
Orthogonal modules and

- >-sprojectively matsutilting modules
en

I Haruhisa Enomoto) (Osaka Metropolitan)
tival filt
Overview
-

Hierarchy of "full rank"ortho.modules.

↑N proje PX

T
side I t

dual
E tilting 3- E cofiling 3
pd <& mod;
1 1

E
proj.

3I E injectively 3W-tilt
W- tilt

M -

9 W-tilt 3 Today
-
-

E
-dual



#ing
1:f.dkraly /K:field

mode:the cat of fog, right 1-modules,

Let 2 mode be a subcat.

11 P= 2 is progenerator of
1) (i) Ext1(P,2) =0

(ii) *X= 2, I 5,4.S.

0 +x+ Po +x +0

S.t. X'= 3, Poe add P.

12) Dually for inj. cogenof 3.
W-tilting theory. ET)

=8

of Let Temodx be Irnal.
Define XT =

+
T <modX.

(X=T: Ext,X,T) =0.

12) x =xt
> (i x =

+T (*)



(ii) E 0-x -To+4,-...
-X.

St. Tieaddt

andHom, ((X),5) isexact.

f
· Xxx =Dx =modX.

·Xx =GPX 1:Govestein-proj)

Let T mody:ortho
1) Ais a progen of T.

(2) T is an ing cogen, of Xt.

T:ortho X+=+T

.I x iff
progen T:W-tilt.

xx

jaj T
· Tift

sogen T:iW-tilt.



Lef TE mod/ is cotilting
ifIII id T < x

(2) T:ortho.

13) F0+ int...To tDK to

iexwith ti eaddt.
#m(Auslander - Reiten '91]
If
T

is cotilt, then

x+=
+ T.

(- +Thas progen
i

↳ Iinj cogen T S

* Te mode is W-tilt.

if (11 T: ortho.

12) XXi
1=> X is a progen of X+7

Ex
To [cotilf} <GW-tilt 3
Itis W-til E1,(PT) isW-til.



13) Stilt] < qw-tilt].
14) in is W-filt

~Xx =GPX I

Rem
-

Consider a "pair"(P,I) s.t.

P:progen, I:inj cogen ofsome

exact cat IE3 <modt Er: f.d.ds)↑
ext-closed.

(1) If T:W-tilt,

CX,T) is such a pair

E x+3.
(2) F CP,I): pair itassump)[E]
CP,I) iv"(x, 53
for some olg X, TX:W-tilt.

W-tilt="universal
/I

injcogen



If Temod X is injectively
w-til (in-tilt) if.
L13 T:ortho,

(2) T is an inj cogen ofT.
1=YX =

+T,7xx+7)
Prop
-

T:iw-tiltEST:W-tilt sit

x+=+T.
Ef

is [cotilt] a Sin-til 3
12) Xxis infilt

(=7 xx=+x
11

GPX

): 17:weakly Govenstein.



Results

SealResult (Bongartz]
T- mod X:cotilt with
=>

E
· id T =1
· T:ortho.

& =T1 =(x)
·

-T1+
to + Dx-0 T

#Sindeasymads?
Thisdepends on
whichs for id = I

At leastfor X:rep-fin?

Itbe Arin.
1) For any MemodX: ortho,
EM's mode, MAM: (in-tilt

(2) TFAEfor itmodX
(i) T:iW-tilt

(ii)T:W-tilt

(iii) T: ortho s.t. IT =W.



(iv) T:maximal orthogonal

1: o T:ortho.

I · TOM:ortho C=>ME addt.I
for X:rep-fin. then.

(1) M:ortho -> 1M)=1X1.
12) TemodX:W. tilt

=>x +=+T.

13) GPX =
+X (X:weakly Gor)

andConj
<Boundedness Conj Tapper7)
M: ortho-> 1M1= IN.

<Proj =Inj Conj)
T:W-tilt-> 1T1 =W1

(weak)
>Maximal Ortho. Conj)
T:W-tilt-> T:maximal ortho.

ciW-tilt) Xis maximal ortho.



(BC)-
(PIC) IYmoret

These are true

- It Xis rep-fin.
T:W-tit

↓T sin; losI a
-

=1 T:
iN-til
It

T:in++ W-tit

⑭* 111 =k|



(Rickard - Schofield]
~

Ex: ilt" Kab, cd, das
:rep-inf. M = sal

& I

SCI):simple at I
S

I S4):maximal ortho.

9

Ex 1- 2

3
<abcab,

>=x) b cabca

P12P(3) Ax (X:ee(e

proy-inj

G
->Wefilt, pd=id=&

-

12:Iwanagar Goverstein efring-
· M: ortho.

->PdM/
(This is true for rep-fia).



↑M:W-tilt ES M: tilt⑭M:sofift
EX, s.t. F GPX-12

xx

H 7 X:not weakly Gov 7
-

xx:W-tilt,

x x: iw-tilt
+=GPX.


