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Introduction (General Linear Group

The p-adic Kazdhan-Lusztig Hypothesis (pKLH)
is a conjecture in the Langlands program which
connects the structure of certain “standard”
representations of a p-adic group G to geometric
moduli spaces of Langlands parameters.

* Langlands parameters are mathematical objects
which separate p-adic representations into
structured blocks.

 The Langlands parameters corresponding to the
same moduli space are characterized by a
suitable diagonal matrix 1 € G.

» The moduli space for 1 € G,q € N:
V, = {M € Lie G: AMA™! = gM}
known as a Vogan variety, with acting group

H,={g € G:1gA™! = g}

The goal of this project was to algorithmically
classify the orbit structure of these spaces for
certain classical groups and use the result to
create algorithms for computing the structure of
important mathematical objects known as
Intersection Cohomology Complexes (ICs).

 ICs may be thought of as families of vector
spaces attached to the orbits of the space.

In this poster we display results of our Sage and
Python algorithms described in the report.

A general Vogan variety decomposes in terms of
linear maps between neighboring eigenspaces of A:

V, = l_[ Hom(E;, E;_1)
i=1

The orbits are classified by the ranks of the
component maps and their products [1].

Example: GL,, A = diag(q?l, q° q°, q—1)’
Note V) = M4 ,(C) X M, 1(C). The orbits and their
lattice structure are given below:

Tab 1. Orbit rank triangle

structure.
Orbs | dim rank-A
—1 0 1
1 2 1
Cooo 0 0 0
0 C
111
—1 0 1 ‘
1 2 1
Coo 2 7 0
C111(]
1 g 1 - -
1 5 1 CIUU Cﬂlﬂ
Co1o 2 0 1 ™~ ~
0 Cﬂﬂﬂ
-1 0 1 Fig 2. Orbit lattice
Chiio | 3 : 1 : 1 : for GL, example.
0
—1 0 1
1 2 1
Ch11 il 1 1
1

Fig 1. ICs on a Vogan variety visualized.

The only singular orbit is Cy1q, evidenced by its
unique structure in the IC restriction table:

Tab 2. IC restriction table for GLg example.

M oeo |{'?nnn |f?1nn If?nm ‘Cl 10 |Cf111

IC(G{}[]{}: ]lCnnn) -

IC(CH]{}: ]]-Clnn) (C,Q {C[2] . X X
IC(G{}H}: ]lf?mn)

IG(GH{}: ]]‘Gllﬂ) ) r a4

Clo 0 0 0 0

C[2 0 C[2] 0 0
C[3]e C[1] C[3] C[3] C[3] 0

The algorithms developed in this project allow for
similar computations for all A’s of the form:

1 i1 1
e | = C_iag(qz,...,qz,q 2,0y (q 2)’
e A =diag(ql, ....q%q% ..., q% ¢ )

* A =diag (an_l ) e q_(nz_l) )

as well as disjoint products thereof.

Special Orthogonal

Group, SO,, ()

The methods for GL,, were extended to G =

505,+1(C). Embedding SO4,41(C) into GLy;,41(C)
allowed for the characterization |2]

O={MeVy:JM+MT] =0}

where J is a block antidiagonal matrix with block
sizes determined by A. For example, J may be

0 0 I,
Jj=l0 1, 0
I, 0 0

Example: S0z, A = diag(qz, q'.9°.q7 ", q—z)

VY = C x C, with an orbit - Cu ~
determined by non-zero C C

: : 210 01
entries. All orbits are ~ -
smooth and only trivial Cop

local systems exist making

the IC structure simple. Fig 3. Orbit lattice

for SO example.

Tab 3. Restriction table for SOs example.

mp., N T [
IC(Cy. 1) | ClO] 0O 0 0
1C(Crp, 1ey,) | Cl1) C[1] 0 0
I1C(Coq, 1) | ClL) 0 C[1] 0

IC(Cy, 1g,) | C[2] C[2] C[2] C[2

Symplectic Group,

SPzn((C)

We also extended to G = Sp,,,(C). The same
embedding applies but now with half the identity
blocks in J negated. For example

I, 0
i1 1 11 1
Example: Spg, A = diag (qZ,qZ,qz,q 2,q 2,q 2)

The Vogan consists of symmetric matrices

v, = {(8 61) A € My, (C), AT = A}

with orbits stratified by rank
(s — Oy — Oy — O

Fig 4. Orbit lattice for Spg
example.

This is the tirst example that we find ICs
attached to non-trivial local systems:

{1C(Co,1¢,), 1C(Cr 1¢, ), IC(Cr €. ): 1 <7 < 3}

Due to this increased structure the
determination of the IC restriction table is still
a work in progress.

Much future work is possible with this project,
diverging into two main directions:

1. Continue developing
methods for resolving
singularities in orbits for
classical groups for use in
the inductive algorithm.

2. Repurpose the inductive
algorithm to compute
other important
quantities such as
evaluations of the Evs
functor.
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