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IMMEDIATE DISMISSALS — MISCONDUCT

. Any Employee whose conduct, actions or performance violates or confliets with Fermilah policies may he
terminated immediately and without warning.

The following are some examples of grounds for immediate dismissal of an employee:

*  Unauthorized posting or removal of notices from bulletin boards

. Gami}ling, conducting games of chance .

e Sleeping on duty
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Expansion of a Bose-Einstein Condensate
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Transition Temperature of a Uniform Imperfect Bose Gas

: Eerson Huang _
Center for Theoretical Physics and Physics Department, Massachusetis Institute of Technology, Cambridge, Massachusenrs 02739
(Received 2 Aprl 1990)
We caleulate the transition temperature of a uniferm dilute Bose gas with repulsive inleractions, using
a known virial expansion of the eguation of state, We find that the transition (emperature 15 higher
than that of an ideal gas, with a fractional increase Kplna® )V, where n is the density, a is the S-wave
scaltering length, and Ky is a constant given in the paper. This disagrees with all existing results,
analytical or numerical.

PACS numbers: 05.30.0p, 67.20.+k, 67.40.Kh

The weakly interacting Bose gas 15 an old subject that
has found new life since the experimental discovery of
Bose-Einstein condensation in ultracold trapped atoms.
Although there is a vast literature on the subject, the
transition temperature of the interacting gas remains
a controversial subject, even in the uniform case. In
this note, we present a calculation that s simple and
transparcat, in the hope that it will settle the controversy.

e



. A Tale ot ¢ (aﬁw#:)

Covrect Puwgr: P#’

ﬁ_’; . | ks
el

EFT + [ effice (",‘Zﬂt;&f)
C=/.232+602

=10,

2 tr gﬂ-D

o = T % SRR

¥ '_'E': ﬁ'ﬁ.rﬂ
ﬁrﬁ‘—"ﬁ

' ol ® A AT D0

; - o —]

I —_ i Iy L R e

gl 1 2B 4



A Tale o Te (cont)

&1:_.‘ huhptrhrbnﬁve prﬁhhm i i
Euclidean Field theor, on IR!“S'

+wo Chergy scales : /a << |

Sf'cp i E"";rst'ﬁ"vf 'Fl‘ﬂrﬁf '-"A'lﬂf*?

dimencipnal reduction +o

Euc”lreqn ""Fch' f"‘aiﬂr‘y LT Rg

Baym, Bla;2et,
one energy scale /; Bl sl

Vautherin (1997

Sf‘!g 2 Lattice Field -PL:_eur-y

calculate C- using Monte Cavlo simulations

H'I' Eh:fr’dﬂ!ﬁn ‘i'ft.fﬂ 'l"‘\tnrr T m!

Avrnold +Moove
= |C = /)32 06002 (20

Pr ﬂkﬁ-‘iw* Svistuncy




o1 ran3|y - Im"!-era:'f:'nj Atom s

hn‘f'urnf anfe 'S:ur SEG#E'I“I'hj IEH}*J\. (# B

’ﬂj LD iﬂw o 5-"--}!;\

But gcn#'erin_g fﬁ'q’!‘.{ can be wn'e.a\"
b},- funjhj hﬂﬂgheﬁ‘c_ Lield

It i
o o Feshbacl cersraire

Fesinback resnance "?01"" ?FRE

10000

8000 -

6000 -

ala,

4000 {

2000 -+

0

157 169 161 163 165
Magnetic Field (G)
WE.lmﬂh E;rn_r.u.;;'--r- IfLﬁfCﬂ.l"urnJu



LUI;EMFH a rnhP— J=F L olove
"I‘tip Uﬁ'_‘] o, L‘n"ﬁfﬂ"ﬂ.:ﬁu}ﬂﬁ

(200))

The "Bosenova"

These images show the condensate collapsing, then exploding outward, leaving a small cold remnant,

Stark: 10,000 atom BEC Wﬂtchmg the tf_]!ﬂ&lﬂiﬂs

Collapse

“Hosenova”
Ii.}a.r! 1':r'.5 !1'1IF".'.' ITin% A
*collapse
*explosion
+small cold remmmant

1500 atom burst
T~ 200 nK



S"lf romn jl}r- inte r4ﬁ+fh‘, o tomns (ﬁﬂhﬁj

Lnrat: Sdnﬂer‘}hj fEth'Ju.'

|a] == fwu

'kl
mn

— Q-hoﬁ[y bourd 5 tfafe (H: a>0.: Ei=_—5‘-)
ovr virtual state ((§& a<0)

near +hreshbeld

L
= s+trong resonon? interactions \/ :
between "cold atoms" =

(point particles with point interactions)

controst with h‘jui‘#’ Helium
extended ob)ects
ih*irntﬂn_’ sfrnnj‘y
+hrough nohlocel potential




Stronsly —interect ing afoms (cont,)

Ker Wilson ((971)

"Et:hurm-h'z-..'h‘“ln G‘l"ﬁup Lor S-Fr'mv Inf'ern:rﬁun:"

Caupl'rn_, constants ¢ ) 3.1? S

REn&rmnHInfinn group . A j‘ﬁ 9‘6 _ E‘; (31.1 h}.ﬂ)

