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Missing Baryon Problem

S. Capstick and N. Isgur, Phys. Rev. D34 (1986) 2809

“Missing Baryon Problem”
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Missing Baryon Problem and K+Λ channel

From an experimental point-of-view;

Pion beams was the primary tool to

study resonances. It is predicted that

the high-mass resonances

predominantly couple to γ beams.
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Missing Baryon Problem and K+Λ channel

From an experimental point-of-view;

Pion beams was the primary tool to
study resonances. It is predicted that
the high-mass resonances
predominantly couple to γ beams.

Not all resonances couple strongly to
the Nπ channel; coupled to other
channels as well.

Interference of states: Resonances

are broad and overlapping, possible

interference between N and ∆

states.

Particle Data Group 2018.
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Missing Baryon Problem and K+Λ channel
From an experimental point-of-view;

Pion beams was the primary tool to
study resonances. It is predicted that
the high-mass resonances
predominantly couple to γ beams.

Not all resonances couple strongly to
the Nπ channel; coupled to other
channels as well.

Interference of states: Resonances
are broad and overlapping, possible
interference between N and ∆
states.

γp → K+Λ channel is important
that;
- only contribute to N∗ with I =
1/2.

- Λ→ pπ−, self-analyzing nature of

Λ hyperon allow us to measure

polarization observables from its

decay products.

... polarization observables are sensitive to

the interefence from different states and

different processes.
Shankar Adhikari Measurement of polarization observables for Λ hyperon.
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Polarization observables

Photoproduction of pseudoscalar
meson; 16 total measurement, at least
8 measurement requires.
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Polarization observables

With Cx , Cz , and P

dσ

dΩ
≡ σ(cos θx , cos θy , cos θz)

= σ◦{1 + αPγCx cos θx

+αPγCz cos θz + αP cos θy}
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Polarization observables

With Cx , Cz , and P

dσ

dΩ
≡ σ(cos θx , cos θy , cos θz)

= σ◦{1 + αPγCx cos θx

+αPγCz cos θz + αP cos θy}

How to measure? γp → K+Λ

PΛz = P�Cz , along ẑ
PΛy = P, along ŷ

PΛx = P�Cx , along x̂

Shankar Adhikari Measurement of polarization observables for Λ hyperon.
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Establishing the N∗ - N(1900)3/2+

Bump first seen in SAPHIR K+Λ
cross section data but due to
systematic, misinterpreted as
Jp = 3/2− for Jp = 3/2+

Established in BnGa multichannel
analysis using CLAS cross section
and polarization results (Cx and
Cz), Jp = 3/2+ let to the ∗ ∗ ∗ in
PDG2012, PDG2018 ∗ ∗ ∗∗.
R. Bradford et al. [CLAS Collaboration], PRC

75, 035205 (2007)

First baryon resonance observed
and confirmed in electromagnetic
meson production.

Shankar Adhikari Measurement of polarization observables for Λ hyperon.
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What is significance?

γp → K+Λ; resonant and
non-resonant process. Significant
background from non-resonant
processes which are entangled
with resonant processes. Crucial
to understand non-resonant
process.

Cx and Cz : Eγ up to 5.45 Gev or
W up to 3.33 GeV (previously
2.5 GeV)

P: W up to 3.33 GeV (previously
2.8 GeV)

Image

credit: T. Corthals
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g12 Experiment using CLAS @ JLab

Hall B spectrometer

g12 experiment

Photon Pol: Circular
Target Material `H2

Target Position -90 cm from CLAS center

Eγ range: 1.142 – 5.45 GeV

Shankar Adhikari Measurement of polarization observables for Λ hyperon.
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γp → K+Λ→ K+pπ−

Topologies for K+pπ−

three-track: γp → K+pπ− (no
missing particle)
two-track: γp → K+p (missing
π−)

Standard cuts and corrections
g12 analysis note

– Timing cut
– Vertex cut
– Fiducial cut
– Time of Flight Knockout
– Multiple Photon Cut
– E-p corrections

After cuts and corrections

γp → K+Λ, Λ decay mode

pπ− → 64% nπ◦ → 36%.

