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What are hadrons?

Hadrons are composed of quarks bound by the strong interaction.

Baryon Meson

@ Baryon: qqq Gluon
@ Meson: qq

Quark

Gluon

Quark

Quantum Chromodynamics (QCD)

- The theory of how quarks and gluons interact with themselves and each other

O The study of the properties of baryon resonances
O The N* Program
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One of the Goals of the N* Program ...

Search for missing or yet unobserved resonances
Quark models predict many more baryons than have been observed

Fhkk | kkk | kx| O according to PDG
N Spectrum 11 3162 (Phys. Lett. B 667, 1 (2008))
A Spectrum 7! 3/6|6 [ little known
(many open questions left)

Possible solutions:

1. Quark-diquark structure

2. Have not been observed, yet

Nearly all existing data result from

one of the i )
internal degrees 7N scattering experiments

of freedom O If the missing resonances did not couple to
is frozen N7, they would not have been discovered!!

Nuclear Physics Seminar, April 09, 2010
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The Preliminary Results

The excited states of the nucleon
Constituent quark models: Gluon-exchange model
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The Preliminary Results

The excited states of the nucleon

Constituent quark models: N* resonances (Isospin %)

30007 — experiment findings
o The uncertainty in mass measurement
- I The experimental resonance position
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The excited states of the nucleon
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The excited states of the nucleon
Constituent quark models: N* resonances (Isospin %)
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The Motivation for the 7"7— photoproduction
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A summary of photoproduction cross section

7P — P

@ The cross section of the 7+~ photoproduction dominates above W ~ 1.8GeV
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The Motivation for the 7"7— photoproduction
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A summary of photoproduction cross section
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@ The cross section of the 7+~ photoproduction dominates above W ~ 1.8GeV

@ The excited states are found as broadly overlapping resonances
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The Motivation for the 7"7— photoproduction
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@ The cross section of the 7+~ photoproduction dominates above W ~ 1.8GeV
@ The excited states are found as broadly overlapping resonances

— The polarization observables can isolate single resonances from other interference terms
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The differential cross section for yp — prn~

The differential cross section for yp — pr 7~
(without measuring the polarization of the recoiling nucleon)
Z=00{(L+N-P)+ (19 + A -P?)

—

+0,[sin28(15 + A -P®) +c0s23(1° + A -P¢)]}

op: The unpolarized cross section

B: The angle between the direction of polarization and the x-axis

0 »,1: The degree of polarizaton of the photon beam =- ¢, and §;

Ki: The polarization of the initial nucleon = (Ax, Ay, Az)

|©:8:¢: The observable arising from use of polarized photons = 1©, IS, |¢

P: The polarization observable = (Px, Py, Pz) (P, Py”, PS) (P, PS, P3) (PS, PS, PS)
15 Observables
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Polarization Observable

The differential cross section for yp — pr 7~

(without measuring the polarization of the recoiling nucleon)

d—;:Uo{(l—i‘ Ki-5)+ de (19 +Ki-ﬁ®) 15 Observables

o

+6,[sin23(15 + A -PS)+cos28(1¢ + A -P¢)]}

’ The circularly-polarized beam — ¢, =0 ‘

’ The longitudinally-polarized target — Ay = Ay =0 ‘

a
q

=o00{(L+ A,-Pz)+ (19 + A, )} 3 Observables

o
x

Sungkyun Park Nuclear Physics Seminar, April 09, 2010



The CLAS at JLab
The FRozen-Spin Target (FROST)
The FROST-g9a run Period

FROST Experiment

9 FROST Experiment
@ The CLAS at JLab
@ The FRozen-Spin Target (FROST)
@ The FROST-g9a run Period
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FROST Experiment
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The CLAS at JLab
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CEBAF Large Acceptance Spectrometer (CLAS)

FROST Experiment

Electron Beam

Electromagnetic
Calorimeters

Torus Cerenkov

Counters

Chambers

METERS

TERS Time of Flight
(REEEEENEXR, Scintillators
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CEBAF Large Acceptance Spectrometer (CLAS)

FROST Experiment

Drift
Chambers

METERS Time of Flight

012 3 4 5 6 7

Scintillators
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FROST Experiment

The tagging system at CLAS

JLAB Hall B bremsstrahlung photon tagger

The E, distribution for E; = 1.645 GeV

® E, =20-95%of E 0.33 GeV <E., <156 GeV

10000{—

@ E, upto~55GeV r
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FROST Experiment

