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Mu2e — 3KCNePMMEHT Mo NOMUCKY HaPYLLUEHUS 3aKOoHa

COXpaHeHNA NEenToHHOIo Yncra
[1naH-cxeMbl akcnepumeHTos MELC (JloGawoB v ap.),
MECO (BNL) wn Mu2e (FNAL)

[lepBoe ynomMmmnHaHme 06 3KCr. Nonucke KOHBepCUn OTHOCUTCA K 1955 T.
[16] J. Steinberger and H. Wolfe, Phys. Rev 110 (1955) 1490. <5*10%*(-4)

Fig. 1. The MECO experiment
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Mu2e — 3KCnepuMeHT Mo NOUCKY HapyLleHNS 3aKoHa

Ru.e

In 3 years:~10? protons,~10'® stopped muons

X

— A factor 10* improvement

R, <6 x 1077 @ 90% C.L.

Table 4 Bounds at 90% CL on selected lepton flavor violating decays of

pse lld()S(‘.“l lar mesons

Channel Upper limit Experiment Reference
79 > pteF 3.59 x 10710 KTeV 75
n— ptet 6 x 1070 Saturne SPES2 76
K) > n'utet 7.56 x 10711 KTeV 75
K? - 2nOptet 1.64 x 10710 KTeV 75
Kg — pute” 47 x 10712 BNL ES871 74
Kt s atute~ 1.3:x 1074 BNL E865,E777 73
Dt > atputet 3.4x107° Fermilab E791 77
Dt - Ktu*teT 6.8 x107° Fermilab E791 77
DY - pEeF 8.1x 1077 BaBar 78
D} - ntu*et 6.1x107* Fermilab E791 T
D} — K*tu*et 6.3 x 1074 Fermilab E791 77
BY - pte 92 x 1078 BaBar (347 fb1) 79
BV — %7 1.1x107* CLEO (9.2 671 80
B - t%u7 3.8x 1077 CLEO (9.2 b1 80
Bt = Ktetu® 9.1x 1078 BaBar (208 fb~1) 81
Bt —» Ktett¥ 7.7 x 1073 BaBar (348 fb~1) 82
BY - etpT 6.1 x 107¢ CDF (102 pb~1) 83

CoXpaHeHUA JENTOHHOIO YNC/1a

B I'(p= +NAZ)) > e +N(A,Z2)
~ I'(u= + N(A,Z)) — all muon captures)
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AKTUBHOCTb rpynnbl NPUXOANTCA Ha SNEKTPOMAarHUTHbIN KauTopuMeTep
N 3aWMTYy OETEKTOPHOW YacTu YCTAHOBKM OT KOCMUYECKMX MIOOHOB

Kanopumetep obecneunt Tpu-

rep 1 ewe 100 pa3 nogasut Kaxabii AeHb 1 KOCMUYECKNin MIOOH ByaeT
KOCMUYeCcKuii dooH MMMUTUPOBaTL 105 M3B-HbIN 3/1EKTOPOH OT
KOHBEpCUm

Qutside / Front

Internal Gap—Ja.- —iln— Extemal Gap

BHyT. pag. — 37.4 cm
BHell. pag. - 66 cm

Heado(pekTMBHOCTbL CUCTEMbI 3aLUThI
Csl - 3.4cm X 3.4cm X 20cm < 10**(-4)
674 Kpuctasina Ha AucCK



The scintillator strip with dimensions 5x2x90¢m’
Is considered

CRYV Cryo strips

The strip was covered by TiO2 with diffuse reflection

The scintillation light is collected by wavelength shifting (WLS)
fibers and detected by SiPMs by one ends

In this simulation the photodetector end of strip is black

The opposite end of strip and fiber both are black or mirrored



CUNHTUNNATOP U CNeKTPOCMeLLaloLL e BOSTIOKHA

Scintillator Core Cladding 1 Cladding 2
Polyvinyltolu- || Polystyrene Acrylic Fluor-acrylic
ene H:C 11:10 CsHgq Cs HgO- CoH,
Density (g/cm?) 1.023 1.05 1.2 1.4
Refractive index 1.58 1.6 1.49 1.42

The density and refractive index of the scintillator and WLS fiber
used in the simulation

A double-clad WLS fibers of diameter
1.2(1.4)mm was hosted in a holes (grooves)

Wcladding = (003 +(.03 ) * Dfiber

Hole diameter — 2.6 mm (also varied in range 1.4-4.5 mm)

Groove size - Dﬁber+50Mm (50um seems to very small) !

