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Abstract Consider fixed and bounded trace Gaussian orthogonal, unitary and symplectic
ensembles, closely related to Gaussian ensembles without any constraint. For three restricted
trace Gaussian ensembles, we prove universal limits of correlation functions at zero and at
the edge of the spectrum edge. Our argument also applies to restricted trace ensembles
with monomial potentials. In addition, by using the universal result in the bulk for fixed
trace Gaussian unitary ensemble, which has been obtained by Goétze and Gordin, we also
prove the universal limits of correlation functions everywhere in the bulk for bounded trace
Gaussian unitary ensemble.

Keywords Fixed trace ensembles - Bounded trace ensembles - Universality

1 Introduction and Main Results

One important class of random matrix models are Gaussian orthogonal, unitary and sym-
plectic ensembles, denoted respectively by GOE, GUE and GSE. The joint probability den-
sity function (p.d.f.) for the eigenvalues xi, ..., xy of these three canonical ensembles is
given [24] by

N

1 v

PNﬂ(xlv--wa):Z— 1_[ |xj_xk|ﬂl_[3 BNx; (1.1)
NB \<j<k<N i=1
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where the partition function is

N Bi

y g FA+3)
Zyg=Qm)22EN)" 7 | | =75
[1 r(+5%)

j=1

1.2)

Here Ng =N+ BN(N —1)/2,and 8 =1, 2 or 4 correspond to GOE, GUE or GSE respec-
tively. The n-point correlation functions for the Gaussian ensembles are defined [12, 24]
by

N!
Rnﬁ(xl, ey x,,) = m /RN—n PNﬂ(xl, ey )CN)d.X,,+1 .. 'd)CN, (13)
which measures the probability density of finding an eigenvalue (regardless of labeling)
around each of the points xy, .. ., x,, the positions of the remaining levels being unobserved.

In particular, R,z gives the overall level density. A classic result shows that the asymptotic
normalized eigenvalue density %Rl g (density of states) as N — oo is given by the Wigner
semicircle law w(x) = %,/ (1 —x2), for B =1,2,4. However, when 8 =1,2, 4, for n > 2,
the study of a finer asymptotics presents a pattern (called universality) in the bulk (—1, 1)
and at the edge %1 of the spectrum.

To present this universal pattern, let us introduce an integral kernel [27, 28, 32]

K(x.y) = P(x) @' (y) — o' () 0(y) (1.4)

xX—=Yy

where ¢(x) is a real-valued function. When one takes ¢(x) = % or Ai(x), K(x,y) in
(1.4) will be rewritten as Kine(x, y) and K ajry(x, y), respectively. Here Ai(x) stands for the
Airy function satisfying the differential equation

A" (x) = x Ai(x),

with the initial condition Ai(co) = 0. Sine-kernel in the bulk for GOE, GUE and GSE [6,
24,33] says: foreveryu € (—1,1) and t,, ..., 1, € R!,

. 1 1 t,
1 — R, —_— ..., —
N (N (“ P Now T Na)(u))

(1.5)
{det[Ksme ey B=2
= 1
(detlK L) (1. 101 _y)? . B=1.4,
where
Ksine(x_y) i,Ksine(x_y)
KD (x, y) = ( i , 16
sme('x y) fO ’ Ksine(t)dt - %Sgn(x - y) Ksine(x - y) ( )
and
Ksine(z(x - Y)) iKsine(z(x - )’))

K (x,y) = ( ey ox ) 1.7
sine )=\ ey g 0ndr - Lsgn@r— ) Kane @ — y)) (7

It has been proved that this is also true in other invariant ensembles under the orthog-
onal, unitary or symplectic groups [5, 8, 10, 25] and in certain ensembles of Hermitian
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Wigner matrices [21]. Similarly, Airy-kernel at the edge of spectrum for GOE, GUE and
GSE [16, 24, 31] says: for t1,...,t, € R!,

1 t [ﬂ
lim ——; R,,ﬁ(1+ N 2)
N—=oc QN 3)n 2N3 2N3
(1.8)
dEt[KAiry(tﬁ tk)]l}’k=ly /3 =2
= 1
(detl K (15 101 —y)? . B=1.4.
where
o) 1
KO = (K,(Aligy)n (K/:\ligy)u ’
"y (KAiry)2l (KAiry)ZZ
Wy ey L. R
(KAiry)ll—(KAiry)22—KAiry(xa }’)+5A1(x) 1- Ai(z)dz ),
y
L. .
(K )12 = =0y K (v, ) = S AI)AI(), (1.9)
1 o0 l X o0 o0
(Kéi:y)zlz—/ KAiry(Z,y)dZ-i-E(/ Ai(z)dz+/ Ai(z)dz / Ai(z)dz)
X y X y
! ( )
— —sgn(x — y),
3 gnx —y
and in the case 8 =4,
1 K(‘!) KG)
K/(:gyz_ ( /(\J;y)ll ( %y)n ’ (1.10)
2 \(Kpi)2t (Kpjpy)2

