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Abstract

Let D be a symmetric 2-(15,8,4)design and let G < Aut(D) be block-transitive. It is proved that,
there are exactly such 9 automorphism groups of block-transitive and 6 automorphism groups of
flag-transitive. And it also gives the point-primitive, point-imprimitive, flag-transitive point-primitive
and flag-transitive point-imprimitive automorphism groups of this design.
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1. 5|15

GESL 1 =N 2-(v,k, A) Bt D sE SUNFFE N AR — X555 D =(P,B):

1) PRRAvARIARE, PHRITTERAR

2) BRPW—HkTHEIE, BIHITRKAXHLEX;

3) PHUERESER 2- T RIS B S B T AN XA,

XHE v, k, AHRIERES, HiEv>k>2, D RIFFM. % r @2d—NmmXmrE, o 2K
M B JATRR (v, b,r,k, ) Jy¥eit D IZHL. BATHZ: bk=vrA(v-1)=r(k-1);b2v

A1 (1] SF A 2-(15,84) % it, Hik<v, THI%H:

1)b=v;

2)r=k;

3) ARRPAXAAHZE T A A XA

4) AFRPIA XA T H S

TE S 2 il EIREEM SFAF A -V AR AR BT BRSO TTIE: k(k-1)=A(v-1).

A RBEHS S G VOHEIR IR R R, Xt i B R R 78 n] DA BIEA TR IR st ead
Sk, BETHE E FRIRE AT CARE B IRA T SE WG A M 1 AR LR 454 . 1985 48, Kantor [2]584 702K TERE L
2BV 2- (v, ke, A) Bevts ATAER, ARG IANEE 22 HT[3], FAEER[4] [5], EXEA[6] 718 T 4R
SCHEHE A, . PSL(2,q) S PSL(n,q) A4 Lie Y EAFERIAL S AR 2-(v k4RI FRIETT 73 KRR, f
AHRAFH 2-(15,8, )RR o ASCRIE AT A IR AR L, W7 BAR TS 400 X AR5 1 RIRBE, 2-(15,8,4)
RT3 5 AN EARRYRIBT8], ASCHIRATIRE %4 T IR B2 R, 250

EH 1. WD AN 2-(158 40 Frixkit, HEE G2 D AR,

a) & GBI, W GH N, 5HlANA4(15), F(5)[1/2]S(3), GL(2.4), S;» 4, 3Ss,
Sg» A, HIPSL(4,2) -

b) # G AR, W GH 64, NS, 4, 38, S, A, MPSL(4,2).

) & GRRNARM, WHGH 4D, DA A . S A4, FPSL(4,2).

d) # GRIFAAER, WH GH 54, 2R 4 (15), F(5)[1/2]S(3), GL(2.4), S5, 385

R 1 WD A—A 2-(15, 8, X FR&it, ABE G 2D MEFRWE, 75 G 2ifitkid B S AR,
B GHAAN, a4, S, A MPSL(4,2).

L 2: DA 2-(15 8K FR&it, B G 2D MEFME, # G &I IR SA RN,
WHE G A 24 7358 S F3S;

2. 5|
SIEL 1 WD =(P,B) &M 2-(v.k,A) Beit, A G2 DKEFMHEE, WG /£ D EHAEEEN T
B Z

1) Bt GAE P Lifkid, HG AEP @) Efkis, ZXE PoZIBIANES S x HXALES;
2) Bt G1E B EIXf&i, H G, 1E B FALik.
513 2: [9145 D =(P,B) &P AM 2-(v, b, A) MR TE, BB G2 D kit A e, B4 G
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TEFTE SR P LIBE NS T G IFRITEX A B LIBUEAN 4L R, G EXTFRBETT B XA Y
HAXE S AL 1

B 3. [10]% D =(P,B) B AMIEF M 2-(v. b, A) TR B, FLEE G & D efeisaE S5
fRE, BEPAKN ¢ M d MEREXMBRIAEAR R C W AAEAE—ADHH 1 R A
BeB,AeC, [BNAST 08 [, HFFZ—HoL:

) k<A(A-3)/2:

2) (vl A)=(A2(A+2),A(A+1),2) EE (c,d. 1) = (A, A+ 2,2) k3 (1+2,47,2);

2 2 2
3 (v,k,/i,c,d,l):((ﬂgzj(l —imz}%’&z;z’z —24+2

X A, u=3, 1MH 2(u2 —1)%—4\%é¥7‘5§&0

4) (v,k,/i,c,d,l):((/l+6)[ﬂ,2 +44—1]’/1(/1+5)

,ZJ Ib4k 2 = 0(mod4) B A =2u

A, A+6, X 2 =08% 3(mod6) -

A2 +44-1 3
4 2 4 ’

3. B 1 FHEIRAYIERR

BATH 3.1 TR ERE 1(a), F 3.2 TRIEBERE 1(b), H HAERE T F EARMHEER 2 5 LR FRA T
FiE. EEH 33 WHRIEIE 1(c), (d), HJaH 3.4 ERIELS 1, 2.

