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P e —

of Se,[e_c_:ie-g[') motivations [/ /deas
— [INeedfees {’O/S'ay/ L
— Juwst 4o be c/fea/zAl//\ere are (no) Jhearetical

tinconsictendes within the SM’ but there are

—_—

a few thearefical /aag fheic - iIssues pu%%fesulfh at

we will autlene below

— Firs€t, let us Ascuss /ahan_cl_m__e_.ﬂg_[ggfgg«f/
ez/ier:'men:éa/g (cﬁwenges}for e SM .,

— AL of the ére;;fﬁcn_g; that have been experimertaly
tested (hus far have been successfud [apart

from a—fe.q)“anomw&eg" 1C(<>ar(¥i
— However Mere are | 3| data where .SMXc.an,f.
~(ov any 7) oS =
/Jf"ul'dé’-lwilf?x/ﬁv/anafﬁon
(a) . Observa_’ﬁ'o‘n af non-2ero (even e ﬁngj peufrino

A A Uafions) : recall phat
riaSSQS (base. on_o_gg_‘w?;h_)up'ahd_ th
S‘f’r[c—‘((z ﬂml_g (XM rensyrmalczable /euef)/

neufripos aze massless

e ——

(b) . Euvidence for dark maﬂe)}_@ in fhe universe,
ik ely (n e form of (5fr’"ab/e.) pa)uﬁ*de . Tndeed,
a parhde wih (rauf/t/g) weok scale mass and
intferachons 3oue!aned bﬂ we ol scale /c-aﬂed’

@{weakbﬁ M‘feracﬁ'n; macecive /aafﬁ'de)f‘“rn:
sk +o be an (deal candidale for DM(I?: its stablg




Ag ain, [SM|deesat have a p axticle 157'1’-(—,},9'@
thic bitll,so we need @ new parhcle .
(We rm‘?h/{' have term pafpers an abave 2 topics)

(c) As already mé-nf»onea(/@aé:jf%ﬂgraigﬁrce
is not p art af M ,Siuce/(be/e'nﬁ non-

renormalczable canpot be Aescribed (prea(x'cﬁve/y)
within [&F ’Yj( cf.otber 3 farces). So, a guantum
H«eOf? of 3’4"5"{? 2 begond SM.(O—f cogurse one
cowlf giml)ﬁy say Mot ?ﬂau/'? & iﬁié rea,Lj(g
relevant for parhcfe /)5135((3 ex/p_er'z'men;f's,/‘.e-/
energies much smaller Hhan Mpp [Where guantun

gravidy becomes important)

— Onto gheorew‘-ca{} “_:'nade%aa'e:_g“of M 2 we
will briefly describe 3 of Hece as follows.
(1). sm has “tos mangparameterc](even testrching
to @ ge neravmnn: see befgw Afor Mare_generajiong’

g, (3) different gacege %Aoa%vcou%&'wgs,@

di ffere nt [r?.,pre sen'fé_rh'ong ten der (7a_uje;4dup

for fermionsg //'{I'ﬁgzj Aoublef (“"'"’ " a rbifrarg “
h#ﬁe)g(/f-.argeb’) vl

. Grand Unified Thearies | GUTS) Hat we willdescribe
in next note [and term Pd»ﬂ’@r) address Mis 1Scue

¥ beqin v
65. haumgx g’mzle nge graub/caupa'ng'r;:dﬂ Qu.qui

& leptons “Yunified" \nfo (co mmwt_) re_.ﬁrgasen*a;‘/?;o_-r_; of fhis




Epossiblyewitin — Yubarwa coupling 4o Higgs field
341—»&56 3&0(,(%(’ Wﬁ-a 16’52{(( e‘z?/)/ajmnﬂ whg /’he,

med‘iuféd/f_oe_)-f-f‘ffﬁg g auge [_dndj quark vs (epton
Wu.kaw‘cE) o ""b“”?’f are cufferent (as a conseguence
of sponfaneous Erealt ‘l'\‘;.]_]df auvT symme‘hy, co cepplecl
wikh running ,)'f cauﬁ&nﬂg)
(2)« Tn c-(,ao&ﬂ(? al(@ﬂ e neyations [A9 a(n(ﬂaeﬁ el
have same g asge geeantum numbers | ie. no new
represe nfahons vs. (“ a'bOVej , e have a wide
range [ h‘eravahfj of macses; e.q, men~ 0.5 MeV/

P ————. o . e .

