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Unitarity methods,beyond one loop, are always d-dimensional 
and require the computation of “evanescent” (μ) Integrals 

4d constructions, for example the amplituhedron in         , miss these contributions 

μ-Integrals are still rather complicated to compute using traditional methods. 
All-plus amplitudes are fully characterized by these contributions.
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the integrand level decompose the loop momento
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• Amplitude integrano can then be written as
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] naively Showed be 0(E) but actually worse due to
diverge nces in Integration region !

•At 1- loop they con be understood as dim - Shifts .
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Typeoftirergencesa.si
ngular Integration regions vsually

associated to

large e → UV
Smale e → IR (soft)
e allinearlo→ IR (Colli near)
ext momento

a. Our statement is that those regions fully determina

µ -Integral up to 0k) Terms !



IR soft
Éberacted by ex pending around Vanishing propagatore
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• Starting integral is IR convergentif NAM " )#No, 0) , otherwise
we obtain : soft pole ?
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IRcollinear@Regionanociatedwithli-XPyslocal.sub traction fand by
[Anastasia, Starman 18] / requites an integrativi (transversa loop momento) .

3 Colli near Region exists
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• Integral is divergent , vvhen extracting collinear region head to act
on soft subtracted Integral
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VY We have seem how IR divergere
oget soppressed whey we have pliinthe numerata.

Expamd
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Power Counting
to see what happens : 4- #exponentof - È

µ "

mi first UV divergano !!
2-3

,

i
-1/4 " =

-1
6 E



Why Vice ?-
• Regions with µ-Terms, if they contributo , con onlybe UV !
• At two - loops , Mang more

Combinations but divergencesonly

1- loop like .

2-loop
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Fiamma
Let vs apply our procedure to sane a

-point exempla
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• In the second cose the µ-Integral locolizes conto a 1-loop integration
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All plus Amplitudes : 5-point Example
• Amplitude is Known , we with focus on planner Contributions .

• Weight drop in the amplitude manifest only after Combin ing all

pieces together. µ
- Integrali con stile be Weight 4

→ÉÉ

[Badger, Magua ,Ochirov,ÒGnneFtÈ



• Form of the Amplitude Known [Gehrmann, Henn,Lopresti 15]
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Rational

• Integrando depend on µ,] in a particular Combination

← Non factorizable
} facto rizable

•
Fa only qui,qui will contributo , botti IR and Ur

a. Fa, Fs only contributo to UV !



• We can Uplift our apprach for µ- Integrali to the
full amplitude
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• We can Uplift our apprach for µ- Integrali to the
full amplitude
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• We can Uplift our apprach for µ- Integrali to the
full amplitude
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rational Once /R.subtracted

finite 1-mass box !
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Implemented                                      for μ-Integrals. 

Explicitly shown cancellation of collinear contributions and understood structure 
of finite reminder.

Apply this method to higher point Amplitudes and beyond All-plus.

Can we construct μ-parts of the amplitude with the same nice factorization property? 
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