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We prove some Eulerian integrals involving the hypergeometric functions of single matrix argument. The
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Abstract

integrals studied here involve the I, I, , F;, | I, F;, , F| and the ,F, functions of matrix argument.

We apply the Mathai’s matrix transform technique to prove our results which provide a generalization of
the corresponding results available in the literature for these functions for the case of scalar variables. At
the end we also give the corresponding results when the argument matrices are complex Hermitian positive
definite.
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1. INTRODUCTION

The varied applications of hypergeometric functions of matrix argument in statistical distribution theory and
other branches of mathematics make them a favorable topic of study. Herz [1] wrote his classic paper on Bessel
functions of matrix arguments more than six decade ago. He defined the hypergeometric functions of matrix
argument by a pair of integral equations using the Laplace transform technique. James [2, 3, 4] has used the
zonal polynomial technique for the development of functions of single matrix argument. Dhami and Rawat [5]
and Dhami [6] applied the confluent hypergeometric function of matrix argument to the study of Non-central
Wishart distribution, Joshi and Joshi [7] also studied the confluent hypergeometric function of matrix argument
and established a confluence in this paper. The first author has earlier proved a number of results for functions
of single matrix argument in his doctoral dissertation [9, Chapter II (see also [8])] which have appeared
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systematically in two of his earlier papers of this series [10,11]. ~We now present some more results for

functions of single matrix argument which involve the | F, F,,, F,, F,F;, ,F, and the ,F, functions of

matrix argument. We apply the Matahi’s matrix transform technique to prove our results in this paper. Towards
the end of the paper we also state the corresponding results when the argument matrices are Hermitian positive
definite (see [18]). These results can be proved in a manner parallel to that adopted by us here with necessary
tools as pointed out in the third section of this paper.

The preliminary material and notations of symbols used in the paper are explained below in the introductory
section of the paper. The main results in the form of five theorems are stated and proved in the second section of
the paper while, the third section of the paper deals with the corresponding results for functions of complex
matrix arguments. We mention that all the matrices appearing in the first and second sections of this paper are

real symmetric positive matrices of order ( pX p) while those appearing in the third section of this paper are
)
Hermitian positive definite of order( pX p) CA” will represent the symmetric square root of the matrix A

and A' denotes the transpose of the matrix A. Re(.) denotes the real part of (.), while |A| denotes the

determinant of the matrix A . Mathai [12] in 1978 defined the matrix transform (M- transform) of a function

f (X ) ofa ( pX p) real symmetric positive definite matrix X as follows:

p—(p+D2
M, (p) :jX>O|X| PR £ (X)dX (1.1)
for X >0 and Re(p)>(p—1)/2, whenever M ,(s) exists.

The following results and definition will be used by us at various places in this paper.

Theorem 1.1: Mathai [13, (2.24), p.23] - Let X and Y be ( pX p) symmetric matrices of functionally
independent real variables and A a ( pX p) non singular matrix of constants. Then,
Y = AXA'= dY =|A]"" dX (12)

and

Y =aX = dY =a"""""?dX (1.3)

where a is a scalar quantity.

Theorem 1.2: Gamma integral (Mathai [14, (2.1.3), p.33 and (2.1.2), p. 32]) -

[ X[ e ™0ax =[BT (@) (1.4)
X>0 P
for Re(a)>(p—1)/2, where,

L (a)=7""""T()(a-%)- T(a—4 (1.5)

for Re(a) > (p—1)/2 and tr(X) denotes the trace of the matrix X .

Theorem 1.3: Type-1 Beta Integral (Mathai [14, (2.2.2), p.34])-
a— . I (o)I
Bap=[ _|x["" x| ax _L@n,h (1.6)
<X< L (a+p)

for Re(ar) > (p—1)/2,Re(B) > (p—1)/2.
Theorem 1.4: Type-2 Beta Integral: (Mathai [14, (2.2.4), p.36 and (2.2.2), p.34])- For a real symmetric positive

definite matrix Y
a—(p+ —(a+ F F
Bp(a,ﬁ)zj' Mq (r 1)/2|1+Y| ( ﬁ)dY:M (1.7)
Y>0 l"p (0!+ ﬂ)

for Re(er, f)>(p—1)/2.