Vg m'_t_"’z ae\/ ( ['Q‘/‘l(.)—fu 4"0010)._ "', f - bfon secfor —

fer 24 bes—of_g_uat#.‘;‘: ——
anaoxw:da\NMeV ve mbmq,é;e\j(fa‘ﬁo 0’)C "‘4’000)& '

M~ MeV vs. [m ]~ 200 Gev (rafio of fz %109
_OFf couwrse ,ih M, mese magses ar(se fra m

Yutbawa cowp Cmﬂ 1o /41'534 VEUV A so Hiis is re’aﬂ7
O‘[hce rarcﬁ‘«ﬂ (n \”‘fk_f‘_“f, (_ou,p& nﬁ

(23). How oboud [ m ass SC-de) of weak _(n welear) fo rce

{4 teEvrm ~—h —
e, H.';ZQSA Maggx/VEV ey but Comﬁarédafo,(@
~ The boin.f 8 Mal Mere S and/ﬁe’r(ju/ber—larﬁe)
mass gcale in fown (a?cu'n, oter Hdan:éd/?r&g""
fermion masses ,which are <l £ Hr?ﬁ; wE V')

namely | Planck ccale /Wm s (o‘jﬂ()} Higgs VEV
T3 (not a GFT LikesM) ~ 250 GeV),
ag ain Where qucanﬁm?ﬁdngbecomej Fale il
— 59, S’f‘ﬁdly shp eal‘ing. [a//hou;ln one coudd "' hand -
wave " gut of i !) ,one ﬁﬂou.f’dv)of} reaug e xirapaate

4




I)L’(‘Say

e SM/{ Pnerj{j/mom@n{um(; ijr ag acn @

Mmeacel @

e Fcctfive //(;l,ome ns:on/es,s s/*rengﬂ‘ af_;gﬁawﬁ«,[ 3

F E/M 7~ G (() et erergies mﬁy(MP,)J
— Tn other wards, Mp, coudld be considered as

a[p—”;j}z—cgbfj UV cud- aff for SM /\UU"-’MP(J

[stis then an [effechvel(@uantfum) fietd theory
(EFT) valid be(ow}vM@]

- So , /n He i scrweeion ot Stank of s course

(dﬂ r-enormcv&-?d«b /n‘y of QED w h icdy 3€nera.,((—2€5
fo res+t of SM), when we ryg/u,/a/f?’(/l/i&uefq@nce_&/
calculate (oo p co rfec/’ﬁO"S , we c,a_nf /"Pa%
fake (/\uv iy , Since hgw l/\uu]bs f%mfe.
euvén l‘f ,bu-’ﬁCf’ IM € . {Le w(}{n AUV-)OO)

" g ﬂu,(g gc/hema/—zcaay e eafz&er‘/(ez/pregsmn o
of /jevov_f"%%arf_’_@h 8y g in-ardend tancel "
ocim'fe/ observed value ~ |ao’ be re term —— leap

[d—‘(e.'/" AUV) [0 o p correction
becomé€s No @ (,'9 ik Aoy ""Mp[)'
(Zame )F’n(ée obsarued ~ f'nfﬁe/bare!'term

_’é— —‘——f:vn,f-e{cfue-f'vl\uv)
[""l’ carrecfion

—So, a q,ae.s—ﬁon Which (s fc’_gn(‘- maf@_/rea_swaé/e_
how (s whefher Fhere is any delicate




camczzﬂfa‘ﬁdn b et een 5ar“e and /oqb Correcﬁ'd@
fe rms (4341’1 hoth are finite %
refroduce @Q—S_e ru@cﬂ value [ i. e. 8 Mat

obcer vable ﬁ:re ~funed” | /]gcu’n, easxlier,

l‘-é-', w1 Hy /\uv-—> > when bsty bare anq’
(a0 p carrechons weye ge.-/araﬁe,% 00 , gne couldnlt
re alt(y asigue aboul such amn (ssue.

