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A PhD Student's Nightmare:
Calculating Amplitude with Feynman Diagram

Result of a brute force calculation:

tat by, b -y by R il ey e
pludinveuralivutiovatimesivagimpir s
o e d.nu iy -l e 1 Il i AL b b

e s 0 1k el g R

el o
ke vl i, < - h-&.s&hu

ST [ u\nnn-n& ks ek ey

5 gluon amplitude

< iy S 1y 4 b -y
g oy s = v Ay e
n ol Iulq.vh vk -y o il e R ol vt
vy -y s a4 ag iyl sl R e b ey ks me e bl
iy -m o o o oo vt a1 - b e b il 4 by sk

e e e

+
el gl sy
-k Ay
- iy oy e
# i i iyl - e
LR R

. L il
1-cke -y -l - S iR RPN
R e
R LR TR

AT (— —+++

i pn oy
—hm ey apd ke e 4 ek vk
P gridrnrat g - ~a ~hem - ok 0y 2 vy e
et e A <yl ity ey Sy byt sy e iy b R
B R e R :u --:-M i i R el

i i anly ke =y 3l ok 4y = "
R b
o it urbed

a4
i wh b A ke b -.lb-mr PO e an TR
-h

. ol

B . P tr

i » b vy it e
N

ko ki

: : y X : = = - iy gy s DRI 1|\ iy iy eyt
1 ‘-}‘ i i 4 4 1 1 l = iy miy wpen- ek LT - I L
SO o iii}a AEED

P .,.,.,,.,‘..-..-un D
<y mn wakaeah o -0l Gk sk
e T sl R S PP

LR R
o mars. v e a4 el noum o ali k]
pAptr ey e sk v 4

-
e ohn B - et b b A Ay A R Rttty e
S e e R i iyt il e e o nab k4 e
s e ]

Picture ff

ki kg

6 gluon~10,000 diagrams 7 gluon~150,000 diagrams
8 gluon~3,000,000

22, May. Discovery PhD Day. Rijun Huang.



A PhD Student's Nightmare:
Calculating Amplitude with Feynman Diagram.
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A PhD Student's Revenge:
Say NO to Feynman Diagram.

Poa = U‘depu — /\(}:Xd — ‘p> ‘p]

- , - ~ a5
(i §) = P Xhiadip i 4] = €500,

2ki - kj = (i j)j 1]
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A PhD Student's Revenge:
Say NO to Feynman Diagram.

..Color-decomposition

A?iu”({k As. az} Z ‘Tz Tagj_ e )fln(kgl' widih & 3 kézn)
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A PhD Student's Revenge:
Say NO to Feynman Diagram.

An(1,2,....n)=A,(2,3,....n,1) Cyclic relation

A, (1,2,...,n)=(-1D)"A,(n,n—1,..., 1) Reflection

Relation
Kleiss-Kuijf (KK) relation(1989)

An(1,{a},n {B}) = (—1)"F Z An(1,0,n)

c€OP({a},{B87})

Bern-Carrasco-Johansson (BCJ) relation(2008)

An(1,2,{a},3,{B}) = ¥ An(1,2,3,0:)F

o; €EPOP({a,3})
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How to calculate
amplitude?

% " An Introduction to
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Britto-Cachazo-Feng-Witten(BCFW)
On-shell Recursion Relation

..Shift of two momenta in An(klp k?; . kn)

e

A — :{1'_ + 13:; = }‘33(’;) = AN + 2 )\;
)‘j — /\j — Z\; — }‘i;(’;) — )\})\} — 1)\3)\3
Af() = () . Af() — () on-shell momenta

ki(2)+kj(z) =k; + k;  total momentum
conservation
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Britto-Cachazo-Feng-Witten(BCFW)
On-shell Recursion Relation

..Complexified the amplitude

Ap (k1 ko, .o, kn) — An(c o ki(2). o0 ki(2). 000 = An(2)

..Contour integral

1 dz A(z)
2‘”}{ A(z) = A(0) —1—ZRem_m
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Britto-Cachazo-Feng-Witten(BCFW)
On-shell Recursion Relation

1 dz ,, , _ A(z)
5 % —A(z) = Coo = A(0) + ; Res.—.,—

Ao e

(1) *4(3) — 0 when 2z —

A(z) arational function of =

=
P A
—_— e

A(z) has single pole
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Britto-Cachazo-Feng-Witten(BCFW)
On-shell Recursion Relation

1 dz )
o j{ —A(2) = Csc = A(0) —1—ZREH~_H

Ao

..Evaluate the Residue: Location of the poles

(1) Propagator K, does not contain Fk;(z) and k;(z)

(2) Propagator K, contains both £;(z) and k;(2)

(3) Propagator K, contains one k;(z) or k;(z)
Ko(z)=z2K +p, K2(2)=0— 2z,
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Britto-Cachazo-Feng-Witten(BCFW)
On-shell Recursion Relation

1 dz )
o j{ —A(2) = Os = A(0) +ZREH~_H

1l
A(0) = Z 4:1 maﬂ( )Ii} ﬂza—|—l("ﬂ)
ov,h a
..Three-point gluon amplitude
(e =)= =22 oy o L2

(23)(31) ) = 2 3][3 1]
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Britto-Cachazo-Feng-Witten(BCFW)
On-shell Recursion Relation

..Example  Ay(— —+++)
X1 — Xl + EXE. — kl (L) — /\1X1 -+ 3/\1X5

Ay — Ay — 2N\ = .11‘.5(:-3’) = Ay — 2ZA1 A

AT AL(17 (20), 27,37, K (2a))

_/ : (k4—:k5)2A3(K_(ZQ)’4+’5+(ZG))
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Britto-Cachazo-Feng-Witten(BCFW)
On-shell Recursion Relation

2— 3T
\ L /
%azkg—l—k;((zx
K™*(2)

17 (2)

Ay(17,27,3F K1)

1
A3(P~ (<), 37, K*(2"))

= A3(1~(2.),2™, PT (2 =
3( ( Cr) ( &))(IZL:]_ _|_'(;E)2
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