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Abstract

Flag-transitivity is one of the important conditions that can be imposed on the automorphism
group of a 2-(v,k,A) design. The classification of flag-transitive 2-designs is an important prob-

lem in the algebraic combinatorial theory. Dembowski has proved that if G < Aut (’D) is flag-tran-
sitive and (v -1,k- l) <2,then G is also point-primitive. According to this result, in this paper we
completed the classification of this type of designs, with Soc(G) was one of five Mathieu groups

M,, wherei=11,12, 22,23 or 24. We prove that there exists 62 2-designs satisfying the assumption.
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1. 5|

X 1 Bk, A AIERE, WE2<k<ve —A2-(v,k,A) BITEL 2-B i D & SCNRFA LR 46441
— X555 (P,B)

1) PRAVARIAERLSE, PHRITERKNA

2) BRAPH A K-TEMMMER, BRITRRNXHADX;

3) PHULRS EH 2-THRMIBIFEEL B A MXHZ .

HT A XK, S5l — A X AMNECREE, B . RATSERE D =2 Ralf,
BB X HARVFES M. # 5-704 (v, b, r k, 4) AT D IS4

AR B BT I R TAERAE 30 ZAERTAICZTITIE 1, RIS RIWFFUR R 8 B A% 3 O 4 v =3 1)
1987 4, Davies [1]UEH] T WAL H. [ [RIRRE IO BEAT J BUOZE SRE Y 2- (v, K, 1) Beih AN A77E . 1990 4, Bueken-
hout, Delandtsheer, Doyen, Kleidman, Liebeck, Saxl [2]&1F ¢ i 1 A% i 2k 25 1) [ 0 35 (— 4475 5 7Y
R ILER AR) o KT TAE R SE OIS 7 2 22 F RO IR, JEER, AT aG 7 AESE L8 IR ) 2% A0 T A% i
2-(v, Kk, ) BT B I0H R T, IKEERRBI A r=k, 1=2, (r,A)=1%%5[3] [4] [5] [6] [7]. 1998 4,
P. H. Zieschang [7]UERH T iEALI8 H (r,2) =119 2-(v,k, A) BiH0) B FR B 07 53 AL Bl JLF- 21 2013
B, AN AR [8] 56 i T A S5 B[R] RS B LA A2 ACFE SR P A 3 0 R e v 14 23 S 1 i

ARICWEF T AR 2-%T 1 (V-1 k —1) <2 H [ A # G iU Soc(G) A TLAS Mathieu #EZ — (1
IR, SRR RS R

SEEE L WD R—MHE(V-Lk-1)<2/92-(v,k,2) &it, G<Aut(G) 2tk H Soc(G) & HA
Mathieu #f M, (i=11,12,22,23,24) 2 —. WFERIME L FAAAE 62 4 2-#% it D, (1<i<62), BN RHZ
H(v,brk,A), BRMEEG, W& 1ML 2 [,

N AR TR LA 51,

S5IE1[9]: #D=(P,B) R4 2-(v,k,2) it W FHT AL

1) bk=vr;

2) A(v-1)=r(k-1);

3) b>v,

518 2 [10]: & D=(P,B)2—"2-(v,k,A)&it, G<Aut(G), WX EEKMacP MBeB, GIf
et =4 HAX N 2% AR 22— AL

1) GiEmi - fLidl), JHH G, 1EP(a) ALk, i P(a) FRRHTAE A o MIXAH;

»
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Table 1. 54 designs and parameters with (v-1,k -1)=1
1 (v-1k-1)=1RH9 54 MEITREH

D (I6|/b,v.b,r Kk, 2)

1 (12, 12, 660, 330, 6, 150)
2 (24, 12, 330, 110, 4, 30)
3 (36, 12, 220, 110, 6, 50)
4 (48, 12, 165, 55, 4, 15)

5 (48, 12, 165, 110, 8, 70)

6 (60, 12, 132, 55, 5, 20)

7 (72, 12, 110, 55, 6, 25)

8 (120, 12, 792, 396, 6, 180)

