“uston in LG models 1T

28| 12ir

@

T this lechure we define the bicategow LG and
explove s banic propevfien. We begin with-the general
definition of fiwnion, which will be intevpvelteol an
wm/pw/’ﬁon o J=movphisms in LI

The boycateqony L5 I-mophrism
MF oA V-—W.
X
W(=) SVI(Y) O\OJQCJH Qre
PO\'CﬁfQ\;

Some e_xamp]e/)

Gienevalised ovbifolding | cavqueville-runkel

<
\V4 RN
\ )<V \\
. 2 4
F\/ObeV\]L/V) ﬂ\(ﬂebm 1(‘1 = 7(» 7([3 SE ;(2/

W\@C'(A) = ‘/\W)jC(WEg)

TO P D\D 3\\CQ\ ’F_U\ \Q&ja C,O\XVQ_%D\/j chhevho'{zﬁ - Ka]orom ov

> 3
Z < # :
ijclic objecjf U O — U

YAl 7[> ZJ




@ Ceveval fasion 0,

DefN Ciiven po)lﬁ’l/)ﬁa)s W(=), V(9D 0(2) and £ rank
manix faciprisations

Ve Mmq@(@b)ﬂ) U ’\/)
Y e hmf(Clx9],V—w)

Hve s an (?m@‘mﬂe VC{VJ’Q) MFJf - W over (C[I/%j

(7’@7 X dyel + e dx)
c[y)
We wite Y+ X for #hae £vank 17 homofopy equ; V.
fo V@ cp) X (again, it exists ), and call iFthe fupion
of V and X . We a/epfc/'fh,z situafion as follows -

X b
W >V > U,

— Acide \
The Smgmlav code employs a "dirod” language , 1= -
with Po}em’v‘a/f on edgw and M af vevhton,

u(2) 5 v (Y) @\ W (%)

This is called o web and Y& X is The Jofa/ ﬁt&bﬁé@ﬁ\bﬂ

WJOC fhe web. /J




(e Bmmm@r-ﬁaﬁembamp [/]} @

MJD_}E Talﬂ\@ W'—’IA) \/:jcl and (/umiﬂ @
[ —I 2. T
. A
V/W:jd—x&:W(ﬂ—qZDQ [=e "
For qmg;mbjef S c {O//)_../ 0(~/} we have
o O 'T(v—“zix)
F's = €S e mec(jixd)
r{—/—j(jflix) O
Tdc

This MF s Aeﬂ‘med in the 2y vanables Tz = F [95/7)
buf for S'= §0,),...,d =] e con i as well defrre

R, = F (y,2) & himf-( 29 —tﬁ),
Then one can ask aboutFhe f2oipn

Fe Py
%d S jC( > Zi

DEMO |
D The cace 4=95, S'={1,2,35 S={2]

P{]/Q/’ﬁ}DIK sz} = PZrB/ y, T} j

—




Lomma hmjc[yo/’xd) ¢ O //V)OV)OJ‘C/CZ// coﬂLeﬁij. @

%mf{zé/jd) « hmf(y?- x1) —> hof(29-9)
(Y, X) ——> /xX

() [2)
Theorem [Bmmmer-ﬁaggemkmmp) Davgdo\/—/%m CaW\OlChO—'/QMV)/ée/)
For ol odd, thewe 75 oo monoidak qul/a/@mLQ

W  PT— =2, Yus D
7 |

monoidal Imbca/ﬁa“ﬁ bosonic P“’é LA N =2 minimal
hinfI"(4d—x4) gem by super vevkex ope reror algelora

Rls for S consecufive indi@. V(N =2,d), e the MS—mpvmeVﬁ‘éfl‘iDm,

]jm-k o P{m}mH) o W\+’)}

mn (A @, 2d=4=A-m )

PW\’-}\% PV\'-/\/\ = @ warvx/{()/\)r}w'v]: v

q/:]>\~/v\l&-kp&

(/~@- 5‘4/\(2)—74/Lmbm VM’%)

—cle o i



@ 5 fcajre? OV el 0>,

A b/‘cafejo@/@ has

- objecs a,5¢, ...
« Joreach poir 0790@'9 ch Q,L a ca%egoy

> / O@ECJ[J have ave called |—Vvlb\/<;0]/lfdmfu
o

a
ﬁ( ) N0 aa—> b
am&( W\Dmp\niJVm ave ca\l ed Z_—VV}DV}O%T\YWU“
>
/\
o = b
w
7

« for each Hiple o, b,c a functor ( composition )
/B(A/QX JS(Q/L> ’ﬁﬁ/@/C)
(7:lo~%c) '><Ct_’ﬁlo> > Yo X a —> <

- A notuvak associotor

Z-(J-x) —= (2-¥)-X

. [or eadh objeck o, aunit AN, - a— e and.

