
Good Things Come to 
Those Who Weight

Jesse Thaler (Berkeley)

Eštvšs-Cornell Summer Workshop on Particle Theory

June 25-29, 2007



BSM in Pre-LHC Era 
All of us have gone (at least)

Òone-stepÓ closer to experiment.

More papers have a ÒSection 6Ó.
1. Introduction  2. Toy Model  3. Actual Model

4. Crucial Calculation 5. Experimental Constraints
6. LHC Phenomenology  7. Conclusions. 

Some of us have even made
practical contributions....



BRIDGE:
Branching Ratio Inquiry / Decay Generated Events

(What BSM theorist in their right mind would want to
write C++ code wrapped around a Fortran engine?)

  cout << "Now computing the widths: \n" ;
  bri.computeAllWidths();
  cout << "Writing decay table.\n" ;
  bri.writeBRTable();
  bri.writeSLHAtable(slhaout);
  cout << "Debugging steps: reading back in table.\n" ;
  bri.readBRTable();
  cout << "Listing final branching ratios:\n" ;
  for ( int  j = 0; j < bri.allModes.size(); j++) {
    cout << "Mode #"  << j << ": "  << testparticle << " -> "
     << bri.allModes[j].dm->ListDaughters()[ 0] << " "
     << bri.allModes[j].dm->ListDaughters()[ 1] << " "
     << "BR: "  << bri.allModes[j].branchingRatio << "\n" ;
  }

Patrick Meade & Matthew Reece, hep-ph/0703031



MARMOSET:
Mass And Rate Modeling in On-Shell Effective Theories

Nima Arkani-Hamed, Bruce Knuteson, Steve Mrenna,

Philip Schuster, Natalia Toro, JKT, Lian-Tao Wang

hep-ph/0703088      www.marmoset-mc.net

   // input model
   vector<string> inputFiles;
   inputFiles.push_back(ioStem + modelEnd);
   cout << "Inputting model from  "  << ioStem + modelEnd << endl;
   Model* myModel = new Model(inputFiles);
   assert(myModel->checkForCompleteParticles());
   myModel->setIFSR(IFSRQ);
   myModel->setMultiInt(multiIntQ);

      
   // generate pythia files
   Process* myProcess = new Process(parseString, myModel);
   myProcess->generatePythiaFiles(ioStem);   
   if  (useMadGraph) myProcess->generateMadGraphFiles(ioStem,MGLevel);
   cout << myProcess->parseString() <<endl;

http://www.marmoset-mc.net
http://www.marmoset-mc.net


L SM

LHC
Data

109 Hz (102 Hz to tape) 10-2 Hz? (10? Hz to tape)

E. Kolbert, New Yorker:  Ò...like Þnding a needle in a needle factory.Ó

L BSM

¥ Jets/Jet DeÞnitions

¥ Parton Shower / Matrix
Element Merging

¥ Low Multiplicity NLO 
Monte Carlo

¥ High Multiplicity NLO 
Calculation

¥ Coding SpeciÞc Models in
Tree Level Monte Carlo

¥ EfÞciently Scanning Large
Classes of Models

¥ Comparing Uncertain Data
to Unknown Models

¥ Lifting Degeneracies



L

LHC
Data

BSM



Can di date LHC Excess

Comp ell ing Exp lanation

0910.xxxx [hep-ex]
1002.xxxx [hep-ph]
1007.xxxx [hep-th]



L
OSET

! !LHC
Signatures

On-Shell Effective Theories:  A model-agnostic
characterization of LHC data with real physics meaning.

Characterize New Physics in
Terms of Production/Decay

Topologies, Rates, and Masses

Can di date LHC Excess

Comp ell ing Exp lanation

0910.xxxx [hep-ex]
1002.xxxx [hep-ph]
1007.xxxx [hep-th]



EfÞcient BSM Monte Carlo

! , Brm

MC pre-MC

vs.

Mass And Rate Modeling in On-Shell Effective Theories

hep-ph/0703088      www.marmoset-mc.net

not easily
reusable,

slow

semi-reusable,
slow

simple
reweighting

MC

Nima Arkani-Hamed, Bruce Knuteson, Steve Mrenna,

Philip Schuster, Natalia Toro, JKT, Lian-Tao Wang

L BSM

http://www.marmoset-mc.net
http://www.marmoset-mc.net


L SM

LHC
Data



M. Peskin:  Ò...too important
to be left to the experts.Ó

Can di date LHC Excess

Backgrou nd Val idation

ATL-BKGD-2008-xxx
CMS-BKGD-2008-xxx
LHC-SMWG-2009-xxx



Can di date LHC Excess

Backgrou nd Val idation

(But no BSM theorist in their right mind would
want to write TWO C++ programs? Right? RIGHT!?!)

