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Revolution in Experiment!!?
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Gowgle "artificial neural network"

Web Images Books Videos News More ~ Search tools

About 3,830,000 results (0.44 seconds)

Scholarly articles for "artificial neural network"” &
Artificial neural network - Wang - Cited by 50

Artificial Neural Network Modeling of the Rainfall- ... - Hsu - Cited by 1060
... load forecasting using an artificial neural network - Park - Cited by 866

Artificial neural network - Wikipedia, the free encyclopedia 2
en.wikipedia.org/wiki/Artificial_neural_network ~ Wikipedia ~

An artificial neural network is an interconnected group of nodes, akin to the vast
network of neurons in a brain. Here, each circular node represents an artificial ...
Biological neural network - Types of artificial neural ... - Neural network software

Images for "artificial neural network" Report images
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GO USIC "boosted decision tree"

Web Videos Images Shopping News More ~ Search tools

About 19,200 results (0.28 seconds)

Gradient boosting - Wikipedia, the free encyclopedia €2
en.wikipedia.org/wiki/Gradient_boosting ¥ Wikipedia ~

Gradient boosting is a machine leaming technique for regression problems, which
produces a prediction model in the form of an ensemble of weak prediction ...
Informal introduction - Algorithm - Gradient tree boosting - Regularization

Decision tree learning - Wikipedia, the free encyclopedia €2
en.wikipedia.org/wiki/Decision_tree_learning ¥ Wikipedia ~

Decision tree learning uses a decision tree as a predictive model which maps
observations about an item to conclusions about the item's target value. It is one of ...
Predictive analytics - Classification chart - C4.5 algorithm - ID3 algorithm

[PPFIBoosted decision trees, a powerful event classifier - Curtis...




GOUSIC

"matrix element method"

Web Shopping Videos Images News More ~ Search tools

About 27,500 results (0.24 seconds)

The Matrix Element Method and its Applicationto ... €2
arxiv.org» hep-ex v arXiv -

by F Fiedler - 2010 - Cited by 32 - Related articles

Mar 5, 2010 - In addition, we show how the Matrix Element method is suitable to
reduce the dominant systematic uncertainties related to detector effects, ...

The Matrix Element Method: Past, Present, and Future %
arxiv.org» hep-ph v arXiv -

by JS Gainer - 2013 - Cited by 7 - Related articles

Jul 12, 2013 - Abstract: The increasing use of multivariate methods, and in particular the
Matrix Element Method (MEM), represents a revolution in ...

PPl 4. The Matrix Element Method - II. Institute of Physics €2




e Google likes Neural Nets!!!

e My impression is that
In terms of use

Neural Nets > BDT >> MEM

So why am I giving you a talk about the MEM? |
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['Pm going to answer backwards, by starting with
what these methods have in common:

{They are all attempts to calculate a good variable
for distinguishing between hypotheses.

Often these hypotheses are

L

signal + background
iR

-




likelihood ratio

Actually Neyman
and Pearson were
roughly the same
age. Google works
IN mysterious
ways...
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The Neyman-Pearson Lemma suggests that we should use
a likelihood-like variable in our analyses

Likelihood and probability are the same function with a ‘
different choice of dependent and independent variables,
so in particle physics, the likelihood is...
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The Neyman-Pearson Lemma suggests that we should use
a likelihood-like variable in our analyses

Likelihood and probability are the same function with a ‘
different choice of dependent and independent variables,
so in particle physics, the likelihood is...

f1(z1) fo(z2)

28Tr1T2

: 1
P(p)®la) = G—/da: dzo
(@)

|Ma(p:)? T] T(P; — py'S)

3
(2m ) 2E; 1EVIS

Leflnal

the differential cross section normalized by
the total cross section

LS
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Let’s look at this expression more closely...

f1(z1) fa(z2)

28Tr1T2

: 1
P(p; ") = U—/d-’Dld-’B
(0}

(27r>32E \

Leflnal

| Sguared matrix element:
| where the “Matrix Element Method”
gets its name

Once upon a time these were hard to calculate, but
much, much progress in recent years
(see any talk at MC4BSM!)

