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DUNE project overview

Far Detector (FD) at Near Detector PIP Il : from 1.2 MW
1 300 km from (ND) close to (""2027) to 2.4 MW
Fermilab neutrino target (""2030) beam

Sanford Underground
Research Facility

Fermilab

Incoming beam:
100% muon neutrinos

» New generation of long-baseline neutrinos experiment

» Precision measurements of neutrino oscillation parameters (6.p phase, mass ordering, 8,5 octant etc.)

» Neutrino beam high power at Fermilab: from 1.2 MW at the beginning to 2.4 MW after upgrades l'";
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DUNE project overview

10/27/23

Far Detector (FD) at
1 300 km from
Fermilab

Sanford Underground
Research Facility

Near Detector
(ND) close to
neutrino target

—
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PIP Il : from 1.2 MW
(~2027) to 2.4 MW
(~2030) beam

Fermilab

>
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Neutrino detection challenge

> Neutrino Cross section: ¢ = 10738cm? /nucleon = Very small
» Located at 1 480 m depth at SURF

> 4 Liquid Argon Time-Projection Chamber (LArTPCs) modules with different
designs

» The design of 2 modules has been chosen

» TPC active volume : 12.0 m (W) x 58.2 m (L) x 14.0 m (H)

Excavation of LBNF/DUNE caverns Long:BassiineiNewtiilo Fadility
South Dakota Site Neutrinos from
@ Ross Headframe Fermi National
= Accelerator Laboratory
e Rock crusher inoi:

Former
S mining area
\' =y

SN Rock route

LBNF/DUNE /77 Space to be excavated

aaaaaaaaaaaa tion Distances are not to scale.
(drill + blast)

£ .
A o — etector module:
|7 &
& - eep Underground

eutrino Expel n
4850 Level of B
Sanford Underground P
Research Facility ME
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Principle of LArTPC detection

Liquid argon volume

» Liquid argon is chemically inert and dense (p = 1.39)
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Principle of LArTPC detection

Charge particle

Liquid argon volume

» Liquid argon is chemically inert and dense (p = 1.39)
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Principle of LArTPC detection

Charge particle
Liquid argon volume
_ €
79 0/ iONIZ€

» Liquid argon is chemically inert and dense (p = 1.39)

» Charged particles ionize (79 %) and excite (21 %) argon atoms.

DDDDDDDDDDDDDDD
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Principle of LArTPC detection

Charge particle
Liquid argon volume _
Drift electron

21 % excite @

» Liquid argon is chemically inert and dense (p = 1.39)
» Charged particles ionize (79 %) and excite (21 %) argon atoms.

> Electrons of ionization drift to the anodes thanks to an electric field

*harge signal

DDDDDDDDDDDDDDD
EEEEEEEEEEEEEEEEEE
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Principle of LArTPC detection

Charge particle

Liquid argon volume

Drift electron - '

Charge signal

1= 128 nm Light signal

Emission photon_ ’

Excimer

Fantastic diagram by L. Zambelli

Liquid argon is chemically inert and dense (p = 1.39)
Charged particles ionize (79 %) and excite (21 %) argon atoms.

Electrons of ionization drift to the anodes thanks to an electric field

v VvV VvV V¥V

Scintillation light coming from argon de-excitation (1 = 128 nm) DUVE

DEEP UNDERGROUND
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Principle of LArTPC detection

Charge particle

Liquid argon volume
bl Drift electron , ]
Charge signal
ey Emission photon. , .
; 1= 128 nm Light signal

Excimer

Fantastic diagram by L. Zambelli

> LArTPC:
» Liquid argon is chemically inert and dense (p = 1.39)
« Segmented anode used to collect
> Charged particles ionize (79 %) and excite (21 %) argon atoms. charge signal
* Tarirt » Tphoton 2 light signal trigger
» Electrons of ionization drift to the anodes thanks to an electric field detection
» Scintillation |Ight Coming from argon de-excitation (A = 128 nm) Track and energy reconstruction E‘M

NEUTRINO EXPERIMENT

10/27/23 JRJC 2023 10




» e and p at the final state

100

Run 8549 Run 8549 HIP
. . ] . Subrun 21 Subrun 21 MIP
» Very important to discriminate muon and electron LYo PR Ccn o7 -

60

> At GeV-scale (1 — 10 GeV) neutrino interaction are
dominated by quasi-elastic scattering processes

