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Abstract

TheN* program is one of the major goals of CLAS experiments ifie¥eon Lab and many outstanding results have
been carried out. In this note, | will present some highlightent measurements of nucleon resonance transition
form factors from electro-production as the second resoaanThe new pion electro-production data resolve a long-
standing puzzle of the nature of the Roper resonance, arfitroathe assertion of the symmetric constituent quark
model of the Roper as the first radial excitation of the nueleébhe single pion electro-production data for high
confirms the slow fall & of the S;1(1535) transition form factor witl)?, and better constrain the branching ratios
Bnr - By = 0.50 : 045. For the first time, the longitudinal transition ampliéuih theS;1(1535) was extracted from
thenr* data. Also, new results on the transition amplitudes for@heg(1520) resonance are presented showing a
rapid transition from helicity 322 dominance seen at the real photon point to heliciy dominance at highe®?.
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1. Introduction Q? can be studied, and many meson final states are mea-

I sured simultaneously [1].
Electro-excitation of nucleon resonances has long

been recognized as a essential tool in the exploration
of the complex nucleon structure at varying distances 2. Exclusive single pion electro-production
scales. Resonances play an important role in fully un-
derstanding the spin structure of the nucleon. Electro-
excitation of resonances allows us to probe the internal
structure of the excited state knowing the structure of
the ground state. The most comprehensive predictions
of the resonance excitation spectrum come from the
various implementation of the symmetric constituent
quark model based on broke®U(6) symmetry [2].
Other models predict a fiierent excitation spectrum,
e.g. through a diquark-quark picture, or through dy-
namical baryon-meson interactions. Théelient reso- e TheP11(1440) state
nance models not only predictftérent excitation spec-
tra but also derentQ? dependence of transition form  TheP;1(1440) resonance has been an attention for more
factors. Mapping out the transition form factors will tell  than 40years, largely due to the inability of the stan-
us a great deal about the underlying quark or hadronic dard constituent quark model to describe basic features
structure. The CLAS is the large acceptance instrument such as the mass, photocouplings, @ evolution.
with sufficient resolution to measure exclusive electro- This has led to alternate approaches where the state is
production of mesons with the goal of studying the ex- treated as a gluonic excitation of the nucleon [3], or
citation of nucleon resonances in detail. The entire reso- has a small quark core with a large meson cloud [4],
nance mass region, a large range in the photon virtuality or is a hadronic molecule of a nucleon andrame-
son [5]. Quenched lattice QCD calculations [10] indi-
*Speaker cate that the state has a significant 3-quark component,
Email address: parkkj@jlab.org (Kijun Park) and calculate the mass to be close to the experimental

The latest investigation of baryon resonances with
new optimized detector systems, such as large angle and
momentum covered CLAS and a high-intensity contin-
uous electron beam, have been started and their data
has recently become available. Isoscalar, isovector, and
electric, magnetic or longitudinal multipoles of cou-
pling to hadronic matter provesftiérent aspects of the
strong interaction. Here | briefly present some helicity
amplitudes in the second resonances.
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value. Many diferent theoretical concept for the struc-

nearQ’® = 05 Ge\’. At Q°> = 2 Ge\? the ampli-

ture of the state predicted various way. So, essential tude has about the same magnitude but opposite sign
question about nature of the Roper has been a focus ofas atQ? = 0. It slowly falls of at highQ?. This re-

the N* program with CLAS. The state couples to both
Nz and Nz final states. It is also a very wide reso-

nance width about 350 MeV. Therefore single and dou-

markable behavior of a sign change wi@f has not
been seen before for any nucleon transition form fac-
tor or elastic form factor. The longitudinal amplitude

ble pion electro-production data covering a large range Sy is large at lowQ? and drops & smoothly with in-

in the invariant mas$V, with full center-of-mass angu-
lar coverage are crucial in extracting the transition form
factors in a broadd? range. As an isospih = 1/2
state, theP11(1440) couples more sensitive ta* and
much reduced contributions of the high energy tail of
the A(1232) in that channel due toftérentl = 3/2 of
the A(1232).
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Figure 1: Transverse electrocoupling amplitude for the Roper
P11(1440) (left panel). The full circles are the new CLAS re-
sults. The squares are previously published results ofdits t
CLAS data at lowQ?. The bold curves are all relativistic light
front quark model calculations [11]. The thin solid line is a
non-relativistic quark model with a vector meson cloud [4],
and the thin dashed line is for a gluonic excitation [3]. The
right panel shows the longitudinal amplitude.

