Douvsle-CoPy SUPERTRANSLATIONS

</

\Dﬂmo é’RaMcm
Rona Tre U & INFN

TFIl 2024 Bosed on:

NA PoOLI ~ AccADderIA 'PONTAA/MNA P Femsrm y DF ) C.HEIS&ENBERq & H. Romov)

Sepr 23-25 [ 2402 14535 |




| GR -(ym)°

k The Dovrre Cory (DC) ‘ H/w - A/ﬂ*;\d

[KLT 138¢, BCJ 2008-2010]




R =(YTm)
| 4

MDJ
2003 -2
138¢, BCJ

[keT

T A

*

_ /A\/A

. r_{/A\)
C) ‘

(D

Cory

E

RL

U

Do

E

| TH

T
N
(A
INVAR

£

Vg

GA

(18
[
+

M-zz
13 ;@K)
=

—

m-2 Z

3

Au

ES

UD

B

PL

n

A

HE

S

on

Se:

Tla:

!

Tl S

!




k The DovsrLe Cory (D<) ‘ H/w = A/A*AJO

| GR -(ym)*

[KLT £38¢, BC 2008-2510]

ATMPLITUDES

CLASSICAL
SOLUTION §

m-2 g C5 TREE m-) ;M
AM _—_ﬁ Z___: i —& Mmzi@K)Z:M

TRER

~ — GAVGE INVARIANT

~

ety Tl Su: iery e Su; - ON SHELL

Y GR

- QAUGQE FIXED

— ON SHELL

PRoDUCT OF TWo ScHwWA R 2 SCHILD
Coutormi PoTENTIALS ( KERR- SCHILD FOrTM)



k The Dovrre Cory (DC) ‘ H., - /A\,A*AJ\,

| GR =(Ym)°

[KLT £38¢, BC 2008-2510]

ATPLITUDES

CLASSICAL
SOLUTION §

ThtE m-2 m; Ci TREE . m-2 (Vl;(’;l/; - qAUQE ,NVAK|A'VT
Au = 4 Z:;‘ Te S O Mo - iy Z\; The S ON SHELL
YN GR

— QAUGE FIXED

-

= - ON SHELL
I 4 v 4
PRoDUCT OF TWo ScHwWA R 2 SCHILD

Coutormi PoTENTIALS ( KERR- SCHILD FOrTM)

How HucH poes THE DC knvow ABOUT SPACETINE qEOHETzY?



| GR -(ym)°

N The DouvsLE Cory (DC) ‘ H/w = /A\/A*/Z\J\,

[KLT £38¢, BC 2008-2510]

e . rege " ~ - GAVGE INVARIANT
TU Y SR e )Ty
AT PLITUDES _ 4 Z — — M. i@ Z il B
Y'H GR

— QAUGE FIXED

CLASSICAL » X
= - ON SHELL
SOLUTION § AR
PrRoDUCT OF TWwWo ScHWA R 2 SCHILD
CouL oM POTENTIALS ( kKERR - SCHILD FOrm)

How HucH poes THE DC knvow ABOUT SPACETINE qeonETzY?

HARD To TELL, IN GENERAL



AsyrnetoTic SynneTries (AS)

AS MAY PROVIDE A NON-TRIVIAL , INTERTEDIATE SETUP



ASYF‘[P‘I‘OT‘IC OYNNETRIES (AS)‘

AS MAY PROVIDE A NON-TRIVIAL , INTERTEDIATE SETUP

RESIDUAL DIFEEONDLPHISNS AT (9/
Fol ASYHPTOTICALLY — FUuT SPACES
BN CoDE DATA QN SOPT THEOKEMS

AND HNENoeay EFfRECTS

L._[. CRLESTIAL
M mya(de) Stheee

N\




ASYF‘[P‘I‘OT‘IC OYNNETRIES (AS)‘

AS MAY PROVIDE A NON-TRIVIAL , INTERTEDIATE SETUP

RESIDUAL DIFEEONDLPHISNS AT (9/
Fol ASYHPTOTICALLY — FUuT SPACES
BN CoDE DATA QN SOPT THEOKEMS

AND HNENoeay EFfRECTS

L._[. CRLESTIAL
M mya(de) Stheee

N\




ASYRPTOTIC SYNRETRIES (AS)‘

AS MAY PROVIDE A NON-TRIVIAL , INTERTEDIATE SETUP

L._[. CRLESTIAL
M mya(de) Stheee

N\

QES!DUAL DIFEEONDLPHISNS AT (9/
Fol ASYHPTOTICALLY — FUuT SPACES
BN CoDE DATA QN SOPT THEOKEMS

AND HNENoeay EFfRECTS

‘PARTICLE CONTENT OF THE DC

g,’ E.) = [:l ® — @ [ @ ®
[o(b-27]




