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Overview
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ü Ratio Method to extract 𝑮𝑴𝒏

ü Datasets Used

ü 𝐃 𝒆, 𝒆#𝒑 & 𝐃 𝒆, 𝒆#𝒏 Selections

ü Neutron Momentum Corrections

ü Preliminary Ratio Results

ü Next step



Measuring 𝑮𝑴𝒏 : 

𝑮𝑴𝒏 : Fundamental quantity related to neutron magnetization.

𝑹 =
𝒅𝝈
𝒅𝜴 (𝑫 𝒆, 𝒆!𝒏 )
𝒅𝝈
𝒅𝜴 (𝑫 𝒆, 𝒆!𝒑 )

=
𝝈𝒎𝒐𝒕𝒕𝒏 𝑮𝑬𝒏 𝟐 +

𝝉𝒏
𝜺𝒏
𝑮𝑴𝒏 𝟐

𝟏
𝟏 + 𝝉𝒏

𝝈𝒎𝒐𝒕𝒕
𝒑 𝑮𝑬

𝒑 𝟐 +
𝝉𝒑
𝜺𝒑
𝑮𝑴
𝒑 𝟐 𝟏

𝟏 + 𝝉𝒑

𝑮𝑴𝒏 = 𝑹𝒄𝒐𝒓
𝝈𝒎𝒐𝒕𝒕
𝒑

𝝈𝒎𝒐𝒕𝒕𝒏
𝟏 + 𝝉𝒏
𝟏 + 𝝉𝒑

𝑮𝑬
𝒑 𝟐 +

𝝉𝒑
𝜺𝒑

𝑮𝑴
𝒑 𝟐 − 𝑮𝑬𝒏 𝟐

𝝐𝒏
𝝉 𝒏

Extracting 𝑮𝑴𝒏 requires 
knowledge of other EEFFs 

Use the ratio 𝑫 𝒆,𝒆,𝒏
𝑫 𝒆,𝒆,𝒑

in quasi-elastic kinematics to extract 𝑮𝑴𝒏 .

𝝈𝑴𝒐𝒕𝒕 =
𝜶𝟐𝑬" 𝒄𝒐𝒔𝟐(𝜽𝒆𝟐 )

𝟒𝑬𝟑𝒔𝒊𝒏𝟒(𝜽𝒆𝟐 )
,    𝝉 = 𝑸𝟐

𝟒 𝑴𝒑,𝒏
𝟐 ,

𝑸𝟐 = 𝟒𝑬𝑬!𝒔𝒊𝒏𝟐
𝜽𝒆
𝟐

, 𝝐 = 𝟏 + 𝟐 𝟏 + 𝝉 𝒕𝒂𝒏𝟐(
𝜽𝒆
𝟐
)
5𝟏Where:

Solving for 𝑮𝑴𝒏 :

𝑹𝒄𝒐𝒓 = 𝒇𝐍𝐃𝐄 𝒇𝐧𝐮𝐜𝐥𝐞𝐚𝐫 𝒇𝐫𝐚𝐝𝐢𝐚𝐭𝐢𝐯𝐞 𝒇𝐟𝐞𝐫𝐦𝐢 𝑹
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Data Set Used: ü Analyzed each dataset separately. 
ü Excluded the out-bending dataset due to limited statistics.
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Quasi-elastic Selection

Ø Select electron in FD and proton hit PCAL/ECAL Ø Select electron in FD and neutral particle hit PCAL/ECAL

𝑫 𝒆, 𝒆$𝒑 Selection 𝑫 𝒆, 𝒆$𝒏 Selection

𝜽𝒑𝒒: The angle between the transferred 
3-momentum 𝒒 and the momentum 𝑷𝑵

of the detected nucleon.
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Quasi-elastic Selection

List of the cuts applied to select quasi-elastic events:  

Ø Incident electron beam energy 𝑬𝐛𝐞𝐚𝐦
𝐚𝐧𝐠𝐥𝐞𝐬 Cut

Ø ∆𝝓 = 𝝓𝑵 −𝝓𝒆Cut

Ø 𝜽𝒑𝒒 Cut

Ø Missing Energy Cut

Cut applied
0.85 < W < 1.05
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𝑬𝐛𝐞𝐚𝐦
𝐚𝐧𝐠𝐥𝐞𝐬 = 𝑴𝑵

𝟏

𝒕𝒂𝒏 𝜽𝒆
𝟐 𝐭𝐚𝐧(𝜽𝑵)

− 𝟏

Calculated the incoming beam energy 𝑬𝐛𝐞𝐚𝐦
𝐚𝐧𝐠𝐥𝐞𝐬 using 𝜽𝒆 , 𝜽𝑵:  

Quasi-elastic Selection

𝑫 𝒆, 𝒆$𝒑 Selection 𝑫 𝒆, 𝒆$𝒏 Selection

1- Incident electron beam energy cut
Cut applied

0.85 < W < 1.05
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Quasi-elastic Selection

