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Large Scale Polarization Explorer
ASl and INFN funded experiment aimed at the detection of the

Cosmic Microwave Background B-modes at large angular scales
25% fraction of the sky in the northen hemisphere

CMB features
Monopole term: 2.725 K blackbody
Anisotropy: ~ 100 pK rms
E-mode polarization: ~ 3 pK rms
B-mode polarization: <1 pK rms

Instrumentation requirements

High sensitivity to polarization state
High system stability

Very low instrumental systematics:
cross-polarization, noise, channel
equalization, ....

Precise foreground measurements
Independent and multi-band

measurements
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Large Scale Polarization Explorer

Short Wavelength Instrument

for the Polarization Explorer

SWIPE):
= Bolometric detectors
= 140-240 GHz

STRatospheric Italian Polarimeter (STRIP)

Coherent detectors

Circular-polarizations correlation
polarimeters

Q-band cluster @ 39 - 48 GHz
W-band cluster @ 85 - 104 GHz
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STRIP Instrument

Telescope
Angular resolution ~ 1.5 deg (FWHM)
Cross-polarization < -30 dB
Side-lobe levels < -55 dB
Dragonian side-fed optics
M1: 600 mm diameter parabolic reflector
M2: hyperbolic reflector

Electronics Support
Mech IF to Gondola
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STRIP Instrument

Q-band receiver cluster

Electronics Support
Mech IF to Gondola
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Q-band STRIP Receivers
B(LHCCP)é §A>(RHCP)

Polarimeter receiver based on the correlation of the input

Feed-
horn circular polarizations for the simultaneous detection of the
Stokes parameters Q and U
Stokes parameters
Polarizer Q =< |E,|? _lEy|2 >—< 2Re{4AB* } >
U =< 2Re{E,E;} >=< 2Im{AB" } >
V =< —2Im{E,E;} >=< |B|? —|A|*> >
OMT I =< |E,|? +|E,|* >=< 4|2 +|B|? >
MMIC
correlation
unit

Py
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Q-band STRIP Receivers
B(LHCCP)é §A>(RHCP)

Polarimeter receiver based on the correlation of the input

circular polarizations for the simultaneous detection of the

Stokes parameters Q and U

B C% %DA
Stokes parameters
Polarizer Q =< |E,|? _lEy|2 >—< 2Re{4AB* } >
U =< 2Re{E,E;} >=< 2Im{AB" } >
V =< —2Im{E,E;} >=< |B|? —|A|*> >
OMT I =< |E,|? +|E,|* >=< 4|2 +|B|? >
MMIC
correlation
unit

Py

XXX GASS-URSI



Q-band STRIP Receivers
B(LHCCP)é §A>(RHCP)

Polarimeter receiver based on the correlation of the input

Feed-
horn circular polarizations for the simultaneous detection of the
Stokes parameters Q and U
B C% %DA
Stokes parameters

L C

'}2{' Q =< |E,|? —|Ey|2 >=< 2Re{AB* } >
% % fA U =< 2Re{EE;} >=< 2Im{AB* } >

V =< —2Im{E,E;} >=< |B|? —|A|*> >
OMT I =< |E,|? +|E,|* >=< 4|2 +|B|? >
MMIC
correlation

unit
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Q-band STRIP Receivers
B(LHCCP)é §A>(RHCP)

Polarimeter receiver based on the correlation of the input

Feed-
horn circular polarizations for the simultaneous detection of the
Stokes parameters Q and U
B C% %DA
Stokes parameters
L C
?gi' Polarizer 0 =< |E,|2 _lEy|2 S=< 2Re{AB* } >
% % fA U =< 2Re{EE;} >=< 2Im{AB* } >
V =< —2Im{E,E;} >=< |B|? —|A|*> >
I =< |E,|? +|E,|* >=< 4|2 +|B|? >
Ba % % AA
EN [
MMIC
correlation
unit

Py
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Q-band STRIP Receivers
B(LHCCP)g §A>(RHCP)

Feed-
horn

Low noise amplifiers

TRV -&4‘ LOOLEOK
g <4 0 ‘}i"q

Pins for module
* components

-

el i o
L C . } Waveguide inputs
., €

'Zgi' Polarizer Phase
switches

B

] g

OoMT

Bandpass
Filters

Phase
Discrimina
(coupler)

Detected signals

Vp, x< |A + B|*>
Vp, < |A — B|?> Qm X Vp1 —Vp2

|2
Vbs < 14 +J.B|2> U X Vp3 —Vps,
Vps X< |A — jB|“>
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B (LHCP)é gA (RHCP)

