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DEFORMATION OF HADRONS
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I"hz' = - 113 -fml "neutron redius

N.B.:
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Q on = Q=T Qo
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Tsqur, Karl, Koniuk ( 19°2)
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HYPERFINE INTERACTION
color magnetic dipole -
magnetic dipcle iteracton
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D.D., MM . Giannini (198%)

e ELECTRIC VS. COULOM& QUADRUPOLE

=54
WL%—_‘& W G, = rn(ma—rn)(r‘}a{ P, %+ .}

current : ’&AN = Gea_ { 5305-1- bsqm-y-... mhwdqﬂm
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eorder (ﬂ (1 1)
® perturbakion  Sp = -y =-g{F 57 = %

(1)

however , Siegert limit (- ) = no retardation,
should yield Giga [Gep = 1 . PROBLEMZ

2™ order perurbakion & upte thwy,stades — 55%
2Ry, Shates — 12 %

GE:.}_ sensthive 4o runcation & en:hqnge currents

Gea mm dnblt} ’R___GCQ-IGW ~ 2%
Gm—- 3 Mp= A8

® quadrupcle transilion calculated Via
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PROBLEMS , SOLUTIONS
AND NEw PROBLEMS

cQM
Gui (N> A) & Z0% of exp. value
GC&./GMJ, ~ exp., but \carge sﬁ‘esndmce

on Fﬂl"ﬂ m

V/C clese 10 1 =» relativ. bag meodel
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& approximode chiral invariane

of Zgcp not fulfilled

-~ =
axial charge ~ O-P d’\:xnge.s
\DJ scattering O{f the wall
pion cloud produced
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CHIRAL BPAG MCDELS
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D.H.Lu, AW.Thomas, A.G.Wiliams (1997)
Y.‘B.:Dong , K. Shimizu , A . Foessler (2061)

Lu,j}or\s ® Spurious c.m. motion ~ 5% Efed
Lu e Values ot = matrix pole —» complex amplitucles

a b C [ctal |E2M1

Bermuth etal.l =23 | =102 | =133, [-267F |28 %
Lu e+ al. -3 | =94 | ~16¢ | ~28%| 1%
Dong etal. -“M13| =31 | -13¢| 22T |-2.0%

-as55 [|=a.5%
PDG (2002) 1e [+6.5%

TABRLE: Aap emplitude in units 0> GSeN" 2,
PSS ::aup“ﬁg, 3!"#’!3 ﬂ]b,‘: Md Hﬁl -
EL/M1 rotic. Caleulations Jor R=0.6 fm.

B&l agres in derms ok anol alillnsrtz. with D
BA&D ogree in term C and dlisagree with L
BaD ‘agree’ in EA/M1 and olisqgres with L

B& L&:D aqree on

ConcLUusSION 3

e pion cloud is necessary 4o bring Aey,
ampliude to experiment=l value ,
experimental value of Gy (= bD) is reached
ot Rz NRE5 fm (quark bag radius)

e Bemuth et al. actually caleuladesd C2/M1 =-28%
and included intermediate D -wave resevances .



model predictions for E/M ratio

Model E2/M1 [%] Authors
nonrel. CQM 0
-0.32 S. S. Gershtein,G. V. Dzhikiya,

nonrel.QM with
Color-Hyperfine-Interaction

COM with CHI

nonrel. QM with CHI and
pion exchange

Chiral Bag-Model

Cloudy Bag-Model

rel. QM

modified Skyrme Model

two-body-exchange-currents

-0.7

-0.2 to -0.1

-Sto-2

Sov. J. Nucl. Phys. 34(1981)870

N. Isgur, G. Karl, R.Koniuk,
Phys. Rev. D 25(1982)2394

D. Drechsel, M. M. Giannini,
Phys. Lett. B 143(1984)329

M. Weyrauch, H. J.Weber,
Phys. Lett. B 171(1986)13

G. Kiilbermann, J. M. Eisen-
berg, Phys. Rev. D 28(1983)71

K. Bermuth, D. Drechsel, L.
Tiator, Phys. Rev. D 37(1988)89

J. Bienkowska,
Z. Dziembowski, H. J. Weber,
Phys. Rev. Lett. 59(1987)624

A. Wirzba, W. Weise,
Phys. Lett. B 188(1987)6

A.J. Buchmann, E. Hernandez,
U.Meyer, A. Faessler,
Phys. Rev. C 58(1998)2478



LATTICE CALCULATIONS

D.B. leinweber et al. (1993)
Nikosia ~ Geneva - Wupperia| — Athens~MIT

Q. Alexandrov ef al. (o)

A Rgy quenched

0.06

I_dim
Figure 2. Rga at k= 01568 lor 100 quenched
confs. The photon is injectod at ¢ /a = 8.

