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» The CERN Neutrino Platform
» Near detector activities

» DUNE/protoDUNE activities

» Conclusions
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INTRODUCTION

» 3 “"standard” neutrino flavours

» weakly interacting (o,.>N/Ey =
1 GeV neutrino mean free path in lead =

» Standard Model states:

lepton flavour conservation

» massless
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NEUTRINO OSCILLATIONS DISCOVERY

Super-Kamiokande (1998)
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3 NEUTRINO OSCILLATIONS ciy = cosy

Si; = sin 0,

Ve c12  s12 0 1
I/,u — —S12 C12 0 V9
U, 0 0 1 V3

atmospheric, accelerator accelerator, reactor solar, reactor

\

3 mixing angles, 2 squared mass
difference, 1 complex phase (oc¢p)

3 Flavour states 3 Mass states

. M1 #M2#IMa3
more than15 years of experimental efforts
Parameters Experiment signal
|IAmoq[2 =M% - m?q| | Sz solar and reactor P(ve = Vyr)
|[Am32 = |m?3-m?| | 923 | atmospheric and accelerator | P = vu) & Py, — vr)
S reactor and accelerator P(v, — v.) & P(0o — D)
Scp accelerator Py, — ve)
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NEUTRINO OSCILLATION : WHAT DO WE MEASURE

» Neutrinos can change flavour while flying.

» dis/appearance probabilities depend on the neutrino energy E and distance L

» Oscillations give access to the Am?

. : : . L

: Py, —v,)~1- (0034 613 sin? 2653 +|sin? 2913|81n2 923) sin? Am%l 15
()
£
o
X in?[(1—z)A
v P(VM — Ve) ~ sin2 2913 X Sin2 (923 X Sln(g(_;)g) ) | matter
5 —asing | xsin201osin 26013 5in 2053 x sin AR Sm[{ll_—j)w offects
g +acosd X sin260i5sin2013sin 2053 X cos A Sinng] Sin ((11__5))A]
g +0(a?)
< C_|Amd | 1 _AmbiL [ 2v3GeN.E

Am3, 30 -~ 4F —Amg,

M. Freund, Phys.Rev. D64 (2001) 053003
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THE KNOWNS AND THE UNKNOWNS

from NuFit 2016

NuFIT 3.2 (2018)

Normal Ordering (best fit)

Inverted Ordering (Ax? = 4.14)

Any Ordering

bfp £1o 30 range bfp £1o 30 range 30 range
sin? 019 0.30770:015 0.272 — 0.346 0.30770:015 0.272 — 0.346 0.272 — 0.346
012/° 33.6270-78 31.42 — 36.05 33.6270-78 31.43 — 36.06 31.42 — 36.05
sin? fa3 0.538T0 0 0.418 — 0.613 0.554%0 0% 0.435 — 0.616 0.418 — 0.613
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sin” 013 0.02206 000972 0.01981 — 0.02436 | 0.02227F0-0097%  0.02006 — 0.02452 | 0.01981 — 0.02436
013/° 8.547512 8.09 — 8.98 8.5870 14 8.14 — 9.01 8.09 — 8.98
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AMma +0.21 +0.21
eI 7.4070-2% 6.80 — 8.02 7407028 6.80 — 8.02 6.80 — 8.02
2 e
Mass Am? +2.3C m?
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OSCILLATIONS: STATE OF THE ART MEASUREMENTS

6CP = 0 excluded at 20 |

T2K Runl-8 Preliminary

Final systematics pending \
T

— Normal
— Inverted
---.20 CL

-1 0 1 2 3
Ocp (rad)
Results presented at KEK last summer

Extruded PVC cells filled with
11M liters of scintillator
instrumented with
A-shifting fiber and APDs

~)

% NAV/\

\5 NOvVA Preliminary
'NQVAFD  Normal
aF 0% POT equiv. hierarchy
¥ __Inverted 3
3: hierarchy

Significance (o)



https://www.t2k.org/docs/talk/282/kekseminar20170804
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» T2K and NOVA have already some sensitivities to dCP and the MH with only

part of the foreseen final statistics

Effort to combine of the results to further enhance the physics potential of the

current experiments are on-going

Extension of the current T2K data taking (a.k.a. T2K-Il) is also foreseen

» upgrade of the ND280 near detector

arXiv:1607.08004

e e e e S e P e s
o — -
] 15 | — True sin’0,,=0.43 |
% i = w/ eff. stat. improvements (no sys. errors
— True sin’0,,=0.50
(8 5 - = w/ eff. stat. & sys. improvements
) 10' — True sin’0,,=0.60
Q "“(B3cCcL
©
=
Q
x L
® 5
8
< 0
0

Protons-on-Target (x10?)

