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The essential  idea  of  dhe SRG s o q;er?om« a
ULNJvox\( tansfocmation  on  our  Hamilonian  (avd  all other

crmu.b«s) to  produce  an equi valent  Hamilbowian  which
easiec  to  wse i A wany-bedy Caleulation.

/ O Common a?P\{caﬁon S o use the SRG
to Sottedt  an intecaction o that it conuer%a S

ove {op i\ 0s the. basis Qize 1S incveased .

Tan e wd nofes, well alse see  tat e iv-wedium
focmulakion  o% He SRE cam be usA to dirECH\(
Solve  the  waw(-body  Droblem.
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AS an  infoduction 4o the  conept oS\2 the Yenovwalization S(MF)

ConsideC e Qouow'w% Swple  exawmple 1:-TOV\/L Classical  elechrodynames,
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The esex %\1 Stoved v the D e\ UQ a ’_Poi it
c\mv%z s wlinte!  This is a  cleac jndication Hud
a lfea\ ot chage i3 vionsese.  This  issue  hag
Coused  wwcl  Constecnation  Wistorieally,  and basically
the Sameg  issue Showas P N @Mvd?M {LIQ\A ‘H«em\f |
ot quear  nessieness o My Pugicists.

HOM\W) J[{/e oolwtion s ach,all\( Qﬂlv \\’ S'tm'ugH Pow Wava;

o lied powt a\/\axae — thet is, one with no Spatial

Exfert  Whatsoevex all e way  doon  to  the  diniest  sales
lmagiveoble — s wdosd  vionSense.  Im  oder  toc  the
ooy o ware  sense  (ewen  witert  quartum effects ) |
He  distcbufion  wust  hove some  binite  extedt

/Buf( fow  We  Ywa  wo ancther nag: Eacnshaws  tHhoorem
tells  us tHhue Can ke wvo  Stable ’Ptm&l\{ electesiatic
Qov&'\?juﬂfdon. Am, two liftle  pieces ok CJAM%L will \’&Qe\ oV
owobioc  and He whole  thing flies  apart.

For o table, Qe OLiszribu‘f(ov\) there
wust be  some additioval 'Pb\\[sics bcxloml
electrostatics \ui i Joad\w( . In
the e of & /?ro‘fow, %-H:\é aoto:\?fioml Physics s
the stvo Yocce. Bur in any  Case  theve naeds o
be Something Welding, ‘H/L'wtﬁb together. Soe  1to  calculate
Hee totol enorgy W adh up  the  wuss, 8166—4\(05%11()

ond  wysteqy —Plysics  Cowtribuctions: enwcgy 00 H
[ ot waste

W= we f%Jafr Bl + fds( U, (¥)



\/\)e shill  Wave  Sowe (?wdo\cvus. Fiest o owe vk te know e
exack clax %{ distebition oy ouX’ ”’Po‘m‘\ c\ﬁa'(az\\ 1o m’bi‘\‘(a(\(
Pprecision, Wit arb&mﬂ{ sec&\‘a\ (olution. Slialz(\’ \as icievis
at Vexy sWiorr  distances  will  have  enmocmons wpact  on
e Bl emorgy.  Second, W& wed  to know  how
‘o cddeulade e enmer N Covclent| ot oul ystes y
Jr\wof\,. Thn the case  of a Ppoton, this s a veny
"yaiv&mk oddenlokiov. Tin the ¢ oF  an  electon, we
have no  dex  what  He  Heory  Sheldd  guen  be.

So axe we doowed ¢ Net Wecessasily, Imaame we
dont  Know  the mystory  theory,  and e dowt
Kwow the C‘AOX%Q, distribution , but we  do know
et 4he  distribution s smallee  Hum  some chemctesistic
|6VL8+‘/\ scale  A,. ket us  dso  assume  Hk he
wystery  pPaysies s o S&S;S;{CIQWH\I shoct ange hat
s onegligble  af 4 diswe  Cra.

