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Charge Symmetry & Charge Invariance

Charge symmetry: invariance of nuclear interactions under
n < p interchange

An isoscalar quantity F does not change under n < p
interchange.
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Charge Symmetry & Charge Invariance

Charge symmetry: invariance of nuclear interactions under
n < p interchange

An isoscalar quantity F does not change under n < p
interchange.

An isovector quantity G changes sign.
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Charge Symmetry & Charge Invariance
Charge symmetry: invariance of nuclear interactions under
n < p interchange

An isoscalar quantity F does not change under n < p
interchange. E.g. nuclear energy. Expansion in asymmetry
n=(N—Z)/A, for smooth F, yields even terms only:

F(n) = FO+F2/}2+F4//4A...
An isovector quantity G changes sign.  Example:
pnp(r) = pn(r) — pp(r). Expansion with odd terms only:
G(n)=Gin+Gsn® +...
Note: G/n =Gy + Gan? + .. ..
In nuclear practice, analyticity requires shell-effect averaging!
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Charge Symmetry & Charge Invariance
Charge symmetry: invariance of nuclear interactions under

n < p interchange

An isoscalar quantity F does not change under n < p
interchange. E.g. nuclear energy. Expansion in asymmetry
n=(N—Z)/A, for smooth F, yields even terms only:

F(n) = FO+F2/}2+F4//4A...
An isovector quantity G changes sign.  Example:
pnp(r) = pn(r) — pp(r). Expansion with odd terms only:
G(n)=Gin+Gsn® +...
Note: G/n =Gy + Gan? + .. ..
In nuclear practice, analyticity requires shell-effect averaging!

Charge invariance: invariance of nuclear interactions under
rotations in n-p space NGCL
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Charge Symmetry & Charge Invariance
Charge symmetry:

n & p invariance Isobars: Nuclei with the same A
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Charge Symmetry & Charge Invariance
Charge symmetry:

n < p invariance Isobars: Nuclei with the same A
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Energy in Uniform Matter
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Universal Densities?
@00

Isoscalar and Isovector Densities

Net density p(r) = pn(r) + pp(r) is isoscalar = weakly depends
on (N — Z) for given A.
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Universal Densities?
@00

Isoscalar and Isovector Densities
Net density p(r) = pn(r) + pp(r) is isoscalar = weakly depends
on (N — Z) for given A.
pp(r) = pn(r) — pp(r) isovector but A ppp(r)/(N — Z) isoscalar!
A/(N — Z) normalizing factor global. .. Similar local normalizing
factor, in terms of intense quantities, 2aY /.2, where a = S(po)
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Universal Densities?
@00

Isoscalar and Isovector Densities
Net density p(r) = pn(r) + pp(r) is isoscalar = weakly depends
on (N — Z) for given A. [Coulomb suppressed...]
pp(r) = pn(r) — pp(r) isovector but A ppp(r)/(N — Z) isoscalar!
A/(N — Z) normalizing factor global. .. Similar local normalizing
factor, in terms of intense quantities, 2aY /.2, where a = S(po)

Isoscalar formfactor for isovector density:
v

2a
pa(r) = /Ta [pn(r) = pp(r)]
a
Normal matter: pz = po. Both p(r) & pa(r) weakly depend on n!
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Universal Densities?
@00

Isoscalar and Isovector Densities
Net density p(r) = pn(r) + pp(r) is isoscalar = weakly depends
on (N — Z) for given A. [Coulomb suppressed...]
pp(r) = pn(r) — pp(r) isovector but A ppp(r)/(N — Z) isoscalar!
A/(N — Z) normalizing factor global. . . Similar local normalizing
factor, in terms of intense quantities, 2aY /114, where a¥ = S(po)

Isoscalar formfactor for isovector density:
v

palr) = 2;’ [on(F) — po(P)]

Normal matter: pz = po. Both p(r) & pa(r) weakly depend on n!

