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Workshop Details

•Virtual Workshop on ND GAr from Jan 11–13 

•https://indico.fnal.gov/event/47020/ 

•Slides and recordings of most talks available on indico page 

• Intended as a working meeting, with an informal agenda including 
discussion time in breakout rooms 

•83 registered participants, thanks to all who attended 

•Very successful!

https://indico.fnal.gov/event/47020/
https://indico.fnal.gov/event/47020/


Workshop Structure

•Monday: 

‣Plenary talk with an overview of current ND-GAr design and 
interfaces; Discussion of key questions to be answered 

‣Three breakout sessions:  Mechanical, Electronics, Physics/
Simulations 

•Tuesday: 

‣Three breakout sessions:  Mechanical, Electronics, Physics/
Simulations 

‣Plenary session with summaries from each breakout group 

•Wednesday: 

‣Two breakout sessions:  Mechanical, Physics/Simulations 

‣Plenary session with summaries from each breakout group, 
discussion of high priority items and (briefly) funding



Alan Bross



HPgTPC Concept

•Concept based on ALICE TPC 

•ALICE is upgrading their inner and 
outer readout chambers (ROCs) 
during the CERN long shutdown, 
old chambers available for DUNE 

• In ALICE, this is central region is 
instrumented with a silicon vertex 
tracker. We would need to build a 
new readout chamber to fill this 
region on both ends of the cylinder

Inner and 
Outer readout 
chambers



Key Questions

•Lots of details in workshop slides and meeting notes 

•Listing some of the major questions that were discussed in each area



Key Questions – Mech, HV, Gas

•Should the TPC have single or double drift volume?  

•Scintillation light detection (develop concrete R&D plan to narrow down 
the gas mix options) 

•What are the desired calibration systems and how do they interface? 

•Should the HV degrader gas volume be separate from the main volume, 
and a different gas? 

•What are the mechanical/structural interfaces between the magnet, 
ECAL, and TPC?



Key Questions -Electronics

•What are the design, R&D and prototyping plans for the Front-end 
electronics for TPC & ECAL?  

•What is the maximum heat load we can tolerate without cooling? With 
cooling? 

•ASIC options 

•Frequency needs? 

•What are the anticipated cable counts for the various systems and the 
corresponding number of feedthroughs into the pressure vessel?  



Key Questions – Simulations and Physics Studies

•Should the TPC have single or double drift volume?   Can we rearrange 
chamber to fill central hole? 

•What optimization needs to be done for ND-GAr-Lite? 

•We need a noise model in GArSoft and a hit threshold.  What is the S/N 
requirement?  What is the dynamic range requirement on the electronics? 

•What is the electron drift specification (diffusion, electron lifetime)? 

•What are the calibration needs? 

•Can we use NEST to simulate ionization and scintillation?  

•What needs to be done in order to interface different generators to the ND 
simulation?



Single-Sided vs Double-Sided readout

•Only maybe 1 spare ALICE chamber at the moment.  A 2-sided readout 
leaves space for a light collection system behind a semi-transparent 
electrode, and gives us spare readout chambers

ALICE setup
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Single-sided readout with rearranged 
IROCs and OROCs

•Single-sided readout allow for spares, and potentially can fill the central 
hole 

•But must understand impact of non-uniform pad sizes

Quick layout concept from 
Diego González-Diáz 



Scintillation Study Plans

•Argon scintillates in UV, but this must be wavelength shifted to give 
a stable gain in the chambers 

•Mixture optimized for scintillation wavelength shifting could also 
reduce the chamber gas gain.  So must perform studies to balance 
these. 

•Strategy: 

‣Start with Ar-N2 and Ar-CF4 

‣Might also be able to think about adding a third species as a 
quencher to improve gain stability. 

‣Need to study outgassing in Ar of photodetectors.  Can possibly 
do this in a test stand at FNAL or Santiago.



Impact of gas temp

Philip Hamacher-Baumann

•Suggestion to try to operate at peak if possible. Reduces temp control 
requirements.  Must see how this interacts with scintillation mixtures



Chamber Gain Calibration

•In-situ check with 83
36Kr calibrate for 

gas gain effects 

‣In ALICE performed for ~1 week/yr 

‣Look for Kr clusters in data.  

‣Accumulate a spectrum for each 
pad and fit to spectrum to 
determine relative gain 

‣How large of a signal do we 
expect? 
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Figure 2: An overview of the Kr calibration method
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ALICE Laser Calibration System

•Pulses of 266 nm UV light 

•Laser beams entered the endcaps 

•Mirror bundles generated a “fan” of 
light 

•4 different z positions in each half of 
the TPC  (~ 80 cm apart) 

•All metallic surfaces inside the TPC, 
which are hit by stray laser light, emit 
electrons. So also a signal from the 
central aluminized mylar electrode. 

•Do we need an ALICE-like system or 
can we just use integrated signal from 
the central electrode? 

‣Probably want something ALICE-
like, especially for a single 5 m drift

tolerance of 11 in both azimuth and dip angle, and the angles of
each bundle were measured to a precision of 0.05 mrad.