Now, leks  dran  Some \w&aa'\v\od\( swll o Odius
Ro >z Qa, and S’P\H the expression ¥0( the
eneqay wcvo two  pleces,  owe foc LR, and  owe
Qo( 2R, -
o R %o fo
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We have osumel Hat  W@®=0 Yor R, S we

Can  drop  Hhat ‘eem, Also . Vole Huot {he  electvostatic
iM’egmk -P(ow\ ’IZ to 0O 1S le&e:

(N

Rs
(A o= 2 .L
L{ = Wc T fdsr [%IEL%)\ +ngL’r)1 + e R,
(o]

We  Stll dowt keow  Wow o handle the i vﬁeaml From
O 4o R,. However, we dd  Know Hhat T vt
be Some  fnde wamber, Fuctheomore, s only  effect
will  be to Pproduce &  Constant energy ot the
location  of  Hhe ?arJt cle. This s 16 a“\/ ind is-l-'m(ﬁu“skmlzle

&mm O mass *fexw\) So )ong, 4SS  Le erm‘/
Pacther Auway Hoan  R..

Ss  we \UUM\) Hat do a Cenotmalized o Physical  Wass

2z

R,
/_'VV\RC = /W\c:“ + dme ) dmct = jdsr [’%ﬁ@)\?’* C{gé?)}

Physica” “oaxe’
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VWARSS
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W= w f&g‘g
The ”PGL\’&W’-JV@( Q,, ) which we wed 1o ot OQ:T OUC

\V\JV@%V a\ ) IS axb&m«, — ’P\/u[sica.( ’?‘red{chows Showlol  vist
O@Q&M\ on T, gpecigcmll\, ) Hee enesgy shewld  net
O{QJ(JPMJX ow (P\o .

ra
W2t k(e = o

d A q*
\7‘ ZQ,(M“CB — C. Q: . <_( a&no(wltta:how 5\“0{?
Qquation for  y(p,) 3




'ﬂtc WSS Pa(awb( GQ o *Hmo«l do,gevas on T
Cutors R, , but the total energy does  wot.

! I§ we Qix ou  theory at
E 7 Some R, than wlRy) is
77 - cebfed  to  the  wass  we
N W 2, ) 22 would wave  found  ad
R RotSR. b
A o ° y
- SR,
L W (R+3R) ¢t = MR + |d STHN

Qﬂ
That s , the  wass  incceases by an  omoun eq)wx\ To
e  electwsitic  energy  Sfored  between the two  Shedls,
The d’W@(@A‘v’\m\ eqlwﬁnow ol\c:lwdmﬁ, Wow  the  wass

cwm%(s oul ot R, wlled
<6V\O<\/V\01\to&\ov\ goup Plow Qwﬁnovx.

Tucidentelly, the wags W dhis  prodlem s an Cxawple ot
Wik ae callh  Countes fewms’ abm;v% Physics  bejond  Hy et
As e \axy R, ) the  Hotal enaxgy Ww i unchL&zA
Howenex , +he velative  Contdriboutions o  wasy ond
eleckostatic Ny do c\wﬁ( . These @um*mes Axe_
Called  “scale - dqev\alw“ oA c\ear\\( should vt be
sbsecuable  individually.

’ﬂ/ds example.  Butlives He  basie (p\m’ \es erf\(\s.l ok e
Cexodwolkization Group ; applicakions  axe ﬂ?ic‘d(‘i Wove
complieated, omd  the iveceévds ae  woe  dittieutt. \We also
howve vt \er focked” o e great  Powec ol
Cenacmalvzntion O VoS to soht itk peoblews,



L ow — womentum  AIN fpow‘ew‘rca\% ~ Vewx

As an example of RG coneeps  applid A vuclas
Physics,  we ociel o upon  the N Approach
b&gb(ﬂ WLO\)'N\%/ ON o He  simi laf(+\[ cenormalization

%(ousp.

Covxsidu tHhe Smﬂe(w\% oQ Two fpartcdes with
i\/\covv\'\vx% Bafive Wowmentum K, iV\Jfé’/(achMg bl{ 2N
Potentiol V. The Hamilbonian 15 H= T+V.

I we dencte Plane wave  sktes | and
M‘te\’&d"u/\% sStades l/%g> ,  Then Fee Li’P?anL— Sckwmg&r

infmi\'ov\ 'S
by = 18> + G N IE>.

