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* Introduction of how I calculate the systematic uncertainties
e Rate and asymmetry estimations, systematic uncertainty tables

 Summary and discussions



Hits on detector plane

Moller and ep electrons (GHz/cm?)
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18 independent measurements effectively



III

Introduction of “overall” analysis

* |n each quartz tile:
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measured — Ny,..;~ €€ Niotal ep—elastic Niotal ep—inelastic Niotal eAl—elastic N;otal eAl—inelastic
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» 18 tiles segmented in (r, d) space allow us to extract 18 physical
asymmetries at most in principle, assuming we know how asymmetry
evolves
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Therefore, the inversed error matrix F is °
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F-1is the error matrix for all the physical asymmetries including correlations



Estimating systematic uncertainties

* “overall analysis” takes advantage of all the data collected on our
detector plane

* The extracted physical asymmetries can be used to estimate
systematic uncertainties due to contaminations in each quartz tile
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Systematic uncertainty due to contamination is:

N ep elastic N ep inelastic
OA
Nee

ep elastic” N gAep inelastic
ee



Numbers used in my study

* Beam time: 235 + 95 + 14 = 344 days
* Beam polarization: 80%

* Beam current: 85 muA
* Asymmetries are calculated in terms of R-L asymmetries

v'To scale to 90% beam polarization and 60 muA, you have to multiply
a factor of 1.058 to the projected errors in this slides



Rates and asymmetries
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Very small contributions

Asymmetry contributions in all 18 quartz tiles | Wil be measured

ring number | sector ID LFIA A ,.frt|n|'|'if:j'llrr|0|'|'l’r _.f-_’;m.'.qsr;z:-lcp-:r.:sr.-': _ﬁ:,mnmsr;z:-l.:p.-'m-r.asrfr feA |'¢'|'.75ri.;lf:ll-_’.ﬁq|'L’|'.-?::r."u _fm.'qn.m'.qsr;::m lquasiclastic | oA .-.:m-.-.a,-riﬁm.-;'m-.-.m.-'c E .f,n.-'r;uﬂ::-lasfm
(%) | (ppb) (%) (%) (%) (70) (%) (%) A (%)
1 0 9.92 | -282.1 0.16 81.6 19.1 -1.06 0 0.23 - 0
1 1 2.55 | -278.2 0 71.7 30.7 -3.29 0 0.87 . 0
1 2 5.04 | -50.92 0 85.7 27.5 -14.6 : 0 1.34 E 0
2 0 2.30 | 4122 0 42.5 58.1 -2.50 0 1.77 « 0.10
2 1 1.18 | -203.8 0 56.7 48.0 -6.57 0 1.79 2 0.06
2 2 1.88 | -68.51 0 75.2 39.2 -16.3 0 1.87 E 0
3 0 3.54 | -288.7 0.07 38.0 61.3 -3.55 0 1.21 il 2.94
3 1 1.83 | -176.0 0.06 45.1 58.5 -6.39 0 1.41 s 1.28
3 2 2.94 | -60.01 2.19 56.7 49.6 -10.5 0 1.29 E 0.75
4 0 6.72 | -134.4 3.38 41.8 44.3 -5.22 0 0.76 o 149
4 1 3.83 | -98.73 491 48.3 41.2 -8.02 0 0.82 s 127
4 2 4.40 | -33.88 49.7 32.6 20.7 -7.24 0 0.52 E 3.60
5 0 4.74 | -31.86 87.3 5.46 3.77 -0.82 0 0.08 i 4.24
5 1 2.57 | -35.00 88.0 5.95 3.50 -1.17 0 0.08 s 3.60
5 2 2.29 | -34.34 88.6 7.42 3.56 -1.87 0 0.10 E 2.17
6 0 21.9 | -25.09 42.9 11.7 11.3 -2.43 0 0.30 " 36.2
6 1 11.2 | -16.92 53. 224 7.60 -5.97 0 0.27 s 219
6 2 991 | -11.47 60.8 28.1 8.55 -8.73 0 0.32 E 10.9
LI SN SN NN NN N NN NN NN NN EEEEEEEEEN

Table 1: Asymmetry contributions from all processes for all the 18 measurements. Sector ID, O=closed, 1=transition, 2=open.

11
% is negative due to a negative measured asymmetry A,,. “0” indicates the ratio is less than 0.05%.



