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H-e Conversion

& When a u in stopped in a material, ...

1s state In a muonic atom

Fate p- withimthe SM

muon decay in orbit

u —evv

nuclear muon capture

u +A2)—v, +(AZ-1)

¢giEE I = = == = = = = = = = =
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Beyond the SM

- ) -e
w +(A,Z2) —e +(A2) com‘fersion

Forbidden by the SM, because
the lepton flavor is changed to p-flavor to e-flavor.

Event signature :
a single mono-energetic electron of 105MeV (for Al)

in the SM + v masses

KU-e conversion can be occur via v-mixing, but
expected rate is well below the experimentally
accessible range. Rate ~O(10%)

Discovery of the p-e conversion is

a clear evidence of new physics
beyond the SM.

in the SM + new physics

A wide variety of proposed extensions to the
SM predict observable p-e conversion rate.
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P ossible oco

Many models predict a sizable cLFV BR.

o
q
Supersymmetry Heavy neutrinos Two Higgs Doublets
= C n 4 d u ® e
LQ v.2,2
Compositeness Leptoquarks Anomalous Coupling
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How to search the p-

ni productlon
target

low energy

v stopplng
target

signhal e-
E=105MeV

detector

Akira SATO

-e conversion

® |nject proton beam to a pion production

target to generate a huge amount of muons.

® Stop the muons in a stopping target.

— Al target for COMET and Mu2e

— Muonic atoms are produced

— u lifetime in Al ~ 864ns
e 40% p : decay in the 1s orbit (DIO)
e 60% p : captured to the nulear

® Look for the signal electron with E=105MeV.

Key points:

(1) Very intense muon beam
(2) Background suppression

MuSIC and COMET for p-e conversion searches 5 »
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Current Upper Limits and ‘Coming Precisions

& Current limits (90% CL)
— BR(p"Au—e"Au) < 7x10-13 (SINDRUM-II@PSI)
— BR(uTi—eTi) < 4.3x10? (SINDRUM-II@PSI)
— BR(uTi—eTi) < 4.6x102 (TRIUMF)

& Precision of coming measurements (90% CL)

— BR(uC—eC) < 2.3x10 '3 (DeeMe@J-PARC-MLF)
e 2016~

— BR(p-Al—=eAl) < 7x10° 1> (COMET Phase-1@J-PARC-HardonH)
e 2019~ :

— BR(u-Al—eAl) < 6x10-17 (COMET Phase-ll@J-PARC-HadronH)
e 2021~

— BR(u-Al—=eAl) < 6x10 17 (Mu2e@FNAL)
e 2021~

] O”ﬂild)u-?b‘z\g—ﬂ FRDORBRZIRET S5 & 1010u-/DIEE
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Laboratory/ | Country Proton beam power Time structure ut yield Available u™ intensity
Beam line per proton beam power [u/sec/W] [t /sec]
RCNP Japan 784 W(392 MeV, 2 pA 1] DC
e | AT 8.5 % 10 [is/W| 6.7 x 10% s}
PSI Switzerland | 1.3 MW (590 MeV, 2.2 mA) [3] DC
BT I £ = TS U 43 x 108
C

TRIUMF Canada 70 kW (500 MeV, 140uA) [5] D
B B B S U 35 10°

! An upgrade program of the RCNP cyclotron facility is in progress to increase 400 MeV proton beam intensity to more than 5 pA.[1]
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MuSIC@FRKRCNP

Ring Cyclotron

Research Center of Nuclear Physics (RCNP) B
Osaka University, Japan s _;;_;1-_' AVF Cyclotron

RCNPD 2 DD+ 70 kO YIRS ICK D RENICEFE—LAF. EENTRILF—
392MeV, ZTMHEEN D, E—LERIULAT THHEE

— BuA XTHE®RI DETHED D,
® MuSICld. —BARZLERE (AXER=E) [CRESNTWS,

Akira SATO MusSIC ;12 5
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GM cryocooler

. Transport Solenoid
,5\.\' . 2.0T with 0.04T dipole field

SUS radiation shield

Proton beam line
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Proton Beam Monitoring on the Target

Graphite Target
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S. Cook, et. al., Phys. Rev. Acc. and Beam 20, 030101 (2017)

Muon yield @ the solenoid exit

Muon life (Stopping target: Cu) Muonic X-rays (Stopping target Mg)

Entries 149814| B @ o... ...+ Gaeral 20202020 = -
-ﬁ? / ndf 1780 / 1239 l :;::;’; :;:':"'um R e | |5~ A

