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» Goal of Mu2e:
Measure the rate of conversion relative
to ordinary muon capture on the nucleus:
- Al — e Al
1= Al — capture

Rye = <6x10717(90% C.L.)

with a single event sensitivity (SES) of
2.5x10717

» Current limits (SINDRUM II at PSI) :
R . <4.3x10'2 (Ti),R . <7x1013 (Au)

Limit

V process w +

1.e. the coherent, neutrinoless conversion of a
muon to an electron in the field of a nucleus.
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Mu2E sensitivity is more than
4 orders of magnitude
beyond the current limit
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* Production Solenoid.: Capture muons on Al target
Proton beam strikes target, producing mostly pions Mleagure momentum in tracker and energy in
Graded magnetic field contains backwards pions/muons calorimeter w Y
and reflects slow forward pions/muons Graded -ﬁeld reflects dpwnstream
conversion electrons emitted upstream

Detector Solenoid

Production Solenoid > . stopping :
Transport Solenoid targets
® Targets:
® Trans port Solenoid.: o 1.7 Al foi.ls; Aluminum was selected mainly for th‘e muon
. lifetime in capture events (864 ns) that matches nicely
Select low momentum, negative muons .
] . ) . the need of prompt separation in the Mu2e beam structure.
Antiproton absorber in the mid-section
® Tracker:
v ~25000 tubes arranged in planes on stations, the
tracker has 20 stations
¢ Expected momentum resolution ~ 120 keV/c 4
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Calorimeter requirements

® Provide a quality check on the reconstructed track
® Helpful tool to perform the pattern recognition of tracks
® Particle identification: muon rejection factor > 200
® Filter the events at HLT independently from the tracker

Survive in the MuZ2e environment:
+ Operable in 1 T magnetic field
+ Radiation hard (~ 10 kRad/year/crystal)

Y energy with a resolution of O(5 MeV)
v time with a resolution < 0.5 ns

v impact position with a resolution ~ 1 cm



* CDR choice LYSO: small X,,, high light yield, expensive (—very expensive)

* TDR choice BaF,: larger X, lower light yield (in the deep UV), very fast
component at 220 nm, readout R&D required, cheaper than LYSO

* TDR backup Csl: larger X, lower light yield (in the near UV), fast
component at 310 nm, readout MPPC, cheaper than BaF,

Crystal BaF: JLYSO sl
Density (g/cm?) 4.89 7.28 4.51
Radiation length (cm) Xj 2.03 1.14 1.86
Moliére radius (cm) Rm 3.10 2.07 3.57
Interaction length (cm) 30.7 20.9 393
dE/dx (MeV/cm) 6.5 10.0 5.56
Refractive Index at Amax 1.50 1.82 1.95
Peak luminescence (nm) 220, 300 402 310
Decay time 7 (ns) 0.9, 650 40 26
Light yield (compared to Nal(T1)) (%) 4.1,36 85 3.6
Light yield variation with 0.1,-1.9 -0.2 -1.4
temperature (% / °C)

Hygroscopicity None § None  Slight

Normalized LO
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Calorimeter baseline

After an optimization study done
with simulation:

v The baseline design consists of two
disks with a 92% acceptance;

v each disk contains 930 hexagonal
Bal: crystals

v Disk separation ~ 70 cm

v Inner/outer radii: 35.1/66 cm
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: .. crystal

v Hexagonal crystals 20 cm length,
3.3 cm across the flats
2 APD’ s/crystal used as readout

Caltech/JPL/RMDinc consortium is doing intense
R&D for developing a modified delta-doped RMD

large area APD which incorporates an atomic layer
deposition antireflection filter for providing:

v 70% QEF @ 220 nm (wavelength of the fast

component oo

—3 Layers

0.8 i e
v ~0.1% QF @ 300 nm o7 [, ==

s 0.6

¥ operation gain ~ 500

v HV 1800V 200 | 250 300 350 4(l

Wavelength (nm) Q




Mechanics

Honeycomb face
(toward the target)

