M ALTOMN |



zm’m/és From lnl'\ayow\@mo{oaw oF

7) Consider bhe olnb‘cz’ Eheorewy  21d epfan Using

fvndpwontzd  uteidivns (sn FBS”I.EF') vdyn  one  expecs wibanty & be vidbbed o ok ¢

Some snga.

Xe 2w oz (ove Ehe opbiczl  Eheavem

j ll)ﬂ(%/t)lzd(k =1 in ?UZmeM medhenics

éL}?s m(egvﬂ is 7 2zt Lime o 2ud at e‘/ey éWNL é

< /}(; t \ /Y// ff > = < %O \ {Y/(O > UN[TP‘]Z/lTy B cnmwd:\’m of (\vohz\olllkj

_JHE t

AP |07 H <H

When M (> ‘/\@vml[ﬁZm U/\We [Ce)

[¥t>= <  |%o>

-<HE +
opevbor = 1 EVoLutiov 1> UMITARY
Hewc " QFT s é\/\& szme. De(.'m‘v\g Lhe S(zttcv{mg wmebvix S
R 4+ K
flsle) = (2M) 8 (5p-2) Ml og)
< a2 2ve i"“t"bl 20d Finel s

~ stikes wheve bhee s no  inberedion

ki
- Z@ L.
ﬁ ( l/(( —° s élﬂe hysieel QL ject
7 "y 7 /

IL’ AOCSV\‘(: L\/\zbac, zml s
D Nobt 5 p\v\ysn'cz( ol;fe_o(? whet  we  messuve

we czwn 2(\&/2]5 meke =z
Eezvsfovmmzbion

for J{ bt wot o (\\nys\uaf Ollytbé ~D (s  wave

haw we

¢l L:L r\hj siczl

i 15 A %emcva(TOY

oleL7 n the 575(‘:\04 Ce_me\aﬁ s Cm:cweo”

Cates

/' /(e
desenbe

obj'



Ze,E{> 6\7 now  wibh 2 non hevwi Bl C)[\ZJV’D‘:O\’
S = f + »C.é

vov TeivieL  and
Co

now  HeERRTION
Sace S+S =7

H@l/lcc

l
(ﬂ—zé*\(ﬂ ria) = T P Lla-eT) =2

We vevey,  Krnon S exzpﬁ(/ bt we TZy/ov expzmo/ £ & i the COUr\)‘Av\g, and
czch  expansion  Wze 2 power in Che Cc)uph'v?

Jero

ot El/\ t\’\L (\V@\/l auvs eyua&aoﬂ e 2ve CGVW\@(,(?\‘\? /OOfU Wi U"‘ é["{ 6]/5(, /€V€/
Cow‘w/wfﬂ"ows '

=0 [V (W\novkam(: 2od  wal  bavel  czuse Covme by (:Vt’,ﬁ level  vablh \mﬁl'w\r ovda
[=b's vow e be velebon in 2 compbzbion of & Sczﬁﬁevaa amplibvde

L LV iCa-eiD = o Lalalyd™ - {flele)
| .
= ;LGVgF[Z/))[ﬂ/m - %;_0/1

RH <{[Jeu>
szevwlje»r: </}(2}[)02>:<(Y/4[I{,{%> Z/vm’ JT = Z(X \}\({T‘—XH(XX\
" Reddbion F denbily

So +
<plefelin= 2, jém LI aK ey =

= Z ()’ &Q?F -9 (zm*foa--m — f(mx M i) U{{v(f—ox)
x



Zt/\(/ one of H’IZM 05 8%«

(%)

velded by #-wamedim

=D 2 |INOSPEwOsNVT
VARIABLES

e how Q?U?/( Lhe 2 wmewbers
¢ P
B -5)8 (5% 1 ke 2 dlbes R F-%
cevse  an  bolh  sides while  Ele obher & [ePE
¥ - ¥
l/l((c'—of)’ D/C (j—0¢'\= ‘2;( ﬁc{ﬂ CZW)fgf(JDF'?A') /L{A'—D'X Ml{f‘""
= This is wheb  is  iwmpled by ummeemy i we e /fm/?fvy scume/(ﬂ»{?, [meer
/n A wibh Somdjhm? 7UZalvz(n‘c oM
I/Ve ae RewTInvg EL\\'s 2
A
Lek's consider the 2 -0 2 5c_zbte,n'v\8
N4 &
S o2 (Fer PV s (e
€= (-9 = (9299
(O (?L 'P‘r\a = (7, vy,\z
72 e stbru = 2w -0
) é = _ 5 (4 -cose) (@2 = 4+ 2t
= 2 :@M -5_
we zclor\t > 2 \famuﬂxs s znd élnt 05(8)  in th CH Freme .



Q@vmevmbw .

2 J ¢
P-4 o) wl ICJE PeabPee = 2 4%

-1 2 +1

and  we Can zlwz]s decownpose, L/t : /{((s,e) = ist (zj"JrL\ 24/~(3) P}'(ccs@\
y; = - —

\X/e_ \xrm&ﬁ Vz( 25 ov(:\/mrovvm@[ JCLohnr]oS/[‘fE\m n fﬂ/yr\awvzls Hx;é Z[[ows éo Fz,u&)\/lze él';e S/é o{Z/val%ce

Wi bever &m(\H?Vﬂ{e con be  vesublten 25 a sum  of V‘ZV(""’/ weves Eimes the ZZ)/ZV\O[V{ [ﬂolmam.z/c

+r
ZJ'ﬁS\ = 1 f dm5@ pj (60;9\1/{(34059)
-4

32w

/\/ow we Zyvr\lj Ehis  velbion  to  bne swﬁﬁe,m? () b b {;?A/C')”a/ wzves

Zof;(s ot wbh  RH O of Ere  foomds  (F

(Iw o w by Zx we shodd s e ol Pzl stebes

Mo g v

o/om}mzvut
We  gosume él/m d s Olom{wz/vpb va(? fov b sek of a/asz(zzb‘on

1Zgzm
)

-~ PN N \Ke. (am(jéf U,:
C/L _&_ CZIT\‘ £4(*P4 '.?F) (l/{(S/H) (OUV\Q}% V&Vlﬂ'(@‘) Cc23¢ 4‘:/:3/,2

Y 26, (2my 26z

1

34y -4 =2 \ra/wlqbz of fmbcgﬂlﬂ”oh

da =dawse Elﬁ
2T

\we Q\n| heve él/\( dlvu,(ﬂbn of one  of H\m\ Fvec/ evevy {:hfvg ese s Pxed

WHY W& dee — ony OME  IMEENETIMG VheseLe!



- _ﬁ j Acase) [fléT 2 CZJ'+1) th'ﬁs) 8'&@5@)][Z61T 2 (zk+1) 2(:5\ Pk ccasa)j =
) K
-1

7

%‘%

b /VOW M&szbe over deosg 1 We Use the ovthovormel  cadibion  Fov bhi fmb?wb”om

= 32 1 Z (2grd) [24/'(S3|2 € he Zwadw ole r\ev‘olewj s gone we J'Loﬁ hove Cl
7 @ﬂtvgj dlr\cnolehej

TL\I's ?uamlﬂ[y doesin & Oler\ﬁy\c{ on L \quf; om[/u on S

~bD Q@M@v\/\\ge\/ E\(\Wt we e &\H ZS>UW\'V18 Uﬂat e va&/ F[nzl Stafes 2e 2 {lo/bicles

Remvu(vxZ 6\\2 LH SV‘G‘Q be? 5L =2 ZmJ )(V\auo[ vx) IW] LZ ) = 2 - 2*
wse =t =4 VJ'
( —
Z Ivvx (/4( (s,0) = 2201 Z .(zjw—ﬂ Ivvx[&\j'ﬂs)] PJ'(i)
J/
=D 7}126 \r\z5 (fb \)e vcl{A For ZV\] J =D Iw\ [Z\Ju\] = l&j(;, lz
ginu 2/ Covvnplﬂac aje) = ?CH‘} we e e;wfh’ah ofF o dide : j = % 2+ jz

UnvitaRiTy  drews
A T Czj>cs\]

% =b \F thzk wzs 2 eyual.b/ then zj‘
value (ies  on  Lhe  cirevmference
> Re EZ\J'LS\:(
2 {\!,.75.'%[ Z]'(g\ bk \t(S V\Ot W Ve?,[nb o We  cmsiolw JIVJt'
2(—‘&;@‘ Sbaftes...

