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Let (A, 7) be a noncommutative probability space. That is, A is a unital algebra
Q0 (1)=1,

equipped with an involution (a*)* = a and a tracial faithful state 7, that is,
@ 7(ab) = 7(ba);

@ 7(aa*) > 0 and equality holds iff a = 0.
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Let (A, 7) be a noncommutative probability space. That is, A is a unital algebra
Q0 (1)=1,

equipped with an involution (a*)* = a and a tracial faithful state 7, that is,
@ 7(ab) = 7(ba);

@ 7(aa*) > 0 and equality holds iff a = 0.

Examples of such spaces are (L°(PP),E) and (M,(C),tr /n).
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| Setting

Let (A, 7) be a noncommutative probability space. That is, A is a unital algebra

equipped with an involution (a*)* = a and a tracial faithful state 7, that is,
0 r(1)=1;

@ 7(ab) = 7(ba);

@ 7(aa*) > 0 and equality holds iff a = 0.

Examples of such spaces are (L*°(PP),E) and (M,(C),tr /n). The distribution of
a=a* e Ais given by

{r(@"):neN}; 7(a") = /x" dits.
The convergence in distribution is characterized by the convergence of the moments.

DA



Let (A1, 71) and (A2, 72) be two noncommutative probability spaces. We equipped the
tensor product A; ® A; with the trace 7 ® 7 such that

71 ® 12(a1 ® a2) = 11(a1)m2(a2),
probability space.

and extended by linearity. The space (A; ® Ay, 71 ® 72) is again a noncommutative

«4O> «F>» «=)r» «=)» Q>
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Freeness

We say that subalgebras Aj, ..., Ay C A are free if
7—(31 .. ‘ak) =0,

whenever
Q@ k=>0;
Q aic A, 7(ai) =0, ji € [d], for all i € [k];
Q i FJ2-sJk—1 F Jk-
Random variables ay,...,ay € A are free whenever their spanning algebras are.
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Free central limit theorem
Theorem 1 (Voiculescu - '85)

Let a,a1,...,a, € A be free i.i.d self-adjoint random variables with mean A\ = 7(a) and
variance o® = var(a). Then

converges in distribution to the semi-circle law s, whose density is given by

1
f(X) = Z \V/ 4 — X21‘X‘§2'

Santos Tensor CLT




Let a, a1,

.,an € A be free i.i.d self-adjoint random variables with mean A = 7(a) and
variance 02 = var(a). Let by € A® A given by

®ak —TRT(a® a)
b = .

\/var(a® a)
distribution of

We are interested in the central limit theorem for by, namely, the convergence in

1
Sn ::ﬁ Z bk.

(1)
ke[n]
«4O>» «F>» «E)>» «E>» Q>
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can be described as

M::i

n

Consider My € My(C) self-adjoint i.i.d random matrices. A random quantum channel

Z M,-®W,- —EM,'@V,‘.
ke[n]

converges as d goes to infinity to

Under some conditions [Lancien, S., Youssef - '23], the spectral distribution of M

1
Sn:% Zak®ak—7®7(ak®ak).
ke[n]
<O < Fr «=Er» «E>» = QA
- santes  TemsorCLT



Introduction

Existence

Partitions

Contribution of noncrossing partitions
Contribution of connected partitions
Limiting Law

Perspectives

Model

Let 62 = var(by) = 0?(0® + 2A2). Then, we can rewrite

®ak—)\2

ke[n]

Even though the variables aj are free, the variables a, ® a, are not usually free. This

was proved by Collins-Lamarre 2016. So, the usual free central limit theorem is not
applicable.
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Result

Theorem 2 (L. S. Y - '24)

Let a,a1,...,an € A be free i.i.d self-adjoint random variables with mean X\ = 7(a) and
variance o? = var(a). Let

2)\2

=z €01

q

Then the normalized sums S, for by converges in distribution to

1 1
Mg = \/5 (\/ﬁﬂsc =+ \/EIU’SC> H V 1—qusc.
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Theorem 3 (Bozejko-Speicher - '93)

