Uncharted Territories
iIn Geometric Engineering

Strings and Geometry 2023 - Philadelphia

Michele Del Zotto - Uppsala University

Established by the European Commission



BA§ED oON ¢

C‘j 1101-\05'?! w/ lego’EHLMAMJ
(.7—1 22 \2.09 %% V’l " ’ "

C3] 2303, xXxxxx w/ v |, "
Ca] LD 9% . XXXXX w /[ ACHARYA, HECK AR Y,

HUBNER , ToRES



BA§ED oON ¢

C‘j 1101.\05'?! w/ Ll\',OeHL"'\AMJ
(.7—1 22 \2.09 %% V” " ’ "

(3] 2303, xXxxx w/ v |, "
Ca] L 9% XXXXX w /[ ACHARYA HECKNAY,

HUBNER , ToRES

MOSTLY TMICE TwoO



BASED on: —5 SEE MUYANG'S TaLw

Cv) 2209 -\0S¢1 w /[ LW 0EHLMANY
2 1 27—\10533| W, " "

(3] 2303, xXxxx w/ v |, "
Ca] L 9% XXXXX w /[ ACHARYA HECKNAY,

HUBNER , ToRES

MOSTLY TMICE Two






QOO Commeraials (2

e NORO\T A CATE KOR\CAL ASFPeCYS OF
ST MMTIR\ES P Ro (cRAM

|CoNFreENCE AVK 22-25 ;2023 !

¢+ GCS CONFTERENCT 4 GRADVATE S CWoL
LES D\AGLERET ‘ AV G 21 -SEPTE 2023 j

DETAILS op: SCGCS.BEAKELEY . £D U







GEOMITANC TN GINTERW G
Lkata, wienn, vasate ]

C«.sou.:c.,«..f-a 53]

GQEIMITR\ C
S\N guLAR\T\ES

STEVEN WEI RG



N TTodAY!'S TALK WEe  wile EXPloge Two
OfEN GEOMTIRIC TN (\WBRR\W(x QUESYT (opyS




N TTodAY!'S TALK WEe  wile EXPloge Two
OfEN GEOMTIRIC TN (\WBRR\W(x QUESYT (opyS

o

GEONETR\C
EN GINTER\NE
LMV 0F

H\ETEROT\C
S TRVN G S

Ci-3]




N TTodAY!'S TALK WEe  wile EXPloge Two
OfEN GEOATIRIC ©N (x\NBBR\J (< QVEST oyS -

O @

GEOMETR\C GEomMETR\C
EN GINTER\NE EJ L\WEeer\ <

L\ M\ Q; oT M-THE 0R Y

AETEROT\C ON  Sim UL AR
Cx

ST e G‘-'Z HOLo N OWMY

C"3] CQMES

Ca]



N TTodAY!'S TALK WEe  wile EXPloge Two
OfEN GEOATIRIC TN (INBERER\W It QUESYT (oYS -

S (2

BEOoMNETR\C GEomMETR\C
gsocxmzuwg EN WEeR\W

L\MAY OF OF M-THTE oRY

H\ETEROT\C ON SN &xuLal
QTRIN &S G, HoLonownY
Civ-3] CQMNES
I Bo0TA CASES PRo RESS THuANKS To C4]

RECENT ADVANCES N SCFTS AND SYMAETR ES




N TTodAY!'S TALK WEe  wile EXPloge Two
OfEN GEOATIRIC TN (INBERER\W (i QUESYT (oyS -

S (2

EOMNETR\C GEQoMETR\C
gnoc::ﬂznwg EN Weer\

LMt O OT M-THTE oRY

HETEROT\C ON SN xuLaR
QSTRIN &S G, HoLonony
C“ﬂ CQMES
I BoTed CASES PRo0 GRESS THANKS To Cal

RECENT ADVANCES \d SCETS AND SYMMUETRES .
NAIVELY DISTINCT BUT T \NWNTERPLAY VIA DVALITY




S

GEONETRIC

EN GINTER\NE
LM\t 0%

H\ETEROT\C
S TRVN S

Ci-3]




SIMPLEST SWSY S\NGVLAR\T\ey = DOV VJaL

x4 = ¢ /r
] y
r\g S SU(‘L.) 9&ABE

MACKAY
CORRE SPoNbE ¥ ¢



SIMPLEST SWSY S\NGVLAR\T\ey = DOV VJaL

2
x% = ¢/ ,
B S SVU(e) 4 e ADE
.
MACKAY
WELL-KNOWN BulLD\p CoRee sPouse o
BLOCKS I (TE“T’\E'T&\L WINDENCE

