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CHEOPS photometric precision
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CHEOPS ETC tools

Exposure Time
Calculator

What is the photometric
precision reached by
CHEOPS in a given time
interval?

Useful for: a wide range of
general science questions
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Transit Signal to Noise
Predictor

What is the Signal to Noise
reached on the detection
of a transit for a given
planetary sysem?

Useful for: exoplaent
transit detection and
depth measurements
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CHEOPS ETC tools

Exposure Time

Calculator

Input:
- stellar magnitude
- stellar type
- duration of interest
- optional: coordinates
(RA, DEC)

Output:
- photometric precision

reached over the total
specified time bin
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Transit Signal to Noise

Predictor

Input:
- stellar magnitude

- stellar type

- planetary radius

- planetary period

- transit impact parameter

- orbital eccentricity,
argument of periastron

- optional: coordinates

Output:
- Signal to Noise of the

transit detection
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Noise Components

deesa

Backbone of the ETC tools is the CHEOPS Noise Budget
(see A. Fortier's talk)

White Noise:

Scales with sqgrt(time)

Photon noise

Sky background
Readout noise
Analog chain (random
component)
Quantization

e Cosmic Rays

%@1‘ cheops
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Red Noise:

Fixed amplitude

Flat field + jitter
Dark variability
Analog electronics
Timing

Gain and quantum
efficiency variability

Pink Noise:

Other behaviour

 Stellar granulation
e Straylight
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Assumptions

General:

o Time of interest input by user
 Individual noise components are independent

— they add in quadrature

For Transit SNR predictor:

o Systematics well-characterized: they don't affect the in- and
out-of-transit measurement individually

e Duration of out-of-transit observations = twice the duration of
transit

e M, << M,
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In a nutshell

e The ETC tools are spreadsheet based

Input/Output on the top page

e Calculations carried out on the other pages

B | C | D [ E | F G [H] [ 1 [K] L [MIN]O[P[Q[R]
CHEOPS S/N predictor
Input parameters Additicnal Input
star type Kav. Fiicker No ¥shia
™ 7.00 Specity CHEOPS flux No esnia
Planet radius 3 4 Usespecited & of et
20
b 0.00 Spu:lfyvblb\my No e
RA [decimal deg] 26427 ity %I Userspecifed vis ity (3]
Dec [decimal deg] 2570 Vs bt o eiionpirs ot e s 58704 13670
omege
Exposure Time [s] [rere—
Output parameters
Instrumert ncise [ppm] 160
Photon noise [ppm] 465
Stellar nolse [ppm] 0.00
Total nolse [ppm] 1250
RawS/N 1375
/N degradation 0.80
S/N 90.66
Exposure time ranges
G Osor K Ostar M Osar
v Min _exp (sec] [10FWC]  Maxt_axp (sec) [7O%PV] Min texp (sec] [10RFWE] | Mat_exp [sec) [FOBVEC] Min _exp [sec] [10%FWC]| Maxt_exp (sec) [70%PVE]
4 017 117 016 111 a1 087
65 02 185 013 fEn 0 138
7 02 294 040 280 31 219
75 047 4.6 053 a3 0z 347
E] 105 ) 100 702 azs 250
85 147 1170 139 1113 125 272
283 1853 232 1764 197 1382
95 220 2940 358 2756 213 2150
10 5.4 b0 531 2431 ash as70
105 1053 s0.00 1003 000 a6 5300
1872 6000 1390 050 1243 6000
115 2450 s0.00 2520 4050 1974 s0.00
2200 s0.00 B a0 a1za s0.00
125 050 6000 00 000 avs? 6000
050 60.00 000 000 60.00 60.00
& ‘ Input Output Cafulations ‘ Noise estimation ‘ SN rescaling | Flicker ‘ wisibilities ‘ Stars Constants
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In a nutshell - Transit

Enter system parameters

A\

SNR pre

ictor

s

G Ostar K_Ostar M O sar
v Mint_oxp {sac) [LOAFWC] | Mat_axp [sec) [JORPWC] Mint_oxp {sac) [LOKFWC] |Maxt_axp [sec] [JORFVA] IMin t_exp {sec] [10%FWC]|_ Maxt_exp [sec] [FORFVA]
[ .17 117 .14 111 0.12 od7
45 027 194 025 178 020 139
7 a4z 234 a0 280 aat 219
75 0487 A58 083 443 o0 347
a 103 738 ) 702 ars 330
a5 167 1170 159 1113 125 ar2
9 245 1855 232 1744 197 1182
95 220 2920 asy 2738 a1 2190
10 s.44 4850 433 4431 a%h 34.70
105 1033 4000 1003 4o.00 7a4 33.00
11 1672 40.00 15.90 4sana 1243 4a.00
115 26.30 4000 2320 4o.00 19.74 4o.00
12 4200 40.00 EENY 4sa.00 3129 4000
[S10] 125 40.00 40.00 om0 40.00 4937 sa00
0. 13 £0.00 £0.00 5000 4000 s0.00 s0.00
A
P —
Moise estimation S rescaling Flicker Visibilities Stars Constants

