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CEBAF @ Jefferson Lab

« Main physics programs
— nucleon electromagnetic form factors (incl. strange)
— N— N* electromagnetic transition form factors
— spin structure functions of the nucleon
— form factors and structure of light nuclei

« Superconducting recirculating electron accelerator

— max. energy 5.7 GeV
— max current 200 pA
— e polarization 80%

» Experimental equipment in 3 halls (simultaneous operation) L[cm2s1]
— 2 High Resolution Spectrometers (p,,x=4 GeV/c) 1039
— 2 spectrometers (p,5=7 and 1.8 GeV/c) + special equipment 1039
— Large Acceptance Spectrometer for e and y induced reactions 1034
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CEBAF Continuous Electron Beam Accelerator Facility
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CEBAF Site

e Y ¥

Ya,

north linac south linag—-~—+

=y e
o
.
- 7
, -_a 3
ol v
i 'a\..._ ‘
- - \;:'_:\_ |
NN gt
e P iy
_é\h; \ \ - m o
-2 - 2
v —'-'_‘-

| =it i - -.'_ﬁ:'a
(ffc::{,tc'-mw Cad

Bernhard A. Mecking Bosen Student Workshop, September 2003



Electron Beam Properties

Beam properties

* injector produces 3 separate beams via 3 pulsed (500 MHz) lasers on a common
photocathode

* intensity ratio up to 106:1 (100pA in A/C vs. 100pA in B)

* energies in halls need to be a multiple of common linac energy setting

 max. beam power 1MW (e.g. 200uA at 5 GeV)

« typical beam spot size 100um, momentum spread 104

Polarization
« strained GaAs photocathode gives polarization up to 80%

«  spin precession controlled by combination of Wien filter and linac energy setting
(allows perfect spin alignment for two-hall operation, approximate for 3 halls)
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Electron Beam Profile

measurement performed moving 25um wire through beam

using downstream photomultipliers as radiation detectors
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Hall B Physics Program

Areas Covered

— excitation of N* resonances (elementary and off nuclei)
— nucleon spin structure functions
— hadronic final states in electron scattering off nuclei

Common Experimental Requirements

— detection of >2 loosely correlated particles in the final state
— high counting rates for experiments that have luminosity

limitations due to:
* tagged photon beam (intensity limited by accidental coincidences)
* polarized target operation (current limited by cooling + radiation
damage)
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Hall B Instrumentation

CEBAF Large Acceptance Spectrometer, CLAS

—for operation with electron and photon beams

—use missing mass technique -> good resolution for charged
particles

—good particle identification
—high luminosity operation
Trigger and Data Acquisition
—programmable flexible trigger
—high-speed data acquisition system
Beam Line Equipment

—beam position, current, and polarization monitoring
—polarized photon beam and bremsstrahlung tagging system
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Hall B Side View
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Bremsstrahlung Tagging System Layout
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CLAS 3-D View
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CLAS in Maintenance Position




Characteristics of CLAS Components

* Charged particle tracking in six independent sectors
— 3 drift chamber packages per sector
— 34 layers (axial and stereo)
— drift time recorded from 35,000 sense wires

* Threshold Cerenkov counters for e identification
— C,F,, gas radiator
— focussing mirror system
— 250 PMT's, time and charge recorded

* Scintillation time-of-flight counters
— 5 cm thick scintillators with PMT’s at both ends
— 600 PMT's, time and charge recorded
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CLAS Components (cont'd.)

* Electromagnetic calorimeters
— lead-scintillator sandwich construction, 39 layers
— 1,300 PMT’s, time and charge recorded

* Beam line equipment
— Mgller polarimeter to measure electron polarization
— bremsstrahlung tagging system with crystal radiator, 500 PMT's
— cryogenic (H, D, 34He) or polarized targets (H, D)

* Electronics and data acquisition
— programmable two-level trigger system (custom design)
— mostly commercial data conversion modules (18 FastBus, 5 VME crates)
— parallel data readout into multi-processor on-line DAQ system
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CLAS Top View
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CLAS Rear View

Drift Chambers
Region 1
Region 2
Region 3

Mini-torus Coils

Main Torus Coils
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Characteristics of CLAS Components

Super-conducting toroidal magnet with six kidney-shaped coils
5 m diameter, 5 m long, 5 M-Amp-turns, max. field 2 Tesla
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CLAS Lines of Constant Field
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CLAS Forward Calorimeter Layout

[ Scintillator bars

U - plane p

L.ead sheets

V - plane p

W - plane p

Fiber Light Guides
(front)

