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This ansatz matches the correct integrand on all co-dimension four residues
involving four distinct propagators. However, each chiral box is IR-finite!
There are also co-dimension four residues involving only three propagators:
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and the residue about the point £ — x, must be the tree amplitude: Af,k)’o

Tuesday, 6 January NBIA Nordic Winter School 2015 Part II: Applications of On-Shell Physics: Generalized Unitarity (Redux)



Revisiting Geqerallze_d l{mtamy: Impm\./mg the Qne—L()op T()()]l?ox Chiral Boxes Expansion for One-Loop Infegrands
Upgradmg_ I:]rutant_y a? One-Loop: the Ch.lml Box Expansion Making Manifest the Finiteness of All Finite Observables
Generalizing Unitarity to 2-Loop Amplitudes & Integrands = o o ’ ’

A ‘Box’-Expansion for One-Loop Integrands

A Chiral ‘Box’-Expansion for the One-Loop Amplitude Integrand

o? 1 1 2 2
VIQRES Z (ZapcafaveatZapealaped)
a,b,c,d

This ansatz matches the correct integrand on all co-dimension four residues
involving four distinct propagators. However, each chiral box is IR-finite!
There are also co-dimension four residues involving only three propagators:

: (a—1,a+1)(a,X)
S D D Car D) EX)

a
div

a
and the residue about the point £ — x, must be the tree amplitude: Af,k)’o

Tuesday, 6 January NBIA Nordic Winter School 2015 Part II: Applications of On-Shell Physics: Generalized Unitarity (Redux)



Revisiting Geqerallzqd L}mtamy: Impm\"mg the Qne—L()op T()()]I?OX Chiral Boxes Expansion for One-Loop Infegrands
Upgradmg_ I:]rutant_y a? One-Loop: the Ch.lml Box Expansion Making Manifest the Finiteness of All Finite Observables
Generalizing Unitarity to 2-Loop Amplitudes & Integrands = o o ’

A ‘Box’-Expansion for One-Loop Integrands

A Chiral ‘Box’-Expansion for the One-Loop Amplitude Integrand
0?
Ar(lk),ll’: Z(Iabcdfabcd+ a,b,c dfab( d)+A(k)OZIglv

a,b,c,d

This ansatz matches the correct integrand on all co-dimension four residues
involving four distinct propagators. However, each chiral box is IR-finite!
There are also co-dimension four residues involving only three propagators:

: (a—1,a+1)(a,X)
S D D Car D) EX)

a
div

a
and the residue about the point £ — x, must be the tree amplitude: Af,k)’o

Tuesday, 6 January NBIA Nordic Winter School 2015 Part II: Applications of On-Shell Physics: Generalized Unitarity (Redux)



Revisiting Geqerallzqd L}mtamy: Impm\"mg the Qne—L()op T()()]I?OX Chiral Boxes Expansion for One-Loop Infegrands
Upgradmg_ I:]rutant_y a? One-Loop: the Ch.lml Box Expansion Making Manifest the Finiteness of All Finite Observables
Generalizing Unitarity to 2-Loop Amplitudes & Integrands = o o ’

A ‘Box’-Expansion for One-Loop Integrands

A Chiral ‘Box’-Expansion for the One-Loop Amplitude Integrand
0?
Ar(lk),ll’: Z(Iabcdfabcd+ a,b,c dfab( d)+A(k)OZIglv

a,b,c,d

This ansatz matches the correct integrand on all co-dimension four residues
involving four distinct propagators. However, each chiral box is IR-finite!
There are also co-dimension four residues involving only three propagators:

: (a—1,a+1)(a,X)
S D D Car D) EX)

a
div

a
and the residue about the point £ — x, must be the tree amplitude: Af,k)’o

Tuesday, 6 January NBIA Nordic Winter School 2015 Part II: Applications of On-Shell Physics: Generalized Unitarity (Redux)



Revisiting Geqerallzqd L}mtamy: Impm\"mg the Qne—L()op T()()]I?OX Chiral Boxes Expansion for One-Loop Infegrands
Upgradmg_ I:]rutant_y a? One-Loop: the Ch.lml Box Expansion Making Manifest the Finiteness of All Finite Observables
Generalizing Unitarity to 2-Loop Amplitudes & Integrands = o o ’

A ‘Box’-Expansion for One-Loop Integrands

A Chiral ‘Box’-Expansion for the One-Loop Amplitude Integrand
‘Ar(lk)ylz Z(Iabcdfabcd+ a,b,c dfab( d)+A(k)OZIglv

a,b,c,d

This ansatz matches the correct integrand on all co-dimension four residues
involving four distinct propagators. However, each chiral box is IR-finite!
There are also co-dimension four residues involving only three propagators:

: (a—1,a+1)(a,X)
S D D Car D) EX)

a
div

a
and the residue about the point £ — x, must be the tree amplitude: Af,k)’o

Tuesday, 6 January NBIA Nordic Winter School 2015 Part II: Applications of On-Shell Physics: Generalized Unitarity (Redux)



