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Introduction

Hadrons in nuclear matter:

e =

® O W

In vacuum
In nucleus

* Interaction between the prove hadron and nucleon

e The relation between the mass of the prove hadron and the
partial restoration of chiral symmetry

Many studies about @ @ @ @ @ @
P ¢ D N A A

We investigate the mass modification of A baryon in nuclear matter.
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* Interaction between A.and nucleon

e The relation between the mass of A. and the
partial restoration of the chiral symmetry

A\, baryon



Introduction

L|ght baryons

ApprOX|mated flavor symmetry

* Interaction between A.and nucleon

e The relation between the mass of A. and the
partial restoration of the chiral symmetry

New points in A_ baryon:

The di-quark properties may be investigated
through the A_baryon analyses



Introduction

* Interaction between A.and nucleon

e The relation between the mass of A. and the
partial restoration of the chiral symmetry

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

L|ght baryons 4\
ApprOX|mated flavor symmetry

We investigate A. baryon in nuclear
matter by using QCD sum rule.
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. ~ In nuclear matter
\K. Azizi, N. Er and H. Sundu, Nucl. Phys. A960 147 (2017) /
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In vacuum

~— In nuclear matter

J
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Results in Vacuum

Results in nuclear matter
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Z.-G. Wang, Eur. Phys. J. C71, 1816 (2011)
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~ M. [GeV®] | AL [GeV®] | ma, [GeV] | mj.
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Results in Vacuum
Results in nuclear matter

* There are large discrepancies in the results.
e The equations of OPE do not consist with each other.
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/ Previous works by QCD sum rule

E. V. Shuryak, Nucl. Phys. B198, 83 (1982)
E. Bagan et al., Phys. Lett. B287, 176 (1992)

Z.-G. Wang, Eur. Phys. J. C71, 1816 (2011)
K. Azizi, N. Er and H. Sundu, Nucl. Phys. A960 147 (2017)

—

~— In nuclear matter

~

In vacuum

Dz A, [GeVP] | AL, [GeV?] | ma, [GeV] | mi, [GeV] |ZF [MeV]|ET [MeV]
K. Azizietal, |0.044 % 0.012]0.023 £ 0.007(2.235 £ 0.244|1.434 £ 0.2031 327 £08 | -801
Z.G.Wang  |0.022 £0.002(0.021 £0.001| 2.28477 023 | 2.3357)72) W34 £ 1 51_

* There are large discrepancies in the results.
e The equations of OPE do not consist with each other.

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

[ Recalculation of OPE
a, corrections (NLO)
higher order contributions of condensates

Parity projection

Results in Vacuum

Results in nuclear matter

S. Groote, et al., Eur. Phys. J. C58, 355 (2008)



A, QCD sum rules

Correlation function: II(q) :-1'./e'i‘f"’f(D|T[Jﬁc(1:jjﬁc(0)]|U)d41‘.

A, interpolating operator: Jy, = €™ (u’ *Cysd”)cf

Good diquark (Schematic figure)
(Scalar diquark)



A, QCD sum rules

Correlation function: II(gq) = -1'./e'i‘f"’f(D|T[Jﬁc(1‘.jjﬁc(0)]|0)d437

Parity projected Jn. = €(uCryzd”)
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Gaussian sum rule: “OPE = ; \/R X] AT P2\ 40 )a4o




A, QCD sum rules

Correlation function: II(q) :-1'./e'i‘f"’f(D|T[Jﬁc(1:jjﬁc(0)]|U)d41‘.

Parity projected
QCD sum rule

Gaussian sum rule: Gopg(T)

-,

p(d,)

Hadronic spectral function

\_

>

Jﬁ _ EabC(ILTaC"'}’gdb)CC

C

~ 1 (g2 — mg)g)
— exp | — < d

~

Spectral function:

p(qo) = |}.|26(q9 — my, ) + Continuum(ox #(qo — qin))

/




A, QCD sum rules

Correlation function: II(q) = 1/ e (0| T[T (x) T A, (0)]|0)d x

Parity projected Jn. = €(uCryzd”)
QCD sum rule

; G (T) _ /DC 1 oxXD _(qgl T TH’E)E ( }d
Gaussian sum rule: “OPE = ; \/R X] AT P2\ 40 )a4o

/ Calculated by operator product expansion(OPE) \
/‘ ‘\ ( \ \/.-’{ B TR
GOPE(T) = I + >’
(-Br’.,:.dﬁJf,gr f_"i;
— (qq) (—

Non-perturbative contributions are expressed by ~~—— Density dependence —_
condensates aON
2 (T (@q)m = (qq>o + p:}
(qq) ( ) (Q’QQQ‘) =+« (In nuclear matter) 3
m (q' q}m = /3

\ — )/




A, QCD sum rules

Correlation function: II(q) = 1/ e (0| T[T (x) T A, (0)]|0)d x

Parity projected Jn. = €(uCryzd”)
QCD sum rule

Gopp(T) = - exp (40 —me)” (qo)d
Gaussian sum rule: “OPE = ; \/R X] AT P2\ 40 )a4o

/ Calculated by operator product expansion(OPE) \
—— — R S
» 5P
( \ \/,ﬂ . ,\ _é
o %gaﬁFJijj qﬁ;;y? T xff}i_ o
AGGY Odz;

N s
(fﬁ}> <? 2>
Non-perturbative contributions are expressed by (— Density dependence ﬂ
d t _
condensates: P (f}t}’)m _ (qq)o —|—;O,)
(qq) ( ) (Q’QQQ‘} =+« (In nuclear matter) : 3 Mg
m (q®m292

In-medium effects can be expressed by the in-medium \ - y
modifications of the condensates.




