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Motivation

for studying Fourier coefficients

Let r(n) = #(integer solutions to n = 22 + 22 + --- + 2?)

Theorem: (Jacobi four-square theorem) [Jacobi 1829]

4td

FProof.

Consider generating function fi(z) = Zrk(n)ezm’”z
n=0

See [Diamond-Shurman, §1.2] for review.



Motivation

for studying Fourier coefficients

Let rp(n) = #(integer solutionston = 22 + x3 + -+ - + 23)
Theorem: [Jacobi 1829] ru(n)=8 » d, n>1

Proof:

Consider generating function fx(z) = Z Py (n)e2™inz

n=0

Pratka () = Y 7 (0)7h; (02) = fry s (2) = fia (2) fra (2)

ni1+no=n

See [Diamond-Shurman, §1.2] for review.



Motivation

for studying Fourier coefficients

Let ri(n) = #(integer solutions to n = a2 + 2% + - -+ + 22)
Consider generating function fx(z) = Z ri(n)e2minz

n=0

Tk1‘|‘k2(n): Z Tk’l(nl)rka(nQ) — fkl—l-kz(z) :fkl(z)sz(z)

ni1+no=n

fi(z) = (fl(z))k r(n) = {2 if square o

0 oterhwise

fi(z) =9(2) := Z 24z jacobi theta function
deZ

See [Diamond-Shurman, §1.2] for review.



Motivation

for studying Fourier coefficients

(n) 2 If square
ri(n) =
: 0 oterhwise

f1(z) =9(z) = ZedeQZ «——— Jacobi theta function
e,

Satisfy:
(1) fe(z+1) = fulz)

(2) fk(42f|_1) — (4Z T 1)k/2fk(z)

> Will come back to this later

/

See [Diamond-Shurman, §1.2] for review.



Motivation

for studying Fourier coefficients

2 If square
ri(n) = |
0 oterhwise
Satisfy:

(1). fu(z+1) = fi(2)
(2). fk(4,;|_1) — (42 + 1)k/2fk(z)

The space of functions satisfying (1) and (2) is finite-dimensional
for each k after also adding a condition on polynomial growth.

For k = 4 the space Is two-dimensional. (Riemman-Roch)

[Diamond-Shurman, Theorem 3.5.1]



Motivation

for studying Fourier coefficients

The space of functions satisfying (1) and (2) is finite-dimensional
for each k after also adding a condition on polynomial growth.

For k = 4 the space Is two-dimensional. (Riemman-Roch)

Basis of Eisenstein series whose Fourier coefficients are known

By matching first two coefficients: r4(n) =8 » d, n>1

See [Diamond-Shurman, §1.2] for review.



Modular forms

Function f : H — C on the upper half plane H ={z € C:Imz > 0}

(1). for(z +1) = for(2) \ Farr () — (e D) () v==%(51)
< Jo z)) = (cz + ok (2
@), forlay) = (424 D far(z) o =2y
a 0z Generate
SL(R)GH: v = (C Z) € SLa(R)  7(2) = — 12 I' C SLy(Z)
of finite index

Satisfying:
o f(7(2)) = (cz+d)"f(z) forall v € Sks(Z) for some weight k € N

e Holomorphic b

* Polynomial growth



Modular forms

Function f : H — C on the upper half plane H ={z € C:Imz > 0}

Satisfying:

o« f(v(2)) = (cz+d)"f(2) forall v € SLs(Z) for some weight k € N

e Holomorphic b

e Polynomial growth

Typical example: holomorphic Eisenstein series

1

(c,d)EZ?
(¢,d)#(0,0)




Goal vo. 1

Compute Fourier coefficients of automorphic forms

Modular forms ~——~___, Automorphic forms

SL2 G E6 Son,n

GLnSL”

Group theory upgrade:

H={z€C:Imz > 0} = SLy(R)/SO5(R)

. SOQ R) = Stab 7
z=g(1) <— gSO5(R) ) 2



Modular forms ~——~___, Automorphic forms .
8

k7

SL2 G E6 Son,n

ar, 2bn

Group theory upgrade:
H={2€C:Imz > 0} SLy(R)/SO5(R)
| SO2(R) = Stab(i)

Representatives g = (\égl/a;g) = (éf) (\égl/(i/g) g(i) = = + 1y




Automorphic forms

Smooth function ¢ : G(R) — C satisfying:
« Automorphic invariant: o(vg) = ¢(g) for all v € G(7Z).