‘ we ‘e bo 2dd (Zerw\s
stiwl!.j 1/{ - oz( = 4 ZX J\( \ + ... on Ul\a Im sio'e
= Y xry®
Zcmvv\bnz v ol B Eems b Cung oot 2y llves v the  cicle ,ZJ'CS)} <4

[Re Czjes)V| = 72
z

=0 fVCy pwl?(&{ Z)M'(\‘I.bdole, \r\zs L_O l)e, SWI&“EA/ él/}zv, Z i mnodule [ i'f\olﬁy\cmbw':(/ of Ehe enegy .
/o et wokter e sveg) It czwmet be 8ME€N then 4.




So 1:\/\6 mp[lﬁzde hcs éb Le &f' 4% CCJV\St OV f/S n.

302

/é Cz«/w\ab 30 2s E, s, S Oéhcvwc vkl iwcv.ezaw» eme(@j /é \M” (1255 Z Z(Z Some poﬂnt
Eg&mp{c: /Ze\m«\' ‘”’)&N}

/M H’ld IR /f goes to Zevo s  vo omHevv\s

J < [M(Z *2)] L 2 2 =2 sczé(?aw'? hes  wo  dimonsion
\/
\ be p«roop'
<- 4 1Al -, .
25 (o 20imansi2ne] l é,_P_ _élf_ 4 (9 ] =0
e ) @N'%E  (peveE
3-7=2 3-1-=2 -4

Lo |detn- <

/Vl the T'_e/rvw{ t]/!eoy we  heve 1/{(, < Ge-5
Y Vs bo be He become [A]=12

2

4
u<3v\(_c Ehis ZWW\(CVOQ grows vabh a/m@j M= Ge- < =D a0 (since  daes vl da{\uJ on 8‘)

Ffow\ umkmt/ =» l KV‘OW lGF'S\ <Z —5 E < i ~ Q9

Ver

The Hazay is vzhd  Hll how
~ 209 GeV

=0 éev\em\caﬂ/ EFT  widebes OnvespaTy



%\ ///USéV&é(’ Z’hlf()ﬂh QP// € zm'm/es, szédﬂmdo é {Vce /e\/e// ma/ oy 26 one /OG,O

77"@ C(gﬁsl'c e)(zm,mk OF E/L—T éhéay oF /0w~ Qmeg/ Wezk  intevelions 1S /Ce,q//y]/ %7

The Full U\/—T‘neqy is Hﬂe Fuere 5/‘7, znd we  can welbdh  onbe  E£FT !9/ éfmn(ﬁam'm/q to 2 fhfty
valid 2t womenba  smzll Commﬂ/ to /\/ w2 .

Sice the  weeK inbevedbions zve v.ncv{l)‘(b&éz'\/e/ the szécj/!"? czn be dove ordev by ovder in
gel/éwbz(:faw Hﬂmg .

SH Wleovz

n@ \X/ \OC’éOW W ‘:C\rao[js wit th 9yav/(; ZWJ /ér\[bm S via I;Lw, Wezk (,uw/e/wb N

5=V Laxe d) + (4672 N,

¢kt o d i poww- Fyre

Th@ TREEG ~ LeveL awlr\}n ('UO/& E:w sevv\\ler\é‘awh b D c d&? IS -

o A - (_8) Wy (5“2 L) £0R ) (—L‘w |
|

z | P-ME
U e

wheve 8’/& (s H')a W Ccyr\\\'ma CQl/\sbg,v\b, /L;./ /C)Lk/ nowen o é\/Z/VISF@V‘ /19<< Mu
we cen @xf\zw’ é|/\q V94 (\rcr)za?/{)_o\r

L_-i 1"_;;24-_13—?4_“.5
Pi-Hw Mo He Mo

9:\/{\/\3 diffevent  ocdevs 0 e  EFT expensiom p@zmctw P/
7;/\/"\/? 0\/\}/ the Fﬂ/se Carm we ll have

%=4(ﬁ

Mo | T2

Vo (ZXﬂPLB\{Zb//LPL/L\ T O(i)



Lhe

Now EFT T heory

2 _
L= -8 Va (¥ A Lnnk) O(i
2Mw N
Ehis is the lowesE  ovder Azﬁvwaiam Fov :evmfep‘:omfc b-—oc clecy im the EFT  z2d s
rrepwesented 91 the  vevbex :
b <
A e
with
& = 82 - i wheve v 226 GeV o the scle of  elecbowezk 9/»4%-,6_7
ﬁ 2M V\Z/ v : \gvcz/\’:'v? .
MATCHING ’LD OF Z _é__l_, - 7 2 =D 3zczwce//s .
Bosgv) #Y Ml = 8V
* T
we \l\ave
L=~ 46 Vo (2602 P )
Nz
How do You mezsve GF? /L((m«) c}e(,y _’( _ fa - éFms
Cu 732 T?
T\f\f> s (j"e lOw —CJ/VO\(//Q} ]I'VV\\E of bhe (e CH .
ﬂe— EFT e @‘ymzyw'c2| W bgeons  and the effecs of W exc’/\a@e in  Ehe SM has
)QCLV\ 1V\cluci]cd Vi dfvmwsfov) -6 4 Fevimion O['\LVZ(TO’VS i
P Tlm'v 5 cz“zd A "mteavz[:.\? avb : 2 l()ezy f\z./(n’r.{e/ the W loocon



MHTM//\/G AT TREE-(eveL

///lé S&V (ﬂ? po{vl é (s Hﬂé_ U\/ {j lxvzoy \)0{4 I\Oh Conslé (;5 OF

L =Pigt v 1.8 _dHg —2p7y CF g o
Z

Z . 75" Nez}/ sczlee Geld  wabh  wess M
N o A Qxfllu? constont  bebxeen ¥ ad @
Mq?/‘/
Seola
—— W«E«M Fom o we b g= £
LD enevgy oF expawwﬂwb Yal

\Ke \)(/a/\t bo consbrock 2 ffecbive é[/\m/w ig,:r = i({)&\ (/\/0 ﬁ\
=> Ireswrve O &

S/'me the  seelen 7 hzs & /zge mess (N>E/Wheve £ i the em@‘gj scele  of fmbves(?l
We czn }vlh?m(:c :6 oufj onal (;.Mja‘h 2 eFFco(T-'ve +- F%J\mfﬂﬂ ;V\{;E\/Z(L']bn

\X/\A&& we W(l' AO.’
i,[ Lel's Cawl/w(}e //_ —D 20/ in  the Foll Tf’\zoy ad  EFT
2| Habch  them

[Dv’op?a ZkDY YEC/%DS é(\:!

|
! D = l’\o(mt
[

Foll Theoy
/V) éha E/H f\/\ﬁoy

CH - (D e e p, — (3 e 4)
(%s-5.) - H®



ZI/\L{ Hﬂ@ c{f@vzws \)OUH be

~ t |
\ _ ]l - 5’8(/’
%
cfEFr = 97(4,%)7 +£ (r}?/}ﬂ\(q—o—y\
2H*®
LFT .
z/ “ /Z/ \
A'Vé( = /(5 ya Cé w:éh
L/{Z
we  webh  Eham  zud  we  oblein  Co= A
Vot oub bhe el Cem !

