LHOX-End RxPD and
TxPD Calibration Trends

Table of Contents

ADOUL ..o 1
WS/TX Ratio when WSisat TX (Inner BEam) .......couuiiiiiiiiiii e 2
WS/TX Ratio when WSis at TX (OUter BEam) .......ooovviiiiiiiiiieeiii e 3
WS/TX Ratio when WS isat RX (INNEF BEAM) .....oeuiiiiiiiiiie e 4
WS/TX Ratio when WS is a RX (OULEr BEAIM) .....ccovuiiiiiiiiieiiiii ettt 5
RX/TX Ratio (INNEF BEAM) ...ttt e et e et a e e eenas 6
RX/TX Ratio (OULEr BEEIM) ....ceeitiieeiiii ettt ettt e e et e e e et e e ean e eeees 7
Optical Efficiency of INNEr BEAIM ........iiuiiii et e e 8
Optical Efficiency Of OULEr BEAIM ..........iiiuniiiiiii e e et e e e eens 9
Total Optical EffICIENCY ...oieeieie e et e e 11
TXIWS RELIO ...ttt e e et e e e 12
RXIWS RELIO ...ttt ettt e e et e e e et e e e ane s 13
TX/WS Ratio (COrrected fOr OE) .......iiuuiiiiiiii et e e e e e e anas 14
RX/WS Ratio (COrrected fOr OF) .......oiiuuiiiiieii ettt ea e ean s 15
POWEN TMBEIAINCE ...t 16
SUMIMEIY ettt et ettt et ettt et et e et e et e e ea et ea et e et e e eaneeaneen e en e eeneeannas 17

About

This document contains the Pcal PD (TxPD and RxPD) Calibration trends. The first six sections contain
the six ratios measured at the end-station labeled as m1, m2 ...... m6. The section that follows contains
the relevant information calculated from these measurements which include Optical Efficiency, Power
Imbalance, TX/WS and RX/WSratio.

Under standing Each Section

Each section contains alist of measurements with Magnitude, Standard Error (Std Err) and Relative Error
(Rel Err) for each measurement. The list is followed by two plot figures with Magnitude on the first plot
and the the Normalized Magnitude on the second. Each section ends with a summary that contains the
weighted mean of al the measurement along with their Standard Deviation (Std Dev), Std Err and Rel
Err where each of

Mean = sun(x(i)*w(i))/sum(w(i))

Std Dev = sqrt(sum{w(i)*(x(i)-x_mean)”2)/((n-1)/n*sumwi))))
Std Err = Std Dev/sqrt(n)
Rel Err = Std Err/Mean

Report created on 08-Nov-2016




LHOX-End RxPD and Tx-

PD Cadlibration Trends

WS/TX Ratio when WS is at TX (Inner Beam)

List of Measurements

Dat e m. £ SE {ml} Nor mal i zed
D20150804 - 0. 158554 + 0. 000007 (1 £ 0.000042)
D20150827 -0. 158839 + 0. 000004 (1 £ 0.000028)
D20151013 -0. 158837 = 0. 000005 (1 £ 0.000032)
D20160108 -0. 157751 = 0. 000005 (1 £ 0.000035)
D20160505 -0. 158272 + 0. 000005 (1 £ 0.000034)
D20160628 -0. 158053 = 0. 000005 (1 £ 0.000033)
D20160922 - 0. 157555 = 0. 000009 (1 £ 0.000060)
D20161108 -0.141888 = 0. 000005 (1 £ 0.000035)

WETH when WS is at T (Inner beam) [m1]
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hMeasurement #s
Sunmary of WS/ TX when W5 is at TX (I nner beam) [ml]:
Mean val ue: - 0. 155860
St andard devi ati on: 0. 006355
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Standard Error:
Rel ati ve Standard Error:

0. 002396
0. 015374

WS/TX Ratio when WS is at TX (Outer Beam)

List of Measurements
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heasurement #5

