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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
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LHOY-End RxPD and Tx-
PD Cadlibration Trends

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

List of Measurements

Dat e nm + SE {ml} Nor mal i zed
D20150811 -0.180846 + 0.000008 (1 + 0.000044)
D20150827 -0.180614 + 0.000007 (1 + 0.000037)
D20151013 -0.180474 + 0.000006 (1 + 0.000034)
D20151222 -0. 180696 + 0.000008 (1 + 0.000044)
D20160505 -0.178817 + 0.000008 (1 + 0.000043)
D20160628 -0.178884 + 0.000007 (1 + 0.000041)
D20160927 -0.179158 + 0.000008 (1 + 0.000046)
D20161011 -0.179883 + 0.000010 (1 + 0.000054)
D20161031 -0. 181175 + 0. 000007 (1 + 0.000040)
D20161109 -0.162027 + 0.000016 (1 + 0.000102)
D20170117 -0.161686 = 0.000024 (1 + 0.000146)




LHOY-End RxPD and Tx-

PD Cadlibration Trends

WEMH when W5 is at TX (Inner beam) [m1]
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heasurement #s
Sunmary of WS/ TX when W5 is at TX (I nner beanm) [ml]:
Mean val ue: -0. 179508
St andard devi ati on: 0. 003529
St andard Error: 0. 001115
Rel ati ve Standard Error: 0. 006210

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

List of Measurements

Dat e
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LHOY-End RxPD and Tx-

PD Cdlibration Trends
D20161011 -0.181887 = 0. 000010 (1 £ 0.000053)
D20161031 -0. 183163 + 0. 000008 (1 £ 0.000041)
D20161109 -0. 163651 + 0.000015 (1 £ 0.000094)
D20170117 -0. 165437 = 0. 000024 (1 £ 0.000142)
WETH when WS is at TH (Quter Beam) [mE]
_|:|1 E T T T T T T T T T T T
S01ES k.. .. . ....... SET e fe SO ....... b U b T *_ ..... i
@ A T T
E 017 F------ ....... ....... . ...... ._ ....... ....... ....... ....... ....... SERRRRE ...... .
= : : : : : 3 : 3 : : :
=-navaEe ERERREE P ....... e B e SRR e e P .
= L
0i1ak - B Lo P e heees ERTRTRRIRTRPES . e Lo P
: : : : - ; : + - : :
-0.1&5 + T T+ 4 1 t + 1 1 1 i
1] 1 b | 4 a ] 7 d 3 10 11 12
1':'5 T T T T T T T T T T T
@ : : : : f : 3 : 3 : 3
= : :
_-E 1k + e by SR, & ST, + ..... - +.o. FURRERY S i
] . .
= RTINS ST U U S SRS SO
= DEE_ ...... ....... ....... ..- ....... ....... . ...... ._ ....... ....... ....... . ..... -
3 L
f_E'ﬁ gk ... U TRCRTREIOYY SRR e RN TR L e FERTERS + .
= : : . .
DBE | | | | | | | | | |

: :
1] 1 i 3 4 5 G 7 a 9 10 11 12
keasurement #s

Summary of WS/ TX when W5 is at TX (Quter Beam) [nR]:
Mean val ue: -0.183124
St andard devi ati on: 0. 003679
Standard Error: 0. 001162
Rel ati ve Standard Error: 0. 006346

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

List of Measurements

Dat e n8 + SE {nB} Nor mal i zed
D20150811 -0.179002 = 0.000008 (1 £ 0.000043)
D20150827 -0.176861 = 0.000006 (1 £ 0.000036)




LHOY-End RxPD and Tx-

PD Cdlibration Trends
D20151013 -0.178931 + 0. 000006 (1 + 0.000035)
D20151222 -0.179098 + 0. 000007 (1 + 0.000037)
D20160505 -0.177402 + 0. 000008 (1 + 0.000043)
D20160628 -0.177210 = 0. 000008 (1 + 0.000043)
D20160927 -0.178050 + 0.000008 (1 + 0.000046)
D20161011 -0.177663 £+ 0. 000009 (1 + 0.000050)
D20161031 -0.179651 + 0. 000008 (1 + 0.000044)
D20161109 -0.160833 + 0. 000019 (1 + 0.000120)
D20170117 -0.157927 + 0.000018 (1 + 0.000114)
WESTH when W3 is at R¥ (Inner Beam) [ma)
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keasurement #s