Aluminum face
(back side: FEE)

Integration of FEE support
Cooling and positioning
Over detector rails

Stainless steel
Support Rings

R

C.F. inner shell




Calibration system

The equalization 1n response of the crystals, an energy scale and a
check of linearity are provided by a liquid source system (CsFis)

Bpi4n 39N+ o

- [ [
v
2 |
N =% 0" »1° 0 4 7(6.13 MeV) = '
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll .‘- %2()0
v 12 Al pipes -
. 100 ' T
v 0.5 mm thickness : ﬁﬁﬁﬂl .
v ~1 cm diameter Ph 5 |
0 - ! ‘I J/' \»/ I\\ I\‘ 1 flnllu"“u_\_.»
: 4 6 8
- = Johannes M. Bauer, SLAC-PUB-11578 —_—
Vlength 1.5-1.7m BABAR-TALK-05/145 (2006) Energy (MeV)
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2 men' Abers 1o A

&
Ref Crate 2 4
B
Four 1 mm' Abers

to DISK 2 to DISK 2

P A

o

1 mm’ fiber to Four 1 men’ fibers to DISK 1
Ref Crate 1

' to DISK
2 men’ Kbers to ~ . R—
' Ref Crate 2 L .
- ' ‘

» Npe ~30000 at end of distribution
chain as measured with prototype

laser and calorimeter system.
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Testing BakF,

First tests with BaF, 30x30x230 mm? crystals by Siccas with:

L NO GREASE PM YV,  =1800V (50 ns time windows) | PM YV, = 1800 V (650 ns time windows)

2400

2200 Envies 10000 500 [ Entrins 10000 |
* teflon and ESR 3M Te00| | ESR3M|juen — nam wol |EREMIS 50
1600 w2l 7727112 :»;: ! 28-?.4;:
1400 Prob 0.8051 Comstet 1318 + 3.4
- Mesn 51022
* EMI PM @ Vpias = 1800V, 1200 convant 5233 :73 Bos_ aors v omm
. 800 ma 5158 : 0.
gaim = 3.8X106 600 e
400
QE ~30% @ 210 nm 20
60 80 100
pC
* Na?? source —
we .
Light yield (ad 70_72 pe/MeV ::"t'-"' 21’5»'-'0‘-“':7’ Teﬂon C;u-alar'. 12486 '- 1-;

Maoan 134 02 Mean 2042 - 020
Sigrea §.025 - 0131 Sigma 2413 « 02m

® Scaling to APD and using : .'“.,,mw_,w ,/\

optical grease ~ 30 - 32 pe/MeV v ; W a0 60 80 100
per photosensor (for the fast Al
component using 50 ns)
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® Full GEANT4 simulation performed for signal events (~30pe/MeV/APD)
® Simulation with backgrounds included is under study

® 300 keV a threshold @ 1 MeV will be applied

Energy resolution BaF,

-

FWHM / 2.35 (MeV)
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—@— Noise = 0.3 MeV @ 30 p.e./MeV -
—i— Noise = 0.3 MeV @ 30 p.e./MeV -

—o— Noise = 0.6 MeV @ 30 p.e./MeV -
—=— Noise = 0.6 MeV @ 30 p.e./MeV -
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Signal+Bkg
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Run #: 10288221

Event #: 395674

In massive MC runs to optimize the
CRY, an event was found that evaded

the CRYV, passed through the target

and the tracker, and stopped in

the calorimeter

The calorimeter, however, provides
substantial additional background
rejection, through u/e PID, with a
combination of timing information and E/p

E  fracks passing Sef C cufs
00—
I | 100 v pemctrans
cogl— R 10 ey s
00— !
300 !
200
10— 4=
C asl -
] 02 1 [T

