TIsaac Newton Tnstitute CAK A[ﬂe,bra Seminar

Tueday, 219 SeF‘be,mloex 2021

“Talk. wotes at egunawan.gi{:hub.?o/ﬁalks/?nf 21, pdf

Cambrian combinatorice on cl/uiver re,Freserrtml:c‘onS G:g]?e A)
Emﬁla G unawan

(F with E. Bacaacd, E. Mechan, R. Schiff ler )

Caexiv: 1712.02840)

Outline

1. 7 M Sn+|%>£A+(—o '\s’} &mbr?Qn (ﬂ_ttfﬂc,
D T i

tyre A clustec algebra
exthange geoph oriented
\o& green mutationg

2-(7 "FO(naon model —Qa\” Yep Q
2 WwWhat do Ations CDrreSFonc\ 4o 2 Maximal almost r‘f@'lc) ’fe’FreSen'ta-UoﬂS
.\ - J

max

4. The endemorphism a[@e,\ora of a wac vepresentation is

a —tfﬂ’p' A +tilted alﬂebra.

5 A s{:aulﬂﬂ —(unckzon where each M¢ jd Q is Stable.

b. '7“’1): Sett — cur(Q)  Cambrian latkice



{. Cambrian lattice -F(om 77 (Reo&in%, fLOO‘\)

Q gpiver of type Angy 7& : Spet _»{‘brianaulations

e
S, _Sz_ R S'H'ﬂ. Snmme’nf?t/ group O‘F P(Q)

Sq !
s Tope A (l ) \
= s'T SS - °
2z 3

if 5' S+| inQ, let 7 be up along op edges
it s;/sm in Q, let i be down paths A\ © T,,;ﬂm"s w(=3
T ﬁr;mnm My 07,‘;::5.4 w®=7
P(QZT/'\'MH_ M 024 wirz
\é ;/ Cal):v:% Dé‘i‘il edaes
\ 2L

T -?D.dq a \latkice
/\_M
The (right) weak order on Swt is a partial order Cybsck) whose Hasse

diaavam is the Caudleg ararh of Spy with genexators {(i,:),(z,;), ...,(ﬂ,n-l-l)}
AA

E.9. (DEDED=GHEDED el 1
Sq Ay N\ PSS "
(96 (DG 13 P! T VA

(A ZENA
) o |(133 \TGD 04 .y 3 04 \/ 4
G2) () N 13 DT i3

1

2 3 2 3
w /{u) &L’ As) _ L _ | )
IA 1% no TnverSion 1 1
0 / .y 0./ 4
Nye union of patpsl triangulations
e
Q M-l 0 ‘o n+a VF P(Q) 1,(“3) 2 3
tient +h K f wclier 2l / 1 3 1
ives a uotien wea oraert
g 9 of the Roth
- . - 202, 122
called Q-Cambrian lattice. o He
SOme. +r|an%ula+|on
T Te covered by Ty
T &M lacgest i
T slopes .q
e £
v C:Z\u'\'\%\ f: T é{
1
04 .y
¢ T, T2 differ by a Jiaaaml £hip \55
NeR -
AT Ta

Wl & 4 TL/\/

- The diagonal T, has larger clope B /\
0"’@(5



2- ,7 TD(%aon moae[ —Cof Y‘e'F Q SFQC,?O,I casSe "‘F Or?er—?\ﬂmonioﬂ—&[qrcll 2018

wodel for 2% (med A

gentle

£ = i orierted line gegments )’[;)g) / 0 <i< 75 < Hfl}

577[62) Cﬂ%e@orta, whose ohjects are &

ivreducible ‘mor?h?gmg are TI\/otTn% one eno\?o"lr\‘{: counterclock Lise

_ 'y /“/ﬁ
T 2 N
/k\ SN
T \ _/j\ T ~ven st \
/I Fanr s 1 T z T Ty 3
0001,3) .4 /I \ /‘ "-\\H(zyﬂ 3/‘ \q/'
Iavd /\ /‘\ TN, SN /‘\
e \/\/\ o T \/\/\
v ,;./ ¥ (0,3 o4 N
\.7\/ z\-;;zvﬁ

