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What do we want to measure?

For electroproduction, the reaction kinematics are uniquely defined by the set of four variables 
(Q2 , W, cos θK

CM , Φ), where:
• θK

CM : kaon production angle in the virtual photon-proton center-of-mass (CM) frame
• Q2 is the squared four-momentum transfer of the virtual photon 
• W is the invariant mass of the intermediate state

• Φ is is the relative angle between the electron-scattering and the hadron-production planes

Extraction of Lambda induced polarization in the electroproduction process:

p- Γ𝐵𝑅 = 0.64



What do we want to measure?

3

where

K+Λ electroproduction cross section

Extraction of Lambda induced polarization in the electroproduction process

Where α is the fine-structure constant and  is the virtual photon polarization parameter given 
by

During this experiment, a longitudinally polarized electron beam was incident upon an 
unpolarized proton target, producing a polarized recoil hyperon. Summed over both helicities 
of the incident electron beam the equation simplifies into:

Which in the most general case can be written as:
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Extraction of Lambda induced polarization in the electroproduction process

where the P0
j terms (with j = x’ , y’ , z’) are the induced hyperon polarization components 

with respect to the primed coordinate system. If we express these components in terms of 
the response functions and we integrate over Φ we obtain

We can extract the P0
j terms from data and compare them to these formal constraints 

exploiting the relationship: 

𝛼=0.732

Where p
RF is the angle between the spin quantization axis and the  decay proton in the 

Yperon rest frame   
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Extraction of Lambda induced polarization in the electroproduction process

The induced polarization for a given coordinate can be extracted by forming the forward-
backward yield asymmetry with respect to cos θRF

p = 0. 
Integrating from 0 to 1 (forward) and -1 to 0 (backward), gives the corresponding yields N+ and 
N− as:

The forward-backward yield asymmetry with respect to a given axis j,  Aj , is then defined as

INDUCED POLARIZATION



Experimental Setup: CEBAF

Components:
Injector

LINAC

Refrigeration plant

Magnets

Experimental Halls

Important parameters: 
• Injector energy: 45 MeV
• Temporal separation of the bunches 0,7 ns 
• 1200 MeV each loop
• Halls A, B, C receive a 11 GeV electron beam, Hall D 

a 12 GeV electron with a 2 ns time interval 
• High work frequency: almost continuum beam
• Maximal intensity of the beam: 200 μA 
• Pb (long. polarization) up to 90% 



Experimental Setup: CLAS12

Projective geometry
Events produced in the 

forward direction
CLAS12 presents two main

regions: FD and CD



Two experimental problems to solve 

 The peak is very close to the  Yperon
peak

 The acceptance effects have to be 
taken into account
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CLAS12 can be divided in 
2 regions: FORWARD (FD) 
and CENTRAL (CD)
Events reconstructed in 
the two regions must be 
«cleaned» differently



Topologies
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The reconstructed final state for the hyperon polarization analysis 
required the detection of: 
 the scattered electron, 
 the electroproduced K+, 
 the p from the hyperon decay. 
The electron was required to be reconstructed in the ECAL. If we 
consider the FD and the CD separately, then the hadron 
reconstruction divides into four distinct topologies:
 K+ FORWARD pFORWARD
 K+ CENTRAL pFORWARD
 K+ FORWARD pCENTRAL
 K+ CENTRAL pCENTRAL



Procedure employed for the analysis
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 For each topology customized cuts are applied

 Events are divided according to kinematic variable value, 
forward and backward helicity

 To count the number of Lambda baryons for each bin a 
range of interest around the peak is selected

 The procedure is repeated for real data and simulated
events

 The polarization is extracted



List of Cuts kFORWARD pFORWARD

11



12

List of Cuts KCENTRAL pFORWARD



List of Cuts kFORWARDpCENTRAL
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Events Selection – Example of Cut: 
MM2(eKp) vs. MM(eK)
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Pass1 skim21 MM(eK) final datasets, induced
polarization analysis

K FORWARD

P FORWARD

K FORWARD

P CENTRAL

K CENTRAL

P FORWARD
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Example: Bin in Q2, comparison of DATA and 
REC events

X

Y

Z

Backward Forward Backward Forward
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Acceptance correction – 6.5 GeV, primed system (x1, y1, z1)
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Dataset Definition
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 induced polarization components, P0(x’,y’,z’)
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 induced polarization components, P0(x,y,z)
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 induced polarization components, P0(x’,y’,z’)
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 induced polarization components, P0(x,y,z)


