
CWoLa Hunting
1

CWoLa Hunting:
Extending the Bump Hunt with Machine Learning

Based on:
[1805.02664] Jack Collins, Kiel Howe, Ben Nachman
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Dijet Resonances

Edited from [1703.01927]
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Dijet Resonances

Edited from [1703.01927]

[1506.00962] [1708.04445]

1) Theorist comes up with specific 
model with some specific 
prediction (e.g. W’ → WZ).

2) Choose dedicated substructure 
variables.

3) Simulate signal to optimize cuts

4) Calibrate in some data sample

5) Apply cuts to events and look 
for a bump in the new 
distribution
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Fully Supervised learning vs Weak Supervision

CWoLa (and other weak supervision):

[1708.02949] E. M. Metodiev, B. Nachman, J. Thaler
[1702.00414] L. M. Dery, B. Nachman, F. Rubbo, A 
Schwartzman
[1801.10158] P. T. Komiske, E. M. Metodiev, B. Nachman, M. D. 
Schwartz
[1706.09451] T. Cohen, M. Freytsis, B. Ostdiek
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CwoLa Hunting: Basic Picture
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CwoLa Hunting: Basic Picture

Cut based on
NN output
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The problem(s) of overfitting

1) Create fake bumps out 
of background 
fluctuations

2) Leads to sub-optimal 
discriminant for true 
signal
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Avoiding fake bumps: Simplest Solution

Train/Test Split

Train & Test on 
same dataset

‘Wastes’ half 
of the data

Create fake 
bumps by 
overfitting to 
statistical 
fluctuations
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Avoiding fake bumps: Cross Validation
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Nested Cross-Validation
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Application to Bump Hunt

In signal region:
S = 522,
S/B = 0.64%

2σ
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No Signal → No Bump!

(Need to be careful to make this work. Details in backup slides and in paper)
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Mass Scan
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Mass Scan
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Mass Scan
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Mass Scan
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Mass Scan
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Mass Scan
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Mass Scan
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General CWoLa Hunting

1)Need some variable X (e.g. m_JJ) in which bg is 
smooth and signal is localized

2)Need some other variables {Y} (e.g. jet 
substructure) which may provide discriminating 
power which may be a-priori unknown.

3){Y} should not be strongly correlated with X over 
the X-width of the signal.

Or alternatively, if correlated, there may be a way to 
decorrelate (e.g. if we can predict or measure the 
correlation, that can be subtracted away to create new 
uncorrelated variables).
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Performance Comparison


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33

