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Introduction

Standard Model (SM) of Particle Physics —> best Quantum Field Theory

SM leaves to much physics without descriptions —> Physics Beyond Standard Model (BSM)

LHC results demand a refinement of our understanding of the SM physics
High precision predictions in background processes —> New physics at the TeV scale

Relevant observables
—> computation of Quantum Chromodynamics (QCD) Scattering Amplitudes

William J. Torres Bobadilla




Introduction

Standard Model (SM) of Particle Physics —> best Quantum Field Theory

SM leaves to much physics without descriptions —> Physics Beyond Standard Model (BSM)

LHC results demand a refinement of our understanding of the SM physics
High precision predictions in background processes —> New physics at the TeV scale
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Introduction

Standard Model (SM) of Particle Physics —> best Quantum Field Theory

SM leaves to much physics without descriptions —> Physics Beyond Standard Model (BSM)

LHC results demand a refinement of our understanding of the SM physics
High precision predictions in background processes —> New physics at the TeV scale

Relevant observables
—> computation of Quantum Chromodynamics (QCD) Scattering Amplitudes

— Practical applications in particle physics

& Scattering Amplitudes — Mathematical elegance e
— Gauge invariant objects Loops vs Legs

>> Henn

Motivation
«<—— Automation ——>
Simplify the calculations in High-Energy Physics.
Discover hidden properties of Quantum Field Theories
Towards NNLO is the Next Frontier.
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Introduction

What do we need for NNLO?

>> Gerhmann-De Ridder
>> Cruz Martinez

>> Magnea

+ many more!

& Double-real Radiation
tree-level matrix elements

dUNNLO

& Single-real Radiation
1-loop matrix elements

d NNLO

& Virtual 2-loop matrix element

dUNNLo

donNLO ~ / dUNNLo s / dUNNLo T / dUNNLo
d(I)m_|_2 dCI)m_|_1 dd,,

e e + Subtractions and MC integration
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Outline

(O Calculation of multi-loop scattering amplitudes

— Integrand reduction methods
— Automated 1- and 2-loop reduction for any generic process

O Applications
— Einstein-Yang-Mills amplitudes @1-loop
— el scattering @2-loops

() Conclusions & Outlook
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Dimensional regularisation schemes

For all dimensional schemes 1t 497
[ gt | gy
(27) 4 Lo (27) d

with the unified framework

Sia) C QSq C QSu) = QSag @ QS

strictly four-dim. quasi d-dim. quasi ds-dim. 'evanescent’

(unregularized) (PS integration) (usually ds = 4) space

[Gnendiger, et al (W.J.T.) (2017)]

In this talk

>> Gnendiger

neo—yd_ - d
singular vector fields tHV - 0

regular vector fields EDE .

[Signer, Stockinger (2008)]
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One-loop scattering amplitudes

Deal with with integrals of the form

T [N(l_ )] t ddl—Ml---ik (l_7 pi) Numerator and denominators are
L » i D;, -+ Dy, polynomials in the integration variable

11

P —

Tensor reduction

APy = S, o [\ ¢ S O el O
K4 Ko K

OGS S

[Passarino - Veltmahyg(1979)]
[ Cut-constructible amplitude -> determined by its branch cuts

[ All one-loop amplitudes are cut-constructible in dimensional regularisation.
[ Master integrals are known

William J. Torres Bobadilla
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One-loop scattering amplitudes

Deal with with integrals of the form

T [N(l_ )] t ddl—Ml---ik (l_7 pi) Numerator and denominators are
L » i D;, -+ Dy, polynomials in the integration variable

11

P —

Tensor reduction

ADP=((p}) = Y Ok ; e < r—+ Yl (3
K4 K,

WG S

[Passarino - Veltmahw(1979)]

Unitarity based methods

/N

cut-3 :: Forde

~ : Bjerrum-Bohr, Dunbar, Ita, Perkins
sl 3 Mastrolia

| | cut-2 :: Bern, Dixon, Dunbar, Kosower. >> Page
. Britto, Buchbinder, Cachazo, Feng. >> Badger
N | Britto, Feng, Mastrolia. >> Febres Cordero

- e ]>< “2 PR s Biia o Eons Isolate the leading discontinuity!

o — >> Zeng
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One-loop scattering amplitudes

In D=4-2¢ we can do the decomposition

, il L a
At integral level / amyd = / (o) (ZW)_LQLE

The on-shell condition % = ¢% — 2 =0 —> /2

Any one-loop amplitude becomes

AP () = Zci"h H + Za&‘;‘h G
I\
0 2
C Tl S\ T

William J. Torres Bobadilla

@
"Mass term

[Ossola,Papadopoulos,Pittau (2006)]
[Giele,Kunszt,Melnikov (2008)]
[Badger (2008)]

[Mastrolia, Mirabella, Peraro (2012)] .




One-loop scattering amplitudes

In D=4-2¢ we can do the decomposition

: 47 A d—2y
At integral level \ / = / 2n)’ (%) .

-

-

1 47 1—2¢ H ‘N
/d Lhd™*p > 2 2 2 ;
Sy — l (l o Kl) (l — Ky — K2) (l + K4) R e "Mass term

APPY) = YOl H + Zo[‘” E )
€
| 1, ,u4 — €)1,
[0] (2] - - s PSS
+ 203 K3 A + 203 K3 A [Bern, Morgan (1995)]

[Ossola,Papadopoulos,Pittau (2006)]
[Giele,Kunszt,Melnikov (2008)]
[Badger (2008)]

[Mastrolia, Mirabella, Peraro (2012)] .
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The loop-tree duality theorem

[Catani, Gleisberg, Krauss, Rodrigo, Winter (2008)]

One-loop integrals decomposes as a linear combination of N single-
cut phase-space integrals

lleete— > || Eole o)
/ A// i \

0 (gq;) = 2md (qz mz) D(q Q]) q‘? .

¢ Modify +io prescription of the Feynman props.
It compensates for the absence of multiple-cut contributions that
appear in the Feynman Tree Theorem

$ Lorentz-covariant dual prescription —> 7 a future-like vector

>> Rodrigo

¢ Number of single cut dual contributions = the number of legs.
¢ Singularities of the loop diagram —> singularities of the dual integrals.

¢ Loop-Tree Duality works only on propagators.
Same procedure for Tensor loop integrals and scattering amplitudes.

William J. Torres Bobadilla
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One-loop integrand decomposition [Ossola, Papadopoulos, Pittau (2006))

[Ellis, Giele, Kunszt, Melnikov (2007)]
[Mastrolia, Ossola, Papadopoulos, Pittau (2008)]

Recall

- N 1 1 1
d*l ijkm | d*1 N ) - [ aT
Dy---Dy ;nc”’“ D;D;DyD,, Zcﬂ" D;D; Dy ZZCJ D;D;

Find an identity between integrands. Moreover,

N (1) 1 1 1
Dy---Dp 7 ZkamDDDkD +Z zﬂcDDDk_'_.ZCzJDD +Zcz_

<Km 1Lk 1<

Suppose a multipole decomposition

zgkm l) zyk (l) ~ Azg (l) ~_Ai (l)
zé;n% ™ D;D; DD ch D;D; Dx +;C” DD, T 2<%"D,

[ Residues A are made of Irreducible Scalar Products
4 Can we find parametric expressions for A’s in 4- or d-dimensions?
4 Parametric expressions Yes. General way —> Use multivariate polynomial division

coefficients are fixed by sampling the numerators on the cut

William J. Torres Bobadilla




One-loop integrand decomposition

[ =pd + 17 + z0€5 + T3€5 + T4€Y

N (1) =N (I,p°) =N () z = {z1, 22,3, T4, p°}

Loop parametrisation -

Multivariate polynomial division

5
Write the numerator in terms of T N Z Z

Irreducible polynomials Bl = D;, -

k=1 {il, 77/]{:}
sum of integrands with five or less denominators

A ~ Made of Irreducible Scalar Products
11"tk Cannot be expressed in terms of denominators

Generic structure of the residue

A’L1’L27,3’L4ZL—3
Ay iginis = Co + €1 Tap + p° (c2 + +
11121324 — L0 1440 H\C2 63334,1) H Cq),
2 3 2 3 2
Bt Gy R C X F TS ey Xy Folay oo Fegm, F b lAler Lol eqas )
2 2 2 2
N —oy i TRy s T eid T Gas P eed 6o b Loy G

Ail = Cp —I—Clil?l +CQZU2 —|—035I33 —|—C4£U4,
William J. Torres Bobadilla




Adaptive integrand decomposition (AID)

¢ Splits d=4-2¢ into parallel and orthogonal directions
¢ Nice properties for less than 5 external legs

[Collins (1984)]

[van Neerven and Vermaseren (1984)]

Loop momenta [Kreimer (1992)]
dj

e 4 4
l? — lﬁ‘i L )\f;‘o g iji es, A= Z TaE e N Z T Tl + Mij
j=1

j:d”—l—l l:d||—|—1

¢ Numerator and denominators depend on different variables _ _
[Mastrolia, Peraro, Primo (2016)]

7 S N (1 zy)\z@ 1 ; :
[Td%, [T dr;G( )\ij)dl = s (Uis Ai© 1) Straightforward integration
. e D1 (i, Aij) - Do (s, Asj) of transverse components
¢ o b o

Expand in Gegenbauer polynomials

1
Tt o / dcos 0(sin 0)2~1C(Y) (cos ) CLY) (cos 0) = Gpn
/d@J_:/ H HdCOS9i+j_1j(sin9i+j_1j)dl_"_-7_1 ~1

1

217207\ (n + 20)
n!(n + a)?(a)

i=1 j=1

William J. Torres Bobadilla




Adaptive integrand decomposition (AID)

¢ Splits d=4-2¢ into parallel and orthogonal directions
¢ Nice properties for less than 5 external legs

[Collins (1984)]

[van Neerven and Vermaseren (1984)]

Loop momenta [Kreimer (1992)]
dj

e 4 4
l? — lﬁ‘i L )\f;‘o g iji es, A= Z TaE e N Z T Tl + Mij
j=1

j:d”—l—l l:d||—|—1

¢ Numerator and denominators depend on different variables _ _
[Mastrolia, Peraro, Primo (2016)]

7 S N (1 zy)\z@ 1 ; :
[Td%, [T dr;G( )\ij)dl = s (Uis Ai© 1) Straightforward integration
. e D1 (i, Aij) - Do (s, Asj) of transverse components
¢ o b o

Expand in Gegenbauer polynomials

1 1-2a_ T
Lol f i / dcos 0(sin 0)%*~1C{Y (cos ) C{Y (cos 0) :@2 : i (nI‘—; )
/d@J_:/ H Hdcos9i+j_1j(sin9i+j_1j)dl‘@—9—1 ~1 nl(n + a)I'?(«a)
i

i=1 j=1
and identification of spurious terms

William J. Torres Bobadilla




Adaptive integrand decomposition (AID)

Example 1

¢ Decompose qf‘ in long/transv components:
Q?H =L c) BT o

87 (87 87
A = Taseq + Uy

d||:3%64°p¢20

¢ Parametrise the integral as

g0

| 2d—6
d (2 46
1@ = T(d —5) /d3CI1 |/d31€]2 ||/d>\11d>\22d)\12[G(>\ij)] 2

> = d cos 011d cos O (sin 011) " (sin 911)d_7D1 . Do

with
G(Aij) = M1da2 — Af,

TAl — o/ A1 00501
T4o = v/ Aaa(cos 011 cos B2 + sin O15 cos H2)

¢ Integrate away transverse directions

d (2 3
el 0 o on I 3 D 1)11(2) Mi2(2M5 + 3A11 A92)]

d 3 d (2
el n] e 1)14( 20 0

William J. Torres Bobadilla
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Adaptive integrand decomposition (AID)
Example 2

¢ Decompose ¢;° in long/transv components:

|d|| =7 ce3 i D) O‘ ldH =1 9 ey 4:(p3s+Dp1) :0‘

(8% (8% (8%
gy = Ti1€1 T+ Li2€ Gt s
1 1 2 g | = 21€

e — 56136& o 55146& o ,ua « Ne) Ne' Ne' o
1 . - 1 )\2 — @X22€5 —+ X93€3 | XoACy T [l

¢ Parametrise the integral as Nq1, a2) = (112)" N(a1 14, 111)N (g2 14, p22)

vV A22€,,
V )‘225921 Chao

L3
Lig = v )‘1189116912

L9 =
{$13 — N,
Tou. — N/ A9oSp Sy o

William J. Torres Bobadilla
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Adaptive integrand decomposition (AID)

[Mastrolia, Peraro, Primo (2016)]

. [Mastrolia, Peraro, Primo, W.J.T. (2016)]
Algorithm

N( |49 )\7,37 @J_)

¢ For each integrand, adapt longitudinal and parallel components = -

2 . s :

¢ Denominators depend on the minimal set of variables . Dy ( [ i )\ij) D ( 145 )\ij)
¢ Loop components expressed as linear combination of denominators

¢ Poly division and integration reduced to substitution rules

¢ Extra dimension variables are always reducible

Recipe in 3 steps 1) A(l”z, D,

D1 (ljis Aij) - - D (s, Aij)

1) Divide and get A({);, Xi;, ©1)
2) Integrate out transverse variables O |
3) Divide again to get rid of \;;

Features

¢ Final decomposition in terms of ISPs
¢ No need for TID

¢ Output ready to apply IBPs

¢ @1L no need of any integral identity

William J. Torres Bobadilla
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Adaptive integrand decomposition (AID)

Features with AID @ 1-loop

¢ Evaluation of pentagons
3
4

_ s12(523 4+ 851) + 534 (Sa5 — S23) — Sa5S51 2 + cyc. perm.

4512523551

1

¢ Topologies with n>35 external legs never computed

—_— E Cijkim — E ngklm

ijklm 1jklm

¢ No need of Dimension shift relations ¢4, =I5 1] | | ] (d 4 4 2j)
L [Bern & Morgan (1995)]

0
T2 [p14] Zcz Rl LN ¢ C; T 7;
I+ FwA T OO

gkl 17k

William J. Torres Bobadilla 15
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Adaptive integrand decomposition (AID)

Features with AID @ 1-loop

¢ Evaluation of pentagons
3

S12 (823 + S51) + S34 (S45 — S23) — S45551

4512523551

¢ Topologies with n>35 external legs never computed

—_— E Cijkim —_ E ngkl

ijklm 1jklm

¢ No need of Dimension shift relations ¢4, =I5 1] | | ] (d 4 4 2j)
j:

0
T2 [p14] Zcz Rl LN ¢ C; T 7;
I+ FwA T OO

gkl 17k

[Bern & Morgan (1995)]

William J. Torres Bobadilla 15
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Adaptive integrand decomposition (AID)

Features with AID @ 1-loop

¢ Evaluation of pent £
valuation of pentagons ! Irl [l D,

-~

I [s; p11] = (Z) Eg:?;b [s] = —% +0O(D—-4), (D —4)

[s;tip] = 75— (
2 (D — 4)(D — 2) o2 L 4D —3)(s+0)
I, [s; =(—) Ls]=-—+0(D-4), 2 “o0-2 s -
2 [ 'ull] 4) (D-1)(D+1) 2 [s] 60 +0( ) ) lalstinh] = 4(D(?3)(g(l—)1)(2s)+ ) 4(s-ti-t) (stlals,t] - 2855 [s] — 2T t]) + 4(9(?1)(?+ t)

stly[s,t] — 2sl3[s] — 2tI3[t]) = O (D —4) ,

(sIz [s] +tI2 [t])

8)3 (D —4)(D-2)D s3 =L +0(D-1),
(D

Iy [s; s =(— Ls|=—7=+0
55411 4 —1)(D+1)(D +3) 420 L s ] = o (Dzuz I)2+t)2 (2((D = 2)s +2(D — D)Ly [s] + (s © 1))
— . (D —4)(D—2)D ( st
D=3 D-DD+ D+ \dG+0

(D —4) 1 p Llsteh]= 64(D+3)((DD2_:1)1)(3+t)3 (2 (3D — 4) 82 + (D — 2)(3D + 2)st + (D — 2)Dt2) I [s] + (s < 1))

I3 [S;M11]=—2(D )Iz 5] = —+(9(D 4) , ) D+ ( )
(D—4)(D - 4D -3D-D+ YD +3)s+) W+

Is [s;uf] = — 3D —1)D 2) (4)[ [s] = ——I—(’)(D 4) , =—%(23 +st+262) + 0 (D—4).

