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DEVELOPMENT OF A DUAL PHASE
XENON TIME PROJECTION
CHAMBER FOR DARK MATTER
SEARCH

ABSTRACT

Dark matter detection is currently one of the international forefront
research topic in the field of fundamental physics. The dark matter exper-
iments are under vigorous development and may enter into their golden
years in the next 10-20 years. Revealing the nature of dark matter will have
a revolutionary impact on our understanding of the universe evolution, as
well as the basic structure and interaction of the matter. As part of the
PandaX experiment, this dissertation is dedicated to the development of

direct dark matter detection using liquid xenon.

In chapter 1, we review the basic questions about dark matter, includ-
ing the origins of dark matter problem, the distribution of dark matter,

the candidate particles, the detection methods and the latest progress in

the field.

In chapter 2, the development of a liquid xenon prototype detector
system is described in details, including the cryogenic system, the time
projection chamber, the xenon purification and recirculation system, the
data acquisition system and the slow control system. Different types of
electrodes for the time projection chamber are studied in this prototype

system, with the experimental phenomena explained by a 3D electric field
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ABSTRACT

simulation. The study provided the experimental and theoretical support

for the development of the electrodes of PandaX time projection chamber.

In chapter 3, we first briefly introduce the PandaX experiment, in-
cluding its location and shielding system. The time projection chamber
structure and its expected performance are presented in details afterwards.

We also present the preliminary result from the PandaX-Ia test running.

In conclusion, we present the expected sensitivity of the PandaX-I
experiments based on the estimation of the background events and the
expected performance of time projection chamber as studied in this dis-
sertation. We also studied the design and sensitivity of a future ton-scale

liquid xenon detector in the end.

KEY WORDS: Dark Matter Detection, Liquid Xenon Detector, Time
Projection Chamber (TPC), Micro-Pattern Gas Detector (MPGD)
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Figure 1-3: (left) An image of galaxy cluster CL0024+1654 taken by Hubble Space Telescope.
(right) A strong gravitational lensing map of cluster CL0024+1654, showing sharp spikes cor-
responding to the observed luminous matter. A smooth background mass density is observed
even in regions where there is no luminous matter. The luminous matter is found to account for
about 0.5% of the mass in the cluster. Figure from Sorensen PhD thesis [ .
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Figure 1-4: The Bullet Cluster 1E 0657-56. Left: Mass distribution of hot baryons. Right: The
total mass distribution [ |
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Figure 1-5: Cosmic Microwave Background from Planck Team [!] .
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Figure 2-9: Three configurations of S2 production electrode with 200um wires. Left: The
configuration of the two layers electrodes with unshifted wires. Middle: Three layers of electrodes
with shifted wires. Right: Two layers of electrodes with shifted wires.
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Figure 2-10: The position of produced photons by two layers of electrodes with unshifted wires.
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Figure 2—-11: Photons per electron under by layers and unshifted electrodes configuration.
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Figure 2-12: The avalanche per electron by two layers and unshifted electrodes configuration.
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Figure 2-13: The position of produced photons by three layers and shifted electrodes configura-
tion.
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Figure 2-14: Photons per electron by three layers and shifted electrodes configuration.
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Figure 2-15: The avalanche per electron by three layers and shifted electrodes configuration.
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Figure 2-16: The position of produced photons by two layers and shifted electrodes configuration.
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Figure 2-17: Photons per electron by two layers and shifted electrodes configuration.
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Figure 2-18: The avalanche per electron by two layers and shifted electrodes configuration.
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Figure 2-19: The position of produced photons by 100um wires electrodes configuration.
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Figure 2-20: Photons per electron by 100um wires electrodes configuration.
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Figure 2-21: The avalanche per electron by 100um wires electrodes configuration.
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The position of produced photons by 50um wires electrodes configuration.
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Figure

2-23: Photons per electron by 50um wires electrodes configuration.
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Figure 2-24: The avalanche per electron by 50um wires electrodes configuration.
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Figure 2-25: Geometry of the mesh electrodes configuration in electric field simulation by Ansys.
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Figure 2-26: The position of produced photons by 200um mesh electrodes configuration.
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Figure 2-27: Photons per electron by 50um mesh electrodes configuration.
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Figure 2-28: The avalanche per electron by 50um mesh electrodes configuration.
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Figure 2-29: Left top: 100 um wires electrode that fabricated by handcrafted. Left bottom:
200 pm wires electrode that fabricated by handcrafted. Right top: Ring of teflon reflector. Right
bottom: 100 um mesh electrode that fabricated by etching technology.
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Figure 2-30: Top: The TPC design of the experiment with 200um wires electrodes. Bottom:
The shifted type of Anode and Grid electrodes.
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Figure 2-31: The relation between Log( Sfi;gﬁg}) and drift time when the Grid and Cathode
were set at -3kV and -4kV respectively.
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Figure 2-32: The relation between Log(ﬁ%ﬂg}) and drift time when the Grid and Cathode were
set at -3kV and -4kV respectively. Left: Events with Adt < 0. Middle: Events with Adt > 0.

Right: Events with single S2.
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Figure 2-33: A waveform when the Grid and Cathode were set at -3kV and -4kV respectively.
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Figure 2-34: The largest S2 position distribution for events with Adt < 0.
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Figure 2-35: Left: The largest S2 position distribution for events with upper band of Adt > 0.
Most events were distributed on the edge of the TPC. Right: The largest S2 position distribution
for events with lower band of Adt > 0. Most events were distributed in the center of the TPC.
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Figure 2-36: Left: The largest S2 position distribution for events with upper band of single S2.
Most events were distributed on the edge of the TPC. Right: The largest S2 position distribution
for events with lower band of single S2. Most events were distributed in the center of the TPC.



§2.5 £2IRHK (200pm) TPC

T T T
—— Adt<0
Adt > 0, Upper band
—— Adt > 0, Lower band
—¥— Single S2, Upper band
Single S2, Lower band

Log(S2sTot[0)/S1sTot[0])

| | | |
25 3 3.5 4
Grid Voltage [-kV]

L O a N Wk OO N O

no

B 2-37: Log(5iraty) M Grid € e B AL, MAR P € emoik, MF1ET eI 5LR#H
Ko

Figure 2-37: The relation between LOg(ingﬁ{g}) and Voltage on Grid electrode. The two bands
gradually disappear as the electric field increase in the gas xenon.
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B 2-38: Grid #= Cathode ® %5 AKX E A -4.0kV #2 -5.0kVe £ E: ¥4 52 KB EH5%E X
o BE: &EET 0.lmm LR FEH KA TPC F2£49ENH. ATF: &&TH 0.1mm AL
@RS TPCHX AT @M TN, HTF: RETFH 0.1mm B 7 mE TPC 4@ 7 mask
A TPC 27wy Z i,

