Title: 13/14 PSI - Quantum Field Theory Il - Lecture 10
Date: Nov 22, 2013 09:00 AM

URL: http://pirsa.org/13110019

Abstract:

Pirsa: 13110019 Page 1/61



\f\/\\ >N R (7 : } O ‘ J\r; <). W,

}

nemen hemn S pace

Ju’, N ( Led

| | ! f
(SRECYARRARS (WY ,|:.r,-.r_[.._,"l.

/)

Pirsa: 13110019 Page 2/61




[‘. Vie 'J’,‘|\

¥

.”"‘“"‘l'uh;,\

Pirsa: 13110019 Page 3/61




\

\J\/\\t%(,'h\ R (7

A {
NCGMQ N Nem 5-|’-"ff1(C

I
\

| |
f"ll ANNA R |l 4

Pirsa: 13110019 Page 4/61




’.'-H'f","ﬁ'\ "'\f"\i\J It-l\ll I~

Mg ndu (

Pirsa: 13110019 Page 5/61




|
(,"H\:\"l"\lr'(‘['l‘ ljl\ ||'.}:

Ly ] >
]:"“"*"\'1 S YOO Callah

J I'I\Ll ~
/\ “‘““‘l'nlu\ (

\ "

Pirsa: 13110019 Page 6/61




L'\'ll \.‘.ﬁ*f’ ()Hl— LJ" \l'.)lr\ I”‘pw_]h }:If‘“.lJﬂ_’ \ i\_
S

jf‘\/S Lﬁl?vf,’l 5 ‘J(’)\r(ﬂ\ihj i:—l‘l é ( ' : |

”‘“'"l’nlth ( FuLnuon s

e
A 200 f"‘, Fl’l vy At
L ( 1 L (i

]
}"] NN OEA

|

Ll.\'. ) (W 1 \cavhs L

\ A, C

Pirsa: 13110019 Page 7/61




l(,- Me) Y C‘\A (o} ‘\ Ly

{
R C (4()4')'1«} g;.ﬂfth\LPr} l)lﬂ H\;;
\+€e b pj\dca ‘-\N

Pirsa: 13110019 Page 8/61




<)
r_)::(; K(S) =

o

T l A R, C‘\A ol “\ ey

R C ({;@ow g;.f!r'.Vm\LPd l)lﬂ H\:;
V€ hov: lﬂjxdc& \WN

5}q\| Qm(»n)f: W% =~ — rl% Fl\ﬂ(\\ulrv‘)

Pirsa: 13110019 Page 9/61




T \
Vacuum ENRAGY) 3

densivy (dasial )

|
& H\'L

Pirsa: 13110019 Page 10/61




!

Dacuum ¢

Pirsa: 13110019 Page 11/61




\ !
[ ‘I.“ l[ Y ORUM G| LOn

Ny o o
DA€ €

\L( ns .,II -

Pirsa: 13110019 Page 12/61




!
- l[)'r ();‘(tlj'I\f:! | LOny

Dacuuwm ¢

LL( ny Ly "JI

Pirsa: 13110019 Page 13/61




!

“Dacuum ¢

\L( "\'l LY

-
£

!1 'i- \e C P
R()V\(/’\ i (e XA ‘SC\ %\(‘/{\_ : Im, L“(/f_‘lp.\ le ¢ G\

LU\ ‘\'\ M (el rl\(mﬂ\ hoy U"\f{’ S

=
D

[{ LUYAF( ¥ Wi

'r‘i GG

Pirsa: 13110019 Page 14/61







3 1‘!‘}(‘3-‘\'-1.11\(-[(r(",f\

1) + V(o)

rb:&;lun“ (4417418 \\'\
dens iy (damal )

\—\[/(\ ] h\\it(;‘lh\\ib G\l

f

1) -
i\’w\m LS '50‘
' \'U\ )\\ 'H'Grn.(!l’]\v\h\ 'I'Il('“,‘_[J S

~

Pirsa: 13110019 Page 16/61




Pirsa: 13110019 Page 17/61




B Dl T expl-A [¢
e achon al 4 Loy T 5 I
L4 (- ) Hesan diffeantd ong
Tel Log (<A \x"mﬂ - &Au\}x x| Loy (D) |y \ e

