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Introduction

A, baryon in nuclear matter:
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In vacuum
In nucleus

* Interaction between A. and nucleon

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

Information on diquark
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We investigate the mass modification of A. baryon in nuclear matter.
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a2 A, [GeVP] | AL [GeV?] | ma, [GeV] | m}, [GeV] |Z% [MeV]|Z3 [MeV]
K. Azizietal., |0.044 £0.012|0.023 £0.007|2.235 £ 0.244({1.434 £ 0.203| 327 £08 | -801
2.G.Wang  |0.022£0.002|0.021 £0.001| 2.28470 020 | 2335%00° | 3441 51

* There are large discrepancies in the results.

* The equations of OPE do not consist with each other.

Our analyses

[ Recalculation of OPE
| a, corrections (NLO)
Up to dimension 8 condensate (higher order contribution)

L Parity projection

Results in Vacuum

Results in nuclear matter

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




QCD sum rules

Correlation function: II(gq) = -i/equ{U|T[JB(I)jB(U)]|U)dd‘;t

Parity projected
QCD sum rule
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QCD sum rules

Correlation function: II(gq) = "/Equ<U|T[JB(I)?B(D)]|U>d-4;E

Parity projected
QCD sum rule

: G (’r)—‘/m ! exp —(QS_S)E (qo)d
Gaussian sum rule;: “OPE = . \/ﬁ X] 1r P\ 40 )Aqo

Calculated by operator product
/ expansion(OPE) \

Non-perturbative contributions are
expressed by condensates.

(qq) (—G7%) (qqqq) ---

(In vacuum)
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QCD sum rules

Correlation function: II(q) = -i/ e (0|T[Jg(x)J 5(0)]|0)d x

U

o0
Gaussian sum rule: Gopp(T) = /
0

Calculated by operator
/ expansion(OPE)

product \

Non-perturbative contributions are
expressed by condensates.

(qq) < 2 (qqqq) ---

\_

(In vacuum)
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Parity projected
QCD sum rule
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QCD sum rules

Gore(r) = [~ exp (< B 25 plan)ia

Application to the analyses in nuclear matter
/ (0]0O;0) ::> (Up|O;| Vo) = (Oi)m \

New condensates:  (0|O;|0) =0 > (Oi)m # 0

aN

(2262, = (22G2)g — p(0.65GeV?)
2m, T 0y

(Ggo - Gq)m = (0.8GeV?)(Gq)m

@q)m = (q9)0 + p

i:} ;:}

. 5 . . .

(@'@)m = p3 (4" Doq)m = p;f,ﬂfwl% (¢'go - Gq),, = —p(0.33GeV?)
. 1 T |

<quf'DU'3'DUq>m+E<ngg Gq)m = ﬂij‘fNﬂg (Linear density approximation)

Condensates have the density dependence.
In-medium effects can be expressed by the in-medium modifications of the condensates’




A, QCD sum rules

(a0 —mz)
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We consider the case of the A. baryon.

Correlation function : TI(q) = z/ e (0|T[Jp ()

———= Features of the correlation function:

1. Information of the diquark
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A, QCD sum rules
Gopp(T) = /DDC ! exXp (—(qﬂ — 1) ) P(qo)dqo

VAT 4t
. : Condensates

——— Feature of the correlation function:

1. Information of the diquark

——— :Heavy quark
——— : Light quark

Gopr(T) = + + +
N N




A, QCD sum rules
Gopr(T) = /DDC : exp (—(qﬂ — ) ) p(g0)dqo

VAT AT
. : Condensates

——— Feature of the correlation function:
——— :Heavy quark

Related to the heavy quark —— : Light quark

Gope(T) = /\+ +/\+ /’\

1. Information of the diquark

N

Related to the light quark

Related to the heavy and light quarks ~ Related to the light quarks



A, QCD sum rules
Gope(T) = /DDC ! exp (—(qﬂ — ) ) p(qo)dqo

VATT 4t
. : Condensates

——— Feature of the correlation function:
——— :Heavy quark

——— : Light quark

O
<

1. Information of the diquark

GOPE(T) =

S Fo
B Ho<p

x : These contributions are numerically small.



A, QCD sum rules

> 1 (g2 — mg)g)
Gopr(T) = exp | — = d
opE(T) /D Wr ] ( = p(qo)dqo

——— Feature of the correlation function:

‘ : Condensates

——— :Heavy quark
: Light quark

1. Information of the diquark

Gope(T) ﬁ\/> +© +\/‘> +
The heavy quark does not affect the condensates and thus the in-medium modifications
are expressed by the contributions from the light quarks.

What kind of light quark pair? A. interpolating operator is JAQ = Eabc(“m@?’sdb)ﬂgc

Good diquark

j‘> The in-modifications of A_ can be related to the modifications of the good diquark.



A, QCD sum rules
S| (g2 — mg)g)
Gopr(T) = exp | — - d
opE(T) /D AT I ( AT P(qo)dqo
We consider the case of the A. baryon.

