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Questions from 2012

* MEG New results & Upgrade

o p—eee J-PARC Beam lines

u-e conversion Muon production
e Mule Muon collection / Cooling (MICE...)

e COMET Phase | & Il Work towards muon collider
* DeeMe *p-EDM

J-PARC MUSE activities : H-Line *Beyond
e Mu HFS * Project-X

e ultracold-p production * PRISM/PRIME

* g-2/EDM * Theory
FNAL g-2 e Reflect LHC results
* Higgs

T-sector

e combined Belle and BaBar results * Supersymmetry

* Neutrino oscillation parameters
* 93

* dcp

* Prospects for Belle-1l and SuperB
Precision tests
* cross sections (MuSUN)
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Questions moving forward for 2014
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Muon Physics

At its heart a Neutrino Factory
is also a Muon Factory

p+ T'arget —» w, K — uv

Producing these intense neutrino beams will require
new high intensity muon beam lines

This will greatly increase the number of mu’s available

to probe for hints of physics beyond the standard
Model

[s there a deeper connection between muon physics
and neutrino physics?

Fundamental questions of lepton flavor
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History

Bruno Pontecorvo: 100 years

e Centenary of the birth of Bruno Pontecorvo

— Bruno Pontecorvo was born in Pisa on 22 August 1913
— Completed his studies in Rome under E. Fermi
— Went to Paris and then to Canada during W\W?2

e Muon: discovered 1936 (N&A), Lattes et al. 1947, Conversi et al. 1947

Jerse B—process (1946)

- neutrino detection

iclear capture of mesons (1947)
- universality of Fermi interaction
»sence of p—ey (1948-1950)

- neutrino and muons are connected
10" .
>ctron and muon neutrinos (1959)

103 WV MEG Upgrade .
- neutrino beams

-15 . . .
10 © =1 uvsic autrino oscillations (1967 =)
Mu2e, COMET H

1077 e X, PROE 1 pton mixing and the solar neutrino puzzle (1977)
119_”. Lo b Lo b Lo Lo Ly Ly

Ol040 1950 1960 1970 1980 1990 2000 2010 2020 2030
Year
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Making History

1
10

10°
10°
107
10°
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107
10"

10-19

) Hinks & Pontecorvo

4%

v g€y
o p,—>36
= uN —eN

w
V¥V MEG Upgrade

Br(p — ey) < 5.7 x 10713

Project X, PRIME [
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Week in Review

Charged Lepton Flavor
p—ey, p—eee, uPN—eN, t—=cLFV
Connections to theory

Precision Measurements
muon g-2
u hyperfine spliting 6 talks
proton radius
K capture

Muon Facilities
Progress on mu cooling 13 talks
New methods for intense mu beams

7 talks

26 talks total including
3 joint sessions with W3 and 1 with WG
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u—ey Results (MEG)

e Confidence interval calculated with Feldman-Cousins method +
profile likelihood ratio ordering

* result consistent with null-signal hypothesis

e consistent in all analysis

Confidence Intervals

T ToTTIITYTYYYY

90% C.L.

Branching ralio“

CL curve: Allowed region of branching ratio can be
read at given confidence level.

BR <5.7 1013 @90% CL

-2 1In l'

2 Profile likelihood ratio
9.
5
3 3
: 2009-2010
2 oe20m j
1 — 2009-2011
é_‘ B WD . S T e I e e Ty L__;Xlollz
% ] 1 2 3

Branching ratio

N.B. likelihood curves are not directly used in
confidence interval calculation

NuFact13-WG4

Je L. Galli, PSI & INFN Fisa




MEG Result

PADL SCRERRER INSTITUY

=5 What's new in the last result?

Hardware

 New DC laser tracker for alignment

- New BGO calorimeter for LXe calibration with
CEX

*  Multiple buffer read out = DAQ efficiency = 96%
e Software

e etside:

new DC-waveform noise filtering — improved resolution

+ new Kalman filter implementation — higher efficiency and
reliable per event track fit uncertainties

per event PDFs

- y-detector side: wi

improved pile up rejection algorithm — steeper background”‘?
spectrum close to signal region :

70

1 L
40 50 7
E, MeV)

L. Galli, PSI & INFN Pisa
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MEG Implications

“(~=0- Constraints on New Physics, two examples [N

o SUSY-GUT SUSY-Seesaw
G.Isidori, et al., PRD75(2007)115019
. - i S. Antusch, et al., JHEP11(2006)090
SPS 1a
My = 10'° GeV, my, = 10" GeV

m,= 1058V
010, =x/4

.

-

o
©

o
w

010, < /4
ﬂJ =0

o
»

©
-
bl
>
Y
T o7
0
S—
o
@

o
w»

04 . ;
‘old” B-physics constraint ¢ v '

i ' My = 10'* Gev
15T = 10" Gov 7 j
10 10 10 10" 10"
BR(x—=uy)

Large 6,3 measured (~9°)!

: . 10
g-2 discrepancy ol 0

Inconsistency arising...  "Villing for one more order of

compatibility with LHCDb magnitude!!!!

