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Proton decay

Near detector only physics program

liquid argon TPC

Dr. Evil ponders the DUNE
collaborator map with envy!

2 October 2018 S. Manly, University of Rochester | Status of DUNE Near Detector



Near detector time line
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Near detector mission
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Near detector concept components

Will discuss the components separately and then come back

Fig. frO\n} Symmetry Magazine to examine the role each plays in the integrated whole
9 N o o

Scintillator detector Liquid argon and

maybe other parts
can move ofaxis

(S
. . etectO
Liquid argon TPC Dnot « ol
~
n = -
High pressure To South
gaseous argon THC Dakota
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Near detector LArTPC concept

ngh rate at ND means thisArTP@esign differs from FD
Segmented, optically isolated drift regions
0.5 m drift (versus the multimeter drift of FD)
Pixelated readout, low power electronics
Continuous resistive plane field shaping

et ent-I anH i e

LAr Pump Motor

Feedthroughs

Stainless Steel Top Flange

Foam Insulation

HV Feedthrough<

G10 Walls

ND studies done with 4mx3mx5m TPC.:
A Gives 3mx2mx3m fiducial volume

A FV mass 25t

A Expect 37M Cg interactions per
year (80 GeV protons, 1.52LCOTyr)

Hydrostatic LAr Check Ve g

enrINIRBREE e
i gt Drawing of baseline ArND component ArgonCube

Pixel Plane

4

) ArCLight Modules

.

Cathode

Field-Shaping Rings

Stainless Steel .
Bottom Dummy Flange LAr Heat Exchanger Perhaps 7 module wide x 5 modules deep TheArgonCubeollaboration
is workingonam [ ign
2x2 Demonstrator module. (7mx5mx3m) g on a module desig

Note, ND modules will not have individual pumps & filters Still under study with these characteristics
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ND LArTPC prototyping

Test readout pixel board
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pixel board readout tests: My “
i Feb2018: 128 pixel .. ... by !
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U April 2018: 51zixel -
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Cosmic ray interactions in test system using 4.8
cm x 9.6 cm pixelated readout in a-60@+drift

LAITPC For full 3D examples, see: https://goo.gl/AdVC9s
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ND LArTPC prototyping
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28chi LArPixdata board

o0 Amplification: >
- Gain of 1 mV per 250 e-_+7

=

LArIAT LArTPC

Observed pulse size [mV]

All-32-channels on test chip -

i show consisten perform ance
10 20 30 40 5 60 70
Input pulse size [DAC]

First generation of low power Readout area: 0.36 m2
pixel readout chipl(ArPix very # pixels: 22.5k
successful # ASICs: 350

Target: Mid 2019

ArgonCube 2x2 {2
Demonstrator &

Hope to move to FNANuUMI
beam ~2020 for neutrino
beam test protoDUNBND)

Pt : . ;
Delectriclight readout prototype. Readout area: 6.4 m

) Need good spatial and timing # pixels: 400k
| U — resolution to associate energy # ASICs: 6.3k
Resistive carbon loaded Kaptonfrom neutronrinduced protons Target: Late 2019
field shaping shell test with neutrino
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High pressure gaseous Ar TPC

Copy ALICE TPC (no inner cylinder)
Repurpose readout chambers (2019)

Fill the central hole with new chamber
New front end electronics

Run with 10atm mix ArCH, (90%10%)
Surround TPC with higherformance ECAL

[Guti en- an- i et anH i e

OUTER FIELD
Readout CAGE T CO, GAP

chambers

\\.  READOUT WIRE
\\, CHAMBERS

CENTRAL HV
ELECTRODE

INNER FIELD
CAGE

ENDPLATE

Collider track reconstruction not so great for DUNE use.
New software GArSOFTo be used.

Investigating use of hydrogen
At 10Atm> 49y n gventslyeam
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HPQArTPC prototyping it

cage at FNAL
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Performance specs await design

Some numbers used in ND studies just to give you an idea:

U ALICE size TPC atMtéh has active mass of 1.8 t

U Estimated fiducial mass of 1 t
U Yields 1.6 M C& interactions per year (80 GeV protons, 1.5%1R0Tyr)

with Ar-CH4 gas mix at 1J&tm

"
6\036
3".\0(\ %QD‘
o 6 :
%*Qe %,a(\ o Parameter Value units
W o0 250 um _
B o0 E
2 o 250 pm S
e"sQ y >
o8 1500 pHm 3
Trp <1000 um §
Two-track separation 1 cm P
Angular resolution 2-4 mrad
o (dE/dx) 5 %o
Opr /PT 0.7 %o (10-1 GeV/c) 8 *0 ; — - ; — “‘1‘0
Tpr /PT 1-2 %o (1-0.1 GeV/c) Momentum (GeV/c)
Energy scale uncertainty <1 % (dominated by &),/ p)
Charge particle detection thresh. 5 MeV (K.E.) PEP4/9 TPC (80:20 ATH4, 8.5Atm)

