(]((NBIE)
\ﬁ NNNNN TY
NN\

VRIACF , 2 FlW - s B B E R R D
7= DRI DB %

F1lE] FMEE  [WTHER] BFHAREQELKRT
2025/3/6~8
mAERE M1 AOHEK




EEYE(X—T <X —)

>IEERBDOREAZBR - RARENF
> WIMPs(Weakly Interacting Massive Particle)

> H_LEEI:% @ﬁjj'ﬂﬂi%ﬁ Aattered WIMPs
> EERERESR e ®— @ e
> WIMPs-1%F O 58 4B EL WIMPs  nucleus
> A tox/ﬁ(ﬁ—a—% (SD) jﬁi&%l} WIMPsIZ & 5 R F & Bk
> A URIFEL AW (S BEL Sho S PR
BERRAZRIEDA2) (J+])
> SDE&EL RQE | A2J(J+1)
> BN ELE A DR E’]E FRDODRAEVEICKET S 12 0.647
2 1 2Na  2/3 0.041
X N : /;]/(]7_-'_ x ; 127) 5/2 0.007

129%e 1/2 0.124

Jid‘?% E@)ﬁi?@z@ A= 131Xg  3/2 0.055
VFASDEELICHE L TEHICE L :



> PICO-60EE5%

> 7 v &L EWY(CsFg:52.2kg) = FE L 7-BHER! o ;aF6 1% HH 2%
> HEANERDOE NP REZZLE T,

energy thresholdz & E 9 % Z & AT Z 5~ {BREE(L
> IRHEAN % 51 X T TiRE
-

}H_X— R

\ \’ VBeIIows
NTELRFOFDEIICL > TTILT 7IRERZHA 8
Water (Buffer) B 5 A(ioustlc Sensors
‘ | (Piezos)
9, ROI
v C3F8 (Target)
o mzL — Neutron
= — Neutron +y Synthetic quartz
= WIMP search inner vessel Cameras
] Propylene Glycol
g 10E (hydraulic fluid)
S k
1 m
] " ] M T
2 3

APZ ~ %4 kL
BEHEEANDEERDKRF

E60cm, & Z167cm
APIZE DI KT /XNT A —X

3




> SDEELICH LW TRBHBUVLFHIRZ 2T TWLW 2 EER
3.2 x 107" cm?@25GeV /c?

> BEMEfLIC K » TIRB =M CRER

> REPICO-500A 2 o

> PICOEERTIZ &ED BT V¥ — /a4 InH
iE_L__/)f\_b\ i%z_@\»\

t

IRNVNF—ARIT P LZEELND
qalfa)EElL%E*El_d_

SD WIMP-proton cross section [cm?]

PICO-60T® 2 [8]H D
Exposure:1404kg*day

10 a7
10 38 |
10 39 |
1040_
F PICO-60 C F, - .
LComplete Exposure ~ ~ -
—
104] | i : SR | i i
10 102 10°

WIMP mass [GeV/c?]

90%1.:.%1:?5’( @SD WIMP-proton cross section

&F . 1[EE Dexposure % : PICO-2L
*ﬁ PICASSO 55'- PICO-60 CF3I
1 © SIMPLE > 77> . PANDAX- I
Bk : IceCube 2 : SuperK

https://arxiv.org/pdf/1902.04031



=gt Sk

PVFE 2 —7y MRFRZE LIV VY FL—R %GR
» CF, ((LE#YZ (M)

>IFEICKE{b~BiEd
>EIFOEERRIC, BRIVMBEZ ANBRADI1IEEZT 5
> KA —>RIECF, AW %

SEBHGY FL—RELTOEYDOEBREAY BiI5sT
> RINCF, THEREx I D




EMAR R =7 ZOPMTER

E‘E&W 4‘9& ||:|:l| HXIE
,_.U R8520-406

ﬁ‘%% fIJ?FAa ’iﬂ7 L — I\’C*%E’] -3
> BHERANZ CF O R AT £ Toadf

DI

CF4 PMT1
241Am
Y .
— \Thermal link(Cu
PMT2

ok
i
chy

TILITATTENT
22 X 22 X42mm?3 BRI IR 5 6




/AR

> AL TH o 2KETCF,0#Ba% Thl% CF,
> iﬁ/ﬁ%—lt@ 2 7(_(: E?ﬁc:/&'ftﬁi&éi 2 7LC 88g/mo|

