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Muon and Electron Lepton Number Nonconservation |Search for Lepton Flavor Violation |
The MECO Experiment to Search for y~N — e~ N

Apparantly conserved additive quantum numbers

4th International Conference associated with each family of leptons

on Physics Potential and Development of p*p-

Colliders ® Rigorously true in SM if neutrinos are degenerate in mass
December 10, 1997 G=1 e v u d
G=2 BV, c s
W. Molzon G=3 T vt b

University of California, Irvine o .
e Not well motivated theoretically — not result of invariance with
respect to gauge transformation as in electric charge conservation
e Physics Motivation . .
e Tested experimentally in many processes

Overview of Experimental Techni
e Overview of Experimen nique o Mass scale probed is very high

® MECO Search for =N — e~ N with Sensitivity Below 1016

— New Muon Beam F'p"N = e N)/T(u"N - vN') = 10716 =
— Backgrounds and Sensitivity M =1000 TeV/c?
— Status and Schedule e Essentially all extensions to Standard Model allow LFV processes

o Improved muon beams and experiments allow huge improve-
ments in sensitivity

p~N—+e N 10712 — 10716
ut - ety 10-11 — 10~




[Classify Decays by Change in Generation Number |

From the model of Cahn and Harari — basic dimensional analysis:

G=1 e U,
G=2 g v, c 8
G=3 T vy

u d

t b

AG = 0(2) processes:

+

B(K} — pe) < 2.4 x 1071

Kot @,

vector or scalar

8 n
— BNLS71 —» 10-12 Mx > 99 TeV/c?
& axialvector or pseudoscalar
w B(K+ — npe) < 2.1 x 10710
XI BNLS865 — 3 x 10712 Mx >29 TeV/c2
s
—

AG = &1 processes:

A=

B(p — eee) < 1.0 x 10712

A > 86 TeV/c?

B(ut — ety) < 1.7 x 1071
MEGA — few x 10712

A > 20 TeV/c

=
X e’
u‘f e+
X
u"- ‘ E c‘l‘
" _
X
u,d

[

ud

r!E'A-# ~A) —-13
Tor e 1 <8x10

SINDRUM2 — 4 x 1014
MECO at BNL — 10716

A > 240 TeV/c?

AG = +2 processes:

s [

8 &

=%
(-]

AMg < 3.5 x 10-12MeV/c?

A > 400 TeV/c?

|Supersymmetric GUTs Motivation for LFV]|

o Perhaps the most realistic possibility for physics beyond the SM

¢ Grand unified supersymmetric theories relate
family structure of standard and supersymmetric sectors

o If supersymmetry is discovered,
motivation for LFV searches is as strong as it ever was

=> the possibility of predictions for LFV rates
=> the possibility of discovering something

e LFV occurs through mixing in supersymmetric sector
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B
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ILFV Predictions From the Model of Hisano, et al.]
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Outline of 4N — e N Experiment

e Basic process:
— Bring ™ to rest in thin target
— p~ is captured in Coulomb orbit, cascades in
— Can capture on the nucleus (inverse 3 decay)
— Can decay in orbit
— May convert to electron
o Interaction is coherent over the nuckeus
— Nucleus usually left in ground state
— Rate for u”N — e~ N enhanced for high Z nuclei
o For v exchange, B(u=N — e N) / B(u* — ety) ~ 0.01
e For other mechanisms, =N — e~ N can be more sensitive

e Experimental issues

— Signature is very simple — 105 MeV electron
— No accidental coincidence backgrounds
— Other sources of 105 MeV electrons heavily suppressed

— Balance higher sensitivity at high Z vs.
less experimental difficulties at low Z




Search for 4N — e~ N with SINDRUM2 at PSI

e 11~ beam derived from 1.5 mA, 590 MeV cyclotron
(10'® protons per second at 1.2 GeV/c)

e Muon beam is a mixed 85 MeV/c 7, u, e beam
with total flux >~ 107 571

e Data taking complete for first phase

| T(uN = e"N)/T(u"N = vN') < 7.8 x 1075)]

H Outer Hodoscop
{ Inner Drift Chamber

Search for 4~ N — ¢~ N with SINDRUM2 ...

e Limited by “prompt” =, u, e processes and detector rates

— Eliminated with veto counter in beam

e Cosmic ray induced background eliminated
by detecting throughgoing muon in detector

e Electron energy resolution limited by energy loss straggling
and spectrometer resolution of FWHM~2.5 MeV

wTioe Ti
full 1993 sample

= all e from target
103 mm cosmix suppressed

mm prompts suppressed

cnts/ch.

102

10

. u—e conversion at
1 S 2 B.R.=4x10"?

