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E08-011 Analysis Status Update

 Physics

 Completed Analysis Tasks:

 Updates since last meeting:

 Electron DIS Asymmetry Analysis
 Beam Polarization (Compton/Moller)
 Q2 Measurement
 Particle Identification Performance

 Deadtime Correction
 Radiation Correction
 Raw Pion Asymmetry
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Deuterium:

PVDIS Asymmetries
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Raw Electron Asymmetries

A raw=−65.85ppm

A dit=−65.85ppm

A reg=−65.93ppm

A raw=−128.57ppm

A dit=−128.52ppm

A reg=−128.87ppm
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i 
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d 
e 
d

Doing two independent analyses, difference between the two is ~0.3ppm
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Beam Polarization (Compton/Moller)
A '=Ameasure /Polarization

Systematic Error on Ad due to Pe is ~ 2%, mainly from 

Compton
Moller

Moller: 88.47% +/- 2.0% (syst, relative) (6.0GeV) 

           90.4% +/- 1.7% (syst, relative) (4.8GeV)

Compton: 90.2% +/- 2.0% (syst, relative)

                 Systematic mainly from A th
A exp=P×Pe×A th 
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Tracking Reconstruction / Q2 Measurement

 DIS asymmetry is sensitive to Q2, thus tracking reconstruction After calibration, asymmetry uncertainty due to Q2 reconstruction is <1%

 DIS asymmetry is sensitive to Q2, thus tracking reconstruction
 After calibration, asymmetry uncertainty due to Q2 reconstruction is <1%



  

PVDIS Q2 Uncertainties
L H R S R H R S

K in e m a tic s D IS # 1 D IS # 2 R e s # 3 R e s # 4 R e s # 5 D IS # 2 R e s # 5

1 2 .9 0 2 0 .0 0 1 2 .9 0 1 2 .9 0 1 2 .9 0 1 2 .9 0 2 0 .0 0 1 2 .9 0

E ' 3 .6 6 2 .6 3 3 .6 6 3 .5 5 3 .1 2 .6 3 3 .1
H R S  a n g le  s u r v e y ? Y Y N N N N Y N

Y Y Y Y N N Y Y
D  ( fr o m  s u rv e y )  ( m m ) 0 .5 0 .5 0 .5
D  ( fr o m  d a ta )  ( m m ) 0 .5 0 .5 0 .5 0 .5
D  (n o  s u r v e y , n o  d a ta )  ( 5 m m )

0 .3 0 .3 0 .3 0 .3 0 .3 0 .3 0 .3

2 .5 2 .5 2 .5 2 .5 2 .5 2 .5 2 .5

0 .2 2 0 .3 4 0 .2 2 0 .2 2 0 .2 2 0 .3 4 0 .2 2
s ie v e  s u r v e y ? N N N N N N N N
s ie v e  d a ta ? Y Y
s ie v e  h o r iz o n ta l p o s it io n , a b s o lu te  (m m ) 0 .5 1 0 .5 1 0 .5 1 0 .5 1 0 .5 1 0 .5 0 0 .5 0
s ie v e  h o r iz o n ta l p o s it io n , c a lib r a tio n  ( m m ) 0 .1 0 .1 0 .1 0 .1 0 .1 0 .1 0 .1

0 .5 0 .5

0 .8 1 6 1 .0 0 3 0 .8 1 6 0 .8 1 6 0 .8 1 6 1 .1 1 7 0 .9 5 3
T o ta l a n g le  u n c e r ta in ty , r e la tiv e  (% ) 0 .3 6 3 0 .2 8 7 0 .3 6 3 0 .3 6 3 0 .3 6 3 0 .3 2 0 0 .4 2 3
T o ta l Q 2  u n c e r ta in ty  ( % ) 0 .7 2 5 0 .5 7 5 0 .7 2 5 0 .7 2 5 0 .7 2 5 0 .6 4 0 0 .8 4 7

A n g le  

4 .0 ,3 .6 6 ,
4 .0 ,3 .6 6

C a rb o n  m u lti fo il d a ta ?

re a c tZ  fr o m  y ta r g  o p tim iz a tio n  ( m m )

re a c tZ  fr o m  ta rg e t p o s itio n  ( m m )

s in ()  te rm , to  b e  u s e d  fo r  r e a c tZ

h o r iz o n ta l a n g le  u s in g  H A P P E X  d a ta b a s e  ( m ra d )

T o ta l a n g le  u n c e r ta in ty  ( m ra d ) , u s in g  1 .1 2 m  d .d .
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Particle Identification Performance

Horizontal Acceptance [m]

Lead Glass

Horizontal Acceptance [m]

Lead Glass

Electron Detection Efficiency Pion Rejection Factor

Lead Glass Gas Cherenkov Overall

Electron Efficiency 97% 96% 95%

Pion Rejection Factor 52 200 10e4

 Asymmetry correction due to electron efficiency <0.5%    
                                                pion contamination <0.1%

 Asymmetry correction due to electron efficiency <0.5%    
                                                pion contamination <0.1%
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Deadtime Correction

 Deadtime correction to asymmetry:  A '=Ameasure1−Deadtime 

Group Deadtime

Veto Deadtime

Final OR

Final OR

Deadtime Decomposition: 

 Group Deadtime:  proportional to group rate; narrow/wide path.

