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Status of the DUNE
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DEEP UNDERGROUND
m— NEUTRINO EXPERIMENT
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» Supernova neutrinos
» Proton decay
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Intense wideband beam



The near detector is not an optional add-on package for DUNE

TABLE XX: Relative uncertainty (1) on the predicted rate of v, CC and v, CC detector reconstruction
candidate events. effects
Source of uncertainty v CC v CC Reduce systematic > flux*xsec
Flux and common cross sections errors at far detector
(w/o ND280 constraint) 21.7%  26.0% nuclear
(w ND280 constraint) 2.7% 3.2% effects
Independent cross sections 50%  4.7%
SK 4.0% 2.7% ) .
FSI+SI(+PN) 3.0% 5 5% Program to IMProve Xsec errors and constraints
Total
(w/o ND280 constraint) 23.5% 26.8%

(w ND280 constraint)

Beam monitoring




| wish for a near detector with ...

Star light, star bright,

First star | see tonight,

| wish | may,

| wish | might,

Have the near detector | wish
tonight.

-anonymous

detector reconstruction effects

Reduce systematic
errors at far
detector

flux*xsec

nuclear effects

Improve xsec errors and constraints

Beam monitoring

» Mapping is for illustration only
» Physics requirements lead to contradictions when translated into near detector characteristics
» Complex multidimensional parameter space to “optimize”

» Difficult to accommodate all the needs with a single technology

LArTPC

Low density

High(ish) mass for statistics
Magnet for charge separation,
momentum measurement, PID
Small surrounding material to
reduce backgrounds

Excellent EM energy resolution
Excellent momentum resolution
Excellent angular resolution
Low detection thresholds

Good photon and neutron
containment

Good pizero detection

4 pi coverage

Ar target

Other nuclear targets

Good vertex resolution

Good two-track separation
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The LBNF/DUNE CDR reference design

Fine grained tracker (FGT)
https://arxiv.org/abs/1601.02984

Barrel Backward ECAL

Straw tube tracker, X, = 6m el
Low density, excellent resolution — End
Transition radiator foils for good electron ~ Maenet | RPCs

Coils

ID and mass for statistics

Good particle ID

41T coverage

Ar target in high pressure gas tube layers
Other nuclear target layers possible
Charge separation with UA1-like magnet

Radiator (Target) Mass 7 tons
B=04T Other Nuclear Target Mass 1-2 tons
Vertex Resolution 0.1 mm
Angular Resolution 2 mrad
0
Ee Resolution ( 4(2/:{\3/5(3\/)
E,, Resolution 3.5%
vy /v 1D Yes
Ve/’je ID Yes
7w~ ws. w1 ID Yes
7 .vs. proton .vs. KT Yes
NC#"/CCe Rejection 0.1%
NC~ /CCe Rejection 0.2%
CCpu/CCe Rejection 0.01%
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https://arxiv.org/abs/1601.02984

The near detector under internationalization
and transition from LBNE to DUNE

Exploring Fundamental Symmetries of the Universe

L B N E 9 D U N E Sanford Underground A NEUTRING
Seen as critically important R e
opportunity to grow % et
collaboration

DETECTOR

UNDERGROUND
PARTICLE DETECTOR

New groups and ideas solicited for near detector effort. DUNE
examining ideas, including the reference design, with intent to
commit late 2017/early 2018 to a DUNE ND design concepit.

New ideas, interested people/groups and potential resources are still very welcome



2016 - Year of the DUNE near detector task force HPGAITPC
Summary of charge: maybe 3x3x4 m?

» Develop GEANT4 simulations of reference ND and alternatives

» Perform full end-to-end simulation connecting measurements in
ND to far detector systematics

» Evaluate potential benefits of reference ND (STT) as well as
LArTPC and HPGAITPC

Cryocooler HVFT

Top flange Preamps board « >

Module 6.5m

WLS plane Pixel Plain

FR4 module Resistive Beam — .
Straw Tube Walls (5 mm) Field-shaper —
Tracker (STT)
shown already Turbo-pump Pixels planes Pixel Plain

Filters

im

Bottom flange ArgonCube

maybe 3x3x4 m3
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2017 - Near detector design study

Charge:
Develop a proposal for a DUNE near detector concept by the end of 2017
» Preserve the momentum/tools generated by the task force

» Generate a concept with collaboration buy-in

o Technically sound and a plausible path to resources
(money, people) sufficient for construction

» Time is short. Supporting physics studies will increase with
sophistication as design proceeds toward CDR/TDR.