The diameters of the holes and fibers 3 time more in figure
than in simulation for clarity




The simulation was done with Geant4 version 10.3.1

The relevant physical and optical processes and involved
particles are defined in the PhysicsList Class

The processes are standard electromagnetic processes:

lonization, bremstrahlung, multiple scattering,
pair production, Compton scattering, photoelectric effect

The optical processes include:

scintillation light generation, Cherenkov emission,
bulk absorption, Rayleigh scattering, boundary
processes — reflection, refraction, absorption



The main photon generating process in plastic scintillator is
the scintillation process.

The number of photon generated

according Gaussian distribution with

mean

Cosmic muon energy deposition in

By, *LY LY =10000 ph/MeV, t=21ns} 2 cm scintillator
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For realistically treating the 110, coating of the strip
we used Geant4 UNIFIED optical model with:

surface finish - polished back painted

type - dielectric-dielectric

o = 1.3%(characterised the roughness of the surface,
polished)

RC = 0.955 (reflection coefficient)

Pe3ynbrartbl MOAeMpoBaHNA npuBeaeHsl B cpeaHnx

3Ha4YeHns OOTOHOB.

[lepexon Ha POTO3/IEKTPOHLI NPOAEMOHCTPMPOBAaH Ha OAHOM U3
PUCYHKOB.



The cosmic muons were used as beam particles. Muons were
simulated according

L.N. Volkova et al., Sov.J.Nucl.Phys 29, (1979) 645.

Entries 50000

Meanx  3.349
Meany 0.4635
RMS x

E [GeV]

<E>=3.3GeVif Einrange 0.3-20 GeV

Cosmic muons penetrate into 5x0cn’ side of strip at different

distance from photodetector end perpendicularly (i.e. muons
angular distribution is not used)



Now more realistic emission spectrum for scintillator and fiber are used
(Ralf E. suggestion)
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The opposite end of the strip is as well covered by TiO, And only fiber
end is black or mirrored



Optical photon trajectory inside

Bulk attenuation length a WLS fiber
for fiber core =5 m

Y [mm]
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The red circle shows the
border of the fiber core
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Intensity increases
towards the edge
of the fiber core

The reason for
this is=>

Clearly visible the circular structure
track of photon
(2 events, 0.001ph/eV in
scintillator)



Photons arrival time and angular distribution at fiber end
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Photon arriving time at the end of fiber

Muons penetrating at the distance 10 and 80 cm
from the photodetector end of strip

For mirrored strip end the signals from
direct and reflected photons distinguishable
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Angular distributions of photons at the
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This is the angle between the axis of the
fiber and the photon

The most probable angle for photons
In core is ~20°,in cladding ~gg°



Mean photon yield for fiber embedded in holes and grooves
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N=150 cosmic muons were simulated for each point in Figure

—d

The muons penetrating a single point at a distance of 10, 25, 45, 65, 80 cm
from the photodetector end of strip.

For all Figures scintillator bulk attenuation length  A=250cm unless otherwise stated



Light
Yield
(nA)

