Title: What is the phase structure of N=4 SYM theory?
Date: Oct 11, 2005 02:00 PM

URL: http://pirsa.org/05100018

Abstract:

Pirsa: 05100018 Page 1/436



OT!UHT(O NS !
AdSJcFT =D

— . TrAack Fewd THEORY PHASE
| cTRUCTURE WTe STROMG (ouPLING

REGEHME

} — . TRACK GRAWTY IRTC GQUARNTUM
REGIMES (E6. SINCULRRITIES?),

HOW SIMILAR 1§ THE THERMAL THECRY
AT WERK AND STReNG COUPLING Y
E.C.| BLACK HoLE EVAPORATION ~CATE TIMES

WeutD LIRE To whoeERsTAND !

=

STRaNG ¢

Z—> STRoN LY CouPLED
s OURL THEcAY X
10 WE CORSIDER INSTEAD?
] STRONG CuCUATURE  EVERYWAERE
* =S WERKLY CouPLED
PORL T™HECRY VvV

" =



OT!UAT(OMS v

AdS/cFT =D
| — . Track Fiewd THEoRY PHASE
| STRUCTURE WTc STROLG CouPL/NE
I REGIME.
— «TRACK GRAUTY IRTC QUANTUM
RECIMES (EG. SINEGULRRITIES?),

'

-HCW SIMILAR 1§ THE THERMAL TueckY
AT WERK AND STReNG COUPLINGY
E.C.| BLACK HcLE EVAPORATION ~LATE TIMES

WoueD LikE To whDERSTAND !

=

STRoNG © '
Z=—> STReN LY couPLED
s OURL TREcRY X

CoULD WE CORSIDER INSTERADZ
1. ] gTMHG ol - a Bl - £ _."i,-_“

- =2 WERKLY CouPLED
DORL T™ECRY Vv

" - |




UAT(OMS :
AdS/cFT =

— . Teack Fiewd THEORY PHASE
STRUCTURE WTe STROLG CouvPL/RE

REGME.

— . TRACK GRAUWITY IRTC QUANTUM
REGIMES (EG. SINGULRRITIES?),

-HOW SIMILAR 1§ THE THERNMAL TreEcRY
AT WERAK AND $TReNG COUPLINGY
E.C.| BLACK HoLE EVAPORATION ~CATE TIMES

WeoueD Lig To whoeERsTAND !

= —

STRoG ¢ :
Z=—> STReN LY CouPLED
— PURL THEcRY X

COULD WE CORSIDER INSTERD?
7 STRONG Cu RE  SECRasll

< =5 WERKLY CouPLED |
2 | DORL THECRY \/'J




UP.T(OMS :

AdSJcFT =D

— . Treck Fiewd THECORY PHASE
STRUCTURE WTc STROLG CouvPL/RE

REGIME.

— «TRACK GRAWTY INTC QUANTUM
~ RECIMES (E6. SINGULARITIES?),

HOW SIMILAR 1§ THE THERMAL TaECKY
AT WERK AND STReNG COUPLINGY
E.C.I BLACK HoLE EVAPORATION ~LATE TIMES

WeuelD LIkE To whoeEesTAND !

=

STRaNG ¢

—> STRONGLY CouPLED
- OURL THEcAY X

COULD WE CORSIDER INSTERD?
. 'STMDG -’ oy RE . _‘_ﬂ

b =S WERKLY CouLPLED
DORL THECRY Vv

AN |




OTI\)AT(OMS :
AdS/cFT =%

| — -Track Fewd THeoRY PHASE
| STRUCTURE WTo STROMG CLPLING

REGME.

— . TRACK GRAVITY IRTC QUANTUM
RECIMES (EG. SINCULARITIES?),

-
W

_HOW SIAILAR (¢ THE THERMAL THEoRY
AT WERK AND STReNGE COuPLINGT
E.C.| BLACK HeLE EVAPORATION ~LATE TIMES

WeutD LIRE To whDERSTAND !

STRoG cufLaT

Z—=> STRoR&LY couPLED
I OUAL THECRY X

CoULD WE CORSIDER INSTERAD?
e 'ST‘OHG al = - . t"_‘ﬁ

* =S WERKLY CouPLED
PORL T™ECRY Vv

B !




UAT(OMS :

AdS/cFT =

— . Teack Fiewd THEORY PHASE
CTRULTURE WTo STROLG CouPLING

REGCIME.

— «TRACK GRAWTY IRTC QUANTUM
REGIMES (E6. SINCULARITIES?),

Hol SIMILAR 1§ THE THERMAL TueoRY
AT WERAK AND STReNE COUPLINGY
E.6C.] BLACK HeLE EVAPORATICN ~LATE TIMES,

WeutD Likg To whoegsTAND !

STRopGE ° .
Z—> STRON LY CouPLED
-2 OUAL THEcaY X

COULD WE CORSIDER INSTEAD?
I 1STRONG CutVATURE SVEEYLRERE

S ¢=>WERKLY CouPLED
B o bORL THECRY V’J




UAT(OMS :

AdS/cFT =
— - Track Fewd THEORY PHASE
CTRULTURE WTo STROLG CouPLINE
REGIME.
— - TRACk GRAWTY IRKTC QUANTUM
REGIMES (E6. SINCULRRITIES?),

_HOW SIMILAR 1§ THE THERNMAL T:‘ECﬂ
AT WERAK AND STReNG COUPLINGY
E.C.| BLACK HCLE EVAPORATION ~LATE TIMES

WeoutD LIkE To whDERSTAND !

—_—

STRONG cufLaTuSs
== STRON LY CouPLED
AE OLAL TREcRY X

CoULD WE COoRSIDER NSTERAD 7
- 7 STRONG cu TURE Iy . -

* c=>WERKLY CouPLED |
DORL T™ECRY Vv J

[ - ‘H"‘-h__—r-'



UAT(O S
AdSJcFT =D

— + TRAck Feed Tueoky PHRASE
STRUCTURE ITe STROLG CouPL/nGE

REGCIME

— . TRACK GRAUWTY IRTC QuUANTUM
REGIMES (EG. SINGULRRITIES?),

HOW SIMILAR (5 THE THERMAL T:‘EC”
AT WERAK AND STReNG CouPLINGY
E.C.| BLACK HCLE EVAPORATION ~LATE TIMES

WeueD Likg To whoepsTAND !

