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82. A Table of Hecke Operators. II

By Hideo WADA
Department of Mathematics, Sophia University

(Comm. by Kunihiko KODAIRA, M. J. A., June 12, 1973)

Let ¢ be a prime number such that ¢=1 (mod 4) and I',(q) be the
congruence subgroup of level q i.e.,

(@)= {(‘; 2) e SL,(Z) ; ¢=0 (mod q)} .
Let S(q) be the set of cusp forms f(z) such that
f( Zzi 2 ) —(cz+d)f(2), for all (Z 3) e I'(a).
Then S(q) forms a finite dimensional vector space over the complex
number field. Let p be a prime number different from ¢q. The Heck
operator T(p) is a linear transformation of S(q) and it is known that if

we choose suitable basis of S(¢) (independently of p), each T'(p) can be
represented in the following form

x
1 xz 0
0 : 0
We can compute x,, «,, - - -, %, using the Eichler-Selberg trace for-

mula (cf. [1], [2D.

In general the characteristic polynomial of T'(p)

Fp@)=@—2)(@—2)- - (x—2,) € Z[x]

is not irreducible. But we have the following factorization algorithm :
Suitable combinations of elementary symmetric functions in some of
these roots «,,«,, - -+, x, are tested in order to decide whether or not
they are sufficiently close to rational integers to guarantee the existence
of a corresponding proper factor of F', ,(x) in Z[z] (cf. [3]).

The author made a table of factorized F, ,(x) (with irreducible
factors) for
()} 0<q< 250, g-+227, 239,
(2 0<p<1000,p+q.

For computing this table, the author used the electronic computer
TOSBAC-3000 installed in the Department of Mathematics, Tsuda Col-

lege. This calculation required about three hundred hours computer
time.

This table is very large. So in this paper there is only a list of
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F, (x) and F; ,(x). There are copies of the whole table at Department
of Mathematics, University of Tokyo and Department of Mathematics,
Kyoto University.

q Fz,q(x)

11 | 242

17 | 2+1

19 | x

23 | #*4+x—1

29 | x*4+2x—1

31| #*—x—1

37 | x(x+2)

41 | 2* 2’ —br—1

43 | (x+2)(x*—2)

47 | ' —a?—bx?4-5x—1

53 | (x+1)(x*+2*—3x—1)

59 | 25 —92° 4222 1+-16x—8

61 | (x+D(x*—2*—3x+1)

67 | (x—2)(x*+3x+D(x*+2—1)

71 | (@*—=bx+3)(x*+2*—4x—3)

3 (x—D(x*+3x+1)(a?*—x—3)

79 | (x+1)(x®—62°+8x—1)

83 | (x+ D(x®—a®—9xt4-Ta® + 2022 — 122 —8)

89 | (x+D(x—1)(x®+2*—102°—1022+21x+17)

