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4. Correlators

4.3 All types of correlators

The results of this section are organized as follows: first come the ones for the scalar
model, sec. 4.3.1-4.3.3, then those of the fermion models, sec. 4.3.4-4.3.6. Sections 4.3.1
and 4.3.4 contain the full transverse analytic expressions of the correlators. Sections 4.3.2

and 4.3.5 contain the UV and IR expansions of the latter, as well as the above-mentioned

UV-IR expressions. Sections 4.3.3. and 4.3.6 are devoted to the non-transverse local parts

of the correlators. These are the non-transverse expressions which have not been already

discussed in the previous section and should be eliminated by the use of tadpole and seagull

terms.

4.3.1 Scalar amplitudes
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Scalars, spin 0 x 2, dimension 3:
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Scalars, spin 0 x 4, dimension 3:
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Scalars, spin 0 x 4, dimension 4:
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Scalars, spin 0 x 4, dimension 5:
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Scalars, spin 1 x 1, dimension 6:
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Scalars, spin 1 x 3, dimension 3:
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Scalars, spin 1 x 5, dimension 3:
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Scalars, spin 1 x 5, dimension 6:
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Scalars, spin 2 x 2, dimension 5:
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Scalars, spin 2 x 4, dimension 4:

TSt k L _ﬁ_Fﬂ + ﬁﬁ-@ ﬁ_gﬁ—i_yﬁ +
244D = K T T 72 3675 | 140 4200 40 ) K2 T 21 kE T 35 k6

4

+% <;]1€ - 67:; + 24"]; 32”5)) +
v5e) e (55— 57 + O 872‘76)) (491
Tyhan = Kk (;Lﬂlm > + kS <f£§m2> R <4 > N
+ ki, (—;Lﬂm > + Kk w <4 5 (L1k*m?® — 4Lym*) )
+ k2, <2i2 (Ll k*m Lzm"‘)) A <47ZTQ <L2 k*m* — Lym )) +
+ oy Mow <27ZTQ <—41k4m2 + Lok*m* — 2L3m6>> (4.92)

Scalars, spin 2 x 4, dimension 5:
- i (1 Tm3  11m®  m”
Tihan =15 (572 (G + 167~ 12+ ) *
T 1 1m2 3m* mé m8
w )T
m?

k
e )
i 1 11m3 11md N N

64" T A8 K2 T 12k kS
6 8

256 16 k + 8 k3 k5
+ k67rW7T3V <327r2
N R ) (199
Ty 4sn = kikgnuu (—12;7)1 > + ke ki, (—6 '2 ) + k20,0 (—é;mS) n
22, (=) + bt (51 (G0 = 2 ) ) +
. (e ) o (3 - )

2 i 1 4. 3 4 2.5 16 7
o | — [ ——k —k S — 4.94
R 7r2< PR A T (4.94)




Scalars, spin 2 x 4, dimension 6:
~ ; 563 Ly 1091 Ly
et 62 v 2 _ =0 2_
246D = ¥ M Tvv | 53 317520~ 2016) " T\ 35280 112"

(407 L0>m4 52 mb 16m8)+

1480 T4 ) K TI80M 63 E
iS 1k 1m2+2m4 16m6+16m8 N
10573 \ 48" 3 k B3 k5 3 kT
; 563 Lo 1091 Lo
16 2 [ v _ 12 Lo 2
T T (5773 1270080 8064 )" " \Tati20 aas)™ T

( 233 L0> m* 13mbé 4 m8>

THR0 T 64) % T80 63 %0

iS 1 I1m? 1m* 4m® 4m8
S Y Sy S n
+105w3<192 2k 2% 3w +:),k;?>> (4.95)

~ iLo 1Lo i
T;:fll;tﬁD = kik?mw <647T3 m4> + kuklgjnMV (327.‘.3 m4> + kgnlwnuy <487T3m6> +
1L3 1 Lo L3
+ kinz%u <967T3 m6> + kpky Nty (4773 (_8k2m4 + ?m(j +
i Lo L3
e (g (et Gomt) ) +

i Ls Ly
+ N, <327r3 <—3k2m6 + 2m8)> +

7 LQ L3 L4
+ 77,2”77W <87r3 <8k4m4 - ?kzmﬁ + 2m8>> (4.96)
Scalars, spin 3 x 3, dimension 3:
~ ] Tm  2m3 md 11 3m? 3m* m
Ty X S L L L (- _ =25 =27 7
333D = 1 M <7r 62 3% %) T ek 1w Taw W )) T
: 3 5
6 1t (3 m m m
+ k TupTuv Ty <2ﬂ_ <16]€2 + Qﬁ — 3]{,‘6> +
31 9m?> 9m* 3mS
T|— =5+ -+ —=— 4.
+ (128k: 32 k3 +8k5 2k7>> (4.97)

~c 3 21
T§’3~t3D = kaEUW <27Tm> + (k?/n,uunuu + kukunmﬂ?uu + kimwnm/) <ﬂ_m3> +
27

v (1 4 16
+ 77211 <7r <2k4m - §k2m3 + 5m5>> (4.98)

1 1
+ kukun? < (—3k*m + 8m3)> + N My v (57r (—10k*m?® + 24m5)) +

Scalars, spin 3 x 3, dimension 4:

Ts,t ]{?6 3 1 44 X L() 149 n 3L0 m2 8 m4 16 m6
= e JR— - — Y
3,3;4D o\ 2 3675 ' 280 4200 ' 40

221k 356



7.5 11 m?2 m mb
— (=3 +12— — 16—
+357r2 <4k k3 + k5 k7>> +
Y i 22 +3L0 N 337 3L\ m? 4m4+
™ T, T —_— — -
HETHVTVY\ 72 1225 560 1400 40 ) k2 7 k*

24m iS (31 9m? m* mS
-~ e L 18— — 24— 4.99
+35 k:6> + 3572 <8k 2 k3 + k5 k7 >> (4.99)

Ti’f gt4D = k; k277/“/ <_ {772 m2) + (kz%nulﬁn}w + kpkunupmn + kinuunw/) (_ 4) +

872 m
7: 3L1 4
+ Kk, (W ( k*m® — 3Lym )) +
i 3L
+ Ny Mpw Mo <42 < 2 k*m 3L3m6>> +
T
) L L
+ 7721/ <27Zr2 <—41k4m2 + 72k:2m4 — L3m6>> (4.100)
Scalars, spin 3 x 3, dimension 5:
~ ) 1 53m3  11md> m’
THE 6 3 ’ - o0 At T
3,3;5D 62\ 8 2w e )T
+T 1l<: 1m+3m4 m6+m8 n
167 \ 256 16 & 8 k3 k> k7

e oo (G (3 Hm? Um® mT
HRTRVTVY A 3272 \ 64 16 k2 4 k4 kS

T 3 3 m2 9m? mb m8
= - == 42" 3" 43 4.101
+327T <256 16 k + 8 k3 k5 + k7 >) ( )

i 1
T; §t5D = kzk‘znwj (_47r2m3> + (k’gn,u,un,uu + kukunuunoe + kinuunuu) <_'m5> +
2 4 1 2.3 2 5 i 2,5 12 7
+ kukunw <7r2 <4k: m° — 5m )> + Ny My Mo (5772 (k: m’ — —m +
3 (4 (1,4 2 m° — 8 7
+ M <7r2 < 12k: m3 + 15k TRk >> (4.102)

Scalars, spin 3 x 3, dimension 6:

- j 563 Lo 1091 Ly
T30 = kO3 ! - k2 —— — —\m?
3,3;6D <57r3 << 635040+4032> + 70560 224 +
59 3Lo\ m* 26 mb 8 mS®
e B R Ry ol I
4480 64 ) k 189 k 63 k
_|_ ZS ik_1ﬁ+m74_§m76+§m78 _|_
10573 \ 96 6 k k3 3KkS 3 kT

i 563 Lo 1091 3L
6 (- ONVR (e = 0 )
T T o <57r3 << 123360 © 2688) i (47040 448) "

~10 -



_ 699 3Lo\m!  18m° 4 m"
4480 ' 64 ) k2 T 63 kKT 21 kS

' 1 1m2 1m* 4mb 4m8

iS ( . m m m m )) (4.103)

e \12" T2 E T2 3K 3K

S, 10 3’lL2 ZL3
T??:S;%D = kikgnw’ <647T3 m4> + (kgnuunuu + kpkvn,u,unuu + kin,uunuu) < 6) +

327r3m
7 3L
+ k‘“k‘yniy < - (—42k:2m4 + L3m6>> +

+ Mg M Mo <32ﬂ_3 (—L?,k' m- + Tm >) +

3 4 Ly 4.4 Ls 2. 6 Ly 8
—k - —k — 4.104
+’7“”(16#3(4 " m+2m>> (4.104)

Scalars, spin 3 x 5, dimension 3:

st 183 i (27m  73m3  55m° m7

fosen = T <4w (m?‘mm* 3w )t

5 1 5 m2 15m? m0 m8
Tt e =+ 55— —5—

- ( 56k 16k 8k K k9>>+

i < 15m 73m®  55md 7>+

k8 2 (P (_Iom (oM 99 .
T T T <47r 61k2 16 KF 4 kS kS

( 15 1 15m2 45m* 15mS 15m8>>
+T

et =t — 4.1
024k G4K5  BRE AR AR (4.105)

=s,nt 3,3 i 2,4 31 3 4i 4
T§,§;3D = k‘ukl,nw/ <27‘(‘m> + kpkl/n#l’ <27rm> + kukunuﬂnw’ <7Tm > +

2i i
+ (ki + k3 kul,) (Wm:") + Kk (

5 (=3k*m + 24m3)> +

3,2 i 2 3
+ kukyns, <2W (=3k*m + 16m )) +

+ (kukymwfy + k‘inuunfy) <:T (—2k2m3 + 8m5)> +

)
+ k?/n,uunuunwj <7T (—4k2m3 + 16m5)) +

7
2

1 (1 8 32
+ k’g?’]zy <7T <2k4m — gk‘ng + 3m5>> +

+ kukynzynw ( (3k4m — 16k%*m? + 64m5)) +

i
+ Ty Ty T, <77T (14k*m® — 56k*m° + 96m7)> +

5 i 1.4 8, 4 32, . 128 .

11 -



Scalars, spin 3 x 5, dimension 4:
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3,5:5D petPY A 2\ 1024 384 k2 ' 15 kY 24 k6 ' 4 k8
T < 1 5 m* 5m* 5mb  5mbd m10>>
— k — +

T\ T1024" T 36k 328 TS 4k R

203" 25642 T5H  16k0 8

T 3 15 m2  15m* 15mb 15m8 m1o
-y = = T i3 4.109
+167r< 102" Y56 K R TR AW R >> (4.109)

8 9 7 3 7Tm? 1mb 7w’ 3md
+k TupT v Tyy ﬁ m + +

- 12 —



t i 2 1 L 3 2 s

)
+ (kz%nuunuu + kikungu) (_ﬂ_m5> =+

212 i 1 2.3 6 5 3,2 i 1 2,3 4 5
+ k‘uk,/nw,nw <7‘(‘2 <4k} m- — gm )) + k‘uk,/nw <7{'2 <4k’ m- — gm +

(1 4
+ (k,ukunuunzy + kﬁnuunz%u) <7:2 (5]{2777,5 - 7m7>) +

i (2 8
+ kZUWUWTIW ( <5kz2m5 — 7m7>> +

¢ 1 4 16
+ kﬂkljniynlﬂ/ 72 <_k4m3 + 7k‘2m5 _ - 7>> +

m
1
i e )

1
2\ 71F
1 16
+ nﬂﬂnMVnI/l/ <2 ( k4m + k2 21m9> +
16
4

m® + 2027 _ 64m9>) (4.110)

3
vl ( 7 21

Scalars, spin 3 x 5, dimension 6:

) 1627 Ly 12701 Ly
Tst — kS » L _ k2 - - 2
356D = K T Tov \ g\ \ 1372140 ~ 3168) " T\ Td9s060 T 1aa )T

25903 3L0 m* 692 mS 256 @ 64 m10
443520

B2 1485 K4 T 207 K6 99 kS

S 1 5m? m* mS md mio
— —k+-—— 10— +40— — 80— + 64—
69373 < 16 + 4 k k3 + k5 k7 + k9 )) +

; 1627 Lo 12701 Ly
k8 2 L — k?Q - 2
+ KT, <77T3 1820520  4224)" T\ TGes2s0 T 102) " T

2667 3Lo\m! 173mC  64mt  16m"
147840 64

%2 105K T 90K6 33 kS

S 1 5m?2  5m? mS m8 m10
—_— —k+ —— 1 16—— 4.111
2317r3< T o 0 Ok7+6k9)> (4.111)

=5 iLo 3iLs iL3
T§,5;t6D - k3k3n”’/ (647r3 m4) + kikﬁ Y (647r3 m4) + k“kgnmmw (1671’3m6 +
1L
+ (k’ﬁnuunuv + kﬁkunfy) (32 33 m6> +

' L
+ K22 <l ( 32t 30ym >) +

1673
1 3L
i, (St s 100))

1 5Ly
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l 5L4
+ k?/n,uun/wnuu <163 <_L3k2m6 + 2m8>> +

) L L
+ klthnZynuu (871'('3 (382k4 4 L3k2m6 + 524m8>) +

03 (¢ (L2,a 4 L3, ¢ L4 3
k”“”<87r3<8km 3km+—6m +
4+ 2 ) - k4 6 5L4 k?2 8 3L 10
Npp T Moy 32 253 |\ 3 Ty m” + slsm +
{ 2 L3 5L4
+ 1l v <87T3 (—8k6m4 + ?k‘lmG - = km®+ L5m10>) (4.112)

Scalars, spin 4 x 4, dimension 3:
Ca(at ).

T fil+§mjf9mi+ m’_ gm®
128k 8 k3 4 kb k9

} 3m  11m? 11m
182 n2 v om 3
T o (47r 6112 TT6 K T A O

31 3m?2 9m* 3mb 3md
T(— B T B 411
* ( 1024k TG4 32k AR 4k9>> (4.113)

s,n 21 4i
T4 4t3D =k, kz/”/w <7T > + kaQTM/ﬂ]W (Fm3> +
8i .
+ (ki + Kk o) (7: ) + ko, <:T (—3k*m + 8m3)> +
164
(k’QnMMT/VV + k“nuunyy) <57Tm5) +
+ Kk M ow (5; (—40k*m? + 128m5)> +
é 2,3 5
+ (k'ynu;ﬂ?,w + kunl/«’/ny”) (57‘(’ (—20]€ m° + 64m )) —+
3 (¢ 4 o2 3, 296 5
+kuk,,17m,<37r <6/~cm 8k“m” + 5 m>)+
+ inﬁy (5; <—8k2m5 + 976m7>> +
2 i 4,3 2 5, 168 o
vv \ = 2 — 64 _
+ N (57r<0km 64k“m° + 7m>>+

W (i 1. 2., 4 64, o 256 -
—\ 5 Py T v 4.114
—i—nm,(W( 2k: m+3km 15km + 35 ( )
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Scalars, spin 4 x 4, dimension 4:

. ' 563 Lo 2297  27Lg\ m?
TS,t _kS ¢ I It L B
444D (57r2(<19845 126>+<17640 56 ) 2
1339 3Lo\ m' 832m°  256m"
560 8 ) ki 189 kS = 63 kP
iS 11 16m? m* 256 mS 256 m®
st o — 32 e —
10572 \ 3k 3 k3 K5 3 kT 3 kY
m?
k2

e (25 )
p 572 \\ 6615 42 735 7
(12 o) mt 832mﬁ+256m8>
280 4 ) kK* 63 kS T 21 kS

iS < 11 16m? m* 256 mS 256m>>

m

+

3E T3 B3R 3

s 2 (L 563 Lo\, (1091, 3L
T, — |\ | == — 552 ——t —
mevv \ 52\ 52920 336 5880 ' 56 ) k?

699 3L\ m* 104mb 32mb
===+ = |+

3572 - 32

_l’_

560 8 k4 63 k6 21 k8

iS 11+2m2 4m4+32m6 32 m8
3572 \ 24k 3 K3 K 3 kKT 3 K9

(4.115)

~ iL 3iL
ot 7313 1 21.2 2 4
TZZAD = Kk <_27r m ) + KLk v <_4ﬂ_2m > +

31Lo
+ (kukgnuunuv + k’zk‘uﬁuuﬁw) (- 92 m4> +
2,2 2 © (3L1,4 4
+ kﬂku l”’ (27_[_2 ( k*m 3L2m >> —+

1L3
(k277,m77w + kunll#nuu) <_22m6) +

2 i 24 6
(k WWW + k‘wuyﬁw) <4772 (3L2k m* — 8Lgm )) +
3 i Ly gy o, L2,n 4 8Lz ¢
+ kpkuny, (2 (—km + ka —5m +

3L4
+ niungy <4 2 <L3k2 2m8>> +

1
+ 77uu77;2w77w (471-2 (—3L2k¢4m4 + 8L3k2m6 — 12L4m8)> +

i Ly Lo 2L3
ety (23 (kom? = 2t + 220 — Lt ) ) (4116)
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Scalars, spin 4 x 4, dimension 5:
j 1 3m>  1m®  TmT 1m?
TSt _k8 4 ? o e e i - e
4,4;5D 52\ 512" T 102k TI5 R 1248 1 2 k:8 +
+T 1k+1m2 1m4+1m 1m8
or \ 5120 ' 256 k 32 k3 ' 8kS 4 k7 5 k9

+ k8 i L —im—i-?m +§m7 m +
HRTpw 0V \ B2 512 64 k2 5 k4 4k6 2k8

_l’_

N T 3 N 3 m2 3 m? N 3mé 3m N
o7 \_ 5120" " 256 k 32 k3 | 8 k5 4 kT 5 k:9
j 3 7 m3  1md m?
k82 2 ¢ _ w2 _
TR T\ T02 \ T2048™ T 56 k2 5 k4 16 k6 +

LT3, 3w 3wt 3w 3wt )
167 5120 256 k 32 k3 8 kb 4 k7T 5 k:9

T:zrftsD = k3 ki (—3;27713> + Kk o (—527:27715) +
+ (kuk ) My + KN ) <—54752m5) +
+ ki <7:2 (é"’zmg - §m5>> (kg + K (—358;2 m7> +
+ Kk MMy Mo <5 .2 <4k2 674m7>> N
+ (ki + Ko o) (5 .2 (2k2 372m7>) +
+ kukum), (3( kEm? + k2 13258m7>> n
+ 0l <35' 5 < Ak*m 136m9>> +
+ nuuniuﬁw <5Z7r2 <—2k34m5 + 3—7214327717 - 12218mg>> +
(8 (o 2 )

Scalars, spin 4 x 4, dimension 6:

' 1627 L 12701 L
T8 4 ? . 0 £2 _ -0 2
4,4;6D 573 \ \ 4802490 11088 + 1746360 + 504) " +

166489 27Lg m74 126691 Lo ﬁﬁ N 512 @_
3104640 = 448 | k2 665280 k4 2079 kS
_ 128
693 k8
iS 1 1m?2 m* mb ms 128 m10
Sy P LRIV LAY, LR
+6937r3< 40 *3 k k3 + k5 k7 + 5 k9 ))
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1627

Ly

8 2 L
Tk ”““W“”W”’<5w3 <<1600830__
< 24667 3L0> m*

129360 k2
1287n10>

231 K8

+ 1S 1 I 4
23173 40

1m? m

2k k3

Lo

3696
31583
110880

8 2 _2 i
+ k°mt —
pptvr \ o3

< 24667

1627
12806640

3L\ mt, (-
448 k2

1m4+
2 k3

1034880

_ 16 m?
231 k8

n S 1 . 1 m?
23173 320 16 k
t 3 iLy
TEZGD = k Ky <167r3m

%%%@mww+@@mmm<

29568

m
ﬁ_

iLy .
1673 > *

m6> +

4> + kik?ﬁuunw <

iLs
873

12701 Lo
:ICZ o 2
> +’( 582120 © 168) +

L0> mb  512m8

16 ) k4 T 593 693 k6

6 8 128 10
¢—+w%f3ﬂl 7n>>+

>k2+<—
23777
221760

5 k9
12701 Lo \
4656960 1344> e
mSO 64 m8
kT 693 kS

)

5 k9

k?