MMIC
correlation
unit

iy

VD1VD2 VD3VD4

|

Q
U

Q-band STRIP Receivers

Muller matrix representation

Q

Q Q
ul U [
% 4
I I

out I in

H H K
]out - [HSZ HSZ] . [8]in+ KSZ ] | [II/]in

To be minimized
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B (LHCCP)é §A>(RHCP)

correlation
unit

iy

VD1VD2 VD3VD4
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Q-band Polarizers

§21) — [TLL TLC]
Tcr Tec

H H K K
A o B N i W A

1
Hyo = §{|TLL|2 + | Teel® = Tl — 1Teul?3
Hoy = Re{Ty 1 Tic — TenTech
Hyo = Im{Ty Tcy, — TicTec)

Hyy = Im{TycTey, + ToTech

Kor = %{lTLLF — |Tep|? + |Tpcl? — Tecl?3
Kov = Im{Ty 1 Tic — Ter.Tecs
Ky = Im{Ty 1 Tep, + TicTecs
Kyy = Ref{TicTcr, — TooTecs



B (LHCCP)é §A>(RHCP)

correlation
unit

iy

VD1VD2 VD3VD4
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Q-band Polarizers

§21) — T, O ]
0 Tcc

H H K K
A o B N i W A

1
Hyo = §{|TLL|2 + |Tecl?}
HQU = 0
HUQ = 0

HUU = ]m{TLLTEC}

Kor = %{lTLLF — |Tecl?}
Koy = 0

Ky =0

Kyy = —Re{T11Tcc)



Q-band Polarizers

B (LHCCP)é §A>(RHCP)

T, 0
1) — ['LL
S 0 ch]

H H K K
| [ | I oo RIS i R

1
Hyo = §{|TLL|2 + |Tecl?}

HQU=O

HUQ=0

Hyy = Im{T T¢c}

1
Kor = E{lTLL|2 — |Tccl?}

KQV=0

correlation Differential phase-
unit shift around 90 deg

with minimization of

phase error

KUI == 0
VD1VD2VD3VD4
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Q-band Polarizers

B (LHCCP)é §A>(RHCP)

S(le) — TLL 0 ]
0 T¢c

H H K K
---------------- I o H I A E N

1
Hyo = §{|TLL|2 + |Tecl?}

HQU=O

HUQ=0

Hyy = Im{T T¢c}

1 y) 2
correlation KQI = E{lTLLl - |TCC| }
unit

Insertion-loss

o Kov =0
equalization

Ky; =0
VD1VD2 VD3VD4
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B (LHCCP)g gAD(RHCP)

Measured performances

39 — 48 (nominal) (21%)
29 — 50 (enlarged) (53%)

> 36 (>20)

<0.01
<20
<-35

< 0.07 (0.03 silver plated)

Q-band Polarizers

STRIP-LSPE
Q-BAND POLARIZERS h .
Phase-shift
i T T T
96 : —— measurement
i - - =simulation
. 1
MMIC 394 i
1
correlation — :
unit <92 '
@
[72]
4 P
V51V02Vp3Voa . g8 |
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B (LHCCP)g gAD(RHCP)

MMIC
correlation
unit

iy

VD1VD2 VD3VD4
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Q-band Polarizers

Measured performances

2) 39 — 48 (nominal) (21%)
29 — 50 (enlarged) (53%)

Return loss (dB) > 36 (>20)

Band (GH

Insertion loss (dB) < 0.07 (0.03 silver plated)
Insertion loss unbalancing (dB) <0.01
Phase-shift deviation from 90 deg (deg) <2.0
Cross-coupling (dB) <-35

STRIP-LSPE
Q-BAND POLARIZERS

Cross-coupling

0 :
!
10} ; ——measurement
: - - =simulation
20F |
1
i
i

Cross-coupling (dB)

Frequency (GHz)



Q-band Polarizers

B (LHCCP)% gAD(RHCP)

Measured performances

39 — 48 (hominal) (21%)
Band (GH 29 — 50 (enlarged) (53%)

2)
K BC% §>A ™ Return loss (dB) > 36 (>20)

] [

-

Insertion loss (dB)

i _ | Insertion loss unbalancing (dB)
: Polarizer : : —
| ‘38{ : Phase-shift deviation from 90 deg (deg)

Cross-coupling (dB)

STRIP-LSPE
Q-BAND POLARIZERS

Leakage coefficient K,

0
1
—— (measurement) i
-10 R i
- - - (simulation) :
MMIC 20 i E
correlation = | '

unit Ea -30 i
p
-50
V1Vp2Vp3Voa

30 35 40 45 50
Frequency (GHz)