O beam-ready ND in 2026
U Technical design report by 2020
O conceptual design report by 2019



Will backgrounds make it difficult
to associate calorimeter clusters to
events in HPGasTPC?
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Near detector design study

Much discussion:

» Workshops on March 27-29 and June 9-10
» Collaboration meetings in January and May

DUNE NearjRetector Workshop P|Xe|‘
from Monday, 27 ¥ What iS FoWednesday, 29 March 2017 at 13:00 (US/Central) Can f
at Fermilab ( One t the : ul
Moy, A
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Argon TPC tracker and a Wk
The meeting will focus on the merits of the different opt

The meeting is open to existing DUNE collaborators and any potential new collabc
design, planning and construction of the DUNE near detector system.

Zoom meeting for remote participation:
Join from PC, Mac, Linux, iOS or Android: https:/fnal.zoom.us/j/370699863
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Granularity

Tracker comparisons along a few relevant axes

Better tracking and angular Potentially more

resolution vulnerable to pileup
Better vertex region sensitivity /

GasArTPC

Detector most
similar to FD

< 3d Ar target

— LArTPC
passive Ar

target layers

STT l

Scintillator

>

Higher stats
Better containment

Mass density

Option X, 6,,s @1 GeV/c Ap/p for
B=0.4 T

Minerva-like 40 cm ~6 mrad ~10%
Scint. with 40 cm ~4 mrad ~10%
smaller strips

LArTPC 14 cm ~4 mrad ~6%
STT 55m ~2 mrad ~3%
GasArTPC 12.6 m ~0.4 mrad ~2%

» All multiple scattering limited for bulk of tracks

» Can get improved dp/p with stronger B

» 3d scintillator detector geometry not included
yet in table
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Angelic spirit of NOVA/MINOS A Comp|ex problem

_ _ _ Devilish T2K/Nomad sprite
Reasonable people can wind up in very different places ...

Neutrinos are hard.
We need both
approaches.

ND facility:
N » Modular LArTPC with pixelized readout
. . ND should be powerful
jsgt ﬁﬂguplg 25 » Magnetized low density tracker detector and constrain
systematics o probably containing some Ar target mass flux*Xsec with super fit
cancel o possibly acting as a magnetic spectrometer
J for forward tracks from the LArTPC

o possibly more than one tracking technology

» Probably at 574 m from target
» EXxploring
o Optimal degree of functional integration of
different parts
o use of KLOE magnet & ECAL
o DUNEprism idea, inclusion of movement off-axis
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LArTPC option: ArgonCUBE

HVFT LHEP group at Univ. of Bern / ArgonCUBE:

Cryocooler -

Top flange Preamps board - Demonstrated pixel sensor in LAr (Summer 2016) gl
- Need low-power electronics for large-scale feasibility | w0 &

WLS planes : Cathode ‘ e

‘ .
FR4 module Resistive %)
Walls (5 mm) Field-shaper A

L]

Turbo-pump Pixels planes \ \ \

Filters

o

Bottom flange

Y [mm)

Pixel readout test

== \ery active R&D program:
T— m » TPC cryostat test summer 2017
L T ~ > Low-power electronics in development now, initial tests fall 2017

;;;;;;;;;;;
------------

First prototypeBDelrcnhrMOIacrcrﬁflzeoc;;f light detector > Almlng for fall 2017 test in LArIAT test beam Setup at FNAL
> Fully instrumented module deployment 2018
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EXP- 4, RUN= 2B, EVENT:

Magnetized HPGasTPC
done before at PEP-4
(first cosmics in 1981)

HPGasArTPC option

3.5m

6.5 m

» Excellent resolution and low detection thresholds
e soft hadron sensitivity)
NAL to ( . :
l;: Lif,srﬁ'oili for » Hardware work in US and UK progressing
summer test with small > | ooking at performance in high intensity beam and
ALICE TPC segment complementarity to LArTPC in DUNE ND setting