I s3] = -2 DD - 2)D (2)212[51 =S+ 0(D—4) > Cijkim

2D —1)(D+ 1)(D +2) =
T TO T ——— i

s+t

60 +0(D-4),

2
) (stly[s,t] — 2sl3[s] — 2tI3 [t]) =

3
)) (stly[s,t] — 2sI5 [s] — 2tI3 [t])

r—1

¢ No need of Dimension shift relations Il = I 1] [ [ (d — 4+ 2)
=0 [Bern & Morgan (1995)]

]d [1411] Zcz Kl 0 Ciik i Ci - ;
[+ ca/\ + 2O+ O

1jkl ijk

William J. Torres Bobadilla




AIDA: a Mathematica implementation

[Mastrolia, Peraro, Primo, Ronca, W.J.T. (work in progress)]
AMPLITUDE GENERATOR
(FeynArts+FeynCalc, QGRAF+FORM...)

[w.).T. (2018)] [N

Analytically
IBPs REDUCTION CODE el ] e
S
1
Numerically
(SecDec, FIESTA...) |-s jahn 16
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AIDA: a Mathematica implementation

[Mastrolia, Peraro, Primo, Ronca, W.J.T. (work in progress)]
AMPLITUDE GENERATOR
(FeynArts+FeynCalc, QGRAF+FORM...)

[W.J.T. (2018)]
-_‘ 'v_-"Identlfy parent topology
~ Analyse kinematics for all cuts
Store adaptlve parametrlsatlon
Organise cuts in J obs.

Re31duesdepend on .

Analytically
IBPs REDUCTION CODE el
S
1
Numerically
(SecDec, FIESTA...) |-s jahn
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AIDA: a Mathematica implementation

[Mastrolia, Peraro, Primo, Ronca, W.J.T. (work in progress)]
AMPLITUDE GENERATOR
(FeynArts+FeynCalc, QGRAF+FORM...)

[W.L.T. (2018)] |
_ Identify parent topology |
‘Analyse kinematics for all cuts
~ Store adaptive parametrisation
Organise cutsinJobs

. Cutsolution
- parametrisation

 Read numerators

(apply substitution rules)

Analytically
(Loopedia)

‘Residues depend on  ?

IBPs REDUCTION CODE
(Reduze, FIRE, Kira, Azurite...)

William J. Torres Bobadilla

COMPUTE MIs
Numerically
(SecDec, FIESTA...) |-s jahn




Adaptive integrand decomposition (AID)

Einstein-Yang-Mills Amplitudes

2 1
LevyMm = 2V —gR — 1V gy g BB L

¢ 4-point process depending on 2 scales + d

g(p1) + g(p2) — 9(—p3) + h(—p4) hw/(pz'%el)f ()KZ (pi)

g . . _ ———
s=(p+p2)° t=(p +p3)21

Warming up exercise

More gravitons —»
I

William J. Torres Bobadilla




AIDA for EYM amplitudes

Initialisation
¢ Identify parent topologies from Feynman graphs e.g. 1-Loop
G e R e R ) G g G G £ G G . G o G G G G G
G G G 5
G i G h G : Caa G Gy GG GG e - G s s
G @

G -GG G G G
"QQQ._.ghG G "QQQ.__.ghG G G G 0990
GeSe  hGi hIhGy T L=q b G
v GhGG | 58 TghGE G G
g
G h 392; G G G
15 18

16 il

G G G G G G G
¢ Ry G G c G @ c ¢ @ Wﬁr
G GE%:Z:WG h6§m‘ -m{fe he&&%ﬁ ;;W{G h 9hGi yghG GE3RG
= > G G ghG G G Méﬁﬁg/\/\ﬁ/w % L
29 30 32 33 34

31
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AIDA for EYM amplitudes

Initialisation

¢ Identify parent topologies from Feynman graphs e.g. 1-Loop

G Ghgie g o G G g G el R e Beart
G G G 4 G G G
G
G G
G ST
C oty G GG v TE G ke o s & ey
1 2 3 4 5 6 7 8 9

p—

G -GG G G G
"QQQ._.ghG G "QQQ.__.ghG G G G 0990
GeSe  hGi hIhGy T L=q R G
v GhGG | 58 TghGE G G
g
G h 392; G G G
15 18

16 il

G G G G G G G
¢ Ry G G c G @ c ¢ @ Wﬁr
G GE%:Z:WG h6§m‘ -m{fe he&&%ﬁ ;;W{G h 9hGi yghG GE3RG
= > G G ghG G G Méﬁﬁg/\/\ﬁ/w % L
29 30 32 33 34

31
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AIDA for EYM amplitudes

Initialisation

¢ Identify parent topologies from Feynman graphs e.g. 1-Loop

G

G
G G
G h G
g G
G G
i 18
G G G G G
] S G G c G @ c ¢ @ S 7oALY
G G;%:::WG JhGism' 'm(fe hesw{é gm{‘fe h 9hGi yghG GE3G
2 ~ G G ghG G @ Méﬁﬁg«/\;?\/w 2 o
29 30 32 33 34

31

¢ Group diagrams

¢ Extract the leading colour contribution

4 4

a a a N N :
A <{piahi}z’:1,3> — Z Tr (T W T% @ T% ) g (Aio) . 040_014511) i (040_C> Af) + 0 (048)>

leading colour 0€&€S3/Z3

William J. Torres Bobadilla
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AIDA for EYM amplitudes

Initialisation

¢ Generate all cuts and analyse their kinematics

P2}

P} Py P4 Py P23} P11}y Py
_/ \37/ \3/ \\—3—/
) 4 4
3

{ ) , : 1 : 1
P \Pm

P2} PB4}, P14}
~4

P : P{1,2,3} , P{2,3,1,4) , P{2,3,1,4} , P{1,4,2,3} ) P ,2,3,4}}
O 4 O 3 2 O 1

4 PR3y, P14} 3 P}, Py A Pasa, Puzy . P34y,

¢ Define adaptive variables and prepare substitution rules for all cuts

dy d
O
dy _d
%2123 T
~dy t+dy t-d3+dy dy+dy dy-d; d3

t

William J. Torres Bobadilla
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AIDA for EYM amplitudes

Job structure

¢ Organise all cuts of the parent topology in Jobs

G G

S —

G
G
G

G

f/&\:

M s Y /\Y/ ﬁ%

/#\/#\/#\/#\

P2,1,4
e \_>-——-
1,2 P4y P12} :
V

Nl /#\/#\/#\

William J. Torres Bobadilla




AIDA for EYM amplitudes

Divide - Integrate - Divide

¢ For every Job, build the numerators of the corresponding cuts

P34

P12} :3:

1
Num[{{1, 3}}, {1, 0, 1, 0}](1,2,3,4}},(1,1,1,1)
Num({{1, 3}}, {1, O,
Num[{{1, 3}}, {1, @, ((1,2,311,{1,1,1,0}
Num[{{1, 3}}, {1, @0, 1, 0}](1,3;},(1,0,1,0

{{1,3,4}},(1,0,1,1}
Num[{{1, 31}, {1, 0, 1, 011 -

]
]
]
]

¢ Apply substitution rules to the numerator

e

4
u-dependence in the numerator —— Aij = > aumy + i
l:d”—l—l

¢ Collect powers of denominators to read off residue and numerators of lower cuts
¢ Integrate (substitute) transverse vars appearing in the residues
¢ Division again, using as input numerators the residues!

William J. Torres Bobadilla




AIDA for EYM amplitudes

Input numerators

William J. Torres Bobadilla
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AIDA for EYM amplitudes

1
Input numerators | ; (2 e, s + spes, p1) + spies, po)

(3 sp(e1, &£4) sp(&3, &2) Sp(g, p1 ) + sp(q, €3) Sp(g, €4) Sp(€1, £2) Sp(q, p1) — 2 sp(q, €2) sp(q, €4) sp(e1, &3) Sp(g, p1) +

7sp(q, €2) sp(q, &3) SP(€1, €4) SP(q, p1) — SP(q, €4) SP(&1, €3) sp(&2, p1) SP(q, p1) +

5 sp(g, &3) sp(&1, €4) Sp(&2, P1) SP(g, p1) — 6 sp(q, &3) sp(&1, €4) (SP(q, €2) + sp(&2, p1)) sp(q, p1) —

Sp(q, €4) sp(&1, €3) sp(&2, p3) sp(g, P1) + 3 sp(q, &3) sp(&1, €4) SP(&2, p3) SP(q, p1) —

Sp(g, &4) sp(&1, €3) Sp(&2, Pa) SP(q, p1) + 3 sp(q, &3) Sp(&1, £€4) SP(&2, P4) SP(q, P1) —

2sp(q, €1) sp(q, &3) sp(&2, €4) SP(q, p1) — SP(q, €3) sp(&1, p1) Sp(&2, &4) SP(q, p1) +

4 sp(q, &2) sp(e1, €4) SP(€3, P1) SP(q, p1) + 2 sp(e1, &4) Sp(€2, p1) SP(€3, p1) SP(q, p1) —

6 sp(e1, £4) (sp(q, &2) + sp(&2, 1)) sp(€3, p1) SP(q, P1) + 2 sp(e1, &4) sp(&2, p3) sp(€3, p1) sp(g, p1) +

2 sp(e1, £4) sp(&2, pa) Sp(€3, P1) SP(q, P1) + SP(q, €4) SP(€1, &2) (SP(q, &3) + SP(&3, p1)) SP(q, p1) —

2 sp(q, £2) sp(e1, €4) (sP(q, €3) + sp(e3, P1)) SP(q, p1) + 2 sp(e1, &€4) sp(e2, p1) (SP(q, €3) + sp(e3, p1)) sp(q, p1) —
6 sp(e1, £4) sp(&2, p3) (Sp(g, €3) + SP(€3, P1)) SP(q, P1) — 2 sp(q, &1) sp(&2, &4) (sP(q, €3) + Sp(e3, 1)) sp(q, P1) —
Sp(€1, p1) Sp(€2, €4) (SP(q, €3) + SP(€3, P1)) SP(q, P1) + SP(q, €4) SP(€1, &2) SP(€3, p2) SP(g, p1) +

sp(g, &2) sp(&1, €4) SP(&3, P2) SP(q, P1) + 2 sp(&1, €4) Sp(&2, p1) SP(€3, P2) Sp(q, p1) —

2 sp(q, €1) sp(&2, €4) Sp(&3, P2) SP(q, P1) — SP(&1, P1) SP(&2, &€4) SP(€3, P2) SP(q, p1) +

4 sp(q, &2) sp(e1, €4) SP(€3, P3) SP(q, p1) + 2 sp(e1, &€4) Sp(€2, p1) SP(€3, p3) SP(q, p1) —

3 sp(e1, &4) (SP(g, €2) + sp(€2, P1)) sP(e3, p3) SP(q, 1) + 2 sp(€1, €4) sp(€2, p3) sP(€3, p3) sP(q, p1) +

2 sp(e1, €4) sp(&2, pa) sp(e3, p3) sp(q, p1) + 8 sp(q, &2) sp(&1, &4) SP(€3, p4) SP(q, P1) +

4 sp(e1, £4) sp(&2, p1) Sp(€3, p4) SP(q, p1) — 6 sp(e1, &4) (sp(q, &2) + sp(e2, p1)) sp(e3, pa) sp(q, p1) +

4 sp(e1, £4) sp(&2, p3) SP(€3, p4) SP(q, P1) + 4 sp(e1, &4) SP(&2, P4) SP(€3, P4) SP(q, P1) —

sp(g, €1) sp(q, €4) sp(e3, £2) sP(q, p1) — SP(q, €4) Sp(€1, p2) Sp(e3, €2) Sp(q, p1) +

Sp(g, €4) Sp(€1, p3) SP(&3, £2) SP(q, p1) + SP(q, £4) SP(€1, P4) SP(€3, £2) SP(G, P1) — 2 5 SP(€1, €4) SP(£3, €2) SP(q, p1) +
(sp(g, q) — ull) sp(e1, £4) sp(e3, €2) sp(q, p1) + 3 (—pull + 8p(g, ) + sp(q, p1)) sp(e1, €4) Sp(€3, £2) SP(G, P1) —
sp(g, p2) sp(e1, €4) SP(€3, £2) SP(q, 1) + SP(q, P3) SP(€1, €4) Sp(€3, €2) Sp(q, p1) +

Input: rank 5 numerator

William J. Torres Bobadilla




AIDA for EYM amplitudes

1
Input numerators | ; (2 e, s + spes, p1) + spies, po)

AL 2 3 4),{1,1,1,1p) - Isp(g, p1) +

3- imsS 6255 6) 3 imsS 1642456 15458 55 642454 {7

O - 3 -

201 2 3 fdms® 625 6) 8, 5 3 g5 dims® 64246 545857 42454 T L dims® 641657 414858 546255 614854 17 11652 18
S+t (s+1)3 4 (s+1)>

A(2 3 4),{0,1,1,1) -
- 1564(225dimt5s13—450t5313+90dimt4s13—18Ot4s13+9dimt3s13—18t3s13+1200dirnt6s12—2400t6s12+

(5+1)

780 dim £ s'2 - 1560 £ s'%2 + 168 dim * s'2 — 336 t* 5'% + 12 dim £* s'2 — 24 £ s'2 + 1030 dim ¢’ s'! -
2060 ¢ s'! + 1356 dim £ s'! — 2712 % s'! + 535 dim £ s'! — 1070 £ s'! + 81 dim #* s'! — 162 #* s'! +
4 dim £ s - 8 £ s - 1476 dim £8 s'° + 2952 8 5'° — 1104 dim 17 5'° + 2208 ¢7 s'° - 160 dim ° s'° +
320 % 510 + 26 dim £ 5'° — 52 £ 510 + 5 dim #* 5'° - 10 #* s'0 + 2241 dim £° s° - 44827 §° +

570 dim 8 ° - 11402 s° - 377 dim+¢” s° + 754 ¢7 s° — 122 dim 5 s° + 244 15 s° - 8 dim £° s° +

16 £ 5° — 324 dim 110 s® + 648 110 s® + 1908 dim #° s® — 3816 ¢° s® + 864 dim ¢® s® — 1728 18 s + p(g, p1) -
60 dim 7’ s® — 1207 58 — 6 dim 8 s% + 1216 s® — 432 dim £'0 57 + 864 10 7 + 489 dim £° 57 - 978 £ 57 + P, P1) -
209 dim 8 " — 418 8 57 + 16 dim ¢’ 57 —32¢ 5" — 216 dim £'° s° + 432 10 s + 22dim £° s° — 44 £° 5° +

13 dim £8 55 — 26 18 56 — 48 dim £1° 5° +96t1°s5—4dimt9s5+8t9s5—4dimt1°s4+8t1°s

( L-512(225 dim £° 5" - 450 £ 5'* + 90 dim £* 5% - 180 #* 5'> + 9 dim £* 53 - 18 £ 5'* + 180 dim £° s'* -
(s+1)

360 £ 5'2 + 276 dim £° s'2 — 552 £ s'2 + 78 dim ¢* 5'2 — 156 ¢* s'2 + 6 dim £3 5'2 — 12 £ 5'2 - 2352 dim ¢’ s'! +
4704 ¢ s'' — 1488 dim £° s'! + 2976 % s'! — 350 dim £ s'! + 700 £ s'! — 38 dim ¢* s'' + 76 * s'! — 2 dim £ s'! +
41 s + 3420 dim 8 510 - 6840 8 5'° + 2040 dim ¢’ 5'° — 4080 17 5'° + 452 dim 1 5'° — 904 16 510 +

44dim £ s'° - 88 £ 510 + 2dim ¢* 510 — 4 * 510 — 5427 dim £ 5° + 10854 % 5° — 1470 dim % s° + 2940 8 5° +
421dim¢" s° - 8421 s° + 144 dim® s° - 2881 s° + 11dim P s° — 22 5° + 648 dim #'° s® — 1296 110 s® —
4212dim £ s® + 8424 ¢° s® - 1710dim £8 s® + 3420 % s® — 170 dim¢” s® + 3407 s® — 4 dim® s® + 8 1 s® -
486 dim ' 57 + 972 ¢! 57 + 324 dim 1'% 57 - 648 1 7 — 1044 dim £° 57 + 2088 £° 57 — 310 dim £® 57 + ,82) SP(g. 1) +
6208 s —22dim1’ s + 4477 57 — 648 dim 11" 55 + 1296 111 56 — 108 dim 710 5 + 2167055 ~ 96 dim £ 6 + |42 PV T

1924 s° - 10dim 8 5% + 2078 s — 324 dim¢'!' 5° + 648 t'! 5 — 84 dim 10 s° + 168 1% s> - 5dim 5 +
10t9.s'5—72dimt“s4+144t“s4—12dimt1°s4+24t1°s4—6dimt“s3+12t“s3

