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1. INTRODUCTION
Prof. L. Welch proved the following bounds in 1974 which appears in everyday life .

Theorem 1.1. [8/] (Welch Bounds) Let n > d. If {7;}7_; is any collection of unit vectors in Ce,
then

2

2m n

g {7, T g g [(75, )| > > o VmeN
1<5,k<n j=1k=1 ( m )

In particular,

2

n n
Z (755 k)| ZZ\TJ,Tk Z%.

1<j,k<n j=1k=1
Further,
1
(Higher order Welch bounds) Lojnax |75, ) 2™ > — l# - 1] , VmeN.
In particular,
n—d

(First order Welch bound) 1gj,rlcn§a;(,j¢k (75, ) |* > dn—1)

Theorem is a fundamental result in many areas such as in the study of root-mean-square (RMS)
absolute cross relation of unit vectors [71], frame potential @., correlations [70], codebooks [27],
numerical search algorithms [8 . quantum measurements , coding and communications ,
code division multiple access (CDMA) systems [4 ., wireless systems , compressed /compressive

sensing [1161/29}[32,/72.[78[79[81], ‘game of Sloanes’ [45], equiangular tight frames [77], equiangular lines

(154720423126, 50)1) 3135457 0 A, GJ/47, 57G0,62,63157). dligital fngerprinting 59 te.

Theorem 1.1 has been upgraded/different proofs were given in 76,. In 2021

M. Krishna derived continuous version of Theorem 1.1 . In 2022 M. Krishna obtained Theorem 1.1
1
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for Hilbert C*-modules , Banach spaces , non-Archimedean Hilbert spaces , p-adic Hilbert
spaces non-Archimedean Banach spaces and p-adic Banach spaces .

In this paper we derive continuous non-Archimedean (resp. p-adic) Banach space version of non-
Archimedean (resp. p-adic) functional Welch bounds in Theorems and (resp. Theorems [3.3). We
formulate continuous non-Archimedean Zauner conjectures (Conjectures and and continuous
p-adic Zauner conjectures (Conjectures and .

2. CONTINUOUS NON-ARCHIMEDEAN WELCH BOUNDS

In this section we derive continuous non-Archimedean Banach space version of results derived in [54].
Let K be a non-Archimedean (complete) valued field satisfying

(1) >N zl%agnujﬁ VA €K,1<j<n,VneN.
i=1 -

For examples of such fields, we refer . Throughout this section, we assume that our non-Archimedean
field K satisfies Equation . Letter X stands for a d-dimensional non-Archimedean Banach space over
K. Identity operator on X is denoted by Ix. The dual of X' is denoted by X*. In the entire paper,
G denotes a locally compact group and pug denotes a left Haar measure on G. We assume throughout
the paper that the diagonal A = {(g,g) : ¢ € G} is measurable in G x G. All our integrals are weak
non-Archimedean Riemann integrals (see [67]).

Theorem 2.1. (First Order Continuous Non-Archimedean Functional Welch Bound) Let X
be a d-dimensional non-Archimedean Banach space over K. Let {14}g4eq be a collection in X and {fy}4ec

be a collection in X* satisfying following conditions.

(i) For every x € X and for every ¢ € X*, the map
G g folx)p(ry) € X

18 measurable and integrable.
(ii) The map

Spri XDz /fg(:r)rg duc(g) € X
G

s a well-defined bounded linear operator.
(i) The operator Sy, is diagonalizable.