V&)

F-N

Significance (o

o

W

N

—

o

CERN seminar

Normal 8,=3n/2, sin’0,,=0.500

2 a2 e coose T VOVA Simulation
Am3,=2.45x107eV", sin“26, ,=0.

o A I b =
- NOVA joint v4v, [ 50/50v/antivmix | ]
F ] - 7| from 2018 forward. |
- <---- Hierarchy _ P
- opy z E
ey, p =au R N i
= -~ All projected beam intensity S
- I” "' | and analysils improvemepts | .
2016 2018 2020 2022 2024

Year


https://arxiv.org/pdf/1607.08004.pdf
https://indico.cern.ch/event/696410/attachments/1586708/2518752/2018-01-30-CERN-Nova-Results.pdf
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FUTURE LONG BASELINE EXPERIMENTS
TOKAY-T0-HYPER-KAMIOKANDE DUNE

. ® 4 modules Liquid Ar-TPC ~10kton each
e SURF, Homestake mine (US) ~2400mwe

e Tochibora (Japan),~1750mwe :

o Off-axis beam from Tokai (1.3 MW) e On-axis beam from Fermilab (1.2-2.4 MW)

* baseline ~300km (1100km it T2HKK) : ° baseline ~1300km

o <E,> ~0.6GeV ‘ o <BE>~3GeV

e 2 water Cherenkov of ~260 ton each

For more details refer
to DUNE CDR

ISHIKAWA N 1
3 1

Hyper-K '

(Tochibora Mine) !

" GFU - NAGANO !

= ‘.._m‘lw S e :
e j ] ‘F ’ oo | 170
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FUTURE LONG BASELINE EXPERIMENT
TOKAI-TO-HYPER-KAMIOKANDE DUNE
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THE CERN NEUTRINO PLATFORM

The Mandate: European Strategy for Particle Physics (2013)

“Rapid progress in neutrino oscillation physics, with significant European involvement,
has established a strong scientific case for a long-baseline neutrino programme
exploring CP violation and the mass hierarchy in the neutrino sector. CERN should
develop a neutrino program to pave the way for a substantial European role in
future long-baseline experiments. Europe should explore the possibility of major
participation in leading long-baseline neutrino projects in the US and Japan.”

SBN (short baseline)

6V v BoostgrBaam
2

T2K / T2K-lI

Super-KAMIOKANDE

Neutrino
‘ PLATFORM
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width of Z boson

INTRODUCTION : NEUTRINOGS ET CER | ..

DELPHI
L3

1970-1979 Gargamelle OPAL
Discovery of neutral currents % |
2 t average measurements,
— | Y o) error bars increased

by factor 10

10

CHORUS 1994-1997

0 .816‘ ' ‘818. ‘ ‘910. : ‘912 ' ‘914 p CHORUS-DETEKTOR
E_[GeV] g

cm

NOMAD 1995-1998

Dipole Magnet
Front ®@B=04T TRD
Calorimeter Modules Preshower

I

Trigger Planes

ICARUS
2010-2012

Electromagnetic ~ Hadronic

Drift Chambers Calorimeter Calorimeter

OPERA
2009-2012

1976-1984 CDHS; s

deepinelastic interactions
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THE CERN NEUTRINO PLATFORM

Assist the various groups in their R&D phase in the short and medium term and give
coherence to a fragmented European Neutrino Community

Provide a charged particle test beam infrastructure for tests and R&D

Bring R&D programs to the level of technology demonstrators in view of major
construction activities

Continue neutrino beam R&D, as possible basis for further collaborations
Support the short and long baseline activities (infrastructure & detectors)

Be a partner in the physics exploitation

NP reacts on input from the community

> 100 institutes participate to the NP (MoU)

Neutrino Platform part of the CERN Medium Term Plan (since 2015)
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THE NP CURRENT PROJECTS

» NPO1 (WA104/ICARUS ) : far detector for the US
Short Baseline program

» NP02 (protoDUNE-DP WA105): demonstrator + engineering
prototype for a Double phase (LAr+GAr) TPC

» NP03: generic R&D framework

» NP0O4 (protoDUNE-SP): engineering prototype for a LAr TPC Jiis" 1

-m

EX
Cage

» NP0O5 (Baby MIND): a magnetised muon spectrometer
for the WAGASCI experiment in Japan

=
» Near detector studies for T2K and DUNE Baby MIND

-+

» Performance study and requirement assessment of neutrino near detectors
» Participation in the design and construction of the DUNE cryostats

» Active participation in FNAL-SBN and DUNE programs
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CERN AND THE NEAR DETECTOR EFFORTS

16
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THE ROLE OF THE NEAR DETECTORS

» Crucial detectors to characterise the neutrino flux before oscillation occurs

» Provide constrains to flux and cross-section systematics

Simulation
Simulation + External v/e/h reaction data
+ Beam monitors \ '
+ Data on m and K yields

Neutrino
Cross-Section
Model

_

Sources of uncertainty correlated

between ND & FD. constrained

Simulation by the ND. Remaining uncertain-
+ Calibration data ) Neutrino ties are marginalised
+ Test Beam data .~ Flux

7/

Model

7/
/
/
/
/

¥
ND Constraint on

l Fluxes and Cross-Sections

Oscillation Physics!