Fiber Light Guides
(rear)

i
i
Burkern CLASebcliC 218 PM'TIE

P YV

— ==_ (.l ——
(S/c#@«zsm gﬁ% .
e o Bernhard A. Mecking Bosen Student Workshop, September 2003

| —

19



Forward Calorimeter Hit Pattern
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CLAS Single Event Displa
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Trajectory Reconstruction
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Scintillation Counter Timing Resolution
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CLAS Luminosity for e
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Missing Mass Distribution
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Mass Determination from p and 3
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z-Vertex Determination from Tracking

vertex determination used
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Trajectory Reconstruction Distortions

Exploredin e¢p—e¢’n’ (n)

Possible reasons

« drift chamber positions not known perfectly

* uncertainties in magnetic field
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Calorimeter Detection Efficiency for n
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CLAS Run and Analysis Conditions

Run
luminosity
electromagnetic rate
hadronic production rate
trigger (Level I)
trigger rate (max.)
data rate to disk (max.)
data volume to silo (max.)
personnel

Analysis
first-pass analysis
physics analysis

W Vo ¥ Vs

1034 cm2 s

10°/s

106 /s

on e-candidates (Cerenkov + calorimeter)
4,000/s

25 MB/s (~BaBar, CLEO, 2 RHIC STAR)

1 TeraByte/day)

2 on shift,

on call: 7 system experts + engineering-on-call

at JLab compute farm

at JLab for full data set
at outside institutions for filtered data
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W-Dependence of Selected Channels at 4 GeV
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N* Program Physics Goals

« Understand QCD in the strong coupling regime
— example: bound gqqq systems

— mass spectrum, quantum numbers of nucleon excited states
— what are the relevant degrees-of-freedom
— wave function and interaction of the constituents

« Source of information
— dominated by pion-induced reactions (mostly tN—zN)

— advantage.
« strong coupling — large cross sections N*
« simple spin structure /_\
» good quality beams N N
— disadvantage: no structure information
insensitive to states with weak nN coupling
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Quark Model Classification of N*
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Theoretical Models for N* Resonances

« Constituent quark model
— 3 constituent quarks
— all 3 contribute to number of states
— non-relativistic treatment (typically)

« Refinements of the constituent quark model
— restore relativity
— hadronic form factors
— coupling between decay channels

 Lattice gauge calculations
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Electromagnetic Excitation

E, M, S Multipoles

helicity amplitudes very
sensitive to the difference
in wave functions of N
and N~

can separate electric and
magnetic parts of the

transition amplitude Aqp- Azp25 S1p2

helicity amplitudes

varying Q? allows to change the spatial resolution and
enhances different multipoles

sensitive to missing resonance states

F Y .Y Y.vY.
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N* Program Requirements

Experiment

large high-quality data set for N* excitation covering
- a broad kinematical range in Q?, W, decay angles
- multiple decay modes (nt, i, 1, p, ®, K)
- polarization information (sensitive to interference terms)

Analysis

A(1232): full Partial Wave Analysis possible
(isolated resonance, Watson theorem)

higher resonances

- need to incorporate Born terms, unitarity, channel coupling

- full PWA presently not possible due to lack of data (polarization)
(substitute by assuming energy dependence of resonance)

- skills required at the boundary between experiment and theory
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Kinematics and Cross Sections
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Standard Analysis Approach

known resonance parameters

(mass, width, quantum
numbers, hadronic couplings)

photo- and
electro-

production

data base

Analysis
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CLAS Coveragefor ep— €' X
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N— A(1232) Transition Form Factors

+1

~ 0.01

const.

P, U,
E/M<0 E/Ml= 0

(A. Buchmann, E. Henley, 2000 )




Multipoles E;./M,,, S;./M;, (before 2001)
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Multipole Analysis for y*p — p °
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Multipoles E,,/M,,, S,,/M,, (2002)
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Theoretical Interpretation of E,./M,,, S,./M,,
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N—A Transition, what’s next?

systematic uncertainties in extraction of E,,/M,, from ep—e’p n°

around 0.5%

— differences in treatment of background terms (models not constrained)

— will become more severe for higher Q2 (A dropping faster)

more experimental information in hand (analysis in progress)

experiments in the near future

cross sections e p—~e'p (n°) Q? =

single-spin asymmetry o,. for € p—~e’p (x°) and € p—~e€’ n* (n)

(1.5 — 5.5) Ge\V/2

polarization transferin € p +¢e’ p (n°)

differential cross sections for e p—~ e’ n*n (A less important)

— extend Q? range to 0.05 GeV? (end of 2002)
— extend Q? range to ~7 GeV? (15t half of 2003)

P W

C t{/uwz (ﬁ(( i i

CLAS

CLAS

Hall A

CLAS

CLAS

Hall C

Bernhard A. Mecking

Bosen
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Polarized Beam Observables

