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Beyond Algebraic Stringy Spacetime

Playbill

Prehistoric Prelude

Fractional Fugue

Meromorphic March

Mirror Minuet

Conjectural Coda

" “It doesn’t matter what Lt’s called,
...as long as it has substance.”
— S.-T. Yau




worldsheet SCFTs (super)string compactification 20 @ ’ &mw /
MWhat-Where-How? gy g 1

— Who, When (We, for 13 century)
Tian-Yau: {Fano} \{CY}_ = {CY} .

® Complete Intersection: X = ( N; 1i(2)= O}) <
Also: {ZJ} ={CY},.

® Constrained subspace: X .={f(z)=0} C

®Functions: Oy(d) 2 ¢y(2) =~ [€b (z) (mod fi(Z))]

®Calculus: TF(d) o dzy~ [ (mod df(z)) ]—“adjunction theorem”
STransversality: {A;df,=0} N {,.=0} € A —

® Anomaly-free: d™zy = 0,(0) & deg[d"™'z,]=deg[d"f]
“Massless fields: HP(X) = HU(X, A’T), also HY(X, End Ty)

> Gauge” (for “gauge” Jequivalence casses.

3 . U 1

=Bott-Borel-Weil: P"= - (n+U)1
& Eastwood (mxU()
+ Macaulay2, SAGE, Magma, ... (new tricks/old dogs...)

3 — sequel: “old dogs strike back”

qblf 1""(zv) ~ U(n+1)-tensor expressions
==



worldsheet SCFT ground-states compactification ) i @V o y o
MWhat-Where-How? %@@@@

— Who, When (We, for ¥ century) e
® Mirror models: f(x) = X a; (T[T, 4%), s.t. det[E=[e,]] #0
® Then, col[E~] Hoszzmg[f(x)] =0XG: QOH; QOX, &GO,
eNow, ¥0) = X1 b (T[S peer s
®row[E~" ] 18, (0] = Q’><G’: QOH; QO, &GO,
®so BI[{f~'(0)cXx}/H| < BI[{F'O)cY}/H]
BIG

® Complete deformation family, f(x) := Z a; (Hn A @ij)’

=1 ‘{OY
N\ 1
Genefatm%

ch C‘fﬁn

® specifies combinatorially many mirrors by “reduction”:

\ ®set: some aj,bl—>0 & some x;,; — 0 or 1: Red[CJ]
‘ PP simplices’

(. J

= combinatorial data ~ toric spec’s
| 4 — sequel: “old dogs strike back”
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" @ Reduce to 0 dimensions: PY5] —» P°[4] — P?[3] - P![2]

MHow Hard Can it Be?
Why: CY C Some “Nice” Ambient Space
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" @ Reduce to 0 dimensions: PY5] —» P°[4] — P?[3] - P![2]

MHow Hard Can it Be?
| Why: CY C Some “Nice” Ambient Space
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MHow Hard Can it Be?  sidugg
v A .‘!;‘f';"' L
Why: CY C Some “Nice” Ambient Space -

[3] - P'[2]
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[arXiv:1606.07420]

’a Decade Ago...

B Classical Constructions smooth  models

1 PA T 1 4 (2,86) b,=2=h!! dim. space of Kihler classes :
® Eg X,, € { . ] —b3—1 86=h>! dim. space of cpx structures
PHllm|2=m | | "T168=,=2(h""—hZ1) the Euler #

¢ Zero-set of| p(x,y) %0, |deg[pl=(!) & ¢(x,y)=0, deglgl=(," )
© Generic {p=0}ﬂ{6]\§(‘)} smooth; degp.[p]+degp.lg]=n+1 =>

- ©Sequentially: X, (FY — P*xP!)



[arXiv:1606.07420]

’a Decade Ago...