& | Input Output ,Ailculatmns
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H | o [ E | F G [ H] |1 [ k] L  M[N[O|P|[Q|R]E
% ‘ CHEOPS S/N predictor
. ‘Irpyt‘parametem Additional Input
Star type Kav b et fram St * Flicker No Nesita
o 7.00 ‘ v band magnutude Specify CHEOPS flux No st
[¢] Planet radius 3 i Exth adi o 10Usersperified ek of gzt
1 Perlod 20 | Planctary period
b 0.00 - st impact pammeer 5 pecify visibility No st
3 RA [decimal deg] 26427 _ gt visibit (%] 0 usesmecified visibity (%]
%1 Dec [decimal deg] 25.70 ' isibility table far cbeulstion/7670 4G5 /965 / 9K70 / 12670
& 0
(3] omega 0
Z 4
Exposure Time [5] 3 [ —
g 4
g R
25 Output parameters
2]
[*] Instrumert noise [ppm] 11.60
30 Photon noise [ppm] 4.65
3] Stellar noise [ppm] 0.00
S Total noise [ppm] 12.50
33 RawS/N 113.78
~£%1 §/N degradation 0.80
30 S/N 90.66
35
Bis]
(0]
|
g
44 time s
5
]
o
L]
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In a nutshell - Transit
SNR predictor
Enter system parameters

I\ | D | E | F G | H] I L M| N[O[P|Q[R]| S

:g_q CHEOPS S/N predictor
\Ilpll.lt parameters Additional Input
.
Star type y A [ER—— Flicker No sl
= T ) e band magnumude Specify CHEDPS flux No [Sopy
[0} Planet radius 4 3 [Sp—— = S P— g
1 Feriod 20 1 Planctary perind
b [ | 0.00 lransit et parmeter Specify visibility No oy
3 RA[decimaldeg] 2642 - gt visibit (%] 0 userspeciied visity (%]
£51 Dec[decimal deg] 25.70 = isibility table far cbeulstion/7670 4G5 /965 / 9K70 / 12670
e o
(3] omega ‘ ] '
2 ’
g Exposure Time [<] A ] [Ap——
5 1
25 Output parameters
2]
o] Instrumert nolse [ppm] 1160
S0 Photon nolse [ppm] 4.65
3] Stellar nolse [ppm] .00
3 Tofal noise [ppm] 12.50
33 RawS/N 113.78
~£51 /N degradation 0.80
:f} SN 90.66
35
Bis]

0 -
! €lecCt exposure time
ijl III---II---II---II---IIE-ﬁnll-s--II---II---II---II-|
5 G Dsiar K Ostar M 0 star
oI | v Min {_exp (sec] [10%FWC] | Maxt_exp (sec) [JORFVL] Min {_exp (sec] [10%FWC] | Maxt_exp (sec] [TORFVC] [Min t_exp (sec] [10%FWC] Maxt_exp [sec] [70FWC] 1
I 017 117 014 111 a.12 087 [
o 45 017 138 015 178 e 138 o
1] I 7 0.4z 234 0.0 280 aat 215
- 75 047 246 043 a3 P 247 I
- E] 103 738 100 702 ars 510
a5 167 1170 199 1113 125 472 I
I 9 245 1855 232 1744 197 1182
95 230 2920 2wy 2798 i3 2190
I 10 [ 2840 433 4431 4946 3470 I
105 1055 40.00 1003 4000 734 5300 .
11 1672 £0.00 1590 40.00 1245 4000 |
I 115 26.30 4000 2320 4o.00 19.74 4o.00
- 12 4200 4000 a4 5000 3128 4000 I
[S10] - 125 40.00 40.00 a0 40.00 4937 sa00
0. 13 s0.00 s0.00 5000 4000 s0.00 s0.00 I
ng - I L L L L L e O T I T T T
5748 wu N gy
h 1
| Input Output ,Ailculatmns Moise estimation S rescaling Flicker Visibilities Stars Constants |

.--_"
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In a nutshell - Transit
SNR predictor
Enter system parameters

