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My Career
« 2017(Feb.) - now, P.D. @ I[HEP

« (2016 Lecturer, part-time)

¢« 2008~2016 P.D. Participated in J-PARC nuclear-hadron
experiments

« 2003~2008 Ph. D. (& master) student at University of Tokyo
( High energy astroparticle physics)

¢ 1998~2003 Undergraduate student at University of Tokyo



Activity & Achievement |. - - Ph.D. student

-- participated in CANGAROO-III project (Astroparticle Physics)--

Imaging Atmospheric Cherenkov Telescope Cosmic-ray spectrum

Energies and rates of the cosmic-ray particles
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U.L. of the gamma-ray flux & derived limits for physical
parameter around the cluster of galaxies
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Performance study by using cooled CCD camera

. . . -- my master thesis’s works --
Main contribution y

Update the cooled CCD readout system

Calibration scheme for the
CCD (LED/dark frame/flat frame)

Update of the data analysis procedure
with the calibration data

reflected

. image
Eva I uatlo n ‘ LED marker » (Of a Star)
L. for position
* Pointing accuracy of the telescope calibration

- Reflectivity of the reflector (mirrors)

- ' | screen ' ' s 2|
- Air transparency : LED marker |

- Estimation of background noise due to the 8 . ? }

night sky light

Presentation/Proc. 29th International
Cosmic Ray Conference 2005 An image taken by the cooled CCD caméra




Activity & Achievement Il. - - P.D. Fellow at the J-PARC

L | have joined the J-PARC nuclear-hadron experiments,
o#rrmc search for new (exotic) hypernuclei, to study the Y-N interactions
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| J-PARC = Japan Proton Accelerator Research Complex

N

Operation of the Main Ring starts from 2008 ~ !



The hadron hall
consist of many area.
One of them is
“‘K1.8" area where /
was working.

‘K1.8” area is
designed to deliver
secondary Kaon
beams centering
around 1.8 Gel/ with
maximum intensity.
(but we have utilized
pion/electron/proton
beams too. )

Physics goal is to
generate hypernuclei
of strangeness 1 or 2,
with high precision
spectrometers to
study Y-N interaction




K- yield measurement (-- from 02.17.2010 run)

This results are from
the very initial beam
tuning work. (right
after the installation)

This is very
important to verity
the kaon intensity
with the information
of n-K ratio,

.e. even the Kaon
yield is high, but it is
dangerous if the pion
contaminates a lot,
say, one/two order
high, from the issue
of detector/trigger
capability.

ﬁondition

* IFH : =130 (Full open)\
*IFV:0~4

* Mom : =180 (Full open)

- MS1 : £2.35

*MS2 : £2.5

- ESS #1,2: £ 200kV

MR Intensity

K2.5 X 1012 ppp

/

Scaler counts (/spill)

Events
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ON/ON 877,355 104,065 109,707
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Participated Experiments @ K1. 8 area info. @ 2016

» First experiment@K1.8, setup/beam tuning/(initial) physics analysis

- E 1 9 High-resolution Search for ©* Pentaquark
in 7p—K XReactions (n-, K)

« E2T Nuclear K bound state(K-pp) in the d(=*, K+)

- E l O Production of Neutron-Rich A-Hypernuclei with
the Double Charge-Exchange Reactions (n-, K*)

- E l 3 Gamma-ray spectroscopy of light hypernuclei (K-, =)

« EQO5 Spectroscopic Study of =-Hypernucleus -12Be,
via the 12C(K-, K*) Reaction (K-, K*)

: EO7 Systematic Study of Double Strangeness System
with an Emulsion-Counter Method (K-, K*)

— | worked for development of SSDs




SSD used at E10 experiments

We have developed SSDs as a tracking detector under high intensity beam, and this detector
is a first step for us!

* (Single Side) Silicon Strip Detector
-- developed 2009~2012

- Sensor

-- ATLAS sensor

-- Strip : 768ch , 80um pitch

-- effective area 64mm

-- radiation tolerance >3*10!4

-- (typical operation voltage) ~ +80V

- Readout chip —
-- APV25-s1 chip (developed by CMS)

-- Each chip has 128 ch of pre-amp and shaper
and use serial transfer by a multiplexer 11




Injection particle rate & various performance

Performance of the i
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SSD Board (EQ7 sensor)

- Single-sided silicon strip detector e

- Composition : X-Y-X-Y (4 layers) ., AW

- Strip Pitch 50 um 310mm BN ,:

- Number of strips : 1536 ch %

- Effective area ~ 76 x 76 mm? | 3
(where all 4 layers cover) |

- Operation bias voltage : ~ 80V

SE RN BN SR MR R BB AR RE RR L] FEHEE ==
oo 8 0 8 8 O 0§ © T 5

Wf ] 393939 T R TR - 3 —.

