8 STYETSCIILUE VM1EW TN COREN
( Pact )

Low eneresy QY ‘mmc\ams

g r_:\?owe.r Couf"A % w&g



P\EC‘Y.)? \ A '\"QAQ .‘;‘-w Ve 1o L8 QQ%Sa\n WQ QQ"'—'i‘/‘A :

) CQ LD B v)é'\ saQu q_\,Q e ,,.,Ek Qaw QU S C at\ Q’-‘*a

c) OS\MC‘D
Q-VQ\QS C.G\\n'* \QQ QY"Q‘““‘ ca e & cel’

/
3 \07 SQQ\.MV\::? A LD) < ‘VWZ}Qﬂ&S}

— \\)uchau"

‘ﬁ
et

gt:} AQ‘\QQ aAavred. wa)& ON"MA AQ\S e &

@oew“ﬁ& g \
2 G Quorns

[ Rersoand uzanion 7



L WRAT (8 ReroRUALRETED 2 h&

gu.&\c lJeq :

. "_'_EQ\Y i Q,\.:j it

SQ'loer) V\d* éefe\*é
OWN Q\Q SQAGF\ o‘\da.uce

a'-e'\'a. \QS - LF
(Gas

e%"b SR AUZETNONY % Tae M A MTUESTWCAL Umc‘)a« q"&)

Re alL\zaATon DB THWQ CONCERT



8 i = AR el

—9 GaQ\Qe awn g wew—.\'ow\qm camu-a /'t :



CI“E“T&D'T DETaIL :1

A
BVERfec‘.\ug e MSQ')- d - R) ( \ (
R B " \/_\f\/
- GqQ;Qe — Co ﬂ‘e_c)(\Mg - ®©
Sﬂﬂ\la\/ '—?

2ed

S TQA\S 0 eWeZ\we = éQScc t;\ o O OVS"’“"‘

Xl e :‘:awcr gQe~e s

:EONG.R CoOP WG ‘R\Q l‘oOQs c)qgw\ns :"Qn( ?owoc' Serwl

Cobove our power covahss S (% <<y )




= CoONCEZTOoM
v
LR‘EUUE-.MQQQ TME DEF WMoY
oF RSNOAHALRENON 7 NS

2 we Xd wctead
RYS\CS aa Qo-v\b C’\aﬂv\ce.s I‘W‘\ae) ¢ i

a_g Ncu.f\ev\‘ S 3@0\\:37
Ve, Qacc & &o\ma Qf\\ AN
AWWere ) .

AR W\¢9€ Pe \N:‘QV\‘\ ch
—\'(-)42 %anw‘\ cyxf\ eAanCR

WO«C‘ w\“ WQ See@ \? W e ao <> ?Qf\“é?‘\
ov Yo SU(SL.CQ &\ eh?




L AT Dot T rATTER \Wwwicw W8
CME OuteRLYWG TWEORY OF GRNTTY|

= VWG‘)Q'\ES-\A(%) :

. _} A rrat) (Q") ! \LC\A-\OL\R‘Q)(L\

S

OVIO )tWQ\r‘QWE S "\D»e C&Wsc\t\/’\\§ WV P’f’w_‘
ag AR\ ‘p.»wet‘s 0& Qﬁ




?
Y o ca(F) 24}
5'-“"\ 7 V\V
CNQA\G“I

c‘\/c1 IC3 ) -"-] —D QOW QV\QV‘O}'\ -\s

R e
XR~cocy




Cg\xee‘ ?owa °§ s '

""&Q ano(qu\'l-Oa W

brao"; j




A C"(Q\\S &Q\nes SV
PGWQ«' Cédla\v'ls\

— 3 Coch’ \oe_ r) WQ(OV\ fché‘\Hg.lC 421201"3\

o? sraw'\)/ 6\“ erga\v\.s '\D \\’Quaov\\cun
rm\l'\>

( Voocd sXcow 3&1\:'\\/ ) Bk O AQ\QOQ ,e-c)



