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Motivation

QED provides more than 99.99% of the standard-model value of @ L
>> KNECHT’S talk
Simplify calculations in high perturbative orders

Cross checks from pie scattering
— One of the cleanest processes >> VENANZONY'S talk
— Pure t-channel

Theoretical work needed —> NNLO QED correction unknown

>> PASSERA’S talk
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Motivation

5 Status after the fist calculation of @,, by Schwinger in 1948
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Introduction

What do we need for NNLO?

& Double-real Radiation
tree-level matrix elements

dUNNLo

¥ Single-real Radiation
1-loop matrix elements

deBY
NNLO >> GREINER’S talk

& Virtual 2-loop matrix element

~VV
donnLo

donNLO ~ / dUNNLo arz / dUNNLo AP / dUNNLO
d(I)m_|_2 d(I)m+1 dd,,

L Ve R + Subtractions and MC integration
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Outline

Calculation of multi-loop scattering amplitudes

— d dimensional generalised unitarity

— Integrand reduction methods

— Automated 1- and 2-loop reduction for any generic processes

Results

Conclusions & Outlook
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Multi-loop Scattering amplitudes




Dimensional regularisation schemes

i d*l 4—d
For all dimensional schemes / > UDg

(2m)*
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Dimensional regularisation schemes

. : d*l
For all dimensional schemes

[Gnendiger (RADCOR 2017)]
To d, or not to d?

traditional dimensional schemes non-dimensional schemes
e 't Hooft / Veltman (HV) '72 e implicit reg. (IREG) '98
conventional dim. reg. (CDR) '73 e loop regularization (LORE) '03

e dim. reduction (DRED) '79 e four-dim.reg. /ren. (FDR) '12
e four-dim. helicity (FDH) '92 four-dim. unsubtraction (FDU) '16

reformulations of dimensional schemes

-~

e six-dim. formalism (SDF) '09
e four-dim. formalism (FDF) '14 SHAKESPEARES |

COMEDIES,
HISTORIES, &
TRAGEDIES

P~ **'M

e mathematical consistency
e unitarity, causality (equivalence to MS / BPHZ)

e symmetries (gauge invariance, SUSY, ...)

Loxo.o.

e computational efficiency (analytical/numerical automation) Pty e el
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Dimensional regularisation schemes

. : d*l
For all dimensional schemes

[Gnendiger (RADCOR 2017)]
To d, or not to d?

traditional dimensional schemes non-dimensional schemes
e 't Hooft / Veltman (HV) '72 e implicit reg. (IREG) '98

conventional dim. reg. (CDR) '73 e loop regularization (LORE) '03
e dim. reduction (DRED) '79 e four-dim.reg. /ren. (FDR) '12
e four-dim. helicity (FDH) '92 four-dim. unsubtraction (FDU) '16

reformulations of dimensional schemes

e six-dim. formalism (SDF) '09 N

e four-dim. formalism (FDF) '14 SHAKESPEARES
\ S ;

HISTORIES, &

TRAGEDIES
"""'"‘h*tm

[Fazio, Mastrolia, Mirabella, W.J.T. (2014)]

e mathematical consistency
e unitarity, causality (equivalence to MS / BPHZ)

e symmetries (gauge invariance, SUSY, ...)

Loxo.o.

e computational efficiency (analytical/numerical automation) Pty e el
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Dimensional regularisation schemes

. : d*l
For all dimensional schemes

with the unified framework

S(a) C QSq C QS QS © QS

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

(unregularized) (PS integration) (usually d; = 4) space

[Gnendiger, et al (W.J.T.) (2017)]
The most used DS can be understood as

CDR HV

ne =ds — d
singular vector fields =~ » CDR/HV :n.=0
(1PI; soft / collinear g[d] g[d] . g[dS] FDH/DRED ol 9

in initial / final state)

regular vector fields  uv pv pv
(all other VFs) Jja) I I(a.)

[Signer, Stockinger (2008)]
William J. Torres Bobadilla
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One-loop scattering amplitudes

Deal with with integrals of the form

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

11

———

Tensor reduction

ADP=4((p}) = Y Clik + Y Ciks A + Yl < O+ Xl (O
K, Ky Kz Ky

Ll

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

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

William J. Torres Bobadilla




One-loop scattering amplitudes

Deal with with integrals of the form

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

11

I —

Tensor reduction

_ 0 0l 0 N
APP=i((pY) = 3%, + YOl A + 2 Gk <
K‘i K3 K')

[Passarino - Veltman¢(1979)]

Unitarity based methods 270" (* ~m?) - - 7:;2 7

Isolate the leading discontinuity!

e . ]> 0 cut-4 :: Britto Cachazo Feng
g | cut-3 :: Forde

N Lo N Bjerrum-Bohr, Dunbar, Ita, Perkins
J’ <+ T/ < Mastrolia

cut-2 :: Bern, Dixon, Dunbar, Kosower.

=C~H Britto, Buchbinder, Cachazo, Feng.
i ' Britto, Feng, Mastrolia.

R — T——

William J. Torres Bobadilla
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One-loop scattering amplitudes

In D=4-2¢ we can do the decomposition

: il A a2
At integral level / anyd = / (o) (ZW)_LQLE

The on-shell condition  £% = ¢% — p,z =0 >

Any one-loop amplitude becomes

AP () = Zci"h H + Za&‘;‘h B
I\
0 2
T A\ T

William J. Torres Bobadilla
== .

@
Mass term

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

[Mastrolia, Mirabella, Peraro (2012)] 1




One-loop scattering amplitudes

In D=4-2¢ we can do the decomposition

dj 4 — e
At integral level / (2d ;d = / (gﬁg (;ZW)Z‘

/d4l1d_2eu 2 > K > 5 = - .
. - l (l — Kl) (l — Kl - K2) (l + K4) R Mass term

AQD=4=2¢(15 1) — c H + 0[4] | : : '
Z 4;K4 Z 3 1.,(11)(1[/-8] — —61,,(11)(1+2[1]
IO 4ut] = —e(1 — IV 4+ 1]
[0] (2]
+ 203 K3 A + 203 K3 A [Bern, Morgan (1995)]

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

[Mastrolia, Mirabella, Peraro (2012)] 1
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One-loop integrand decomposition [Ossola, Papadopoulos, Pittau (2006))

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

Recall

N(l)
/d‘*l =Y cijkm [ d'l DDDkD +ZC,]k/d4lDDDk+iZ:CU

<<m

Find an identity between integrands. Moreover,

N (1) 1 1 1
Di.-D.7 > “km D D; DD +Zc”"DD Dx +ZC”DD

<<m 1<k 1<

Suppose a multipole decomposition

l Aiirr (1 A (1 A, (1 A
() ZC"mDiDijDk(D) +2 ’Dlj)kg))k IS J() +2& D(,-)

i<m m i<k i<j i

[ Residues A are made of Irreducible Scalar Products
4 Can we find parametric expressions for A’s in 4- or d-dimensions?
™ Parametric expressions

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(l)
/d‘*l =Y cijkm [ d'l DDDkD Jrz:cz,k/ar*zDDDk+Zc,J

<<m 1<J

Find an identity between integrands. Moreover,

N (@)

1 1 1
Dy---D, D “km D D; DD +Zc""DD Dx +Z°"DD
<<m <k 1<

Suppose a multipole decomposition

N(l) Ai'km (l) ~ ijk (l) z (l) ~ Ai (l)
=2 _ Gitmpp bepy 2 Gk DIJ)Dk 2 & pp +2.6

i<€<m m 1<k 1<]J )

[ 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

1 i lg - pg" + zle‘l’ + z9€5 + :Bsefo,’ + -’13462’
00 arametrisation
p p N(l—) :N(l,/,l,z) =N(Z) z = {xl,$2)x3)$4’”2}

: 3 f T A [Mastrolia, Ossola (2011)]
Multivariate polynomial division [Badger, Frellesvig, Zhang (2012)]

[Zhang (2012)]

Consider the ideal generated by the set of denominators ;... oiia wirabella, 0ssola, Peraro (2012)]

Tiom = (Dy,--+ ,D,,) = {th(z)Dk(z) : hi(z) € P[z]}
k=1

Choose a monomial order and build a Groebner basis G (z) = {g (2),...,gm (2)}

Dy(z)=---=Dy(z) =0 g1(2) = -+ = gm(z) =0

Perform the multivariate polynomial division o (z_) module G (z)

| |Rema'mder|

Express back the elements of ¢ (z) in terms of denominators

Nicn(2) =Y Niook—1 k410 (2) Di(2) + Ay...n(2)

William J. Torres Bobadilla k—1 | Subtopology | | Residue |




One-loop integrand decomposition

I¥ = pY + x1€] + zo€5 + x3€5 + T4€F

N (1) =N (I,p*) =N (2) z = {x1, T2, T3, T4, pu°}

Loop parametrisation o—

Multivariate polynomial division

5
Write the numerator in terms of N
z D%

Irreducible polynomials Bl = Dy, -

L O RO
sum of integrands with five or less denominators

N\ ~ 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 + + u
11121324 — L0 1440 H\C2 63334,1) H Cq),
2 3 2 3 2
e ) S (= o Gt L e N C B B Gl S DB I G s L Tl
2 2 2 2
= T A e T S e A (G i A o e gy i o s D S s S (e e

Ail = Cp —I—Clil?l +02£U2 —|—035I33 —|—C4£U4,
William J. Torres Bobadilla
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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

Za 4 4
l? — lﬁ‘z -+ )\?O = Z:{;ji SN A Z e A A P Z Ty L5 + Mij
j=1

j:d”—l—l l:d||—|—1

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

7 il N (1 'La)‘z@ 1 : :
[Td" [T dr;G( )\ij)dl o o) (Uyis Ai© 1) Straightforward integration
. S D1 (i, Aig) - Do (s, Asj) of transverse components
¢ s CRShe