OPE of A, correlation function

< 1 (g2 — mg)Z>
G T) = exp | — c il
GPE( ) /D \/JE I ( AT ﬁ(fm) do

Behavior of Gopg(T): /——\ ,__\
3 . . ' [
Vacuum (65500

‘°;5 Perturbative (LO) NLO
9
% ! + parity
e LO-pert.
o NLO-pert.
5 0 {  Four quark ==

(7q) .

-1 | !
| 2 3

1GeV']

e Large contribution of four quark condensate
* Small contribution of two quark condensate




OPE of A_ correlation function

. & (Tj _/N)C 1 oxXD _(qg_mg)z ( )d
Gaussian sum rule: Y“OPE — ; \/JE X] 1T P\ g0 )aqo

=== Suppression of contribution of chiral condensate:

7T (T
Diagram: ){ - ~\
e

A. interpolating operator: J, = e (u*Cysd”)c" = €*°(—ut Cvysdy, + unCysdg)c

~— The property of J_.a,Q ~

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

uu Mg
N () ! y

> The contributions appear as mq@q} and are numerically small.



OPE of A, correlation function

Gopp(T)x10° [GeVO]

<1 (g5 — mg)z)
G T) = exp [ — = d
GPE( ) /D \/JE I ( 1T ﬁ(fm) qo

Behavior of Gopg(T):

3

Vacuum

¢{—— Two quark condensate

< Four quark condensate

) 3
1GeV']

A, feels in-medium modification from the four quark condensate.



OPE of A_ correlation function

| (g2 — mg)Z>
Gopp(T) = exp | — = d
QPE( ) /D \/JE I ( AT ﬁ(‘f}{:) qo

Behavior of Gopg(T):

3

Vacuum

Gopp(T)x10° [GeVO]

GeV] -

¢{—— Two quark condensate

< Four quark condensate
{) L A

e The relation between the four quark condensate and
the spontaneous breaking of the chiral symmetry
* The density dependence of the four quark condensate.



Structure of the four quark condensate

The structure of the four quark condensate “(2999)m” in
A\, interpolating operator:

abc a efc g/ €
“(qggq)m” = (€ u’Cysd®) - (e7°d" ysCu’)),
— —H(d dbu u),, + (d ]/sdb” Ysu' ) m

— L@ o d"u 0 + @y d u Uy,

abc _efc

T (Ef }’Smdbﬁe}ﬁ]/“u”)m]e €

decomposed into the independent four-quark condensates.



Structure of the four quark condensate

The structure of the four quark condensate “(7999)m’
A\, interpolating operator:

“(qqqq)m” = ((Eabc”acyﬁdb) ' (focgf Vs CEE))m
—_l[(d P! D+ d ]/sdbu Vs,

- %(d Opv dbu G'm',“a%n + (gf Vﬂdbﬁ{}’” a>fﬁ

abc _efc

T (3 }’Smdbﬁe}ﬁy“u”)m]e €

decomposed into the independent four-quark condensates.

> 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.



Density dependence of the four quark condensate

Two approaches for evaluating in-medium four quark condensate

Factorization hypothesis:  (qqq),” — — ((@0)", + (a')%)
(Justified in large N_ limit) f13 2 9
= —— aaq)? g_\“ a ON N 2
; ({qm + ;O_m_q@fi‘)n + (4-m.§ + )P )

Perturbative chiral qguark model (PCQM):

E.G. Drukarev, et al., Phys. Rev. D 68 054021 (2003).
R. Thomas, T. Hilger, and B. Kampfer, Nucl. Phys. A795, 19 (2007).

1

I L |
“(qqqq)m” = —E{Qfﬂé — p70-935(@g)o + O(p%)

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



Results

2400 .
> > Repulsive
2350 —
The density dependence of four quark
condensate is important.
2300 ]
- _ ~ .
PCaMT ¢ oa__ _ > Attractive
2250 - 4
O .5 1
P Py

The density dependence of the mass of A_
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2400 .
> Repulsive

The density dependence of four quark
condensate is important.

Which cases are more realistic?

— B N
PCaMT ¢ oa__ _ > Attractive
2250 : 4
O 0.5 1
P Py

The density dependence of the mass of A_



Results

Which cases are more realistic?

2400 .

Cad 1200 | ‘
Hyperon case: E,
2350 ]
1150 r
2300 -
PE,-QM_ o~
1100
2250 :
O 0.5 1
P Py

The density dependence of the mass of A The density dependence of the mass of A

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



Results

2400 .
Ca)
2350 .
PCQM type (Weak density dependence of
the four quark condensate) is more realistic
2300 :
-.PE—'QM_ - —
2250 :
O 0.5 1
P Py

The density dependence of the mass of A_

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



Summary

*We construct the parity projected A.QCD sum rule and investigate the
density dependence of the mass of A..

*The four quark condensate is important in the A_ 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 A_ baryon feels weak attraction in nuclear matter.

Future plan

*We will investigate the Z_baryon and A_ excited states.
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Gopp(T)X10° [GeV]

=

1[GeVH

The positive parity states strongly couple to the interpolating operatol I’;Q :
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Results of A, baryon
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