L 1[40;@}
(95 -P)° - H° M e
c!£>LM‘11/S Ehis

écm" [cvxly fov this

wes ke mb&h.vg\

iEFT =

2/‘71 Mﬂ‘

(Oowes el 6}«)1&\/21\/1 of
2 fFevmfors  (arr) 7

C: we wneed to End

lnkegrebig o @

[~

(R

s = s phe ey = (B 404)

Deergrns  exrorsion

Y0PV + Co (PRINFP) + Co (T IP) (FY)



\k/e czn ek éhz{é this qv:vz(b\r ﬁém@vy{/‘u 2 Zmp/,b/ele Cevm -

s (-@cg)(ﬂﬁ’, A A
r[«t

We 2{«275 have ¢ Fewmions we  zdd ch\/l'vaC‘{ves which

POP ot/e Hﬂz ée_r/w\s n
p\/opzazbbn Zloove
—~D Cg = -4\2
ﬂ&%im/ wkh  Gaweriovs oF  porien
174
\Ve wible €@ F wobion For ¢ 2% - >ﬂ _Z‘Z; = 0
of 22, 4)
—  (-H¢ ~og) = AFF
(M'+0)Vg =-aFp
invnﬁ ,@/f
p= —ATy . -aFp __~[1-Q+uz_,]ﬁ’)‘7%
(n*+ 0 M2(1+E) A M
/12
Now (\./b ik nsde w Che OV le
— _ 2 2 _ 2
VeiJy -4 <¢[ Jade)-1H (-[ zgw> ~sz L I7r7r
z HE 2 M? N
‘L t'[/kl’\é)i mw C D é
4 A PEFY A P
2 2 N2

So  Szne Eevu/l 23 befove —

Hatutive

the



3‘ Diau UWOUCCJ% @(wxl(\/es é%z e of  venorwelizebion /cuas vd R6Es in  QFT 2d £FT.

\)(/‘/\26 & & Revovuchzezble Weav;q = VYo czn conpvbe %'akte\n"g 2mplitudes

2t 2y ovdlewr T Permveramon  Theory
s 2l bhe Ewe £ diffewut ovder

| 8‘&& wfnkies bt 2ve  vezbeovbed

in bhe  definbions of  the constanbs

D ReARLoRBE THE DWVERGEWCES IN THE

AUBILERPE PPRDMETERS

Eev\mwzlczabn}:ﬁz " you ot veed  to vmdﬁ the Z;z@vu?fw

7_0 C/epfme a model wn  QFT Yy have to  2dd ol terms Hyzt e \feslf.w/j;? Hf& ;«mmefw'gs
obhowise  Ehe pevmbab’ve Zfvozeh wall gem@v&éc Ehenn.

Ruetion: Does z e€FT b/ covstiecson 526135/ the  definbion of %Nomauw&ezmy?

NO! Lk = sty

JE {s diffecent . m be  ad we wll udmted Gel we gt heve tz  peosrwe Ehe
teronriisozanicsy  znd  we wdl wdwsbad Endk /s o eanoensuzesse s
e 61/\2_(7y

DEFAVIT10MS :

i’ Pavé\‘cfa, [vweducezble A'% am ( i PI\

E%ZW\[]’Z:
>:;< - /F , CUE ELI@, }Ocp goes 2wy 1PI
W ~The lop is chll  thee pav 2PT

2] Su@e«/ﬁ’c{z( DEclEE  OF DNERGENCE D

. ~ 9( nxo
fcri}( K —> D= 4+¢ TA‘Z (ﬂ&?w{ OF Hf‘ls \Y cJ'X Sl
JNO@& when 2 -< * 11% n:z



EK&M()/@‘ AED s vevound ez/o/z

Has b &b by H\& mwwz[:aaéx'om of

L & ¥
N\Om\ _—Dgsf\'A/L

ﬁ{ o e W Ay Thoo
% J—} ZZ ~e

ﬂ’)e/va eve 2o RENORMAURATION — CONDITIONS  * {lT(O) =0 0 My <o
M) = X* o e o Q-0 is &

%U éz/(a 2{/ H{ 2- /'lomb

2“ H\L 3 e ks

Z(vvny\ =0 ~AD M

ZI(V\A(\:O ~b @
-~

\)(/t(:[/l 2 wmezswements QED > seb

il

166(5 Covmpv{m
dx A

x© 1
4 EWOZ‘Z@EO% X-m

L\_ j\ 4 Ceue (\angzlbv cp ('-QMM\'O\AS S

Stce A% _ K K da ._5(& Y
}(4
Because  ITS

ADHENTIONVAL



/5 éﬁl's Ycz%/ o[l'vo,?e/mé(]
This i=  zdimenbionsl ~b  The ow()/ (jlm‘y o CEle /02 cenm he Jbé(? 2

ad KT ]

8% /02//\ (2 8

[ see bub | conbreds 2y emphbude conbvebed b bhe  Exreava

ZV\KJ
momenbum  aof  Ue (hotaw
A
f \/Z/(/Jg— =Q i/ PUT it Ehis  sbudvie we
have 2 rexdt #o !
AoBLEM

Heo bo bhe zevw  obhovunse /
&

H\e 6evw\ v»o]z&es 329e vy,
TERN TORPIODEN BY 6pUGE INVARVNCE

\Y/e Con leo \na@ O{j[/ur Jaa()s:

U ¢
/L y iéclx FiviTE
X
11K
FQQM zé*?@//\ﬂ/ av I QED C’f/\eve, e, wo Wove dfv%e/mc@ beweye |
vez bsovb them " T =3
Tb)[s C2n 372 2@!/10/&{«25'23 b /‘R
Dipo=4-23F-L-s f
Z
S

7—%':5 c2n IQC Most aatﬂ{] dedved  via dimensionel Zm&[/vsfa

~ Romenbeding  theb e amlbude s v Teesf oF te Green Fundon



8 EA ~ Y yd% 0,
-4 n
COws.  mamevtvm 4— :*/:?ji
Ty ™0
2. f zxb Lx S
Lol ¥ AL Ay B, dlod
—_— —_—
Ef b

ng{; COWIJ]L/(?Q é{/‘Q J/l\vvwmskw\ é él’ﬂ 90/'&/71 5@6(:&/1”% var\}l(ﬂ/dé kwow{vz
[73=312 , [AJ-[¢3=¢

[n/l{] = 94-32¢ -ZE -Zs + %(: +(9 S = W
2 Z
-

Gueen Funchon
<1 )

D Sv"se,./@fa"cl daﬁoc,e, oF D Jee> wilh  th  divengon F my MPM‘UJ&,

Z@ég Now /oa/( z,(: 2 é’heoy \m[’% be«w (JJM?MSl}le OPe”péovs

i = -1 g(D+m) g +31¢3#g1¢2g¢}+._.
a

Divvx?/vxs\ow coup\\w9> 8 [51:] =N, =7 No= -3 . 9,_' —o As

Zeﬁ(s cousder o d\‘@nm with Ne  twsebions

V\1=2 \(\as “:1.:4

/Vow we czn  wwte He  dimesion of = gme\/\}_ d{agvzvvx, | cenm 527/ qub
Cowsm'c/\vz A Looe b Ve insebion of  bhe  vefex g« wibh O

[l



G@n@m’c Jeﬁm oF c[l'vevgwx(e ot e /073 wibh  dimusion legs Coup’wrgs

\5\}(1) j"’TD ﬂ/ g;m \[ ¢

D -Z w, Ac

//V THE END Dg,b,s,\u = 4- ;F “b-s -2, v A > g [ he bo comb Lhae
| I 1 d‘vvmsfom of  inteverbions

ew in EFT

bewse s OUE

To THE EFT

wup\\'v\»

‘Jl/ INn EFT couplf?s dqa@c_ dimension
vat" cer & the zmplibude.

cmp\iwbs c\nwab

tle  dimewsian O

/VO{T Suvp Yis.'v»l/v :

\F intevebions  hee ND. <o Huu H/lave Wu” 'Oe, o1 wmfiwite  vumber oF  velves g

2vd Fad b wibh Dr/l,,s, n > ©

/ ntezcks; own
A< _. Merrwe
i Harpews

D<o —°  RRewvamr o

Mevezses O ™0 move d[vo.g(: ~D less  yevorwzlizede

A so —b Rewsvarr = o‘zcvezyes D o g dIVUQ(T ~D [f0ns vevormzlizede

NOTE‘ TIH8T @ 2 él/zzoy Mgt be verovmehzedble duwe b lehicviowr F (M;(\z%z[iars (@GN

Mo pewverauecnse Treomes  ze sbll T Poamcheee” e Oy ae ode by ocbe i bha  dwongon,

Z@t(s C\O z ‘(6?,[ C/)CZVV\V\I.L
i"—’[ﬁ(gwﬁM g ¢l:&_gz A Dy =2 ,A4=O
2 4‘ d.mg 4{"

S@éﬁemg/ ¢ frelds:

Ko XX A K

/CC—}VIM BJc: _»L. A - 4-5\2'2 S~ d/IZVIM"/‘



/V ReOEPINITION OF
ow
4\ To //\R

) asoce oy
N \r A/( o~ A /oa A . ﬁﬂé,,\ oA ( Rewormauiz soay

¢ 2/\ RED , .
SO -t [ guir T g (i)

\X/OV.S(:A
Hz; l QUWORLKILc
Wowarkm donerdbirie

dupovderce 5 , .

