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

distillation chamber - F
28 mK (w/o beam) and 30mK (w/ beam) o .
Th t the FROST t
e magnets in the FROST experimen
10 T (a) The longitudinal holding magnet. (About 0.5 T)

(b) The transversal holding magnet.
(March 2010 - August 2010)

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

transverse pos. [cm]

0 Polarized Butanol (C4,HgOH) (L=5.0cm,¢=1.5cm) ~5¢g

e 0 e Carbon (*C) (L=0.15cm) (6 cm from CLAS center)

5 e Polyethylene (CH») (L=0.35cm) (16 cm from CLAS center)

-9 - s '30 o L: The length and ¢: The diameter
vertex z pos. [cm]
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Polarization observables

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 B ——————

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

Photon beam:

billien events
=3

o Circularly and linearly polarized photon beam 4 2 £
: Electron Beam Energy (unit - GeV)
0.5-4.5GeV * CL: Circularly polarized beam
@ Electron beam polarization ~ 85% 2 tes SR TR R

I LL: Linearly polarized beam
& Longitudinal polarized target

Trigger: - at least one charged particle in CLAS

0
118 118 1728 12/8 12418 12/28 i ni 127 26 216

day
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Polarization observables

The differential cross section for yp — prtn~

The differential cross section for yp — pr 7~

(without measuring the polarization of the recoiling nucleon)
E=00{(1+N-P)+ (19 + A -P?)

— —

+0i[sin23 (1% + A -P%) +cos23(1° + A -P¢)]}

op: The unpolarized cross section

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

d ,1- The degree of polarizaton of the photon beam =- 6 o, and §,

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

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

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

1. The circularly-polarized beam — 4, =0
2. The longitudinally-polarized target — A, = Ay =0

g_;:UO{(1+ A, -Py)+ 0019 + A, -PY)} 3 Observables

1 © only is published and small and sensitive

o L {N(=>)but. = N(<=)but.
Pz(Ew 0%, ¢ ) - D(Eﬂ,,top.)-ﬂz{

N(=)out. + N(<=)but. }
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Polarization observable, P,

but. — N(<:)but. }

1 {ne)
P.(E,, 0%, ¢*) = D(E, topology )- A, {N(j) +N(«) }
but. but.

N(:>)bUt' - N(H:' E'Y’ 9*7 (b*) + N(<_j. E’Y7 9*7 ¢*)

N, 00.07) | N(—eiE, 0%, 67)
N (<=)but. ASAC) . T A AR

Three important parameters for polarization observable, P,

o

D(E~,topology ) : Dilution Factor

<&

A, : The average of the target polarizations
A(<) /A(=) : The normalization factors

<&

< N terms : the number of events for the different polarization configuration

@ = (or <) : The target polarization direction is parallel (or antiparallel) to the beam
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Dilution fe

The current status of the analysis Target Polarization
Normalization Fa

Particle identification ( 7, p, 7

" Selection ( Topology : yp->p 1 (1))

start-time ( ST) - start-time ( TAG )

raw data
p -> p T+ TE selection

finat-selectiol

B(cal)-B(mea.)

Counts / Channel

05
Momentum ( 1t") [GeV/cl

proton Selection ( Topology : yp->p 10 (

[
Coincidence time At[ns]

¢ Coincidence Time : |At| < 1.2 [ns]

<& Particle identification

B(cal)-pB(mea.)

@ Proton : |[AS| < 0.01882

@ r+:|AB| <0.0285

@ 7w ‘Aﬁ‘ < 0.0264 e 02 04 o.‘s 0.8 12 14

Momentum ( proton ) [ GeVi/c]
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Dilution factor
The current status of the analysis Target Polarization
Normalization Factor

The four different topologies of yp — prta—

<& The topology : yp — prt(n™) <& The topology : yp — 77~ (p)
<& The topology : yp — pr—(7) <& The topology : yp — prta—
Topology : yp->p ' (17) Topology : yp->1m 1w (p)
20000 C
h E.:2.478 Ge F E.:2.478 Ge
15000 utanol C —— Butanpl
[} carbon (unscaled r [—J Carbon (unscaled