CNRBY -0ONBAXKdIZNE ! NH2Yy DI a ¢t/ hLIGAZ2)
prepared for submission to JINST and DUNE ND studies, 2018
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Electron calorimetry for TPC

U ECAL used for timing tO for reconstruction
U ECAL used fqizero(photon) reconstruction
U Exploring neutron detection/association

Software studies
beginning

performance
| __—— Inner ECal
\) 71
Vi Vu Outer ECal
> -_— Y2
Pressure
Vessel
TPC Volume

One concept

20-30 mm

CALICE AHCAL concept } |

<+—— Absorber

/ Readout board
I ~ 6-8 mm
' + B A L L /////// ¥ 5 .4 BT L
15t SMD-HBU: before assembly-(2014) A
SMD SiPM
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Inside coils: TPC +

I\/I a.g n et ECAL + pressure vesse

maybe 3DST Possible material to help
. with muon-pion
separation and/or

deeper calorimetry

Three superconducting coll
concept with two kicker coils
to minimize flux bleed.

UAZlike warm dipole

U Getting serious now that ND concept adopted

U / 2YBSYGA2YyIEA 109NN a9 MRSEAATY 06 S
A Rectangular volume not optimal for cylindrical TPC
A Power and cooling significant ongoing cost

U Superconducting designs being considered

U Desire to minimize material betwedrArand GArTPC
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wideband

DUNE-PRISM .

ith 1w
U Take data with ND in cHxis positions (up to ~233 m transverse be‘;r:dwétrue
movement at 574 m from target) k;rnd E reco

0  Changing flux provides a new degree of freedom
A Deconvolutexsecand flux errors

Constructg, . VSE,., response matrix

Form FD oscillated flux with ND samples

Improved sensitivity to second oscillation region

Sensitivity to surprises and/or mismodeling

MOre on
followmg

slides

25 3

= X107 _ >
R P -
g 30 h‘;g_ . &
4 : - o
£ 2 .
o g ..'1- — Iu

& — o~ . / /

] { /
Inéreasing Qff-axis angle

ND
Position (o]n Position

| | | | A Fx L Flux o gl
E3 I T2 PO TR RS %, = Flux
= ER- - Lo U B i Yooy P @O "

5 34EB 01 234EB 012346 0123846 012346
m off-axis 30 20 10 5 0

14 October 2018 S. Manly, University of Rochester | Status of DUNE Near Detector




Instructive exercisewhat to
D U N E - P R I S I\/I do with this information

Flux Flux £ Flux = |,” Flux : =  w  Fux @ [p A, Flux

i i i
i o

01 2,3 4

01.2 3 4 E

012 34FE 012 34FE,01234E+01234E

~——Increasing Off-axis angle

[0

Measured Erec
Linear Comb.
For Each
A RTRRTIRR Gaussian Eine

Reconstructed Energy (GeV)

True Engrgy (Geld
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{ SYA2N O2f 02N (2NXQa

something resembling actual use this e this up i
D U N E- P R I S M information in analysis. rve Wt s want it
_ Fortran I’

U Use
that

flux
A
A

A

linear combination of oHxis fluxes to generate an ND flux
looks like the oscillated FD flux, i.e., minimize ND and FD
difference and associated systematics
Make oscillated FD flux prediction with given parameters
Use linear combination of near detector flux slices to build FD
flux prediction
Use coefficients of this fit to build linear sum of any ND
efficiencycorrected observable
Apply FD efficiency
Gives datedriven FD prediction in this observable (minimal
model dependence)

Off-axis position (m)
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DUNE-PRISM i ID hidden systematics

i Off-axis flux might be sensitive to problems not seen on axis My name is Steve anc

i Example fake data case study L QY -modétahBlic
A Move 20% of proton energy to neutrons ~
A ND onaxis fit fixes this by modifyingec