- 369.3 + 13.4 | RS P
Tey 162.5 + 0.3 ! | el ™
N, 254 + 2.0 700— ull energy
T 2197 £ 0. - | -
N 14,914 035 Mg-eLa Mg-7rLa (74.7keV) v
0 4.355 + 0.555 (56-6kev\). « C-uKa(75.5keV) ‘
T 59.37 + 0.00 e ~
N, 48.07 + 0.24 500}

400 J‘ Mg-uKa e+e- annihilation

(296. 4keV) y-rays (51 I keV)
3oop m o
200:—
1007
0511Mw s e s W PR

100 200 300 400 500 600 700
Energy [keV]

—I—Nbl sin (ZE_T¢> +Nb2’

M PP B R Pt Skt fali-air A TR

0 5000 10000 15000 20000 25000
t' (ns)
Measured muon yield at the exit of the 36° transport solenoid

T measwemen
positive muon [u*/sec for 400W] (4.2+1.1) x 108
negative muon [u7/sec for 400W] (3.6 £ 0.4) x 107

The Y production efficiency shows good
agreements with the design value.

: 4. 8
Akira SATO MuSIC - Status and Prospects -, 2012/09 __£a§& §




PHYSICAL REVIEW ACCELERATORS AND BEAMS 20, 030101 (2017)

Editors' Suggestion g)

Delivering the world’s most intense muon beam

S. Cook,' R. D’Arcy," A. Edmonds,' M. Fukuda,” K. Hatanaka,” Y. Hino,” Y. Kuno,’
M. Lancaster,I Y. Mori,4 T. Ogitsu,5 H. Sakamoto,3 A. Sato,3 N. H. Tran,3 N. M. Truong,3
M. Wing,"" A. Yamamoto,” and M. Yoshida’
lDepartment of Physics and Astronomy, UCL, Gower Street, London WCIE 6BT, United Kingdom
’Research Center for Nuclear Physics (RCNP), Osaka University, Osaka 567-0047, Japan
3Department of Physics, Graduate School of Science, Osaka University, Osaka 569-0043, Japan
‘Kyoto University Reactor Research Institute (KURRI), Kyoto 590-0494, Japan

SHigh Energy Accelerator Research Organization (KEK), Tsukuba 305-0801, Japan
(Received 25 October 2016; published 15 March 2017)

A new muon beam line, the muon science innovative channel, was set up at the Research Center for
Nuclear Physics, Osaka University, in Osaka, Japan, using the 392 MeV proton beam impinging on a
target. The production of an intense muon beam relies on the efficient capture of pions, which subsequently
decay to muons, using a novel superconducting solenoid magnet system. After the pion-capture solenoid,
the first 36° of the curved muon transport line was commissioned and the muon flux was measured. In order
to detect muons, a target of either copper or magnesium was placed to stop muons at the end of the muon
beam line. Two stations of plastic scintillators located upstream and downstream from the muon target were
used to reconstruct the decay spectrum of muons. In a complementary method to detect negatively charged
muons, the x-ray spectrum yielded by muonic atoms in the target was measured in a germanium detector.
Measurements, at a proton beam current of 6 pA, yielded (10.4 4 2.7) x 10° muons per watt of proton
beam power (™ and ™), far in excess of other facilities. At full beam power (400 W), this implies a rate of
muons of (4.2 4 1.1) x 10® muons s~!, among the highest in the world. The number of 4~ measured was
about a factor of 10 lower, again by far the most efficient muon beam produced. The setup is a prototype for
future experiments requiring a high-intensity muon beam, such as a muon collider or neutrino factory, or
the search for rare muon decays which would be a signature for phenomena beyond the Standard Model of
particle physics. Such a muon beam can also be used in other branches of physics, nuclear and condensed
matter, as well as other areas of scientific research.

DOI: 10.1103/PhysRevAccelBeams.20.030101



MusSIC Pion Capture followed by ...

® MuSIC successfully demonstrated a muon intensity =
108 /s is available with a 431TW proton beam. It
correspond to ~ 10%u*/s/W and ~ 10°u-/s/W, over a factor
of 1000 higher than other muon facilities.

® For COMET (elementary particle physics)

— combine with 56kW proton beam at J-PARC can make
>10%u/s for y-e conversion experiments. The COME

collaboration is building another pion capture system for
COMET at J-PARC hadron hall.

