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Three working groupsThree working groups 
1 NLO Multileg1. NLO Multileg

a. New approaches (to one-loop amplitudes) (Sessions I & II)
b. Improvements on standard techniques (Sessions I & II)
c. (N)LO event generators (Session I)

2. SM Handles and Candles 
a Comparison of existing tools for SM (Session I)a. Comparison of existing tools for SM (Session I)
b. Issues in jet physics (Session I)
c. Higgs production and backgrounds (Session II)

3 New Physics3. New Physics 
a. SUSY (Session I)
b. Beyond (instead of?) SUSY (Session II)

Plus “free-roaming” Monte Carlo group
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Plus free roaming  Monte Carlo group



WG3. New Physics 
[= SUSY for Session I]

G. Polesello for the conveners
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SUSY (cont )SUSY (cont.)
G. Polesello
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LHC Olympics + SM backgrounds =LHC Olympics + SM backgrounds  =
G. Polesello
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SUSY Renormalization GroupSUSY Renormalization Group 
Evolution Codes

Input:

+ fix some mSUGRA+ fix some mSUGRA 
parameters at weak scale

run couplings up torun couplings up to 
GUT scale and compare

modern codes now all inmodern codes now all in 
pretty good agreement, 
after much comparison
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More SUSY Tools

S L H h A d i t/ t t f t= Super-Les Houches Accord input/output format
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WG2. SM Handles and Candles
a. Existing tools

C. ButtarC. Buttar
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T ti M d l f th U d l i E tTesting Models of the Underlying Event
C. ButtarIn jet events (CDF R Field)In jet events (CDF, R Field)

Now studying UE in Drell Yan (T Todorov)
and in Z + 2 jets at D0 (H Nilsen)
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and in Z  2 jets at D0 (H Nilsen)



J. D’ Hondt

important SUSY background, missing ET, jets, ...
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WG2 SM Handles and CandlesWG2. SM Handles and Candles
b. Jets

Better, faster jet algorithms wanted
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Better flavor jetsBetter flavor jets
Less infrared sensitivity for jets with flavor (e.g., b jets)

Banfi, Salam, 
Zanderighi, 
hep-ph/0601139 

e+e- example p
based
on kT (Durham)
algorithmalgorithm
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Fast k algorithm (FastJet)Fast kT algorithm (FastJet)
Cacciari, Salam, hep-ph/0512210 

• Naively, cluster algorithms scale like N3

(~ N(N-1)/2 pairs at first step, ~ N clustering steps)

• N = 2000 10 s CPU time!
• But the hard part of the problem can be mapped• But the hard part of the problem can be mapped 

to a well-known problem in computational 
geometry with an N ln N solutiongeometry with an N ln N solution

• Roughly, only have to find “distances” from each 
particle to its “nearest neighbor” not to all otherparticle to its “nearest neighbor”, not to all other 
particles.
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Seeded cone algorithms are g
Infrared Unsafe

Salam intro.
Tevatron Run I

Run IIRun II
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Fast seedless cone algorithm g
(SISCone)

Salam, Soyez, 0704.0292 [hep-ph]

Seedless cones 
better theoretically, 
but computation time
was a possible issue,p ,
until SISCone.
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Salam
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All the jets you’ll ever want 
in one package

htt // d / h t /S t J t/S t J t ht lhttp://www.pa.msu.edu/~huston/SpartyJet/SpartyJet.html
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WG1 NLO MultilegWG1. NLO Multileg
J. Huston 
summarysummary

W(*)W(*) and Z(*)Z(*)

LO gg Z(*)Z(*)
presented by 

N. Kauer
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A day of showers (parton & H O)A day of showers (parton & H2O) 

should make it easier to
combine NLO calculationscombine NLO calculations
with parton shower MCs
(i.e., easier than adding 
processes to MC@NLO)

shower based on dipoles (like ARIADNE)

processes to MC@NLO)

shower based on dipoles (like ARIADNE) 
of sort used in newer NLO calculations

shower based on standard 
NLO subtraction method
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LO Matching Studies:
W l ijW + multijet events

S. Schumann. 
See also 
J. Alwall et al., 
0706.2569 
[hep ph]

except for
ARIADNE [hep-ph]ARIADNE
(ISR issues),
quite good
agreement
between 
different
matching 
prescriptions,
showers
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J. Huston 
summarysummary
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WG1. a,b:
One-loop amplitudes for NLO

G. Heinrich 
summary
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Fast recursive treesFast, recursive trees

0.00015   0.0005   0.003    0.015    0.085   0.45    2.25

BCF t i f tBCF twice as fast
using closed-form 
NMHV expression
(LD)
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(LD)



One-loop via unitarity-based methods:
Rely on a general decompositionRely on a general decomposition 

of 1-loop amplitudesp p
Boxes 0m 1m 2me

Bern, LD, Dunbar, 
Kosower (1994)

2mh 3m 4m

1 2 3

Triangles & bubbles

1m 2m 3m

“J t” d t k t th ffi i t f h i t l
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“Just” need to work out the coefficients of each integral



