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Post-Fix Loss Curves — Variations

* Test on 100k event sample (80k train / 10k validation / 10k test)
e All events electron showers between 0 and 2 GeV

* Train each variation for 100 epochs (full pass through train set)

* Constants:
e Batch size = 3200 samples
* Exponential moving average momentum = 0.01
e Learning rate = 0.0001 (one test with increasing to 0.001 after epoch 20)

 \Variables (7 variations total):
* Loss function (MSE vs. L1 vs. Huber)
 Target value (E/1000 vs. log(E))
* One variation with MSE Loss | Target value E/1000 | LR increase
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Post-Fix Loss Curves — Loss Function Explanation

y;=true KE, y; = SHEEP prediction, 8= 1.0 (default value)
1 .
* MSE Loss: — N — )2
* Most sensitive to large errors (faster convergence), but also outliers
1 .
L1Lloss: 23N, |5 — yil

 More robust to outliers than MSE, but not differentiable at O
S o W2 5 [

» Huber Loss: = Y.V O'S(yl,\ vi)*, if13: = il fc?

N d-(ly; —y;| —0.5 %x4), otherwise

* Combination of MSE loss (close to 0 — differentiability) and L1 loss (for
larger errors to improve robustness to outliers)
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Post-Fix Loss Curves — All Variations

Loss

SHEEP MODEL Loss Comparison - All Variations
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Loss Function / Energy Target
MSE Loss / Ef1000 Target Validation Loss
MSE Loss / Ef1000 Target Training Loss
L1 Loss / E/1000 Target Validation Loss
L1 Loss / E/1000 Target Training Loss
Huber Loss / Ef1000 Target Validation Loss
—— Huber Loss / Ef1000 Target Training Loss
MSE Loss / log(E) Target Validation Loss
MSE Loss / log(E) Target Training Loss
L1 Loss / log(E) Target Validation Loss
—— L1 Loss / log(E) Target Training Loss
Huber Loss / log(E) Target Validation Loss
—— Huber Loss / log(E) Target Training Loss
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SHEEP MODEL Loss Comparison - All Variations [Zoomed]
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MSE Loss, E/1000 Target vs. log(E) Target

MSE Loss | E/1000 Target True vs

. Predicted Energy
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Best [Val Loss] Epoch: 87

MSE Loss, E/1000 Target vs. log(E) Target

MSE Loss | E/1000 Target True vs. Predicted Energy by Visible Energy Fraction Bin
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Best [Val Loss] Epoch: 85

MSE Loss, E/1000 Target vs. log(E) Target

MSE Loss | log(E) Target True vs. Predicted Energy by Visible Energy Fraction Bin
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MSE Loss, E/1000 Target vs. log(E) Target
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Best [Val Loss] Epoch: 87

MSE Loss, E/1000 Target vs. log(E) Target

Sheep CNN Predicted and

isible Epergy Resolutions by True Energy Bin for MSE Loss | E/1000 Target
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Sheep CNN and-Visible EnergyResolutions by. Trua Enargy Bin for M
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MSE Loss, E/1000 Target vs. log(E) Target
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omparing Models

e "Best Epoch” version varies
considerably

* Ranges from 68 (L1 | log(E)) to
98 (L1 | E/1000)
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(SHEEP-True)/True Energy Resolution
Distribution Parameter Comparison
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MSE Loss, E/1000 Target vs. log(E) Target
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Loss,

MSE Loss | E/1000 Target True vs. Predicted Energy by Visible Energy Fraction Bin

