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HPTPC overview

= Pip Hamilton .’s thesig.'
* Neutrino detector wish list: : 3”72’2’; ;;fn%a? é’%e;ggfns
[F ~41t coverage \\ |
¥ Magnetisation \\ = |
[41 3D reconstruction 3 :

[ Excellent PID |
Schematic of 5 bar
[ Nuclear target flexibility pressure vessel

[ Low momentum particle
detection threshold

A Technology.synergy With vcr Cartoon of HPTPC
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What do we get with a near detector?

Two complementary approaches to near detectors
~belt & braces~

‘Water Cherenkov‘ ‘Fine grained detectors‘
o - - . Resolve as much
Quasielastic @ N Resolve charged Q”G&'QQE'?ST'C @ > as possible.
(QE) b} lepton partners. Q— Compare
Twe Nucloane e Filter out recoll Two Nucleons [ '@ ~ detailed
knock-out @\ hadrons. knock-out @QQ '“fonr]mg“lon fo
(Zp-Zh) \QQ (Zp-Zh) p) odeils.
e Same observable as far detector e More info than far detector
e Same target nuclei e (Can use multiple target nuclei
e Relies on model e Additional info allows more model
e (d allows neutron tagging testing
e |WCD approach: integrate out the e allows/requires close coordination
model dependence with theory community
e use off-axis effect to study FD e HPTPC approach: reduce detection
observables as function of true thresholds as far as possible
neutrino energy e Maximise usable information

Imperial College Morgan O.
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What might an HPTPC neutrino detector look like?

veto [ A
~ressure vesse
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. Camera
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charge
readout ) 5
20m NC END ELEVATION VIEWS ,ie..:..?..f. ........................ >
Imperial College 1 4 m Morgan O.

2017/05/21 3rd Gas TPCs for Neutrinos Workshop 5



Imperial College

HPTPC Event rates

CC-inclusive interactions per 10°" POT

mass, 10 m3 at 5

bar

NuMu Interactions NuE interactions

1.59 524

6.35 2,097 38
7.94 2,621 47
15.9 5,243 94
34.9 11,530 207
16.8 5,558 100

3rd Gas TPCs for Neutrinos Workshop
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HPTPC work threads

e MC development (Zack)

o Software work
e TREXx reconstruction (Sammy/Paula/Jen)

e Analysis development (Will, Patrick)

e hardware work
e gas measurements for tuning MC

e Build 1m3 HPTPC and use in CERN testbeam to measure p-nucleus
Cross section

e start with CF4, then try for Ar, Ne, CH4
e Use optical readout design based on DMTPC

e [uture R&D direction:

e |nstall charge readout electronics into 1m3 HPTPC prototype
e Develop hybrid detector readout

e Saves money, and helps eliminate instrumental effects

Imperial College Morgan O.
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CERN beamtest

e Goals: Imperial, Lancs, RHUL, Warwick

1.Make new proton-nucleus (and pion-nucleus) scattering measurements

2.Tune neutrino interaction generators, demonstrate feasibility of <2% systematics
e Neutrino generators disagree in recoil particle multiplicity & kinematics (Fig 1)

e Low energy final state protons are created at higher energy, lose energy
exiting nucleus (Fig 2)

e Need new data for tuning generator MC hadron scattering models (Fig 3)

P Hamilton (Syracuse) A Kaboth (RHUL) A Kaboth (RHUL)
1. recoil protons from v-Ar interactions 2. Nuclear effects on recoil protons 3. proton-nucleus scattering data with MC model
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o —_— N E UT o E Proton outside nucleus = i . ]
Bo12 o Fre— ; 8 200/ Fluorine ]
g - | Gaseous Ar (ND280) 102 T T T2K flux, GENIE _ = - | Oxygen -
= s Sy 3 - |
3 01— Liqui ' GENIE - | L My = Q [ Carbon
3 - Liquid Ar - el L Q 600 i
s L I . R P w2 ] = Helium-4 u
5 0-087 10°F Ut A | E
'éo.oef T2K flux - TP ] 8 100 -
107 E O i
0.04— = E = —
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[ 5 H | -
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1m3 prototype overview

e Will use 1m3 prototype for future collaborative work
work

e 1m3 is appropriate size for construction of full neutrino
detector

e 1m2 readout area

e 1m drift length
e Dbaseline; CCD readout

e UK area of expertise

e very cost effective

e extendable—we can add:
e other optical readouts
o (different amplification devices

e direct charge readout

Imperial College Morgan O.
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Update of RHUL lab development

DM TPC is resurrecting at the moment: hardware + software.