 Annihilated by polynomials in G-invariant differential operators.
Compare df =0

» K-finiteness: span{g — ¢(gk) : k € K} is finite dimensional.

Often take ¢ : G(R)/K — C. L Maximal compact subgroup.
For G(R) = SLy(R), K = SO2(R).
e Polynomial growth



SL» Eisensteln series

Typical example of automorphic form on ‘H = SLy(R)/ SO2(R)

Non-holomorphic Eisenstein series B {<* I) - SLQ}
1 (Im 2)* s
Es(2,Z) = 5 Z oz 1 d| = Z (Im~(2))
seC (c,d)€Z? VEB(Z)\ SL2(Z)
gcd(c,d)=1

Compare with the holomorphic Eisenstein series, a modular form of weight &

1 0G. =0
Gr(2) = ) ’f
d)F A—s(s—INE, =0 A =4y(d? + 52
(e Dez? (cz + d) ( (s —1)) y(0; +0;)
(c,d)#(0,0)

E, invariant under SLy(Z) while G}, transforms with weight &.



SL» Eisensteln series

Typical example of automorphic form on ‘H = SLy(R)/ SO2(R)

Non-holomorphic Eisenstein series B {<* I) . SLQ}
1 (Im 2)* s
Es(2,Z) = 5 Z oz 1 d| = Z (Im~(2))
seC (c,d)€Z? VEB(Z)\ SL2(Z)
gcd(c,d)=1

To be able to generalize to other groups: Let x;s(g) = Im(g(4))".

B | - (1 oz (VY 0 z=x+ 1y
Y 2
r Strictly upper triangular
G = SL,;: Eg(g) — Z X§'(79) g = nak ke K=50,(R)
~EB(Z)\ SL,(Z) L Diagonal



SL» Eisensteln series

G =SLy: Fs(g) = Z Xs(79) 9:<(1) f) (? 1/?/@)7“ 2:502&)

~EB(Z)\ SL2(Z)
r Strictly upper triangular

G = SL,;: Eg(g) — Z Xé’(f)/g) g = nak ke K=50,(R)
~veB(Z)\ SL, (Z) L Diagonal

seC +— =251\ +...25.A, weight

Manifestly invariant under G(Z) = SL,,(Z)
For SLo this means that ¢ = E Is periodic in x.
In general: “periodic” in the variables of n.



3

Consider a function ¢ on the Heisenberg group

1l x z

Hj(R) = N(R) = {( u{) :x,y,zER}

Core problem

What does it mean to be periodic”

7€ N(Z) g € NR)
——

(1) (T =e((CTh)

\
-~

1 z4a z4+c+ay
()
1

=SS0

How to Fourier expand it?




Core problem

1 y+0b

( 1 z+a z—|—c—|—ay)
1

Simply expanding ¢ in x, y and z using the Fourier modes
g2 (mz+ny+kz) does not work!

‘ (x%x+a
Invariant under ¢ y — y+b  while ¢ is not.

kz%z—l—c—l—ay

First step: expand in z.




3

Start with the (abelian) center: Z(R) = {(1 1 fj) L 2 € R}

Core problem

o(9) =Y Fzilellg) = Y Fnmalellg) + Y Fzilel(g)

ke m,ne” k+#0

Fzrlel(g) = / cp(( i )g)e_%ikzl dz'

1
Z\R

Fzolel(g) is periodic in z and y. (Absorb z-shift in z’-integration)

Lzl 2 —2mi(max’+ny’
Frmnlel(g) = / 90(( 1y1’>g)6 amilma’ ') gl g 0




Core problem

1 2" 2’ : / /
Fn.mnlel(g) = / 90(( 1 y1’>g)e‘2m<m +79°) da’ dof’ d2’

Group theory upgrade

N(Z)\ N (R) L Character

blu') = p(u)p(u’)  P(u) =1foru e N(Z)




Core problem

3

Different kinds of Fourier coefficients

/Sﬁ(ug) Vmn(uw) ™ du =Wy, . Whittaker coefficient
N(Z)\N(R)

N:{CT

Different unipotent subgroups:

=% X

u is unipotent if (1 — u)" = 0 for some N
N—1
logu=—3Y,_, +(1—uk

U = {(1 1 I)} Maximal parabolic Fourier coefficients




Parabolic subgroups

(standard)
For GL,, and SL,, a parabolic subgroup P is given by an integer

partition A of n.