97 | (*+422+-32x—1) (2 —3x*— 22 +6x—1)
101 | 2(a"—13x°4- 22+ 472 — 162 — 432+ 14)
103 | (x*4+-3x+1D(x®—4a® — ot +172° — 92 — 162 +11)
107 | (@ +2x—D(2"+ 2®—102° — Ta* + 292 4 1222 — 202 — 8)
109 | (x—D(x® 4202 —x —1)(x* + 2 —bax*—4x+3)
113 | (x—D¥x+D(x*+ 20— 2 —1)(x® + 22 —5x —9)
127 | (2% + 32 —3) (" —2x° — 8’ + 15x* 4+ 1Tx® — 28x* —11x + 15)
181 | 2(x®—18x% 422" +111a® —18x° — 270x* + 282° 4 23222 4- 1624 — 32)
137 | (x*4-8x®—4x—1)(x"—102° + 282+ 32*— 192 —17)
139 | (x—D(x® 420 — 2 — 1)(" — 28 — 11’ 4 8x* 4 352° — 1022 — 32 — B)
149 | (e®4+2*—2x—1)(x® 4+ 25— 152" —12x° + 75x° + 48x* — 13Tx® — 762
4682 1 39)
151 | (#*—bx+3)(x®+ 20— — 1) (2 —a® — Tt 4- 8%+ 1322+ 3x —1)
157 | (x°+ 5+ 5x° — 622 — T+ 1) (2" — 5a® + 22° + 21 a0t — 2203 — 21 2% -+ 2T
-1
163 | 2(x® 4 5xt 4+ 8x° — 1522 —16x + 3) (2" — 32® — 5’ + 192 — 2322 + 42+ 6)
167 | (@ +2x—1) (2?2 —2x" — 172" 4 332° + 10325 — 1892" — 277 x® + 4478
+ 3632 — 4331 — 20522+ 1202+ 9)
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q | F,,(2)
173 | (' +2*—3x*— x4+ 1) (2 —2°* —162° + 162" 4 8525 — 80x° —175x*
+1362° 4+ 1382 —T1x —25)
179 | (x—2)(x*+ 2*—2x — 1) (a" 4 3xt® — 14x® — 4528 4 592" + 225x° — 58’
— 4272 —T6x° 4+ 2402 + 56 — 16)
181 | (2 + 8t —a® —Ta®*—2x 4+ 1)(x® — 3 — 92" + 292° + 23° — 841t — 23 x°
+ 8922 4 8x—27)
191 | (@*+x—1)(x*—23x2 4 2 + 2052 — 132° — 89528 + 3527 + 19938
+103x° —2135x* — 465x° 4 85317 + 374x 4+ 41)
193 | (*4+3x+D(2®+ 20t — b5 — T+ T+ 1)(x® — 20" — 92° + 18x° 4 21 *
— 442 — 11224272+ 1)
197 | (x+2)(x°—bx®+ 2+ 32— 1) (" — 15x8 + &7 + 782 — Ta® — 165x* + 152°
+123x% —9x —26)
199 | (*+2x—1)(2*+ 32 —4x —1)(x"° —5a® — 4a® + 51a” — 32x° — 154°
+ 1512+ 168x° — 16822 — 54 4-27)
211 | (P—z2—D)(*+ 202 — 2 — 1) (x*— 4w+ 1) (2* + 28— 142" — 112° 4+ 662°
+ 362t —123x° —38x% 4+ 72x 4 8)
223 | (2?4 22 —1)(x* + 4o + 202 — Bor — 3) (22 — Tt 4+ 6210 4+ 5T’ — 12248
— 10527+ 430x° — 73x° — 4992 + 2424° + 143x> — 521 — 19)
227 | (x—1)*(x*—5)(x*—2)(x* + 20> — x — D) (' — 172® — 32" 4 98x° + 402°
— 2182 —148x° + 13622 4 1442 + 32)
229 | (x4 D(x®+4x®—120° — 822 4+ 92 — 1) (2 — 5 — 4a® + 502° — 2647
—165x°+ 152x° 4 198x* —2072* — 5022 + 522 1 1)
233 | (x—1)(2"+22° —62°—10x* +102° + 822 — T + 1) (2" + 22— 162°
— 3028+ 9127+ 1582 — 2135 — 3492 4+ 152x° + 29042 4+ 41x — 19)
239 | (#*+x*—2x—1) (2" —28x° + x4+ 3192 — 1722 — 19032 + 91220
463772 —125x% —11967x" — 2332 4+ 117332° + 503x* — 501542
—942x? 4+ 609x 4-49)
241 | (2" 4+ 4x®—142* —10x° 4+ 6224 3 — 1) (x? — 3t — 14x'° 4 442° + 6528
—219x" —1232° 4 444x° + 1052 — 328x° — 45x% + 18 — 1)
q | Fy(2)
11 | z+1
17 | x
19 | x+2
23 | #*—5
29 | x*—2x—1
31 | ¥*+2x—4
37 | (x—=D(x+3)
41 | *—4dux+2
43 | (x+2)(22—2)




No. 6] Table of Hecke Operators. II 383

q | F 3,q(w)

a7 | ' —Ta*+4x+1

53 | (x4-3)(x*—8x*—x+1)

59 | x° 42 —8a*— 1122+ 132 —1

61 | (x42)(x*—2x*—4x+4)

67 | (x+2)(x*+3x+1D)(x*—2x—1)

1| (*+2*—8x—3)(x*—a*—4x+3)

73 | a(x*+3x+1)(x*—2—3)

79 | (x4 1D(x®—2a*—122° + 822+ 240 —16)

83 | (w+1)(x®—ax®—10x* + bx® + 80x2 — 42 — 25)

8 | (x+D(x—2)(2°+3x* —4a° — 1622 —9x—1)