VALOR strategy (used in T2K, DUNE, SBN..)
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THE ROLE OF THE NEAR DETECTORS

» Near detectors can give a handle to master
nuclear effects which are becoming one of
the dominant sources of uncertainties in

the oscillation analyses

» Bias in the reconstructed energy translates

in bias in the oscillation parameters Martini et al. Phys.Rev. D87 (2013) 013009
O———T7———T1 717 T T T T T T

«1 03 Multinucleon Feed-down on Oscillated Flux

Lﬂ> 140~ - . S0 CCQE -
% 1200 SK Osmllated Flux : 3 |
100 Ev—Erec Smearing "5
80 (Ev=0.8 GeV) : ® |
o = :
401 o
5 o
\% |
0’ —

E, (GeV) S YR Gey) e
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OSCILLATIONS: IMPACT OF THE SYSTEMATICS

from DUNECDR

g COM Neterence Desgi]

NOvA T2K-II

v Cross Sections <|:|> 15 —_
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Signal uncertamty (%)
Protons-on-Target (x10?)
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19

«5%
v 5%
~5%

— equi
to facto
exposu

» The control of the systematics uncertainties is crucial for both current and future

LBN experiments

» Neutrino cross section is the dominant source

» Importance of Near Detector measurements : better sensitivity , shorter

exposure time


https://arxiv.org/pdf/1607.08004.pdf
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THE CENF-ND FORUM

TWiki > CENF Web > NearDetector (2017-06-01, StefaniaBordoni) . Edit Attach PDF

YPER
(\ “,/ Neutring - /E\ “

A collaborative effort toward the design of a Near Detector for the new generation of
neutrino oscillation LBL experiment

https://twiki.cern.ch/twiki/bin/view/CENF/NearDetector

» Hub to provide support to the ongoing efforts of the LBN collaborations, strength the
European support, attract new institutes, endorse participation from Japanese and
American Institutes.

» Steering group (S.B., P.Sala, AWeber, M. Zito) + 5 WGs (flux, cross-section, R&D.. ) in
close collaboration with existing frameworks and groups

» Activity started in July 2017, more than 100 participants

» Video meetings, Workshop at CERN and visiting are being organised


https://twiki.cern.ch/twiki/bin/view/CENF/NearDetector

at CERN

@gﬁ%w S. BORDONI (CERN)
THE ND280 UPGRADE

» Proposal for an upgrade of the existing ND280
detector (at T2K)

» 2 new horizontal TPCs with resistive MM

» New target: 1cm’ cubes with 3D readout (superFGD)

» ToF around the TPCs

» HPTPC for v cross-section measurements

superFGD

» Several workshops at CERN, Eol and proposal new Horizontal TPC

submitted to the CERN SPSC to be a project of
the Neutrino Platform

» Test beam at CERN this summer !
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CERN AND DUNE
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THE CERN NEUTRINO PLATFORM AND DUNE

» Large effort on the preparation of the DUNE experiment

» Design, construction and operation of the cryostats and cryogenics system
» New facility with dedicated tertiary H2 and H4 beam lines (VLE from SPS)

» Construction of the prototype detectors

protoDUNE Single Phase (SP) protoDUNE Double Phase (DP)

-
* 10mm SS plates =

|
* 1m Insulation =g~
|

« 2mm Membrane
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NORTH AREA EXTENSION (EHN1)

14 April 2016

beneficial occupancy in September 2016

24
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NORTH AREA EXTENSION (EHN1)

Now !

- 1N ]
SNZIE NS A

- : >0 b
L o gy b T

beneficial occupancy in September 2016
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Small
corrugations

A "NEW" TECHNOLOGY FOR THE CRYg)

!
J
W o‘l' "u
! ,'l "a” [
) MY

» Technology from GTT (France) used for e
LNG transportation and storage Ll el . oo

® primary membrane in contact with the liquified
gas, flexible and elastic

® Passive thermal insulation: in between and
directly connected to the primary membrane
and the hull.

® Hull: the warm structure, sustains and support
the entire system.

Mark Il

» Technology adapted to particle physics
experiments requirements

® structure (dimensions, openings, LA, ..)

® More stringent requirement on heat input (5-7
W/m?) -> 79 cm thick insulation
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A "NEW" TECHNOLOGY FOR THE CRYOSTAT

» Construction of the protoDUNE cryostats
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A "NEW" TECHNOLOGY FOR THE CRYOSTATS
en:rrannce Openings from inside (feedthrough)_

Construction
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Focusing on protoDUNE-SP (arbitrary choice)

29

» DP protoDUNE goal is to validate the alternative technology on large scale

» Strong synergies between SP and DP for cryogenics, HV feedthrough, field cage

reconstruction and data analyses

» Complementarity of the two technologies

SINGLE PHASE
Pro
« demonstrated functioning underground for
years

e sensing electrodes are simple wires

 stable thermodynamic conditions of the
detector

* no.need of HV in gas

Cons

@ signal to'noise limited by the electronics and
wire length

@ very different induction and collection view
signals

DUAL PHASE
Pro

 signal amplification during just before signal
formation

 electronic noise less important with respect to
the SP

« completely analogous signals on the views

« possibly fewer electronic channels for the same
volume

 accessible electronics

« Cons

@ stability and uniformity of the charge
amplification

@ generally larger HV needed
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PROTODUNE-SP: WHY?

