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(particle) physics with a new high
intensity low energy muon source
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Layout of this talk

A community of physicists is performing/designing and proposing
experiments with low energy muons

The aims:

(C)LFV experiments (muon rare decays mainly)
Precise measurements of muon lifetime (G¢)

High precision experiments mesuring the carachteristics
of the normal muon decay

g-2 and EDM

What can be gained with a new high intensity muon
source ? Statistics vs systematics

J. Aysto et al., CERN-TH/2001-231
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3. (C)LFV: History of rare decays searches
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LFV induced by finite slepton mixing through radiative ;

u—ey: SUGRA indications

corrections (big top yukawa coupling)
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combined LEP results favour tanp>10

+ SUSY SU(DB) predictions
BR (n—ey) =~ 10-14+ 1013

- SUSY SO(10) predictions
BRso(10) ® 100 BRgy (5

R. Barbieri et a/, Phys. Lett. B338(1994) 212
R. Barbieri et a/, Nucl. Phys. B445(1995) 215
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Connection with v-oscillations

Additional contribution fo slepfon 3 \isane, N. Nomura, Phys. Rev. D59 (1999)
mixing from V,, (the matrix element

responsible fc»r' solar neutrino defig
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Signal and background

signal background
w—>evy accidental
H—>evyv
thSiCGI ’“—) eyvy
4TJ:_V__-> H—>eyvy { ee—>vyy
AV el >ely
—---->
Oey = 180° e’ /u vy : .f v
Ee = Ey = 52.8 MeV et w4V
Te=Ty o ——---->
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Required Performances

Even with the best possible detectors the sensitivity is limited by
the by the accidental background

The BR  oc R xAE,xAE} xA@; xAt, =~3x101
FWHM
' - N\
Exp./Lab Year | AEJE, | AE/E, | At | A8, Stop rate Duty BR

(%) %) | (M) | (mrad) (s1) cyc.(%) | (90% CL)

SIN 1977 8.7 9.3 1.4 - 5x 10° 100 3.6 x 107

TRIUMF 1977 10 8.7 6.7 - 2 x 10° 100 1x107?
LANL 1979 8.8 8 1.9 37 2.4 x 10° 6.4 1.7 x 1010
Crystal Box | 1986 8 8 1.3 87 4 x 10° (6..9) 4.9 x 1011
MEGA 1999 1.2 4.5 1.6 17 2.5x108 (6..7) 1.2 x 1011
MEG 2007 0.8 4 0.15 19 2.5 X 1071 100 1x101
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The PSI nE5 surface muon beam
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The MEG experiment at PSI

Easy signal selection with 1" at rest Detector outline
N\ Oey = 180° » Stopped beam of >107 i /sec
—e----> ina 150 pm target
e n v

- » Liquid Xenon calorimeter for
Ee = Ey = 52.8 MeV y detection (scintillation)

- fast: 4/ 22/ 45 ns
- high LY: ~ 0.8 * NaI

Lig. Xe Scintillation
Detector

ity XecSSibifiatigtion
—— Dotaesfor

- short X,: 2.77 cm

hin SULSHESHRIARG UG /. /éﬁoBB \ - Solenoid spectrometer &
MuonSean ‘*\\ g oo drift chambers for e*
 Drift Chamber — 25 T'T/ngicoumer momentum
e Qd = - Scintillation counters for e*
| Drift Chamber -|- | m | ng
im im
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u—e*y . MEG sensitivity summary

2
Detector parameters T=26-10"s R, :03']08% 4—,,:0'09

£,~09 £,~089) =07 ¢~06
Cuts at 1,4xFWHM
: Q
Signal N,y =BR-T -R, o Ee 6
Single Event SEs= 1 o ~ 4x10-14
Sensitivity T.R . £, &, Eqy
" 4
BR.. xR} xNE,x NE; xAG; x At, ~ 3x101
Backgrounds ace
BR.  ~ 3x10-15

corr™

Upper Limit at 90% CL BR (H—>€Y) ~ 1x10-13

Discovery 4 events (P = 2x103) correspond BR = 2x10-13
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MEG recent e.m. calorimeter result
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ut—e*y . MEG time profile

Revised
Lol Proposal document now

Planning — Data Taking

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

http://meg.psi.ch
More details at http://meg.pi.infn.it
http://meg.icepp.s.u-tokyo.ac.jp
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lower BRs |
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Accidental background
limited =» Sensitivity is
not improved by a simple
muon intensity increase