40

|

10 cm
MicroBooNE Data uBO(@

» Charged current interaction gives a charged lepton in
the final state used to tag the neutrino flavour MicroBooNE Data

0

» u and p at the final state

—
100
Vi + n —)®+ D Run 5921 Ruh 5921
Subrun 141 Subrun 141
'< _ Event 7061 25 Event 7061
Vl _I_ p - _I_ n \;plane V-plane
N
60

> Separate v, / v, events by track topology studies

40

20

> DUNE need to measure the v, / v, rate

10 cm

MicroBooNE Daté

10 cm ‘
MicroBooNE Data HBO@

0



Vertical drift design

< ’ Top
e m———— " CRP

ARAPUCA

Y ?\\ —Cathode

y - : Bottom

| fy - CRP
X

Fantastic diagram by L. Zambelli 2

10/27/23

» 2 volumes split by a cathode

+ Electric drift field: |E| = 0.5 kV /cm

» X-ARAPUCA for light detection on the cathode

» The new perforated anode technology
« Anode module called Charge-Readout Planes (CRP)
« Stack of 2 perforated Printed Circuit Board (PCB)
» Etched copper electrode strips on each PCB face

» A sub-centimeter spatial resolution

» DUNE Far detector at SURF:
« TPC active volume 12.0 m (W) x 58.2 m (L) x 14.0 m (H)
» 80 module CRPs for each top and bottom volume 5 ;\=

DDDDDDDDDDDDDDD
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“Prefou-like” approximation CRP top préfou like

} = ——
HV ¢ - — de

Bottom CRPs

VA Vertical drift far detector X Z 4 CRP bottom préfou like

y X y

Préfou projection in the space

| > Vertical drift volume = 150 XWpre70u %200 XLpr¢rouX300XAprsrou = PXViprerou |

> With P = 9x10° SI ; the "préfou-scale” DUINE

NEUTRINO EXPERIMENT
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The perforated anode technology

» Shield + 3 different charge readout layers:

 Induction 1 — strip orientation -30° to beam axis —— 1
— Induction 1
* Induction 2 — strip orientation +30° to beam axis \1 0: = [ S®)dt = 0
i == ( =
 Collection — strip orientation 90° to beam axisc J \
\__/
Signal cables to ; L B A B
FEE in chimney
~
| Adapter Board | = 4
T T[] Ground plane ol
i Q; = f. ()dt =0
Collection , o = :\: > Induction views:
Collection : +1000V . . 1 Induction 2 }
|:| Anode 2 Bipolar signals [ 22000 J
|ndbcti6n > Induction2 : OV ! !
| el > Collection view: [ cottection|
Induction 1 e sy ‘ N\Wq Unipolar signal H
Shield : 1500V Iy!’(%}&%}! N
Qcout = fS(t)dt = NgXe J \
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Study of electric signal formation on CRPs
* Problematic:

» Use of new anode technology
» Important to know the deposited energy in the detector

» Tracks reconstruction from collected charge

» Induced signals depend on energy, position, track angle etc.

CRP assembly at

» Understanding the waveforms based on these dependencies CERN

DDDDDDDDDDDDDDD
EEEEEEEEEEEEEEEEEE
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Modeling signal formation

’
- .
imgfiip.com ( \ )
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Modeling signal formation

» The simplest case of charge signal generation » The charge q is neutralized by its « mirror charge »
g when it is near the surface of another conductor.
.u ﬁDE
§}“— 7 V

< 7 > > The instantaneous current is induced by charge
motion only

» Mirror effect to the partial charge induced 60

between the detector and the conductor WERE WORKING
S(t) 50 (t

\ Q) ON BSM THEORIES

L/vg SQdetector

q= f S(t)dt
5Qconductor
0 L > t > t
/Vp L/vp
THISISTO0

EASY FOR US BRO

« Partial charge conservation 6 Q onguctor + 0 Qaetector = q
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Modeling signal formation

> General case — Shockley-Ramo theorem > Weighting Field E,, is virtual field
that would exist in the case Q

where the charge is removed,

@ @ @ @ the reading strip equal 1 V and -
5 all other fixed to 0 V. A
o>
q
@ . @ @ E,,: geometry factor
E

vp = u(E, T) E: physics factor

. PR — Unitary
| E,, potential
L

» If electrodes get a fixed potential and »
the velocity of the charge particle is
know, then the induced current on any