Input: rank 5 numerator 608
(720 * s'0 - 144 £ s'° - 104 dim £ s° - 3200 £° s° - 56 dim * s° — 1088 #* s° — 11 dim £ 5° - 86 £ 5° +
240 dim 1% s® — 3584 1% s® + 144 dim £ s® - 19527 s® + 18dim * s® - 272 ¢* s® =360 dim ¢’ 57 + 5607 57 —
40dim0 s’ - 1615 57 +29dim£ 57 —66 £ 57 — 1040 3 s° — 240 dim ¢ s + 336 17 s® — 40 dim ° % +

248 1% 6 —12967° 5° — 1520 s° —40dim¢’ s° - 108 ¢ 5° — 864 1% s* -~ 3808 s* - 144 &3

William J. Torres Bobadilla




AIDA for EYM amplitudes

1
Input numerators | ; (2 e, s + spes, p1) + spies, po)

AL 2 3 4),{1,1,1,1p) - Isp(g, p1) +

3--56 56) g ims5 1642456 1545855 632454 {7
0 - 8 -
201 2 3 fdms® 625 6) 8, 5 3 g5 dims® 64246 545857 42454 T L dims® 641657 414858 546255 614854 17 11652 18

S+t (s+1)3 4 (s+1)5

A(2 3 4),{0,1,1,1) -
64(225 dim £ s — 450 £ 513 + 90 dim #* '3 - 180 #* '3 + 9 dim £ s'3 — 18 £ 513 + 1200 dim ° s'2 — 2400 15 5'2 +

(5+1)

780 dim £ s'2 — 1560 £ s'2 + 168 dim * s'% — 336 ¢* 52 + 12dim £ 5'2 - 24 £ 52 + 1030 dim ¢’ s!! -

A1 2 3 4),{1,1,1,1) >
60(dim-2) s> MYy 5 5 4) f 257 AN 5 5 ) (Yeimsr-2452-5851-2472) 4 dims5 641657 41486 1546255 1644854 741653 18
Rt 3) (5-+1)* 4 (s+1)5
§ Aint(2 3 4),{0,1,1,1) >

4 3 4 5 6.4,
325 £ A(2 3 4) |(2 3 4)l9d'ms 42454 =543 14452 54205 441 ) 4 =dims5 51657 34856 146255 154844 51653 17

(dim-2) (s+n% 4 (s+1)3

i Am‘((l 3 4),{1,0,1,1) >

2 dims3 £3 6,40 55 1+40 54 12 3,3 2 4
22 4N 3 w N I"(l 3 4)l9 82 2485414055 114054 22653 3165 1) 4 —dims? 16-166 4485 56254 164857 71652 8
T
din | — (djm—2) (s+t)4 4(_”,)5

((S+t)5512(22 A1 2 4),{1,1,0,1) -

3 4 22 imed 4375 3 874 4 3,5
36 _323 ! Y124 (9d1ms 3250782571732 ’) —dims5 51657 13 -4856 146255 154854 161653 {7

47 — d“ﬁ 4 (s+1)>
3252 a4 K I{A I9d1mst 32s52- 82sr—32r2] .
4 123 123 _ 4 6 _ 6 4 _ 5,5 _67 ¢4 46 _ 3.7_ 162 8
ﬁmt((l 2 3) {1 1 1 0}) ( ( ) dim 5% 1°-165° 1+ -48 52 12 -62 5% t°-485° 1t/ -165“ ¢

44 dim (s+1)° (dim-2) (s+0% 4 (s+1)3

421dim¢" s° - 8421 s° + 144 dim® s° - 2881 s° + 11dim P s° — 22 5° + 648 dim #'° s® — 1296 110 s® —
4212 dim £° s® + 8424 ¢ s® - 1710 dim 8 s® + 3420 /% s® — 170 dim ¢7 s® + 34017 s® -4 dim 5 s® + 8 1 s® -
486 dim ' 57 + 972 ¢! 57 + 324 dim 1'% 57 - 648 1 7 — 1044 dim £° 57 + 2088 £° 57 — 310 dim £® 57 + ,82) SP(g. 1) +
6208 s —22dim1’ s + 4477 57 — 648 dim 11" 55 + 1296 111 56 — 108 dim 710 5 + 2167055 ~ 96 dim £ 6 + |42 PV T

1924 s° - 10dim 8 5% + 2078 s — 324 dim¢'!' 5° + 648 t'! 5 — 84 dim 10 s° + 168 1% s> - 5dim 5 +
102 s° - 72 dim ! s* + 144 ! s* — 12.dim 10 s* + 24 £10 5* 6dimt“s3+12t“s3 #

Input: rank 5 numerator
(720 * s'0 - 144 £ s'° - 104 dim £ s° - 3200 £° s° - 56 dim * s° — 1088 #* s° — 11 dim £ 5° - 86 £ 5° +

240 dim 1% s® — 3584 1% s® + 144 dim £ s® - 19527 s® + 18dim * s® - 272 ¢* s® =360 dim ¢’ 57 + 5607 57 —
40dim0 s’ - 1615 57 +29dim£ 57 —66 £ 57 — 1040 3 s° — 240 dim ¢ s + 336 17 s® — 40 dim ° % +

248 1% 6 —12967° 5° — 1520 s° —40dim¢’ s° - 108 ¢ 5° — 864 1% s* -~ 3808 s* - 144 &3

William J. Torres Bobadilla




AIDA for EYM amplitudes

1
Input numerators | ; (2 e, s + spes, p1) + spies, po)

AL 2 3 4),{1,1,1,1p) - Isp(g, p1) +

3- imsS 6255 6) 3 ims5 1642456 1545855 632454 {7
O - 3 -
201 2 3 fdms® 625 6) 8, 5 3 g5 dims® 64246 545857 42454 T L dims® 641657 414858 546255 614854 17 11652 18

S+t (s+1)3 4 (s+1)5

A((2 3 4),{0,1,1,1)
- ——<64 (225 dim £ 5" - 450 £ 5'* + 90 dim #* 53 - 180 £* 5 + 9 dim £* 5* - 18 £ 5" + 1200 dim £° 5'2 - 2400 £5 52 +

(5+1)

780 dim £ s'2 — 1560 £ s'2 + 168 dim * s'% — 336 ¢* 52 + 12dim £ 5'2 - 24 £ 52 + 1030 dim ¢’ s!! -

A1 2 3 4),{1,1,1,1) -
i 9) o3 4 3 2 ; _ 2_ 9442
60(dim2)s> XY 5 3 4) | 257 YN 2 3 4 (Jlims 2457 5850-2422) L dimsS 641657 444856 1546255 1644854 17 41653 18
(dim-3) (dirle= Rt 3) (5-+1)* 4 (s+1)>
Amt((z 3 4)’ 1 1 .11

AWl 2 3 4){1.1.1.1 !
_3253 'l/‘?z 3|2« i1, 1,1, })_)4(dim—3)2(dim—1)2(s+t)5

| i1 3 4y (dim® s° £ + 16 dim* 57 £* + 48 dim* s° £ + 54 dim* 5° £ + 48 dim* 5* /7 + 16 dim* 5* £ -

N ’ 128 dim® 57 £* - 384 dim® 5% £° — 464 dim® 5° 16 - 384 dim® s* /7 - 128 dim® 5> * + 352 dim? s #* +
- yas 1008 dim?* s® £ + 1204 dim* 5° #° + 1008 dim® s* £’ + 352 dim* s* #* - 384 dim s’ ¢* — 1056 dim s° £° -
1222 dim s° £ - 1056 dim s* 7 - 384 dims® * + 144 5" * + 384 5° £ +4125° 15 + 384 5* 1 + 144 5 %)

‘(2 3 4 1
A(( ),{0,1,1,1}h) - 4(dim—3)2 (dim—l)2 (s+1)3

( L_512 (221

(s+0)5 A1 2 4),

36 3253 ¢ Afl 2

47 . (-dim’ s £ - 16 dim* 5’ £ — 48 dim* s° #* - 54 dim* 5° £° - 48 dim®* s* #° - 16 dim* 5> 7 +

H a1 2 3, 128 dim® s * + 384 dim® 5° ¢* + 464 dim® 5° £ + 384 dim® s* 16 + 128 dim® s® ¢/ - 352 dim? s £ -

44 1008 dim?* s° #* - 1204 dim® 5° £ — 1008 dim? s* 1% — 352 dim? s° ¢’ + 384 dim s” £ + 1056 dim s° #* +
421 dim1¢’ s° - 84 1222 dim s° £ + 1056 dim s* #° + 384 dims® 1" — 144 5" £ - 384 55 1* —4125° 1 - 384 5* 15 — 144 5 1)
4212dim £ s* + 84 A'((1 3 4),{1,0,1,1}) > !

486 dim 1! 57 + 97 4 (dim-3)? (dim-1)? (40

620 £ 57 — 22 dim (-dim’® s* £ - 16 dim* s° #* - 48 dim* 5° £ - 54 dim* 5* ® - 48 dim* 5 ¢' - 16 dim* s* £® +

192 £ 6 — 10 dim 128 dim® 5% #* + 384 dim® 5° £ + 464 dim® s* /° + 384 dim® 5° /7 + 128 dim® s* £® — 352 dim? s® #* -
108 55 - 72 dim s 1008 dim? s> £ - 1204 dim? s* £* - 1008 dim® s* {7 - 352 dim® s* /* + 384 dim s * + 1056 diim s° £° +
Input; rank 5 numerator 1222 dim s* £ + 1056 dim s> ¢/ + 384 dim s> 1* - 144 5% 1* - 384 5° £ — 412 5" 1 - 384 5 {7 — 144 5* *)
(—720 510144 8 510 Al 2 4),{1,1,0,1}) — 1 —

Reduction time ~ 30 seconds 240 dim 1 8 - 358 s (dmea) (ameAz

40 dim ¢® 5" - 16 ¢°
248 1° 55 - 1296 £° 5]

j (-dim’ 5° £ - 16 dim* s £ - 48 dim* s° * - 54 dim* 5° £ - 48 dim* s* 1° - 16 dim* &> ¢ +

128 dim® s7 £ + 384 dim® 5° 1* + 464 dim® 5° £° + 384 dim® s* £° + 128 dim® 5° 7 — 352 dim® s’ £ -
1008 dim* s° #* — 1204 dim® 5° £ — 1008 dim® s* #* - 352 dim® s° /" + 384 dim s’ £ + 1056 dim s° £* +
William J. Torres Bobadilla 1222 dim s° £ + 1056 dim s* #° + 384 dim s> 7 — 144 5" £ - 384 55 * —4125° ©° - 384 5* 1° - 144 5 1)




AIDA for EYM amplitudes

1
Input numerators | ; (2 e, s + spes, p1) + spies, po)

A((1 2 3 4),{1,1,1,1) >

O - o — /]
3 41 2 3 4) dims” -2 ¢ ) 101 2 3 4) 5 dim s” °+24 5° 12 +58 52 °+24 5% ¢ ) di 5 t6 16 7 t4 18 6 15 62 55 16 Q

- (s+n3 4 (s+1)°

A(2 3 4),{0,1,1,1) -
- 1564(225dimt5s13—450t5313+90dimt4s13—18Ot4s13+9dimt3s13—18t3s13+‘

(5+1)

780 dim £ s'2 — 1560 £ 5'2 + 168 dim * s'% — 336 ¢* 5'2 + 12 dim £* s'?

A1 2 3 4),{1,1,1,1) -
i 9) o3 4 3 2 ; _ 2_ 9442
60(dim2)s> XY 5 3 4) | 257 YN 2 3 4 (Jlims 2457 5850-2422) L dimsS 641657 444856 1546255 1644854 17 41653 18
(dim-3) (dirle= Rt 3) (5-+1)* 4 (s+1)>
Amt((z 3 4)’ 1 1 .11

AWl 2 3 4){1.1.1.1 !
_3253 'l/‘?z 3|2« i1, 1,1, })_)4(dim—3)2(dim—1)2(s+t)5

| i1 3 4y (dim® s° £ + 16 dim* 57 £* + 48 dim* s° £ + 54 dim* 5° £ + 48 dim* 5* /7 + 16 dim* 5* £ -

N ’ 128 dim® 57 £* - 384 dim® 5% £° — 464 dim® 5° 16 - 384 dim® s* /7 - 128 dim® 5> * + 352 dim? s #* +
- yas 1008 dim?* s® £ + 1204 dim* 5° #° + 1008 dim® s* £’ + 352 dim* s* #* - 384 dim s’ ¢* — 1056 dim s° £° -
1222 dim s° £ - 1056 dim s* 7 - 384 dims® * + 144 5" * + 384 5° £ +4125° 15 + 384 5* 1 + 144 5 %)

‘(2 3 4 1
A(( ),{0,1,1,1}h) - 4(dim—3)2 (dim—l)2 (s+1)3

( L_512 (221

(s+0)5 A1 2 4),

36 3253 ¢ Afl 2

47 . (-dim’ s £ - 16 dim* 5’ £ — 48 dim* s° #* - 54 dim* 5° £° - 48 dim®* s* #° - 16 dim* 5> 7 +

H a1 2 3, 128 dim® s * + 384 dim® 5° ¢* + 464 dim® 5° £ + 384 dim® s* 16 + 128 dim® s® ¢/ - 352 dim? s £ -

44 1008 dim?* s° #* - 1204 dim® 5° £ — 1008 dim? s* 1% — 352 dim? s° ¢’ + 384 dim s” £ + 1056 dim s° #* +
421 dim1¢’ s° - 84 1222 dim s° £ + 1056 dim s* #° + 384 dims® 1" — 144 5" £ - 384 55 1* —4125° 1 - 384 5* 15 — 144 5 1)
4212dim £ s* + 84 A'((1 3 4),{1,0,1,1}) > !

486 dim 1! 57 + 97 4 (dim-3)? (dim-1)? (40

620 £ 57 — 22 dim (-dim’® s* £ - 16 dim* s° #* - 48 dim* 5° £ - 54 dim* 5* ® - 48 dim* 5 ¢' - 16 dim* s* £® +

192 £ 6 — 10 dim 128 dim® 5% #* + 384 dim® 5° £ + 464 dim® s* /° + 384 dim® 5° /7 + 128 dim® s* £® — 352 dim? s® #* -
108 55 - 72 dim s 1008 dim? s> £ - 1204 dim? s* £* - 1008 dim® s* {7 - 352 dim® s* /* + 384 dim s * + 1056 diim s° £° +
Input; rank 5 numerator 1222 dim s* £ + 1056 dim s> ¢/ + 384 dim s> 1* - 144 5% 1* - 384 5° £ — 412 5" 1 - 384 5 {7 — 144 5* *)
(—720 510144 8 510 Al 2 4),{1,1,0,1}) — 1 —

Reduction time ~ 30 seconds 240 dim 1 8 - 358 s (dmea) (ameAz

40 dim ¢® 5" - 16 ¢°
248 1° 55 - 1296 £° 5]

j (-dim’ 5° £ - 16 dim* s £ - 48 dim* s° * - 54 dim* 5° £ - 48 dim* s* 1° - 16 dim* &> ¢ +

128 dim® s7 £ + 384 dim® 5° 1* + 464 dim® 5° £° + 384 dim® s* £° + 128 dim® 5° 7 — 352 dim® s’ £ -
1008 dim* s° #* — 1204 dim® 5° £ — 1008 dim® s* #* - 352 dim® s° /" + 384 dim s’ £ + 1056 dim s° £* +
William J. Torres Bobadilla 1222 dim s° £ + 1056 dim s* #° + 384 dim s> 7 — 144 5" £ - 384 55 * —4125° ©° - 384 5* 1° - 144 5 1)




AIDA for EYM amplitudes

1
Input numerators | ; (2 e, s + spes, p1) + spies, po)

A((1 2 3 4),{1,1,1,1) >

O - o — /]
3 41 2 3 4) dims” -2 ¢ ) 101 2 3 4) 5 dim s” °+24 5° 12 +58 52 °+24 5% ¢ ) di 5 t6 16 7 t4 18 6 15 62 55 16 Q

- (s+0)> 4 (s+1)°
A(2 3 4),{0,1,1,1) -
- 64(225 dim£ s -450F s +90dim#* s - 180 #* 513 + 9dim £ s - 182 513 +°

(5+1)

780 dim £ s'2 — 1560 £ 5'2 + 168 dim * s'% — 336 ¢* 5'2 + 12 dim £* s'?