CLAS

- &
]
§ %% w=licev | w=1.048ev [ W=1.18Gev
3t -
G| 1> response 25| ~
function for 21
1.5
1 L
~ 0
Cp—CPpm 0.5}
0 ey
_D.-E L
L4
< 35}
g W=1.26 GV W=1.3 GeV
3 i
2.5}
O =0 ifonlya 1 i '
single diagram L
contributes 0.5}
(sensitive to the °
. —0.5t
interference between
A and background) —0.5 0.5 —0.5 0.5 —Q.5 0.5
an .
& ® CLAS Dotao (Q°= 0.85 GeV®) CosB .
— L=2Z2 Legendre Fit ----- MAID2 0 ---- Soto—Lee

F Y .Y Y.vY.

= il — i ]
Sellersan Chal

i 50
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“Missing” Resonances, where are they?

Problem: symmetric CQM predicts many more states than have
been observed (in TN scattering)

Two possible solutions:

1. di-quark model

fewer degrees-of-freedom
open question: mechanism for g2 formation?

2. not all states have been found

possible reason: decouple from tN-channel

model calculations: missing states couple to
N7 (A, Np), Nn, No, KY

vy coupling not suppressed — electromagnetic excitation is ideal

W Vo ¥ Vs

= il — i ]
™ (f elfersan C ﬁ(ﬁ
.
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CLAS Resonances in y*p —pn'm

30

Analysis performed =

by Genova-Moscow 335 |

collaboration o

step #1:

use the best
information
presently available

I'\; from PDG _
Iy, AO/SQTM 5 [

A B A

20 |
15 |

10 |

extra strength
P I W N T S N T

ol
1.5 1.6 1.7 1.8

= il — i ]
™ (f elferson Lﬁsz
.

e S S S S

1
1.4 2 2.1
W(GeV)
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Attempts to fit observed extra strength

CLAS 30 |

~ |

Fas [ , i
Analysis step #2: b [ Q" = 0.65 GeV

- vary parameters 20

of known D
13 = 0.95 GeV?

or 15:

- introduce new P, i
i = 1.30 CeV*

10 |-

P i

13 5[

——————— D,,(1700) |
o L.

1.4 1.5 1.6 1.7 1.8 1.9 : 2.1

T T s L=

- 54
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Summary of y*p — p "~ Analysis

CLAS data at variance with N* information in PDG

Describing data requires

» major modifications of the parameters of known resonances, or

« introduction of new P,; resonance with M=1724/-002 GeV

(consistent with “missing” [} =88 +/- 17 MeV
P, state, but mass lower Am:041 +/-0.13
than predicted)

Np:0.17+/-0.10

Next steps:

* more experimental data already in hand

« combined analysis with other decay channels: = N
n N
KA

A A

- .::_( s]#ﬁ’h‘m; gg A {{ =

i 55
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Resonance Contributions to

Y’p — po ?

= 0.25 ——— ; —— — ;
CLAS bove g :
a =) [ 2.05<W<2.15 GeV n
resonance ‘o 0.2 A 1.0<Q%<1.5GeV? .
= - 2 2 .
: B O 1.5<Q"<2.0 GeV ]
region CHE .
0.15 |- _ pa
T . B & ]
.... Lo A .
G y v () 0.1 —
: - - i
/ : 4 ‘ e
L o5
\ 0.05 - A A e —
p : oy adi e ® BoEC O
p A AhAA S g~ w8 5
O -C 1 1 | | 1 L 1 I 1 1 1 1 | 1 1 | ]
-1 05 0 05 1
cose’
_'6 0-25 i T I T T T T T T T T ]
£ _ i
. / = L 1.85<W<1.95 GeV J
'O.. % (0 _ = .
Y o e N . ‘x 02— A 1.0<Q%<1.5GeV® —
© [ O 1.5<0%<2.0 GeV' A
= A ]
p N P— A
_ & i
/ resonance ] " ]
region oif .
LA A A o
- A A 'y o O .
1O 'y - A A, A @) i
005 O 0 A O A OO ~]
- O O o Y |
L >0 o0 0O i
-1 cos 0, +1 - i
i L ; ; Loy | s i
05 05 0 0.5 1
cose’
~ -~ -
<:_ gIx h—
7
e /czau! alt 56

( | _—
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Resonances in o Photoproduction?

*Old data only showed forward E o
angle peaking (Regge) i
2.4

*PDG lists no N*— wp decays ”
Strong signal with e, y beam s 8
*Vector particle provides E 8
interesting observables with A2
2.4

polarized beam/target

*Calculations from Y. Oh- ‘good’
representation of t-chantres.