N
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vu-CC Candidate Straw tube tracker option

FGT has good dE/dx particle-ID: vt/ k" /p

Y2 View Run §744 [ Event 238 | Type Nu2  Delay 1412 N L~
} I 3 Prototype finite element
o - = analysis and
I | —— § COonent cad layouts
: 1 S |
\09Y
nno o
ent O
“ac\(e( 0.01 . ]
Lolls 107 1
| p (GeV)
Many pre-taskforce and
now some taskforce
Performance Metric  Value STT _perform_ance and
Vertex resolution 0.1 mm physics studies
Angular resolution 2mrad
Ee resolution % > STT is tracker in the DUNE reference design
Caetm > Much study of that desi tot lanned
v, D Vs uch study of that design, prototypes planne
VelV. ID Yes » Work slowed in the last year with funding delays
NCr®/CCe rejection  0.1% > No major technical questions need to be resolved for

* NCv/CCe rejection  0.2%

NCp/CCe rejection  0.01% reasonable evaluation of STT as component of DUNE ND

76mm

1 ~ 1.4 X 10-2X0



Scintillating plastic tracker option

T2K’s ND280
upgrade WAGASCI

detector
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» Scintillator tracker is fast

» Mass for containment and statistics

» Resolution suffers with the relatively high density
» 411 coverage with the 3d readout

» Performance/cost ratio likely very good

https://indico.cern.ch/event/633840/timetable/

Please check the section “Super-FGD”
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Stay Tuned.
By next NUINT we expect the DUNE near detector conceptual design to be

settled and the detailed technical design well underway.

If the spirit moves you to
get involved in this effort,
' please contact me!

NEUTRINO
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Shown by A.-Selyunin-at June DUNE ND workshop

LAr ND Light Readout (Bern studies)

Dichroic mirror to keep 500 nm
light
Inside the light guide bar

PDE for sum of 4 SiPMs, %

Coordinate across the bar, cm

- 0w o ~ ®

w

N

o8

5 10 15 20 25 30 35 40 45
Distance from SiPMs, cm

Light collection efficiency in such construction is about 1%
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Shown by S. Bertolucci at recent DUNE ND workshop

Be beam pipe (0.5 mm thick)
Instrumented permanent magnet
quadrupoles (32 PMT s)

Drift chamber (4 m & x 3.3 m)
90% helium 10% isobutane
12582/52140 sense/total wires

Electromagnetic calorimeter
Lead/scintillating fibers
4880 PMT' s

Superconducting coil (5 m bore)
B=06T ([Bdl =2.2T-m)
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Shown by S. Bertolucci at recent DUNE ND workshop

The KLOE calorimeter KL@ﬂE

Pb - scintillating fiber sampling calorimeter of the KLOE experiment at
DA®NE (LNF):
* 1 mm diameter sci.-fi. (Kuraray SCSF-81 and Pol.Hi.Tech 0046)
— Core: polystyrene, p =1.050 g/cm’, n=1.6, A, ~ 460 nm
* 0.5 mm groved lead foils
* Lead:Fiber:Glue volume ratio = 42:48:10
¢« X,=1.6cm p=5.3g/cm?
« Calorimeter thickness = 23 cm

e Total scintillator thickness ~ 10 cm

000000095~

1.2 mm
1.0mm 1.35 mm
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Shown by S. Bertolucci at recent DUNE ND workshop

Electromagnetic calorimeter

24 barrel modules 2 x 32 endcap

60 cells (5 layers) \ ﬁa modules
RN 10/15/30 cells

4.3m length

S.C. COIL
Cryostat

Barrel EMC

=DRIFT CHAMBERS

2.26m

20m

End Cap EMC

2440 cells total 215m 4880 channels




Shoewn-by-A.-Selyunin-at June DPUNE ND workshop

Design of light readout module (Dubna)

. TPB coated
5x5 WLS-fibers PTFE plate

bundle
fiber o - 1.2 mm

= ¢

' gap between
| fibers - 0.6 mm

& (can be changed)

SiPM
(6x6. mm)

TPB coated
plane of WLS-fibers

SiPM
holder

fibers clamps

module size can be changed optionally
(for the first tests it will have 30 cm length and 11 cm width)
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