The tagging system at CLAS

JLAB Hall B bremsstrahlung photon tagger

@ Circular polarized photon beam I amorphous radiator I I longitudinally polarized electron beam I

@ Linearly polarized photon beam I oriented diamod radiator I I unpolarized electron beam I

! 5w, linearly polarized beam
z2 Data for PERP 1.3GeV
EW; Calculation —_
2ma;
|sonf
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FROST Experiment

The things we need for the FROST experiment

@ The polarized photon beam - The tagging system at CLAS
@ The polarized proton - The Frozen-Spin Target

re -~ o ;7‘\

// / A sli I | — Radiator

g = Tagger magnet ¢

// ‘Spm Pb arlzed target & .

P—— Photon beam ’

[ ~ g\@/_\ /
.\\\._ i IR = & /
S, CLAS 8 {y Electron
I e ety

o 1 2 3 4

Meters
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FROST Experiment

The Basics of Polarization

In absence of a magnetic field,
a collection of spins is randomly oriented.

With the magnetic field,
the spins either parallel or anti-parallel to the field will be oriented

Polarization = excess of one orientation over the other

@ Oscillating EM fields, produced by atomic vibration, tends to randomize (de-polarize) the spins.

@ Strength of vibrations decreases at low temperature.

Sungkyun Park Nuclear Physics Semin
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Polarization and Thermal Equilibrium

Any ensemble of atoms or nuclei with a magnetic moment can be
polarized via the Zeeman interaction: i - B

In general, the populations of the Zeeman levels (once equilibrium
has been reached) will obey a Boltzmann distribution:

N(T) _ 228 _ N() = N() ii-B
N() ~ © e = N EN() k)

(T = Temperature, P = Thermal Equilibrium Polarization)

= tanh(

The polarization will approach thermal equilibrium with a character-
isitc 1/e time constant t;:

P(t) = Pe(1—e4)  “t;: Spin-Lattice Relaxation Time”

Sungkyun Park Nuclear Physics Seminar, April 09, 2010
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A Simple Way to Polarize

Brute Force Polarization To get high polarization
i - B maximize B
Pte = tanh ( KT ) minimize T

Thermal Equilibrium Polarization at 5 Tesla

\

100

— P OLON

Electron

Disadvantages: 0

e Requires very large magnet
9 Low temperatures require low luminosity

9 Polarization can take a very long time
(protons slow, electrons fast)

60

Polarization (%)

\
N\

o i S
0.001 ool 01 1 10 100 1000

Temperature (K)
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A Better Way — Dynamic Nuclear Polarization

(1) Use brute force to polarize free electrons in the target material.

(2) Use microwaves to “transfer” this polarization to nuclei.

Mutual electron-nucleus spin flips re-arranges the nuclear Zeeman populations
to favor one spin state over the other.

For best results:

DNP is performed at B/T conditions where electrons t; is short (ms)
and nuclear t; is long (minutes):

JLab: B=5T
T=1K

Sungkyun Park Nuclear Physics Seminar, April 09,
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Materials for DNP Targets

Choice of material dictated by:
e Maximum polarization
Q Resistance to ionizing radiation

Q Presence of unpolarized nuclei The holding magnet for FROST : 0.5 T
Q Presence of unwanted, polarized nuclei Spin Relaxation Time for Butanol
100 T T T
T > ‘/5..5mK
Compromise: Butanol (C4HgOH) t ol &, oomk
@ Quality (dilution) factor: F o Bk
f =N/N o = 10/74 ~ 0.13 E I—
['4
1 86 mk
0.1 0:2 0.‘3 04 0.5 0.6

Magnetic Field (Tesla)

Ch. Bradtke, phD Thesis, Univ. Bonn, 1999
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FROST Experiment

The Frozen-Spin Target (FROST)

Operation is more complicated:
(1) Polarize target material via DNP at 5 T and 0.5 K (Polarizing Mode)
(2) After optimum polarization is obtained, turn off microwaves and 5 T magnet

(3) Use a 2" magnet (~0.5 T) and very low temperatures to “freeze” the polarization
(Frozen Spin Mode)

(4) Polarization will decay very slowly with a time constant of several days
(5) After polarization decays to about 50 % of its initial value, go back to step 1

Polarize (+) Folarize (+) Take beam

Take beam
5 / \ /&\
@
N . - . . - - . - . -
E Days —» \/
o
= Polarize (-) Take beam