creasingQ?. These measurements allows us to rule out
the hybrid baryon model for both amplitudes. At high
Q? both amplitudes are qualitatively described by the
light front (LF) quark models, which strongly suggests
that the Roper is indeed a radial excitation of the nu-
cleon. The lowQ? behavior is not well described by the
LF models and they fall short of describing the ampli-
tude at the photon point. This indicates that important
contributions, e.g. meson-baryon interactions at large
distances are missing.

e TheS;1(1535) state

The S;1(1535) state was found to have an unusually
hard transition form factor, i.e. th@? evolution shows

a slow fall-af. This state has mostly been studied in
the pn channel where th8;,(1535) appears as a rather
isolated resonance near they threshold and with very
little non-resonant background. Data from JLab using
CLAS [12, 13] and Hall C [14] instrumentation, have
provided a consistent picture of th@® evolution ob-
tained fromn electro-production data alone, confirming
the hard form factor behavior with precision. There are
two remaining significant uncertainty in the electromag-
netic couplings of th&11(1535) that need to be exam-
ined. The first one is due to the branching ratio of the
S11(1535) — pn, the second one is due to the lack of
precise information on the longitudinal coupling, which
in the pp channel is usually neglected. Theg data have
been normalized using a branching ragfig, = 0.52,
while the PDG gives a range g{>°¢ = 0.45- 0.60.

The recent single charged pion electro-production Since this state practically does not couple to other

data from CLAS [7] have been analyzed using a fixed-

channels thamN; and Nz, a measurement of the reac-

t dispersion relations approach and a unitary isobar tion ep — er™n will reduce this uncertainty. Also, the

model (UIM) [6]. Some of the features of the data may

N7 final state is much more sensitive to the longitudinal

best be seen in the Legendre moments. Response funcamplitude due to a stron§i1; — P11 interference term

tions can be expressed in terms of Legendre polynomi-
als, e.g. the azimuthal angle independent part of the dif-

ferential cross section can be written as; + eo. =
Yo D) tPe(cos®;). The transverse and longitudinal
electro-coupling amplituded,,» andS;,, of the tran-
sition to theP;;(1440) resonance are extracted from fits
to the data [8]. They are shown in Fig. 1. At the real
photon pointA/» is negative. The CLAS results show
a fast rise of the amplitude wit@? and a sign change

2

present in théNszr channel. With these goals in mind the
CLAS nn* data have been used to determine the elec-
trocoupling amplitudes for th811(1535). Using the av-
erage valueg{>® = 0.45 andg>® = 052, thenr*
data fall systematically above thpgy data set. Adjust-
ing Bn: = 0.50 andBn, = 0.45 brings the two data
sets into excellent agreement for the higirdata, as
shown in Fig. 2. There could be a 10-20%tdience

for the Q? = 0.4, 0.6Ge\2 points, which indicates that



meson-cloud iects may play some role at Io@?, pos- Ay, is very small. It is clear that the model predicts a
sibly affecting the results dlierently in the two channels.  rapid rise of the ratio withQ?. Figure 3 shows the re-
Analysis that take coupled channdiexts into account  sults for the two transverse amplitudes. We observe the
are needed to fully clarify the lo@? behavior. decreasing\s;> amplitude rapidly as increasir@’. The
A1/2 amplitude increases rapidly in magnitude with in-
creasingQ?, before falling df slowly atQ?> > 1 Ge\?
andA; > completely dominates &2 > 2 Ge\~.
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Figure 2:(color online) The transition amplitud&, ,, Sy, for H T A ) SR R
the S11(1535). The bullets are from the CLAS* and pr° 0 x4 0 z 4 0 ¢ 4
. " (GeV™ " (GeV” " (GeV"
analysis data [8] [9]. The other data are from e chan- T@Y) T6V) GV

nel [12-14]. Curves are various constituent predictiohén t
solid: [15], thick-solid: [16], dashed: [17], dashed-dwtt [18]
and dotted: [19].

