KNDTS, MINIMAL SURFACES AND
T- HOLOMARPHI C  CurVETS

2 e*\‘zwm 2 ¢
K2 S bt o Lk $= 9, H

You O W et minstwna/
HoPE : pnfacy 20 = WY witn 9L = K
ond Ty 8 a (K :'nwwn'owj_.

When T =D S g a Warewn
WARNIN G- preof ou  argsv hw  maptake

% €6 brake \74"’ ot L.

Fless Ths 8 o Fowwn olaswiead  Liak
DREAM wrartounk .

" Stamdosol * Gpologioal  calewdations  would
boeore oxdtenar thovewn [ wuvima
onfaen |,



Mk wrad &mﬁacw hone 2 b)u[, roal
par e+ goauo aud ”J&'MM:’A@
o ey )

SA‘)PO&Q 2 2 IHY &  EMREMPED

N =2 vual bundle ¢
Erdalitad o

Clhoose o sactron  wn e (2 N)

DN 9, HY = K ed  Hois tutergodron
5 ok H@M-owg’lw,

So an&J’wmw/:m?aﬁK

Q(T) = lwking % of K aud pile-obt
of K m direction o n .

@,L K ul{"h/\ W‘P 9_ M oegjl/’-—&wkﬂ'\g;
> Lo - veutable fa(ﬁpwuu'a[.
Guld it ke HOMFLYPT 77



J - A eweven

In daelt  wp'n Am'v; Growsw — Witteu W’Vy)
R %5 £ — 1 towis tov $pa e

Hoo  cposial  adwott couplox ehmetuno T~

EMn — Lalpmon vampﬂm{ww !

J -l curves

(Q}cwpt‘ A bres qudecn PR
ok ZHY) ) L1

>

pm}a‘D;/\

y

Gounoy Uit

Moceaver | Z,7) &  crupatible it
SUWLPLQC/D\‘C Povun L .



C Weindlein — in é@y, Rozwi kv 901')

o mininad fukau  Mvaant @ 7
a Grwew- Wiw Javadact toonding
J = bl curnven  wih owlain  boundary

comdiTcomn  Aatervnined 19 K.

BWT

B w awd I CPouESa,{—QmZ

J - el m[m&m Por u: 2L —>5E
R DEGENERATE a/aw? 292 .

Tow Wa{ vauliles M alain direcdhi o
a)Lerb, T .

%aﬂ '/”A!L é’b‘ma(aw/ Wt@

o pa e WU"y Lo 7?7/% o/
J—hef. e,



Teere & a olow ol /’Mjmph’b'@ﬂy
SecOND trotytviad 9QM4P locte ¢ 5 manuidold
e K Wt X E €Y Ll a

Gw o X whidh grwe)

Dink mm S Dinks ?ﬁ: Y.

ONTE XT

1. Towu — Tremba  coudzd numinnaf
&rﬂam M ’33 (%ﬁ)

2. PAuxaks - Mazser owwtd wvwrwad
bwhaeer M H (2000¢)

5. Ekholu — Ehaunde cowntzd B Curwy)
m otlved  candbedd  with

/»ﬂﬁmfuﬁv'ow IJW aoudi oy (2079)

—~= HOMFLY PT

(Conjectined by Oguri— Vata )



Tuwistv gpace ol Y & Mf[wGWVPZV“C
b noolved  conle

fo WW i mamaf g“u»/(qce fovavi o/l
Lead FBMELYPT  foo.

Bik ©  wo /\ajra%om &wxxﬂh/ﬁ. W‘Z‘m
A eur db‘vy_

TWISTOL &PACER
MY a)  oviewted

Z‘_P= {T a.cx 3 WT‘;M, a\f)’hongmfg
od R o eladlion

TL

Y (s Z —=> M Fwile fpa L

T2 = \/%®H?__ wa  LC o




We wse J_  dwe G Ello — Jidarmoy

T, & dwe G Ponrvstt anof
A%'M - Hitobu'n - Ong,Q/‘

(M/t'tr' :l_—"r\j—_ ,/vww mww .