Figure 2-38: Grid and cathode electrodes were set at -4.0kV and -5.0kV respectively. Left
top: The intensity of electric field as a function of the radius of TPC in the whole region of S2
produced. Right Top: The intensity of electric field as a function of the radius of TPC in 0.1mm
thickness liquid xenon that just above liquid level. Right Bottom: The component of electric
field that in the X-Y cross section as a function of the radius of TPC in 0.1mm thickness liquid
xenon that just below liquid level. Left bottom: The angle between the direction of the electric
field and axis of TPC as a function of the radius of TPC in 0.1 mm thickness liquid xenon that
just below liquid level.
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Figure 2-39: The TPC design of the experiment with 100um wires electrodes.
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Figure 2-40: Log(%) as a function of drift time when Grid and Cathode electrode were

set at -3kV and -5kV respectively.
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Figure 2-41: Log(%ﬂg}) as a function of drift time when Grid and Cathode electrode were
set at -3kV and -5kV respectively. Left: Events with Adt < 0. Middle: Events with Adt > 0.

Right: Events with single S2.
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Figure 2-42: The relation between the largest S2 and the second largest S2 when Grid and
Cathode electrode were set at -3kV and -5kV respectively. Left: Events with Adt < 0. Right:
Adt > 0.
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Figure 2-43: The Grid and Cathode electrode were set at -3.8kV and -5.8kV respectively. Left:
the position of the Largest S2. Right: The position of the second largest S2.
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Figure 2-44: The Grid and Cathode electrode were set at -1.5kV and -3.5kV respectively. Left:
the position of the Largest S2. Right: The position of the second largest S2.
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Figure 2-45: Events ratio of events with single S2, Adt < 0 and Adt > 0 as a function of Grid
voltage when fixed 2kV different voltage between Grid and Cathode electrodes.
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Figure 2-46: The slope between S2sT0t[0] and S2sTot[1] as a function of Grid voltage when
fixed 2kV different voltage between Grid and Cathode electrodes.
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B 2-47: Grid #= Cathode ¥R 2 AliX E A -3.8kV A= -58 kV., A L: #/S2 RIREH5RE K
B Ak k@ L 0.lmm AAF EH KNG TPC ¥ 28Tk, £F: &&TFFH 0.lmm A e
Ik m % TPC F AT M LT, £ TF: &R&@T 7 0.1lmm HEH 7 8L TPC #& 7 &tk
A% TPC ¥ 27 v i) i,

Figure 2-47: Grid and cathode electrode was set at -3.8kV and -5.8kV respectively. Left top: The
intensity of electric field as a function of the radius of TPC in the whole region of S2 produced.
Right Top: The intensity of electric field as a function of the radius of TPC in 0.1mm thickness
liquid xenon that just above liquid level. Right Bottom: The component of electric field that in
the X-Y cross section as a function of the radius of TPC in 0.1mm thickness liquid xenon that
just below liquid level. Left bottom: The angle between the direction of the electric field and
axis of TPC as a function of the radius of TPC in 0.1 mm thickness liquid xenon that just below
liquid level.
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Figure 2-48: The TPC design of the experiment with mesh electrodes.
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Figure 2-49: Events position for gamma rays from Cs137 source from left-top side.
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Figure 2-50: Data analysis when Grid and Cathode electrodes were set at -4.0kV and -4.5kV
respectively. Left top: The relation between the largest S2 and the second largest S2. Right
Top: The position of the second largest S2 by selecting the events in region 1 of the top left
figure. Left bottom: The position of the second largest S2 by selecting the events in region 2 of
the top left figure. Right botttom: The position of the second largest S2 by selecting the events
in region 3 of the top left figure.
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Figure 2-53: Left top: The distribution of after pulse. Left bottom: Adt of the after pulse.
Right Top: The distribution of the delay pulse. Right bottom: Adt of the delay pulse.
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Figure 2-54: Left top: The distribution of after pulse. Left bottom: Adt of the after pulse.
Right Top: The distribution of the delay pulse. Right bottom: Adt of the delay pulse.
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Figure 2-55: Data analysis when Grid and Cathode electrodes were set at -4.0kV and -4.5kV
respectively. Left: Correlation of S1 and S2 signals for a Cs-137 run with remaining activated
xenon at a drift field of 0.5 kV/cm. Right: Combined energy spectrum for the same run. A fit
using a Gaussian plus an exponential background gives a resolution(c/E) of 1.60% for the 662

keV peak. The Gaussian sigmas of remaining activated xenon lines (164 keV and 236 keV) are
4.36 and 6.70 keV.
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Figure 2-56: Energy resolutions in liquid xenon measured by EXO ' | XENON100 '8! | Aprile
et al ') and this work. The dashed line indicated a function described by o/E = (0.65/vE +
0.83)%.
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Figure 2-57: Grid and cathode electrode was set at -4kV and -6kV respectively. Left top: The
intensity of electric field as a function of the radius of TPC in the whole region of S2 produced.
Right Top: The intensity of electric field as a function of the radius of TPC in 0.1mm thickness
liquid xenon that just above liquid level. Right Bottom: The component of electric field that in
the X-Y cross section as a function of the radius of TPC in 0.1mm thickness liquid xenon that
just below liquid level. Left bottom: The angle between the direction of the electric field and
axis of TPC as a function of the radius of TPC in 0.1 mm thickness liquid xenon that just below
liquid level.
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Figure 2-58: Drift field and the corresponding resolution of as a function of Cathode voltage
when fixing Grid at -4kV. The dash line is the drift field that calculating from the parallel plane
electrodes.
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Figure 2-59: The intensity of electric field as a function of the radius of TPC in 0.1 mm thickness
xenon gas that just above liquid level when the voltage difference between Grid and Cathode is

fixed at 2kV.
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Figure 2-60: The angle between the direction of the electric field and axis of TPC as a function
of the radius of TPC in 0.1 mm thickness liquid xenon that just below liquid level when the
voltage difference between Grid and Cathode is fixed at 2kV.
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Figure 2-62: The TPC design of the experiment with mesh&wires electrodes.
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Figure 2-63: Log(gfjgzz%g%) as a function of drift time when Grid and Cathode electrode were
set at -3.5kV and -5.5kV respectively.
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Figure 2-64: The electric field simulation when Grid and Cathode electrode were set at -3.5kV
and -5.5kV respectively.
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Figure 2-65: Energy spectrum of S1 and S2 when Grid and Cathode electrode were set at -3.5kV
and -5.5kV respectively.
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Figure 2-66: The anti-correlation between S1 and S2 when Grid and Cathode electrode were set
at -3.5kV and -5.5kV respectively.
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Figure 2-67: Energy spectrum of Cs-136(662keV) with resolution of 2.84%(c/E).

