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27 PROCESSES AND CHIRAL SYMMETRY
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e What is the role of :
- Chiral Dynamics :
- Chiral restoration 7
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— Dropping of me, fr (Hatsuda et. al)
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DROPPING OF THE SIGMA MASS

— Associated with partial chiral restoration
Linear sigma model (Hatsuda) : 30% dropping at p = pg

*2 — \ % 2
my (s) (qq) (s)  (¢%)
mg + I <§Q>vac + I Qf%

— But constraints from nuclear matter stability
— Closely related to the p — h contribution to the nuclear scalar sus-

ceptibility
IN-MEDIUM MODIFIED TWO-PION EXCITATION
— Closely related to to the 27 contribution to the nuclear scalar sus-

ceptibility
— AIlso linked to chiral restoration

In-medium Scalar and Pseudoscalar susceptibilities

Partial Chiral symmetry restoration ?
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FLUCTUATIONS OF THE QUARK CONDENSATE

Scalar susceptibility : from the scalar correlator i.e. the correlator of
the scalar quark density fluctuations

xs = 89) — 5 1 41 di ((534(0,0), §7q(7 )

Thermal susceptibilty on Lattice Finite density : effective chiral
(Karsch) theory (M. Ericson, G. C)
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Chiral Restoration : xg — Xps
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SCALAR SUSCEPTIBILITY

g = %<qq> =2 /dt’ ' ©(t — t)(—i|7q(0), 7q(x" t)|)
mq
02w S o0 2 —
XS = ) :ReGS(wZO,q—>O)=/ dw (_—> ImGS(waq:O)
8mq L 0 TW

— A strong contribution of low energy nuclear excitations is expected

— Linear sigma model qq @%aca . The nuclear susceptibility is
related to the in-medium o propagator

PSEUDOSCALAR SUSCEPTIBILITY

G iy =T qq)(p)
xps=2 [ d O — )(i[7irs 2 a(0) ., Tins 2 q' 1)]) = 10

Mg

(using OHAf(z) = 2mqqivs 5 q(x) and soft pion theorem))

— xps behaves like the chiral condensate
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LEADING ORDER ESTIMATE
e Grand Potential ©  w= [ 2C2 (B, — )0 (4 — Ep)
- (2r)3 \P H H p

e Chiral condensate :

= — _1(0 _ 10M (0 _

(q9)(p) — (aQ)vac = ) (37%}(1) — 20mq (a]\u})u = Qo-nqu PS
W

on - hucleon sigma term,  pg : scalar density

e Nuclear susceptibility :

0 _
xs(p) = (xg)vac + ps 87?7,q (Qaﬂqu> i 20-7];;(1 (87%2) = pg XJS\] 4 Xguclear
L

X5 : nucleonic scalar susceptibility
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NUCLEONIC CONTRIBUTION : dominated by the pion cloud
through the Leading non analytical contribution

N — _ 2(q9):., 9 (ga 2 A \?
XS = T f*m, 64n \ [ A,

LNAC : pPs X]SV = 0.08 (XPS)vac

With A +FF+Pauli ;| psxy =~ 0.04 — 0.05 (XPS)pue

NUCLEAR (p-h) EXCITATION CONTRIBUTION : Compressi-
bility K

Xs 2 mg OM 2 mg T2

2pr M3 S 9p
(_ : N):ﬂgh(w:O’qﬁO):—(—>
P=pPo

T

nuclear __ GJQ\I (aps) 012\f (_QPF M]%f)
i

Sigma model : oy = MNmm_? + 0-1(\7;)

Xguclear — 0.35 (XPS)

vac
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CHIRAL EFFECTIVE THEORY

e Order parameter : M = (@) + T - (zﬂ%gw) = |0+ 1T7

e From Cartesian to Polar coordinates

o+iT-7= |(fx +5)exp [’ﬁfiG (d)_z)]

m f2 S
— Pion ¢ : phase fluctuation
— Scalar field s =S — f; : amplitude fluctuation > ©
_ Q@) medium — 1 — (@2(p))  {s(p)l
(q9) vacuum 2fz fx
e Effective Lagrangian
_ _ 1 m2 — m?2 2 £2m?2
L = iNY*9yN — Mx(s)NN + —0!s0us — —2 T 82 4 2 frs + Jxmz
2 8f2 m2 — m?2
7T o 7T

‘|‘ »Cw ‘I‘ ﬁﬁ%a;\}[e ‘|‘ £7r71' + »CWT

M3 (s) = MN(l + %) BUT NO MATTER STABILITY
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MATTER STABILITY IN CHIRAL EFFECTIVE THEORIES

“Shifted” vacuum with chiral order parameter S < f’]‘(‘

Energy density : €(p,5) = Y, /0° + ME(5) + V(5) + Cyp?
e NJL (Bentz, Thomas, Birse) : Nucleon = gq — ¢ state. My = g5

e Chiral QHD : S = fr+s = chiral invariant scalar field : MY = gsyn S

g:NN(S) — 8SN dFODS Needed to stabilize nuclear matter

— NJL : Infrared cutoff : simulate confinement
— QMC : Polarization of the quark WF : nucleon structure

Nuclear saturation vs Nucleon structure and QCD (lattice)
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e Include the scalar response k) g of the nucleon to a scalar field