Let ¢1,...,cn, be exchangeable centered random variables. Suppose that
7(ci, - - - ¢i,) = 0 whenever there exists an indice i different from the rest. Then

1
5,, = —= Z Ck
ﬁ ke[n]
converges in distribution and

lim 7(SF) = > ().

wEP>(p)

Santos Tensor CLT



@ The condition over ¢; is called the centering condition.
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@ The condition over ¢; is called the centering condition.
™= {Vl,

@ The set Py(p) is the set of pair partitions of p, namely, the partitions
; Vp/2} such that

U vi=1l

Jj€lp/2]
and |Vj| = 2 for each j € [p/2].
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@ The condition over ¢; is called the centering condition.
™= {Vl,

@ The set Py(p) is the set of pair partitions of p, namely, the partitions
; Vp/2} such that

U vi=lrl
Jj€lp/2]
and |Vj| = 2 for each j € [p/2].
@ For a partition m € P(p), we define

7(m) = 71(ciy - - - cip)s
where i, = i; if and only if j, k are in the same block of 7. S
<O «Fr «=» « = E DA
- santos | TemsorCLT



@ Fordc=6b=a®a— A2 and 7 € P(p), we have

oPr@T(m) = Z (—1)'”)\2“'7'2

_)
H a,-j .
1<]p] Jjele

«4O> «AF>r «=)» «=)>» = Q>



@ Fordc=6b=a®a— A2 and 7 € P(p), we have

oPr@T(m) = Z(—l)"')\2|’|7’2 (
@ If {1} € m, we have

_)
H a,-j .
1<]p] jele

Prer(r)=PreT ((a,-1 ® aj, )bi, - b,p) —\26Pr ® 7(bj, - - - bi,)
=0.



@ If m can be decomposed into small partitions, say, m = w1 B 75, then

TRT(r) =7 7(m)T & T(7M2)
@ 7 ® 7(m) is then a multiplicative function on

P(0) == | J P(n).

neN

«O>» «F>» «E» «E>» Q>
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‘ I__T| [ ]]
12345678910

l l‘|l__l
12345678910




© We say that m € P»>(p) has a crossing if there exists i < k < j < [ such that
V ={i,j} €mand U= {k,I} €m. In this case, we say that V crosses U.

«O>» «F>» «E» «E>» Q>



@ A noncrossing pair partition m € NCy(p) is a partition such that all of its blocks
are noncrossing.

«O>» «F>» «E» «E>» Q>

© We say that m € P»>(p) has a crossing if there exists i < k < j < [ such that
V ={i,j} €mand U= {k,I} €m. In this case, we say that V crosses U.



\

Type of partitions

© We say that m € P»>(p) has a crossing if there exists i < k < j < [ such that
V ={i,j} €mand U= {k,I} € m. In this case, we say that V crosses U.
are noncrossing.

@ A noncrossing pair partition m € NCy(p) is a partition such that all of its blocks

The set of connected pair partitions is denoted by P5°"(p).

@ A partition is connected if it cannot be decomposed into nontrivial subpartitions



Intersection graph

\

@ Given a partition m = {V1,..., V, o} € Pa(p), we define its intersection graph
G() as follows. The vertices of G(r) are the blocks Vi, ..., V,/,, and there
exists an edge between V; and V; if they cross.

@ We denote cc(7) the number of connected components of G(), ncr(m) the

number of isolated vertices of G(7) and cr(7) the number of non-isolated vertices,
that is,

cr(m) + ner(m) = p/2.

o
]
I
ut
i



| |
1234561738

(a) Connected partition

1

T
123456738
(b) General partition

N

123456738
(c) Noncrossing partition



mr € P$°"(T). Hence

Consider m € P>(p). We decompose 7 into its connected components. Namely, let
7 € NC(p) be the choice of connected components and for each T € 7, we draw

Pa(p)l = D TIPS (T
reNC(p) TeR
The mapping ®(7) = (7, (77)Te#) is a bijection (Lehner - '01).

