BCS-BEC VARA—/\—DIKEEFER
( The EOS in the BCS-BEC crossover )
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e Goal of this project

e Construction of the EOS at the unitarity
» Principle
» Experimental




p : density

Laser cooling



E = f(p,(ny))

| }— p : density
0.3 Po

Mass(= mc?): 940MeV
Temperature(T): 10° ~107K

Density(p): 0.001~0.3p,

NN potential (spin singlet and s-wave)
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Cold Fermi atom Neutron matter

s-wave s-wave
Temperature: T ~1077K 10°~107K
Fermi temperature: T ~107°K 1019~1011K
Interparticle distance:d 250nm 3~16fm
Scattering length: a —oo~oo(Feshbach resonance) —18.95fm
Effective range: 1, 4.7nm 2.75fm

N2 N2
Temperature: T /Tg 10~0.05 ~0

Interaction: 1/kra —oo(BEC limit)~ + co(BCS limit) —0.05~—-10.3
Effective range: krr, 0.05 0.5~3



Te = F

Fermi liquid é
Thermal molecules
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E(p,8) = Eo + — po)? + |So +——(p — po)| 8%, (5=_>
(p, 6) 0 18p(2) (p — po) 0 3pq (p Po)]

Energy/Nucleon

A

Gradient: L

Symmetric nuclear matter
'?‘Symmetry energy (N=2)
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-~ a ,kFTe —> E= f(pi (nn))
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Trap cold atoms in — 100
an optical trap




e Construction of the EOS at the unitarity
» Principle




P, U, Uy, Ag, T, Ay, Ty, Rydw ,

No impurity, balanced system, ultracold, dilute, two-body short range collision,
s-wave Feshbach resonance

p(T,p, as)
Extended Gibbs-Duhem relation by Tan’s theory

dp = sdT + ndu + Ida™?!

2
I = 1 C, (C :Tan’s contact density)

gz Normalization by ideal Fermi gas
: ; A f ()
T, a;? > M _ [ Br A\ __ h(L,_T)E p__~ \kgT'a;
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* Pressure: p(T,ﬂ,as_1)=P(°)(T,ll)'-

_op(T,pas?)
=

« Density: n(T ua;?) — nO)(T, ﬂ)- +pO (T, 1) ——

kBT

T,as

e Entropy, internal energy, Tan’s contact, = - -
This is the EOS we determine
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dP(r) _ B eam(r)

Force balance:
dr r2

p(r)

l Relativistic correction

dP  G{m(r) + 4nPr®/c*}{p(r) + P/c?}
dar r2{1 — 26m(r)/c?r}

TOV :

2 0fE(p)
ap

EOS: P=fp(p)=0p

m(r) = j r41tr2p(r)dr

2

Rc
‘ M-REE{®R: M = m(R) < E (Black hole)




p(r)dSdr Star: dP(p(r)) _ cm(r)

(Newton's level) dr 12 p(r)

p(r) : mass density[g/cm3]

Magnetic field : B
Measurement

Vol

Cold atominatrap: VP(n(r)) = —n(r)VU;q, (1)

Temperature : T €

EOS: P(T, 1, a(B)™1)



e Construction of the EOS at the unitarity

» Experimental




Optical trap
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—00 p p

(LDA:u(p,z) = Hg — Utrap(p: z))

Inv-Abel transf ion :n(p,z) = 1foo ! an“’(x’z)d
nv-Abel transformation :n(p, z) = ), 2 = pD)ifZ e X
v
1 . (x,2)/0 <p' aUtrap(x» z) _ aUtrap(p’: z)]
_ = - trap\X, Z p ap ap
P(p,z) = nfp dx nyp(x,z) o2 — pD)i/2 +f (xz p,2)3/2
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A
High T limit :pk_TT = eksT + Bye kT + Bae ksT + -

(BZ = — 33 = —0. 29)@Unitarity
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® Unitary Fermi gas
— Ideal Fermi gas
—— Virial 3rd
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e 7Lithermometry | & : -.
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B.E distribution : n(x,y;t;or) = A- PolyLog, [z exp (—

2
myy F 2

Temperature: T = o;(t
P 2kg (1 + w%t%O) i(tror)

Interactions of “Li-’Li and °Li-’Li are enough small = ——> Ideal Bose gas




°Li pressure

nZD(x, Z) = — ln(Tabs(xr y))
abs
AP + 00 X X
=0,2)=C )11 =22 ) d
p(p Z) ODTn'Zw,Zc (z)wf, @) j_ _ nyp(x z){ V2 ) (V_wx(z)>} X
Dawson function
312
Absorption cross-section : 0¢ = e

Resonant component in a probe laser beam: >96%




Fermi radius: = 13 _ Meri 5 o
(Chemical potential) (s 5 WzirF —>

x direction
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WOF

@ Ncalib=1.0
@ Ncalib=3.9
— Ideal Fermi gas
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—— Virial 3rd




So far, data have been is analized under the LDA that “local physical quantities are
given only by the local density”

In the case of a large aspect ratio, “density gradient should be considered ?”

h? [Vn(r)]?
8m n(r)

Internal energy density : E(n(r),Vn) = E(n(r)) + A (A~0.25)

Density distribution can be modified?
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