Expand in Gegenbauer polynomials

1
kil s ol / dcos O(sin 0)**~1C'Y) (cos 0) C') (cos ) = b
/d@J_:/ H HdCOS(9i_|_j_1j(Sin9i+j_1j)dl_z_l7_1 -1

1

—1 =1 j=1

21207 (n + 20)
n!(n+ o)l (a)

William J. Torres Bobadilla
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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? = ﬁ‘z -+ )\?O = Z:{;ji SN A Z e A A P Z TyXyy + Hij
j=1

j:d”—l—l l:d||—|—1

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

7 e N (1 i3 A;i© 1 : C
[Td" [T dr;G( )\ij)dl o o) (Uyis Ai© 1) Straightforward integration
: s D1 (i, Aig) - Do (s, Asj) of transverse components
¥ AN

Expand in Gegenbauer polynomials

1 , 21-20T (12 + e
Tl (e i / dcos O(sin 0)2*~1C'Y) (cos ) C'™) (cos 0) :@2 = o ("r-; a)
/d@J_:/ H Hdcos9i+j_1j(sinHiﬂ_lj)dl‘@—ﬂ—l -1 nl(n + o) (a)
1

i=1 j=1
and identification of spurious terms

William J. Torres Bobadilla
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Adaptive integrand decomposition (AID)

Example 1

¢ Decompose ¢;' in long/transv components:
Q?H LG G b

o o o
A; = T4i€4 + U;

d||:3%64°p@'20

¢ Parametrise the integral as

e

2d—6
d (2 46
1@ = T(d = 5) /dgéh |/d316]2 ||/d>\11d)\22d)\12[G(>\¢j)] 2

% S d cos 01 1d cos O (sin 011) " (sin 911)d_7D1 s Do

with
G(Aij) = M1da2 — AT,

= it GO Uliel
T4o = v/ Aoa(cos 011 cos B2 + sin O15 cos O22)

¢ Integrate away transverse directions

d(2 3
P01 =0 oas+fa=2n+1  IEO(ghed] T T Pt +3h)

d 3 d (2
] R 1)14( (223, + A1rdas]

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

¢ Decompose ¢;' in long/transv components:

|d|| =2—e3,4°P1,2 ZO‘ |dH =1 = ey 3 a (p3+p1) :0‘

(8% (8% (8%
G- Li1E) eLa2e CURTEARRe ) s
1 1 2 g || = 21€

o 56136& 715 55146& S ,ua « e e Ne' o
; 2 = 1 )\2 = T22€9 + T23€3 T T24€4 T+ o

¢ Parametrise the integral as N (a1, q2) = (p12)* Nqu 4, #21)N (@2 14), p122)

VvV A22Cg,,
Ry i B ¥ ’\2239216922

T = A118 C
14 V A11560,, €044 Tog = ,/,\22302139220923

L2 >
{$13 = 11168,
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Adaptive integrand decomposition (AID)

[Mastrolia, Peraro, Primo (2016)]

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

¢ For each integrand, adapt longitudinal and parallel components R N(l 25 )\”;j 2 @J—_)
¢ Denominators depend on the mlplmal set of Val‘.lables : Dy ( [ 145 )\ij) o (l||i7 )\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-, Aty SRy
D1 (Ljz, Aij) - - D (Lyis Aij)

1) Divide and get A({j;, Xij, ©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)

[Mastrolia, Peraro, Primo (2016)]

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

N( kX )\7,37 @J_)

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

¢ Poly division and integration reduced to substitution rules
¢ Extra dimension variables are always reducible

For each integrand, adapt longitudinal and parallel components

Recipe in 3 steps 1) A(l”z, it SR

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

1) Divide and get A({j;, Xij, ©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

Algorithm requires automation

William J. Torres Bobadilla
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AIDA: a Mathematica implementation

[Mastrolia, Peraro, Primo, W.J.T. (work in progress)]
[W.J.T. (2018)]

AMPLITUDE GENERATOR AN L
(FeynArts+FeynCalc, QGRAF+FORM...) Snslt L AT

T s 8

Analytically
IBPs REDUCTION CODE LB
S
1
Numerically
(SecDec, FIESTA...)

William J. Torres Bobadilla
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AIDA: a Mathematica implementation

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

[W.J.T. (2018)]
Identify parent topology
Cut solution Analyse kinematics for all cuts
parametrisation Store adaptive parametrisation
Organise cuts in Jobs

Read numerators

S
(apply substitution rules)
: Integrate
Residues dependon  ? (apply substitution rules)

Analytically
IBPs REDUCTION CODE LB
S
1
Numerically
(SecDec, FIESTA...)

William J. Torres Bobadilla
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AIDA: a Mathematica implementation

[Mastrolia, Peraro, Primo, W.J.T. (work in progress)]
[W.J.T. (2018)]

Z
AMPLITUDE GENERATOR P nge Cod - <
(FeynArts+FeynCalc, QGRAF+FORM...) tw,, 'S dag;
2./ Oo 1812@
11

(287

Identify parent topology
Cut solution Analyse kinematics for all cuts
parametrisation Store adaptive parametrisation
Organise cuts in Jobs

Read numerators

S
(apply substitution rules)
: Integrate
Residues dependon  ? (apply substitution rules)

Analytically
IBPs REDUCTION CODE LB
S
1
Numerically
(SecDec, FIESTA...)

William J. Torres Bobadilla
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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 R e R A

mu

e(p1) + 1(ps) — e(—p2) + pu(—p3)

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

William J. Torres Bobadilla
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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

e(p1) + 1(ps) — e(—p2) + pu(—p3)

s = (p1 +p2)2

e R e R A

t = (pg + p3)*

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

e e
e e £
v v B
mu ® mu
k=2 )1
mu mu

B (@)

Aiy..iy () ®
DD,

William J. Torres Bobadilla
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AIDA for muon-electron scattering

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

Initialisation

¢ Identify parent topologies from Feynman graphs

e.g. 1 Loop R s e -
mu mu e e 1% |4

|4

mu 14 mu mu mu
1 2

William J. Torres Bobadilla
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AIDA for muon-electron scattering

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

Initialisation

¢ Identify parent topologies from Feynman graphs

e e e y e
4
mu A mu e\/e
14

mu 14 mu mu mu
1 2

e.g. 1 Loop

¢ Generate all cuts and analyse their kinematics

William J. Torres Bobadilla
== .




AIDA for muon-electron scattering

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

Initialisation

¢ Identify parent topologies from Feynman graphs

e e e y e
4
mu A mu e\/e
14

mu 14 mu mu mu
1 2

e.g. 1 Loop

¢ Generate all cuts and analyse their kinematics

Posa), Pan, Poss . P, Py

ne e

Pran, (), < Foare |\) 3 fa i) (} N

¢ Define adaptive variables and prepare substitution rules for all cuts

s+d(1]-2d[2]+d[3]
X1,(1,2,3) 2
{5 ] ~4lﬂ2'$

2m2 s~2m2 d(l) ~sd[1].sd[2]~2m2 d(3)
(4m?-s) s

X2,{1,2,3) 2

me s2-2m2 sd(1]+m? d[1])2+s2 d[2)-sd[1] d[2)+sd[2)2-2m® sd[3])-2m2 d[1) d[3]+sd[1] d[3])-sd[2) d[3]+m? d[3]2

s (-4m2.s:|

2
A1,2,3)

William J. Torres Bobadilla
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AIDA for muon-electron scattering

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

Job structure

¢ Group diagrams belonging to the same parent topology

e.g. 1 Loop

William J. Torres Bobadilla
== .




AIDA for muon-electron scattering

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

Job structure

¢ Group diagrams belonging to the same parent topology

e.g. 1 Loop

o $ S

v ?f ?f 7

/#\/#\/&\/%\

P4y PpLay P23} Pg2,1,4)

<_>-——-”"’

4 Pi2,3.4y Pp,2} 3 P4y P2} P(3,4)

W BVl BV vl |
Pasia O : Pasia O : Passa Q :

William J. Torres Bobadilla




AIDA for muon-electron scattering

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

Divide - Integrate - Divide

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

I
Pian :;: Poay

1
Num({{1, 3}}, {1, 0, 1, 0}]1,2,3,4}},(1,1,1,1)
Num([{{1, 3}}, {1, 1, 0}](1,3,4)),01,0,1,1)
Num({{1, 3}}, {1, 0, 1, 0}],,1,2,3)},(1,1,1,0)
Num([{{1, 3}}, {1, 1, 0:’]({1,3}},{1,0,1,0}

Num[{{lv 3}}' {1r 00 10 0}] =

¢ Apply substitution rules to the numerator

s+d[1]-d[3)

25
. ~s2:2sd[1)-d[1]2+2sd[3]+2d[1] d[3]-d[3)]2
4s

X1,(1,3) 2

2
A(1,3)

¢ 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 muon-electron scattering

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

Input numerators

William J. Torres Bobadilla
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AIDA for muon-electron scattering

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

200t 1% 030 e 2t Rt 20 8T
Hll 20 30 ‘}'o "11 11 11 1 *

Input numerators poe o, onnm.

1
3

({1, 3,4)},(1,0,1,1}) »
s

2(s? (32" + (-16+7d) s -64n" T+ 2451+320%) 416 (-2+0) (0¥ -t)? (n* (1+85) +0° (55222 _165¢) +t(S+T+Bs1))?
X3, 1.0.4 *64(-2+d) (0 -t)* (n* (1-85)+t(s+t-B5t).n' (-55° 2t.1ast;)

2 (o-t) (@581
({11, 2, 4)}, (1,1,0,1}) »

5
~ 2(ea® (1-2.0) 581807 [(-3.0) 57 (-8.0) st.82%) .5 [(-8.30) sPBs ta20?
({12, 2, 3)}, (1, 1,1, 9))

‘.2‘ L

T a0 tasnan?