Asymmetries in 6 rings

ring number % A --ﬁ”“"':’;l‘:‘l"'“""*'f -f"“""”fi::‘l'-’-‘“"'”-*”f --ﬁ’f-‘f"*""!-*f;‘:‘lvr"f"-’-f-fffff fea r-:msr;z:-lemcf.mfc fea .-.,r.r.m-'c.-.asr;z:-l-:,q.-q.-msf.:.-.m.-: _f;,,q.-,.-,r._,ms,;frﬂ:ll,,ql-,.-m,,m,,.-: __fr",.-,;l ,:.Ir",.-,,,
(%) | (ppb) (%) (%) (%) (%) (%) (%0) (o)
1 3.05 | -78.69 0 79.9 28.6 -9.66 0 1.12 0
2 1.09 | -103.1 0 65.3 441 -11.3 0 1.83 0.05
3 1.68 | -91.15 1.12 50.3 54.3 -8.25 0 1.34 1.13
4 3.06 | -44.73 33.5 37.8 28.3 -7.33 0 0.63 7.04
5 1.61 | -34.26 88.2 6.61 3.56 -1.47 0 0.09 2.98
6 7.24 | -13.28 57.5 25.3 8.40 -7.47 0 0.30 15.9

Table 2: Asymmetry contributions from all processes for 6 rings. “0” indicates the ratio is less than 0.05%.
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Extracting 4 asymmetries

Overall analysis (ring 5, open sector):

Expected A (ppb) Delta_A (ppb) Delta_A / A

Moller -35.196 0.628(0.09) 1.78%(0.26%)
Ep-elastic -19.67 0.959 (0.1) 4.9%(0.5%)
Ep-inelastic -415.435 16.515(7.3) 4.0%(1.8%)
eAl-elastic 297.3 63.45(20.3) 21.3%(6.8%)

\

Sys. Error due to subtracting eAl quasielastic, eAl inelastic and pim DIS before overall fitting
(assuming 100% uncertainty on eAl asymmetry, 10% on pim )
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Sys. Uncertainties for ring 5, open sector

Could be reduced by additional inputs from Qweak measurement

Moller 0.91 (stat.) 2.76%
ep-elastic 0.14(sys.) 043%'(004%)
ep-inelastic 0.056 (sys.) 0.17%§ (0.08%)
eAl-elastic 0.16 (sys.) 048%(015%) _____
eAl-quasielastic ~0 ~0

eAl-inelastic 0.038(sys.) 0.1%

Pim 0.086(sys.) 0.26%

Additional sys. Error due to subtracting eAl quasielastic, eAl inelastic and pim DIS
before overall fitting (assuming 100% uncertainty on eAl, 10% on pim )
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Sys. Uncertainties for all sectors in ring 5

Processes Error (ppb) Normalized | Error (ppb) Normalized | Error (ppb) Normalized

to 33 ppb to 33 ppb to 33 ppb

(%) (%) (%)
Moller 0.91 (stat.) 2.76 0.989(stat.) 3 1.65(stat.) 5 1.88
ep-elastic 0.14(sys.) 0.43 (0.04) 0.11(sys.) 0.33(0.035) 0.093(sys.) 0.28(0.029) 0.37(0.036)*

ep-inelastic 0.056 (sys.) 0.17 (0.08) 0.054(sys.) 0.16(0.07) 0.052(sys.) 0.16(0.07) 0.16(0.07)

eAl-elastic 0.16 (sys.) 0.48(0.15) 0.096(sys.) 0.29(0.09) 0.061(sys.) 0.19(0.06) 0.36(0.1)*

eAl-quasi ~0(sys.) ~0 ~0(sys.) ~0 ~0(sys.) ~0 ~0
eAl-inela 0.038(sys.) 0.1 0.031(sys.) 0.09 0.027 0.08 0.09

pim 0.086(sys.) 0.26 0.138(sys.) 0.4 0.148 0.4 0.33



Decompose ep-inelastic into 3 parts
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Extracting 6 asymmetries

Overall analysis (ring 5, open sector):

Expected A (ppb) Delta_A (ppb) Delta_A/ |A]

