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Photoelectric effect

EThreshu(d = hf Where: E = energy of photon
h = Planck’s constant
f=frequency
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Gas Ion mobility x* in em?/Vs source

Ar Art 1.54 [K. Nakamura et al. (Particle Data Group),
2010; MacDaniel and Mason, 1973]

Ar Art 1.7 [Sauli, 1977]

Ar/COy COF 1.72 [K. Nakamura et al. (Particle Data Group),
2010]

COq Ccoy 1.09 [K. Nakamura et al. (Particle Data Group),
2010]
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Gas F Eyg (keV)-particle method ref.

He 0.17 g C. LD6|

Me 0.17 C. | L]

Ar 0.17 C. | L6

0.22 " LC. |Lrr]

0.23+0.05 5.9 (¥Fe) - P.s. [108]

0.200.02 5305 {M9Po) - a L.C. | L]

< 0.40=0.03 L 49 (K, Al) -~ P.5. [110]

Kr < 0.19=-0.02 1.49 (K, Al) - ~ P.S. |110]

Xe < 0.1520.03 149 (Ky Al) - P.5. [110]

<0.15 L.4%9 (K, Al) -~ P.5. [110]

01700007 149 (Ko Al) - 5 P.5. [111]

0.130.01 5.9 (*Fe) - 7 P.5. [112]

CHy 0.26 149 (K, Al) -~ . [113]
CaHg 0.28 L.4%9 (K, Al) -~ D. [113]
CaHg 0.25040.010 149 (g Al) -~ E.C. 114
CaHg 0.25 1.490 (K, Al) - ~ . [113]
CyHyg 0.26 149 (K, Al) - . [113]
CyHyg 0.2554-0.00% 1.25 (Ka Mg) -+ E.C. [114]
CaHia 0.27 149 (Ko Al) - D. [113]
CicHia 0.26 14D (Ko Al) - D. [113]
CaHa 0.31 1.4 (Ko Al) - ~ . [113]
Ce 0.33 149 (Ko Al) - 5 . [113]
Ar/CHy 90/10 0.14 0.26 and 282 - 7 [115]
Ar/CH, 90/10 0.18+0.01 5305 (NP0 - o L.C. 1116]
Ar/CHy 90/10 0.31+0.10 2.6 keV {(3TAr) - . [117%]
Ar/CHy 90/10 0.21+0.10 5.9 keV (**Fe) - ~ . |117]
ArfCaHg 20,80 0.2504-0.010 1.49 (Ko Al) - 5 E.C. [114]
Ar/CiHio 20/80  0.2500.010 1.25 (Ko Mg) - E.C. 1114
Ar/DME 20/80 0.31540.015 1.25 (Ka Mg) - E.C. 114
Ar/CaHa 99.5/0.5 0.09 568107 (™ Ra) - a L.C. | 10|
Ar/CHy 99.2/0.8 0.19 5.68.10% (?™Ra) - o L.C. | 104]
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3.5.6 loniz ation by relativistic chargedparticles

WwFW3FhspUw sWaw YOUOWaw Ywpw hXOsFFFhsFFcw 2WIsFhy
UEYUFFYbIOYWFYFWCWYIcCUSHEWICUWOIAIYFW OFIpUdwaCYuwbhj
Y2Y20dg Was s Qwha33WwsFfrcwhs RYBE B RUp Kudd ¥ WH B Wi F Yauwd Y R
b2wf OF 4F54 KAW3awscKsYs WdOwWwYIYwIYy b CUwF YMOK3 YFIEDY w Y
VIYOWKAYWbHXOQOIFFFbhaFFpw2W4d4sFhsK2Wwbo64s YO FWwags YHF)
LpAdFYws WawYOQd oW wkBy Yt Qo MWQEKIFHGF | il @R widudls py&dop

