HE

i &

Micromegas (MICRO MEsh GAseous Structure) £ _E# 48K h+ER T HI7E
£ E Saclay KEH—MAAER2E. Micromegas £ —FFATHR R LM S4E
B BEBXMBRK UL BR=55 85, ALRIEEBRARAX
FaF, BEBX—M&H 3~10mm, HWAXKN 100um EF. RETHFE(~
10°mm?s"), RFHZESPENURBIFRTIRRIEL, # Micromegas £
RE X S&KUNEEFTERAFRERNRS. BEWER, HTHIAKXE
B, HFIVAER, SMEER. B 2NATRFYETR, ik FREirE
B, BRI E(TPC). FTR X HEREE.

LB X B SRH B S A2 Micromegas FIEREREHIR, ABANHFHERBET
HAMASRHR: ZEWEERRLREHMR.

RANIKA Maxwell 3D BHWHHEKHE Gafield BUKHFHEE, X
Micromegas WHE M EHATEMIFR, FEMTUUFJLFEIIE: & Maxwell =
FERPEUTAT, BRXAREEENRALNNERE, ZREERELR
Wiz, FREUERELREMMNE. IR TRBEBEE, FHASHGERY
L5468 8. £ Argon90%+Hsobutanel 0% KR &S AP, EBARHEEH-510V,
THRBER-40V, NEETHAFEMPTESHN 180um. FHXHEG
SEALEEZHRLN E, BHFEANKBERE FEEZLEEITEHRL
M, LRI, BT Micromegas B B FIHEEE . BRATH FiBid RAER
FEMATEHXEEBXEFILBFEIRNEMN. 42424 20um-30um
#), T H K 5EBX 85K T 200 8, BF B EHAIFR BT % 50x50pm’
1 60x60pm” B TL M E H B RRL RS RENT LR LRGLBBD,
BFELEBA. Bk MC BRLRBE, ESREMRN 60~80um 1 i
MEEEIRAE, FrEl Micromegas % i X A B —fRIERL 50~100pm, 7EMTEE
BRI BR SR EXT A FASE RO W. i, TEUART BRNGES, &
NERESHAPEEHRYBEFEEBREBNESHXNEHBARE. B
i (8] 5 R AT REUBCR 836 Pspice {5 SENILEBR S LR R RMNELR B
4R, BETEMTIFTIEANERT Micromegas FIT/EFR I, XLl &4
Rk, SHRLNSE, BREHMMERRETEENSS.

BNETHLRNERM L, TREETAERATHX PRT Micromegas
MEETZ, £/ 500 BRYLREARMBZE ik, KALEZH 120um B4
EAEHXBEERT. SRS FHERMZE, XA 350 BELLMER
Micromegas EBR. LREPHATHAHIME, BFETR, SEHAERE
ENHESHE. EXRPERETHRAE, BIRTEBHROBE, BRTER
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EFEIR, 5ZEMERNERE B, EdRERATHRBEELRIER,
RABFESENIREZHBRFIMBELR, TENEWEERLSHXEES
KK Gtk METARIERLS P LEEIEENEAR B KL, RIY
Isobutane FLBIWL/DRE, BEERIGLLKIEN, BESENEVETFESHNKE
WZHED . BEARBESAEENNE, FARR T ESEENSTHE T
BN, BRI E T ARBE SRS T RERERE 5. BEARESER
A TEBREERUNEREMFEOIR, RAERSEAN, B TEBREE
BRBIK EERNIIENRVMETFHESHE, BESFREHARERE. 4
Isobutane ELHIRDE;, FEEBHLLAEM, EEXAGBEREK, BTEEX
NEREL, REERSHENTER SESX AR EEE K, Rtk
BRETRAMSNMEESHE. IPNATHAEBEENSHREAELEMN
Micromegas ¥ERE, XJ 5.9keV X HEZ2RIEH GRS PERET] 22%, ZR—FEF
MAMERFTE.

BalAfs#—PHAMEERNERS HXH9%HKE, Bulk Micromegas |
ELZHR, AUE X HEKABZRHHES, PIREAMBELANER
Micromegas, tgefatrik BIE AIMKFHE A, IEREBE=RFESEFLE
URBRTFREARFENA, REEENRUAEEFE. Micromegas HIH#)™
MM, BAE%. TYRHERGRE—FHFRE RN, BERIFHN
BERNE.

K& Micromegas; tEfE; 3D 8l LTH: Xtk
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ABSTRACT

ABSTRACT

Micromegas detector (MICRO MEsh GAseous Structure) is a gaseous detector
developed since 1990’s. Micromegas is a kind of plane-structure gas detector. It
consists of drift gap, amplification gap, and a thin mesh which separates the two
regions. The drift gap is 3mm~10mm, and the amplification gap is near 100um. It

shows high rate capability up to 10°mm™s’

, excellent spatial resolution and good
performance of radiation hardness, which make it a suitable candidate in
high-intensity X-ray detection and tomography. Its simple structure and low cost have
been adopted by many experiments in particle physics experiments, such as charged
particle localization, TPC, neutron or X-ray imaging.

The performance of Micromegas is studied by the 3D simulation and the
experiments carefully and particularly.

We combine the Maxwell field calculation software and Garfield to simulate the
performance of Micromegas in detail. The column model as the line of mesh is used
in the 3D model building for the first time, and the column model is more similar to
the mesh in the experiment than the cubic model. We calculate the electron drift
velocity, the diffusion coefficients and the Townsend coefficient change with the
electric field in different gas mixtures. In Argon90% + Isobutane10% gas mixture the
applied voltage of drift electrode mesh and amplification electrode mesh are -510V,
-490V, respectively, and near 180pm of the minimum of space resolution is got when
the diffusion effect is considered only. The electric field lines end on the mesh of
amplification electrode, and most ions produced in the avalanche process drift to the
mesh, and are absorbed by the mesh. So Micromegas shows high rate capability. The
electron collection efficiency changes with the electric field ratio of amplification gap
and drift gap. For the 20~30pum diameter mesh, the simulation result shows that the
electron collection efficiency rises up to the plateau when the ratio of amplification
gap and drift gap more than 200. And the electron collection efficiency can be larger
with smaller diameter mesh. The gain can get the maximum when the amplification
gap is 60~80pum. So the amplification gap is chosen in the range of 50~100pum usually.
The fluctuation of amplification gap would change the gain relatively little. The
amplitude of the signal is due to the electron movement. The signal after the
pre-amplifier Pspice simulation is consistent with the signal observed by the
oscillograph. We can understand the property of Micromegas by the simulation very

well. The results of simulations provide important information on the choice of the
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ABSTRACT

gas, mesh and the structure.

Based on the previous experiments, we summarize the facture technique of
Micromegas, whose amplification gap is separated by fish lines, and used the 500LPI
bias form mesh as amplification electrode, and 120um fish lines as the amplification
gap. The 350LPI tabby form mesh is chosen as the drift electrode. The performance of
Micromegas, such as the uniformity amplification gap, the electron collection
efficiency, the gain, energy resolution in different gas mixtures are measured and
studied. In the experiment we measure the electron collection efficiency with
changing the applied voltage of drift electrode and the constant voltage of
amplification electrode. By the result comparison of two groups with different mesh
voltage, we conclude that the change of the electron collection efficiency is
independent with the voltage of amplification electrode and is related to the electric
field ratio of amplification gap and drift gap, and the result is consistent with the
simulation. The change of the electron collection efficiency in different gas mixtures
shows the electron compound effect reduces with the decrease of Isobutane. We
calculate the percents of Argon atoms which participate in the Penning effect in Argon
and Isobutane gas mixtures. We find that the energy resolution of the maximum gain
is not the best resolution value, for the electron compound effect on low electric field.
When the Isobutane percent is decreased, the fluctuation of electron number is
weakened by the increasing of the electric field ratio of amplification gap and drift
gap, and the ratio plateau is prolonged and the energy resolution of the maximum gain
is improved. We measured the Micromegas using the hot stamping foils as the
amplification gap. The energy resolution of 5.9keV X-ray is better than 22%, and it is
a valuable new technique.

