HIDDEN DEGREES OF FREEDOM

Nucleons
proton:
uud
uud (i)
uud(dd)
Hidden strangeness:
uud(ss)

4 experiments: SAMPLE, HAPPEX, A4, GO
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Figure 6: The ratio of d/4 in the proton as a function of » extracted from the Fermilab ES66
cross section ratio. The curves are parametrizations of various parton distribution functions.
The error bars indicate statistical errors only. Also shown is the result from NAS1, plotted
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G.Garvey and J.C.Peng, Prog.Part.Nucl.Phys. 47, 203 (2001)
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Figure 21: Results from the 200 MeV SAMPLE data, in the space of G va 57—, along with
the theoretically expected value of &5 7 =1, using [18] for the weak radiative corrections. The allipses
oorfespond to & 1-o overlap of the two data sete [larger] and the hydrogen daca and cheory (amaller).

SAMPLE E.J.Beise, Prog.Part.Nucl.Sci, 54, 289 (2005)
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Tabls 3 Thecretical predictians for u, = &, (0% = 0) and r3,

Type of calculation Hy () ryiim®) Heference
Poles —0.91 + D09 Ol — 093 (42)
Konen Loopa 031 — —040  -DOR — -0DMT (2N D.Beck and
Ko s 003 B 198} R.D.McKeown,
Kaom Loogs |iy] = 0.8 {20} Ann Rev Nucl Part
SUYY) Skyrma (broken) 013 10 (36) Sci 51 189 (2001 )
SU{3) Skyrme (symmetric) -0.33 018 ()
© SU(3) chiral hyperbag +0.42 (a7)
GU[3) chiral color dislectrie  -0.30 — ~0.008 -0000 40000  (44)
SU(3) chirnl soliton ~0.45 0.35 (38)
Pales —0.M 0.0 0,18 £ 0.03 {33)
Kaom Loops ~0.126 — ~0.140 —0.002 — -0.0019 (M)
KL seliton —005 — 4028 035 -015  (43)
QUD equaditses =075 +0.30 {45)
Loapa +0.033 004 {31}
[Hspersion 010 = -4 021 —037 (35)
Chiral models —0.25, —0.049 PN {46)
Pales 0003 002 [34)
SU(4) Bhyrme (broken) +0.36 {39)
Lattice {goenched) ~[13A & 030 =0 M - =016 (40}

Lattica (chiral) ~0.18 £ .18 (41}
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FIG. 3. The solid lines represent our result on (g + 0. 106G,
as extracted from our new data presented here. The shaded
region represents in all cases the one-or uncertainty with statis-
tical and systematic and theory error added 1n quadrature. The
dashed lines represent the result on %, from the SAMPLE
experiment [3]. The dotted lines represent the result of a recent
lattice gauge theory calculation for g, [17]. The black squares
represent different model calculations, and the numbers denote
the references.

A4 F.E.Maas et al, PRL 94, 152001 (2005)
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FIG. 3: The four Apv measurements at Q° ~ 0.1 CeV*® are
shown, with shaded bands representing the 1-sigma combined
statistical and systematic uncertainty. Also shown is the com-
bined 95%, C.L. ellipse from all four measurements. The black
squares and narrow vertical band represent various theoretical
calculations ([16]-[22]).

HAPPEX K.A.Aniol et al, nucl-ex/0506011
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FIS. 2: The combination &% + iy for the present mea-
surement. The gray bands indicate systematic uncertainties
(to be added in quadrature); the lines correspond to different
electromagnetic nucleon form factor models (see text).

terize our result with a single number, we tested the hy-
pothesis &% + 5, = 0 by generating randomized data
sets with this constraint, distributed according to our
statistical and systematic uncertainties (including corre-
lated uncertainties). The fraction of these with v larger
than that of our data set was 11%, so we conclude that
the non-strange hypothesis is disfavored with 29% con-
fidence. More important is the J° dependence of the
data. The initial rise from zero to about 0.05 is consis-
tent with the finding that G§,(Q% = 0.1 GeV?) ~ 40.5
from the SAMPLE [24], PVA4 [25] and HAPPEX [17]
measurements. Becanse n increases linearlyv throughout,

GO D.S.Armstrong et al nucl-ex/0506021
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TABLE I Intermedhate state conmbutions to the strange mag-

netic moment y, and the electric strangeness radms (r’), i the
loop model of [19].

