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Introduction

Pileup

e Pileup identification

e Pileup elimination
Cosmic ray
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Background

Prompt Background
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Gamma background (total)

* Single gamma (AIF + RD)
* | Pileup
* | (Cosmic ray)
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E, [MeV] This talk
AIF : positron annihilation in flight High energy BG events 4
RD : muon radiative decay — Larger effect in likelihood analysis




Liquid Xenon Calorimeter

Non-segmented detector
-> all PMTs are used to
reconstruct each single photon

Expanded view
(Color code = PMT charge)
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Energy deposit in LXe (Example 1)

Color represents time (blue -> red)
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Energy deposit in LXe (Example 2)




L Xe pUISe DRS4

MEG calorimeter WF
sampled at 1.6 GHz

_____________________________ Tem plate fit =

Effective atomic number

Density (g/cm3)

Relative light output (%)

Decay time (nsec) 40 4.2, 22,45

Fast decay = Good to reduce pileup

All waveforms are recorded
-> offline pileup identification




Energy reconstruction

1. Weighted photon sum /Q'E'

N = Qi/gi/qei x w;

[N

charge gain
correction for PMT coverage

fraction (fixed)

2. Correction of
- Non-uniform response in the detector

- 5% difference depending on position and depth
- Variation of light yield

Amplitude (mV)

Amplitude (mV)
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Filtered WF is used for energy;
Integration time is shorter.
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3. Scale to energy. (Single factor)

Required
- Charge of most of PMT
- Position and depth of conversion point
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Pileup



How pileup gamma look

Random trigger data

! | |
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104

Negative energy is due to

overshoot of shaped WF \103
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Most of pile up is low energy

*shaping is done to reduce slow component noise 12



ID by charge distribution

Example 1 Example 2

Peak search in the largest faces (inner and outer)

| 3



Time fitting X2

Reconstruction : Fitting Ti’ distribution

Ti'=Ti-di/c’

Single gamma (MC)

C’ : speed of scintillation light in LXe



Thought

Easiest way is rejecting all the pileup events

Real signal can be pileup !
- Simple rejection make inefficiency
15% of events of MEG data sample have pileup.

Better way is unfolding pileup gamma, but not trivial.
- MEG calorimeter is non-segmented.
- Light distribution is not constant
- Low energy — point-like
- High energy — shower shape is approximately constant.
- Middle energy — Light distribution much different event-by-event.
- Position and depth of low energy photon is difficult

Case of MEG

Subtract pileup energy from total energy




Pileup elimination

Finding pileup gamma positions

V

Estimating energy without using
PMTs around the pileup

V

Expecting #photons of
PMTs in case of no pileup

V

Replace #photons around the pileup

V

Doing the usual reconstruction




Pileup elimination

Finding pileup gamma positions

V

Estimating energy without using

PMTs around the pileup @ ‘F

Expecting #photons of | E et
PMTs in case of no pileup ' :

i} Not used

Replace #photons around the pileup Energy is estimated by fitting main
gamma PMTs, without using PMTs

& around pileup

- : Fitting function is made from
Doing the usual reconstruction calibration 17MeV gamma data | 7



Pileup elimination

Finding pileup gamma positions

V

Estimating energy without using
PMTs around the pileup

V

Expecting #photons of
PMTs in case of no pileup

V

Replace #photons around the pileup
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Pileup elimination

Finding pileup gamma positions

V

Estimating energy without using
PMTs around the pileup

V
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Expecting #photons of
PMTs in case of no pileup

V

Replace #photons around the pileup
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Pileup elimination

Finding pileup gamma positions

V

Estimating energy without using
PMTs around the pileup

V

Expecting #photons of
PMTs in case of no pileup

V

Replace #photons around the pileup

V

Doing the usual reconstruction
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Energy of pileup gamma is estimated
from information of main gamma.
Only a part of PMTs are replaced, and
most of original information is used for
reconstruction

20



Enhanced pileup elimination

Original
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i i Pileup-elimination

| algorithm can subtract
a part of energy (i.e.
not all)from pileup
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A check by using 55MeV calibration gamma

Before elimination

60
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Black : Pileup all rejected
Blue : Only pileup events, /V
with enhanced pileup elimination

Black : Pileup all rejected

<€— Blue : Only pileup events

After elimination

Resolution becomes almost same

Vertical scale is arbitrary. Background condition during calibration run is much different from physics runs.




Gamma spectrum in physics runs

Before elimination

10°

1|nated




Check of the Gamma spectrum in physics runs

After elimination
| T T T T | T T T T | | T T I
10*

10°¢

Blue one is scaled for comparison

10°F

102

T 0065 0.0 ol
Energy [MeV] 3

All pileup rejected. ol
0045 005 0055 006 0065 007
Energy [GeV]

Only pileup events after elimination

Almost same shape in pileup and non-pileup events.
Still investigations are needed for higher tail.




Cosmic ray



Cosmic ray

Spectrum of CR (measured) Most of CR peak at 160 MeV and higher
y 3 DR tail (Landau)
— Not background

Low energy part around signal
- Mostly reconstructed around edge.
—Qutside of acceptance
Automatically rejected.