» real engineering prototype for the first module of the DUNE far detector

» protoDUNE-SP ~1/20 of the final FD module

» modular design: each
DUNE far detector SP design

detector part already on ‘ --\; \ /
the size for the DUNE s “\Q}\\}\
module /s )

* beginning of installation of
1st FD module in y 2022

* data taking starting in y 2026

1 protoDUNE
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LAR TPC : HOW DOES IT WORK t of the event

When a charged particle pass through the detector

1. scintillation light from the desexcitation of the Ar excimers

Self trapping

about 40 000 y/MeV

+

N & ® 7T

singlet
trip?et - Ts~6ns
‘+ Q Tt~ 1.6 us
‘A ‘+
K ~45%3)

o ko s - i o s
Recombination O 49t Lf. Shart Decty (Sindlet) Component. .. 2010.JINST.5.P06003
a) : at mip energy and Edrift = 0.5 kV/cm § jous:

80%

~

wavelength shifter
[Photon Detectior)

T T TTTITT] T

NI DINDIY NN S Lo
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Time (ns)

=
g EEAL
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LAR TPC : HOW DOES IT WORK

2D image of
. the event
When a charged particle pass through the detector:

1. scintillation light from the desexcitation of the Ar excimers

2. Arionisation, free electrons drift towards the anode (nominal Efield = 500V/cm)

Bo Yu (BNL) . Liquid Argon TPC

’
~
t (ticks)

Cathode
Plane

100 120 140 160

180
Induction Plane Wire

//// '

/"'/ Edrift~500V/cm

t (ticks)

100 120 140 160
Collection Plane Wire

180 200 220
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PROTODUNE-SP DESIGN

LAr TPC ala ICARUS :

» cathode in the middle, anode planes on the two sides

» Anodes: 2 planes of wires at 35.7° (induction) + 1 plane of vertical wires

(collection) + 1 grid plane

protoDUNE-SP

» light read by plastic scintillator bars coupled
with SiPM

e ~ 800 tons of LAr
* The biggest LAr TPC at today




1D Data-inspired Responses

’ Neutrino N . wire frame detail
\) PLAFORM 5. BORDONI (CERN) N (35 tons) 34

5 —W(col)
0.05¢

PROTODUNE-SP: ANODE PLANES -
T N T T

Collection (x) 4.79 vertical

Induction (V) 800 4.67 35.7° - wrapped 0
Induction (U) 800 4.67 35.7° - wrapped -370
Grid 960 4.5 vertical - 665

» No signal amplification

» Use of Cold Electronics to reduce the noise

» Tests in cold very successful
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T of the 3 CPA module being
assembled in the protoDUNE-SP

PROTODUNE-SP: CATHODE PLANE (dean room

» 3mm thick FR4 panels laminated on both side with resistive Kapton

» Bias voltage -180kV

» No electric connection across CPA columns to prevent damages in
case of HV discharges

» Edges of the CPA populated with the same profile as the field cage.
No need of a special design for such crucial part

Field cage hinge

/

\ G10 frame —

\ Field shaping strips /

Cathode plane
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1 top/bottom module

\

PROTODUNE-SP: FIELD CAGE e —

» Surround all the TPC volume maximising the active region

» providing a uniform drift field (500V/cm)
» parallel rounded aluminium profiles with plastic cups chains

» resistive divider chains interconnecting the profiles

. . ground [
» on top/bottom modules equipped with ground planes

in SS with holes for LAr circulation
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PROTODUNE-SP: PHOTOSENSORS

» 10 PhotoDetection systems per APA

» Plastic scintillator bars with wavelength shifter + SiPM

Double shift light guide

\ 128 nm LAr scintillation light

430 nm shifted fight from plate
~490 nm shifteg! ight (in bar)
//

- wavelength-shifting plates + wavelength-shifting light guide

7Y
s,

- Transport shifted light via total internal reflection to readout
(SiPM array)

Dip-coated light guide

« Acrylic dip-coated with TPB+acrylic+toluene solution

s 8i 4 sipm_
ARAPUCA

+ light trapped inside box with high internal reflectivity

- combination of wavelength shifters and a dichroic
optical filter A=137nm

Filter is reflective

Filter is transparent
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PROTODUNE-SP: SCHEDULE AND TEST BEAM

» Very tight schedule since the beginning but we are managing!

» 4th APA arrived at CERN, cathode planes installed in the cryostat, field cage end-walls already
partially installed. Next week closing the first volume of the TPC.

» All detectors element inside the cryostat by end of April. Then TSO closed and access through the
manhole

» June to August : purge, cool down + filling (7-8 weeks) , commissioning (1-2 weeks) and cosmic
rays runs

» 7 weeks of beam from the
H4 line, alternated with
cosmic runs

» electron and hadron

‘“‘Mﬂfz\ ‘. i
oXImity

beamS fl"Om 1 tO 7 GeV/C \ cryogenics
;
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PROTODUNE-SP: RECONSTRUCTION

» protoDUNE is a test bed also for the event reconstruction in LAr

» very challenging because on surface: large cosmic ray background

Reconstruction of cosmic rays with PMA algorithm

>
8 . - — ¢ T T ] ) M ) T L T o I B o e e =~ —= 2 T T ] R EE e - ] e
L)
S 1 —
- o\
E - - et Sy
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n g -3
& 0.8 — . 7y
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’: 5 E T#j
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H
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>
|
(e 2
p
D .
e |
o :
—_.i
—
=
3 |
1 l 4 1 ll

g 1LW“H PPN ° ° ° ) Sy 'J.‘:J-l-L-L'.'-:;f:g;ii:L‘. (L\_l_sil‘;_;iil._ i i
g - B z(cm)
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e PMA Algorithm

o
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o
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Tracklng efflclency for smgle muon W|th ]
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4
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PROTODUNE-SP: PHYSICS MEASUREMENTS