% 2-5: L2WIRA AR TPC MBI KL TPC BE & 70 R4 L.

2R KRR, TPC | ZWEA TPC
S1&S2 fr B IE H o
W B 7 (0.1mm PY) F3% 50 9.6kV/cm 6.8kV /cm
Cs-137 Be & #1%E (o /E) 1.60% 2.84%

TPC FBEHHE R 1 A YR A i 22 TR & Bl 41 & 77 3%, BT Anode i Bl Ei%E i
M AR B A%, FSRP2 AT ST R g, DUBR R I 28 1 RE & 0 7 R
Grid. Cathode Al Screening % F Y637 ik ZEAH N0 = () 220K FAl,  FH DASR s R0 28 1)
JCREERE,  FRARRIN 28 5 R

29 R

ZS L E OIPSEL TN

FRIHF ] T — BN EIRIN RS, R T IZERGS T H Al FEIES 1
FERE B HER 1.60%(662keV, 0.5kV /cm =M HLIZ)), ZEE R TR T 7EZ RN 45
[FJ B 34T S 420 S0 A Xe-136 TG HR A7 X DS 3 AR PRI (1 v AT 1. LT B sE B0 AE T



BoE NLRTIRI R G K

Ko IR 2 (K 2 AR SE [F) 1 BRAR 7 SR BR iA, X SR S i) R J A
& HEHESN R e

AR AR S5 ) T B A RIS R A AR AT T 0ESL, 19 T 2R & k4]
A7 OB EAR I AR A, O PandaX TPC HAR AT R FEAHE T 5250 S Fr 3 e
o VEAHII T T HL 7T GOSN PRI #5155 I, DR SRR 5 4 RE RO F ST AN 4
Yot TAFRRR T E k.

IR, 3Tz N AR I &R e RN S PERED S B AE AT 22, H AT IE
FEWEFUAN RIS 37 N ARRE L1 S (5 5 AR, DAITIE I A2 5842 i3 (1 K/ ok
B et AR B CA I 2% 6 FL 1 e A TR R HE R

S 30 Hk

[1] Ni K., Columbia university PhD Thesis, 2006.
[2] Aprile E. Doke T., Rev. Mod. Phys, 2010, 82(2053).
[3] XENON10 Collaboration, Astropart. Phys., 2011, 34(679).
[4] ZEPLIN-II Collaboration, Astropart. Phys., 2007, 28(287).
[5] XENON10 Collaboration, Phys. Rev. Lett, 2008, 100(021303).
[6] Hitachi A. et al, Phys. Rev. B, 1983, 27(5279).
[7] Hamamatsu Inc, Private. communications.
[8] http://garfieldpp.web.cern.ch/garfieldpp/.
[9] http://magboltz.web.cern.ch/magboltz/.
[10] http://ismirnov.web.cern.ch/ismirnov/heed/.
[11] http://www.ansys.com/.
[12] XENON100 Collaboration, Phys. Rev. Lett, 2012, 109(181301).

[13] Aprile E. et al, IEEE. TNS., 2004, 51(5).



§2 75 3L HR

[14] http://www.comsol.com/.

[15] E.April et al, Phy. Rev. B, 2007, 76(014115).

[16] Albert J. et al, arXiv:1306.6106.

[17] EXO Collaboration, arXiv:1306.6106.

[18] XENON100 Collaboration, Phys. Rev. Lett, 2012, 109(181301).

[19] Ni K. et al, Phys. Rev. B, 2007, 76(014115).



BoE NLRTIRI R G K




ET=EF PandaX B =E

3.1 PandaX &1t

PandaX S5 % HE7E o [E 47 B 1L R s258 % (CIPL), iZsEi s o T E Y14
w R E RN ERBE L R (B 3-1 ). #BF LB EETIIAS:, BT /KB s,
2008 4£ 8 H 8 HEZEVLIMIBUK I KA A A EMBE T8 T — %K 17.5km 14
BRI BEIE. 455 L T 556 = A0 2 Mz BE i wh R) A g 1 Y TR T s . SRS
M 2009 E 5 HEIT, 2010 4 12 A 12 HIERSNA . M H AT A B &% s
=M RIREMKTE, CIPL mEEg 1. CIPL WIS A 1 H A IR EZ) 2400m (4
6720 m ZERUKIR), AR RERE R, Tl HLERE((61.7 £ 11.7)m 2y~ M &AL
M6 =, R A A AR T 25 S2 06 = /K IR IO M A e M seie = 950, H
B A A 206 20 AE 1% 10 T SEI6 5 7R AT B M R RS2 56, 40 o B K5
PandaX SE¥6AHAE B 2E T S CDEX SE41 P, PandaX SEEGZLT 2012 4E 8 H
BEIEZH T SIS =

RAEBATIA AL R LT SC00 % 2608, Re 52 5 S 8 0 S50 1 T B 21 e 1K
AR TS0 I A G 22 SR s (1) I A R 4 R D S B 3 e A 1. IR (s Ao
F I8 S B AN VR A L SRS A AR TR BB PR A AR 2 R #4838 R R
T, BFERGRBIEN AN T 2. PandaX #RZS IRk KRB WK 32, M
WEIZN38: Sem EAEEEH. 20cm K M. 20em A& IMNE 40cm K L)f. H

RO RE SR A TN A B R R, AT DA g s T
5 S TRV R A T A0 5 B 2 AR BRI BH P AR e AR 28 22 B AE B AR I L, 43 AP
PN GEAA, AMEEH 5 em R S Ab G AR IE, WA ABNM . 1F L8 1T I
], WAHMEZ B2 ORFFHT, PLORUE N BE AR e, PRARHFE: TR #8 1%
0> — TPC(Time Projection Chamber, I [E]$E5 %) # 2 2E 75 N #EH o

PandaX SE58 73 N =B B (Bl 3-3 ). M PandaX-Ia J+2¢ & PandaX-Ib i, X
T A RET ) TPC #HATTF 2% M PandaX-Ib 7+ 4% % PandaX-I1 I}, 75 2K A fEAN
TPC [FRIN T+ 2. SEUe R A2 H e g il — DB A BUR S Y i 4R T % . PandaX
() D e 2 e A AMRE & 9 e Je IR BRI s P e it ©4AE CIPL %3858 . [AFE
D 2RI BT B R R g P A SR A R (B 34 )t ke e . B,
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Figure 3-1: Location of CJPL(Figure from CDEX collaboration), the right Top figure is the
muon intensity in different underground lab whole the world
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Top view —

Side view

50 mm Cu Vessel

50mm Cu

200 mm inner PE
200 mm Pb

400 mm outer PE

B 3-2: PandaX R & Gk M & E,
Figure 3-2: Shielding system of PandaX experiment.