(iv)

/ | fo(mn) fr(Tg)l d(pa % na)(g, h) < oo.
GxXG

Then

max /fg(Tg)2d(,uG x pc)(g,9)|, sup |fg(7h)fh(7'g)‘ > /fg(Tg)d,UG(g)

9.hEG,g#h |d|
A G
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In particular, if f4(14) =1 for all g € G, then

(First order continnuous non-Archimedean functional Welch bound)

g,h€G,g |d|

2
maX{waxuc)(A)L sup hIfg(Th)fh(Tg)l} > WAL

Proof. We first note that

Tra(Sf,T) :/fg(Tg) d,LLG(g),
G

1583 ) = [ [ fylm) () dc (o) duc ().
G G
Let A1,...,Aq be the diagonal entries in the diagonalization of Sy . Then using the diagonalizability of
St .- and the non-Archimedean Cauchy-Schwarz inequality (Theorem 2.4.2 [64]), we get
2 2

d
/fg(Tg)dMG(g) = | Tra(S;,)|> =
G

d

PR

k=1

S

k=1

< ld

= |d|| Tra(S7 ,)]

G

—1d) / / Fom) (o) dpc(g) duc ()] = |d] / Fom) i (re) d(pic: x 1) (g B)
G xG

—|d] / £y ()2 d(pc % pc) (g, 9) + / £y () fulry) d(pic % i) (g, h)
A (GxGN\A

< |d| max / £y (ry 2 d(ue % 1) (9.9)] / Fy (o) fu(ry) d(pic % ) (g, h)
A

GxG)\A

sup | fo(7n) fn(7)]

g9,h€G,g#h

< djmax | [ (7 )? d(uc * (g )
A

Whenever fq(7,) =1 for all g € G,

(G| < |d| maX{l(MG X pa)(A)|,  sup |fg(Th)fh(Tg)|}-
4.hEG.g%h
O

Corollary 2.2. (First Order Continuous Non-Archimedean Welch Bound) Let X be a d-

dimensional non-Archimedean Hilbert space over K. Let {7,}4ec be a collection in X satisfying following
conditions.

(i) For every x € X and for every ¢ € X*, the map
G3g— (z,79)0(ry) € X

18 measurable and integrable.
(ii) The map

Sy X3z /<x,Tg>Tg duc(g) € X
G

3
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1s a well-defined bounded linear operator.
(iii) The operator S, is diagonalizable.

(iv)

/ g} 2 d(uics x 1), b) < oo.
GxG
Then

2

1
max /<Tg,Tg>2d(uc x pna)(g:9)|,  sup  [rg,m)? p > /<TgaTg>duG(g)
J 9.h€G,g#h |d]|

In particular, if (14,74) =1 for all g € G, then
(First order continnuous non-Archimedean Welch bound)

(G2
dl

g,h€G,g#h

maX{l(uc X pa) (A, sup |<Tg,Th>I2} >

Next we obtain higher order continuous non-Archimedean functional Welch bounds. We need the follow-

ing vector space result.

Theorem 2.3. If V is a vector space of dimension d and Sym™ (V) denotes the vector space of

symmetric m-tensors, then

d+m—1
m

dim(Sym™ (V) = ( > Vm € N.

Theorem 2.4. (Higher Order Continuous Non-Archimedean Functional Welch Bounds) Let
X be a d-dimensional non-Archimedean Banach space over K. Let m € N. Let {74}4ec be a collection

in X and {fg}gec be a collection in X* satisfying following conditions.

(i) For every x € Sym™(X) and for every ¢ € Sym™(X)*, the map
G 3 g fM(2)(ry™) € Sym™(X)

is measurable and integrable.
(ii) The map

Sy s Sy (X) 320 [ 57 @) diclg) € Sy ()
G

18 a well-defined bounded linear operator.

(iii) The operator Sy, is diagonalizable.

(v
[ 1 I e ¢ 1), < o

GxG

Then
2

max /fg(Tg)2m d(pa < pa)(9,9)|,  sup |fo(mn) fu(Tg)|™ ¢ > ! /fg(Tg)’" duc(g)

2 g,h€G,g#h ‘ (d+2_1) ’ 4
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In particular, if f4(14) =1 for all g € G, then

(Higher order continuous non-Archimedean functional Welch bounds)