_— —

STRopGE ¢

=" STRoON LY CouPLeD
-2 OLAL TREcaY X

COULD WE CORSIDER INSTERAD?
_— 'gfmpﬁ. Fus 1 RE =3 id—‘_-ﬁ
|

* c=>WERKLY CouPLED
b = vORL THEORY Vv J




IUAT(OMS :
AdS/cFT =

— « TrAck Fewd TueokY PHASE
STRUCTURE INTo STROLG CouPLING

REGIME,

— +TRACK GRAVITY IRTC QUANTUM
REGIMES (EG. SINGULRRITIES?),

HOW SIMILAR (g THE THERMAL TueckY
AT WERK AND STReNG COUPLINGY
E.C.| BLACK HoLE EVAPORATION ~CATE TIMES

WeurD LIRE To whDERSTAND !

—_— ——=

STRoNG «
Z—> STReN LY courPLED
LA OUAL TREcaY X

COULD WE CORSIDER INSTEAD?
e *gfﬂﬂpﬁ. U = Y - = _f“_m

. e=>WERKLY CouPLED |

PORL THECRY Vv

- AN !




OTIVATION'

AdSJcFT =
— - TRACcK Figed THEORY PHASE
STRUCTURE WTo STROLG CouPLING
REGHME
— « TRACE GRAWTY IMTC QUANTUM |
 RECIMES (E6. smeuLpRITIES?),

‘HOW SIMILAR (g THE THERMAL TueokY !
AT WERAK AND $TReNG COUPLING? |
E.C.| BLACK HoLE EVAPORATICN ~LATE TIMES
= |

WeouLD LIRE To wANDERSTAND !

=

i

STRONG cufLATufR
Z— STRON&LY CouPLED
= QUAL Tu€cay X |
CoULD WE CONSIDER INSTEAD?Z
=X 7STRONG CURUATURE  EyERYuREN
 _ == WERKLY CouPLED
v

~ DORL THECRY i



T TuUr "_.

AASJCFT =

— +TRAck Fed THECRY PHASE
STRUCTURE WTo STROKG CouPLING
REGIME,

— +TRACK GRAVITY INTC QUAR TuM
RECIMES (E6. <m CULARITIES?),

.HOW SIMILAR (¢ THE THERMAL TuEoRY
AT WEAK AND STReNG COUPLING?

E.C.] BLACK HOoLE EVAPORATICN ~LATE TIMES.
WourD Lig To whDERSTAND !

| - — STRONG

&—> STRoN&LY couPLED
e ORL THREcrY X
COULD WE CORSIDER INSTEADZ
= 1STRONG CuRVATURE SvEevusell
* ¢—>WERKLY CouPLED
ToRL THEORY \/I



> JF < - ~

AdSJcFT =
— - TRAck Fewd THEORY PHASE
STRULTURE WTc STROLG CouvPL/NG
REGIME.
— «TRACK GRAWTY IRTC QUAN TuM
REcIMES (E6. smeuLaRITIES?),

.HOW SIMILAR (5 THE THERMAL TreEoRY
AT WEAK AND STReNE COLPLINGY

E.6.1 BLACK HoLE EVAPORATION ~LATE TIMES,
Weutlh Likg To whDERSTAND !

—

B STRONG cuRLAT

£—> STRON&LY CouPLED
— 0UAL THEcRY X
COULD WE COKRSIDER INSTEAD?
ga— _'GTMNG CUus == i E - :-...ﬂ

. ¢—>WERKLY CouPLED ‘

& boRL THEORY Vv l




AASJCFT =
— « TRACK Fewd THECoRY PHASE
STRUCTURE WTc STROLG CouvPLINE
REGIME .
— «TRACK GRAWTY IMTC GUARN TuM
RECIMES (EC. <N EULRRITIES?),

‘HOW SIMILAR (5 THE THERMAL THEoRY
AT WERAK AND STReNG COUPLING?
E.C.| BLACK HoLE EVAPORATICON ~LATE TIMES

WeutrD Lig To whDERSTAND .

-

—

- — STRONG cufLaT

&—> STRoN&LY couPLED
S OUAL THEcRY X
COULD WE CORSIDER INSTEADZ
== TSTRONG CUSVATURE mueeTuasll
. e—>WERKLY CouPLED
boRL THEORY \/‘



™ JP <IN,

AASJCFT =

— +TRAcK Fieed THECRY PHASE
CSTRUCLTURE WTe STROLG CouPLING
REGIME,

— «TRACK GRAWTY IbTC QUAR TuM
RECIMES (EC. S CULRRITIES?),

-HOW SIMILAR (8 THE THERMAL THEORY
AT WERAK AND STRoNG COLPLING?
E.C.| BLACK HoLE EVAPORATION ~LATE TIMES

WeueD Lig To whoeERsTAND !

=

T

STRaG cufuam

Z—> STReN LY CouPLED
= VORL THECRY X
COULD WE COKRSIDER INSTEADZ
— STRONG cutvpTuRe Azcvuas

* e—>WERKLY CouPLED

> boRL THEORY v I




- JF TN J e

AASJCFT =

— +TRAcK Fewd THEORY PHASE
STRUCTURE WTo STROLG CouvPLING
REGIME,

— «TRACK GRAWITY IKTC QUAN TuM

RECIMES (EC. < eULRRITIES?),

<«

.HOW SIMILAR 5 THE THERNAL TuEo®RY
AT WERK AND STRoNG COUPLING?

E.C.| BLACK HoLE EVAPORATICN ~CATE TIMES.
WeutrD Likg To whoERSTAND !

——

—_—

B STRONG couf |
&—> STRoN&LY couPLED
S OUAL TREcrY X
CoULD WE CORSIDER |INSTEADZ
= TSTRONG CutVATURE SuEaYuasll

% == WERKLY CcuPLED ]

& DoRL THEORY v l




- JF < L

AASJCFT =

— + TRACK Fiewd THEORY PHASE
STRUCTURE WTc STROLG CouPLiNG
REGIME .

— «TRACK GRAWITY IMTC QUAN TuUM

RECIMES (EC. SNEULARITIES?),

4

HOW SIMILAR (¢ THE THERMAL TuEoRY
AT WERAK AND STRoNG COUPLING?

E.C.| BLACK HcLE EVAPORATICN ~CATE TIMES
WeurD Lig To whDERSTAND !