An indication of usefulness of filling the holes

ii FERMILAB-NICADD NOTES,
o5 [ Rykalin et al. Minerva business
20
15¢ = Ew/o glue V.Glagolev, CRV Coll. Meeting, April 2015
104 W/ glue | pictance to PMT (cm) water Glycerin rubber UV glue
51 13 27 +/-11% 50 +/-13 %
0- N TR 23 50 +/- 13% 51+/-12%  46+/-14% 32+/-11%
- 4 03 03 03 33 33+/-10 % 44+/-12%  53+/-12% 36+/-13%
Ratle of Hole Sizes 43 49 +/-12 % 58 +/-11 % 34+/-10% A47+/-14%
Optical Coupler Optical Gain 40+/-6 % 51+/-7% 46 +/-6%  38+/-7% :
0 Sf LA C S 1\"111()1].8
BC630 1.20=0.01. 1.24+0.01 1.38:=0.03
EJ550 1.26 £0.02 1.234+0.01 1.34£0.01 N. Tosi et al
EJ552 L15=0.02 L04=002 1.32=0.01 Oktober 9th,2013,BO|Ogna
NOAG63 1.37+£0.02 1.37+0.02 1.454+0.03 3
NOAG68 1444004 1.444+0.03 1.73+0.03 1x4.5x200 cm
NOA72 116001l 110:=+001 1.22:40.02 T
Water 143002 152002 1.734+0.06

K. Moats, Zernam Enterprises Inc,

April 2016

Base Configuration

29 pixels/MIP
34 pixels/MIP  +20%

Optical Glue only

Optical Glue and aluminum tape

48 pixels/MIP  4+70%
Measurements are close to these values



Ly
zg' 3500 Black end Mirrored end
* L @ Air dh Air
P @ Water -0 Warer
2000 @& ES-500 b EF-500
| =90 ¢m
25001
- Hh
B P iy dy &
200015
i & 2
1500/ 8 A |
L ® P
maa:—' ® ®
-Il||||||||||||||IIIIIIIIIIIIIIIIIIIIIII
10 20 320 40 50 60 70 80
L (cm)

The optical cement and water 2500
Increase light collection i

eff

and smooth over different 3600

iciency

hole quality

Hole filling influence - simulation

A 2r
Ezvg 1_95_ Black end Mirrored end
N el eELSO SEksom .
i3 For these Figures the
1.7 . R
{j' scintillator bulk
' 1@’ attenuation length is:
i

ar ).=250cm
1.2:—
;Illllll|||||||||I||||I|||||||||||||||||
10 20 30 40 50 60 7O B8O
L {(em}
A C
_E-SUUG __ .................................... ..................
< B e Air, black end
v - - [ =300cm O Alr, mirrored end
__ ............. .................................... .......... - .H?O, b[ﬂfk I?”ﬂ' ...........
- o H,O, mirror end
o

1500 =:

500

For these Figures N=300 S T s T

L [cm]



CpaBHeHNe TecT-6mm |/|3|V|epeH|/||/| B yH Te BVIp,EI,)KI/IHVII/I C MOAEeNnpPOBaHNEM

f o mmm e e e ma e o e am m o+ —— o — — — e —— e e = e —————

80
E —4&— testbeam data
simulated valuas (with full GEANT)

70
* The PE yields don’t match.

60

50—
'|I.
aot

— Scintillator with TiO, coating i
30 o
20— :

10

- Counter Motherboard wnth SIPMS
ol

L L J L L ' 1 I | 1 1 L i 1 L i 1
O 500 1 {J'DD 1500 2000 2500 3000
2/8/2017 Ralf Ehrlich — University of Virginia distance [mm]

= @ Au‘ biﬂr_‘k end |
1" = 30@ Cht O Air, mirrored end '
..'.;............................?..........................'.;\....... . Tes!bef{’ﬂ (!{:r{‘ ...........

A—;-
23000

<N

2500

2000

1500

IOI

! ¢ :
@ e § "0a 4 -
5 ; I ®

1000

L .
500 = -

0 50 100 150 200 250 300
L [cm]




A 2200

82.5t0 575.5cm fromthe "

3000

photodetector end

2000

EEUUUE— .......... ................................ ..... ™ Air.gbfack end
= - ]=660 cm NG ﬁirt;rﬁr@fd ﬂ:ci
=t e e A s R R ] 5 QK el e
e Ew\-.!:i F HiO. m.'.'r(rm*ed end 7\, p— 450 —+ 10 cin
1600 __%\ ........................ ..... A AL}'. :“_.';ﬂ {)F?ﬂi ré’ﬁdfﬂ.!f
1400 s | | | A=615+20cm
1200
B00F A =592+18cm
600
o i i i i i points correspond to readout
20000 200 300 400 500 L[ci?]n from both strip ends
] =
3 L ;_ [ —H2.5¢ecm
Spectrum of light exiting SR el @ lq — e
WLS fiber embedded in R T — 330cm
. . 6000 ] e | — 460 cm
660 cm strip when cosmic : J ULi —4950m
muons impinge at distance s meEL