Akira SATO



COMET SC magnets for 10‘°p /s beam

* A90-deg muon transport solen0|d s

has been lconstructed in 2()'15 W

e

e A 5.5 Tesla pion capturegsolenoid W|II,_§ )
be deliver of 6 J'PARC 201 9 ' [CQMET Phase-| Layout:

19



MusSIC Pion Capture followed by ...

® MuSIC demonstrated a muon intensity = 108 u /s is
available with a 431W proton beam. It correspond to ~
10%u+/s/W and ~ 10°u-/s/W, over a factor of 1000 higher
than other muon facilities.

® For COMET (elementary particle physics)

— combine with 56kW proton beam at J-PARC can make
>10%u/s for y-e conversion experiments. We are building
another pion capture system for COMET at J-PARC
hadron hall.

® For RCNP
— The directer decided to start muon program at RCNP-

MuSIC by extending MuSIC with a muon beamline, which
consists of normal-conducting magnets.

Akira SATO




Examples of DC Muon Science at MuSIC

G Particle Physics : Stage-2

—  search for u—eee (muon LFV) 108°u+/sec Needs.a long SC
solenoid channel.
DC Contlnuous beam |s Crltlcal | N  err———

+ “Materials Science -
— SR (a uSR apparatus is needed) 10°%u* /sec, polarized

z

Nuclear Physics : A beam line can be
— nuclear muon capture (NMC) 1043 u-/sec consist of Q,D
nuclear matrix element study for Ov B B8 decay magnets.

§ — pion capture and scattering
{ ’ Chemistry : EEE

! — chemistry on pion/muon atoms 1045u-/sec
$ ’ Non-destructive element analysis !
‘o archaeology, asteroid explorer (Hayabusa-2) 1045u-/sec
" s Accelerator / Instruments R&D T
—  (for PRISM/neutrino factory/muon collider) :

Superconducting solenoid magnets

FFAG, RF

cooling methods

muon acceleration, deceleration, and phase rotation

Akira SATO
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A New DC muon beam line: RCNP-MuSIC

Pion capture system
SC solenoids

Muon intensity = 108u /s
% ; many backgrounds

DC Muon Beam Line @RCNP
MuSIC Ml

"DC muon beam line

MuSIC-M NC Q,D magnets
l lﬂ "
”MWI E m
WSS Beam Line ’S\‘\

’9 0 | 2m -
L J

TIN-TINE

TN

IIN-INIIN
IN-AdiiN

TINVINTIN
TIN-TUS
FIN-OEIN
TINCINEIN
TINOEIN

I
FIN-UOTIN

105u/s)

Proton beam 2, 1 '
from the ring cyclotron

Akira SATO Wt ™ o - Rt i MUSIC /24 [




The DC muon beam line in Japan
RCN P-MUSIC-M -I constructed in 2013JFY

Goal of the beam performance

Muon beam

8 Positive muon : DC-u SR
—  beam size : ¢ 10mm
— angle : < 50mrad
— intensity : 2~4 x 10%4/sec
8 Negative muon : nuclear phys. chemi. u-X
—  beam size : ¢ 10mm~d50mm ’
— angle : < 200mrad Tl‘ip%it SN
— intensity : 2x10% ~2x105%/sec &3 &

Wien filter
gap 15cm
HV: +- 400kV
L=1.8m
Spin rotation: 74deg

Full operations started from 2017.

Akira SATO



MuSIC-M1: Measured u intensity

Negative muon Positive muon
3 3
2 x10 _ 1000?10
= i < N
@ 140 ~1x10°u7/s @60MeVic é‘ s0of- ~7Xx10°p™/s @60MeV/c
@ - with 1yA proton beam ® - with 1yA proton beam
o I C 800
- - B
£ 120_ ® g C
> I E -
= i >, 700 Tuned for L
% 100 ® = : decay muons
- - ° o 600
— | -t B @
£ a £ B o
S 8ol ® & 500
g i S "
£ N ®
] 400~
60 ® N e
- L 300 °
i °® "
R - Tuned for
40 ® 200 e surface muons
- . -
I " ®
I o 100 ® i o-
20 ® N ad -
_IIII|IIIlllugllIII|IIII|IIII|IIII|IIII|IIII|IIII O_IllllllIIT.IIII-l.I-IllllllllIIII|IIII|IIII?IIII|IIII
O 10 20 30 40 50 60 70 80 90 100 O 10 20 30 40 50 60 70 80 90 100
muon momentum [MeV/c] muon momentum [MeV/c]

Notes: Muon was measured a 40cm x 40cm counter with 20nA proton beam, then normalized
with 1pgA. The tuning to get focused beam will be done in this year.