= 84 Kﬁm .f(kjpﬂ b jikJ/@fip K -
K* K K
CON \ Dept wWITH mlb?

/Vl Elre @v\d mO‘: HAZE \%d caDe l'U M/E (,ounlﬂvﬁ@fvms me ><

(het e orcpw(ﬁowwl bo gA

o

o X 4 Sobe + S 53572
—.{2?2 x 29 _gfc’/\abz/\ _SR//KI'&EL

D U b hee Ehv moded & zenoemeuzenes

PropLEM

Hm;vaz € | odd 2 \mﬂlfw i cpe@(nvs we  see Gk (‘jl/\;'vﬁﬁ bveke

P L

Promien ! NOT IV THE  LAGPIVG1 89

VDW’.‘@ <cdts  zs Sq i e £

[t seans bk T wodd ovl/ Yerowzlize Cz/\zf2 25 Che  buee-lowd
belheviour.

\X/& V\ZEJ to @mlé‘vaé Ehe S@E o q\ev%vs

. T
Lo mem)p r 22, f v 4200 + a0y

T Zentid



NOW |6 a/fues

X A4\R84 "'8,268)324—@1(?¢
\

_grici/\f —8: ce N - 2: s log N\

=D Mow 2l ivFubres CZvce,(,

This i \)JA/ p;zap[c sz é[/;z(? EPT  BRE MIT  REWORMEU 2ERBLE : lF )ou éJc[ zv:/
m e loop , bra  bleoy veads to  be  Exfinoep
LQ C\f\zmae’

Ths >QO'< hes & \Je seen > /oop owecbon  oF  venomzlizezble

C}‘V’OW\

\wb@vzb"om,



/Qen ozl 2267 G voup

7A@ p\nvcse vcv‘wmndléze%m gvouf vefers /,’o (jl/vz inverizvce  oF O]JSGV\/e—oue me{w

cka?c,s i b 54
U’Jﬂnﬁs ave celedlgbed

T\’\ose, 2ve t\x/o Veveions OF t)’la Yel/lovm:'\-z-aﬁ’on 8@/‘9 uicd " AFT:

Wicsomar  BRenopmau 2 (Geoue

‘I/\ > tinbe (i'ﬂcwv whbh W k€ /\/ hy sice 2k eve jes £<< N s W*AQ @\Jo/mt of
Y ny P, 0

zZI/le_ (vecise vzlue ofF N C\/\zv{rj(l/g A c\/]zmacs tre C—Q’Pl“")s in the (Zheoy 0

6‘/@6 olossmczlales vemazy e  seme

(GNTIM/OUH RGNOP.MALI 2 GQOVP

Obsevieddes  zve \'mcliﬂo/d&lb ofF b vevomehrbon  covdiGions L szﬁcv{zw, af the
SCZ(E,S ZFO] 3t which we choose 6@ d’@f:lrma ouw Yetnow\/\zllrzeo{ ({ua,\&ﬁes‘ This  invenznce \ﬂola,s
Z(fﬁ/ Ehe (j?\ao7 s rcmvwvdt 2ed  and CE/ZJF [ f@mvec/ (A= ~, d= ). (n c{im, r?dzwnﬂ)’ony

wbh ™5 sdrawe | Glhe  sceles pe) ae vepleced bJ/ét,Zvd Che  conbinum  veviomehizdion
o comes ?mm//- ima(aﬂmdwéa

The 2 gwodas 2ve  swlov, however ot czses e fedb Eek %7
indeperdent o sovelbivg s bk one con sk gp  diffeveviidl ggelions suh s

(s

Q{,XZO/ d’X-—O oY AX -0 \)d X some

_

dA an At Dsevelle

PEE wezn  Flow zby these évzfcd::)wes We o &

- CoWWUNE CanvsTenTs
- OVERAIORS

— (GREBN'S  TUMTON
Prcv(ew of  Rge:

2
- We  fnew ear (@) = Ce Pumne  cowine

Z - ez,z /ng_z
1272 W?



él’ﬂ_ﬁ cjmé\bm cen be wrtban 2 ;/_ . 7 _i_ o &Z

es (e ealn 27 m?

[D /n(éﬂanaéng of /ﬂ /g/aww/éwg

B - fnthron
— s
0 = _z dews+r 1 2 ﬂﬁ/ﬂ(@: O
eqw du 7217 du L0

/ef'/\'OZHALIEA’I’/Or\/

Grove
E QupTon



/QU\AV\ {V‘ﬁ @Uptfu}/}s

Exzw'n[e: Ebmmivg of Carr () —scele dependeat  elocbre dfmae

VACWH  POARIZATION DIAGRAHS

Cz[wlz(ﬁom of /ooP ¥ tle  comberterm

'\/\/Qf\f\/ + Y - < (fzg/d ’fﬂfd> (Q; TE’£> + 83)

2

<
~p ﬂ; ()’2) _ i \/\ do (£-x)% [_24, [@{ A
2m " g W,

13 e - Palz-x)

] / n (wawevnsfomz[ v?u[zm'zzb”cm
d=¥-¢

a »
So  the  deessed pl’\oto\n pmpzaz(bv is {6 /= AV, a2 02%
= <[z -eTupn] 5‘“’ . P’
))2

(iWI'pedc)M é[/il'ﬁ or[:- S\Oe“ ZWlp)l{fuo[L imto o sazkﬁea/rg (;{‘zavzm \we cxéﬂzz,(:ec/ 2n
effebive  Codowb f)of,wt‘fd whase  Feutey Toomsbovm  wezs

VY- £ ety

P
Defining bl goge  corg @ w Gt V) - % wnbe  Ch oV
@Mf;"ﬁg : sce  T(%°) is inPimte
An bt pobenbil £ aebler  posale T
PPy = e - (P + o= e -el [ M) -Tum)] - -

%”(e
( 2 2 0% 2 2
V(p?) = ce {1 + g\r da xcz-2) In (f_z(i_“xﬂd) +6(€£3}

¥ 2k (z-%)-m*

2

2% o

Which is FIMITE  zud E oz /4. mJepemo/cn[: , L)ul‘: oﬁp@v\ols om JDo.