There is an important problem on the technique of improving the uniformity of
the amplification gap. The research of bulk technique should be studied to prepare for
the X-ray imaging experiment. It is expected to reach the international standards and
bring forth some new ideas for more application in the future experiments including
the third-generation synchronization radiation light source and the spallation neutron
source. With good time and space resolution, Micromegas can be widely applied in

medical engineering and industrial X-ray tomography.

Key words: Micromegas; performance; 3D simulation; experiment; comparison
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% 1 # Micromegas M4

¥ 1 E Micromegas 748

1.1 Micro Pattern Gas Detector & &

SHRUBABEOBEE, ERTHE GM T ESBFHRE, 1968 £
Georges Charpark KT ZLIELLE, FSGRUBRET EGENTh. BF
KA BESPRT, fRURER, RITHTFYESEHANEETRZ — i,
Charpark KB THNRYERE, WEHEHARNLTRANANTE, AL
BT EMBEFARFALEMAAERNE, FIWEBE, RAES. FNENHE
FFRA, v BRSUR.

M 1988 E Anton Ored & BARFHIH A AL MSGC LG, SAEMN
BERBHNT —ANFIEE . SFRRMHMR AR HES EI[1,2].

1.1.1 MSGC

MSGC (Micro Strip Gas Chamber) B—F{IERBSEENE, HITHEE
BEMUF MWPC. B1EBIR, FAREAMBARE=ABRAN, FHREELE
1.1, PARKSRRARE—NYEHL, AAZTEREBRBERERKR L. —K%
Z A LR A A 200pum. BARRSRHIERE R 0.5um, TEL K 100um, PHER%E
BELAR Tym. BHEEZ 300~600um FHHKBRAERE. EBHREH, B
B FEBIRRR—ARA 3~5mm. EBERMIL KV MHRBE, ERSHAEREZREEM
JLEREHEE,

4 X HEEEENTEZAERER, BTFEEBERNERTRMER
B, ERIEMREN, BTHRMPBERERBRRAD (~um) , HBHRE, 7]
& 40kV/iem, RTFAEMREERATH, EHEERENREETHNESF, &F
BIREREFR AT R AR, [, BEAMRIRDS, EBTHRRIEENR, 5
FRRY A Rk B AR AR, — MRSl , LRk P b 7B (8] <35ns, T REET At R B 4 60ns.
MSGC &) L% 8. FH, BIREVERRIRAD, REL+ um, FTRAIHEEEESIIR
H, TUBET 1°mm s 2h . EARRERAITANHFHLEEET, HEX
fE¥7E 10° Lk, EETXE 10%

ZABRMBHEREEEFTUTILEB]:

1. TABESER NSOGB RERIK. BREH. E’t%dﬁi
BOEERR G A FIRATEE RIS T T =40 & AR T B R ITE & R A B
th, FHEMEER, 7. WERRNEATIBERNBEREE XK.

2. TR EREMERARBEE, FEESKNEEERE.,

1



1 ¥ Micromegas f+ 48

3. REAKETHBETHABRMGEH, KRR R/ ERT
IR

=68
LiFS#

3 5an
EFBRKK
S Eai \Fﬁﬁ mii8 [AfgE200un

HEe J N\ | 100un 7un

=S
Wen
¢

B

=
e
¢

s
[=:]

B 1.1 MSGC &#z¥rEE

1.1.2 MGC

MGC (Micro Gap Chamber) & —F4E: Tl F B ART I HIHF NS, FARS
Btk i/ MERII A AR T, ERBMEM L, BTHRFNBRKNER, RE—
MK, ATURAR, B, BHESEEME, EXBRN LE-EESREER
A lpm, FEABAR, EXELRBE EEREEN 2~10pm %% %, £HEKR
E T PR-FAtRZ BEEER, REBHELLKX LEEH, BH 2~3um, {EAHFHR
%, CRREHASSL/NL pm, PRIRSZBEMEER A 200~300um, 7EPEESFHR
% 2~Smm K AT K. T RS BEAREK K R BR AT R AL ek T B4R
BT, AR 1A R 5 B AR R R BRI TR A T R B
FEAfEFESET, BREHBAKX.

-

=B HR

o FESRE  20ua

10um

eman

B 1.2 MGC £ S ¥ RER
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% 1 ¥ Micromegas /48

LRI M S ARG, BT KR RLIEER R - H
FERt 4 BEUH R LR BERE, RSB THAmETHREIRERZR. BT
MGC BAEL LS BEOLLR, HBHBRREEHNHRNE, Niit—F
RETHEMMR AR FRORERER. Eiks MSGC #its, BFREEDBR
Gt EMER, MGC W AR ERE AR 2% 4],

1.1.3 GEM

GEM (Gas Electron Multipliers) i3 X EHEH H%, GEM fii, GEM i
TJ7#) PCB ENRI BB R A . AMAHKEH, —H2ABRE, £E=F GEM
HRAR, RBRBHA, LB 1.3(). GEM ER—2 Kapton BEEAELME, N
B 1.3(b), %REEHEEHIRAEL N 5~15um BRRE. ZBEE ERLEMmZ)
FERERIRAZEFRERNGHA, BALKNERA 90pm, FLIEER 140~200pm,
A% LEFLAERAZ 120um [5].

GEM T{ERY, ZEEB HER. GEM L TF4HEH PCB ik i fidRk E4 3 E7
FfEE (BEKKAE) , BEEBREMAEE, PCB BB, HFE
FRXFLRYIAE, ERHEATETESE, M0 F#N GEM HILEE,
LRLEE L E—E i eRE, B THREEZEMERRAD, AHERBRA,
KEANFERIEE RN B, SR TEIXEHILN, EARRESH, 4K
BERETFEETY, BFERERKRGERTHERNTES, BE# PCB K

ED DRIFT

GEM 1 o e

GEMS rxm R T assRgessaes
CEM2 P aEE R s EEE

E| INDUCTION

B 1.3(2)=% GEM Rl L rER & 1.3(b) GEM RE S ERER



% 1 ¥ Micromegas /A

1.2 Micromegas 4544

Micromegas (MICRO MEsh GAseous Structure) #fll8% & 2K +E~
FHEEE Saclay REBER—FSAERNEE]. HEBX, EHRUERAFHX
MEHRRLMAR, TERTELE 14, EBXHMEZ/MT 1kViem, % X 4§t
KBFERTEEBX A= FEEE, B FEESRGMIER TS MRk
WNEB, FE2MAEFHNEHIX, B FRRMBHKENRER/N, RF 100pm
B, BB EERSETHRER B, AiA~100kV/em, B FETHK
FEEH, EERBMHERBNEES, SRR TFEIER,

conversion gap (~mm)

ceeeemeeeee_._..micromesh ___J) ___ Bt Hv2

amplification gap (“100um) EZT

B ] DT Tt L e e ewrers
\—ﬁ___l =

1.4 Micromegas Z#~ERH
1.3 Miromegas SI{ELE

Micromegas Kl T ZNBRFHERZLEHABAEHERAER, BRES
W7 B Br _EFAT B “bulk " AR X =4 Hr B :

BN T ZPEHRLNEANREEWMANEARGT], ZTEHTER
RE: ZHRREMEATENREZ MG ERE, FANMEELEE, TLA
FREMLM, TEF 3~5um, ZTEFEMBAR: BTLRMEXITIEE
i EBRE, FTURARE. A5 XKERHH, £,

PRI ZRERRALMAGHZING, RIRANREHRRITEF
RMRENA S HHALS]

MZEEFF LBFH Micromegas BAE BN T ER“bulk” TS, & T EH
Saclay 7 2006 SFEHHHIRT), FBEEFTELE 1.5, ZLEEERBER9):

L EEHEBKLER (PCB) Lk EXZIK, ZAZKRNEERET

Micromegas 5 i X [ /&) B .