2 2 C

£ £ -

3 10000 = |-
3 3

8} ] r

5000 \\-. L )
e C
'-\___\ L
S T —— r —
0 0.1 02 03 0.4 05 0.6 07 0.8 09 1 0.2 0.4 06 0.8 1 12 14 16 18
Missing Mass [GeV] Missing Mass [GeV]
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Dilution factor
The current status of the analysis Target Polarization
Normalization Factor

Dilution factor, D(E., topology )

— #events of Hydrogen ( Topology : yp->m 1 (p))
Topology : yp->m M (p) |

5000‘, 5000F"E =278 Gev
E E.=2478GeV 45001 E,=02-1.0Ge W Hydrogen ( data)
4500; £, 0.9 1.0 Ge 'u' E — Butanol (data) /‘ : Butanol(data) - Carbon ( s¢aled)
40005 Butanol { data) - 4000E —="Cabon ('scaled ) ,;
E E : Carbon X (Scale Factor) ]
E ' 3500 P
35001 1 E i
E 1}
3000F ' 3000 ;//]/
£ ignal E )
2500 .$g 25005 , f
£ W * E Y
2000 o Y 2000¢ i f
8 W L, 1500 il )
1500F ™ L E u.“m“l
E ' e 1000F
- . = g
E o o, 5000 . ik .. 7
. S S i
s — background T 0 btV ot g
(9 L o by TR TR B L B A HER R W g ey
75 0.8 0.85 0.9 0.95 1 105 1.1 £ ) S AR ENUTRTN L
Missing Mass [GeV] 075 08 08 09 095 1 105 11

Missing Mass [GeV]

i 1 = _ 94 Nputanot=Necarbon *S __ (AREA) of NHydrogen
Dilution factor Touon S~ = AREA) o Nt

('S : Scale Factor-> Normalization factor btw butanol and carbon target )
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Dilution factor
The current status of the analysis Target Polarization
Normalization Factor

The angle dependence of the dilution facto

Topology : yp->p 1t (1)

— 6 angle-00 1
E —OeNg Bl E Entries 17
0'9: 6 angle-02 0.9:
E — B angle-03 E A
0.8 0.8
E 6 angle-04 £ Average
0.7 — B angle-05 0.7¢
g o_sf 6 angle-06 5 O.Gf ' I 1
E: o PO ¢ & 5 SURE 25 e AP
s 05 — 6 angle-08 5 05E A R e din kg
§ 0.4F 6 angle-09 So04EF
o E — 0 angle-10 a E
0.3 0.3
0.2F 0.2F
U.If U.If
% 05 T 5 2 25 % 05 1 5 25
E(y) [GeV] E/[GeV]

<& 60 angle-00: 0<6 <180

<& Average from 6 angle-01 to 6 angle-10
& fangle-01: 0<60<18

<& Error : statistic error + systematic error (10 %)
& fangle-02:18<60<36...

0 angle : The 7+ polar angle in the rest frame of the 7 7~ system
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Dilution factor
The current status of the analysis Target Polarization
Normalization Factor

Target Polarization, A,

Entries 214
1
0.95? Per-01 Per-02 Per-03 Per-04 Per-05 Per-06 Per-07 Target Polarization at periods
0ok . \ : Period 01 : 0.800 (<)
; A \ Period 02 : 0.787 (<)
0.85} R \ Period 03 : 0.876 (=)
r N :
08k . . \, ) Ee: 1.6 GeV
E I N \
0.75F Period 04 : 0.843 (=)
F Period 05 : 0.834 (<)
07 Period 06 : 0.796 (=)
o6 F —}= Target Polarization Period 07 : 0.800 (<)
- c —+= Average Ee: 2.4 GeV
06556100 150 200 250 300 350 400 450 500

<& Target polarization, = (or <) : The direction is parallel (or antiparallel) to the beam
<& There are groups of runs with similar conditions in data with circularly polarized beam

These are defined as periods
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Dilution factor
The current status of the analysis Target Polarization
Normalization Factor

Normalization Factor, A(<) or A(=)

