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• Existing Λ 1520 photo- and electro-production experimental results

• Preliminary RG-K data analysis on 𝐞𝐩 → 𝒆!𝑲 "𝜦 𝟏𝟓𝟐𝟎 → 𝐞!𝑲"(𝑲#)𝒑
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Missing Resonances Problem

Constituent Quark Models and 
LQCD calculations predict a
significantly larger number of 
excited states than those 
observed

PredictedObserved
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Study of Resonance Properties in Electroproduction Reactions
Baryon resonances are produced as intermediate
states in meson electroproduction processes on
proton (and neutron) targets.

New resonances may decay into a KY meson-
baryon couple with associate strangeness 
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****
Confidence level of observed resonances
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Why KΛ and   K Λ*?
It should be possible to discover new excited baryons and confirm the discovery of several 
others by analyzing final states such as :

KΛ, KΣ, ΛK*, KΣ*, KΛ*

Co
un

ts

I J! = 0 "
#

$

M= 1519.42±0.19 𝑀𝑒𝑉
Γ = 15.80 ± 0.32 MeV
BR: N6K = 0.44 ± 0.01

pK$ = (23.4±1.6)%

S.Capstick and W.Roberts,Phys. Rev. D 58,074011(1998)

MM(ek) GeV/c^2

𝐞𝐩 → 𝒆!𝑲 "𝜦 𝟏𝟓𝟐𝟎 → 𝐞!𝑲"(𝑲#)𝒑
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Λ(1520) properties
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Previous results: first KΛ(1520) electro-production at CLAS
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• KΛ(1520) e1 electroproduction at CLAS Phys. Rev. C 64, 044601(2001)

Ø Λ(1520) spin projection distributions from the Λ(1520) decay 
in the GJ helicity frame were fitted to disentangle J = %

#

background from the J = "
#

Λ(1520) 

J!="
#

$J!=%
#

$

• 𝜎 (t)differential cross section
• 𝜙& angular distribution
• 𝜎 (W) total cross section
• 𝜎 (Q#) total cross section

The following observables have been measured:

The conclusion was that longitudinal t-channel 
diagrams make significant contributions to 
electroproduction but not in photoproduction
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Previous results: CLAS KΛ(1520) photoproduction
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PHYSICAL REVIEW C 88, 045201 (2013)

!clas data LEPS data ! ! clas data LAMP2 data SAPHIR data

CLAS data support the model including N* contribution

More observables are needed !

N* contribution 
included
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Electroproduction Differential Cross Section 

Electron Helicity Independent Terms (HIT)
• σ! virtual photon transverse structure function 

• σ" virtual photon longitudinal structure function

• σ"! interference longitudinal - transverse structure 
function

• σ!! interference transverse - transverse structure 
functions

• ε virtual photon polarization parameter

helicity dependent structure 
function 

ε = 1 + 2 1 +
𝑣!

𝑄!
𝑡𝑎𝑛!

"!
!

#$

• σ'(! helicity dependent interference longitudinal - transverse 
structure function
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Beam Polarization Observables
CLAS12 SetUp Characteristics:

Longitudinally polarized beam (h=+/-1) on Unpolarized target

The simplest accessible polarization observable  is the beam-spin asymmetry 

Helicity dependence of the (virtual) cross section:

HIT

HIT
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𝐴BC =
1
𝑃D
𝑁" −𝑁#

𝑁" +𝑁# ~ 𝐴BCEFGH 𝑠𝑖𝑛𝜙



𝚲 𝟏𝟓𝟐𝟎

𝑀𝑀 𝑒𝐾 𝐺𝑒𝑉

𝐞𝐩 → 𝒆!𝑲 %𝜦 𝟏𝟓𝟐𝟎 → 𝐞!𝑲)(𝑲")𝒑

MM eK. = 𝐩/ + 𝐩0 − 𝐩/1 − 𝐩2 3

MM eK"p = 𝐩J + 𝐩K − 𝐩J! − 𝐩L − 𝐩M
N
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Kinematic Cut:
0.45 GeV <MM(eK+p)<0.55 GeV
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Selection Condition
• 𝑒 Forward Detector
• 𝑝 Forward/ Central Detector
• 𝐾 Central/ Central Detector
• Eb = 6.5 GeV 
Data Set belongs Fall 2018



MM(eK+ ) vs MM(eK+p)
𝒆𝒑 → 𝒆!𝑲"𝚲 𝟏𝟓𝟐𝟎 → 𝒆!𝑲" 𝑲# 𝒑 Eb= 6.5 GeV (𝟎. 𝟑𝐆𝐞𝐕𝟐 < 𝑸𝟐 < 𝟐𝐆𝐞𝐕𝟐)
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𝜃*+, 75°