1000

(]

400 450 500 550 GO0 650
A [nm)

e [TTTT
L o—
=



ST L

|-i.l2
135—
|.2:—
AR BT Lovv o v b v d oy ol
& 1o E7] o =D o
Liom)
1H[
il { = 30 em
2 EJ-50h)
16
sE i 8 ®
: r L
11:— gl LE i 6 S o Cj
1.:55—'3
sk
Bovowiy by 00y Lo Lo v b g by gl
] 7] L7 200 ] 3K}
L iemi)

[ = 30 em

® Bluck end

Water i1 Mirrored end

T
o e

=660 cm

. Warer

3 BnnaHmne BellecTBa 3anoJ/IHEHUA

- = @ OTBEPCTUIM B A/IMHHBIX CUNHTUNNIATOPE
58 Y8 5 e 8d 6

# s % Ha adpdrekTMBHOCTL cOOpa (POoTOHOB
— | = 660 enn

_ EJ-500

E o g 8

Lg * $ 8 gg

N e

®OTOHbI 6bI/IN NepeLnTaHbl Ha
JoOTO3NEKTPOHLI C NCNO/Ib30BaHNEM
nporpammbl GosSIP

G S I
‘Generic framewark far the simul Fiua tamu o plie

imulation of Slieon Ph s

P. Eckert et al.,
JINST 7, 2012,
P08011

lcnonb3oBa/iMCh XapaKTepPUCTUKN
$10362-11-050C

Number of fired pixels




':Nphm:’

6000

5000

4000

3000

2000

1000

Mean photon yield

—-|-— A = 350 f_'mf black end

= 350 cnt, mirrored end
= 250 em, black end

= 250 ¢, miirrorved end

= 160 cm, black end

160 em, nmiirrored end

25 e, black end

75 em, mirrored end

I

1]

and different fiber size and
filber numbers

ZN (zﬁb)/ Z N (1ﬁb):1'87

Y ND=tmN(D=12m=1R e

N =150

for different scintillator attenuation

length

A is bulk attenuation length !

One fiber, black end :
One fiber, mirroved end |
Twa fibers, black end

Twao fibers, mirraored end

’Drh =Ldmn.ack end
Ll s [
mirrored end




Hole size impact on photon yield

A 6000

oh

Dﬁb =1.2 mm - Black end

< 5000
L=45 cm - Mirrored end

4000

3000

'
5
IU
|
I
kl
F
|
|
|
.

2000

»————® — 9

_l[llllllllllIlll|ll]l|l|II

1000

III'IIIIIIl!IIII

i I [l ] 1 i
05 06 07 08
D,,/D

o
W
o
'S

hol

A L

A la NICADD study “

Light Yield (n&)

oLy (far)

S 2 o
LY favg) © 5 s & 3 q
ELY [near) Ratlo of Hole Size

FIGURE 5. Cffect on Light Yield due to the Hole Sizes

Photons from whole strip end

A

214000

=

v 12000
10000
8000
6000
4000

2000

‘@  With fibers, black end
) s . mirrored end
+  Witout fibers, black end
QR smemeesm—eaees , mirrored end

'IIIlll]1l]l¥l]lll|i11l’l’ll]l

1 ’ | - | l 1 l.] 1 | Lol | I Lol L1 | | I - i L] | | I Y - |
10 20 30 40 50 60 70 80
L [em]

N = 150
Y N(Fullend)/), N{2Fibers)

=3,7(black end)
=2.3 (mirrored end)



Empty space [%]

—

-

KomMnaHoBKa KaylopyMeTpa U3 KpUCTaU110B C FeKCOroHas1bHOM U

KBaZlpaTHOWN CevYeHUsMu

1
" —_— = 30 mm
ofF Hexagonal e =3I mm
g crystals - =32 mm
92 - R, =660 mm = = 33 mm
8- ===#=.===l=i
7F ﬂ:_#ﬁ#
@ :” .
:‘ ..._‘
° ‘u"‘ ]
4 'h./ S s
3 h o~ u‘q‘”ﬁ-“ g
' Full line - outer empty space
2 Dr.luc:f line - r'rlrru'r cm_ml'y space L
350 355 360 365 370