! % " ;’ . o ..) . — ‘ \
& Classical Constructions smooth g models = P iplecr
; i 1 4 (2,86) b,=2=h"" dim. space of Kihler classes
® Eg X,, € { . ] %b3— 1=86=h>! dim. space of cpx structures
Po || m [2=m | o " T168=y=2(A""—h>') the Euler # \

¢ Zero-set of| p(x,y) %0, |deg[pl= (1) & g(x,y)=0, deglgl=(,* )

2—m

© Generic {p=0}ﬂ{6]\§(‘)} smooth; degp.[p]+degp.lg]=n+1 =>

- © Sequentially: X, = (F,gf‘l) S P*x [F"l)
(14J)>(1+J,)?

¢ Chern: ¢ =

4
(1+J,+mJy) (1+4J,+(2—-m)J>) for Fm and Xm

¢ Then: ij_)k[(aJ1+bJZ)k] = gk(4b+ma) = diffeomorphism invariants
ge.g., IF cic[(aJ;+bJ,)] :IX c,[(aJ,+bJ,)], but also JF c,[(al,+bl,)*, ...
<

<

@ So, k) %Rlﬁzm od4) & X, Ry Xy (moday: 4 diffeomorphism types




[arXiv:1606.07420]

’a Decade Ago...

! % " ;’ . o ..) . — ‘ \
& Classical Constructions smooth g models = P iplect N
; i 1 4 (2,86) b,=2=h"" dim. space of Kihler classes
® Eg X,, € { . ] %b3— 1=86=h>! dim. space of cpx structures
Po || m [2=m | o " T168=y=2(A""—h>') the Euler # \

¢ Zero-set of| p(x,y) %0, |deg[pl= (1) & g(x,y)=0, deglgl=(,* )

2—m

© Generic {p=0}ﬂ{6]\§(‘)} smooth; degp.[p]+degp.lg]=n+1 =>

- © Sequentially: X, = (F,gf‘l) S P*x [F"l)
(14J)>(1+J,)?

¢ Chern: ¢ =

4
(1+J,+mJy) (1+4J,+(2—-m)J>) for Fm and Xm

¢ Then: ij_)k[(aJ1+bJZ)k] = gk(4b+ma) = diffeomorphism invariants
ge.g., IF cic[(aJ;+bJ,)] :IX c,[(aJ,+bJ,)], but also JF c,[(al,+bl,)*, ...
<

<

@ So, k) %Rlﬁzm od4) & X, Ry Xy (moday: 4 diffeomorphism types

eso, m=0,1, 2,--



[arXiv:1606.07420]

’a Decade Ago...

& Classical Constructions smooth g models™ P ip lect
; A ] 4 (2,86) b,=2=h"" dim. space of Kihler classes
- E.g: X, ¢ { X ] %b3— 1=86=h%*! dim. space of cpx structures
| Pl m|2=m | | " 168=, =2(h""—hZ1) the Euler # \

¢ Zero-set of| p(x,y) %0, |deg[pl= (1) & g(x,y)=0, deglgl=(,* )

2—m

& Generic {p=0}ﬂ{q\i(‘)} smooth; degp.[p]+degp.lg]=n+1 =>

4=0 p=0 1 B 2 W) +CI1(X)
- ©Sequentially: X — (F,gf‘l) — P*XP ) iRy

(14J)>(1+J,)? "
(1+J+mdy) (1+4J,+(2—m)J>) for Fm and Xm
¢ Then: ij_)k[(aJ1+bJZ)k] = Ci(4b+ma) = diffeomorphism invariants

@ e.g., JFCICZ[(aJ1+bJ2)]:IXcz[(aJ1+bJ2)], but also JFcz[(aJ1+bJ2)2],

<

¢ Chern: ¢ =

<

@ So, k) %Rlﬁzm od4) & X, Ry Xy (moday: 4 diffeomorphism types

i v —( 4) 7
..so, m=0,1,2,3 = deg[q]—(_l) ?1



. deg[q] = (@ holomorphic sections?!  [AAGGL:1507.03235 + BH:1606.07420]
i A ](2,86)
2=m ] _

j ¢How? On F.”, q(x,y)=~q(x,y) +4-p(x,y) < equivalence class!