In any nucleus: 1 "
a
prp(r) = 5 [p(r) = pay el )]

where p(r) & pa(r) have universal features!
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Universal Densities?
@00

Isoscalar and Isovector Densities
Net density p(r) = pn(r) + pp(r) is isoscalar = weakly depends
on (N — Z) for given A. [Coulomb suppressed...]
pp(r) = pn(r) — pp(r) isovector but A ppp(r)/(N — Z) isoscalar!
A/(N — Z) normalizing factor global. . . Similar local normalizing
factor, in terms of intense quantities, 2aY /114, where a¥ = S(po)

Isoscalar formfactor for isovector density:
v

palr) = 2;’ [on(F) — po(P)]

Normal matter: pz = po. Both p(r) & pa(r) weakly depend on n!

In any nucleus: 1 "
a
prp(r) = 5 [p(r) = pay el )]

9

where p(r) & pa(r) have universal features! G
No shell-effects, p’s as dynamic vbles: Hohenberg-Kohn functio
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Universal Densities?
(o] T}

Isovector Density

pol) = 3[0r) £ 357 0a(r)
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Universal Densities?
(o] T}

Isovector Density

pol) = 3[0r) £ 357 0a(r)

Related to S(p)!
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Universal Densities?
(o] T}

Isovector Density

pnp(r) =

%[/)(f)

2/;av /)a( )]

In uniform matter

Related to S(p)!

OE d1S(p) pap/P)  28(p)
fia = - S — = Prp
ON-2) " Opm /
2ay  ajp
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Universal Densities?
(o] T}

Isovector Density

1

puplr) = 5 (1) & 5 ypalr)]

Related to S(p)!
In uniform matter

OE d1S(p) pap/P)  28(p)
Ha = 5 = o - Pnp
oN-2) " o p
I 2a; _ azp
Pa= e ™~ S(p) RS
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Skyrme-Hartree-Fock Densities

pP=pPn+pPp

p3 < (pn — pp)

PL = Pa:
Coulomb-corrected ps3
density f/pure isospin
state
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Skyrme-Hartree-Fock Densities
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Skyrme-Hartree-Fock Densities

pP=pPn+pPp

p3 < (pn — pp)

PL = Pa:
Coulomb-corrected ps3
density f/pure isospin
state
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Data Analysis
[ JeJele]

Strategies for Independent Densities

PD

elastic: ~p+n

charge exchange: ~n—p

Jefferson Lab
Direct: ~ p
Interference: ~ n
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Why Isovector Aura Rather than Neutron Skin

Isovector aura: in no-curvature, no-shell-effect, no-Coulomb
limit, the same for every nucleus!
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Why Isovector Aura Rather than Neutron Skin

Isovector aura: in no-curvature, no-shell-effect, no-Coulomb
limit, the same for every nucleus!
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Why Isovector Aura Rather than Neutron Skin

Isovector aura: in no-curvature, no-shell-effect, no-Coulomb
limit, the same for every nucleus!

Nucleon (Lane) optical potential in isospin space:

4T
U—U0+TU1

isoscalar potential Uy o p, isovector potential U; o (pn — pp)
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Why Isovector Aura Rather than Neutron Skin

Isovector aura: in no-curvature, no-shell-effect, no-Coulomb
limit, the same for every nucleus!

Nucleon (Lane) optical potential in isospin space:

4T
U—U0+TU1

isoscalar potential Uy o p, isovector potential U; o (pn — pp)
In elastic scattering U = Uy + Y3£ U
471_

In quasielastic charge-exchange (p,n) to IAS: U = AT* Ui
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Why Isovector Aura Rather than Neutron Skin

Isovector aura: in no-curvature, no-shell-effect, no-Coulomb
limit, the same for every nucleus!

Nucleon (Lane) optical potential in isospin space:

4T
U—U0+TU1

isoscalar potential Uy o p, isovector potential U; o (pn — pp)
In elastic scattering U = Uy + Y3£ U

In quasielastic charge-exchange (p,n) to IAS: U = 4T*AT+ Ui
Elastic scattering dominated by U

Quasielastic governed by U,
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Why Isovector Aura Rather than Neutron Skin

Isovector aura: in no-curvature, no-shell-effect, no-Coulomb
limit, the same for every nucleus!