Revisiting Generalized Unitarity: Improving the One-Loop Toolbox . 9 g
Upgrading Unitaity at One-Loop: th Chiral Box Expansion {1 PO PP O p TR
Generalizing Unitarity to 2-Loop Amplitudes & Integrands = . > e E

A ‘Box’-Expansion for One-Loop Integrands

A Chiral ‘Box’-Expansion for the One-Loop Amplitude Integrand

A= Z(Ial,b,c,df;,b,c,d+I§,b,c,dfaz,b7c,d) + «451")’02 Liiv
a

a,b,c,d

Tuesday, 6 J anuary NBIA Nordic Winter School 2015 Part IIl: Applications of On-Shell Physics: Generalized Unitarity (Redux)



Revisiting Generalized Unitarity: Improving the One-Loop Toolbox . 9 g
Upgrading Unitaity at One-Loop: th Chiral Box Expansion {1 PO PP O p TR
Generalizing Unitarity to 2-Loop Amplitudes & Integrands = . > e E

A ‘Box’-Expansion for One-Loop Integrands

A Chiral ‘Box’-Expansion for the One-Loop Amplitude Integrand

A= Z(Ial,b,c,df;,b,c,d+I§,b,c,dfaz,b7c,d) + «451")’02 Liiv
a

a,b,c,d

Tuesday, 6 J anuary NBIA Nordic Winter School 2015 Part IIl: Applications of On-Shell Physics: Generalized Unitarity (Redux)



Revisiting Generalized Unitarity: Improving the One-Loop Toolbox

A e . g Chiral Boxes Expansion for One-Loop Integrands
Upgrading Unitarity at One-Loop: the Chiral Box Expansion ine " . s . BT
Generalizing Unitarity to 2-Loop Amplitudes & Integrands Making Manifest the Finiteness of All Finite Observables

A ‘Box’-Expansion for One-Loop Integrands

A Chiral ‘Box’-Expansion for the One-Loop Amplitude Integrand

.Ar(,km - Z (I;7b,c7dfal,b,c,d +I§,b,c7dfaz,b7c,d) + Aglk)’oz Igiv
a

a,b,c,d

Tuesday, 6 J anuary NBIA Nordic Winter School 2015 Part IIl: Applications of On-Shell Physics: Generalized Unitarity (Redux)



Revisiting Generalized Unitarity: Improving the One-Loop Toolbox

A e . g Chiral Boxes Expansion for One-Loop Integrands
Upgrading Unitarity at One-Loop: the Chiral Box Expansion ine e . s - BT
Generalizing Unitarity to 2-Loop Amplitudes & Integrands Making Manifest the Finiteness of All Finite Observables

A ‘Box’-Expansion for One-Loop Integrands

A Chiral ‘Box’-Expansion for the One-Loop Amplitude Integrand

.Ar(,km = Z (IcLb,adfal,b,c,d +I§,b,c7d.faz,b7c,d) + Aglk)’oz Igiv
a

a,b,c,d

k),1 k),1
AL A

n,div

Tuesday, 6 J anuary NBIA Nordic Winter School 2015 Part IIl: Applications of On-Shell Physics: Generalized Unitarity (Redux)



Revisiting Generalized Unitarity: Improving the One-Loop Toolbox

A e . g Chiral Boxes Expansion for One-Loop Integrands
Upgrading Unitarity at One-Loop: the Chiral Box Expansion ine e . s - BT
Generalizing Unitarity to 2-Loop Amplitudes & Integrands Making Manifest the Finiteness of All Finite Observables

A ‘Box’-Expansion for One-Loop Integrands

A Chiral ‘Box’-Expansion for the One-Loop Amplitude Integrand

.Ar(,km = Z (IcLb,adfal,b,c,d +I§,b,c7d.faz,b7c,d) + Aglk)’oz Igiv
a

a,b,c,d

k),1 k),1
AL A

n,div

Tuesday, 6 J anuary NBIA Nordic Winter School 2015 Part IIl: Applications of On-Shell Physics: Generalized Unitarity (Redux)



Revisiting Gel?erallze_d intarlty: Impm\./mg the Qne—L(mp To()ll?ox Chiral Boxes Expansion for One-Loop Infegrands
Upgradmg_ I:]rutant_y a? One-Loop: the Ch.lml Box Expansion Making Manifest the Finiteness of All Finite Observables
Generalizing Unitarity to 2-Loop Amplitudes & Integrands = o o ’ ’

A ‘Box’-Expansion for One-Loop Integrands

A Chiral ‘Box’-Expansion for the One-Loop Amplitude Integrand
1 1 2 2 k),0
.A,(,k)’l = Z(Ia,b,c,dfa,b,c,d+Ia,b,c,dfa,b,c,d) + AS! ) Z Igiv
a

a,b,c,d

A(k)71 A(k)’l

n,fin n,div

Because the divergences are universal, the ratio function is manifestly finite!
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Manifesting the Exponentiation of Divergences to All Orders

The separation of amplitudes into manifestly finite and manifestly divergent
parts can be done at all loop orders.
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And this separation makes manifest the finiteness of all finite observables
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