PandaX-la PandaX-lb: TPC upgrate PandaX-ll: TPC and IV upgrate
(120kg target/25kg fiducial) (500kg target/300kg fiducial) {2.5ton target/1.0ton fiducial)

B 3-3: PandaX A& &9 =AM £
Figure 3-3: Three stages of PandaX .
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B 3-4: PandaX #1*% & A=A AL R Ko
Figure 3-4: The cryogenic system and circulation purification system of PandaX.

3.2 PandaX TPC
3.2.1 PandaX-1 TPC i&it

PandaX-Ta ] TPC & it WK 3-5, ARG, DA E %A 143
R8520 PMT A1 37 4 R11410 PMT. PMT & H A HAMAMATSU 2 &% 1 A2
SEECTF K. TPC VYA | S5 3 1 Teflon B FSE, T35 A1 &6 4 H1 Teflon 78 75 76
PMT HJAIRG X 4. TPC H M RT3 H A MR: Anode. Grid. Cathode Al
Screening. £ TPC HJ4MEIE R H 14 4> i =1 26 6 A8 Fi/E 1) Shaping 3, Grid Al
Cathode HLH LA J& 14 A Shaping P AHAE 2 [A1@ 1L P4~ 500M KR ds F FHAHIE. AN H
BH2% E O PR AR AR 3R b, AR FH 2 B 1b 38 Ak W 17 38 R 88 & Shaping 36 3%
BRFAEH. Shaping BER 2 TPC W HEIZEMIYS) U,

TESRIIEATHS, Anode Fl Grid BB/ A8 BB i i, ORI AL B2
H 7 VR R T R A S2 5 S g, Cathode MR E — & T Grid HLAR K 11t
S, FHSRARE A IR (K B 3. Screening B B NHEH, TR 47 55
PMT F5%14$ H 5% Cathode AR =1 I [ FE
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Top: 143 R8520 PMTs

37 R11410 PMTs Teflon reflector

B 3-5: PandaX-Ia TPC &t
Figure 3-5: TPC design of PandaX-Ia.

=N ~FIR I TPC 58907 DLA U3 R REERCR, FRIRIRII R BE. XS
TIRELN 10GeV FIREYIFR TS, MR KRR R A 10keV £, &
L= A I TR RN B SRR /N B IR A IR A B AT DR TR 28 % B A 4
B2 R RIS R PRI R GE . R, R ER R, IR T =
1 100 GeV /c? L L, 538 i@ 5t (Al 18 4 1 /e H BTS2 50 i R B DL R RIRIER
HATE KA RN RIS RS, PandaX-Ib {H2&7E PandaX-Ia HFLAH 1
I TPC mi (K 3-6), B e A ZERM i E. FATH PandaX-Ta M1 PandaX-Ib ]
TPC Wit ZHa g5k 3-1.

3.21.1 EBIRAYER

MR —EAIRER AR, 8 T IR AR MR R 2 PR R 5 TPC Xt S1 15
TR EERCR ARG ER N B RE, AT FE 224209 0.2mm.  [8] FE0Y Smm (1) RERHE
(B 3-7 () 1EN Anode, % FLBR il 15 23 ] ARGE FATT A9 R BRI i) T2
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B 3-6: PandaX-Ia 7 %% £ PandaX-Ib.
Figure 3-6: Upgrade PandaX-Ia to PandaX-Ib.

% 3-1: PandaX-1 TPC M&5Z 4. H bl & (target mass) A TPC R X [FHR TR
B, AU E (fiducial mass) T BEPEHG] 7347 8 TPC HhG XK IR T &
PandaX-I PandaX-Ia PandaX-Ib

TPC NA% (cm) 60 60

TPC Wi (cm) 15 60

HARE (target mass) (kg) 120 500

HR & (fiducial mass) (kg) 25 300

Cathode 1 Screening HE#K 2 ] FE & (cm) 5 5

TG A AN B 2R 143 4~/ R8520 | 143 4/ R8520
JEHB Ot B A 2R 374~/ R11410 | 37 4/ R11410

TR RN, FATE SHIE 7224875 0.2mm. [HEEY 5Smm K220 Ak (B 3-7
(/c))1E Grid. Cathode A Screening.

3.2.1.2 PMT#HGE

PandaX-I TF#AE SR PMT fi @& 3-8, PMT @25 046, THEHAI
[ PMT FrE 5 (1 B A2 (63cm) B KT TPC BN AR (60cm), ZWITHIH PR T Hm
TPC IAZHEHIN (z, y) MEDHEREST, FHIN (2, v) M E H S2 {55 ETE PMT B
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B 3-7: A: 2REM, AFRAEZEH 60cm. &: FRKREH, AIRAEZEH 60cm.
Figure 3-7: Left: Wires electrode, inner diameter of outer ring is 60cm. Right: Mesh electrode,
inner diameter of outer ring is 60cm.

B 3-8: & : TA3F 143 /> R8520 PMT #94: BE 5 Mo #: J&IR 37 /> R11410 PMT #94% & 2 o
Figure 3-8: Left: Arrangement of 143 R8520 top PMTs. Right: Arrangement of 37 R11410
bottom PMTs.

HI ) 73 AT RGE o

3.2.2 PandaX-la TPC FHAM &E
3.2.2.1 HREMEMAFF

— Mk, IR 2 6 R A BE (Light Collection Efficiency, LCE)2$8 S1 55
HIRIERCE. B CNFTH PMT Fracf 81 S1 45506 580 H e b pir = A= 1Y
SUES T8 E M E. LCE YoE R IIEE 1 B RE, XI5 & 1P 5 2RIt A
HE, TPC M4HHE G LCE MK/ R LS5
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B 3-9: { A Geant4 ¥l 3t PandaX-Ia TPC #47 £ K F A
Figure 3-9: Light simulation of PandaX-Ia TPC by Geant4 [%) .

BT BRI (Aaps)o EARIBILU e B B BN BROE 2 Z I, HR0W

FR 2% 50 (B0 S A ZK) 2 RO — T8 HIMRL. Agps BR300 HH K 28 BT 1 25
100ppb FI7K 2% % R R4 40cm I Agps o PABEHEST, 01 5 REH0 R P I 7K 2%
F & &R 1ppb &R, A Aaps ATIE 10ms.

- H B E (Rocatt)e Rocare FIR/NKEFEME T 2135 PMT A & B A2 10K

o

. TPC _E Teflon M EHEBR T HIGSRETZ (Ryep)e  Ryep B Teflon K HIGHE

B, KEEEN 83% - 95% 19, R ir LUX SZi6 20 38 o ot bb i & A 1% A1 Monte
Carlo HA 45 153w Fr s F i Teflon #BHSUET RN 100%, WTOERIL R E N
11m 7,

R AIEIEL 2 (Thrans).  PandaX-Ta ZZRATRCR AR Tpans 739309 96% AN
92%.