Nucleon (Lane) optical potential in isospin space:

4T
U—U0+TU1

isoscalar potential Uy o p, isovector potential U; o (pn — pp)
In elastic scattering U = Uy + Y3£ U

In quasielastic charge-exchange (p,n) to IAS: U = 4T*AT+ Ui
Elastic scattering dominated by U

Quasielastic governed by U,

Geometry usually assumed the same for Uy and U;

e.g. Koning & Delaroche NPA713(03)231
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Why Isovector Aura Rather than Neutron Skin

Isovector aura: in no-curvature, no-shell-effect, no-Coulomb
limit, the same for every nucleus!

Nucleon (Lane) optical potential in isospin space:

47T
U—U0+TU1

isoscalar potential Uy o p, isovector potential U; o (pn — pp)

In elastic scattering U = Uy + Y3£ U

In quasielastic charge-exchange (p,n) to IAS: U = 4T*AT+ Ui
Elastic scattering dominated by U

Quasielastic governed by U,

Geometry usually assumed the same for Uy and U;

e.g. Koning & Delaroche NPA713(03)231

?Isovector aura AR from comparison of elastic and quasielastic
(p,n)-to-1AS scattering?
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Data Analysis
[e]e] o]

Expectations on Isovector Aura?

*8Ca
s10hs20

Pn—Pp

Px (fm—s)

AR

[ Pn—Pp, COIT

r (fm)

Estimated AR ~ 3(<r2>,1£2
Even before consideration of Coulomb effects that further

enhances difference!

Much Larger Than Neutron!
Surface radius R ~ \@(r2>1/2

rms neutron skin

(P2 = (r#)2
N—-Z7, 217 2,1/2
~2 T [< >Pn*ﬂp - <r >Pn+Pp]

rms isovector aura

(r?)34) for 48Ca/2%8PD!
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Introduction Universal Densities? Data Analysis an Inference Conclusions

Aura

Historically Kirlian/Aura Photography
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Data Analysis

00000000000
Direct Reaction Primer
\ \ \
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F o Phys Rev C 12, 378 (1975) 7
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Potentials Fit to Elastic in Quasielastic

E.g. Koning-Delaroche NPA713(03)231 same radii for
neutrons/protons, isoscalar/isovector, focus on p elastic
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Data Analysis
00e00000000

Effect of Changing Isovector Radius

Koning-Delaroche

NPA713(03)231
same radii R for Uy & U;!
U

U
14+exp=f
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charge-exchange cs
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1072 b
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Data Analysis
00080000000

Effect of Changing Isoscalar Radius
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Koning-Delaroche ; B,=85Mev  *Ca |
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Data Analysis

Impact of U-Radii on (p,n) Cross Section
T won | measuv]
15 [0y 1"

~_ . DwWBA

ggoc |/drw;;(r) Un (1) W)

% *8Ca =
\2./ 0 H#‘##H‘H#w#mv‘ } } } 1 0.0 g . .
= wopy | Isoscalar radius responsible for
“r 1 s holes in wavefunctions W
S /\ Isovector radius responsible for
34" region where (p,n) conversion
s can occur
1‘4 16 00 @‘
NSCL
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Data Analysis
00000800000

Modified Koning-Delaroche Fits: “8Ca
In Koning-Delaroche: Ry1 = R+ AR 1 ap1 = a+ Aap 1

l04'§""|""| T T T T ]
08 b I (P.p) {103
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Modified Koning-Delaroche Fits: %0Zr

In Koning-Delaroche:

F)’071 =R+ AROJ

108 ¢

do/dQ (mb/sr)

26.1MeV

ap1 = a+ Aap 1
(P.p) {103
x10%

E ¢ data . 7107°
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Data Analysis
0000000e000

Modified Koning-Delaroche Fits: 2°Sn
In Koning-Delaroche: Ry1 = R+ AR 1 ap1 = a+ Aap 1
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Data Analysis
00000000800

Modified Koning-Delaroche Fits: 2°8Pb

In Koning-Delaroche:
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Data Analysis
00000000080

