CeleLebbbbbbbbranvoe

®

e bion Fmion (1) [Shanke ]

> \We. shall {hrsk r:.matclu (l+13~'[) . g
4 NoTe . Hat. AD..js. special 'Sice. there.iis 'no: o.ﬂi:emcdnm pathuweny
Two paiticles connot poss though each oo without. collisions .
a Take 80 = = SibaMhiahe) v o 0 %o sl
Mo m—(: £
;Inwma@m space., 30 —.—Z"z‘ Y cask
o= the Sgﬂfﬂﬂ isia Fﬁ&c.t mta@-,wlﬁa..
gaplaaa  excitation.

a Instead , fy Qoo i Moe ar 2 degmmgiﬁgwdm
o o W O W0 KO-
B S S P

And the gap:is Saaanbo,U: S
AHmweeapecta'phM'b‘mﬁmmﬁm ———:——
A The smtplwt.um.g,'tucmwmmmm%eld

it = A

Sulua-{ijspectrumaﬂdmintmiz.e wrl: a0
A Moonfield  predicts phase. dransition Precisely gk O=0 . ie., a,:.b:ér

paducbalive. O deives the uydtom o CPW.. Lo/ s
LND‘..OC‘.!:FI\&!M 'RG,huamag Hov Jow-enargy ;. coniider enly

. hegion _arounsl. &F i ol Lmaum%wwm

DR

—s alz - [y ok %m#w e

= Z.= [ 0% dT o S = Zf o }; dwdk :ﬁ(wk)(@-g)q
s Unds A o> AJES T Jimf_,.f& diodk 7F (o-k)h

GWUM k!'—'?‘k sk -m’l——':-m S

- 1S e ke LL )(ﬁﬁ "*‘(W £




Finadlly U 2/ () = ’3&#(5,5 ®
Thon  Ss _is  Invesiant. .
A Now: a.plslmagmmj- 4~ F&hﬂmnﬂh&ac{-lm
o Si= fciifdifds %mwrtawffz}%m @owaszll
| ‘where jdi f”d“"'fndk  ete. .
and implicitly we have consewation 1" +"2"="3"+ 4"
a Undoe e transfomviation, (A, k0% ) s (Ao K, o, %),
_ we hawe SuHsa_,uﬂm\e‘ﬁﬂ_tﬁaqgasc}cmuﬁmU '3 5

with O/ (Kw) = O(F, Q8320 = u(—,i,i’.-zi:)
a | Hencofodte we uae e shml-hord ks Chaaden
A Toylen e»cpo.ncl 5 .()I(k)‘: Qo + O k +Uhkﬂ+,.- [":"55"'“"“:l M-ragﬂeJ]
Oy = OKS) = ((Ud=0o
o ?JU# oM '
b= c@fs’ _ .)

Henco. bﬁlﬁ Obis impodant..
a Nexk , claim that if 4=p o ¥=§ 'f&ﬂn‘ﬁﬁ‘l:mmmaha_
Raason: © (D) =M he) = Uin = o et
A_ﬂm%anﬂge{hm’ruﬂ.MbMﬁ OrerL .

A And we ugmd.ﬁatat‘b@z\,&veﬂ UI—-}(.) L
ANliﬂwP = Olnis

2 1 R BT ZL i-L _ n.
: Jw : ".'ta % ’i

L R

jzdLuL f(_d%jzls% f dwdk
fw~ Ek)F o= E (k)i =S(km)) (w2 - s.{l:}ll(-nu S0k

comis} J“x’“‘“ﬁL ‘ -®

- In @ the sign 8 & ety “"“"“Hﬂhm{&)
(LR)

In @ , sign § ttewal fog s dotewitned m“%wﬂg Side w @)
@ Hhare is Hwo dxmm.% species . TWio' camcells the /2.




»
A
.

A Concluston : %% =F’(U)=D
. == "The coupling does not ?mw___ﬁ Slqs)fm remains gaFL
A But then wWiee s Hhe transhon ?

Avsiwer: by Unipklagy tem o O = (k=L )(ks—ky) =k 2%
TThis temn. is trrelevot when expand  arcind, Gaussian {ixed |
but of Jmbpumedicte. coupling ik becomes LESS trrelevant.

a The non-flow. &y coupliing.. o relafoh to the - cymtom bei

o MD'LU cmwdw» «Agm-m @+1)=D,

a 3= [PKL IR (& - J“/(K) | ""f"”‘ o
& [k y®R K w,t(la -2 fw}]

i fa’kc&ocf@ Y(wks) (cm-*kj"-f(wffﬂ} .
A The sc:a.ﬂm.( (A ko ) s (As K @' el o @
is He Same ‘aa in ID. 1 ;
a Agoin enly e C—DDS‘EGDLMC il ﬁ:@_ .
term can be LmPo&ant
Le., naod enly comide U =16, 6:,85,84). .
a Butiin 2D ond Jinik 4 very i sholl , only.
(almost) fwed scatbesing 16 pessible

= U(61,6:,0,8,) = U, 9,.} = um. 0;) = F(8)
m-ig Salmost” 'E:-mcl hnu-m.mrt

imﬂeWg

..A’ﬂm&u?hxm&ginmtlau.%mg equﬂﬂm&m*&fﬂm-_'
Sn(k) Sn(k) Fk,K) . ond why we: can stop. ok 2" -ordex. .
(5%, Heweer, we have ancther possibilidy, : e F

.l

LIMIE%HSQM._



