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The*g13*ExperimentA
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•  LD2 target 40 cm long 
•  Two photon polarization settings 

o  Circular: g13a 
o  Linear: g13b 

 

g13b 
•  Two orientations of linear 

polarization (Para & Perp) 
•  Data obtained for 6 photon-

energy bins 200 MeV wide 
between 1.1�2.3 GeV 

•  ~30 billion events collected 



Analysis*
Event*selectionA•  Particle ID 
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Analysis*
Event*selectionA

•  Identifying the incident 
photon 
o  ~13 photons per event 
o  Coincidence time between photon and 

proton at vertex 
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Analysis*
Event*selectionA

•  Missing-mass cuts 
 To select neutron peak 
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•  Event-vertex cut 
Determined as the point of closest approach 
between the particle’s track and the beam 
line 
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•  Fiducial Cuts 
Remove regions were 
the CLAS acceptance 
changes rapidly 
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•  Background subtraction 
o  Probabilistic event weighting*: Calculate probability of a given event being a 

signal event by fitting the missing-mass distribution of a given bin in �and �   
with a predetermined function  

 
Signal:  

Background: 
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Photon*PolarizationA
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•  Enhancements 
o  Remove incoherent bremsstrahlung effects and tagger channel-to-channel 

fluctuations 
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•  Analytic bremsstrahlung calculation 
Degree of polarization depends on: 
o  Orientation of the crystal radiator  
o  Beam collimation 
o  Beam energy and divergence 
 
5 fit parameters 

Angle: beam/crystal plane 
Gaussian smearing of  

beam divergence 

multiple scattering 

Angle of collimation 
Smearing factor 
Amplitudes of peaks 
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•  �-bin method 

 

if F|| = F�

and P|| = P� = P

then
N(�)|| �N(�)�
N(�)|| +N(�)�

= P� cos 2(�� �0)
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•  �-bin method 

 

�0 ~P�

with: FR =
F||

F�
, PR =

P||

P�

P̄ =
P|| + P�

2
,

N(�)|| �N(�)?
N(�)|| +N(�)?

=

FR � 1 +

FRPR+1
PR+1 2

¯P⌃ cos 2(�� �0)

FR + 1 +

FRPR�1
PR+1 2

¯P⌃ cos 2(�� �0)

N(�)||,? / F||,?(1± P||,?⌃ cos(2[�+ �0]))A(�)

4*Fit*Parameters:A



Systematic*StudiesA

12 

8.2 Systematic Studies

Many di↵erent studies were performed to determine the systematic uncertain-

ties associated with the azimuthal asymmetries. Table 8.1 summarizes the di↵erent

sources of systematics and how these were estimated. Detailed descriptions for the

individual studies are presented in the following subsections. The values quoted in

Table 8.1 give an estimate of the magnitude of the uncertainty and should not be

used for any serious work. The values quoted in the following sections, however, are a

product of a more careful study. These were used to calculate the overall uncertainty

of each individual point.

Table 8.1. Summary of the systematic uncertainties in the determination of the azimuthal
asymmetry of ~� + d ! p + n. The values shown correspond to an average, over all bins.

Source Study Value

Photon Polarization – P
�

Reference [126] ⇠ 5%
O↵set – �0 �0 = �0.047� vs �0 = 0.297� < 0.2%

Flux ratio – F
R

Fmin

R

vs Fmax

R

< 0.5%
�-bin Width �� = 12.5� vs �� = 25.0� ⇠ 7%

Particle ID cuts 3� vs 2� �� cuts ⇠ 7%
Missing-mass cuts 3� cut vs 2� cut ⇠ 5%

Fiducial Cuts nominal vs ⇠ 3� tighter cuts ⇠ 3%
Background Subtraction Probabilistic event weighting vs Bin scaling ⇠ 7%

8.2.1 Photon Polarization

One of the main systematic uncertainties in the determination of the az-

imuthal asymmetry was due to the determination of the photon polarization. This

was estimated to be less than 7% [126] by studying the high-statistics channel ~�+p !
p + ⇡0 (using data from a di↵erent experiment). This channel allowed us to extract

the azimuthal asymmetry for each E-counter, using the Para and Perp data inde-

pendently. Specifically, due to the typical drift in the coherent-edge position, the

155

M. Dugger, Private Communication

⇤
D.Sokhan

⇤



Systematic*Studies*
Photon*PolarizationA

•  Estimated to be ~7% 
•  Propagates to asymmetry through        and  
•  Systematic due to      : ~0.1% 
•  Systematic due to     :~5.0%  

Ph.D. Defense: Azimuthal Asymmetry 
of Deuteron Photodisintegration 13 
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Systematic*Studies*
φ0*offsetA

•  Compared asymmetries obtained using upper and 
lower limits of �0     
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Systematic*Studies*
Flux*ratioA

•  Compared asymmetries obtained using upper and 
lower limits of  flux ratios     
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Table 8.2. Photon flux ratios determined from fitting the integrated-✓
c.m.

bin for the six
di↵erent photon-energy bins.

E
�

Bin (GeV) F
R

�F
R

1.1 – 1.3 1.293 ±0.010
1.3 – 1.5 1.032 ±0.009
1.5 – 1.7 1.119 ±0.013
1.7 – 1.9 0.930 ±0.015
1.9 – 2.1 1.233 ±0.038
2.1 – 2.3 0.944 ±0.039

lowest photon-energy bin. The di↵erences �⌃ in the six di↵erent photon-energy bins
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Figure 8.7. A comparison between the ⌃ obtained using the maximum and minimum
values of the photon-flux ratio, as a function of ✓

c.m.

(data from the 1.1–1.3 GeV photon-
energy bin). The blue points correspond to ⌃ obtained using F

min

R

, whereas the red points
correspond to ⌃ obtained using F

max

R

.

are shown in Fig. 8.8. Since there was no apparent ✓
c.m.

dependence on the di↵erences,

these points were fitted with a 0th-order polynomial to determine the mean value. The

mean value �⌃, along with their uncertainties, are indicated in the individual panels

in Fig. 8.8. On average, these di↵erences correspond to less than 1% of ⌃.
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Figure 8.7. A comparison between the ⌃ obtained using the maximum and minimum
values of the photon-flux ratio, as a function of ✓

c.m.

(data from the 1.1–1.3 GeV photon-
energy bin). The blue points correspond to ⌃ obtained using F

min

R

, whereas the red points
correspond to ⌃ obtained using F

max

R

.

are shown in Fig. 8.8. Since there was no apparent ✓
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dependence on the di↵erences,

these points were fitted with a 0th-order polynomial to determine the mean value. The

mean value �⌃, along with their uncertainties, are indicated in the individual panels

in Fig. 8.8. On average, these di↵erences correspond to less than 1% of ⌃.
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Figure 8.8. Di↵erence between the asymmetries determined from the two values of F

R

as
a function of ✓

c.m.

. The di↵erent panels correspond to data from di↵erent photon-energy
bins. The mean values of �⌃ along with their uncertainties are indicated in each panel.

Additional studies have been performed that examined the sensitivity of ⌃

on the photon-flux ratio. Specifically, in the low photon-energy bins where there are

enough statistics, the flux ratio was determined for each bin in ✓
c.m.