cst possible momentum transfer for this lattice,
q* ~ 0.53GeV? (taking a~! = 1.85 GeV from the
chiral extrapolation of the nucleon mass).
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Figure 4. Hga plateaus for 100 & = 0.1570
SESAM lattices. The three equivalent definitions
are consistent within the errors. £ /a = 6.

for 10t uluenched or unquenched configurattions, as

funckion of time

e Photon injected ot a cerlain Hime 4
e pla+e=ru W*‘Erpfded as FQEM achM -

SUuMMARY @

NRem (quenched) = (—- 09+ 08) %
R em (Unqutnd’iet:l) = (=340 = GT) y A
Ream (unquenhed) = (-3.2221) %

Q2 = o4 GeN2

j Q*= 0:53 GeN*
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CHIRAL PERTURBATION THEORY
G.C.Gellas , T.R. Hemmert , C.N. Kiorides, G.T. Foulis
e £3 'SSE" , 3 LEC's fited +o %Gﬁqa.m_
A | | o £:f: complex
Re G, ‘\ T EE | @ Smarix pole

4o

E..g.m.

oy
Y cak

Ao

e 4

¥ @ na R [GeV2]

FIG, 7. The real part of the form feclor ©2 with €y, Cy given by
the sots Ay 8,0,

Rew-ReGob) b
-E-A""W'"

f T —— r
0o o .
v ﬁ ratio with €y, € m” Q [Gt\l _]

FIG. 11, The real part of the © 'e Oy iven by
e sets A By, C.
e Compare to Sado & Lee , Aynamical model
T L D ! . 4
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N -16 | :
, S : ]
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Q(GeVIeY Q*(GeVrey:

steep negative slope Jor Q*< 0.2 GeN*
-s in SHPT
™ i~ " s | 2 _Nernerdence fEJdt"'Nﬂ +o VCIILIE.



VIRTUAL PHOTONS

> T (v Q) @ ‘“"‘52?3;1;

2w s
Jde o
dn,,dE.,d.Q,, vV Ay

= o d6- d 6
Sromak LR ALE ol BT S
4+ 1 other shuciures ivohving T2 end

¢ super' Rosenbduth plot' by varying E:‘i’xf:‘%f:{s

K+ U8 gt g

mulkpoles mu (Vi@32)

™ sp:c.iql cases !

REAL PHOTON Q*= 0"y only Mransverse pelarization

A6 _ de*® §q_
dso m \1 -F} %%Qf}—inpbne—wl
Pho nm,mmdvv 4 plane =»—1
TNCLUSWE ELECTROPRODUCTION , (dQy
/

6V = 67 + & 6{+ RRVZE(-8) 64 +REVI—€Z 677
63 (W Q-‘-) &« > qmrk.aimc.’ture. funchons 1 ¥4, %, 94, (a:.}




o HELICITY AMPLITUDES iAyi, A%,e%}

S . . P
6 K Fok = (T+S)ek = Sk
because E‘E=(?X_E)"[: =

- . 1 rexl pheton
§'k hellCl"'y h={:t1 20 virkual photen
3 proton

* Tnvariant under rot=bions
e equivalent with 'S7 for collinear process
if 'Z-oxig" in direction of mohon

-3/2 —~1/q Y2 3/2.

—— DELTA
&4 M st
= /2, ? /2 NUCLEON

® under parity transformaion
h=3% —» S -ky=-h

<A 1M INGEY) £AEDIFENINESY)

— m[y o incdlependent ”helic.iH amplitucles”
for real photen

Asy = <AD| FOINGY) ToN et

VAR K
Ay = LAD|HOINED)
—Fsr virtual photen




® MULTIPOLES {Eﬁ:)Mﬂt) Sﬁ:t}

B"* "JJT
EM/Ss L @
X o N

[£] ¥*X : eleciric (E) ,magnetic (M), charge (S) 3
L includes relabive orbital cingular
momentum + photen spin