«4O> «F>» «=)r» «=)» = Q>



mlinl aaslizl

(a) = (b) #
[ 1] ‘ [ ]
(c) mf1,2,3,43 (d) m(5.8y = i6,7)

Figure: A partition 7 and its image ®(7).

«4O> «AF>r «=)» «=)>» = QR




@ Using ® and the fact that 7 ® 7(7) is multiplicative, we get

Z TRT(T) =

m€P2(p)

>, 11

#eNC(p) Ter

«4O> «F>» «=)r» «=)» = Q>

>

TR 7T(7T)
mrEPS(T)
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Decomposition of 7()

@ Using ® and the fact that 7 ® 7(7) is multiplicative, we get

Z TRT(T) = Z H Z TR 71(7T)

TEP,(p) #ENC(p) T€R \mrePe(T)

Q If |T| =2, we have T ®@ 7(77) = 1.

If m € NGy(p), we have T @ 7(m) = 1.
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Bipartite pair partitions

Definition 2

Let m € Py(p). We say that 7 is a bipartite pair partition and is denoted by 7 € Pgi(p)
if G(r) is bipartite. We denote 7 € P5°"(p) if 7 is connected and bipartite.
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Bipartite pair partitions

Let m € Py(p). We say that 7 is a bipartite pair partition and is denoted by 7 € Pgi(p)
if G(r) is bipartite. We denote 7 € P5<°(p) if 7 is connected and bipartite.

Proposition 1

Let m € P§°"(p), for even integer p > 4. Then, the following hold.
Q Ifm ¢ PS5 (p), then 7(r) = 0.
Q Ifm € PSi<°"(p), then

TRT(T) =2 (g)p/z :

Santos Tensor CLT



@ We label the blocks V1,
I <.

«O0>» «F>r» «E>» «E» Q>

; Vppj2 of m such that Vj crosses at least one V/, for



@ We label the blocks V1,
I <.

; Vppj2 of m such that Vj crosses at least one V/, for
@ We remove the blocks V; one at a time.
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@ We label the blocks V1,
I <.

@ We remove the blocks V; one at a time.

© How do we remove each block?
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; Vppj2 of m such that Vj crosses at least one V/, for



© We label the blocks Vi, ..., V, /s of m such that V; crosses at least one V, for
I <.

@ We remove the blocks V; one at a time.

© How do we remove each block?

@ How does each block affect the rest of the blocks?

«4O> «F>» «=)r» «=)» Q>



For simplicity, let us assume that 6 = 1, then

2)\2
q

= S V)
02 4+2X2  0%(02 +2)?)
Let V={1,v} € m beablock. Let h ={2,...,v—1}, h={v+1,.

Let a;, = a. Then

T@7(m) =7 &7 (by By bi,B,) .

.,p}. Then

Te7(r)=17®7((a® a)By(a® a)By) — >\4T®T(BllB[2).
«Or «Fr «Z>r «E>» = QA
- santes  TemsorCLT



We then have

r@7((a® a)By,(a® a)By,) = Z (_]_)|J1|+|J2|)\2(|J1|+|J2|)7.2 (anfanf)'

SCh
The variable a is free from {ayc, a c}. Then

7 (aaycaays) = 0?7 (aye)T(ass) + A7(asa).
<O < Fr «=Er» «E>» = QA
- santes  TemsorCLT
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JCh
JCh

o )\ Z (_1)|J1I+|J2|)\2(|J1|+|J2|)72(3J1C3J26)

»Ch

g’ Z (_1)|J1I+|J2|)\2(|-’1|+|le)7-2(an)7-2(an)
JCh

»Ch

0 ?\ 3 ()RR ED (2 )r(ag)r(ascas)
HCh

0 02)\2 Z (_1)|J1|+|Jz|)\2(|J1|+IJzI)T(aJ1caJZC)T(aJIC)T(aJZC)
hCh

nglz <O < Fr «=Er» «E>» o



[ )\4 Z (—1)|J1|+|J2|)\2(|J1|+|J2|)7'2(a_]1ca_]§) = )\4’7' ® T(Bll Blg)
S1Ch
J2Ch

