The SciPol project

characterizing and mitigating the instrumental,
astrophysical and environmental systematics effects

SciPo —\
/ ‘ Science from the large scale cosmic

microwave background polarization structure

Josquin Errard, APC / CNRS, Friday Nov 8, 2024 — Milan Bicocca

1



103 -

10" - 4 SRR TS B

T
TE
EE
lensing B-modes
=== pDrim B-modes, r=0.003
—— prim B-modes, r=0.01

birefringence
B=0.35 deg

Eskilt & Komatsu, PRL, 2023
P. Campeti et al, JCAP, 2020

multipole, /



=

- 0

7

// / ////////////
///////// ////// //

///////////// //

W NN V/////////// ////

/////////////////

lensing B-modes
=== prim B-modes, r=0.003

T
TE
EE

—— prim B-modes, r=0.01

rule of thumb 1

detector in space
~ 100 detectors
on the ground

| B=0.35 deg

e

o

///////

///
b

S

i

103

101

1073

My | birefringence

NETqu = 500uK.rs
ky=50%

fs

101

(i

10~7

_|_

102

multipole, /



/ //////////
%///////////// MW

AN

///////////////

;/5/////4 /////////// //r

lensing B-modes
=== prim B-modes, r=0.003
—— prim B-modes, r=0.01

T
TE
EE

-

-
&

////

multipole, /



103

b -
| | “z
Ty 72
 d e 27
Z 7 7z
10 ===
| T ™ ]
Z Z
gz ,¢£E¢
121
2

\\\\‘“
P \

T
TE
EE
lensing B-modes
=== Drim B-modes, r=0.003
—— prim B-modes, r=0.01

DO B —
OO e —
OO —

W//
OUn S@ 1OOGHZ’

B e— ]
S fe— —

|
:

Wi
K

107>

multipole, £



T
TE
EE
lensing B-modes
=== Drim B-modes, r=0.003
—— prim B-modes, r=0.01

2B .
gravitational lensing

from large scale
structures

10t 102 103
multipole, /



Dy [uK?]

103

102
multipole, /

T
= TE

EE
~——— lensing B-modes
=== prim B-modes, r=0.003
—— prim B-modes, r=0.01
- POLARBEAR 2017

BICEP2/Keck
S L planck/WMAP 2018

~ SPTpol 2019

BICEP2/Keck
B planck/WMAP 2021




A2

.

T
TE
EE
lensing B-modes

tensor-to-scalar ratio

r<0.032 (95% c.l.)

, === prim B-modes, r=0.003
B . e —— prim B-modes, r = 0.01
0] & 3 POLARBEAR 2017
ol \¢ : — Eﬁgﬁilklj\?\fII\ZAP 2018
N C;OC:@* %//: pol 2019
‘e R — BICEP2/Keck
+Planck/WMAP 2021
0.05 - ¢

n

Tristram et al. (2021)

10* 102 103
multipole, £



multipole, £

" bdes
- es, r=0.003
FBS, r= 0.01

2017

4

' 1AP 2018

)

N

10° :
I I I Martin, Ringeval, Vennin, |
I arXiv:2404.15089 (2024) |
— I — marginalized over 287 |
he i inflationary models |
-
_g 2 1071 I 1
E Q.
S E
S © ¢ ! ] II
c ¥ .
C 3
ten = & 152 _
e = 210 I of |
rec(l ;S | ———— -
- Q.2 I r=0.0038|
Q_-I—J
(SI 0.251 - .;g I
- © > 1077
: | @ |
0.20 - ™N o
C
N 104 . . . — . . . : . . .
N 2010 2015 2020 2025 2030 2035 0.2 04 06 0.8 1.0
year of publication Posterior distribution on r
0.10 4 \
‘* — +Pranck/WMAP 2021
0.05 1 4 \
0.00 - T T
0.95 0.96 0.97 0.98 0.99 1.00
Ns
Tristram et al. (2021)
10~ 102 103



=0.003

o0 —

= N

Q o

SrrU Q S

v - T o N <
Sy v I o
e V4

s 28 mm”mmm nu”mmm
nBannD:nOPn

FF $EEO0=%a=0
FwYo oadm+ n o+

/// ,//////////////

%ZVé%Azé% | AN LS
N

//// AN

////////

R /////

-
////

102

mUItip0|e’ /

101

103

10!
0-
103
107> v,,gi'_:;v,.,, |
107



AN
RN

NN
NN

Ny
///Z/

—

m
o
o O
. (00) —
o o — o~
1~ o o
v . . O o o
S8 o I !
v o
cCo T X529 I
I RS
or FoIT NI
nBBwnnPnOPn
B E E JWO SuE
_HEEn.H.ﬂOmPPmP
F wuw Yo ocoadam+ n m+