—

= — STRONG cufiLaT

&—> STRONGELY CouPLeED
LT3 OUAL THEcY X
COULD WE CORSIDER INSTEADZ
= ] STRONG CURVATURE ¢ -*-ﬂﬂ
< ¢=>WERKLY CouPLED

g toeL ™EORY ‘



- JF = o S s

AASJCcFT =

— + TRAck Fed THECRY PHASE
CSTRUCTURE WTc STROALG CouPLING
REGIME,

— . TRACK GRAVITY INTC QUL TuM

RECIMES (EC. < eULRRITIES?),

=

\HOW SIMILAR 1§ THE THERMAL TeeEoRY
AT WERK AND STReNG COUPLING?

E.C.| BLACK HCLE EVAPORATICN ~CATE TIMES
WeutlD LiIkg To whDERSTAND !

—

- — STRONG cufudTu

—> STRoON &Y couPLED
== WORL THECRY X
COULD WE CORSIDER INSTEAD?Z
e ‘Sf‘bp@ a4 2L <71 1= £: .:d_«

- —SWERKLY CouPLED |

ey DoRL THEORY v l







FP‘-A)HHT 1S KﬂowN?ri"'l{“f:ﬂ

N=lL SsYM ©N 5 x [R - TemdPeRATURE
LRADILE R T

HAWKILE-PAGE

| (3% orper) — (I*" oRTER)
| RY <:: -

HAGCEDORN
(2%° oroeER)




F‘MHM‘ 1S KNowN?r?—'?“-e:ﬁ

P NsL SYM ON  SOxR > TenPeRATuRE]
LaRADILE R ke

HAWKIDE-PAGE

— (I*" oroeR)

COR

| (3% oper) — ("7 orCER)
PR =

HAGeEDORN

(2° oroER)




PIOWAT 15 KNOWN? |erse es il

NSl SYM ©ON S xR -5 TeMPeRATURE
LRAOILE R T

HAWKIDG-PAGE

— (I*" oroeR)

CR

| (3% oper) — (T oRtER)

o1 -

HAGEFDORN
l (2%° oroeR)




F‘A)HHT 1S KNowN?rz?'fﬂﬂn

N=L SYHM ©N < x R -5 TemPeRATURE
L RADILE R -

HAWKILG-PAGE

—  (I*" oroeR}

CROSS.WITTEN HAWKING - PAEE
| (3™ orper) — ("7 oRTER)

RY
R <

HAGEDORN
(2%° orper)




PULHAT 15 KNOWN? e

N=L SYHM ©N s> x R -> TeMPeRATURE
LRAOILE R -

HAWKIDE.PAGE

—— (" oroeR)

CROSS.WITTEN HAWKIL G- - PAEE
: (3%% orveER)  al (!“oﬂcfp.)

RY <

HAGEDORN
(2%° oroeRr)




PlodaT 15 KNowN? [crae o] |

| N=4L SYM ©ON 53xl‘R -5 TeMPeRATURE
LRAOILE R A

Hﬁtum::&-?!t-&
—— (I*" oroeR)
87
i —
I*T oROER)
CR
Gégfs-mwrﬂ; HAWKILG -PRAEE
3 < G — (7 ortER)
HAGCEDORN
(2*° oroeER)




N ? rlllll__ct,W

-

PlOHAT 15 KNow

N=L SYM ©N g3 x R -aTeH?eﬁ-ﬂm_lg-E
L RADILE R

HAWKIDE-PAGE
— (" oroeR)
R
i —
I'T oROER)
OR
{:tﬂ.g ::g <\ITTEN HAWKIL G - PAGE
T
. 3 oRoER) — (I"" oRCER)
l <
HAGCEDORN
(2*° orpeR)




WHAT 15 KNowN € [ ﬂ

N=l4 SYM ©N 5 xR *T'”nﬁmﬁ
L RADILE ke

HAWKIDG-PAGE

— (I*" oroeR)

CROSE.\WITTEN HAWKIR G - PAGE
(3% oRoer) — ("7 orteER)

| RY <

HAGEDORN
(2%° orpeR)




r nilll.cl..?

WHAT 15 KNowN?rn <
Nz=l4 SsYM ©N S x R -uTeHFEG-ﬂmRE

L RADILE -

HAWKILE-PAGE

— (I*" oroeR)

R
T'T oROER)
OR
{:tRE:.'E.w:TTEh: HAWKIL G -PAGE
I orbER) 57

I RY < — (" orCER)
WAGCEFDORN
(2%° orpeR)




AWARCcKY

FWHHT S KNO'-UN? ’_-'*’:"-" aL. ‘o3

Nzh SYM ©N S xR -> TeMPeRATURE

Ly RADILE R T
HAWKIDE-PAGE
— (I*" oroeR)
RY
T oROER)
OR
i GROSS.WITTEN HAWKIL G -PALE
| (3™ oRper) o (I’Toiﬁfﬂ)
: g7 <
HAGEFDORN
(2*° orpeR)




AMARENY

WHAT 15 KNowN ¢ [,

Nch sYM ©N  S$°xR - TenPerATRE
LRADILE R

HAWKIDG-PAGE
— (15" DRVE)
RT7
T oROER)
OR
CROSE-WITTEN HAWKILG - PAEE
(3% oroer) {I’TONER)
t R < '
HAGCEDORN
(2*° oroeR)
o 2 |




auARCNY

PloHaT 15 KNOWN® [

Nzl SYM €N S xR -o TeMPeRATURE
LRAOILE R v

F oo
-

HAWKIDE-PAGE

— (" oroeR)

OR

CROSS.WITTEN HAWKIL G -PALE
(3% oRoer) — (T oRTER)

iﬁ:‘f <

HAGCEFDORN
(2%° orpeR)




-

— ———
P o B 1 B L e - i g 3 1 o = .

L :.‘ i e - iy .I._.- % s = = ol & 5
& = -',-l i s

N=L SYM ©N S xR - TenferAml
LyRrADILE R *

tﬂ.oﬂ - WITTEN

(3" oreen)




g -ul‘--b_

AT 15 emowRrd

='-|- SYM ©ON S xR -Ten?
LyRADILS R

HAWKIL
- — -

GROSS.\WITTEN
(2% o)
e
M&mu
(2° oroer)













Look AT <teFliefF)
‘GLUEBALL' PROPREATOR ON R'*‘_

FINITE TEMPERATURE, REAL TIME +
IN FREQUENCY STACE,

[A] STRONG COUPLING

+REVIEW of DECAY ©F PERTURBATICNS
ABcuT ELRCK HoLET,

- AdS/CETYT plcTRMARY,

» ' CoRRECTIONS To GRRUITY RESULTS

@ WERK CouPLInG

. FrEE
PRCPACRATOR AT Epeiy TIMES . TeecLY

- LATE TinEs [ Tues . T

|HPLICATIONS oF THE RESULTSS

A PeesieLe MNecorgicaTion o TUE
CURRENT PrcTuRE?