Thm A There is an ez}ui\/a[ence of C,a'teaov(es

5?(&3 — Q )

! b

V(i-1,5) <—> M(ij)= o— k- Tk

er\ATo?r\t c > Irreducible
T'\ Vot & Mor?h?gw\s

clockwite &> AR “Eranc lation T
rotation



3. Adion Corres-rw\&& to ... ?

Def T g almost r;%r_g! ip
- T is basic  (no \"Qreq'{-ee' Tnolf—COﬂqTo&a\ole. 3mmmn4&>
v For  each At AR of TnJ&Cemros‘aLlc cummand s of T,
¥ 0—7A— E — DB —>o i3 a nonsplit ses
—then T 1 Tnel?—CoMFoSaL‘e.

. An almost rUu\ T is maxten| almost rggid if

TEOM is ot almoesd rrdTJ -Fr a7y re;rres:a,n—(;a-tion M.

Thm B A t7ons ?{ R i/ maximal  almeet F}
N () »crOT,l ra_Tre&en"Fa-ng of X

rac (Q} =

Cow & _bjre Anto 7/u?ver ) T ¢ vnm*[b\)

n+y ‘OOU'\alar /mc Legrments

F# mar (62) = vy CL > Catalan numbers | o o
n n+1 : N




B T He T o€ (@)

Eﬂ: CHmrrc[”‘P\Tnﬂef W?l) Let M be a -I:E[Hng_ module T rep Q.

Endl fep Q is called a +£ilted a(@&brq of —b(C]Pe Q.

Ania
M Let T & mor ('(323) C= Endl e Q [T)

Then C s a tilted a{,ag/(pra 010 _{_’3?‘5 —C-Q_

A zner
4
Ve 4
Q 1 3 T
NS X 3/'
S
FazM@g)
SN / \ /
Pis=M(2,35) M(isd) M(419)=T,5
/ \( )/ AN }/
B =MGD M(i5,35 M(1,9:=1,
Jolc AYAYaY
Rs=MB,25) M(Ls,3 M(@,35, M(254:T5
d NN N
/ \ / \\ I \ /MOSZ< /M(H)\ /M(zsss)\ /M(H)I\3
\ / \ / \ Fis?M05D M(1,25) M@s? MG3S) MG54)7 Tss
4 \ / \ / \ e \ / \

&ummanals oF ? are cireled
Surmnand s of T are cireled

End rep QJ = Eand ep@ Z
war L4y m ep Q



5. A S-kaEih-&:] -(unc%(on wheve each Me¢ Td Q is stable

[ Simples

let ko= Z s« | Xé&o} be the Grothendieck group of rep Q.

« A ctability —wa\cb[on on Tep & I8 a  group home mo rphism

!

Z:ke—> C ‘ o) —01‘—
M]+—> r(m) e'W'd . st !

[T i ]

VO?_ M, Z([M]) c Strict  vight half "qune ,‘H::{'\"c ’ r>o, 2<¢<Z}

e $(M is called ~the phose of M
Note: mridgeland uses strict ypper half Flane, . . {?
but it’s convenient —For us to rotate ) %0° ) S 17
|

M Cgtabi“'en —Func:t'-oﬂ ‘Ffom our 'Foléjaon Mo«;.&l}

~—> vecters n |KL
. \Dc{:if\e Z- ‘< Ko—"’ > C
vecfor v/ Same direCtion &

) /_/-\Q
=z ( [MI) = Vec (XCJ"’) k)) Magnitude as Kfj—i) k)

w? = ) LD
—_— & » ﬂf(ﬂmM&ll‘F D‘IC veC CX(J’-/)Z)>

/
wifude o 'UC-’IKD ar
™ foR™ ~ T L angM) K F
amd  extend additively +to all of K,

Joes”? need to be &%Mq(

T
{
S (s0)= (5)
o<2\/4 OKCL;’) D/,Sz\q = Zgz@?)