% 1 & Micromegas A

2. RETFHEBLEBRALN,
3. £ EEFRE—-BEXZIK.
4. FRBERMSEREEREE, 28%. EREI1TRF, RETXHAN M
Fr —RETHERR 300pm EFHIEA 2mm.
5. BE¥Ei LEBR, BIW433|58E 1 Micromegas.
ZLZEA T RAKRANRALM, T HRALMAFRBHIMELE, B
B AWML, FreliEE Bt KERE Micromegas.

ooper
Base Materhl T, e

R4
Lawnation of vacret [T e

Posttioning of Mesh

Encapsudation of
Mesh

ontact to anode plane
/'__,,.-//-—-:cpocm

I ey e |

TG RaliI

Developnent of
Contacts ond Spoacers

B 1.5 #4E Micromegas f“bulk” T %

1.4 Micromegas T4 864K &,

Micromegas FIfE M3 F

0 REMHE, THEMIEMBIHLSMiLE 1.6 FrR[10], 75 HiIREFf>
ENBTFHERGAREHRLNEE, BFTURRNBICER. K&, X
BERT AR B> 2 R 4R A E] 10° mmPs.

o BEFHIZTR S, FRAREEET BRENSANESKEITURBMKES
{4}, Micromegas K% 84} ¥ o] 4F F 100um.

o MiER, MAERE.
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PE T
CONVERSION GAP (3mm) "1 T 1" i ad i B P S
Enp 1-5KViem

AT P

_MeshPitechsopm | | 1 1. }_-
S0pn

-4

bl ]

B

S
O st Adereet N
Secepnroe, 4 Y
Boroasteiss
1 Al
b 44—t
S )
=T ¢ 7
- > - ,
= D

37

T

=
Erns

L
2t LT

Eotsaaseisizory
iR

A EIEELY
[{HA: E!L‘ 1

ifiebip iy daliog it
AMPLIFICATION GAP (100pm)
Eampliﬁmﬁon 30-50KV/cm

FRRE e
:1: A AT AL AL
. ; Hr ft d
IR
RO ge i iithahMdelcighdli o Lisdiils s
bR A At S g A o eileg T gt

1.6 Micromegas H 174k f1“Im 314

& 1.1 frh EFR_E Micromegas B8 14 863645 :

% 1.1 Micromegas f#¢fatn

Z R PR 12pum (rms)[11]
B ) 4 4 0.2ns(rms)[12]
BEEDHIE (5.9%keV) 11%(FWHM)[13]
15 S8 LT TE) <1ns[10]
{51t (MLLP) >100[14]

IEZ Micromegas RN LR, FHETENATERYBIR(E
COMPASS 5246 942 7545 Ml ,n_TOF,NA48,TESLA)[15], 7C 0 & 58 4 3 (CAST,
HELLZ), A R BE 2 M F (X-5 2 %)«
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% 2 E Micromegas B9 3D 454l
2.13D fRBIE T

2.1.1 Maxwell #&EN

Maxwell & B Ansoft 2 BIHER B FiHE =4 BBGR VIR R K HH4F A
REFROAFFE, FEFNKBENT2HAR, BAMEAESE. T UM
AT, RN ALERN EEA BRERM RS, BEIENL. 8. TES.
LESHEBAOBAEE. T EERRE. KBRS, EAETHERN.
71, HIE. B, g H(16].

Maxwell & Al BERFRICE, &FER LRI AR Z W ERTI.
BHERAMR, FRGESRE. BRTFENTERSERRTH SR
NGERTHAA, BABEEESTEREEE.

212 BRTAZX

H RITT7 iR AR 4 IR BRI A B R ZE R i —Fh ot 807 3%, TR
SERI AR 2 IR BT B B SR AR B0 IR B AL D AR AR 3 T8 R, 038 B2 R AR A
6], AR R P X S PR 2 B RO ZE B 7 3 3 R B AR (AL, RS
o] R & TR SR E R, &R A—MUETTIE4, B2 UEA
KiGE R BB ER

ST E L A R
-Vip=p @D
EHRHQN, EHEMTEN: _
&
loy= [[[,5IVel - [[] opic @2)

B8 % RIS RENRELHE AR (2,1, FEIR\BHE (2.1) #S5H
TeRCR IR (2.2) FiREIVE ERARAE 1 A8

ERGBQERIL, BRI AFENIET, BESMNETAB RN
IELEREREMNRN, METAEANBRLEZETETARMETTR, B
gh, R (2.2) FXHHRQMRSATURAERMNET ENRP M, MESE
T MRS TAE T RMRHEMEURER, WAXRSTLKE, AR
(22) AUBA—ALFRS AR AL aEE, B

7
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10)=3. [II, 57 42-3 [[f,pp2= 6V )1 - [0 ) @3)

Ha S, GHEMAREUER:. A ERE (o) B RME, BkHXQ2)MTIZE
BN R, NEEBRQHARANZTRENENEZEHNTEANT, B
al/9p, =0(i =1,2,---,n) , MTTAIRE|—ANLUEITY s b R B 24,
HAEMERAR:

[K]1lp]=[G] .4)
KRERETRA, AIBREA SR AE, Hin] LUEE SRR\ T
(IR . X RH RITER ISR,

SUMAERAHERBBUT AN EESR: Kib 50 {E R X AZ R RIHE
MAZS ) B, LIRS B AR T (RN HI4Y), 7E8T B R mpE
SRFEPRRA—NEMEY (LR KRR, KEZROBRE EEE
R4, KEHEA, FRETHKBREHE.

2.1.3 Micromegas 3D ##&!

Micromegas AAEESH, HEIKERE, LR ZEIARNELRHA
MM RN, FETERE A% R BB, EHARBERENRER
“Pf &R, WE 2.1), BKHERRETAME 2.10), ZFHBEAAS
HSEESERLR, B 500 BHLLRN, —MRTR 50x50um®, RAH
£k 22pm, FEFRXEKADR 120um, FEBXFIK/DK 2.55mm. RIFELR PCB
PIRREE, BNARSKEER 10pm. ‘

1

=
PN

B 2.1 (a) Micromegas 3D il B 2.1 (b) BHR4eMBKE, KARERRZ
b
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EMRINIERE L, ZEERARE, EBHR. THEATENR, HkiEdh
. EBHRAE B ER DR E LR R E.