Lo
i 32>

me®  16m
W

6
(4.119)

(3L
-M%MWQZ<32Hm+Lm)>+
T

1Ly
(/‘Cu%ww + kinﬂﬂnl%u) <327T3 m8> +

1 L
+ Euku Ny v <47r3 <23k2m6 + L4m8>) +

(k TIWWW + kun,u,z/nuu) <87T3 <_2

3 (0 (Laya a4 L3, o
+ kukzﬂ?m/ (271_3 <8k m- — E

2 2 i L42
g Tow (32ﬂ3 <‘_2k m

3L
s 3Ls
+ 5
Ly

Las 4 L3y
—k°m k*m
16 tonm

4 l
avres

Scalars, spin 5 x 5, dimension 3:
7
T
11
T —= _
+ <256 k

32 mP
15 k6

23 m?
24 kK4
5m?
I

31m
64 k2
5 m? 5m

64 k3

17 -

k>mS +
mm)>+
8

1 Ls
+ nuuniynuu <43 <4]€4m6 - ?k2m

k*mS + L4m8>> +

L
34'm8>> +

L
4—35Hnw>>—+

5
[4k%n8+_L5nﬁ0)>

4.120
6 z (4.120)

3 k8 k10

14m” m?
+ ———-4— ]+

6 m8 mlO
2m+5m—4w>>+



410 3 ) 771_’_1257713 32m5_'_70m7 2Om9 n
T, Tl — |\ — =+ ———5 — - + -5 — 20—
HRT v m\64k% 24 k* 3 kK6 = 3 kB k10

T 5 1 25m2+25m4 25 mS L os™ m8 mlﬂ N
256k 64 Kk3 8 k5 2 KT k9 k:11

i (15 m  35m? m®  35m’ m?
FEOR2 o n2 LM Sem gm 99
TunTiTov \ 50\ 95672 ~ 32 %8 Ok6 T 2 A8 10

15 1 2 4 15 m10
+T< 5 75 m 75 m 75mS 75 m8 5m >) (4.121)

2018k B2k 61k 16K 8 E 2 k1

51 20i
T5S §t3D =k, kunw/ (27T ) + k3k3n#u77uu <377m3> +
201
(k kVnMMnNV + k kunuunuu) <7‘rm3> +

+ Kk, (;ﬂ (—15Kk%m + 40m3)> +

162
+ (kﬂkgniunuu + k’zkunuungy) (Wm5> +
4 81 5
(k nuun/w +k3p77uu77w) —m +
1 .
+ k kunﬂltnuunuy (71' (—20]{32777/3 + 96m5)) +

i
+ (kpknaums, + kS ko’ muy) (ﬂ (—20K2m? + 64m5)> +

2,23 (1 4 5 2 o (1 2,5 7
+ ky ko, <ﬂ_ (5k: m + 64m )) + kpkuny, o, <77r (—56k‘ m° + 160m )) +

+ (K27 o + Ko, ) (7; (—112k*m® + 320m7)) +

+ Kk Mo o (7; (140k*m> — 448k*m® + 1280m7)> +

i 1280
+ (k:?,nwnz,, + k:inzynw) (?nr (20k4m3 — 64k*m® + 7m7>> +

) 1 4 12

640
+ niunﬂvngu (7;_ (56k4m5 — 160k%>m” + 3m9>> 4

i 1280 5120
+ Ty o (37T <—2Okz6m3 + 64k m® — Tk%rﬁ + 50 9)) +

m
1
(1 2 64 256 1024

Scalars, spin 5 x 5, dimension 4:

- j 6508 Lo 116687  55Lg\ m?
ot plon 5 ¢ _ Lo _ m-
554D — T2 343035 + 198 + 249480 + 72 ) k2 +

~ 18 —



(_270101 15L0> m*  11072mS 4096 m?8 1024m10>

55440 8 ) B4 T 1485 k6 297 K8 T 99 &0

69372 \ k k3 k> k7 k9 k11

LMo 8 i ({6508 +L% N 12701 5Lg
PR TPV 72 68607 ' 198 6237 9 k;2

S 1 2 4 6 8 10
2( — 207 416022 —640”% + 12807 — 1024 >>+

(25903 L 5L 15Lg\ m* | 1or2 11072 mS B 20480 m8 L 5120 5120 m19
5544 4 ) kYT 297 k6 297 kK8 T 99 k1O
1.5 1 m2 m mS mS m10
(52 21007 +8007% — 32007% + 6400 — 51207
* 69302 < k k3 k5 k7 k9 k11 )) +

k107'r271' 2 L _ﬂ_’_LLO + @—B—LO ﬁ+
un Ty \ 73 45738 ' 528 16632 24 ) k2

( 24667 15L0> m*  1384mS 2560 m® 640m10>
2

3606 T 8 )% T 09 k6 99 k8 T 33 kIO

S 51  25m?2 m? mb md mio
— | == 1 40— 4.12
93172 (Sk CWE + OOk 00k7 +800k: —6 Ok“)) ( 3)

~ 5L 5L
,nt 4174 1 2 4
T§,5;4D = k k v <_ 87 5 M ) + kgkzzn/uﬂ?uy <_47T2m ) +

15¢L9
+ (kikémmmw + k;‘;kﬁnﬂynw) <_ A2 m4>

3,32 i (5L1 5
+k,uk;y ,uy <2772< ) k m *5L2m >)+
51L3
(k kﬂ]WT]W + kikvnuungu) <—27T2m6> +

5t L3
(kunu,un,w/ + kﬁn#l/ngu) <_ A2 m6> +

+ k2 kynuumwnw <4 5 (15L2kz2m —60L3gm )) +

+ (kukimwiu + kzkunzynuu) <4 5 (15L2k2m —40Lsm )) +

+ k2/€,/77m, (4-2 ( 5L1k4m —40Lsm )) +

+ /{:ukyniungy <4 5 <5L3k2 252L4m8>> n

+ (Ko Thow + K, (2 L (5L3k2 252L4m8>> +

Rk g (4;2 (—15Lok*m®* + 40Lsk>mS — 1OOL4m8)) +

1 5L 10L 25L
(kQUH#an + k,un;u/nwz) <7T2 <_42]€4m4 + TSkaG — 3 4m8>> +

~19 —



+kﬂk'/77;w<772< k°m 8km —i—Tkm ——5 ™ +

' 251
+ UZ#UWUBV (4:[_2 <—5L3k4m6 + T4k2m8 _ 15L5m10)) +

i (5L 10L 25,
+ 77##77;3“/771/1/ <71’2 <42k’6m4 — T3]{34m6 —+ T4k2m8 _ 10L5m10)> +
i Ly Lo 2L3 5L4
+ 7721, <7T2 <—8k8m2 _ §k6m4 _ TkAmﬁ + Tk2m8 — 2Lem 0
(4.124)

Scalars, spin 5 x 5, dimension 5:

~st 10 5 i 1 367 m> 97 m® 11m” 17Tm® 1mi!

Tsssp =k 02 m+ oot oot e T ax38 Tagi0 | T
3072 2304 k 480 k 40 k 36 k 3k

T < 1 k 1 m?2 5 m? 5 mb 5m8 1m!o

Tor 12288 B2k "6k BB 16K 2K

cpop o pa o (@ (5 8 md 95m’ 1lm' 85m’
ISy LY 3072 2304 k2 96 k* 8 k6 36 k8
5 mll)
T +
3 k10

Tor 12288 "512 % T256%8 48K 16k 2 k9

5mi2
+3k“>>+
. 9 i 5 85 m? 33m® 33m” 85m?
+k 7TW7TW7TW

T( 5 L 5 m2 25 m* 25m8  25m®  H5mlo

1672\ 10247 768 K2 T 320F T 8 kS 12 kS
mll
c T (5 Lm T5ml 25m° T5m’  15m?°
167 \ 4096 512 k 256 k3 16 k3 16 k7 2 k9
m12
+5k11>> (4.125)
Tsnt :k4k4’l7 _ i —|—k‘3 e
5,5;5D pv 127 2 1/ upllvy 3
(k ku”ﬂ;ﬂhl/"”“ kun;wnw < )

31.3,.2 l ) 2.3 5
+kﬂk’/ NV (37‘(‘2 (2k' m° —4m >>+
8%
m
71'2

(k’ kunuun”’/ + kzkl’nﬂﬂnIQ/V) <—7 7) +

—90 —



47
(k4nﬂﬂ77NV + kﬂnul/nuu) <_72m7> +
s
+ k kunu,umwnl/y (Z (14/<:2m5 — 48m7)> +
1
+ (kuk’gnuuniu + kzkwivnv”) <2 (14k2m5 - 32m7)> +
212 3 i 5 4,3 32 7
+k“ky #V <7T2 (—Gk m- — 7777/ > +
2 2 i o 7 80
+ kllk”nuunuv (771_2 <4k m — jm >> +
1 160
(ku%umuﬁw + kinuunuungy) <77r2 <8k2m7 - 9m9>> +
] 4
+ kzuk‘,,nwniynw <7:T2 <—14kz4m5 + 32K*m" — 690m9>> +
] 32 640
2 4 2,7 9
+ (Ko, + kgl o) <3 2 ( 2km T —k*m w3 >> +

. (5 32 640
+kuky77ﬁy(3 2( K'm? 4 kim® 4+ —ktm - 63m9>>+

' 80 320
+77/2m77uu773y (7 5 ( akim” + 9 29 33m11>> n

32 640 2560
+ nuwflynw <3 3 <2k6 7/€4m7 + §k2m9 - m11)>
5 { 8.3 Lliog 5 324 7 128 5, o 512
g (g gk Spkm! + o ktm 4126
+ N (37r2 ( 1 m 5 m 3% 63 231m ( )

Scalars, spin 5 x 5, dimension 6:

j 88069 L 172673 L
Tt 10 5 ¢ _ 0 2 _ 0 2
5,5;6D T3 463783320 + 20592 + 35675640 792 ) +
5813737 55Lg m! 3782563  5Lg mS 736 mS8
51891840 576 ) k2 8648640

k4 1755 k6
2432 mi0 512 m12>

3861 k8 1287 k10

1S 1 m? m* 160 mS m® mo
- -k — 4+ 10— — — — +160— — 256———
300373 <24 + *

k k3 3 kb k7 k9
512 m!2
+ 3 kU +

: 88069  5Lg
510 3 K _ k2
R T T (7773 02756664 ' 20592) © T

<172673 5L0)m2 (_ 337471 5L0> m*

7135128 792 1297296 ~ 72 ) w2

157049 5L0 mO @@+12160m10 2560 m12
864864 k4 351 K6 ' 3861 kS 1287 k10

~ 91 —



iS 5 m? m* 800 mS m8 mio
—— [ Zk—-5— 450~ — — — + 800— — 1280
300373 < * +

k k3 3 kb k7 k9 +
2560 m!2
TEr)) T

; 88069 5L
klO 2 y 2 L — k2
Tpp Ty \ 73 247351104 Bagiz )" T

n 172673 5Lg 2, 337471 n 5Lg +
— m b B
19027008 2112 3459456 192 k2

(328301 5Lo> mé 92 m® 1520 m1° 320m12>

%17 KO 1287 kS 420 KIO

576576 32
iS 5 5m2  25m* 100 mS m8 m1o
S (R "SI 100-= — 160——
10017 (192 R N W
320 m12

51Lo 5i1L3
Tty = Kk (Sim®) + ik, (Jesmt) +
5tL3
(k kunuunuu + ki k‘yn/wnw/) (3m6) +

16
3 b [ 5L2y,
+k k,,nw <87r3 < 1 —=k“m )

)
5zL4 )

(k’ ku”uunl’l’ + kzkunuunyy (

5L
4 4 8
(k‘ n#“nuy + k“’l’]uunyu) <647T3 ) +

¢ 2.6 8
+ k2 k,ﬂ]u;ﬂ]uynuu <167T3 (—5L3]€ m° + 15L4m )) +

i 5L
+ (kuki’mwﬁu + kzkwfwnw) <87T3 ( B 2mS 4 5Lym )> +

. (5L
+ k2K, <8:T$ <42k4m4 + 5L4m8>) +

; 5L
+ klﬁkl/nipngy <32Z7r3 < 4k2 + 5L5m10>) —+

/) 5L4
(k277mﬂ7w/77m/ + kunﬂﬂnul’nuu) (16 3 < kzm + 5L5m >> +

i (5L3 5L

1273

) 5Lo 5L3 Y 5Ls5
K, k,nt L V206,403 p4,6  OTAg2 8 D510
b (47r3( 16 g T T g e mm ) )

i 5L3 5L4
(/{:277mﬂ7“y + k?un;wnw) < < 1 kAmS — 5 —— L 5L5m10>) +

1 5L
+ niu”uungu <327r3 < A m® — 5Lsk?m'® + 5Lem! >> +

~99 _



7 5L 5L4
+ nuunzynyu <]_27T3 < 43k6 6 + 7k4m8 — 5L5k2m10 + 5L6m12>> +

5 i 8 6, 6 Ly 4.8 Lg 2,10 Lg 12
— k°m —k —k — —k — 4.128
+ 1 < (16 ‘it 24 + g m 3 km + 3 ™ >> ( )

4.3.2 Expansions in UV and IR for scalars

Scalars, spin 0 x 0, dimension 3:

11 im  2im> 8 m°® 32im’ 128 im? 512im!!
O R T T - ... (4.129
0,0;3D = 8k+27rk2+37rk4+57rk6+77r k8+ 97 k10+117r k12+ ( )
(1 1 k2 1 Kkt 1 kS 1 k8 1 k0
R ot (2 o ) 4130
0,0:3D " g 12m3 TR0 80 m® * s 448 m7 + 2304 m? + 11264 m!1 + ( )
Tooa™ = .. (i.e. no overlap) (4.131)

Scalars, spin 0 x 0, dimension 4:

~ ] 1 P 1 K m2 K m? mb
UVt (2L i 2V (24K
oo =z \\277) T2t e T o) + w0

59 5K 449 m 1417 m!2
2> LA s " T (o LY S
+< 24+2>k:8+< 60+7>k10+< 60 >k12+

+..) (4.132)
- IR i 1k2+1k‘4+1k6+ 1 k8+ 1 k10+
0,0:4D = 7672 O 6m2 " 60mt " 420m6 ' 2520m8 | 13860 m10
1 k12
S 4.133
T 0 miz ) ( )
~s UV-IR i K
Scalars, spin 0 x 0, dimension 5:
geov _ 1w owm® imd  im® 4im 16im®  Gdim'
0,0:5D ™ 72 128 32 k  12k2 15k* 35k5 63 K8 99 k1O
(4.135)
IR i +1k2+1k4+ 1 k6+ 1 k:8+ 1 /<;10+
0,05D = 16,2 12m  240m3  2240m5 16128 m” = 101376 m?
1 k12
4. 4.1
T o578 mil > (4.136)
T = .. (i.e. no overlap) (4.137)

~ 93 -



Scalars, spin 0 x 0, dimension 6:

. j 1 P 1 P 3 K\ mt 1 K\ mb
TS,UV _ L L /6'2 ot 4 2 Koy m- L
0,0;6D 167T3 9 24 + 2 + 4 m 8 + 4 + - -

k2 36 6 ) K
7 K\ m® 47 K\ m!' 379 TK\ m!'?
—— )=t ===t = =] = +... 4.1
+<48 4>k6+<120 2) k8+(360 6>k10+ > (4.138)
- j Lo 1k 1 kS 1 k8 1 KO
e T T R e T T S
0,0:6D " 473 (=14 Lo)m 6 60m2 " 840mi | 7560 mb | 55440 m®
1 k2 1 kM
4.139
+360360 m10 | 2162160 m2 > ( )
. ' 1 K 1 K
TEUVIR ! S | = S (L o DI 4.14
0060 = g5 \\g 21 ) T\Ta T )™ ) Tt (4.140)
Scalars, spin 0 x 2, dimension 3:
St UV o 11 im 1m? 2im® & m® 32im’ 128 m°
Toosp =k T\ 27 —5-73 ~ 773 VT a-7d
4 16k 2mk? 4Kk  3mkt

57 K0 357 k5 | 63n k10
512i m!!
+7997T W + .. >

(4.141)
FstR _ o 0 LR S NS NS SRV A | fﬁ_;’iﬂ
0,2;3D A8\ 3m  60m3 560m5  4032m7 25344 m9 146432 mll

+...) (4.142)
TS’;;%IR = ... (i.e. no overlap) (4.143)
Scalars, spin 0 x 2, dimension 4:
st UV 19 i 1 P 1 K 3 K m4
T024D—’Mw<2ﬁ2<<‘9+24>+<4‘4 st )t
N 1+K 'm6+ 7+K + 47+K +
36 k6 48 kS 120 2 /) k10
379 7K\ m!2
) 4 4.144
+< 360+6>k12+ >> ( )
SStIR 12 i 1 k2 1k 1 kS 1 k8 1 kO
145 4872 10m?2  140m4  1260m% 9240m8 60060 m10
1 k.12
_— 4. 4.145
360360 m12 >> ( )
- UV- i 1 K
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Scalars, spin 0 x 2, dimension 5:

FSLUV _ g2 1 ™ T m? n i m? n T m?t i mPb 4i m”  16i m?
= e — | =—Kk - ——F —_— — 0 T T - T T - A T - —Ta—
0,2;5D Y\ w2 \ 512 64 k  12k2  32k3 15 k%Y 105 k5 315 kB
647 m!
FotIR _ g2 i 1 k2 1 k4 1 kS 1 k8 1 k10
0 p— Tr]/l/ —_— m _— e —— —— —_— -_— T "
0,2;5D 4872 20m  560m3  6720m5 59136 m7 439296 m?
I
~ 5098640 il T >) (4.148)
TS:;{;%IR =...(i.e. no overlap) (4.149)

Scalars, spin 0 x 2, dimension 6:

. j 23 P 1 P 1 K\ mt
FstUV 12 K . ) g2 L 2 I T
0,2;6D Tov \ gx8 1800 + 240 + 9 24)™ + 16 + 8 ) k2

11+K mS 1 +K ngr 23 K mlo+
72 12) kA 288 24 ) kS 1200 20/ k8

37 K\ m!2
S [ 4.1
+ (o5 13) ) (4150)
- i L 1 k4 1 kS 1 k8
TSHIR 4.2 " (a—-rym2eOp2_ 2 2 VL R
0,2;6D v\ 19273 ( o)m”+ 10 140m2  2520m* 27720 mb
1 klO 1 k,12 1 k14
—_—_— - +... (4.151)
240240 m8 1801800 m10 12252240 m!2
S UV-IR 2 i 23 K\ o 5 2
TD,?;GD = k oy <1927‘(3 <<—75 =+ E k + g — K m 4+ ... (4152)
Scalars, spin 0 x 4, dimension 3:
N 31 4im 3m2 2im® 3m* 8 m® 32im’
TS’ZTSDV:"?47T3u Tt o m e T T T i T Eo 6 T ars s
= 64k 27k 8 k T k 4 k 5t k 357 k
128 m°  512i m!!
m- m- 4.153
+1057r k10 + 2317 k12 > ( )
- (11 1 k2 1 k4 1 kS 1 k8
FoGIR g4 2 N N & o
0,4;3D T\ gz \5m + 140 m3 + 1680 mb + 14784 m7 + 109824 m9+
1 klO
— 4. 4.154
+732160 mll + >> ( )
T = ... (i.e. no overlap) (4.155)
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Scalars, spin 0 x 4, dimension 4:

~ ; 23 P
FotUV _ g2 K a0 L
0,4:4D T\ g2 \\150 "20)

5 E\m (3 3K\m
2 ) k2 4 2 k4
1 mS
I -l I
+<6+ )k6+ +

23 3K\ ml°
100 5 k10

37 m!2
Ay o R 4.156
+( ot ) T T ) (4.156)
. ] 1 k2 1 k4 1 kS 1 k8
TS,t,IR — k4 2 ? L v - - - - -
0.4:4D = ¥ Tow | g0 O T T o52 A T 27 mb T 24024 mE
1 klO 1 k‘12
4.157
1180180 m0 1225004 miZ >> (4.157)

SSUVAIR 44 2 0 (23 K
TS,4;4D =k'm < -

4.1
WAOR2 \ 15 2 (4.158)
Scalars, spin 0 x 4, dimension 5:
FoaUV e (1w o 3wm?  im? 3wml im®  wm®  diml
0,4,5D ve\ 2 1024 256 K 12k2 64 k3 5 k* 16 k5 35 kS
16i m?  64i m!!
- 2= oy 4.159
315 k8 1155 k10 + )) ( )

- i 1 1 k2 1 k4 1 kS 1 k8
5l = ki (g (-5

1672\ 5 140 m  5040m3 T 73920 mb | 768768 m7
1 k,lO 1 k12
Y - . 4.160
16580440 m® | 40786880 mil >> ( )
TS’EQ%IR = ... (i.e. no overlap)

(4.161)

Scalars, spin 0 x 4, dimension 6:

- j 11 P 23 P 7 K\m!
FetUV _ a2 [ L _ 2 I IP9Y” _
046D =" v \ 13 \\ 3675 “ 1120 ) T\ 600 Teo) " T

9% 16/ k2
Ll EYm® (25 K\mb (17 K\mD
48 8 ) k4 192 16/ kS 2400 40/ k8
13 K\ m!2
S [ 4.162
+ <2400 4o> k10 + >> ( )
- ' L 1 k* 1 kS 1 kB
FotIR 42 [ e Lym:_0p2 -~ F - F - N
046D = K Ty 32073 (=14 Lo)m 14k + 252 m?2 + 5544 m# + 72072 mﬁjL
1 klO 1 kl? 1 k‘14
- 4.1
720720 m8 + 6126120 m10 + 46558512 m12 + )) (4.163)
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Ts,UV-IR _ k:47'r2

i 11 K 31 K
s~ o | B (o + | M 4.164
0,46D v <2O7r3 <(735 224> * < 210 16> " >) * (4.164)

Scalars, spin 1 x 1, dimension 3:

FSLUV _ g2 11 im 1m? N 2i m3 N 8 mP® N 32i m7 N 128 m9+
= e _——— = —— _ R - R
1,1;3D WA\16k 2rk2 4Kk3  3rk* ' 15m kS ' 357 K8 ' 637w k1O
512i m11
— .. 4.165
o0 w1z T ) (4.165)
FOUR _ g2 i (11 1k 1 E 1 RS 1k 1 LloJr
113D = N T \ e\ T30 T 60m3  560mS  4032m7 25344 md 146432 mil
+..) (4.166)
o™ = .. (i.e. no overlap) (4.167)

Scalars, spin 1 x 1, dimension 4:
~ ,t,UV 2 Z 1 P
TPy = KT <27r2 <<—9 + 24> +

+

2 k4
36 6) kS B 4)k 120 " 2 ) K10

379  TK\ m!'?
BAL TN 4.168
+< 360+6>k12+ > (4.168)
FoLIR _ g2 : 1L 1k _ 1K 1K _ 1
LD = B T\ 32 \ 0 T 1072 T 140mA T 1260m8 9240 mS | 60060 m10
1 k'

- 4.169
360360 m12 >) (4.169)

~5 UV-IR 2 1 1 K
iy =k Tuve 2 <—3 + 8> + ... (4.170)

Scalars, spin 1 x 1, dimension 5:

FSEUV _ g2 1 T T m? 4 i m3 i 7 m* i mP 4i m”  16i m?
= k“r — | —k - —— —_—— —_—— e — —— —— — —— = —
1,1;5D o\ 72 \ 512 64 kK 12 k2  32Kk3 15 k* 105 k6 315 k8
645 mil
FSLIR _ 2 i Lk 1k 1 K 1K 1 K®
115D = % T\ e \ ™ T 90 T B60mE 6720 m5 59136 mT 439296 m?
1 k12
T 2928640 m1 )) (4.172)
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Tf:g;gm = ... (i.e. no overlap) (4.173)

Scalars, spin 1 x 1, dimension 6:
- j 23 P 1 P 1 K\ mt
FotUV 12 , v 20 g2 L 2 4L o ANm
1,156D v \ 873 1800 T220)" T\o ") T 16T %) w2
11 N K\ mS 1 N K\ m8 N 23 K m10+
72 12) k4 288 ' 24) k 1200 20/ &8

37 K\ m'?
+<720—12> klO—i—)) (4.174)

B ; L 1 k4 1 kS 1 k8
TseIR g2 ! 1-1T 2,042 -~~~ - r L F
L6 = Ko 19273 ( o)m” + 10k 140 m2  2520m#* 27720 mS

1 kY 1 kP 1 kM
————— - - +... (4.175)
240240 m?8 1801800 m 10 12252240 m12
=S UV-IR 42 i 23 K\ o 5 2
T171;6D = k 7‘-#1/ <1927‘(3 <<—75 + E k + g — K m + e (4176)

Scalars, spin 1 x 3, dimension 3:

N 31 4im 3m%2 2im®> 3m* 8 m® 32im’
Ts’t7UV:]€4 = 7 - - - -
1,3;3D T \ Teak T o k2 T8 K r kA T 5n kS | 35m kS
128 m?  512i m!!
m” m- 4.177
1050 %10 T 2317 B2 ) ( )
- (11 1 k2 1 k4 1 kS 1 k8
TsvtalR — k4 wu v L o - - - -
133D = T G\ 5 T 14073 T 1680 m5 | 147sdmT | 109824 m0 |
1 klO
—— 4 4.178
732160 it >) ( )
Tf;gggm =...(i.e. no overlap) (4.179)

Scalars, spin 1 x 3, dimension 4:
~s UV 4 i 23 P 5 K\ m? 3 3K\ m!
Tan =& ”W”W<47r2<<15o‘20 s 2) et a2 )mt
N 11+K m6+ 1+K m8+ 23+3K mlOJr
6 k6 24 2 ) kS8 100 5 ) k10