Sungkyun Park Nuclear Physics Seminar, April 09
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The Frozen-Spin Target (FROST)

FROST Experiment

FROST Horizontal Dilution Refrigerator

3He pump tube flange

j§iM covel and umbilical

Heat exchanger cover

Mixing Chamber
(replaced w/ single-piece
PCTFE)

Sl hoaters (DM esal
&level probe
Indium seal

Sintered Heat Exchanger: 5 & 20 /:m copper
1.7 m long
4m? surface area

Thermometry & heater
3He fill tube

1K Heat
Shield

Mixing Microwave
Chamber Reflector

NMR Coil quide
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The Frozen-Spin Target (FROST)

FROST Experiment

distillation chamber

The magnets in the FROST experiment

1 ?
How to polanze the FROST® (a) The longitudinal holding magnet. (About 0.5 T)

= e (b) The transvere holding magnet. (g9b)
P T (Charles Hanretty)

(c) The polarizing magnet. (5 Tesla internal solenoid)

Sungkyun Park Nuclear Physics Semi
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The Frozen-Spin Target (FROST)

FROST Experiment

distillation chamber

The magnets in the FROST experiment

1 ?
How to polanze the FROST® (a) The longitudinal holding mqggnet. (About 0.5 T)

(b) The transvere holding magnet. (g9b)
(c) The polarizing magnet. (5 Tesla internal solenoid)
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The Frozen-Spin Target (FROST)
¥ @

FROST Experiment

distillation chamber

The magnets in the FROST experiment

1 ?
How to polanze the FROST® (a) The longitudinal holding mqggnet. (About 0.5 T)

o o (b) The transvere holding magnet. (g9b)

(c) The polarizing magnet. (5 Tesla internal solenoid)
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FROST Experiment

The FRozen-Spin Target (FROST)
The FROST-g9a run Period

The Frozen-Spin Target (FROST)

distillation chamber

x =

The magnets in the FROST experiment

How to polarize the FROST?

(a) The longitudinal holding mqggnet. (About 0.5 T)
(b) The transvere holding magnet. (g9b)
(c) The polarizing magnet. (5 Tesla internal solenoid)

Polarizing Mode

* Temperature 0.5 K
] * 5T magnet ON - ( polarize the electrons )
Microwave ON - ( transfer this polarization to nuclei )
* Photon beam OFF

Sungkyun Park Nuclear Physics Seminar, April 09, 2



The CLAS at JLab
The FRozen-Spin Target (FROST)
The FROST-g9a run Period

The Frozen-Spin Target (FROST)
¥ @

FROST Experiment

distillation chamber
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FROST Experiment
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(c) The polarizing magnet. (5 Tesla internal solenoid)

Sungkyun Park Nuclear Physics Semi



The CLAS at JLab
The FRozen-Spin Target (FROST)
The FROST-g9a run Period

The Frozen-Spin Target (FROST)

FROST Experiment

distillation chamber

The magnets in the FROST experiment

1 ?
How to polanze the FROST® (a) The longitudinal holding mqggnet. (About 0.5 T)

= e (b) The transvere holding magnet. (g9b)
(c) The polarizing magnet. (5 Tesla internal solenoid)
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The Frozen-Spin Target (FROST)

FROST Experiment

distillation chamber

The magnets in the FROST experiment

1 ?
How to polanze the FROST® (a) The longitudinal holding mqggnet. (About 0.5 T)

(b) The transvere holding magnet. (g9b)
(c) The polarizing magnet. (5 Tesla internal solenoid)
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The Frozen-Spin Target (FROST)

FROST Experiment

distillation chamber

The magnets in the FROST experiment

How to polarize the FROST?

(a) The longitudinal holding mqggnet. (About 0.5 T)
(b) The transvere holding magnet. (g9b)
(c) The polarizing magnet. (5 Tesla internal solenoid)

B

Sungkyun Park Nuclear Physics Semi



FROST Experiment

The FRozen-Spin Target (FROST)
The FROST-g9a run Period

The Frozen-Spin Target (FROST)

distillation chamber

x =

The magnets in the FROST experiment

(a) The longitudinal holding mqggnet. (About 0.5 T)
(b) The transvere holding magnet. (g9b)

How to polarize the FROST?

