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7;6{47' I/// deserle some woprke on 20 Heories
called “541(]::4/ f."yma models. !

Recall :

o\\S/:jma moa{e/ on X1 S a (20) ﬂeary mp»u,;
51: (29 wor/ds'{eeﬁ —> X

g: fd?-x [j;j 3?,{ 5/71;...]

o I—f X admits He action of « Jro«p &
Hen can gavge the action of & on He
Sigma model alsve.

= Aave G - gavge field on worlddheet
— l'a,ache. 9/" with ﬁ%"

efec

‘ I‘p é’ (s —pfm"fE,
& 6’54«,64 flrfma mode = \0/"4(’14/a/"



LCTL X 464& Mdn(-é(o( "V/dll dc?‘(’an JF‘J"&‘? G.
(onf{/er a é'dﬂ“’co( 5(//\4 Méa(e/ on /\’

For G fo act ulloﬂe'pfec'/f.,e./y " means some of
He elements o & act Trivially.
544 &/cmeq'f5 'éw‘m a nomnd/ ;aéjr-aa/, ca// ot .

+
[Z ?«c:(‘/on ;

is the G‘Jtafeo( $(gma model
‘Me Same. A5

a (6/‘() - J4uged S(gma model 7

The  2nswer s [ as we'll cee rex+

am—— )



é_)_( Let X be a masilild of « Z.xZ. @ction,
ﬂe J(/"e(r‘a(jmu/ ﬂ,/ o‘ey:

[— 21'*041 — & *Z_—

So we can deLine a Dy~ or-ilifold oL X Ly,
for owy \76&, 9 acts 47 /ﬂ‘m‘w,/'tf € e Xz,

COM/?Q!‘& Z,_,,,/ (ﬂ,,) ‘o 'Zl_M’ /Z;X 2:.)

Z—/‘/ﬂr ~ (fl(/n Jver pr ‘“"‘//e-‘)/?‘«d/)

)
= ,) %:’ Zz
v K [} 6’7 A

M4y

Let § denste /mage of jéﬂ:'n 2.x 2, /{”/ s = K)

y

L'/rffc p«( = f‘ a, -[»,-3, 43,427 4[/ fas= 44'3?
4,xt, = {// %Z{ 5ﬁ

Fhen Lo TE o Z(z\xz,)/ o aw‘és/oaa/,_;j sector in &¥,)

K 2"“‘& {ﬂ'f) = ﬁ[%‘,np(&xzﬁ) - (aq SL(;@ orlit 010

tuisted Sectors)

. 2/-(ov (0‘1) # Z(,(o,/ /27— X Z")

X ULI Jauying # U X U, Jauging



Messless $pectram
, 2(y)
For G 4£in ifte, Me$s/ess pectrum = &?J H*(X’) ¢

* known -@’f‘ & c-('(’ec'ffue/y-aci‘ﬁg
® 4lso trve LHr & ﬂme'{’fea‘f‘fe/f - acfing

E_)_( [X/Zk] where f_ﬁ/ of Z/\' acts ’f/‘fw'e///

A&c&r{:’nj to claim aéo(ﬁe/
massless Spcc-ff‘aq = K coples of /L{;:‘/ /V)

)

A/ﬁ‘fﬁz Z/--(aop (Zx) - /‘é'_( Z Zj,‘ = {—?‘Z('e = k Z/—(ay(y

9,h

&rd/mr/‘/y in QFT, (gnore Loctors in Proat of P tition [ﬁ;
but cannot n a fheory coupled o (enrldsheet) grevity,

T pacticdar in wor{dsheet sfring theory such fuctors
contain information on  stete defawa'es.

Abter all, 2wy ~ ()] 507"

b9/ M((/?“',/YI'QJ 2(‘(00’ 47 é -~/ fna-ea.n’fy nambe W'(’S‘fcfc:
«‘d‘ead (l.,tg) 4)' fcdof o4

lonsistent v

———




ﬂ&y{grm affoa [

e e g

é)f [VZK] vxer'& all oA L acts 'fffw'a//y

M4$§/c$:§ §/c.c1Lrum (s /( C&//’eS 0‘# H*(/\d
50 There are Kk fimes as many Physical modul;
as moduli of X

Untoisted secter clear ~ yust dedorm X
But the other (4*/) sectors ?

p@ﬁor/m'ﬂj 4/0/\!7 -/’{&Se Adirectrons /641; ‘tc

some  (new) abstract CFTs

L‘/A;J wt/// le able +o weder see £ wunderstand
EXxplic ity



T; L&j{;( to uﬂdersfanJ 7%055 de-pc'f"mq‘l‘('on’/
first notice.