[376]
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Definition 1.5: (Mathai [14, (2.3.5), p.38]) The ro function of matrix arguments
rFr = ro(al’“.’ar;bl’“.’bs;_x)

is defined as that class of functions which has the following matrix transform:

M( F ):.‘.X>0|X|p_(p+l)/2 F, (a N

r 5

by ,b; =X )dX

ro

a
{IT.r, eoHIT..T, -p} s
= T,

{IT.r, (.- HIT.. a,,,}
for Re(p,a, —p,b, —p)>(p—1)/2, where, m=1,---,r;k =1,---,5.

Theorem 1.6: (Mathai [14, (6.13), p. 84]- For p =2,

v p 2 2 4 :Fp(a—2p) (19)
a+1 a 1 I' (a .
Fp(z)”(zﬂ 0

2. RESULTS FOR THE FUNCTIONS OF SINGLE MATRIX ARGUMENT

Now we state and prove below five results for the various hypergeometric functions of single matrix argument
as stated in the previous section of the paper. We mention here that the results of the Theorems 2.2 and 2.3

below hold good only for the case of (2)(2) real symmetric positive definite matrices and this has also been

specifically mentioned in the statements of these two Theorems by writing that, in these theorems p =2 . All
the results of this section generalize the corresponding results available in the literature (see, for instance, [19])

for functions of scalar arguments to the case of functions of real symmetric positive definite matrices as
arguments. The results presented in the Theorems 2.2 and 2.3 are different from the corresponding results in the
scalar case.
Theorem 2.1:

L, (a+b)
L, (a)T,(
for Re(a,b)>(p-1)/2.

Proof: We take the matrix transform (M-transform) of the right side of (2.1) with respect to the variable X and
parameter O to get

F[a;a+b,c;—X]= I-

—(p+1)/2 |

ul "™ R e-U"XU ™ U @)

—(p+)/2 F [_;C;_Ul/ZXUl/z]dX 2.2)
Applying the transformation ¥ =U">XU"* to the above expression with dY = |U |(p+1)/2 dX (from (1.2))
and |Y| =|U||X| we get

|U|_p J.Y>0|Y|p_(p+l)/2 oF [=a-Y]ay

which, on writing the M-transform of the  F| function with the help of (1.8), yields

| |pr (C)Fp(p)
L, (c=p)

Substituting this expression on the right side of (2 1) gives
L, (a+b)T, (c)T,

L, (a)l,(B)T, (e~ I"'

(2.3)

b—(p+1)/2

1-

a—p—(p+1)/2 |

dU

[377]
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in which the variable U can be integrated out with the help of (1.6) to give
L (a+b)T, (c)T,(p)T,(a-p)
T,(a)T,(a+b=p)T,(c-p)
Now taking the M-transform of the left side of (2.1) with respect to the variable X and the parameter 0 and

Q2.4)

writing the M-transform of the 1F2 function with the help of (1.8) produces the same result as in (2.4) above.
|

Theorem 2.2: For p=2,

a+b+1 a+b 1 X L, (a+b)
@b—— 2C :#L
, (@), (

2 T2 44
F |:—;C;—(I—U)1/2 U Xy (I_U)l/z]dU 2.5)

—(p+1)/2 —(p+1)/2

for Re(a,b)>(p-1)/2.

