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proton - (anti)proton cross sections

Campbell, Huston & Stirling ‘06
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e ...need quantitative predictions; for W+more jets too
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Backgrounds to New Physics

~0.7-1.2 TeV
“ATLAS Preliminary M et tod
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Stréhmer, WIN ‘07
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Ingredients for NLO Calculations

e Tree-level matrix elements for LO and real—em]ssm terms

knoun sine "80s v/ B N L R N
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o Singular (soft & gbllinear) behavior of tree-level amplitudes,
integrals, initial-state collinear behavior knoun sine "90s v
« NLO parton distributions kroun sinee “90s v
 General framework for numerical programs kgt sine "90s v
Catani, Seymou§{1996) [Giele, Glover, DAK (1993); Frixiongf Kunszt, Signer (1995)]

e Automating it for'general processes = Frederix’s talk
Gleisberg, Krauss; Seymour, Teulin; Hasegawa, Moch, Uwer; Eggllerix, Gehrmann, Greiner (2008)
one-loop amplitude

O< >0
o W+2jets (MCFM) — W+3 jets

Bern, Dixon, DAK, Weinzierl (1997-8); Campbell, Glover, Miller (1997)
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An experimenter’s wishlist
M Hadron collider cross-sections one would like to know at NLO

Hun |l Monte Carlo Workshop, April 2001
Single boson  Diboson Triboson Heavy flavour
W 4+ <55 WW + < 55 WWW + < 3j tt+ < 35
W+bb+<3] WWH+bb+<3j] WWW+bb+<3j tH+~v+<2j
WHee+<3) WWHeE+<3] WWWHy9v+<3j] tH+W+<2j
Z 4+ < 55 ZZ 4+ < 5j Zyy+ < 3j tt+ Z + < 2j
Z4bb+<3j] ZZ+bb+<3] WZZ+<3j tt 4+ H + < 2j
Z4ce+<3f ZZ+ce+<3j ZZZ+<3j th+ < 25
v+ < 5j vy + < Bj bb+ < 35
y+bb+<3j  yy+bb+<3j
v+ ¢+ = 3j vy + e+ < 3
WZ 4+ <5j
WZ+bb+
WZ + cc +
W~y +<3j
Zy+ <33

<
=
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37

Campbell
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Traditional Approach

 Picka process

e Grab a graduate s
e Lock him or her
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“Rather than learning how to solve that,sheuldn’t | be learning how to write
software that can solve that?”
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Industrialization

 Gain insight by thinking about computationz complexity
Don't get hung up about préfe wabout precise values of 1
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 Polynomial complexity scales well (example: Berends—Giele

recursion relations with caching=> Giele’s talk)
e Numerical evaluations€ritical to obtainmgthis scaling

 Extend polynomiial complexity to loops: use ntimerical

implementationt of on-shell methods

e For the future:
— Identical contributions: remove by symmetry (phase space)
— Correlated contributions: sum via Monte Carlo (helicities?)
~ Anticorrelated contributions: stme

eplicitly
~ Expansion in color orders: O(1) at leading color, O(1*) at next-to-leading
color
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e BLACKHAT Carola

Tevatron and LHC phenomeniology

Intelligent Automation

derger, Z. Bern, L. Dixon, Fernando Febres Cordero,

On-shell Methgd

Do analysis ¢

Do algebra numerically

C++ framewor > : organization,
integral basis, spinor products, residue ce ingredients,
caching

Thus far: gluon amp pairs + gluon amplitudes

— Daniel Maitre’s talk
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New Technologies: On-Shell Methods

_ Unitarity — uni

— Undetlying fie ;
e Formalism Known integral basis: 7//-",;,,‘.\-\\ \

Ampl =

On-shell Recursion;
Unitarity D-dimensional unitarity
via [ mass

jEBasis |
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Bern, Dixon, Dunbar, & DAK (1994)
together tree amphtudes

Generalized Unit__{ _ two amplitudes
— No tensor redtic \
I ); Brittoachazo, & Feng (2004)
o Basis set of integ % |)\\§ cuts: eoefficient given by
purely algebraic co ation); triangles; bubbles
— No higher-point integrals

 Rational terms from D-dimensional unitarity Bern & Morgan (1996);
Bern, Dixon, Dunbar, & DAK (1997); Anastasiou, Britto, Feng, Kunszt &
Mastrolia (2007); Giele, Kunszt, & Melnikov (2008)

Next-to-Leading Jet Pusics with Blade Hat, RADCOR, Ascona, October 25-30, 2009



4

Triangle and Bubble Integrals

o Triangle coefficientscan be extracted fromitriple cuts

them

- Compute usin

— Spinor residue extraction (Britto, Feng, Mastrolia)
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o Other groups pursuing complementary lines of attack for numerical
calculations within thedmitarity framewouk:
Ossola, Papadobpoulos, Pittau, Actis, Bevilacqua, Czakon,
Draggiotis, Garzglli, van Hameren, Mastrolia, Worek;
Ellis, Giele, Kunszt, Lazopoulos, Melnikov, Zanderighi;
Giele, Winter;
ents for analytic calculations of internal masses:
Anastasiou, Brittg, Feng, Mastrolia; Badger
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« To compute a physical cross-section, also need
— real-emission contributions
— subtraction terms
— Integration over pha
— Analysis package
Use SHERPA for these

« Standard CDF jet cuts
ES > 20 GeV; [n°] < 1.1

Y. > 20 GeV; m)Y > 20

o SIScone (Salam & Soyez), with R = 0.4
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W+3 Jet Production

40

- LO/NLO NLO scale dependence LO scale dependence
CDF /NLO

——
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Third Jet E. [ GeV |

 Reduced scale dependence atNEO~
e Good agreement with CDF data (arXiv:0711.4044)
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W+ 3 jets at the LHC: W /W™ Ratio

W + 3jets + X — W'/ W ratio

s = 14TeV
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W Polarization

L | | W+2 jet born
| BlackHat+Sherpa
— W

— (4 formulas)
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Radiation Between Jets: W+3/W+2-Jet Ratio

—- LO: (W +3jets+X) / (W +2jets+X )
— NLO: (W +3jets+X) / (W +2jets+X )

\s = 14TeV

BlackHat+Sherpa
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/. + Jets at Tevatron

BlackHat+Sherpa

e Reduced scale dependence

« NLO importance grows
with number of jets

i, =M, = 91.1876 GeV

P > 30Gev, 101 < 2.1

e el
E. >20GeV, In | <1

In?l<lor 12 <In”1<28

R = 07 [anti-ktl, AR, >0.7

Z+jet+X
- Z+2jets+X
Z+3jets+X
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/+3 Jets at Tevatron

120 160 200 240 280 320

— NLO parton

NLO hadron
= CDF dasga
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. BlackHat+Sherpa
R = 0.7 [anti-kt], ARe_]_el>0,7

—— LO/NLO _ NLO scale dependerice
LO scale dependence :
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« Phenomenologigally useful NLO parton-level calculations:
- W+3jets at Tevatron and LHC

- Z+3jets at Tevatre
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