rare [ decays

present limitations
a van der schaaf _ zirich

1. present limits on LFV involving charged leptons
2. work in progress

- B ey

- u— 3e

- pe conversion
3. low momentum i beam at the Proton Accumulator

4. beam requirements for
103 fold increase in sensitivity
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LF violating decays

branching ratio limits

Decay mode upper limit Ref.
pt — ety 1.2 x 10711 MEGA 1999
— eTeTe™ 1.0 x 10712 SINDRUM I 1988
pwTi— e T4 6.1 x 10713 SINDRUM II 1997
— eTCa* 3.6 x 101! SINDRUM II 1997
u~Pb— e” Pb 4.6 x 10~ 11 SINDRUM 1II 1996
p~Au— e” Au 1.9 x 10-1! SINDRUM 1I 1999
pute  — pet 8.3 x 10711 SINDRUM I 1999
T— ey 2.7 x 107 CLED 1997
T — Wy 3.0 x 107°
T — 3u 1.9 x 10°° CLED 1998
T — 2ue 1.8 x 107
T — p2e 1.7 x 107°
T — 3e 2.9 x10°°
KT — nTpue 2.1 x 10710 BNL871 1998
K? — pe 4.7 x 10712 BNL791 1993
B° — e 5.9 x 107° CLED 1994
— Te 5.3x 1074
— T 8.3 x 1074
70— ep 1.7 x 107 OPAL 1995
— eT 9.8 x 10°°
— uT 1.2 x 107°
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rare [ decays

sensitivity limitations 1= ey
©w— ey u — 3e pe conversion
medium Z high Z
present limit 1.2.107 11 1.0-10712 6.1-1013 1.6-10" 11
final/0 evts ? 4.10°13
by MEGA SINDRUM I SINDRUM II SINDRUM II
(1999) (1988) (1997) (1999)
future/0 evts 3.10°% 1016
by mini Kamiok. MECO
limited by accidentals detector rates u rate beam
key param. E,, At, 0 coplanarity momentum
vertex high-momentum tail
pulsing beam purity
improvements|thinner target thinner target
(other than |eT spectrom. larger target
beam) IB veto detector granularity
goal 1015 1016 1018 10-17
but:

what do we know about detector technology in the year 20107
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[t — €7y signal and background p— ey
10
pey Sensitivity: .
— 1 1 .06
S = N,t-(2/4m) X Ee'Eq Ecut 5
o
N,= 3 x 108s7!
t= 10" s 02
Q/47= 0.1
ee= 0.9 Po w2 o % e 0
€7= 08 o
ecut= 0.6 ” Prompt background from
=S5 =0.8x10" ,u+—>e+yﬁq/ v.s. Ox and Jdy.

Bace = Ru25ac%(5y)2(ln(5y) + 7.3)(62/2)2%26t

Az (L) Ay () Ab., (rad) At (ns) Boce
1 2 0.01 0.3 2-10°1°
0.2 5 0.02 0.1 2-10°15

dashed:

T l

:

c 107 - Photon yield v.s.
E - threshold:

. dotted:

annihilation in flight

radiative muon decay

x x x
00.5 910 515 320 525
photon energy threshold (MeV)
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p— ey

LAMF search for u — ey
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Search for ,u"" — e'l'*y

down to 1014 branching ratio

KEK-Nagoya-Novosibirsk-PSI-Tokyo-Waseda

Lig. Xe Scintillation
Detector

Lig. Xe Scintillation
Detector

Thin Superconducting Coil

Muon Beam \\ ﬁ Stopping Target
\
"
€ Timing Counter
Drift Chamber 7

| y \ | 1

Drift Chamber

Im

schematic view of the detector (Fig.l of proposal)
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( beams surface v.s. cloud PSI beam

low momentum u* from TES channel
2000 7]
1800 { o
1600 — o
. ] . U branch
- 1400 ]
g T °
@ ]
@ 1200 — .
- ]
S 1000 — . Z branch
S ]
800 {
600 —:
400 —: ¢
200—: Tt e
O;‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\.\\‘\\.\\.‘\\\\‘
26 27 28 29 30 37 32 33 34
beam momentum (MeV/c) e st marei 1965

Z branch gives
~ 3 times more surface p(* and
~ 15 times more cloud gt (and p~)

i.e. (for =~6Y%, momentum band)

3-10% pTs ! around 28 MeV/c
3-10" s ! around 50 MeV/c at 1.5 mA p on 6cm C
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SINDRUM I1

