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e Muon g-2/EDM experiment at J-PARC (E34)
 Specification of silicon strip sensor
« Estimation of sensor alignment

e Producing and evaluate test sensors
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Magnetic & electric dipole moment

Anomalous magnetic moment (g-2)

q Dirac equation = g=2
%) Quantum effect = g#2
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Electric dipole moment (EDM)

Wﬂﬂ Lo Tme
g 0.54 ppm — 0.1 ppm

g

EDM . 1.8x107"7 e.cm — 1072 e.cm 1y



J-PARC muon g-2/EDM experiment (E34)

3 GeV proton beam
( 333 uA)

,_~Gréphite target Silicon Tracker
d‘” (20 mm)

Surface muon beam —— 66 cm diamet
(28 MeV/c, 4x108/s)

—

Super Precision Magnetic Field
(3T, ~1ppm local precision)

New Muon g-2/EDM Experiment at
J-PARC with Ultra-Cold Muon Beam




How to measure g-2/EDM

e Spin precession w/ continuous B field and E field =0,
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® momentum

WepMm Is smaller than W2,

measure W and B precisely
— measure ay

W tilt because of WepMm.

if EDM d,=102"e * cm, angle between

W and B =10 prad
e measure up down
asymmetry Aup =

Nup TR Ndown
Nup il Ndown
— measure EDM 5




Time spectrum of decay positron and up down asymmetry
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Positron tracking detector

schematic view of detector module

® positron momentum positron tracking detector

1 vane x 48
o p>ZOO MeV/c Silicon strip sensor ‘ L |

200 mm 140mm

® amplitude of
spin oscillation

® ~|0 Mrad

® high granularity ® high reliability

® fast response

alhistisibilicy Silicon strip sensor is very useful.



Development of tracking detector

Selection of detector
Evaluation of existing sensor = Done

Tracking detector design

Specification of Estimation of requirements
silicon strip sensor for the sensor alignment

Producing test sensor

Producing and evaluating test sensor
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Specifications of silicon strip sensor

detector module SENSOr Spec
| TE“UW—C | considering mean hit rate
R N e e ) I .
e A . ltem Specifications
Puchadamorsssfch ‘ ’. NN\ 1
sl ) sensitive area 240 mm x 400 mm
§ =
S = # of vane 48
e (T | | S
246 | & ° _________________ m Sensor size 74 mm x 98 mm x 0.32 mm
& A A AN # of sensor 48 x 12 (12 sensors per vane)
side view) E_ILLHE | | radial strip (r) 0.188 mm pitch, 72 mm long
| )J.M | _
axial strip (z) 0.255 mm pitch, 98 mm long

timized strip spec '
considering event structire =




Specification of sensor strip pitch
If strip pitch becomes more narrow,

_|._

e . e’
strip pitch strip piteh Al readout

' ) — |

o o | |
i | — fstric ; 3 N

l l P i

SiO2
n*silicon n-Bulk

g =7

i ethe sensor is more
. resistant to high rate
| eposition resolution
| become better

i1 *handling become more difficult |
i | ecost increase because of
i} increasing readout channel



Relation between hit rate and strip pitch

e’ o C
strip pitch

strip pitch

readout  Hositron migration in the sensor for

i
a* : r direction :Ar
; : ™ z direction :Az
-

0 oration Ar | migration length of positron in the
: : 5 A : : Isensor, strip occupancy Is not

lchange.

Studying Ar, Az distribution, |
we specified strip pitch.

mdp Simulation study is important.
* Incident angle (0.5 rad @ 200 MeV)

- multiple scattering (0.003 rad @200 MeV)

Ar. Az is concerned about




Slmulatlon set up

Using Geant4.9.6

4tracking detector
®# Of vane : 48

e thickness of sensor -

4 Condition
*B field - 3 Tesla
of field - O ViIm

i (00 Mevic)

* n the vacuum

r :radial coordinate
Z : axlal coordinate

X : rotate angle
from decay point

. 0.3 mm f

~geometry and important variables™3

side view

Silicon vane

220mm. £,

140mm € >

muon trackI

333mm
300/ /

decay point

hositron track]

it point




Positron migration in the sensor (Ar, Az)

Positron goes out maximum Az

Az vs a (Energy =200 MeV) _
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Ar ,Az vs Energy at decay point

Energy vs Ar
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The limit in the signal region is
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Sensor strip pitch should be
10,188 mm 20,27 ke

70205 mm=20. 10 i




Requirement about hit rate

Plleup makes time spectrum

of decay positron deformed.

— W would be wrong...

Hit rate must

Threshold

be < 0.22 count/strip/ 100 ns

analog pulse

time

strip pitch  r - 0.22 mm
7 010 mm
" count/strip/100ns () % count/strip/ 100 ns (z) —
5 025 ‘Enmc:_r414zs 8 025 [Entries 41425
o [~ Mean 1925 — : .Mean -4.253
— : L AMS— 60.82 = -~ RMS 98.61
_:\_1 0.2 \ S-0.2
= AL
L upper lmrt s
T 0151 c 0.15-
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> | o
O O
0.1 0.1
0.05[- 0.0]-
| i | TR T P IR PR FETE AR T FANTe
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These new strip pitch satisfied the requirement.