Summary of WS/ TX when W5 is at RX (lnner Beam) [nB]:

Mean val ue:

St andard devi ati on:

St andard Error:

Rel ative Standard Error:

-0. 177597
0. 003702
0. 001169
0. 006583




LHOY-End RxPD and Tx-
PD Cadlibration Trends

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

List of Measurements

Dat e m + SE {m} Nor mal i zed
D20150811 -0.181381 + 0.000008 (1 + 0.000046)
D20150827 -0. 181640 + 0.000006 (1 + 0.000031)
D20151013 -0.181781 + 0.000006 (1 + 0.000034)
D20151222 -0. 182083 + 0.000006 (1 + 0.000031)
D20160505 -0. 180668 + 0.000007 (1 + 0.000040)
D20160628 -0. 180940 + 0.000007 (1 + 0.000040)
D20160927 -0.182118 + 0.000009 (1 + 0.000048)
D20161011 -0.179869 + 0.000008 (1 + 0.000046)
D20161031 -0. 180443 + 0.000008 (1 + 0.000045)
D20161109 -0.161159 + 0.000019 (1 + 0.000118)
D20170117 -0. 159364 + 0.000157 (1 + 0.000983)




LHOY-End RxPD and Tx-

PD Cadlibration Trends

-0.14

WEME when Wa is at R (Outer Beam) [md]
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heasurement #s
Sunmary of WS/ TX when W5 is at RX (Quter Bean) [m4]:
Mean val ue: -0.181043
St andard devi ati on: 0. 002671
St andard Error: 0. 000844
Rel ati ve Standard Error: 0. 004660

RX/TX Ratio (Inner Beam)

List of Measurements

Dat e
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LHOY-End RxPD and Tx-

PD Calibration Trends
D20161011 0. 715926 = 0. 000004 (1 £ 0.000006)
D20161031 0.721892 = 0. 000003 (1 £ 0.000004)
D20161109 0. 722016 = 0. 000003 (1 £ 0.000004)
D20170117 0. 716968 = 0. 000002 (1 £ 0.000003)
R¥/TH (Inner Beam) [ma]
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Summary of RX/ TX (I nner Bean) [nb]:

Mean val ue: 0. 717157
St andard devi ati on: 0. 002284
St andard Error: 0. 000721
Rel ative Standard Error: 0. 001006
RX/TX Ratio (Outer Beam)
List of Measurements
Dat e n6 + SE {n6} Nor mal i zed
D20150811 0. 726657 + 0. 000003 (1 + 0.000004)
D20150827 0. 726468 + 0. 000002 (1 + 0.000003)




LHOY-End RxPD and Tx-

Summary of RX/ TX (CQuter

keasurement #s

Beam) [nbB]:

Mean val ue:
St andard devi ati on:
St andard Error:
Rel ative Standard Error:

PD Cdlibration Trends
D20151013 0. 727582 = 0. 000002 (1 £ 0.000003)
D20151222 0.728972 = 0. 000002 (1 £ 0.000003)
D20160505 0. 730960 = 0. 000002 (1 £ 0.000003)
D20160628 0. 732089 = 0. 000003 (1 £ 0.000004)
D20160927 0. 732393 = 0. 000002 (1 £ 0.000003)
D20161011 0. 726292 = 0. 000003 (1 £ 0.000004)
D20161031 0. 725420 = 0. 000002 (1 £ 0.000003)
D20161109 0. 724600 = 0. 000002 (1 £ 0.000003)
D20170117 0. 731319 = 0. 000005 (1 £ 0.000007)
R/ (Quter Bearm) [mA]
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LHOY-End RxPD and Tx-
PD Cadlibration Trends

Optical Efficiency of Inner Beam

List of Measurements

Dat e e i + SE{e i} Nor mal i zed
D20150811 0.989808 + 0. 000062 (1 + 0.000062)
D20150827 0.979224 + 0. 000052 (1 + 0.000053)
D20151013 0.991448 + 0. 000049 (1 = 0.000049)
D20151222 0.991154 + 0. 000057 (1 = 0.000058)
D20160505 0.992086 + 0.000061 (1 + 0.000061)
D20160628 0.990643 + 0. 000059 (1 + 0.000060)
D20160927 0.993815 + 0. 000065 (1 = 0.000065)
D20161011 0.987658 + 0.000074 (1 = 0.000075)
D20161031 0.991589 + 0. 000060 (1 + 0.000060)
D20161109 0.992628 + 0.000157 (1 + 0.000158)
D20170117 0.976747 + 0.000185 (1 = 0.000190)

