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Abstract

The first evidence for dark matter came in 1933 when Zwicky measured masses
of Nebulae. The early 1970s, Vera Rubin used imaging spectrograph which was used
to measure the electromagnetic spectrum to observe the Andromeda Nebula (M31)
and calculated its rotation curve. Observation from Andromeda nebula found that
most of the stars around the center of galaxies rotated with the same velocity. The
most possible explanation of this phenomenon is present lot of quality but invisi-
ble dark matter in spiral galaxies. Studies of gravitational lensing of galaxy clusters
and cosmic microwave background affirm the existence of dark matter in astrono-
my.Astrophysicist analysis data from Planck satellite to calculate structure of the
universe with the ACDM model. The universe consists of about 4.9% baryons which
constitute the ordinary matter, about 26.8% non-baryonic dark matter, and about
68.3% dark energy.

As the existence of dark matter be confirmed by astrophysicist, theoretical physi-
cists propose several dark matter candidates: hot dark matter, cold dark matter and
warm dark matter. Hot dark matter mode can explain large-scale structure of uni-
verse, but the cold dark matter can explain structure of galaxies, clusters of galaxies.
Warm dark matter theory who is recently formated has characteristics of hot dark
matter and cold dark matter.According to ACDM mode, 83% of the matter in the
universe is in a form of non-luminous, cold, collisionless, non-baryonic dark matter
with low cross-section. Several theories which aim at solving the hierarchy problem
predict stable weakly interacting massive particles (WIMPs) that could compose most
of the dark matter. Their interactions with normal matter are on the order of a weak
scale cross section. These theories predict the cross-section of WIMPs with particles
of the Standard Model.

From end of the 20th, particle physicists have been actively look for dark matter
with experimental methods. In addition to the evidence from astronomical indirect
observations which verify the existence of dark matter, particle physicists search for
WIMPs particles in three ways: the underground low background direct dark matter
experiments, indirect dark matter experiments, large accelerator. Direct dark matter
experiments are designed to collect nuclear recoils signals from scattering of WIMPs
with nucleus. Indirect dark matter experiments look for signatures of WIMPs anni-
hilating to normal particles.

The cryogenic crystal detector and cryogenic noble gas detectors are representa-
tives of direct dark matter experiments. The representatives of indirect dark matter
experiments are satellite experiments. LHC(Large Hadron Collider) is a representa-
tive of large accelerator.

In 2013, LUX (The Large Underground Xenon Experiment) obtained very high
sensitivity result in dark matter detection. They reported results of the WIMP search
data of 85.3 live days of data with a fiducial volume of 118 kg and haven’t found WIMP
signals. They gave 90% confidence limits to be set on spin-independent WIMP-
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nucleon elastic scattering with a minimum upper limit on the cross section of 7.6 x

10~*cm? at WIMP mass of 33GeV /c?.

In 2013, AMS-02 (Alpha Magnetic Spectrometer) has measured the positron
fraction (ratio of the positron flux to the combined flux of positrons and electrons).
They have observed that from 0.5 to 10 GeV, the fraction decreases with increasing
energy. The fraction then increases steadily between 10 GeV to 250 GeV. Yet the
slope (rate of growth) of the positron fraction decreases by an order of magnitude
from 20 to 250 GeV. At energies above 250 GeV, the spectrum appears to flatten but
to study the behavior above 250 GeV requires more statistics.

In 2014, Super-CDMS (Super Cryogenic Dark Matter Search) detected 11 sus-
pected events of WIMPs with indirect dark matter detect mode. Data of 577 kg-days
was analyzed for WIMPs with mass 5, 7, 10 and 15 GeV /c? and detected 11 suspected
events of WIMPs with 95% confidence. They gave 90% confidence limits to be set
on spin-independent WIMP-nucleon elastic scattering with a minimum upper limit
on the cross section of 1.2x107*2¢m? at WIMP mass of 8GeV/c?. Suspected events
have been negated by the results of LUX.

Liquid noble gas detectors are currently the most talked about direct detection
technology. The liquid xenon is a typical suitable material for direct WIMP detection.
Xenon has a very good characteristics as the direct detection material: allows detector
target masses to reach ton-scale within reasonable cost, allows discrimination between
nuclear and electron recoils and allows self-shielding from external gamma rays.

Given the breakthrough of XENON100 and LUX in the direct dark matter detec-
tion, PandaX (The Particle and Astrophysical Xenon collaboration) designed first
low background duel-phase xenon TPC of China in 2010. Target volume of PandaX
increases from initially 120 kg (stage I) to 0.5 t (stagell) and eventually to a multi-ton
scale. Most sub-systems and the stage I TPC were transported to the China Jinping
Deep-Underground Laboratory (CJPL) in August 2012. After successful installation,
two engineering runs were carried out in 2013. The system has been collecting sci-
ence data since late March 2014 and published results in 2014.9. PandaX reported
results of the WIMP search data of 17.4 live days of data with a fiducial volume of
37 kg and haven’t found WIMP signals. We gave 90% confidence limits to be set on
spin-independent WIMP-nucleon elastic scattering with a minimum upper limit on
the cross section of 3.7 x 10~*¢m? at WIMP mass of 49GeV /c?.

PandaX dark matter detector is the lowest background detector in the world. As
signals transfer and data acquisition part of PandaX, Electronic and Data acquisition
system (EnDAQ) has to be designed and tested before physical run. System was
designed with commercial module after 2010 in high energy physics group of Shandong
university. After finishing software and trigger logic design, system collect photo-
electron signals from PMT array. Then, system sets trigger threshold according to
feature of recoil signals. EnDAQ starts initialization and setting of hardware. After
start data acquisition, software holds data ready signal. When data is ready, system
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start verify event, build event, readout event and save data into disk array.

The physical goal of EnDAQ is to achieve higher trigger efficiency on low en-
ergy signals. In order to achieve this goal, we designed two version of trigger logic.
Ist version was used in test run of PandaX to test detector function. Due to high
trigger threshold of 1st version, system was upgraded for physical run. 2nd version
has significantly reduced the trigger threshold and significantly improve the trigger
efficiency.

In this paper a detailed description of design, installation and test of EnDAQ is
presented.

Keywords: PandaX, dark matter, electronics, data acquisition
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1R Z B AR R I A o] R Y T . L WIMPs BEY 5 A BASHE &, WP i 5 a]
DABE PR\ [R50 32 H 0 7 S AR I A2 i KRB S5 I E R [27].
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e LX) Fermil AT S8R B 51 3 B A7 A2 G40 BTIEE K 21+ (1) W] Re ik

Upper limits, bb channel Upper limits, Joint Likelihood of 10 dSphs

107
- - Sextans 1026

Bootes ~ - Fornax ~ - Ursa Major Il 37 10 #*p~ Channel
102 b - - Carina — Sculptor  — Ursa Minor ] — b Channel . W*W~ Channel
— Coma Berenices — Seguel == Joint Likelihood, 10 dSphs 7 Channel

[
o

-
S

=
S
®

=
o
b3

WIMP cross section [cm? /s]
=
S

WIMP cross section [cm?® /s]
=
o

o
S
2

10" 10° 10° 10" 10°

10%
WIMP mass [GeV] WIMP mass [GeV]

K] 2.13: FermiLAT X} 10 4 dSphs M4 B 233 2041 J5 45 i T BR

2.4.3 BEYIRIAEEIZFRM: PiTF

) IO R R P A ) R A R I R R AT DR St R A s MR . E
THUTFrAZE53EMEAER, FUEABKE-FSEBEE, BTk 54 R& 4
CrRrBE T, BRI AT DUBSCE AR R SIS 2 v AR mo AR Bl s % . A B
CUA B H A PRI #5 #8 0T LA T IE P B R, BRI A A BRI 25 i I I 4 I
UEE, AE R BRI 25 1 S 56 25 SR mT DL T X6k B 42 ot s~ o 2 AR S 88 T 1) 20 2R
2. 1472 PP AR IS 25 () S50 25 SO BRI S 58 1) 45 SR AT EE [54] .

Kl 2.1545  Super-K fE/MT 20GeV ik fig X B85 70 #r 45 R 5 DAMA A
CoGeNT SEEa &5 BT [55]. B EEE8 0 FIA 1 B e 7 iUk, 37
FiIA B AR S B A . DAMA A1 CoGeNT 75 BH RS9 5 it X CDMS 5256
1 Super-K SE536 v 815 5E
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-/
10°m= GZK 1
- [ oo GZK 2
Ibi 1050 "" GZK 3
o .- GZK 4
éﬁ |- - - GZK 5
o 10° GZK e\
&
S0 T
(D) WB bound 5
—~10°8|[— Ic-40 (3335 days) Shele —
W |- 1C-22 0,\»}’5:':' ’ the fyll IceCube
NG T ANTA i |
L 107 = PAO B
| > RICE & ":,: ’ .
ol R A I I
6 8 10
log, (Energy/GeV)

2.14: H5 LRI AN (8] BN S e 2 Y 1) H i@ S2 WIMP RL-¥- 5 Jit 1 ) R
I ST WIMP R (19 57 & 53 A
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DAMA qra=0.3 DAMA qna=0.3
DAMA (na=0.45 DAMA (na=0.45
CoGeNT CoGeNT
—_ CDMS —_ CDMS
S CE, B cC
10-% . — bb 10-% — bb
: 4t 4t
- - — T
- vU v
109 109
& &
—40 | —40 |
5 10 5 10
o o
b by
1074+ 104}
102} S—wave 102} Pp—wave
2.0 3.0 5.0 7.0 10.0 15.0 20.0 2.0 3.0 5.0 7.0 10.0 15.0 20.0
m,[GeV] m,[GeV]
DAMA qa=0.3 DAMA qna=0.3
DAMA (,=0.45 DAMA na=0.45
—_ PICASSO —_ PICASSO
CouPP COouPP
cC cC
10°% ; ; — bb 10°% ; ; — bb
e 4 - 4r
— T — T
_ 1097 ¢ ] 1097k |
N (\'l_‘
5 5
= 10°%p = 107%p
b b
107} 102k ]
1070 10 p—wave ]

m,[GeV]

10 20

m,[GeV]

50

Bl 2.15: B PRI S 06 A0 [E] B PRI S 56 25 R (X0 b, DAMA, CoGeNT, #1 CDMS
e BRI SZES, B AR B ) A X e S G R AR 25 SR . Super Kamiokande
LIS HAR K H v 18
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3 WIMPs 5 & RIAKRE

3.1 WIMPs =2

X B AT % B Lewin and Smith 1) 77 V48 50 WIMPs ) ) i RE 15 [56].
WIMPs i fgit & WIMPs (& M, , $EEHRE My, H—SH F, WIMPs
B REAZ A ] Tk B I -

dn = %f(U,UE)d?’U (3.1)

no & WIMPs MR, k 2H—HE, v & WIMPs FIEERZ 1A X 3,
vp e AR AR R . Y vp=0 I, o RNZWHTF -BIR2E 2 070,

v2

f(v,0)=¢ '8 (3.2)

FRRAZIR RIBIRESE vegeo WIR vp ANE, WA v WIBEE -vg. BT,

v2

2 esc ——55¢
Uesc ™8 ] (3.3)

b= (o) Herf(F25) - 2=
L) 5 o7 J A AR P AR I e T S R AR R M, RO R

UT’ WIMPS \])ﬁgﬁv 'Udn’

1
dR = MaTvdn (3.4)

T

X B BT DS 2 WIMPs BUR SR . 8 7 WEA R REEE, AT

B e R0 R U 2 & m FEPER) . SIABUG R RIEUR ATE 0., T RER
My M,

Er = MXU2(1 — COSQCWL)W
X

(3.5)

cos® FA 3 AL [ [F L RTEOH TR A — 10, X3 T4 E 1) WIMPs B, £ 0
B J M Gy RER EIPIRIRPRERS . 285 FRAT T BRI R i RE

dE, —  2MZM?

