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Motivation (As a reminder)
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(To confirm TASC function and end-to-end\
calibration, we performed UV pulse laser
test to simulate the highest energy CR
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Result of UV Laser Calibration (Example)

By scanning pulse laser intensity through 6 Cross talk from APD to PD
order of magnitude, Four APD/PD output *  After APD-CSA saturates,
responses are measured in detail for all of 176 crosstalk proportional to input
PWO logs charge becomes significant.

* The response looks complicated in
the Log-Log plot, but itis just a
simple connection of two linear
relations.
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What is needed for TASC Energy Calibration

From On-Orbit Data From UV Laser Calibration Data
1 MIP at APD High Gain APD-CSA Saturation Point
* APD_H [ADU/MIP] * APD-L [ADU]
Relation between PD_H vs APD_L Coefficients
« PD_H/APD L - APD_H [ADU/ul]
- APD L [ADU/ul]
Calibration method: * PD_H [ADU/ul]
APD: uJ to MIP using IMIP * PD_H(S) [ADU/ul]
PD: ul to MIP using 1MIP * PDL [ADU/ul]
« PD_L(S) [ADU/ul]

and PD/APD coeff.
Calculate saturation point in MIP
using APD-CSA saturation point and
use coefficient with crosstalk after

the saturation point. Estimated Error

* estimated error as a function of laser
energy



What is needed for TASC Energy Calibration

From On-Orbit Data From UV Laser Calibration Data
Qan = kB Qan = kanl
Qu = kb Qu = kak
r/ﬁfphE if £ < E's kepn E i E < Esat
Qph ) k.sat(E _Esaty L st if B > preat Qpn = {k'”af(E _ sty L st if B> psat
L Ph ph = ph ph =
0y = j/«ng it B < prsat 0n {k-p;E it B < Esat
| (B = B + Qi if B> BT kst(B — Bt) + Q3tif B > B
DR ulta MIP ysing 1IMIP re_c Nt
QU = KuE"™ § PD/APD coeff. @ =kart | [ADUU]
R = if’jh uration point in MIP
usmig Aro-coA saturation point and

use coefficient with crosstalk after

the saturation point. Estimated Error

* estimated error as a function of laser
energy

REFERENCE: TASCCalibParams-rev141013.pdf



What is needed for TASC Energy Calibration

From On-Orbit Data
L N\

From UV Laser Calibration Data

(Qal

> if B < Bt

(—zph - sat/ T sat sat  cr Ssat
b (B — B + Qi it B > B2
]ifng if B < Esmf

Qpi - sati nsat sat  if sat
BHE — B+ Qut if B> E

A saturation point and
use coefficient with crosstalk after
the saturdtion point.

LI AL ™ [\DUJUJ ]

(Qi?t _ kazEsat [ADU/UJ]

Qan = Different coefficient is
Qu = assumed between on-orbit
and UV laser calibration
@ph = ko (B — = taking into account of
; the possible APD gain
Qu = jk’PfE difference
\k;?f(E —E T Y, TEZE
_ IP using 1MIP
Lu = PD/APD coeff.
R =R ration point in MIP

TASC light yield is also calibrated
using flight data

Energy scale is determined here.

Estimated Error
* estimated error as a function of laser
energy

RENCE: TASCCalibParams-rev141013.pdf




Parameters for TASC Energy Calibration

REFERENCE: TASCCalibParams-rev141013.pdf
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Parameters for TASC Energy Calibration

REFERENCE: TASCCalibParams-rev141013.pdf

ah: APD-High gain, al: APD-Low gain
ph: PD-High gain, pl: PD-Low gain
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=t ApD-c§ with these equations using
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Calibration of TASC using UV Laser