LS
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Let’s look at this expression more closely...

f1(z1) fa(z2)

28Tr1T2

- 1
P(p; ") = U—/d-’Dld-’Bz
(0}

3

L 1 / (271')32E,,; e

efinal

Transfer function: parametrizes
detector resolution

A bigger deal for jets than leptons...
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Let’s look at this expression more closely...

f1 (w1)f2$2)

: 1
PP "®la) = U—/d-’vld-’vz

2

A [ (271-)3 OF; o (pz) | (pz P; )

refinal 1EVIS

Need to integrate over phase space

Note that we integrate over ALL
final state particle momenta

Visible final state particles:
integrate over transfer functions

integrate over missing momenta
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Main Reason: Integrating over transfer functions
(and accurately parameterizing detector response in terms
of transfer functions) and invisible particle momenta can be
very challenging.

Reducible backgrounds are especially tough as are final
states with many invisible particles.

In these situations it may be much easier to get a pretty good

TGS

variable by using machine learning techniques on Monte Carlo data

e e S




NLO/ Additional Radiation
e Another challenge is incorporating the effects of additional
radiation and/or other higher order corrections

Much theory work to address this question:

(Alwall, Freitas, Mattelaer, 2010)

(Campbell, Giele, Williams, 2012),
(Campbell, Ellis, Giele, Williams, 2013),
(Williams, Campbell, Giele, 2013), ...
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Wﬁ;Use the MEM? |

(Beyond Neyman-Pearson optimality)

| think the biggest motivation is physical transparency

physics

It’s easy to understand where sensitivity comes from
when the discriminating variable is calculated
(more or less) analytically

e R e, TR




Example of Physical Transparency

: Higgs to Four-Leptons




Background: H = ZU)\1 20, — 4 ¢

AN==£2: A2 =201+ BiB),
1

- BEt B _ g oos JG, Kumar, Low, Vega-Morales, 2011
i |(Goon 1+ B2 ) —zae ( 9 )

~(AGAN) (8 — B2)z — 220s© — (ATAN) (1 _Bi+h t B )mz]

AN— %1 : A% —

32 = —s [(@oan (14 252 — 2000 Helicity amplitudes
—(AcAN) (85 — B7)z + 2z cos © — (AcAN) (1 - W):ﬁ] for arbitra rily Off-
| Al = (- Ab)cn€ Mol +Aif)e shell Z bosons

87 = 2viy2cosO| (1 —z)B: + (1 + z)B2) lﬁiﬁ; — (14 563)

TABLE 8
Coefficients for the helicity amplitudes for the processes

e'e »ZZande*e = Zy On-She" Z
Aho) o, B, bosons

(+F) -V2(1+B?) V2
(+0) y [A0-AX(1 + B?) — 2cos O) - -
=) y~'{40-AX(1 + B2) - 2cos 8] 2r(cos© + Ao - ;) (Hagiwara, Hikasa,

(++) ~y %cos® r’(cos® + 4o - 1) Peccel, Zeppenfeld,
(00) -2y %cos® 1 986)

|AA| = 2 amplitudes dominate for large invariant mass
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Signal: H = Z0x Z0h2 — 4 1

- (@ VTF o+ 0™ ) Spin-Zero

mX
T
m
2
T

Only IAAI = 0 amplitudes

(Bolognesi, Gao, Gritsan, Melnikov, non-vanishin
Schulze, Tran, Whitbeck, 2012) 0 anis 9

See also (Gao, Gritsan, Guo, Melnikov, CP odd (a3): A++ = - A-.
Schulze, Tran, 2010), (De Rujula, Lykken,

Pierini, Rogan, Spiropulu, 2010)

CP-even (a1, a2), A++ = A- -




Hea\;; Higgs Punchline
For heavy Higgs*,

different helicity structure of
H—ZZ amplitudes drives sensitivity

Integrated Luminosity: 7.5fb!