WZTRUCTURE OF THIS TAEK

LGGK AT <tl‘F1érF1>
‘GLUERBALL’ PROPREATOR ON R:S

FINITE TEMPERATURE, REAL TIME + |
IN FREQUENCY SPACE,

[A] STRONG OUPLING |

«REVIEW cof DECAY cf FeRTuRBATIENS
ABcut ELpCK MCLET, |

« AdS/CET DrcTiRRARY,
. &' CORRECTIONS TC GRRUITY RESULTS.

WERK CouPLinG

. 45
‘PRCPACATCR BT EPRLY TiMes |fic€ |

-LATE TinEs [ Tue -

|HPLICATIONS oF THE ResuctTe”

A Peeciese Meor€i1caTion ofF TuHE
CURRENT PrcTuRE?

' |




PETRUCTURE OF THIS TALK

Loox AT <teFiief)
‘GLUEBALL’ PRCOPREATOR oN R

FINITE TEMPERATURE, REAL TIME + |
IN FREQUENCY SPACE. |

[A] STRONG COULPLING |

+REVIEW of DECAY cf FPERTURBATINS |
ABcuT ELpCK MCLET |

- AdS/CET TDrcTIRARY,

. &' CORRECTIONS TC GRRUITY RESULTS.

WERK CouPLING

; Free 7
PRCPACATOR AT ERRIY TIMNES, | coreav

- LATE TimEe | Tues UTE

|HPLICATIONS OF THE nesu.ws:"

A PossiBre MoorgrcaTion CF THE
CURRENT PrcTuRE?

: l




WZTRUCTURE OF THIS TALK

LCCK AT <tI‘F1£rF=’7 |

‘GLUEEALL’ PROPREATOR oN R‘.S

FINITE TEMPERATURE, REAL TIME + |
IN FREQUENCY SPACE, |

E STRONG COULPLING

:REVIEW cof DECAY cf PeRTURBATINS
ABcuT ELpCK MCLET, 1

- RdS/CET DicTRARY,
. o' CoRRECTIONS Te GRRUITY RESULTS

WERK CouPLInG

-
‘PRCPACRTCR RAY EpeiY TIMES "'v":i-"iy?

IHPLICATIONS ¢F THE RESULTS?

A PessiBre Momercation CE THE
CURRENT PrcTuRE?

L |




JC - -t

Leox AT <teFitcF*)
‘cLueRALL’ PROPREATOR oN R™.

FINITE TEMPERATURE, REAL TIME +
IN FREQUENCY SPACE,

[A] STRONE COUPLING

REVIEW cf DECAY cf PeRTURBATILS
ABCUT EBLACK MCLET

+ AdS/CET DicTRRARY,

- ot CORRECTIONE Te GRRUITY RESULTE

WERK CouvPLine ;
‘PRCPACRTOR AT gpeiY Timeg |FREE

THuEcdY

‘Lﬁ'rg T!HE‘.., B LT7 - n~ ok =

]

IHPLICATIONS oF THE RESucTe”

A Pecsiee Moor€icaTion o Tue
CURRENT PrcTuRE?




— p—

Loox AT <trFiieF)
‘GLueeAL’ PROPREATOR ON d's.

FINITE TEMPERATURE, REAL TIME +
IN FREQUENCY STACE,

[A] STRONGE COUPLING

+REVIEW of DECAY ©f PERTURBATINS
ABCUT ELpCK MHOLET

- RAS/CEY pDircTIRRARY,
. 'EL' CoRRECTIONE To (.QRL;H RESULTS

@ WeRK CouvPLivG

‘PRoPAcAToR AT epery Ties. | FRESol

‘LQ.TE Ttﬁﬁ T EE A . .

IHPLICATIONS oF THE RESUcTS?

A PocsiBLe Meogreation o THE
CURRENT PreTuRe?




Looxk AT <teFricF?)>
‘GLuERALL’ PROPREATCR ON R"s_

FiniTe Temperpture, Rear TIME +
IN FREQUENCY SPACE,

[A] STRoNG tOLPLING

+REVIEW cof DECAY cf PERTURBATICNS
ABCUT ELpCK HOLET,

+ AAS/CET DicTIONARY,

! .

WERK CouvPLivG

. ' _ : FREE
PRoPRCATCR AT gpepy TIMES . | yuecay

- LAYTE TIinES T T = e "7

IMPLICATIONS oF THE Resucres

A Poesiee MemgrcaTion o Tue
CURRENT PrcTuRE?

o




Look AT <trFitef?>
‘GLueBALL’ PROPREATCR oN R‘",

FINiTE TemperpTuRE, Rear TIME + |
IN FREQUENCY SPACE, |

Al STRONGE COUPLING

*REVIEW cf DECAY ©fF PERTURBATINS
ABCuUT ELpCK HcLET

« RdS/CET DreTIRRARY.

. &' CoRRECTIONS To (RRUITY RESULTS.

@ WeRk CouvrLinve

' v i
PROPACATOR AT EPRLY Times. |Fiec)

:
- LATE TIMNES [ Tue S = =

|HPLICATIONS oF THE Resucyes

A Peecie,e MeorgicaTion o Tue
CURRENT PrcTuRE?




Loox AT <trFiicfF*)
‘GLUEBALL’ PROPREATOR ON R"?'_

Finite TEMPERATURE , REAL TIME + §
IN FRE@QUENCY SPACE, |

[A] STRoNG coLPLING

+REVIEW cf DECAY efFf FERTURBATICNS
ABCuT 2:p¢K MeLET

+ AdS/CET DreTIONARY,

. ' CoRRECTIONS Te CRRUITY RESuULTS

WERK cCouvPLivG

. Free )
PROPACATOR BT EpReY Trmes. THEckY,

- LATE TINES - T =y 7

IMPLICATIONS oF THE RESULTS

A PocsiBre Meorgrcation CF THE
CURRENT PrcTuRE?

- i




Look AT <trFiter)>
‘GLUEEALL’ PROPREATER ON R!'?'__

Finite TemperpTure, Rear TIME +
IN FREQUENCY SPACE,

[A] sTRonE covPLING

+REVIEW cof DECAY ©F PERTURBATICLS
ABCUT BLACK HCLET,

+ AdS/CET DreTIonARY,

. ' CoRRECTIONS To GRRUITY RESULTS.