C2E P >m

VirY) - ed <1 Fed log f\
b {2r* M\Lf°

Laree 106 Uib REe  will sdve

=5 When Ehis foamﬂ/lw. is Ehis IZV&Q 2Zppeas A avdes .
(C)Vle Con Tmzgyine Hw‘:,p\'mm ltomr A10° Ehen o ‘w"abw ovolus {Ob wll veuh  bef

scele  when 5’2»8; whave /o) D) ~0 2 s (%}((cg\g\ A oroeR L. \

We czn il/\(,{uolL (:o e (wopzazéor 8“ the poss;lale Eevms

& A+ A O - AN O

Aw:( éhy é(fma/zée (VJ({TO coW@oe?oms %o H‘e r\aéem(’ia/ (ZPI -[our Combnbu(ﬁom

Evere

)

~ 2 2
\/(J’z)=e.§[1+eé /wf:+e_;w;3+.,, = 7 ce
»* 12w 3 \temt Je L Lo ¥
2T*  5)

ul's[/'

e ﬂfw Obpb}na él& eFFer've @p’\'@ él’l\/zy\ﬁl/\ He poﬁ&n(fc( G’,:qz (fﬂ = PI (\} (2*) w

2
Cur (P = S leaove  Losarithie  SummaTion
£ - [, 5° e
PP Car (F7) = €

vi.e 2// EI'Q ZPI. -[0117 COVlb/)lJV(TTOV\} we 'l\/\c[uzjeJ/ él/\ﬁ V\ex(: éavvvns e e vv,[ssv'g 5L\ou/o/ lye

St/uez:l |'v\2 In Some exfizmngion

2. hn
TERNS N v THE EERTITVE  cudrece  PRS  OF THE FRRM e’ ( e ln b ]
2

Fo

2

?
2 - Loop 1PL  eovrmiBurione To BE SUBLEROING THSY Uould BE  THE FoeH (s <€g [hf_ )

Mo dheck we wold wed to peRrm  Hie full Qleh) coledeton =P
to ondocbend thzl  thwee s wob  J2 Fom a0 4PT 2-logp calc Mo

&



- 'F H\a/e wee  vo /219& [@s we  wold  he Fue wibh Fived - order r]euéwlot/(ﬂbln anoy

- bhee e lZ?c [@s =0 MNeso R&

///’76 RGE  ( Revomeliezbion Group gyua&'an] Enen  cones From v.o_fw'm'? thet e 'noée,y'(nzf s
/’Vlalﬂﬁ&vdew‘f oF Pf

2 d Vipy - o
an:

. /(/(52) Wes  ExPuciT ?oz alafma[zw,a

MeLcT P c/a/renaf&mce, H,m.gh the scele  wWheve e 0> defFined

Infeb Recsc e  wee difined so  Ehel sz\/l&,) = C(; exac&}/, 2nd the effecbive
Cl’\de (s de Fined eL«Ff(Yz\ E\)’z \7()’1) we cen woke bhe f,,z depemoﬁmae of \7(72) exp["c-t
9 rep’z»u’vg € by Cer( R

< .
V(FY=€w [ 2 - ex b £\
P v 5

ﬂ»w aé Z - locp Lhe RGE s

0=2d VP - 4[58 deww 2ew -l _ 2" dear € b &, .
Ve I @7t 4% 2nt 7

60 Sa/\/e U/l/b Ta OZVhIULka@M EL\Z@/W wWe V\o{:: Ehob C{&w/c{f: must szle 25 62?6 e <o
tha  thid  tem  ivoide e bedseb & SJo[ezd(@.

7_J’|US i-[CqD R&E ) R
5, 0/ €t _ € of

dp*  2fTt

gﬁ{v{\? éf[/l\é CJIQ:‘CV@AE?,I eﬂuyhcm WLEI/) bcx/m’zv candi Eion Cep(R) = €p gives

. 2 Save  effere dege we got
Ear (¥7) = Ca Sureming P ZPL dingans

Z - €& |n>*
v PF



Umvsaseur/ OF  [BReE& LOGS

Az\@e, L@a«lﬁnvms ovise  When, ove scele s vauch \o\'gaelr or muh  ameller  Ghen ev?/ veleveub  sczle.

/h (,L[/\e veoum (\o(av.zb[ﬁan Qa(cuba(ﬂ'am} we. considerved H/w l\'vvut wheve Gle ofF —shellness J’Z of the pLuo(.om
wes  ud lax@ov then bhe eledbon wizss w2

'h 6\4& \\'vvnb Wive  one wele  is wuh \nge)f 61/!% 2l the  obhe Sczﬂas, we  cwenm el
2l o  obhar (\\/ymczl scdes bo a0 Lo Gt

Ewmimzbﬂm.
/F we do Ehis w 6\’12 \Z=9297%)

qaolw%aﬁow duzauzvm we  Fd éhzé éiz [1/” veuun
/;G/Ma@bm Fnchim 2L ovder eh i

(5 = e [5 ”“(—/5)* mel s (DR) (#)

2t | £ -p°

77% gz/iv&/emé chv{t L/bfg/ 2 Y?UZZ&W with 5 dimersioel OV cu{?afp

(s

127 ® -¥°

T(7°) eﬂ[/(ﬁ) " cmkj v3,  (PV)

/% Ehe omI/ sele 5§, bhe logzvtﬁfavv\ of P* mut be companszted b/ 2 lgyaathnm o some obharr
umphys\‘czl szl , in this cese He obefE N? (ar/{/tz in  dimensionel rcﬁdlzwaz/(m‘avxs)

/t[ we vevoneize 2k SAME sScALE

dzr%mug

o

S

8= = oy A Tr(yﬁ:éa[/@(

127> -R° 2T

) + meél (PV‘

+ € (D\Q\

f{2* £

[}

65: Ce (—f

—o  T(p*) = ca [/@ (/f‘_

2T y

%O\x/euew ove czn chose I 0{)'We/v\5l'0/lb/ ‘(E)a/f’%/&t&)bl«

Z>=Eﬂi -2 —J"T&Z —D0 T (v?) = Za yoz g €
{zwzlié, f;] (r*) 2[/@(__2)4—m(jl

2T 5

él/]zﬁ s ?ﬁv—o[a/»é oF dncm‘g, /%2=)%2 h K 2\/‘0l g\b(‘)vaﬁ? e Com .



/A\[Hﬂau@\n we  chose 4 lo he physicel suh ,  absanczhlo  chodd he  independont
OF//{. Pe Fixed agbr p@/ﬁurbz(,'fa\n (:\Nzay/ Vo.y/‘:l"? S {v\o[g,(mo(mﬁcr. czn be & sbfa? lroavebed
cvoss  checdK

Simoa, /ZL IS a{ vmzhzz{r%m ro\‘v;t/ Ele egreo(ﬂ've W\'@ Igzcowxeg ©oft (/Q 2ud
the RGE  becanes

/d d&ﬂ“%) = eesf L//L)
d/{,{/ 'ﬁ?_/cL

QF/\/OEML(ZM/O!\/ Gpove  FhoN  counterTeEpms

\><’€ \ﬂzve Seem }OOW /z:ge /?5 of élm FOVV'A /” ?;/322 [87%) J;z Tawmwxw/ H"O‘ﬁﬁv S (J|W@veu6fz(
gn&{f}b\/l which  esbolshes  Ehel, ph/al”czl 7./w616fe5 2 w\do.ﬂmclwb of the sczle 55 wheve b veviovmehged
(Wpl"@ is dﬁP\Mﬂ'

Leb's el whwe  the  Fedos A cove Com.  Aecell He Baee [@m@@m for @eD

Z -

at vl A o o
A ZF VY A -m)
¢

7"]2 gu@mlﬂé\'as Zp[\ezm'% Neve  ave imF(mL(:e/ o F we ve. d: 4-& oll'wwgfams é‘n& e Cmfg
l;\/L %z(@ 25 o nvese {owen & e

7_{1]6 JI’VV\CMSQ)V‘S Con Be’ vczcl OFF F\fowx ‘:W ézg,v/wgfzm

(A ]-de [l dz [w]l-2 Jel- ¢-d

z

/VJ pzv(ﬂ(/t)[w We \X/OI/M ,lKe H'uz Chage Ee  we @cryzm(j h/\ (?o Be 173 vwvmbeuf/ 2ch élae

Frelds bo ‘vee cevonicel  viormzhzabion.

