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| - Context

Energy calibration of hadron jets required
y =X

Objective : find calibration function wu
to go from f to g.

u(E,) = E,
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| - Context

Energy response: links the maximum of the measured and calibrated probability
density. ' '




[l - Differential equation on the calibration function

Main quantities

System to solve

g(E07 Et) — f(U(EC)v Et)UI(EC)
dg(E.) (EtjEC _ Et) —0

!

Measured energy

Calibrated energy

dE.

Energy of the maximum
of g(EC) Et)

Gaussian measurement approximation
_ 1 . 9
f(E’r'a Et) — Cno'r'me 20 (E¢)? (v(Ec)—EtR(Ey))

!

Differential equation on the inverse calibration function

v (Ey)o(Ey)? — v (Ey)? (v(Ey) — EyR(E})) =0

Probability density of
calibrated energy

Probability density of
measured energy

— —~ Energyresponse

Inverse calibration
fonction
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[l - Differential equation on the calibration function

Main quantities

Differential equation on the inverse calibration function

v (Ey)o(Ey)? — v (Ey)? (v(Ey) — EyR(E})) =0

l

Normalisation Link W and U
E

Enorm

Measured energy

Calibrated energy

Normalized calibrated
energy

b — x =

Energy of the maximum

U(U(ZC)) — & of g(Ee, Et)

K
— —I Energyresponse

!

Differential equation on the calibration function

Inverse calibration
function

uw' (x)o(x)? +u' () (x — u(x)R(u(z))) =0

Calibration function
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[II - ODE resolution using neural network

) .~ 1layers of | neurons . Equation to solve : Y(x, u, u’, u”’) =0
l _ . A ™
X . - . u(x)=2pn,jan}—1+bn_'

. / §. eqLoss beloss

For boundary conditions

.Z §. (xi, Hi) onuoru’
!

Differential equation
Data

!
ay = acf(i”ix + bi] a; = act ET—’E;“{ + bi] Ay = act E:T';':'I—luf'gllT +b

j=1 j=1

Neuron i from layer 1 Neuron 7 from layer 2  Neuron i from layer n — 1

< Gradient descent on each pfn,j and biﬂ




[II - ODE resolution using neural network

Examples of ODE with analytical solutions

4.0 +

2.0~

0.0 1

0.8

0.4

0.0

BC: (0,u(0) = 1)(7/2, u(r/2) = 0)
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[V - Application to the calibration function

Main quantitites

. _ - _ ; Measured energy
nergy response Generation of 7 Gaussians centered in R(Et)

Calibrated energy

E]
E!

}

NN training, obtaining of u(E,) )
Calibrated response Calibration

R((Ey)
N

e : >

Normalized calibrated
energy

Energy of the maximum
of g(E67 Et)

Energy response

Well_calibrated Emax = Calibration function

> E,

Energy of the maximum
of the distribution at
NN output
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[V - Application to the calibration function

An a Ivt i C SO | U t i O n : T : ::}Ea;cloctiolutionfpredictions| i

— R(z)=a+2, o) =01

— u(x) = £=b (Analytic solution)

4t|)0 660
Energy (GeV)

—— Response using exact solution '
Response using NN

=
[=]
e
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Calibrated response

— u(x) x Enorm

o
w0
=3}
o

— uU'(x) X Enorm |
—— y =X i

—
799 . 396.0
Energy (GeV)




[V - Application a la fonction de calibration

Realistic energy response :

_>R(£):a(1+m), J($):A$+b

Plot Comparison to linear approximationu(z) = =/«

i i i i i i i
K ' 1.00 -

— E B .
ulsx}x norm | . Ratio=1
— U'(x) x Enorm |

—— y=xa I — |Linear approximation/predictions|

| ?ég - ) 26D 46D ﬁéD EéD
Energy (GeV)




[V - Application a la fonction de calibration

Realistic energy response :

_>R(58):Oz(1—|—m), J($):A$+b

Well calibrated with NN while linear
Larger distributions after calibration approximation does not work.

width after calibration _ 1 --- R=1
{1 —— width before calibration (theory) - — Response u(x)=x/alpha |
1 ——- width before calibration " Response using mean

=
o
o
=]

e e e e e e i e g sy . ke g e s e st e e e [ p——
w Ft g™ -
&

jar
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J

Width (GeV)

Calibrated response
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Energy (GeV) 11




[V - Application to the calibration function

Realistic mass response : For E; = 100GeV  — Symmetrical
| . i distribution

Er
Ec
i .
8000 - i —— Theoritical e_true

1 ; :
— R(z)=a (1 T W), om(T) = 0 + 0 + 037 | o
Plot : unexpected result at high energy

4000

1 — u(x)xEnorm
| —— u'(x) x Enorm
{-—— y=x

(IJ 2|5 5|0 75 100 ].2|5 ].SID 17|’5 260
Energy (GeV)

For ‘Et = I2750G6V —

Er
Ec
—— Theoritical e_true
—=- e_true with NN + mean
—=- e_true with NN 4+ max

Asymmetrical
distribution

SOIOO 10600
Energy (GeV)




[V - Application to the calibration function

Realistic mass response :

Well calibrated using maximum of distribution
instead of the approximation of mean, to avoid
problem with asymetrical distribution.

— R(z) =« (1 + m), om(T) = 04 + 0 + o2

width after calibration
| —— width before calibration (theory)
-—-- width before calibration

| ——— R=1
Response using max
Response using mean

MJ

MJ

kJ

oo
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3
Calibrated response
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V - Conclusion

Neural network capable of solving non-linear 2nd-order differential
equations.

Solve the differential equation on the calibration function for the
response:

 With an analytical solution,

* |n energy

* |n mass.

Next :
Qualitative comparison with current methods.
Integration of the method into the analysis chain using NN.




ANNEXES- Back-up

pP=6.0
P=9.0
p=12.0
p=15.0
p=18.0
p=21.0
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