) R QO « écgzefe\ﬂ

g @oa(\f\S
% GL von &“\

\Ne d2 \m‘a\ Kwow Gow *2 slue RO
W “Q'Q- 9 “'5‘\ Pe‘&c& — *Q'\s ‘)ra\ooe\ﬁ caw

| Ve ORrCOoN
b) —te'&\n QQ}S Co\nqtger AW Qrcnw\);oﬂ o

\NdQ/r :wm@a,«- Cgtw‘qaq t‘\a\c,s

(o)

A secamd exa.wsfoe. where we canw eas\Cy

colue '\'Qt ?u\/-c’d\mevaonq AQ‘Q‘“W



('*qu] ceenY be selue )

=
Lamg -At&*a\ncc (’QSC"‘?W

CS\WPQC R sefua\Re )

\WHicH onve (ool FIRER/Z



‘T\-\E PROQUEM \




1EN20T ¢

CGM\N\ i Sof ?ace - Qo\ vep

Soclace e pate:,\ Yo are
) swall

Covavnc 80‘9 acQ
= Swelle¢

) Ex ?o%e3 sut?ctfe

ety h cJOQ(



W

r~0 Sof‘?ucq %'?OSQQ ‘)"d a\®

HEAT ™AvIvECce \
> i

j\njfualve. \/ 2 wélm LS gaﬁef‘ I_V

\A

\ CefaaWmC
Soryuce ‘\

*Q’HV\ camc)ua\@ﬁ e




C DVODSRLY GG THEORY) i s el

A ?oof'\ QS chw ‘iP Q/‘e oa ca\na g a e S e

% Qw\As Tea.ll), ‘D‘%*CUQ'\ '\-o Sc-Q vQ )VQ«.SQ Cg\vca\on‘
4 ‘DQA\G\Q Jﬁg«rem’\\q@ ea.uca ‘0"‘83 N AN A



X J'w ch?)r e =2 \ CFEFSSCI\WE TAEoRY \
._——\

'S) Newlont § Qsl.w o? C'QOQ\“.S : /¥ \\1 &0& Somne »}’“C‘\M‘CS

—Mt"‘t@\ N /t -9 \-Qm-?e-rci'oft ?;—\\WQ

1=ce
TOI-\D - \\A\-‘MQ *Qw\? R Ywe
N S covlad

2) & W Npew(A Aeﬁme.s é? Qmeém :
/——9 S ‘ Surg)ace Cx ?co.su} "\'o QAN

Sucia €€ \Ma& eg e CRITUWYML

WG&Qd‘taQ ( or a'\'b/'Ql \\n&uocz\or\




Cw-reégo“ S)aa\o\t *° -‘“\‘(

‘“—\'9 QCCQWA %* cRam\l
condocs Qreed W“"Q)

1) Wete. dovonn Ve _\Q'm : CX <43 Cg? S
T=Tece AN ) 5 Ve wavl ¥2 quc"pd\z ..?—\-

Expancoy -
e )\"-'-'- S E_C_c"l' (;_:;X < C?_YQ%-----)

Co,Ci,C7,... = (Cow eviersy cw\d'owf\g (=Co) o
Qle -\Q,Qo<->



ACcurcc/ O (x<4): § L
% (o (‘_9()63 - Leas:-wj e

Accurqcy ©OGE) X = STeotax + ©C) (Lo)

Lo toert g -Qeqé\vb ovckr (NLO)
Accur‘acy (OCx%) . N = QCemsorx 4027 A @GO3 )

’c k,e.;\'-‘\‘o-\nq,ﬁ -A‘D - Qeqé \\S b(é‘?( (“’LLQ‘\

-

C
A







QGC'Q? ( Haw “\a bUlQJ L ) G?S)QE.\I\;Q *Qﬂeov .

