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◈ Motivation 
◈ Strategy
◈ Formalism
    (Effective Lagrangian & Regge model)
◈ Results : � total cross sections (σ)
                   � differential cross sections 
                     (dσ/dΩ, dσ/dt)                     
◈ Summary & Future plan

Outline
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 1. Motivation  
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 1. Motivation  Baryons from PDG

◇ Charmed baryons are less known than light-flavor baryons.

◇ Heavy + Light quark system
    
• Recent research (X, Y, Z, Pc+,... ) is a hot issue for the last decade
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at the [ Belle, Babar, Bes, LHCb,... ] Collaborations.
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 1. Motivation  Baryons from PDG

◇ Charmed baryons are less known than light-flavor baryons.

◇ Heavy + Light quark system
    
• Recent research (X, Y, Z, Pc+,... ) is a hot issue for the last decade.

5

• A charmed baryon (qqQ) is one of the simplest among this system.

• It gives us a hint about a diquark.

qqQQ qqqQQ

• LHCb, Belle, etc Collaborations are already producing charmed baryons.
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 1. Motivation  

Only an upper limit (7-nb) is estimated in 13-GeV/c pion energy.
PRL 55, 154 (1985) (BNL)

Experiments

6
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Experiments

6

A theoretical estimation of the production rate is important.
How to predict?
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II. Strategy
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 2. Strategy  

We employ effective Lagrangian and Regge model.
How to determine free parameters ?

dc udc

7
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 2. Strategy  

dc udc ds uds
c s

The same coupling constants will be
used for the corresponding vertices.

 u,d ≪ s,c

We rely on the strange sector for 
the free parameters (coupling constants & form factors).

We employ effective Lagrangian and Regge model.
How to determine free parameters ?
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How do the two models differ from each other ?

 2. Strategy  

Low energy High energy 

8
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Effective Lagrangians Regge model

How do the two models differ from each other ?

 2. Strategy  

Low energy High energy 

8
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Effective Lagrangians Regge model

How do the two models differ from each other ?

 2. Strategy  

Hybrid Regge approach 

Low energy High energy 

8
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III. Formalism
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 3. Formalism  Effective Lagrangians

+ +

Tree Level Diagrams

9



26

 3. Formalism  Effective Lagrangians

+ +

Tree Level Diagrams

9



27
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How to determine the cutoff masses, Λ ?

Determined by fitting 
to the experimental data. The same values are used. 

 3. Formalism  Effective Lagrangians

Feynman Amplitudes
& Form Factors

Form factor :

10
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 3. Formalism  
General Idea

1. Most reactions have a tendency for a forward peak.
2. At high energies, t-channel exchange dominates.

    => A Regge method works.

Regge model

11
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 3. Formalism  
General Idea

1. Most reactions have a tendency for a forward peak.
2. At high energies, t-channel exchange dominates.

    => A Regge method works.

What is a Regge model?

A single particle exchange in the t-channel of spin J behaves as

which violates unitarity for large J.

We need to sum up all meson exchanges of various J.

α(t) is called a Regge trajectory. α(t) = α(0) + α't  

Regge model

Froissart bound :

11
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Regge Trajectories

 3. Formalism  

J.K.Storrow, PhysRept. 103.317(1984)Brisudova et al, PRD 61.054013(2000)

Regge model

12
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Regge Trajectories

 3. Formalism  

J.K.Storrow, PhysRept. 103.317(1984)Brisudova et al, PRD 61.054013(2000)

Regge model

12

α(t) connect hadrons with their families 
which have the same internal quantum number, 
where M and J are the mass and the spin of a related hadrons.

For the charm Regge trajectories, 
we rely on the quark-gluon string model (QGSM).
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 3. Formalism  Regge model

Regge Propagators & Amplitudes

The Regge propagators reduce to the Feynman propagators 1/(t-M²) 
if one approaches the first pole on the trajectory (i.e. t → M²).

Asymptotic Behavior

(We proved 
  analytically.) 13
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 3. Formalism  Regge model

Form factor :

14
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IV. Results
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Crennell et al, 
PRD6.1220(1972)

Dahl et al, 
PR163.1377(1967)

Exp. Data  :

 4. Results : Total & Differential Cross Sections  

K (K*) exchange contributes mainly to the low (high)-energy region.

[Effective Lagrangians]

15K* reggeon is dominant in the whole energy region. 

[Regge]
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 4. Results : Differential Cross Sections

K exchange governs dσ/dt near −t′ ≈ 0, whereas 
K* exchange becomes dominant as −t′ increases.

[Effective Lagrangians]

16



38

 4. Results : Differential Cross Sections

The slopes are faster than those of the effective Lagrangian method. 
Regge approach explains the experimental data better at higher values of plab.

