An experiment to search for
mu-e conversion at J-PARC MLF
In Japan, DeeMe experiment




Muonic atom and mu-e conversion

Normal reactions

Decay In Orbit (DIO)
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Our target

Nucleus
-
Ee=M|,|'B|J
~105MeV for C/Si L7
p-e conversion ‘@ e-
p- + (A,Z) 2e- + (A, Z2)

Charged Lepton flavor violating
(CLFV) process.
Not yet discovered.

Standard Model: Br=0
SM+v-oscillation: Br<10-34

Several BSM predicts just below
current experimental limit (Br(for
Au)<7x10-13, Br(for Ti) < 4.3x10-12

(SINDRUM 11), 4.6X10-12 (rriumF)

« Clear Evidence of NP
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Muon physics and the physics scale

originally from Andre de Gouvea (2013)
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Our strategy for mu-e conversion search

e cony ’l Signal window
Br(u-e conv. Au) < 7x10-13 g

« DC beam, heavy nuclei

« O(1) probably beam B.G. \1 M . D_

' » Time
Class 1 events: prompt forward removed
.

Prompt B.G.  gjgnal e- (~105MeV/c)
n-+(A, Z)—(A,Z-1)%,

y—ere etc. or DIO (<105MeV/c)

_ ++ e measurement
u +
! e measurement

.
+ "  MIO simulation
 a--

DDDDDDD 57 ue simulation
3 w0 Q%Q?w?ﬁ _____________ «  Our approach
5 | T _ : * Pulsed beam, delayed signal window,
L e light but not too light nucleus
© Class 2 events: prompt forward (DeeMe SGIGCtS C OI" SiC)
] + Pt
10 ; *W} - Heavier nucleus, larger overlap
g Tﬁm e H with muon wave function, but
e el shorter lifetime
momentum (MeV/c) ~0.07 ~2_ a~0.7
Eur. Phys. J. C 47, 337-346 (2006) (tiau)~0.07u1s, Tic)~2.0u1s, Ts)~0.76us)
(Esignai=95.56 MeV for Au) * Need more intense beam
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Experimental site: J-PARC MLF
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Utilize powerful pulsed proton beam from J-PARC
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Design of DeeMe

Primary proton beam

Fast extraction: Free from backgrounds by
off-timing proton

3GeV < anti-proton production threshold

Production

Accelerated

proton
|

Nuclear

o Pion production by accelerated proton hits on target
O w-op+v

e y- trapped by a nuclear. Muonic atom formation

O Particles emitted from muonic atom

e Extract electron via secondary beam line and measure the momentum
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Backgrounds and expected sensitivity

Expected backgrounds

e Radiative 1t/py capture
backgrounds
(“'/IJ' + (A!Z) — (A! 2'1)*! y— e+e-):

S0z k1 " o
<0.0009 in delayed signal window % [ ‘ ~ Signal reglon
= F : :
8 ol h -DIOBG - — S S— .
e Decay in orbit (DIO): 0.09 % |
T 1 =1 )
 Delayed proton induced 3 F mu-e c_onv?rsmn
backgrounds (From delayed ‘°"'§' I ES|gna :
proton measurement. O in 102 b RO
principle): < 0.027 3 g Delayed proton BG
100
* Cosmic ray induced backgrounds F e
(MC simulation): 10 ot SRR 00 ﬂ .....................................
= Wl% M
e: < 0.018, p: < 0.001 Ll 4 oA o

105

110 115 120
Momentum (MeV/c)
e Anti-proton (MC simulation): O Assumption:
_ o 1MW beam, 2x107 s, SiC target
Single Event Sensitivity signal Br = 3x10-14

Delayed proton rate = 10-19

o C target case: 8x10-14 (1 year data taking)

e SiC target: 2x10-14 (1year), 5x10-15 (4 years)
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Design of DeeMe

e Advantage of design of DeeMe

e Less Delayed-proton/Cosmic/Anti-proton induced
B.G.

e No need to construct dedicated beam line.