»
»

»

A

electrode k is given by: AV 1 d
- Need simulation for complex geometry -PN'(\E

— i(t) = qxv—D = cste
] % 9
9% (t) = (q Ey, Up

E
Yd d d
10/27/23 JRJC 2023



Induced signal simulation

» Conception of a simulation on Python

Hexagonal
pattern
CRP
geometry

Strip
dimensions

DDDDDDDDDDDDDDD
EEEEEEEEEEEEEEEEEE
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Induced signal simulation

» Implement CRP geometry hexagonal
pattern, strips, 2 Printed Circuit Board ,

4 equipotential planes

» Conception of a simulation on Python

Hexagonal
pattern

CRP
geometry

Strip
dimensions

] Collection Strip

dus uononpu

E=y

w

Length in mm (Y)

N

» Collection strip is larger than induction strips '

(Collection strip is like a discount supermarket préfou and 0
induction strip like real Vendéen préfou)

» Photography of Printed
Circuit Board at CER

Shield: -1 500 V
Induction 1: -500 V
Induction 2: 0 V

Collection: 1 000 V

Collection Strip

>
-
DEEP UNDERGROUND
NEUTRINO EXPERIMENT

Length in mm (X)

10/27/23
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Induced signal simulation

» Conception of a simulation on Python
i(t) =qEw.vp

H |
@ * Weighting field E,,
* Vp Evd(|ED|,T)

CRP 1 Field Bin files . , . .
geometry | calculatlon generat|on » Solving Laplace’s equation in 3D:

- Weighting Ap(x,y,z) =0
Smenelons » 3D Finite difference methods (FMD):
¢l+1J kT ¢U+1k + ¢l]k+1
1. Specific geometry

‘le] k — 6
implementation

» Induced signal on the readout strips:

» lterative method, step by step

DDDDDDDDDDDDDDD
EEEEEEEEEEEEEEEEEE
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Field result

2D projection of drift field lines and weighting
equipotential

0 [j?_‘; A 5%

> Red equipotential equal to Collection

unitary potential

Induction 2

» All other black equipotential
fixed to 0 V.

H = = =2 N NN
O HF W WU N YW WWm
1 1 1 L 1 1 L 1 1

Induction 1

Electron drift axis [mm]

T ~| Shield

—'15 —iO -5 0 5 10 15
Orthogonal axis to collection strips [mm] RUVE

DEEP UNDERGROUND
NEUTRINO EXPERIMENT
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Fields visualization > weignting Potential

Induction 1 " Induction 2
> Drift Potential ? : ? )
25 08 25 038
> >
s s
20 © 20 ]
g 06 £ £ 06 £
= 2 £ 2
» » . g 15 n:;' % 15 r:;1
Potential in CRP - 5 mm Drift Potential S 04 g S 04 g
10 s T 10 £
g 2
5 0.2 5 0.2
0 0.0 0 0.0
00 25 50 75 100 125 150 175 00 25 50 75 100 125 150 175
Lenght in mm Lenght in mm
0
E
£ -
Collection
£ 10
08
>
<
£ B ¢
£ 062 >
c ] 3
- o €
£ S :
T 045 3
= = r3
=4
2
02~
0.0

00 25 50 75 100 125 150 175
Lenght in mm

> Distribution of the drift potential inside the CRP
> Not directly equal to 0 when moving far from the readout strip.

» Bias configuration:
(-1 500 V; -500V; 0V, 1000 V) » Lead to a induced signal in the nearby strips Al

NEUTRINO




Induced signal simulation

» Numerical simulation conception on Python
Hexagonal = Vp (lED |’ T) Drift
pattern velocity
'
CRP 1 Field Bin files ] lonization Induced
geometry J calculatlon generatlonJ electron signal

] Weighting Trajectory
field simulation
dimensions
1. Specific geometry

Electrons drift velocity in LAr at different temperatures
implementation

'n A1 1 1L\N//

ped
| €10.5;4 | kV/c

w
o

Electrons drift velocity [mm/us]

—
) A
L

Y

et
v

N
o

—— LAr Temperature=89 K
Va=1.61mmius | Ar Temperature=88 K
—— LAr Temperature=87 K

2- Fleld generatlon At 0.5 kV/cm ; vg4: Error 2 % per Kelvin
with CRP geometry : 0.5 10 15 20 25 30 ME