Hexe G’E 1S the Grreen’s ?um:‘ﬁon, oV ".Pcopagcdbr, T he
fom  of Ge degends  on the boundaxy  Conditions e
c\/«oose, ‘W‘Picau\( ncowing, 70{5{%01% waves oY SJ(WM% WS,
T4 dums ot 4 be l'lﬂVldlf fo  defive  He
T - Watcix,

(] TIo> = Pl V%D
which  obeys  ifs own  Lippmana- Schuinger  equaion,

7’; = \/ 1 GE\/ TE.

This Moy loe exptf&SeA in A /Parhral (Nase
basis as



LK INpYLP\Te [ KD
E —'P"‘

K Te|k)y = LKIVIKD> + %@j:p?L

Hee T use 4 votafon 2K WY = L)Vl @D
ond L use Smﬂam\% mits  h=c=wm=1. This wmeans
e Kierc enecgy of 185 s just K. T also
have selected  the  pana pod value {lonm f  He
Propagatoc Ge, whidh  conegpords  fo Standing vt
\OOU,V\dAm' Conditions, Note  that  Hee ]v\'heaml ung o
T=e.
Realishiealy, vio  muclear  pofential s Wil wp  t p=so,
So  the integral  should  have  some upper  limit,  which
Wwe davetc N\

KT Ky = (KW lKkY + ”Pfol,P . <k’\\“P><l’lPTx< >

Oux god s vow o clumge e el /L kil
leoww% +Hee T- matax unc\/\AMﬁLA'.

?k\lstaallxl) the  Scattes M% LUM? ‘Wzié N ’P(DPOV‘H Omk 1o

the T wakeix
E(k’(—l«) = — i {KIT k>

So | 60«\1(\/\% the T- Matnx MVKU/W/\%M meons  Hut  seaffec vxﬁ,
obsecvables,  like  cfoss  sections, axe  unchanged.  Note  that )
due to  enesgy ¢ womgntumt  Consenuation,  owly ‘on-shell
MG elements it K=K are ObSer\laUE. /P(ese(v'm%
Hee /’Mﬂlj; on-swell  tecms IS an extwe.  <equivesment,



This ‘extol <equiement  emsuxes  thet  Hhe  Jow-womedum  contponents
of the wove functon ave unchawged. Tt aso  leads o
O- Vow - Hexmickian Potential L—H«ou@\r\ W typically  almost  Hermition ) .

Toking, the  decuafive  of both sides  ofF  the  equation for
T oftec  Some monipuation  one  obtains

ol , {KIVIA) KA Te
T Alylky= § SMRGIS | (g bow o)

This is o  Yenomalization group Flew equation Loc Hu
*Po‘(‘@/d‘lal \](k’, k) . Eegivmm% it Some Wic(oScopic
'Pofewﬁd lilke AN CD-Bomn , 2 chival Polential, ete.
which  (epeduces NN scattex wg  datn, We can  Solwe
the  How equation o infeawfvc oudt l/tial« - Wiomentumm
modes ohile  preservivg  the Ceproduetion ot  dota.

{ Note +hat ) +ea[«mica“y ) Fe set  of Fanslocwations  Fhat
lead  fo  Ppolentids  at  differed  scales  do ot o
0. Qfoup in the  wmoadhematical  semse  because

they ~ae ot invectible.  Thet s, vacious  high-momertum
ntevactions will Coqusc o He Same low— wiementninn
iwtexaction , We  dord have E’,V\Ou%\'\ \lVLQOWML‘HoV\ 1o
ceconstauet  He  ocqiual  wdexaction bom  He  euolued
oW, because We Hwew it out.