Noe X Es K, K Ai—> X,



This daden 15 wzqmmd #Dfafmy several. &

cohwvene conditions.

Example (1) Ca#egom@, fancton, nok hens
(2) Smwﬁ’f@eﬁ'm vavehesr, FM kevnals

DeJM G ) the bf(azley ony with
. Objedz polem}fa); W(x), V(v))« .

- | —and Z—V\/?OVpI’H'SVY)S Kawroub com \o\zﬁon
-\

5 Wi, Uls) ) = hmf(v(s) W)Y

. Oovaoﬁ%om = ﬁm‘ovx

Y

Ulz) < VIEDRS W (<)
\’///
Y x XK

. M omitted heve fov lach o fime.

P_wf,( Laz aroiu-McNamee | Co\\quAe\;’\\\e—RU\V\\%e\ >
X5 s a (o[(o\\fa‘ov\\j_

L0



T

]\)0[—6 I’F/% < a[ofcalregovﬁ );(9)0‘) ) 5 /’V]DV}DiolC(k. @
eq. L2, 2% ) = Pyt - Y

Carq neville - Runkel [3]

Theovem /[aro] veville - M) In LG evely }~m040h)'fm nay
g left and v‘)gw adjoint, and he bicate ouy /"f/>/'l/D7'tu/.
Given a | =-moyghism X: W(x)— \/[viu/)'ﬂ/\ =l v ]
both even, the dual s

X = Homgg, g (%, absi): Vls) — Wee)

Uog —> — (~I)M)o< dx.

and there s a pai\rcﬂg adJ‘\/tmoﬁMA

X X —— X

rcalised b% moy;pl/)J'Jms with ex)o7/\ci%7ﬁmmu[0{5

e\/z)<%><—>é\w v XX — /N
AV AN —’BX@X\/ eV i Nw — X\/@X

vmulas involve vesiduen, smpechm)
pavhiak devivedive) of dy and divided
drfferen@ opevotors. Tnthe cove of
quadiadic potendials eveything can be Y,
writen inHevms of Pauli modTc).



Forlys
Example (Disc wvm(aer> &

. X e hmf( WE))

=) F X — X VV)OWO%J'SM

) AN
(/OW\PU\JreO\ (n oper\ ’J\OP LG WIDM

!%app\\j Z, qiven a scalar

This (/Ol/\f€|0\“‘0r can be Vﬁpmem%& [cmd caleulafed. ) Ih
X6 z/w/'mﬁ (m‘jvmm/j ﬁ/mu)ayled) &Mﬂﬁ cf)‘cegfa ms

Tn shing diagmams, vegions ave labelled with ob ;‘ed:)

|-dimensional dala bj lfmovphﬁmj and vevtiws witi
2-m0vp%ifm;. Here O is a/pozlenﬁa/t and Ae = €, so
Wjjﬂn\r\@ @\\\Qﬁmm denoles a (\'VUZD\\/ W\O\P

—_—

(oev |@® N/

c-A —— XoX XeX > .= C

ﬁé



>

In ﬂn'; case Tha 7£DW)/I [A[Cw 7[Ur ev, @(/ %]cio( @
(@ e, dr) === B [Ar) ) e
s i | (BBl
TN - D W

le. e Kapushin-Li fovmula.

EDC(ZW\E\ﬁ %fﬁ\, FO}QM"'Q}V \/\// Jn ‘H/L,Q C&L@go\ﬁ off( V\/)V\/)
e mooidal Uit s Aw and.