: B|\C | D | E | F G

Include flicker,
specify visibility

Pi | H ] |1 [ k] L \ N[o[P[Q|R] S
2 CHEOPS S/N predictor
. \Ilpll.lt parameters Addltlolj Ipout,
Star type y A [ER—— Flicker R ) ‘e‘m
= T ) e band magnumude Specify CHEDPS AuX No [ 3
(4] Planet radius ' ] n Earth e sy 1 use*('lﬁe:h.-.‘x of taget
1 Feriod 20 1 Planctary perind
b [ | 0.00 lransit et parmeter Specify No o
3 RA[decimaldeg] 2642 - gt visibit (9] 0 userspetiied visity (5]
£51 Dec[decimal deg] 25.70 = v’nsih'nl'ntrﬂhle‘alculaiun ) =y '5.' K70/ 12870
e o
[ omega | o ! - Y
7/ y ] i
g Exposure Time [<] A ] ? [Ap—— A N Y Z
A
g N N
25 Output parameters
2]
[*] Instrumert noise [ppm] 11.60
S0 Photon nolse [ppm] 4.65
3] Stellar nolse [ppm] .00
3 Tofal noise [ppm] 12.50
33 RawS/N 113.78
~£51 S/ degradation 0.80
:f} SN 90.66
35
Bis]
(0]
|
g
44 time 5
5 G Ostar K Ostar M_Ostor
B v Min {_exp [sec] [LORFWC] | Mact_exp (sec) [7ORFV] Min {_exp [sec] [LORFWC]  Maxt_exp (sec] [TORFVAL] [Min t_exp [sec] [105FWC]| Maxt_exp [sec] [PURFWC]
[ .17 117 .14 111 0.12 od7
o 45 017 138 015 178 010 133
L] 7 0.4z 234 0.0 280 aaL 219
75 0487 A58 083 443 o0 347
a 103 738 e 702 a7 330
a5 167 1170 159 1113 125 ar2
9 245 1855 232 1744 197 1182
95 a0 2940 193 2795 313 2190
10 s.44 4850 433 4431 a%h 34.70
105 1033 4000 1003 4o.00 7a4 33.00
11 1672 40.00 15.90 4sana 1243 4a.00
115 26.30 4000 2320 4o.00 19.74 4o.00
12 4200 40.00 EENY 4sa.00 3129 4000
[S10] 125 40.00 40.00 om0 40.00 4937 sa00
0. 13 £0.00 £0.00 5000 4000 s0.00 s0.00
3
03 r—

Moise estimation S rescaling Flicker Visibilities Stars Constants

| Input Output ,Ailculatmns
v
‘"samm"*
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@HEOPS In a nutshell - Transit &\‘ eSa

SNR predictor .
Enter system parameters Include flicker,
\ specify visibility
| C

Pi B | o [ E | F G [ H] |1 [ k] L QN[O P[Q|R]E
j \CHEDPS S/N predictor
Input parameters Additional Inout
Py pa iy
. P LS
Star type ' Hav b et fram St * Flicker - No i
™ 7.00 ‘ v band magnutude S pecify CHEDPS fldx No =
(4] Planet radius ' ] i Exrth cadi ' oA 10 use‘ec'lﬁe:l = of gt
1 Period 20 ‘ Planstary periad
b l 0.00 st impact pammeter Specify’ No s o™
= RA [decimal deg] 26427 = g iy [26] 10 s e visibdity %]
4 Dec [decimaldeg] ™ 25.70 = v’nsih'nl'ntrﬂhle‘alculaiun — acs.'s.'m?u 11270
g e - ] ' dricit
omega o —_— -
5 ; \ 7 2 '
g Exposure Time [s] ‘ 3 [ — \ '
5 ~ -
[&f
)ﬁ
[*] Instrumert nolse [ppm]
30) Photon nolse [ppm]
3] Stellar nolse [ppm]
3 Total noise [ppm]
33 RawS/N
34 S/ degradation
7
37 S/N
=
(0] L
' elect exposure time
3
a4 III---II---II---II---IIM--II---II---II---II-‘
5 G Ostar K Ostar M_Ostor
] 1 v Min t_exp (sec) [LONFWC] | Maxt_exp [sec] [JORFV] Min t_exp (sec [LONFWC]  Maxt_axp [sac] [J0%FVAC] [Min t_exp (sec) [10RFWC] Mart_oxp [sec) [JORPAC] 1
5 017 117 014 111 a1z adr L
o 45 017 138 015 178 010 133 o
L8] I 7 0.4z 234 0.0 280 aaL 219
- 75 067 288 063 243 o 347 I
- a 103 738 ) 702 ars 330
a5 167 1170 159 1113 125 ar2 I
I ] 243 1835 252 1744 197 1182
95 220 2920 asy 2738 a1 2190
I 10 s.44 4850 433 4431 a%h 34.70 I
105 1033 4000 1003 4o.00 7a4 33.00 b
11 1672 40.00 15.90 4sana 1243 4a.00 L
I 115 2650 4000 2120 40.00 1974 4000
- 12 4200 40.00 e sa.00 ETET 40.00 I
[S10] - 125 40.00 40.00 om0 40.00 4937 sa00
0. 13 £0.00 £0.00 5000 4000 s0.00 s0.00 I
?)'i U o om0 om0 M T T M N N TP NN W MU P MNP T NN NN M TP B W MU NN NN NN I NN NN BN SN
5748 w TN gy
h 1
| Input Output &lculations Moise estimation S rescaling Flicker Visibilities Stars Constants |
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Enter system parameters