On the  other hand,  Simlacty Renocwalitation Geoup  Hranshoamations,
which  we (( gt to sworkly, ae inectible and %o do  form

& gOup. 1
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The size  of the singe Pacticie
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S‘IM”Q\’H'\,[ 72£MOWM.,{,'| zation C:(ou:p (S RG)

Another Stateqy  fo  Suppress ki%k—vuovw\tum oegees ol freadom
s o peclorm uni+a(\/ Hansforwation of Hae

Hamiltonian : N .
H= WHUW, UUu=uu=1.

g’lv\&’. the ’WQJAS%V watlon s Wnitary, obsecvables  will  be
uVLdAaV\%QA by  Cownstructiown. Howevef/ we  dont  Knew
how o consheuct U aght  away.  The approach we
wWill  dake s to  paramderize  the Hanstorwation
L{SW\% & Continwous Yow paxawmeter S. We label  Hee 'tvx}Jcia\
Ho\mi\\'owi.w/\ W 3=0 ) So Hhad u,(s:o) = :[I_ and_

Hisy = Wy Heo lﬂs) .

Net  we diffecentiofe Witk <espect % 3
Alls t o U
%%s; — 2 Holws + ucs)H@js—)
dlls |+ otu-'[s)

= s UsUoHelles + WeHolsUs s

\/\)e. Can Woke Some Progess by ‘\'OLKM% o diffecent
dex wodtiye

dle | Al
Ha.l’s' (U(s)lf@ = Ele + U Tyl.‘?’ = %s(ﬂl) =0
T (c o 1T
L0 Uis = — U %52 = - (4U)
s | 1t

We dhen  deline: ’V](S)s ds Uty = —77+(s)



The  andi- hexmidian Up@wdf O\ /}7(.33 s called  the
%@/w(aﬁror of  Hhe uvqu\( Hansbovwmation. Tiu  tferwms
N, ouc  differential eq/uad‘ton ( ox Llow ecLUp&;onB

'S olLH(s)
d‘s —_

”Nis Hesy + Ha)af&)
= 70 R~ Hcsmts)
%%5) = [7o He]. @RG Plow @?wc@

The +rick & vow ‘o chse Q@ focwm or  the %@wmﬂbr
’q Whidh  dicives Ky 1o a  desiable wgowvx.

We  discussed  With \),o“, high momentum  wiodes  Cause O
headache foc  ouc any - body wethods, We cant eliminate
those wodes — Hut would break wnitavty. Bul  we  can

toy to  odecouple Wigh and low  womento..

A choice  thak  does  a (easonade Job OQ qu)rpressivtg
Coupling 1o high-Wonentum  wodes  is  the Cavonical
%eﬂez(odvo\’

’}7(5) = [_T ) H(.S)] . (,T = Rinetic ew,réxb

TL we defive the  Kinkic gy o be um\mv%ed
\OLl e anstoomakion | Hisy= T+ \/LS)) Hon

as = = L[ Vwl, T +\Jtssl

I\

TNT + TUW = NTT-VTIN=TTV=NTNT+TVT+\NT

|

TV +VT-2NTV — (VT7‘+T2\/—ZTVT)



\,Jrier% ’HMV\%S expl\‘c'ﬁl\f W oo plane Wave basis,  we Lrndk
S <KV = Jabg (K22 Nigqlvliy — (K=K <K V) k>

To  uwdecstool what His  will oo, lets  asSume  He Prest
fem s swall and we  Cam Ma\ed' T, Then

S K = — (D<K IS

which we  can iwuwed iately ivﬁregcad’e 1o obtain
~K='s

K Na k> = Kvwlk> e

We Lt Hat o@g-dfa%om\ wmateix  elements (I/\/?ﬁ ks ace
Suppressed exPovtewh‘@“»[, wih  a SJﬂEvthrh depend ing,
on the diQQexewce i the [mcowﬁng, oM oukaeivugv
Momenta,  Disgonal  wakvix  Clewends — ace wnchanged.

We can alse obsecve  Hat  we ar  essent ally  apply g
A Yeq wator  Which Suppresses coupl M%S with a Wowmentuv
dillevence  clavactecized by  the  SRG scale

[
AS«G = . .