Hom( Aw, Nw) = d:[ﬂ/?l/\/ = JacW

Excample (Quartum dimem\“om>

Given X: W) — VIY) with [=],1y] even we define
e le# m}o[ V!Lc/"%f 7 nohum d/mem/'om :

Y @X dim, X € HDW\(A\// Av> = JacW
w x@ dimg X € Hom (Aw) b)) = JocV/




Fg

%f@xample oyl =m Hhen
(")
C[,‘-mrx — (_,\) R@dj[%,ﬂ/ S}V(gx, (dx} QXV‘ (dK)9y| (dV) /a‘j W\(Cf)()>\’K
) DWW -+ I W
/)
Jy

For move backgz/ommc/ on e fovmulay [and how +o
yompute resi dfwes Jeee [4]



)ﬂz
Theorem [CMFCIUW///K—'KMV))Q(/L) KW — V @
ha) d/mr[)() mverhble Then

A= XX - w— W

'S a ;epgmlo e Jymme%wc Fobeniw’ q 9@6}/&1 N oZ”ﬁ[u/ W)
and theve is an equiva lene

Vmod//)) = lﬂlfﬂf(\/)
One says \/ /s ayewem/md 0/227%/0(/. (QD} O‘E W

and wnles w22 v

Examp]e, (Carque\/”’e- Ros CamacMD’R\/\VHQe,[)

\Y GO
@ C W > Wh Ao |
[ ,

|
a 2 d
Ay X, ;(|/L+x(:(;

Y Go GO
G A= F An—> £, Arq

A=X"x X

> Eg

In all comes one conm compute [View $in u(aV) ﬁaﬁ e
leoemuwa%e\omﬁ )(VXX/saJuM(ﬁp/D 5. &eg,[é])

e-ﬂﬂ[bf /]u/E@ A =/\& 7;{,_3),2/”_/2/3}



32

Open Ouesnons (®

e what s $he 7{0/}’%7%}/71/1/\/\9(/ eX/o/OfV)a%bm
Sor Thase relodions, and the pavhiculay Ps summands 7

o Can we comb/he /<hovaw0uV/?ozal/)j/é
Momo/egy (ﬁ—%g])e) and GO fo d*e/g"m,a
D, E ~dype Ruof homblogy?

- Canone ”méf{o/c//' The Dycﬁevhdﬁ— Ka/ymn‘o\/
wcy&[ ic oé/‘e F+7

M Unimodular sl'mﬁmml/fﬁ% & e
same cenhol cl/larye are ovlifolel eqm\/atalmL (ree [6])_
o AIHF a2 Ky e e 2?

« “The Fobeniw) alge/bvz:w /4 W%l\ch /'M/JL@W)@V)F
M COs beween ADE <¢jin u)mﬁ’ﬁ‘{w ave ok suymis
of Ps—type defech - Whatave The shuctuve meps?
(29- pwduct, copwduct)

isisa 9@0@{ emw)]o)e 0}0 wheye exp)fcfz[ ﬁvm nlan 7%r
units and copnifs in LG come in mwdy : m)owd,uc#
on A = ><V®>< s

& ev @] N
Aoh = XeXeX e X —— X oAeoX =X&X
|
A

given in Yeums uﬂ\remoku\e/))
similavto KL fa/mulq.



ADE  cuvve S?nqu\@%ﬁfﬁ

YAan) = gd | 42 c=3-3-2 (d > 2)
Yy (Da+1) — .r{[ -+ .1‘1.1'._;2 c=3-3-: ﬁ (d > 3)
Vi) = g3 + 2] c=3-3- é
VE) = g3 4 .23 c=3-3-2
VEs) — 3 4 45 c=3-3-2

.
\
((/\/\W ck(’N%QD
Reference cw= 25 l=l) =2
: </

{f] Brunner, Qoggemhamp ﬂg’ﬁfﬂ@d@#@é in LA models”
or Xiy. 0707. 0927 .

(2] Da\/}jdov) Ros Cam&cm/ Runkel ''N=2 minimal
vorfarmol feld theovies and mabix bifactovisations
of 14" kv 0. 2144

[3 j N. Carqueville and I. Runkel, On the monoidal structure of matrix bi-factorisations, J. Phys. A: Math. Theor. 43 (2010),
275401, [arXiv:0909.4381].

(4] Cavqueville, Muvfe€ “/%E]umd’?om and defechr
in Landm—&)mzbmrg models" avXiv:1208. |qg]

[5] (aqu\e\/\'“e) Velez. “Calobi-Tan completion s
cncl ovbidd un\\ valenws " ovXiv:1509.00 5.

(6] Newhon, Ros Camacho Stvangely dual orbifpld
U]mm&mz T