A1 2 3 4),{1,1,1,1p -
60(dim2)s> XY 5 3 4) | 257 YN 2 3 4 (Jlims 2457 5850-2422) L dimsS 1641657 144486 154625 514854 17 1653 18
(dim-3) (dirlt= Rt 3) (5-+1)* 4 (s+0°
a2 3 4), pdaan.
_% Al 2 3 4),{1,1,1,1})a4(@_3)2(;_1)2“”)5
| '3 . (dim® s° 15 + 16 dim* 57 #* + 48 dim* s° £ + 54 dim* 5° ® + 48 dim* s* 1 + 16 dim* 5° £* -
o : 128 dim® 57 #* - 384 dim® 5° £° - 464 dim® 5° 1° - 384 dim® s* {7 — 128 dim® s® £8 + 352 dim? s #* +
- yas 1008 dim?* s® £ + 1204 dim* 5° #° + 1008 dim® s* £’ + 352 dim* s* #* - 384 dim s’ ¢* — 1056 dim s° £° -
(mlos 512 (22! ATCL 2 49, 1222 dim s° £ - 1056 dim s* 7 - 384 dims® * + 144 5" * + 384 5° £ +4125° 15 + 384 5* 1 + 144 5 %)
36 s g, A(2 3 4, 0,1,1, 1) 4 (dim-3)2 (dlim—l)2 (s+1)°
4 (-dim® &° £ - 16 dim* 57 £ - 48 dim* s% #* - 54 dim* 5° £° - 48 dim* 5* /° - 16 dim* 5° ¢ +
H a1 2 3, 128 dim® s £ + 384 dim® 5° £* + 464 dim® 5° £ + 384 dim® s* 6 + 128 dim® 5> ¢7 - 352 dim? 57 £* -
44 1008 dim? s® * - 1204 dim? s° £ — 1008 dim? s* #° — 352 dim® s° ' + 384 dim s’ £* + 1056 dim s° #* +
421 dim¢’ §° - 84 1222 dim s° £ + 1056 dim s* #° + 384 dims® 1" — 144 5" £ - 384 55 1* —4125° 1 - 384 5* 15 — 144 5 1)

2 €
iy (£) [ 5 (m(3) ()

1, (=), ¢ (14s% + 9st + 62)
Input: rank 5 numerator T3 e\t 33

5 o 2 2
Reduction time ~ 30 seconds L (Hett) @ +st+t%) —_t) N 7(2) e
g4 s+t

° ° 5 _l_t(s—+t)_%+§ (5:—2 01‘6:0
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AIDA for muon-electron scattering

¢ Recent proposal for the determination of the hadronic contribution to the
muon from the measurement of muon-electron scattering g — 2

[Carloni Calame, Passera, Trentadue, Venanzoni (2015)]
[Abbiendi, Carloni Calame, Marconi et al (2017)]

¢ In the massless electron limit, 4-point process depending on 3 scales
e

s=(p1+p2)° t=(pa+p3)°

e g s [ Oy

mu

elp1) T wps) el po) + ul p3)

¢ NNLO virtual contribution with adaptive integrand decomposition
[Ossola, Mastrolia, Peraro, Primo, Ronca, Schubert, W.J.T. (work in progress)]
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AIDA for muon-electron scattering

¢ Recent proposal for the determination of the hadronic contribution to the
muon from the measurement of muon-electron scattering g — 2

[Carloni Calame, Passera, Trentadue, Venanzoni (2015)]
[Abbiendi, Carloni Calame, Marconi et al (2017)]

¢ In the massless electron limit, 4-point process depending on 3 scales

e

mu

elp1) T wps) el po) + ul p3)

s = (p1 +p2)2

e g s [ Oy

t = (pg + p3)*

¢ NNLO virtual contribution with adaptive integrand decomposition
[Ossola, Mastrolia, Peraro, Primo, Ronca, Schubert, W.J.T. (work in progress)]
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AIDA for muon-electron scattering

[Mastrolia, Peraro, Primo, Ronca, W.J.T. (work in progress)]

Two-loop features

¢ Different treatment for Factorised and non factorised topologies

e e
e » e
mu ® mu
mu | mu |

Independent Same

parametrisation for each loop

¢ Squared propagators affect Jobs organisation

e
N Parent Topology
Y mu 3
mu l
e 3
AT L
mu 2\<
o / .
W BT
mu
mu Nl "N D g T W T
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AIDA for muon-electron scattering , C
¢ 69 Feynman diagrams identified

Two-loop preliminary results § 10 genuine 2 loop 4—point functions appear

e

e

e e e
SR S SV
: i Oy e €elye fhuCy mu
— mu u u
mu Mg gy &bl el

mu
e u mu mu
61 65 66 67 68
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AIDA for muon-electron scattering , C
¢ 69 Feynman diagrams identified

Two-loop preliminary results § 10 genuine 2 loop 4-point functions appear

e e e

e e e e
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e
m
mu mu
4
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e
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35

e e
5 gy e e S
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44V £ i Wé’y
Cho e
G g %
MYnu mu mu MY
55 56

e
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4 %
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AIDA for muon-electron scattering

69 Feynman diagrams identified

Two=loon ¢ 10 genuine 2 loop 4-point functions appear

4i (8m2 spiki, k] -2dm? sp[ky, ko] -8m*sprky, k] —2dm* spky, ka] +8m® spky, k] -4dm® sp(ky, ko] - 32t sprky, ka] +
4dtsprky, ko] +24m? t sp[ky, ko] -40m* t sp[ky, ko] +12dm* t sp[ky, ko] -32t%2 spki, ko] +2dt%2 spki, ko] +56m? t2 sp[ky, ko] -
12dm? t? sp[ky, ko] -24t3 sp[ky, ko] +4dt3sp[ky, ko] -56 sp[ki, ka]2+26dsp[ky, ka]®>-3d?sp[ky, ka]?+48m? sp[ky, ka1? -
12dm? sp[ky, k212 +32m* spiky, k21?2 -12dm* sp[ky, k]2 -16t sp[ki, ka]2-64m? t sp[ky, ko]2+24dm? t sp[ky, ka]%2 +32t2sp[ky, ka]? -
12dt? sp(ky, k2]% - 24m? sp(ky, k2] spiki, p1] +14dm sp(ki, ka] sp(ky, p1] -3 d?m® sp(ki, ka] sp(ka, p1] +32m* sp(ki, ka] sp(ky, P1] -
8dm® sprky, k] sp[ki, p1] +56 t sp[ki, ko] spiky, p1] -26d tspiki, ka] sprky, p1] +3d? tsp[ky, ko] spiki, p1] - 64m? t sprky, ka2 sprky, pa] + |
16dm? t sp(ki, k2] sprki, 1] +32t% sp[ki, k] Spiki, p1] -8dt? sprka, k2] sp[Ki, P1] - 56 Sp[K1, k2] Spiki, p2] +26dspiki, k2] sp(ki, P2] -
3d? sp[ki, k2] sp[Ki, P2] +24m? sp(ka, k2] spiki, p2] + +24dm? sprky, p1]° 2,2 + 80t Splk, P11° k2,2 -24d t sp(ky, P1]% p2,2 +
16 m? sp(ky, P2] k2,2 - 12dm? sp(Ky, P2] p2,2 - 32m* sp[ky, P2] p2,2 - 32t sp(ky, P2] p2,2 + 12d t spky, P2] u2,2 + 48 M t sp[ky, P2] u2,2 -
16 t? sp(Ka, P2] k2,2 + 80 Sp[ky, P1] SP[K1, P2] u2,2 - 24d sp[K1, P1] SP[K1, P2] p2,2 - 128 m? sp(ky, p1] Sp(K1, P2] k2,2 +
36 dm? sp(ky, p1] SP[K1, P2] u2,2 + 128 t sp(ky, P1] SP(ki, P2] 12,2 - 36 d t spky, p1] SP[K1, P2] w2,2 + 48 Sp[K1, P21% k2,2 - 12d sp[ky, P2]° 12,2 -
48m? sp(ky, p2]% pz,2 + 12dm? sp[ky, p2]2 12,2 + 48t splky, P212 2,2 - 12d t sp(ky, p2]? 2,2 - 16 m* sp(Kka, P3] u2,2 - 32m* sp(ky, p3] p2,2 +
64m* t sp[ki, P3] p2,2 - 32t? sp[K1, P3] 12,2 - 80 Sp[Ky, P1] SP[K1, P3] 12,2 + 24 d sp[ky, P1] SP(K1, P3] k2,2 - 32m? sp[ky, P1] SP[K1, P3] k2,2 +
12dm® sp(ki, p1] SP[K1, P3] 2,2 + 32t splki, P1] SP[K1, P3] k2,2 -12d t sp(ka, P1] SPK1, P3] k2,2 + 16 Sp[Ka, P2] SPLK1, P3] 12,2 +
32m? sp(ka, p2] SP[k1, P3] 12,2 - 12dm spiky, P2] SP(Ki, P3] k2,2 - 32t sp[k1, P2] SPIk1, P3] 2,2 + 12d t sp[Ka, P2] SP[k1, P3] 12,2 -
32sp(ky, P3)? p2,2 +12dsp(ky, P3l? uz,2 + 40,1 12,2 - 12d w11 p2,2 - 24 M2 a1 pz,2 - 24M* g1 1o, + 48P t a1 12,2 - 2412 g0 uz,z)

o e e i e 8
e e y e V \/ e e '_ V
"y mu mu MY mu MY mu mu mu Mu
55 56 57 58 59 60

e e
Yo S
mu

ﬁmx % e

mu B ad)/FS

mu
67 68
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AIDA for muon-electron scattering , C
¢ 69 Feynman diagrams identified

Two=loon s i 7 1ok ¢ 10 genuine 2 loop 4-point functions appear

] = [N [ B

4i (8m2 sp[ki, ko] -2dm? sp[ky, ko] -8m* spki, ko] -2dm* sp[ki, ko] + 8m® sp[ky, ko] -4dm® sp[ky, ko] -32tsp(ki, k] +

e
4dtsprky, ko] +24m? t sp[ky, ko] -40m* t sp[ky, ko] +12dm* t sp[ky, ko] -32t%2 spki, ko] +2dt%2 spki, ko] +56m? t2 sp[ky, ko] - m e

12dm? t
Delta[{{]-, G}a {4, 7}}’ {1, 0: 09 1’ 0: 1, 1}] =

2

12dm25 -1 _8(-26+12D-D?+100 mf2 - 46 Dmf2 + 4 D2 mf2 + 24 mf2? - 4Dmf2% - 96 mF2° + 16 D23 +
12dt“s T

8dn sp 20t-2Dt-144mf2 t+24Dmf2 t+192 mf2% t-32Dmf22 t+24 % - 4D t* - 96 mf2 t* + 16 Dmf2 t?)

16dm? t
3d?sprk

16 m? sp| 8 (s mf2-3Dmf2-28 mF22+10 Dmf22 -8 mf23 +4 DmF23 -4 mf2 t+2Dmf2 £+16 mF22 t-8DmF22 t-8mf2 t2+4 Dmf2 t2)
5 Delta[{{1, 6}, {5, 7}}, {1, 0, 0,0, 1,1, 1}] =-
16 t°sp[

Delta[{{l’ 6}) {4’ 7}}’ {l’ 0’ 0, 1) 0) l’ 2}] =0

(-1+4mf2) (mf2-t)

2
36dm°s@ peltarqi1, 6}, {5, 7}}, {1, 0, 0, 0,1, 1,2}] =0
48m? sp|
64m2tsp Delta[{{l’ 6}’ {27 4, 5}}, {1’ 1’ 0, 1’ 1’ 1, @}] =

12dm sg 4 (-8mf2+3Dmf2 +8mf2? +16t-3Dt-8mf2t) +2 (-8+6D-D*>+8mf2-6Dmf2+D?’mf2-8t+6Dt-D>t)x[k[1]][1, {{1, 6}, {2, 4, 5}}]
32m? sp|

32sp[ky

Delta[{{l’ 6}, {2, 4, 5}}, {1,2,0,1,1,1,0}]=0

Delta[{{1, 6}, {2, 4, 7}}, {1,1,0,1,0,1,1}] =4 (-8-D+D*+4Dmf2>-8t+4Dt-8Dmf2t+4Dt*) +
2(16-14D+3D*-16mf2% +8Dmf2? -16t+8Dt+32mf2t-16Dmf2 t- 16> +8Dt?) x[k[1]][1, {{1, 6}, {2, 4, T}}] +
64 (-50 mf2* + 25 Dmf2* - 180 mf2° + 90 Dmf2° - 162 mf2° + 81 Dmf2° + 80 mf2> t - 40 Dmf2> t + 684 mf2* t - 342 Dmf2* t +
972 mf25 t - 486 Dmf2° t - 12mf22 t2 + 6 Dmf22 t2 - 936 mf23 2 + 468 Dmf23 t2 - 2430 mf2* t2 + 1215 Dmf2* t2 - 16 mf2 t3 +
8Dmf2 t3 + 504 mf22 t3 - 252 Dmf22 t3 + 3240 mf23 t3 - 1620 Dmf23 t3 -2 ¢* -5 4 4 _ 2430 mf22 t* +
1215Dmf22 t*-36t° + 18D t°> + 972 mf2 t° - 486 Dmf2 t° - 162 t6+810t6)|x[k[2]] (3, {{1, 6}, {2, 4, 7}}]2i.

256 (-50 mf2* + 25 Dmf2* - 146 mf2° + 70 Dmf2° - 98 mf2° + 49 Dmf2° + 120 mf2® t - 60 Dmf2° t + 588 mf2% t - 294 Dmf2* t +
588 mf2° t - 294 Dmf2% t - 92 mf22 t2 + 46 Dmf22 t2 - 952 mf23 t2 + 476 Dmf23 t2 - 1470 mf2* 2 + 735 Dmf2* t2 +

24mf2 t3 - 12Dmf2 3 + 728 mf22 3 - 364 Dmf22 t3 + 1960 mf23 t3 -980 Dmf23 t3 - 2t* 1 Dt* 4 4 _
1470 mf22 t* + 735 Dmf22 t* + 28 t° - 14D t° + 588 mf2 t° - 294 Dmf2 t> - 98 t° + 49D t® Y x[k[2]] [4, {{1, 6}, {2, 4, 7}}]

Delta[{{l’ 6}, {2,4,7}}, {1,1,0,1,0,1,2}]=0

5 5 mu LLLY] " Il.f.nu mu
54

—r—
fuCymu

MU LY M, mu LY My,
A A A U
mu mu

61 67 68
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AIDA for muon-electron scattering , C
¢ 69 Feynman diagrams identified

Two=loon nreliminary re ¢ 10 genuine 2 loop 4-point functions appear

-

4i (8m2 sp[ki, ko] -2dm? sp[ky, ko] -8m* spki, ko] -2dm* sp[ki, ko] + 8m® sp[ky, ko] -4dm® sp[ky, ko] -32tsp(ki, k] +

e
4dtsplky, Kp] +24m2 t sp[Ky, Ka] - 40m* t spka, ko] +12dm* t spki, ka] - 322 sp[Kq, ko] +2d t2 sp[Kq, ko] + 56 m2 t2 sp[ky, ko] - iyt g

2
2AM Y petta((1, 6), (4, 71}, (1,0,0,1,0, 1, 1)) -
Bunre -1 _g(-26+12D-D?+100 mf2 - 46 Dmf2 + 4 D> mf2 + 24 mf2% - 4D mf2% - 96 mf23 + 16 Dmf23 +
12 d t2 s -1+4mf2
8dn* sp 20t-2Dt-144mf2 t+24Dmf2 t+192 mf2% t-32Dmf22 t+24 % - 4D t* - 96 mf2 t* + 16 D mf2 t?)
16dm’ t | carcq] Deltaintii1, 6), (4,73}, (1,0,0,1,0,1,1)] -
3d*sp(k -ms (-26 + 12D - D? + 100 mf2 - 46 Dmf2 + 4 D mf2 + 24 mf2? - 4Dmf2? - 96 mf2® + 16 Dmf2> +
16 m? sp|

16 t2 sp[
36dm25p Delta[{{ Deltaint[{{1, 6}, {4, 7}}, {1,0,0,1,0,1,2}]=0
48m? sp [
6am?tsg Deltal{{} pDeltaint[{{1, 6}, {5, 7}}, {1,0,0,0,1,1,1}] =-
12 d m? sg 4 (-8mf

32 m? sp[ Delta[{{ Deltaint[{{1, 6}, {5, 7}}, {1, 0, 0,0, 1, 1, 2}] =

Delta[{{ 20t-2Dt-144mf2 t+24Dmf2 t+192 mf2% t-32Dmf2% t +24 > - 4D t* - 96 mf2 t* + 16 Dmf2 t?)

