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1 5]

MUB 1 SIC-POVM 7E i 7 B AR EEM S X, s 4, & 7% Bl quantum state
tomography 6 &7 A FT N (SR [7) A2 V).

MALE B K, MUB 1 SIC-POVM J& TR IR BT 2- ¥eut. EATME BRI L - B
P 85590, 57 Hadamard $iME (7520 F7HULET 2, AHREE4E (200 LU sas A bbmgd (510) 7
EYIHIR A,

(R T SRR CF AR v = (00,0, o) B4 o) (LR
). CE PN ETE [v) A |u) 1 Hermite PIALE Xl

it

b @ 2wy IS
B = {vy,vg,...,0x} N CKE F—Z kv IFAZHE L+

i
o

1, #1<i=j<K,
(vilvg) = -

E5|I AR Wang W Y, Zhang A X, Feng K Q. Constructions of approximately mutually unbiased bases and symmetric
informationally complete positive operator-valued measures by Gauss and Jacobi sums (in Chinese). Sci Sin
Math, 2012, 42(10): 971-984, doi: 10.1360/012012-186




F %% M Gauss F1Y Jacobi AL MUB 1 SIC-POVM

i CSE- O CF T KB 1 IR R4 SR, PRy ki, B
CSEL ={j)eC: (vp) =1}

1974 F Welch 25 H 7 R 1) 45 3
I3 1 (Welch #+ M) 4 C & CSE —ANHRFE, N =|C| > K. W TAL = IF 5k,
-1
1 K+k-1
~3 [(ulv)?* > : (1.1)
N? uge:C k
EX 1t MEEE, O & CSE AT Wik |0l =N > K 3 H (1.1) A+
E=1,2,...,t 5B, WK ¢ h—AEERI - Brrsl 55T - Wit
EX 2 B (1<i<m)Cr i) mAbr#EIEALEE. B = {Bi, Bs,..., By} ¥ CK F1¥) MUB
=15, SR v, € B;, v; € B; FER 1< #j<m ige

[(vilvj)| = (1.2)

)y %\“

it f(K) &3 CKX W) MUB B = {By, Ba, ..., B} W8 IIARMEIEASSE M I 2 50 (BRI m).
7t Welch Ftah, & ¢ = UL, B, k=1 1A f(K) < K+ 1. W f(K) =K+ 1, CK P
K + 1 YIbsMEIEAT I MUB B = {By, Ba, ..., B 11} MCN5E4 MUB. &% F H 584 MUB J& & BRI
2- Wit

KT f(K) BHECHKEE R h:

(1) 24 K AEE p W PP, f(p!) = p' + 1. [12-14] UG BRI IEEE (p > 3) A1 Galois
H (p=2) & T 564 MUB, [7] FIH] Heisenberg-Weyl ##43& i T 564 MUB.

(2) X F Ky, Ky > 2, @540 —A> €& ) MUB Rl CFeMUB Mgk A, v DIEW] (K Ko) >
min{ f(K1), f(K2)}. W (1) AT40 FHa M K > 2, f(K) > 3.

(3) f(K?) > L(K) +2 [, i L(K) J& K (> 2) BriEschs T 75 oM g a5ig ] 4
FHLE m (B0 m = 6) f((4m +2)%) > 6.

(4) f(K)# K 16 BIXHMEE K >2, f(K) =K +1 8 f(K)< K —1.

(5) MTE K #£p!, f(K) MUEMEAIC ARSI, H2 f(6) BT 3 AR mpy 17,

ST HANERAE KT K # p' 584 MUB IAEAERELE R, [1,18] 2 S0Hkeb %5 18 T # B (1.2)
TERR AT 1< i # j < K, [{vilog)] < F=(1+0(1)), S=(2+0(1)), O(=) HE O(%E) KBEL MUB.
ARSCRH (1) s H Rl MUB [958 S, BRI A RS PROR D H I 26— 7.

EX 3 CK i om AWHEIEALH B = {B1,Bs,...,Bn}, WERENTHLK AT v; € B, v; € B;
(1<i#j<m)#T

{rlus)? < (1 +o(1),

MFRIX m HFRAE A HE N IEAL MUB, f##88 AMUB.