7 | (¥ +42°+8x—1)(x*—5x*—x+4)
101 | (x+2)(2" —4a® — T’ + 38x* + 423 — 962° + 132 + 68)
103 | (x4 1)*(x®—13x*+ 402> —8x —16)
107 | (x®+ 82+ 1)(x"—3x® — 9a® 4+ 29* + 142° — 69x% + 122 + 29)
109 | w(x®+42°4+8x—1)(x*—4a®— 22+ 152 —8)
118 | (x—2)(x? =22 —2)(x*+ba?+ 62+ D) (*+ 22 —4x—1)
127 | (2% + 3a2—3) (2" —32° —122° + 392! + 262° — 12822 + 642 -+ 16)
131 | (x4 D)(x" —a® —222° 42427 + 157x® — 184x° — 408" + 533x° + 22212
—390x 4 67)
137 | (x*+52°+4a*—10x —11) (2" — 8x® — 8x° + 26x* + 114° — 58x% + 16
+14)
139 | (x—2)(x®+22% — 2 — 1) (27 + 22° — 152° — 252* + 562° + 522 — 56 — 16)
149 | (x*+ 42432 —1)(x* —62° - 552° — 672 — 12524 4- 2350° — 62 — 117
+27)
151 | (x—2)%(2®+ 2*—2x — 1)(2®+ ba® —4x* — 51x® — 6822 — 12x + 8)
157 | (x®+ Tx'+16x° 4+ Ta? —8x —5)(x" — b’ — x® 4+ 31t — 20x° — 452 + 44x
—4)
163 | x(x®+ bt + 2 —23x° —28x — 9) (2" — x® —112° + 132 + 26° — 392
+16x—2)
167 | (2?4 x—1)(x'*— 3" — 2221 + T1a® + 145x° — 55227 — 243 x° -+ 1577 x°
— 1222 —1737x° 4+ 384x% + 599x —91)
173 | (x*+62°+102° 4+ 32 — 1) (2 —82° - 112° 4 5927 — 165x° — 55x° 4 484 x*
—2022° —3902* +169x +113)
179 | 2(x* 42202 — 2 — 1) (x' —252° + 5% + 21927 — 98x° — T81x° + 589x*
49012 —10002% -+ 1852 —9)
181 | (2°45xt+5x°— 62 —9x —1)(x* —8x® — 15247 + 462° -+ 63x° — 2132
—32x% + 272x% — 1442 + 16)
191 | (x4 1)%(a™ —22" — 302 + 582" + 3342 — 630x° — 16678 + 31607
+3418x° —7088x° —1483x* + 5142x° — 940x? — 122x + 5)
193 | (x4 1)*(x®+ 5t —a® — 272 — 102 + 23) (2 — 5" — 22° + 402° — 372!
— 48234362+ 31x 4+ 4)
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Fs,q(x)

197

199

211

223

227
229

233

239

241

[1]
[2]
[31]

x(x® 4+ 8xt + 18x° — 2 — 38x — 25)(x** — 10° + 2928 4 17" — 227 2°
+3162° 4 184x* — 784x® + 64622 — 1752 -+ 2)

(x—2)2(x* + . — D*(2** 4 4o — 1928 — 88" 4 T32° 4 552x° + 2002
—T84x° —480x%+ 961 + 64)

(?—3x+ D@+ 2 —2x —1)(x* + 302 —x — 4)(2* + 2® — 2027 — 17x®
4 1282° + 80x* — 292x° — 722 4- 2241 — 32)

(@422 —1)(x* — 4 + 2+ D (x? — 27210 4- Ta* + 2632 — 131" — 1091 2°
4 8162°+ 16002 — 175223 + 1282 + 288x — 64)

2

(x—1)(x®+ 6%+ Tt —1Tx® — 362° — 62 + 13) (2!t — 32 — 192° 4 60a®
+ 10927 —402x° —133x° 1+ 987x* — 332x° — 57222 4- 2881 — 16)

(x+2)(x" 4+ 82° + 18x° —3x* — 44x° — 2022 4+ 122 4+ 1) (2" — 10210 4 282°
+ 2928 — 277" 4+ 394x° 4- 1622° — T162* + 25022 4- 3122% — 138x —29)

@+ 2?—2x — 1) (27— 32 — 352 + 1102 + 468 — 157312 — 2977
+111972'° 4+ 8880x° — 420412x° — 821327 + 80809x° — 11957 x°
—70374x* +23710x° 4 20383x? — 96841 -+ 592)

(2" +32° — B’ —19x* — 4a® + 142° + 8z + 1) (a2 — 2 — 25210 4 252°
+ 224 2% — 21027 — 888x° 4+ 725x° 4 1540 — 9602° — 99242 + 4002
+64)
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