bven  ovonited ’P?'c_:"\;M, 5[.)%@2?
A "P € T%"‘CJ)K Ung

Rivem  fwwnrzion 2. —= M qJ et KM



Thomveur  ( Eelhn— Sadasum )

o 0w Z,q‘)%(Z,T) R -l e,
'T7°u-‘(zq' (M(\aj)ﬁ codovmad  aud  hayan',

© Cowveady W fo(24) > (Mg) n
codovina] and hovwaiie s Gawes LM
o J - b,

/

Thas gives -1 cowegpadenca botiweow
v -vertteal T — Wl cwwes v 2 ad
odoviad  hovmonic  gudaen wm M G
browohed | tummesed  uwiniwal  pubaces

TOWARDS MINIMAL JURPACE (NVARIANTS

—

No talion 5_(‘ £ manlletld i ’bawmﬂ(a/%
X i [%WW Qﬁ‘ X X

—

Y & BY slmed & ~balf
Z & x g
i (',awxpaa{' gw\ﬁaw, with 9% /Vl/v)w?

c>0 CWUPM ad éw/rzmﬁ 2



”ad,«ma‘&'&%blﬁ J-hal cuNQ\\ T q pair
tul;a') U\W

1,

J wi—%i N C

/

—

. Teu 2= HY 5 ™ ad

0 U s om beddr
Tl T owm VL?_

* Teuw (9T) waok W hramvarely
Mmoo Cz,o( _a;v\/K / W //_ﬂw &Wy
d u

c Ci:,/()) R a Riewawn pudaes ad
U: @:’J) - (Z2,7) & holaovpluc

—

J DoEs NOT EXTEND T 2 l

J- hal. 2qu wakeo wne fomfa om r}'?t!

Mo duds $pa ¢ o J-bel cunver

{Www T Il aww?]
J/L?},c = (u q)

Dilbeo maphwn) ol 5




T haweim

1. Jw,g,c 8 ki dineadomdd Bavac

mran Rl .
. C™ ombeddad
2. . =
IMMP b Mgfc 7 je' ? DiaKyp ia 83‘4
wl. ¢ campovant

b: Tuq] v nu(yr)) e s°
s Fredldw  owd fadex O,
Dbbicdly - lUneavived CR oporalw €
MZ Adlipe ~ WWM rephas
im nnwwdd diredions ou 92

Jotlulpon © e O- caleadun o/
Maizres — Melroso

pa?~ S pmmw'lm'/t? 77 u (3)) 5
F red/atm Waﬁy emdi T o

Cﬂuplﬂ/&[% &'ﬂﬂ”wﬂ /MWI/ ,04
/\Oj/\a/v\gn'ww bau,w(uaq oomd/ Tront.



Thenern

For T-hol. disen, b /{J(‘M —> :io,,
) prepys.

There § a cmsetont wauy b ovient
Abres \oP\CK) whan K £ /\ij(af
el

Then  n (K) = % },7(K) ( 2rgnedl

comd )
s o Kuet  fvanvianl .

Siwp bikication : Use  hyprbelic  wolire
ou D, Ther & b bewud
on  envgy DENSTTY o wu:D—>Z

gc "D lwl’e/vuz/{ Lu/bblw

BuT

'D»‘ﬂ/\‘cw{/t? : PDE j& ,;: i Fprmadey
p .



& cau't we 'Caudwol wothads'

Cc?c/hwo&f MU‘W@GA> fo boo}aw Prowg

w9y olousiy bsund o 4/1(‘7/w e
comtof .