*Results preliminary- strong

resonance contribution , but no

single signature for a single state

L W=1.76 GeV
~ E=1.175 GeV

L W=1.81 GeV
E.=1.275 GeV

B
111 I | I I i

L W=1.91 GeV
~ E,=1.475 GeV

Bernhard A. Mecking

Bosen Student Workshop, September 2003



Hyperon Photoproduction off the Proton

Goal: A and X differential cross sections for 1.6 GeV <W < 2.3 GeV

Technique: K identified by time-of-flight, hyperons via missing mass

x 102

K* 1400

VSN e |

////"““\\\\ 1200

N 1x<<ijp 1000
TCO

&z
c 800
>
O
O 600
o 400
A and X polarization measured :
via self-analyzing weak decay 200
and proton detection 0

VoV Ve Y e

- A(11186) b= KX
| 2(193) |
A(1405) ]
(1385) N1520)

" 1.4 1.6

1

Mass X (GeV /c?)

- C'Eﬂc*zs'nn Ll
CAU 4\ - Bernhard A. Meckin

W ad o oF o 9

Bosen Student Workshop, September 2003
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A Photoproduction off the Proton

Dominant resonances

Wﬁ%p%K %%&

S,,(1650)
P,,(1720)

A Threshold ]

o
3

Bumpat1.9GeV| 2 [
D,(1895)? 2 1L |

F F E LH\ H 4\ H\ H\ \H / F g

® CLAS %OZg
SAPHI 8) A
OTHER

Guidal—Laget (99)

o.o....i
0 '1'6"17 T8 19 72 51 55 5.3 54
@WQH M@SS W QG@W
Model—s
Model—t on Lab / CLAS, Carnegie Mellon Univ., 5-02

ﬁ-\ﬂf‘«f‘\ﬂ'\

Carnegie Mellon

B
Cfﬂlﬁ A ((% )
\...l N - Bernhard A. Mecking Bosen

Student Workshop, September 2003
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Polarization of Photoproduced A

2002/08/07 13.5

quéced Polouruzcutuom Wfor*)/ + p % K* + A
. \

E = 1.475 Ge\/

Model-s (hadrodynamic)
Resonances, plus
K and K* exchange

f@;@f@f@

Model-t (Regge) has K and
K* interference, misses at
back angles

P@(M*Z@%@ﬂ

i©i©i©i©
VM%@@%MQM%@@%

;
,

CLAS PRELIVINARY RESULT
05 0 05
C.m.
Cos(O5™)

on Lab /

Model—s
Model—t

CLAS, Carnegie Mellon Univ,, 7-02

Carnegie Mellon

ﬁ-\ﬂf‘«f‘\ﬂ'\
(!
'

Cf elferson %J((/ s

\-l\.l\-i’
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Resonances in Hyperon Electroproduction?

pb/sr

‘CLAS

v¥p — K'Y

forward hemisphere backward hemisphere
, 0.<Cos(@ <1, Q* = 0.7 (GeV/ic)’ )45 1:<C08(6y) <0. Q" = 0.7 (GeVic)
A . G; +€, 0, A c;+€, 0,
- é @
‘ I ¢
I ' - J ¢
0.2 [} . 0.1 +
[ ] LU-) *
.. 3 % Petet,
é . =3
° i L 4
01— G . 0.05[— )
. * % = )
: * I N* 9 I L
0 | | | | | | | | | l |
1.6 1.7 1.8 1.9 2 2.1 1.6 1.7 1.8 1.9 2 2.1
W (GeV) W (GeV)
e Voo N N Vs
- llerson ] () _——
J_‘T{{:&:ﬁ %{i Bernhard A. Mecking

Bosen Student Workshop, September 2003
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Next Steps in Missing Resonance Search

* Needed: a coherent, consistent analysis of the data
from a broad variety of channels, from photo- and
electro-production, and for the available values of Q2

* Important to incorporate consistently available data
obtained using hadronic beams

« JLab has requested support for an analysis center to
be created as part of the theory group

r Y. vV9YyY. VvV

= il — i ]
(f elfersan C ﬁ((’f .
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Integrals over Spin Structure Functions

Bjorken Sum Rule (Q2 — «):
Basic assumptions isospin symmetry,
current algebra or Operator Product Expansion within QCD

J[glp(x)-gln(x)]dx = % 2478V

GDH Sum Rule (Q2 - 0):

Basic assumptions: Lorentz invariance, gauge invariance, unitarity,
dispersion relation applied to forward Compton amplitude

> dk 2ma
ﬁ%/z(k) — 01,7 =—7 ¥
kthlres

K = nucleon anomalous magnetic moment
VeVl aV

- .::_( s]#ﬁ’h‘m; gg A {{ =

Ve o o CF o Bernhard A. Mecking Bosen Student Workshop, September 2003
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Q2 Dependence of the Moments

Q%=

single partons
(Bjorken SR)

multiple partons

constituent
quarks, N*

pions, nucleon

photon interacts with

magnetic
moment
(GDH SR)

Q?=0

L o Ve Ve Von

/
/
/

/
¢ quark models
// LQCD ?