2
max{(ugx'uc)(A)" Sup fg(Th)fh(Tg)|m}> i

g,h€G,g - ‘ (d+z,1) ’ .
Proof. Let A1, ..., Adim(sym™ (x)) be the diagonal entries in the diagonalization of Sy .. We note that

bdim(Sym™ (X)) = Tra(blsymn () = Tra(Sy.,) = / FEM (™) duc(g),
G

B dinn(Sym™ () = ToaWP sy () = Tra(5%,) = [ [ 15m @™ 12™ (75 diclg) da(h)
G G

Then
2 2 dim(Sym™ (X)) |?
/fg(Tg)m duc(g)| = /f?m(ﬂ?m) duc(g)| =|Tra(Sy,)|* = Z i
G G k=1
dim(Sym™ (X))
< [dim(Sym™(X)[| > Aj| = [dim(Sym™ (X))|| Tra(S7 . )|
k=1
-|(" ) ITra(S?,T>|=\(d+2‘I)M [ [ 5memsenoem duc (o) dnotn)
G G
(T [ e duta) ductn)
G G
()] [ sl i dtne < eda. )
GxG
- <d+2_1) [ 5w dne < weog)+ [ fylm)™ )" dl % nc)(a. )
A (GXGN\A
<lamax | [ 1y dla x we)o.)| .| [ S )" dluc x o)
A GXG\A
d+m—1 o . -
S‘( m )'maX{A/fg(Tg) dlpa x p)(9,9)), | sup  fo(m)™ () I}

— ‘(d—km— 1>'max{ /fg(Tg)Qm d(pe x pa)(g,9)|, sup fg(Th)fh(Tg)|m}-

m g,h€G,g#h
A
Whenever f,(1y) =1 for all g € G,

d+m-—1
m

WGP < 1( )\m {mm % ke)(A)l, sup |fg<m>fh<n,>|m}.

9,h€G,g#h
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Corollary 2.5. (Higher Order Continuous Non-Archimedean Welch Bounds) Let X be a d-
dimensional non-Archimedean Hilbert space over K. Let m € N. Let {T5}4cc be a collection in X
satisfying following conditions.

(i) For every x € Sym™(X) and for every ¢ € Sym™(X)*, the map
G 3 gw (2,77™)(15™) € Sym™ (X)

is measurable and integrable.
(ii) The map

1s a well-defined bounded linear operator.

(iii) The operator S. is diagonalizable.
(iv)
[(7g, )P d(pe % pa)(g, h) < oo
GxXG

Then
2

max /<Tga7g>2md(uc><uc)(g,g), sup {7y, )" p > @] /Tgng duc(g)
4 9,h€G,g#h +2 Z

In particular, if (14, 74) =1 for all g € G, then

(Higher order continuous non-Archimedean Welch bounds)

G 2
max{ |(uc % pe)(A), sup[irg e { = DL
9.h€G.g#h ‘(JFZ )’

Motivated from Theorem and Corollary [2.2] we formulate the following questions.

Question 2.6. Let K be a non-Archimedean field satisfying Equation (1) and X be a d-
dimensional non-Archimedean Banach space over K. For which locally compact group G
with measurable diagonal A, there exist a collection {75},cc in X and a collection {f;},cc
in X* satisfying the following.

(i) For every x € X and for every ¢ € X*, the map

G3gr folx)p(ry) € X

s measurable and integrable.

(ii) The map

SpriX 3w /fg(x)Tg duc(g) € X

is a well-defined bounded linear operator.

(iii) The operator Sy . is diagonalizable.
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(iv)
/ |fo(mh) fr(g)| d(pc x pe)(g, h) < oco.

GxG
(V) fo(rg) =1 for all g € G.
(vi)

n(G)?
d|

maX{I(MG X pg)(A)], - sup Ifg(Th)fh(Tg)l} =

g,h€G,g#h
(vii) [[fgll =1, [l =1 for all g € G.
Question 2.7. Let K be a non-Archimedean field satisfying Equation (1) and X be a d-

dimensional non-Archimedean Hilbert space over K. For which locally compact group G

with measurable diagonal A, there exists a collection {1,},cc in X satisfying the following.