Correlation function : TI(q) = 3/ e (0|T[Jx.(x) A (0)]|0Yd x
JA

_abc Ta b r
Q_ ( 0 d)@

———= Feature of the correlation function:

2. The partial restoration of the chiral symmetry

The effect from the chiral condensate is small.

Jrhp = e (ul*Cysd®)Q° = €™(—ut Crysdy, + uhCysdr)Q°

~— The property of J},LQ ~
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.
() Mg

. _/

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



A, QCD sum rules
©o 1 (g5 — -m,g)ﬁ)
Gopge(T) = exp | — - d
oprE(T) /D AT I ( AT p(90)dgo
We consider the case of the A. baryon.
Correlation function : TI(q) =i / e (0|T[Jx.(x) A (0)]|0Yd x
JA

o _ Eabr:'(uTa C"};dh ) Qc

———= Feature of the correlation function:

2. The partial restoration of the chiral symmetry

The effect from the chiral condensate is small.

J’h _ EabC(HTaC"}’gdb)Qc _ Ea.bc(_uzc,.},de 1 'Hﬁ@“’}"ﬁdﬁ)@c

Q

More explicitly, the contributions of (29) are expressed as the following form.

x Tr[(¢f + my)(@q)] ox m,(qq)

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



A, QCD sum rules

< 1 2 m?2)?
Gope(T) 2/ exp (—(% ) ) p(qo)dqo
0

We consider the case of the A. baryon.

AT

Correlation function : TI(q) = 3/ e (0|T[Jx.(x) A (0)]|0Yd x

———= Feature of the correlation function:

2. The partial restoration of the chiral symmetry

< (q9)
Chiral condensate

(@qqq)
4 guark condensate

Nucleon

Irg

_ abr:'( TQC db)@c

The effect from the partial restoration of the chiral symmetry
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(79)
Chiral condensate

(@qqq)

4 quark condensate

:> A\, baryon knows the partial restoration of the chiral symmetry breaking
through four quark condensates.



A, QCD sum rules
_ [T (a0 — mEJg)
Gope(T) = /D Ner= exp (— 1T p(qo)dqo

Vacuum

[
T
!

+ parity  s—
- parity

Gopp(t)X10° [GeV©]

=

1[GeV™]

The positive parity states strongly couple to the interpolating operatoi J},LQ :



A, QCD sum rules

Gopr(T) = /:C

Operator product expansion (OPE)

Gope(T)X10° [GeV®]

3

2

1 (g2 — m?)?
> — = d
\/R exXp ( 47_ p(@ﬂ) do

Non-perturbative contributions are expressed by condensates.

V

1[GeVH

NLO contributions to its leading order
are more than 100%.

The contribution of four quark condensate
is large.



Results

M A, [MeV]
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The density dependence of M,

At p=1.0p, the sfift

AM,_ = 100MeV



Summary

*We calculate the parity projected A_QCD sum rule.

*The A, QCD sum rule has features which are related to the information on diquark
and the partial restoration of chiral symmetry.

*We analyze the A_ spectral function in vacuum and nuclear matter
by using QCD sum rules.

* We investigate the density dependence of the mass modification.

* As the density increases, the mass of A_increases.

Future plan

*We will study the effective mass and vector self-energy.
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Density dependence of the Gorr(T)
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Density dependence of the Gorr(T)
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Backup slides
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Density dependence of the Gorr(T)
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_ _ _ _ aTN pole T0.07 GeV
(@2)on = (@20 + pn(@a)n = (T2)o + pyg— e 1.67+0.07 Ge
q ! as = 0.5

(a'q)oy = 3 _ 3
({Ta)o =—(0.256+0.002GeV)

g o

. ¥ i
=Gy = (=GP0 + pn (=GN
G o = (G0 v {60 mq = 4.75MeV
(q'iDoq) py = pn{q'iDog)n = P,"»'EMNAE on = 45MeV
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[Loa(q) = i/Q(Iﬂ)(T{j(I)E(U)})Ede = mlly,(qo, |q])+ 4115,,(q0, |4))+ #1154(q0, |q]).

-

Poal0,1d]) = %I-m[HEM(qQ)] (i = m,q,u)

+ _ q T , U
Poia orE = 90Pora + MQPola + U0Lold

/ p;_fd DPE(QD)HI(QU)qu - /ﬂ p?z_adran(qaﬂfv(q(])dq[]

I’;F(l;"[}) _ \/;Tjexp (_ (Q[} o mc) )
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Negative parity G pr (T)

Gope(T) = /
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2_ 1 S i {G{?PE(TE') — G';p;?{ﬂ])?
X Tget X Tl o1 i Uj{Tz')Q
1 Ttaet .
Jj(ﬂ)z = o IZ(G%pE(ﬂ) GOPE(TL))
set j=1
3] 1 (qz _ T'J’IE )2
Gspr( )=/ P (— - e 2 )P{ﬁ}ﬂ)df}n
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Nset : The number of the condensate sets which are
randomly generated with errors

+: The number of the point tin the analyzed t region

Error bar: [x*—1/ < 0.1



