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Definition of strong Banach property (T) Type of a class of Banach spaces

Notations
strong Banach property (T)

Definition of strong Banach property (T)

A class of Banach spaces £ is of type > 1 if there exist p > 1 and
T € Ry suchthatforany E € £, n € N* and xq, ..., x, € E, we have

n 1 n 1
E --2>2<T< -p)”.
(gi_ﬂn;e,x,n,g < T( Xl
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Type of a class of Banach spaces
Notations
strong Banach property (T)

@ G = locally compact group
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@ G = locally compact group
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Type class of Banach sp:
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@ G = locally compact group
@ (: G — R, alength function on G
@ &£ = aclass of Banach spaces
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Definition of strong Banach property (T)

Type of a class of Banach spaces
Notations
strong Banach property (T)

@ G = locally compact group
@ (: G — R, alength function on G
@ &£ = aclass of Banach spaces

e &g = the set of isomorphic classes of representations (E, ) of
G such that E € £ and for any g € G we have

Im(g)]| < 9.
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Definition of strong Banach property (T)

Type of a class of Banach spaces
Notations
strong Banach property (T)

G = locally compact group
¢ : G — R, alength function on G
& = aclass of Banach spaces

Ea,¢ = the set of isomorphic classes of representations (E, 7) of
G such that E € £ and for any g € G we have

Im(g)]| < 9.

o C£(G) = the completion of C,(G) with the norm

Flles ey = SUP(emyecs, | / 7(0)ddl o).
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Definition of strong Banach property (T) Tynelotlalclasslor Banachispaces

Notations
strong Banach property (T)

Definition of strong Banach property (T)

Definition

G is said to have strong Banach property (T), if for any length function
£, any class of Banach spaces £ of type > 1, stable under complex
conjugation and duality, there exists sy > 0 such that the following
holds.
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Definition of strong Banach property (T) Tynelotlalclasslor Banachispaces

Notations
strong Banach property (T)

Definition of strong Banach property (T)

Definition

G is said to have strong Banach property (T), if for any length function
£, any class of Banach spaces £ of type > 1, stable under complex
conjugation and duality, there exists sy > 0 such that the following
holds. For any C > 0, and for any s with sy > s > 0, there exists a
real self-adjoint idempotent element p € Cg +s¢(G) such that for any
(E, ) € Eg c+st We have

n(p)E = EC.
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Higher rank algebraic groups have strong Banach property (T)
Application to expanders
Application to fixed-point property

The main theorem and applications

Higher rank algebraic groups have strong Banach property

(T)

Let F be a non archimedian local field of any characteristic. Let G be
an almost F-simple algebraic group of F-split rank > 2. Then G(F)
has strong Banach property (T).
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Higher rank algebraic groups have strong Banach property (T)
Application to expanders
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The main theorem and applications

Higher rank algebraic groups have strong Banach property

(T)

Let F be a non archimedian local field of any characteristic. Let G be
an almost F-simple algebraic group of F-split rank > 2. Then G(F)
has strong Banach property (T).

@ Examples of non archimedian local field: Q, p-adic numbers,
Fp((T)) = {3223, aT : o € Z,a € Fp} the Laurent series of
finite field I, .
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The main theorem and applications

Higher rank algebraic groups have strong Banach property

(T)

Let F be a non archimedian local field of any characteristic. Let G be
an almost F-simple algebraic group of F-split rank > 2. Then G(F)
has strong Banach property (T).

@ Examples of non archimedian local field: Q, p-adic numbers,
Fp((T)) = {3223, aT : o € Z,a € Fp} the Laurent series of
finite field I, .

@ Almost simple means any normal subgroup is a finite group, and
F-split rank is the dimension of the maximal F-split torus.
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Higher rank algebraic groups have strong Banach property (T)
Application to expanders
Application to fixed-point property

The main theorem and applications

Higher rank algebraic groups have strong Banach property

(T)

Let F be a non archimedian local field of any characteristic. Let G be
an almost F-simple algebraic group of F-split rank > 2. Then G(F)
has strong Banach property (T).

@ Examples of non archimedian local field: Q, p-adic numbers,
Fp((T)) = {3223, aT : o € Z,a € Fp} the Laurent series of
finite field I, .

@ Almost simple means any normal subgroup is a finite group, and
F-split rank is the dimension of the maximal F-split torus.