37 12
+<_60+K>7212+“'>> (4.180)

. ' 1 k2 1 k4 1 kS 1 k8
THLIR g4 ¢ I L L n o
134D = N MM | g9 0 42 T 252t T 2T mb T 24024 mE
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1k 1 k2
4.181
TIS0180m10 122522412 >> sy

~ s UV- i 23 K
Tysip = k%uﬂwm <15 — 2) +... (4.182)
Scalars, spin 1 x 3, dimension 5:
~ 1 2 C3 4 ;.05 6
PV e o (L m g 3rm? imd Smt | imd ot
o 2 1024 256 k 12 k2 64 k3 5 k* 16 kS

(4.183)

4im”  16im° 64 mll N
35 k6 315 k8 1155 k10

FoLIR g i 1 N 1 k2 N 1k N 1 kS N 1 K8 N
= K Ty, —— |l—Mmt+——F+ =t o=t =
1,3;5D IR\ 1672 \ 5 140 m = 5040 m3 ' 73920m5 ' 768768 m7

1 kL 1 k2
I S S S L 4.184
+6589440 mY + 49786880 m1l + >> ( )
Tls:g;/bIR = ... (i.e. no overlap) (4.185)

Scalars, spin 1 x 3, dimension 6:
- j 11 P 23 P 7 K\ mt
76UV g4 T ¢ . 2 . s 2 el I
1,3,6D ot \ 123 \\ 3675~ 1120 )™ T\ 7600 T80)™ T\oe " 16) W2 T

N 1+K mb 25+K m® 17 +K m10+
48 8 ) k4 192 16 ) kS 2400 40/ K8

13 K\ m'?
a2\, 4.186
+ (2400 40) o )) ( )
. ; L 1k 1 kS 1 k8
TSGR _ pa 4 14 L 2_ 2042, - M A A
1,3;6D TvvTuw \ 390,53 (=1+ Lo)m 14" T 25amz T 5sadmi T 72072 mb
1 k0 1 k12 1 k4
_—_ 4.187
720720 m® T 6126120 m10 | 46558512 m12 >> ( )
=s,UV-IR __ ;4 i £ _ £ 2 _ﬂ 5 2
Tsep = K mumow <207r3 ((735 21)" P\ "o tg) ™)) T (I88)

Scalars, spin 1 x 5, dimension 3:

- 5 1 j 15m2 10im®> 15m* 8 m® 5mb
Tlsvgfgg R Lme om o Im O St oM,
55 128k 27k2 32Kk3  3r kt 8 K5  w k6 2k7

32im” 128 im? 512 m! >

— o 4.1
T 18 T 6an k10 T 231 K12 (4.189)
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- ' 11 1 k2 1 k4 5 kS 1 k8
TouIR — k67TZV7TW (l <

1,53D ST\ 7m 252m3 3696m® 192192m7 329472 m9
1 klO
- - r 4o 4.1
9489344 miL )) (4.190)
Iyisn = ... (i.e. no overlap) (4.191)

Scalars, spin 1 x 5, dimension 4:
- ' 22 P 31 K\ m?2 35 5K\ m*
THEUV 16,2 N e B B Tl W
1,5:4D TowTw \ 72 735 T12) T\120 ) e T Ust s ) et
N 5 5K m6+ 125+5K m8+ 17 +K m10+
24 4 ) kS 96 8 ) k8 240 ' 4 ) k10

13 K\ m!2
+ (240 + 4> —i +>> (4.192)

. ; 1 k2 1 K4 1 kS 1 k8
TSR _ 6.2 o ? Lo~ - _ N N
154D = P Mo \ 77979 \ 07 18002 T 306 mA 5148 mb 51480 m3

1 k0 1 k2
B B o 4.193
437580 m10 3325608 m 12 * >> ( :

=5 UV-IR i 22 K
Tosan = komum — <—105 + 16) - (4.194)

Scalars, spin 1 x 5, dimension 5:

FSLUV 162 1 o7 51 m? n i m? n 157m*  im® 5amS
= iy | ——Kk - —— _ -_—
1,5;5D iR\ 72 \ 8192 512 k12 k2 ' 256 k3 3 k%t 32 kS
JdmT | Smmd  L6im®  64im” (4.195)
7k 32K 63 kK8 693 k10
FOLIR 62 i 1 1 k2 1 Kt 1 kS 1 kS
=K T, T — s lcm-— " ————7= — —F — —=
1,5;5D iR\ 1672 \ 7 252 m 11088 m3  192192m® 2306304 m7
1 kY 1 k12
—— . (4.196)
22404096 m? 189190144 m!!
Tf;ggfﬁm = ...(i.e. no overlap) (4.197)

Scalars, spin 1 x 5, dimension 6:
8 ' 563 P 11 P
1,5;6D TovTuw \ o3 635040 T 2032) " T\735 T2ma )T

N 47+K m4+ 25 5K m6+ 5 +5K m8
960 32 ) k2 288 48 ) k4 384 32 ) kS
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137 K\ m!° 3 K\ m'?
B el I GO (O ST I 4.198
<960+16> k8 (320+48> o+ )) ( )
Ts,t,IR_

62 i o Lo, 1 k4 1 kS 18
1,5;6D Ko, T (W <(1 — Lo)m*“ + —k

8 396 m2 10296 m* 154440 mS

1 kl() 1 k12 1 k14
- LA - 4o (4.199)
1750320 m® 16628040 m10 139675536 m 12
~ ; 563 K 9247
TsUVIR _ g6, 2 ‘ _ BV ey (L) m? (42
R LA W 5835 T13) % T\ 105 mey ) (4.200)

Scalars, spin 2 x 2, dimension 3:

L0V _pape (L1 im Amt dimd 1ml 160 m>
2,2;3D w32k 2rk? 4 kS 3r kYt 2kD
2567 m? N 10247 mt N N
3157 k10 " 6937 k12

Soin | ot
157 k6 1057 k8

e oo (L Im? 20wt Aml 8P m® 32 mT
HRTVV 64k 8 Kk3 3w ki 4 Kk5S 15w kS 1057 kB
128 m? 5120 mi! )

3157 K10 T 6037 k12 T

(4.201)
- ] 11 1 k2 1 k* 1 kS 1 k8
potIR g4 2 (0 (T 1 2 2 R royg 2 v 28
2,2,3D T \ G k:2+10m+280m3+3360m5+29568m7+219648m9+
1 kl(]
Jr14()'4320mllJr“'>>Jr
L i m+11+1k:2+1k:4+ 1 k6+
Ty |\ —\ "5+ m—F+ =+ —=+ 55—
HETVY 67 k2 20m  560m3  6720m5 = 59136 m”
1 k8 1 k10
-z 4 - r L 4.202
+439296m9+2928640m11+ )) ( )
~=s UV-IR __ ;4 _2 im
T2,2;3D = k 7T#V (371_]{:2> (4203)

Scalars, spin 2 x 2, dimension 4:
; 2 4
i =k (g (56 a0) ~ (66 %) o+ (1 2) ot
RETES N ERE TN W
18 3 ) kS 72 6 ) k8 300 5/ k10
-|-<—37-|-K> m12+...>>+
180 3 ) k12

—|—]€'47T T i ﬁ_i _|_ _14_5 m72+ i_E m74_|_
HEZVY A\ 72 1800 240 9 24) k2
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27 12) K0 T \288 T 24) B 1200 ' 20) K10

37 K\ m!?

5 ; 2 Iy 1 K2 1kt 1 kS
Ts,t,IR _ k4 2 ¢ 1—-1TL m _ =0 - — —_—
2,2:4D T \ oqr2 ( ) K25 T 70m2 T 1260mt T 13360 mb

L ! kiJr 1 k10+ 1 k12+ N
120120 m® 900900 m'© 6126120 m'2 =

+ k! L (g™ foy LR LR LR
T T — | (= oSNy - P LA
PPV \ Qg2 k2 T 10 T 140m2 T 2520m* | 27720 mb
1k 1 kO 1 112
— 4.205
1240240 m® T 1801800 m1® 12252240 mi2 T >> ( )

~ j 23 K 5 m?
FSUV-IR _ g4 2 ¢ 220 LR
22ap ~ KT (o2 \\75 7 10) P37 8) 2 ) )+
j 23 K 5 m?
k4 » v -~ K — . 4.2
+ R T (247r2 <<75 10) + ( 3" > K2 >> + (4.206)

Scalars, spin 2 x 2, dimension 5:

4

Fs.UV g4 2 < 1 ( T T m2 imd Tm 2im® 7w mb
%

TT536" 128 k12K 323 15k ub
& m’ 32im? 128 m!!
T105 K6 945 kS 3465 k10 ))*
TR (1 (ﬂ L rm_amt imd amd 4wl
w2 3072 256 k 64 k3 15 k4 48 k5 105 k6
16i m?  64i m!! ))

T = —
2,2;5D 2

I 4.207
945 k3 3465 k10 (4.207)

st IR g4 2
T2,2;5D =k Tr;u/

i 1m3 1 N 1k2+ 1 k4+ 1 k‘6+
— — —— — 7m — — — — ——
1272 3k2 10 280 m 10080 m3 = 147840 mb

Lo k8+ 1 k10+ 1 k12+ N
1537536 m™ 13178880 m? = 99573760 m!! T’

k4 - _ —_— a9 5
R T <127r2 3752 20" T 560m | 20160 m3 | 295680 m5

+#k78 + 1 kilo + 1 k;12 =+ (4 208)
3075072 m7 | 26357760 m°® | 199147520 m1l '

i <1m3 1 1 k2 1 Kk 1 kS

FSUV-IR _ga 2 i ”ﬁ + (4.209)
025D = K T 1802 &2 )
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Scalars, spin 2 x 2, dimension 6:
. ; 11 P 23 P
FeUV a2 v _ k2 _ i 2
2260 = ¥ T \ 53 \ \ 71025 ~ 3360 )" T\ "800 T2a0) "
(5P Loym' (1 K\m® (25 K\m®
576 48 ' 32 ) k2 144 " 24 ) k% \576 " 18 ) &S
(L Ky\m® 138 K \m® n
7200 ' 120 ) &8 7200 120) k1O T
A i 11 PN\, ( 23 P\ ,
R T <127r3 <<3675 1120> S < 600 ")

(1 oP\m' (1 K\m® (25 K\mt
6 16/ k2 48 8 ) k4 192 16/ kS

17 K\ m!° 13 K\ m!?
(2 8yme e R\ me 4.21

<2400+40> w <2400 40) A )) (4.210)
. j 1 Lo\ m? 1 L L 1 k4
FSGLIR _ g4 2 [ L Loym” _+  to 2 M042, -
2260 = K M \ 3o 3\ \ 7075 ) 2 T\ T 15 )™ T 210" T3msomE

1 kS 1 &8 1 k0 1 k2

+

183160 mA T 1081080 m6 | 10810800 m® | 91891800 10
1 k'14
T sos3TIeR0 M2 )) +

i 1 Lo\ mt 1 Lo Lo
]C4 v e - -0 2_71{:2
R Ty (64773 ((2 3 ) =i ( 5 15> ™ot

R N N L S
3780m2 83160 m* = 1081080 mS = 10810800 m?
1 kl? 1 k14
... 4.211
+91891800 m1o + 698377680 m!2 + >> ( )

. ; 11 K 31 K
FSUV-IR _ 42 v _ 2 e Wl 2

2260 = K T \ 5w \\ 3675 ~ 1120 ) © T\ T200 To )™ T

(T EymY L
96 16/ &2
i 11 K 31 K
k4 vv - kg 1900 0N ?
R T <127r3 ((3675 1120> * < 1200 80> e

NEREAEAN o2

Scalars, spin 2 x 4, dimension 3:

FotOV e (11 im 3m? 8im 3ml 32im®  m°
2,4;3D Y\ 32k 2r k2 8 k3 3wkt 2Kk Bm k6 k7
128i m” N 512i m? N 2048 m!! N
357 k8 3157 k10 11557 K12 0 T
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+k6 2 il_iﬁ_ﬁ_ﬁmﬁg_'_;ﬂll_ﬁﬂj_l@_‘r&i_‘r
Tl \ 1987~ 3013 " 37 k% T 8K5  Br kS 2 KT | 357 kS
128i m? 512i mi! >

m- 4.213
3157 K10 T 11557 K12 ( )
GoulR _yeo (@ ( lm 11 1K 1 K1 K
2,4;3D Y\ o\ 5k2 35m 1260m3 18480 m5 192192 m7

1B kL0 N N
1647360 m? 12446720 m1t "7

T (z <1m 11 1 K2 1k 1 kS
ppltor \ 5 T 14N

or \5k2  140m 5040m3 73920 m® 768768 m7
1 8 1 k10
- - * . . 4.214
6539440 m® _ 49736880 mil | )) ( )
~ 21 m
s;UV-IR _ ;6 2
T2,4;3D =k Tr,u,l/ﬂ-VV <_57Tk72> + ... (4215)

Scalars, spin 2 x 4, dimension 4:
- : i p 1 P Ly\ m?
75 = mtme (5 (o + 1) * (00~ 1+ ) ot
7 K\ m* 1 mb 25 K
+<_12+2> W <6_K> W T <24+2
K\ mi® 13 K\ m!?
5)kl()+ <—300+5> ]{Il2+>>+
+ kS m2 (Z <<—22+P> - (23 - P) m—2+
HETVY \ 2 3675 = 560 300 40/ k2
7 K\m* (1 K\mb 25 K\ m8
+<_48+8>k4+<24_4>k6+<96+8> B
17 K\ m'" 13 K\ m!'

j 1 L 2 T 1 k2 1 k4 1 kS
Ty = kot (g () e LB L L K
4 " 2072 2 2 ) k2 7 126m2  2772m* 36036 mS

1 k8 1 k10 1 k12 N N
360360 m& 3063060 m10 23279256 m12 =

j 2 L 1k 1 k! 1 kS
16 2 v 1=1T1 m, 0 _ - & & K
TR T <4071'2 U= Lo) o T 04 ™ 5502 ~ Shaam? 72072 0

1 k8 1 ;10 1 112 .\ ot
720720 m5 6126120 m10 46558512 m12 | :

=5, UV-IR _ 16,2 { 8 K 31 K\ m?
T2,4;4D =k T Tvr <57T2 <<_735 + ?8 + % — 5 ﬁ +
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: o [ i 22 K 31 K\ m?
— (= 4+ = = ) L. (421
R T <57r2 (( 735+112>+<12o s)w)) " (4.218)

Scalars, spin 2 x 4, dimension 5:

FELUV _ 62 (1 (W _oam o im? 3rmlt dim® amf
2,4;5D s\ w2\ 2048 128 kK 12k 64 k3 15 k% 8 KD
16im” wm8  64im°® 2560 m!!
35 % 8K 315 k5 3465 K10 )) +
T (1 (W _oam? Brml im? wm®  dimT
HETvy \ 72\ 8192 512 k256 k3 15 k* 32 K5 35 kS
mm®  16im? 64 m'! )) (4.219)
32 k7 315 k8 3465 k10 ’
Tyyen = ko2, m (2(;2 <1mj g LE_ 1 k—i S k—i—
4 2 \3k2 7 252 m 11088 m3  192192m
1 k8 1 k10 1 k12
72306304 m7 224040906 m9 189190144 m11 >> *
T < <_1m3+1m_ (LA UL S
RTve 2002 \ 3 k2 28 1008 m 44352 m3 768768 m®
1 k8 1 k10 1 k12
T 0225216 m7 89616384 m9 756760576 mil )) (4.220)
~s,UV-IR 6_2 i m?
TQS”4;5D =k T Ty <157r2k:2> +... (4.221)

Scalars, spin 2 x 4, dimension 6:
~ i 563 P 22 P
Tyion = K'mm <7r3 <<_ 1587600 10080> K (3675 - 560) -
143 P Lo\ m? 5 K\ mS 1 K\m®
(e ) () (o)
<9600 80 64> 2 <144 24) A (192 16) k6
137 K\ m' 3 K\ m'?
_<2400+40>k8_ (800+120> km—i—))-i‘
i 563 P n P
R, <27r3 <<_3175200 + 20160> K+ <3675 - 1120> m
+(_23+P>m4+ (5_K>“16+<1+K> mt
1200 1 160/ k2 T\ 288  48) k* ' \381 ' 32) %S

137 K\ m!0 3 K\ m!'?
_ kol IR L I L R 4.222
<4800 + 80> k8 (1600 + 240) o+ )) ( )

. j 3 Lo\ mt 1 L L 1 k!
2460 = P T \ o3 \\83 7% ) @ T\7 T 7)™ T 126" T 2
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1 ®_ 1 B 1 k1 Kk
72072 m* 1081080 mS 12252240 m® 116396280 m10

1 ]{714
TorTTasTR miz >) *

6 2 i 3 mt (1 Lo\ > Lo,
+k7r““”””(3207r3<< 2+L°) k2+<7 7 ) 6"

1 k* 1 kS 1 k8 1 10
2772m2  72072m4 1081080 mS 12252240 m8
1 k12 1 k14
— — + ... (4.223)
116396280 m10 977728752 ml2

_ : 563 K UT K
S UV-IR _ 162 » ¢ . ) g2 a2 2
2.4:6D T Tov \ g0 10845 T126) " t\7ss 7)™

47 m*
LK) ==
+<:m+ >M)>+
: 563 K 247 K
16 2 (Y (f_ 200 B ) g2 LA 2
R T <320w3<< 19845+126> * e

+<—§3+K> Tg>>+ (4.224)

Scalars, spin 3 x 3, dimension 3:

.60V 4im? 3m* 16im® mS  64im”

ww:%ﬁQM‘%m‘mm+%m+4m‘mm—m 3r &
2566 m? 10245 m!!

T 3157 k10 T 1557 K12 T ">+

I <31_9”12+2@'m3+977f*_24im5_3mﬁ
HETRUTVV 128k 32 k3w kY 8 K5 5w kS 2k7
96i m”  128i m? 512 m!! ) (4.225)

+

T35r &5 T 1057 k10 | 3855 K12 T

FouIR _ 163 i 3m 11 1 k2 1 k? 1 kS
= T _— e e ——————
3,3;3D o\ 5k2  70m  2520m3 36960 m5 384384 m7
1 K8 1 10
~amaimon 8~ siacan Tt ) )t
3204720 m2 24893440 m
p i (3m 3 1 1 k2 1k 1 kS
+k Wuuﬂ-uyﬂ-yy P - 5o T .~ — - a - - =
2r \5k2  140m 1680 m3 24640 m5 256256 m7
1 K8 3 k10
_— 4. 4.226
2196480 m° 49786880 m!! + )> ( )
~s,UV-IR 163 tm
T§,3;3D = k Tr/“j <_57Tk2> + e (4227)
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Scalars, spin 3 x 3, dimension 4:
; 2 4
75 = (3 (s o) (oo a0 5) T+ (ot 1) e
(oK) (B Ky (1 Ky,
12 2 ) kS 48 4 ) k8 600 10/ k10
—l—<—13—l—K> mm—i—...))-ﬁ-
600 10/ k!2

22 3P 23 3P\ m?

. G ([ 22 3P 2o oF )\ m”

+ k TupTpuyToy <7I'2 << 1225 + 560> + (100 40) k.2 +
mt (1 BK\m (25 3K\ m®
1A 8 4 ) kS 32 8 ) k8

8
17 3K\ m!0 13 3K\ m!2
)2 ) 4.228
+<400Jr o>k10+( 400+20>/€12+ >> (4.228)

. ' 2 L 1 K2 1 k! 1 k°
FSEIR _ 163 L 34sL) 0 2 F 2 F - K
33D = K | g (T3 3000 5 T~ 19602 ~ 27mamt 36036 md

1K 1k 1 k2 N N
360360 m® 3063060 m!0 23279256 m12
i m? 3Ly 1 k? 1k
k5 ——((B=8Ly) 5+ ——— — =~
T T g T <407r2 <( e VR v psts B TV
1 kS 1K 1 kY 1 kP > )

T24024m8 240240 m® 2042040 m10 15519504 m 12 |

(4.229)

_ j 4 K 31 K\ m?
FSUVAIR _ 463 ¢ _= 8 o2
3,3;4D T \ 52 735 756) T\e0 1) w2)) T
i 22 3K 31 3K\ m?
L6 o _ 0T - _ ) = 4.230
T (5772 (( 245 112) * (40 8 ) 2 >> T (4250)

Scalars, spin 3 x 3, dimension 5:

Ts,t,UV — k673 (1 <7Tk _ i@ + imi?’ + 377[-m74 _ &25 _ 126 + &E?_i_
3,3;5D M\ 2 \ 4096 256 k0 12 k2 128 k3 15 k% 16 k5 35 kS
am®  32im° 128 m!!
TI6 R 31545 3465 K10 ))*
—i—kﬁﬂ' T, T (1<37T _377['777,72_’_9771'77174 £m75_3£m76+
HETHVTVE A 12\ 8192 512 k256 k3 5 kY 32 KkS
12im”  3rm®  16im° 647 m!!
35k T3 KT 10545 1155 K10 )) (4231)
T3 — 0 (s (1 o= L L
3,3;5D e\ 20m2 \ k2 14 504 m 22176 m3 384384 m® 4612608 m7
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1 ]{ZIO 1 1{312
T14808192 m® 378380288 mll | )) +

+k67'l' T, T L fm73+imfik727 1 Ei 1 k767
HUTHETZVY A\ 9072 k2 ' 28 336 m 14784 m3 256256 mb
S LED 5 K + (4.232)
3075072 m7 29872128 m? 756760576 mil ' :
~UVIIR 6.3 i m3
T3,3;5D = k", 3072 12 + ... (4.233)

Scalars, spin 3 x 3, dimension 6:
- ’ 563 P 11 P
FstUV _ 6.3 v . L2 _ 2_
3,3;6D Tuv \ 73 3175200 + 20160 + 3675 1120)
41 P Ly mt 5 K\ mS 1 K\ m8
N T o ) e T lsas —n ) o Tl s T as ) e
9600 160 64 ) k 288 48 ) k 384 32/ k
137 N K\ m' 3 N K\ m!? N N
4800 80/ k8 1600 240 ) k10~ 7
i 563 P 11 3P
kﬁ v _ k,? e 2
T T o (27r3 (( 1058400 6720> - <1225 1120) e

N 23+3P m4+ 5 K m6+ 1 +3K m8
400 160 /) k2 96 16/ k4 128 32 ) kS

137 3K\ m! 9 K\ m!'?
B T Y I LT 4.234
<1600 * 80> = <1600 - 80> RO >> 250
- j 9 3Lp\ m?* 1 L L 1 k4
3,3;6D T\t \\a " 2 )@ T\7 T 7)™ T 126 2772 m?
1 kS 1 S 1 k10 1 k2

72072 mA 1081080 mS 12252240 m® 116396280 m10
1 k;14
TorrrosTRamiZ T )) +

: 4
6 (9 Mo (3 3L 2 Loga
R Ty T (3207r3 << 2 +3L°> 2z (7 7 )Rk

IS SN S SRS SN NN SN S
924 m? 24024 m* 360360 mS 4084080 m® 38798760 m10
1 k14
—_— =+ ... 4.235
325900584 m12 ) > (4.235)

~ ) 563 K 247 K
FsUV-IR _ 163 4 _ ) g2 a2 2
3,3;6D Ty 16073 19845 + 126 + 735 7 mer
47 m?
I "ol R
(%) )+

i 563 K 247 3K
kG — —_— k2 -~ 2
+ R T T <3207r3 << 6615 + 42) + <245 7 ) "
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+ (—;lg +3K> 7:;)) +... (4.236)

Scalars, spin 3 x 5, dimension 3:

51 im 5m2 8&m?® 15m* 32imb m6
TStUV—k’S 3 Y- v e A A i = 45
3,5:3D T\ Tos6k T o2 T 16K 3nkt S k5 3n kS U
1282m m®  512im?  2048; m1! )+

Tr B T 63n k0 T 603 B2
+k87rﬂu7TMV7T2 (_151+15m2_2im3_45m4+8im5+15mﬁ_
W\ 1024k 64 k3w k4 32Kk x kS T 4 k7
96im’ 15m® 128 im? 512 m! >

2 A R T ST Ty P (4.237)
. /3m 11 1 k2 1 K 1 kS
FoUIR _ p8.8 oM A —
3.5:3D T\ o\ 712 T eam T 2m72md T 18048 m5 | 576576 m7

5601024 m? = 47297536 m!t
' 11 1 k2 1 4 1 6
+ k3T TR, (Z <_3m —— i i i

or \ 7k T 84m T 3606m3 | 6406475 | 768768 m7
1 k8 3 k10
e R S N 4.238
1468032 m9 T 189100144 mil )) ( )
s,UV-IR 2t m
Tyssn = koo, m <77Tl€2) + ... (4.239)
Scalars, spin 3 x 5, dimension 4:
673 P Lo\ m2
FoeUV _ 83 o _ 0
35D = KT T 952 5880 TR
3 k6 24 " 2 ) k8

137 m K m!?
( +K)kw ( 3)W+...))+
+ kS T (Z(< 003 >+<—44+3P>+
prfprtvv \ 22 \ \ 52920 336 245 56 ) k2
47 3K\ m?* 25 bHK 5 15K
+<80_>k +< 21 1 >k:6_<32+ 8 )k:8+

137 3K 9 K\ m'?
A [ AT 4.240
+<80+ >k10+<80+4>k12+ >> (4.240)

- j 3 3Ly m? Ly 1 k2 1 k* 1 kS
ToIR g8 3 ¢ 2 m 0, - &~ >+ F F
354D = N T Tvv | 58 3 5 ) %2 "9 T108m2 T 5148 mA T 71020 mb
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1 kKB 1 k10

1

kJ12

1875160 m® | 8314020 m10

1
+ KT T T (567r2 ((3 +3Lo)
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+ TupTpr Ty <567T2

Scalars, spin 3 x 5, dimension 5:
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(4.241)
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+ B M Ty, (
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2
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64 k7
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1
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231 k10

7 2m
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5
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157 m* im 6
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144144 m3
1 k12

15T m
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641 11
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1 kS
2882880 m>

+

195677824 m0
1

1m3

1 k
m +

3972993024 m!!