L. Galli, PSI & INFN Pisa
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Theory & Experiment

my, - v L =M
Loppy = mh,l?ahuel.F + h.c. . (k 4+ 1)A?

e (A uy + diydy) + hee K- o
(1+K‘)4'\2/1'L'}ﬂ61' w7y uy, apymdy, .C.. mllbﬂfﬂeL ((:A’ 6) +h-.C..

fipo e F™ 4+ h.c.

"—v—!-v-rrrw'—vq-ﬂ-rwq—ﬁ—rmn'—v—l-!w-mq T

T

De Gouvea & Vogel' 13 ‘ | De Gouvea &Vogel' 13

AR |

B(n — & conv in < Al)=10"""

Flipe Joaquim
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Connection with Seesaw

‘TR REERERRRRL OSCi“QﬁOhS sEEBES DireCt vV mMass,
< g [V ] < > [ cosmology,... ]

INDIRECT
mosses
I

High-MASS d.o.f

LOW-MASS d.o.f WITH FV
WITH FV High-scale seesaws (I, II, Ill)

Low-scale seesaws (I, II, III,
inverse ...), SUSY RPV ...

Low-scale NF
SUSY-breaking

Flipe Joaquim
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Connection w/ cLEV Expt.

——— TYPEIl—

/ H

, o® [(m?)ul* | i
Roughly: BR(¢; — ¢; +7) ~ tan” # BR({; — Liv;i)

=T .8
Gy my

What is Important are the
RATIOS of the cLFV channels

P

e

One gets rid of the non-flavoured parameter dependence.

: 2
R,y = BR(7 — py) o = )| BR(T — ;u/,-zi,,) , BR(7 — u.urli,,,)  0.1737
BR(pu — ey) (m3),e | BR(p — ev, ) BR(pt — e, )

. 2
BR(T — e7) (m%):c|” BR(1 — €V g BR(T — ev, v,
_ ~ L

7 BR(u—ey)  |(m?),| BR(u— evie) T BR(u— e,

= 0.1784

R

These are the perdictions of the model Filipe Joaquim
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Connection w/ Expt

Shortcoming of type | and lll seesaws:
HARD"to disentangle the flavour structure of the couplings
in the neutrino sector
IN A MODEL-INDEPENDENT WAY

VM, R ymg,, UL RIR

v

‘;.‘x‘ﬁ'

e /ME 107GV So you can look at the ratio
N \\ b ~__— prediction for differ R matrix
2\ G =7 parameter space

BR(T -}y )

Type lil : M,=10" GeV , A=-5TeV, p >0
L L

N
3 & 3 R
Naka ) 3 PR TP
A Ee e . 0 & S :
iy '1“. 2 . .;‘. 9 = 15 | o 5 N ) \;_
3 FC VN . . o G) ' 4 D LENEIED T
£ . 5 o) » ~
27 v e e O b N a2 oy & ' . . X
A A Ly N g - D A S + A R 7
% IR SR i 10° PP R o T NN LY g - /
15 14 13 -1 10 15 15 " 1. 12 S N .
10" 10 . * AN p .
BR( ) . S ® \ 0¥
> BR(LL > S R “q
p-ey (1 -~ey) . N —- K .28
N DR
\ ", .
\ \ LN
gy
z hY Ky
3 s \

NEUTRINO PARAMETERS TAKEN FROM GLOBAL FITS
Assumptions: no CP phases, M3/M2: M2/M] =10, NH (m] ~0)

But there is an instinct
dependence on the energy scale
that affects whether you are really
constraining the model with MEG
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MEG2013 Data and MEG2

e The 2012 run already performed

10% more statistics w.r.t. 2011 run, analysis ongoing

e The 2013 run ready to start in the middle of May until to Doubling Of

end of August, together with 2012 will double this . L.
seminar statistics current statistics

Data statistics

This result

Data statistics will be doubled
with 2012+2013 (est.)

Normalization-factor/1 0'2

Final MEG S =5 10"

2008 12009 2010 2011} 2012 2013

e ltis an upgrade, NOT a new experiment!

improving the final MEG sensitivity by an order of magnitude ~ 5x10-4
e Limited to a reasonable time span

e Make the best usage of existing
infrastructures

/. . beam line, magnet, cryostat, calibrations (CW)
Pushing to 10 :

knowledge accumulated in these 12 years

Sensi thl teS e expertise inside the collaboration

MEG2 approved and financed by funding agencies.

2013 2014 2015 2016 2017 2018 2019

T R




Beyond MEG

e Current limit: B(u*t — e*y) < 5.7 x 10~ using 3.6 x 104
stopped muons.

e Background is dominated by accidentals.
Nace o R}, X AEy* X APe X A®F, X Atey X T

e Upgrade: target sensitivity ~ 6 x 10~14
based on ~ 3.3 x 10'® stopped muons.

2003 2014 2015 2016 27 2008 2019

arxiv:1301.7225v2

How to improve beyond MEG upgrade?

e One of the limiting factors of u—ey search is the photon energy resolution
in calorimeter.