/
/

4

DIS, pQCD

_——
-

/7 twist expansion ?

’ |
\" ChPT ? 1

GDH sum rule

Q* (GeV?)

- = %f/em(m /) g
o o €Y\

Bernhard A. Mecking

Bosen Student Workshop, September 2003
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Polarized Solid State Target for CLAS




CLAS: First Moment T, =g (x,Q*dx

— 0.15
-4 B
os - mmmemeem T
01 [
I L Q2 evolution of G, reveals
oors L the importance of nucleon
. resonances.
0.05 -
- 1 Resonances are needed
. to explain
00 T > fall-off for Q2 < 1.5 GeV?2
- » ZEro-Ccrossing
0 - T
, ® EGI1b(Data+DIS)
R ® EGIla(Data+DIS)
0.025 —— Burkert-loffe
LY ——— Soffer-Teryaev
- -=== GDH slope
E o --- pQCDDIS
-0.05 B II!I 1 | | | 1 | 1 | | | 1 1 1 | 1 | 1 | | [ | 1 | | 1 1 | |
0 0.5 1 1.5 2 2.5 3

Q*(GeV/ec)*



Generalized Parton Distributions (GPDs)

developed by X. Ji, D. Mueller, A. Radyushkin (1994-1997)

Proton form factors,
transverse charge &

Structure functions,

current densities Correlated quark momentum quark longitudinal
and helicity distributions in momentum & helicity
transverse space - GPDs distributions

L Vo Y Yo Yon

(Eﬁ#ﬁzm(m a ([{/

o o - Bernhard A. Mecking Bosen Student Workshop, September 2003
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GPDs & Deeply Virtual Exclusive Processes

e.g.: Deeply Virtual Compton Scattering (DVCS)

hard vertices

X —quark momentum
fraction

& — longitudinal
momentum transfer

J-t — Fourier conjugate
to transverse impact
parameter

“handbag”
diagram H(X’i!t)a E(X’Eﬂt)a .o

o o (- Bernhard A. Mecking Bosen Student Workshop, September 2003
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Universality of Generalized Parton Distributions

Elastic form factors

Parton momentum
distributions

Real Compton
scattering at high t

Deeply Virtual Meson
production

Deeply Virtual
Compton Scattering
Single Spin

Asymmetries

—_—
’ a
& "_{ - g\.{ Bernhard A. Mecking Bosen Student Workshop, September 2003 69



Experimental Access to GPDs

DIS only measures at x=0

Quark distribution g(x)

Accessed by beam/target
spin asymmetry

0.5
0 | |
X - 0.5



Access GPDs through DVCS

Cross section of ep—epyat Q%=2 GeV/c? and Xg=0.35

II = || | € ||' |
= 11 GeV | fE, = 6 GeV| | [E, = 4 GeV|

fdtld nbGeV/c™

(doldX JdQ’
L
L]
|

157 determined by Dirac & Pauli

DVCS/BH comparabl
form factors compaTaRe,

allows asymmetry, cross
section measurements

TDVCS: determined by GPDs ] T P

1 [ 1 1 1 I
0 20

'BW*, degree

Helicity difference: Ac ~ sindIm{(F,H(E.&.t) +k,(F,+F,)H(E,E,t) +K,F,E(E,E,1)}dd

V¥V V¥

Sf(ffﬁ’-&\'(!l! a % 71
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ep — e'pX - Missing Mass Analysis

Calibrate missing mass using radiative elastic and

h.
P r
3N
I
25—
206 —
I3 —

1KY

3K

V¥V V¥

exclusive ep — e'pyy events

WOndf a01s s 99 % WSndf Az s osR
Fi 0.5010E-+06 + §21.3 o L Fi 014426405 + 158.9
P2 0.3239E03+  0.I525E-04 P2 OISI0E-01 +  0.2243E-03
F3 0I0ISEO] £ OI0IHEDS {13 0IF0SE-01 & DISI6E-03
000
ep — e'p(y) oF
&0 |-
00 |-
00 |-
a i ] " i
0.05 0.1 0.15 8.2 0 005 0.05 0.1 0.15 0.2
2 2
MM (pX), GV MM (pX), Gl
2 T 120403
5600 - Entrizs i7ial
Andf 1T T
FI 4732 + 7238
P2 2046, + 1751
0 - F3 1032+ 0J526E-01
00
w0
200
exclusive ep — e'py
10

