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 Constituent quark model (CQM) ∆𝒖 = ∆𝒅 = 𝟎, ∆𝒔 = 𝟏 

└ Fails for proton, what about Λ ? 

 SU(3) flavor symmetry ∆𝒖 = ∆𝒅 = −𝟎.𝟎𝟎 ± 𝟎.𝟎𝟎,  ∆𝒔 = 𝟎.𝟒𝟒 ± 𝟎.𝟎𝟒 

└ Used SU(3) rotation for proton data 

 Burkard/Jaffe ∆𝒖 = ∆𝒅 = −𝟎.𝟐𝟐 ± 𝟎.𝟎𝟎, ∆𝒔 = 𝟎.𝟓𝟓 ± 𝟎.𝟎𝟒 

└ Also SU(3) rotation for proton data with ∆𝑠 ≡ 0 in proton  

 Lattice QCD ∆𝒖 = ∆𝒅 = −𝟎.𝟎𝟐 ± 𝟎.𝟎𝟒, ∆𝒔 = 𝟎.𝟎𝟓 ± 𝟎.𝟎4 

└ Breaking SU(3) symmetry 

𝜦𝟎 = 𝒖𝒅𝒔  

Motivation 
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𝑃𝐿′
𝛬 = 𝑃𝐿

𝛾∗ ⋅ 𝐷𝐿𝐿′
𝛬         𝑃𝐿

𝛾∗ = 𝑃𝐵𝐷(𝑦) = 𝑃𝐿
𝑞

 
 

𝐷𝐿𝐿𝐿𝛬 𝑥, 𝑧 = �𝐷𝐿𝐿𝐿,𝑓𝛬 𝑧 𝜔𝑓𝛬

𝑓

𝑥, 𝑧  

𝐷𝐿𝐿𝐿,𝑓𝛬 𝑧 =
𝐹𝑓+𝛬+ − 𝐹𝑓+𝛬−

𝐹𝑓+𝛬+ + 𝐹𝑓+𝛬−
≅
∆𝑞𝑓𝛬

𝑞𝑓𝛬
 

DIS regime 
𝑸𝟐 > 𝟎.𝟓 𝐆𝐆𝐆𝟐 

𝑄2 = − 𝑘 − 𝑘𝐿 2 𝜈 = 𝐸 − 𝐸′ 𝑥 =
𝑄2

2𝑀𝜈
 

𝑦 =
𝜈
𝐸

 𝑧 =
𝐸𝛬
𝜈

 𝑥𝐹 =
𝑝∥𝛬

𝑝∥,𝑚𝑚𝑚
𝛬  

Partial spin transfer 

Purity 

Jaffe assumption 

Definition of 𝑫𝑳𝑳′  

𝐷 𝑦 =
𝑦 2 − 𝑦

𝑦2 + 2 1 − 𝑦
 

𝜔𝑓
𝛬 𝑥, 𝑧 =

𝑒𝑓2𝑞𝑓 𝑥 𝐹𝑓𝛬 𝑧

� 𝑒𝑓′
2 𝑞𝑓′ 𝑥 𝐹𝑓′

𝛬 𝑧
𝑓′
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 leading π rejection (in HERMES 
kinematics proton is always leading) : 
 Threshold Cherenkov det. 1996-1997 

 Ring imaging Cherenkov  1998-2007 

 h+h- pair background rejection : 

 Vertex separation d(V1,V2) > 5 cm 

Events selection 
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 Angular distribution of decay 

protons at Λ rest frame 

Extraction of 𝑫𝑳𝑳′  

7 

-1.0 -0.5 0.0 0.5 1.0
0.0

0.5

1.0

1.5

2.0

2.5
'cos pL

dN
d θ

'cos pLθ

Unpolarized 𝑷𝜦 = 𝟎 
Polarized 𝑷𝜦 = 𝟎.𝟓 

HERMES 
acceptance 4π acceptance 

𝒅𝒅
𝒅𝜴𝒑

=
𝒅𝒅𝟎

𝒅𝜴𝒑
𝟏 + 𝜶 𝑷𝑳𝐿𝜦 𝐜𝐜𝐜𝜽𝒑𝑳𝐿  

Unknown, need MC simulation 
of acceptance 

Main source of systematic 
uncertainty ! 