5';;;9“;%__;% Calorimeter timing and
e energy deposition
- provide excellent muon
/ rejection:
/ € >99%,
S I muon rejection ~ 200.
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v The trigger algorithm (HLT) applies a threshold on the reconstructed cluster energy

> Signal efficiency and DIO rate were studied convoluting simulations results with
Gaussian functions (sigma’ s are showed on figures)

As an example by putting
the threshold @ 70 MeV
one gets ~92% efficiency
and ~2 kHz of DIO rate

with 5% energy resolution.
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¢ selected alternative for bar, 1s pure amamatsu,
First tests with 30x30x200 mm? pure CslI crystals have been made:

| NPPC S106-33-9C

» Silicon paste 7 by Rhodorsil, Teflon wrapping S o @ e

¥ Homoamatisu (typical)

40+

* one MPPC matrix (16 MPPCs of 3x3 mm?) with:

0! |

20 [Imaging with SiPMs in noble-gas detectors, {
= analog sum of 16 anodes ; arKiv:1210.4746]

‘°E v

= ]-pole filter for shaping

* Trigger made by two small plastic scintillators | T o
v’ time resolution ~ 720 ps after 1
trigger jitter correction 3
(@ ~18 MeV, dE/dx ~ 5.6 MeV/cm) I R D ST B

238/24
0473

35.65 = 2.43
-0.1019 = 0.8997

| Csl time-res. | e 1657070

40 60 80 100
TDC counts [48,8ps/count]

6 Feb 2014

} 100ns 2.50GS/s S H ‘
AUl 26.80 SM points 452mV [18:34:19
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Test Beam (2011) at MAMI (Mainz Microtron, Germany) with a clean tagged photon.

®  An inner matrix of 9 LYSO crystals

20x20x150 mm?
® An outer matrix of PboWO4 crystals

® New matrix of 25 LYSO crystals
30x30x130 mm? built. Tests with
cosmic rays and laser-monitoring-
system are ongoing
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Test with cosmic rays

one full column with empty
neighbors.

1

Voltage Error:
» Electronic noise: 0.87 mV

» Digitizer: 0.5 mV = 2V/212
(2 V: full scale, 12: number of bits)

» Photoelectrons fluctuation:
N, =N, - O(AV)/Q,,
N,,: number of photoelectrons
(= 75000 for a 30 MeV MIP)

Q(AV): binned charge at voltage V
Qtot : total signal charge.

L_.AV

oay = 0.87TmV @ 0.5mV D \/N_
pe

The waveform is parametrized
with three exponential parts,
one rising and two decaying,
convoluted with a gaussian

Voltage [mV]

50

["%2 7 ndf 5.794 /29
Norm 1.461e+04 +72.31
t 1879 £0.271
i 10.59 + 0.5467
K 42.61+ 0.7091
Ts 500+ 0
R 0.001+ 0
% 8+ 0

Cosmic ray
in ch0

v

Entries/ 0.5
x 3 B =
E 8 8 8

D
(=3
[=)

s L | L L L
2000 2050

Time [ns]

L | n " | L N
1900 1950

We calculate the difference between
the reconstructed ¢, for chO and
the charge weighted average of the
t, .. for ch2 and ch3

max

Zizg,g tmawi Ez
Zi:2,3 E;

tchO - tmaazo -

T

o, ~ 330 ps

Entries
2 /ndf

Prob

1015

3527/43

0.7927

Constant 5323 =213

@ 35 MeV

Entries

Mean -0.0009546 = 0.0108391

Sigma 0334 = 0.008

Histogram of the voltage
at a fixed point without
signal: the RMS is
considered as the error

related to the electronics
noise (RMS = 0.87 mV).

TTT‘TTTT‘TTTT‘TTTT‘TTTT‘TTTT‘TTTT‘

() |

15 2

-1.5

-1 -05 0 05 1

TTT [T T T[T T T[T T T[T T T[T T T [TTTI[TT
I I [ I I [ I

10 -8 -6 -4 -2 0 2 4 6 8 10
Voltage [mV]

tono [MS]
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Conclusions

v" The design of the MU2E calorimeter is being completed.
It consists of two disks of 930 hexagonal BaF> crystals that should grant
5% energy, 500 ps timing and 1 cm position resolutions.