605 'Y %15 8.2
MM (epX), Gel*

(Sfcffc'--zsr.w b
i o i | _—

Bernhard A. Mecking
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Measurement of exclusive DVCS

1999 data, E=4.2GeV, <Q2>=1.3GeV? 2001 data, E=5.75GeV, <Q?>=2.5GeV?
0.4f < |
. _
E 4
S 0.2 ol
&
<
s ¢ °
E 0.1 -
8 -0.2 ° o
m
preliminary
— . - A Belitsky et al. 021 ¢
-0.4¢. | , _ i

0 1 2 3 4 5 6 ° 2
¢/, [rad]

S. Stepanyan et al. PRL 87, 2001 e

« Higher energy increases

kinematics range.
A(9) =a sing + 3 sin2¢

* Higher statistics allows
B o= 0.202 £ 0.028stat+ 0.013%s binning in Q?, t, &

B B =-0.024 + 0.021stat + 0,009y

PV eVl

— ==_ (.l - ——
‘Cjt’%x{’ wson “d %
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Pentaquark: Baryon with five quarks

Goal: Determine quark content of colorless hadrons

What is a 9
" Expectation from the quark

At ILffLI"-..lH'I Iq.ah |n [I‘*Jexl-x.-'pf}rt. Nem Ph}-‘.ﬂ;i{:i ata I'ins.'. g-;fr?m‘u'i r:;u. into model is that the prope rties of
the nucleus of heavy hydrogen atoms, releasing pentaguarks and )
other subatomic particles. baryons are determined by
three valence quarks (qqq)

pentaguark
particie

neuiron
guarks @
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Hadron I\/IuItipIets

Mesons qq

3®3=8@1
Baryons qqqg

303XKX3=10D8D3D1 @/ @.

Baryons built from meson-baryon basis
3RE=27D10DI0DIDID]

75



What are Penta-Quarks?

 Minimum quark content is 5-quarks.
* Anti-quark has different flavor than any of 4-quarks

(9999Q).

* Quantum numbers can not be defined by 3-quarks.

» General idea of a five-quark states has been around since
late 60’s.

» However, searches did not give any conclusive results.

» PDG dropped the discussion on pentaquark searches
after 1988.

r v yY.v.v.

= il — i ]
(f elfersan C ﬁ((’f .
Ve o o CF o Bernhard A. Mecking Bosen Student Workshop, September 2003

76



Exotic Baryon Search

The chiral soliton model by D. Diakonov, M. Petrov, M. Polyakov predicts an
anti-decuplet of penta-quark baryons.

The lightest state is predicted to be a baryon state with exotic quantum
number S=+1, and M=1.53GeV, '=15MeV.

uudds

NU 530)

/\_/<(1710) uud(dd +5ss)
VAVAVANE

ddssu uussd

A B A

>(1890)

= il — i ]
™ (f elferson Lﬁsz
.
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®* Photoproduction and Competing Reactions

7n(p)—> OK (p) %w
@*—>K'n n o* n

P P

K+

yp (N)>A1520K" (n) % .
N(1520>K ' p »p AT T p

N N

YN — ¢(1020) N > KT"K-N

PV eVl

— =t o —~ B
ffﬁﬂ(’mwz Club 78
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Exclusive yd Measurement

CLAS Collaboration
(S. Stepanyan, K. Hicks, et al.),
hep-ex/0307018

requires FSI| — both nucleons
involved

— no Fermi motion correction
necessary

— FSI puts K™ at larger lab
angles: better CLAS
acceptance

— FSI not rare: in ~50% of
A’(1520) events both nucleons
detected with p > 0.15 GeV/c

Voo VoV V|

T T s L=

S S S S S
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Kaon start times relative to the proton

10 -8 6 4 2 0 2 4 6 8

At (p-K*) (ns)

PV eVl

— ==_ (.l - ——
‘C/[’#li’ wson “d %
\(_’ \..J - - Bernhard A. Mecking Bosen Student Workshop, September 2003
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Reaction yd—pK*K*(X)

= clear peak at neutron
mass

= 15% non-pKK events
within £3c of the peak

= Dbackground under the
neutron peak can be
further reduced by tight
timing cut

500

400

Events

200 |

reconstructed neutrons

il

|AtpK| <0.75ns

0.9 1 1.1
MM (pK *K") [ GeV/c?]

Voo VoV V|

0.8 0.85 0.9 0.9

1 1
5 1 10511 115 12 1.25

MM (pK K" [ GeV/c?]