85 90 95 100 105 110 116 120
total e” energy in (MeV)
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|[Expected Improvements from SINDRUMZ2]
e New beam being built for SINDRUM2 at PSI

— Reduce 7 beam energy below 70 MeV
~ eliminate prompt e backround

— Absorb most pions
~ reduce prompt 7 background

— Increase p stop rate
- no veto counter allows higher rate

the new muon channel

superconducting coil SINDRUM Il

collimator

dipole / Ny A T Mo
scatter
‘ot

TSJdegroders

10°m" s at 95 MeV/c

10%u s ' stops

high purity, no beam counter required
e Expected sensitivity of 4 x 10714
e Sensitivity then limited by available flux
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LA Search for u~N — e~ N with Sensitivity Below IO"TGI

[Muon — Electron COnversion]
Proposal to Brookhaven National Laboratory AGS

M. Bachman, G. Kagel, R. Lee, T.J. Liu, W. Molzon, M. Overlin
University of California, Irvine

A. Empl, E.V. Hungerford, K. J. Lan,
B.W. Mayes, L.S. Piasky, J. Wilson, M. Youn

University of Howston
R.M. Diitkibaev, V.M. Lobashev, A.N. Toropin
Institute for Nuclear Reseanch, Moscow
A. Mincer, P. Nemethy, J. Scuiti
New York University
W.D. Wales
University of Pennsylvania -~ M. R e
D. Koltick, S. Carabello, ‘R ~NL
Purdue University -

PRIMARY BEAM 8-20 GeV proton beam pulsed at 1.11 MHz
4 x 10" per spill
2-3 second repetition rate, 50% duty cycle
PRIMARY TARGET Radiation cooled tungsten
SECONDARY BEAM Low energy, negative u
5 x 10'! per pulse
SECONDARY TARGET Aluminum
TIME REQUESTED 4000 hours

SPOKESPERSON W. Molzon
Department of Physics and Astronomy
University of California
Irvine, CA 92697-4574
714 824-5987

wmolzon@uci.edu ?'“‘“ N

September 1997

ud.dk ~ MR



Physics Background Issues for y~N — e~ N

1. p~ decay in orbit:
o EP%* = E, from uyN — e N
o dN/dE, x (Epes — Ee)®
e Sets electron energy resolution required
2. Radiative p~ capture: u~(4,Z) = (4, Z - 1)vy
e E** = 102.5 MeV, P(E, > 100.5) = 4 x 10~*
o P(y =+ et e, E.- > 100 MeV) = 25 x 10~%
3. Radiative 7~ capture: 77(4,2Z) —» (A,Z — 1)y
¢ Branching fraction ~1.2% with E, > 105 MeV
e P(y = et e, 1035 < E,- < 105 MeV) = 3.5 x 10~
e = < 10716 7~ /p at target during detection

4. p~ decay in flight, e~ scatter in target
5. Beam e, scatter in target

e = < 1077 e~ /p with E, > 100 MeV
6. Cosmic ray induced e~

e primarily muon decay and interactions

@ requires active and passive shielding

1,2 | require excellent energy resolution
3,4,5 | eliminated with beam veto or pulsed beam
6 requires active and passive shielding

|Background from Anti-protons|

¢ Potential background from p annihilating in stopping target
¢ Concern is late arriving (and hence low energy) p

~ High (> 80 MeV/c) momentum P are not transmitted

- Low (< 80 MeV/c) momentum  arrive late
not suppressed by pulsed beam

— Production cross section near threshold not well measured
e Comments on P production
-~ Threshold in pp collisions is 6.5 GeV/c

— Threshold for Fermi momentum of 300 MeV/c is ~5 GeV/c

— P produced at threshold have ps =~ p,/4
= no low energy production

— P produced at threshold do not reflect in field

¢ Safest response is to work below threshold
— FLUKA and Gheisha predict 40-50% loss in p stop rate
— some senstivity regained from increased rep rate

o Additional suppression from the following:

— Crossed E and B field gives drift
2 m long electrodes in beginning transport solenoid
600 kV over 0.3 m, 2 T = vp is 10° m/s
drift distance is ~13 cm - same direction as drift in torus

— Use very thin absorber at second collimator location

137



138

[Essential Features of MECO Experiment | |Advantages of Building Muon Source at BNL |

e Much higher muon flux (idea from MELC at MMF
& ( ) e Much larger p~ flux per proton than at low energy accelerators

— High Z target for enhanced pion production

— Capture most produced pions in graded solenoidal field e u~/ut ratio near 1 — so lower rates wrt low energy accelerator
— Produce ~ 102 u per proton with 8 GeV p beam
(10~# for SINDRUM2, 10™* for MELC, 0.3 for p collider) e More muons per incident energy — easier job with shielding
— p~ transported in curved solenoid, new for MECO
Suppress high momentum negatives, all positives e u*, i~ beams needed for muon collider R & D
e Pulsed beam to eliminate prompt backgrounds e AGS will run as RHIC injector — modest cost to run experiment

(conversion electron detected in time with beam particle)
used in PSI experiment (A. Badertscher, et al., 1981) Ti (A1)~ 880 ws

~ Beam pulse length << 7, ~te q |
— Time between pulses >~ 7, ~ 1 usec |
— Large (50%) macro duty-cycle ll /

=10
— Extinction between pulses ~ 10710 0 =

e Detector with improved resolution, backgrounc
rate capabilities

— Detector in graded solenoidal field
for good acceptance, rate capabilities (M

~ Spectrometer with nearly axial detector
very high resolution (MECO)
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T Ceowg
{Pulsed Proton Beams at BNL AGS]|

' v" S‘.‘“W - *\‘ \A‘\g." ’ | o Required to eliminate prompt background — extinction < 1071

— beam electrons scatter in target

— radiative 7~ capture
— p~ decay in flight
e Extract proton beam bunched with AGS RF
P \‘(0‘- how:‘q.

