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Motivation

@& One of the main goals of CLAS is to probe the structure of the nucleon
and its excited states.

& The N* spectrum is a direct reflection of the underlying degrees of
freedom of the nucleon.

CQM Quark-diquark

clustering

& The constituent quark model predicts many more states than have

been seen experimentally. "missing resonances”

& Strange final states are a complementary way to probe this structure.

@& CLAS program designed to obtain accurate electromagnetic production
Cross sections and spin observables over a broad kinematic range.

I% Complete coverage of hadronic decay final state.
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The Current Landscape

ErPDG

particle data group

N* - KY
State PDG | B.R. (KA) | B.R. (KX) | Ay (GeV'/?) | A3y (GeV'/?)
N*(1650) Sp; | ¥ 3-11% - 0.05340.016
N*(1675) D5 | ¥ <1% - 0.01940.008 0.0154:0.009
N*(1680) Fy5 | ¥+ - - -0.015£0.006 | 0.13340.012
N*(1700) Dyg | *** <3% - -0.01840.013 | -0.00240.024
N*(1710) Py; | 5-25% - 0.00920.022
N*(1720) Py | **F 1-15% - 0.0184+0.03 -0.0194-0.020
N*(1900) Pyg | ** - - -
N*(1990) Fy; | ** - - -
N*(2000) Fy5 | ** - - -
A* - KX
State PDG | B.R. (KX) | A2 (GeVY?) | A3/ (GeVI/?)
A*(1900) Ss; | ** - ?
A*(1905) Fy5 | *F*F - 0.0264:0.011 -0.04520.020
A*(1910) Pyy | *o¥* - 0.0034:0.014
A*(1920) Psyg | *** 2.1% ? ?
A*(1930) Dg5 | *** - -0.009£0.028 | -0.018+£0.028
A*(1940) D33 | * - ? ?
A*(1950) Fyy | % - -0.076£0.012 | -0.097+£0.010

\We have significant room for improvementl!

.Jjeffgon Lab
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Electroproduction do___ _ . 4o (unpolarized target)

Formalism A d BT Y
do, = = - o
s =oo[l+hAry+S-P' + h(5-P)

Unpolarized Cross Section | 5/ — i¢(RY + ¢RY + ¢RY. cos 20 + \/e(1 + €) R, cos ®)

ALT’ — E 6(1 — 6) RTL/ SlIlCI) PO|aFIZEd Beam
g0

PY e(1+ €) REYsin & + e R sin 24

X

Py K R%O + GR%O + Je(1 +¢) Rfyplg cos ¢ + GR%/% cos 2 Induced Polarization

Y —_

PY (1 + €) R7) sin ® + eR3Y. sin 20

z

P/, Je(1 —e) REY, cosd + /1 — €2 REY,
A S Je(1 =€) RYY) sin @ Transferred Polarization

P, e(1 —€) R7Y, cos® + /1 — €2 R2Y,
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- N* l /
Hadrodynamic Models * ) o
KN *(3
N3 N\
>» Isobar models based on effective Lagrangian. P Y
(Mart/Bennhold, Univ. Ghent) MB |JB | MB | JB
Resonance KTA K+X0
> Features primarily due to s—channel resonances. N*(1650) (S11) | * | * | * | *
N*(1710) (P11) | * * * *
— t-channel contains only K and K*. N*(1720) (Pi3) | * * * *
— Coupling strengths set by fits to existing data. N*(1895) (D13) | * ol ol ol
K*(892) * * * *
— Parameters set by coupled—channels study. K (1270) * * * *
— Recent addition of u-channel Y* resonances. A (1800) (So1) *
> Effective at low to moderate energies. A*(1900) (S31) * | %
Regge Models
v K* v K*
» Models based on t—channel Regge exchange. L7 L7
(Guidal, Laget, Vanderhaeghen) ¢ 9K Ky
K+ K*+
>» NO s—channel resonances included. _—
9KYN gK*y N
> Very few adjustable parameters. ) y )

> Effective at moderate to higher energies.
Daniel S. Carman, Jefferson Laboratory .!effezon Lab
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CLAS Spectrometer