NgW J’/mwﬂam

Take a pajr o ortaosal ﬁfwﬂ%;ﬂadfmf‘c
HY ) He WY d

MG oM = He 28 b My Lk
MW C[\I\OAAAA "rTl'.o/vi Nw)

o [he mﬁxﬂ wininad fulace  uwliom bl Ha
Y RS oy



@ :\X a fbﬂeww
Ee R
Mrﬁﬁf ?2 H, ,w%ha/bja
amulbar AL Gokou E£0)

Ae £ — 0, H
AR &wwﬁzoﬂ Ay pluches

A\: — lH:UIHZ

0,2 2 £ NOT propor,
Expectalron .
=

st By, CF of Vhad Liks

CBS’C (3 Coolt g ov 2



« b v pope over XC\B;LC,
10t & tawe Bew we o dodine

tho fnaniound CWML'VL? nefan waod
Sudracen on  befove :

Take r\aﬂulw vadue W € L\ %érc

—
* b CK) g iwvaviand

/\
[} K ¢ pthe regulos velus , [rohprc
Mo L, fhen we  can ohaone /st@py Ky
iz kdc/\'(&a’c A-QCCM{J.Z %g.‘c f
oo/ moudron 2.

Tlou Ltj L)P,CK(;) (5 @mﬂad‘ ol enlad
Obovaiyy Wuﬂ'”ﬁ

# LK) WwIR)



L) A Cresel wadude ciffoop  Tlan
Q?uloe_o.ﬂ @0) u, oo Crwerg L

e e /:}DQ 03 NoDAL  Riewauuum

Sufleco .




Thene po b cedo A%wxwaﬂm o/ dsnain
o ndod  euf @ o it of T
Wmap! U,

Theee a3 pc%‘lm'U’G‘_w S The mwapd Y,
Croe L. u, — Yy, : i 2
ot & (9’00/ 3) — b,

rred. —
1. a £ e MUZ‘ WW o 2,

NBM — e/w,ptﬂ bﬂtﬂﬁ 0A
Ny B Ccomrlawt em auny Inved. tanp -
onend WU wo lﬂbwua(a/lj




Tls Uo Caim) = Koo

Swset o K & L which  bsuud
SuM & E’l%ubr hod- curve T
Codlwmr 2L

Rostow 1 Two  Swbacw wuﬂmy Mmoo
G- wamideld v o pdiventton 2
PWAU\/\

Lok (U"g,c _:’J(g,c be "y versal CM/“VQ“

Fbe  gver Eu,ifl e () ) (iwenov

o @ it
EWMM aqu Wap N /Mg,c—% £

T\'\U\’W N 3 a mbm:“m/i

Uee frs & ohow (e 1o ~> ool 2.

Cae 1) N @ nm~c/uc’i2_//n_f o
olesed  componont ol Do

l- é ?D’ ’Sﬂwr 0O “S'\ \ n-\’J:_’W'

n "74/LI¢



MWL A T o wudtr e pore oo 0 S0

Gane 1b  owd 2 M%*}’L\QW



Wod T nde el K, whion @ J'lled
by diseomoclad T hal eurvt grined
10? il wdber of  fbres,

AUVQM‘} s o o 2 oo

dox o Rbe i O 2o expeck
thenr Tl tunves b b foleded

But e wat, oy o m 4D
ﬁaﬁj ¢

o fla //Eaaf\‘ LG gag gp,mn‘c
I’L@LUP/VQ/‘/ the W—%PWOUM? Noole
J- ol tunen  ane @M”WMMZ// H
dhould @w{y occwr Mo o 2 Y

[ Snee  have 4D eholvuctions o
dgﬁwwuuﬁ taontor Abre)

Or p@fbﬁrb \T‘

4. Now 0“"’{’\7 bowe  dysenele —&waly o/-
cowmpadd” curve,



2. Cam o law wipOlren b
e g all ke??w reaudfty
ort wmoMectad .

Now  bad Lok Lo one 1b, 2 are
oo codiwn 2. fod

RUT Mo cowpactinen a/ﬁmw/f
wWwJ% M/Aj o precise Sowm ob N
haay OZ C&v‘mu W A.le/l(y Wwag@
7ewl(T) @ HE & Miuwiwal )

e o deas in prost el prepemen:

Wk wHu  ondwuad  larmav'e F=Tieu.

4. A PruocRL ENERGY DENSITY ROUND .
) b cmplele  hyporbstic wotnr'e
3\&1-\ \L—§ 1 /'h}\'vw'ty

Bookner =5 TP 7 S 1 oury whant,



Fre havmunn'c UAADS WW Comp ACT
mauni o () tur  wodd  alunart ﬂ"mﬂ
(s 7’%.