Moller -35.196 0.64(0.1) 1.82%(0.29%)
ep-elastic -19.67 1.817(0.32) 9.24%(1.6%)
ep-inelastic (range 1) -439.94 80.6(28.7) 18.3%(6.5%)
ep-inelastic (range 2) -433.96 38.3(17.9) 8.8%(4.1%)

ep-inelastic (range 3) -384.59 91.5(33.5) 23.8%(8.7%)

eAl-elastic 297.27 83.01(21.0) 27.9%(7%)
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Svs. Uncertainties for ring 5

Error (ppb)

Processes

Normalized

to 33 ppb

Error (ppb)

Normalized
to 33 ppb

Error (ppb)

Normalized
to 33 ppb

Moller 0.91 (stat.)

ep-elastic 0.27(sys.)
ep-inelastic (1) 0.07(sys.)

ep-inelastic(2) 0.04(sys.)

ep-inelastic(3) 0.13 (sys.)

eAl-elastic 0.21 (sys.)
eAl-quasi 0
eAl-inela 0.038(sys.)

pim 0.086(sys.)

(%)
2.76

0.8 (0.14)

0.22(0.08)

0.13(0.06)

0.38 (0.14)

0.6 (0.16)

0.1

0.26

0.989(stat.)

0.21(sys.)

0.072(sys.)

0.041(sys.)

0.12(sys.)

0.13(sys.)

0.031

0.139

(%)

0.64(0.11)

0.22(0.08)

0.12(0.06)

0.35(0.13)

0.38(0.1)

0.09

0.42

1.65(stat.)

0.176(sys.)

0.07(sys.)

0.043(sys.)

0.11(sys.)

0.08(sys.)

0.027

0.148

(%)

0.53(0.09)

0.21(0.08)

0.13(0.06)

0.33(0.12)

0.24(0.06)

0.08

0.45

1.88

0.7(0.12) *

0.22(0.08)

0.13(0.06)

0.36(0.13)

0.46(0.12) *

0.09

0.33



Probing scale coverage for eAl elastic process
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Summaries for the systematic uncertainties

Extracting 4 asymmetries Extracting 6 asymmetries
- -
Moller (stat.) 1.88
Moller (stat.) 1.88
ep-elastic (sys.) 0.7(0.12) *

ep-elastic(sys) 0.37(0.036)*

ep-inelastic (1) (sys.) 0.22(0.08)

ep-inelastic 0.16(0.07)
(sys)
eAl-elastic(sys) 0.36(0.1)*

ep-inelastic(2) (sys.) 0.13(0.06)

ep-inelastic(3) (sys.) 0.36(0.13)

eAl-quasi(sys) ~0 eAl-elastic (sys.) 0.46(0.12) *
eAl-inela (sys) 0.09 eAl-quasi (sys.) 0
Pim (sys) 0.33 eAl-inela (sys.) 0.09

Pim (sys.) 0.33

*: can be reduced by additional inputs



Discussions

* For the above study, the pion rates are from Wiser calculations

»The rate is believed to be higher than the realistic rate
» Rakitha did some dedicated study on Pion rate (comments from Rakitha???)
»Need efforts to put in our framework and update the numbers

* The current study doesn’t segment Moller ring into more quartz tiles
»With more quartz tiles, the correlations between different processes can be reduced

* To combine the individual systematic uncertainties, taking into account
correlations of different sources will yield a smaller number given in our
write-up

»In the write-up, we just give a boundary by linear summation of all the numbers



Backups



Asymmetry contributions in all 18 quartz tiles

y ; ) ] | ]
. _ 74 J T 1"|=i-""1i||1"Ji- -'f!’rrc'|'.a.cffr"lﬂ*gxw'.i.-:n"f -'r!’l"frm'.isrf: !J’"i'rm'.isff: Teinelastic” epinelastic | “epmelstic epineestic | . -'fc'fJ1|'|1|'|'|T."u:c'|'|!.'ifffﬁc'ﬁI';fil'uirifc'l'll:ifff FoimPApim
ring number | wctor [D Ay c ' T L — ' — ' — . T

