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* | am a new associate professor at the University of
Notre Dame

e Also a collaborator on MINERvA. EMERIATIC e

NAG6 | /SHINE, and DUNE (where | am a leader of
the beam group)

 And a convener of the Snowmass Neutrino Frontier
Artificial Neutrino Sources group

NEUTRINO
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lceCube / Phys. Rev. D99 (2019) 032007

Analysis 4, NC+CC
Best-Fit 68%, 90%

Analysis B, NC+CC
Best-Fit 68%, 90%

Analysis A, CC
Best-Fit 68%, 90%

Analysis 5, CC
Best-Fit 68%, 90%

SuperK 2017, CC 68%
arXiv:1711.09436
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arXiv:1804.04912
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Thank you for holding this workshop and inviting me to

speak!

Past measure

am excited

ments of tau neutrinos are fairly limited

[0 see how much we can iImprove on current

NeasUrelnel |

s, with both natural and artificial sources

* Vvhat artificial sources BrIng to the Hble:

» Sources that are (in principle) controllable

* Knowledge of the incoming neutrino angle

* A significant advantage in missing energy reconstruction
(relevant here since nu tau interactions will always have a
neutrino In the final state)
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Generally, when we talk about measuring tau neutrinos, |
think we are talking about charged current
Interactions, in which we can measure the flavor of the

final state

Neutral current measu
us about new physics t
P Colamia et al | High

rements do have the potential to tell
nat couples to tau neutrinos (see e.g.

—nerg. Phys. 2018, 79 (2013))

But for this talk, 'm going to focus on measuring
charged current interactions of tau neutrinos

The threshold for tau neutrino charged current interactions

s 3.5 GeV (a

Nd Cross sec

ion Is very small there)

This means for artificial neutrino sources, we are talking
about accelerator=-based neutrino sources
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Phys. Rev. D 98, 052006 (2018), arXiv: 1711.09436



http://www-sk.icrr.u-tokyo.ac.jp/sk/_pdf/articles/PhysRevD.98.052006.pdf
https://arxiv.org/abs/1711.09436
http://www-sk.icrr.u-tokyo.ac.jp/sk/_pdf/articles/PhysRevD.98.052006.pdf
https://arxiv.org/abs/1711.09436
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¢ [hree ceneral categories:

Conventional Neutrino Beams

Past: Opera

Future: DUNE (but probably not
Hyperkamiokande)

Primary source of V7 Is focused pions
and kaons decaying to v, which
oscillate to v

Vr are also present in the beam
before oscillation, but are swamped by

Vy and Ve.

Excellent opportunity to measure Vi

oscillations, but need Vi cross sections as
input

primary
protons

horn decay region

Probability

l I I I 1 l I 1 I I I

A. Aurisano

sin°g,, = 0.31, sin’g,,, = 0.022
sin°0,, = 0.58, 8., = 217°
AmZ, = 7.39x10° eV?, Am2, = 2.53x10° eV?

Baseline = 1300 km
— P(v, = v,)

—_ P(v“ = V)
o P(v“ - V,)
First Oscillation Maximum

III|III|III|III|III
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10 15
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DUNE osclllation probabillities
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® lllce “cqeral categorles:

2. Beam dump sources

Past: DONUT
Future: SHIP

Source of vy Is primarily decays of
Ds mesons decays (but also a few from
D and B) produced in beam dump

Lack of focusing/decay volume reduces
Vy and Ve

An option for measuring V: Cross
sections

J. High Energ. Phys. 2020, 33 (2020) Particles 3, no. 1: 164-168

Kink angle of D, — 1
a few mrad

N
W

Scattering and

neutrino detector
Muon shield
Target and

hadron absorber S H | P

Pastore, Alessandra
https://cds.cern.ch/record/2762117
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iiitee oeperal catevories:

A. Di Crescenzo

3. New!
Charged

particles
Neutrinos
F SCATTERING AND e, . %
o . @ = = = = = = = -
UJEU [C. LS DETETOR ~ Residual hadrons
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e Farther future:

arXiv:2105.06197

« At LHC, dominant source is Ds
decays

* Very far future: Muon collider?