@ Examples of such G: SL, when n > 3, Spo, when n > 2.
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Higher rank algebraic groups have strong Banach property (T)
Application to expanders
Application to fixed-point property

The main theorem and applications

Application to expanders

Let G be as in the theorem. Let ' C G be a lattice, [; C I a family of
subgoups with |I'/T';| — oo, and S C T a finite set of generators,
which associates I'/I'; with a metric d}.
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Higher rank algebraic groups have strong Banach property (T)
Application to expanders
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The main theorem and applications

Application to expanders

Let G be as in the theorem. Let ' C G be a lattice, [; C I a family of
subgoups with |I'/T';| — oo, and S C T a finite set of generators,
which associates I'/I'; with a metric d}.

For any Banach space E of type > 1, the family of graphes (' /T ;, d;)
does not admit a uniform embedding in E.
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Higher rank algebraic groups have strong Banach property (T)
Application to expanders
Application to fixed-point property

The main theorem and applications

Application to expanders

Let G be as in the theorem. Let ' C G be a lattice, [; C I a family of
subgoups with |I'/T';| — oo, and S C T a finite set of generators,
which associates I'/I'; with a metric d}.

For any Banach space E of type > 1, the family of graphes (' /T ;, d;)
does not admit a uniform embedding in E.

A family of graphes (X;, d;) admits a uniform embedding in a Banach
space E if there exist 1-Lipschitz maps f; : X; — E, and a map
p: N — Ry with lim,_o p(n) = +00, such that

15:(x) = W)l = p(di(x, ¥)), Y(x,y) € XF.
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Higher rank algebraic groups have strong Banach property (T)
Application to nders
Application to -point property

The main theorem and applications

Application to fixed-point property

Proposition

Let E be a Banach space of type > 1. Then any affine isometric action
of G on E has a fixed point.
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Reduction of the theorem to SL3 and Sps

Reduction of the theorem to SL; and Sp,

@ Higher rank algebraic group contains SL3 or Sp, as a subgroup
(up to finite index).
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Reduction of the theorem to SL3 and Sps

Reduction of the theorem to SL; and Sp,

@ Higher rank algebraic group contains SL3 or Sp, as a subgroup
(up to finite index).

@ By a similar argument as the proof of Mautner’s lemma, the
theorem is reduced to SL3 and Spj.
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Reduction of the theorem to SL3 and Sps

Reduction of the theorem to SL; and Sp,

@ Higher rank algebraic group contains SL3 or Sp, as a subgroup
(up to finite index).

@ By a similar argument as the proof of Mautner’s lemma, the
theorem is reduced to SL3 and Spj.

e Slj : V. Lafforgue 2009.
e Sp, : this paper.
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Reduction of the theorem to SL3 and Sps

Reduction of the theorem to SL; and Sp,

@ Higher rank algebraic group contains SL3 or Sp, as a subgroup
(up to finite index).

@ By a similar argument as the proof of Mautner’s lemma, the
theorem is reduced to SL3 and Spj.

e Slj : V. Lafforgue 2009.
e Sp, : this paper.

@ In this talk, | will present the proof for Sp4(F2((T))), which also
works for any non archimedian local field of characteristic 2 (i.e.
finite extension of F»((T))). A similar argument also works for
charateristic different from 2.
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Reduction of the theorem to SL3 and Sps

The theorem of Sp,
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Reduction of the theorem to SL3 and Sps

The theorem of Sp,

@ G = Sps(F2((T))) = {M € My(Fo((T)))|"MIM = J} where
0 0 0 1
0 0 10
J= 0 100 (—1—1€F2).
-1 0 00
© K=3Sp4(0) (0 =F[[T]| ={>%,aT :a € F,} formal
power series ) -
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Reduction of the theorem to SL3 and Sps

The theorem of Sp,

o G = Spu(Fo((T))) = {M € My(Fa((T)))|'MIM = J} where
0 0O 0 1
i=| o 2 5 olt1=1em)
-1 0 0 O

0 K=5ps(0) (O =T[[T]={>%,aT :a cFp} formal
power series )
T—i
. T/
° D(’7/) = T/
Ti
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Reduction of the theorem to SL3 and Sps

The theorem of Sp,

o G = Spu(Fo((T))) = {M € My(Fa((T)))|'MIM = J} where
0 0O 0 1
i=| o 2 5 olt1=1em)
-1 0 0 O

