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1. Probe processes that
have very low rates / forbidden
inSMe.g.u — ey, K — mvv

Origin of Mass

2. Measure tiny deviations from

Unification of Forces

SM e.g. muon (g-2)

Requires intense beams and
large/bespoke detectors.
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hy Intensity ?

Project X / PRISM
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Mark Lancaster : Intensity Frontier Expts

102

Contact
dominated

Sensitivity to physics at scales
beyond the LHC.

Likely that not all BSM physics is
at the LHC TeV-scale.

Interpretation of any LHC BSM
physics will require other inputs.
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hy Intensity ?

Historically small deviations have been as insightful as new particles
in developing a self-consistent (Standard) model.

1. Precise measurement of Kaon-mixing : prediction of charm quark.

= —

2. Rare Kaon decays : first observation of CP-violation
: requirement of CKM and a 3" generation of quarks
- first input into explaining universe’s baryon asymmetry.

3. Precise measurement of B-mixing : prediction of large top mass.

Outside of HEP : tiny deviations in Mercury’s orbit : vindication of General Relativity.
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“The results of my survey are then as follows: four
discoveries on the energy frontier, four on the rarity
frontier, eight on the accuracy frontier. Only a quarter of
the discoveries were made on the energy frontier, while
half of them were made on the accuracy frontier. For
making important discoveries, high accuracy was more
useful than high energy.”

Freeman Dyson

“Limits on the neutron EDM have killed more theories
than any other measurement”

Mike Pendlebury




The path to new physics

EWK Symmetry
Breaking

Flavour
& CP
Violation

Parameters from

dynamics of GUT Scale

underlying theory VS

e.g. v mass
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e.g. CKM, masses
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“ atter Anti-Matter / Neutrino Synergy
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“ epton Flavour Violation / Baryongenesis

Y1=3n/8, ya=n/2
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To neutrino & LHC programme

Region to be probed by
MEG in next 1-4 years

# LFV events at 100/fb LHC
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ntensity / Rarity Frontier Programme

( ™

Rare B decays > Nick Brook

Neutrino oscillations > Jenny Thomas
K ) ¥

Rare kaon / muon / tau decays  1ys 1AL
Rogue dipole moments

) .

OvBp decay > Simon Peeters

Dark Matter > Jocelyn Monroe
\_ y




ILL
Staged programme over next 15 years
nEDM NA62
i J-PARC
(g-2) Ll "R COMET
g- ' T (g-2)
EDM KOTO
Mu2e PRISM ?
ORKA ? J
Project-X ?
§ Osaka
\'N MuSIC
J
nEDM

Muon Experiments
Kaon Experiments
Neutron EDM




Status: summer 2011 (published results shown only)

Neutrino oscillations tell us that lepton flavour
Is not sacrosanct.

Hints of new physics in the muon (g-2) .

Accelerator advances now allow O(MW)
proton beams and for sufficient # , K to
probe the theoretically interesting regions
e.g. that defined by new LHC physics.

Expedited by synergy with neutrino-factory
and muon collider R&D.

ﬁ"‘, n‘t‘}ﬁ

JN 09 (e'e -based)

-299 = 65

DHMZ 10 (r-based) 2.40
~195 + 54 F—aA—
DHMZ 10 (e'e") 3.60

-287 £ 49

HLMNT 11 (e'e) 3.30
-261+49 ! g

BNL-E821 (world average)

0+63 ——

-700 -600 -500 -400 -300 -200 ~-100 0

.‘ LT
l‘ y
/ ‘w—rc—v"

loP QMUL : Apr 2012 : p13




Why Now ?

/7 Pontecorvo (Dec 1947)
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Factor of 10-10,000 improvements in sensitivity in near future.

Mark Lancaster : Intensity Frontier Expts loP QMUL : Apr 2012 : p14




uon/ Tau LFV

SM is 0(109)

Observation IS new physics W

No SM theory systematic
How far we can probe is limited by experiment
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ensitive to heavy neutrinos

Super-B BaBar
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Sensitivity to widest variety of BSM models.
Different SUSY

AC RVV2 AKM SLL FBMSSM LHT RS e d S U SY

. and non-
p® - p° *kk K * * * *hkk ? BSM] del
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W. Altmannshofer, et al Nucl. Phys. B 830 17 (2010)




“‘ rocess Ratios are Model Dependent

BR(uN — eN)
BR(u = )

10 16 1014 1012 10-10 10-9
10 - - . 10°9

In general in BSM models = O(agpym) but not always...

