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Radiative Decay Counter (RDC)

 Accidental BG is the dominant BG in u* = e'y search
Accidental BG y

H
e

Radiative Muon Decay (RMD) Michel Decay

« RDC measures time coincidence of low momentum e* and BG y on p beam axis
by fast timing counters based on plastic scintillators

downstream detector

upstream detector e detecto
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to distinguish high energy Michel e* — LYSO calorimeter
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Upstream detector

The detector is designed to minimize the influence on py beam

Upstream detector measures only timing of e* with scintillation fiber

Scintillation fiber

~20cm length
250 x 250pm? square shape

Photosensors

Hamamatsu, MPPC

readout at both ends

Following studies are needed

1. Influence on the y beam properties

2. Detection inefficiency due to p pile-up

MEG I
sensitivity

w/o RDC 5.0x10-14

w/ downstream R:RCPEEoRE

w/ downstream
/ 48 3.9x10-14
+ upstream
*assuming detection efficiency ~90%

*inefficiency due to u pile-up is NOT
considered

3. Radiation damage of scintillation fiber & MPPC
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2. Impact on gy beam



Study on beam spot

28MeV/c py beam is slowed-down by degrader

RDC will be installed with equalizing amount of material
@with RDC

(D normal run

vacuum

degrader window stopping degrader window RDC
target ‘ target

| — s

vacuum .
stopping

U beam might be affected by putting material in different position

Studied influence with “dummy” RDC

- A
-y

scanning hit rate for x-y with APD

dummy RDC
(230pm MYLAR foil)

hit rate(a.u.)

ox(mm) Gy(mm) - ; x(mm)

Wednebgtla] 107 0.2 | 104 0.2 .
increased by

0xX0y
hvacas 11.5+02 | 11.2+0.2 ' ~16%
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Influence with bigger beam spot

e et trajectory bend by COBRA magnet

Liquid Xenon Gamma-ray Detector

COBRA

0.49T (endcap) €«—» 1.27T (center) auapgenrecgnducting

Gamma ra

; ;

RDC stopping
target

— Y
\»
e : lh,

S

Sy i Drift Chamber
u vertex distributed in z

becomes wider Positron

;' Positron Timing Counter
Radiative Decay Counter

 Performance of e* tracking might be affected

(D Long good track in the Drift Chamber might decrease
(more et cross outer frame at the 1st turn)

(@ Number of hitting Timing Counters might decrease

(3 Hit rate might increase in the inner part of the Drift Chamber
9



Simulation study(Geant4 based)

« Studied efficiency loss with signal event (event cut with LXe acceptance)

(D Nevent Which crosses outer frame of @) Nevent Which crosses at least 1
Drift Chamber after 2nd turn Timing Counter tiles

Entries. - 75934 {...
Mean 11
RMS | 5.207

number of wire hits before crossing number of counters hit
outer frame

efficiency of long tracking e*
MDrift Chamber | @Timing Counter Dx®@

normal 9825 0.05% 9533%008% 93.73+009% [N efficiency gzg/feased by
~V. ()

bigg:é’o'ieam 97.65 + 0.06% 95.11 + 0.08% 92.99 + 0.09%




» Studied hit rate with Michel event (41t angle range, 7x107p/s)
(3 Drift Chamber hit rate at the innermost layer

1750 1800 1850 1900

| | Bl 'nnermost layer
.............................. __htemp_1__] | (192wires)

10000 Outer<—>inner

hit wire id beam spot

 Event loss on the target was also studied

U vertex distribution

e The Influence on beam seems small
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hit rate of single wire

560 1060 1560 2000 bigger 1.779 + 0.003MHz

normal  1.765 * 0.003MHz _}increased by

~0.8%

- acceptance decreased by

~0.1%



3. Detection inefficiency
due to py pile-up



Detection Inefficiency due to u pile-up

e Large p hit rate at the central fiber (~500kHz with 10° p/s intensity)
RMD e* dist. (Ey > 48MeV) U hit rate in each fibers

larger bundles to minimize the
number of channels

smaller bundle to minimize pile-up




Detection Inefficiency due to u pile-up

e Large p hit rate at the central fiber (~500kHz with 10° p/s intensity)
RMD e* dist. (Ey > 48MeV) U hit rate in each fibers

larger bundles to minimize the
number of channels

smaller bundle to minimize pile-up




Minimum timing difference(AT) to distinguish 2 waveforms

NOT pile-up

Te*inRDC) = T(yin LXe)