({(3, 4)}, (0,0,1, 1))

({12, 4)}, (0,1, 1))

({2, 3)}1, (0, 1, 1, 0)]

({3, 4)}, (1, @, @, 1}]

({13, 3)}, (1,0, 1, 9))

4 L

4 (-8.d) o® (s, 14d.d7) 7.2 (-14.d) s 1.4 (8.4 17 )24

r S

410 (-8.4) o 54-278.2¢%) 57,12 (-8.4) st.8 8.4, 27

+128%) 13, 1

a5 sf

3 2 (4 2 3

o' 18507 (55?20 188 0) .t (nes (1.8 ) o

54

39 54 -2.0)1

s12 (w¥-t)? (af (2.85).0% (S5 2v20s0).r sertsy ) g 8192 (w

t

.

4(-2.0 0% 8-30) 57.2 (-2.9) s1.4 (-2.0) 12207

({11, 2)}, (1, 1, Y

‘.‘(.‘f

:”‘”: lov ol o:

£.3¢)5° 260 t8st.807

({{3)}, (0, 0, 1, 0} 5

:((2”: [ov 1' ol o]j

5

£.3¢)5° 160 t8sL.807

({11)}, (1, 0, 0, 0} 5

William J. Torres Bobadilla

-

s




AIDA for muon-electron scattering

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

3 ‘o2 ¢ '18-‘
Hll 20 30 ‘}'o "11 11 11 1 *

2(ef 2

Input numerators foezson e’

({1, 3,4)},(1,0,1,1}) » 1,

8.3d) 22 2202 t Bt 1680

s

2(s’ (320" + (-16+7d) s -64n" T+ 2450+320°) 416 (-2+4) (0¥ -t)? (' (1+85) +0°
X3, 1,0.4 *64(-2+d) (0 -t)* (n* (1-85)+t(s+t-Bst)+n' (-55%-2t.2651)

\

(85’ 22 _16sr) .t (S+t+8s1))°
|

2 (0% t) (150%. (-8.30) 5% 3207 t.Bs L2807
‘.'I(‘tlv 2' 30 ‘}]- (15 1: 1- 1'] »

2 (et

({11, 2, 4}}, (1,1, 0, 1}) »

os.Bt

({(1, 2, 3}}, 11,

s

({(3, 4)}, (0,0,

A"I('.zv 3! ‘].’: (el 1: 11 1’] -

; P (-18.7d) 570407 t.2650.9207) .10 (0% 207 ot :
1, 1)) - )

s

({12, 4)}, (0,1,
"‘H"I' 3; 4}), (1,

({12, 3)}, (0, 1,

al{{1, 2' 4}), (1,1, 0,1)] -

2 2 2 2 2
(({1, 4]}, (1, O, . ) d)sBt)Anm J.d) s B.d) sttt s B.3d)s“.0ct.202
L[{'l, 2' 3)'. {1, 1, 2
én*.3 s

({{1, 31}, (1, 0,

3

4|10 (-84 0" -4

s12 (% -t)? (o

({11, 2)}, (1, 1,

:”‘”: lov ol o:

:((3": loo o; 11
:((2”: [ov 1' ol

({(1)}, (1, 0,0,

"‘I(“3v ‘).'l ‘: 1:

‘.‘[(;2' “’.'n “' el

"‘I("zv 3“}‘ 15 e] .

‘-'I\"jlv ‘):‘l ‘:1' oa ol 1]

‘:[\'"1' 3.' e 'tlo en 1» 0] »
1

1.4 612 s t!

William J. Torres Bobadilla
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4n? (g
‘.‘I‘:'flv 2"‘0 ':10 1, eo o] ’

2.4

A[((4)), (0, 0,0, 1}] » °

s (8ad.

{0,0,1,0}) »-
‘teo 1' oa e}]

al{i3))
a[(i2)) » @

4
a[{{1)), (1,0,0,0})] »-

4((-1+d)s (16 (-8+d)m” -4 (-8+d)m* (s+81) -5 ((28

20’ ((54 -27d.2d7) 8%+

8.3d) 3% 10

2.8)5° 8% t.ast.4t?

o2

2

2 8:.3d) 5.4 (-2:d) 2).2

7

s a".t

2.0 t%.20°
2

2.0) 8%, (8-30)5%.2 (-2.0) s 1.4

Yy
4.5 s |»
2.8 52 8-21-4st-4:2

2

12 (-8+d)St+B8 (-8+d)t?)) -8 (40 -5

2.d) 5 t.4 (-2.4) t2.20°
4-2 s s l2 t

2.d) n%.(8-34) 5.2

J )

t.8st.8¢2

o7

B.3d) s 1608 t.Bs .0l

3

3

8.3d) 3.2 (-2+

at

14.5d) 5.4

) (4n*

14.5d) 5.4

2.4) ¢

-14d+d*)s*+2(-14+d)sSt+ 4 (-B+d) t¥) »

s’ -8n' tedsteat?) 2, 5 )
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AIDA for muon-electron scattering

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

3 ‘o2 ¢ '18-‘
Hll 20 30 ‘}'o "11 11 11 1 *

2(ef 2

Input numerators foezson e’

1
3

8.3d) 22 2202 t Bt 1680

({1, 3,4)},(1,0,1,1}) »
s

2(s’ (320" + (-16+7d) s -64n" T+ 2450+320°) 416 (-2+4) (0¥ -t)? (' (1+85) +0°
X3, 1,0.4 *64(-2+d) (0 -t)* (n* (1-85)+t(s+t-Bst)+n' (-55%-2t.2651)

\

(85’ 22 _16sr) .t (S+t+8s1))°
|

2 (0% t) (150%. (-8.30) 5% 3207 t.Bs L2807
‘.'I(‘tlv 2' 30 ‘}]- (15 1: 1- 1'] »

2 (et

({11, 2, 4}}, (1,1, 0, 1}) »

os.Bt

({(1, 2, 3}}, 11,
s
R

{ 2 \w
(13, 41}, (0, 0, 3 ., 112, 3, 4}, (0, 1, 1, 1}] =

; 2208, 20.7¢) 57 040 126503207 ) .10 (08 207 1t :
al{(1, 3; 4)),{(1,0,1,1)] » =
4 s T-rem 13
L

all ‘115 2: 31 ‘j:'l {11 1' 1' 1' v

({12, 4)}, (0, 1,

({12, 3)}, (0, 1,

L[("l, 2' 4)), (1,

a7t (16a8 (800 sf J2attBstafer

({13, 4)}, (3, 9,

({{1, 31}, (1, 0,

al{(l, 2,3)), (1,1,

' '12' 30 "‘: '0' lo

L ]

2 07!
1, 1)) -

ds.81¢

5

3

AR 2 (320 (1674 +2 B4 t2das 2 ?

af{(3, 4)), ( 1, ({1, 3, 4)), {

s

2 (#2-t) (gsBt

s1z (wf-t)? (0f .8 A[((2, 4)), ( 8, (41, 2, 4}), {

2[00 (-2 s B8 80° [ 3082 (B st s [(-8.30 s 881617
({11, 2)}, (1, 1, Qa[((2, 3)), 1, goliid, 2, 31,

4-} s s
' 2.0 2 el tas e

ol

‘ 4 .2

({(3)}, 10,0, 1, al{(1, 3)), (1, 0,1, ((2, 43}, { _’4 2(-24) 0" 6:34) 54
() L r s L )

({12)1, (0, 1, O, 12 4 ( =

1.4 (60 3| ¢ anl (402,064 8 g 2.2

[{14) ' 8
({(4)), (0, 0,0, ",I"{l' “" ‘:1' o' e' “13'4‘_)'{0'6' }) = -

2+4) 1)t
b

§:34) 8:2 (-240)

t

240) S04 (248 12208 ((-14.50) 54 (2@ 1
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({{a}}, | Zm?[{M ' } }

4-2’;-; t

2652 B tastantl
‘.\J

8 lant

a[(11, 2)), (1, 1, 0, §ol1{1, 43}, ¢ 1} -

1

al({(1, 3)
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1, 0,1, 0)]
a[{(4)), (0,0, 0, 1}] 1.4
4(16 (11-10d-¢’)n* -4 (11-10d-d%)n* (5-8¢) -5 ((-30-42d-15¢° -¢")s* -2 (20-17d-¢%)st-4(11-104d-¢°) ¢t*) §

20’ ((-58.81d-29¢7 .2¢%) s+ 12 (11-100.¢7)st.8 (11-10d.¢°) t?))
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AIDA for muon-electron scattering

[Mastrolia, Peraro, Primo, 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

Parent Topology

: Poy 'Nl‘z.. 75. _’(')

720 2 Wt BNV N N

William J. Torres Bobadilla 25
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AIDA for muon-electron scattering

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

e
% o e ) e yi
. gumu Yjﬂ Y‘&m o Y mu
.2 N 172 S . 2 S s, Gl
mu
5 1

mu q;u mu q:u mu mu

¢ e e e e e e e e o o 0 °
——ar - — — .- = e —— ———7 -p—— — — . - “ - . - ‘~\\ = — \\\ . —~ e -
- RS Y s © ¥ %%;‘r o LA 0 o
e u & v 8.4 y m Y, ® _"l“umu Qv ¥ mu ¥
Y uY ~ " mu S~ " .
. ~ mu

o
mu mu Y m muVi mu Y -~ - -~ = =
e - — et — - mu

~
JRS— ——

mu mu mu
10 1" 12

3

e
e e Vv~ o
’,'f,dgsﬂu.gz:i"‘u :;;!TJ-Y mu 'f,./p
mu ™~ “mu N ™
18

7

e
%\
o o
mug” m g
mu \\ -

¢ 69 Feynman diagrams identified
¢ 10 genuine 2 loop 4-point functions appear
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AIDA for muon-electron scattering

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

e v L R d,,u
lf""_ _-_y _Er __________
mu mu mu

mu

e e e e

—— —l v —— — -p—— —— -p—— — — - -
° -« pe Yx—ng e » my s
e o
¥ mu mu VE mu ¥
8 9

¢ 69 Feynman diagrams identified
¢ 10 genuine 2 loop 4-point functions appear
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AIDA for muon-electron scattering

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

Y 14
Jnu mu
Jﬁ'a‘é@ﬁ““ ; )\'““ xj@‘ my

mu ﬂ'll mu mu

e e @

= —8}' —— —m ';‘ —— BY "*y LS
mu Y muYZ mu ¥

l'l'l.l

1"

¢ 69 Feynman diagrams identified
¢ 10 genuine 2 loop 4-point functions appear

o ¥} 3

mu{ ymu

mu mu y mu
0( ~ —— w——

e m " . -
mu ?ﬂ mu
1 42
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- - — QNP el Y
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AIDA for muon-electron scattering

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

41 (:an spiky, ka) -2dm? sp(ky, ka] -8m* sp(ky, ka) -2dm* spiky, ka) +8m® sp(ky, k) -4dm®sprky, ka) - 32t spik;, ka) +
4dtsp(ky, Ka) +24m? tsp(ky, ka] -40m® tsp(Kky, Kz) + 12dm® tsp(ky, k2] - 32t2sp(Kky, Ka) + 2dt2sp(ky, ka) + 56 m® t2 sp(ky, ka)
12dm® t2 sp(ky, ka) -24t3 sp(ky, ka) «4dt* sp(ky, Kz) - 56 sp(Kky, k2]2 +26dsp(ky, kz]2 - 3d®sp(ky, k2)2 + 48m? sp(ky, kz)?
12dm? sp(ky, k2)% +32m* sp(ky, ka)2 -12dm®* sp(Kky, k)2 - 16t sp(ky, ka)2 -64m’ tsp(ky, ka)2+24dm’ tsp(ky, ka)2 + 3212 sp(ky, k)2
12d t? sp(ky, k2)® - 24m* sp(ky, ka) sp(ky, ps] + 24dm® sp(ky, kz] sp(Ky, P1) - 3d®m® sp(ky, ka) sp(ky, p1) + 32m* sp(ky, Kz) sp(kiy, Pi)
8dm* sp(ky, ka) sp(ky, P1) + 56 tspiky, ka) sp(ky, p1) -26dtsp(ky, Ka) sp(ky, ps) + 3d® tsp(ky, K2) sp(ky, ps) - 64m tsp(ky, ka) sp(Kky, P1) +
16dm® tsp(Ky, k2] Sp(ky, P1) + 322 sp(ky, Kz] Sp(ky, P1) - Bdt? sp(ky, kz) sp(Ky, P1] - 56 Sp(Ky, Ka) Sp(Ky, P2) + 26 d sp(ky, ka) sp(Ky, Pz]
3d%sp(ky, k2] sp(Ky, p2) + 24m? sp(ky, k2) sp(ky, 2] + +24dm? sp(Ky, P1)2uz,2 +80tsp(Ky, P1)ua,2-24d tsp(ky, Py)?uz,2 +
16m® spiky, P2] p2,2 - 12dm® sp(ky, P2) p2,2 - 32m* sp(ky, pa) w2,2 - 32t sp(ky, P2) k2,2 + 12d t sp(ky, P2) k2,2 + 48m* t sp(ky, P2] k2,2
16 t? sp(ky, p2) u2,2 + 89 sp(ky, P1) SP(Ky, P2) k2,2 - 24d sp[Ky, P1] SP(Ky, P2) 12,2 - 128 m? sp(ky, P1) SP(Ky, P2) k2,2 +
36dm® sp(ky, 1) Sp(Ky, P2) 12,2 + 128 tsp(ky, P1) SP(Ky, P2 12,2 - 36d tsp(Ky, P1) SPKy, P2) u2,2 + 48 sp(ky, P2)% 12,2 - 12d sp(ky, P2)? 12,2
48m? sprky, p21% u2,2 + 12dm? sp(ky, p2)? k2,2 + 48t splky, P21? 2,2 - 12d t splky, P2]? 12,2 - 16 @ spky, pa) w2,2 - 32m* sprky, pa) 2,2 +
64m® t sp(ky, p3) 2,2 - 32t? sp(ky, p3) u2,2 - 8@ sp(ky, P1) SP(Ky, P3) w2,2 + 24d sp(Kky, Py) SPKy, P3) t2,2 - 32m? sp(Ky, P1) SP(Ky, P3) w2,2 +
12dm® spiky, p1] Sp(Kky, Ps] 2,2 + 32t sp(ky, P1] SPiki, Pa) k2,2 - 12d t sprky, pa] SP[Kky, P3) k2,2 + 16 5p(ky, P2] SPiki, Pa) k2,2 +
32m? sp(ky, p2) SP[Ky, P3] w2,2 - 12dm? sp(ky, p2) SP(Ky, P3) k2,2 - 32t sp(ky, P2) SP(Ky, P3) u2,2 + 12d t sp(ky, p2) splky, P3) k2,2 -
32spiky, P3)?u2,2+12dspiky, Pa)?ua,2 « 40y, 12,2 - 12d uy, g 2,2 - 24M% g g pp2 - 24M° Ly g 2 + 48P Ty g a2 - 2412 ux,wz,z}

mu £ M, ™ o (Y omy
—.—Oy -— il L -
mu mu mu
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¢ 69 Feynman diagrams identified
¢ 10 genuine 2 loop 4-point functions appear
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AIDA for muon-electron scattering

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

41 (8m? sprky, ko) -2dm® sp(ky, ka) -8m® sp(ky, ka) -2dm* sp(ky, ka) + 8m® sp(ky, ka] -4dm® spiky, ka) - 32t spiky, ka] «

4dtsp(ky, K] +24m? tsp(ky, kz) -40m* tsp(k;y, kz) + 12dm® tsp(ky, Kz) - 32t? sp(ky, Kz) + 2d t? sp(ky, k) + 56m® t? sp(k;, k)

12dm? t2 sp(Kky, Ka) -24t3 sp(ky, k) +4dt3 sp(ky, Kz) -56sp(Kky, K22 + 26dsp(ky, Kz)2 -3d? sp(ky, k2]% +48m? sp(ky, k2]2

12dm? sp(ky, k2)% +32m* sp(ky, ka)2 -12dm®* sp(Kky, k)2 - 16t sp(ky, ka)2 -64m’ tsp(ky, ka)2+24dm’ tsp(ky, ka)2 + 3212 sp(ky, k)2

12d t? sp(ky, ka)? - 24m? sp(ky, ka) sp(ky, py) + 14dm® sp(ky, kz] sp(ky, p1) - 3d?m? sp(ky, ka) sp(ky, p1) + 32m* sp(ky, ka) sp(ky, p1)

8dm* sp(ky, ka) sp(ky, P1) + 56t spiky, ka) sp(ky, p1) -26dtsp(ky, ka) sp(ky, py) + 3d° tsp(ky, ka) sp(ky, ps) - 64m® tsp(ky, kz) Sp(Ky, P1) +
16dm® tsp(ky, ka) sp(ky, p1] + 32t? sp(ky, ka) sp(ky, p1) -8dt? sp(ky, k2] sp(ky, P1) - 56 5p(ky, ka) sp(ky, p2) + 26dsp(ky, ka) sp(ks, P2
3d%sp(ky, k2] sp(Ky, p2) + 24m? sp(ky, k2) sp(ky, 2] + +24dm? sp(ky, p1)2u2,2 + 80t sp(ky, P1)? ka2 -24d tsp(ky, P1)?uz,2 +

16m® sp(ky, P2] k2,2 - 12dm? sp(ky, P2) k2,2 - 32m* sp(ky, P2] w2,2 - 32t sp(Kky, P2) 2,2 + 12d t sp(ky, P2 k2,2 + 48m* tsp(ky, P2] k2,2

16 t? sp(ky, p2) u2,2 + 89 sp(ky, P1) SP(Ky, P2) k2,2 - 24d sp[Ky, P1] SP(Ky, P2) 12,2 - 128 m? sp(ky, P1) SP(Ky, P2) k2,2 +

36dm® sp(ky, 1) SP(Ky, P2] 12,2 + 128 tsp(ky, P1) SP(Ky, P2] w2,2 - 36d t sp(Ky, P1) SPIKy, P2) u2,2 + 48 p(ky, P2)° 2,2 - 12d sp(ky, P2)° 2,2
48m? spiky, p21% u2,2 + 12dm? sp[Kky, p2)? k2,2 + 4Bt sp[ky, p2]? w22 - 12d t spiky, P21% i2,2 - 16 spiky, Pa) u2,2 - 32m* sprky, P3) k2,2 +
64m’ tsp(ky, p3) u2,2 - 32t2 sp(ky, P3) uz,2 - 80 Sp(Kky, P1) SP(Ky, P3) 12,2 + 24d sp(Kky, P1) SP(Ky, P3) 2,2 - 32m? sp(Ky, P1) SP(Ky, P3) u2,2 +
12dm® spiky, p1] SP(Ky, P3] w2,2 + 32t sp(ky, P1] SPiky, Pa) w2,2 - 12d t sprky, P1] SP[Ky, P3) k2,2 + 16 5p(ky, P2] SPiky, Pa] k2,2 +

32m? sp(Ky, P2) SP[Ky, P3) k2,2 - 12dm? sp(Ky, P2] Sp(Ky, P3) k2,2 - 32t sp(ky, P2) SP(Ky, P3) 2,2 + 12d t sp(ky, p2) Spiky, P3) k2,2 -
32spiky, P3)¥p2,2+12dspiky, P3)¥ 2,2 + 40,1 2,2 - 12d g, g 2,2 - 2407 g g g2 - 24M° g g a2 + 48 M iy g p2 - 24 1% 1y 4 uz,z:}

mu £ M, mu Yy, o (Y omy
B 2 . 2 T L
mu mu mu
67 68 69
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mu

my
@

e Y
mu
Ymu

e
e
mu
Y S A - ——— — e
mu

mu
K

Reduction time ~ 1.5 mins
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AIDA for muon-electron scattering

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

41 (8m? sprky, ko) -2dm® sp(ky, ka) -8m® sp(ky, ka) -2dm* sp(ky, ka) + 8m® sp(ky, ka] -4dm® spiky, ka) - 32t spiky, ka] «
4dtsp(ky, k) +24m? tsp(ky, Kz) -40m* tsp(ky, Kz) + 12dm® tsp(ky, Ka) - 32t2sp(ky, ka) + 2dt? sp(ky, ka) + 56m® t2 sp(ky, ka)

12de 0o tari11, 6}, {4, T}, (1,0, 0, 1,0,1,1)] -

1“";5 - ~azi;8 (-26+12D-D? + 100 mf2 - 46 Dmf2 + 4D mf2 + 24 mf2? - 4Dmf2? - 96 mf2% + 16 DmF2? 4
12dt°s e
8dn sp 20t-2Dt-144mf2t+240mf2t+192mf27 t-320mf2?2 t+24t* - 4D t? - 96 mf2 t? + 16 Dmf2 t?)

16dm’ t
3d?sp(k

16m° sp| , 8 [smf2-30mf2-28nf2%,20 0nf22 8012?14 Dnf2 -4 w2 t:2002 t+16 nf22 t-80mf2? t-8mf2 t?.4Dnf2 ¢?)
16 2 Delta({{1, 6}, {5, 7}}, {1,0,0,0,1,1,1}] = -- 4
sp(

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

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

36de’ sf  pevtari(1, 6}, {5, 71}, (1,0,0,0,1,1,2})] =0
48w’ sp
6am? tsf DOelta(i(1, 6}, (2,4,5)),(1,1,90,1,1,1,0)] =

4(-8mf2+30mf2+8mf2? +16t-3Dt-8mf2t) -2 (-8+6D-D*+8mf2-6Dmf2+0°mf2-8t+6Dt-D*t) x(k[1]][1, ({1, 6], (2, 4, 5}}]

12dn? sg
32w sp|
32spiky

Delta[{[l, 6}1 ‘:2: " S]}, {l’ 2’ e’ 1' lo 1: e]l =0

Delta({(1, 6}, {2,4,7)},{1,1,0,1,0,1,1}] «4(-8-D+0D*+40mnf2? - 8t+4Dt-8Dmf2t.4Dt?) .
2(16-14D+30* -16mf2? +8Dmf2? - 16t+8Dt+32mf2t-160mf2t-16t7 + 8D %) x[k(1)] (1, {{1, 6}, {2,4, T}}] +
64 (-50mf2* . 250mf2° - 180 mf2® + 90 Dmf2° - 162 mf2° + 81 Dmf2° + BOmF2? t - 40D mf27 t + 684 mf2° t - 342D mf2  t +
972 mf2% ¢t -486 Dmf2° t - 12mf2?2 t? . 60 mF2? t? - 936 mf2? t? + 468 DmF2? ¢ - 2430 mf2* t? + 1215D0mf2° t? - 16mf2 ¢7 .
8Dmf2 t% + 504 mf22 t* - 252 Dmf22 t% + 3240 mf27 t* - 16200mf23 ¢t - 2¢* . Dt* _36mf2¢“ . 18Dmf2 t* 24
12150mf2% t* - 36 t° + 18D t% + 972 mf2 t° - 486 Dmf2 t° - 162 t° + 81 D t%)Ix [k(2)) (3, {{1, 6}, {2, 4, 7}})? Ed
256 (-50mf2 + 25 Dmf2* - 140 mf2° . 70 Dmf2% - 98 mf2° + 49 Dmf2% + 120 mf27 £ - 6O DMF2" ¢t + 588 mf2" t - 294 Dmf2' t + :
588 mf2° ¢t - 294 Dmf2° t - 92mf2? t? . 46 DmF2% t7 - 952 mf2% t? + 476 Dmf2? t? - 1470 mf2° ¢? + T35 DmMF2 t% 4 tions appear

24mf2t? - 120mf2 ¢ + 728 mF22 ¢ - 364 Dmf22 t3 . 1960 mf27 t? - 980 Dmf23 ¢? - 2¢* . Dt* . + -
1470mf22 t* + 7350mf22 ¢* + 28t - 14D¢t% + 588 mf2 t° - 294 Dmf2 t° - 98 t° + 49Dt x(k[2)) (4, ({1, 6}, {2, 4, T}})

Delta({(1, 6}, {2,4,7)),{1,1,90,1,0,1,2})=0 monomlals

42

Reduction time ~ 1.5 mins
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AIDA for muon-electron scattering

41 (8w sprky, kp) -2dm? sp(ky, ko) -8m* sp(ky, ka) -2dm* sp(ky, ka] + 8mf sp(ky, ka) -4dm® sprky, ka) - 32t spiky, ka) +
4dtsp(ky, k) +24m? tsp(ky, Kz) -40m* tsp(ky, Kz) + 12dm® tsp(ky, Ka) - 32t2sp(ky, ka) + 2dt? sp(ky, ka) + 56m® t2 sp(ky, ka)

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

12dm’ t
12dm’ s
12dt?s
8dm' sp
16dm’ t
3d? sp(K
16m® sp|
16t sp|
36 d m? s
48w’ sp|
64 m? t s
12dn? sg
32w sp|
32spiky

Delta[{{1, 6}, {4,7}}, {1,0,0,1,0,1,1}) =
8(-26+12D-0%+ 100 mf2 - 46D mf2 + 40? mf2 + 24 mf2? - 4Dmf2? - 96 mf2? + 16 Dmf2? +

N 1
~1+amf2

20t-2D0t-144mf2t+240mf2t+192mf27 t-320mf2?2 t+24t* - 4D t? - 96 mf2 t? + 16 Dmf2 t?)

Delta[{{

Delta[{{

Delta[{{

Delta[{{
4 (-8mf

Delta[{{

Delta[{{

Deltaint[{{1, 6}, (4, 7}}, {1,0,0,1,0,1,1}] =

- ,1,:.,,8 (-26 + 12D - D? + 100 mf2 - 46 Dmf2 + 4 D? mf2 + 24 mf2? - 4Dmf2? - 96 mf2? + 16 Dmf2? +

20t-2Dt-144mf2t+24Dmf2t+192mf2? t-320mf27 t+24¢? -4Dt? - 96mf2 t? + 16 Dmf2 t?)
Deltaint([{{1, 6}, {4, 7}}, {1,0,0,1,0,1,2}] =0

8 (8nf2-30mf2-28mf2%.10 0nf2? 82 4 Dmf2? -4 nf2 t.200f2 t126 w22 ¢-8Dmf2? t-Bmf2 t? 4 Dmf2 2
(«Ledmf2) (»f2.1)

Deltaint[{{l, 6), (5’ 7}}p {1) 0) @a eo 1: 1’ 1}] - -

Deltaint[{{1, 6}, (5, 7}}, {1,0,0,0,1,1,2}] =0

Delta'int[{{l, 6)’ (2, 4: 5}}, {ll l) eo 1) 1) 1; e}] -
4(-8nf2.3Dnf2+8mf22416t-3Dt-8mf2t)+2(-8+6D-D*+8mf2-6Dmf2.D’mf2-8t+6Dt-D*¢t)x(k(1]][L, {(1, 6}, {2, 4, 5}))

Deltaint({{1, 6}, (2,4, 5}}, {1,2,0,1,1,1,0}] «©

Deltaint[{{1, 6}, (2,4,7}},(1,1,0,1,0,1,1}] «4(-8-D+D*+4Dmf2? -8t+4Dt-8Dmf2t+4Dt?) .,
(64 (-50mf2* + 25 Dmf2* - 180 mf2° + 90 Dmf2° - 162 mf2° - 81D mf2° + 8OMF2" t - 40Dmf2" t + 684 mf2° t - 342 Dmf2° t - 972 mf2° ¢ -
486 Dmf2° t - 12mf22 ¢ + 6DmMf22 t% - 936 mf27 t? + 468 Dmf2 t? - 2430 mf2* t? + 1215Dmf2* t? - 16mf2t* + 8Dmf2 ¢
S04 mf22 ¢ - 252 Dmf2? t* . 3240 mf22 t* - 1620 Dmf2¥ ¢* _2¢* . Dt* - 36mf2t* . 18D mf2 t* - 2430 mf22 t* 4 1215Dmf2% t* -
36t°+18Dt% - 972 mf2 t* - 486 Dmf2 t° - 162 t® + 81Dt (d(2] +d[2)? -d[2) d(4] -d[2) d[7] +d[4) d[T7]))
((-2+D) ((-5mf2 -9mf2? s 18mf2t-9¢t%)% . (-5Smf2 - 7Tmf2" 1amf2t-T7¢%)%))
(256 (-S5@mf2* + 25 Dmf2* - 140 mf2° + 70 Dmf2° - 98 mf2° + 49 Dmf2° + 120 mf2” t - 60 DmF2” t + 588 mf2* t - 294 Dmf2* t +
588 mf2°t - 294 Dmf25 t - 92mf22 t2 + 46 Dmf2? 2 - 952 mf2? t2 + 476 Dmf2? t? - 1470 mf2* t? + 735 Dmf2* 2 + 24 mf2 ¢
12Dmf2 t* + 728 mf22 t* - 364 Dmf2?2 t* + 1960 mf23 t* - 980 DmfF23 ¢* - 2¢* 4 Dt* - 252 mf2 t* + 126 Dmf2 t* - 1470 mf22 ¢t* .
7350mf27 t* + 28t° - 14D ¢t% + 588 mf2 t° - 294 Dmf2 ¢* - 98 t° . 49D t*)|(d(2] + d[2)? -d[2) d[4] -d[2) d[7) +d[4] d[T]))
((-2+D) (4 (Smf2 + Tmf2? - 14mf2t+ 7¢%)% -4 (Smf2 + Imf2? - 18mf2 £+ 9E°)%))
2(16-14D+30% -16mf2? +80mf2? - 16t+8Dt+32mf2t-160mf2¢t- 16t + 8D t?)
x(k(1])) (1, {{1, 6}, {2,4,7}})
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AIDA for muon-electron scattering

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

41 (8m? sprky, ko) -2dm® sp(ky, ka) -8m® sp(ky, ka) -2dm* sp(ky, ka) + 8m® sp(ky, ka] -4dm® spiky, ka) - 32t spiky, ka] «
4dtsp(ky, k) +24m? tsp(ky, Kz) -40m* tsp(ky, Kz) + 12dm® tsp(ky, Ka) - 32t2sp(ky, ka) + 2dt? sp(ky, ka) + 56m® t2 sp(ky, ka)

n
12:-2t Delta[{(1, 6}, {4, T}}, {1,0,0,1,0, 1, 1}] =
iia 25 - ~azi;8 (-26+12D-D? + 100 mf2 - 46 Dmf2 + 4D mf2 + 24 mf2? - 4Dmf2? - 96 mf2% + 16 DmF2? 4
ts e
gdn’ sp 20t-2D0t-144mf2t+240mf2t+192mf27 t-320mf22 t+ 24t - 4Dt - 96mf2 t? + 16 Dmf2 t?)
16de’ t Delta[{{ Deltaint({{1, 6}, (4, 7}}, {1,0,0,1,0,1,1}] «
3d%sp(K - 3558 (-26+ 12D - 0? + 100 mf2 - 46 Dmf2 + 40? mf2 + 24 mf2? - 4Dmf2? - 96 mf2? + 16 Dmf2?
16m® sp|

Delta({{ 20t-2Dt-144mf2t+24Dmf2t+192mf2? t-320mf27 t+24¢? -4Dt? - 96mf2 t? + 16 Dmf2 t?)
16t sp|
36d? s perear((] Peltainti{il, 6}, (4,7}}, (1,0,0,1,0,1,2}] =0
48w’ sp|
6am? tsg Oeltal{(] peltaint({{1, 6}, (5, 7}}, {(1,0,0,0,1,1,1}] =-
12dwsg 4(-8nF

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

8 (8nf2-30mf2-28mf2%.10 0nf2? 82 4 Dmf2? -4 nf2 t.200f2 t126 w22 ¢-8Dmf2? t-Bmf2 t? 4 Dmf2 2
(«Ledmf2) (»f2.1)

32 spiky

Deltaint({ pelta2({{1, 6}, {4, 7}}, (1,0,0,1,0,1,1}] =

4 (-8mf2 ms(sz 50D+ 14D? - D* - 200 mf2 + 192 Dmf2 - 54 D mf2 + 4D* mf2 - 56 mf22 + 36 Dmf22 - 4D? mf22 + 224 mf2? - 144 Dmf22 .
~2+D) (~1+4nm

16 D? mf2? - 2000 mf2* + 2080 mf2% + 19248 mf2% . 17728 mf27 - 48t +28Dt-2D?t+336mf2t-216Dmf2t+24D?mf2 t - 448 mf27 ¢+
288Dmf22 ¢t -32D? mf22 t + 4480 mf2? t + 6368 mf2* t - 70560 mf25 t - 106368 mf26 ¢t -56t2 + 36Dt - 4D? t2 . 224 mf2 ¢2 -

144 Dmf2 t? + 16 D? mf2 t? - 3040 mf22 2 - 25792 mf2? t? + 85328 mf2* t? + 265920 mf25 t? + 640 mf2 t? + 24768 mf22 t? - 20672 mf2? ¢? -
354560 mf2* t? - 80 t* - 8032 mf2 t* - 33072 mf27? t* + 265920 mf2? t* + 608 t° + 24160 mf2 t° - 106368 mf2? t5 - 4432 t° + 17728 mf2 t9)

Delta[{{

Deltaint|

Deltaint|
(64 (-50

Delta2[{{1, 6}, {4, 7}}, (1,90,0,1,0,1,2}) =0

8 (8nf2.30mf2-28 22,20 0mf2? .8 mf2? .4Dnf2? 4nf2 t.20002 t26 w27 t-8D0f2? t-8mf2 2 . 4Dmf2 2
(~1+damf2) (»f2-¢)

Delta2({{1, 6}, {5,7)),(1,90,0,0,1,1,1)] = -

001“2[{{1. 6}, {(5,7}},(1,90,0,0,1,1,2}] =0

Delta2({{1, 6}, {2,4,5)}, {1,1,0,1,1,1,0}] =
4(-8mf2+3Dmf2+8mf2? +16t-3Dt-8mf2¢t)+2(-8+6D-D*+8mf2-6Dmf2+D?mf2-8t+6Dt-D?¢t)x(k(1]][1, {{1, 6}, {2,4,5)}})

Deltaz[{‘:lv 6), ‘:2» 4- 5”' ':1» 2. 9, 1: 1) 1) 0}] =0

Delta2[{{1, 6}, {2,4,7)),{1,1,0,1,0,1,1}) «4(-8-D+D?+4Dmnf22 -8t+4Dt-8Dmf2t+4D¢t?) .
2(16-14D+3D%-16mf2? +8Dmf2? - 16t+8Dt+32mf2t-160mf2t-16¢* +8D¢?) x(k([1]][1, {{1, 6}, {2, 4, 7}}]
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AIDA for muon-electron scattering

Interface with IBP generators [Mastrolia, Primo, Ronca, W.J.T. (work in progress)]

Recall AIDA output
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AIDA for muon-electron scattering

Interface with IBP generators

Recall AIDA output

ScalarProducts = {mp[p[1], p[1]]) -> ©, mp[p[l]), p[2]] -> ex[1])/2,
mp(p(1), pP[3]] -> (mf2 - t - ex[1]) /2, mp[p[1], p(4])]) -> (-mf2 + t) /2,
mp(p(2]), p[2]] -> @, 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], ©, O, O}, {p[3], e[5], @, O, O},
{p(4]), e[6]), 0, O, O}, {p[2], e[1]), O, O, O},
{e[1]), e[2), "o", "k([1]", "1"}, {(e[2]), e[4], "O", "k[2]", "2},
{e(2]), e[3), "O", "k[1] + Kk[2]", "3"), {(e[4], e[S5], "e", "k([2] + p[2])",
"4"), (e[S5), e[6], "mf", "k([2] + p[2] + p[3]", "5"},
{e[1]), 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]", "T"})

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

integrals = (INT["emu_2L.gé6", (-2, 1, 1, 0, 0, 1, 2, 0, 0}],
INT["emu_2L.g6", (-2, 1, 1, 0, 1, 3, 0)1,
INT["emu_2L.g6", (-2, 0}],
INT["emu_2L.g6", (-2, 0}],
INT["emu_2L.g6", (-2, 0}],
INT["emu_2L.g6", (-1, 0}],
INT["emu_2L.g6", (-1, 0}],
INT["emu_2L.g6", (-1, 0}1,
INT["emu_2L.gé6", (-1, 0}],

B
William J. Torres Bobadilla

.‘——""

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




AIDA for muon-electron scattering

Interface with IBP generators [Mastrolia, Primo, Ronca, W.J.T. (work in progress)]

Recall AIDA output

ScalarProducts = {mp([p([1]), p[1]] -> ©, mp([p[1l]), pP[2]]) -> INT("emu_2L.g6", (6, ©, 1, 0, 0, 0, 2, 0, 0}), O,
mp(p(1), P[3]] -> (mf2 - t - ex[1]) /2, mp[p[1l], P[4]] (—192/(2 - dim) «+ (96.d1m)/(2 - dim) - (16*d'iﬂl“2)/(2 - dim)
mp(p[2], p[2]] -> o’ mP[P[2]’ p[3]] -> (_'.fz + t)/z’ (128'mf2“2)/(2 - dim) - (64td‘iﬂhmf2“2)/(2 - dim) + (128*t)/(2 - dim) -
mp(p[2]), P(4]1] -> (mf2 - t - ex[1]) /2, mp[p[3], P[3]] (Sadine))i2 — dimy - (286:mf2oe)/i(2 — diu) o

- i - - - i ’ - A - i -
mpP(3], PI4]] -> (-2«mf2 + ex[1]) /2, mp[p[4], P[4]] (128+dimemf2et) /(2 - dim) + (128t12)/(2 - dim)
(64+dimstr2) /(2 - dim))«INT("emu_2L.g6", (0, 2, 1, 0, 0, ©, 0, 0, 0}],

0, (-32 + 16+dim + 64.mf2A2 4+ 644t - 128amf2at + 644th2)s

INT("emu_2L.g6", (1, 2, ©, 0, ©, 6, 0, 0, 0}],

(-64/(1 - dim) + (64+dim)/(1 - dim) - (16+dimr2)/(1 - dim) +
(128emf242) /(1 - dim) - (64«dimemf242)/(1 - dim) + (128+t)/(1 - dim) -
(64+dimet) /(1 - dim) - (256+mf2+t)/(1 - dim) +
(128+dimemf2+t) /(1 - dim) + (128+t*2)/(1 - dim) -

{e[1), e[3), "o", "k([1] - p[2] - p[3] - p[4]", "6"}, (64+dimstA2) /(1 - dim))«INT("emu_2L.g6", (0, 0, ©, 0, 6, 1, 1, O, ©}],
{e[3), e[6], "6", "k([2] + p(2] + P(3] + P[4)", "7")} 0, (64/(1 - dim) - (64xdim)/(1 - dim) + (16«dimr2)/(1 - dim) -
(128«mf242) /(1 - dim) + (64~dimemf242)/(1 - dim) - (128+t)/(1 - dim) +
listISP = {mp[k([1], p[3]]), mp[k[1l], p[4]]} (64sdimet) /(1 - dim) + (256+mf2et)/(1 - dim) -
(128«dimemf2et) /(1 - dim) - (128«tA2)/(1 - dim) +
integrals = (INT["emu_2L.gé6", (-2, 1, 1, 0, 0, 1, 2, 0, (64+dimetr2) /(1 - dim))«INT("emu_2L.g6", (0, 0, 6, 1, 0, 1, ©, O, 0}],
INT["emu_2L.g6", (-2, e}, (64/(1 - dim) - (64xdim)/(1 - dim) + (16xdim*2)/(1 - dim) -
INT["emu_2L.g6", (-2, 0}], (128+mf242) /(1 - dim) + (64xdimemf242)/(1 - dim) - (128+t)/(1 - dim) +
INT["emu_2L.g6", (-2, 0}], (64=dimet) /(1 - dim) + (256«mf2s+t)/(1 - dim) -
INT["emu_2L.gé6", (-2, 0}], (128«dimemf2et) /(1 - dim) - (128«tA2)/(1 - dim) +
INT["emu_2L.g6", (-1, 0)1, (64+dimetr2) /(1 - dim))«INT("emu_2L.g6", (0, 0, 1, 0, 0, ©, 1, 0, 0}],
INT["emu_2L.g6", (-1, 0}1, 0, 0, (-64/(1 - dim) + (64+dim)/(1 - dim) - (16+dimr2)/(1 - dim) +
INT["emu_2L.g6", (-1, 0}1, (128+mf272) /(1 - dim) - (64+dimemf242)/(1 - dim) + (128+t)/(1 - dim) -
INT["emu_2L.g6", (-1, 0}1, (64'd1'm't)/(1 - dim) - (256*"‘f2*t)/(1 - dim) «+
L ee— (128+dimemf2+t) /(1 - dim) + (128+t42)/(1 - dim) -

o 3 (64=dimetr2) /(1 - dim))«INT("emu 2L.g6", (0, 0, 1, 1, 0, 0, ©, 0, 0}],
William J. Torres Bobadilla / ) [ 86", { })

"—"'

ParentGraph = {{p[2], e[4], ©, O, O}, {p[3], e[5], O, ©
{p(4]), e[6), 0, O, O}, {p[2], e[1]), O, O, O},
{e[1]), e[2], "e", "k([1]", "1"}, (e[2], e[4], "O", "k|
{e(2]), e[3), "O", "k[1] + Kk[2]", "3"), (e[4], e[5]), "
"4"}, (e(5), e[6]), "mf", "Kk[2] + p[2] + p[3]", "5")},




AIDA for muon-electron scattering

Interface with IBP generators [Mastrolia, Primo, Ronca, W.J.T. (work in progress)]

Recall AIDA output

ScalarProducts = {mp([p[1l]), p[1]] -> ©, mp[p[1l]), P[2]]) -> IINT["e"‘~u 2L.g6", (06, 6, 1, 0, 0, 0, 2, O, 0}J| e,
mpp[1l], P[3]] -> (mf2 - t - ex[1]) /2, mp[p[1l], P[4]] (—192/(2 - dim) (96ad'im)/(2 - dim) - (lG'd'im“2)/(2 - dim) «
mP(P[2]9 plzll -> e’ MP[P[zl, p[3]] -> (_nfz + t)/z’ (128.mf2“2)/(2 - dim) - (64'd1'm'mf2"2)/(2 - dim) + (128't)/(2 - dim) -
mp(p[2]), P(4]1] -> (mf2 - t - ex[1]) /2, mp[p[3], P[3]] (Sadine))i2 — dimy - (286:mf2oe)/i(2 — diu) o

- i - - - i L 3 A - i
mpP(3], P[4]] -> (-24mf2 + ex[1]) /2, mp[P[4], P(4]] (128.dimnf2et) /(2 - dim et i)
(64xdimetA2) /(2 - dim))}INT("emu_2L.g6", (0, 2, 1, 0, 0, 0, 6, 0, 6)]}

-32 + 16+dim + 64«mf2A2 + 644t - 128.mf2+t + 644tA2).

INT["emu_2L.g6", (1, 2, ©, 0, 6, 6, 0, 0, 0})

(-64/(1 - dim) «+ (64«dim) /(1 - dim) - (16+dim*2)/(1 - dim)
(128emf242) /(1 - dim) - (64«dimemf242)/(1 - dim) + (128+t)/(1 - dim) -
(64+dimet) /(1 - dim) - (256+mf2+t)/(1 - dim) +
(128+dimemf2+t) /(1 - dim) + (128+t22)/(1 - dim) -

{e[1], e[3]), "O", "k([1] - p[2] - p[3] - p[4]", "6"}, (64+dimstA2) /(1 - dim))fINT("emu_2L.g6", (0, 0, 0, 0, 0, 1, 1, 0, 0}]}
{e[3], e[6], "6", "k(2] + p(2] + P(3] + P[4)", "T"}} 0, (64/(1 - dim) - (64=dim)/(1 - dim) + (16+dimr2)/(1 - dim) -
(128«mf242) /(1 - dim) + (64~dimemf242)/(1 - dim) - (128+t)/(1 - dim) +
ListISP = {mp[k[1], p([3]]), mp(k([1], p[4]]} (64sdimet) /(1 - dim) + (256+mf2et)/(1 - dim) -
(128«dimemf2et) /(1 - dim) - (128«tA2)/(1 - dim) +
integrals = (INT["emu_2L.gé", (-2, 1, 1, 06, 0, 1, 2, 0, (64+dimetr2) /(1 - dim;)}xm["emu 2L.g6", (6, 0, 6, 1, 0, 1, O, O, °”I
INT["emu_2L.g6", (-2, 0}], (64/(1 - dim) - (64xdim) /(1 - dim) + (16+dim*2) /(1 - dim) -
INT["emu_2L.g6", (-2, 0}], (128+mf242) /(1 - dim) + (64xdimemf242)/(1 - dim) - (128+t)/(1 - dim) +
INT["emu_2L.g6", (-2, 0}), (64=dimst) /(1 - dim) + (256+mf2+t)/(1 - dim) -
INT["emu_2L.g6", (-2, 0}], (128«dimemf2et) /(1 - dim) - (128«tA2)/(1 - dim) +
INT["emu_2L.gé6", (-1, 0}], (64.d1m.t"2)/(1 - dim))}INT["emu 2L.g6", (0, 0, 1, 0, 0, 0, 1, O, o}]l
INT["emu_2L.g6", (-1, 0}1, 0, 0, (-64/(1 - dim) + (64+dim)/(1 - dim) - (16+dim*2) /(1 - dim) .
INT["emu_2L.g6", (-1, 0}1, (128+mf272) /(1 - dim) - (64+dimemf242)/(1 - dim) + (128+t)/(1 - dim) -
INT["emu_2L.g6", (-1, 0}1, (64td‘im't)/(1 - dim) - (256'mf2at)/(1 - dim) +
L e— (128+dimemf2+t) /(1 - dim) + (128+t*2)/(1 - dim)
e e e (64+dimetA2) /(1 - dim))PINT("emu_2L.g6", (0, 0, 1, 1, 0, 0, 0, 0, 8)]}

"—-""

ParentGraph = {{p[2]), e[4], ©, O, O}, {p[3]), e[5], 0, ©
{p(4]), e[6), 0, ®, O}, {(p[2]), e[1]), O, O, O},
{e[1), e[2), "o", "k[1]", "1"}, {(e[2], e[4], "O", "kK|
{e[2], e[3)]), "Oo", "k[1] + k[2]", "3")}, (e[4], e[5], "
"4}, (e[51, e[6], "mf", "K[2] + p[2] + P[3]", "S"},




AIDA for muon-electron scattering

Interface with IBP generators

UEO v o

fintegral families:
- name: emu_2L.g6
loop_momenta: [k1,k2]
prooaoators

]

]
]
]
3,mf2])
3-p4,0])

p3+p4, 0]

inear: [[ki,p3], 0]}
inear: [[ki1,p4],0]}

’
’
+ ’
+ ’
+ L
. L 2

k1
k2
k1
k2
k2
k1
k2
bili
bili

«i==- integralfamilies.yaml All(1,0) (Fundamental)

UEO v

kinematics:
incoming_momenta: [pl,p2,p3,p4]
outgoing_momenta: []
momentum_conservation: [pl,-p2 - p3 - p4]
kinematic_invariants:
- [mf2,2]
- [t,ZJ
- [ex1,2]
scalarproduct_rules:
- [[PZ.PZ]»OJ
- [[p2,p3],(-mf2 + ¢)/2]
- [[p2,p4],(-ex1 + mf2 - ¢)/2]
- [[p3,p3],mf2]
- [[p3,p4],(ex1 - 2*°mf2)/2]
- [[p4,p4],mf2]
~:=-- kinematics.yaml Al (1,0)

A

(Fundamental)

William J. Torres Bobadilla

"—-""

Reduze files

UEO vee

jobs:
- setup_sector_mappings:
allow_general _crossings: false
- reduce_sectors:
sector_selection:
select_recursively:
« [emu_2L.g6,127]
identities:
ibp:
- {r [t,7], s: [0,3] }
lorentz:
- { r: [ttnr S [°n3] }
sector_symmetries:
- { r: [t'nv st [on3J }
solutions:
requested_solutions:
- { r: [t,8], s: [0,3] }
reduzer_options:
num_equations_per_subjob: 1
num_seeds_for_identities_auxjobs: 1000
delete_temporary_files: true

jobs_reduction_basis.yaml|

C]@O CH® 9@

New Open Recent Revert Save Print Undo Redo
fjobs :

- select_reductions:
input_file: "myintegrals”
output_file: "tmp/myintegrals.tmp"”
notfound_file: “"myintegrals.tmp.masters”
conditional: false

- reduce_files:
equation_files: [“tmp/myintegrals.tmp"]
output_file: "myintegrals.sol”

- export:
input_file: "myintegrals.sol”
output_file: "myintegrals.sol.mma
output_format: “"mma”

[Mastrolia, Primo,

INT [emu_2L.g6,
INT [emu_2L.g6,
INT (emu_2L.g6,
INT (emu_2L.g6,
INT [emu_2L.g6,
INT [emu_2L.g6,
INT [emu_2L.g6,
INT [emu_2L.g6,
INT [emu_2L.96,
INT [emu_2L.g6,
INT (emu_2L.96,
INT (emu_2L.g6,
INT (emu_2L.g6,
INT [emu_2L.g6,
INT [emu_2L.qg6,
INT [emu_2L.qg6,
INT [emu_2L.g6,
INT [emu_2L.g6,
INT [emu_2L.96,
INT [emu_2L.g6,
INT (emu_2L.g6,
INT (emu_2L.g6,
INT [emu_2L.g6,
INT [emu_2L.g6,
INT [emu_2L.g6,
INT [emu_2L.g6,
INT [emu_2L.g6,
INT [emu_2L.g6,

~ INT[emu_2L.g6,

INT [emu_2L.g6,
INT [emu_2L.g6,
INT [emu_2L.g6,
INT [emu_2L.g6,
INT [emu_2L.g6,
INT [emu_2L.g6,
INT [emu_2L.q6,
INT [emu_2L.g6,
INT [emu_2L.g6,
INT [emu_2L.g6,
INT [emu_2L.g6,
INT (emu_2L.g6,
INT [emu_2L.g6,
INT [emu_2L.qg6,
INT [emu_2L.g6,
INT [emu_2L.g6,
INT [emu_2L.g6,
INT [emu_2L.96,
INT [emu_2L.g6,
INT [emu 2L.q6,

Ronca, W.J.T. (work in progress)]

myintegrals -

|
D S S N N Nl sl T e e S PN Y NN
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AIDA for muon-electron scattering

Interface with IBP generators [Mastrolia, Primo, Ronca, W.J.T. (work in progress)]

Generate IBPs

INT["emU2L-g6"’4’15’5,2,{1,2’1’1,0,0,0’0,"2)] -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% (4+mf2A2-8+stamf2-d+ (MF2A2-22xtamf24tA2) +42tA2)A (1)« (~24d)) +
INT[("emu_2L.g6",3,21,3,0,(1,0,1,0,1,0,0,0,0}) =
(2% (4=mf2A2-8xtamf2-d« (MF2A2-2+tamf24tA2) +42tA2)A (1) » (S+t+5«mf2-2+d= (t+emf2))),

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}) =
(=3/4=(4=t-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-txd)A(-1)=x(1l4xt-d= (S5+xt+3«mf2)+6+mf2)),

INT("emu_2L.gé6",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% (2+t+2+mf2-dx (t+mf2) ) = (4xt+mf2-4=tA2-dx (t+mf2-tA2) )A(-1)) +
INT("emu_2L.g6",3,21,3,0,(1,0,1,0,1,0,0,0,0}) =
(<1/8% (4xtamf2-4+t22-dx (t+mf2-tA2) )A(-1) = (6+mf222420+t«mf2-dx (3+mf2A2+8+t+mf2+5+tA2)

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%(2+t+2+mf2-d=» (temf2) ) x (42tamf2-4+tA2-dx (t+mf2-tA2))A(-1)) +
INT("emu_2L.g6",3,21,3,0,(1,0,1,0,1,0,0,0,0}) =
(1/8% (4xt+mf2-4+t A2 -dx (tamf2-tA2) ) A (-1) 2 (6+mf2202+20+t+mf2-d= (3+mf22248+t+mf245+t72)+

William J. Torres Bobadilla
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AIDA for muon-electron scattering

Interface with IBP generators [Mastrolia, Primo, Ronca, W.J.T. (work in progress)]

Generate IBPs

INT["emu 2L.g6",4,15,5,2,{1,2,1,1,0,0,0,0,-2}] -2 9,

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% (4+mf2A2-8+stamf2-d+ (MF2A2-22xtamf24tA2) +42tA2)A (1)« (~24d)) +
INT[("emu_2L.g6",3,21,3,0,(1,0,1,0,1,0,0,0,0}) =
(2% (4=mf2A2-8xtamf2-d« (MF2A2-2+tamf24tA2) +42tA2)A (1) » (S+t+5«mf2-2+d= (t+emf2))),

Apply IBPS to the integrals

INT("emu_2L.g6",4,23,4,1,(1,1,1,0,1,-1,0,0,0)) ->

INT[fenu 2L.g6%,3,21,3, 1,1 1) INT(emu_2L g6, {0,0, 1,0, 1,1,0,0,0}) + c(1) INT(emu_2L.g6, {0,0,1,1,0,1,0,0, 0}) +
1,

(-3/4= (4=t-txd)M(-1) =
INT["emu_2L.g6",3,21,3,0,

¢(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}) +
(-1/4% (4=t-txd)A(-1)= 1,1,1,1

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}) +
INT("emu 2L.g6",4,23,4,1,(1| ¢(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}) +
INT("emu 2L.g6",3,21,3,1,| ¢(10) INT(emu_2L.g6,{1,0,1,1,1,0,1,0,0p + ¢(11) INT(emu_2L.g6,{1,0,1,1,1,1,0,0,0})
(3/8+ (2xt+2+mf2-dx (t+mF2) ) = (A=txmT2-4+t72-d= (Lxmf2-t72)) A (-1)) +
INT("emu_2L.g6",3,21,3,0,(1,0,1,0,1,0,0,0,0}) =+
(~1/8+ (4xt+mf2-4xtA2-dx (t+mf2-tA2) )A (1) * (6+mf2A2420+t+mf2-dx (3+mf2A2+8+t«mf2+5+1A2)

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%(2+t+2+mf2-d=» (temf2) ) x (42tamf2-4+tA2-dx (t+mf2-tA2))A(-1)) +
INT("emu_2L.g6",3,21,3,0,(1,0,1,0,1,0,0,0,0}) =
(1/8% (4xt«mf2-42tA2-ds (tamf2-tA2))A (1) (6+mf2A24202tamf2-dx (3+mf22248+t+mf2+45+1tA2)+

William J. Torres Bobadilla
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AIDA for muon-electron scattering

Interface with IBP generators [Mastrolia, Primo, Ronca, W.J.T. (work in progress)]

Generate IBPs

INT["emu 2L.g6",4,15,5,2,{1,2,1,1,0,0,0,0,-2}] -2 9,

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% (4+mf2A2-8+stamf2-d+ (MF2A2-22xtamf24tA2) +42tA2)A (1)« (~24d)) +
INT[("emu_2L.g6",3,21,3,0,(1,0,1,0,1,0,0,0,0}) =
(2% (4=mf2A2-8xtamf2-d« (MF2A2-2+tamf24tA2) +42tA2)A (1) » (S+t+5«mf2-2+d= (t+emf2))),

Apply IBPS to the integrals

INT("emu_2L.g6",4,23,4,1,(1,1,1,0,1,-1,0,0,0)) ->

INT[fenu 2L.g6%,3,21,3, 1,1 1) INT(emu_2L g6, {0,0, 1,0, 1,1,0,0,0}) + c(1) INT(emu_2L.g6, {0,0,1,1,0,1,0,0, 0}) +
1,

(-3/4= (4=t-txd)M(-1) =
INT["emu_2L.g6",3,21,3,0,

¢(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}) +
(-1/4% (4=t-txd)A(-1)= 1,1,1,1

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}) +
INT("emu 2L.g6",4,23,4,1,(1| ¢(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}) +
INT("emu 2L.g6",3,21,3,1,| ¢(10) INT(emu_2L.g6,{1,0,1,1,1,0,1,0,0p + ¢(11) INT(emu_2L.g6,{1,0,1,1,1,1,0,0,0})
(3/8+ (2xt+2+mf2-dx (t+mF2) ) = (A=txmT2-4+t72-d= (Lxmf2-t72)) A (-1)) +
INT("emu_2L.g6",3,21,3,0,(1,0,1,0,1,0,0,0,0}) =+
(~1/8+ (4xt+mf2-4xtA2-dx (t+mf2-tA2) )A (1) * (6+mf2A2420+t+mf2-dx (3+mf2A2+8+t«mf2+5+1A2)

INT("emu_2L.g6",4,23,4,1,(1,1,1,0,1,0,0,0,-1}) ->
INT("emu_2L.gé6",3,21,3,1,(1,-1,1,0,1,0,0,0,0}) =
(~3/8%(2+t+2+mf2-d=» (temf2) ) x (42tamf2-4+tA2-dx (t+mf2-tA2))A(-1)) +
INT("emu_2L.gé6",3,21,3,0,(1,0,1,0,1,0,0,0,0}] =
(1/8% (4stamf2-4+tA2-ds (tamf2-tA2) ) A (~1) % (6+mF2A2+20+tamf2-ds (3+mF2A2+8xt=mf2+5+tA2) + >> PRIMO’S talk

William J. Torres Bobadilla
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What about renormalisation?
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Conclusions/Outlook

Multi-loop scattering amplitudes

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

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

M Muon-electron scattering at NNLO is at hand

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

Scattering Amplitudes in Gauge theories still reserve a lot of surprises.
SR d, P

William J. Torres Bobadilla
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Extra slides




Two-loop MIs for muon-electron scattering

[Mastrolia (Muon-electron Scattering: Theory kickoff workshop (2017))]
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Planar integrals :: Family 1 (34 MIs)

[Bonciani, Ferroglia, Gehrmann,
Maitre, von Manteuffel, Studerus]

Planar integrals :: Family 2 (42 MIs)
[Mastrolia, Passera, Primo, Schubert (2017)]

Non planar integrals :: Family 3 (44 MIs)

[Mastrolia, Primo, Schubert (work in progress)]




