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Power Capability of J-PARC

Slow Extraction; 99.6% efficiency for 24kW was achieved!
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Intensity frontier in J-PARC
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One of the most powerful beam

e RCS: 3GeV, designed to be TMW

e 3GeV TMW acceleration test
succeeded (Feb./2015). 500kW
beam delivery in MLF (April/2015).

 Main Ring: 50GeV, designed to be
0.75MW

e Hadron hall restarted April/2015
33kW slow extraction

e 360kW May/2015 fast extraction
for neutrino
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Available secondary particles

e (K% K% mt{u®, n, v have low mass and long life time
e Easy to generate a lot
e High intensity secondary beam available
e Transportation by secondary beam line
e Various experimental setup, in flight or stopped etc.

e Reduction of unwanted particle: lower backgrounds

e Important probe of high precision measurement
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KOTO (KO at TOkai)

d vV
lmc;e Rare decay, K(°—=n%vv search experiment
S A"

Primary proton 20m beam line

(30GeV)  Sweeping magnet, collimator
Short lifetime particles decay in flight

Production
target

Charged particle

Hermetic veto
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Signal: 2y + Nothing
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KOTO (KO at TOkai)
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KOTO (KO at TOkai)

* Rare kaon decay K(°—=nvv: Flavor changing neutral current
process, CP violating

* Br(Kl°—=n%v) =3.00+0.30 x10"" (Standard Model, A.J. Buras,
et al, arXiv:1503.02693)

e Br <2.6x10% (Current experimental limit by E391a)
* Br < 1.5x107 (Indirect limit from K*—=n*vv)

e 5-day run in May/2013, Resumed to take data from April/2015
aiming sensitivity of 10-'!, (then O(100) measurement with
KOTO-II)

If they find K{°—=n%vv above SM prediction = New Physics!!
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E36: Lepton flavor universality

Do electron and muon have exactly the same
properties in the weak interaction world?

¥

If it is true, u/e universality is realized.

K 9 ev K 9 TRV, K decay‘width is proportional
(a) (b) 3 to coupling constant, g,.
a

KI2 decay width: I(K),) = g/? (G%8n) f,2mymp {1-(m2Im,2)}?

We aim at testing the p/e universality in the K* system
by precisely checking whether g.=g,,
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E36: Lepton flavor universality
® Rkism =T'(Kt—=etve) / T'(KF— urvy) =2.477(1)x1 0>

* E36 accuracy: (Rk - Rksm)/Rk = 2.5x103

e O(107) deviation from SM in some new physics model
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m Extend the Hadron Hall for ~105m.

m Construct 2 production targets with beam lines.
From discovery to

Single strangeness experiments measurement of KO rare
to explore generalized baryon— decay KOTO-II
baryon interaction

Spectroscopy of multi—-
strangeness and charm
systems

Slide from ISPUN14 by K. Tanaka




Kaon summary

e Kaon rare decay, lepton universality: A good probe for
beyond the SM

e Two kaon programs in J-PARC are running
e J-PARC KOTO (K °—=nvv)

e J-PARC E36 (Lepton flavor universality in K12 decays,
['(K*—=e*ve) / T(KT=utvy) )

e Look forward to see good results in near future!
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Anomalous magnetic moment (g-2)

au = (g-2)/2 =0.00116592089(63) (BNL E821 ~200T) 0.5ppm
= 0.00116591828(49) (Standard Model)
Aay = Exp - SM =26.1 (8.0) x 1010 3.30 deviation

But only a single experimental data ...
— Verifications with better sensitivity are planned
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g-2 measurement

Muon spin rotates in uniform B due to g-2+#0

Spin precession vector

BNL E821 (0.5ppm)
FNAL E989 (0.Tppm)

E =0 at 5,=_£[a 1§+77(/§XB)]




Some of g-2 R&D status

New Muon g-2/EDM Experiment at
EFnhancement of muonium BEEAZ SR LGRNLIERes Ry - EE0

Sllicon

. . - Tracker
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with micro-pattern surface -
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* |If found, ~10%° x (SM +v oscillation prediction)
e C(lear evidence of the new physics

e Recent upper limits
* SINDRUM-II @PSI: Br(u-e conv. w/ Au) < 7 x 107"
Br(u-e conv. w/Ti) < 4.3 x 1012
* TRIUMF: Br(u-e conv. w/Ti) < 4.6 x10712