Letter of Interest: Tau-neutrino Production at a multi-TeV Lepton Collider

GAETANOMARCO DALLAVALLE, FABIO MALTONI, SILVIA PASCOLI, ANTONIO SIDOTI
to be submitted to
the Accelerator Frontier (AF04), Energy Frontier (EF03), and Neutrino Frontier (NFO06)

\ N\
\ .v‘
\ \

First neutrinos observed @ LHC


https://arxiv.org/abs/2105.06197

L L UX UNCERTAIN TS

* Where we are with quantifying v; fluxes:

|. Conventional Neutrino Beams

Ds lau experiment

*vr come from oscillated vy flux; ~ 5% for ) H

Opera, but will be much lower for DUNE (thanks . igh, -
- o .

IR

Ims)

uuh

[

2. Beam Dump Sources

(26 emsion s terlenved wih
I mm thick lead plafes) |
[ AR
Sl
1 module

(O.LSmm)

* Ds production will be constrained to ~10% by N
DsTau experiment > rotonsen il | Y1
1 NL | (uniform irradiation) !
. NERERNERNE I\h‘s\{ |
30 COIIIderS Emulsion ﬁﬁ\ Plastic sheet (200 pm)

* WIill use charm production data from LHCDb,
but current/ultimate flux
uncertainties unclear (to me)

See Maria Garzell’’s talk on Wednesday for more on fluxes 8

Aims to constrain Ds production to ~ 0%
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* Humans have seen tau neutrinos from artificial sources twice: first from DONUT

DONUT Detector * Beam dump at Fermilab
e »+ 800 GeV protons (3.6el7 POT)
o oy s

- Emulsion target + downstream
SDecronieiel

Drift chambers record
decay particle tracks

Ma':%net spreads tracks
of charged particles

Emulsion target
with planes of - |
R (DONUT Home) A
Fermu National Accelerator Laboratory h -

Steel shield to

block particles p = rfe ct I y
it : :

% Direct Observation of NU Tau preserved

"N Searching for the Tau Neutrin e
earching for the Tau Neutrino
%I%/éb’ g Of tu rn o
Y "The most tiny quantity of reality ever imagined by a human being" of-the-
DONUT Detector for
direct observation of --F. Reines century
tau neutrinos (1) websites!

Welcome to DONUT's Home Page
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Detecting a Tau Neutrino

Iron ., Plastc] /lron

Iron
o = \
- oo
- = — .
- \
>
Tau
lepton
| Rasead a =
-~ l 1 mm ] -~ ~
Tau neutnno Particle
hits iron nucleus, |Tau from tau
Neutrino | produces lepton |Emuilsion lepton Emuision Tracks
beam tau lepton track |layers decay layers recorded

Of one milkon million tau neutrinos crossing the DONUT detector, scientists expect about one to interact with an iron nucleus.

E. Asli Albayrak

Tau events identified by observing the “kink” created
by the decay of a tau lepton

Operated during the summer of 1997

First results announced summer 2000 (four events with a
expected background of 0.4)

Final paper in 2008

Photo: Fermilab via:
https://www.energy.gov/articles/donut-experiment-today-energy-history

* Emulsion analysis is not quick! -

* 9 events (~ | background) | & I§
»  Bkgds: '

* Vy and Ve charm production

3
* Hadron reinteractions from NC

o ——y

ot =0.72+£0.24 £ 0.36 x 107 cm?® GeV™! Phys.Rev.D78:052002,2008 . e
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Lt /e seen tau neutrinos from artificial sources twice: and then fromm OPERA

CERN to Gran Sasso Neutrino Beam ¢ Used CNGS beam at CERN + OPERA detector /32
o <m away In Gran Sasso

* Used Emulsion Cloud Chambers (emulsion
sandwiched with lead) interleaved with plastic scintillator

OPERA Detector

Emu|S|on Detector (ECC brick) ‘

France

CERN &=

—~ 10°E Ml ‘r:“‘ ! ‘"mr
..g- 10 % 'Hr _!"H’HiL ‘ﬁlﬂm ﬁiﬁ
(;mn Sasso | i'—’g 105% b {i‘}ﬂill‘lll ’l:l |‘!§'ﬂ“‘
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= Similar to Donut, tal heutrines were
characteristic of tau lepton decay

* Operated 2008 2017 (1 6e [ BECHE

* Final results published 2013 — 10 events with an
expected background of 2

* Bkdgs: vy charm production, hadron reinteractions, Large angle
muon scattering

|Am3,| = (2.7797) x 1073 eV?  at 68% C.L.

_ +2.4 =36 A2
Phys. Rev. Lett. 121, 139901 (2018) (6) meas = (5.1728) x 10736 cm?, (per lead nucleus)
10°E =3 10°
6 —
- 10° 10°
5 - | :

- M bkg 10° E |

u - data e ' 10°
> ‘F - \ o,. (GENIE v2.6 default) 2
& F E 10°E ¢ ' o
% 3F N 10° 2
§2] — o -~
- - - o =10k C
https://www.symmetrymagazine.org/article/february-201 | /operas-first-tau-neutrino e S = (:
® — |68% v, flux 10 &
q > <
1E =

- 1
107 E
0 10 20 30 40 50 60 F 1 1 1 | , 5
Visible energy (GeV) 107, Y T T S T

Eneray (GeV)


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.139901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.139901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.139901
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.139901

L URE DU

* DUNE is a long-baseline experiment that will use neutrinos generated at Fermilab
and sent to a large underground detector in South Dakota

s desighed to study Vy = Ve
and vy — Vv, channels for

mass hierarchy and 0cp, but

/

B e s Ve R
R A e A e o v AL SR
/ IR A R R ATy N :
/ ""»»\\y\hn‘_‘"Vn_“»»_v,rh_‘v"’-»»‘v‘__» a so co ec a v
\ PARTICLE DETECTOR (upgrade) Ve g v Wl .
ESTIG PROTO UNDERGROUND v
PARTICLE _— s a m e
—— EXISTING

DETECTOR (upgrade) —

| < —A| 5/4 m baseline
= Ty Several detector

| 300 km baseline
A< |/ ton LA TEC

= 2"« components, including
L, R 147 ton LAr TPC
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v flux/m?/GeV/1.1x10%>'POT at FD

| DUNETDR 7

o 1 2 3 4 5 6 7 8 9 1
Energy (GeV)

DUNE's flux peaks between 2=-3 GeV, and oscillation max is at 2.5 GeV, which is not

de Gouvea, Kelly, Stenico, Pasquini, PRD 100, 016004 (2019)

1 —
| |
0.5 < sin”(26,,) < 1
0.75 —
N
T o5 _
L
% E
3
0.25 =
'Ej.
\%
&
0
0 2 ! 6 8 10

E, |GeV]

But will still have quite a few oscillated tau neutrinos in the
high energy tail

Where are the intrinsic tau neutrinos?
» LBNF simulation i1s Geant4-based; Geant4 does not produce charm

* They are presumably there, but not many of them
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DUNE Neutrino Flux - Sudeshna Gangu |>/ Decay pipe
x10°
- | '
007~ [ 1 .
: | v -CC Beam direction
0.06F (1 1! T . v\
. EJ & Interactions
O o .
g %%F & possible
g -
Z 0.04F
,‘=‘§ - — Optimized v, flux Optimized & Engineered 2017 Configuration
g

0.02 = Wy flux

0.01

R r———, ] el , Decay pipe
0 5 10 15 20 25 30 |
v Energy (GeV)

