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MEG experiment

• Standard Model including 
neutrino oscillations              
➜ BR ≈10-50

•  SU(5) and SO(10) SUSY-GUT 
theories predictions               
➜ BR ≈ 10-12 ÷10-14

Search for μ→eγ with unprecedented sensitivity BR ≈10-13

An observation of this decay will be a clear evidence of 
physics beyond the Standard Model
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MEG collaboration

International collaboration ≈ 60 physicists

Experiment mounted in 2007 
at Paul Scherrer Institute CH

PSI provides the most intense 
low momentum muon beam 

in the world

Rµ ≈ 3× 107µ/s
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Event signature and background
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Eγ = Ee+ = 52.8 MeV

BAcc ∝ Rµδx(δy)2δθ2
eγδteγ

θeγ = π rad
∆teγ = 0 ns



Detector
Largest homogeneous LXe detector ever 

800l read by ≈ 850 PMTs

LXe ➜ fast scintillation light O(40 ns)
➜ 40000 phe/Mev

→ Eϒ, Tϒ, θϒ

Magnetic Spectrometer

• Non-uniform magnetic field
• Drift chamber for tracking
• Plastic Timing Counters

→ Ee, Te, θe

Project resolutions
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Trigger system requirements
• Fast computation → DRS chip digitizer (PSI) requires 

trigger within 450 ns  

• Good background rejection with high efficiency on signal

• flexibility to any experimental requests
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System based on logic computation on FPGAs

♠ Use of fast devices: LXe detector and TC 

♠ Final latency of 400 ns

♠ Background rejection at 107 level ➜ Lifetime ≈ 90% with 50 Hz DAQ

♠ Efficiency on signal > 90% 

♠ Up to 32 different trigger types avalilable 



Trigger electronics
Three different custom VME boards developed by INFN Pisa group

• Type1 board:

- Front End receivers for PMT and aux signals 

- 100 MHz 10 bit waveform digitizer 

- first level of data processing (e.g. online channel calibration and pedestal subtraction)

• Type2 boards:

- middle and final layer 

- connected to 9 boards from previous layer, 48bit 100 MHz LVDS trasmission

- event reconstruction ➜ stop signal to DAQ

• Ancillary boards:

- CLK and control signals fan-out to synchronize whole system
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Selection variables

• Gamma energy deposit on LXe detector

• Time difference between photon and 
positron

• Collinearity of the event
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Gamma energy
Coherent sum of LXe waveforms:

• single channel calibration for PMT gain and geometry

• energy estimator ➜ pulse height of waveform

threshold on pulse height
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Channel calibration: use of 
software programmable LUT

Charge estimator: parallel sum of 
400 channels



Gamma energy (2)
36 Online selection efficiency

8.1.2 Conditional efficiency

In the normalization scheme we have to take into account the conditional probability that given a signal

event the trigger is fired. In particular for what concerns Eγ selection, we have to evaluate:

ε(trigger|Eγ = 52.8MeV ) (8.1)

This value is related to the trigger efficiency itself and the official offline reconstruction.

Given the PDF spectrum used in Likelihood analysis we can study its distortion due to online se-

lection. The PDF distribution of the signal is defined by a non-simmetric gaussian with a conservative

FWHM = 5.5%, see CAPITOLO PDFs; the response function of online algorytm is reported in Fi-

gure 8.1.1 (b), it is a sigmoid function defined by the effective threshold of online selection and its

sigma.

MEG Likelihood analysis is applied on events having reconstructed energy over 45 MeV, thus the

conditional efficiency is given by the integral over 45 MeV of the product of native PDF and the online

response function divided by the integral of the native one. this has been checked for all the values of

thresholds, see Figure 8.1.2, and sigma, and it is always compatible with 100% efficiency.
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Figura 8.4: Effective threshold in nphe (a) and in MeV (b) as a function of Run Number.

8.1.3 Positron-Photon relative time

The online time reconstruction is based on a parabolic fit of the rising edge of LXe and TC PMT

waveforms. The algorithm selects the LXe waveform belonging to the inner face with the highest height

pulse and the TC ones belonging to the hit bar, see REFERENZA ALGORITMO DIFFERENZA

Online resolution on 55 MeV 
line 

➜ ΔE/E = 9% FWHM        
➜ full efficient for Eϒ > 45 MeV

Conditional probability on 
signal PDF

➜ Efficiency > 99%
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Relative time

38 Online selection efficiency

 / ndf = 68.38 / 402!
   "  7.39e-11± 3.44e-09 

Low THR   8.144e-11± -1.136e-08 

High THR  8.171e-11± 1.071e-08 

A         14.0±  1527 

B         3.09± 64.22 
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Figura 8.6: Offline ∆T shape in trigger #0 data given by online selection, in blue a simulation of the signal obtained

by RD events.

Tϒ = rising edge of higher 
LXe pulse

Te = rising edge of TC 
waveform of hit bar

Shape of time condition on MEG data
time window = +- 10 ns

Efficiency > 99%
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Maximum 
T0 difference  

between 
different 

channels < 1 ns



Collinearity
Correlation of LXe PMT index and (BAR,Z) hit on TC

LUTs implementation based on MC simulation

Gamma direction: LXe PMT collecting higher light (stack of comparators)

Positron direction:  ➜ index of hit bar (discriminator + LUT for multi tracks)
     ➜ inpinging point on bar by charge ratio (LUTs)

Efficiency = 66%, maximize lifetime*efficiency for 2008 RUN
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Trigger types

Type Selection criteria
LXe alone Eϒ threshold as MEG
TC alone Single hit on TC bars
DC alone Track candidates on DCs
Pedestal Random triggers

Physics data triggers

Example of calibration triggers

14

Type Eϒ  Thr (MeV) |ΔT| (ns) Collinearity
MEG 40 10 LUT

Check Eϒ 30 10 LUT
Check Coll 40 10 NO
Check ΔT 40 20 LUT



Trigger types

Type Selection criteria
LXe alone Eϒ threshold as MEG
TC alone Single hit on TC bars
DC alone Track candidates on DCs
Pedestal Random triggers

Physics data triggers

Example of calibration triggers
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Type Eϒ  Thr (MeV) |ΔT| (ns) Collinearity
MEG 40 10 LUT

Check Eϒ 30 10 LUT
Check Coll 40 10 NO
Check ΔT 40 20 LUT



DAQ set-up

• Single mask and prescaling factor 

• DAQ with different triggers mixed together

• ONLINE computation of total and lifetime

• The trigger system merged into MEG Midas DAQ system

- exchange of control signals with MEG digitizers (DRS, PSI) 
through a dedicated bus

- second MEG digitizing system for fast check of data, in 
particular for LXe energy
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Conclusions
• A novel electronic trigger system developed for the 

MEG experiment

• Multi layer structure based on digital computation 
of detector signals

• Selection algorithms implemented into FPGAs ➜ 
fast computation and flexibility

• High efficiency on signal with 107 background 
rejection

• Trigger system inserted into experiment DAQ
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