. The di↵erences

between the flux ratio determined from an integrated ✓
c.m.

bin and the flux ratios for

each ✓
c.m.

bin were, in general, within the statistical uncertainty of the integrated-✓
c.m.

flux ratio. A comparison between the determined asymmetries obtained by treating

F
R

as a fixed parameter and the ones obtained treating F
R

as a free parameter in the

fit, was done. The di↵erences between the two ⌃ were comparable to the di↵erences

quoted in Fig. 8.8.
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�⌃
FR

= 0.0002±0.0009 � 0.004±0.013



Systematic*Studies*
φXbin*widthA

•  Compared asymmetries obtained using 17 and 29 
bins in �   
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(�� = 25.0�, �� = 12.5�)
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Figure 8.15. A comparison between the ⌃ obtained using the di↵erent �-bin widths. The
blue points corresponds to ⌃ obtained using �� = 12.5�, whereas the red points correspond
to ⌃ obtained using �� = 25.0�.

Figure 8.16. Di↵erence between the asymmetries determined from using the di↵erent � bin
widths. The di↵erent panels correspond to data from di↵erent photon-energy bins. The
values of �⌃ indicated in each panel correspond to the values of the parameters determined
from fitting the data with a 0th-order fit.
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Figure 8.15. A comparison between the ⌃ obtained using the di↵erent �-bin widths. The
blue points corresponds to ⌃ obtained using �� = 12.5�, whereas the red points correspond
to ⌃ obtained using �� = 25.0�.

Figure 8.16. Di↵erence between the asymmetries determined from using the di↵erent � bin
widths. The di↵erent panels correspond to data from di↵erent photon-energy bins. The
values of �⌃ indicated in each panel correspond to the values of the parameters determined
from fitting the data with a 0th-order fit.
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= 0.0065±0.0072 � 0.009±0.049



Systematic*Studies*
Particle*IDA

•  Compared asymmetries obtained using 2�and 3�    
cut 

17 

��the asymmetries, for the lowest photon-energy bin, obtained from the two di↵erent

particle-identification cuts, before any background subtraction.
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Figure 8.18. A comparison between the ⌃ obtained using the di↵erent particle-identification
cuts, before any background subtraction. The blue points corresponds to ⌃ obtained using
a 3� cut, whereas the red points correspond to ⌃ obtained using a 2� cut on the ��

distribution.

Figure 8.19. Di↵erence between the asymmetries determined from using the di↵erent
particle-identification cuts. The di↵erent panels correspond to data from di↵erent photon-
energy bins. The values of �⌃ indicated in each panel correspond to the values of the
parameters determined from fitting the data with a 0th-order fit.
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�⌃
PID

= 0.0015±0.0092 � 0.017±0.040



Systematic*Studies*
MissingXmass*cutA

•  Compared asymmetries obtained using 2�and 3�    
missing-mass cut 
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Figure 8.19 shows the di↵erence �⌃ (indicated in each panel in Fig. 8.19).

Since there wasn’t any evident ✓
c.m.

dependence, this mean di↵erence was calculated

for each photon-energy bin and used as the systematic uncertainty of the particle

identification cut. On average the particle-identification cut has a 7% systematic

uncertainty on ⌃.

8.2.7 Missing mass cuts

The neutron, in this analysis, was selected by applying missing mass cuts.

The nominal missing mass cut was determined by fitting the missing mass distribution

with a Gaussian plus two exponentials. The 3� cuts were determined from the fit

parameters. Figure 8.20 shows the missing-mass distribution of the reaction � + d !
p + X. The 2�-, and 3�-cuts, are indicated by the vertical lines. h
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Figure 8.20. Missing mass distribution of the reaction � + d ! p + X. The vertical lines
correspond to the 2�-, and 3�-cuts, applied to study their e↵ect on the obtained asymmetry.

A study was performed to examine the e↵ect that a missing mass cut might

have on the determined asymmetry ⌃. Figure 8.21 shows a comparison between the

174

asymmetries determined with a 3� cut (red points) and a 2� missing-mass cut (blue

points), for data in the lowest photon energy bin.
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Figure 8.21. A comparison between the ⌃ obtained using a 3� missing-mass cut (red points)
and a 2� missing-mass cut (blue points). The asymmetries shown here correspond to data
in the lowest photon-energy bin.

The di↵erences between the ⌃ obtained in the two cases were used to estimate

the value of the systematic uncertainty due to this cut. Figure 8.22 shows these

di↵erences �⌃ for each photon-energy bin. On average, the missing mass cut has a

5% systematic uncertainty on ⌃.

8.2.8 Background subtraction

The systematic e↵ect the background subtraction had on the determined

asymmetries was studied by examining the di↵erences in the asymmetries determined

using two di↵erent background subtraction methods. As mentioned in Sec. 5.10, the

background subtraction method used for the final results was the probabilistic event

weighting. In this, a probability of an event being a signal or background event

175

�⌃
Mcut

X = 0.003±0.015 � 0.021±0.089



Systematic*Studies*
Fiducial*cutsA

•  Compared asymmetries obtained using nominal 
and ~3 degrees tighter fiducial cuts 
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Systematic*Studies*
Background*subtractionA

•  Compared asymmetries obtained using 
probabilistic event weighting and bin scaling 
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shared region corresponds to the region were the gaussian and the total function were

integrated to calculate the scaling factor.
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Figure 8.23. Missing mass distributions for di↵erent � bins, within a given photon-energy,
and ✓

c.m.

, bin. The fitted functions were used to calculate the scaling factors, s2t, indicated
in the plots.

Unfortunately, the fit on the nominal ✓
c.m.

and � bins failed to produce rea-

sonable results in the higher photon-energy bins and at backward angles. This is

because the number of events in those bins was much smaller than the number of

events required to have an adequate missing-mass distribution. To account for this,

the comparison between the determined asymmetries was done on larger ✓
c.m.

-bin

widths, in an attempt to increase the statistics and produce adequate missing-mass

fits. In principle, the comparison between the two methods is more reliable since in

the probabilistic event weighting the bin widths varied to include 200 events. Fig-

ure 8.24 shows a comparison between the asymmetries determined using the proba-

bilistic events weighting, and bin scaling, background subtraction methods.

The systematic uncertainty of the background subtraction was determined

by studying the di↵erences between the asymmetries obtained using the two di↵erent
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•  Σ*determined*over*6*
photonXenergy*bins*******(200*
MeV*wide)A

•  Σ*shows*a*rich*structure*
with*minima*at*90o*at*low*
photon*energies*and*
maxima*at*higherA

A
A

•  QGSM*predicts*maxima***at*
higher*energies*but*fails*to*
give*adequate*predictions*
for*lowerA

A
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•  Σ*determined*over*6*
photonXenergy*bins*******(200*
MeV*wide)A

•  Σ*shows*a*rich*structure*
with*minima*at*90o*at*low*
photon*energies*and*
maxima*at*higherA

A

•  HRM*predicts*minima*at*
lower*energies*but*fails*to*
give*adequate*predictions*
at*higherA

A
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•  Σ*determined*for*5θbins**
(width*varies*between*5o*
and*30o)*A

•  Extends*available*results*to*
higher*energies A*
(and*all*angles)*A

A
•  Σchanges*sign*for*

backward*anglesA
•  Σ(90o)*contradicts*

predictions*of*pQCD*
(Σ(90o)******X1)A

•  Results*hint*a*transition*
between* A***********
(change*in*production*
mechanism?)A

