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* A skew shape 1 a set difference ¢f Young diagrams :

A A0
RS

T = A/,u

e A skew shape T is connected if any two beads in T moy
be connhected Iocj, a patw in T,

' A ribbsn is a connected skew skape with at most

one bead on each ruuner:
9 &
e 60%0 RIBBocwv




-A (Skew) Hlt'ng A of a skew shape T s a coection
of disjoint skew shapes whose umion is T

KU/
S

+ A (skew) tableau (A,t) of T is a till’kg__A_ sf T
with au or‘den'mi t:412,., 1413240 o H;ng/
Such that +iles may be “Jropped nty pos'r“ou" in T

n ‘“’li_‘ OV‘C‘E",

X A Youny tubloau 15 g Tabloan where every Tile 1 a JM%@L bead .
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COMBINATORILS
RooT SYSTEMS




. Lot Q+ = ngo,"(a,"‘“ _,.,a(e_‘g be e ool fA‘H‘lZQ,
and éF* be He Set of POSI:I'I\/Q rosts 6§ affine Lie "3?9 Ag

)
.."

R R T, l keZ, , L7203 | ——
. \
v S= oA, kA F-tdhgy 15 The null root. e
- V‘e, ‘-—in’l )
0 §+—- §+ L SZ_,— TYPE Ae-t.

R
Real roots \Imagfhar; voots  {mS|meN7
(M(‘gﬂr not c((l/(él‘b&) (N_(‘gh% divisible by e)
lOtg_ e

* Y= F 00§83 iste setof ndivisthde roots,




e Choose a convex PN—WC[QV‘ z on §E+

— +otel order on Y
— 50, ¥eB, 65 Y and BrYeF, e B2B+Y7 8.

— olp ’”1"-9“"“"'3 root3 ore ezuwdeld' under &.

Ex (e,: Z) Theve are Z possibde cohvex presrders,
R, > Srdh, & Lok 2o 283 e P2 P 54V &,




« For e Q.,.) a Kos‘md' par'h"l'iblﬂ Koot 0 is a +qP£e:
- M -
K= (@ ¢ pep such that Q*Bezq'smp B,
e The comweyx preorcler & hdutes a bilz;qw?mphl'c
partind order B o Kostant partiions of .

Ex (e22) & 58k > 26002083 p 280ad ¥ S+, &,
K= (o | 28446 ,)

o 135“‘")

§+d,

B= 7o+ 9,

k= (| (504
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. For a skew shape T, He coutent contl(z) e Qs is:
E dmsuue(u) € &4-

beads
nwe v

&7

T 6@0

~nz tont (T) = bd + T4 + b,

e%%o%o" s conb(§)= B8 +et, 4ty

* Ribbons have content in $.



12_63‘ Let T be a show shape, and wnt(T) =R ey
We say T s cuspidal provided that for every
+wo -part tableau (’C.,‘tz) of T, we hawe:

o cowl:(‘l:‘) tan be wriften as a sum o;F Vootf(B
0 cowl:({',_\ ton he written as a sum o;F Voo‘l’J‘} B

Ex (e22) &, 5 5+ck % 280a oo 885 0ed 2840, > Srat,> &,

B=28+x, 03@0 o@%o

CUSPIDAL NoON-CUSPIDAL NoON-CUSPIDAL




Theorem (ADMPSS)
(@) Every cuspidol skew shape is a ribbon.
(b) For 86]_5_'_:2) Hiere eXs13 o uhigue cuspldd
ribbon ‘§@ of content Q. y
(¢) Theve exist e dictinet vibbows 55 3 of condent §.