© Not everywhere on P*xP! — (simple poles)
¢but yes on F’ Oﬁxﬂj’l — >105 of ’em!




..@ deg[q] = (@ holomorphic sections?!  [AAGGL:1507.03235 - BH:1606.07420]

ryw P (2,86)
@ Not everywhere on P*xP! — (simple poles) / X e [P‘* 1| 4 ] 2

&4, 1 - m||12—m | _ .
¢ but yes on Fé‘”C[F" XP' — >105 of ’em! el

¢How? On F, q(x,y)~q(x, y) +4-p(x, y) <\ equivalence class!
foYo 4N 3
) deg[c]z(o)

Yo?
p(x y)],w 1—C()C)( 2y_02> where yO?éO
p(x y>]iq+1—c<x><2’;°—fj) where y; #0

p(x,y)=0 on F3:={px,y)=0}

O[H1rzebruch 1951]= p= xoyo +x1y1 & g= c(x)(

Ac(x)

(01)2

Ac(x)
(Yoy1)?

Q& QI(-xa y)_QO(xa y)=2

980, gy=[q(x,y) +

C& q=[q(xy)+

(yo)’ 1)2



’Fractional Fugue
s 'Why Haven't We Thought of This Before?

. deglg]= (@ holomorphic sections?!  [AAGGL:1507.03235 - BH:1606.07420]

+ GvG:1708.00517]
2,86

@ Not everywhere on P*X P! — (simple poles) / x B L] 4
TP m||12—m 168

e
© but yes on F3(4)C P4xP! — >105 of ’em! for 11="73

¢How? On I Y, qx,y)=q(x, )7) +4-p(x, y) <\ equivalence class!
| 00 x1y1> deg[c]:(g)

Yo?

[lezebruch 1951]= p=xpyy +xy; & ¢= c(x)(

Ac(x)

(01)2

Ac(x)
(Yoy1)?

Q& QI(xay) QO(xay) 2

#80, go=[g(x, ) +

¢ & ¢q= [CI(X, y)+

p(x y)],w 1—C()C)( 2y_02> where yO?éO <
p(x y)] HH-c(x)(Z@) where y, #0 <€
(Yo l)zp('x y) 0 on F3 _{p(xay) O} WuYang

monopole
¢ [GvG, 1708.00517] scheme-th. “generalized complete intersections”
Reverse-engineered: Mayer-Vietoris sequence & “patching” of the two charts

7




Po_l(o) N 371(0) is smooth o
dpy(x, y)AdS(x, y) #0 o

’Fractional Fugue

i '~ ...in well-tempered counterpoint [BE:1606.07420, 161110300 & 2205. 128971

+more
For { =|X0Yy +X1Y;" +z Z Eh\(x Vo } = F,(n);&oe [Pl

= (., a=2 = A
Pol.) even pO(x, y) is transverse, p, 1(0) is smooth

@ The central ( €¢=0) member of the family is a Hirzebruch scroll £, :

. . M
@ Directrix: | 8(x, y) : —( = )"‘ [xo¥o +X131" ] degree <_,}1>

. yrr o Yo™

(Yoy)m

L o0n FY: po(x, y) =Py +x,." =0 = xo= —x;(3,/y0)", @ yy#0
| i
@SO, x1—>X1=§(x,y) &(Xl’ l=2,“‘)=(X2,“',xnayanl)

O(Po(x. 1), 8(X, ), X1 =3 Vs V) X Xy X3 Xy X5 Xq
¢ Key: det[ =const. 11 1 1
a('x()a X1s X2, '“§}’Oa)’1)

-m 0 0 0
© P*x P! bi-degree — toric (C*)*-action:

SMWhat about the rest of the €, ,~deformation family?