0 K=5ps(0) (O =T[[T]={>%,aT :a cFp} formal
power series )
T—i
. T
° D(’7/) = T/
Ti
o A= {(i,j) € N2|i > j > 0}, which is in bijection with K\ G/K by
the map (i,j) — KD(i,j)K.
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Reduction of the theorem to SL3 and Sps

The theorem of Sp,

o G = Spu(Fo((T))) = {M € My(Fa((T)))|'MIM = J} where
0 0O 0 1
i=| o 2 5 olt1=1em)
-1 0 0 O

0 K=5ps(0) (O =T[[T]={>%,aT :a cFp} formal
power series )
T—i
. T
° D(’7/) = T/
Ti
e A= {(i,j) € N2|i > j > 0}, which is in bijection with K\ G/K by
the map (i,j) — KD(i,j)K.
@ /: G — R, the length function defined by ¢(kD(i,j)k') = i +j
() [ [\ K / A
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Reduction of the theorem to SL3 and Sps

The theorem of Sp,

Theorem

There exists 3o > 0 (depending only on the class of Banach spaces
&) such that the following holds. For any (5 € [0, Bo), there exists
t, C' > 0 such that for any C € R, there exists a real and self-adjoint

idempotent element p € C&, 50(G), and a sequence p, € Cc(G) such
that
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Reduction of the theorem to SL3 and Sps

The theorem of Sp,

Theorem

There exists 3o > 0 (depending only on the class of Banach spaces
&) such that the following holds. For any (5 € [0, Bo), there exists
t, C' > 0 such that for any C € R, there exists a real and self-adjoint

idempotent element p € C&, 50(G), and a sequence p, € Cc(G) such
that

@ (i) for any representation (E, ) € Eg c+a¢, we have
7(p)E = EC, and moreover,
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Reduction of the theorem to SL3 and Sps

The theorem of Sp,

Theorem

There exists 3o > 0 (depending only on the class of Banach spaces
&) such that the following holds. For any (5 € [0, Bo), there exists
t, C' > 0 such that for any C € R, there exists a real and self-adjoint

idempotent element p € C&, 50(G), and a sequence p, € Cc(G) such
that

@ (i) for any representation (E, ) € Eg c+a¢, we have
7(p)E = EC, and moreover,
o (i)

Ip = paleg, (@ < €&,

with [ |pa(9)|dg < 1, and Supp(ps) C {g € G, 4(g) < n}.
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The use of type condition
Proof of the theorem by two propositions
Proof of the two propositions by two estimates
Proof of strong Banach property (T) for Sps Proof of the first estimate using the lemma on FFT

The use of type condition

Lemma

For any class of Banach spaces £ of type > 1, there exists

h € N*, o > 0 such that the following holds. For any

neN* ke{0,...,|n/2]}, any E € &€, and any family of vectors
(€xy)xem om0, ye 2RO TrO In E, We have

2
E (Ex,ax—&—b—&-T"*‘ - gx,ax—i-b) H

E
aETHO/TrO beTkO ) TOlIxe TKO/ TIO

< 22h—26—2("_,,2k—1)04 E fo,y”z'

XETKO/TPO,yeT?kO/T"O
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The use of type condition
Proof of the theorem by two propositions
Proof of the two propositions by two estimates
Proof of strong Banach property (T) for Sps Proof of the first estimate using the lemma on FFT

The use of type condition

Lemma

For any class of Banach spaces £ of type > 1, there exists

h € N*, o > 0 such that the following holds. For any

neN* ke{0,...,|n/2]}, any E € &€, and any family of vectors
(€xy)xem om0, ye 2RO TrO In E, We have

2
E (Ex,ax—&—b—&-T"*‘ - gx,ax—i-b) H

E
aETHO/TrO beTkO ) TOlIxe TKO/ TIO

< 22h—26—2("_,,2k—1)04 E fo,y”z'

XETKO/TPO,yeT?kO/T"O

@ This is the only place where the condition of type is used.
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The use of type condition
Proof of the theorem by two propositions
Proof of the two propositions by two estimates
Proof of strong Banach property (T) for Sps Proof of the first estimate using the lemma on FFT