Te*inRDC) = T(yin LXe)

pu waveforms have large width & after pulse

g waveform

e* pulse height M pulse height

amplitude (V)

Entries 8121

Mean -0.08493
RMS 0.0408

T At
B3 025 -02 -015 041 -0.05

0

09 08 07 06 05 04 03 02 -0.1
amplitude(V)

amplitude(V)

 Actual AT needs be studied by acquiring real waveforms
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e We used 28MeV/c py & et beam (at PIES)

Prototype detector (developed for RDC & 2D beam monitoring device)

Multi-clad scintillation fibre
2 layers (21fibers each)

Saint Gobain (BCF12)
length ~20cm

250um x 250pym square shape

Photosensors

Hamamatsu
(MPPC, S13360-1350CS)

DAQ machine (WaveDREAM)

.......

Light shielding

amplifier (gain 100)
waveform shaper
waveform digitizer



Waveform Analysis

« Step 1: y & et waveform selection

amplitude (V)

(D coincidence at the both fiber ends

&& - duration
: : - ~100ns
(2 single pulse cluster in each event )

after pulses

e Step 2: Mix 2 waveforms

0.1

| amplitude (V)
amplitude (V)
o

|
o
-

time difference of 2 waveforms
(before mixing)

Entries 2434536
Mean -1.322e-08
RMS  1.762e-07

amplitude (V)

x107°

. 0.4 -03 02 01 0 01 02 03 04 05

Tet - Tu(s)

*noise level increased by 54% 17



« Step 3 : Reanalyze and search e* pulse in mixed waveforms

the ratio of e* found event

event decreased
for ~120ns

—00.5 -04 -03 -02 -01 0 0.1 0.2

* Probability of pile-up was calculated for each bundle size (AT = 120ns)

= Npile-up/NRMD | N Npers in @ bundle
{4 f 16

| 36 ' 64
+ 100

Npile-up : NUMber of pile-ups with p in a bundle
Nrwmp : number of detected RMD e* in a bundle

bundle
position

| T re—

: N
2 3 4 5 6 7 8 9 10

bundle v position(cm



Inefficiency & Sensitivity

e In provisional design, Npundie = 18

optimized combination to
minimize Ineff.

bundle size MNyundie
100 2

49

36

25

16

* Nbundie VS Ineff. (AT = 120ns)

inefficiency

20 30 40 50 60 70 80 90 100 110

Nbundle

minimum Ineff. (AT = 120ns)
=504+ 0.1%

BG reduction capability
-> ~ -28%

estimated sensitivity
-> BR(u—ey) ~4.11x10714

e AT vs Ineff. (Noundie = 18)

AT (ns) Ineff.  sensitivity(x10-14)

:
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Prospect to make Ineff. smaller

* 1. Increase Npundie (currently limited by available space for readout)

e 2. Staggered reading out method

bundle

*et can be detected in one side with pile-up

MPPC n' ‘— *Ineff. can be reduced by ~1/2

*possibility of this design is under discussion

3. Make PDF of the after pulse and use it in likelihood analysis
(characterization of the after pulse should be studied)

4, Optimize MPPC (50um pixel pitch was used in this test)
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Summary

R&D of the upstream RDC is ongoing

The impact on p beam was studied

The influence with the bigger beam spot is small

relative changes with the upstream RDC

et long tracking | Drift Chamber
efficienc hit rate

-0.7% +0.7%

beam spot(oxx0oy) acceptance

However, the detection inefficiency due to u pile-up is large(~50%)

The way to minimize it is under investigation
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Distribution of Te* -T(S)

et true +/- 10ns(time), +/- 10mV(height) et true +/- 20ns(time), +/- 20mV(height)
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htemp
Entries 1049

Mean -2.35e-07
RMS 1.235e-07

htemp
Entries 8121

Mean -2.677e-07
RMS  1.233e-07
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Noise RMS

Mixed waveforms Before mixing

Entries 141427 Entries 16744
Mean 0.007605 Mean 0.005263
RMS 0.001434 RMS 0.001774
x2 / ndf 69.91 /17 x? / ndf 52/9
Constant 6257 +27.9 Constant 655.3+11.3
Mean 0.007203 £ 0.000004 Mean 0.004684 +0.000012
Sigma 0.0008203 + 0.0000064 Sigma 0.0005169 +£0.0000172

S T .

