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Abstract: This is an introduction to background independent quantum theories of
gravity, with a focus on loop quantum gravity and related approaches.

Basic texts:

-Quantum Gravity, by Carlo Rovelli, Cambridge University Press 2005 -Quantum gravityy with a positive cosmological constant, Lee Smolin,
hep-th/0209079
-Invitation to loop quantum gravity, Lee Smolin, hep-th/0408048 -Gauge fields, knots and gravity, JC Baez, JP Muniain

Prerequisites:

-undergraduate quantum mechanics
-basics of classical gauge field theories
-basic general relativity

-hamiltonian and lagrangian mechanics
-basics of lie algebras

Pirsa: 06020038 Page 1/210



Page 2/210




Page 3/210




Page 4/210




r“:\-"ﬁt.“ii‘ "

Page 5/210




. Rewen Rlat0]

L




(ﬁQ{?\_rlﬂw Pﬁz!lﬂ’llnr
» Review  Aualidy & s (4-Anlity




H  Roviow 911111"!‘”]#
3 / KJ?VN?W a(vflh'i“f = 5"(’{‘,‘/{u4’11/7
v Zlebru sk i /A’)Mf"”‘”) Tgs {0 ,"‘551":. s

o




R Al s oAl

/ ?l.{’!pqws-’?’i/ﬂr}h{f“fﬂif-’ ng ‘(‘Z.?'v“ﬂ " -
= ' lassrin ) L(\_){/-“ J

B




"‘:. "" h’iw ﬁ-‘ﬁ\

¢ Reviow P“l[ H’I‘VHJ
/ K-E’VWW a(vqll‘;"{ > 5 {-/-/m’l‘/y
, Plebiusk i [faticknry TSS fvmlisng.

_ Yellhssiall Q@G

L avtin - P\"‘\ 0% {ﬂvwﬁlfﬂﬂq




ARvion Aol e Al

/ F]'F!?‘IM‘;";‘TE/A’?Q"{J{HV) _)_C)S {'vau “‘514/,. S
'1".([‘“4(1"'\"' {.Q)CP”

l«uflch{bcu“ 9]

| o Canit i -\t fovmalisim




, Roviow  dualidy & f{fJ.dﬁ,qf,‘fy

?‘4‘*{74 tqc',":t i //")L)f-f"kil V) ]- CJS {Ewwu Ifﬂ.‘hzl_ |
= lasarw) LG i

/

[, avratan - f\"%fw\ (‘ﬂtu*mlfﬂ“q Lf.ff-t:la/b%“ 11

g “

|

e 4
& 1

r‘*‘;q-l b










L
-

— QEXQ

| (“’Uﬁ ff-hﬁﬁiquypfwf.( (227
/ *




{ (F’"H"{‘l/jq?ﬂhff,f
0 T -‘:“;}{J A Q13
r L

MY [
6'-{{.
' g /Yl = !H)E‘-‘L
. >
( QRN




Coh ey {jtc7P {l*f.f
{*"1»-(7 -ﬁo{,ff _@,ﬁ&" A I dx

1(‘5-.' {””"'-S

j?i 2 "'e;ﬁz();'ﬂ




e feld, _‘Q**&."ﬂlz.?

LS foviy ¢

‘em iu 7,
f “("J ﬂﬂv _-9 jif‘r .‘ﬁ' ‘:ﬂ*"




{'F‘Jg (""""'tlqu‘tphrf,{
{rame fiolt, d@,«é:' o123

j'rsq’*?“.ﬁ p
oY) los Tl 2 j“"" 4, = 41""

! {i'ﬂ..' S

5y e s




- ‘l""f'(
( uﬁ (f"”'"‘d/.)k*? fi
e







Conboyd {:;ﬁ ye fie!

{rime Lol -E"“
j?SQ "(9‘14-?5 , WJ

50“{} lb‘(‘\( f\(u \ )




sits . { z '\.’ I-I ) .1-._. '-'-‘;"Ij‘-': . An,
NN
P A
Valadin [m 1=

'(""IJ'S Cohwnd {:;ic'-,r-' flffll

{riwe fielty, pmb 2123

1 f ‘fi-'lrh,s

)= mp
M W
Sofq“““"“ 2 "J £e




-----

'("’U‘S t""ﬁi(jk?«l‘ (el

{rime Lot A @
7 “?*s-.;,;, fr)fw ( $
S l)ﬁ-«z_
G |

j,s "e""aﬂ; 4‘1 A
{,0('-{) h,{\ti‘fl‘r &:; j 'e! -‘Pi, 41‘!&




—
\;)4‘4-411-1; /mq |

{ells cnmnti(5epe fiell
‘(Vlu-e' ‘Gb{v{f’ _G?