wherein smooth models are all dgfeomorphic to each other) s
4 *Reverse-Engineered (Toric) Model



Po '(0) N 871(0) is smooth
dpy(x, y)AdS(x,y)#0

Fractional Fugue k-

...with a meandering motif [BH:1606.07420, 1611.10300 & 2205.17897]

p +more
'~ Construction 2.1 Given a degree<,},) hypersurface {pz(z,y)0} C P"xP! asin (2.2), construct

: 1 P™ 1
deg=0. " 0 sl@gd =00 [ 28, ] mod pz(x,vy)),
8= (mro—m) (@ uN) lip o (0 )| (mmedine (@, ) [Pl m]

progressively decreasing ro+ri1=2m,2m—1, - - -, and keeping only Laurent polynomials con-
taining both yo- and y; -denominators but no yo, y1 -mixed ones. The “Flip, ” operator changes
the relative sign of the rational monomials with y;-denominators. For algebraically indepen-
dent such sections, restrict to a subset with maximally negative degrees that are not overall
(yo, y1)-multiples of each other.




Po '(0) N 871(0) is smooth
dpy(x, y)AdS(x,y)#0

actional Fugue =

'~ ...with a meandering motif [BH:1606.07420, 1611.10300 & 2205. 128

: +more
'~ Construction 2.1 Given a degree<,},) hypersurface {pz(z,y)0} C P"xP! asin (2.2), construct

. 1 n
deg = (rl .. ) Sl g5 X) = th[ pg(x,y)] (mod pe(x,y)), [[P’ 51]

vwo Lydo yrt pl

progressively decreasing ro+ri = 2m, 2m—1, , and keeping only Laurent polynomials con-
@ ta1n1ngEoth Yo- and yq denommator:sl)ut 10 Yo, Y1 I -mixed oncg The “Flip,, ” operator changes
the relative sign 1 of the rational monomials with Yi- ,;-denominators. For algebraically indepen-
dent such sections, restrict to a subset with maximally negative degrees that are not overall

(yo, y1)-multiples of each other.

m 2 1
U E.Z.0p0=xoye® + x1y2%; epla ] :=Table[———, (i, 0, a}|; Expand /@ (p@ {ep[5], ep[4], ep[3]})
Yo Y1
Xo X1Y¥1 Xp X1¥Y1 Xa Xo Xo X1 Xo Yo X1 Xo Yo X1
{{_+ 5 2 2 " a ? 37 2?2 37 2 ’ a 2 5 +_3}’
Yo Yo Yo Y1 Yo Yo Yoe¥Y1 Y1 YeY: Y1 Yo Y1 Y1 Y1

Xo X1Y1 Xo X1¥1 | X1 Xo| Xe Yo X1 Xo Y% X1 Xo X1YT Xe Xi1Y1 X1 XeYs Xo Y% X1
{_2+ 4 2 " 3 v2 2 3 ’ 4 +_2}’{—+ 3 o, 2 oy 2 ? 3 +_}}
Yo Yo Yo Y1 Yo Yo Y1 yi Yo Y1 Y, Y1 Yo Yo Y1 Yo Yo Y1 Y1 Y1



Po '(0) N 871(0) is smooth |
dpy(x, ) AdS(x, y) #0

E | After :
P ”
9 . o2 e WEISIAN 11 sch
T Tl s
0 la
A ¥ 4 ~
SeSiary for 2nd
David A. Cox - ) '«"wi—r
Joha B. Lictle / i =
Henry K. Schenck .
= )
— | y" ‘-
o B /
pumm—— /
&
/ Ve
.“;"'- - &
L

...Wlth a meandering motif [BH:1606.07420, 1611.10300 & 2205.12 337

.. +more
'~ Construction 2.1 Given a degree{,},) hypersurface {pz(x,y)0} C P"xP* asin (2.2), construct