Bx (e22) & 3 §rck > 280, 80- 283 wrd 2hbaly > S+, 2,
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Ex (e=3). A Less regular wnWx preordev., ,
Set a 1otsl order on Q via (x9z(x ";t’) S %)O)‘,) o )
Defice b : @ﬁ&‘ b‘},Sth X=X, 42y,

h(ot,)= (2,1) k(x )=(-1,0) h(e,) = (—1/1))
and ¢ xiend bg, ﬂlw-vda 1o &, . For ﬁ yedy, set

S X = h’(ﬁ) > l“(y)
g Wt (8) LE(Y).
REAL:

(sAwLwoJ &% % o

X, > 2§FA, > 25+d A, > SHd A, > L HL, >

S SO N T &




Def-A 4abloau (A ) for a skew shape T is Kogtaut if:
T cont(B) e B, for ol AeA
— ot () y cowt(£(2) 5~ cont (¢().
- A 'Hla‘ug_./\_ I3 Kostund i a Kos+au,+ ./\-'HJJMU\ ext‘sh,
<A Kostand Hﬂl'ug__/\_ 1% M‘i’Wa,U.y, associated with a
Ksstaut partition K" of cont().
%%%%3020@ R G EM RN LD

+ A tillng s cuspidol if oll files are caspudel.



Theovem (ADMPSS) Let © be a skew shape,
(@) T has q uhigue cusplc(o& Kostant ‘ml'“g_ Tz,
(L) T§ A i oy Kostant tiling for T, then:
K,ﬂ: > K.A'.

() Ty may be tonstrucked by progressive removsl
of minimal vibbswng



I_E_zg (e,:%) CUuspPIDAL SHAPES:

Ry : o
o N\ &% S ¢

S 25kA, & 25+d A > § > S, 2 LA P ok,

o

KT‘t: (0(0)254-9(0,25"'*;""’(1\ Sz\ 84 o 1, Id"‘.dz l dzz)



De¥ Lot meN beY.
Lt T be a skow shape with it (T) = mp.

We sey T is semicuspidal provided that for every
+wo -part tableau (’C.,‘tz) of T, we hawe:

0 cowl:(‘l:,) tan be written as a sum of rets LB
o cowl:(-l:z\ tav he wriffen as a Sum o;F Voo‘t.(‘>( B

Theovemy (ADMPSS) For meN (e 2™ Here exist
a whgue semicusp\dal skew chope §™F of onfent wp,

2les2) ST 00 QRO RRP




Theorem (ADMPSS) Let meN and Lot S, be He set
of connected skew KWPeS of size m, Tlew we have:

g Connected
z, xS —* 9§ Semicuspided Skew SMP“%
m ;_4di Qa.J-:oh of wntent mé

Ex (e=2) e

;‘ (2, @9) i 4’1&,;}
§°= ( , )a Jillation \%%




REPRESENTATION THEORY
QUIVER HECKE ALGEBRA S




- Keep ¢, &, as before. Fixa field K.

« Associated 4o every et is a (Z-gmalea()
associative Quiver Hecke (KLR) lk-a,%g,bm R,.

SPANMIVED BY Dr&GRAMS G EWERATLRS
OP TA/E FORM : i1 12...10n il...ip...1n i1...19p *r4l..in
' . i = yrls = Ul =
RELATIONS
w(§-14) et
_ ‘ ’IA,' _ sulll i=k,ci;=-1
¥ =90 i=j X - ¥
0 oth
i i otherwise,

L iv i SIMPLE RooTS KXl X X



Pertinent Focts about Zg-mod

- Por 9,, . / & € Qi-/ Here s an inclusion:
Rolég e ng — EG," =14y
We have exact Tnducton and pestriction fumclors:

IM""%.

29:@ Rgz-mod —_— R_eﬁgl—mod.

Re,sg+3 Rp.+o,-mod ——> R, @Ry -imad.

6,16,

* Wrife MoN := J:M (M ®N),



Tle following definition motivaled our definition

of wspwla.bi'g for shew shapes:

Def- Lot PeW meN, Wesay MeRyg-mod is:
semicuspidel  provided:

w i B<£g
% ¢ +0 A s & sumof rosl3 ;
5/4"””M =>§7/ is & Sumof rosls 2 6

* We say M is cuspidal iF m=] and He
omparisons may be made s+t



TLMl—bMJ (Klo/slacl«zv) Let me.N, and fpe&,C

- Tlare exists « uigue simple Semi wspidal module
L—(em) € Rmﬁ"nﬁd.