MuSIC,,
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Particle separation and beam size

1/ w/ and w/o DC separator

— ’(‘n\ 30_ ' | r ] T T T —
i — Z C run00606: 419.7(/s) ila-
+_ | DC sep. OFF [P=28MeV/c 2 L .....‘Beam profile: X
; beam associated 8 : .. . . :
: positron bckground 20 . [n} . .
10° — 15 __ . =4 i ;
; rodl]ci‘(:jj:‘? ;rji);n[?():;?: ol k!:‘f:‘p‘ muon COTT‘I[’) onent \V,fo DC Separator E ] ( ) 5
bl il A 10
7 1)) % - 45mm °, .
' é— f “.W\){Mﬂ[‘ . 2 n " . - =
?(th Mﬁ*ﬁ%iﬁbﬁﬂ&%ﬁ#ﬂ“#lw N OWF“” :L - | A.l Ml PP PR PP PR .. L ST ;
DC sep. O %% 60 40 20 0 20 40 60 80
0511Hi‘“l1ISU“21““2¥5”HI[31l1135““4““45““5““%5 X(IIIIII)
positrons muons
S T T
2 - run00606: 264.0(/s) _—
g 20F ., | Beam profile: Y
Q 18:__ el —]
~ - .. o -
e+/ v 16— ' =
DC Sep. H 3 E
for 28MeV/c 14F AL z -
12 n =
10 . =
Off 6.8 oF < > E
6 ="  45mm ", =
4 =
On(£100kV) <0.15 = ) a E
ot . ! - | I ] . - 1)
80 60 40 20 0 20 40 60 80
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Status of Muon Experiments at the MuSIC
E411: Nov. 2015 [SI11S

— “Development on non-destructive elemental analysis of planetary materials by using high
intensity u- beam”, K. Terada, (Osaka U.)

GO2/EA4T5 : 28-29 May 2016, Impact project [y
“Reaction Mechanism of Muon Nuclear Capture on Pd Isotopes”, by H.Sakurai(RIKEN),

GO2/E475: Feb.-Mar. 2017 I
—  "Reaction Mechanism of Muon Nuclear Capture on Pd Isotopes”, by T.Matsuzaki(RIKEN),

E467: June 2017 m

—  "Development of muonic X-ray measuring system and precise determination of muon capture
probabilities for iron compounds”, by K.Ninomiya(Osaka U.),

E476: June 2017

—  "Measurement of the muon capture on 3He by using of the high intensity continuous -
beam”, K.Takahisa(RCNP),

E490: June 2017 m
—  "Muonic X-ray analysis of planetary materials: Development on Isotopic measurement and
Muonic X-ray imaging”, K. Terada, (Osaka U.)
E489: in Feb. 20187
—  "Muon-gamma spectroscopy for neutrino nuclear responses”, lzyan Hashim (Universiti
Teknologi Malaysia)
23 WAl AEYl — the first official UYSR user’s experiment
“Study of Novel Superconductivity in Layered Structural Superconductor by means of uSR
technique at MuSIC”, Wataru Higemoto (JAEA)

Akira SATO Voo e G O "’59;,



Pictures for 1.14A operations

MusSIC p-element analysis : 2017.3.2
Golden Coin (1.1pA, 50MeV/c, 15min.)

‘ /Cu pX-ray
- Ag pX-ray |

\ | Au pX-ray

. All I”“‘ n»h ‘]

Muonic X- -rays from Koban were clearly obgérved
in a short time for the p-element analysis.

wum 'al k".!f-i»» |'~|" HH{. ipl

| i ’ | L L AL

-
-

Detector for. the Memb
Wae b/ transmutation
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RILIEAGetEHEs - CAGRA

Ha—/N\—EGelaHBFZETLAJOT Ik

CAGRA (Clover Array Gamma-ray spectrometer at RCNP/RIBF for Advanced research)
Co-spokespersons:

KR KRFERDEA R F—

843 =
FFO XK. FH B Z8% - EDHE: ml-clover@rcnp.osaka-u.ac.jp
A— G R ml-cagra@rcnp.osaka-u.ac.jp

MRBmNDE:

I EFEA. Michael Carpenter B, Paul Fallon®, Volker Werner®, B3 ZF,
BAR W& WA g4t B T &K FEFE wE =0 E BT,
BAR FMN.EBR bUOA =K RIBERC, A EET . BHY MEC.
Fig @B .8 X, TH ET./DHIE BF.THE F°. 8 [EXERC,
b e, LA RaEAPCR FEIUINME E@. /R . Bk B

A BAEKE IBEER. B. ANL. C. LBNL. D. Yale,
E. RIRARERZDIBIATR L I—, F. KIRKFIEFZHITE .