A1

o Levi Unipotent

P= L U




Parabolic subgroups

(standard)
For GL,, and SL,, a parabolic subgroup P is given by an integer

partition A of n.

1

In general, described by set of simple roots.
Blue nodes Q) in a Dynkin diagram.



Parabolic subgroups

(standard)
For GL,, and SL,, a parabolic subgroup P is given by an integer

partition A of n.

1

In general, described by set of simple roots.
Blue nodes Q) in a Dynkin diagram.



Parabolic subgroups

In general, described by set of simple roots.

Blue nodes @ in a Dynkin diagram. P=[L U

Minimal parabolic (Borel) B OO OO0

Maximal U = N. Small L. = torus.

Maximal parabolic P, O_O_O_O_O

Small U. Large L. \‘ v\ -

Semi-simple part of L may be read from the Dynkin diagram. Type A; x As.




: : .. |
Parabolic Fourier coefficients

SL OmOn® OO0 o000
1 * % 1
U ( > ( 1’{*) ( ) Maximal parabol
1
o000 OmOn®
(1***) (1 >l<>l<>
1 * x 1 % %
1 1 %
1

Character on U
r (Fourier mode)
Fourier coefficient:  Fuylel(g) = / o(ug)y ™ (u) du
U(Z)\U(R)



Goal v1.0



Goal v1.0

Compute parabolic Fourier coefficients of automorphic forms

Motivation



Motivation

Quantum corrections to graviton scattering amplitudes in string
theory are described by automorphic forms on simply-laced
groups.

Space-time = R4 x T% «— d-dimensional torus O-0-0-00

Particular s <> A determined by string theory. O—O—g—O—O—O
! 82

Small automorphic representations 13 456 7 8

|[Green—Gutperle 97, Gunaydin—Neitzke—Pioline—\Waldron 06, Green—-Miller—Vanhove 15]
Reviewed in [Fleig-HG-Kleinschmidt—Persson 18]


http://www.cambridge.org/core_title/gb/502216

Motivation

Eisenstein series Ez on simp
Particular s <+ A determined

!

y-laced groups.

oy string theory. o-0-O- Q-O@
0-0-5-0

Small automorphic representations 8

!

Defining property:

0_0_8_20_0_0_0

Few non-vanishing Fourier coefficients 1345678

Will be made more precise when we consider orbits of Fourier coefficients.

|[Green—Gutperle 97, Gunaydin—Neitzke—Pioline—\Waldron 06, Green—-Miller—Vanhove 15]
Reviewed in [Fleig-HG-Kleinschmidt—Persson 18]


http://www.cambridge.org/core_title/gb/502216

Motivation

Different parabolic subgroups study different limits and objects in string theory.

e String perturbation limit 8

D-instantons, NS5-instantons
 M-theory limit 8
M2, M5-instantons
 Decompactification limit > e i > O-0-C

Higher dimensional BPS states, black holes FEqr1 — Fqg



What is known? o-odoooo

1 3 4 5 6 7 8

rank G < 5:
SLy(R) SLy(R) x Rt  SLs(R) x SLy(R)  SLs(R)  Sping 5(R)

Maximal parabolic Fourier coefficients reviewed in [Green—Miller—\Vanhove 15]

b, b7, bg o—o—g—o—o—o—c

Decompactification limit computed in [Bossard—Pioline 17, Bossard-Kleinschmidt 16]

Kac-Moody (e.g. Ey, E1o, F11)

Eisenstein series well-defined [Garland 06] (affine), (Carbone—Lee—Liu 17] (rank 2 hyperbolic)

Constant mode Whittaker coefficient: [Garland 01, Fleig—Kleinschmidt 12]
Generic Whittaker coefficient (p-adic): [Patnaik 17] (affine)


http://dx.doi.org/10.1007/s00208-016-1428-8

Strategy

Many Fourier coefficients of automorphic forms are difficult to

) w

: : : C 1
Wanted: (maximal) parabolic Fourier coefficients [ "1™~ e
Large L. Direct computation difficult. L 1

compute directly.

=X %
=% X X

Known: Whittaker coefficients. o
Determined by its values on L = torus (small)

Casselman-Shalika formula.