£ )+

2 1 k4

8 2 [0
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N 1 kS
3843840 mb
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1 k8

1
52276224 m7
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Scalars, spin 3 x 5, dimension 6:
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23520 28
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(A Ym0 KymZ +
120 2 ) K8 120 6 /) k0 7
j 1627 P 563 P
]{,’8 2 L — kQ - Y 2
+ TpupTuv Ty, <2ﬂ'3 6403320 14784 + 105840 + 672 e

L(LL 8PYml (8T K\m® (35 SK\m,
245 224 ) k2 480 16/ k* 384 32 ) kS

17 3K\ m'° 49 K\ m!?
kel BN (N Mlal AN TR 4.246
* (320 + 16) k8 <320 + 16> k10 + )) ( )
- j 9 3Lp\ m?* 1 Lo Lo 1 Kkt
Ts,t,IR — 1853 , ? 9 obo\m- Lo 2_ Vg2, - 7
3.5:6D = ¥ T Tvv | 7993 sT 1 ) T \To T 9 )™ T 1" Thasme
1 kS 1 k8 1 10 1 k12

V154440 m* 2625480 m® | 33256080 mS | 349188840 m10 |

1 kZ14
31253738 M2 T )> *

) 4
8 2 v 9 m 1 Lo\ o Lo,
R T T <4487r3 <(2 ‘3L0> 2 (‘3+3> et

1716 m? ~ 51480 m* = 875160 m°® = 11085360 m?
1 kP 1 k4
. 4.247
116396280 m10 1070845776 m12 >> (4.247)

) : 1627 K 811 K
7sUV-IR _ 83 , L4 ) g2 _ o= B 2
8,5:6D T\ o8 \\ 343035 ~702) " T\ 11340 T36) ™ T
L (39 _ENmIY
840 4 ) K2
: 1627 K 811 K
18 2 4 LI oA 2
R T T <1127r3 14345 264) " T\ T3motiz)" "
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207 SR m . 4.24
+<280 4>k2>>+ (4245)

Scalars, spin 4 x 4, dimension 3:

N 11 im 1m?2 2im® 3m* 64imb mS
Ts7t7Uv:k8 4 - o - - o 27_
4,4;3D T\ 108k T on k2 T8 K 3nkt 4K T 1n kS KT
_256im77 B mj N 1024Z'm79 N 4096i mill N
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TR T o\ T 000k Y641 32K 5n k6 T AR 357 KB
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3m®  128; m? 512i mil )

_om et e T 4.249
4 k9 + 1057 k10 + 11557 k12 + ( )
j 3 92Tm 11 1 k2 1 k? 1 kS
FoLIR g8 4 Lo 2 - -
4,4;3D T k4 + 14k2 " 63m m o 2772 m3 + 48048 mb + 576576 m”

1 &8 1 ki
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*mﬁ*mﬁ*mw*”»*
IEI <Z <2m3_3m 11 1 & LK

v \ 5\ 200 T 14k T 168 m T 7302m3 T 128128 b
1 kS 1 k8 3 110
—_ 4.250
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UVIR 8.4 [ (4m 16m3 5 ) 16i m?>
TZZL ;3D =k°n /,1,1/ (57_‘_ (7]{:2 - ?ﬁ + k WMMTF/J,I/T(VV *gﬁ + ... (4251)

Scalars, spin 4 x 4, dimension 4:

3

o = e (2 ((563_13)_(_859_13 Lo) .
4,44D T\ 72\ \ 99225 ~ 630 29400 35 8
511 P Lo\ m* 5
(i s+ e) (50 > (5 +K>
() e (3 )
150 5 ) k0 50 15 ) k12
+ KT T <Z ((563 - P> + (352 + ?)P) —+
p 72 \\ 33075 210 1225 35 ) k2
8
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(23 3P> < +K>m6_<1+3K>+
100 40 k6 32 8 ) kB

m
kA
137 m K\ m'?
<400 )k <400+ >/~el2jL >> (4252)

- j 9 3Lo\ m* 27 27Lo\ m? L 1 k2
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444D = P T \ 702 \\8 7 71 ) %t + 28 28 ) k2 63 + 1386 m2+

\Hw
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L1 B, 1 B, 1 B, 1 E
36036 m® ' 540540 m® | 6126120 m® ' 58198140 m10

1 k12
T IR8R64376 m1Z T >> *

) 9 3L m? 3 3Ly m2 Lo
Brom? oo [ —= (=2 220 ) (L2 2z 2o
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1 k12
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j 9 m? 3 3Lo\m? Lo 1 K?
182 n2 ! Y R L oy s0o\mt Lo L R
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+k87r 77271- L ﬁ_ﬁ _|_ _g_{_g m72_|_
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Scalars, spin 4 x 4, dimension 5:
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15375360 m5 | 209104896 m7 | 2270281728 m9
1 k.12
t 21189296128 m11 >> (4.256)
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Scalars, spin 4 x 4, dimension 6:
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Scalars, spin 5 x 5, dimension 3:

_|_
_|_
811

_l’_
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2171 kS k9 637 k10 k11 + 6937 k12 +
109 o (151 75 m?  75m* 8&m® 75mS  160im”
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5,53D v 7T kY 126k2  693m 36036 m3 720720 m5
1 k6 1 k8 1 k10 N N
9801792 m7 106419456 m® 993248256 mll = "
i [20m3 20m 5 1 5 k2 1 Kkt
+ kO, 73 Tw | =\ =57 +t=75 55— — — — ——
MRy 7\ 7 k*  63k2 693m 36036 m3 144144 md
5 kS 5 k8 5 k10 N N
9801792 m7 106419456 m® 993248256 m!ll = "
i 10m3 5 m 5 1 5 k2 1 Kkt
o ,,7T2 N =Tt =5 - — = — T oo
PpTRY VY 7T kY 42Kk2 1848 m 96096 m3 384384 m?
5 kS 5 8 5 k10
- - + ... (4.262)
26138112 m7 283785216 m° 2648662016 m!1
~s,UV-IR _ 1105 i 4m m3 10 5 807 m3
T5,5;3D =k TrMV <217r <_3k‘2 + 16k4>> + k Wuﬂﬂuyﬂyy <217‘(‘k’4 =+ ... (4263)

Scalars, spin 5 x 5, dimension 4:

. i 6508 P 10837 P Lo\ m?
Tisan = k'm <7r2 <<_2401245 * 1386> * <_158760 & 80> I

+<_7837+P+L0>m4+ <37_2K>m6+<_35+5K> m®

11760 ' 7 8 )k T\45 3 ) ¥S 36 3 ) K8
—<17+2K)mm+ <49+2K> me. >>+
30 ko T \30 "3 ) k2 T
+ kP, w3 (l <<—65O8 + E)P) =+ (1126 - 5P) m72_
T\ 73\ \ 7480249 T 1386 3969 63 ) k2

(B 5P SLp\m', (3T 10K mf
1176 7 4 kA 9 3 k6

L (1B BE m* LT m—lo+ 49 | 10K m—m+
36 3 )8 6 10 6 " 3 ) k>

+.o))+
Lpoge o (0 (1621 5PN (563 5P\ m?
P TR TVY 2 320166 = 3696 5292 168 /) k2

N 44+15P m4+ 37 5K m6+ 175+25K m8
49 56 ) kA 24 4 ) kS 96 8 k8

17 15K\ m 49 5K\ m!2
S il I il RGS 4.264
() o+ (G B ) (1200
- j 45  15Lg\ m* 55  55Lg\ m2 L 1 k2
TSGR _ 1105 v _ 29 0\ m SR U Wl LA
5,5:4D T \ 1472 s T 1 ) T\ T3 36 ) 2 T 99 5mame
1 k? 1 k6 1 K8 1 k10

S 77220mA 1312740 mS 16628040 mS 174594420 m10
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1 kl?

1606268664 m12 )) +
0. 3 i 45 15Lg\ m' (5 5Lo\ m®  5Lg
+k 7T;J,/L7T,LLV7TVV (77_[_2 <<8 - 4 ﬁ+ - 9 k2 +7*
N N T
S 5148 m2 30888 m?* 525096 mS 6651216 mS 69837768 m10
5 k12
3212537328 mi2 | >) +
10 5 i 45 m 5 5Lo\m®  5Lg
T <567r2 (<_2+15L0> 2 <3_3 266
5 ki 1 Kk 1 kS 1 k8 1 10
1716 m2 10296 m4  175032mS 2217072 m8 23279256 m!10
5 k12
— . 4.2
1070845776 m12 >> (4.265)
j 6508 K 811 K\ m?
FoUV-IR _ 10 5 4 _ N B WA
5,5:4D Tn2 343035 + 198 + 2835 9 k2+
389 m?
T K
#(-30#) 5e))+
+]€107T 7-[-377 L f6508+% + gfﬁ m72+
HEZpr =Y\ 72 63607 198 567 9 ) k2
389
+(_+5K) ))
+ k072 7,72 _ozr 5K + Sl ok +
pp Y 147r2 22869 264 756 12 k2
+ —@-F% AR (4.266)
56 4 ) k4 '
Scalars, spin 5 x 5, dimension 5:
ey _pogs (L(m g momtimt Srmt it S’
w2 \ 24576 1024 & 12 k 512 k3 15 k 96 k>
105 k6 32 K7 189 K8 4 K9 693 k10 ' 6 k11 T
IPRD 3 1 om 1 5 m? n 25rm*  2im® 25w m6+
Ty | 5 | o2k~ t == 57 — = 5+
HAT v w2 \ 24576 1024 k£ 512 k3 3 k4 96 k5
82im?  25mm®  640im?® Smml  2560iml smm'®
21 k6 ° 32 kK7 189 k8 4 k9 693 k10 ' 6 kll
+.. )+
fgl0p2 oo (L Sn o 15w m? | Tsmomt 25w dimT
ppTRY VY \ 220\ 65536 8192 k 4096 k3 256 k5 = 7 kS
Tommt  S0im? A5l 320iml  smm o \Y oo
256 k7T 63 K& 32 k9 231 k10 ' 16 k!
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- ' 5 55 m3 1 1 k2 1k
FSEIR _ 1105 v m- - - r _
555D T \ 72 \ 34 + 108 k2 + 108" T 10296 m 617760 m3

1 kS 1 k8 1 k10

14002560 m® 212838912 m7 2554066944 m9

1 k12
T 26108239872 mil | )) *

+H%W%r(iﬁmﬁ_wﬁ+5m_fsﬁ_lkﬂ_
HEZprZ0Y A\ 72 k4 27 k2 198 10296 m 123552 m3
1 kS 5 8 5 10 5 k12
79800512 mF 212838012 m7 _ 2554066944 m° 26108239872 mil
+.))+
402 oo <i<m5_5m$+5m_ 5 K1 K
pptirtvy \ re2 \ k4 36 k2 528 27456 m 329472 m3
1 kS 5 k8 5 k10 5 k12
T7468032m5 567570432 m7 6810845184 m?® 69621072092 mil |
+..) (4.268)

=3, UV-IR __ 110 _5 1 2m3  8md 10 3 8 md
T5,5;5D =k 7Tw, (2171_2 <9]€2 - gﬁ + k W“Hﬂuyﬂyy —7217_‘_2 ﬁ —+ ... (4269)
Scalars, spin 5 x 5, dimension 6:
~ ] 8069 P 1627 P
7otV _ 105 (L0 12 _ 2
5,5;6D Tuw \ 73 3246483240 | 144144 2401245 ~ 5512 )™

(Al P L\m' (837 P Loym®
2540160 504 64 ) k2 141120 84 96 ) k4

N 59 N K\ m8 N 23 K\ ml? N 3 N K ml2+
1440 24 ) kS 720 12/ K8 80 12/ k10
_|_

L))+

_l’_

i 88069 5P
RO, <7r3 <<_ 649296648 144144> K
+ (1627 - 5P> m? + <—563 + 5P> m—4+
480249 5544 15876 ' 504 ) k2
< 121 5P 5L0> mb ( 59 5K> m®

112 84 48 ) & “os8 T o1 ) ke T

L (2B 5K m!? L (3 5K m!? N N
144 12 ) K T\16 T 12 ) ®0 T
o2 o (i (( 88069 5P\
R T <7r3 << 1731457728 3sazsa ) T
N 1627 5P 2 563 N 5P m4+
_ m2 4 (— m”
1280664 14784 42336 ' 1344 ) &2

N 11 5P m6+ 59+5K m8+ 23 5K m10+
147 224 ) k4 768 64 ) kS 384 32 ) kB
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9 5K\ mi?
+<128+32>k10+...>> (4.270)

j 55 5Lg\ mb 55  55L 1 L
TSGR _ 410 5 ¢ 99  oLo ) M- A - _ 50 2
5,5:6D — e \\2a” 1 ) T\ s T T k:2 + 99 g9 )™
Lo 1 k* 1 k6 1 k8 1 k10

-y _-_ > - r - r - r _
+2574 C77220m2 2625480 mA 49884120 mS 698377630 m®

1 k12 1 14
8031343320 m10 80313433200 m12 +.. >> +

10 3 i 55  5Lo 5 BLo\ m*

5 5Lo), o, BLoy, 1 K 1 K 1 K
2574" ~ 15444m? 525096 mt 9976824 mS

99 99

1 k10 1 k12 1 L4
T 139675536 m® 1606268664 m10 16062686640 mZ | )) +

(TR i 55 m® (5 5Lo\m!
k 7rf‘/”r“”7r””(2247ri” ((6 5L0> A +( 1776 )T

5 5Lo\ o 5Lg 4 1k 1 kS 1 k8
— - |m*+ k* — e
66 66 1716 10296 m2 350064 m* 6651216 m®

1 klO 1 k12 1 k14
— — +... (4.271)
93117024 m8 1070845776 m10 10708457760 m12

. j 88069 K 9551 K
7S UV-IR _ 110 5 4 _ k2 _ 2
5,5:6D 8473 38648610 | 1716 228600 "66)™ "
+ _@ _|_ E 777,74 _|_ @ _ K 26 +
3780 ' 6 ) k2 210 k4
j 88069 9551
110 3 4 _ O T ) 2
R T T ™ <847r3 7729722 1716 45738 66 +
1307 5K\ m* 319
_ L ) K
+< 756+6)k2+<42 5>k4))+
0 2 ) i 88069 5K\ 9551  BK\
R T T <2247r3 << 70072 " 1716) F T\ a5 66 )™ T
1307 5K\ m* 319 mb
+<_756+6>k2+<42 5K> k4>>+ - (4.272)

4.3.3 Divergences of the scalar amplitudes

Scalars, spin 0 x 2:

s ,nt {

Tonn k= <2W ) (4.273)
. iL
Tostn b=k (—;ﬂénﬂ) (4.274)
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Scalars, spin 0 x 4:

Scalars, spin 1 x 1:

Scalars, spin 1 x 3:

7s,nt t 21
k- T1,3;3D = ]{33 (27_‘_771> + kynm/ <ﬂ_m3>
et ) 21 41
T3, k= Ky ky ( or > + Kunw <377m3> + Kyt <37rm3>

= nt s L1 o 3ily 4
k- Tls73;4D = kz/ <—87Tm > + kunuu <—87T2m
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(4.275)

(4.276)

(4.277)

(4.278)

(4.279)

(4.280)

(4.281)

(4.282)

(4.283)

(4.284)

(4.285)

(4.286)

(4.287)



et 1Ly 1Lo tLo
1 34D -k = k k2 <—8ﬂ_2m2> + ku/r]y,/ (—87T2m4> + k;l/n,lll/ <—4ﬂ_2m4> (4288)

7s,nt { /)
k- T1,3;5D = kl% <_ 1972 m3> + kv <_5772m5) (4.289)

snt 2 { 3 1 5 21 5
Tison = bk ( 127r2m>+’““’7w <‘15w2m)+kv’7ﬂv (‘mm> (4.200)

~snt 3 Ly 4 1Ly ¢
k- Tls,g;ﬁD - ku <647T3m ) + kunu (32773m ) (4.291)
t o ile 4 iL3 6 1Lg 6
lsir’)IGD k= k k <647T3m > + kunwj <967T3m + kymw mm (4.292)
Scalars, spin 1 x 5:

=s,nt { 49 . 81 81
Tls,5;3D k= kﬂké ( o > +k k277m/ (ﬂ_m3> + kgmw <37rm3> + klm,%y (E)Trm5> +

32i
+ kynm/nuu <57Tm5> (4.294)
~ iL 5il 5iL
k-Ty5un = k) <—87T§m2> + k3 <— o m4> + k2, <— o m6> (4.295)

t af L1 o 9 3iL2 iLy
1S§4D k= kuk, <_87r2m ) + Kk oy <— a2 + Kl v \ ~5 2™ +

1L iL
+ kungy (—471_3771 ) + kun,ul/"?w/ <_ﬂ_23m6> (4.296)
7S, 1t 5 i 3 3 2 5 2 4i 7
k- T1,5;5D =k | - 1271_2m + kynuw _ﬁm + kun,,, _wm (4.297)

snt 4 1 2 21 44 5
155D k= kuk, <_12 >+kk77uu<_5ﬂ_m>+ky77uu<—15ﬂ_2m>+

41 162
+ klﬂ]gu <_35ﬂ_2m7> + kﬂ]uﬂ]w (_3571'2 m7> (4298)
7s,nt 5 iLZ 5ZL3 6 2 5’LL4 8
k- T1,5;6D = kl/ (64 > + ku U <487r3m > + kuﬁw <647T3m (4299)
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6 iL3 1L
Tett = bkt (m®) kb () + s (m®) +

1L
+ an ( ) + kl/n;wnuy <]67_:_13m8> (4300)
Scalars, spin 2 x 2:
~ 1 21 49
k- TQSZ;l;tSD = kuk?/ (%m> + kunuu <37_‘_m3> + kumw <37(m3) (4.301)

~ il 1L
k- TS:S;ZD = kyk; <—8772m2) + kunuy (—87;77#) + kvl

~S,Ht _ 2 i 3 7/
k- T2,2;5D = kﬂkl’ <_ 127T2m ) + k;ﬂ]l/u <_ 1572 m5> + ku"?ul/ 15n2 5> (4303)
1Lo 1L 1L
s,nt 2 3 3
k- T2 2:6D — k ki <64 5 > + k,ﬂ"]yy <967T5m6> + kyn;u/ (487‘('5m6> (4.304)
Scalars, spin 2 x 4:
k Ts,nt — k k‘4 2 4i 3 3 81 3 2 81 5
Lo 43D = Fu + kukomu —m + ko 3" + kung, =m +
321
+ kl/n,u,l/nl/l/ <ﬂ_ > (4305)
sn 2% 41
24t3D k= k2k3 < o > VnMM < ) + k kunuu <7rm3> + kukgnuu <7’rm3> +
160 ¢
+ Kunppnow u77,u/ + k;ﬂ?;wﬁuu) 57m (4.306)
=, iLy 3iLo iL
k- T2s74;t4D = k#ké <_87T2m2> + k,ukgnuu <_ A2 m4 + kinuu (_27_(3m4> +
iL ) L
+ kungy (_471_3m > + kunuunuu <_Zﬂ_237716> (4.307)

: il iLo 3iLo
2524]:) k - k2k3 <_8772m ) + ku /Lu <_87T m > + k2k;/77,/1, <—87r2m4> +
3iL iL
2 2, 4 3
+ kukonu <—47T2m > + ko <—47r2m6> +

1L
+ (kuniu + ku"?uunuu) <_2ﬂ_?2)m6) (4.308)

Fsnt g 14 i3 2 2i 4i
k- T25,j11;5D = kuk, <_ 127r2m > + kukonu <_57T2m5> + kimw <_157r2m5> +
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41 162
+ k,unz%u <_35ﬂ_2m7> + kl/n;u/nw/ <_35ﬂ_2m7> (4309)

