2017 R R

K= FRIERFAREIBFIDEENG

[R 2018.6.4

+ FHBRI A HFICIIEEF—RERMTIY
« SOI:FAHLAIR—AEEI LIRSS
* HL-LHC ATLAS
« ANYYTEEH—
-« EVRLEE Y —
* LGAD
« FEH
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FHEMAREI—REI ROV LHNDL

Missions to GO

Continue Detector Developments

ara/esumi

@ Develop PPDs in close linkage with other TCHoU Divisions Silicon pixel/strip

@® Innovative detectors in TIA framework

Silicon Detector Lab

Rad-hard

[ :L'> designing
fara SOl % technology Lﬁ;té“gct.on
ucti
further enhance

ara
collaboration under TIA

N . LGAD
3D Stacking ”_C p|Xe| 4D tracker ALICE
—innovative PPD ‘ [
‘ Precision neutron detector : ‘FCC ATLAS
l l _ (future circular collider at 100TeV)
X ray d.etec.tor - :
cryo. amp nishibori VRPC == ==, esum
Y o o(10ps) ( MCP-
J-PARC readout \. TOF Rare IR beam
m=) COBAND _ T ORIKEN
N o Promote New Detector Developments
tg)mita @ least support of travel expense for projects with few budget

@ pursuit realizing a testbeam at KEK AR (~4GeV e)
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FHEMAREI—REI ROV LHNDL

Missions to GO

Continue Detector Developments

ara/

@ Develop PPDs in close linkage with other TCHoU Divisions Silicon pixel/strip

@® Innovative detectors in TIA framework

Silicon Detector Lab

Rad-hard

% technology i

designing
testing
production

hara SOl

further enhance
collaboration under TIA

ara
LGAD
4D tracker

3D stacking
— innovative PPD

Tomonaga Center for the History of the Universe June 4, 2018



E3MTIALEF R L 2018.2.7

Muon Radiography

24

22

20

18

height (m)

16

N N
O iy i i

N ] S Structure of pressure
horizontal (m) vessel loading zone

summary 2011EOAESBE“HSKEKSDIIL—T - and below .
CEBRE—EROT T DRSBTS (CEEGS 1 — (20175-9R 8 Rk ==)
1T AR EE R,
FoRA (B) (HRHIRDEEt - B - S — fiainy,
TR & 3ERI DB AR T
o 1R BRSBTS (ZFA S TLVRL
o 28R, 3B NEUL L RERERREBEREL T & T.
EHBE T EHOFAET
&5 (CIAREEEATE (C(3FA £5E 5 TULVRL. 284 TIHE
P TEPCIRVIRINA G D, T ) DETEEEA S U,
o DHOBEEER UKRT. BT UBEMicE 3F%
U TRENMEESN S,
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PTEPE3C2017.5.25

Muon Radiography

BITELE-TIVETHIOERBTEGLD?

2mILEDHOER A B MDD ?

near  fyr

Detection of on-surface objects with an underground
radiography detector system using cosmic-ray muons 3

Hirofumi Fujii, Kazuhiko Hara ¥, Kohei Hayashi, Hidekazu Kakuno, Hideyo Kodama, Kanetada Nagamine,
@, Kotaro Sato, Shin-Hong Kim, Atsuto Suzuki Kazuki Takahashi, Fumihiko Takasaki

201423(;%5?@5[ sretical and Experimental Physics, Volume 2017, Issue 5, 1 May 2017, 053C01,
nttps://doi.org/10.1093/ptep/ptx061
Published: 25 May 2017 Article history v

Tomonaga Center for the History of the Universe June 4, 2018 5



PTEPER302017.12.23

Muon Radiography

KEHBEFERIL—HFOEESMEL D VERICKYEBIE
HEEDBIFE(6=75" \EFBEWEREKEARMDHFLLNT —2ZENMLTE-

Integrated cosmic muon flux in the zenith angle range
0 < cosf < 0.37 for momentum threshold up to 11.6 GeV/c 3