(i) For every x € X and for every ¢ € X*, the map
Gog— (z,19)0(ry) € X

s measurable and integrable.
(ii) The map

S, X3z — /(m,Tg)Tg duc(g) € X
e

is a well-defined bounded linear operator.
(iii) The operator S; is diagonalizable.

(iv)

/ (g )P d(pi X i) (g, h) < .
GxG

(V) (15,75) =1 for all g€ G.
(vi)

max{|(ug x ue)(A)],  sup |<T97Th>|2} _ |/~L(G)|2.

9.hEG g#h |d]|

A particular case of Questions [2.6] and [2.7] are following continuous non-Archimedean versions of Zauner

conjecture (see [2H5]/10) 51,/58/66,[741/88] for Zauner conjecture in Hilbert spaces, [53] for

Zauner conjecture in Hilbert C*-modules, [52] for Zauner conjecture in Banach spaces, [55] for Zauner
conjecture in non-Archimedean Hilbert spaces, [56] for Zauner conjecture in p-adic Hilbert spaces and [54]

for Zauner conjecture for non-Archimedean Banach spaces and p-adic Banach spaces).

Conjecture 2.8. (Continuous Non-Archimedean Functional Zauner Conjecture) Let K non-
Archimedean field satisfying Equation (1). Given locally compact group G and for each
d € N, there exist a collection {1,},cc in K (w.r.t. any non-Archimedean norm) and a

collection {f,},cc in (K%)* satisfying the following.
(i) For every x € K? and for every ¢ € (K%)*, the map

G 2gr fy(x)p(ry) € K¢

1s measurable and integrable.
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(ii) The map

Sir Koz /fg(x)Tg dpa(g) € K
G

1s a well-defined bounded linear operator.

(iii) The operator Sy . is diagonalizable.

(iv)
/ |fo(Th) fu(Tg)| d(pa % pa)(g, h) < oco.
GxG
(v) folrg) =1 for all g €G.
(vi)
2
(e * 1) (A)] = |fymn) fu(ry)| = '“fl"l) Ve heG.g£h

(vii) [[fgll =1, [l = 1 for all g € G.

Conjecture 2.9. (Continuous Non-Archimedean Zauner Conjecture) Let K non-Archimedean
field satisfying Equation (1). Given locally compact group G and for each d € N, there exists
a collection {1,},cc in K¢ satisfying the following.

(i) For every x € K? and for every ¢ € (K%)*, the map
Gog— (z,19)0(1y) € K?

s measurable and integrable.

(ii) The map

S, K15z /(x,Tg)Tg dpc(g) € K
G

is a well-defined bounded linear operator.

(iii) The operator S; is diagonalizable.

(iv)
/ [(7g Th)|? d(pc % pe)(g,h) < co.
GxG
(V) (15,7) =1 for all g€ G.
(vi)

2
i o)) = Iyl P = 2 b€ Gug 21

There are four bounds which are companions of Welch bounds in Hilbert spaces. To recall them we need
the notion of Gerzon’s bound.
Definition 2.10. [45] Given d € N, define Gerzon’s bound
d? if K=C
Z(d,K) =

Theorem 2.11. @ 45,@, 85] Define K = R or C and m = dimg(K)/2. If {;}]_; is
any collection of unit vectors in K¢, then
8
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(i) (Bukh-Cox bound)

Z(n —d,K) )
max {1, 7%)| > if n>d.
1<j,k<n,j#k n(l+mn—d—1)vm1+n—d)— Z(n-d,K)
(ii) (Orthoplex/Rankin bound)
1
; > — 3 .
1Sj7%1§§j#k |<TJ7T1€>| = \/E Zf n > Z(d7 K)
(iii) (Levenstein bound)
nim+1)—dimd+1) |
) > .
1< | (T T 2 \/ n—dmdty U "> EEK

(iv) (Exponential bound)

—1
) >1—2pa
L B (i T 2 "

Motivated from Theorem [2.11} Theorem 2.1 and Corollary 2.2 we ask the following problems.