T8 we view KNI as o wadrix,
we ace dvivmﬁ V towaxds & band
dia%ovxo)\ Qo(vvx, with oo width  about
the Olia%omal chavactexized by A, . K L




OF concse, we Cadt st iqnoce  the fiest  deomn
o the  Slow equation, TH s b be  Hlere {o
Mmainkoin ume\'&\, \oL/ abSorbivx% e \Aig\/\ Wome wThm
Physics o a change v the  low-mowentum  pavometess.
If K~k wWe iavwre Hee Secovd texm  amd e
e

& IVl = [y (r-29) QNIgdq vl

Tiside fhe ivlegral,  Vabgs of  grkeK  wert e
much  loecause Kitlki-24 ~0. The change  In the  Ppotential
s domiuated by Confributions Tom Wigh wowade. 45 k.
Schema+lca[|y , We can think o dhis i tews o dliagvawms

/

Ve N

MK . k/
Ty 1% 7% :
A )

LK VgL qlvtie> KN

As we  eliminate low-to-Wigh Wowetum  Coupling , & Process
Hot would  have  invelved  two SCAﬂe»fIA%S W & \aia\/\
wwowmentum  indecmediate g)(adce} 1S desecibed . the  wnew
theoy by & Sivvé\\;e Scaftecing  With o Yerormalized Potevttial.

The SRG i dhis wse s (Pe(gocwuwvéf e  Samc {lmd-iom
[IXS \,lowk, a«l‘H/\@u%h these oue Sowme. d(’?(?@\@vl(eﬁ.



1 l L) L 1 1 I 1 1 L L ' ' L L ] | l 1 ) L L l

©—@ initial

A—A ) =4 fm
vV A=3fm
¢ L =2fm
> A=1fm

600 MeV 550/600 MeV

E, [MeV]

llllllllllllllIllll'llllll
llllllilllllllIIIUI'IIII'U

llllllllllllllllllllllllll

IIUIIIIIIIIIUIIIIIITIUIIIIIUIFIIIII]I

\‘*Q—OOO

1 l L L 1 1 l | 1 L ' l 1

10 20 30 10 20 30
N N

max max

LI

Feom ﬁosw( ex. ol  PYRP 6S, 99 (2010)



The QNS)V W or difforevce s that \/,mK elimivates
high Womertwn  wodes  fom the  fhey,  While e SRG
Sugpreses  Coupling  between  high  aud b wommda.

The SRG  leaves” the  coupling ~ between  high womartnm
wedes  laxgely  wtact”

Schewmatically

,\\§

\Ilouk SRG'

Note that the loand-diggonal Sructwe of  Hhe  SAC
fow s« Conseq vance ot e choice N= [T, Hl)
Since  the Kinefic evexgy is diagonal in K.

We cold wake o diffevent choice omde  sbtan  diffeedt
bebavior. Foc example, %= [(BHR Q. 1A, K|, with e pejectors

A 00
?AE f{fk Skl O\,\E‘ yfklk><k\ will %E)A.ezfa*’e Vlwk—ﬂpe Llows.

Avother diffocne s ove of  ooveenience. Vi« Cepuines

the Solwtien  of  He Lippman - Sc\/\w\‘w%e( equation at
o ep i Hhe Low. SRe Cequives  the  evluation
o%  Commutadors ; Whieh o be  Gist as o0 werdvix - wadeiX
wultighication — something.  computes  ax€  very  geed  af



The thicd diffeence s i the handling ot man- bed
Lovces, \We cam  See immediotely  that ﬂm‘ wil\l  arise
L eithes lgo‘rmal(sm b\, Comid&c{v\% e ‘r'ouowm%
dia%mms

A pocess W hick +wo low  Momevtum Paricles

P ¢ P.  Suatec  inb A stwle  with  one  Jow

mowmgrtum ’P‘/ ard one Wg\/\ WOman Yumn 4> PP

wi il be eliminated b\[ the RG flow (SRG or View da.‘mﬂon)

s (q;_ rP|/) S A . Howevf,c} before  the  elimiation, He Presence

of Q +hivd low  momentum ’?d)f‘ tide Ps Could
adlow Hhe [M(a‘h Wowmentum Qr Particle o seaflec
back down o low Mot P, Pi

Th owdet Yo keep He Physics uwcfwwﬁ@() we  nd  a
Counfer tewm,  whida v s Case an  weducible
5. bod\[ fecon W e Hamiltonian. /P(&C'haa.“\( Speaki g