+ Accidental background dominates: Nacc o R X AE,? X AP, X A®Z, X Ate X T
(e* from Michel decay, y from radiative muon decay)

e A pair spectrometer (reconstructing e*e~ pair tracks from photon
conversion) can improve photon energy resolution significantly. T r—
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IR ENR COERCRECE

e Comparison with MEG, MEG  wor parameten S P——
upgrade and Mus3e. o caargy (V) 306(com) 130

e* #(mrad) 94 53
e* ¢ (mrad) 87 37

This work e* vertex (mm) Z/ Y (core) 24/1.2 1.6/07
yenergy (%) (w<2Zcm)(w>2cm) 24/L7 1.1/ 10
200 keV y position (mm) u/v/w 5/5/6 26/22/5

0.37% y-e* timing (ps) 122 &4
Efficiency (%)

=9
10 mrad -

Pe

E,
Mey 340 keV
Pey

Oey 9 mrad 88
arxiv:1301.7225v2

1.25%

arxiv:1301.7225v2

Frocorsdy ucted Mass | Me/ %)
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Si pixels (HV-MAPS)

~1.5m
I >
/ Recd pixel layers AN ‘
va . ~ P
Scintillator tiles —— p§i ;:ayers : :

surface u A
D~ 58 M6\7/C M Beam Target é

'

Scintillating fibres
’ X ra = o
Phase | \ \/ Outer pixel ldyers

scintillating tiles scintillating fibers
acceptance ~ 70% for i+ — e* e~ e* decay (3 tracks!)

thin, fast, high resolution detectors
(minimum material, maximum precision)

275 M HV-MAPS (Si pixels w/ embedded ampli.) channels
~ 10 k ToF channels (SciFi and Tiles)

A.Bravar
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Mu3ze Staging

Phase |A

rate<10" u/s

only central pixel

+ inner recurl sta.

Phase |IB

ScimBanor e

e

_

N ’
s e byers /
————— — ——
et e
= ———
- J
Scivilsing fbws  f

rate~108 n/s

+ time of flight

/' Ower poe! lmyers

Phase |
rate~10%u/s

+ outer recurl sta.

J
Sciniloting fires  /

N

x 4
¥
\ / Outer ponl oyers

N/

A.Bravar

¥
-
£

B

8/23/13
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Mu3ze Staging

MEG and Mu3e to share same beamline
can easily switch between the two experiments

nE5 beamline

Ak & Channe!

§ Phase A

Phase IB

Phase Il

E ——  Mu3e (90% CL)
F Mu3e continued

- Sensitivity Mu3e

1 1 L Il L 1 1 L L 1
] 100 IO 100 200 300 l 0 100 200 300 400
running days

A.Bravar NuFacti3-WG4  8/23/13




Mu3se Staging
The High-intensity Muon Beamline (HiMB)

Phase Il sensitivity requires GHz muon beam  pis) it |

"
“3 v

it
+H4;

Guiding solencid

{
|

- 4 - - Solencid
asa hlgh-lntensny source of surface muons | o Cotlection

Fan-coupling lorold
Vacuum chamber g0'enoid
A

muons extracted downwards opposite to
incoming proton beam using solenoidal
channel + conventional dipole/quadrupole
channel

Surface Muons

Neutra Area

™. Protons

-~
g
.

2-Year feasibility study for
HiIMB about to start at PSI
Not before 2017
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Muon g-2

Anomalous magnetic
moment

a, = a,(QED) + a,(had) + a,(weak) + a,(BSM)

All interactions, including ones we don’t know,

appear in quantum loops, and add up to contribute a,

Requires precision calculations of the standard model
contributions to enable the next generation of experiments

Requires higher precision Measurements of uHFS
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Muon g-2 Theory Improvements

2 I B
a;(QED) = al(Q) X %+al(4) X (%) + al(6) X (%) 77

4 5
eol?x (D) +afx (2 ., OO O L

o0 g O O

Table: a,(QED) at each order 2n, scaled by 10" e ") i e e}

order 2n using a(Rb) using a(a.) pf.% fOﬁK\\ {/MW\\ f/w‘“\\ m

1) Iia) i) 1iic)

2 116 140 973318 (77) 116 140 973.213 (30)
4 413 217.6291 (90) 413 217.6284 (89) A C Y C Y C O CH ﬁ
)

6 30 141.902 48 (41) 30 141.902 39 (40 * Lattice efforts making progress by Tom Blum et. al and other
8 381.008 (19) 381.008 (19) groups (UKQCD, ETMC, Mainz).

L_10 2.0938 (70) 50038 (70) | * Lattice is especially important for evaluation of light-by-light
sum 116 584 718.951 (30) 116 584 718.846 (37) term, which no measurement can be done.