The use of type condition

Lemma

For any class of Banach spaces £ of type > 1, there exists

h € N*, o > 0 such that the following holds. For any

neN* ke{0,...,|n/2]}, any E € &€, and any family of vectors
(€xy)xem om0, ye 2RO TrO In E, We have

2
E (Ex,ax—&—b—&-T"*‘ - gx,ax—i-b) H

E
aETHO/TrO beTkO ) TOlIxe TKO/ TIO

_ __n(n=2k
< 92h—2g=2("5¥—1)a E fo,sz-
XETKO/TNO,yeT2KO [/ TTO

@ This is the only place where the condition of type is used.
@ The proof follows directly from a consequence of a proposition
(V. Lafforgue 2009) on a variant of fast Fourier transform. O
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The use of type condition

Proof of the theorem by two propositions

Proof of the two propositions by two estimates
Proof of strong Banach property (T) for Spy Proof of the first estimate using the lemma on FFT

Proof of the theorem by two propositions on matrix
coefficients

If (E, ) is a representation of G, (V, 7) is a finite dimensional
representation of K, ¢ € EX and n € (V ® E*)X (i.e. K-invariant
vectors), we set

c(g) = (n.m(9)¢) € V,

and
c(i, f) = (n, m(D(i,}))§)
(A ~ K\G/K).
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The use of type condition

Proof of the theorem by two propositions

Proof of the two propositions by two estimates
Proof of strong Banach property (T) for Spy Proof of the first estimate using the lemma on FFT

Proof of the theorem by two propositions on matrix
coefficients

Proposition

(Spherical) Let 3 € [0, £3.). There exists C' > 0, such that the
following holds. Let C € R* , (E, ) € Eg.c1p0, and & € EX,
n € (E*)X with norm 1. There exists ¢y, ¢; € C such that

lc(i,j) — ¢ < C'e?C(52A)

forany i > j > 0 satisfying i+ j € 2N + [,/ = 0,1.
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The use of type condition

Proof of the theorem by two propositions

Proof of the two propositions by two estimates
Proof of strong Banach property (T) for Spy Proof of the first estimate using the lemma on FFT

Proof of the theorem by two propositions on matrix
coefficients

Proposition

(Non spherical) Let 3 € [0, ;3,), and (V, T) a non trivial irreducible
unitary representation of K. There exists C' > 0, such that the
following holds. Let C € R* , (E, ) € Eg,c+p0, and & € EX,

n € (V® E*)X (ie. K-invariant vectors) with norm 1. Then we have

le(i, )y < C'e?o-(5-28)
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The use of type condition

Proof of the theorem by two propositions

Proof of the two propositions by two estimates
Proof of the first estimate using the lemma on FFT

Proof of strong Banach property (T) for Spy

Proof of the theorem:

@ Letpg = exkegxk € Cc(G), where ey is the left translation by g

and ex = fK exdk (note that K < G is a compact open
subgroup).
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The use of type condition

Proof of the theorem by two propositions

Proof of the two propositions by two estimates
Proof of strong Banach property (T) for Spy Proof of the first estimate using the lemma on FFT

Proof of the theorem:

@ Letpg = exkegxk € Cc(G), where ey is the left translation by g
and ex = fK exdk (note that K < G is a compact open
subgroup).

@ Spherical proposition (take So = ;) = To = lim;4jean Pp(;,j) @and
Ty = limj 4 jean 11 Ppyi) €xistin CE,_4,(G).
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The use of type condition

Proof of the theorem by two propositions

Proof of the two propositions by two estimates
Proof of strong Banach property (T) for Spy Proof of the first estimate using the lemma on FFT

Proof of the theorem:

@ Letpg = exkegxk € Cc(G), where ey is the left translation by g
and ex = fK exdk (note that K < G is a compact open
subgroup).

@ Spherical proposition (take So = ;) = To = lim;4jean Pp(;,j) @and
Ty = limj 4 jean 11 Ppyi) €xistin CE,_4,(G).