» The EMC characteristics will allow a powerful PID, HLT filtering and
a successful HLT filter stage.

» R&D on the photosensors development is in progress

» A final technology choice is planned for next spring when the BaF, readout
with new RMD APD will be compared with the Csl readout with the
enanched UV MPPC.

O To complete the R&D on LYSO, a new test beam is planned with the
photon beam at MAMI in September 2014. Other test beam measurements
are planned with new matrix prototype of BaF, or CsI under construction.






What 1s ue Conversion?

U The neutrino-less conversion of a muon to an electron in the field of a
nucleus is a particularly interesting example of an LFV process involving charged
leptons.

Stop w- in atoms: w- > 1s state
1.Capture: N —=v N' (60%)

2.Decay: U4 N — 6_1/#1_/6 (40%)

D,
3. Coherent Conversion: \a

A Single Monoenergetic Electron ,LL_N e N
fN=Al, E,=m,—BE=105 MeV |

U In the Standard Model, such conversions would take place through higher order
Feynman diagrams involving virtual neutrino mixing, at a rate far below the
threshold of any currently conceivable experiment .

BR_(uN—>e N)=10"



Beyond the SM

U Any detectable signal would be a definite signature, even if
indirect, of new dynamics at very high energy scales.

Sensitive to mass scales up to O (10* TeV)

The Mu2e experiment is designed to search for the signature of a
captured muon converting to an electron through the exchange of
virtual particles with an Aluminum nucleus: -

Supersymmetry _ T _
rate ~ 10-1° " g °

Mu2e goal
~ T +N(4,Z))=e +N(4,2Z)
" T(u~ + N(A,Z) - all muon capture)
MuZ2e will start data taking at Fermilab in the second half of 2019

<6x 10717 (@90%CL)



Experimental Technique

Normalize to Capture:

F(o (A Z) — e (A Z)

e I ()= A 750
Negatively charged muons that stop in matter are \
quickly trapped and form muonic atoms: Al turns

into Mg
» The muon cascades to 1s orbital by electromagnetic transitions
(X-rays provide the stop rate. This rate will be measured with a
germanium detector downstream near the beam dump).

After capture,

» Mg — Alby a2.6 MeV 3
followed by vy that could be used to measure capture rate.



Physics backgrounds

Background

Rejection method

Electrons from muon
decay-in-orbit (DIO)

Good momentum and
energy resolution

Cosmic induced background

Cosmic ray veto and PID

Antiproton induced
background

Anti-proton absorber
intheTS

Radiative pion capture and
muon decay-in-flight

Pulsed beam and delayed
time signal window




The dominant background:

muon decay in orbit (DIO)

» The tail of the DIOs falls as £

(E Endpoint_ E e)s 2 -12(; 20 40 60 do( |v1|2\9) @
» Separation of a few hundred o

keV for BR,, = 1016 M m,

reconstructed momentum (MeV)

éno'- Czarnecki etal éo* Czarnecki etal
g Conversion, R =107" P Conversion, R =107
<10t 19 gox ue
Go a0’
= = °
10 o Resolution effects

extend the DIO
endpoint into the
signal region

1AJAJllljllllll[.l.lll_l_l_ljl_l_l_l_l_l_lll 1181 10‘ 111 1 11 1 1 1211 1111 1 11l 11l llAil
96 97 98 99 100 101 102 103 104 105 106 96 97 98 99 100 101 102 103 104 105 106
Praue (MeVic) Poceo (MeVic)