I
QED contribution 11 658 471.808 (0.015) x10~° Kinoshita & Nio, Aoyama et al
EW contribution 15.4 (0.2) x10710 Czarnecki et al

. . . Courtes
Hadronic contribution Tom Blu)r,n

LO hadronic 604.9 (4.3) x10-1°  HLMNT1L in consistent with Blobs: all possible hadronic states
NLO hadronic 9.8 (0.1) x10710 HLMNT11 } DHMZ10
light-by-light 10.5 (2.6) x10~10 Prades, de Rafael & Vainshtein

Theory TOTAL 11 659 182.8 (4.9) x10-1°

Experiment 11 659 208.9 (6.3) x101° world avg  ~BNL E821 (0.5ppm)

Exp — Theory 26.1 (8.0) x10~1° 3.3 o discrepancy

M HLMNT411: J.Phys.G38:085003,2011
T.Mibe
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o-2/uEDM SUSY Tension

x_ -

G. Isidori, F. Mescia, P. b‘éfra»disi, and
D. Temes. PRD 75 (2007) 115019

.

-

o
o

o
o

Combining g-2 with
u—ey (cLFV) is already
starting to provide
tension for SUSY models

o
o

©
>
>~
[}
T o7
32
o
(48]

deviation from SM (g-2)
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o-2 Techniques

Brookhaven/FNAL Magic Momentum  J-PARC Ultra Cold E=o0
E821 Experimental Technique

New Muon g-2/EDM Experiment at
J-PARC with Ultra-Cold Muon Beam

25ns bunch of X, = 77 mm 3 GeV proton beam

(333uA)
5 X102 protons 0210 mrad 3338 Graphite target
from AGS

(200mm)
4

. . ~ " Surface muon beam
Pions Inflector B-dI=0.1 Tm

(28 MeV/c, 4x10%s)

pP= 3.1GeV/c Muonium Production

,'/’ > N fi . (300K~25mev=r23 kevic)
Target %% -.. -1.T- : =,
7/ njection orbit o o
* Muon polarization |

« focus with Electric Quadrupoles |} Kicker q A
» 24 electron calorimeters Modules

(& —
— —auB

TN

9
a

Mu production

target \/

general form of spin precession vector:

BxE n(5 = E
PxE + 1 PxB+— q
- c 2 c ]
BNL E821 approach J-PARC approach

y=30 (P=3 GeV/c) —— E=oatanyy —
- e - n(s = E - e = Nz 3
o=-Lla B+l BxB+— w=-— aB+—l(/j’xB)

u . u

m 2 C m 2
Continuation at FNAL with

Proposed at J-PARC with 0.1ppm
0.1ppm precision

precision
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Region 1 (10-20mm)
—e— Data (BG subtracted)
Naive diffusion 1
++ Elevated temp.
— = Large chemical pot.
— = - Small chemical pot.

Region 2 (20-30mm) |
] 0000000000

et put s |

Region 1
Region 3 (30-40mm)

Graphite target Region 2
(20mm)
Surface muon beam 3 £ e A
° Time (us)
(28 MeVl, 4X108‘[5) bl vl o | % Mu diffused out from aerogel with thermal velocity. Vo2
Vacuum yield (region1-3) = 3x103 per muon stop o - =
Expected conv. efficiency at J-PARC ~103 (>10?required) byi\ﬂkgziantir(geﬁr?:;l;?exrﬁ)er

by M. Tabata (Chiba/JAXA)

Muoniun
(300 K ~ 25 meV=2.3 keV/c)
Performance of pulsed power supply and coil
is being evaluated with a test coil.

Kicker test coil

y ) Ultra-cold

E e

Surface muons A
Mu production o pi . i *
; 3 I IH st (TITech) KEKB electropinac

target

KEKB/J-PARC accelerator group + TITech + Kyoto
Beam simulations in progress. Muon acceleration test being planned at J-PARC
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Proton radius problem

April 20,2013
wr SCIENCE
POST
Ediion: U.S. ¥ Search The Huffington Post Eilke 38k W Follow Q+1

FRONT PAGE | POLITICS BUSINESS ENTERTAINMENT ARTS TECH GREEN FOOD EDUCATION WEIRDNEWS LIVE  ALL SECTIONS

Science » Astercids - Brain - Dinosaurs - 1SS - Marzs Rover « Mummies - SearchForET. - Human Criging - Physics - Spaceflight - Talk Nerdy To Me - Weird Science

Cosmonaut Breaks Longstanding More In Science: WATCH: Horsehead Monarch's Misshapen Bones May
Space Record Nebula... Magnetic Putty Explained... Va. Have Led Te Torture-Like Treatment

Rocket Launch!...

. : - '
Proton Size Smaller Than Physicists It has raised public interest!