EN S\VNEER\ G

O\ CTroyae (S



SIMPLEST SWSY S\NGVLAR\T\ey = DOV VJaL

2
x% = ¢/ ,
B S SVU(e) 4 e ADE
.
MACKAY
WELL-KNOWN BulLD\p CoRee sPouse o
BLOCKS i (TE“T'\E'T&\L WINDENCE

ENGINEERIWW G ©DicTiodar 1ES:

V\/X; = D g9- SYM
[ sen 3¢ )



SIMPLEST SWSY S\NGVLAR\T\ey = DOV VJaL

x4 = ¢/
] ,
C
rg S SV() 4 e ADE
MACKAY
WELL-KNOWN BulLD\p CoRee sPouse o
BLOCKS i &E“M‘ET&\C WINDENCE
ENGINEERWW G ®DicTiogap1ES: re.c
M/ x4 = 3o 9- SYM

Y

[ sen 3¢ WRAFPED
M2LS = W'ﬁl’So,.]



SIMPLEST SWSY S\NGVLAR\T\ey = DOV VJaL

x4 = '/
y y
rg S SVU(2) 4 e ADE

WELL-KNOWN BulLD\p
DD E T\ ;-\ “b‘k, GoaRAO\A ETRXEGaRR\A

%\-0 LKS ‘Nl &E“ﬂETK‘C HoSSw L v\ (L-)‘ MoRa\S0o

|
EN C:‘ NE-E&\A G D\ QT\OJA&‘ES: SCH;FQ"\’AI‘-\E-\&\, wilLLer (1\3;
I
M /X

PRV EY) QDP“E‘\’T\, SCY A TER
- v MAMEUWN | GARCGA TTXT B Aelp
% q’D 3 S\ M HoSS¥ v (L\) /
A\.L (ILOG'RL— FD kN\S ARE &EAL\%ED M/ axg SYMﬂET&Y
TFT




SIMPLEST SWSY S\NGVLAR\T\ey = DOV VJaL

x4 = ¢ /p

9 ;

9eAbE

M/ x©

+9 1- SYM



SIMPLEST SWSY S\NGVLAR\T\ey = DOV VJaL

x4 = ¢ /p

9 ;

. V\/x; = D g- SYM

9eAbE



SIMPLEST SWSY S\NGVLAR\T\ey = DOV VJaL

x4 = ¢ /p

9 ;

. V\/x; = D g- SYM

geAbE

. A 4 v
T /x% G D g-S\N\ (4,A) Csep 437



SIMPLEST SWSY S\NGVLAR\T\ey = DOV VJaL

x4 = ¢/

9 ;

' V\/X; = D g9- SYM

geAbE

-EA/)(“ = 6O g-SYN\ (4,/\3 [ sep 93



SIMPLEST SWSY S\NGVLAR\T\ey = DOV VJaL

x4 = ¢/
] ,



SIMPLEST SWSY S\NGVLAR\T\ey = DOV VJaL

x4 = €'/
] ,
: EA/x; 2 6D g9-95YM (4,4) Csen 03]
03 /x; = 6D g9-Tyie (z,0) Cwrirrea 957

RMk : Dag (“A/XL'@) — Dy (mB/x%,)



SIMPLEST SWSY S\NGVLAR\T\ey = DOV VJaL

x4 = ¢ /p

9 ;

. V\/x; = D g- SYM

. WA /x4 = €D N LT
_ sy m \TTLE
ng /X; = 6D g-T‘vva (Z ,0) TH=oaues
(seiseng 42

RMk : Dag (“A/XL'@) — Dy (mB/x%,)



SIMPLEST SWSY S\NGVLAR\T\ey = DOV VJaL

x4 = ¢/r
] 0
“ L \ATLE (e .
AR IATE R
HATASHV) ‘3]
. EA A = - \( L\'\—TL‘E
/X% 6D J Y M (41"3 S TRIN &
EB /Xq = 0D -T‘K’Yﬁ 7 THEOQ\tS
9 d (., 0) (stiseec 42

RMk : Dag (“A/XL'@) — Dy (mB/x%,)



SIMPLEST SWSY S\NGVLAR\T\ey = DOV VJaL

x4 = ¢*/
3 g
-V\/x; = D g- SYM
- '.EP\/x; = 69 1- SYM (2,24)
ng /X; = 69 g-T‘vva (Z  O)

W HAT ABoUT THE RNETEeOTI\cC ?



