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 R.Feynman visited TRIUMF in the winter of 1974.

« | showed him the beginning of BI1A, | was building with John
Vincent.

 He asked me what | was going to do with it and | answered
studying the weak interaction.

 He shuddered and said : At that low an energy?

e | don’'t remember if | answered “ you surely must be joking Dr.
Feynman “ but.... | should have .

 Anyway we did start a program in muon and pion decay
parameters measurement, life time, and rare decays etc.
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Early p Decay Measurements

Ba AL

The Absorpiion of Charged Particles from the
2.2-psec. Meson Decay

E. P. HINCES AND 3. PONTECOREVO
Natinnal Resaarch Councid of Caande. CRalk Riter Fabaralors,
s Ontaria, Carad
Jul; 26, 1948

HE energy spactrum of the charged particles (come
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FIG. 1. Experimental 90% confidence limits on the mass
squared ratio £ and mixing angle £ for the gauge bosons W, an
W3, The allowed regions are those which include ¢=4 =0. Th
bold ellipse is the combined result from the analysis presented it
this paper and from our gSR analysis (Refs. 11 and 12), Th
sources of the other limits are described in the text.
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Use highly
polarized p*
beam.

Stop themin a
very symmetric
detector.

Decay e* are
tracked through
uniform, well-
known field.
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TWIST Spectrometer

(cutaway view)

CAP congress 2018

Beam pipe

Superconducting magnet and cryostat

Support cradle
Prop. and drift chamber




* p=0.74991 £ 0.00009 (stat) + 0.00028 (syst)

 0=0.75072 + 0.00016 (stat) + 0.00029 (syst)

» P,&=1.00084 + 0.00035 (stat) * 200023 (syst)
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TWIST impact on Left-Right model

New limits on non-
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manifest (generalised) left-
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Steven Weinberg

Harvard University, Massachusetts

Cambridge,

Abstract

A review is presented of the general
principles and recent developments in uni-
fied gauge theories of the weak, electro-
magnetic, and strong interactions.

Muon nonconservation is also possible in
the standard model, if there is more than
one scalar doublet. The coupling of Higgs
bosons to any particle are generally pro-
portional to the mass of that particle, so
one-loop diagrams in which Higgs bosons are
emitted and reabsorbed from lepton lines
give very small contributions. The dominant
effect comes from two-loop diagrams, in
which a Higgs boson is emitted from a lepton
and absorbed by a virtual W or Z. The
branching ratio here depends on many unknown
parameters, but under the most favorable
circumstances it could take values®!) as
large as (a/w)?* ~n 10—9.

Very recently, a new upper limit“?) of
3.6 x 10—°? has been set on the py —+ ey
branching ratio. From the perspective of
SU(2) x U(l) gauge theories, this is almost
but not guite stringent enough to shed light
on the question of whether muon conservation
is really a fundamental symmetry principle.
An improvement of one more order of

42)

magnitude in the sensitivity of this ex- 43)
periment (and experiments on u%2 - e#) would

be very illuminating.

44)

(Montréal-uBC-

to be published.
P. Povel
(ETH-ZUrich-SIN-Munich collaboration)

at this conference.[See also ths edit.
postscript after L.Wolfenstein's report.

P. Depommier et "o 1 A
Triumf collaboration)
Also see the report of H.

Maskawa, Prog.

M. Kobayashi and K.
A. Pais

Theor. Phys. 49, (1973) 652:
and J. Primack, Phys. Rev. DS, (1973)
3063; L. Maiani, Phys. Lett. 688,
(1976) 183:;: S. Pakvasa and H. Sugawara,
Phys. Rev. D14, (1976) 305.

Rev. D8, (1973) 1226
(1974) 143; S.
Lett. 37, (197s6)

T. D. Lee,
and Phys.

Weinberg,

657.

Phys.
Rep. 9C,
Phys. Rev.



WEAK INTERACTIONS — Workshop P

L. Wolfenstein
Carnegie-Mellon University, Pittsburgh, Pennsylvania

Abstract

The study of the weak interactions involving
pions, muons, and nuclei can clarify the laws of
weak interactions. The present theoretical inter-
est in muon-electron universality, nonconservation
of muon number, and second-class currents is dis-
cussed.

This session is devoted to weak interaction
processes involving pions, muons, and nuclei, The
emphasis will be on the role of these processes in
clarifying the form of the weak interaction Hamil-
tonian. The theory of weak interactions has had
exciting developments in the last few years. A
particular form of unified gauge theory of weak and
electromagnetic interactions, which we will refer
to as the standard model,!) has had two striking
successes!: (1) neutral weak currents have been
discovered in high-energy neutrino interactions
with protons and neutrons and these currents appear
to have a strength and form consistent with the
predictions of the model. (2) Charmed particles,
needed in the model to explain the absence of
strangeness-changing neutral currents, have been
discovered with the expected decay modes. Never-
theless, there are indications that this model may
not be the total story.