RRRF-RFEZBEERAREF— H BERE. | REBKRFEFEHEFR.

) EIURFEZMEZE., L ANMKFE - RZEREFZWHERR
2015/09/23 RCNPIFEETEIMRET S 3

HFEFOKDRAZALKR&ED
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kﬁW%Ge@tﬂEﬁ : CAGRA
_%E'ﬁ' % GG@L
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+1 0—9~|_ . O] F% R
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beam axis
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RILIEAGetEHEs - CAGRA

HKEBEE—T7DRERE (a2l —3V)
25

—before add back eff[%]

20
. —after add back eff[%]
S
> 15
O Energy (MeV) W/O Addback W/ Addback
= 1 4.55 % 6.27 %
“aE; 10 2.5 2.10 % 3.28 %
=z
©
()
o
o 5
fd
& —
i
Q.

0

0 500 1000 1500 2000 2500
Energy [keV]

* Add back: BEREDIXILF—ZRELEDLES I &

. MusiC
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_CAGRA@RCNP

Tom\ |\

3 IMP Clovers

mounted at 90°
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Time line of CAGRA project
-m—mmmmm

E438 Ideguchi

E448  Odahara Aug. Mar.
201 5£E E436 Carpenter
6EER =N E435 Kondev !

E437 Hoffman

E439 Yamamoto

test *

E450 Bracco...

E454 Savran
20164 - E470 Jenkins 2
7£5§ E441 Noji .

E471 Ideguchi

E455 Fang

E464 Gao

IHBF

201 XE@with MuSICF v > R—2ZP DO EEAN?
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MuSlC-M]: MSR spectrometer

* Longltudlnal =4.0 kG
¥ *Transverse =365G
‘ _ ) |
Active ollaboratjm with KEK/J-PARC/JAEA muon group
_for MuSIC-M1 and pSR measurements. ~&¥ "~ N




COMET SC magnets for 10‘°p /s beam

e A 90-deg muon transport solen0|d
has been kconstructed in 20153 e

- -
------
. s

e AS.5 Tesla plon captures 'Ienmd will + $58 |
be delivered, O J PARC 201 9. f [COMET Phase-l Layout |




& _ AVZa s A\
How to search the p-e conversion

® |nject proton beam to a pion production
" production B e target to generate a huge amount of muons.

target
® Stop the muons in a stopping target.
— Al target for COMET and Mu2e
— Muonic atoms are produced
. — u lifetime in Al ~ 864ns
target e 40% p : decay in the 1s orbit (DIO)
e 60% p : captured to the nulear

low energy

sighal e-
E=105MeV

® Look for the signal electron with E=105MeV.

Key points:

detector

(2) Background suppression
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Background

. Physics

Intrinsic  Physics
physics :Pﬁﬂysics

Beam

related | Prompt |

: Pﬁﬂ_ysics

LN

. Prompt
: Prompt

"= " " e e e e T e e e e e e e

Beam
Beam
Beam
Beam

Muon decay in orbit

Radiative muon capture

Neutron emission after muon capture
Charged particle emission. affer muon capture.
Beam electrons (prompt)

Muon decay in flight (prompt)
Pion decay in flight (prompt)
Other beam particles (prompt)
Radiative pion capture(prompt)

Others

Electrons from cosmic ray muons

Akira SATO
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( mu-e Conversion and Decay-in-Orbit I

S10°E
s | Decay-in-Orbit |
& 102 |- <
S [
E = 2 2
Q 10k ' mu-e Conversion Signal I
w E
5 E ‘/'
TR I | ’
10-1 i— \—’_’_\_LL
muon decay in orbit - '
u —=evv - , . : i
[ | | 1 Lo

—_—

S
-
=
(=]

nuclear muon capture 101 102 103 104 105 106 107

Electron Momentum (MeV/c)
M_ + (Aa@ g VM + (A,Z—l)

To distinguish the signals from the DIO backgrounds,
electron energy must be reconstructed with sufficient
resolution. To achieve SES of 10-1°, o, < 300keV.
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o‘ .

When - stopped in the stopping target might emit e- with Ee<139.6MeV.
We adopt three solutions to suppress this BG.