Hirofumi Fujii, Kazuhiko Hara ™=, Kohei Hayashi, Hidekazu Kakuno, Hideyo Kodama, Kanetada Nagamine,

otaro Sato, Shin-Hong Kim, Atsuto SuzukiKazuki TakahashipFumihiko Takasaki

A- " Ak ik
Jok | =1 SR
20168k 7“'%’\-& 2015% =E
. «wyress of Theoretical and Experimental Physics, Volum _..:,i1ssue 12,1 December 2017, 123C01,
https://doi.org/10.1093/ptep/ptx164
Published: 23 December 2017  Article history v
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S SOl pixel devices

SOI: SILICON-ON-INSULATOR

CMOS circuitry fabricated on
buried oxide(BOX)
LAPIS 0.2um FD-SOI

Features:

« monolithic (no metal bumps)

« SOI-CMOS (FETs fully isolated)

« Can choose* substrate of optimum
resistivity (fully depleted CMOS
sensors possible)

*SOITEC SmartCut™

- many excellent features

4 A
« Material budget - speed * single event effects
« S/N e COSt  Jlatch up
« power dissipation . Pixel size * Operation temp. (O.3K~57OK)J

\_

TID tolerance improved to 1MGy by introducing double SOI wafer

Tomonaga Center for the History of the Universe June 4, 2018



SOl FPIX2 -World best Spatial
FEABRLEFTOS UM (BFRREERIZER Resolution

TIPP2017 (Beijing, 2017 May ) |&

Press release (June 23, 2017)

S
14 e Jg ___________________ o
12F . U OO T % 9 < S _ -

R YL 0
1_0__ . S@F|STV1(20um)

08 T T TR UE — T
e [FReEIGEM) &

"L |——Ref[22]24um | FPIX2 (8umi)
0_4 T v FPIX Bum .............................. ................. .....

0.2 | —8— SOFIST20um  |ioi T

r—
£
=.

[ —
c

IE

vl

=
O
0
o

[

)
©
Q

/s

VERTEX2017 (Las Caldas, 2017 Nov ) |&
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SOl Fine Pixel Detector
FPIX4

VLSI design (/&)
Sub-board design/fab

(B K. Z:#2017)

FPIX4 layout PIXEL Size 9x9um (same as FPIX3)
256x256 pixels 8x8 um : minimum achieved in FPIX2
16 parallel outputs

Sub-board=SEABAS

VLSI design (TrTEG9)

iy RS == =A,
(Z &b, &K, ZiH2017)
Tomonaga Center for the History of the Universe June 4, 2018 9



. EIMMTIAREF RIS ™Y L 2018.2.7
Precision neutron detector

FPIXDFEZ B E TYIumD P EFRR B A AR D B ZE

L 10 a(1.47 MeV) + ’Li*(0.84 MeV) +y (0.48 MeV) (93.9 %)
n — = > = %
10g a(1.47 MeV) + “Li (0.84 MeV) (6.1 %) z[um] ¢ & & 2
v BATRTOENBFROSFRE  f.— 2 T T
_ v SVIRMEE(AEA “REE) "
SOl pixel 20

20 -~

10

1?E5Eli7°57(9’-‘y7(:’3 & Bottom mirror
ITyF Y THRLIEM
BEHR(~HBARE)

e

FPIX3 (PSpmy 4\ 7(Si:300um) .i ‘

9 um/pixel x0.443 pixel

Ty DIEEBME. ~ 3.9 £0.2um
Iy TOEELZ
=X 0

Am-afgZ FALVT,
INYT Ty %858

Tomonaga Center for the History of the Universe June 4, 2018
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SOFISTDE — L i ER

KMEFE INTPIX4 Z4E AT
E—LRINEER

Pixel size : 17x17um
Sensitive area (8 7x % mm)

mmkf’g i3

13 parallel readout

64x512
64x512
64x512

512x832 pixels
-> 300 fps
faster by Rol selection

D &G RT LIFMIZIEERIN DEUDET O H
(Mimosa 18.4um pitch, 576x1152 pix)