— 8 bunches
2.7 psec revolution time w0t AGS test
- Beam extinction measured 10’ (%6
one bunch extracted 2102 .
.. -6 z AW “0‘
— Extinction < 10 S o r nela
g 0
between bunches g |
— Extinction < 1073 A 0 .
in unfilled bunches 10 o
" b L 1. .0 L
10, 200 400
Time (ns)

POLYETHYLENE ASSORSER TARSEY

SETECTOR COUNTENS
F10, 1, Experimental arrangement. P (‘;“ﬂ‘_ "‘ e Require secondary extinction in extracted beamline
v P e ('..\ ——_:-TM'.\ — Pulsed electrostatic or magnetic kicker
' F(“" + Divert beam by 2.5 mrads
< §xio0tt * 4 MV /meter transverse field, 5 m long




|Electrostatic Kicker for Pulsed Beam |

e Divert beam off muon production target between pulses

Deflection Angle

with electrostatic kicker

0.003 ——,

00028 - 8 m long device,
0.002 giving 20 MeV/c

0.0015 transverse momentum
0.001} — 25 m drift path

0.0005 giving ~8 cm deflection

0 e d

00005 Avavvx/\/\/\/\] V\/\/V\/vvvvvw

V0w S5 W 6 85 % We

Time [% of period]

e Get time structure by superposition of Fourier components

of 10% DF square wave with ~1 MHz frequency

e Use ~20 electrodes, each driven resonantly with LRC circuit
12
. — Simple low power drivers
T . give 4 MV/m field
g 08 : — Length of electro.de
] : o Fourier coefficient
4 06
— Adjust phase
04 for proton transit time
il o2 ) AR — Feedback to inductor
T . Lt to stay on resonance
0 % 1 15 L

Fourier Component

P {
2.5 vmor

-

— —— — o — G - - - - -

L V= \, cos(mat~d)
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Mognetic Field (T)

X—distance (cm)

[Muon Production for MECO)|

e Target in solenoid with graded field
to increase solid angle acceptance to ~ 4w

e High Z target for improved low energy muon yield

o Target backwards to minimize problems with dump

600

'S 1
2 :ﬁ ‘T
: 7 ar
'F
L
o i L L L l 1 i 1 1 l i 1 1 1 I 1 1 L 1 l 1 L 1 L I 1 1 1 1 l L 1 e 1
-100 [¢] 100 200 300 400 500
Z-distance (cm)
100 | -
0 “-1>Q/\"'“" PR I B Q&%
[ = 1e wN (P
100 Py i Cofli
SN BN S A8 BT UUTES B DI RN
-100 [¢] 100 200 300 400 500

Z—distance (cm)
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|Radiation Cooled Tungsten Target | [Production Solenoid Radiation and Heat Load]

¢ Studied with GEANT simulation o Studied with GEANT simulation
¢ Radiation load is ~50 Mrad per year
Hadron Average Target | Target | Average | Peak | Average
Code Current | Radius | Length| Loss | Power | Power o Total heat load on solenoid below 50W
GHEISHA | 2 x 10® p/sec | 0.4 cm | 16 cm | 0.7 GeV | 4.7 kW | 2.35 kW .
GHEISHA ) _ 20 em | 0.77 GeV | 5.1 kW | 2.55 kW e Local mstanta.neous. ht.ea,t load below 0.2 mW /gm
FLUKA - - [ 16cm | 0.7 GeV | 4.7 kW | 2.35 kW well below quench limits
FLUKA - - 20 cm | 0.74 GeV [ 4.9 kW | 2.45 kW
-~200
,>; a2 , -250 qu 70~ 675&?‘ gc
% b . \ gi(w(;s(w Tm) z(so 55¢m)
s e _300
g 0.14 : s —iﬂq7 &
‘;, A ﬁ\\
s o | -
2
ceso |
i ; _sso [ top view of production solenoid (x—2 plane)
" Longitudinat Target Coor. (cm) IR N
Torget Cooling by Rodiation N Tungsten £Evaporotion Rate —800_900 -850 -800 _750 _700 _550 ~600 550 -500
E(g ' % . - d T »
’g‘ ”“-;zqoo S 3 Tudgst / i b N o GHEISHA
€t | gl | oTohesientaget 4 T e 4] 8 © FLoka
Sl fod ] vk TR S I o SHIELD) -
8 : 3 Wf _ 2D Cim Cuw 1(4\\.\&
1000 b e 9 _ | V’
: S ab b ~{%0 W p "
. e " b cde BT - - \-. Ch‘ (
500 : - | 20 B Q R S— -
° | l L % G Wmm 10 b o SO
° * * “ 50‘ri,‘v";o(s,e(;) Temperoture (K) \‘%

10 F k. 0 50 L4 70 20
Cu Shield Thickness (cm)



[Studies of Muon Yield for MECO|

e Not much information on low energy (0-10 MeV, 0-60 MeV/c)
pion production cross sections with 8-20 GeV proton beams

¢ E910 at BNL has data, perhaps to below 100 MeV/c

e Production cross sections modeled with a number of codes —
GHEISHA, FLUKA, SHIELD