100 150- 200 250 300 350 400 450 500
' - el CR enter from outer face and stop
iIn LXe volume can be identified
by unusual light distribution.

|dentification needed.

- CR (or secondary particle) enter from
inner face and stop in LXe can be
accidental background

26



Cosmic ray rejection

Rejection of particles enter from outer face
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CR data
Signal MC
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99% efficiency for signal
56 % rejection in the signal energy range




Background
components

Fitting gamma data with
background components models




Model of background gamma components

2. Pileup

1. Single gamma (AIF+RD) Random trigger data
MC x detector response IEnmans

10°E

htoni200dgr F 10°

- [RMS  0.007169

energy is scaled to
represent pileup oMt XHRXH
e“m'nahon ] ) Ezl?ergy [MeV4]0
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=
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3. Cosmic ray

Spectrum of CR (measured)

Entr

[ S 5 R i S A S S
b SHzT oo

1.2—

1 .
0.8
0.6

AlF : positron annihilation in flight .
RD : muon radiative decay o]

| | | D00 1505 200 250 300 350 400 450 500
Different pileup due to beam tuning (red and blue) Energy [MeV]

Figure is before convoluting detector response Trigger veto for high energy is taken into account. 29




Fit to data

hegamall

S
_.
$

—

Entries 946685
Mean 0.04466
RMS 0.003323
v2 | ndf 347/ 69

1 AIF RD Con1.815e+04 £ 5.581e+01

CR 0.08144 + 0.00558
Sigma 0.0185 + 0.0003

| EScale 0.9984 + 0.0002
TRGAcc 0.04173 = 0.00001

TRGRes 0.03278 £ 0.00015

o
o
w|_""”|

004

(This fitting is done for much wider region than physics analysis )




Background components

Signal region

RD+AIF
(Single
gamma)

AIF+R|

Cosmic ray

All the rest

102

-3 | |
10004 0042 0044 0046 0048 0.05 0052 0054 0056 0058 006

Energy [GeV]

All the rest : pileup or reconstruction tail 31



Summary
e Gamma background of MEG

e Main background source is single gamma from RD or AlF

e |mprovement of resolution must decrease background

e 13pSM (HE) : ®RixF+ L/ U 1&L

e (Cosmic ray

e DERE

e Negligible after a simple geometrical rejection

e Pileup

e |dentification by space, and time methods

e Analysis to eliminate pileup gamma energy was developed

e We can use also pileup events for physics analysis -

e Fraction would become larger when we increase beam rate.

* Large (>13MeV) and negative pileup events are discarded

32



Back up



Estimation of energy

Excellent resolution is not required, since replaced PMTs are not

Fitting PMTs except 30403gY(<100) typically.

pileup,
- C(u,v,w,1) x N x I?

Ei /1

C : Conversion factor

N : Number of photons

| : distance from conversion point to PMT center

n : number of electrons
C is extracted from CW data for 36x96x24x846 stored in a

BIG table file.
300 MB

uvow PMT
In principle, everything (except time dependence )
must be included. (i.e. depth or position dependence,
scatter, error of PMT calibration...)




Expecting and replacing PMT output

Expectation can be done opposite way of
energy fitting

Ni — E/C(U, v, W, Z)/ZZQ

Currently, PMTs in a fixed distance(30 cm) from the pileup are
replaced.
We could do some study to change it event-by-event.




Including time information to eliminate pileup

Up to now pileup-ID by time is used only to reject events

In case of double-pileup, and if one of them is not identified by space,
one of pileups is not eliminated but the event is used in analysis. =>
can make background

e Probability is very small. (Ppileup X Pnot_iDed)”2

e Indices of rejected PMTs in time fitting, PMT time is far from gamma
time than certain threshold, is written in result folder.

e Modifications
e These PMTs are not used in energy-fitting.

e #photon of these PMTs are replaced by expectation from main
gamma.




Fraction of eliminated energy

We can know the fraction from CW data.

htemp
Entries 331141
Mean 0.3734
RMS 0.06254
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Trigger threshold Absolute background rate
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3.7 x 107 u decay/sec E, (MeV)
Detector response taken into account Self trigger data in 2008

No pileup

Uncertainty ~ 7%




Event selection and efficiency

e Event-selection
e No selection on conversion depth
e CRi s rejected

Large (>13 MeV) and negative pileups events are rejected for
safety.

Pileup event identified by time method, not by charge-distribution
method are rejected. (Pileup elimination is not possible)

)

e Analysis efficiency is calculated from event-count “before” and “after’
the cuts and corrected to signal efficiency known from MC

In 2009 run detection analysis

\
0.58 = 0.65 * 0.89

Experiment requirement is 0.6 %



ID by sum waveform shape

Chi-square of template-fitting to sum-waveform

PMT Sum 100%
....................... “Rawdata
Mov-Ave 15pnts '

S l TempllatelFit ....... e _:
-200

[nsec

BG rejection ~ 1-2 % after applying other methods
Signal inefficiency < 1%

Because other methods, shown previous slides,
work enough, this method is not used so far.