Klappenecker 55 A7 [1] W, X TP K =p—1, #i&EH T m = K+1 ) AMUB (p N E%0), I H
WrExt§ K =q—1 (¢ AREUR) ] OBRRBLI 77443 AMUB. ASCHEE 3 Fkias h— il
BK=q—18m=K+1 AMUB 7% (GERE 3.1). 7658 3 W, RATELEH —FiiiE k=g —1
I m = K +2 ] AMUB (7535 (€2 3.2), XU 7 CK i) AMUB 3 bRk 1 AZ 1K 20 30mT BA
KT K+1. 83 WRG TR+ K=q+1 0 m=K—1 AMUB k& 77 GEH 3.3).
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hERE B 42 5 10

THA4 SIC-POVM ) 5E X.

EX 4 CK j—A SIC-POVM A K2 MKEEh 1 I EAMMES, {v; e CSE-1 (1<i<
K2)Y, L B =R (6,5), 1<i #j < K,

(wilo)] =~ (1.3)

TSI SIC-POVM & — MK 2- ¥it. Zauner 19 KA T 1 K > 2, CK 1) SIC-POVM
HAFAE. AHRZBH FA 1 HOS A R EAYEE K, SIC-POVM # R IAFE (L [20]).

FALT MUB HIT5TE, IR0 T AT (1.3) AL SIC-POVM # AT TATFSE . 45 ks iy
FAGAFIBHA AT 1 < i # j < K, [(vi|v;)]? < (14 0(1)), BL Z(1+ o(1)). MHIZXFEIFA—E R L
A I BT R L e A MR B e & k. ARSCRA (1] FR 4R HIIEAL SIC-POVM 15 X.

EX 5 K e~ MIEEH (K >2), A={v: 1<i<K?} & CK F—ANTFEHH |4 = K2 (v
AN & BT[] ),

Bi= 2ol (1<i <K,

HApXAEF R o = (a1, 0z, ... ,ax) € CX, BEEHT |a)(a] £ FHEX 1 4E K B J5 6,

aq aia; aiGy - Q10K

as L L a2G1 Q203 - Q20K
la){a| = . (a1,az,...,0x) =

aK aAgG1 AgG2 - GRGK

A BRI, SIC-POVM (fRiFR A ASIC-POVM), 4n F e /2 LL R = AN 41

(1) GEADEFR) R T 1< # 5 < K2, K*r(BiEj) = [(vilo)) [P < (1 +o(1));

(II) (POVM H5e4%1E) fol E; = Ig;

(1) (5 RSE&ME) B (1<i< K?) & CK° 43t

Klappenecker 28 U X5f TG K = pt (Kb 1> 1, p B EH) WiEH T ASIC-POVM. AL
TEER 4 XY K = g — 1 (¢ RATTEEW 7)) S T —Fh s A ASIC-POVM [F1J7V2:.
AL M iE AMUB fil ASIC-POVM [W7775#R @ FIH Gauss M55 Jacobi FI1F 2. AL
2 WAHT X FTEH 2NN Gauss F1Y5 Jacobi FIFEAT L. 2 3 Fl 4 Wan4s HAH Gauss Fls
Jacobi F#4i& AMUB F1 ASIC-POVM [1)J772.

2 Gauss f15 Jacobi A
#ipe—NEE g=p (121) B—ANFEIIW, F, & ¢ uAWRE, WY T:F, — F, &
T(c) —a+aP 4 +aP (a € Fy).
S IEHEE n, 18 G = ™5 4 1 5 n YR (F,,+) HOIVEEHERE R

F) = {\: beF,},
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F %% M Gauss F1Y Jacobi AL MUB 1 SIC-POVM

HAIVERFE Ny - Fy — () &SN
Xo(z) = CpT(bI) (x € Fy),

Ao = 1 B FURHE. T Fy B DAIGIC v, BT o 2 Fy IRIERE F) = F,\{0} = (v) FI—AMERUC.
W Fy REARFERE N

(F)"={': 0<i<g—2},
Hrf g FY — (1) BN

b)) =¢ ., (0<i<q—2),
PO = 1 BRONF NUREARFAE.  — AN IRIERHE  ETIERHERE T I T 3 b B 135 X(a) = x(@)
(a € FY). FAMERER I BIFIEFRHE x, x(0) = 0.