» ProtoDUNE-SP will provide the chance to validate on data the reconstruction
algorithm performances

» energy scale (em /had showers)
» e-gamma separation

) cross-section measurements

\ﬁ >\ E\

» The knowledge of n-Ar interactions are key to control systematics for DUNE

» Measurements of interest for the entire LAr community (e.g. SBN)
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PROTODUNE-SP: PHYSICS MEASUREMENTS

» Almost no existing measurement of n-Ar cross-section

1 | IIYII1I 1 1 I[er" T T T 1T 77T7¢

£[ " @ 165 MeV

: :
» LArIAT recent measurement for Pion momentum range 0.2-1.2 ]
GeV : ]
» Previous estimation from extrapolation from other nuclei (at
very low p) ?
: i
» ProtoDUNE aim to reproduce the measurement, enlarge il
1 2 gl L1 1
the range, do a similar measurements for protons P r R eE®

LAr Thin Slice (set by the wire pitch)

Nscattered
(interacting particles)

Survived

Yyvwyvy
Z

YYYYVYVYVYVYY

Incident

Thin Target Beam Direction
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PROTODUNE-SP: PHYSICS MEASUREMENTS

» Analysis in preparation : challenges due to cosmic-rays background
and space charge effect

o
o

o
<0

preliminary

05

04

03

02

01

preliminary

03

0.5

02

0.15

01

008

%

beam entrance

around here (Z=0) T 6

\E

5
SCE simulation for

protoDUNE-SP ‘t

Apparent shift of the beam particle vertex due to the space charge effect

= wio SCE
- w SCE

preliminary

AVz [cm)

Y eco - Yirge [cM]: Z =3.60 m

| 10
|
: cathode —is
|
| —0
|
I —s
|
|
I -10
|
-15
I—T_ | |
2 4 0 1 2 3 0
X [m]
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courtesy of M. Mooney
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CONCLUSIONS

» A new generation of long baseline oscillation experiments is being to have
definitive measurements of the still unknown PMNS parameters

» The control of the systematics uncertainties is crucial : the new experiments
need to carefully design their detectors to address the main sources of errors

» CERN has established in 2016 a new program to support the LBN activities,
and strength the European effort

» In only 2 years the CERN Neutrino Platform has accomplished big
achievements and attracted more than 100 institutes
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INTRODUCTION

Intensity

Energy spectrum of beta
decay electrons from 210g;

47

¢afsunt - TAlregemic of Pec 0393
/ Absohrift/15.12.56 M

Offener Brief an die Qrunpe der Radiocaktiven bei der
Gauvereins-Tagung zu Tibingen.

Abschrift

Physikalisches Institut
der Eidg. Technischen Hochachule Zirich, Lo Des. 1930
Z4rich Gloriastrasse

Iiebe Radiocaktive Damen und Herren,

Wie der Ueberbringer dieser Zeilen, den ich mldvollst
ansuhbren bitte, Ihnen des niheren auseinandersetsen wird, bin ich
angesichts der "falschen" Statistik der Ne und Li-6 Kerne, sowie
des kontinuierlichen beta-Spektrums suf cinen versweifelten Ausweg
verfallen um den "Wechselsats® (1) der Statistik und den Energiesats
su retten. MNimlich die Mglichkeit, es kénnten elektrisch neutrsle
Teilchen, die ich Neutronen nemnen will, in den Kernen existieren,

0 02 04
Kinetic energy, MeV

0.6 08

» Postulated by Pauli as “desperate remedy” to explain
the continuum spectrum of the 3 decay (1930)

» Discovered only in 1956 by Reines and Cowan |-

» Second most abundant particle in the

Universe

» Natural and artificial sources covering an
energy spectra over 20 orders of magnitude

4

)

¥ JADEC
i ey
5

1.0 1.2 welghe den Spin 1/2 haben und das Ausschliessungsprinsip befolgen und
‘sheh von ldchtquanten wusserdem noch dadurch unterscheiden, dass sie
mit Lichtgeschwindigkeit laufen. Die Masse der Neutronen
von [ dnung wie die El sein und

:nn- nicht grosser als 0,01 F Das erliche
Spektrum wire dann verstindlich unter der Annahme, dass beim
Bota-Zerfall mit dem hlektron jeweils noch ein Neutron emittiert

Mird, derart, dass die Summe der Energien von Neutron und klektron
konstant ist.

Nun handelt es sich weiter darum, welche Krifte auf die

i 9
Debye, beleuchtet, der mir Mirslieh in gesagt hat:

—10*
> » Katz, U.F. et al. Prog.Part.Nucl.Phys. 67 (2012) 651
10°° 1
,_E Cosmological v
s10°T
R 10 | Solar v
“-‘E Supernova burst (1987A)
D108
X \ Reactor anti-v
E 10 B /
1 Background from old supernovae
10
108 F Terrestrial anti-v
1042: Atmosphericv
10_]6: ‘v from AGN
10720 -
10-24 : Cosmcz,genic
1025
10°° 1073 1 10° 10@ 107 10" 10" 10'8
peVv  meV eV keV MeV GeV TeV PeV EeV

Neutrino energy
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INTRODUCTION

» Charged current (CC) interactions

e Out-coming lepton bring information about the
neutrino flavour

* Threshold of the interaction given by the lepton mass
(Evy > 110 MeV, Ev: >3.5 GeV)