ASYF‘[P‘I‘OT‘IC OYNNETRIES (AS)‘

AS MAY PROVIDE A NON-TRIVIAL , INTERTEDIATE SETUP

RESIDUAL DIFFEONOLPHISNS AT (9/

Fol ASYHPTOTICALLY — FUuT SPACES

BN CoDE DATA QN

AND HNENoeay EFfRECTS

SOfT THEOREMS

‘PARTICLE CONTENT OF THE DC

&€ = 1®
[o(b-27]

AS  WELL Wwnownw

®

L

®

7

—_—

AS LESS uwownw

L._[. CRLESTIAL
M mya(de) Stheee

N\




ASYRPTOTIC SYNRETRIES (AS)‘

AS MAY PROVIDE A NON-TRIVIAL , INTERTEDIATE SETUP

QES!DUAL DIFEEONDLPHISNS AT (9/
Fol ASYHPTOTICALLY — FUuT SPACES
BN CoDE DATA QN SOPT THEOKEMS

AND HNENoeay EFfRECTS

‘PARTICLE CONTENT OF THE DC

g,’ E.) = [:l ® = @ [ @ ®
[on-27] L v

—_—

AS LESS uwownw

AS  WELL Wwnownw

L._[. CRLESTIAL
M mya(de) Stheee

N\

Ho w HucH poes THE DC kwow oF THE FuLL REsULTING AS?



‘l MOTIVATIONS ||



‘l MOTIVATIONS ||

%« A STEP TOwarDS UNDERSTANDIWG ThHE DC
AT THE LEVEL OF SYMRAETRIES



‘l MOTIVATIONS ||

%« A STEP TOwarDS UNDERSTANDIWG ThHE DC
AT THE LEVEL OF SYMRAETRIES

>* MAY (HOPEFULLY) HELP SINMPUFYING COMPUTATIONS



‘l MOTIVATIONS ||

%« A STEP TOwarDS UNDERSTANDIWG ThHE DC
AT THE LEVEL OF SYMRAETRIES

>* MAY CHOPEFULLY) HELP SINMPUFYING COMPUTATIONS

* UNMIFIED FRANEWoRrRW ENCoNPASSING GAUGE SYMIETRIE S
OfFf DIFFERENT THEORIES



| PLAN |

S) SETUP . THE FIELD THEORETICAL DC
S) TECHN}CAL.IA: SQUARING ASYHPToTICS

S) DC SUPERTRANSLATIONS



S) SETUP : THE FIELD THEORETICAL DC



| The DC FIELD Hup

Focus onv THE SYMHETRY ASPECTS

Three BUILDING BLoCKS :



| The DC FIELD Hup

Focus onv THE SYMHETRY ASPECTS

Three BUILDING BLoCKS :




| The DC Fiew Huo

Focus onv THE SYMHETRY ASPECTS

Three BUILDING BLoCKS :

(@) Hpo = BBl A = Axd, - [ @

~

o A YM pat of g G oA G

o (fog]e) = j@’beO’) 3(x~7)

. @M. BIAD)QWT "Stecraror” ncals, o€g<Q,4

¥ The *"}’L\_a:ftucx— [f) AT 9/\,\ <Af*Z¢) = (Q,\Af)*lc = Ar*(g/dzc)



H

v

-
-

—-—
-

2 2 X
= /AD(v + v oé/,,
LINEARISED DIFF

TwOo-FORN TRANSF

|_|_HE DC FIELD Huo

~

OC#: 6*/4/% ) PC/A?- /4/&*6

[é, € GAUGE PACANETELS FOL A/MA,_]



|Tm: DC FIELDd Huw

(2) &Hu=23x,+32, K- €1h X <A €

50 I = UNEARISLD DIFF

€ € cauce Ta A
[ , €  GAUGE PARANETELS FOL A/”A/_]

50 = Two-FIRN TRANSF

@QN{,G,V?:*'{:' [ F

éonvfc = O

1 . @

—> GEOMETRY OF H v

Invotves A TorStonN

L I
f¢ LIVEAR EOM For va L WITH NON-LACALLY COUPLED SOURCES



EXPLolTM/q H/w OFF- SHELL MTETS A SURTLETY :