- boo\xf teaws Ove  More ”va&uu\ o dal  with - quations
e wore  complicated, witlh  move inteqrals /summakions,  amd
Sjvom% Yequirements werease X ap de\/ . We migbﬁr Hhretore
Covsider  the %lﬁ\mt‘ov\ ot 3- 'oeol»( teems an  unacceptable
(out inevitable ) ConSeguence o elimivaking  Lndesived  Wodes.
Howeuez() i nuelear Physics  wWe  need o doal with
BN fovees  amguny, so this  actully doesat  jmpose
much  of o additiond  buwden.



T/V\c\:d@vd“a,“\, ) ~l’[/~z$€ O'CC%RML 2N Qorces Com be Uhdorsteed.
n Hae Context- o4 Yenorwmalization as having arisen
due o 7‘uvx’ce%m3!r?a% out  other degeees ol Lrecdon —
not just high wowmenta ths  fime, but Aitfevent *Par"Hc(eg
sucdh os He  Alszd) excitation  oF  He  nucleon , or
heawy WLLSonS e-g.

N N N N N N
< 1
A é 4»-_%_ ~_7[-__
¢—— — -9
1T
N N A N N N

Both 4o V,W L OMA SRG QO\’W\U,\&JVCOVLS Can. il?vmc;r{;le
Ol commodate  B-bedy focces. However, especially £ owe work
"\ MoWTUL space,  the Voo focmulation s more  awkuacd.
I+ (eyquives  a genexalization ol He T watix Ho %’bcv(\(
SC&&@(‘W\% ank  thewn Nequuives Hao Selutlew ol He_
LRPPWWM’ Schw{%b( Eq,wﬁriow J;o\' all bound  Omd SCﬁUH'erw\g/
Stakes — Mc,meti\/\g nucleon- dewtexon mtfedm% - at exery
.lv\te%m&lo«\ e o, To my Wow\e)ta‘,ﬁ , this has  wel  bean
implemented, Fudhe, we  now  Wave  dwo  Jacdoi  Wowata
ok ks ot imwedafely  obvious  Wow o Comsistertly fe_gu\cdc thom.

Ore . work i a disceete  basis @

eq. haxmonte  oseillatoc ;o out then A
this  Cequives U3 to  impese  Some @

actilicial ‘\“(OUP . P @
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On  the ofhoc  hand, the SRG  is  forwuloted as
A bnidoy Franstormation
=
Hisy = Uesy Ky Uesy
and S0 we way Ol exactly the same Hansfomation o
the 3N sectoc M&begwws[\/- Theee s, ot Course, Mo
%Lﬂiv\% oxound e nevease Tw (&im\“@\ SJ\'OYa.gQ. But

Hhis s mma.aeab\e.
Exawxglf_: SQG' dia&omlif&i'{o»/\ @Q a 2%2 VWUtY\‘X

COWS\H@( o Hawmiltonian &Cﬁv% om o A-stde  Hilbert Space,
Ths  an ke vepesented by a Hemian A% matrix:

His-o) = ( J X)

Na wsh 4o drive  Hus  wateix dowads  the diagoml. We
colld  debine  H'= (5e) and cheose & canonica|
%@/w(&b< ’V)W\ = [.Hd, H]. This  wil Work; however 4\0\/ Hurs
cose  Onothec  Choice  is  wicer  for  an  analytic  seldion

N = Y- e  with p= e

(o0 -\*
SO /}7 = €€, \J 0 .