IY ULM\H(‘\ \/ (\[J) oy \ndey ﬂfm\ ol Y M
(
()( ) ( [ ‘Y\u(, A 0\ G ntllw“ﬁ\- —_

X

Pirsa: 13110019 Page 18/61




S DLd | exp(-dL
e achon al /) o
AL47= ) Hesian deffesnladlo
Te ey = [k <t Loy hiigios (%

(I“ HLM\HC‘\ V (k()) Ay \ndk| tHQn‘ o\ \Lr/\/h\ \'

“ (
| C(x) ( § ‘mu A NG n‘r'w‘“\_

B . T

Pirsa: 13110019 Page 19/61




DA\/ o )l

Pirsa: 13110019 Page 20/61




fl%]</\
)ﬂ\jl’) MUy Qruh,m \hf H

Pirsa: 13110019 Page 21/61




‘ lJ.:’vU{J‘_) / V 2 ’ \)( ‘l (A -: \ r/.u \ S\

L_f:(i‘ F?Qow.} A b?@m; P—Solx ju{ )"“\

hsl —I/MQ\; <
A i) el Bl Ba e g

Pirsa: 13110019 Page 22/61




N o . wsh e nium SN e
U:l LKHI«-.! 4 {b:!goy] ; C \\ ,@\(‘ !\ —_— -I_L\L, E\f-l | )’\3 AN lr I’ “ |
h

Agldn. ] et N Fikd

Pirsa: 13110019 Page 23/61




L“:l i_kl'il*.,,'l {t;v(,y] / C\\\ @\(‘ .’\ T P‘%{ [\i\;} bh M tvetn hum .\'I’;Q“

AL, et N Ty (9]

Pirsa: 13110019 Page 24/61




B—\ LLL ] CK)J AT L]) X -_L/IL_.H—; | ¢, ]

/

P/Kﬂ’cku achon al /) »QU;P rl-"vt [,‘E-]: (A EP\ 4 -l—_ﬂ ﬂ_@g ( H “‘—Y |
A [LQ: (~ A\ + V9] \ Hessian el ol aanc
TJ ( A4V )Y\ \dx <x\L ( N o)) | xS )

Y Qv

-~

e —

\T‘- Jou kr(’q\ V (k{)) as \noey “J"“\ o\ X (M

(F( ) ( [ ‘X\tm“\fﬁ"‘dwwﬁ\ )

Pirsa: 13110019 Page 25/61




LffY liquw‘} A. P?:m ., }. -~ 5

qu lf’lll_.\ﬁ'l [[’;l'.,#b} 7 cule EL/\ — I_l. [_\l—k _}“‘El’ Yty Q_’_ Ve }
LJ(L(L'[.(I"’Q””“\& AN | m l‘l

Pirsa: 13110019 Page 26/61




yxy oy [ v (090

/Pém\ { F

L\Sl’) AL thur bhf’H

irsa: 13110019 Page 27/61




o) ABb] 2 0% (0L o aun]
e e o

L\Bln meyeen hum shell

Pirsa: 13110019 Page 28/61




Pirsa: 13110019 Page 29/61




P+v”;m>

(’271)
N2 <N .
) Hv\r' Orﬁl}\nt'f'.)/fnh/rde,\lc _AY-\O{ ._1,\_(! (’}'L?AJT\

Pirsa: 13110019 Page 30/61




;‘ﬂ | Dy / ‘ ) >
\ @ __% (}UC\ kJ% T+ \\/ (¢i@>
) @y ©
N <AL <A

bhe o’ni\lo\nCﬁj/ﬁmffﬁ—et\lc‘ cand | ha LTL‘?’MT‘

— | ' A
K = kf\w v‘[f\

) )

Pirsa: 13110019 Page 31/61




Pirsa: 13110019

| 'ﬁ B ‘{/ /"/ A \‘\)
= l (-'J'W_] L -‘— ] '.«_-__:‘_1: ()q + \'/ Jc G )
= = = (_{Tl)
N<J Al