XXX GASS-URSI



Q-band OMTs
B (LHCCP)é §A>(RHCP)

Feed- ¢(21) — lTAA TAB]
horn Tga Tgg
AT et B P
BC% %:A Ulout Hyq Hyy| Wy [Kyy Ky Ilin
L C
?8{ Polarizer Hoo = Re{Ty4Tgp + TupTga}

Hoy = — Im{TyaTgp — TapTpa}
Hyg = Im{Ty4Tgp + TapTpa}

Hyy = Re{TAATEB - TABTEA}

MMIC
correlation
unit

Koi = Re{Ty4Tgy + TypTgp}

Kov = —Re{TyTgs — TapTpp}

i i l l Kyr = Im{TpsTg4 + TapTgp}

VD1VD2VD3VD4 " "
Kyy = —Im{TAATBA - TABTBB}-
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B (LHCCP)é §A>(RHCP)

Feed-
horn

I=] =%

28{ Polarizer

correlation
unit

iy

VD1VD2 VD3VD4
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Q-band OMTs

§21) — [TAA TAB]

TBA TBB

H H K K
o M Rl N

KUV KUI

Hoo = Re{Ty4Tgp + TupTga}

Hoy = — Im{TpaTpp — TapTpa}

Hyg = Im{TysTgp + TapTpa}

Hyy = Re{TAATEB - TABTEA}

Channel
equalization

Koi = Re{Ty4Tgy + TypTgp}

Kov = —Re{TyTgs — TapTpp}
Kyr = Im{TpsTg4 + TapTgp}

Kyy = —Im{TAATEA — TABT};B}-



Q-band OMTs
B (LHCCP)é §A>(RHCP)

Feed- ¢(21) — lTAA TAB]
horn Tga Tgg
AT et B P
BC% %:A Ulout Hyq Hyy| Wy [Kyy Ky Ilin
L C
?8{ Polarizer Hoo = Re{Ty4Tgp + TupTga}

Hoy = — Im{TyaTgp — TapTpa}
Hyg = Im{Ty4Tgp + TapTpa}

Hyy = Re{TAATEB - TABTEA}

Kor = Re{TyaTpa + TypTpp}

correlation
it
uni LOW cross- Kov = —Re{TysTg4 — TapTpp}
i i l l couplings
VD1VD2VD3VD4

Kyy = _Im{TAATB*A - TABTEB}-
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Q-band OMTs
B (LHCCP)é §A>(RHCP)

Feed- Turnstile-junction design
horn = Multi-layer layout with standard-thickness metal
I latelet techni
BC% %:A ayers (platelet technique)

?gi' Polarizer

MMIC
correlation
unit

iy

VD1VD2 VD3VD4
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Q-band OMTs
B (LHCCP)é §A>(RHCP)

Turnstile-junction design
=  Multi-layer layout with standard-thickness metal

layers (platelet technique)

?gi' Polarizer
o7 T T T TemT T T B‘\
'/ % é_é \

Turnstile junction

4 A
1

o
L
|-\
--/\N
O

MMIC
correlation
unit

iy

VD1VD2 VD3VD4
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Q-band OMTs
B (LHCCP)é §A>(RHCP)

Turnstile-junction design
=  Multi-layer layout with standard-thickness metal

layers (platelet technique)

===-xB-.
S
Upper stepped
: C-bends
A AA
1

MMIC
correlation
unit

iy

VD1VD2 VD3VD4

o
L
|-\
|-\
]
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Q-band OMTs
B (LHCCP)é §A>(RHCP)

Turnstile-junction design
=  Multi-layer layout with standard-thickness metal

layers (platelet technique)

== -sB~.
S
Lower stepped
: C-bends
A AA
H

o
L
|-\
|-\
]

MMIC
correlation
unit

iy

VD1VD2 VD3VD4
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Q-band OMTs
B (LHCCP)é §A>(RHCP)

Turnstile-junction design
=  Multi-layer layout with standard-thickness metal

layers (platelet technique)

== -sB~.

P
: T-junctions

A AA

H

o
L
|-\
|-\
]

MMIC
correlation
unit

iy

VD1VD2 VD3VD4
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Q-band OMTs
B (LHCCP)é §A>(RHCP)

Turnstile-junction design
=  Multi-layer layout with standard-thickness metal

layers (platelet technique)

== -xB-.