\X/e E Ma?o«e ‘r&scz,é ly

1

Sl
N

3

N

A= 4 A ¥

1
le,



\X/I/‘v{bh [ 61015 &Q

“ _ _ ¢-d —
L= A arF” v iaTir-maz.ty - uF eazlz TAY
ﬁL

wibth €p 2d the 24 dimensionless | ever in d=4-& dimensions

/QG’LZ” 2[50 él/w, élf\z 1-/009 /‘{_é Louvn}:e»/(:evms

8. = e j_; 8= €% [ -8 Bu=Ce [-& 8- Co [+
161t 3 46m?| & 162 £ Zew® | 3€

\)(/‘/Lg,ve cech o Cluse  combertoans  is  dofined 17 Zx =2 +8x

//Voﬁl"ce @47,(:/ since é‘fam S S O@WW in b rewonn o{ bt wt v He BAIZE:Z
we wwb \zve

0=-ud e -pd [iez] :/Eeaz{azf d et £ A&]
du du 2 e du 2o du

Zé /ezé/ﬁ/g ovoloy in e, e =L 2nd <0

/Lgi_&;: - £éen
d/c 2

2k nexb ader, we have

wd 2z =/z,d,(¢+eé f> 1 % ud el -
du du 26 v 3¢ e 6m° du Lzw*
S
Ple) = nd ee - —€ee, o]
d/t z 1zt
/M 5751/‘5 E[cfy B €28y gg :_é_ Zﬁ = g}_ , Zc = &CD More

7
/
Zz \rg} E CaPLEX



Ao B = wdd sonebies |, wabh ks €4
d/d, gt
Follows
(N = —2q[ & o . 4L\°B, SR, <
y: e () %@W ; l Aor-t <o
2k /e_zo/‘vg oder  Llw) = zx A ()
Pl 4
/N ago /d(,(/\&ED

O\ED IDZOUQS (,() QE /\@e-g =0 LZM U Pa/c

2%6
© Wheyn  AlMe=5zkeV) = 2 we Fid Neew= A0 €V
137

/m wiling  sdbons for R6E (D we lew swepped 2 vuwber /737 Cor o

Jl mensiond  scele  Naeo |

T\m“s (s }(yxawm 2s Divavsiovat.  TRANSHULTETON .

We  wbrodued b effedive o\n@rge, we speciFed 2 scele  aznd the velve of & weaswred o Ehot
scele %JC now  we see  Lheb ovn/lv 2 scele (s needed .

This wovers g \icj p\fo@nwd Miscoveseriov  of  nzbue: 8@(,[7@%@ is E/mdzvy\wl:z/y nob  deFined
\9/ bhe  elodbvic dnage, bt by =z dimengonbl
scdde Noeo. Bt bhos hee sovse 0\,\{/ vefeved
to 2vobler scgle: Wi
S MefNows  dfie GED  coublel.

\X/\/\\\P, we \(\Z)Je, H/\L COVV\&"/V'E&WV\S \()ZV\J], (6t V55 \xxolK Ol/b an Réetw EJ\' (7\/\@ elecbfovw wzss.

The bare vnzss W wwt be  independent  oF M, S0

0=« d_\m“:/ad_ (2o Mp) = B Mg A dve A (JZWI

d/L Cy‘“ Wig, cl/a_ 2wm d/,{,

\X/ e comvembio mz@/ dene

XW = A CJW\@ San  ANOMALOUS  DiMENS oM
W



Sivce B Oml)/ &epemds on Bﬂvoag\n S, we hae

Xw.: '& dzm = _Z dgw\ S éCa
2w d//L 2w deP\ d/ﬂ/

Aﬁ 1-[06\9, =1L - 56); ad o ]e_zo|\'v» V\OV\-VZA/\fﬁ\/\fvg ovoler /Ad& :/BCez)=_§eR
gnte du :

Y= _ A (% 5ww<_§ e&) ~ bwe = - ek Flrms,
2



,1_0_/ Cﬂwsfo’zr SIEFT zm(/ ‘(Wesewli wabh cf@tzt[s ot /820(7 2 ng;na(,ﬁs ébvaé gV Jéew bhe mosk

importent  ones [ exzuple: b cocenb, R6 wnniny, olobd  AG)

¢ o™

/érs not 2 Cl Elf;eop/ — b Add highor dm —o UV R Hveny

(sM symmebries zve  grbisked quvekous (1 dot knae whidh
2 low 6%\ (stalt to shepe s bl Vlb‘nt ane)
Lonads He new
wmplobe C’Lw\y)

=D }Sf:ua(/ denzkions  Fiom  Ehe 3H b low eneyy [ p‘folze 2 \mgln A
/F fao,ﬁ doy,»( swmell A, Ingklw ev\may Y Iunal&v‘sézm( which  ove is (£

Cavened élmvg, b comide

’f Thwe 2 }2)/@/&/ [10531/;}6 % gkﬂf dlrlmwbbnz{ cpeyahavs H’wt I (€% CJ"G_SIL.

CJVIW\ 51 O\y// 1_
A (42 (4L, e moss  mednino /lzgovenne.
/\ ¢ ViownTes éept‘ov\ Munboexr

~D we  Know veakbrine  reve  wizsses

dim 6 covewl 248% O’W@&JYS How do we dnoo;,,eo



The <

Suless

story

35.9-137 fb”" (13 TeV)
T

T T T
L to. .
'F cms Wz.’,,v' ﬁTLAS Prellmlnarx 16 interval mem
LA s=13TeV,36.1-79.8fb
/\‘D u_o ol m,, = 125.38 GeV 3 1 m,, = 125.00 GeV, |YN\ <25 2 o interval
> -value = 44%
) EL p b Xy i 3
y? 102F T % E Kw | i i
K, _ o _ -
" ¢ Vector bosons P r r H
1 [ § 3" generation fermions b ' L -
# ¢ Muons K. ———— -
o S SM Higgs boson J o H
10 I I I | Kg —— —-—
FRE T T T K, | — i <
2 1,_* ______________ O SR (O 4] b Bagy=0 Y !
L Bgsu Bgsi 20 o
T gl 1 1 1 1 L L L 1 L Il L L
o 0 107 10 10 i 05 0 05 1 15 -1 05 0 05 1 15

Particle mass (GeV)

Nam do | weeswe He ccupl(vb of H(aas é‘o (‘Ja/(ﬂ“des?

Use ATeiac  \XioTy
2
~> Aok Tor the 609; A Luc ébl?/ use. ¢ <
8 - H
3 [
t
_ s
Thee T & AUSSIVE  PBRTICLS - //{'395 Nev
\X/\’)j7 We Know Cthe mess bt ot Ehe &Upl\'hgb
To hoe bhe covplu‘vg | veed o wezswe  selF \mazs couoh‘wa.
=D DouBlLE Hless ProoucTION
H
H ///
- o
\Y/E czun QZ/ éhzé é/’/C ZFCW @\Q Mﬂas JIG/VI'IE le&ov@/ vew (\z\/blﬁs z{/.a/ z[sa Zhﬂve e

ho

sfngm{; dovichian  Fom  the expeded  vlves.

—b /V@W GPPGL&S lnzve wob bew obsewen{

YeSonameas oy

New  cgBRus For  BsH  physis o pdhed o hyses  bo highor ey gua(as/moéivz&‘? b 1=
ok indveds ypvocdres like  SHeeT



—D New N’y;{o i \sz: real  For Precision  Nesswemenks — + f//e&y view ﬂ’)ysfcs
- — —

SHEFT

Haw J)a wa ceavch [/?w new p\ﬂ/sl'q,?

¢ s bz;eJ on cha’r‘mj, vew Walwv d.'vv\zms(ows cpo/e/(bvs
o LFT is Spvevie 2od  waged Ma)epemolsz

s E/C/’ comes 25 oo nlerFice 66(7%% uv ph/ﬂ‘g and /ovv eme@ phemowma

Rulas (’.o Pa“awi
= New plyscs  sofficiantly bige Elon 2l woss scoles  in G calelbins
- Gbba zwlyas: Ivcwose AL Possipie  opensrons

Do Yo ewember the wuwbevr oF diwm & opo\/(/bavcz Theve ave 2%39 PuT
- i 5 mot 2 phy&\'czl d?jet,f:
s /llfvzj/e, e ik pebween openéovs
[t @os&nua o vedee fo 2z Wi
nwuwbey  oF opevdjovs .
(Jou doe 2 lozsis)

So vow gk we Veve 20 (R @ozw\ple/\ we  wube

l: isl-( ¥ Ciii + J{L + .

how do | wezsne Ca , Ce ? Buld  dusevvezes.
[F we ‘eve Ao opevtkors , how iy Dsewecble  do | veed 7

7_}”/5 s phy/okvﬂh/ of SHEFT.