AR _ (M + M%) po or / 1350 Wese = [0+ 0E))OBrmar — Br) 2555 o
M, k vl '
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Yotk © BHCRH T WIMP S0 BRI, (BRI 050,010 — o0
R AL,
dR(vp =0,Vese =00) _ 1 po 20007 1 o (3.7)
dFE, Mz M, ﬁ Eor

Hep By = $M 0} & WIMP HIRERISHE, r = Grire. TEAEE vp, v
AL T, b ReE TS A2 2 T RSB KEREUMG, FERS Eor, 1
My = M, 2|5 K. Lewin A Smith B pg = 0.4GeV /c2em? vy = 230km /s, Vese =
600km /s, v = (244 + 15sin(2my))km/s, HH y & HHIEHIEE

BAVEFTFEWE or A, op REITETHAHFDZRALL A EAEHZ)
B g = V2MrE, BB, L BUE K TR/, SO TR —
B . AE H RRMSLHRAHEAE I, BrA SRR B B TR AR R, B DA A
TS5 4ERE A BIFIT A K. T H AU R T AR B S T A G . AL
1 (M + M)

(AM, + M )2°" (38)

or(q=0)=
M, 2R TR E, o, WIMP 5—/NE &S am, B My = AM,,
q=0 BRI 7 15
X ERE R A M, RPN IEUS i EREH, WatE e 7 8 e
S BLAAR I A%, Rk, EEEEIN S RN SRR

or(q) = or(q = 0)F?(q) (3.9)

Forb, 0T ERRMSLRIEUR, F(q) 2R A A AR 4. Helm X
JRE S AAEFAR Ry WARR EMEDIL N4 T IRAIRE T T, &N s,

3j1 <QRO) _ (g9)?
_ 3nlgfo) G 3.10
qRo ( )

F(q)

Hrp g, ZERIE DIZE/RTTHE, Lewin A1 Smith 2% s=0.9fm.

gra Ll EJTRE, ATRLTHEAS =N FEAM B (B8 (A=T73), @ (A=131), I
(A=40)) I E BeTAZ e b e it . B 31X =FA RN b e, #ETEECF
B, ARAE DX A% R B B KRR, (EFE mr BE X B T R A% 3B AT
PRI 2R T B

& WIMP Jfi &2 100GeV, -4 WIMP FGUR 7% 18U 8k 2 o, =
5 x 107 7pb(5 x 107 8em?). ERIMEEE AT 15 keVr B, HCH 5 49 5 s i A
& 0.1 event /kg/day.
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|
—_

>1O - w
Lo~
.~ 43 2
3 SRR c =10""cm
~ r -~ ~N
(@) \‘-:;~ M =100 GeV
X Swa X
~ ™ ~:~~\~
(D ‘‘‘‘‘ \~ \~\
E -2 T~ ~~\ ~-“\
0)10 E §_§~ \y\ ‘~.~ 7
> ‘"\- S ~~~-
L \~\'§\ ~\“~
e TNTmeal TS
\\\ \~\-
I e ~
~ -3 N
210 RN
= Ar RN
> S
(O]
X
~
[%2]
c
-4
210 ¢ 3
LUl
L ! ! ! ! ! J
0 10 20 30 40 50 60

WIMP recoil energy (keV)
3.1 B, NG H B SIAZ S b RE T
3.2 WIMPs RU#H: &

A 2 VE A E Dy A R ) B SN S AR A S ot o T A AT
WU e R H A NGB SRHAE SR /1, ZAHGUHE TPC o AN [RDRL 1 B g
73, AT PEA RS

3.2.1 THUYIIBE4FM

A2 BRI A7 AE % 7 B R B JE BOR PRI T =i, KRR S B4
0.1ppm. IR DALEAR B R B A TR RS (B4, — Bl
PRI T A T B ok (E— A 0 B R e A s, = 2t —
LRl

ot R TR RMRRLZHTRZ —, A 9 MELER. HE, WEAFE
MR FIA 2R, REAAMR K2 27 Xe, HAPEZHIWAA 36.3 Ko HTm
£ BRI N RRBOR 1, R EARA RN L AR 2N . 2 Xe Ml
Bl Xe WBEBEANE, W LLEE S0 UE 5 5 5 A < AR AR .
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AN G S e TR 5 #E AR USSR RO B0 R, ST TR BE B L 8 R IR B
BAS 52 BUM R e S B PR . WU A — R AE H R R R IR e A L S T
AR 2 AR RE . ARAE BB THEE, MR T AR R B T, IR A
45 x 10°photons/MeV, J& —Fi Lb B F AR ) N KRR A4 RE, 17 HAROR B 5 (0 I HR O 2
B i H AR M R AR, B T R SN R . R
3.V ERRFE LK SR BRI AR 5C B

‘ Property ‘ Value
Atomic Number (Z) 54 [a]
Atomic Weight (A) 131.29 [a]
Boiling Point at 1 atm (7}) 165.0 K [b]
Melting Point at 1 atm (7)) 161.4 K [a]
Liquid Density at Boiling Point (py,) 2.94g-cm™?
Refractive Index n 1.56 [b], 1.69 [c]
Liquid Dielectric Constant (e) 2.85 [d]
Liquid Relative Permittivity (e, iq) 1.88 (at triple point)[e], 1.96 [f]
Dielectric Strength 40kV/mm [g]
Scintillation Wavelength (Ag) 178 nm [h]
Energy / scintillation photon (W) 21.6 eV [i]
Energy / ionization electron (W 15.6 eVJj]
Xej singlet lifetime (7) 2.2 ns [k
Xe3 triplet lifetime (7) 27 nslk]
XENON10 Temperature 177 K
XENONT10 Pressure 2.11 atm
XENON10 Drift Field &; 0.73kV -cm ™1
XENON10 Extraction Field &, ~12kV-cm™!
XENON10 Total Xe mass ~ 23kg
XENON10 Active Xe mass ~ 15kg
XENON10 Fiducial Xe mass ~ H.4kg
XENON10 Active Xe volume dimensions h=15cm, d = 20.3cm
XENONI10 Fiducial Xe volume dimensions h=94cm,d=16cm

3.1 WA R DL K SR IR R R . a~ke[1], (2], (3], 4], [5], [6]
[7, 8], [9], [10], [11].

3.2.2 SRR ESHFME

ke 3.28R, WT SUUREMEAER, JHEREEMA ISR T, R T
P FEL T B AR T B OB IR SR o b7 AR 1A% B ST A% A Bl R 7 A A
HAFH NG HBLE AR A Stz i s i Emh TR RE R, 5L
R TR BE R WRUR AT RO, &AE 1071 — 107 2s[57) AAIEEZS
R T H BB S Xeso
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ionization L,
XeT+ e
l—l—Xe
recombination
excitation Xes
l—i—e
 /
Xe* < Xe**+Xe
lJrXe
sk
Xe5
178 nm 178 nm
triplet (27 /Nglet (3 ns)
2Xe 2Xe

P 3.2: WA ARG AT F i P 2 i

Xe* 4+ Xe = Xe; (3.11)
SRR IR HOR BIMUR T IPRE R AN,
Xe; —2Xe+ hv (3.12)

HP Ao A R E S 178nm, 42358 FWHM=14nm. [9] @R G0 74 A
2, WEAE 1071 — 10712 WA RR THR AR Xey

Xet + Xe — Xef (3.13)
BB ) 7 A AT AR — AN, TR A RS R 1

Xey +e— Xe™ + Xe (3.14)

Xe™ — Xe* + heat (3.15)
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XA AR IR AERS (8] 2 77 = 45ns[11]). TEFEF= AR UMUK TR 7 2 4k 820 3k
AMETEE, R T . ERGEHEN S, NERE SO A G E R
W SEEEBIHOR, XAME SRR S1 A5 . 5+ 15 B A = B R S AR I [A]
WE A T =22ns A 7= 27Tns[58], AN NEEHE KA 2 178nm.

SR LS BRIZ N ALY ey J5,  HEGURE 7 A2 IR (R Rl 49 1 ol
T FECS A SRR R TR BRI EY, Bl T s ESEMEEN
MALE b HAEIMNEY e RN, —H B Ntk A
SRS 5E K E mE T sMnEgieE, RiRE BB R, R AR,
RPN ARV IGIRE . B 3.3/ B T LE AN L v I MR VR R RRE [59]

T T T T T T T
11»?5. 00 o o0 o o o o .o alp.ha,.llght 1
0.9 “NR, light - .
o 08f% - -
(04 ‘0‘ R
w o, .- ~* =~ 7ER, charge iy
O o6F g -+ -
- .
© o5 , o M) .
o p ¢
D o4t $ ’ N . -
m / ER, light $
o 03 s
0.2} uma . - -
‘ NR, charge
0.1} alpha, charge 8
° ° ° [} o [ ]
gleseccge e ¢ \ \ ! ! ! ! !
.0 0.5 1 1.5 2 25 3 35 4 45 5
E l C B ‘ T | T T T ‘ ‘ —
an " m ¢
L = \R . . ¢ o
i ot ER °
P ! . o alpha
< 05 —'0 . s
[
9\ o )
=
0 | | | | | | | | |
© % 0.5 1 15 2 25 3 35 4 45 5

Drift Field (kV/cm)

B 3.3: VU ISR G AT F 2 FEL T BE A I B 3 B AR AL, R IR DG A, 2 R
AR ENC D W

AFRAHEAER CRT RPATZ R KR SBEEA—F. S1ESHIZR
SAMINEIHAT IR, BATHMINEIZN 55 (LN (BT B A A A R A ) gl 2
45ns, HIN_EAMEZE, BB TOEESEIRE, WREE L%, ST ESH
LRI R LBk = B AR ZE IR 8] 27ns .

34



LWAEXRFHTFAILX

3.2.3 GHHEEESHM

FE TR G H NSNS eq, ZXNHOLE S ST IGERMUEH], HIFI iy
WA EAER P A BRE SFIE R, R TIRNSE PR EES . BRI
AR ST I8 3, AR AR EE T, R BRI AR s,
HE RSN e, HTAERTHEE D IE, HEURT T AEREES. B
THENES LT R& 74, $ARvEBINEDEE S S2.

PRI IR L oy AR R g FIOEAR [60], WA 3.4, S1 15
TR S2 55 Z1A] ) IR [ 22 R 1 1R 3% L1 (AR AR I ), SRS I T (R EL I R 1R A
W MEAERI R AN E

10 -

1I - I Solid +— L
=, i &_GLD&-ﬁD—ﬂ-ﬁh;D—ﬂﬁ—G(}Q
'I_U o= + i 1 I[-_ t
@ P ole—E-4-0- M40 —040 04 A
‘g 2 ﬂ"’f‘a < _}.né"“ﬂ Liquid

A o
o = &
o 1Rl g
g 0.6 L Uy ’f':.)s
0.4} z:,,—-é Specimen d (pm)
. ® 0 2 228
P mO 3 170
0:2 & A o 145
0.1 { Pruett
2 3
E (Vem™)

P 3.4: B A5 AE IR P RS S T 5 AN FL37 2 TA) R 5K 2%

WEIR LT HOR AN N L7 (R — A R 3R F 1 BT R KRR T A (e —
00) MILLAFAE . HIXT HL B R 3

Qleq — 00) = E/W (3.16)

Hh E BRHAEBEHVRREEE, W 25 G W=15.6eV). K 33K~ T
AHXT B RCR AN AN A I8 R o A EAE A N RS B AR R, oAz
WIS NSRBI B R A R iR [61],

S(Ed) — - ( o Weq)
S(0) Q(eq — )

)+ b (3.17)
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Hra fl b RBURSMBESHIHSH. SHRE, NIREM B EAE
BRI, BIRBE SR AR, gE SNy DL 100% B R
IR B SR F, RSB, B— kiR = AR R SR
x, AN e, P [62],

Nph:70-(%—1)~x-p (3.18)

Hrp p BAMK R RS2 fEZIZ KT S1 155, Frilidid S2 afbd
SEAF il R UAR RE RAR D 341

S2 15 5 I 8] 98 FE B IR IE x g, 55 HARAE S h 2 i 2,
R4S FWHM 20709 600ns. BT M5 S AE R IS S 99 oSO, S2 I
8] 98 BE i SAH BARFHNALE 2 AR,
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4 PandaX HBTES#)RRIRMES

PandaX Hi T W47 Jog #8000 2% 20 T B RSP B 135Ke XWTEE AR [63].
TR 2R 5 = KF] XENON SRS E LUX SEHZEMLL, PandaX #RI#5 tH
F& A TPC BRIES . BRI AT LA A BRI A BR85S A5 5 . PandaX —
] TPC WAL i &5 XENON100 —#f/& 125kg, PandaX — A48 5 & 25 42 5 5
0.5 i, PandaX —JHERMZZH RS T 1 M. 2012 4 8 A 270, PandaX 246
— WA T 2GR 52 BB 4 VU AR et R RSP 0 S2 56 == . 2013 E RS ITUR
WIBAT, 2014 FITLEYFRELEL. 1 4.1/ PandaX #RI #7557 B Hb R S206 = 22 5
SiRPE . Bl 4.2 PandaX S5 g5 SR Ath I ) 5T 2R D0 S5 A B . — HASK
EE BT 174 KIG 37 AT AZ OB X BRI ER DAL HE , B $20AT 5 1 2
{55, PandaX SZIGTE 90% B3 B, x5 HRLEKN WIMP 5 TR 7#%
FUEAE RS B 5T BUEN 49CeV/WIMP Fi v, A HAE R A _ER N
3.7x10*em?2,

PandaX WY AR 48 £ ZAFEGIA LA 25, BT E, Bk R
G K T 5 IR R S

K] 4.1: PandaX R 2%
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10-% T

= PandaX 37x17 kg-day, NEST

£ 10 ] }
=z 1 % 1 = === PandaX 37x17 kg-day, Xenon100 L
£ 104 F E - === XENON100 40x11 kg-day
§ r —— XENON100 34x225 kg-day
8 0w r ——— LUX 118x85 kg-day (no LY below 3 keV/,)
o 1
s 4 5678910 20 30 40 ——— CDEX 2014
§ 1043
s
=
—_— 44
S 10
—— DAMA/LIBRA

—— CRESST-112012

10 10?2 108
WIMP mass (GeV/c?)

K] 4.2: PandaX Hi B9 S0 25 45 5

4.1 FRBRSAFLIERS

AR 28— M 75 Z— AT SE AR SRS B R G T R FHR AR R
ar, FEERI SRR, RIERARE M ATk DL AR AL PRI 20 24 R AR 15 R
MR 2%, PandaX SEEIK H AR AL — D REWE A TR ED 2-3 T I AR S8

4.3: PandaX Hu N EEWIFERMZS: H]4 RSt
R IE PandaX — M, RGECLSZHAT 500 AT RAIEME. 24, fH3HAH. K
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4. 31174 R G TR 2R G AR R W A, T AE 2 atm KR R 4ERFR
i N ARV IR Y 179.5K . FESEPR UGS AR rh,  ZR 1A R GEREWS (R UEIR
005 B3R B AT T 5 R AR E PEAE 1% LA . PRI &8 P9 AR AV EL 30 SLPM HE A A
Wt AR AR AEB0,  PAORIIE E H A7 AE U AR (A AE IR ) KT 160ps o

4.2 BfEIEEZE (TPC)

PandaX S48 1) TPC #RMZE N T FHRACRERE AT, HEitBEREME
FERARAK I BME, —8] TPC Bt Hbr X EAE 10GeV/c? &4 MR IEY) i
SEH B R R R RCR . W 4.4FT78, PandaX () TPC M BN 60cm, &
FBKEAN 15cm. TPC #EELE—ANER Them, & 103cm KIAFMNEEF . —HI7E
ANFNEEFHEE T 450kg B, H AL &N 125kg.