T L5 P A KRB, TIEARS G B N KB s v R e i
B, mHAEESE Garfield KRS ALEY, WRFLFEELAKRE, Frd
7E Maxwell ()X 3EHR b, SR I2 5t R 2 W ¥ o 81 62 8 , 7R3 4 AF i+ b,
KR A AR Y), KRBT RN, E#TANMESR, 5B
R4 2 — B

TR ERMRIET (Setup Solution) B, HRIEFMME 2.2, Hid B E M HEI
5 HRERBREEERMR %, Ansoft RA R BIENIIAE, BIENBAR LK
PR BT AE AT, WA UAR AV . BEN MR — s
2, BFREER - ETRONAGEME, HHGR, REHEMAS —EK
BHIME, REHITHY, KEGER. ZBIHAEAENT:

. Solve Setup _&]

Starting Mesh:  pipiml 4

Manual... ‘

Solver Type:  Direct

" ICCG  Solver Residual: E

Solve for: [ Fields [ Parameters

¥ Adaptive Analysis

!
|
|
]

Percent refinement per pass:lSﬂ i
|

Stopping Criteria

Number of requested passes: IlD

Percent error: Il

Suggested Values

Cance lJ Eelp ‘

B 2.2. Maxwell #AH 8 K B E IR

1. Starting Mesh: B&RERTFRHRIG PR . ST 25— 0 i B gl

9
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2 2 ¥ %A M B IF 1 (Initial), 3E 2 A B2 2R o 35 ok (9 24 81 9 B FF 4
(Current). RER, ®EN Current R7E LR CTHH 4 R EAE EAREEELs,
REEATUERE. EERERPEFTTULIETE, BREERTEIHER,
IRAT AR B H R . ZETE 345 0 A T MK 43 (Manual Mesh), 5
I G A MR ACER S, 3P R B Th AR P A% 41 47 (Refine), FIF 1%
4 A LLSEH & (Point). TI(Area). 14%(Object) i MI# 404 o

2. Solver Residual: HFk@a KR RESS, —BAARIAE le-5 BIF.

3. Solve for: K#HM. 5 Fields, i+ 2% Parameters ( L —HEERMES
B FTRERI NS, WA, B, B, J, hES.

4. REEFMAABENEAR, HRMET Adaptive Analysis. REEREHLH
53 B 4 Bk A 5 2 ) 24 75 5 $(Percent refinement per pass), —EE
30%4H: WE BERNIERL LA EIE TS & (Stopping Criterion), 2K
25 ${(Number of required passes)H1iR 3 75 4> #(Percent error). 1%i%% R 24
BHEKERM SRR HRE, FRRSHRAHRE. —RNRE IR
REIHAE (40 0.01), RJFERKEIEHZ L, HREMREHE—144
WEBFRESE L. PREELHATETHI K. 7E7H5 Micromegas H3
i, KA 20, ERREFHLNH 0.01%.

5. TESERKRMIG, A Post Process HEA 4 R B BoRM o4 il
V=360V, Vgin=-372V. Micromegas 5 ji§ (X b i1 e 35 38 & WA 2.3, 7E44 M
PR R B B B K F At 77 (4933538

E[V/m]

4.7309e+006
4.5443e+006
| 4.3578e4006

4.1712e+006
3.9847e+006
3.7981e+006
3.6116e+006

3.4251e+006

= 3.2385¢4006

3.0520e4006

L A } N . | ; 2.8654e+006

- _ - - - 267894006

g - . : 2.4923e4006

4 - b b 2.3058e+006
» { it <

i

1.1193e+006
1.9327e+006
1.7462e+006
1.5596e+006
1.3731e+4006
1.1865e+006
1.0000e+006

# 2.3 Micromegas % i X BT 7 FRE ], Vamp=360V, Vyia=-372V
#2354k Garfield RAMEIE S AR, XEFMANT AL A4 TR
[17]:
(1). R4 A5 PR (E BSOS : < hyd”F01“.pnt” 4, 01 R7E R 4K Garfield

10
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BRI 7 B % [B“delete-background”, AN iZ%AFE«.shd” X, XA
SERCK RIS B3R
(). RBRBGHEESERNH, RAEFEGER: 7E“Post Process”E#H, H#
“Nominal Problem”, Z£“Data”3£ 5., #%#“Calculator”, ZE“Input”%|# , £ #“Qty”
IR, RIS phi”, RIS “Output”d P, EHFE Write" BB EHEXHEEHE
KX, ARRGE, iR Vreg”, RS RERRRELREE, B
BRE D WIS, 535 A“Ereg”M“D.reg” &R
(3). MREZBRBNAE SRR, FHENIG (weighting field) . 7E Maxwell
BT, ARGNEXTARANERSERRE: BEELRABEKEMBEAEN
1V, HARARKEBERA OV, REHHERY, ERRREIHEE E K4,
i 4 h“Weighting.reg”. BF Garfield S EEN BN, FRUZHMNEL
S EEXB BRI E LA R “mesh” &S, FIUADAERIERENEHS
Z AT E

2.2 Garfield SRR N B ERR YN BELE

Garfield #44 /2 B CERN #j Rob Veenhof JF R ¥ — R 41 — e FI = 45,
PRER I BRI R, R KGR 3D B35 7 K4 : Ansys, Maxwell, Tosca,
QuickField 1 FEMLAB 3%, 0 IEHiEBUX Lt EHIBELER.

7 http://consult.cern.ch/writeup/garfield/files/ b 5] 2 3| Garfield #)%& X5
BAREL, TEHFANAE Garfield f%3:

M http://consult.cer.ch/writeup/garfield/files/ F & garfield-9 ) &] 44T X #

(Linux BEFET), ZXHFRASLNER. ETRBINNESR CHRESR
BB 4% A garfield-9" 30, B FEICZIUHRE F #E4 B pefarm Linux #24EF
8T, Amv’i{EHME N garfield-9.gz”, /5 F“gunzip”fir 4 F IR IESE
) AT RIS K garfield- 9B SCH, B 548 Al “chmod” dy @ % SR
H, BATHITICH

2.3 EiptEhl

 BBAALMREFH T MR Micromegas T/EE IR A8 . B 2.4 £ Garfield
KRN _gagsnrsEl, BPESRNEER-630V, EHRATGER
-560V. BEHX L 3mm, EHEL 100um. EBX KW EIFHER—HERILPIC
B, FEMGEFTHK, KI-EREK MEHRNRGEREARFLRLELBELN,
REDBA R FL TR, FAEBR, hTESHRENEFIRERY

11



% 2 % Micromegas ) 3D #41l

K&z, ALBNIBTRIAENEBX, XKL TFH backflow BN, %KY
LA X (L5 746 5 5 v, 7 Micromegas 124 TPC B R &t
WAEBA, A958R Y backflow BT HHIF 5 X 5B X H i HE[18].
HE 2.5 T, HBHEREEXANEHXHXEEA LRSS M, HHHRE
e AR B I

*10 , Blectric field along hole centre
..E.. *10
= ™
- u 5 i
2 E 2 - A mp H0um
E W
n
- v
= & g Amp:80um
o X
‘l " L)
P » ) Amp: H0um
P SRR . .
o 5 K . Amp:120um
L3} 5 \ .

-
S B

=

‘‘‘‘‘‘‘‘ - 6. ¥ 5 § 8 B & % E § B8 IH.
x-Axis [cm] ™ y-positon(um)

B 24 FREAHEEBXAEGZLH 240 B E 25 ARASHXERT, HERHS MK
g, FBXALERET backflow 2k FERESHR 7™ (¥ S5 28 RERE Z 7 1) )
R AL, Vamp =560V, Vi =-1160V

2.4 SSEaER

£ pefarm Linux #4657 & L{#F Garfield A # ) Magboltz 725 i+ 5/ 42
¥A2¥, Magboltz ¥2/FH1 Stephen Biagi FF&, ¥ EMidBMHMATERA AP
Boltzmann #iiZ /712, "I KM TFEBEE. HERY. BRMAY. §HAESE
ESH, BABIERSPH Lorentz f[19]. A T ABIVEM MEH 2 K
IR S %, Magboltz T EAH | R ARG, X P F 21 R
BT, ER AR RAHLE, SRR LRSS RS, B 2.6 fIE 2.7 ki
T Argon Fil Isobutane “TAFEAR[A) 43 F e T 16 FIAMERBENIA ST FRE R 92
XFR. TRFEMFEHME Argon A Isobutane B A K, BB THBE LRSS
SARRS F AT .

