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* Hanbury Brown and Twiss correlations in a BEC TUmM
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- suppression of bunching by repulsive interactions [LIT]
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* QOutline

- Exact relations for many-body systems with zero-
range interactions from the OPE

(2) (0) . :
g is ill-defined and must be replaced by
the two-body contact density

- Bragg-scattering at large momentum: negative line-
shift and multi-particle excitations




* Zero-range interactions and the OPE UM

scattering length defined by short distance behavior of

1 1
two-body wave function %o(7) = S Bethe / Peierls

many-body problem: separate free motion at short distances

V(R —x/2) (R +x/2) = Yolr)

Braaten /Platter 2008

OPE  O.(R-x/2)0y(R+x/2) =Y W (x) Ox(R)
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* pair distribution function at short separation T|_|T|
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* Tan relations: a list of examples T|_|T|

the two-body contact density determines the

tail in the momentum distribution n(qa) — C2/q* +. ..

closed channel fraction near a Feshbach resonance

de h?
derivative of the energy with respectto 1/a 5(1/4) ~  8mm

Co

clock-shift and asymptotic decay of the RF-spectrum

hC-
[y = Im (1/a)
rates for two- or three-body losses dTmn




* Ramsey-type measurements of the contact TUM
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* the Fierz relation for hard spheres T|_|T|

hard sphere fluids 3pus = 2¢ + 0%¢"(0) - 7n*(h*o/m) Fierz 1957
o # 0 breaks scale invariance — trace anomaly ~ ¢" (o)

non-analyticity at contact ¢ (r —o0%) =g¢"(0) (r —0)*/2+ ...
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* Bragg scattering at large momentum TUm
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* the single mode approximation (SMA) UM

Bogoliubov theory (n'/?a<1) Hpog = Eo + Z Eq&g&q

q

SBog(wa q) — N S(q) 5(hw I Eq) Wlth Eq — 6Q/S(q)

R. Feynman 1954 SMA is exact at small momenta ¢& < 1

Bogoliubov spectrum at large momentum ¢§ > 1

bq = \/5q(5q + 2gng) approaches Fgq = €q +gn+ ...




* Line shift in strongly interacting BEC’s TUM

Bragg scattering in ®*>Rb up to (¢@)max = 0.8 Papp et al 2008

line-shift A(hw) = hwq —eq — gn  should be linear in a
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FIG. 2 (color online). Typical Bragg spectra at a scattering % i e
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(black squares). The excitation fraction is determined from the 2r /O/o;gﬁ
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downturn of line-shift near qa = O ( 1)
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- Bragg scattering on BEC’s in a box configuration  [LIT]

Lopes et al 2017 %?K in a box, Feshbach reson. at By = 402.7 G
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A (hwy)sma = €4 [S™(q) — 1] = gn(1l — mqa/4 + .. .)

Feynman/Tan
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* One-particle versus two-particle excitations UM

Hohenberg /Platzman 1966  Sia(w,q) = / n(k) o(hw + ex — €k+q)

k

~om 1 , B mé hw — eq
— hQéQ 5JIA(Y) with Y = hQ 7

gives rise to scaling  S(w,q)

symm. peak around Y = 0 line shift A (Aw,) ~ ¢ q
1

transfer momentum q = g1 + g2 to two atoms /{
gives rise to line shifts A (hw,) ~ q° ! \
q2:

3
continuum of energies £q/2 < ﬁw(Q)(Oé) — QCOS;Oz/Z < 0

2y
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* Dynamical structure factor at large momentum UM

short-distance expansion 7(t Z Wi(t,r,a)0¢(0,0).
1\ -
asymptotic series for x(w Z 2 Ae . ( qa) (O¢(0,0))
. . . mC2
two-particle contribution S(w,q) = h2g Jo (Z = (hw —eq)/eq)
ds 1 spectrum is asymmetric !
? | U =2 lcollinear singularity at fiw = £4/2
g 1 tail S(w,q) ~ Cagt/w/?
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Son/Thompson 2010

Z = (hw — &gq)/ &q
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* Crossover impulse-approximation to OPE TUT

single particle excitations lw = €x4q — €k — Y = 7225 i q_ a4 _ (1)

lim Sia(w,q) = mCy ¢’¢?
Y |>1 A, Q) = h2q3 8m2Y?

dueto n(ké > 1) =Cy/k?

. . : mCy 1 . -
coincides with |%1|I£<11 Sopg(w,q) = h2g on2ze  since 7 = 2Y/(q€)
1/¢q
A
smooth crossover from single to
IA

many - particle excitations near |Y| ~ 1 .
OPE “_ | , OPE

Hofmann /Zw. 2017 Z = (hw — £9)/ 24
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* Shift of the single-particle peak from the OPE UM

self-energy from OPE  Ti(eq,q) = [ 1 L ]hz@

2ra? a=t 4+1iq/2 8m  4dma| mn

o gn (1 —(qa)?/2+ ...
line-shift A (hwg) = Rell(eq, q) { hQ(CQ(”’) . 0 if qa >>)1
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missing: effects of three-body

a(10°a)  (q@)max =7

or higher order correlations
Lopes et al 2017
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* Full spectrum within a T-matrix approximation T|_|T|

IO.OI

=+ 0.005

hw/eq

qé

the spectrum is not described by a single-mode approximation

Zq
hw —eq — 1(w, q)

inC(

x(w,q) = — - x"(w, q)

incoherent background extends from €q/n with n=2,3... to oo
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* Conclusion UM

e Quantum fluids with zero range interactions obey a set of
exact relations due to S. Tan. They connect short distance
or time correlations with thermodynamic properties and
they hold for arbitrary states of the many-body problem.

» Bragg scattering at large momentum involves multi-
particle excitations. It can be described in a systematic
expansion in inverse powers of q. This explains
qualitatively the negative line shift observed at JILA in
2008 and in Cambridge 2017. The extension to three-body
correlations and an observation of the detailed form of the

spectrum remains open. @
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