DAQ & Slow Control computers have been restored and configurated to
work at RHUL.

1S and 4S Cameras have been installed into the DarkBox test setup

Work in progress on Software in order to wake up Slow control and DAQ
programs

1 step: to run DM TPC DAQ program on test setup in RHUL with 4S
Camera

2 step: to develop HP TPC DAQ, which should work with 1S Camera
under linux (has never been done before, requires efforts to be
implemented).

10
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Cameras in blackbox
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DAQ computer
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:bf Applications Places System Q &

HPTPC - Mission Control - Mozilla Firefox

= o) =P Fri May 19, 9:29 AM dmatter

http://m3slo...l.ac.uk/dag/ x Angular SQL x | HPTPC - Mission Control x| +
€ O rhul.ac.uk * 8 3 A a =
H P T P C Life under pressure
Slow Output DAQ Logbhook Monitor Data SynOp Cam Contact Help
Status reports
[ltem [Status
[Local time [Fri May 19 00:29:43 2017
|UTC time [Fri May 19 13:29:43 2017
Slow control B Spark Monitor
[Pressure control [BEE =
[V oEE
[Spark monitor  [BEE / / '
Environmental data 7 y, Refill @
[tem [Value Ramp UP Ramp DN J Adjust Pressu
[Chamber pressure CDG (Torr) [30.13
[Pump-line pressure CDG (Torr) [29.42 Set parameter: | |
[Chamber pressure BPG (Torr) [8.50e-03 - Anode 4sh-TL voltage [V]
[Ambient temperature (C) [23 O Anode 4sh-TR voltage [V]
' Anode 4sh-BR voltage [V]
Control voltages ~ Anode 4sh-BL voltage [V]
' Cathode 4sh voltage [V]
Set ' PMT voltage [V]
Item Eitchy [Smmnent voltage |Status Send | Reset ||
[v] [uAl] vl

Anode
Ash-TL 0.0 0.00 0.0 OFF
Anode
ASh-TR 0.0 0.00 720.0 |OFF
lAnode [n fnan  bapn lnew v

dmatter@m3slow: ~/... rt_xt rh_em @ HPTPC - Mission Cont... || @ HEP webmail (Squirr... m3daq L2 @

Main page of HP TPC monitoring & DAQ web-
interface
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Conclusions

e HPTPC is a complementary approach to solving xsec
error issues for CPV search

e HPTPC is a good fit for the existing ND280 facility
e Building 1m3 prototype for HPTPC R&D in UK

e Will become a test bench for further collaborative R&D efforts

e Developing international collaboration toward building
APTPC neutrino detector

e UK R&D focussed on reducing the cost while
maintaining best performance

Imperial College Morgan O.
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Outline of HPTPC Session

11:45—11:55 HPTPC overview

Morgan Wascko

e 20015 | 1m3 prototype progress

Mark Ward (MOW)

202k ks | HPTPC Simulation

Zach Chen-Wishart

(MOW)

12 s 022050 | TREX Reconstruction

Sammy Valder

2zisEeisil HPTPC Sensitivity Progress

Will Parker

Imperial College
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Motivation: xsec systematics

T2K 2016 systematic error table

¢ 2016 T2K OA xsec systematics at swe/Nsic (%)

1-Ring p 1-Ring e
6-70/0 Ievel Error Type v mode |7 mode |v mode |7 mode|v/v
. - SK Detector 3.9 3.3 2.5 3.1 |16
¢ thls table does nOt InCI Ude SK Final State & Secondary Interactions | 1.5 2.1 2.5 2.5 [3.5
biases from 2p2h effeCts ND280 Constrained Flux & Cross-section| 2.8 3.3 3.0 3.3 |22
Ov./Ov,s 05, /00, 0.0 0.0 2.6 1.5 |3.1
o CPV SenS|t|V|ty |mproved NC 17 Cross-section 0.0 0.0 1.5 3.0 |15
dramahca”y Wlth ~2o/o Overa” NC Other Cros.s-secmon 0.8 0.8 0.2 0.3 0.2
] Total Systematic Error 5.1 5.2 5.5 6.8 |59
SyStematICS External Constraint on 012, 613, Am3, 0.0 0.0 4.1 4.0 |0.8

e Systematics driven by HK CPV sensitivity —

. . . . = % £ year
discrepancies between interaction  orpealsysy A 520,20,
models and data ol \

i 74% rcglon\f d covered at 30 // 5% sys. error

e \What will we find with newer/ o y

..........................................................

better data??

