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Motivation

® New GWs detectors
® Test for non minimal coupling

® Test for properties of gravitational background )
- R e .
© Test for nature of gravity
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Outlook

®» Decoherence

© GWs and matter dynamics: phase accumulation effect I
» Phase accumulation and decoherence,

© State of the art: literature and open issues
® Our model

® What is left to do and can be done
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Decoherence

U, y,0) = L0 gy (x, ,0)
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Decoherence

- \% (Oé(X,y, t)®Xa(X7}/7 t)+
+B(x,y,t) @ xs(x. y, t))
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Decoherence

- \% (a(X,y, t)®Xa(X7}/7 t)+
+B(x,y,t) @ xs(x. y, t))

ps(x,y,t) = (x| TrE[(£)) (@ (t)1ly)
= (Xa(t)lpy(x, y: t)[xalt)) + (xa(t)|py(x, ¥, t)xs(t))
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Decoherence

ps(x, v, £) =(x| TrE[1(0) (W (8)11y)

1 < 1 a”(x,y, £)B0x, y, t)(Xa (t)[xs(t)) )
2

B*(vav t)a(x,y, t)(Xﬁ(t”X&(t» 1

Xp(xY)

t>0
1/1 0
pS(X7y7t>>1)N§( 0 1 )
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Gravitational waves and matter dynamics

2

e KG equation: g"'V 0,9 — m;f =0

o WKB approximation:¢)(x) = e/®(x)/f
= g 00,0 = E

o weak field gy = N + hyw, hy <1

@ long Az (pointlike wavefunction)

@ expand ¢(x) in powers of hy,:

B(x) = d(0)(x) + ¢1)(x)

Phase accumulation equation

déa) _ 1 g
dr o PP
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Phase accumulation and decoherence

o §(x,0) = (HEOHAE)

e Hipy = V(Xx,7m)

Aharonov Bohm effect: phase

accumulation in external potential
p(n) = — [ dtV(x(t),n)

o B(x, 1) — (EDTEEE)

V2
_1 a(x, 1) (%, t)B(x, t)E[e#()]
P2 ( B*(%, t)a(x, t)E[e~¥()] B(%, 1) )

Uncorrelated events: E[H;,:(X(t))Hin:(X(t'))] — 0

E[e/#] = e™ll-1ED] 3 = ¢ — E[y]
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Literature and open issues
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Non lab gauge choices

(]
o
@ Assumptions on the size on GWs (short or long waves)
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Our model

Gravitational decoherence: a general non relativistic model

L. Asprea,"2:* G. Gasbarri,>% 1 and A. Bassi®"?'!

! Department of Physics, University of Trieste, Strada Costiera 11, 84151 Trieste, Italy
2[stituto Nazionale di Fisica Nucleare, Trieste Section, Via Valerio 2, 84127 Trieste, Italy
3 Department of Physics and Astronomy, University of Southampton, Highfield Campus, SO17 1BJ, United Kingdom
(Dated: May 3, 2019)

arXiv:1905.01121 [quant-ph]

@ Deal with scalar bosons

@ Expand the action around flat spacetime to get the EOM assuming
no effect on measuring device (lab gauge choice)

@ No unnecessary preliminary assumptions on the size of the GWs

@ Non relativistic limit: Foldy-Wouthuysen transformation

Single particle Hamiltonian

Ao By mc2hooltR) | Tpooe )8 4 L p(t,%)p'p + ch%(t,%)pi
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Extended rigid body

@ Assume perfectly rigid body of N paticles

o ) = & iy [dae it

@ Assume h*" does not excite the
rotational d.o.f.

Rigid body's center of mass Hamiltonian

52
H= Mc?+ 2P—M I+ / d®r h%(r, t)m(X + r)c®+

[ g3y o0y £ X) P2 /3 0, AMr+X) 5
/drh (r,t) v 4M+C d>r h™'(r, t) v Pi+
s m(r + X) P;P;
/drh(r,t)—M o
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Stochastic perturbation: master equation

o E[hu(x,t)]=0 E[hu (%, t)hup(y, 5)] = a® (%, yi t, 5)

General (non markovian) master equation

R I N N 052 d3 d3 / t . m m /
atp:_ﬁ[HO,p(t)]—F/ (ZW 3 / dt: F°(a,q’; t, tl)i(ql)\/lz(q)‘

. [eiq'x/ﬁ( P2 + Mic) e i th/ﬁ( i + i 2)’ (t)H

aM aAM 2
o’ [ dPqd’q [T i m(q)m iak/np [ i’ Ry /B
% [ T ) e P o) O (038, [e 58 )]+
d’q d3 / i m(q)m(q’) ,quﬁ o' %o 15 PP
5 [0 [ Pty M 30 [ nun 2R ]
+O(ta 72)
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Markovian limit

@ Assume roto—traanlationaI invariance of correlation functions:
fﬂl/(x7 y: t, S) = Eu/»”’(x - Y)é(t - 5)

Markovian master equation

00 = = 1A (0] = g [ ad(am(@) [ [ o]+

o’L 00 (Q) iq-X /A P2 —iq-X/h p? A
T @n)e / (@2 g W’[e W’p(t)ﬂ+

e [ o ()T [orhn, owin P o)

T 202n )2 M 2M’
a’Lc 3q i mZ(Q) iq~5(/ﬁE —iqX/h A
T 20n )3/2n5/d [ 5 [ 0] [+
__ofle dPq i )LZ(q) [e"‘“f‘/ﬁﬁ- [e*i“‘*/ﬁﬁ- “(t)“+
(27r)3/2h5 Ve " e
3q i ( CI) iq-X /K PP [ i X/EPPJ "
(2m) 3/255 /d [e oM [e (t)H

v
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Decoherence in position

Dominant contribution when: A% > RO/ pii

Master equation with decoherence in position

Oep ~ _;L;[":IOa A1) — ;)é/czﬁs fd3q i ( ) 2(q) [eiq.f(/ﬁ’ [e—iq.f(/ﬁ’ﬁ(t)ﬂ

o It recovers* the work of Blencowe:
uP(x — x') = 1363(x — x')
@ It recovers the work of Sanchez Gomez and Power-Percival:

m(r) = M53(r) aoo(q —q) = L3T13(5(q B q,)e_;-,zqzl_z/z
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Decoherence in momentum

Dominant contribution when e/@X/fi |

Master equation with decoherence in momentum

00 =4t 1)~ G [ o @ T [ [ 0]

_(2:)2%}35/(/%’ go"(q)# [/Si, [/‘c’nﬁ(t)]]

e | #osw i (50 150 )]

@ It recovers the work of Breuer et al. and Anastopoulos-Hu*:

m(r) = M /R R > pO A0

(V27R)?

i(a - q') = §TL3K5(q — q')e "L/
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Conclusions

® A gravitational perturbation induces a phase accumulation in a
quantum system y

This phase accumulation is responsible fér a decoherence effect

@

@®

The models describing the phenomenon found in the literature refer
to different regimes of apprOX|mat|ons and have different predictions

*® Our model predicts decoherence in both position and momentum
eigenbasis -

© Our model is able to recover all of the results (that we were aware of)
present:in theliterature when the appropriate limit is taken

C]

Different preferred basis puzzle solved
. L

«O) (Fir CE> LEH> QA
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To be done

. Credit; NASA/SWift,/Dana.Berry__ " G Qi%:
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