104mm (outer size)

i cicrmined the spec
of silicon strip sensor.

Axial sensor

74mm (outer size)

< >
72mm (sensitive area) 5 | readout strip (p-side)
pitch 100 um
ik width 27 um
length 72 mm

# of strip 1024
AC coupling >100pF
bias register 10MQ(ave)

102mm (sensitive area)

104mm (outer size)

102mm (sensitive area)

Sensor specification

Radial sensor

74mm (outer size)

<

>
72mm (sensitive area) 4

readout strip (p-side)
pitch 188 um
width 50 um
length 102 mm
# of strip 384
AC coupling >100pF
bias resister 10MQ(ave)




Development of tracking detector

Selection of detector
Evaluation of existing sensor = Done
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Sensor misalignment

WHJOFI

plane ofw_
Spin rotation

etector

< el

plane of
spin rotation

EDOM O
Sensor tilt - OFF

EDM CORE
Sensor tilt - ON

cannot distinguish

» Sensor tilt can lead fake EDM signal.

« We considered 4 types of detector tilt and checked
whether fake EDM appears or not by simulation




4 types of detector t|It

center pole
global rotation vane z axis rotation

&

(p axis rotation r axis rotation




Relation between the type of detector tilt and fake EDM

d, =0e-cm

3.4 x 10'? muon
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Results about misalignment and fake EDM

fake EDM Amplitude vs

—l
1
N
o
4I|II

..................................................................................................................................................
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go;l sensi‘;ivity r axis rotation

amplitude of fake EDM (e

T

[

grgbal rotation

3 1072

10™ 1 10
tilted angle (mrad)

10°

« To make fake EDM smaller
than goal sensitivity,

(p axis rotation

< 0.01 mrad
r axis rotation :

< 0.2 mrad
Z axlIs rotation :

no change even if
sensors tilt100 mrad

global rotation
< 100 mrad




Development of tracking detector

Selection of detector
Evaluation of existing sensor = Done

Tracking detector design

Specification of Estimation of requirements
silicon strip sensor for the sensor alignment

Producing test sensor

Producing and evaluating test sensor




producing test sensors

« We produced test sensors with 64 strip.

e Test sensors equivalent to a part of whole sensors.
(blue region in the figure)

Axial (A) sensor Radial (R) sensor

74mm (outer size) 74mm (outer size)
< > < — >
72mm (sensitive area) 5 | readout strip (p-side) 72mm (sensitive area) -
A pitch 100 um A | readout strip (p-side)
A idth 27 n 1 o
wi um pitch 188 um
length 72 mm width 50 um

G LT AC coupling  >100pF T #ofstrip 384

| - . . | -
N| @© bias register 10MQ(ave) N| © AC coupling >100pF
(V5] (7p]
— 2 s_ 2 bias resister 10MQ(ave)
S| E i R =
S| @ S| @
2|e 64 strip 2| e
g1 =g
g = <Er =
ol S S S
= T e

— —

v Vv ) AN 4

64 strip




Test sensor specification

< 104.130 R
Radial (R) sensor AT -
Thickness : 0.320 mm o
Strip pitch . 0.188 mm ™
Strip width > 0.050 mm <
Strip length . 102 mm
v
# of strip . 64

Axial (A) sensor
Thickness : 0.320 mm 74.130

< >

Strip pitch . 0.100 mm M

Strip width . 0.027 mm
Strip length . 72 mm | [
# of Strip . 64 [Y =|

8.530




Test sensors and sensor boards for evaluation
» Producing test sensor
» Designing and producing sensor board

e Mount test sensors for the sensor boards

Radial sensor Axial sensor

-

HV conector @i vanavs HV conector = .
R Mo ¥ ~ 8 | e A P s &

KKKKKKKK

e ! m ! .
< J

R test sensor |

i R ’»;‘,.nJ

Readout
conector

il Readout
~ ~ _  conector




Flow chart of sensor evaluation

e Sensor property

e Checking the surface of sensor with microscope
— Checking mis-patterned sensor

e |-V measurement
— Measuring leak current

e C-V measurement
— Measuring Full depletion voltage and sensor capacitance

e Inter strip capacitance measurement
— Measuring sensor capacitance

e Sensor Evaluation
e Noise measurement

e Signhal measurement with pulse laser




Results of sensor evaluation

R sensor A sensor
expectation | measured expectation measured
Sensor check I e
-V O.K. O.K.
Full depletion voltage Jo: /3V
Bulk capacitance 350 pF 360 pF |50 pF | 70 pF
Inter strip capacitance 6 pk Tiarkln b 6. D8
Detector capacrtance 234 pF |57 Db
ENC 1500 e 1500 e 1300 e -
Laser test 2.4x10 2.6x10 2.4x10 2.5x10
S/N | 6 |/ |8