= To get better models in generators,
need better data for tuning models Jy 0% allsyst

0 L A A L l A L Al A ' A L A L AL A L
Imperial College wiorgan O.
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Cross-section systematics

* v, CCQE data show low/high E,
discrepancies

e MiniBooNE/SciBooNE &
NOMAD

¢ Explanation: multinucleon
scattering—not simulated by
neutrino interaction generator
MCs

= Not included in MINOS,
MiniBooNE, early T2K, early
NOVA publications

¢ Misidentified events are not
reconstructed correctly—results in
biased E

e Even very small effects can
become important when you are
driving toward 2% total errors!

Imperial College

2017/05/21

10739 I. Katori
S 1 6 ;_ —¥—— NOMAD data with total error
E 14 (b) [ ——— SciBooNE data with preliminary error
= 12E T
° 105 Alesdo b
0 =tmehih ey
= fag ———a=—— MiniBooNE data with total error
6 S IO CE TP RFG model with M =1.03 GeV,k=1.000
4+ RFG model with M®"=1.35 GeV,k=1.007
2 Free nucleon with M,=1.03 GeV
0: L . s .
-1 QE,RFG
10 1 10 E/™77(GeV)

’

arXiv:1002.2680 [hep-ex]

@ o

Quasielastic

(QE) 0
L
—®
Two Nucleons —
knock-out N
(2p-2h) D
M. Martini
arXiv:0910.2622[hep-ex]
Morgan O.
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Growing Consensus in

Vv . Tt

Multi-Tt

¢ \We need broad coverage

¢ Model independent
measurements spanning full
phase space (411) and many
nuclei

e Need sufficiently low energy
thresholds for recoil nucleons to
separate 1p1h from 2p2h events

=) Gas TPC provides unique
opportunities to address issues

Imperial College

v-interaction community

T2K MINERVA

=
D .
Z } MicroBooNE
o D
2] o
) D
o 2]
®)
o
u
x10% Pr
a1 6 — NOMAD data withdfal error T P
g 14 (b) —— SciBooNE data w reliminary error
= 12 N
10 el ey
0 ey a0 S
= ———s—— MiniBooNE data with total error
6 S LT LR RFG model with Mf;f=1.03 GeV,k=1.000
4= RFG model with M§'=1.35 GeV,k=1.007
20 Free nucleon with M, =1.03 GeV
- QE,RFG
10" 1 10 E77(GeV)
TR\ Nominal MC R TRIUMF|
omina

* Show CC-0Pi-OP sample for ND280 on left, HPTPC on right
» Events categorised as true or false based on all particles leaving nucleus — no

00000

requirement that they are reconstructable

1800

B true_ccOpiop_p
I false_ccOpiop_p

B true_ccOpiop_p
I false_ccOpiop_p

ND280 HPTPC

800

I -

0 -

* See ~same number of true events, HPTPC has greatly reduced false rate

05/08/16 Mark Scott, TRIUMF 3 Ban 0.
N/
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Consolidating efforts

e HPTPC WG meeting established

e (Connect and focus several HPTPC efforts

e Focus on developing physics studies, report on software tools,
report on hardware R&D

e (Coordinate UK efforts with European and North
American work

e participation from all of the above

e hope to expand to Japan as well

o Slides etc posted on RHUL Indico server

e contact <jocelyn.monroe@rhul.ac.uk> for access

e Have an emall list

e contact <m.wascko@imperial.ac.uk> to join

Imperial College Morgan O.
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Imperial

pthaI TPC ReadOut Lag;ﬁer

| cm drift

Warwick

e CCD images scintillation produce
A amplification region

v e Fairchild 386 16 MPix CCD + lens
outside pressure vessel
12 m?2 ¢ 90 cm object distance
amplification ¢ regyits in 1 mm readout pitch with 4x4
region readout binning
v =150
Amplifier ’
—pAMP
Turbo Pump
Ground

Morgan O.
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3.