Note 4hat  with  this  choice 7 s dimensionless.  Our Dlow,
eq,uaJriow i then

| —AVE —(eredV®
= €€\ —(e-e)v IV |-

A= Do = o (300 0- (2T

)



So we  have Qoux Ol'\%cev\ha\ eq/uo&iovxs

A Nk d X x

ds E(s) = —2 e,-€, ) 4s \/LS) = -\ )
o d :
as Vi ==\ ) & Culsy = +2 8k

The  soldions foc V ava \© aee ensy
Vs = e,

We see  tat  the ofF- diaﬁom\ Plece s Suppressd  exponedtially
0s wWe flow in S, The €q uotions  For € ad &
o e solued b\/ C\Aaw% Mg vaxialles

—

B = e(sgfis) / AL = €, — E,(5)
d4d = (4 d
‘H‘-LV\ ds By = Z(dse'l *;[géb = O/
o d Vel d - -23
as Ay = T AG) = Ao s A = Y Vel g
r _
4 &s = Nwe”

Ay = K + Lll\/ooulzh—e:“)

Qo the qap  gvows Wit '\V\L’XEASM% S, aSquﬁoJri V\ﬁ To

the coccect answex

Alw) = \r&m + Y|Va|* ' .
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Fock Space Qofm\afsi on

Th e 2 System. We Just looked at, as  well as
the /pamn% model /?ro‘etcwx we  have considered, i+

s Posible 1o weite 4o Hamillmian a5 a watrix
i a Hillbext space. In  Such o (s, the SRG
AMounts to o wethod  or d[a%ovulizm% N wavix,
%mg}\ nt  a fParJriaxlm\\‘ eicient owe — s
QSchd-id\\( O %ﬁwuiafﬂo\/\ oi He  Jocco  Herative
Weklod..

T we do wt  iwegmde  all e Wy b e fixed
”?61‘/& Cdlngre %SHZOB y then we  have ﬁPfe—aUagow[w“ He
wakix —  Hat s, we  hae fasfowd = b oa
Wae dia%»mk Loem.

Qui’ce oblen in vwaw\lvbedtf systems,  we ol with Systems
Qo( whic e  dimension  of fall Hilbert Space
S S6 lax Fhat & 1S mr\)mdmk of iwwz‘lble o
Cocm  dhe velewndt  wakix and dﬁﬂgowcte_ . Twn Such
Cases ) wWe < d\f own e Qew— bod\{ charactec op +he
Howillonian —  essenkialy  waking oo cluster  expansion — and
express  the Homiltowian  awd sther  operafoss  in derwns
ek ereakion [ annidation  operadess octg  on o Feck spoace.
The Ham Konian 1 tlen

K= 2 hyday, + 33 Ayaldas, + ..

whece the ... Cepeesends (\((Eziuci\a\t) 3,4,5 et bOdT Opem:fofs} and.
P9)S  Cwr oved  Some  discete  single-particle  basis,



Can  likewise be  expesed A4S

The SRG
(oc Seconkziuawﬁwl} G?MO(

o Fock Space

’y’ = % /}ﬁi ajl;aa' 1 Z qa'asav t ...

&
N is  encoded oy e

etc.

The Ancti- oty of

‘(&Luimwtmk Neg = Mae ’719@(5 == ’)7\’5?4‘,

Ouc  Yow equation 4

L7, HY

Can be expressd n texwms m0 He aoeP%"c(en+5 owﬂ
the  creation Jammililation  epemlers by collecting.
hgeﬂe( ferms with & given Aamber ot oregdﬁav\/

ounni hilaon opewtors.  Foc  Concvelewess,  lefS  assume
H o ok Y axe nctially 7-body  opemiocs.  Then

D?/H:& = é n?a,Hvs 0; 0y, 0:—0'5]
t # Z (77?1(5 Htu ’}hw ?q,rs) [ﬂ aq,asar)a. 0“1

Ws

n + ot
+ 1o z V’PQ‘(S Htqu [ a?aqras a‘( ) at a.u aw avl °

P4 S
tuvw

%633 V\V\W\g with  fhe Quwdw\u\ aunticommutagion velations

[OIPIOIL]+ = [aPla"{Ja—: 0 ) [a;iqclr]_,_: ):a?/ a‘; :L.: (S’P‘L

wWe Can  Wovrk  ouf +he gbene Commutators .