“tlncorrect A
s model N g

2000

- 1 é}uuu:—

« Correct k -

ND ErecoOn-axis 5 model ] oo~
o.osF | | | — mmi

0 05 5; - 1.5 2 B

Oscillation Contours

o

ND Ereco
18 m Off-Axis
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3D scintillator tracker

U Use 1cm cubes with WLS fiber along three

(2 under study) orthogonal dimensions C Ifin TPC, tension over space
A Avoids performance drop at 98ypical of C Relatively high efficiency neutron tag in
planar geometries ~1m (more later in tAaIk) X
0 5534A3y TFdzyOuAz2yl ftfte ARSY EAOMENedKE o 6 NB OFENBeY S
ND280 upgrad&uperFGRDetector scattering with ~12xof material (need

backup ECAL)

U Size and how device integrates with the G Example of statistics: 2mx2mx2m 3DST
reS't of ND detector under study Is 8.5t (6.2 t fiducial mass) and give
A Inside pressure vessel HPgTPC - over 9M events/year in fiducial volume
A In own magnet with muon spectrometef N
and stays on axis when other parts moje «\Qa“"oc\@ ok
~ off axis - o COQ\QP“\?W ~
A Other? N\'\\C\a\ﬂ"
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3DST (&SuperFGD ) prototyping

A 48x24x8 crh
prototype
beam tests
@CERN,
summer 2018.

A 0207TB
field

A data under
analysis

A 5x5x5 cri prototype
beam test @CERN,
Oct 2017

Electron w/
,..irradiated photon
cm)

—( event X7356

[ #point T14mm : #ch4

§ 600— Entries 7414 | “
3 A Constant 5723 +88
800 Mean 8.652 + 0.013

- Sigma 0.9737 + 0.0099

8
TTII

TTrT

8
TT7T I

I T L M P |

oLl aa a1 P "
2 4 6 8 10 12 14 16 18 20

A Ave light yield~4p.e ffiber ‘ / w |
A | @ $-0.92 ns/fiber, 0.7 ns 2 fibers " )
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DUNE ND and neutrons

(i Early studies indicate the 3DST and/or ECAL A Able to achieve neutron detection
around theHPgTP&hould be useful for tagging efficiencies in the 309%0% range
neutrons and possibly reconstructing neutrons

o . A Neutron flight distance
via time-of-flight A Background rate
» A energy threshold o
A Size of 3DST W .
A Sampling fraction and thickness of ECAL q oK ? Qo(&’a(‘
N
) O el
A Studies continuing W g2
xY\‘(\%
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Near detector concept

Fig. from Symmetry Magazine

LArTP challenges

U Intense beanA high rate
A Need to be able to trigger and associate tracks to correct
events
U Ratedriven desigmA not same as FD
A Optical isolation, modularity, readout all different
U R&D necessary
A Design novelties must work

Liquid argon TPQArTPE¢ advantages

U Same nucleus as FD
A Minimize errors from nuclear effects in ND to FD
constraints
U Functionally similar technology
A Combined with same nucleds allows for best
cancellation of detector effects between ND and FD
u Large mass
A High statistics, minimize stat error on flux, do different
analysisg-e- scattering
A High rate, good for beam monitoring

To South
Dakota

October 2018
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Near detector concept

Fig. from Symmetry Magazine

High pressure gaseous argon THP@TPY: challenges
U Relatively low rate
A Minimize errors from nuclear effects in ND to FD constrairjts

U Poor event containment
A Needs a good ECAL, must associate ECAL energy to
appropriate neutrino interaction

High pressure gaseous argon THP@TPY advantages

U Same nucleus
A Minimize errors from nuclear effects in ND to FD constrairfts

U Low detection thresholds

A Provides best sensitivity to vertex activity to use for model “o
refinement, transverse variables, and as a tag for nuclear S -
effects ~
U Exquisite resolution To South
A  Great for transverse variables! Dakota
U Minimal acceptance bias
U May be able to reconstruct neutrons in ECAL via TQF
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Near detector concept

Fig. from Symmetry Magazine

3D scintillator tracker advantages

u

i
i

c:

High rate

A Beam monitoring, differential analysis
Good containment
Fast timing

A May help us understand backgrounds if bad

Neutrons
A Can likely include neutrons in reconstruction with high
efficiency

Connects to large catalog of carbon/CH data
Minimal acceptance bias for CH detector
Functionally similar t&uperFGD

3D scintillator tracker challenges
U Not argon

A How well do results map to constraining Argon?
U Relatively poor resolution, track separation