»Ch

g’ Z (_1)|J1I+|J2|)\2(|-’1|+|le)7-2(an)7-2(an)
JCh

»Ch

0 ?\ 3 ()RR ED (2 )r(ag)r(ascas)
HCh

0 02)\2 Z (_1)|J1|+|Jz|)\2(|J1|+IJzI)T(aJ1caJZC)T(aJIC)T(aJZC)
hCh

nglz <O < Fr «=Er» «E>» o



JCh

J1Ch
»Ch

o )\ Z (_1)|J1I+|J2|)\2(|J1|+|J2|)72(3J1C3J26) =\re 7(By, By,)
JCh

HCh

0 ? N2 Y (~ )R IAIHED T (2 ) (a0 )7 (g a)
JCh

0 02)\2 Z (_1)|J1|+|Jz|)\2(|J1|+IJzI)T(aJ1caJZC)T(aJIC)T(aJZC)
j;ég «Or «Fr «=>r «E=>» E DA
- santes  TemsorCLT

oot D (—1)FEINANLD 2 (5 0) 72 (a)) = o7 @ 7(By )T @ 7(By,)



JCh

J1Ch
J2Ch

o )\ Z (_1)|J1|+IJ2I)\2(|J1|+|J2|)7-2(3J1caJ2c) =\re 7(By, By,)
JCh

JCh

0 ? N2 Y (—1)MHHRINIA D 7 ()7 (a g ) (a ag)
5Ch

0 o2)\2 Z (_1)|J1|+|J2|A2(|J1|+|Jz|)T(achaJ§)T(an)T(an)
j;ég «Or «Fr «=>r «E=>» = 9Dae
- santes  TemsorCLT

oot D (—)IFLINALD2 (5 0) % (a)) = o7 @ (B, )T @ 7(BY,) =0



JCh

J1Ch
J2Ch

o )\ Z (_1)|J1|+IJ2I)\2(|J1|+|J2|)7-2(3J1caJ2c) =\re 7(By, By,)
JCh

JCh

o o2)\2 Z (_1)|J1|+|Jz|)\2(|J1|+|Jz|)7-(an)7-(aJ§)T(achanc) —?
5Ch

[ ] 0'2)\2 Z (—1)|"1|+|J2|)\2(“1|+|J2|)T(aJ1caJ§)T(an)T(an) :?
-Jléég @ «Er 2> E 9AE
- santes  TemsorCLT

oot D (—)IFLINALD2 (5 0) % (a)) = o7 @ (B, )T @ 7(BY,) =0



Let B; be a vector such that

Let (5k)ken be another free i.i.d family of copies of a, free independent from (ax)ken-

(Bl)jza,-j®§,-j—)\, j€/1
(Bl)j:a;j@)a;j—)\, j€/2.

«O>» «F>» «E» «E>» Q>



Let B; be a vector such that

Let (5k)ken be another free i.i.d family of copies of a, free independent from (ax)ken-

(Bl)jza,-j®§,-j—)\2; jeh
(Bl)j:a,-j®a,-j—)\, je€b.
Consider 7 @ 7(m \ V, V(1)) given by

r@r(r\ V,VW) =7 &7 ((B1),(B1)s).
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Let B; be a vector such that

Let (5k)ken be another free i.i.d family of copies of a, free independent from (ax)ken

(Bl)j=a,'j®5,'j—)\2; jeh
(Bl)j:a,-j®a,-j—)\, je€b.
Consider 7 @ 7(m \ V, V(1)) given by

For comparison,

r@r(r\ V,VW) =7 &7 ((B1),(B1)s).