~ J=Lt%
Pu {L—)“ fer E,S
A or M
Kl XX : A relakve orbital anqular momentum
~ JT=Lxz
’j-)- &__-)t""l

examples 3

e “a
ﬂl“ff magnetic , £=1, T=Lri=% } resonance

S %
from [§]1 — P=cr®1= 41 2
fom (1~ L=Tri={

~—~> @.:(...)L*‘I oy % - L=2

+41 ~a L=1 7 4
M1 - maanelc el rac ialiar




CROSS SECTIONS
HELICITY AMPLITUDES
E/M/S MULT|POLES

def. 67 = 3 (S+S3) y v = E(on—6W)
NGy, ~ Ay ~ {@r)Ep + EMp}  or W"“) T M.l-}
V 653}1 s A&h_ ~J!_(£+a.) i E!,*‘Mb} or “L"{)(Fﬂ ‘EE-+ME'-}
«_G.? . Sh NG‘M)& SR.*' or E?’S,__

Gf:{- ”Sﬁy,.Ay,_N v (relakive sign!)

-&mh Auscnn.m:ei

® Aa;z not possible on individual quark,
needs correlations —~ Ry 2> 100% if Q*— o
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) AI.-"E + ‘\/5143#-2

1 Y2

%"S% ab=1

Al.f'z __Aafz 2 sy éb
3{:.1

Paul Stoler (NSTAR2001)

where is the
turning (crossing) point?

R e e e
A Mainz, BNL
® JLAB Hall C, 1999
RE(E]+MI+J
, 2
EM[+‘
02 —




ToTAL PHOTOARSORPTION

i 2 ® Doresbury (1972)
! A @[a3d) - O Mainz (1996)
500 - M1/E A BNL (1996)
] $it: Babusci etal.
hotr - T
300 - f
B N* (1€80)
i EQ/M3
00
= (] °
100 + nonresenarnt
_ mue ~ 120 b
- (JT+) "
£
- | ] ] I | | P S
) 0 0.2 0.4 0.6 0.8 4 ; 1.8 a
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100

-100

400 |

300

HeLiciTY DIFFERENCE

G 63
Gz, — 64, N.B.: 6 = 2aron
1 1/2 - ! V2
)y 2y ey &=
S3)2 Sla
® MAMI

O (pr®+nm*)

3 ELSA (preliminary)

X
Holvoet /\anderhaeghen
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Single n-prod. —> A(1232) —>E2/M1
INCLUSIVE /GDH EXPT

[Phys. Rev. Lett. 84, 5950 (2000)]

Ac{pb] :
' . MAID2000
3504 yp — pn E —_25%
| — 0%
300 - +2.5% i
1 ® GDHO98 |
250 -
200 - 4
150 - -
100 - .
50 - -
0
E L T = | ]
200 300 400 500
E.[MeV]
Aofub : 1 -
[ JUD- T | T =
) MATD2000
—-2.5%
150 - —_— 0% !
| +2.5%
® GDH98
100 - -
50 |
g L]
- \) § E
50 - -
-100 - .
-150 . - r - T - 1
200 300 400 500 E [MeV]

ir o
:‘ﬂ-l -{ ollaboration




CoOMPTON SCATTERING
Spin polarizability and E2/M1 ratio

’ Se.r\s:iHvi-lr_\)’i
I\ _E2/Mf

100 | 4 em
d67/d0,,
[nb/sr]
i
~ 250
% & CORN 61
200 | © HONN 76
e
150 | % sase
J——h | 1 i
30 60 90 120 150
0" [°]
LARA deta
Brookhaven data
nonsubtracted dispersion theory
~¥x(SAID-parameterization) = 371 x10-*fm"
+x(MAID-parameterization) — 409 x10~*Fm?

E2/M1(SAID-parameterization)
E2/M1(MAID-parameterization)

(—1.7% 22—

—2.0%

G. Galler et al., Physics Letters B 503 (2001) 245; S. Wolf et al., Eur. Phys.
J. A 12 (2001) 231; M. Camen et al., Phys. Rev. C 65 (2002) 032202(R)
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PHOTOPRODUCTION




O &8 & &

do/dQ / (ublsr)
> 8

10 }

10 ¢

do/dS) / (ublsr)

New Results for 42

df)
PhD Thesis Roman Leukel, 2001 , EPJ (2002)

P Te)p

955'15= 90°

® MAMI / TAPS
¢’ MAMI / DAPHNE
x LEGS

— Hanstein (TAPS)

Iif 0= 120°

i B

® MAMI / TAPS
(> MAMI / DAPHNE
X LEGS

— Hanstein (TAPS)

250 300 350 400 450 500
E, / MeV




Ergebnisse

do

Differentieller Wirkungsquerschnitt: 5
(1

' ' MAMI / DAPHNE
300 | x LEGS (E=280 MeV)
—— Hanstein (TAPS)