A

E� = 1.6� 1.8 GeV
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•  Results*agree*with*previous*

experimentsA
*A
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SummaryA
•  Presented the analysis steps followed for the 

determination of the azimuthal asymmetry 
•  Statistical uncertainties range between 0.02 and 

0.10  with  systematic uncertainties between ~0.04 
and ~0.20 

•  The available theoretical description of the 
dynamics of this reaction does not explain the data 

•  Analysis note in progress. 
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•  �-bin method 
o  Optimization of fit parameters 

 
�0 determined from*  

 

                    determined from integrated-    bin 

 
 
 
 

         
 

          determined from the polarization tables 
   Only one free parameter:  

7. DATA ANALYSIS II: BEAM ASYMMETRY EXTRACTION
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Figure 7.5: φ distribution for the W range 1.6 – 1.9 GeV and cos θ in the range from -0.7 to -0.1
and 0.6 to 0.8, where Σ was always positive. The phase φ0 was extracted from a fit with the function
given in Eq. 7.5.

beforehand. The procedure used the φ distributions of PARA and PERP in narrow
regions of φ centred on cos

(

2(φ + φ0)
)

= 0 and which lay well within the fiducial
regions. The average ratio of perpendicular to parallel events in these regions for a
givenW, cos θ bin gave the starting value for NR.

The results of the fit using Eq. 7.8 with two free parameters, A and C, applied to
the φ-asymmetry distributions in bins of 10 MeV in W and 0.1 in cos θ are presented
in the following chapter.
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•  �-bin method 
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Figure 8.1. Ratio (N|| � N?)/(N|| + N?) for data in photon-energy bin E
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= 1.2 GeV
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< 95�. The red line corresponds to the fit function of Eq. (7.7) used to
determine the asymmetry.
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Analysis*
Event*selectionA

•  Identifying the incident 
photon 
o  Events with more than 1 photon with 

coincidence time <1 ns are excluded 
from further analysis 

Events with 1 photon with  
Events with 2 photons with  

28 

Photon multiplicity
0 0.5 1 1.5 2 2.5 3

co
un

ts

100

200

300

400

500

600

700

800

900

1000
310×

~6%

~78%

~16%

2)2 (GeV/cXm
0.2 0.4 0.6 0.8 1.0 1.2 1.4

co
un

ts

0

5000

10000

15000

20000

25000

30000

2)2 (GeV/cXm
0.2 0.4 0.6 0.8 1.0 1.2 1.4

co
un

ts

0

5000

10000

15000

20000

25000

30000

|�t| < 1.0 ns
|�t| < 1.0 ns

Calculated using smallest c.t.� Calculated using 2nd smallest c.t.�



Analysis*
Photon*PolarizationA

29 

•  Coherent-edge position drift 
o  Photon polarization had to be determined for each coherent edge position 
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•  Procedure: Pass 0 
o  Initial fitting 
o  Fix two parameters that describe the beam collimation 
o  Fit all other bins  
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•  Procedure: Pass 0 
o  Determine behavior of fit parameters with coherent-edge position  

 

•  Procedure: Pass 1 
o  Pass 0 results were used in Pass 1 to rescale the  
the enhancements.  
o  Crucial for bins with low statistics  
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•  Procedure: Pass 1 
o  Compare between the enhancement from the data and enhancement from 

fitting 

o  Correct photon polarization to account for differences between the fit and 
data enhancements 
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•  Procedure: Pass 1 
o  Account for statistical fluctuation in corrections 
o  Only systematic differences are taken into account 
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•  Procedure: Pass 1 
o  Determine the degree of photon polarization 

 
o  Events with 

             and           used for further analysis in an attempt to reduce the                             
             uncertainty  on the photon polarization 
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�meas = �EVNT

�calc =
PEVNTp

P 2
EVNT +m2

PDG



Analysis*
Event*selectionA•  Particle ID 

 

36 

proj_y
Entries  72252

 / ndf 2�  26.23 / 30
Prob   0.6631
p0        44.7± 193.9 
p1        969.1±  1939 
Norm      40.4±  1231 
Mean      0.000184± -0.001617 
Sigma     0.000348± 0.009414 

� �
-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1

C
ou

nt
s

0

200

400

600

800

1000

1200

1400

proj_y
Entries  72252

 / ndf 2�  26.23 / 30
Prob   0.6631
p0        44.7± 193.9 
p1        969.1±  1939 
Norm      40.4±  1231 
Mean      0.000184± -0.001617 
Sigma     0.000348± 0.009414 

Momentum Range:1950-2000 MeV/cproj_y
Entries  177429

 / ndf 2�  45.05 / 29
Prob   0.02908
p0        74.9± 669.9 
p1        1.689e+03± 1.487e+04 
Norm      67.1±  3490 
Mean      0.000105± -0.001447 
Sigma     0.000202± 0.008995 
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 / ndf 2�  45.05 / 29
Prob   0.02908
p0        74.9± 669.9 
p1        1.689e+03± 1.487e+04 
Norm      67.1±  3490 
Mean      0.000105± -0.001447 
Sigma     0.000202± 0.008995 

Momentum Range:1750-1800 MeV/cproj_y
Entries  241579

 / ndf 2�  24.19 / 28
Prob   0.6712
p0        78.2±  1086 
p1        1983.2±  4488 
Norm      69.3±  5260 
Mean      0.00008± -0.00251 
Sigma     0.000137± 0.008339 
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 / ndf 2�  24.19 / 28
Prob   0.6712
p0        78.2±  1086 
p1        1983.2±  4488 
Norm      69.3±  5260 
Mean      0.00008± -0.00251 
Sigma     0.000137± 0.008339 

Momentum Range:1300-1350 MeV/c

p (GeV/c)
0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2

�
+3�

�

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

 / ndf 2�  66.22 / 23
Prob   4.602e-06
p0        0.005619± -0.1484 
p1        0.01132± 0.6311 
p2        0.00756± -0.7811 
p3        0.003696± 0.4002 
p4        0.001071± -0.07289 

 / ndf 2�  66.22 / 23
Prob   4.602e-06
p0        0.005619± -0.1484 
p1        0.01132± 0.6311 
p2        0.00756± -0.7811 
p3        0.003696± 0.4002 
p4        0.001071± -0.07289 
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 / ndf 2�  54.18 / 23
Prob   0.0002533
p0        0.04022± 0.0411 
p1        0.1236± -0.3149 
p2        0.1374± 0.4212 
p3        0.06582± -0.2225 
p4        0.01152± 0.04094 

 / ndf 2�  54.18 / 23
Prob   0.0002533
p0        0.04022± 0.0411 
p1        0.1236± -0.3149 
p2        0.1374± 0.4212 
p3        0.06582± -0.2225 
p4        0.01152± 0.04094 
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•  Fiducial cuts Remove regions were the CLAS acceptance changes rapidly 
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Ph.D. Defense: Azimuthal Asymmetry 
of Deuteron Photodisintegration 38 

•  Background subtraction: Probabilistic Event Weighting 
 DBW:*200*EventsA DBW:*500*EventsA

SignalA

BkgndA
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39 

•  Background subtraction: Signal-to-total ratio 
 Calculate signal-to-total ratio for each bin in theta and phi, then use this to 
 weight all events in the bin 

 
 

Entries  1542
RMS    0.2606

 / ndf 2�  20.43 / 13
p0        0.027± 3.007 

p1        0.01±  2.61 
p2        67.3969955± 0.0006314 
p3        60.546± 2.625 
Norm      1.11± 70.29 
Mean      0.002± 0.847 
Sigma     0.00133± 0.07917 