Final state K+, proton, and π− are

required in data.

Figure : Missing mass of K+ before cuts
in γp → K+pπ−

Shankar Adhikari Measurement of polarization observables for Λ hyperon.
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γp → K+Λ→ K+pπ−

Topologies for K+pπ−

three-track: γp → K+pπ− (no
missing particle)
two-track: γp → K+p (missing
π−)

Standard cuts and corrections
g12 analysis note

– Timing cut
– Vertex cut
– Fiducial cut
– Time of Flight Knockout
– Multiple Photon Cut
– E-p corrections

After cuts and corrections

Example: vertex cut

Cut within the target length,
z-vertex 40 cm + 5 cm
downstream, radial r <5 cm.
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γp → K+Λ→ K+pπ−

Topologies for K+pπ−

three-track: γp → K+pπ− (no
missing particle)
two-track: γp → K+p (missing
π−)

Standard cuts and corrections
g12 analysis note

– Timing cut
– Vertex cut
– Fiducial cut
– Time of Flight Knockout
– Multiple Photon Cut
– E-p corrections

After cuts and corrections

two-track
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Kinematic Fitting

two-track

γp → K+p(π−); hypothesis
CL > 5%
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three-track

γp → K+pπ−; hypothesis
CL > 1%
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Event based dilution factor calculation for
γp → K+p(missingπ−)

Energy dependent MM(K+)

Q-factor method (A
multivariant analysis)
For each event (”seed event”),

find N nearest neighbors in

kinematic phase space (e.g.

cos θcmK+ , cos θcmp , φp and W ).

Plot mass distribution of the

N + 1 events and fit with signal

plus background functions.

MM(K+): W= 3.2- 3.33 GeV,

weighted by Q for signal and by

(1- Q) for background

Shankar Adhikari Measurement of polarization observables for Λ hyperon.
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Event based dilution factor calculation for
γp → K+p(missingπ−)

Energy dependent MM(K+)

Q-factor method (A
multivariant analysis)
For each event (”seed event”),

find N nearest neighbors in

kinematic phase space (e.g.

cos θcmK+ , cos θcmp , φp and W ).

Plot mass distribution of the

N + 1 events and fit with signal

plus background functions.

MM(K+): W= 3.2- 3.33 GeV,

weighted by Q for signal and by

(1- Q) for background

total function (voigt + linear)
signal function (voigt)

. . . . . . . . . . . .background . . . . . . . .function. . . . . . . .(linear)
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 0.00041±mean1 =  1.11651 

 0.00054±sigma1 =  0.00413 

QV = s/(s + b)

Figure : Seed event: Q-value fitting.
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Event based dilution factor calculation for
γp → K+p(missingπ−)

Energy dependent MM(K+)

Q-factor method (A
multivariant analysis)
For each event (”seed event”),

find N nearest neighbors in

kinematic phase space (e.g.

cos θcmK+ , cos θcmp , φp and W ).

Plot mass distribution of the

N + 1 events and fit with signal

plus background functions.

MM(K+): W= 3.2- 3.33 GeV,

weighted by Q for signal and by

(1- Q) for background

MM(K+)
MM(K+)*Q

MM(K+)*(1− Q)
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Measurement method: Maximum Likelihood

Maximum Likelihood Method; – Event by event based method

L =
N∏
i=1

[Pi ]
wi

Cx , Cz : wi = Qi , P� photon beam polarization

P(cos θpx , cos θpz |Cx , Cz )

= 1± P�α(Cx cos θpx + Cz cos θpz )

− logL = −
N∑
i=1

Qi log(1± P�α(Cx cos θpx + Cz cos θpz ))

P: wi = Qi × f iacc , α weak decay asymmetry = 0.642

P(cos θpy |P)

= 1 + αP cos θpy

− logL = −
N∑
i=1

Qi f
i
acc log(1 + αP cos θpy )

Shankar Adhikari Measurement of polarization observables for Λ hyperon.
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Comparison: two-track and three-track topologies.