1. <
(KL = (K = Ko (6, ) = 5 A0 [ Al dz,
y
KD ) =—0,Ka; LAioAi
( Airy)lz__ y Alry(xa )’)—5 I(X) 1()’)7

o0 1 o0 o0
(Kl =— / Ky (2, y)dz + 5 / Ai(z)dz f Ai(2)dz.
X X y

This Airy-kernel has been proved true in other invariant ensembles [5, 9], and in real
symmetric and Hermitian Wigner random matrices [27]. Notice that we have used a quater-
nion determinant [24] defined by Dyson, after K Siln)e, K ::‘n)e, K./(xli;y’ Kggy, these 2 x 2 matrices
are thought of as quaternions. It is expected that the sine and Airy kernels are rather common
for very general ensembles. This is known as the universality conjecture. Recently, very rel-
evant results have been obtained for Wigner matrix ensembles. T. Tao and V. Vu [30] showed
that local statistical properties of the eigenvalues for Wigner matrices only depend on the
first four moments of the elements. Erdds, L., Péché, S., Ramirez, J.A. Schlein, B., Yau,
H.-T., [13, 15] proved the bulk universality under subexponential decay. Combining [30]
and [13], Erd&s-Ramirez-Schlein-Tao-Vu-Yau established universality of the gap distribu-
tion and averaged k-point correlations for all Wigner matrices (with subexponentially de-
caying entries), with no extra assumptions [14].
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Universal Properties for Restricted Trace Gaussian Ensembles 271

In the present paper, we will deal with three restricted trace Gaussian ensembles: fixed
trace Gaussian ensembles and bounded trace Gaussian ensembles. The aim is to extend
the properties (1.8) and (1.5) when u = O to the fixed and bounded trace GOE, GUE and
GSE. First, let us give a review [24, 26] for restricted trace ensembles. Proceeding from
the analogy of a fixed energy in classical statistical mechanics, Rosenzweig defines [26] his
“fixed trace” ensemble for a Gaussian real symmetric, Hermitian or self-dual matrix H by
the requirement that the trace of H> be fixed to a number r? with no other constraint. The
number r is called the strength of the ensemble. The joint probability density function for
the matrix elements of H is therefore given by

—1 1 2
P(H)=K '8 StrH? — 1
r

where K, is the normalization constant. Note that this probability density function is invari-
ant under a conjugate action by orthogonal, unitary or symplectic groups, because of the
invariance of the quantity tr H2. Its eigenvalue joint p.d.f. has the form

jcﬂr/(xl,...,x,v)_ ~FTs (Zx —r) 1_[ Ix; — xil?, (1.11)
i=l1

ﬁ 1<j<k<N

where the normalization constant Z F; r

for the partition function Zyg [22]:

can be computed by virtue of variable substitution

2T — N 1<2n>22-—+1 ST+ )
= .
’ rc) JITa+5H’

Notice the analogy: fixed trace ensemble bears the same relationship to the unconstrained en-
semble that the microcanonical ensemble to the canonical ensemble in statistical physics [4].
Instead of keeping the trace constant we might require it to be bounded [7, 24], the eigen-
value joint p.d.f for the bounded trace Gaussian ensembles is given by

Igﬁrr(xl,...,xN)_ZBTr< Zx) 1_[ |xj—xk|ﬂ, (1.13)

NB 1<j<k<N

where 6 (x) denotes the Heaviside step function, i.e., 8 (x) = 1 for x > 0, otherwise 6(x) =0
Proceeding further, G. Akemann et al [1, 2] have considered a generalization of a fixed or
bounded Gaussian ensemble up to an arbitrary polynomial potential, and described further
interesting physical features of restricted trace Gaussian ensembles due to the interaction
among eigenvalues introduced through a constraint. In addition, we also notice that fixed and
bounded trace Gaussian ensembles are norm-dependent ensembles. Recently, T. Guhr [19,
20] has extended the supersymmetric integral representations of the more general correla-
tion function from norm dependent random matrix ensembles to arbitrary unitarily invariant
matrix ensembles by generalizing the Hubbard—Stratonovich transformation.
The n-point correlation function for fixed trace Gaussian ensembles is defined by

r N! r
R:;ST’ (X150 Xxp) = 7(1\, y /RN—U PlgﬁT X1y xN)dXpyy - dxy. (1.14)
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More precisely,

N!

R (i, ox) = —/ Pug” (x1, ..., xn)d oy (1.15)
" W=l gy, Y "

where Qy_, denotes the sphere Z;V:n 4l x% =r?— Z?:l x%, and d oy _, denotes the spher-

ical measure. Similarly, the n-point correlation function for the bounded trace Gaussian

ensembles is given by

r N! r
RE(xr, .o xy) = m/w Pyg" (xt o xn)dxy g - dxy. (1.16)

The expectation of Z;V:l sz. is % + (ﬁ - i) ~ N /4 as N — oo (see [24]). Thus we choose
the strength r = +/N /2 for restricted trace Gaussian ensembles and abbreviate R,;T'r and

R to RET and RE] . Itis easy to see that the following relation:

r”R,iqT"(rxl, e TXy) = R,‘;T’l(xl, ce X)), (1.17)

The important thing to be noted about fixed trace GOE, GUE and GSE is their mo-
ment equivalence with the associated Gaussian ensembles of large dimensions (implying
the semicircle law), see Mehta’s book [24], Sect. 27.1, p. 488. At the end of this section,
p- 490, he writes:

It is not very clear whether this moment equivalence implies that all local statistical
properties of the eigenvalues in two sets of ensembles are identical. This is so because
these local properties of eigenvalues may not be expressible only in terms of finite
moments of the matrix elements.