T@T(r\V)=7e7((B)n(B)r)-
“O> «Fr  Er «E>» E DA
- santes | TemsorCLT



We deduce that

r@7(r) =202 7 @ 7(r \ V, V) = gr @ r(x \ V, V).
then

@ Variables in V: (a;, ® aj,, ai, ® a;,) — \%;
@ Variables in U: (a;, ® &, ,ai, ®a;,) — \*.

«4O> «F>» «=)r» «=)» = Q>

In the first interaction, consider a block U = {uz, up} that crosses V, say 1 < u3 < v,



Let a = a;,, and assume that u; = 2. Removing U now, we get

rer(r\V,VO) = a7 (a2 8)B)ya @ a)(B)y) — Xr e ((By(By) -

«4O> «F>» «=)r» «=)» = Q>



We obtain

Let a = a;,, and assume that u; = 2. Removing U now, we get

rer(r\V,VO) = a7 (a2 8)B)ya @ a)(B)y) — Xr e ((By(By) -

Jlg/{
nglé

«4O> «F>» «=)r» «=)» = Q>

where 3, = 3 if j € h or 3; = a;; if .

TRT ((a ®3)(B)y(a® 3)(31)4) = Z (_1)|J1|+|J2|A2(|J1|+|Jz|)7 (anfanf) T (55J1can§),



We obtain

Let a = a;,, and assume that u; = 2. Removing U now, we get

rar(r\V,V0) =rar (a0 8By (a0 a)(Br)y) - Mr e ((By(By).

Jlg/{

nglé
where a3, = & if jeh or 3 = aj, if . Recall that

7 (aasaays) 7 (33 caass) = (o7 (as)7(as) + N7(asas)) N7 (asas).
«4O> «F>» «=)r» «=)» = QR
- santes | TemsorCLT

TRT ((a ® 5)(31),1,(3 ® 3)(/31)4) = Z (_1)|J1|+|J2|)\2(|J1|—|—|J2|)7. (anfanf) T (55chan§),



JC1

o AF ST (1) AR\ (2 e )7 (3 e )
HCh

b Cl]

0 0202 37 (1) AR LD (3 )7 (a6) (3 e )
ACh

«O0>» «F>r» «E>» «E» o



Jlgli
JCl3

Jlgl:{

o N20% Y (~)AIHEINIAHED T (2 ) (a0 )7 (e as)
nglé

«4O>» «F>» «E)>» «E>» = Q>

o )\4 Z (—1)|J1|+|J2|)\2(|J1|+|J2|)7'(3J1ca_126)7’(5_/{2_]5) = )\47' ® 7'(7T \ {V, U}, V(l))



Jlglll
nglé

Jlgll'
nglé

% Z (—1)HRIN20A 2D 2 (3 e 2 )7 (3sease) = M@ r(n\ {V, U}, VD)

o X0? Y (~)AHIENAIED (o ) (a0 (3 as) = 2 @ 7\ (V. UL VO, UO).

«4O>» «F>» «E)>» «E>» = Q>



Jlglll
nglé

% Z (—1)HRIN20A 2D 2 (3 e 2 )7 (3sease) = M@ r(n\ {V, U}, VD)

Jlgll'
nglé

o X0? Y (~)AHIENAIED (o ) (a0 (3 as) = 2 @ 7\ (V. UL VO, UO).

Hence

r@r(n) = g & 7(r\ V. V) = g- r@r(r\ (v, 0), VO, U0),
«O>» «F>» «E» «E>» = P NEa
- santes | TemsorCLT



| | l

(a) Cycle G4

{2,7} {5,8}

{1,4} {3,6}

«4O> «AF>r «=)» «=)>» = Q>



(aiy ® aip, 25, ® aj7)

(aig @ ajg, ajg @ ajg)

(aiy ® aiy,a;, ® aj,)

(3i3 ® ai3, aig ® ajg)

Q>



(i ® aiy,3i; @ aiy)

(aig ® aj5, aig ® ajg)

(ar; ® ajy > aj, ® aj,)

(ai3 ® aj3, ajg @ ajg)