10710 10-10
p— P
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e.g. “Littlest Higgs model” with T-parity (LHT) sianke et ai, Acta Phys.Polon.841:657,2010




“ xperimental Technique

Muonic Atom Formed

Proton Beam and Decays
n, H
LL
Production Target Stopping Target Detector

aka THE TARGET

Apply symmetries, translations, rotations, .....
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Current State of The Art
R \’

© . PSI (Zurich/Switzerland) Facility

Yo g el "ﬁ 3x107 “stopped” p+/sec

ot
l‘ y




MEG present limit on psey is 2.4x1012, It is aiming to get to 1x10%3
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y and e*in time
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k EG Experiment

| Calorimeter
sum waveform

Voltage [V]

N N SR N

Run 59731 Event 1212
4. Dec. 2009, 21:50

E = 52.25 MeV

E.. = 52.84 MeV

ABe,q = 178.8 degrees Liquid Xe calorimeter [l Timing Chamber
AT, = 26.8 ps




EG Sensitivity Determined By

- # of stopped muons : accelerator driven (2010 : 2.3 x 107/s)

- Resolution in e* and photon energy and angle, time between them
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1L on Target x 1012
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O
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= _ 1 =
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LS
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Assume 10’ sec running per year for 2013-2016.

—
o
32 101 | — 2010 Resolutions/Efficiencies ﬁSI already providing “\
= - _AE, and A8, improved 20% 10%/sec.
Q) [ AE, and A8, improved 50% |
L MEG will increase its e*
= 2012 :5x.10°13(-20%. resn.) detection efficiency +
-8 :3x107 u/s some detector
"g improvements.
£107° ¢ 2016::1x 103
LL - -50% resn (10'13 achievable. /
i 4years @ 6 x107 u/s
i | ' 2016:1x 1013
i -20% resn.
PSI @ 2 x 108 u/s
107"° |

0 20 40 60 80
# Stopped Muons (x10'%)
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Below 10-13 needs new detector

- E,, O, resolution and pile-up are limiting factors particularly at high p intensities

- Another option to achieve reduced sensitivity is to have a “track-only” analysis.

/Conversion point and event vertex defined N
by precision tracking.

Optimise material thickness to optimise rate
kreduction vs resolution degradation. Yy,

MEGA (LANL:1990s) used this approach & achieved
et ABey = 33 mrad vs 52 mrad in MEG and
AEy =1.7 - 3% vs 4.5 - 5.6% (MEG).

However these resolutions need to achieved in
high pile-up environment.
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N\seee

Current state of the art is 1988 with limit @ 1012

10 107" 1 10 107 10°
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— dipole 4-fermion
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Given MEG results (@ 10%°) this only begins to get interesting at 101
(e.g LHT models) BUT ideally would like to get to 1016
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N\seee

Same issues as psey
- accidental/pile-up backgrounds : (Ry/D)?— so DC beam required.

Issue as go to v. high rates
Two u+ decays and fake e- (Bhaba scattering, y conversion)

- irreducible background : Ru

u+

BR = 3x10°°
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Improve MS-resolution by using v. thin (~ 40um) HV-MAPS pixel silicon layers

0(0)ys =5 mrad (c.f. SINDRUM-I : 28 mrad)

Hollow double cone target

Very thin silicon sensors for
precision momentum and
vertexing

Scintillating Fibers
for precision timing

R R VLAN /

Aiming to achieve 1016 Background for 102 p/sec
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Muon to Electron Conversion

_ - Processes considered so far suffer, at the highest rates,
I'l from accidental backgrounds that scale as R(p)?

pt— ety
ut — ete—et

101 | Conversion @ 1015

oL ‘I The “conversion process” has a simple
of | D0 ] T one particle signature. Ee ™ m,

; L (>> Ee from free muon decay).