(c) The polarizing magnet. (5 Tesla internal solenoid)
Frozen Spin Mode

* 5T magnet OFF
* Microwave OFF

o=

* Temperature ~ 0.05 K
* 0.5T magnet ON - ( holding magnet)
* Photon beam ON

Sungkyun Park Nuclear Physics Seminar, April 09, 2
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The Frozen Spln Target (FROST) polarlzmg mode
W .

FROST Experiment
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FROST Experiment

The Frozen-Spin Target - Summary of Results

Expectation Result

Base temperature: 50 mK 28 mK (w/o beam)
30 mK (w/ beam)

Cooling Power: 10 puW (Frozen) 800 uW @ 50mK
20 mW (Polarizing) 60mW @ 300 mK
Polarization: 80 % +82 %
-85 %
1/e Relaxation Time: 500 hours 2700 hours (+ Pol.)

1600 hours (-Pol.)

Sungkyun Park Nuclear Physics Seminar, April 09
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FROST Experiment

The FROST-g9a run Data

The FROST run period: Nov. 3, 2007 - Feb. 12, 2008
Data set: 35 TBytes

_ 10.5 Billion events
Production Data 12 ——

cL L
1645 .+ 2478 . sem . 2,751 . 4599 L 2478

Target: 10 : - : :
%] Longitudinal polarized target /
o Average target polarization , ¢ :
~ 82 % (+Pol) and 85 % (-Pol) /—/

Photon beam:

billion events
o

(*) Circularly and linearly polarized photon beam 4 : : : :
- i . Electron Beam Energy (unit - GeV)

05-45Gev H k ? CL: Circularly polarized beam
@ Electron beam polarization ~ 85 % 2 : X | onET Al polirad tavenf

. = B ! LL: Linearly polarized beam
Trlgger: - at least one charged particle in CLAS /4_.«/ : & Longitudinal polarized target

5 4 :

178 1118 11/28 12/8 12118 12/28 2l M7 127 26 2116

day
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The particle identification
The dilution factor
The beam and target polarization

Event Selection

e Event Selection
@ The particle identification
@ The dilution factor
@ The beam and target polarization
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The particle identification
The dilution factor
The beam and target polarization

Event Selection

The particle identification - The beta cut

><103‘ -0.02 < Beta - Betam < 0.02 | Entries 1.466786e+07

1600

1400

1200

1000

80

S

600

40

S

A

0.2 04 06 08

20

S

Momentum vs Beta after Beta Diff Cut

L I £ I [
-0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08
Beta calculated(Pmag/E) - Beta measured from TOF

&
e

The beta cut

Calculated beta - Measured beta
momentum (TOF)

energy

0.6

08 1 1.
Momentum{GeV]
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The 4 different topologies of yp — pr 7~

Event Selection

The particle identification
The dilution factor

The beam and target polarization

© The topology : vp — prt(7m™)
© The topology : vp — pr—(7™)
© The topology : vp — 7wt7~(p)
¢ The topology : vp — prn™
" \ g 0.81 < MM(Tt" Tr) < 0.9604
: [0<MM (P rr*)<0.0625’ i ‘ —
100; wp — p7r+(7r_) r g P =T (p)
I I |
f £ .
50— L
I y . i i
[ 3 i T
r R $xh - ‘ R S T
0 -0.4 -0.2 0.2 0.4 0 0.6 1 12 14

missing mass [GeV?] missing mass [GeV?]
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The particle identification
The dilution factor

Event Selection )
The beam and target polarization

selecting the target

Butanol Carbon Polyethylene | @ The red line:

the raw data
@ The line:

the data after beta difference cut
@ The pink line:

Counts

the data included in 7+ 7~ photoproduction

T e T T

aeit oot .
i &t : @ The blue part
i i At - the Z vertex difference cut
‘ R O ﬁhﬁﬁﬂ\ - the three kinds of targets
-5 0 5 . 10 15
Vertex-z Position (em) The target | X and Y axis Z axis
@ polarized Butanol (C4Hg OH) (L=5.0cm,¢=1.5¢cm) ~5g Butanol [-3.0,3.0]
Carbon radius 3 [5,7.5]
@ carbon (*2C) (L=0.15cm) (6 cm from CLAS center) Polyethylene [14,18]

o Polyethylene (CH,) (L=0.35cm) (16 cm from CLAS center)
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The particle identification
- The dilution factor
Event Selection s o .
The beam and target polarization

What is the dilution factor?