EXPLolTM/q H/w OfFF- SHELL MEETS A SURTLETY :

r~r DC FIELD

H,.
Ho = de[J=[THe [
C4L ()]

A
Y,



EXPLolTM/q H/w OfFF- SHELL MEETS A SURTLETY :

r~r DC FIELD
H:" /\S%m ETRILS of AN Off-JHLLL Two-F0ORN
H. = Je[J=1e [

I:QL(D)J HA SYANETRIELS Of AN OFF-SHELL GRAVITON

’M’




EXPLolTM/q H/w OfFF- SHELL MEETS A SURTLETY :

r~r DC FIELD
H:" /_\Sém ETRILS of AN Off-JHLLL Two-F0ORN

H. = Je[J=1e [
CqL)]

HA SYANETRIELS Of AN OFF-SHELL GRAVITON

’.-ll
~ DC HULTIPLET

NEEDS A LAGRANGIAN TFor_ H/.,,
E,- EJ = |:| ® D ‘—‘Dj @ HECEE ALSO PROVIDING A PROPAGATING SCALAR

[0oCb-27] \ﬂ




EXPLolTM/q H/w OfFF- SHELL MEETS A SURTLETY :

r~r DC FIELD
H:" /\S%m ETRILS of AN Off-JHLLL Two-F0ORN
H. = Je[J=1e [

[QL(D)J HA SYNNETRIES Of Anv OFF-SHRELL GRAVITON
=

~ DC HULTIPLET

NEEDS A LAGRANGIAN TFor_ H/.,,
E,- €J = |:| ® D ZDj @ HECEE ALSO PROVIDING A PROPAGATING SCALAR

[0oCb-27] \ﬁ

E THE APPARENT SYHHETRIES NOTWITHSTANDING,

ONE CANANOT USE LWEALISED EWNSTEN + Two-FORM



I
W
E
A/E
E—D
.
L
I
N
R
‘RE
& DU '
IB
LE
L(
)
EA/
JO
ﬂ
/,\u

W
HO
S
E
Fo
n
PR
0
p
4q
AT
12
GR
A
VITO
N
+
KA
LR
-R
AN
oND
+
SC
AL
AR



WHAT DO WE NEED 7 A LAqMquN FoR THE REDUCIBLE qL(D)— TENSAR H/w

WHOSE EOM PROPAGATE CRAVITON + KALB-RAHOND + SCALAR .

“/ SV
Lo = 4 [0 070092 - 2% K
[A.Caneotzoni % ».F 2013 Y Tereces £ DF ZQZQ]

—= L acra NGIAN  CONSTRUCTION EXTENDED TO CURIC LEVEL

~= _ T |RST-ORDER DLFORMATION OR GAUGE SYMMETRY COMPUTED



WHAT DO WE NEED 7 A LAqMquN FoR THE REDUCIBLE qL(D)— TENSAR H/w

WHOSE EOM PROPAGATE CRAVITON + KALB-RAHOND + SCALAR .

o(/s v
Lo =4 WP 092 20 H
[A.Caneotzoni % ».F 2013 Y Tereces £ DF ZQZQ]

—= L acra NGIAN  CONSTRUCTION EXTENDED TO CURIC LEVEL

~= _ T |RST-ORDER DLFORMATION OR GAUGE SYMMETRY COMPUTED

HERE Focus oN THE LINEAR THEORY °

“ OHuo = 92 Haw - QVQ“HN = O




Loowing INSIDE :

OHpo = % He — &9°Huu =0



Loowing INSIDE :

OHpre = 9.9 Ha

— 9.27H

/AA



Loowing INSIDE :

DH/V\\)

?9@-0
‘g'qw\:(aﬂe

? Ho(v QXH/AA = 0
X

QAL - 2.9

ga;, - ®F



Loowing INSIDE :

O H
v - ? Ho(v - )
(9 H/AA = 0

WE WwWomrk N
S
wqLe - copy Lorenz Gavge:

) .
VA= 0:7A,



LOOKMM;IN&DEf

DH/mv - ? Hp(u - 9 H/Aa& = 0

- 9,98 =0 OA, - 2,28 =0
&AM=9/,6 $Ay - 2.¢€"
WE Worwk IN ALL FIELDS (S/N4Li’ Avd DousLs - Cby )
S INGLE - COPY Logenz qAUqL ; AnD ALL PArancTErS ( IDEN) SATISFY :
FIgeD
P {PARAHETER =©