Best [Val Loss] Epoch: 87

E/1000 Target vs. log(E) Target

3000
VE Fraction: 0.00-0.10 VE Fraction: 0.10-0.20 VE Fraction: 0.20-0.30 VE Fraction: 0.30-0.40 VE Fraction: 0.40-0.50
== Perfect Prediction == Perfect Prediction == Perfect Prediction == Perfect Prediction == Perfect Prediction
2500 —— Linear Best Fit —— Linear Best Fit —— Linear Best Fit —— Linear Best Fit —— Linear Best Fit
2. | movwones 3| memrorEee 3 | (csomormee 3 2| ersmormem
20.97% of Events 8.68% of Events 6.50% of Events 6.75% of Events 6.79% of Events
£ 20001 | 5100e: 0.28 . 4 Z1 |slope: 0.46 Z7 | siope: 0.62 +7 7 |siope: 0.68 +1 £ |siope: 0.75 -~
& Intercept: 582.35 H NPT | &| |Intercept: 449.65| .. - & | |Intercept: 374.47 »7 Z | |Intercept: 387.01 ‘< 3 | [Intercept: 364.57 <
= R?: 0.15 F— . | = | R*0.37 . = R 0.54 L = R#: 0.61 = R%: 0.66
2 2 2 “ e e
o - b=} - b=}
L EIJ Q Y @
B B - - Ed
= = =) = =)
T 1000 k=] o o o
4 o g g [
o o (=9 (= (=9
500
’/
P
0 -
True KE [MeV] True KE [MeV] True KE [MeV] True KE [MeV] True KE [MeV]
3000
VE Fraction: 0.50-0.60 VE Fraction: 0.60-0.70 VE Fraction: 0.70-0.80 VE Fraction: 0.80-0.90 VE Fraction: 0.90-1.00
== Perfect Prediction == Perfect Prediction == Perfect Prediction == Perfect Prediction == Perfect Prediction
2500 —— Linear Best Fit —— Linear Best Fit —— Linear Best Fit —— Linear Best Fit —— Linear Best Fit
7.74% of Events 10.43% of Events 12.04% of Events 12.77% of Events 6.88% of Events
Z 20007 | giooe: 0.81 -4 Z1 |siope: 0.63 24 Z1 |siope: 0.88 4 Z7 [siope: 0.94 Z 1 |siope: 1.04 o ’
a Intercept: 289.67 Z ; Intercept: 244.20 2 ; Intercept: 184.99 S Intercept: 128.86 ; Intercept: 87.04 .. ‘,’
= R#: 0.75 < | |[R*:0.81 = R?: 0.88 = R?:0.93 = R?: 0.88 . d
€ 1500 2] 21" 2 2
w w w w w
o =] o o o
[ Q LU U @
= =3 et — e
= v 2 = =)
T 1000 k=] o k=] b=
= o < g <
o -9 o o [
500
g
0 0y #t
0 500 1000 1500 2000 0 500 1000 1500 2000 0 500 1000 1500 2000 0 500 1000 1500 2000 0 500 1000 1500 2000

True KE [MeV] True KE [MeV] True KE [MeV] True KE [MeV] True KE [MeV]

F-°d THE UNIVERSITY OF

&/ CHICAGO

DEEP UNDERGROUND )
NEUTRINO EXPERIMENT b3

=

_—

Elise Hinkle | UChicago 2x2 Meeting | March 18, 2026 15

(M



Best [Val Loss] Epoch: 85

MSE Loss, E/1000 Target vs. log(E) Target
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MSE Loss, E/1000 Target vs. log(E) Target
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Best [Val Loss] Epoch: 87

MSE Loss, E/1000 Target vs. log(E) Target
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L1 Loss, E/1000 Target vs. log(E) Target

L1 Loss | E/1000 Target True vs. Predicted Energy

--=- Perfect Prediction Slope: 0.87

. . Intercept: 79.13
- Linear Best Fit R?: 0.79

3000

2500

T
L

2000 bk R
1500

1000

Predicted Energy [MeV]

500

s iy X .. % 't ) 7 .
0 250 500 750 1000 1250 1500 1750 2000
True KE [MeV]