lay | | | |

Czarnecki, Tormo, Marciano, Phys.Rev. D84, 013006, 2011) 26



Signal sensitivity for a 3 Year Run

i
—
N

o

N Events/0.02 MeV/c

0.08

0.06

0.04

0.02

0

100

Reconstructed e- momentum

- Stopped 42 5.8 x 107 Signal Window
- For BR=10"° ) .
- N, =394x 003 ’ } ’
C Ny =0.19+00 m o «JMW
B NOthel =0.19 ’ ’W ﬁ
- !
C SES=(25+0.1)x 10717 i [Hl}ﬁ i
N | Hﬁf |
|| Errors are statistical only Y b
B #{#” yi [l h
- W o
y ;*’lﬁ b
;mﬂh‘ +muﬁ+h¢ﬂ+“ﬁh¢’*‘ i) wﬁmﬁw M | : t*tr‘t'tﬂ::;,{_ tt""tz;»\
B | | | | | | | | | | | | | | I | | | | | | | | | | | ] | |
101 102 103 104 105 106
p (MeV/c)
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CLFYV has actually been seen in California

Mu2e goal

I(p~+N(A,Z)—e +N(A,Z)
I'(p=+ N(A,Z) - all muon capture)
Mu2e will start data taking at Fermilab in the second half of 2019

Rye =

<6 x 10717 (@90%CL)
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Two types of amplitudes contribute

Loops Contact terms
H : ? ! € W 4
2"~ a--"9
N g ! N N N
u—ey =gy
UN—eN UN—eN
u—eee u—eee

Effective Lagrangian

m, K _ _ _
Lerv = ‘[R n lzl, s BROwer F* + TETNE pryuer(@ry*ur +dry*dr)
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Sensitivity to high mass scales

Lecurvy =

Loops dominate
for k <<'1
—> * < ’ >
iy T e
7 e
N 5 ! N
—> >
u—ey
UN—eN
u—eee

K

Y pryper(ary*ur +drytdr)

50,000 .
§ CR(uN— eN on Al)<6x10 " |
o [ e
F
: Mu2e
10,000 | " CR(N= eN on Al <6x10°" i
- A.DeGouvea
5,000 g

-14

0 0.1

CR(uN— eN on Au) <6x10

Contact terms
dominate for k >> 1

all 90% CL |

-13

excluded _:
SINDRUM-II | |
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* Quando un muone con carica negativa si arresta all'interno di un materiale, viene
attratto dal nucleo di un atomo, e rapidamente viene catturato. Successivamente, la
particella scendera' attraverso 1 vari livelli energetici fino a giungere al livello ad energia
minima, chiamato /S. L'energia emessa durante questo processo, chiamato cascata
muonica, portera all’emissione di raggi X, ma i dettagli dell'emissione dipendono dalla
natura chimica e fisica del materiale assorbente.

* Dato che la massa del muone ¢ molto maggiore di quella dell'elettrone, la sua orbita
sara molto piu vicina al nucleo che non quella di un elettrone: nello stato 1S il raggio
orbitale sara sicuramente confrontabile col raggio di distribuzione di carica nucleare.

* Pertanto, esistera una certa probabilita che il muone venga catturato da un protone del
nucleo. .’atomo tornera stabile attraverso decadimento beta del neutrone

po+(AZ) = v, +(AZ 1)
(A, Z -1 *—2 (A, Z)+ e Vv,




Emits X-rays on the way down:

66 keV, 3d-2p, intensity 62.5%
3477 keV, 2p-1s, intensity 79.7%
How Can We Detect these X-Rays?: Stopping Target Monitor,



NN Why Mu2e is unique? 2

) Istituto Nazionale,
di Fisica Nucleare

Muon to electron conversion is a unique probe for BSM:

€ Broad discovery sensitivity across all models:
—> Sensitivity to the same physics of MEG but with better mass reach
—> Sensitivity to physics that MEG is not

- If MEG observes a signal, MU2E does it with improved statistics.
Ratio of the BR allows to pin-down physics model

- If MEG does not observe a signal, MU2E has still a reach to do so.
In a long run, it can also improve further with PIP-2