In addition, in Sect. 27.3 Mehta also speculated that working out the eigenvalues spacing
distribution for bounded trace Gaussian ensembles (the semicircle law is also applicable) is
much more difficult. Compared with the classical problem of “equivalence of ensembles” in
statistical physics, the problem of equivalence of local statistical properties in random matrix
ensembles refers to one rather delicate manifestation of the phenomenon of the equivalence
of ensembles. So to prove the equivalence of local properties we need to study a finer “con-
centration phenomenon” in two sets of ensembles, see [17] for detailed explanation.

However, to our knowledge, only very few results are obtained on the local limit behavior
of the correlation functions for fixed and bounded trace Gaussian ensembles. An important
breakthrough about local scaling limits of the correlation functions for fixed trace Gaussian
ensembles comes from [1, 17, 18]. In [1], universality at zero was proved for a class of fixed
trace GUE with monomial potentials (including Gaussian case). In [18], universality at zero
is shown for the correlation measure for fixed trace GUE and then extended to the bulk [17]
for the correlation functions using a different method from that in [18]. Recently, we have
obtained local result at the edge of the density for Gaussian ensembles in [34] and all kinds
of universal properties of correlation functions for fixed and bounded trace Laguerre unitary
ensemble in [23].

With universality of the since-kernel in the bulk for fixed trace GUE it is meant the

following: for every u € (—=1,1) and t,, ..., 1, € R',
li Y (U M det[ Ksine (£, 10)]" (1.18)
im ——— U+ —, ..., u = det[Kgne (5, too .
N—o00 (Na)(u))" n2 Na)(u) Na)(u) ne\lj, 'k jok=1
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In the present paper, we prove the universality of sine-kernel at zero (in the bulk for bounded
trace GUE) and Airy-kernel at the edge for fixed and bounded trace GOE, GUE and GSE. All
these known results, to some extent, answer the problem: “equivalence of ensembles” posed
by Mehta. However, we must emphasize that some (macroscopic) universal property from
the unconstrained ensembles might be destroyed when referring to restricted ensembles, for
example, G. Akemann et al [3] have discovered non-universality of n-point resolvent (n > 2)
for restricted ensembles.

Let C.(R") be the set of all continuous functions on R” with compact support, now we
can state our main results as follows.

Theorem 1 Let R:;gT (B =1,2,4) be the n-point correlation functions of fixed trace GOE,
GUE and GSE, defined by (1.14). For any f € C.(R"), the following asymptotic properties
hold.

(i) At zero of the spectrum:

im [ o () REF(F T gy
Nooo Jgu® N ) T\ 2N 2N

_ fR" f(tl’-- Iy )det[Ksme(tj’tk)]jk 1dnt’ ﬂZZ, (1 19)
Jon £t ) (detlK S (17, 1012 1)2d"t, g=1,4.
(ii) The soft edge of the spectrum:
lim f( 1)) ————RIT 1+t—1 1+ I gy
Nooo Jgu? 0 n) (QN2/3yn b N3 TN
Jan f(t1, - ty) det[ K ainy (7, 1)1} = d"t, B =2, (120)
= 1 .
o £ ) (detlK L @ 001 _) 2 dt, =14

Theorem 2 Let RfﬂT (B =1,2,4) be the n-point correlation functions of bounded trace
GOE, GUE and GSE, defined by (1.16). For any f € C.(R"), the following asymptotic prop-
erties hold.

(i) At zero of the spectrum:

lim/ P () REr (0 T gy
Nooo Jgu 70 DN ) T \2NT T 2N

_ fRnf([la“ I )det[Ksine(tjalk)];%k_ldntv ﬂzza (1 21)
Jan £ ) (detlK ol (17, 1017, 1) dt, B=14
(ii) The soft edge of the spectrum:
li gy 1 ") g
Jim | L) i R +2N2/3,..., by
_ fRnf(tl!-~ 1/ )det[KAlry(tjatk)]]k 1d t :3=25 (1 22)
Jow £t (detlK L (1, 001, )E e, p=1,4
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(iii) The bulk of the spectrum for the bounded trace GUE: for every u € (—1,1) and

t,....t, €RL
lim f(t ! RET(y + d u+ In d"t
e _ u AU
N—>00 : (Nw(u))" n2 No(u) No(u)
f(tlv .. tn) det[Ksme(t/stk)]]k 1 t (123)
R’l

The rest of this paper is organized as follows: in Sect. 2, a relation of correlation functions
between fixed trace and unconstrained ensembles is formulated, which is the starting point
of our arguments. Then a useful lemma (see Lemma 3) is given, which plays a vital role on
the proof of Theorem 1. Theorems 1 and 2 will be proved in Sects. 3 and 4, respectively.

Notation We will use the notation v, for the n-dimensional row vector (vi, ..., v,) without
further explanation. The abbreviation dv, denotes the Lebesgue measure dv; - - - dv, on R".
The symbol |9, is expressed as the /> (Euclidean) norm of the vector v,. We will use
the convention that the C’s denote generically bounded constants independent on N, whose
values may depend on § and change from line to line.