 Helicity balanced data sample  𝑃𝐵 = 1
𝐿 ∫𝑃𝐵  𝑑𝑑 = 0 

 Moment method in simple 1Dim case 
 

𝑃𝐵cos𝜃𝑝𝐿𝐿 =
𝑃𝐵 cos𝜃𝑝𝐿𝐿 0 + 𝛼𝐷𝐿𝐿𝐿 𝑃𝐵2 cos2𝜃𝑝𝐿𝐿 0

1 + 𝛼𝐷𝐿𝐿𝐿 𝑃𝐵 cos𝜃𝑝𝐿𝐿 0
     =𝑷𝑩 =𝟎     𝛼𝐷𝐿𝐿𝐿 𝑃𝐵2 cos2𝜃𝑝𝐿𝐿 0 

 

cos2𝜃𝑝𝐿𝐿 =
cos2𝜃𝑝𝐿𝐿 0 + 𝛼𝐷𝐿𝐿𝐿 𝑃𝐵 cos3𝜃𝑝𝐿𝐿 0

1 + 𝛼𝐷𝐿𝐿𝐿 𝑃𝐵 cos𝜃𝑝𝐿𝐿 0
    =𝑷𝑩 =𝟎     cos2𝜃𝑝𝐿𝐿 0 

 

𝑫𝑳𝑳′
𝜦 =

𝟏
𝜶  𝑷𝑩𝟐

⋅
𝑷𝑩𝐜𝐜𝐜𝜽𝒑𝑳′
𝒄𝒄𝒔𝟐𝜽𝒑𝑳′

 

 Slightly more complicated iteration procedure used in case of unbalanced 𝑷𝑩  

 3 projection of 𝑫𝑳𝑳′
𝜦  calculated 

 3Dim extraction formalism verified with help of MC 

No MC simulation of 
acceptance needed 

Formalism extraction of 𝑫𝑳𝑳′
𝜦  

8 

𝒅𝒅
𝒅𝜴𝒑

=
𝒅𝒅𝟎

𝒅𝜴𝒑
𝟏 + 𝜶 𝑷𝑳𝐿𝜦 𝐜𝐜𝐜𝜽𝒑𝑳𝐿  
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In order to build coordinate 
system for Λ at rest two vectors: 
 𝒑𝜸∗ and 𝒑𝚲 are used 

* p Xγ + → +




𝑘𝑧 = �̂�Λ,    𝑘𝑦 = �̂�Λ × �̂⃗�𝛾∗,    𝑘𝑚 = 𝑘𝑦 × 𝑘𝑧
𝑘𝑧 = �̂�𝛾∗,    𝑘𝑦 = �̂�Λ × �̂⃗�𝛾∗,    𝑘𝑚 = 𝑘𝑦 × 𝑘𝑧

 2 variants of 
system 
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Convergence in 
three steps 

Iteration procedure is used to find 𝐷𝐿𝑘 

Here . . .  average over experimental  data set 
          . . .  average with luminosity 
          𝜃 𝑚,𝑦,𝑧  angle between proton and corresponding axis  

System of linear equations ∑ 𝐷𝐿,𝑘𝑎𝑖,𝑘 = 𝑐𝑖𝑘  

3 dimensional analysis 



Due to parity conservation y - component must be zero 
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𝜦  must not depend on 𝒚 if single scattering model of DIS is valid 

Dependences on kinematic variables 
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Theoretical models 
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  Constituent quark model (CQM) ∆u=∆d=0, ∆s=1 

  Burkard/Jaffe ∆u=∆d=-0.23±0.06, ∆s=0.58±0.07 

  SU(3) flavor symmetry ∆u=∆d=-0.09±0.06, ∆s=0.47±0.07 

  Lattice QCD ∆u=∆d=-0.02±0.04, ∆s=0.68±0.04 

Λ spin 
structure 

𝐷𝐿𝐿𝐿𝛬 = �𝐷𝐿𝐿𝐿,𝑓𝛬 𝜔𝑓𝛬

𝑓

 

Jaffe → 𝐷𝐿𝐿𝐿,𝑓𝛬 ≃
𝛥𝑞𝑓

𝛬

𝑞𝑓
𝛬  

All models predict 
negative or small 
positive value 



 All three components of spin transfer 𝐷𝐿𝐿𝐿Λ  and 𝐷𝐿𝐿𝐿𝛬�  have been 
measured in DIS of  charge leptons at HERMES 

 It is shown that 𝐷𝐿𝐿𝐿Λ  is positive (statistically significant) and mostly 
directed along the momentum of virtual photon 

 It is found that 𝐷𝐿𝐿𝐿𝛬�  is less then 𝐷𝐿𝐿𝐿𝛬  or comparable with 

 Final paper on 𝐷𝐿𝐿𝐿Λ  and 𝐷𝐿𝐿𝐿𝛬�   at HERMES in progress 

 Next step is spin transfer in photoproduction regime 𝑄2 ≅ 0 GeV2 
from beam (𝐷𝐿𝐿𝐿) and target (𝐾𝐿𝐿𝐿 partly done) 

Conclusion and outlook 
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False DLL’ for h+h- and KS 
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