4r
C —}— From gflux
3.5F —}— From Total events
35 E. = 1.645 GeV E. = 2.478 Ge
2.5F :
2F .
1.5F -
1o o
0.5F
[ Per-01: Per-02: Per-03| Per-04 : Per-05 i Per-06 : Per-07
07AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
0 25 50 75 100 125 150 175 200

each25 (0.5< Ev <3.0[GeV])

<& From gflux : use the number of total photons

as the normalization factor
<& From Total events : use the number of total events
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The Preliminary results

Photoproduction of 777~ off the proton: Kinematics

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

P = N*—=p'p—prtr-

ex: E’Y? 9Cm;¢7-r+) 7r+7M7r++7r* /\\
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The Preliminary results

Polarization observable, P,

1 {N(:>)but. - N(<:)but.}
PZ(E’W (9*7 d)*) = D(

E. topolo A
»topology ) Z{N(;s)bm_+N(«:)bm_}

Target Polarization

o N(=)pyt. : Period 3, 4, and 6
o N(<=)py. : Period 1, 2,5, and 7

<& There are 6 combinations for Polarization observable, P,
@ [1,3],[2,3],[4,5],[4,7], [6,5]. [6,7]
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The Preliminary results

Target asymmetry for P,

E, : 700 - 800 MeV

) Jmu.l: 0.9.%cq5( B3 nnl: -0.85c

Data used
— Per-13
Per-23
— Per-67
Per-45
— Per-47
Per-65

- All-Ave

O ¢4 :the 't azimuthal angle

<& 0,4 :the ' polar angle

(in the rest frame

of the 71 =~ system)
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The Preliminary results

Target asymmetry for P,

E, : 800 - 900 MeV

Y Hodcoson 0.9 -0.9.4 cos( 8,5 )< :0.8:F .. -0.8 < cos( 8,7} <+0.7:E .. 0. 08( 8,7 ) < 10,62 .- 0.6.< cOS( 8} < +0.5.

17 et FI IO ; N
¥ LR H 3

Data used
— Per-13
(0,4) <0, - 0S( 8,4) < 0.1 0.1 < cos( 8,3) < D.0. Per-23
— Per-67
Per-45
— Per-47
Per-65
- All-Ave

O ¢4 :the 't azimuthal angle

W B b
i "ﬁr-m:*% 1 Tobtd

§ R ; o of the 7 =~ system)

<& 0,4 :the ' polar angle

(in the rest frame

N
o
N
N
o
N
N
o
N
N
o
N
N
o
N
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The Preliminary results

Target asymmetry for P,

E, : 900 - 1000 MeV

Data used
— Per-13
Per-23
— Per-67
Per-45
— Per-47
Per-65

- All-Ave

! O ¢4 :the 't azimuthal angle

| T ] o <& 0,4 :the ' polar angle

(in the rest frame

| of the 7 =~ system)

it
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The Preliminary results

Summary

o Polarization observables P, made in the different periods
have very nice agreement.

< The sinusoidal structure of the asymmetries can be observed.
< The proper normalization factors are not existed now

In future,
o Results for 19 and Py’ in 7+ 7~ photoproduction
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The Preliminary results

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

1600 hours (-Pol.)
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Scale Factor

The Preliminary results

Systematic error in the dilution factor

Fitting method Subtraction method
— Beriod

10— ero 10—

E —peno E E
5= — Berio & °E
sE- eriot 2 g

E 8 E
IE= @ =

8
. g

6 ——— & 6=

E = B E
s —,Z_’E? £ st T SIS
E = £ = g
== 3

E E -
25 25

. .
oE L L L L oE L L L L
0 0.5 1 15 2 25 3 0 0.5 1 15 2 25 3

E(1) [GeV] E(1) [GeV]
[ Ratio ( SF(Fitting) / SF(Subtraction) (Topology = 01) | Entries. %0
Mean 1.134
‘ RMS  0.04766

50000[-

T

o Topology : yp — pntn—
<& The ratio of values made by the different methods
] is about 1.1

o Systematic error: 10 %

06 0.8 12 14 16 18 2
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