«x10*| Topology :y P ->1t" 1t (P), The butanol Target ’

100— free-proton
r events
so- C4HoOH
[ free-proton
events K
L
1 12 14

’ missing mass [GeV?]

& The hydrongen atoms are polarized longitudinally in FROST experiment
¢ The butanol (C4HgOH) target has the unpolarized atoms like the carbon (C)

or the oxyzen (O).

The dilution factor

Nuclear Physics Seminar, April 09
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The particle identification
The dilution factor
The beam and target polarization

Event Selection

What is the dilution factor?

«x10*| Topology :y P ->1t" 1t (P), The butanol Target ’

100— free-proton
r events
so- C4HoOH
[ free-proton
events K
0 L | L 1
0.6 0.8 1 12 14

missing mass [GeV?]

¢ The dilution factor is defined as the ratio between the polarized hydrogen
and the full butanol contribution to the cross section

The dilution factor = Uciﬁ = W (where S : The scaling factor)
4 utanol

Sungkyun Park Nuclear Physics Seminar, April 09



The particle identification
The dilution factor

Event Selection )
The beam and target polarization

The scaling factor

ﬂl Topology :y P ->1 1t (P) , Blue (Butanol) & Pink (Carbon) | The scaling factor - Butanol/Carbon Normalization
60—
| [omne on st vt cerion o rncn
L | Entries 136642
2 | Mean 0.9325
£ 40— | RMS 0.2087
g | x2/ndf 1.351/20
g [ e 5.717 +0.522
EJJ, 20—
Z MMM
Ui 1 1 | 1
0.6 0.8 1 12
missing mass[GeV?]

0 — & ., . : n
0.6 0.8 1 1.2 1.4
missing mass [GeV?]

¢ The scaling factor normalizes the distribution of the two targets.
& comparing [0.6,0.8] of the two targets; the butanol and carbon.

: _ The blue part
The scaling factor = =2

Sungkyun Park Nuclear Physics Seminar, April 09,



Event Selection

The scaling factor

The particle identification
The dilution factor
The beam and target polarization

The scaling factor - Butanol/Carbon Normalization

Loﬁl Topology :y P -> 1 1t (P) , Blue (Butanol) & Red (Carbon) |
€0 | [omne on st vt cerion o rncn
L | Entries 136642
2 | Mean 0.9325
£ 40— | RMS 0.2087
g | x2/ndf 1.351/20
g [ e 5.717 +0.522
EJJ, 20—
Z MMMFM
L 1 1 | 1
H e 0.6 0.8 1 12
- B missing mass[GeV?]

. M SR
0.6 0.8 1 1.2 1.4
missing mass [GeV?]

¢ The scaling factor normalizes the distribution of the two targets.
& comparing [0.6,0.8] of the two targets; the butanol and carbon.
¢ (The red plot) = (The pink plot) X (The scaling factor)
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The particle identification
The dilution factor
The beam and target polarization

Event Selection

The dilution factor

Loﬁl Topology :y P ->1 1t (P), Blue (Butanol) & Red (Carbon) |0 The blue (Nb |)

L - utano

¢ The red - scaled (Ncarbon)

¢ The difference = The blue - The red
(Nbutanol) - scaled (Ncarbon) = (Nhydrongen)

I Topology : vp — = =~ (p) in the polarized hydrogen target I

60000
L R R 7 i
missing mass [GeV?] 40000/—
The dilution factor I
20000

Nhydrogen r M

Nputanol o T
1 | |

L P Y
0.6 0.8 1 12 1.4
Mass[GeV"2]
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The particle identification
The dilution factor

Event Selection )
The beam and target polarization

The dilution factor

The topology :y P -> 1T 11 (P)
06 |Loe = &, <+ d‘&*#

é 0'4j CheckDF_situation[03]_period[03]
% L Entries 23
2 r Mean 1.022
To2r- RMS 0.3328
[ X2 / ndf 67.96 /22

L pO 0.578 + 0.003

0= ‘ 0.15 ‘ ‘ ‘ ‘ ‘1 ‘ ‘ ‘ ‘ 1.15 ‘ ‘

missing mass [GeV?|

<& The average dilution factor is 0.578
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The particle identification
The dilution factor
The beam and target polarization

Event Selection

the beam and target polarization

¢ Target polarization, A, ~ 0.8 p_p . (Eied) EW‘(Eie)j E2
= e
o Electron beam polarization, P, ~ 0.85 7 - () E+3 ()P E

