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Introduction

A, -nuclei
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In vacuum
In nucleus

* Existence of A, —nucleus

* The relation between A. mass and the chiral symmetry

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
Z.G. Wang et al.,, [0.022 £0.002|0.021 £ 0.001| 2.2847) 020 | 23350075 | 3441 51

Our analyses

Results in Vacuum

There are large discrepancies.

More precise analyses are needed.
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[ o, corrections (NLO)

| Parity projection

Results in nuclear matter

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

Dimension 8 condensate




QCD sum rules

Correlation function: I1(q) = z/ e (0| T[Jx. (z) A, (0)]|0)d*x
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Parity projected J*'“Le - (u*Csd”)Q°
QCD sum rule
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Hadronic spectral function
Calculated by operator product f \
/ expansion(OPE) \

Gaussian sum rule: Gopgr(T) =

p(d,)
Non-perturbative contributions are
expressed by condensates. _
n2 =Tl
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A, QCD sum rules in vacuum
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Operator product expansion (OPE)  Non-perturbative contributions are expressed by condensates.
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A, QCD sum rules in vacuum

S | (g2 — mg)g)
Gope(T) = exp | — = d
DPE( ) /D \/JE I ( e ,0(*-?0) qo

Operator product expansion (OPE)  Non-perturbative contributions are expressed by condensates.

Pertu rb;cive (LO) {q(ﬂ <T )

Dimension 8 condensate
[ j Km ® - = : NLO contributions in perturbative term
600007, >

We carry out the analyses including the contributions of the dimension 8 condensate and NLO.
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A, QCD sum rules in vacuum
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A, QCD sum rules in vacuum
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Non-perturbative contributions are expressed by condensates.
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Perturbative (LO) NLO
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NLO contributions to its leading order
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A, QCD sum rules in vacuum

> 1 (g2 — mg)g)
Gope(T) = exp | — = d
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Operator product expansion (OPE)  Non-perturbative contributions are expressed by condensates.

Perturbatlve (LO) NLO {FHI)

Correlation function: II(q) =1 /Eiqr(mT[ii (I)jﬁc(ﬂ)ﬂﬂ}d‘ir
u{iq _ abc( TaO db)@c _ Eﬂ'bc(—ﬂch}fﬂd,[, +’Ei£0ﬂf'5dR}QC

~— The property of Jao ~

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.

(Tu) mga
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> The contributions appear as mq@q) and are numerically small.




A, QCD sum rules in vacuum

Gopp(T) = exp | —
DPE() /D \/JE I(

Operator product expansion (OPE)

.<

Nucleon

\_

g —m

- 3)2) p(qo)dqo

Non-perturbative contributions are expressed by condensates.

(q)

Chiral condensate |

({@qqq)

4 quark condensate

The effect from the partial restoration of the chiral symmetry

(q9)
Chiral condensate

({@qqq)

4 quark condensate
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A, QCD sum rules in vacuum
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Gope(T) = exp | — = d
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Operator product expansion (OPE)

Non-perturbative contributions are expressed by condensates.
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NLO contributions to its leading order
are more than 100%.
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A, QCD sum rules in vacuum

Gopr(T) = /;G

Operator product expansion (OPE)

e
e/

Perturbative (LO)

1 (g2 — m?)?
€3 — £ d
= exp ( 1 (qo)dqo

Non-perturbative contributions are expressed by condensates

Gopp(t)x10° [GeV®]

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

The contribution of four quark condensate
is large.



A, QCD sum rules in vacuum

S | (g2 — mg)g)
Gope(T) = exp | — = d
DPE( ) /D \/JE I ( e P(*—'ID) qo

Operator product expansion (OPE)  Non-perturbative contributions are expressed by condensates.
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NLO contributions to its leading order
are more than 100%.

The contribution of four quark condensate
is large.

Gopp(t)x10° [GeV®]

The contribution of the dimension 8 condensate
| 5 ; A is small.




A, QCD sum rules in nuclear matter

>~ 1 (g2 — mg)E)
G T) = exp | — c d
DPE( } /D \/R P( 1T P(*—'ID) do

Application to the analyses in nuclear matter
/ Modification:  (0[O;|0) :> (Wo|O4[Wo) = (Oi)m \

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

. . TN g g B
(79)m = (@a)o +po (— P)m = (=G — p(0.65GeV?)

(Gg0 - Gq@)m = (0.8GeV*)(Gq)m

. 3 | 3 .
(@' 0)m = pg5  (d"iDog)m = pIMNAS (qlgo - Ga) = —p(0.33GeV?)

1 1

<q’f-f.DU-iDDq}m+E<nga GG = piﬂfﬁuﬁlg
(Linear density approximation)




Results
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The density dependence of M},

At p=1.0p, thesfift ANM, =~ 7T0MeV
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Summary

*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.

 The mass modification strongly depends on the density dependence of the (7q)?, .

Future plan

*We will study the effective mass and vector self-energy.
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The effect by d=8 condensate
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Up to d=6 condensate
Up to d=8 condensate

Analyzed t region: [1.33,4.30]
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Density dependence of the Gorr(T)

Vacuum

+ parity
LO-pert
NLD pcrt
Gluon

Four quark

< lD[ q=
{cﬂ'lDﬂ iDyg> + lflﬁ{q% GquE

(]

=

| \\

Gope(1)x10” [GeV®]

7[GeV"]



Backup slides

>~ 1 (g2 — mg)E)
G T) = exp | — - d
DPE( } /D \/ﬂ} P( e P(*—'IU) do

Density dependence of the Gorr(T)

2
— a2 . — U—_l"'v'_
| (99)m = ((qq}n + P—qu)
p=1.0py

+ parity
LO-pert
NLD pcrt
Gluon

Four quark

< lD[q.::
ol —— {ci_lDﬂlDﬂq}+|“?.{q%G‘§§

Gope(T)x10° [GeVE)




Backup slides

>~ 1 (g2 — mg)E)
G T) = exp | — - d
DPE( } /D \/ﬂ} P( e P(*—'IU) do

Density dependence of the Gorr(T)

2
— a2 . — U—_l"'v'_
| (99)m = ((qq}n + P—qu)
p=2.0py

+ parity
LO-pert
NLD pcrt
Gluon

Four quark

< lD[q.::
ol = {Ci-lDﬂlDﬂq}+l“?.{q%G‘§E

Gope(1)x10” [GeV®]




Backup slides

[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) )




Backup slides

Negative parity G pp(T)

+ - q L ) w
Pord oPE = Q0Po1a T MQPola T U0Lold

— . q m _ i
Poid orPE = 90Pora — MQPLotda T U0Pold

GDPE(T}=/ .:O;::-Ed ore(@)W(q0)dqo

—

3

Vacuum

*ﬂ:} '2 B

¥

Q, .
. + parity =——
= - parity =
X

X

o

{:\.J ﬂ B

-1 -
| 2 3 4