2)2MM distribution (GeV/c
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 / ndf 2�  20.43 / 13
p0        0.027± 3.007 

p1        0.01±  2.61 
p2        67.3969955± 0.0006314 
p3        60.546± 2.625 
Norm      1.11± 70.29 
Mean      0.002± 0.847 
Sigma     0.00133± 0.07917 

Gaus2Signal:0.569172

Para MM Distribution, theta bin 0
Entries  1540
RMS    0.2492

 / ndf 2�  12.61 / 13
p0        0.358± 1.171 

p1        0.278± 3.254 
p2        1.892e-08± 7.431e-09 
p3        1.69± 16.25 
Norm      5.75± 68.87 
Mean      0.0083± 0.8595 
Sigma     0.00796± 0.09805 

2)2MM distribution (GeV/c
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 / ndf 2�  12.61 / 13
p0        0.358± 1.171 

p1        0.278± 3.254 
p2        1.892e-08± 7.431e-09 
p3        1.69± 16.25 
Norm      5.75± 68.87 
Mean      0.0083± 0.8595 
Sigma     0.00796± 0.09805 

Gaus2Signal:0.686210

Para MM Distribution, theta bin 1
Entries  1474
RMS    0.2482

 / ndf 2�  32.77 / 13
p0        0.308± 1.978 

p1        0.157± 2.679 
p2        6.360e-06± 1.414e-06 
p3        3.06± 12.15 
Norm      8.07± 94.49 
Mean      0.0060± 0.8739 
Sigma     0.00607± 0.07358 

2)2MM distribution (GeV/c
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 / ndf 2�  32.77 / 13
p0        0.308± 1.978 

p1        0.157± 2.679 
p2        6.360e-06± 1.414e-06 
p3        3.06± 12.15 
Norm      8.07± 94.49 
Mean      0.0060± 0.8739 
Sigma     0.00607± 0.07358 

Gaus2Signal:0.706313

Para MM Distribution, theta bin 2
Entries  1475
RMS    0.2679

 / ndf 
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�  21.96 / 13
p0        1.424± 6.616 

p1        7.691e-01± 9.555e-10 
p2        0.1889± 0.2314 
p3        0.626± 4.538 
Norm      6.96± 74.89 
Mean      0.0079± 0.8717 
Sigma     0.00727± 0.08762 
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p0        1.424± 6.616 

p1        7.691e-01± 9.555e-10 
p2        0.1889± 0.2314 
p3        0.626± 4.538 
Norm      6.96± 74.89 
Mean      0.0079± 0.8717 
Sigma     0.00727± 0.08762 

Gaus2Signal:0.700167

Para MM Distribution, theta bin 3

Entries  1780
RMS    0.2657

 / ndf 2�  17.42 / 13
p0        0.683± 2.883 
p1        0.268± 2.705 
p2        0.0006026± 0.0007974 
p3        0.727± 7.253 

Norm      6.50± 62.01 
Mean      0.00±  0.84 
Sigma     0.01310± 0.09846 
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 / ndf 2�  17.42 / 13
p0        0.683± 2.883 
p1        0.268± 2.705 
p2        0.0006026± 0.0007974 
p3        0.727± 7.253 

Norm      6.50± 62.01 
Mean      0.00±  0.84 
Sigma     0.01310± 0.09846 

Gaus2Signal:0.559453

Para MM Distribution, theta bin 4
Entries  2123
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p0        0.000± 3.395 
p1        0.000± 2.792 
p2        1.206e-08± 3.503e-11  
p3        0.001± 5.824 

Norm      0.00± 68.46 
Mean      0.00±  0.84 
Sigma     0.00000± 0.09605 
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p0        0.000± 3.395 
p1        0.000± 2.792 
p2        1.206e-08± 3.503e-11  
p3        0.001± 5.824 

Norm      0.00± 68.46 
Mean      0.00±  0.84 
Sigma     0.00000± 0.09605 

Gaus2Signal:0.524477

Para MM Distribution, theta bin 5
Entries  2125
RMS    0.2526

 / ndf 
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�  26.75 / 13
p0        7.159± 2.024 
p1        2.887± 3.196 
p2        13.059594± 0.003201 
p3        54.338± 3.188 

Norm      109.90± 67.14 
Mean      0.0120± 0.8444 
Sigma     0.04533± 0.09877 

2)2MM distribution (GeV/c
0.2 0.4 0.6 0.8 1 1.2 1.4

C
o

u
n

ts

0

20

40

60

80

100

120

140

160
Entries  2125
RMS    0.2526

 / ndf 
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�  26.75 / 13
p0        7.159± 2.024 
p1        2.887± 3.196 
p2        13.059594± 0.003201 
p3        54.338± 3.188 

Norm      109.90± 67.14 
Mean      0.0120± 0.8444 
Sigma     0.04533± 0.09877 

Gaus2Signal:0.562967

Para MM Distribution, theta bin 6
Entries  2179
RMS    0.2663

 / ndf 
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�  13.14 / 13
p0        0.652± 3.575 
p1        0.169± 2.762 
p2        5.39e-09± 4.05e-10 
p3        4.92± 17.58 

Norm      6.24± 56.17 
Mean      0 .0115± 0.8507 
Sigma     0 .0118± 0.0988 
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p0        0.652± 3.575 
p1        0.169± 2.762 
p2        5.39e-09± 4.05e-10 
p3        4.92± 17.58 

Norm      6.24± 56.17 
Mean      0 .0115± 0.8507 
Sigma     0 .0118± 0.0988 

Gaus2Signal:0.476362

Para MM Distribution, theta bin 7

Entries  825

RMS     0.261
 / ndf 2�  14.97 / 13

p0        11.64±  1.51 
p1        11 .347± 2.739 
p2        1.200e+01± 3.584e-10 
p3        24.56± 17.28 
Norm      126.08± 41.21 
Mean      0.0248± 0.8725 
Sigma     0.03268± 0.06872 

2)2MM distribution (GeV/c
0.2 0.4 0.6 0.8 1 1.2 1.4

C
o

u
n

ts

0

10

20

30

40

50

60

70

80

Entries  825

RMS     0.261
 / ndf 2�  14.97 / 13

p0        11.64±  1.51 
p1        11 .347± 2.739 
p2        1.200e+01± 3.584e-10 
p3        24.56± 17.28 
Norm      126.08± 41.21 
Mean      0.0248± 0.8725 
Sigma     0.03268± 0.06872 

Gaus2Signal:0.552119

Para MM Distribution, theta bin 8
Entries  1282

RMS    0.2447
 / ndf 2�  24.68 / 13

p0        98.149± 1.699 
p1        80.047± 3.006 
p2        7.475e+01± 5.319e-05 
p3        6.779± 3.004 
Norm      958.6±  59.3 
Mean      0.057± 0.869 
Sigma     0.13656± 0.07657 
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 / ndf 2�  24.68 / 13

p0        98.149± 1.699 
p1        80.047± 3.006 
p2        7.475e+01± 5.319e-05 
p3        6.779± 3.004 
Norm      958.6±  59.3 
Mean      0.057± 0.869 
Sigma     0.13656± 0.07657 