Figure 3: (color online) Transverse helicity amplitudes,
(left), Agj2 (middle) andS;,, (right) for the D13(1520). The
helicity switch is clearly visible. Model curves are the gsam
asin Fig. 2

As mentioned above an advantage of khechannel
in studying theS;1(1535) is that it is also sensitive to the
longitudinal transition amplitude, while thén channel
has little sensitivity and requires a Rosenbluth separa-
tion to separate the transverse and longitudinal terms. 14 hadron structure investigation is directly linked

In the N case, the sensitivity is due to a significant ;, e study of #ective degrees of freedom at varying

s - pwave interference with the neartpywave ampli-  gigiance scales. With the recent precise data on pion and
tude of theP;,(1440). This can be seen in the multipole g5 gjectro-production, combined with the large cover-

expansion of tr_le lowest Legendre moment for édhe age inQ%, W, and center-of-mass angles, the study of
response functiork/|q] Do’ = Re(Eo+S1_ + Sor ML ). nucleon resonance transitions has becomefiattive
The second term is very sensitive to g multipole of 40| in the exploration of nucleon structure in the do-
the S11(1535) due to the strong transverse Roper mul- ,5in of strong QCD and confinement. The latest data
tipole (My-), especially at highQ?. The results SNOW o ¢ AS on charged pion production reveal a sign
significant negative values for th®;,, amplitude of change of the transverse amplitude for g (1440)
S11(1535). transition nea? = 0.5 Ge\? and slow fall df in high

Q? give strong evidence for this state as the first radial
excitation of the nucleon. The hard transition form fac-

A calculation of the dynamical constituent quark model tohr of thle_511(1?_35) zr_ev;(r)]usly ohbservled ?plill |nltma; |
predicts the rapid helicity switch from the dominance channel s confirmed in ther™ channel, which aiso al-
of the A at theQ? = 0 Ge\2 to the dominance of lows _us to extract the so far unmeasure_d_longnudlnal
the Ay, amplitude atQ? > 1 Ge\2. In the simple non- amplitudeSy ;. The D15(1520) clearly exhibits the he-
relativistic harmonic oscillator model with spin and or- licity flip behavior by observing thé, which is con-

bit flip amplitudes only, the ratio of the two amplitudes sistent prediction by' the constltugnt quark model. -In
o AD13 the LF system the Dirac and Pauli form factéis and
is given by: 2

_ 1@ i ; . :
A = V(& — 1), whereaisaconstant  £2 can e interpreted as two-dimensional charge den-
adjusted to reproduce the ratio at the photon point where sities by Fourier transformation. Figure 4 shows the

3

3. Conclusions

e TheD13(1520) state



transition charge density in transverse impact parame- [13] H. Denizli, Phys. Rev. @, 015204, (2007).

ter space for thd®11(1440) andD13(1520) states [20]. [14] C.S. Armstronget al., Phys. Rev. B0, 052004, (1999).
It is also important to achieve the successful combined [15] S. Capstick and B.D. Keister, Phys. Rews1D 3598,
description of all observable s in the single- and double- (1995). ) _

pion electro-productionfd the nucleon for a common (161 gu P‘"Jl‘ci‘) ibfi'gzb)a“d S. Simula, Few Body Syst.
set of N* helicity coupllng amplitudes ano! hadronic [17] D. ll[\)/lperten‘etal.: Eur.Phys.J A4, 477, (2002).
parameters, because it would ensure a rellable_ SeF_)ara'[18] M. Aiello, M.M. Giannini, and E. Santopinto, J. Phys.
tion between non-resonant and resonant contributions G24, 753, (1998).

in both channels. Such a successful combined CLAS [19] M. wams,et al., Z. Phys. @5, 627, (1990).

analysis in both exclusive channels for a common set of [20] L. Tiator and M. Vanderhaeghen, Phys. Let67R, 344-
N* electro-coupling and hadronic parameters has been 348, (20009).

achieved af)? = 0.4, 0.65Ge\~.
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Figure 4: (color online) Transverse transition charge densities
in the light front system for the proton tB;,(1440) (left)
and D;3(1520) (right) transitions in the light-front helicity
+1/2 — +1/2. The light area indicates dominance of up
quarks(positive charge), the dark area is down quark(negat
charge) dominance.
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