Drlft FIEId lEI [kV/Cm] DEEP UNDERGROUND
W. Walkowiak. Drift velocity of free electrons in liquid argon 1999 neurrino exeeriment

=
w1

=
o
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lonization electron generation

» Thermal electron Electron trajectories passing through

» Trajectory follow drift field lines a CRP’s hole
» The electron trajectory is perfectly defined |
20.0
> Runge Kunta like simulation o 17:5
Eaicnterp(xi;}’i) _— = % e
Xiy1 = X; + E(xs, )| XS (x5, ¥s) g 1255 |
| S | 3 10.0
E™ (xi, ) Gt _fo /@50 3 75 |
Yirr = Vi ¥ |E (xi, y)l x> / Y50
e_{ 2.5
0.0 — =
» Drift simulation 5 mm Step<=—56 um ! | 0 A3 § D:ft 5 6 7 g
> Grid of the mesh used for the field Length in mm (v)
calculation D

DDDDDDDDDDDDDDD
EEEEEEEEEEEEEEEEEE
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1e—10 Original pulse - View 0

| | T
My simulation results \ — o= asi
—_— 2 -
<
g | \ Bipolar signal
. . . - Induction 12 = [S(t)dt = 0
» Dirift velocity evolution for an electron inside CRP ¥ e=J50
g o
n w p——
375 Drift velocity for different temperatures ," “= . \//
— Velocity at T=
3504 — \\;emcig aEngE ! ! L le—10 Original pulse - View 1
3.25 E E —— Pulse width = 4.69 us /’\
g 3.00 ShielLﬁEMmD View 1 :/_\ View 2 % 0
£ | 1 1 5
g | I th : s
3 27 y/\\ y/r\ * Induction 2 2 _, Bipolar signa \
R A R A HER
200 i \\ / i i J le-10 [ ‘Original pulse - View 2
e — — | Pcs2 I . | — Pulse width =142
0 5 10 15 20 <0 Pl . [ N
Height in mm (2) < nmpolidr sigridl / ‘
. 5 15 -
> Border effect near to the collection electrode Collection & o= oo~ Ounl 59, |
> The field takes « 1/r2 dependancy which will induce a $ os /
high frequency signal 0.0 \
> Electronic response will smooth the readout induced 2 B ¥ 15 1 U 18D
time in us
current Does my simulation reflect reality? o

26
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P rototype at C E RN 2 Top CRP modules > Coldbox:

» ProtoDUNE Vertical Drift (VD):

 Liquid argon chamber for

testing CRPs with cosmic rays
at CERN

« 20 cm drift

A prototype built at CERN to test the Vertical
Drift technology at large scale.

Data-taking should start early 2024

TPC size: 3.0 m (W) x 6.8 m (L) x 6.8 m (H) &
divided in two vertical drift volumes o

Top CRPs have accessible electronics and
bottom CRPs have embedded cold

electronics
§F 5. _IC g

2 Bottom CRP modules » Use coldbox’s data to compare

with simulation

—— 7P ! - M | » Vertical drift design at CERN
w7 4 > Cryostat inside Dr(VE

NEUTRINO EXPERIMENT




Data extraction ¥ > Coldbox's data cuts

6 /. » Tracks with reconstructed angle 8 > 60°
Y « ¢ in the cone with 45° from the strip readout
> Event Display 0 Ao v  Track lengths > 20 cm

Reconstruit zenital angle distribution

* An example of cosmic ray track from the Coldbox - [ Total tracks number: 264 tracks
20
fled Oet 12 (3w 04 v Collected Charge [ADC] Collected Charge [ADC] §‘
—40 20 0 20 40 0 50 100 |_
B BEE 15 |
View 0/U (Ind.) View 1/V (Ind.) " —'|_|_L H J H
1800 ] S et S £
1850 1 LS - L e r Oy % 10 i
A - N T
%1950- I % 3 |_ - \_L ’
E E
F 2000 - = |—| LL‘
20501 0 10 20 30 40 50 60 70 80
2100 4 L3, 7 zenital angle 6 [°]
N O T T = g » Data reconstruction with LARDON (fantastic

software developped by Laura Zambelli)

» Bipolar signals on induction view _ L .
» Muon events » Need horizontal track to compare with simulation

» ¥
B
DEEP UNDERGROUND
NEUTRINO EXPERIMENT
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Comparison data VS simulation

