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“Who Ordered That?™* (=50

Meson (middle) mass particle in cosmic
ray cloud chamber pictures

e Anderson, Neddermeyer (1936), Street,
Stevenson (1937)

e Yukawa’s strong force condensate (1935)?

Not absorbed by nucleus =» not Yukawa’s |
e Conversi etal (1947)

m-meson distinct from “u-meson”
e (Perkins), Ochiallini, Powell (1947)

No observation of u—ey

v Street, Stevenson

. . +
A new kind of particle! & — PRL 52 (1937)
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Standard Model Leptons (%)

e Three generations of fermions @ Q@ @
‘ up charm top gluon t})_‘(;%gﬁ
,vuL form an EW doublet e (e (o
P Sl cd TS b @
® 1w is an EW singlet o e
! e ) ! ’
® Lepton flavor is conserved -9.9.9 | @
e Higgs mechanism provides charged TR I P
fermion masses, v are massless GRS oflifo | naltho | | Wooson
> AR L
e Descriptive model! no answer to: o T T ey iyt ]
2 GO;det 20.3 o™ -Z_m E
! T = = 20. Others B
e Why are there 3 generations? $ S0 s-smev Fakes E
s 40 ' —
e \What defines fermion masses? 3 30 £
= 20 =
e What relates leptons to quarks? BRI E
oF .

e What is the origin of the lepton > [Tpemea 1]
asymmetry of the universe? R g e D s

«=+= H(150)— Tt (Iu=5.9)§ ________

w. Data-Bkg
o

e Plus,it’s “wrong” 7 Qe e M e

o
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mYMC [GeV]
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Neutrino Mixing/Oscillation (.

AL R L |
Super-K v, dlsappearance Phys. Rev. D 88, 033001 (2013)
- KamLAND ve detection
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Charged Leptons as New Physics Probes




Muon Anomalies

~3.50 discrepancy with
theoretical calculations

Aa® = g B! g2 = (287 £ 80) x 107"

a

- "u u

J. Miller etal., Annu. Rev. Nucl. Part. Sci. 2012. 62

- - — ] -

|
9.4 ppm) CERN

(
(10 ppm) CERN
(13 ppm) E821(97)
(

(

(

+

5ppm) E821(98)

1.3 ppm) E821(99)
0.7 ppm) E821(00)
(0.7 ppm) E821(01) p-
World average

+

+

’ttt+t = =

—_—

]-—

(.

].

l o
PRI B ' TR i PO BT ST S I T T T
o o o o o o
8 8 8 8 8 8
& & o o 3 a
w w wv wv wn wn
© ©° e € g ¢

a, (x10°M)

David Brown, LBNL

~70 discrepancy between
muonic and electronic hydrogen

ro = 0.84087(39) fm (muonic hydrogen lamb shift)
rp = 0.8775(51) fm (electron scattering, spectroscopy)

Antognini etal, Science 25 January 2013, Vol. 339 no. 6118
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Atomic Capture of u-

e Stopped J- is captured by an atom
e Falls to K-shell (~500 KeV)
¢ Binding energy emitted as x-rays
e - can Decay-In-Orbit (DIO)
e EM coupling to nucleus

DIO
® |1 can be captured by nucleus (397)
e resultant nucleus is unstable 2
e 1,Al =800 nsec
Qd‘
AN
Nuclear

Capture (61%)
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UN—eN Conversion

e |- converts coherently with N
® NO neutrino!
e ¢ recoil is against N
e N unchanged

e Experimental Signature

e |solated, mono-energetic e
® Econv — mpC2 - Ebind ¥ Erecoil — 104973 |V|eV (for AI)

e Rate defined as the ratio R,e = conversion/capture

T(u~ + (A, Z) - e + (4, 2))
T(p +(A,Z) > v, + (A, Z—1))

Re
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u—e Conversion Processes(” )

e ‘Loop’ terms i Xo e M e e
—>r— > —> ' P
e i.e. SUSY, Higgs doublets, ... W é’(l HA 4
e Also mediates u—ey g
‘ , q T4l g q
e ‘Contact’ terms > > >

e Couples leptons to quarks /,\\/ /-1\\/1
* Only accessible by uN—¢eN
: . | VA L LL.C
e Effective Lagrangian ? ‘ 2

e ¥ = contact/loop (I//\j q//\\(,.