4— [

2t ﬁ'-jh LL Arguably best route to highest

P(';z‘ B T T T T T Y T VR TV Y- ST 1 SenSiﬁVity at h|gh muon rates.

Electron Energy (MeV)




Ns>eN Backgrounds

Two pertinent backgrounds

1. Decay in orbit (DIO) of stopped muon. In atom gives electrons beyond
the free-muon 53 MeV end-point.

0.001

10°¢ Controlled by detector

resolution AND
energy loss prior to
detector.

10~*

—(MeV )

dl
dl

1

17y withi ion si \
O(10-77) within 1 MeV of conversion signal. \ Need FWHM < 1 MeV

10715 § 1

Czarnecki et al, arXiv:1111.4237
10-18F, ,

0 20 40 60 80 100
E. (MeV)
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2. Radiative Pion Capture (RPC)

7T_N — ’}’N* a,nd ’}/ — 6+6_ External conversion

7T_N N €+€_N Internal conversion
1] 1) I T ) | ) |
P Bistirlich et al, Phys Rev C5 1867 (1972) .
B oxi0® -
% Mg target
2 05x10 %} g
N’
Z?-

Suppress by reducing # pions on target : wait, stop them, veto them
- beamline and accelerator are the constraint.




I\/Iuon to Electron Conversion

Current best measurement (SINDRUM-II @ PSI) used 8mm of CH, to
reduce pion (RPC) contamination to 1 in 10° it reaching target

Class 1 events: prompt forward removed

e Data : 2000 ++++ e  measurement
3 L. )
10°- T {:-:H ' @ measurement
- ol .
i S MIQ simulation
102 i _
ST = 7% pe simulation
S tﬁ% . RPC dominated sample
rer) Iu 1 ._:E +
c 10 - Bt = L o 10 |
5 ) T ?U L'[ U bl
S O ] o ' f N
© , _ SINDRUM-II , T LLIT! 1 | ] ,
.g ......... .r.- | - I i
@ ! e ' — N\ 80 90 100
> 80 90 Me\We 100

momentum (MeV/c)

Limit : 7 x 1073 (Gold target).




Going beyond SINDRUM requires

- Rate of stopped muons to be ~ O(5x10%)/s
- High resolution (< 1 MeV) e- momentum measurement to control DIO.

- Control of energy loss/straggling A 100ns
Main_Proton Pulse

in stopping target A / 10 p/pulse \ﬂ

- Mechanism to reduce # pions
at target and veto prompt
backgrounds.

Prompt Background

Stopped Muon Decay

i Timing Window |,

Arbitrary Unit

All proposed experiments use

pulsed beam & only “measure”
after prompt background subsided

L]
’

0 Time (us) 1




k\ hallenges : Proton Extinction / "After protons”

Require that between proton pulses there are no rogue proton pules
that could produce a “prompt” background e.g. RPC in the timing window

Requirement (mue2/COMET) that < 10 of primary pulse

A‘A 11 .

AC dipole/collimator system kicks out the out-of-time particles

A

# protons

) Collimator
AC Dipole AC Dipole
b N - - p— p—
\\ //\.t ,‘/\\ ///__
— _ — — e mo—— ﬂi""‘ —
— PN
.| e p= -
ye l ;: 11 - -
L1 LQi Lz Lo LS LA L4 ) JLS|LQr LS s |Le
Qi Q2 i Qg Qs 6 Q7 2 08 QK




k Challenges : Stopped Muon Yield

Increases yield by O(1000)
- method successfully
demonstrated at MUSIC

in Osaka in 2010

High field Pion capture solenoid that
\everses forward mt to low p backward nt

Transport solenoids that select
low p ( < 50 MeV) muons and
reject high p particles before
the stopping target.




Utilising prototype pion production environment for COMET

Pion capture solenoid
Max. Bsol: 3.5T




Challenges : High Rates in Detector

muZ2e simulated backgrounds

B e 0 A B e
.’ JA x" ,,,‘l hr‘gll <~ '
2 ‘;: it
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Sensitivity reach physics wise is at least x10 that of upgraded MEG.
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Production
Target

Pions

Muons

LV

Pion Capture Section

A section to capture pions with a large
solid angle under a high solenoidal
magnetic field by superconducting
maget

Detector Se
A detector to
muon-to-electr
sion processes

Stopping
Target

LLLCELEET
PP

0D pont:

Pion-Decay and

Muon-Transport Section

A section to collect muons from
decay of pions under a solenoi-

dal magnetic field.