12
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ARGON (2002)

10**-16 CM**2

X SECTION *

100 1000

1 10
ENERGY EV.

B 2.6 {E R BEAS] T AE R34

B 28 PERAASUBRS TEBEEMALREMNTNL, £
0.5~0.8kV/cm/atm f#5X [B]F —/>/Né, X Ramsaver BNERH): EER
BHETFLE Ar, Kr, Xe ¥R PEFN, BTRFHEKSSESFHETR
BA/NTHLE, NTERE ZEREEFROETHEIE, Y8TFH3I0R—
EEMHER (P Xe PHLE 0.7eV), BTSSR TFZ AR LRLMEE—
MEAME, WE 2.6 FiR, XNBFEEZIGHER, NEHPA6RE, A

Mo T2 3h#E[20].

ISOBUTANE  (1995)

ol

10*.16 CM''2

X SECTION *

ENERGY EV.

B 2.7 fE R EBE A S B F RER AL

Ramsauer BN 5| H7E 0.5~0.8kV/em/atm HHEKIEZ FRIMAE, XE
Micromegas 1E A TPC {RIF#E#([21], Micromegas FIEH X B3758 E £ %A HX
2, BN TR E R ERER N, ATRIEEBRE t 5 2 FEMEDE

B IEE .




% 2 E Micromegas (1] 3D 4l

electron drift velocity in Ar+lso

u} dash-dotted:V, ...
2t dash-dotted:V,_ oo

b 50V g

drift velocity(cm/us)

S6THO .1 2 3 4356789 2 3456780 2 3456789
10 1 10

E/P [kV/cm/atm]

B 2.8 RRSAARA T8 E R BI755 R M3

B 2.9 REET Ar90%+sol0%BESAFT HAK S EHNENRXR, HA
Ro,=Cp,*VzTRE Z FAMSHE, Cp, REANT BEH. BAR
0 t=Cpp *Vz ATHMZ S PHAM TR, Cp REEAYT BRER. tiE297
507E Argon 1 Isobutane B AR AP EHX BIHEREX ], HBERT BED, X
Micromegas B 4F %5 (8] 43 W g 4R 4L T Behli[22].

diffusion in Ar90%iso10%

g g

* . solid:Transverse

diffusion coefficient(um/cm)
EEEHES

PR
=2 & 3%

g EJP[lecmlmaim]
B 2.9 7 Ar90%+Isol 0% B A S A, F#HEER
R s 3A R L



% 2 ¥ Micromegas 1] 3D #ftl

B 2.10 G40, P& Isobutane LLBIRIMEIR, HERBEH M, X2HT
B /DH) Isobutane B F MR FIIEEESHM, MR HE—PEERTH
¥H. CUBMETSHX AR ARRERS HERBAMLIRD, EXETRA%E
FERMAER .

Mulitiplication and Attachment in Ar+Iso

E .
':) [03 L dash-dolted:(st% o
b oL . .
E E ) dOﬂ‘Cd.aimm% o
g [ dwbedi g, o
% 102 o SOIld.aiwzo% . - - ."::_s
o P RERR
- K f'o'
S LSS
E s f
- dF . -
= §F ash-dotted:n; 4, N
g SOF dot%cd:nm,o% N
T 1 b das‘ncd.uw%; i
o SO]]d:T].M:o% R
g ]
. & "I‘ummnh:‘-",,.-""'-,
1 3 - 3
ol IR \% oy ]
:- . --y-' ’ ’o,.;
0> . PRSP - N a3 a s
2 3 4 56789 2 3 4 56789
1
E/P [kV/cm/atm]

B 2.10 FESHERA T, BRMEHSHER LR RZ0L
2.5 FREEH

Garfield P #% HEED #4488 CERN K] Igor Smirnov JF &, RF % &
TFHZEHS, TR TERRNTESEPRERIE, IHERRAFA
SR TIUAR: (1) BEX™E cluster GEE) . (2) cluster K9, (3)
Auger BT IR ERST23].

2.5.1 cluster 447

NS R RAAPER LRV R, =4 — ) cluster, — K —4* cluster
BEENMETHNET, HAZSENAYED TRINEHREMRTERTE
Micromegas HIZ 3155 HI7=4£.

Kl 2.11 B/RT 4GeV pTFERVIBEIEFRZ4H) cluster I/ cluster

15



2 2  Micromegas ) 3D Hifil

HPREFETHENNG. BT TR BT 8 cluster SHEARM
Wy A, TEA cluster “AERTRETFHEL LR 1, WETERKT 1.

the chister mmber far 4 GeVmuan ; theelectran munkber in a cluser for § GeV nuan
e B W, . | .m i L )
B W L | L6, W ) W B U0, Bl &, N 0
&« i £ -
T oM
M l
[ B
B B o)
T ]
B 5 o
;5. Hl ‘E ar
1
) O
"
i o3
L o
¥
o) nig
s
o wl
it ..-_.I_
e R R S8 s s & B E s R R 5 8 R 8§ B

kectnomns

cluster e
B 2.11(2) 4GeV pF RAEH cluster 3 B 2.11(b) 4GeVp-F cluster 7 B F X A

252 RYIEERTFEBYH

HEMETAEEBXTEUE, ERHMERATHEERYREY, RANES
b AREYT 8, ERXEREHEN, SF SRS, B 2.12@F 0L,
£ Argon90%+Isobutanel0% B &S AEF, EBKEBENR-510V, FHEREES
490V, FEEERTHABE 24mm AR R TR EMRRMNE S, BB EN
0.08ps, EHIRZESH 0.0057us. B 2.120)FREZEREHT, FEEMERT
80 179pum, % H HUR ST KBt 2 (8] 3 T FR .

Drift time diffusion for electrons Drift space diffusion for electrons
| e o —
2 uf ] g
i- }ém |
- i
5.., e
fo -
a wm = '._
o i
n =)
» " i 'li"-
£ ! i
» »n
% ¥
& :
[ S SRR N RS E sy s e

F 5 % xd 8 B E 8 A8 4 ¢ =

orilt space(cm) .
drift time(us) E

B 2.12(a) BT Ar90%isol 0% AT MY  E 2.12(b) HFEZSEFHB MY #, Ll
REBEHE, PEE B 2.4mm RERALE 25 H

16



%2 ¥ Micromegas ff] 3D #Hl

253 BRYIBBEH

BAVART 5.9keV KT EVEELE, FEFHERT 4GeV pTEYTHEL
H. WA 2.13(a) Fion: 5.9keV T ARSI TR BT S, HoIRIERS Y # IR
VHREHSMRERE 220 5108, WEZHWRWHEIR 2.1, XEBRITEHE 2 XL
&, EEEAT, 2F5 Ar BF K RERTFRRRERENBRN.
Ar BTRTEES, BHERERARENEBHRIIRKMAE. KNTEH
MHEERFHINEITRERE: —MRRS X &, H—FHEREMBKN. Ar
E¥LEEMEFER K EEETHEM, FIMRENSESRZERRKIRH
BARE X STERMEER, XEREUUISIE X FARARRER, & X %%
HIFBRBEHFICF, MBRHRERRE. BREANE A RT L EENHETH
K ZEHER, ZRNKEBELZELITHET, HZEFHHFN Auger #
¥.