2 Relation Between Fixed Trace and Unconstrained Ensembles

For the n-point correlation function of the Gaussian ensembles, given by (1.3), and that of
the fixed trace Gaussian ensembles defined by (1.14), references [2, 11, 22] give an integral
equation

Ng  p+oo 2N2
RupCorn o) = (o e A Nt gET (XL T gy 2u1)
np i s An C ﬁ g np u ) s U s
NB ﬁ”h”

where
_ Npg ——1 ——
Cyg=T —2 ﬂ 2.2)

Now we give a new argument by a direct calculation. V f € C.(R"), a transformation to
polar coordinates yields

f(-xla”"xn)Rn/S(xlau«»-xn)dxl "'dxn
Rn

N
1 _ 2
= fOas o x) l_[ Ixj—xk|ﬁl_[e BN ey - dxy
Np JRY 1<j<k=N i=1
—l +oo Nu?  Ng—1
fuyr, -+ uyy) 1_[ |y_,«—yk|ﬁe‘f3 Cudy, - dyy du
Zwg Jo sVt 1<j<k<N
ZFTI 2
=7 ; / / Fyt, . uy) R G y)e PN N T dyy - dy, du
N I¥nli<1
FT,1 ~ . ;
2
=2 / f(xl»”-axn)R:;jTl L ) e PNy NE dy dy - dxy.
Znp Jrr Jisa u u

(2.3)
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Universal Properties for Restricted Trace Gaussian Ensembles 275

Combining (1.2), (1.12) and (1.17), we thus conclude (2.1).
If we replace the square potential x> of (1.1) by a monomial potential x?7, then the
corresponding fixed trace ensembles should be (1.11) where (S(Z;V: 1 xi2 — r?) is replaced by

1) (ZN X - r2). Thus we can get a similar relation between correlation functions:

i=1"

o0 r\"'? r\7 r\7
R,,ﬁ(xl,...,xn)=/ q>N,3(u)<—> R,;T«—) xl,...,(—> x,,)du,
0 u u u

o0
D yp(u) = ulNe/P! eiﬂN"z// ulNe/p=1 g=BN gy
0

where

Our arguments also apply to the fixed trace and bounded trace ensembles with the mono-
mial potentials, since we mainly exploit some homogeneity of the monomial potentials, see
Remark 9. But for simplicity we only deal with the square potential x? case. The integral
equation (2.1) as a bridge between the two ensembles, is the starting point of our arguments.
Now we state a lemma which plays a vital role in the proof of Theorem 1.

Lemma 3 Let {a,} be a sequence such that o, — 0 but o, N/~/InN — 00 as N — o0.
Then for any given B > 0 and nonnegative integer n, as N — 00, we have

N
1 ﬁ(]*aN) f,uz

2
- e BN gy = 0 (e~ 05F(Nay P (o)) (2.4
Ng Jo
and
1 +oo pu? 2
- e 55 UM dy = O (¢ 0PNy (o)) (2.5)
Ng J I (tay)

where Cyg is given by (2.2).

Proof We wi121 first consider the left hand side of (2.4). It is not difficult to observe that the
function e ~#4"/2yNs~"=1 attains its maximum at \/(Ng —n — 1)/B which satisfies

— > —( -« .
B V2 !
for sufficiently large N. Therefore, using Stirling’s formula for the gamma function:
Nﬂ—l
Ng 12, Ng\ * 1
== )= Q@n)' e /2 £ 1+o(—=)) 2.7
( > ) (2m)"e > +O0l 5 2.7

one obtains

N
TR L T R
[ e_ﬂg uNe=n =1 gy
CNﬂ 0

2
67%(17QN)2(%(1 _aN))Nﬁ—n—l N

T(Ng/2)2Ne/ 271 g=Ns/2 /5

(I —ay)

2 Ng—n—1
e~ ey o= (1 g YNl (BN

o Np/2 N;vﬂ/z

<C

(2.8)
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Ng/2 Ng B, 2 1
In(N,?y==L(m|EN In(1+(=-1)=
nVg ) 2<n<2 >+n<+(ﬁ N

and by a direct calculation, one obtains

(v/BN)"e
T/Z = exp(
Ng’

Expanding

Ny N BN
—In2——+4+—40() ).
5 In sttt ())

Again, expanding
In(l —ay) =—ay —a’/2+ O()),

thus we obtain the estimate

BN? , Ng—n-—1 Npg
(2.8) < Cexp —T(l—aN) —f1n2+(Nﬂ—n—l)ln(l—aN)+7
N, N N
+7ﬂln2—3+'37+(1—n)lnN>

,  n+1
=Cexp| —0.58(Na,) +Tln2+(1—n)lnN

+ (N(l - g) —n— 1)111(1 —ay) + O(aI3VN2)>

= Cexp(—0.58(Na,)*(1 +o(1))). (2.9)

The assumption on the sequence oy leads to (2.4). Following the similar argument, (2.5) can
be obtained. Indeed, for sufficiently large N, the function e~ B2y Np+1 attains its maximum

at \/(Ng + 1)/B because the inequality ,/(Ng+1)/8 < (1 + aN)N/ﬁ holds. Thus we

have

1 o 2
L e*%uNﬁ‘Flufandu
Cnp 25 (tay)

u " 2du

BN (a2
e I (IE (1 + oy )Mt /00
Np/2—1 g—Ng/2
[(Ng/2)2%8/ 7 =78 X1ty

1
< Cexp(—O.S,B(NaN)z - E1nz+ (1—=n)InN

+ (N(l - g) + 1) In(1+e,) + 0(a§N3)>

=Cexp(—0.58(Na,)*(1+ o(1))). (2.10)

This completes the proof of this lemma. 0

Remark 4 For the convenience of our arguments, set

1 N\ Vs L2N2
‘I’N,s(u)ﬁc—w<%> e~ BT et 2.11)
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Thus

lfaN 1 (11—« ) u2
/ Yrpdu =& | - e UM du = 0 (e 0N Moty - (2,12)
0

NB

[e%e] 1 +00 ﬂu2 2
/ Wyp(u)du = — e T uNt T du = O (e Wey)"Uto)y - (2.13)
I+ay Cp J XL (1+ay)