e A = mass scale

Loop Contact

m,  _ K
L = > MRO v eLFW + 5
(K + DA (K + DA
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Previous Measurements

e PS| muon beam
S]NDRUM—]] uTi—eTi (1996) o Signal: e momentum

'1'5234—§ r~ 103 MeV

after prompt veto

after cosmic suppression

O
[
|

e Backgrounds:
e beam - and e-

® COSMIC mMuons

events / channel (0.5 MeV/c)
o
[
|

e DIO
10 3 we—simulation
B.= 4 x107"
1 cosmic Rue" < 6.1X1013
PANIC 96 (C96-05-22)
70 &0 20 100 110 120 Au -13
electron momentum (MeV/c) Rue < 7X1 O

Eur.Phys.J. C47 (2006)
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v 4—ey
e U — e
= uN —eN

MEG 2013
PRL 110, 201801 (2013)

107"

VYo,

1073

107 Current Best Limit:
1077 BR(u—ey) <5.7x10-13
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Mu2e Measurement Goal

vV p—ey
e U — e
= uN —eN

MEG 2013
arXiv:1303.0754

w

Mu2e Goal: f

VMEG Upgrade

RMG < 6x1017 ~10°

improvement

@90% CL = Mu2e

1950 1960 1970 1980 1990 2000 2010 2020 2030

Year




Mu2e Sensitivity Goal

e Mu2e will be sensitive
over the full ¥k range

e Exceed current (and
future) limits for both
Loop and Contact term
Interactions

e Mu2e will be sensitive to
effective mass scales up
to 10+ TeV

e ~1 order of magnitude
improvement over
current limits

David Brown, LBNL
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The Mu2e Collaboration (.
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~130 Collaborators, 26 Institutions, 3 Countries
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Mu2e Experimental Concept(® 7.

e Produce [ via protons hitting a fixed target
e P+Nucleus— m —u-v,
e Collect and stop low-momentum p-

e ~1078 stopped p- over a 3-year run

e Measure e momentum from (- decay at rest
® conversion signature: mono-energetic line

e Principle experimental challenge: Background
suppression (< 1 event for 3-year run)

e Beam backgrounds = pulsed beam with good ‘extinction’
e DIO background = 1%. momentum resolution and accuracy

e Cosmic ray backgrounds = active shielding

David Brown, LBNL 19 Mu2e Davis Seminar




The Mu2e Experiment

Target

Production

Extinctio
Monitor

David Brown, LBNL Davis Seminar




Mu2e Beam Dellvery

e Protons accelerated in
booster (8 GeV, 53MHz)

e Transported through
Recycler

e Re-bunched and stored in
the ‘Delivery Ring’

e \Was Anti-Proton Debuncher
e Current limited by ‘sky shine’ &

e Resonant Extraction

e Sent to Muon campus
through new M4 line

e Delivery shared with g-2

David Brown, LBNL 21 Mu2e Davis Seminar




Beam Timing

2/20 booster batches
e Shared running with NOVA

Resonant extraction to M4
beamline

e Narrow beam pulses
e 1.7 usec cycle

Detector live for ~1 usec

700 nsec delay avoids beam
backgrounds

e Beam ‘flash’in first 300 nsec
e Huge detector backgrounds

e beam m

e u—e conversion background

David Brown, LBNL 22
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Mu2e Beam Backgrounds

e 8 GeV Protons produce T, Phys. Rev. C 5, 1867—1883 (1972)
u* e+ P and anti-P

oxio®t Mg - — Na vy
Y —ete

Ny/MeV

o

¢ Wide momentum spread =
hard to separate species

0.5x 10 8}

e Anti-P, m- can capture on

target, produce conversion L . YRR Y L
background € (MeV)

e Capture— y = asymmetricy e 7~ can waited out

conversion — e- in signal °
window Ta/Tu ~ 30

o rate ~10 ® 700 nsec delay provides

_ : ~10-1 -/u- suppression
e Anti-P are reduced with a

degrader (3.5 mm Be)