¢ 2,3 i 3 i 5 2 i
2SZ5D k_k ky <_12 >+k77,uu <—157r2m>+k“kz,,nw <—57T2m>—|—
27 44
2 5 7
+ k k 7 (—57_[_277’1 ) =+ kl/nuunm/ (_ 357T2m > +

8t
+ (kun;%u + kun,ul/nw/) <_ 3572 m7> (4.310)

s,n oL L L
k- T2 4t6D - k k4 (64 2 > + k anuu <1Z63m ) + k377/w (224;3777/6> +

Z‘L4 iL4
+kunZ, <647r3m8> + ko Mow <167T3m8> (4.311)

8,0t iLQ ’iLg iLg
2 iLy g ily
+ kﬂkun,ull <167r3m > + ]fy?’]#lunyy (647_{_3771 > -+
2 iL4 8
t (B, + ko) { 55 5m (4.312)

Scalars, spin 3 x 3:
pent _pops (1 3 2i 3 2 2i 3 2 4i 4
kT35 = kuky <27rm> + K <371'm ) + kKT (Wm > + Eu k2, <7rm n
8i 5 2 16¢ 5
+ kyn,upnuu (571’m ) + (kunw/ + k,un;wnw/) <5ﬂ_m ) (4_313)
=s,nt _1.21.3 iLl iLQ 4 2 3iL2 4
k- T373;4D - k#kl’ <_87T2m ) + kll ymn <_87T2m ) + kukunw/ (_Wm +
3iL iL
2 2 4 3.6
+ k k vy <_ A2 m > + kl/nuunuzx (—Wm > +

iLg
+ (k‘,,’l’/il, + ku"?w/nuu) <_2ﬂ_2m6) (4.314)

Zsnt 12,3 i3 3 i o5 2 i 5
k- T??,;;BD - kuku <_ 127r2m > + kun## <_ 157r2m ) =+ k,ﬂfu??w <_57r2m > +
21 41
2 7
+ k k ms (_ ) 5 m > + kunmﬂ?m/ (_ 357T2m > +

81
+ (kyniu + kun,uunuu) <_ m7> (4315)

3572
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k - T3S gl.tﬁD = iki ( - m4> + kl%nﬂﬂ <967T3m6> -+ kik,/?’]m, (271_37716> =+
2 iL3 6 iL4 S
e (152’ 4 (G5’ +
2 1Ly ¢
+ (ko + Kutwnion) | 353m (4.316)

Scalars, spin 3 x 5:
St 215 (1 5 2i 3 4 201
k- Tysan = kuky <27rm> + ko (%m > + (kpkynuw + ki k3nu) <37rm3 +

162 81 321
+ kgnuunuu <3ﬂ_m5> + kikungy <7‘rm5) + kukgnw,nyy <7Tm5) +

324 32 64i
3,,2 2
+ kanW (371' m5> + Koy <7ﬂ_m7) + kwm/ﬂgu <77‘rm7 +
128z
+ kuniyﬁw (77Tm7> (4.317)

= s ont 34t 4 20 4 3,2 4i 4 2,3 8 4
T k= kyk, (m) + Kk (ﬂm ) + Kk (Fm ) + Kk (Wm +

3,5;3D o
+ Kk o (ﬁ:ﬂ”ﬁ) + kin?,y <im5> + k30w (353:m5> +
+ (kukfnﬁy + kikunuunuu> (i?:m5> + K (£m7) +
+ (koM Mow + Kot ) (26;1:7717) + ko, @i? m7> (4.318)
b Tt = K25 (— g ) + K (2 +
+ (k,ukénuu + kzk,%??w) (—EZ:; m4) + k300w (—iﬁfmﬁ +

5L 5L
+ kikﬂ?gy <_ 47T23 m6> + kykznuunuy <_ 7T23m6> +

Sily 5iL4 5iLy
+ k?’niu (_ 372 m6> + kVnH,ungu (_ 872 m8> + k/ﬂ]}u/ngy <_ 12 m8 +
5iL
+ kunil,nw <— 2;24 m8> (4.319)

. iL 3iL 3iL
Tyup k= Kk <—7r1m2> + Kby <—87T22m4) + ko <—47r22m4> +

8 2
3iL 3iL
21.3 2 4 2 3
+ k,ukl/nlﬂ’ <_2ﬂ_2m ) + kukunuunm/ <_ 92 m6) +
iL3 iL3
+ k,?iﬁgu <_ An2 m6> + kgnuun,uu <—7T2m6> +
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3ilL3 3iL4
(k kyn,uu + kikunuunuu) <_ 2 mﬁ) + kunwng,, (— 872 m8> +

3iLy iLy
+ (R Mg ow + Kt nov) (— mg) + ko, (—Wzmg) (4.320)

272

~snt 1215 i 3 5 i 5
k- T§’§;5D =k, k, <— 127T2m ) + k)N <— 157T2m ) +
+ (kukimu + K2k nuy) - + K upm S +
%% 122 37T pptivy 2172
44 164 162
2, 2 7 2 7 3,2 7
+ ky kv, <_7772m > + Rk oy <_ 7z > + K <—217T2m > +
161 321
2 9 2 9
+ kvnﬂﬂnuy <_ 637T2m > + kﬂn/“/nlw <_637‘-2m ) +

64d
+ kTl o <— ' m9> (4.321)

6372

?i;tBD k= k3k4 <_ 12;2 m3> + kuk’ﬁ%u <_527.72m5) + kﬁk‘g??uu (—527527%5) +
+ Rk <—547f2m5> + K k20,0 <— 325?2 m7> -
+ k;ﬂ?w <—354Zm ) + k30 (—3;%7117) +
+ (ku kvn/w + kikvn#VUW) <_345§j2 m7) + ks, <_ 1356;2 m9> +

641 1282
+ (k?unuun/uxnuu + kunzynuu) <— 10572 m9> + k‘zﬂ?ﬁu <— 31572 m9> (4.322)

w

iLQ iL3 5iL3
5iL4 5iLy4 51L4
+ klgxnuunuu <967r3m8> + kikungy (647T3 m8) + kukgﬁuvnw <167‘(‘3 m8> +
5iL4 iLs iLs
3,2 8 2 10 2 10
+ ki <487T3m > + KMy <327T3m > + Ryt My (167?3m > ™

iLs
+ B v <87T3m10> (4.323)

t 3,4 ( Lo 4 4 iL3 g 31.2 iLz g
385n6D k= k k <647r3m + kukuﬁuu <32ﬂ_3m > + kukyﬁw <167T3m +
+ k k 77[LV (87‘(’ > + k/l‘k nuunyy <327T3m ) + kunlﬂ/ <647T3m +

+ kN 1603 " > (k kVnMV + kuk”m‘”n””) (167r3m ) +
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3iLs 3iLs
+ kﬂn/ﬁungu <1607T3m10) + (k?uﬁwﬂuunw + kuﬁiyﬂw) (407.‘_3m10> +
iLs
+ ki, (207r3m1°> (4.324)

Scalars, spin 4 x 4:
i 2 43 8
k- TizllltBD = k3k4 ( o > + kykﬁn/w < > + kgk‘ynw (71- ) + ki?k‘y??uy (ﬂ_m3> +
484 8i 32¢
2 5 3,2 3 5
+ Euk oy <5ﬂ_m > kg, <57r ) + Ky (57Tm > +
961 964
(k kl/n;w + kzk'/”uvnw/) <57Tm5> + k‘umunfu <357rm7> +

3841 2561
+ (kyn,uumwnl/z/ + k“niynVl/) <357Tm7> + k‘ynz,, <35ﬂ_m7> (4.325)

2 ily 3iLo 3iLs
k- TZ:II,ZLD = kzké <_87T2m > +k k477uu <—82m4) + kikg Nuv <—47r2m4> +

3iL2 3ZL3
+ kzkg Nuv <_ 27.‘.2 > +k kun##nuy 6>

3,2 iL3 3
+ ku U <_47T2m > + kyn#un,ull <_ 2 > +
3iL3 3Ly ]
) + kﬂnﬂ!ﬂ’uy ( 87‘(’2 m +

3Ly 1Ly
+ (k?un,uunuunuu + k,uniynuu) <_ 271'2 8) + ky 'u,, <_7T2 8) (4326)

(k kyn,uu + kzkunuunuu <_

Fs,nt 3.4 i3 4 ] 3,9 2 .
k- TZ,Z;5D = kuku <_ 127r2m > + kukynuu <_5 5m ) + k koMo <_57r2m > +
43 244
213 5 2 7
+ Kk (—57r2m ) + kukonuumo <—357r2m ) +

+ k,ﬂ?w <_ 357T2m > + kyn#unuu <_35ﬂ_2m ) +

481 162
(k kl/nuu + kikun/u/nuu) <_35772 m7> + kunwn,%,, <— 10572 m9> +
641 1282
+ (k,,nwnm,nw + kuniynyy) <— TS m9> + kuﬁzy <— 152 m9> (4.327)

iLo il iLL

BT = K3k <64 m4> bk <32 s 6> R, <167§3m6> N
ZL3 3’LL4 ’LL4

+ kikg Nuv (87T m > + k k277,uu77uu <32ﬂ_3m8) + kingy <647‘r3m8) +

, iLi , 3iLy 4
+ kN <167r3m > (k kVnMV + kuk”m‘”n””) (167r3m ) *
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3iLs 3iLs
+ kﬂn/ﬁungu <1607T3m10) + (k?uﬁwﬂuunw + kuﬁiyﬂw) (407.‘_3m10> +
1L
+ ki, (207r3m1°> (4.328)

Scalars, spin 5 x 5:
~ ) i) 201
k- T§,75r>l;t3D = kﬁk?f <2ﬂ_m> + kikgnlm (Wm3> + kﬁkffﬁw <37TW3> +
. 401 81 81
31.4 3 5 2 5 4 2 5
+ kaVn/J'V (37777’11 > + kl/np,p, (57Tm ) + kukunyu (ﬂ'm > +
4 2,3 321 5
+ (kﬂkunuﬂnul/ + kukunuunw) 7771 +
641 641
+ (kikgniu + k‘fik?,munw) (ﬂ_m5> + kiniuﬁw <77Tm7> +
192i - 768i
+ K2k, ( ——m > + (kuk 2o + Kok n) ( ——m ) +
128; 2561 51212
3 2 7 3 2 7 2.3 7
+ kﬂnl“’nw/ <7,ﬂ_m > + k;ﬂ?/mnuu <77Tm ) + kﬂkynuy <77‘rm > +

128i 512i
+ k””ﬁnngv ( mg) + B i <217rm9> +

217
1024: 20481 10243
i kvnuuniynuy < 21w mg) " szynw < 637 mg) - kuﬁfw ( 637 mg)

(4.329)

8,0t 415 iL1 2 2.5 3ZL2 4 413 5ZL2 4
k- T5sap = Kuky <—87T2m > + Kk <—47T2m gk (—Zam* ) +

5iLo 1Ls 5¢L3

3,4 4 5,2 6 4y, 2 6
5t1L3

+ (kg M + Kokt (_ 2 m6> +

10¢L3 511y
+ (kikin;%u + kzk?/n,ul/nuu> <_ m6> + kl%nl%/in’/’/ <—4ﬂ_2m8> +

T2

15¢L4
+ kikllnﬂ»#ngu <_ 47-(-2 ms) +

15414
+ (kuk o Mo + kikwfwn"”) <_ 2 m8> *

Y SYI
+ kzﬁuunfy <_ ) m8> + kimmiy <_2m8> +
T T
10¢ L4 31 L5
+ k,ukgniy <_ 2 m8> + kyniungl/ (_ A2 m10> +

3iLs 6iLs
Ry T <_7T2m10> + KTl Mow <— p m1°> +
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4iLs 2iLs
+ kunzynw <_ﬂ_2m10> + kuﬁfw <—ﬂ_2m10> (4.330)

~s,nt 7415 i 3 21,5 2 5 41,3 21 5
k’ . T575;5D = kuklj <—12ﬂ_2m ) + kukunﬂﬂ <_57_‘_2m > + kukunvz/ _Wm > +
41 41 41
31.4 5,2 7 4 2 7
+ Kk <_3772 ) kom ( 357T2m ) + kykuny, <—77T2m +

167
+ (kukén/mnw +k, kummﬁw) <_7772m7) +

324 324
(k2ku77uu + kzkz%zﬂ?w) <_77T2m7> + kgnzunyu (—2m9> +
324
2 2 9
+ Rk iy (‘21772”‘ > +

12812
+ (kukgnuu%vnw + kikl’ni'm“”) <_21772 m9) +

641 128z
+ k377;w77w <_637T2 mg) + kgnuuniu <_637T2 m9> *
256i 64i
+k kun,uzl <637T2 m9> + kyﬁiuﬁzu ( 23172 mn) +
2561 912¢
9 11 2 11
+ kunuu%u%u <_ 23171.2m > + k’/n““nlﬂ/nwj <_2317T2m > *

10244 512i
+ kT Mow <—693W2m11> + ki, <—693ﬂ2m11) (4.331)

pont _gags (e a4\ 005 13 5ily
k- T5,5;6D = k,ukl/ <64 > Mku U < 1673 ) uk,, Ny <487T3m +
5iL 5iL
31.4 3 2 4 2 4 8
+ k‘ukl, Um <24 > Umn ( ) +k kl/ sy <64ﬂ_3m ) +

52L4
+ (kukénuunuv + K kunu,unuu) < 3m8> +

167
Y iLs
(k%,,nwj + k3k277/w77W) ( 23 m8) 4 kini“nw <67r3m10> 4
3iL
2 2 5 10
+ kKo nuuny, (16713m ) +

3L iL
* (kukgnu,unuunyu + kik”nil’n’”’) < 47T35 ’I’)’L10> + kznuungy <87T3m10> +

3 iLs 2.3 (s 19
+ k 77““7]“1/ <47T3m > + k kl/ /»“’ (27[_3777/

iL6 iLG
+ kﬂnMHnMVngu (87‘(3m12> + k?unuu”;%unw ( . m12) +

iLg 1Lg
+ Kt Mow <67T3m12> + Ky, < : 27r3m12> (4.332)
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4.3.4 Fermion amplitudes

Fermions, spin 0 x 0, dimension 3:

5 i 1, 1m?
T8 030 = —oom+ T (—8k + 2k> (4.333)

Fermions, spin 0 x 0, dimension 4:

~ ) L ) m?
T¢oup = 4—;2 <<1 - 20> k% + (=5 + 3Lo) m2> + 41? (—k + 4k) (4.334)

Fermions, spin 0 x 0, dimension 5:
4

~ ) 1 9 T 1 1
T4 050 = ﬁ <—4k2m + 3m3> +— (—mk?’ + hm? - ”Z) (4.335)

Fermions, spin 0 x 0, dimension 6:

o0 (L Lo yay (23T 5LoY o 0 (65 SLo 4
T0’0;6D_47r3(<9 24>k+( 56 12 ) e )™ ) T

iS 1 1 m?
—(—=k+ Zkm? — — 4.336
T3 < 6" T2 TG ) (4.336)
Fermions, spin 0 x 2, dimension 3:
; 2 3
R T m 1m 1m
TO,2;3D = k oy (271_]{:2 + T <_8k + 2k3>> (4337)
=font i 2
10930 = Thow <—7Tm ) (4.338)

Fermions, spin 0 x 2, dimension 4:

~p ¢ 9 i 2 Ly m3 ) 1m m3
TO,2;4D =k oy (37‘—2 ((3 — 4> m — 2? + 3? —iz + 2@ (4339)

= f iLy
Togup = Thow (Wm?’) (4.340)
Fermions, spin 0 x 2, dimension 5:

: 4 3 5

~ft 9 1 1 5 m T 1 1m m
’ = — | —-m" - — — | ——=k —— = 4.341
Tozsp = K <87r2 ( 4" k2> T3 < 6"t T (4:341)
[hot = Lot 4.342
T0,2;5D = Nwv 3?771 (4.342)

Fermions, spin 0 x 2, dimension 6:

=ft 9 (23 Lo o 43 Lo\ 3 g”i
T072;6D—k7TW<37T3<<600 0) Mt e TR )™ s )t
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S (gt
15m \ 8" T % 3

(4.343)
~f i Lo
Tynigp = M <_87r3m5> (4.344)
Fermions, spin 0 x 4, dimension 3:
; 2 4 3 5
~ i 4 9 1 om m 3m 3m 3m
’ = — == — T|—=——--"—"%5+-=-—7+ 4.345
To'ap k:7rw<27r< 4k2+3k4>+ <32k 108 s (4.345)
To'tsn = k20w <—m2> + 12, <:r (k*m?* — 4m4)) (4.346)
Fermions, spin 0 x 4, dimension 4:
ft a4 o 0 23 Lo 14m?  _md
T =478 (52 (50 + )t 5 93 ) +
S (1m m3 md
— == —4—+8——= 4.347
o (2% ~ 5 +57)) (347
Aot 7.2 iLy 3 2 i 2.3 5
Tyap = kotow  —3m” ) + 1y 53 (~ Lk m? 4 3Lom?) (4.348)
Fermions, spin 0 x 4, dimension 5:

£ a0 (i (1 o 1m*t 1mb T (1 3m? 3m® m’
) — | — - S 7k. - -
Toasp = MM <271'2 <32m 3% ow) THm\a"" Tk Tiw W
(4.349)
~ 21 1 1 4
f,nt _ 1.2 4 2 2. 4 6
T0,2;5D =k <3772m ) + (7r2 <—3k m- + gm >> (4.350)
Fermions, spin 0 x 4, dimension 6:

£t _qa2 (4 ([ 22 Lo\, 337 Lo\ 3 4m® 8mf
T0,4;6D =k Tov <7T3 (( 3675 + 560 k*m + m +

4200 40 2% T3 H
S (1 3m3 mP m7
Jhkm— o ——+6-5 — 8= 4.351
NS <8m 2k O k5>> (4.351)
~f nt 2 il o (1 (La,p 5 7
T0,4;6D = kV’I’]w} <_4ﬂ_3m ) + uny (47‘(3 <2k‘ m- — L3m >) (4352)
Fermions, spin 1 x 1, dimension 3:
St o im 11 1m? iT m
futap = (mm”(m*m R (4.353)
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~fnt
Ty =0

Fermions, spin 1 x 1, dimension 4:

=ft _ 1.2 L _3 @ _miz ﬁ 11 miz
T1»1;4D_k”“”<3n2<< 12+4> 2 ) a2 0 T

=font
Tyyyp =0

Fermions, spin 1 x 1, dimension 5:

N (3 m3 T (3 1m? mt
g2 (L (S, o) L8, Amm me
LD = <167r2 T ) T e \16" T2 W

Hfnt
T1,1;5D =0

Fermions, spin 1 x 1, dimension 6:

. ) i 77 Lo\ ,», (31 Lo
1—'7 = kj — — T A k
1,1;6D Tuv <37r3 <( 1200 + 40 + 120 8

L3S (1, im? 1wt
5m3 \ 12 4 k 3 k3

=font
Tiyep =0

Fermions, spin 1 x 3, dimension 3:

(4.354)

(4.355)

(4.356)

(4.357)

(4.358)

m2+1m74 +
5 k2

(4.359)

(4.360)

poht 4 { 1Im m3 11 1m? 3m?
o = (g (37 +3%0 ) +7 (g 7+ 1))+

1 m? 1m 1m?
k2 : vitvr a_ 19 T S 7 A 12
Rk €)um (27r 2 <8k 2k3)>

7 4y 1
Tlf:g,t?»D = NuvThvv <_3ﬂ_m3> + (k? . 6)#1/771111 (—Wm2)

Fermions, spin 1 x 3, dimension 4:
ft _ 14 1 31 LO 2m2

52 6k 3 k3 k®

~f nt 1Ly 4
TV'5.4p = Nowuw (Wm )
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(4.362)
m4
- 41&) +
(4.363)
(4.364)



Fermions, spin 1 x 3, dimension 5:
)t _ 14 l 1 1m2 md
oo = (g (5o + 5 ~

T 1 1m2 1m* mb
+—|—-—=k+—=—+

_|_
TR 4.365
st\ 61" 16k 4k k5> (4.365)

=f nt 43
T1,§;5D = N Nuv <15772m5> (4.366)

Fermions, spin 1 x 3, dimension 6:

. j 599 Lo 247 Lo 1m*  4mS
Tf,t — ]{4 L I kQ - — 2
1,3;6D TovTuw \ 503\ \ 35280 168 T Um0 )" -

TR T
iS 1 1m? 2m*t 4mb
=kt =+ — ¢ 4.
+77r3< 60" T2k 15 5k:5>> (4.367)
=f,nt ZLS 6
Ty’36p = Movv (‘1%37’” ) (4.368)

Fermions, spin 1 x 5, dimension 3:

pht 6. o (i (1m 1lm® _md
Thssn = E T <27r (16 ook T )T

128k 32 k3 8 kP 2 k7

1 5m2 _m? 3m 3m3 3md
k4 k- 5 2 I A - (2 omT  Jom-
+ kY e)uww<2w( 4k2+3k4>+z ( 55t 1 2k5)>

(4.369)
~ 44 8i i (4 32
Tlf’?g;th = kukunzy <_37Tm3> + kzn,ul/nuu <_37rmg> + 77,LW7712/V <ﬂ_ <3k2m3 - 5m5>> +
2 1
+ k2(K - €) <—7rm2> + (k- €)wn?, (W (k*m? — 4m4)> (4.370)
Fermions, spin 1 x 5, dimension 4:
5t 62 i 247 Lo 3m? 116 m* mS
Tt oy =k — (== 22 ) -+ 16—
LD = M (77r2 << 2100 " 20) 5K 15k k)T
iS (11 1m? 32m! mO
— ==+ - —-—=+16— 4.371
+7772 <1Ok+5k3 5 k5 + k:7>) ( )
~f,nt 2 (%) 4 2 (%) 4
T1,5;4D = kukuiy, (27‘r2m > + KN (Ter ) +
i
+ w2y (27r2 (—L2k2m4 + 4L3m6)> (4.372)
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Fermions, spin 1 x 5, dimension 5:

£t 6_2 i 3 3m3 31m® _m7
T155D_k7TW7TW<167T2<64m_16k2+12k4_5k6 +

T 3 1m?2 3mt mS mb
= - 43 _5__ 4.373
+167r (256 16 k 8 k3 + k5 k7>> ( )

£ nt 4q 8
T11515D =k kl/nyu (15 5) + kynuvnuu <157T2m5> +

4,
+n,wnﬁy( ( 3 md + m7>) (4.374)

Fermions, spin 1 x 5, dimension 6:

- ' 1937 Ly 811 Lo 2 m?
it 62 v . 20 ) 2 oL o 2 & m
156D = ¥ T \ 7o 926800 360 © T\12600 " 20)™ T 15 %2