Top: 143 R8520 PMTs

Teflon reflector
37 R11410 PMTs

K 4.4: PandaX Hb FEEP)RERIES: I EGE = (TPC)

OREGUR TRI 52 2 4R S0 VIR 88 D 5 72 VR ) IR 615 5 FE AU )k
RETFHEEES. B S1ESM S2 55 WA /T, BT LA T 850 8% ) 5
SHETRMES . G A =0 AR R T A T E M =46 &, Afi Al
PTR80S B 2 ) P S 3 PR AR iR

PandaX — HIIE R S 005 E R BB REA. 11 P&, HBES 5N
15KV, -5kV HiHh. — A He B AT BLORIE U TR AN IR 2 A8 B 667V /cm,
M SZEE 1. 7mm /s (99 H 7 B2 A% T80 o AR I T TR A 1R BE B b TR, E N
8mm, IXAET] DLORUE BRI AL Y8 5 1R 25 (8] o YA 1 9 I8 I AN U S 1 e A, A
FEN Imme.
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PRI 3 AH ELAE FH 77 A B0 TR RO A P A 7K 508 7 D RIS S 8 B AU o ISR DTG
HIfE 38 5 A0 4% 37 AN 3 T HIVERS R11410-MOD St HL S, 223 E & T
Semo TG EALHE 143 /> 1 JoJ FIER R8520-406 Y FEAEHIE, “3eAEH
W R _E7 AR . AR RS SN R T SRR R S
ANFE ELAE S (R 7KL B R T AR B S BRI B S2 (B9 gk, FlE
BRI E B S1 55 S2 155 I ] 2 e

A O FL A% BG4 () 3 2 B — AN B ISR B2 B LED SRk E— Ik, DAARIE
B 25 ﬁ@ubmﬁﬁﬂﬁfm%uwgm Bm AT KA T
4 A I T R 25 RS HE o #F PandaX — W BLECE SRR A, TR0 AR BB ' L A%
B IS e P R I8 50Hz A1 1kHz. ZEWEsT, WEMERS S5H4 RS, R #%
R R RS UL AR E A G, PR U AR I R I A A TR
T o

Rk &5

PandaX #3l BE b 5 482 AR T8 i BE 2 0 AR e A8 A ORARESEBL R (R b 74
JRAN v AR . SRk ELE — A ) \FIEAiH, 98 316 [EK, & 368 [EoK. M

Vacuum Vessel
inner diameter 1240mm

inner height 1750mm

50mm Cu Vessel

50mm Cu
200mm inner PE
200mm Pb

400mm outer PE

K 4.5: PandaX Hb NEA) R0 5% FBF il

MRS, BHAR 124 F2K, & 175 oK. AR &N E & A OFHC
HifE, W& PandaX METSES . BEMUA RS ERE AL TRIE RGN EHERE R
GVFEm . F@%%%dEEQH,@ﬁmzmm,%m%&QOM g LA 3
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NP ZH i o
B AR BT LT A 2R

o BURHFAJCH v ST ALY RN 25 % OB X RN T 1A /5
o 7/ FIFH CJIPL i Fs2i6 = a8 (BEiE K 10m, % 3.5m).

HTE) 4.5 R b . 26 4507 R PR SR 1) RO B N R, R
R S RS T 10Ba/m?.
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5 PandaX BTFFS5HIRRIMASE—EnDAQ

PandaX M2 55 RINAS (EnDAQ) &t B 2 — R4k | i a4
52 2 WUHR G HL ST G 8 AR G LA I BR A I SRR 5 5 . AR, RGERIERL 1 e
55 KR IE BSOS i A a6, DU A ORI ERE S . BT AP EE F Fn 2 X 2R 4%
180 FE 't HL A% 1 & S TC A TR R A TR, JF R RE il i B & J LN HL 17
AR B S I ER . B 5.1 & PandaX — 1T 5 HHR SR IUR G 1) S B RIAE

Y.

42 U

0000000
0000000
0000000
0000000
0000000
0000000 pL_WIENER 6120 E
0000000
0000000
0000000
0000000
0000000
0000000

i

5.1: PandaX H T 5HIERNASR

EnDAQ JEUEE 21 R 4a 15 5 ARSUE SOV ETE 5, IR EMIAR A 2
Ja, RESHERFEGIAAERN AT f)a, WRIEB0E BRI AR R 1L
H A AE B SS 28 PG FE S . EnDAQ RGITT IR B Arad: DU AT RE S
fiah R 2 R R] BE AR AE B 1A S AT ISR

EnDAQ RGOt 184 TR A I POERI A Heds . RENEIE VME
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FRAESEA: AT NIM FreEHdif:. EnDAQ R4 FIFH C++. XML. MySQL. VHDL 5
R FPGA HI¥%it. REHIRITERIT:

o et Ml A FRUAE TL/NERE T = AR A 5

o HEMEAE VAT FEIT ) (O 564 T AE PMT 425 %0% (100Hz). H-TUEZIE (30Hz),
HFIRZIEE (20Hz) PLAIERENEL (1keVee ABRIME ISR & 3Hz) X FIE1T.

2010 FFHUE, PandaX —HI 75 5HIRRI R SR LR KFER TV 5 R
TRZYEA I8 S —FE it BEa, 2012 %, K4EH -
WAL K22 PandaX — N R = & IFlig1T. 2012 4F 10 A RGipkiz 2
[ DU 15 B T 9eie s (CIPL) HHATMNRIZIT. 2014 5 5 AT B AL .

5.1 EnDAQ: W

PandaX — W #7572 55 B IR BCR Gt 2 A8 i kA R 0 2R Al Bt S REE .
RONFEEFE VME JLAF NIM PLAE, 48 H phillips scientifics(Phi.) and
Costruzioni Apparecchiature Elettroniche Nucleari (CAEN),

5.1.1 EnDAQ: VME #l58

PandaX — M7 5HIERNARSF M HKZ CANE A=A VME #l
o, MIBEBARMBFE, 550 2500W A 1200W H R EIHLAE. 2500W HLARAE
PRUEBCGARIEAL b, WARISIT KRR EM VME #4F (PUdB 6. W
A FEGIZRE), 1200W VLA TH & VME #fiff (st eds . E4)
/) BiEiT. WK 5.20R, AR NIM ArrENLAE RS R, A7 B SEie A A )
VMES100 HLAHEIE [64].

VMES100 HLAE 7] LAd i /i A d i, @ fE nf otk Azl sy 24780 &
5.3 2 85T 1P Mk vy i ALAE, I e el Rk S ) .

VME Z2Z&fE : 1981 4F, BT AR, FUKJEFH B A SR ET K T —F L
WARAE——VME &2k [65](66]. SZTARFRAERT VERSA K AR 1 HL g A
MR EIMOR, A5 VERSA R AR H B AR 2 28 A0 bR 1 FEL B AR LA
¥, BHEISK VME BZ&OgkEEK B. C. C. 1. IEC 821, IEEE 1014 -
1987. VME64. VME64X. VME320 55— R4, VME &4 KA L F R
hil, BRUCIRSAE 2 N, BA5CEEER. BiR. SRS E 2R .
VME &4 —Fhmd agk, imns B4 EEsLmrka — e E

SEFRD. BB EL EREFNTETE 55 Mt R, DS 2R A2 R
TIERAAELL EMEARNIE. v 7 T RN ER, VME S2380—FiE
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K 5.2: VMES100 M58

. E\'MEMOO Manager
File Configurations About

0 CAEN .ll."“l,\ f{H' f_.)f-\f‘fn'{)r_\.'

Power Unit
o [ Power J ‘
AC Status Ok Temperature 40
VCC Status Ok
VSet ISet Owp Uvp VMon IMon Status

+5V 0500 V110,00 A 5 % 5 % 0501V 04450A Ok
+12V 1200 V 02300 A 5 % 5% 1200 Vv 00880 A Ok
+3.3V 0332 VvV 11000 A 5 % 5 % 03.27 v 035.00A Ok
-12v 1200 V02300 A 5 % 5 % 12.00 Vv 008.85A Ok
Fan Unit Temperature  26° e VME Unit

Fan1 1860Rpm Status Ok = System Failure OK

Fan2 1830Rpm Status Ok D | VME System Reset

Fan3 1800Rpm Status Ok =

K 5.3: VMES100 2| i

MOBHR I BN, A BER Fo VP REREAE R4 b ¥ 40 R 48 B AN 42 1) BT A Fo At 3 4
PRI F P PR A5 5 B e e i o 3Kl b Xk I AT % A o 2 M 92 4 P 0 5 IR 4
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PERERR N R Gi iz & . VME BZ2etig — M LR L, B2 F6Eit
FEFA— k4 ETAE. VME &4k 1tk 2 2 e 2 2ds i v LA 64bit f7
W, WA AR Y 320MB/s.

DR A T L % AR L AR A% A1 VERSA R A HE HL B AR BV 9 ) € LT VME
SRR #EANS Zebr it . HLBAR AL VME B&RGER. RGATH
LA K VME BEARIF AR ME. VME B2 RGRBIH 4 FELZ: Btk
28 (Data Transfer Bus, DTB). L2t Wi (Priority Interrupt Bus).
AL PRS2 (DTB Arbitration Bus) A &2k (Utility Bus). VME i
PHESLRGRAIT, %ERE SEMm. BEies UL IS 5 a3 5E .,

VME S2Z&HHFRE : VME 22 MPUARME S E R AR RS (IEC) 18 5E BRI
P B B AR LA bR« AR vEFE 1 B DIN 41494 F1 TEC 297—3 HLAA b tE Az

1 BACKRLANE SOLDER SeOE COMPOWENT SI0E
.
@
.
s (=]
Qo
e
o oL =

K 5.4: VME HL48 3U 1 9U JR-&45%

DIN 41612 #1 IEC 603—2 & gsbriE. VME SRS hiLAE. 5.
AR AR ARG R . VME HUAR I RS ARHERLE T VME itk 2 (B 1
[e6] 5 ) B0 AN 5 T RO 2% A ML S5 A4 - AT DR UE 4 14 2 18] AH ELRR B,
BRI A 1 A 2 [A) i fh A 9, B ARAIE T A B R . T A AR 2
LIRS M PR T VME B2 RGN AR ER, V& SRR .
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VME S ie —HENRI g IR, B2 v LASCRFE 21 ANMEERIR . S 4Rk
AR E RS SRR E R, AR 2 1) B (S R HE A R S B A . B
FARMB LR T, TS, AR A 24bit 47 %8 i bE S 28 A0 16bit
RTE I BE s k. fEAE Iy 1 J, BN VME &4, Stf&s
32bit Az % [ bk S A 32bit A7 B B B AL i S 2. fE VMEG4x B 4 it
I AT DL HE 64bit A7 58 A UL S 2R AN 64bit 7 98 B A S R R, K
Bl 160MB/s FIBIEALMEE . VME B 2brE 1 SRR MUAE AL 20 N
=Fh: 3U(160mmx100mm)~ 6U(160mmx233 mm) F1 9U(367mm x400 mm),
K 5.4/ VME MRS A

WIEMEMSZ% - VME S HMAa LT VME B4 RS0 =6l (Master) 5
HA GBAF G DA S N B (slave) Z A BUEAE 4. shh B AL 8
MRS S, BRI S st m e i a k. FdRfEmngics
L5 e 7 3 R R D 2% 2 1) RS S 5 R R R A i o BSOHE A e 2R g L
ThRERT 2y bbb S 28 gl m e fizdla k. 2 VME B4k R4+ L3146
UGN TR ol 1 7, R 1 P = o o e L e L 0 S 2 e T
eSS, KFEWERBEES, LHARREIEERREE (R L. T
i, Y . BmfE B 4 s L 2 Fob dk AT I, AR A
by 1k 3 T8 A 5 RN E S A 5 ) DR R A A R R R, MR e R e E s
FERI NS TR MR . VME e 28038 1 52 5 15 5 1 e 2 AL M 75 . VME
MY L2 MEEEmER, 3U VME S RH J, BOR05E s R o] LS
8bit Al 16bit P& IR, 6U VME FUARMEA J, 1 Jo 82 1K B0 T o] BASK
PL 8bit. 16bits 24bit. 32bit KIEIE L. £ —NEIRELRE AT T —4
EIRHIEIR 215 0L R B2 & 4 DM NEEE, AT SLBURE L
1, VME B2 it e Fhk— AN ek, 2805 Mz Hbk 46 7 5 N\ B8
BERCEHE . X R RE PR =R (Block Transfer mode BLT). NT
PO S AR A L, VME S0 A5 e 2830 T Ldid 5 B i R sk
Pl SOMB/s HIfEfEE . K 5.5 VME &4k TI/EHEZR.