By Lemma 3, it follows

I+ay,
f Wy (u)du = 1 4 O (e O3 Nay)* (o) (2.14)
1

—ay

By (2.11), the integral equation (2.1) can be rewritten as follows:

+00 1 1
- FT -
Rnﬂ(xn) = /2 3 \IJNﬂ(u)_un Rnﬂ (;Xn> du. (215)
2

At the end of this section, we give a simple sketch of the proof of Theorem 1. Notice the
fact that the right hand side of the above equation can be divided into three parts, i.e.,

I+ay, o) 1 1
/ / / \pNﬁ(u)—R,fﬂT<—£n> du. (2.16)
150 J1 I+ay u u

2
Using Lemma 3, the first and third parts will rapidly disappear for the large N. By the
integral intermediate value theorem, the middle part of the above identity equals

/HaN W) dut ——— RFT <Lz ) (2.17)
ey @) ) '

where | —a, <é&y(u) <1+ a,. It follows from 1/§y(u) =1+ O(«,,) that
Rup(Xy) ~ RIS (14 O(a)))X). (2.13)

Let x; =nmt; /2N, 1 <i < n, then the above relation can be rewritten as

Rup(rt1 /2N, ..., wt;/2N) ~ RET ((1 + 0, )Tt /2N, ... (1+ O(aN))m./zN).
(2.19)
It is not difficult to see that (1 + O(a,))7t;/2N = nt; /2N + O(«, /N). The fact that
o, — 0as N goes to infinity means that o, /N = o(1/N). Therefore the term O (e, /N) is
a small perturbation, comparing with 7¢, /2N, and the relation

Ruyg(mty /2N, ..., w11 /2N) ~ Ry (w11 /2N, ... 11 /2N) (2.20)

can be expected. Similarly, at the edge of the spectrum, we assume that x; = 1 +
t;/2N*3, 1 <i <n, then

Rys(1+1,/2N*3, .. 1+1/2N*)

~ R},;T((l + 0 (1+1/2N%%), ... (1+ 0(,) (1 + t1/2N2/3)). 2.21)
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278 D.-Z. Liu, D.-S. Zhou

Notice
(14 0@ )1 +1/2N*3) =14 1;/2N*? + O(a, ) (1 +1;/2N*?),

and if one takes a,, = N—?, 2/3 <6 < 1, then the relation
Rug(1+1/2N%3, ... 1 +1;/2N%%) ~ R,fﬁT(l +0/2N% 1+ t,-/2N2/3) (2.22)

can also be expected.
In the present paper, we mainly use the case o, = N —% for any fixed % < 6 < 1, which
obviously satisfies the assumption of Lemma 3 about «,, .

3 Proof of Theorem 1

In principle, universality of sine-kernel at zero can be proved by one of the arguments [34]:
giving an upper bound estimation of the correlation functions with the help of the maximum
of Vandermonde determinant on the sphere by Stieltjes [29]. However, in this paper we
will deal with it in a slightly different way. From Lemma 3, let us take o, = N 9.0e
(0, 1). It is not clear that the scaling at the soft edge of the spectrum is proportional to
N~%/3 (see [16]). Thus we can choose § > 2/3 and give a very close approximation of
correlation functions near the radial sharp cutoff point. Then using known results about the
unconstrained ensembles, we can obtain Airy-kernel for the fixed trace ensembles. However,
this argument seems to be insufficient for proving universality in the whole bulk. The main
difficulty is that the “rate” index 6 has been rather sharp, in the sense that it cannot be
replaced with a larger number than 1.

Proof of Theorem 1(i) By (2.15), we obtain
(%) /R f(?n)Rnﬁ<%?n>d?n
= (l)f i [ e iR,f{<L?n>du7n
2N n \/n_% Il u" 2Nu
- Ity 3 )
<2N) /R"f([) Szl /1 /w \pNﬂ(u)_”R (2NM ")dut”

=1+ +1Il. 3.1)

We will first estimate /. Making the change of variables
ti=uy, 1<i<n, (3.2)

then 7 can be reduced to

T n l—o(N .
(ﬁ) /”/0 f(uyn)l[m

@ Springer
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Since f € C.(R"), there exists some positive constant M such that | f(x)| < M. It follows
from (2.12) that I can be dominated by

r<m( XY Y s ) RET dudy

< _

= 2N> /"A NB(“) np 2N) uayy
_M/HNw wdu (= / &7 (20 a5
=" NEUOGUN\ SN ) Jon T8 \ o )40

lfaN
=Mf ‘Ifzvﬁ(u)du/ Ry (Z,)dz,
0 R~

— O(N" e—O,SﬁNz“’m(H—D(l))). (3.4)

Here we make the change of variables: z; = (2N)/my;, 1 <i < n for the integral

7 \" Y\ -
— RIS dy,.
<2N> / "ﬂ<2N> )

On the other hand, the fact that [, R,;T (Z,)dZ, = N!/(N — n)! has been used. According
to (2.13), a similar argument shows that /I can be dominated by

III<M< ) / / \I/Nfg(u)RFT<
n +aN
Next, we will consider /. Under the transform (3.2), we find

I+ay,
1= <ﬁ) / /] Sfu ﬁn)\I'Nﬁ(u)R’f;}T(zNyOdudy,, (3.6)