@ Sensitivity to A up to 10.000 TeV beyond any imaginable
accelerator

33



NN (WhatNext?) Mu2e ... Mu2e-I

Istituto Nazional
di Fisica Nucleare

Project-X re-imagined to match

Budget constraints: V._Cirigliano, B_Kitano, Y. Okada, P_Tuzon , arXiv-0904.0957 [hep-ph]
1) PIP-2 plans: Phys.Rev. D80 (2009) 013002

- 1 MW at LNBE at start (2025)
- 2 MW at regime at LNBE

- x 10 at Mu2e

Rate/RateinAI‘ vz

Projectx-docdb.fnal.gov/cgi-bin/

ShowDocument?docid=1232 I0

CLVF-snowmass =>Arxiv.1311.5278 v ' M 77 A

Mu2e-2 = Arxiv.1307.1168v2.pdf : AN N I N )
;.i...«'::;f SN U \/

2) Depending on the beam L D
Structure available: Pb S
study Z dependence
If Slgnal 15 Observed Figure & Target dependence of the g — ¢ comversion rate in different single-operator
H H dominance models. We plot the conversion rates normalized to the rate In Aluminum
3) If no SIgnaI IS Observed (Z = 13) versus the atomic number Z for the four theoretical models described In the
Use X 10 events |n Muze_z text: D (blue), § (red), V' (magenta), V¥ (green). The vertical lines cocrespond to
Z = 13(Al), Z = 22(Ti), and Z = 83 (Pb).
Minor modifications of the

detector = BR< 6 x 1018
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| o
m@ Mu2e Schedule and plans e

(L o amonme
* CD-0 in November 2009, CD-1 in July 2012
« Scheduled CD-3a in FY2014-Q2 - Done

= Order production lengths of solenoid superconductor (long lead item)

* Scheduled CD2/3 in FY2014-Q3

= Start on building, proceed expeditiously with solenoid fabrication

« Obtain R&D lengths of all conductor types
* Develop a Reference Design for the solenoids and solicit bids
from industry for their Final Design & Fabrication.

« Complete necessary studies to specify baseline
= Shielding designs + Building drawings
» Detector R&D and test beam studies



,NFN Productlon Solenoid o 4

Protons enter opposite to outgoing muons:
This is a central idea to remove prompt background

Proton Target




inen TTansport Solenoid




Detector Region

Proton absorber: Tracker:
% made of high-density polyethylene % ~25000 tubes arranged in planes on stations, the
% designed in order to reduce proton flux on the tracker has 22 stations

tracker and minimize energy loss % Expected momentum resolution ~ 120 keV/c

Calorimeter:
% 2 disks composed of Bal', crystals

and separated by 1/2 wavelength

largets: Muon beam stop:

% 17 Al foils; Aluminum was selected mainly for the muon % made of several cylinders of different
lifetime in capture events (864 ns) that matches nicely materials: stainless steel, lead and high density
the need of prompt separation in the Mu2e beam structure. polyethylene

choose Z based on tradeoff between rate and lifetime:
longer lived reduces prompt backgrounds

[ POT pulse

n arrival/decay time (x 1M )
w arrival time ( x 400 )
w decay/capture time ( x 400 )

Conversion| Fraction

Nucleus | Rye(Z)/ Rye(Al) |Bound Lifetime Energy | >700 ns

104.96

TTTTTTTTTTTIT llllllllllllllll

Al(13,27) 1.0 864 nsec MeV. 0.45
- 104.18 L
Ti(22,~48 1.7 328 nsec 0.16 | . .
: ) MeV : Selection Window
Au 95.56 .
(79,~197) ~0.8-1.5 72.6 nsec MeV negligible

1 | I TR N n i ra—
600 800 1000 1800
Time (ns)