BAERIAT 40 pF7E 3mm SPRHIVIR R EEIE /D T 5.9%eV, WHE 2..13(b),
BATREASUEN A, BEA 14, BT X FE2E0ER 229, FrUEMRR
WAL HT, FIMANE AR SEBIRBERE, X HENESEEETZKTFE
ZuTFHIESIRE.

Eletrons for 5.9 keV'y Vnder:  i: 3070, over 0 LArSO%Iso‘I 0% primary electrons for 4Gev muaLI
.E‘ o N =2 N800 .-7 .'Im,h ml1l“!f% :I:':i':‘ 27223
"g > 500 RMS 2435
g. mep - - -
2 o 400
£
E o N

» D : 300,

» T : - 20

T }\ -

"’ Aa ool ...I.-.IA.Q...J ‘ “ 0

¥ &3 8 55z 38 5 k%K 50 100 150 200 250
Electrons Number of primary palrs[N}

 2.13(a) 5.9keV HFFE Ar90%+s010%F 2.13(b) 4GeVpuT7E Ar90%+Is010%F IR
MBI B TR LN L L O]

26 RHRFEIE

EEBRRFENEVETERBRAERERTES, FUTHRMLM, .
BATHX, 3ENBTEBTEELE 2.14. BMREHFESKDMEE KL

17



%2 #F Micromegas ff) 3D #4il

EREBREE, RARANSEHXESSEBX RS LEEEES T A[6].

drift simulation of Mm

[und] sixy-z

%f’ x-Axis (pm) O

& 2.14 3D Micromegas #&%, RYBFEEBXHNED

WM 2.15 ()45 #i X 5EB X i el L8R (K bilh 187, EBX G
FICRIERBAE: RHREMBRLTRICE, £PHEATHE . NEHEKK®E
BaAaT Al SR EREFERDEMAT, CEELMRBEMIRIA%.
W& 2.15(b)FT7R, G HLHI BN EHA 21)k, EBRBHEF R LILE
EHRLNM L, FEEREHATHE, IRSROEBXETHENE B X HJL
£, ANHEHREROEGEBEREENTEBX, IRBHBE™ENET
backflow (/¥ .

B 2.15() 837tk 187 BYA 3 e kA B 2.15 (b) Bigth A 21 BHE 3 8B h&af
IR RANF AR B 22 WSS 2R W, BATTE# L Maxwell 3D 3/ A#ER],

18
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BAETLMEES MMM, 7E Garfield Monte Carlo #5887 HIAE A BENL S
HER TS AR 150~250um B, ERGERTHRBETES, REBEETRE,
ERHBANSHXPBETYH, BHEEANTHRBFHEREBTHAZL, 7/F
YRR ET .

#E Garfield ##l, A microscopic /¥, microscopic 7% S T
4y F7KF# Monte Carlo 4% , Monte Carlo 5k EARERIS B RE[17):

1. E—EWEBEENNRAEE, HELK, FRREXSKFEHEERF
2B

2. ERSFEHIRARRTHER ZRIKOTFHIR, BREFBHRZERA
. -

3. AT BEK: aSBERFERTEBEETOMART H, b SHRIER
¥#, cRRBLSMOTIHEE.

4. WRB\EENT HF=EAENLH, EHAE.

MR, HBERIDT 44

a. R FRIEBIER B,

b. ERKSEEBITAFHIBKE

c. BREEAE.

E5R G FRIESREZE, B TFHEELTIEES), REBTFHEETH
3V B e, BTRERNNBREKEMEZE BB ES A B RS
F Magboltz iTF2H 44 H 55 Magboltz FIE—B KL R,

B PREEE A LU LT LR EZ —:

1. BRI RENRAEENBEERD.

2. JEMEREEE: BRTFHKSHAS T, EZIEPHKEER.

3. EB-AVERLEE. BTRBRE.

4. Bt BFERMEATHEK.

5. BE: A—HEFHEE.

ZFREMAFER B i%/ER &R E, Magboltz K4 B EBFHERBER BT
.

FERGEERIF, RATFA 50x50pm’ BT 500 B (KX 25.4mm LM+
500 AN BATT) A1 60x60um’ BT 423 H L MERTLL, #4 R LA 2.16(2)F1(b),
Hrf HRREMILFRMIALAK, TRRENER, BAL2 pm, Optical RnFEi%
MR LM EB TR, HEMNSRTTM: MHERBERELRN, XL/,
HAFEXSE, FEIFXMETEER, MELMERKEENETIZSHAL T,
Xt 423 B4, 30pm BEEMLNETFELSREREZRAEREEIRMY. XEH

19



% 2 ¥ Micromegas #9 3D ##l

TELZHTLLY BEBEELMNAME, HLMREE, BEHANTHX. X3
RERE T EP A2 ERREIRT LM LGN M # 8 7 & E M RE9].

callection efficiency with SOOLP1 in Ar 90 % iso 10 % collecion cffickncy wih T3P in A7 %0 F iz 105

ny| -' ’ . - bg “ tf'r’u“u et h
H 4 i
L H o i’ ;"'.
oo ol ]
*H Oplical40it i ;“‘ Toe
o Y
asp I
2 A i Ot
E ]
aaf Optical3011 HY AL
0 - -
] e Tiptcalial
wlf
o HIQ
EEETRRBEEE-TOCYRGE o
i L. Eumpdiann O

B 2.16 (a) 500 B 50x50pum’ B4 Mads B 2.16(b) 423 B 60x60pum? T4 M
FEIEME X SEBK @783 FELSEME X SEBX &1k

2.7 %

FERAGPERENZBTRAREN e /LB HELRERESRBFE)
Sl BTEESUETERRBER RN MBENG T HRERE, SBTR
BRREETE BB, BERERTAERE. ERKEEREL RET
FIFBE AR A PR B BN FHBREAMBEL NER AR ~HER
¥, RA—AMETFEERBRGHAES lom Fi-ERBEFIHE . BREH M
FHXHAAD d HRLTRQR.5)RR:

M=e"? 2.5)
d RN FATERZ B @K, NF o BHE LA Rose-Korff AR HE
a=pde?'E ' (2.6)
ERWHAND, E=V/d, ABREHSBRENSE, HQ.6)/RKANQ.5BE:
M = eApde'B”d/V @
B3 Q. 7R 17 3
8 M Bd 8d
—~ —ad(l1-=2H)-=
e a 7 ) 7 2.8)

E—MREXRSERRT, Jd=V/BHEKEEEERKE, EHEE 4N
MAMED.
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FE Garfield #4, FA1{EH microscopic 7 . Micromegas 3 25454k,
B RER: ib—/ BTN 3D BB L MM LITH, EEHKATS g
FLPR, BEBRENTHBETFR REXEFFALSUTEY, BREESHRE
ETHIg.

RATHERL Argon90%+Isobutanel 0% IR &4+, B EEBBARMNE BB E
T AR E B el BR A 28 24k, e 2.17 o7 40 76 B X 5] B P 2 0 60~80pm
MR AEEER. BRQNITEBIMMET A, B HEEXREHMTHRA
[24], % Micromegas K5 BIX BIBR, T EIRATINEIER B M BUR K8 % &4,
T R SRR BRR EXT 2 D, B XA BRI R 2 5 B (K34 25
EWBN, ALUREBSS S

gAin with gep in Ar90 % Is0 10 % Vmesh=-550V

& L 3 4 s 8 88 5%
gap distance [um]
B 2.17 HRNEERE TARE B X EBRT f 255t

., EHEEER-550V, BESMEE Ar90%+Hs010%

2.8.1 BN BT AYE

EHXMBRTFREFRNEEEHNERS L LBNHES, —MEEEN q

B TR P AR RS Y R R AT 4 A Ramo A 3 [25]:
I, =—q*V(x)*E,(x) 29
V(@iﬁi{%*ﬂ@%@@ﬁ& E,(x) RHU%, BGENR: B4V

21
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BNAHEER 1V, HibB@EBEERY OV I~4N8EE.

