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Analysis Project I

e (Goals of the Project

- Learn basic use of ROOT data analysis tool
- Standard tool in particle physics

- Apply statistical analysis to extract physical information
(particle lifetime, mass, etc...)

- Discriminate between signal and background events with
a multivariate analysis technique

Two Analysis Projects

1. B lifetime measurement with likelihood method
2. Discrimination between signal and background with
a neural network

Project I: application of maximum likelihood to measure B lifetime, see

http://people.umass.edu/willoca/neppsr/blifetime/AnalysisProject blifetime.html
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Project I: B Lifetime Analysis I

e Sample

- Simulation of the exponential proper time distribution of B mesons
- Effect of limited resolution in the measured proper time
simulated by smearing the true proper time with a constant
Gaussian resolution
- ROOT tuple contains: True time and measured time (in units of ps)
for 2000 events

| true time (ps) | htTime
Entries 2000

Mean 1.514
RMS 1.486

Lifetime used in the
generation of the events
was 1.532 ps
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Project I: B Lifetime Analysis I

e Project

- Determine the B meson lifetime and its statistical uncertainty using each
of the following methods:

1) Least-squares fit to the true proper time histogram
- Need to provide function to fit the distribution with
f(t) = N exp(-t/ tau)
- Use ROOT built-in interface to do the chi-squared minimization

_wf((ﬂr) N j

l

2) ‘Unbinned’ Maximum Likelihood with true proper time
- Compute and display -log(likelihood) as a function of lifetime

3) ‘Unbinned’ Maximum Likelihood with reconstructed proper time
- Need to determine time resolution
- Compute and display -log(likelihood) as a function of lifetime

(use ROOT’s TMath::Erfc(x))
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Project I: B Lifetime Measurement
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Two possible approaches for the likelihood method (for this specific case):
1) Analytical method:
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2) Numerical method:

Plot —log(likelihood) vs. lifetime & find minimum + 1-sigma range
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Project I: B Lifetime Measurement I

* Fit with measured proper time:

N
—log L(7) = —Z log P(¢; | 7)
i=1

1 .5
P(t, |7)=—e"""e > —erfe(-
T 2

1 t, o

\E(Gl T))

- STEP #1: determine resolution
- STEP #2: compute —log(likelihood) for a range of lifetimes
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Project I: B Lifetime Measurement I
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Project I: B Lifetime Measurement I

* Fit with measured proper time

Likelihood Function

Michael Kagan

30000

25000

T =1.5260 £ 0.034 ps

20000 [

15000

10000

5000

0 2 4 6 8 10 12 14 16 18 20

NEPPSR 2006 Analysis Project 9



Project I: B Lifetime Measurement I

* Fit with measured proper time
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Cape Cod Bay : !

Nantucket S ound

Neural Network
Analysis Project Finale

This is your brain.  This is vour brain
on root
Any questions.
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"# Thursday, August 17, 2006
Fermilab Result of the Week
Searching for a fifth force
DO Preliminary 368 pb™’
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Plot of p techni-mass versus 1 techni-mass.
The contours show the sensitivity of the B ¥ —# ST
search and the region excluded by DZero. DooKee Cho (Boston University), Lorenzo
Feligioni (Boston University graduate student,
In the standard model, the masses of now at CPPM, Marseille), Meenakshi Narain
particles are believed to be acquired via (Boston University), and Suyong Choi
. . . . (SungKyunkKwan University, Korea) performed
the Higgs mechanism. This theoretical the experimental search. The experimental
group consulted theorist Kenneth Lane
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** There was a bug in mlp_data.C that cunningly evaded
detection in my testing but was found immediately by
many of you

» Training was OK but evaluation could have problems
» Good experience for using ATLAS and CMS software

“* The fix was provided by root wizard Jen Raaf — thanks!

» If you'd like to try this again, the v 2.0 code is available
from the same web site
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@elpt, @jetlpt,@jet2pt, @jjpt, @ met,@hte, @jjdphi,@meteldphi:10:type

' | differences (impact of variables on ANN)
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jb plots

Nantucket Sound
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Steven Cavanaugh

| Background NN output | Signal NN output
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Michael Kagan

[ Background HN outpuf | |5igna| NN output I

mystery 3.root
gl-u!i ' '-:rl.z T T T R T R T .'] ;ulft' ”-ul.aﬁl TToz 0a R

o o
0] — 5
z100) — E
180 sl
WA :

100 ' nokE
ﬂﬂ"' * E

£l “ saf
e E Y 'Eﬁﬁ' Y ok

Signal Fraction

mystery 1. 49.7 +/-3.2 %
mystery 2. 9.4 +/-2.8%
mystery 3. 0.3+/-2.3%
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Aram Avetisyan

[Background NN output §

mystery 1.root
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mystery 1

Signal Fraction: 0.507952+/-0.0284142
Background Fraction: 0.492047+/-0.0281343
mystery 2

Signal Fraction: 0.0969365+/-0.0234247

“*1 Background Fraction: 0.903068+/-0.0367383

mystery 3

Signal Fraction: 0.0205682+/-0.022819
Background Fraction: 0.979452+/-0.0383891
mystery 4

Signal Fraction: 0.0345576+/-0.0229088
Background Fraction: 0.965441+/-0.0380773
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Michael Litos

| Background NN output |
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Mystery 3

Signal: .0231674
SigErr: .0223896
Backgd: .976845
BkgErr: .0380685
ChiSqr: 30.2056

Mystery 4

Signal: .0459162
SigErr: .0216809
Backgd: .954077
BkgErr: .0370547

| ChiSqgr: 17.0798



Cape Cod Bay :;
Nantucket Sound

Find new physics when it is there
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g Don’t find new physics when it is there

E—

“I missed the x club”

Where x = Jv,...

August 15, 2006 NEPPSR V - John M. Butler 38



Eventually find new physics when it is there

" ORthyslen
Camp
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A And the (not so) intelligent designer said...

 Is it time to call the New York Times yet?
* mystery 1

» Background = 50%, Signal = 50% =» Stockholm here | come!
“* mystery 2

» Background = 90%, Signal = 10% =» Stockholm here | come!
“* mystery 3

» Background = 100%, Signal = 0% =» Carlo’s Camp!
“ mystery 4

» Background = 99%, Signal = 1% =» | missed the J/V¥!
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