Figure : three-track; binning in W and cos θcmK+ . W = 23, and cos θcmK+ =
10

Shankar Adhikari Measurement of polarization observables for Λ hyperon.
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Comparison: two-track and three-track topologies.
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Comparison: two-track and three-track topologies.
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Comparison: two-track and three-track topologies.
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Mean      0.00485± 0.07926 

Sigma     0.00481± 0.06257 

 altP - nomP Cx3track-Cx2track	 Cz3track-Cz2track	 P3track-P2track	

Two-track preferred rather than three-track:
– more statistics, better precision.
– increased data point with smaller bin size.
– background corrected using Q-factor method.

– consistency check, suggested acceptance correction for P results.
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Binning two-track

Figure : two-track, binning in W and cos θcmK+ . W = 41, and cos θcmK+ =
10
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Comparing with Previous CLAS measurements
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Comparing with Theory Model

Regge-Plus-Resonance
Fit:
– added t-channel
contributions, exchange
K(494) and K∗(892)

Shankar Adhikari Measurement of polarization observables for Λ hyperon.
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Comparing with Theory Model
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Systematic Uncertainty

Point-to-Point

Cut related systematic uncertainty
– Calculated variation selection criteria such as ∆t < 1 ns to
∆t < 0.9 ns.

δsys =

√√√√√√√√√√
∑
i

(Oi
nom −O

i
alt

δOi
nom

)2

∑
i

( 1

δOi
nom

)2
,

Uncertainty related to background
– use Q-value ± δQ.

Total systematic uncertainty: δsys,tot =
√∑

src δ
2
sys,src

Scale Type

Photon beam polarization

Weak decay asymmetry α

Shankar Adhikari Measurement of polarization observables for Λ hyperon.
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Systematic Uncertainty

Point-to-point uncertainties

Source δP δCx δCz

timing cut 0.00126 0.00475 0.00420
vertex position cuts 0.0149 0.0126 0.00469

fiducial cuts 0.0085 0.0085 0.00417
confidence level cut 0.0109 0.0172 0.0236

Q-value 3− 7% 3− 5% 3− 7%

Scale-type uncertainties

P� – 0.05Cx 0.05Cz

α 0.020P 0.020Cx 0.020Cz

Total 0.020P 0.054Cx 0.054Cz

Table : Systematic uncertainties for observables.
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Summary

Photoproduction of K+Λ is an important channel to investigate
intermediate nuclear resonances.

Polarization observables are important to disentangle overlapped states.

Extended measurement for polarization observables– Cx , Cz , and P: –
More data has been added to the previous measurements.
– more precise measurement and great agreement with earlier CLAS
results.

Important to constrain the non-resonant (t-channel) contribution.

Data are suitable to study the higher mass resonances.

Further comparison with the different models, and collaboration with the
theory group.
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Thank You!
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γp → K+Λ→ K+pπ−

Topologies for K+pπ−

three-track: γp → K+pπ− (no
missing particle)
two-track: γp → K+p (missing
π−)

Standard cuts and corrections

Timing cut
Vertex cut
Fiducial cut
Time of Flight Knockout
Multiple Photon Cut
E-p corrections

Kinematic fitting

Final Events

γp → K+Λ; Λ, decay mode;
pπ− 64%

nπ◦ with 36%.
Final state K+, proton, and π− are

required in data.

