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auged Linear 0 Model

Playbill The truth, nothing but the unvarnished truth,

oy Roadmap ...but by all means — not all of it!

® QFT o Models ® Mirror Symmetry

® Worldsheet SuSy ® Mirror Questions

€ GLSM Action € _..and Amoebas?

® GL.SM — Toric Geometry Many thanks to Per Berglund
and Paul S. Green for

many helpful
discussions




Superfields:\ -
* chiral,

* twisted-chiral

* vector

oadmap

Where s GLSM 2

€ ...where are we?

“Complex Abelian

[U(1,C) =C*]
. equwalence classes ,

CTropicaI Geometry)

Holomorphic Data
 "Large cpx str."
e Entire M-space

Mirror Duality

Symplectic Data
* (Semi)Classical
* Quantum

CConstruction)

(Fan

Superspace & Calculus
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Hamlltqn 3 Action: ]

e "D- terms
* "F-terms"

* Mixed terms

Spin(1,1]|2,2)
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[ QFT-o-Model
* Domain Space
| « Target Space
« Mapping
* Hamilton's Action
* Partition Functional

y c——

» Observables

CConstruction)

(SuperpotentiaI\

\
* Dual fan & charts
» Spanning polytope
* Transpolar
* Newton polytope

(H*(T*) A-model; D(FS))-

Instanton Corr.
GW Invaiants

» K* sections
* Transposition
. Reparametrizatiory
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partial match: Exceptional (SR) sets, GIT Quotient, ... -
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* Phases:

- "Toric"
- IILGOII

- "Hybrid"

(?

- "Geometric"

J

* Dualities
@FT o- ModeD

Constrained
NLSM

GICY cn H’D

(T*(X) — Singular Comp)

CCompIete Mechanics)




in cl.mech.: IR%

B Riemann surface, Zg, locally ~ R w/BC’s
® Lorentzian space(time), such as R1L? 6 af”g
® “coordinate fields,” X#(¢&): 2, = R “’ 7t
® “emergy”: § = fZgL[X; 7,1(6), G, (X)), ...]
®
®

° must “sum” over them

® . Z;O:O JﬂgQ{f}i,{f}f[...]

®

ZIG,,, ...] := [[D[X] e~V 1 G- VP

XHE): X, — X )



“dynamically”
determined

target space




ZIG, ,...] = HD[X]e—iS[X;}/,-j,GW,...]/h
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® “Ouantlzatlon polarization” = “2”’C @ max. PB-Lagrangian

®and B> ——, AKX,P)~A(X,2-2) & (A.B),~—(IA Bl:=AB-BA)
- oXH N i oXH ih
I-n
® Ambiguity — “normal ordering,” ... = “quantization” = “—" (inv. img.)
®n Z|G - ] = HD X1 e P OV wie]d redefinitions” & integration

are generally “1-1,” but “BC” easﬂy make this ...subtle...
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ZIG, ,...] = HD[X]e—iS[X;}/,-j,GW,...]/h

pv’
S X
®
®
® ' .
Particle on a C}rcle. .. what could be simpler? ...locally!!
. [$51={pr.} | lim [Sp1={pt.} I
....... m L pt- "

N ;1 \\_/
lim [S1= lim [S;] \\

lim [Sy]={pt.}
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21G,,, ...] = HD[X] o ~iSIX: 7 Gy UM

S~

. N
: \

42 years ago! j
. Ehrenfest Theorem

® Renormalizability in 3+ 1D QFTs strongly restricts S[¥(x); A (%), ...]

® . .tends to be less restrictive for lower-dimensional domain space

® ...is much better behaved in supersymmetric models
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Abelian group
. all irreps are
1-dimensional.