HEFEMEHREs% - VME SR PSR~ EEHIEIER 2% VME B4
ETAE, 97 BBl R S F N SRR L, VME 2R S8
BEEUE AL S A B LR T A R . Al A B AR R ORI, AR A A
R (Requester) AR {F K Wizl 222 5., A /& 75 3% TAifH Sk
B S LR IR 2 R R R e, LA AR AN [F) 2 43 K
55 MRS AR B — X DTB 2 H18.
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________________________________ 1 ‘. (] 1
! J )
NI oo || 31
~El X
“ii ] ﬁmmz
TR i T R e )
LT N O - Tl
£y 11 4 [ Y I > 10
..... I S O S tmj =
V. | y b <
TI . 20 92
T (9]

Kl 5.5: VME MZIhEEfEZL K|

Hoehiiagk - RAeh e Zimid VME B4 R gH Hlias (Interrupter) A1 K
EPLES (Interrupt Handler) #EAT HWTE R A BHA T #:1E. VME S4 R50 5
ZH TR, KRG VME fliAF iR A [ 5 75 225 H AN R 20 ) A i
KRGT. ERF—REBEHEHFDR VME S&RFH, FEflssiiEaq
ol Y FR BT SR TN R Gt — R N, T T 2 B R IR AR R 4
— PP AT R A B ) R R SR 2. 2 e s ] e e ) 2 r A
HME T e, HESUR GRS 2, [REHRUE, @it a8k R
G A VERT W ARG, A T ER U A R 2 A e B, R
WP B e T IR R, e WA o AR AR e B AL PR A1 5K

RRAREZ% : MHBLFENRFIRMERGN B, DL R G464 R0 R i 45
L.

5.1.2 EnDAQ: NIM #1158

NIM (Nuclear Instrumentation Module——NIM) #r#E&—FH TR 75
JR R4 38 SIS HE - S A A W LA A AR IE [67]. NIM -2 bn i f 42 A
BB RA TERMREME, A, B TES, fRRF2Rsm
e M SE T 2S5 o NIM b A2 A% FL - 27 ME — 11 F 1 22 s o 2 e ] PR F 1 2%
bR, ARk 26 R T REZE B AE 1968 AEHR M, 1990 X bR HEML T IE. NIM
PRHEN TR (CATBOR S . BB e as . OB ds . Bl &%) IRt 74—
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5.6: NIM8301 HL4H

NIMB301 Manager
File Configurations About

Power Unit
PS Status Ok Ctr Temperature  30° Power K
Reset Alarm
ISet ViMon IMon Status
+6\ 17.00 A 06.00 00.00 A Ok
-6V 17.00 A 06.15 vV 00.00 A Ok
+12V 0340 A 1226 W 00.04 A Ok
A2 03.40 A 1202 00.04 A Ok
+24v 0340 A 24.04 W 00.12 A Ok
24 0340 A 24.00 v 00.06 A Ok
M Temperature 25°
Fan1 2250 Rpm Status Ok
Fan2 2220 Rpm Status Ok
Fan3 2190 Rpm Status Ok =

5.7: NIM8301 Fa | St i

49



LWAEXRFHTFAILX

() L B R WA T A DA R 37 12 WL A R T2 2 3% R B0 TH RS o NI A s PO AL 2R e %
MERRSCHRF 12V F £24V B EIR L, H VAR R 6V B EEM TR
T NIM ArifERLE BT 223 /NS B 1.35 36~F (34mm), e KR 8.7
Jo~f (221mm) HEEFIREEAN 9.7 i) (246mm), FEAF A5 AT DL B/ 56 FE A%
o NIM ArdEdE i E T T A3 R SO bR vE . RS brviE . PHPTUCEC bRV, 12
AR . (HA2 NIM ARdER IR R A RE R NIM LS RSBl RiB (s, Bkl
& E @I VME SRt szil.

PandaX —HH 722 55 RN AR H 2 CANE A" A= 1k NIM Al
i, WIEAEMEZE, 554G 300W il 600W FIA A KA. 600W HLAE = ZEH
TGRS 5 AT B OK R G, 300W HLAE AT RS HAE 5 10 BN B H 36
o il 5.6~ 2B NIM ARAENLAR RORESL ], A R S50 3 1 NIM8301
MUARSEYIE [68].

NIMS8301 LA v DL i i i ), A2 nf AR AL A i ), dr AT 4. B
5.7t TP Mk I HLAS, I e Ak S )

5.1.3 EnDAQ: 3HHE

CAEN V2718 : CAEN V2718 & H.% 6U (1U=4.445cm) = VME T3 646 1
[69]. #fitEHYE4FEH: CONET (Chainable Optical NETwork) 4% 11 PCI &
(CAEN A2818) (# PCle £ (CAEN A3818), i PCI &£k R% 2845
HlEE . A2818 J& 32-bit 33 MHz PCI ¥, &% n] LL#%H#| 8 Htfid s CONET
FEOMHEME. A3818 2 PCI8 W¥ R, &£ ol LA 32 A CONET
BEOMAEE. B 5.8 H& A2818 Fll A3818 Y4l #E#dMhH~ =K. CAEN
V2718 ik CONET £ M8l 1L 4l % e =1 Al 18 80MBytes/s. 4 RGHH
Aik—He Vor18 #hMERT, 53T V2718 128kB IZE1E, VME &£ Ll ik
[FiEE CONET TR L M. V2718 HEZEEIF Sz & 5.9 Fis.

CAEN V2724 : CAEN V1724 & H5 6U fmdET VME 5 28 (1) b 5 158 50 e 2%
[70]. V1724 HEZLE ALY EI AN 5.10 fis. B —3 V1724 G 8 EAMIFRIILL
B 14bit SREFHRA 100MS/s B s . 1l AGE 5 ZREshSTuE
/NF2.25Vpp K BIRIEE S, @il MCX [k E S . B Er5
AV HALH )y 16bit EFEH AR 508, WETEHEE £1.125 V. 3k
TR IO A 40 35 E BT THACE B 8P N i 42 11, JRid@ it PLL B0M 2R 42 il 4 1
P FD B S 5 1 S (5 5 02 PRI Bl 2 A . 4 b R B e 2%
ANTE] W (R4 i N AS 5 e 3 N B O F AR R — TE B TR A 27 X . T
A ) o A 2 i B P Sk RS 5 BRIl R AS S, SR A R (E T
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Link:  PCle side
%
] A3818A 0 [ |

board side BdMNum

PCle side

1,2 1
A3g188

2‘).

i} A2719
L Ol | 22 | rocaL Bus MASTER ke
CONET { ol | intere. INTERFACE|¢—

V2718

PC side

o
1 A2818 H |
N =

Link:  PC side crate side BdNum
™
%

AMbit FLASH 128K SRAM
b FPGA FIRMWARE +
ot E uC ¢ USER DEFINED) BUFFER

BOOT

LOAD

FPGA

DATA-WAY|

SYSTEM

CONTROLLER

R «—>» SLAVE

16x32

VME CYCLE

DISPLAY

MONITOR

o |
NIM/TTL
os  [€]”] CONTROL

FPGA

LOCAL BUS PL);'(??M
INIEREACE INTERFACE

4Mbit FLASH
(FPGA FIRMWARE +
USER DEFINED)

256K SRAM
BUFFER

|
|

& 5.9: CAEN V2718 ThREHEZE & Al &

N ASRFE R (N B A8 0E) AN, I HRSX S 8dE, 2k
G R E O N RERFE RS ANEA G, Al D F S8 VME
BB CET I, AR R A SR AE . oK, KR SRICRT LAAS 8] Wy

o1
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52

x8 channels

r
r
[
»,@ | Amc [FPGa
[y ADC &
i MEMORY
@ : CONTROLLER

-'-

ROC [FPGA]
- Readout control
- VME interface control
- Optical link control
- Trigger control
- External interface control

.
>
)

11

LOCAL BUS
TRIGGERS & SYNC

VME

K 5.10: CAEN V1724 IhREHEZR B R sz
PIEAT R 2
BB EE B O SHEVLGA B E2s (SRAM), FrASMLAT

HOUAF i 2 KR Al o A 25 L EL A B0 8 /NI B e B0l AR 45 10 2 A7 L iy
VME S 2B Y LR3I 53— B S NG AF (NS B A E AL Y

V1724 BT SCRPEE I Bl R 2D, 48 2 Buddi i O RO s i o =) — A
BRI 2D, JRORIE A B R b A I T8 [F) 20 . ik, RGENFTA R V1724
PRI EctE B A AR TR A I TR 226 1

V1724 (AR 8 A% ) 5 38 A TS PR 2 A DG AT A VME e 267 1] 47
P, R 2l G EF U7 )3l AR 3L v BLUE T VME LA TE SR IE T o

PO AT KA 4 25 R firh A5 5 YR T DO T AR B AR N5 5, ] DU 3
FEAERURAS S, I AT DL o X A A A 4 A 1 A, *Eb%%ﬁ%%iiﬁ
BRZHE A ENTMAE S B3 V1724 Bfi ZAS 5 #0e] DLd i |
BRI fi A5 5 o8 B A O FR AR Tl ke . @R i B T S

V1724 BIEMWA — MM SmR 0, R B 277 s o S S i %
AT, OB ES. WA ES. BTS2 5TRES . BilE
FWAES . TREHRERES

V1724 [t VME 22532 B2 VME64X bnifE. 384 5o 0 (0 B0 132 p
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XA BFHIEALR (D32), AL% N 32/64bit B P AL % (BLT, MBLT,
26VME,2eSST) FIfz % K 32/64bit (1% 1EEE NP E 4 (CBLT).

V1724 T LU 6 AF DL 655 1 8 U G kSR, FE ORI B 15 i i ik 2
SOMB/s. T YeeFiEH: A2818 B A3818, RVFHZE 8 Bk V1724 (64 Hi%y
RS B 32 B V1724 (256 EAREEL AR .

CAEN V814 :V814 £ #.% 6U & T VME B2k e BRI % [71]. B %%
ANEFERRZE: 16 BRRPEIMGES. B2 ERHEESZ: 16 B ECL
ZoES, RS AR OV, BT TR 0 2R SRR D
SE [ TR 1) % 1 A — TE I A N R H AR A MO, # T DS VME B4k
T I FME L AT A7 A DLSEELRE —IE T 5% . B #8411 ECL ZE 705 5 (I 1]
B P AT DB ZF A A B 1, ARYE 16 A7 37 A7 248 I {E 15 2 B 18] B8 P M 6ns
F] 95ns. V814 HELLEIFISLYE AN 5.11 B,

DACs,TEST,
< INHIBIT
W LOGIC %
8 bit 8 bit 8 bit 8 bit 8 bit inhibit
DAC DAC DAC DAC DAC
MAJ || cho || ch1 chi4 [| ch.is
THRESHOLDS
TEST AND
WIDTH VME wo
=2
INTERFACE V| >0
N
INPUTS<0..15>
A U
i i
——<—MAJ| | discr, || diSCr. [, discr. M discr. K
I ch.0 i ch.1 ch14 || chis
TEST + T Py T + T T
VETO L J. l ‘
<UTPUTS<0..15> AB ‘

OR OUT, \/
OR LED

K 5.11: CAEN V814 IhReHEZE K Al &

SE R ) S A — 3 ) B ) R AR RMUE I AT A, R 8 ML A AT A
BE BE KRN -1mv B -255mv. FA|eedd /4w #iEE VETO 1 TEST
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fESHN . SFAT DURR S S5 25 i B T8 14 0 R P RO e 2 7 A 2 L T 5
ERIAE S, I8, BOESREZEEN 50mv.

B TS — N EUE, S B IEBOR T X ME RS, R T AR Y
MAJORITY %t —A> NIM H P55, BHlesin2dtntdEet gt mES
PIEOB =S, WA OR SR E NIM B EE,

CAEN V830 :V830 /2 #.% 6U T VME &2k 2 i 3848 [72]. V830

o4

HEZR AL 5.12 Fros. iHEgsdta 32 ML EEs, B TE T

ccccccc

hhhhhhhh
ccccccccccccc

LLLLLLLLLLLLLLLL

FFFFFF

zzzzzzzz
ccccccccccccc

\\\\\\\

LLLLLLLLLLLLLLLL

aaaaaa

LLLLL

\\\\\\\\
oooooooooo

ssssss

TEMP
eeeeee

ssssssss
ccccccccccccc

LLLLL
oooooooooo

ssssss

aaaaaa

K] 5.12: CAEN V830 IhfeHE 22 B A sy

ST 2 32bit, HIA(E 5 & ECL Z4rH TP LVDS ZE:/\EHZ BB
H B R T B 2 250MHz. T A FTHEEs M EUE#S T LLdEidE VME B 28 H#%
s, RS RS R AT

A 32k FHIRERNZAE (MEB) H T EMEE B0, AiEEe )y
i THEEE A IE TS N AT il k(5 5 ] PL2 4 NIM/ECL H -
i VME 153K, i8] DL S P9 30 0 ] g i b 7= A (R il R AS 5 o BT
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FITHIAR 01 VETO {5 . CLEAR {55 f1 TESR {8 5f#iA\. TEST (5 5%
W 32 EIER— AN

V830 HIFF A7 ax il i LUZ A24/A32 150, Hdlif 4tk UrT L D32, BLT32
g, MBLT64 £, it el DUBE T VME &2 53R 55 16 4% 20 5 A% S i =X
(CBLT32/CBLT64).