E,=280 MeV

4001 x LEGS (E=322 MeV)

E,=320 MeV |1 E,=340 MeV

25.0

-
EJ'I.
=

do/dSY / (ublsr)

Lh
o

wSB{] MeV

0 40 8 120 160 0 40 80 120 160
69" (Grad) 69" (Grad)

0.0



New Results for Ry = £2/M1

Electric Quadrupole (£2) vs. Magnetic Dipole (M1)
in the N — A(1232)-Transition

7’ Photo Production with linearly polarised Photons:

doT do!
dQ (8;:-{:01 T)_ ﬂz ﬁ {1 _HT ( CDSQ(P}
At E, = 340 MeV (Resonance Point) :
s— and p—Wave Approximation
dall- q )
o (0m) = = (Aojj,1 + Boyj,1 cos00-+ Co 1 cos” Oo)
— = —
(_r“ 1 7 + X(6; = 90°) F9 |
= -l ~ Rpy = ;_

124 12 1- (63 = 90°) n

MAMI!I‘APS -Experiment (PhD Thesis R. Leukel, 2001)
0.06

(Im EH- / Im MI+)

¢ Multipole-Fit (pr -, n7'-data)
— Hanstein(DR)

0.04 ¢

0.02 }
0.0 }

o 002 ™
0.04 |
-0.06 |

-0.08 | R=Rpy ® MAMI/TAPS
~——— Hanstein(DR)
0.1 . - . .
250 300 350 400
E. / MeV

:,\RF,M = (—2.40 £ 0.165y) £ 0.24(,,,)) % |

MAMI/DJBLPHNE : REM s (—25 - - U‘.l[“_] + [}2[,”}) %
(R. Beck et al., Physical Review, C61 (2000) 035204)



Motivation

Am Resonanzpunkt bei £, =340 MeV gilt:

— e
¢, 15+ 50r =9°)
- - = Ry £ 0.1R
24, 121-%(@;=90°) " s
0.06
SAID (SMO1K)
(.04 F
Ren=(Im E{; / Im M{,)
0.02
=] :
'g u.u brssnsrsssrasnannssmnnnnnioracasrntlpsncssnnsnnnnis
[

b i R=C, / (12 Ay)
0.04 .

300 310 320 330 340 350 360 370 380 390 400

E, / MeV
Empfindlichkeit auf £, :
Differentieller Querschnitt Photonasymmetrie
- 0.7 -
30
0.6
= = 0.5 | e
2 /
;. 0.4 /
~ (A
e 15 0.3
=
_g 10 ¢ \ 02}
— By, /I My, =-25% - — By, | My, = - 2.5%
S| — B /My, =0% 0.1} /— By, /M, =0%
E, = 340 MeV E, = 340 MeV

0 0.0
) 0 60 90 120 150 180 0 30 60 90 120 150 180
05 (Grad) 0™ (Grad)

da

Mafigebend: volle Winkelinformation fiir -;-j-“(_ %)
und Photonasymmetrie unter ¢; = 90° !
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Ergebnisse

Photonasymmetrie: 2.

08| £ 280 Mev | | E,=300 MeV
0.6 - (]
0.4 |

W02

0‘.“ .....+......i..............u..F.-:f‘Eﬁéummm

& {) MAMI / DAPHNE

- % LEGS (E;=275 MeV)

0.4 L—— Hanstein (TAPS) . peii s casdcsl
0.8 | E,=320 MeV E.=340 MeV

0.2}

| %X (E;=322 MeV)
0.4 e

0.8 | E =360 MeV

-0.2

-0.4

0 4‘ﬂ 80 li{} léﬂ 0 4{‘.' 80 liﬂ 160
ny - (Grad) 6’?’ 5 (Grad)




mnca Analysis Group (BRAG)

Models and Approaches for Partial Wave Analysis

e ELA (RPI) by Davidson, Mukhopadhyay
effective lagrangian
Born terms + vector meson (w, p) exchange
+ s, u—channel A excitation
in covariant Rarita—Schwinger formalism

e SAID (GWU) by Workman, Arndt, Strakovsky
phenomenological analysis
Born terms + 4-6 free parameters in each partial
wave

e MAID (Mainz) by Drechsel, Kamalov, Tiator
unitary isobar model
Born terms + w,p
+ s—channel A, N* excitation
in nonrel. Breit-Wigner ansatz

e DM (NTU) by Yang, Kamalov
dynamical model for 7N — #N and YN — 7N
background generated dynamically by Born + w,p
resonance contributions similar to MAID