Shankar Adhikari Measurement of polarization observables for Λ hyperon.
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γp → K+Λ→ K+pπ−

Topologies for K+pπ−

three-track: γp → K+pπ− (no
missing particle)
two-track: γp → K+p (missing
π−)

Standard cuts and corrections

Timing cut

Vertex cut
Fiducial cut
Time of Flight Knockout
Multiple Photon Cut
E-p corrections

Kinematic fitting

Final Events

Missing mass of K+ before cuts in
γp → K+pπ−
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γp → K+Λ→ K+pπ−

Topologies for K+pπ−

three-track: γp → K+pπ− (no
missing particle)
two-track: γp → K+p (missing
π−)

Standard cuts and corrections

Timing cut
Vertex cut

Fiducial cut
Time of Flight Knockout
Multiple Photon Cut
E-p corrections

Kinematic fitting

Final Events
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...to select right photon at vertex.
events are selected with ±1 ns.
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γp → K+Λ→ K+pπ−

Topologies for K+pπ−

three-track: γp → K+pπ− (no
missing particle)
two-track: γp → K+p (missing
π−)

Standard cuts and corrections

Timing cut
Vertex cut
Fiducial cut

Time of Flight Knockout
Multiple Photon Cut
E-p corrections

Kinematic fitting

Final Events

Cut within the target length (40cm)
+ 5 cm downstream.
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γp → K+Λ→ K+pπ−

Topologies for K+pπ−

three-track: γp → K+pπ− (no
missing particle)
two-track: γp → K+p (missing
π−)

Standard cuts and corrections

Timing cut
Vertex cut
Fiducial cut
Time of Flight Knockout

Multiple Photon Cut
E-p corrections

Kinematic fitting

Final Events
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nominal cut.
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γp → K+Λ→ K+pπ−

Topologies for K+pπ−

three-track: γp → K+pπ− (no
missing particle)
two-track: γp → K+p (missing
π−)

Standard cuts and corrections

Timing cut
Vertex cut
Fiducial cut
Time of Flight Knockout
Multiple Photon Cut

E-p corrections

Kinematic fitting

Final Events

Time of flight scintillator paddle
number removed within six sector.

Shankar Adhikari Measurement of polarization observables for Λ hyperon.
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γp → K+Λ→ K+pπ−

Topologies for K+pπ−

three-track: γp → K+pπ− (no
missing particle)
two-track: γp → K+p (missing
π−)

Standard cuts and corrections

Timing cut
Vertex cut
Fiducial cut
Time of Flight Knockout
Multiple Photon Cut
E-p corrections

Kinematic fitting

Final Events

Only single photon events are selected.

Shankar Adhikari Measurement of polarization observables for Λ hyperon.
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γp → K+Λ→ K+pπ−

Topologies for K+pπ−

three-track: γp → K+pπ− (no
missing particle)
two-track: γp → K+p (missing
π−)

Standard cuts and corrections

Timing cut
Vertex cut
Fiducial cut
Time of Flight Knockout
Multiple Photon Cut
E-p corrections

Kinematic fitting

Final Events

) (GeV)+MM(K
1.04 1.06 1.08 1.1 1.12 1.14 1.16 1.18 1.2

C
ou

nt
s

0

5000

10000

15000

20000

25000

30000

35000

g12 momentum, photon beam energy,
and energy loss of particle tracks are
corrected. Collected effect. Red: before
correction, Blue: after correction.
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γp → K+Λ→ K+pπ−

Topologies for K+pπ−

three-track: γp → K+pπ− (no
missing particle)
two-track: γp → K+p (missing
π−)

Standard cuts and corrections

Timing cut
Vertex cut
Fiducial cut
Time of Flight Knockout
Multiple Photon Cut
E-p corrections

Kinematic fitting

Final Events

two-track: CL > 5%

three-track: CL > 1%

Shankar Adhikari Measurement of polarization observables for Λ hyperon.
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γp → K+Λ→ K+pπ−

Topologies for K+pπ−

three-track: γp → K+pπ− (no
missing particle)
two-track: γp → K+p (missing
π−)

Standard cuts and corrections

Timing cut
Vertex cut
Fiducial cut
Time of Flight Knockout
Multiple Photon Cut
E-p corrections

Kinematic fitting

Final Events

two-track : > 10 M
three-track : ≈ 0.75 M

Shankar Adhikari Measurement of polarization observables for Λ hyperon.
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Effect of kinematic fitting
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g12 running parameter

Shankar Adhikari Measurement of polarization observables for Λ hyperon.
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