10



LHOY-End RxPD and Tx-
PD Cadlibration Trends

COptical Efficiency {Inner Beam)
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heasurement #s
Sunmary of Optical Efficiency (lnner Beam:
Mean val ue: 0. 989362
St andard devi ati on: 0. 004759
St andard Error: 0. 001503
Rel ati ve Standard Error: 0. 001519

Optical Efficiency of Outer Beam

List of Measurements

Dat e

D20150811
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D20160505

D20160628
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LHOY-End RxPD and Tx-

PD Cadlibration Trends
D20161011 0. 988909 + 0. 000070 (1 + 0.000071)
D20161031 0. 985153 + 0. 000061 (1 + 0.000062)
D20161109 0.984771 + 0.000150 (1 + 0.000153)
D20170117 0. 963290 = 0.000993 (1 + 0.001031)
Optical Efficiency (Outer Bearm)
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beasurement #3
Summary of Optical Efficiency (Quter Beanj:
Mean val ue: 0.987230
St andard devi ati on: 0. 001344
Standard Error: 0. 000424
Rel ative Standard Error: 0. 000430
Total Optical Efficiency
List of Measurements
Dat e e + SE {e} Nor mal i zed
D20150811 0.988271 + 0.000043 (1 + 0.000043)
D20150827 0.983810 + 0. 000034 (1 + 0.000035)
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LHOY-End RxPD and Tx-

PD Cdlibration Trends
D20151013 0.989331 = 0.000034 (1 £ 0.000035)
D20151222 0. 989000 = 0.000035 (1 £ 0.000035)
D20160505 0. 989405 = 0. 000042 (1 £ 0.000043)
D20160628 0.988423 = 0.000041 (1 £ 0.000041)
D20160927 0.991746 = 0. 000046 (1 £ 0.000046)
D20161011 0.988287 = 0. 000050 (1 £ 0.000051)
D20161031 0. 988353 = 0.000042 (1 £ 0.000043)
D20161109 0.988680 = 0.000108 (1 £ 0.000109)
D20170117 0.969941 = 0. 000492 (1 £ 0.000507)
Total Optical Efficiency
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keasurement #s

Summary of Total Optical Efficiency:

Mean val ue: 0. 988292

St andard devi ati on: 0. 002240

St andard Error: 0. 000707

Rel ative Standard Error: 0. 000716
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LHOY-End RxPD and Tx-
PD Cadlibration Trends

TX/WS Ratio
List of Measurements
Dat e R TW+ SE {R TW Nor mal i zed
D20150811 -2.742279 = 0.000011 (1 £ 0.000004)
D20150827 -2.744228 + 0.000009 (1 = 0.000003)
D20151013 -2.742723 + 0. 000009 (1 = 0.000003)
D20151222 -2.738239 + 0.000009 (1 = 0.000003)
D20160505 -2.763161 + 0. 000011 (1 = 0.000004)
D20160628 -2.759803 + 0.000011 (1 = 0.000004)
D20160927 -2.753569 + 0.000011 (1 = 0.000004)
D20161011 -2.764191 + 0.000014 (1 = 0.000005)
D20161031 -2.744705 + 0.000010 (1 = 0.000004)
D20161109 -3.070510 + 0. 000023 (1 + 0.000007)
D20170117 -3.056948 + 0.000033 (1 + 0.000011)
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LHOY-End RxPD and Tx-

PD Cadlibration Trends
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= . : . : . : :
GJR: || TR O T e LR T e EERRE e .
= : : : : : : :
‘E” : : : : : : :
C I ............................. L .............. L ....... Lo .......
: : : : : PR
-3 ] i ] ] ] i ] ] ]
I} 1 & 3 4 o 5] i 9 10 11 17
1.2 T T T T T T T T !
Q : . : : : :
S 115k S U L e e S L i
Ej : E : : E : . :
T L. A S e e . oo .
= 1 E : : : : ; : :
E 105k .. TP SR TR AETERRS SRR T TER L RTRRN RN |
= : : : : : : :
g 1F - SETRTE SEERRES IR PRRRRE e [ PR -¢. ..... e P
Z : 3 : ; : : : : :
DEE 1 | 1 1 1 | 1 1
I} 1 & 3 4 o 4] 7 i 9 10 11 17
heasurement #s
Sunmary of TX/ WS Rati o:
Mean val ue: -2.759340
St andard devi ati on: 0. 060731
St andard Error: 0. 019182
Rel ati ve Standard Error: 0. 006952

RX/WS Ratio

List of Measurements

Dat e

D20150811

D20150827

D20151013

D20151222

D20160505

D20160628

D20160927

R RW+ SE {R RW

- 4.

