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Detectors for Muon Physics

Muon decay positrons

have information a1

® Muon spin direction

® Decay point S lT.in?e_.SIfeftfufnl_. S
_ _ » [ \Muon arrival time
® Muon life-time g™ E
3
S I
,.620000— —]
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It is important to count 2 10000 —
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Sa1A ISV ITEER

B | 274 EBRYPBREESDREAIE
® a/m (~1ppb)
® muon magnetic moment (~1ppb)

® muon life (~1ppm)
116 592 061(41)x10-17 0.35 ppm
Table 1: Summary of Measured Muon Properties and Selected Decay Rates and Limits B. Ab1 ef al., Phys, Rev. Lett. 126,
Property Symbol Value Precision 141801 (2021)
Mass my, 105.658 3715(35) MeV 34 ppb
Mean Lifetime Tu 2.1969811(22) x 107°s 1.0 ppm
Anom. Mag. Moment au = .
Elec. Dipole Moment dy <1.9x 10" "e-cm 95% C.L.
-
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® 135.53 MHz/T X29T
= 393.037 MHz e

® A8 | 2.55 ns
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Experiments with New Detector In
the Future

Next-generation uSR

® High TF measurement (~5T)
+ with USM & 7 /2 pulse
+ Tracking decay positron

® Spin echo
+ Precise measurement of slow relaxation

USM & m/2 pulse

® SR under extreme magnetic field
(~20T)

4+ LCR measurement

+ Extreme counting rate

4+ Surface muon beam can penetrate
100 ym sensor

® Stroboscopic measurement with £ 2§
more statistics Muon

4+ Precise measurement of transient
phenomenon

I | I Positron
Detector

20 T magnetic field —>
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USR Spectrometers at J-PARC

Magnetic
Field

ARTEMIS 04T 10mm sqg. x12 mm

' Plastic sintillator

1,280 ch

I mm sq. x45 mm 1 ms fiber, sinfilla
Cyclops o Fiber sintillator 3,008 ch \y ) »"\.. ; W

L, o
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Low Gain Avalanche Detector (LGAD)

>
@® Signal gained in the sensor %

2 5 i =
+ Large signal = °jj?:@:!is:@:e:?:ﬁ::erg:ﬁti:::T‘;F’Lif‘c'i"t‘f,‘;f,‘;;;i;:;:zi:::::::@i:::::::::::::2
X Thin sensor = e DA SO K DT

- Time (ns)

* Simple readout electronics Koji Nakamura (KEK)

® Fast response

Standard silicon ~ a few ns
LGAD ~ 1ns ~ 30 ps

+ High Gain Timing Detector
+ 1.3 mm sqa. 300 ymt

+ Hybrid sensor
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SiGe BICMOS Monolithic sensor

® SiGe Heterojunction Bipolar Transistors
® Integrated fast readout circuit
® Fast response

® Developed by Univ. of Geneva

® Example
4+ FASER experiment (LHC)
* 7.5%X15 mm2 prototype was created

Hexagonal pixel sensor

with 65 pym on a side
G. Tacobucci et. al., JINST 17 P02019 (2022)
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Summary Table

SiPM + Plastic Standard SiGe
Scintillator AC-LGAD Monolithic

(Current) Silicon Detetor BICMOS

1,000 um x

Granularity fiber length ~ 50 um ~ 50 um
(50,000 um) | T

less than 50 um
IS possible

less than 180um less than 180um

Ulalrel 4ees 2 L0t 180 pm maybe possible maybe possible
Slgn:aI time 40-100 ns ~ 100 ns ~ 2 ns a few ns
width R S —
Time resolution a few ns a few ns ~30 ps ~100 ps

Pile-up rate can be improved by at least a factor of 10,000

14 B F—EBB / KEK IMSS | Tl R 7 LAHRRE 2023/11/20




AC-LGAD Beam Test at S1

S1E—L:ER (2023/06/14)
® KAE/CVRZ 1AV E—LTORVEHESR

® H17V 0 FKLYEVLE Cpile-up event losshMFIE7
VBB AR D U2 HIE

AIERF

® 5TJIVINILR

® E—LXJ)YkFull Open

+ USRHDI5—DARIEL—b 686Mevt/h (7.6evt/pulse/ch)

+ BTN BiEEH
X ZFEFEDAQEFREBICEIN L)
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Waveform of Positron Signal
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Waveform Analysis

Pulse-synchronized noise (~1 GHz, ~30 mV)

50

-
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é 50— —
E o0 -
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Q -150— ('\“100 VIHZ, '\"20 mV, _
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Time Spectra (AC-LGAD)
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L—FICET SFR(E Tiit)

A7 DR EF DI 2 X

® 45 count/pulse S1 spectrometer AC-LGAD
AC'LGADlI_Lﬁ:% Segment Size
® S197tzsDFI2E Distance from
(J: L) 5@@%) Sample
® S19¥tesldCoincidenceZH>7C12 count/pulse
+ S19¥RIITLRO—TTH U TILLIAD S DIGEFZIFIZRE L
4+ FFEAXRIIVIENNRVUED

45 count/pulsefFDFIED/\TIL 7V ITHESR

02

ns pulse width | 0.08% (10GAXRIFTHZDHE?)

® 40 ns pulse width | 19.8% (S1497t88)

EOtIVI1TDAC-LGADTE SICHEL—MER_LEEARF
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=17 flux @ H-line

® 1.6x10°% ut/s = 5.6 % 10° u*/pulse (25Hz beam, 1 MW Operation)
O BIGIERTIRIEZEEFEEFZ=HU 6

+ HBDIVEEBHCIFEBEREDEZS

® XM TLR2/3. FR1/3DEE

® (ZE1R)H3%16 T CRIRGEFDEHEERE22 mm

+ ERTIEP44 mmuEIC 3.7 x 10° et /pulse DITRE

® THHh—EREEIRET D E

+ TmmB<2F 2,400 hit/pulse

+ 100pmApixel 24 hit/pulse

* |A11 MHz

¥ #H%3pulse width 2 nsT/NAMIL 7Y THER 0.02%
5 ns 0.15%
40 ns 12.5 %

® 7T —YEnElE25HZTHEE
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b5 fEl 90 iR e
® <#100 ps
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Summary & Prospects

ANeRE = 17 O E— LxhEn®ER s DIE
® AC-LGAD
® SiGe

AC-LGAD(1 mmA)DS1E—LTRAK

O IREDEEDDItaLY (DVRY ) BESIRE CRIE
® FRIANRINVICEHFSEU

® it cLYUmL—MilErR _ LEHRRF

SROBR
® ERICHESAC-LGADE I —FH1 (BT EILI1T)
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26 BN F—BB / KEK IMSS | sHl R 7 LIRS 2023/11/20