> Mean waveform

» Signals sommation on each readout channel

- To reduce the incoherent noice

* Mean signal creation for each track

Induction 1 mean waveform

[ [

I

0.5

Induction 2 mean waveform

ADC

%

cbtop] Run 1727-5b event 0 (trigzer 962)

Induction
view 0

Induction
view 1

— vl ch915
_____ LY, [

Collection
view 2

— v2 ch884

19

00 1925 1950

Collection mean waveform

1975 2000 2025

2050 2075 2101
time

AIilgned V\Ilith thq cente‘r

0 20 40

10/27/23

60

80

100

120

ticks

- Simulated waveforms are good agreement with data

l

[ I I T

— run 1857 .

— simulation

Aligned with the center -
| | |

0.8

0.6

0.4

0.2

[ \ \ I

Aligned with the max |

20

|
40 60 80 100 120
ticks

!
40 60 80 100

!
120

ticks

> Some weak effects need to be understood M)E

JRJC 2023
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CRP transparency study

» The simulation has shown a significative effect between

» Work on amplitude signal to explore the _ _ _ ]
different causes of charge loss two bias configurations used in the coldbox tests:
 Configl: V41 = =450V
» Using two PCB can lead to loss of total « Config2:V,y; = —360V
CRP transparency: Comparison between config -450 V
le—7 with config -360 V - View 0
o l;ulse cor;fig -450‘\/

=== Pulse config -360V

Signal cables to
FEE in chimney
2.5
| Adapter Board | \
2.0
IRl Ground plane \

]
]
1
1
1
]
1
15 : C
i T ne
: T __generated
. n
:
]
]
]
1
1

~—
~—
®
Ix
~
IS

o~
Charge (u.a.)

Collection

NG

Induction 2

Induction 1 ‘ : &2 “\
Y \‘\_
0.0
0 5 10 15 20 25 30 35 40
: . . Time in us
« Some electrons are collected by the « Dependency with bias voltage used
induction 1 plane —360
" Taim = 22200 _ 144 DUVE
» Collected charge decreases Q:0:(—450)
30
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CRP transparency study

» Coldbox’s data with same configuration:

1.0 A —— config -450V
 dE/dx measured for muons  —— config -360V
: . 0.8
« Comparison of the energy reconstruction
> Result: 0.6 1
* Increase of 6 % reconstructed energy for the 0.4 -
“config -450 V”
* An real effect but too small than the simulation 2
result
0.0 -
0 2 4 6 8 10

> Difference Simulation/Measurements need to be

dE/dx [MeV/cm]
understood

DDDDDDDDDDDDDDD
EEEEEEEEEEEEEEEEEE
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R&D TPC 50 L detector > Cosmic + random trigger

SIDE view Question
(along diagonal of LAr-TPC) about cosmic ray
- i Outer LAY bath at the
» Data-taken on R&D TPC at CERN_thls summer —4 Aetroparideresesion
» Each run with a different voltage bias -
» ~ 32%X32 cm active area » 207 Bismuth sources e &
) . it R T i S 1 Y Lol uestion
> 52 cm drift » Hexagonal active area about the
F\d/l Deep Learning
L
ind-1 Transparency VS voltage interPCB
Shuxcs 1.0 4 X X XX X XXXXX X X XXX : : ¥ XXX x
close to anode "8
§ 061 *
ind-2 Eg $
0.0 >.< 'cft:)tI;TcsztIZ(:t?;?\cigr:czzgob:{/i‘gjvwoznd 2 (blue+red) I - o o o .

Potential Difference interPCB in V (Vyiew1 — Viiewo)

» Preliminary study with a standard run using a nominal set-up (—1 500 V; =500 V;0V; 1000 V) .