=0

N ]
0 /xx': o= /4/g :::%> FIZLD
-

PARANETER



S) TECHUNICALIA : SQUARING ASYAPTOTICS

ALTERNATIVE PERSPECTI|VE : [C/—\HP!QL!A avd Nagy 2021]



IEXPLORING Yoo

TECHMicaLIA . BASICS
1. (QETAIZB’E.'D) EONDI CoAnd §: (QA:'(:~V/ r/ l[-zm;})

2' A,\ ~ —% (LEAzqu ORPLT R = RAD(ATIQA/)

3. D=4
4, ¥ FmEL Gox) 2 OG =0



IEXPLORING Yoo

TECHMicaLIA . BASICS
1. (QETAIZD’E.D) EONDI CoAnd §: (qA:t~V/ r/ l[-zm;})

2 A,\ ~ —d; (LEADch ORPT R = RAD(ATIQA/)

3. D=4
4, ¥ mEw Gox) - QG =



IEXPLORING Yoo

TECHMicaLIA . BASICS
- (QETAIZD’E.'D) EONDI Coand §: (qA:t~V/ r, l[-zt;})

2' A,\ ~ —% (LEADan ORPLT R = RAD(ATIQA/)

3. D=4
4 ¥ mEL Gox) 2 QG =

:64744-;
+ (%) “J""“ —-(572“’ @ (w )

\/
("Jkl\l_‘?-:;ll ~n OCi)

LEADING REHAVIoUR
AT LARSKE Y




|E><PLO‘2I’\/4 V‘.')_l_a;

TECHMicaLIA . BASICS
1. (Rerarozn ) Bowdi coanns: (m:t~v, r [2;})

2' A,\ ~ —% (LEAzqu ORPLT R = RAD(ATIQA/)

3. D=4
4, ¥ meEw Gox) 2 QG =

:6474»\—;
4+ (X) -de -(57 2 & (w 7(»’3))

\/ \/

— >0 RELEVAN T FOR
Wr|lw-21 ~ O(1)
REQIOANS INVOLVING

BEHAVIOLURR IN (W

LEADING REHAVIOUR
AT LARSKE Y



"~ O(%)

TWO RELEVANT REGIONS




W | W-2

- O(%)

WO RELEZEVANT REGIONS

T

L

—~ ._r-)|

w- 2

|

4
~ A
COLLINEAR REGION

Qlwajs LYi“OU' 9h ouT
Itad'»ma, RADIATION behavisu¥

C[ ~ % NZCCM/E,)



—~
) |w—'z1

"~ O(%)

WO RELEVANT REGIONS

Yy

L

|

|W-7 |~ % W ~ Y
COLLINEAR REGION REqQULAR REGION
Qlwajg Lyin&; 9h vt oveval]l behaviser .4efguf/: on Q(aJ?(\,’s));

leading RADIATION behavisu with  @(wqw)) ~ Mﬂ_z&(j(w))

c R _,
G ~ - "l F) G ~ 22" E)



W |w-7

|

@z~ Y

COLLINEAR REGION

Qlwajs LYi“OU' 9h ouT
Itad'»ma, RADIATION behavisu¥

C[ ~ % NZCCM/E,)

- O(%)

WO RELEZEVANT REGIONS

T

IR

Y

D ~ 4/'Y
REQULAR REGION

thvaH behavisvr .4&/9@4)7& On Q(w’)CW")):
with  @wqee)) ~ wa(qcm)

R
G ~ 41 @)

ALTOGETHER , ¥ FIELD oR PARAMETER

G~ TR+ 5T CE



W |w-7

"~ O(%)

WO RELEZEVANT REGIONS

Y

2

|

| -7

4
~ A W ~ Y
COLLINEAR REGION REGQULAR REGION

always LYi“OLJ 9h s sveva]] behaviser depends on QW)

leadiny RADIATION bechavisu¥ with  @(wqw)) ~ !l a(qcw)
4 c 1+ m°7)
G~ 67 G~ 4G
ALTOGETHER , ¥ FIELD oR PARAMETER
R
Y 4 =
e w,z)+-=—" (=
G~ LM ed) LT

