Recent Successes and Open

Issues in Baryon Structure
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Theoretical analysis of Udias et al., Laget etc.
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First Evidence for Change |
of Bound Nucleon Structure |

O Ratio of electric to magnetic
form factor of the proton in “He

Udias, PWIA
-——— Udias, full
— Udias, full += QMC

S. Dieterich et al., Phys. Lett. B500 (2001) 47

O  Full distorted wave analysis by Udias
et al.
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Major Experimental

Advance:(¢, ¢'p)

O Mainz /Jefferson Laboratory:
High intensity, polarised, 100% duty factor

electrons

O Quasi-free scattering;:
Use polarised beam nmeasure

polarisation of knocked-out proton

I el
-

P
M= G /e
O Measure Gr/Gar:
Using (. ¢'p)), measure ratio of electric to
magnetic proton form factor, compared to
free-space ratio, in a specific shell-model

state!
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| F1111te Nuclm
(P Gulchnn, K Sa:to, E Rodmnnv and AL W Thnmas,
Nucl Phy$ A601 (1996} 349)

O Born-Oppenheimer Approximation:

Composite particles in relatlﬂstlc, external
fields is very complicated

Expect good to about 3% to use
Born-Oppenheimer

O Obtain Shell Model:

“Nucleon” internal structure
self-consistently adjusts to local mean-field,
for each single-particle state

O MAJOR CONCEPTUAL CHANGE:
What ﬂccupies shell-model states are NOT
NUCLEONS but “nucleon-like”
qu::isl-partlcles with DIFFERENT mass,
magnetic moment, charge radii

O How to Test?
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s ;B-?nz'? _911994) ;-93-.-:":-.:'-_

'--"-;_Sclfuccnmstcntly sclve fcr thc change of thc_"'

: _'_Jlni;crnal structure of thc nuclecn — whlch s
in turn the source of the scalar mcan—ﬁeld

O Nuclear Matter‘
: Natural Saturation Mcchamsm
At present requires hadron model |
In principle could calculate scalar response |

of nuclecn and hence nuclear structurc
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Lattice spectroscopy. . . - efforson Luk -~

“"Roper”

Most models predict the first radial excitation of the
nucleon around 1600 MeV - What is the Roper (1440)7.

"Bad" operator... Recall that the “bad"” operator van-
Ishes in NR limit.

Overlap on radial excitation

LHPC/UKQCD Preliminary
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Poor signal at lightest masses
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Hadron Specroscopy :

SUMMARY
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Strangeness -2




A Excited States




Strangeness -1
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NUCLEON EXCITED
STATES
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Hadron Specroscopy on the

Lattice




Nucleon and N/( .--E-,- ")




Nucleon and N*( l_)
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Hadron Spectroscopy — 11
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HADRON
SPECTROSCOPY




Connection Between QQCD
and QCD?
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O Thus QQCD is NOT an
‘uncuutrnlled apprﬂxlmatmn”

BUT may be a very cost efficient source of
information on hadron structure and

spectroscopy

O Need to test on other octet baryons

O Need better QQCD data at low mass

eg. FLIC actions (Zanotti et al., hep-lat/01102186)
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| Baryon Masses
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NOTE: major difference in behaviour for N and A

(From Young et al.,, hep-lat/0111041)
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Barvnu PvIasses-. in QQC‘
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Self-energy contributions to the A

(From Young et al., hep-lat/0111041)
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i ff"f"-ymldmg LNA and ?-NLNA behavmur Ro e i o
from Lﬂhmﬂﬂ & Shﬂrpe Phys. Rev, D54 (1993) 4595
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Self-energy contributions to the nucleon

Z (F‘rqm Ynung et al., hep-lat/ﬂ111041)
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' Baryon Masses in QQCD -
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‘Hadron Mass (GeV)
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From Young et al., hep-lat/0111041. A
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Baryon Masses in Quenched |

- O Coefficients of m., m®
and mj Inm, are model independent

O M term u111que to QQCD
arises from (b):
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Parton Distributions vs

Mass
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Comparison with Data
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Detmold, Melnitchouk....