® costs ~10% of u- flux

David Brown, LBNL 23 Mu2e Davis Seminar




Proton Pulse Formation

¢ Re-bunching forms

narrow pulses 2
e ~200 nsec wide =
e out-of-time proton o
fraction < 104 o
e AC dipole deflects £ IS
out-of-time protons L < >
e 300 KHz + 3.8 MHz | 2" § (deg) ©
e resonant with beam . ——— Collimator
time beam \
e Additional factorof 107 : -
rejection A > )
e Net ‘extinction’ of out- ° il

of-time protons < 10-10

David Brown, LBNL
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Extinction Monitor 7,

® ‘Pinhole’ Si pixel telescope spectrometer
e Measure extinction to 10-19 in ~1 hour

Magnet room Spectrometer

room

ATLAS IBL

pixels +
readout

’

o L

Spectrometer magnet

David Brown, LBNL




Solenoidal Transport

e Graded fields increase collection efficiency,
sweep particles towards detector

\\\
=

|4 meters

David Brown, LBNL 26 Mu2e




Production Solenoid

High field, high radiation

e Bronze shields superconductor

Tungsten rod target
e Radiation cooled: 1650° C!
e (0.005 u- produced per POT

Radiation limit; Al stabilizer atom
displacement < 10-5/year

e Must anneal once/year!

Cable samples meet requirements

I T \ . R g < “_7
RN BMEAK o) ST gt o o ey . >
> 554 r:f ! ' =5
A i

Cross-section of Extruded PS Conductor

David Brown, LBNL
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Transport Solenoid

¢ ‘S’ bend solenoid transports
charged particles

® no line-of-sight to detector

e Bend induces momentum,
charge-dependent vertical
shift

e Reversed by 2nd bend

e Asymmetric collimator rejects
positive and high-momentum
particles

e (Can be rotated to select
positive particles

David Brown, LBNL 28

First proposed
for MELC

Mu2e
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Detector Solenoid

e 20T—1.0T near target

o ~50% increase In e-
acceptance

e 0.5 %/meter gradient in
detector region

® sweeps out slow e*, u=

David Brown, LBNL 29




Stopping Target |




Low-Mass Straw Tracker (2.

DIO Peak

) 1T
NN

o 22 stations of straw chambers
e 1 station = 12 semi-circular straw panels
e 3-D printed manifolds
e 15 um mylar/Al/Au wall straws
e Average mass transited by e- ~1% Xo
e Time division readout (3-D points)
e custom ASIC, few cm resolution (~100 ps)

David Brown, LBNL 31
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Cosmic Ray Backgrounds

e < 10 mwe overburden (concrete)
e large flux of cosmic ray muons!

e Detector is live ~30% of wall-clock time
e Cosmic u- can produce fake e- tracks

e Tracker (dE/dx) + calorimeter provide modest cosmic rejection
e Estimated background of ~103 in momentum signal window

e An active cosmic veto system is needed!

N ST S
| SUIIN_ T el

David Brown, LBNL 33 Mu2e Davis Seminar




Cosmlc Ray Veto System .

e //////

I

e Active veto coverage over
detector and stopping target

e 4 |ayers of overlapping

——

100.8
[3.967°1

o ——

151.6

50.8
[2,00071
——

15.0

scintillation counters e
e SiPM readout (via fiber) L R -
e 99.99% net efficiency (3 of 4)

e Background of 0.05 events in
signal window (3 year run)

David Brown, LBNL 34 Mu2e

Davis Seminar
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DAQ

e ‘Triggerless’ architecture

e Raw data streamed to online
farm (36 servers)

e Fast track finding filter
e 1/500 reduction to disk

e 5ms/event, 400 Hz, 1Pb/year

Readout
Controler

Server

. - -—> A
o € (

o .

Q

)

o

ERE

e e e

x 543 x 36

Event Building network
(10G Ethernet switch)

David Brown, LBNL 35

Benchmark Tests

Clock DistrLEution

Readout Controler

& .
- Sy
ot 5 T > Ve - %
z Mgy - : "
./‘ e
i L
77 1@ o Py - Tk =
Py

QOpt

Xeon-ES Xeon-Phi
(32 cores/CPU) (120 cores/CPU)

190K events/sec 140K events/sec
(meets spec)
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SimParticle:dioMixer:

G4 Simulation, inside 1usec livegate SimPartle:neutonMier

SimParticle:photonMixer:

J 2 " . SimParticle:gdrun:

5\ 4 L & N ! VL
oy ) e e e
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Background Hit Removal

e An Artificial Neural Net separates low-energy electron
hits from conversion hits

o Clustering in space and time allows discrimination
e 90% background hit rejection, 99% conversion hit efficiency

€ Transverse Tracker Hit Positions ) Electron Classification Algorithm Output
g—soo 3000[— TMVA I
> E B Compton Electrons (x10)
600 L
B 2500
L B Conversion Electrons
400} N
B 2 L
2001 g 000
- -
a | ° °
0 sso-  cluster classification
i i3 L
-200F < ¢
B 1000—
-400- u
-600F 500(— j\
- rajectary - _AJI
_800T|1||||1|1||| T o b Ll B T PR SR [T S P [N SRV R T JlLLL
-800 -600 -400 -200 O 200 400 600 800 92 0 0.2 0.4 0.6 0.8 1 T2
X (mm) Artificial Neural Net (Arbitrary Units)
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Background Hit Removal

e An Artificial Neural Net separates low-energy electron
hits from conversion hits

o Clustering in space (3-D) and time allows discrimination
e 90% background hit rejection, 99% conversion hit efficiency

€ Transverse Tracker Hit Positions ) Electron Classification Algorithm Output
Saoo” ] 3000
> ~ l“l sec B Compton Electrons (x10)
o00F 2500
L B Conversion Electrons
400 B
200 = =
I ) N
Z‘ | [ ] [ ]
0 sso-  cluster classification
L _e -
-200F < ¢
- 1000
-400- B
-600[- 500(— j\
- ue Conversi rajector -
_8OO—|[H]||||1|1| IlllllllllJlll y B T *IL‘MI..,_JngLJ._,{lIJL
-800 -600 -400 -200 0 200 400 600 800 _%2 0 02 04 0.6 0.8 1 1.2
X (mm) Artificial Neural Net (Arbitrary Units)
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Track Reconstruction

Transverse Tracker Hit Position Tracker Momentum Resolution

N kY

Robust\Helix Fit
J Math Imaging Vis DOI 10,1007/s10851-010-0249-

X

[ _ W _\
Core Width = 92 KeV/c ‘ ~ 10U

High Tail Slope = 134 KeV/c i ntri r

High Tail Fraction = 1.4 %

Arhitrary Units,

resoluti

RecoxSelection Efficiency = 83 %

T IIIIII|

2

T IIIIIII

I|u]|IIII|IIII|IIII|IIII|I

. - 3 -2 -1 0 1 2
%00 400 -300 200 -100 0 PrecoPrrue (MeVic)




MuZ2e Signal Sensitivity

Full G4 detector simulation, background overlay, reconstruction
Reconstructed e Momentum

O | —
EO.OSE— 5.8e+17 stopped S|gna| Window SES —
s007—— | DIO Spectrqm ) X 2.5%10-17
S F | from theoretical
200 calculation ; n
L - Czarnecki, Tormo, , 'I'H
Z0.05= | Marciano: arXiv:1106.4756 : _;'—"“1““-_ | :
0.04 DIO = 0.18 £0.01 - W Momentum Resolution
- I ‘.".-l. i :
003 AT | i ~300 KeV, Dominated by
= A i i energy straggling and
002" | HML Brehmstrahlung
- o SR LY
0.01)- g JL N
it b et el At ¥ A i L’Jv‘ﬂ!"]{“;ﬁ e ) 'i‘olai J ﬂ'n,
OL PR A S E— X
_0 01: | | | | l | 1 l | | 1 l l | | I 1 1 1 | | | 1
100 101 102 103 104 105 106
p (MeV/c)
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Toy Mu2e Experiment

(@)
N

—— DIO 7.56e+17 stopped muons

+  Conversions R, =1e-16

RPC+AP+Cosmics 103.3 < P < 104.8 MeV/c

o
w

NDIO= 0 N Events in Signal Window

N RPC+AP+Cosmic = 1

Events/Q.033 MeV/a

——— Conversions, <N>=5.065

—
o
n

I IIIIIIII I IIIIIIII I IIIIIIII I IlllIIII I Iyﬂllll

N Conversion = 8 DIO. <N>=0.218

RPC+AP+Cosmics, <N>=0.199

§signal§ :
window = | 90% of experiments

5 5 : with Rye = 3x10-16
give 50 (stat) discovery

+

H 4+ el

10-1IIII|IIII|IIII|IIII|IIII|IIIIIIIllélllllllgllllll

96 97 98 99 100 101 102 103 104 105 106
Momentum (MeV/c) N Events

1000 toy experiments




Tracker Momentum Calibration(" >~

o o 2: DIO spectrum edge fit
separates DIO from

: e PDF from theoretical model
conversion e-

o ~2% extrapolation accuracy
e + 50 KeV/c on Ipl results in : :
+0.08 DIO in signal window e Resolution from cosmic muons