Circular polarization of the photon beam as a function of photan energy. E_s = 1.645GaV ‘

o =
-Ei O.Bf— [ The photon energy [GeV] [ The photon polarization
£ F 03,04 0.209
g 07 0.4,0.5 0.277
8 F 0.5,0.6 0.348
506 06.0.7 0419
=S 07,08 0.490
5 E 0.8,0.9 0.559
3 04 0.9,1.0 0.624
5 F 10,11 0.683
0.3 1112 0.734
E 1213 0.777
b2 13,14 0.810
01 1415 0.833
= 1516 0.846
fi]=t ¢S W O N T i N A O O I AW O A

photon e-nergy(l::_pho)[.GeV]
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The Preliminary Results

@ The Preliminary Results
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The Preliminary Results

Polarization Observable P

PO . { (N(—>:>)+N(<—:>)> — (N(e<:)+N(<—<:)> }

f - dilution factor
0 o - beam polarization
A\, - target polarization

N (—=>) - the number of events
with the circular beam polarization and longitudinal target polarization

© 6 6 ¢

— and «: circular polarization of the beam in its two possible settings

=- and <: longitudinal target polarization parallel or anti-parallel to the beam

Sungkyun Park Nuclear Physics Seminar, April 09,



The Preliminary Results

Photoproduction of 77~ off the Proton: Kinematics

The =+ 7~ in the final state require 5 independent variables!

W= N = pp—pain”

ex: E"Ya Ocm., ¢::—+a 9;';4—7 M7r++7r* /\\

Sungkyun Park Nuclear Physics Seminar, April 09, 2010



The Preliminary Results

The asymmetry plot for P, “

The topology yp — =7~ (p) (Energy Bin 1100 MeV - 1200 MeV)

1
1.0< CosTheta <-09 09<CosTheta<-08 08 < CosTheta <-0.7 07« Costheta <06 06 < CosTheta <05
A+ i a - + -+ -
i TR T A By PP o oo A R L i e
0 Fge -+ T e e ¥ -+ L
1
05< CosTheta <-0.4 04< CosTheta <03 03<CosTheta <02 02< CosTheta <-0.1 0.1 < CosTheta <0.0
-+
- -+ ++ -
et o, e ot T i TH]
0 24 R e ry
1 — AN AN/AMENGS NS w
00<CosTheta <0.1 01 CosTheta- 02 0 <(sTh a<(3 Ci<c Tha<os 0.4<CosTheta <05
a
-
-+ -+ + o H e H
oot - R . . gy
0 ++.|_..'+' T T ST e e
1 0.5 < CosTheta <06 0.6<CosTheta<0.7 0.7 < CosTheta < 0.8 0.8 < CosTheta < 0.9 0.9 < CosTheta < 1.0
-+
-+ - —-—
—— -+ - + + +H -+
01y ot e o+ e e s gy £
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The Preliminary Results

The asymmetry plot for P, “

The topology yp — =7~ (p) (Energy Bin 1200 MeV - 1300 MeV)

1
10<Costheta <09 09 < Costheta<-08 “08<CosTheta <07 07 <CosTheta<-06 “06<CosTheta <05
-+ + 4+ b ++ -,
g A o P, k. ae R o]
0 Fhobfesgens i T ™ ++++++'+ +++-.-... +++
1
05 <CosTheta<-0.4 04 <Costheta<-03 03<Costheta<-02 02<CosTheta <01 0.1 Costheta <00
- + ~+ + s +
b A e . + -+ -+ +++
i _—
0 ++ gy ++ e ++—i--+ oy ++ _._*~+“"_|_,_'_+
1 AN NEAANRS AR w
00<CosTheta <0.1 01 Costheta. 02 0 <5t a<(3 Crec Tia<os 0.4 < CosTheta <05
- 4 - -+
-+, -+ - =
+ —+ et
[oJ S ittt .._+.+. T B -
-+ -+
1 05 <CosTheta < 0.6 0.6<CosTheta<0.7 0.7 < CosTheta < 0.8 0.8 < CosTheta <0.9 0.9 < CosTheta < 1.0
-+
+, - - + _
] | + +
g + - ok, Bt ++ -+t pH
0 N P proe L oy
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The Preliminary Results

The asymmetry plot for P,*

The topology yp — =7~ (p) (Energy Bin 1300 MeV - 1400 MeV)

