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Polarization Observables
Ip = M+ M+ MG P+ MG P+ Mg P+ M+ M+ M)
[Py = 2R(MT M5* + MTME* + My MT* + MM
IyP, = —23 (M M3* + M MIT* + M5 M + MG M)
LIO = M7 P + M P = M5 [P+ M PP = M5 P+ MG — MG P+ [ M]P
[0PO = 2R(—= M7 M5 " + MM — M5 M* + MM
[\P® = 23(MT M5 — MTMT* + My M — MFMT™)

[W. Roberts and T. Oed, 2005]

Reaction rate for ¥p — prm 7~ with circularly polarized
photons off transversely polarized protons is written:

ps - spin density matrix of the recoiling nucleon 4
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g9b( FROST) experiment

Electron beam: - longitudinally polarized; P. = 87%
- beam energy: 3081.73 MeV
Photon beam: - circularly polarized

Targets:

« FROzen Spin Target (FROST) = transversely polarized
butanol (C,H,0OH) L=5 ¢cm, d=1.5 cm

« Carbon target — L = 0.15 cm Target

CLAS Detector ‘
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ggb circularly polarized data

Run range Events Beam energy Target polarization
62207 - 62289 723.1 M 3081.73 MeV 83% - 80% positive
62298 - 62372 8949 M 3081.73 MeV 86% - 80% negative
62374 - 62464 11297 M 3081.73 MeV 79% - 75% positive
62504 - 62604 1307.1 M 3081.73 MeV 81% - 76% negative
62609 - 62704 972.6 M 3081.73 MeV 85% - 19% positive

The target polarization was flipped to allow a cancellation of
the CLAS acceptance in the asymmetry calculations.
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Reaction Selection
vp = prtme
Final State Composition: 2 positive charges and 1 negative charge

— —

Topology 1:  Yp — PT +7T B (X ) nothing missing
Topology 2: Vﬁ — Tta” (X ) p missing
Topology 3: Yp — prt (X

7T missing

7Tt missing

)
4 )

Topology 4: vyp — pm (X
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Background Determination

Butanol Target (C,H,OH) - 10 free protons and 64 bound
nucleons

Carbon Target - 12 bound nucleons( no free protons)

The missing mass technique is used to reconstruct the missing
particle: — —

o — pr T (X)

My = \J(By+my = By = Brt = Eq ) = |y = By — Brs — By |2

8
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Two background subtraction methods

1) Integrated Method

x10° TOpOlOgy 3

) - ]

2 | Scale factor =

S 1 Number of butanol events in R
e 1 range divided by the number of

carbon events in R range

Scale factor = 10.18

8 N N I N D S s s s s
91.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1

M2.[ GeV]
Signal = Butanol — Scale factor x Unscaled carbon
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2) Event-based background subtraction

Q-factor = an event-based quality factor equal to the probability
for one given event to come from a signal distribution

Signal

h Signal + Background

Step 1 — Pre-bin data in the center-of-mass energy W.
Step 2 - Calculate the distance measure between one event
a and any other random event b from our data set

5

a __Tb.2

D2 . FZ FZ * *

ab = E A I'; = ®%,cos Ocnr, cos O, Mgt -, Myt
7

1=1
Step 3 - For each event a ( called seed event), we select 5,000

kinematically nearest neighbors, which will be butanol,
respectively carbon events

10
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2) Event-based background subtraction (continuation)

Step 4 — Fit carbon and butanol distributions using x>-minimization
technique and extract the parameters needed to determine
Q value

Carbon function = Gaussian + 2™ order Polynomial

Butanol function = Voigt( peak ) + Scale Factor x (Gaussian + 2nd
order Polynomial)

Step 5 — After the fit is completed, the resulted fit parameters will

be used calculate the Q value, by evaluating the butanol
and carbon functions at the seed event position.

11
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2) Event-based background subtraction (continuation)

Example: 5,000 nearest neighbors distribution for topology 3

m 200—_| ||||||| | T |.| T | T T TT | T T 1T | ||||||||||| I_— Si nal

= - :Seed event M2 - _ g

Q™ ’ E Signal + Background
Ll 160F Qvalue =0.65 +0.02 ]

Scale factor=9.79 + 0.72

140F

1 20: — Carbon pre-fit —:

00L —Buwanolft Q value is determined:

80: ---- Carbon scaled —:

60; ---- Carbon unscaled _; 145 B 51
40 Wi o B — — 065
oo : Ny E Q 145

.1 -005 O 005 0.1 0.15 02 025 0.3

M2, [ GeV] -
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Two methods of background subtraction comparison

Topology 3: Yp — prt (X)

free — proton events

methods within 2-
sigma range of the
signal !

x10° d =
& :I T 1T | T T 1T | T T 1T | IIIIIIIIIIIIIIIIIIII : butanol events
cC L L ]
Q00 ] « o
O F Dilution gvalue = 0.6245 7 Data is integrated

B Dilution integrated = 0.6136 - . .
500} | . over all kinematic
400 - — Signal (Qvalue method) - variables!