Cerenkov

Calorimeters

Daniel S. Carman, Jefferson Laboratory

.gef_fggon Lab

/" Recirculation

: Extraction
Elements

Electron Coverage: 6 : 15-50°

Hadron Coverage:

0:15-140°, ¢ :80% 2n

Ap/p ~ 1-2%
AO,Ad ~ 2 mrad

Resolution :

L =1 %1034 cm 2sec™1
Fy=1x10"/s

HADRONO07 —— October 8-13, 2007 (6)



Structure Functions in Electoproduction

d
dQZdV;dﬂ% =Ty o7 + €0y, + €opp cos 2@ + e(1 + €)o L cos D

o; = f(Q? W, cos 07 ) only

& For each bin in W, Q% cos 6y
perform fit of the form:

oc=A+ Bcos2® + CcosP

@ Provide tomography of structure functions over full kinematic space
of the nucleon resonance region.

Q%?:0.5 — 3.0GeV? W :1.6 — 2.4 GeV
Full coverage in K™ solid angle
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Structure Functions in Electoproduction

A B C
do =T, .{5'1: T I _|_’€;-r_;r_,\1 cos 2% Je(l——l-—- ;);';;f;cos b
dQ2dW dQ¥%, NS - g

—_— e — w— ™

o; = f(Q? W, cos 07 ) only

& For each bin in W, Q% cos 6y
perform fit of the form:

oc=A+ Bcos2® + CcosP

@ Provide tomography of structure functions over full kinematic space
of the nucleon resonance region.

Q%?:0.5 — 3.0GeV? W :1.6 — 2.4 GeV
Full coverage in K™ solid angle
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Electroproduction Cross Sections ep — ¢/ KTA

o, (ND/sr)

OT1T (nblsr)

oLt (nblsr)

cos 6g=-0.60  cosfg=-0.25 cos 0 s =0.05 cos 9 $=0.35 cos 9 s =0.65 cos ¢ =0.90
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Ambrozewicz (CLAS), PRC 75, 045203 (2007). Q2 = 0.65 (GeV/c)2
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Electroproduction Cross Sections

ep — e/ KT30

cos 6g =-0.60 cos 0g =-0.25 cos 6 =0.05 cos 6 =0.35 cos 6 =0.65 cos 6g =0.90
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L/T Separatlon

o1 (nb/sr) o1 (nb/sr)

ot (nb/sr)

W 1 85 GeV

mHal C

| ¢ Hall A

Daniel S. Carman, Jefferson Laboratory
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Fifth Structure Function

E+p—e+KT+A

@ Measure polarized beam asymmetry to extract fifth structure function.

(PRELIMINARY)

oLT (nb/Sl‘)

(PRELIMINARY)

100 |
50 f

100

150 ey

100 z— a'I ]

50

ek

OO PR PR M M PR PR
16 17 18 19 20 211

1;6 17 18 19 20 2

O — r S —
s cos=-0.6001 [ C0s =-0.250; 1 NT — N~
1 | ' ; ALT’ =
: P, Nt +N~—
0f :
sk E 3 . oo Ay
! ] ! ] O 17! S111 O =
-100 ] ] ] ] 1 1 L (1 — 6)
1.6 17 18 19 20 2. .6 17 18 19 20 2.1
150 p—r——1 ———r
; cos HK—O 050 E cos HK—O 350

& Calculations from:
— Mart/Bennhold —— Isobar

— Ghent —— Regge + Resonance

| | D13 (solid), P11 (dashed)
6 L7 18 19 20 21 I% Rule out P11 assumption.

cos| K—O 650 ]

_—_-

1

W (GeV)

" cos 0&20' 900

— Guidal/Laget/Vanderhaeghen —— Regge

2.567 GeV Q“=1.00 (GeV/c)*

Daniel S. Carman, Jefferson Laboratory

;6 1 J 18 19 20 21 Nasseripour (CLAS), to be submitted (2007).
W (GeV) (under final CLAS review)
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Transferred Polarization

W _=1.69 GeV 1.84 GeV
—— — T

2.03 GeV
————

10 —

[ (along kaon axis) |
M M M 1 M M M

10
-1 0 1-1 0 1-1 0 1
cos 0k cos 0k cos 0k
10 — W =169 GeV _1.84 GeV 2.03GeV_

[ (in hadronic plane)