—ﬁsp@aﬁceﬂz)/ we will see below Mcd‘(/njenemy
SC&J@- masgg (eg ’/\%95 £Held n gf"l) @’ ﬁn@f
f.funé.d (l‘f Meadured maSS' &L Mp, ) 7whr/c’

[?'ermcorﬂ mass (eves o I1£ s & M) 25 /nof? _

— Jn e SM, we haue )

Adae 1 (0
‘ “ ’( Sh«f-é’(n ,;a.gg {erm far\H( _]dowé(e/ﬁ)

'gvolxenr\ahc [ N L‘-Zk- J
“_'A Uv’(léﬂ %

\-ff B R4AAY
0 m __(Z;'S_M_)PCZ’SB“ top quark
S

2‘)’
) K o)
8(‘-—'[{\11"- [ome/’z, Yot awa

. = o S E
— The qguadrafic d'n/erae/:c. N (dup 4"‘5«“ &
4 —-—(— —é\ R (mu.oh) sm a/(/(?/'z_]
u expected based on simple
@:,‘_"2‘4_5_«2_"_‘:17 4“&}_!:'3 , e, Su,&erfwad dewa‘ o
d»tUngence [we can eag.(J count ’bower; of ao[_':’ momen{a
(W aboy e @- Ioof dxag/‘tams) T4 & back: g—ctﬁ bj

an ezplicit calalation o there bemg {_rﬁ} SymMP'rfrj

in arder 4o




ar?umed to ‘‘fave e a(a,ﬁ " here {cf. for @

fermians @ See be.(awaLs s b O dis cussion)

— §e,éh'nﬁ !l\uu"’ Mpl’ and M‘(V\j Péaj—\-gyzz
Wosbserved ~ (few (00 GeV)? cleanty shocos
that ob served Htc(.‘ja;‘ freld mass term (ar'(oue.odi/
_gcafe.) 'S [ﬁne--{uned e @ /LM"L (n  adowt )

x few C p 30[ this (s calted Pla e ck -weak
(MP‘ /I(IOSC—L»GV) o [‘P_, l[

I\ze.rar'c‘,hj problem J
S On’f‘o ]?;rMIOH masses,e.g./ (S ﬁﬂe<< M-’:, Fin(’,

‘f’uoe.d (Sa_ﬁ n .“'S'f_*QED),?’, Answer L5 {7\/02 ue
(m sharl) 4o [chur fJ sgmmetry l-e. mass ferm
for feymign (whether pare ar 100/7 correcfion fvl-f)

breats _gymmeﬁa eun der Which L,p chiralities
fransform tMdepen dé_/_lfé&’ /oﬁbosite.ﬁy ,Since fhe 2
chiralehes c'z-‘re Veannected “by mass ferm

g WL e 2 .mw@ ke, B

—So L@"“’- nust be [oc] m2ere

[(:’Sdf" tx-e_./
l.F'W? Se_/'f Mebz_'(’ ids 0 S'Uu‘-/‘\ I‘l(‘l_,’f /’hed'q,'. h_‘(c.zs
chival Sﬂmm@hd c/{ASS'?c.o.Lﬂg (“-f'o bQﬁ:y] Lol Hh )lfﬁé’n
loop cofre.c/ﬁ’d ns must r'e.s,;e.d Mdfﬁ’"me{-rﬂ,"ey
@mc L also O.