Ywh3wfF OQF YF4K23YwWw263pA3FYWwYMUCUQWF©YWs 20ws KbhbwYwWwdc
0363 QUFFYyAwbsWFécub63ws 63wy WA06 20w wd WANLH Pau UQuers Lo
ICAWOF wWs WE wtaCWEuy 3 @ldyB oW Ow s Yw u FOwQUY4s K23Yw W3anuKg Q4 YL
YwWy FOwOd W3s YF w4 Kb 6 wa dyf wreHkEoRsdente? 3D mayWs wE U w ¢ 1 OF 9



AugerF YFWYwWOQAIYFwy 33dYBE P B4wReBiipdbiwn WS as YYXFFpUwFWIFb4
F 3UI06H w ¥ WAM OF 9 Yrp VRFW Y wdMuer YSuHAU@FQ W w Ww 1 0233 Q4 Ww O E
WA WK AdYX Q9 YF wf 224GeURUFYYuypug SUICIER Uy RRUE 8 1BenKifigu

357 . Ww2YF2p45s022Wwscdw FWAWbgsFdcuYd

I CAWLKYXYFwWwIVYdYw WOUYFwWYYEOQW KX OF w YwWh ¥ BB K aoQUODB b
CUOQF IYPAFYWF YFWKXOFWF YaY2WScOWSWF IOIChEwW s W34y w wd Ll
Y2FX¥3023 Ewa wp uesWSAwop whohFS Vil Quuy Q 1 W23 6 w, Y w4 wWd, i i QuiygeK
CAWR WwKXWs QWKAYWAEXYEDF S Wwwd WY uwo o ¥ @ 9 o ¥y WYue hELHES 0,
WWruaswYbhg OKUOw s Quw YwyWs KUObhs YW AYWXYOQOFc O3 YFw OIh X«
QWF3IQ3Xgc QWO F WHYwWws Qwg CAawQ2Y4d45 WoEWOIpYwSCHQOF 9 4d4FF Wa
WwWOWwQwF s YX3 30F w3 Y w S H O f@FHeAuF sYUPALHIUY Yy USHOY5uRAUCUUBY U He
WFYw2Yw FW20bW22w wOdYFasKd6w 3 Ww YKYF W6 w, wwYdYwec F6u
@YF2p502Ww 9 CUwREEHAWsFW WY p U wRFWD YK E B 6OV H WL ¢
02FF2CHIOYU W3 623w CHOF 9 U UFACARHIUF D w 4 Y § A BREID BILGW: O w 9
DHAEo WA YWSHOF 94dpAFYWIYwWo 40bF W9 YFwbh3 CRwF Q2 YU EwWF YF w.

X-ray\ OAr‘ * Positive
/ Art detector ion drift
SN o wall (-)
photoelectron™,  *
& Ar*
N ‘~°\ Ar
L/‘ "o 9 °
O I SR - S 5
L7 |
electron i d o EI'?Ctron
avalanches / \5 1,\ / \ ° detector drift
VAVAYLVASOE . = (A —
secondary ./\f\. *
electrons Anode Wire

CXEB¥@YAJw2 YFIp s 02Wws C U ufoFAUB W B E fus ¥ WHEY dWhs FocuVUwbhYIuw

TP QIYFW WL Kb RE NP BE QY w s Ww U GO Y F B WO 5 3V
WYdYsCUdCc OWFWAFhspUdwYdcws WIcuYws EF WaUB ty2 dh@EO KB
Townsendd W~ Jw ¢ O6YEHWE5 Ow KAV w Ws WO DK U w dhhsCHF BUuH K © @ 3u QUECLYmH
CUOF 9 9UW3 06 3 w upl§ermsss Ylie ZUusbFs U w XY bwe Fdc o WY ws W3 dy Ef U
wWaweg Ywy FVBuw QL BmO I3E wSCUQF s 4p 3FYSw 4YO

Qe OE QW
T AuwWHWF MCY6¢ QWS wWh2wF OF 4F 4 K2 Quuink B ¢ uif FlEaug DG ¢ ¢ O How|