IN PARTICULAR @ THE LEADING BEHAVIOUR DEPENDS ON £ (>0)



o~

R ASYHPTeTIcs of SiNGLE- COPY FIELDS A, A. ®

k SOFT THEOREMS => ﬁ’n 2/53 :ﬁ} - 4

THUS : G ~ ¥ siwgie - by FiLLps

o
18



o~

/R ASYMPToTICS oF SINGLE- COPY FIELDS A, A. ®

k SOFT THEOREMS => ﬁn 2/53 :ﬁi - 4

THUS : G ~ ¥ siwgie - by FiLLps

o
18

/2 ASYMPToTICS of DOUBLE- COPY FIELD H/“’ = A« A



o~

R ASYnPToTIcs of SiNGLE- coPy FiELos A, A &

fﬁ
k SOFT THEOREMS => ﬁn 2/53 :ﬁ;& - 4
THUS : C[-sc ~ é V SINGLE - COPY FIELDS
2 Asyuprotics of Dousle-copy FiELo H = A« A
H - Q(ﬁk 2 s (H)
* R, §Qm< Sodre @t e,
() (A
DUE To THE PROPELTIES OoFf THe CONVOLU TLoN Q(H)_ Q@




o~

/R ASYMPToTICS oF SINGLE- COPY FIELDS A, A. ®

k SOFT THEOREMS => ﬁn 2/53 :ﬁ;& - 4

THUS : G ~ ¥ siwgie - by FiLLps

e
Y

> ASYHPToTICS of D OUBLE- COPY FIELD H,Au -

_ 4 ] s (H)
+ H, §°@“} o1 e @ e

— (H) Q
DUE To THEL PROPELTIES OFf THe CONVOLU Tton @ QU '

(h
~ Q ! SALS LlkE ITS SC COUNTERPARTS T/ZH: i



o~

/R ASYMPToTICS oF SINGLE- COPY FIELDS A, A. ®

k SOFT THEOREMS => ﬁn 2/53 :ﬁ;& - 4

THUS : G ~ ¥ siwgie - by FiLLps

e
Y

> ASYHPToTICS of D OUBLE- COPY FIELD H,Au -

_ 4 ] s (H)
+ H, §°@“} o1 e @ e

— (H) Q
DUE To THEL PROPELTIES OFf THe CONVOLU Tton @ QU '

)

H
&[) SALS ULE ITS SC COUNTERPARTS :/ZH: 1
~y H/,V ~ J/\(_



/R ASYMPToTICS oF SINGLE- COPY FIELDS A, A. ®

k SOFT THEOREMS => ﬁn 2/53 :ﬁ;& - 4

THU S : C"sc ~ é X sivge - coPy FILLDS
/> ASYMPToTICS of DOUBLE-COPY FIELD H,Au - A,A*A
= 0“‘( ¢ “eq®
Hhe s g S0 e
(A) _(A)
DUVE 7o THL PLOPELTIES OF THe CONVOLU TLlon Q(H): Q&
Q(#)

~ Q (h) SALS LlkE ITS SC COUNTERPARTS T/ZH:
~ H :l/Y_

ql?.AVITDr\/ WAL - Q:\ﬂw'b FITLD AND DATON -~ 4’/\(_



/R ASYMPToTICS oF SINGLE- COPY FIELDS A, A. ®

k SOFT THEOREMS => ﬁn 2/53 :ﬁ,& - 4

THU S : C(—sc ~ % ¥ sivgie - cofy FIELDS
o/ ASYH PTovicS of DOURLE-COPY FIELD H/u\\) = A/"*AV
= 0“‘( ¢ Q@
* H., (5@# st e & £ v
() (A
DUE 7> THE PROPELTIES OF THe CONVOLU Tlon : Q(H): & " &
Q(#)

~ (h) SALS LlkE ITS SC COUNTERPARTS T/&H:
~ H :l/Y_

L, Graviton , KALs- Ranown FITLD AND DlUAToN ~ 1/ \/




</ ASYH PToTlc SYMNETRIES (Q,k-Q. | arge QAquTéANSFo&MﬂWg)



</ ASYH PToTlc SYMNETRIES (Q,k-Q. | arge QAquTéANSFo&MﬂWg)

U NEED PARAMETELS TMT ¢er 7o F . & ~ O(Cr®)
Y-—‘).(.“



</ ASYH PToTlc SYMNETRIES (Q,k-Q. | arge QAquTéANSFo&MﬂWg)

U NEED PARAMETELS TMT ¢er 7o F . & ~ O(Cr®)
Y-—‘).(.“

()
VU LGT = Parprerees ~ £ () (e M7 JusT @vsravT)



</ ASYH PToTlc SYMNETRIES (3,1(-9. | arge QAquTéANSFo&MﬂWg)