W\

AL MMMMIT

N

//,,/////////////////////////////////g mc_wcw_m_u
B

N

LM

AJIAI)ISUSS
anoaduwl

- A_

,,.,f i .m &

multipole, £

uoije.e
jusauodwod

103

— — M N ™~
o _ _ _ I
— o o o o

— — — —



m

S o
- o0 —
S o = %
| o )
SFFU N o
v~ S8 A A
89 9o g <
4 Y/
mddRCMW_JCM
nBBMRHPnOPn
IT —_—
WEEm.ﬂ.ﬂomPPmP
Fw®o ocoamt+wnmt

4

. u,,l ///%%Wﬂ

NN ///////////////////////////////////é
R

ﬂ///////////////é Buisusjep

T

% Alianjisuss

anoidwil

102

multipole, /

uolneiedas
juauodwod

sollewal}sAs
JO |0J1UOD
| | _._w. NN NN NN r/n.///
S © T T T T
— — o o o o
— — — —



instrumental ® environmental +
G

systematics alactic foregrounds
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® environmental +
G

alactic foregrounds

iInstrumental requirements are usually
derived from component separation
(instr. syst. biases for LiteBIRD look like
dust e.g. 2202.02773 — see also talks
by Marco, Davide, Nadia, ...)

Ward et al. 2018 (1803.07630) in the
context of SO



instrumental
systematics

we cannot treat these
separately. Effective
systematic residuals
are complex :(

J. Errard, the SciPol project, Nov 8 2024 — CMB-CAL workshop

environmental +
Galactic foregrounds

we can/have to consider the
two effects together and
calibrate out our instruments
+ foregrounds SEDs :)
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separately. Effective two effects together and
systematic residuals calibrate out our instruments
are complex :( + foregrounds SEDs :)
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atmospheric transmission
(Atacama Pathfinder EXperiment

APEX Atmosphere at Chajnantor)
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Kogut et al. 2016
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: adapted from
Component separation Kogut et al. 2016
A
————rrry — ———l1
108 B —
i | §%
§E 8
4 Unpolari 28T
10° - ERf G
FE
B nc B ﬁ_: ;
- - = <
3 \ 555
- 2 o O
10° - 2 o £
E 53
T _ ® § N
t <3
A e PR T |

0.0
10 100 1000

Nquency (GHz)

d(vi) = AguseSdust + AgyenSsynch + Acypscms + n(vy)

J. Errard, the SciPol project, Nov 8 2024 — CMB-CAL workshop 11



adapted from

Component separation Kogut et al. 2016
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observed mixing sky maps
frequency : . noise
maps matrix (incl. CMB)
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observed mixing sky maps
frequency matrix (incl. CMB) noise
maps
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observed
frequency
maps

mixing sky maps
matrix (incl. CMB)
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—21og(L) (A,s) = (d— As)' N7 (d — As)
= + — .
s = (ATN_IA) ATN"d
= Wd
foqueney  Xng  skymaps “Horlae) (B) = 72 08 (B9
maps matrix (incl. CMB) — —d'N A (ATN_IA) ATN 4.

likelihood

Stivoli et al. (MNRAS, 2010)
JE, Stivoli and Stompor (PRD, 2011)

JE and Stompor (PRD, 2012)
JE, Feeney, Peiris, Jaffe (JCAP, 2016)

Stompor, JE and Poletti (PRD, 2016)
JE and Stompor (PRD, 2019)
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—210g(L) (A, s) = (d— As)T N1 (d — As)
— + — 1
s = (ATN_IA) ATN"1d
= Wd
observed ixin KV Maps _QIOg(Lspec) (A) = _2log(£spe<:) (A, 5)
frequency matri>g< (inc% CI\/FI)B) noise — _dTN'A (ATNTA) P ATNL
maps ' = — (AN A) AN 'd

likelihood

fitting SEDs

components '
maps (CMB) Stivoli et al. (MNRAS, 2010)

JE, Stivoli and Stompor (PRD, 2011)

JE and Stompor (PRD, 2012)
cosmology JE, Feeney, Peiris, Jaffe (JCAP, 2016)