j‘rs "e“fb 41
SO(Y) 1y |

N




cenmntleayo fiel )
frtime ‘be/f £

j’* i —6."‘&,":14,




Paledinj YNSTZP ’Q s ”)

(19”3 ("thl‘ff‘d(j‘*‘f"‘"r"( &\) — (’U\v , 1""‘"‘-'5
N ET 2 MV
4 o (4 (o
{ s {w / .Qf'&ff.ms /Y) i

f a. B e s f«""?:f"
Qq 7?1’#& /\‘ft




I. aan Conhriyd |

¥ 4q u-{“ '{'l\f' {l"‘




!




———
e i

SP(\GH

























v







*’Iﬁtlifni _ ‘
br = 5 (12 413.«1
Atas Mo

-{\f LU { .‘} .

bed! V=

— ‘y 4 ' ‘&‘!L"' | 0{. |
/ ' T IS S

m i" i . a







(P 5 e MeAF: 2/\@«\”& flﬁﬁw

u'l'"“'l‘l

i ‘2.;3]. - L
4‘.-(.4 E N O e # 5 A
w Y .»Q‘- ._E..'-- ' e







Pirsa: 06020038 Page 44/210



Pirsa: 06020038 Page 45/210



Pirsa: 06020038 Page 46/210



Pirsa: 06020038 Page 47/210



Pirsa: 06020038 Page 48/210



Pirsa: 06020038 Page 49/210



Pirsa: 06020038 Page 50/210



Pirsa: 06020038 Page 51/210



Pirsa: 06020038 Page 52/210



Pirsa: 06020038 Page 53/210



Pirsa: 06020038 Page 54/210



Pirsa: 06020038 Page 55/210



Pirsa: 06020038 Page 56/210



Pirsa: 06020038 Page 57/210



Pirsa: 06020038 Page 58/210



Pirsa: 06020038 Page 59/210



Pirsa: 06020038 Page 60/210



Pirsa: 06020038 Page 61/210



Pirsa: 06020038 Page 62/210



Pirsa: 06020038 Page 63/210



Pirsa: 06020038 Page 64/210



Pirsa: 06020038 Page 65/210



Pirsa: 06020038 Page 66/210



Pirsa: 06020038 Page 67/210



Pirsa: 06020038 Page 68/210



Pirsa: 06020038 Page 69/210



Pirsa: 06020038 Page 70/210



Pirsa: 06020038 Page 71/210



Pirsa: 06020038 Page 72/210



Pirsa: 06020038 Page 73/210



Pirsa: 06020038 Page 74/210



Pirsa: 06020038 Page 75/210



Pirsa: 06020038 Page 76/210



Pirsa: 06020038 Page 77/210



Pirsa: 06020038 Page 78/210



Pirsa: 06020038 Page 79/210



Pirsa: 06020038 Page 80/210



Pirsa: 06020038 Page 81/210



Pirsa: 06020038 Page 82/210



Pirsa: 06020038 Page 83/210



Pirsa: 06020038 Page 84/210



Pirsa: 06020038 Page 85/210



Pirsa: 06020038 Page 86/210



Pirsa: 06020038 Page 87/210



Pirsa: 06020038 Page 88/210



Pirsa: 06020038 Page 89/210



Pirsa: 06020038 Page 90/210



Pirsa: 06020038 Page 91/210



Pirsa: 06020038 Page 92/210



Pirsa: 06020038 Page 93/210



Pirsa: 06020038 Page 94/210



Pirsa: 06020038 Page 95/210



Pirsa: 06020038 Page 96/210



Pirsa: 06020038 Page 97/210



Pirsa: 06020038 Page 98/210



Pirsa: 06020038 Page 99/210



Pirsa: 06020038 Page 100/210



Pirsa: 06020038 Page 101/210



Pirsa: 06020038 Page 102/210



Pirsa: 06020038 Page 103/210



Pirsa: 06020038 Page 104/210



Pirsa: 06020038 Page 105/210



Pirsa: 06020038 Page 106/210



Pirsa: 06020038 Page 107/210



Pirsa: 06020038 Page 108/210



Pirsa: 06020038 Page 109/210



Pirsa: 06020038 Page 110/210



Pirsa: 06020038 Page 111/210



Pirsa: 06020038 Page 112/210



Pirsa: 06020038 Page 113/210



Pirsa: 06020038 Page 114/210



Pirsa: 06020038 Page 115/210



Pirsa: 06020038 Page 116/210



Pirsa: 06020038 Page 117/210



Pirsa: 06020038 Page 118/210