Disk R_, [mm]

Empty space{%]

Hexagon

11
10 F Square crvstals
: with same area
9 =
8 =
7 e
6 F
E -~ r
Sl R e
2o SeavFSTL e
= k. N - e
4 ;—._ugﬁo -
3 =
2 b
'l 'l 1 L I L [l L 1 I 'l L L 'l ' 1 ] L '] I
350 355 360 365 370
Disk R_, [mm]

‘Square




PacnpegeneHne onTMYecknx POTOHOB Ha TOPLE KPUCTa//10B

Pasmep kpuctanna 3x3x20 cm**3

18 14 10 5 2 cm

®OTOHbI COGMpPA/INCL CO BCEM
3x3 CM**2 NOBEPXHOCTH



(%)

sq

-LY,g)/LY

hex

(LY

OTHOCUTENbHBIN CBETOBbLIXO[ KPUCTa/I/10B C FTEKCOrOHa/IbHOW U
Ba/lpaTHOW CeYeHUsaAMMU

Llenb AaHHoro nccnefoBaHnst — NPenMyLLECTBO FeKCOroHas1bHOM hopMB KPUCTas110B

34 mm

k

KnnHoBuaHble KPUCTas1/1bl

Two Csl crystals was used

28 mm

A

He(28,34)/Sq(42,53)

s Photons from small ends

e Photons from large ends

L] L]
L

]

M B BT PR B B
80700 320 j40 760 180

| (mm)

53 mm

‘ 220 mm

42 mm

(LY, LY. LY (%)

— ok =k
=

= -

HE3Ha4YUTEs/IbHaA

@ O

KpucTanibl HEKMHOBbLIAHOW (DOPMb

3 o He(28,28)/Sq(45.45)

4 s He(18,18)/Sq(30,30)

3 « He(31,31)/Sq(50.50)

!

i - , t
n i L
3 $ ¢ t
.E T T TS T [N SN S [N S Y N T T S T ST M
100 120 140 160 180 200 220

h (mm)



-1,

¢
¥ [mm]

1 : I
 frrwn)

Figure 3: Same as in Figure 1, but for the ground crystal surfaces,
Figure 2: XY plot for optical photons that reached the photodetector side of the polished CsI (left
column) and Baly (right column) crystals with diffuse wrapping. Cosmic muons impinge perpendiculacly
to lateral side at a distance from the photodetector side of | = 2, 6, 10, 14, and 18 cm (rows om bop to
bottom) in Y direction.
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TecT-6MM n3mepeHusa B EpesaHe (npeaBapuTesibHbIM aHaIn3)
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TecT-6uM namepeHuns B ®packatu (marpuua 3x3,Csl, aneKTPOHHbIN MYyYOK 1 KOCMUKA)
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Figure 15: Energy resolution from data (black) compared with Monte Carlo (red).



3ak/iloyeHne n onyonmkoBaHHble PpaboThl

[Mpu nomowy Geant4 10.3.1 cmoagenMpoBaHbl ONTuyeckne PoToHbI C CUMHTUNAATOP-
HbIX NJ1IacTUHaxX pas/IMYHoON AsnHbLI N Kpuctannax BaF2 n Csl. B nnacTtbiHbl 661711

B/10OXEHbLI CCNEeKTopocMealone onTnyeckmne BOJ1I0KHaA.

