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Intro - Reaction

B. Krusche, S. Schadmand / Prog. Part. Nucl. Phys. 51 (2003) 399-485
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Intro - Experiment

Target Photon Beam
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Lab Z-directiol (cm) ® To extract observables, free protons in butanol
are longitudinally polarized (positive and negative)

Polarized Target e Carbon target is necessary for extraction of

Unpolarized unpolarized background

H H H H Unpolarized

H-C-C-C-C-O-H C'1? CHs

{ @ T e® Photon beam is linearly polarized
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Intro - Reaction Plane

CMS frame
(Side view): m+m- plane
X ﬁ: 7’
: ‘\ f”7
@ Scattering plane - by W
incident photon and e >V

recoiling proton

e m+m- plane - by two y
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® ¢ - Azimuthal angle (between scattering and w+m-
plane)

@ O - Polar angle (between m+ vector and zZ' axis)

® Ocv - CM Polar angle (between Ey and recoiling proton)

Y. Mao Univ. of South Carolina 5 Hadron Spectroscopy PWG, Jun 15, 2012

1256 H14H 28T


http://www.jlab.org/Hall-B/secure/hadron/
http://www.jlab.org/Hall-B/secure/hadron/

400
3850
300
260
200
150

$01

Reaction
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@ Time-difference cut (assumed
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® Photon selection (Ins time
difference cut)
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Channel ID:

® Reconstruct the reaction channel by
detected particles and incident photon

! @ 4 topologies with various missing

mass distributions
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0 0.05 01 0.15

. G

® Cut on missing mass fo make
channel ID

1: None missing |2: Profton missing

3: m+ missing 4: - missing

All Units:(GeVv 2/cq)
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Reaction Reconstruction

3 - pr (x7) -

(Channel Interested)

Yynm — pm =
(Background)

® Neutron reaction in butanol target

® Larger mass of neutron caused the
MM peak shifted to left

@ Background peak is removed by cut
on the 2D histogram

® 97% of the events from proton
passed the cut

eThe other 3 topologies have m+
detected. Thus only in the topology 3,
events off the neutron can enter the
missing mass distribution.
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eScale Ffactor:
The ratio of bound-proton yields between butanol
and carbon targets

eProcedure:

fit butanol missing mass distribution with scaled
carbon and gaussian peak, where scale factor is
the fit parameter

efree Proton:
Subtract the scaled carbon distribution from that
of butanol

eProblem:
Low statistics of carbon target influenced the fit

quality in some kinematic bins
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Asymmetry from Target Polarization Flip

Yields: Y+ and Y- from positively and negatively polarized target cannot be
applied for asymmetry calculation directly, NORMALIZATION is necessary!

Definition of asymmetry:
It — 1~
It +1-

Asy =

Normalized yield with target positively polarized
I"=I{(1+AT-P,)+6"[sin28(I; + AT - PJ) + cos2B(I. + AT - P)]}

Normalized yield with target negatively polarized
Im=I{(1—A"-P,)+ 6 [sin28(I; — A~ - P}) + cos2B(I. — A~ - P)]}

flux can be represented by event

160 Yields from unpolarized targets

CH2

140
Carbon

eCarbon asymmetry
efrom different runs
eAfter normalization
eConstant fit

e = Check the DA .
- . Normalization 0.2 T + ]
100— —] . - ]
- ] quality 0 + .............. + + ++~+ +—+—
80— ] - .
E E H 0.2 + .
60/ = 0.4F .
40 g 0.6F :
20— ”M = -0.85 f
0 L I I I 1 | 1 1 Lol _1 : | I | | L1 | L1 1 | 11 1 I I | L1 L1 I:
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Asymmetry from Target Polarization Flip

Al = I(AT+ AP,
+ Ip(6TAT + 6" A7) (sin28 - PP + cos 28 - PY)
+ Ip(6" — 67 )(sin2B - I* + cos 283 - I°)

After the normalization, | ’
make the subtraction:

eThe Blue term contains two other E°-°5T =
observables S 004 -+ — 4+ | =
g 003 (5 — 5 )/5 ' ! —
eBlue term could appear if beam § 002 | Upper: 1.4% -
polarizations are unequal for target SRS — = - | W 5
ositively and negatively polarized = . O ] =
P ’ TF 001 .. — .. = .’é
eRight plot: check the equality 002 Lower: -1.4% —
-0.03 , —]
eEtquality ranges from 0.986 - 1.014 = 3
'0'052.‘4' s 16 17 18 19 2 e ‘2.|34
W (GeV)
How can we extract the Avi
observables? —> 21, i AZ 0(sin 203 "|‘ cos 20 ))
|A+] + A Asymmetry Polarization Observables
where: A, =
2
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Asymmetry from Target Polarization Flip
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Observable: P,

W: 1.46 (GeV) W: 153 (GeV) _ W: 1.59 (GeV) W: 1.64 (GeV)
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ofit the observables by fourier series . . .
eAmplitudes of observables decrease P, = a-sin(¢) + b -sin(2¢) + c - sin(39)
as W increases
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Observables - Ffurther Study

Asymmetry of a certain kinematic bin:
z‘ ;2“’79‘169" Bin on the 3rd variable -- Invariant mass of pm+
. eg.

/g€ (1st - W, 2nd - ¢ angle)

g
g ol eIn one W bin
g eIn one azimuthal angle bin
o chi2/ndf: 1.36 ] eBin the Invariant Mass (6 bins, 1.1-2.4 GeV)
04 EniniCRIZ000 oClear distinct asymmetries and observables for
S . e T third level kinematic bins
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Observables - Ffurther Study

W: 1.74 (GeV)
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What we can find? ;

eMuch larger amplitudes for all the 3 polarization observables 02— 1
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oDifferent runs

eSimilar distribution

eSimilar amplitudes
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http://www.jlab.org/Hall-B/secure/hadron/
http://www.jlab.org/Hall-B/secure/hadron/

Conclusion:

future:

Conclusion & Ffuture

eAsymmetries are calculated by using normalized data

e0Observables have symmetric behavior for azimuthal
angle bin

eIn addition to W and Phi bins, further kinematic
bins showed more different asymmetries and

observables

eYuqing vs. Sungkyun -- Qualitatively comparable
observable Pz

eSystematic uncertainty analysis
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