Tomonaga Center for the History of the Universe June 4, 2018
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SOl Testbeam@FNAL
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SOl Testbeam@FNAL

(2018 Feb/Mar)
SOFIST: sol Fine measurement of Space and Time
SOFISTv2 for timing study Timestamp correlation

(44
(=]
o

thinned to 75 um ) 3_ |
mi %3505:
.9- Esooi—
)/ S o
/ 150? o
V4 1002—
S VR T/ BT R VR M %%Sta%g';lgég;[:g?osooo
1 Chip-A [us]
12-b ADC
"
o B
e hxe )V
| AT Ak
timestamp :
Test-in

Beam gate (500us) ILC beam structure -

Tomonaga Center for the History of the Universe June 4, 2018 12



10FEDHZ AR EHSTDIITHR(IR)
SOl Radiation-hardness

@ FPIX2 (100kGy) Testbeam: OK for ILC

SOIILSEE[Z3RLY

~0O(10)um

40nm

F%E\)\\kﬂv%%ﬁzmey

TID (total ionization dose) $hER
@ FPIX3 (IMGy) IR laser: —fiEDCMOS IZPLEN 9 54 HE
VSOI2

* introduce 2" electrode (DSOI: 2011)
* optimize LDD for rad-hardness (2016)

=D o .
S%xa\\w%amﬂm ) %;Bikzom .

Tomonaga Center for the History of the Universe June 4, 201



SOI-3D: more functionality

@ Innovative detectors in TIA

National Institute of

. Advanced Industrial Science
AU'Cone m|CrO'bump and Technofogy

AIST

o BHO VLS BfTERE TES > SLinNEIIFEER(ILC, FCCith)
« EETTTI(e.g. CdTe) EMFERE -> X-ray detectors
. BHEDZEIL -> Compton camera, 4D detector

2018F E TIA-MTFIEL:BREBEEFEAREFAA— Y —DREMT IFRR
KEK (2 %0)-AIST(Fg:1)-U Tsukuba(J&R)-U Tokyo(;th H)

Tomonaga Center for the History of the Universe June 4, 2018 14



HL-LHC ATLAS ITk

LHC = HL-LHC(2026)
Luminosity : 300 = 3000 /fb

BEHRE 1018
RFZE (~518) IHATLAS

FURK(IR)IESCT
nXl:l-I- L

pa iz
BRH/E—LXE=200DZ2L— 3>
N ERFREMER H 88 =All silicon (1Tk) . LS
Strip detector (12cm = 4.8/2.4cm) & -
Pixel detect%%&xZSO = 50x50um)
15t pixel: 3D

_ N
B —E%ET .3 “\3’
2" -5t - planar U R-mE QS
X 3U-5NZERE TE D/ N\ AT AEEDE

Tomonaga Center fgrﬁgi&gtory of t:ﬁe‘ﬁmversg B’uﬁ”&ﬂj—w 1 s /'Ii],J:



HL-LHC Strip Sensor

f"% ; 2005 K YpBE o —%EFE EE (KEK) |7 o
o SilIMEHEEZ T 5 LpE R EF Z<{Eri=pE T8GR LRIXETTEE
« BERLEFFINET S5 KLEENRED # ATLASTEEMIZIEH
,L\& @ wml:o‘y?' ‘fg Xn-l-*j-/j)llo)l}’a_%ﬂggjn:l:ﬁﬁ
xR
10x10cm®dD >
$—% A ~%
FE(JPS 2017)
1MGy
100kGy

v TSR 1EE#£>50%(@500Vbias) D B RTINE
vV DCAATDRER: oY —(ZEE=FFEDEIRME

@-20°C Co-yiR CEZIALEEDIET
[ +c;=10kHz 300V->250V(100kGy)=200(1MGy)

“acceptor removal”’Z3EEE?