Gaus2Signal:0.576313

Para MM Distribution, theta bin 9
Entries  1178

RMS    0.2454

 / ndf 
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�  36.46 / 13
p0        65.760± 1.209 
p1        61.591± 3.199 
p2        2.00e+01± 8.21e-06 
p3        0.000± 3 .119  
Norm      601.06± 42.09 
Mean      0.0515± 0.8692 
Sigma     0.09763± 0.09747 
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p0        65.760± 1.209 
p1        61.591± 3.199 
p2        2.00e+01± 8.21e-06 
p3        0.000± 3 .119  
Norm      601.06± 42.09 
Mean      0.0515± 0.8692 
Sigma     0.09763± 0.09747 

Gaus2Signal:0.576422

Para MM Distribution, theta bin 10
Entries  1142
RMS    0.2698

 / ndf 2�  21.85 / 13
p0        0.014± 2.615 
p1        0.005± 2.609 
p2        9.874e+01± 6.987e-08 
p3        98.3805± 0.2226 
Norm      0.81± 45.33 
Mean      0.0011± 0.8671 
Sigma     0.00±  0.05 
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 / ndf 2�  21.85 / 13
p0        0.014± 2.615 
p1        0.005± 2.609 
p2        9.874e+01± 6.987e-08 
p3        98.3805± 0.2226 
Norm      0.81± 45.33 
Mean      0.0011± 0.8671 
Sigma     0.00±  0.05 

Gaus2Signal:0.394209

Para MM Distribution, theta bin 11

Entries  1574
RMS     0.252

 / ndf 2�  11.07  / 13
p0        0.699± 2.298 

p1        0.482± 2.498 
p2        0.0012483± 0.0001225 
p3        4.382± 9.634 
Norm      8.14± 90.81 
Mean      0.0065± 0.8874 
Sigma     0.00645± 0.07613 
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 / ndf 2�  11.07  / 13
p0        0.699± 2.298 

p1        0.482± 2.498 
p2        0.0012483± 0.0001225 
p3        4.382± 9.634 
Norm      8.14± 90.81 
Mean      0.0065± 0.8874 
Sigma     0.00645± 0.07613 

Gaus2Signal:0.699183

Para MM Distribution, theta bin 12
Entries  1540
RMS    0.2496

 / ndf 2�   11 .8  / 13
p0        0.363± 2.057 

p1        0.184± 2.792 
p2        2.519e-07± 1.529e-08 
p3        5.70± 15.31 
Norm      7.26± 83.91 
Mean      0.0071± 0.8739 
Sigma     0.00626± 0.07849 
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 / ndf 2�   11 .8  / 13
p0        0.363± 2.057 

p1        0.184± 2.792 
p2        2.519e-07± 1.529e-08 
p3        5.70± 15.31 
Norm      7.26± 83.91 
Mean      0.0071± 0.8739 
Sigma     0.00626± 0.07849 

Gaus2Signal:0.662915

Para MM Distribution, theta bin 13
Entries  1586
RMS    0.2493

 / ndf 
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�  16.82 / 13
p0        0.56±  1.54 

p1        0.801± 2.704 
p2        0.049810± 0.006802 
p3        3.462± 6.701 
Norm      7.15± 87.81 
Mean      0.0066± 0.8564 
Sigma     0.0066± 0.0843 
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 / ndf 
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�  16.82 / 13
p0        0.56±  1.54 

p1        0.801± 2.704 
p2        0.049810± 0.006802 
p3        3.462± 6.701 
Norm      7.15± 87.81 
Mean      0.0066± 0.8564 
Sigma     0.0066± 0.0843 

Gaus2Signal:0.727641

Para MM Distribution, theta bin 14
Entries  1599
RMS    0.2471

 / ndf 2�   15.6 / 13
p0        17.746± 1.195 

p1        11.082± 3.345 
p2        10.9839020± 0.0008225 
p3        11.553± 3.346 
Norm      231.49± 96.36 
Mean      0.01±  0.84 
Sigma     0.04797± 0.08067 
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 / ndf 2�   15.6 / 13
p0        17.746± 1.195 

p1        11.082± 3.345 
p2        10.9839020± 0.0008225 
p3        11.553± 3.346 
Norm      231.49± 96.36 
Mean      0.01±  0.84 
Sigma     0.04797± 0.08067 

Gaus2Signal:0.702726

Para MM Distribution, theta bin 15

Entries  1269
RMS    0.2421

 / ndf 2�  28.07 / 13
p0        0.012± 1.356 
p1        0.008± 3.137 
p2        6.444e+01± 1.207e-07 
p3        51.877± 4.079 

Norm      1.00± 56.88 
Mean      0.000± 0.914 
Sigma     0.00126± 0.07806 

2)2MM distribution (GeV/c
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 / ndf 2�  28.07 / 13
p0        0.012± 1.356 
p1        0.008± 3.137 
p2        6.444e+01± 1.207e-07 
p3        51.877± 4.079 

Norm      1.00± 56.88 
Mean      0.000± 0.914 
Sigma     0.00126± 0.07806 

Gaus2Signal:0.590348

Para MM Distribution, theta bin 16
Entries  1679
RMS     0.239

 / ndf 
2

�  16.73 / 13
p0        0.461± 1.449 
p1        0.448± 3.177 
p2        0.001183± 0.002792 
p3        2.291± 6.323 

Norm      7.07± 75.92 
Mean      0.0082± 0.9064 
Sigma     0.00902± 0.08661 
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 / ndf 
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p0        0.461± 1.449 
p1        0.448± 3.177 
p2        0.001183± 0.002792 
p3        2.291± 6.323 

Norm      7.07± 75.92 
Mean      0.0082± 0.9064 
Sigma     0.00902± 0.08661 

Gaus2Signal:0.646804

Para MM Distribution, theta bin 17
Entries  1959
RMS    0.2406

 / ndf 
2

�  31.75 / 13
p0        9.713± 1.624 
p1        4.467± 3.343 
p2        10.461770± 0.002405 
p3        17.913± 3.352 

Norm      176.74± 82.65 
Mean      0.0237± 0.8681 
Sigma     0.03860± 0.07938 
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�  31.75 / 13
p0        9.713± 1.624 
p1        4.467± 3.343 
p2        10.461770± 0.002405 
p3        17.913± 3.352 

Norm      176.74± 82.65 
Mean      0.0237± 0.8681 
Sigma     0.03860± 0.07938 

Gaus2Signal:0.600537

Para MM Distribution, theta bin 18
Entries  2033
RMS    0.2519

 / ndf 2�  19 .11  / 13
p0        0.000± 2.433 
p1        0.000± 3.088 
p2        2.758e-09± 7.653e-10 
p3        0.000± 4.554 

Norm      0.00± 87.75 
Mean      0.00±  0.84 
Sigma     0.00000± 0.07665 
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 / ndf 2�  19 .11  / 13
p0        0.000± 2.433 
p1        0.000± 3.088 
p2        2.758e-09± 7.653e-10 
p3        0.000± 4.554 

Norm      0.00± 87.75 
Mean      0.00±  0.84 
Sigma     0.00000± 0.07665 

Gaus2Signal:0.561852

Para MM Distribution, theta bin 19

Entries  1543

RMS    0.2518
 / ndf 2�  14.57 / 13

p0        0.01±  2.19 
p1        0.00±  2.99 
p2        1.281e+00± 1.916e-09 
p3        51.977± 3.961 
Norm      0.4±  58.5 
Mean      0.0007± 0.8724 
Sigma     0.00051± 0.08848 
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RMS    0.2518
 / ndf 2�  14.57 / 13

p0        0.01±  2.19 
p1        0.00±  2.99 
p2        1.281e+00± 1.916e-09 
p3        51.977± 3.961 
Norm      0.4±  58.5 
Mean      0.0007± 0.8724 
Sigma     0.00051± 0.08848 