: 1 P™ 1
deg=0. " 0 sl@gd =00 [ 28, ] mod pz(x,vy)),
8= (mro—m) (@ uN) yOp o (0 )| (mmedine (@, ) [Pl m]

progresswe]y decreasmg r0+r1 =2m, 2m—1, and keeping only Laurent polynomials con-
Yo-.and y; - 1Ina no yo. y1-mixed ones{ The “Flip, ” operator changes

the relat1ve s1gn of the rat1onal monom1als ‘with y@ -denominators ﬁ?or algebraically indepen-

dent such sections, restrict to a subset with maximally negative degrees that are not overa]]J

(yo, y1)-multiples of each other.J

m=2
U E.g.0 p0=xoyo + x1y1%5 epla_] :=Table|
Yo

Xp X1Y¥Y1 Xp X1y:r Xa Xp Xop X1
— + - +

_+ —
A R e i (3)
XOYG+ X1 x@y§+ﬁ} {x@ lel X9+X1Y1 xey XeY9+ﬁ}}
b
V2 et eydeeneyd ] ey Ly 2 Apferem s
\J X1

Cfinds 3(x,y)= (T_y_oz) mod (xyyy +x,y1°); deg=(_;), 1371(0)] = [, 1-2[/5].

———, {i, 0, a}]; Expand /@ (p® {ep[5], ep[4], ep[3]})

Y1’
Xo Yo

2
X X1¥Y3 Xg X1¥Y1

{M " Yo¥T v

9



Po '(0) N 871(0) is smooth
dpy(x, y)AdS(x,y)#0

Fractional Fugue -

: ~~~W'th d meandermg motif [BH:1606.07420, 1611.10300 & 2205.128

; +more
' Construction 2.1 Given a degree{,},) hypersurface {pz(z,y)0} C P*xP! asin (2.2), construct

: 1 P™ 1
deg=0. " 0 sl@gd =00 [ 28, ] mod pz(x,vy)),
8= (mro—m) (@ uN) yop o (0 )| (mmedine (@, ) [Pl m]

progresswe]y decreasmg r0+r1 =2m, 2m—1, and keeping only Laurent polynomials con-
Yo-.and y; - 1Ina no yo. y1-mixed ones{ The “Flip, ” operator changes

the relat1ve s1gn of the rat1onal monom1als ‘with y@ -denominators ﬁ?or algebraically indepen-

dent such sections, restrict to a subset with maximally negative degrees that are not overa]]J

(yo, y1)-multiples of each other.J

Toric Varieties o |

"
!
1
|
/

/

| m=2
*E g PO = Xo Yo + X1 Y1’} epla_] _Tab'le[

———, {i, 0, a}]; Expand /@ (p® {ep[5], ep[4], ep[3]})

Y1’
Xo Yo

“ y
0 {{ Xo X1Y3 Xo X1 Y1 X1 Xg Xo X1
— + ’ + » 3 - y — +

2
Xo X1Y3 Xo X1VY1

@ ' ¥ty

.

finds

THE exceptlonal section] 9 !THE exceptional curve [S]°= — in 1A




| B . o
Deform: p(x,y)=Xxqyo3+X,Y+X, Vo4 toric £y o)
: XoYo = Xo X Xo X Xyt
@Now: 8, (X, y)=—*+——— & 3 ,(x,y)=————
1’1( Y ) V2 v+ oy 1’2( )7) Y Yo Yo?
P15 81158125 X35 ***3 Yoo V1)

O(Xg, X1, X2, X3, ***3 Y0» V1)

X, X5 X3 Xy X5 X
= Cconst. 1 1 1 1 0 0
-4 -1 0 0 1 1-<»

@&da[

- “Deform: p,(x, y) =XyS+xy5+x,),2y3  toric FY, o

XoYo? =~ Xo X Xo  Xo X3
“Now: 9, (x,y)= +—— & 85 (x.V)=————
2’1( ,)7) P ooy 2’2( ,)7) Vi2 o Yo?