EX 6 NETF, AR, x, x1 Al xo A& Ty FIFRVEEFE, HRRIK F, L1 Gauss A1 G(\, x)

PLA Jacobi FIT J(x1, x2) & XU1F:

G x) = D Ma)x(@) € ZlGy-1));

z€F,

Jxn,x2) = Y, xi@xe(l-12) (= J(x2:x1) € Z[¢g1])-
2€F,\{0,1}

FHIOST Gauss M5 Jacobi MIFKIEEASESZR] LLZ: WAT AT BRISUK 45 (140 [21])
5138 2 (1) X Fy BIIVERFIE X FIFRIERFAE ,
g—1, # rA=1Hx=1,
GAx) =4 0, i A=1Hx#1,

W X x AR NRHE |G, x)| = V.
(2) X b e FX, G(Ay, x) = GX)X(b), Hrh

G(x) =G\, x) = Z x(z)¢T@,

IEF;
(3) % F, WTREHFGE x1 B xo,
q— 27 % X1 = X2 = ]-7
J(x1:x2) = -1, F o oxa=Lxe#l18Hxa#Lxe=1,
—x1(=1), & x1#1Hxi=xz,
B X1, xo A xaxs BT ILIRERFAE, J (1, xe) = C8RS0) TR (v, xe)| = va-

3 AMUB By#yi&

AT =Fh AR RS R Gauss F15 Jacobi FlIf4is AMUB W) . ¥R Gauss FlIfE
[12-14] i HI>kHIE MUB Fil SIC-POVM.
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X K = q—1 WIE RS T —F R Jacobi MRy CK i K + 1 dFrUEIEACEN AMUB
H 77k, Hod g BEANEE p TR
TE 1 # K=q-1,F\N0,1} = {21, 22,...,2x_1}. WEBFHD x, X € F), 2

N 1
Cyy = —F—=
X5 X e

wHE—A x € (B0, 4

(x(z1)x (1 = 21), x(@2)X (1 = @2), ..., x(@x—1)X'(1 — 2K —1),1) € CSH .

By ={¢xx : X' € (F;)A}, |By| = K.
id B, = {e1,ea,...,ex} N CE [P FUbRvEIEATHE, Bl
e1 =(1,0,...,0), ex=1(0,1,0,...,0), ..., ex=1(0,...,0,1).

W B={By: x € (F)"}U{B,} 7& CK HH—4 AMUB, H |B| =K +1.
WERR SGUEW] By & CF M 4IARHEIEASHE. WAER X € (F))",
1 _
vl = 3 (14 X M@0 - o1 -0) =1

z€Fy
x#0,1

X ()N HAFEK x1 A xo, H

el = (1+ 3 VoW - r(ohal - o))

z€Fg
#£0,1

= % (1 + x%éx Xixz(z) — ><1X2(1))

- %(1 1) (BA xixe #1)

=0.
EBEHIRAE A x € (F)", By & CF 1 dLbRifEIEACSE.

FHBEE] B &— AMUB. X T &, € By, M e; € B. WA |(es]ey )| = %ﬁ. XEFANFN x
X', 6y xa € By M1 &y, € By 1

enilivns) = (14 T X@RL - o (@1 - )
= ;(1 + ; p(z)p(l - x)) Hhe=xx"#1, ¢ =Xix2)

= 21+ T )
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F %% M Gauss F1Y Jacobi AL MUB 1 SIC-POVM

H 51 BE 2(3), Al 1

1 .
ﬁ(l—l)ZO, Yy =1(&x1=x2)
L e 1 2 I
exxlivnalP =] -0 <=,  Fo=7
1 1+ VK 1 VE +1+1 ;
L+ sy < CIVER L 2VRELRD - gy
Btk B & CK i —A AMUB, |B] = K + 1. O

TN K =q¢—1 BIEESH—FR A Gauss IR CK a5 K + 2 AbsUEIEAS L) AMUB
OpIRF
T2 K=q¢-1,1 Fx ={z1,22,...,04-1} M beF, Ml xe (F)", A

(No(z1)x(@1), Ao (z2)x(22), - - ., Ap(@g—1)x(2g-1)) € CSKL.

5~

Co,x =

XA b e Fy, &
By ={con: x € (FS)"}, |Bol =K
W B={By:beF,}U{B,} & CK /> AMUB, H. [B| = K +2, Hrf' B, & CK ¥ JLIkriE
TEATAE.
iR X belR, LK T, Eﬁﬂﬁ/\%ﬁtﬁ@i x1 M xe,

(Cb,x1 |Cbx2) Z A ( (@)x2(2)

IEFX

= % Z X1xz2(2)

z€FRY

IR B b € Fy, By 5 CK ) —HBRAEIEASEE. X T ey € By Ml e; € By, W [(coylei)|* = &
Xﬁﬂ:‘ Ch,x € By *ﬂ Cy' ' € By, :,H\:':F' b v e F b 75 v ﬁ

(cv,xlev x) Z ()X () A ()X ()
xEFX
1
b Z Aa(@)XX'(2) (a=b —beFy).

z€Fy

W51 BE 2(1) AT4N !