T +A—-y+ A,y —>e +e

Mu2e beam timing

1695 ns

0.08 —

= POT pulse
0.07 = - :

= n arrival/decay time ( x 1M)
0.06 - w” arrival time ( x 400)
0.05 = u decay/capture time ( x 400 )
0.04 £
0.03E
0.02 ' '

= Signal window
0.01E

T

; ] ] L ] 1 1 1 ] 1 1 | 1 1 1 | 1 1 1 1 ] ]
0 600 800 1000 1200 1400 1600 1800

Time (ns)

0 500 400
1. Put a long transfer line before the stopping target
2. Wait for ~ 700ns to open the signal window.

3. Make pulsed proton beam with extinction level < 10-12~10-1,
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COMET @J-PARC
Protons Protons Pion Capture Section
\\\ i \\ A section to capture pions with a large
\\ | \\\ solid angle under a high solenoidal

@ §3 magnetic field by superconducting
AN Production SN Production Mmaget
Pions :§ Target % Target
— —
Muons = =
—= —
—= —
—= —
E | 1= |
== ==
E § E § Pions )
i == Detector Section
I = I == I A detector to search for
= = — muon-to-electron conver-
== = = i
j= = == Muons sion processes.
I I
— i —
— Stopping é
Target ///

7)
/////Mﬂﬂ::::::::::nun:uunununununununununu

Pion-Decay and
Muon-Transport Section
A section to collect muons from
decay of pions under a solenoi-
dal magnetic field.

L

5m

el

AAAAAAAAAA

FELLEECLLL

Mu2e @FNAL

S N
7

COMET Phase-Il :
physics run 2021-

BR(u+Al—e+Al)<6x10 177 @ 90%CL

*8GeV-56kW proton beam, 2 years
*180deg. bend solenoid, bend spectrometer,

COMET Phase-I :
physics run 2020-

BR(u+Al—e+Al)<7x10-15 @ 90%CL
*8GeV-3.2kW proton beam, 110 days
*90deg. bend solenoid, cylindrical detector

*Background study for the phase2 transverse tracker+calorimeter

Production Solenoid Proton Beam

A%mort Solenoid

Detector Solenoid

Mu2e:
physics run 2021-

BR(u+Al—e+Al)<6x10-17 @ 90%CL
*8GeV-8kW proton beam, 3 years
*2x90deg. S-shape bend solenoid,

straw tracker+calorimeter

Design of the both experiments are based on the MECO@BNL experiment
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COMET Phase-| COMET Phase-ll
Protons Pion Capture Section
Wﬁ@ st s s

magnetic field by superconducting

Production maget
Target

D

Production

Ty

Detector Section

A detector to search for
muon-to-electron conver-
sion processes.

[ S— ]
| e— ]
m
| —
| —
" m
= — =
T
T
e
T
|
T
|
| . )
| |
| = .
| = -
[

Stopping
_ Target M

R 00N000000000000000

\

Pion-Decay and
Muon-Transport Section

A section to collect muons from LLLLLLLLE
decay of pions under a solenoi-
dal magnetic field.

[l

W
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ET Phase-Il (S.E.S 10"

mamanp  Pion Capture Section ITICCIISC D UISCU FTOLOIN DCalll
Protons -
\ N A section to capture pions with a large o ol! L)
solid angle under a high solenoidal

W
T magnetic field by superconducting

D
2

% Production Maget
— Target : reduce beam related BG
— . y
[ S—]
= ' ‘
o e olan @-1», a : ) alalo e
== = )
—— Pions , | ‘ 11 e
= = Detector Section 10" p-/sec
IE?I A detector to search for \ J
= =1 | muon-to-electron conver-
=E 2 sion processes. ( B
— Muons ~nc Trancnort Salanoaic
—» b ALY < i 1 Rl VI © WWVWIGIIWVI S
%‘ Stopping . .
//' Target eliminate
//// N 1 1QNA A . energetic p (>75 MeV/c)