Combining (3.1), (3.4) and (3.5), it is not difficult to see that for any given f(x) € C.(R),
7 \" - 72\ -
— )R —t, |dt,
<2N> /nf( ) "’<2N )
I+ay, T T
_’n v R n d d n
<2N) /R/] £ 50 Uns@)RE <2Ny> udy

L0 (Nn 6—0.5/31\/2“*9)(1+o(1))) ] (3.7)

)dudin -0 (N" e—O‘SﬁNz“’”W"(‘”) :

(3.5)

Observe that

It+ay, - T )
<2N> /H;n/l FOn)Wnp)R, 4 (ﬁh)dudyn
<2N) / f( ”)Rnﬂ <

Next we will prove that the difference between (3.8) and (3.6) is zero as N goes to infinity,
i.e.

I+ay,
i [(2) [ /1 (i) = 1) erat R (2 s,

)du dj;n (1 + O(Nn e*O.SﬂNZ(lfﬁ)(|+o(l)))) . (38)

=0. (3.9
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Note that f(X) € C.(R"). For any € > 0, there exists some §(¢) > 0 such that

1) —fO)l <e.

whenever || X — y|| < 8. We remind that B denotes the ball of the radius R in R" centered
at zero. Choose a ball Bg such that supp(f) C Bg and {uy,|y, € supp(f),1 —a, <u <
1 +oa,}CBg. Vy, € supp(f), there exists Ny not depending on ¥, such that

¥ = Full < lu = 113all < N7R < 8(€)

for N > Ny. Therefore, we have

|f(u5;n) - f(yn)l < €. (310)

For large N, it follows from (2.14) that
It+ay,
[38) —(B.0) =\ / / |f @ 3n) — ) Wnp() RE
2N B J1
2 l+otN n
=€ l) / R:"BT TT Yn di;n/ \IJNﬁ(u)du <2e¢ l
2N Br 2N 1—ay 2N
x| R, T(” ”)dyn
/BR B\ 2N

<2 M,. (3.11)

)dudyn

Here we have used Lemma 5 below. Thus, (3.9) can be obtained. According to (3.7) and
(3.8), it follows that

T \" - T2\ -
(ﬁ) /n f(tn)Rnﬁ<ﬁtn>dtn

<2N> /f( n>R”< y")d ud5,(1+o(1)) +o(1), (3.12)
Hence, from the known results (1.5) for the Gaussian ensembles, we complete the proof of
Theorem 1(i). O

Now we will prove the following lemma, which is inspired by Lemma 4 in [18].

Lemma 5 Let 8 =1,2,4, for any fixed R > 0, there exists a constant M, such that

z / RET( gy oy Yy dy, <M (3.13)
2N Bx np N 3 2N n n = Mp. .

Proof Choose any positive § < R, there exists N, depending only on R and § such that
RN~ < §for N > Ny. That is, for any y, € Bz, when u € [1 — N, 1 + N~9], we have

uly.l <R+NR<R+56.
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Let n € (0, 1) be a real number and let ¢ (¢) be a smooth decreasing function on [0, R + §)
such that ¢(t) =1 for t € [0, R + 8) and ¢(¢) =0 for £ > (1 + n)(R + 8). Set o (x,) =
o (I, ) for X, = (x1, ..., x,) € R". For N > Ny, we have

T n nyn R T n
- RET dy, - / )R d3,. 14
() i G Jomo=(3y) [Lwwsomsy (55 Jav o0

Multiplying by Wyg(u) then integrating (3.14) with respect to u on [1 — a,,, 1 + a, ], one
obtains

1+aN T n 7_[5;
V7 du| — RET 2 )dy,
/l_a w0 ”<2N> /B & (2N> :
l+aN 7.[5;
V)W RET 2 )dudy,
<2N> //1 oy WYnpW) R4 (21\7) udy,

—(%) f so(yn>Rnﬂ<2Nyn)dyn+o(N" B PR CRE)
R”

Here we have used (3.7) and (2.14). From (1.5), we conclude (3.13). O

Next, we will prove the part (ii) of Theorem 1.

Proof of Theorem 1(ii) Set w, = (1 + , 1+ 2N2/3) By (2.15), we find

n
2N2/30 "

1 f t,
W/R’lf(ll,...,tn)Rnﬂ(1+W,...,1+2N2/3>dl1 -dt,

+o00
: / f(;;) ‘IJN;;(M)—RFT< >dud[
Rn 2

@y 2 il
1 I—ay I+ay o
R n/ f@) / / / \IJNﬁ(u)_RFT< )dudtn
( ) R? Wil [ty || 1 I+a,
=7'"+1I'+1I. (3.16)

We will follow an analogous argument for the proof of Theorem 1(i). Making the change of
variables

ti=uyi +2N*}w—1), 1<i<n, (3.17)

then I’ can be reduced to

1 n l—aN
(W) / / f(u yi+2NPu—1), ..., uy, +2N*3u — 1))
nJO

X I{Jiﬁ";nufuil —ay, () lIJN/S(”)Rnﬂ (1 + 5N 2N2/3 e I 2N2/3>d”dy" (.18)
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Assume that | f(x)| < M. By (2.12), I’ can be dominated by

l—ay
’ FT
I'sm (N2/3) // Unp @RS (14 5255 1+ 357 ) duds,

.y 1 RFT (1 B) 1 Y\ s I‘YN\U J
= N g ( +2N2/3,..., +2N2/3) Y N,B(u) u

-M N! 0(670.55N2(1*9)(1+o(1))) — O(N" 670.5ﬁN2(1’9)(l+0(1)))' (3.19)

(N —n)!

