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Outline

e How to model hadron structure.....

in @a manner consistent with non-perturbative QCD

« Lattice QCD:
there are no problems, only new opportunities!

(and, by the way, some things CAN be calculated ACCURATELY)
How to build nuclei in QCD....

Why continue to live in the 20t Century?
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¥ al Extrapolation Under Control when
Coefficients Known — e.g. for the nucleon

FRR give same
answer to <<1%
systematic error!

N

- - - - LNA NLNA
0.0 0.2 04 08 0.8 1.0 Regulator . -

mg? (GeV?) Dim. Reg. 0.784  0.884 +0.103

Dim. Reg. (BP)  0.784 0923 £0.103

Sharp cutoff 0.968 0.961 =0.116

Monopole 0.964 0.960 =0.116

Dipole 0.963  0.959 £ 0.116

Leinweber et al., PRL 92 (2004) 242002 Claussian 0.960 = 0.116
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Not a Problem but a Bonus!

A

Hadron

properties extremely
valuable constraints
(Jenkins, this meeting)
NC
p
Physical region L
m, » 5 MeV

Adds a third dimension to
our knowledge of QCD
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(purely statistical errors)
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Quark=NesoniCouplingVodel= QN C:
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Numerical Results

Scalar mean-field Decrease of g_(o) as density 1
» 1/3"9 of QHD

50 100 150 200 250 300 350 400
g_o (MeV)
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— — Udias RDWIA
—— Udias RDWIA + QMC

---- Debruyne full
— Laget full + 2 Body

A Mainz
O JLab E93-049
® JLab P03-104

Expecte
ErrorsO
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Can this apparently orthogonal approach
be related to something more traditional?

Effective forces have been used for many years!

Vautherin and Brink (early 70’s) demonstrated
power of Skyrme’s ideas

Density independent effective force, Skyrme lli,
Is still widely used in nuclear structure physics

In a sense its an interface (like phase shifts in
scattering theory) between low energy nuclear
data and fundamental theory
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Scalar Polarizability

In QMC energy of nucleon imbedded in nuclear matter:

r p? r r
E.(R)= r+M*(R)+g 0o(R)+V,
2M * (R)

where:

l I d I \2
M*(R)= M—gGG(R)-I—E(gGG(R))

Non-linear dependence ~ scalar polarizability
d s 0.22 R in original QMC (MIT bag)
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Solve Meson Field Equations by Iteration

go=G p(1-dg o)+Vg oclm’
gﬂ'?m = Gﬁ}p -I_ ?EgﬁJM/ mi

Keeping leading order terms )

G
2

m

QJJ(II:') =

Vp+G p, + Z (—d)*(G.p)""
k=1

F
¥ L'::I
2 )

Scalar polarizability leads
to higher powers in p

F
KO Scionce

A, MEPANTREN T OF ENERS Y




Use Classical Point-Like Nucleon Density

G5 s5(R )+ L vis(R )
+?Z S(R,)+—Vis(R,

m

1#] 10

_%z[(s(éjj>+%v§5<z%ﬁ>j

m

o

1#]

les

c 49 5 s -L0 S sk

I ENETY s 1£]2k#1
we used: ps(ll:') = ZI, (1- é-z /2M2)§(1[ - ]I*EJ)

-@‘ Office of
4 Science
U.S. DEPARTMENT OF ENERGY




Now Quantize Nucleon Motion & Include p - Meson

V.V,
H. . = vaﬁ v
@MC Z2M 2M2; (2;).

+— Z[V 5(]3 )]{m GUQ

1¢] m

r
T

+= Zé(R ){G -G, +G,

1¢]

7 2,73
Lo 3 G- e Y

1#j+k
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Effective Interaction is of Skyrme Ill Type :

V=t, S 5(R)SR,)+t,> (1+x,P,)5R,)

j</’</( j</’

1 1

S I I J J 9 S ) !
6V 0ROV~ 6 [ SRV +ViS(R,)]

7 r r S I I
n ZWO(GI' 4 U]')-ij X 5(R1-].)V1.j’

: G
and from comparison ¢, =-G_ +G,A - Tp’

with QMC) . agn
3 = o’

yo,

X, = .
2,
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Numerical Comparison Remarkably Close

SkIIT

QMC(N=

3)

me(MeV)

600

to(MeV fm™)

— 1129

—1047

€Iro

0.45

0.61

ts(MeV fm"°)

14000

12513

3t1 + 5t2(1\{e\f fim )

710

451

5t-;3 — Qtl (I\IE“J fm‘r’)

—4030

—4036

Wo(MeV fm”)

120

91

K (MeV)

355

Controls nucleon
Effective mass
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Nuclear Structure Functions Revisited

Are nuclear PDFs really just slightly modified
nucleon PDFs??

