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Quantum technologies: Earth or Space

Earth advantages: |Earth based

e Cheap(er);

e Reproducible;

o Upgradable.

Earth disadvantages:

e Many sources of noise;
e Small distances;

e Bound to surface.
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Quantum technologies: Earth or Space

’

Space advantages: Satellite based

‘| o Large distances;

o Microgravity;

e Less noise;

Space disadvantages:
e Very expensive;

e Few-shot experiments;

e Not very flexible once launched;
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Propagation in flat spacetime

+00
Bob: &Z)O — J da)Fa)O(a))e_ia)(rB_tB)&Z)

Alice

+0o0
Alice: aj, :=[ dwF,, (w)e~ Ua=)g]
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Propagation in flat spacetime

+o00
Bob: af := doF. (w)e s B)g!
0 @ (0]

too Alice
Alice: aj, :=[ doF,, (w)e™"—0a]

Alice:

Approximation: pulse 1-dimenstional |

| — — e == —

Jd3kaO(kx, ky, k) ~ [dwFﬂO(w)
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Propagation in flat spacetime

+00
Bob: &Z)O — J da)FwO(a))e—ia)(l’B—tB)&Z)

Alice

+oo
Al-lce: &Z)O = “ dG)Fa) (a))e—iw(m—fo)&z)

Alice: <«----- + Bob:

Alice’s wave packet as measured locally by Bob I&» I/\>

F, (@) = F, (@)
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Propagation in curved spacetime

+oo )
S S : i (r—ty) A \?\
BOb. aa)(’) L J da)Fa)(’)(a))e BB aa)
0 =

+o0
Alice: ar :=“ da)FwO(a))e—iw(rA—to)&Z)
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Alice:
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Propagation in curved spacetime

+00
TN, ’ —iw(rp—tp) AT
Bob: A, = L doF,, (0)e™" " ~way,

+0o0
Alice: &Z)O :=[ da)FwO(a))e_iw(’"A_to)&Z)
0

Alice’s wave packet as measured locally by Bob

CfemEfa

E f(rA) “ VBT f(rB) “a Alice:

frp=1-2
r's
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Propagation in curved spacetime

+o0
Bob: &T/ = J dO)F;)/(a))e_iw(rB_tB)&Z) ’\
@ 0 0 =] I

+0o0
Alice: &Z)O :=[ da)FwO(a))e_ia’(’"A_to)&Z)
0

Alice’s wave packet as measured locally by Bob

FC’U(,)(O)) = \4/f(rA, rB)Fa)O(\/f(rA’ rp)w) Ali I
ice: J\
v >

M &
1 =24 .

p
f(’”A,rB)= l—i

TA
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Propagation in curved spacetime

It is important to note that "~
“any” protocol operated between
Alice and Bob will result in the
receiver (e.g., Bob) to witness
effects that depend on the overlap
A of the two wave packets, i.e.,

+00
A= [ dwF 6’06(a))F ;‘jo(a))

Potential wave packet:
Gaussian profile

(w— 0)0)2

This overlap, for e>.<ar.nple., measures F (@) =Ce
how well can we distinguish two 0

single photons.
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Propagation in curved spacetime

We apply our results to \}a\
realistic protocols (more later): =
1 =M
s
0= o I x1
 ———
"'
2
Arn -2 5
802
This regime yields viable results when In our case this occurs
2
< 5 < 1 5~ 10710 @~ 4x 10"Hz
o

6 ~ 10°Hz
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Genuine distortion vs. rigid shift

a /Eedsmfy\

Main question:

Can we distinguish between genuine distortion and rigid translation?
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Genuine distortion vs. rigid shift

a /\;FedSh'fy\

Wo' Wo W

We have:

2 2
/ X'w—o - —1

o
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Genuine distortion vs. rigid shift

4\ [ 1
5 r—
b .
correction
o A
i \-‘ '
Ak AR
Assume that it lis locally possible to perform: w — w + éw (z := wlo)
A > A= J dz f(yz + 2)f(z/y)e Wtz D-wili+z)
F(z) == (o) f(z)e~¥® Z:= ("= Dzy+x°6z
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Genuine distortion vs. rigid shift

a /\\red Shlf.y\
H\— :
A\ wol wo W
b .
correction
i
i \-‘ : ------ :
A\ wol wo W

i) obtain effective redshift 5Zopt :
ii) obtain genuine redshift Aopt .

Optimize A = ‘ dz f(xz + 2)f (z1y)e Wtz D=y Gl+z) with respect to Z:

7:=(y*— Dzy+ %57
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Genuine distortion vs. rigid shift

__\\ 1 1
\ T T
Wo Wo w
b 0 . E
..: ' correction .
A A
-A“‘ ..... I -
\

1 1 H
L 1 L} | -
Wo Wo W 0 6(»“)opt ow

Optimize A = ‘ dz f(xz + 2)f (z1y)e Wtz D=y Gl+z) with respect to Z:

i) obtain effective redshift 5Zopt :
ii) obtain genuine redshift A .
opt - 2 2
2= " —Dzg+y°6z
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Genuine distortion vs. rigid shift

Pure state:

Mixed state: om

ﬁpi

= [ L)(14]

F(2) = 1/v2mexp[—2%/4 — i ¢ 2].

bz — P’z

~ x2-1)2 72
Agim =—/—\/§X e_g?iTlL
AGa  _ \/QX
m,opt :
V14 x4
ASa s ~1— (14 26%) 67
ASflopt ~1 — 5%7

=D~ 3% 2 > -
xI+1 g($)“0 aj ()

256 ———
e a2 (¢)

xca _ V2x e’

e e
AGa \/i X

AG2 | ~1— (14320 +8822)67 + ek

AGa

m,opt

~1 — 07,
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Curved spacetime as a mode-mixer

Awo = [dwF wo(a))e_i"’(“))&w
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Curved spacetime as a mode-mixer

Awo = [dwF wo(a))e_i"’(“))&w

Gravitational redshift:
i) Is NOT a unitary transformation on sharp frequencies:

ii) IS a unitary transformation on realistic photons:

dpe # U0, U(x)

Aa)(’) = 0T()()AA0)0 0()()
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Curved spacetime as a mode-mixer

i (e — )
S e ey

A, = [dwao(a))e—W)&w 10;) 0o
10,) —{10.) —

lwp) = | 1a)01w6> p(x) =pP0000|00) (00| 4+ po202/02

+p1010/10) (10| + po101/01
+p2011/20) (11] + po211[02
+p2001/20) (02| + p1001|10

(02[ + p2020/20) (20|
(01] + p1111(11)(11]
(11

(01| + h.c.

~ S~~~
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Curved spacetime as a mode-mixer

A, = [dwao(a))e—W)&w 10;) 0o
10,) —10.) —
N N

g (Y )
S e ey

Hong-Ou-Mandel interference
Purely quantum

(o) = [ 1oy Loy

pe(X) =p0000/00) (00| + po202|02) (02| + p2020/20) (20|
+p1010/10)(10[ + po101/01){01] + PlM”

+p20RA1{11] + poas102I(L1|

+p2001|20> (02| -+ p1001|10><01| + h.c.
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Conclusions

Gravitational effects on modes of light:
 Rigid shift of wave packets (“redshift”);
e Genuine deformation;

e NO unitarity for ideal sharp photons;

» Mode-mixer for realistic photons;

« Quantum interference due to propagation;

e Hope for test with cubesats/nanosatellites.
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