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Reaction

• 𝑝, 𝑝′, 𝜋− detected

• Λ𝑝′ scatter elastically
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Motivation

• ΛN scattering is important to 
understand the interior of neutron 
stars. (Haidenbauer and Meissner, PRC 72, 
044005 (2005).)

• Currently very little data for ΛN 
scattering compared to other 
elastic scattering processes (NN, KN 
or πN)

• With a high flux of Λ we can 
measure the Λp elastic scattering 
cross section.

C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016) and 2017 update.

http://pdg.lbl.gov/2017/html/authors_2017.html


Procedure Analysis

• Data from g12

• Reconstruct Λ′ mass: 𝑀 Λ′ = 𝑀(𝑝𝜋−)

• Reconstruct incident Λ

• Identify 𝐾+ by missing mass

• Use known 𝐾+Λ cross section to get flux

𝛾𝑝 → 𝐾+Λ
Λp → Λ′𝑝′ → 𝑝′𝑝𝜋−
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Cross Section

𝑑𝜎

𝑑c𝑜𝑠 𝜃
(𝐸) =

𝑌

𝐴 ∗ ℒ ∗ b. r.∗ Δ cos 𝜃

Y: Yield
A: Acceptance
ℒ: Luminosity
b.r: Branching ratio (for 𝑝𝜋−)

𝑑𝜎

𝑑c𝑜𝑠 𝜃
(𝐸): Energy dependent cross section



Yields

Binned in Incident Λ
Momentum 
for Eγ = [1.2,1.6]



Acceptance

Generated Accepted

𝐴𝑐𝑐𝑒𝑝𝑡𝑎𝑛𝑐𝑒 =
𝐴𝑐𝑐𝑒𝑝𝑡𝑒𝑑 𝑝𝑝𝜋−

𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 Λ𝑝 𝑠𝑐𝑎𝑡𝑡𝑒𝑟𝑖𝑛𝑔
Using g12 standard 
software for simulations.



𝐴𝑐𝑐𝑒𝑝𝑡𝑎𝑛𝑐𝑒 =
𝐴𝑐𝑐𝑒𝑝𝑡𝑒𝑑 𝑝𝑝𝜋−

𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 Λ𝑝 𝑠𝑐𝑎𝑡𝑡𝑒𝑟𝑖𝑛𝑔



Acceptance

Data Accepted

𝐴𝑐𝑐𝑒𝑝𝑡𝑎𝑛𝑐𝑒 =
𝐴𝑐𝑐𝑒𝑝𝑡𝑒𝑑 𝑝𝑝𝜋−

𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 Λ𝑝 𝑠𝑐𝑎𝑡𝑡𝑒𝑟𝑖𝑛𝑔



Luminosity

𝐿Λ 𝐸Λ =
𝜌𝑇 ∗ 𝑁𝐴 ∗ 𝑙

𝑀
∗ 𝑁Λ(𝐸Λ)

• 𝜌𝑇: density of the target
• 𝑁𝐴: Avogadro’s number
• M: molar mass of Hydrogen
• 𝑙: travel distance of Λ
• 𝑁Λ 𝐸Λ : yield in a certain energy range

Problem: How do we find 𝑙 and 𝑁Λ(𝐸Λ) ? 
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Λ Decay Length (𝑙)

𝜋−

𝑝

𝜃
Λ

a

b

Distance between a and b is the Λ decay length

Assume Simplest case: Lambda along z-axis



Λ Decay Length (𝑙)

𝑃 𝑧 = 𝑒
−(

𝑀
𝑝

)(
𝑧−𝑧0

𝑐τ
)

• P(z): probability of Λ decay
• M: mass of Λ (1.115 GeV/c2)
• p: momentum of Λ
• z0: starting position
• 𝑐𝜏: mean proper life (7.89cm)



Λ Decay Length (𝑙)

• 10,000 generated Λ

• Step size: 1mm

• 𝑝Λ = 1115 MeV/c (can do this for any 𝑝Λ)

Z Vertex (cm) Cos(ϴ) Avg. Pathlength (cm)

0.0 1.0 7.5

20 1.0 7.2

20 .707 2.4

Random Random 2.2



Scattering Angle
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𝑝

𝜃
Λ
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b

𝜃 = ?



𝑁Λ(𝐸Λ)

𝑑𝜎

𝑑Ω
=

𝑁Λ

2𝜋 ∗ 𝐿𝛾 ∗ Δ cos 𝜃

M. E. McCracken et al. PHYSICAL REVIEW C 81, 025201 (2010) 



Luminosity

𝐿Λ 𝐸Λ =
𝜌𝑇 ∗ 𝑁𝐴 ∗ 𝑙

𝑀
∗ 𝑁Λ(𝐸Λ)

𝑑𝜎

𝑑Ω
=

𝑁Λ

2𝜋 ∗ 𝐿𝛾 ∗ Δ cos 𝜃

Z Vertex (cm) Cos(ϴ) Avg. Pathlength (cm)

0.0 1.0 7.5

20 1.0 7.2

20 .707 2.4

Random Random 2.2



Preliminary



C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016) and 2017 update.

http://pdg.lbl.gov/2017/html/authors_2017.html


Summary/Future Work

• There are many Λ𝑝 events in the g12 data

• Various corrections still need to be made but all the mechanisms are 
in place.

• Helicity dependent cross sections are also possible
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Extra (Mandelstam Variables)

𝒕 = 𝒑𝟏 − 𝒑𝟑
𝟐 = 𝒑𝟒 − 𝒑𝟐

𝟐

cos 𝜃 𝐾+ =
𝑡+2𝐸𝛾𝐸

𝐾+−𝑚
𝐾+
2

2𝐸𝛾 𝐸
𝐾+
2 −𝑚

𝐾+
2

𝐸𝐾+ = 𝐸𝛾 + 𝑚𝑝 − 𝐸Λ

𝐸Λ = −
𝑡−𝑚𝑝

2−𝑚Λ
2

2𝑚𝑝

cos 𝜃 𝐾+ 𝐶𝑀 → cos 𝜃 Λ 𝐿𝐴𝐵

𝜸 𝑲+

𝒑
𝚲



Extra (Global Λ Momentum)



Extra (Invariant Mass)
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Extra (Global Energy Spectrum)


