23 Mar. 2023 ensu

KOBE
\ fJNlVERSlTY Core-to-Core Program
AN

The University of Tokyo

MEG IEERE=S=RIPHEIICHA T 2
DLC-RPC#& 1 25 D [ F
—EETHAIRF S N D 1 RE-

LA 2 (GRARIE)

Ik AL KA AL KRB, @38 328,
BHER. 5 B8 & A F R,
fIMEG IO Z/RL—> 3>
(AR, ERFEtA HEKIES)

202383 822H(K)-258 (L)
203 F HAYIEZREEEZTRE

JPS 2023 Spring Meeting

S . c




Outline

* Introduction
« Upstream Radiative Decay Counter in MEG ||
* Motivation

* Sensitivity improvement estimation

* Overview
* Probability Density Functions for RDC
* Sensitivity improvement estimation

» Conclusion & prospects

23 Mar. 2023 JPS 2023 Spring Meeting




Upstream RDC in MEG |

« MEG Il searches for g — ey at Paul g |Raditive Muon Decay

(RMD)

Scherrer Instrtut (PSI)
« Most intense DC u beam available

 Radiative Decay Counters: Detectors to ( 5T§g8g§4d "
~JL. e
tag BG-y from RMD v,
Detected
Resistive Plate Chamber with (1-5 MeV)
Diamond-Like Carbon (DLC-RPC)
being developed as upstream RDC \ /
\ COBRA magnet
l///////////////////////II////////I//W//////
Upstream Downstream
RDC RDC
First prototype |] (O ) Target ﬂ

e’ spectrometer \
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ut beam
* Low momentum (28 MeV/c)
« High intensity (1 x 108 /s)




Motivation

DLC-RPC R&D How much can upstream RDC improve MEG Il sensitivity?

Design draft

Study with prototype
(Previous talks)

! - > !

1 beam test of testbench Aim at installation

| >
202 | 2022 2023 * 2024 2025 2026 2027
>
T We are herel —
- : If beam time shared p beam not available
Physics data taking started with Mu3e experiment due to beam upgrade at PS|
By 2021 2021-2022 2021-2023 : 2021-2026
. . ] 5 - I | | I ‘ o ‘ I ‘ ‘ ]
Situation of MEG Il experiment| 3 | ' MEG UL .
G 5 ]
- | Sensitivity improvement required
o | to reach goal sensitivity in any case
Goal Bepsitivity 6 x 10-14 : ]

(=]

100
Accumulated DAQ livetime [week]
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Background y

Simulated E, spectra

« Background ¥y source: RMD & AlF e ;
« RMD/AIF = 65/35 for y with >48 MeV I :
10-12 Sum +++ ++ i
* <65% of BG-y can be suppressed by RDC RAME .
« Depending on detection efficiency "’* H}t W}

0 e s s 2 s
E, (MeV)

Simulated >48 MeV photon yield
Radiative Muon Decay B RMD W AlIF per muon decay Annihilation In Flight

- /e_

e
MEG

Reduction of AlF thajks to the
light drift-chamber igf MEG 1|

MEG Il 65% 35% Less material in
et spectrometer
. 15 3.0 4.5 6.0 14
x106 }/
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Downstream RDC

 Downstream RDC consists of

* |2 plastic scintillators (timing measurement)
* Readout from MPPCs at both ends

« 76 LYSO crystals (energy measurement)
* Readout from MPPC at each crystal

 Already installed, and operated in 2021, 22 physics runs

LYSO crystals
A

Plastic scintillator plates

|

COBRA magnet d
/////I//I/I///////////////II////////IW////// MT ~ 2 2 cm

Upstream ownstream 4
RDC RDC /|
+
ﬂ e () T ﬂ
e+
[ ¢ spectrometer \ e+ — !
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Sensitivity Improvement overview

« Upper limit sensitivity estimated with maximum likelihood analysis

» Expected number of signal events N, estimated by likelihood fit with

probability density functions (PDFs)
« RDC PDFs contain RDC observables 7, 195, s

rde’ “rde’ “rdc

» Upper limit of N, at 90% confidence level calculated with pseudo experiments

* 8% sensitivity improvement by downstream RDC evaluated with MC
* R.Onda, Doctoral thesis, The University of Tokyo (2021)