XY ZHH PandaX-Ta TPC ) J U Z5 ) #4 5 N\ Geant4 ¥ 2P+ LCE 1)
o K 3-9 2% PandaX-Ia TPC BT Y R AL R,

T Aapss Rrep F Roeare 7P E A 5my 95% H 40em B,  PandaX-Ta £ 205 &
LCE BME N 46.3% (K 3-10 ) AT TR AFR LK TR, FA/E LCE
FHG Naps 1 Ryep FOSE B 23590 6 B M [5m, 10m] A1 [80%, 100%),  Racanr BB N
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B 3-10: Aapss Rrep #2 Ryeqre 2 A1Z E A 5m. 95% #= 40cm B, PandaX-Ia TPC #96K & s %
B R, H#REBEFTHERA kg AXAE, AREZEMA LR,

Figure 3-10: The S1 light collection effciency at different positions in the PandaX-lIa TPC for
a 5m absorption length and 95% Teflon reectivity. The distribution of LCE in the central 25kg
fducial mass, indicated by the thick lines on the left fgure, is shown on the right figure.
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A 3-11: RARRAABKFE K F R LRHFET, TPC ¥ 25-kg A R Z ik i M 69 XK FE K
F, A MIAXCEHEIGAREZLFE, F: KFLCEEIGAREZEFE,

Figure 3-11: The LCE in the central 25-kg fiducial mass for the stage-Ia TPC with different
absorption lengths and Teflon reflectivities. Left: LCE of the top PMT array. Right: LCE of
the bottom PMT array.
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40cm, 13t PandaX-Ta FIOERERETHE MK 3-11. MWEH LA H, BT
WIH ) A SORHE R, 46K LCE HJIRHDG A DTmke  H TOAN IS8 H 8 P o ik
i) LCE 5Bl 4375 [3.1%, 7.6%) F1 [18.8%, 50.8%], &I REAERCRILE N [21.9%,
58.4%].

NT 5 HAL SIS LR, AT B LCE AL RN S E 45 E BB i 4 F T
(7= (Light yield, L,). L, & SCHRBBIERG T 1B BE R AE AT PMT A fT=
A ETRH B (pe/keV..), TR (3:1) . ML, KEZEKAMH 122keV
(Co-57) N5 2500 L, 1E % H.

_ 1keVee

y W x LOE x QEeff X {gf. (31)
ph

L

FEHFER, Wy A 15.6eVEL, 1 kV/em KIER HE I 5L FMH R 7 ¢ N
50% 7. PMT W) QE EH i T4 30% M2, (BRI FA 2 5-11% 3 hn 091,
FTARATST AT PMT BL—A~T31H 33%. M PMT YRR IS — BT &6 — A4
FEH TR RCR A F,  R1140 PMT F1 R8520 PMT [ Hi FUSEE R 43 il 85% FiI
70% M. FEH] FiR PMT BMERT, AT R1140 PMT #1 R8520 PMT i) QE.f 47
e N 31% A 25%. JEId LCE FIBLHEE WA G2 (3-1) X L, AT M. w415
#| PandaX-Ia 7£ 1 kV /em HIEBHIA T L, JEHEN [3.3,5.7] pe/keVeeo

3.2.2.2 (IESHPEER

HErAIRZ HiETH THEE0 (v, v) M EEEZE, 40 minimum y% support vector
machine (SVN). AN L& M %% (artificial neural network [ANN]) M40 5 RAUSA At 11
7% (maximum likelihood) Fl#% /N 3% (least squares methods) ') %5, FHHIH] 2 ff
B AR R N R R E . 0 TR RATH 2R EE ST S2 IRAME 5,
S1 A1 S2 2 [A] f) I [] 22 58 2 F, 1 AE VBT T O ER RS IS (). AE X SRS st rh, LT
W E A AR T R, I AR B B N RS A, AR YR B
AL IS T R0 R 52 5 P o SR A5 B AR VR R AR 2 AL TR S 1 = 4E A7
IR 068 A T HE R I ) o A a2 5481 B ) A B ) R

BT PMT BN B At LLUs, ah— kg TPC A E 7 #ae IS H
AR TS PMT F1 S2 55 Z I REES (K] 3-12). A1 PandaX-1a [f] TPC 4544
AT S2 {5 5L, Wik ANN FyEHT (v, ) B EE, Fmahe 7 IE PMT 3%
BEE AT Anode HIAR 2 TAJER B8 )R/, AR 8% AT AR f IR
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B 3-12: T3 PMT 3535 = Anode ®AAZ ] 4936 % .
Figure 3-12: Distance between Top PMT window and Anode electrode.

ANN FAEIUAAH L AW =T 70 SR R JE it b % e ) — e 01 N I 45 49 K £5 B Ak
BHLR M2 R S8, B RA RIS DIREAHERLRE /7. 8 A2 05 300 P AR R AAR
MEEHAT (2, y) MEEEKFRED N =

1. ] Geand FEFPHAKEHGIN S2 /55, LR PMT FE3IXS &4 F 4] S2
15T 1 SN A ZRFEAR

2. RIFEAT ANN REf@ it AT %R, JF HAE RN 2%,

3. BT PMT BEZIRA BRI S2 15 5 W SN TN b — 28 A2 B o 255
FHZFEON (2, y) MLE.

IATE SE I BT PMT 3% 55 8 A1 Anode A% 2 1] (Y FE 25 4 25mm ) TPC 45y
HEAT L, IR Fn B, BT, Teflon #BHAD S8R MR A B A ST K
JEE RV R D MR AT K BE 4 il % BN 95%. 40cm AT 5me BN FHFI AR S2 55
(11567 %N 3000 4~. BN 400,000 A =451 FH T #2224 1 2k, 10,000 4> =451
TG I 2 A R 3-13 NEEF G FH M E A6, WLLEH, B5 SN
HA R o g A B T PMT BIIE R T FATE AL E BE@EMAXIREN
V (@ recon = )2+ (Yreeon — y)% HH (2, y) HHB LR KERLE,  (Trecons Yrecon)
WA E R G EIE. £ ERERT, (v, y) A7 & E#EML0 R Z A E
5.4mm (B 3-14 ).
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Figure 3-13: Left: The position distribution of the simulated events. Right: The position
distribution of the simulated events after position reconstruction by ANN algorithm.
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Figure 3-14: Absolute error of the position reconstruction.
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Figure 3-15: Position reconstruction results from different distance between top PMT window
and anode electrode.