* The S}MPIE sg,micuspw(aﬁ Rms-m.édb.hj Mag_ bQ,Qo.bdm{.‘
%L(g) , A an (e-1) modHpariition df mg




. Quiver Hecke o@g,a'oro-s , ntrsduced by Khovanov -Lauda
ond Rouguier (2008) tateqorify guantum groups:

%EPN%RQ)] — = u;(éﬂe)
&0l
q;C-Q [Rep (ReY] —2— Uy (she)’
00l



: F
Bases in Z{;f(g)& Z{$(a)* Families in Rg-mad.
canonicol basis projective indecomposaboles
PBM() basis Standard modules
J
root vectors semicugpidal standards
duad canonicel basis stmples
duwad P 6W basis proper standard modudes
J
duak root vectors semicugpidal simplas




« A root Par‘ﬁ‘l‘l'ow (K.Jl) of 96&4- is the data:
- a Kostant pavtiion k- ((;Mp)ee‘l’ of 6

— an (e-) ~multipartion A of mg.

* The proper standord Mmodule A(x,3) 15 te
tind uctwn plroduw{' s He assouated Semlcujpw(JS:

A(K,A)= L(7) oo L(A) oo L(BM)

Theorem (Kleshehev) A(kA) has simple head L(xA).
% L(k,2) l (kd) a mé“']?ar‘('rhob\ 6f 9%
is o complete set of simple Rg=odules




REPRESENTATION THEORY
SPeEcHT Mo6OULES




* To any skew shape T of wutent B, Here is an
associated (row) Spedht module S* e Ry-wad.

~ characler/dimamsion can bhe vead off from
nesidue se4ehces of Youny T-tableauy,

o Specht modules arise as cell modwdes in He
celbular structure of the yclotomic quotient Q’;
(Hu- Mathos)

Ex Tf char k=¢ is prime Hew

PRy 2 kG,
ht(6)=4



Prop (ADMPSS) Lot BeY, meN,
lof T be a skewshape of content mp.
Then ST is a (S.e,w)cusplzlae. Rmp-module
if ad owly if T 75 & (semi)nspidol skew shape,

Prop CADMPSS) Lot BeE LS meN, Then LSS
¥ This g,l‘ves a presentod tou/dnamder of real semicuspidals,
Cony The simple semicuspidal Ry, ¢-modules arise

as the head o certaln (expliat)
semicuspidal Specht modules ST



TitinasS & SIMPLE FAcToRS oF SPECHT MODULES

Prop (ADMPSS) Let T be a skew shape, and Lot T
be tle unigue cuspidad Kostant 'l'flt‘ug_ of T,

(@) ST has w simple factor of +he form
L(kT,4) .
() Tf L(K,p) is any stmple factor 6§ ST +hen:
'rf
K®* B2 Kk,



2 sebs ofF Labels for simple Rg-modules:

T
Ve D L (KJ .;l) N
SimpLe bead of S slmple hecd of A(K2)
I;Lm T«Li o " where (K1) s a
cevhain multiparhtu, ¥ parkihon, of
© ontent b rest parkitow of 6,

20172
T &£ —> (H.,:,\_)




E_)( (Q:Z) 0= 13§

v RO =RY sl

(2*,17%)

D) 5 L (e 15+4), @)
S22 N s L ((s+4,18]4), )

DUY  +—— L((3%), (»).




ONGOING WORK [/ FUTURE RUESTIONS

e RoCK blocks (and Scopes eiuwasﬂawf blocks))
and semicuspidal ima?l’uargt Specht moduleg

« Core tilings (and (e,k)-cores)
: Cu(pidaf ribbon fableausx in otler 'I'ypeg,




THank You /