(JG, Kumar, Low, Vega-Morales, 2011)

* >
Eil =180 GeVJ
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Folur-Lepton Invariant Mass, 7 TeV (2e2u LO SM Background

For mg around 125 GeV,
the irreducible background
is mostly Zy*

(Avery, Bourlikov, Chen, Cheng, Drozdetskiy, JG,
Korytov, Matchev, Milenovic,
Mitselmakher, Park, Rinkevicius, Snowball, 2012)

50 100 150 200 250 300 350 400 450 500
my, in GeV

Signal is still Z*, since HZZ
coupling is tree level
(Higgs mechanism, Z mass)
Different propagator structure
for signal and background I

drives sensitivity ‘o""oé_{"b?z‘"'o.s'"b.i"b.é"b.é"b.%"b.é"b.é"';1

Background fraction

e o ¢

Signal fraction




Transparent Physics

The Matrix Element Method works well both a heavy Higgs and
for the 125 GeV Higgs

Heavy Higgs: Sensitivity Driven by Differences in Helicity
Amplitudes, which reflect spin, CP properties of Higgs

125 GeV Higgs: Sensitivity from different propagator structure,

ultimately because signal involves the HZZ
vertex predicted by the Higgs mechanism

Physics reasons for ability to discriminate
signal and background

Straightforward to connect with the (MEM) analysis

poste s GRS S




Transparent Physics

CMS Phys.Lett. B716 (2012) 30-61

s

T S P
0 ‘ - = 0

100 110 120 130 140 150 160 170 180 100 110 120 130 140 150
my, (GeV)

160 170 180
my, (GeV)

MEM: Not just a theoretically nice analysis framework

Actually used in Higgs discovery (MELA)

Subsequent studies of properties (MELA, MEKD, etc.)

Feasible Analyses




Measuring (Higgs) Properties




Measuring (Higgs) Properties

The set of four-point interactions involving one or several Higgs fields is deduced from

?f (1) 4 (2) 2 1 a g2 1, v g 2
h k0, hd"h ~ =g, WC;“ GL R ~ -g,,._wa“,Ca h

Much theoretical effort to
parameterize Higgs couplings ‘*=-lseg~~~ +29~~ O R 58
F, PP h? - ggk.,,,a.,F“"h? : ‘,'_’,_Z,.,Z“"h’—ggM,,Z,wZ“"h?

- ggu.

' I .
Wlth great genera ty . %gl?‘f Z a“zwh2 4 19[3] Z ZhRE _ligltf pr,wh'z _ }igm.mztwpuuh'z
A Al 1 gty W" R ig,\., JWEWE R

. = 29 wha
Lagrangian on right only part L oW 4 e + L e Wi — il W
of general EFT Lagrangian + [f-gw,ww,, Wih t he] +igl AW 0 - wm
+ig W Wik 4 i if-‘,,,,WWA,,uq:Mh.c.]

considered in - |
ig®) W Z,Wlh + h.c.
(Alloul, Fuks, Sanz, 2013)! R W_ ,93, 2, s e

~ig® ZW,W! [werh 0" 0°h]

[ [uPnu]h + Ja—= \/5 [dPpdh* + jr—= \/5 [€Ppi h* 4 h. c]

They created a FeynRules [gh Pt o Peluzh - a2, + SPe) iz
model file for the Lagrangian. -w% Py + 0 PR) 2, — 9 g1 PL |02,

" [924Ps + 9\5.PR| AW, + 59" [guePr| €W,k 4 b

g\ [av" Puu| + g%, [dv* Prd| + g [Ev" Put] + hc.

