


Geometry z . themyRep

X g → End (C
"

)

H
*

(X) ③ Comu(t . A

X 1 xX2= XT g |∞g +gx 1

H
*

(X 1 )④ H
*

(X2 )
时 = ( 2 ) 0

≡ H* (X2)④ H* (X 1 )
月日 V“ V2 repr . ViDV =≈ V2DV ,

1 equiv . para ,

10op space
U

AQX g[t] ∞ End((t)
H悄 (X) ☆

g [t] →1S[+] + S[+ID ]

XixX2 = XT 5 可 Vict . ) ,
Vi(h) repr ,

。

HA
*

(X 1 ) xH* (X2) V (t 1 )④Victc ) ≡V 2(tr)④ U (t 1 )

x ¢号 Hop5 algema
v v deformation

HAxC的(X

,

←) ④H× 4的 (X 2

|
奶月

σ # ( 2) 5

~

Ax 4号 IX Yangian
H*ε总 (X ) “ comatt ,I

Ha ×x 长( X )①H餐x4站 (X 0 )
R- matvix

→
geometric Vi (t)xVi(s) Vi(s>xV

,
(t)

R- Matrix

H¢长(XT→飛(X) R = lower . upper
Stob , envelope



Attracting set
,

T 2 XX , w) holr
, Sympl . mfd ,

with

HamiHinnian T - actinn
.

XT = fixed pts set of X w . r .t , Taefion

fm U ε CachenCT) , za connected componert ofX ,

we say xE Attr}z)if,
lim ( t)九雪 ,

to

Partial order

Relatinn : z
'

≤ z if z^ Attr (z) # 中
claim : Relation ≤ is partial onder ,

Thm : define Affrt( 2)= 1 HAttr( z')
,
then

Z≤2
Attr+( z)isdosed if X is sympl . resolution .

pJ : chooseX* Xi☆ V A-quiv. I proper( syup1
.
rese

,
)

V=o subspace wilh non - nesative A - weisht .meansdsuwe of Attr
St川 Affr

=⇒ Aftr(z) → V=0 ≡ xε Attr (2)\Aftr(z) → V≥0 mX 。
# lim π( (t) x) 雪 =⇒ 1 im 号 (t)xε Aft+r(2 )OXA 雪byproperness
t>θ t-30



Eqaivariantroot( & Chamberstructure ,

T^ (X , ω ) holo . symp1 . mfd with Hamilitinian
F action

,
XT the fixed pts set ,

we say 0 is a quivaniant root

fi O ≡ some weghts of T action on nommel bundle
of XT ,

ie , takins valheinH{(p+ 1 ≡t*
(
Thendefine a
Chember structume

EX ,

X = T
*P 一 ont )

^③

O
l & siber
时 ~

F¢
a

≈
↑εY/c+x . x 2, y 1, Y 2 )→ (x , Gx2 , Y"

T
。R = { ( 1 x )

, x ε4 }
G+ Y2)

¢

a□ T06xP 1 : ( 1 , x ) → ( 1
,
ax) / ( 1 , a

^
x )

⇒ Pa
, ar
2 书x : ( 1 ,x ) → ( 1 , ax ) / ( 1 , ax )

=) equiv . root : Q & - a 0

pick ε cochanT i. t, , a><o / >0
Cochew(A)
她

⇒Aftr
. sets

tsI
3 t schagdharsethemberttr

. seti !



Def , of Sable envelopes
Choose a ChamberC f t cochor . 31 c 70

Sable euvelpe is a HA*去( p+)_ mep
H眾 (XT )→ H塔 (X )
S .+

:( ) Fz ≤ XT a anneted Component

Supp (seb( ) ≤ Aftr去 (z )

|Istb3( z)|k = e (N
- ) ( dig )

(
"

11) dgAseb3(z) |z
'
,

2
<2

<Ʃ codimz (off diug )

Then we shall see

I) Sabane uppertri ,partialonder =) full nder for Nak ,
quiver vvieties )

2 ) Why stab give R- metrices .

(3 ) if X is syupl , resolotinn
,

when A→ 0

sbb is diagmel matrix ,



ForI) We introduce a finer nder relution

Pick t A - ineawized ample line bundle Lover X ,

then if 2I 2 rare connectedbycunve
= 部

he henve

0 <
[
pcl)= ( T.

p)+
t.

P)
= 言( <| 0 - (x |c (3 | c >0 )

NotethatLH1Sdresn' 4dependson thechiiceoflimeari2afion,
ThenWesay 2 <zrif |2 ,

< l |2z
In particulor ,when X isNac. quiver Varieties .