HOVV vvw/;/ VVIZZ‘SUV&VHCMéS Glo J need w ol SH? 78



SHEFT

O, © HUST RERecT THE SM  S7MMETRIES

ofeﬂ: = = OLD

APF Some e wped,  ome  2e 2ciolentd

- Jege 7mm@ SUCB) x SUC2) x LLZ)
o - zecidnbed  gym
dim & qw&éar e 7 ny

//%/&W A/ex/ﬁ‘nhos

Thee & awl/mz/sum qonkor thd o be  zdoled :

2z =

c(Led)C(Fel) + he £ io
N

When /ﬁ‘nz snﬁag zgm‘m ¢ ver [t émm 9%{& Vise. éo Z /&ma wwéw’mo mese Iy = cU :

A
(OMpV(ﬂ? Al zwrp[, Eudles

— Thi Srows wibh  the anevyy = (UNTTBRfT7  VIOWTIONS
A uv cpvalabbv, o dim=5 q)efo(?or Ctlzw/e 2ve Faw] is b See - Sow moo(e/{

L=-4Ledy - 4MediCJ, + He
2

ID e hee a %ezy vekvivo
wekh 2 Dine Ness  lenm 2nd 2 /\(zj'ava-m one . ed 2 1)‘914[? one

At s pa.‘mk the m@hhoiﬁ, Wb poewn'T  Grow 2uywove beczne bl }25{7 Interzcbon s

NOT  PRESENVT  Znywore




Ao&/d///v Ehe Zumph&ufa U(ﬁm‘“ wifh ey wmbl Wy, Ban b & doven

Whan does  Enis ngplub/d.o, vid2kes um\tcw(y? 7> wmE £ ¢ i_'l r\/foisée\/
v? vy

%/ \an'V\B A /olx/ef \g;umJ an y\@u{m"mo We. 945 v Yflev vk on /\

=D NfC& examr\,e, aF ehe gFT Fravvwa

/%vv we 20 bZCK o dl'vvy 6 -
T[/\C ({\OSQ\UC opwtOv_s 2

Dimension-6 Opera’[ors of the SMEFT: Interaction Impact

2 2 2 =
3. s K, . .
X°: €W, WP W gauge boson self-coupling  diboson

HS . (;Tg;)3 . ~ Higgs potential, self-coupling  di-Higgs
W2H? (;Tél (éi qu ?) 1 R Higgs-fermion (Yukawa) ttH, H—bb
2 H?D : (;TBM gio)(c%z o c}j) gauge-fermion (Z,W) Z,W prod.
X2H? . ((;TZD) Ci’ﬁ,,C:‘{:“ gauge-Higgs ggH, H=VV
H*D?: (Q}T Dm%)*(ga* D'“fp)d Higgs-Z mz (LEP)
WXH: (G 0™ u;3)Buy dipole iV, ffvH
¥t (@ 45) (@ e @) grgtﬂpgs?:gzts four fermion  ffff scattering




/716 Flve.(i pa)s;Ue, dim 6 qmdjgr s called GOUGE - BOSON - SELE - COUPLING

?i & K 2be
: < (F
D We b bgubor 2 Rl gty W Wy Wi [ o
dim2
/EAA/‘)/A/A,

~0 The idec 5 by bhe nov Avsian crucrues

A b she
AfaeJova E\)(//\X/ 1 = LX w SUY
[Eb’/ éJ.] = ¢ E,LJK(EK SU2)  Lee ngaom

Arthar  auebor 5 <o (687

/\2

*fyov 2dd  Ehis qeetor  HooiFes THe Pewmon  eerween THE MBss  avd  covmnGs

e b@&n(/
AV\OH’W '\W\(\ovhant a(ta/aéor is
[@) [Cg[ﬁ er +h,c.1 ~—°  Yokzwa qq@/zbor
/\2 7u/<awa w dim £
(D %: quf —o HMessuing M 2nd 4 Hm}/ heve (o sabisfy Lhis velebion = SM predickion
2

/Z/au/ Jo [ see éW; 6%&&5 aF lﬂ'us TWI}JY?

S ( 0 ad = 1w
2

Co A ()| 1 (i) (Zee qu\

A 2 B

SM ()
Wheb s W\aq s vt bhe éé@ e e hee deo  lhe obha ove

o L v vy 4 mm] (Eee+ hc)
N 2z z




P m:ﬂ:_cﬁ _/_’lf;er;iW @ 7]!(5 & 6\2 mess i bhe EFT
A 22 vz
err .
~ /UF = Ll 1 3w 4’_75 @ This 5 the COUP\M) to b /4?05
N 20z 3

\X/e e (sze/ Ce From  2hove @ ond S%&(mb/ﬁe I @

—® IV\ DI 6 Mg av\d }ﬂﬁ—r% vab VejaEzJ

See  2love

—Hl\e, Ye,(zkl'oh k _ V‘m: 5 broken  (doesn't hold zw/w\aye\ 2nd ,/UF’ M. eve free r\z\/aw\e{,‘@vs which
V2 ar
(/e,,«ema/ on C.

Zoo/(f@ éD é/IL FODV Fermfav; q’)ewfar 5;. K/LQ/ al}( A//¢L OIIL
Haove =p  incvezses the # qeator
OV\’/ plz\ce in e SH whae we hewe oz Flaour Aapmbnce is in the C.na@e cuvrembs (E%cy 2ve F/evouv\)

G U‘;W/AVCKH d/- d;’zgamal

Typ\‘«,c' }W/&m v ewem & o dedh a wvdn  quttr £ bl @ s dmee
zud W e pra undar S P Hops



The wey, o  sterT

Ove  cen sekisty Al Ehe pevious  vegeivements by bidivg 20 EFT on  bp oF the SH theb
v@{\eobs 2™ D#ge s/vmvme,ﬁh‘e»s

¢) Ve

i&-u;p'r = ism + j Z Ce Of) +
2
A

> |\

lo(ﬂ)
+ZC’ ;T
J

Wikh &LQ avy zs»mpf’{an él«z,f 2ll new stibes ac  esvior then cuany pm\;eJ 37 the expev\'w\e:ﬂt
Js < A

The theoy & vevormelizesble odev by odec i A/A, pedwibetive compkebons  czn be
can S\sbsmty (\EVFDYW\QJ 2’( vy Ofdw/ ad  the th@oy s (\Ved\'cb‘ve ) Le. well  dofined v\z‘:teym of
devizlcions  ove  2llowed y thot con be fther linated \? ZcJaln? Zssuwpbbns From UV,

A sivvxp\e Z(\{wozd/\:
The  mester eyuab”on & an  EFT 2ppvoech hes  Lovee /<€)/ elements

VN kg v

—
AQbs \n= Obsfo- Obs:ﬂ ~ i Z Bmﬁ-\(/a,] C;m%) o (:/’\)

2 2
5 ® ®5
z . /\f’ E 5
l 1 /\ e 5 5
—_— g ®e;
@ ]
Mosk (Vewise  SH Mosl rease EFT E . e uEz
pved, kD . 8 2
wuﬂ.«.(:;uv.s 5 " 2

CNeo, AvLY, .- ° . . . o @

’\T%eoy is //'nezv in Wilsan coef€

Whet we 2w Ao.‘mg s Nor TesTIve THE S, bk b:sb'@ Zodlen U/oay theb  dovigbes
Fom e M.

—D The 8|/ar)|/. sl/lobus 61/;0(, él'\L cz(w{zﬁfav > rov EAY OpsSERrVNEA2LE zma’
whet N e B 2 e S/stevva_

D



\></%7 this s w0 no WFJ’,’

[

° /m@me Cy i= non — 2evo ~ bk Ele LMC&/(TZV)}/ o vey [595

Wb&& C{O / JO? / Can COMbI'VIe, L\/\" WL zSyve. L/(s\"u} H«l OHQV O}QS’QVMS
Thet's whzk in He p(c(ju\c, ~D  Combinebion.