Thought, Puzzling New + Not just interesting:
Measurements Suggest _ _
e 8 et = Tests our theoretical understanding

rilike [ 343 peoole lke this, Be the first of your friencs, Of p roto n
[/ * R

=2 Radius of proton is dominant

uncertainty in many QED processes

STEALTH MODE - ¥YON OFF
FOLLOW US

B » BEE

: i g ) I Gotty Images
159 12 23 318 GET SCIENCE ALERTS:
e MOST POPULAR ON HUFFPOST d10f10p
(+ stare [ ptvect TR m enai | commt| =

Anonymous Calls For Internet
FOLLOW: Video, American Phyeical Society, Electrone, Physiciste, Physics, Proton, Proton Rlarkeuit T Pratest CISPA

W. J. Briscoe
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Proton radius problem

+ What is a radius? How do we measure it?
+ Classical physics: 172 = [ p(r)rd’r
+ Non-relativistic quantum mechanics: 12 = [ < ¢*(r)[r?|¢(r) > dr

+ Relativistic quantum mechanics: 7> = —6dG(Q?) / dQ2|Qz:U

Electron Scattering Atomic Energy Levels Major disagreement between
eP scattering data/hydrogen
energy levels and

hydrogen E levels /

2P

1S
NRQM: finite size -

Fit form factor trend with g° to perturbs energie (830
data, find slope as g = 0 << Tatomic,

[7d
o
®
o
®
(9]
)

o

ox0

EN

e

Orsay, 1962 Bonn dispersion

1<t St d, 1963 ~ CODATA 2006
Two Distinct Methods s;fs'ﬁa%on, 1974 + MAMLI, 2010

. : Mainz, 1980+ JLab, 2011
for Measurlng Sick, 2003 - Sick, 2011
Hydrogen * CODATA 2010

Proton radius (fm

e
&
~

W. J. Briscoe

NuFacti3-WG4  8/23/13

S
S
~l




Proton radius problem

n=3

—— 2P
n=? 3/2

251/
2Si1/2, 2Pz 2Pz
-43.5 GHz 8.2 Ghz
n=1 1S1/2
Bohr Dirac Lamb
Darwin Term
Spin-Orbit QED
Relativity

Simple, but technically

challenging
Form pH

Excite from 2S to 2P

Vary laser freq to find
transition peak
Extremely precise

Components of the Hydrogen Energy Levels

F=1 0.15MHz
F=0

1.4 GHz
F=1 1.2 MHz
F=0 Proton
HFS Size

Mechanics of measuring with pH

time spectrum of 2keV x-rays

5T solenoid

Momentum filter

Water vapor

“prompt” (¢ ~ 0)

cel

| Pictures: R. Pohl

Disk-laser

Cyclotron trap

— Disk-laser /

“delayed” (t ~1 pus) '

y— | P
2 £ 1%/ [99 % R
"{" r 2P -
4L 252
£ 10 5 5= ey ¥ Y
2 E
c -
% r 15—
10° = -
E . delayed K,
E normalize - — = Resonance
C ] prompt K,
L P
102 = 2 E
E 2 e
= c r
C g F
- °
- o+
10 s
= S 3F
C 3 of
2 % £
1 : = T I
| I s Lok E
0.5 1 2 o

1.5

L
49.75

%3 955 %08 0.5
laser frequency [THz]

[AE(2P3F/'§2 — 28F51) = 209.9779(49) — 5.2262r2 + 0.0347r3 [meV]]

Pion beam line

C-target

Ti:Sa cw laser

<9



Why do u's & e’s give different radii?

* Assuming the experimental results are not bad, what are viable theoretical
explanations of the Radius Puzzle?

* Novel Beyond Standard Model (BSM) Physics: Pospelov, Yavin,
Carlson, ...: the electron is measuring an EM radius, the muon measures an
(EM+BSM) radius

* Novel Hadronic Physics: G. Miller: currently unconstrained correction in Need tO dO I’l p and
proton polarizibility affects y, but not e (effectocm?) e p sca t t er 1 n g S 1 d e by S 1 d e

+ Basically everything else suggested has been ruled out - missing atomic
physics, structures in form factors, anomalous 3rd Zemach radius, ...

* See Trento Workshop on PRP for more details:
http//www mpa.mpg.de/~rnp/wiki/pmwiki.php/Main/WorkshopTrento

MUSE Experiment

r (fm)
|=100 - 500 MeV/c mixed beam of s + e’s + 's I atom 877+0. 1+0.
o §F e K T T T 875+0.
Wy T

R
. f/f“.
/ by

N[mA-'s-l]
1° 107 10!

/A
{7

Dispersion at

P 7em/% ! . . Simultaneous measurement of e*/pu* e/y" elastic scattering on the proton
* SR e it beam momenta of 115, 153, 210 MeV/c in pM1 channel at PSI allows:

a0 m
» [lleV/ e]

6 ’VIomentum acceptance: 3% resolution: 0.1% = Determination of two photon effects
X +160 MeV/c g

positrons

10

10° 10*

B = Test of Lepton Universality
. ,4‘ -

Beam spot (nominal): 1.5 cm X - ol -
k1cmY,35mr X' x 75 mrY’ = i A scattering

Spots from 0.7x0.9 cm? up to 16x10 cm?, Ap/p from 0.1-3.0%, used

. = Simultaneous determination of proton radius in both eP and mP

‘asszsnsa!
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JPARC MUSE Program

—
J-PARC MUSE

Multiple intense p beamlines for
cLFV, precsion measurements,

ultra cold p production etc...

