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Beyond MEG

Which gain in sensitivity can be expected using more intense
muon beam (= 107 u/s) ?

For a fixed accidental background experiment By can be
maximized

)_1

Linear improvements are obtained only with AEy and Afgy

At PSI Ry, = 2x10° as far as Ry, >R, rate is not a
limitation.

A factor 10in the (R, AEy ABey)? should be gained to
reachBR(u—>ey) =110

Either a detector technology breakthrough or several small
improvements (factors 1.5-2.0)




Beyond MEG

Most limiting factors: performances of LXe calorimeter itis at
the state of the art of the technology = how to improve further
AEY with a fast (ns) and calorimetric detector?

Some other possible improvements:

o thinner target to improve A6; but exploiting higher intensity
muon beam on target

—> off target decay could increase pileup and background;
finely segmented active target (to improve ey match),
= new concept to be developed;

o high resolution beta spectrometers (AEe/Ee = 0.1 %)
without reducing the geometrical acceptance;

RD is always needed




[uaSe

neories give
R(n— 3e) ~107+102 BR(u — ey)
nere is a 20 year old limit BR(u—3e) < 1012

(SINDRUM Coll., Nucl. Phys. B299 (1988) 1)
with a limit in BR_..= 1073 -5 Ru= 5+ 10° u/s
This decay channel has not been
investigated since many years




u— 3e

Exploit X Ee = Myu, time coincidence and co-planarity

Also limited by accidental background.
(Michel positron and an e*e” pair produced by Bhabha
scattering in the target)

Experimental advantage: no photons
— no EM calorimeter.

However: very high rate in tracking system
— dead time, trigger & pattern recognition problems;

need of large modularity.

— large angular and momentum acceptance of the
spectrometer




u— 3e

Difficulties:

To be competitive with MEG predicted limit
BR(u — eY)<10-13, BR(u — 3e) = 10-15

Total efficiency in SINDRUM = 15% Cannot be
iImproved much

To match the BR goal, Ru must increase by 103
to Ru=5+10% u/s

The accidental BR,.. increases of a factor 10°
Using a timing system MEG-like to improve
resolution of factor of 10

Recover 10° with a fast tracking detector
appears extremely difficult.




uN->eN

stop muon in atom

rapidly (10-16s) cascades down to the 1S state
circles the nucleus for up to ~2 us

two things most likely happen:

o Is captured by the nucleus: WNy ;—V, Nj 7 ;
o decays inorbit:  WNp,—€V VN,

iIn WwN—e N the muon coherently interacts with
nucleus leaving it in ground state

o signature single isolated electron
o Eg=m,—E\g-Ey,~104.97 MeV (Al)




uN->eN

* R lis the ratio of
conversion rate to capture
rate.

I(u Al—>e Al
He T Al — v, Mg)

Nuclear wavefunctions

“cancel,” = calculation

Simp|er ' Capture: wN, - VMNA’Z_1
As muon cascades to 1s,

X-rays give stop rate

and Mg —Al yields a 2.6

MeV g followed by vy that

can be used to measure |
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uUN->eN background

|\/|U0n decay |n Ol’bl’[ (DIO) Muon De-_cay—in—FIight
- _ nL—o>e vy,
WNa 7€V, VN, 7
o Note: E, < mc2-Eyg-E,
o require good energy resolution
Radiative muon capture (RMC):
WNp 7=V WNp 71, y—E%e
Note: E,..(Al) = 102.5 MeV

restricts choice of stopping targets
require good energy resolution




uUN->eN background

Radiative pion capture (RPC):

TNaz—=WWNa 21, Y€te
o Note: 1.2% have E, > 105 MeV
Muon decay Iin flight:

UL — evv
o Note: since E, < m %2, p, > 77MeV/c
Beam electrons scattering in target

Pion decay in flight:
T — €7V,
o Need high interbunch extinction!

Antiprotons annihilating
o need thin absorber




Mu2e at FNAL

beam accelerated to 8 GeV/c
2x3=6 12 batches 171 5':
batches to NOVA new detector hall
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Mu2e at FNAL

In Mu2E-type experiments,
signals of mu-e conv. events will
be searched after waiting for while
from the primary proton pulse
hitting the production target to

suppress prompt backgrounds,

By doing this, the prompt
background events produced by
primary proton pulse will be
suppressed down to a negligible
level. The only remaining
backgrounds are the prompt
background events produced by
off-timing protons coming between
main pulses.