As N — oo,

+he caup“h‘, consFanfs could Lfow
+e oD
o Form Flewitptini:
or +o a |Jimit :Ef:__
s
limi+ peint ; fimit cycle

9




0| ete —%M]

P\(ﬂ*) Q"[E*E‘. '_j/’(;”_']

As & —> 00,
R(s) — coreta,t % RG limir point

R(E) oscillates as
Lunction of 143.4. — RG limit Eycfe

FEIrELEL L 1 Temsl e im T JE Te] EEEE U ULy

‘.Iﬂag- jz
107 = —;-
= w - ¢ g
Adlie atolllE _ -
s limit point :
Bt P G
1 =3 .‘ ."me . ¥ 5 < E
o Jé t [imi's cycle =
e (L \ : . 5]
C %
.'""+!| '.'||||'| & L. 1 | ||1H] i i |-1||1I|
R g b 10 10°

s (GeWV)



[T ok T ne Tt | -IIIIIJI| |,|J|||i|

Jiy 10
y(2S)

10°

10¥

] IIIIIII| i I'I'III[|1 L |

10

- |

r| RRENLL Llllllll'i |4||u|I] |

i1 !II!II]

¥

F _
m."';! rernnndl . mE N T (i Nt o onnnnl
i f 'In .

R

10
Vs (GeV)

T

Stvong interactions is described by, QCD

@CD Cﬂuphhﬂ C.G'I-'-S'-"'ﬂh'." Q{S_
has ﬂ.s:.rh-urhft‘cnfﬂy—-?ru [imn} +— peint

Ry —> 2 %E;

(Le+weeh g uork Hvesh nM:)



S*Whaly - r‘h'l'E.l“ﬂ.L"‘ihj atoms f:nn‘h)

Vf‘l‘ﬂ-l}r E‘piPHﬁ‘# ((970)

I:Eheray feye,fg ﬂrfsih: 'Eﬁm R'Eﬁﬁhlhf Q'B'IJ}( FG"'I'.EI
fn a 3-Body, Sycten

Suﬁhs-e Vfr) fe tuned so o -3 3 oo,
V()

) g
h‘_ :Z'—bm‘r bwuf Ef‘nf‘e

TLEH -f""\ert are rh{:inif-e'ir many 3'594'5; bownd states
with can accumulation poih'l‘ at E =0

anrd geometric spacihg: E,,= 515 &,




S“I‘rnh‘, '}l - iu\'l"Eerr'Hj afors (cont,)

Bed agae, HﬂmhrrJ ¢ vae Kalcle ()

F:} = U f*ﬁtﬂ ry -G:-r mis o i om

reguires a %-"Lnl’y inferection

Renormelizatim involues a RG liwit ty:ft ,

A= C (-5 + & )"+ 22 (yty)®

- 9‘1

-

IS E— e

S

—_—




S‘l‘fﬁhaly-—ih‘f!r!ﬁ'ﬁh’ afoms (cont)

3- Bnlr Recombination

2 atoms recombine Mmte atem, ""Ji'MEI""

=

zevere [(oss mechanism Jor BEC

e = Lol

kaf
Dimensional analysis — Ql ~ —

but coefficient is PEriﬁJi‘r. function ot ﬂd}-ﬂ

¢
X = €71 M[E. Lylaly) + ﬂ.{‘?-]f;,%

So = l.ooG2Y

B edague, gfnnhn, Hammer (2000)
67|

':""\/1'11::%'-‘r

e cre—

™




Ahﬂ‘f’LEr‘ 7::!/& a'F 7:,

As T — o

¥ n : ]
-Ferminmt. afomns Lform a Fﬂrm: 9as

stafes with E<Eg: eceupled

4! 5 E'?EF: unoccupied

EF = F«El"mi Eher;y

Fermi t‘Ehpern'f‘urE: EF ‘l:']';__



Fermions

- B
..-u.-f_,:': .,‘..::_'“_"m].‘ﬂ

&, -
DEf}Enﬂra'fE Ferm} gas o¥ L ¢ atoms

f:;}.- Ermpai-ke'ﬂr_ r:ﬂbfr‘n_g WH-I-\ ?.‘!-E ﬂ'f‘Dhns

Hu-’ﬂﬁ 3Tﬂup — R:‘az l’_fnivau"s.] ‘f;),-
httF’: -’yﬂfﬂhﬁ.tuﬂ.r‘rca.eéu/



Ancther Tale o+ lc Cconl)

THw-: ‘Ferminnh. Spe:i'e: a'F atva.s
with scafl-ering /Ehjf'f) a =< 0

Super'f:fu EJH}- P;‘ aSe +ramsi tion

Befuu some critical f'EmFErnf'ﬂrt 7:.-,

the atoms will form Cuuper pairs

whi‘ﬂl«( condense into & Euptr;fwd.

z
eyl
WEJL ﬂﬂupf:'na: 'kF laf z | EFF’ ;;._,:
— Vﬂkplﬁf
P Clauid o Te

HeiselLery, Pethick, Smith,+ Viverit 2000

S-I"rung rm.-ph‘h:'. kFiﬂf:f
Wiket s il 72



Time (ims)

200

500 -500
Position across cloud (pum)

0.74

=
o
Fa

=
L
=

=
L
o

0.24

0.12

(pea 1) ajdue aser]