4 Beam line

3GeV proton beam
25 Hz repetition rate

Muon Physics at H-Line

3 GeV proton beam at 25 Hz

g-2/EDM

Measure spin precession precisely

Me
searc
i he

Parallel to Magnetic Field > g-2
Orthogonal to Mag. Field - EDM

e Dline (In operation)
. wt, w (10 ~120MeV/c) ~3x107/s
uSR non-destructive element analysis so on
U line (construction finished in 2013)
ut, u (30MeV/c) ~4x108/s
Ultra Slow Muon
S line (In construction, 21047?)
ut (30MeV/c) ~107/s
4 uSR experiments simultiniusly
(In construction, 21047)
ut (30MeV/c) ~108/s
Fundumental physics

H line
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JPARC MUSE Program Progress

Before summer shutdown 2012

D line: complete
U line: complete and under commissioning.
S line: only frontend magnet was installed .

H line: nothing (temporary rad. shield is installed

K.Shimomura NuFacti3-WG4  8/23/13




JPARC MUSE Program Progress

After summer shutdown 2012

®

» U line: installation of curved solenoid
» Sline: installation of SQ456.
* Hline: installation of frontend magnets

e .i.;:. .i.';
Muon beam in
¥y,

oy
100

E ‘a':"‘ > “%: nGeneration (HARP)
* =Y = Surface muon (MC)
S

K
ARP Eur. Phys. J.C
3177 (2008)

Surface muon yield x
transmission efficiency
=100M/s surface muon @
1MW

Tremendous progress on all lines  NuFacti3-WG4

8/23/13



Muon Hyper Fine Splitting (JPARC)

— ——s .
Muan spins are flipped by RF feld.

Two tarmition fng we ared in
l'cﬂj"\’)’!ﬁfrl,“‘)‘ﬂ‘d
v AN HFS wiue and e,

1t e IFS
e

Muons come from the beamline at J-PARC

N prod v ’( el +o
m-n.- 00 % paladoed to e '.'.Q-. .
backwird H"'

- - angular distribution of dnay positrans,
\'?\-.-—-—'——'—- Muoniums are formed in Kr gas, afgilr gh1sbudee mm

wmumm \'m
g4 Kr = pte 4 Krt

B Detect muan spin ok r\mlm by the
'v

2. Determine fundamental values.

magnetic moment

/T 3.183345107(84 . H

+ s *E magnetic moment contributes to a
mass

m— LS of g-2 value.

Theory defined by g-2 exp
4.46330288(55) GHz 1 3.183345107(84)

Nucl. Phys. B (Proc. Suppl.) 162 (2006) 260-263 . In'. 3
q 2 A o/ i I"

Measurement (LAMPF) ) Hullip — wa fwy

4463302765(53) GHZ \ defined by Mu-HFS | - - zcw': (
Phys. Rev. Lett. 82, 711 l 0.0037072083 ( 26) - FPARC Wit Ubra-Ookd Mdor Beam

Our goul is one more digit higher
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UN—eN Conversion

The Mu2e experiment

Moo semont i 2022 COMET(Phase-I)

FEMSSM

Production
Target

»*
»*
»*

'qwk'ﬁ

Aop (B = X7)
Arg(B — R*utpm)
Ag(B — K*pit )

B — K*uw

»>

Bé —r T pT

Kt s 7tuis

Ki, = 7"vo

bR R e b b

*

DohaeRRRRRRHI00000000

*

" — ey

*

T — )7y

*
*
*

p+N—>:—N

dn CLLLLLLLLLL
de

FErrrrrrrr.

A.].Buras




Production Solenoid Proton Beam Tracker Calorimeter

Advanced production Updated tracking & New

solenoid designs calorimeter designs

‘ \ ‘ } Tracker Structure One station Straw tubes
Wetand 3 on a panel

Return Lines

Cryostat Wall

Charge symmetric calorimeter allows for

improved track reconstruction and bkg rejection
NuFact1




Background & Sensitivity

Category Source

Muon-Induced [ decay in orbit

radiative 1 capture
Prompt Beam electrons
[ decay in flight

Miscellaneous Anti-proton induced

Cosmic ray induced

Total

0.1

Preliminary Values

Backgrounds for 3 years run

Single event sensitivity R, =2.5 x 10-17
90% C.L. (if no signal) R, <6 x 10-17

Improved background estimates and
potential sensitivities

(=)
o -
- N

N Events/0.02 MeV/c

o
o
®

IIIIIlIII||IIIIII|III|III|II

0.06

0.04

5.8e+17 stopped 1~
R, =1e-16
JConverslon =394 :0.03
Conversion SES= 2.5e-17 £ 6.7e-19
J DIO=0.19 =0.01

| RPC4+AP4Cosmic = 0.19

St gt g
i

%}‘dﬁwirwm

M‘ Signal Window

Assuming R,
expect 4 even
window

e T e - - -

=1 x 10-1¢
ts in signal

1 1 | 1 1 1 1 | 1
101 102

Reconstructed e Momentum

1 ‘ 1 1 1 1 ‘ 1 1 1
103 104 105

101
p (MeV/c)