• MM(eK+) vs MM(eK+p) 
are kinematically 
correlated: in the 2D 
plane, events are 
distributed along a 
narrow diagonal band

• A 75° rotation  
decorrelates the two 
variables, making the 
𝚲 𝟏𝟓𝟐𝟎 signal  
narrower
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𝒆𝒑 → 𝒆!𝑲"𝚲 𝟏𝟓𝟐𝟎 → 𝒆!𝑲" 𝑲# 𝒑 Eb= 6.5 GeV (𝟎. 𝟑𝐆𝐞𝐕𝟐 < 𝑸𝟐 < 𝟐𝐆𝐞𝐕𝟐)
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Kinematic Cut:
0.45 GeV <MM(eK+p)<0.55 
GeV

M
M

(e
K+

p)
 [G

eV
/c
2 ]

M
M

(e
K+

p)
 [G

eV
/c
2 ]

The cut on 
0.45 GeV<MM(eK+p)<0.55 

GeV 
removes the background, 
improving the signal to 

background ratio

MM(eK+ ) vs MM(eK+p)

MM(eK+) [GeV/c2]
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MM(eK+) [GeV/c2]



MM(eK+)
𝒆𝒑 → 𝒆!𝑲"𝚲 𝟏𝟓𝟐𝟎 → 𝒆!𝑲" 𝑲# 𝒑 Eb= 6.5 GeV (𝟎. 𝟑𝐆𝐞𝐕𝟐 < 𝑸𝟐 < 𝟐𝐆𝐞𝐕𝟐)
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BEFORE CUT AFTER CUTKinematic Cut:
0.45 GeV<MM(eK+p)<0.55 GeV

• The MM(eK+) with rotation 
profile before the cut 
shows the 𝚲 𝟏𝟓𝟐𝟎
at ~ 1.52 𝐺𝑒𝑉 sitting on 
top a large continuous 
background

• The MM(eK+) with rotation 
profile after the cut 
shows a narrower and 
more prominent 𝚲 𝟏𝟓𝟐𝟎
peak, the continuous 
background significantly 
reduced

The spectrum after the cut is 
used as input for the fitting 
procedure
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Fitting Procedure (Lorentzian + Radiative Tail)
𝒆𝒑 → 𝒆!𝑲"𝚲 𝟏𝟓𝟐𝟎 → 𝒆!𝑲" 𝑲# 𝒑 Eb= 6.5 GeV (𝟎. 𝟑𝐆𝐞𝐕𝟐 < 𝑸𝟐 < 𝟐𝐆𝐞𝐕𝟐)

𝑓 𝑡 = 𝐴

1
𝑡# + 1

𝑡 ≤ 𝛼

𝐵
𝐶 − 𝑡 - 𝑡 > 𝛼

𝐵 = −
𝑛
2𝛼

-
𝛼# + 1 -$%

𝐶 = 𝛼 − 𝑛
𝛼# + 1
2𝛼

𝑡 =
𝐸 − 𝐸.
Γ
2

𝑓 𝑡 = 𝐴

1
𝑡# + 1 𝑡 ≤ 𝛼

− 𝑛
2𝛼

-
𝛼# + 1 -$%

𝛼 − 𝑛 𝛼
# + 1
2𝛼 − 𝑡

- 𝑡 > 𝛼

• 𝒏 is the power of the power -law tail
• 𝜶 defines the matching point between the Lorentzian core and the 

power-law tail 
Background

𝑩𝒌𝒈 = 𝑨 + 𝑩𝒙 + 𝑪 𝟐𝒙𝟐 − 𝟏
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Fitting Procedure (Lorentzian + Radiative Tail)
𝒆𝒑 → 𝒆!𝑲"𝚲 𝟏𝟓𝟐𝟎 → 𝒆!𝑲" 𝑲# 𝒑 Eb= 6.5 GeV (𝟎. 𝟑𝐆𝐞𝐕𝟐 < 𝑸𝟐 < 𝟐𝐆𝐞𝐕𝟐)
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Fit Functions = Distribution 
with Radiative Tail 

+Polynominal Chebyshev 2°

MM(eK) [GeV/C2]

𝜶 = 𝟎. 𝟐𝟓 ± 𝟎. 𝟎𝟎𝟏𝟒
𝒏 = 𝟏. 𝟖𝟎𝟎 ± 𝟎. 𝟎𝟏𝟎

Fit function was 
optimized on full 
spectrum without 
helicity  and 𝝓
separation to fix n 
and alpha 
parameters.
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Phi (𝚽) vs MM(eK+) (Binning Choice)
𝒆𝒑 → 𝒆/𝑲)𝚲 𝟏𝟓𝟐𝟎 → 𝒆/𝑲) 𝑲$ 𝒑 Eb= 6.5 GeV(𝟎. 𝟑𝐆𝐞𝐕𝟐 < 𝑸𝟐 < 𝟐𝐆𝐞𝐕𝟐)