Dat e n2 + SE {nR} Nor mal i zed
D20150804 -0. 158016 + 0. 000004 (1 £ 0.000027)
D20150827 -0. 158288 + 0. 000004 (1 £ 0.000028)
D20151013 - 0. 158597 + 0. 000005 (1 £ 0.000030)
D20160108 -0. 159262 + 0. 000005 (1 £ 0.000029)
D20160505 -0. 158328 + 0. 000005 (1 £ 0.000033)
D20160628 -0. 157681 + 0. 000005 (1 £ 0.000032)
D20160922 -0. 158094 + 0. 000010 (1 £ 0.000062)
D20161108 - 0. 142053 + 0. 000005 (1 £ 0.000034)

WS when W is at TH (Outer Beam) [mZ)
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LHOX-End RxPD and Tx-
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Sunmary of WS/ TX when W5 is at TX (CQuter

Beam) [nR]:
-0. 156248

Mean val ue:
St andard devi ati on:

St andard Error:
Rel ative Standard Error:

0. 005864
0. 002211
0. 014151

WS/TX Ratio when WS is at RX (Inner Beam)

List of Measurements

Dat e

D20150804

D20150827

D20151013

D20160108

D20160505

D20160628

D20160922

D20161108

n8 + SE_{n8}
-0.156120 + O.
-0.156101 + O.
-0. 154453 + 0
-0.141148 + 0
-0.132887 + 0
-0.123153 + 0
-0.155734 + 0
-0.140186 + 0

000006

000005

. 000005

. 000008

. 000011

. 000009

. 000009

. 000004

Nor mal i

(1
(1
(1
(1
(1
(1
(1

(1

I+

I+

I+

I+

I+

I+

I+

I+

zed

. 000039)
.000032)
.000034)
. 000057)
.000081)
.000073)
. 000060)

.000032)




LHOX-End RxPD and Tx-
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WETH when WS is at RX (Inner Beam) [m3)]
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heasurement #s
Sunmary of WS/ TX when W5 is at RX (I nner Bean) [nB]:
Mean val ue: -0. 147657
St andard devi ati on: 0. 010655
St andard Error: 0. 004018
Rel ati ve Standard Error: 0. 027211

WS/TX Ratio when WS is at RX (Outer Beam)

List of Measurements

Dat e
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PD Cadlibration Trends

D20161108 -0.139772 = 0. 000005 (1 + 0.000036)

WETH when WS is at R¥ (Outer Beam) [md]
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keasurement #s

Summary of WS/ TX when W5 is at RX (Quter Beam) [md]:
Mean val ue: -0.144714
St andard devi ati on: 0.017560
Standard Error: 0. 006621
Rel ati ve Standard Error: 0. 045755

RX/TX Ratio (Inner Beam)

List of Measurements

Dat e nb + SE {nb} Nor mal i zed
D20150804 0.628735 + 0.000004 (1 = 0.000006)
D20150827 0.627025 + 0. 000003 (1 = 0.000005)
D20151013 0.620693 + 0. 000007 (1 = 0.000011)
D20160108 0.570708 + 0.000023 (1 = 0.000040)
D20160505 0.533749 + 0.000043 (1 = 0.000080)




LHOX-End RxPD and Tx-

PD Cadlibration Trends
D20160628 0.487934 + 0.000054 (1 £ 0.000112)
D20160922 0.627214 + 0.000006 (1 £ 0.000010)
D20161108 0.628219 = 0.000003 (1 £ 0.000005)
R¥/TH (Inner Beam) [ma]
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keasurement #s
Summary of RX/ TX (I nner Bean) [nb]:
Mean val ue: 0. 626691
St andard devi ati on: 0. 008198
St andard Error: 0. 003091
Rel ative Standard Error: 0. 004933

RX/TX Ratio (Outer Beam)

List of Measurements

Dat e ne + SE_{nb}
D20150804 0. 623505 + 0. 000005
D20150827 0. 612750 + 0. 000015
D20151013 0.563327 + 0.000033
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LHOX-End RxPD and Tx-

PD Calibration Trends
D20160108 0. 429049 + 0. 000052 (1 + 0.000122)
D20160505 0.382774 + 0.000063 (1 + 0.000164)
D20160628 0. 278553 + 0.000088 (1 = 0.000315)
D20160922 0.628100 + 0.000003 (1 = 0.000005)
D20161108 0.626777 = 0.000003 (1 = 0.000005)
R¥/Tx (Quter Beam) [ma]
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keasurement #s

