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 Why look for neutron oscillations ?
 HIBEAM/NNBAR at the ESS



Baryon and lepton number violation

BN,LN "accidental” SM symmetries at perturbative level
— BNV, LNV in SM non-perturbatively (eg instantons)
— B-L is conserved, not B, L separately.

BNV needed for baryogenesis (Sakharov condition)

BNV,LNV generic features of SM extensions (eg SUSY,extra
dimensions)

Need to explore the possible selection rules:

AB=0,AL=0, A[B=-L]=0
AB=0, AL =0, A:B—L:;éO
AL#0, AB =0, A[B—L]zO




Complementary BNV,LNJV observables
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Sterile neutrons

Eg “Hidden/mirror” sector.

Generic search for dark/sterile sector via
neutrons :

copiously produced and quasi-stable

electrically neutral particles 5=.

Leptons
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Neutron-antineutron oscillations

e R-parity violating supersymmetry, minimal flavour violation SUSY

e Unification models: M ~10"® GeV

o |eft-right symmetric models (nh and Ov2/5)
e Extra dimensions models

e Post-sphaleron baryogenesis

e efc, etc: [arXiv:1410.1100 ]

High precision n — n search

— Scan over wide range of phase space for generic BNV
+

— model constaints.




Neutron mixing
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The European Spallation Source

High intensity spallation
neutron source

EUROPEAN
SPALLATION
SOURCE

Multidisplinary research centre
with 17 European nations
participating.

Lund, Sweden.
Start operations in 2027/2028.

2 GeV protons (3ms long pulse,
14 Hz) hit rotating tungsten
target.

Cold neutrons after interaction
with moderators.




Beamlines and program
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beam port

£55 instrument Loyout (December 2016)

R&D TDR
Annihilation detector prototype Small scale experiments at ESS test
Conceptual design reports for HIBEAM/NNBAR ~ beamline
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NNBAR Experiment

freqill=l vz

Residual B field <10 nT

Residual vacuum< 10-5 P
NMNBAR optics \
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Large Beam Port R —_———-

MMBAR detector area

LBP —
ballistic motion of neutrons

free from perturbing
magnetic stray fields, interaction with walls
and ambient gas particles
Reflector Optics
collect large solid angle of emitted
neutrons and re-focus to detector
area




Annihilation detector

Signal: 1-2 GeV c.0o.m. energy , 4-7 pions

* Baseline detector L

* Silicon tracker . O
* TPC L aenrs 200
° %Y 1] i Aluminum tube
Scintillator range detector o — | e , ey
* Lead-glass calorimeter n silicon Tracker 2 28 uck

6 m long (z direction) [ \ :
— e \ |

Scintillator Modules \
| S S 10 layers of plastic scintillator — N

G
‘ £ 3.cm thick for each layer i S

Lead Glass Blocks

\ Base:8cmx 8cm
Height: 25 cm
Pointing towards the center of
the detector

Cosmic muon
background

* Requirements
* Reconstruction of multi-pion final
state
* Invariant mass reconstruction
* Particle identification

1) m KE: 159.14 MeV

.

1IN

2) v KE: 22.77 MeV

3) T KE: 62.3 MeV

T
i

4) n° KE: 554.17 MeV
5) n* KE: 365.99 MeV

* Timing sensitivity to reject cosmics (, e r P
and other out-of-time backgrounds 4 *2y rom decay

Prototype under construction: arXiv:2107.02147 [physics.ins-det].
For HIBEAM stage can also borrow existing detector, eg WASA detector
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Geant-4 detector simulation

Pion multiplicity
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Search for sterile neutron oscillations at HIBEAM

Complementary
suite of searches to
constrain mixing
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Prototype and testing

® Time Projection Chamber (LU)
* Prototype TPC at Lund read out with GEMs
* Studies on response to thermal/fast neutrons
* GEM pad shapes using cosmics

® ASA Scintillating EM Calorimeter (UU)

* 24 Csl WASA Experiment crystals being
recommissioned for studies of Detector Option 3

® Hybrid Scintillator - Lead Glass Calorimeter (SU)

* Hadronic Range Detector scintillator staves readout
with WLS + SiPMs

* Lead glass EM calorimeter
* Lead glass blocks read out with SiPM arrays

® Integrated DAQ design
® Testing for cosmics and sources

® Future tests at ESS test beam line




HIBEAM/NNBAR
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Summary

* HIBEAM/NNBAR

— Two stage experiment

— Rare opportunities to improve sensitivity by three
orders of magnitude on a global symmetry.

— Funded development under way for CDR

— Collaborators welcome !!

— Fits well in the overall strategy for particle physics

Update to the Strategy

for European Particle
Physics

“Essential activities”

/

A The quest for dark matter and the exploration of flavour and fundamental
symmetries are crucial components of the search for new physics. This search can

be done in many ways, for example through precision measurements of flavour
physics and electric or magnetic dipole moments, and searches for axions, dark sector
candidates and feebly interacting particles. There are many options to address such
physics topics including energy-frontier colliders, accelerator and non-accelerator
experiments. A diverse programme that is complementary to the energy frontier is an
essential part of the European particle physics Strategy. Experiments in such diverse
areas that offer potential high-impact particle physics programmes at laboratories
in Europe should be supported, as well as participation in such experiments in
other regions of the world.



Bonus slides



Ongoing and planned activities

« Annihilation detector prototypes

. Further developments of optics, magnetics, and moderator designs

. Background campaign

Shielding designs using Comblayer

High energy spallation backgrounds, Cosmics, Gamma bg from activation, delayed beta
decays, skyshine ....

Zero bg experiment at the ILL (1990’s)

Aim to reproduce this.
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An experimentalist’s view

Hypothesis: baryon number is weakly violated. How do we look for it ?

Need processes in which only BNV takes place.

Single nucleon decay searches, eg, p — 7’ +e* ?
= |AB|=1, |AL|=1 !

Decays without leptons, eg, p — 7 + 7, impossible due to angular momentum
conservation.

\lAB\ =0, AL=0 observables restricted by Nature.

n—n,n' and dinucleon decay searches sensitive to BNV -only.
Free n —» n,n' searches = cleanest experimental and theoretical approach.