Tomonaga Center for the History of the Universe June 4, 2018 j(l],% - Jﬁ Ea - *D EEI 2018 16



HL-LHC Strip Sensor

L O DEUH—THRERDAZTEMENERSNT

« BEKREMNAHDEFRAREIZRLI(SA. F1H) N
e MNEIIEDZWMSFI TOREIRFEE (F5A) » = |

vV BBEEHEZTZTHPK) .BERNELELT-
oY —HlE
v 81 &70RRICRBLAEIEES
/AR 2017. FEFREE)

Tomonaga Center for the History of the Universe June 4, 2018 17



Bt HL-LHC Pixel Sensor

B ZEEAR | ATLASIZE% & T= HFlexE i
3d.5th[ZER B TE D/ 7 R g 50x50um pixel ES€ILED 1—)L(4x4cm)
DEpRE TS 1 —)LEERS (25x100umt, A] BE

V INTRAEEZASICIZBBT ARIND Y —RER
[ZIAEE (ATLAS- I B DIRE
vV INATREEICEKY /A X008

25x100umET A—)LOE —LEER (85K WA, F18)
SEDIVBRTHENLGBINNATRELITAZETEE

o NATREIDOEFEIIE(HPK)
c U —DERREF? (SEE) [GFEH®ZES1I—IL
o FEHEFHLILELMEIDMEIE? (NHEIPS, [RHZEER2017)

SEEICDITEED 2—ILEHEEDH#EIL (S EE) o I
#n K (1&5/2017. I BEE
B {4 FIPPL: i K/KEK(B)—LAL (Lounis) A RRRH)

Tomonaga Center for the History of the Universe June 4, 2018 18



_ FEIETIASEEFLURD ™ L2018.2.7
® Low-gain avalanche detector

il 50 B2 BE(~30ps) xRN T AU E N AFEER 28
<P-typeDHL-LHCAABEHHE N FK R > LGAD

High granularity timing detector (1.3mm)

MBTSZHGTDIZAZ#2 (@HL-LHC)
/ - BFEIBRHmALER(ZEEN~200)ZXF
o JFFED/NFOATAF —FCCORIMBIBRL
[C{EADHTILE )L (4D HRR) FBigT

e PETEENZRIERIIZF ETES

position

time

position

>

« LGADIBIERDEEHEE
(FIHEZ w2016, BT FHRE)

S 1E SN T=LGADIEIE DL
HSTD11 T F IR (F1H) (KNBZEE62017)

“~—nff
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Low-gain avalanche detector

FNAL Testbeam? FHU\T=B5 [ 43 fR 6E T4 LGAD
3{E D DiodeZ A X | BFfEIZE 70 1 Vo (& Bl D 7 fi# 5E 2 5T

60

Monitor Diode

Ewvents /1ps

o 1
VE | (T,—T,) distribution
40 IL
30 f—

DRS4 VME 2 _

10 F

|

l _

L& o(T,-T,)=70ps
l

1

1

RLQ“ o;~50ps

0 L= wan —
—200 0 200 400 600
Time Difference [ps]

o .
T TR—Fk o .
55 E
50 F
45
40
35
30
25 8C

20: ................................. Lo o0 by e 1
0 01 02 03 04 05 06 07 08 0.9 1

(Threshold Vol)/(Peak Vol) f

30psz U HBFM 7 fEREZ ZE R (FIH, JPS)
=T —43(5GHz)h 5 BRI TE & D ez b
> EHEHLAT7 D

"
—

22C

Time Resolution [ps]
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Summary and Outlook

Muon-radiography
2011ICERAIRLI=T RO IMII3BIFDBE T T DR Z 5%

SOl monolithic pixels
FPIX4 (ZR Mtestbeam Atracker), TrTEGO(F ST #R 14 ) DRI R
SOFIST(ILCFR) D=t re1E
3D stacking (FCCADIitf?)
HL-LHC ATLAS strips
RETD L (REEWIR) ZH2 T, M= E R IR < ISR 4% E 1A E T
HL-LHC ATLAS pixels
RETO AL, FCRID Y —EF Ml ;% (biastE1E 1= /dummy metal/no test?)
T a— )LEE LA EF
LGAD
ARy TEEGEHL., SHLEROO /NIME, FCCEB L. .« .
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