Thickness of Isovector Aura
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Data Analysis
00000000080

Thickness of Isovector Aura
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Colored: Skyrme predictions. Arrows: half-infinite matter @)‘
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Large ~ 0.9fm skins!  ~Independent of A...
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Data Analysis
0000000000 e

Difference in Surface Diffuseness
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Data Analysis
0000000000 e

Difference in Surface Diffuseness
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[ 7 data, A-indep ® SLy4 (46)
F O SkI5 (L=129MeV) O SKSC5 (-7)
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A
. o ©
Colored: Skyrme predictions. Arrows: half-infinite matter Q) |
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Bayesian Inference
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Bayesian Inference

Probability p is updated iteratively, starting with prior pyrior
p(a|b) - conditional probability

_ E
PXIE) x pyir(x) [ dEe % p(EIx)

For large number of incorporated data, p becomes independent
of Porior
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Bayesian Inference

Probability p is updated iteratively, starting with prior pyrior
p(a|b) - conditional probability

_ E
PXIE) x pyir(x) [ dEe % p(EIx)

For large number of incorporated data, p becomes independent
of Porior

In here, porior and p(E|x) are constructed from all Skyrme ints
in literature, and their linear interpolations. pyior is made
uniform in plane of symmetry-energy parameters (L, aY)
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Raw Skyrme Parametrizations in (a2, L) Plane
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Skyrme Interpolations in (aY, L) Plane
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Constraints on Symmetry-Energy Parameters
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leellhood f/Symmetry-Energy Slope
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leellhood f/Symmetry-Energy Value
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Conclusions
@ Symmetry-energy polarizes nuclear densities, pushing isovector
density out to region of low isoscalar density
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Conclusions
@ Symmetry-energy polarizes nuclear densities, pushing isovector
density out to region of low isoscalar density

@ For large A, displacement of isovector relative to isoscalar
surface is expected to be roughly independent of nucleus and
depend on slope of symmetry energy
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Conclusions
@ Symmetry-energy polarizes nuclear densities, pushing isovector
density out to region of low isoscalar density

@ For large A, displacement of isovector relative to isoscalar
surface is expected to be roughly independent of nucleus and
depend on slope of symmetry energy

@ Surface displacement can be studied in comparative analysis of
data on elastic scattering and quasielastic charge-exchange
reactions
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@ Symmetry-energy polarizes nuclear densities, pushing isovector
density out to region of low isoscalar density

@ For large A, displacement of isovector relative to isoscalar
surface is expected to be roughly independent of nucleus and
depend on slope of symmetry energy

@ Surface displacement can be studied in comparative analysis of
data on elastic scattering and quasielastic charge-exchange
reactions

@ Such an analysis produces thick isovector aura
AR ~ 0.9fm!
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Conclusions
@ Symmetry-energy polarizes nuclear densities, pushing isovector
density out to region of low isoscalar density

@ For large A, displacement of isovector relative to isoscalar
surface is expected to be roughly independent of nucleus and
depend on slope of symmetry energy

@ Surface displacement can be studied in comparative analysis of
data on elastic scattering and quasielastic charge-exchange
reactions

@ Such an analysis produces thick isovector aura
AR ~ 0.9fm!

@ Symmetry energy is stiff!
L=(70-100)MeV, a¥ =(33.5—-36.5) MeV at 68% level

M
©

Z|

2

S

Symmetry Energy Danielewicz, Singh, Lee

@)
(=]



Conclusions
[ ]

Conclusions
@ Symmetry-energy polarizes nuclear densities, pushing isovector
density out to region of low isoscalar density

@ For large A, displacement of isovector relative to isoscalar
surface is expected to be roughly independent of nucleus and
depend on slope of symmetry energy

@ Surface displacement can be studied in comparative analysis of
data on elastic scattering and quasielastic charge-exchange
reactions

@ Such an analysis produces thick isovector aura
AR ~ 0.9fm!

® Symmetry energy is stiff!
L=(70-100)MeV, a¥ =(33.5—-36.5) MeV at 68% level
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