
old = { ¥¥?Thermal eoudf ffs & o too

e?ujE⇒=g§edginess'=→EfI§4a1[O±Gsip±a]µpet
'

9 § e- Pta

Do just as for the retarded ff : introduce 11
,

do FT tow

-

fed
→ efgtcws.dz?g.Qa.B.xe*=ewtEa.Ea

,
+ in

Similar expressions for advanced & real-time FAS ,

see notes eefns 7.55 & 7.56



Yet another condone : the
imaginary time one

efta , ⇒ = . < I. HadFled } >
$0 ( z ) ± et Hoggatt .

Lehmann repast :

go.ca , = . ÷ § .
,

Qa . Pain e⇐⇒i{oaset "toe⇒e*B
(for a E [ - Bp ] )

Nico property :

go.it ( ⇒ = e?Bfe+p)
→ this F can be decomposed in Matsubara freq .

FJ to Matsubara using Eciw .) = flee eiw "
e (a)



Sd the Lehmann repeat
CIBC iwn = f- I Qa . B. a ether

iwnt Ea - Ea >

Useful identity : CHEW> = Ea&£fiwD|
iw

-

= wtitz
' '

Master
"

F : E?Yfz)=±z § etty ' '

@ a. Para
2 t Eased

"

oreff to rule than all
"

Cup : Z → wtib

Lado .
2 → w - in

% : z → iwn



Concrete example : covulfff for free particles

Free fermions Its Zqsnatuan { again,}=Sa•.

Retarded F cnet.mn#.- ⇒ = -

ioCtitd4adtD.atedt.Bts.rs.n7e.r-ztmEtDepeiNdZaigjPKirndTrealtrnodep.ofoperatooQankstoHersenbeiegsaned.eiHsmDtaneiasnDh-ji@eirJtaa.e
' isnt

q

abtb - abtb isnt t =E£r

e

"
"

nbe
"

I ,
jab atntt )=e an

to

so copy ,at÷⇒= . not .⇒e→9dti⇒{ sanatnsatsataaed
,}

= .io#tdei3nHitD
-

t



Fourier # :

qwjefaodteiwttHqqsotF.uCw-n.fydtoctseiwttHti9at.1_w-yntihT.Fee9mdw5wtT.t@AdvaneedFaoEado-ioCtstD.o-twlg-a.e

.f
Other wofdtf : "

greater
"

: E
>

G) = -

isanHatuGDesctsInf.satacosaaaDndfst.H-oCts@7.esjcadoft.oGaCqs.q

> ) ( see noted



One last thing : in calculation using Kibos one

often ends up with the combination

of qut - cent #

→ wreaths

A@dwst.2InfeFmnwB1Diraeidevtiyy.L
.ge '- = fits ( w ) + Put

wtiz

a

FamousPfdxstxstfgig / Index + fFx) # ,
spearmen

→ a

Uoetaio with Ethan → Ap
,

,,dD=2TS(w . g.)



Photoemission spectroscopy ( font
-

- rival 2016 )

H ; Hornet Hsttt .

( and He - mNc=£ Sada { cents. }=Saa .

(continuum Hs=f§p§Cp)S+(p)s(p) { s(P3s}P' )}=S(P . PD

(m.ogh.org 'gHa=wata [ a ,a+]=1

Coupling : Heat jfjddpfstlrdcaa + A. a
.

4

Full Hamiltonian : H= Hot Hsu



Observable : rate ( number permitting of
scatterings c → s

D= &a,ms(P) By Heisenbergeqfofmetiow :

d. ms(p)=i[H ,ms(p)]
Calculate :

; tstcpjscp)[H,ns(pD=i[H . ,nsCB]+i[ Hsoa ,nscB

"

I
... conserves # ofc ,s,w

§If independently .

iftsaa.nsCpD-i8.ffdpInf.5cp3cua.stcpssCpDtBmtfs.tCp.Kna.stCbscpDF.sTpDc@tYD.tsTDsCrDsTpDcuastCpjSCpjCkN.sftdpL5sslptstPsCDsTpDcaa-sKpifstcpDscpHscpss9pDc.a

- stlpstlp ' )
9=••

Slp - PD
F =

- step ')s+lP)< era { sinister }



so :[ Hsca
,
nsCpB= - i8f§fES(p . f) stcpcwa th .c

.