» Neutral current (NC) interactions

e No information about the neutrino flavour

e much less measurements available

48
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INTRODUCTION

% 14
° ¢
. . T 12f
» Charged current (CC) interactions S b
o [
e Qut-coming lepton bring information about the 08
neutrino flavour S 06
® Threshold of the interaction given by the lepton mass g 04 [
(E,. > 110 MeV, E,. >3.5 GeV) 2 02k
> b
10°
» Neutral current (NC) interactions T 03[
% 025:_ e Aachen, PL 125B, 230 (1983), Al
e No information about the neutrino flavour § F . GGM, NP B135, 45 (1978), C_H, CF Br N
o . ™
e much less measurements available §  O2f —NuawcE w11 Gey) S
S 015F P
A B 2
& - o
0.1 :
! 0.05F X
e F &
T 0 ' ”

1 10 10
E, (GeV)
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vy

NEUTRINO OSCILLATIONS DISCOVERY

The solar problem The atmospheric anomaly

gl.z - o -
(a B |
@/ { - I Theory |
5 [ |
go.s i -
é-": i Ga
06 —
"
904 B ppv Cl b—Kl |
2 | : -
go2 | "Be, B v Y :
0 = S
10 1 100« <~ s e L .
Energy MeV) 0 0.5 1 1.5
(l"l e)datal (MI e)MC
» clear deficit wrt SSM prediction » ratio expected 2:1 but observed ~1

» About 2/3 of ve are missing! » missing 1/2 of v, !



\‘,JEE%M S. BORDONI (CERN) 51
LONG BASELINE EXPERIMENTS PRINCIPLE

Near

P T u-mon Detector T
off-axis V ~———
" = “\ — T P [T TR T T T TN T T e, T e == _— —
e 'mii : % —
Target& = = = ~HOh:zaxijs 2 .50
3 horns - I e
-~ - - T E--a > " /
| 1 | il T « |
| | | T — - o // |
Om 120m 280m T~ 295 km

cartoon for T2K experiment

» Protons colliding on a fix target

» Production of secondary hadrons (n, K), focussed on the decay line by magnetic horns
» Decay of the hadrons in the decay volume

» Stop all remaining particles with a dump, muons can be used to monitoring purpose

» Neutrinos are the only remaining particles : Near detector (before oscillation occurs),
Far Detector at best L/E to maximise the oscillation probability
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T2K AND NOVA FLUX

T2K NOvA

1
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OSCILLATIONS: STATE OF THE ART MEASUREMENTS

Final systematics gending T2K Run 1 '8 Prelimina! x
3 \ ’

"""""""" --2- Normal - 68CL ]
* Best fit —— Normal - 90CL

PDG 2016 ---- Inverted - 68CL ]
Rea Cto r —— Inverted - 90CL ]

constraint

d.p (Radians)
(@]
_l TTTT | TTTT | TTTT | TTTT | TTTT | TTTT |

| | | = | |
T N T T N N TN T N YT T Y

x107°

10 15 20 25 30 35 40 45 50

Results presented at
KEK last summer

w/

tematics pendin

.

T2K Runl-8 Preliminar

* Best fit

w/ Reactor
constraint

---- Normal - 68CL ]
—— Normal - 90CL
---- Inverted - 68CL
—— Inverted - 90CL —

Far detector: Super-
Kamiokande

40kt water Cherenkov
detector, located off-axis

—
(o)

30 35

x10

Barrel ECAL

22AIn(L)

Near detectors:

INGRID: on-axis

ND280: off-axis magnetised
(0.2 T) composite detector
tracker (FGD+FGD)
surrounded by calorimeter +
muon range detector

6CP = 0 excluded at 20!

Final systematics pending \ T2K Rul’l 1 '8 Preliminary
T

— Normal
— Inverted
--.20 CL



https://www.t2k.org/docs/talk/282/kekseminar20170804
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NEUTRINO BEAMS

A few comparative parameters

Beam energy 120 GeV

Beam cycle 1.2s
presented at Spill length 10 ps
CENF-WG1

Protons/spill 7.5x10%3

Beam rms radius ~2.7 mm

Maximum beam 0.7 MW
power to date (NuMI/NoVA)

Approved upgrade 1.2 MW
beam power

Chris Densham

30 GeV
1.16s
4.1 ps
3.2x10%

4.2 mm

0.46 MW
(T2K)

1.3 MW

54
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T2-HK PHYSICS POTENTIAL

HK (I tank)
d precision 7°-23°
LBL CPV coverage (3/50) 76%/57%
(1.3MWx | Oyears) 7
sin?023 error (for 0.5) +0.017
ATM+LBL MH determination 3-70
(10 years) Octant determination (30) |923-45°|>2°
Proton Decay e’ (30) i
(20 years) VK (30) 3Ix | 034
Solar Day/Night (from 0/from KL) 80/40
(10 years) Upturn >30
Burst (10kpc) 52k-79k
Supernova
Relic 30(50) in 5(15) years
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NEW PHOTOSENSORS FOR HK

Upgraded Photo sensors

« Efficiency x 2, Timing resolution x 2
Pressure tolerance x 2 (>100m)

Enhance p—VK * signal, solar v, neutron
signature of np—d+y(2.2MeV),..