152 mb N 16 m®
135 k4 9 kS

iS 1 1m2 1m* 44 mb 16md
=k = - 4.375
t3,3 (420 60 & 35Kk 105k 21K )) ( )

=f,nt iLB 2 iLB 6
T1 5:6D — =k kunm/ <_ 1273 ) + k i (_67'['3m +

i (L
T <4:T< 2 iPmS L4m8>> (4.376)

Fermions, spin 2 x 2, dimension 3:
N ' Im m? 11 1m?
Tf,t — k4 2 [ - T _ _ _
2200 =¥ T \ g \Tap2 T ) T Tk T2 W )) T

_|_k4 L 1E+m73 _|_T il_}ﬁ_i_}wil _|_
TupTov \ o\ g2 7 A 64k 8 k3 4D

1 m? Im 1m3
2 .
Ty5sn = (T + M) —3m’ )+ (k- €)My ——m (4.378)

Fermions, spin 2 x 2, dimension 4:

. ' 3 Lo 19 Lo 8 m?
it a2 (L2 _ 7 _onn
2,2;4D K T 2 50 40 + 180 M) 12 k2 15 k* *
LS (11 1w 8wty
5m2 4k 3 k3 3 kb

+k=47-‘- T L _ﬁ_i_@ _|_ g_@ m72_4m4 _|_
HEZVY\ 372 300 40 60 4 ) k2 5 k4
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LS (1L om? ot
1572 \4 k k3 k®

fnt ily 4
T2,121,4D = (77;w + 77Mﬂ7W) <4772m )

Fermions, spin 2 x 2, dimension 5:

L i (1 AmP Am?
TueTvv \ 792 \ 32" 7 372 A

(4.379)

(4.380)

2 1m6
‘w))*

_ j 1 7Tm3 mbd T 1 1m
it a2 ¢ . e o L (_ 2 -
2250 = F T \ o2 \ T3 e ) T \ Tk T 16k
+

2
T (1 1m?> 1m* 1m®
— =k =+ - —-—F 4.381
+87T <192 16 k +4k‘3 3k >) ( )
=f,nt 21 5
Ty5isp = (Mo + Menthn) Sm (4.382)
157
Fermions, spin 2 x 2, dimension 6:
~ ) 31 Ly 277 Lg 347 Lo\ m*
vat _ k4 2 v k el oal Lo
2,2,6D M 3 7056 672 + 8400 + 10080 48 ) k2 I

_|_im76 _‘_ﬁ _ik+2m —
105 k4 2173 16 5 k 5 k3 5 k:5

i 11 Lo 337
k4 . v - k2 2
R T <37r3 << 3675 1120) (8400 > e

N 127+L0 m4+4m6 +zS 1k
672 16 ) k2 = 35 k4 3573 \48 4 k

~fnt 1Ly g
Ty96p = (%u + Napelow) (—247T3m )

Fermions, spin 2 x 4, dimension 3:

“tt 6 i (Im Tm? m>
Tisp = Komi 7TW<47T<4/¢2_3I§4+SI@6 +
6 9 7 1m 1m?® 1m®
R ( <_32k2 T3k T

™

11 3mZ 3m?t 1mb
+T7 | ——= 4+ ===+ == +

64k 4 kS

128k 32 k3 8Kk ' 2kT7
1<5m2 m:

k4k' v viilvv \ 5
+ k% (k- €)pmpm (277

— 64 —

11 3m?
T<—m+
_l’_

m?  omt_ Am®
k3 3 kb

(4.383)

(4.384)

m6
2ki7>) +

+3m _§m75
4k 2kd

(4.385)



Tytsn = (K20t + kukunyu o) (—;ims) + (komp, + kong,) (—;mg) +
+ 77#!”731/ (:T (§k2m3 - imS)) + nfwnw (:r (§k2m3 — 254m5>) +
+ (K2(k - €) iy + Kk (k- €) o) (—im2> +
+ (k- €) Mo <71T (k*m* — 4m4)> (4.386)
Fermions, spin 2 x 4, dimension 4:

iS /31 2m? m*  64mb
+ —4— + +

w2 \20k 5K k| 5 kT
' 44 L 337 Lo\ m? 8 m?t
L6 2 [ v 24 Lo 99l Lo\ m® 83 m
R <772 3675 2s80) T\ 2100 T 20 ) W2 T 2i A
16 mS iS 11 m? m mb
— 43 125 1 16— 4.387
35k6>+357r2< 1% 03 W k7>> ( )
T272;t4D = (kﬁmunw + Kk Ny nw) (27T2m4> + (kﬁnﬁy + kingy) (Wm4> +
2 i Ly o 6
+ Ny <27r2 <—2/€ m- + L3m > +
2o (g (—22k2m? 4 3Lym® (4.388)
m 272 2

Fermions, spin 2 x 4, dimension 5:

St 162 i 1 5m3  5m® m’
faen = F (W (64’” TR T W)t

+T<1k;_17712+17nﬁ_7718>>+

47 \ 256 32 k 2k kT

—|—]€67T 7T2 <Z<_1m_~_117n3+117n5_7n7)+
HEZVY \ 1672 64 48 k2 12 K+ kS

T 1 1m2 3m* ms md
— =kt -+ — - — 4.
+167r < 256 + 16 k& 8 k3 + k5 k7 >> (4.389)

~f,nt 2 4i 5 2,2 2,2 21 5
T2,4;5D = (kun/wnw/ + kukumwnw) <15ﬂ_2m ) + (klﬂ]w/ + kunw) (157_‘_2771 ) +

1 2 8 1 2 24
+ 77##7731/ <571'2 <_3k2m5 + 7m7>> + Uiuﬁw <57r2 <—3k2m5 + 7m7>>

(4.390)
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Fermions, spin 2 x 4, dimension 6:

- 6 2 i 25 Ly 9 2713 3L 2
Tyhen =k — 5016 )
2,4;6D T T <773 << 15876 + 2016 * 176400 560 *

(370 Loymi_ 20m’  64mN
16800 80,/ k2 189 k* 315 kS

iS(l 11m2 1m* 4 mb 64m8>>

350336 120k "B E TR 1055

: 563 Lo 1091 Lo
K6 2 [ _ B0 ) g2 _ YL m2
T T <57r3 <<317520 2016) T\ 7350 T12) ™ T

233 Lo\ m* 52mb 16m8
o~ w57 " Teed T ) T
1120 16/ k 189 k 63 k

iS 1 1m?2 m* 16mS 16m?3
——k — 4.391
1057r3< 48 +3/€ k3+3k5 3k7>> ( )

=f, L3 iL3
Ty ZtGD (/fZUWUW + Kkt nuw) < 1om m6> (kvn/w + kunw) (_247r3 m6> +

i (L3 Ly i (L3 3L4
gty <87r3 <3k2m6 - 2m8)> + 77;2w77w <87r3 <3k2m6 - Tms

(4.392)

Fermions, spin 3 x 3, dimension 3:

~ ] Im 1m3 md 11 1m?2 1m* md
it 6.3 (L2 I oM T|(—>-_- = _ - 4
3,3;3D T\ 9 \8k2 ™ 3 %4 + k6 + 64k 16 k3 4 kS + k7 *

16 1 1m 3md 3m5
" WWMWQE*Eﬁ*zm+k6+

128k 32 k3 8 kb 2 k7
1 m? m? 1m 1m? md
k4]€' y 2 - 4 T ——— -
A 6)“%<4W( et k4>“ < 6k 2% k5>)+

1 /[1m m? 1m 1m?® 1m®
4
: v v\ 5_\ 5 79 T|—z— 713 7 a8 1.5
R T <27r<4k2+k4>+2 < 2F TI8 2k5>>

(4.393)
Tézgzﬁ?’D o (kQWM“nMV +k k””ﬂunuu + k;ﬂ?;uﬂ?w < )
i 64 32
+ NupMw Mo <37r <4k2m3 5 )) + 773 < Tor 5) +
2 5 4
+ kuky(k . E)IWUIW —;m + (k . e)lwn,uunm/ _gm +
1
+ (k- €)um, <37T (3k*m? — 8m4)> (4.394)
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Fermions, spin 3 x 3, dimension 4:

N j 599 Lo 247 Lo mZ 8m* 32mS
T — 6.3 v . Lo a5l e
334D = N T \ 5.2 410 T21) T \515 PR

LiS (21 2w lom! s2mt\\
Tn2 \15k 3 k3 15 k5 5 k7

Y i 457 Lo L3882 Lo\ m? L9 m*
T Ty ™ — Soon T o 5=t 5 35 T 5o
HEZEZZVE A 52 \ \ 8820 84 315 3 ) k2 21 k4

48m@'> iS( 11 13m?2 16m?* 48m6>>

= e e 4.395
7 kS T2 30k’+15k3 3 k’5+5 k7 ( )

=f,nt L
T3'3.4p = (kunuun/w + Kuku o + kﬂ”W”W) (2 )

i L 2iL
+ NNy Mow <7T2 <—22k 44 >> N < 3m6> (4.396)
Fermions, spin 3 x 3, dimension 5:
St O i 5 31m* 1m® m’
Ty =k ———=m-—=— 4+ - —
3,3:5D (8712 (192m Wz T T )"

+T 5l<: 1m2+1m4+1m6 m® +

8m \ 768 16 k 8 k3 3k k7

6 i 1 35 m®  25m° _m'
+E T | w5 |~ o oo — 3 |

1672 192 144 k2 12 k4 k6

T 1 1m2 5m* 7mS m8
=kt —-———-———+ ———-3— 4.
+1677 ( 768 + 16 k 8 k3 + R 3k7 >> (4.397)

. 4i
T3 §t5D (kfmmmw + kpkunupmo + kﬁmwnw) <15772m5> +

1 9 5 64 - 3 32: -
+ NupNuv vy <157T2 <—4]€ m- + 7771 >> + nl/f’/ <1&:m2m (4398)
Fermions, spin 3 x 3, dimension 6:
~ ) 1021 Lo 317 Ly
FEt 6.3 4 _ 0 ) 2 2 =0 2
336D = Tuw \ 153 52020 " 168 )" T \damo T 1a)™ T

N _1+Lo mt_32m°  32mtN
k‘2 63 k4 21 k6

2173 \60° 6 k 5K 15 k5 15 k'
i (1 457 Lo
kﬁ v 71{:2 e 2
R T Ty T <37r3 <5040 * ( 20400 280> *

(770 _Lo\m!_ 8m° 16m’\
4200 20/) k2 21 k* 35 kS
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79 1 m2 mt mb 16 m8
— == t4—= - = 4.399
+357T3 (12 k k3 + kS 3 k7>> ( )

1273
{ L3 iL4
+ NuppNMuv vy (6 3 ( k:Qm — L4m )) + 772,, (— 1973 mg) (4400)

Fermions, spin 3 x 5, dimension 3:

=f,nt iL3
T3 §6D - (k?/ﬁuuﬁ;w + kukunuunuu + ki’l’]w,?’],jy) <_ m6> +

=t 8 i 3m 3m® 3lm m’
%wD—kﬂfw(m(‘mw+4mf‘sm s )t

B (R L U UL N
256k 16 k3 8k kT K
7

+ KB e - 1E+Eﬂ_47m —|—15m +
HRTRVEVY \ g \ 64 k2 ' 48 k4 4 kS k8
T< 71 9m? 33m* 13mb 15m8)>

1024F G4k5 32K A K AR
1 /3m? 8m* mS
6 2
R D (w <4 K2 3k +4k6>+

1m 3m? md m’
T - —4—
i (16k 155 T k?))+

1 1 m?2 2m mb
6 2
+k (k ’ E)MVTFNMWVZ/ <7‘r <_ 16 k2 - g 4 + k6 ) +

1m 3m3 3m® m’
4ﬂ(Mk mm+4m—kﬁ> (4.401)

=t

81 43
Tysiap = (kukytution + Kok 0w ni) <—37Tm3> + (kg + Kakomy,) <_377m3> +
i (4 32
+ Kk uni, + kimumz,) <7T <3k2m3 - 5m5>> +
i (8 64 641
+ kgnuunuunuu <7T <3k32m3 - 5m5>> + kukunﬁ,mw <_5ﬂ_m5> +
641 ) 4 32 64
2 3 2 4, 3 2 7
+ ku U <_ 157Tm5> + N Mo <7T <_3k m° + Ek m5 - gm )) +
1 (64 512 1
+ 77;?11/771/1/ <57r <3k2m5 - 7m7>) + kikg(k ) 6)#1/771/1/ <_7Tm2) +

2 8
+ kuki(k * €)M <_7rm2> + kf(k C €)M ow <—37Tm4> +
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+ (k- e)uyniynw <7r (—k4m2 + §k2m4 — 5m6)) (4.402)

Fermions, spin 3 x 5, dimension 4:
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Fermions, spin 3 x 5, dimension 5:
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Fermions, spin 3 x 5, dimension 6:
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Fermions, spin 4 x 4, dimension 3:
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Fermions, spin 4 x 4, dimension 4:
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Fermions, spin 4 x 4, dimension 5:
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+ k kl//r],u,l/ <_57T2m ) (kunuunl/lj + kun##nljl/) (357T2m > +

+ kkan#Mn#VnVV <7T2 (—5]{ m° + 7m —+

(k277/w77;w + kw,wnw) <7:2 <—§k2m5 + §m7>> +
+ kukun, (15' (Ska n 674m7>) N
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Fermions, spin 4 x 4, dimension 6:
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Fermions, spin 5 x 5, dimension 3:
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+ ki kgnﬂﬂnlﬂfnuu <

1

+ (kukgn,uuniy + kikVnil/nVV) (57‘(’
212 3 i 2.3 128 5
— | =32 _——
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Fermions, spin 5 x 5, dimension 4:
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Fermions, spin 5 x 5, dimension 5:
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Fermions, spin 5 x 5, dimension 6:
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T5,151?6D = k; k‘u??uunuy <67r3m6) - (kikff??uwuu T k,,mwnw) <27T:)’m6> "

1L3 ily
+ kikg /21«11 3m (k kljnp,'unyy + kikl’nﬂﬂngll) _737’77,8 +

3m 20

1Ly
(kunuunlﬂl + kﬁmﬂ/ngu) <_4ﬂ_3m8> +
+k, kunuun;w??w <2 3 (L3k2m —4Lym )) +
1

+ (kuk,?,’nwnil, + kikynzl,?’]y,/) <27T3 (L3k2m6 _ 2L4m8)> +

+ Kk, (3 5 (—2Lsk*m® — Lym ))+

11L
+ kukyniungy (4 3 <L k*m 3 5m10>) +

1L
+ (kl%ni,unlﬂjnw/ + kinuunuunz%u) <27_‘_3 <L4k2 5 m10>> +
2 i L3, 4 9 g 16Ls 44
+ Kk v (7r3 (—2k m° + Lik™m® — —m +

1 Ls 16 L5
(kQUH#an + kunuynuu) (37‘(3 <_2k'4m6 + L4k‘2m8 — 5 m10>> +
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4 7 9L3 .4 ¢ 10
+ Kk, <37r3< 1 kE*m® — 2Lsm >>+
2 o (i ( Li,y g 11Ls 5 15 3Le 19
+ Mup v Mo <7r3 (—4k m° + 20 k‘m™" — Tm +

i (L 16L 291,
+ nuunzynuu < (;kﬁmﬁ — L4]{:4m8 + 75]6277”610 N - 6m12>> I

33 5
N oL AL
il <3Z3 <—43k6m6 e ) (4.424)

4.3.5 Expansions in UV and IR for fermions

Fermions, spin 0 x 0, dimension 3:

UV 1 - 1m?  4im®  16im® 64im”  256im°  1024i m!'!
0,0:3D — Tg 2k 3nk?2 15mk* 357w kS 637 kB 997 k10
(4.425)
FHIR j » +1k:2+1k:4+ 1 k6+ 1 k8+ 1 k10+ 1 k2
= — m _— _— —_ _— —_—
0,0;3D 47r 3m  60m3  560m5  4032m7 25344 m? = 146432 m!1
) (4.426)
TS:B{E/SR =...(i.e. no overlap) (4.427)

Fermions, spin 0 x 0, dimension 4:

~f UV i 1 P\ , 3P\ 9 3K\ m! 1 mb
Ty ——— )k 24— — =+ =5+ |=—-K)—
0,0:4D = 2w2<<2 4) +< ) \aT 2 ) e G T

7 3K 47 mi0 379 mi2
— 3K —TK 4.428
+<8 >k6+(20 >k8+<60 >k10+ > ( )

1R i 2 1 Lo 1 k* 1 kS 1 k8
Toouap = 32 <(_1+3L°)m N <3+ 2 )k T 20m2 T 2s0mt T 2520m T
1 klO 1 k12 1 k14
- 4.429
18480 M8 T 120120 m10 T 720720 mi2 | > ( )
~puvar 4 (1 KN oo 3 3K 4
15,040 =3 ((3 8>k: +< Yl A RS (4.430)
Fermions, spin 0 x 0, dimension 5:
- 1 am* & mS  32im” 128im°  512im!!
Tf,UV _ = _7]{3 k‘ 2 A ey oar it o
0,0;5D 2( 6a” " 1% T T T35 T3 s
(4.431)
j 1 1 k4 1 kS 1 K8 1 k'
PRt (o3 g2, T F A roy - M
005D = 372 | <7 T i0m T 1120m? T 134405 T 118272 m7 |

— 80 —



1 k2 1 kM
_— 4 — 4 ... 4.432
+878592 m? + 5857280 mil * ) ( )
Té,g;f}-}lR =...(i.e. no overlap) (4.433)
Fermions, spin 0 x 0, dimension 6:
~ ] 1 P 17 5P 5P
ROVt (2T 4 _20 2 2,2 12,
o060 =93 \\ 8 "a8) " T\ 736 Taa) T g )™
N 55+5K m6+ 5+5K m8+ 23+K mlOJr
72 12 ) k2 288 24 ) kA 240 4 kS
37 5K\ m!?
—_t — | = +... 4.434
+<144+12> B ) (4.434)

- j 11 5Lo 1 Ly 1 kS
FER b (22 n )t (1 220 k2 [ POty
0,0:6D = 7673 \ \ 2 o)me+ T3 m 56 teame

N 1 K8 N 1 ko N 1 k2 N 1 k14 N 1 k16
1512m4 16632 m6 = 144144 m® 1081080 m10 ~ 7351344 m!2
+...) (4.435)

TEUVIR _ 2 kA (— 22 )k % 5K Coo (4436
0.0:6D = 763 ((45 6) T\ T me) e (4436)

Fermions, spin 0 x 2, dimension 3:

+

T0,2;3D = R

<t UV Im im? 1m? 4im* 166 mS 64im® 256i m!'°
0 K27 —t -5t om T T T R~ e
Sk wk? 2k 3mk* 15w kS 357 K8 637 k10

10247 m!2?
_ . 4.437
997 k12 > ( )
- (1 1 k2 1 k4 1 kS 1 k8 1 k10
Tf’t’IR — kQ L - - v - v - - -
0,2;3D T\ ax (3 + 60 m?2 + 560 m4 + 4032 mb + 25344 m?8 + 146432 m10+
1 k12
4. 4.438
+ 798720 m12 + > ) ( )
TS’IQ’I_XSR = ... (i.e. no overlap) (4.439)

Fermions, spin 0 x 2, dimension 4:
=6,UV 2 i ((2 P 1 K\m* (3 K\m
fodap = Kt (7r2<<9_12>m+ (‘2+z wo\1t2) T
m

1 K\m' 7T K 9 47 mil
LAy m R K)o 4.44
H(5-3) 5 (a5) (g5 fw+)) o
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FELIR _ 2 i N 1k2+ 1 k:4+ 1 k:6+ 1 k:8+ 1 k10+
') = w | —= — m [ - - R _
024D = ¥ v { o2 \ T T 00 T 140 m3 T 1260m5 | 9240 m? | 60060 m?
1 kP
360360 m11 | >> (4.441)
SfUV-IR 52 i (2 K
T0,2;4D = k Ty (37‘_2 (3 — 4> m> + ... (4442)
Fermions, spin 0 x 2, dimension 5:
. 1 T amd im* wm®  4imb  16i m®
FELUV _ g2 (T mTmt rme mwmT  osmme 1orme
025D = Kt 2\ 6 3R 3K 15k 105 k9
64i m'®  256i m!?
= 4.443
T35 T 603 B0 )) ( )
SfCIR 0 i s 1 o 1 K 1 kS 1K 1 k0
oo =k, | — ( — — k2 - —
025D = % T <127r2 ( 50" T 560m2 T 6720 md T 59136 m0 | 439206 m®
1 kP I
4.444
12928640 m 10 T 18104320 m12 | >> ( )
Té’ggng = ...(i.e. no overlap) (4.445)

Fermions, spin 0 x 2, dimension 6:
~£t, UV ;2 L 23 _ i 2 _
Tozen = K7 <7r3 <<1800 240 ) F T

+ 11+K m7+ L+E
72 12) k4 288 24 k

NEAPERNE. Km5+
o1 )™ 16 8) k2

9+ 23 +K m711+
1200 20,/ k8

(4.446)

3 O =

[

1 Kt 1 kS 1 k8

£t IR 2 i 3 Lo,y
SR k2, [ (<1 + Loym® — 22k L =
Toziep = K (247r3 <( Loy mT = TR T m T 2520 m3 T arrz0me
1 kY 1 k" I
_— 4 —— 4.447
940240 m7 T 1801800 m® | 12252240 m1 T )) (4.447)
SfUV-IR 52 i 23 K\ o 5 3
Fermions, spin 0 x 4, dimension 3:
POV _pae (3mim® 3m®  dim!  3m®  16im°  64im’
0430 T F T\ 3o T T k2 T A KS | w k4 2 K5 Bm kS 357 kS
. 10 - 12
_ 2561 m _ 10247 m (4.449)
1057 k10 2317 k12
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- j 1 1 k2 1 k4 1 kS 1 k8
FEGIR k47r,%l,( i <

0,4;3D 4r \' 5  140m2 1680 m* 14784 mS 109824 m®
1 Kl 1 k2
B B o 4.450
732160 m10 4526080 m12 | )> ( :
TS:E;/]'DIR = ... (i.e. no overlap) (4.451)

Fermions, spin 0 x 4, dimension 4:

UV 40 [0 23 P 5 K\ m3 3 3K\ m’
TELVV L _ = 4 - ) = D) 2
0,4;4D ”””(ﬁ(( 50 T20) "\ T2t Tat )

11 m7 1 K\ m? 23 3K\ m!!
S iy o IR (ST B 22 22 2y 4.452
(F+6) - (Gy) e+ (o5 ) o tonr)) w2

< 1 k2 1 k* 1 kS 1 k8 1 ko
0

~ft IR .4 2
TO,4;4D =k'm, (

2072 4m  252m3  2772m5  24024m7 180180 mf
1 k2
T12352A it )) (4.453)
SfUV-IR _ ;4 2 i 23 K
T0,4;4D =k Tyy <].O7T2 <_15 + 5 m)+... (4454)

Fermions, spin 0 x 4, dimension 5:

POV e (L7, Smmd it Smmd dimS wmT | 16im”
4 72 \ 256 64 k  3k> 16 k3 5 k' 4 kS T 35 kS
64i m'® 2567 m!?
— 4.455
315 % T 1155 K0 >> (4.455)
Gl _ g4 (4 (1 5 1, 1k 1 kS 1k
” = T _— -m — — — _— B ————— ——
0,4;5D v\ 4n? \ 5 140" 5040m2 73920 m* 768768 mS
1 k,lO 1 k‘12 1 k’l4
—~ — - —~ ... (4.456)
6589440 m8 49786880 m'0 343982080 m2
TS’E_EISR = ... (i.e. no overlap) (4.457)

Fermions, spin 0 x 4, dimension 6:
S UV 4o [0 22 P 5 23 P\ 4 7 K\m®
ToueY — — ==+ ==k = —_—t =] =
046D = 1 T (7‘(‘3 (< 3675 7 560) " "t 300 w0)" T UstTE) et

24 4 )K" " \96 " 8 ) K T \1200 "20) K® T

(4.458)
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3 i L 1 Kk 1 kS 1 K
T e

4073 14 252 m 5544 m3  72072m5
1k 1 k"2 1 kM
L S —— (4.459)
720720 m7 6126120 m° 46558512 m!l
. ' 2 K 31 K
PEUVAR _ paso (0 (22 B ) 4o i BV 4.460
0.4;6D Tvv \ 573 735 T112) "t \20 %)™ ) )" (4.460)

Fermions, spin 1 x 1, dimension 3:

LUV 9 11 1m? 4im3® 32im® 192im” 1024im°  5120i m!'!
T = k*m — — —

L13D = 6% 4K 3nk' 157 k6 357 kS 637 K0 907 Kz T
+..)+
ey, (EmdmE o Amt A6m° Gdm® 256m
D\ T4 T x k2 3n kY Br kS  Tr kS On ki
1024 m!2

FEULIR _ 2 <7, < 11 1 k2 3 Kk 1 kS 5 kB 3 k0
= K27y,

1,1;3D 7w\ 3m  30m3  560m5  1008m7 25344 m9 73216 mil
Fo))+
(ke 1 LA N S S A S A S
D\ g 12m2  80mA 448 mS  2304m3 11264 m10
1 le

4 4.462
53248 mi2 | >> ( )
Tlf’g;/bm = ...(i.e. no overlap) (4.463)

Fermions, spin 1 x 1, dimension 4:
. j 5 P 1m? 1 K\ m? 4 2K\ mb
TV _ g2 S (T I LY (L R St B
np =P (o \ (T3t e) e T\t ) m e 3 ) e T
8 2 k8 15 k10 36 3 Kz

(4.464)

- (Lo 1 kK2 1 kK* 1 kS 1 k8 1 k0
FROIR g2 ( KB < 0

114D = 472\ '3 15m2  140m*  945mS  5544mS 30030 m!0
1 /{12
—_—— = o .. 4'4
154440 m12 )) (4.465)
=f,UV-IR 2 i 5
T1,1;4D =k W#y@ <—3 + K> +... (4466)
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Fermions, spin 1 x 1, dimension 5:

2 4

. 1 (3n am? wm* 4imd®  32im”  64im®
FELUV _ 12 Lo, _mmt _mms  demt samt bdeme
11ap = K 2\256" 32k 16k 15K 105K 10555
10244 m!
4 4.467
603 w0 T )) ( )
FELIR _ 2 i (1 1 kK2 1 k4 1 kS 5 k8 1k
[ = v _— -’ - — = — — — —_— _——
1,1;5D T\ 4r2 \ 3 30m  560m3  5040m® 177408 m7 219648 m?
7 k.12
. 4.468
8785920 m11 )) ( )
Tf,g;/}-)lR =...(i.e. no overlap) (4.469)
Fermions, spin 1 x 1, dimension 6:
S LUV o i 77 P ., 5 P\ , 1m?
T7 ’ — . _ - - —_
LtieD = K <7r3 <( s600 T120) " T\ T aa) ™ Tt
(2 Eyme (L5 Kym (48 SKAmD
72 1 12) k4 144 ' 12) kS 400 20 ) K8
13 K\ m'?
) . 4.470
H(Brs) ) (1470
SECIR o i 1 Lo\ o Lo,, 1 Kk* 1 kS 1 k8
ot =k — (=== =k - -
116D = 1 Ty (87r3 <<3 3 >m T T 10m? T 1890mt | 16632 m®
1 kY 1 kP 1 k"
—_— — +... (4.471)
120120 m8 772200 m10 4594590 m!12
SfUVIIR 42 i KN I K\ ,
: _ _ 2 - 4.472
ilien k”“”<127r3 << 500 10)" T3 2)™)) T (4.472)
Fermions, spin 1 x 3, dimension 3:
- 11 1m? 4im® 3m* 32imd 64im” 10245 m®
Tlfytg’.g]?)/:kZlﬂuz/wyy _77—773+774+775—776_77_77_
i 64k 8k 3 k 4 k 157 k

357 k8 3157 k10

_5120im711 N
6937 k12 77

5 im 1m? im3 4m* 16 m¢ 64 m®
TRE-Owmw | s+t -7 T 593 T Rod T r- 6 ar-E
8k Tk 2 k 37t k 157 k 357 k
256 mi® 1024 m!2 >

_ o _ 4.473
637 k10 997 k12 + ( )

FoR _gao (@ (11 1K1K 1 K 5 K
133D 7 TV 4 \15m 0 210m3 1680 m> 11088 m7 = 329472 m?
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1 k;l(]
+366080mll+"')> +

1 /1 1 k2 1 k4 1 kS 1 8
+k2(k_€)w7rw< < 1k k k k

7 \3 T 60m2 T 560mt " 1032m6 " 25344 mp

1 k10 1 k2
4.474
146432 m10 T 798720 m12 T )) ( :

Tlf,g;/[)IR = ...(i.e. no overlap) (4.475)

Fermions, spin 1 x 3, dimension 4:
SE6UV 4 i 31. P 1 m? 3 K\ m 8 2K\ m®
i = F e <7r2<(9oo‘60 e t\at ) w et )t

L(I_E @+ 38 4K "LO+ 49 5K mﬁ+ (4.476)
8 2/ k8 75 5 ) k0 36 3 ) k12 '

~ ; 2 4 6 8
TR :k47%m< i (_Lo 1k 1k 1k 1k
39y ].27T2

5 T 35m2 T 120mA T 3465 m6 | 24024 m8 T

1 kW0 1 k2
4.477
1150150 m® 875160 m2 >> ( :

~f UV-IR 4 { 31
T1,3;4D = k Wuyﬂyym <15 — K) + . (4478)

Fermions, spin 1 x 3, dimension 5:

- 1 T am2 am* 4mb Tmb  32im”

FE6UV _ 14 L ( n 2 2y eer
oD = KM \ S T5F Y sk T Tkt sk T 10546
64i m° 10247 m!'! ))

L 44
315 k5 | 3465 K0 (4.479)

FELIR _ 4 i 1 N 1 k2 N 1kt N 1 kS N 5 k® N
=R TwTw| = |——Mm+o-—+ ——-—= — —
1,3;5D YETRY A\ 1272 5 70m  1680m3 = 18480 m> = 768768 mT

1 k0 7 k2
L R T kT 4.480
11098240 m® 19786880 mL >> ( )

FLUV-IR _

135D = --- (L.e. no overlap) (4.481)

Fermions, spin 1 x 3, dimension 6:
~ft.UV 4 /) 599 P 2 31 P 2 1m
T Yy — k . - k - P -
L3eb = 1 Moy <7r3 <(176400 s0)" T\ oo T20)" T

N 7 K m6+ 19+K m8+ 1 +K m10+
72 12) k4 144 12) k6 400 20/ kB
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7 K\ m!2
+<—225+15> k10+>> (4.482)

j 1 L L 1 k4 1 kS 1 k8
i ((_ )m Lojz, 1L K + +

Tf,t,IR _ k4 L _ L k
136D = ¥ eI | 503 575 35 420m2 " 6930 mt | 72072 mS
1 klO 1 k‘12 1 kZ14
- . 4.483
1600600 m® 4375800 m10 | 20099070 m12 >> (4.483)
=fUV-IR __ ;.4 { 599 K\ , 2 K 9
TL3;6D =k Ty <157T3 <<11760 56 k* + T + 5 m + ... (4.484)

Fermions, spin 1 x 5, dimension 3:

2

~f,t, UV 6
T K,

11 3m2 4im® 9m* 32im® 5mS 192im”
1,5;3D — 7.6 7.8

198k 32K 3r ki 8K 5 k6 2K 3r kS

1024i m?  1024i m1! N
3157 k10 23171 k12 '
3im 1m2 3im?® 4m* 3im® 16 mS
EA (k- 2 (=22 - g 2 2 2
R 6)””7TW< 2k Ak AW ak 2 n ko

_ﬁﬂj 256 mio 1024 mi2 N (4.485)
357 k8 1057 k10 2317 k12 '

FELIR _ 16 9 i 11 1 k2 1 k4 1 kS 1 K8
1,5;3D v\ 4re \ 35m 630m3  6160m® 48048 m7 329472 m?

3 klo
wmmmﬁ“»+

T 0 S (UL S NS S S S A S
DT\ g \ 75 T 140m2 1680 mA 14784 mS 109824 md
1 K10 1 k12
732160 m10 4526080 m12 >> (4.486)
Tlfg;/];R = ... (i.e. no overlap) (4.487)

Fermions, spin 1 x 5, dimension 4:
_E UV 69 i 247 P 1 m? 13 K\ m?
T, ’ p— k' v —_— —_—— —_— - T - — a1
LoD = oMy <w2 (( 700 T10) “t0R T\ T2 )T
N 4+2K mb 21+3K mB 2 +4K mlO+
3 kS 8 ' 2 ) k8 7% 5 ) k1O
5 m12
=K ) ... 4.488
(5 #) o ) (459

i (Ly 1 k2 1 k4 1 kS 1 k8
2\ 7 63m2 924m* 9009mS 72072 m8

— &7 —



1kl 1 k2
B B o 4.489
510510 m1® 3325608 m12 ) ) ( )

=f UV-IR 6 9 @ 247
T1,5;4D =k Wuuﬂwm <—105 +K)+... (4.490)

Fermions, spin 1 x 5, dimension 5:
. 1 ( 3 ™ m? 3rm' 4im® 3rm® 32im’
TS = Kot (1 (o~ s - S M S
193 w4 \ 4096 256 k 128 k 15 k 16 k 35 k

5rm®  64im?  1024i m!!
-+ 4.491
16 % 105K T 3465 K10 T )) (4.491)
SfCTR 69 i (1 1 k2 1k 1 kS R
TVYsn = Rrap,muw | —5 | osm— on— — oo —= — — = ——
5 472 \ 35 630 m  18480m3 240240 m5 2306304 m”
1 klO 7 k12
- 4 4.492
18670080 m® 945950720 m11 | )) ( )
Tlf:g;/DIR =...(i.e. no overlap) (4.493)

Fermions, spin 1 x 5, dimension 6:

- j 1937 P 247 P 1 m?
FELUV _ 162 , is o k2 _ 2, -
156D = ¥ Twv T |\ 73 1587600 ~ 2520 )" T\ 20400 " 280)™ Ta0m2 "
(WL K\m® (5 K\m® (U7 3K\ m®
727 12) % \a8 1) % " \a00 " 20 ) K

1 K\ m'?
+ <75+15> km—i—)) (4.494)

7f,t,IR 1 1 Lo Lo 1 k4 1 16
Ty s6p = kﬁﬂgzﬂrﬁw ( (< - ) m?+ k2 — — _

4073 \\7 7 63 924m2 18018 m*
1 kB 1 k0 1 k12 1 k4
7216216 m6 2042040 m® 16628040 m10 122216094 m12
+...) (4.495)

UvR e o [ 1937 K\ , (71 K\ ,
e = kS - = oo (44
Tisen = KM, (14071'3 (( s T1s) " TG0 —2))m) ) e (4496)

Fermions, spin 2 x 2, dimension 3:

s e (L1120 Amt siwd @iw 128imd51imt
2,2;3D M\ 32k 3m k% 2K bHm kS 21w k8 45w k10 77w k12
o)+
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Y 11 1m2+2im3+1m4 8 m° 32 m'
TuuTov\ =7 — s =t 57 T 75+ " — % — T 5<—
HH 64k 8Kk3 3mk* 4k> 15w kS 1057 kS
128 m?  512i m'! N N
3157 k10 6937 k12 7
9 im 1m? im® 4 mt 16 mS 64 m®
Tk (k T (s + = — 2= — -
8k ' wk2 2k 3rk* 157 k6 35w kS
256 m'% 1024 m!?
- — .. 4.497
637 K10 097 K12 > ( )
gem o (G ((lm 11 1R LR 1K 1 B
2230 = % T \ 9 \ T3%k2 T 20m T 336m3 | 2880mP | 19712m7 | 119808 m?
1 klO
T oTsRa0 miT )) +
A i (m 11 1 k2 1k 1 kS
6r \k2 20m 560m3  6720m5 59136 m7
1 k8 1k N N
439296 m® 2928640 m!l
1 /1 1 k> 1 kK 1 kS 1 k8
Bh-Owrw | —(z4+—=—4+——+—— + ———
TRk € <47r (3 T 80m? T 560md  2032m® | 25344 mS
1 klO 1 k12
4.498
46432 m10 T 798720 mi2 >) ( )
TQf’gQZSR = ...(i.e. no overlap) (4.499)
Fermions, spin 2 x 2, dimension 4:
£ UV 42¢ 3 P 1 P\ m? 5 K\ m*
Tyo.0 =k T )+ =) -
2,24D — <27r2 ((25 20) +< 0 %) T\ "1t )
6 m

(o)t

60

151
+(5—3K

11 n
36

> k12
)

+ k47rW7TW (772 ((

K

6

W
360 6

m12
)

L (95K mt o1
72 6 k‘8 300

)
i) *

7K\ m'?
5 ) w0

23 m? 1 K\ m?
900 <_> = <_8+4> Kt
mO m® 23 K\ m!Y
k6 _<144+ ) k8 +<600_10> F0

(4.500)

Lo\ m? L0+1k:2+ 1 k:4+ 1 k:6+
k2 10  84m2 1080 m* = 9240 mS

~f 4 IR 42 i 1
Tyoap = k'm0, <47r2 <<—3+
LB
65520 m8

415800 m10

1 ]{310 1 k12
T a0 mE )) *
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. 2 2 4 6

Ly 1K 1 k 1k
k4 v L 1-L ik - - T 977on -
+ R T (127‘(‘2 <( 0) k2 + 10 140 m?2 2520 m#4 27720 mS

1 kB 1 k10 1 k12
— — = — +... (4.501)
240240 m8 1801800 m10 12252240 m12

i 3 K N 1 +K m? N
2,24D m\ on2 25 20 18 6 /) k2

Tf,UV—IR _ k47T2
2

4 LB R S g™
+k7ruu7r,,y<127r2<< 75+1o>+<3 K)o )]+ (4.502)

Fermions, spin 2 x 2, dimension 5:

POV e (L(_ Tyt 2m mmt Siml | 32%m
2 M\ r2\ 3847 64 k15 k* 12K 35 k6 189 kB
128i m11
! 1 T T m2+ mm?  2imS gTmb 8 m7+
T up T S|\ T5z3fF 55 T o577 777 55 oF T s
HEZVV\ 72 \ 1536 128 k  32k3 15 k%* 24 k5 105 kS
32im?  128; m!
— —_— .. 4.503
045 1 3465 K10 >> (4.503)

1 k8

i (1m? 1 N 1 k2 N 1 k4 N 1 kS N N
I L N R LA
22 \9 k2 20 336 m  8640m3 = 98560 m5 = 838656 m7

1 klO 1 k12
T 6082560 m® T 30820504 mil >> *

=ft IR 14 2
T2,2;5D =k T

T J”igimfiﬁf;ﬁf;’il
HEZVY A\ 62 3k2 20 560 m 20160 m3 295680 mb
3075072 m7 26357760 m? 199147520 m1l '
Tg:g;/DIR = ...(i.e. no overlap) (4.505)

Fermions, spin 2 x 2, dimension 6:

5Ly — k. - I ka o _ - -
226D = 1 My <47r3 <<1764 68)" T\ 725 a) " T\ T 2) T
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Fermions, spin 2 x 4, dimension 3:
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R S o +
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5 140m2 1680 m* 14784 mS
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el ks

TQf:ZgSR = ...(i.e. no overlap) (4.511)

Fermions, spin 2 x 4, dimension 4:
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1 k8 1 k0 I
= 4.513
720720 m® T 6126120 m10 © 26558512 mZ >> (4.513)

FLUV-IR _ 6 2 i 141 3K 1 m?
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j 4 K 31 K\ m?
K (o (e — & ) R 4.514
T T (57r2 735 56) 60 1)) T (4.514)
Fermions, spin 2 x 4, dimension 5:
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Fermions, spin 2 x 4, dimension 6:
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113 K\ m! 23 TK\ m'?
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72072 m 1081080 m 12252240 m 116396280 m.
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=f UV-IR 6_2 { 25 K 9 177 3K 9
FEUVIR _ BRI T S
2,4;6D M v <4w3 << 3969 ' 504) " T\a000 120)™ T
(B LK m? N
600 " 20) &2
; 563 K 2147 K
I{ZG 2 L S YP0 k‘2 A=l N 2
+ 7T"””“”(sowi% o845 126)" T\ Tms )T

T (;1,; —K) 7;:)) T (4.520)

Fermions, spin 3 x 3, dimension 3:
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~f UV-IR 4 9 2 m?
T3,3;3D =k*(k- G)wﬂﬂw -5 )T (4.523)

Fermions, spin 3 x 3, dimension 4:
- i 599 P 31 P\m? 1m*
7o =1t (5 (-5 + 105) + (35— 35) 2 5
7 2K\ m® 19 2K\ m® 1 2K\ m'
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(1;)+5>%+<£0715>7ZH+...>> (4.524)
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600600 7m® 4375800 m10 20099070 m12 | )) *
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Fermions, spin 3 x 3, dimension 5:
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U S SN SR R A O
3843840 m7 224040960 m® 236487680 m11 |

LS io(2m® 1 1 kK1 K
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1 K8 1 10 1 k12
_ LA - F 4 (4.528)
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Tizg;/DlR =...(i.e. no overlap) (4.529)

Fermions, spin 3 x 3, dimension 6:
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673 \ 2520 14700 ' 140 300 10/ k2
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Fermions, spin 3 x 5, dimension 3:
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Fermions, spin 3 x 5, dimension 4:
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T T T — T~ Tan —arn  ar | 1.2
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Fermions, spin 3 x 5, dimension 5:
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Tg’g;/bm =...(i.e. no overlap) (4.541)

Fermions, spin 3 x 5, dimension 6:
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Fermions, spin 4 x 4, dimension 3:
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256256 mS 2196480 m® 49786880 m!0 © 343982080 m!2

(4.546)
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~f UV-IR 8 4 8 9 6 5
T443D =k T <_1571/<:4> +k TpupT Ty <5 k4> + kP (k- € )WWW (57r k2> + ...
(4.547)

Fermions, spin 4 x 4, dimension 4:
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kS 1 K8 1 k10

1 Kk 1
24024 m* 360360 mS 4084080 m® 38798760 m0
1 k,l?
. . 4.54
395900584 m12 )) (4.549)

i 50 K 177 3K\ m? 13 K\ m*
Tiaan =H 3”(2((%69_252>+<_2450+70>k:2_<300+10>7<74>>+
—|—k87rw7r LTy < << — ) + (457 — 3K> —+
57r2 6615 168 980 28 ) k2
201
+( )
2
et () (35 4) 3

6615 245 7 ) k2

() B

Fermions, spin 4 x 4, dimension 5:
gt (L (3T, mom? momt 2w 160w
72\ 10240 ' 256 k 64 k3 ' 15 k* ' 105 k6 ' 8 k7
_G4im?  mm® | 256im’ N
105 k8 5 K2 ' 693 kO 7
ikt (L 3n , dwmt 2m® 3wm°  8imT
HETpTPY \ p2 0 204800 128 k3 5 k4 16 K5 7 kS
+97Tm8 32i m? 37Tm10+3842'm11+ N
16 k7 15 k8 5 k9 ' 385 k10 '
_|_k.87r2 2 <1( 37T k 37’[’ m2 3im74_31m76+&m77+

8
FEEUV Tm-
445D =

40960 2048 k * 256 k3 64 kK5 35 kS

Srm®  32im®  mml  128im!! (@s51)
32 k7 105 k8 40 k9 1155 k10 ’ '

31 1 k2 1 Kkt 1 kS

7 2 mP° n 1m N n n n
S (e T 1 v vy - M
w2 320320 m3 5241600 md

Tf)tle kS 4

445D = ¥ Ty 25 k* 35 k%2 252 7920 m

1 k8 1 k10 1 k12
50318720 m7 T 567570432 m9 | 4674100440 m1l | >> *
+ kS m2 <z<_4m5_1m3_1m+ L k72+ ! ]il
PEZIrTPY A\ p2 \ 0 25 k4 70 k2 840 12320 m 384384 m3
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T 5191200
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k® 1 k10 1 k12
10594648064 m1L

8 _2 2
+ k T T oy
1 kS 1
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+) (4.552)

4i m® 6i m®
=f UV-TR 8 4 8 2
T445D =k°r (75 2 ki4> +k Tr,uuﬂ-,ul/ﬂ-VV <_257T2k‘4> + ... (4553)
Fermions, spin 4 x 4, dimension 6:
' 859 P 25 P
FELUV _ 8 4 K3 _ k2 _ il 2
4,4;6D 3 1960200 7920 + 3969 + 504) " *
141 3P\ m* 211 P Lo\ m®
o " 5an) 7\ Tamn s T e ) ot
4900 280/ k 3600 60 24/ k
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1225 560) k2  \300 40/ k*  \ 192 o
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j 11 L 9 3L 1 Lo
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S46D 8m3 \\30 k4 = 0 35 k2 = 63 63
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990 20020 m2 | 491400 mt | 7068600 m® | 77597520 m®
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+718918200 mlo * 5917831920 m12 +.. )> +
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HEZpr =Y\ 3 30 s 280 140 ) k2
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420 420 3080 48048 m2 1029600 m*
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j 11 mO 9 3Lp\ m?
B2 a2 (L (2, _ Y ooy mo
TR T o (407r3 6 )T Ut et

1 Lo\, o Loy L K1 K 1 K
42 42 924 24024 m? 720720 m* 12252240 mS
1 klO 1 k12 1 k14
_—— — — ... 4.555
155195040 m® 1629547920 m!0 14991840864 m!2 + >> ( )

‘ 859 K 137 K
FEUV-IR _ 48 4 ¢ _ i2 _ " 2
4,4;6D 473 \\ 490050 1980 + 7938 T )™t
P(H0_sKym' (23 K .
4900 70 ) k2 450
' 5353 K
k,S 2 - ?
T (407r3 <<533610 308) <
809 3K
- K
) (o))
' 1627 11
E8r2 2 t _ k2 m2
+ 7TWTW(zo 3 800415 1848 26460 +

" ( 1398690 " 3K> w (3 - > m4>> o (1950

Fermions, spin 5 x 5, dimension 3:

2
13230 © > me
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704im”  69m®  1024im° 15m1Y9  13312i m!! >+
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TS k8 K9 T 357 K0 T 2 KT 11557 k12
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m’ 1536 m® m? 2048 m10 8192 m!2 ) N
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192m8  3im® 256 mi® 1024 m!2
e — - = — — + (4.557)
357 k8 2 k9 1057 k10 11557 k!2
FELR _ 105 i (36m3 N 6m 2 1 2 k2 1 kKt 1 k5
= i —_— —_—— —_——— —— —_—— _——Te——
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TR Tk ™ < 7k T G3%2  693m  2574md 36036 m°
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N 1 k:6+ 1 k8+ 1 k10+ N
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Sty

5r\ k¥ 7T k2 63 1386m2 24024 m*
1 kS 1 K8 1 k10 1 k12 N
288288 mb 2800512 m8 23648768 m10 180590592 m12
+..)+

R Qe (L (T MM 2 1R 1k
p T Tvv | e L4 7 k2 21  462m2 8008 m?