@ )
4 All PD/APDs in CALET-TASC are calibrated using UV laser
- Calibration data were taken for all 176 PWOS from a few MIP to 1026 MIP
= Calibration parameters were retrieved using parameters described before )
Example of UV Laser calibration data Input/output relation around APD-CSA saturation
_1] TASC-FEC:Y5-CH10 Port:1, File:56 (Calib:10039)
[Y56_1] TASC-FEC:Y5-CH10 Port:1, File:56 (Calib:10039) 3 14000 ¢ F
_ = 12000 |
= g - m——— S — - o = H
2 / . £ 10000 |
= APD-HG/ APD-LG |/ ’ 3 -
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/i / [,' /’ 7// O o5 504 .06 0.08 01 0.2 0.14 016 0.8
/ Laser Energy[ p1J]
10°— ¢ / / i Calibration Parameters
& / 4 lly ’/ > R
: k,u[ADU/U]] | ky[ADU/ul | k,,[ADU/uJ] |k, *[ADU/uj]
a fe‘WI M\IIHP mlu/l L1 L1 I'.l;l; ' J’I I/;HHI.GIG\IYII\!IP - -
5 4 3 2 1 2.63 x 107 8.85 x 10° 3.57 x 10* 6.29 x 10*
orron 10 10 10 10 10 1 10
@APDL Laser Energy[ jJ] = -, -
PDH Qprn”“[ADU] | kp, " [ADU/u]] [ Qp,”* [ADU] ES*u]]
.EBh(mv) 2.96 x 103 2.11 x 103 9.43 x 10! 8.28 X 1052
@PDL(10V)




TASC PD/APD Output [ADU]

TACS Dynamic Range Calibration using UV Laser
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Effect of calibration error to energy resolution

Q Assume calibration errors to all channels (1-20%)

* The influence of calibration error on TASC energy resolution is

\_ evaluated using simulation (electrons of 1TeV,68% Containment) )

Energy Resolution vs Calibration Error: electron 1TeV, 68%, simulation

Energy Resolution

Energy
resolution: 3%

102

Calibration Error [%)]

» Target resolution of TASC =3%
= Calibration error is acceptable up to 10%




Residual from the calibration function

@ The residuals from the fit using UV laser calibration functions

relative difference of data from calibration distributions of residuals for all PD/APDs
function are plotted in each gain range
[Y56_1] TASC-FEC-¥5-CH10 Port:1, File:56 (Calib:10039)
£ F | ®APDL | : - | T
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] C : : : : : 160 — 250 -
& bl ot RMS: 2.60% .| RMS: 1.70%
5 o
n:_ 20? 1 | L ih | 1 50? | 1 | A
L G520 s 0 5 0 5 0 5 20 25 T L T [
= Residual [%] Residual [%]
-5 :— P D_H G - PD_LG
A0 = ::2: < 160; -
- p RMS: 4.92% i RMS: 2.26%
5[ ok 0
_zn: 1 |||||||i 1 |||||||i 1 |||||||i 11 |||||i 1 |||||||i L1111l 1:2: ::%:
10° 10" 107 10% 10" 1 10 3 wf
Laser Energy[ nJ] 2E 2|
L B S e e T N RN S T - ™
Residual [%] Residual [%]

> RMS of the residual distribution in each gain range is below 5%

- Calibration error is less than 10%
= It is possible to achieve 3% energy resolution
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TASC PD/APD Output [ADU]

TACS Dynamic Range Calibration

Calibration Curves
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using UV Laser

150703 rev.
using improved
MIP calib. params.

| UNDER INVESTIGATION
' 7 channels are not

| plotted because of
__________________________ | analysis issue. We will

-1 review all the results
- including other channels.
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Distribution of Calibration Results
1. [Assign (%8.8X)] [list of fitted parameters %.3e)

* Coefficients

— k_aph [ADU/ul]
—  k_apl [ADU/ul]
—  k_pdh [ADU/ul]
— k_pdh”~sat [ADU/ul]
—  k_pdI [ADU/ul]
—  k_pdI~tsat [ADU/ul]
* APD-CSA Saturation Point
— E_sat [ul]

(Following parameters are removed because of redundancy)

— for all 16x11 = 176 channels
2. Estimated Errors (under investigation)
3. preliminary result will contain 1. only.



Distribution of Calibration Results
1. [Assign (%8.8X)] [list of fitted parameters %.3e)

e Coefficients

Although parameters themselves are ready
to be distributed, we found that some of
the fitting need to be revisited.

To avoid not necessary confusion, we

would like to postpone the distribution of
the TASC dynamic range calibration
parameters.

The extended deadline for distribution

would be end of July .
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