R, NEED PAANETELS TMT qer 7o F © & ~ OC(Cr°)

Y2 ¢t

(3),  —

n CZ?) (5-£. NMOT JUST CQA/SV'AMT)

Yy LGT = PAaegmerenes ~ £

, ANALY SIS Sl IN SCIRIT TO THAY |NVvoLVING FIELDS, BUT

TECHM cacl? ot IWVOLVED (Awd NOte WTERLSTING )



</ ASYH PToTlc SYMNETRIES (Q,k-Q. | arge QAquTéANSFo&MﬂWg)

U NEED PARAMETELS TMT ¢er 7o F . & ~ O(Cr®)
Y-—‘).(.“

()
VU LGT = Parprerees ~ £ () (e M7 JusT @vsravT)

, ANALY SIS Sl IN SCIRIT TO THAY |NVvoLVING FIELDS, BUT

TECHM cacl? ot IWVOLVED (Awd NOte WTERLSTING )

OVTCoHE
~ ) Ay v PoLy Honogenmeaus
# Xp = ExA ~ K () + X C‘?)()M—-PO(%) EXPANS) oA/
Y
(3) (a) P
o K =X (7)) DC ASYrnPToTic SYAHRTRIES



</ ASYH PToTlc SYMNETRIES (Q,k-Q. | arge QAquTéANSFo&MﬂWg)

U NEED PARAMETELS TMT ¢er 7o F . & ~ O(Cr®)

Y- t+ =
A

()
Yy LGT = PAaegmerenes ~ £ Cz") (i.e. MT JusT QN ST ANT )

, ANALY SIS Sl IN SCIRIT TO THAY |NVvoLVING FIELDS, BUT

TECHM cacl? ot IWVOLVED (Awd NOte WTERLSTING )

OVTCo HE
~ ) Ay v PoLy Honogenmeaus
# Xp = ExA ~ K () + X C‘?)()M—-POU/V) EXPANS) oA/
Y
(3) (a) P
o K =X () DC ASYMPToTICc SYMRHARTRIES

— I CAN COMPUTE THE PREDICTION OF THE DC For
THE ASYRNPTOoTIC SYMIETRIES ANMD CHARGQES OF

QRAVITON, TWO-FORM AND SCALAR



S) DC SUPERTRANSLATIONS



PREAHBLE ; CHARQES & CVIQVATUEES
&/



PREAHBLE ; CHARQES & CVIQVATW&ES
&/

x PHvsicaL QUANSITIES 4RE ENCODED W CHARGES



PREAHBLE ; CHARQES & CV:QVATUEES
&/

x PHvsicaL QUANSITIES 4RE ENCODED W CHARGES

« SCHEMATIC STRUCTURE OF AN ASYNPTSTIC CHARGE :

Q ~ Jzz Y., cGaRL



PREAHBLE ; CHARQES & CVIQVATW&ES
&/

x PHvsicaL QUANSITIES 4RE ENCODED W CHARGES

« SCHEMATIC STRUCTURE OF AN ASYNPTSTIC CHARGE :

Q ~ Jzib’ 6(2,% i)lzxx“

Cw)

5 M+ M sT Q= L Q)

V30



PREAHBLE ; CHARQES & CVIQVATUEES
&/

x PHvsicaL QUANSITIES 4RE ENCODED W CHARGES

SCHERATIC STRUCTURE OF AN ASYNPTOTIC CHARGE :

Q- sz cGaRL,

3K

()
- O
o Qxxxx ConfonNnENT ~ O(k ) o THz FIELD ST
o M+ M s.,T- Q= gixm&(v)

+ toer TE DC
—~_4
Ropvpes-d T v Fe = R+ Ry



"

How HUcH DOES THE DC knNOW ABOUT SPACETINE QEONETRY



"

HOV\I RucH DOES THE DC k~NOW ABOUT SPACETINE GEONETRY

AT LEAST A BIT,ABQUT ASTYnPToTI|CS :



"

HOV\I RucH DOES THE DC k~NOW ABOUT SPACETINE GEONETRY

AT LEAST A BIT,ABQUT ASTYnPToTI|CS :




"

HOV\I RucH DOES THE DC k~NOW ABOUT SPACETINE GEONETRY

AT LEAST A BIT,ABQUT ASTYnPToTI|CS :

SH § SWiTerv g To Bownot corpPoNENTS

/M/: ?/A§V+QV§/ P y .~ .
5 —9§,§/§ (h-2,2)