* Beamline can be tuned to higher
energy by using two NuMI horns anad
INncreasing horn separation

v. Optimized Configuration

* Fairly simple optimization; can probably
be Improved on, but not dramatically
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Far detector resolution is not sufficient to see the tau

Expected counts/year:

~130 v_in low-energy neutrino mode
~30 V_in low-energy antineutrino mode
~800 v _in high-energy neutrino mode

7~ Decay Mode Branching Ratio

[T 7 7 17.4%
e Uply 17.8%
/71'—1/7 10.8%)
v, 25.5%
7 21, 9.3%
o2 . 9.3%

“kink” as Opera and DONUT did

DUNE has studied using kinematic cuts (first proposed in |. Conraq,

et al, PRD 82,093012 (2010))

* Select vt with hadronically decaying tau lepton

» Assume near perfect e/gamma and mu/pi discrimination

*  Simple kinematic cuts on pix yield good v CC/NC discrimination

»  Optimistic assumptions yield ~30% efficiency, 0.5% efficiency
for dominant background (neutral current)

A more recent study (still with some optimistic assumptions) finds:

Mode beam charge id |Ngig | Nvg |S/VB
Thad nominal v 79 | 565 | 3.3
Thad nominal X 83 | 731 | 3.1
Thad |tau-optimized v 433 12411| 8.8
Thad |tau-optimized X 439 (3077 7.9
Te |tau-optimized X 63 | 33 | 11.0
Te nominal X 13 | 32 2.3

Machado, Schultz, Turner: Phys. Rev. D 102, 053010 (2020)

Exactly how well DUNE will be
able to measure v: still unclear,
but already clear DUNE will
substantially improve on
current measurements.
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Pastore, Alessandra

https://cds.cern.ch/record/2762117

A » SHIiP: Beam dump experiment at the CERN SPS
uzm i oo 400 GeV protons, 220 FOT R 5 e il

» Wil address three areas of physics:

Particle ID
Decay spectrometer

« Search for Hidden Sector models in the GeV mass
range

Scattering and

neutrino detector
Muon shield

Target and  Measurements of tau neutrinos

hadron absorber

e Charm physics

Muon Identification System

SIDE VIEW

FRONT VIEW * Neutrino detector is the Scattering and Neutrino
Detector ('SND")

» Uses Emulsion Cloud Chamber (ECC)
technology used by Opera, combined with additional
emusion-based spectrometers, high resolution target

trackers (all magnetized), and a downstream muon ID
Systeln

19x Target Trackers

19x Brick Walls 3x Downstream Trackers




FL T URE D

https://cds.cern.ch/record/2762117 o 32’000 tau nelItl‘inos eXpeC'ted iﬂ 5—>/ear Fun

o » Also expect 21,000 tau antineutrinos, which have
~12m never been observed

v *  WIill make precise measurements of tau interaction
e cross sections

Decay spectrometer

Scattering and

» Particularly sensitive to unmeasured F4 and F5
Muonshield structure functions

Target and
hadron absorber

*  Primary background: charm production from Ve/vy CC

» (Collaboration is concluding the Comprehensive

<E> [GeV] CC DIS int. Design phase, moving forward to produce TDRs by
Ve 59 1.1-10° 001 200
Vi 42 2.7 -10°
Vs 52 3.2 - 10
Vv, 46 2.6-10°
Vi 36 6.0 - 10°

Vo 70 2.1-10* SHiP

Search for Hidden Particles 18
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charged particles (p<7 TeV)

| LHC magnets < 7 a9
pP-p coIIis‘ion at IP 480 m ~100 m of rock Sgc
of ATLAS< ~

Tomoko Ariga

FASER: a new experiment studying forward particles from ATLAS
collisions with two components:

»  FASER: search for new light, weakly coupled particles at low Pt

» FASERV: measurements of neutrinos from a collider

Pilot run in 2018 during LHC Run-2

Both were approved in 2019 and will take data during LHC
Run-3 (2022-2024)