Gaus2Signal:0.541584

Para MM Distribution, theta bin 20
Entries  1767

RMS    0.2495
 / ndf 2�  38.84 / 13

p0        0.000± 2.238 
p1        0.000± 3.045 
p2        5.825e-08± 1.236e-08 
p3        0.001± 3.458 
Norm      0.00± 76.05 
Mean      0.0000± 0.8638 
Sigma     0.00000± 0.08373 
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RMS    0.2495
 / ndf 2�  38.84 / 13

p0        0.000± 2.238 
p1        0.000± 3.045 
p2        5.825e-08± 1.236e-08 
p3        0.001± 3.458 
Norm      0.00± 76.05 
Mean      0.0000± 0.8638 
Sigma     0.00000± 0.08373 

Gaus2Signal:0.578195

Para MM Distribution, theta bin 21
Entries  1644

RMS    0.2492
 / ndf 2�  18.62 / 13

p0        0.019± 2.152 
p1        0.008± 2.979 
p2        8.386e+01± 5.324e-06 
p3        63.371± 2.999 
Norm      1.17± 77.69 
Mean      0.0015± 0.8776 
Sigma     0 .00110± 0.08479 

2)2MM distribution (GeV/c
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 / ndf 2�  18.62 / 13

p0        0.019± 2.152 
p1        0.008± 2.979 
p2        8.386e+01± 5.324e-06 
p3        63.371± 2.999 
Norm      1.17± 77.69 
Mean      0.0015± 0.8776 
Sigma     0 .00110± 0.08479 

Gaus2Signal:0.609811

Para MM Distribution, theta bin 22
Entries  1419

RMS    0.2494

 / ndf 
2

�  16.41 / 13
p0        1.957± 2.205 
p1        0 .611± 2.885 
p2        18.140532± 0.008558 
p3        11.304± 2.874 
Norm      25.14± 76.83 
Mean      0.0282± 0.8828 
Sigma     0.0454± 0.0797 

2)2MM distribution (GeV/c
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RMS    0.2494

 / ndf 
2

�  16.41 / 13
p0        1.957± 2.205 
p1        0 .611± 2.885 
p2        18.140532± 0.008558 
p3        11.304± 2.874 
Norm      25.14± 76.83 
Mean      0.0282± 0.8828 
Sigma     0.0454± 0.0797 

Gaus2Signal:0.609015

Para MM Distribution, theta bin 23

Entries  1871
RMS    0.2543

 / ndf 2�   18.1 / 13
p0        0.282± 2.461 

p1        0.094± 3.017 
p2        6.049e+01± 5.219e-06 
p3        53.2±   2.8 
Norm      5.15± 63.51 
Mean      0.0061± 0.8623 
Sigma     0.0094± 0.0787 

2)2MM distribution (GeV/c
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Entries  1871
RMS    0.2543

 / ndf 2�   18.1 / 13
p0        0.282± 2.461 

p1        0.094± 3.017 
p2        6.049e+01± 5.219e-06 
p3        53.2±   2.8 
Norm      5.15± 63.51 
Mean      0.0061± 0.8623 
Sigma     0.0094± 0.0787 

Gaus2Signal:0.504024

Perp MM Distribution, theta bin 0
Entries  2138
RMS    0.2497

 / ndf 
2

�  19.05 / 13
p0        8.765± 1.881 

p1        3.402± 3.246 
p2        12.864099± 0.001472 
p3        11 .22±  3.26 
Norm      138.22± 79.15 
Mean      0.0220± 0.8572 
Sigma     0.04680± 0.09208 

2)2MM distribution (GeV/c
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2

�  19.05 / 13
p0        8.765± 1.881 

p1        3.402± 3.246 
p2        12.864099± 0.001472 
p3        11 .22±  3.26 
Norm      138.22± 79.15 
Mean      0.0220± 0.8572 
Sigma     0.04680± 0.09208 

Gaus2Signal:0.601564

Perp MM Distribution, theta bin 1
Entries  2022
RMS     0.249

 / ndf 2�  25.28 / 13
p0        0.472± 1.917 

p1        0.222± 3 .119  
p2        8.140e-08± 1.555e-08 
p3        3.13± 15.04 
Norm      5.83± 67.72 
Mean      0.0114± 0.8808 
Sigma     0.0119± 0.1166 

2)2MM distribution (GeV/c
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 / ndf 2�  25.28 / 13
p0        0.472± 1.917 

p1        0.222± 3 .119  
p2        8.140e-08± 1.555e-08 
p3        3.13± 15.04 
Norm      5.83± 67.72 
Mean      0.0114± 0.8808 
Sigma     0.0119± 0.1166 

Gaus2Signal:0.621917

Perp MM Distribution, theta bin 2
Entries  1785
RMS     0.247

 / ndf 
2

�   35.6 / 13
p0        0.000± 2.056 

p1        0.000± 3.068 
p2        7.56e-08± 3 .61e-11  
p3        0.010± 3.649 
Norm      0.00± 73.94 
Mean      0.00±  0.87 
Sigma     0.0000± 0.0845 

2)2MM distribution (GeV/c
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 / ndf 
2

�   35.6 / 13
p0        0.000± 2.056 

p1        0.000± 3.068 
p2        7.56e-08± 3 .61e-11  
p3        0.010± 3.649 
Norm      0.00± 73.94 
Mean      0.00±  0.87 
Sigma     0.0000± 0.0845 

Gaus2Signal:0.588820

Perp MM Distribution, theta bin 3

Entries  1737
RMS    0.2575

 / ndf 
2

�  23.53 / 13
p0        0.005± 2.186 
p1        0.00±  3.01 
p2        1.735e-01± 1.911e-10  
p3        96.476± 4.676 

Norm      0.29± 53.01 
Mean      0.00±  0.84 
Sigma     0.001± 0 .113  

2)2MM distribution (GeV/c
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�  23.53 / 13
p0        0.005± 2.186 
p1        0.00±  3.01 
p2        1.735e-01± 1.911e-10  
p3        96.476± 4.676 

Norm      0.29± 53.01 
Mean      0.00±  0.84 
Sigma     0.001± 0 .113  

Gaus2Signal:0.545565

Perp MM Distribution, theta bin 4
Entries  1867
RMS    0.2643

 / ndf 2�  18.89 / 13
p0        0.014± 2.707 
p1        0.004± 2.856 
p2        1.816e+01± 5.476e-08 
p3        67.783± 3.598 

Norm      0.61± 55.15 
Mean      0.00±  0.84 
Sigma     0.0013± 0.1148 

2)2MM distribution (GeV/c
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 / ndf 2�  18.89 / 13
p0        0.014± 2.707 
p1        0.004± 2.856 
p2        1.816e+01± 5.476e-08 
p3        67.783± 3.598 

Norm      0.61± 55.15 
Mean      0.00±  0.84 
Sigma     0.0013± 0.1148 

Gaus2Signal:0.538839

Perp MM Distribution, theta bin 5

Entries  1677
RMS     0.267

 / ndf 2
�  13.65 / 13
p0        1.762± 3.544 
p1        1.362± 1.306 
p2        0.1987± 0.2898 
p3        0.419± 4.326 
Norm      6.47± 67.02 
Mean      0.00±  0.84 
Sigma     0.0138± 0.1081 