- Readout chip : APV25-s1
(the same as the E10 SSD)




> Have applied and kindly accepted as a post
doctor position in the IHEP in the end of 2016.

> Officially, my position began from Feb. 2017,
but the documentation works, in particular,
getting the working visa took long time.
Almost half year | have spent.

> From June 1stin 2017, | became able to stay
with the working visa here. (another one
month | needed to complete the process

. § . i photograph (October 2016)
regardmg E%j]ﬂ:ﬂ_ at Belng> when | have visited the IHEP

for the first time 14



SBES-IIl data analysis

[ BES-1II : Search of invisible decay of J/y ]
S—
 Invisible decays of quarkonium offer a window into what may - ‘ >
lie beyond the SM. the SM decay
« The only decay mode of J/y predicted by the SM is J/y —wvv, 4
therefore, it implies the physics beyond the SM, if the invisible decay . i -
rate is observed to have larger Br. than the SM prediction, > v <
— 27 2M4 2 “"l-Z-EI““
F(J/(p_)w_) = ° > Jé“’ (1—§sin2(6?w)j =4.54%x107" (& i
F(J/¢_)e+e ) 2567"a 3 One of predictioas of

(L. N. Chang, O. Lebedev, and J. N. Ng, Phys. Lett. B 441, 419 (1998) ) the BSM decay

« This analysis(BESIII) was started by C. Zhang et. al., and we (IHEP/PKU) take
over and proceed further by adding new data set.

| My contribution |

« Update its systematic uncertainties, fix some bugs in previous study,
reproduce a channel (J/y->inclusive decay) to be used for bg. estimation



SBES-IIl data analysis

Updated tables (in memo v1.1) of systematics

Table 10: Summary of the relative systematic uncertainties (%) in the peaking background

[ Milestones ]

) . 5 Sources Jb—=ppm Jb—eTer Jlb—nn J/b—pp
« Gave a presentation at the BESIII collaboration | N(rtr—J/u) statistics — 0.03 -
meeting in June 2017. e ) o
. . Trli ger 0:12
« Update the analysis memo v1.1 accordingly B0 s 2B) 0.55 0.54 7 66 137

MC statistics 0.33 0.33 0.40 0.62

- Join part of analysis work for 2012 ¥(2S) data N ", 5 00 <
(and take over to S. Xiao (IHEP) ) |

—_ - e . Table 11: Summary of the relative systematic uncertainties (%) in the yield extraction.
R ]
- Sources J/ — invisible J/¢ — anything J/¢ — pTp—
(B 10° E Fitting range 0.43 0.35
E' E Signal shape 0.06 0.15
= . BG shape 0.01
= 5 ™
— Bin size 0.23
— 05 B | . ¢
@ 1 - E p track-finding 0.2
s f J/y->inclusive decay h E/p ratio cut 0.03
E : : . Mass window on M+ - 0.31
S S S T S S MY SO S Mass window on M _ 0.32
3.05 3.1 3.15 i Background components in counting 0.02

M(recoil(Tt1)) (Ge V/c?) Total 0.43 0.44 16 049




Development for the CMOS

SENSor

[ Development for the CMOS pixel sensor, “Jadepix1” | I
« The CMOS pixel sensors were fabricated | | ‘
as a prototype of the vertex detector for et B M el
the CEPC, which we call it as “Jadepix1” l ‘ I |
- Construct readout chain  gE=w S oo =~ e —a—
and evaluation of the A I —————
sensors were the steps to . “ueh e e P e o P b
be done A e - J? ; J?; g
[ My contribution ] T T S —

We have read pixels with

Development of the firmware
“2T7" structure

Confirmation of the full chain

N -

Fig. 8. In-pixel readout structures.