SIMPLEST SWSY S\NGVLAR\T\ey = DOV VJaL

x4 = ¢ /p

9 ;

WHAT ABoUT THE HETERoTic !



SIMPLEST SWSY S\NGVLAR\T\ey = DOV VJaL

x4 = e*/p
NAVVELY - 3 4
° HQ:‘"E;’(EL / X; = G ‘) (.A 103

W HAT ABoUT THE RNETEeOTI\cC ?



SIMPLEST SWSY S\NGVLAR\T\ey = DOV VJaL

x4 = ¢ /p

NAVWVEL Y : 3 )
° HQ:\"ng‘EB/X; = G ‘) (.A 103
H’**’D,,,a /x; = 6D (1,0)

W HAT ABoUT THE RNETEeOTI\cC ?



SIMPLEST SWSY S\NGVLAR\T\ey = DOV VJaL

A
Xq - Q—z/ i T Lso—r
| ; ;
NAVWWELY: MLs
)
Hety /x5 = 6D (1.9) Scrt



SIMPLEST SWSY S\NGVLAR\T\ey = DOV VJaL

x4 = €%/ T fso.r

NA\WVELY: 1 ) M
R — LS
a)
Hety /x5 = 6D (1.9) Scrt

RMK : Do Q"\d"é;kfz/x;) «—— Dy (H‘+”4L /xq )

BUT HETEReTIC HAS GAVKE BUNDOLES



SIMPLEST SWSY S\NGVLAR\T\ey = DOV VJaL

x4 = ¢ /p

; ;

BUT HETERETIC HAS GAVKE BuNoSLES !



SIMPLEST SWSY S\NGVLAR\T\ey = DOV VJaL

x4 = e*/p

] )
HETERATIC HAS GAVKE BINOLES =D NEED
CHO\CE OF T AT (odpuE CTApN



SIMPLEST SWSY S\NGVLAR\T\ey = DOV VJaL

x4 = e*/p

] )
HETERATIC HAS GAVKE BINOLES =D NEED
CHO\CE OF T AT (odpuE CTApN

dXY9 = $°/ n, (S’ ~
, Pz ( /Pa) Fa



SIMPLEST SWSY S\NGVLAR\T\ey = DOV VJaL

x4 = e*/p

] )
HETERATIC HAS GAVKE BINOLES =D NEED
CHO\CE OF T AT (odpuE CTApN

dXY9 = $°/ n, (S’ ~
, Pz ( /Pa) Fa

Tor H{:\'H PAQAMETRVIED B

gé Howm (r‘ng)



SIMPLEST SWSY S\NGVLAR\T\ey = DOV VJaL

x4 = ¢ /p

; ;

¥ 0 & H{_‘\'H PAQAMETRV2ED BV

gé Howm (r‘g,H)



SIMPLEST SWSY S\NGVLAR\T\g § - PV VJaL

x4 = ¢/

p! J
sé Howm (Png)

Het / (% ? g) ¢ 69 (10) LsT

|



SIMPLEST SWSY S\NGVLAR\T\g § - PV VJaL

x4 = ¢/

9 a
5 € Howm (T,

Het /(X g) GGDQIC') LST

Ou T
R TaSK Now S Yo YETgemi veE THAS  LUST



Het /(x4 6) € 6 (40) LsT

OVR TaSK WNow IS To 9Etgemi veE THS LST



Hg_—\'{_\ / (x" , 43) € 69 (4,0) LST

OVUR TaS K N o\ \S %o VETLem NE TH\S L ST



Het /(x4 ¢€) ¢ 6 (40) LsT

|

OVUR TaS K N o\ \S %o VETLem NE TH\S L ST
STRATE GY :(3]

V4
H"‘-‘E;xﬁ — HorAVa-wWITTENY PiIcTueE — ~
3

FREY ,QuoeLius -

— TRACTONALLILATION OF WO |accusnccr ohnes

LWLl E, L.\r’l
'FKQM 0A6|' lﬂg‘\’ A,J-ropg \:A"kk\,(;l“\,

v comgece o,

——) EHA%ED 1P FT-THEoRY 5,‘ GTo ACTe1r

L -DvaLrv Ty [ BMarowad, 53, igckman P
no
Het o . FEASod  RUDTLIIF, vara 1o

—






/
Ho R AaJa



pol A Es T.= Clplr)Ee) Ml > £,

N MS

[ASHV\NA-\.L- AokevSod 18 ... LOTS 9Ff RESVLTS FONT’ Gapre p ]