- &
e~ o

e Study yield vs. target and production solenoid parameters

, n ve Ltws

Hadron Target | Target | Target | Pr. Sol. | Tr. Sol. | Togal [ Stop
Code Radius | Length | Angle | Radius | Radius | pu~ | p4~ witbedt
GHEISHA [ 04cm | 16cm | 170° | 30cm | 15cm | 1840 | 729 P.‘“‘“
FLUKA 495 | 118 Pgelection
SHIELD 1983 | 563 Jeallsuton
GHEISHA 40 cm 1831 | 732
GHEISHA 20 cm 1597 | 662
GHEISHA o 10cm | 585 | 410
GHEISHA | 0.6 cm ' 1484 | 572
GHEISHA 20 cm 1784 | 717

= 4 YT o
600 F e Wi 800 E
I = Y

i D0 dy 1 e0o H,
400 Pyt L 4 50 BAL
300 :— A L 400
200 b Ll T o

E 200 |
100 E. .......................... 1 w00 [t

% 50" "Tto0 150 200

Muon Momentum, (MeV/c) Muon Kinetic Energy, (MeV)
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' [Where are the Stopping Muons Produced?|

Pions which result in muons stopping in the target
- produced over wide range in angle :
— typically at 100 MeV/c

10000 F 250 F
8000 — 200 |-
6000 — 150 [
4000 100 —
2000 |- 50 —
0::|l... ndonedd o Ozljllil padm ol ig
0 02 04 06 08 1 0 02 04 06 08 1

Pion momentum (GeV/c) Pion momentum (GeV/c)

LY
g
g 08 0.8
0.6 0.6
0.4 0.4
0.2 0.2
o Y =13
-0.2 -0.2 ¥
-0.4 -0.4 |
-0.6 -06 [ 4
-0.8 -0.8 E ¥ i
-1 PR . . 2 SN NP PRI B
0 02 04 06 08 1 0 02 04 06 08 1

Pion momentum (GeV/c) Pion momentum (GeV/c)

Pioas whick profva
‘t.oppfws ,\.'

A'( ?(;vc



[Stopping Target, Solenoid and Detector|

o Stopping target and detector in solenoid with graded field
e Stopping target — 25 layers of .02 cm aluminum

o Tracking detector consist of axial detectors

- Cylinder is either 5 mm straws or 0.5 pum scintillating fibers
— Vanes are 5 mm straws (electrically semi-transparent)
— Axial coordinate from cathode pads (straws) or stereo (fibers)

o Electron scintillator/calorimeter
— Primarily used in trigger v
— Fully absorbing solid plastic scintillator

E 2}
) £ .,
315 | &> Groded Hretd
¢] C
o 1
[ o
[=4 o
805 F
= o
O C_1t 1 i i I 1 i | 1 1 i l i 1 L i 1 1 1 I 1 1 1 | 1 PR S
-200 ¢} 200 400 600 800 1000 1200
7—distance (cm)
S0 [
@ s A
Q : L }A
Pl i SO
v -
'1'3 L
o 0ppi i flectr
> 100 :_ [ j%orgnf?n | Bekﬁclor { T:i;g:rn
-200 0 200 400 600 800 1000 1200

Z—distonce (em)
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|Charge and Momentum Selection in Muon Transport|

o Transport in curved solenoid results in drift L to bend plane

Drift = 1./(0.3B) x s/R x (p?+ 1p?)/ps

Curved muon transport solenoid

D is drift distance L to bend plane
B is magnetic field

s/ R is bend angle of solenoid

p: and p, are | and || momenta

Y out of plane (cm)

1l v(éwr) -7.83

for s/R = m/2 p; = 0.035 GeV/c, i Pl
p, = 0.035 GeV/c, B = 2T - TR 1&5(!6?\.&&0’
i H

= D=14cm g T‘&f‘“{éﬁ%w i e
S path {cm)

e Positive muons are absorbed in collimator after /2 bend -
reduces rates in detectors

e Particles above 100 MeV/c are similarly abosrbed -
important for beam electron background rejection

e Particles returned to axis after second bend —
maintains well collimated beam



Il T s N IE N e G O E I B BN T S O e s B e

|Stopping Target, Solenoid and Detector]| [Particle Flux Issues for Detectors]
. ) . o Electrons from p~ decay in orbit [T ;33w s ;
e Stopping target and detector in solenoid with graded field b DR D . et
s target - 25 layers of 02 cm al ~ Be > 53 MeV o -
toppi = : i aoo .
e Stopping targe ayers o cm aluminum _ Trapped at small radii 5::: -
e Tracking detector consist of axial detectors — ~40 kHz / channel g:: s : .,
- Cylinder is either 5 mm straws or 0.5 um scintillating fibers " .
- Vanes are 5 mm straws (electrically semi-transparent) a0 o’
- Axial coordinate from cathode pads (straws) or stereo (fibers) B BB ¥
e Electron scintillator/calorimeter ' B les o Protons from p~ capture
— Primarily used in trigger towget R=SS — About 1072 per y~ capture o |-
— Fully absorbing solid plastic scimtillator o — Low kinetic energy wl o q(( pm“'o-«
per Ac — High momentum -
— Absorbed in target "
o ol owS
£ 2 F — Absorbed in 0.1 mm CH, ?*:J(-(:%.qaﬁ*
S s | e Groded freld — ~150 kHz / channel "t delectons
0 F e net v ooy o
§os -
= P U U NP S S B SO e Photons from p~ capture
~200 0 200 400 600 800 1000 1200
Z—distance {(cm) — About 2 per pu~ capture
~ 2 — Conversions in detector
E -
2100 S — ~100 kHz / channel
g . = s
g or b <~ o Neutrons from p~ capture
5 :
%100 [ Stoppi Lrack Electran e Flash from stopping pulse — gate detector HV
- | Torqf( | Detector { hj'nggfr Ll g
200 0 200 400 600 800 1000 1200 ‘