0(P2: 83,15 92.25 X3, 3 Yo» V1) X, X, X3 X, X X,

a(x ,Xl,X2,-x ’.”;y 7yl) 1 1 1 1 0O O -r*
’ ’ ’ -3-2 0 0 1 1-»

¢ & det [ ] = const.

N\ flat
convex

™\ rectangle

—s toric F%W

_ O N FO®
(021 fOT n—3,I;F ~F

(2,2,1) (1,1,0)
| ~Veronese

10



actional Fugue |

. ...in well-tempered counterpoint  (s::1606.07420, 1611.10300 & 2205.128

Biprojective Defining Section

u/\IANIFOLDs

jl‘b Nl ) for

2mdEg,
2024

W,
7]
2605.06998 + more

Name, GLSM Charges

po(z,y) =z0 Yo + z1 Y7

F$

so@.v) = (5% = 3%) /pol@v)

X1 Xo X3 X4 X5

Vg

1 1 1 0 0
-5 0 0 1 1

p1(z,y) =po(z,y) + T2 Yoy1

L) sia(,y) = | (2242 — 2+ 22) /pi(a,y)] X, Xo X5 X4
T 4
5): sw(w,y)= [(;j—;’ - - —)/pl(x y)] I T N
p2(z,y) =po(x,y) + 2 Y5 y1 FyY
1. — [ xoyg x1 ﬂvzyo x3
_3)t s2a(z,y) = ( iy B i —)/ps(w,y)} X: X X3 X4
5 L
1): 820 (2, y) = (Z—§ - - ﬁ)/pa(x,y)} T S S
p3(x,y) =po(x,y) + T2y3yi + T3ydyi F{% . me FSY
8): 83a(T,y) = _(7—9”21”’ ey i )/ps(w y) v v v x
i iyt T x
- e = [ (32— 2 32 - 3—“>/p3<x v 10
A _ [ ( =ovd x x x -3 -1 -1 1
1): sse(z,y) = (2—1?0 — 2Ly o2l g 3)/193(96 y)
pa(z,y) =po(z,y) + 2 Y511 + w3 y§ yi Fy2) L, ~n FYY
1\ _ [ (=ovd z z x
3)‘ 54a(xay)— :(% - 1 _|_ 2y0 + 3)/194(3j y):| X1 X2 X3 X4
1) sap(w,y) = (Z—‘f - —m;%fl — 02— “’Syl)/zu(w ) IS S q
- _ at
V)i sac(w,y) = (mg?o x;:l + 22 — )/p4(g; Y| equivalent to p3(x,y) convex
2@ 2 —po(.9) + Taviu? + ® o~ o ® rectangle
) ) Oyl 333:90:91 2,2,1 ~RrR L1 1
T 3 @x @x i
2): S5a(T,y) = (Z—§ — s - 3y1)/p5(90 Y) v v v oy x /
x 3 @x x x i
D su=[(5 -5 ) o] I
ToYs x x i — — — o
)t ssc(z )= [(ZP -2+ o) /@y 2 2 111 11




Worg Sei

“aila well—tempered counterpoint  [BH:1606.07420, 1611.10300 & 2205.12827]

+more

® A deformation family picture:

\F(n)

Eqe-SPpace [m (mod n)]
(least negative, most generic)




e

Toric Varieti @LABI}XUMAMPOLDS
Besfr T for 2ndEq,

Worg Sei

N well—tempered counterpoint  [BH:1606.07420, 1611.10300 & 2205.12827]

| { : g +more
® A deformation family picture:

® One
complete
intersection

—_—

®to “rule
them all”
(toric
varieties)

@ ...and CY
hypersurfa@es
therein

o l’ ’
...and a wel \F(”)

of connectqd €0-Space o (o )] |
GLSMS (least negative, most generic)




..in well-tempered counterpoint [BH:1606.07420,... 2605.06995]

® A dihedral deformation family picture: F@
2,1,1 O

1) ~ Gross [alg-geom/9402014]
® 1951, S & Ruan [DMJ 83.2 (1996) 461]