ETXEGARMA, LUST, MEYRNOFER 1% ... [ 1,27] S ISTEAATIC
UNM9ErR sTav) 1 ¢



= T(pa, 1)

RN VTN v
Teey 17

4] 0RRI-NSTANT,



F. = C(u (F),‘E‘) M P—?f&
‘\-\n;:A\IA
WLTTE M

456
..... S R L [ 2
C/n
N MS
S N-2 ﬁf‘rgﬂ

T(. r‘) RYVELV VS CONFQF“AK Cb%,“\tcu\he,
ﬂ”l

ToMali€LLo,
VAR 14 J









~/
Ho R AJA
WITTE )

LR T4
v
C/n

FoSrop- NECknap RUDLUUS Tonagre, 'a e V\Vi(L'

2%, Lo tart (% jn
S T(}A/lp)_r;\,__z(%,)ﬂ‘) T{/\;,["')




ExaMeLE ;. 9} 7 €¢C F4=EQ, F, = Ea

e ... € €¢ .. Q¢
@4‘5434%4(,4%4 Lyl ~ L \3\Ql’z\flsz)[ij

- J -
'——-——‘—J_ T(£ €. =
T('EQ’\""-&") Nj’L T(_:,,/P, f,.)

. — @ ]
N+ /



C INTR\LY (x KTor OCuAm ‘H‘)









_----—-———-——-_-—

£?

)
,All TUSE To(HETHTR

T0m,0)



ExaMeLE ;. 9} 7 €¢C F4=EQ, F, = Ea

e ... € €¢ .. Q¢
@4‘5434%4(,4%4 Lyl ~ L \3\Ql’z\flsz)[ij

- J
I e, _n ..
T(ﬁél \_":té) ""('l‘. ') T(-—:’./P, c«)

. — @ ]
N+ /



DI\SaleE s
N+ / N v HE

N=0 Lyt !



RROuCED

- Eq,

“I\T 3 2) [ij
T(‘F P,'sfk)
o\
REQUCED
N THE



e¢
AEYETEX AL AN £ 2
- —
—ro(fcl\*’:té') 0
REOuCED

T v R Het_ “
LS THE 6O LST TRom ;. Eg /Xe‘ //4,,,/42



\ ¢ T-DualL To N-—70 LIVHIT oF ¢

C INTR\LY (x KTor OCuAm ‘H‘)



6| 2 -Grov? STRucTUQE

qu Sozz *?¢
C“’w] / 4
(3(4') C§°m]
Al o
\Ao, 2 K, =
S THE Q%% ST

Hetspntnd fy, /(x  0)



N THE faleeg: GEVERAL fRESCR\PTI0) To

CAPTIRE GEOMETI\C ENCJETRAN (-
LMY N/

A /AZ )
g « . . (xgd‘h'rh)

ALS C T
o AMWMRCVT o TIKMWE 9N ToeSiopal

— Nap Singl) LAcCT)d

NERS\noyS ([ TelLles ‘FWYE"]
L SteW &S



Z

GEoMETR\ C
EN .Weer\W &

OT M-THTE oRY
ON SN GuLaAR
sz HoLo N OWmY
CQMvE S




M/ Xq' . G‘Z NoleNonY — 49 n=)

SQFT
RLCHK DPYNAMYCS

STRNETRT BrEaviIG. ..

CONTINEMRENT.

