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Primary objectives in N* studies with CLAS

Our experimental program seeks to determine

* N-N* transition helicity amplitudes (electrocouplings) at photon
virtualities 0.2< Q2<5.0 GeV?for almost all excited proton states from
analyzing various meson electro- production channels

» Studies of N* spectrum (masses,spin/parities,hadronic decays) in
meson photo- and electro- production with primary objective of
searching for so called “missing” baryon states

OEPVAYa group is actively involved in both major directions of
the N* Program with CLAS detector.
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SU(6)xO(3) Classification of Baryons

Lowest Baryon Supermultl plets
SU(B)xO(3) Symmetry
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“Missing” Baryon States

Quark models with underlying SU(6)xO(3) symmetry
predict many states, not observed in either hadronic
experiments or in meson photo- and electro-production.

Possible solutions:

1.states don'’t exist, e.g. di-quark, DSE models
predicts fewer states. Part of expected N*'s
can not be created because of qg-correlation or

final size of quarks
2. exist but have not been found.

Possible reason: they decouple from  N-

channel.
Model expectations: Hadronic couplings to Nxt t (A 7, Np )

much larger, while photocouplings are more comparable to
those for observed states.

Other.channels sensitive to “missing” states are: KA, KX, po
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Dressed quark properties and transition from non-
perturbative to perturbative regimes of strong
interactions

I ' I
Rapid acquisition of mass is
,2ffect of gluon cloud
%

- ~few MeV current quark mass is approached at ;&
asymptotically high momentum p running over
quark

 sharp mass evolution at p<2.0 GeV reflects
transition between non-perturbative/perturbative
regime of strong interaction !
«directly related to long range behavior of the 0.1
QCD B—function
*>98% of nucleon mass comes from dynamical op—t—t—— L
dressing of current quarks p[GeV]

The studies of the ground and excited nucleon state structure allow us
to access properties and interactions of dressed quarks at various

distance scales

-

—”
’
& ,/ /

e
©w

— m =0 (Chiral limit)
— m =30 MeV

0.2

M(p) [GeV]

Key part in the studies of quark confinement in baryons!
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How N* electrocouplings can be accessed

+ Isolate the resonant part of production amplitudes by fitting the
measured observables within the framework of reaction models,
which are rigorously tested against data.

« N* electrocouplings can then be determined from resonant
amplitudes under minimal model assumptions.

7, 1, 7TL,..
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Non-resonant amplitudes.

Consistent results on N* electrocouplings obtained in analyses of various
meson channels (e.g. zN, yp, zxN) with entirely different non-resonant
amplitudes will show that they are determined reliably

Advanced coupled-channel analysis methods are being developing at EBAC: B.Julia-Diaz,
T-S.H.Lee et al., PRC76, 065201 (2007);B.Julia-Diaz, et al., arXiv:0904.1918[nucl-th]
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YcKkopuTersnb 3N1eKTPOHOB HenpepbiBHOro aencrteus B Jefferson Lab —

CEBAF
5 Recirculation E ~6 GeV
Arcs = | mmaix ~ 200 pA
06 GeV Duty Factor ~100%
45 . = ~2510°%
MeV BeamP  ~80%
Inject & O E (tagged)  ~0.8-5.5GeV
or Linac Y
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CEBAF Large Acceptance Spectrometer

Torus magnet
6 superconducting coils

Liquid D, (H,)target +
vy start counter; e minitorus

Drift chambers
argon/CQO, gas, 35,000 cells

|
Large angle calorimeters

Lead/scintillator, 512 PMTs

Gas Cherenkov counters
e/n separation, 216 PMTs

Electromagnetic
calorimeters

Lead/scintillator, 1296 PMTs
|

Time-of-flight counters
Blﬁﬁtlsc scintillators, 684
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Why Nn/Nnr electroproduction channels are important

CLAS data on meson electroproduction

* Nn/Nzr channels are the two major at Q?< 4.0 GeV?