Search for u (A, 72) e (A, Z2) pe

\
A End of PMC I Veto Counter : S I N D R U M I I
B Lead Target J  Superconducting Coil ‘
C Vacuum Tank K Helium Bath
D Trigger Hodoscope L Service Tower
E Cerenkov hodoscope M  Magnet Yoke
F  Outer Hodoscope N  End Rings
G Inner Drift Chamber O Light Guides
H  Outer Drift Chamber

traces left by a
100.6 MeV/c e~
(1993 titanium
data)
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SINDRUM I1I

Search for u 1Iv— e 11 e
O -
= B all e from target
8 108 I prompt removed
2 1 ] cosmics removed
g ] oe6 W - e simulation
g 1
q') 102§
10

o ~O
L A R B B

85 90 95 100 105 110 115
E [MeV]
Electron energy distribution

at three stages of the event selection and as predicted by a
GEANT simulation of pe conversion at By =4 - 1012,

measuring time 50 days

muon stops 3.1 x 1013
capture fraction 85/

acceptance 427,

efficiency 35%
1/sensitivity 3.9 x 1012
sensitivity 2.6 x 10713
events seen <2.3 (90% C.L.)

90% C.L. limit 6.1 x 1013 ecfa, october 2000




MECO:

Search for p= N — e~ N with Sensitivity
Below 1016 Le

.
- CODENTEED = =

Collimators
Production Electron
Solenoid Trigger
Proton _ Stopping Tracking
Beam Production Target Dectector
Target

Detector
Solenoid

Transport
Solenoid

The MECO beam and detector system.
The proton beam enters the production
solenoid from the right side.
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MECO:

Production and transport solenoids pe
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a0 Ll

I
-900 —800 —700

7~ are produced in a
16 cm W target.

Decay 1+~ are collected
with a graded
magnetic field.
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Simulated trajectories in production and transport
solenoids. The downward drift in the curved solenoid

depends on momentum.

Positive charge drifts upward.
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MECO:

beam pulsing pe

1.35 |8

0.5 second beam spill

1.0 second accelerator cycle

Proton beam structure.

Data are taken during second half of the time between two
RF buckets.

The beam extinction in between the buckets has to be
better than 10 9°.

- —
oI oI

o,

o,

pions on the target per proton
o, o,

Distribution of m—
arrival time

A,

OI I I2OOI I I4OOI I IBOOI I 80 1000 I1200
Time of flight (ns)
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MECO:

expected result

pe
10 3,
> ) Straw chamber tracking
§ 104 <— Muon decay in orbit
7 Muon conlversion simulation
210 ¢ v
§ g FWHM 750 KeV
TR
10 L
W\ié““‘ HHM"H
102 102.5 103 103.5 104 104.5 105 105.5 106 106.5 107
. Electron Energy (MeV)
> . _ Scintillating fiber tracking
% 102 <— Muon decay in orbit ) )
P Muon co¢nversion simulation Simulation of eXpeCted
c 10 signals and background
> F FWHM 1 MeV 16 - 7
W at B=10 in 10" s.
10 L
mfzzwH\HH\HH\HH\HH\ \“HHH\\
102 102.5 103 103.5 104 104.5 105 105.5 106 106.5 10
Electron Energy (MeV)
proton momentum 8 GeV/c
proton rate 4 x 1013 /s
i entering solenoid 1.7 x 10t /s
i stops in target 1.0 x 10t /s
{4 captured in Al 6 x 1010 /s
fraction in At window 3 x 100 /s
"reconstructed" 5x 10° /s
measuring time 107 s
seen at B=10"1° 5
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Proton Accumulator:

Low-momentum 7 and p extraction beam

Intensity

accumulator ring

accumulated proton beam

target/stripping fo

Super conducting Proton Linac

muon capture system

Thin rotating target

Solenoid capture system
ADC beam (4000 —— PHre sy
| \\\‘~\ \\\\\\I;// X O
from SPL?
N -
| 7N ‘
issue # 1: ! \\
will thin rotating target thke the heat? X O
X @]
under study. X{/ o)
‘ L
s il S
surface pu™

Highest p[% yields are obtained from decay at rest of Tt
that stopped in the surface of the production target

cloud p~
Low momentum p~ beams orginate in the decay of slow @~ in
the region around the production target.
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rare [ decays

beam requirements hopes and wishes

for © — ey and u — 3e:

- (sub)surface pu' beam

- DC on the scale of the muon lifetime

- at least 10! pts?

- e/u < 1%

for pe conversion on medium Z target:

- pulsed beam of cloud p~

- pulse width =100 ns or less

- extinction factor <107 1!

- momentum 50-70 MeV/c

- at least 103 p=s71

for pe conversion on any target:

- very clean cloud u~

- momentum around 50-60 MeV/c

- momentum resolution few percent for w/u range
separation - long channel (50 m or more) to suppress pions
- at least 10%? p=s71

- e/u < 1%
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