Ew €0Q



., WODIObX3bCaDUWRWTDHOWWs CAIWY IV WIS 23 W35 Qubs WwOwp 4 03 Wu

O — 0Q
Em

m-

T WpwgICAWORIOHO6HhCWYBIEOW2YII0I03 YFWp I FWCwWOIHhXYX3hCwa We
C 9 CwwdYws Ypdrghus U B EhusaupldcuO w ) Y,wwyec 4QF wg F4 KJ

G

" 23pwg WwpdF Wws wWd Qow 3 Yuew 9 Vau@ HwaURysOWw 9 WD F B Quiso B b H |
RaetherR Rapther limit )., Ww2a2YFIp 5% Q02 Ww s €U wo ¥F WU HF¢Qs %8 WRUGLE §HI
FCUWHUFCUQFIYFFEUWF Y3YYd4d0abhOO6 GuubF YWug &y ¥ Bgeuwn; Wi 15 BuuFhC
Qwp 45 03Cw WY YcuV@RUWO Y w 4 Qb Wa ©F Z2EYSG FehrenRude Srépmer® w 3 63 u
leader® w s H@ks E w4 K b 6w & OV U Qe P@RUEEEH w ¢ w Ww WY wq w0239y 30
503Y33 W3 63WCUQF IUFF Y 2w Y & onesit Jteipsuiter Ug HUWonUOGUB-QUBUSIBW Q 2 Y ¢
, WRFY®FFYbOYwY23s EOwp wb6 $paksiCatrdamepsy & i ¥ 3 €0 EID QRIRE 150 BF PE [
WF w WwWod wwdWr YMWs 99 YFwWwYwpwaWAIwbhXC5YIFhapwaCYuwXF
na?za3YsFfpuwwlWlRuh2wpYBPydlr ws W24dw wrpYsYFwFbhspUdwYaspyoOouw
KCLFWaYdwoYwa6s WSHOF 9 9 W36 20 WY iyphateny wldduyQCiFuf kel up 92
gW2wu FOwOd4s KFW3awYKAF W3 wh 9 @fttipuweienf. WX Ewwobh b wY wyp wY a9 c

3.6 " FF OV bOF U wydy@schaQed ol

TwwYdcwWIs VYU wwWhk Ywh Y b Raihp p W6 Wil QO Yoh @ @ iy @ Biupy w WY O How 3
dWaUChCOw Mer@uw = B@dther y yo6 Y w QWFHhCLcAICTPOW Wa HEIE Ww Y3
CUQF 3 9pF XFWAWba F¢cyuYw ybredkdowny. d YFUH E DB w Y d Ywec 26w Yd
509 Y9 4K ¥ UpehUPRHOH ¥leph QAFF KU wOF Y9 W% ew QUuuX RS RucY iy UusQoY
Q210b X SHYUHTO QF 3 9F F pw2 WY s lOWw ¢ BB 7 FOWB Q@ au d) @ OF QRS WM i @
Ywpwsg CwXF WD UWBEEKRWOCFAYYBY 23 Ws OWQAYFwWpIF w3 YwSCUHOF 94p IF
Yoy YOWwd3gcspOwwdWr YUYy 23 YdwYhscgcOFQUwbhICAWNFYHUFF
263 p3IFYWQIOBYF wywe 9YwwyWhr oG QB g Busiyfni) e Fuudy e K Ob 4
052Y3100 WP YFwWw K033 0Q4WwOIEYdw XFWAIWHS FdcuOUOw WF w WyWK
bXC4VYasmhepwYha8&rF OF 4F5 K3CU w5 WY2EUYwfF YFWHhXESL Y3 WU wpK X
CUOFIUYWIAFFEUwW M3 X0V U A& @ U &3 by 2 XOuwESIemaiOF2Y B Q@ Y Ow
IOU033YIOWwWws QYUY HOFWsKXYdFwWwOF QO Wws WwbhSs QoWOwh s Ww
glW2w YIFXIO03IEWLsYUOwIpg Qu KXWFsoFuw d)e w g § B H)8) N oY RASRERD 2
YW KuObhsYws CAwgOFRPICIIFHIE RWBABWYRFW S Ywy Ws 5 Quwbg Yuw
Y2FX2023 EdwuOFs W2Y4dwOQwWhY2wKIYUwwafF 263 EYwbh3wr QF 4F 4 |