3.76 X 10-3kg/m3

pes Az &AL BaE ) B (R 1.60kg,/m3
/R -128°C/-184°C
e CF S

S N — Criofte

-200 °C
01/22 12:00 €1/2218:00 01/23 00:00 01/23 06:00 01/23 12:00 01/23 18:00 01/24 00:00 01/24 06:00 01/2412:0

mm cht Last*: -182 °C == ch8 Last*:-152°C
CF, D=

mL/min X Q.01

6
5
4
3
2
1

0
01/22 12:00 01/22 18:00 01/23 00:00 01/23 06:00 01/23 12:00 01/23 18:00 01/24 00:00 01/24 06:00 01/2412:0

== FlowMeter(V)[1/100*[mi/min]] Last: 0.0470




EH50ns = &0

> tEZ R 57-0121p.
> LEDO#A BEHEPMT TR % Pulse LED
> baselineh H-AmVEENT- KD Generator

e. 7z 85E

5

TriggerTIming

- < [
<« »

T 0 Tlp.e. B85 ]

CADD e s o]

A e s _

_E.DD_IIII|IIIIIIIIIIIIIIIIIIIIIIIIII:!II_
0 50 100 150 200 250 300 350

ns

> TriggerTimminggi D
B e R 5

mV
i
LN

count/bin
=

o ] a5
1 ' _1{;5_ ................................................................................... _E ;
i _155_ ................................................................................... _f EEE
_E.Df_ ................................................................................... _f E‘DE __
_25;_ ................................................................................... _; 155 ..
— IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII_ -
3?4D 180 160 170 180 180 200 210 '1'[?_
. _ ns e
1p.e K DB 5
1 1 1 1

mPMTD 4T A v~
PMT1:1.3x10%, PMT2:1.0x10°

FADC
DRS4




BAKRCFE , D F IR TE

> 2SN Z HAEACF, T/ 9
> 22LAMDE9keV A VIR AR WTR AR A
> 2DOOPMTO A VTV ATHD

counts/bin
T
i

> RIFCF, DR N % HEsR | i 208+25p e. /59keV

> 208 £25p.e./59keV D IE & &I
ool i (i R #ﬁm JrJfJ....
SR . 050100 150 200 250 300 350

- p.€.
S 1 —RIECF, DI FHICE I ", )
_400_ _: » NsA —X—0D Zjﬂ\g_—fjt AN 7 I\ L

AR b

- i 1 I 1 1 1 | 11 l 1| 1 ‘ 1 1 L I 11 | ‘ 1 i
%0260 280 300 320 340 360




— Nopserve ‘EBURIEE
NObserve — NOriginal X ) X €QE Noriginal “ERICE
Q PMT D IL{EF

> \/%@%&%$~25% EQE PMT@QE
> QEIXE R T~30%. RILEELUT TIEEATIS %D LF
(JINST 7 P10005)

> BARCF,DEHI = : 208p.e./59%keV
> BRI E D o RIKCF, O E RN EZETE : ~39000p.e./MeV

> WA XeDFEINE : 42000p.e./MeV (STHME)

> RIEXeDINBIEEDODRNEXH D

10



FEOHERE

> Feo
> IRHEEEEZ CF R U TR TRl TE2EEZHAE

> CF,DILICRRZh L TL 5
> 24 Amb9keV T v VIRIRGIIR, WRIECF, DRI = D L 72

> 208+ 25p.e./59keV

> RE
> "IACF, coBRIR. BLFHERICOWTHANS

11



Sack Up




PICO-60352ER(ICD W T

> TAJE R RN ERFE
> Ep = 4mr? (‘7 - TZ_:) + 41 pp (hy — hy) — 4?n(Pb —P) G.:j%@gﬁjj
T RE

Oy - BDE[EE
h8 & RmIEDIT Y ZILE —
Poa & RARDES]

> AP/XT X — & —

f:';:.ﬂﬂ:

AP = A(T) ZGj > Cu(@) Y f x psd,

f:u'n

> Gj BBt yY—ns A v
> Cn(x) : JBOMIEKREFEN
> o FRE

> PSD: /X — Ry MNILBEE

2025/3/6 13



CRy T ATDRIEERRART ML

1.0

Figure 1: Typical spectral response
30 100
— —~
0.8 4 = = \
25 = ‘{‘ [ \\
-~ < o= T
:_: > % 1 “\ )
i 2 E . \
“:- 0.6 - 20 Z N 10 ‘\ ‘I‘
5 = £E ~—\
= =3 3
s 15 5 =2 =
‘; 0.4 - .2 E 6 ‘| \
z = o i 1 =
- 10 £ Euw —
St (I |
= <= R
9 = (=) A
0.2 s = S % \
w3 ‘|
§ C o1 et
1
0.0 4 0 = a
' J T T J T ' o A
200 300 400 500 600 700 800 | — CATHODE RADIANT SENSITIVITY s |
- - - QUANTUM EFFICIENCY 1\
Wavelength, nm 0.01 : : : : .
100 200 300 400 500 600 700 800

