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* Electron/Pion DIS Asymmetry Analysis
* Beam Polarization (Compton/Moller)
= Deadtime Correction
* Radiation Correction



Asymmetry Analysis:

-~ Charge Asymmetry: BCM calibration, Intensity Feedback....
-~ Beam Modulation: Dithering/Regression analysis
= Fine-tuning cuts: low-beam, beam-burp.....

-~ Electron/Pion DIS, Electron Resonance, Positron, Transverse......
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Two independent methods:
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Beam Modulation
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* Dithering: intentionally vary the beam parameters

* Regression: use the natural motion of the beam
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P IN, Mean = -0.779 +/- 8.948

200 HWP OUT, Mean = -2.300 +/- 7.973
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Dithering plots

200 HWP OUT, Mean = 4.954 +/- 8.005
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Dithering slopes (B."s ) history:
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Beam Asymmetries

HWP IN, Mean = -3.285 +/- 0.191
HWP OUT, Mean = -0.001 +/- 0.157
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| Kinematics #1

Raw Electron Asymmetries
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Doing two independent analyses, difference between the two is ~0.3ppm  ©



Raw Pion Asymmetries
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Doing two independent analyses, difference between the two is ~0.3ppm 7



Beam Polarization / Compton

A'=A | Polarization

measure

Electron Beam

A,,=P XP,xA,

i i Photon Detector
Magnetic Chican

= Analyzing power (Ath) calculated using GEANT4 simulation,
and is the leading uncertainty.

= Asymmetry measured using photon detector with integrating FADC DAQ.

+ Stands alone, no coincidence calibration needed.
* Doesn't care about pile-up, deadtime, etc...



Integrating FADC Analysis, online plots
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Analyzing Power

Electron Beam Electron Detector

Blue: Lead
Red: GSO

Magenta: CH2

Black: Steel

Photon Detector

Magnetic Chican

GEANT4 MC to calculate A,

Inputs to the simulation:

* The experimental setup:

>Shielding, alignment.....

>Thickness of the lead shielding

> Radius of the hole of the collimator
 Detector resolution, smearing
 Pileup Effect
 PMT nonlinearity

Vacuum End Cap(steel): 0.05cm
Lead shielding thickness: 0.3 cm
Collimator: inner radius 0.5cm
outer radius 4.0 cm, length 5.0 cm
CH2: radius 5.0 cm, length 10.2 cm
GSO: radius 3.0 cm, length 15.0 cm

10




\ laser on spectrum |
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= Simulated spectrum sensitive to the thickness
of lead shielding.

= Difference b/w best fit and real situation gives
systematic error on analyzing power.
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Beam Polarization (Compton/Moller)

A'=A | Polarization

measure

Moller Summary for PVDIS
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Deadtime Correction

Deadtime correction to asymmetry: A'=A,...../(1—Deadtime)
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'=A,...../(1—Deadtime)
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

Methods to study Deadtime:

+ Theoretically, Deadtime < Event Rate
= 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.
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General Idea of Simulation

@ ROOT/C++ Design;

@ Simulates standard electronics (various electronic modules).
@ Useful if you have a complex DAQ system (e.g. PVDIS).

@ General idea:

At every time instance (1ns), Physics information is generated.
Detectors (Leadglass, Gas Cerenkov, T1 ... ) simulates the detector
response and generates signals, which are processed by the DAQ system
(constructed by Modules). I/O controls input and output.

@ [nputs:

# Leadglass (ADC) signals from data, then converted into analogy signal:
t

T

Analogsignal~t-e " ,whereT needstobe calibrated

+ Physics signal rates. Also from data.
* DAQ map.

@ Qutput:

+ Rootfile containing all signal information with a time variable.
+ Can do post-hats analysis to get tdc spectrum, scaler counting, etc..

@ |t is NOT GEANT4 based, doesn't simulate particle interaction with materials.

@ Efficiency: ~1hour to simulate 10ms. Maybe not fast enough for online monitoring...



@ ROOT/C++ Design;
@ Simulates standard electro
@ Useful if you have a compl
@ General idea:

At every time instance (
Detectors (Leadglass,
response and generate
(constructed by Module
@ [nputs:

# Leadglass (ADC) sig

Analogsigna

* Physics signal rates.
* DAQ map.

