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�4(5 + 6)2]

"
∝ ! (4) (" a

1 [23] + " a
2 [31] + " a

3 [12]) ∝ R413

P4

!
�23�
�13�

"
∝ ! (4) (" a

4 [56] + " a
5 [64] + " a

6 [45]) ∝ R146

P4

!
s234

�1(3 + 4)2]

"
∝ ! (4) (" a

2 [34] + " a
3 [42] + " a

4 [23]) ∝ R524

P4(0) ∝ ! (4) (" a
5 [61] + " a

6 [15] + " a
1 [56]) ∝ R251

P4(y) =
5!

a=1

5"

b=1
b!= a

y ! yb

ya ! yb
P4(ya)



^40$."1$)42C15$875$$
."1$87/5A0-*142-74),$6/.$6742.5/6B9,1$1:14$+)5.$$

-2`f$



S(2) ,D=4 =
1
4

c1I (1) + c2I (2) +
1
2

c3I (3) +
1
2

c4I (4) + c5I (5) + c6I (6) +
1
4

!
c7aIP2 + c7bIP + c7cII

"
I (7)

+
1
2

c8I (8) + c9I (9) + c10I (10) + c11I (11) +
1
2

c12I (12) +
1
2

c13I (13) +
1
2

c14I (14) +
1
2

c15I (15) + c16I (16)

1 2 3 4

5 6 7
p

!p ! k2"2

8

p

!p ! k3"2

9

p

!p ! k1"2

10
p

!p ! k3"2

11

q

p

!q ! k1"2 !p ! k4"2

12

qp

!q ! k3"2 !p ! k4"2

13 14 15
p

!p ! k2"2

16

M (2) ,MHV ,D =4
6 =

1
16

�

S1 ! S2 ! S3

S(2) ,D =4

W (2) ,NMHV ,D =4
i =

1
8

!

Si

S(2) ,D =4
S1 = { (123456), (321654), (456123), (654321)}

S2 = { (234561), (432165), (561234), (165432)}

S3 = { (345612), (543216), (612345), (216543)}

d4.1<5),2U$

+



c1 = ! s2
123s34s61 + s2

123s234s345

! s123s234s12s45 ! s123s345s23s56

+2s12s23s45s56

c2 = 2s2
12s23

c3 = s2
123s345 ! s123s12s45

c4 = s2
123s34

c5 = ! s12s123s234

c6 = s61s12s123

c7a = ! s345s123s234 + s123s61s34

c7b = 2s123s34s61

c7c = ! s234s345s123 + s123s61s34

c8 = 0
c9 = s123s45s56

c10 = s56s123s345

c11 = ! s56s61s123

c12 = ! s2
123s345 + s123s12s45

c13 = s2
123s61

c14 = 2s2
34s123

c15 = 0
c16 = 2s12s34s123

c1 = s2
123s34s61 ! s2

123s234s345

+ s123s234s12s45 + s123s345s23s56

c2 = 2s2
12s23

c3 = s2
123s345 ! s123s12s45

c4 = s2
123s34

c5 = s12s234s123 ! 2s12s23s56

c6 = ! s61s12s123 ,
c7a = s234s345s123 ! 4s34s61s123

c7b = ! s123s34s61

c7c = s234s345s123 ! s34s61s123

c8 = 2s12(s345s123 ! s12s45)
c9 = s123s45s56

c10 = 2s56s12s45 ! s56s123s345

c11 = s56s61s123

c12 = s2
123s345 ! s123s12s45

c13 = ! s2
123s61

c14 = 0
c15 = 0
c16 = 0

%&'($ &'($ >154M$?-D74M$I727C15M$QQ$
@+5)0,-4M$(15</M$(7,7:-6" $

I727C15M$QQM$(15</$



qp

! µp áµq ! µ2
p

p

17 18

c18 =
1
6
s123(2s34s61 ! s234s345)

O(�)

c18 = 2s61(s123s234s345 ! s61s34s123

! s12s45s234 ! s23s56s345)

M (2),µ
6 =

1
16

!

12 perms.

1
2

c18I (18)(! )W (2) ,µ
i =

1
4

!

Si

c18

!

12 perms .

1
2

s12I (18) (! )

¥!$$.7$P40$."1$+)5.2$.").$)51$47.$87/5A0-*142-74),$6/.$6742.5/6B9,1M$
$$$67*+)51$D A0-*142-74),$6/.2$C-."$87/5A0-*142-74),$512/,.$

%&'($ &'($

¥!$_4,-;1$."1$&'($)*+,-./01M$$$$A-4.1<5),2$674.5-9/.1$.7$."1$700$+)5.$µ



Div (1)
6 = !

1
2! 2

6!

j=1

(! sj,j+1 )! !