Stompor, JE and Poletti (PRD, 2016)
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observed
frequency instrumental mixing sky maps
maps response matrix (incl. CMB)

Verges, JE, Stompor (2020)
+ see talk by Ema yesterday

J. Errard, the SciPol project, Nov 8 2024 — CMB-CAL workshop
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noise

three sky components

rotating HWP. ..

focal plane .
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three sky components

rotating HWP. ..

o

observed
frequency instrumental mixing sky maps
: noise
maps response matrix (incl. CMB) Bkl

Verges, JE, Stompor (2020)
+ see talk by Ema yesterday

(e, v) Leomp (7, o)
( ) = Z M Acomp V 14 Ol Qcomp (PYta 4 0)
C4 E’)’t y V; nglslg S;:cb _ Acomp (I/ VO) \ Ucomp (7t7 VO) |

-~

N ~ J = 3comp(7t7 VO)
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o

observed
frequency instrumental mixing sky maps noise
maps response matrix (incl. CMB)
Verges, JE, Stompor (2020)
+ see talk by Ema yesterday
I(’Yta’/)
CO (’Yta V) Icomp(7t7 VO)
So(sv) [ = >, M@ AW ) | Qeomp(vi; 10)
242715)’/3 it s;::b _ Acomp(y’ VO) R Ucomli(;Yty VO) |
~ - wﬁ’ 7 -~ = Scomp(7t7V0) 1.01
= d(%h V)
0.81
“[...] We find that some of the instrumental
parameters, in particularly those describing 0.6
the HWP can be successfully constrained by S
the data themselves without need for 0.4-
external information, while others, like
bandpasses, need to be known with good a
precision in advance.”
0.0

J. Errard, the SciPol project, Nov 8 2024 — CMB-CAL workshop

three sky components

rotating HWP. i

focal plane .

Cosmological likelihood on r - Fiducial values: r = 0 and A, =

1

SED only
—— SED + HWP

SED + Bandpass - Fiducial priors
—— SED + All - Fiducial priors

—— SED + All - With residual deprojection

SED + Bandpass - No priors
---- SED + All - Optimistic priors
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Tensor-to-scalar ratio r
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cosmic
birefringence

three sky components 5.
angle

Jost, JE, Stompor (2023) IR~
- see talk by Baptiste this morning 2

+ LiteBIRD article on cosmic birefringence
(in prep, 2024)
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global operator
depending on time,
frequency, non-linear

parameters
1
Q |=d=
U

J. Errard, the SciPol project, Nov 8 2024 — CMB-CAL workshop
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global operator
depending on time,

frequency, non-linear

parameters

Galactic
foregrounds

atmosphere

L CMB
contamination

Ground
piCkup

instrumental 1/f noise

noise

-

Pointing, beams
HWP modulation

see talk by Ema
bandpasses
polarization angles
gains

J. Errard, the SciPol project, Nov 8 2024 — CMB-CAL workshop
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global operator
depending on time,
frequency, non-linear
parameters

Galactic
foregrounds

atmosphere

L, CMB
contamination

Ground / | 7
pickup |

instrumental
noise

1/f noise

n\o

-

Pointing, beams
HWP modulation

see talk by Ema
bandpasses
polarization angles
gains

external information is required to
solve the global problem!

SO drone / CosmoCal / wiregrid projects
see talks by Rolando, Alessia, Hironobu

J. Errard, the SciPol project, Nov 8 2024 — CMB-CAL workshop
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-> CMB data analysis toolbox for
‘ a generalized (time-domain)
/ Science from the large scale cosmic com ponent Separation

microwave background polarization structure

d = Minst(7)A(B)s + n(o)

SCIPOl

WP1-1 WP1-2 WP1-3
— hardware — “foregrounds | [ noise \ Q /
model del del @ @ SIMONS '
e’ mode mocel | S8 = £° (g | cMB-S4 | &
M(y) -—A =MA— A(B) [ W.W-! /e B\SL
l L real and simulated data
} L’ Planck / WMAP / SPASS / C-BASS~ |
WP2-1generalized spectral likelihood ¢ ‘
T —1 - 3 .
|/2log L(B,7)=—(A"Wd)" (A"WA) ~ (A"Wd)+ d"Wd + log (2nr|W™!|) + priors
l A=A#, B), W=W(@G,5)
WP2-2 generalized map-making <
T ~ ~\N—1 . .
{ — ( A W A) A Wd - 3) > WP3 cosmological analysis
S, oS
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-> CMB data analysis toolbox for
‘ a generalized (time-domain)
/ Science from the large scale cosmic com ponent Separation

microwave background polarization structure

d = Minst(7)A(B)s + n(o)