WERK CouvPLivG

. _ FREE
PROPACATCR AT EPREY TIMES. |facsy

- LAYTE ‘T[ﬁﬁ{_ . T T .

IMPLICATIONS oF THE RESULTS

A PeesieLe MeorgicaTion o THE
CURRENT PrcTuRe?







FBLACK HOLE PERTURGATIONS |

e CHING v ‘ac]

LINEARISE ENSTEIN EQNS, AND
SEPARATE ANGULAR VARIARLES Teo GET
EQN. CoVesNING PERTURRATIONS:

A é +Vt(f.')§ L-Qlé

;ﬁ._ " -0 EREQUEALY
REEcE- @ S ' :
wHeHEELES - L
RRADIAL toeCBLATE

FIRST ATTEMPT: SeL\Ee NUMERICALLY

QUASINORMNAL MoDES

A ,

’\f ’ﬂ'\f\/ﬁ'_

L |

PROMPT %\

ConTRIBUTIoN lh LATE TIME TAIL

(Y

g

PERTURRBATIONS AROUT 44 fs
SCHWARISCHILD BACKEROUND




LACK HOLE Peamaeﬁnpus_’

'.,-'Iﬁ"'

LINEARISE EINSTEIN EQNS. AND
SEPARATE ANGULAR VARIAR1ES To GET

EQN. COVESNINE PERTURZATIONS:

ai +V(ﬁ-')§ é

PROMPT
CenTRBUTION

F4ad

}r\ LATE TIME TAIL

1

PERTURRATIONS ARCUT &d ‘P
SCHWARISCHILD BACKGRoOUND




LACK HOLE PERNR@ﬂTloHS

B cHING T AL 1;','

LINEARISE E\NSTEIN EQNS. AND
SEPARATE ANGULAR VARIARESE To CGET
EQN. COVERNING PERTURERATIOLS:

i
;_:é_ - V (ﬁr)% 1%
r‘. -~ =S EREQLEN LY.

-

REGC-E -

L‘;H:—-— -
L":'j AlL L= e ofil

FIRST ATT‘EHPT SoLUE NLUMERICALLY

- QUASINORMAL MODES
| g
»\\{\.WW'L‘
| i

& PROMPT
ConTRIBUTIoN ,-\_\LﬁTE TIME TAIL

|
e
PERTUREATIONS AROUT 4d ‘f‘-“
SCHWARISCHILD BACKEROUND




LACK HOLE PERNK@HTloHS

- ,11;.r rey ;_1: 1;_'-!

LINEARISE EWNSTEIN EQnS. AND
SEPARATE ANGULAR VARIARLES To GET
EGN. COVESNING PERTURRATIONS:

<
aé -\-V(ﬁ-)é 1§

Ir‘, E A -
REC-£ - = e
WHEELE® I
LRADIaL =GB o

EIRST ATTEMPT: ScLE NULMERICALLY

a QUASINORMAL MODES
“\f\vad |
1 i :

¢ PRONPT
CeRTRIBUTIoNn

LATE TIME TAWL

1

PERTURRATIONS AROUT &4d f-“
SCHWARISCHILD BACKEROUND




LACK HOLE PERN&@ﬂTloMS

. eHING FT AL, qr'[

LINEARISE EINSTEIN EQNS. AND
SEPARATE ANGULAR VARIARLES To CGET
EQN. COVESNING PERTURRBATIOLS:

r
;-:é— -\-V(ﬁ-)é §
{". . P EREQUENTY.

REGC-E - oot
wWHEELER' T M FA TuM

PR
i

LADIpL CtoefBf

FIRST ATTEHPT SoLUE NLWMERICALLY

QUASINORMAL MeDES
- -
L i

PROMPT
ConTRIBUTIoN i'}\ LATE TIME TAIL

VR

1 i
\ a2 S+l

. S L

PERTURBATIONS AROUT &d T"-“
SCHWARSCHILD BACkERoUND.




"BLACK HOLE PERNR@ﬂTloHS

ET AL, 1:"

_.-'1..=!-"

LINEARISE EmiTEm EQnS. AND
SEPARATE ANGUWLAR VARIARLES To CGET
EGN. COVESNING PERTURRBRATIONS:

8
-d é +V(ﬁ-)§ é
;1‘; < -DEREGQUENLY,

it{_{_r - . . HeadEL T

h‘_l-FICJ— =
LADIaL tre€

FIRST ATTEHPT SoLUE NLMERICALLY

—

QUASINORMAL MoDES

'\(\J\WIL

L 1

PROMPT

ConTRIBUTIoNn '»_\LﬁTE TIME TAIL

1

¥

PERTURBATIONS ARCUT &4d f-“
SCHWARISCHILD BACKEROUND.

a4




LACK HOLE PERNREHT[DHS

E e CHING FT Al '!f-!

LINEARISE EmSTEm EQnst. AND
SEPARATE ANGULAR VUARIABLES Te GET
EGQN. COVESNING PERTURERATIOLS:

~F% ¥ w3
- (1‘ 3§
; {'" ' - - ERECUENT . 2

REGCC-E - N o= MRS
h”,ﬁ;—.; _..:_; T - - ol

LADIAL Coc@BN

FIRST ATTEHPT SoLVUE NLMERICALLY

< \ QUASINORMNAL MODES
' !
'\{ -“\f\/'t

¢ PRONPT
(onTRIBUTIoN i-»\;.a're TIME TAIL

; \
\

—

PERTURBATIONS AROUT &d f-“
SCHWARSCHILD BACKEROUAD.




"BLACK HOLE T-‘Ei?:mEL@ﬂTlt:ntlu'S1
FT Al aE

LINEARISE ENSTEIN EQnS. AND
SEPARATE ANGULAR VARIABLES To GET

EQN. GOVERNING PERTURBATIONS:

8
;i +V(ﬁ-3§ é
r'h 2 -p FREQUENLY,

REGCCE-
WHEELE® <
(ceGUATE

CADIaL L
EIRST ATTEMPT: ScLGE NULMERICALLY

a QUASINORMAL MoDES
- s
'\(\‘n‘\f\/:
L i

PROMPT
ConTRIBUTIoNn i'\(\LﬁTE TIME TAIL

1

bt -

——
- .

PERTURRATIONS AROUT &d ?
SCHWARASCHILD BACKEROUAD.