Figures taken from Y. Zhang, et al., NIMA 831 (2016) p99-104



Development for the CMOS sensor

WE
| Milestones ] Without “Fe
source
102;—
« Beam test @ DESY (2018 Aug.)
- - 15_‘.‘.|.‘..\.“‘\‘.‘.
¢ A Pa pel’ |S p u b | |S h 6d (L.J.Chen, et. al., “Characterization of the first prototype CMOS 10 0 0 n 1000
pixel sensor developed for the CEPC vertex detector” , Radiation Detection Technology and Methods, 3, 45 t ADC-ADC predos
(2019) )
ADC 3
500 3:_ With %°Fe
0 1o§ source
-500 10@-
=1000 0=
-1500 F
-2000— ) I 1 A L
= row20 i 0 ’ W 1000
-2500 = w21 ADC-ADC_prevlaus
e row22 The first signals confirmed
-, — w23 | . bythe readout system.
-400200 220 240 260 280 300 320 340 360 380 400

Figure : ADC(CDS) along the axis of time (unit: 24ps).
four adjacent channels are shown for comparison.
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L GAD characterization

[ Characterization of LGAD sensor]

- We have started the sensor characterization for
newly produced LGAD sensors for the ATLAS-HGTD

- Sensor types: single pad, 2x2, bxb arrays,
of LGAD/PIN, made by HPK/CNM/NDL

| My contribution |

- Setup and test the measurement circuits for
utilizing the probe station, including probe cards

- IV(CV) measurements on various sensors




L GAD characterization

[ Milestones |

Have had successfully measurements on
single/5x5 LGADs, some numbers among those

characterization was reflected in the ATLAS HGTD
TDR, the version submitted in this March

107 =
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T

RACS development for LGA

) SEeNnsors

« TRACS [1] is developed for a fast simulator tool of
transient currents in silicon detectors

« Ramo’s theorem for calculating the transient current

« FEniCS solver for Laplace/Poisson equations
 Multi-threading
e C++11 base

 Development has been started aiming for simulating
| GAD sensors to deduce and compare parameters of
| GADs both of non-irradiated and irradiated one.

[1] J. Calvo, P. de Castro, A. Diez Gonzélez-Pardo, M. Ferndndez Garcia, M. Moll, U. Senica, I.
Vila, Nucl. Instrum. Meth. A 917 (2019) 77.



TRACS development for LGAD sensors

[ Status ]

« Implementation of the LGAD structure, introduction of
avalanche region having a Gaussian effective doping profile,

the impact ionization effect

« Comparison with the real TCT measurement data

EF_100_V

a 200 400 G0 B0

Electric-field map of single pad LGAD
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Voltage/V

[
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CEPC HZZ analysis

| Analysis of the CEPC MC samples ]

« Join the works to evaluate achievable precision
of each Higgs decay mode at the CEPC

l Yoke/Muon l, HCal lQDD LumiCal IP  Vertex
6983mm 4143mm  2350mm

- We keep analyzing the “HZZ” channel, a Higgs boson
decaying into two Z bosons, which provides various

combinations of decay products from Z bosons. (ZH—ZZ7%)

- Previous study was based on “CEPC_v1” and now we are

evaluating them on “CEPC_v4”~ -

[ My contribution ]

« Make a simple analysis framework for this channel

estimated Precision
property CEPC-vl CEPC-v4
my 5.9 MeV 5.9 MeV
I'y 2.7% 2.8%
o{ZH) 0.5% 0.5%
ar(vieH) 3.0% 3.2%
decay mode ox BR BR oxBR BR
H — bb 0.26% 0.56% 0.27% 0.56%
H—ct 31% 3.1% 33% 3.3%
H— gg 1.2% 1.3% 1.3% 1.4%
CHoWW 0% LI% ___10% ___L1%
1 H— 77 4.9% 5.0% 5.1% 5.1% :
TR T TTTeIN T T T e T T 3T e
H—Zy 13% 13% 16% 16%
H—-T11 0.8% 0.9% 0.8% 1.0%
H—utp 16% 16% 17% 17%
BRESM - 0.28% 0.30%

« Collaboration work with UW/USTC now

- 913 <)

from the CEPC white paper



CEPC HZZ analysis

Expected Number of events with different objects

Z-ll tautau wy qq
| Milestones | O e | o
20+2q97 | 85 1.8k
. “Av .36
. . _T 22y _/-’;g I 24 170> 232
 Analysis of decay channels, having two muons, -7 -« — s o=
tWO neutrinos, tWO quarks <ZZZ*_)MM+VV+qq> T/;z”/ I: MoréthanZjets,AwaitforsophisticatedJetClustenng
has been done with the collaboration work. D i sccurecy ~ 50%