S- 0
- " —>o Oy 2(5y)

~

The phate of M is C]S‘- rep L — R

M ,Tl‘fawgCM) ¢ (%%



Thm D Evera Tno{eLoMZroSn[a/& M s stable with FQSFCC{7 to our =z.

Ci.e. [ (L) < ‘%(M) for all 0#£ L %M>
Froper SMbreFresexﬂn‘ﬁon

E I-F 0F L ic a r»rarer SquaFre,seJr(:ation of M,
the Tuclusion L <> M s a nonzero mothism Ta Hom (L,M)'

S'\-ntle_ MOT'FHTSM XC") —> TC"") is a SQ‘?/UQ-HCQ_ erF courterclock 'F'lvatg

— ¥_/__/
1
(Tke v./ W"i each TnereageS ﬁn&[t
T /' S Lot
2 T
0.4(1)3)\‘.4
A/
z 3 ;
v oty\.{/ %J“

P

[N ¢(L>:—_;r— acg (L) < ;'_I—WQ'(M>=¢(M)

b. '7”"’-‘ Spet — our (Q)  Cambrian lattice

).LF Potet on mar(&)

q
T SN y )
I Cover' if 2 g

2 1,2
relation 1/‘ \I 3/':L Mgy P
K N 2NN 70
Iy 3 4 M)
() Ty, T2 differ by one indecomposable
summand M, ~ My
nT nTy
® There is a short exact sequence , T
LR
0= M — A®B — Mi—0 Ml 5y ”‘\k/“‘
where A, B are indectomposable 9 |13/‘1 \!4 z 3
Summands of T \'/ NN Y3
h 2 ) 4 M (2,3

Thw E The above Fosd: on ™Mar(®) is a Cambrian lattice.

P The minimyemn ™ay module contains all projectives,

p——

The maximum war wmodule Contains all Tnjectrves.



(Extrea Fage)

ion of paths . . “union’ of re resentations
.S un f 5 {triangulations] . . ... S i S
‘q """ O‘F P(Q) “ 7 'H'lw ith o{ Tmention Vector [f 1 mar (Q>
s
) n e T e
remeve 2 insere T ru%,\'e 2
Mo 0234 M o,'<34 MooT 24 MoT x4
T T
0'/ \-‘( / \ /\ o./ Y 4
2 3 2 3
Take union of all !.Jﬂes of )o )., A2, M to get 'h'wmqu\d"ton N (22)
4
)\:"‘:L@?:@‘I )\|=‘1}®“ >\a.=1® ®4 )‘3= '97}
[
s s e /"
c C c c., C C
AVVE N W N
C C T e C
2. 2 2 2
ext (2) deg (T) ext (2)

Take union of all 7 indecomposable Summands o qet ™.af nep T Ca1z)

71‘ Sn+lunion' of re'rrescn'{-a-fiog mar(Q) Via 'Y‘e,c:{:a-ﬂales with missfn% corners”
E.q w33 w(i)=2 Ww@=T W(E=3
A-L030 4 M='20 4 A= 10204 MERL
/5 /5 75 /6
C
ﬂr'\, V3 “1:\, ,/4;' ﬂc\", Ve NG /‘E
C C T { C
2 2 2 2
ext(2) deg (T) ext (2)
ST 7 270
SNy e \,./‘ Y SN
2NN Va \ R 2NN
2 27 3 2 2 13 Y 2 13 Y
NN N N /’\. NOANOATN NN N
h 2 3 2 4 ly o2 3 2 4 2 3 3 4

Take union of all T circled indecompotables 4o get ™.af np T C22)