Proof: Taking the M-transform of the right side of (2.5) with respect to the variable X and the parameter O
we have

[ xR [—;c;—([ ~U)" U XU (1 —U)”z}dx 2.6)

172

UxXU"(1-U)", sothat, dY =|1-U|"""[u|"""

and |Y| = |I — U||U||X| , which renders (2.6) with the utilization of (1.8) as

(9, ()
Fpﬁ&—p)

Substituting this expression on the right side of (2.5) and integration U in the resulting expression by the help
of a type-1 Beta integral (i.e. (1.6)) yields

L (a+b)T,(c)T,(p)T,(a=p)T,(b-p)
L, (a)l,(b)T,(c=p)T,(a+b-2p)
Now taking the M-transform of the left side of (2.5) with respect to the variable X and the parameter 0 gives

|X|p—(p+1)/2 F a,b;a+b+1,a+b+l,c;—£ dX 2.9)
X0 203 4

Applying the transformation ¥ = (I -U )

1-u[’ul” 2.7)

(2.8)

2 2 4

. . . . X 1
This expression, on applying the transformation Z —Z with dZ —de (from (1.3)) and

1
|Z | = E| X | followed by the use of (1.8) for writing the M-transform of a , F; function produces

a+b 1 a+b
r (0 [ @ =, - o, ()
4 +b 1 +b 1 @10
a a
r, (430 pjr,,( e i=p (=P @, (0
which on simplification with the help of (1.9) gives the same result as in (2.8) above. |

Theorem 2.3: For p=2,

I' (a+b
E{c,a,b;d,LbJrl,aer+l;_X}:LJ‘O’|
r,(a)T,(b)

—(p+1)/2 —(p+1)/2

2 2 4 4

[378]
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F|edi=(1-0)"U"x0" (1-0)" |aU @.11)
for Re(a,b)>(p-1)/2.

Proof: Taking the M-transform of the right side of (2.11) with respect to the variable X and the parameter O
we get

[ X F [c;d;—(l ~v)"urxu” (1—U)”2]dx 2.12)

which on the application of the transformation Y = (I -U )1/2 U”xu" (I -U )1/2 as in the Theorem 2.2
and writing the M-transform of the | F| function by appealing to (1.8) generates
T,(a+b)T,(c—p)T,(d)T,(p)T,(a=p)T,(b-p)
T,(a)T,(b)T, (c)T,(d—p)T, (a+b—2p)
Again taking the M-transform of the left side of (2.11) with respect to the variable X and the parameter O

IX>()

X
which on applying the transformation Z =— as in the Theorem 2.2 and writing the M-transform of the , F,

2.13)

gives

(p+ +b+l a+b 1 X
x| Ulzsﬂ[c,a,b;d,—a AL ”+—;——}dx e.14

2 T2 4 4

function by the help of (1.8) yields
a+b 1 at+b 1
Fp(d)l“p( 5 +2jl“p( 5 +4}1“1)(c—p)Fp(a—p)l“p(b—p)l“p(p)

4 +b 1 +b 1 @19
a a
ra=p)r, (204 o o[ (T, (0T, )
This expression on simplification with the help of (1.9) returns the same result as in (2.13). |
Theorem 2.4:
—a Fp (b) 1 c—(p+1)/2 b—c—(p+1)/2 12 12
1+X| "= INY 1-u R abici=U"XU" |dU @.16)
L, (c)T,(b=c)

for Re(c,b—c)>(p—1)/2.

Proof: Taking the M-transform of the right side of (2.16) with respect to the variable X and the parameter 0
we have

IX>O|X|IJ_(M)/2 B [a,b;c;—U”zXU“z}dX @2.17)

which on the application of the transformation ¥ =U"*XU"* and on writing the M-transform of a ,F

function by the use of (1.8) generates
o L ()L, (a=p)T, (b=P)T, (p)

L, (c=p)T,(a)T,(b)
Substituting this expression on the right side of (2.16) and integrating U with the help of (1.6) gives

L, (a=p)L,(p)

r,(a)

Now taking the M-transform of the left side of (2.16) with respect to the variable X and the parameter QO
gives

2.18)

(2.19)

—(p+1)/2 — a—
[P x e ax (2.20)
X>0
which on integrating X by the help of the type-2 Beta integral ((1.7)) gives the same result as in (2.19).