* Br(u—ey)/Br(u-e conv.) would give information what
mediates them: comprehensive
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COMET
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S.E.S.=3.1x10"> (Phase-1 2017), 2.6x10"(Phase-II)
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COM ET Some pictures from preparation status

Straw tracker
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Proton

DeeMe experiment
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Secondary Beamline

Magnet Simpler beamline

Spectrometer

Simpler detector
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Wien Filter
(not used for DeeMe) ‘H

Transport Solenoid |

J Beam transportation
simulated by G4Beamline

* Search for py-e conv. with msiase

¢ S.ES.=1x10" (Graphite) -
¢ S.E.S.=2x104(SiC)

e Unique idea in role of production target

e Early realization
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COMET and DeeMe

21 3GeV.RES
¥ Rapid Cyeling
Synchrotron

30GeV MR\

Advantages of DeeMe

As I'm working on DeeMe ;)

COMET DeeMe
Anti-proton Possible (8GeV | No (3GeV initial
background initial proton) proton)
B.G. by off- Possible (Slow No in principle

timing proton

extraction)

(Fast extraction)

NGy g { | Cosmic-ray B.G.
Main Ring & Q COMET B

Strong (Small duty
factor, horizontal

track)
A.S.A.P after
Run start Phase-1 ~2017 beamline
Phase-1 ~2019 construction
(2015-2016)
SE.S 3.1x10°"5 (Phase-l) | 1x10°"3(Carbon)

2.6x10"7(Phase-Il)

2x104(SiC)
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e Muon physics is important as probe for beyond the SM

e Three muon experiments in J-PARC are introduced in
this talk

e ¢-2 E34 (muon anomalous magnetic moment
measurement with new approach)

e COMET, DeeMe (mu-e conversion search)

e These experiments will produce exciting results in near
future

e Aside from | mentioned, further future plans (PRISM/
PRIME at J-PARC, Project-X at Fermilab, MEG-II in PSI
etc. )
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e J-PARC is suited for intensity frontier by its high intensity
proton beam.

e Several flavor physics experiments with kaon or muon
are running, or going to run soon in J-PARC

e Stay tuned!!
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MEG at PSI

ut—ety is strictly forbidden in the SM
SM with neutrino oscillation extension predicts

Br(u*—e*y)sm ~10-°0 (nearly zero)
Discovery of it is a clear evidence for new physics @

e Run finished in 2013 |

* 2009-2012 data analysis gives Br(ut—ety) < 5.7x10°13
e Giving a strong constraint on models of new physics
e New result will come soon

e+

e Upgrade R&D for 10-'* sensitivity in progress M
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J]-PARC MUSE bear_nlir)es

* D-Line (Decay Muon Line)
* (Operating

e U-Line (Ultra Slow Muon Line)

e Under commissioning

e S-lLine (Surface Muon Line)

e Under construction

e H-Line (High Momentum Line)

e Large acceptance (130msr)

e Momentum tunable

e Mu HFS, g-2, DeeMe mu-e
conversion experiments are

proposed

e Planed to be constructed
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3NL-E82 -ermilat J-PARC
Muon momentum 3.09 GeV/c 0.3 GeV/c
gamma 29.3 3
Storage field B=145T 3.0T
Focusing field Electric quad very We?k

magnetic

zeo;c)l:tected al 5.0E9Q 1.8E1 1.5E12
o | e |
Target Precision (stat) | 0.46 ppm 0.1 ppm 0.1 ppm
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Muonium Hyperfine splitting

(Captured from Slide by S. Kanda)

> 8 _
§ 6 V12 +vsa=AFBurs - o0 Liu et al., PRL. 82, 711 (1999) @LAMPF
> 4 Vie 14
g2 I & % AEnrs = 4463302765(53) Hz (12ppb)
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Formation,
Muonium B Transition,
and

Deca

Limited by statistics in the former experiment® 22
improve withx 200 statistics

Will contribute to

. . 1. RF freq. scan
CPT & Lorentz invariance test §2. Positron asymmetry

. . 3. Resonance curve
Muon mass determination

8-2 = RAA-R) where R=wq/wp and A=piy/p, Details: PM-15-PM1 14:55-, H. Torii
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Aim of particle physics

e To explore a fundamental principle of the nature

We have constructed the Standard Model of elementary particle physics (SM)
which well describes behavior of forces and particles so far