* Sensitivity improvement to be estimated with
. Data (t%, E%®) for downstream RDC

rdc’ “rdc
tus

e Estimation of e

distribution from previous studies for upstream RDC

Likelihood analysis with
modified RDC PDF

Modify PDF for 1% >
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BG-y suppression by full RDCs

* Upstream RDC can suppress the rest of BG-y from RMD

« RMD y detected by y detector

« RMD e™ detected by either upstream or downstream RDC
= ¢* must not be detected by the other RDC

BG PDF ( Projection X )
T T T T T [ BG0gx
10° tri 1317400
10°
[
104 ‘J 1L\1‘
F S
— .
0 0 O D A
-10 -5 0 5 10
1% —t
rdc 4

MEG Il

J Do

WﬂS iream

Upstream

6.0
x106
COBRA magnet
I//////////////////////////////////////// /// W
Upstream ownstream
RDC Signal PDF ( Projection Y )
§ignal 0lpy
” beam T l‘l\:l‘::l‘5 8. lkfmiri
arget st soum ol
102
e+
L e’ spectrometer \
EEEEEEEEEEEEENDR JEEEEEEEEEEEERERN]
1011
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
Tl R S A —
10" L 107
10 8 6 4 2 0 2 4 6 8 10
ds
trdc l Y
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Z.U.S

- - ds
4. €stimation from Lo

rdc

o 7y, estimated from 748 \_J
. . COBRA magnet
o TI me reso | u_tl on I////////////////////////////////////W////// W
Downstream

Upstream
* Detection efficiency RoC RDC
s arge
.+ Hit probability of RMD e, H(/\—@T e ﬂ
accidental €+, and ’Ll+ / ¢ spectrometer \

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘
Upstream RDC detects RMD e* in u™ beam

Not detected events

BG PDF ( Projection Y)
" "BG_0_py '
10° Entries 13163565
10°
us
MY tI'dC ty
e SR NS
10* . ok
| -
- =
s |
e e Accidental hits
-10 -8 -6 4 -2 0 2 4 o6 8

10 (Mainly from p — evv)

ds
trdc - t}/
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resolution

Upstream RDC : ~100 ps

Downstream RDC : <90 ps

! L
Siﬂg|e-|a>/ei” Time difference : a %r -

) - : = - Lab test with 90Sr e

SN N R R YT R TV ! e « 15cm

'%000’ I\/ |P €+ H Entries 18872 || . 8 r . 192m
5 L Mean -29.6 || ' - | 80___
r Std Dev 02178 [ : 3 C
r 2/ ndf 312.5/108 || ' 0 C
800, Constant 9499 9.2 || : 8 751~
L Mean -29.6 + 00 | : () L
6007 Sigma 01924 = 0.0012 || : g 70:—
i : = F
i A : 651
400 o ="10U7PSs . "
L f \ ! 60}
200 \\ ; o

~|OOpSeXpeCted 07“ “J“‘le“ ——— “7 I 5051llllllIllllllllllllllllllllllllll]ll[l
. . -31 -30 -29 -28 =27 10 8 6 -4 -2 0 2 4 6 8 10
with 4-layer configuration Typc - Tps 1re [0S

\ J Hit point [cm]

BG PDF ( Projection Y) COBRA magnet
e r/////////////////////////////////////// / W
10° s
i s:636e-09( ]

Super st Upstream Downstream
RDC RDC
" [I p_beam Target |]
. ] o e’
10 i
= . L / e’ spectromefer \ T | .
\ 9 EEEEEN EEEEEEENTS JESEEEEEEEEEEEEND
ol \\\\\\\\\\\\ AN NN NN I m e re S o u tl O n

108 6 4 2 0 2 4 6 8 10 \\\\\\\\\\\\\\\\\‘\\\\\\\\\\\\\\\\\\\\\\\

Main contribution to .4, — t},:TOF of RMD et can be negligible
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Detection efficiency

