Accelerator Neutrino Experiment

Jun Cao
Institute of High Energy Physics



AT dY [

| © x 1956ws FMj f &x 400MeV DéE l
2zP.1pp T D wj MV " As h o1
3386& ~ hooede

m"wib t +Y¥nf A2, " Ysw, =~ df1
" VA AP D Leia| Aa, o1 |7

Ao )Ki @3 THK4G®In 41 N Ay |H hA

1961w 1 Vander Meer p CERN . M A Horn

N

1962w 1 | a .
Ao3f f1 mai D Ly
ANMT YAiT Dqq nmai D
e 1988w n- (

m




AT dY [

VoLuMme 9, NUMBER | PHYSICAL REVIEW LETTERS Jury 1, 1962

|~ "~ a, Ap3f ARMT MaiDgg mi D

OBSERVATION OF HIGH-ENERGY NEUTRINO REACTIONS AND THE EXISTENCE
OF TWO KINDS OF NEUTRINOS”*

G. Danby, J-M. Gaillard, K. Goulianos, L. M. Lederman, N, Mistry,
M. Schwartz,T and J. Steinbergert

Columbia University, New York, New York and Brookhaven National Laboratory, Upton, New York
(Received June 15, 1962)

Decay Region Hadron
___
— P f====-=C
P { Absorb
]
Target o
Horns
(11 O 1 ] II—
Proton on target « O ,
Pion decays l



-0
T

MDA

E K2K, T2K , Hyper-K 07
E  MINOS, Nova,DUNE 0
E  MiniBooNE, MicroBooNE, é
? O )
E ICRUS, OPERA, . ESSnu
A« G2 9 . 29 a2 o2y 2 L
P(v, = v,) ~1—(cos™ 2013510~ 2053 4 sin® 26; 3 sin” fa3 )sin Ar;sglﬁ
P(v, —v.) = 4cia81a5535in” Az | Leading Term _CPV Term
- Sc-f3513523£235 12¢128in Az [cos Aszz cos § — sin Agy sin ] kin Ay,

2 2 .2

— 8¢%,s%.52.5%, cos Az, sin Agp sin Ay

13°13°23°12
1252 [2.02 2 2 2 o 5 ., [\ Solar Term
— cmsu[cucﬁ—l—sus- S12 — 2€12€235125823513 COS ]511'1 EXTT
g - : . sin ﬂtg,l
2 2 2 a2
— 8¢i3813555(1 — 257 n Aj, [cns Aay — A ] :
AL

Matter Term ‘ 4




(107 em®/GeV)

Tee/E,

Q CC Event

Detection

NC Event

L

n,p

Q, CC Event

Ve

W

Yy H Ve
W Z
n P 1, P
. TTTT T T T | TTT I| T
Totaln,,CC cross section O CCFRR
B BNL 7-feet

1.00— O ANL 12—feet —
B ® ANL 12—feet ]
0.7 — R e I N O ]
R A ST e IR Tz ]
0.60— —
B _ Total CC
- Troltes - e o{DIS) 1
0.251 5oL = S olge) ]
- Ta af1m) -
0.00 1 | !-g L |-r'|"| ! L | |~| |.-|| B el S |.- J.'J| L
0.1 05 1.0 5 0.0 50.0 100.0
E, (?}evl)




Event Topologies

long T track & hadronic
activity at vertex

short event, often
diffuse

Q, CC Event

short, with typical EM
shower profile
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Neutrino Detection at SK Far Detector

Signal (v,) Signal (v,,) Background
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O The best-fit spectrum
with neutrino oscillation

Event rate: 2.9
Spectrum: 2.55
Total: 3.9s

Eeutrino Energy (GeV)




Neutrino beam: Off-Axis

Far Detector.
an ldea from BNL (TRIUMF):

T2K, NOVA

Near Detector

Decay Pipe

Pros i
= Increases flux on osc. max.

E Reduces high-E tail, and
thus NC backgrounds

E Reduces n, contamination
from K and /mdecay

Dm2=3x10-3eV?- |}
L=295km

i

Cons'i

E Complicates disappearance
measurement

E Increases near/far

differences
Have to know angle!
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T2K Experiment
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Vu ° Vu
J'Pf‘R(t: —»25 On-axis: INGRID [E88—p------=----ccomomrmemecmece e e e e >
orimmnn bl  [ia = I ) _ Far detector
complex and Off-axis: ND280 | - )
heutrino 1 (e e “|Super-Kamiokande
beamline / .. ..
= i 1 :. =
0 280m 295 km
& p 0 4 N\ + D
: Study neutrino Vu — Ve @appearance
* Baseline: 295 km before oscillations Vu — Vx disappearance

e Off-axis beam
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Intrinsic © n,

Background /

Xsec

v, at the far detector (v-mode)
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v, (anti-v ) : pions at low E,, kaons
at large E,

Vu parents:
1. @

2. K+

Neutrino Cross section?