contributors in N* excitation region; 2000~ 3 w
10000 |— :-- /\_/\_r__
* these two channels combined are Qlaanned ‘&- e s 1 5 =
sensitive to almost all excited proton ” 5
20000/ — x. pT
states;
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« they are strongly coupled by tN—nnN R N B

final state interaction; 10000] B[ S ) n*
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production mechanisms is key for the 20001 R

= * L aaall ",
entlre N Program g.B 1 1.2 14 16 18 2 22 W(G

A B A

| =il (‘“){'/" : C_‘) {;’ — -
] dreon ,ﬁf“ V.I.Mokeev SINP Seminar June 23 09’
S S S S S




HallB/SINP results on the studies of ep—e'p '~
exclusive channel with CLAS

3mepeHnst cedeHnin BbINOMNHEHbI B 2 ceaHcax B KUHEMATUYECKUX obnacTax:

1.31<W<15613B
0.2<Q%2<0.6M3B% AQ?=0.05T3B? G.V.Fedotov- G. Fedotov et al., PRC
120000 oTobpaHHbIX COOLITUN 79,015204 (2009)

1.41<W<210T13B
0.5<Q%2<1.513B%2 AQ?=0.3aB-? E.N.Golovach -M. Ripani et al.,
150000 oTobpaHHbIX COOLITUN PRL 91,022002 (2003)

AW=25 MeV
AW/W<2%

> 10000 ToYyeKk N3MepPEHHbIX CEYEHNN peaKkunn ep—e'p t*n~
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Nnnt CLAS data and JM model

The measurements with an
unpolarized e- beam onto a
proton target offer nine
independent differential cross
sections in each (W,Q?) bin.

Meson-baryon model JM %
was developed with a s
primary goal of extracting
N* electrocouplings from
the fit of all observables: &
V. Mokeev et al., F

arXiv:0809:4158[hep-ph],
V. Mokeev, V .Burkert, J.
Phys. 69, 012019 (2007)
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Resonant & non-resonant parts of Nnt cross sections as determined from
the CLAS data fit within the framework of JM model

W=1.71 GeV, Q’=0.95 GeV*

W=1.5125 GeV, Q’<0.375 GeV> - _
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P,,(1440) electrocouplings from the CLAS data
on Nn/Nnn electroproduction

+ Nnr preliminary
+ N7

Light front models:
— |. Aznauryan

------ S. Capstick

—— hybrid P,,(1440)

Q’ (GeV?)

« Good agreement between the electrocouplings obtained from the N«
and Nzz channels: Reliable measure of the electrocouplings.

* The electrocouplings for Q%> 2.0 GeV? are consistent with P,,(1440)
structure as a 3-quark radial excitation of the nucleon. N

* Zero crossing for the A, , amplitude has been observed for the first
time, indicating the importance of light-front dynamics.
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D,3(1520) electrocouplings from the CLAS data
on Nn/Nnr electroproduction

« hypercentric Consituent Quark
Model calculations reasonably
describe electrocouplings at
Q2>2.5 GeV?, suggesting that the
3-quark component with L=1 is
the primary contribution to the
structure of this state at high Q2.

 Electrocouplings of P,,(1440)
and D,;(1520) states can not be
described at Q2<1.0 GeV?
accounting for quark degrees of
freedom only. There are
additional contributions, that are
relevant at low photon
virtualities
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error bars include
systematic uncertainties

M.Giannini/
E.Santopinto
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- ':—( ‘Cjﬁ’-{z&’a\-m %Jﬁ% s
-

S S

V.I.Mokeev SINP Seminar June 23 09’



Me3oH-0apMOHHbLIE N KBapKOBble CTeNneHn cBoboAabI
B CTPYKTYype N*

------------- o 20
60 _|‘ i ‘\\‘ 0 :/ > S o ~
o o, 0 =
EBAC: Bknagbl Me30H- g N
40 | o« sz . AW/Z
6aproHHoro obnaka 3 : ;\\ o -20 -
B.Julia-Diaz etal., PRC |3 20 :—;’}\\\ ¢ / ---------------------- 2 o o
L S~4d_ <] °®
76, 5201 (2007). O 1A 8
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0k 11( ) [ 13( )
1 120 F
0 2 4,6 £ 10 12 -¢')' ' E/] 8 10
Q’ Ger Q% GeV?
KBapkoBasi MoZieSfib Ha CBETOBOM KBapkoBasi Mmogersib € runep-
KOoHyce. |.Aznauryan LleHTparbHbIM NOTEHLMaNomM.