8 (3 mf2-3Dmf2-28 mf22+10 Dmf22-8mf23+4Dmf23-4mf2 t+2 Dmf2 t+16 mf22 t-8Dmf22 t-8mf2 t2+4 Dmf2 tz)

(-1+4mf2) (mf2-t)

32sp[k
Pl Deltaint[{{1, 6}, {2, 4, 5}}, {1,1,0,1,1,1,0}] =

Delta[{{ ) ) ) )
4 (-8mf2+3Dmf2 +8mf2?+16t-3Dt-8mf2t)+2(-8+6D-D*+8mf2-6Dmf2+D?*mf2-8t+6Dt-D*t)x[k[1]][1, {{1, 6}, {2, 4, 5}}]

2(16—

64 (-9 pettaint({(1, 61, (2, 4, 5}}, {1,2,0,1,1,1,0}] =0

Deltaint([{{1, 6}, {2, 4, 7}}, {1,1,0,1,0,1,1}] =4 (-8-D+D*+4Dmf2>-8t+4Dt-8Dmf2t+4Dt?) +
(64 (-50 mf2* + 25 Dmf2* - 180 mf2° + 96 D mf2° - 162 mf2°® + 81 Dmf2° + 80 mf2® t - 40 Dmf2> t + 684 mf2* t - 342 Dmf2* t + 972 mf2° t -
486 Dmf2° t - 12mf22 t2 + 6 Dmf22 t2 - 936 mf23 t2 + 468 Dmf23 t2 - 2430 mf2* t2 + 1215Dmf2* t2 - 16mf2 t3 + 8Dmf2 t3 +
504 mf22 t3 - 252 Dmf22 t3 + 3240 mf23 t3 - 1620 Dmf23 3 -2 t* + Dt* - 36 mf2 t* + 18 Dmf2 t* - 2430 mf22 t* + 1215 Dmf22 t* -
36t°+18Dt° +972mf2 t° - 486 Dmf2 t° - 162 t6+810t61-(d[2] +d[2]?-d[2] d[4] -d[2]d([7] +d[4] d[7]))
((-2+D) ((-5mf2 -9mf2?+18mf2t-9t?)?- (-5mf2 - 7mf27+ 14mf2t-7t%)%)) +
Delta[{{ (256 (-50 mf2* + 25 Dmf2* - 140 mf2° + 70 Dmf2° - 98 mf2°® + 49 Dmf2° + 120 mf23 t - 60 Dmf23 t + 588 mf2* t - 294 Dmf2* t +
588 mf2° t - 294 Dmf2% t - 92 mf22 t2 + 46 Dmf22 t2 - 952 mf23 t2 + 476 Dmf23 t2 - 1470 mf2* t2 + 735 Dmf2* t2 + 24 mf2 t3 -
12Dmf2 t3 + 728 mf22 t3 - 364 Dmf22 t3 + 1960 mf23 t3 - 980 Dmf23 t3 -2 t* + Dt* - 252 mf2 t* + 126 Dmf2 t* - 1470 mf22 t* +
735 Dmf22 t* + 28 t°> - 14D t° + 588 mf2 t° - 294 Dmf2 t5-98t6+490t6)|(d[2] +d[2]%2-d[2]d[4] -d[2]d[7] +d[4] d[7]))r
((-2+D) (4 (5mf2+7mf22 - 14mf2t+7t?)?>-4 (5mf2+9mf2? - 18mf2t+9t*)%)) +
2 (16-14D+3D*-16mf2? +8Dmf2? - 16t +8Dt+32mf2 t- 16 Dmf2 t - 16 t* + 8D t?)
% x[k[1]][1, {{1, 6}, {2, 4, T}}]
61 62
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AIDA for muon-electron scattering , C
¢ 69 Feynman diagrams identified

Two=loon nreliminary re ¢ 10 genuine 2 loop 4-point functions appear

-

4i (8m2 sp[ki, ko] -2dm? sp[ky, ko] -8m* spki, ko] -2dm* sp[ki, ko] + 8m® sp[ky, ko] -4dm® sp[ky, ko] -32tsp(ki, k] +

e
4dtsprky, ko] +24m? t sp[ky, ko] -40m* t sp[ky, ko] +12dm* t sp[ky, ko] -32t%2 spki, ko] +2dt%2 spki, ko] +56m? t2 sp[ky, ko] - m e

12dm? t
Delta[{{]-, G}a {4, 7}}’ {1, 0: 09 1’ 0: 1, 1}] =

2

12dm25 -1 _8(-26+12D-D?+100 mf2 - 46 Dmf2 + 4 D2 mf2 + 24 mf2? - 4Dmf2% - 96 mF2° + 16 D23 +
12dt“s T

8dn sp 20t-2Dt-144mf2 t+24Dmf2 t+192 mf2% t-32Dmf22 t+24 % - 4D t* - 96 mf2 t* + 16 D mf2 t?)

2 .
16;jm t Delta[{(] Deltaint({{1, 6}, {4, 7}}, {1,0,0,1,0,1,1}] =
3d°sp(k 1 8 (-26 + 12D - D + 100 mf2 - 46 Dmf2 + 4 D> mf2 + 24 mf2? - 4 Dmf22 - 96 mf23 + 16 Dmf23 +

T T1+4mf2
2
O SPIl  petearq 20t-2Dt-144mf2 t+24Dmf2t+192mf22t-32Dmf22 t + 24t - 4D t2 - 96 mf2 t? + 16 Dmf2 t?)
16 t2 sp[

. .
36dm* s pertar(f PV petltazi((1, 6}, (4, 71}, (1, 0,0, 1,0, 1, 1}] =
48m? sp| -— 1  8(52-50D+14D?-D*-200 mf2 + 192 Dmf2 - 54 D2 mf2 + 4 D> mf2 - 56 mf22 + 36 Dmf22 - 4 D? mf22 + 224 mf23 - 144 Dmf23 +

(-2+D) (-1+4mf2)
2 Delta i
64m° t sg 4 ( 8[{‘:' Deltai 16 D2 mf23 - 2000 mf24 + 2080 mf25 + 19248 mf2% + 17728 mf27 -48t +28Dt-2D2t+336mf2 t-216 Dmf2 t + 24 D2 mf2 t - 448 mf22 t +
12 d m? sg -em

288 Dmf22 t - 32 D2 mf22 t + 4480 mf23 t + 6368 mf24 t - 70560 mf25 t - 106368 mf2°% t - 56 t2 + 36 D t2 - 4 D2 t2 + 224 mf2 t2 -

2m spll  polta (4 Deltai 144 Dmf2 t2 + 16 D2 mf2 t2 - 3040 mf22 t2 - 25792 mf23 t2 + 85328 mf24 t2 + 265920 mf25 t2 + 640 mf2 t3 + 24768 mf22 t3 - 20672 mf23 t3 -

32spiks 354560 mf24 t3 - 80 t* - 8032 mf2 t* - 33072 mf22 t* + 265920 mf23 t* + 608 t° + 24160 mf2 t5> - 106368 mf22 t5 - 4432 t5 + 17728 mf2 te)

Deltai
Delta[{{

2(15-| * (-89 pelta2(((1, 6}, {4, 7}}, (1,0, 0, 1,0, 1,2}] =0

64 (-se

8 (8 mf2-3Dmf2-28 mF22+10 Dmf22-8mf23+4Dmf23 -4 mf2 t+2Dmf2 t+16 mf22 t-8Dmf22 t-8mf2 t2+4 Dmf2 t2)

Delta2[{{l, 6], {5, 7}}9 {1, 0, 0, @, 1’ 1’ 1}] = - (C1+4mf2) (mf2-t)

Delta2[{{l, 6], {5, 7}}9 {1, 0, 0’ @, 1’ 1’ 2}] =0

58 Delta2[{{1, 6}, {2, 4, 5}}, {1, 1,0, 1,1, 1, 0}] =
24 4 (-8mf2+3Dmf2 +8mf22+16t-3Dt-8mf2t)+2(-8+6D-D>+8mf2-6Dmf2+D2mf2-8t+6Dt-D2t)x[k[1]][1, {{1, 6}, {2, 4, 5}}]
14

Delta2[{{1, 6}, {2, 4, 5}}, {1,2,0,1,1,1,0}] =0
Delta[{{

Delta2({{1, 6}, {2, 4, 7}}, {1,1,0,1,0,1,1}] =4 (-8-D+D2+4Dmf22-8t+4Dt-8Dmf2t+4Dt?) +
2 (16-14D+3D2-16mf22 +8Dmf22-16t+8Dt+32mf2t-16Dmf2 t-16t2+8Dt?) x[k[1]][1, {{1, 6}, {2, 4, T}}]

TTSSUMIZ T TZ0C TITDC TO0OMIZC ISR UMIZC S0 C TS U NGIZ] TOIZ] S OIZ] GRS OIZ] G TG G ]
((-2+D) (4 (5mf2+7mf22 - 14mf2t+7t?)?>-4 (5mf2+9mf2? - 18mf2t+9t*)%)) +
2 (16-14D+3D*-16mf2? +8Dmf2? - 16t +8Dt+32mf2 t- 16 Dmf2 t - 16 t* + 8D t?)
y x[k[1]][1, {{1, 6}, {2, 4, 7}}]
61 62

William J. Torres Bobadilla [Mastrolia, Peraro, Primo, Ronca, W.J.T. (work in progress)] 25




AIDA for muon-electron scattering , C
¢ 69 Feynman diagrams identified

Two=loon nreliminary re ¢ 10 genuine 2 loop 4-point functions appear

-

4i (8m2 spiki, ko] -2dm? sp(ky, ka] -8m* sp(ky, ko] -2dm* sp(ky, ko] +8m® sp(ky, ko] -4dm® sp[ky, ko] -32tsp(ky, ko] + e

4dtsprky, ko] +24m? t sp[ky, ko] -40m* t sp[ky, ko] +12dm* t sp(ky, ko] - 32t%2 spiki, ka] +2
2 L] L]
R2dm 8 bettar((1, 6), {4, 7)1, {1, 0, 0,1, 0, 1, 1}] - Input: rank 4 numerator with 289 monomials

2

12dm25 -1 _8(-26+12D-D?+100 mf2 - 46 Dmf2 + 402 mf2 + 24 mf22 - 4D mf2? - 96 mf23
12dt“s T

8dmt sp 20t-2Dt-144mf2t+24Dmf2 t+192mf22t-32Dmf22t+24t>-4Dt%-96

Reduction time ~ 1.5 mins
oamtf - [oeteatntis, 61, 14, 71, (1, 0,0, 1, 0, 1, 1)) - Output: 135 contributions

3d”sprk —— 8 (-26+12D-D?+100 mf2 - 46 Dmf2 + 4 D> mf2 + 24 mf22 - 4Dmf2* - 96 mf2° + 16 Dmf2° +

T T1+4mf2
2
LI Delta[{{ 20t-2Dt-144mf2 t+24Dmf2 t+ 192 mf22 t -32Dmf22 t + 24 t2 - 4D t? - 96 mf2 t2 + 16 Dmf2 t?)
16 t2 sp|

. .
36dm* s pertar(f PV petltazi((1, 6}, (4, 71}, (1, 0,0, 1,0, 1, 1}] =
48m? sp| -— 1  8(52-50D+14D?-D*-200 mf2 + 192 Dmf2 - 54 D2 mf2 + 4 D> mf2 - 56 mf22 + 36 Dmf22 - 4 D? mf22 + 224 mf23 - 144 Dmf23 +

(-2+D) (-1+4mf2)
2 Delta i
64m° t sg 4 ( 8[{‘:' Deltai 16 D2 mf23 - 2000 mf24 + 2080 mf25 + 19248 mf2% + 17728 mf27 -48t +28Dt-2D2t+336mf2 t-216 Dmf2 t + 24 D2 mf2 t - 448 mf22 t +
12 d m? sg -em

288 Dmf22 t - 32 D2 mf22 t + 4480 mf23 t + 6368 mf24 t - 70560 mf25 t - 106368 mf26 t - 56 t2 + 36 D t2 - 4 D2 t2 + 224 mf2 t2 -
2m spll  polta (4 Deltai 144 Dmf2 t2 + 16 D2 mf2 t2 - 3040 mf22 t2 - 25792 mf23 t2 + 85328 mf24 t2 + 265920 mf25 t2 + 640 mf2 t3 + 24768 mf22 t3 - 20672 mf23 t3 -
32 sprk; 354560 mf24 t3 - 80 t* - 8032 mf2 t* - 33072 mf22 t* + 265920 mf23 t* + 608 t5 + 24160 mf2 t5 - 106368 mf22 t5 - 4432 £ + 17728 mf2 t6)

Deltai
Delta[{{
2(16-| * (B veteaziics, 63, (4,711, (1,0, 0,1,0,1,2)] -0

64 (-5€ .
( Deltai 8(8mf2—3Dmf2—28mf22+10Dmf22—8mf23+4Dmf23—4mf2t+20mf2t+16mf22t—80mf22t—8mf2t2+4Dmf2t2)

DeltaZ[{{l, 6], {5, 7}}9 {1, 0, 0’ 0’ 1’ 1’ 1}] = - (C1+amf2) (mf2-t)

Deltai
(64 ( DeltaZ[{{l, 6], {5, 7}}9 {1, 0, 0’ 0’ 1’ 1’ 2}] =0

58 Delta2[{{1, 6}, {2, 4, 5}}, {1, 1,0, 1,1, 1, 0}] =
24 4 (-8mf2+3Dmf2 +8mf22+16t-3Dt-8mf2t)+2(-8+6D-D>+8mf2-6Dmf2+D2mf2-8t+6Dt-D2t)x[k[1]][1, {{1, 6}, {2, 4, 5}}]
14

Delta2[{{1, 6}, {2, 4, 5}}, {1,2,0,1,1,1,0}] =0
Delta[{{

Delta2({{1, 6}, {2, 4, 7}}, {1,1,0,1,0,1,1}] =4 (-8-D+D2+4Dmf22-8t+4Dt-8Dmf2t+4Dt?) +
2 (16-14D+3D2-16mf22 +8Dmf22-16t+8Dt+32mf2t-16Dmf2 t-16t2+8Dt?) x[k[1]][1, {{1, 6}, {2, 4, T}}]

oo UMz L TZo¢ —L‘WML*—QSUL)I\U[LJ+U[LJ —uLLJuL‘-H—U|_4]ullj+ul‘+_[ull_|}}l
((-2+D) (4 (5mf2+7mf22 - 14mf2t+7t?)?>-4 (5mf2+9mf2? - 18mf2t+9t*)%)) +
2 (16-14D+3D*-16mf2? +8Dmf2? - 16t +8Dt+32mf2 t- 16 Dmf2 t - 16 t* + 8D t?)