NON- PERTURBAT I\VE CofRs CT\oNS

EOoCLI%9EAd M9 BRAPES o,
CALABRATED ASSoUAT\WWE 2 .-CYCLlgs

=7 GCTRoMETRC EP Q\NELRY (¢ 1S

NaRoeER: QUANTUA G&GEoMTTEY
_




THERE AQe 3 E€XANPLES ofF Local G, S

X*___ CONﬁ ( 3'5 Xs‘s) c3¢‘1AﬂTQALAr\o,J 8ﬂ]

?k\‘(§\(5 : CAT\‘(A-H,MA-LBACC.JA‘ V AT A 0‘3,' ACHARY A 0\,‘
ATV\YAH- W\ TE oiI- ACHARYA - WITTEN 01 ¢ CVvETWC

e, l
G‘bb°ﬂsl (,v, folfE 0']



| (\ERE AQ¢ 9 EXAMPLES oFf LocaL &, 'S
Y= come (57 xsP)= F($?)
X1 come C0¥P) = AL (SY)
(2
X, = cove Sl Uy ) A—(sz)

3



T E\ERE AQE

3

€EXAMPLES

of Lo<AL

X :CoNE(ssxs.s): S(gg)

1a

= AL (s9)

\
_ (Y
G-



THERE AQe 3 E€XANPLES ofF Local G, S

-)(3("' cove ( $? xs% ) = $(§3) &Q“‘NWH

1

X¥: cope ( C¥2) = AL (SY) ™.

A

: X*‘: CoVveE ( §¢M)/ U [A) ¥\ (1) ) /\ (CP)

P,

W WAVYT SCFT S THAT ‘/
Ve

cTNeRALEE MaTTER  Fop \NTERETTy Cr
euT £

Qv A\L(TaTive

TETATILES

4D N=| &, ExampLes



TE\ERE AQcf 3 €EXAMPLES oOfF ‘Lo CAL C—.z 'S

M= cove (5P xs?) = S () [\ Beantun

Cceonesey
! _ 2 4 -
.X:- Copye (Q? ') - /\—( ) s
Y _ ) L 2);
X = cove CSol8)/ Uy ) = AL (e®);
//
WE WAVYT SCF T T\ AT v /
ST
kT NeRALEE MaTTER  FTop ’EM'/ \NTERETT1p G
4D N=| &, TxamprLeS - BuT £

Qv A\L(TaTive
TETATILES



1T e\ERE AQ€ 9 EXAMPLES oF LocaL &z‘s

ME= cove (5P xs*) = F(s?) [\ Reantum

WE WANT SCcFTs
Tocul o) THE oOTHER

TwWd T XAMPLES AND
TAE ORBITFaLoS )

- \NTERETT 1y G
TMZ vt £

Qv A\ T A&T\VE
TETATILES




WE WAJYT SCFT ¢ Y /
Tocul o) THE OTHELR

F\N\te 14'
Two EXAMP\ES AND AT Y ENTXY TN e

TAKE ORB | FaLon§ ) OF So(F97) SUB Cckovps oF
. \SQI“\E.TQ-‘T ?SV '.3) \S\r\f;"gr



LOTS oF UNEXFLoRED EXxameLES ! BUT BEAUSE
OF &y HoloNeMY :GENERIC Nop-i1Se Late b TIN (VLA G

X cowe (¥ = AL (SY)
: X:": cove ( Tvl3)) u(,\)),,{;(,,) ) - /\L_ (CP?')

l' /

WE WAYT ScCcFTc /
X /
TocuS o) THE OTHER v ’
F\W\Te i
Twe € XAMP\E S AND S$ IS GRoutS TIvre

TAKE ORB | FoLn§ ) oF So( ) SUB Gravps oF
) \SSME oY TSV 13) \semerey



LOTS oF UNEXFLoRED ExameLES ! BUT BEAUSE
ofF [17_ HO\/QNQF\.Y GENTER\C No AN - \Se LATE D SN (wi\f\q

1S TR A fRaBLEM



LOTS oF UNEXFLoRED ExameLES ! BUT BEAUSE
oF G HoloNenY IGENER\C NON - \SRLATED §|n (< AL\ Cs

'S TR A PRoBLEM ? NeT KEM.L\( WE ALY

QU\TE  Fatitval Wity THESC . C'biﬂw\ Gﬁr""iw'n]
TacHMi\KAWA 08
3 —
M / & /ZN X ZN = l K SD
SCFT
RIS _
. g .-m7 @q* N
(1/ e /Z[”’ —
”, ,










THE Gp T,
THEORY S Ao
CoNFormaL

\NTEa T ACE BETwegy
D ThEgiES




THE Gp T,
THEORY S Ao
CoNFoemaL

\NTEa T ACE BETwegy
D ThEgES

THE 3D DoTs




GAY&\NIkz [(8arasw,

GLU‘E\N Ge JEEEEAST o,J'
W\WN '

INT €T ACKS OV Mo,
VAf;)
T‘\'\f. SD TA 19

THEORT (Afrvar,

a TR
CoNForm M.I%mu\

werl
\NTEa T ACE BETwegy

D ThE ES

THE 3D DoTs




T ok (??_ - 0L\ TolLDS oF )(%

FWXe)

LAQCVS

CodDwmeEN SN 4 —>



T ok (??_ - 0L\ TolLDS oF )(%

FWXe)

LACYS CAdN HAVE .