CAEN V1495 :V1495 /& #.% 6U &+ VME &2 N H T & M7 E 5 miE
ARG (73] V1495 HESR RIS AN 5.13 B, V1495 AT LA T#

e
%\
LoCAL
SUe"| emoce  €—> @
<>y FPGA 16/32/64 bit |
K E >H—fF% 0] (M inerace) =
("/'_'3
32 USER =
> PROGRAMMABLE =
32 FPGA =
G : >
FLASH
9, A\ USER
O—ah——] e FPGA
G CONFIG
4
| o) )

K 5.13: CAEN V1495 IhREHE S B Fn sz

B BRI E9 . S A7 UL RAE 5 AT AR SC B T DR . AT
H™ H FPGA (Field — Programmable Gate Array) $%il:

FPGA #: Z5#ifts VME B4 H, FFENER, @it A o 2k
VME S ZAMA P . FPGA MRy il 4lifh i 1 2547 28 M 20 I e g 2

F P FPGA: &0 & D24, @ P wmELI T By %
O 2R se fl S b i35 FH P FPGA 2 FPGA il M@t 88, JEid
CAEN AHh s 2ki%ER: VME M2k,

AT O PR N A U (A, B, C, G, =1 ¥ &
O (D, E, B Hoy RigEnnLLE diks, #0D)ae%E 5 A2 .
ECL H°F. PECL H°F, LVDS HF, NIM H-F, TTL HFHI{L % N 16bit (¥
B, bR 2 DY 783 194 1880, I FPGA B LR JLAME:
fiE: ATERRIMEA TR, WEATEMPIEMN. Fiih FPGA BHrRA

%)
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M E R VME P48, X JUAMAE A5 A G aT Ll VME & 285z
g 7 FPGA. i EWANZAH THAEAREMH S FPGA #2/F, F 4
AT R Ym e 7 20 B

NIMIN (@) ﬁ%m
ECL INT 100 %« °

COMMON IN j;m &

TO OTHER
CHANNELS

5.14: CAEN N638 % #5HE 22 [ A=z 4 18

CAEN N638 :N638 #2558 5 T NIM Ar#fE ) 16 1& f i NIM-ECL/ECL-NIM %%
s [74). FHAET LLEE IS S5y NIM st Rl A 2 di A6, Seai s
GFHI TR A IE SN NIM HSP(E 580 ECL WS 540t i P4 ]
Dlfgr e 2 78 NIM B4 AT 138 BEC1 BT, N4 H SRR IR 2
300MHz. fffFi& ] AFE COMM Hig@ A NIM HF, it AH R 2581 16 &
NIM HLF-F1 8 18 ECL H . K 5.1452 N638 TAEMZHEALAE.

Philips scientific 779 : Phi.779 =& §.95 5T NIM SRt a7 BBORER [75]. BUKES
S 3208, FIER R R AR E N 10 5, B SRS E H
OHz F| 275MHz, HEIEA G A% H FLPT 500hm ARG H o $6 1 32 28 A
F A PR B35 5 HOR. AR 88 IR S iR IR N R 5
FaE o Phi.779 FiI B MK FAE B B S0E 5 i BRI A e It Se5emT LA
I A B IE SEEL 100 fE RO, FIRRIE S S AR E, BAEHERES KR
MBS . i — A B m BT, LT 5 N B AN DL e A
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W R DA AN R 77 AR A SR 2GRS o At 2 T2 A0 A HE BT A0 B R, DR GG A
R ORI, DL G B A5 S ARG o B el T I T R A T 0 ) PR A
R —ig 55, ESehs Lo LAKES 2 4> 500hm 1713,

5.154% Phi.779. Phi.794. Phi.740 {50 iR K .

32 CHANNEL QUAD LINEAR

% AMPLIFIER @ 5 y @ FAN - IN/OUT @

IN s QUT_IN = OUT o T 373a

AMPLIFIER

FINE BAIN
25-123

PHILLIPS

PHILLIPS { SCIENTIFIC
SCIENTIFIC ﬁ PHILLIPS @ @

4 SCIENTIFIC -6V 425MA +6V 425MA
BV 620MA * 115 VAC / 60MA 12V 110MA +12V 110MA
-12V 150MA 2

SERIAL #

5.15: Z£—: Phi.779 /£ —: Phi.794 K. Phi.740 &£ —F4A —: ORTEC 575A
I T BROFN i T A 1

Philips scientific 794 : Phi.794 /& .5 51 NIM frdE I ER /1714 K 4% [76].
R R AR W] L AR 50ns~10s 1) 58 1) TS 5 8B H 5 S IR, I 8] 98 5
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R FEIE R e 4 SEI . Phi.794 % A4 tH IR 88 R -HIE A ) LEMO #8ds,
AT LLE A NIM . ECL SF. TTL HF. fEfilkim AN ETHETE S
T, P ORERR A AE TR R E, M ES . EiR(E S ait,
A SRR, RS TS S 0 A s i, & PR R (]
ETEERE, wERENLE R E, o LE T RN &SR
S LUAT) Y 1) 98 BE o e P 0 %) S AR 2 2 il BT R R S, B AR ARANAEAE
FEIFTE] . P 5.165 Phi.794 B HHELR K .

PHILLIPS SCIENTIFIC MODEL 794
FUNCTIONAL BLOCK DIAGRAM

MONITOR % - J5
O“‘_1 Wl
TP At] B E z 2)
[ | 8L Yk
. . ONE OF 4 CHANNELS
PROGRAMMING PROGRAM JUMPERS SHOWN 'AS SHIPPED'
-, w
"ot e g 2
—0
G Sp].
50N REMOTE [LOCAL ECL
o—NN— L "4 m}_é
a3 . 0 5
"TRIGGER TN TIME | = . & —2
E©———LEVEL gase |OTH ™ D) 2 >| GATE
XLATOR GEN. 59
EN Ll 1 ]
TRIG_ [RANGE c>_l s GATE
—0 0 . ——
PB O—EN : :
# - P84 S FLIP DELAY | &
RESET g —\ sy
' © T R FLOP mono | +L/ Zg —O'DED
INHIBIT G & | beLaY
b
oy 11
8 POWER SUPPLIES

COMMON TO ALL CHANNELS

5.16: Phi.794 JBHEHELR K]

Philips scientific 740 : Phi.740 #5585 T NIM A5 4 1 55 3G 25 26 11 o A\ tH

58

IOANES [77). AFPTCASEEL 4 TG 5 R EmAT, RISt Ry 1 A
BN -1 WG, (18 Ml B R T RE . 3 1 B0 X N A
RS AT B B TR S S R SRR . MBS T DL AR S
TumﬂWhv,%Am?ﬁamm i N EET AL AR ORGP, BREBARAIE
+100V 15 SEALT 1us B NFREATIR . YT EFABECY 1ns BIES, &
%&%ﬁ?fmoﬁ$imv;ﬁ%A,ﬁ#fﬁﬁﬁﬁﬂ¢?mmo%$
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i W] AFEAS SRR TS D0 AR, fthva Fl £2V(500hm) . fi 4 i i AR A
— ARG ST SR T e, e AT ASE A £500mV )i B

ORTEC 575A : ORTEC 575A /2 H.98 3T NIM SR BIEBORES [78]. BUKE
TE R R BOIE TOR R, B ARG e L AR G o o mm B . 3 25 3 [ 5
LAl S FEAFE N FESTN 1000 ohm, # A 5 B R _ETFEF ] ZNT 650ns 1)
B S EUE 5. diEA = AR IS i) 18]35 Bon] DUR e gH 15, LA3R1S
A IR R e B AR A R A W 5 AR AR G B I 55 1 a3 F I ) Ak
MAE T o JROR AR N T D8 B FEL I 505 i HA A5 g LU R B AIC B I R o TR 2%
[F) B i 2 B T MIUARAS 5, FEAE RS 5 PR AT e OGBS 5 R 4,
DA R B4 T 5041 . ORI % A5 5 BT TR B KON 0.25us,  far i BH BT
930hm .

5.2 EnDAQ: W#i%it

PandaX —HIH 722 5 88 SRR G456 A IR IG5 S 0K, 5584
e, fORIES ST, Al EE, flUR RGOSR E. B 5.17/2 PandaX
— T2 S EAR I R S A

N T Uk HENTRINES R R R (ZREE 3B IO AR, BRE IR 2
REM), PandaX — BN [A]#% 52 = KOG RAA IS E YR A IEm LR Bk, St
FEL 5 3 45 A g 145 S 2 e LT ARG 5 S S A s R &0, a2 s S
EnDAQ REHT LR B m s & 51875, F& ) H A 48 4 v J5 A4 e Ay
JEP I [63].

SR A FE 7 B B s R S S SR8 B Phi.779 UK 10 £, SREIE R
BB AR (V1724) FEHCAE S S B 5192 V1724 FIEERICZH . 18
IME SR, YEEEHES (S IN) AT E BT, RS
BRGSO AR A A . SEPR PandaX B FEHE A AT
EREERGLilLIE SR R

SRIG, V1724 KRHE 25 A7 25 0 A 1BE B 77 A i ok Y55 5 675 A T ARORE 0L H 2 1
i, W ESEES M VIT24 HETA RIS SN ESIEL, FROABEIFIE S.
K 5. 202 ARG 5 e AR

Hoe, HEBEE AR BN BURE LG 2] FPGA @EEHIZY, RIET75
HWE ARG RS - EEES 5. 25 HEH 2R IE A BEE 14bit
(P ik BUE 2 A IS 8bit MRS 5. Mara = 5 mA R A m s,
R ALDE S 11bit, RIEAFAARR N E RE 2 TG THAT ¥ . ERIEREXT
Wi AS ST RS AW EATIOR . BRI ds TP DL 1V 255 H e e 4 plAs
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DAQ Server &
Disk Array
A
Data
.
[ ]
va1a NiM modute [
ignal I ignall | Di VME Modul
X10 Signal \;11\702: Analog Sum’ Sum signal lodule :‘
=
NIM Signal —
I Raw Trigger
Decoupling Signal Raw Trigger Anahg Slsnal
PandaX LVDS Signal e
ignal .
v Electronics and DAQ
ECLSignal  commmmmm
Raw Signal Trigg ' '
V830
V1495
1 G::;':' _s:sut:;" A!\Rawﬁne Scalar ®==Data* 9
% . . 2L g
5.17: PandaX — T 58RI AR
;MT‘I Swundieouiuess |
N L N
HV1 R1 R2 R3 c4 SIG1 A :
yd i 1l N
i 10K | 10K 10K 1{::6 nF #
C1 c2 c3 ,E“K l
= 10nF T 10nF ~T 10nF
B
GND

K| 5.18: PandaX &k

Bz it

WUE S IR . B 5. 2RSS IR, 7l — B T8 RS 5
5 IE RN 5

ARG EIE TG SHRMANE S 25, | Phi.740 IR AL
FIBILANS 5 nig ok, B2 RGUERMENEE S EELSMKNES, XAME
57 EnDAQ RGHIMAIR. it A IRAE 5t € BRI A V814 B AR IR an i kA
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LUFARXRFELFMILN

340 S44
S36 @ ¢~ s48
I e
S32 AN
S8 ' . S52
sS4 o - ELZ -
~~._ S16 S28~
S ®__ S20 S24
v S
/
ADC DATA Do ¥ D1 Y D2 | D3 f D4 f D5 ¥ D6 ¥ D7 ¥ D8 ¥ D9 ) D10 Y D11 ¥ D12
SAMPLING CLOCK T
S-IN ‘ ‘ ‘
D2 D2 D2 D2 D2 D2 D2 D2 D2 D2 D2
D3 D3 D3 D3 D3 D3 D3 D3 D3 D3
D4 D4 D4 D4 D4 D4 D4 D4 D4
MEMORY D5 D5 D5 D5 D5 D5 D5 D5
BUFFER D6 D6 D6 D6 D6 D6 D6
D9 D9 D9 D9

K 5.19: V1724 ¥R 3REGE

&HLDAIA_%_D—
CHEDATA &
— ref= 1V
CHA DAT, 5 i
J 0
CHA DAT 3 : ot m i m
11
CHADATA & e E >< DAC MONC
& [, | 1 v U
CH2 DATA
D—
CH1 DAT, g
T q
CHODAT, g
By
1 bit =0 ﬁ'b‘\‘:czm"'e x1,%2, %4, x8
Analog Monitor Register Analog Monitor Register Analog Monitor Register Analog Monitor Register
ENABLE field INVERT figld DFFSEI field MAGHIFY field

A 5.20: BAUAIE 577 L1

s JlTok

K 5.21: BLPANGE 5

T JRIRMRAE S V1724 PEAERITAG S AE V1495 KIgmtEiZ 4 rm A i A 1 fik
55 . fillRZHESTEMA TS EMBR. V1495 F=A M fil kA5 58 V1724 1
V830 U, V830 K it HH A B A7 Ak B A7 P S B . T V1724 BTk
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55 I BRI U R B A R F T A7 fk . 18] 5.2252 V1724 fEfil R 28 .