-, Hx=x
() =4 N

SV (@GRY), F X AX
i

|<Cb7x|cb/x/>|2 =
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hERE B 42 5 10

Bk B={By: beF,}U{B.} & CK F[fj—4 AMUB, H |B|=K +2. O
TEX R, BAIS H—FiigiE CK (K = ¢+ 1) T K — 1 A IECEEN AMUB )7
ZOMER n > 1, 2 T3 :Fen — Fyg W Fon BIEMFIE Fy R BIX T o € Fyn,

n—1

Tgn(a):a+aq+aq2+~-~+aq eF,.
G, AT o € Fpe, TS = atat. BN T &— Nl F- ZbEMUR, WIMEHER acF,, LR 14
D, ={a e€Fym: Tgn () =a}

R0 Dy —AF5%E, H Dol = ¢t
EHE 3 q=p" a2 Fe v MAEIG, A

D={a€Fpz: T (a) =1}

={z1,22,...,24}.

LK =q+1, (F2)" N Fpe FERIERHORAER, XMTE x € (FL)", 2

6)(: (X(x1)7X(x2)7"'7X(Iq)7X(£)) E(CSK717

=

1, #2]q.

A7 72 Fgo I DFEERAE, H (7)) = Gy, W (F5)N = {91 0<i<¢? =2} & B, 22 CK I
P UFRHEIEACHE. MRS 4, 0<i<g—2=K -3, %

5{ N A 24,

Bi = {6,¢i+[(q—1) : l = O, ].7 o ,q},

W B={By,Bs,...,Bx_3,B.} 5& CK H[{j—4 AMUB, |B| = K — 1.
WERR A e, Ml ey & By AR ) R, DU

X = wi-‘rl(q—l)’ X/ —_ ,(/)i—‘rl/(q_l)7 0 < l 7é l/ q 92
NI}

@) = (O + X))

zeD

— (0 + T o). (3.)

xzeD

Hrr o =5y =906 £ 1 YA a € FY, p(a) = ¢! (1) = 1. 1 D 58 A%

ITCEID MRS DD M

z€D wer, z€F%, y€R,
q q

2
¢ (z)=1
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F %% M Gauss F1Y Jacobi AL MUB 1 SIC-POVM

_ 1 Z <pT (v) Z T (:cy)

yEFX IEFX

DI )

yeFy

Z CpT (y)

y€eFy

=—§wax (32)

i
|

79’ (2)

Gp(@) = 3 w@)e
mGF:
2 ﬁ J:EI’J Gauss M. 1 FX = (y9t1) & F (-7, JFH Fo & FX W g+ 1 DS C = 4'FF
(i=0,1,...,q) AL XTF aecCi H pla) =p(y). Mili

i) =3 o) 3 0
1=0

y€EFy
g q q
=0 y€Fy p
q ) q
=(g-1) > o) - D> et
T <_w?>:o T <;0)#o
=q > so(vi)—ZwW)
Tq2<:?):o =
T @Fy) = 1, WML o HMEHR Fo/F = {yFS : 0 < < ¢F MNP ARE Bt
Z? o‘P( ) 0, I H.

q

Gelp)=qa Y. o).

i=0
q2
T8 (v)=0

H T8 (v') = v + 4%, WA T8 (7)) = 0 S HALY @D = 1 i 2 | g, W A Di =1 (0<i <
FAT i =0 X—Mi, U\TfﬁG (¢) = qp(1) = q. WR 21¢, WAV = 1 =" (0<i<q) H
i# i = T NI Goe () = o(v"F ). B G () = qp(&), It FLHT (3.1) 1 (3.2) 43

o =

() = 5 (46 - 2av©)) =0

BB B; (1= 0,1, K — 3) REARAEIECEE.
Xﬂ“? éx € B; *ﬂ em € B, ﬁ |<5x|€m>|2 = % Xﬂ'%: EX € B; %D éX’ € By (0 < # i < q)7 ﬁ
XXE) # 1 B o o B B A HET UTRIERSAE. 240 R REsAT 57, 74

(o) = 5 (vte 0+ 3 vl D) (o= wE) £ )
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hERE B 42 5 10

A CGRE A CEre)] (33)

