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Abstract: Symmetry principles in physics are a very powerful guiding principle. Sometimes they are so powerful that they can determine a theory
completely. This talk will be a tour from the Standard Model of particle physics to string theory compactifications using mostly symmetry
arguments.

Pirsa: 08080016 Page 1/176









BoSe: Ventzuelnl:
S ToTpie o4




T Sc Vt-.nt.tu.q_\'b :

& TeTrimmrl s HE{P N .




"l',s Se Vgng';l,;,q.‘\-;_\ -

/ S HiiEqp
> TomPi= ol >

7 2 e
A \'—:" Eﬂb\};\.‘ /_ -L
* ]\4“-(\!({ w2\ics = 5 N..;t‘ Iﬂ g

Al e (&L Witle..)




B Se . Vgne.'zmq_,l't' L
e TP — T4zl

v ’\4 ""'l \\E’ "o

F3 HE‘{]) A SO s
OSSR L |

1 TAS
1CS ——y N:ﬁt‘u\ft (1€ ) UJ."H{;M)

-

x ST;"\C\hrCS Hm\c‘ e St nnj#\\‘\t‘:uf




) |
'L-U \...} \’l. BN







R AN @A (l)




O 1D\ e \ A [#= ,L) |

Xp = Con() Xo = Ard) ﬂ
'A L ¥
-J .jhl - n-lr\ﬁ ku. + Cﬁ""p'@‘ (Qb
“\1‘ Py, )‘III- KD
Jr /_: A il =
” \I : [N : 3'
X, g 4R




O 1D\ @ \ A (__.L)




"oht,-’t.'.\\it;';ﬂ-_.t.. L A







AN X, 4 G L:.‘;h'

A R (1 U - Ak O
2 . O Cory 6..
(
. ]’










L -




(].







(‘{:\k, n_l_.:_-.«.\w A K--‘B G /“z

LR

tf:kif'(‘)

e—— T




( ‘{.\k‘ nuu..\w 'S

e

I

ﬁ:kiI-'E)

e




1Ll\k‘ nun.-s.\w f_"«,._ "‘,\3 C fl—lz

- -Hl D [T
=\ ~| -

L

ﬂ:k'l;b




(11\‘!:. nuuﬁ\wfﬁ h‘}:) (& /‘R

sy

e = X4l
0 ~\\fo& =«
(10 (1'::-

-g——-a§i,‘]’)

o+

(1-.]
| &




(\,\x. nun\w"ﬁ x’,:j c /‘R

L

= X4
; D_ubo-l N o)_:_
(19)("{: (=

-*;—-a}f-.‘?)

l '_‘---_!}

o~
| &




E\ ,_\_).; : nm_.x.\-.u rs

| (g( kel




( " a\‘h‘_ nu_l._.-_x._\w S

——

6:2‘;13 o - |
(1) e
— (2 9)

SR

C'.l--j
| &
-;lf:l'




.Elilk' nun_\w 'S

lfi')\ll-:j




(\(‘.\\'. 11&1\5\19 rS ;\JB (- /ﬂz

L

rf:)-uift)

(sl el o) S S

e ——
















|
. 9
5“_ ¥




-
3 S <
= . —
- ||s|ll-\-\ e —

























/|

























(Y, <t (
A AR x‘ﬁ{-i j':.. 2 ¢

(\7‘ vdlis '“wa:‘ Sﬂ*-...'“x ) I-\(t Ufl\’q

|
q L]




d= % 3?* G W j'f.; re
Q  Ts {here somds 4 1o Oy

{
“ L]







Thl a8 (v 5 el ol & W iR .o X
4, | = NAY. K O "
' oA 6 O codianl Y
2 A : |
J 1 , D nav ﬂa’ '(h
J

) s
SO(3)

L
cl.. (Vineh)e, <4 (

= Mot §iv e = Xtﬁ{* ot 2

']

() 270 §
X \\er ¢ ot ) e U{l\?.

N\ \/
S




c_lh
— 7‘.34 31
RS
: Xij* lltﬂ (
ﬁ*zﬁrbﬁ

C
\‘j ‘
vl
=5 “
5,1:».._*“\
) 1\
¢ U
{I\?

\
e\
(B




"}
56/176

[ .




0, (el ™ 42 © . O |
. A'?' “ NAYJ -l O D u'phh.u !
! : o o , D nL\’- oy
cl"_ X-i 1(?- M('{ P\QX : '-‘“1}}'5\
Mot Sy = X -! jn‘* En _ SQ(

Q : Ts A\ere somd\ y like Qi ¢

de




R ek ‘

Nk el (=, PR o/ |

b dm bl iyl SOB) |

C\} :—-['- ‘l\wn !-""-JL' J l*\(r U(Il?. _ -!

