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Beyond the Standard Model
- electroweak symmetry breaking
why? - origin of mass and hierarchies

- include gravity

- Supersymmetry: Bosons « Fermions

- String theory: Quantum Mechanics +
General Relativity

LHC experiment (CERN):
Discovery machine

proton - proton collider at 14 TeV — 10 Y cm



Window
Higgs sector: spin-0 particle
SU(2) x U(1) segcey U(L)el
= Mass generation
exp: no elementary scalars
th: quadratic divergences
= Higgs mass ~ highest mass scale

A el 2
l'l'fl'l."”"‘-"ﬂ



Supevey mmeh‘q
- W

/
- E{.?.mﬂ.nlfﬂ-f\j_ scallovs :  partaevs of fermions

. 5#&&&32& bhe gauge Hlo_rnvs;lw)

-4
Hw 7 ~ 40 -
I MF
: - Lu‘-_f.s‘;mj 4 fﬂ.ﬁ‘wmﬂi
aM = - v

N = s

= o :,L}fikj E_’F-.'D-f.{

L L
= m \
o (m,., Mgy 7 O

~ bojson- [ermion wmasg f*i'ﬂ"“"‘“ﬂ

- Cich apQLJiTum ﬂf;’ Euparpm]ﬂcﬂﬂ_\ w the Tev rEt‘:}‘mﬂ

m;u” ~v eV



U nkE:cdﬂ.Jrlm\

Stondovd Mode with susy



Ymo Theovy
o “J

pﬂln,f ]iﬂflﬁf_ﬂ_ﬁ‘. — Enl'e_né.qtl} nLjEcl:;

Pu.kaQﬂ'-h = .':g'l':.'ﬁ% u‘tbfﬂ"lﬁﬂi

- Quantom ﬁfﬁﬂ:"\j
- Fomewovt for  om [lcotion of all ‘wlevackong
-.‘\JH'.mq-:l‘rE.J -E:l'ﬂ.bﬁ‘\jl. ALY, g;“',:'v..p_
+ wo fvee pawumaleva
h’ci'm:j gmuq M.‘:’-HE-;
:]Hlnnj c_burle::I A i

k. noum pur#l_E,QD..) = massles ercfotions

+ N -.ﬁﬂ?. A bRy Q{‘? Mossiue mOAlE':- af M



{.ﬂns.lslﬂﬂ} {wftw}slﬁnﬁs loe W 1B dimensions
{veedom of c_umpnr_"dﬂc.oiinﬂ = choce of vocuam

D=0 : S +theories

Helevolic Type 1 solza) TUPE TA or IR
Sol(st) or Ea.: Ea Ladié-r open pure mflrgrhuﬂj

ola ?1;.‘_\7-}_*3: Hetexatic mﬂa{r ?mmis'm:j

4 9y

Others uﬁ‘ml_eﬂilﬁnﬂ hjpE. 1"! o &Q%c_uﬂ.l' “‘ji‘ﬂ 1]

New p‘ir%ﬂ: Al e eqaivuﬂem{'

é{(nﬂﬂ{' p@rjmrbn.hue “eovnere” of the come

m-.&iggh.% M- -LLeufj

ﬂﬂnc‘r] Au&mtlii % A ey ‘./7,‘
/ b
Lhﬁn% weak



0fd view (HE{ETO]HL} T neow ™ a..mﬂ (re (1ﬂ+33t_m1]

P

8
M.~ 9 MP ~ 40 GeV

Ad ~ YV
wealk cmpﬂinﬁ lH{ i =2 V. ;lﬁnﬁ 5‘132.

Hﬂ.puvuj-i pLﬂsiu w 2 Tﬁalaﬁit

S LA
faV 0 GeV
e el T T T e
e.{{-'t-:ql{ut QFT t..{t‘mqﬂ %fn-u'l:'r-&

Howevex pk-bsic_og mot.uations =

‘:m'f.:i}t anumf_ ma.ka l:Q TEQ\‘-Lun-nl'

S8V by mmf&{‘.ldeimll:ﬂh a R 1A, ‘90



Eer_ﬂn}r Jiew M’s nw&}l-\rt:wn p&vamalazr wu-kn ‘96

uur'l\j not o}  TaV ? Lm_.a’k.hah 9%

Mev Tl 5 nollificckon of gouge bierorchy

{Ih‘} - Askon Hamed - DimpﬁuQﬁ;- huﬁm ‘8

I.A. - Bachas T8
E:“‘i "':lp
TeV 107 GeV

QFT }‘l‘hfﬁ.’b

-~ e Qutg}e Al R NEIOnE

- low scde quontur 3r::uu~~j black-hdes in ﬁﬁ.t!ﬂﬂfn"ﬁﬁ?