0.002 0.004 0006 0.008 001 0012 0014 0.016 0018 0.02 0 0.02 0.004 0.006 0.008 014 0.016 0018 0.02
noiseRMS (V) noiseRMS(V)
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After pulse time

 Time difference from main pulse (largest pulse height)

Entries 29844

Mean -3.195e-09 Entries 9459

Mean -7.091e-09
1.745e-07
2SS RMS 1.732e-07

0.2 0.3 0.4

0.5 . ) . ) . ) .
time(s) time(s)
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Probability of pile-up 2

P2 = Npile-up/NrMD2
Npile-up : NnUMber of pile-ups with p in a bundle
Nrwvbp2 : number of detected RMD e* in a whole detector

Npers in @ bundle
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Beam & Target parameters

Beam parameters (from result of dummy test)

-+ Target angle : 6 =15°

- 2 target shape

— standard : same size as the beam test
— bigger : able to cover both 6ox and 6oy with dummy

standard

bigger

major axis(mm) minor axis(mm) thickness (um)

120

267

-+ Target has a 10mm frame

70

120
*fiducial size



Beam & larget parameters

- If we use standard target (solid line) with dummy instead of bigger
target (red dash line), event loss will be 0.13 + 0.01%

w/o dummy

[ T T T 'I T T T T l T h T T —
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(D. Efficiency loss by hitting the outer shell of CDCH in the 1st turn

100k signal events with extended angle range ( |cos6|<0.45, |p|<71/18 ) were
generated on the target

- The percentage of Nevent Which will cross outer frame since 2nd turn was calculated

— Event selection with LXe acceptance (r=64.97, |z|<23.9, |v|<67.9)

22000 T LT T T T T LT T T T =
20000 1 ........... ........................................................................... ........................ 7
. htemp_ 1
1800001 | B — Emtrics D503 =
16000} 4—2ndturn ...... S Mean.... (7379 .. -
RMS 2612
140004 e S S ]
L2000 = ]
(171 117 S I S SR S S ]
1] ] O 0 S S ]
SN LT I N W S E
4000§ * .............................................................................................................................. ]
DOOO F—o i b 3
: m — | | | | | | 1 | | | | | |
)
0 100 200 300

nhormal standard 98.25 + 0.05%
w/ dummy standard 97.65 + 0.06%
w/ dummy bigger 97.53 = 0.06%

number of hit cells before crossing outer frame per event

Efficiency for long track changed by - 0.74 + 0.08% with dummy and bigger
target

6



(2. TC hitting efficiency

100k signal events with extended angle range ( |cos6|<0.45, |p|<71/18 ) were
generated on the target

- The percentage of selected Nevent Which will cross at least 1 counter was calculated

— Event selection with LXe acceptance (r=64.97, |z|<23.9, |v|<67.9)

70005 e W/O ;dummy, standa;'d _
- s
5000: .......................... _:

: ] normal standard 95.33 + 0.08%
4000_ .......................... _:
3000E] S R ST w/ dummy standard 95.11 + 0.08%
2000; ...................................... ..................................... _; W/ dummy bigger 95.09 + 0_08%
1000; ....................................... ........................................... _;

S [ TR

number of hit counters per event

Efficiency changed by - 0.25 + 0.12% with dummy and bigger target
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Efficiency of 1) AND @

From selected events with LXe acceptance, we estimated how much the
efficiency of 1 AND @ will be decreased

normal standard 93.73 £ 0.09%

w/ dummy standard 92.99 £ 0.09%
w/ dummy bigger 92.95 £ 0.09%

Efficiency changed by - 0.83 = 0.16% with dummy and bigger target



3. Hit rate of single cell in the 1st layer of CDCH

. 100k Michel events with 4n ang|e range 50000;_ .............................. ................................... ..................... _;

40000}

+ CDCH has large number of hits in the innermost layer,

e e [ emp_1__] 1]
0000 Entries 3698905 | |

Mean 1085 7]

K RMS 5331 |
20000 __ .............................. ................................... ............................. __

10000 ................................... ............................. .