ARAARAARAA

CLLLLEELL

I

Detector Solenoid

Electromagnetic

. Transport Solenoid
Calorimeter )

Stopping
Target

Tracker

Production Solenoid
Collimators

Production
Target

COMET : 10*8 u/yr (CDR) with lower

acceptance & requirement of dedicated running
vs Mu2e 4.5 x 107 p/yr (CDO) and concurrent
Nova running




COMET : Extinction Studies

Bunched slow extraction using
ESS to dedicated target/
secondary beamline

Fast Kicker to Abort Line - |

Bucket A

MR
h=9
3 filled and 4 empty

\
N hmcs

h Entries 311059

- et Mean 3563

RMS 949.6

Underflow 0

Overflow 0

Integral  1.502e+08

Extinction level of (5.4 £ 0.6) x 10”7
measured at secondary J-PARC
beam line and O(107) at abort line

And additional O(10°) from double
kick injection into MR

! ﬂﬂﬂﬂlllllﬁﬂﬂl IIII. i ﬂiHﬂ.[Illl ! .IIIIIJ.LIIL\ L lﬂﬂL

1000 2000 3000 4000 I5000
Time[nsec]
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Strategy depends somewhat on whether signal is seen or not.

If signal is seen
- run with high-Z target to elucidate the underlying physics

M X 100 mu2e/COMET

RPC

If no signal seen 10°
- push sensitivity down to O(10-18)

é
—
o

N

e °°

N
o

T IIIIIII[ T IIIIIIII T IIIIIII| T T

Very challenging requires many of the ideas
being explored for NF/muon collider.

—

- muon momentum selection
- muon cooling (FFAG/helical channel)

# Events/0.2 MeV

—
Q

Signal BR: 1018

-2 1 1 1 1 | 1 1 1 1 | 1 1 1 1
10702 103 104 105

Ee (MeV) =——>

T IIIIIII
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\ here are we now / timescales ?

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

MEG @ PSI
1.00E-12 1.00E-13

COMET @ J-PARC

APPROVAL 1.00E-14

PHASE-I CONSTRUCTION
PHYSICS

PHASE-1l CONTRUCTION 1.00E-16
PHYSICS
Mu2e @ FNAL
APPROVAL
CONSTRUCTION
TEST-RUN
PHYSICS 1.00E-16
Mu3e @ PSI
APPROVAL ?
CONSTRUCTION ? 1.00E-15
PHYSICS ? 1.00E-16
PROJECT-X @ FNAL
APPROVAL ?
CONSTRUCTION ? 1.00E-18 ??eN
EXPERIMENTS AND PHYSICS 1.00E-17 ?? eee

1.00E-14 ?? e+gamma
1.00E-24 EDMs
1000 EVTS  RARE KAONS

COMET unlike Mu2e will be constructed in two phases with 15t data in 2016/17.

loP QMUL : Apr 2012 : p42




NO\COMET Phase-|

gorivy, V. Kazanit

40/7 15% 30%
/

* 5K

Fedotovich, D. G
. Y Yodin

] Naowo Al sk

Novosibirak, R M. Koike, J. Sato

Saitama University, Japan

R Akhmwtshin, A Bowdar, L. Epshteyn, G
A Ryzhens Osaka Uneversity, Osaka, Japan

Budler Institute ¢

Y.G. Cui, ¥
Department of Physacs, Breothaven mal Ladoratory, USA
D. Bryman
Y. Igarashi, M. loeno, S, Ishimoto, Y. Makida, S, Mibara, Un
itsu, C. Omori, } K. Sasaki, M. Sugao
va, T. Udnda, A. Yamamoto, M. Yoamanaka
ida, Y. Yoshis, K. Yoshin