@ Qutput:

+ Rootfile containing all
# Can do post-hats ana

@ |t 1Is NOT GEANT4 based,

@ Efficiency: ~1hour to simul

250 GC rate 500000 width 60 oukput 0 13
261 T1 rate 500000 width 100 output 0 3
252 755 width 70 coinclvl 1 input O 250
263 755 width 32 coinclwl 1 input 0 257

1
1
0
0

56 1 output 0O

254 755 width 150 coinclwl 2 input 0 252 1 1 253 2 output 1 91411

265 757 mode octal input 0 254 4 oubput 041141

206 758 mode or width 18 inmput 0 299 0 output 0 283 11 28 1
#this iz how we changed the T1 input width

2087 706 threshold 100 width 30 imput 0 251 0 cutput 0 4 1
#and we also changed the GC input width, well, from upstairs
#258 T06 threshold 100 width 60 input O 250 0 output 0 4 1

#other modules

#modules group 1
301 sumd input 0 101 0 2 a
302 sumd input 0 225 01 a
303 428F offset 0.0 input 0 301 0
304 428F offset 0.0 input 0 302 1 1 2030 0 output 0 16 1
305 TO6 threshold 80 width 20 input 0 303 0 qutput 04 11
306 706 threshold 15 width 20 input 0 304 0 cutput 04 11
307 706 threshold 80 width 100 ipput 0 305 0 cubput 0 16 1
1
1
1

11704 133 06 149 0 output 041
226 02 22T 0 3
I 130

308 706 threshold 15 width 100 input 0 306 0 output 0 16
309 758 mode and width 16 weto 255 0 input 0 305 1 1 306
310 758 mode and width 16 weto 255 0 input 0 307 1 1 308

#modules group 2
J401 sumf input 0 102 0 1 a a

402 sumd 1nput 0 227 11 1 1

\403 428F offset 0.0 input 0401 0 1402 0 2 2028 1 output 0 1
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407 T06 threshold 80 width 100 input O 405 0 output 0 16
408 706 threshold 15 width 100 input O 406 0 oukput 0 16
409 758 mode and width 16 weto 255 O input 0 405 1 1 406
410 758 mode and width 16 weto 255 O input O 407 1 1 408

103 0
228 1
a B

#modules grovp 3

E01 sumd input 0 104 0 1 a
502 sumf imput 0 230 11 a
503 428F offset 0.0 input 0 501 202 2028 2 output O 16
504 420F offset 0.0 input 0 502 30 2 output 0 16 1

BOS 706 threshold 80 width 20 input 0 503 0 output 0 4 1

506 TO6 threshold 15 width 20 input 0 504 0 output 0 4 1

507 706 threshold 80 width 100 input O 505 0 output 0 16

508 706 threshold 15 width 100 input O 506 O output 0 16

509 758 mode and width 16 weto 255 O input 0 505 1 1 L06

a
1
a
1

510 758 mode and width 16 weto 255 0 input 0 507 1 1 508

1256 Doutput 081111411
112 81211

2804200105 2020062030
J02 0 2 2028 0 output 016 1
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Time Constants Calibration

Right arm preshower PMTs:

| fadc12345_3 | IR
Entries 512
- Mean 183
T q iy ph RMS 36.96
3710? U—[P_LH_F“'IL
3705 —
3700 —
3695
- T~12ns
3690 —
3685 —
3680
3675 —
T T R TN T ST S SRR (NN SN TN SN AN TN SN S NN SR TR SR (S T S SR N
120 140 160 180 200 220 240
psadc:shadc hh

2500

2000

1500

1000

500

Entries 338296
Mean x 1057
Meany 1328
RMS x 226.5
RMS y 228.9

=T
~

5000

Ll
2500

30(

25(

20(

15(

10(

50

o

All Other Leadglass PMTs:
[fadc32451_6 |

fadc32451_6

3685/ —
3680
3675
3670
3665
3660

3655

Entries 512
Mean 174
RMS 39.27

P
200

| psadc:shadc |

P
220

M
240

hh

Entries 324420

4000 Mean x 2180

= Mean y 1151 0

- RMS x 443.6
Sk C RMS y 386.2 0
3000— ;

- - . —140
2500(— —120
2000 —1{100

- —80
1500 "~

= 60
1000

= 40

500 _ 20

:I 1 1 1 | 1 1 L1 | 1 1 L1 | 1 L1 1 I 1 1 | -II I--I: | I- 1 1 I. | -I 1 1 1 0

% 500 1000 1500 2000 2500 3000 3500 4000




sums38

|.A

428F

706

28F

20

758

706

—=——w = s = e s e —
p—— -
== e

20

3,4

5 elna>

6,7

758

—m =
e —————

Y —a E e — ]