S'\I:‘|11yr.-(,\|;‘ and | he lLZ(}rj'»

._.| L.I/ ng;
/—\ - A )
//\ _‘\\ -, / N )

(w9

Wiak Cla)-(

Page 32/61



~ D | { 10 \
/ - Ii{. ()Lﬁ_l 4 —l- ':__i_)‘: (()"j (‘{{ + H\/ /(/[/j),!LJ,))

c v @mn)d

|

N <Al <A

 c ' . e
z cMSiantey/ I]W’r--ﬁu\lo ANd |

A
f

._.l N A ~ \ ( ,'
N2 i (e ' ' *"\_':\/\\5?"33'-4’\
KERTS L &

! Jlmx Cia) -

Pirsa: 13110019 Page 33/61




/1y |

D

_1 L_L ‘I‘.‘ G\ é UOI P'{’\/ [!);,,\})

)N ‘ J
= ¢ v @n)b

N <L <A

an el Hw ()TL?J(}(,{_\

7§ Ng -j'l,ﬂ.'fx,’,u':’.i_'\f- lJ\Yr-«(u\i:‘
/ ! VK &
\f/ 3 (@ ) = k e
Vem i oK
A" J\‘Ll.\& lL]F \

Pirsa: 13110019 Page 34/61




) (4% =
Lf( l low —s } _. y?m | f:‘ \_\(JK J (_\‘ﬁ) (t

> N'<RI<A x
I ”’Puu} / “\ ' f\ . P L -k }L‘\l: "”“"“Ihuf‘ \hf'H

Pirsa: 13110019 Page 35/61
















Pirsa: 13110019 Page 40/61




Pirsa: 13110019 Page 41/61




‘5( O ‘L\L‘ui) ) Hn ‘(tﬂ'-\ U

\

Pirsa: 13110019 Page 42/61




I ad

" - - ()
WCollingy o Hhy XSS\
1

\

Pirsa: 13110019 Page 43/61




fo

\ S B
L) = 'J)-\/;L’H‘ oo \/_l-

A rfiim") )\ “n XNa S\ ced

\

Pirsa: 13110019 Page 44/61




V(¢)
a\/(¢

Pirsa: 13110019 Page 45/61




X e } .t
r i \1 ,.Qi'\ [ - T \/(

P > = -

-

-~ 9

Caling o Py dassil pan - qucntin. U Clue o,
1 ‘ f

DN/
e\
! ~\ 2

¥, k[.(

)

)

Pirsa: 13110019 Page 46/61




Pirsa: 13110019 Page 47/61




b he wmal i

Mnen Fum

' J
N WL "H m

'\-»-k)( k \/“\\)}\ =

\

Pirsa: 13110019 Page 48/61




[ | l o

L (& Fhe Cwut tlL LS
- *(LJ‘E ¢34£%¢q
\ (L) = i (;]/: LLJZ-l. l‘l' <[_§L‘

|
\ AWl ‘(_\I\\

H\-"\ lr\ll\\ & l:

Momen Fum

Pirsa: 13110019 Page 49/61




e Ctk .r'H.l,.

/

%/ _, g s Fhe wnal «
; LL} ) it e ])nmmlnm\
V()

. 1
VI WL ‘(_ I

_n){ kk\ l

\

| K
o\ \n C ’\

Pirsa: 13110019 Page 50/61




Pirsa: 13110019 Page 51/61




( t) ‘?j) h "Akf’ﬂh’ua” )

(()u‘\,@/\hh Ce

Nass ¢ e [\mo”

COVL r./QAﬂ%/)

Pirsa: 13110019 Page 52/61




i
o N iintttat
§ =i
5 =i |
g = i
=7 : ﬁ __, ﬁ M f
o o

3 \\\ | ,,/%V//,é
g | TSN

- - . . - —_—
- . . - - II.’Iu'.Ii!IIle'IIfl:' -

w
-

= Surdnoo ¢

1.0

0.8

0.6

04

0.0

$* coupling

Page 53/61

Pirsa: 13110019



RG flows in the (t,g) plane
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RG flows on the critical surface
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