Fig. 48 shows the principle of mounting the micromirrors
in the TPC rods. The holders are integrated into aluminum
rings and glued between the polycarbonate tube pieces that
build up the 2.5 m long rod. Holes are drilled in the tube to
allow the narrow beams to exit the rod and enter the drift
volume.

Because the position and in particular the mounting angle of
the micromirrors define the narrow beam positions inside the
drift volume, care was taken to assure the mechanical stability of
the mirror holders. The gluing procedure for these rings
was specially adapted to control the position of the mirror
holders. The angles of the reflected beams were measured after
the assembly of the 2.5 m long rod. Also, special care was taken to
place the mirror holders close to the rod supports to the outer
field cage to minimize movements due to mechanical stresses on
the rods.

7.4. Laser beam characteristics and alignment

7.4.1. Narrow beam characteristics
A narrow ray generated by reflection from a circular surface

(as seen along the beam direction) is equivalent to the beam
progressing beyond a screen with a similarly shaped hole. Thus,
the narrow beams in the TPC are approximated by pure Fresnel

diffraction of an infinite planar wave through a circular aperture
of 1 mm diameter.

The profile and total energy of the narrow beams, generated by
reflection from each of the micromirror bundles, were measured
in the lab. The reflected beams were measured by a calibrated
energy meter and imaged with a CCD camera as a function of the
distance, z, from the mirror bundle. The energies did not vary
substantially for different micromirrors and were stable as a
function of time, reflecting the quality of the coated surfaces and
the laser. The patterns matched qualitatively what one expects
from Fresnel diffraction and the measured FWHM remains at or
below 1 mm up to z¼200 cm. For further details, see Ref. [33].

7.4.2. Narrow beam layout
The transverse pattern of the narrow beams in the TPC volume

follows from the micromirror angles given in Section 7.3.3. In
the z-direction, the planes of laser tracks are situated at
z" 7115,820,1660,2440 mm. When defining the angles and z
positions, we have aimed at generating beams radiating at
constant z that cross-sector boundaries strategically, i.e. at points
where alignment between sectors would benefit the most. We
have also avoided having too many tracks with small angles
relative to the wires of the readout chambers.

Fig. 49 shows the resulting pattern for the beams at a single
position in z. Beams from neighboring laser rods in j are offset by
a few cm in z relative to each other to avoid most of the apparent

Fig. 47. Example of the design of the interior of optics boxes installed on the TPC endplate. The shown boxes contain a 301 bending prism and a beam splitter, respectively.

Fig. 48. Section of a laser rod with a micromirror bundle and its support. An end view of the tube with the position of the four mirror bundles is also shown.

J. Alme et al. / Nuclear Instruments and Methods in Physics Research A 622 (2010) 316–367348

Looking down laser rod

TPC drift volume at predefined positions. The laser events can be
generated in special calibration runs or interspersed between
physics events. To obtain the best precision of the measured
tracks, the preferred geometry is one where the tracks have
constant drift times and are perpendicular to the wires. For this
configuration, clusters are smallest and the electronics and
reconstruction programs give the best possible single point
resolution. Simultaneously, a extensive coverage of the full
drift volume is desired. This led us to provide tracks in planes
at constant z, of which some radiate with approximately constant
j. Tracks generated at different z throughout the drift volume
allow easy determination of drift velocities from single laser
events.

Most metallic surfaces have work functions below 4.66 eV and
emit electrons by photoelectric effect when hit by UV light above
this energy. Being a first order effect in the light intensity, a
considerable amount of low energy electrons are seen from the
diffusely scattered, time correlated UV light produced by reflec-
tions. The signal from the aluminum surface of the central
electrode is used to give a precise picture at the maximum drift
time across the electrode.

7.2. System overview

The idea of generating hundreds of narrow laser beams
simultaneously was developed for the STAR experiment and
was modified appropriately for ALICE. The basic principle is that
the narrow beams are generated very close to the drift volume by
optics in a mechanically very stable configuration. Fig. 45 shows a
sketch of the principle.

A commercial laser outside the TPC generates an energetic
pulsed beam of UV light with 25 mm diameter and very low
divergence. Through an optical system of semitransparent beam
splitters, mirrors and bending prisms, this wide beam is split in
several lower intensity beams and guided into the TPC at different
entry points through quartz windows. The wide beams travel
along the inside of the hollow outer rods of the field cage, used for
holding the mylar strips that define the electric field. Inside the
rods, the wide beams are intersected by a number of very small
mirrors (1 mm diameter) that each deflect a small part of the wide
laser beam into the TPC drift volume. The dimensions, points of
origin and directions of the narrow beams are given by the size,
positions and angles of the micromirrors and only to a very minor
degree by the parameters of the wide beam. The micromirrors are
grouped in small bundles and placed along the length of the rod
so that they do not shadow each other. The undeflected part of the
wide beam is used for position and intensity monitoring by
cameras placed at the far end of the rod. All elements of the
optical guidance and splitting system are static, except for a few
remotely controllable mirrors used to fine tune the beam path.