Strategy:
When possible, write the latter (F) in terms of the former (V).

(Theorem I)



é Core strategy example ve.1

Parabolic Fourier coefficient in terms of Whittaker coefficients

1 1 o I3

1 % % .
Let G =SL,, U = {(8 (1) (i) 8)} and ¢—1(<8 (1) (i) 8 )) — 2mi(mizi+maeza+mars)
0001 O 0 1



é Core strategy example ve.1

Parabolic Fourier coefficient in terms of Whittaker coefficients
1 *x % % 1 21 22 x3 ,

Let G =SL,, U = {(8 (1) (i) 8)} and w—l ((8 (1) (i) 8 )) — 2mi(mizi+maeza+mars)
0001 00 0 1

1 1 o I3 ]
Fuulellg) = /90((8 ;99 )g) e2mi(zitmazatmszs) 13, For now, assume mq = 1
O 0 0 1

1 1 o2 I3 1 1 o2 I3 1 1 5131—|—m2:132—|—m3333 o I3
01 0 O — 01 0 O — — 0 1 0O O

90( 00 1 0 g) — 90(70 oo 1 0 |70 709) — 90( 0 0 1 0 709)
00 0 1 OO0 O 1 0 0 0 1



é Core strategy example ve.1

1 X1 o2 I3 )
Fuulel(g) = / 90((8 0 1 8)9)62“@1@22;”22.??3?:523.) 43
00 0 1
(Z\R)®

Step 1: Conjugation

1 r1 2 I3 1 r1 2 I3 1 1 $1+m2$2+m3$3 o I3
01 0 O — 01 0 O — — 1

90( 00 1 0 g) _90('70 oo 1 0 |70 ’709) —90( 8 0 (1) 8 709)
00 O 1 O 0 O 1 0 0 0 1




é Core strategy example ve.1

Step 1: Conjugation

1.%1 o I3 1.$1 o I3 1 1 x1+4n2x2+4n3x3 o I3
1 — 1 - — 1

90(<80 P 0 g)—s&(fm 00 1 0 ) 709)—90( 0 0 70 %g)
00 0 1 00 O 1 0 0 0 1

Thus, with a shift in the x; integration variable

1 r1 o2 I3 .
Foalollo) = [o((§3 7 Jg)erm o
O 0 O 1
(Z\R)®

To do the same with any m; # 0 would need to conjugate with
1 0 00

O 1 00
o = (0 ~22 g o) € SL4(Q). But automorphic invariance only for SL4(Z).

0—2301
1




Tool: Adelic lift

Adeles A DR T
Compute

Automorphic forms on G(A) »  Q\A-Fourier coefficients
Adelic lift Restrict
Automorphic forms on G(R) Z\R-Fourier coefficients

For details see [Fleig—Gustafsson—Kleinschmidi—Persson 18, §2, §6]


http://www.cambridge.org/core_title/gb/502216

The ring of adeles

Completion of
Cauchy sequences

@ > R @ ’@p

Standard norm | - | p-adic norm |- |

For a prime p and = € Q prime factorized as « = pi* - - - pF» we
define the p-adic norm

z p;ki It p = p; fOr any ¢
Qj p—
P 1 otherwise

Ring of adeles: A = R x H/ Qy

prime p

Q embeds diagonally in A: Q> q— (q;q,q,...) € A.
Q is discrete in A and Q\A is compact.



Dictionary

Fourier expansion on Z\R —— Fourier expansion on Q\A

fl@)y=">Y /f(az+§)e2mmfd§ fl@)=) /f(:v+£)e(m€)d£
meZ 4 g meQ g\a
U(Z)\U(R) — U@Q)\U(A)
G(Z)-invariant — G(Q)-invariant

For details see [Fleig—Gustafsson—Kleinschmidi—Persson 18, §2, §6]


http://www.cambridge.org/core_title/gb/502216

é Core strategy example vi.0

1 % % % 1 1 o x3
LetG:SL4,U:{(8ggg)}and w—l((gg 0 8>)ze(m1x1+m2x2—l—m3x3)

0001 00 0 1

m17m27m3€Q

1y z2 x3 ; my # 0
Fu,w[wl(g)=/s@(<86 0 8)g)e(m1a:1 + Moty + maxs) d>x

O 0 0 1

(Q\A)®

Theorem € SL(Q)