Next step

Tracking detector design

Specification of
silicon strip sensor = Done

Estimation of requirements
for the sensor alignment = Done

Producing test sensor

Producing and evaluating test sensor = Done
beam test

sensor iImprovement & detector construction test

Improve the sensor based
on evaluation

demonstration of
detector construction




summary

* J-PARC muon g-2/EDM experiment
eg-2 : 0.54 ppm — 0.1 ppm
EDM : 1.8x10 " e cm = 107" e - cm
- Specification of silicon strip sensor
« We optimized strip pitch from positron migration in the sensor
« We determined the sensor spec.
- Estimation of requirement for sensor alignment
 Sensor tilt can lead fake EDM.
e (p aXis rotation is most important and must be limited 10 prad.
* Producing and evaluating test sensor

« We produced and evaluated two types test sensor.







Sensor check with microscope

D Strip RN "’r‘

alignment mark

There is no remarkable damage. }

b|as ring

- — ——— o —




Sensor characteristic (I-V, C-V measurement)

« We can check if the setup of the measurement

sensor is work well or
TT!Ii!E |

not by |-V and C-V

measurement. :
M l

 sBlte-meter @ g éﬁ%‘ ’

test sensor
| :lﬂ"a

l

» And we can also check
the full depletion -
voltage of the silicon

SEensor.




-V measurement

We can see plato region Radial strip sensor [-V

over 90 V ;’:‘0,356_ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
:;:30‘3?. . | :,:...‘

Because of difference of .., i

temperature in these o i

two measurement, o18E—t

leak current is different. o L
oosf e or

0 20 40 60 80 100 120 140 160 180 200
Bias voltage (V)




C-V measurement

e« Considered the sensor

as a capacitance,
5
(Z;' — (f';ii
«d is thickness of
depleted region, and

proportional to square

root of bias voltage V.

N
| e
undepleted region

p

Radial strip sensor C-V

580

560 3

5201
500(—
480}

460

440

540, "+

|

0

20 40 60 80 1

L 1 ! J 1
00 120 140 160 180 200

Bias voltage (V)




o O

7.58

1/C2 (pF2)

N 0O A~ 01 OO N

Full depletion voltage

1/C? -V Rsensor

N
N O O O O E

...............................................................................

= oo S S S S NS i |

. . . . ' . . . .
III|III|III|III|IIJ|III|III|III|III|III

20 40 60 80 100 120 140 160 180 200
Voltage (V)

- R sensor: 94 V
- Asensor: 713V
- These results are consistent with |-V measurement

1/C? -V Asensor

(44.8Vi+ 1.0) x 107

0

20 40 60 80 100 120 140 160 180 200
Voltage (V)




Pulse laser test

- Producing same number of
e-h pair as MIP with an
iInfrared laser pulse.

256 pulse average

>

strip 30 L KSR S S B
wave length =1060 nm (laser hitting) o I 7.5 mV
S e T
strip 31 DS TS S o
(laser hitting) : I 73 MV
- Expectation : 2.4x10%e  strip 32
(laser not hitting) |
- Measured * 2.6x10% e using ASD: for ATLAS TGC

—) (Consistent

Signal 2.4x 10"/ ENCI500 e = S/N=16
— |t seems to be achieved S/N=15 (goal).




Current (uA)

0.5

0.45

0.4

0.35

0.3

0.25

0.2

0.1

0.05

Rsensor

Sensor Name

R-1 26.3°C
R-2 25.7°C
R-3 25.7°C
R4 25.8°C

‘rIII|III|III|III|III|III|III|III|III|III
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Voltage
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0.05

-V measurement

-V A sensor

B SeﬁsorName

" | e A1 25.9°C

| « A2 260°C |
i A3 26.1°C

[ | o A4 262°C |- — — — T —
E . A.‘.‘.‘.......“
R PR AR R R
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SlitA 2012

« ENC calculated from
measured capacitance,

ENC=860+29XCtotaI
=1500 e

SlitA 2012 I

e Measured ENC

7.6 (mV)
ENC = = 1500
32 (mV/fC)e .
ConSiStent | 2. bmi¥s | 7. - :no.gmzu.cm.msr ?buo‘:nt;?n;ts B




C-V measurement

e Considered the sensor

as a capacitance,
o)
(-~
g
e d is thickness of
depleted region, and
proportional to square

root of bias voltage/Vv

N
| e
undepleted region

p

Radial strip sensor C-V

580

560 3

5201
500(—
480}

460

440

540, "+

|
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00 120 140 160 180 200

Bias voltage (V)




E =z 200 MeV

signal
E < 200 MeV background

figure of merit

Lab frame

Cth

—_C™MA2 ( FOM)
| III i B ]

: 100

Cth : # of positron over threshold

A Asymmetry

200 300

Elilb [MeV]



Event display

a vs Ar (200 = Energy <201 MeV)

hist000

Entries 15552
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Event display

E= 120~1/0 MeV

|00 MeV
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| vs z (200 < tE < 201 MeV)

Az vs positron track length

hist210
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distribution of momentum,

r vs count
. hr
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