6

Full Geant4 simulation, background overlay and reconstruction




Starting in 2016

Measurement in 2017 COM ET(Phase'I )
S.E8=3X10" Pion Capture Section

Has a high(5T) magnetic field to collect the

low momentum, backwards travelling pions

Preduction
Target

J Phase-l Aims

Search for p—e conversion process with a
S.E.S.of 3X 10"

Study the backgrounds for Phase-I|

Stopping
Target Phase-l Detector

] / A cylindrical drift chamber (CDC) for the
/ pn—e conversion search
prototype ECAL and straw tube tracker
for the background studies

* Phase I is now under * Measure real backgrounds
construction * Advanced work detector
o SES =0 components (straws & calor)

NuFacti3-WG4  8/23/13 38




»The electron transport:
bore: 700 mm

CONIEIERnasell]

’ Improves On Stage One by tWO bending angle: 180 degrees
»Electron momentum: 105 MeV/c

Orders Of magnitUde »>Elimination of negative-charged | | R

particles less than 80 MeV/c
»Elimination of positive-charged
particles: proton from muon

Vemeemamz022  COMET(Phase-l1) pure

-17
2 10 : : Reduction of detector rates

Pion Capture Section .
Has a high(5T) magnetic field to co N© Protons in the detectors

‘ low momentum, backwards travellit > Detectors are placed in
Ereduetion a straight solenoid after the

Target
curved spectrometer.

_-Pions
Electron Spectrometer
Allow us to momentum and charge select

the 105 MeV electrons S]gnlﬁcantly
é reduces

il moe NN 72 backgrounds
Transport Section ! yt " COmpaI’Ed to

Long enough so that pions decay to muons,

e
curved so can momentum and charge Alanpaaanns _ “\:S Phase I detector

select particles Detector
NuFact13-WG4 m

Muons

Straw tube CErErrrrrTe

tracker and
ECAL

Sm




Prsmi/Prime

g~
Incoming Proton
Beam e

Nt o
PRISM - Phase Rotated Intense Slow Muon beam @‘/ Pion Production Target

and Capture Solenoid
Muon Transport

Muon Stopping

Electron
Spectrometer

Detector
Solenoid

PRISM requires a compressed
proton bunch!
Single event sensitivity — 3x10-1°

Demonstration Experiment at Osaka PRISM

Original design uses 10 cells.
Demonstration experiment used 6 cells.
Use 2'Am alpha source (200 MeV/c
degraded to 100 MeV/c with Al foil).
1 1 Can locate position and angle of
Scaling Superperiodic S source.

o | Study closed orbits, dynamic aperture
Reference design | and tune.

FLM%HHJAA%

» We need to decide

about the possible baseline e ! 10-cell Ring | 6-cell Ring
i “ﬁﬁ‘ﬂﬁﬂfﬁg update very soon. B Particle muon alpha

-4 0 2 4 3 8
[m]

-8 -6 -2

° «The choice is dictated by - \ Momentum (MeV/c) 68 100

. the performance. !
Advanced scaling FFAG - D | Radius (m) 6.5 35

Number of cavities 8 1

2 4 «tui & ] 10 . b
Advanced NS-FFAG ;'_\Lum_bs;(:f%d °|amP5;_“_?;_0= 2 J . P a St ern a k




Muze & COMET
Schedule of COMET and MuZ2e

! ’ s §
e

‘
-@ —

-------------------------------------------------‘

COMET

il
il
il
I
Eng. Phys. COMET Phase-I :
il
i
i
il

Design, R&D

Final Design

Run Run S.E.S <3x101®

Design, R&D

. COMET Phase-ll
L S

Eng. . '
Run Physics Run I

Design, R&D M u2e :

Q0

Q'"’ Engineering Run Physics Run
($)

. @ 0> -
b

3 o2

5 & Y.Kuno

[§
|
{

Final Design

’ ==} - . - - ‘
Co,
?‘g 2

- mmmom ?
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AlCap

The AlCap Collaboration

® (Osaka University

® Y. Kuno,
H. Sakamoto,
T. ltahashi, Y. Hino,
A. Sato. T. Yai,
T.H. Nam

® Univ. College London

® M. Wing,
M. Lancaster,
A. Edmonds

® Imperial College London

® B. Kirikler, A. Kurup,
Y. Uchida

COMET

® Univ. Washington

® P. Kammel, D. Hertzog,
F. Wauters, M. Murray

® Boston University
® J. Miller, E. Barnes, A. Kolarkar
® Univ. Massachusetts Amherst
® D. Kawall, K. Kumar
® FermilLab
® R. Bernstein, V. Rusu
® Pacific North National Laboratory
® D. M. Asner, R. Bonicalzi, M.
Schram, G.Warren, L. Wood

M uze Y.Kuno
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ALCap

Three Work Packages

® WP1: Charged Particle Emission after Muon
scheduled

in Dec. 2013

» Kammel (Washington) and Kuno (Osaka)
) Rate and spectrum with precision 5% down
» WP2: Gamma and X-ray Emission after Muot
Lynn (PNNL) and Miller (Boston)

® X-ray and gamma-ray for normalization (by
muon decay (by a Nal detector)

in 2014

® WP3: Neutron Emission after Muon Capture
» Hungerford (Houston) and Winter (ANL)
rate and spectrum from 1 MeV up to 10 Me