Z ,_ . FASER main detector irista";lf’efﬂ;f
- into the TI12 tunnel (March 2021)

5 _\ >

|7
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s | —— Ve+De arXiv:2105.08270 FASERV
1073 - w4y FelixKling oo —— T
[=  JREEIY Ve + Dr el 0l
""""" 0 ] | B BT
'E‘ 102‘5 ,_i__'- : ' .”“
j= —J;J_ = —‘—L -
2 101 .- = L
= ) - J Lasens seest T "~~-~:
= - — 1
g 100‘5 J - | -
8 ] — : L
FASER spectrometer L= = | ~20 Vr Interactions
with 0.55T magnets 107 during Run-3
Veto o 102 103

. Neutrino Energy [GeV]
station

e — U ] | 1 L1 . arXiv:2105.06197
Ve &2 ‘é Vy => == Vy=> - Emulsion/tungsten detector

« 770 1-mm-thick tungsten plates,
A X interleaved with emulsion films

Emulsion film Tungsten plate (Tmm thick) * 25x30 cm?, 1.1 mlong, 1.1 tons
detector (220X,)

£ - BV (s Upstream of the maln FASER detector and a silicon detector
that Is an interface between FASER and FASERvV

s Can

announced this year 20


https://arxiv.org/abs/2105.08270
https://arxiv.org/abs/2105.06197

* Physics Goals

I UITURE PASER N

* Measure neutrino cross=sections in unmeasured energy regions;
comparisons across three flavors = test of lepton universality

E 08

o> C

o 07F

x F E53v

;>0.55 i ‘DONUT Vo, Vo
04F ES3 FASERv

0.33— V. Spectrum (a.u.)

0.8} I
s ' FASERv
Q T i
2 0.6 l I ]
§ - I T T ‘
3 T | LT
o | B ~
= 0.4r | o= N
Lti E53 DONUT |
0.2
102 108

E [GeV]

>
© 0.9F accelerator data

0.8

0,/E [107% cm?/GeV]
o
>

o
N

energy ranges of
oscillated v. measurements

<— IceCube v_, V.

DONUT v, 7,

FASERv

v, spectrum (a.u.)

10° 10°

o
o)

o
N
o
»
"

0,/E [107%% cm?/GeV]

o
N

10*
E, (GeV)
Vi
FASERv
= —__
DONUT
102 103
E [GeV]

104

Other physics goals:
* Searches for BSM
» light weakly coupled gauge
posons (could decay to Vr and
enhance Vr flux)
s B
» Sterile Neutrinos
s DM G andldats
* FHux measurements provide novel
constraint to LHC event
generators

2|



SCATTERING AND P
NEUTRINO DETECTOR

LT URE SND@IL I

Charged

A

100 m rock magnets

ATLAS

-
-~
m L
% [
o)
Q.

480 m | pp collisions

» Detector is a small-scale prototype
of the SND detector that is planned

for ot iP
Veto

i larget

s I

Pinin

U

E

ngsten interleaved with

emulsion + scintillating fiber (SciF)

L dCKER

* Muon system: [ron + scintillator

° SND@LHC
oeaica In
from ATLAS |

18 1N
e

o

Sicle, displaced

C

el

10

same distance (480 m)

N point, but on opposite

rom bealmn o ds

TARGET REGION

MUON SYSTEM

70
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103.; — 5;133 Ea — 53135 SND@LHC] CC neutrino interactions

s | veh Ol ||| e | LTl { Ve + Ve Flavour | (E) (GeV) Yield
= = L
i - v " AT v 450 730
Bl 1| == g n 2 .
z =0 ] | sty |7 =l Ve 760 235
S & ||I” Ve 680 120
g v, 740 14
} 10-1- 15— N AR N | Uy 740 6