I BB TR PMT 335 5 A Anode HUBR . [RIFRTEE B, o 43 i 0 A 400 IR 4 (1)
HOPECHAT IS E R, [RERLANREWNE 3-15. HILnE, 4PE 2 EEE
BB [25mm, 30mm] B, PRSI E PR E. PandaX-Ia TPC T3 PMT
P HA % A Anode HAK Z (B BE B B N 25mm.

3.3 PandaX-la &R

HAf, PandaX-Ta IEFEHIRZ F. & 3-16 AHNM2RB T4 Cs-137 YK
L1 S1&S2 eI, Ry his i i WIRIIE S Grid Hfk, M=4E S2 /55 X Ik g
KE, HEIE Anode KA I EE R &, bl S2 g5 —R1IE,  PandaX-Ia
A YL 2013 F4F R IAT IE R P A8 2 b e A EL B Bk 4. 2T R TR B s o6 e
BTPC 251, FATHIE PandaX-Ta BE/RPN H 5T G+ 3O W R ERE YR — /N &

W



=% PandaX KR =

2000

1500 52

N

,, L

1000

Amplitude[mV]

o
3

1 I 1
0 500 1000 1500 2000 2500 3000 3500 4000
Time[10ns]

A 3-16: PandaX-Ta K& AT B BT R 5 895
Figure 3-16: Waveform in the test running of PandaX-Ia.
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4.1 R4

BENBEZZ LR, FEREE RN A BRI, SCRA A BIE F; DAEEREY)
JRERMT T “ L5538 TROR, PHARVERE B AN LR IEAEPOZH . LK,
TEARAE BRI 7 17034 A2 [R] BRI 7 1) #8328 G R W N 36 L A AE 48 T Wi 40 S A s
2P HIIA% 1o B BRI 5 2 h L A AR BAR IR AE R 2 S 4 T K2l »
i1y L LR IS 7 SR BEERE . AR SCEU ) T Y R a0 4 R & AR, E 2
FELLN JUAN IS THEAT 1 4B B 7 -

L it T — BB GIRIN RS, R TZERSA R 1 BT[R5 i
FERER PR 1.60%(662keV, 0.5kV /cm ¥EFS 7)), %45 RIUR T 1EZ 45N
% H [E] I AT I B A Xe-136 T H 5 R DU 32 AR BRI () T A7 14 R4 B
SEIGRETE B, BRI BRI #% B H bR SR T PR T SRR, IR ZK
RISEIG R A A B 1 HESh = e

2. B AL AN S8 1 T B AN R R s AR AT T TT, A5 T 22 TR A H R A
EHH RN B A S, N PandaX TPC B IIHT RS2 AL T 9286 S B B
WIS, RN, 400 7 BRI ERN ARG 5 R, SRR 4
PEREIIHIE 5T FEHE 70 A TAERR &R T 8 A K.

3. X PandaX SEEGHIENL. FEACR G EIEM T M/ H. X PandaX-Ta TPC [
TRHAPEREML T VRN RIRTEFT, IF HAH AN T MK 7€ 1 PandaX TPC
W Anode HE B AT TR G HLAE 2 JB] O B 5

42 RRE

4.2.1 PandaX-I SCI&THHA

7 A 2R ) 5 R s ) AR JEROR: 1 A 3 PR U A A (O RS B4, PMT AW
PMT Base. WM. BRlliRSE P A WHEFIL N PMT A #E



HE K5 REH

% 4-1: PandaX-1 5 & & (fiducial mass)H+ 5-15 keV,, BeE XA, T PHERR
N 99.75% I BEUR BT RP AR B H . AL events/year.  BEAT A AL,
AR AN PN E R TR M A XENON100 SES6 2 AR I A8 M o A ISR I 4% A i )
i SRL4SE RAEXT PandaX Frafebd B A TEC VEBEAT AR 16 0 2 Jo o HEAT SRR

stage PandaX-Ia | PandaX-Ib
fiducial mass 25 kg 300 kg
top PMTs 0.4 0.56
bottom PMTs <0.8 <0.06
inner vessel 1.8 <1.22
Total from PMTs and inner vessel <3.3 <1.84
Total assumed (x2 above) <6.6 <3.7

FRCR 1 32 S RN B8 AT N AR B e I X I P 43 A R 1 B T B
RAF Al TE PandaX-T A3 205 & N & HIA R FBIENEE 4-1 . 75202 AR
SE T BRI 28 A5 40 0 A B 52 ma A T PMT AN, @EmfE 2 5T PMT M
P T 3 RS A SIS H RA TH S AR IR S . SE RS A OB SR R AR BT AR
B I B e RS AT OB RS S2/S1 X L AR B HERR # (Electron Recoil
Rejection, ER Rejection) 4 99.75%, #% #1147 % (Nuclear Recoil Acceptance,
NR Acceptance) A 35%, HR#fE Hi& %A PandaX-Ta Al PandaX-Ib 4 %5 & A ]
AIEEESHET 6.6 events/25-kg/year Fl 3.7 events/300-kg/year.

fRERM AN S1AE 5 HRMEN 3 N HHE T (photoelectrons, pe), 7E1%BE LA L
10 keV,, BEX PIRHE R 4 2 FSHGHE PandaX-1 I RBUE LA 4-1, P
AR T Ly, HAE € P i 51 kS A 48 D 45 B 24 RS AN e P T 5 R 0% it 2k
I, BRI ) o F) o 3 R D R T ) 3 B ek R R 2 e 73l T 0.3
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% 4-2: TH5 PandaX-1 RBUE &P H %24

stage PandaX-Ia PandaX-Ib
Light Yield(pe/keV,.) 3.3-5.7 1.7-44
S1 Window (pe) 3to[3+ L, *10keV,.| | 3 to [3 + L, * 10keV,]

ER Rejection 99.75% 99.75%
NR Acceptance 35% 35%
Fiducial Mass (Kg) 25 300
Time (live-day) 100 365
Estimated Background Events <1.8 < 3.7

10% T .
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A 4-1: PandaX-Ia A= PandaX-Ib % A& 4T 100 X A= 1 F 69 R HOE ¥ & (90% E 13 ). PandaX-Ia
A= PandaX-Ib 9 & & F 45 AE T 1.8 42 3.7,

Figure 4-1: Expected sensitivity for PandaX-Ia with 100 live-days of operation, and PandaX-Ib
with one live-year of operation. The numbers of background events in these periods are less than
1.8 for PandaX-Ia and 3.7 for PandaX-Ib.

107




HE K5 REH

4.2.2 MR RIAEY BRI SF 2L

N T RE WIMP B S 502%E], XENONITE @46 17 —R
el 2% Y0 AR I 3% B BE A 3, PandaX SO 2H 1 RI7E 55— S8 AR R0 2%
PR, N7 RRFIRIEE 06 R AR R H kD> Hy 5l 2% S50 20 R % A
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Fh PMT FC & (K 4-2)) TPC BH4T TALGTEL, WFRECE T Bk TPC TS ATiE PMT
FKIAFES, ETFWE PMT (I E. TPCE ML E T 52 & A F.