ZERFTHHRE, BIEUT 59%eV X FEEBNHMETRE: SRILE
2.18, B AR E R : Argon90%+Isobutane 10% 1B & 4T B IR B E H-490V,
EBREER-S10V, HPREEMERR 5.9%keV ATFFENXBTESNZ,
EBLRT Auger BTRIESE. XHHEFEBIBTERVIRE, &8
BV # (BE&ETR), EBETHK, mEARMBF—EFX, fBTERE
i3, ERBXA%ERE T backflow B,

B 2.190)BFELRBERTEEMBRNGES, FSNEEIRFENE
FRNNES, ATFEHRTFERLBHEAT, RERERX. MAFIEER
HHRTEEM 171000 £4, FU EAGEESEE, X242 300ns.

|w2] s1Xv-X

SSUJ] YHP PUE SIASN[> YITIL

B 2.1859keV 7 3D HF B EHTFEHATEE, ALRET
HBFHZEhE M, SEFRESBIEETEFRES)

B 2.19 (b) RRTHBRESHIBK, ETFMED, AAPHRKIES R
HFEEBX P EVHEARR cluster F2AEBRE. BNRKMPENE KA RE
Ins &4, B 2.8 A%, Magboltz 8 FI7E~50KV/em (53R T 1B F
ATik 120pum /ns, BEH & —3. MAHARHIRBKr AR Al ]BRRE Ins 224, RHIT

22



%5 2 ¥ Micromegas 9 3D 41l

EEBX AR cluster BRI, FSHTRERNER 20ns 245, BEEN 3keV £
FETFH Auger BF7E pm BIEZ) A 7T LLZRE, [V BFLE z TR D
BEKAR 200pm (F: BHERNE xz FRAKEY), METFEEEXM®EE
& 2.8 BAAKLIR 20um/ns, BEFEVEESIEMIRELHN 10ns, FFFR—4
MEFEERNREVEFEEBXBAYT 8, LA 2.120), FHIRESAN 6ns. 4
EXHENRET 5ESENE REX B

Induced crrents on group | Induced aurents on gruup |

. 4 L)

Current [pA}
= - E o
Current [pA]
b [

&

A.Et:thl.

HFHEEBRHIHATH B HE ISV Uss st 8F 58438883 3
Time (psec] Time [pzec]

2.1§(a) 5.9keV JeFroHE M B LT 2.19(b) RIIEEES MK

2.8.2 RLRE AT

BT AABR R 4% s ()RR LR AR SR D, RSB BRREERNNEES.
LI {EF ORTEC M 142AH MR BATEBKE. AL ESLRIEMLL, #
BT —/MERMEBER RBETERKSE, £A TI 274§ TLE2082 JFET #A
RIEH M AKS:, Pspice BBEIERIE WA 2.20, TLE2082 JFET ¥INEIGEH AR
10MHz SE# SRR A26], 3FEMER 1pF FRBAESE, BRMBHRABEHN

1V/pC, 5 142AH FIRAT RIEE—B. HAlF I R R R B A 10MQ.
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S RE
"
10000k

entstion = PPPPY

Fl220 1A TLE2082 JFET EEMAREBBEN BRI RBURASZHMEE

& Garfield 73 2|/ AY L R EE 5 A 3| Pspice F, 1ERBUNIR i1, BEIRE
Sk 2.21(2), 18EH SOmV £F, ESHTREEN 3ps. EMARKSAELE.
BB, THHEERET, REHUMEHIM ORTEC 142AH Fé #5510
B 2.21(b), IEERIBER 40mv £4, XS5EMMEEL—H, FSHTRED
400us £4, SEULERHEERK, X2 BT FHANEORER A R ) i 18 7 HOE R .

€0mv

40mv

20mv

ov

~20mV
Os 1.0us 2.0us 3.0us 4.0us 5.0us

. V(C3:2)
Time

# 2.21(a) Pspice HEHIBEIKIES
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% 2 % Micromegas #9 3D #ifil

E2210) ZHARGERET, FEBANEMES
29 BE

£ Micromegas =4 BIBT P X EM T BT ITHE:

> Maxwell ZSHEERHR D, XATRBVHENEERZ, HEE
FRELRAN, BUNERE LRI SHEL.

> ZEEBENSEBEG N, WATAAEBEE, B34k #2
HHMERHR, ST Micomegas ZRSFBRINTR: &
Argon90%+Isobutane10% 1B &S &%, BRBBBEA-510V, THHEBRER
490V, HBS AT B LH4 180pm.

> B Micromegas B E 0, RAEBEAEHREFLHRE
K5, RINRTEPETHIRLPMMHE, SHEBZEEETESKX.
EHRHGREAFCREZHBLAL, BHFEENAREEFIRARRE
BEFRIREM, HLMBY, BTl Micromegas A& HI7HEES .

> %t 5.9keV ATFHRRVEHEMTUBR LR SRRIEZLS 2.1,
5B —H.

> BB TFEIRMNEREIERAT SHRSRBR Rt e i3
TEMER, EHERERM 20um-30um FHLFN, SHRSEBXEH
KT 200 B, BRFFSEHAFRK ., Wit 50x50pum? F 60x60um’ Bt
WEFFENARLRBSREMI LR L2 PNLEN, BT ELRE
K, FiLAZE Micromegas $HEiIf2d, ERABEEHLZR, TLURBEFH
RFELE,

> 18 MC BRBER 5 AKX BB EES BEIFR Y 60~80um Z£H
WIS RRFIRAE, Bril Micromegas B B X EIBR— AR ER 50~100um, 7E0E
R KRR RENEAFIETRARN.
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# 2 ¥ Micromegas [ 3D il

> BEGESHER, BYRRGESHRDIEEHRMETERBXE
BRESHRMSHBARE, BTEBELRK, BNUNERE. €35
REEMEFEsEERR, BNERBEERAD, MRS, #id R
REBABROESEULEEE SLR A EERNEFT-HNER,

BB FTEANEMT Micromegas H T/EEHE, XLRFSARSL

fiEE, EHRLPMSY, BEEHEER THRFFNERRETHERK
&%,
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%8 3 & Micromegas BFHleiik

% 3 F Micromegas ff %%

7 Micromegas ﬁ‘]ﬁﬁ'&ﬂﬁ_*, RINTRABLF TYVISHMALGR, Bk
M4 R0 WICER[27), THEI/ERERER E, TS| Micromegas b {E T ok,
FHREHVML, UEDOEREEPHRE.

3.1 Micromegas # B &

BrHIf) Micromegas LU BLIEATHEERFHIE, TEMBREME
5
D &R4N. FREATHERMNELER, BRNE 4 FABENLN: &
AR 500 BAL, 400 HAL, 400 BFL, 350 B¥L. AFETFXAHREUHM
F4, 400 HALO 400 B P LM EE ML RE 3.1()8 3.1(b).
ALAEHMEN: MARA 2 REYN 22 RGEVHEETR, FUAREYHS
YER—RIOTL—K, BLMARREA.