[Regge]

17
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 4. Results : Total Cross Sections   
[Effective Lagrangians]

18

n

[Regge]
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 4. Results : Total Cross Sections   
[Effective Lagrangians]

18

n

[Regge]

Upper
limit:
7 nb at 
13 GeV/c
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 4. Results : Differential Cross Sections   
[Effective Lagrangians]

[Regge]

19

n

Where does this large gap come from?
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 4. Results : Differential Cross Sections   
[Effective Lagrangians]

[Regge]

Where does this large gap come from?

no effect, not main reason

19

n
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 4. Results : Differential Cross Sections   
[Effective Lagrangians]

[Regge]

Where does this large gap come from?

no effect, not main reason

19

n

form factor

energy scale parameter
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III. Formalism
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 3. Formalism  

Tree Level Diagrams

dc udc

ds uds

20
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IV. Results



47

[Regge]

Ronchen et al (Julich), 
EurPhysJA.49.44 (2013)
:Coupled channel analysis

 4. Results : Total Cross Sections   

21
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[Regge]
 4. Results : Total Cross Sections   

RPR (Regge plus Resonance) model is required.
21
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[Regge]
 4. Results : Total Cross Sections   

differential cross sections ?
21
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W=1879 MeV

W=2305 MeV

W=1934 MeV

W=2208 MeV

[Regge]
 4. Results : Differential Cross Sections   

22
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n

 4. Results : Total Cross Sections   
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 4. Results : Total Cross Sections   
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 4. Results : Total & Differential Cross Sections  
My results Kofler et al

24
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V. Summary & Future plan
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 5. Summary & Future plan 

◇ The production rates of the (π- p → K* Λ, π- p → D* Λc) are calculated.
◇ In effective Lagrangians , we take into account the contributions 
    of K(D), K*(D*), N, and Σ(Σc) exchanges.
    In a Regge model,  K(D), K*(D*), and Σ(Σc) reggeon exchanges are considered.   
◇ In general, vector meson exchanges (K*,D*) govern our reaction processes.

◇ σ (π- p → K* Λ) > σ (π- p → D* Λc), 10⁴ ~ 10³ (10⁴ ~ 10⁶) times
    for the effective Lagrangians (Regge model).

25
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25

◇ In the case of the (π- p → K Λ, π- p → D Λc),
    K*(D*) and Σ(Σc) reggeon exchanges are considered with a Regge model.   
◇ (K*,D*) reggeon exchanges govern our reaction processes.

◇ σ (π- p → K Λ) > σ (π- p → D Λc), 10⁵~ 10⁶ times for the Regge model.
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 • Coupled-channel analysis
25

◇ In the case of the (π- p → K Λ, π- p → D Λc),
    K*(D*) and Σ(Σc) reggeon exchanges are considered with a Regge model.   
◇ (K*,D*) reggeon exchanges govern our reaction processes.

◇ σ (π- p → K Λ) > σ (π- p → D Λc), 10⁵~ 10⁶ times for the Regge model.
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Thank you very much
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Backup



 2. Strategy  

By T. Yoshida (Tokyo tech.)

Charmed baryon spectroscopy in a quark modelCharmed baryon spectroscopy in a quark model
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By T. Yoshida (Tokyo tech.)
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 3. Formalism  Effective Lagrangians

Effective Lagrangians

Exp. Nijmegen potential (NSC97a)SU(3) relation

Coupling Constants



Coupling Constants

Exp. SU(3) relation
Nijmegen potential (NSC97a)

 3. Formalism  

Nijmegen potential (NSC97f)

g(f)/g(a) 1.43 1.431.31



Feynman Amplitudes
 3. Formalism  
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 3. Formalism  Regge model

Form factor :

Cross sections without form factors

➪ K* reggeon exchange may be more dominant than K reggeon one.



The intercept and the slope of the trajectory for the 
nondiagonal transition are related to the corresponding
parameters for the diagonal transitions :

Brisudova et al, PRD 61.054013(2000)

?

(a)

Regge Parameters
 3. Formalism  



The energy scale parameter is related to the
corresponding parameters for the diagonal transitions :

Brisudova et al, PRD 61.054013(2000)

(b)

Regge Parameters
 3. Formalism  
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 4. Results : Total Cross Sections   

s c 
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Form factors & Size of baryons

the nucleon

charmed baryon

s c 

 4. Results   
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Form factors & Size of baryons

the nucleon

charmed baryon

s c 

 4. Results   
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 4. Results : Differential Cross Sections   
[Effective Lagrangians]

[Regge]

Where does this large gap come from?

no effect, not main reason

n

Assumptions 
1: couplings (s) = couplings (c)
2: cutoff masses (s) = cutoff masses (c)

These assumptions are reasonable?
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END


	슬라이드 1
	슬라이드 2
	슬라이드 3
	슬라이드 4
	슬라이드 5
	슬라이드 6
	슬라이드 7
	슬라이드 8
	슬라이드 9
	슬라이드 10
	슬라이드 11
	슬라이드 12
	슬라이드 13
	슬라이드 14
	슬라이드 15
	슬라이드 16
	슬라이드 17
	슬라이드 18
	슬라이드 19
	슬라이드 20
	슬라이드 21
	슬라이드 22
	슬라이드 23
	슬라이드 24
	슬라이드 25
	슬라이드 26
	슬라이드 27
	슬라이드 28
	슬라이드 29
	슬라이드 30
	슬라이드 31
	슬라이드 32
	슬라이드 33
	슬라이드 34
	슬라이드 35
	슬라이드 36
	슬라이드 37
	슬라이드 38
	슬라이드 39
	슬라이드 40
	슬라이드 41
	슬라이드 42
	슬라이드 43
	슬라이드 44
	슬라이드 45
	슬라이드 46
	슬라이드 47
	슬라이드 48
	슬라이드 49
	슬라이드 50
	슬라이드 51
	슬라이드 52
	슬라이드 53
	슬라이드 54
	슬라이드 55
	슬라이드 56
	슬라이드 57
	슬라이드 58
	슬라이드 59
	슬라이드 60
	슬라이드 61
	슬라이드 62
	슬라이드 63
	슬라이드 64
	슬라이드 65
	슬라이드 66
	슬라이드 67
	슬라이드 68
	슬라이드 69
	슬라이드 70
	슬라이드 71
	슬라이드 72

