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In nucleus

We investigate the mass modification of ΛC baryon in nuclear matter.

Hadrons in nuclear matter:

• Interaction between the prove hadron and nucleon

• The relation between the mass of the prove hadron and the 
partial restoration of chiral symmetry
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Λc baryon

u d
c • Interaction between  ΛC and nucleon

• The relation between the mass of ΛC and the 
partial restoration of the chiral symmetry



Λc baryon

Approximated flavor symmetry
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Light baryons

• Interaction between  ΛC and nucleon

• The relation between the mass of ΛC and the 
partial restoration of the chiral symmetry

New points in Λc baryon:

The di-quark properties may be investigated 
through the Λc baryon analyses
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Light baryons

• Interaction between  ΛC and nucleon

• The relation between the mass of ΛC and the 
partial restoration of the chiral symmetry

• The relation between the di-quark and partial 
restoration of chiral symmetry.

We investigate ΛC baryon in nuclear 
matter by using QCD sum rule.
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Previous works by QCD sum rule

We improve the ΛC  QCD sum rule
and carry out the analyses.

αs corrections (NLO) S. Groote, et al., Eur. Phys. J. C58, 355  (2008)
higher order contributions of condensates

Recalculation of OPE

Parity projection



Correlation function: 

Λc interpolating operator: u d
c

Good diquark
(Scalar diquark)

(Schematic figure)



Parity projected
QCD sum rule

Gaussian sum rule:

Correlation function: 



Parity projected
QCD sum rule

Gaussian sum rule:
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Hadronic spectral function

Correlation function: 

Spectral function:



Parity projected
QCD sum rule

Gaussian sum rule:

Correlation function: 

Calculated by operator product expansion(OPE) 
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Non-perturbative contributions are expressed by 
condensates:
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Parity projected
QCD sum rule

Gaussian sum rule:

Correlation function: 

Calculated by operator product expansion(OPE) 

=                              +                             +                            +                            + ・・・

Non-perturbative contributions are expressed by 
condensates:

Density dependence

・
・

(In nuclear matter)・・・
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In-medium effects can be expressed by the in-medium 
modifications of the condensates.



Vacuum

Behavior of                    :

• Large contribution of four quark condensate
• Small contribution of two quark condensate

Perturbative (LO) NLO



Suppression of contribution of chiral condensate:

Gaussian sum rule:

The right handed spinor of d quark is also 
paired with left handed one.

The property of

The right handed spinor of u quark 
is paired with left handed one. 

The contributions appear as                 and are numerically small.

Λc interpolating operator:

Diagram:

d



q q
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Λc

Two quark condensate

Four quark condensate

Λc feels in-medium modification from the four quark condensate.

Vacuum

Behavior of                    :
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Two quark condensate

Four quark condensate

Vacuum

Behavior of                    :

• The relation between the four quark condensate and 
the spontaneous breaking of the chiral symmetry

• The density dependence of the four quark condensate.



decomposed into the independent four-quark condensates.

The structure of the four quark condensate                      in 
Λc interpolating operator:



decomposed into the independent four-quark condensates.

The structure of the four quark condensate                      in 
Λc interpolating operator:

The four-quark condensate is singlet under the chiral transformation.

Its in-medium modification is not directly related to the 
partial restoration of chiral symmetry.



Two approaches for evaluating in-medium four quark condensate

Factorization hypothesis:
(Justified in large Nc limit)

Perturbative chiral quark model (PCQM): 

Using the two methods, we investigate the property of Λc baryon in nuclear matter.



The density dependence of the mass of Λc

Factorization hypothesis

PCQM

The density dependence of four quark 
condensate is important.  

Repulsive

Attractive



The density dependence of the mass of Λc

Factorization hypothesis

PCQM

The density dependence of four quark 
condensate is important.  
Which cases are more realistic?

Repulsive

Attractive



The density dependence of the mass of Λc

Factorization hypothesis

PCQM

Which cases are more realistic?

The density dependence of the mass of Λ

Hyperon case:

PCQM type (Weak density dependence of 
the four quark condensate) is more realistic



The density dependence of the mass of Λc

Factorization hypothesis

PCQM

In the case of the PCQM type,
Λc in nuclear matter feels weak attraction. 
At normal nuclear matter density, the mass decreases about 20 MeV.

PCQM type (Weak density dependence of 
the four quark condensate) is more realistic



•We will investigate the Σc baryon and Λc excited states.

•We construct the parity projected  Λc QCD sum rule and investigate the 
density dependence of the mass of Λc.

•The four quark condensate is important in the Λc QCD sum rule. 

•Weak density dependence of the four quark condensate is more realistic

•In the case of the weak density dependence of the four quark condensate, 
the Λc baryon feels weak attraction in nuclear matter.





Vacuum

The positive parity states strongly couple to the interpolating operator         .



Vacuum

Density dependence of the



Density dependence of the
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Density dependence of the
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Vacuum



ΛQ interpolating operator:
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Λc propagator: 



Results of Λb baryon


	スライド番号 1
	スライド番号 2
	スライド番号 3
	スライド番号 4
	スライド番号 5
	スライド番号 6
	スライド番号 7
	スライド番号 8
	スライド番号 9
	スライド番号 10
	スライド番号 11
	スライド番号 12
	スライド番号 13
	スライド番号 14
	スライド番号 15
	スライド番号 16
	スライド番号 17
	スライド番号 18
	スライド番号 19
	スライド番号 20
	スライド番号 21
	スライド番号 22
	スライド番号 23
	スライド番号 24
	スライド番号 25
	スライド番号 26
	スライド番号 27
	スライド番号 28
	スライド番号 29
	スライド番号 30
	スライド番号 31
	スライド番号 32
	スライド番号 33
	スライド番号 34
	スライド番号 35
	スライド番号 36
	スライド番号 37
	スライド番号 38
	スライド番号 39
	スライド番号 40
	スライド番号 41