®

®

®
® EXT,ETT) = (ETF, &7 where A=0,.,0__= a;+ a;__
® i i i “L/R v. fields”
e i i i & 10,D1=0

® Note: Q. :=iD,+2570.. & Q.:=iD.+2c¥0,.,,

’_‘l/ '
’ c,“-r

® +(0--)| marked pt’s
"——

® b/c Gr[CX(D,,D.;0d..)]~A* Span(D,, D.)
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Worldsheet SuSy

" A Telegraphic Summary [oIESEiEEl R INPLICTN
(Vo> V+i(0-0)) X

€ One more thing:

€ (Twisted-)chiral superfield close under multiplication

*1f D,®=0, then D (®®,)=0; also, D,1=0; — “chiral ring”

®1f D,X=0=D_%, then D,(X,X,)=0=D_(%,%,); — “twisted-chiral ring”
® And another: [d*¢ W(®) + h.c. is supersymmetric — “ ”

®Sois [d*cPeP'D=[dcODP+ ... —© "ok

® Now, [d’cW(®)+hc.=FW+...+hc & [d*cPO=FF+...

® So, 5F< :d4g5CD + Idzg W+h.c.) =0 = F=-W' — PE=|W'|’

— Morse theory!

(44 7

* Similarly: fdg+dc§_ W(Z) + h.c. is supersymmetric —
& Slmplest tfdg+dg X+h.c. =1,9 + 1,%, where X=(o; /1+, CAD—IF)

10



® F, %, % — algebraic EoM
®

® (D, D,}=2id,, » {V,,V,}=2iV,,, ext. aut. (D “R-sym”): W(Z)~Z(c+In(Z))
® Spin(1,1) is abelian, all irreps are 1-dimensional: left- & right-movers are independent
® Fxternal automorphism actions induced separately from ¢t —e%t & ¢~ — efe

®_. X : the Hilbert space (and all observables) must be equivariant

® “ac (sub)ring” — Kahler str., model A, ...;
twisted-chiral ring
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[d*c W(®) + tjdg+d§'_ >+h.c.

Action [d'e [X] o ®yer"; — 2]

|tion
® U"d4g[Z;l_oi-eqfvd).—fil]=Z.|£i|2+9(z.ql-|¢-|2)+(92+Zz)+...
® [d°c W(D) +1[dctde Z+h.c. =2 F.Wi(p) + (D + 4,F+..
® LoVt Fi=—W(¢) @=(Zi%\¢i\ —r) F=—1
® 5o, pE= Y gl |+ T WD+ 2+l P g il
® Ground states @ Y. q;| ¢ 1>=r & Wi¢)=0 &...
®u, q; =0 makes W(eiQi('DCI)i) +W(D))
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! . g
> al > =r+qlpl* & Wi$)=0

(@o» ---» B,) 70| {f(9)=0} C P,
p#0| ()




LSM

Bear Essentials

® Chiral “matter”: ®,=(¢, ., F), — coordinate fields for X
e & {=(p;n,;F,) — fibre coordinate, line bundle &£

e W=7 1 (®) — (quasi-)homogeneous, 9, =—4r

® Twisted chiral: X= (0; A, Ay (S’Z—if%)) — foreach U(1;C)=C"*
€ Also, separate left and right “R-symmetry,” U (1)XxU (1)

® “D-terms”; A F. |2+_( 2.9 9, | ) (S F )+

® “FE_terms”: zi L W)+t + 1,7 +... eliminate w/EoM

|*+1/) 12+ +1,2

® pr— [
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P~ Toric Geomelry
® From g, def. V;,€(N~Z"): 2..qiV;=0; U;€X(1) (spanning) fan

® . up to GL(n; Z) lattice automorphisms

® Cox variables: 171' = X, then f(X) . Zﬁ ey (ak 7 ez(l)x?iﬂk+l)
k I

® where X° is spanned by the polar of the polytope A* spec. byv; € X(1)
® el defined for “reflexive” A*: A =(A") & A°=A" (& some details).
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DI
transposition



EDZ

mirror

— (

LGO C GLSM

, 50 We F(QS”V(Z)) ?

~T'11 BE

C*)? = {xgx;x,=1} CcC

«<1'll be back.

pback-



|P2P = aXiv:0903.1378]

LGO C GLSM

[Tian-Yau, 91 & '92]



LGO C GLSM

A'[d] =5 (A" [(c;—d) N A'[d, (c;—d)]

A'lc,] — (A” A" [cl]) /| w “transposition mirror” 7



lim In(#*+¢") = max(a, b)
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Thank You!

Tristan Hubsch
Department of Physics and Astronomy
Howard University, Washington DC