B '_ —— Carbon (Qvalue method) ]

300 - 1| L : C.arbon (Integrated method) B .

B I Signal (Integrated method) ] There 1S A gOOd matCh
200/ : ] between the two
1003 |

: 1 11 | 1110l |

13
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The acceptance of the detector for the two polarization directions:
A(a) = ag + ay - cosa + by - sina + as - cos 2a + by - sin 2«

Ala+m) =ag —ay - cosa — by - sina + as - cos 2a + by - sin 2

The total yield for the reaction of this analysis is:

Y = % /0-‘T Yunpat A(@)(14+-A P, cos a+AP, sin a+5®(I® +APO cos a—H_\PyO sin a))da

14
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Different moments related to the two target polarization
directions( 0°,180°) and two helicity states( +,-) of the photon

beam are used to write the expressions for the polarization
observables: [ Q, Py, Py, Px@, PyQ

For example, the beam-helicity asymmetry is given by:

A180(v+0 _ v —0Y 4 A0y +180 _ 1/ —180
o ACP(Y Y7U)+ AY(Y Y—°Y)
- 5 (A180Y0 4 A0y 180)

All the final expressions correct for the acceptance effects
and for the fact that the target polarization is slightly
different for different run groups.

15
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Polarization Observables
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after integrating over all , |
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T cosOqy=[-1,1]
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Outlook

. overview of the methods used to analyze 79 — pr ' 7~ with
circularly polarized photon beam off transversely polarized
protons and to extract the polarization observables:

19, P, P, PO, PP

 preliminary results were shown

 next step: binning data in different ways and compare with
the models, getting the systematic uncertainties
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“Missing resonance” problem
N Resonance Spectrum

3000 — — -
== = =
fo— — 12700 —
=" = =
2500 - = = = | = |
_ = — = == (Bs= -
—% _ _ ----- b _E =@ : —@
% 2000 —| femm 556/l mm | i [ R
> = > | o= 1900 | <=1 ;“ 1697 = 1555 .
— | e | B = s
% (1720
> Ly _ [ 1680 s _%7“
1500 o [= &3 =
—
Example: P,
1000 _ _
= l=1,T=1/2,
I ||| 124|324 || 5724 || 7724 || 9724 [[11724] 13724 | 172- || 32- || 572- || 772- || 9r2- |[11/2-|[13/2- J=1/2, n=+1
LZT 2] Pll P13 FlS I:17 H19 I_Il 11 Kl 13 S11 ])13 1315 G17 G19 Il 11 I1 13

L — orbital angular momentum of nucleon-pion pair
T — isospin, J — total angular momentum,

[U. Loring, B.C. Metsch, and H.R. Petry, Eur. Phys. J. A10 395 (2001)]
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, Photon selection o

7 7 At =toras —traGr
o ] |At] < 1 ns
E P S IR VI -+ \10 M‘SH ]

mvrtZ[cmjﬂ

1.4
Butanol events: -3 cm < mvrtZ < +3cm - ! e
1.2 S
n 1l = — 10
Carbon events: +6cm < mvrtZ <+11cm 8 'F = S
€ E o[-
p N 08 : E 10°
Bcalc — os—f = =
2 2 5 10?
\/p + m o4 =

10
0.2

AB — Bmea,s — Bcalc

1 1 L1 1 L1 1
1.4 1.6 18

Momentum [GeV/c}

1 1
12
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The moments for the two target polarization directions( 0°,180°)
are:

0 1180 1,0 180 -0 180 -0 180 0 180
Y- Y=Yy Y. ™Y Y Y. Y Y

Sin a? “sina? Tcosa? fTcosat tsin2a? Tsin2a? fcos22a? * cos 2c¢

After adding and subtracting different combinations of these
yields we get:

[(YO/_\18O T YlSO]\O) _ (YO ]\180 4 Y18O /_XO)](YO 4 Y18O )_

e = 2 (0 R180 5 YISOR0)E = (10, 5, A0 + VIS, AD)2 — (10, 0 AT90 + 115, K02
_ (V2,50 VI RO)(YS,, + YIS _
(YORT® + YISOR0) — (Y0, AT + YIS0 A0)2 — (Y9, ,, K150 + Y159 R0
Py = (Yojxl[zgg/ jA;jZOEc?;SiA(ZEO—F (%Sgiaﬁﬁg %;22041\ ()()}]/(03/8?1(17_\;;053%%1)8—0 A0)2
cos 2« cos 2« sin 2« sin 2«
(Y92 A1%0 + V159 RO)(YD,, + VIS0