Six rods in each half of the TPC were equipped with four
micromirror bundles each. Each mirror bundle contains seven
small mirrors. The wide beam originates from one laser for each
TPC half and is split and guided into the six rods. The two lasers
are synchronized to provide simultaneous laser pulses in the full
TPC, thus resulting in a total of 336 simultaneous narrow laser
rays in the TPC volume. It is also possible to operate the system
with just one laser for the full TPC using an additional beam-
splitter near the laser.

7.3. Optical system

7.3.1. UV lasers
Energetic pulsed laser light in the UV region is obtained from a

Nd:YAG laser ðl¼ 1064 nmÞ equipped with two frequency

doublers, generating pulses of UV light of 266 nm wavelength.
The same kind of laser was used for the STAR experiment at RHIC
[48], and also in NA49 [7] and CERES/NA45 [50] at the CERN SPS
and ALEPH [51] at LEP. The typical beam diameter from this kind
of laser is 9–10 mm, but our lasers were fitted with telescopes to
expand the beam diameter to about 25 mm. The power density of
the narrow beams is given by that of the wide beam inside each
rod. A 40mJ=mm2 density in each of the beams translates into a
requirement of the total energy out of the laser of 100 mJ per
pulse.

The laser from one side of the TPC was provided by Spectron
Laser Systems Ltd, model SL805-UPG. Operated in Q-switched
mode, it provides 130 mJ/pulse of $ 5 ns duration at 266 nm
wavelength and a repetition rate of 10 Hz. A computer controlled
tracking system continuously optimizes the orientation of the
second frequency doubling crystal to compensate for temperature
drifts. Built into the laser is a beam expanding telescope to enlarge
the beam diameter to 25 mm and reduce the beam divergence to
$ 0:3 mrad. Close to the laser, the beam has a flat intensity profile
across the beam spot which develops smoothly into a Gaussian
profile after 20–30 m.

A second laser for the other end of the TPC is a similar
Q-switched Nd:YAG laser from EKSPLA uab, model NL313,
similarly fitted with a computer controlled frequency quadrupling
system and beam expanding telescope. It provides up to 150 mJ
pulses at l¼ 266 nm and 3–5 ns duration at 10 Hz repetition rate.
After the expander telescope, the 25 mm diameter beam also has a
flat top profile and a divergence of o0:5 mrad.

The lasers are triggered by a fixed rate 10 Hz external clock,
such that their pulses are synchronized to each other and to the
readout clock of the TPC. Both lasers are placed in optically stable
conditions in a hut outside the L3 magnet at z$ % 10 m, 2.5 m
under the LHC beam line. Together with the actual laser heads and
their power supplies, the hut contains remote adjustable mirrors
to point the wide beams in the correct direction toward the TPC
and remote control electronics for the lasers, monitor cameras
and adjustable mirrors. Each laser beam is deflected through a
‘knee’ of one fixed and one adjustable mirror before it exits the

Fig. 45. Schematic 3D view of the TPC and the laser system. Two wide pulsed laser
beams enter horizontally at the bottom of the TPC and are guided around the two
end-caps by mirrors, prisms and beam splitters before entering the TPC. Bundles of
micromirrors in the hollow laser rods intersect the beams and generate a large
number of thin rays in the TPC drift volume. The undeflected part of the beams
continue through the monitor rods to cameras at the far end. All elements are fixed
mechanically, except for the remote controllable entrance mirrors at the bottom.

J. Alme et al. / Nuclear Instruments and Methods in Physics Research A 622 (2010) 316–367346 ALICE NIM paper



Electronics System

Patrick Dunne



Electronics Status and Questions

•Design of HPgTPC readout electronics is 
underway with some early prototypes 
starting to be available for some 
components 

•Do we need full waveforms?  Can we record 
just a fraction? 

•Time sampling needs (impact longitudinal 
position accuracy) 

•Details of occupancy from simulation efforts 
will be essential for optimizing system 
design 

•What is thermal budget? 

Donna Naples



Simulation Needs
Tom Junk



Tom Junk



Leo Bellantoni



Leo Bellantoni



High Priority Action Items

•Mechanical/Gas 

‣Single-sided drift vs double-sided drift 

‣Scintillation studies 

•Electronics 

‣Test prototype ASICs in test stands 

‣Prototype agregator cards 

•Simulations and Physics Studies 

‣ND GAR-lite simulations, optimize the plane geometry 

•Globally: Form a Calibration Task Force to define calibration 
requirements and strategy



Connect with us!

‣Weekly ND-GAr meeting on Monday 11 AM Central / 6 PM Central Europe. Mailing list: 
dune-nd-gastpc@listserv.fnal.gov  (Can request to join via “DUNE At Work”.) 

‣ Also periodic gas tune meetings are organized by Diego González-Diáz. Mailing list: 
dune-nd-gastpc-tune@listserv.fnal.gov 

‣ Also an ND Reco/Sim Physics Working  Group is being formed  (across the whole ND).  
They are currently selecting a new time (contact Matthew Muether). Mailing list: dune-
nd-sw-integration@listserv.fnal.gov 

‣ Also a HPGPTC test mailing list: dune-hpgtpc-tests@listserv.fnal.gov 

‣ Also bi-weekly magnet meetings on Friday: dune-nd-magnet@listserv.fnal.gov
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