- mod Bicotion of chmu'm’mjclun ot (sub)mm

- dha@etcde o ve-oddvess  wioyh of the “Rd I'JTQL'EIUW



At whek e,ne_v%las -;kﬁnq} $Lm\j becomes 'umpbf{ﬁml(?

Recenk uview : M mrbl'\-rmrd pmmmekf wWiken ‘9e

u..ﬁ\\s not ot vev ? Lyklen ‘93

Mo~ TV = nalls Licotion of qouoe Hlfuﬁ;'ﬁ\i

[IJ.\] . Aflnw'. 'r*mnr.é - bﬁm[ﬁmﬂﬁan huﬂt ‘9@

I.A. - Bachos ‘98
14 Me
TeV 16" Gev

QFT :‘,‘iﬂ!ﬁi

-~ nauw Qmae dinensions

- Do ccdle Quontum ci_muﬂnj bhosk by i m.u%ru.{'w;?

S mﬂ‘gtmi"mh {:& tﬁiuu‘tllukhn n.l.' {Eul':) (alaal

- ‘hn%zgae !rn fe-aééwu ﬁ"iﬂli g? -I-I!nE “gQJu pfownm.l



Prelininaties

-4
©d parownelers g - ™ 9 SO

f_.:;-,ml\u.r}ig:r_ﬂ)ﬂmﬂ On o mnnlﬂuﬁd n% uQQumq 'l =

-4

49 Mp = € ) 9  qouge Lﬂupmnﬁ
t \

19 -33
i eN o= In oM L
G - "';5

e lhod - ex.press ﬂs : 1.5 n leves ng- My, 9V
roy E\-'II'ET'-"} E‘ﬂﬁ% 5= H ) 1 "ﬂ: o M. UIN'EH'INj
e mgu.'p. anpﬁlﬁtﬁ C.Dhllj(:uﬁ . ;’i‘ |

-V » 1 I, E_‘ n.lhii'k‘l.

~ievwise T-éaﬂﬂﬂj s awouw (o¢ the Q.iﬁlxl u&iﬁéine:.' M ace(

" .
:"_... = N .E‘- "{. 3 E = E’:/
R i ®
” p 3 N
K & ulﬂ&nji A —s 1} . Q;&

L.DHMJEI'\LT-DN; h=C= L=2=0Nn




4. Hﬂztfﬂlif- 'ilﬂlﬂa g ¥ Ei ary 50 (.11."]

x‘::}u.u%ﬂ. 'Dn.'hl‘..'a lead‘u[‘&hmﬂp '-n!ftfm:_ldmm u?panf u:L {fEE_—-EQuo_Q

i @ & 4
! !
L Yy
ey .
M, =¥k 9 M, T fewed of the ad ofive (e nﬂad:m
- W -
e

<L = Y ~ ¢
how QU pLﬂﬁmQ mu{-:uu.ll'-ﬁﬂ} SUﬁlﬁQJl Lu.rsn_ uaﬂumt
- uﬂ..- -(:. Lﬂ-‘kﬂﬁ

- Sasy bff_tnls:nlb TA. 'Ro



“y Prﬂ'tmmu :..}Ji-‘r" “b":} u'mlt‘-uc_i.l'tgif;u.!ﬁﬂﬂ (P‘th‘l.krhn..‘hulﬁq}
od — 4d on o Lcmpn.chji &d spoce
3 m ) ‘.r:.?)t Il::ET o ]ﬂ‘{.’Ermlf c!.'lrnﬂarﬁ-]nn
= 3y ™ % o fﬁé’/ . y |

= |

=5 R ~ ey TA. ‘q0

@ap o ':H-FE_LIQLLWEDJ pr Eé-i:._.{'l&“
lower of ¢k excidakons lov SM puvlr'uc?u

.’q.’ = K-ii'l‘lp\-. = D’h n.ﬁ N=o, . g oo

L T “L
ML = T & A
" -2 1
R

th, i_wnbﬂﬂm*. -'&('IE\:’ {..m!l-rhuloujrt i F-qut.‘iimg Lm* E":ﬁ‘?ﬁ.i

ey

.. ko ’
i = Loy eodlobion  becomes powey 9 R

= ulEl‘le m!ﬁJEH PEET o W A T -PE"{'H?LE'&;UE Aﬁfﬂﬂ;ﬂ



way oub . uunlsHﬁe:, of g-{mcﬁnns (euel Ltj, loved  T.A 90

&ﬂ. KK 'm}‘u N=4 mum-ipgtfg
”

L vecker + g (evmiont + @ Ltﬁ.ﬁ-ﬂfl

= E?Ednﬁ. raodels nrbicnqt; Qnun\p‘?&i

{'ueﬂcls

——

=] i i e
)

_—

e

:i//r\ Joavky 4 Elphml;

-rtc.‘::' ? m OV Lmé:.jnnni

(';,J:Ltf Cow l'n(b.ﬁﬂi ulawals y

;..Jt'trmﬂ :qu[\QinC:] - l:,'i'. fltl}éwﬁ‘iﬁtl- uﬂna S!W':.ﬂ‘?-.‘i,b Euﬁ&&t;ﬂ l""I'u":u

}‘. — l/:l.