T T s L=

S S S S S

Bernhard A. Mecking
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Removal of known resonances

- 100 |-
80 F ¢ N, =124 ! A(1520)
70k H M, = 1.02 GeV sl
: G, = 0.004 GeV i
00 :
s 50 @« 60 |
E | : |
LE 40 = i
' 40 F
30
20;' . 20 - g
10 F fjﬂ i
0:-|-I|I|l; PR PR B L U-l1|1l1|t-t|t-

N, =228
M, = 1.518 GeV
G, = 0.011 GeV

L 1 L 1 L 1 L

1
313514 1.4 1.5 1.6

1.2 1. . 1.7 .
M(K'K'), GeV M(pK', GeV

Cuts

« remove events with IM(pK")—> A(1520)

1.8 1.9

« remove events with IM(K'K)> ¢(1020) by IM > 1.07 GeV

« limit K" momentum due to y d>p K" ©® * phase space p,+ < 1.0GeV/c

PV eVl

— ==_ (.l - ——
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(nK*) Invariant Mass Distribution

351 Ng = 43
ol M = 1.542 GeV
: 0p=0009GeV | F(M)=Gg, +Gg, +P,
25 | Ng/VNg, =580 L
0 i
2 20F
o [
T
15
I _ distribution of A(1520) events
10 -
5
O . . I o Ii...- L :..:I :.I- .
1.5 1.6 1.7 . 1.9

M (nK ™) FGeV/c?]

- ( f]&%ﬁ*mun %)ﬁ(f e
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O* Experimental Status

Experimental evidence for ®* has been reported by four groups:

. LEPS at Spring-8 (Japan), January 2003 - peak in the invariant mass of the
nK* at 1.54 GeV with statistical significance of 4.6c

. DIANA at ITEP (Moscow), April 2003 — peak in the invariant mass of pKe at
1.538 GeV, statistical significance 4.4c

. CLAS at JLAB, July 2003 — peak in the invariant mass of the nK* at 1.542 GeV,
statistical significance 5.3c

. SAPHIR at ELSA, August 2003 — peak in the invariant mass of the nK* at 1.54
GeV, statistical significance 4.8c

All experiments observe a narrow width

Penta-Quark 2003 Workshop at JLab
November 6-8, 2003

r Y. 5. 595
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Nucleon-Nucleon Correlations

Observable: NN-pair with
« large relative momentum
« small total momentum

- need to distinguish between Correlations and Currents
Correlations Currents

MEC

O

222 21 2/)2
2

2
222 2/ 2/[2
% \j

Two-Body Currents (MEC + IC)
* not a Correlation
» strongly enhance effect of correlation

PV eVl

— { I —
S/ef[e«zsm ff({ .
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Three-Body Break-up of 3He

Proton 1 T/w

Proton 1 T/»

(Sfcﬂcf«s.ﬂw gﬁ% s
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300
fast pn
leading p
200
3 Body Abs
100
o
G 1 1 1

-1 -0.5 0 0.5 1

cos(2 fast nucleon angle)

ost
80 fast pp 1)
leading n
60
40
20
0

-1 -0.5 0 0.5 1

cos(2 fast nucleon angle)

SHe(e,e’pp)n

Two protons detected with p
> 250 MeV/c > pegrmi

Reconstruct neutron via
missing mass

Select proton/neutron with
almost all transferred
energy (TN/o = 1)

Clear evidence of back-to-
back excess over three-
body absorption followed by
phase-space decay
simulation

Bernhard A. Mecking
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Angular Distribution of Emitted NN-Pair

Nent = 9591 |

leading p
| fast pn

o
©
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Conclusions from 3He(e,e’pp)n Experiment

If one selects a fast leading nucleon in 3He(e,e’pp)n

then the remaining (fast) NN pair:
* Is back-to-back
* s isotropic with respect to momentum transfer g
* has small momentum along q

=>» Fast NN pair is not involved in the reaction

Total and relative momentum distributions similar for:
* pp and pn pairs
« 0.5<Q@?<1 and 1<Q?<2 (GeV/c)?

- WE ARE OBSERVING BOUND-STATE CORRELATIONS!
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Setup for Deeply Virtual Compton Scattering

Physics Goal

measure &, t, Q2 - dependence of

ep — ¢€’p 7 in a wide kinematics

range to constrain GPD models. sc
solenoid

Technical Problem
— need to detect all final state particles to
identify process
— double luminosity to 2x1034 cm2 s

PbWO,
Electromagnetic
calorimeter

Technical solution
— add forward calorimeter (436 lead tungstate crystals)

— readout via avalanche photodiodes (APD)

— SC 5Tesla solenoid Moller shield
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Bo Nu S

Physics issue:

tag process off a neutron bound in deuterium by
detecting the spectator proton in coincidence with
the scattered €’

Technical problem:
spectator protons have
- low momentum and low range
- isotropic angular distribution (no correlation)
- high rate

Targel Tube
{4 '..'..'.'..