S —> COOQ\WS$ Q‘\W /@\J (O / CQCLSS\C‘QQ

Ywne CQ CA \I\\Cs / 6(' y

2) Choose ‘\'Qﬂe de f.\sz 99 9 eeIowy

—b Sot‘ga.ce. "‘/?Q /'\‘/ Pes C)Q \:q::\thPS / ?0 @ui“\Q

cwesey/ Qe .
Power c oun')‘\w —5 Swell pa tamné er
> S

\X/«rul‘e Jaw\n *Q“O. ;\Qltc:»? ——y U5C§

C- Q/l oose ‘Q‘{ Qo et = O ¢ ML H?- LO' (5

k| ‘-O e ?QC\WE.U\*MQ J‘“\t‘ i SC‘ AQ‘Q Vel OQ
og Mo L=



[%U—( THERS (8 NORET ---1 ._3 eV '\\/res & «‘;o\qu‘ COC;\-) g

4| Teszor Tneory|







L'"\‘r.\w; - Houe L&ECSAGEj =0 YoweR CoornstwG
G ot OWQVC 1

']'Q'QOCY H <




Iﬂ def‘\mae\?-o%\oﬂ 8«'@0? (RG) ch\ngjasﬁ




[Uo"te ABOUTY RG -\JANGUAGEj

UQ’*PQ Uu:pe,'\' . vevr? anDQq Qv\ers\e,x / SQAoA c)\d'q\n(‘ei

. L Re = O
Re jj; E % e )




L‘g’«'-‘-\'-"ac-t\ue TWMEoR\E] WO a\-(l

R '\ e o\QV“e_ ad ¥ \< VOW "Q\Q \aa& C \ é ea.S

qeq ‘\S
~ GaQtQqu bm\h/ ) Coo “,-.3 a? q‘baw?i 8 ?p

DeDwe
= Cseveval Yord awerc\aQ Yaeerer) — (e —\ie S5

— J(Wo -\oog\y OW ?‘U\Deem



l ~ wo-Rody RQovvDd STATS l

a) Conerdor a Yolowa potehal

{Q‘\Q‘/ will Qxcg\av!sq e .cheqr ) Ve YJKO\WO\
desceioed Yoy \_- -\VC(\-S*\'Cv) = E'-\C-e)







l Revocen oS (

AR §

- X . WoavQ WV“\OQ(

-\-b w,% o\; ‘\'D/hvts \\ OV\'%C "-"?




RTUWE MR TR
NooToRMNMLVELS

& — Eom:s S}cae.s

A€
(2 u\ml\a&urq Q Q'\eft

C‘\( L& ‘\N\\

5 @

\a\v\&lms

o o
4 1.6 18 20
| 20

(
goo:oi gcQVBca wnef¢ C)
CiLn e vel JQQ‘A’Q 3




CSouse-nueS we WAve
AN UNILATORAL QYSTEM 1

g(wl)(\xo Qﬁ-\'ed o? l@lQ wave qu%\mﬂ
Cs\qe c)? '\‘QQ w?) \S ba\\ns 40 o

WGCQ\ e:urae( \’QAG\V\ AtQ\e (‘aﬁ

°’9 AQQ ‘f}ov%\ GLQ
<

CAS. —) WN‘lOQ( »
} ~> wewvi V\m‘wa




L-—D %1’ WY S >4 )J&nﬁ $ & .Sooa\c)\n OQ
Re s7(im




cedoced

NV ARVQ
?uﬁc—.\ WO

Cée?mec’ becasse

\*‘ e ma\\\/
Cc)v\vev\\evx\\

N
R







L\)Uhm TOSS TS MEAN ?3

?\(&* i P vaua:\dfoe chwc,\ﬂ r?ew.oos OGESOV')S

gew& Cc(ge ) ‘\JO\AU(QQ .& “Q\AU:GQOV\QQ(\
=

) W ave 90\4&\\.0\/\ wl be sntonsthae Yo Yie Sotm
of A Pa\'eva\qe VCe) |

b) Wave Qunchow wdl be

Sev\s()fwa ‘\a 3‘2\0. ch(m
a? W ?63( QV\-\\&Q \/C‘)







A= we tnwe A Sccevd Lowv DY
L XN =1.0S X\ , 0.038 ™ \

1.0

WA CLQV\\OQ* wo A\WQFQ\ACQ

lbd\wee
Ca_?? CoY. gd’ W OO A )

aw o XQ,..-,_“ '\"Q)Q"

wave &N\ C\ \ O

i -
v Mes) a? \Q-Q weAvQ gwaw\n
S ou‘\ﬁ\c’Q Re




\S vywWwa ' '3_. >
< . *Q“‘j - l? a.) W ‘\qu case (W 44““)—‘ q)

