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⇒
Stratified
sampling

... But takes a lot of computation efforts in high dimensions
Alternative : Importance sampling

1 Sα = 1
N

∑N
i=1

f (~xi )
p(~xi )

and σ2
α = 1

N−1

(
1
N

∑N
i=1

f 2(~xi )
p(~xi )

− S2
α

)
2 p(~x)→ p′(~x) to reduce σ2

α

3 α = α + 1 and back to step 1 unless σ2
α stops decreasing

Final result : Integral = S̄ = σ̄2
∑

α
Sα
σ2
α

and 1
σ̄2 =

∑
α

1
σ2
α
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Reminder

P(x |α) = 1
σvis
α

∫
y
dφ(y)

∫
q1,q2

dq1dq2

∑
a1,a2

fa1 (q1)fa2 (q2)|Mα(q1, q2, y)|2W (x |y)

Approximation : factorization of W

W (x |y) =
∏n

i=1 W (x i |y i ) for each particle i

W (x i |y i ) = W E (x i |y i ) W η(x i |y i ) W φ(x i |y i )

The integrant has sharp peaks, either in

|Mα|2 : due to propagator enhancements

W (x |y) : resolutions of the different detected variables

Objective : strength of each peak mapped onto a single variable of
integration

For W (x |y) : dφ(y) =
(∏N

i=3
d3Pi

2Ei (2π)3

)
(2π)4δ4(P1 + P2 −

∑N
j=3 Pj )
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Integration variables −→ Lorentz invariants (Breit-Wigner resonances)

Straightforward
Integration variables ←− Lorentz invariants (Breit-Wigner resonances)

Hard and sometimes not analytical
+

Integration of the δ4

⇓

MoMEMta
Main Blocks : change of variables and integration of the δ4

Secondary Blocks : change of variables
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Main Block B :
Removes q1, q2 and ~P1

Integrate over s12

Part of the integrant concerned by
this change :

dq1dq2
d3P1

(2π)32E1
(2π)4δ4(Pin − Pfin)

↓
1

4πE1
ds12 × J

J = E1
s |p2zE1 − E2p1z |−1
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Main Block B :
Removes q1, q2 and ~P1

Integrate over s12

Part of the integrant concerned by
this change :

dq1dq2
d3P1

(2π)32E1
(2π)4δ4(Pin − Pfin)

↓
1

4πE1
ds12 × J

J = E1
s |p2zE1 − E2p1z |−1

Secondary Block C/D :
d3P1

(2π)32E1

↓
1

(2π)32E1
dφ1dθ1ds12 × J

J = E1
2 sinθ1|~P1|2| |~P1|E2 − E1P̂1.~P2|−1



MoMEMta + Deep Neural Network (DNN)

Florian Bury (UCL-CP3) MoMEMta December 13, 2018 7 / 7

Main issue : slow computations (∼ 5− 10 s/event)



MoMEMta + Deep Neural Network (DNN)

Florian Bury (UCL-CP3) MoMEMta December 13, 2018 7 / 7

Main issue : slow computations (∼ 5− 10 s/event)
↓

Treat P(x |α) as a function of x (= P1,P2,P3, ...,MET ) and use a DNN a
an approximation : fDNN(x) ' P(x |α)



MoMEMta + Deep Neural Network (DNN)

Florian Bury (UCL-CP3) MoMEMta December 13, 2018 7 / 7

Main issue : slow computations (∼ 5− 10 s/event)
↓

Treat P(x |α) as a function of x (= P1,P2,P3, ...,MET ) and use a DNN a
an approximation : fDNN(x) ' P(x |α)

PRO : apart from training, ∼ 20µs/event

CON : inevitable loss in performances



MoMEMta + Deep Neural Network (DNN)

Florian Bury (UCL-CP3) MoMEMta December 13, 2018 7 / 7

Main issue : slow computations (∼ 5− 10 s/event)
↓

Treat P(x |α) as a function of x (= P1,P2,P3, ...,MET ) and use a DNN a
an approximation : fDNN(x) ' P(x |α)

PRO : apart from training, ∼ 20µs/event

CON : inevitable loss in performances



MoMEMta + Deep Neural Network (DNN)

Florian Bury (UCL-CP3) MoMEMta December 13, 2018 7 / 7

Main issue : slow computations (∼ 5− 10 s/event)
↓

Treat P(x |α) as a function of x (= P1,P2,P3, ...,MET ) and use a DNN a
an approximation : fDNN(x) ' P(x |α)

PRO : apart from training, ∼ 20µs/event

CON : inevitable loss in performances D(x) = P(x |tt̄→llbb)
P(x |tt̄→llbb)+P(x |DY→llbb)