44




LACK HOLE PERTUREﬂTloHS

_..-'111”1" FYT Al '3:7

LINEARISE EmSTEm Eons. AND
SEPARATE ANGULAR VARIABLES To CGET
EQN. COVESNING PERTURRATIOLS:

alé +V(ﬁ-)§ 1§

;r‘ , —D EREQUENLY
RECC-£ - ~ Sty ;
WHEFLER - B e | - ’
LADIal teeCRILUATE

FIRST ATTEHPT SeLUE NUMERICALLY

QUASINORMAL MODES
' -

f\p"w;

| i

PROMPT

CenTRIBUTION '»_\LHTE TIME TAIL
\

k ~ T3l

\‘\j_’.

PERTURRATIONS AROUT &4d ‘f—“
SCHWARISCHILD BACKEROUND

i 15.?




LACK HOLE PERNR@ﬂTloHS

-__rl.n.._._ FT Al ag:"!

—-

LINEARISE EWNSTEIN EQNS. AND
SEPARATE ANGUWLAR VARIABLES To GET
EQN. COVESNING PERTURRATIONS:

'
%I-;é— = V (ﬁ-) § 1§
rn. . -2 EREQUENLY.

p—

RECCE-
L‘;chd-':- _‘:_'

Li:']l;; "r-r--'

FIRST ATTEHPT SoLVUE NLMERICALLY
wﬁSlHoRHHL MoD ES

Py

@ PROMNPT
" COCRTRIBUTION 1_¥\ LATE TIME TAIL

L | 1
\ ~ T30l

PERTURBATIONS AROUT &d ‘f-“
SCHWARSCHILD BACKEROLAD




"BLACK HOLE PERN&@HTloHS

. eMING FT AL, uﬂ

LINEARISE EINSTEIN EQNS. AND
SEPARATE ANGULAR VARIARLES To GET
EQN. COVESNING PERTURRBATIONS:

r
C}I_ié_ -'t-V(ﬁ-)é é
r‘. - —D EREQUENLY.

TR TIL .

s
L“_ HlCJ-' _.-‘_-

"'"-

LADIAL teeB

FIRST ATTEHPT SoLUE NUMERICALLY

5 QUASINORMAL MODES
' . |
— ! i
¢ PROMPT
oN hmre TIME TAIL

= CenRTRIBUTI

. \
\ oy '{i’h{

\h\\t——‘"..