1-1 0

Daniel S. Carman, Jefferson Laboratory

1-1 0 1

*
cos Ok

._!eff;r%on Lab

é’—l—p—)e’+K++K

p
Williams — 1992
Bennhold - 2002

Janssen — 2002

~

Resonance | WJC92 | BMO02 | J02
N*(1650) * * *
N*(1710) * * *
N*(1720) * *
N*(1895) * *
K*(892) * * *
K;(1270) * * *
A(1405) *
A(1800) *
A(1810) *

2.567 GeV

Summed over Q% @

Carman (CLAS), PRL 90, 131804 (2003)
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What Has Been Learned? KtA

@& Historical Lore: Core set of states — S11(1650), P;1(1710), Py3(1720)

oN ATS T OATA
@& Coupled-Channel Model (Bonn):

Most relevant: P;3(1720), P;1(1840), D,3(1870), D¢3(2070), P;3(2200)
(EPJ A25, 441 (2005))

@& Coupled-Channel Model (Saghai, EBAC): (nucl-th/061053)
Most relevant: 511(1535), P13(1900), D13(1520), F13(1680), F17(1990)
Other required states: S;1(1650), F;5(1680), F}5(2000), D¢3(1954), S11(1806), P;3(1893)

@ Multipole Model: (Mart & Sulaksono) (nucl-th/0701007)

SAPHIR/LEPS - S1,(1650), P;3(1720), D13(1700), D15(2080), Fi5(1680), F;5(2000)
CLAS/LEPS - P;3(1900), D;5(2080), D,5(1675), F5(1680), Fy7(1990)

IAYMURKYASITUATION!

@& In principle, the KY photoproduction and electroproduction data should be fit simul-
taneously with a full set of channels.

eg. N, nIN, wN, ¢ N, N (cN, wA, pN)

(this is too difficult at the current time.)

CLAS data do not require any core states!!

Daniel S. Carman, Jefferson Laboratory .!Eff;gon Lab HADRONO7 —— October 8-13, 2007 (13)



Near—Term Future Plans

— Linearly and circularly polarized photons on deuterium (1.6 — 2.4 GeV)
~n — KA, K°S', KT~
% — Measure isospin related processes

— 7 observables
— Running completed in 2007; data processing now beginning

— Linearly and circularly polarized photons on proton target (1.6 — 2.4 GeV)

FROST — Use novel FRozen Spin Target (longitudinal and transverse polarization)
| ~p — KTA, KTX°
— 8 observables
— Next experiment on the floor at CLAS

— Linearly and circularly polarized photons on deuterium (1.6 — 2.4 GeV)
~n — KA, K°S', KT~

— Use polarized HD-Ice target from BNL modified for CLAS

— 13 observables
—runin 2 — 3 years

Daniel S. Carman, Jefferson Laboratory .!Eff;gon Lab HADRONO7 —— October 8-13, 2007 (14)



CLAS12 Upgrade

% Planning is well underway for the energy upgrade of the JLab electron
accelerator from 6 GeV to 12 GeV.

The CLAS12 detector will replace the existing CLAS detector.

DCR1,R2, R3

Daniel S. Carman, Jefferson Laboratory

[ Forward
£ & Detector

[ mp— M
Ea | Forward
2% carriage

.Jjeffgon Lab

& Quark distribution functions
& Nucleon structure functions
& Semi-inclusive DIS

& Properties of QCD from the
nuclear medium

& Baryon and meson spectroscopy

@ Baryon form factors

HADRONO07 —— October 8-13, 2007 (15)



Summary/ Conclusions

@ The Hall B strangeness physics program:

= Designed to measure cross sections and all combinations of beam, target,
and recoil polarization states.

* Precision data —— broad kinematic coverage

= Sensitive to high—mass baryons (>1.6 GeV) with large K-Y couplings and

large photocoupling amplitudes. (clasweb. jlab.org/physicsdb)

@ So far we have found:
= Suggestive evidence of resonant structures in the data.
* Both photo— and electroproduction

= EXxisting theoretical models do not describe the data well in our kinematics.