10/27/23 JRJC 2023 32




25

Life time T=1026.746 us
Charge : Q=7.59 fC/cm

160
» To reconstruct the charge, it is necessary to
take into account impurities (N2, O2 etc.) which 5
reduce the measured charge:

140

- 120

t E
Qrecon = Qaep €XP <_ _) )
Tp - 15 - 100
b
S
. 300 . . . :
* with T, ¥ —————— the drift time and = 50
p(impurities) 9
©
L
®

p(impurities) the impurities concentration

» However, not enough cosmic ray in the
50 L run

0 20 40 60 80 100 120 140 160
Drift time [us]

» Example of purity determination with coldbox’s data

# Data

NEUTRINO



y attenuation length in liquid argon Electron range in liquid argon

Bl207 sources

| ——- Conversion electron £ = 0.481 MeV - Probability = 2%
101 | === Conversion electron E = 0.975 MeV - Probability = 7 % |
10 -‘:" Conv?réigr)‘?!?FtronE= 1.047 MeV - Probability = 2 % §§ 3
> Decay by electronic capture 5 004
‘é. | —=—- Gamma Ray Ey = 0.569 MeV - Probability = 98 % g
. 2 10714 -~ Gamma Ray £, = 1.063 MeV - Probability = 75 % 101
ﬂ"’,t 207 ym = '% i Gamma Ray E, = 1.770 MeV - Probability = 07 % 5
100%% aaBI § 10-2 1
- E 10—2 _
107 1073 4
10-3 10-2 10 100 10-3 | mlloa-2 T litl);-l 1o°
y Photon energy [MeV] Electron energy [MeV]
« vy attentuation length > 10 cm
» Conversion electron range = 1 cm
= 22078 iV » Need to find Bi207 events from 50 L data
_ _  Electron range very short
» Main y rays: » More complicated:
* ~570keV * Conversion - Looking for only one signal from strips on all
tE 1 MeV Electron ~ 1 MeV induction views - called a single hits ey
e = 1.7 MeV -

DEEP UNDERGROUND
NEUTRINO EXPERIMENT

10/27/23 JRJC 2023



Preliminary study

» Single hits reconstruction - 300
in the transverse plane  ~
& - 250
2 3
T :’__. -200
: £
5 - 150 ¥
; 100
50
» Give no information on
Bi207 source helgh_t g - B e — e 0
because random trigger = o Length TPC X [cm]
Z 4 g 20§
M : s
9 10
Y - 5
¢ . -
0O ~'-» -15 -10 -5 0 5 10 15 ° (\

!
M Length TPC X [cm]
NEUTRINO




P re I i m i n a ry Stu dy » Reconstruction of deposited energy spectra

Cut radius around sources = 2.00 cm

120 [ near to cathode
1 near to anode

300

100 -
-250

E 80 -
& 200

> w
& z 2
E - 150 * < 60 -
= +

- 100

40 A
50

0 20 -

-15 -10 =5 0 5 10 15
Length TPC X [cm]
o T T T _— T =
0 20 40 60 80 100
_ _ Energy deposited (u.a)
» Probably useful to calibrate detector with
peak at 1 MeV » The shift in the spectra suggests that red is closer to the
anode than black (\

NEUTRINO



Summary

» Work done
» Understanding the formation of inductions signals

* Numerical simulation conception to calculate the induced signals on all views
» Coldbox’s data extraction and comparison between data/sim - good agreement between both

» (Get some data and start the analysis of 50 L detector

> What’s next ?

« Extend the simulation in a bigger volume + strip orientation implementation - track angle studies and
position in the TPC (boundary conditions)

» Geant4 simulation for the Bi207 sources with 50 L geometry
 Work on 50 L data
» ProtoDUNE should start at early 2024

* Try to cook a prefou S,

10/27/23 JRJC 2023
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Back up

» ¥
| Ny
DEEP UNDERGROUND
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UNE time lapse

Summary Schedule
with Critical Path

Category FYis  FY19 FY 20 FY21 FY 22 FY 23 FY24 FY 25 FY 26 FY 27 FY 28 FY 29 FY 30 FY31  FY32
CD Milestone @rscrexc ¢ 2/3
@ co-1kr
1
@ rscresicp 2/3
FSCF EXC Cavern & Drift Excavation