J— =

= ==
J— =

elwa



Veto Deadtime/FADC Analysis
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Veto Deadtime/FADC Analysis
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Path Deadtime/Tagger Analysis

The Tagger method to measure deadtfime:

i i Group i
mixed with sloction
fixed frequency PS, SH, GC, T1 triggers |
tagger g » PVDIS electronics > 2 tagger & signal
i ‘ |—"" coincidence
sealer v1be scaler
Deadtime = —99r ngge}rz&ggnal (1~ Pileup) ~ Riagger _RR“’gger&sig"al + Pileup

tagger

tagger

= Fractional Loss + Pileup

e

\

Measured by scaler

Different for narrow and wide path

Measured by TDC
Same for narrow and wide path




Path Deadtime/Tagger Analysis

The Tagger method to measure deadtfime:

mixed with croup |
fixed frequency PS, SH, GC, T1 triggers .
tagger . » PVDIS electronics > e tagger & signal
i ‘ |—l- coincidence
scaler viDC scaler
pileup=(20+153)/677149=0.000255 _ hp”_e"'p—ezna h4
- ] Entries 677322 10 _ _ Erntries 10000
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Path Deadtime/Tagger Analysis

The Tagger method to measure deadtfime:

. : Group i
mixed with electrpon
fixed frequency PS, SH, GC, T1 triggers % signal
tagger . » PVDIS electronics > g | taggera&signa
|—l- coincidence
ler TDC
scaie \ scaler
0_9?1 03 CSTCFRS | Right Arm Group 4 | O deadtime wide
0'82_ 5 Bix‘v;?%w o wa__ Slope of linear fit: A deadtime narrow
o7k Stope of linear fit 0016E | Wide: pi= 1.02e-07+231e-09 ——
- 0.014 | Narrow: p1= 5.04e-08 + 9.60e-10 | .-~
“o 0.6 | Wide: p1= 1.02e-07 + 1.22e-09 n
& 0.012 -
GEJ 0.5/ | Narrow: p1= 6.35¢-08 + 7.99e-10 -
) E 0.01F
S 0.008| A
;_ 0.006]— A
- 0.004— |:| e
- o002 &
o L0 a
b Coe b e L e e L k108
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Event Rate(Hz)



Overall Deadtime:

| Left Arm Deadtime(DIS#1) vs | |

Deadtime Correction

2.2 -
2
18

Deadtime(%)

Overall Deadtime Wide

4 Overall Deadtime Narrow

1.6
1.4
1.2

1
0.8
0.6
0.4

o

0.2

\‘“\I‘\II|III|HI|III|II\|III|III‘\

L
3

@ 100uA

Narrow

Wide

RES #3

1.48% +/- 0.44%

PR N
100

7Ty
uA)

T
120

RES #4

2.22% +/- 0.67%2.06% +/- 0.62%0.73% +/- 0.22% 1.45% +/- 0.44%

Right Arm Deadtime (DIS#2) vs | |

Deadtime(%)
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20
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DIS #2

0.89% +/- 0.279

1.68% +/- 0.5%

2.62% +/- 0.79%2.36% +/- 0.71% 0.8% +/- 0.24%

1.64% +/- 0.49%

0.93% +/- 0.289




EM Radiative Corrections

* Based on Hall A Monte Carlo (HAMC) gL
8
* Prerequisites: g
+ Radiation: Internal/External Bremsstrahlung, 1-5;—
lonization.... -
+ Acceptance T
# Simulation checked with data 053_

* Inputs:

P T TR B

B DIS: calculated using PDF fits (MRST/CTEQ).
M Elastic 8 Quasi-Elastic : Data/Theoretical calculations
Resonance:

Some calculation (Misha Gorshteyn), which covers a large part of the resonance
Bl Delta Resonance: Theoretical calculation (Lee & Tao).

Bl Other Resonance: No previous data e
“Toy Model”, eg.  Awy= Adgis ¥ o
dis

Use resonance data to constrain uncertainties.
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Hall A Monte Carlo

A Monte Carlo simulation package developed to simulate the physics.