Here we use the fact that

I\ Y - N!
(2N2/3) /]R R (1 * 2N2/3 R 2N2/3)dy" S WNonl (3.20)

Similarly, by (2.13), one gets

’ FT N1
111 <M( Nz/g) /”/+a "IJN[j(M)R ( 2N2/3,...,1+2N2/3)dud)7n

— O(N" e—O.SﬂN2<1’9)(1+a(l))). 3.21)

It follows from (3.16), (3.19) and (3.21) that for any f(X,) € C.(R"),

ty
(2N2/3)"/ f(t )Rnﬂ (1 + 2N2/37--~71+ 2N2/3>dtn

—II'+0 (Nn e—O.SﬁNZ“’e)(HD(l))) (3.22)

Under the transform (3.17), we have

l+Dt
I = <2N2/3>// uyl+2N2/3(u—1),...,uy,1+2N2/3(u—1)>
n 1

Y1 Yn
2N2/3,...,1+ N

X Wy ()R] (1 n )dudy1 - dy,. (3.23)

We also notice that

1+0l
FT M
( N2/3> I. / £ R (14 3. 1+ g ) dud

N Yn
(ZN) / f(y]a'~'7yn)Rnﬁ < 2N2/37~~,1+2N2/3>d)7n
x (14 0(e 0o ony ) (3.24)

We need to prove that the difference between the right hand side of (3.23) and (3.24) is zero
when N tends to infinity, i.e.,

Itay
NLOO‘( N2/3> //1 Lf oy +2N2F = 1),y + 2N = 1) = £ G)]

X Wy ()R] (1 TR N dud¥,| =0. (3.25)

2N2/3"' 2N2/3)
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For any € > 0, there exists some 8(¢) > 0 such that | f(X) — f(¥)| < €, whenever ||X —
¥l <§.Since 1 —a, <u <1+, and 2/3 <6 < 1, we can choose a ball B such that
supp(f) C B and

{(uyr +2N*P @ —1), ..., uy, + 2N — 1)|3, € supp(f), 1 —a,, <u <1+a,} CBg.
For ¥, € supp(f), there exist Ny independent on ¥, such that

Iy + 2N =1, .. uy, + 2N = 1) = (1, o, )l

n

< | 3N 13 IN-)’ < a(RN ™ +2N*%) < 5(e) (3.26)
i=1

for N > Ny. Therefore, V¥, € supp(f)
|f@y +2N* = 1), uy, + 2N = 1) = f syl <€ (3.27)
Furthermore, we get

11" — (3.24)|

I4ay
FT Y1
< <2N2/‘) / /1 Wg () R, <1+2N2/3“"’1+2N2/3)dudy"

e [ s du L ' R”<1+L 142 )dy
. NB 2N2/3 Bx np 2N2/3s~~~, 2N2/3 n

XN

1 n
Sze(W) /BRR (1+ 21\72/3""’“r 2N2/*>dy"

<2M,. (3.28)

/\

Here we have used Lemma 6 below. Thus, (3.25) can be obtained. Combining (3.22), (3.23),
(3.24) and (3.25), we have

1 5] 1,
f(t],... WR'I'B <1+W,...,]+2N2/3)dt| dtn
= LY ger (14220 d5,(1+o(1 1
= Rnf(yl,--.,J’n) ans ) B (LT 5 +2N2/* Ya(1+0(1) +o(1),
for large N. From (1.8), we complete the proof of Theorem 1(ii). O

Lemma 6 Let 8 =1,2,4, for any fixed R > 0, there exists a constant M, such that

1 n
<W>/B (14 g o L 3 ) Ao dy < My (3.29)

Proof Choose any positive § < R, there exists N, (R, §) such that for N > Ny, y, € Bg, we
have

Dy 2N =12 < | D (ulyi| 2N < R+8 (3.30)
i=1 i=1
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whereu e [1- N9, 14+N7%],2/3 <0 < 1.Letn € (0, 1) be areal number and let ¢ (¢) be
a smooth decreasing function on [0, R+ ) such that ¢ (t) = 1 fort € [0, R+6) and ¢ () =0
for t > (1 + n)(R + 8). Set ¢(X,) = ¢ (||, ||) for X, = (x1,...,x,) € R". For N > N,, we
have

RN FT Y1
<2N_/> f Rof (1 g1 g ) -

l n
§<W> / (p(uyl+2N2/3(u—1),...,uy,,+2N2/3(u—1))
]Rn

FT Yn
X R (14 30 L 5 ) don - (3.31)

Multiplying by Wyg () and then integrating (3.31) with respect to u on [1 —«a,, 1 + ],
one obtains

l+aN 1 n
/1‘— q’Nﬂ(“M”(m) /B (1+2N2/3"“71+2N2/3)dy1 -dy,

Y

Itay
<2N2/3> / /1 uy1 F2NP = 1), uy, + 2N - 1))

)dudyl -dyy,

L1+

2N2/3

FT
X Wyg(u) R (1 + 2N2/3,..