(same thing for u=>3e)

Need of much better
detectors to reach a

10-1° sensitivity
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W —e” conversion

signal main backgrounds
u(AZ)—>e(AZ)
MIO
(A7) uw(AZ)—>evv(A2Z)
—
s By RPC
t(AZ)— v (AZ-1)
Ee - mM _ EB Beam related background
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Calculation of Bu-e/Bu—ey

fhe nuclear dependence Phys.Rev.Déé, 096002 (2002)

Ryuichiro Kitano, Masafumi Koike, and Yasuhiro Ckada:;

Detailed calculation of lepton flavor wiclating muon-electron
conversion rate for wvarious nucleil
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- 3 3
R Shanker, Phys.Rev.D20, 1608 (1979) 3
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These results are valid for a photonic dipole operator as found in many SUSY models.
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w—e : SINDRUM IT detector

I
A exit beam solenoid F inner drift chamber | o im0
B gold target G outer drift chamber i N
C vacuum wall H superconducting coll

D scintillator hodoscope | helium bath
E Cerenkov hodoscope J magnet yoke

SINDRUM I
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Beam related background

strategies against beam-related background

1985 TRIUMF beam counter
1993 PS| uE] beam counter .
2000  PSIwES beam quality <«— M°der'°*1°'”' range
2006  BNLAGS pulsed beam n about 7 range p
2010 v-factory (PRISM) pulsed/quality

peam gudlity means;

e radiative =~ capture followed by v — ete™ conversion
at most 10° pions may stop in the target during the full measurement

e 1~ decay in fight
beam momentum has to be below 60 MeV/c
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events f 1ul Kev

w—e : SINDRUM II result

SINDRUM II parameters

— beam intensity 3x107 /s

run2000 an oaold SINCAL 1

. Measurement — W~ momentum 53 MeV/c
Le i SITTAti On ..l — magnetic field 0.33T
A e simulation at B=10
— acceptance 7%
— momentum res. 2% FWHM
- S.ES 3.3x1013

- B(u—e:Au) 8x10-13

70 80 90 100
ETOT (MeV)
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n—e . MECO Straw Tracker
detector (>2010 ?)

Muon Stopping
Target

Muon Beam

= Sto
= P
Crystal
Calorimeter

Superconducting
Detector Solenoid
(20T-10T)

Superconducting
Transport Solenoid
(25T-2.1T)

Superconducting
Production Solenoid
(5.0T-25T)

 — Collimators

4 x 1013 incident p/sec

11 i
Heat & Radiation Shield 1 x 10 stopping p/sec
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uw—e : MECO Proton Beam

Pulsed beam from AGS to eliminate prompt backgrounds

1.35 psec separation between pulses for a 2.7 pisec
rotation time. AGS cycle time is 1 sec.

Extinction must be >10°; fast kicker in transport will
divert beam from production solenoid

Work to be done. 2 10*2 protons/bucket is
twice the present AGS bunch intensity. In preliminary
tests, extinction of ~ 107 has been achieved.
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Spectrometer Performance

y

N | e
b5, 91, & 105 MeV e- from target

» Performance calculated using Monte Carlo
simulation of all physical effects

Bckgrnd with detector response

Signal with full GEANT simulation
FWHM 800 KeV

* Resolution dominated by multiple
scattering in tracker

* Resolution function of spectrometer
convolved with theoretical calculation of
| | | | | | | | { | | | ‘ H | | | ‘ | | | | 1 1
e s o o o . muon decay in orbit to get expected
Clectron Energy (MeV) background_

Straw detector events
S
N
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w—e : MECO background

~ 0.45 background events for 107 s running time
sensitivity of ~ 5 signal events for R, = 10-1