Mcv ,
w )

,
we picktheampleline bundle

时

Ʃθ : C 1 ( Vi )

At fixed componentZn=Uy
v - 1 ,W . )×M ☆ n ,W)

we have

nt Ʃθ( : G (V:) | zy = Ʃσ in ;

Then we say
2
y
> 2q

' if Ʃσ in ; >Ʃσin :
"

For Seneric 8 iwe hewestrictfull nder



Fm2
ThemainfoolisuniquenessofStableenvelopes ,

ThM .

θr ε H {( X) s 1, suppr E Attr
5
(2) tor Snme z

γdesa |z , <当cndimz , Vz
'
≤z

⇒ γ=

pf :

Bydefinition weknow γε H *
(
X , X|Aftrt(z ) )=Atrtz)

t XaMdised embeddig fom M smth
,
we hve

follow '

ng degram Commutes
, EZIBM

堞

γε H*
(
X ,

x
\Atr(z)) > Hn (Attr((z)
U [ 1 ] ε H

(

M,MX ) 汝

rUi ]H *
( Mim |x ) , 品(X )

O

=) γΛ [ X]Bm = i* [ γ]Bm x [γIBM

Since we hwe 2 *. A+fr(z) →=Attr (z)
+ → X

± [ 0=^ 5 , )
*
γ M [Z]pm

= f * 左* *x [ r]Bm
= eCNz ) fi

*

.. [ rIBu
since dese(NƩ)= { (ndiuz =⇒+*[γ IBn=O=⇒suppr ≤ A 1trt( z') 2 ' (2

, byinductienII



Cmsider Stab : HAX4*( XT) →H *4%( xT)
s .t . T

≤

T & Ker: t *→ t '
*
= Some quivariant root α .

chamber C
.1

.
α
1=
dr-ar

Structure :
- C3

.

.

3
Cz

1
, 3 stand tr generic cochar

α2=ar-a3 of T &2 standfmgeneric

le"
,

cs Cocher of T
1

α3 = ds
-jG ,

⇒Wedefine RC , Cr
≡ .Stab

,-
zSeb1→2 εEnd(H*4(xπ)①④

H

Lemma RC
1
,=
(α} = Rc , ( z (α 1

-α2)
To define

灜need localirat ,
Stab

2→ o
^ Seb 1→ 2

= Steb 6→ o
thm

pH : immediately follius foom the fat that Sebis uppertfri ,

& unique

Thm :

Rcr …Rccnc.(
ara3)(as-a) .Rc ,cr(aiar)=RC2, c, (az-a1 ) , R[3 , c(

a5版) 。 R9
,
c3
(9,U3)

1

:收 Stebiz
,

o Stebia= Stohz .2
.

Stab 2+; . Stcb 1 -> ,

= Seb。 ^
Seb1

-→ 0

.
∵

7
⇒ RC

3 , C 1 PRC2 , 3RC 1,(2 = Saby, o ^ Seb 1→ 0

= RCr,C , ORC
3
, c 20Rc,c 3 ( y -Bequetion )



Fm (3) we 11 shonfirst the geometric R
-matrices

will degenerate to ( 12) withaut the presence of h
by example .

(True when X is capical symp 1 . resolufion)

GKMdescriptionofHX)β (T
*

P
3

]

¢(Pa,ar, a 3 ^, x31
/4*by

(X 1 , X 2 , X 3 , % 1, %, Y 3 )_ →( a,X 1,2X 2,G3X 3
,ai "y,ai" y,G

3

y )

we hve

HpT( )← 招 H( Pi)
{ P: } the trus fixedpts
specaHp(T

*

R
]Fa2 we see 由)

召 P . ( e(λpi ) = ( 91 -G2)(ara3) , 0 , 0 )

az=a3 Gn =G , ( 0
,
e (Ni)= ( 9=a1 ) (ar-a3 ) , O)

P3 ( 0
,
0
,
e (Ns) = (Q3-a)(a3-2)

define funtions onSpecH)3 (Tp]
we only need to check suppnt
Cmdition ,



C : Gi >ar 7a3
L
| p
. = P

=

@ c-a ) (a3-aD
.

P3
c | pz= TpP≤ ( -ar) (a3-Gr )

↳

别品
L | 3

= TP
'

= (9-a3) (G2-Q3)

L2 3 . Lz | p 、

= 0

( 2 | pz = ( )93-92(G2- a )

品 L 3 | p3 = ( 92-d3 ) (G2-a 1 )

[ (I+ [ l]功
=) [ L 1 ]+ [ L 2 ] & H*( P

)

[ →H
2+L

(TD)→H卡( P)
satisfied ☆) = ( 100 ) ,

sodoes P2& P3

→ 招 H卡) →H ()- →热 H( p :) = ( '" , )
(Ka3
-a .

arai -h - k ) P 1

adding twesee [ L , ] + [ (2 ] | p
;

= - ( G3-a2-5 ) 召

⇒seb, envelopes
{( a 2-G3 -h ) 3

Cassumig
4

首 IT
*

R
with weight

- G )