1. config.1: T0#B 151 /> 3inch-R11410-PMT, J&#B 121 /) 3inch-R11410-PMT,

2. config.2: TA#E 151 4™ 1inch-R8520-PMT, J&# 121 4™ 3inch-R11410-PMT.

R R, BT WOCEN B BEREE /1, WGRAER I &% R X e B AR
U5 pp KBHHHT, H RS PMT, AN BRI R AC R IR 2% A4 T FRAT DT HR DN 2% 3k
177 BB, B RX P ECE T AR S 0 R EE 2R 4-3 . SRERREL
[A) B X 35k 9 Teflon AR 2R, TGRS R HORT PMT J58CH Pl & % 22 P 51 S B AN
Wi, EREBW, EXHMECE T, WRNSIEFISITHE, R 1.4 WA 8UR
&, X 100GeV/c* WIMP Ki1 REJZE AL F] 2(3) x 10747 cm? (SR (HELR)). £
DA R 5 B K R 362 Teflon MR ST 3FI A A . O T RE4DL B o 4m E ) A
9, FE TPC g5, MREMER. BT R R EGIEE. A8 = ENRNZE
REASHEARNRFT JINST 2 ERRSCP . 3inch-PMT t linch-PMT 5t JLF3%
TG, MTTLIRARIAEEE, BE linch-PMT T TPC F 7 —FRIT#)22ik,
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B 4-2: vk AR RN B AL, (£)config.l: AR5 A% 151 4 R11410-
PMT #= 121 /> R11410-PMT, E77 B A A3 PMT # Bo (% )config.2: TEF A= J& 34 ALt
151 4~ R8520-PMT #= 121 /> R11410-PMT, 7 B A A3 PMT # A

Figure 4-2: The conceptual design drawings of the two configurations for a ton-scale LXe detec-
tor. (Left) config.1: TPC structure with 151 R11410 PMTs on the top and 121 R11410 PMTs
on the bottom. The figure above shows the arrangement of the 151 top R11410 PMTs. (Right)
config.2: TPC structure with 151 R8520 PMTs on the top and 121 R11410 PMTs on the bottom.
The figure below shows the arrangement of the 151 top R8520 PMTs. In addition to the PTFE
reflectors on the side, there are PTFE reflectors in between the PMTs on both the top and the
bottom arrays.
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mER®R,

Figure 4-3: Projected spin-independent WIMP sensitivity for config.1 and config.2 with 90%
confidence level for a 1.4ton x 2live — years exposure. For comparison, the latest result of
XENON100 9 is also shown, together with the region preferred by the constrained minimal
supersymmetric models (CMSSM) [7).
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JBURPEAR SR L 5, B AT AE =y R B AR W B D5 T A T2 A N e AR A A R 0
% MicroMegas(Micro-Mesh Gaseous Structre)s GEM(Gas Electron Multiplier)#/l
THGEM(thick GEM) 5. 3ATTH 32 3] 1 of B RO A WE A B8 Y HGE iR M-
ciromegas FRI &% A i BEFT AT A B THGEM #8852 T A TIEAE AT PandaX S
6, AT BT PO PN [ AT 1 WAL

1. Micromegas B&753 &t A& B4 N H T P9 AH B i SE 56
2. BETR A Micromegas + THGEM il {F A B A >k B ACHILAE 5 3 48 F R0 He

.
B

FEW A BV S5, H AT SR BIAE 5 300 07 2O 8 G i S (PMT) ke
e S1H1 S2 5 5. 1H2, PMT 8w KU 1 O & BN 12 98 B I P ot 4% I s v i 2
THIARCKIE, 1M H PMT B 8551, M B2 iz SLI kg, HEZ T,
Micromegas il 11 BCA R BAR, 10 Ho0S ) E A0 BE Bk 5 B S s i RE 1, AT EA
W R PR R 25 A B 25 52060 A7 SR AR K. [FIEF, AT PMT AH b Micromegas B A &#
KA R BE AV EE S I Re 40 F %, B8 36N 100 B Micromegas 18 o] #8021 10keV #% S
MR AR LA T BRI FE AR I AR DU AN R R ) L, (D[R] I R
M Xe-136 Jo A 7 DG AR AL 1 al BE.  FRATTR #AJE IR I Micromegas 7& 1 £ 3
atm I RS AT TR, 1% Micromegas A PLERIN 3 8keV K BEAN 5 5 28,
XJ 5.49 MeV i o Ki ¥, & Al 200, 73 HFFE AT 5%(FWHM). 145 5 E 21
microbulk Micromegas ') fI0 45 S 22, FRATH 2@ i ol B4 1 Micromesh Al
AR LT T XA R — IR L . S T B IBE Micromegas FAK i)
R AW I /] 2% AR N KK T IEEE TNS KRS Pl N —B3RA 14
1% Mciromegas 7F W AH BUTAR I # H IPET,  Micromegas A8 3 fEAKELIABE T Kt
AR TR, 2&EBEA A RIE Micromegas i HLF 35 3 [X 45 ) 0K 2 3R AT R —
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SR HE Pl (gaseous photomultipliers, GPMT) M| i i+ J LA SRR TR I 25
T A A=A GPMT A H §i - 588 106 R BA RIFER DhRe, (HHI/E A
AT UARRARIR 20 H TAR R B2 A CsI AR G IRk R4 0 v fill 3 A i = AE D615
T, CsI GBI 2 4> MPGD UK, 5/ B T 221 45 15
He FHEHIRATE A Micromegas + THGEM #E17 GPMT &l F#) 25 45 R,
B T SR A B Ne/CF4 (95:5).

A.1 Micromegas £ Neon/CF4 (95:5) B4 R
A.1.1 Micromegas & 2255

1% Micromegas FE K9 K B (17-19 N /em) ANES N 22 ] 1 JiE] B #8015 BB s
£ PCB BRI AR, R I SR FACKE 2 RS AR BE I #4422 100-120°C B, 2 T Z0AR X i
HL, Micromegas F&ZHNFE A-1. A1 A NHIESE ) Micromegas. /2 AN
AR A 225 M. FEAS5H 3 R Peek M EHF+ M 2EE — DN E R SR H,
Miromegas fll Cathode Hi A 8] F Teflon K& I (B A-1 (£))s Cathode B N—
PEAR 7Tmm, L Imm FIANEEANNR, AR T AIF — 1mm BARIAL, Febb ZdT
FLIETT7. EMRHT, AT B 2 107 mbar, 85 78 Neon/CF4 (95:5)
REUR FATAIAE 1-3atm (FR) FEEAT Tllate Iy, FRATE I Ak b 223t
175 & Feedthrough X Cathode HELH AT Micromesh fiti il ¥ & K.  Miromegas ] PCB
MR ) B 5 5 & B T R BURCR AR (142AH,  Ortec) F 3= UK #% (855, Ortec) JBUKR
¥ G e a B MCA (Multi Channel Analyzer) 32 H .