E (&'P‘C'Q Lee«fé’/l?appf . C® bd g,
Wrw Aom @ ALt = Ch bd
o 00 ek

Arialy — Asery = n/uy Aeg. o{: o  harunmic
wap) 5y} ldﬂ,;lq'SQ hai  a Pubreg. whidh
QﬂVLVUQ/VJ (A Cw

Pm/b(.MMSt: N o T sur ﬁ'ﬁutm

° Neod v oowwt N(Zfz'm neay
DL s Wi 1 aee
Q/MA‘p/U‘Q PDE_ W?

Neoeod 4n ELLPTIC PDE 4
elat it |



Ouwr PDE (.efﬁ?iu wds maad oaw‘ﬂﬂa JL7VL
or J- A ~.Q7m) dtﬁ.}u\,@l\a/@ ot 21
£0 .WL(A'PZZ'C M'W\a/fi/ Mpwa/&
ok o ba(,ww(a/y,

Hones  how G ;ﬂf ardund  Thur ...

2., MIN\MAL SuRfACES CAN'T PWH THRAWGM
OO 3P ERES

H/VOPPW and  baniers Vv miniuad
Purda e

i

Tt bebarisur & reded eut Ly

matwenn priveivle.



. ANDERSON'S (pNVEX HuLL

m'm‘wM\/(
Lo
D/ 9,@!?)0(1/3: C
b\Leng cunve
EWMMM
ol
ob;wd_qm‘c —

u»\?'Q\\’\*



This & wley boundnior hane & be o6 lmt c.

C}mu?wmd.i Jni—f—‘: /F/-?’l Leqaj
miniwad  purka e, L (o7) =: K,
bouwnsan'es  Cravegt in  CT

=  widornn C° etre! oL /;Cf)
near  OHS

4. RESCALING ALGUMENT

Ferinklol ™ peav l'v\.ﬂ)'m'ty

’ bl/vw\P“ J)

be e

@Zm/p_::? ool

' g, 112)
L R



Rogealt hal [ fpa e eravdinaley Y,
OLXZ_L dylz—t OL?’,;L—&— 0‘.7;

-

X

=

G)(,j\ — KC’X, la, ) K7 0
3 ha,p_o.r\obb'c_ l“uw\aﬂ;n ]

Resoals caom  wudwad dubaw to
puk "bw“ ot x=7":

Rut "7%\.0 O*’\Ay VIMV\AM oaurﬂtﬂt?
with IOW A (J‘MJM Linge

3 [{—]q'
Ll gt

Mkw



Td%(:' Lo £ W W‘f’
J)Mr'(]aa &) ’ﬂw_m/% ,

Cma.u_?w/mczi v['n—‘f——) 7#7* J:qm/
mavd wad  purka e, —1[:4 (')Z) = KVL
bowndan'es Crvergl In C*

= b Ci Codro! oL A(f)
near  DH

E. THE miuMpRE E GUuATIoN

We wew W C/‘ Qﬂvxw @L oul
min. Subae e Ha bow«ﬂtaré,

Neovwt nueed o NON-DEQENERATE PDE
b gk betle et



Mea ourtses  auwabieally edve
. Willwmove @o@&m/

WI.M!M.W{ _2,714 (! Sﬁmﬂvo(g/ W/ |
a(/uc/t‘ma? ConFoLMALLY INVARIANT |

Hy/f. maln'c Clmz\.ﬂwm«%/ﬂ/ Euclidean
So Wéﬂ'c wirdwad = Euddidsra Wilwove.

Evweld doan  melhe ppuesth “10%0 ba@%

b Eucliolean Willuwmwe %m 3 ot
Ao awmd  eur Ama Mman .

furT-a W) AN Jo(,ql}-mm ol
" odes  NON ~DEGENERATE olliplic PDE /

O‘m.t.&?uwd.i Jno‘f—% 7/-—!"‘ JZI?J
rmand wa  Purka e, fn ('DI) =k KVL
bownoan'er Crvergl In C X

s L pubseq. o
= v gen el Pnodeq. o
7{" (T) naar H"