If there is a conclusion to this talk, it is
that the fundamental laws of weak interactions must
be explored in many different ways: beta-decay,
weak processes of pions and muons, atomic physics,
colliding e*e~ beams, and high-energy neutrino
beams at the largest accelerators all have a role
to play.

6/12/2018
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Editorial postscript:

As this contribution was prepared
before the conference it does not contain
the latest experimental results on muon
number violating processes. With the
permission of the authors we are guoting the
following preliminary results which have
been presented in the workshop P on weak
interactions.

The ratio of u+ey relative to the
dominant decay mode is
Ruey < 3.6 x 10—9

reported by J.M. Poutissou from the TRIUMF
group (abstract P4) and

R < 1.6 x 1079
ney

reported by H.P. Povel from the SIN grougd
(abstract P18).

(90% CFL)

B. Hahn from the Bern group working
SIN reported the following preliminary
1imits on pue conversion on 25

R . . < 4 x 10°10
un e

and R - . < 1 x 1079 .
u e



TRIUMF SIN/PSI LAMPF

1977 Less than 107° 1977 less than 10-°

2002 Lessthan 1.2 101

2010 less than 4.2 1013
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Process upper limit place yvear reference
p~+Cu—e +Cu < 16x107° SREL 1972 [67]
p 28 e 28 <7x107" SIN 1082 [68]
p~+Ti—+e +Ti <1.6x107" TRIUMF 1985 [69]
p~+Ti—e +Ti <46x107"2 TRIUMF 1988 [70]
p~+Pb—e +Pb <49x 107" TRIUMF 1988 [70]
p~+Ti—e +Ti <43x107"7 PSI 1993 [71]
p~+Pb—e +Pb <46x107" PSI 1996 [72]
p~+Ti—e +Ti <61x107"7 PSI 1998° 23]
p~+Au—e +Au <7x 107" PSI 2006 1]

6/12/2018 CAP congress 2018
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KEK/J-PARC-PAC 20172-10

CHAPTER 2. PHYSICS MOTIVATION 28
| Tree
e EEH M
et -
= Figure 2.9: Relation between u* — &7~ and
_____ p~ —e” conversion estimated from Eq.(2.15).

The parameter k interpolates between the
photonic and the non-photonic contributions.
The current searches are sensitive to O(10%)

TeV energy scale. The anticipated COMET

Phase-1 limits are shown.
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FIG. 1. Diagram of the apparatus: 1—meson-producing
target (tungsten); 2—superconducting solenoid; 3—sole-
noid shield; 4—steel magnet yoke; 5—collimator sole-
noids; 6—collimator; 7—shielding (heavy iron); 8—de-
tecting-system solenoid; 9—targets for stopping of
muons; 10—detector (proportional chambers); 11—to-
tal-absorption scintillation spectrometer; 12—magnet
yoke.
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e Postulated in 1930 by W.Pauli to explain some anomalous decay properties
of nuclei.

— (Pauli will get the Nobel prize in 1945 but not for this!!)
e Fermi builds his theory of Beta decay upon the neutrino hypothesis (1933)
— Fermi will get a Nobel prize in 1938 but not for this!!

e Pontecorvo now in Canada proposed a method to detect neutrino(1945)
* Neutrino mass first limit: Pontecorvo/Hanna 1948
e First neutrino “seen” in experiment in 1956 ( Reines, Nobel prize 1995)

* Neutrino predicted to be left handed in 1957 by Landau
,I.D.Lee,C.Yang,A.Salam.

— Lee & Yang Nobel prize (1957),Salam (1979)

e Muon neutrino Left handedness confirmed experimentally (1962)
(Steinberger Lederman, Schwarz, Nobel prize1982)

6/12/2018 CAP congress 2018 23



Neutrino Oscillations

e Neutrino oscillation predicted by B. Pontecorvo 1957 if neutrino have a
finite mass: This was bold prediction at the time

e Neutrino oscillation confirmed 1998 in SuperKamiokande Japan.
— ( M.Koshiba/R.Davis) Nobel prize 2002.

e Solar neutrino oscillation confirmed by the SNO experiment in Canadaé
2002) A.McDonald(Queen’s) Pontecorvo prize awarded to the team an
Nobel prize 2015, Breakthrough prize 2016

* Neutrino oscillation confirmed for accelerator made neutrino and for
5%%c£’1c)c>r made antineutrino.(K2K and KAMLAND experiments in Japan

e First detection of neutrinos from the earth (Kamland, Japan 2005)

e First evidence for Thetal3 from T2K (June 2011)

6/12/2018 CAP congress 2018 24



All main ideas of the modern neutrino
physics were suggested by Bruno Pontecorvo.

Val Telegdi

6/12/2018 CAP congress 2018 25



 Chen, Herbert H. (September 1984). "Direct
Approach to Resolve the Solar-Neutrino

Problem". Physical Review Letters. 55 (14):
1534—-1536.

* SNO was based on his idea to use heavy water
as a detector mass.