Z~distance (cm)
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|Pattern Recognition and Pileup Issues]

o Rates of order 200,000 per detector element
o Tracking detector integration time (~30 ns)
o Local information on track angle (~50 mrad)
¢ Local timing information (~3 ns)

¢ Position and energy in trigger counter

RTINS N WY ST T N ST N TN N S T Lo o daa s | SO N T

-80

-60 -40 ~20 0 20 40 A0

RN
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IMECO Detector Resolution Studies |
¢ Important in eliminating u~ decay in orbit background

o Full GEANT simulation of detector response
— Energy loss in target (large effect, low energy tail)

— Multiple scattering (dominates intrinsic resolution)
— Position resolution (small contribution)

o No pattern recognition, effects of noise not yet incorporated

o Electron energy fitted by maximum likelihood method

o Signal and background plotted for R,. = 10716
> Straw chamber tracking
g 104 T~ Muon decay in orbit
@ .. Muon conversion simulation
€10 ~ +
l% FWHM 750 KeV
1

104021025103 103.5 104 104.5 105 105.5 106 106.5 107
g 5 Electron Energy (MeV)
.
S0 Scintillatmg fiber tracking
£ T e Muon decay in orbit
1.% V\\ Muon conversion simulation
4

FWHM 1 MeV

i [
10,07 102 5 103 103 5 104 104 5105 105.5 106 106 5107
Electron Energy (MeV)



[Expected MECO Sensitivity| [Possible MECO Timeline|
e Expect ~5 "N — e~ N events for 107 s run, R, = 1071 Scientific approval October 1997
Running time (5) . " 107 HEPAP recommendation to proceed March 1998
Proton flux (1) e._"’:".;("- W 9 % 1013 &oxﬂ' Detector prototypes 1998 - 1999

%, € 6V (120012 ,«/soc. Pulsed extraction tests summer 1998

entering solenoid # ©.¢
u/p § soenol *.& bnb“ Unterteas

Stopping probabil.iﬁy 0.37 Beam emittance tests fall 1998
,;y Zzgt;l:z fp;o;agit)crapt . oa1 gg Kicker.proto'type tests fall 1998
Electron trigger efficiency windoy 090 Solenqld d%lgn early 1999
Fitting and selection criteria 0.25 Technical design mid 1999
Detected events for R,, = 10-1° 3765 Detector and beam construction 1999-2001
Pulsed beam tests early 2000
First muon beam early 2001
o Expect ~0.4 background events for 107 s run, Ry, = 107" Physics data late 2001
Source Events | Comment
p decay in orbit 0.190-0.330 | S/N = 20 for Rye = 107
Radiative p capture | << 0.050
p decay in flight < 0.003 | without scatter in target
p decay in flight 0.004 | with scatter in target
Radiative m capture 0.007 | from out of time protons
Radiative m capture 0.014 | from late arriving =
7 decay in flight << 0.001
Beam electrons < 0,020 | Fo Als copprasseli by -1
Cosmic ray induced 0.004 | 10~* CR veto inefficiency
Total background | 0.290-0.410
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[ Summary and Prospects |

The MECO p~N — e~ N experiment can make a major advance
in searching for muon and electron number violation

o There is a robust discover potential in many scenarios
for physics beyond the Standard Model, e.g. supersymmetry

e A new high intensity pulsed muon beam has been designed
using the BNL AGS operating at up to 4 x 103 p/s

e A detector with high acceptance
and good background rejection has been described

o A new experiment ~-BNL E940-has been approved
to search for u= N — e~ N with sensitivity below 10716

e Executing the experiment will depend on a commitment
by the DOE to operate the AGS for particle physics

o The Gilman HEPAP subpanel is charged with recommending
the level of support for particle physics research at the AGS
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Experiments to probe Supersymmetric GUT

"Violations of lepton flavour and CP in supersym-

4th [nt Conf. on metric unified theories"
Physics Potential and R. Barbieri, L. Hall and A. Strumia, Nucl. Phys. B 445 (1995) 219,
Development of and R. Barbieri et al., Erice- and Gran Sasso workshops 1995
+ —— .
bl Gl Abtrac
ec. 1v- 1251 As a consequence of the large top quark Yukawa coupling, the super-
San Francisco symmetric unified theories with soft supersymmetriy breaking terms
generated at the Planck scale predict lepton flavour and CP violating
H. K. Walter processes with significant rates.
Paul Scherrer Institut The flavour violating parameters of the low energy theory are derived

in both SU(5) and SO(10) theories, and are used to calculate the rate
for pu > ey. The sensitivity of the search for u --> ey is compared with
that for p - ¢ conversion inatoms, 1 --> pyand the electric dipole mo-
ment of the electron. The experimental search for these processes is
shown to provide a very significant test of supersymmetric unificati-
on, especially in SO(10) but also in SU(5).