@ We have

exegTo = a(9)To + B(9) T1,
and
exegTh = B(g9)To + a(9) Ty,

where o : G — [0, 1] is a function and 3(g) = 1 — a(g). (This is
done by calculations of
vol{k € K : D(i1, j1)kD(i2, j2) € KD(i,j)K}.)
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The use of type condition

Proof of the theorem by two propositions

Proof of the two propositions by two estimates
Proof of the first estimate using the lemma on FFT

Proof of strong Banach property (T) for Spy

Proof of the theorem:

e Wesetp = 1(To + Ty), therefore

exegp = P- (1)
(=p°=p)
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The use of type condition

Proof of the theorem by two propositions

Proof of the two propositions by two estimates
Proof of the first estimate using the lemma on FFT

Proof of strong Banach property (T) for Spy

Proof of the theorem:

e Wesetp = 1(To + Ty), therefore
exegp = p. (1)

(=p*=p)

@ Non spherical proposition =-for any non trivial irreducible rep. V
of K we have

exegp = 0. 2)
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The use of type condition

Proof of the theorem by two propositions

Proof of the two propositions by two estimates
Proof of the first estimate using the lemma on FFT

Proof of strong Banach property (T) for Spy

Proof of the theorem:

e Wesetp = 1(To + Ty), therefore
exegp = p. (1)

(=p*=p)

@ Non spherical proposition =-for any non trivial irreducible rep. V
of K we have

exegp = 0. 2)

@ (1)+(2) =¢e4p = p. To finish the proof take p, = pp(n0) and
t

—2_23 O
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The use of type condition

Proof of the theorem by two propositions

Proof of the two propositions by two estimates
Proof of the first estimate using the lemma on FFT

Proof of the propositions by two estimates

Proof of strong Banach property (T) for Spy

Let V be an irreducible representation of K (trivial or non trivial).

(i) = o(i,j +2)|lv < C'e?O~ 20,
foranyi > j.
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The use of type condition

Proof of the theorem by two propositions

Proof of the two propositions by two estimates
Proof of the first estimate using the lemma on FFT

Proof of the propositions by two estimates

Proof of strong Banach property (T) for Spy

Let V be an irreducible representation of K (trivial or non trivial).

Lemma

lle(i,j) — e(i,j +2)||v < C'e?C~ (5 -28)i+%),
foranyi > j.

Lemma

| A

le(i,j) —c(i+1,j—1)|lv < C/eZCﬁBF(%&fB)j’
fori >j—1.
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The use of type condition

Proof of the theorem by two propositions

Proof of the two propositions by two estimates
Proof of strong Banach property (T) for Spy Proof of the first estimate using the lemma on FFT

Proof of the propositions by two estimates

Let V be an irreducible representation of K (trivial or non trivial).

Lemma

lle(i,j) — e(i,j +2)||v < C'e?C~ (5 -28)i+%),

foranyi > j.

Lemma

| A

le(i,j) —c(i+1,j—1)|lv < C/eZCﬁBF(%&fB)j’

fori >j—1.

Proof of the spherical proposition (V= trivial rep. of K):
@ ontheline i = 2j,

Benben Liao, Institut de mathématiques de Jussieu - Paris 7 Strong Banach property (T) for simple algebraic groups with higher rank



The use of type condition

Proof of the theorem by two propositions

Proof of the two propositions by two estimates
Proof of strong Banach property (T) for Spy Proof of the first estimate using the lemma on FFT

Proof of the propositions by two estimates

Let V be an irreducible representation of K (trivial or non trivial).

Lemma

lle(i,j) — e(i,j +2)||v < C'e?C~ (5 -28)i+%),

foranyi > j.

Lemma

| A

le(i,j) —c(i+1,j—1)|lv < C/eZCﬁBF(%&fB)j’

fori >j—1.

Proof of the spherical proposition (V= trivial rep. of K):
@ ontheline i = 2j,
@ neari=2j(e.g. 0 <i—2j<10),
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Proof of the propositions by two estimates

Let V be an irreducible representation of K (trivial or non trivial).

Lemma

lle(i,j) — e(i,j +2)||v < C'e?C~ (5 -28)i+%),

foranyi > j.

Lemma

| A

le(i,j) —c(i+1,j—1)|lv < C/eZCﬁBF(%&fB)j’

fori >j—1.

