
F. Pedichini on behalf of the IN
AF M

AST&R and PSFr groups

PSF reconstruction:
the ultim

ate tool to
sharp your im

ages? 3/3





PSFr @
 IN

A
F

PSFr
@

IN
A

F

LBT
SO

U
L 

Sh
arks

ESO
V

LT 
ER

IS

EU
C

LID

LBT
SO

U
L 

LU
C

I

ESO
ELT

m
icad

o

●
2019 U

TG
-1+D

S w
elco

m
e th

e “id
ea” (A

. Fo
ntan

a, F. Zerb
i)

●
2019 M

A
ST&

R
 1

st co
o

rd
. F. Ped

ich
in

i

●
2020 A

O
 scien

ce at Lin
cei R

o
m

a

●
2020 M

IC
A

D
O

 PSFr IN
A

F team
 (A

. G
razian

)

●
2022 SPIE M

o
ntreal (M

. Sim
io

n
i+)

●
2021 PN

R
R

-STILES (R
. Piazzesi+)

●
2023 M

A
ST&

R
 2

n
d co

o
rd

. C
. A

rcid
iaco

n
o

●
2024 SPIE To

kyo
 (A

. G
razian

+)

●
2025 M

A
ST&

R
 3

rd co
o

rd
. E. Po

rtalu
ri

●
2025+.....H

W
O

?

H
W

O
?

ESO
V

LT 
M

A
V

IS



C
usano

Felice
A
gapito

G
uido

C
astellano

M
arco

Vassallo
D
aniele

M
assari

D
avide

M
arasco

A
ntonino

P
iazzesi

R
oberto

P
aiano

S
im
ona

S
chreiber

Laura
C
resci

G
iovanni

M
erlin

E
m
iliano

M
esa

D
ino

D
all'O

ra
M
assim

o
B
riguglio

R
una

Licausi
G
ianluca

D
'O
razi

Valentina

B
raga

Vittorio
P
inna

E
nrico

P
edichini

Fernando
Vulcani

B
enedetta

Inno
Laura

B
usoni

Lorenzo
Vaccari

P
iero

G
ullieuszik

M
arco

B
ono

G
iuseppe

X
om

pero
M
arco

M
ichele

Fabrizio
S
im
ioni

M
atteo

Fiorentino
G
iuliana

A
rcidiacono

C
arm

elo

P
aiano

S
im
ona

P
ortaluri

E
lisa

G
razian

A
ndrea

C
antiello

M
ichele

Lazzarotto
Francesco

M
A

ST&
R

s o
f th

e PSF @
 IN

A
F



W
hat is 

PSFr ?
W

hat is 
PSFr ?

C
o

m
p

lex
M

ath

W
hat is 

PSFr ?

lorem
 ipsum

lorem
 ipsum

lorem
 ipsum

0123456789
0123456789

……

“b
lin

d
”

“m
yopic”

im
age 

p
ixels

rec. im
age

sci d
ata

deconvolution

data analysis



O
PEN

LO
O

P

C
LO

SED
LO

O
P

M
FB

D
G

ET TH
E B

EST PH
O

TO
M

ETR
Y D

ESPITE 
O

F TH
E C

O
N

E EFFEC
T W

H
EN

 TH
E PSF 

SH
A

PE IS PO
SITIO

N
 D

EPEN
D

EN
T

D
ISC

R
IM

IN
ATE O

B
JEC

TS
IN

 TH
IS EU

C
LID

 FIELD



IN
A

F PSFr  fo
r LU

C
I, ER

IS, M
IC

A
D

O
: p

h
o

to
m

etry o
f PSF p

ro
files  

 

43

SO
U

L+LU
C

I - O

ER
IS - O

M
IC

A
D

O
 - O

RRR

|O
-R

|

|O
-R

|

|O
-R

|
1”.8

30” o
ff-axis 

K b
an

d

from
 the M

A
ST&

R
 w

orking group
“M

YO
PIC

” by using only: 
W

FS+A
O

+SITE telem
etry data 

Sim
ioni+ SPIE 2022



M
A

ST&
R

 w
orking group“M

YO
PIC

” by using only: W
FS+A

O
+SITE telem

etry data 



IN
A

F PSFr SH
A

R
K-V

IS/N
IR

: im
age sh

arp
en

in
g (b

lin
d

 an
d

 m
yo

p
ic)

V
R

I

Ashley+ 2025 in prep.

