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A talk in the London number theory study group.
Notes by Carl Wang-FErickson, c.wang-erickson@imperial.ac.uk.

This talk will discuss Section 6 of XZ. The plan is to

(1) Discuss function field Langlands, where there are excursion operators
(2) Discuss how XZ apply the idea of these operators.

1. MOTIVATION FROM THE FUNCTION FIELD CASE

Let X/FF, be a smooth projective geometrically connected curve. Let F' be its
function field. Let Gr := Gal(F/F). Let G be a split connected reductive group
over F', and let Ar denote the F-adeles.

We want to understand

Bung(Fy) = G(F)\G(Ar)/G(0),
where O :=[], O, and v varies over all places of F. We want to decompose
Autg = CS™P(Bung (F,), Q,),

with respect to the Hecke action: given any dominant coweight A of G and a place
v of F, there is a Hecke operator
T/\,v

acting on Autg.
In the G = GL,, case, the decomposition gives the following result.

Theorem 1.1 (Drinfeld for G = GL,, L. Lafforgue for GL,,). To each cuspidal
automorphic representation ™ (whose central character has finite order), there is a
unique Galois representation (whose determinant has finite order)

o : Gal(F/F) — GL,(Qy)

which is unramified at each place x € |X| where 7 is unramified, and such that
the eigenvalues of o, (Frob,) are the same as the Hecke eigenvalues of w, for all
unramified places x.

The point is that by Chebotarev density, specifying the eigenvalues of the Frobenii
uniquely determines o (7). But this doesn’t hold if we replace GL,, with a more
general reductive group G: o(m) may no longer be uniquely determined by the
Hecke action.

The solution of Vincent Lafforgue is to introduce excursion operators, which
include the T , as a subalgebra. But the algebra of excursion operators will be big
enough to uniquely determine the associated Galois representation.
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We study these excursion operators on the ¢-adic cohomology of some stacks of
shtukas. Given a finite set I (thought of as the number of “legs”), and an irreducible

representation W of G, Lafforgue defines a moduli space of shtukas
Sht],W)

and cuts out a Qg-v.s.
Hrw

from the f-adic cohomology of Sht; .
This has some nice properties.

(1) Tt is functorial in W
(2) For any map I — J of index sets, there exists

Hiw — Hjyws

(which turns out to be an isomorphism) where W isa G7 -representation
via

G’ =Gt

via (95); = (9o(i))i-
(3) Hrw has a (Gp)'-action.

For example, for () — {0}, there is
Hpy — Hioy,1-
And we are interested in Hy ; because
Proposition 1.2. Hp; = Autg.
An excursion is the following. Given a function
f: GQ\G(Q)/G(@Q) — Q,

(quotient is taken with respect to the diagonal action) and elements (v;); € GF,

(1) pick an irreducible representation W of GT and z € W, € € W* such that

f((gi)r) = (& (i) - ).
(2) Put together

Hyp1 = Hioy1 = Hygy wioy — Hyw Gy Hrw = Hoy wio 5 Hoy1 = Hy 1

To see that this is a suitable generalization of a Hecke operator, note the following
Proposition.

Proposition 1.3. Fiz a highest weight representation Vy, and let I = {1,2}. Let
f:(g1,92) = xvi (9195 "). Fiz a place v of F. For (y1,72) = (Frob,, 1), we have

S{1.2}.f.(Froby,1) = Th-
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2. APPLICATION OF THESE IDEAS IN XZ

We recall the setting.

Local field FF D O.

G /O is unramified.

G/Qy, the Langlands dual.

The action of G on G reduces to an action of Frob.
We can define a L-group

La =G x (o).
Looking at Go c L@, this has an G-action
g-h=gho(g").
Given any V' € Rep(G), we can define a trivial vector bundle

VXGG—)GU,

and endow it with a G-action. In particular, this takes
g (v,ho) = (g-v,gha " (g)o).
This is a é—equivariant vector bundle on Go,

GxVxGo—=V xGo

| !

G x Go Go

This construction defines a functor
Rep(G) — Cohé(éo).
The upshot is that we can make this definition.
Definition 2.1. We let Cohg(éa) be the essential image of this functor. Given
V € Rep(G), its image in this category is denoted V.
Theorem 2.2 (Thm. 6.0.1 of XZ). (1) There ezists a functor
S Cohg(éa) — PY(Shtz)
such that the following diagram commutes

Sat

Rep(G) P(Heckey)

o] !

Cohf (Gr) —= PO (Shty)

(2) We have S(1) = 61 (which is defined to be the image of 1Cq in P(Shtg))
and

. 5 B
(0g,)¢ = Endg 60 (1) — End(01) = He © Qq

(where the right equality was in Rebecca’s talk last time) concides with the
classical Satake isomorphism.
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Here “Sat” is geometric Satake, the left downward arrow is the V — V we just
discussed. @ is the map from the Hecke stack to the stack of shtukas corresponding
to the forgetful functor.