U\f\mq,'.'luf‘q. *
C . &)& %) \\ aoesh‘* \moee(o.f WQACD"

PC\QW'\\uQ W QM"Q
S 3

Ve W




e L2 S e , WE D2n/T NEED To KLowW)

[}

— e TORM O0% me RO TEWUAL

\L-'QACV\ 3 G'OJUCQ
-RQ CQCOQUA\C’J\ >

bQ\\nb X CQW\V\SQ
—=




AT LovG DRTARGES , Wwe VoN™T Wow
= TWO Z2AKRTC\SS Sxcupmvge A Beosoro (OR wov))

-}ele_ GMl\IQ\rSG.Q Q\\l\ﬂ\-\

o Cow wmomas\ e







-3
D\mc

2

( 3 -A\NQWQ

PR S =

+ L



L1) Lirac- c,eQ'\'-g fecoNCrS ouC umu:zd':qQ w.S. _,,

(.CO\MPo(‘\‘OQ( Wﬂo’) OOC '?fQ\l Vo @ AN c}OSQf\J:) oy
aboi\ e Qoo ~dilne WY )



C A ZeolkmwHat\C Ec‘temm&.j @

gé\ ‘\Q\Q«‘Q \S SONQ.'\Q!\ns W rone W\AQ’) )“Qae Divac -c‘QQ'l'C«




-—’_\

—\

eC =0 QC>O

REGOLDRIZATION




18 N‘D}(/ ‘\Qﬁe. \ooum3 aoa’g

W l\l \né,‘\ V\ca'cg ;\Q’Q J\?K XA 4 \-aq,%wee\n
ec)

‘:-PROQUE.M l_{o\ (S &K nWewW Flmmaea —




WHAT WE WAL \§ ... \R%uo«{uau?m\m \ &a— RAm

S

Qeﬁ)"Q"‘"?"‘*“N'\ . ‘)oa \nCQoJ__R e % gwa\am
Xo \ne\Re Qveff@“ns Qudle

\'NQ\,A we \ucwg'
Physics is unique, but choice of
theory depends on resolution A: Q‘
» N > M: Fundamental *a L CINMNQ UQ

> M> ik > EFT

For equivalent descriptions: /? \Q W AQ ?QV\AQ A}, cc

9 w0y =0 _ U \'\Dfl (O ?ac."\

. b Ve AP
AN

s
B

Renormalization group invariance




[\-\ow Do We RsvouUunl\L ?3

l:Coo?Qms N O (’Q ?Q”“AOGA b K-l
) We c’dum\& Co = Can) ?f"‘m 2

CcA) / TG N) = b '_?.Q.y&\cag










0.3 :: f l H"“-*..__‘H:::.HHHHH wc &h’Me
O N= (000 eV TS \WAVE FOoNCROW

S

T

—

il S
e oy

B —

= N
B . _
——
T
-

/
0.1 4! —
" G

—~— W (‘eaQ“ woatv e S)W\étw CYOk“WC\ 2 o b-QS\C)




\We Sce \Qw:l :

GL) +Q/Q CQQ_C\'I\IQ WAVL ?wc';\:wr QL an\eqr

o {-Q\Q \f‘e_aQ WAVR { uv\c'.\ 1O W
-—) \WQ 3“"\' V\QQA ')& VAwow ‘\OL *f& ‘x}@)\\ \60
b ) ’\ ,.?_, 2% 5\VQ§ bes\' fQCUQ"t

— 'D(Qlo. c.u)‘eu (\\S WO.,&') \$ V"OA *Q((\\Q;. \"\'\)’x—:‘a&
€‘6‘

C) gr NS>0 | Wwe ecover - OC = ,..\..g

Cex\oedc?c) W-y' ‘gc" A\AAAD 3)'3\






C’) A\na Now We caw J‘b M rcg()cuooa on
-8 &QCCf‘\\Q .\DiQ ty(“'ﬂ.m (QO'\A\\; QQy \NQ\\

CWMJ\ Q\u\l\vb —\-0 \AV'ON a“);\u.\ne)