Question 2.12. Whether there is a continuous non-Archimedean functional version of The-

orem 2.11% In particular, does there erists a version of
(i) continuous non-Archimedean functional Bukh-Cox bound?
(ii

) continuous non-Archimedean functional Orthoplex/Rankin bound?
(iil) continuous non-Archimedean functional Levenstein bound?
)

(iv) continuous non-Archimedean functional Exponential bound?

Question 2.13. Whether there is a continuous non-Archimedean version of Theorem 2.11%

In particular, does there erists a version of

(i) continuous non-Archimedean Bukh-Cox bound?
) continuous non-Archimedean Orthoplex/Rankin bound?
(iii) continuous non-Archimedean Levenstein bound?
)

continuous non-Archimedean Exponential bound?

3. CONTINUOUS P-ADIC WELCH BOUNDS

In this section we derive p-adic Banach space version of results done in [56]. Let p be a prime and Q, be

the field of p-adic numbers. In this section, X" is a d-dimensional p-adic Banach space over Q.

Theorem 3.1. (First Order Continuous p-adic Functional Welch Bound) Let p be a prime and
X be a d-dimensional p-adic Banach space over Q. Let {14}gcc be a collection in X and {fy}sec be a

collection in X* satisfying following conditions.

(i) For every x € X and for every ¢ € X*, the map
G3 g folx)p(ry) € X

is measurable and integrable.
(ii) There exists b € Q, such that

/fg(ff)Tg dug(g) = bz, VreX.
G
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(i)
/ |fo(mh) fr(g)| d(pc x pe)(g, h) < oco.
GxG

Then
2

max{ / fy(r)? dlpe % u)(g,9)| . sup |fg<7h>fh<7g>|}z@| / £,(7) dpc(g)
A G

9,h€G,g#h

In particular, if f4(r4) =1 for all g € G, then
(First order continuous p-adic functional Welch bound)

max{(“G *ua)A), | sup |fg<fh>fh<Tg>l} > g

g,h€G.g

Proof. Define Sy, : X 3 a— [ fo(x)7ydpc(g) € X. Then
G
bd = ToalbL) = Tra(Sy.0) = [ fy(r,) dna(o)
G

= Tra(t? L) = Tra(S3,) = [ [ Fy(o) ) diac(9) da ().
G G
Therefore

2
[ s duncto)| = TralSp) P = ba = ladl = lal| [ [ £,(m) () duclo) duc(h
G G G

—|d / £y () fulry) d(pcs i) (g, h)

GxG

— || [ )2 dlue % no)a. )+ [ Sl dluc (9.1
A

(GXG)\A

<lahwax | [ gy dluc < no)aa)|| [ Sl dluc x n)la. )
A GxG)\A

g9,h€G,g#h

< |d| max{ /fg(Tg)2 d(pc < pa)(g,9)|, sup fg(Th)fh(Tg)|} .
A

Whenever f,(1,) =1 for all g € G,

9,h€G,g#h

u(G)* < |d|maX{|(uG X pg)(A)],  sup Ifg(Th)fh(Tg)|}-
(]

Corollary 3.2. (First Order Continuous p-adic Welch Bound) Let p be a prime and X be a d-

dimensional p-adic Hilbert space over Q,. Let {T4}qec be a collection in X satisfying following conditions.

10
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(i) For every x € X and for every ¢ € X*, the map
Gog— (z,79)0(1y) € X

is measurable and integrable.
(ii) There exists b € Q, such that

/<$ng>Tg duc(g) = bz, Vre X.
G

(iii)
/ (g ) 2 (i % 1) (g, 1) < 0.
GxG

Then
2

1
max /<rg,rg>2d<ucxuc><g,g>, sup (2 b > L /(Tgﬁg>duc(g)
J 9.h€G,g#h |d| J

In particular, if (14,74) =1 for all g € G, then

(First order continuous p-adic Welch bound)

G 2
max { (e < ue)D) sup  [{rg,ma)?2 b > PO
9.h€G,g#h |d|

Now we derive higher order version of Theorem

Theorem 3.3. (Higher Order Continuous p-adic Functional Welch Bounds) Let p be a prime
and X be a d-dimensional p-adic Banach space over Q,. Let m € N. Let {1y}4ecc be a collection in X

and {fs}gec be a collection in X* satisfying following conditions.
(i) For every x € Sym™(X) and for every ¢ € Sym™(X)*, the map
G2 gm fPM(2)(ry™) € Sym™(X)

is measurable and integrable.