 BG for calorimeters and cosmic-ray veto, d:

Table 4.14 D.F Measday, Phys. Rep. 354 (2001) 243-409
Probabilitics in units of 10~ per muon capture for the reaction 2X(u, \'p);’;)/ and for inclusive proton emis-
sion calculated by Lifshitz and Singer [343,348]. The experimental data are from Wyttenbach et al. [333], ex-
cept when otherwise referenced. For X(u,vp(xn)) the experimental figures are lower limits, determined from the
actually measured channels. The figures in crescent parentheses are estimates for the total inclusive rate de-
rived from the measured exclusive channels by the use of the approximate regularity noted in Ref. [333], viz:
(uyvp): (pyvpn): (puyvp2n): (povp3n) = 1:6:4:4

Capturing
nucleus

Experiment Z(p,vp(xn))

calculation

(pvp) Experiment

calculation
53 +10*

Activatio experiment A Wyttenbach, etal, Nucl. Phys. A204 (1978) 278-202
; Reaction probabilities per capiured muon *)

A-1,Z-2
o .p)
1079

A-2,Z-2
(u~, pn)
10°%

A-3,Z-2
-, p2n)
(107)

A-4,Z2-2
™, pin)
(1079

A-4,Z-

>99.5

99.5

1 +15 (3)
76 £1.1 ()
13 £2 @

Phys. Rev. C 20 (1979) 1873-1877

Al

1.27mm

Al Target

« present results

o Budyashov et a/. (Si)
& Balandin efa/ (Mg)

Measuring E
spectrum
down below
current data
(<goMeV)

Particles per MeV per Captured Muon

Energy (MeV)

‘ Thisbe?u is an improVedi/ersioniofiaitest experiment

performed by.partiofthis collaborationiaibPShin 2009.
- — v ? < y

' The mostofit € equipments arcialieady Svailgd

i \ 4 B
Target
Al
{ :

< 3

Trigger plastic /,/ Y
counter-1 | & @

Trigger plastic
counter-2

Y.Kuno
43

detectors

Si ('65um)
Si (11500pm)
plastic scinti.

1§
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DeeMee

primary proton beam
- A

muonic atom formation

/ u~ stopped near the surface may
B~ \ e- emit 105MeV/c signal electron
of p-e conversion
low momentum BG \
prompt BG

® Production target .rr?gr?](;\rtoul?neter
T i B =
n production _ measurement L2 S
°n decay into H and particle ID = These magﬁets have been
-muonic atom formation B ;
inside the production \ -mleaiure delayed alrea‘!y |n§t:au.ed's
target electrons

®prompt kicke @ Signal Sensitivity §
S.E.S (single event sensitivity) =2 x 107" g 10§,
(1MW proton beam, 2x107sec) g

® Beamlin
Low momi

u-e signal

D Backgrounds il |
§ Beam BG |

107 [ :
* After protonrate (R,)) <9 x107" il |
* Detector live-time duty = 1/20000 i \
. 20 110 115
- Cosmic ray backgrounds are suppressed. Momentum (o)

* No anti-protons

Decay in Oribit 0.09

After proton < 0.027 (0.0590% C.L.)

Cosmic induced e < 0.018 (MC stat. limited)

Y.Nakatsugawa Cosmic induced p < 0.001

Radiative muon capture < 0.0009



DeeMee

@ Experimental search for p-e conversion in nuclear field is planned
at J-PARC/MLF/MUSE ( DeeMe ) .
- single event sensitivity = 2x107

@ DeeMe already has Stage-1 approval from KEK/IMSS/MUSE PAC.

@ Beamline is under construction.
« J-PARC/MLF/MUSE H-Line
« beamline design
- Magnets at entrance port has been installed.

® Production target R&D is ongoing.
- rotating SiC target

@ Preparations of detectors at spectrometer are in progress.
« MWPC
final design, prototype beam test

o Updated Monte Carlo simulation study is under way.

o Physics data taking is planned to start from 2015.

Well under way for 2015 data taking

PACMAN @ TRIUMF
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Beam Ideas (using g-2 @ FNAL)

Extract low energy m's and p’s from APo target without
degredation of the m fluxed used by g-2

Beam produces I's with momentum up to ~300 MeV/c
Allows for parasitic running of p cooling experiments and
materials science experiments

concrete wall

Vault 390mev/c pions
Side View _APOfloorievel

07700
/
é/////// 2%

i ifz’iﬂ.’iﬁi&’

Pre-Vaul ;;; s Imt1a1 simulations show that the proposed scheme allows

enclosure |

= collection of ~1073 w s and ~10"* 7’ s per proton running
| (semi)parasitically to the g-2 experiment. The g-2 beam
will have ~1013 protons per second on target, so the Muon
Laboratory in the AP0 Hall would have ~10% u ‘s per
second with momentum centered at 300 MeV/c. This beam
can be used for Muon Cooling experiments.
NuFacti3-WG4  8/23/13
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Questions moving forward for 2014
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