SCIPOI

WP1-1 WP1-2 WP1-3

— hardware — [ foregrounds | [ noise \ Q
del .
model | mode model |« @ﬁ - @@ CMB-S4 |28

M(y) +-A=MA—} AB) [ w,w s
l — real and simulated data
} H Planck / WMAP / SPASS / C-BASS ‘
WP2-1generalized spectral likelihood ¢ ‘
|/210g L(B,7) = — (ATWd)" (ATWA)~" (ATWd)+ d"Wd + log (2r|[W~'|) + priors

lA A7, B), W = W(5,5)

~T ~ ~\N—L1 . . . .
— ( A W A) A Wd : : > WP3 cosmological analysis

|r WP2-2 generalized map-making <

= huge numerical challenge!

J. Errard, the SciPol project, Nov 8 2024 — CMB-CAL workshop



Global scientific goal: derive robust estimates of the CMB maps and their cosmological inference

This involves

- modeling of the instrumental response (WP1-1), foregrounds (WP1-2), noise properties (WP1-3)
+ generalization of the map-making and component separation operations (WP2-1 and WP2-2), their optimisation and

exploitation (WP2-3)

- perform cosmological inference (WP3-1), delensing (WP3-2), and the creation and application of robustness tests (WP3-3)

MegaTop time-domain 2’35%?? gt;(;sn d
I~ ¢ non-parametric pixel- astrosim — python-version comp sep TOD pre-
U M based max-likelihood JAX framework  ©f SMICA (atmosphere and DrOCEssing
/ | C component separation for SciPol )| noise covariance
Morshed et al. (2024) l strosinm :/Istlmgrtlon) + ® o
arXiv:2405.18365 HWP and SO SOFFT egalop ® potpqltgnzanon
an activities
inclusion of beam optical chain JAX optimization gﬂoi%ﬁllfoz (books+school
operator in the | modeling fgbuster inference y programs)
component separation
giggq 295 :zl{) map m;king - JAX-powered version of
. ' SMICA (in develo t
(MAPPRAISER, jax- (in development)
mapmaker) + regulars
adaptive multiresolution parametric * L3/M1/M2 interns
component separation for E and B-modes - collaborators (Radek Stompor, Alexandre Boucaud) local and
inclusion of selected instrumental international (Clément Leloup, Baptiste Jost)
systematics in the process * visitors

J. Errard, the SciPol project, Nov 8 2024 — CMB-CAL workshop 19



|
SciPol ToolBox dev & maintenance

i
WP1-1 inst. modeling
: i
WP1-2 foregrounds modeling !

WP1-3 noise modeling —

v

WP2-1 generalized spectral likelihood

WP2-3 optimization and simulations

WP3-2 delensing

WP3-3 robustness

WP4 popularization book

OBSERVATORY

WP3-1cosmological likelihood

R BN BN BN RN N B B BN W BN BN N BN B B B B o E o E o o o PPN o o

Jan 2024 Jan 2025 Jan 2026 Jan 2027
J. Errard, the SciPol project, Nov 8 2024 — CMB-CAL workshop

Jan 2028
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Lk M

Tal ) Framework for Unified and Robust data Analysis with JAX A\ O\
Plerre Chanial  Wuhyun Sohn Beginners tutorlal avallable
i automatic = here: https://scipol.in2p3.fr/scipol-
differentiation == science-from-the-large-scale-cosmic-

microwave-background-polarization-

"" _a 5 (aUtOdlff) / structure/workshops-and-events/
| Just-In-Time (JIT)

Simon Biquard  Wassim Kabalan Comp”ation

. GPU- accelerated

SciPol Toolbox computing

. . ey ags . _ Support for funCtIOHa|
Modularity, extensibility, simplicity octoriyed programing

» Able to handle SO- and S4-like data sets volumes computation paradigm

+ Compatibility with TOAST
- Non-ideal optical components (talks by Ema and Matteo yesterday)

- JAX: Just In Time (JIT) compilation, run the same code anywhere — on CPUs and
GPUs, laptops and super-computers (e.g., NERSC, national infrastructures)

- 1st steps: “max-L” and “template” map-making (following MAPPRAISER’s formalism)
« Multi-GPU parallelization (soon)
- Framework for robust B-mode analysis

J. Errard, the SciPol project, Nov 8 2024 — CMB-CAL workshop 21
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data collection for operator modeling the maps of the amplitudes of the sky

detector i. time sample # instrument response components (pixel p, component c)
and for fre’ uenc baa dv (pointing, beam, band normalized at a reference frequency
9 y passes, imperfections, etc.) that is shared with the mixing matrix.