M 3.1(2) 400 BRLRFEREBA L AEH B 3.1b) 400 BFLMEERHBARAGE
B4 24

MFLMARNSHELE 3.1, ZFLESHALOMRINEH 3 FERHA Mz

ARESEHE.
#3.1 ARLRMENSH

ik “MER (um) RIER K/ (pm)
350LPI (F-4) 24 47.2-4822
400LPI ((FL) 217 40.5-41.1

400LPI (#140) 26.4 34.2-36.4
500LPI (#£X) 21.7 27.7-29.9
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4 3 F Micromegas B #igiult

2) PCB {E2E, BT ERMEBRNHEA. SYERE 3.2 Fin, SMER
R 90x100mm®, WUAMFLARUGEEAERMAE, AERTE
50x50mm?. 4 TARIEL4M 5 PCB W IBAk, WIERAFRERER, FE
B,

3) PCB iR, HREMR: 45x45mm’. HTES BRI, BiEZKEF
43494 pad Y, FTILE 33,

4) EATHERANALE, RAMERRKA: 75pum, 108um, 115um. FH
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mM=L_-N (4.2)

QD NO

EBXMEYHERN, =E/¢t,, E RFEAH X FHERERNBEPIIRERE
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% 4 & Micromegas LR HA

> EXBRTEBEHRREE, EIHLEBRMEE, WRTEYE
FHELE. EEBEATATHREESLRHOLE, KREFETRGHE
5ERRAMBELR, FENZWRERTHXSERRNESIL. 5=
ERBERER . HUETERRSERS T, SREEMERREZLL
A, KIY Isobutane ELHIRRUDES, HEFHEER (MY TEBR
BERD, BEBRXEGRET), BESEXEYIRTE S BN e & &
.

> BEHMNE, XY MC EHENTFLRIRER, ¥EHAT
ESGEUBPREZTRN, BIVETERR Argon Ml Isobutane HBIS
theh, KB E5RELTHNM Argon RF B MR ML, 4
T Ar95%+Iso, Ar90% +lso, Ar85% +Iso, Ar80%+ Iso WYFHE&SARKS
T2 E5ZTRNKEIZER Argon [FFHEHE 7 H5 70 26%, 33%, 35%,
50%. EEREZTHNGE, EHLERELRELNS.

> BENARSEEST, BESHESEHRBEENZURR, R
RETEHABAN, EBRMEHRME, FERKESHMLIIENRENBTH
B4k, RESPEFIARRENA. 3 Isobutane WK, FEEHYG
thitin, EBXBEHEEEK, BFEERNEWED, BERESHR
MEHXSERKRpFKEEE R, RANEHET EREGE RN
ENPER. RIS RENEERRNSERS P, ZEHHEXTERA,
BIEMAPBER I%ESR, SEHBRHBELX.

> STIUEREVEA S B X A FE T ¥ K9 Micromegas ¥ 853474125 Wik, %t
5.9keV X ST 2 EERIBE B 2 HERIE ] 22%, S MHIF T B L 4 A BE AR R
£, ZR-MEWARNMENHLE.
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£5E BGERYE

H5E REE5RE

Micromega £ XM S AR F T 30—, BHRETHEZEH(~10%mm’s),
B4 25 [8) 43 B BE 11(<100um) , BL R AR BF B4R FR PR R AU & - FF & Micromegas
SAAGRRBEETEMERRA, THRETERRE, XH#EZRUSKHNE, 7
FEEENENL, B—NMREHAAME FREEHEEETRMRE.

RATEL Maxwell # 3D BFHEKMHE Gafield EHKHLE,
Micromegas =4I AR EEZM T AT ILéE:

Maxwell =#EREMHRF, KA T EETFEIHERKEMUER KA KRR
“p, GHENFEEELREN, BANERSSRAFESHERT.

GEHLRSESESN, HRTSEEBER, BS54 B SR
B3, 4T Micromegas Za] 53 HEE I T BR: 7E Argon90%-+Isobutane10%#]
BESAD, EBRRBEAR-S10V, THRBER-40V, UEEBSET TR
4Y¥E5H 180pm.

g Micromegas HIZ T E T, REBXANE X EL FEH R SHE
%, BHHMRTEFESHRLFKRE, EAXBHTERTERX. THK
RIZEERCRESHRLN L, EHEEM KB EE FRRRLEBEE K
2w, BreMBlk, BrLl Micromegas BB & MTHEE,
F 5.9keV HFHIEV B EERIAT LR £E 5RRIELZ LY 2.1, 5XE
_ﬁa .
BYVEFELRMEMEENRTSHEREEBX EHLN B FELTEMN
W, B4R ERY 20um-30pm BERLM, EHKEEBXBGHHAT 200
B, BEFELESANFER. BT 50x50um? H 60x60um® BT 4 Y IE 7 oA
FRALZRSHEMTLRA: 2BBIILN, ATELERK, FUUE
Micromegas it B4, FARERMLMN, TUREBEFHETETR,

WM MC BRIERESAXITEN—F, £ MC RdEMEmE, B
FZES B IERRA 60~80um A A A2 A BB KME, BTl Micromegas F /X [6]
BR—ARIEER 50-100pm, ZEMTEEMERIGSHRENERHFFHRKZHE.

BN SRR, BNERGSHR M EEHRENETFEEBREBNES
BRMERRRRE, BTEBEERR, BNNERE. EEHKTENET
BEHE RS, BN B IEE R, RS . i 1 2 i i R USR8 Pspice
FESEMLERI LR AERUNEL-—BHER.

BB R EANER T Micromegas K TIEFEHE, LR FRERMHIE
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¥SE BESRE

#, THRLMSY, AESHNEE THEFFNERRHETHENSS.

LR T Micromegas FItERE, FEEPHAT ERHWIHE. BFBELR.
SHEERNRELS PR,

FELRFEEEMREE EOBTESRAEE, MR TEVRTHEDT
Z, 5ERMERNER -3 BEdHNARRATHRBELIRMLE, RABTE
HBEMBESFHBAMEELR, FENEHERZREHRSEBX K HIG
. FUEBTERRASRERS T, SREENERNRBHLHENL, EHRY
Isobutane HLHIAR/DES, BEERIGILHEN (HATEBRBERD, EBR
HinmE), BESAX RYIETE RN EWEHED .

B AHNE, RO MC EELZMTERAUALR, BAART ESHR
MEBFUE TR, BRIHE T AR Argon F Isobutane tLBIS AR, S ikl
BERELTHME Agon HAHMEMBKXRME, L1 TE Ar95%+so,
Ar90%+Iso, Ar85%+Iso, Ar80%+Iso PUFHIR-&SMARS % TR FIHER B 43 th
A 26%, 33%, 35%, 50%. BRETRNG, EHERELRERFE.

BEMARSERS T, SEIHARETHBRSENTURXR, RAETE
WRBEKE, EEXNEGRK, FESEXNSIRNEYETFHERIKE,
BEENHRHFRFEN A 3 Isobutane WK, BEEHRGLLAEM, EBX
HIFRERK, HFEARNEWRED, BEREMHENTHRX 5EEX B
X R K, RThiiE TERSESENPEESHE. BTHERAER
BEALRNSERS T, ERGITFXEEN, BRENSHEAN0%EE, 5
TR BELX.

Xof R REAE 4 E X A1 BE T 2 Micromegas Y8574 0R, *F 5.9keV
X §H£k S HEIE B B A RIX B 22%, AT TALMIAEMERE. XE—
MEMANENFHIEZ.

BMEFEARAENSSENBERE—SHRBR, BIRKE
Micromegas Bulk #I{E TZ, HHHIAEM. FEAMEL Micromegas, TR
BEIEASKTPRS BERELEEHOF W, ARER=ARSEH FE U LER
FFENRENA, BEEEMRUAERFR. Micromegas KIS FRH,
¥AES. TUHHERGRE—MAFHE TGRS, REEIFHRERN
o
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