(ii) There exists b € Q, satisfying

/ffm(x)ﬁ;@m duc(g) = bx, Vx e Sym™(X).
G

(i)
[ 1 I e ¢ 1), < o

GXG
Then
2
m m 1 m
max /fg(Tg)2 d(pa x pe)(9,9) ,g’hggl’)g¢h|fg(7'h)fh(79)| > m G/fg(Tg) duc(g)

A

11
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In particular, if f4(14) =1 for all g € G, then

(Higher order p-adic continuous functional Welch bound)

2
maX{KﬂGXuG)(A)L sup h|fg<7h>fh<fg>m}> (G

g,h€G g N ’ d*’"’l)‘

Proof. Define Sy : Sym™(X) >z — [ f&™(x)7$™ duc(g) € Sym™ (X). Then
G

bdim(Sym™ (X)) = Tra(blsymn () = Tra(Sy.) = / FEM (™) duc(g),
G

B dinn(Sym™ () = ToaW sy ) = Tra(S%,) = [ [ 55127 (75 dielg) ()

Therefore
2
/fg 79)" dpc(g /f®m ™) duc(g)| = |Tra(Sy)|* = |bdim(Sym™ (X))
= |dim(Sym™(X))| ’b2 dim(Sym™ (X))|
= |dim(Sym™( f®m 2 7™ dua(g) dua(h)
d -1
-|( / / 19 (7 ™) i 0) dna (1)
G a

[ [ sao stz dnc (o) dnc(h)

G G

/ £y ()™ ()™ (% i) (g, )

GxG

)
()
()

_ (d+2—1) A/ £y (r) 2™ d(c x 1) (9:9) + / FoT)™ ()™ d(pic: % 1), 1)
()
()
)

(GxG\A
<|(*7 Z - /fg(Tg)2m d(pc x puc)(9,9)| Fo(mn)™ fu(7g)™ d(pa % pa)(g, h)
A GXxG)\A
< d+2_1 ax{ /fg(fg)de(uGXuc)(g,g), sup Ifg(Th)mfh(Tg)ml}
J 9,h€G,g#h
_ (d el max{ / folrg)*™ d(n % 16)(g,9)|,  sup |fg<m>fh<fg>|’”}-
J g9,h€G,g#h

Whenever fq(7,) =1 for all g € G,

d+m-—1
m

WGP < ]( )]max{m@ % kc)(A)l, sup Ifg(Th)fh(Tg)lm} .

9,h€G,g#h

12
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(]

Corollary 3.4. (Higher Order Continuous p-adic Welch Bounds) Let p be a prime and X be

a d-dimensional p-adic Hilbert space over Q,. Let m € N. Let {1y}4cq be a collection in X satisfying
following conditions.

(i) For every x € Sym™(X) and for every ¢ € Sym™(X)*, the map
G 3 g (z, 7" (r™) € Sym™(X)
is measurable and integrable.

(ii) There exists b € Q, satisfying

[tz duato) =be, Vo € Sy (),

? g

G

(iii)

[ 1P e x c)la. ) < oc.

GxG
Then

2
max /<rg,rg>2md<mxuc><g,g>, sup  [{rgim)™ b > / Ty 7)™ i (g)
g,h€G,g#h d+m 1 Z

A
In particular, if (14,74) =1 for all g € G, then

(Higher order continuous p-adic Welch bound)

max{lwcxue)w, sup <rq,m>|2m}2)(|5ffz|f)‘~

g9,h€G,g#h

Using Theorem 3.1 and Corollary we ask the following questions.