: : e 15 KeV/c statistical error
e 3 Redundant calibration

methods: DIO Fit Shift [

e 1: Measure spectrometer Zof G215 KeV/o

e Wire position X-Ray Scan

e <50 um accuracy demonstrated

e Map B-field

e 2 Gauss accuracy in 3 directions

e Net 20 KeV/c accuracy”
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Method 3: i+ —e+va

e Stopped n+ produce a mono-
energetic electron - Tt -

e |ine source calibration '

e Requires a special detector
configuration

e Reversed selection collimator . E. Barnes (BU)

e Reduced (70%) magnetic
field

e Reduced beam intensity

Counts/100 KeV

e Earlier (<300 nsec) event e T
selection 50 A ¥ eotsdt Bty

69 70 71

Momentum (MeV)

¢ Preliminary studies show
<100 KeV accuracy possible

e ~1 day running time

David Brown, LBNL 44 Mu2e Davis Seminar







MuZ2e Project Status

e Critical path: Solenoid design, construction, commissioning

NG $35M in FY2014 budget
' 5 ' " TDR] for Mu2e Construction

C

1

1

1

| |
Superconductor| | Fabricate and QA :

I

|

1
R&D Superconductor :
| I= !
Solenoid Design Solenoid Fabrication and QA
I T [ [ 1 1
1 I 1 | 1 1 —
1 1 1 1'! >S5
: - : ! : : o | F I
: , , e [2£ [ Operations
Detector Site Detector Hall Solenoid Solenoid Zlo '
Hall Design Work Construction Infrastructure Installation 3 %
T r T ©.
1 I : 1 : 8 g"
| : 1 :
1 I

|
Detector Construction :
I

Accelerator and Beamline

D-

FY13 FY14 FY15 FY16 FY17 FY18 FY19 FY20 >

FY20
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® This setup is an improVedn jics

v

° TIIe mostofithe
By

Trigger plastic |
counter-1

J e F,

. -

v -~

A Y,
K

/
[y

4

Charged particle ¢
detectors
Si (65um)
Si (1500um)
plastic scin

* performed by partiol ollaborationia
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Mu2e Snowmass Studies ()

e Assumes a ‘project-X’ type linear proton source
e 1-3 GeV proton primary
e ~150 KW power (3 x Mu2e instantaneous rate)
e 100 ns (Gaussian) time spread

e SES ~ 3x10-18 (x10 improvement) possible with modest experiment
upgrades

e Follow-on studies to MuZ2e: alternate target materials possible

0.16=— [ POT pukse
0.14 — x" arrival/decay time ( x 3M )
E [ 1 w arrvaltime ( x1600 )
012— ————— Al u decay/capture time ( x1600 )
- ! . memem—- Ti: u decay/capture time ( x1600 )
0.1 :_ ——————— Au: u” decay/capture time ( x1600 )
0.08—
0.06 —
0.04 —
002 | [I & LoeBg-imo )
0:| § o . | S L SR R T PR T PR Bl Wl sk atls o T -1 gt g g 1 |
0 200 400 600 800 1000 1200 1400 1600 1800
Time (ns)
arXiv:1307.1168

