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NLO cross section
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Scattering amplitudes at one-loop
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Scattering amplitudes at one-loop
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Scattering amplitudes at one-loop
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Determining the parametric form of the numerator
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» Form residues process independent
> Values of coefficients process dependent
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Determining the parametric form of the numerator

A=3 Aijiam (g, 1) 5> Aja(g, u2)+zk: i (4 1) Z u q,u ) 5 Ai(g, 1*)
ij i

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

» Form residues process independent
Values of coefficients process dependent

> Implemented in Samurai
[Ossola, Reiter, Tramontano, Mastrolia, 2010]
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Integrand decomposition algorithm
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Integrand decomposition algorithm
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Integrand decomposition algorithm
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Effective Vertices
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Rankcounting, higher rank

» One effective vertex: ry < #D + 1
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Extended rank Integrand decomposition algorithm
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[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
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Discrete Fourier Transformation (DFT)
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Discrete Fourier Transformation (DFT)

> Ag, 12
» Systematic sampling: DFT

P(x) = co+ c1x + eax” + ... + cox”

Xy = pexp | —2wi k
k = pexp n 1

Zc;p exp{ 27i k l}

(n+1)
Nile 2 k e -2 k—/ = N§
> Xp mNn Xp mNn = Ny
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p n ] k
= > P 2 !
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Sampling problems

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

v

At quintuple cut: Everything constrained

v

At quadruple cut: A(u?)

v

> 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 problems

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

> 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 problems

> 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?, xy,x2,x3,x4) With x3x4 — X120 = G
similar to the triple cut

Hans van Deurzen

QCD corrections to Higgs plus jets production with GoSam
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pp—H+2j with GoSam+Sherpa

000000000 00000000000

Number of diagrams:
ud — Hud 1 tree 32 NLO
uu — Huu 2 tree 64 NLO
ug — Hug 8tree 179 NLO
gg — Hgg 26tree 651 NLO
Total 37 tree 926 NLO
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Results pp— H+2j with GoSam+Sherpa

> Interface GoSam + Sherpa
> Pole cancellation
> Agreement with MCFM(v6.4) and R. K. Ellis, W. Giele, and G. Zanderighi

H +2 jets: Higgs transverse momentum H 42 jets: Higgs pseudorapidity
R B e e e R L e AR R RRREE
L —— Sherpa LO 1 E 08E . —— Sherpa LO =
== GoSam+Sherpa NLO {2 g7 PHOS TV cteabmE pdf . Gogan+Sherpa NLO 3
02 T 06 antikt: R=0.5, pr > 20 GeV, [n| < 4.0 =
05 =
o 0.4 F- E
LHC 8 TeV E E
ctegbmE pdf 035 3
02 E
anti-kt: R=0.5, pr > 20GeV, || < 4.0 E E
o L a 0.1 £ E
B E
18 E E E
16 = = =
° =
A e —— ] E
12 & - o =
1 2 E|
08 = | El
06, o v vl P R o [ 3
[} TR N P A S T -
0 50 100 150 200 e T L 2 3 4

pe[GeV]

Hans van Deurzen QCD corrections to Higgs plus jets production with GoSam 17/19



Results pp—H+3j with GoSam+Sherpa

99 — Hqag
by 0.6309159660038877- 104
ap 48.68424097859422
E a; 36.08277727147958  —36.08277728199094
a_s —11.66666666667209 —11.66666666666667
. 99 — Hqgg
5 : - - - < < by 0.3609139855530763 - 10~*
Angle 6 around y-axis ag 69.32351140490162
a1 —29.988629329¢ 0 —29.98862932963629
a_p — ) — 4
ud — Hudg 12 tree 467 NLO 97— Hq'qd'g
uu — Huug 24 tree 868 NLO by 0.2687990772405433 - 10~5
ug — Hugg 74 tree 2519 NLO a 15.7926276 7177915
g8 — Hggg 230 tree 9325 NLO a_y —32.35320587070861  —32.35320587073038
Total 340 tree 13179 NLO a_y = )8

2%2 {Mtrcc ll‘»cl*Monc lonp} + +
(47ary) [Moooioval 2 52 o
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Summary

» Samurai extended to higher rank numerators = can do
effective vertices

» pp—H+2j in gluon fusion has been calculated and
integrated

» pp—H+3j in production
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Backup slides
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table H+2;