M.Giannini / E.Santopinto

* [Mpn Q2 < 1.5 MaB2 ctpykTypa N* onpegendeTca Bknagamm Kak OT BHYTPEHHErO
kBapkoBoro agpa (r < 0.8d) Tak n ot BHelWHero me3oH-b6aprnoHHoro obnaka (r > 0.8d)
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Meson-baryon & quark degrees of freedom for
high lying N*’s at Q2<1.0 GeV?

Analysis of e1e CLAS data on Nnrwt electroproduction by
G.V.Fedotov

45

40

1.4<W<1.8 GeV .
0.35<Q2<0.80 GeV2 ..

35

30

First information on the v
structure of a major part of
N*’s at the distances
corresponding to the sizable 05
contributions from both
meson-baryon and quark
degrees of freedom
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CTpykTypa npn W~1.7 'aB B nonHbIX ceyeHnAxX poTo U INEeKTPOpPOXKAEHUA

nap sapsi>KeHHbIX NMTUOHOB M3 AaHHbIX CLAS
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E.Golovach, M.Ripani
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Xopoulee onucaHue gndpdepeHumnanbHbIX U UHTerpanbHbix cevdeHnn npu W~1.7 'aB
MOXET ObITb NOMNYYEHO:

* Npegnonaras BepOATHOCTW pacnagoB coCcToAHUA P;(1720) no kaHanam nA n pmt UHbIM
YeM YCTaHOBIEHbI B BbIMOSTHEHHbIX paHee 3KCNepUMEHTaxX (BEPXHSS N CpeaHsIst CTpoKa
Tabnmubl)

* HoBOe bapnoHHoe cocTodaHue 3/2*(1720) ¢ KBAHTOBbLIMU YNCNaAMK U NapameTpamm
afpOHHbIX pacnagos, onpeaeneHHbIMN U3 Haunyywero onmcaHns AaHHbiX CLAS (HUXHSAS
CTpOKa Tabnuubl).

M, MeV 'MeV | AT, | TplT,
% %

modified 1725£20 | 114+£19 |60£12 | 1949
P,5(1720)
PDG 1650-1750 | 100-200 | absent |70-85
P,5(1720)
new state |1720+x20 |88+17 |41+13 |17+10
3/2*(1720)
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The best fit of one—differentiol cross sections
W=1.71 GeU%T}D._ES GeV’
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Nrrt photoproduction cross sections from the CLAS
g11 data. E.N.Golovach.

Yp—oprntnw W=1.71GeV. Yp—oprntnw W=1.71GeV.

establish an origin of the
structure at W=1.7 GeV from
combined studies of Nnin _ _

photo- and electroproduction N 100 .
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*p peaks in Mm+n—
distributions require the YP P w W=173GeV.

Ypoprnw W=173GeV.
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contributions from P13(1720) s | s |-
with PDG nA and pp £ g0
couplings . S o S asof

electroproduction data can be 2 . T
1 1 0.4 0.6 0.8 1.2 14 1.6
described only employing 6 G ), Gy

3/2* (1720) candidate state.
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Nrrt photoproduction cross sections from the CLAS
g11 data. E.N.Golovach.

W=2.61 GeV.
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W=2.61 GeV.
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W=2.61 GeV.
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1140
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I
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1.5 2 25 °
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40

20

First results on correlated 2D (inv. mass & angle) cross sections
offer new capabilities for the studies of reaction mechanisms

Direct experimental evidences for t-channel amplitudes in
w A*, nt D13(1520), pp isobar channels incorporated into the JM

model
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High lying resonance electrocouplings from

S
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Nr=r electroproduction at high Q2.