N\

In a nutshell - Transit
SNR predictor

dcesa

Include flicker,
specify visibility

Read off outputs .- o

Pi El | D | E | F G | H] I L J# N[O P[Q[R]| S
j \CHE[)PS S/N predictor
. ‘|I1pll.lt parameters Addlt'lon’al Iﬁuﬁ
Star type ' Hav ‘ sbect from "t Flicker - No i
™ 7.00 ‘ v band magnutud S pecify CHEDPS fldx No =
(4] Planet radius ' 3 n Earth i ek 10 use‘ec'lﬁe:l = of taget
1 Period 20 ‘ Planstary periad
b l 0.00 st impact pammeter Specify’ No s o™
<] RA [decimal deg] 264.27 - inpePovisibility [%]| 100 sersfBified visibility (%]
L'Sl Dec[decimaldeg] ™ 25.70 - v’nsih'nl'ntrﬂhle‘alculaiun ) acs.'s.'m?u 12870
- o
g Zn‘egs ‘ 0 ' : ’
2 Exposure Time 5] \ ] ’ [Ip— \ yi
jqk — i

2]
[*] Instrumert noise [ppm] 11.60 ‘
S0 Photon nolse [ppm] 4.65 -
3] Stellar nolse [ppm] 0.00 -
3 Total noise [ppm] 12.50
33 RawS/N 113.78 '
34 §/N degradation - 0.80
35 .
:f} S/N \ e V4
:S S
(0] L
: elect exposure t1me
3
a4 III---II---II---II---IIM--II---II---II---II-‘
9 G Ostar K Ostar M_Ostor
] I v Mint_axp [sec] [LOFWC] | Mact_exp [sec| [JOMPWC] Mint_exp [sec] [LO%FWC] Maxt_exp [sec) [JO%FWC] [Min t_exp [sec] [10FWC]| Maxt_exp [sec] [70MPWC] I
5 2.17 117 9.1 111 0.2 047 »
o 45 017 138 015 178 010 133 o
L8] I 7 0.4z 234 0.0 280 aaL 219
- 75 067 288 063 243 o 347 I
- a 103 738 ) 702 ars 330
a5 167 1170 159 1113 125 ar2 I
I ] 243 1835 252 1744 197 1182
95 220 2920 asy 2738 a1 2190
I 10 s.44 4850 433 4431 a%h 34.70 I
105 1033 4000 1003 4o.00 7a4 33.00 b
11 1672 40.00 15.90 4sana 1243 4a.00 L
I 15 24.50 40.00 23.20 4000 1974 4000
- 12 4200 40.00 e sa.00 ETET 40.00 I
[S10] - 125 40.00 40.00 om0 40.00 4937 sa00
0. 13 £0.00 £0.00 5000 4000 s0.00 s0.00 I
?)-i U o om0 om0 M T T M N N TP NN W MU P MNP T NN NN M TP B W MU NN NN NN I NN NN BN SN

| Input Output ,Ailculatmns

MNoise estimation S rescaling

Flicker

Visibilities

Stars Constants |

.---"
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Timescale

In a nutshell - ETC

n

AT L PR TR 00 05 01

P

Yo ws s BTSN [ ae Yo ws Slln) B [N B6 o awte ov o2 83 IS WV AR Snaw (e ov N o p 8y 1SN 08 o

510}

1 0.00
Total nolse for uninterrupted obs [ppm] 1196

Degradation factor (gags)

