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Low energy muon physics: Present and Future?

(in the context of muon collider frontend physics)

* Main question: Which fundamental experiments or applications can
be dramatically improved at the mu collider frontend in 20xx ?

bt md ey A CAPIure

e Beams
existing: PSI, TRIUMF, RAL, future: BNL, JHF, FNAL
LAMPF
e Physics
eXp. program | processes topic >20xx
rare decays u+Z—e+Z Lepton Flavor violation YES
p—>ey SM test,
—>eee GUT, SUSY, LRSM
u decay lifetime Gg, SM test possibly
spectrum SM test
V mass s A TRY SM test ??
v oscillation YES
-2of muon | g-2 SM test possibly YES 2
simple exotic | p'e QED test, yes
atoms up EW interference
pu ?
u capture: uHe3 low E QCD, X propv Moo
light nuclei up OMC & RMC | SM test possibly
nd
1 capture [IVA medium effects on meson | ??
properties
T violation uZ, triple SM test if feasible
correlations
uCF mol. formation, precision atomic/molecular | applications:
sticking physics, applications keV u*, n source
uSR solid state physics YES

IMPROVEMENTS ¢

FLux ¢

¢ BEAM QUALITY TIME STRUcTYRE
o NEW (DEAS L M, FAMTASTIC o IMTE&GTIES




LFV Predictions From the Model of Hisano, ;aTal.
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Experimental Tests of LFV

BB’ 5 uie)

B(B—>K i)

<15x107° -

B(Z°> ue)

<6x107°

as of November, 1996
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Upper Limits for
Lepton Flavor Violation

Upper limits of Branching Ratio
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- MEGA

* 2k

An UPDATE

Nov. 8, 1997

Ed V. Hungerfor
University of Houston
Hunger@uh.edu
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Results

Result from ~16% of data

BR,,,, (1 > e7)<3.8x10" & &

compare to current world limit from
Crystal Box

BRgy, (it — € 7) <4.9x 10"
Expectation from all MEGA data
BRyy,, (1 > €1) <36 x 1072 &7

or evidence for the decay

5/24/97
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SENSITIVITY

T T e e e e e ——— — e ———— ——— e e

THE NUMBER OF USEFUL pu STOPS

M=T-R, -(Q,/4n) -g, e, E,

T LIVE TIME

R, AVERAGE STOP RATE

Qg OVERLAP SOLID ANGLE

£, g-RAY DETECTION EFFICIENCY

€p POSITRON DETECTION EFFICIENCY
E CUT EFFICIENCY

c

SENSITIVITY (90% C.L.) = 2.3/M
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BACKGROUND

Boe = (R,/d - At) - AX - (Ay/15)2 . (AB/2) 2
£(6.) - f(IB) - £(P,)

AVERAGE STOP RATE (/s)

d DUTY FACTOR
At ELECTRON-PHOTON RELATIVE TIME

RESOLUTION (s)
AX FRACTIONAL ELECTRON RESOLUTION

Ay FRACTIONAL PHOTON RESOLUTION
AB ELECTRON-PHOTON ANGLE

RESOLUTION (rad)
f(6,) FACTOR FROM PHOTON TRACEBACK

f(1B) FACTOR FROM INTERNAL
BREMSSTRAHLUNG SUPPRESSION
f(P,) FACTOR FROM MUON POLARIZATION

RATE PARAMETERS

R EdeTcol-y R«f‘ccol-y Retcol-e
Rtnﬁrrca&o"-t
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i v=wny

Accidental Background Suppression
(I-P, )2+ 4P 2(1-cos$ 1 )(2+cosS )

3 p is a half opening angle of detection

A solid line is P, =100%, and a dotted line is P ; ~97%.
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1.2 x 10* rad 1.,
36 mm thick
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experiment wimnolzon