𝑫 𝒆, 𝒆$𝒑 Selection 𝑫 𝒆, 𝒆$𝒏 Selection

2- ∆𝝓 = 𝝓𝑵 −𝝓𝒆 𝒄𝒖𝒕

The difference in the lab azimuthal angle between the nucleon and the scattered electron

∆𝝓 = 𝝓𝑵 −𝝓𝒆

Cut applied
0.85 < W < 1.05

1 𝛔 𝑬𝐛𝐞𝐚𝐦
𝐚𝐧𝐠𝐥𝐞𝐬
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Quasi-elastic Selection

𝒇(𝜽𝒑𝒒) = 𝟐. 𝟓𝟐𝟎𝟒 +
𝟔. 𝟐𝟏𝟐𝟕
𝜽𝒑𝒒𝟎.𝟗𝟎𝟎𝟑

𝑫 𝒆, 𝒆$𝒑 Selection 𝑫 𝒆, 𝒆$𝒏 Selection

Quasi-elastic events depend on 𝑸𝟐 value:

high 𝑸𝟐 Quasi-elastic events narrow

small 𝑸𝟐 Quasi-elastic events broader 

Cut applied
0.85 < W < 1.05
1 𝛔 𝑬𝐛𝐞𝐚𝐦

𝐚𝐧𝐠𝐥𝐞𝐬 cut 
1 𝛔 ∆𝝓 cut 

To select quasi-elastic events while minimizing background contamination in the absence of the W cut,
the function is introduced as follows:

𝑸𝟐 < 𝒇(𝜽𝒑𝒒)
𝜽𝒑𝒒 < 2

Cut Used

3- 𝜽𝒑𝒒 𝒄𝒖𝒕
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Quasi-elastic Selection 4-Missing Energy Cut

From the momentum conservation law the transverse momentum for quasi-elastic events are expected to be zero.

𝑬𝒙 = 𝑬𝒃𝒆𝒂𝒎 + 𝑬𝑵 − 𝑬𝒆! − 𝑬𝑵! , 𝒘𝒉𝒆𝒓𝒆 𝑬 = 𝑷𝟐 +𝒎𝟐

𝑫 𝒆, 𝒆$𝒑 Selection 𝑫 𝒆, 𝒆$𝒏 Selection

Cut applied
1 𝛔 𝑬𝐛𝐞𝐚𝐦

𝐚𝐧𝐠𝐥𝐞𝐬 cut 
1 𝛔 ∆𝝓 cut
𝑸𝟐< 𝒇(𝜽𝒑𝒒)
𝜽𝒑𝒒 < 2
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Neutron Momentum Correction In order to correct the measured neutron momentum 
𝑷𝒎𝒆𝒂𝒔 a calculated neutron momentum (𝑷𝒄𝒂𝒍𝒄) is 

used as a reference (accurate value) 

𝑷𝒎𝒆𝒂𝒔 =
𝒎𝒏 𝜷𝒏𝒆𝒖𝒕𝒓𝒂𝒍

𝟏 − 𝜷𝒏𝒆𝒖𝒕𝒓𝒂𝒍𝟐
, where   𝜷𝒏𝒆𝒖𝒕𝒓𝒂𝒍 =

𝒍𝒏(𝑹𝑬𝑪)
𝒄.(𝒕𝒏 𝑹𝑬𝑪 5𝒕𝒔𝒕)

𝑷𝒄𝒂𝒍𝒄 ; 𝑬𝟎𝟐 − 𝟐 𝑬𝟎 ∗ 𝒑𝒆𝒄𝒂𝒍 ∗ 𝒄𝒐𝒔𝜽𝒆 + 𝒑𝒆𝒄𝒂𝒍𝟐 ,

∆𝑷𝒏𝒆𝒖𝒕 = 𝒑𝒄𝒂𝒍𝒄 − 𝒑𝒎𝒆𝒂𝒔

where 𝑷𝒆𝒄𝒂𝒍 =
𝑬𝟎

𝟏 + 𝟐𝑬𝟎 𝒔𝒊𝒏𝟐(
𝜃=
𝟐 )/𝑀>

The calculated neutron momentum is determined based on the known 𝑬𝒃𝒆𝒂𝒎 and the 
measured electron polar angle, assuming elastic scattering 

The measured neutron momentum (𝑷𝒎𝒆𝒂𝒔) is determined using

The neutron momentum correction is made in two steps:

1- ∆𝑷𝒏𝒆𝒖𝒕𝒗𝒔. 𝑷𝒎𝒆𝒂𝒔

2- ∆𝑷𝒏𝒆𝒖𝒕𝒗𝒔. 𝜽𝒎𝒆𝒂𝒔
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Neutron Momentum Correction

1- Correction done for each sector 
2- Binning ∆𝑷𝒏𝒆𝒖𝒕 in  𝑷𝒎𝒆𝒂𝒔
3- Fitting ∆𝑷𝒏𝒆𝒖𝒕 using Gauss
4- The mean of the Gauss is then fit by 1st order Poly:

1- ∆𝑷𝒏𝒆𝒖𝒕 𝒗𝒔. 𝑷𝒎𝒆𝒂𝒔

𝝁𝒑 = 𝒂𝒑 +𝒃𝒑 𝑷𝒎𝒆𝒂𝒔

5- the momentum correction function 

is then implemented with the parameters coming from 
fits. 