A~ N

Fuulellg) = Y > Wenme [01(1709)

ma4,Me EQ 7€F4

Maximal parabolic , L
, o Translated Whittaker coefficients
Fourier coefficient



é Core strategy example

1 % % % 1 z1 22 x3
LetG:SL4,U:{(8598)}and w—l((gg 0 8>)ze(m1:131—|—m2:132—|—m3:133)
0001 OO0 O 1

my,1Ma, M3 S Q

1 x1 2 T3 ™m1 # 0
Foalollo) = [o((§F 98 )a)etmuns + maza + maz) s
O 0 0 1
(Q\A)?
Theorem Fuylol(9) = D Y Wenlnim [9l(7709)
mq,megEQ y€l'y
Proof:
0 1 00
Step 1: Conjugation (as before) Yo = (0 —ma L 0) € SL4(Q).
0 —ﬁ—f 01

X1 2 I3

Fu,plel(9) :/90(<% é g ?)%g)e(mlxl)d%



é Core strategy example

Theorem Fuylel(9) = D > W ime [€1(7709)
ma4,me€EQ yEl,
Proof:
0 1 00
Step 1: Conjugation (as before) Yo = (0 g 1 0) € SL4(Q).
0—-—-301

1l x1 2 x3
Fu,plel(g) :/90(<8 5 Y 8)vog)e(m1:v1)d3:v
00 O 1

(Q\A)?

Step 2: Further expansion along next row

1:61 o I3

Fuplellg) = ) / (O 0 7 x5>709) (miz1+mazs+mses) d’e

mama€l @\a)?



é Core strategy example

Step 2: Further expansion along next row

1 r1 o I3
JT'.U,@D[QO] (g) — Z / (O L z4 x5>%g) (m1x1+m4x4+m5x5) d5LE

mama€l Q\a)?

Step 3: Conjugation for each my

1 r1 o I3

Fuulellg) = > > /@((8 5 5”5)7%9) (myzy+myzy) dx

1000 100 0 | 1000 |
F4:{(85?8>}U{(83 0 ?) :mEQ} if my # 0. F4:{<8(1)?8)}otherW|se.
0001 00 —-1m 0001

Step 4: Expand further



é Core strategy example

Step 3: Conjugation for each my

1 1 2 I3
Fuplel(g) = S: S: /90((8 5 $05>’y’yog)e(mla:1+m4x4)d5x

ma . . N0 0 0 1
Qe Q)
1000 10 0 O 1000
m:{(gggg)}u{(gg 0 9) m € Q) if my # 0. F4:{<8(1)?8>}othervvise.
0001 00 —1m 0001
Step 4: Expand further
N
rl:lil 5] 33;;
Fuulellg) = Z Z /90((8 5 ig>’Y’Yog)e(m1x1—l—m4az4—l—m6az6)d%
0O 0 0 1

mg,me€Q vEl'y (Q\A4)°

D D Wi mame [P1(1709)

ma4,Me GQ /YEF4



é Core strategy example

Fuulellg) = > > Wl ime 2l (1709)

m4,Me EQ fYEFéL

Compare with [Piatetski-Shapiro 79, Shalika 74] for cusp form.

Other simplifications for small automorphic representations.

1 0 00
0 1 00

Yo = <0mf 10) € SL4(Q).
01

_m3
0 —

00
0 8) } otherwise.
01



Nilpotent orbits

Character ¢ on U(A) — Nilpotent element y € g(Q)
Uy (u) = e({y,logu)) (-, -) Killing form

o SLg
JT"U,wy 'Z (g) — nyUv—l,w,y,m—l [90] (/Vg) v € G(Q) (6)
fU,wy 90 =0 — JrvU’y_l,w,yy,y_1 [90] =0 ﬁ) (51)
(42)
(411) (33)
Nilpotent orbit O, = {vyy~t:~v e G(@)} (321)
C (3111) (222)

Partial ordering Onem Q) (2211)

Omin (21111)

Otriv (O (111111)



Small automorphic
representations

Size of orbit «— Size of automorphic representation

An automorphic representation = is characterized by a set of
nilpotent orbits WF(m) called its wave-front set.

Minimal automorphic representation:

WF (mmin) contains O, but no larger orbit.