Elise Hinkle | UChicago 2x2 Meeting | March 18, 2026

1.0

1 1
o e
o o«

1
©
¥~y
Visible Energy Fraction

©
[N

0.0

L1 Loss | log(E) Target True vs. Predicted Energy

3000
-~~~ Perfect Prediction Slope: 0.80 1.0
: . Intercept: 111.93
- Linear Best Fit R 0.69
2500+ -
40.8
2 2000+ 5
3 g
3 10.6 &
2 &
2 ®
a s
500k 0.2
o e i S 0.0
0 250 500 750 1000 1250 1500 1750 2000
True KE [MeV]
DEEP UNDERGROUND )

Ed THE UNIVERSITY OF
CHICAGO

» ¥

=— NEUTRINO EXPERIVENT >z g8

20



Best [Val Loss] Epoch: 98

L1 Loss, E/1000 Target vs. log(E) Target

L1 Loss | E/1000 Target True vs. Predicted Energy by Visible Energy Fraction Bin
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Best [Val Loss] Epoch: 68

L1 Loss, E/1000 Target vs. log(E) Target

L1 Loss | log(E) Target True vs. Predicted Energy by Visible Energy Fraction Bin
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L1 Loss, E/1000 Target vs. log(E) Target
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L1 Loss, E/1000 Target vs. log(E) Target
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L1 Loss, E/1000 Target vs. log(E) Target
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Huber Loss, E/1000 Target vs. log(E) Target
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Best [Val Loss] Epoch: 95

Huber Loss, E/1000 Target vs. log(E) Target

Huber Loss | E/1000 Target True vs. Predicted Energy by Visible Energy Fraction Bin
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Best [Val Loss] Epoch: 95

Huber Loss, E/1000 Target vs. log(E) Target

Huber Loss | log(E) Target True vs. Predicted Energy by Visible Energy Fraction Bin
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Huber Loss, E/1000 Target vs. log(E) Target
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Huber Loss, E/1000 Target vs. log(E) Target

Sheep CNN and Visible Energy Resolutions by True Energy Bin for Huber Loss | E/1000 Target
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Huber Loss, E/1000 Target vs. log(E) Target
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Best [Val Loss] Epoch: 90

MSE Loss, E/1000 Target w/ LR Increase >20 ep.
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Best [Val Loss] Epoch: 90

MSE Loss, E/1000 Target w/ LR Increase >20 ep.

MSE Loss | E/1000 Target | LR Scheduler True vs. Predicted Energy by Visible Energy Fraction Bin
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MSE Loss, E/1000 Target w/ LR Increase >20 ep.

Sheep CNN Predicted and Visible Energy Resolutions by True Energy Bin for M
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Loss Comparison

=== Eval Mode ON Validation Loss
—=- Eval Mode OFF Validation Loss
—— Eval Mode ON Training Loss
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* VValidation loss instability seems to be
caused by difference in how batch
normalization layers are treated in —
training vs. validation T

* Comes down to a normalization being done with running

mean/variance vs. mean/variance calculated per batch (e.g.
small sample vs. “full” sample)

* Fixed validation loss issue!
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Pre-Fix Batch vs. Population Stats

e Batch stats were quite different from population statistics (tried

different variations of exponential moving average and simple

tatistics)