3.1. EEE 1(a)RYIERA

WM E 1), FRATEMGBIHFEEME Magma [11], % D 2&—4 2-(15, 8, HxtFRixit, H#f G =
D X A3k A R EE, WD A G 230 2 T A DA F5k.

1) G FE=DLEE—NRECN 15 KT8 H;

RIONHE G /EXA B LALis, TR, WERMBeB H|G:G,|=b=15, W n=|G,|=|G|/b=|G|/15.
AR ir 4 Subgroups(G:OrderEqual:=n), 153 G IF8ECN 15 HIFTE TRILYEE, 1Eh H.

2) G, fEMAERSE P h B DAFE—ANKN k=8 HIAZ)IX;

KN B /2 G, FIAZNIX, W Gy fFAEKA 8 AN X (B) G —LEBIER ). FIH 4 Orbits(H) I LA
B HAEHTE S P LIFTEIE, R 7R H KA 8 ABIIX, 1WdAKA B, WH=G,.

3) G, HFTH KN 8 FIAZX h &4 —AARFX Bl B[ =b =15,

B G RIX AL, W|B|=|B°|=b=15, FIMar4&#(8°G), 3% GIEMEB ERHUEK.

4) W (P,B) A 2-%it

R w4 Design(Z,v | B¢ ) BSUE D & RN— 2-% it

B, A Magma BFERATREE 15 > EROEE B HAE— I 104 4>, R)E, Sl Bk 4 st
ML, BTG RIRE, RERNGHER, —IFE 9O MHE 20l 4,(15) . F(5)[1/2]S(3)
GL(2,4), S5, Ag» 38, S;» A, MPSL(4,2). FAIH A4 Islsomorphic(Di, Dj)&1iX 9 M it#m A
1, BN ZH (v, k,A) « BE G ZEIX By BOHFIRITT % 1.

NHIATH 45 (15) FyBI BN TE R 1(@)RHEM Tk, B 5%, FIM < TransitiveGroup(15, 5)fith
15 A s BRI BT 4 (15) i8R G, R, | 6 IXARIEYE, R0iE G AHRECH 15 T RE BN
|G|/b=|G|/15=4 , fiTLAFI HI 74 Subgroups(G:OrderEqual:=4)f3 ] G {UR AN 15 TR RA —4,
WA H. FIHAE4 Orbits(H), 93] H BIFTAHIES 39

{12}, {13}, {14}, {1,2,3,15}, {4,5,6,7}, {8,9,10,11}
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Table 1. Block-transitive automorphism groups of symmetric 2-(15,8,4) designs and their base blocks

= 1.2-(15,8 )it X FiE B EHMEE R EX

5% k) G H:IX B wit
1 (15,8,4) 4,(15) {1,2,3,4,5,6,7,15} D,
2 (15,8,4) F(5)[1/2]S(3) {1,2,3,4,6,8,9, 12} =D,
3 (15.8.4) GL(2,4) {1,7,10, 12,3, 5,8, 14} =D,
4 (15,8,4) S, {1,3,5,7,8,10, 12, 14} =D,
5 (15,8,4) A {2,3,6,7,8,9, 12,13} =D,
6 (15,8,4) 38, {1,3,5,7,8,10, 12, 14} =D,
7 (15,8:4) Sy {1,4,5,8,9,12,13, 15} =D,
8 (15,8,4) 4, {2,4,6,8,10,12, 14, 15} =D,
9 (15,8,4) PSL(4,2) {1,6,7,10,11,12, 13, 15} =D,

XEEHGE R 7081, 1, 4, 4, 4. 888, HERE K NSHIEIE, (HXEHUIE i3 v A B N8I AN S
X, EA1HA:
B ={1,2,3,154,5,6,7} , B,:=1{1,2,3,1589,10,11}, B, :={8,9,10,11,4,5,6,7}

