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Outline

Introduction to ALPHA-g.
The cosmic ray background veto system.
A first look at cosmic ray data.
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ALPHA-g physics objectives

ALPHA: Antihydrogen Laser PHysics Apparatus
@ CERN.
ALPHA-g will measure the gravitational
acceleration of antihydrogen.
The first direct test of the Weak Equivalence
Principle using antimatter.

Figure: Dan Hanson, Pinterest
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ALPHA-g apparatus

Solenoid

TPC

Traps

BV not 
shown

Use magnetic traps to create and hold
antihydrogen (see talk by Nathan Evetts).
Relax vertical fields, and allow antihydrgoen to
fall and annihilate.
Track annihilation products (pions) using a Time
Projection Chamber (TPC).
Reconstruct annihilation positions.
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Barrel Veto

Main background in TPC: cosmic ray muons.
To distinguish cosmic rays, TPC surrounded by a
“barrel veto” (BV).
64 2.6-meter bars of plastic scintillator bound
together in barrel shape.
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Barrel Veto readout
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Background rejection principle

Time application of the Barrel detector for ALPHA-g

Andrea Capra

I. INTRODUCTION

The barrel detector for ALPHA-g consists in 64 bars, 2.5 m long, of plastic scintillator. Each bar is readout on both
ends by a 6 SiPM. The bars form an open-ended cylinder around the rTPC. It can be used as the trigger for rTPC.
It can also be employed to reduce the number of events due to cosmic rays, which contaminates of the signal from H
annihilation. Based on the previous and present experience with the ALPHA apparatus, cosmic rays will be the main
source of background in the ALPHA-g as well. The e�ciency of the background rejection is strictly dependent on the
time resolution of a bar and its readout. A technical overview of the electronics and data acquisition system can be
found in [? ]. The present document aims to establish the conditions for the which the barrel detector is e�ciently
rejecting events due to cosmic rays.

The key to distinguish H annihilation from cosmic rays is the time-of-flight, or TOF, between bars. As it can be
seen from the left panel of Fig. 1, the products of the H annihilation1 originate near the centre of the apparatus and
the TOF of three hits (A, B, C) satisfy the relation tA ⇡ tB ⇡ tC . The cosmic ray in the right panel of Fig. 1 travels
into the page from outside the apparatus and the resulting relation between the hits (A0, B0) is tA0 < tB0 . Since it
is clear that tB � tA ⇡ tC � tA ⇡ tC � tA ⇡ �t ⇡ 0, while tB0 � tA0 ⇡ �t0 > 0, there must exists a ⌧ , such that
�t < ⌧ < �t0. For any �t > ⌧ then the event is most likely due to a cosmic rays and it can be rejected.

FIG. 1: Definition of TOF and its use to distinguish cosmic rays from annihilation products. Left: sketch of the hit pattern
due to H annihilation. Right: sketch of the hit pattern due a cosmic ray.

This is only possible if the TOF measurements of the hits (A, B, C, A0, B0) are su�ciently accurate. The simulation
described in the next section studies the accuracy requirement of the TOF measurement.

1 For the remainder of the document, they will be identified as “charged pions”, or simply “pions”, or ⇡±, since they are most probable
species.
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My project: Implement algorithm to reject cosmic ray background!
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Finding z from BV time

tbottom = t0 + (L/2 + z) /v

ttop = t0 + (L/2− z) /v

=⇒ z =
v
2
(tbottom − ttop)

L = bar length, v = speed of light in bar

ttop

tbottom

z
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Matching BV and TPC data

Extrapolate TPC tracks into the BV −→ intersection point (z, φ).
Calculate z and φ of BV hit.
Match each BV hit to the geometrically closest TPC track.
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Calculating time of flight

TOF = t2 − t1
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Pairs of BV hits

Next I looked at every combination of two BV hits.
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Calculating expected hit geometry
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Data vs prediction

Data
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Summary and outlook

Summary:
Barrel veto detector used to reject cosmic ray background in ALPHA-g.
Analysis of cosmic ray data is ongoing.
Barrel veto system appears to be working as expected.

Future goals:
Apply this analysis to simulation, and to H data once it is taken.
Develop an algorithm to distinguish cosmic ray background from H events.
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