𝜱
[0,60]

[60,120]
[120,180]
[180,240]
[240,300]
[300,360]

Kinematic cut applied:
0.45 GeV <MM(eKp)< 0.55 
GeV

Phi vsMM(eK) Entries = 41160

Angle Phi [deg]

M
M

(e
K)

 [G
eV

/C
2 ]
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From fit to BSA Extraction of Signal Yields (N)
𝒆𝒑 → 𝒆1𝑲.𝚲 𝟏𝟓𝟐𝟎 → 𝒆1𝑲. 𝑲= 𝒑 Eb= 6.5 GeV (𝟎. 𝟑𝐆𝐞𝐕𝟐 < 𝑸𝟐 < 𝟐𝐆𝐞𝐕𝟐)
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h= +1 𝟔𝟎 < 𝝓 < 𝟏𝟐𝟎 h= -1 𝟔𝟎 < 𝝓 < 𝟏𝟐𝟎

𝜒# = 33.60
𝑁01 = 2350

𝜒# = 225
𝑁01 = 2209

Fit Functions = distribution 
with radiative tail 

+Polynominal Chebyshev 2°

Fit Functions = distribution 
with radiative tail 

+Polynominal Chebyshev 
2°
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From fit to BSA Extraction of Signal Yields (N)
𝒆𝒑 → 𝒆1𝑲.𝚲 𝟏𝟓𝟐𝟎 → 𝒆1𝑲. 𝑲= 𝒑 Eb= 6.5 GeV (𝟎. 𝟑𝐆𝐞𝐕𝟐 < 𝑸𝟐 < 𝟐𝐆𝐞𝐕𝟐)

Chiara Ammendola - chiara.ammendola@roma2.infn.it
MM(eK) [GeV/C2] MM(eK) [GeV/C2]

h= +1 240< 𝝓 < 𝟑𝟎𝟎 h= -1  240< 𝝓 < 𝟑𝟎𝟎

𝜒# = 42.71
𝑁01 = 2630

𝜒# = 51.84
𝑁01 = 2564

Fit Functions = distribution 
with radiative tail 

+Polynominal Chebyshev 2°

Fit Functions = distribution 
with radiative tail 

+Polynominal Chebyshev 
2°
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Extraction of Signal Yields (N)
𝒆𝒑 → 𝒆1𝑲.𝚲 𝟏𝟓𝟐𝟎 → 𝒆1𝑲. 𝑲= 𝒑 Eb= 6.5 GeV (𝟎. 𝟑𝐆𝐞𝐕𝟐 < 𝑸𝟐 < 𝟐𝐆𝐞𝐕𝟐)
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Background SubtractionMethod 1

𝑵𝒔𝒊𝒈 = ∑ 𝒀𝒃𝒊𝒏− 𝒀𝒃𝒌𝒈
• 𝒀𝒃𝒊𝒏 𝒉𝒊𝒔𝒕𝒐𝒈𝒓𝒂𝒎 𝒃𝒊𝒏 𝒄𝒐𝒏𝒕𝒆𝒏𝒕 𝒄𝒐𝒖𝒏𝒕𝒔

• 𝒀𝒃𝒌𝒈 𝒑𝟎 + 𝒑𝟏 + 𝒑𝟐 𝟐𝒙𝟐 − 𝟏

Method 2 Analytical Integral 𝒇 𝒕 = 𝑨

𝟏
𝒕𝟐 + 𝟏

𝒕 ≤ 𝜶

𝑩
𝑪 − 𝒕 𝒏 𝒕 > 𝜶

𝑵𝒔𝒊𝒈 =
𝑰𝟏 + 𝑰𝟐
𝚫𝒙

• 𝑰𝟏 𝑰𝒏𝒕𝒆𝒈𝒓𝒂𝒍 𝒐𝒇 𝑳𝒐𝒓𝒆𝒏𝒕𝒛𝒊𝒂𝒏 𝒄𝒐𝒓𝒆
• 𝑰𝟐 𝑰𝒏𝒕𝒆𝒈𝒓𝒂𝒍 𝒐𝒇 𝒓𝒂𝒅𝒊𝒂𝒕𝒊𝒗𝒆 𝒕𝒂𝒊𝒍
• 𝚫𝐱 𝒃𝒊𝒏 𝒘𝒊𝒅𝒕𝒉
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Signal Yields : Method 1 vs Method 2
𝒆𝒑 → 𝒆1𝑲.𝚲 𝟏𝟓𝟐𝟎 → 𝒆1𝑲. 𝑲= 𝒑 Eb= 6.5 GeV (𝟎. 𝟑𝐆𝐞𝐕𝟐 < 𝑸𝟐 < 𝟐𝐆𝐞𝐕𝟐)
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Asymmetry 𝑨𝑳𝑼 𝒗𝒔 𝒔𝒊𝒏𝝓 Method 1
𝒆𝒑 → 𝒆1𝑲.𝚲 𝟏𝟓𝟐𝟎 → 𝒆1𝑲. 𝑲= 𝒑 Eb= 6.5 GeV (𝟎. 𝟑𝐆𝐞𝐕𝟐 < 𝑸𝟐 < 𝟐𝐆𝐞𝐕𝟐)
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ALU = Ratio of yields 𝑁±