Exf Sk
,d Oi = 01 - OZ

A0, - O, - O

Powee: QJZE(:, wezsuve nents Jawz 0 J(Fpevcwé Wﬂ/\nvmmfs 2w pvgﬁ'@ Ehem
LLOQIAZ/GZV n e CV?JV)C

) Q)
~D \X/’/hd/l 642@-7 \/\7,5 Cr wbh thfcz (/1) , e (/M zhg/ Co ..
So you seeh  Sov HA (ovv?ﬁ/\ohc)l'lzg uv E[/]CO‘\y

SH  /ocKing
4]

— = Y X
AU A

Pvedwbivg power  of the SM? Ome  wou Know THE MASSSS OF THE PARTICGES  you kiow
EVERY TH(NG

IF Jov Know Fevmion mazs —o yov o Hkewa
- IF gov Know W, 2 wezsces  —p You  Krow 3,3'
(’lT yov Kl«ovo (vaw /44014077)

« (F You Know h  wiss — Jou Know A

70u locked Ehe ntevackions  (3-points, f-points)  ovce  you  Know the 2 goint

EFT i Um[O/<|'m8 the Snl —0 Yol , Wness



7—0 w\al,'ivd:e the budd of te é/\g EFTs ave  eed.

/L]SSWVJ/’)ZWJVU e mede étre CkM  sbrucbwe 75 wenboined b c//'wn—é e we  dw't 'Wlimc
Move ;wnm&éﬁ&s,

Then we wd Ta/embﬁ/ obsevvezhles Eo nmesswe 26 cdlides,

e ¢ ¢

P:p /4:P WC Cenm  Inezsve éha Jlﬁ‘emmbz{ (
WE ¢ £
; “ Hl““lnn

Bins P-

\)VL('M Ywezswcmwlis we e &e(ihwa 2n \msta&‘/zm

D Ezch bin s EY) Gbservez‘a[e czrse hes /fs owtn

D t vy\ezsvveJ Vc!ut_ awl Uwce/éa\m(:/

/VOW we mmsfa[zv lﬂ@ weEnion  of 2 new q\cm(yor:

= A fuks Me Mtews (QFE) hb lhe & a dik qeckr

he retor s dim6 - Q- 3z
4 - 1
tn — 3/2
v - 2
whan  khe \/\\‘855 aet& & vev 2 =< 0 5
2 . AU+ h e b c

>
CJO\/C[O(\\'ng elso Guw = dnty) ~h. Tig f Au A,
Now  pestian

So I‘” ehA v wiklh 2 (:ewv\ /1/\’6

3 3¢ 7 g

vEE AA

(D NOT  IN THE — SM

OII.V\,\ 5 %})}x



So now [ hewe = [eld)) o'l‘zavzw ve) ZJOI z& Hr\e, (Vevious
+ + + ¥ + N
A

-

<M Ce
A2

Squwivy bhe new  Gorm om[/ (~0 i‘,_\ We e chOn(J the 2wy oF 2n EFT eyansion
AN
ow ao.‘uw:y s ekl W A, bhot s 5 dimb tem. (T zdcll'wg Ehe \f\ialﬂo/ Cerm we
/\2
8€t SOvvxe,H/\Mg Non amsls(;ewé = We use. \e Owl Rv d/leck

So \x/\nzt \ 610 —Ls 5/\& OIQTH - (j‘o ! U/) z/{f e dlvsoul&td

NLO

(o _Frocess O Ow Ow 08 OY) Oux Oy Ow Om Ok |Oc Ou - /52‘},',,8 ordey
vVt bW bty N L L L2 L2 12
v ot N L L 2 12 1L NV Net o od
vV o tW L L L L2 12 IN [N
v ot L 2L4N | L
7 omportl L 24N | L
Voo tiy L L L 2L4N | L
vV otz L L L L L L 2L4N | L
v pp— W L L 1L2L
R N L L L L 2 1L
/[ pp—tZ) N L L L L L L2 L2 1L
pp — titt L 2L4L | L
v pp—tiH L L 2L4L | L L
v pp—tHj N L L L L 12 IL N
Ov g9 H L L N L
Ox g9 Hj L L L L
OX gg—HH L L N L
OX gg—HZ L L L L L N L
\V4

Ovowodym  oreaston

evievs \N\?,\/\} rsewerble

< IE 20 ebuome s abivdbed weans bbb Ele cowespondivg, 2; s Nov 2€RQ

\X/hz{, s the Um E(' éb\vs? \X/Vl& s H/LQ V\Aimx;mz( VE?;/(VCVV)%t & é‘fl(s t&b(@ 60 SZ\E\SF}’?

- / J’|2vc ZZO COV!S{TQ/M 2 cocTEIUENT par eacb; co)t/mm/ <o zf lezst Mcs Eg

]r\zrpad

/{'_cme alvma 15 e,w»/wL/ [ hzee V\ofjn{ra & Fx  the qw/u(D/ wibh,
[ ned € hwe b wspst  one @wﬁy pev ezeh CO/UMM/ Lo woe enbries  Che  bebfes ibis



Now /efls do Eths Jee wekh 3 q']Q)fzb\’} . Ocp = ye; (¢+¢) (@6) gg
Ope = 47 (9'0) 600 6™
Ots = Je 8 (6@’”7"6) g G;V

aod | beke  F cbsewezble
99 —° H 99 —® HH
élﬂew | do a g{o))zl Gt
\)(/l'mE ' Find s 0.020f—— S T ou 711'11(110 JHIHGE G
0.015
W ﬁ/
& 0005
0.000 ; the loop could still be dominated by np.
—0.005 : THE EFFECT OF THE XD %
20500 05 10 15  imeropen o N7 e

Cu koo

Hcvc, | Wreve 88 —o H ) z V\/\Z‘Z&M?Wl&/\t zw)’ 2 OIDS@V\/@?/‘O[Q/S .

~0 FIAT DRREcTioN ~ | comsbiein bhe sumv bt wob  He  bpiFFeeeme.

/VUW [ zold zob.scvvezlolﬁs : ////ﬁ&s (yodvc Eon e éh o0 extva j"” ¢

88 — H -r—j

Now wmw{fﬁb > hepperivy :
the 2 61(28v2m) hebese dlﬂ:—f\«em%
2 ‘3[" P

Ou, _HfH(HQ Oua = JH'HG,GL

e

Wa \x/a/e/e@ht e amell.
Se re(s smzll eAmL@b\ fov e jeé o

Ysee’  Ha lOOF
=0 'Reso/ve, gz& c‘u/ci?fo

/\\nol , cowkiwe acloll(? info CJOIVB @ yo‘oc[ Flt



1{ COé’P‘\M‘ 6’5

g//]{)asc we weeme VY produbon o€ ow edliabys

-2
—0 Use Ivaiont  wzss Lo seb limb  on  Cs Cs < L TeV

/\2

// / I oy Cor Gl it o be o] we hee o
< / / exclde the L veyon.
A

Wy ochdkd  bewse  DOb= -0 - o 04
/\Z

( Stwee A = s7el ™
Thi>  wezns W LF Ele

-4
W SUJZ. is wev e 5/'( S C.‘S < 17V
H/l&,\ the Cs  coeFicienbs A
e  wove excudeslle
(f 6.2 sale o o nee plssics
Hoes \mgl/wv/ B e czaol cxclole
[ess Cs hevzsee 6\17 com be 22
\/WD\» ts 6&7 wat  sive. A D 192
EKZ 75 vvcwu, od e mebeh C_s - £ Cr =0
/\a NZ
Th@i/\ é/l'le, 'l‘W\lb 802/5 (.TO ﬂ?//&{z l’)L/t (7‘2 o‘érwa(am(,e 1S ow “me’ar
///»/// @ %@/ovd Some VZ(VC A > Vion Qe&w‘oz(ﬁve
2
A l/\le\d 9 Thecy is \nok T\ved\?.b(\/e ’ cant nebch
M>E
\I ©) We  meesne 2t sony ewszgylvmn> bin £ msb be

H less then M