(aiz ® 5!’2 ) Aig ® ai7)

(ajg ® aj5, 3jg ® ajg)

(aj3 ® 33, 3jg ® ajg)

Q>



(i ® aiy,3i; @ aiy)

(aig ® aj5, aig ® ajg)

(aiz ® 5!’2 ) Aig ® ai7)

(ajg ® aj5, 3jg ® ajg)

(ar; ® ajy > aj, ® aj,)

(ai3 ® aj3, ajg @ ajg)

(aj3 ® 33, 3jg ® ajg)
(Gis @ aig > 2ig @ 2ig)

(a3 ® 8i3, 2ig ® ajg)

Q>



(i ® aiy,3i; @ aiy)

(aig ® ajg, ajg ® ajg)

(3 @ i3, 317 @ 2i7)

(ar; ® ajy > aj, ® aj,)

(aig, ® aig > 3ig ® ajg)

(ai3 ® aj3, 3jg ® ajg)

(3ig ® ajg, aig @ ajg)

(ai3 ® dj3, ajg @ aie)
(ai3 ® i3, ajg ® ajg)

o
(aiy ® i3, 3jg @ ajg)
<O 4Fr <= <

fHac




|

(a) Cycle G

{2,5}

AN

{1,4} {3,6}

«4O>» «Fr «=)r» « ) = Q>




(aj, ® aiy; 2i5 ® ajg)

(aiy ® ajy,ai, ® aj,)

(aj3 ® aj3, ajg @ ajg)

&>

fHac




(aj, ® aiy; 2i5 ® ajg)

(aiy ® ajy,ai, ® aj,)

(aj3 ® aj3, ajg @ ajg)

(aj, ® 3, 3jg ® aj5)

(ai3 ® i3, aig ® ajg)

&>

fHac




(ai, ® ajp, 3j5 ® ajg)

(aiy ® ajy,ai, ® aj,)

(aj3 ® aj3, ajg @ ajg)

(aj, ® 3, 3jg ® aj5)

(ai3 ® i3, aig ® ajg)

(33 ® dj3, ajg ® ajg)

fHac




vanish, k¢(sy) = 1 and for n > 2, we have

free
Kan

(s) =2 (3)" IPE=er(2n)|.
Using the bijection @, it can be checked that

Let s, be the limiting law. By Lehner's argument, its odd free cumulants *¢(s,)

T(sg”) — Z gce(m)—p ger()

_q )
mEPS(2p)
<O < Fr «=Er» «E>» E 9AQ@



Introduction

Existence

Partitions

Contribution of noncrossing partitions
Contribution of connected partitions
Limiting Law

Perspectives

Limiting law

Recall that

1 1
Hg ‘= \/5 <\/§MSC + \/E,Usc> t V 1 —qpisc.

Since the free cumulants are multilinear and linearize the free convolution, it suffices to
check that s; has distribution p.

Proposition 2

7 ((x +X2)2”) = Z 7o)

TEPS(2p)

where x1, xo are classical i.i.d semi-circle random variables.

Santos Tensor CLT



O Firstly, we have

«O> < Fr «=Hr (=)




@ Firstly, we have

P
(x1 + Xz)zp) = Z
@ Note that

1C[2p]

> H(mm2) i m € NGo(I), m2 € NG(I9)} | =

p
2p
Z<2/>c,cp_,.
=0
<O < Fr «=Er» «E>» = QA
- santes | TemsorCLT



@ Firstly, we have

P
2
o) =3 (3
@ Note that

p
Z |{(7T1,7T2) T € NC2(I) T € NC2 C)}l Z < )C[ p—I-
1C[2p] =0
© We must prove that
Z 2cc(7r) _

> H{(m,m) :m € NGo(1), m2 € NG(I9)} |
nEPS(2p) 1C[2p]

«O> (Fr «E>r «E>» DA
- santes | TemsorCLT



O Let m € P5(2p). We can find bipartite sets
T = {Vl, .