1 - hn t,
= Ny /R 00 Ry <1 o bt 2N2/*>dt”
L0 (Nn e—O.SﬁNz“’m(l-%—v(l))) _ (3.32)

Here we make use of (3.22) and (3.23). Thus, (1.8) implies (3.29).
Hence we complete the proof of this lemma. O

4 Bounded Trace Gaussian Ensembles

We first give a representation of correlation functions for the bounded trace Gaussian ensem-
bles in terms of these for the fixed trace Gaussian ensembles, just as we dealt with bounded
trace Laguerre unitary ensemble in [23]. Actually, the correlation function of fixed trace
Gaussian ensembles can be given in terms of that of bounded trace ensembles [2, 11].

Proposition 7 Let RfﬁT‘r and R,Z;T’r be the n-point correlation functions for the bounded
trace and fixed trace Gaussian ensembles respectively, then we have the following relation

Ry (xy, ... x,,)_/ Ngu™r R,fﬁ”<ﬂ,,..,x_">du, (4.1)

u u

where Ng=N + BN(N —1)/2.

Proof 1t suffices to prove

- N . r
RE (xl,...,xn):/O rNi uNe= 1<u> RE <ux1,...,;x,l>du. 4.2)
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For every u > 0, let
N
Qn(u) = {(xl,...,xN)|Zx]2.=u2} 4.3)
j=1

be the sphere in RY, which carries the volume element induced by the standard Euclidean
metric on RY, denoted by uV~'d o. For h € L*(R"), let (h(-))g and (h(-))s denote the
ensemble average taken in the bounded trace and fixed trace ensembles, respectively. From
(1.11) and (1.13), we have

1 r
(h())y = / uNfldu/ h(xy, ..., xy) | | lx; — x;|’do
0T ZBTr J Qn ) 1 N ! !

NB I<i<j=N

l r
:W/ uNf’_lduf h(uxy,...,uxy) l—[ Ixi—leﬂdcrN,
ZN;}’ 0 Qy ()

I<i<j<N
and
1 N—1 B
(h(a~))5=?m r h(axy,...,axy) 1_[ |x; —x;|"don
Zyp" Jan l<i<j<N
1

= FTV/ N h(arxy, ..., arxy) l—[ lxi — x;1Pd o.
ZNﬂ e I<i<j<N

Choose a = £, we get
r

o= |, GG o

Setting i = 1, we get the ratio of the partition functions Z f,gr and Z ,%". Substituting this

ratio, we then obtain
"N u
<h(-)>e=/ TﬁuNﬁ‘l<h<—~>> du. 4.5)
o B r 5

Ao, ox) = > fi ), (4.6)

I<ij<--<ip<N

In particular, taking

we have
BT,
FGors e, x) Ry " (xry o x) d"x
Rn
"N u u
=/ rTiuNﬁ*'du/ f(;xl, e, ;xn> R,Z;T’r(xl, oo x)dx
0 n
"N, r\" r r
= f(xl,...,xn)d"x/ T’ZuNﬂ‘l <—> RZSTJ —X1,...,—X, | du.
R 0o r u u u
Since R,fﬁT" and R,’,;T" are both continuous, we complete the proof. O
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Next, we notice a “sharp” concentration phenomenon along the radial coordinate between
correlation functions of the bounded trace and fixed trace Gaussian ensembles. Although its
proof is simple, the following lemma plays a crucial role in dealing with local statistical
properties of the eigenvalues between the fixed and bounded ensembles.

Lemma 8 Let {by} be a sequence such that by — 0 but N>by — 0o as N — 00, then we
have

1 1
/ Ny uNe1 du:/ NﬂuNﬁ—ldu_l_e—O.SﬂszN(H»o(l))’ (4.7
0 u_
where u_=1—by.
Proof
u—
/ Nﬂ uNﬂfl du = (1 _ bN)Nﬁ — eNﬂ In(1-by)
0
— NB(bNFOMR) — ,—05BN by (1+o(1))
This completes the proof. O

Remark 9 In Lemma 8, let us take by = N7, k € (0, 2). Since the “rate” index « can be
chosen larger than 1 while the scaling in the bulk is proportional to N~! and at the soft
edge of the spectrum is proportional to N~2/3, in principle we can prove all local statistical
properties of the eigenvalues between the fixed and bounded trace Gaussian ensembles are
identical in the limit. Such arguments also apply to the equivalence of ensembles between
the fixed trace and bounded trace ensembles with monomial potentials, where we exploit
some homogeneity of the monomial potentials. In addition, we notice that equivalence of
n-point resolvents of the fixed and bounded trace ensembles with monomial potentials has
turned out to be identical in the limit in [3].

Now we turn to the proof of Theorem 2, by using the associated results about the fixed
trace ensembles.

Proof The proof is very similar to that of Theorem 1, we only point out some different
places in the bulk case for bounded trace GUE.

In Lemma 8, choose by = N7°, k € (1,2). The change of variables corresponding to
(3.17) reads:

ti=w—1DNxox)+uy;, i=1,...,n (4.8)

where fixed x € (—1,1). The condition that by = N7, k € (1,2) ensures (1 — u)N <
N+l — 0 as N — oo for u € [u_, 1]. On the other hand, by (1.18), the following fact
similar to Lemma 6 is obvious: for any fixed R > 0,

! FT M Y .
W/I;RRM; (X+Nw(x)"”’x+Nw(x)>dyECR' 4.9)

Here By is the ball of the radius R in R” centered at zero, and Cg is a constant. Using
Proposition 7 and universality of sine-kernel (1.18) for fixed trace GUE, we complete the
proof after a similar procedure. a
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