20 {Mchc—lcvcl*Monc—loop} a_s

(dravy) ‘anlmlf

99 — Hgg

0.1507218951429643 - 103

o
ag 59.8657965614009
a_y —26.4694115468536 —26.46941154671207
a_s —12.00000000000001  —12.00000000000000
99 — Hqq
o 0.5677813961826772 - 10~¢
ag 66.6635142370683
a_y —16.5816633315627 —16.58166333155405
a_p —8.66666666666669 —8.666666666666668
99 — Hqq
co 0.1099527895267439 - 10~°
ag 88.2959834057198
a_y —10.9673755313443  —10.96737553134440
a_o —5.33. 32 —5.333333333333334
97 — Hq'q
co 0.1011096724203529 - 10~6
ag 33.9521626734153
a1 —13.8649292834138 —13.86492928341388
a_s —5.33. 34 -5 33333334
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Extended rank residues

Ajeem(a. %) = S5 42
Aigrela 1) = AR, 1) + 30 + 02+ Ot
Ajjila i) = Ay (g p?) + 3 + 5300
Aij(a, %) = Mg, ) + ) + P

A1) = &+ A (g +pi) - en) + (g +pi) - e2)

+ g+ i) es) + (g +pi) ea)

Gk | (k) 2
Alan ) = (530 + 30 1)@+ p) - or s

A = (39 + S8 @+ p) s+ (S5 + S0 @+ )
+ &2+ p) - es) + S (g +pi) - ea)?
+ et p) e+ G0 (a4 p) e
AR(q.s?) = @+ p) - e2+ S5 (0 +p1) - e2)?
+ g+ p) - ea+ g+ i) - ea)?
4 p) e+ S+ p) e

+ P ((a+p) - e)((a+p) - ea) + 2 (0 +p0) - e)((a+p0) - e0)
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Extended rank residues

ijhtm Aijiem(@: 1) = Dijrem(a, u*
NS C‘(sl,jo m) 2 Aijiem (9 1%) = Dijrem(a, 17) 5
., , ; i Ainela: 1) = Aijuela 1) + S50 it (g +p) - or
R ) ke Kt g 7 i
Aijie(a, 1%) = Aflela, 1) +C£V )+Q(sl,12 )n‘+c§'i ut,

Ailas 1) = Bigala,i®) + ST it + 30 12 (@ +p0) - e0)?

2 (k) (uk) 2
Al 1?) = Af(a i?) + 5y + 57t e i (0t p) e e (ot p) o)
Agjla.?) = Mg p?) + &9+ 22 + A (a+p)-en’
Ny ) = Ayl (i . o) - es
A, 1?) = &) + (g + i) - e1) + (@ +pi) - 2) (@ 17) /(q)u )+ (cm (4(+)p) e +an (q+f'))
+ (g +pi)-es) + (g +p) - ea) - + A+ p) ) + A (@ +p) e + SDl(a+ ) - ea)
+ (0 +p) e’ + ST (g +pi) - e (g + i) -e)
Alla.i) = (10 +e50 i)+ ) v v %((q +pi) - e2)((a+pi) - e0)
& (a+ ) e)(a i) - en)?
AR 2) = (9 4 92 (4 i) - ea + (529 4+ 99 2) (g 4 ) - :
e ((, W) e (87 ) +dh((a +p) - ea)l(a +pi) - ea)?
55 (g +p0) e + 53 (0 +pi) - ea) o .
(g4 pi) ) + (g4 pi) - ea)® Ailg1®) = Dila, 1?) + 5@+ pi) - e1)” + (g + i) - e2)®

et
D+ )2t o+ o o) e il e

HSJX»HM et g+ af +ehol(a+p) -en)(la+p0) - es) +elhilla ) - en)l(a+p) - ea)
g4 p) e+ (b)) + (g +pi) - e2)((a + i) "’3)*’('5‘13((([‘*?7) e2)((q+pi) - ea)
D -e(la+p) ) + 2+ )-e((a+p) e el +ellslla ) e+ ) )
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Results pp— H+2j with GoSam+Sherpa

H +2 jots: Higgs transverse momentum
T

—— Sherpa LO

~— GoSamSherpa NLO

do /dpe s [pb/GeV]

LHC 8 TeV
cteqGmE pdf

anti-kt: R=0.5, pr > 20GeV., 5] < 4.0 LHC 8 T V
107% = - e

7_,—’—\_,—?_‘““—“———; PDF: cteqémE
n;l( = : anti_kt:
“_b", “ o we ,,[(;lw‘%\”“ R=0.5
v Il+‘2|“vx~ ”lgg\p~(~1\l|(‘)hl1lllm\‘ ‘ ‘ ‘ pT > 20 Gev
= oo | < 4.0
My =125 GeV

MR = piF = My

NLO/LO
T

do/dnp[pb]

8
_E LHCSTeV cteqbmE pdf

0.6 [~ antickt: R=0.5, pr > 20 GeV, [y < 4.0 4

sE JE
oI - —
= 14 F =
S 12F |
Z o
08 4
06 | 1 [ | |
- 3 2 1 0 1 2 3 1
mm
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