=

-
iltm%



;r{vcnﬁqj C_ml'lq'ﬂ'é ke\emglc: : T‘JFE T.[‘T.J ,TLAIE:» oY H-Hﬂ.bf'ﬁ

cove (avge & o T 1A -Piline ‘99
-4
R ™,
Tev :‘ 02 GeV A< A
I — i IE

RV -:1 f ulan {\;'ﬁ-!.é- - 'l‘lﬂlmif ,c\ﬁtur% . +E'ﬁ 51 anP.ES 5.ll' vy na

= ol condilions b £GQL oV behouvioy

- lwo or ™ove Emcje_ dme = I/If,'ﬁh

'bu.ji 15 < ?: ~ eV |

daal ™



ﬁaﬂﬁguklm: of  TeV inﬂ%s
T'j‘l" 1 = 5.ulc>mm cimns
A
TL:,?E N _— ““‘j Lm'qin%
i_:,i:twauj th'l;lpté u-:1+ﬂ1rhlﬂt. 50(}.'-'-"} (*‘J?E T\

Eq«Eg (tyre T)

f:ﬂel . closed sjrﬂﬁgs —ip %Tmllﬂ

open cﬁﬁnr.bs. — 3:11_1.:32 gar_l(a-f an D-brones

0uqe .
S
g

—
/J {ransuerse

p-brnhi = P-3 c.-amrﬁr.l: é‘tma i

9-p " & _L

T
i



weal r_nqr&wch =5 ng-.hé. 3ims SLI:T\Q—}’ S\ye
'lhrc:.n'i.ut'fEE SimMs : no ﬂ.hﬂ&fﬂ;ﬂﬁ*

a A dims of rodiny v o

'I'""'.L * FERL n
p = _Ek M‘E ¥
S R
Ll %
I“‘".rh Planct woss of 4sn dims
(a+n)

Covaeness of M?fjm sl EJm-chﬁe v

1

" :;.lpt'im:j Lm.lp&mcb : ;\1 = Q

. caruutl\j s,l\fﬁm?j al' M?u.m}u M_L €< MF’
A M\
l-E'I.l" 40 1 'G'Ey
=G -1

9 om WO .



3 Type 1 'i-'w.nwj = b‘tqﬁ-\ﬁuﬂ murﬁc-cl Het <So(an)

'I"'_”:"'ii'“' I.f‘l;r': -:_Qc:s.ﬂé s.h'm%a — Si‘uuiln

© pevy E.jwinci; — qauer gecl‘m on D-brawnes

o A

——— llennr..ullu.

p-brcmﬂ. = f-3 dims {f . P dims L
hare vk
<t 13
ie 4 : Pt . ff 2
'_':. = d x ,l_. — ?\ 4 I:I ® — — F
AL Ea g QP—‘L
A ke T * 1
/ [
I v rf f #
" Ve VH i Vaa
32
Lo 2 YaMa £, = 9 @.I(EE.A;)
pr X ¢ ~"'!JJ.
P L
; B p-3
ol Mp oo M gy ol B d



nz 4 = Ve ma ey Eynr_Qméitl
-3
n=% A o eV
. possible
n= 6 A dm 10 MeV

-3-:&&.:;"'-3 515511:1 ap {o 2, em
- rﬁﬁﬂl' cQuefe : us.kinph-j;if_a 4 c:n-ih\ogﬁq}cj
%tu-uﬂﬁﬂ QM (oW own aning ::Q fapeynoval =

M?Ef.\. > S0 TeV (=1 AW DD

(0% Perelctein ‘a9



{4

M= o Ge {;]nlﬂrmeéiajte Etﬂ.ﬁtj

Buvaess - Thaney- Buevedo

v

P
iy

hutnk scnﬂﬁ E-..ml 4'-‘4 [IQDﬂ-.*_L MOSE

= W
Su sy s =

(L8

m‘f\lml‘bﬂ‘hﬁﬂ# nQ 4L¢ Hw‘urcl-ﬁ

o
e =) ¥y = B 1

a4

" caqm.mﬁ_ M_ Lo (el to aunfﬂ.ﬂlﬂ.@. M <4 Te¥

T 393y

"W ouv brone {Jﬁ\'—:l;lmilwﬁ anm “'namlo%' nown cudy brones

. 1 bcma5

{ TeV
1/;1? < e

A

.t
(T%1

Juty



: 1.A-Poliae ‘99
Tyre T stiings

i i I
New ghq&&n t_,k_jmmﬂ.*ﬂﬂs Lnﬂn—?ﬂlruwrbu!ﬁut oW O E—Lfﬂnﬂ.