If nothing else, street cred.

Any analytic progress will (eventually) require
practical tools for experimentalists to use.

M. Peskin:  Ò...too important
to be left to the experts.Ó

ATL-BKGD-2008-xxx
CMS-BKGD-2008-xxx
LHC-SMWG-2009-xxx



The Analytic Parton Shower
Christian Bauer, Frank Tackmann, JKT

 À RIP JKT:
Model Builder,
2002-2007 ?

http://lbl.jthaler.net/BTT/html/

http://lbl.jthaler.net/BTT/html/
http://lbl.jthaler.net/BTT/html/


Good Things Come To Those Who Weight
or, Those Who Weight Come To Write C++

L SM

L BSM

How best to capitalize on speed of Parton Shower?

|M BSM |2
mi

! , Br

Fast Detector Simulation

$$
$

$$$

$$$$

|M LO |2 |MNL O |2$$$$ $$$$$

Parton Shower $$

Full Detector Simulati on $$$$$$$ááá



Current Uses of Reweighting
by Experimentalists
¥ NLO K-factors

¥ PDF Uncertainties

¥ Object IdentiÞcation/Fake Rates

¥ Trigger EfÞciencies

Parton Showers are treated as blackboxes to tune.
Use different showers (i.e. Pythia vs. Herwig) to understand systematics.

Vista (Knuteson, et al.) uses reweighting to Þnd the
best global Þt of the Standard Model to CDF data.
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Parton Shower Review
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EB after Þrst split ! EB after second split?
Energy/momentum conservation?

Parton Shower Review
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Parton Shower Reweighting?

Generated
Event Weight

= 1
Improved

Event Weight
=

d! im pro ved
2! 4

d! 2! 4

dσ2! 4 = dσ2! 2 ! f (EB "= E "
B)

! dP1! 2(Q2
split , zspl it )

! dP1! 2(Q"2
split , z"

split )

If fudge factors used to restore energy/momentum 
conservation are not known, no way to reweight

events from Parton Shower to different distribution.



{ Q2, z} ! { Q2, cos! }

The Analytic Parton Shower
Christian Bauer & Frank Tackmann, arXiv:0705.1719

z vs. cos !  difference is higher order effect.
Calculate four-vectors after shower is complete.

!

Mother Rest Frame Lab Frame

cos !  is rest frame angle between mother boost axis and 
daughter three-momenta, calculated for massless daughters.
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Analytic algorithm

SherpaÕsalgorithm
Reweigh ted



Use Analytic Parton Shower as efÞcient mapping
of phase space with singularities of QCD built in.

Strategy for SM Backgrounds

¥Reweight to Anything!
(Different Parton Showers, Tree Level Matrix Elements, 
NLO Matrix Elements, PS x ME, etc...)

¥Generate Events using Analytic Parton Shower

¥(apply pre-weighting, if desired)

¥Pass Events through Detector Simulator

Because simulation is a linear operation, we can...



SARGE algorithm (Draggiotis, van Hameren, Kleiss)
also distributes events according to QCD singularities.

But parton shower captures...

Is this actually novel?

¥ QCD singularities

¥ Sudakov factors (which regulate singularities)

¥ Approximate ratios of different jet multiplicities

¥ Approximate ratios of different jet ßavors (Crucial!)

¥ Running " s (if desired)

Potential for much higher Monte Carlo efÞciencies.



¥ARIADNE (Lonnblad & Pettersson)

¥VINCIA (Giele, Kosower, Skands)

¥Nagy & Soper, arXiv:0706.0017

Dipole Showers?
Dipole showers (i.e. 2# 3 instead of 1# 2)

already conserve energy/momentum.

Dipole showers have the right analytic properties for 
reweighting, but bookkeeping is more cumbersome.

In principle, possible to reweight Analytic Parton Shower to 
Dipole Showers, but bookkeeping again an issue.