HK R&D work

Imperial, RHUL

Goals

e Fully validated simulation of HPTPC

e Detector design specification needed to achieve 2% total

uncertainty

e Physics studies of capabilities of HPTPC

Work Plan

develop HPTPC simulation to determine the momentum threshold
and PID requirements for HPTPC to reduce CPV xsecs to 2%

determine optimum design parameters to achieve physics goals

e pressure, readout pitch, gas mixtures to achieve consistent
timing across target species, readout granularity

validate HPTPC detector simulation with measurements of gas
physics in relevant range of targets

3rd Gas TPCs for Neutrinos Workshop

Morgan O.
22



(Gas measurements

e (Gas species:
e He, Ne, Ar, CF4, CH4, CO>
e Quantities to extract
e energy deposition ( dE/dX') [probably can be calculated]
e energy ion per pair (W)
e attachment probability ( ny(E) )
e gas gain ( G(v/dreadout,P) )

e spread in charge arrival time ( At: vq, oTL)
e TJimescale
e Upgrading RHUL test stand for high pressure was not possible

e Willuse HPTPC 1m3 prototype to measure quantities above as
part of commissioning work

Imperial College Morgan O.
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Physics studies

& software

—— n scintillatorND280 Correct

----- 2.2 ton scintillator Fake

¢ Performing studies on how we would
actually use an HPTPC

635 kg HPTPC Correct

1500

----- 635 kg HPTPC Fake

CCOpilp
(higher purity in HPTPC)
P. Dunne (Imperial)

® isolating specific event topologies 1000
= xsec model testing and tuning

: 5001
¢ understanding energy recon M
=) impact on neutrino oscillation e
sensitivity ] 1 ° 50

¢ Studying Xianguo’s transversersities
= |mprove quality of analysis by
using information most efficiently

e Developing full GEANT4 MC for
HPTPC neutrino detector

e s

HPTPC in

ND280 basket
Yu. Shitov (Imperial)

Imperial College Morgan O.
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2.

3.

HK near future work

Imperial, RHUL, Warwick
Goals

Cost-optimised readout for HPTPC near detector conceptual design report.

Tools in place for technical design report.

Work Plan

HPTPC Charge Readout Development

1.
2.

3.

Test charge readout plane (Micromegas from Saclay).

DAQ software to use the T2K TPC readout back-end for charge strip
readout.

Deploy charge readout plane and electronics in the HPTPC test platform.

HPTPC Software Development

1.

software interface of the charge readout data format to existing TREXx
reconstruction package .

HPTPC Beam Test and Data Analysis

1.

data taking in pad vs. strip mode to study particle threshold & track
counting, in CERN beamtest in 2018.

measurement of reconstruction degeneracy, impact on efficiency/purity,

from strip readout; cost optimisation.
Morgan O.
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Timeframes for work
R&D ~ PRD

e 2017: build 1m3 prototype; gas measurements in 1m3
prototype; micromegas development in low pressure TPC;
HPTPC MC development; HPTPC event analysis
development;

e 2018: CERN beam test(s); micromegas installation; hadron
scattering data analysis; HPTPC OA studies complete;
reconstruction software ;

e 2019: Pad v strip data and analysis; realistic cost estimate
for HPTPC neutrino detector; Conceptual design for
HPTPC .

e “Construction ready”

e 2021: ND280 upgrade.
e 2026: HK startup.
e 2027/8: HK becomes systematics limited.

Imperial College Morgan O.
London ] Wascko
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HPTPC Event rates

CC-inclusive interactions per 10°" POT

Gas mass, 19 meats J'PAGF;(\:/)(O'ES FNAL (2-3 GeV)
He 8.21 kg 5.48E+02 1.88E+04
Ne 41.4 kg 2.75E+03 9.42E+04
Ar 81.9 kg 5.47E+03 1.88E+05
CF4 181. kg 1.21E+04 4.14E+05

(These J-PARC and FNAL numbers were calculated in a consistent manner.)

Imperial College Morgan O.
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Hybrid optical readout

e Can tracking be established with only optical readout?

e Build hybrid system of high spatial resolution CCD with

fast timing optical system (e.g. MCP-PMT) to reconstruct
tracks in the third (drift) dimension

e High-res, slow CCD readout as described previously
e Combine with low-res, FAST MCP-PMT (or MPPCs)

CCD | MCP-PMT

t3

to

"ml "’1 »"1 .“l\ "’n "A‘l "’l "‘A

| —
High resolution E
CCD image
GND
N\
+V¥l

Imperial College
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to

Time series
y,of MCP-PMT
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