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Event Types

Event Types (1): single muon
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Event Types (1): single muon
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Event Types

Event Types (1): single muon

e CR — u (corner)
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Event Types (1): single muon
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Event Types (1): single muon
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Event Types
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Event Types

Event Types (2): multiple muons

e 2CR — 2pu (coinc)
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Event Types

Event Types (2): multiple muons

e 1 pairs from decay
of microscopic
black holes
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Event Types (3): energy range
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Event Types (3): energy range
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Event Types (3): energy range
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Event Types
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Phenomena:
o Direct light
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Phenomena:

e Scattering
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Phenomena:

¢ Absorption
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Phenomena:

e Time residual

tresidual = tpulse — lirect
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Phenomena:

: e Arrival time
o.ooe;— distribution
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Phenomena:

0.0051
0.004F
0.003

o.ooz? o Jitter, noise

0.001

q;wmMHw\mm\mm\mm\mm
-50 0 50 100 150 200 250

residual




Track
Reconstruction

in IlceCube nght & PhOtoeleCtrOnS

£, ps tJ)r: / . Available solutions:
00 /
Joo P& P, 1) go (1 L o)t * Analytic: Pandel
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(photonics movie)

Available solutions:

e Table: Photonics
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Available solutions:

o Fits: Photospline
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Reconstruction © Determine event type(s)

e event topology
e which variables are needed to specify the physics
e I3EventHypothesis
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Reconstruction

Elements in Event
Reconstruction

® Fit variables, parametrization

Which physics variables do we want to fit?

Choose good parametrization (avoid singularities,
cyclic variables)

Stepsizes, bounds, etc.

I3ParametrizationBase
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Elements in Event
Reconstruction

©® Likelihood L (light emission, propagation)

light emission (NPE, PDF?)

data representation (waveforms, pulses?)
Bayesian terms?
I3EventLogLikelihoodBase
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Reconstruction

@ Seeding algorithm

e first guess

e numerical considerations (e.g. make sure that time
residuals are mostly positive)

e I3SeedServiceBase
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Elements in Event
Reconstruction

® Maximize L

minimize -log(L)
Generic minimizer algorithm

Typically simplex (brute force, particle swarm, simulated
annealing, etc.)

I3MinimizerBase
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log(L) = > log(Ly)

Likelihood de{all DOMs}

Ng o—p1g
e
log(Ly) = log (Hde! >

= Nglog(pa) — pa —10g(Na!)
= Ld,brightness + Ld,combinatorial

Here, for every DOM d:

ug = expected number of photoelectrons
Ny = detected number of photoelectrons




Track
Reconstruction

in IceCube L|ke||h00d (Only Charge)

DJ Boersma

log(L) = > log(Ly)

Likelihood de{all DOMs}

Ng o—p1g
e
log(Ly) = log (Hde! >

= Nglog(ud) — pa
= Ld,brightness

Here, for every DOM d:

ug = expected number of photoelectrons
Ny = detected number of photoelectrons
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Likelihood

e Waveforms

o ATWD (128 x 3.6ns)
o FADC (256 x 25.0ns)

e "Extracted" pulses
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Likelihood (charge and time)

Noii o—puqi
de

log(Lg) = ) _log (Md’Nd-l )
i*

_ Z Noi 109(2ai/ 11a)

+ Nglog(a) — pa
— ) log(Na!)
i

= Ld,timing + Ld,brightness + Ld,combinatorial

Here, for every DOM d:

2%
Ni

expected number of photoelectrons in time bin i
detected number of photoelectrons in time bin /
expected total number of photoelectrons
detected total number of photoelectrons
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Likelihood

Likelihood (charge and time)

Noii o—puqi
de

log(Lg) = ) _log (Md’Nd-l )
i*

_ Z Noi 109(2ai/ 11a)

+ Nglog(pa) — 1

= Ld,timing + Ld,brightness

Here, for every DOM d:

2%
Ni

expected number of photoelectrons in time bin i
detected number of photoelectrons in time bin /
expected total number of photoelectrons
detected total number of photoelectrons
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Likelihood

Simplified likelihood

Reconstruct only track geometry
e "SPE" likelihood: ignore pulse charges

log(Ly) Zlog <“ d’) = Zlog(p(ti))

e "SPEAII": use all pulses
e "SPE1st": use only first pulse every DOM

e "MPE" likelihood: use total charge and time of first hit:

Ls = Nap(to) [ oop(t)dt} "

b
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Likelihood

It
¥
‘Event cantared (deg)

RuniD = 1, SubRuniD= 0, EventiD = 1134, nSamples = 82506

True Zen= 102.2, True Azi = -86.9, Reco Zen = 101.5, Reco Azi = -88.2 {all in dag)

Nchan = 28, Nstring = 5, Ndir = 11, Ldir = 209.3m

Sigma = 2.21, err_1 = 2.51, err_2 = 1.85, alpha = -89.89 (all in deg)
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Likelihood

-log(L) map

(coincident muons, 1C22)

Event-cantared decination (deg)

G b b h ue - w u s ol

RuniD = 1, SubRunll

1, EventiD = 27, nSamples = 82506
MC Zen= 59.8, MC Azi = 14.4 (deg), MC E = 1676.7, # muons = 2
Reco Zen = 50.7, Reco Azi = -168.9 (deg}

Nchan = 13, Nstring = 3, Neir = 7, Ldir = 327.6 m

Sigma = 3.18, err_1 = 3.94, err_2 = 2.17, alpha = 23.25 (all in deg)
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Quality e Direct hits: Ny, Lgir

(To do: a cartoon illustrating what
direct hits are)
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oo Quality Parameters

Quality e Direct hits: Ny, Lgir

(To do: a cartoon illustrating what
direct length is)
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Quality

(To do: a cartoon illustrating the use ~ © Likelihood ratios
of likelihood ratios)
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Quality

(To do: a cartoon illustrating what a

paraboloid error ellips) e Likelihood width
("paraboloid
sigma")
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