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INTRODUCTION

Laser-based calibration system for the muon g-2 experiment

@ Obijectives:

TESTBEAM@BTF TESTBEAM@SLAC CONCLUSIONS

e calibration of detection time;
e equalization of crystal response and light intensity;
e calibration of positron energy measurements;

@ Key elements:

Laser
control

Laser Hut

Slow Control

soncoo -

bundle

Sync. trigger

I Laser 1 I

Laser 2 ==

S.M. = Source Monitor
L.M. = Local Monitor

A. Driutti (INFN & U. Udine)

MUSE General Meeting - Pisa, 29 September 2016 Results from TB

2/19



INTRODUCTION TESTBEAM@BTF TESTBEAM@SLAC CONCLUSIONS

The Frascati Test Beam

@ testing complete calibration system chain;
@ calibrating equivalent luminous energy of the laser.

Beam Test Facility (BTF) @ Laboratori Nazionali Frascati (LNF)

@ BTF is part of the DA®NE accelerator complex
@ 100 m? instrumented experimental hall

The Electron Beam

@ highly collimated;

@ 450 MeV +£1% monoenergetic; @ average of 1-3 electrons/pulse;
@ 10 ns spill @ 50 Hz repetition @ 250 pm of diameter.
rate;
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Experimental Setup: Laser Distribution System

PMMA fiber bundle
to calorimeter

Photonics

Photonics
PMT

Sphere
diffuser

Laser Specifics
N @ 405 + 10nm laser by PicoQuant;

mirror S 0LE @ max. energy pulse 1 nJ;

@ 700 ps pulse width;

@ up to 40 MHz repetition rate.
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Experimental Setup: Monitoring system and Calorimeter

7.5cm

1. Linear SM wls ~ Am pulser
fiber .
Monitoring System: Jiuser |2 Sphere SW
. . ToLM Mixing chamber < et bean PN
@ two Source Monitor designs: T .
1. Linear SM: engineered diffuser + e /
reflective mixing chamber Am pulser f\/
2. Sphere SM: integrating sphere e —]
@ Local Monitor: two Photonics PMTs;
@ custom PIN frontend electronics;
Calorimeter:
@ final detector’s subset of 5 elements; — . .
@ element=2.5 x 2.5 x 14cm?3 PbF, T =
crystal + 16 ch. Hamamatsu SiPM; 75‘“ i H B
\

@ 4 mock Plexiglass crystals.
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Experimental Setup: Acquisition System

DAQ included:

@ two CAEN digitizer (5742, 5 GS/s);
@ 3 triggers (beam, laser, Am) using NIM electronics;
@ ambient and SiPMs temperatures.

Laser : .
trigger ]
delay&shape
Beam Pre-Trigger —W

Beam Trigger
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Experimental Setup: Typical Events
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TESTBEAM@BTF
Results: Calibration trough photostatistics

@ using laser data with different intensities obtained with filter wheel;
@ laser-pulse area: mean (u;) vs variance (o-i):
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@ from fit identify k as p1 the pulse area/p.e.
@ measured 600-800 p.e. depending on SiPM, bias voltage and temperature.
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Results: Equivalent light Calibration

Photoelectron yield from beam:

-5 4500
K

H
$ 4000

\ (u1e/k) /450 MeV = 0.9p.e./MeV |  *

3500

3000

@ ;. single electron peak mean
from fit.

1500

@ k from photoelectron calibration;
@ 450 MeV e-beam energy;

500

0

Laser Equivalent Energy @ TB:

Calorimeter response to electron beam
2e
L

fit func. = Z Gauss(Ne 1, yN. &)
3e

2000 4000 6000 8000 10000 12000 14000
Electron signal (ADC counts)

@ u; mean-laser pulse area on SiPMs (filter 100% trasm.)

@ |y /me ~ 1.8 = Laser Equivalent Energy @ TB ~ 800 MeV

Scale to experiment:
@ light power before calorimeter:

11.2 pJ measured @ TB vs 141

pJ expected @ experiment

@ Equivalent Maximum Energy: | 800 MeV/11.2p]J - 141 pJ = 10 GeV
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Results: Stability monitoring and corrections
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Results: Stability monitoring and corrections
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Results: Temperature-dependence of PiDs response

@ measured after TB with temperature-controlled chamber:

o PIN under test: PiD1 inside chamber
e reference PIN: PiD2 outside chamber

@ PINs coupled with frontend electronics
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The Frascati Test Beam in brief

@ Successful test of the laser-based calibration system for the Muon g-2:

o tested all system key elements;

e measured electron-energy equivalent of the laser intensity: 10 GeV;

e guaranteed light stability at sub-per-mill level (thanks to monitoring
system);

@ Paper to be submitted to Nuclear Instruments and Methods in Physics
Research Sec. A (NIM) journal:

Electron beam test of key elements of the laser-based calibration system for the
muon g — 2 experiment

A. Anastasi®*, A Basti™, F. Bedeschi™, M. Bartolini™, G. Cantatore!#, D. Cauz®i, G. Corradi®, S. Dsz;Lgm‘q

3 amo'C A. Driutti’, O. ]"smhnto" C. Ferra JAT. anhmﬂ' A. Fi

, D. Hampai®, D.W. Hertzog', M. Tacovacci®®, M. Karuza®¥, J. Kaspar', A. Lledl"

A. Lusiani™", F. Marignettij'". S. Mastroianni®, D. Moricciani!, G. Pauletta®, G.M. Piacentino®?, N. Rahal,
E. Rossi®, L. Santi?, G. Venanzoni®
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TESTBEAM@SLAC

The SLAC Test Beam

@ testing the full electromagnetic calorimeter system: from calorimeter
to offline analysis.

e

e
-

End Station A [hitps://portal.slac.standford.edu

The Electron Beam

o well collimated: @ single electron beam;

@ two-bunch mode with 350 ns
gap
@ beam diameter ~ 1-2 mm.

@ energies from 2 GeV up to 5 GeV;
@ typical rate 5-10 Hz;
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INTRODUCTION TESTBEAM@BTF

Experimental setup

TESTBEAM@SLAC

CONCLUSIONS

Backend:
MIDAS data acquisition

Analysis Computers:

Offline data analysis: gm2 ART and

ROOT frameworks

Control Room

T
Frontend
=y
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]
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1 system” 25m fibers
| Calibration
Laser
! Sistem
L
Experimental Hall
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Experimental setup: Laser Calibration System

LASER BOX
Laser Head

diffiuser =
&%

Fibers fram ' N

Filter Jineelsy | <.+ ¢
(FW.

and LM with one PMT;

@ prototype of final version
electronics;

;N » o |
Naples DAQ independent DAQ system;

@ light chain as for experiment.
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Monitoring System Performance

SM Pulses
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SLAC Test Beam in brief

@ Tested the full calorimeter system for the Muon g-2 experiment:

o calorimeter;

o laser calibration system;

waveform digitizers;
o DAQ;

o offline data analysis framework.

@ Results will be published soon.
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Conclusions & Acknowledgements

@ Two tests of the calorimeter system for the Muon g-2 experiment during
2016:

o Frascati Test Beam: focused on the key elements of the
laser-based calibration system;

o SLAC Test Beam: integrated test of the full calorimeter system.

@ Assembly and installation of the calorimeter system are in progress at
Fermilab.

Acknowledgements: thanks to BTF and ESTB staff for support!
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