ALU= $%&
&''&(

&((&'

Sine moment of asymmetry
𝐴)* ~ 𝐴)*+,-. sin 𝑥

𝐀𝐋𝐔 = 𝟎. 𝟎𝟒𝟑𝟎 ± 𝟎. 𝟎𝟏𝟎
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Asymmetry 𝑨𝑳𝑼 𝒗𝒔 𝒔𝒊𝒏𝝓 Method 2
𝒆𝒑 → 𝒆1𝑲.𝚲 𝟏𝟓𝟐𝟎 → 𝒆1𝑲. 𝑲= 𝒑 Eb= 6.5 GeV (𝟎. 𝟑𝐆𝐞𝐕𝟐 < 𝑸𝟐 < 𝟐𝐆𝐞𝐕𝟐)
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ALU = Ratio of yields 𝑁±

ALU= %
5!

6"$6#

6#)6"

Sine moment of asymmetry
𝐴78 ~ 𝐴789:-; sin 𝑥

𝐀𝐋𝐔 = 𝟎. 𝟎𝟑𝟎𝟓 ± 𝟎. 𝟎𝟏𝟎
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Asymmetries in Comparison Method1 vs Method 2
𝒆𝒑 → 𝒆1𝑲.𝚲 𝟏𝟓𝟐𝟎 → 𝒆1𝑲. 𝑲= 𝒑 Eb= 6.5 GeV (𝟎. 𝟑𝐆𝐞𝐕𝟐 < 𝑸𝟐 < 𝟐𝐆𝐞𝐕𝟐)
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• Method 1- Backgroud Substraction
(𝐴78 = 0.0430 ± 0.0108)

• Method 2 – Analytical Integral 
(𝐴78 = 0.0305 ± 0.0104)
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Conclusions 
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• First BSA studies for 𝚲 𝟏𝟓𝟐𝟎 electroproduction channel using CLAS12 
Fall 2018 RGK data (polarized beam, unpolarized target) have been 
reported.

• Helicity- separated signal yields ± have been extracted in 𝜙 bins with 
two different methods. 

• First preliminary estimate of 𝐴RS has been obtained using Eb= 6.5 GeV
(𝟎. 𝟑𝐆𝐞𝐕𝟐 < 𝑸𝟐 < 𝟐𝐆𝐞𝐕𝟐)

• Next step apply the same procedure with Spring 2024 RGK dataset to obtain results 
as a function of W and QN.
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Thank you for your 
attention !



Previous results: early KΛ(1520) photoproduction

Chiara Ammendola - chiara.ammendola@roma2.infn.it

1. KΛ(1520) photoproduction at SLAC - 11 GeV Bremsstrahlung 𝛾 beam - Phys. Lett. B 34, 547 (1971).

Ø Differential cross section shows a maximum at t = −m&#
# and decrease 

at t → 0

2. KΛ(1520) photoproduction at LAMP2, Daresbury – E> = 2.8–4.8 GeV - Z. Phys. C: Part. Fields 7, 17 (1980).

𝜎 = (6.5 ± 0.7)E1
'(3.$±5.3)

Ø Cross section shows an 
energy dependence:

Ø sin#𝜃 angular distribution of 
Λ(1520) → K$p is compatible 
with J!="

#

$

Ø dominant K*(892)  exchange in 
the t channel 

Ø negligible contribution of K (493) 
exchange

J? =
3
2

$

Evidence of vector meson dominance model

Λ(1520) strong decay distributionΛ(1520) strong decay distribution
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Previous results: more KΛ(1520) photoproduction
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LEPS results for E> < 2.4 GeV are compatible with the 

production of an intermediate N* "
#

)
(2100) resonance.

Phys. Rev. Lett. 104,172001 (2010).

SAPHIR  results for E> < 2.6 GeV

Ø A sin#𝜃&" dominance is observed at low energies.
Ø For energies above 2.43 GeV a 1 + 3 cos#𝜃&" shape is 

seen indicating that K exchange is clearly preferred

Eur. Phys. J. A 47,47 (2011)
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