10N S

for populat

moving average

=)
=
x
]
=]
(7]
Elle
— o
: )
= NoFe
E|l g2 ‘ l
S| & € .
(= K o 5
2lgs 1 rw
A 4 -
m M m ||||||||||||||||||||||||||| n
Yyl a5 ™ k
b G < N -
S| %8 e
2 [ 11s
S 11%%
g ~ 158
o ' 3
2 . !
] : "
IIIII o =
- e mmmme———m——————T
o ~—=mTTITTT T
IIIIIIIIIIIIIIII IO
: ~— s
o T
Sl mmmm
I T T T
p lllllllllllllllll I—.\.M
m lllllllll ™~
[
3 g
S e
3 [=]
c . T ! : _ -
5 A ° o o o o
- Q 2 2 8 g
© ] g /R s a
P o N i\ " )
= a2N|eA JUBIBN
—
)
- .
2| :
Y
=l _aem===T |_._.m
== % === —
E| 5= R
5|l @ o l== E
clsE  mmmm== = [
S| 2k s
. = 3 -
@l 5 e =2 5
- |
m “ N u
sl T
I (BEE
2 ] 2k
- — -
£ \\\\‘\ w
g : B
O| o mmmmmmmmmT ’ )
P
ln-l .l......l...ll...l ra
c|l  TTEem—— ”
o ————=
i
rﬂm e e e F e
e —— == ™~
-
£ o
g e o
o
ﬂ T T T T ’ ; _ _ _
] © I © " <+ Ll o - °
= anjep uesy
—
=)
x
9]
-
£ >
<
~
= o
m ﬁull‘ -
S Ty
’
c ‘ E
S mmmmmmmmmmmmT B
N| emmzzzzoTCITTTTT
G| T e
N I . n
3 A B
) -
o
. < 3¢
£ A
Bl g | L8
2l - fin]
c| g <
2 w
[T R ) I~
= s 2 s
e| =5 .
| = h
2\ 8 ~ o
W £s ....!r... [ A
D @
& 3 md lllll -
[ TR
slgg 0 T B
52 . TTEe= .
E| 83 HEN
(SRR _1_
gl e
5 _ _ _ _
S o
5 ¥ R : )
g 2N|EA oUeLIep,
=)
x
9]
- =
[15]
£l 3 =
— M = I—-!-
o~ [
E|E¢ -
El 8=
S|l @ o E
S|z E ks
—| 8 < i
~N| S5
(&)
o .
b_ !
[=]
5, | = £z
E - W
Iw w
8 L wy
m ~
=
=]
5 =]
W i
L]
rﬁm - \5
5 o~
£
5]
S L2
S o
c _ _ _ i . T T T
m A - o n =) '3} o T2}
= § £ s =m & 8§ § 2
2 s s a = S =] =]
anjep uesy

37

$9

NEUTRINO

()

=T THE UNIVERSITY OF

&/ CHICAGO

Elise Hinkle | UChicago 2x2 Meeting | March 18, 2026



Post-Fix Batch vs. Population Stats

* In addition to exp. moving avg momentum = 0.01, fix involves:

38

* Batch size 200 - ~3000
L]
* Learning rate 0.001 - 0.0001
L] [ ]
Batch vs Running Stats for encoding_block.2.1.norm2 (Index 1) - 3125 Batch Size, 16 Workers, Momentum None, LR 0.0001 Batch vs Running Stats for encoding_block.8.0.norm1 (Index 12) - 3125 Batch Size, 16 Workers, Momentum 0.01, LR 0.0001
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Post-Fix Loss Curves — Initial Test

Loss Comparison - 3125 Batch Size, 16 Workers, Momentum 0.01, LR 0.0001
0.5

e Testing on smaller dataset

* 50k training events (6125
each for validation and
testing)

e Loss function = Mean
Squared Error (MSE)

e Target value = True Kinetic
Energy / 1000 (i.e. convert
to GeV)
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Post-Fix Loss Curves — MSE Loss

SHEEP MODEL Loss Comparison - MSE Loss SHEEP MODEL Loss Comparison - MSE Loss
0.8
Energy Target Energy Target
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* MSE Loss: ~ X1, (i — ¥;)?; = true KE, ¥; = SHEEP prediction
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Post-Fix Loss Curves — L1 Loss

SHEEP MODEL Loss Comparison - L1 Loss
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Post-Fix Loss Curves — Huber Loss

SHEEP MODEL Loss Comparison - Huber Loss
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 y;=true KE, y; = SHEEP prediction, 6= 1.0 (default value)
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Post-Fix Loss Curves — All E/1000 Target Variations

SHEEP MODEL Loss Comparison - E/1000 Target
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Post-Fix Loss Curves — All log(E) Target Variations

Loss

SHEEP MODEL Loss Comparison - Log(E) Target
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