Hirzebruc I\ r1=(L0)  ~ Wall & Veronese: n ~ m moQ

3 eXpliCit . e o o e o o e o o e o o e o o
deformatiofd
s o L1 _1) F(3) F(3) F(3) F(3)

® non-algebrgi@
deformatiofd

(3) (3)
@ additional Fe k7

deformatio




1

n - . n
2_m], i.e., need deg—<2_m>

"@fb(X)=HXI= (X1 =8(x, ) (X,=x)(X, 11 =Y0) (X, ;2=

LCY: By, e, FYe [

[I:])l

| ¢ is not transverse & {I1X=0} is singular (“(n+1)-horon”)

- Deform: f,(X)=TIX w IIX + ¢'SI1X, SIIX := m,(X)(9]1X)
- where deg[mi(X)] =deg[X] & dm (X)=0

@inQM, [m)" =2, . c,|m?; also, (X;)=0 % <5HX> 0

¢ (SIIX)N(511X) are X;- and X -independent and delimit [o11X] & [6,11X]
so (X)), (X) 0 % ([5 HX]n[5 TIX 1) =0; etc.

they form a poset




XkXx3k

2|3




N -8
...back to the main motif &=

/ < CY: FVlcy], i F(”)E[ 2fm], i.e., need deg=<2fm>

' @fb(X)=HX:= (X, =806, 1))+ (X, =50 (X, =30 (X, 12 =0))

©1is not transverse & {I1X=0} is singular (“(n+1)-horon”)
- Deform: fo(X)=I1X w I1X + ¢/ST1X, SIIX := m(X)(0,I1X)
- where deg[mi(X)] =deg[X] & dm (X)=0
@inQM, [m)" =2, . c,|m?; also, (X;)=0 % <5HX> 0

¢ (SIIX)N(511X) are X;- and X -independent and delimit [o11X] & [6,11X]
so (X)), (X) 0 % ([5 HX]n[5 TIX 1) =0; etc.

[BH:1606.07420,... 2605.06 ¥ 8]
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they form a poset

_ Combinatorially, TIX LI | |.[6I1X] & {IIX=0)
g Also, 0; 1 ol1X & generate a dual poset



[BH:1606.07420, .. 06598

2Monomial collections

with U(1)*-charges of
~ IIX form posets,
with “fronts” =
facets

@The shape changes
.in t.he €j;-Space
indicating that
convexity is not
strictly necessary

¢In all deformed models,
there exist transverse regular
polynomials

*
3
AR,

@For F_”, rational monomials are needed




x ‘ X12X20(X3 @X4)2+1m

11 1 1 0 0
® —m 0 0 0 1 1-#

16



111 1 0 0
-m 0 0 0 1 1-¢

® universal
X, X, XX,




11 1 1 0 0
® —m 0 0 0 1 1-#




111 1 0 0
-m 0 0 0 1 1<




irror Minuet

;@ Xl , (X3 @X4)2+1m@X11X21 (X3 @X4)2+Om @Xl
"o Transpolar (=~ dual):
¢ A— | J.(convex ®)) ; 3

© Compute &, — 0.":= {v: (V|Vu€@)+1>0}""-._
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& & Non-Convex Mirrors ,,—3 -2 7 roof-of-Concept— *og 073;’22205

(X3 @X4)2_ I

111 1 0 0
-m 0 0 0 1 1-¢



= v Transpolar (=~ dual):

@ A—> Ui(convexﬁ;

e
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© Compute &, — O.":={v: (v|Vued,)+1>0}°®

16

111 1 0 0
-m 0 0 0 1 1-¢



iIrror Minuet

L XXX @X) T DX X, (X9 X,) 20" @ X X
= Transpolar (=~ dual):
, l/ o
¢ A— | J.(convex ®)) ;
© Compute &, — O.":={v: (v|Vued,)+1>0}°®

