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Why Lambdas?
• Similar spin structure to proton

• Constituent Quark Model predicts spin carried by s quark alone: Δ"!" = 1
(Denote contribution of quarks of flavor % to Λ spin: Δ"#" = "#"$ − "#"%)

• Previous experiments have observed small spin transfer coefficients but 
are unable to discriminate between models:

HERMES: ∆"&" = 0.11 ± 0.10 ,-.- ± 0.03(,1,-)
NOMAD result: −3"' = 0.09 ± 0.06 (,-.-) ± 0.03 (,1,-)

A. Airapetian, et al. Physical Review D, 74(7), Oct 2006. 
NOMAD Collaboration, P. Astier et al., Nucl. Phys. B 588, 3 (2000).
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Spin Transfer

• Spin transfer to Lambda described by:
!"
!Ω!

∝ 1 + '(") * )##!$ cos .%#!

where ) * ≃ &' &'( "

&) &'( " is the depolarization factor

• Partial spin transfer from struck quark to Λ:

)##!,+$ 1 = 3&,+$ (1)
)&,+$ (1) =

)&,+)$) 1 − )&,+)$' 1
)&,+)$) 1 + )&,+)$' 1 ≃ Δ8+$

8+$
• Since there is a strong u-quark dominance in 9' DIS

)##!$ 1 ≈ )##!,,$ 1
22/Jun./21

A. Airapetian, et al. Physical Review D, 74(7), 
Oct 2006. 



Experimental Extraction

• Going back to the angular distribution:

67
6Ω(

∝ 1 + ;3)< 1 <**!" cos @+*!

Where cos @+*! is the angle between A$momentum and Λ spin 

quantization axis.

• Axis 1: along Λ momentum

• Axis 2: along the virtual photon momentum in Λ rest frame 

Λ
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Experimental Extraction

• Maximum likelihood (helicity balance) method allows us to extract on 
event-by-event basis:

<**!" = 1
;3),

⋅
Σ-./
0# 3),-< 1- cos @+*!-

Σ-./
0# <, 1- cos, @+*!-

• No acceptance corrections needed since 3) = 0 (beam polarization 
reverses at 30Hz).

• Linear fit method for the cos @ distributions requires acceptance 
correction.
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Invariant Mass Signal
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Signal Fit Info:
 = 323.442c

NDF = 93
 0.0414± = 0.4732 a

 383.60±n = 70.07 
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 170± = 97088 bgN

 MassoL

Crystal Ball Fit Function: 

%& '; ), +, ,, - = / 0 exp − $%& !

'(! ,
$%&
( > −)

= / 0 A & − $%&
(

%)
, $%&

( < −)

Standard SIDIS cuts: 
8' > 1 & ; > 2 & = < 0.8 & A* > 0 & B < 1
Also require identified #+C% and scattered D%
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MC: Comparison with Truth-Matched Signal
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Crystal Ball Fit

Truth Matching: 
Require a MC truth Λ in event with
|F,-." − F/0" | < 0.1GDH

/work/clas12/rg-a/montecarlo/fall2018/torus+1/clasdis/nobg/

Standard kinematic cuts: 
8' > 1 & ; > 2 & = < 0.8 & A* > 0 & B < 1
and positive #+C% PID and scattered D%
(positive PID, |I'| < 3 , greatest momentum) required.
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MC: Λ Kinematics Correlations
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Standard kinematic cuts: 
8' > 1 & ; > 2 & = < 0.8 & A* > 0 & B < 1
and positive #+C% PID and scattered D%
(positive PID, |I'| < 3 , greatest momentum) required.
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Truth Matching: 
Require a MC truth Λ in event with
|F,-." − F/0" | < 0.1GDH

