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Why Two Loops?

e Goal: Theory predictions with accuracy of order ~3%

Why All-Plus?

 Simple structure (easiest after N=4 SYM)
e Easiest amplitude with rational terms
e Excellent testing ground for new techniques

Why Rational Terms?

 Last piece missing in all-n understanding at leading color
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Two-loop amplitudes can be decomposed

Tree X 2-Loop  1-Loop X 1-Loop Finite £(2)

A A A
4 A\ 4 A\ 'd N\

A ~ (A%O)Iq(f)) n (Ag)zq(ll)) + P@ L RO

f SN

0 Finite Polylogs ~ Rational Terms
for All-Plus




Two-Loop All-Plus

4/29



Two-Loop All-Plus

Feature of two-loop all-plus
Loops decouple

4/29



Two-Loop All-Plus

Feature of two-loop all-plus
Loops decouple

A ~ (AS)IS)) +P@ L R

4/29



Two-Loop All-Plus

Feature of two-loop all-plus
Loops decouple

A ~ (AS)IS)) +P@ L R

N— 7
~

7

Decouples

5/29



Two-Loop All-Plus

Feature of two-loop all-plus
Loops decouple

A ~ (AS)IS)) +P@ L R

N— 7
~

Decouples

5/29



Two-Loop All-Plus

Feature of two-loop all-plus
Loops decouple

A ~ (AS)IS)) +P@ L R

N— 7
~

Decouples

All-n expressions available
[Dunbar, Jehu, Perkins, 1604.06631]

5/29



Two-Loop All-Plus

Feature of two-loop all-plus
Loops decouple

A ~ (AS)IS)) +P@ L R
— ~ 7 -/

Decouples Decouples?

All-n expressions available
[Dunbar, Jehu, Perkins, 1604.06631]

6/29



Two-Loop All-Plus

Feature of two-loop all-plus
Loops decouple

A ~ (AS)IS)) +P@ L R
— ~ 7 -/

Decouples Decouples?

' . - .
¢ -~
. K4 -
. (S g .
i 0 K 5 B
. . . . !
i i / \ ’
1 . ’ .
H ' s
i : (]
] ] %
i i ‘ '
1 ' Y N ;
H ' \
. /
| H % s
~ .

All-n expressions available
[Dunbar, Jehu, Perkins, 1604.06631]

6/29



Two-Loop All-Plus

Feature of two-loop all-plus
Loops decouple

AG) ~ A<1>I<1> 7><2>+72<2>
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4-,5-, 6- and 7-point known

All-n expressions available [Bern, Dixon, Kosower, 0001001
[Dunbar, Jehu, Perkins, 1604.06631] [Dunbar, Jehu, Perkins, 1604.06631]

[Dunbar, Jehu, Perkins, 1710.10071]
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All-Plus Rationals

D-dimensional unitarity
Dimensional reconstruction of
all-plus from six dimensions

A®) = (D, —2)A3, + (Dy — 2)%2 4%

/ ?

One scalar, one gluon loop Two scalar loops

Co njectu re: [Badger, Mogull, Peraro, 1606.02244, 1607.00311]
F® = (D, — 2)P® 4+ (Dy — 2)*>R?) + O(e)

Sufficient to compute rational terms of A2
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Loops of different scalar flavors

All factorizable two-loop topologies

If conjecture holds:

RA = RW [-ExRD [ A + R [OxRD [« +...
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Two-Loop Ingredients

Known for arbitrary number of gluons
[Ferrario, Rodrigo, Talavera, hep-th/0602043]

Computed via BCFW (so far up to three gluons)

Parametrization following [Badger, 0806.4600]

Residues via series expansion In Mathematica.
Parameter integrals known [Kilgore, 0711.5015]

Integrals are well known, e.g. [Badger,0806.4600]
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Numeric Checks:

o Coefficients via series expansion using Mathematica

2 Rational kinematics give exact numerical results

* Decoupling verified for 4-, 5-, and 6-gluon all-plus amplitudes

Analytic Checks:

e Parametrized kinematics lead to analytic results

e Using momentum twistors, rederived 4-gluon all-plus
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For positive helicity gravitons
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Graviton All-Plus

For positive helicity gravitons
Loops seem to decouple as well

A ~ ( A(l)I(l)) +P@ L R

_/

" \

Decouple Decouples?

Computed for 4 and 5 gravitons Recently computed for 4 gravitons

[Dunbar, Jehu, Perkins, 1701.02934] USiﬂg numerical u nitarity
[Abreu, Cordero, Ita, Jacquier, Page, Ruf, Sotnikov, 200212374]
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csz],c;wf;]:ém[ﬂﬂ-,_ As in YM, but higher orders in parameters
Colut], Co[u? Parameter integrals mostly known [kilgore, 0711.5015]

27 /29



Two-Loop Gravity Ingredients

Cao[p®], Calp’], Calut],
CA[:UJGL Ca [M5]) Ca [:u2]’

Colp*], Co[1?]

Computable from YM amplitudes via KLT

Computable from YM amplitudes via KLT?
Otherwise BCFW

Parametrization as in YM

As in YM, but higher orders in parameters
Parameter integrals mostly known [kilgore, 0711.5015]

Integrals can be obtained from dimension shifting
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Conclusion

Cut-constructible part of two-loop all-plus amplitudes:
e Dirct decoupling of loops

Rational terms:
e From correct perspective, loops appear to decouple as well

R® = RED _ R(l){ml)}

All-Plus Graviton Amplitudes
o Structure very similar to Yang-Mills
> Decoupling property of rationals is likely also present
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