9 (360, 12, 264, 132, 6, 60)

10 (720, 12, 132, 66, 6, 30)

11 (720, 12, 132, 88, 8, 56)

12 (720, 12, 132,99, 9, 72)

13 (48, 22, 9240, 2520, 6, 600)

14 (72, 22, 6160, 2520, 9, 960)

15 (72, 22, 6160, 3360, 12, 1760)

16 (120, 22, 3696, 840, 5, 160)

17 (168, 22, 2640, 1680, 14, 1040)
18 (192, 22, 2310, 1260, 12, 660)

19 (360, 22, 1232, 336, 6, 80)

20 (660, 22, 672, 336, 11, 160)

21 (720, 22, 616, 336, 12, 176)

22 (960, 22, 462, 105, 5, 20)

23 (1344, 22, 330, 210, 14, 130)

24 (5760, 22, 77, 21, 6, 5)

25 (24, 22, 9240, 2520, 6, 600)

26 (36, 22, 6160, 2520, 9, 960)

27 (36, 22, 6160, 3360, 12, 1760)

28 (96, 22, 2310, 1260, 12, 660)

29 (48, 23, 212520, 73920, 8, 23520)
30 (120, 23, 85008, 36960, 10, 15120)
31 (144, 23, 70840, 27720, 9, 10080)
32 (336, 23, 30360, 18480, 14, 10920)
33 (720, 23, 14168, 3696, 6, 840)

34 (720, 23, 14168, 6160, 10, 2520)
35 (1344, 23, 7590, 4620, 14, 2730)

22

23
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Continued
36 (5760, 23, 1771, 462, 6, 105)
37 (7920, 23, 1288, 616, 11, 280)
38 (20160, 23, 506, 176, 8, 56)
39 (40320, 23, 253, 176, 16, 120)
40 (240, 24,1020096, 510048, 12, 243936) M,,
41 (384, 24, 637560, 212520, 8, 64680)
42 (384, 24,637560, 318780,12, 152460)
43 (384, 24, 637560, 425040, 16, 277200)
44 (432, 24, 566720, 212520, 9, 73920)
45 (1440, 24, 170016, 70840, 10, 27720)
46 (2160, 24, 113344, 28336, 6, 6160)
47 (2160, 24, 113344, 85008, 18, 62832)
48 (2688, 24, 91080, 45540, 12, 21780)
49 (6912, 24, 35420, 17710, 12, 8470)
50 (11520, 24, 21252, 5313, 6, 1155)
51 (20160, 24, 12144, 7590, 15, 4620)
52 (40320, 24, 6072, 1771, 7, 462 )
53 (322560, 24, 759, 253, 8, 77)
54 (322560, 24, 759, 506, 16, 330)

Table 2. 8 designs and parameters with (v—1,k —1)=2
F 2. (v-Lk-1)=2F#) 8 MEITREK

D, (IG|/b,v.b,r .k, 2) G
55 (20, 11, 396, 180,5, 72) M,
56 (120, 11, 66, 30, 5, 12)

57 (360, 23, 28336, 6160, 5, 1120) M,
58 (660, 23, 15456, 7392, 11, 3360)

59 (1920, 23, 5313, 1155, 5, 210)

60 (2520, 23, 4048, 1232, 7, 336

61 (2520, 23, 4048, 2640, 15, 1680)

62 (40320, 23, 253, 77,7, 21)

2) GrIX - fhil, JHH G, fEX4A B Ffkik.

EH 2 [11]: BIEHEG FIEM TR N =12 A8 1

EH 3 [11]: ®k=12,-, TNk EEFRFE K -1/2 EALBN, FAKk+1/2 ELHE k EAERIT
HEANLUE TR K EAEEREA—E R K +1/2 EAHR).

