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Hyperon Decay 2007

• CP violation in kaon decay measured
– both ε and ε′ have been measured

• Rare kaon decay K ➝ π ν ν program ongoing
• Hyperon weak decay occurs through the same 

effective transition as kaon weak decay:

• So why is hyperon decay still interesting?
s → d



• Because the hyperon decay amplitude is 
simultaneously sensitive to both parity 
conserving and parity violating weak 
interactions.

• CP violation in hyperon decay within the SM 
is correlated to ε′  and it is small. 

• CP violation in hyperon decay beyond SM is 
limited by theoretical uncertainty in ε, and 
can be much larger.



CP Violation in hyperon decay

• Compare hyperon and anti-hyperon decay

• Each decay of the form B′ ➝ B π has s-wave and p-
wave amplitudes which could be ΔI=1/2 or ΔI=3/2.

• The angular distribution with  polarized B′ is

• Two CP odd observables are
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How to Search for CP Violation in Λ Decays

Due to parity violation the proton likes to go in the direction of the Λ spin:

Λ → pπ−: dN(p)
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2
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|S|2 + |P |2
= 0.642

Under CP the antiproton likes to go in the direction opposite to the Λ spin:
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Problem: The Λ/Λ polarizations have to be precisely known to extract αΛ/αΛ
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Good News: Standard Model Theory Predictions Small

• Beyond-the-standard-model predictions larger, and not well constrained by kaon CP mea-
surements: hyperon CP violation probes both parity conserving and parity violating am-
plitudes.

• Recent paper by Tandean (2004) shows that the upper bound on AΞΛ from ε′/ε and ε
measurements is ∼100×10−4.

• For example, some supersymmetric
models that do not generate ε′/ε can
lead to AΛ of O(10−3).

• Other BSM theories, such as Left-
Right mixing models, (Chang, He,
Pakvasa (1994)), also have enhanced
asymmetries.
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Any CP-violation signal will almost certainly come from New Physics.
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Bad News: Standard Model Theory Predictions Small

• Much enthusiasm a decade ago as Stan-
dard Model predictions were relatively
large.

Valencia (1991)

• At same time there was concern that ac-
cidental cancellation in the kaon system
would lead to ε′/ε ≈ 0.

Paschos (1991)

• Standard Model predictions have slowly
fallen to:

−0.5×10−4 < AΞΛ < +0.5×10−4

(Tandean & Valencia, 2003)

• The expected SM asymmetry is out of
reach for any experiment, planned or oth-
erwise.

Important: no unambiguous connection between: δCKM ⇔ AΞ, AΛ

Most recent SM prediction

HyperCP looked for asymmetry in 
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Producing Polarized Λ/Λ’s : unpolarized Ξ Decays

In this technique, pioneered by HyperCP, Λ/Λ’s of known polarization are produced from
unpolarized Ξ−/Ξ

+
’s:

Ξ− → Λπ− Ξ+ → Λπ+

If the Ξ is produced unpolarized — which can simply be done by targeting at 0 degrees — then
the Λ is found in a helicity state, with a large polarization (αΞ = −0.458):

"PΛ = αΞp̂Λ
"PΛ = αΞp̂Λ

dN(p)

d cos θ
=

N0

2
(1 + αΛαΞ cos θ)
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2
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If CP is good, the slopes of the
proton and antiproton cos θ dis-
tributions are identical, and:
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SUSY example:
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Results from CP Violation Search

Weighting Technique:
• ∼10% total data sample
• selected from end of 1999 run
• 118.6 million Ξ−

• 41.9 million Ξ+

• no acceptance or efficiency corrections

AΞΛ = [0.0±5.1(stat)±4.4(syst)]×10−4

Check with HMC Technique:
• ∼ 5% of the total data sample
• prescaled selection of 1997 and 1999
• 15 million Ξ−

• 30 million Ξ+

AΞΛ = [−7±12(stat)±6.2(syst)]×10−4

⇒20× improvement on previous result. -0.03
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Phys.Rev.Lett.93:262001,2004. 



CP Violation in Ω Decay

SM ~ 2 x 10-5 much larger than other rate asymmetries

enhancement is not significant for the values of the scattering phases that we estimate in the

following section. This ratio is higher than the corresponding ratios in other hyperon decays [4],

which range from 0.03 to 0.06 in magnitude, and provides an enhancement factor for the CP -

violating rate asymmetry in this mode.

By comparing the hyperon and anti-hyperon decays, we can construct CP -odd observables. The

one considered here is the rate asymmetry

∆(Ξ0π−) ≡
Γ(Ω− → Ξ0π−) − Γ(Ω− → Ξ0π+)

Γ(Ω− → Ξ0π−) + Γ(Ω− → Ξ0π+)

≈
√

2
α(Ω)

3

α(Ω)
1

sin(δ3 − δ1) sin(φ3 − φ1) , (4)

where in the second line we have kept only the leading term in α(Ω)
3 /α(Ω)

1 . Similarly, ∆(Ξ−π0) =

−2∆(Ξ0π−). The current experimental results indicate that any D-waves are very small in these

decays, and that the parameter α that describes P-wave–D-wave interference is consistent with

zero: α(Ξ0π−) = 0.09± 0.14 and α(Ξ−π0) = 0.05± 0.21 [2]. For this reason we do not discuss the

potential CP -odd asymmetry in this parameter.

