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Single muon Energy
Reconstruction

L

Current energy reconstruction tools
-Prit-Pnonit (Christopher)

-Number of hit OMs (Ped)

-K50 (SPASE-AMANDA combined)

Neural Network Energy reconstruction:
-ANNE (AMANDA Neural Network Energy)
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Even more Possibilities:
potential for primary
spectral unfolding

- ANNE=muon energy in detector

- R=E(prim)/E(muon) ranges from
8 (H) to hundrets (Fe)

Number of events

- COSMic ray composition :
ANNE ~1 OOM shifted

Primary spectral
unfolding can
iImprove with ANNE

LoglO(E(prim)/ E(rec))



Spectral Unfolding

Histogramming single reconstructed energy

Limited acceptance Limited resolution



HOW TO classify this
probl em

Convolution (Fredholm integral equation 1% order)

«g(y) is the distribution which can be measured
J(x)isthetrue phys. spectrum

g(y)=€ f (xEA(xy)dXx

Iscretization

g, (_EijAij /
j




Effects of | imited
Acceptance

- Due to detector sensitivity:
meas. spectrum 1 phys. Spectrum

_ A is diagonal I.e. CORSIKA/ mini. Bias acceptance

f MC Acceptance Triggerrate

i correction

f=o,

MC

g



| I mited Resolution-
Gaussian resolution

Reconstructed distribution 12
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General effects of
| I mted resolution

. . I . -
Fourier Analysis N, _(x)= ?A (Ea, cos(ix)A b, sin(ix)

=1

N s (X)= € dyP (xy)N (y)

a ' o> 242
- ?OA (Ea €”"*"*cos(ix)Ab.€°"* "sin(ix)
n=1

true meas _n*a?/2

Problem: a, =a €

Oscilation, as converging measured coefficents are
multiplied by exponential rising term



Regul arized unfolding
step 1 Discretization

g(y)=€A(xy)f(x)dxAb(y)

Reduces the problem of
unfolding to a Likelihood fit in T
now minimize | = P(gsg,)



Regul arized unfolding
Step 2: Discretization

=

Histogramming

Y,
g=€ g(y)dy
yiB 1

Ai,j: :é Aj (y)dy

lel

S= CElOgP(gi(a_)Sgi)




Regul arized Unfolding
Step 3: Regularization

«Choose B-Splines
LEstimate curvature of Likelihood

r(@)=€[f," (x)Pdx
JAdd curvature to Likelihood
1

R(a)= S(a)AEér (a)

Advantage: stable, no risk of oscilation, reduction of
dimensions in basis functions
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Unfolding athmospheric
Muon spectrum

Arb. Units

-generated
-reconstructed

Reconstructed
minimum blias muon
spectrum

...will be added when
computersin Wuppertal
are back to lifel




Unfolding the cosmic
ray spectrum

Spectral index =-2.6£0.1

Arb. Units Arb. Units Arb. Units
CoGEE P Ae6:
ac@goiprect ed
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-reconstructed -corsika MC
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enerated
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-reconstructed



Outlook and
Conclusion

-muon spectrum of minimum bias data
-higher statistics (see the knee?)
-investigate in candidates spectra

Conclusion:

-energy reconstruction can improve with NN reconstruction
-so far, primary reconstruction 10 TeV to 1 PeV
-muon spectrum 100 GeV-100 TeV

-regularized unfolding more stable than Bayesian