A Good for scintillator, but this is not a TPC
U Integration issues
u R&D

A Construction/designuperFGill be first largescale

device of this type)
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%107~

EngineeredSept2017, 120 GeV, L2 MW 1
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12m

Near detector concept

lux changes with ]
N-axis distance

N

@, (GeV'! em?2 per POT)
[3e] 98]
(=] (=]
T

Fig. from Symmetry Magazine

Move LArTP®ff-axis¢ DUNEprism advantages

U Deconvolute flux andsec

U Help untangle hadron production and focusing
errors in flux

U FD flux modeling at ND

Trueto-recomatrix construction

U Possible sensitivity to model or beam problems
not seen otherwise

Move LArTP®ff-axis¢ DUNEPRISM challenges
U Must design big things to move

U Increased ND hall cost

U Less data on axis h
u

What moves and what stays
A want same detector on axis and off axis
A need spectrometer
A want stable on axis measurement and monitoring

c:
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Where we are head:

U Confronting conceptual issues
A What moves for DUNPRISM
0 LAr+gTPGnoves, leaving 3DST plus muon spectrometeaxis?
0 LAr+ muon spectrometer moves, leavg$PG- 3DST ofaxis?
o Other?

A Magnet design

A 3DST size, shape, environment

A Additional muon spectrometer
U Continued R&D on all fronts

U Design and cost issues
A Magnet
A Size of ND halDUNEprisnmovement)
A Size oLAITPC
U Support FD TDR submission in late spring 2(
ND CDR 2019

U Form detailed design/construction consortia in 2019

-

Much formative fun still left to be had! Interested collaborators welcome!!
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Backups
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3DST and SuperFGD complementarity

Dune flux shape comparisons - 80 GeV optimized

U  SuperFGRunctionally identical to 3DST

SuperFGBees flux in DUNE'%oscillation energy region

U DUNE has ND flux in the same region but also has higher
energy flux that might confuse matters (e.g.
misreconstructiongnd NC backgrounds)

U Potentially valuable handle for DUNE to understand
response function and backgrounds in second oscillation
region ,

DUNEunoscillated
flux at ND and FD

c:

= Near - 574 m

——trFar

muon neutrino flux normalized to 1
o
o

0 1 2 3 4 5 3 7 8 9
S— Muon neutrino energy (GeV)

T2Kunoscillatedux at ND «b2
- ~ 3071
Look at red line o | sin(8,,) = 0.5, A m?, = 2.6x 107 eV*
\ |
—+4 —\ :& 20:— : DUNE oscillated flux at
5 %‘ T E FD (+DUNEprisnfit)
Ir N Htt OA 0.0° . T Look at black line
~ F Y7 44 QA 2.0° : g 10 :
- N Sl -, -] el -
- A, (R 0A25° e
¢ "‘.‘ﬁ::' Ty i
g II.I'l__l _ 0 , | [ w S B
£ 3|~ 0.5
ﬁ. 0.5 — g § 0: ﬂ.‘_u_ ‘:_‘: i
A" - ol5 ol |1 I S
&/ L - ale 0 2 3 4 5 6
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y 81 ilgyley !
el i | y el L -
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E, (GeV) T2K flux paper
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Neutrons

U MI!\IERvAnas demonstrated ability to detect neutrons SOt f aA NI YRI 9f | AyVAQ LJ2A
A Low KE neutrons planar geometry means no 3D FermilabWine and Cheese talk on Nov. 3, 2017 by Rik Grar
A Higher KE neutrons 3D reconstruction TejinCai,FermilabXsedNorkshop, March 2018
U Multiplicity, energy and spatial distributions, timing all
fairly well described by simulation

T T T T T T
~ anti-neutrino simulation MINERVA preliminary

GENIE neutrons simulated
Candidates from GENIE neutrons

3
2
g q,< 0.8 GeV
2
2
1204| X LAE Color | é
no-| VIEW - Neutron Candidate Scale [
- - MeV £
4 4 i \ i
LN w
90 - — — 5 z
. Muon activity exclusion 2 o]
@ 80—
Q E]
E - :
2 e 1 Untracked activity & osf =
=N ALY is spatially connected
— .. B
» 40— y | Lt i to‘actlwty from_ vertex 1 | % 50 00 150 200 250 300
— 6"'4 n U and V V|ews' GENIE neutron kinetic energy (MeV)
90T don't search for neutrons
MC t H anti-neutrino, 1.02e20 LE-beam POT, MINERVA Preliminary
o ( says it was a pi-) = 0.20 0.0< g /GeV <0.4
10 ! — H == MC Total + syst. err
ECAL HCAL -1 — Alternate MC
=T 7171 T e g 0.15} 1 - oENIEneutrons
-5 0 5 10 1520 25 30 35 40 45 50 55 60 65 70 75 80 module number e
¢ Data

neutron candidates per event
=)
S
-

o
=)
a
L

..........