E.:ar.u?ig,ecl.'l ol < h%uQn-f:JrlE‘h c.? ﬂ\e '\ﬂEE'I‘ H.D.Q muni%ngé

1) '
VL . / 7 U4 ()

1 L. g A

iy‘

.\feu ?ngr,';b',,QLLj-_ in‘fﬁinﬁ&,‘: u? HF = -ﬁ'md E'hl“% meanﬁ

-dg

F\_El_ Tﬂ..é-:.". i M;i ,.- l_ﬂ; ~ 40

~ Mp %{Tnm-{j -!a"[ﬂ\j'l.:'j ab TeV
- 5.‘1.9"“11{2 2 Qhﬂ%; J|1'|-.ll':-!ltl ﬂﬁﬂ (_TE"'«I’) él-.I‘l"':""“'nlr “‘:{1)

.,ul]rln, (:L-.jcxur_:jiz 1|I n‘i'E' ‘l"ﬂcjﬂﬂﬂi



b Tgpm E&fmsl 1A - Pioline. ‘a9

Now ul}t&nﬁ L\jmmﬂ_+fti'.5: ﬂuﬁ-?Erx'uf.b o O HEE;Lrunﬁ

Cocoliged ot sinqulacities of the internal mooi (04

4.4 Tjrq TA . a.-‘j W év_; D1 broney u.wn..Ppta ﬁfﬁuﬂcl

mQQups.‘.na 1»{.3&2:. u? o i'mlauQuf K3

?}‘; /
| ()
» \"'J_
i T
{ *ra t:
(4
S-géu%_‘_:_'_?{*_*_rlzb
e b )
/ (A g &
& LR '
il 3 wa Jupn.nhim.t o 31
K o Rs R A oy, A
L ST L L L g
) ¢ fr ¥ ¢



get: g 3;,'; £t = 2154 v

Tyre L 3:% At Ve Y arbilrery
fype TA . 9= _3;(“ wf'i > 9 Uf'}; i m\rkl{wavj
Type B . 9= R?/RS R,r 'E*R-S Hf:“; A T’E ﬂfhilfbiu

N2 pﬁ‘.ﬁ; L-EA:} . Qurge Uf:t] t:n.l‘l anL {_ﬁur&ﬂﬁ
L& o "

My, & & M_E 5  Ra TeV M~ 40 GeY

E‘:l(.; E <L M_E_ s od {ew;?cﬁmﬂa;s. si{fina =

Ao - j(i':ﬂiﬂﬂ (ixed - PJ' Qouge J;Le,nrj

He{' wilh 5?(\0-9'? ‘nmtﬂﬁ('ﬁu: sowme oy LA oy TAH

Bemokli - O3 99



dee lhere move ans.'lia'r&{ies 1
pfesumnhﬂﬂ No becauca these describe
\-.tlt,rulﬁc. Ell:ﬁ% Lﬂ:.]ql-l ﬁnuj HU.T'I"\LET ::.Q Qui qe A:.H'ﬂ'i

\-h'(cinlﬁf. aith ~ chms. ot R QH = """1._1'




4 -
i II;E R
Qx 3 ‘;'5 JE; ).]. -
& eV TN
?H R1 el Rg";
1 R
EIrﬁaﬂﬁ‘*L A;A“fg
El-l i E‘.L,E Ri, ré
\ 2 :1'."""
il = d
EI ,Rs,»‘. K3 e

{m
or dype IT with 4 =2
:-‘lffﬁwa Cﬂu\*&ﬁ% oller T- é-,u.aqilj

o) +;|FE' 1’ ankh &LI{



J-iLmjr mbau‘? W= 4 1.3

E R Ry -
’ I ) : o
;. ] L:"'
'y DI— E:w-:_wi‘
Ql R*.i,i
l'r\“ Ri' &
| 1 R ﬂ.:H'I.- "
2 D3- brawe
l‘l'I H’q”.,;
{.HJRL R‘l--"j ,”
L] ¥ L i L
- R R% A R
R R
e-; R-l... 5 <

JI':‘.i