E.L.Isupov
W dependence of cross section y*p S>prn T
c 8r
o] -
. =3 - &
First data on °© 7F
electrocouplings of o N 2ecie2s Gov?
almost all N*'s at = s | EE L e tETay,
2_0<Q2<5_0 GeV/?2 5:— b a ° . o .2.:<Q2<3Gevz
- | ]
from Nnr electro A= i |t "
production off - . o . 34Q%<3.5 GoV?
protons 3t 9 " e L LI I I
2;— .- - e aa, " 3/2(1720)?'
Eoa P,5(1720)] [D,;(1700)]
= D,5(1520) D,,(1700)
_I | | | | | | | | | | | | | | | | ] | | | | | | | | | | | | | |
0744 1.5 1.6 1.7 1.8 1.9 2
W, GeV

*Evidence for substantial resonance contributions.
Srtructure at 1.7 GeV becomes more pronounced

':'_(‘“)”’ : L_‘){;’—:\j
o f;,l{/f LN réﬁ A V.l.Mokeev SINP Seminar June 23 09’ 23
S S S S S



N7 electroproduction off deuterons from ele

data. N.V.Shvedunov

ep(n)->e’n*X(n)

ep(n)->e’r*n(n) Q2=0.4 GeV?
informatrion on _
binding effects ol =1.45 GeV W=1.60 GeV

en(p)->e'np(p)
TP Cross sections
off free neutrons

— data ——— 1nrevents —— 2x events

The ultimate goal: evaluation of N-N* electrocouplings off neutrons
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CLAS12 Projections for N* Transitions

For the foreseeable future, CLAS12 will be the only facility worldwide,
which will be able to access the N* electrocouplings in the Q? regime

of 5 GeV? to 10 GeV?, where the quark degrees of freedom are
expected to dominate.

m% ‘.
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Nucleon Resonance Studies with CLAS12
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Physics objectives in the N* studies with CLAS12

! I ! I ! I
- explore the interactions between | g4- Rzisid acquisition of mass is
. T ct of gluon cloud
the dressed quarks, which are -7
responsible for the formation for
both ground and excited
nucleon states.

Q2=10GeV?

v

e
(%)

— m =0 (Chiral limit)
— m=30 MeV
— m=70 MeV

« probe the mechanisms of light
current quark dressing, which is
responsible for >97% of nucleon
mass.

M(p) [GeV]
o
N

0.1

Approaches for theoretical analysis of
N* electrocouplings: LQCD, DSE,
relativistic quark models. See details in 0 1 2 | 3
the White Paper of EmNN* JLAB p [GeV]

\I/I\t/’?rl/(/?/\r/]vc\)/\?v %c;tc;?e/rj rr?c-)g’e 3?v8§i:te oer/ DSE: lines and LQCD: triangles
p: jlab.org PARELE 2 = 10 GeV2 = (p times number of

Parallel sessions #9,13 of GHP09 Workshop quarks)?= 10 GeV2— p =1.05 GeV

eV Vi ¥ Vo
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Theory Support Group
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Outlook

A wide international collaboration is needed for
» theoretical interpretation on the N* electrocouplings
(see http://www.jlab.org/~mokeev/white paper)

+ development of reaction models that will be capable to take into
account the contributions from the quark/parton degrees of
freedom at high Q2.

« development of the methods for experimental data analysis

Everybody willing to contribute please contact Ralf Gothe
gothe@sc.edu or Victor Mokeev mokeev@jlab.orqg
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Resonance scaling

CLAS behavior?

w{t:

o T
Resonance 300 N S
transition 2000 aka s, >
amplitudes 00|
should o| £
scale a00|
asymptotica 200 faa, D,
”y aS 0 1 2 3 4 5 6 7 ,}8

Q’ (GeV?)
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Conclusions

Phenomenological approaches have been developed with the goal of
determining N* electrocouplings from combined fits of measured observables in
N7 & Nnt electroproduction data.

A good description of the CLAS data on Nz electroproduction and differential
cross sections in t'n~p channel has been achieved, affording us to access the
resonant parts of amplitudes, which are directly related to N* electrocouplings.

The P,,(1440) and D,;(1520) electrocouplings have been determined for the first
time from both the Nn & Nnn datasets.

The consistent results extracted from these two channels strongly indicate a
reliable electrocoupling measurement.