FIE 3[12]: WG &L THREARAR BRI, & GIEHMEQ b 32-tkik, W RNHZ—/Ar:

1) GTEQ L& 2-f£ih1;

2) n=21HG A BSERERE (1,2, 7} 7 ool by HARFFLIIREECN 10,
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S[E 4[6]: WDR A 2-(v,k,2) HG<Aut(G) ML, WFFI AL
1) r’>iv>v;
2) rl|G,|, G, G I sikaE THE,

3) r|Ad, Hdd 5 G R AT KBS K. R ﬁmo

Gl

UEBA: 1) f Fisher-A~%30, bk=vr, b>v, FTAHE r>k;

NA(v-1)=r(k-1), Bl Av-A+r=rk, vSAV<Av-A+r=rk<r®;

2) W EAMEIH 2, FATHr|[G,|, Fiblr<|G, *, Xv=[G:G,|, FiLA|G|<|G,[ :

3) HaeP, G, M—NITIHEANT, KENd. £BREEAa — XA, m=|CNB|.
NG AL, FrLim 5 B fEBUEK. BATHMMARK I VEH40E (8,B), Bel, aeB, M
rm=A|[. ArLl, r|ad .

BIE 5. WD R A 2-(vk ) HG<Aut(G) ZifkiEM, % (v-1k-1)<2, MG &AKEN. 1
Hi, G R 2-fkid e 3/2 i H Rk 3 1A S

iEI: i3I 1 Al T )(v 1)= (r/i)(k—l)o AT Bl R S AE B

, v<ri<

Y (v-1,k-1)=1#], (v—1)|(r Ak E!a%lfMT%n( )|d, firbh(v-1)ld, (v-1)<d. Xd =G

MAEE LBLER, B8 (v-1)>d, Bld=v-1, NG, fEQ-a bk, FTLLGTEQ | 2-fkik.
Fﬁ%d:vgla =v-1, WLGHEQ I 2-

Ny _omp V-1l
H(v-Lk-1)=2H, "7

i ﬁu%d:"T—l, MG RO 3R2-fhukFk 3 B, FIEG UERARM. 26 2-Mkhf, BHARRA
JRI . 4G 32tk 3 f, Bk G RIASEN, NAFAEIFAFRA GRS aecA, 1<[Al<n. HARG,
R —SEHERIE. WG, PLE A (e}, A, A, Hifi|Al= |A|_—, MA=aUA BHA=auUA,, It

i) =1+ 2= i o, oL G AR,

2. X 1 #YIERA
2.1. WTHEHISH

Ho, molE S WAL, B (v-Lk-1)<28, GREAAREN, HiE 2l 32-L K. sl
3 Ji1 Mathieu Ff AT g 3/2-E s M ffE FIFE 2-1500 b, BT LARATA FE %5 18 2- s A A B L R

BG=M,(i=1112,22,23,24), AfEfFBitRAEEeM, Wanf k=5, HFEAEKNZ, M, FH
E 12 R 3163, My, FEFRTE 12 A A 12 516081, M, fERITE 22 A5 1R 3161811, M, 1
FIAE 28 i A 4-ARTE I, M, 1EFIFE 24 DR 52— A 5-%IB T, M, - 2 fEFIFE 22 > sl b2 35351 .

B, m5IE L A5 4, WAVEIE, BOHRSEUL UL T 4 AT

1 r||G,| H(v-1k-1)<2;

2) b=vr/k &/ EHL

3) r>k HC!>b;

4) A=r(k-1)/(v-1) &AL,
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RAEZ VYA %A, FI TR GAP [13] % T I HIRE A LAY 2104 4L A REHIS 4L
HEEF 1
design:=function (v,G)
local lambda,r,b,k,results;
results:=[];
for kin [5..v-2] do
if not IsInt(G/K) or Ged(v-1,k-1)>2  then continue;fi;
forrin DivisorsInt(G/v) do b=v*r/k;
if r<kornot IsInt(b) or Binomial(v,k)<=b then continue;fi;
lambda:=r*(k-1)/(v-1);
if not IsInt(lambda) then continue;fi;
Add(results,[G/b,v,b,r,k,lambda]);od;od;
return results;
end;