004239

. 023526

. 000359

. 002816

. 044736

. 042655

. 019073

+

+

I+

I+

I+

I+

I+

0.

0.

000126

000096

. 000097

. 000096

. 000119

. 000118

. 000135

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

(1

Nor mal i zed

I+

I+

I+

I+
o

I+
o

I+
o

I+
o

0.

0.

0.

000032)
000024)

000024)

. 000024)
. 000029)
. 000029)

. 000033)
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LHOY-End RxPD and Tx-

PD Cdlibration Trends
D20161011 -4.033790 £ 0.000139 (1 + 0.000034)
D20161031 -4.019253 + 0. 000127 (1 + 0.000032)
D20161109 -4.492703 £ 0.000378 (1 + 0.000084)
D20170117 -4.564432 + 0.002271 (1 + 0.000497)
R¥/ WS Ratio
_38 I T T T T | T T T T I
N N e e _._ ...... - e G ST SERRRE FUTTTTE N i
=] : : : : : . : : : : .
= : : : : : : : : : : :
-"é' . e U e [ R e L S B e ERRTEES S ]
fay ] . . . : . . . . : . .
g S S
. N I ....... R CRRREE SEREREE L ....... e ERTRRES Lo .......
.
45 i ; i i I i ; i i i

12 T T T T T T T T T T T
2 L
L T T S PP L i
= : : : : : : : : : : +
& o11L...... e U UURRRE SURRR S R RS L T e i
= CoL L
E 105k ... e T TRTTTTEIITIS STRR b ] T L e b .
E 1k G - FTRERRS + ..... b by PO - T I
= . ;
= : : : : :

DEE 1 | | | 1 | | | | 1

1
1] 1 i 3 4 5 G 7 a 9 10 11 12
keasurement #s

Sunmary of RX/WS Rati o:
Mean val ue: -4.024058
St andard devi ati on: 0. 053010
Standard Error: 0.016743
Rel ative Standard Error: 0. 004161

TX/WS Ratio (Corrected for OE)

List of Measurements

Dat e R TW + SE {R TW} Nor mal i zed
D20150811 -2.758456 = 0.000060 (1 £ 0.000022)
D20150827 -2.766624 = 0.000048 (1 £ 0.000017)
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LHOY-End RxPD and Tx-

PD Cadlibration Trends
D20151013 -2.757433 £ 0.000048 (1 + 0.000017)
D20151222 -2.753383 £ 0.000048 (1 + 0.000018)
D20160505 -2.777877 £ 0.000059 (1 + 0.000021)
D20160628 -2.775872 £ 0.000058 (1 + 0.000021)
D20160927 -2.764980 + 0.000064 (1 + 0.000023)
D20161011 -2.780474 £ 0.000071 (1 + 0.000025)
D20161031 -2.760782 £ 0. 000059 (1 + 0.000021)
D20161109 -3.087988 + 0.000168 (1 + 0.000054)
D20170117 -3.103593 £+ 0. 000776 (1 + 0.000250)
THAWS Ratio (Corrected for OE)
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= | 5 5 L
G T [ ST ...................... ............................. .............. "." ...... +,. ......
_32 I | | I | 1 | | I I
1 1 e 3 4 Gl B 7 il m 11 12
12 T T T T T T T T T T
E 115k TERRRT SEP L FETPIPL AP SRR RRRRE U SO SR SRR i
= SR | 5 P+
(T ... e R, e e e A P .
£ M 5 ; 5
E 105k ... e T TRTTRTEIITIN VP RPTP P. TP VRR TR b .
= E : : ; E : E
g 1k + ..... + ...... + ..... + ..... e + ...... T * ................... .......
= : : : : : :
DEE 1 | | | | 1 | | | 1
1] 1 e 3 4 5 B 7 g 1 11 12
beasurement #5
Sunmary of TX/WS Ratio (Corrected for OF):

Mean val ue:
St andard devi ati on:

St andard Error:

Rel ative Standard Error:

-2.768883
0. 039101
0. 012350
0. 004460
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LHOY-End RxPD and Tx-
PD Cadlibration Trends

RX/WS Ratio (Corrected for OE)

List of Measurements

Dat e R R + SE { R RW} Nor mal i zed
D20150811 -3.980617 + 0.000087 (1 + 0.000022)
D20150827 -3.990691 + 0.000070 (1 + 0.000018)
D20151013 -3.978905 + 0.000069 (1 + 0.000017)
D20151222 -3.980678 + 0.000070 (1 + 0.000018)
D20160505 -4.023196 + 0.000086 (1 + 0.000021)
D20160628 -4.019117 + 0.000084 (1 + 0.000021)
D20160927 -4.002417 + 0.000092 (1 + 0.000023)
D20161011 -4.010027 + 0.000103 (1 + 0.000026)
D20161031 -3.995710 + 0.000086 (1 + 0.000022)
D20161109 -4.467129 = 0.000243 (1 + 0.000054)
D20170117 -4.494785 + 0.001126 (1 + 0.000251)
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LHOY-End RxPD and Tx-

PD Cadlibration Trends

1
=
]

RS Ratio (Corrected for OE)
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S 115k S e L L e TRRERTEINTNY L i
5 é R S S
[y L. e e e e e e e e e P e [ -
z : E : : : E ; :
E 105k .. T T . Gt TR L e b |
T : : : 5 : : : :
g 1F - ST RPN FERRER PORRR A + ...... IR -¢. ..... RN P e
=z : L Lo
DEE 1 1 | 1 1 1 1 | 1 1 1
I} 1 & 3 4 o 4] 7 i 9 10 11 17
heasurement #s
Sunmary of RX/WS Ratio (Corrected for OF):
Mean val ue: -4.001481
St andard devi ati on: 0. 058160
St andard Error: 0. 018370
Rel ati ve Standard Error: 0. 004591
Power Imbalance
List of Measurements
D20150811 0.983938 + 0. 000059 (1 + 0.000059)
D20150827 0.982844 + 0.000050 (1 + 0.000051)
D20151013 0.980135 + 0.000048 (1 + 0.000049)
D20151222 0.979459 + 0. 000051 (1 + 0.000052)
D20160505 0. 976585 + 0. 000060 (1 + 0.000062)
D20160628 0. 974999 + 0. 000057 (1 + 0.000059)
D20160927 0.973728 + 0. 000061 (1 + 0.000063)
D20161011 0.989087 + 0. 000075 (1 + 0.000075)
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LHOY-End RxPD and Tx-

PD Cadlibration Trends
D20161031 0.989175 = 0. 000057 (1 £ 0.000058)
D20161109 0. 990030 = 0.000137 (1 £ 0.000138)
D20170117 0.977093 = 0.000199 (1 £ 0.000204)
FPower Imbalance
1 T T T T T T T T T T T
@ 099 e SRR b SRR SRR RERN S SERRN o e i
2 S T S S R S S
S + . : : : : :
2 0EE L - SR R PR U SUUUS SR L SRR i
: + : : : *
. . - . . :
: : : - : :
097 i ] | i ] i ] | i 1 i
1] 1 & 3 4 o 4] 7 i 9 10 11 17
1':'15 T T T T T T T T T T T
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® 1005k ... e L SUTTRRSORRR SR R RS S L e i
= A
- - : : : : : :
g 'I e S MERREEE + ...... ..‘- ...... ....... _. ...... . ....... AR ....... _. ..... -
I : : : : : : : :
E 0995k e Lo e L Ao SURIRRTRTPRREEY T A e *
= : : : : : D+ : : :
0.99 i | | i | i | | i | i
1] 1 z K] 4 ] ] 7 a 9 1o 11 12
keasurement #s
Sunmary of Power | nbal ance:
Mean val ue: 0.981011
St andard devi ati on: 0. 005226
St andard Error: 0. 001651
Rel ative Standard Error: 0.001683
Summary
Descri ption Val ue Std Dev Std Err Rel Err:
CE (e) 0. 9883 0. 0022 0. 0007 0. 0007
TXI'WB (ala2) -2.7689 0. 0391 0.0124 0. 0045
RX/'W5 (blb2) -4.0015 0. 0582 0.0184 0. 0046
W (ab) 1. 0000 0. 0034
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