W (2) ,µ
i

V (2) ,µ
i = W (2) ,µ

i ! W (1) ,µ
i Div (1)

6
! ! 0!" 0

S742.5/6.$."1$?'I@$P4-.1$8/46B742$-4$$$$$$$$$$$$$$$$$$$$$$$$$$$U$

¥!$).$1)6"$75015$-4$$$$M$$$$$$$$$$$.15*2$)51$67*+/.10$857*$."1$)*+,-./01$O(! )a

¥!$i:),/).1$P52.$$$$$A-4.1<5),$674.5-9/B74$.7$$

ANMHV
6 /A MHV

6

¥!$),,$dQ$0-:15<14612$-4$.15*2$78$

µ V (2)
i = V (2) ,D =4

i + V (2) ,µ
i

>154M$?-D74M$I727C15M$$
QQM$@+5)0,-4M$(15</M$$

(7,7:-6" $

^>?IV>?@$-.15)B74$78$$$
78$$$$A-4.1<5),$674.5-9]2$µ

?-D74M$@6")9-4<15$l$.7$)++1)5$$75$
-4875*)B74$)97/.$-.$857*$)$6/.$78$

V (1)
i (! ) = W (1)

i ! M (1)

V (2)
i (! ) = W (2)

i ! M (2) ! M (1) (W (1)
i ! M (1) )

V (2),µ
i (! ) = W (2),µ

i −W (1),µ
i Div (1)

6

V (2) ,µ
i (! ) = W (2) ,µ

i −W (1) ,µ
i Div (1)

6 −M (2) ,µ + M (1) ,µ Div (1)
6 + O(! )

%7$674.5-9/B742m$



!").$)97/.$$$$$$$$$$$$$$$$$$$$U$-2$-.$0/),$674875*),$-4:)5-)4.3$V (2) ,D =4
i

a1):1$."1$&'($51*)-4015$8/46B74$/41:),/).10$

?/),$674875*),$-4:)5-)461$211*2$.7$91$+51214.$l$C-."-4$."1$15575$9)52$

kinematic pt. (u1, u2, u3) V (2)
1 + R(2)

6 V (2)
2 + R(2)

6 V (2)
3 + R(2)

6

K (0) ( 1
4 , 1

4 , 1
4 ) −2.41± 0.02 −2.41± 0.02 −2.41± 0.02

K (1) ( 1
4 , 1

4 , 1
4 ) −2.36± 0.05 −2.37± 0.03 −2.38± 0.03

kinematic pt. (u1, u2, u3) V (2)
1 + R(2)

6 V (2)
2 + R(2)

6 V (2)
3 + R(2)

6

K (3) ( 28
17 , 16

5 , 112
85 ) 14.426± 0.003 12.614± 0.004 11.697± 0.009

K (6) ( 28
17 , 16

5 , 112
85 ) 14.439± 0.078 12.614± 0.035 11.727± 0.145



ln Wi =
!!

l=1

al
"
f l (! )W

(1)
i (l ! ) + Cl + R(l )

6;i + O(! )
#

¥!$%&'($51*)-4015$8/46B742$

?/),$674875*),$-4:)5-)461$211*2$.7$91$+51214.$l$C-."-4$."1$15575$9)52$

kinematic pt. (u1, u2, u3) R(2)
6;1 R(2)

6;2 R(2)
6;3

K (3) ( 28
17 , 16

5 , 112
85 ) 5.413± 0.003 4.749± 0.004 4.602± 0.009

K (6) ( 28
17 , 16

5 , 112
85 ) 5.427± 0.078 4.749± 0.035 4.633± 0.145

kinematic pt. (u1, u2, u3) R(2)
6;1 R(2)

6;2 R(2)
6;3

K (0) ( 1
4 , 1

4 , 1
4 ) ! 1.43± 0.02 ! 1.43± 0.02 ! 1.43± 0.02

K (1) ( 1
4 , 1

4 , 1
4 ) ! 1.377± 0.047 ! 1.393± 0.025 ! 1.397± 0.033



@/**)5#$)40$7/.,77;$

¥!$i:),/).1$700$+)5.$K$$$A-4.1<5),2$)51$;47C4Lc$0/),$6748f$-4:)5-)4613$

$$$$$$$$$$$$$$$$$$$$$$AA$)51$."151$a1:-AS-:-.)$.142752$-4$$

¥!$!"#$27*1$-4.1<5),2$)++1)5$74,#$-4$&'($)40$27*1$74,#$-4$%&'(3$
$$$$$$$$$$$$$$$$$$$$$$AA$)4#$*1)4-4<3$-2$-.$/218/,$.7$;47C$%$&'()'($C"-6"$74123$

¥!$?712$2-*-,)5-.#$C-."$&'($)*+$2/5:-:1$.7$"-<"15$,77+2V*/,B+,-6-.#3$

¥!$̂ 4#$41C$2+-4$8)6.752$).$"-<"15$,77+23$

¥!$d2$."151$)$+"#2-6),$*1)4-4<$875$."1$."511$51*)-4015$8/46B742$$

¥!$d2$."151$)4#$674416B74$.7$!-,274$,77+23$
$$$$$$$$$$$$$$$$$$$$$$AA$516746-,-)B74$C-."$2.574<$67/+,-4<$/4-:152),-.#3$$

¥!$4)./5),$),,A75015$2+,-.$78$F+.$)*+,-./01$-4$1:14$)40$700$+)5.2$

¥!$),<75-."*-6$C)#$78$-014B8#-4<$2+-4$8)6.752$

¥!$1:14$+)5.$-2$)$2/*$78$+21/07A674875*),$-4.1<5),2$
¥!$51*7:1$1D+7414B).10$dQ$0-:15<14612$$$$$$$$$$$$$$0/),$6748f$-4:)5-)461$

µ
V (l )

i

R( l )
6;i


