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The Hidden side of Bogoliubov Collective Excitations

Loris Ferrari




The Interacting N Bosons Hamiltonian

Hoos = >y (K7 /2M) bibic + 5 570 1) o 6(q) bl bl obic, b,

T (k)

Bogoliubov:

Drop all couplings between excited free-particle states | k # 0 )
( Low Energy Approximation)
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The Truncated Hamiltonian

(Canonic)

Ein a1 (k)
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T (k) + Nm u( } bJr bk + = Z U {bT bJr bo )* + bicb_
k40 k;éO

K(bh )2




Bogoliubov Canonic Approximation (BCA):
T2 ~~ 12 ~
(bo) N bo ~ Nk=0
+ transformation preserving canonicity (Adam & Bru, 2004)

B = —1/2 ; P~ —1/2
Be=bh (Nn+1) b o BL=bf (Nu+1) " bo
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Bogoliubov transformations:

B;L = wiﬁl —w-fx ; Bx=wyfk— w—ﬁT—k
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Hpoa=Y [(BIT{Bk +1/2) e(k) - =
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BCA Collective Excitations (CEs)

Equation for BCA vacuum:
Byx|0)sca =0

Equation for the eigenstate corresponding to 7)
CEs of moment [.

\k, 77>BCA: W \(Z)}BCA



Exact Diagonalization of 1.

in the TL (N — oo)

(L. Ferrari, 2016, 2017)

he (k)
#
= = -
Ho= Epm+ Y |&(k)bbi + =a(k) (b};zﬁ_k( bo )% + bich_c (b )2)
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Single-k Schrodinger equation:
he(k) +he(=Kk)|| E, k) =E| E, k)
Base: Fock states with j bosonsin | —k) and j+7 bosonsin | k)
(b)Y =27 (b (bL,)]
VN =25 —n)! /3G +n)!

Warning! Total momentum = nhk

‘j7 k>?7 — ‘®>t’rue
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After some sweat ... . . (no blood, no tears! ...)
p_N

The Solution! @'/
B k)= 1Sk n)=> ¢s,0,k)j k)y (S=0,1, )
7=0

exponential




Schrodinger Equation

Y

System of S+2 equations determining £, =, C...(n)

(e1m — E)C(n) +2¢,C(n — 1)

Na(k)

+x

—H»m =0 (n=0,1, ..., S+1)

S

e 3 ()

m=n

S
+ Z C'(m)

m=n—1
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m
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Differences and analogies with BCA results

Es(n, k) = Epca(n, k) + Epca(25, k)




Free Bosons Limit

- _ i
- /2M N7(0)

k>> ¢ = T(k) >> Nu(k) (Kinetic energy >> Interaction energy)

Ex k?: particle-like CEs

e N
Es(n, k) —  T(k)(n+25) b
ﬁtot — FLT]]Z
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Strong coupling Limit k << ¢!
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FE < k: Wé.ve-like CEs
P —

h2k h2k
? | 25 —Nu(0
vanie" " e ?? TN

P,,;=hkn momentless

Es(% k)
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Quasiphonons (QPs) Vacuons




Why ?:

Each eigenstate | S, k, 0 ) Is a momentless “vacuum” of

Passing from a vacuum to the next neighbor:

|S, k,0> __26(](5)—>‘S::1,k,0>




Differences and analogies with BCA results
(continued)

Bl(Bk) do not create (annihilate) any ,iFS#0

However:

\ |

The BCA number operator numerates the In each

'S, k,n) — S +n
Mixed transitions like

1S, k,n) =15, k, n)

are possible, e.g. by scattering of an external particle moving in the gas:
Uint — WO5(Tpa,rticle = Tboson)
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Emission/adsorption of a by a particle

<kz‘ <777 q, S‘U‘ S, 7q/7 77/7 > ‘kf> —
= Wi (S, S, )0k, ki—aqOn' 1 + W= (S, S, )0k, ki +a0n -1

The creation/annihilation of a IS a single-particle process even if
vacuons

The matrix element is O if
vacuon

QP
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Spectrum

N
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In any experiment revealing the eigenvalues,
transitions involving multiples of

Wmin(k) = €(k)/h

are first-order

Transitions involving multiples
are first-order

2 wmm(k’)

are revealed by resonant effects at

Dhin (k) 3wmin, - 5 (25 + Ddominy -

Any experimental evidence?
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2 Photons Bragg spectroscopy: Stamper-Kurn et al, 1999

I Expected new peak Expected new peak

0 1 -‘H (Freely expanding gas) (Trapped gas)

A

3w

Momentum transier
-
&

6 4 -2 0 2 4 6
w/2n(kHz)

Expected positions of the peaks due to the activation of 1 QP
+ 1 Vacuon

Vacuons might have been observed experimentally, but:
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ion of Murphy’s Law

0 right before the effect

Hope in future experiments (or in a future life)
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Dissipation: a new picture of Superfluidity

Slowing down of a particle of mass ), and initial velocity V;
by creation of 1 QP and S vacuons

Myvi — 2% 4 e(k)(1 + 25)

energy-moment conservation

Myv; = M,v¢+ hk
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Figure 1(a)

0 quasiphonons
0, 1, 2 Vacuons

0.08

Figure 1(b)

The different shape and values of the square
amplitudes

|¢S’,O(j7 k)|27 |¢S,1(j7 k)lz

show that the creation of a QP
changes the structure of the corresponding
“‘vacuum” too:
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Vacuons and QPs are not
independent CEs, though the energy
eigenvalue is a sum of a QP and
a Vacuon contribution:




