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Motivation for NLO
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» Reduce theoretical error
» Strong dependence on renormalization and factorization scale
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» Strong dependence on renormalization and factorization scale
» Development of more general framework for NLO automation
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NLO cross section

oNLO :/ [d(4)0R — d(4)0A] +/ {d(‘l)oB +/ dDgV +/d(d>0'A:|
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» NLO cross section consists of:
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NLO cross section
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» NLO cross section consists of:
Leading Order: Born diagram
Virtual corrections: loop diagrams
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Subtraction terms to regulate infinities
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NLO cross section

UNLO:/ [d(4)O_R7d(4)O_A] Jr/ {d(4)03+/ d(d)av+/d(d}o_A:|
m-+1 m loop 1

» NLO cross section consists of:

Leading Order: Born diagram
Virtual corrections: loop diagrams <— G0Sam provides this part

Real corrections: Radiation

vV vV v Y

Subtraction terms to regulate infinities
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GoSam

The GoSam collaboration:

G. Cullen, HvD, N. Greiner, G. Heinrich, G. Luisoni, P. Mastrolia, E. Mirabella,

G. Ossola, T. Peraro, J. Reichel, J. Schlenk, J.F. von Soden-Fraunhofen,

F. Tramontano

SAMURAI
d—dimensional Integrand-Level Reduction — Current default

Subtraction Born & Real
N

BLHA o Monte Carle
7 gqa?
GoSam

(samurai, Ninja, Golems)

Hans van Deurzen

(Sherpa, Powheg ..)

A | Model-independent Computation of the full Rational Term
Mastrolia, Ossola, Reiter, Tramontano

GOLEM95
Tensorial Reduction — Rescue System
Binoth, Guillet, Heinrich, Pilon, Reiter

NINJA — Talk of T. Peraro
Integrand-Level Reduction + Laurent Expansion — Stable and Fast!!
Mastrolia, Mirabella, Peraro
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Binoth Les Houches Accord

Monte Carlo OLP

pre-runtime phase

read order file

=
= I write contract file

write order file é —_—
—_—_—

read contract file

phase

all OLP_Stre
<ll OLP_Info
call OLP_PrintParameter

call OLP_SetParameter (static parameters)

runtime phase

ll OLP_SetParameter (dynamic parameters)

give phase space point. scale [ compute virtual part

call OLP_EvalSubProcess2 \
e R

compute Born, real
radiation, IR subtracion |~ full NLO result

“Update of the Binoth Les Houches Accord for a standard interface between Monte
Carlo tools and one-loop programs”, arXiv: 1308.3462

[Alioli, Badger, ..., HvD, ... et al. (2013)]
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Interfaces with external MC

» GoSam + MadGraph+MadDipole+MadEvent

— ad-hoc interface [Greiner]

» GoSam + Sherpa

— via BLHA

» GoSam + POWHEG

— via BLHA [Luisoni, Nason, Oleari, Tramontano]
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» GoSam + MadGraph+MadDipole+MadEvent

— ad-hoc interface [Greiner]

» GoSam + Sherpa

— via BLHA

» GoSam + POWHEG

— via BLHA [Luisoni, Nason, Oleari, Tramontano]

» GoSam + HERWIG

— work in progress [Greiner, Heinrich, von Soden-Fraunhofen]

» GoSam + AMC@NLO
— WorkK in progress
[HvD, Frederix, Frixione, Hirschi, Luisoni, Mastrolia, Ossola, Peraro]
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Scattering amplitudes at one-loop

M, = /A,,(ZI) dg
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Scattering amplitudes at one-loop

My = /A,,(q) dj= /d*zm/d“q_N(q”_‘z)

Dy...Dy_1
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Scattering amplitudes at one-loop

- N o+ N(g, 1)
Mn_/An(q)dq_/d u/quO”.Dnil

» Decompose:

(.)‘ ’ ”'“]:[ o ‘ ’ cmj> " (.‘57]>+ e O e @ o O
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Scattering amplitudes at one-loop

M,,_/A,, dq—/dzf /d4 A\ L0
. nl

» Decompose:

S PP O @ O

2 4

— - C5,04 _C4,0 F C4 4t
d-22d A :/d ) +/d , :

/ wd'gAn(a) ! DDy D23, "Dy DyDs

+/ _c30 4 c3 747 +/ 2,0 + 2,017 +/dqcl—’0
DyD D, DyD, Dy
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Scattering amplitudes at one-loop

M,z_/A,, dq—/d 2e /d4 A\ L0
. nl

» Decompose:

("‘ ’ ('m]:[ o ‘ ’ (‘mj> " (";T]>+ e O e @ o O

2 4
_ _ > _C4,0 F C4 4t
422 da A :/d C5,01 +/d €a,0 +ca,
/ WA A(q) ! DoD1D2D3Ds 1"DyD1D,D;
+/ 3,0 + 03,7142 +/ 2,0 + 2,017 +/dqcl—’0
DoD\D, DoDy Dy

» computation of M,, — computation of
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Integral to Integrand

2 4
_ _ €50 _C40+ Ca4
/d 2€u2d4q./4n(q) = /dqi’ i +/dq7’ K’
DoD1D2D3D; DoD1D2D;

3,0 + ¢33 2.0+ 202 c
+/d?1 3,0 T €371 +/d21 2,0 T C2 94 +/dqﬁ
DyD1D; DyD, Dy
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Integral to Integrand

(”J " ””]:[ - {‘H * ('«?”j> * (:"-7}>+ o O e @ A Q

2 4

_ _ C5. 0 _C40 t Caapt
42204 A :/d , /d , ,

/ wd'qAn () qDOD1D2D3D4 + 4 DyD|D>D;

3,0 + ¢33 2.0+ 202 c
+/d?1 3,0 T €371 +/d21 2,0 T C2 94 +/dqﬁ
DyD1D; DyD, Dy

» integral — integrand:
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Integral to Integrand

S P O @ O

c 2 4.0 + C. 4
/d*2€u2d4q¢4n(q):/d(7 5,01 +/d¢7 4,0 + Caap

DoD1D2D3Dy DoDD,D3

30+ c 2 Ccr.0 1 ¢ 2
+/d?1 3,0 T €371 +/d21 2,0 T C2 94 i

DyD1D; DyD,

» integral — integrand:
cs,0i? 4 fo123a(q, 7)) | cao + caant + foins(q, p?)

A -
n(a) DoD1D2D3Ds DoD,D2Ds
+ 3,0 + 3702 + fo12 (g, 1) " 2,0 + c2,01% + for (g, %) " c1,0 +folg, 1?)
D()D]Dg DODI
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Integral to Integrand

fin@/ + f‘\n]:[ + (“E + fi;uj> + (L:.’j>+ 20 «O» + 09 «@» + €10 O
2 4
_ _ C5,010 _C4,0 + Ca 4t
d 2e 2d4 .A — /d > /d 5 5
/ wdgAna) qDoD1D2D3D4 + g DyD1D,D5

30+ c 2 Ccr.0 1 ¢ 2
+/d?1 3,0 T €371 +/d21 2,0 T C2 94 i

DyD1D; DyD,

» integral — integrand:
cs,0i? 4 fo123a(q, 7)) | cao + caant + foins(q, p?)

A -
n(a) DoD1D2D3Ds DoD,D2Ds
+ 3,0 + c3,71° + forz (g, %) " 2,0 + c20p* + for (q, p*) " ©?)
DyD D, DyD,

d-2 2/d4 Jii...(g, p7) (g, 14%) -0
/ 122 q DD
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Determining the parametric form of the numerator
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Determining the parametric form of the numerator

Ajjeim (g, 1) Ayt (g, 12) Aji(g, p?) Ay(g, p?) Ai(g, p*)
A — ) i i y\q» )
n=2 DinDleDm—"- D:D;DD; +> D:D;Dy +> DD +> D;

ijkim ikl

» Form residues process independent
> Values of coefficients process dependent
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Determining the parametric form of the numerator

A=Y Aijiam (g, 1) 5> Aj(g, u2)+z i (g 1) B u (41 ) 5 Ai(g, 1*)
ijk ij DiD, i

ki D;D;DyD;Dy, m D;D;DyD; D;D;Dy, D;

» Form residues process independent
> Values of coefficients process dependent

> Implemented in Samurai
[Ossola, Reiter, Tramontano, Mastrolia, 2010]
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Rankcounting, normal rank

el O I
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Rankcounting, normal rank

el O I

» Only q propagators and 3-gluon-vertices contribute one
power of g to numerator
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Rankcounting, normal rank

i T I =

N
Nocg ‘

» Only q propagators and 3-gluon-vertices contribute one
power of g to numerator

rx =14 v =2
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Rankcounting, normal rank

i T I =

N
Nocg ‘

» Only q propagators and 3-gluon-vertices contribute one
power of g to numerator

rx =14 v =2

> ry < #D
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Integrand decomposition algorithm

Aijrem(q) = Resijkém{%} 1 coefficient
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Integrand decomposition algorithm

\;y Aujren(a) :Rewm{ — 1} 1 coefficient
| "

B N(G N Aurem(@
Aijke(q) = Resijre # - %
0 Hn=l oy PR m

} 5 coefficients
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Integrand decomposition algorithm

Aijkem(q) = Rewum{ By N_(g 1} 1 coefficient
| "

=
Aijreld) = Rm,“{ Z DDJ&DID } 5 coefficients
. N@ 5 D@ D@ -
A4jie(@) = Resiji Do D, Z D Dv]l_) DD Z D 'JD_D 10 coefficients
o n 2 DiDiDeDeDy - 2= DiD; Dy Dy
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Integrand decomposition algorithm

N(q -
Aijkem(@) :Reﬂwum{ B (g 1} 1 coefficient
D

N(q

q) -
Do Dy, 5 coefficients

Ajjre() = Rvﬂuu{

7 = Res N@) S Apen@ KR Ak 10 coefficients
iel) = Rese { B Do 2 Db, Dby 2 B, b,D;

I N@ T Auem@ N Aue@ X~ D@ -
— —  au@- R{ Do Doy 2 DD, 25 DiDuD; Py oo, | 10 coefficients
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Integrand decomposition algorithm

Aijkem(@) = Rewum{DLq—)}

1 coefficient
+Dpq

Aijkeq) = Rrs,,w{ B

ot ~
I T (I -
DD, Dy 13/11,,} 5 coefficients

i<<m

52 Bien(@) Ae(@)

10 coefficients

o Dut DiD;DiDiD Z DD, D,.D,}

izm

Aiuela)
. D.D,D.D;

Aula) 10 coefficients
D, Dy,

= N(q) = Aijkem(q) = Aijie(q)
Ai(7) = Resiq = — — E E +
: i(@) 1{Du “Dui1 = DiD;DiD:D, /= DiD;DiD;

N Z D”Dka ) #} 5 coefficients

D.
i<<k i<j td

Hans van Deurzen Associated Higgs production at NLO with GoSam

14/29



Integrand decomposition algorithm

Dijkem(7) = Resijem { &}

1 coefficient
Do+ Dpy
L et .
N Aijkem -
Aijreld) :Rcsw{ o ('ﬁ - > uuﬁ)%} 5 coefficients
nel gm0 "
Aujel@) = Res Na) Ak () i Aujre(a) 10 coefficients
k1) = RS By D,y D.D; DDy 2=, DiD; Dy Dy
_ N ! D Aue@ %A@ 10 coefficients
A,,(«)fnm{m b T z r),nfn‘ o 7‘; n,r;Jn‘}
B ND O Apm@ 2 M@ 5 coefficients
A“”’““’”{Do» D X DD, Db,
7% Din@) Ay
DD, s DD,
i<<k ¥ i<j 7

Hexagon: (§>-1+(Z)-5+ (2) 10+ (g) 10+ (T)S = 386 coefficients
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Effective Vertices

my — 00

v ; - = = GessP>
Fy o< ¢?
my —» 00
1~ - = = Gepr9sEy
F3 ox 1
- my — 00 :
gev i - - = geffgé'F4
F4 ox 1
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Rankcounting, higher rank
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Rankcounting, higher rank

» One effective vertex: ry < #D + 1
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Extended rank Integrand decomposition algorithm

“Dut 1—1 coefficient

N(G
Aijrem(q) = Resijrem { %}

uktn 9q 1P
Aijie@) = Re\,kt{ Fo- 2(: BB,y D[DW} 5—6 coefficients

N
An(@) = Resw{ 59 -

Aujre(a) 10— 15 coefficients
z;( D:D; DDy

_Biwe(@)

o N@)
Au(«)qmu{m B

Z Al } 10—20 coefficients

D, D

=

o N@ N Apnl@ KA Ayl 5—15 coefficients
adD = R"‘”{DU» by 2 bbb, 2 Bb,b
i<<k D‘D-’D‘ i<y nin"

[Mastrolia, Mirabella, Peraro, 2012]
6 6 6 6 6 -
Hexagon: (5> 14+ (4) -6+ (3) <154+ <2> -204 (1) -15 = (386 —)786 coefficients

» Samurai — XSamurai [HvD et al.]
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Discrete Fourier Transformation (DFT)

» A(g, 4?) multivariate polynomial in g and 1

Hans van Deurzen Associated Higgs production at NLO with GoSam 18/29



Discrete Fourier Transformation (DFT)

» A(g, 4?) multivariate polynomial in g and 1
» Systematic sampling: DFT

Hans van Deurzen Associated Higgs production at NLO with GoSam 18/29



Discrete Fourier Transformation (DFT)

» A(g, 4?) multivariate polynomial in g and 1
» Systematic sampling: DFT
P(x) = co+ c1x + eax” + ... + e’

Hans van Deurzen Associated Higgs production at NLO with GoSam 18/29



Discrete Fourier Transformation (DFT)

» A(g, u?) multivariate polynomial in ¢ and 2
» Systematic sampling: DFT
P(x) = co+ c1x + eax” + ... + e’ .

Xy = pexp | —2wi k
k= poxp n+1

Hans van Deurzen Associated Higgs production at NLO with GoSam 18/29



Discrete Fourier Transformation (DFT)

» A(g, u?) multivariate polynomial in ¢ and 2
» Systematic sampling: DFT
P(x) = co+ c1x + eax” + ... + e’ .

Xy = pexp | —2wi k
k= poxp n+1

chpexp{ i k )1} .
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Discrete Fourier Transformation (DFT)

» A(g, u?) multivariate polynomial in ¢ and 2
» Systematic sampling: DFT

P(x):C0+C1X+sz2+...—|—cnx" .

Xk = pexp |—2mi k
k = pexp T
k h
clp exp | —2mi—— l} .
Z { (n+1)

N—1

k K
g 2mi— —2mi—n| = Ny
2 exp [ mNn} exp [ mNn} k
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Discrete Fourier Transformation (DFT)

» A(g, 4?) multivariate polynomial in g and 1
» Systematic sampling: DFT
P(x) = co+ c1x + eax” + ... + e’

Xy = pexp | —2wi k
k= poxp n+1

chpexp{ 2771( k )1}

N—1

k K
E 2mi— —2mi—n| = Ny
2 exp [ mNn} exp [ mNn} k

P < .k
= E P 2 l
STt "exp{mnﬂ}

[Mastrolia, Ossola, Papadopoulos, Pittau (2008)]
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Sampling strategy

> g= Z?:I xie; = p?,x1, X2, X3, x4 variables
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> At quadruple cut: A(u?)
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Sampling strategy

> g= Z?:l xie; = p?,x1, X2, X3, x4 variables

v

At quintuple cut: Everything constrained

v

At quadruple cut: A(u?)

v

At triple cut: A(p?,x3,x4) Condition: x3x; = C(x;,x) = C = A(u?,x3,C/x3)
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Sampling strategy

> g= Z?:l xie; = p?,x1, X2, X3, x4 variables

v

At quintuple cut: Everything constrained

v

At quadruple cut: A(u?)

v

At triple cut: A(p?,x3,x4) Condition: x3x; = C(x;,x) = C = A(u?,x3,C/x3)

> Use DFT: solutions o< ¢, problem if C =0

> Use DFT twice, A(u?,x3,C/x3) and A (u>C/x4,x4)

solutions oc 1, problem if € = 1
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Sampling strategy

> g= Z?:l xie; = p?,x1, X2, X3, x4 variables

v

At quintuple cut: Everything constrained

v

At quadruple cut: A(u?)

v

At triple cut: A(p?,x3,x4) Condition: x3x; = C(x;,x) = C = A(u?,x3,C/x3)

> Use DFT: solutions o< ¢, problem if C =0

> Use DFT twice, A(u?,x3,C/x3) and A (u>C/x4,x4)

solutions oc 1, problem if € = 1

» Branching:
if(C=0): Use A(u?,x3,C/x3) and A(u*C/x4,x4)

else: Use A(u?,x3,C/x3)
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Sampling strategy

> Atdouble cut: A(u?,xy,x3,x4) With x3x4 = F(x;) = Ax} + Bx; + C lot of
branchings:
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Sampling strategy

> Atdouble cut: A(u?,xy,x3,x4) With x3x4 = F(x;) = Ax} + Bx; + C lot of

branchings:

F=0 has no solutions

F=0 has one zero solution

F=0 has one non-zero solution
F=0 has two zero solutions
F=0 has two non-zero solutions
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Sampling strategy

> Atdouble cut: A(u?,xy,x3,x4) With x3x4 = F(x;) = Ax} + Bx; + C lot of

branchings:

>
>
>
>
>

F=0 has no solutions

F=0 has one zero solution

F=0 has one non-zero solution
F=0 has two zero solutions
F=0 has two non-zero solutions

> At single cut: A(u?, xq,x,x3,%4) With x3x4 — X100 = G
similar to the triple cut

Hans van Deurzen

Associated Higgs production at NLO with GoSam
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Towards Higgs jets in GF @ NLO

H+0j 1NLO

ss > H 1 NLO Computational Challenges:
H+1j 62 NLO

49 — Hqq 14 NLO » Over 10,000 diagrams

qs — Hag 48 NLO » Higher-Rank terms
H+2j 926 NLO

7d — Haq' 35 NLO » 60 Rank-7 hexagons

qq9 — Hqq 64 NLO

qg — Hag 179 NLO %

g8 — Hgg 651 NLO
H+3j 13179 NLO

qq' — Hqq'g 467 NLO

99 — Hqqg 868 NLO

q8 — Hqgg 2519 NLO

gg — Hggg 9325 NLO

Complex calculations — GoSam enhanced

grouping, optimalization through Form4.0, numerical polarization vectors, parallelization
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Higgs + 2 jets in GF @ NLO

» Results obtained with GoSam+Sherpa

» Agreement with MCFM (v6.4) [campbel, Eliis, wiliams]

H +2 jets: Higgs pseudorapidity

LHC 8 TeV cteqfmE pdf

dar /g [pb]

T T
== Sherpa LO

=== GoSam+Sherpa NLO

anti-kt: R=0.5, pr > 20 GeV, [n] < 4.0

NLO/LO
T

HvD, Greiner, Luisoni, Mastrolia, Mirabella, Ossola, Peraro, von Soden-Fraunhofen, Tramontano (2013)

(also appeared in Handbook of LHC Higgs Cross Sections: 3. Higgs Properties )

Hans van Deurzen

f e T T T TN T T
E -3 - -1 0 1 2

nm

da/d

NLO/LO

H 42 jots: Hi

ansverse momentum

LHC 8 TeV
cteq6mE pdf

T

== Sherpa LO
s GoSam+Sherpa NLO

anti-kt: R=05, pr > 20GeV, [n| < 4.0

Associated Higgs production at NLO with GoSam

150

2000
Pri(GeV]

22/29



Higgs + 3 jets in GF: virtual part

Cullen, HvD, Greiner, Luisoni, Mastrolia, Mirabella, Ossola, Peraro,
Tramontano, arXiv:1307.4737

Virtual parts computed with

GoSam
tree-level+ , ;one-loop }
I TTT 5 2Re {M M _as
< S s
': e (as/27) | Mtree-level ) .
150 . i ‘
qq — Hd'qg 99 — Haqg
100 | qq — Hqqg 99 — Hggg

50

S

0

SUBPROCESS DIAGRAMS TIME/PS-POINT [sec]

qq — Hq'q g 467 0.29
44 — Hagg 868 0.60 -50
g8 — Hqqg 2519 3.9
8¢ — Hggg 9325 20 — L 5“/2 o
Angle 6 axound y-axis
Number of Feynman diagrams and time per Tests: gauge invariance and IR poles

PS-point point for each subprocess
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Higgs + 3 jets GF @ NLO: cross-section

Cross sections are obtained with a hybrid setup:
» GoSam + Sherpa for Born and of the virtual contributions
» MadGraph+MadDipole+MadEvent for reals/subtraction/integrated dipoles

o [pb]

Hr
#FZMR=7=#0

Hy = \/m3 +p} p + > Ipr.i
i

Wiy
Tests performed on the cross section:

> NLO H+2 jets: Agreement between hybrid scheme and GoSam+Sherpa
> LO H+3 jets: Agreement between MADGRAPH and Sherpa
» NLO H+3 jets: Independence from a—parameter (subtraction+int. dipoles)

Cullen, HvD, Greiner, Luisoni, Mastrolia, Mirabella, Ossola, Peraro, Tramontano arXiv:1307.4737
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Higgs + 3 jets GF @ NLO: distributions

= AR e RARRR R

- T 1072 -

& 107 g T T T g S E - ——-10 3

3 F = LHC 8 TeV  cteqémE pdf E 2 E —— NLO ]

S oL anti-kt: R=0.5, pr > 20 GeV, || <40 _] = L 1
BE R

= E E T 103 -

E E T OUE E

T 103 L _ bl = E|

< E 5 FLHC8TevV k!