Address within a model... BUT not necessarily so bad

In retrospect some findings turn out to be not so model
dependent...

Models have historically provided insights into

non-perturbative QCD and guidance for experiment
and lattice QCD

e.g.d =0 (1983) ; s=s (1987); Essential

Au=Ad (1991) ; dP = un (1992,3)

@ Office of
4 Science

U.S. DEPARTMENT OF ENERGY




Quark Medel off OMC type: NJL with Confinement
& Saturation ofi Nuclear Matter

e Similar to QMC of Guichon and collaborators

 Advantage that NJL is completely covariant

 Confinement modeled through “proper time
regularization™ (Ebert et al., Phys Lett 388 (1996) 154)

e Saturation of nuclear matter as consequence
of scalar polarizability of nucleon (response
of light quarks to an applied scalar field)

Mineo et al., Nucl Phys A735 (2004) 482

1/ A%

1 1
" After Feynman parameters and Wick rotation: A" 0 (n—1)17 vag,

@ Office of
4 Science

EEPARTMENT OF ENERGY




For the free Nucleon

We need to evaluate:

fon (2) =1 j (z—';—jtr(wM(p,m),

(27),

M, (p.K) =i [d*we""(N, p|T[ ,(Qw,W) | N, p)

with the result (e.g. hitting quark with spectator di-quark):

9ol (g X)fl“f\md_T e L rx((M 4+ M) M

I Ady T
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Eree Valence u-gquark PDE

—— Q,°=0.16 GeV~

Q*=10 GeV?® _

- empirical

(Q®=10 GeV?) |
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Eree Valence d-gquark PDE

Q,°=0.18 GeV?
Q%*=10 GeV~
empirical
(Q°=10 GeV?)
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Role of Lorentz \Vector Potentral

( Mineo et al., N P A735 (2004) 482; Steffens et al., hep-ph/0405096)

While scalar mean-field affects dynamics of
nucleon internal structure

Vector potential is essentially a gauge
transformation (i.e. just shifts energy)

(W) eIP ‘W (O)e—lP "W _ h +V0Q

* As aresult support of distribution in bound nucleon
IS changed:

V—‘<z<1—%

p- p—
* V_Is vector potential felt by single quark, which is
of order 70 MeV in this model (and QMC) _ :
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Change of Nucleon PDE In-Medium

- faralxa) = ;—ifqmu (xj; =
Qy°=0.16 GeV?

0p=0.22 fm™®

Free nucleon
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Comparison off Nucleon and Nuclear SE

Q*=10 GeV~
Fay (p=0.16

[,
(=]
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EMC Ratio for Infinite Nuclear Matter

Q=10 GeV?
p=0.16 fm™°

Nuclear matter data:
Sick, Day: PLB 274 (1992) 18

1 I L 1 1 1 I 1
0.2 0.4

h

!-h 11 | L1 1 1 | L1 1 1 | L1 1 1 | 11 1 |

Data of Sick et al, Phys Lett B274 (1992) 16
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Even More Challenging....

Ratio of A uy, in nuclear matter to that in free space
- at quark model scale, no Fermi motion and no vector di-quark, BUT...

= 0.16 GeV?
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Conclusions...s

Quark level approach to nuclear structure
leads naturally to effective force of Skyrme type
....WITH 3- and 4-body forces

Numerical agreement between QMC and Skyrme Illl ~10%

Key ingredient is scalar polarizability of nucleon

Dramatic change to how we view shell model

Experimental consequences just now being explored
and.... lattice QCD naturally yields scalar polarizability
of correct sign and magnitude (Nishinomiya, to be published)
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