\ /

d(i,t,y) p— dV/M(,Y) A_(B) ’p)S(p,C) _I_ n(i,t,y)

(z,t,v',p)” " (t,v,c

BP(v') / ,\
boundaries of the / operator modeling the frequency

scaling of the sky components ¢
(CMB, astrophysical foregrounds,
atmosphere, ground, etc.)

Gaussian with a
covariance N

band pass centered
on frequency v.

J. Errard, the SciPol project, Nov 8 2024 — CMB-CAL workshop

noise term, likely

22



data collection for operator modeling the maps of the amplitudes of the sky

detector i. time sample # instrument response components (pixel p, component c)
and for fre’ uenc baa dv (pointing, beam, band normalized at a reference frequency
9 y passes, imperfections, etc.) that is shared with the mixing matrix.

\ /

d(i,t,y) p— dV/M(,Y) A_(B) ’p)S(p,C) _I_ n(i,t,y)

(z,t,v',p)” " (t,v,c

BP(v') / ,\
boundaries of the / operator modeling the frequency

. noise term, likely
scaling of the sky components ¢ . .
: Gaussian with a
(CMB, astrophysical foregrounds, covariance N
atmosphere, ground, etc.)

band pass centered
on frequency v.

example in FURAX
h = bandpass @ pol @ rot @ hwp @ sampling @ mixing matrix
tod = h(sky signal)
solution=((h. T@ invN @ h).]1 @ h.T @ invN)(tod)

J. Errard, the SciPol project, Nov 8 2024 — CMB-CAL workshop
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data collection for operator modeling the maps of the amplitudes of the sky

detector i. time sample # instrument response components (pixel p, component c)
and for fre’ uenc baa dv (pointing, beam, band normalized at a reference frequency
9 y passes, imperfections, etc.) that is shared with the mixing matrix.

) /

d(iyt,y) — dV'M(W) .A(B)

(i,t,l//,p) (t,l//,C,pj S(p,C) —I_ n(i,t,y)

BP(v') / \
boundaries of the / operator modeling the frequency

. noise term, likely
scaling of the sky components ¢ . .
: Gaussian with a
(CMB, astrophysical foregrounds, covariance N
atmosphere, ground, etc.)

band pass centered
on frequency v.

example in FURAX
h = bandpass @ pol @ rot @ hwp @ sampling @ mixing matrix
tod = h(sky signal)
solution=((h. T@ invN @ h).]1 @ h.T @ invN)(tod)

J. Errard, the SciPol project, Nov 8 2024 — CMB-CAL workshop
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data collection for operator modeling the maps of the amplitudes of the sky

detector i. time sample # instrument response components (pixel p, component c)
and for fre’ uenc baa dv (pointing, beam, band normalized at a reference frequency
9 y passes, imperfections, etc.) that is shared with the mixing matrix.

) /

d(i’t,y) — dV'M(W) .A(B)

(i,t,l//,p) (t,l//,C,pj S(p,C) —I_ n(i,t,y)

BP(v') / \
boundaries of the / operator modeling the frequency

. noise term, likely
scaling of the sky components ¢ . .
: Gaussian with a
(CMB, astrophysical foregrounds, covariance N
atmosphere, ground, etc.)

band pass centered
on frequency v.

example in FURAX
h = bandpass @ pol @ rot @ hwp @ sampling @ mixing matrix
tod = h(sky signal)
solution=((h. T@ invN @ h).]1 @ h.T @ invN)(tod)
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credits: BICEP2

Nt

Toeplitz noise covariance

max-likelihood map-making
example in FURAX

h = bandpass @ pol @ rot @ hwp
tod = h(sky signal) v

credits: BSDCMB

gaps treatment

ampling @ mixing matrix

v

solution = ((h.T @ inv1 @ h).I @ h.T @ invi)(gap_fill(tod))

J. Errard, the SciPol project, Nov 8 2024 — CMB-CAL workshop

Simon Biquard
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On-going development of parametric component separation
within the FURAX framework