S
=
£

eI Re e e ) N e y
I j

. . - g a ’
f a » f\‘q ) | n>? 5 r: il |

Pion-Decay and

Muon-Transport Section | | ~'§: ‘ _ ~ improve
A section to collect muons from mARAAAA AR _— % — ’ ‘ e” energy resolution
decay of pions under a solenoi- \\ \. /
dal magnetic field.
‘I — @ i -~ )
| 5m | ‘ ‘ § EIeCtron spectrometcteyr
j ‘ reduce detector hit rate
COMET Phase-ll : L )
physics run 2020- , N
BR(u+Al—e+Al)<6x10"17 @ 90%CL LOW=MAaSS 1 racKer
*8GeV-56kW prot 2 .
8GeV-56kW proton beam, 2 years improve
180deg. bend solenoid, bend spectrometer, e- energy resolution
transverse tracker+calorimeter L )
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COMET Phase-I (S.E.S 10°")

i |

Production
Target

Akira SATO

ML
UL

o
i

T

\

eI

Stopping

e

Target

COMET Phase-l :
physics run 2017-

BR(p+Al—e+Al)<7x10-15 @ 90%CL
*8GeV-3.2kW proton beam, 110 days
*90deg. bend solenoid, cylindrical detector

*Background study for the phase2

-
intense ruised rroton bean’
- 3.2kW (110 days)
reduce beam related BG
\_
4
10" p/sec
\.
4
LONg | 1SPC 0I1enoia
eliminate
| energetic p (>75 MeV/c)
9Odeg and pions
\_
(
1NN STopPpINgG 1arget
improve
e” energy resolution
\.

'Electron Spectrometer
Curved Solenoid

\.

7

SO
Y an [ B -

&ylindrical drift chamber
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Goal of COMET Phase-l

= e —— = = 3 —

& Background Study for COMET Phase-lIl

— direct measurement of potential background sources for the full
COMET experiment by using the actual COMET beamline
constructed at Phase-|

& Search for py-e conversion

— a search for y——e~ conversion at intermediate sensitivity which
would be more than 100 times better than the SINDRUM-II limit

Pion Capture Section Detector Section
~\\:j:::>‘::,-Pion Production Target -

Muon-Stopping Target

Pion-Decay and Detector for -e search Detector for BG study
Muon-Transport Section
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y
Background Study

& Measure almost all

background schematic layout

& Sources

— muons, pions, electrons,
neutrons, antiprotons,
photons

& Same detector technology
used in COMET Phase-lI

— SC spectrometer solenoid

— straw tube transverse
tracker

— crystal calorimeter

& Particle ID with dE/dX and E/

P

Akira SATO «

/A /7 N\

schematic layout

Cryo-cooler

/\ Detector
Antiproton Vacuum

stopper Djl ﬁ:ﬁ Vessel

im Sensor feedthru

Signal readout &
Voltage supply
feedthru port

Vacuum port

end of the

90 deg solenoid
Crystal

Calorimeter
Array

Strawtube
Tracker

aim to know the known BG &
aim to know the unknown BG
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COMET Phase-| detector : COMET muon beam-line -
About 10'® muons are stopped in 6x10° muon/sec with 3kW beam
the target. Electron from p-e produced. The world highest

conversion will be measured Intensity.
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(CyDet)

Superconducting coils CDC inner wall CDC outer wall

Stopping target

\Uon

N
|,.I
Collimator ‘ \ Trigger hodoscope

Beam duct

Vacuum window Shielding Cryostat unit:mm Return yoke
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COMET Phase-l: S.E.S.

& Single event sensitivity
1

Nu i fcap . ACB’
Ny is @ number of stopping muons in the muon stopping target. It is
1.23x10'°® muons.
e 8GeV, 3 kW proton beam power, with 110 days running.
— feap IS a fraction of muon capture, which is 0.6 for aluminum.

— Ae Is the detector acceptance, which is 0.043.

Table 28: Breakdown of the y~ N — e~ N conversion signal acceptance. Signal and DIO (BR=3 x 10™'°)

B(p~ + Al - e + Al) ~

Event selection Value Comments
Geometrical acceptance 0.37

Track quality cuts 0.66

Momentum selection 0.93 103.6 MeV/c < P, <106.0 MeV/c
Timing window 0.3 700 ns <t < 1100 ns
Trigger efficiency 0.8

DAQ efficiency 0.8

Track reconstruction efficiency 0.8

Total 0.043

B(p~ +Al —e +Al)=31x10" "
By~ +Al - e” +Al) <7x10" " (90%C.L.)
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COMET Phase-

Background

estimated events

Muon decay in orbit

0.01

Radiative muon capture

< 0.001

Neutron emission after muon capture

< 0.001

Charged particle emission after muon capture

< 0.001

Radiative pion capture

0.0096*

Beam electrons
Muon decay in flight
Pion decay in flight

< 0.00048*

Neutron induced background

~ 0"

Delayed radiative pion capture

0.002

Anti-proton induced backgrounds

0.007

Electrons from cosmic ray muons

< 0.0002

Total

0.03

with proton extinction factor of 3x10-1

[=]
.
N

(=]
o

Counts per 0.1 MeV/c

o
o
®

0.04

0.02

:

BR=3x10"(-15)

104.5 105 105.5 106
Momentum [MeV/c]

Expected BG events are about 0.03 at S.E.S. of 3x10-'°.

