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Resummation

Resummation implies accounting for a (logarithmically) enhanced subset of
terms at each and every order of the perturbative series, e.g.
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There are many ways in which Bryan has been involved in this. Among
them:

» Herwig & parton-shower development

» MCGOGNLO

» CKKW
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Resummation

Resummation implies accounting for a (logarithmically) enhanced subset of
terms at each and every order of the perturbative series, e.g.

[o¢]
V<l o(V)=oo) alln®V  +0(alln® V)
n=0 | cading Logarithms
There are many ways in which Bryan has been involved in this. Among
them:

» Herwig & parton-shower development
» MC@NLO
» CKKW

But usually, by “resummation,” we mean analytically extracting the
functions corresponding to Leading Logarithms (LL), NLL, etc.
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Why resummation is needed
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Why resummation is needed
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Many different kinds of resummation

To talk about enhanced terms at all orders, you need to pick out a physical
variable that is large or small and whose logs you sum.

There are quite a few options

» v < 1 where v = 1-Thrust, Broadening, etc.
deviation of events from perfect 2-jet nature

v

y < 1, where y is jet resolution parameter
jet rates, jet multiplicities, etc.

v

g1 < mpy/H,.. where g7 is Drell-Yan/Higgs transverse momentum
for helping discover the Higgs at LHC

v

x < 1, where x is fraction of parton's momentum carried by a hadron
Understanding hadron multiplicites, testing ideas like LPHD, etc.

v

x < 1, where x is fraction of proton's momentum carried by a parton
HERA physics, LHC moderate p;, heavy-ion collisions

v

1 — x <« 1, threshold resummation
Approaching the edge of Tevatron/LHC kinematic reach
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Bryan's first resummation paper

VOLUME 43, NUMBER 23 PHYSICAL REVIEW LETTERS 3 DEcemMBER 1979

Noncollinearity of Jets in Quantum Chromodynamics

P. E. L. Rakow and B. R. Webber
Cavendish Laboratory, Cambridge, England
(Received 5 September 1979)

Quantum chromodynamics predicts significant noncollinearity of two-jet processes,
resulting from recoil against gluons outside the jets. Jet angular radii measured in
cellinear experiments should therefore be much larger than those predicted by Sterman
and Weinberg. Exact calculations of this effect in first-order perturbation theory are
presented and compared with numerical estimates of nonperturbative contributions.
The result of resumming large logarithms to all orders is also presented.
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Bryan and “New Physics”

But 1979 wasn't just the year in which Bryan started doing resummations.

The same article also included his first work on new hypothetical particles,

specifically the fluon

angle A around the quark’s initial momentum. To
logarithmic accuracy, the transverse momenta
of emitted fluons are strongly ordered so that
only the first one can knock the quark out of the
cone. In the notation of Ref. 10, the improved
formula is therefore
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Two seminal final-state resummation papers

Physics Letters B 269 (1991) 432438
North-Holland

PHYSICS LETTERS B

New clustering algorithm
for multijet cross sections in e*e~ annihilation*

s. Canzm &1, Yu.L. Dokshitzer ¢, M. Olsson ¢, G. Turnock * and B.R. Webber *
University of Cambr Cambridge CB3 OHE. UK

e Sooned s, Largo Feemi 2, 1-50125 Florence, laly

© Leningrad Nuclear Physics Instiute, Gaichina, SU-188 350 Leningrad, USSR

© Department of Theoretical Physics. Universty of Lund, Solvegatan 144, $-22362 Lund, Sweden

Received 2 August 1991

Cross sstionsfor et s funcions of he et s parametst Y, a1 computed sconding (03 nw cusirig
atgorithm. T way thatjes
oo B )55 o et bt el e vty sqvred. Ui s g s maperorder
corrections at sl values of ya can asily be evaluated. Our calculations include resummation of leading and ne-to-cading
10garithms of yeu 10 all orders in QCID perturbation theory. This enables us o predict the je cross sections at small e for
arbitrary . Simple analytical resutsfor <5 are presented.

The k; algorithm
~ 680 citations
[see Yuri's talk]

Nuclear Physics B407 (1993) 3-42
North-Holland

Resummation of large logarithms in e* e~ event shape
distributions*

S. Catani !
Theory Division, CERN, CH-1211 Geneva 23, Switzerland

L. Trentadue
Dipartimento di Fisica, Universita di Roma II, Tor Vergata, 1-00173 Rome, Italy

G. Turnock
Cavendish Laboratory, University of Cambridge, Madingley Road, Cambridge CB3 OHE, UK

B.R. Webber 2
Theory Division, CERN, CH-1211 Geneva 23, Switzerland

Received 29 January 1993
Accepted for publication 27 May 1993

“CTTW”
~ 300 citations
[this talk]
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NLL event shape resummations

For example, thrust, heavy-jet mass, jet broadening, etc.

