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Aims and Objectives

� A High Pressure Time Projection Chamber is a novel
possibility for a neutrino detector

� Capable of measuring low momentum outgoing hadrons
(typically a few hundred MeV) required for making neutrino
cross-section measurements

� To test the HPTPC: Beam test at the T10 beamline, which
has a large pion/proton ratio

� Innovative off-axis beam technique and moderator used to
increase proton fraction and reduce proton momentum
measured
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Motivation for HPTPC as a Neutrino Detector
Gaseous detectors:

� Low momentum
threshold for final
state particles

� High granularity
readout

� Ability to change
target gas

High pressure:

� Increases target
mass ! increased
statistics. Combined
with neutrino beams
from MWatt
facilities provides
sufficient statistics
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TPC Design: Charge Readout

� Charged particles ionise gas

� Electrons drift to
amplification region

� Electron avalanche in the
amplification region
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TPC Design: Optical Readout � Avalanche excites gas !
emits photons

� Optical signal is read by CCD
cameras

� CCD cameras sensitive in the
300-800nm range

� Balance between charge gain
and optical yield
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Prototype HPTPC

� Vessel rated to 5 barG of
pressure

� Steel mesh cathode and
anodes create drift field

� Field Cage: 12 Copper
rings maintain uniformity
of the drift field

� 4 CCD cameras image a
quadrant of amplification
region
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Beam Test Overview

� Beam Test took place at
the T10 beamline, East
Area at the PS in CERN

� 1 Month of beam from 15
August to 18 September

� Primary beam
configuration used over
0.8GeV

� R&D goal: Test HPTPC
prototype to provide proof
of concept

� Physics goal: Making
measurements of hadronic
scattering
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Motivation for beam test

� Lack of hadron scattering
data in the low proton
energy region

� More data can be used to
tune nuclear models

� Ability to change target
gas helps constrain nuclear
models further

� Neutrino generators
disagree in predictions at
low momentum

� Leads to higher systematic
uncertainties in nuclear
models for neutrino
experiments

H. Wellisch and D. Axen, Physical Review C 54, 1329

Plot courtesy of Pip Hamilton
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Beam Test: Beam conditions

� Beam spill on the order
of 500ms

� Approximately 5-10s
between spills

Plot courtesy of Seb Jones

From HPTPC Beam test proposal to CERN

� Beam has high pion
component at low
momentum settings

� Pions are a background
for p � Ar cross-section
measurement
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Off-axis angle technique

� Seek to increase the proton
ratio while decreasing the
proton energy of the beam

� Use of acrylic moderator
blocks in front of beamline

� Protons scatter at wider
angles in the moderator

� Moving off axis increases
proton:pion ratio

� Trade off between
improved Proton:Pion ratio
and raw number of
particles

� Range of 3-4 degrees
chosen for beam test
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Beam Test Layout

Diagram courtesy of Morgan Wascko
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Upstream Time of Flight

� 3 constituents upstream of TPC (S1-3)
� Plastic scintillator upstream counter (S1) of 4cm x 4cm

with trigger counter (S2)
� Further downstream timing detector (S3) with 20 bars of

plastic scintillator with 90ps timing resolution
� S3 is a SHiP prototype from the Université de Genève:

larger version of that used for the ND280 beam test

Images courtesy of Alexander Korzenev
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