Outline of u1~N — ¢~ N Experiment

e Basic process:
— Bring p~ to rest in thin target
— w18 captured in Coulomb orbit, cascades in
— Can capture on the nucleus (inverse 3 decay)
— Can decay in orbit
— May convert to electron

e Interaction is coherent over the nucleus

— Nucleus usually left in ground state

— Rate for 4~ N — ¢~ N enhanced for high Z nuclei
e For -y exchange, B(u™N — e N) / B(ut — e*v) ~ 0.01
e For other mechanisms, =N — e~ N can be more sensitive

e FExperimental 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



sindrum-1 wmolsen

Search for y”N — 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, p, e beam
with total flux >~ 107 s7!

e Data taking complete for first phase
I'(u~N — e N)/T(u"N - vN') < 7.8 x 1071%)

A Collimator

B Moderator

C Beam Counter

D Pion Stopper

E Target

F inner Hodoscope
G Cerenkov hodoscopa
H Ocuter Hodoscope

| Inner Drift Chamber

J Outer Drift Chamber
K Superconducting Coil
L Hedium Bath

M Service Tower
N Magnet Yoke
O 5x End Ring

P Light Guides

Q Photomuttipliers

—
100 MsVic & .'
i
j @
N 0 ¢
T H
F
}
L 5
\ \'7
_ NGCI .




sindrum-2

wmalson

Search for 4~ N — e~ N with SINDRUM?2 ...

e Limited by “prompt” 7, 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

p Tioe Ti |
full 1993 sample

m= all ¢ from target

N cOSMiX suppressed

- ST TGS O AT U

cnts/ch.

10

. c Hi—»€ conversion at
B.R.=4x107?

85 90 95 100 105 110 115 120
total e energy in (MeV)



sindrum-3 wmoison

Expected Improvements from SINDRUM2

e New beam being built for SINDRUM2 at PSI

— Reduce m beam energy below 70 MeV
— eliminate prompt e backround

— Absorb most pions
— reduce prompt 7 background

— Increase u stop rate
— no veto counter allows higher rate

Uevb i\)ft
the new muon channel o Q?eam
No fime ‘;hvdllﬂ
superconducting coll . SINDRUM I
eee—

W\\ /B i

,,,,,,,,,,,,,, h——>

blocker -

e

10°n7 s at 95 MeV/c
10% " s stops

nigh purity, no beam counter requirec

e Expected sensitivitg”of 4 x 1071

e Sensitivity then limited by available flux
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A Search for p~N — e~ N with Sensitivity Below 10716

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. Pinsky, J. Wilson, M. Youn

University of Houston

R.M. Djilkibaev, V.M. Lobashev, A.N. Toropin
Institute for Nuclear Research, Moscow

A. Mincer, P. Nemethy, J. Sculli

PRIMARY BEAM
PRIMARY TARGET
SECONDARY BEAM

SECONDARY TARGET
TIME REQUESTED

SPOKESPERSON

New York University
W.D. Wales

‘University of Pennsylvania

D. Kaoltick, S. Carabello,
Purdue University

8-20 GeV proton beam pulsed at 1.11 MHz
4 x 10'* per spill

2-3 second repetition rate, 50% duty cycle
Radiation cooled tungsten

Low energy, negative u

5 x 10" per pulse

Aluminum

4000 hours

W. Molzon

Department of Physics and Astronomy
University of California

Irvine, CA 92697-4574

714 8245987 . / ey
?(“{a . PQ.U [ X N _du- ~

wmolzon@uci.edu
— =

September 1997



features winolzon

Essential Features of MECO Experiment

e Very large muon flux ‘ ?wq.(
ok M "\: \
— High Z target for enhanced pion production Leheastiov
© g POR P L |~ YRLLUH P70

— Capture most pions in graded solenoidal field (MELC)

— Produce ~ 1072 y per proton with 8 GeV p beam
(1078 for SINDRUM2, 10~ for MELC, 1 for u collider)