2.2. BHHTH

R, BATH R SRR 2104 NSHGHAT T, WG M DL e 1 PR A, HgI 3 2 arAn,
G Xt bk, W FER M a e B, Be B, RATVH|G:G,|=|a®|=v.|G,:G,,|=|B%|=r. |G:G{|=b,
Bl G AFRECN b M. XN G, 7E B b rifGilfy, Frbh B & Gy fEHE P EM— 1K Nk MELIE,
I HZDAAE ERPUEETS GIERAER ERSUEKE Nb o« 28 EFTA, R G &AMtk 2-1%it DB
HIEREE, F 2 PUAS AR AL

1) G &AM RECN b 1T H#

2) fFE VT DA - KA K HUE O ;

3) G EFITER QMBLET, 04— |0°|=b:

4) it D X b E 2 3)FH—4 0%,

i# L7 Magma [14]54 Subgroup (G : OrderEqual :=n), iXH n=|G|/b, BIRI133]G (LK b T
HFREILPEE. thtbnr s, A 1451 NS N TH B R AEE S 2 08 B T30 b (5,
ﬂ?6%¢§ﬁxW%%#QQ#ﬁﬁﬁéomm&ﬂﬁ#@ﬂ,ﬁm%@WI¢$%E%ﬁmﬁﬁﬁ,
BT 624058 F)5, WAVFI A4 Design(2,v|G) K56l 4 2 K42 5 A RLY 2-8EiT .

Hitk, FAVGENT 62 Mueitinge 1/ 2, 42 (v-1k-1) =181 (v-1k -1) = 2 I KI5 TE .

2.3. -

AR My, fERAE 11 DR BRIt e, BOVER A 416388, Pillk>5, BT 3iteauis
HISCH IS, BREE SVARR T 1 T LASRE) 14 B2 (|G| bov,bor K, 2) -

60,11,132,60,5,24),(240,11,33,15,5,6
45,11,176,80,5,32),(80,11,99,45,5,18

( ( ),(20,11,396,180,5,72),
( ) ),
(40,11,198,90,5,36),(90,11,88, 40,5,16),
( ) ).
( ) )-

(
(30,11,264,120,5,48),
(120,11,66,30,5,12),
144,11,55,40,8,28),(180,11,44,20,5,8),(720,11,11,5,5,2),

72,11,110,80,8,56),(360,11,22,10,5,4
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BAR, XFEE TR Gy MM A BER T2
20,30, 40, 45,60, 72,80,90,120,144,180, 240, 360, 720.
TR & A7 AE— MR RO b 19-F ¥ Subgroups (G : OrderEqual :=r) , A LLKIIE 754 19 |G| /b 4
# 7 #ATAE20, 60, 72, 120, 144, 360 &% 720, N1 AILASEAL (|G| /b, v.b,r K, A) 3
(20,11,396,180,5,72),(60,11,132,60,5,24),(360,11,22,10,5,4),
(120,11,66,30,5,12),(144,11,55,40,8,28) (720,11,11,5,5,2),
(72,11,110,80,8,56).

TEREIEAT |, DLZ%04H(20, 11, 396, 180, 5, 72) IR H B T IAEAEE . Fa40h 396 [ M, [FHFIL
PIHUER =4 HKEN L, 5 M5, BT GAEB &, MMNAE—NMEE N TR G, , XHT G,
fEB LA, #Gy MAFIE KA Bl =k IHLIE, IRELG, PUEHKEE N 5 IHLIE

0,=1{2,4,6,7,11}, 0,={3,58,9,10}.

HHRIL|OS| =66 2396, FJE. |0F|=396. I Magma 4 Design<2,11|o§>i+ﬁ7;ifjm, L D
Jg—A 2-(11, 5, 72)¥it, FTLAZ %4020, 11, 396, 180, 5, 72)#i S & FRATER & KIS H, KN T
R—H D,

B W

AR AE GAE L R ST 5 AN R LT VAR ATHE, AERORIBRSH BSCEE R R
A BERBHEAE B

E&WE

J7ARAE BRRHE RS (Y5 2017A030313001) .
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