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In general, given couplings {),}, an observable O is given by

Cq ATHe .. AN

| |
/ symm. & dim.
0(1) coeft.

If [(O)ezp| < max|(O),| it seems we are missing something

natural

4+ we overlooked a symmetry implying cancellations among the (0),

4 there is a fine-tuning of parameters not related to symmetry

un-natural




In the normal (Iab) practice extreme fine tunings are associated to the
existence of a large set of options (a landscape) from which we can pick

Ex. quantum criticality in anti-ferromagnet (T1ICuCl3)

paramagnetic G 0

paramagnetic Neel

‘73 = (_1)w—|—y§(m, y)

P

i
mAP)G G+ NG @ miP) = m(1- 1)

Can undo natural expectation from atomic physics by tuning the pressure
at a cretical value in a landscape of possibilities




72 The Notoralnes Criterion 1 Hooft 1573

) Uvm()e_r w\no_'l-’ c;ov,Ql; -)\.‘ovv S Q Q,T:T WQtOfQ—, ..?

é"\
- = g,(\ = g,; [60\>
- —
JA« CoM%w+ —




gZJQw
O e
€ SS doi f
0< T(A +Lw S ’Huls
| (o&I{Y{ﬂﬂjtf SQ}LWQ;MQ‘MS éfé& Q
= e
Qo : (7 +
cop Lt : | 0
ufl‘q\%Xs OK{% @ FQﬂq\
dei&uulw@\ w
- ll ¢ R

l




—

2y We., | brsps L X
/’: ><QS— CL‘%Q S // z W b\ Sps/LOrJ ’/l

i) Of: i/®¢)z’£j¢z4 ;\Z@V/+;F\Z—§Vz
A 2

- ra
¢/§,, Vi =G, Ve F e 2 ) ,
[

UC): Ve v
|

/
. L
u(()z : Ul —>e \j?_

& C/Q_Sgva(/} COJF\UC QCQNO/Z\('7 '_fo ﬂ/fﬂﬁww

os’\‘ar”f(y ot A >> W whal 8 e  wWiviwow

Q& 5“0{) wplieal 5 He  velve s Df i G ¢

(lf\lq-t LISV uL g Coof)hy& Qe \A)QQ—’\( Qwoicflf\ +o lAbzk
at 4 - Ioo§> rQG)



> (945 *A(Ecﬁ) = 5{(‘7{3,6{9\§a %?ﬁ?—tﬁzcécf
o Cbgg c’/\e,rf-?e oV [, ¢ o ﬂL AO-S\“J %ﬁ Tle Or Trauszf
o ‘0(7
Pfg‘pa/fes volp, The &ywweﬁ‘es ?{f?—o\ Erelod

va

0 C&)MSC&J\ deea%,.g /l cC /\ L))/LDj- doe_s

Q(Dlu)/‘g,lnu\s SJO%/QS’YL S Roa Couof AQaq dﬂl([/u/
W "/{ﬂwﬁ 2’( Kf‘7 /572 (lﬂo?/( o1 «- [0? i< e

An Exeer ol Se _/L)






e g Qpre x5

_,,sﬁcrbyg — Wﬁ//:‘?e““*fﬂ *
E%fi':_ ‘:~°+% (T4 ) (o)
“" 85 NN
A
_ du, ~ins=|de




I\ — -5 Qﬂ:ﬂox/q*@je UC‘)A oo lof
o Qcc,id,eu\(O'(
w
£ o EFT dhove /\ U (¢ : of
— F )4 > OQ 3

& UA((B b(okem é (@Zw‘:o"t @J@qg& 4\‘-:7& N~ /\3

) —tT .
Mo




OpTional |
@ ’\Sa_'to m,\ g Un - /\)Q,'t)rg..\ WaSsSS l/p;u‘&yc_lfl,{eg

Ga
/\‘7‘/ © /\uz, c@Q?{'QJ‘\;u.A oA 9 f&ﬁ‘>:
L | - -
CFT + Undes w\’lgj —cuadiTo= €
{80(}1 /\ A V)D__\_u f&_l ?
g LV &
A\ -

-~ . T®
: S /\“L‘Q > éd(A‘E_)NO(()

3 \
cF L C IR
. N A a=0 Ve, &
()
/\((LKC uJ b 67

7 O/Ct 74'0"”



© Moio re | l’!‘..%'aﬁ.lv =D na"uro,/l sloo BG  evdohoo

4@ 7:30 C&.\nomic@l O '—['«'a‘/, S

XL jOSOQw/O—lja G=> CTFTT does ol Possess
/Isﬂtroef)o celedaert Tma/ofg

— /awe&+ =colos @ has A=¢C- ¢

€ cc 4
a~J
E/{(iYH ={ CQ: é/ajé ﬁce"—‘u 07((?::-@
-
— R G
O@‘Sﬁ O(:(Z%Z % =D tj:_\___zAL
A_ Q\ot)



]

—

2a
/\uz_ &7 A~0@0) =P /\/p_:: Ny € “ov

® +o JWQ/& )’l:Qng Qu.oif"\ Q‘(fQLDVQ,CCQ“J gu_LQ/(/(
qo./ ("S% ,ZO) « M@Ze ole [ ,;1~> o 18 WQ:)‘QI‘.Q,/

becouse. TTF g‘ﬁzce_ @{e,lcy{ ‘TL@U R mzju(w(.

T. Srwwdds, © Relaaitoopators do exst bt
= &7 cou ol E o sSociteol W Th 7&%

br@,chaa (‘f”a{k)&@l &d W\Md\?

) Hax Co;gf\ CoeulC Coe Q@ Lo wcjd r&)\& QLo
\\0 e .suuzcz_[\




= /——I-Lé/ﬁ) + ¢ Jj%-—&spﬁ\ﬁf —+— :(\FQ,,QJQ/MT

- & S : B e
X g OCN"PJ:( SJCM?‘)Q - M= U MUZ

H — O 9//:( VIYoPN 6/}/9_5/_