SH

Why u — ey and why at PSI ?

¥

T General detector considerations

&“ Specific detector proposals

w Future plans
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Recent theory papers on u --> ey B.R. (u-->ey) in SO (10) (Barbieri et al.)
‘R. Barbierietal.  Nuclear Phys. B 445 (1995) 219 A./mg
"Violations of lepton flavour and CP in supersymmetric uni- 3
fied theories”
B (u--> ey) = 10 (13%1)
bJ. Hisano et al. Phys. Rev. D 53 (1996) 2442 2
"Lepton-flavour violation via right-handed neutrino Yukawa
couplings in the supersymmetric standard model"
B(u->ey) s 10" 1
bY. Kuno and Y. Okada KEK-TH-478, April 1996
| "w--> ey Search with Polarized Muons" ol
Reduction of accidental background
pB de Carlos etal. Phys. Rev. D 53 (1996) 6398 -1 ’
"Constraints on supersymmetric theories from p --> ey" ’ :
(gaugino mass)? / ji-e mass mixing 34 TeV
-2
.E. Gomez and H. Goldberg Phys. Rev. D 53
(1996) 5244
“Lepton flavor violation in SUSY SO(10) with predictive Yuka- . l
wa texture" ‘~ -3

0 100 200 My[GeV]

=10 (-12+2)

B(u-->ey)

151



152

— . ) |
p-->ey versus d. (Barbierietal.) e MEGA (search for pu --> e+y) experiment at LAMPF

Bll —->ey
1010

10-11

1. Don Koetke {Valparaiso) 16. Mike Oothoudt  (LANL, MP-1)
2. John Otis {Stanford) 17. Leo Piflonen (LANL, MP-4)
3. Barrie Hughes  (Stanford) 18. Courtenay Wright (Chicago)
1 0’ ] 2 4. Brad Tippens (Virginia) 19. Dick Mischke {LANL, MP-4)
5. Joe Van Dyke (LANL, MP-8) 20. Tom Kozlowski  (LANL, MP-1)
8. Charles Jul (Stanford) 21. Val Hart (LANL, MP-8)
7. Kevin Black {LANL, MP-4) 22. Del Kercher (LANL, MP-1)
8. John Markey (vaie) 23. Geary Hogan (LANL, MP-4)
€. Ron Harrison (LANL, MP-8) 24. Jim Little (LANL, MP-1)
\ 10. Rick Botton {LANL, MP-4) 25. Louis Rosen (Past Director, LAMPF)
\ 11. Ben Nefkens UCLA) 28. Geny Garvey (Director, LAMPF)
\ 12. Martin Cooper  (LANL, MP-4) 27. Ed Hungerford  (Houston)
13. Cy Hoffman (LANL, MP-4) 28. Lew Agnew MP Deputy Div Leader)
o l 3 . 14, Jim Amann {LANL, MP-10) 29. Lanry Pinsky (Houston)
10 = = = 15. Poter Cooper  (Yale) 30, v.Witch  (Houston/Bonn)
X X X
A X X
\ AN
\\ \\ \\ -
N N N
N N
_ \ \
10-14 . NN
N \

10+ NN

10726 10-27 10-28 d [e cm] 1 029
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ARM EVENT
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ELECTRON SCINTILLATOR
ENDCAP ARRAYS

ROHACELL
LEAD

= i
NN ALUMI;UM V4 scint

- FOM.———~ DELAY READ OUT ——

Snow White ¢=25m
Dwarf

et-delector

/Tens.;lon Shell
Lead/Heavymet

MAGNET WALL
Scintillators

Amm wire. spu,imj
~» A.2mm or alcohol
3. Smm jep
15’4.n4¢ wire s

Gos: CHy

=— PHOTON CONVERTER,
SCINTILLATOR, AND WIRE CHAMBER LAYER
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Results from MEGA Results from MEGA

el 225 F
25 20
d 175 E
20 | 1s B
i b 125 E Signal Region
; 10 F
10 F 75 [
5 | 3
g 25 B
o malhefln KV iy 0 Bl b oo Mo by eiday
S0 52 54 56 58 60 46 48 50 52 54 56
Positron Energy {MeV) Photon Energy (MeV)
25 -
o 25 |
15 E_ 15 :_
10 | 10 a
s L s b Results from ~16 % of data
s r -11
o:A rw IV S : VTN S T T T BR90%(u—)eY)<3'SXIO

o175 176 177 178 179 180

|
-~

J
N
(o]
N
&

compare to current world limit from crystal box
Positron — Photon Time (ns) Positron—Photon Angle (deg) BR 00% (u")e'}') <49x 10 -11

Expectation from all MEGA data
BR ggo, (L—>€y) <3-6 x 1012
or evidence for the decay
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The famous W - ey experiment at SIN | Sensitivity and background for p-->ey

-

Single event sensitivity:

B < 10 (SIN1978) e ven i}
Wl o = (N, T, -6, f,,85)"