®

® ®
o O
® ®
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r & Non-Convex Mirrors ,_3 21 Proof-of- Concept— 2403071&2205
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2(X,@X,)>

111 1 0 0
-m 0 0 0 1 1-¢



irror Minuet

' 7 | a 2 00 o 9
& & Non-Convex Mirrors ;-3 oz52205
.20 dHimam v 1y 1 2+0m 0y 2 >
XX (X0 X)T X Xy (XX T @X X (X3 X))
| X, X, X; X, Xs X,
"¢ Transpolar (= dual): - 1 110 0
' K | X1 X3 -m 0 0 0 1 1-#

@ A—> Ui(convex @l) )
© Compute 0, — 0. :={v: (v|Vue®,)+1>0}
¥ (Re)assemble dually \
;N6 =16, 6;]
with “neigh]

’7, a. 2

X, Spo,,  XPX[ X
L. - al‘ X

m - 4

X,?

X3

16



irror Minuet =

& & Non-Convex Mirrors -3 7139 8% 155,

: 9&02
X12X20(X3 @X4)2+1m@X11X21 (X3 EBX4)2+Om @X10X22(X3 @X4)2_ 1§7:)
Xp X X5 Xy X5 Xe

L 11 1 10 0~
X7X5 “m 0 0 0 1 1-#

@ Transpolar (=~ dual):

Y
e A— U i(convexl@; ‘

@i': <M V>+ 1
b . .O o= ° ) ) ] l, ]
¢ Compute &, — 0”°:={v: (v|Vued,)+1>0} LEAL, Ve,
¥ (Re)assemble dually e N
(91 N Hj)o — :Hio, gjo] 5 ”‘..‘ SQO\’AX AFm:Ava
. ¢« . : 99 ) XS.’ 4(0,“
with “neighbors’ e /NG ©

@ Swap roles

’92: Khovanskii
. € ;
X; ; Y,°Y; : . +Pukhlikov
2 ’93: Karshon
(pre)complex | X, et o) XX 4 Xy
algebraic 1IN m m L A X +Tolman

’99: Hattori

i - +Masuda
eoRn X,

M2 F e <5 YF [c,] Q) Tl

polytopes T :)l (pre)symplectic|geometry




V4 V4

- < Good question!
. »
@ “sandwiched”
btw. toric varieties

& torus mflds.

Q (S 1)”-equivariant
< (]:X ~ Sl X R+ V1

@ topological torus mflds.?

V3 V3
@ Top cone orientation « rel. orientation btw. M & ch[TM®B2k]...
© They have cohomology rings generated by Cox-like coords & “%A}k”

- Guess: obverse top-cones obstruct global cpx. structure
* & break supersymmetry...
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“ F% eg, FO
"7)116’ e (371715)

€qo-Space

FY eg., FY
T—r>l,5’ -g-;

F(n)

[m (mod n)]
(least negative, most generic)

A deformation family picture




']0

. CY(n—1)-folds in Hirzebruch n-folds, X" € F”[c,] —

rregular defo Y, Laurent defo ‘ distinct
N\ of CY hypersurfaces A F®
m
harbors
multiple
transp.

mirror
models

all
within the
deformation

family

o
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A deformation family picture
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(n)
g" F(3’171’ )

‘e,
---------

F(n)

[m (mod n)]
(least negative, most generic)

€qo-Space
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“Nice
P45] — P7[4]

Constructing CY C Some

— PI[2]

— P?[3]

Reduce to 0 dimensions




1611.10300

"How Hard Can it Be? :wo

e Te 2502.08002
-N,l-? ,Amblent SPace 550506908

314] — P2[3] — P![2] 2605.24724
e \ to be cqpt’d
sane.
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T O 1611.10300
T 22051287
e 2403.07139
- 2501.11684
1 2502.08002
- 2605.06998
~ 2605.24724
. to be cont'd
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Eldorado Ho!
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