(ri)p (for) By
A (GeV) 1.2 22 1.2 2.2
EEA —0.007 —0.237
E*E*A 0.0023 0.030 —0.180 —4.149
EE*A 0.0207 0.085 0.253 1.023

H.Forkel et al PR C 61, 055206 (2000)
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+ K,K* loops in the “chiral” quark model

Mg =-0.046 nm
L. Hannelius & DOR, PRC 62, 045204 (2000)

* QCD Lattice calculation with chiral extrapolation

Ms=-0.046 £ 0.019 nm
D.B.Leinweber & al, PRL 94, 212001 (2005)

" tremendous challenge for future experiments”
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FIG. 4 (color online). The contribution of a single w quark
(with unit charge) to the magnetic moment of the proton. Lattice
simulation results (square symbols for ms = 0005 GeV) are
extrapolated to the physical point (vertical dashed line) in
fmite-volume QOCD as well as infinite-volume QOQCD, valence.
and full QCD: see text for details. Extrapolated values at the
phy=sical pion mass (vertical dashed line) are offset for clarity,

D. Leinweber et al, PRL 94, 212001 (2005)



APPROXIMATIONS & CORRECTIONS

Pion mass extrapolation

Charge symmetric sea

Two-photon exchange
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FIG. 1: Diagrams of Born approximation (a, b), two-photon
exchange (c) and vZ box (d) for elastic e-p scattering in a
Standard Model of electroweal interactions. Corresponding
cross-box diagrams are implied.

Afanasev and Carlson
PRL 94, 212301 (2005)
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FI1G. 2 Two-photon exchange correction to parity-violating
asymmetry as a function of € at =5 GeV?. Also shown
are separate effects from the parity-conserving ly x 2v-
interference and parity-violating 2+ » Z-interference.



uw d s5
]
(oLo= L
SPACE oI
ULied s
GRoune STATS
5 L=y
cv['_ [CAON Lep S
FlLAvVoR - SPIAI

muy

CONFIGURAT IOM S

L2147




SPIN DEPENDENT HYPERFINE INTERACTION
LOWERS ANTISYMMETRIC SPIN STATES

<S=0| 0" 02| S=0>=-3
<S=1| o' 0?| S=1> = +1

* COLOR MAGNETIC H.F. INTERACTION
V = (211/ 9 m?) ag o1 02 &(r)

« FLAVOR-SPIN INTERACTION

V,=-C, Z; N Ao o’ C, ~ 30 MeV

<N|Zo"-ol|N>=+1-3=-2
<N|Zo" ol T-T|N>=11+(-3)(-3) =+ 10
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TABLE I: Flavor and spin state symmetry configurations
of the uwuwds quark states in the ground state and first or-
bitally excited P state. The states are ordered from abowve
after increasing matrix elements of the Casimir operator
—2 ey Mi - X; & - &5, where M\ are the SU(3)p generators.
These matrix elements are listed in the brackets [17].

wuda ground state

unds P—state

[31]rs[211]F [22]=
[3l]r=s[211]F[31]s
[31]Fr=[22]F[31]=
[31]rs[31]F[22]=
[31])r=[31]F[31]s
[31]rs[31]F [4]s

[M]re[4]r[31]s

16)
(-40/3)
(-28/3)
(-8)
(-16/3)
(0)
(+8/3)

[4]Fs[22)F [22]= (-28)
[4]Fs[31]F[31]s (-64/3)
[31)F=[211])F [22]5 (-16)
[31]F=[211]F [31]s (-40/3)
[31]ps[22]F [31]s (-28/3)
[31]ps[31]F[22]s (-8)

[4] 75 [4]F [4] = (-8)
[22]Fs[211)F[31]s (-16/3)
[31]Fp=[31]F[31]s  (-16/3)
[2 E]FS[EE]F [22]5‘ I:-'-l::l
[211])F=s[211]F [22])s (D)
[31])Fs[31]r[4]s (O
[211])F=[211]F [31]s (B/3)
[22]ps[31]p [31]s (B/3)
[3l]rs[4r[31]s  (8/3)
[22]ps[22]F [4]s (4]
[211]Fp=s[22]F [31]s (20/3)
[211])F=s[211]F [4]5s (8)
[211]F=[31])F [22]5 (8)
[22]r=s[4F[22]s (B)
[211]F=s[31]r [31]s (32/3)