AUP: North and South Cavern

Building & Site Infrastructur_

FSCF BSI
FDC Far Detector Components #1 - Design and Fabrication
Far Detector #2 Components - Design and Fabrication
Cryostat #1 Set-up
@ North cavern handoff frofn BSI to FDC =
@ south cavern handoff flom BSI to FDC Nilesiona ®
Cryostat #2 Set-up and Installation DOE Task
Cryogenics Install CUC DOE & NonDOE Task
Central utility cavern handoff from BSI to FOC €y
Detector Install #1
Install and commission LAr Pumps #1
Detector Install #2
Purge, Cooldown and Fill Cryostat #1
Purge, Cooldown and Fill Cryostat #2 to 30% - KPP met
N ote s = Commission Detector #1
. . Start of Science
- Fiscal Year display NSCF8 S o e Desgn
: 150 NN Horn Poweer Supply - Design/ Fab/ Assemble
- Ju ne 2023 reportl ng @ CF Preliminary & Findl Design Complete )
cycl e Horn Prototy_pe Testirfg./. Horn A, I?, o Fab/AssembI.e_
NS Conventional Facilities - Fyinding Start Constraint @
- Based on “C D-1 RR Near Defector Hall Construction [
” . . S Target Comgllex Construction & Beam Install [
ESAA B fu n d | ng p rOflle ‘,_7 Absorber Complex and Decay|Pipe Construction and Beam Install
_ E arly com pl etl on § Primary Beam & Extraction Enclosure Construction and Beam Install (incl Long Shutdown) s
dates S h own 2 Beam Checkout Complete (NS KPPs Met)
ND N M uon Spectrometer Design
Procure, Fab and Assembly ¢f Common Cryo Threshold [
Procure, Fab, Testing and Deliver PRISM_
Procure, Fab, Testing anfl Deliver - Muon Spectrometer [
14 25 Sept 2023 R. Ray | Prism, Detector angl Cryo Threshold Installation and Checkout (Threshold Scope) [
Near Detector Objective Scope Complete (KPPs Met) @
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DUNE ”physics status” time lapse

» Start of science =~ end 2029

« Beam is going on half 3031

« Near detector at start 2032 5

* 6.p = 190°, CP violation can be
measured at 3¢ in Phase 1 < 6
years after data-taking

9_

DUNE CPV Sensitivity
gF—All Systematics
Normal Ordering

7Phase |
........ 8CP=.1|'/2
gE 50% of 5., values
........ 75% of 3, values
5 ..................................................................................-:‘::.'__"_‘._',.'.-'.. eeeee
&
3 P o L S et
2
1 /T
oslllllllllllllllll IIIIIIIIIIIII 1

0 2 4 6 8 10 12 14 16 18
Years
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bij -1

» Mirror boundary conditions l k
Dt P T Piax t Pi—1x t Pijk-1t Pijk+1 ®iox Pi—1k
biox = ¢ R
]
5, _ Divjk T Pic1 ikt Piax T Pi—1k T Pijk-1F Pijrr1
L=Lke ™ 6 ®ij0
100
 Div1jk T Pic1jk T Pirk T Pi-1k T Pijk-1 T Pijrtt
dijo = 6
20
_ Divrjk T Pic1jk T Pirk T Pi—1k T Pijk-1 Tt Pijr+1
Gij-—1 = 6
E 15 =
E £
.i L 10_1{_2
» Dirichlet boundary conditions £ g
Gior =0 _ ) . : 5
Valid for a calculation windows = 7 strips
®i-1k =0 .

=15 -10 -5 0 5 10 15
Distance in mm

0
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lonization electron generation

» Thermal electron

» Trajectory follow drift field lines » Simulation of electron trajectories
(Bisi B KE:E) passing through a CRP’s hole
» Runge Kunta like simulation (x5, ¥5) « Collection .
. S 1 \
E}lcnterp (xO: 3’0) L It 20.0 i 2
Xs= Xo + xS (Ei; Ej_s (E; Ej—1) Induction
° " T 1E(x0, )| /%W x 2 =
| 8 150 | —T—t—+——}
ter = 1 —_—— 1 ]
B . E;n e p(xo, Yo) %S e‘{ = 12.5 ‘I,_---'
s =0 T T E (o vo) 5 100 | 8 Induction 1~
“«—> i—1 i 2 75 | ] il
o : step N o, Shield
> Field interpolation - o S e |
25 T'L ———
: X = e
interp __ 0 . R e e
EIMTP — B, + (Step — (= 1)) X (B~ Biy) 0.0 ——

Length in mm (y)
> Drift simulation 5 mm
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Weighting field evaluation in CRP

Evolution of Weighting Potentiel as a function of height (Z)

1.0 T
—— Weighting potential v}, - View 2
—— Weighting potential V- View 1
0.8 4 —— Weighting potential V,- View 0
S
T 0.6
4
[=
g / /
O
a.
2 04 /
4
L
=
(7]
=
0.2 / / N
0.0 ‘—_—/ _=/ -

0 5 10 15 20
Height in mm (2Z)
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