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Tn Pat Tand TC of fheminicourse we will expamd pAVaVipus PO/'m% of the
first ovewview fall2. Inthis Talk we focun on The abshact bia Jegorical AzmeworR

fwgewemll‘fed ovbitolcling, ﬁ/lowfng Cavqueville £ Runkel " Ovbifoldl completion
of defect bicafegoyie&”, In favt TL we refumdo the concrele examples, buf in
o wnove f%omughgo/ng way.

T summavy: e vight conlext for ovbifo ld equivalente s b/tq/égowtq/ ~

Outine for Pout 1L "evenglhing given uiThout-cifedion 5 fiom eifher
Ca\fc[ue\(iHa-Mw/kJr "2
0, Bicaregovies (avqueville-Runke] 12,

® Orbifold completion P — Peg
® Landou-Ginzburg modds &3, X5
() Bica’reggm@
A bicategowy B has
+ a class 0b(B) of objects ab,c, ..
+ for each pair a;b € ob(B) o small categowy B(a)b)

- olQ]ecf's ave called —movphisms X+ a— b
- movphisms are called 2-movphisims *




: 16"80@‘ ﬁP(e a,b,c€ ob(B) a ﬁmdor
Blb,e)x Plak) — Blo<)

< on [-muoyphisms (WJ—DC, Xiaﬁb) — YoX ra—c
Y X

- on 2-movphisms ( b/\ N

X2

* for each ae ob(F) a J-movphism N a: a— a.
- for cach composable Friple X,,Z of F-moyohisms ancdhuval 2-iso
Qo+ (207 )X — Zo(Ye X)
for each I-mouphism X:a —> b a naturl 2-i%
M NoX — X, e Yol — X
subject-o the woual coherene axiomsfor moywidal cafegon‘eﬂ.
Example (&Y Catr = small cafegon'w, funchon, nal . Hans

(6) ob(B) =13, B(-)*) monoidal caf.

(c) Bimy = R-algebran, bimodules
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l,\A__.A,___M,

o 3 . —
\u]c , a@b) — defYeX,— Y eX,

. Xia—hb Yice—b, Zic—a



dencker e omposition of 2-moyphicims

v S
XoZ — Q&R

RN 76§

Qa v rﬂade prece by Joyal, §treef “geomehy of fensor calfuluij

-_i/j_ /ZJV\ adunc{wn X — / be{wean X a—b ad Y:b—a r'mf))
)saPawon “moyphisms ev: YoX —Na, wev: Dy — XV

such that the fol lowmg identitiea hold
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(Ve e ‘fX 7@/ the fe# and xfﬁ)rﬂu WJMM&UDMJ/ iy[ f/heg exi&(- There are (CIMOV)/((C{I
isomol/phl‘mns

R (‘/@X\ Xy e Tvex)— Txety



Def” A pivojra) shucture on o bicafegmyﬁ with leff and w‘fjh/'
ozc[jomk for evew I-monphism is a natuval family of 2 -isomoyphisms

2169”: X% _i %X ]X a,/-momhlam/}?/?

with the onpew(f that for evew Lomposable pair %) X

Oye
(\/@X)Jr ~ s tyex)
|7 |
t ot by RPE
XeY — X o1y

Lommules.

Def” A Fuobenin a/gebm A /‘na/mvm‘a/ monordal (afegoky G (es. /3(‘?(‘3'))
is Ig meey'ﬂc i

[\]o{zfﬁon

Tﬁom wow on, P isa pivota loicajregovg) ve. it is equipped with a pivotel shucture,
and we assume P is Clinear with all spaces Homy(a,) (X)) finike-dimengonal
We. clenole the common Jeff and m‘g)/)fad/’o/m‘a;/ X by =Ty =X

We further a<sume all jdempoient 2 -momhisms sp///. Call all Yhere conditrons P )



Def* Given a |-moyphism X:a—>b define the C lineav map

weN

2(0(4) = Dy —> XX ——>X oA 5 X N

L\@#@

X @D @X — XoX' ———> A\
Sivwila\/lv we define

Do (X): End(Ap) — EHO{(AQ)

§ G- X'V .>< A
X i / @

DN = [

means N\, —> X X

Lamma (V) D{(X) = /)r(XV)) and Vi vena .
(i) De(YeX)=De(¥)=De(X), same for r
(i) De(Do)=De(Na) =1
() Ina Man@ulakc( feﬂfng 3{()([']) == D{[X) same for r.