DEFINITION OF pg

* Ps=e 2 (éilzms) (l+o)

« S;=+1 (s), -1 (s ) strangeness counting operator

. B.S.Zou & DOR, Phys. Rev. Lett. 95, 072001 (2005)



THE LOWEST ENERGY CONFIGURATIONS

e s in the P-state:
[31]5[211]; [22];

Hs = - (1/3) (mp /ms) Psé

e s inthe S-state:
[4]5[22]F [22]5

 Lower by ~ 360 MeV

Hs = +(1/2) (mp /ms) Psé ~ P

s§

SAMPLE: p,=0.37+0.2+0.26 +
0.07

= Az Z Z (1,1/2,m,s|J 7]

ab,em. e M, 0.

f e Fyy 1111 H)a : Y
(8,0, M, 5[1/2,1/2) Chia a1 Clipsie 211 e (a)

[F](5) [S]ar(e) Yim sip({ri}) - (2)

v=A Y Y (LSmM[J])

abedem,s M.

Cr e e 1 s l1111] [31]a [FS]e
(1.1/2,7,5)1/2,1/2) C[Ell]a,[&l]ac[ﬂl]b:[FE']c C[F]d,[S]e

[211]=(a) Bl x m(B) [F](d) [S]ar(e) Xa @({rib). (T)
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General expressions

Flr [22]

Flr [31]

S in P - state

s+ Ms = - (1/3) (m/mg) Py

s: Ms =~ (7/6 —1/20) (m,/m;) P

SS

31]e [4

s He=+ 7/6 (myjm,) Py

O average spin z-component for S=1 uuds state



General expressions
Sin S - state

FS]es[Fle[22]s: ps = + (1/3 + 2/3 [) (m,/my) Pgq
FS]esFIF[B1]s : Mg = - (mp/ms) Pes J=0
FS]es[FIp[31]s: Mg =+ (1/3)(1 + [+ 0 ) (M/m;) P,
J=1
FSleslFlel4ls: 1, = +(5/6 - 1/3 1) (m,/m,) P,

Ll
=

[average m, in L=1 state



©* quark cluster models

Jaffe-Wilczek: two scalar diquarks [ud], [us] in relative
P-state & § in S-state:

ps = 1/3 (m, /mg) (1 + 2 my/mg+ms)Pss > O

Shuryak-Zahed: scalar + tensor diquark £1) & §
b = % (m, /mg) (1+ my/3myg) Py > O

Karliner-Lipkin: scalar [ud] + [ud$] triquark in L=1 state:
ug=-1/3 (m, /my) P <O



5 quark components in A(1232)

M(A(1232)> Nm) <50 % of I, ~ 120 MeV

Recent examples:

B. Julia-Diaz, DOR & F.Coester PRC 70 (2004):
Covariant quark model that describes G¢(p) in all forms of

relativistic kinematics (instant, point & front)
[(A(1232)> Nm) : 40 -45 MeV

T. Melde et al. hep-ph/0406023:

Dynamic quark model for the spectrum, 3 models for the
hyperfine interaction (Gluon exch, meson exch, instanton ind.
interaction

r(A(1232)> Nm) @ 32 -60 MeV
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FIG. 9. The N-A form factors predicted by model I, left panel:
magnetic M1 form factors given in Ref [2], nght panel: axial vec-

tor form factor. The solid curves are from full calculations. The
dotted curves are obtained from turming off the pion cloud effects.
Gp=1/1+ Q:.-'Mf,:l: with My=0.84 GeV 15 the usual proton di-
pole form factor and G = 1/(1+ 0% M3)* with M,=1.02 GeV 15
the axial mucleon form factor of Ref [31]

Sato-Uno-Lee PRC 67, 065201 (2003)
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Summary

* The strangeness magnetic moment is most likely
positive SAMPLE, A4, HAPPEX, GO

* The s§ component in the proton is probably such that
the uuds is in the P state and the § is in the ground
state

» uuudd components in the A(1232) is the reason for
the systematic underestimate of the decay width in
the 3 valence quark model
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