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THE SETTINGS

Set up (Carusotto et al., 2008)

1D BEC, uniformly flowing with v, = —cy, constant V + gp—
constant density pg, with varying sound speed c¢(x) (i.e. varying
coupling constant g(x))

€/ : 1/n K[X| 5
—(x; k,n, D) =1+ Dsign(x) tanh —_— .
Co C
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THE SETTINGS

Bogolubov-de Gennes equations.

¢ Production of quasi-particles governed by the
Bogolubov-de Gennes equations. At fixed & = w/k, in
coordinate X = xkx/Cy:

. 1 &2 G2
(w - Ia)”()gb(ﬂ = <—/\8§ + 2) bz + 7(’0@

. 1.5 A\C? A\C?
(@ —i0%)ps = <)\3)~( - 2> Po — TQ%

o Adimensional parameters: x\ = A = 2mcj /h, related to
the healing length: A = ¢y /<.

e x does not appear explicitely— results true for all s, need
only rescaling to get actual values for given x.
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Asymptotic solutions

¢ In the asymptotic regions x — 400, normalized solutions

o — 1 eikx
V/]dw/dk]\ /1~ D2
QOw — Dk’w eIkX

V/|dw/dk[\/1 - D2
Dk, = 2(w+k)/A\c?—2k?/)2c? —1
e k solution of the dispersion relation (c. =1+ D):
(w+ k)2 = k?c3 + k*/)2.
e In supersonic region, for w < wmax, 4 oscill. solutions; in
subsonic region, 2 oscill.+ growing + decaying.
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CORLEY MODE

Corley mode (Corley & Jacobson, 1996, and subsequent
papers by Corley)

NS B, T
(o X
’
4
4
¢
¢’
4
' .
~ X
~
A Y
A
c -
A Y
d_w N
“




CORLEY MODE

Corley mode.

o Link between 3¢, 3., and/or 5_.,?
¢ A bit of algebra gives

952 = 18-l _ [|Bg|2]
1BS12 |BSI2
(with the reasonable hypothesis that | B, | is of the same
order of magnitude as |BS)).




CORLEY MODE

Corley mode.

o Link between 3¢, 3., and/or 5_.,?
¢ A bit of algebra gives

18R =182 _ [|BS|2]
512 e

(with the reasonable hypothesis that | B, | is of the same
order of magnitude as |BS)).

o — sulfficient criterium to have |85)? ~ | 3,2 ~ |f_.|*:

BSI?
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Outline

Results
Typical values of the parameters
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Typical values of the parameters (Dalfovo et al., 1999)

 For 8 Rb, typical ¢y ~ 5mm-s~', m~ 1.5.1072%kg. Gives

~ 2mc§
R

A ~ 10%~1
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e Parameters considered in Carusotto et al. 2008 give
D=0.3and x ~ 104",
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 For 8 Rb, typical ¢y ~ 5mm-s~', m~ 1.5.1072%kg. Gives

2
_ 2mcg

: ~ 10%~1

A

e Parameters considered in Carusotto et al. 2008 give
D=0.3and x ~ 104",
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Typical values of the parameters (Dalfovo et al., 1999)

For 8 Rb, typical ¢y ~ 5mm-s~', m~1.5.10"%kg. Gives

2
_ 2mcg

: ~ 10%~1

A

Parameters considered in Carusotto et al. 2008 give
D=0.3and x ~ 104",

° )\ = % ~ 1!

In the following, when the goal is to predict experimental
results, A = 1,10,100, D ~ 0.1.
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Outline

Results

Constraints from |BS /3612 < 1
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Outline

Results

General properties of the spectra
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In the following, f, designates the energy flux per frequency
interval dw:
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Outline

Results

Parameter governing the influence of dispersion
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Scaling of the corrections
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Conclusions

¢ In BEC experiments the spectra could be non-standard
(T # Tp), unless one works with very small «.

e Closer to dispersion-free spectrum if D close to 1 (large
variation of ¢(x)), but LARGE non-adiabatic effects and
expected grey-body factors+strong v particle creation.

e wmax/k, NOT A/k governs the influence of dispersion.

« The corrections to the dispersion-free case, scale as A\ 2.

¢ Limitations of our approach:
e Corley mode is not what we would have liked...
o No quantum backaction.
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« In subsonic region: ¢C,, = uye®“w*, xC_ fixed by the BdG
egs.
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Numerical procedure
« In subsonic region: ¢C,, = uye®“w*, xC_ fixed by the BdG
eqgs. |
¢ Integrate deep into supersonic region—> ¢§ = Z' Cjeiki)x,

u,out
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Numerical procedure
« In subsonic region: ¢C,, = uye®“w*, xC_ fixed by the BdG
eqgs. |
¢ Integrate deep into supersonic region— ¢§w = Zj Cjeiki,x,

chout — N =
v rd(—w)/dkﬂz:’“’|\/1 - Do
C
CV,OUt _ N Bw Dkx,out
w

’dw/dkb\J/VOUt‘ 11— Div,oul

« normalized mode: |7 |?> — |BS|? = 1, so:

_ N2
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NUMERICAL PROCEDURE

« Once N is known, |BS[2 and |3S_|? given by:

2
S 2 = L|Cu,in|2 dw |1 Dk”’”
- 2 u,in 2
N ksl Dyuin
2
IBC? = L| v.out|2 dw |1~ Dk""“’
w N2 w dKZ,out Div ot
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