6/12/2018 CAP congress 2018 26



Summer/Coop students at TRIUMF

TDEIICN F A NEITTRING BEAM FOR A LONG BASELINS
MNELUTRIMNCG OSCTLLATIGN EXPERIM BT
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Jared Andarson
Department of Physics and Aztroonoemoy

T niwersity of VWicioria
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T2K Collaboration

Neutrine Project
at J-PARC

~ 400 members from 12 Countries

Japan, US, Canada, France, UK, Switzerland, Poland, Korea, Russia,
Spain, Italy, Germany
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Tokai-to-Kamioka (T2K) long baseline neutrino

oscillation experiment

S

Ve appearance (0,;) N

Intense sub GeV v, beam from J-
PARC

— Off-axis narrow band beam tuned at
0SC. max

— Construction 2004~2008

World largest Super-Kamiokande
at 295km

Main goals

— w/ 750kWx5yr(15000hr) (approved)
— Discovery of v, appearance (2011)

— Precise measurementson v, disapp.
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Current neutrino picture

flavour atmospheric accelerator/reactor solar mass
Ve 1 0 0 C13 0 8136_?’5 ci2 S12 0 1
b’u = O Ca3 S923 O 1 O —812 C12 0 Vo
vV, 0 — 893 Cag —.913816 0 C13 0 01 V3

where cj=cos8j, si=sinBj

e\What is the value of 6¢p??

S

(]

@ 4 Vu Vr eWhat is the mass hierarchy?

2}

= V3 ¢|s PMNS parametrisation correct?
10.05! atmospheric *What is the absolute mass scale?

eWhy so small??
0.009 Sotar V2 eWhat is the nature of neutrino mass?
V1 .
? eDirac or Majorana?

Morgan O.

Imperial College
J-PARC IAC 2018 03 05 a
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Double Chooz

ALLEP 1410, D86 (2014)

Preliminary (Moriond)

Daya Bay
PRL 115, 111802 (2015)

RENQ
Preliminary (arXiv:1511.05849)

T2K

PR 91, 072010 (2015)

A m§! =0
Aml, <0

@ Dublished
O preliminary

World 6,; comparison

—e+—1isingle detector

o= DC new 6 13

Arbitrary &,

3

005 01 015 02 025

a2
sin 291 3

Ishitsuka@Moriond 2016 EW

3324
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> Kiloton scale water Cherenkov detector in J-PARC beam at ~1

km baseline

» Make cross section measurements for T2K & Hyper-K

> Same target material, thresholds, angular acceptance as far

detector

> Detector can be moved to change off-axis angle: Probe
relationship between neutrino energy and observables

» Measure the electron (anti)neutrino cross section and intrinsic

backgrounds for CP violation search

> Dope with Gd to measure neutron multiplicities in neutrino

interactions

> Requires % level detector calibration

> Now pursuing test experiment

> Construction in 2019-2020, Operation starting in 2021

> Considering test beam lines at Fermilab and CERN

Imperial College

6/12/2018

J-PARC IAC 2018 03 05
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Fermilab project J-PARC/U of Tokyo
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Physics potential

CPV significance for dcer=-90°, normal hierarchy

Mass hierarchy known case

10

I Normal mass hierarchy HK 1tank 10years |
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I 8 7
o F

150 a0 S0 0 R0 00180
Ocp[degree]
® Definite discovery of CP violation
in the lepton sector and
measurement of CP asymmetry

® Seamless program from T2K(-Il)

® Proton decay discovery potential
~order of magnitude better than
current limits

® Reach 103> years (e*T19)
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e What is the mass of the three types of neutrinos

e Why are their masses so small ( new physics)

e Are neutrino responsible for the matter- anti matter
asymmetry of the universe ( why do we exists at all?)

e What is the dark matter of the universe made of?

e Are there other “sterile” neutrino’s (see recent
neutrino conference results)

e Neutrinos as probe of stars

e Neutrinos in the universe and evolution in time
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Leadership is not about driving the train
but about laying down the tracks

CAP congress 2018




Leadership is laying the tracks but many “drivers”
are needed to go beyond the Standard Model




Conclusions

LHC has given us the last missing piece of the Standard Model at the energy
frontier, the Higgs boson.

LHC has failed to reveal any anticipated new particle
( for ex. SUSY)....so far.

 BSM physics can manifest itself in various observables to be studied at the
intensity frontier.

e Canadian Particle Physicists with strong support from the Canadian tax payers
through NSERC,CFl and NRC are at the fore front of the search for a more
comprehensive “Standard Model ” , the BSM ( Best Standard Model)

e TRIUMEF is well positioned to continue its strong participation in these many
quests for the new Holy Grail.

 Thank you CAP for recognizing my contributions to this exciting field of research

. | would like to acknowledge that this was not done without a strong cooperation
of my many colleagues, students, post docs and staff members....... This was always
a team effort at TRIUMF

* [t wasin fact a family effort with Renee collecting the data of many of our
experiments and my two sons sharing the hectic life style of a physicists  home.
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Mercl!
Thank You!
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