Sunmary of RX/ TX (Quter Beam) [nB]:
Mean val ue: 0. 625788
St andard devi ati on: 0. 014623
Standard Error: 0. 005514
Rel ati ve Standard Error: 0. 008811

Optical Efficiency of Inner Beam

List of Measurements
Dat e e i + SE{e i} Nor mal i zed

D20150804 0. 984647 + 0.000058 (1 + 0.000058)




LHOX-End RxPD and Tx-

PD Cadlibration Trends
D20150827 0.982762 = 0.000043 (1 £ 0.000043)
D20151013 0.972403 = 0.000046 (1 £ 0.000048)
D20160108 0.894753 = 0. 000066 (1 £ 0.000074)
D20160505 0. 839608 = 0.000088 (1 £ 0.000105)
D20160628 0.779192 + 0.000080 (1 £ 0.000103)
D20160922 0.988443 + 0.000085 (1 £ 0.000086)
D20161108 0.988001 = 0.000047 (1 £ 0.000048)
Optical Efficiency (Inner Beam)
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keasurement #s
Summary of Optical Efficiency (lnner Beanj:
Mean val ue: 0. 953230
St andard devi ati on: 0. 064648
St andard Error: 0. 024377
Rel ative Standard Error: 0. 025573

Optical Efficiency of Outer Beam

List of Measurements
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Dat e e 0 + SE {e_o} Nor mal i zed
D20150804 0. 980522 + 0. 000046 (1 + 0.000047)
D20150827 0.967879 = 0.000042 (1 + 0.000043)
D20151013 0. 887079 = 0.000074 (1 + 0.000083)
D20160108 0.673740 + 0.000130 (1 + 0.000193)
D20160505 0.611689 + 0.000184 (1 + 0.000301)
D20160628 0. 456880 = 0. 000255 (1 + 0.000557)
D20160922 0.986835 + 0.000087 (1 + 0.000088)
D20161108 0.983944 + 0. 000050 (1 + 0.000051)
Optical Efficiency (Outer Bearm)
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beasurement #3
Summary of Optical Efficiency (Quter Beanj:
Mean val ue: 0. 948670
St andard devi ati on: 0. 091498
Standard Error: 0. 034502
Rel ative Standard Error: 0. 036368

10
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Total Optical Efficiency

List of Measurements

Dat e e + SE {e} Nor mal i zed
D20150804 0.982588 + 0.000036 (1 = 0.000037)
D20150827 0.975333 + 0. 000029 (1 = 0.000030)
D20151013 0.929774 + 0. 000040 (1 + 0.000043)
D20160108 0.783720 + 0. 000053 (1 = 0.000067)
D20160505 0.725628 + 0.000067 (1 + 0.000093)
D20160628 0.618226 + 0.000066 (1 + 0.000106)
D20160922 0.987638 + 0. 000060 (1 + 0.000061)
D20161108 0.985971 + 0. 000034 (1 = 0.000034)

Total COptical Efficiency
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Summary of Total Optical Efficiency:
Mean val ue: 0.927445
St andard devi ati on: 0. 109459
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TX/WS Ratio

List of Measurements

-3
-3z

[ak}

3 -335

‘=

=34

=
-35
-36
115

(k]

=

= 11

fay]

-

= 105

~

z 1

=

=
0.95

Standard Error:
Rel ati ve Standard Error:

0. 041274
0. 044503

heasurement #5

Dat e R TWz+ SE {R TW Nor nal i zed
D20150804 - 3. 158856 = 0. 000008 (1 £ 0.000003)
D20150827 - 3. 153314 = 0. 000006 (1 £ 0.000002)
D20151013 - 3. 150260 = 0. 000007 (1 £ 0.000002)
D20160108 - 3. 154444 + 0. 000007 (1 £ 0.000002)
D20160505 - 3. 158561 = 0. 000008 (1 £ 0.000002)
D20160628 -3.167227 = 0. 000007 (1 £ 0.000002)
D20160922 -3.168082 = 0.000014 (1 £ 0.000004)
D20161108 -3.521857 = 0. 000007 (1 £ 0.000002)