Upstream RDC : 88% (assumption) ; Downstream RDC : ~88%
RMD €+ distribution Expected pulse height spectra .
at upstream RDC oo, beam 1t | A
2200 L Sy S MIPe* |] P8 i .
2000 V"f%‘\k Eindt wocar 800 [ g f»ﬂ***”++*+*++# ++ ]
1800} ] i i ! £ 08 iy
16005 Mean__-0.0708 =0.01157 | L : | + +f i
E y w Signia 25813 0009 600 1 E ]
14001 1 \ - - . E H» ]
1200F I | E L : 0.6 \
1000 i ] 400~ ' i ‘ i
o 199 ¢%\ ] [ ; i i
600: /J . O \ B 200 1 0.4
400 y : ; ! i ]
200 ] 1 ' E i
1JIVSHM—/IO 50 5 ID““‘iS 0 03 04 0.5 : 0.27 ]
< P y(cm) Height [V] ' | |
Detector size ; A FE BN R BN SV A | B
o : %ei i : 44 46 48 50 52 54
0.1% p contaminated ~ 2.2% e inefficient E, (MeV)
2% inefficiency by spacers ; . .
: Inefficiency comes from geometrical acceptance

fikns seac ey 2% inefficiency by patterns for HV

T segmentation (to be studied)

Other assumptions (to be improved)

SEtkrecciiiN * 1% inefficiency by pileup

: + 5% inefficiency for MIP

- DLC-RPC electrode consistent with that of downstream RDC
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HIt probabillity

Upstream RDC Downstream RDC
RMD e* ~ 30% / Accidental ~ 16% RMD e*t ~ 27% / Accidental ~ 13%
BG PDF (Projection X) (RMD e™ direction) x (Detection efficiency) BG PDF ( Projection Y)
10° BG""m Wl ;,‘_f"—“"-‘*y‘i;:
5 ///}////////////// W 5
RMD e + 10 Upstream ///// Downstream 10
RDC RDC
ToTh I]Kw‘fdm\‘@ﬂlrget [| N IILL
10 }J ‘\_\_\_\k_‘ e’ 10* J g
} _‘I ’_j ;‘\
\ﬁ; j 107 ‘ 9
e X . . P N N P AP A AN AN AN AR S ()
0 v 10 x |.08 due to p polarization 0B 6420 2 e s
trdc - ty trdc — ty
Signal PDF ( Projection X)) Signal PDF ( Projection Y))
T Beam p™ S
v « 0.1% u™ contaminated R
o 107 * lgnorable 10%
ccidental ,
Accidental e*
10" « 2% of ut decays in spacer in 10"
DLC-RPC
10 r’——ﬁh/—‘ﬂﬁ 10" O O M O S
Wiee s s s s s s i ea0” . A a0
a0 s 0 5 it x 1.2 due to spacers in detector 408 6 4 20 2 4 6 8 10
l.us _l. tds t
rdc Y

de ~ Yy

Hit probabilities estimated reasonably
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BG RDC PDF

Not detected events
BG PDF ( Projection X))

T T T T T T T T T T T T BG_IO_II)X T

106 Entrie

Mean' "\ GAaze-00 1
Std-Dev---5.034e-09} H

10°

. RMIDKits

10*

. p— x107°
5 10

us
trdc - t]/

0 -5

Accidental hits
(Mainly from u — evv)

Reasonable RDC PDFs created

Number of Entries

Number of Entries

ProjectionX of biny=36 [y=0.0000000075..0.0000000080] |

Correlation included in PDF

BG PDF xy projection

of_B

6

10°

10?

10 =

10 -8 -6 -4

ProjectionX of biny=17 [y=-0.0000000020..-0.0000000015]

-2 0

-

ZI _lﬁ-"l‘lllllln||||
4 6 8 10 %0 -8

us
l‘rudsc - l‘}, trdc - t}'

% BG PDF xy projection
x10

FRET AT AR R s iy i B
Eniries 28089 L
Mean: §3gi6 I 1‘
104 StdDev  3.928¢ L
i - 1
L u
10° -
Less RMD events
r 1
....... —S5+-
102 ........................... : l'
i - i [ S s O SN SO PP IR R Y X
10 -8 6 -4 -2 0 4 6 8 10 10 8 6 4 2 0 2 4 6 8 10
us us
trdc t}’ trdc t)/
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Sensitivity iImprovement

* 2% sensitivity improvement compared with only
downstream RDC |
. . . . This work
« Assuming installation in 2024 T
. . 30%
» 2% lower improvement in only downstream RDC case i
+ Detection efficiency seemed to be overestimated o
* Study on higher detection efficiency to be done 10" ‘ e
1 h—s"‘—6"‘—4"‘—2”‘0‘”2”‘4‘”6‘”8‘l16(1079
» DLC-RPC performance should be understood | fac = 1y
Previous work
AR B A D R A X A
Sensitivity improvement compared with no RDC case 10° =507 it
. . ]
This work Previous work - ] L
4.—17 7“LL4F“_\;“
Only downstream 6 e
RETE T = e T
Ldc — ty