One can use it and, e.g.,
MadWeight to measure
couplings from MEM
likelihoods in this framework

ghon ™ Pnu] + ghe J‘y“”Pnd} + Gt [f-'.v“"Pnf] + h-c.

iy
uy

iy (g0 Py + 9\ PR dW,, + gl v PatW,, + hc.

uTa'yuvPRu] + gi(:.:s [d-T a;yﬂVPRd] + h.c.] Gh ,
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Measuring (Higgs) P?oaérties

® Parameterization for measurement in individual channels
(or a set of channels)

e Tension between few parameters (stronger experimental
statements) and many parameters (more generality,
fewer assumptions)

-

l




Measurinz (Higgs) P?ob-;rties

In (JG, Lykken, Matchev, Mrenna, Park, 2013), we pointed

out that with minimal assumptions (reality of couplings),

measuring the coefficients of three important operators
only involves 2 parameters (besides the overall rate):

Can “geolocate”: map to the surface of a sphere

(for visualization, etc.)




Measuring (Higgs) Properties

In (JG, Lykken, Matchev, Mrenna, Park, 2014) we considered
the consequences of including all 5 lowest dimensional
operators for coupling a scalar, H, to Z bosons

Cross Section for 2e2u Final State without Cuts

1000
Four-Lepton Invariant Mass (GeV)

M} )
LD kO = —m—2HZ,2" — 2HF,F* - “2HF, "

=1

K,4M% 2!65

poy 45 i
+ 32y D22 + “FHZ,02"
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Dealmg with Many Parameters

As we get more data, we may want to relax assumptions,
move to higher dimensional parameter space

In (JG, Lykken, Mrenna, Matchev, Park, 2014), we studied
the use of reweighting to help manage these larger parameter spaces

c
Oo.
=
©
N
©
0.
£
o
c
—
=o.
=

See my MC4BSM talk
| yesterday or drop me
"’ a line...

Reweight factor R

Reweight factor R
3 3

Reweight factor R

30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40
M,, [GeV] M,, [GeV] M, [GeV]







Tools for Higgs — Four Lepton MEM

JHUGen: Code (Fortran/ Mathematica) to calculate signal matrix elements following (Gao,
Gritsan, Guo, Melnikov, Schulze, Tran, 2010), (Bolognesi, Gao, Gritsan, Melnikov, Schulze, Tran,
Whitbeck, 2012). Background using MC4BSM. Used for MELA analyses:
http://www.pha.jhu.edu/spin/

(mostly Blue Jays)

MEKD: Code to calculate signal and background matrix elements using standalone code from
MadGraph (Avery, Bourlikov, Chen, Cheng, Drozdetskiy, JG, Korytov, Matchev, Milenovic,
Mitselmakher, Park, Rinkevicius, Snowball, 2012), (Chen, Cheng, JG, Korytov, Matchev,
Milenovic, Mitselbakher, Park, Rinkevicius, Snowball, 2013),

CMS folks: ask about internal CMS version...
http://mekd.ihepa.ufl.edu
(mostly Gators)

Totally analytic approach including integrating over (Gaussian) transfer functions,
(Chen, Di Marco, Lykken, Spiropulu, Vega-Morales, Xie, 2014),
(Chen, Di Marco, Lykken, Spiropulu, Vega-Morales, Xie, 2015)
(mostly Beavers)

R




o MadWeight is a very general tool for calculating
MEM variables (weights)

e Built on and seamlessly integrated into MadGraph

(Artoisenet, Lemaitre, Maltoni, Mattelaer, 2010)
(Artoisenet and Mattelaer, 2008)
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Generate new MadWeight directory from the
command line interface...