𝑷𝑷𝒄𝒐𝒓𝒓 = 𝑷𝒎𝒆𝒂𝒔 + 𝝁𝒑
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Neutron Momentum Correction
𝟐 − ∆𝑷𝒏𝒆𝒖𝒕 𝒗𝒔. 𝜽𝒎𝒆𝒂𝒔
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𝟐 − ∆𝑷𝒏𝒆𝒖𝒕 𝒗𝒔. 𝜽𝒎𝒆𝒂𝒔

Neutron Momentum Correction

1- Correction done for each sector 
2- Binning ∆𝑷𝒏𝒆𝒖𝒕 in 𝜽𝒎𝒆𝒂𝒔
3- Fitting ∆𝑷𝒏𝒆𝒖𝒕 using Gauss
4- The mean of the Gauss is then fit by 1st order Poly

5- the momentum correction function 

is then implemented With the parameters coming from fits. 

𝝁𝜽 = 𝒂𝜽 +𝒃𝜽 𝜽𝒎𝒆𝒂𝒔

𝑷𝜽𝒄𝒐𝒓𝒓 = 𝑷𝒎𝒆𝒂𝒔 + 𝝁𝜽
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Results of Correction

The corrections have led to clear improvements in both the resolutions 
and peak position of the missing energy distribution.
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Quasi-elastic Selection 4-Missing Energy Cut

From the momentum conservation law the transverse momentum for quasi-elastic events are expected to be zero.

𝑬𝒙 = 𝑬𝒃𝒆𝒂𝒎 + 𝑬𝑵 − 𝑬𝒆! − 𝑬𝑵! , 𝒘𝒉𝒆𝒓𝒆 𝑬 = 𝑷𝟐 +𝒎𝟐

𝑫 𝒆, 𝒆$𝒑 Selection 𝑫 𝒆, 𝒆$𝒏 Selection

Cut applied
1 𝛔 𝑬𝐛𝐞𝐚𝐦

𝐚𝐧𝐠𝐥𝐞𝐬 cut 
1 𝛔 ∆𝝓 cut
𝑸𝟐< 𝒇(𝜽𝒑𝒒)
𝜽𝒑𝒒 < 2
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Quasi-elastic Selection
The W distribution of 𝑫 𝒆, 𝒆7𝒑 and 𝑫 𝒆, 𝒆7𝒏 that satisfied 

1 𝛔 𝑬𝐛𝐞𝐚𝐦
𝐚𝐧𝐠𝐥𝐞𝐬 cut 

1 𝛔 ∆𝝓 cut
𝑸𝟐< 𝒇(𝜽𝒑𝒒)
𝜽𝒑𝒒 < 2
3 𝛔 𝑬𝒙

𝑫 𝒆, 𝒆0𝒑𝑫 𝒆, 𝒆0𝒑 𝑫 𝒆, 𝒆0𝒑

𝑫 𝒆, 𝒆0𝒏𝑫 𝒆, 𝒆0𝒏𝑫 𝒆, 𝒆0𝒏
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Acceptance Matching
Using only the electron information, assume elastic scattering,  predict the proton 
momentum, and swim it through CLAS12.

If the ’swum’ proton track strikes the CLAS12 fiducial volume, continue. If it does 
not, then drop the event.

Using only the electron information, assume elastic scattering, predict the neutron 
momentum, and swim the neutron track through CLAS12.

If the ’swum’ neutron track strikes the CLAS12 fiducial volume, continue. If it does 
not, then drop the event.

If both ‘swum’ tracks hit CLAS12, begin the nucleon analysis

proton
neutron proton

neutron
𝑫(𝒆, 𝒆$𝒑) 𝑫(𝒆, 𝒆$𝒏)
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Ratio Result 𝑹 =
𝑫 𝒆, 𝒆$𝒏
𝑫 𝒆, 𝒆$𝒑

Preliminary 
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What is Next 

Applied the correction to the Ratio:
1- NDE Correction 
2- Fermi Correction
3- Radiative Correction
4- Nuclear Correction 

Calculate 𝑮𝑴𝒏 :
Looking for the recent 𝑮𝑬

𝒑 , 𝑮𝑴
𝒑 𝒂𝒏𝒅 𝑮𝑬𝒏 parameterization
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Thank you !!
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