r Resenseh Organization (KEK), Tswl

to, K. Hasegawa ersity of Brinsh Columbia, Vaneouwver
unote ll Nrhaguchs
saka, M

M. Wing

S. Cook, R D'Arcy. A, Edmoeads, M

University College London

Jouk
ulv

Japen
E. Hungertord

g Erergy A
Jagatura Uneversity of
i rsity (ISUJ, Thilis, Georgpa .
V. A Taiuddiz
P. Dauscey, P Dornan, B, Krikler, A. Kurup, J. Nash, J. Pasternak, Y. Uchida WA Tajuddin )
Inperial College London, UK University of Malaya, Malaysia
I rin, S. Umansanka R.B. Appleby, W e, M. Gersabeck, H. ( 1 C. Parke
I L of Tecknalogy Bonbay, ind L of Manchester, UK
Y. Iwash P Axfar
Institute for Chemion! Reseas to Urisersaty, Kyoto, Japan University of ord, UK
V.V. Thuan b MR ssn
For Science and Technodogy, Vie ~ 2y
Jor i¥ AUENCE and Tommodagy, VicRam University Technology Maloysia
H-B L, C. Wy, Y. Yuun 1

Py Nina
THEF), Chu TRIUMF, Canada

Inastitote of High Erergy Plysies

v o B Phc o inlvos St Uty (151 15 107 collaborators

A Kulikoy
I'smalaicker

25 institutes

S Dymov, P Evtoukbovich, V. Kalinniko, A Khvededidz

G Macharmsbvili, A N
stitnde for Nucle

wevnko, B Sabaros

M. Danilov, A Dr

Theoretical and £

Irstitode for

Waz-Plorck-Institate for Physics
Y Mori, Y

Koyoto Unisvrsity Rese

! Vielnam Universily, Vietnam

Colleye of Notural Sciener, Notiemal
-
M. Acki, T Hiwsa, LH Hasim T Hayashi, Y. Hino, S, Hiksda, T Itahosdi, S Ito

Y. Kuno®, TH. Nam, H Nakai, H Sakamote s

Imperial, UCL and v. recently Manchester, Oxford

loP QMUL : Apr 2012 : p43




OMET Phase-l

Pion Capture Section

A section to capture pions with a large
solid angle under a high solenoidal
magnetic field by superconducting

Production maget
Target

COMET Phase-I

= Pions

e el Detector Section

I = I A detector to search for
= S muon-to-electron conver-
== Muons sion processes.
—
—
= Q. H

[ M aaRRHR00000000000000000 R

S
i

Pion-Decay and
Muon-Transport Section
A section to collect muons from

decay of pions under a solenoi-
dal magnetic field.

AARAAAANANRN

"IEEEEEEE

5m

c.f. Mu2e : $240M
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COMET Beam Dump

Phase-1
S30M : beamline
S15M : detector/DAQ etc

Phase-2
S45M




OMET Phase-l

Pion Capture Section Detector Section
Pion Production Target

Collimator

Muon-Stopping Target

Pion-Decay and
Muon-Transport Section

Drift Chamber.

\\\\\\\\\\ﬂ

Trigger Hodoscope C — prmmem—

Cylindrical detector (AMY solenoid) .

has higher acceptance but poorer /
resolution compared to transverse/phase-|| ™
detector
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Current Mu2e/COMET sensitivity estimates of BR < 10-16 extrapolate
current background knowledge over 4 orders of magnitude...

1. Demonstrate that beam extinction of 10 can be achieved

2. Measure in-situ backgrounds : neutrons, anti-p, nuclear capture products
and so refine/optimise the simulation.

N’
—
™

3. Test final/prototype detectors

(o]
-

4. Measure conversion process with sensitivity x100
that of SINDRUM-II ie go below 1014 :
physics-wise comparable to the MEG (2013) limit.