— Transported p~ in curved solenoid
Suppress high momentum negatives, all positives

e Pulsed beam to eliminate'lprompt backgroundg 2 (A\) - 8B«
(electron detected in time with beam particle) — #*
— Beam pulse length << 7, - i 1
— Time between pulses >~ 7, ~ 1 usec —n
— Extinction between pulses ~ 1070 _
10 ——— —
(a6 —>]

¢ Detector with improved resolution, rate capability,
background rejection Ogled

A
— Detector in graded solenoidal field (MELC)
good acceptance and rate capabilities

— Magnetic spectrometer with very high resolution



Proton Intensity (x 1012)
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Magnetic Field (T)

X —distance (cm)

muonprod wmolson

Muon Production for MECO

e Target in solenoid with graded field
to increase solid angle acceptance to ~ 47

o High Z target for improved low energy muon yield

® Target backwards to minimize problems with dump

Nexkward T,m :\0:\?

: J ar

1 1 i I. ' I 1 1 1 I i P | 1 J | 1 1 l' 1 ] 1 1 i 1 i 1 1 l i | | 1

o
-100 0 100 200 300 400 500 600
Z—distonce {cm)}

100 |- I
0 [ o T N B v e e %
B P N — “——\___‘_‘\_-‘_ -
g — ’ e =Y ((:_. {‘\
1 00 — Frodoctiom Collimator
:_l_  — 1 ! IR S| T?rglet I ) I | | 1 | - 1 I | 1 [ | ) I I |
-100 0 100 200 300 400 500 600

/—distance {em)
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4.9. THE TRANSFER SOLENOID SYSTEM 209
Nb-Ti Capture Coils Nb-T1 Field Shaping Coils
Water Cooled Heavy Metal Absorber
/ I

— \

o
/ /4 o
2 Bitter Solenoid Coils
Target

ST

— Cryostat Vacuum Vessel

Water Cooled Energy Absorber
0.0 0.4 0.8 1.2

—
=
-

meters

Figure 4.29: Option Two Capture and Transfer Solenoid System

helium bath. Either approach can be used in the stored energy range shown in Table 4.4.
The CICC system has the advantage of having the helium inside the conductor. The shell

Table 4.4: Parameters for the Capture and Transfer Solenoid System

Parameters Option 1 Option 2

Magnet Section Length to x = 3 meters (m) 3.92 3.92
Cryostat Outside Diameter at x = 0 (m) 1.50 1.50
Cryostat Quiside Diameter at x = 3 meters (m) 0.70 2.00
Warm Bore Diameter at x = 3 meters (m) 0.30 1.50
Capture Magnetic Induction at Target (T) 20.0 20.0
Length of the Target Regior (m) 0.23 0.23
Length for Transfer to Transport Induction (m) 1.20 1.10
Nominal Transport Magnetic Induction (T) 5.0 5.0

Stored Magnetic Energy to x = 3 meters (M) 37.9 53.6
Stored Energy S/C Magnet to x = 3 meters (MJI) 224 38.1

Stored Energy for x > 3.0 meters (MJ/m) 1.58 22.1




MECO Detector Resolution Studies
e Important in eliminating x~ decay in orbit background

e Full GEANT simulation of detector response

— Energy loss in target (large effect, low energy tail)
~ Multiple scattering (dominates intrinsic resolution)
— Position resolution (small contribution)

e No pattern recognition, effects of noise not yet incorporated
e Electron energy fitted by maximum likelihood method
e Signal and background plotted for R ,, = 107

s e¥
= ' Straw chamber tracking w(r*“ . (‘ £
%’10 “~-.* Muon decay in orbit ?h.. \ ?