e |ssue

e |Huge prompt burst particles (~70GHz at beam
center, detector position)

o

Space charge effect disables normal wire chamber
to detect delayed signal electron.
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HV switching MWPC

Pulse width: 200ns

Cathode (0V) Double-pulse interval: 600ns
—  / Repetition: 25Hz (40ms)
[ ([ o o [
Gas gain O(1)
A< - > < >
Anode wire voltage
! ) EEEEEEE————
. . o “% ; .
Potential wire & | Potential wire voltage
O
¢ >
Anode wire Potential wire Voltage difterence=0
R Wire during prompt burst
U gy | spacing | mo 888K 3
' - 0.7mm e ch
= s e T S— " or 11200
| _ .ﬁ‘—_-o-l e 1 1 , },5‘;1 0.75mm I1ooo
= = = o 800
l Gain is dominantly determined o

I by AVires = Vanode = VPotential
because of Tiny wire pitch
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HV switching MWPGC

Cathode (0V)
— /

+ Pulse width: 200ns
: Double-pulse interval: 600ns
: Repetition: 25Hz:(40ms)

Gas gain 0(51)
* - i P
Anode wire voltage ;

! )
Potential wire g Potential wire vcéltage'
O
: : : = t

Tiny wire spacing q
e Larger electrostatic force AVuires = 0 Large AVivires

between wires Repulsive force only for ~‘!Ous
e Higher discharge probability  petween wires :
If in this kind of scheme,

Attractive force can make wire A Anode wire volt ” : :

spacing smaller Potential wire vl l F"gh AViires

High AVuires for longer period
Higher discharge probability

Voltage

Attractive force
between wires 1
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Spectrometer magnet

-rT

- r
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Dipole magnet which was used
for PIENU in TRIUMF is
transported to J-PARC

Operation in J-PARC was
successful. Measured field is
compared with calculated one.

* measured

—oeai0) o (), 4T operation for 105 MeV/c
electron tracking.
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Preparatlon status: Beamllne
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. Under construction.
| For final experlment

) Superconducting

3 GeV Pggton beam

MIC Solenoid Magnet L

Supercor ‘
r‘ arve !
201€N0IC [

- DeeMe will run in H-line in MLF J-PARC
'Ij U-Line ﬂ which is now under construction
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DIO measurement middie momentum region)

H-Line

Under construction.
. For final experiment

3 GeV Pggton beam

MIC Solenoid Magnet ey

e Checked the actual chamber operation with
Decay in orbit background measurement.

e Successful several days of data taking.

m L 8 .. 8 . 8 . * Analysis on going
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Waveform analysis

Noise of HV switching has always the same shape.
Template subtraction eliminate baseline vibration by the HV switching.

Ramping down Ramping up
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* Mu-e conversion is a good probe for the new physics
beyond the Standard Model.

e DeeMe starts to search for mu-e conversion with
graphite target with S.E.S. of 8x10-14. Improving the
sensitivity with SiC is under investigation.

* DIO background measurement was done with actual
chambers. Analysis on going.

e DeeMe will start soon after
completing the H-line construction.

Please stay
tuned!
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Backups
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11-times larger overlap
C Rotating target g(u reaction with nucleus): 8%(C) = 47% (SiC)
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Surface muon yield: almost x2

.| Studies of thermal stress studies and
the effect to downstream
neutron production target is on going
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Wire pitch vs gain control power

Special geometry is needed for dynamic gas
gain control with potential wire HV switching
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# of secondary electrons by MIP determine gas gain

when d = 3mm, GAFIELD++
1/2 s = 0.7mm, d=3mm seems fine
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Discharge voltage vs wire pitch

inal voltage

200 .
=0T e Discharge voltage, AriC2H6 50/50 ¢ “discharge voltage
g [ »  Discharge voltage, AC2H8 70/30 (Measured)

)
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e pitch 0.7mm, Ar/C2H6=50/50 enough separation
between discharge-nominal voltage
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Restoring
Force: by wire tension
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Strong electrostatic force due to short wire distance

Effectively, small restoring force.
Small shock may move wire large

A few 100um wire movement -> Electrical short
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Switching period
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