Momentum (Mev/c).
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I\/Iuon Magnetic Moment ("g-27)

- Y
y 27
\. e . ¥ e
exp

2.002 331|841 78 (126)

694 36 (0)

* QED calculation for electron now out
to 10th order (12672 diagrams)




I\/Iuon Magnetic Moment (“g-2”)

ﬁxﬁ&« _“”’”T N

gii*= 2.002 331|841 78 (126)

- 2331|694 36 (0)
PN 138 60 (98)

Hadronic

my, N
Asens < (T,ﬁ) ~ 40,000 . Hadronic corrections for the electron
g-2 don't show up until the 12th decimal




I\/Iuon Magnetlc Moment (“g-2”

g;°=2.002 331 841 78 (126)

§ 2 331 694 36 (0)

w i 138 60 (98)
LTI 3 08 (4)
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MUOH Magnetic Dipole Moment ("g-2")

a, =116 592 089 (63) x 1011 o B2
th H 2

V=116 591 802 (49) x 10-11

h
a‘i}‘p- a/Y =287 (80) x 10-11
JN 09 (e"e -based)
wr= e B0 [ 753,60
E):)ZA’ZSL 0 (r-based) i ‘4_0‘ }
?HMZlO(e‘e) v3—06£4 :
[—1LMNT11(9’0) .3_32‘
BNL measurement : statistics limited

’
AAAAAAA

700 -600 -500 -400 -300 -200 -100 O

a - a®p
" "
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MUOH Magnetic Dipole Moment ("g-2")
a;™- )’ = 287 (80) x 1011

LOHVP

au =6 903 (42) x 10°11 3.60
= 3 —r =
<, - . OLYA * KLOE10 1
: 1400 CMD * SND ]
S ol L e - oman | ay =105 (26) x 1011
81200 *+ KLOEO8 ° BABAR — - ( ) X
n - Average -
2 1000 o 'Y E
o ;4‘:? Bl ’
s00r T E had.
. 2 - g .
600: ahad Lo _ a J' d K(S) R(S) ‘??“ » .
ke 3 s i }
400 4 8
MR PR BRI BRI B BRI PR
07 072 074 076 078 08 082 0.84 Expect theory error to be further
M. Davier - Oct 2011 ICFA Seminar \IE [Gev] reduced in next 5_years

(e.g. lattice QCD)
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New FNAL experiment will re-use BNL magnets but with x20 stats and reduced systematics.

25 1 T T‘—T' Ll T T 1 T T T T T "' L} l{ T
B '. \ LHC plus |
: || | amu '4' /
| \
L [ ' f
\ | LHC ‘
20 I \ alone 4" f
15+
, i
4 L
10F

2 4 6 8 10 12 14 16

tan g

Aiming for x4 improvement in a, uncertainty to be 0.1ppm (16x10*'!) measurement

Without theory improvement : 3.6 0 = 5 o, with theory : 7.5 o.
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Expect CD1 DOE approval ~ one year from now.
Next year FNAL spending S20M.

Will share much of the Mu2e infrastructure.

Data in 2016/17. They are welcoming UK involvement.
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Mark Lancaster : Intensity Frontier Expts




FNAL Muon Campus
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J-PARC Muon g-2

o

Wqg = WG — WO

average over muons

-

()
™m

/mamc = 29.3

Or

1. No vertical E focussing E field and v. small vertical beam divergence (Ap;/p; = 10™)
2. B~ 0 by using ultra cold muons
3. Very large and uniform B (using MRI magnets)
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J-PARC Muon g-2

“g-2 project
3 GeV proton beam
(333 uA)

_~@raphite target Silicon Track
T8 (20 mm)

Surface muon beam
(28 MeV/c, 4x108/s)

\ Muonium Production
N LBQOK ~ 25 meV) Super Precision Magnetic Field
: (3T, ~1ppm local precision)

Resonant Laser lonjzation of
Muonium (~10° u*/g)

New Muon g-2/EDM Experiment at
J-PARC with Ultra-Cold Muon Beam
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Mark Lancaster : Intensity Frontier Expts

Neutron EDM is one nearest
to reaching SM prediction
while also being in the “BSM”
region.

Muon EDM is 2" generation
and free of nuclear/molecular
complications.

Like flavour violation, since SM
is heavily suppressed any
observation is new physics.
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Neutron EDM

UK presently has world’s best limit @ 2.9 x 102 (also for e)

d

27 orders of magnitude
€ 5

Observation would violate both P and T.
Limits / observation : strong constraints on strong-CP phase in SM (now < 1019)

If EDMS are driven by strong-CP phase then expect dn >> de.
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2006 ILL nEDM result limited by systematic of additional fields from neutron
(and earth’s) motion.