)
+

Go2) =3 & ely)
y€Fg
R F, L Gauss Al BY o 1 F, 19— T UL, B35 2 1141 |Gy ()] = va B |G (9)] = a.
PRl (3.3) W43

e 1
(eden) < 251+ V)2
K+2vK -1
R
i 2VK -1

KT xR
T B={By,...,Bx_s,B,} }& CK flj—4 AMUB. O

4 ASIC-POVM Hj#yi&

AT K =q—1 (¢ & NEETR) MEE, 4 E—FFIH Gauss AiiE CX I ASIC-POVM
(732, XA S AT T [22] A [1] s G — R4 T,
HEM 3P M, K=q—1,Ff ={21,20,...,2x}. X} beFy M x € (F})", &

Cox = \/%(/\b(wl)x(ml),Ab(mz)x(xg), L Xe(zr)x (k) € CSETY
By = len)en] = 25 00(x = 9)x(@y ™), yen (11)

i {er,e2,. .. et N CK PP UBREIEARR S, & B = e (e]. &

K
M=3 B+ 3 B
i=1

o X
bekg
XEF{;( YXFEX0

b xo 2 FY R NSRIEAFAE. JATrT BITHS T B MR iR — A e R:

M(z,x) :%—i-%K(K—l) =1.
W = #y,
M(z,y) = % Yo M@ —yx(ay )

XEFSN x#x0

- ;2( 3 Mla - y)) ( > x(xy‘1)>

beFS XEFN
XF#X0
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F %% A Gauss Al Jacobi A&Vl MUB il SIC-POVM

Rtk M = sz, o TR AR, T SRR R ARE 1 IAERE. BT {er e, ... ek}
A DU A (CK, AR

K

WiMlo) =Y [elo)P+ Y Hexlo)* >0

1=1 bery
XEFS)N x#x0
XN AEE R |[v) e CF %‘Kﬁfcj T M OREIEERPE. P Moari, vt R IR, JF HATAE
ME—f K WY iE g e M2, 13 (M—2)2 = ML,
F b, WA

K2 K2
M= I— J.
K2 -1 (K2—1)(K2+K—1) ’

Y P I—< LI ! )J.
K2 -1 VEK2-1 VK2Z4+K-1

EH 4 g2 NFEIUTR K=q-1, 0By (beFy,x € (F)"), e, B (1 <i < K) &
EXTbeF, xe B)" M1<i<K, %

1 1 1 _1
Ichy) =M™ 2[chy), Foyx = *\CZ,X><CE,X|:M 2Ep M2,

1
) = M~3|e;), Fi=—|c){ci| =M 2EM™3,

K2

N

W {]e, ) s beFX x € )"\ {xo}}U{le)) : 1 <i <K} & CK {4 ASIC-POVM.
ERR Wl‘]ﬁ'%%i%@“iﬁix 5 H (1), (IT) A (IT1).

M AT 1<iA)<
K2te(FiFy) = [(e| M~V e;)|?
K’ K? i
= ﬁ<ei|€j> - (K2 —1)(K2+ K —1) (el Tles)
K4

T(KP 12K K —1)?

MT1<i<K, beF), x € (F)"\{xo},

E2t61(FiFy ) = (e M~ e )

K2 K2 2

KQ <ez|Cb X> (K2 — 1)(K2 TK— 1) <€2‘|J|Cb’x>
K? 1 2
<K2—1‘\F Mt )+(K2—1)(K2+K—1)‘\/?G(/\b’><)>

K3/? K32JK + 1 2
= <K2_1 * (K2_1)(K2+K_1>>
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hERE B 42 5 10

_K3(K?+K+VK+1-1)?
T (K2 1)2(K2 4K —1)2

_1+ 1
_KOK.

MFbeFs, x,x" € (F)"\{xo} M x # X,

2

2 K? K?
Kotr(Fyy Fy ) = ﬁ<cb,x|cb7x/> - (K2 - 1)(K?2+ K —1) {cv,x| Il cv,x)
K* 1 2
< _ !
=~ (KQ _ 1)2(K2 +K— 1)2 G(Aba X)G()‘ba X )
K?*(K +1)2

TR _1)2(K2+ K — 1)

1 1
“xT T\
<1+ 1
SE OK.

T 0,0 €FX,b#V, x € (F)"\{xo},

K?tr(Fy\ Fy ) = LQ@ lew x) — i { 2
bx P x) = e Nl x (K2 - 1) (K2 + K —1)

K2
< <K2 — 1‘K (A —15 X0)

x)

K? N
+ T G0 0606 ) )
K K 2
= K21+(K1)(K2+Kl)>
KA(K +2)?