% A-1: Micomegas &S

28 )
Diameter of Micromesh wire 22um
Thickness of Micromesh wire 42um
Optical transparency of Miromesh 50%
Active area 30mm x 30mm
Avalanche gap w 120pum
Drift gap 24mm




Bfse A RS H ASRII 25T 7T

Teflon spacer

Preamplifier/\
Micromegas

Cathode

B A-1: A: Micromegas M XZ KM, &: #IEKIE Micromegas 8 5 .
Figure A-1: Left: A schematic view of the Mciromegas measurement setup. Right: a photo of
the thermo-bond Micromegas.

A1.2 MRER

A2 N Fe55 Y (5.9keV)#E Micrmesh F1 Cathode ¥ & 4374 -400V A1 -706V Hf
RReis, = E RN 6%. 1 IER X (Cathode HLHR AT Micromesh 2
[8]) 2 5 3 X (Micromegas [ Micromesh F1 PCB 2 [8]) 1132 i 226 2 52 - i ke 4R
M. BATE E Micromesh HEFHN T, SCRERXIEEY, £ 2atm 1 3atm
AR TP IE R T TR (B A-3), REASE E,/E, N 120 AR R
FEIL R, FEX Micromegas ¥ 233 HEAT M &R, FATCE, /B, &3 E N 120, FFH%
HE100% 1 320 Feok vt S 25 K/

SRS 5 0E N Micromegas ¢ ZWCER I HL 20 H I EH T+ Febb Y57 A 1 IR 4]
T30 H B HE, IRE SR W E A 36eV Bl FATE A ik & A= 45 (PB-5,
BNC)XEEER T2 AHAT TREEN E, RAMREAFRTE TG mEE A4
, XTNBEE RN A5 latm W JE A RO E R AR MET K, B PG o
PR R 2R 2, M2, 1-3atm YU FH 1% Micromegas YR8 2 10* i) 441
s AT EIE L SO Micromegas (i 1Rt — P m o #E%, R, TPC K
R AE T 3 HERE I — N R, @i N Shaping ring R34 i1 15 X
RIS AT $E 5 Micromegas B 73 HE %K.
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B A-2: Feb5 iR 4& latm Ne/CF4 (95:5) 4 AR T 6958, Cathode #= Micromesh 4 Al3% & A4
-400V #= -706 V.

Figure A—2: An example of Feb5 spectrum in latm Ne/CF4 (95:5) gas mixtures. The voltages
on Micromesh and cathode was -400V and -706V respectively.
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B A-3: Feb5 k&9 MCA %141 E,/E, 89 % 4. V,, # Micromesh L% £ 4y i €24, E, #= E,
Al AT E R K Fe e F IR KA 5% .

Figure A-3: Dependence of Feb5 gamma peak with electric field ratio E,/E,. V,, is the voltage
applied on the Micromesh. E, and E; stand for the electric field in the avalanche and drift gaps
respectively.
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Figure A—4: The measured gas gain as a function of voltage on the Micromesh.
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B A-5: Feb5 R &5 #F F £ B AR T K Micromesh £ # /% 6 T AL,
Figure A-5: The energy resolution for Feb5 source as a function of voltage on the Micromesh in
different pressure.

A.2  Micromegas + THGEM £ Neon/CF4 (95:5) BV MR
A.2.1 Micromegas + THGEM & & 45#4

FA1E F B R3H BL Micromegas A1 RE AT THGEM K#E4T#) 4 1) GPMT
W, mREATHEHI A THGEM #%Z8nR A2, B A-6 (4) A TR A B8 H
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% A-2: THGEM [A%& SR~

25 FAL mm
Thickness 0.4
Diameter of hole 0.3
Space between holes 0.7
Rim of hole 0.1
ID of the outer ring 57
OD of the outer ring 77

Teflon spacer

Preamplifier,
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> Micromesh
> THGEM
Cathode

A
Fe 55 (5.9keV)

B A-6: A: Micromegas + THGEM MiX%< ¥ 4., %&: THGEM B A,
Figure A-6: Left: A schematic view of Micromegas + THGEM measurement setup. Right: a
photo of the THGEM.
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TOASFEI SR e 2T XKk B /E GPMT B 5 Mt e %5 R, FRATAALE latm (F
i) RS T 12EAT 1 e

A22 MIRER

K A7 A Feb5 JEALE Micromegas +THGEM A1, §i M A6 A 5.9keV 1l
L2k 78k THGEM J5 78 THGEM A1 Micromegas Z [8] Fr = A 45 )45 =, ok &
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B A-T: Febb R & latm Ne/CF4 (95:5) & AR F 89 it 3%, Micromesh, THGEM E % @,
THGEM T % @ 4= Cathode % A1i% & 4 -400V. -500V. -850V #= -1100V,

Figure A-7: An example of Feb5 spectrum in latm Ne/CF4 (95:5) gas mixtures. Voltage on
Micromesh, upper surface of THGEM, lower surface of THGEM and Cathode was -400V, -500V,
-850V and 1100V respectively.

PIX 5 5 R & id Micromegas — AR 28 IR, 71 f5 WEEAE 1) BLAE BRI % L 1%
BN THGEM i 25. 7 Mk Micromegas + THGEM PR, AT R 52
W F AT 5T, B A-8 4 Micromegas +THGEM F#8 25 #h £k, M B, Jy 7iE#
X (THGEM T M Cathode Z [A])H137, Vi, A Micromesh FIXERHEE, AV
N THCGEM b R AT s E R E 2, DU E A A 25 1 il il 2 < 10% %
R =T Duval B 28 NTEFH RS AR A i (1.1bar, flow-mode) N | = )2 MPGD K1)
MEf. MNBEEDHFRREE A9), F B, BN o8 RL %, X2HEFrTE
THGEM H 3 R AR SRR, FRAT s A A o e % B R 2 B 25 B (1 4y
P, IR B A AR .
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Figure A-8: The measured gas gain as a function of voltage on THGEM with different drift field
and voltage on Micromesh.
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B A-9: Feb5 /R 9% #F % £ 7 F] Micromesh /& fi2 45 X & 3% T [ THGEM & /& 89 £ 1L,
Figure A—9: The energy resolution for Feb55 source as a function of voltage on THGEM with
different drift field and voltage on Micromesh.
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