Solution : ultra cold neutrons (UCN)

11K n down-scatter from 0.5K He

Phonon

Cold neutron — Neutron beam input

Cryogenic
UCN Ramsey chamber §

And ‘ \

- increase E field (30 kV/cm)
- increase # neutrons & polarisation time

Detectors

CryoEDM Expt : x10 sensitivity




US at SNS using spallation neutrons also with cryo-design.

PSI using old nEDM apparatus but with greater neutron flux from spallation
moderated by D,O

Group # people Anticipated expected

Collaboration sensitivity* by... SNS

Experiment (ecm) Ground

NnEDM@PSI ~50 ~5E-27 2013 "

n2EDM ~5E-28 2016

PNPI@ILL ~10-20 ~1E-26 2012 e S

CryoEDM@ILL | ~25 ~3E-27 2016 cod

He drains

NEDM@SNS ~90 ~3E-28 2020

NnEDM@RCNP |~35 ~1E-26 2014 - HV capacior
@TRIUMF ~1E-27 2017 thicld ‘ HV feedthrough

~1E-28 2020
TUM@FRM-2 | ~15-20 ~5E-28
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aons

Focus is on the two rare FCNC decays that have the most precise
prediction in the SM for such decay.

Kt > 7n7Tuvp SM = (7.8+£0.8) x 10712
Kg —> Woyﬁ SM = (2.8 £0.4) x 10~
3 |74 d s

u,c,t d

\\QNW/
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aons

Small but measurable window for new physics

)

7 events

1019 x BR(K — n°vi)

0

10 x BR(KT — ntvp)

arXiv:1012.3893
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NO\Fxpts @ CERN, FNAL, J-PARC

[K+ o 7r+z/§]

NA62/CERN : 2014 : O(50)/yr = 200 (2017) NAG62 and ORKA complementary
ORKA/FNAL : 2017 : 0(200)/yr = 1000 (2020) NA62 — decay in flight K

ORKA — decay from stopped target
PROJECT-X/FNAL : 202x — 202y : > 1000 events

[Kg — oV ]

KOTO-I/J-PARC : 2012 — 2017 : O(1-10) ie SM signal
KOTO-II/J-PARC : 2017 — 2020 : O(100)

PROJECT-X/FNAL : 202x — 202y : > 1000 events




Bristol, Birmingham, Liverpool, Glasgow
LAV SAC

Vacuum: P<10*® mbar 4,_.7 —

| ] Iy = HI[II

DecayRegion 65m

|
Total Length 270m

ud

Ring Image Corrector i Mirror
(Y at Diaphragm / /
f ‘

/

IH“/,{ L{\ ~ Differential Cerenkov counter to identify Kaons

— in the 800 MHz beam...
A _\’~y
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50 years after The Summer of Love

Final results from MEG
(@ 103 sensitivity)

PSI & ILL neutron
EDM @ (0.5 -3) x 10%/

Results from g-2 @ FNAL
(will the 3.6 0 become 5* ¢?)

N/

e Results from KOTO (@ SM)
20 17 a & NA62 (@ O(100) events)

Results from COMET Phase-I
@ J-PARC (@ 10! sensitivity)

Start of 2"d generation experiments

J-PARC g-2
ORKA
Mu2e construction

COMET Phase-Il construction
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UK Involvement

Presently rather modest : NA62, COMET, nEDM.
Many opportunities for UK to develop leadership roles.

- g-2 are actively soliciting UK collaborators

- COMET Phase-l needs more

- nEDM has % people compared to PSI / SNS.
- Mu2e/COMET Phase-ll

Data on all these in 2012-2017

Your Muons
Need You
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There is life outside the LHC !

Rarity / Intensity Frontier has a host of experiments in next 2-20 years.

Provide a clean and complementary probe of BSM physics to the LHC to
energy scales beyond LHC direct searches.

Win-Win
@ If the LHC throws up nothing — this is the best game in town.

@ If the LHC discovers new physics then this will elucidate the theory.
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