+wist Lreld for 1‘:—("//'4//7 —4c1‘//\;7 s jeﬂerafar-

= -pfe/a( valued n 4t roots of “”/,7‘7

T ——

Cowzf/aj matches © Cxactly A possitle porers i,
4of'{ ces€S

Corra/a-/—/m 4 ns mateh !
C&um%am S ymme-/‘r}v in or L(’#&/a( Sty s
<lnc~ > =0 unless kin

T U is Lield valued in b2 roots of arity,
+Hen

S ARIPE §[p 1z 2"
= O wnless lf/h



Delormations, contd

ﬂ“$, ‘por &Xéﬁw/e/ £ we of'4¢’é/4 a LE mode(
;y a ‘(erV('q/// "4.c-ﬁ'r\j ZK,
‘Men Jcﬁof‘aeﬁ'mf N7 S«,acr'/o'f‘em‘/c/f 0‘1[)14“'\

'y S
eq. W= X 4t X + X XX X3 Xy s
“”{3"‘ X:, s X are 0/'//;!4/‘/ dﬁ/?‘d/ 9«/’¢f-/;’e/a/;

X s Lield valued ;4 4 roots of a4/’17

Ll/e SK a// see 7%47‘ 1‘7{/’5 some Stracture em eryes
ﬂﬁm/"l c M//e%e// 6( ('Ape ren -f cons /'/efz ¥ /;945'
wAhen 5{'a1;//nj miror 5/»7416#)4



A pon-edle tive, non- {inite 7eot/ent

&"5/6/¢r a 0 /'7:2) ) Jaege *t%eor/,
defined 4y N chira/ {cwer'»\p(’e/alf/
each of’ &/4:’32 K wrt 6((()

N_
. (C 0)/¢X

£ 6ffuféa1‘f¢/e(y/ identical to He O M’,moleﬂ
but ig_ﬂpefﬁu’éé't‘(’ue// Ar{{erent,

E_)_( J//”V" L{(/JA —> 2N é/ /’»751‘:41‘045
Here, Uil > 2y

5_)5 Quartun cohomolsgy of ar’ (Z-X]//X’V—g)
) - Aere ; {/}J//X ‘f/V,_é)

D('f&ren'f ﬂ/‘)/ Sj,c,,i

/\/fﬁf'a//y/ 7"455 (S 4 /04.4/ 0/‘[,’,4;/0/ é/ 4 ‘t‘r-[u’/y acf/’aj Z,(’
Lt/ellr& 4//72&4{/ $eeEn "/‘Aé‘f jdﬁcj/:\tj 7%*,"(//"4//7 ‘“""”"J
groups gives nontrivial results,

so SAou{a{ net be surprised +p see Aqa/ojous
ﬂAenomalm Aef‘e.




[Mirror s ymmefry ala  Hori-lafu- | Torison- Plesser :

/§i éa/’/c{ /}rfer‘d\eJ("fe fap&r‘pofen‘(‘fa/

Z(ZQYL) + Ze‘r

j‘“’u(‘ﬁpk*

Yy _
= Z(A'T,ahu—{-k};/) + @ '+---+e L
Irtegrate out 77
k/77+...+}7v) =0
gf”'“ the ‘f[ are ﬂer"/’aalfc., ‘7%55 ‘s _:‘if 70[‘?‘3
Same 4SS, K*""’?//\/’Og
/Qa'f/\er.'

W = Y L W Lo Y an andefoni
/{#‘f'od’f ovﬂ((m"fy

Toda  dual ﬁear/:
= e T e )
o can thech gﬂmde/ @0/“7’/1{%5 here = 4»‘04/3/ corv fas m"orfj.

* ooks lthe a deformation by a +-iv'ly acting oo toist Flely




(15/"17 simi lee methods,
the (G pont miror of the puintic in Pl Lelds of
Jaqeﬁ (5 a (Z;)V orbibold of L& «f

e qTe e X

where Y (s a Leld valued 7q k % roots of unity.

Sq i micrors 4o nonetectise ja«];njs,
fields valeed (n roots a‘P unty are Common,



//fere ls a more éyffem+/'c way to understand fhese
00ne‘(()eq‘l'v-¢ .7"17"”.7 /‘enomenaﬁ

S%f/"lj compa C‘*/’A’“f (015 on _Sl‘_«_t__aé,f
* Stachks jcner—et/('ze spaces,

' EV""/ stack /\45 a pf‘&fenh%z'on of He 14&-”; [);/é],
€2 G- gayged sgma model on X

( G reed not be {in (e, need aot act ef&c-f(’ue/y,)
Such presentations 4ot wniyue, so...

Cmiecture um’ver-sar/f#y classes of worldsheet L& £lye of

gl
[-1 ga«ged Sigmna mode(s
$1‘¢‘645

Luestions® 6.9, @massless specte - Aet (s it for éunﬂin'fe/
ey L (s # presentation - (ndependent 7
Tsues: “deformetion Heary '
—_—

él_fgfﬁ Concrete realization of local orllélds,
rew LG models, ...



Back to micror symmetry,
ﬂefe (s a pofion 9‘# ‘foric ;1‘445,

04{4: «Fan + Some a‘&/faa (’/m'fe, erap d&‘fd
414@!‘41‘/’2, each ere

Kza(( Batyrev'’s mirror congecture :

ex c‘q’u polytope for fan
wtf Newton polytose of mirmror Ay/erfarfece

To make  Betyrev's consecture work 4or stecks,
need A way to decorefe Newrton /a/yjm
of finite group data

= but e lve abeady seen how 1o do Hhis:
es X T feras in L& 545/3'701‘@»11"('«/



Conclusions

—> Jaaj/nj noneflective groep actions
7£‘— i‘uj;nj C#&C‘f{'«t jrvap 461((‘0"5

—> understanding debormation Hew-/ & mirror §ymmetey
leads Ho a new class of (& models,

of flelds valued in mots of anity

—> part of a largec program of  understomding
String compactifications on stacks