Source Events Comments
u decay in orbit 0.25 | SIN =20 for R, = 10°1¢
Tracking errors < 0.006
Radiative p decay <0.005
Beam e <0.04
u decay in flight < 0.03 | Without scattering in stopping target
u decay in flight 0.04 | With scattering in stopping target
n decay in flight <0.001
Radiative &t capture 0.07 | From out of time protons
Radiative & capture 0.001 | From late arriving pions
Anti-proton induced 0.007 | Mostly from 7~
Cosmic ray induced 0.004 | Assuming 10 CR veto inefficiency
Total Background 0.45 | Assuming 10 inter-bunch extinction
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PRISM/PRIME (FFAG financed. Ready in 2007)

l}['v:l ML RS B S ELeE

Y -
Prsaspy Proron Dunip

— I o . . .
K S [ o e Hhaon High intensity pulsed proton
:::= ('AI-’.'I'HH‘.- E - beam
m‘*% o -Pion capture solenoid
== _ -Pion decay section
InsEcTion H‘!’Eﬂ-]ZM|“ #I \\ Time .PhaSe ro-‘-a-‘-lon (muon enerlgy
/ / N . e pase rathrion spread reduction) by means of
I \ \ 2 an rf field
_—a \ [ FFAGRING | [ | <nTRER ‘Very similar to the fr'.on‘r end
- ) / / s rson of the proposed neutrino
N | factories (Staging strategy)

/4

| - Time

| Eiecriom Svsten |

[Fie. T Phase Rotation

IFig.2 Schematic PRISM Lavout
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PRISM/PRIME (2)

‘Intensity ~10'? muons/s (pion cleaned)
‘68 MeV/c
‘Narrow energy spread (few % FWHM)

The last characteristic is essential to stop enough muons in
thin targets. If the electron momentum resolution can be kept
below 350 KeV (FWHM) the experiment can be sensitive to pe

conversion down to 10-18
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Preliminary, rough, estimates for a possible
SPL pulsed muon beam

* Macro duty cycle: 1.2 ms every 20 ms (6% duty cycle) N

* By the help of a chopper 40 mA of protons in bursts of 200 ns can be
provided every 2 us (good microstructure for mu-e conv)

» This corresponds to 1.5*10% p/s @2.2 GeV (0.5 MW)

* An extinction factor of 108 might be within reach (difficult to be
measured): confirmation in 2007

J
* An additional 10° might be added to the extinction factor by using a

veto counter active only between the p bursts

» By using GHEISHA to scale #n/p from 8 to 2.2 GeV (HARP results
needed) = 10%2 1/s (tfungsten target) Sensitivity down to B=10-18

* Heat power release about 100 KW (tungsten would melt)
* Need of precise design/estimates

* p-community
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Continuous beam

*The new design of the SPL is not compatible with a CW
operation

» Thin production target in the accumulator (not liked because of
safety/shielding problems) should be better investigated
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2. Orther items: measurements of muon
lifetime (G¢)

Gr is one of the three parameters of the standard model
bosonic sector

The accuracy is dominated by the knowledge of the muon
lifetime (theoretical uncertainty <1ppm)

(True in pure V-A and Electroweak fits depend on G- M2,)
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Experiments

RAL

'3 experiments going-on (2 at PST 5", il eer per o
and one at RAL) :::#\ |

gt Bl b Scintillator
Need to depolarize the muons (limited Q o ur‘ S
Cover‘age) :tt:;:il:'lr;target'} T \ }
Detector segmented (MWPC+scint.) to avoid e Field cancalation
pile-up
Benefits from pulsed structure of the beam
(time) In order a 1 ppm accuracy

1012 events are needed
But repetition rate too low (50 Hz) ->

statistically limited to 104 events/s to avoid 50 Hz ->50 KHz
pile-up
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mulLan at PSI

-Scintillator tiles + PMTs

- symmetric detector to
reduce polarization effects

*Beam structure created
artificially at PST

i

+20 muons of the DC beam are bl ,J% [_f ﬁ}gﬁ
. . M A o o e
used every 10 muon lifetimes S f\{ )
. N ~J

'1012 even'rs CO”eCflon Fig. 4. The plan detector elements Individual scintillator element, lightguide and PMT (top left), tle par

(botrom left), pentagon cluster of tles (bottom middle); hex-house complete structure (top maddle); wlan
ball (right).