CodDwmeEN SN 4 —>

COD\MEWS o u 6 —



F ok C:z_ - 0L \TolLDS oF )(“ AND x"

FiXep LocCcuS cCad HAVE .

o CodDwmenmSiapN 4 —> 1D
THEoRY

4
V\/X7

COD\MEVS\ o 6 Q——? >0

™Mo\
4D THEoRY ARISES AS EDGE " ¢
MoDE OF WTR\CaATED NESTED / X n

2D /2D INTER® ACES €3 63/Z/MxZ/,,



I A




I A

+C




I A

+C



I A




I A




I A




CRVCIAL QAL TATIVE POI\FFEREJ(TE -

CODIMENSIod 6 : SD S(¥7s , TRAT Do NeT
VEcoverLe IN TH(E \R.

WE 5Bt AN ‘ 4D - 5D SYSTEM 5\



CRVCIAL QAL TATIVE POI\FFEREJ(TE -

CODIMENSIod 6 : SD S(¥7s , TRAT Do NeT
VEcoverLe IN TH(E \R.

WE  oRT AW ‘ -S5D S‘(ST‘EMS\
THIS AlLlow S 4D

QUALITAIIVELY W~NEW TEATYrES -

° SPoNTtANToUS SYMMETRY BrEAK'J G

¢ HL&GHER STAnMT,Y INHERQ\VTAN CE

. 4o QUAS\- SCLFTs. NECESTAR LY
W TERACTIVG !



CRVCIAL QAL TATIVE POI\FFEREJ(TE -

° SPoNTtANToUS SYMMETRY BrEAK'J G



CRVCIAL QVUALITATIVE PI\FFEREJ(E -

/

d

5D
49

’

¢ H| Gk
\ER STAMTY RY NHER\TAN CE



CRVCIAL QAL TATIVE POI\FFEREJ(TE -

/

w.

D

Ay 49

¢ HL&GHER STAnMT,Y

SO A-Foen
SYMNETRY

INHERQ\VTAN CE



CRVCIAL QAL TATIVE POI\FFEREJ(TE -

/ ¢eov\0E”
TALS
/ ﬁo\lr’o‘*p\f
Lor’“‘{wh‘
; €x$71S
v/ Y/ 4y

¢ HL&GHER STAMT,Y

SO A-Foemn
SYMNETRY 7

INHERQ\VTAN CE

40 O-FocM
gYHMETc.‘T



CRVCIAL QAL TATIVE POI\FFEREJ(TE -

/ EXxOL\C\TLY
.@ VETEAMWVED
TRom
VETECT G Rou?
5D # D 4 \BG\): D M (x24)
P-we 'Hk(")
¢ HL KGFER STAMTY RY INHERQ\VTAN CE - P-BRAFES

SO A-Foen

SYMAETRY — 10 O-Feem

9‘(-‘1/‘1'51'4.‘1’



MAay T NEw EXAMPELES oF 4D QUASY SCFT
ART xEoMeETRvcALLY TN \NT TAd) (J TS
wWAX ...

C?/Z/k SO &GAU G\V &k W [

o iLlTion gTPemoenT
CoVlLiy (s




May T NEw EXAMPCLES oF 4D QUASY SC¥T
ART xEoMeETRvcALLY TN \NT TAd) (J TS

viAX ... SO &GAU G\V & W [
"
o LlTLon gTPeE e EmT
O CO\"L'Mk
w
N

,') T XAMPLES v THE

. WANVY MoeT DT TaAlLED
} tAaete (4



Z

GEQoMETR\C
EN .Weer\W &

OF M-THE oRY

S

GEONETRI\C
EN GINTER\N &
Lyvm\v 0%

HETEROT\C ON SN G&xuLAR
QSTRIN &S G, HoLonony
Ci-3] COMES

Ca]

NAIVELY DISTINCT BUT T \WNTERPLAY VIA DVALITY



IN TAT  FileST ParT oFfF T™ME SEWM\ AR -

Het, / QZ/F‘Q

BouT HoW ABQYT

Het, / €7/ ¢ < Sv(3)