4 x[k[1]][1, {{1, 6}, {2, 4, T}}]
61 62
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Interface with IBP generators + Eval of MIs

Recall AIDA output
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AIDA for muon-electron scattering

[Mastrolia, Peraro, Primo, Ronca, W.J.T. (work in progress)]

Interface with IBP generators + Eval of MIs

Recall AIDA output

ScalarProducts = {mp[p[1], p[1]] -> O, mp[p[1l], pP[2]] -> ex[1l]/2,
mp[p[1], p[3]1] -> (mf2 - t - ex[1]) /2, mp[p[1l], p[4]] -> (-mf2 + t) /2,
mp[p[2], p[2]1] -> @, mp[p[2], p[3]] -> (-mf2 + t) /2,
mp[p[2], p[4]] -> (mf2 - t - ex[1]) /2, mp[p[3], P[3]] -> mf2,
mp[p[3], p[4]] -> (-2+mf2 + ex[1]) /2, mp[p[4], p[4]] -> mf2}

ParentGraph = {{p[2], e[4], ©, 0, O}, {p[3], e[5], 0, O, O},
{p[4], e[6], O, O, O}, {p[2], e[1], O, O, O},
{e[1], e[2], "Oo", "k[1]", "1"}, {e[2], e[4], "O", "k[2]", "2"},
{e[2], e[3], "e", "k[1] + k[2]", "3"}, {e[4], e[5], "o", "k[2] + p[2]",
"4"}, {e[5], e[6], "mf", "k[2] + p[2] + p[3]", "5"},
{e[1l], e[3], "O", "k[1] - p[2] - p[3] - p[4]", "6"},
{e[3], e[6], "O", "k[2] + p[2] + p[3] + p[4]", "7T"}}

ListISP = {mp[k[1], p[3]], mp[k[1], p[4]1}

integrals = {INT["emu_2L.g6", {-2, 1, 1, 0, 0, 1, 2, 0, 0}],
INT["emu_2L.g6", {-2, 1, 011,
INT["emu_2L.g6", {-2, 1, 0}1,
INT["emu_2L.g6", {-2, 1, 011,
INT["emu_2L.g6", {-2, 1, 0}1,
INT["emu_2L.g6", {-1, 0O, 0}1],
INT["emu_2L.g6", {-1, 0O, 011,
INT["emu_2L.g6", {-1, O, 0}1,
INT["emu_2L.g6", {-1, 0O, 011,

A —————
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AIDA for muon-electron scattering

[Mastrolia, Peraro, Primo, Ronca, W.J.T. (work in progress)]

Interface with IBP generators + Eval of MIs

Recall AIDA output

ScalarProducts = {mp[p[1], p[1]] -> @, mp[p[1l], P[2]] -> INT["emu_2L.g6", {0, 0, 1, 0, 0, 0, 2, 0, 0}], O,

mp[p[1l], p[31] -> (mf2 - t - ex[1]) /2, mp[p[1l], P[4]] (—192/(2 - dim) + (96*dim)/(2 - dim) - (16*dimA2)/(2 - dim) +

mp[p[2], P[2]1] -> ©, mp[p[2], P[3]1] -> (_mfz + t) /2, (128*mf2"2)/(2 - dim) - (64*d1'm*mf2"2)/(2 - dim) + (128*t)/(2 - dim) -
mp[p[Z], p[4]] -> (mfz -t - eX[].]) /2’ mp[p[3]’ p[3]] (64*d1'm*t)/(2 - dim) - (256*mf2*t)/(2 - d1'm) +
(
(

mp[P[3], P[4]] -> (-2%mf2 + ex[1]) /2, mp[p[4], P[4]] 128«dims«mf2+t) /(2 - dim) + (128+t*2)/(2 - dim) -
64xdim«tr2) /(2 - dim))«INT["emu_2L.g6", {0, 2, 1, 0, 6, @, 0, 0, 0}],

0, (-32 + 16%dim + 64+«mf2A2 + 64xt - 128+mf2xt + 64%th2)«
INT["emu_2L.g6", {1, 2, 0, 0, 0, 0, 0, 0, 0}],

(-64/(1 - dim) + (64xdim)/(1 - dim) - (16xdimr2)/(1 - dim) +
128+mf242) /(1 - dim) - (64xdim«mf2A2) /(1 - dim) + (128«t)/(1 - dim) -

ParentGraph = {{p[2], e[4], 0, 0, 0}, {p[3], e[5], O, ©
{p[4], e[6], ©, O, O}, {p[2], e[1l], O©, O, O},
{e[1l], e[2], "O", "k[1]", "1"}, {e[2], e[4], "O", "k]| (
{e[2], e[3], "o, "k[1l «+ k(2]%, 3"}, {e[4], e[5], ' (64xdim«t) /(1 - dim) - (256«mf2«t) /(1 - dim) +
4"}, (e[S, e[6], "mfh, "k[2] + pl[2] + p[3]", "S"}, (128«dimsmf2«t) /(1 - dim) + (128+tA2)/(1 - dim) -
{e[1], e[3], "o", "k[1] - p[2] - p[3] - p[4]", "6"}, (64xdimsth2) /(1 - dim))«INT["emu_2L.g6", {0, 0, 0, 0, 0, 1, 1, 0, 0}],
{e[3], e[6], "O", "Kk[2] + p[2] + p[3] + p[4]", "7"}} 0, (64/(1 - dim) - (64«dim)/(1 - dim) + (16xdimr2)/(1 - dim) -
(128+mf272) /(1 - dim) + (64xdimemf242)/(1 - dim) - (128+t)/(1 - dim) +
ListISP = {mp[k[1], p[3]], mp[k[1], p[4]]} (64xdimst) /(1 - dim) + (256+mf2sxt)/(1 - dim) -
(128xdimemf2xt) /(1 - dim) - (128+tA2)/(1 - dim) +
integrals = {INT["emu_2L.g6", {-2, 1, 1, 0, 0, 1, 2, 0, (64xdimxtA2) /(1 - dim))«INT["emu_2L.g6", {0, ©, 0, 1, 0, 1, 0, 0, 0}],
INT["emu_2L.g6", {-2, 0}1, (64/(1 - dim) - (64xdim)/(1 - dim) + (16xdimr2)/(1 - dim) -
INT["emu_2L.g6", {-2, 0}1, (128+mf272) /(1 - dim) + (64xdimemf242)/(1 - dim) - (128+t)/(1 - dim) +
INT["emu_2L.g6", {-2, 0}1, (64xdimst) /(1 - dim) + (256xmf2xt)/(1 - dim) -
INT["emu_2L.g6", {-2, 0}1, (128xdimemf2xt) /(1 - dim) - (128+tA2)/(1 - dim) +
INT["emu_2L.g6", {-1, 0}1, (64xdimstr2) /(1 - dim))«INT("emu_2L.g6", {6, 0, 1, 0, 0, 0, 1, 0, 0}],
INT["emu 2L.g6", {-1, 0}1, 0, 0, (-64/(1 - dim) + (64xdim)/(1 - dim) - (16xdimr2)/(1 - dim) +
INT["emu 2L.g6", {-1, 0}1, 128+«mf242) /(1 - dim) - (64xdim«mf2A2) /(1 - dim) + (128«t)/(1 - dim) -
INT["emu 2L.g6", {-1, 0}], 64xdimst) /(1 - dim) - (256«mf2«t)/(1 - dim) +
e ——————— 128«dims«mf2+t) /(1 - dim) + (128+t*2)/(1 - dim) -

B : 64xdim«tr2) /(1 - dim))«INT["emu_2L.g6", (0, ©, 1, 1, ©, ©, 0, 0, 0}]
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AIDA for muon-electron scattering

[Mastrolia, Peraro, Primo, Ronca, W.J.T. (work in progress)]

Interface with IBP generators + Eval of MIs

Recall AIDA output

ScalarProducts = {mp[p[1], p[1]] -> ©, mp[p[1], p[2]] -> |INT[“emU-2L-g6", {0, 0, 1, 0, 0, 6, 2, 0, 0}l| 0,

mp[p[1l], p[31] -> (mf2 - t - ex[1]) /2, mp[p[1l], P[4]] (—192/(2 - dim) + (96*d'im)/(2 - dim) - (16*d'im"2)/(2 - dim) +

mp[p[2], P[2]1] -> ©, mp[p[2], P[3]1] -> (_mfz + t) /2, (128*mf2"2)/(2 - dim) - (64*d1'm*mf2"2)/(2 - dim) + (128*t)/(2 - dim) -
mp[p[zl’ p[4]] -> (mfz -t - eX[].]) /2’ mp[p[3]’ p[3]] (64*d1'm*t)/(2 - dim) - (256*mf2*t)/(2 - d1'm) +
(
(

mp[P[3], P[4]] -> (-2%mf2 + ex[1]) /2, mp[p[4], P[4]] 128«dims«mf2+t) /(2 - dim) + (128+t*2)/(2 - dim) -
64xdimetr2) /(2 - dim) ) FINT["enu_2L.g6", (0, 2, 1, 0, 0, ©, 0, 0, 0}]

- i A — A
ParentGraph = {{p[2], e[4], ©, O, 0}, {p[3], e[5], ©, © OIINT‘[32 + 16xdim + 64+mf272 + 64+t 128+mf2+t + 64xth2) «

"emu_2L.g6", {1, 2, 0, 0, 0, 0, 0, 0, 0}]
(p[4], el6], 0, 0, 0}, {p[2], e[l], 0, O, O}, (-64/(1 - dim) + (64xdim)/(1 - dim) - (16+dimA2)/(1 - dim) +
{e[1l], e[2], "O", "k[1]", "1"}, {e[2], e[4], "O", "k]

128+mf242) /(1 - dim) - (64xdim«mf2A2) /(1 - dim) + (128«t)/(1 - dim) -
{e[2], e[3], "O", "k[1] + k[2]", "3"}, {e[4], e[5], "

64xdim«t) /(1 - dim) - (256«mf2xt)/(1 - dim) +
"4"}, {e[5], e[6], "mf", "k[2] + p[2] + p[3]", "5"},

(
(
(128xdimsmf2xt) /(1 - dim) + (128+t*2)/(1 - dim) -
{e[1], e[3], "o", "k[1] - p[2] - p[3] - p[4]", "6"}, (64xdimetA2) /(1 - dim))FINT["emu_2L.g6", {0, ©, 0, 0, 0, 1, 1, 0, 0}]}

{e[3], e[6], "O", "Kk[2] + p[2] + p[3] + p[4]", "7"}} 0, (64/(1 - dim) - (64«dim)/(1 - dim) + (16xdimr2)/(1 - dim) -

(128+mf272) /(1 - dim) + (64xdimemf242)/(1 - dim) - (128+t)/(1 - dim) +
ListISP = {mp[k[1], p[3]], mp[k[1], p[4]]} (64xdimst) /(1 - dim) + (256+mf2sxt)/(1 - dim) -
(128xdimemf2xt) /(1 - dim) - (128+tA2) /(1 - dim) +
integrals = {INT["emu_2L.g6", {-2, 1, 1, 0, 0, 1, 2, 0, (64xdimeth2) /(1 - d'im))IrINT["emu_ZL.gG", (0, ©, @, 1, 0, 1, 0, 0, o}]l
INT["emu_2L.g6", {-2, 0}1, (64/(1 - dim) - (64xdim)/(1 - dim) + (16xdimr2)/(1 - dim) -
INT["emu_2L.g6", {-2, 0}1, (128+mf272) /(1 - dim) + (64xdimemf242)/(1 - dim) - (128+t)/(1 - dim) +
INT["emu_2L.g6", {-2, 0}1, (64xdimst) /(1 - dim) + (256xmf2xt)/(1 - dim) -
INT["emu_2L.g6", {-2, 0}1, (128xdimemf2xt) /(1 - dim) - (128+t*2) /(1 - dim) +
INT["emu_2L.g6", {-1, 0}1, (64xdimxtA2) /(1 - dim))lINT["emu_zL.gs", {6, @, 1, 0, 0, 0, 1, 0O, o}]l
INT["emu 2L.g6", {-1, 0}1, 0, 0, (-64/(1 - dim) + (64xdim)/(1 - dim) - (16«dimr2)/(1 - dim) +
INT["emu 2L.g6", {-1, 0}1, 128+«mf242) /(1 - dim) - (64xdim«mf2A2) /(1 - dim) + (128«t)/(1 - dim) -
INT["emu 2L.g6", {-1, 0}], 64xdimst) /(1 - dim) - (256«mf2«t)/(1 - dim) +
L — 128«dims«mf2xt) /(1 - dim) + (128+t”2)/(1 - dim) -

oy o 64+dimxth2 1 - di INT" _2L.g6", {OGO, 0, 1, 1, 0, O, O, O, O
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AIDA for muon-electron scattering

[Mastrolia, Peraro, Primo, Ronca, W.J.T. (work in progress)]

Interface with IBP generators + Eval of MIs

Generate IBPs with REDUZE

INT["emu_2L.g6",4,15,5,2,{1,2,1,1,0,0,0,0,-2}] -> O,

INT["emu_2L.g6",4,23,4,0,({1,1,1,0,1,0,0,0,0}] ->
INT["emu_2L.g6",3,21,3,1,{1,-1,1,0,1,0,0,0,0}] «
(3% (4xmf2A2-8xts«mf2-dx (MF2A2-2xts«+mf2+tA2) +4%xtA2) A (-1) % (-2+d)) +
INT["emu_2L.g6",3,21,3,0,{1,0,1,0,1,0,0,0,0}] «
(2% (4«mf2A2-8xtxmf2-dx (MF2A2-2xt+mf2+tA2) +4%xtA2) A (1) x (5xt+5xmf2-2xd* (t+mf2))),

INT["emu_2L.g6",4,23,4,1,{1,1,1,0,1,-1,0,0,0}] ->
INT["emu_2L.g6",3,21,3,1,{1,-1,1,0,1,0,0,0,0}] =«
(-3/4x (4xt-txd)A(-1)x(-2+d)) +
INT["emu_2L.g6",3,21,3,0,{1,0,1,0,1,0,0,0,0}] =*
(-1/4% (4xt-t*d) A (-1) x (14xt-d* (5%t+3+«mf2) +6+«mf2)),

INT["emu_2L.g6",4,23,4,1,(1,1,1,0,1,0,0,-1,0}] ->
INT["emu_2L.g6",3,21,3,1,{1,-1,1,0,1,0,0,0,0}] «
(3/8% (2xt+2xmf2-dx (t+mf2) ) « (4xts*smf2-45tA2-dx (txmf2-tA2))A(-1)) +
INT["emu_2L.g6",3,21,3,0,{1,0,1,0,1,0,0,0,0}] =
(-1/8% (4%txmf2-4%xtA2-dx (t«+mf2-tA2))A (-1) % (6xmT2A2+20xt+mf2-dx (3xmf2A2+8xtxmf2+5xtA2)

INT["emu_2L.g6",4,23,4,1,{1,1,1,0,1,0,0,0,-1}] ->
INT["emu_2L.g6",3,21,3,1,{1,-1,1,0,1,0,0,0,0}] =
(-3/8% (2xt+2xmf2-dx (t+mf2) ) x (4xtxmf2-4%xtA2-dx (t+xmf2-tA2))A(-1)) +
INT["emu_2L.g6",3,21,3,0,{1,0,1,0,1,0,0,0,0}] =«
(1/8x% (4xts«mf2-45xtA2-dx (taxmf2-tA2) ) A (-1) % (6x+mF2A2+20xtxmf2-dx (3+mf2A2+8xt«+mf2+5xtA2) +
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AIDA for muon-electron scattering

[Mastrolia, Peraro, Primo, Ronca, W.J.T. (work in progress)]

Interface with IBP generators + Eval of MIs

Generate IBPs with REDUZE

INT["emu_2L.g6",4,15,5,2,{1,2,1,1,0,0,0,0,-2}] -> O,

INT["emu_2L.g6",4,23,4,0,({1,1,1,0,1,0,0,0,0}] ->
INT["emu_2L.g6",3,21,3,1,{1,-1,1,0,1,0,0,0,0}] «
(3% (4xmf2A2-8xts«mf2-dx (MF2A2-2xts«+mf2+tA2) +4%xtA2) A (-1) % (-2+d)) +
INT["emu_2L.g6",3,21,3,0,{1,0,1,0,1,0,0,0,0}] «
(2% (4«mf2A2-8xtxmf2-dx (MF2A2-2xt+mf2+tA2) +4%xtA2) A (1) x (5xt+5xmf2-2xd* (t+mf2))),

Apply IBPS to the integrals
INT["emu_2L.g6",4,23,4,1,{1,1,1,0,1,-1,0,0,0}] ->
INTI"enu 2L g6%,3,21,3,1, | ¢ 0) INT(emu_2L.g6, (0,0, 1,0, 1, 1,0, 0, 0}) + (1) INT(emu_2L.g6, {0,0, 1, 1,0, 1,0,0,0}) +
INT[,‘;: i‘ZL("g::d;l‘;; ¢(2) INT(emu_2L.g6, {0,0,1,1,1,1,0,0,0}) + ¢(3) INT(emu_2L.g6, {0, 1,1,0,1,1,0,0,0) +
s aeteemne | c@)INT(emu_2L.g6,10,1,1,1,1,1,0,0,0)) + ¢(5) INT(emu_2L g6, {1,~1,1,0,1,0,0,0,0) +
¢(6) INT(emu_2L g6, {1,-1,1,1,1,0, 1,0, 0}) + c(7) INT(emu_2L g6, {1, -1,1,1,1,1,0,0,0}) +
INT["emu 2L.g6",4,23,4,1, (1| ¢(8)INT(emu_2L.g6,{1,0,1,0,1,0,0,0,0}) +c(9) INT(emu_2L.g6, {1,0,1,1,0,0
INT["emu_2L.g6",3,21,3,1,{ ¢(10)INT(emu_2L.g6,{1,0,1,1,1,0,1,0,0}) + ¢(11) INT(emu_2L.g6,{1,0,1,1,1,
(3/8% (24t +24mF2—dx (t+mF2) ) % (A= CamF2-4=TA2-dx (CxmF2-TA2)) A (-1)) +

INT["emu_2L.g6",3,21,3,0,{1,0,1,0,1,0,0,0,0}] = >> Primo’ talk
(-1/8% (4xtxmf2-4%xtA2-dx (t«xmf2-tA2)) A (-1) % (6xmF2A2+20xtxmf2-dx (3+mFf2A2+8xtxmf2+5xtA2)

INT["emu_2L.g6",4,23,4,1,{1,1,1,0,1,0,0,0,-1}] ->
INT["emu_2L.g6",3,21,3,1,({1,-1,1,0,1,0,0,0,0}] «
(-3/8% (2xt+2xmf2-dx (t+mf2) ) x (4xtxmf2-4%xtA2-dx (t+xmf2-tA2))A(-1)) +
INT["emu_2L.g6",3,21,3,0,{1,0,1,0,1,0,0,0,0}] «
(1/8x% (4xts«mf2-45xtA2-dx (taxmf2-tA2) ) A (-1) % (6x+mF2A2+20xtxmf2-dx (3+mf2A2+8xt«+mf2+5xtA2) +