#*

=
- ing {

st(p)caatig*E

atcascp

Xp
a -

b) Assume light field comes from a coherent laser
,

so in coherent state H>a= e
#

to >a
Property : a 1012=0114 >a ( see nsfvdfmalad

4
For Is

, get effective theory by taking expectation
value over this light field

Its
.

G) = fatalHsaelolcts > a
← HAD .se#tlpz

-

a lot > a & t

→ cdeaatetkis
. Only thing needed , dataHGJ )w Head. ⇒ a

¥02 F the
.



Need

a4HJ1Hsca1o1ttDa-JdpEsYpscess4H1a1oH@foktslaHaaIpleittataeattatlozeqsOf.eiwhasiwoHaswotaseiwtfo1a1o7a.oeiwtfo1oD.b} #
.

so Hsdt )=y&5iwt
.gg?epqstcpscu=j&eiwtJth...th .c .

orsevoow J=§dpj(p j(p)=§stcpsca

4 q

Also
,

Rlp,t)=
# Asletatnscp) Had

. = - iyoeiwtjcp) + a. c.

. ET



D Noun : Hlt ) = Has .

+ Halt ) Ho ,so=HirNotHs
*

Calculate the response in Kubo linear reap . fomalisg
on

state |µ;o > = |µz@107T vauumofs
I feimuo at 0 terms .

& cheap .µ

< C. .
. ) > = < roll . . Dlmo > g-

Q : apply the Kubo formulate get ftp.t )
←

stc is
^

d.
.

Observable : O = - igoeiwtjlp) + h
. c

.

•
•

Perturbation :#p= ypeiwt.to#Tp.*e*eowts.t*5ts
>

TE F + F*A)pt < a > =o

< r > < act > to
Kubo :

"  ,
9 < to > to

RTp⇒=a
.

.

iwriopfaoat' Edie'5ft#)eiw*t' '
+ a. a

- ←

A a
= . ioct . e) 5 [ ftp.t#tGD )

4



d) Retarded ff .
no

gone's

.io#J.dP'djlpst3jtCpstB=inoCtEY.8p.Ea.4stCp.+scaas,deoCtsscpst

'D >

÷
�2�

D= < step,DcedDFoG'sscpst 's> £ < step ,Dscpst 's>sonatas
Nick's<step ,Dsb' A' D= does

.lt#ss+cps(p.D=O
- - .

eieststas, eistiscp ,WE< cnn.SI#.D=jiseotti9wtgqctu.y=ei9edt*(i.na)
⇒rate

.

eisai San , (toned ← seeqf .

ls
'

.



@ = sets.tt ' )sCpst3stCp⇒caGJ > )
=< ctwttkedts > < Scp ' ,tDstCp⇒ > •

-

T.fotnas.jo#nntaoio
of to

@ = eiseot 'ii9st< cta.cn >
=ei9utctj÷kq.Tnq8@ssCPstDstCp.tD-jiescBttiEtBtsscpDstCpD-tSCp.pDetiSlDlt.t

)
-

' Sfp . PD - STPBC,gD
if

societe  

t.no#D2aeiHmm*t'n
. ←

F
answer to d) ,



e) Islets . inner .HpfaFEejtn⇒tt

.ae#tt'
tee

. a
-

T.io#EKLjF+Df=pyoyqn.Et.ei*sniwXttD_Timineeg

:

T.gg#htsn-wTt
' T

.  . . Of

Isetan "→ 's.it#.Dl..triFnsorcp.ts=oi*E.swiq.+...IwiTsFn

k

al pp ) tmdepoft ! -
but - indep . 2h

( w . etgjztzz
→ MSG:-)

so

ftp.2IHPHPEKW-KPHSsfna

← spectral to