B, midmsd ﬁ“ﬁﬁ|BG| —|BG| —|BG| =15=0b, FHELHL D, : De51gn<2 15| BG>
D, : D651gn< 15| BZC’> » D= Des1gn<2,15 | BSC’> E D, D,, D, #72 2-W it X A@ 56k K I
BS=BS =B, FibhD,=D,=D,. HINU DX B H:
B ={1,2,3,15,4,5,6,7} , B,:={1,2,3,15,8,9,10,11} , B,:={8,9,10,11,4,5,6,7},
B, :={1,2,5,6,9,10,13,14} , B;:={1,6,7,10,11,12,13,15} , B, :={2,5,7,9,11,12,14,15} ,
B, :={1,4,5,8,9,12,13,15} , B, :={2,4,6,8,10,12,14,15} , B,:={1,2,4,7,8,11,13,14},
0 =1{3,5,6,8,11,13,14,15} , B, :={1,3,5,7,8,10,12,14} , B, ={2,3,6,7,8,9,12,13},
B, :={3,4,7,9,10,13,14,15} , B, :={2,3,4,510,11,12,13} , B, :={1,3,4,6,9,11,12,14} .
Ik, 45 (15) F2-(15,8, )R FRBETH A IX A% 38 1 FIRIEE
3.2. ZEE 1(b)HYIERR
GRIMERI, WAG LAY, FF LA X 2B | ) BRI RAE . {1151 B 2) T 1,
THE G, EXHB A%, A Gy M FE AP A EAE — DM ONA=SHIBIER, AR R B LR
H(Q2), FETEIIUEY], SR M, A S, 4, 385, S, A, MPSL(4,2) . WAL AE
FEON PP ER I Bevt,  BATR R 21 i 15 T4-9,
NHEIFRATTOA 4 F IR ERATE B L(b)KI Tk B, TransitiveGroup(15, 20)/&HE 4, fFHITE1S> mi_EAN
FEMagmalf) LB . FA FIXE )53 w7 2500 2 20— KONk = 8PUE I 2, FATHMagmaln AR :
H:=Subgroups(G:OrderEqual:=24);#H ;
2
>GB1:=H[1] subgroup;
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>GB2:=H[2] subgroup;

> Orbits(GB1);

[ GSet{ 10 },

GSet{ 1,4, 5,11, 14,15 },

GSet{2,3,6,7,8,9,12,13 }]

>Orbits(GB2);

[GSet{ 10, 11, 14 },

GSet{1,2,3,4,5,6,7,8,9,12,13, 15 }]

HrOrbits(GB1):  far th /2 THFGBIEHIZE fidE ERIFTABUE, MASBIRPTA 8 R AT, T
REGBIEAE MR E— 30 =ABIE, HPUEKENL, 6, 8. IGHIAEIEMEAT A, G, BATFEK k=28
Mg, B, REB=HEREICHNO01={2,3,6,7,8,9,12,13} . T FREGB2/E L £ LI FTH HUE
KA G RATHMATET

>X1:=01%#X1;

15

>Design<2,15|X1>;

2-(15, 8, 4) Design with 15 blocks

Point-set of 2-(15, 8, 4) Design with 15 blocks

Block-set of 2-(15, 8, 4) Design with 15 blocks

ATLAIE, BSR—A2-(15,8,4) %0t Rtk 4, 92-(15,8,4) % BRI AL I 1 Rl R4 3

3.3. EIE 1(c), (d)AYIERR

FEXFTRARAE EH 1(c), (d). fEEE 1), D R&—A2-(158 4% Frixit, HAf G &2 D imA
JRH [FEF#E .  Magma A1, 15 IRARJEHAG 6 4, 20~ 4, S 4, PSL(4.2), As8S,. BA
G RRARIEN, W G mfzin), W5l 2, RAVENTRE T G mAEbEN T XAz, Ffi TR
RSB L E T L)%, BTUABE G N 4, Sg» A, FIPSL(4,2). i@t de | oA A7 7E 4 AW 5 ]
Rt eI R 1 EIE 5, 79,

TEER 1), D E—A 2-(158 0 Frcit, HAF G & D WAEmAR B FigHE, FETER 1(c)
(KUERT, HEEE 1(a) M1 15 A s EIGARAJERERT R, BE G 4 4, (15) » F(5)[1/2]S(3)» GL(2,4), S, 138, .
UEBAEAE S AR B, ENTx R 1 ST 14, 6.

3.4. H#ERHYIEEA

TEHER 1, D R&—A 2-(15,8, )X FRETE, G A& D it H AR 5 IR, 04 i G BE/
T L E B 1(b) L FR B 1(c), HIMHE G N A, S;» A, MPSL(4,2). BLESAETE 4 ASHFIFEIIGIY
Wit eI 5, 7~9.

Table 2. Flag-transitive point-imprimitive automorphism groups ofsymmetric 2-(15,8,4)designs and their base blocks

2 2.2-(15,8 )% EEBIES A EERMERERX

(v.kA) G c d HIX B wit
(15,8,4) S; 3 5 {1,3,5,7,8, 10, 12, 14} =D,
(15.8.4) 38, 3 5 {1,3,5,7,8, 10, 12, 14} =D,
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FEHER 2 1, BF G R WA AR AT, R4 By B 75 20 A e B 1(b) AR 283 2 E 3 1(d), [RlL
BEG NS, M3S; o BEIRAEAE 2 MRSt T HAE G RAFSARER), AL P HFE— MK A ¢
) d MERRXEAEAR R SR ¢, B5I L 33) AT H, ¢=3, d=5. EMNRNKSE(v.k, 1), B G, XK
Gk ev dv BIX By Wit D FIFI B3 2.

o
A SCAE AR o B R DT R AT T A B G, R R g
S50k
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