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NLO More Important for Larger Jet Multiplicities

[Bern, Dixon, FFEloeche Ita, Kosowey Maitre, OzerenarXiv:1304.1253]
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Gavin Salam (LPTHE, Paris) ICHEP 2010

The NLO revolution )
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2009: NLO W+3j [Rocket: Ellis, Melnikov & Zanderighi] [unitarity]
2009: NLO W+3j [BlackHat: Berger et al] [unitarity]
2009: NLO tZbb [Bredenstein et al] [traditional]
2009: NLO tibb [HELAC-NLO: Bevilacqua et al] [unitarity]
2009: NLO qg — bbbb [Golem: Binoth et al] [traditional]
2010: NLO ttjj [HELAC-NLO: Bevilacqua et al] unitarity]
2010: NLO Z+3j [BlackHat: Berger et al] unitarity]

2010: NLO W+-4j [BlackHat: Berger et al] unitarity|



The LesdouchedNLO Wish List Few Years ago
Status Les Houches 2009

pp — W W jet Dittmaier /Kallweit /Uwer; Campbell /Ellis/Zanderighi
Binoth/Guillet /Karg/Kauer/Sanguinetti

pp — Z 7 jet Binoth /Gleisberg/Karg/Kauer/Sanguinetti; Dittmaier/Kallweit
pp — tt bb Bredenstein /Denner/Dittmaier /Pozzorini;

Bevilacqua/Czakon /Papadopoulos/Pittau /Worek

pp — tt+ 2jets Bevilacqua/Czakon /Papadopoulos/Worek

pp—~ 227 Lazopoulos/Melnikov/Petriello; Hankele /Zeppenfeld
pp— VVV Binoth /Ossola /Papadopoulos/Pittau; Zeppenfeld et al.
pp — V V bb

pp — W~ jet Campanario/Englert/Spannowsky / Zeppenfeld

pp — V'V + 2jets VBF: Bozzi/Jager/Oleari/Zeppenfeld, VBFNLO coll.

. , *
pp — W + 3jets BlackHat coll.; Ellis/Giele /Kunszt/Melnikov/Zanderighi
pp — £ + 3jets BlackHat collaboration
pp — bbbb Binoth /Greiner /Guffanti/Guillet /Reiter /Reuter

e done e partial results ™ leading colour only
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NNLO QCD+NLO EW wishlist

Process | known desired details
H do @ NNLO QCD deo @ NNNLO QCD + NLO EW H branching ratios
de @ NLO EW MCaNNLO and couplings
finite quark mass effects @ NLO finite quark mass effects @ NNLO
H+j |do @ NNLO QCD (g only) do @ NNLO QCD + NLO EW H pr
do @ NLO EW finite quark mass effects @ NLO
finite quark mass effects @ LO
H+2j | 0 VBF) @ NNLO(DIS) QCD da @ NNLO QCD + NLO EW H couplings
da(gg) @ NLO QCD
do(VBF) @ NLO EW
H+V [de@ NNLO QCD with H — bb @ same accuracy H couplings
do @ NLO EW
ttH da(stable tops) @ NLO QCD de(top decays) top Yukawa coupling
@ NLO QCD + NLO EW
HH de @ LO QCD (full m; dependence) | do @ NLO QCD (full m; dependence) | Higgs self conpling
do @ NLO QCD (infinite m; limit) | do @ NNLO QCD (infinite m, limit) A

N. Glover, S. Dittmaier

Table 1:

Modern Wish Lis(2013) morechallenging and thought out!

/

add a column here
for current exp
precision and that

expected at 14 TeV
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Onshellsimplifications
w CalculatedON-SHELlamplitudes muclsimplerthan
expected.

w For example: some&ee levelall-multiplicity gluon
amplitudes can fit on a page:

_ (i j)*
(12)(23)---(n1)

Park, Taylor
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Factorization

| 26 | YLX AO0dzZRS&a aFFtf LI NOE Ayd2z2 airvylL
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Explore limits in complex plane

Britto, Cachazo, Feng, Witten, hedp 0501052

Injectcomplex momentunat leg 1, remove it at leg.

k1(2) + kn(2) = k1 +kn

2() = K2() = O = A(0) — A(z)

special limits < polesan

Cauchy: If A(co) =0 then . ./
A(z) A(z) %j

271'7,?((1 - A(O)—l—%ReS[ z ]Z:Zk

residueatz, = K factorization limit] =

8/2014 QCD 4 HCPSS2014 10



A BCFW (oshell) recursion relations

Britto, Cachazo, Feng, h¢ip/0412308

h,k
A..andA . are tree amplitudes withfewer legs,
and with momentashifted by acomplexamount
l 2}

Trees recycled into trees!

s
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Feynman Diagrams

w Tool to compute w Complexity of
amplitudes in Quantum calculations grow fast
Field Theories with number of legs and

w Easyto use number of loops

 In principle applies to all @ Introducesmany non

kind of processes and to  Physical degrees of
all orders freedom which cancel in

w Tree level automation final results
manageable (at least for @ Gauge invarianciidden

up to 7/8 points in QCD)  Inthem
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Loop Feynman Diagrams
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vectors, factors _
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Not including
couplings,
polarization

vectors, factors

2 Tig, dic

A x

Propagators

1 [ d?l
my J (2m)Y|[L —'?”-3][(3+q1)2—'&f][(f+m\wﬂz—m?][(f’-—pz)g—?ﬂ-f]

v
Tr [U + .m-f)’}’p(gir + 9’;'}’5] (/ + lﬁk\j‘ Mt ) Y \

(I +d1+do+m)v (I +4g1 + m-f)“r;x]
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e

A Ry dl 1
my J (2m)* [P —m][(1+a1)? — mf][(I + a1 + g2)? — m{][(l — pz)? — m]]

Tr[(7 + ma)va(al + 9405)( + Bz +mo),
This indeed is a complicated expression! (/ + ¢ + g + m )7, (I +4¢1 + m.f}ﬁ,-ﬁ}

You have to deal with Trace Technology and solve many integrals like this one:

/ d9] [H1 12 13 [
2r) 12— m2|[(1+ @1)2 — m2|[(1 + @1 + g0)? — m2][(l — pz)? — m]]

E D“l{QL qg: _pZ + ql + qg: g, ?ﬂ-f,?ﬂ-;: r”f]
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Tensor Integrals:
"hePassarine/eltmanReduction

When applying this procedure to our tensor integral of interest

DA(qgy. qa. —pz + g1 + qo, g, 12y, TRy, T )

) b
<5 We find that ONLY the coefficient of the corresponding scalar
box looks like:

Which is not only large
and computer
intensive, but suffers
from strong numerical
instabilities over PS!

And this is only a piece of a
single tensor integral that
appears in a singleeyman
RAI 3N YX