e DR (Mainz) by Hanstein, Drechsel, Tiator
fixed-t dispersion relations
method by Omnes based on Watson’s theorem
S,P and D3 partial waves

e DR (Yerevan) by Aznauryan
fixed-t dispersion relations
similar to HDT
in addition input from SAID for non-Pj3; imaginary
parts




e

Results of the low-energy benchmark fits (£, < 500MeV)

pars. | x° M1 E2 E2/M1 [%)]
ELA (RPI) 9 (4.1 286 7.2 -2.55
SAID (GWU) | 31 [2.8 281 7.2 -2.57
MAID (Mainz)| 5 |[4.6 275 -5.3 -1.93
DM (NTU) | 4 |[3.6 280 -6.2 -2.24
DR (Mainz) 8 [3.7 281 -6.6 -2.35
DR (Yerevan) 14 [3.1 278 | -6.3 -2.28

281.3 + 4.5|-6.6 + 0.8|-2.38 + 0.27

Conclusion

e spread in the determination of M1, E2
and E/M ratio is most important

e gives so far the best estimate of model dependence

in partial wave analysis

e absolute numbers depend on the dataset

e need to determine the ‘best’ dataset
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y 0 Joo et al, CLAS collaboration
p(e,e'n”)p at JLAB/CLAS Phys. Rev. Lett. 88 (2002) 122001
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I}(e‘j e'mn 0 ) D at ELS A (B Onn) Ralf Gothe, Tina Bantes,

private communication, June 2002

Q" =0.63GeV”*, €=0.88 model independent analysis: R, =(-2.24£0.73)%
W. =1153-1312 MeV (s+p waves) R, =(—6.92+0.65)%

MAID analysis: R, =(-1.6+0.2)%
R, =(-5.3£0.2)%
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Frolov et al, PRL 82 (1999) 45: Cebaf Hall C

W = 1235 MeV —— MAID2000

Q2 = 4.0 GeV? ——— Dynamical Model
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N -> A Transition Form Factors

magnetic form factor M1
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N -> A Transition Form Factors
E/M and C/M ratios
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E2/M1 (%)
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Q. Kamatlov (2002)
New GrosaL FIT (10/a002)
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dQEM;SM /dQ2 AT QU=
EVIDENCE For Pion Loors

R | R&w
Seicalan | =5 Bl car @] o ort=f Heuand

Rsm at Q*=0
3 - )
ChPT e | -6 () —51C8 | its of Gev-2

TABLE :

bt doken from Figure
[ complex ratic , doke rabhio ol (large.) Sm patr‘i's
CONCLUSIONS
e ChPT : @2 dependence of Ed and C2
relative to value ot Q*= 0 not Su[_-vpl"l!&&f-‘"
by /'m ) 3 While sudh suppression +aokes
pPlace in case of M1 .
® steep negative slope for Q*< 011 GeV&,
in both ChPT aind olynamical meodels
o dynamical models predict minimum of
E1+ and gq.,. near N* = 045 GeV*

o lowest measured Q% = 0.1 GeV*
lower O possible ?
e Siegert limit ot Q% a—(mh—m_,) E2=C2,

predicted value '-'R EM /RSM = 1/3 necessary
"lwo qd'n'e.ve. %ﬂi‘{' d




SUMMARY

— EAIM1 rato {or A excitabon with

real photons is well measured and malyzed
’QEH = (-3.5 - 1 0.5) a/-n (’pDG 2501)
model error <€ 15 % (BRAG bendymark)

— qum-l-'.hl-ive. & reliable model calculation

is shill missing . No predickon 4rem ChPT,
latice calculations are improving but
hoi’Jei' very Convincing.

\QSMI > |REH\ y more stable value in moolel
collculatons

low @*: slope of Rey,Rsm net suPpm&sd
by 1/my —a large Fludruatons expecite)
tor Q* £ 018 GeV*. E‘xperimen-l— .
Effeckof pion c:.loud ﬁlﬁflJ lmpoﬂan'f"
M1 psﬂ, QEM ’R&H s QEM .

New PTE.CAS\Qﬂ olq‘l-o\ on Q‘Q‘ olefenclencﬁ_,
Jlab A/B/C , ELSA , MAMI, MIT/Bates.
Anabsis need be impr‘c\.fe.d » model

error analysis tor benchmark necessary.
Possible cross-over of Rgy to posihive
values near Q*=x ki GeV?, but agymptotia
is far away.

- \’le shl inoreasing , ho evidence o.l'_
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