Vs ~
g . L (4 &7
- WE ©OATAIN ~ TO LEADING ORDER




How HUcH DOES THE DC kKNOW ABOUT SPACETINE GEONETRY

AT LEAST A BIT,ABQUT ASrnProT|CS :

(1

= 9.5, 34§

/I\

v )
M m
2 (4 &)

v

§A

\a

—
—

0

Sy 1= TG

DT

4 AT(?)
2

SWH'CHWQ o Bowst COMPONENTS

v v Py
§F49§,§/§ <A°21

WE ORNTAIN

TO LEADING ORDER

2

)

5

o



How HUcH DOES THE DC kKNOW ABOUT SPACETINE GEONETRY

AT LEAST A BIT,ABQUT ASrnProT|CS :

(1

§,42%

Ja

7

G
P
(<"

4
2

v

§A

\a

—
—

0

Sy 1= TG

DT

4 AT(?)
2

SWH'CHWQ o Bowst COMPONENTS

§ —» £ £ 5" (5o27)

WE ONTAIN TO LEADING ORDER
/

5

o

DC - BNS SUPERTRANSLATIONS
S 2 _ 5(3)
7
@ - 8Wq d 8b/£'gT<'3,%) RMV"\AV‘
_i ~ (0) (3)




How HucH DOES THE DC kwvwow THe Fuuw UwnDERLYING A S 7



How HucH DOES THE DC kwvwow THe Fuuw UwnDERLYING A S 7

T T ACTUALLY [NPROVED OUL KNOWLEDGE ON THE HATTER

</



Ho w HucH poes THE DC kwow THe Fuw uwpeeLyivg A S 7

TT AcCTUALLY |[NPROVED OUZ KNOWLED4LE ON THE HATTER

</

</ S CALAZ §ECTOR

S
H™ % = \P PROVIDES THE SCALAR DoF of Th DC MULTIPET



Ho w HucH poes THE DC kwow THe Fuw uwpeeLyivg A S 7

TT AcCTUALLY |[NPROVED OUZ KNOWLED4LE ON THE HATTER

</

</ S CALAR §SECTOR

S
H™ % = \P PROVIDES THE SCALAR DoF of Th DC MULTIPET

=

S
Q ALSO ENCODBES oQ- LY

~ _ ¢ 2 2 - (1)
WY ASYRPTOTIC CHARGES R~ |deY,,(D+1)T(z)Y

FOR THE SO R FIELD




Ho w HucH poes THE DC kwow THe Fuw uwpeeLyivg A S 7

TT AcCTUALLY |NPROVED OUR KNOWLED4LE ON THE HATTER

</

</ S CALAZ §ECTOR

X

=

S
(- ALSO ENCODES 0Q- LY

S
H™% = \P POOVIDES THE SALAR DoF of THZ DC RULTIPLET

~ _ ¢ 2 2 - (1)
WY ASYRPTOTIC CHARGES R~ |deY,,(D+1)T(z)Y

FOR THE SO R FIELD

> FIRST ONSTRUCTED RBY CA”"'“’A, Co\T0 Awnn THIZERA 2048 WITH ~NO SYMNETRY

EXPLANATION



Ho w HucH poes THE DC kwow THe Fuw uwpeeLyivg A S 7

TT AcCTUALLY |[NPROVED OUZ KNOWLED4LE ON THE HATTER

</

</ S CALAZ §ECTOR

S
H™% = \P POOVIDES THE SALAR DoF of THZ DC RULTIPLET

S
(- ALSO ENCODES 0Q- LY

~ _ ¢ 2 2 - (1)
WY ASYRPTOTIC CHARGES R~ |deY,,(D+1)T(z)Y

FOR THE SO R FIELD

> FIRST ONSTRUCTED RBY CA”"'“’A, Co\T0 Awnn THIZERA 2048 WITH ~NO SYMNETRY

EXPLANATION

e LATER INTERPKETED AS DUAL To TWD-Forr ASyersmc JCHARGES



Ho w HucH poes THE DC kwow THe Fuw uwpeeLyivg A S 7

TT AcCTUALLY |NPROVED OUR KNOWLED4LE ON THE HATTER

</

</ S CALAZ §ECTOR

S
H™ % = \P PROVIDES THE SCALAR DoF of Th DC MULTIPET

=

S
(- ALSO ENCODES 0Q- LY

~ _ ¢ 2 2 - (1)
WY ASYRPTOTIC CHARGES R~ |deY,,(D+1)T(z)Y

FOR THE SO R FIELD

> FIRST ONSTRUCTED RBY CA”"'“’A, Co\T0 Awnn THIZERA 2048 WITH ~NO SYMNETRY

EXPLANATION

e LATER INTERPKETED AS DUAL To TWD-Forr ASyersmc JCHARGES

>k IN 00R OWNTEXT NATURAL CanSEUENCE oF BNS SUPERTMANSATIAWS  ONCE

1S IDENTIFIED AS THE Diutown oSF THE DC MULTIPLE T

g.?