B-ey

<510 (X-tal Box LAMPF)
13 N‘1 = muon stop rate
510 (MEGA LAMPF) T  =measuring time
Q  =solid angle
g; = efliciencies
fpol = gain factor for polarized muons
Physical background:
h; -4 2 ) 2
B>, =58-107-(8x)* -8y [8y + ¥]-(52)
X = 2Ee/m|,1 8%, = 4-(Ax, )i
z  =m-Bg '
) = signal box half width
Accidental background:
0 0 -5
Wlews =R, £ -(42)-25t ¢,
i3 With £ = 26x
;: £ = - (8y)’ -(Indy + 733)
& =116-107-(8y)* -(In8y + 733)

so _ M88)  (80,)
o= 4x - 4

e

counts 200 100 | B* =R -£.8x-(8y)’ - (In8y +733)-(50)* - 28t - €,

M
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[Schemes for nw - ey experiments'

wmm Plastic scint.counters
= Drift chambers

Solid angle ~0.8 x 4
Positr. mom. accept.~50%

= Positron mom. resol.~1%

X% Photon energy res. ~3%

it Photon efficiency ~8%

* Angular resolution ~30 mr

hgna
i

"
=
Ry R

= = Time resolution ~ ~0.4 ns
= Stop rate ~108/s
) [#" Sensitivity ~10-14

Short, large accep-
tance pion channel

Fast, bright crystals
with preshower det.

Pion - muon converter

Solid angle ~0.1 x 4n
Positr. mom. accept.~1%
Positron mom. resol.~0.1%
Photon energy res. ~3%
Photon efficiency ~100%
Angular resolution ~10 mr 4
Orange beta spectr.

Time resolution ~0.2ns
Stop rate ~8 10%/s
Sensitivity ~10-15

MWPC's
New scheme?
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Characteritics of the nES5 channel at PSI

Solid angle Q 150 msr
Length L 10.5m
Resolution dp/p 1.5%
Momentum band Ap/p 10 % FWHM
Max. momentum py,,y 120 MeV/c
Spot size for pions

X = 15cm FWHM

y = 20cm "

x' = 300mrad "

y = 100mrad "
Spot size for muons

x = 3.1lcm FWHM

y = 33cm "

X' = 300mrad "

y = 100mrad "



LXe calorimeter for pu --> e y, R&D (T. Doke) "Min - Kam" liqu. Xe cal. for p --> ey (8. Orito)

PMorPD

liqu. N flow

1 / 50'000 volume
cooling pipe of Superkamiokande
vacuum for
v thermal
insulation

incid.
Yﬂs 1100 mm

vacuum for
thermal
insulation
VUV Sensitive Photomultiplier —
R6041Q
Diameter: 2"
Height: 1.6" mm
Dynode: Metal Channel Diodes
Photo-cathode: Sb-Rb-Cs*
diameter: 1.8"
Quantum eff.: 0.1 ** for 175 nm
* This is the same 2 used in R 1668, 90 this multiplier
can be operated at liquid Xe temp teflon for
" m"&w the sbsorpon efec duc 0 the electrical
insulation
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Liquid Xe Scintiliation Calorimeter for u --> ¢ y Decay (T. Doke)

Physical Properties of Liquid Xe

Atomic number 54
Atomic weight 1313
Boiling point at 1 bar 165 K
Melting point at 1 bar 161 K
Temperature at triple point 161.4 K
Pressure at triple point 612.2 Torr
Liquid density 3.0 m\oBu
Solid density 3.4 g/em?
W-value 15.6 ¢V
Wpp-value 240 eV
for 1 MeV electrons

Decay time constants:

T (fast component) 4.2ns

T, (slow component) 22.0ns

T, (recombination) 45 ns
Ratio of scintillation from
direct excited atoms to that
from recombination 0.25
Attenuation length of
scintillation light 30 cm

15
Wp=14.7¢V
1.33 - D) + /u\s Xe -415.0
'z r.ce 19.5 6V
S 1 =190¢
m. 1... Lig ar |20 s
2 [ H250 =
} w * e ®
W 05+
o 0.2 LigXe a
rl. o LigAr ff o
0057 1 10 107 10° 10° 10°
LET {MeV/{g/em®))
(fast + slow) / recombination ~25/775
Eg (liqu. Xe / Nal) ~24¢V/172eV
Peak wave length 174 nm
Measured attenuation length 29 (2) cm

(since mainly caused by Rayleigh scattering no probiem)

Refraction index

1.56 for 175 nm

50 MeV photon in Min - Kam (8. Orito)

Trial event 50 MeV

x-resolution by crude
=1.7mm
= 4mm

weighted mean for
5" x 5" PMT

(will improve by pro-
per fitting algorithm)

FWHM

Ox

x-Xq {cm]




Photon detection, granularity, pile-up (R.Marlow)

Tower geometry: position resol. ~ 1 cm
Pile-up rej. ~0.1 1 by waveform analysis

oA TITTE Typel
LE=52.8 MeV IR m===3 Typell
manageable
—
LE=52.8 MeV R AR mmomnizy Typelll

Accidental Noise Pulse Rejection in Nal

30

">
Eww=10MeV . ..o

20 |
15 -

10 |-

- 1
PR TR T (AN DIPE WIS TV P DT I
-200 -100 O 100 200 _ 300 400 500 600
Time of Noise Pulse (ns)
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. W] B PAUL SCHERRER INSTITUT

g
Wi -, Jun| =
Y energy YAP LuAP LuAP LSO GSO BGO NaI(Tl)

