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Development of 4D Tracking Detector

LGAD: low-gain avalanche detector
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Tracking at the LHC-ATLAS
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Radiation at hadron colliders

Runl: 2012 1x10%3 cm2st (u=3)

Radiation environment

Run2: 2017 2.5x103* cm2s! (u=66) HL-LHC: 2027~ 7.5x103* cm2s! (u=200)
L=300 /fb = 4000 /fb  >2x 1016 neq/cm2
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R&D with HPK since 2015.

LGAD low gain avalanche detector

A thin highly-doped p-layer provides an internal gain Rise time: 0.5 ns “arge gain in short time”
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LGAD@HL-LHC ATLAS HGTD
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sensor
15x15=225 array

Www 27~

Non-irradiated
GTD Test beam Sep. 2017
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collision points

Position
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Adding time
i information
A Time
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4-D Tracker

(At=10ps & Az=3mm)

central

XL
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hits Adding time
information

forward

ATLAS HGTD: pad-type LGADs
TOF = Vertex Point

Future Circular Hadron Collider (FCC)
Add time information to each hit

O Reconstruct tracks using proper time differences
O Help reduce wrong hit combinations and effective
in reducing the track reconstruction CPU

= innovation in tracking

Fine segmentation/good timing are both required
= 4-D Tracker
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FCC (future circular collider)

100 TeV hadron collider (FCC-hh)
\ 2019 Technical Design Report
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M. Saito (ICEPP) presented at
LGAD workshop, Dec 8, 2018
@U. Tsukuba

FCC Inner detector
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LGAD time l'eSOhl'l:ion 2017 TB S. Wada
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15t segmented

wso _ LGAD gain (uniformity) 2017 K. Onara

4500¢ Troov 4500

R i 4000 150y | 40005
: 3500- on n++ Caoov | 3500F [ off n++ Dlﬁﬂ:

3000- “l2sov | 3000 250V
2500 25000 | |
2000 2000f |
1500 15000 |
1000~ | 1000- | |
soor /| r 500/ |
G—Tb0 o 30040 HOE00 e sbo— 54t 556500
ADC ADC

[ 1100v

FEEEEEEELEEEEEERS
6L 6L O8O

—_
o

"‘zsuv"-f S;trip-fsensior‘-

: | ;' . Non irradiated

S U1\ 2 40 W N 6 R U S

,’/ \\

T . 1|
9 : ; ;
,/ N\ N
'

alivaba Daughter board 40 -30 _26

XY stage

PT
I .
*

L]

.

|+
N S

O O N WS 0o N o ©

-——— -t

80 um pitch 0

This segmentation
is not uniform and
not appropriate for
4D tracker

OK for HGTD /21

|

Collimated IR laser
Analog signal r/o with
Alibava system

1)

|




Boosting LGAD development

2018 LGAD workshop @ Tsukuba (Tokyo)
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LGAD segmentation by Trenches

TCAD simulation
Parameters tuned to
reproduce response of an
existing segmented LGAD
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LGAD segmentation in AC-LGAD

Conventional LGAD structure

HSTD12, K. Onaru et al.
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LGAD segmentation in AC-LGAD
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(/e conventional avem 1/100 HSTD12, K. Onaru et al.
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Stable LGAD operation

deeper p+ implantation
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RD50
Radiation induced change of the
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102

R
E
(&)
;. CHESS 2oncm HV2FEI4 10 Qcm
b= NJN,,.. N/N,,,, ~ 0.97
= 10 c- o036 MOYomt o v OB X 10™ o
-
- =
~—
-]
=
=3
o
nN
o
]
— =
1014 LF 20000cm : &
NN, ~ (0.6 + 0.1) we— | |2
c~ (103 £4.7) x 10™ cm? 10— o
t g, ~ (0.047 £ 0.005) em’ O [10“com? | S
10—2 A A A 1 A 1 A A A A A A 1 i A A 1 A B
0 20 40 60 80 11400 =
®,, [10™ cm?

“Donor creation” (high 2)
“Acceptor removable” (low Z)

« Most typical radiation induced reaction:

Ec Sii+B,=> B, Ec
+ donor BIO
- acceptor Bs
i - ey B+ 0> BO: | & mmmermeemamam
k 7=

M.Moll Vertex2019 o
BiOi (donor)

BiCi (acceptor)

Events / count

Rad-hard LGAD
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LGAD development for bio-science
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Summary

Finely segmented LGADs as the 4-D detector
- Breakthrough device in future high intensity HEP experiments
- Unique photo sensor

New (first) HPK AC-LGAD samples have been fabricated
Uniformity (timing, position) to be evaluated

In addition -
Improve radiation hardness
Development of multi-channel readout amplifiers (w/ FNAL)
Development of ASIC ... RD53
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