Arbitrary Unit
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10 p/pulse \

- Prompt Background
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Mu2e at FNAL

Inter-bunch protons cause backgrounds , —
1. Muon decay in flight: :
W — evv
Since E, < m,c?/2, p, > 77 MeV/c
2. Radiative - capture:
TN —-N*y, vZ — ete-
3. Beam electrons
4. Pion decay in flight:
T — eV,
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Suppressed by minimizing beam between Time (us)
bunches

Need < 10 extinction

Get 103 for free

Special kickers needed for rest

US-JAPAN collaboration on R&D DipoI:synchronized ./
(similar proposal in Japan: COME Tilkist SO

Matched dipole




Mu2e apparatus

Detector
Solenoid

Beam Stop
Transport P

Solenoid ) o § agnetic

1,694 ns >

. ~3x107 p/bunch
Production SRR L
Solenoid

700 ns ——> Detector live
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f—— 900 ns —]

Beam pipe Inter-bunch

Production extinction ~10°
Target




Mu2e p target side

Graded solenoidal field to maximize pion capture:2.5T — 5.0T graded
magnetic field

2.5x10-3 u-/p

R=75cm

23kW beam

0.8 mm x 160 mm gold target

Forward moving pions and muons with 6 > 30°and pz < 180 MeV/c
reflected back in graded field
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[MUZe p target side

Protons le_ave Proton Target Target
through thin Shielding
window —

spiral around and  pjgs
deCay Protons enter here

muons exit to right 4mX075m




Mu2e - muon decay side

No detector element in region of transported beam
Small acceptance for DIO electrons
Minimal amount of material = detector elements in vacuum




Mu2e

Must operate in rates up to 200 kHz in
individual detector elements

Must operate in vacuum: < 10-3 Torr

Must have low acceptance for DIO
electrons

Straw tubes: 2,800, 5 mm diam., 2.6
m long, 25mm thick

Cathode strips: 17,000

50% geometrical acceptance:
90°+30°

0.2 MeV intrinsic energy resolution

Resolution dominated by multiple
scattering

MaV/c
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Events per 0.05

e conversion Br = 10

. .EIS i05.5 106 106.5 107
Electron Momentun, MeV/c




[I\/IUZe

CR Muons cause two
types of backgrounds:

Muon decay-in-flight

Delta electrons from
target or tracker

Cosmics have been
the main SINDRUM
external background
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Mu2e performance

Proton flux

1.8x10'3 p/s

Running time

2x107 s

Total protons

3.6x102° p/yr

- stops/incident proton

0.0025

- capture probability

0.61

Time window fraction

0.49

Electron trigger efficiency

0.90

Reconstruction and selection efficiency
Sensitivity (90% CL)
Detected events for R,, = 101

0.19




w decay in flight

u decay in flight

x decay in flight
Radiative = capture
Radiative = capture
Anti-proton induced
Cosmic ray induced

Total Background

Comments

Yrrom out of time protons
el

0.001 | From late arriving pions

@D ostly from a-
p— |

Assuming 10-* CR veto inefficiency

Assuming 10-% inter-bunch extinction




PRIME

A technique of phase rotations adopted.
The phase rotation is to decelerate fast beam particles and

alv.

Hign Erengy
Adviineasd Phiasss

Farros Erehgy

e Enary
Celmyed Pase

Fhase Phasea




PRIME concept design

muon intensity: 1077-10"2 /sec
central momentum: 68 MeV/c
narrow momentum width by phase rotation
pion contamination : 10°° for 150m Matching Section

Solenoid

—

Phase rotation = accelerate
slow muons and decelerate
fast muons by RF




LFV 1 decay

The t channel is in principle very interesting for studying LFV
because of the t large mass (mt = 17 mu)

-->Many decay channels;
BR’s enhanced in respect with w — ey by (mt/mu)* with o ~ 3

Experimental problem: production & detection of t large samples.
To be competitive with dedicated experiments one must reach
BR(t — uy) < 10 &)

Significant improvements obtained by B-factories (BELLE,BABAR).




LFV 1 decay

Predicted by many new physics models
o Normal models enhance Tt =2 wy and t =2 ul*l
o Some models may enhance other modes
o 1t -=2>eyandt > el'l are similar

Reference Dy T
SM+ v mixing EPJ C8(1999)513 1040|1014

SM + heavy Maj vy PRD 66(2002)034008 10° 1010
Non-universal Z’ PLB 547(2002)252 109 108
SUSY SO(10) PRD 68(2003)033012 108 1010
mMSUGRA+seesaw PRD 66(2002)115013 10”7 107
SUSY Higgs PLB 566(2003)217 1010 110~




Present limit of t-2>ly

Br(tuee) / Br(tuy) =1/94

Br(tuup)/ Br(tuy) = 1/440
Yellow: BaBar (2008) Br(teee) / Br(tey) =1/94

Br(teuu)/ Br(zey) =1/440




Current status for several t
decay channels

BALAN




Towards Super B factory

Int. Luminosity at B-factories & __
>1.3 ab- 1 gm’
o ~1.2x10° t-pairs |
Super B-factory 10 ab’ l/year

(50 ab)
BR sensitivity
o It depends on background. g

o t2ly; scale as ~1A/L s ||\ 4
ete->1t1yis irreducible BG. Sttsseesaw  Super B faCro
~10-8 level at super B-factoryii i e

o >l IX%; scale as ~1/L Luminosiy (ab)
O(109) level at super B-factory

mSUGRA+seesaw |

SUSY+SO(10)