David Brown, LBNL 48 Mu2e Davis Seminar




Conclusions

e Flavor is a poorly understood aspect of the
Standard Model

e Fundamental questions remain unanswered after nearly
80 years of study

e Recent discoveries and hints show it is still relevant

e Muon — electron conversion (CLFV) is a powerful
probe of New Physics

¢ Sensitive to wide range of BSM models
e A complimentary probe of high mass scale processes

e The Mu2e experiment will provide a 104 increase
in sensitivity to muonic CLFV

e On track for physics in 2020

David Brown, LBNL 49 Mu2e Davis Seminar




David Brown, LBNL Davis Seminar




Other CLFV Processes

® The most sensitive CLFV probes use muons

Process Current Limit Next Generation exp
T——>Uun BR < 6.5 E-8
T ——> Wy BR < 6.8 E-8 10 - 10-'° (Belle II)
T ——> uup BR < 3.2 E-8
T ——> eee BR < 3.6 E-8
K, -->eu BR <4.7 E-12
K* --> wte-ut BR < 1.3 E-l1 NA62
B --> eu il i Belle II, LHCb
B* --> K*en BR <9.1 E-8
ut ——> ey BR <5.7 E-13 10-'4 (MEG)
ut ——> e*ete BR < 1.0 E-12 10-'¢ (PSI)
uN --> eN R <70E-I3 10-'7 (Mu2e, COMET)

David Brown, LBNL
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Table 8 “DNA" of flavour physics effects for the most interesting observables in a selection of SUSY
and non-SUSY models 4 % % signals large effects, %% visible but small effects and s implies that
the given model does not predict sizable effects in that observable.
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1 2 6 7 8

* Pressure drop = 0.244 psi/ day @ ~20psi (no env. corr.)

* Leak rate = 0.00847 mBar/Bar/min

* Previous test @ 15 psi + 0 gm weight ~0.00813/mBar/Bar/min
+ 2 weeks under 20 psi + 700gm and no problem

9/15/11 Chiho Wang & Seog Oh




Tracker Electronics

65nm process 4N - 1

Oscillator-ring dual 16-bit
TDC

10 (12) bit ADC
4-channel prototype

HIPPO ADC performance TDC Resolution

, X0 2/ ndf 3.78e+04 /7
-E B Constant 9.71e+05 = 8.70e+02
(000 B Mean -3.792 = 0.001
L Sigma 0.6419 = 0.0003
800—
600— 3 5
400(—
200—
L 1 1 1 [ L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 x1 03 0 L 1 ‘ ‘ 1 1 APZ 1 1 ‘ 1 1 1 ‘ 1
0 20 40 60 80 100 120 140 10 -8 -6 -4 -2 0 2
Sampling sequence At[TDC]
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Straw Creep
ﬁ “Fixed Length” Creep Measurem

* Glue straws on a support frame (120cm) with tensions:
= 300gm, 400gm, 500gm, 600gm.
* Measure straw tension by resonant frequency as a
function of time.

Support Frame

Frequency Magnet
Counter Speaker

Straw

E Fractional Tension change vs time®@57
Exp Fit (cO*e=!"+0) |

We ight 1.05
ol ZTndf 2348717 T ndf 4558718
S x 300 gm x 500 gm

.. = 06519001119 || 0 0.6633 + 0.006791
Precision [ 875605 26261605 || cI 0.0001968 + 386-05

- 3 *
Function 0.958 200 am|_ 1817718 |[ 22/ ndf 500 am | 1252718
L |h400 gm| 04444 || Prob 16009 0.8195
generator 0.656 +0.0086 || c0 0.6785 + 0.005813
095 0.0001922 + 4.733&03 g 0.0003044 + 3.1082&03

+ +

0.75

0.7

------

0.65 oo AR - o,
R TS A GO

S i - et
0y -

0'6IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII”III
0 50 100 150 200 250 300 350

(corrected for temperature & humidity variation) s

3/28/13 Chiho Wang, Seog Oh 14




Muon Beamstop

e Absorbs muons with
minimal backsplash

e Poly + lead liners

* Pinhole camera detects
w- atomic capture x-rays

e Measures stopping rate

e Requires high
background tolerance
and good energy
resolution

e Possible detectors:
e HPGe

e | anthanum Bromide

David Brown, LBNL
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Neutron Backgrounad Mitigation

e Neutrons come from several  Heavy Concrete
sources in Mu2e

e Primary target, collimators, u
stopping target, beamstop, ...

e Neutrons affect the detectors
e Radiation damage to SIPMs

e Tracker and calorimeter hits

e Fake coincidences in CRV : borated
i polyethylene

* Reduces conversion efficiency

e Neutron mitigation:

e Borated poly in the DS cryostat

¢ Borated concrete + steel outside
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Track Finding and Flttlng

* Remove hits from low- """ i, Soaq i

energy electrons

14| — CE Hits

e Remove hits with
large energy deposits
(protons)