0 ':m'""ib? 1810 TOT 1395

Neutrino Energy [GeV] Neutrino Energy [GeV] A. Di Crescenzo

- Fluxes at off-axis position are reduced SND@LHC Physics Goals:

compared to on-axis location, but expect 14 vrv Measurement Uncertainty

| Stat. Sys.
during LHC Run-3. | 2

. . pp — V. X cross-section 5%  15%

* Biggest background is from vy charm Charmed hadron yield 5% 35%
: . . /v, ratio for LFU test 30%  20%
production, expected to be ~3 in Run-3, and Z?Zu e TR et 0% 1007
Can be fur*-ther reduced Measurement of NC/CC ratio 5% 10%

.3


https://arxiv.org/abs/2105.08270

BTURE: FORVWARD PHYSICS FACTEEE

arXiv:2109.10905

BNL-222142-2021-FORE, CERN-PBC-Notes-2021-025, DESY-21-142, FERMILAB-CONF-21-452-AE-E-ND-PPD-T
KYUSHU-RCAPP-2021-01, LU TP 21-36, PITT-PACC-2118, SMU-HEP-21-10, UCI-TR-2021-22

The Forward Physics Facility:
Sites, Experiments, and Physics Potential

Forward Physics Facility: a

proposal for a new cavern for forward
physics In the HL-LHC era, including three

neutrino experiments

III. Proposed Experiments

B. FASERv2
C. Advanced SNDQLHC
LArE: Forward Liquid Argon Experimen

' —— BORDER

UNDERGROUND

NEW
SURFACE

24


https://arxiv.org/abs/2109.10905

o(E)/E [1038cm~2/GeV]

BTURE: FORVWARD PHYSICS FACTEEE

* FASERVZ:
* 10 x mass and 20 x
luminosity of FASERvV
» Of order of |02V, 108 V. S
| 03 Vr
- High rate of muons from

LHC might be a limiting factor
» Studies underway on adding an
upstream magnet to reduce

L I 4 bl hackground

| R T « Magnetiz r components

NS e il agnet ec deteio P

] S & would facilitate separation of
b j}r---P---T----T—--L-,_lfeCUFt;e .

R Z«HJr-\ v and anti-Vvy

Neutrino Energy [GeV] Neutrino Energy [GeV] Neutrino Energy [GeV]
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SND@LHC AdvSND

- SND@LHC is envisioning
two upgraded detectors at
different off axis angles

 One Inside the FPF with angular
coverage similar to

SND@LHC

. | o » One In a separate location w/
so studying addition of an upstream sweeper overlaps with LHCb
maghnhet

» Also considering alternative(?) to emulsion “use of rapidity to reduce systematics

compact electronic trackers with high
spatial resolution fulfilling both tasks of vertex
reconstruction with micrometer accuracy and
electromagnetic energy measurement”

26
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One possible configuration of FPF

L — e g e * FPF s also considering a liquid Argon TPC
FpEAgE &.ﬁ. 8l -  FLaRE:a |0-ton LArTPC + scintillation light
A = '_S:r'f.":: = ;
R : Immitl| . E detection
- . - o » Builld on CERN's experience withiF roioiEiEEs
* Would collect
. D : o : Detector Interactions at FPF
el e capabliity to reconstruct tau and reject Name | Mass | Coverage | OCveoe | OC vtz [OCvim | NG
Z)ElegI”OUﬂd needs further Stl.ldy FASERv2 [ 20 tonnes | 7 > 8.5 178k / 668k | 943k / 1.4M | 2.3k / 20k | 408k / 857k
FLArE | 10 tonnes n>175 36k / 113k | 203k / 268k | 1.5k / 4k | 89k / 157k
£ olla dlso be key element of FPF searches for AdvSNDI | 2 tonnes | 7.2 <n <9.2 || 6.5k / 20k | 4lk / 53k | 190 / 754 | 17k / 29k
. AdvSND2 | 2 tonnes n~>5 29 / 14 48 / 29 2.6 /0.9 32 /17
light dark matter
o (Ve + e ~F~ FASER  |[vu+ 0y ~J— FASER  |[ve+D -}~ FASER
[ | ] 4~ FLARE10 —f— FLARENLO ~4=— FLARE10
07 1 JI I, I ]
3 T Mot
TE 0.61 I ]
A A L S Ty
%o.s """" . I —‘-‘*’1‘*"—-*-._‘# . i ++ | R S—— + .
s (b b F{f{” ™