A Apy A A Ay A Apy Ay Ay

(% | (ppb) (%) (%) (%) (%) (%) (%) (%) (%) (%)
l 997 | -2821 0.16 BLA 190 I 0 L0 0 0.23
l l 255 | -IR2 0 717 %7 155 0 3.2 0 087
l 2 504 | 5092 0 837 U4 310 0 -146 0 1.3
? 230 | 422 0 25 36 265 0 250 0 177 01
2 118 | -2038 0 56.7 8 0l 0 55 0 .79 0.06
2 2 |88 | -6851 0 7l 44 148 0 -163 0 1.§7 0
3 35 -288.7 07 380 1.6 127 120 3.5 0 121 294
3 1 183 | -1760 0.0k 5] [8.5 K 521 -3 0 141 .28
3 2 294 | -4001 219 56.7 150 319 N -105 0 .29 075
! 672 | -1344 338 i18 128 136 180 i 0 076 149
! 1 383 | W87 491 183 108 158 146 -4.02 0 (.82 127
4 2 440 | -8B 497 26 548 10l 517 JH 0 052 360
5 {74 ] -3ls 873 5.4b 108 1.3 1.9 82 0 (.08 14
5 l 257 | 300 &0 5.05 102 1.20 1.28 L7 0 0.08 360
5 2 19 | -MA B&6 742 1.01 1.20 .Y 1§ 0 010 217
f 29 | -5 429 117 692 13 117 248 i 0.30 36.2
b 1 [12 | -1692 5.8 n4 132 281 7 59 0 0y 219
b 2 991 | -1147 08 282 241 126 18 473 0 032 09

Table 3: Asymmetry contributions from all processes (ep-inelastic into 3 processes) for all the 18 quartz. Sector ID, 0=closed,
|=transition, 2=open. = is negative due to a negative measured asymmetry A,,. “0” indicates the ratio is less than 0.05%



Asymmetry contributions in 6 rings

, A ] fl ! i) 3 : .
T TocllrAmallr | epelastc”epelati *rrpfrn'fu;:rffA¢';afrr¢'|'|a;:rff eoinlestc” epnelastic | epinlatc emndastic | fogpoticAe ALt J'm|'qu.-:ff|'rrsri'r’d'fA|'qim.-:fm'ﬂsri'r TollelasticAeAlinelastic fpfrn’d'g!frn

Tifg number T n I I A A A Ap Ap A A
(*) Ipph I (") (") (") (") (%) (") (") (") (%)

l 305 | 786 0 799 5l 3y 0 566 0 L12 0
2 10 | -l 0 653 263 177 0 13 0 .83 (105
3 168 | 915 .12 a3 |66 32 443 5.2 0 k! 113
! 0 | 47 335 74 754 120 840 -3 0 063 T
5 L6l | -2 B2 bl 103 1.2 131 14 0 009 298
b LSRN Al 53 2nd 3R 271 74 0 030 159

able 4: Asymmetry contributions from all processes (ep-inelastic into 3 processes) for 6 rings, “0” indicates the ratio is less
Table 4: Asymmetry contributions from all processes (ep-inelastic info 3 processes) for b rings. “0" indicates the ratio is less
than 0.05%
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Combination of data in Moller ring

» Data for different phi sectors are combined by statistical errors of Moller
projections:

1 1 1 1
S == t=Zt+t=
o o 02 o3

» Systematic errors due to contaminations are considered to be fully correlated,

since their estimations are from the same source

da da da
21_|_ 22_|_ 23
01 0O O3
1 n 1 n 1
of o5 o3

da =

moller stat: 1.88%
ep-elastic sys: 0.37%

ep-inelastic sys: 0.16%
eAl-elastic sys: 0.36%




Extracting Moller and ep-inelastic(3) asymmetries
---assuming well known of ep-elastic and eAl-elastic

Will be a constant while doing differential to chi2 to get error matrix,
Now error matrix becomes 4 x 4

] 1 4l 1 I 1 ]
IIL-‘fl'rrr _frz'fﬂt’t' —J

_ | i 7
2 't’II'.J—Effi&ffl’.‘ﬂfp—r:'fﬂsff[' -'rfp—a'rm'.r;:-:ii".:'ﬂr?p—:':rf.!'ﬂ:ah'.:' "iFl-[’.-"L!I—E'If!.&iff[‘ﬂr.’ﬂ!—ﬂlﬂﬁﬂ'{' )
=),
g i
Ay

, -35.19 ppb
epinelastic 1: -439.9 ppb

epinelastic 2 : -434.0 ppb
epinelastic 3: -384.6 ppb
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