 Veto Deadtime: T1/GC rate; the same for all groups.
 Final OR: individual group triggers are ORed  together to form final global trigger.
 Overall Deadtime: Veto DT   +   Group DT   +   Final OR DT
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Deadtime Correction

 Deadtime correction to asymmetry: 

A '=Ameasure1−Deadtime 

Deadtime∝Event Rate

Methods to study Deadtime:

 Theoretically, 

 FADC data: direct way to study deadtime, but low statistics.
 Tagger method: use a tagger signal to mimic physics signal.
 Software simulation: simulating all the signals and electronics.

Deadtime corrections to asymmetry is: ~3% +/- 0.6% (Kinematics #1)
                                                              ~1% +/- 0.2% (Kinematics #2)

The Tagger method:

Data Simulation

 Theoretically, 

 FADC data: direct way to study veto deadtime, but low statistics.
 Tagger method: study group deadtime, compare with simulation.
 Software simulation: simulating all the signals and electronics, so everything.
                                  only way to get overall deadtime.

 Deadtime correction to asymmetry: 

(Group Deadtime)
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Deadtime Correction
Overall Deadtime:

 Veto Deadtime dominates.
 Deadtime corrections to asymmetry is: ~1.6% +/- 0.5% (Kinematics #1)

                                                                 ~1% +/- 0.3% (Kinematics #2)

Simulation Simulation
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EM Radiative Corrections

 Resonance events contribute to 15 %?
 No reliable way to calculate PV asymmetry at low W and Q2

 Almost impossible to calculate resonance structure

 Measured resonance PV asymmetries
 Objective: control systematic error due to Radiative corrections to below 1%

Monte Carlo Simulation (HAMC)
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EM Radiative Corrections

DIS: calculated using PDF fits (MRST/CTEQ).
Elastic Quasi-Elastic : Data/Theoretical calculations

Resonance:

Delta Resonance: Theoretical calculation (Lee & Tao).

Other Resonance: No previous data
                              “Toy Model”, eg. A toy=Adis×

res

dis

Use resonance data to constrain uncertainties.

Some calculation (Misha Gorshteyn), which covers a large part of the resonance
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EM Radiative Corrections

Kine# E  E' e- rate
(ppm) (ppm)

4.8 12.9 4.00(L) 1288 -66.3 7.8
4 4.8 12.9 3.55(L) 888 -73.4 6.9
5 4.8 12.9 3.10(R) 791 -60.9 5.15
7 6.0 15.0 3.66 280 -118.8 16.9

A
d


d

(GeV) (GeV) (KHz)
3 (Mistuned)

3 4 5

7

3
4 5

7
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EM Radiative Corrections

Elastic Quasi Delta Dis Toy <Asym> A_central Correction 
Factor

Dis #1 58.4 
(0.03%)

-26.9 
(1.3%)

-68.3 
(2.1%)

-85.2 
(61.1%)

-94.6 
(35.4%)

-87.4
(ppm)

-91.7
(ppm)

1.049

Dis #2 80.7 
(0.05%)

-46.4 
(0.897%)

-102.4 
(1.46%)

-157.0 
(95.5%)

-126.2 
(2.03%)

-154.4
(ppm)

-161.7
(ppm)

1.047
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Error Budget

2.0% 2.0%
  Radiative Correction 1.0% 1.0%

0.7% 0.6%
0.5% 0.3%
0.4% 0.4%

  Transverse Asymmetry 0.2% 0.4%
  PID efficiency 0.2% 0.2%
  False Asymmetry 0.2% 0.2%

2.48% 2.41%
  Statistical 3.00% 4.00%
  Total 3.89% 4.67%

0.0735 0.0565
0.0071 0.0031
0.0038 0.0024
0.0170 0.0064

  CSV (MRST nominal) 0.0054 0.0031
  CSV (MRST 90% C.L.) 0.0132 0.0085
  Total uncertainty 0.0739 0.0566

d

  Source \ Ad/Ad Q2=1.1 GeV2 Q2=1.9 GeV2

Pb/Pb

  Q2

  Deadtime correction
  Target endcap contamination

  Systematics

(
2C

2u
C

2d
)

  Source \ (2C2uC2d)
  Ad
  Parton distribution functions
  Electroweak rad. cor.
  Higher Twist (using 1%/Q2on Ad)

not included
below
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Error Budget

2.0% 2.0%
  Radiative Correction 1.0% 1.0%

0.7% 0.6%
0.6% 0.2%
0.4% 0.4%

  Transverse Asymmetry 0.2% 0.4%
  PID efficiency 0.2% 0.2%
  False Asymmetry 0.2% 0.2%

2.48% 2.41%
  Statistical 3.00% 4.00%
  Total 3.89% 4.67%

0.0735 0.0565
0.0071 0.0031
0.0038 0.0024
0.0170 0.0064

  CSV (MRST nominal) 0.0054 0.0031
  CSV (MRST 90% C.L.) 0.0132 0.0085
  Total uncertainty 0.0739 0.0566

d

  Source \ Ad/Ad Q2=1.1 GeV2 Q2=1.9 GeV2

Pb/Pb

  Q2

  Deadtime correction
  Target endcap contamination

  Systematics

(
2C

2u
C

2d
)

  Source \ (2C2uC2d)
  Ad
  Parton distribution functions
  Electroweak rad. cor.
  Higher Twist (using 1%/Q2on Ad)

not included
below

SAMPLE

SLAC/ 
Prescott

C
2u

+C
2d

1.25

1.5

1.75

1.0

0.75

0.5

0.25

0

0.25

-0.5

-0.75

C2uC2d

- 0.25 0.50.250- 0.5

PDG best fit



  

Raw Pion Asymmetries

Need Electron Contamination Correction.

e

~10

e

~0.42

Very Preliminary!!



  

To Do

Finalize Everything and Unblind!
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