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Introduction
Jessie Yang, 3rd year PhD student at University of Washington

One year anniversary of being in PIONEER!

Likes: 
◦ Sleeping in my car in the middle of no where

Dislikes: 
◦ Sitting in rooms with walls forlong periods 

of time

Previously:
◦ Computer science and cosmology

Now:
◦ ATAR development including simulation and test beam!
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CENPA’s Van de Graaff Accelerator
Delivered in 1964, first beam in 1965 (Happy 60th anniversary!)

Where are we with the VdG? 

◦ The VdG can produce beams of protons and deuterons ~1.5 to 
18 MeV, with beam currents of a few microamps. 

◦ New operating team has made strides repairing the machine, 
working in the tank, replacing foils, performing overdue 
maintenance, scanning and archiving, and pursuing upgrades to 
the control system. 

What beams & science have we pursued? 

◦ He6-CRES, our primary user: sensitive searches for chirality-
flipping interactions in 6He and 19Ne.

◦ Produced 56Co calibration sources for LEGEND with 13 MeV 
proton beam. 

◦ Produced a novel 17 MeV gamma calibration source from a 1.4 
MeV proton beam, via excited states in a 7Li target 

◦ Making plans to produce: 79Kr, 42Ar, and more! 

◦ A common thread:  Large experiments need calibration sources!

Slides adapted from C. Wiseman
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Tandem acceleration

1965 technology is entirely analog! 

Resulting in some…vintage style mishaps
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Beam control is completely analog
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Multiple beamlines
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Rutherford Backscattering

We put the RBS 

arm at 110°

24” RBS 

Cahmber

Gold foil 

target wheel



Using CENPA’s Tandem Accelerator for PIONEER
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PSI Pion beam

→ Pions stop in Active Target (ATAR)

→ Decay into either a muon or positron

→ Muons will remain in ATAR (until they 

decay into positrons)

→ Positrons are collected in the calo



PIONEER: What will we see?
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Geant4 simulations demonstrate the distinct timing and energy signatures of each decay mode 
(note Log scale)

𝜋+ → 𝜇+𝜈𝜇
𝜇+ → 𝑒+𝜈𝑒 ҧ𝜈𝜇

Three body 

decay has a 

broader energy 

spectrum. Cutoff 

at 53 MeV. 

𝜋+ → 𝑒+𝜈𝑒
Two body decay 

energy peaks at 

𝑚𝑝𝑖/2 ≅ 70 MeV
Calo hit time – pion entrance time (ns)Reconstructed positron energy (MeV)

Pienu time 

spectrum mirrors 

the pion’s 26 ns 

half-life

Muon half-life is 2 

𝜇s and appears 

flat on the ns 

scale

Detector design intends to keep the pienu tail 

below ~1% of all pienu events

→ Must uncover tail for 0.01% precision

Active Target (ATAR) will track the pion’s decay 

products to help us uncover the pienu tail



Timing

𝜏𝜋 = 26 𝑛𝑠

Nanosecond level 
precision

Position
𝐾𝐸𝜇 ≅ 4𝑀𝑒𝑉

𝑅𝜇, 𝑆𝑖 ≅ 0.8 𝑚𝑚

Sub-milimeter
level precision

Energy
Positrons are MIPs

Muons/pions are 
~100 MIPs

Large dynamic 
range (1000) to see 

all particles

Important Considerations for ATAR
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High granularity 
and ~100 um sensors



Lessons from last year’s test beam
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Large bias will magnify the E field and thus the signal → Great for positrons

Pions/muons could cause gain saturation

Incoming particle

Reverse bias is 

applied to amplify 

electric field in all 

regions
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Gain increases with angle Gain decreases after 

some critical angle

dE/dx increases 

rapidly as the particle 

slows down

Lessons from last year’s test beam



For the final detector, we will be able to tune our choice of:
◦ Sensor production

◦ Different thicknesses, gain, etc.

◦ Distributors include Hamamatsu Photonics (HPK), 
Fondazione Bruno Kessler (FBK) and BNL

◦ Sensor operation

◦ Larger bias voltage induces larger signal

We must then understand its response to a range of:
◦ Particle types

◦ Pions, muons, and positrons

◦ Particle energies

◦ MIP (keV) scale to MeV scale

Parameters of interest
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◦ Incident angles

◦ Particles can hit sensor from any angle 
(including from the back)

◦ Stopped vs. punch-through
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Improving the Experimental Setup
The digitizer was upgraded from an oscilloscope to SAMPIC.

Combined with a new high voltage device from UCSC, code could be written to 
simultaneously control the bias, angle, and data taking. 

→ Three computer setups: two in the cave, one in the counting room

→ A large portion of the runs could be automated!

SAMPICOscilloscope

Stepper 

Motor



Over 1000 Runs with 100,000+ Events Each

Sensor Thickness (um) Beam energies (MeV) Bias voltages (V) 

FBK W1 50 1.8, 3 50, 150, 250

FBK PIN W1 50 1.8, 3 50, 100, 400

FBK W8 100 1.8, 3, 4.5 100, 200, 250, 350

FBK PIN W8 100 3, 4.5, 6.5 200, 300, 400

FBK W8 (thinned) 100 6.5, 8 100, 200, 250, 300

FBK W11 150 3.8, 5.5 200, 400, 600

FBK PIN W14 150 3.8, 5.5, 6.5 300, 500

BNL 200 1.8, 3, 4.5, 5.5 200, 300, 400

New code was developed to automate data taking (e.g. bias voltage and angle).

Huge thanks to the CENPA beam team for long hours, 

adaptability, and a consistent beam!
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Beam energies chosen to 

study signals from both 

stopped and punch-

through particles for each 

sensor thickness
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An average day during CENPA beamtime

Setup the 
sensor

Beta tests
Pump down 
the chamber

Set run 
parameters

Hope for 
beam on 

target

Start run 
scripts

Set stepper 
angle

Set bias 
voltage

Start data 
taking

Repeat for 
several 
hours

Quick 
analysis

Sufficient 
statistics

Clean-ish
pulses

Expected 
HV/angle 

dependence

Try not to 
fall asleep
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Parsing Through All of the Data
Webpage will find the data for you!

Energy ∝ Integral of pulse

𝑃𝑚𝑎𝑥 = Amplitude of pulse



Thanks to help from UCSC and BNL!

January 9, 2025 Jessie Yang | PIONEER Collaboration Meeting 18



Backup Slides
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We can probe BSM physics on the TeV and PeV scale via high precision measurements of rare pion 
decay branching ratio:

𝜋+ → 𝑒+𝜈𝑒 vs. 𝜋+ → 𝜇+𝜈𝜇

• Large mass ratio results in a large helicty suppression

𝑅𝑒/𝜇 =
𝑚𝑒

2

𝑚𝜇
2

𝑚𝜋
2 −𝑚𝑒

2

𝑚𝜋
2 −𝑚𝜇

2

2

∗ 1 + EW corrections = 1.23424 015 ∗ 10−4

𝑚𝑒 = 0.511 MeV, 𝑚𝜇 = 135 MeV

Rare pion decay
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We can probe BSM physics on the TeV and PeV scale via high precision measurements of rare pion 
decay branching ratio:

𝜋+ → 𝑒+𝜈𝑒 vs. 𝜋+ → 𝜇+𝜈𝜇

Theoretical predictions are currently ~15x more precise than the best experimental measurements 
from PIENU (Phys. Rev. Lett. 115 (2015) 071801)

PIONEER Phase I aims to measure 𝑅𝑒/𝜇 with 
0.01% precision
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Rare pion decay