Question 3.5. Let p be a prime and X be a d-dimensional p-adic Banach space over Q,. For

which locally compact group G with measurable diagonal A, there exist a collection {7,},cc
in X and a collection {f,},cc in X* satisfying the following.

(i) For every x € X and for every ¢ € X*, the map
G g folx)p(ry) € X

1s measurable and integrable.
(ii) There exists b € Q, such that

/fg(ﬂf)Tg dug(g) =bzx, VzelX.

(iii)
[ 1)l din x o) < o

GxXG

(iv) fq(r9) =1 for all g€ G.
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2
mwﬁwww@@» wp|@mmmm}:M®W

g9,h€G,g#h |d|
(vi) | foll =1, |lrgll =1 for all g € G.

Question 3.6. Let p be a prime and X be a d-dimensional p-adic Hilbert space over Q,. For

which locally compact group G with measurable diagonal A, there exists a collection {7,}sca
in X satisfying the following.

(i) For every x € X and for every ¢ € X*, the map
G>3gm (z,19)p(1y) € X

1s measurable and integrable.

(ii) There exists b € Q, such that

/<z77'g>7'g d:UG(g) =br, Vredl.

G
(iif)
[ 1l e x pc)la. ) < .
GxG
(iv) (14,74) =1 for all g € G.
)

9.hEG,g#h |d]|

Q)2
maX{KﬂG X pe)(A)],  sup |<Tg,Th>|2} _ @) .

(vi) |7l =1 for all g € G.
A particular case of Questions [3.5|and are following continuous p-adic Zauner conjectures.

Conjecture 3.7. (Continuous p-adic Functional Zauner Conjecture) Let p be a prime. Given
locally compact group G and for each d € N, there exist a collection {7,},cc in (@g (w.r.t.
any non-Archimedean norm) and a collection {f,}scc in (Qg)* satisfying the following.
(i) For every z € QZ and for every ¢ € (Qg)*, the map
G 3 g fylw)e(ry) € Qp

1s measurable and integrable.
(ii) There exists b € Q, such that

[ 1@ dugte) =be, veea
G
(iii)
/ | fo(mn) fr(Tg)l d(pa % pa)(g, h) < co.

GxG
(iv) fo(rg) =1 for all g€ G.
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)

2
wamwm@mmmmM?, Vg.h € Gyg £ h.

(Vi) [lfll =1, lITgll = 1 for all g € G.

Conjecture 3.8. (Continuous p-adic Zauner Conjecture) Let p be a prime. Given locally
compact group G and for each d € N, there exists a collection {1,}scq in (@g satisfying the

following.

(i) For every x € Q¢ and for every ¢ € (Q)*, the map

G>g— <$aTg>¢(Tg) € Qz

1s measurable and integrable.
(ii) There exists b € Q, such that

/<vag>Tg duc(g) = bz, V€ Q;‘f-

G
(iii)

[ 1o ml Pt x pe)o.h) < .

GxG
(iv) (rg,79) =1 for all g € G.
v)

2
umxmwmﬂWWW=Wﬁﬂ Vg.h € Gog # h.

(vi) ||yl =1 for all g € G.
Theorem 2.11, Theorem 3.1 and Corollary 3.2 give the following problems.

Question 3.9. Whether there is a continuous p-adic functional version of Theorem 2.11°7

In particular, does there erists a version of

(i) continuous p-adic functional Bukh-Cox bound?
(ii

) continuous p-adic functional Orthoplex/Rankin bound?
(iil) continuous p-adic functional Levenstein bound?
)

(iv) continuous p-adic functional Exponential bound?

Question 3.10. Whether there is a continuous p-adic version of Theorem 2.11? In partic-
ular, does there exists a version of
(i) continuous p-adic Bukh-Cox bound?
) continuous p-adic Orthoplex/Rankin bound?
(iii) continuous p-adic Levenstein bound?
)

continuous p-adic Exponential bound?
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