PERTURBATIONS AROUT &d f\
SCHWARISCHILD BACKEROUND




Pirsa: 05100018 Page 59/436



Pirsa: 05100018 Page 60/436



Pirsa: 05100018 Page 61/436



Pirsa: 05100018 Page 62/436



Pirsa: 05100018 Page 63/436



Pirsa: 05100018 Page 64/436



Pirsa: 05100018 Page 65/436



Pirsa: 05100018 Page 66/436



Pirsa: 05100018 Page 67/436



Pirsa: 05100018 Page 68/436



Pirsa: 05100018 Page 69/436



Pirsa: 05100018 Page 70/436



Pirsa: 05100018 Page 71/436



Pirsa: 05100018 Page 72/436



Pirsa: 05100018 Page 73/436



Pirsa: 05100018 Page 74/436



Pirsa: 05100018 Page 75/436



Pirsa: 05100018 Page 76/436



Pirsa: 05100018 Page 77/436



Pirsa: 05100018 Page 78/436



Pirsa: 05100018 Page 79/436



Pirsa: 05100018 Page 80/436



Pirsa: 05100018 Page 81/436



Pirsa: 05100018 Page 82/436



Pirsa: 05100018 Page 83/436



Pirsa: 05100018 Page 84/436



Pirsa: 05100018 Page 85/436



Pirsa: 05100018 Page 86/436



Pirsa: 05100018 Page 87/436



Pirsa: 05100018 Page 88/436



Pirsa: 05100018 Page 89/436



Pirsa: 05100018 Page 90/436



Pirsa: 05100018 Page 91/436



Pirsa: 05100018 Page 92/436



Pirsa: 05100018 Page 93/436



Pirsa: 05100018 Page 94/436



Pirsa: 05100018 Page 95/436



Pirsa: 05100018 Page 96/436



Pirsa: 05100018 Page 97/436



Pirsa: 05100018 Page 98/436



Pirsa: 05100018 Page 99/436



Pirsa: 05100018 Page 100/436



Pirsa: 05100018 Page 101/436



Pirsa: 05100018 Page 102/436



Pirsa: 05100018 Page 103/436



Pirsa: 05100018 Page 104/436



Pirsa: 05100018 Page 105/436



Pirsa: 05100018 Page 106/436



Pirsa: 05100018 Page 107/436



Pirsa: 05100018 Page 108/436



Pirsa: 05100018 Page 109/436



Pirsa: 05100018 Page 110/436



Pirsa: 05100018 Page 111/436



Pirsa: 05100018 Page 112/436



Pirsa: 05100018 Page 113/436



Pirsa: 05100018 Page 114/436



Pirsa: 05100018 Page 115/436



Pirsa: 05100018 Page 116/436



Pirsa: 05100018 Page 117/436



Pirsa: 05100018 Page 118/436



Pirsa: 05100018 Page 119/436



Pirsa: 05100018 Page 120/436



Pirsa: 05100018 Page 121/436



Pirsa: 05100018 Page 122/436



Pirsa: 05100018 Page 123/436



Pirsa: 05100018 Page 124/436



Pirsa: 05100018 Page 125/436



Pirsa: 05100018 Page 126/436



Pirsa: 05100018 Page 127/436



Pirsa: 05100018 Page 128/436



Pirsa: 05100018 Page 129/436



Pirsa: 05100018 Page 130/436



Pirsa: 05100018 Page 131/436



Pirsa: 05100018 Page 132/436



Pirsa: 05100018 Page 133/436



Pirsa: 05100018 Page 134/436



Pirsa: 05100018 Page 135/436



Pirsa: 05100018 Page 136/436



Pirsa: 05100018 Page 137/436



Pirsa: 05100018 Page 138/436



Pirsa: 05100018 Page 139/436



Pirsa: 05100018 Page 140/436



Pirsa: 05100018 Page 141/436



Pirsa: 05100018 Page 142/436



Pirsa: 05100018 Page 143/436



Pirsa: 05100018 Page 144/436



Pirsa: 05100018 Page 145/436



Pirsa: 05100018 Page 146/436



Pirsa: 05100018 Page 147/436



Pirsa: 05100018 Page 148/436



Pirsa: 05100018 Page 149/436



Pirsa: 05100018 Page 150/436



Pirsa: 05100018 Page 151/436



Pirsa: 05100018 Page 152/436



Pirsa: 05100018 Page 153/436



Pirsa: 05100018 Page 154/436



Pirsa: 05100018 Page 155/436



Pirsa: 05100018 Page 156/436



Pirsa: 05100018 Page 157/436



Pirsa: 05100018 Page 158/436



Pirsa: 05100018 Page 159/436



Pirsa: 05100018 Page 160/436



Pirsa: 05100018 Page 161/436



Pirsa: 05100018 Page 162/436



Pirsa: 05100018 Page 163/436



Pirsa: 05100018 Page 164/436



Pirsa: 05100018 Page 165/436



Pirsa: 05100018 Page 166/436



Pirsa: 05100018 Page 167/436



Pirsa: 05100018 Page 168/436



Pirsa: 05100018 Page 169/436



Pirsa: 05100018 Page 170/436



Pirsa: 05100018 Page 171/436



Pirsa: 05100018 Page 172/436



Pirsa: 05100018 Page 173/436



Pirsa: 05100018 Page 174/436



Pirsa: 05100018 Page 175/436



Pirsa: 05100018 Page 176/436



Pirsa: 05100018 Page 177/436



Pirsa: 05100018 Page 178/436



Pirsa: 05100018 Page 179/436



Pirsa: 05100018 Page 180/436



Pirsa: 05100018 Page 181/436



Pirsa: 05100018 Page 182/436



Pirsa: 05100018 Page 183/436



Pirsa: 05100018 Page 184/436



Pirsa: 05100018 Page 185/436



Pirsa: 05100018 Page 186/436



Pirsa: 05100018 Page 187/436



Pirsa: 05100018 Page 188/436



Pirsa: 05100018 Page 189/436



Pirsa: 05100018 Page 190/436



Pirsa: 05100018 Page 191/436



Pirsa: 05100018 Page 192/436



Pirsa: 05100018 Page 193/436



Pirsa: 05100018 Page 194/436



Pirsa: 05100018 Page 195/436



Pirsa: 05100018 Page 196/436



Pirsa: 05100018 Page 197/436



Pirsa: 05100018 Page 198/436



Pirsa: 05100018 Page 199/436



Pirsa: 05100018 Page 200/436



Pirsa: 05100018 Page 201/436



Pirsa: 05100018 Page 202/436



Pirsa: 05100018 Page 203/436



Pirsa: 05100018 Page 204/436



Pirsa: 05100018 Page 205/436



Pirsa: 05100018 Page 206/436



Pirsa: 05100018 Page 207/436



Pirsa: 05100018 Page 208/436



Pirsa: 05100018 Page 209/436



Pirsa: 05100018 Page 210/436



Pirsa: 05100018 Page 211/436



Pirsa: 05100018 Page 212/436



Pirsa: 05100018 Page 213/436



Pirsa: 05100018 Page 214/436



Pirsa: 05100018 Page 215/436



Pirsa: 05100018 Page 216/436



Pirsa: 05100018 Page 217/436



Pirsa: 05100018 Page 218/436



Pirsa: 05100018 Page 219/436



Pirsa: 05100018 Page 220/436



Pirsa: 05100018 Page 221/436



Pirsa: 05100018 Page 222/436



Pirsa: 05100018 Page 223/436



Pirsa: 05100018 Page 224/436



Pirsa: 05100018 Page 225/436



Pirsa: 05100018 Page 226/436



Pirsa: 05100018 Page 227/436



Pirsa: 05100018 Page 228/436



Pirsa: 05100018 Page 229/436



Pirsa: 05100018 Page 230/436



Pirsa: 05100018 Page 231/436



Pirsa: 05100018 Page 232/436



Pirsa: 05100018 Page 233/436



Pirsa: 05100018 Page 234/436



Pirsa: 05100018 Page 235/436



Pirsa: 05100018 Page 236/436



Pirsa: 05100018 Page 237/436



Pirsa: 05100018 Page 238/436



Pirsa: 05100018 Page 239/436



Pirsa: 05100018 Page 240/436



Pirsa: 05100018 Page 241/436



Pirsa: 05100018 Page 242/436



Pirsa: 05100018 Page 243/436



Pirsa: 05100018 Page 244/436



Pirsa: 05100018 Page 245/436



Pirsa: 05100018 Page 246/436



Pirsa: 05100018 Page 247/436



