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ete” — 3]etsand event shapes

Classical QCD observable

® Testing ground of QCD in et e~ annihilation: perturbation theory, logarithmic
resummation

® Precise determination of o

® Current error on «s from jet observables dominated by theoretical uncertainty:
S. Bethke, 2006

as(Mz) = 0.121 + 0.001(experiment)+0.005(theory)

® theoretical uncertainty largely from missing higher orders

» NNLO corrections to the 3-Jet rate are needed !
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ete” — 3]etsand event shapes

Event shape variables

assign a number x to a set of final state momenta: {p}; — =

e.g. Thrustinete™
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® Dback-to-back (two-jet) limit: 7" =1
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Jetsin perturbative QCD

Partons are combined into jets using the same jet algorithm (recombination procedure)

in theory as in experiment

LO NLO NNLO
L each (\é 2 partons in %\’99 s 3 partons in
<Z [ == <28 /> <Zgla >
\ / parton 8 ,/ 1jet, 1parton 8,/ 1ljet, 2 partons
\ / \ / \ S /
\ / . \ / . \ / .
|/ forms 1 jet N experimentally N7 experimentally
on its own unresolved unresolved

Current state-of-the-art: NLO
Need for NNLO:

® reduce error on o

® Dpetter matching of parton level and hadron level jets
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Colour structure of NNLO 3-jet

Decomposition into leading and subleading
colour terms

2 2 1
onnLo = (N°=1)|N° Avnro + BnnLo + ~2 Onnveo + NNp DynLo
Np 2 4
+—N Ennrco +Ni FnnLo + Nr 5 N N ) GnNLO

® last term: closed quark loop coupling to vector boson, numerically tiny

(Zyen)
224 €

NF,’Y —

$ most subleading colour: Cxnro, Exnro, Fnnro, (GNNLO)
QED-type contributions: gluons — photons

® simplestterm: Fy 1,0, only 3 parton and 4 parton contributions
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ete” — 3Jetsat NNLO

Ingredients

$ Two-loop matrix elements

2 - - . .
|J\/l|2_|00p’3 partons explicit infrared poles from loop integrals

® One-loop matrix elements

explicit infrared poles from loop integral and
implicit infrared poles due to single unresolved
radiation

2
|/\/l|1-loop,3+1 partons

O Tree level matrix elements

M2 implicit infrared poles due to double unresolved

Infrared Poles cancel in the sum

L I

Divergencies extracted before the jet algorithm can be applied
— Subtraction formalism needed Statusof eT e = — 35 at NNLO - p6



NL O Subtraction

Structure of NLO m-jet cross section (subtraction formalism):
Z. Kunszt, D. Soper

S %
/ doxro + / donro
d®,, 41 d®.m,

donro = / (dJJJ\%ILO - do—]%LO) +
d®,m 41

S . R
®$ doy,;,: local counter term for dotl;

® doll, , —doy, o free of divergences, can be integrated numerically

General methods at NLO

® Dipole subtraction
S. Catani, M. Seymour; NNLO: S. Weinzierl

® £-prescription
S. Frixione, Z. Kunszt, A. Signer; NNLO: S. Frixione, M. Grazzini

$ Antenna subtraction
D. Kosower; J. Campbell, M. Cullen, N. Glover; NNLO: this talk
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NL O Antenna Subtraction

Building block of da]%LO: NLO-Antenna function X,?jk and phase space dCDXZ.jk

dO-JSVLO =N Z Z dq)m(pla"'aﬁfaﬁKa"'apm—Fl;Q) dq)ka(p’L;pjapkaﬁf +ﬁK>
m—+1 3

X Xzogk: |Mm(p1,. . PI,PK - - - 7pm—|-1)|2 anm)(plj,, s PIsPK - - - ,pm_|_1)

Integrated subtraction term (analytically)
Mo |2 IS dCDm/dCI)Xijk X0

. - V
can be combined with doy o
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NNL O Subtraction

Structure of NNLO m-jet cross section:

_ R S
donnrLOo = / (dGNNLo - daNNLO)
APy, 42
V,1 Vs,1
+/ (dUNNLO do NNLO)
d®yy41

S VS,1
+/ dUNNLO +/ do'ynro +/ don'NLO >
d®,, dCI)m+2 dCI)m_|_1

S . - - - R
» dUNNLo- real radiation subtraction term for dUNNLo

V,1

® doV%1 - one- loop virtual subtraction term for do /',

INNLO"
® do

NNLO . two-loop virtual corrections

Each line above is finite numerically and free of infrared e-poles — numerical programme
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Double Real Subtraction

Two colour-connected unresolved partons

X0, =g My
ijkl — z’jkl,ILW
L

ddy
dq)Xz‘jkl - ?2

Phase space factorisation

d®m42(p1s- - s Pm+2;9) = dPm(p1,. .-, P1,PLs - - - s Pm42; )AL X, ., (Piy Pjy Py DI DT+ PL)
Integrated subtraction term (analytically)
Mo |2 IS dCIDm/dCDXijM X0~ (Mo |2 5 d@m/dcb4|M§jkl|2

Four-particle inclusive phase space integrals are known

T. Gehrmann, G. Heinrich, AG
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Numerical | mplementation

Parton-level event generator

Starting point: eTe~ — 4 jets at NLO (EERAD2: J. Campbell, M. Cullen, N. Glover)
® contains already 4-parton and 5-parton matrix elements
® is based on NLO antenna subtraction
additions:
® NNLO subtraction terms (5-parton channel)
® 1-loop-single unresolved integrated subtraction term (4-parton channel)
® 2-loop matrix element (3-parton channel)
checks:
® independence on phase space cut g
® |ocal cancellations along phase space trajectories

® cancellation of infrared poles
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Thrust distribution

NNLO expression for Thrust

(1-1T)

1

O-had d_T

do

(52) )+ (£2)" (B(r) - 24(7))

+ ((2);) (C(T) — 2 B(T) + 1.64 A(T))

with LO contribution A(7"), NLO contribution B('T")

R.K. Ellis, D.A. Ross, A. Terrano
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Results

NNLO coefficient C'(T") of thrust

T. Gehrmann, E.W.N. Glover, G. Heinrich, AG
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Conclusions

» Antenna subtraction method at NNLO

® Dbuilding blocks of subtraction terms: 3 and 4 parton antenna functions,
derived from physical matrix elements

® subtraction terms correctly approximate the full | M |? (double real,
one-loop/real) in all unresolved limits

» Appliedto ete™ — 35 at NNLO

# implementation completed and checked
® first results obtained for NNLO thrust distribution

® ongoing: verification and production of high-precision results

» Outlook

#® implementation of all event shapes and o3

® NNLO determination of a5 from event shape data
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