N/ v m.a(s'cr.i‘fq, |
A8 o

ik ( W z%) (8 ) / |

3® x'ﬂl Iy "'"‘t" el ¥l © ) Q o Yo

- (N ol | Sy |44 @ o) B ey v,
%/r//‘ Ld"“' r) ?1: MQOI:H [ 2 ) D n.:-'f m'a' fh
(-




¢

N o Pomy
(@ {-,

7




Qe =Ll O e o £
W) \vgow @6 )N pasx e\ 2,
=T £} ?-ﬁ\:g
C_IL- X?* 3"1* 12_ X‘*{" \jl,z z*iplh) SOL)(s>
PPN AL AAY S VL BT
C\) vl 'l\wm s.n-ﬂ._:“.. ) l.\(f U“‘?.

AﬁmVGufﬁj

&










/






















; .
[ \.‘ (S Nt K \ A el |
e T\ o
| \ { i\ : )I.I'l.. ! l\\ II .
/ \, '“ * 3 | ‘
| ) Edle |
| | jl" 1 |l' t L 1 | |' I
| | I | | I

























Hnl ""'”fj A S Olz)x SO (@) We (,J




[






— 14

X }(WJ ,-;':i,\1x‘LI:-\1 5.:"¢ ,»rk'.l )
e | TR . s e s e O
N ! J \l. y W7 (D /) P
/ | I'H; 4l -
Ma U { = Tz X (o
{ | \
\fr .fll IJ \ { ’ " 151 y Ir
]




-
N
| P
| ~ ., 5
b -
- L
A
.
b
. ~ .lurl'.fr —
= ™ —
. o it ~ _
2 — |
-
—

- i
= —
i | o
-I.l. - T
& ¥
-
- .r./.
— .1-\ -
— - —
= s
- &
T - — _

—
—— 5 = ;
-
o S - % s
F
g —
- =
——— - -~
r ~ “\
v — - B
I "
-
-
o —



















i | i 1I | L A f?
SO (4) o xbughoangaxbexd it

|
’i_ml,\ 1 ¢ '“fJ AL S U@R)HIx SO () w_;..”,\
' il .";
[ '“'h \r ».‘11 [|r l :\ >"’L (( r
:I . . , 1 \ | { {
X w2t e A R e

—
_—
—
o
=
w
-~
L
—
—
NG
——
S
e
-|—l-l-:|.
-




N ST “'l o\ it S Uz)yx SOI(e) Wetd










/]

M





















P— T T T S ———

TSR AT

orce Carcier

q_—vefto(,

o A
éﬂ*&\“‘"ij) J\ua*‘& ) W JE

Page 99/176










']u‘{: ¢ :;{;:' 'S'Qi*:d} S
| e
(p’mé\ovs) 3\“"“5‘ ) W€ |
. ¥
WY | e
LT i




|— '__‘_,1_‘—-"-






T ——

.-‘D{(Q {:'.J!'(;('T

L) (1)

% q_.wdor.

é’ﬁ»ﬁ\n»s) 5\“"“5‘ ) Wt" e'

SU()

_—

S0(3)




FIL*“»(‘ Coriet

—

q__gc-('lb( .

;_,, e
’m‘s\n‘_{) :)L-ous ) w Je '

1) (1) [ Su)













utce Corcies

q =Y quor .

J'P\-S\m-s) 3‘““"5 )
|




e —

5’\.}(!9) f}SU(ﬁlé) .' i

gy e

(%,

' v
N .

2

&,

;\-__F.




_

}_-onr\gc-n-?o oF Qosxl\m\f{t*,).

SU(IS)*'.J,'SU(“HS) R LA







{ Lom\smgo AN .'\-a;'-lf{'n Y

SU[(Is) s, SO ), e




Il‘#

L

\LZ‘M\S(‘?-?O O?.'?é&%i\':i*"r‘\’{'l""_). .

>Vl SIOI(E) N
,?ﬁ? ™ I(tu c ‘9 S'Ue l, >

G e : ‘I’Frau.;wu‘r_ !
E“t\:t\l‘zu ‘(S?Q 'BQ) I

S

Axio.ﬁ,_




|

A ' oOn r\SCD-~?Q O?, ?D'&S i\ai"li_{l"',}.

>0 (15) 7 SU (98", .

/?Qh-t tL\ '3 5"“\1':11 ? T‘rsu...w..Y

Gf‘a ) \ i
cuc\.t\vﬁ\ o

l"i\,







. - -

( Lon r\scago oL Poss i\a:‘lfl'r Iy

>U(Is)in SO )
f?'i'm-t tL\

Grav

Euwel, \ﬁ\ (325 B ) 1

NSO 'S ==
Loy Ao 2@ Tl |

MQMI

0
M) 'C l’}) o l'kfcsuc W @ E.lf.:i-)\\-h"r' ':"?h-r




Mot~

(,CH}) m |UOU¢ h 2 f\f.?.' nf‘ () S—:T
SO(3,1)




















































BVE D @6 mg
ve 304.“.,,._‘,_3‘ 6 :

b'\l"'\,p 't e
) oy CesS Sre

s
e */\Hllhf:. C‘ulﬂ‘e-hnc a$ QFT'

E"‘* 7’@-.\







—




WA= 0 N T T L —
QY. M, A |
.-.;\_‘h“ d\?r'_"“ (\-1- ll”l'r_ @ — WSO - ‘-c-i‘_;_—__‘_.. e ———m

QO mael N\







e el
.:_;\ |,‘nn-5 ”‘\fr:“‘s 4\'1-'*'.\'--.' ¢
HC(J Tt S\\r;.u'\\uu,

3 .