L SM

LHC
Data

⇔⇔ LHC
Background

Studies

Standard Model
Predictions

in Any Form

Use Analytic Parton Shower as ÒGridÓ for Systematic 
Improvements in Standard Model Predictions

Anal ytic
Parton
Shower



Technical Problem

While the Bauer/Tackmann Parton Shower does not
have Òdead zonesÓ it does over-count phase space.

(Issue for all Parton Showers.)

PS(Q2
i , cos! i ) |M| 2(pj )

Unique

Not Unique



ÒWhy not use the MadEvent philosophy
with the ALPGEN engine?Ó

From BT to BTT

MadEvent philosophy (Maltoni & Stelzer):  
Divide and conquer.  Cover phase space

multiple times but keep track of pseudo-weights.

ALPHA algorithm (Caravaglios & Moretti):  
Convert any sum over all trees (N!) into

numerical solution to equations of motion (2N).

A new application of two elegant methods.



To get normalization, calculate $" i.  Take advantage of ALPHA 
algorithm by constructing pseudo-Lagrangian based on " i.

(ALPGEN uses QCD Lagrangian, which is overkill for our purposes.)

MadAlpha Trick

× ! 1

! 1 + ! 2
!

! 2

! 1 + ! 2

Same four-vectors, different shower histories.

Pick any " i that is uniquely determined by parton shower history.
(MadEvent uses |Mi|2 ; not gauge-invariant, but does the trick.)

Z = ! ! ab! a! b ! Dabc! a! b! c + Ja! a

!

i

" i = lim
Ja ! 0

dnZ
dJ1dJ2 ááádJn
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e+ e− ! 3j

over-counting
corrections <1
(as it must be)

over-counting
not a large effect
at low multiplicity



<event>
 9 999 0.0464241 -1 -1 -1
  11  -1   0   0    0    0    0.00000000    0.00000000  500.00000000  500.00000000    0.00000000 0. 9.
 -11  -1   0   0    0    0    0.00000000    0.00000000 -500.00000000  500.00000000    0.00000000 0. 9.
  23   2   1   2    0    0    0.00000000    0.00000000    0.00000000 1000.00000000 1000.00000000 0. 9.
   3   1   3   0    0    0 -156.04552284  232.04774161  413.92630078  499.53112222    0.00000000 0. 9.
  -3   1   3   0    0    0  156.04552284 -232.04774161 -413.92630078  500.46887778   30.62279494 0. 9.
  -3   1   5   0    0    0   12.37745327  -16.09513634  -30.60196920   36.72513147   -0.00000048 0. 9.
  21   1   5   0    0    0  143.66806957 -215.95260527 -383.32433159  463.74374631   29.06332947 0. 9.
  21   1   7   0    0    0   16.54020414  -14.70323837  -23.23813570   32.09010007    0.00000162 0. 9.
  21   1   7   0    0    0  127.12786543 -201.24936690 -360.08619589  431.65364624    0.00000661 0. 9.
</event>

Status Report
Project BTT already generates events, handles overcounting, 

and reweights to MadGraph matrix elements...

...but is it actually doing anything sensible? 

e+ e! ! n jets

pp ! n jets

:   September 2007?

:    WeÕll need lots of help...
(Pythia 8, Sjšstrand?)



Long Term Vision

¥ To more efÞciently calculate tree-level multi-jet 
differential cross sections.

¥ As alternate method to do Parton Shower / Matrix 
Element Matching

¥ As alternative to MC@NLO

¥ To study systematics of Parton Shower at TeVatron 
and LHC

¥ As practical interface between precision QCD 
theorists and experimentalists

We want to use Analytic Parton Shower...



I am not a precision QCD theorist; I am a BSM theorist.

Any strategy for understanding BSM physics
must take into account SM backgrounds.

The Analytic Parton Shower offers coherent vision for systematically
(and efÞciently) improving SM predictions in Monte Carlo form.

Alas, to realize this vision involves C++ coding.

L SM

LHC
Data

L BSM
109 Hz (102 Hz to tape) 10-2 Hz? (10? Hz to tape)



Backup Slides



m ! Br |M| 2

Characterize New Physics In Term of 
Production/Decay Topologies, Rates, and Masses

MC:

On-Shell Effective Theories

Adj

t
t

Ne

Adj Ne

t
t

New Physics Properties:

mAdj , mNe

! (gg ! Adj Adj )

Br(Ad j ! t t Ne)

use|M| 2 ! 1

no off-shell states
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