Backgrounds for a 3 Year Run

Source Events Comment
DIO 0.20 £ 0.06
Anti-proton capture 0.10 £ 0.06
Radiative m- capture™ 0.04 £ 0.02 | from protons during detection time
Beam electrons™ 0.001 £0.001
u decay in flight™* 0.010 £ 0.005 | with e- scatter in target
Cosmic ray induced 0.050 £0.013 | assumes 10 veto inefficiency
Total 04+0.1
All values preliminary; some are statistical error only.

scales with extinction: values in table assume extinction = 10
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v Dtector solenoid is surrounded by

* Four layers of extruded plastic scintillator
* Fiber/SiPM readout (neutron damage is an issue)

Al and concrete shielding CRV.L
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Correlated hits are a concern

Desired ;umber of baékground events ( 0.050 +/- 0.003
Required CR veto inefficiency |4.11E-05
90% CL CR veto inefficiency {3.83E-05




| NARcker: straw tubes operating in Vacuu
(L e

Straws: 5 mm OD; 15 um metalized mylar wall.
Custom ASIC for time division: 0 = 5 mm at straw center

-—'— ,
— e -

Panel: 2 layers, 48 straws each

Plane: 6 self supporting panels

b Q




s NEACker: straw tubes operating in Vacuu

 Istituto Naz
di Fisica Nucleare

Station: 2 planes; relative rotation under study

000

Tracker: 22 stations (# and rotations still being optimized)

43



Design optimization

Crystal Disk Radii # crystals Empty volume Crystal Efficiency
size in / out (cm) in / out (mm?®) vol. (cm3) (%)
(mm)
31 359.1/643 966 28772.2 / 54288.1 168830 90.5+0.6
31 359.1/672.3 1110 28772.2 / 54508.3 193998 90.4+0.6
32 340.1/663.5 1044 29098.3 /57184.3 194424 92.2+0.6
32 371/663.5 966 29801.2/57184.3 179898 90.2+0.6
351 /660 30243.4/67178.5 184188 92.2+£0.6
34 361.2/647.3 798 32992.5/68438.1 167769 90.4+0.6
(some of the configuration tested)
— 94
X E
= 92
: it by
o 90
s F § ¥
5 eef
86
84
82— { {
80 { { {
78 { { -= E > 60 MeV
763— —— E > 80 MeV
:..I. P | P PR SR B R A SR
4750 55 60 65 75 80 85

Separation (cm)

Optimization has been
performed relative to the tracker

#reco-tracks with Egpro > 60 MeV

Efficiency =

#reco-tracks

v Disk separation is maximized with a distance
~ 1/2 wavelength of the Conversion electron
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.I\/IuZe radiation environment

)
INFN

(P

® Calorimeter dose has been studied simulating all the expected backgrounds
® Two observables to look at:
v <crystal dose> Vs radius

v crystal dose along the crystal

10

crystal dose [kRad/year]

102

45

Crystal dose Vs radius - disk 1

A DO, =dose==0:028k r

=i "% & OOT, <dose>=0.023 kﬂwﬂr
; EAE A proton, <dose> = 0.009 kRad/year
B E EAA photon, <dose> = 0.040 kRad/year

E E -A- A neutron, <dose> =0048 kHad year
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Crystal dose Vs z - disk 1, Inner ring

g g © A iOOT, <dose>=0.083 kRad/year

- C A i proton, =dose> = 0.071 kRad/year

N ; : ] : photon,:<dose> = 0.047 kRad/year

L : A ineutron<dose>= 0.054 kRad/year

i : : : ] :flash, <dose> =:5.323 kRad/year:

N e s o "kl edoses = 6.377 kRadlyear i
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Sorgente di calibrazione

Sorgente utilizzata: Fluorinertmm FC-77 (C4F )
Liquido inerte ricco di fluoro che viene attivato con neutrom
La catena di decadimeto innescata e:

200

BYE+n->®N+a

Events / 0.047 MeV

16N > 160* + e+ V, T t12=7s 100

160% > 160 +y (Ey = 6.13 MeV)

0" !
Energy ( .\l‘le\r".)
Il Fluorinert irradiato viene pompato attraverso tubicini fino ai cristalli (faccia

frontale dell’lECAL). | fotoni emessi nel decadimento incidono con un rate di 40 Hz
per cristallo. Le energie sono misurate con il sistema di acquisizione dati.

| neutroni sono prodotti da un generatore DT.