Beaanl n

Solution:

- high pressure gas target

- surrounded by radial drift chamber
- GasElectronMultiplier gap

S1=raa Str p Feadout Cpticn
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Frozen Spin Target for CLAS

Technical problem:
build polarized target for tagged photon beam
- minimum obstruction of CLAS solid angle

- low distortion of particle trajectories in
magnetic field

Solution:

- frozen spin target

- temperature 50mK
5 Tesla polarizing magnet

Horizontal
/ Dilution Refrigerator

- magnetic field 5kG

Status:

%@mipé:
\Refrlgerator CNump it

\ JLab design

- design in progress at JLab

- procurement started for
polarizing magnet

VY T Ve
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Physics Drivers for CEBAF Upgrade

 New capabilities
— search for origin of confinement (J°© exotic mesons)

— determine parton distributions (high Q2 and W) via
« polarized and unpolarized inclusive scattering
» semi-inclusive (tagged) structure functions
» exclusive processes (DVCS, meson production)

» Push present program to higher Q2
— form factors of mesons, nucleons, and light nuclei

PV eVl
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CEBAF Upgrade Plan

« Upgrade accelerator to 12 GeV max. energy

— maintain 100% duty cycle

— keep beam power constant (1MW)— max. current 80uA

« Build new experimental hall for meson spectroscopy
(Hall D)

— polarized tagged photon beam (coherent bremsstrahlung)

— large acceptance detector for real photons only

« Upgrade existing 3 halls for higher beam energy
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CEBAF Accelerator Upgrade

* keep present accelerating system

* add ten new cryomodules at 100MeV energy gain
— present cryomodules provide ~30 MeV

— increased performance can be achieved by

* increased effective cavity length (5-cell = 7-cell)
* Increased average gradient (7.5 MV/m = 17.5 MV/m)

* double cryogenic system capacity
* upgrade recirculating arcs
* add new beam line to Hall D
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12 GeV CEBAF @D Gndveaming

Upgrade magnets
and power

' supplies

20 cryomodules

Add 5
cryomodules

» Enhance equipment in
U existing halls
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CLAS Physics Program at 12 GeV

Quark-Gluon Dynamics and Nucleon Tomography

Deeply Virtual Compton Scattering (DVCS)
Deeply Virtual Meson Production (DVMP)
High-t DVCS and 7%n production

Valence Quark Distributions

Proton and Neutron Spin Structure

Neutron Structure Function F, (x,Q?)
Tagged Quark Distribution Functions
Novel Quark Distribution Functions (tranversity, e(x),..)

Form Factors and Resonance Excitations

The Magnetic Structure of the Neutron
Resonance Excitation Dynamics

Hadrons in the Nuclear Medium
Space-Time Characteristics of Hadronization
Color transparency

Physics with quasi-real Photons

A B A
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Upgraded CLAS (CLAS*

Forward Cerenkov

Forward DC

Inner Cerenkov S

Preshower EC

Central Detector_

Forward TOF

Torus Cold Ring Coil Calorimeter

PR
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CLAS*™ -

2-dimensional Cut

LYl
__A~AAAA
i

High Threshold
Cerenkov Counter

Central Detector

repositioned
torus coils

Inner Electromagnetic
Calorimeter

Drift Chambers
Forward Electromagnetic
Forward Time-of-Flight Calorimeter
Counters e
: ~38°
Preshower
Calorimeter

50

l I Low Threshold /

Cerenkov Counter
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12 GeV Upgrade Project Status

Developed by User Community in collaboration with JLab

Nuclear Science Advisory Committee, NSAC
— plan presented during last 5-year Long Range Plan
— recommended by NSAC for new construction

Plan presented to Department of Energy
— presently waiting for CD-0 (determination of ‘mission need’)

Construction

— estimated costs: $158M (in FY029)

— construction start expected in FY2007 (October 2006)
— 3 year construction project

PV eVl
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Long-Term Future @ JLab

Study underway for an electron-light ion collider at JLab to
Investigate

inclusive and semi-inclusive DIS
deep exclusive reactions (GPD’s)

Parameters
electrons 3-5GeV
ions (p, d, SHe) 30-50 GeV
luminosity <6x10°* cm2s™

Design maintains fixed target capability with

25 GeV external beam

luminosity ~10%% cm2 s~
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Electron-Light lon Collider Layout

-::_c

Ton Source

IR<

Snake
> IR Shake
5 GeV electrons 50 GeV light ions
D

Beam Dump
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