361, s wyWFwWOF 2W43Obh Q67>

CQwFf Yg WnFfF W éblddathddEuiBe@UOuue wSH OF 9 YFF EWQF 2Y BHF § K QDD BRu
SUOF U w GO WF UPXIKK U Ow X 6900 W3 YFW 5 Quw dchCw s\iIDw % VY VA3 QC
02VY45 Wo p & OCFUVBWsHhTHWK 39 Y SO @y.Wa wd Qs s Vs Wd Ow

o Townsend discharge:, w h3wWfF OF YF 4 K2Cw WOYFWXEwW ¢ 4OHhF O3 YF W F c 9
(breakdownvoltagek 6 w”™ F Y WX VY 4RLHKHUWSWEHFKH4wp 3Ywd0s 4 Vs YuwwWawOy
baCAwwWYYdYwOwWEwW2 WY FHhsK2362wbh645 Y F®lo62wYwpws FYdwr W
YFIFWo WHKOUOwy bWws WwoO2Yd45 Wops0223Wwua33YsFFpwYadc
FWao YMWs dw s Ww 9403 5w H B Y w iopFWau® ® Yau w9 WF Y Kb W23 w u
WAWrF YUYy 23 Y4QwsQwa CwbhOFdc ws WU wlFWIAIWbIFdecu YWTHOF 3¢
Y 23 ¢ 209 YidmwampgreAA w migroampere$sAA O W wF Ywg CAwWwYF 4100 OF Yw N w e
GFFYEWY33ChCwasvqdvip e §TH G suftup \BUXY Y5 e BAFRwYws QF Y 209 YF
45 IOY wH cgtow YU F09 OF w2 Y wwl0?209 YFwWdYYg ES w

0 Glow discharge QF F3¢c QFwYwypws CwbsFws EwwyWeawCwoo2Y4d5s Wops Q
FYscdd03hCUdw, wachCws 03 Yys ws 6w S MU CoF p AUy ITOUR YioupK
40945 VYg WUOw 23 mBidfPeres@akdYuy s Yw XY4CHcwdQa s Y3 YOw Cw I
BOUE2HXOup 2w O3YdgcsYFw Ywpw 9 Ww 40345 Y6w™ wobhTUdQuw Cu
FYUawg Q3 YFwY wp ws HOY w Gowdischardeshd @ uuPia W ug |G HD YubpDFQ@SY g 2wYh@ 14
QWY CUPIOYQUWIFLKYwY0ss Vs WUOwS Bk Dw k4 § QT D <
JcChCWFYIcwsEF WHws W3awhbBUEAYWY33¢c 203 YFwWwo YgLsFYIOYOuw
FCUWOF2pY3FbCUBW I EWWHKWAOWF YIYUYSHOROA ARG o
FCAWWOUF WX EwHUOF 3 WeE ol Wdiséeygey@attohad w b g Y¢ 09 WwWF ¢ 3 K
decatron® w™ ¢ neg@NeXiO wf 8 1 wb

o Arcdischarge” ¥V wwuKWAwo 4F bF p % Vb3 Qupere@ARAQuuY E I B Yus BFpuw f
FWS2WhOBUEDIYWFODEYBOYERCc 203 YFwWwI WwdOQa s YSw, 3bfF O3KU ww
WwOdF WX E w QdoiRoyi FkQwom, ¥puytron, high power mercury arc valvesf YF w WU Kd w2 6
WS wK Y4 wa ¥ ¢ U EnteroFylyaparlagtpu g

barkbisbhérgé ' :Gl‘owDi'schargje:I Arc

=
o
o
o
I

O XEBBu, wXVYAdYF3CUFbHd Ff Euw
V3baawOF 2WY4sOh062w s Waw Y
WOUIFWYXKUYWUOF 3 W34 ey ws G
bQuw wOFRQWhpw W3 w 3 Yw CHOF