Pirsa: 06020038 Page 119/210



Pirsa: 06020038 Page 120/210



Pirsa: 06020038 Page 121/210



Pirsa: 06020038 Page 122/210



Pirsa: 06020038 Page 123/210



Pirsa: 06020038 Page 124/210



Pirsa: 06020038 Page 125/210



Pirsa: 06020038 Page 126/210



Pirsa: 06020038 Page 127/210



Pirsa: 06020038 Page 128/210



Pirsa: 06020038 Page 129/210



Pirsa: 06020038 Page 130/210



Pirsa: 06020038 Page 131/210



Pirsa: 06020038 Page 132/210



Pirsa: 06020038 Page 133/210



Pirsa: 06020038 Page 134/210



Pirsa: 06020038 Page 135/210



Pirsa: 06020038 Page 136/210



Pirsa: 06020038 Page 137/210



Pirsa: 06020038 Page 138/210



Pirsa: 06020038 Page 139/210



Pirsa: 06020038 Page 140/210



Pirsa: 06020038 Page 141/210



Pirsa: 06020038 Page 142/210



Pirsa: 06020038 Page 143/210



Pirsa: 06020038 Page 144/210



Pirsa: 06020038 Page 145/210



Pirsa: 06020038 Page 146/210



Pirsa: 06020038 Page 147/210



Pirsa: 06020038 Page 148/210



Pirsa: 06020038 Page 149/210



Pirsa: 06020038 Page 150/210



Pirsa: 06020038 Page 151/210



Pirsa: 06020038 Page 152/210



Pirsa: 06020038 Page 153/210



Pirsa: 06020038 Page 154/210



Pirsa: 06020038 Page 155/210



Pirsa: 06020038 Page 156/210



Pirsa: 06020038 Page 157/210



Pirsa: 06020038 Page 158/210



Pirsa: 06020038 Page 159/210



Pirsa: 06020038 Page 160/210



Pirsa: 06020038 Page 161/210



Pirsa: 06020038 Page 162/210



Pirsa: 06020038 Page 163/210



Pirsa: 06020038 Page 164/210



Pirsa: 06020038 Page 165/210



Pirsa: 06020038 Page 166/210



Pirsa: 06020038 Page 167/210



Pirsa: 06020038 Page 168/210



Pirsa: 06020038 Page 169/210



Pirsa: 06020038 Page 170/210



Pirsa: 06020038 Page 171/210



Pirsa: 06020038 Page 172/210



Pirsa: 06020038 Page 173/210



Pirsa: 06020038 Page 174/210



Pirsa: 06020038 Page 175/210



Pirsa: 06020038 Page 176/210



Pirsa: 06020038 Page 177/210



Pirsa: 06020038 Page 178/210



Pirsa: 06020038 Page 179/210



Pirsa: 06020038 Page 180/210



Pirsa: 06020038 Page 181/210



Pirsa: 06020038 Page 182/210



Pirsa: 06020038 Page 183/210



Pirsa: 06020038 Page 184/210



Pirsa: 06020038 Page 185/210



Pirsa: 06020038 Page 186/210



Pirsa: 06020038 Page 187/210



Pirsa: 06020038 Page 188/210



Pirsa: 06020038 Page 189/210



Pirsa: 06020038 Page 190/210



Pirsa: 06020038 Page 191/210



Pirsa: 06020038 Page 192/210



Pirsa: 06020038 Page 193/210



Pirsa: 06020038 Page 194/210



Pirsa: 06020038 Page 195/210



Pirsa: 06020038 Page 196/210



Pirsa: 06020038 Page 197/210



Pirsa: 06020038 Page 198/210



Pirsa: 06020038 Page 199/210



Pirsa: 06020038 Page 200/210



Pirsa: 06020038 Page 201/210



Pirsa: 06020038 Page 202/210



Pirsa: 06020038 Page 203/210



Pirsa: 06020038 Page 204/210



Pirsa: 06020038 Page 205/210



Pirsa: 06020038 Page 206/210



Pirsa: 06020038 Page 207/210



Pirsa: 06020038 Page 208/210



Pirsa: 06020038 Page 209/210



Pirsa: 06020038 Page 210/210