Calculation of R(v), probability that event shape has value smaller than v:

L=Ini,
v

R(v) ~ (1 4+ Gas)exp | Lgi(asl) + g(asl) +O (agL”_l) ,
—_—— —— L>1

LL NLL

Catani, Trentadue, Turnock & Webber '93

Their calculations of LL function gj(asL) and NLL function g»(asl)
held as state of the art for 15 years. J

Until N3LL thrust (except cusp) in Becher & Schwartz '08
& heavy-jet mass: Chien & Schwartz '10
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Some of the legacy of CTTW
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LEP a5 extractions from event shapes
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Recent event-shape as determinations

————

® (LEP: Abbate et al.)
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Recent event-shape as determinations
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Some of the legacy of CTTW

power corrections Qg measurements
Ca/Cr/Tr \ /

CTTW :

_____________
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Some of the legacy of CTTW

power corrections Qs measurements
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Some of the legacy of CTTW

power corrections Qs measurements

N3LL
Ca/Cr/Tr \ / /

CTTW|—: theory advances- — | DGE

pp dijets / / \
N
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7' Salallal "\" resummation
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Some of the legacy of CTTW

power corrections Qs measurements

N3LL
Ca/CF/Tr \ / /

CTTW|—: theory advances- — | DGE

pp dijets / / \
N

éi;h-e-r -;;r;;gS;;S- 1 Sudakov shoulders automatetd
7. ———— ..\.. resummation
DIS \ DY/H non-global logs
DY+jet / \
ete™ — 3jets superleading logs final-state BFKL
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Motivation for automation

Bryan and collaborators originally resummed T, my, By, Bt, C (twice),
y3 all for ete™ — 2jets About one paper per observable

After the first few observables it becomes technical rather than challenging,
especially for more complex observables (broadenings) and/or processes
(e.g. multijet). ..
cf. the eTe™ — 3jet series of papers by Andrea, Giulia, Pino & Yuri
or the DIS series by Mrinal & GPS

For LHC, can we get an expert system to do the
resummation for us?
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CAESAR flow chart

Computer Automated Expert Semi-Analytical Resummer
Banfi, GPS, Zanderighi '03-'05

START PR
t _
User supplies observable V( k ) ~ —_ e beme

and Born momenta

Determination of
leg properties
ag, by, dy, go(¢)
feq.(3.1)]

failure

Determination of

sufficiently soft and

collinear region for
subsequent steps

Continuously
global? [a
and eqs.

no

FAILURE
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CAESAR flow chart
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d Born mom
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Analytical Resummer
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Hadron-collider event shapes: what do we learn?

[Banfi, GPS & Zanderighi '10]

NLO+NLL (all uncert.)
NLO+NLL (sym. scale uncert.)
Herwig 6.5 — —
Pythia 6.4 virtuality ordered shower (DW tune)
Pythia 6.4 p, ordered shower (SOA tune) - - - - -

0.2

.,

0.1

l TEVATRON

Tevatron, 1.96 TeV
Py > 200 GeV, |Yjers| <0.7,nc =1
PARTON LEVEL NO UE

Tevatron at p; ~ 200 GeV is dominated by quark scattering
Monte Carlos and (Caesar NLL + NLOJet) agree well J
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[Banfi, GPS & Zanderighi '10]

NLO+NLL (all uncert.)

. NLO+NLL (sym. scale uncert.)
Herwig 6.5 — —
Pytnia 6.4 virtuality ordered shower (DW tune)
Pythia 6.4 p, ordered shower (SOA tune) - - - - -

03 |-

0.2 .

LHC 14 TeV

LHC, 14 TeVv
Py > 200 GeV, |Yjers| <1,nc = 1.5
PARTON LEVEL NO UE

0.1 1

LHC(14) at p; ~ 200 GeV is dominated by gluon scattering
Monte Carlos seem significantly harder than NLL+NLO
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First LHC results

Resummations are for ev. shapes
defined in terms of particles:

\\‘\\\‘\\\‘\\\‘\\\‘\\\\
anti-k;, R=0.5, P, '>60 GeV/c
CalodJets pT>30 GeV/c,|n|<1.3,#Jets=2
— Pythiaé
s Pythia8
---- Herwig++
-.- MadGraph+Pythiaé
----- Alpgen+Pythiaé
* Data

TJ_ X max E ﬁJ_J
iy

i€particles

S N
n
o
| L

First LHC measurements, from
CMS, are defined in terms of jets

TJ_ & max E 5J_7,'
n

" CMS preliminary 2010 N
\|§=7TeV,JJ1L =78 nb" i€jets
1210 -I%gt 6 4 2 Changes resummation dramati-
,.C
L cally (often — non-global).

cf Banfi, Dasgupta et al jet azimuthal decorrelations

But even with jet-based definition, & no resummation, first LHC
results show clear discriminatory power of event shape data. }
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Conclusions

To keep them short:

scope of resummation is not about
to be exhausted!
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Pictures of Bryan

Clearly much happier
15 years later!
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Pictures of Bryan

Wishing you
even more happiness

(and fun papers)
over the years to
comel!

Clearly much happier
15 years later!
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Figures from Abbate et al. thrust analysis
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