(K2 —1)2(K2+ K — 1)?

1 1
AV

XF b0 eFy, x, X' € (F) b#Y, x #X,

K? K? 2

K2t0(Fyy Foryr) = | —5— x)
r(Fyy Fyryr) ‘K2_1<Cb,xcbyx> (K2 —1)(K2+ K —1)

(cox| e x7)

< (Kz—l‘K Abb»XX/)‘
K? NS
+(K )(K2+K ’K )\ba )G()\b’,X)D
B K2 N 2K2V/K +1
T EK-1PK+D) (K- 12E+ 1)K +K—1)
K2

TR K= 1)

981



F A% FIH Gauss 15 Jacobi MMELIEL MUB 1 SIC-POVM

1 1
=K + O<K> .
TREAMEG WL (D).
(1I)

K K
SR+ > Fb,XZMé(ZEi—F > Eb,X>M%
i=1 i=1

ber) ber)
X€FF )M {xo} XEE) M ixo}

:M_%M _%:I

(ID) R EEAE AP IR {B; 0 1< i < KYU{Epy: be FX x € (F) \{xo}} £ FX° gk
ook, 2% 1 T XA

K
DBt Y anxBpy =0, (4.2)
i=1 bEFq

X€FGHN

Hrh gy =0 (x € (FX)"), abyo =0 (b €Fy). REAFAE o € C, apy € C (b # 0, x # xo), fH_LHTXA
SO, W (4.0), N TAREW 2,y e FY,

> (@ —y)x(ey ') =0.

beFg
xE€FFIN

2 a=ay™ !, W EARSE N

> apyM(yla—1)x(a) =0 (VaeFy\{1},y € FY).

beFg
xEFLIN

T2 fa(d) = Xy c@rn wax(@), fol) 2 Fy EE—ANEEREL TR

Z fa(b)Ay(a—l)(b) =0 (Va S ]F;( \{1}7y = IF;) (43)
beF,
A fa()) = Sver, fa(DA®) 1 fol-) B Fourier 22#fe. X FALRMEN o € FA\{1}, y(a — 1) Bl T
Fo, I Ay(q—ry B3 (Fg, +)"\{Ao}. PIE, RHMER b € Fy, fa(b) & DNHE Co. XY fu(0) =
> ey ox(a) =0, MFALEE b e By, fa(b) = 0. #

D> anxx(@) =0 (VaeF\{1},b€F,).
x€(Fg )N
2 Fy(x) = oy WTEEE Fy(x) BWOERT ()" F— D% 1 Fourier 285, XHER b € Fy,
Fy(X) (= apy) & (F)" LR—NHEREL ROVAER x € (F)" M b e Fy, #AH Fi(xo) = aby, =0,
apy = Fyp(x) = 0. J5HE (4.2) AL K 0By = 0. WARIXA RO 2 HAYYS o = 0 (1 < < K).
LB T (5,21 <0 < KYU{Ey b€ Fyx e () \{xo}} RREAE KN, ROk 7 5 4
(PIIE B -
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Constructions of approximately mutually unbiased bases and sym-
metric informationally complete positive operator-valued mea-
sures by Gauss and Jacobi sums

WANG WeiYang, ZHANG AiXian & FENG KeQin

Abstract Mutually unbiased bases (MUB) and symmetric informationally complete positive operator-valued
measure (SIC-POVM) are both important objects in quantum information theory. While people do not know
if there exists a complete MUB for non-prime-power dimension, several versions of approximately MUB have
been considered by relaxed the inner product condition. So far there are only finite number of K such that SIC-
POVMs in C* have been found. As in the MUB case, several versions of approximately SIC-POVM have been
considered by relaxed the inner product condition. In this paper, we use the definitions of approximate MUB and
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SIC-POVM given by Klappenecker et al. For prime power ¢, we present simple constructions of ¢ approximately
MUB (AMUB) for dimension ¢ — 1, ¢+ 1 AMUB for dimension g — 1, which shows the number of orthonormal
bases of an AMUB in C* can be more than K + 1, and ¢ AMUB for dimension ¢ + 1 by Gauss and Jacobi sums.
We also present a construction of approximately SIC-POVM (ASIC-POVM) in dimension ¢ — 1 by Gauss sum.

Keywords MUB, SIC-POVM, Gauss sum, Jacobi sum, complex spherical t-design
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