Pirsa: 05100018 Page 248/436



Pirsa: 05100018 Page 249/436



Pirsa: 05100018 Page 250/436



Pirsa: 05100018 Page 251/436



Pirsa: 05100018 Page 252/436



Pirsa: 05100018 Page 253/436



Pirsa: 05100018 Page 254/436



Pirsa: 05100018 Page 255/436



Pirsa: 05100018 Page 256/436



Pirsa: 05100018 Page 257/436



Pirsa: 05100018 Page 258/436



Pirsa: 05100018 Page 259/436



Pirsa: 05100018 Page 260/436



Pirsa: 05100018 Page 261/436



Pirsa: 05100018 Page 262/436



Pirsa: 05100018 Page 263/436



Pirsa: 05100018 Page 264/436



Pirsa: 05100018 Page 265/436



Pirsa: 05100018 Page 266/436



Pirsa: 05100018 Page 267/436



Pirsa: 05100018 Page 268/436



Pirsa: 05100018 Page 269/436



Pirsa: 05100018 Page 270/436



Pirsa: 05100018 Page 271/436



Pirsa: 05100018 Page 272/436



Pirsa: 05100018 Page 273/436



Pirsa: 05100018 Page 274/436



Pirsa: 05100018 Page 275/436



Pirsa: 05100018 Page 276/436



Pirsa: 05100018 Page 277/436



Pirsa: 05100018 Page 278/436



Pirsa: 05100018 Page 279/436



Pirsa: 05100018 Page 280/436



Pirsa: 05100018 Page 281/436



Pirsa: 05100018 Page 282/436



Pirsa: 05100018 Page 283/436



Pirsa: 05100018 Page 284/436



Pirsa: 05100018 Page 285/436



Pirsa: 05100018 Page 286/436



Pirsa: 05100018 Page 287/436



Pirsa: 05100018 Page 288/436



Pirsa: 05100018 Page 289/436



Pirsa: 05100018 Page 290/436



Pirsa: 05100018 Page 291/436



Pirsa: 05100018 Page 292/436



Pirsa: 05100018 Page 293/436



Pirsa: 05100018 Page 294/436



Pirsa: 05100018 Page 295/436



Pirsa: 05100018 Page 296/436



Pirsa: 05100018 Page 297/436



Pirsa: 05100018 Page 298/436



Pirsa: 05100018 Page 299/436



Pirsa: 05100018 Page 300/436



Pirsa: 05100018 Page 301/436



Pirsa: 05100018 Page 302/436



Pirsa: 05100018 Page 303/436



Pirsa: 05100018 Page 304/436



Pirsa: 05100018 Page 305/436



Pirsa: 05100018 Page 306/436



Pirsa: 05100018 Page 307/436



Pirsa: 05100018 Page 308/436



Pirsa: 05100018 Page 309/436



Pirsa: 05100018 Page 310/436



Pirsa: 05100018 Page 311/436



Pirsa: 05100018 Page 312/436



Pirsa: 05100018 Page 313/436



Pirsa: 05100018 Page 314/436



Pirsa: 05100018 Page 315/436



Pirsa: 05100018 Page 316/436



Pirsa: 05100018 Page 317/436



Pirsa: 05100018 Page 318/436



Pirsa: 05100018 Page 319/436



Pirsa: 05100018 Page 320/436



Pirsa: 05100018 Page 321/436



Pirsa: 05100018 Page 322/436



Pirsa: 05100018 Page 323/436



Pirsa: 05100018 Page 324/436



Pirsa: 05100018 Page 325/436



Pirsa: 05100018 Page 326/436



Pirsa: 05100018 Page 327/436



Pirsa: 05100018 Page 328/436



Pirsa: 05100018 Page 329/436



Pirsa: 05100018 Page 330/436



Pirsa: 05100018 Page 331/436



Pirsa: 05100018 Page 332/436



Pirsa: 05100018 Page 333/436



Pirsa: 05100018 Page 334/436



Pirsa: 05100018 Page 335/436



Pirsa: 05100018 Page 336/436



Pirsa: 05100018 Page 337/436



Pirsa: 05100018 Page 338/436



Pirsa: 05100018 Page 339/436



Pirsa: 05100018 Page 340/436



Pirsa: 05100018 Page 341/436



Pirsa: 05100018 Page 342/436



Pirsa: 05100018 Page 343/436



Pirsa: 05100018 Page 344/436



Pirsa: 05100018 Page 345/436



Pirsa: 05100018 Page 346/436



Pirsa: 05100018 Page 347/436



Pirsa: 05100018 Page 348/436



Pirsa: 05100018 Page 349/436



Pirsa: 05100018 Page 350/436



Pirsa: 05100018 Page 351/436



Pirsa: 05100018 Page 352/436



Pirsa: 05100018 Page 353/436



Pirsa: 05100018 Page 354/436



Pirsa: 05100018 Page 355/436



Pirsa: 05100018 Page 356/436



Pirsa: 05100018 Page 357/436



Pirsa: 05100018 Page 358/436



Pirsa: 05100018 Page 359/436



Pirsa: 05100018 Page 360/436



Pirsa: 05100018 Page 361/436



Pirsa: 05100018 Page 362/436



Pirsa: 05100018 Page 363/436



Pirsa: 05100018 Page 364/436



Pirsa: 05100018 Page 365/436



Pirsa: 05100018 Page 366/436



Pirsa: 05100018 Page 367/436



Pirsa: 05100018 Page 368/436



Pirsa: 05100018 Page 369/436



Pirsa: 05100018 Page 370/436



Pirsa: 05100018 Page 371/436



Pirsa: 05100018 Page 372/436



Pirsa: 05100018 Page 373/436



Pirsa: 05100018 Page 374/436



Pirsa: 05100018 Page 375/436



Pirsa: 05100018 Page 376/436



Pirsa: 05100018 Page 377/436



Pirsa: 05100018 Page 378/436



Pirsa: 05100018 Page 379/436



Pirsa: 05100018 Page 380/436



Pirsa: 05100018 Page 381/436



Pirsa: 05100018 Page 382/436



Pirsa: 05100018 Page 383/436



Pirsa: 05100018 Page 384/436



Pirsa: 05100018 Page 385/436



Pirsa: 05100018 Page 386/436



Pirsa: 05100018 Page 387/436



Pirsa: 05100018 Page 388/436



Pirsa: 05100018 Page 389/436



Pirsa: 05100018 Page 390/436



Pirsa: 05100018 Page 391/436



Pirsa: 05100018 Page 392/436



Pirsa: 05100018 Page 393/436



Pirsa: 05100018 Page 394/436



Pirsa: 05100018 Page 395/436



Pirsa: 05100018 Page 396/436



Pirsa: 05100018 Page 397/436



Pirsa: 05100018 Page 398/436



Pirsa: 05100018 Page 399/436



Pirsa: 05100018 Page 400/436



Pirsa: 05100018 Page 401/436



Pirsa: 05100018 Page 402/436



Pirsa: 05100018 Page 403/436



Pirsa: 05100018 Page 404/436



Pirsa: 05100018 Page 405/436



Pirsa: 05100018 Page 406/436



Pirsa: 05100018 Page 407/436



Pirsa: 05100018 Page 408/436



Pirsa: 05100018 Page 409/436



Pirsa: 05100018 Page 410/436



Pirsa: 05100018 Page 411/436



Pirsa: 05100018 Page 412/436



Pirsa: 05100018 Page 413/436



Pirsa: 05100018 Page 414/436



Pirsa: 05100018 Page 415/436



Pirsa: 05100018 Page 416/436



Pirsa: 05100018 Page 417/436



Pirsa: 05100018 Page 418/436



Pirsa: 05100018 Page 419/436



Pirsa: 05100018 Page 420/436



Pirsa: 05100018 Page 421/436



Pirsa: 05100018 Page 422/436



Pirsa: 05100018 Page 423/436



Pirsa: 05100018 Page 424/436



Pirsa: 05100018 Page 425/436



Pirsa: 05100018 Page 426/436



Pirsa: 05100018 Page 427/436



Pirsa: 05100018 Page 428/436



Pirsa: 05100018 Page 429/436



Pirsa: 05100018 Page 430/436



Pirsa: 05100018 Page 431/436



Pirsa: 05100018 Page 432/436



Pirsa: 05100018 Page 433/436



Pirsa: 05100018 Page 434/436



Pirsa: 05100018 Page 435/436



Pirsa: 05100018 Page 436/436