G
aussian PSF

FeII

SO
U

L W
FS



H
W

O
 6m

 f#25 o
ff axis to

y m
o

d
el 8th

 o
rd

er co
ro

-m
ask

Pu
p

il D
iam

eter
: 6000m

m
Fo

cal Len
gth

: 150m
Pixel size

: 8.2𝜇m
Plate scale

: 11m
as/p

ix
Th

ro
u

gh
p

u
t

: 22%
FW

H
M

: 44m
as

D
et. C

o
ntrast @

 2𝜆/D
: 1.0e-12

D
et. C

o
ntrast @

 4𝜆/D
: 2.0e-14

D
et. C

o
ntrast @

 10𝜆/D
: 1.6e-14

Lam
b

d
a o

f sim
u

latio
n

: 656n
m

Kuchner+, A
pJ, 628, 466 (2005)



p
erfo

rm
an

ce…
.(𝜆/D

 = 22m
as)

2𝜆/D
 1.0e-12

4𝜆/D
 2.0e-14

10𝜆/D
 1.6e-14

o
ff-axis [m

as]

 Tx [%
]

1𝜆/D
2𝜆/D

4𝜆/D

3𝜆/D
 IW

O
?



p
o

intin
g erro

r 2.5 m
as —

> B
kg o

rd
ers o

f m
agn

itu
d

e h
igh

er !

star light leakage

~1e-14



p
o

intin
g erro

r 2.5 m
as —

> D
et co

ntrast ~2 o
rd

er o
f m

agn
itu

d
e lo

w
er

4𝜆/D
 1.0e-12 

(2.0e-14)

2𝜆/D
 2.0e-10 

(1.0e-12)

p
lan

et         star

p
lan

et         star



Z6 1n
m

 R
M

S (0° A
stigm

atism
)  —

> D
et. co

ntrast lo
w

er

2𝜆/D
 1.0e-10 

(1.0e-12)

4𝜆/D
 1.0e-12 

(2.0e-14)

p
lan

et         star

p
lan

et         star



R
eco

verin
g b

y W
FS sen

sin
g &

 Fo
u

rier m
o

d
el o

f th
e o

p
tical train

 O
k if: W

FS error ~2-3pm
/m

ode

2𝜆/D
 1.0e-12 planet but…

1nm
 R

M
S Z6 error

star

p
lan

et

-Z6 fro
m

 m
o

d
el



PYR
A

M
ID

 as th
e H

W
O

-W
FSen

so
r w

ith
 tw

o
 jo

b
s:

1.
keep

 th
e system

 o
n

-sh
ap

e (p
o

intin
g, W

FE, d
ark-h

o
le etc…

)

2.
reco

rd
 th

e W
F m

etro
lo

gy at p
m

/m
o

d
e level fo

r p
o

st-p
ro

cessin
g

●
Plenty o

f p
h

o
to

n
s (m

agR
 <7 targets)

●
N

o
 tu

rb
u

len
ce (n

o
 m

o
d

u
latio

n
)

●
Lo

n
g integratio

n
 tim

e (<1H
z)

●
Very H

igh
 Streh

l o
p

eratio
n

 regim
e

●
Q

u
ite &

 th
erm

al stab
le enviro

n
m

ent

●
Very H

igh
 p

recisio
n

 m
ach

in
in

g
●

R
o

b
u

st calib
ratio

n
 to

 su
rvive lau

n
ch

 
stress (R

&
D

)
●

N
eed

 fo
r SO

A
PP: SPA

C
E Q

U
A

LIFIED
 A

O
 

co
m

p
u

ter (A
SI R

&
D

 grant req
u

ested
) 

R
aw

 slo
p

es P
yram

id
 sim

. 5700+ su
b

ap
 (3x3)

H
W

O
 6m

-R
5 60s exp

 Z6=50p
m



W
FS: 100 M

o
ntecarlo

 fro
m

 Z4 to
 Z15 (o

n
ly Z6 is 10p

m
)

[nm
]

sim
#

RM
S 0.13 pm



SU
M

M
A

R
Y:

1e-8 p
lan

et 2𝜆/D
R

5 at 3h
 exp

o
su

re

to
tal o

f 1300𝛾
0.12𝛾/s

R
O

N
 0.2𝛾/sam

p
le

●
A

O
 tech

n
o

lo
gies an

d
 PSFr are syn

ergic

●
IN

A
F h

as A
O

 p
o

st-p
ro

cessin
g exp

ertise

●
IN

A
F h

as d
eep

 exp
erien

ce in
 W

FS

●
IN

A
F can

 tran
sfer th

ese h
eritage to

 H
W

O

●
Prelim

in
ary resu

lts are en
co

u
ragin

g

●
H

W
O

-W
ash

in
gto

n
: p

o
ster o

n
 th

is to
p

ic 
w

ith
 m

o
re d

eep
 resu

lts is in
 p

ro
gress



GRAZIE !