TH/WS Ratio
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LHOX-End RxPD and Tx-
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Sunmary of

RX/WS Ratio

List of Measurements

Dat e
D20150804
D20150827
D20151013
D20160108
D20160505
D20160628
D20160922

D20161108

TX/' W5 Rati o:

Mean val ue:
St andard devi ati on:

St andard Error:
Rel ative Standard Error:
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RxANE Ratio
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heasurement #s

Sunmary of RX/WS Rati o:
Mean val ue: -4.132950
St andard devi ati on: 0. 216386
St andard Error: 0. 081594
Rel ati ve Standard Error: 0.019742

TX/WS Ratio (Corrected for OE)

List of Measurements

Dat e R TW + SE {R Tw} Nor mal i zed
D20150804 -3.186598 + 0.000059 (1 + 0.000018)
D20150827 -3.192691 + 0.000047 (1 + 0.000015)
D20151013 -3.264901 + 0.000069 (1 + 0.000021)
D20160108 -3.536928 + 0.000108 (1 + 0.000031)
D20160505 -3.660766 + 0.000147 (1 + 0.000040)
D20160628 -3.914444 + 0.000165 (1 + 0.000042)
D20160922 -3.187786 + 0.000097 (1 + 0.000030)
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PD Cadlibration Trends

D20161108 -3.546735 + 0. 000061 (1 £ 0.000017)
THAWS Ratio (Corrected for OE)
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keasurement #s
Sunmary of TX/WS Ratio (Corrected for OF)
Mean val ue: -3.317500
St andard devi ati on: 0. 197946
St andard Error: 0. 074641
Rel ative Standard Error: 0. 022499

RX/WS Ratio (Corrected for OE)

List of Measurements

Dat e

D20150804

D20150827

D20151013

D20160108

D20160505

R RW + SE {R RW}

. 990379

. 958141

. 865381
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. 350941
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0. 000076

0. 000077

0. 000143

0. 000260

0. 000347
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I+

I+

I+

I+

Nor mal i zed
0. 000019)
0. 000019)
0. 000037)
0. 000073)

0. 000104)
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LHOX-End RxPD and Tx-

PD Cadlibration Trends
D20160628 -2.990824 + 0.000536 (1 £ 0.000179)
D20160922 -4.001674 + 0.000123 (1 £ 0.000031)
D20161108 -4.451140 + 0.000078 (1 £ 0.000018)
R#AWS Ratio (Corrected for OE)
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1] 1 z 3 4 a ] 7 a |
keasurement #s
Sunmary of RX/WS Ratio (Corrected for OF):
Mean val ue: -4.066139
St andard devi ati on: 0.272486
St andard Error: 0. 102747
Rel ative Standard Error: 0. 025269
Power Imbalance
List of Measurements
D20150804 1.003523 + 0. 000051 (1 £ 0.000051)
D20150827 1.003430 + 0.000040 (1 £ 0.000040)
D20151013 1.001645 + 0.000043 (1 £ 0.000043)
D20160108 0. 990394 + 0.000045 (1 £ 0.000045)
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LHOX-End RxPD and Tx-

PD Cadlibration Trends
D20160505 0.999665 + 0.000048 (1 £ 0.000048)
D20160628 1. 002389 = 0. 000046 (1 £ 0.000046)
D20160922 0.996618 + 0.000047 (1 £ 0.000047)
D20161108 0.998610 + 0.000049 (1 £ 0.000049)
Fower Imbalance
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keasurement #s

Sunmary of Power | nbal ance:
Mean val ue: 0. 999601
St andard devi ati on: 0. 004492
Standard Error: 0. 001694
Rel ati ve Standard Error: 0. 001695

Summary

Description Val ue Std Dev Std Err Rel Err:
CE (e) 0.9274 0.1095 0. 0413 0. 0445
TXI' W5 (ala2) -3. 3175 0.1979 0. 0746 0. 0225
RX/ WS (blb2) -4.0661 0.2725 0.1027 0. 0253
W (a5) 1. 0000 ---- ---- 0. 0209
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LHOX-End RxPD and Tx-
PD Cadlibration Trends
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