. ‘ _ . | ey

([D;mgnio,\d'wlf (Of COun‘ﬁnj Of'proﬁﬁivq r{%&a_rall

in - loa} Axa?aam : "/\/L\ )yive @mem g——xi
e

2
= L6

 x[log]) Ay yjpen



(Aac.u‘n, E s ha c,ked—"—bﬁ bg an 4",&"“’( calculafian ! @
cee carly part of Hus cource)

= ﬂ\e bom;t' 53 /’hcvf‘ with a ('fl,,,,{—eu Noy —even i
€ (s as 14-‘36 as Mp, o we see that there IS
.basu'ca.d(,ﬂ @ ﬁ:_.e--‘f’umn? - IOiAUV/m£N/+0

co Mat ’ Me o~ mef-bﬂf_i/ me-ob_s‘@rue;i)

i :

ou,hlg)—’ ef. H‘?ﬁs ﬁ;/d_mass ferm abouvé s

- ﬁg»Lhras:nﬁ e \‘prab/ernufor@mi@]ﬁdd
{in 3e,nera,6) , we see Mat even If

},( el ’ /aop (drre(;/‘)'ong CUI{/ vShI{ b(.’.

2 R ~
e {:571 off /“barel75’"ce reere A

—

sgm'ne’t(g a/{ pTa;‘-J he—re...
vvs Unless werevé'end_] e SM,e.g.

(i)- (?w/{pMS}/MMe-f‘r"i](S US‘/) relates fermions
to bosons , so ‘WE}/M mebry “ﬁra{'edmn" for

v

ma ss term ('c')'rr'g"naﬂg . ﬁre,,se,anFar fevrmions only/
haow (Can ‘_\gx/fe.nd“{ro @, fmo&-ed(ng scala i
Hedds Swch asb /(tg . This framework entadls
addz'ng "super pa ,/{-?j rs 't(%.ﬁi%é)/e 0/~
SM  with a Spin dx'i:fe.nfmg by@ From SM
parficle .

(SUS /1 Lhat to be broken in nature since We

e —————




(
l:‘auemé Seen a Scaflax par'énc’r 0f e/t'c’c..-ﬁ*on[d'”
fermionic ' photon) with same mass as SM

,bafh'de
— Uo wevelr a3 long as hese superpartnervs have

@:\Z_?rnass, we still 3@[ sufficient suppression
of [8p7 for Higgs field 5 g
(ii). Alternatively, ane can exkend spacetme with
an exh"a,S}aa,ﬁa.i—j{i_m__eqsio_n’,k@[) acqe)feld (’As)
(AM_:—AP"“ As) has an "extra /lo(d”—?-af?on/{cw

L=

compared Ao D garge £ el [A,u), wWhich from
AD viewpa It 1 & @jmu S5 (= /”fl‘ 7(’761(,!
of SM can be Sm'fa%% idenfified with /

e n /'fl(eg'f)@auz e_)sfwfr# é’f_d'[i'?of’on carries
gven fo @z{]ﬁuc/ als o .
—(Once agcu'n/ Wi e “5 mmeh'ﬁ “ re,(afv'nﬂ H:??/z(aé Ad
fo Ap has fo be./ (e, exfra .dime,nsig_t’(irg{‘;—f‘y‘

+o be co mpact (o»F S(T‘Z‘QOOCBXO One Can Show //haj-/(

fhe e ﬁﬂf:%&%‘_?{\ S_i_o_%%)e.z . faba NS o'fllg M‘ 'baj.;(w‘d«e,g
™" Ew in e
aﬁbeaﬂfcal' a‘{%w'& ol new pa.r’hdes (catted kaluza-

Kiein drlKK’mode_g) wihh masses‘wéjdm units of
Ay . hs lang ad this [K¥ mass & ~ TeV/, we st

nek - ak hievrarch roblem
' arfides

- Sa ,we see ﬂ«a;t < a (‘q{;ilzenés)([)redxct’ rf_w ’
cut fweazk/_‘l"_e’l_l)g__(_g__g%‘? w:ﬂ\/(/)heno menlo(?,‘wﬂsmblccahans)
€9 Maeg Can be/(pir‘_’;&(/ieia} Fhe m; one of Fhé€m
could be a sf“a,ble(_(t{l_ﬁ’l_f[ Mus provide Jg_m'.of-H;e/u»{vefsc
(see term papers for more details)