Explored by H-=invisible analysis -> Accuracy ~ 40%

_ Promising channels
+ Gave presentations on the CEPC workshop about ="

- %J [ CEPC
the status of HZZ analysis 8l
N Zouu, HoZZ*—vwqq |
-- The 2019 International Workshop on the High Energy Circular Electron Positron Collider @I HEP % ; i "
-- The 1st CEPC Physics Workshop toward Physics Whitepaper and TDR @PKU) 525;
T
201

= CEPC Simulation ]

| On-going | | B

« Converging and composing a paper draft

« Analysis of (ZZZ*—ee+vv+qq) to increase the statistics




Motivation/Research interests
for this applicatior

> Simulation works for the CEPC, such as study of
possible detector configuration and its performance,
definitely connects my recent activities, i.e. the test of
CMOS sensor, the CEPC Higgs analysis, thus highly
motivated to try that.

> | have also interests in the hardware development for
LHCb/CEPC, at which | can utilize my past experiences.



Thank you very much !
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Detector Installation at K1.8 area

Since the experimental area (“K1.8”) was almost empty,
common equipment, then, user’s detector system should be installed

detector installation, detector alignment, cabling, electronics, checking the signals, , ,

## These photographs are taken in 2009, at the very first but large installation of systems 2



Time-line of the EO7 SSD development (hardware part)

May
Summer
Nov. ~ Dec.
Jan.

Jan ~ Mar.
May

May ~ Sep.
Oct ~ Nov
Feb.

Apr. ~ Aug.
Sep. ~ Oct.

May~June

2013
2013

2013
2014
2014
2014
2014

2014
2015
2015
2015
2016

Screening of all readout chips (APV25s1)

PCB layout was made ( Nagoya-University) ,
Start to decide the FPGA structure

Wire-bonding , assembly of the board (company)
Prototype-1 (1-layer) SSD delivery
Examination at a test bench

Prototype-2 (double-layer) layer SSD delivery

Examination at a test bench including a test-beam
exposure

Hardware test on a proto-supporting frame

Full spec 4 layer SSD delivery

Final check of the DAQ part (especially FPGA logic)
Installation & test beam exposure @ J-PARC

EQ7 experiment (fist half) — 2017 latter half



From EO7 beam exposure (June 2016)

We have successfully installed & operated the silicon detectors !

SsSDo X1

ﬁee F
*= 20
E1eo—
2D Beam Bl
. 120[-
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reconstructed =«

from the SSD 0615

Strip [ch]

data o
5407
—%E a0l
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e j 3
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My main contribution -- Firmware --

Connection
CMOS pixel sensor -> ADC (on motherboard) -> FPGA(firmware) -> DAQ-PC

Task of firmware : Transfer/Process signals from the upstream (mother
board) to the downstream (DAQ-PC). Also handling various control
signals for both sides.

. P g
€ XILINK = g o

KINTEX” =
: N | )

Figure : Kintex-7 FPGA on the KC705 board Figure : Setup for data taking with ®>Fe source
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Doping Profile

Avalanche region in LGADs is reproduced

 Neff parameters to set the effective doping profile

« Simple Gaussian shape is assumed

HPK Doping profile

x10 = 100X10|5
2,') 100: ‘e E HPK-EPI-W2-200-DS-SE3-01
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E-field along vertical axis

Impact Ionization Effect

“I E-field alo ng with the
“F depth(50 pm)

 Adopt the impact ionization analytical

model in [3] )

|

Electron/Hole ionization coefficient 0 N RN
20 30 40
104 Z [um]

o
-
o

iy
o
W

\'\.\I Charge Multiplication Factor

. “gain layer” in LGAD
N —>

‘ \ 3.5
\ \\\\ - multiplication factor

2.5

along with the
\\\ 2 A
\ T

lonization Coefficient [1/cm]
=y

depth(50 um
\ .

Integral of Exp( alpha*distance )

2

10 -

- \ 1.5

= 17
e b P b b et \II\I\\I\IIIIX10_B 0 5 10 15 20 25 30 35 40

4 4.5 5 55 6 6.5 7 7.5 8 Distance from sensor bottom [um]
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H->//%* analysis : Signal distribution

3nuun§— | -3
- Event selection for the e | Inv. Mass
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