Mother Board Mezzanines
I
I
Memory
Buffers
TRG OUT (D)<
TRGIN (&— ‘ ‘
TRIGGER | Acquisition |
Logic Nﬁ] ARE
o LOCAL TRG s Digital =
Enable Mask - Thresholds |\
A
SW TRG
VME _ Local Bus
Interface —— Interface

Kl 5.22: V1724 fili /18 45

V1724 A =Rk B 8 Er iR . Bl . AN . PR OR A
AAF AR BOE R TE I BME, IR B SRR Al SR A A N RS T . B R
I AR A 1) AT RS P A R AB 5 . V1724 B Sl el i () 3k 4 308 36 2% P B fish
AN R . R E T, SRR AT 5 BRI T a6 2451 4H 2

FE PR R BB 28 T 06 TAEZ /T, XHdAFRIBC E S R, 50E 7 A 4 35 A
KIVZATAY,  FE R HUE 0] 5 O AR A5 SRR A B . V1724 $6f e —
TER B 45 1MBytes 1247, WMIBAFARRE, o DIERAH S0 A T
By T BB A4, TR — 0 BRAMEEE — D B KB A 9. R 5.1
V1724 WIZFAE2R R E . HHI RN GAF IR DRI

V1724 g 2 0] IA7AE 512 A3, S0 UCECE 1 & KON 5.12ms.  SERREUEL
R, ATDAERT A7 F e EE R IE OL R, Gl A A A R B e B N TR E
Ho gk, SEI0WTCATE S A, B 1k B T R A O 6 A7 78 BRI S 56 1) e R B
M, FEME TR NR/NG, RIS AHRRE, WMUREEMEESZER
KRR Z /b, B 5.23 MR G5 A p 4%,

WERR, LG5 S 5 i B s i, B EaNEBER 7. 4t
HEIR S DR AE RS, o LAREF A R EES O — A (B4
PandaX PGSR, R 7R USRS SR — 1, 58 )5 BB 7, FRAT14E
HSHBEANANFHBIEE TR FOIAERS XS B HE S ST A
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EVENT n | \ EVENT n+1 | EVENT n+2 |

/\J
_/

/T I
( t
Overlapping Triggers )\

K 5.23: V1724 S 4 %

Recorded
Not Recorded

TRIGGER

PRE f POST
ACQUISITION WINDOW

\

5.2.1 B$hiZig

PandaX — AN (B #5252 2= HOG A E BES R L 180 &, PRl SEprff i it
R T 23 B H e ds il (R 8 18D, S 184 MEEHME 5 B K
FEo XFTF— S BHEREUR S8, V1724 ] LIS N BRI AP BR 5h 28 4838 4T AR
G5 KA. W 5.24F78 V1724 B8P Z HEAHELL A

V1724 FE A B B4y A 4y, — 8B 2 HARER 50MHz A 9% g ik (OSC-
CLK) #ft, —&#2R=S% st (REF-CLK) . WA 5 IR ARG VME #4;
AT DL ST 4 il a8 BB e 38 T IR AR S BB RN 8 2% . S50
g s P R S BRI AR R A L il AR BESRUE . GRS RAE A
FRFBIAENGRAE S fil R AS T BRI RS ABRLGAT) o S5 I S n] DU AR 3 %
396 5 I TR AR 1) i N B e 5 5 B PN 3 0 iR IR A B B0 A5 5 o 5 I il o A i A 2%

REGISTER BUFFER NUMBER SIZE of one BUFFER (samples)
SRAM 1MB/ch (512K S) SRAM 8MB/ch (4MS)
0x00 1 512K 4M
0x01 2 256K 2M
0x02 4 128K M
0x03 8 64K 512K
0x04 16 32K 256K
0x05 32 16K 128K
0x06 64 8K 64K
0x07 128 4K 32K
0x08 256 2K 16K
0x09 512 1K 8K
O0x0A 1024 512 4K

% 5.1: V1724 buffer & &
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1GHz

VCXO-CLK
CLK Source V73 (o)« Feedback loop
DIP-sW

EEEE
AD9510
EXT-CLK | ]0
- O [freegeees >
° _REF-CLK REFI [ MEZZANINES (x4)
> Phase Charge ARA ! ]
H cim Detector Pump A 1
H Ndiv
i T
i = ] e SCLK |
3 FANOUT DATA ADC CHO
onlyforPcB Tt cm &) o (e SAMP-CLKO » CLKOUT
rev. 2 or higher H = SAMP-CLK1
H = SAMP-CLK2 H Bl
: y DATA ADC ©) CH1
i 50MHz > swes = SAMP-CLK3 ouT
= =
CTRL Odiv}—{Odel
»5 DFF
CLK-0UT QUT:eHK Acquisiti RAMCLK
‘ SyncB TRG-CLK & Memory SYNC
| : Control JATA SRAM
1 Y Log [«
TRIGGER
TRGIN (o igge
© T"gglf"' & Syne _ LOCAL-TRGs ¢
TRG OUT (o), ogic 5
SYNC
SIN (o) % FIFO
VME VME Local Bus LOCAL BUS Local Bus
Interface Interface |_ Interf;
FPGA (ROC) \—7 FPGA (AMC)

0OSC-CLK

K 5.24: V1724 B84

(1) AD9510 5 Fgmfe, FEESH 6 EHH IS5 4 TEIE NSRS TINS5
R, —ERAERRE SN 2%, —ERENMRIEES. AD9IS10 &t
PLL BiAH A% 225 I Bl 3R A5 40 5 R0 AH o7 58 A2 BB 8P5S8 Ja B Bl S S AR s AN
[ (1) H Ao B 5 A

SRTT, PandaX — TR ZXT 23 Bdfithab AT g R 2. FIH V1724 B0 e
AR Ehar e, FR G0 SEHU BT A 6 2F R FE R B0 E 5 W R 22 5F LR — AN 2 F i dfis
7o R EAT DB — /N ah R 23 R BPE 545 TR K6 1 B0 B T A 1
(AR A AT A O B b AR GRS . IR 5.25 2 g e ph B H s = A

W 5260178, TEAIEEERI, —8 V1724 #H4F DL S P v i1 i 5
PESRBURE(E S50 b, FEME 3L B AE I B 2 D 4 R0 RO . X b
BT R B E 4R, HR AR DL R4 1 I BT B DL 2 158 3R 15 [R50
BEES . 285, FIH AD9510 MI8AH P Fe i B (R AR FIAR AL, P38 i GO e
FEIR, AT FEAR = RS B2 b A2 R 4 R 4o

WIE e B, PTLAE TRG_OUT ft Al CLK_OUT [F28 WAE 5 /E NIt
BrEIP S HEAES . B ARG SIRIE R R B, JER VPR A . AR
J&, FEMNBITFIRETT L ERANE I B, RV E St . B 5278 /7 Bl 2 I
BE S R ARAE R, AT LU BP0 E S AEE IR . fES R HE K
FoF R eE SR 5, A EIERNAME S CAFD.

itk —K, PandaX — i H 2% 5 EHE 38 R S 00 UECA 15 A 1 RROE 1 I
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CLK Source
DIP-SW
CLK IN EXT ] INT
@ _‘ ............ PLL Reference
g clock MEZZANINES (x4)
CAEN < PLL .
section —
A317 cable VCXO
500 MHz / L
1 GHz CLKO
osc cLK1
50 MHz CLK2
CLK3
m CLK4.
CLKS.
- FPGA
CAEN CLK OuUT Clock distributor U]

A317 cable

TR out (0)

K 5.25: V1724 s {e 8RN £ o m

Master clock board Slave board
Clk source: Internal Clk source: External

CL KIN

- o o ’
CLK OUT '
ool
TRG OUT TRG OUT
A317 Clock
distribution
cable

K 5.26: V1724 e FER 2hiZ 8
5.2.2 HIBFELHREFTA

PandaX H T2 5K WM R G LPriz/TH, @IH 184 BB, Xt
T PandaX —HIZKRI 200us BN & O, — N385 = KT 7.02MBytes,
B 2 7 6 47 A% S B s i 264 R, BRAR ARIR fid & AR B A 11Hz £ 4. Fir A
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2 b -3300y | 1oPeE €  oc -y | ol
1: 2. 00V i 100mV 3: 500mY 4: 500nV 2. 00V Z: 100mY 3: 500m V 4: 500 V
Empty [Enp ty ofs 900n¥jofs __ —370mV| Em)tv Enp: tv u fs BODmV ufs 370mv
aCroy 1:89. 9892WHz  1GS 50 points

RTC:2015/05/04 12:43:55 e RIC:2015/05/04 12:51:28

K 5.27: V1724 A EERS B0 Bt

PandaX FLT2 15 50 HRILR 453 N IR AHAR K KR MRS . IR B A
V1724 B MBI RE, SR % A B SR R4
S TS H A I 0T A5 552 750 B B S BRSO 5 AT 47 47 8 M

RSSO S NBAEE R A TR, S — BOURAF & AW B LR AR, 00
(RAFAS SR BB — MO AR ) (R A BRIt =t
T

o OB (— BT 16 T o 152 150

o IR

o TR CHURHLHRRE & R B )

o Pl R

o TR CHURHHRRE &R

T 4 T2 B ) 5 ) R AR R T

Bit Function

0: skip
[31] 1: good
[30:21] | O

[20:0] | stored/skipped words

SEBR B SO, — S “good” IR AT G I —E A —A “skip” MU
R, MHR—A “skip” MEBHIAMFEHE—EA — “good” HIIEHFZRF. K
5.2872 —MNE R F, FH BRI E S T RME. FH4FE T CHO~ CHO3
DUiE S N T EE ke . FEh R CHO A1 CH2 A %dE, CHI f1 CH3 WiE&E
BG5S . Bl 5.29/2 KR BUEOE FE H 1) & R 46 S

66




LWAEXRFHTFAILX

Threshold

CHO

Nifwd

Threshold CH3

CH1 a

IH%%

OUTPUT DATA:

[31]30[29 28 [27 [26[25[24 23[22[21]20]19[18[17 [16[15[14 13 [12[11[10[9 [8 [7 [6 [5 [4 [3[2 [1 [0 ]

1Jo]1]0] EVENT SIZE

I
BOARD-ID [RES [ 1] PATTERN | CHANNEL MASK @| (Channel Mask = 0x5

reserved | EVENT COUNTER "
TRIGGER TIME TAG -

o

>

4

>

o

I

3

=

=

>

o

I

S

16000

15800

15600

15400

15200

15000

14800

16000

15900

15800

15700

15600

15500

K 5.28: V1724 L4

run6649_file16_ch10306_evi21658

.

I I I I | | | | |
2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

runé649_file16_ch10306_evt22552

—

el Lo b b by b Lo n Lo Loy
2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

run6649_file16_ch10306_evi22105

16000

15950]

15900)

15850]

15800)

15750

15700)

15650]

15600)

15950

15900

15850

15800)

15750]

I I I I | | I | |
2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

runé649_file16_ch10306_evt22999

el b b Lo Lo b Lo Lo i L
2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

5.29: V1724 &4 FH 1
5.3 EnDAQ: ft&ER &t

5.31 7 BRI AT 1918 B B f A A SR ABAE 5 A0 DU AR 6 28 P AR 41
100MHz Z% b Bh i i, TR 14bit BIER . HFES4Ld FPGA #iEE,
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T BINATS ) 11bit Eai. LA 1V RS NS5 HE, Pl 25MHz I8 82
I, B SR RN E S . BUHLNE S o V814 e B B A% A A
JE IRk A A5 o

K 530217 WA V1495 ) FPCA BT HESL K . anhd HAE 28 B AT,

PORT A

| A_MASK | | OPERATOR | «l | | C_CONTROL

T PORT C
M
ADIN |a A
S AND
K c M
L A C_DOouT
-] — S
— M K
Al B OR
s
K UNIT_MODE
| B_MASK |

COINCIDENCE | | ey

PORT B LOGIC COINC G_DOUT(O)
puLse our
DELAY »0 G_DOUT(l)
DELAY_SEL UNIT
El READ ONLY REG
|PULSE7MODE|
GATEWIDTH
|:| WRITE ONLY REG

PDLO PDL1 DLOO DLO1

5.30: CAEN V1495 2RI\ J* FPGA B 4HEL

PUEB A ds @t Ay B IS F R E S, 55 1MESSHN VAT AT .
—ANER AN OV ECE A B B P A AR I, AR RN A e 2 52 E NG
S, AEEES A 32 BMANGY, @dixdd)s, 18G50 AR
— AMERLR A NAS TS /B, FRHER R C &S . M B C &R
B9 AN F AR MukiEm . Wisfrhide A M B 12 A8, FPGA &1E
R —E B A NES LR — N E SH TRk EHE, 75 G 8
it

W4T V814 F2AE M R MR il & A5 5 75 N638 P4 #h 83 56 4y NIM H-F.
V1495 XRTA S 5 HEL, BRI RGN G S, FElH G EEHEmH NIM B E5.
JRUE R R AS S A IS 520 Il Phi.794 P24 —E R EMEREM I 1ES, ®EH
N625 #2455 i fF 56 Ui R AS 5 A0S 5 5 B AR 2 RSl K5 5 FF 2 B 28—k
AR RS, AR E U EREN e G iE N R E B R 5 — SR, B 6.8 LEIFA
RIZ AT W I fil ok A5 5 18 5
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RAW PMT RAW PMT
signals ch0 signals ch
RAW PUT RAW PMT
signals chl signals chl
100MHz 100M:
clock lock
CHO CHO
Signals after decoupled Signals after decoupled
and amplified and amplified
cHl cHl
Signals after decoupled Signals after decoupled
and anplified and amplified
| |
a0 mc a0 e CHO threshold

CH1 threshold

=
L

100MHz
clock
25MHz DAC clock | I | | |
ADC sum MAJ

ESum

threshold

RAW trigger RAW trigger

| |

K 5.31: el WisAT e JEn i A (5 5 A B R . A THUR RIR A (E 54
R .

5.4 EnDAQ: gt

PandaX M T2 5 ¥R IR GRTE O+ WAL LB, 3% VME 3
Pl RGRCE DL RGORARILE 5. T PandaX — M 722 5 MRS A
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SRR R AELE, VME SR #2442 CAEN FESCIFR AL E it i. &
GiMLE R fE XML PEREal Bt RGUIRSFIR BAF M2 E MySQL FE ¥ B Al
EB. B 532 RGBATHELSEE . 1 5.332 R AFRRE A .