© Dark shading is world data
® Light shading chiral extrapolation
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~ Chiral Beh

ol
T

O ﬁ:ﬁlEﬂ:{ML+-hﬂﬂ§-+ﬂmﬂLNATH§hjﬁéiﬁg
O cpna from chiral perturbation theory
Ji & Chen and Arndt & Savage

© reproduces CBM calculation over full
range of m?2

O /i 1s scale at which chiral behaviour
turns off: expect o 1.{].{3 MV
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Moments of Parton
Distributions

O qup.ﬁtﬂ < 2" > for u— d
= NO “disconnected diagrams”

D

O until now, discrepancies with data

of 50 % or more.......
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C, + %gl'e“”“f

H Z
| + €1 Mnp

E.J. Hackett~Jones et al. / Physics Letters B 494 (2000) §9-99 93

Table 1

Baryon electric charge radii and the quark sector contributions. The latter are defined on the left-hand sides of Egs. {6)}(11). One-loop correcied
estimates of o™ (in Eq. (1)) and x; (in units of fim?) for each octet baryon are indicated. For each extrapolation, the fit parameters, ¢y and ey,
zd the predicted value of (%) at the physical pion mass are reporied. Asterisks denote the squared charge radii reconstructed from the sum of
separate quark sector extrapolations. (The units are such that the pion mass is in GeV and the squared charge radiuis in fim?)

Baryon or quark sector uf” ) X €| 2 {r2) Experiment

P 1 S+ 0.174 0.34 0.50 0.68(8) 0.740(15) [14]

up 3 ¢ io+p? 0.116 0.52 0.73 0.74(11)

dp {1 fo+n? 0.058 0.18 1.38 0.06(5)

P 0.68(10) 0.740(15) [14]

n t+ED+FP 0.174

tn 4+30+F7] 0.116 0.35 138 =~ 0.12(10)

dn i+ i+ F?] 0.058 0.26 073 ~ 037(6)

*n ~ 0258) - 0.113(4) [15]

A 0 0

4 0 0 0.15 0.97 0.14(3)

5 0 0 0.07 0.10 0.07(1)

‘A 0.07(3)

I b 38+ 0.138 0.68 2.03 0.92(11)

Iz+ i 3 (%1 + Fl) 0.138 0.58 0.93 0.83(8)

Spt 0 0 0.06 0.17 0.06(1)

‘ot 0.77(8)

£0 0 0

Ix0 0 0 0.19 .48 0.18(2)

550 0 0 0.06 0.17 0.06(1)

L Eﬂ : -I"}J-Z{ZJ

55 b§(5+) 0.138 0.25 008 = 0523 - 0.60(16)[16]
~ 091(7)[17)

Iz b+ 3(&+F) 0.138 021 - 037 = 0&1®

sp= 0 0 0.06 0.7 =~ 006(1)

LR - 0.54(3) = 0.60(i6) [16]

- Q2172 [17)
(coniinyed on nexi page)




Analogv 1:0 Gharge Rddlus
in Lattice QCD

06 08
m # (GeV®)

Fit to lattice QCD data for charge radius of the proton
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Euler—Hemenber (CDllt)

ExAact
Exacl Resull

'Iﬁﬂ:pnrnrnnl.nr [t

Percentage differonos

90UaIS]II{I SFrIUaDIa] '___':.

Two parameter representation of the exact result:

accurate to better thani@% for all m
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. Euler-Heisenberg (cont.