Basic checks of HAMC:

target o] e awe]| targeto] g e @ hg2
= FE Rus  oo1s0s Entries 121075
1800 F
g 2500(" - Mean 1.907
F F C RMS 0.1762
1400 — F
E 2000 -
1200 — F 3000—
1000 1500 C
800 E :
ce 1uuu: 2500/ —
400 ? =8 F :
200 F -
855 5 oe ~aos oz ooz 604 6.00 5. B o505 B 0T 0 06T 002 005 5.04 505 2000 —
i:arget Yl Enlrlanhy121n?5 tarQEt dP EEEEEE :d‘:zma's [~
Mean -0.0001342 ZA00T— Mean  -0.00158 1500 —
1800 :_ RMS 101793 2200 ; RMS 0.02: :
1600 — 2000 i— L
1400F- 1800 - 1000 ; DATA
E 1600 |- L -_—
1200 1400 C
1000 — 1200 - _HAMC
800 1000 [ 500 (-
s00 [ 800 L
E 600 — C
- ; 400 C | ‘ 1 ] | 1 1 | ‘ 1 ‘ N |
200 — 200
1 | 1 | 1 1, | ) I I = N RN NI R B 85 1 1.5 2 25 3
804 005 002 001 © 001 002 003 004 .0.06  -0.04 -0.02 0 002 004 006
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Res #3 / Delta Resonance
(Magnets Mistuned)

@ Entrie: qz1 82993 «.1.6 L
= Mean 0.9533 g -
40005_ RMS 0.08972 51 4 -
0o Q> =0.954 Y E
3000— B
= 2 —_— :
25002— Q hamc - 0.968 1__
20000 -
= 0.8
1500:— :
1000§— 0.6
5002— 0_4'_
B.;I ID'S‘ Dl? 03 0 9 I1 ; 1 1 1 2 1|3LI | ‘1|4 1 5 : | | | | | | 1 | | | | | | | 1 | | | | | | 1 1 | 1 | |
062 04 06 08 1 12 14 1.
W(GeV)
Elastic Quasi Table Dis Toy <Asym> Data
Lee&Tao  80.2 -46.4 -89.3 0 0 -83.66(ppm) | -66.258
(0.15%) (12.5%) (87.4%) +/-7.768
Misha 80.3 -46.5 -89.2 0 0 -83.68(ppm) | (PPM)
(0.16%) (12.2%) (87.6%)
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Resonance #4,5,7 / Toy Model

s 1.6 w147 5 2.5
9T oL o F
%1 ak 3 F >
o14r 812 8 [
o [ v L 5 2r
1.2 C B
C 1 r
1= C 150
E 0.8 B
0.8:— B 1:_
- 0.6 -
0.6 - B
041 04C 03
08554 s 05 T T2 T4 is i 2 82040808 1 12141618 2 2224 gy R ST
W(GeV) W(GeV) W(GeV)
Elastic Quasi Delta Dis Toy <Asym> Data
Res #4 54.9 -25.6 -67.0 0 -62.7 -65.2 -73.4+/-6.9
(0.04%) | (1.7%) (72.2%) (26.1%) (ppm) (ppm)
Res #5 43.8 -18.9 -55.2 0 -59.7 -59.0 -60.9 +/- 5.15
(0.02%) | (1.3%) (3.7%) (95.0%) (ppm) (ppm)
Res #7 86.4 -47.5 -101.2 -105.6 -120.7 -116.4 -118.8 +/- 16.9
(0.04%) @ (0.8%) (1.6%) (21.7%) | (75.9%) (ppm) (ppm)
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DIS Radiative Corrections

2=1.1] Q%=19]
g r g I
2251 2251
e L o L
o L T L
2r 2r-
1.5 1.5
1 1
0.5 0.5
0:I | | | | | | | | | | | | | | | | | | | | | | || 0:I | | | | | | | | | | | | | | | | | | | | | | ||
0.5 1 1.5 2 D 0.5 1 1.5 2 D
W(GeV) W(GeV)
Elastic Quasi Delta Dis Toy <Asym> A_central Correction
Factor
Dis #1 58.4 -26.9 -68.3 -85.2 -94.6 -87.4 -91.7
(0.03%) | (1.3%) (2.1%) (61.1%) (35.4%) (ppm) (ppm)
Dis #2 80.7 -46.4 -102.4 -157.0 -126.2 -154.4 -161.7
(0.05%) | (0.897%) | (1.46%) | (95.5%) (2.03%) (ppm) (ppm)
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Thank You!
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