Preliminary results on electrocouplings of high lying D;;(1700) , P,5(1720)
resonances have been obtained from analysis of the Ntw CLAS data.

Comparison of the data on N* electrocouplings with quark model expectations in
coordination with EBAC evaluations for MB cloud show that for Q2<1.0 GeV?
both the MB cloud and quark core play an important role in the N* structure.

Contribution from the MB cloud decreases with Q2, but can be still sizable at
dQ2<5.0 GeV?, while at Q2>5.0 GeV?2 quark degrees of freedom are expected to
ominate.

F W .'f--'.n_ rF W
| =il 5 A4 : = f_’_—_—_.
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Input for Nn/Nnnt coupled channel analysis : partial waves of total spin
J for non-resonant helicity amplitudes in t"A** isobar channel

Q*=0.425 GeV? M,=1.14 GeV
30 30

(&N
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Ground state and P11(1440) electrocouplings & quark model

expectations
Ground p state P11(1440)
mTemms s OF s 7S E
S.Capstick E"Z@ 3 Eso
light cone (LC) g40 | S25 ¢
60 | 2 0F
model Sk < s ;
100 F -50
......... -120 F =75
B.Metsch -140 | =100 |
Bethe-Salpeter =60}, . ... o] PR e N N
, , , 35 0 05 1\\15 2 25 3 35\\4 45
model o o5 1 15 2 25 3 3 \\ \kzw
0O raaee—s s 90
l.LAznauryan L | g TINE N N
<] N -1/2 o E
LC model goo | sqrt(K,)S,:#1000 GeV~ g 70 ) 1/2 3q cote
= 1 %60 F ~3q core +?7?
?OO n 50 E
M.Giannini/ %%
E.Santopinto 400 |
hyper-centric X :
CQM 800 05 T 5 2z 25 335 0 0 05 1 15 2 25 3 55 4 45

Q’ GeV? & GeV*

P11(1440) electrocouplings at Q2>2.0 GeV? are consistent with substantial
contribution from 3-quarks in first radial excitation, while at Q2<0.6 GeV?2
—~ = = = = additional contributions become evident.
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New regime in N* excitation at high Q2

 the photons of high virtuality
penetrate meson-baryon cloud
and interact mostly to quark
core

-data on N* electrocouplings
at high Q2 allow us to access
quark degrees of freedom,
getting rid of meson-baryon
cloud.

.can be obtained at 5<Q2<10
GeV? after 12 GeV Upgrade
with CLAS12 for majority of N*
with masses less then 3.0 GeV

A

EBAC calculations for meson-baryon

cloud of low lying N*’s.

- zm iV

| Pll(AIL) ]

@ [(GeVie) ¢*[(GeVicY]

¢* [(GeVie)']

B.Julia-Diaz, T-S.H.Lee, et.al, Phys. Rev.

C77, 045205 (2008).
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JLAB-MSU meson-baryon model (JM) for Nnt electroproduction.

3-body processes:

p

Isobar channels included:

AT

L —  All well established N*s with A decays

P

r Y. v%.. 9.5

and 3/2*(1720) candidate, seen in CLAS
27 data.

* Reggeized Born terms with effective FSI
& ISI treatment .

« Extra TA contact term.

PP

All well established N*s with pp decays and
3/2*(1720) candidate.

*Diffractive ansatz for non-resonant part and
p-line shrinkage in N* region.

= il — i — ]
(f elfersan C ﬁ({?
S — 5 | _—
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continued

3-body processes: Isobar channels included:

|

- 1+D0,,(1520), n*F%(1685), mP**;;(1640)
(*) isobar channels; observed for the first time
in the CLAS data at W > 1.5 GeV.

(P**33(1640))
F°15(1685) ™

!

p
Direct 2 production
7T ) () v R( P/

T(@T) p’
Most relevant
pP’pH(x) at W<1.65 GeV

g a\\\ "

7T (TP

p() n-

V. Mokeev, V .Burkert, J. Phys. 69, 012019 (2007);
~ = = » V. Mokeev et al., arXiv:0809:4158[hep-ph]
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Description of the CLAS N=nr differential cross sections
within the framework of JM model
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