1
To<Costhen <09 PYpr—— o8 <Costhetn< 01 o7 <Costha <05 o6<Costhetn <05
B+
H+ .t +4++ o + + +
] bty ++ -t o -+
0 et +4] e g A R EE o
+ + +
-+ +
1
PYSrS—— Pypro—— PyprS— PYPrSE—y 1< cmaa <00

+++ +
0 e g _P_'_++++ ++++-.-+++ - ++ e _._—+-"+-|++-o—_’_+—,-+ ++-o- it

-+ -+
+
1 AN NSNS EARMAW
00+ Contheta<01 01 Cosheta: 92 o <ioa a<(3 Ciec ma<os 04< Conthea<05
{ +
+ - -+ -+
- - 4+ -+,
0 ot ey et [ ot B R RRRRTt IO L R
- -+ =+ o &
1 05 <CosTheta < 0.6 0.6<CosTheta<0.7 0.7 < CosTheta < 0.8 0.8 < CosTheta <0.9 0.9 < CosTheta < 1.0
- - + -+H +
.. o - - +++ + +
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The Preliminary Results

Summary

o The first part of FROST with a longitudinally polarized target has been completed
o Preliminary results for P, © in =t 7~ photoproduction

o The second part of FROST with a transversely polarized target already start from March
2010 to July 2010

To do:

Energy Loss Correction

Kinematic Fitting

o
o Momentum Correction
<o
o Normalization

Sungkyun Park Nuclear Physics Seminar, April 09,



The Preliminary Results

Thank you
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Even ion
The Preliminary Results

The excited states of the nucleon

3000 —

H
H

2500 —| _ — —
L— [ ‘ == |[_
- A4 1 = = FE= "
3 2000 z/=37 — = =1
% = i S == Theory
= = =/ < === @3 Experiment
Y— 1 —=_ — '
1500 = / N | —Stars
N 1 sx% Exists
| g — i o l| | #x+ Good Evidence
Second Exgcitatigh Band Hirst Excitation Band )
#* Some Evidence
1000 —|__ | % Poor Evidence
‘ Jm ‘1/2+ 3/2+ || 512+ || 7/2+ || 9/2+ ||1/2+{[13/2+|| 1/2- || 3/2- || B/2- || 7/2- || 9/2- ||11/2-||13/2-
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The Preliminary Results

Side view of the CLAS spectromete

f ]
MAGHET suPRCRTE 20 ToN CRANE A
! EECTRONCS ; i
Ak
I
EAENKOY COUMTERS
e s
W D — ToRus: '
FADATOR e —
NOLLER POLARMETER SERVICE MODLE ELEoTRONCE
UADALPOLES < DETECTOR 2 TAGONG. SOECIROVETER |7 mecks
Pan et L
SPECTROMETER 5~ i
seGoN 1 FoRwaRD
wETECTOR DRET GHAMEER CiRRlAGE
80K REGON 3 T ]

T3 s
NETERS

Sungkyun Pal
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The Preliminary Results

Creating a Circular Polarized Photon Beam

Anatomy of the Pockels Cell

Unpolartzed photons [T ciru iz Electrode
- Lad L Pockels Cell | Creularly polarized Photans Polarized [y Figure 5
Input < & 9
Wave \/ -
| n
Fy N
U .
Strained layer Gans phatocathodes | L
Anésorm?ic\“’fca\a‘_
sta /
i Electrode < output
Wave

© Laser — Unpolarized Photons

© Pockels Cell — Circularly Polarized Photons
© Electron Gun — Low Energy Linearly Polarized Electrons
© Accelerator — High Energy Linearly Polarized Electrons

© Maller Detector — Measures Degree of Polarization of
Beamline at Radiator

© Radiator — Circularly Polarized Photons
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The Preliminary Results

Creating a Circular Polarized Photon Beam

Bremsstrahlung Radiation is described by QED exactly
Helicity Transfer

_ 4772 _ Ey
Po = Pel Taria2 Where z = £

Pry —

FJ
90.8 /,/
06 /

O Y 04 /-"’f

02

Ey

0
0 02 04 06 0.8 16,

Crede, Volker. 7r0')7 Helicity Difference CB-ELSA Proposal to PAC, 2005

Kammer, Susanne. Strahlpolarimetrie am CBELSA/TAPS Experiment, DPG Meeting 2008
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The Preliminary Results