= Polarization data is quite versatile and useful to study.

= Work needed to continue to improve the models.
* Opportunity for significant new constraints

Daniel S. Carman, Jefferson Laboratory ._!effejrgon Lab HADRONO7 —— October 8—-13, 2007 (16)






Coupled—Channels Analysis

Fits of photoproduction data

2

%2 /Naata Weight

Observable Naata s
- ~p — AKT 720 804 1.12 4
Decays of Baryon Resonances into AKT, X°K+ and X+K°? 0P +)
o(yp — AK ) 770 1282 167 2
A.V. Sarantsev':2, V.A. Nikonov':2, A.V. Anisovich"2, E. Klempt!, and U. Thoma'-3 P(yp — AK+) 202 374 1.85 1
! Helmholtz—Institut fiir Strahlen— und Kernphysik, Universitit Bonn, Germany X (‘TP — f\K+) 45 62 1.42 15
? Petersburg Nuclear Physics Institute, Gatchina, Russia 0
3 Physikalisches Institut, Universitéit GieBen, Germany o(yp — X K+) 660 834 1.27 1
0
P EPJ A25, 441 (2005). o(vp — Z'KH) 782 2446 3.13 1
’ P(yp — X°K™) 95 166  1.76 1
Abstract. Cross sections, beam asymmetries, and recoil polarisations for the reactions 4p — KTA;qyp — 2(yp — ZDK‘F) 45 20 0.46 35
K*xY, and yp — K ST have been measured by the SAPHIR, CLAS, and LEPS collaborations with high >
statistics and good angular coverage for centre-of-mass energies between 1.6 and 2.3 GeV. The combined o(yp — »tK ) 48 104 2.20 2
analysis of these data with data from = and » photoproduction reveals evidence for new baryon resonances - yHKO 120 100 0.91 5
in this energy region. A new P1; state with mass 1840 MeV and width 140 MeV was observed contributing a(yp — ) -
to most of the fitted reactions. The data demand the presence of two Dig states at 1870 and 2170 MeV. G"(‘TP S Pﬂ'o) 1106 1654 1.50 ]
PACS: 11.80.Et, 11.80.Gw, 15.30.-a, 138.30.Ce, 13.830.Eq, 15.60.Le 14.20.Gk
o(yp — pr°) 861 2354 274 3.5
AT — 0
Resonance  Ing/Iwe Iax/Iwe DTzx/INn o et s s .
= 2(~p — pr°) 503 1702  2.87 2
E(izi?gw [1)‘25‘10 g — g o(yp — nzt) 1583 4524  2.86 1
Nglﬁsb;Fm 1.@0—3 1..i0-4 0 o(vp = pm) el =
1\1(1700)D15 0.80 0.07 5.107° olyp — pa) e .
|N(1720)P13 0.80 0.20 6 01 | Slancten ! = . 10
15 : : : X(vp — pn) 100 174 1.75 10
IN(1840)Py;  0.25 0.11 0.80 |
[N(1870)Dis 2.0 0.28 1.6 |
N(2000)F;5  0.04 5-.107° 3.107° A . . . .
n emerging i IS that th lution
N(2070)D,5  0.30 2 105 YT - emerging Issue S.'[ at the solutions
[N(2170)D,s _ 0.04 0.17 014 | apparently are not unique.
[N(2200)P1s 2.0 0.18 0.11 |
A(1700)Dss 2.5 102 @& Need to reduce ambiguities and improve
A(1920)Pss oo fits with electroproduction data.
[ A(1940)Das 0.75 |
A(1950)F 37 0.01

Daniel S. Carman, Jefferson Laboratory

.Jjeffgon Lab
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The New Spin Crisis

& A new controversy has developed based on the simple phenomenology
seen in the transferred polarization data from CLAS.

Daniel S. Carman, Jefferson Laboratory

.geffzgon Lab

Quark spins produced anti—aligned.

VMD model with quark spins aligned.

@ Tests of:
= Hadronization/string breaking
= Reaction mechanism
= Associated dynamics

HADRONO07 —— October 8-13, 2007
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Electroproduction Cross Sections
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Daniel S. Carman, Jefferson Laboratory
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