J

Def"  The leff and vighfquamium dimensions of X:a—> b are

dime(X) = )(lm,> e End( . )
dimr (X) = )(15 >€’Emd(AL)

{X) End (A ,&)—95’\(1/@5) by
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Def" We say X has inverible guantum dimensions (IVD> if dime(X), cime( X)
ave nonzew scalar mulhples of Lo, 1p. rerp. (nole X TVD <> X IVD ),

\V}
Lemma Tf X han iovedkible 7uan7’um dimensipns, A=Xe X aJepamb)e
SWM@MC Fio beni a)gebm n /B(Q»C‘)‘

M(Jke&zb\) /VUA(@A%AK (V reans }A, m=ev) v:wev>
N

\‘\Aq
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N = v - dime¥)”

Tovev{{‘@ }epamkf///y 0 brevre

/\AOA = Q = dl’m«(X)-dJ’mV/x)/,' }T

) - N



Teasor products
T

[ef He/B (byb) beom olgelova , and ot ‘/6)3(19 ), XG,B (%) be A modules
(verp vight and left), re. wehawe 2-mopphisms V& A Y, AeX tLx

sa%‘;fyimg e woual identities.

Lemma. I A s sep vmble Frobenmus The pair

re )

YohoX \/@X-——T-» Y& X

lew L

has a &OU/MQ)/TQV in )?(%C)/ denofed (Y@’AX,ﬁ).

Roof We may define
X

This 13 an idempodent:
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¥ = Emd};(q[c)(\/@ X)
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And  e- (“ﬁl) =

T VYo X—> Z issuch that e (ver) =Y-(18€) then e claim
Yo(l-e)= 0, 10 ¥ fuctom unfquely \sic Y& X = Tim(e) = Yeu X

- Y ao claimed . )




f’weosz'ﬁ'om TF X:a—b hay TVD then with A= X ®X we hawve
X@a X =/,

Poof  The counit X&X — Db ;5 he wec{ua(ﬁ/ero}ﬁ re ), (@€, where

v X@A —X s X)X ” LA X—X s hTX
a -

Def" The equ;’mn’amf compledion ﬁe7 of }5 han

+ objech (a.A) whee A€ P(2a) s a sepovable fiobeniup algebra
o Fmowhisms (2,4)—> (b,B) are B-A-bimodules

+ 2 -mowphisms  ave bimodule moyohisms

~
. oompm/ﬁon of (m/})filbﬁ)ﬂ(f/c) s 7/®B><.
° o_m/f/’ al (qﬁ) s ﬁ an an H—%)*bimoo/u/e.

Theorem (Carquew‘/)e /RWJ/%O /567 is o bjca fegoy which satrsfies @B ﬁom
eavher, 1e. all [-moyohicms haveadjpim'? ancl Peg s Pi:/ofq/.

Foot (S/zd-ch) Let X:(a,A)—> (E)B). We claim X\f'- b— a is an A-B-bimodule

via Yhe monohisms

and



Toshow X — X=X in PBeq, le}

T
o X < : > X ge X T-§=1
foTl =
X & X - > X oa X
N} < 2 v
Define Xos X — A and B > X @p X by
Nel \@t

Then for example X = B@BX—‘?X@HX\/@BX > X @A = X s
B A% /'ff—\;: L3 ‘ESW lé/:
- BeX > X ® X ®e X > X&A
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Lemma There is an embeddmg )3 > o, Ot (Q,Aa}

onposh‘ivn TF Xra—>b hgy TVD mﬁ Then Hheve is an isomoyphism
(a)A) = (b, Do) in )327 where 3= X" X

This OtHOWW/HD (,omialemﬂl/] V‘ep)'JVWe evewmg about b as keimg about (QA) :

/B(C) [0> = ﬁaﬁ(@b) =Q-$Q'7<C} (qlﬂ)) = A‘MUG[M[M n /BCC/q)
ﬁ([’) b) = )397( L’ L) = /E‘Z?((qlm» (qﬁ)> = A-bimodule in /B (Q,Q)