Photo Multipliers (PMTs)

50cm HQE
Box&Line PMT

: |
4 ox-and-L'ne

" High-QE box-and-line PMT
(Hamamatsu R12860)
QE = 31% sample

Super-K PMT
Venetian Blind

~ miam

FIG. 1 l

Super-K PMT average ',,','.'f N \‘& A

Relative single photoelectron hit efficency
b
1
1

< .0'.{.""‘ (Hamamatsu R3600, QE = 22%) "
ﬁﬁ# = Dynode . Super-K PMT vl .
1| PO S SR T R S
Other Developments: miiiatiikaniied e 3%81:‘13? ange [degree)

High Quantum Efficiency
Photo-cathode

Hybrid Photo Detectors (HPDs)

+2kV, 107gain *Zk‘m +8kV, 10%gain
hange dynode structure j &

"1 (Modified tube shape \ [ Charge amplification, | SimpTe[
for pressure tolerance wuth APD inside

Vit s o 19k W ot g

Under viability
study

The H 1] ] 1]
SUPQT-K PMT HQE Box&Line HQE HPD

Single Phﬁ)toelectron (PE) Charge

3 , [0/ peak]

P Supre-K 53%

E . Box&Line 35%

. i, HPD  10%
: (Limited by

preamp noise)

4 o 1 2 3
Loss in backscattering ofe:  Photoelectron

Single Photoelectron Time

g FWHM

2 , Super-K 7.3 ns

g g Box&Line 4.1 ns
£ HPD 3.8ns
# f,  (2ch20mm®AD)
: ¥4 (0.6 nsin simulation)

.*‘J :
A..v':‘J e
10 5 0 5 10 15 20




\‘,)”ATWRM S. BORDONI (CERN)

57

WHY LIQUID ARGON?

Boiling Point [K] @

Density [g/cm’] | 4
Radiation Length [cm] 24.0 14.0
0

Scintillation [y /MeV] 30,000 40,000 25,000
dE/dx [MeV/cm] |.4 2.1 3.
z

- if purified, long drifts are possible = large detectors

42,000

3.0
2.8
8

Scintillation A [nm]

Noble liquids are good neutrino targets:

- high light yield — triggering and calorimetry (dark matter experiments)

e Argon is abundant (~1% of the atmosphere)
e Liquid argon is cheap: $ 2/Lvs $ 3000 /L for Xe or $ 500/ L for N
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NON EXHAUSTIVE COMPILATION OF LAR EXPERIMENTS

a.m. = active mass

Detector Operation Mass (tons) Max. drift d.
ArgoNeuT / LArIAT 22'000185'_2232{ 0.77 47cm
ICARUS 2010 - 2013 2x375 (476a.m.) 1.5m
MicroBooNE 2015-today 170 (89a.m.) 2.5m
35tons 2015-2016 35 2.2m
SBND >2018 112 am 4dm
WA105 2017 50 Tm
ProtoDUNE-SP fall 2018 /70 3.6m
ProtoDUNE-DP tall 2018 770 6m

DUNE 52026 4x 17ktons 6m (12m DP) ===



@"WWRM S. BORDONI (CERN)

APA DESIGN SPEC

6m

wpPAheyx =———

13he| A

J3he| N

i
,§;
i

:::::::::::::::::
::::::::::::::::::

| ; .’
/ s
i
i
" . ) -

Electronics plate

2.3 m

Table 2.3: APA design parameters

Parameter Value
Active Height 5.084 m
Active Width 2.300 m
Wire Pitch (U,V) 4.669 mm
Wire Pitch (X,G) 4.790 mm
Wire Position Tolerance 0.5 mm
Wire Plane Spacing 475 mm
Wire Angle (w.r.t. vertical) (U,V) 35.7°
Wire Angle (w.r.t. vertical) (X,G) 0°
Number Wires / APA 960 (X), 960 (G), 800 (U), 800 (V)
Number Electronic Channels / APA 2560
Wire Tension 50N

Wire Material Beryllium Copper

Wire Diameter 150 pm

Wire Resistivity 7.68 p1f2-cm @ 20° C

Wire Resistance/m 4.4 Q)/m @ 20° C

Frame Planarity 5 mm

Photon Detector Slots 10
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DUNE VS HK : MH SENSITIVITY (ATM. NU)

5 :_ v Atmospheric neutrinos (LAr, 340 kt-yrs) .

| Width of bands is due to unknown CP phase o

— and covers 100% of &, values arXiv:1309.0184

B ] ] ] ] | | ] ] ] | ] ] | ] | ] ] _
%.4 0.45 0.5 0.55 0.6

P
Sin“0,,
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T2K + NOVA

2K —

NOVA — -
T2K+NOVA — |

-150 -100 -50 O
True d¢p(°)
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T2HK DCP SENSITIVITY

Significance for sin®ce=0 exclusion CPV significance for dce=-90°, normal hierarchy
10¢ Normal mass hierarchy 4 10§
E?f : HK 1 5 F
1 8 (single tank) = — 8E
© I 1 § *
6 S e
| =
Wiy | iScesiiac Rt k=
al i
2H S p 3
1/ /22 T2K+NOVA™~
op | - .(‘qu‘z‘o)‘ . AT

150 -100  -50
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DUNE SENSITIVITY

CP Violation Sensitivity

10
- EUNE ?g":'“f"ty | 7years (staged)
L Normal Ordering
OF sin26,, = 0.085 + 0.003 [ 10 years (staged)
- 0,,: NuFit 2016 (90% C.L. range) =-=---- sin’0,, = 0.441 + 0.042
8 .
7 -_ ,;-"'-‘.‘ ':.'
N 6 C .: 5 ': RS LS
x - .: A ." 'o' N
< : g et “‘ “‘ 56 o .
5_ ...... Feestennnnnannns ..‘..._.................,'..;.: ............. | W
" n : ': ‘- “l .: ': “ “
b F £r vh H A
e if \! i i
o W3 i 1\
3 -— -.:..l ----------------------- I‘.n‘. -------- :.,' ----------------------- ““-
+ i 3
1= LW 3
=3 % g .
3 y E
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—1

Ay?