Next-to-minimal automorphic representation:

WF(mhm ) contains Oy but no larger orbit.

|f Oy Z WF(W) then fU’% [gp] = (0 for p € m [Gomez-Gourevitch-Sahi 17]

(Similar local statements by Matumoto and Moeglin—Waldspurger)



Small automorphic
representations

An automorphic representation = is characterized by a set of
nilpotent orbits WF(m) called its wave-front set.

|f (’)y & WF(W) then FU7¢y [gp] = (0 for ¢ € m [Gomez-Gourevitch-Sahi 17]

Small automorphic representations

!

Few non-vanishing Fourier coefticients

Defining property:




Small automorphic
representations

Defining property:

Few non-vanishing Fourier coefficients

SL, example: Whittaker coefficients specified by character

1l 1 *x =%

0O 1 x2 x* _
wml,mg,mg((o 0 1 x?))) = e(myx1 + maoxo + m3x3)
00 0 1

Maximally degenerate

Minimal representation: only W with characters ., 0.0, %0.m+.0s ¥0.,0,ms SUrvive.

Next-to-minimal representation: also ¥y, 0,.ms SUrvive.



Realizations

Eg(g) — Z Xg(’)/g) SeC" +—= \N=2s1A1+...25.A,

YEB(ZN\G(2Z) xs(9) = xs(nak) = a*

For SL,,, (n > 3):

Eso...0)(g) isina minimal automorphic representation.

F,s,...0)(g) is in a next-to-minimal automorphic representation.

For Eg, b7, By
E3/2.0.....0)(g) is in a minimal automorphic representation.

E5/2.0,...,0)(g) is in a next-to-minimal automorphic representation.

[Fleig—-HG-Kleinschmidt—Persson 18, Table 6.2]


http://www.cambridge.org/core_title/gb/502216

BPS-orbits and character orbits

Fu,lellg) = IWU7_1,¢7y7—1 ol(vg) = Fuy ] (79)

yy~y—1

P= L U yU~y~t =U for v € L(Q) L Character orbit

 Decompactification limit i

Higher dimensional BPS states, black holes G=E, L=CL; xFg

E- automorphic form in 4-dimensional scattering amplitudes.

Fg parabolic contains information about particle states in
5-dimensions that are protected supersymmetry: BPS states.

(Short representations of a Z,-graded algebra.)



BPS-orbits and character orbits

e Decompactification limit i

Higher dimensional BPS states, black holes G=FE, L=~GL; xE
BPS states specified by 27 Fourier modes on U (characters)
electromagnetic charges. are specified by 27 integers.
Classified by their (GL; x Eg)-orbits: With L acting in the same way.
Name Dimension G-orbit Vanishes for:
%'BPS 27 O(SAl)” Ttrivs Tmin, 7Tntm
i'BPS 26 Ontm Ttrivs TTmin
%-BPS 17 Omin Ttriv

Vanishing properties from intersection with G-orbits in WF()



Reduction principle

When possible, write parabolic Fourier coefficient in terms of Whittaker coefficients.
F w

Theorem I [Gourevitch—-HG-Kleinschmidt—Persson-Sahi 18].

This is possible for automorphic forms in 0O—0—0--0—=0
minimal and next-to-minimal automorphic O—O—G@—O<§
representations of simply-laced groups. o—0 I o0—0
For other cases we give the coefficients . T .

that would replace W in this statement:

O
Oo—=oO
O
O
O

so called Levi-distinguished coefficients. o

Any number field, any central extension of reductive group, any representation.



Explicit formulas

Theorem II |Gourevitch—-HG-Kleinschmidt—Persson-Sahi 19].

Formulas for expressing maximal parabolic Fourier coefficients,
and ¢ itself, in terms of Whittaker coefficients for minimal and
next-to-minimal representations of simply-laced groups.

Example G = 505 5:
@ next-to-minimal, U,, analogous to first row
Character ¢ = ¢, with y € g* (Q) in a minimal orbit.

Fvo, wlel@) =Wylell@) + > > > Wy lol(vg)

I 1=3 v€lliyregX | (Q)
Maximally degenerate Certain coset representatives
in G(Q) specified in papet.



Summary

Solved Jacobi's four-squares-problem by Fourier expanding modular forms
From modular forms to automorphic forms

How to Fourier expand periodic functions on groups

Small automorphic representations have few non-vanishing Fourier coefficients
Write parabolic Fourier coefficients in terms of Whittaker coefficients



Thank you!

https://hgustafsson.se
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