- | Muon ooriversion simulation v s
g ; FWHM 750 KeV (7-..70 § ‘i‘*t_
- ' il Gavssia
| w T = 125 he
10‘ TS .l1|lll|11111
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Expected MECO Sensitivity

® Expect ~5 u~N — e~ N events for 107 s run, R, = 10716

Running time (s) . 107

Proton flux (s™!) o,:o:': .:-" with 2 x 101 {QOYJ
#/p entering solenoid ¥ ©.¢ & € Gav p [].s 0.012 <
St/opping pribability how gibll m"tml 0.37 /“/

{t capture probability 0.60

Fraction of y which capture in time window | 0.31-0.54

Electron trigger efficiency 0.90

Fitting and selection criteria 0.25

Detected events for R,,, = 10~16 3.7-6.5

® Expect ~0.4 background events for 107 s run, R, = 10716

Source Events | Comment

p decay in orbit 0.190-0.330 | S/N = 20 for R,,, = 10716
Radiative u capture | << 0.050

i decay in flight < 0.003 | without scatter in target
¢ decay in flight 0.004 | with scatter in target
Radiative 7 capture 0.007 | from out of time protons
Radiative n capture 0.014 | from late arriving 7

7 decay in flight << 0.001

Beam electrons < 0,020 |& fo A, sopprassel “a el
Cosmic ray induced 0.004 | 107* CR veto inefficiency
Total background |0.290-0.410




Possible MECO Timeline

Scienblibe Approvel October 1997
Strengthen collaboration 1997-1998
HEPAP recommendation to proceed March 1998
Detector prototypes 1998 - 1999
Pulsed extraction tests summer 1998
Beam emittance tests fall 1998
Kicker prototype tests fall 1998
Solenoid design early 1999
Technical design . mid 1999
Detector and beam construction 1999-2001
Pulsed beam tests early 2000
First muon beam 2001

Physics data 2002

wrnolzon
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AGS Lelter of Intent-Search for an Flectric Dipole Moment. of

Muon at the 10=24 ¢ cin level.

The Muou EDM Collaboration

5. Efstathiadis, .. Roberts, J. Miller, T, Sulak

Boston Universily

D. Lazarns, W. Morse, Y. Semertzidis®

Brookliaven National Lah

Y. Orlov, ). Rogers

Cornell University

3. Winn

Fairfield University

K. Jungmann

University of Tleidelborg

P Debevee, D, TTerlzog, S, Sedykh

University of (llinois

", Cuslanan, D. Zinmermian

University of Minnesota

IF. Farley

Yale University

*Spokesperson
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Physics
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W MoORLE

AGS Parameters:

Proton Momentum: 13.4GeVi/c, Rep. Rate: 1.255
s koae.‘-ts
A
Laxd'”

Intensity: 100TP; Single Bunch Extraction
e 7
Stored \\" per injection: 8.6 x 10 E v

Total Running Time for 10 stored p*: 3200 hours

A

With 50% contingency: 4800 hours
PR R_g_& mhmvt' “wanls
- polars b 25 % &
mowonlom aoe Fav/c €

L\\g(»ev t.u.'teuﬁ.'('b c,ou\& LQ '-*5'&.
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The AGS E910 experiment

Measurement of n production

The experiment features:
e Proton beams of 6,_ 12.5 , and 18 GeV/c
e Various target material (Be, Cu, Au)

e High acceptance TPC for particle momenta down
to 30 MeV/c

e Good particle identification in TPC by dE/dx

e Measurement of low-energy pion production cross-
sections
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E910 18 GeV/c p—Au

~10.5
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Muon Source Parameters for the Workshop

Parameters of muon bunches downstream of the ionization cooling channel

| Narrow Op | Broad Op
muons per bunch | s5x1012 5x 1012
u* bunches per cycle 1 1
1~ bunches per cycle 1 1
momentum (MeV/c) 200 200
oplp 5% 10%
bunch length (cm) 1.5 10 &= %-
normalized ¢ | (mm-mr) 200 x 60 m
repetition rate (Hz) 15 15
ut per year (107 secs) 75x1020 | 75x1020
u= per year (107 secs) 75x1020 | 7.5x1020
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Pattern Recognition and Pileup Issues

e Rates of order 200,000 per detector element [... 10“ AR Qt'u
eommm——

¢ Tracking detector integration time ~30 ns

o Local information on track angle & puvecrisinn « SOmv

¢ Local timing information with precision 2-3 ns
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