(Generalized) unitarity can be used to(Generalized) unitarity can be used to  
determine coefficients of integrals

• Boxes determined by quadruple cuts.
• Four constraints determine all four components of loop momenta 

coefficients obtained by simple substitution
Britto, Cachazo, Feng, hep-ph/0412103

SLAC ATLAS  6/27/07 L. Dixon                News from Les Houches 27



Numerical Implementation 
of These Methodsof These Methods –

Comparison: 6 gluons
Ellis, Giele, 
Kunszt

p g
• Time: 107 secs/10,000 events 

• All other PT-helicity combinations 
identical results (3+ 3 ) helicityidentical results. (3+,3-) helicity 
amplitudes checked for singular 
contributionsStill missing:

“ ti l t ” • 3.0* slower as 5 gluons

• 11.0*slower as 4 gluons

“rational parts”,
but this is ~1000
times faster than

• Increase in computer time is 
determined by growth of the 
number of coefficients.

previous 
“semi-numerical”
approaches

• This is still development code with 
lots of internal checks, the final 
code will be faster 

pp
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inclusion will double the cpu time



Rational PartsRational Parts
• Unitarity cuts are simplest to evaluate in four dimensions, because 
f i lifi i f h li i b i f i diof many simplifications from helicity basis for intermediate states.

• However, in this case rational parts are missed.
• Three basic ways proposed to recover rational parts:

• Feynman diagrams (many don’t contribute)
Xiao, Yang, Zhu, hep-ph/0607017; Binoth, Guillet, Heinrich, hep-ph/0609054
• Unitarity in D = 4-2ε      Bern, Morgan, hep-ph/9511336; 
Bern, LD, Kosower, hep-ph/9602280;                                                              
Bern, LD, Dunbar, Kosower, hep-ph/9611127; 
Brandhuber, McNamara, Spence, Travaglini, hep-th/0506068;
Anastasiou Britto Feng Kunszt Mastrolia hep-ph/0609191 hep-ph/0612277;Anastasiou, Britto, Feng, Kunszt, Mastrolia, hep-ph/0609191, hep-ph/0612277; 
Britto, Feng, hep-ph/0612089
• Recursive approach     
Bern, LD, Kosower, hep-th/0501240, hep-ph/0505055, hep-ph/0507005;, , , p , p p , p p ;
Berger, Bern, LD, Forde, Kosower, hep-ph/0604195, hep-ph/0607014;
Berger, Del Duca, LD, hep-ph/0608180  [Hgggg];
Badger, Glover, Risager, arXiv:0704.3914 [hep-ph]   [Hgggg];

All th th d ld d l t d/ t ti
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• All three methods could use more development and/or automation



Fully numerical methodsFully numerical methods

• It is possible to proceed fully numerically, 
e.g.     6-photon 1-loop amplitude,       γγ γγγγ

Nagy Soper hep ph/0308127 hep ph/0610028Nagy, Soper, hep-ph/0308127, hep-ph/0610028

• and  pp ZZZ    at NLO
Lazopoulos Melnikov Petriello hep ph/0703273Lazopoulos, Melnikov, Petriello, hep-ph/0703273

• Requires paying attention to the singularity structure of the      
l i t done-loop integrand

• Important to see if this technique can be extended to cases 
with additional partons in the final state
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Numerical stability 
& “double parton scattering”

Beginning with 2 4 processes, like γγ γγγγ or  gg γγγγ
through a quark loop.   Physical singularity when pT(γγ) 0.

γ

Nagy, Soper
γ γ

q q
γ γ

γ γ
q q

Binoth et al.,
(analytical)

Nagy, 
Soper
(numerical)(numerical)
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for more information see
http://lappweb.in2p3.fr/conferences/LesHouches/Houches2007/program07.html

(talks at beginning & end of sessions)

and
http://www lpthe jussieu fr/LesHouches07Wiki/index php/Preliminary Programmehttp://www.lpthe.jussieu.fr/LesHouches07Wiki/index.php/Preliminary_Programme

(wiki page with activities & talks during sessions; use “history” to get to Session I)
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Extra slidesExtra slides
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Tree-level on-shell 
recursion relations

Britto, Cachazo, Feng, hep-th/0412308, , g, p

[Off-shell antecedent: Berends, Giele (1988)]

An

An-k+1

An
Ak+1

A d A h ll li d i h f l

Trees are recycled into trees!

Ak+1 and An-k+1 are on-shell tree amplitudes with fewer legs,
evaluated with momenta shifted by a complex amount
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Trees are recycled into trees!



Loop amplitudes with cutsLoop amplitudes with cuts
Generic analytic properties of shifted 1-loop amplitude,           

Cuts and poles in z-plane:

But if we know the cuts (via unitarity in D=4),
we can subtract them:

full amplitude cut-containing partrational part p g pp

Shifted rational function
has no cuts but has spurious poles in zhas no cuts, but has spurious poles in z 
because of Cn:
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Revenge of the Analytic S matrixRevenge of the Analytic S-matrix
Reconstruct scattering amplitudes directly from analytic properties

• Poles

Reconstruct scattering amplitudes directly from analytic properties

• Branch cuts
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