Questo dispositivo produce neutroni facendo collidere deuteroni
su un bersaglio di trizio: d +t - n(14.2 MeV) + a
Rate =10° n/s
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Test Environment

== = = — - - ——— &

- - — T A E S - =

The trigger has been provided by a Lyso Crystal 3x3x15 mm?® readout by
Hamamatsu SiPm 3x3 mm? (50 um? pixel area)

» 27 PM UV by EMI as readout for the test of the crystals has been used

» Analog Signals has been acquired with a 1 GHz / 10 bits Flash ADC by
CAEN

Friday, June 6, 14



Csl + MPPC -2-

7]
=
i I 27 ndf 4.752/6
= L Prob 0.576
1500 Constant 349 9.4
Mean 219.1+4.4
Sigma 92.91 + 5.05

0 1000 |-
N, = = ~ 45pe/MeV »
P e Guyppe(6.5 X 10%) - Gamp. (3) - 18MeV pe/ so0
0 v b b b Ly I .
2100 0 100 200 300 400 500 600
UV enhanced MPPC bC
- 80
S * The PDE of the TPB-coated MPPC is
8 s similar to the PDE of the UV enhanced MPPCs
b TR W at 315 nm and is 30% lower at 285 nm;
: : * The response level of the UV-enhanced and
30p-~ MPPC S510362-33-50C .
s 8 & TPB-coated (wavelength shifter, tetraphenyl
20}~ *  STD Hamamatsy butadiene) MPPCs in the UV range is
- STO-TPE significantly higher than the response level of
PP I S S A S B UVE-SIRESIN
E . Y uvesPL the standard MPPC
0= ‘2;0‘ T ‘5(",0‘ Imaging with SiPMs in noble-gas detectors

Wavelength (nm) arXiv:1210.4746



Crystal alternatives

cintiliation propertes o

Density (g.cm-3)
6.16

Radiation length(cm)

1.7

Decay constant(ns)
5/30

Emission peak(nm)
310/340

Light yield(%Nal:Tl)
4-5

Melting point(°C)
1443
Hardness(Mho)

4

refractive Index
1.68
Hygroscopicity
none

Cleavage

001

BaF, crystal:

Density (g.cm-3)
4.88

Radiation length(cm)

2.03

Decay constant(us)
0.8ns/630ns
Emission peak(nm)
220/310

Light yield(%Nal:Tl)
8/32

Melting point(°C)
1280
Hardness(Mho)

3

refractive Index
1.56
Hygroscopicity
slightly

Cleavage

(111)

sl-purecrystals

Density (g.cm-3)
4.51

Radiation length(cm)
2.43

Decay constant(us)
16

Emission peak(nm)
315

Light yield(%Nal:Tl)
4-6

Melting point(°C)
621
Hardness(Mho)

2

refractive Index
1.95
Hygroscopicity
Slightly

Cleavage

none




MuZ2e schedule

Superconductor :
I
|
1

R&D

Engineering
Solenoid Design

Fabricate and QA
Superconductor

Detectdr

Solenoid design, construction
and commissioning are the
critical path

Hall |

. i l -
- L 1
Solenoid Fabrication and QA D
! = 3
[ : ] 1 @) 7}
. : =
Solenoid Solenoid 3c
Infrastructure Installation ol ©
— B &
! =
L
I
1

mu2e Commissioning/

Running

Common Projects g-2 (fommissioning';/ i
Running ! ; 1
2013 204 2015 2016 2017 2018 2079 2020
Today assemble and commission the detector

Calendar Year