IN TAT  FileST ParT oFfF T™ME SEWM\ AR -

Het / Qz/r‘g

PUT How AROYT

Het, [/ C>/ ¢ € Svu(3) 9

T-OuaL\TY  STLL  HolLdS:

T
3 \ 3
Di‘ -\'\Q.‘\'ﬁuﬁt / € / ¢ — Di‘ -\‘\LD /€ /

\G

= 4D LST< [Giveed wTrsou], BELoW LS S(ALE

3D Dvauty
CC\.c I3ET S(UhAFER cpamswt, b é]



IN TS FaST ok T

0F ™™t

SEMWALRL ¢

Hety [/ ¢"/r'9

BouT HoW ABQYT

Hety,, [/ (\:3/r

€ Svu(3)

wWwWHENVEVER THE (N GULAMT\eS Arc

NoY ISoLATED : THE

famMe



W HENVEVER TAE
\SoLATZ D ¢

NOYV

CIN GULAMT\&S
CAMTE \BEA APPLIES

THE

7

4
/Z/.\:



P\{‘\'H / QZ/Z'J

CARARVAGE, VAFA, KLERR )

Het, /& Gy x uy) —




L A&M’P«(AC,\JA‘FA’ \‘L‘Er\nl

-\-\L'\'H/&"/(Z/dx’zl’,) %7




7 %3 -
"'\/Ca,_L Y\PTAWIST

e X

Ba L ?/.‘3
.-~ Loca\ -
MONELS ©OF q = M/K)

"Yoprc™ &,'s .

L ARGRYAMC VaFA, WLErn )

-\-\L'\'H/@s/(lfdx'&A) %7




|N SUMMARY @ MANY UNCHARTED (opNERS

oF GRoMETLN ENLWERLN( LANSSCapE |

SCFT
ME THo( §

(—— 5 GEvERAUED

\WNTERPLAY SYMME TR\€S

ADVANCES Ty eE



IN SUMMARY @ MANY UNCHARTED (opNERS

o GEoMeETLN TNG\WWEERLY( LANSSCapE |

SCFT
ME THo ) §

— GENERAULTED

\WNTERPLAY SYMME TR\€S

ADVANCES Twme
EXPLog aTvon

THAN WK \(0\) T oR \(OUK ATTEJLT\0N \






BACK VP



GENERALVLATVON OF SYMMETRIE S

KAPVSTIN THORY GREN 13
MANTRA: GALOTTO KAPYSTIN

ST(9ERL wilEeT '\ Y

SYMMETRIES IN QFT ARE ENCopr b By

SvBsector oF (Quasl) ToPoLo Grcal
QPERATORS wWitH SVPPORTS oF Var|ouc

CODIMENSIONS



GENERALIEATION OF SYMMETRI\E S

FUSIoN € GENERALIZES (eovf Law

CAAN \NVOLVE VYoPolgcercaL
OPE AATOoRS oF D\FFERENT
CODIMENStop



GENTERAL\E AT\ON

Cop STRAINYS
aN DY VaMICS

OF SYMMETRIE S

AN oMaLY
AR A QFT'D

D+
\\’ Q ¢



GENEKP«L\%PQT\QIJ OF SYF’\‘“\ETK\ES

AN oMALY SYMMETRY
TeT  a ¢ QFT'D
D4 T 0\
A?c-\l'\:‘ﬂ, Paodf.-)’f\, Cral-Cila ETYXEOARR f; \ Q¢
HoSS IVl | SCHaAFER - JamT K\ 2| N

ANamaLy >NMMETey

- T
TT‘TD\-\ TF'P—H Q v

Cod STRAINYS
aN DY MVAMICS

(Aot KUL® 20 ; DR, GlaRCIA ETXEBARRIA 22



GENTERALVE ATION OF SYMMETRI\E S

AN OMALY

T‘FTDH

Cop STRAINYS
aN DY VaMICS



GENERALIEATION OF SYMMETRI\E S

AN oMALY SYMMETRY
TET
D+ TFTD‘\'\
AN oMALY SYMM ETRY
Cod STRAINYS T‘:VDH TFT

D\
aN Dy vaMicsS

c
( DX a¥ Mo 25 y o“l\aml‘\‘ﬁ\(muﬁ\wA 'z\j



LST