————  Exact Eilér—Heisenborg Result
—_———— | /a5t (=R mAE

0769088 4 /1/3 * logfmfeR)
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- I Euler-HPlaenberg Prnblmn

O- Asymptotic -expansinn for large. m':-'
et B 4 (eB
S = [ 415(e I + 315 (52 ) ]

O Nomn-analytic small m expansion:

§ =~ { Flog 25 +0.763969 + 0 (2 )|
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Charge Radii

'J“-O-;E_,-.'-lel lnupz.-.u. | iRy
~ gives cnntr:lbiltmn that behaves Ilke-
"f-__lnm.,.r T @o SR as e My — 0

O Such behavmur can never arlse in
constltuent quark model.,...
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Future Develnpmeuts

.

Cwithing 3 yesrs

"O Advances in

contrulled chlral extrapolatmn
_shQ'uld"bE'_éufﬁciént for: b Gams o
‘accurate physical hadron properties!
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Overwew of Hadrml

Masses

1-..'.."..I',-I.-....:.-_._.;-J:_- . -

Hadron Mass (

IIHII'I. IH HI CH

19 SUBAT MIC




O BUT atsma]l m(< 60 MeV):

T (i-e. m; < 400-500 MeV)
e - Chiral Symmetry =>
— rapid, non-analytic Varlatmn with 7:

— My ~ m3/?
— Op ~m!?

0 g o

O Models (like CBM) yield a natural
~_explanation of transition from LNA to
:smqth behav:mur i | |
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Non-Analytic Behaviour

(cont.)
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EIWEBEX ﬁusﬁrm#
hep-lat /9906027
(rm blgshed: P.R. DéM)

@g":._;;u:m_m LATTICE METHOD :

. 5 .
e Formula : Mg = a + fm2 + Y

I T 1
M ? 2 Parameter Fit

Mh‘ 2 Parameter Fit
Prelerred Fit
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0.8 i | I I
0.0 0.2 0.4 06 08
m * (GeV*)

e Tiny coefficient of m2 — incompatible with
57 il

(0.761 c.f. 5.60 for j{PT
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Non-Analytic Behaviour
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Quark Propagator

4ma,

: -Asymptﬂt'iﬂ fDI"IIl;:.' — “@T (qQ)

‘é‘Co'us_titueﬁt” mass M(0) ~'_300:MEV L
very similar to DSE phenomenology
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Gluon Propagator
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The ratio 1, G /G-

The Ratio pG; / G,, (Proton)

1.1

” Jones el al., PAL &4(2000) 1308

0.1 f _ _ _

Q' [GeV')

Qettel et el Czo01)



Nucleon electric form factors:

e compressed G — Proton
g —q — hard = T i
form factor _ =
08 [’3‘ |
, 7 Hoshisr of ., NPE B L&(1976 508
e realistic 0s
“diquark” size: |
04 L |
¢~ 0.3 fm
0.2 i
® 0 — W:.
i 0 . g 0 o - n I ST |__
20-25% to (rp)g) e E
G, — Neutron
e photon resolves Il
q — (¢ —7 e
e ||
quenChEd form e ] HLresmuaddq'ﬁ N
faCtDr } ."mnﬂi--ﬁl‘hmml.lﬁl
0.06 + | ‘.F‘MHMH.DHmrmLﬁw
| (=TT PﬂLlﬂI“lilah
{’ 'MNH..PﬂLﬂnmﬁm
: 0.04 - e
e (e.m.'ally) [k -
compact dq — L e
mimicCsS ;'f i
i CIC}L.Id ? % 02 04 08 08 1 TSR
Q' [GeV]

* Oettel, Alkofer, v. Smekal, EPJA8 (2000), 553




Quark—photon vertex II:

Fit off-shell behaviour to the 7 form factor:

Pion Form Factor

1 !
|
0.8 - = BOC vertex
= BC vertex + res
| Amanitn ol o, MPD 277 1968 158
06 | ® Volmer w al, FFIL o0ty 1750
w"
04 -
J
0.2 | E
0

S S
Q° [GeV]

p — w contributions:

e mainly small (2

e 25% to r2 (model dependent!)



Further Tests at Higher-Q?
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Quark Condensate
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