NIM B 268(2010)1456 WAVELENGTH (nm)
PMT oD RXE
2025/3/6 14



> ARtA

—+—

R

2025/3/6

- R
» 21313 /ICFTOVPFS SUS 304 70 70 12.7 33 35
it - UV
pA LY ST — DUV
- EUV
100
X/ Y
75 4\‘
= VI
]
$ 50
(%)
25
) \
0.1 05 15 2 25 3
EEGHE (um)

uv

118 SBHETE

& B RRES
oV
T=-
DA

cosmotec
ICFI0VPFS

lCF70 ;SMEi Ea—R—t
Max. 2

IlIIIII|IIlﬂIIWlﬂIIIm T

21313

86,700/ (BLAY!

15



mE & PMTDOQED R

> 160K TIE5-11%D EFEHH - 7-

1.2 EMVR b= ZDOPMT{ER

-  Iv1002 R8520-406
i ® 1v1009 K :
1.15— O Ivi013 4

A Ivio14

]%
4&Li%] |
JIT | H%’#f
|
520 240 260 280 300
T [K]

L1

QE_/QE,

1.05[—

ﬁ ﬁ} ;} z}ﬁ +

ITI]I

1 I 1 1 1 ] 1 1 1 l 1 1
160 180 200

JINST 7 P10005

2025/3/6 16



5B AHDPMT ORI

> PMT1(#&@H2E EZR) TlE. PMT2& Y H/hE A HEIER X LT
> GainDEWAZE L THIFITEHXEIED
> HERD LB F ClETZRIsmib I N ThHEL 7= ?

T . B

Y| A S

ool

200 250 300 B ——

PMT1&PMT2D 6=

tltlllJIIJIIII{lIlJl{IIl

‘ | |
360

| | | |
340

| | | |
320

i|\ L1
300

. L \ ! !
500 280

260

BARCFE DI F IR

S

2025/3/6

—i
=

I I IIIIII]

count’bin

107"

10°

I IIIIIIIl

AT ML

17




DRS4

> S[EIfEA L 7-DRS4
> Sampling Rate 2GHz
» Dynamic Range -0.5~0.5V

Ty

an39$<‘ 2\
- l ‘
. ,"sg’. )

IS

DENABLE 0 (o)

Figure 1: Picture of the DRS4 Evaluation Board V5.1 with different components
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The DRS4 chip, which has been designed at the Paul Scherrer Institute, Switzerland by Stefan
Ritt and Roberto Dinapoli is a Switched Capacitor Array (SCA) capable of digitizing eight
channels at sampling speeds up to 5 GSPS and 1024 sampling points. This chip is available
through the PSI technology transfer program for other institutes and organizations. In order to
simplify the design process to integrate the DRS4 chip into custom electronics, an evaluation
board has been designed, which demonstrates the basic operation of the chip. It has SMA
connectors for four input channels CH1 to CH4, an USB 2.0 connector and MMCX
connectors for triggering and clock synchronization (Figure 1). The board is powered through
the USB port and contains an on-board trigger logic. It comes with MS Windows®, Linux and
Mac OSX drivers and two application programs. It is basically equivalent to a four channel 5
GSPS digital oscilloscope.

Since the DRS4 chip has differential inputs, the board uses four active buffers (THS4508
from Texas Instruments ®) to convert the 50-Ohm terminated single ended inputs into
differential signals. Analog switches in front of the buffers (ADG901 form Analog Devices®)
are used to de-couple the inputs during calibration. Two reference voltages are generated by
the on-board 16-bit DAC to measure the offset and gain of all DRS4 storage cells for
calibration. The four analog inputs are AC coupled and have a input range of 1 V peak-to-
peak. The DRS4 is read out with a 14-bit ADC (AD9245 from Analog Devices®) and a FPGA
(Xilinx® Spartan 3). The USB connection is implemented with a micro controller (Cypress®
CY2C68013A). The high speed modus of the USB 2.0 bus allows for data transfer rates of
more than 20 MB/sec.
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