Akira SATO
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COMET : Collaboratio

The COMET Collaboration
(Sep. 2014)
R. Akhmetshin®2®, V. Anishchik?, M. Aoki?®, R. B. Appleby®?? Y. Arimoto'?,
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Y. E. Cheung?®, B. Chiladze?, D. Clarke3?, M. Danilov'® 23, P. D. Dauncey!'!, J. David?°,
W. Da Silva??, C. Densham?®’, G. Devidze3?, P. Dornan'!, A. Drutskoy'®23, V. Duginov'4,

\3 . \
\\\ A. Edmonds®®, L. Epshteyn® 27, P. Evtoukhovich!, G. Fedotovich® 28, M. Finger’, M. Fin-
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w K. Gritsay'®, E. Hamada'®, R. Han', K. Hasegawa!'®, I. H. Hasim?’, O. Hayashi®,

M. 1. Hossain'®, Z. A. Tbrahim?!, Y. Igarashi'®, F. Ignatov®2® M. Tio!®, M. Ikeno'?,
K. Ishibashi'?, S. Ishimoto!®, T. Itahashi?®, S. Ito?”, T. Iwami?”, Y. Iwashita!”, X. S. Jiang?,
P. Jonsson!!, V. Kalinnikov!?, F. Kapusta?®, H. Katayama?®, K. Kawagoe!'?, V. Kazanin% 28
B. Khazin’6:28 A. Khvedelidze'*, M. Koike3¢, G. A. Kozlov'4, B. Krikler'!, A. Kulikov'?,
E. Kulish', Y. Kuno?, Y. Kuriyama!®, Y. Kurochkin®, A. Kurup!!, B. Lagrange!!: 18,
M. Lancaster?®, H. B. Li?, W. G. Li?, A. Liparteliani®?, R. P. Litchfield?®, P. Loveridge3°,
G. Macharashvili®, Y. Makida'®, Y. Mao®, O. Markin'®, Y. Matsumoto?®, T. Mibe!®,
S. Mihara'®, F. Mohamad Idris?’, K. A. Mohamed Kamal Azmi?', A. Moiseenko',

[} Y. Mori'®, N. Mosulishvili*?, E. Motuk®, Y. Nakai'®, T. Nakamoto'®, Y. Nakazawa??,
J. Nash™, M. Nioradze®?, H. Nishiguchi'®, T. Numao®?, J. O’Dell??, T. Ogitsu'®, K. Oishi'?,
K. Okamoto??, C. Omori'®, T. Ota3!, H. Owen??, C. Parkes??, J. Pasternak'!, C. Plostinar3°,

6,28

V. Ponariadov?, A. Popov®2® V. Rusinov'®23, A. Ryzhenenkov® 28, B. Sabirov!?,
N. Saito'®, H. Sakamoto??, P. Sarin'®, K. Sasaki'® J. Sato3!, D. Shemyakin5 28,

N. Shigyo!, D. Shoukavy®, M. Slunecka’, M. Sugano™®, Ya Takubo'®, M. Tanaka'®,

. C. V. Tao?, E. Tarkovsky'®23, Y. Tevzadze3?, N. D. ThongQg,sy. Thuan'2, J. Tojo!?,
4 { M. Tomasek?, M. Tomizawa'®, N. H. Tran?, I. Trek®?, N. M. Truong®”, Z. Tsamalaidze',
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J E. Velicheva'®, A. Volkov!4, V. Vrba?, W. A. T. Wan Abdullah?!, M. V\/arréﬁs’57 M. Wing?®,
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: Y. Yang'®, H. Yoshida?®, M. Yoshida!®, Y. Yoshii'®, T. Yoshioka!?, Y. Yuan?, Y. Yaidin% 28,
J. Zhang?, Y. Zhang? ‘\ M
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L North China Electric Power University, Beijing, People’s Republic of China
2 Institute of High Energy Physics (IHEP), Beijing, People’s Republic of China
3 Peking University, Beijing, People’s Republic of China
4 Belarusian State University (BSU), Minsk, Belarus
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COMET Collaboration meeting@KEK 26-30 Jan 2015
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COMET Status:

CyDet assembly
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