k] £ 3 [ cteqémE pdf ]

4 [ N anti-kt: R=0.5, pr > 4 ]

e : — 1074 -3

E et ey e 3 ]451111}1111}1111}HH}H::}HH}HH}HHE

1079 = | —— 1jetNLO L --"'.‘.::’Lé T 3

E — == 2jetLO -t 4 g 2p E|

E : 3 s F E

1076 - === 2" jet NLO | 9 1 g

E Fhjetto e E Z o8 -

F <+ 34 jet NLO 1 = =

107 L . i Rl I S I U B IR B

el 1 e

o 50 100 150 200 250 300 350 400 pr.ulGev]

pr,j[GeV]

7 of the Jets pr of the Higgs boson

pp — Hjjj generated by GoSam can be paired with available MC
programs for further phenomenological analyses.

Cullen, HvD, Greiner, Luisoni, Mastrolia, Mirabella, Ossola, Peraro, Tramontano arXiv:1307.4737
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pp — Hit + 1 jet @ NLO

First Application of GOSAM/NINJA + SHERPA — Talk of T. Peraro

1tH + 1j 1895 NLO
qq — Hitg 320 NLO
gg — Hitg 1575 NLO

» Two different mass scales: Higgs
and Top

> 51 hexagons in the gluon-gluon
channel

Hans van Deurzen Associated Higgs production at NLO with GoSam 26/29



Httj results

HIF+ jot: Higgs transverse momentum

HIF4 jet: fFinvariant mass

T T T
— iHjL0

LHCS T
1075 = clegm pdf
anti-kt: R=0.5, pr > 15 GeV, 3] < 40

S/ NINJA +SHERPA

T

—— HHjNLO = Hr

T
Hr

HiT+ jot: Higgs pseudorapidity
T

e 1HjLO i = Hr.
—— HHjNLO = Hr

LHCS TV ] LHC 8Ty
s ctegem: pdf clegemE pdf
antiskt Reos, pr > 15GeY, 7] < 40

anti-kt: R=0.5, pr > 15 G, |y] < 40

AT
—— 17Hj NLO j = 2xGAr

GoSam/NINjA+SHERPA 1078 GoSam/NINjA+SHERTA
R e s
H HHHHHTH i T T+ T
w6E 3 g uE
4B q S af
- T Z o8 El
o6 [T T T I T Y- B L - I T T A T P T |
4 3 a4 e a2 3 4 0 w0 0 &0 w0 800 o iwo
" mglGeV]

o 16
S e
i M
o8 7 |
L] = o T A A A |
o e me e e s bw
Pl
—o
ie)
=]
) 0.1
0.1
0.1
0.

Hans van Deurzen

T
3
GAp = \Imeymeime+ Yo, |
Hes Eoy
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Vector Boson Fusion

H+2j 240 NLO
us — Hdc 24 NLO
uc — Huc 24 NLO
us — Hus 24 NLO
ds — Hds 24 NLO
ud — Hud 48 NLO
uu — Huu 48 NLO
dd — Hdd 48 NLO . —
: VoS T hver
H+3] 2160 NLO w> Huug in VB X |
us — Hdcg 216 NLO XXXX
35 >><§< PSS i
uc — Hucg 216 NLO E % x %
é L )? X % X 8 * 4
us — Husg 216 NLO 40 g‘%; * XX>§<>§§§ T %
ds — Hdsg 216 NLO wlf X X X&%ﬁ X ’s%%{ ]
¥
ud — Hudg 432 NLO 3 )%ﬁg %
uu — Huug 432 NLO o ! 2 o s o 7
rotation angle x-axis
dd — Hddg 432 NLO
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Conclusions

» GoSam is a powerful framework for the automatic computation of one
loop virtual amplitudes

» Samurai has been extended to deal with higher rank numerators:
Xsamurai

» GoSam is interfaced to a lot of Monte Carlo Programs

» GoSam has been used for a lot of different phenomenology studies,
among which
> Higgs plus two jet in GF
Higgs plus three jet in GF
Higgs 17 jet
Higgs plus two and three jet in VBF in progress

vYyy

Outlook
» Even more processes on the way
» Interaction with MC and experimental collaborations
» Additional code improvements towards GoSam 2.0
» Multi-loop integrand reduction in the making (talk T.Peraro on Thursday)
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