Vv, at the far detector (v-mode)
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V. : muons at at low E, kaons at high E,
anti-v, : kaons for all E,

Fermi motion,
separation energy etc..
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ND280

Near Detector @ 280m from the target

UA1 Magnet Yoke

L « INGRID @ on-axis (0 degree)
* v beam monitor [rate, direction, and

stability]
Solenoid Coil ;
I % + ND280 @ 2.5 degree off-axis
¥ + Normalization of Neutrino Flux
Barrel ECAL + Measurement of neutrino cross sections.
«Dipole magnet w/ 0.2T

* POD: = Detector

« FGD+TPC: Target + Particle tracking
* EM calorimeter

5 e Side-Muon-Range Detector
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* Comparing with the
external reactor
constraint the best
overlap is for the
normal hierarchy with
6, =—T1/2.

This is a lucky point!

You also need to
increase the 8,; mixing
angle to account for
the number of
observed events.
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|Phys. Rev. Lett. 112, 061802 (2014)
T2K observation of v, Appearance
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First ever observation (>5a0) of an explicit v appearance channel

06/04,/2014 Chris Walter - Results from T2K - Neutrino2014 14



T2K™ ' CP

Frequentist results

(Feldman-Cousins method)
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T2K preliminary
—— Normal ordering
~— Inverted ordering
15 CL

posterior probability

Bayesian results

(marginalized over MO)

-3

|:| la credible interval

_ 2& credible mterval

_ 3o credible interval
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T2K preliminary—

Using 813 constraint from reactor experiments: sin?(28:3) = 0.0861 = 0.0027
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CNGS and OPERA

CERN to Gran Sasso Neutrino Beam

Pb

Direct approval

of n,A n,
oscillation

Signature of

t appearanc

Plastic base
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OPERA U =5

OPERA detector 150,000 ECC 1.25kton target

~3’100 m.w.e. overburden, ~1 cosmic 1t/ m2x hour
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Drift time coordinate (1.4 m)

ICARUS

ICARUS: Gran Sassd.ab
TPC: Time Projection Chamber
(Q 'AET Be 3D& Y
SuccessfulAfter 20 years R&D

Wire coordinate (8

CNGS n eC
events in
ICARUS T600

LAr acts as target and detector

cathode
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MiniBooNE

LMC
..'-_"-f ?
T it v, =
Booster = n+—————E—-'vp L
fOCMu:ig;nt;el;Em 2;2}; Absorber 43(1]nm Detector
%
S 10
LSND :
PrimaryBeam 8 GeV proton S0
Beryllium target producp™ andk® g
In range of 14 GeV = 10

Produced mesons are focused by
horn.

Mesons decay to secondary begm

10

0 0.5 1 1.5 2 2.5 3

and intrinsic backgrounal, E, GeV)
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MiniBooNE Detectar

wl1l2 m in diameter.
wFilled with mineral oll.

w1280 PMTs in tank region, 10%
coverage with 8in PMTSs.

w240 PMTs in veto region.

Left picture shows event
display of a comic muon

Right one is a candidate

22



MiniBooNE 1 Q

CERN Courier: MiniBooNE solves neutrino mystery (30 April 2007)
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Neutrinos at the Main Injector(NUMI)

Absorber Muon Monitors
Target D . \
ecay Pipe .
Target Hall YEIPE g Voo e
120 GeV _— A —te L dbaal dEss s
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mwotons — oo o iz ' : )
pr "\ N — - _....X—.'ﬁ"‘ L '-.---r SR ___._‘.... - -.-_b~ »
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120 GeV proton beam from the main Injector on graphite target

Short-Baseline Neutrino Program at Fermilab

Target SBND MicroBooNE
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MINOS Detectors

Magnetized Steel and Scintillator Tracking Calorimeter

2.5cm thick Magnetized steel planes: B~1.3T
1cm thickx4.1cm width plastic scintillator strips
arranged orthogonal orientation on alternate planes

Plastic Scintillator

Near Detector Far Detector

e 1kton mass (3.8x4.8x17m?3) r 5.4kton mass (8x8x30m?3)
® 44ton fiducial mass r 3.9kton fiducial mass

® 282 steel and 153 scintillator planes = 484 steel and scintillator planes



Magnetized, tracking calorimeters
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MINOS charged current disappearance results (arXiv:1103.0340)

Best fit:

|am?| =2.32422 x 107 &V
sin*(26) > 0.90 (90% C.L.)
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NOVA (off -axis)
NOVA Detectors [
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Extruded plastic cells, filled

with liquid scintillator
0.17 X, per layer
Near Detector

— 300 tons, 1 km from target
— Huge statistics: > 1M v, CC

selected events
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NOVA 1 Q]

2020 data sel: htips://arxiv.org/abs/2108.08219
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Future Accelerator nuExperiment

DUNE LBNF

Hyper-K

DUNE
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