C++

dagmain.exe
Application

Libraries v ‘
| CAENVMElb |

Software

Hardware

V830 V1495 V814

K 5.32: PandaX 1575 5E SRR L AAHHEZR ]

RGEHLANETE R VME iR E . 42U LBTHE SRS . REXT
o s oI a 4k, Wty =50 BN A FA45 N XML BB X H
B, HTRAOE 23 PR LTI, HE 0 a7 748 i B ZAR RS SR E Rk X
E, FrLARJE X 75 BRI B AR F R S N R, BJ5 T — Ll B ) [AAFAE
@R R, URFRERE S Z MR TFAENME, A8 IsBE5 NN A/
o TERGIWREARSRI AT, FrE PR 58RI R AN E . RE
DA UGS TR &5 B SN MySQL. 2 J5 REuBd A S V1495 HUELR |) & E 77
P45 B R EYE KA TR], SR T4 50 3R L

BRI 6 5, AT A8 0 POE BB e 28 BRI ES, 4 A7
FIFHFIEOR T XML L& i SE R, FRaa s A s s i B RS 48 . — M
WG SR G, 200 S U Ede 6 AT A% AR B, A SR AR B dd ik W T 4R 4 2 =R
B, REA, WATHE V1724 RAFAEAE RS, fEHE V1724 175, HHHHRSE
R . — BRI A O 50, 7 5 B O B 4 R AT L, R R — AN
5] Y B A RIS A5 R 2 ORGS0 4% Ak V1724 /47, ER T 464
PRI I EE BB T, A PR R e AR s . XML Bl EAE S DL
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—

5.33: PandaX L7545 8RR SR AL B

LAY IR 8] SRS B S NEHE SCIF o B SO R/ NRAE 1G, dn SRS F
KT 1G AR EASAHE BIFEF T A SRR s 5 AN Bl . AE BRIk AS
KRG, XS AN SCHHE B s AT iR AR B .

5.4.1 HEEER

PandaX HL 72 5HEE M A S MBS =07 OIS bRiRA
Ao FOIE R — DB RN 1G, AT Sk RSO R4
o R 5.27E AP LN . A BT, BT B AU SRR AR I A
[l — s AT S B ALK

W 5.3, X 3CHFFRAS R Kl 73 BB AR RAE, U Y E 7 B & A
Hii. G MPRIRRFA 32 A bit, @ 4 A7 bit KR F AR B IAL . A S
AR AT BN . BEBOT IR ] SO AL EACS . SCPRQISZI A, #dE 3k
WS (VIT24 B H . W& ORKE. 2R FRS. FERAERES) .. L
RS C AT ) SO B . AR S GIE . SR RN B
LIS TR) S BOEASCAFIZ AT B BOEA SRS BI R AU A SO AR B AR
BT R RIERUGBITEE — N UEA R0 . DS ERIgR S,
Blf AR, VME MU RIS V1724 ARG Cof BT — LA N B HERED .

ORI W s F B AR A PR — MR FEgE N SEE, —feEE
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AR . FEELAEINMER: SN S . TIRgbrEAL. AT
AR AR SAL S RS SIEAR S FHI T BB 8] . JEF R4
HOLT, BB EBEERMAER . EAEFEHAET, B Er8eE s S
BEMREEE, EEAEREEAXNFR RN . R 5.45% V1724 BIFEIEHERE .

Run xxx File 0000 Run xxx File 0001 Run xxx File k
bit 31 0 31 0 31

FileHeader 0 FileHeader 1 FileHeader k

EventHeader 0 EventHeader n+1 EventHeader nn
with data with data oo with data

EventHeader n EventHeader n+m EventHeader nn+mm
with data with data with data

FileFooter 0O FileFooter 1 FileFooter n

#* 5.2: PandaX 12 5HIRIRIAR G AR
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bit

bit

S O 0N U AW = O

—

bit

© 00~ O U1 b= W~ O

bit

wW DN —

header format

31 [ T el

| [ 28 T [ Tof [ [ [us[ [ [ [uaf [ [ Jv[ [ [ T3] | Note

Headerld

header word

header size in 32-bit words

FileHeader

27

[ T Tesl T [ Tuof T T Tas[ [ T Tuaf T T Tl [T T37 1T Note

header size in 32-bit words

run_number

run start time (Unix seconds)

file number

file open time (Unix seconds)

# of V1724s

# of channels # of samples/channel DAQ info

7S code

[ LT T T T T T T T input DAC

7S threshold

7S Nsamp

buffer code post trigger

I

threshold 1 | threshold 0

FileFooter

27]

[ T 23] [ [ Juof T T s T T Taaf T T T2l T T T3] [ To Note

header size in 32-bit words

file close time (Unix seconds)

running time for this file

number of events in this file

data size in this file (bytes)

run stop time (Unix seconds)

accumulated running time for this run

accumulated number of events in this run

accumulated data size in this run (GBytes)

accumulated data size in this run (residual bytes) F: last file flag

EventHeader with data

27]

[ T Tes[ [ [ Tuol T T Tas] T T Taaf T T T2l T 1 Note

header size in 32-bit words

event number

event trigger time

[T T T T T T T T T T T T T I T T T I TTTT] OM: crate mask

CrateHeader 0

FadcHeader 0

FadcHeader N

CrateHeader 1

FadcHeader 0

FadcHeader M

% 5.3: PandaX H T Z 55K ARG PR IHFRE
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74

131/30[29 (2827 [26 25|24 23 22|21 20 [19[18 |17[16[15|14[13[12[11]10]9 |8 [7 |6 [5 [4 [3[2 [1 [0 |

1Jo]1]0] EVENT SIZE
BOARD-ID |RES |0 | PATTERN | CHANNEL MASK

reserved | EVENT COUNTER

TRIGGER TIME TAG
0[0 SAMPLE  [1] - CHIO] 0/ 0 SAMPLE [0] - CH[O]
00 SAMPLE [3] - CHI0] 0/ 0 SAMPLE [2] - CH[0]
0/ o SAMPLE [N-1] - CH[O0] 0/ 0 SAMPLE [N-2] - CHI[0]
0[0 SAMPLE  [1] - CH[1] 00 SAMPLE [0] - CH[1]
0[0 SAMPLE  [3] - CH[1] 0/ 0 SAMPLE [2] - CH[1]
LRUN )

0/ 0] SAMPLE  [N-1] - CH[1] |0] 0] SAMPLE [N-2] - CH[1]
0/ 0 SAMPLE [1] - CH[7] 0/ 0 SAMPLE [0] - CH[7]
0] 0 SAMPLE [3] - CH[7] 0/ 0 SAMPLE [2] - CH[7]
0/ 0] SAMPLE [N-1] - CH[7] |0/ 0] SAMPLE [N-2] - CH[7]

ZERO LENGHT ENCODING enabled
\31\30\29 \28\27 \26\25\24\23\22\21 \20\19\18\17\16\15\14\13\12\11 \10\9 \8 \7 \6 \5 \4 \ 3 \2 \1 \0 \

1]o]1]0] EVENT SIZE
BOARD-ID |Res. | 1| PATTERN | CHANNEL MASK
reserved \ EVENT COUNTER
TRIGGER TIME TAG
SIZE
CONTROL WORD
0/ 0] SAMPLE  [1] - CH[0] ER SAMPLE [0] - CH[0]
CONTROL WORD
0/ 0] SAMPLE  [N-1] - CH[O] [ 0] 0] SAMPLE [N-2] - CH[0]
SIZE
CONTROL WORD
0] 0] SAMPLE  [1] - CH[1] |00 SAMPLE [0] - CH[1]
CONTROL WORD
0/ 0] SAMPLE  [N-1] - CH[1] [0] 0] SAMPLE [N-2] - CH[1]
SIZE
CONTROL WORD
0/ 0| SAMPLE [1] - CH[7] [0/0 SAMPLE [0] - CH[7]
CONTROL WORD
0/0] SAMPLE [N-1] - CH[7] [0] 0] SAMPLE [N-2] - CH[7]
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& AEIFRE HWTIT ALY SRS, 7R E A e 85 W14 2k B B2 GIR T AR U
LT I E AW, WS BGRm R, MRE T T, BT
JFoR AR S A TP (EMI). B 6.1572 R Gria A7 i f v At RAE 15 2 1 1
I BRI 5 A KA (10 21 1R T 1

Lol
006 6000 5000 10600 12000 14000 16000 18000 20000

““““ B LA bbb bbb
A i ads s
so00—

A r{

BCRNO3E1

1570

C —1. 00n¥

K 6.1: 200KHz 15 1 HL Y5 e 5
2. HZE—/RH PandaX HFZS5EHRNA GBI EHE TSR EKE, REM
fi kAL S . B 6.2 Babras R,
BT H i E WIMP ¥ 3611 S2 55 S1 55 HEar&E K, Freld&mie
S2 [ B RCRAE N R Gl R BRI . ARG THELAE S2 il KRN 50% B S2 1K)

5



LWAEXRFHTFAILX

A00F", e —1
350 ]

- —0.8
300 —
250 i
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Charge of S2 (PE)
6.2: AALANfl R IR S2 fil ke Rk

BR{EN 372.77PE. Bt LLARGEH AR BRE R, w7 20T Il A, AR i T v
LT SRR S R AL, BN 5 R A e P 7P K, AT RS BB 4R 82 F T
%

P, Bih 75 AR PandaX ML 7oA S8R RIARSE, B RO RS0 T
FORrsETEe BTN A T PR O A e 1Y) 2 B B RN UK AR SE U R G
ME LU A3 TT o

6.1 EnDAQ: WHHE
6.1.1 Z¥IZiE

V1724 MRS 54 A2 AT AR AUME S . Qi 6.3, fE 2 HOZ A
A, AT RO E R AR BOE R, SR TE B, e R 125mV
MRS =, WMEUR(E 5 RS —Bd I S 5 8 H skt

Bl 6.42 2 HOZ BN R ISR . X 4 TEHRANG 5700 60E E, HEn
P FE N s H A o L 1) 4 SR R RS S, SRR 2 VIT24 RIS S
B2 AOZEG S, RECHNEN Z2HEEESHWENGES. HTa 8
ERIANE, AT LR BYR A RI4E 2 B2 4R 15 5 I RS AE .

EAR YR 200K Hz IJFORMEFS T2 AP 5 5, B EE 5T
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Nth [4samples] Nth [4samples]
THRESHOLD
CHO IN |
Nth [4samples] Nth [4samples]
e \\\
L \i |
L g
THRESHOLD \
CH1IN — 0 3 b —_—
2.5mv
]l.25mv
MAJORITY ! ' s

K 6.3: V1724 23384
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fF Phi.740 TS SR E A5 KD, it £ 5 B (R ik 125mV,
R AR R M L 32 kKB R VB 5 5 MR L

6.1.2 ERHUKES

HIRZHOLHHE 5 ] DRI G il A R4S 5 ISR L, (ER R AT Bom 1
S2 {5 T A BRIME . XA N E o M P AR BT A (K45 S8 2 RPN, MR KT B
B, T RO TE SRR, 2 HOEEAET5UIIR & IR D SR A fil A R
o XTRBEN S2 /55, S EEE NI T, M H &2 E0E 500ns F]
2us AR TEJVE LA, 10 WIMP A% S {5 5 10 ST Hig & b S2 2/, MR EXT
RBE MR S 5 S A . I LSRRI 20 (R o A 5 3l H SR R AE 100ms Y [N, FTEA
SIS 2 B8 A5 5 AR 70 w] DLAR S 3t AT 7= ik s (R T L o DRIE DN 1 BSGsfie
RERIFR T REMI M R S2 155, Wit SIABIB RS ORTEC 575A XHE T AT
gre BUEERRRRRRCR B R, WS RSAERGVEREY A, FHNES L
BB SEMARFETN A,

6.1.3 fRLALETEI[ES

£ PandaX L7225 503 SR Gz A7 i ol b, O IS 1A I Ta] G A
[, JF HEEE (] (HERS , A I 2RO, M ™ F R X A (K Ao DAL
THERERE S, SN T X RGN (B B AR S . V1724 72 BT THARCH i 2 8i4%
o PUE A LVDS Z 205 5 X it Bl sk I R B OV . /£ RGRCEVIR
et Jm, I EEERCC T, WSS V1495 e f74s, UV V1495
FE i T2 44 T At 23 38 e LT KON T PR R AR R 40 25 14 90 S (]
B B 650, e E R BRI (A 35T BN EOE, AR EET R
. HEER T T V1724 fild 32 45 I Pl OMECHE SRS B AN — BUE AU 20ns 52
2, WA ARG SR AN E B EMAEHE TN,

i t_20111209_134945_evt1000

i t_20120406_125657_evt1000 |
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650 14310 14320 14330 14340 14350 14360 14370 14380
Time (10ns) Time (10ns)

6.5: V1724 MR
LR PandaX B 722 5588 KRB R Gl vt s, REREE IR IF 1
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fl R ARBE FUAZ S b 5], 5] BE 8 CRUE IS ()3l B (R0, R GRS E TR R R 42
o B 6.6 T BT 58 MR B R BT I AR AEZE ]

DAQ Server &
Disk Array
Data
v
v wioauie [N
e wodute [ |
X10 Signal V1724 Analog Sum Sum signal
FADC
=P < NIM Signal ~ e—
Analog Signal
Decoupling Signal
Sum Signal LVDS Signal — eo—
Trigger Busy Signal Trigger .Time Integral Signal
Reset Signal ECL Signal
Raw Signal Data
[J
y :
V830 V814
V1495
—
G |
Le;lgelr: meTriggers> Scalar [<@Raw Trigger=== Discriminator Pandax
Electronics and DAQ