STAGED APPROACH:

Y; (2026) 20kt FD @ 1.07 MW
Y2 (2027) 30kt FD @ 1.07 MW
Y3 (2029) 40kt FD @ 1.07 MW
Y7 (2032) 40kt FD @ 2.14 MW

Mass Hierarchy Sensitivity

30

25

20

15

10

- Inverted Ordering

[ sin20,, = 0.085 + 0.003 [ 10years (staged)

- 6,,: NuFit 2016 (90% C.L. range) =-===-- sin’0,, = 0.587 +0.042
l‘. .0" ,0"’ .’N

:'. 0~..~. “"0 ".0 -
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» Expression of Interest on ND based on gas TPCs signed
by 190 people. Project in evaluation to be part of the

Neutrino Platform

» 2 main axis:

» AtmP-TPC for ND280 upgrade (T2K-Il ~y 2020)

T2K-I

Work in Progress |

T T T T T T T T T T

?n_ 15 [ —True sin®,,=0.43
. . . = w/ eff. stat. improvements (no sys. errors
» HighP-TPC for cross-section studies o0 e VN AR
w/ efl. stat. Sys. Improvements
) 10 - — True sin’,,=0.60
(O} 30 CL i
© e S v O e e 3 e 9 g v
» CERN contribution foreseen for gas system, TPC readout 3 leie .z
. . o 5'_
(MM), test-beams, physics studies e FTi
NX z----.L ................................
ni < A
» 4 workshop organised. Detailed proposal in January i i i li i
1
Protons-on-Target (x10%"
AtmP-TPC : s T o T T ] 1. recoil protons from v-Ar interactions HighP-TPC :
- : = T - ND2so cur FGDp2 . - ‘
g RBE::: txp 1\t‘(;|tlgr_l|1» e
,3 ()_g_ —— ND280 up (Empty) 20.122 ——NEU I
Large improvement of & ook _: g o= GENIE Lower detectolon
the ND280 acceptance : ] = threshold — improve
— more similar E E e MC generators
o2 N 0.04/
acceptance to SK - ND280-like 1 -
T 81 ol Tt
TI'UC cos 0 Proton Momentum (GeV/c)
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THE ND280 UPGRADE

Efficiency

Reconstruction efficiency for
proton stopping in the target

1= preliminary
i _]—'_\_|_‘_‘_| —
- | -
0.8—
0.6
0.4— 4,_\_\_‘_\_‘—1_1
- — SuperFGD T
0.2
- — FGDXZ
O_II,TIIllllllllllllllllllIllllllllllll
0 200 400 600 800 1000 1200 1400 1600 1800 2000

True Momentum (MeV/c)

efficiency
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Selection efficiency for v,CC interactions
in the ND280 configurations

--t--current, FGD1 --t-- current, FGD 2 Preliminary
—— upgrade, FGD 1 —— upgrade, FGD 2 —— upgrade, Horiz.Target
1 L I UL l LI T I T LI I LI 1 I L I LI I L l 1 LB I LI 1]
g preliminary ]
0.8 =
= ?!E —
i == |
0.6 - |
+ —.__._ sepe -
- —— -
L - —_— =k -
0 4 e _.__’_ -
e
-+ e i
02 =y —+ _
- L + + m B
A e ]
0 L1 | 1 | .u.’:f.“.."..‘i paa | |

L 1 1 1 1 1 I 1 1 1 l 1 1
02 04 06 08 1
true cos 6

)1 08 -06 04 02 0

» lower detection threshold — better sensitivity to nuclear effects

» Enhance the acceptance
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NP-04 BEAM LINE
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PROTODUNE-SP BEAM TESTS

&

400

" Rate (Hz)

350

300

250

200

150

100

50

[ Cu-target ) W-target : Cu-target
: 1 GEVIC
u P " 8
- e q
5 ,’: 3 gl
[2 o il Hogh Rate with Collimator
i 27.7 + 0.8 Hz (68%)
E ; ..... +
- . il Ml <2 0.7 + 0.1 Hz (2%)
B f? wl| b0 =l S
b mmnn e St = S —f'— - —:— nnonnm O
- S Y Smm 5.6 + 0.3 Hz (14%)
ot e S
Lk b 6.9 + 0.4 Hz (17%)
-7 6 -5 4 -3 2 -1 | 2 3 4 5 6 7

Momentum (GeV/c)

Data collection goal with 25Hz trigger rate and 3000 spill per day

» > 500k pions events per momentum setting

» > 100k protons per momentum setting

» > 900k electron events in total