Proof of the spherical proposition (V= trivial rep. of K):
@ ontheline i = 2j,
@ neari=2j(e.g. 0 <i—2j<10),
@ any point. El

Benben Liao, Institut de mathématiques de Jussieu - Paris 7 Strong Banach property (T) for simple algebraic groups with higher rank



The use of type condition

Proof of the theorem by two propositions

Proof of the two propositions by two estimates
Proof of the first estimate using the lemma on FFT

Proof of the propositions by two estimates

Proof of strong Banach property (T) for Spy

Proof of the non spherical proposition (V= non trivial rep.):
@ Cy, cq existin V., it remains to prove ¢y = ¢; = 0.
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Proof of the theorem by two propositions

Proof of the two propositions by two estimates
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Proof of the propositions by two estimates

Proof of strong Banach property (T) for Spy

Proof of the non spherical proposition (V= non trivial rep.):
@ Cy, cq existin V., it remains to prove ¢y = ¢; = 0.

@ ¢y =0 € V: ¢ close to ¢(i,0), c(i, i) which are respectively
invariant by 2 subgroups that generates K =¢; is invariant by K.
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Proof of the propositions by two estimates

Proof of the non spherical proposition (V= non trivial rep.):
@ Cy, cq existin V., it remains to prove ¢y = ¢; = 0.

@ ¢y =0 € V: ¢ close to ¢(i,0), c(i, i) which are respectively
invariant by 2 subgroups that generates K =¢; is invariant by K.

@ ¢y = 0: ¢y close to ¢(/,0), c(i,i — 1) and c(i,i + 1). 0
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The use of type condition

Proof of the theorem by two propositions

Proof of the two propositions by two estimates
Proof of the first estimate using the lemma on FFT

Proof of the first estimate using the lemma of FFT:

Proof of strong Banach property (T) for Spy

First step: construct maps a, 3 : (O/T"©0)? — G, and

ki : (O/TMO)® x Fa — K, where ny = L%J —j — 1, such that
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Proof of the first estimate using the lemma of FFT:

First step: construct maps o, 8 : (O/T™ (9.)2.—> G, and

ki (O/TMO)® x F» — K, where ny = | 1| — j— 1, such that

@ whena,b,x,y € O/T"O satisfying y = ax + b+ T" ¢,
where ¢ € [Fp, we have

e ife =0, B(a,b) 'a(x,y) € ki(a, b, x,0)D(i,j)K, and
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Proof of the first estimate using the lemma of FFT:

Proof of strong Banach property (T) for Spy

First step: construct maps a, 3 : (O/T"©0)? — G, and

ki : (O/TMO)® x Fa — K, where ny = L%J —j — 1, such that

@ whena,b,x,y € O/T"O satisfying y = ax + b+ T" ¢,
where ¢ € [Fp, we have
e ife =0, B(a,b) 'a(x,y) € ki(a, b, x,0)D(i,j)K, and

o ife =1, B(a,b) 'a(x,y) € ki(a, b, x,1)D(i,j + 2)K, and
moreover
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Proof of the first estimate using the lemma of FFT:

First step: construct maps a, 3 : (O/T"©0)? — G, and
ki : (O/TMO)® x Fp — K, where ny = [“H| — j— 1, such that
@ whena,b,x,y € O/T"O satisfying y = ax + b+ T" ¢,
where ¢ € [Fp, we have
e ife =0, B(a,b) 'a(x,y) € ki(a, b, x,0)D(i,j)K, and
o ife =1, B(a,b) 'a(x,y) € ki(a, b, x,1)D(i,j + 2)K, and
moreover
@ whena,x € TKO/T"O,b € T?O/T™MO (assume that (V, 7)
factorizes through Sps(O/ TKO)), we have
7(ki(a, b, x,€)) = 7(k1(0,0,0,0)).
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Proof of the first estimate using the lemma of FFT:

Proof of strong Banach property (T) for Spy

Second step:

o c(kigka) = 7(ki)c(g) forany g € Gand ki, ke € K,
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Proof of the theorem by two propositions

Proof of the two propositions by two estimates
Proof of the first estimate using the lemma on FFT

Proof of the first estimate using the lemma of FFT:

Proof of strong Banach property (T) for Spy

Second step:

o c(kigka) = 7(ki)c(g) forany g € Gand ki, ke € K,
("]

lle(i,f) = c(ij +2)llv

E (1 “(3(a, b ) ,
a,xeTkO/T’H(’),beTz"O/T”10< ver (/B( )) 1

m(ox, ax + b)) & — m(ax, ax + b+ T"‘_1))§>Hv.
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The use of type condition
Proof of the theorem by two propositions

Proof of the two propositions by two estimates
Proof of strong Banach property (T) for Spy Proof of the first estimate using the lemma on FFT

Thank you!
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