(VORI VISOR0)2 — (V0 5, AT 4+ VI A0)2 = (73, 5, 1190 + V159, 202



N2

72\ UNIVERSITY OF

)i SOUTH CAROLINA

P@ = 9 (‘/_\180Ys(i)n 2c
r T 56[(]\1805/0 + AOY O

sin 2« sin 2«

L AOYISO (Y A0 y—0 4 4180 |y 180y

sin 2« sin o sin o sin o sin o

)2 — (YOA180 4 Y'180A0)2 4 (YO _ A180 4 Y180 70)2]

cos 2« cos 2«

—[(VPAT 1+ YA — (Voo AT + Yooina A”)] (Yoos'a = Yeora + Yoosaw — Yeosa)
5@ [(]\180)/()

Sm2a_|_]\OY18O )2 _ (Y0A180+Y180A0)2+()/;%8206]\180_'_}/180 AO)Q]

sin 2« CcoSs 2«

cos 2t

b0 _ VORI £ YISOR0) - (vo ) A1S0 4y AO)(YES, - YO, o YoRIRO — Y N0)

VT SRR £ YIROR0 — (AT0YD o ATVD, )2 = (¥Vune A0 + Y25, A0
A 180170 AO0Ov 180 0 —0 180 —180
_ _(A Y;ln 2c T A_ }/;in 2a)<Y;—cl)_sg o Y;:osoz T n—gsa __Y;:osoz ) _
SOV PRS0+ VTR0 = (RIYG, 5. -+ ATVI )% — (Y0, A1 + Y250, A0
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M

Dat B B Li
Run range ae Events eam eam Ve Helicity freq. HW.P | Phi_FG Target pol.
range energy current time
62207 - 3081.73
319-3/23 | 723.1M 11.9 nA 0.82 240 Hz (octets) 1 90 83% - 80% (+ +)
62289 MeV
62298 - 3081.73
3/24-3/30 | 894.9M 13.4 nA 0.83 240 Hz (octets) 1 90 86% - 80% (- +)
62372 MeV
240 Hz (octets)
62374~ | _oo.a05 | 11297 b 13.4 nA 0.78 or 30 Hz (pairs 0 90 79% - 75%
62464 M MeV ' : ' 6= 75% (+4)
quartets)’
62504 - 1307.1 1.7
407 -4n13 | 120 3081.73 13.6 nA 0.83 240 Hz (octets) 0 90 81% - 76% (+ -)
62604 M MeV
62609 - 3081.73 240 Hz (octets Oor
413-4/19 | 9726 M 13.5nA 0.83 (octets) 90 85% - 79% (- -)
62704 MeV or 30 Hz (quartets)? 13

Target polarization: (NMR_sign Holding_magnet_sign) e.g. (+ +) and (- -) means pos.sign; (+ -)
and (- +) means neg.sign
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AT

Missing Mass Squared Distributions

= Butanol \ ] = Butanol

= Scaled Carbon

° ) o4 os [ 1 2
Missing Muss Squared Three Particles Detected (p 2" (Gevie ) Missing Mess Squared Tweo Particles Detected (x',x) (Gevie *F

l. 4015 Q01 0008 ] 0.20% oo 0213 am

; 10
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[ g — ] 140~ o + -
- o —= pm (X) b < F Yo = p T (X) ;
: ] 120 — =
T 7 100 ]
o — 80 ~ =
L. - Butanol N 4 C. Butanol 'lf\l ]
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L - I ]
2 ) _— - [ __~ ]
] 20 = = = ————
NI FETY FEUE FUTH FUTE FUTE FRRS T PR Saw

‘-' 400 Q06 A0 Am ° 02 004 006 200 o Q.' 400 08¢ A4 Q02 ° 002 04 008 O0D0 [ %)
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Observables odd/even behavior fit check

Feven = ag + a1 cos(®™) 4+ ag cos(29™) + as cos(3P™) + a4 cos(4P™

Foaq = by sin(®™) + by sin(20™) + b3 sin(3P™) + by sin(4P™
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Target polarization orientation angle,

Yiab 1
y
/ X
A,
oY ~ Xjab
Reaction plane T
dy = —63.9°,116.1°
~1 #
Pp