= Energy Frontier = Intensity Frontier

Study of collision of Precise study of known particles

high energy particles Measure physics parameters of the

SM, or verify the SM precisely with

Check of the SM in high energy region el st

Study properties of heavy particle Investigate deviation from the SM,

which would be mediated by
virtually appeared undiscovered
particles (uncertainty principle)

Generate undiscovered heavy particles
that the SM do not predict
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New Muon g-2/EDM Experiment at
J-PARC with Ultra-Cold Muon Beam

3 GeV proton beam

A
(333uA) Graphite target

(20mm)
- 4

Silicon
Tracker

Surface muon beam
(28 MeV/c, 4x10%/s)

Muonium Production
(300 K~ 25 meV=32.3 keV/c)

Super Precision Storage Magnet
. (3T, ~1ppm local precision)

8ur1’ace~muons O N A(g'z) = O.1ppm
Mu production

target 4 EDM ~ 10-21e*Ccm
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EO6 TREK (Time Reversal Experiment with Kaons)

~—
\-U

K*—a’utv decay

c,P2.XxXp. )

| (. xp,) |

decay plane

e Same spectrometer as E36

* Transverse u polarization measurement
e T-odd product -> sensitive to CP-violating new physics
e SM contribution < 1077
e Effect of final state interaction < 10

e (Goal: 104 (270kW beam, 1.4x107 sec)
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CERN NAG62

Concerning experiment

 BrKit=ntvv)=9.11+£0.72 x10 1" (SM)

* Br(Kif—=ntvv) =(1.73 +1.15 -1.05) x10'° (BNL E787/949)

e CERN NA62 2014 pilot run, run 2015 starts in July

e Search with sensitivity of O(100) signal events, determine Br
within 10% error
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Muon Beams
R TRIUMF pulsed

D S« Surface muon: 1.5x10°u*/s @200kW

500MeV, 75kW \ A LL L

Surface muon: 10°u*/s

MUon 5¢ leng lnur A m

PAUL s&msa INSTITUT Cont'nUOUS

[_;_— — 108u*/s@0.4kW

>

Continuous
Surface muon:1.6x108ut/s @1.3kW

2% Fermilab

Pulsed HiMB 4x10'%u*/s in the future 7
Mu2e 8GeV, 25kW, 5x1010/5(2019/20) L 0% r-rrrc
Project X Mu2e 2x10'2 u/s (>2022) Pulsed

MUSE 3GeV TMW (currently 500kW)
Surface muon rate: 6.4x107u*/s@212kW

COMET 8GeV 56kW 10"'u/s(2019/20)
PRISM/PRIME 8GeV 300kW 10''-1? (>2020)

J-PARC offers the world’s most intense pulsed muon now
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e g-2 @BNL reports deviation from the SM

e Verification with better sensitivity are planned

e Charged Lepton Flavor violation (not discovered yet) is
expected as another important probe for the new physics

e Most recent result reported from MEG @PSI

e Mu2e(Fermilab), COMET(J-PARC), DeeMe(J-PARC),
u3e(PSl) in the future

5th Workshop on Flavor Symmetries and consequences in accelerators and cosmology: FLASY 2015



Anomalous magnetic moment (g-2)
au = (g-2)/2 =0.00116592089(63) (BNL E821 ~2001) 0.5ppm
= 0.00116591828(49) (Standard Model)
Aa, = Exp - SM =26.1 (8.0) x 1010 3.30 anomaly

J-parc muon g-2/EDM

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

3 GeV proton beam

(33304) Graphite target
(a0'Mim)

Surface muon beam
(28 MeVic, 4xt0%s)

Super Precision Storage Magnet

. % (3T, ~ppm local precision)

Surface muons

| A(g-2) = o.1ppm

Upgrade former experiment o EDM: i ehEn

to ~0.Tppm

Perform with brand new approach,
different systematics with sensitivity ~0.1Tppm
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« FCNC process
* Loop diagram

Br(K; — 7vv) :@<
— Charged: CP conserving, top and charm loop

Br (K+ — 7t+v\_/(y)) :@(1 + Agm )
Vi Vi SHIRD + N 'Re Ve, Ve (REIZIEEOPERD)

A.")

2

X

O Uncertainty of hadron can be cancelled by normalizing with
well measured Br(K*—=nletv)
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K-2>nvv beyond SM

EW Penguin SM and/or example of SUSY diagram
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