2/Jun./21



h_ct1MC
Entries  17666
Mean  0.5367- 
Std Dev     0.338

1- 0.8- 0.6- 0.4- 0.2- 0 0.2 0.4 0.6 0.8 1
) MCqcos(

0

100

200

300

400

500C
ou

nt
s h_ct1MC

Entries  17666
Mean  0.5367- 
Std Dev     0.338

LP) MC along qcos(

MC: cos & Distributions

/work/clas12/rg-a/montecarlo/fall2018/torus+1/clasdis/nobg/
8

h_ct2MC
Entries  17666
Mean  0.3913- 
Std Dev    0.4565

1- 0.8- 0.6- 0.4- 0.2- 0 0.2 0.4 0.6 0.8 1
) MCqcos(

0

50

100

150

200

250

300

350

400

450

C
ou

nt
s h_ct2MC

Entries  17666
Mean  0.3913- 
Std Dev    0.4565

 *gP) MC along qcos(

h_ct1
Entries  17666
Mean  0.4728- 
Std Dev    0.3553

1- 0.8- 0.6- 0.4- 0.2- 0 0.2 0.4 0.6 0.8 1
)qcos(

0

50

100

150

200

250

300

350

400

C
ou

nt
s h_ct1

Entries  17666
Mean  0.4728- 
Std Dev    0.3553

LP) along qcos(
h_ct2

Entries  17666
Mean  0.3382- 
Std Dev    0.4643

1- 0.8- 0.6- 0.4- 0.2- 0 0.2 0.4 0.6 0.8 1
)qcos(

0

50

100

150

200

250

300

350C
ou

nt
s h_ct2

Entries  17666
Mean  0.3382- 
Std Dev    0.4643

 *gP) along qcos(

MC Truth

REC Matched

2/Jun./21



h_d_ct1_ct1MC_M_103_127

Entries  11129
Mean   0.00137
Std Dev    0.09439

1- 0.8- 0.6- 0.4- 0.2- 0 0.2 0.4 0.6 0.8 1
)qcos(D

0

200

400

600

800

1000C
ou

nt
s h_d_ct1_ct1MC_M_103_127

Entries  11129
Mean   0.00137
Std Dev    0.09439

LP) along qcos(D

MC: cos & Resolution in Signal Region

/work/clas12/rg-a/montecarlo/fall2018/torus+1/clasdis/nobg/
9

h_d_ct2_ct2MC_M_103_127

Entries  11129
Mean   0.009922
Std Dev    0.1626

1- 0.8- 0.6- 0.4- 0.2- 0 0.2 0.4 0.6 0.8 1
)qcos(D

0

100

200

300

400

500

600

700

800

900C
ou

nt
s h_d_ct2_ct2MC_M_103_127

Entries  11129
Mean   0.009922
Std Dev    0.1626

 *gP) along qcos(D

Truth Matching: 
Require a MC truth Λ in event with
|F,-." − F/0" | < 0.1GDH

Standard kinematic cuts: 
8' > 1 & ; > 2 & = < 0.8 & A* > 0 & B < 1
and positive #+C% PID and scattered D%
(positive PID, |I'| < 3 , greatest momentum) required.
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REC '()& Distributions
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Standard kinematic cuts: 
8' > 1 & ; > 2 & = < 0.8 & A* > 0 & B < 1

/volatile/clas12/rg-a/production/recon/fall2018/torus+1/pass1/v0/dst/train/skim4/ 102/Jun./21



Fit '()&! (acceptance corrected)
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Helicity Balance vs. Invariant Mass
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Note: errors are solely
statistical
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2/Jun./21



0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

Fx
0.1-

0.05-

0

0.05

0.1

0.15

0.2

0.25

0.3

LL
'

L D

L
pLongitudinal Spin Transfer along 

CLAS12
 Prel

im
inary

L
pLongitudinal Spin Transfer along 

Helicity Balance (BG corrected)

0.5 0.6 0.7 0.8 0.9
z

0.2-

0.1-

0

0.1

0.2

0.3LL
'

L D

L
pLongitudinal Spin Transfer along 

CLAS12
 Prel

im
inary

L
pLongitudinal Spin Transfer along 

0.5 0.6 0.7 0.8 0.9
z

0.2-

0.1-

0

0.1

0.2

0.3

LL
'

L D

 * g
pLongitudinal Spin Transfer along 

CLAS12
 Prel

im
inary

 * g
pLongitudinal Spin Transfer along 

T22" =
T22"#$% − UT2234

1 − U

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

Fx

0

0.1

0.2

0.3

0.4LL
'

L D

 *g
pLongitudinal Spin Transfer along 

CLAS12
 Prel

im
inary

 *g
pLongitudinal Spin Transfer along 

vs. B

vs. A*

13
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• Uncertainties from fit errors and incorrect particle PID were minimal 
(<0.001).

• Spin transfer in sidebands is also fairly small:

• Results from linear fit method are consistent within uncertainties, but
require better statistics.

Systematic Uncertainties
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Systematic Uncertainties: Method Pulls
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vs. B
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• Preliminary averaged )##! measurements:

• In general, consistent with HERMES ()##! = 0.11 ± 0.10 >?@? ± 0.03(>*>?)
and NOMAD (−($- = 0.09 ± 0.06 (>?@?) ± 0.03 (>*>?) )

• Current/future work: Deep Sets Networks and Graph Neural Networks for Λ
event identification, such as in arXiv:1810.05165v2 and arXiv:1902.08570v3 

Summary

182/Jun./21

https://arxiv.org/pdf/1810.05165.pdf
https://arxiv.org/pdf/1902.08570v3.pdf


Thank you!
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Standard kinematic cuts: 
8' > 1 & ; > 2 & = < 0.8 & A* > 0 & B < 1
and positive #+C% PID and scattered D%
(positive PID, |I'| < 3 , greatest momentum) required.
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Standard kinematic cuts: 
8' > 1 & ; > 2 & = < 0.8 & A* > 0 & B < 1
and positive #+C% PID and scattered D%
(positive PID, |I'| < 3 , greatest momentum) required.
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vs. B

vs. A*

Note: errors are solely
statistical



Binning
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Standard kinematic cuts: 
8' > 1 & ; > 2 & = < 0.8 & A* > 0 & B < 1
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HERMES Results
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