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choose 2 legs K,l :

II]= 1kHz Il] j If>= ¥1k>

all others unchanged
(so the man : LIKE/=④+ 2-D) <KI k=zlkkl

(it]<It = <l- 2- <KD re= -rk )
and all other F's ⇒

A- E AKE;) p¥ÑR(Zi;)fact
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which feat channels ! Only ones w/ 2- polls !
⇒ legs k ,l on different sides

c-× : use this to prove Parke -Taylor
→ 86
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n⇒ ✓

assume for A- - Au- I

BCFW shift 12=1 1--2

in-nk-z-5.int) -_Égn+¥É④IÉ
Kt ¥1451
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' -4-151h⇒ : Ñ=o unless 3pt (Kh)
he - : A^r=O --

⇒ only Ñ→¥pÑÑn-1 + A%¥2Ñ3
now just calculate

.

(will need tp] 1-psi just a phase (converting
need tp] < -p/ = - Ip]<p

can choose for ex . tp> = -1ps ] Unh ,



similarly: all nylon ample .

beyond MHV : more fact
. channels

.

assumed Ate)→o fight Resat A)Eso

different shifts work for diff . A 's .



Koy : generalized unitarily
construct loops w/out calculating?
tree : three from lower order Antin

based on poles .

1¥ : d-loop) ! poles : ¥y
4-prop on

= shell)
but also arts : 2 props go on

-shell

2ImT ≤ Disc>= Ttt ← Unitarily
y
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In some cases ? Can Construct A loop from
trees

.

in others : construct some interestingpart of Aioop
from some D-tree's this way
Ñ at 2 at prop's? Can generalize to

larger # of
"

at
"

propagators (props going on-shell)
(d-ii.z.si) ⇒ generalized unitarily .



can write any loop ihlg.in termed solar integrals
At-took F. Cui Ini +§

Csi Isi -1¥ CEE
"

Passantino
/ Veltman

reduction
coff(depend on kinematics

Iulpi ,- - Pu)=fᵈ¥¥ ftp.#-p-pTCl-pi-pz-py-zboxes

Izlpispz >B) = fd¥¥u ytp-pTÑ-ppptriangles
Izlpypz)=¥ ¥,p ¥-7B

p ,pz
Pi canbe sum of several mom :

integrals are known i just need coeffc .

only bubbles as are W divergent! CRGE)=

whyPV ? fdQep,p=ap→-p =9PM - +913M
dot at gpi , RHS azpipztaspip,
hits : mm t.PF-z-kl-p.tl] →scalar integrals



actually 7 also iiational teres on RHS : Rn
tho loop inleg . } cannot be determined inthis way

regular art : 2 prop's going on-shell (dinble cot]
in sum channel: Disco

.
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÷¥"
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-4=4+6++14

and will Use :

Discern
,
M= ?CuiDisco ..my#+-jZ5IDisc.a..uyIzis--ZCzkDiscf.-uyT-z"

Disc of boxes , triangles , bubbles known .

now look at LHS; Éi→
→atfll?) * →WILE)

Disarm)M=§gf¥Reise:) Steeleiii.a. , in ,
-

like)
Atee (ei; cm+D , - in ,

- lih)
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in this integrand have the product of 2 on-shell
tree amplitudes - can be simplified using all thetools we saw

.

need 420 k¥-11+-1-42=0
↓ ⇒ 2hr4-1 . -+m)-14+-1-42--0

Ax light
free

] 2 free par's remain
.

bother can go on : consider also
triple cels ! 3 prop's goon-shelquadruple arts : 4 " "

no more ! no more Sdn's



triple at: integrand i

⇐↳↳Atr¥! b. -m , - . threeflak
, anti) - - k

,

-l
>

"3)
' 1-tree(b4 kit , - - n

,
-lily

RHS : box
, triangle out

quadruple at :
how are partition K . . kn into 4 groups

with the fours Ia . . In
* ⇔É !

¥
.

I _±
,i E

lz= lit#, bile -1¥ ,-11% ly= lit:kzIk,
4 Unknowns lie j 4 Gus : lito
azo : .li#llTlj3 other ear's linear

⇒ 2 discrete solid



for each so/n tf have ;

<Its integrand : titrate-4 three three Attila ¥ - - ¥
on RHS: just one box contributes (the one w/ same partition)

diet - - ¥ A-e.
±

⇒ q⇔=±[tree three lttstreelttytreeltyt (+ -1]
find box part w/out doing any loop integral
from on-shell tree-level ainpl . only!
+ typically: may contrib's ⇒ because of tree -levelselection roles :(cant sew helicities

eg Anti - - +) n≥5 : no box / triay/ bubble .

Hermine bubble coefj : 1st box laced wt)
then triangllriay ")
a bubble (double arts)