[&]
=1.5I>
%10 ll |
8 ey p—— i i
I
0.5
=20 0

28 October 2018 S. Manly, University of Rochester | Status of DUNE Near Detector




neutron candidates per event

Data/MC

MINERvAlata

anti-neutrino, 1.02e20 LE-beam POT, MINERVA Preliminary
T T T

0.20 0.0< qS/GeV <04
—— MC Total + syst. err
; = Alternate MC
— GENIE neutrons
0.15 $ | protons and pions
— pizero and EM
¢ Data
0.10 +
+
0.05
=... [
1.5
1.0 1 | 1
: T !
b
0.5
-20

Time since interaction

0 20
candidate time since vertex (ns)

neutron candidates per event

Data / MC

anll-neulnnu,l1 .02e20 LE-beam P(I)T, MINERVA Preliminary

FromMINERVAR. Gran), FNAL Joint Experimental
and Theoretical Seminar, Nov. 3, 2017

0.0< g /GeV <04
= MC Total + syst. err
— Alternate MC
= GENIE neutrons
«« protons and pions
—— pizero and EM

+ Data

20

40 60
candidate Edep (MeV)

Deposited energy
per candidate

neutron candidates per event

Data/ MC

0.05

anti-neutrino, 1.02e20 LE-beam POT, MINERVA Prelimina

0.0< quGeV <04
== MC Total + syst. err
= Alternate MC
= GENIE neutrons
- protons and pions
—— pizero and EM

+ Data

........

-
o

T

-
(=]

e
0

S B

-20 0 20 40
candidate z-distance from vertex (modules)

Position relative to interaction
(upstream vs. downstream)

U MINERvAeems to see the neutrons.
U Dominated by the low energy & MeV) candidates in this analysis
U DataMC agreement not so bad (surprisingly?)
U MINERvANly able to get Z position for the low energy candidates
U Can get 3D reconstruction only for higher energy candidates (multiple
planes)
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Expectation froMINERVASENIE/GEANT simulation

Bulk of neutron energy depositions
are small (26 MeV)c Note log scale

Ati-neutrino simulation MINERVA preliminary

0 < neutron KE <60 MeV

60 < neutron KE < 120 MeV
120 < neutron KE < 180 MeV
.8 GeV

e e S N B i e e o e e e e e
B anti-neutrino simulation MINERvVA preliminary .

GENIE neutrons simulated

Candidates from GENIE neutrons

40000 q,<0.8 GeV ]

20000

GENIE neutrons total and with candidates

g 1F -
15_ Flatishwith energy 2 |
S 0s5f
s 5 . 1 . . . ' . . . . . . . . .} . B 1
0 20 40 60 80 100 120 % 50 /1:}0 150 200 250 300
isolated energy deposit (MeV) / GENIE neutron kinetic energy (MeV)

Neutron detection efficiency rises
with neutron KE and reaches ®50%
for KE>50 MeV
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Particle gun studies frodINERvVATejinCa), presented
at Xseavorkshop at FNAL, March 13, 2018

Fractions of i ing by nucleus struck Probability for interacting neutrons to have E —
MINERVA Simulation
1.2
0.9 _|_—|—_*_—'— MINERVA Simulation
Low n KE, more likely to osf f+ 1

lllllllll

interact on H s N
. . 3 ’ "~ g probability for interacting
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Energy deposits happen fairly
close to interaction vertex

E i are clusters with E > 1.0 MeV
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Time of First Hit from a FS Neutron Versus Distance
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U Note that 1m includes most of the neutrons
U For this purpose, a 2mx2mx2m cube of 3B38pérFGD
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STT Module

Barrel Backward ECAL

Barrel ECAL
RPCs

STT (straw tube tracker)

A The CD1/CD1R detector

STT module with radiators

STT double module
XX YY assembly
with radiator foils

Radiator targets
account for 82.6% of STT mass
and can be tuned to achieve
desired statistics
& momentum resolution
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Particle ranges

FromgTPQCeport, NIST[8] reference

34 October 2018 S. Manly, University of Rochester | Status of DUNE Near Detector