'l"l

Q).\“\. N b
W) —m GSn Cl——, " —==
””“‘3 ii,.\”.»"" ‘\"""‘-*lw Ol Cy

‘“‘!‘\_ \ S
Q6 O =S dtihed K & SUAC
i 14 2 ) \ A RIS




"A\" AL

S G Se [ R o
-L_“'-,\P'I,qnn.».;\S {.“\f(r{_ X""'\”l'r' W) — USED -t c{:t:-.__.__. 1
)46 © —>, SR kb &

’ SO )

|

SILAC =) il
TRV Porod=\i Ve

—




oY, M.
"'p’\ l;nh-d it‘\fr::L S |
) 4¢€ O —, STv i kel

/_;, "D:.—:}g u







QY. M,

: .
. P Ow e \ "
* : \ ‘ o0 i

- T

,‘Uu

V j¢ O —, STiv
.\\ k\uﬁtfs.




oY, M,
‘ {1‘;‘\;“:“1. ‘5 ‘:‘\::‘h \ ‘}'I:- }l(lf ¢
] . 2 - AN 3 \ & '”3 ‘

— rD':'C'G — rD:‘lQ-

/

P T —

-




LN

\ \ l\

SSHINRY o aEt e\ - S

> Di=2¢g —, AB) b [(cs)
Ty A -lC) J%h '{u Ju!p, Lo




QY. M

t‘!’\_ihﬂ‘ : erfr : t@rivicle
i h s \ n.,\ ¢ ‘ S '\ \ ‘ ’
1 1CC) " SJ\F T ‘\\)\lhr -

J J

//:;) rD'—'-‘()G —, rD:}'Q
—— TR >‘§ {n oo, Lo — C)r-‘v.:“

\




".r'

oNCeS S,

I L]
LT o
I/.\"‘l ;rL c.'nl.l | E("H;e ﬂ? S,.':--.i‘ |

eihf,-qﬁ;\ o2 ;
o Sl
z_:fp,r.a.,j\x ' \




i . AN N f
( » USSE D =1 G, I
k-;\_‘n“:s ‘1\\9(,,\‘_ ﬁg‘.\lflfr =) Nt |

( : r R : | ' % 4L E,
SRR il A | (BRI b

S

= A0 >\9r t doJc, L# —D Gr“’""—(k\ - . r

-

1-,"‘#l\-.t*hr.p', (niis:s,lb\.‘ j [m:nt

Jy W
© Q L

“i'pu}r S?_;(:‘(,)' ®. ”{:h“'t'“ Elfﬂvi"




QT - ":--:-._'l anh
\ @) — )

W, Mo ‘ ,p.\.rlf-’ =)

‘L.\’\ thHwn -5 th\“f LA \

| Shd

o et -giihat 4 REICHE BB
. qﬁf i 3LR.¢ : o=y

)16 O =>) S J

i D= Sk
s iD\=2G T

3 -P\.':-f‘ '
Q1D T UG PV S > o \\
-

‘l i3
©
-’ Lm.r.rf (ﬁ'l‘i"f e~ d7 —— |
3 o S ¥ |
%y o itbeor )
"H'Hl'* S‘O(l(’_‘) AT ’
| 48 A oy . — J




I r,_\ e
I o i
; U o = ( ‘ —
t:) -
K3).1’\- \.f"l’

S| trm-\\ .H\nr“{\ fie:

% HLE,

SLA( 'I i!-""-"\nrrr
Teioy Adb o SLAC
)G O

D=ldN
D=2 g —s
—>

mE
.‘ {B

l‘ AP (mﬂ.‘; ALt ']]ﬂ

I,_'__" \Ob A

e T
ﬂ. i
IM9S .

& ® “{:L‘-*-Lo (t-“{[.
“{ft.,,l; NaYaT,




—_—._—#ﬂ-—-—-—

W, M

L~y ' 19,\”‘“' @
_\\ lhn-s ‘n,,\rrr L \ '\

{ TR R | S ' o “k.
1960 =) STy Al | SLIC Hig.

——) A Q,Sr -(n Ao e, Li: —D Gf#v.'-r;\ :
f-,-’i‘-rﬂ.r.r, (f”‘?-'{'b\.‘ :}]~t

)

all )
1998 Duellies - “{k——oz

e Sarge )

Kl




g e —— —

W, M,

> STk A st I

AR "_D'::?G — rD'—"'fQ)I

) -'IO A’ ‘( Jb!p l-p “--—-..._D C)f**\ -"L
- l‘r SO CONS | §|L-~... .ﬂt

1998 Duellies ' f

f\( r
,r Hele- 1<‘(t‘ff; |

| : — — — I

s













b




























‘%6 Y e LI’_):.-.!’ h(.inrf-"'. .-...;3)




‘d\ X kf_):u' :-.[m_rg-"i. n,.(,)







‘\46 X kf_):u" Ei[.lﬂrf:-.t n.(a)



