Then it is natural to ask about what morphisms in Cohg (Go) are not in Rep(G).
e S on objects is S(V) = ®(Sat(V)).
e S on morphisms is the question.

For example, what is Hom,_, & (\71, ‘72)7 Well,

Hom, , & (V1, V2) = Homeon (V1, V2)¢
= Homo,, (Og, ® V1,04, ® V2)¢
= Homg, (V1,0¢, ® Vo)“
= (0g, ® Vi @ V2)°.
Note that the structure sheaf has a Frobenius twist, which thereby gives rise to

a Frobenius action on some objects later, which is then important for making an
excursion operator.

Remark 2.3. The analogy with the function field case of Lafforgue is that Laf-
forgue’s f, (vi)r corresponds to a € Hom , & (Vl, ‘72), o. This is why we introduced
Lafforgue’s construction of excursion operators. Maybe one interesting thing to
note is that the interesting choices of excursion operators in this context are really
the elements of Hom (f/l, f/g), rather than the Galois element, since we always
choose Frobenius.

Coh¢

Next, we need a few definitions in order to move forward.

Definition 2.4. o If V € Rep(G), then V = @V,,, and the image under
the geometric Satake isomorphism Sat(V') is supported on Gry := |J, Gry,.
e As in James’s talk, we also have
GrVﬂVg = GI‘V1 XGr GTVQ.
e Hky = [LTG\Gr,]
[ ] Hkv1|v2 = [L+G\GI'V1‘V2]
This is a computation I didn’t have time to unpack.
Proposition 2.5 (Prop 3.4.4 of XZ). Geometric Satake descends to an isomor-
phism of morphisms

Homg (Vi, Va) — Corrgyo (Sat(V1), Sat(V2))

[V
which in turn is isomorphic via ® to Corrs},tvllv2 (S(Vl, Vg))
Recall from James’s talk the “partial Frobenius” map

F
F: Shtm’m,m — ShtU(Ht)yllly---”U«t—l'
given by cyclically permuting once, and then apply Frobenius to one coordinate.
On bundles, this amounts to

(6 s 81 TE) 3 (B e 2 E1 - T i),

This operation is obviously invertible. So
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Proposition 2.6. This induces a correspondence

DL p-1 : (Shtyv,mv;, S(0V2 B Vi) — (Shty,my,, S(Vi B V3))

where if we have W € Rep(G),

oW is given by G A JEN GL(W).

To conclude the talk, I'll discuss the construction of the excursion operator. It
will be not exactly correct, but then I'll indicate how to fix it.

We use the fact that if a group scheme G acts on a scheme X, then there is a
representation of G on Ox. This is in general infinite dimensional.

Now recall that

Hom,, ¢ (V1, V2) & (Og, © Vi © V).

To fix this, you have to make this infinite-dimensional thing into the right colimit.
One picks some finite-dimensional subs, and then proves that it is OK to do that.
For now, we’ll proceed as if O is finite-dimensional.

Firstly, define a é—equivariant map
G x G — Go, (h1,hy) — o(hi) ‘o (hy)o,
where we have the usual action on the RHS and the LHS action is
g (hi,ha) = (hio™ (g™ 1), hag ™).
Thuse we have
Op, —00a R Og.

This induces
dy : (Op, @V @VR)Y — (00458 O0p @ Vi @V3)¢ 22 Homy (V1,005 @ Op @ Va).
There’s a map from point to GxG given by the identity element, so we have

evi1:O0a x Op — 1.

Given a € (Op, @ Vi ® V5)¢, we get

8a:S(V1) "8 5004 B (V2 © Og)) 53 S((Va ® 05) B Og) “ 4" 8(Va).

where C = ® o Sat. Here C(d,(a)) is to be compared with the creation operator,
DI'p-1 with the Galois action, and C(evy,1) with the annihilation operator.

Note what we really do is find a W such that a is in the image of the right map
in the following diagram, then similarly define a map =, in the following diagram:

Homg (oW @ Vi @ W, V3)
Mor peer: (S(V1, V2)) (Og, ® Vi @ Va)C.
and then show it’s independent of choices.

Proposition 2.7. This turns S into a functor.
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See the proof in XZ, Lemma 6.2.7.
Next, we want to show that the diagram of Theorem commutes. We repro-
duce it here:

Rep(G) St P(Heckeg)

V»—>\~/i \L‘i’
Cohf (Go) —= P (Shty)

The diagram commutes on objects by definition. On morphisms, note that if we
choose W =1 in the diagram before Prop 2.7, then we get the down-right direction
in the diagram on morphisms. But in this case, note that ev; ; is the identity, d,
is the identity, and the partial Frobenius is as well, because they all depend on the
representation W being nontrivial. Therefore,

Sy = C(a) = ®(Sat(a))



