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Instrument Model (IMo)

B
a versioned and consistent database to store and share instrumental parameters within the collaboration
+ a documentation of the conventions, and assumptions for each IMo version
Scanning strategy LiteBIRD Instrument Model (IMo): -
Boresight / cmB 4 . i
. ' “low-level” parameters + errors required for ?efr aCt":n index of the lenses with
82 | sunags predictions of the Instrumental response SHTPET UM
;Pvecession
Precession angle a = 45 degrees (”“dayl 'Y Band passes
Spin angle B =50 degrees ! an option) . .
“high-level” parameters required for
simulations & data analysis eg: quaternions
Focal planes and for beams, NEP deduced from instrumental
conventions design, pointings
. o —_— Mm"lnreg[15,90]=-104.56
Deeeoe O () —— Max: Integ[15,90)=-97.53
z-- \ 1 HWP
;l" g 2 0.002 e - 0,002 Table 2. HFT detector model. 2
5 soces o .I*l.l... - 2 ! 00015 ) 3 ! ooots S
LY Jig- aocr || 310 B 0 Parameter Value g
6 50980 .0 ¥i 0.0005 él,” . 4 ".‘ o i Eﬂiciency 075 b
e ; I s | 2 i e Absorptance  0.15 (T, = 0.10K) i S
Moy 02100 020 Mip w2100 020 A Reflectance  0.10 (7, = 0.17K)

Credit: slide from S. Henrot-Versillé
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Error budget

B
Main scientific driver: 57« < 0.001
Noise Equivalent Power (NEP) allocation:
External NEP
NEPZ,, Total detector NEP
o NEPZ,
5 Internal NEP External NEP =vV(0.32) Internal NEP
NEP
. fundamental NEP Readout NEP Vib TF CR Mag | | EMI
<v(0.22) NEP | | NEP | | NEP | | NEP || NEP
RiictanihiEs ibermal fundamental s | | aws | | s | | s || avs
carriers NEP
NEP
NE Pigund NE P%eadout
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Instrument performance model code (IMo_Perf)

B

Performance code is made to provide sensitivities from instrumental parameters:
- based on a previous code that was developed first for LFT and then extended to MHFT.
- available on the collaboration GitHub: https:/aithub.com/litebird/LiteBIRD_perfo_model.git
- as modular as possible so that we can easily include design update, refined model...

IMo_Perf

Instrument optical model Band
IMo + ey PONC oy | ()
Sky emission model sensitivities

0000570 - / L]
This code treats statistical uncertainties, NOT systematic uncertainties which 00002827 .
are treated by other frameworks. R
O 0.000555 ®
Il
Main usages: & 00005501 )
- Assess the impact of any instrument parameter on the scientific 0.000545 1
performance => See what parameter has to be improved — .
- Compare several designs => Improve the instrument design —
[ ]

T T T
15 16 19 20

17 18
HWP temperature [K]
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https://github.com/litebird/LiteBIRD_perfo_model.git

NEP computation

B

le =]]e&i or egky

| i

Sky N

+

|
|
. |

Spectral radiances XE x & x 50 _|Spectral powers p;| Sum |Total spectral power p
|nstru ment (sky and instrument components) [1112.51'] - [W/Hz] - [W/Hz|
Signa| [W/m?/sr/Hz|
X Edet
] 2
Y
NEP,, Detsgi(f);‘rs}}:ectral
} L Pdet
(W/vHz [W/Hz
[ dv
s NEPy | | Y NEP? NEPrcad | Power Pp
W/VHz] | [W/v/Hz] (W]
Detector 2
NEP g >_NEP /032 X Prac = 2.5
NEP [W/\/Hz] fac = &
A
NEP ey NEPj - Saturation power Py
(W/vHz]| [W/v/Hz] (W]
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From NEP to sensitivities and o(r)

B

|

dB, (T)
g
|

| .
Inputs for component separation:
SQdv : - instrument:
| ¢ Freq bands
|€ = EckyEdetEpol (€h1) | S Sensitivitiese,
| . |
|1/ 2 for polarized det | Parametric models to fit for

_____ l_ e Band - Multiresolution nsides

PR (number of independent patches on
SenSItIVItIeS which the spectral params are

e — fitted
Detector [NEPs | a7 ™/ [NET4 | /V2 NETqer )

mask
NEP [W//Hz] Kceus/VHzZ [KensA/3) input PySM d0s0 sky + noise

dT
TcMmB

v

Ndot = 2Npix FGBuster:
Detector yield multiresolution
component separation

Os NETarray

nKeyvp.arcmin tobs, fsk [Kemb-v/$) Sta.tlstlcal foreground
T y residuals averaged over

many sky + noise simulations
c stat
ell

tobs = 3yr X DC' x CR x CT |

|
Band |
Sensitivities |

|

cosmological

v likelihood

I
fsky = 1 full sky I
| / fisher analysis
x4/2 as 2 det needed |

I o(r)

--------------
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Autodifferentiable framework

B

Recent improvement by E. Carinos:

The computation of the band sensitivities is made in JAX.

=> We have access to the gradient of any variable

=> Allows to see very quickly the impact of each instrument parameter

Logarithmic Gradient Matrix - MHFT
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LT 20K
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D_HWP

- Pf_ac
pol_hwp

LT 01K
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n_fil
npix
-ref fil

CR
-CT
DC

100 GHz -
119 GHz -
140 GHz -
166 GHz -
5 195 GHz -
g 195 GHz - -0
Q 235 GHz 4
280 GHz 4
337 GHz 4
402 GHz 1
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Log Gradient

Variables Names -1
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Additional feature; thermal heat load

Thermal heat load computation on any optical element (for MHFT only):

Power on lens L1: 10* 1

102 4
109 4
1072 4
10— 4

107% 4

Received power [nW]

1078

10—1[} 4

Sky [nW1:

LOB
0.04

Instrument [NW]: 15.82
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Low frequency |

TIB
0.23
151.34

Telescope
bandpass

HOB
138.02
53603.23

High frequency
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Summary

-~ __________________________________________________________________________________________\

e |Mo_Perf is a powerful tool to guide the instrument design.
e Auvailable to the LiteBIRD collaboration
e Connected to the Instrument Model database (IMo)

e New functionalities and design refinement are added progressively

Thank you for your attention !
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IMo_perf )
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Simulation Tools

LiteBIRD France day - 13/05/2024

Systematics Analysis

Based on simulated
TOD / Maps

Performance model

Systematics
Residual C;