Particle identification

PEOLOTT
pioi’
104 VH'V VJ
= §
| i
< 5 B
FL il
| S
| 1]1‘1. kaon JA‘ HL“\
L\L\, deuterdon
10? " A
L -
dety
m )
[
L
102 LLL"LH
tiaf
1
0 05 1 1.5 2 2.5

2
CUNT moss  RECONStrUCted Mass (GeV/c)

@ Particle identification in CLAS relies on the combination of measured
charged-particle momenta (from DC) and the flight time from the target
to the respective TOF counters.
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The Preliminary Results

The contamination

f=4
o) L
> L
£ L — Butanol R1
< — Butanol R2
we00[— Butanol R3
L — Carbon R4
400—
200—

@ Butanol R1 [-3,-1]

@ Butanol R2 [-1,+1]
@ Butanol R3 [+1,+3]
@ Carbon R4 [+5,7.5]

missing mass [GeV?]

. . . . . . . . . |
0.6 0.8 1 1.2

Sungkyun Park Nuclear Physics Seminar, April 09, 2010



The Preliminary Results

How do we make the low temperature?

Refrigeration below 4.2 K - Evaporative cooling
Liquid 4He boils at 4.2K under atmospheric conditions (3He at 3.1K).

Liquid Temperature can be lowered by reducing the vapor Pressure

» | Helium
® | Pumping tube

Practical Limit: 4
-- about 0.9K using 4He y
-- about 0.3K using 3He yi*.

Vapor [Les°, *
Liquid

LHe Supply

Vacuum chamber

Sungkyun Park Nuclear Physics Seminar, April 09,



The Preliminary Results

How do we make the low temperature?

3He/4He Dilution Refrigeration: The Basics
- below 0.8 K, a 3He/4He mixture will separate into two phases

3He = "Fermi Liquid"

~100% *He
Phase 3He rich, or . . .
Separation “Concentrated Practical Limit:
Boundary Phase”
= -- about 0.005 K!
4He rich, or
"Dilute Phass"
> 6.5% 3He

3He = "Ferm| Gas"

-The specific heat of a 3He atom is higher in the lower, dilute phase than
in the upper, concentrated phase.

Cd > Cc
-Therefore, 3He will absorb energy when it dissolves into the dilution phase.

Sungkyun Park Nuclear Physics Seminar, April 09, 2010



The Preliminary Results

How do we make the low temperature?

Dilution Refriaeration _
The cooling precess of 3He

(1) 1.5K:in Condenser
‘ 3He pump (2) 0.7 K:in Distillation chamber
(3) 0.005 K : in mixing chamber

Return line

- Things near mixing chamber are cooled to

3He pumpin
I:ubep g around 0.005 K

Distillation
chamber
(0.7 K)

Heater

LHe supply
—Heat exchanger

f

Concentrated

Dilute

Mixing chamber
(0.005K) ——+3)

Vacuum jacket
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The Preliminary Results

How do we make the low temperature?

Horizontal Dilution Refrigerator: T.O. Niinikoski, CERN 1971

AHe Pumg, 300 K.

(A‘ Precaooler Pump, 300 K.

(4)

Wacuum

Loac-Lock
Target
Beads [

(1) 4.2K:in 4K pot

(2) 1.5K:in 1K pot

(3) 0.7 K:in distillation chamber
(4) 0.005 K : in target part

Sungkyun Park Nuclear Physics Seminar, April 09, 2010



Normalization [N(Butanol)/N(C)]

£ b

The Preliminary Results

The Scaling factor

| Thetopology :yP ->1 1t (P) |

41—
B CheckSF_situation[03]_period[03]
I Entries 23
o Mean 1.003
L RMS 0.3322
| X2/ ndf 17.9/22
L po 5.636 + 0.108
0 | | |
0.5 1 15

missing mass [GeV?|

¢ The average scaling factor is 5.636
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The Preliminary Results

The dilution factor

The topology :y P -> 1T 11 (P)
06 |Loe = &, <+ d‘&*#

é 0'4j CheckDF_situation[03]_period[03]
% L Entries 23
2 r Mean 1.022
To2r- RMS 0.3328
[ X2 / ndf 67.96 /22

L pO 0.578 + 0.003

0= ‘ 0.15 ‘ ‘ ‘ ‘ ‘1 ‘ ‘ ‘ ‘ 1.15 ‘ ‘

missing mass [GeV?|

<& The average dilution factor is 0.578
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The Preliminary Results
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