1 kS 1 K8 3 10 1 k12 >>
+

T 06006 m® 033504 m8 23648768 m1®0 60196864 miZ

1 m* 3m? 1 1 k2 1k
TR i <577 <_ W TTHE R4 3696m% 64064 mt
1 kS 1 kB 3 10 1 k12
T763768 m® 7468032 m® 189100144 m10 481574912 m12
+..)) (4.558)

=f UV-IR, __ ;.10_5 32i m 10 5 64i m
T553p =k mo (1057rk4> + B T T T <_1057rk:4 +

1 8m2  32m?
8 4
TR T <57r (_7k;2+3k:4>> i

32 m*
+ RSk - €) T2 T (MZ‘*> +.. (4.559)

Fermions, spin 5 x 5, dimension 4:
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Fermions, spin 5 x 5, dimension 5:
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Fermions, spin 5 x 5, dimension 6:
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T —k Y (el ol Iy S0 A
5,5:6D T (1057r3 << 38648610 ~420) " T\ssis 1)

N 992+2K m4+ 109 ol mb N
945 = 3 ) k2 105 k4

R0 i 156833 +£ K2 27809 4K m2 4
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4.3.6 Divergences of the fermion amplitudes

Fermions, spin 0 x 2:

Tohap -k = Ky (—;m2> (4.560)
~ iL
Tysn k= ky (27T;m3> (4.570)
=f,nt ? 4
T0,2,5D k= ky <37Tm > (4571)
=f,nt i Lo 5
TO,];;GD k=ky <_87T3m ) (4.572)
Fermions, spin 0 x 4:
=, 1 41
TO,Z;t?)D k= ki (_Wm2> + kv <_7rm4> (4.573)
~ 1L 3iL
Tofﬁ;tm k=k <27T§m3) + kunuw < 27T22 m5> (4.574)
~f,n 1 41
T0,4;t5D k= ki <7T2m4> + kunuw <7T2m6> (4.575)
~f,nt 3 1Ly 5 tLy o
TO,4;6D k= ku <_87T3m > + kunuu <_47'r3m > (4576)
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Fermions, spin 1 x 1:

~fnt
k - Tyy5p =0 (4.577)
kT =0 (4.578)
1,1;4D .
k- j:yf,nt =0 (4 579)
1,1;5D .
k- j:yf,nt =0 (4 580)
1,1;6D .
Fermions, spin 1 x 3:
~ 49
k- Tlf’,gff}D = kvnwj (_?ﬂrm3> (4.581)

~ 43 81
f,nt . 3 3 e 2
Ty33p k= kuuw <—97Tm > + kunuw <—97Tm ) +ky(k-€)uw <—37Tm > (4.582)
~f nt 1Ly 4
k- Tsp = kvt (ng > (4.583)

ZL2m4> (4.584)
7

(4.585)

il m5> (4.586)

(
s m6> (4.587)
(

. L
”’mﬁ) (4.588)
Fermions, spin 1 x 5:

~ 8i 32i
k- Tyhan = kot (—Wm3> + ki <—7Tm5) (4.589)

~ 81 162 321
fnt 3 3 3 2 5
Tl,r51;3D k= k,ukg??w <_57rm ) + kynuw <_157rm ) + kuny, <—257Tm > +
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128: 4
e (C250) k()

257 o
16
+ kl/<k ’ e)uunul/ <_57'rm4> (4590)
~fn ZLQ 22L3
k- Tysup = koo <7r2m4> + ki < = m6> (4.591)

#f,nt 2 3ila 4 3 2iLs 4 o (2iL3
Tl,r51;4D k= k’,uk'ynw/ <57r2m ) + k‘,/’l’}wj (Wm + k‘u’l’]lm Wm +

8L
+ kl/nuunuu <57T23m6> (4.592)

=fn 81 321
k- TUssp = Koo (Wm5> + ki, ( 357 m7> (4.593)

T1,5;5D k= kukunyv (257r2m > + kun,uu (Wm > + k'u,nyy (Wm +

1287 -
+ kl/nuunuu <1757T2m > (4594)
~f, iL3 iLy
k- T1,151;tGD = kinw (_67r3m6> + kwfy <_47r3m8> (4.595)

mf,nt 2 iLg 3 iLs 2 iLy g
Tisep k= Kk <_ 1073 " > R <_157r3m ) * Kl <_207T3m +

iLy
+ Kt oy <—57r3m8> (4.596)

Fermions, spin 2 x 2:

= 21 1
k- T2f:2;t3D = (kunuw + k) (—?ﬂrm?’) +ky(k-€)uw <—27Tm2> (4.597)
~fnt 1Lo 4

k- T2,2;4D - (kvnuu + kunuzx) 477T2m (4.598)
k- ToR = (ki + kun) 2 (4.599)

2,2;5D vy %% 1572 .

~f,nt L3 6

k- Typep = (ke + kunuw) “ouns ™ (4.600)
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Fermions, spin 2 x 4:
fnt 21 3 3 21 3 9 81 5
k- T223D =k kynw/ (_ﬂ_m ) + k;jn/u/ (—?ﬂrm > + k'u,/rlyy <—57Tm > +

241 4 3 1, 2
T kl/nwjnw’ <_5ﬂ.m > + ku(k ’ 6)#1/ <_27Tm > + k’y(k‘ . 6)#1/"71/1/ <—7Tm

(4.601)
fnt 27/ 3 2 2 Z 3
Tytap -k = ko el (kukynu + kikun) ——m” )+
8i 5 9 12
+ kymww (57Tm ) + (kVn#V + k#ﬁuunuu) (57Tm ) +
+ kK2 (k- €) —im2 + ku(k - €)un —lm4 +
nv 124 An Iz pvllvy .
2
+ ky(k - 6)/11/'7#1/ <_71-m4> (4.602)
f, 3iLo iL3
k T2,2§4D = kukznlﬂ/ < A2 4) kgn;w <4 ) + kuny, (2 2m6> +
3t L
+ kyn,ul/nw/ <27T23 6) (4 603)
f il 3iLo
! 2t4D k= kj37]uu <4ﬂ_2m4> + (k:uk:?,?]m, + kiklfnl/u) ( S m4) +
iL3 3iL3
+ ko <27r2m6> + (ko + Kl now) (Wm6> (4.604)
=f,nt 21 3 21 5 2 &7 7
k- T245D_k kunVV (571' > +k my (1571'2m > +k’“7]w, (3571‘2m >—|—
243
+ ]fyn,m/nuu (357T2m7> (4.605)
~f,nt 13 21 5 9 9 7 5
T2,4;5D k= kﬂ?;m 157T2m + (kﬂkunul/ + kukvnl/l/) Wm 4
81 122
+ kvnuunw <357‘(‘2 m7> + (kuniy + ku"?ul/nuu) <357r2 m7> (4.606)
e iLs iLs iLy
k-T, Zt(sD = kyu k20, <_87rm ) + kdnu (_247r3m6> + ka2, <_ 167r3m8) n
31y
+ kﬂhw??w <_ 1673 m8> (4607)
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TéztﬁD k= k) (‘ﬁ%mﬁ) + (ki + kikl/nuu) < 16L3 m6> +
+ K Mpptiow ( 154 m8) + (kv + kutpwnn) (—g;iﬁ)mé‘) (4.608)
Fermions, spin 3 x 3:
k- T?f §t3D = kynuu (_;irm?)) + kikzﬂ?w <_§7irm3> + k#kﬁnwj (—zm?’) +
+ Eunupnow (—f;im5> + Eunyw oy (—ﬁfﬁm5> + ko, <—f52jrm5> +
+ k2 (k- €) (—;wﬂ) + ku(k - €) i <—9im4> +

16
+ ku(k ’ e)ullnuu <_97rm4> (4.609)

£t 3 iLy 9 iLo 2 iLy 4
k- T3§4D_k77uﬂ (67r >+kku77uu<2 5m )+k/€mw(3w2m +

41L3 8tL3 21L3
+ klﬂ?u/ﬂ?l/y <97T2m6> + k,ﬂ]uunuu < 972 m6> + kyniy < 372 m6> (4.610)

i i 4i 8i
f7
kT = ki (45 om ) + k2 ks (15 Sm > + ke k2 (Wm5> n
641 - 128z m7 9 321 o
b (55’ ) + b (557 ) + b (giam

~f nt 3 iLz g 2 il3 g 2 iLz
k - T3,§;6D =k 77#“ <—36ﬂ_3m > + k'ukynyy <—127r3m > —+ kﬂkljnlﬂ/ _187r3m —+
4
3

iL4 1L iL4
+ kunuunuu (_1871_3m8> + k,unp,unl/y (_9ﬂ_m8> -+ kyni’/ _1271'3 m8>

Fermions, spin 3 x 5:

- T§:5?3D - kSUN:U‘ <_9m > + kaSnuu <_37Tm ) +k k4?7;Ll/ (—%m?’) =+
320 > 2560 &
+ kikyngV <_5ﬂ—m ) + kﬂkynuunuy (—mm +
64i s , [ 64i
(k‘gmw + kyn,uunw/) (_157Tm > + k’/nﬂ#nuu <_1571-m 4
1282 512
+ kl“/r]ll”nl%l/ <_ 157 m7) + kyniynul/ <_ 351 m7> +

2 16
+ kK (k- €) <—37rm2> + K k2(k - €) o <—37Tm4> -
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32
+ kg(kﬁ . E)Ml/nluj (_ ) k l'”/,r]llll <_15ﬂ-m6> +
128 6
157

+ Ky (k - €) M Mov (— ) (4.613)

. 4i 8i 16
Ts,g;tsD k=k k477w <_37rmg + kfikfnw _Qms + k‘ik‘?,nw —Em?’ +
321 128:
3,2 3 5
+ k,mw <_257Tm > + kM <_257Tm ) +
256i 192
Rt (~ 5 )+ (ks + k) () +
641 2561
+ k#”u/ﬂ?gu (‘25WW7> + Ko o (—257TWL7> +
15361 10244
2 7 3 7
Bl o <_ 175 > il <_ 1757 > *
213 4 2 3 16 4
+ kﬂkl/(k ’ E)MV —5?771 + ku(k ) G)MVTM,u _1577” +

16 32
+ Kk (K - €) sy <—57Tm4> + K k2 (K - €) pu <—57Tm4> +

64 ¢
+ ky(k : E)uunuunuu (_257Tm > +

128
+ (k'/(k ’ 6);“’77;%1/ + ku(k ) 6);w77,u1/’71/1/) <_25ﬂ_m6> (4.614)

k- T§5t4D k57]/~"l‘ (6 ) + kzkdnl/l/ <7‘(’m ) + k k477u]/ (37er4) =+

2
2
tL 16¢L
+ kQ l/nuy < ’ 6> + kukznul/nuu <3m6> +

372

4iLg 7iLy4
(kl/n/w + kgnuunw) <3ﬂ_2m6> + kunuungu (67r2m8> +

TiL 4iL
+ Kyt Ty (;ﬂ;‘m8> + Kyl v (;fm8> (4.615)

f t 4 iLy 4 31.2 3iLo 4 21.3 2iLy 4
3§4D k= k k vy (27r2m ) + kukunl”/ ( 572 m + kukunul/ 52 m +

2¢L 8iL 16¢L
3,2 3 3 3 6 2 3 6
+ kPL uny ( 571_ > + k 77#/1«77#«1/ <57T2m ) + kjkan#VnVV <57r2m > —+

12iLs3 TiLy
+ (kuk?,nzu + kukfnw??w) < 52 m6> T k,ﬂm,ﬂ?gy <107‘r2 m8> *

+ kunuunm/nuv (571’2m > + ku%u"?w 52 m + kl/n;w ) m

(4.616)
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i nt 5 di 5 21.3 81 4 8 5
k . T37I51;5D k? 77## <457T2m > + kuk,ﬂ’]wj <157‘[‘2 > + k k? nuy <457r2m > +
321 2561
+ kzkungy (357‘( ) +k k277w/77m/ <1057‘r2m7) +
641 641
3 7 2 9
(kun;ux + kyn,u,unw/) (1057T2m ) + klln,u,unuu <1357‘r2m ) +

128; 5127
+ kﬂn#l/ngu <135ﬂ_2m9) + kl/niynuu (3157_[_27”9> (4.617)

. 4i 8i 16i
f,nt 4 5 31.2 5 213 5
T35sn -k = kukynu <157r2m ) + ky ko <257T2m > + Kk <757T2m ) +
32i 128
3.2 7 3 7
+ Rty <1757r2m > R My <1757r2m ) +

2561 192:
2 7 2 7
+ kukynuynuu <175ﬂ_2m ) (k kz/n,uu + k k nMMT]VV) <175ﬂ.2m > +

o [ 641 4 256i
+ kﬂn##nuu 2257['2m + kl/n,u,un,uunuu 225771_2m +

512i 1024i
2 9 3 9
Rt o (525ﬂ27” ) K <1575ﬂ27” > (4.618)

k- T3,5,6D =k vl <_367T3m ) + k,uky Nov (_671'3m > + k,uk Um (—187T3m +

+ k’ukuﬁw <_47T3m > + kukunuunzw (— 373 m +
3 iLy g 2 Tils g
(kun;w + kl/nuunw/) <_67T3m > + kl/nuunyy <—607T3m > +

7iLs 2L
+k¢mwni,<—30 m>-+kbmWUW/<—Eﬁﬁ7nm> (4.619)

f t 4 iL3 31.2 iLz g 21.3 iL3 g
3§6D k= k.k,nuu (12 ) + ky ko <107r3m ) + kK <15ﬂ_3m +

32 ily g 3 iLy g
+ k,u Moy <_20ﬂ_3m > + kynuunuu (_57_[_5771 ) +

2iL 3iL
=+ kikumwnuu - 34 m® ) + (k#k,%ﬂzy + k,ukzn,uunw/) — éms +
%8 107
7iL TiL
2 5 10 5,10
+ k’u’?uunw <_ 1007T3m > + kunuunuunuu <_ 257T3m ) +
6:1L 4L
2 5. 10 3 5. 10
+ kunm/nuu <_ 257T3m > + kl/n/_“/ <_ 257T3m > (4.620)

Fermions, spin 4 x 4:

= f 1 21 &1
k- T4,Z;t3D = (kukymu + kikfmw) <_7rm3> + kﬁkﬁnw (-Wm3> + kingy <—57rm5) -

- 115 -



43 127
+ K gy <—7Tm5> + kikuﬁuunw (-Wm5> +
361 961
+ (ku kvnuv + k) <_571m5) + Rl (—357rm7> +
487 1924
2 7 3 7
+ (k’/nﬂunﬂynw + kunuunuu) <_57rm > + kVnuy <—357Tm > +
3 1
+ kikg(kj € v <_477m2> + ki(k‘ “ ) Mup (—Wm4) +
+ kuky(k . E)MVT]VV —;m + kllklj(k . G)MVT]MV —;m +
12
kz/ k . v vy \ T 6
+ Ky (K - €)My < £m > +

24
+ (kl/(k ) G)uuﬁfw + ku(k - E)/wmuﬂ]w/) (‘57Tm6) (4.621)

i,n 3ZL2 3ZL2
k- Ti:4;t4D = (kukﬁ"?uu + kaB??;w) < ) m4> + kﬁkgnyy ( 2 m4> +

=f,n 1 21
k- T4:4;t5D = (kukyiu + k; k?zﬂhw) <57rm > + k?3k3277w (5 5 >

5,2 (i3 3 5il3 g 2 15iL3 ¢
Kt <2 ) + Ry Ml (47r2m > + KLk oy <47T2m +
9iLs 3iLy
(k‘ kVT]lW + kuk?,nu,uﬁw,) <4ﬂ_2m6> + ku%uﬂgy <47T2 m8> +

2111y 3iL4
+ (kl,nmmwjnm, + kuni,/nw) (ng) + ky, 21, ( > (4.622)

)

4i - 12 -
+ gl <77T2m > + ki o <77T2m > -
36i 321
2, 2 2 7 5 ?
+ (ki + kukg o) <357r2m > KTl <10571'2m ) i

162 641
+ (kunuunuunuu + kuniynl/l/) <157T2 9> + ]431/772,, <1057T2 m9> (4.623)

~f,nt ZL?) ZLg
k- T446D = (kukémm + k2 k;ﬂhw) (- 167r3m6) + kiki Now <_87r3m6) +

iLi s\ | .3 5ily g
+ kunyy <_ 167T3m > + kyn#unuu <_32ﬂ_3m +

15¢L JiL
+ kiky"?/u/nuu <_ 3271‘34 m8> (k kanW + k”k’%nuun'/V) <_327T§ m8> *
il 21iLs
+ k/ﬂ?u/ﬂﬁv ( 4073 m10> - (kyn,mnwnw " kwﬁynw) (_ 803 mlo)
3iL
R, (_ SiLy m10> (4.624)
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Fermions, spin 5 x 5:
k- Tézg;t?:D = k2k577uu <_Eilrm > + k4k37]1/u <—§;m > + k3k477,w <—11§;_m3) +
+ky ;Zm (_5)52;”@ ) + kzkdmmnw (_‘;’22 5) + k4kl, n2, (—?jjm‘r’) +
+ o <— 1;?5? m7> + kR, (— ﬁ?j m7> +
+ kK Ty o <— 1378541 7> kz Ny <—2187:$:m7) +

40961 122883
+ kgnuuniu <_ m7> + kikuniynuu <_ m7> +

1757 1757
6144 10241
+k kunm/ ( 175 m7> + kVT/IQlIJTIZ%V < 1757 mg) +

4096i 22528
+ anNNT,MVnI%V <_ 1757 m9> + kynuuniynVV (_5257ng>

45056 4096
3 9 4 9
Rl o <_ 15757 ) Rl < 3157 ) +

4 16
R o (= o?) + kb (2ot ) +
m

5T

32 64
+ kKD (K - €) oy (_57r 4) + K2k (k- €) <—5Wm4> +

384 64
+ kﬂkg(k ) 6)uy77uu77yy (—257Tm6> + k;z(k . 6)“V773V (_257rm6> +
256
+ kg(k . G)pynpunuu (_257Tm6> +
2 2 2 768 ¢
+ (kukl/(k : 6)/,1/1/77#1/ + kuklj(k N G)NVTIN/VTZVV) _257’]7), —|—

768
+ k(- E)uummnzu (_WmE;) +

3072
+ (ko (k- €) g ivw + Ky (k- E)anl/n””) <_1757rm8>
2048
+ ky(k . e)l“/nzlj <1757rm8> (4625)

=f, 3iLo iLy 2i Lo
k- T5 gtélD =k kunﬂu < 5 5 m > + k4kz/77w/ <ﬂ_m ) + k?3k31,77m, <57r2m4 +
21L3 32iL3 213
ki I2W ( 52 6) + k2’f377um7w (Wm6> + kﬁkyngu < ) m6) +

24iL3 48iLs
+ (k#kén,u,un,uu + ka;g Zu) < T m6> + k‘ikg%vnw ( 57T2 m6> +
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11iL4 33iLy4
+ kgni,un'w <m8> + kikunuungy <m8> +

52 572
108¢L4 22114
+ kukgnuunuunuu ( 57_[_2 8> + ksnuungy <5ﬂ_2m8> +
3L 96¢ L
3 2 4 8 2 2 4 8
+ kl/n##nuu (57r2m > + k‘uku%yﬁw (Wm ) +
48tLy 361 L5
+k kunﬂll ( 52 m8> + kvniyngy < 952 m10> +
1447 L5 264i L5
+ anMMnMVngu < 257‘(‘2 10> + kunuunuunm/ <257r2m10> +
176¢L 16¢L
3 5 10 4 5 10
+ ku"?,wnuu < 257T2 m ) + kl/’r]u]/ < 57’(’2 m > (4626)

81 8i 167
215 473 374 5
_kukl,nw(% 5 >—|—kk77m,(15 >+kknw<75ﬁ2m>+

32i 512i 32i
5,2 7 23 ! ukuy !
+ k) (1757r2m > + Kk ow <1757r2m > + Eukvii, <357r2m ) *
3841 7681
4 2732 32 T
+ (kukunMNnNV + k#ky ,uz/) <175 2m ) T k k v v <1757T2m > *

1408 1408¢
+ kgﬁiunw <m9) + kikvnuungu <m9> +

157572 52572
1536i 28161
+ k#k,%mwmﬂ?w <175ﬂ_2m9> + kznﬂ”ngV <15757T2 m9> *

40961 40961
+ kgnﬂﬂnfw <m9) + kikl/n;%ynuu < m9> +

157572 525m2
it (25) i, (L)
+ Ry gy My (1130295612 11) + kM o (%m”)
+ ke o (1450%%77111) + Kty ( ;%%?;mn) (4.627)

= k2D (—féﬁ%m(i) + Kk (—(;L:S’m ) + kS K (-@M) +
S = R G

+ kﬁkvngu <_f1[;£m8> + (kukz%mwnuu + kzkunm/) <_35i7f;m8> +
A (—6%4 8) kg2 o (— Wiks mlo) +

5 5073
54iLs m)

33iL
2 2 5 10
+ kukl’n#ﬂnuu < 507 a3 > +k ku77,u,u77,uzx77uu <_257l'3m
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11iL 16iL5 1o
+ kzn“VngV <_ 2571.35 m10> + kiﬁuuniu <_ m +

2573
+ kKo M (—iﬁ’mm) + kukZnd, (—221?;%10) +
" kynfmngy <_;’éfrg’m12> + ’fwuwuunﬁy <—1225ng6m12> +
+ K g T <— 222;71;36 mu) + kv (— 47451':36 m12> +
+ ki (‘ ZL;LT?, m12> (4.628)
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