1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ]
0 500 1000 1500 ?2000
hit wire id 1st layer

0_| [

- Hit rate of single cell in the 1st layer with 7x107 intensity

5000
htemp__1

4000 :_ .................................. .................................. Entrles484l63 _: Ta rg et Res u It
: Mean 1823 | 7]

3000 _ ................................... 44444444444444444444444444444444444 44444444 _ normal standard 1.765 + 0.003MHz

2000_ ................................... 44444444444444444444444444444444444 44444444 _ w/ dummy standard 1.779 + 0.003MHz

1000 | 44444444444444444444444444444444444 44444444 -

w/ dummy bigger 1.779 = 0.003MHz

0 _| I

1750 1800 1850 1900
hit wire id in the 1st layer (192wires)

Hit rate changed by + 0.79 = 0.24% with dummy and bigger target
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Reconstructed energy resolution

- 100k signal events with extended angle range ( |cos08|<0.45, |®|<711/18 ) were
reconstructed with gem4_fit_genfit.xml

- Tracking selection with LXe acceptance (r=64.97, |z|<23.9, |v|<67.9)
- True hit was used and smeared with resolution

w/o dummy, standard target w/ dummy, bigger target

: T T T T | T T T T | T T T ' T T T T : l l T T ---i------f----"j ------ T -"-3 ------- 3- ------ i---_'
7000_ .................................... | IO— IhP ______________________ 7 7000 kP .
- Eatres w713 000 Eatries o074 |
OOOO e e Mean:--oioeeeeeeeees ~0:009072 71— -0.01002 |
- RMS 0.1 | 5000 ¥ -------------------- 0:1137 1
S000 o i i T N
4000 D= ... PO 2203, 4000 ET RN R soi Toa T
- 1 0.007154 = 0.000380 | -
3000 = S . 2'2'""""""é""(’)"(i'ﬁ'i's'é”"o"()iii)éi' -1 3000 R 0006698 = 0000373, 10
- e - ; . 00622 £0.0005 |
20003— ------------------------------- e[| B3 e -2-23-3-’-39-'5-—; 2000 2057:86—:
- pd | -0.05613 = 0.00306 | : : 7]
- : : . : | _0.06511 =0.00332 |
1000 SRS 00w ps— i paerrzooozs ] 1000 R —
- : i . 5 01681 =0.0036 |]
] T | 1l
0—1 -0.5 0 0.5 1 0—1 -0.5 0 0.5 1
P-P,.[MeV] P-P_ [MeV]

op = 0.0614 + 0.0005 MeV . op = 0.0622 + 0.0005 MeV




Summary

- The influence of bigger beam spot on the efficiency was studied with MC

Efficiency changes with bigger beam spot compared to normal beam size

target size H s’fo_p ping Ion.g_track TC. h_|tt|ng total efficiency
efficiency efficiency efficiency

standard -3.13% -0.61% -0.21% -3.90%

bigger -3.00% -0.74% -0.25% -3.81%

- The influence on hit rate of single cell in the 1st layer of CDCH was studied

- The influence on the reconstructed energy resolution was studied

- These influence seems small
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Concerning the detector size

Simulation results with gem4 from RDC report 2014

Acceptance of RMD et with Ey > 48MeV & p stopping efficiency

with several detector size (width or diameter)

Acceptance

S
S » °
2 O n

Acceptance

S
S W
N O
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0.25
0.2
0.15
0.1
0.05

Red : square shape
Blue : round shape
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1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l 1
0 5 10 15 20
Size [cm]

Relative efficiency

Relative muon stopping efficiency on target

[a—y

0.9
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US RDC should not reduce y stopping efficiency

5 10 15 20
Size [em]

(the size should be 14cm~)



Noungle IN provisional mechanical design

* Noundie Will be limited by available
space around the detector

Provisional mechanical design
by Florian

fiber bundle

N . 9% ’//f‘ P i . :
w Feedthrough Noundle : 18

housing of MPPC | - The smallest bundle is
- 16 fiber bundle