> Vm}7772 = {Vm+1a
neither do Vipi1,..., Vp.

., Vp} of m such that Vq,..., V}, do not cross,
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O Let m € P5(2p). We can find bipartite sets
T = {Vl, .

neither do V11,
@ Hence

3 Vm}77T2 = {Vm—l-la
LV

., Vp} of m such that Vi,

..., Vi do not cross,
T € NCQ(/);
m € NG(I°);

m
-(v
i=1
<O < Fr «=Er» «E>» E 9AQ@



O Let m € P5(2p). We can find bipartite sets
T = {Vl, .

s Vm}7772 = {Vm+1a
neither do Vipt1,..., Vp
@ Hence

., Vp} of m such that Vi,

T € NCQ(/);
2 € NG(I9);

..., Vi do not cross,

40> «Fr « =)

m
I=Jv.
i=1
© We call (71, 72,1, 1°) a noncrossing representation of 7.
«E>» E DA












The number of noncrossing representations of 7 is equal to 2¢<(7) . Hence
mEPS(2p)

The result follows by summing first over | C [2p].

«4O> «F>» «=)r» «=)» = Q>

> 2%l = [{(mry, o, 1,19) 1 1 C [2p], w1 € NGy(1), 2 € NG(19)}].
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The number of noncrossing representations of 7 is equal to 2°(™). Hence

> 22 = |{(my, w2, 1,19) 1 € [2p],m1 € NGy(1), 7m0 € NGo(I9)}]-
TePY(2p)

The result follows by summing first over | C [2p].

Remark 6.1

RE5E (x1 + x2) = 2| PR (2n)|.

Santos Tensor CLT



© Higher-order tensors: A CLT for

1
L._
St =

Z a?" — AL,

ke[n]

«4O> «AF>r «=)» «=)>» = Q>



© Higher-order tensors: A CLT for

1
b= Loy ast oy
\/ﬁ ke[n]
random variables. If Ay,

@ c-independent settings [Mlotkowski - '04]. Consider (a()),en € A; free i.i.d
limit theorem for the variables

., Ay are e-independent subalgebras, what is the central

—
i
b= [] a7
le[L]
<O < Fr «=Er» «E>» E 9AQ@
- santes | TemsorCLT



© We computed that

«O0>» «F>r» «E>» «E» o

free

Kon (X1 + x2) = 2|P§ic0n(2n)|.



Q@ We computed that

free

KEee(x1 + x2) = 2|P3"(2n)].
This suggests that there exists a measure v such that

[ 5 dv = Ptz
In this case, we can write psc + p1sc = v B v. This is the moment problem for
an = |P5(2n)].

«O>» «F>» «E» «E>» Q>



© A g-Gaussian measure 114 [Bozejko, Speicher, Kiimmerer, Buchholz] is defined via

/X2p dl/Jq — Z qcrossings(‘n).

TEP2(2p)

When g = 0, we have po = pisc, and when g = 1, we have p; = N(0,1).

«4O> «F>» «=)r» «=)» = Q>



© A g-Gaussian measure 114 [Bozejko, Speicher, Kiimmerer, Buchholz] is defined via

/X2p dl/Jq — Z qcrossings(‘n).
TEP2(2p)

When g = 0, we have po = pisc, and when g = 1, we have p; = N(0,1).We could
consider an integer interpolation instead, which is defined as follows.

«O>» «F>» «E» «E>» Q>



\

Combinatorics

© A g-Gaussian measure 114 [Bozejko, Speicher, Kiimmerer, Buchholz] is defined via
/X2p d,uq — Z qcrossings(ﬂ').
7TEP2(2p)

When g = 0, we have po = pisc, and when g = 1, we have p; = N(0,1).We could
consider an integer interpolation instead, which is defined as follows. Consider
Pgm)(2p) the set of m-colorable pair partitions and define

/ X2 djim = |PS™(2p)]-
We have 1 = pse and poo = N(0,1). Also, pp = v.
- santos  TensorcLT



Thank YOu[
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