2)2MM distribution (GeV/c
0.2 0.4 0.6 0.8 1 1.2 1.4

C
o

u
n

ts

0

20

40

60

80

100

120

140
Entries  1677
RMS     0.267

 / ndf 2
�  13.65 / 13
p0        1.762± 3.544 
p1        1.362± 1.306 
p2        0.1987± 0.2898 
p3        0.419± 4.326 
Norm      6.47± 67.02 
Mean      0.00±  0.84 
Sigma     0.0138± 0.1081 

Gaus2Signal:0.651839

Perp MM Distribution, theta bin 6
Entries  1544
RMS    0.2693

 / ndf 2�  20.37 / 13
p0        0.461± 3.049 
p1        0.169± 2.512 
p2        0.0012911± 0.0004633 
p3        1.959± 8.224 

Norm      7.15± 63.43 
Mean      0.00±  0.84 
Sigma     0.0089± 0.0772 

2)2MM distribution (GeV/c
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 / ndf 2�  20.37 / 13
p0        0.461± 3.049 
p1        0.169± 2.512 
p2        0.0012911± 0.0004633 
p3        1.959± 8.224 

Norm      7.15± 63.43 
Mean      0.00±  0.84 
Sigma     0.0089± 0.0772 

Gaus2Signal:0.548232

Perp MM Distribution, theta bin 7

Entries  647
RMS    0.2605

 / ndf 2
�  13.01 / 13
p0        0.513± 1.305 
p1        0.697± 2.104 
p2        0.06532± 0.03631 
p3        1.167± 4.867 
Norm      4.94± 32.73 
Mean      0.0110± 0.8619 
Sigma     0.01009± 0.07728 

2)2MM distribution (GeV/c
0.2 0.4 0.6 0.8 1 1.2 1.4

C
o

u
n

ts

0

10

20

30

40

50

Entries  647
RMS    0.2605

 / ndf 2
�  13.01 / 13
p0        0.513± 1.305 
p1        0.697± 2.104 
p2        0.06532± 0.03631 
p3        1.167± 4.867 
Norm      4.94± 32.73 
Mean      0.0110± 0.8619 
Sigma     0.01009± 0.07728 

Gaus2Signal:0.622361

Perp MM Distribution, theta bin 8
Entries  977

RMS    0.2524
 / ndf 2�  23.48 / 13

p0        0.298± 1.476 
p1        0.228± 2.682 
p2        0.0005670± 0.0001542 
p3        2.600± 8.651 
Norm      6.37± 58.73 
Mean      0.0082± 0.8659 
Sigma     0.00839± 0.07699 

2)2MM distribution (GeV/c
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RMS    0.2524
 / ndf 2�  23.48 / 13

p0        0.298± 1.476 
p1        0.228± 2.682 
p2        0.0005670± 0.0001542 
p3        2.600± 8.651 
Norm      6.37± 58.73 
Mean      0.0082± 0.8659 
Sigma     0.00839± 0.07699 

Gaus2Signal:0.670167

Perp MM Distribution, theta bin 9
Entries  1045

RMS    0.2564

 / ndf 
2

�   16.4 / 13
p0        0.737± 1.904 
p1        0.821± 2.352 
p2        0.038089± 0.004055 
p3        3.9±   6.8 
Norm      6.79± 63.55 
Mean      0.0074± 0.8678 
Sigma     0.00756± 0.07323 

2)2MM distribution (GeV/c
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RMS    0.2564

 / ndf 
2

�   16.4 / 13
p0        0.737± 1.904 
p1        0.821± 2.352 
p2        0.038089± 0.004055 
p3        3.9±   6.8 
Norm      6.79± 63.55 
Mean      0.0074± 0.8678 
Sigma     0.00756± 0.07323 

Gaus2Signal:0.667352

Perp MM Distribution, theta bin 10
Entries  1091

RMS    0.2586
 / ndf 2�  10.84 / 13

p0        0.656± 2.188 
p1        0.448± 2.583 
p2        0.0014285± 0.0004574 
p3        2.803± 6.766 
Norm      5.12± 42.22 
Mean      0.0144± 0.9015 
Sigma     0.01505± 0.09772 

2)2MM distribution (GeV/c
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RMS    0.2586
 / ndf 2�  10.84 / 13

p0        0.656± 2.188 
p1        0.448± 2.583 
p2        0.0014285± 0.0004574 
p3        2.803± 6.766 
Norm      5.12± 42.22 
Mean      0.0144± 0.9015 
Sigma     0.01505± 0.09772 

Gaus2Signal:0.562912

Perp MM Distribution, theta bin 11

Entries  1885
RMS    0.2476

 / ndf 2�   13.6 / 13
p0        11 .427± 2.344 

p1        11.28±  2.97 
p2        1.201e+01± 5.005e-05 
p3        11 .283± 2.939 
Norm      175.85± 81.78 
Mean      0.0231± 0.8878 
Sigma     0.03695± 0.07608 

2)2MM distribution (GeV/c
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 / ndf 2�   13.6 / 13
p0        11 .427± 2.344 

p1        11.28±  2.97 
p2        1.201e+01± 5.005e-05 
p3        11 .283± 2.939 
Norm      175.85± 81.78 
Mean      0.0231± 0.8878 
Sigma     0.03695± 0.07608 

Gaus2Signal:0.582400

Perp MM Distribution, theta bin 12
Entries  2094
RMS    0.2491

 / ndf 
2

�  24.93 / 13
p0        0.043± 2.168 

p1        0.015± 3.091 
p2        65.264702± 0.002393 
p3        52.626± 3.105 
Norm      2.72± 75.03 
Mean      0.0032± 0.8745 
Sigma     0.00323± 0.07829 

2)2MM distribution (GeV/c
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 / ndf 
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�  24.93 / 13
p0        0.043± 2.168 

p1        0.015± 3.091 
p2        65.264702± 0.002393 
p3        52.626± 3.105 
Norm      2.72± 75.03 
Mean      0.0032± 0.8745 
Sigma     0.00323± 0.07829 

Gaus2Signal:0.559680

Perp MM Distribution, theta bin 13
Entries  2046
RMS    0.2412

 / ndf 
2

�     59 / 13
p0        0.034± 1.399 

p1        0.0±   3.4 
p2        0.680433± 0.002541 
p3        10.814± 3.401 
Norm      3.48± 87.39 
Mean      0.0039± 0.8581 
Sigma     0.00299± 0.08378 

2)2MM distribution (GeV/c
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�     59 / 13
p0        0.034± 1.399 

p1        0.0±   3.4 
p2        0.680433± 0.002541 
p3        10.814± 3.401 
Norm      3.48± 87.39 
Mean      0.0039± 0.8581 
Sigma     0.00299± 0.08378 

Gaus2Signal:0.645399

Perp MM Distribution, theta bin 14
Entries  2017
RMS    0.2522

 / ndf 
2

�  44.65 / 13
p0        0.088± 2.289 

p1        0.03±  3.04 
p2        7.59e+01± 5.82e-06 
p3        51.974± 2.998 
Norm      2.72± 81.22 
Mean      0.0028± 0.8523 
Sigma     0.00301± 0.08398 