[379]
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Theorem 2.5:
r d e—(p ~(p
JFyabe;c,d +e;-X ] = ,(e+d) HU (’“)/2|I—U|d (a2 o
L, (e)T,(d)"
JF[a.bic;i-U"XU" |dU 2.21)

for Re(e,d)>(p—1)/2.
Proof: We take the M-transform of the right side of (2.21) with respect to the variable X and the parameter O

to get the same expression as in (2.17). The application of the transformation ¥ =U"*XU"* in this
expression produces the same expression as in (2.18). Finally substituting the expression thus obtained in the
right side of (2.21) and integrating U in the consequent expression by (1.6) produces

F[)(e+d)r1) (C)Fp(a_p)FI) (b_p)FI)(e_p)Fp (p)
Fp (e)FI)(C_p)FI) (a)Fp (b)Fp (d+e_p)
which can be seen to be M (3F2 [a,b,e;c,d+e;—X]) with the help of (1.8). [ |

(2.22)

3. CORRESPONDING RESULTS FOR THE FUNCTIONS OF COMPLEX MATRIX ARGUMENT

In this section we proceed to give the corresponding results for the above cases when the argument matrices are
Hermitian positive definite (see also section 4, pp. 213-215 of [18]). In this section of the paper, all the matrices

are Hermitian positive definite matrices of order ( pX p) . We use the same notation for matrices (complex

matrices) here as are used in the previous sections of this paper, unlike Mathai [16], where the matrices having
complex entries are shown by placing a tilde (=) sign over the notation of the matrix concerned. For results
concerning the Jacobians of matrix transformations in the case of matrices when their elements are complex
quantities, we refer the reader to Chapter 3 of Mathai [16]. The analogues of all the results mentioned in (1.1)
to (1.8) of this paper for the corresponding case of complex matrices can be found in Chapter 3 and Chapter 6 of
Mathai [16]. We also mention here that for the results developed in the Theorems 2.2 and 2.3, which hold

explicitly only for (2)( 2) matrices, the complex analogue of the result in (1.9) (in fact, the complex case of

the analogue of Lemma 5.4 of Chapter 5 p. 340 of Mathai [16] ) has a different structure (see also Mathai [16],
Chapter 6, p.399) therefore the corresponding complex analogues of the results given in the Theorems (2.2) and
(2.3) will have different structures hence, they are not given here. We also find it worth mentioning here that
the complex analogues of the results in the Theorems 2.1, 2.4 and 2.5 can be most easily written down with the

help of the results in (2.1), (2.16) and (2.21) merely by replacing the expression ( p+ 1) /2 appearing in the

power of the determinant of the matrix by p and in the condition of convergence of the integral, the

expression Re(.)>(p—1)/2 has to be replaced by Re(.)>(p—1) (see Mathai [16], pp. 364-365 and see

also Mathai and Provost [17]). Using these observations, which are already very well established in the
literature before hand (e.g., Mathai [16] and Mathai and Provost [17]), we mention below, without proofs, the
complex analogues of the results in (2.1), (2.16) and (2.21) in the form of the statements of the Theorem 3.1, 3.2
and 3.3 respectively. All these results can be easily proved by using the complex analogues of the corresponding
results in (1.1) to (1.8) which are available from the Chapters 3 and 6 of Mathai [16] and following the same
parallel steps as we have done for establishing these results in Section 2 of this paper (see Chapters 5 and 6 of

Mathai [16]). We also mention here that in this Section of the paper |A| now represents the absolute value of

the determinant of the matrix A of complex elements.

Theorem 3.1:

Fp (Cl+b) J41| a-p I_Ub_p
0

Flaa+b,c;—X]|=—2—"
r,(a)T,(b)

WF[=e-U"xU"du ¢

for Re(a,b)>(p-1).

[380]
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Theorem 3.2:
—a F b c—p b—c—p
1+X["= () [ -vl",Flabe-v xv™]av 6o
L, (c)T,(b=c) o
for Re(c,b—c)>(p-1).
Theorem 3.3:
I' (e+d ep -»
3Fjaﬁ¢m;d+a—X]:——ikl—j—jqU ’I—Urlx
T, (e)T,(d)"
JF[a.bic;i-U"XU" |dU (3.3)

for Re(e,d)>(p-1).
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