William J. Torres Bobadilla
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AIDA for muon-electron scattering

[Mastrolia, Peraro, Primo, Ronca, W.J.T. (work in progress)]

Interface with IBP generators + Eval of MIs

Evaluate integrals with SecDec

c(0) INT(emu_2L g6, {0,0,1,0,1,1,0,0,0}) + ¢(1) INT(emu_2L.g6, {0,0,1,1,0,1,0,0,0}) +
c¢(2) INT(emu_2L g6, {0,0,1,1,1,1,0,0,0}) + ¢(3) INT(emu_2L.g6,{0,1,1,0,1,1,0,0,0}) +
c(4) INT(emu_2L.g6,{0,1,1,1,1,1,0,0,0}) + ¢(5) INT(emu_2L.g6,{1,-1,1,0,1,0,0,0,0}) +
c(6) INT(emu_2L.g6,{1,-1,1,1,1,0,1,0,0}) + ¢(7) INT(emu_2L.g6,{1,-1,1,1,1,1,0,0,0}) +
c¢(8) INT(emu_2L g6, {1,0,1,0,1,0,0,0,0}) + ¢(9) INT(emu_2L.g6,{1,0,1,1,0,0,1,0,0}) +
c¢(10) INT(emu_2L.g6,{1,0,1,1,1,0,1,0,0}) + ¢(11) INT(emu_2L.g6,{1,0,1,1,1,1,0,0,0})

4 2:67278% | 5 62086 € + 24.0491 2

€

INT[emu_2L.g6, {0, 6, 1, 0, 1, 1, 0, 0, 0}] > 4.37747 + 06-25

INT[emu_2L.g6, {0, 6, 1, 0, 1, 1, 1, 0, 0}] »11.0594 + 2> + 1:22278 , 43 2924 ¢ + 188.787 &2
€
0.2

€

INT[emu_2L.g6, {0, 0, 1, 1, 0, 1, 0, 0, 0}] > 1.33639 + 2:2° 1 5.0669 ¢ + 14.3487 2

INT[emu_2L.g6, {0, + 1:92278 17,0981 € + 43.2469 €2

€

INT[emu_2L.g6, {0, >, 9.706389 | §5.86664 € + 28.7621 €2

INT[emu_2L.g6, {0, 1, 1,1, 1, 1,0, 0, 0}] »

5.50306 - 2:333333 _ 0.0115462 , 0.728702 , 7.23089 € + 15.3931 €2
€ € €

> 4 183132 4 13,6127 € + 34.8251 €2
€
5
2

INT[emu_2L.g6, {1, -1, 1, 0, 1, 0, 0, 0, 0}] -»5.88647 + &

4 1:56988 | 9 3714¢ +20.032¢2

INT[emu_2L.g6, {1, -1, 1, 1, 1, 0, 1, 0, 0}] ->4.94128 +

€

INT [emu_2L.g6, {1, 0, 1, 0, 1, 0, 0, 0, 0}] - 4.59281 +

€

INT[emu_2L.g6, {1, 0, 1,1, 0, 0, 1, 0, 0}] > 7.76956 + + 1:92278 | 51.0245 € + 59.5566 €2

0
€
0
€
> 4 104778, 7,95572 € + 24.5317 €2
5
2

0.
€
0.
e €

INT[emu_2L.g6, {1, 0, 1, 1, 1, 0, 1, 0, 0}] »-16.1718 - 32219 _ 69 @777 ¢ - 222.764 €2

€

INT[emu_2L.g6, {1, 0, 1, 1, 1, 1, 0, 0, 0}] - 14.1287 + 22114 , 54 4079 ¢ + 137.07 €2

€

William J. Torres Bobadilla
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Applications to two-loop amplitudes

[Mastrolia, Peraro, Primo, Ronca, W.J.T. (work in progress)]

Process Scales + d Numeric

g9 = H s, (my)
v — ete™ S, Me

99 — 99 S, t

gg — gh s, t

99 — gH s, t,mp, (my)

gg_)HH SatamHamt

e put — et S, tymy, (Me)

99 — 949 512, 823, 834, S45, S51
99 — ggH 812, 823,334, 845, S51, M, My

XX NNNNNNN
NNYNNNNEN NN
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Conclusions/Outlook

Multi-loop scattering amplitudes

4 Integrand decomposition methods —> @1 and 2 Loops Automated (AIDA)
M Analytic decomposition for all 2—>2 processes—> Under control

4 AIDA’s output —> Apply IBPs + evaluation of MIs

4 Muon-electron scattering at NNLO is at hand

] Deal with analytic expressions for 2—>3,4 processes
[J More processes to come in the near future

William J. Torres Bobadilla
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AIDA for gamma-electron vertex

William J. Torres Bobadilla



AIDA for gamma-electron vertex

Input: rank 4 numerator

4(mf2dim3 —6mf2dim2+4mf2dim)sp(p1,p1)2—4sp(p1,p2)(8dimmi4 +4 dim? smf® — 8 dim s mf® + 8 dim p;» mf® - 16 iy, mf* — dim® i, mf® +
4 dim® ,u22mf2+4dimy22mf2—16y22n1f2+4dim2s;112—16dims;112+16sy12+4dim2sy22—16dimsy22+16sy22)+
2(—32dimmt6—8dim2smt4+32dimsmf4—32dimp12mf4+64p12mf4+8dim2p22mf4—40dimm,2mf4+64p22mt4+4dim2s2mf2—8dims2mf2+
4 dim® 43, mf? - 16 dim 43 , mf” + 16 43, mf” — 8 dim® s 1 , mf” + 48 dim s 1 , mf” — 64 5 1y 5 mf” + 2 dim® s o mf” — 22 dim® s gy mf” + 64 dim s 1, mf” —
64 5 oo mf* + 4 dim® p1 5 ppp mf* — 16 dim p1 p pop mf? + 16 py 5 pop mf” + dim® 5 43, — 8 dim® 5 43, + 20 dim s 3, — 165 45, + 4 dim® 5* gy — 16 dims® pyp + 165> pyp +
4dim® s ppp — 16 dims® ppp + 16 8% prpp +dim’ s 1 pop — 8 dim® 5 12 pop +20 dim s 1 p2p — 165 12 ﬂ22)+sp(k2,P2)(4 (dim3 - 12 dim’ +36dim—32)Sp(111,171)2 -
4(mf2djm3 —yzzdirn3—14mf2dim2+2sdim2—8y12dim2+4p22dim2+32mf2djm—8sdhn+32y12dim—4p22di1n—16mf2+8s—32u12)sp(p1,p1)+
4(8dimmf4+4dim2smf2—8dhnsmf2+8dirn;112mf2—16y12mf2—dim3 oo mf? + 6 dim® 5, mf* — 8 dim p 5 mf” + 4 dim?® 5 1y, — 16 dim s p11 5 +
165 15 +2 dim? s 112 —8dims;122+8sy22))+sp(k1,k2)(2(sdim3 + 4 mf? dim® - 8 s dim® — 16 mf* dim + 20 s dim + 16 mf? — l6s)sp(k2,k2)+
sp(kz,pz)(—16(sdim2+2mf2djm—4sdim—4mf2+4s)—32(dim2—4dim+4)sp(p1,p1))+ 16(sdim2 +2mf2dim—4sdim—4mf2+4s)sp(p1,p2)+
sp(kz,pl)(—S(sdim3 + 4 mf? dim® - 10sdim2—20mf2dim+28sdim+24mf2—24s)+32(dim2 —4dim+4)sp(k2,p2)—32(dim2—4dim+4)sp(p1,p2))+
sp(pl,pl)(2(3sdim3 + 12 mf? dim? —32sdim2—64mf2dim+92sdim+80mf2—80s)+32(dim2 —4dim+4)sp(p1,p2))—2(—32djmmf4+64mf4—8dim2smf2+
48 dim s mf? - 64 s mf* + 4 dim?® 1, mf? — 16 dim o, mf? + 16 3, mf* + 4 dim® s* — 16 dim s* + 16 5> + dim’ s y1p, — 8 dim? s 1o, + 20 dim s y1p 5 — 16sm))+
sp(p1, p1) (4 sp(p1, po) (mf® dim’ — 12 mf® dim® - 8 iy dim” - 8 o dim” + 20 mf® dim + 32 p1 5 dim + 32 g5 dim = 32 puy » - 32 o) -
2(8dim2mf4—40dimmf4+2dim3smf2—18dim2smf2+32dimsmf2+12dim2 p12 mf? — 64 dim 1 , mf? + 80 py 5 mf? — 2 dim® yp, mf? + 24 dim? i, mf? —

72 dim pp 5 mf* + 80 ppp mf? + 3 dim® s gy 5 — 32 dim® 5 15 + 92dim s 15 — 80 5 12 + 3 dim® s ppp — 32 dim? 5 5 + 92 dim s 1y —80sy22))+

William J. Torres Bobadilla




AIDA for gamma-electron vertex

Input: rank 4 numerator

4(mf2dim3—6mf2dim2+4mf2dim)sp(p1,p1)2—4sp(p1,p2)(8dimmi4 +4dim2smf2—8dimsrnf2+8di1n;112mf2—16;11,21111’2—dim3 y22mf2+
4 dim® ,u22mf2+4dimy22mf2—16y22n1f2+4dim2s;112—16dims;112+16sy12+4dim2sy22—16dimsy22+16sy22)+

2@&3

64

{{1}, {2, 5}, {3}}, {1,2,1,0,2,0}]-0

({6}, {4, 5}, {3}}, {0, 0, 1, 1,2, 1}] »-16mfe2 (4mfe2+ (-2 +dim) S) X1,1, (6}, (4,5, (311 + 16 (-2 + dim) mfe2sx3 1 16y, (4,5, (30
{{6}, {2, 4, 5}}, {06, 2,0,1,1,1}] >0

({6}, {2, 4, 5}}, {0, 1,0, 1,2, 1}] >-8 (2mfe2-s) (4mfe2+ (-2 +dim) s)

{{6}, {2, 5}, {3}}, {0,2,1,0,1,1}] >0

{{6}, {2, 5}, {3}}, {6, 1,1, 0, 2, 1}] »>16mfe2 (4mfe2+ (-2 +dim) s) X1,1,((6},(2,5},(3}} + 16 (-2 +dim) mfe2$xi,l,({e},{z,s},n}}
{{6}, {2, 4}, {3}}, {0,2,1,1,0,1}] >0

{{2, 4, 5}, {3}}, {0,2,1,1,1,0}] >-4(-2+dim) (2mfe2-s) (4mfe2+ (-2 +dim) s)
{{2, 4, 5}, {3}}, {0, 1,1,1, 2, 0}]~

-8 (2mfe2-s) (4mfe2+ (-2+dim) s) -64s (mfe2®-2s* (1+3s) +2mfe2s? (2+5s (2+3s)) +mfe2?s (4+5s (3+Ss)))Ix§’3,“2’4,5},(3}}|—

4d]

A
A
A
A
A
A
A
A
A

L e T e B e B e B e B e B e

sp( 256 (4mfe2 -s) (mfe2® -2s* (1+3s) +2mfe2s? (2+5s (2+3s)) +mfe2?s (4+5s (3+55)))Ix§,4,“2,4,5},(3}}|
({{1, 6}, {4, 5}}, {1, 0,0, 1,2, 1}] >0
({{1, 6}, {5}, {3}}, {1, 0,1,0,2,1}] >0
[({{1}, {4, 5}, {3}}, {1, 0,1,1,2,0}]->0
[({{1, 6}, {2, 5}}, {1,

[({{1, 6}, {2, 5}}, {1,
(
(
(
(
[

sp(

A
A
A
sp(p1, pi| &

A
2(A

AL{{1}, {2, 4, 5}}, {1,

AL{{1}, {2, 4, 5}}, {1,

A[{{1, 6}, {2}, {3}}, {1,2,1,0,0,1}]->0

A[{{1}, {2, 5}, {3}}, {1,2,1,0, 1, 0}] »-16mfe2 (2mfe2+ (-2 +dim) s)

2,
1,
{{1, 6}, {2, 4}}, {1, 2,
2,
1,

William J. Torres Bobadilla




AIDA for gamma-electron vertex

4(mfzdim3—6mf2dim2+4mf2dim)sp(p1,p1)2—4sp(p1,p2)(8dimmi4 +4dim2smf2—8dimsrnf2+8di1n;112mf2—16;11,21111’2—dim3 y22mf2+
4 dim® ,u22mf2+4dimy22mf2—16y22n1f2+4dim2s;112—16dims;112+16sy12+4dim2sy22—16dimsy22+16sy22)+

2@nj

64
4d]

sp(
sp(

sp(p1, p1

2

{{1},
{{6},
{{6},
{{6}, {2

(2
(4
(2

s 5}, {3}}, {1, 2,1, 0,2,0}] >0
» 5}, {3}}, {0, 0,1, 1,2, 1}] >-16mfe2 (4mfe2+ (-2 +dim) s) x1,1,((6,(4,5),(3}) + 16 (-2 +dim) mfe2sx] 1 ((6},(4,53,3}3
, 4, 5}}, {0,2,0,1,1,1}] >0

, 4, 5}}, {6, 1,0, 1,2, 1}] >-8 (2mfe2-s) (4mfe2+ (-2 +dim) s)
51 /211 /0 2 1.0 1 1110

{{6}, {2
{{6}, {
{{6}, {
{{2, 4,
{{2, 4,
-8 (2 mfg
256 (41
{{1, 6}
{{1, 6}
{{1}, {
{{1, 6}
{{1, 6}
{{1, 6}
{{1}, {
{{1}, {
{{1, 6}
{{1}, {

Al
Al
Al
Al
Al
Al
Al
Al
Al

> >>D>D>D>D>D>D> D>

AT [{{1}, {2, 5}, {3}}, {1,2,1,0,2,0}] -0
Aint {{6}, {4, 5}, {3}}, {6, 0,1, 1, 2, 1}] » -16mfe2 (4mfe2 + (-2 +dim) s) X1,1,{{6},(4,5},{3}} +16 (-2 +dim) mfe2sxf,l’{{e},{%s},{?,}}
A [{{6}, {2, 4, 5}}, {6,2,0,1,1,1}] >0

({6}, {2, 4, 5}}, {0, 1,0, 1, 2, 1}] >-8 (2mfe2-s) (4mfe2 + (-2 +dim) s)

{{6e}, {2, 5}, {3}}, {60, 2, 1,0, 1,1}] >0

aint {{6}, {2, 5}, {3}}, {0, 1,1, 0, 2, 1}] >16mfe2 (4mfe2 + (-2 +dim) s) X1,1,((6},(2,5},(3}} + 16 (-2 +dim) mfe2sxil,“e},{z,s},n}}
A"t ({6}, {2, 4}, {3}}, {0,2,1,1,0,1}] >0

alnt {{2, 4, 5}, {3}}, {60, 2,1,1, 1, 0}] >-4 (-2+dim) (2mfe2-s) (4mfe2+ (-2

+dim) s
L2 13,2, ((2,4,5),(3})

A'i nt

Ai nt

[
[
[
[
[
[
[
[

A’.”t[{{Z, 4, 5}, {3}}, {6,1,1,1, 2, 0}] >-8 (2mfe2-5s) (4mfe2+ (-2 +dim) s)

A"t (({1, 6}, {4, 5}}, {1,0,0,1,2,1}] >0

A"t ({1, 6}, {5}, {3}}, {1, 0,1, 0,2,1}] >0

ATt ({1}, {4, 5}, {3}}, {1,0,1,1,2,0}] >0

A"t ({1, 6}, {2, 5}}, {1,2, 0,0, 1, 1}] >0

A"t ({1, 6}, {2, 5}}, {1,1,0, 0,2, 1}] >0

A"t ({1, 6}, {2, 4}}, {1,2,0, 1,0, 1}] >0

ATt ({1}, {2, 4, 5}}, {1,2,0,1,1,0}] >4 (-2+dim) (2mfe2-s) (4mfe2+ (-2 +dim) s)

William J. Torres Bobadilla

Input: rank 4 numerator




AIDA for gamma-electron vertex

4(1111’2dim3—6mf2dim2+4mf2dim)sp(p1,p1)2—4sp(p1,p2)(8dimmt4 +4dim2smf2—8dimsrnf2+8di1n;112mf2—16;11,21111’2—dim3 y22mf2+
4 dim® ,u22mf2+4dim,u22mf2—16y22mfz+4dim2s;11_2—16dims;11_2+16s;112+4dim2s;122—16dimsy22+16sy22)+

Input: rank 4 numerator

Reduction time ~ 130 seconds

{{1},
{{6},
{{6},
{{6},

thj

64
4d]