MG5 _aMC> import model mssm

MG5 aMC> generatepp>titi~, (1 >tnl,(t>W+ b, W+
> e+ ve)), (t1~ > t~ n1, (t~ > W- b~, W- > e- ve~))

MG5 aMC> output madweight leptonic _stop decays




Set options (especially
LHCO input file,

number of events to
consider, and

integration options in

MadWeight_card.dat

800 " [\ emacs@rhel6-64¢
File Edit Options Buffers Tools Help

e ax = ¥ EBEBEAS ™ E

|| BEHBHBHBR BB BB BB BB BB BB BB SH R R R BRR
## ##
## Madweigth ##
## ##
## ##
## ##
## ##
## ##
## ##
## Author: Mattelaer Olivier (UCL-CP3) ##
## Artoisenet Pierre (UCL-CP3) ##
## ##
## Version: 5.0.0 ##
## Last change: 01/10/14 ##
## ##
R R R R R R R R R R R R R R R R R R A R
## ##
## This Card defines all specific parameters of Madweight ##
## ##
R R R R R R R R R R R R A R R R S R R R R R S R S
B

## select run options ##
B e
Block MW_Run
# TAG VALUE UTILITY
name fermi name for the run
nb_exp_events 4 number of experimental events to consider
MW_int_points 2000 number of points (by permutation) in MadWeig
$ht integration for survey
MW_int_refine 10000
$ht integration for refine
precision 0.005
nb_event_by node 1
Sevents
log_level weight from low level of log to extensive log:
weight, permutation, channel, full
use_cut use the cut defined in run_card.dat
dWei

number of points (by permutation) in MadWeig

stops computation if precision 1s reached.
one job submission compute the weight for N




Can We Use the MEM Without Knowing the Signal Model?

We need to be prepared for in Run 2!
We can’t calculate a likelihood ratio without knowing both hypotheses

We CAN use the background likelihood/ ME as a variable

Data Value

G()a| iS tO ﬁnd : Sma",r~Z-;Width
deviations 125 GeV Higgs | Background I '}
from the

background
distribution

-220 -200 -180
log Ag value

(Debnath, JG, Matchev, 2014)
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“Background” and “125 GeV Higgs”
distributions discernibly different

Data Value

Small Z Width

=i
i~ i

125 GeV Higgs Background |

-
-0.

log Ag value

(Debnath, JG, Matchev, 2014)

eI P e,




L — TSR

Let’s also include four-lepton invariant mass
(an obvious good variable)
and “flatten” the distributions by looking at the cdf
(to aid the eye)

Normalized Distribution

1e-05 0.0001 0.001

M?

(Debnath, JG, Matchev, 2014)

eI P e,
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Background Distribution Flat by Construction

Background Only: Average of 400 Pseudoexperiments
0.01

MEKD Value

120 130 140 150 160

Four-lepton invariant mass (GeV)

150 background events

(Debnath, JG, Matchev, 2014)
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Background Distribution Flat by Construction

Background Only: One Pseudoexperiment
0.01

MEKD Value

120 130 140 150 160

Four-lepton invariant mass (GeV)

150 background events

(Debnath, JG, Matchev, 2014)
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Signal Distribution: m4; is a good variable: MEKD also helps!

Signal and Background: Average of 400 Pseudoexperiments

0.01

MEKD Value

1e-06
110 120 130 140 150 160

Four-lepton invariant mass (GeV)

75 signal and 75 background events

(Debnath, JG, Matchev, 2014)



Signal and Background: One Pseudoexperiment

0.01

0.001

0.0001

MEKD Value

1e-05

1e-06
110 120 130 140 150 160 170

Four-lepton invariant mass (GeV)

(Debnath, JG, Matchev, 2014)

Knowing the signal model
helps, but MEM variables

can aid in discovery anyway.

May be important if unexpected
new physics involves more
complicated final states

M

0 ' .
100 110 120 130 140 150 160 170 180

my, (GeV)

0
100 110 120 130 140 150 160 170 180
m,, (GeV)
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Conclusions

e Matrix Element Method is a powerful multivariate analyses
e Makes physics underlying sensitivity transparent

e (Challenges with modeling detector resolution, reducible
backgrounds, integration over invisible particles.

Need theory and experimental work to resolve these issues.

|
‘

e May be helpful even when we do not know the
signal hypothesis. i

e Part of the biggest story of Run 1 (Higgs)!

e Will it be part of the big story of Run 2?