RDC

Full RDCs
23 Mar. 2023 JPS 2023 Spring Meeting




Conclusion

* Upstream RDC is promising for further sensitivity improvement
« DLC-RPC is under development as upstream RDC

* Sensitivity improvement estimated with
« Data for downstream RDC observables (tr‘ilsc, Er‘iisc)

. Reasonable estimation for upstream RDC observable (¢4

rdc

2% sensitivity improvement estimated
* Assuming installation in 2024
* Most uncertain part is performance of DLC-RPC
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Prospects

« DLC-RPC performance must be studied for further
understanding of sensitivity improvement

* DLC-RPC development

* Detector design
* System to secure uniform gap thickness
* HV supply pattern to improve high-rate capability and scalability

= Goal of detection efficiency: 90% at 4 MHz/cm?

 Aim at installation in 2024
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Backup
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MEG Il signal & backgrouna

» Dominant background is accidental coincidence of e and y from
different u*
« BG-y source: RMD/AIF = 65/35 for detected y with >48 MeV

Radiative Muon D
Signal Accidental BG e e Y

: (RMD)
€ i Lt
180" ;€
* The same energy of 52.8 MeV Signal-like accidental coincidence

* Opposite direction of et and y with ~52.8 MeV
* The same timing
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DLC-RPC response

Low-momentum u . MIP e
2 ] 2.75kV £ 2.75kV|]
£10™" 2:65kV 13 W 2.65kV |
. e el
= W@ 2.45kV|] Té' - : ]
5 ] i ’
R R . o NN
{ | Average different ’ 0_3: H WH mﬁ |
wb [T ] e W |
| WW i PO P
[T | T o |
10070 01 02 03 04 05 01 0 01 02 03 04 05
Yy — 1=34x 10_2 Pulse height [V] Pulse height [V]
Simulated average , +
number of clusters Energy deposit (MC) L\ & l J') E1>E0
16 nu,ﬂ,,,mug/m E S
LY N oo O\
? » CH, 100 g k MIP et v et (\ E2<EO>
- ER + More clusters grow — \+
¥ *h 2102 % - enough in case of u x// \\—/
s - mﬂ w 1 - /\/\ E3>EQ
£ [ ]
LA . _ Bdep [keV] due to space charge effect
Lip Factor 10 difference (p/E = p = 0.26)

Riegler, W. and Lippmann, C.,"The physics of
Resistive Plate Chambers”, NIM A, 518 (2004)
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HIt probabillity

Upstream RDC . Downstream RDC
RMD e* ~ 30% / Accidental ~ 16% RMD e* ~ 27% / Accidental ~ 13%
(RMD y fraction out of BG-y) x (RMD e direction) x (Detection efficiency)
RMD e* ;
¢ 52% of RMD e* goes upstream 48% of RMD e™ goes upstream
x 1.08 due to u polarization
A few % increase due to polarization ~4 MHz @3 x 107 stopping p/s observed
: | | Accidental hit probability: 13%
Accidental e™| 2% of u decays in spacers in DLC-RPC : |
+ Assuming | x 108 /s, 2 MHz increase expected @ ~ 10 MHz @7 x 107 stopping u/s expected
x 1.2 due to spacers in detector
Beam 4+ 0.1% u contaminated :
s Assuming | x 108 u/s, 0.1 MHz which is negligible

Hit probabilities estimated reasonably
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Discussion on sensitivity Improvement

* Less sensitivity improvement than expected

* Possible causes
|, Less # of RMD-y detected « Study on RDC detection efficiency
2. More AlF-y generated

* AlF-y reduction is important for larger RDC contribution

|. Less # of RMD-y detected
Downstream Upstream

RMD

Expected case

MEG Il
Downstream  Upstream

RMD

o

1.5 3.0 4.5 6.0
x10-6

MEG Il

2. More AlF-y generated

0 1.5 3.0 4.5 6.0

{68 Downstream  Upstream

More BG-y from AlF
RMD AlF

MEG Il

Y 1.5 3.0 45 6.0
%106
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