{2, 5}, {31}, {1,2,1,0,2,0}] >0
{4, 5}, {3}}, {0, 0, 1, 1, 2, 1}] > -16mfe2 (4mfe2+ (-2 +dim) s) X1,1,((6},(4,5},(3}3 + 16 (-2 +dim) mFe2sx} 1 ((6y, (4,5}, (31
{2, 4, 5}}, {6, 2,0,1,1,1}] -0

{2, 4, 5}}, {60,1,0, 1, 2, 1}] > -8 (2mfe2-s) (4mfe2+ (-2 +dim) s)

5L /211 /0 2 1 .0 1 1110

{{6}, {2
{{6}, {
{{6}, {
{{2, 4,
{{2, 4,
-8 (2 mfg
256 (41
{{1, 6}
{{1, 6}
{{1}, {
{{1, 6}
{{1, 6}
{{1, 6}
{{1}, {
{{1}, {
{{1, 6}
{{1}, {

A [{{1}, {2, 5}, {3}}, {1,2,1,0,2,0}] -0
A [{{6}, {4, 5}, {3}}, {0, @, 1, 1,2, 1}] >-16mfe2 (4mfe2+ (-2+dim) s) X1,1,((6},(4,5},(3}} + 16 (-2 +dim) mfe2sx} 1 (16}, (4,5}, (31}

ATt [ ({6) pui2d BAL 0 2 0 1 1 111 .0
({6} A'[{{l}; {2, 5}, {3}}, {1, 2, 1,0, 2,0}] >0

({6}, {{6}, {4, 5}, {3}}, {060, 0,1,1,2,1}] »-16mfe2 (4mfe2+ (-2 +dim) s) X1,1,((6},(4,5},(3}} + 16 (-2 +dim) mfe2$xf,l,{{e},{4,5}’{3}}

AT ({6}, ({6}, {2, 4,5}}, {0,2,0,1,1,1}] >0

AT ({6} {{6}, {2, 4, 5}}, {6, 1,0, 1, 2, 1}] >-8 (2mfe2-s) (4mfe2+ (-2 +dim) s)

AT [{{2, ({6}, {2, 5}, {3}}, {6, 2,1,0,1, 1}] >0

{{6}, {2, 5}, {3}}, {0,1,1,0,2,1}] >16mfe2 (4mfe2+ (-2 +dim) s) X1,1, (6}, (2,5},(3}} + 16 (-2 +dim) mfe2sx? 1 ((6},(2,5),(3})

({6}, {2, 4}, {3}}, {6,2,1,1,0, 1}] >0

{{2, 4, 5}, {3}}, {6,2,1,1,1, 0}] >-4 (-2+dim) (2mfe2-s) (4mfe2 + (-2 +dim) s)

{{2, 4, 5}, {3}}, {6,1,1,1,2,0}] >-8 (2mfe2-s) (4mfe2+ (-2 +dim) s)

{{1, 6}, {4, 5}}, {1,0,0,1,2,1}] >0

{{1, 6}, {5}, {3}}, {1,0,1,0,2,1}] >0

({1}, {4, 5}, {3}}, {1,0,1,1,2,0}] >0

({1, 6}, {2, 5}}, {1, 2, 0,0 1}]1 -0

({1, 6}, {2, 5}}, {1, 1, 0, 0

({1, 6}, {2, 4}}, {1, 2, 0, 1,
0, 1
0, 1

Al
Al
Al
Al
Al
Al
Al
Al
Al

A'i nt
Ai nt
sp(

[
[
(
(
(
(
sp( [
[

sp(p1» P1 ATt (2,

2 INLITEER
AT,
AT ({1},
AT I{{1,
[
[
[

> >>D>D>D>D>D>D> D>

A'int {{1’
A'int {{1’
AT ({1}

b b

1}] -0

({1}, {2, 4, 5}}, {1, 2, 0}] >4 (-2 +dim) (2mfe2-s) (4mfe2+ (-2 +dim) s)
({1}, {2, 4, 5}}, {1, 1, 0}] -0

{{1, 6}, {2}, {3}}, {1,2,1, 0,0, 1}] >0

{{1}, {2, 5}, {3}}, {1, 2,1, 0,1, 0}] »>-16mfe2 (2mfe2+ (-2 +dim) s)

) )

1’
2’
0,
1,
2,

) 3

William J. Torres |

> > > > D> > D> D> D> D> > D> D> D> D

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[




AIDA for gamma-electron vertex

Interface with IBP generators

ScalarProducts = {mp[p[l], p(1l]] -> mfe2, mp[p[l], p[2]] -> (-2+mfe2 + s)/2, {0’ 0, 0,
mp[p[l], p[3]] -> -s/2, mp(p[2], p[2]] -> mfe2, mp[p[2], p[3]] -> -s/2,
mp[p[3], p[3]] -> s}

-8 (2mfe2 -s) (4mfe2 + (—2-+dim)s)IINT[emu_emu—vertex.ZL.gl, (6, 1,1,1, 1,1, 0}I+

8 (2mfe2-s) (4mfe2 + (-2 +dim) s) INT[emu_emu-vertex.2L.gl, {1, 1,1, 1, 1, 0, 0}] +

32 mfe2 (4mfe2 + (-2 +dim) s) INT[emu_emu-vertex.2L.gl, {1, 1, 1,1, 1, 1, -1}] -

16 mfe2 (2mfe2 -s) (4mfe2 + (-2 +dim) s) INT[emu_emu-vertex.2L.gl, {1, 1, 1,1, 1, 1, 0}],
0, 0, 0, 6, 0, 32 (4mfe2+ (-2 +dim) s) INT[emu_emu-vertex.2L.gl, {-1, 1,1, 1, 2,1, -1}] -

16 (2mfe2-s) (4mfe2 + (-2 +dim) s) INT[emu_emu-vertex.2L.gl, {-1, 1,1, 1, 2, 1, 0}] -

32 (4mfe2 + (-2 +dim) s) INT[emu_emu-vertex.2L.gl, {0, 1, 1,1, 2, 0, -1}] +

16 (2mfe2 -s) (4mfe2 + (-2 +dim) s) INT[emu_emu-vertex.2L.gl, {60, 1, 1, 1, 2, 0, 0}] -

64 mfe2 (4mfe2 + (-2 +dim) s) INT[emu_emu-vertex.2L.gl, {6, 1, 1, 1, 2, 1, -1}] +

32 mfe2 (2mfe2-s) (4mfe2 + (-2 +dim) s) INT[emu_emu-vertex.2L.gl, {0, 1,1, 1, 2, 1, 0}],
0, 0,0, 0,0, 0, -16mfe2 (2mfe2-s) (4mfe2+ (-2 +dim) s)

INT[emu_emu-vertex.2L.gl, {1, 2, 1, 1,1, 0, 0}], O,
-8 (-2 +dim) INT[emu_emu-vertex.2L.gl, {-2, 1,1, 1, 1, 1, 0}] +

16 (-2 +dim) INT[emu_emu-vertex.2L.gl, {-1, 1, 1, 1, 1, 0, 0}] +

32 (-4 +dim) INT[emu_emu-vertex.2L.gl, {-1, 1,1, 1,1, 1, -1}] +

(96 mfe2 + 8 (-10 + 3dim) s) INT[emu_emu-vertex.2L.gl, {-1, 1, 1, 1, 1, 1, 0}] -

8 (-2 +dim) INT[emu_emu-vertex.2L.gl, {6, 1,1, 1, 1, -1, 0}] -

32 (-4 +dim) INT[emu_emu-vertex.2L.gl, {0, 1, 1, 1, 1, 0, -1}] +

(-96 mfe2 + 8 (10 - 3dim) s) INT[emu_emu-vertex.2L.gl, {6, 1,1, 1, 1, 0, 0}] -

32 (-2 +dim) INT[emu_emu-vertex.2L.gl, {0, 1, 1,1, 1, 1, -2}] +

(32 (4 +dim) mfe2 + 8 (-4 +dim) (-2 +dim) s)

INT[emu_emu-vertex.2L.gl, {0, 1, 1, 1,1, 1, -1}] +

(-32dimmfe2® - 8 (-4 + dim)? mfe2s + 4 (-6 + dim) (-2 +dim) s?)

INT[emu_emu-vertex.2L.gl, {0, 1, 1, 1,1, 1, O0}],

ParentGraph = {{p[1], e[3], 0, O, O}, {p[2], e[1l], O, O, O},
{p[100], e[5], @, 0, 0}, {e[2], e[3], "O", "k[(1]", "1"},
{e[2], e[5], "Sqgrt[mfe2]", "k[2]", "2"}, {e[2], e[4], "Sqrt[mfe2]",
"k[1] + k[2]", "3"}, {e[1], e[5], "Sqrt[mfe2]", "k[2] - p[1] - p[2]",
"4"}, {e[l], e[4], "o", "k[2] - p[1]", "5"}, {e[3], e[4], "Sqgrt[mfe2]",
"k[1] + p[1]", "6€"}}

ListISP = {mp[k[1], p([2]]}

integrals = {INT["emu_emu-vertex.2L.gl",

-

)

-

INT["emu_emu-vertex.2L.gl",

.
-
.« .

INT["emu_emu-vertex.2L.gl",

-

)

-
-

INT["emu_emu-vertex.2L.gl",

-
-
-
[
-

INT["emu_emu-vertex.2L.gl",

-
-
-
-

INT["emu_emu-vertex.2L.gl",

-
-
-
-
-

INT["emu_emu-vertex.2L.gl",

-
-

INT["emu_emu-vertex.2L.gl",

-
-
-
-
-

INT["emu_emu-vertex.2L.gl",

(
(
(
(
(
(
(
(
INT[
(
(
(
(
(
(
(

|

-
-
-

"emu_emu-vertex.2L.gl",

-
-
-
-
-

INT["emu_emu-vertex.2L.gl",

-

b

-
-
-
-

e e e T e e T e T e T e i e i
|

H = B H B B B B 2 N
-

-

INT["emu_emu-vertex.2L.gl", s

-
-
-
-

u
[ = B = B ST B S S O
-

-
HF NN KB B B N
-
-

[ e S S = T = = T T e
-

L T N e e e e
M

1
(0]
1
1
1
1
1
1
1
1
1
-1

INT["emu_emu-vertex.2L.gl",

—~—
(o]
-

)

-

INT["emu_emu-vertex.2L.gl", {0, O,

-
-
-

8 (-2 +dim)? mfe2? INT[emu_emu-vertex.2L.gl, {-1, 0, 1, 1, 1, 1, 0}]
(-2mfe2 +s)? '
2 (-104 + dim (68 + (-14 + dim) dim) ) mfe2 INT[emu_emu-vertex.2L.gl, {6, -1, 1, 1, 1, 1, 0}]
’ 0, 1, 1 -2mfe2 +s

-
-
-

INT["emu_emu-vertex.2L.gl", {0,

-
-
-

0
INT["emu_emu-vertex.2L.gl", {0, O,
0
) +

INT["emu_emu-vertex.2L.gl", {0,
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AIDA for gamma-electron vertex

Interface with IBP generators

REDUZE files get MIs + IBPs

integralfamilies: - name: emu_emu-vertex.2L.g3
- name: emu_emu-vertex.ZL.gl loop_momenta: [k1, k2]
kinematics: loop_momenta: [kl, k2] propagators:

incoming_momenta: [p3,pl,p2] pfoﬁaigtorgzj _ E té ’ 2?25%
outgoing_momenta: [] - [ k2 , mfe2 ] [ k2 4’- p2 , 0 ]

momentum_conservation: [p3,-pl - pZ] - [ k1 + k? . mfe? 1 Tl - nl - n2 mfe ]
kinemat!{INT[emu_emu-vertex.2L.gl, {-1, 1, 1, 1, 0, 1, 0}],

- [mfe] INT[emu_emu-vertex.2L.gl, {6, 1, 1, 6, 6, 0, 0}], INT[emu_emu-vertex.2L.gl, {0, 1, 1, 0, 0, 1
- [s,2] INT[emu_emu-vertex.2L.gl, {6, 1, 1, 1, 0, 0, 06}], INT[emu_emu-vertex.2L.gl, {0, 1, 1, 1, 6, 1 1,01}
scalarp| INT[emu_emu-vertex.2L. (1, -1,1, 1, 0, 6, 0}], INT[emu_emu-vertex.2L.gl, {1, -1, 1, 1, © 2L.g4
- [[pl| INT[emu_emu-vertex.2L. {1, 0,1, 0,1, 0, 0}], INT[emu_emu-vertex.2L.gl, {1, O, 1,0, 0 1
[ 1,1, 0
[ 1, 0,1
[
(

3 3

fe2 ]

H

3 J

) )

- [[pl| INT[emu_emu-vertex.2L. {1, , 037,

1
0, 1, 0}], INT[emu_emu-vertex.2L.gl, {1, 0, 1,
© » 011,

b 3 J

INT [emu_emu-vertex.2L. {1,

-1, 1, 0}], INT[emu_emu-vertex.2L.g2, {1, 1,1, 1, 0, 1, 0}],
5 1,1, -1}], INT[emu_emu-vertex.2L.g4, {1, 1, 1, 1, 1, 1, 0}]}
[ k2 - p1 - p2 , mfe2 - [kl +k2 + pl + p2 , mfe2 ]
[ k1 - p1 , mfe2 ] -[kl+pl, 0]
[ kl1+kZ-pl, Q] - {bilinear: [[k2,p1],0]}
{bilinear: [[k2,p2],0]}

0]
0]
- [[p2| INT[emu_emu-vertex.2L. {0, 1 1, 0, 0}], INT[emu_emu-vertex.2L.g2, {1, 1,
1
1

INT [emu_emu-vertex.2L. {1,
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AIDA for gamma-electron vertex

Evaluate MlIs SecDec

INT [emu_emu-vertex.2L.gl, {-1, 1,1, 1, 0, 1, 0}] »1.61388 + =3 - 0'16:921 +1.60481 € -3.7394 €2 + 14.4043 &3
€

INT[emu_emu-vertex.2L.gl, {6, 1, 1, 0, 0, 0, 0}] - 3.00243 + = + 22599 , 5 20253 ¢ + 8432.68 ¢? - 63958.5¢€°

e €

INT[emu_emu-vertex.2L.gl, {6, 1, 1, 0, 0, 1, 0}] -5.9356 + 12> 4 2-52835 +14.0959 € + 20.1411 €2 + 62.3687 &3

€

2
INT[emu_emu-vertex.2L.gl, {0, 1, 1, 1, 0, 0, 0}] »2.19404 + ~ - 0-3‘16476 ~-1.13085€ +3.17121€? + 1.07305x 10° €3

€

2
INT[emu_emu-vertex.2L.gl, {6, 1, 1, 1, 0, 1, 0}] -»0.370704 + &> _ %22

e? €

INT [emu_emu-vertex.2L.gl, {1, -1, 1, 1, 0, 0, 0}] »-2.1375- %> - G’-";ﬂ-4.24832<—:-7.65608 e? -

€
INT[emu_emu-vertex.2L.gl, {1, -1, 1, 1, 0, 1, 0}] »6.39921 + 2815 1-42737 +8.52632 € +29.6557 ¢

€

INT[emu_emu-vertex.2L.gl, {1, 1, 0, 0}] »4.37747 + 2> 4 2072184 , 5 62086 € + 24.04°99

e? €

-

N N I T = = T =
-

N = = T = = T SR )
-

-

2.09557 +

INT[emu_emu-vertex.2L.gl, {1, 0, 0, 0}] -5.40789 +

+

-
-

1
e2
0, 1, 0}] -0.918812 + % 1.92278
€

1, 0, 0}] >4.20868 + 2> +
€

INT[emu_emu-vertex.2L.gl, {1,

-
-

INT[emu_emu-vertex.2L.gl, {1,

INT[emu_emu-vertex.2L.g2, {0,

-
-

INT[emu_emu-vertex.2L.g2, {1,

-
-

INT[emu_emu-vertex.2L.g2, {1,

INT[emu_emu-vertex.2L.g2, {1,
INT [emu_emu-vertex.2L.g4,

INT [emu_emu-vertex.2L.g4, -
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Towards 2—>3 processes

gg —> H g g (Numerical evaluation)

, : s12 = (p1 —I—p2)2 So3 = (p2 —I—pg)2 s34 = (p3 +p4)2

5-point process depending on 7 scales | su = (i + ps)? e e
2

Ll

+ dimension d

Numerical evaluation for all kin. vars —> Retain d-dependence

Input: rank 6 numerator with
1250 monomials

Reduction time ~ 1 min

Output: 1008 contributions

Input: rank 6 numerator with
2747 monomials

Reduction time ~ 2 min

Output: 1169 contributions

Still many things to improve...
William J. Torres Bobadilla
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