Relevant  commudakoss:
{aff O, AL0s] = AL0sSqe - Aely S5
Lo 0., dand = aha aa, S, + ot @) a,a, S, — @& a0, S~ O atasa, Sy
{af,a;asaf) d.a auay | = Aol a, ay (St SsuSndse) — alal asa. (8,8, ‘S\méqv)

t + t t +
T A0, 0 Ay 00 & + Q000 054, By Sur

. + o+t T+ o+
wwdaced +OG 05 0, 4,050, 8y + Ap @, 04 Ru00a, &,
3 -boody
tr ot tor ot
Yews —Q,0,0,%:Q,0Q, Sew  —0,0,Q,0,050, Sqv
r + T — Attt T
— @, Q Qg 0504, 0r 3, Aply, Q5O Ry &y .

\We aan  collect like Aewms 1o ini
By = T Aoty HepTe
%5 P4rs — ; Npgas Ha, + /IR Has — Tages Hew = Wrnes Haa
- Hmas Nax - Hpavm MNas + HW}“ Mpa T Hepacs Naa

1
t 4 Z‘; 7]?41,% Htuavs = /y)’Pq,aJo Hloms - Hpiab /}701915 +Hpa,ab 77;,4(5.

These  expressions  Can e Swellied  assuming  we  wock with
thJ\'iSYmme-h—:'zfA wadvix  elements  ( Heges :—Hm()'



im*rdmtw% e  index @@ham%z oPemerof P ]

?J H?.-.f...‘s... = I{p...")..-i-..

We  \wave

a

B Hy = Z MeHy ~ HepThe

B

Reges

1

Z <| _(P\'; (’q\"’b‘ﬁ Har - H?qvas 770.\*) - G:P?‘b (771?&(5 Ht;a - Hpus 77%5
t+ %, % (nmwo Howes — H'Pn;ab 77abr5> .

AS we cam  See ‘QVOW\ Que  Commutador @xpressions
we  also wduce o %-bool\{ Piece szrstu

d
ds Paestu — % G—‘pst:?sb (nmsa Haxtu\ - H?“I,Sa ,}?au'tuL) .

This s o Move  plecise Statement o8 our  eacdlier  obserwdion
Huat Cemoving wodes (o« Coupling o wodes)  Will  leadl o

5- \Obd*f Q’G( ces. As secon as H has o g‘booU\( Comporedf;
Hen  thee s o vew tem  n He  flow Quation

di _ Lo &
dAS = e T @y &y ?ZU? "7%«5 thmol a:ﬂta‘“"g ) za;ata:avax@]

tuvwxxl

Ths  comwdador Wik lead o Lfboole foces avd 50 ow.
Kee@'wx% tiack ot all dhese tews s Completely i whezsi ble
foc systems  oF  wdecest . vucleac Plhysics o



we WS T Wuke Some OPPY oximation . A lASEP“l C"/lO ice iS
fo neglect all  opersors  above @ Given  Particle  Yauk,
eq 2-locdly .
Ts  this  justifted 7 T we stat af s=o ik
He Y- bodx( @occe eclucd To zexo, af least early
n the Pr[ow it Sheouwld St 0y swall, So IOV'@
oS the 4- booh( teowm s Small,  the  induced
g-loodx{ teem wust be SWtal(, and So  on.
So i+ s (essonable  Hut s 5 a
ExPANS O, O% oous se, latec  in He J;[ou the Q’bod\/

Pact  could grow la.v%@r and Spoil  every -ng .

Tn principe,  Ove  Should  keep enough fowms T be
Suee et highec  tews  ae  swall Tw prachice, this
s ot always fasile  ad  we are left laopimg.,

We do hae af least one Oliaﬁvtoshc: it the OPPCOXi maction
is o one, than  oud  Computed  Obsecvables

Showd e  independent ok A flow Paometec  S.
Awy Rlovo Paowdtec  dogndence s an indieation  of

?\/L\[SVCS [96(‘/%, (ST Hu Humcation,

Note: T -plactice the R s 'PGX‘QO(W\BOL ot with o
Foc,K sSpace %fwxu&oc\‘io\/\, but A a elative Coocdivate
o  Jacob.  basis ) ethes u.s'w% Pane el oY
an oscladoC bass,  This  is becawse  the  Fock space
Coomulakion  includes the icelewant  cendec-of - wags Motlon
ank S0 s less  eflcient.