100

- Photometric

Scaled total noise [ppm] 19 <;77
o o
time 5
[E K Dsr M 0star
v Min _exp (sc] [1UAFVA] Max E_exp [sc] (70U Min £_exp [sec] [IOAFVA] | Ml axp [sec] [FORFV] Min £_exp [sec] [LUAFWL] | Mal_axp (sec] [FORFV]
L] 017 117 014 111 012 087
1] a.27 146 025 174 020 138
7 o.42 294 040 280 031 219
75 .47 .54 043 443 o0 3.a7
k] 105 738 100 702 075 5,50
a5 147 1170 159 1113 123 ar2
9 245 18535 232 1744 197 13482
95 420 29.40 399 2796 313 21350
10 4.66 4440 £33 4431 498 3470
105 1055 4000 1003 4000 748 3300
11 1672 400 1590 400 1243 4000
115 26.50 4000 2520 4000 19.74 4000
12 4200 4000 X 4000 3128 4000
115 4000 4000 4000 4000 49.57 4000
13 4000 400 000 400 4000 4000
L ] ‘ Input Output Caleulations Noise estimation SM rescaling Flicker Visibilities Stars Constants

Monika Lend|
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F.i5| C | D | E F G | H ] | | | K| L ‘M| N]Jo|P|aQ]|F
2 CHEOPS ETC
Input parameters Additional Input
Star type: 3V s edect from *Stas* Flicker No hesdtio
m 7.00 W band magnutude ‘Specify CHEDPS flux No hesdtio
ek 10Userspecitied e-% of taget
Duratton of interest [h] 3
Specify visibility hesitia
RA [decimal deg] 0.00 mput visibiity | Userspecified visivility [%]
DDec [decimal deg] -10.00 visibility tble for ciculri 4G /9G3 [ 9%70 /12670
Expasure Time [s] 3 [ — )
Output parameters
Instrument nolse [ppm] 1112
Photon notse [ppm] 441
Stellar nolse [ppm]

\@_(, D cheups CHEOPS Open Time Workshop: 26-27th July, Schloss Seggau 14
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Spreadsheet “Calculations”

Purpose:

o Calculates the planet and transit parameters: transit depth,
duration (Transit SNR Predictor)

 Calculate the number of electrons registered per transit (or
duration of interest)

e Summarizes noise components as on “Noise estimation”
spreadsheet

eSd
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Spreadsheet “Noise
Estimation”

Purpose:

e Calculates the contribution of the individual noise componets
on transit timescale (ETC: timescale of interest)

e For SNR predictor: also calculates the white noise contribution
on the out-of-transit timescale

e Reproduces the amplitude of flicker as calculated from the
“Flicker” spreadsheet

« Combines these noise factors to calculate:
— ETC: the total noise on the timescale of interest

— Transit SNR predictor: the total noise in and out-of transit
and their combination

i‘@!‘ cheops
o’



(CHEOPS desa
Spreadsheet “SNR rescaling”

Purpose:

« Takes into account the effect of light curve interruptions due to
Earth occultations and SAA crossings

e ETC: precisions are scaled to the number of available data
points

e Transit SNR predictor: we have studied the impact of light
curve interruptions on the attained transit signal-to-noise ratio
as

SN gap

= 1-0.0064 * fgap ,
SN nogap ) jgap

This scaling factor is calculated here.

{@!‘ cheops
W
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Spreadsheet “Flicker”

Purpose:

o Calculates the amplitude of “flicker” noise, i.e. noise
introduced by stellar granulation on the in and out-of-transit
timescales (ETC: timescale of interest)

o Details will be published in Lendl+ 2017c¢
e Based on the behaviour of simulated flicker Iight curves

300
200

itV B ARl

-200
300 1h binsize 9h binsize

0 10 20 30 40 50
Time [h]

Flux [ppm]
o

{@!‘ ” cheops
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Purpose:
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Spreadsheet “Flicker”

o Calculates the amplitude of “flicker” noise, i.e. noise
introduced by stellar granulation on the in and out-of-transit
timescales (ETC: timescale of interest)

o Details will be published in Lendl+ 2017c¢

e Based on the behaviour of simulated flicker light curves

20

Flux RMS [ppm]

10
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Spreadsheet “Visibilities”

Purpose:
o Estimates the fraction of the light curve free from interruption

e Based on a grid of tabulated values

Fraction of time spent on
target during period of
optimal target visibility

(calculated over 48h)

DEC [deg]

0 100 200 300
RA [deg]

Monika Lend| 20
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Spreadsheet “Stars”

Purpose:

o Estimates the number of electrons per second registered by
CHEOPS

e Based on values calculated for V=8 stars, and scaled to the
target magnitude

Spreadsheet “Constants”

Purpose:

e Physical constants used thoughout the document

i‘@!‘ cheops
o’
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CHEOPS ETC tools

Current version number is v1.4
Will remain frozen until guest obeservers call

Will be revised after in-orbit commissioning

Thank you, and see you at the hands-on session

i@!‘ cheops
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