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C o n t e n t s

Single muon energy reconst ruct ion with ANNE

Problems of  spect ral unfolding

Regular ized unfolding (Blobel)

Per formance of  the implementat ions

Out look



S in g l e  mu o n  E n e r g y  
Re c o n s t r u c t io n

Current  energy reconstruct ion tools
-Phit -Pnohit  (Chr istopher)
-Number of  hit  OMs (Ped)
-K50 (SPASE-AMANDA combined)

Neural Network Energy reconstruct ion:
-ANNE (AMANDA Neural  Network Energy)
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P e r f o r ma n c e  II

Log(E(gen)/ GeV)

Log(E(gen)/ GeV) Log(E(gen)/ MeV)Log(E(gen)/ GeV)

Log(E(gen)/ GeV) Log(E(gen)/ MeV)

lo
g

(E
(r

ec
)/

E
(g

en
))

Si
g

m
a

Number of  hit  OM Phit -Pnohit ANNE



E v e n  mo r e  P o s s ib il it ie s :
p o t e n t ia l  f o r  p r ima r y  

s p e c t r a l  u n f o l d in g

- ANNE=muon energy in detector

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

- cosmic ray composition : 
 ANNE ~1 OOM shifted

Pr imary  spect ral  
unfolding can 
improv e w ith ANNE

Log10(E(pr im)/ E(rec))
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Histogramm ing single reconst ructed energy  
is NOT the t rue phy sical  spect rum!!!!!

Why ?

S p e c t r a l  U n f o l d in g

Limited acceptance Limited resolut ion



H O W  T O  c l a s s if y  t h is  
p r o b l e m

g y =€ f x EA x,y dx

Convolut ion (Fredholm  integral equat ion 1st order)

g(y) is the dist r ibut ion which can be measured
f (x) is the t rue phys. spect rum
A is the kernel

g i= Œ
j

f jEAij Discret izat ion



E f f e c t s  o f  l imit e d  
A c c e p t a n c e  

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

- A is diagonal

•f i= •g i

f i
MC

g i
MC

i.e. CORSIKA/ mini. Bias acceptance

Acceptance 
cor rect ion

Tr iggerrate



l imit e d  Re s o l u t io n -
G a u s s ia n  r e s o l u t io n

P x,y = 1

2à â
exp

B xB y 2

2â 2

N rec E =€'

'
dy N true y P y,E

= N true EA
Óâ 2

2
ln10

N true E = N 0EEB ÓTrue spectrum:

Reconstructed dist r ibut ion
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G e n e r a l  e f f e c t s  o f  
l imit e d  r e s o l u t io n

Four ier  Analysis N true x =
a0

2
A Œ

i= 1

'

ai cos ix A bi sin ix

N meas x = €
B '

'

dyP x,y N y

=
a0

2
A Œ

n= 1

'

ai e
B n2â 2/2 cos ix A bi e

B n2â 2/2 sin ix

Problem: an
true= an

measen2â 2/2

Oscilat ion, as converging measured coef f icents are 
mult ipl ied by exponent ial r ising term



Re g u l a r iz e d  u n f o l d in g
s t e p  1  D is c r e t iz a t io n

g y =€ A x,y f x dxA b y

f x = Œ
i

ai Bi x

g y = Œ
i

ai€ A x,y Bi x dx

Ai y

= Œ
i

ai Ai y

Reduces the problem of  
unfolding to a Likelihood f i t  in 
now minim ize L= P •gsga

—a



Re g u l a r iz e d  u n f o l d in g
S t e p  2 : D is c r e t iz a t io n

Histogramming

g i= €
yiB 1

yi

g y dy

Ai,j= €
yiB 1

yi

A j y dy

g i= Œ
j

Aij a j
g y = Œ

i

ai Ai y

S= Œ
j

logP g i —a s •g i



Re g u l a r iz e d  U n f o l d in g  
S t e p  3 : Re g u l a r iz a t io n

Choose B-Splines
Est imate curvature of  Likel ihood

Add curvature to Likel ihood

r a =€ f a' ' x 2dx

R a = S a A
1
2

ã r a

Advantage: stable, no r isk of  osci lat ion, reduct ion of  
dimensions in basis funct ions



C o mp a r is o n  t o   
B a y e s ia n   U n f o l d in g
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U n f o l d in g  a t h mo s p h e r ic
M u o n  s p e c t r u m 

Ar b. Uni ts

-generated
-reconst ructed

Reconst ructed
minimum bias muon 
spectrum

...wil l be added when 
computers in Wupper tal 
are back to li fe!



U n f o l d in g  t h e  c o s mic  
r a y  s p e c t r u m

 Spect ral  index = -2.6± 0.1

Ar b. Uni ts Ar b. Uni ts

-generated
-reconst ructed -corsik a MC

-recon minibias
-generated
-reconst ructed

Cor rected on detector  
acceptance

-corsik a MC
-recon minibias

Acceptance 
cor rected

Ar b. Uni ts



O u t l o o k  a n d  
C o n c l u s io n

-muon spectrum of  minimum bias data
-higher stat ist ics (see the knee?)
-invest igate in candidates spectra

Conclusion:

-energy reconstruct ion can improve with NN reconst ruct ion

-so far , pr imary reconstruct ion  10 TeV to 1 PeV 

-muon spectrum 100 GeV-100 TeV

-regular ized unfolding more stable than  Bayesian