S
Stepped S-bends

A AA

H

o
L
|-\
|-\
]

MMIC
correlation
unit

iy

VD1VD2 VD3VD4
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Q-band OMTs
B (LHCCP)é §A>(RHCP)

Turnstile-junction design
=  Multi-layer layout with standard-thickness metal

layers (platelet technique)

?gi' Polarizer
o7 T T T TemT T T B‘\
'/ % é_é \

Stepped twists

4 A
1

o
L
|-\
--/\N
O

MMIC
correlation
unit

iy

VD1VD2 VD3VD4
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Q-band OMTs
B (LHCCP)é §A>(RHCP)

Feed- Turnstile-junction design
1elic Multi-layer layout with standard-thickness metal
layers (platelet technique
Symmetric design < channel equalization
L C
'zgi' Balleiae Plumbing to match the correlation unit flange

MMIC
correlation
unit

iy

VD1VD2 VD3VD4
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Q-band OMTs
B (LHCCP)é §A>(RHCP)

Feed- Turnstile-junction design
AT Multi-layer layout with standard-thickness metal
layers (platelet technique
Symmetric design < channel equalization
L C
'38{ Balleiae Plumbing to match the correlation unit flange

MMIC
correlation
unit
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VD1VD2 VD3VD4
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Q-band OMTs

Ss 3
B (LHCP)Y Y A (RHCP)
Feed- Turnstile-junction design

horn Multi-layer layout with standard-thickness metal
layers (platelet technique)
B C§ %DA
Symmetric design < channel equalization
L C
'zgi' Balleiae Plumbing to match the correlation unit flange

Manufacturing process parallelization (wire EDM)

MMIC
correlation
unit

iy

VD1VD2 VD3VD4
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Feed-
horn

I BX

'28{ Polarizer

MMIC
correlation
unit

iy

VD1VD2 VD3VD4
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B (LHC<P)§ gAD(RHCP)

Q-band OMTs

Measured performances

39 — 48 (nominal) (21%)
29 — 50 (enlarged) (53%)

>22(>5)

< 0.6 (< 0.3 silver-plated)
<-50

Reflection coefficient (dB)
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1
——measurement :
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Q-band OMTs
B (LHC<P)§ gAD(RHCP)

Feed- Measured performances

horn
2950 (el 535
BC% %:A Return loss (dB) >22 (>5)
»
o o

Cross-coupling

MMIC
correlation
unit

iy

VD1VD2 VD3VD4

lr' IQTI\ Frequency (GHz)
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Q-band polarizers + OMTs
B(LHCCP)é §A>(RHCP)

Dual-Mode Short Delay Reactive Load (DM-SDRL

Reflection measurement @ rectangular ports

Five standard loads

Complete dual-polarization characterization

Extendible to over-moded waveguide devices (MM-SDRL)

correlation
unit

iy

VD1VD2 VD3VD4
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Q-band polarizers + OMTs
B(LHCCP)% §A>(RHCP)

Dual-Mode Short Delay Reactive Load (DM-SDRL

Reflection measurement @ rectangular ports

Five standard loads

Complete dual-polarization characterization

Extendible to over-moded waveguide devices (MM-SDRL)

correlation
unit

iy

VD1VD2 VD3VD4
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s s Q-band polarizers + OMTs
B(LHCP)g gA(RHCP)

Measured performances

39 — 48 (nominal) (21%)
29 — 50 (enlarged) (53%)

Muller matrix coefficients
for Q-channel

0
)
S -10
@
MMIC c 20
correlation 3
unit § -30
Z
© -
o
S -50
VD1VD2VD3VD4 =

oy
o

38 40 42 44 46 48 50
Frequency (GHz)
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s s Q-band polarizers + OMTs
B(LHCP)g gA(RHCP)

Measured performances

39 — 48 (nominal) (21%)
29 — 50 (enlarged) (53%)

<-35

Muller matrix coefficients
for U-channel

o

~EN
o

MMIC
correlation
unit

iy

VD1VD2 VD3VD4
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Mulle matrix coefficients (dB)

38 40 42 44 46 48 50
Frequency (GHz)



Q-band polarizers + OMTs
B(LHCCP)g §A>(RHCP)

Eeed- Measured performances
orn
39 — 48 (nominal) (21%)
________________ Band (GHz) 29 — 50 (enlarged) (53%)
/B C% %:A R Return loss (dB)

'Zgi' Polarizer

Muller matrix coefficients

\
1
I
I
I
1
I
I
I
1
I
I
I
1
I
I
I
1
I
I
I
1
I
I
1

for U-channel

o

= Re{TysTp4 + TaTrr}

~EN
o

= _Re{TAATB*A - TABTEB}

Kyr = Im{TyTg, + TypTgp}

Kyy = —Im{TAATEA — TABTEB}-
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Mulle matrix coefficients (dB)

38 40 42 44 46 48 50
Frequency (GHz)



Thank you for your attention
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