Neutrino Energy [GeV]

Neutrino Energy [GeV]

Neutrino Energy [GeV]
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» Although not currently planned for a detector, the
for studying NuTaus Is also being considered:

Snowmass2021 - Letter of Interest

1 / H . Authors:
Dual.ReadOUt T’me PI'O_[ ection Ch am b er. Jonathan Asaadi (University of Texas at Arlington), jonathan.asaadi@uta.edu
1 =-milli / ' 1 Elena Gramellini, (Fermi National Accelerator Laboratory), elenag@fnal.gov
exp IO”ng SUb mlIIlmeter p ltCh fOf dlrectlonal Ben Jones (University of Texas at Arlington), ben.jones@uta.edu
dark matter and tau identification in V,CC Kevin Kelly, (Fermi National Accelerator Laboratory), kkelly12@fnal.gov

Pedro Machado, (Fermi National Accelerator Laboratory), pmachado@fnal.gov

interactions.

Abstract

We propose the development of Dual-Readout Time Projection Chambers (TPC) capable of
submillimeter tracking resolution via the readout of positive ions at the cathode. Detection at
micron-scale pitches in massive detectors implies major technological challenges. However,
there are several emerging technologies that may make micron-scale tracking of ions a reality
during the next Snowmass period, enabling such a detector to be realized at scale. If it can be
demonstrated, such a technology has the potential to push DM detection under the neutrino
floor sensitivity and unlock a full exploration of nu tau interactions, two of the most burning
questions in contemporary and foreseeable future particle physics.

28
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So far we have seen 19 tau neutrino candidates from artificial sources
We will see a few more from SND@LHC and FASERV during LHC run-3

In the longer term, we will see a lot more from SHIP, DUNE, and the experiments
at the Forward Physics Facility

Most of these rely heavily on emulsion for vridentification, but DUNE (and
others?!) will attempt it with a Liquid Argon TPC

Vr reconstruction is a challenge, but a rewarding one

You can look forward to more detalls on all of these experiments at this workshop

Thanks for Listening!

Also: Thanks to the people who helped me locate material for this talk, including Felix Kling,
Albert De Roeck, and Adam Aurisano
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U T URE: DUNE

° What will we Iearn ﬂ”Om VT a—t :)U N E? Phys. Rev. D 100, 016004 (2019) de Gouvéa, Kelly, Stenico, Pasquini

* Assuming 3-flavor unitarity, can v+ charged=-current

cross section on argon (with sensitivity to F4 and Fs
structure functions)

* Assuming cross section prediction, can measure 3=flavor
oscillation parameters

* Generally not competitive with measurements using Ve

appearance and Vy disappearance, but an important
test of PMNS unitarity

« Estimates indicate that DUNE can constrain the
unitarity of the 3rd column to ~5%
DUNE Sensitivity to parameters

* Searches for new physics: light and heavy steriles, NSl of one non-unitarity scenario —

adding vT improves sensitivity, as
does | year of running in a tau
optimized beam. 31
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FUTURE: SND@LEIE

VetN = e+X

Target

Muon system

VptN 2 pr+X

Muon system

VetN = T+X

I VetN = e+X I

A. Di Crescenzo

\

I VptN - pr+X I

lmm 03mm
W plate Emulsion film
192x192 mm? 192x192 mm?

Reconstruction proceeds In two stages,

first with electronic detectors, then adding

fine-detall from emulsion

* Emulsion allows identification of v;
via kink
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