K 6.6: PandaX — #1727 5 Bl sk AR St

6.2 EnDAQ: HRHFH

7t PandaX — ST 2, S230 RO iR Yy, JRRCA IR AW 4
Yy, HHRAA S2 (F5 /24, ArCL 3@l i EECE 10 80us. wis 1T W iE 1)
B e IR S5 2B B4RV M V2718 KRG EEHHE Mt VME B EdE. 2
FRT VMES100 HLAH VME &2y B8 IRIBR |, Hlods () A& dan a2 4 PR i 7E 40MB/s LA
T fERIBTE R R AT TIRER 37 ML AN, Waie 5 Bl B s,
Jir AR 7E i AL i B LU R B A 5l NE R4 AT T, Rk
BATHIEE AT (H RIS EIZATH, VME 228 (1 PR il 7™ 55 B A% T SE50 1 HL
G

BT PRSI R R, T CAEN #R4EEAREE, 24 V1724
IR T KT 100us B, BARIRECR G, Joik— PR S0 AP 40 4 4
MEAEHH VME 283 . SBIRHIER, ToieE H i — Pl 5 i e 2%
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C++
dagmain.exe
Application
Libraries
\ 4 \ 4
CAENVMEIlib CAENCOMM
A3818 Driver A3818 Driver
Software -
Hardware - L - 5 3
A3818/0 A381 8/1 A381 8/2 A381 8/3
< CONET/CONETZ {Optical Link) >
L CAEN VME
5 5 5 P Waveform
> Digitizers

CAEN VME

v830 V1495 v814 V2718 Bridges

V1724

< < < <

< VME Bus >

K 6.7: PandaX HL1# 5 HEARI AR ST PR FHE S ]

LR CBLT #ExUF LS 65k e UM YLAE BT A I A U 4 2%, HRAE R
—HUd IR, IF AR — PSR SR I S 32bit,  EEHTELEUE R FH A,
VISR B J5 32bite T RTER AN E VI 18, S50 - 3RoHT HEa e e =X

R4 CAEN $2AE A5 HE S OB, 30 mT DA b BRIHASE B3 e 8 110 1T T AR Ol 41 42
O E S BEE, A m A B g, 44 VME B4, K 6.727F
P Ja A HE SR

T2 J5 B e BGE R EER N 8OMB/s, SEFrig Tk FErh AT LU 70MB/s. SR
T AGAFEE R BRI AR U 13 e, TEvsE I T B sUBOR s e, B TR) 3 R A
B AL RS, A B s BOE 2 TR AN TR AN B A
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6.3 EnDAQ: f%& AR

W2 ATEREAE BT RAR R, B TR ANE 5 ik BB i & 2T 2 508 i i
KA. B 53040 Bl A5 i kA5 IR ARNESR ] . PR A0 4 48 A
14bit FAEAL G, FAFAFES Th 3O BB L, Wik N FPGA 7ERRHME 5
B D 125mv RS 5. 2HOZEE S HEAE ORTEC 575A BIEHBUK M
gy JE B RS SR AR RN ZE0E8 RS 5 V814 € B B 7 EL A A i i 46 fi
KAE T

JR UG ik A5 5 1 N AR &8 5 B R MRS 5 10 ETHE A A 100us
LA RrA R ES, HREREITA B TGRS 2 OO0 Rk AS
Fo MEREE S AR RG R E IE SRR — B ERAEES, iR
WG AR AL 9 AT US55, 121 UE 545 WAL B AR B e I TA] 58
FERIRITME S o FHUG PR 8 I B4 AT A5 T AL, 428 RIGHE 1
RFFGESMIABEMERE, Uik, ek ES. RFEES.
RGN EsAad @REEAMRGKE T . BREGEE R IEE 5 MR FE
PBAES1E 64 18 A, B W PLER TR —ERA, HENIHEE. BHlEiExs
FIH V1495 3y EtE, £ DL E. F ¥ D% NIM B, 5 RG0S Tk
PR Y 23 TE G PO AR s, AIAL S T il R AS 5 78 s fe B A U rh i 8 IR
. B 6.8 B IA Ik is A7 HHE i fir & A5 5 12 5

R SR E T RIS S, DU SR R IR B S B0 R 6 &R
Gt AT

V1495 fih &% 585 43 v VHDL (Very-High-Speed Integrated Circuit
Hardware Description Language) MA4-4IATE S SLIMINAER 1T, 7F Quartus9.1 f3E
i FmPEIE R, WM BEERNEE S E TR S48 FAHEE. 2 HEN
#B3 o

855 B VHDL 2wt R H# PLL B8 =42, B 405 5 IR 2 R % 25MHz
AYERTBY, 2 EUE A 100MHz,  DLUE N RS AU s il i 8h e 1715 5 7
AZEWE 6.9, N T IERME ISR SMEBENTE SRR, B G
SRR ARG S TARKP R .

X E 5 B 6w B an R

gate_clk: [MF S ESHER B, Iapo] DRYE £ b PLL 5 s 7o
ARSI

gate. nLBRES: RALLHEF(E S, fEiAFEBR[FPEHE

signal _input: [ 15 5

signal_select: [ M5 5@ (E S, ERTME S % E IR F L ICEIEH
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Busy

signals
OR

Busy
NOT

Anti-Busy
Post Trigger H AND

Trigger Signal

Raw Trigeer h_ﬂ E " " Busy LI l_l

signals
Trigger hold off _'_I_,_‘_,_ I_I LI
I~ T 1

) .
Raw Anti Trigeer " I-l : Post Trigger I_I I_I I_I
" Invert Post Anti Trigger |_|

Anti Trigger hold off
: Invert Busy | I | I ||

Post Anti Trigger

Post Trigger

Trigger Signal I_I

K 6.8 ER: Wigfr e pufh sk fE 228, MR Es T Im k(S 58

delay int: [ME5AHX T 115 5 IR IR I [A]
gate_int: [MESHE, RIGWEIMETEE, ERGE5ZHENTFEE KL
Ja SRR NS T T P R
gate_output: fi 155
BAT RS E A MARAEE R aG, R A A R Ia k. V1495 [
FAEAS B 16bit A7%E, AFECEHbESIL 32bit F1F, FAEASEIE L 32bit 15,
X TANFEALFE R 16bit 32bit WREANF RSB XT 16bit A7 EEHE, HEE
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6.9: RGMAIEE: THE54

R4 ZF A as bk e 58 . X1 32bit #idls, H T ARKEZZ 16bit, FTETPX

XA AT S
WA Bl R Z A

FREESARERTEINES: V1495 4 A, B AR P % &R, §0NE
AR 32 B E S Wl 1ES2EH, B—EmANESHHCHE
fFapit @i, XA ES 5XMEENE S REEEE, HEuZ2En
BRI USSR brrEZ 81115 5 10 8 1B i Ta) B g T 3 D0 2% 6 FL 45 48 5 A5 5
BEOREE . TMES TN TEMN V1724 MENER, #EN 120ns. X
T RFFEZBEIAAEIME S, A FASEBREN, 55005 5 R T 5Lk
[R5 15 5 1) 58 FE AR ORAA

MANESEESIT: WMAGESEESHHTSIHE S PR PRE, JERE 2
fran B EBCEMH FE . ZIRT FPGA BB THRE, MAGETEESS
TS, I A A I BUE B E BN SR S SR BT
WP A SRR TR I RIS 5 58 BE BN TS 5. e 115 S ikiE s
SRS SIEAME. EXATIE S IR T, b5 s o 225 1 Bk AL
I R A HOR T B I (8] BEE A EAE T T ME 5. BaiRIEIXEE
S AR E SRS B A T AT SEBLAAE 5 Y5 — 5 N 1A) A B4 5 98 At
giit, Jreae e, MUAE .

NHit iZ38: NHit ZHESE RN 208 50E 015 S8R & BT REE, TFRIE
SEBIE, ERETESER—E8E R NHit /55 . BRYE NHit {557
ERRHEN MG 5 TR P 2R

TEST i&%: B/ MG SHMAGS R, [ES 7 EREIENE S 5%
AOSIAE S R, THE S 98 OIS 5 s T 98 . A PRI A5 5
T 2 G %45 5 80 LED Gl AaKE) .
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7.1 EnDAQ: ##EREEN

PandaX 757 584 SREUR G BB H AR R XREE X BT (4~40KeV,)
FHHISLIR AT R G EE, R FERBEX (> 100keVe.) RIS 2 FEHUE AR
2 EERIR o PRI 45 0 2 5 LR REA AR 25 A WIMPs Wi FAHEARH], 1R
S AR G B ATIRAS o X4 o W BB AT R AE W] BEAIR ik A A T SEBLR ]
RE i il A 0%, JF B Se a6 REE RE W8 B o T WOYIRG W) A% S b e 1 . PandaX
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SRR E . PandaX — ML 722 5 HOR SR AR e A 3 =R R0 25 2 EE A 5

7.1.1 ET LED JGiRRCE EIEEETIBmAIE

UAHTSCHTIR, G HAEIEE 2 PandaX PRI S HOME— — Rl 500, RIS Xt
LA RS E A BUR ZEK . PandaX — H1 T AR ' FL 35 48 457 4 271 1) T
JRARG FE A I A RSP A s #0A — AR Z e il iE s, W REEDEH
PG (R 2 KB TN A R PR RO . WORIE e K, — O i e ok
(K1 A 8 2 T PORE 7 A LA A B AR S ARG LA I 81 s . RO IR
TG A A A ) VR, A EAE A B B B PMT BOGEEE R, 3
SHBE R, WERIEASMNE R E G R, MRAREIRZIRE, A TN R
B REDE AR E RS AT P EL . ik, T REDE LRI E A
374> FLE D HRRBOR IS, i A a5 M TS A B AS B AR A HE . 4
FIRHAC AR G o H D, TR LA E FOLEE R, fE S2
g b, MNBKRNESEEESER, &5 TI0H 7 A2 5 1 X 7
TRR G LG 1 B 510 o o B AR .t PandaX — I HL 722 5 508l
ARG il SRS 5ok B RADE LR E BR8], FrBUREDLE SRS TR
Gtk 5 R

PandaX — Xt HLAEHE [ 51 20 B2 (14 5 9k

1. FIRAE S A4 100Hz B WIPERKRE 5 o Z B DA Kb s A 7 28 A 24
VE(S S A BRI V1495 7741 A IPE NIM BP5 5 5 9K3h LED Y6
PR BRI sk, AWAERE . H—, FBERANTRENSHHE, H
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Ik R AESRESH ST RER T — M RGMAE S, "TUEEEAN V8l
T EREA, 25 V1495 Rif kB, ke AL TAE N G B 72
H5¥IERE R G KRR M. H =, LED el A TTL HFIK5),
NIM HP R 5 A G, SebrsidE ohomT DL BRI A Sk (5 S5
Phi.794 =4 TTL HPE 5. 10 K E 5 2 M0L T B2 55 KR 4t
PIAIE S, ARG G ST

2. FHAM G T et Phi740 bR G4, —EE 5SS EREEAN V814
EREL S 5 R/ E S A, NN RS, FEERGMRE S
F—IEIEN Phi.794 H T =AW e i a5 1 TTL 155350 LED & 4% .

3+ XF LED 73 AN A 7 1 3R ah i s o -0l LA A8 R I AR e 10 v s B PR A2
1500V, PRIHEAR 73t LA 1 A R0 2 R AN REAL B SEIR 2R, Oy T EIXER 70
R E R O i, FREINOLE R, B2t TG T R IER K. 15
i F LED JGlGRAEAXT T A5 5 i€ K BT IF, JF B Tal e R 2, D
2 TR SIE TR R G/ S1 55, ARSI 70 B B A X S1 45
T IRARCEEAEA ST BRAE R AR R -

PandaX — HIXF 6 A5 38 5 BRI Z) BE 280 R . LED Seifil & 5% 100Hz,
LED TAEHJEAN -5V, -5.5V. -6V. -7V. -9V, LED YT I A % 14 120ns,
e Hm SR 1) 5 R 5.12us, B SREUB AR AE T R4t X, RRIs 4T 0120
30000 ™A .

PandaX — XGRS E FESIER, RHEEIE a4 2 x 100; 38 25 BE I (R £ 8
PEFE 10% VAo B 7.1 F BT ' F A 3 A 20 P e R w0 0 DR S 0 e 4 T R T B
i, N EEE A 2 S W EAE SR S B AT AL R T

7.1.2 EHTF ¥Cs 1 °Co MEHER PandaX #MESH M

PandaX R & 3 ZIRMKL 7 5 00UR 740 EAE LR INEREE 5 ST AR
B HREE S 52, RXPIFIGAE T B BN R 4% 1Y 7 5 0 10 F PR ELREAR K
WERBURI LA &, A RS NG S AR A At = 8B, A
FEARVBR A OE B — AT R I R 45 R S R S AR R 3 1) A G B e A
TER AL BE R P AL DR 72, B2 S1 ESAE 3t SR 7R & R
RLPTARBEE P P AR R T3, Bt S2 B 5 Re 8. 1 HARYE S2 155 /10t
7T LS HE H BN EERS LR A R R A 1 TR
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run6304 total s1 charge run6490 total s1 charge

e = L e B B
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Bl 7.2: Aol BTCs BURE ST RISl Al 0Co JBURIE S1 REIG A
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TP e — R 23 A rh AT DR U B ) H T 2R AR I TR HE S2 45 545 2 A EL A
RAENEEMNE (BTEBKED.
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run6490 electron life time runé596 electron life time
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