Ha KonnyececTtBO ONTUYECKUX CbOTOHOB 6bI/10 nccaenoBaHo BJIMAHNA.
paccrnosioxxeHmnsa BO/1I0KOH, 3aro/IHEHUA OTBGpCTI/IVI B CUMHTUNINATOPAX,
OJINHbI 3aTyXaHNA CBETa B CUMHTU/IIATOPAaX, AnaMeTp onTtndyeCkKnx BOJ/T10KOH

1 OTBEPCTUIA B CUIUHTUMIATOPE.
ccnepoBaHo pacnpeaeneHne MHTEHCUBHOCTU CBETA B NONEPEeYHOM CeYEHUN ONTU-

HeCKOro BOJ/10KHa

[MpoBeaeH aHaIn3 3anosIHEHUA AUCKOB 3/1EKTPOMAarHUTHOIO KasTlopuMeTpa Kpuctasiiamn
C KBagpaTHbIM N reKCOroHas/IbHbIM ce4eHUAMU N O0NN He3ano/IHEHHbIX Yy4aCTKOB ANCKOB.
3yyeHo 3aTyxaHune cBeTta B kpuctasinax BaF2 n Csl n pacnpegeneHne pOTOHOB Ha

TopLax KPUCTasIsioB.

MogennpoBaHue 1 aHann3 TeCT-6UM U3MEPEHUI NPUBEN K COrMacoBaHHbIM
pesynbratam. 3TV JaHHble NO3BO/AKT ObITb YBEPEHHbLIM B BbIOOPE KPUCTas10B
Csl ana kanopumeTtpa akcnepumeHTa MuZ2e.
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Cnacnbo 3a BHUMaHue !



Back up

Slides from G.Santin presentation:

adopted from tutorials by Peter Gumplinger

Physically optical photons should be covered by the electromagnetic
category, but

— optical photon wavelength is >> atomic spacing

— treated as waves - no smooth transition between optical and gamma particle
classes

G40pticalPhoton: wave like nature of EM radiation

— New particle type
— No smooth transition



Optical photons are produced by the following Geant4
processes:

-= G4Cerenkov
- G4Scintillation
- G4TransitionRadiation

Classes located in
processes/electromagnetic/xrays

Warning: these processes generate optical photons



"  Optical photons undergo:
— bulk absorption
— Rayleigh scattering
— wavelength shifting
— refraction and reflection at medium boundaries

Optical properties can be specified as properties table in G4Material
— reflectivity, transmission efficiency, dielectric constants, surface properties

Photon spectrum properties also defined in G4Material
— scintillation yield, time structure (fast, slow components)

Properties are expressed as a function of the photon’s momentum

New: Some of the properties previously part of the optical processes are
now part of the G4MaterialPropertiesTable



B pamkax Geant4 peasin3oBaHbl 3 opTuyeckue Moaean
Glisur, Unified, LUT (look-at- table)

(OpSurface->SetModel(1 unu 2, unum 3); )

LUT mogenb 3agaerca 1abnnuamuy v BbiNONHEHA NokKa TO/bko A1A
BGO kpucranna

[paHuUa cpen, 06paboTka NOBEPXHOCTU N 06epTKa Kpuctasaaa
3aal0TCA COOTBETCTBYOLLUMMY KOMaH4amMu

OpSurface->SetType(dielectric-dielectric);
OpSurface->SetFinish(ground or polished or ,.,..)



Example 5.10. Dielectric metal surface properties defined via the G40OpticalSurface.

GdLogicalVolume* wolume_log;
G40pticalSurface* OpSurface = new G40pticalSurface("name") ;

Gd4lLogicalSkinSurface* Surface = new
Gd4logicalSkinSurface ("name", voelume_log, OpSurface) ;

OpSurface -> SetType{dielectric_metal);
OpSurface —-> SetFinish (ground) ;
OpSurface —-> SetModel {(glisur);

Gddouble polish = 0.8;

G4MaterialPropertiesTable *0OpSurfaceProperty = new G4MaterialPropertiesTable();

OpSurfaceProperty —-> AddProperty ("REFLECTIVITY",pp, reflectivity,NUM) ;
OpSurfaceProperty -> AddProperty ("EFFICIENCY", pp,efficiency,NUM) ;

OpSurface —-> SetMaterialPropertiesTable (OpSurfaceProperty) ;

const Gdint NUM = 2;

Gddouble pp[NUM] = {[{2.038*%eV, 4.1l44*eV};

Gddouble specularlcbe [NUM] = {0.3, 0.3};

Gddouble specularspike[NUM] = {0.2, 0.2};

Gilddouble backscatter[NUM] = {0.1, 0.1};