~_  lwo - FORM SECTOR



~_  lwo - FORM SECTOR




~_  lwo - FORM SECTOR

* Ourrur of THE DC : PLyHonagGevesUs EXPavSION.

cSH A=A A o Z‘(§i€(m+%/\w)j

N = éco/“— ")




r Two - FORM SECTOR

* Ourrur of THE DC : PLYHoaGEMESUS EXPAVSION:

A'~Z§§£W+i£zij
M YM

A

PREVIOUS LITERATURE ON

SH A=A,
A/’: é(dﬂ‘_ofz/"‘)

THE SUBJY)ECT DDES NOT INCLUDE
THESE TERNS



r Two - FORTM SECTOR

Ourrur of THE DC : PLYHoNQGENEDUS EXPAVSION,
g H - 9 /‘ ! (o)
A~ z§ie“’ L B A j
M M =m L Y
AN é@f — ") /
PREVIOUS LITERATURE ON

THE SUBJ)ECT

DOE S NOT INCLUDE

THESE TERNS

A

TS |IT A PROBLEN 7 DOES THE DC PROVIDE A

MISLEADING/ SUPERFLUOULS

INDICATION 7



r Two - FORM SECTOR

Our-rur of THE DC : PLYHonaGEMESUS EXPAVSION:
g H - 9 /‘ ! (o)
A~ z:{x““ L B A j
M M =m L Y
AN é@f — ") /
PREVIOUS LITERATURE ON

THE SUBJ)ECT

DOE S NOT INCLUDE

THESE TERNS

A

TS |IT A PROBLEN 7 DOES THE DC PROVIDE A

MISLEADING/ SUPERFLUOULS

THE ANSWER IS CONTAINED

(2)

R’
LV’\A\"

s ey

@R L _|dey, A

8w G

INDICATION 7

IN THE CHARQE -



~_  lwo - FORM SECTOR

* Ourrur of THE DC : PLyHonagGevesUs EXPavSION.

A~ zi{_;-e‘“" y by Aj
M YM

A

PREVIOUS LITERATURE ON

SH, - 9A,- 2.4,
A é(d”— )

THE SUBJY)ECT DDES NOT INCLUDE
THESE TERNS

A

TS |IT A PROBLEN 7 DOES THE DC PROVIDE A
MISLEADING / SUPERFLUOUS [NDICATION 7

THE ANSWER. IS CONTAINED IN THE CHARQE :
/_\'> WI(THovT™ THE &OL)A TERA S

, O
A
@ = d gb/{-'z R’bku\f-

LOREN 2 GAVGE =D A o
WG




r Two - FORM SECTOR

Ourrur of THE DC : PLyHonagGevesUs EXPavSION.

A'~Z§§£W+iﬁzij
M YM

A

PREVIOUS LITERATURE ON

SH. - 9A-2A |
A/‘*: é(dﬂ‘_ofz/‘ﬂ)

THE SUBJY)ECT DDES NOT INCLUDE
THESE TERNS

A

TS |IT A PROBLEN 7 DOES THE DC PROVIDE A
MISLEADING / SUPERFLUOUS [NDICATION 7

THE ANSWER. IS CONTAINED IN THE CHARQE :
/_\'> WI(THovT™ THE &OL)A TERA S

, O
A
@ = d 8b/£_2 Rbku\f-

LORENZ GavGE =D A o
gv q THE DC INPLETENTS THE

CORRECT ASYn¢rTIC

EXPANS|oN oF THE PARAMCTERS



u QuTLOOK

Q‘? (EXTENDED) SUPER RO TATIONS
[ove 4| 3mv;"b‘l‘fom) AS dovble copics?]

(P NO/\/ - LINEAR CORRECTION S

Q2 D > 4

o M{ORE GENERAL GAUGE THEORIE S, MULTIPLE COPIES,
HigHER SPINS.