2)2MM distribution (GeV/c
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 / ndf 
2

�  44.65 / 13
p0        0.088± 2.289 

p1        0.03±  3.04 
p2        7.59e+01± 5.82e-06 
p3        51.974± 2.998 
Norm      2.72± 81.22 
Mean      0.0028± 0.8523 
Sigma     0.00301± 0.08398 

Gaus2Signal:0.588583

Perp MM Distribution, theta bin 15

Entries  1312
RMS    0.2291

 / ndf 2�  23.99 / 13
p0        0.0143± 0.8593 
p1        0.014± 3.499 
p2        19.5541801± 0.0003764 
p3        65.812± 3.492 

Norm      1.5±  58.5 
Mean      0.000± 0.914 
Sigma     0.00160± 0.06908 

2)2MM distribution (GeV/c
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 / ndf 2�  23.99 / 13
p0        0.0143± 0.8593 
p1        0.014± 3.499 
p2        19.5541801± 0.0003764 
p3        65.812± 3.492 

Norm      1.5±  58.5 
Mean      0.000± 0.914 
Sigma     0.00160± 0.06908 

Gaus2Signal:0.603982

Perp MM Distribution, theta bin 16
Entries  1535
RMS    0.2445

 / ndf 
2

�  12.02 / 13
p0        0.40±  1.69 
p1        0.213± 2.946 
p2        7.54e-08± 2.77e-09 
p3        7.18± 16.09 

Norm      7.9±  87.7 
Mean      0.0067± 0.8856 
Sigma     0.0065± 0.0771 

2)2MM distribution (GeV/c
0.2 0.4 0.6 0.8 1 1.2 1.4

C
o

u
n

ts

0

20

40

60

80

100

120

140 Entries  1535
RMS    0.2445

 / ndf 
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�  12.02 / 13
p0        0.40±  1.69 
p1        0.213± 2.946 
p2        7.54e-08± 2.77e-09 
p3        7.18± 16.09 

Norm      7.9±  87.7 
Mean      0.0067± 0.8856 
Sigma     0.0065± 0.0771 

Gaus2Signal:0.681818

Perp MM Distribution, theta bin 17
Entries  1525
RMS    0.2553

 / ndf 2�  20.57 / 13
p0        1.866± 3.052 
p1        3.566e+00± 2.038e-09 
p2        0.5376± 0.7213 
p3        0.568± 3.606 

Norm      7.40± 82.68 
Mean      0.0068± 0.8595 
Sigma     0.00731± 0.08404 

2)2MM distribution (GeV/c
0.2 0.4 0.6 0.8 1 1.2 1.4

C
o

u
n

ts

0

20

40

60

80

100

120 Entries  1525
RMS    0.2553

 / ndf 2�  20.57 / 13
p0        1.866± 3.052 
p1        3.566e+00± 2.038e-09 
p2        0.5376± 0.7213 
p3        0.568± 3.606 

Norm      7.40± 82.68 
Mean      0.0068± 0.8595 
Sigma     0.00731± 0.08404 

Gaus2Signal:0.704096

Perp MM Distribution, theta bin 18
Entries  1442
RMS     0.257

 / ndf 2�  7.235 / 13
p0        0.468± 2.193 
p1        0.209± 2.812 
p2        6.193e-09± 5.417e-10 
p3        4.84± 17.25 

Norm      8.83± 92.39 
Mean      0.0059± 0.8456 
Sigma     0.00573± 0.06215 

2)2MM distribution (GeV/c
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 / ndf 2�  7.235 / 13
p0        0.468± 2.193 
p1        0.209± 2.812 
p2        6.193e-09± 5.417e-10 
p3        4.84± 17.25 

Norm      8.83± 92.39 
Mean      0.0059± 0.8456 
Sigma     0.00573± 0.06215 

Gaus2Signal:0.617387
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•  Determined asymmetry using 3 different values of flux 
ratio 
Case 1: Flux ratio was treated as a parameter 
Case 2: Flux ratio value fixed to the weighted average: 0.909 
Case 3: Flux ratio value fixed to the value extracted using             
integrated  theta bin: 0.912 
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•  Background subtraction 
o  Performed using probabilistic event weighting: Probability of a given event 

being a signal event using a dynamic bin width (number of events) 

 
 
  
Signal: Gaussian 
 
 
Background: two exponentials  
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the results of these systematic studies. The next chapter presents the results ob-

tained from this study for the azimuthal asymmetry of deuteron photodisintegration,

incorporating the systematic studies performed, as described in this chapter.

Table 8.4. Systematic uncertainties for photon-energy bins E

�

= 1.1 � 1.7 GeV for the
reaction ~� + d ! p + n

Photon Energy Source of |�⌃| ��⌃ Overall
Bin (GeV) Systematic

1.1 � 1.3

Photon Polarization 5% � Depending on ⌃
�0 o↵set 0.0 0.0003

0.015 ± 0.027

Flux Ratio 0.0002 0.0009
�-bin width 0.015 0.017

Particle ID cuts 0.0015 0.0092
Missing-mass cuts 0.003 0.015

Fiducial cuts 0.0 0.0095
Background Subtraction 0.0011 0.0071

1.3 � 1.5

Photon Polarization 5% � Depending on ⌃
�0 o↵set 0.0 0.0003

0.008 ± 0.025

Flux Ratio 0.0006 0.0013
�-bin width 0.0065 0.0072

Particle ID cuts 0.004 0.012
Missing-mass cuts 0.003 0.015

Fiducial cuts 0.0017 0.0089
Background Subtraction 0.0 0.012

1.5 � 1.7

Photon Polarization 5% � Depending on ⌃
�0 o↵set 0.0002 0.0004

0.028 ± 0.062

Flux Ratio 0.0010 0.0011
�-bin width 0.025 0.046

Particle ID cuts 0.0 0.022
Missing-mass cuts 0.011 0.032

Fiducial cuts 0.0 0.011
Background Subtraction 0.004 0.011
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Table 8.5. Systematic uncertainties for photon-energy bins E

�

= 1.7 � 2.3 GeV for the
reaction ~� + d ! p + n

Photon Energy Source of |�⌃| ��⌃ Overall
Bin (GeV) Systematic

1.7 � 1.9

Photon Polarization 5% � Depending on ⌃
�0 o↵set 0.0 0.0003

0.017 ± 0.041

Flux Ratio 0.0013 0.0019
�-bin width 0.015 0.019

Particle ID cuts 0.007 0.023
Missing-mass cuts 0.005 0.019

Fiducial cuts 0.0 0.015
Background Subtraction 0.0 0.015

1.9 � 2.1

Photon Polarization 5% � Depending on ⌃
�0 o↵set 0.0003 0.0007

0.048 ± 0.072

Flux Ratio 0.0017 0.0054
�-bin width 0.012 0.044

Particle ID cuts 0.027 0.025
Missing-mass cuts 0.020 0.022

Fiducial cuts 0.018 0.027
Background Subtraction 0.027 0.038

2.1 � 2.3

Photon Polarization 5% � Depending on ⌃
�0 o↵set 0.0004 0.0011

0.080 ± 0.12

Flux Ratio 0.004 0.013
�-bin width 0.009 0.049

Particle ID cuts 0.017 0.040
Missing-mass cuts 0.021 0.089

Fiducial cuts 0.062 0.047
Background Subtraction 0.041 0.023
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