Ce concentration 107 10 0.35 1.05 2.2 10
light yield ph/keVv 14 12 23 23 9 g 40
fall time ns 24 17 16 47 41 300 230
density g/cm’ 5.5 8.4 8.4 7.4 6.7 7.1 3.7
peak wave length nm 380 365 365 420 430 480 415
energy resolution 107? 0.66 MeV 7.2 6.5 7.9 7.8 9.3 6.5
time resolution ns 1 Mev 0.3 0.25 0.16 0.16 0.7 1 0.35
mass att. length cm 0.51 MeVv 2.63 1.05 1.05 1.05 1.38 1.11 3.05
refractive index , 1.94 1.94 1.94 1.82 1.85 2.15 1.85
= E)
g 10 | S13n LUAP B2 1 MoV PWHMA 161 5o
m. " 3 | Stop BaF, mates
= g
z z
s g s
W 5 )
] ER
g g ]
£ z AE
3 . U iy |

U l— #_ il

0

o y60 200 300 400 107000 w500 2 500 1000
Time (ns) TIME {ps}




l Orange Spectrometer for p --> e y (S. Orito)
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Wakter - 36, Apr. 1997 - srlie_ovangs - meg10
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Schematic Layout for a new

p* --> e* y Experiment

Solenoid
Source
> 100 /s

Scintillator

180° Electron
Spectrometer
and Magnet

\

Ultrathin
Wire Chamber

Sweeping
Magnet

tutetium Silicate
*Wonder Crystal”
Array

1 meter




162

Possible p --> ey set-up (S. Orito) I Possible 1 --> ey set-up (A. Maki) I

Q/4n =0.1-0.6
(AE/E)e = 0.7 %
(AE/E)y= 3 %
AB =7 mrad
At =50 ps

Chambers:
10 ym mylar
He/eth. (90/10)
1.2x10%radl,
36 mm thick

1300




a4
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]l 2 "
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¥ : Dol sz
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2 W m.m Ry, o XxRe”
P - m x ¥ F QO
w
. m < 3 §
g = , 5,
P 3 = - ik
: o < b
I " )ﬂ J £ KY
£ 3 S N
(3 v L 4
52 L. §2443
%2 1
4
Set-up (MEG - 14M) to search for 1 --> e v (S. Korenchenko) _
-
Q= 2n sterad Age ~0.7% Agy ~3.5%
B=15T A8 ~18mrad & ~ 75%
Ecal: 14.8 R.L.
Gd,Si045:Ce
3701, 2.5 tons
Active Convertor:
2 R.L. ~5 layers
261,174 kg
1152 PM. or APD
MWPC's: 7
10'000 wires
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o) n — .
Possible Participants in a Lol at PSI
I
EEEEE o
E3; 88 »
[£1 %— e (é: “ v
1 ¢
] & .|
a
BEEEN i g Possible Collaborators
ERS g g 5 Enrico Conti : Padua
=
SRgf w Tadayoshi Doke Waseda University
g% é 5 Spartak Korenchenko ~ Dubna
= )
5Q = Yoshitaka Kuno KEK
g Akihiro Maki KEK
{/ David Mzavia Thilisi
o Shuji Orito Tokyo Universi
- i)
e o Dino Zanello Rom
<
o Tetsuro Mashimo, ? Miyazawa, Toshinori Mori, Hiroyuki Okada,
> b Cﬂ i Shuji Tanaka, Kazuhiro Terazawa, Koji Yoshimura
=g
— 8
5 |°
g &~

N

3 >

(1]

§. gt

17 1
(98 )
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Conclusions

W new | —> e y experiment (together with p - € conversion
and the EDM of the neutron) is recommended by many theo-
rists as one of the most promising low energy tests to see super-
symmetric unification and undoubtedly has high priority

¥t has to have a sensitivity of ~10-14 in order to be suffici-
ently decisive

Wit can be done with the required sensitivity at the edge of
present day technology and with the existing tE5 beam at PSI

WeBest energy, angular and time resolutions are required for
the detector in order to overcome the main accidental back-
ground

WY hese best performances probably will forbid a 4n detector
from price arguments, therefore the intrinsic efficiency of the
photon side should be high, suggesting a calorimeter

EwCe doped highly luminous crystals or liquid Xe/Kr are
being studied and a photon resolution of 2-3 % FWHM at 50
MeV is strived for

W he positron (magnetic) spectrometer should have <0.5%
energy resolution (FWHM) at 50 MeV/c and a limited momen-
tumacceptance

WPositron polarization and inner bremsstrahlung vetos
should be exploited as far as possible

W here is still room for good ideas, good R&D on new cry-
stals and liquids and good collaborators

W here will be competition (complementation) from p - e
conversion (BNL) and EDM of the neutron (LANSCE and PSI)
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Conclusions R. Barbieri

What if p — ey is not seen at a
few x 10714 level?

Wl Supersymmetric
unification is false

or

WA ccelerator searches of
- SUSY particles
reoriented:
Y's from "LSP" - decays

"stable" charged tracks rather
than huge missing E
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