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Set-up

ɸ
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Simulated data with:
- px = 0
- x : fixed

⤷ track in (y,z) planeParticle gun

B(0.2T)z

y

x

zini   :=  z position of 1st energy deposit (at variable y) ‘hat_start_pos[2]’

ziniP := projection of zini at y fixed (on first pad center) 

z

zini

not fixed y

ziniP

fixed y (1rst row)

ziniP
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Set-up

only Qmax values now

[initial positions zini ]
[momenta pz, py,      ]

[pdg code]
.
.
.
etc

Qmax

tmax

FWHM ResNet50 architecture
a convolutional NN
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Summary of previous results
| Momentum resolution
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Summary of previous results
| Spatial resolution
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z

y

x

zini 

(Δz := red area width = possible 
z start positions of the track)

pad centers:
-1772.916
-1761.635 
-1750.355

better resol between pads 
(ok since 2 waveforms)

~100μm 
resolution

Simu: 100k events

vertical tracks
x = -900cm
p = 10GeV

Δz = 2cm
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Summary of previous results
| Spatial resolution
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z

y

x

zini 

(Δz := red area width = possible 
z start positions of the track)

pad centers:
-1772.916
-1761.635 
-1750.355

better resol between pads 
(ok since 2 waveforms)

~100μm 
resolution

y

x

zini 

Simu: 100k events

vertical tracks
x = -900cm
p = 10GeV

~1 400μm 
resolution
☹

Δz = 2cm

Δz = 1m

resolution gets worse 
when extending range 
of zini w/o more data
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Summary of previous results
| Spatial resolution
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Simu: 100k events

45° tracks
x = -900cm
p = 10GeV

<500μm 
resolution

☺

prediction: ziniP 

z

y

x

zini 

Δz = 1m
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Issues with initial position predictions
| NN random fluctuations 
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Simu: 
Bmap
vertical tracks
10GeV
x = -90cm

y

x

zini 

Δz = 1m
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Issues with initial position predictions
| NN random fluctuations 

random_seed = 23   

random_seed = 51  

random_seed = 799  

346 μm

440 μm

1320 μm
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Issues with initial position predictions
| NN random fluctuations 

random_seed = 23   

random_seed = 51  

random_seed = 799  

346 μm

440 μm

1320 μm
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NN do not provide intrinsic 
uncertainties related to their 

own predictions

Some solutions/ideas:

⤷ average over several training on 
exactly same model and data but 
with ≠ random_seed values

⤷ use bayesian neural networks
(but takes a lot of computational 
ressources)
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Momentum predictions
45° tracks
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Simu: 400k events

45° tracks
e+/mu+
x = -600cm
p = 200-2000 MeV

z

y

x

zini 

Δz = 1mΔz = 1m

3% 
resolution

still some 
troubles at 
this edge

some bias 
<0.05 at the 
edges

~cte resolution 
after 300 MeV

good 
convergence of 
the NN losses

prediction: pT 
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Momentum predictions
20-160° tracks
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Simu: 800k events

20-160° tracks
e+/mu+
x = -600cm
p = 100-2200 MeV

z

y

x

zini 

Δz = 1m

12.4% 
resolution

A lot of 
trouble at 
this edge…

These patterns reapers (cf 
slide 4) even with larger 
momentum range

Δz = 1m

prediction: pT 
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Momentum predictions
20-160° tracks
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Simu: 800k events

20-160° tracks
e+/mu+
x = -600cm
p = 100-2200 MeV

z

y

x

zini 

Δz = 1m

10.9% 
resolution

same
(slightly less)

same
(but smaller 
bias around 
100-200MeV)

Δz = 1m

prediction: pY , pZ → pT
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Momentum predictions
40-50° tracks
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Simu: 500k events

40-50° tracks
e+/mu+
x = -600cm
p = 100-2200 MeV

z

y

x

zini 

Δz = 1mΔz = 1m

7.1% 
resolution

prediction: pT 
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Momentum predictions
40-50° tracks
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Simu: 1m events

40-50° tracks
e+/mu+
x = -600cm
p = 100-2200 MeV

z

y

x

zini 

Δz = 1mΔz = 1m
x

6.5% 
resolution

slightly less 
bias here

prediction: pT 
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Momentum predictions
40-50° tracks
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Simu: 1m events

40-50° tracks
e+/mu+
x = -600cm
p = 100-2200 MeV

z

y

x

zini 

Δz = 1mΔz = 1m
x

6.5% 
resolution

slightly less 
bias here

prediction: pT 

some possible solutions:

⤷ test on only pT,true < 1.5 GeV 

⤷ add tmax and fwhm informations (wip)

⤷ even more data (wip)

⤷ data augmentation techniques?
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Momentum predictions
40-50° tracks
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Simu: 1m events

40-50° tracks
e+/mu+
x = -600cm
p = 100-2200 MeV

z

y

x

zini 

Δz = 1mΔz = 1m
x

5.6 % 
resolution
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test only for 
ptrue< 1500 MeV



Momentum predictions
40-50° tracks
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Simu: 1m events

40-50° tracks
e+/mu+
x = -600cm
p = 100-2200 MeV

z

y

x

zini 

Δz = 1mΔz = 1m
x

5.6 % 
resolution
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4.9 % 
resolution

test only for 
ptrue< 1500 MeV

test only for 
ptrue< 1000 MeV



Momentum predictions
20-160° tracks
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Simu: 800k events

20-160° tracks
e+/mu+
x = -600cm
p = 100-2200 MeV

z

y

x

zini 

Δz = 1m

12.4% 
resolution

A lot of 
trouble at 
this edge…

These patterns reapers (cf 
slide 4) even with larger 
momentum range

Δz = 1m

prediction: pT 
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Momentum predictions
20-160° tracks

20

Simu: 800k events

20-160° tracks
e+/mu+
x = -600cm
p = 100-2200 MeV

z

y

x

zini 

Δz = 1m

10.8% 
resolution

Δz = 1m

prediction: pT 
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change to ResNet101  



Momentum predictions
20-160° tracks
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Simu: 800k events

20-160° tracks
e+/mu+
x = -600cm
p = 100-2200 MeV

z

y

x

zini 

Δz = 1m

8.2% 
resolution

Δz = 1m

prediction: pT 
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change to ResNet101
test only on ptrue< 1200 MeV  



Momentum predictions
20-160° tracks
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Simu: 800k events

20-160° tracks
e+/mu+
x = -600cm
p = 100-2200 MeV

z

y

x

zini 

Δz = 1m

14.6% 
resolution…

Δz = 1m

prediction: pT 
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change to ResNet101
(with another random_seed)  



e+/mu+ particle identification
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Simu: 800k events

20-160° tracks
e+/mu+
x = -600cm
p = 100-2200 MeV

z

y

x

zini 

Δz = 1mΔz = 1m

prediction: pdg_code 
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e+/mu+ particle identification
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z

y

x

zini 

Δz = 1m

prediction: pdg_code 

Simu: 800k events

20-160° tracks
e+/mu+
x = -600cm
p = 100-2200 MeV

Δz = 1m

Anaëlle Chalumeau – LPNHE T2K meeting – 29/11/23



e+/mu+ particle identification
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z

y

x

zini 

Δz = 1m

e+: (eff, pur) = (0.995,0.982)
mu+: (eff, pur) = (0.982,0.995)

prediction: pdg_code 

Simu: 800k events

20-160° tracks
e+/mu+
x = -600cm
p = 100-2200 MeV

Δz = 1m
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e+/mu+ particle identification
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z

y

x

zini 

Δz = 1m

e+: (eff, pur) = (0.995,0.982)
mu+: (eff, pur) = (0.982,0.995)

prediction: pdg_code 

Simu: 800k events

20-160° tracks
e+/mu+
x = -600cm
p = 100-2200 MeV

Δz = 1m
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Comparaison with hatRecon 
en cours… 



e+/mu+ particle identification
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z

y

x

zini 

Δz = 1m

e+: (eff, pur) = (0.995,0.982)
mu+: (eff, pur) = (0.982,0.995)

prediction: pdg_code 

Simu: 800k events

20-160° tracks
e+/mu+
x = -600cm
p = 100-2200 MeV

Δz = 1m
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Back-up
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Momentum predictions
20-160° tracks
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Simu: 800k events

20-160° tracks
e+/mu+
x = -600cm
p = 100-2200 MeV

z

y

x

zini 

Δz = 1m

11.6% 
resolution

Δz = 1m

prediction: pT 
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ResNet152
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simu: 
unifB
vertical tracks
Δz = 2cm
10GeV
x = -90cm

zini 
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Increasing Δz 
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simu: 
unifB
vertical tracks
Δz = 5cm
10GeV
x = -90cm

zini 
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Increasing Δz
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y

x

simu: 
unifB
vertical tracks
Δz = 15cm 
10GeV
x = -90cm

zini 
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Increasing Δz 



z

y

x

simu: 
Bmap
vertical tracks
Δz = 15cm 
10GeV
x = -90cm

zini 
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Increasing Δz