Wassim Kabalan

 Does everything fgbuster does but “better”

 Uses the FURAX operators to represent linear algebra to efficient computing
Is written in JAX, hardware accelerated and have easy access to gradients

 Beyond fgbuster

 Uses a full bayesian approach to find optimal patches for component separation
Gives access to true model incertitude for each parameter

Runtime Comparison of Fgbuster logL and Furax logL

] —* Fgbuster log likelihood
| — Furax likelihood

By GNILC Y
factor 10x faster T x>l
compared to 7 g A
fgbuster

102 1

Time (ms)

101 -

 EE—
0 1299

25 26 27 28 29

from Puglisi et al., 2021
nside
24
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Time-Ordered Data from atmospheric signal (SNR = 3)

0.0015 A

Ny i
)I o M i
i /"

0.0005 A

0.00004 | ',

o] I [ fﬁ 1 )F‘

—0.0010 A u'

TOD [K]
_—Eé:'
*:1__-—'
—
—

0 20 40 60 80 100 120

- preliminary tests for an atmospheric time-domain
component separation are promising
(non-linear parameters are the wind and the PWV)

* by combining this component separation with
iInstrumental modeling, our target is to use
atmosphere to characterize the instrumental
response (I-to-P leakage for instance)

J. Errard, the SciPol project, Nov 8 2024 — CMB-CAL workshop

Telescope trajectory - (100 detectors; w= 0.5, 1.3) m/s

detectors pointing at tp
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Fi1G. 1.— Atmospheric transmission from the Atacama plateau at
the zenith for different amounts of precipitable water vapor. This
is obtained using the ATM code, Pardo et al. (2001).
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Map-baskd Generalized Analysis for Testing cOsmological Physic
(test-bed for SciPol time-domain analysis)

from Wolz et al. “pipeline comparison and validation for
large-scale B-modes”, 2302.04276

Benjamin Beringue Baptiste Jost Magdy Morshed

500 noise simulations (for Simulated Q &U maps of CMB +
noise covariance estimation) || instrument noise + Galactic foregrounds

SIMONS = i

- OBSERVATORY —— 3 preprocessing (common resolution maps)

native input common resolution
maps maps

\ 4

Estimation of spectral emission laws

Step 1

spectral parameters

Yy v

Estimation of the component separated sky maps

v —_

Computation of angular power spectra of each sky

i . Step 2
component, as well as the noise covariance

v —

Sampling of the cosmological likelihood to estimate
r, Alens (With an optional marginalization over Agyst)

Step 3

+ Observation matrix

+ Beam correction (Rizzieri, JE, Stompor 2024)
+ Multiresolution

+ Instrumental Modeling
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SCIPOl

Science from the large scale cosmic
mlcrowave background polarization structure

scipol.in2p3.fr
github.com/CMBSciPol

Courbevoie
f'i N RS V-
o p s . LN
V/J Levallois-Perretés
N ’,-/ gt
/ MONTMARTRE} {#
¢ PIGALLE

MICMAC Public @—

Pixel implementation for the non-parametric component separation
data-analysis component-separation cmb gibbs-sampling jax

® Jupyter Notebook - AIB GNU General Public License v3.0 - % 2 . w2 - @1 . I'l 0 - Updated 2 days ago

Megatop Private
A map-based CMB polarization experiment data analysis pipeline from component separation to r estimation

® Jupyter Notebook + ¥ 0 - Y2 - (D0 - 1910 - Updated 4 days ago

MICMAC_playground Private
® Jupyter Notebook - '39 0o . {}o . @O . I‘lO - Updated last week

cmb_map_visualisation Private
Visualisation of 3D CMB maps using blender

@ Jupyter Notebook + % 0 - Y0 - (D0 - §10 - Updated onJun13

jax-healpy Public
Healpy with JAX
®Python «+ ¥ 3 - v¢2 - (D0 - §10 - Updated on Jun 12

SMICAX Private
SMICA, accelerated with JAX

® Jupyter Notebook + ¥ 0 - v¢ 0 - (D)0 - §10 - Updated on Jun 3

benchmark-fft Private
OC++ - Y0 - Y0 - (0 - 110 . Updated on Feb 28

astrosim Private
JAX building blocks for astrophysical reconstructions

®Python « ¥ 0 - Y92 - (D0 - §10 - Updated on Feb 14
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Morshed et al. (2024)
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