3 Ξπ-scattering phases

There exists no experimental information on the Ξπ-scattering phases, and so we will estimate them

at leading order in heavy-baryon chiral perturbation theory. The leading-order chiral Lagrangian

for the strong interactions of the octet and decuplet baryons with the pseudoscalar octet-mesons

is [5]

Ls = 1
4f

2 Tr
(

∂µΣ† ∂µΣ
)

+ Tr
(

B̄v iv · DBv

)

+ 2D Tr
(

B̄v Sµ
v

{

Aµ , Bv

})

+ 2F Tr
(

B̄v Sµ
v

[

Aµ , Bv

])

− T̄ µ
v iv · DTvµ + ∆m T̄ µ

v Tvµ + C
(

T̄ µ
v AµBv + B̄vAµT

µ
v

)

+ 2H T̄ µ
v Sv · A Tvµ , (5)

where we follow the notation of Ref. [5].

The scattering amplitudes for Ξ0π− → Ξ0π− and Ξ−π0 → Ξ−π0 are derived from the diagrams

shown in Figure 1. Of these, the first two diagrams in Figure 1(a) and the first one in Figure 1(b)

do not contribute to the J = 3/2 channel. From the rest of the diagrams, we can construct the

amplitudes for the I = 1/2 and I = 3/2 channels,

MI=1/2 = 2MΞ0π−→Ξ0π− − MΞ−π0→Ξ−π0 ,

MI=3/2 = −MΞ0π−→Ξ0π− + 2MΞ−π0→Ξ−π0 ,
(6)

2

1 Introduction

In this paper we estimate the size of the CP -violating rate asymmetry for Ω− → Ξπ decays. As is

well known, such rate asymmetries for octet-hyperon decays are small as a result of the product of

three small factors: a ratio of |∆I| = 3/2 to |∆I| = 1/2 amplitudes; a small strong-rescattering

phase; and a small CP -violating phase [1]. We find that for the decay channel Ω− → Ξπ all of

these factors are larger than their counterparts for octet-hyperon decays, and this results in a rate

asymmetry that could be as large as 2× 10−5 within the minimal standard model. Physics beyond

the standard model could enhance this rate asymmetry by a factor of up to ten. Our calculation

suffers from typical hadronic uncertainties in the computation of matrix elements of four-quark

operators and for this reason it should be regarded as an order-of-magnitude estimate.

2 Ω− → Ξπ decay

The measured decay distributions of these decays are consistent with the amplitudes being mostly

P-wave [2]. We parametrize the P-wave amplitude in the form

iMΩ−→Ξπ = GFm2
π ūΞ A

(P)
Ω−Ξπ kµ uµ

Ω ≡ GFm2
π

α(P)
Ω−Ξ√
2 fπ

ūΞ kµ uµ
Ω , (1)

where the u’s are baryon spinors, k is the outgoing four-momentum of the pion, and fπ is the pion-

decay constant. The P-wave amplitude has both |∆I| = 1/2 and |∆I| = 3/2 components which

are, in general, complex. We write

α(P)
Ω−Ξ0 = 1√

3

(√
2α(Ω)

1 eiδ
1
+iφ

1 − α(Ω)
3 eiδ

3
+iφ

3

)

,

α(P)
Ω−Ξ− = 1√

3

(

α(Ω)
1 eiδ

1
+iφ

1 +
√

2α(Ω)
3 eiδ

3
+iφ

3

)

,
(2)

where α(Ω)
1,3 are real quantities, strong-rescattering phases of the Ξπ system with J = 3/2, P-wave

and I = 1/2, 3/2 quantum numbers are denoted by δ1, δ3, respectively, and CP -violating weak

phases are labeled φ1, φ3. The corresponding expressions for the antiparticle decay Ω− → Ξπ are

obtained by changing the sign of the weak phases φ1, φ3 in Eq. (2).

Summing over the spin of the Ξ and averaging over the spin of the Ω−, one derives from Eq. (1)

the decay width

Γ(Ω− → Ξπ) =
|k|3mΞ

6πmΩ

∣

∣

∣A(P)
Ω−Ξπ

∣

∣

∣

2
G2

Fm4
π . (3)

As was found in Ref. [3], using the measured decay rates [2] and ignoring all the phases, we can

extract the ratio α(Ω)
3 /α(Ω)

1 = −0.07 ± 0.01. Final-state interactions enhance this value, but this

1

P-wave dominance (predominantly parity conserving)

Beyond SM could be 10-100(?) times larger

Tandean 04:  ΔΩ➝ΛK < 10-3 (but  new constraints now)
Phys.Rev.D70:076005,2004.



from Tandean, Valencia Phys.Lett.B451:382-387,1999, 

Phys.Lett.B452:395-401,1999

• The ΔI=3/2/ΔI=1/2 amplitude ratio is 
about 7% from data (50% error?)

• The strong Ξπ scattering phases estimated 
in lowest order χPT (δ1-δ3)~-14◦ (error?)

• The weak phases are estimated in vacuum 
saturation to be  (φ1-φ3)~ 0.001 (tree 

operator suppressed, phase closer to phase 
of penguin >> other hyperon decays)

Why is it larger in SM?