10
® Select hitS WhiCh peak 0 ”é\’l)dl-:t(gélﬁodléfl)0”1()l(ﬁ3]1 1400 1600 1800 2000 0 200 400 600 800 1000 1200 1400
I n tl m e StrawHit XY evt 14 trk 0 StrawHit ¢ Zevt 14 trk O

t(nsec)

e Fitin sequence: o
e Robust Helix T

e | east-squares

e Kalman Filter

= \ /
- Y, J

soobuu iy by b b b e Lidag Lovoelanns
500 -400 3300 -200 -100 O 100 209 300 400 500

David Brown, LBNL 63 Mu2e Davis Seminar




— CE, R=10""
— DIO X10

(%]
9
9

>

)

c

3

>

o

Background rate relative to Mu2e nominal (=1)




Momentum Resolution from Cosmics

e Cosmic rays hitting the calorimeter can produce e- that
reflect in the upstream gradient field

¢ Allows 2 independent measurements of the same particle
¢ The momentum difference gives the resolution function

® Also measures the energy loss in passive material

Reco Downstream - Upstream momentum, d0 cut

dmomdiff
Entries 3948
M -0.285
RMS 0.9677
102 E Underflow 0
{ Overf 0
df 123/110
Prob 0.187
= Norm 4204+ 114
10
C X0 0.0327 + 0.0057
- sigma 0.1528+ 0.0047
r 2624015
1 alpha 0.7532++ 0.0331
e
taiffrac 0.02797 + 0.00500
taillambda  0.1659+ 0.0111
Il | L I 1 ‘ | Ll | 1
-10 -8 -6 -4 2 0 2 4
MeV
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CE Acceptance

-t

| 1% Total Acceptance

cummulative acceptance

CE Acceptance

:

relative acceptance

0419

97% Reconstruction Efficiency  85% Quality Cut Efficiency
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Backgrounds for 3 Year Run(" %)

Source Events Comment

Anti-proton capture 0.1 £ 0.06

Radiative TT- capture  0.04 £ 0.02 Assumes 100 extinction

Beam electrons 0.001 = 0.001
M decay in orbit 0.2 £ 0.06
Cosmic ray induced  0.05 = 0.02 Assumes |0-* inefficiency

M decay in flight 0.01 £0.005 With e scatter in target
Total 0.4 +0.1
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Pion Capture Section

A section to capture pions with a large

solid angle under a high solenoidal
\ magnetic field by superconducting

S Production maget

— Target

I—

1= COMET Phase-I

Pions

Detector Section

A detector to search for
muon-to-electron conver-
sion processes.

@%WNEWMMNNNN

Pion-Decay and

Muon-Transport Section

A section to collect muons from
decay of pions under a solenoi-
dal magnetic field.




u Experiments @ FNAL (20

- '

e g-2 (E821 revisited
e Mu2e

e MAP
e MUCOOL
e MICE
e MERIT

Neutrino Factory (NuMAX) 1

" Proton Driver Front End |Cool- | Acceleration u Storage Ring v Factory Goal:
. ing . 0O(102") w/year
e u rI I lo aC O ry £~ within the accelerator
o ] s { 5Gev acceptance
S 5 828 5 5| ol 0.2-1 1-5 —
5§ |®8E 4§ 5|sd GeV  Gev K
- 2 S |FeS2 S 9(8 ~0.35 km u-Collider Goals:
. S| = 229 a 3|9 ’ 126 GeV =
g S IS %§ o | Accelerators: ~14.000 Hiaas/vr
& =°8 = [ Single-Pass Linacs JUUY Inlteiein)
s (Opt. RLA or FFAG) Multi-TeV =
Lumi > 10%4cm2s-"
__Share same complex
Muon Collider (Muon Accelerator Staging Study) l’
Proton Driver Front End Cooling Acceleration Collider Ring
O / Ecom
o o = S 1 Higgs Factory
2§ |SgfrlfE e N, < to
S o 525 S 8|lg g £ £ = ~10 TeV
E = 525588 $8 2o 8 8 b
3 £ 22Y a g8 6w 38 &8
3 <] o5 > 2E o : = E’ = —
< © Q8¢ S|l ® o a2 o £ Accelerators: H H
g = 7 % | Linac, RLA or FFAG, RCS
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