M3 = My <1+f ) +L<:NSSQ

e Minimization : @ =gips + V'(5) =0, g&(s5) = agéN

. . 2 _
e In-medium sigma mass : m*? = % = V") + kngpg

e xg related to in-medium sigma propagator dressed by ph excitations

o @@Deee (1 1 1
Xs = —2 T2 Rl Mgs(0) -~

f7% o o
Mgg(0) is the full scalar polarization propagator (related to K)
—1
M g2 E% 2 M
I_ISS(O) — QE‘Q Eg I_IO(O) [1 - ( c% MX[ B *2 E* ) HO(O)]

e Parameters : ms (7w phase shifts), g, and kg
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e 2 SETS OF PARAMETERS
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e Nucleon structure ef-
fect compensates the chiral
dropping !

e kyg Probably too large

xps = ({qq)(p,0) + mgxs) /mq

e — Introduce pion loops (CHIPT
or pionic correlation energy)
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e WITH PIONIC CONTRIBUTION TO THE NUCLEON SIGMA
TERM AND PION FOCK TERM (PRELIMINARY)

_ 5 () | (0)\ 2
1 1 o + o 1
Xs = —2 <chc>2UaC 2 + 2 ( ~ (o) ~ ) Mss(0) m*2
T o o O'N eff o
BINDING ENERGY CHI/CHIPSWC
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20T c=1.1 1 o8 r
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o 1 2 3 %.8 18
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27 PROCESSES AND NUCLEAR SUSCEPTIBILITY

e THE nm T MATRIX AND THE ¢ PROPAGATOR

Sigma model (w7 phase shifts) : T(F) =V(F) + V(E)G(E)T(E)
G(FE) In-medium two-pion propagator (pion dressed by p —h and A — h)

G(E) — f (2(17(;1)3 ’Lél;]_o Dﬂ'(qa QO) Dﬂ'(_qa E — C_IO)

Dropping
condensate,
sigma mass

6 \(E2 — m?2) oo

(B Do (E : o
( ) 1—3)\G(E) ( ) go.oej P
2 r2 ' 004 Vacuum
D,(E) = (E°—mg— X [x G(E) )~ ’
1 3\G(E)

100 200 300 400 500 600
E (MeV)

e PIONIC CONTRIBUTION TO THE NUCLEAR SUSCEPTIBILITY

Vacuum @ (Xs)yae = 0.04 (XPS)yqe
First order (one p-h insertion) : §x2uee = pgxY = 0.045 (XPS) pac

Full calculation : §x2ue™ = 0.11 (xPS)yac
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THE o (CHIRAL PARTNER OF THE 7) vs THE s (CHIRAL INVARIANT)

2 _ 2 - 6 \(E? — m2)
T = TG D) "= Tz w—mem "
_ (g2_,2_ 6/\2f2G(E)) = (g2 3 (B2-mD2GE) .
o) = (i a) v - (E T T o 1+ 3EG(R)

Strong o7 coupling Weak derivative st coupling

D,(E) = Du(E) + 5 (1 _ o Bom m) G

G is the full two-pion propagator : G = G + %GV@

e [ he chiral invariant s mode is the exchanged meson in the scalar NN potential and
is free of many-body effect : weak coupling to in-medium modified 27 states

e The medium effects in the o propagator and in two-pion processes come from the
second 27 modes
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THE NN SCALAR POTENTIAL IN THE LINEAR ¢ FORMULATION

Nucleons exchange not only o but also 27 states with delicate compensations

@ 1}/ Tr’// @ n TC
>" = >=< R

© ] i

_ : 2

- ] @ [rom

oI HE NONLINEAR ¢ FORMULATION IS MUCH MORE ECONOMICAL

e T HE MEDIUM EFFECT IN THE 27 PROCESSES ARE MOSTLY ABSENT IN
THE NN SCALAR EXCHANGE
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CORRELATOR MIXING

e AXIAL VECTOR MIXING
At finite temperature

N (¢;T)=0Q-¢e) N (¢;T=0)4+eN(¢; T = 0)

/

' TC \ ,' *\ v . v . v .
'\j \“}, N4 (¢; T) = (1 — ) N4 (¢; T = 0) + N (¢; T = 0)
e 2 dk n(wg)  2<<P?>>
€ = = _
62 f2) (2m)3 w, 3 bE:
e SCALAR-PSEUDOSCALAR MIXING
. 3 E?—m?
Dy(E, T =0) ~ Ds(E) ~1/E?> —m?2
For soft thermal pions, ¢ << E :
3G(E,T) =3 [ 5% [ 5% Dx(q, q0) Dr(—q, E — qo) ~ <5222
P2 P2
DET) = (1- =20 22) BT =0) + =57 22 D5 T = 0)
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CONCLUSION

e Sizeable effects in the nuclear scalar susceptibility

e Scalar and pseudoscalar susceptibilities becomes closer — partial chiral restoration

e Nucleon structure effect compensates the chiral dropping of the sigma mass;
related to the p-h piece of the scalar susceptibility

e 0 — 2™ medium effects in two-pion processes related to the pionic nuclear scalar
susceptibility

e T his effect is not present in the chiral invariant scalar exchange in the NN interaction