Gddouble rindex[NUM] = {1.35, 1.40};

Gddouble reflectiwity [NUM] = [{0.3, 0.5};

Gddeouble efficiency [NUM] = {0.8, 0.1};

G4MaterialPropertiesTable* SMPT = new G4MaterialPropertiesTable();

SMPT -—> AddProperty ("RINDEX",pp,rindex, NUM) ;

SMPT —> AddPreoperty ("SPECULARLOBECOMSTANT", pp, specularlocbe, NUM) ;
SMET —> AddProperty ("SPECULARSPIKECONSTANT",pp,specularspike, NUM) ;
SMPT —-> AddProperty ("BACKSCATTERCONSTANT", pp,backscatter, NUM) ;
SMPT —> AddProperty ("REFLECTIVITY", pE,reflectiwity, NUM) ;

SMPT -> AddProperty (YEFFICIENCY",pp,efficiency, NUM) ;

OpSurface —> SetMaterialPropertiesTable (SMPT) ;



DHeprus, BblaeneHHasa B 3x3 martpuue 13 Csl kpuctannos
pasmepom 3cM X 3cM X 20 cm

SnekTpoHsbl, 105 MaB, B LeHTp Topua Kocmuueckue nyun, B LEHTP
MaTpuLbl BEPXHEW CTOPOHbI
2.09 4.02 1.88 0.55 1891 0.76
3.93 71.8 4.07 0.64 1958 0.79
2.04 393 2.03 1.15 19.66 1.07

[]= M3B
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Figure 6. Experiment (blue line) and simulation (red dot) Energy Spectrum of
different LYSO pixel lengths: (a) L=05 mm,(b) L=10 mm,(c) L=15 mm,(d) L=20
mm, (e) L=25 mm.
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TABLE IV

LIGHT QUTPUT aAaND ENERGY RESOLUTION OF 4 x 4 x 10 nm®
SCINTILLATORS AT 662 keV (137Cs)
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100 |
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20

Nonproportionality
LSO, large slab

10

Scintillators Light output (%) Energy resolution (%)
PMT APD PMT APD
LSOref 100 100 12.4 9.5
LSOA 136 111 11.8 10.4
LsSOB 134 118 11.2 9.8

LSOg 117 &+ 7 134 4 2 12 £+ 1 10.2 &+ 0.1

LY SOg 111 &£ 5 128 &+ 5 13 &= 1 10.2 + 0.3
GSO 44 53 13.7 7.5
BGO 12 42 20.9 10.5

100 1000

Energy, keV



Table 2

Scintillating properties of oxyorthosilicates for 511 keV and 662 keV

Sample AE/E, [%] A, [%] AE/E, [%] Ay, [%] photoelectron yield, [phe/MeV]
for 511keV for 511keV for 662keV for 662keV for 662keV

YSO(1) 11.9+0.6 11.0£0.7 9.4H0.5 8.5 0.6 6230%190°

YSO(2) 12.1+0.7 11.3+0.8 (B o f 10.4 £0.7 6950+210°

LSO(1) 10.0+0.6 8.940.6 8.410.5 7.410.5 5730£170%

LSO(2) 135307 12.8+0.8 11.910.6 11.34).7 6860+210°

GSO 10.5+0.6 6.240.3 9.21+0.5 5.3+1.0 1630150°

LGSO 14.5+£0.8 13.720.8 12.440.6 11.640.7 4600+180° 5040%150°

a—XP2020Q, b - XP3312, c — XP3212




Which process of muon-LFV proceses?
In SUSY SM, charged-LFV processes come from one-loops.

u— ey
Internal lines in loops

| . are SUSY particles.

7] e
L — e conversion w— 3e

q - q _‘q_ F}"ZU - t: E ................. .._E:

v 2° 1 5 1
= . . t: SRS S ——— E_ ;j— """""""""""" ? ﬂ x s l—
# Penguin ® Box Penguin Box °©

A typcal case: Photon penguin dominance

R(p Ti — eTi) ~ 6 x 107°Br(u — ey)
Br(p — 3e) ~7x 10 *Br(u — ev)
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