parameters

• Polarization		observed	for		J/ψ,(𝜓P) → ΛTΛ, Σ2IΣ", Ξ"IΞ2, Ω"TΩ2

BESIII	:																10<D ⁄𝐽 𝜓
SCTF:														2×10<= ⁄𝐽 𝜓
+ polarization spin	correlations

𝐴012 = 0.12 (𝜉12 − 𝜉32)

𝐴01* =? ? (𝜉1* − 𝜉3*)

Φ01
* = 0.40 (𝜉1* − 𝜉3*)

Improved HyperCPmeasurement	at	LHCb?