This class of experiments could gain an additional order
of magnitude snsitivity by an increase of the muon rate
if pile-up and detector timing stability are kept under
control
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Precise measurements of the muon decay
parameters: TWIST (E614) at TRIUMF

Precise measurement of the Michel spectrum

dI’ 2 2
c3l-¢g)+—p(4e—-3)xP EcosH[l-c+—0(4e -3
4.0 (1-¢) 2 P )£ P,&cosd 2 ( )]
¢ =E, I E, ;neglected termsoc m, /m  (fourth parameter 77)
Accepted Value Standard Model Value | TWIST Precision

s, 0.7518 £+ (L0026 ,;’ 0000001
d 0.7486 4+ 0.0026 4+ 00028 % +0.00014

Fue || 1.0027 £ (L0079 £ 0.0030 1 +0.00013
7 -0.007 £ 0.013 0 +0.003
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T-violation experiment at PSI

4 . o
M="0F 5 el I 100
".r—'*f-};,i;
£ = H, L

The index + labels the type of interaction:

F* = 4-scalar
' = 4-vector
r’ = A-tansor

P, . Precise determination of Fegmi coupling
L Py, = f1i(E,d,n,10") constant Gg (77)
p
Pr, = f2(E,9.5.5) Pr,: Test of time reversal invariance
\\. Improve precision of previous experiment [1] by
g i : 'PT1 almost one order in magnitude to:
Yo T E
.J/.rl
- P, A P-,r-l > = 0.004
_F'T2 T k
= A< Pp,> = 0004
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Observable Method
Py Time dependence of annihilation
i Remnant uSR effect
P Spatial dependence of annihilation

Setup of the Experiment and Principle of Measurement :

m -

S

xll';

¥

e

—
—

(1): Beryllium stop target within spin precession magnet
) : magneti zed Vacaflux foil within iron return yoke

(@) calorimeter consisting of 127 BGO crystals
e Highly polarized u* beam
at pE1 area of PSI: (91%)

e Muon stop rate in Be target:
(20 — 80) x 10% 57!

T-violation: principle
of the
measurement

-sensitivity limited in both
cases by systematic
effects

e Precession in homogeneous B field;
precession frequency = cyclotron frequency
(50.8 MHz)

o Burst width 3.9 ns (FWHM)

= ' muon polarization in Be stop target
® Positron tracking with drift chambers
e Annihilation with polarized e

e Detection of anmhilation quanta with

127 BGO crystals
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A=)
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|~
' 180
=
S
T~
- X
] =1
<]
160

L Measurements Standard Model -
[ | DU (U s _
B BNL’00 World 7
. ® ). ._._._Average _ _ _ _ _ _|_._._._._._._._._
— BN‘[:‘99 —
B 1, DEHZ 02 ]
BNL’98 +

I SRR e
References: BNL'98 PRL 86 2227 7, DEHZ'02 a (had;1) from hep-ph/0208177

BNL'98 PR 62D 091101
BNL'00 PRL 89 101804

a, = 11 659 204(7)(5) x 101 (0.7 ppm)

a, for negative muons (CPT test)

e‘e’, DEHZ'02 a (had;1) from hep-ph/0208177
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u edm
‘P and T violating

*Best limit from g-2 CERN experiment: 3.7+ 3.4 x 10-1° ecm

‘Letter of intent (Jan 2003) for a dedicated experiment ->10-24 e-cm
level

-Disentangle the EDM effect from the g-2 precession by means of a
radial electric field

‘High intensity dedicated beam of 0.5 GeV/c polarized muons: new

PRISM; PRISMII Upper Detector
E S E; e *V \ /
- ® S
* /‘*J/C)ﬂ . E B =K
| L i T
LB B B' ANy,
Y
' ‘1 - L ower Detector

:a] Time[arb.] (b}
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Illustration of the beam needs for the
different kinds of experiments

Experiment g | J udt | To/Im ol AT E, Apy pu
[ns] [zs] | [MeV] [%]
uN—e NT — | 10t <1 = 100 =1 < 20 < 10
u~N — e~ N? — | 102¢ n/a n/a n/a < 20 < 10
"— ey + | 107 nfa n/a n/a .4 < 10
[ — eee + | 107 n/a n/a n/a .4 < 10
pte — et + | 10Y6 | < 10-% | < 1000 | =20 ...4 ...2
Ty + | 104 | <102 | <100 | =20 4 ...10
transvers. polariz. | + | 10'% | <102 | =05 | = 0.02] 30-40 1...3
g — 2 + | 10" | <107 | =50 | =10° [ 3100 102
edm,, + | 0% | <108 | <50 | =10° | <1000 | < 1073
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Conclusions

*Muons are sensitive probes of physics beyond the standard
model: SUGRA theories need (C)LFV not too far from the
existing limits

‘Many other searches can benefit from an increase of the muon
flux at a New Low Energy Muon Facility

In some cases better experiments should be conceived;
(challenge for the field of detectors R&D)

*The effort is worthwhile: new physics could be not so far...
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