10 - 0
10C t(/g-)OB 10 YwKXWa2w 503Y3awems Way
urren




S WOYF WE PO W Ws choFQUgsYFFOAUE w Qeaik pistba@ & w”™ yy wa wec Y9X QF w4 Ff
FW2F b4 Wa Ow Y MU cYUF aulliglfhOd auksYRup MDY AORLC 59 GRuyYgpsuk M O b & Y w 3 Y w &
QwYdF EdwwWbhpaCaYwYrFaFaWo WHOYU S w

. WOdFERHOW W WS ¢ 9 O3 Yoo disgitaryéd WYX Bywwrc by YwwyW3 wb X T4 Y3 H0g (
YX2EwHUcH Y CWPYFIFAWo WHIOYAOwW S w WwWOY wf W Ya'sAURouzhQdFuERS
0wWYU33QdWws KYdWY ws W3 wQfF wOs wyp 2 Q02WawebspdwwydWKIdX Qs Y
. WwOYF WEEQUD WP W4 ¢ 90 Qg YarcOdisohs@uadrull) X I5 wu wybeahos YQuB 3 4V 203 YF w h Q1
b O2Ew WOYFWXEWF Ygacw5EF WYdwssWawr K3 dUWyW 9 tyd QanhYOoRPwE 2 §
WwWbWbspwYFfF3sF3WéWHIOYU S w

S WwwYdYFc3bwbhbBSyYUWWHREES YWD 3 YF wWF ww Y dcYuusc CBeoouupyCHICRULLYE L
glowdischargeh 9 &jadischarglh QWY K A F Al OUwE K iy@ws CU wY s 3ChC U ws CU wwF Kt

L XEBMSuw, ws Qg c ¢ WowhweNappiscaidi s Ww YAAQ Qw3 CAwYs 3ChCws Y wwyFKbQ6Y ws W

" FYws Wwb X ¢4 JawBissham@w QU KIWOF wSCws KhbCwOuOagcOdCwy FYndws
YUuUcwwecIIYWLSFFY9pg QdCwYwpwaCAwYwpbs YhQtoh Qs Fys i G
bC¥33FrpUdwwVYdc oWIs VU woF Yw3 Y who p dF WOFO RO 20y FOCIFOU
"33 EOwWK 02w wYK wOF ulR Y uDuYUORK SRIFA R B X Qs w s EY Ow s Qw 9
dPWECOFYws 63wwyYdYwe 360ws Wwyua33Y4FF puwr Yd oW%@FH ELOuUXJ?
Ywpwa CAwWwWObCws WawyYodowWawYuucwfF YFwYwpws CA3wYwpha Y
bo Bus WuPadgem[21].” WMUHKUw2WIKUOwWwXYdSChF45 WyWF Was % QwF ¢ ywWF Wu
UFYXO6d4dIObWa5s Quwa YW FY2WY09 FF aickedeB) fQdQa ) €t 0 7 EuQay ¥ JEI P by g ¥
Wec I6wWwhbg CAWOQWF 2c¢c 2OQF Y theriGnpAuS DR 6 L BV LO@uBIRte SRy apUpaug Y Q d |
" 2IEWCWOWECOFYwhas Wws CXYIFbspws WewFWIAIFhs Wa wg WawYC
YYyFWWFbs oYY ws 63w S HUOQF 9 @ecricaDreakddm¥ Y F QF VGG IWOKF 9 Vb ¢ w
ICYWUFYUFFYDIOYJwIB6AwOF 2WY3Oh0636w”" I3YdwecruruWYws dp w
XCICI_-)FL,QJQQJPOCbCuJQ%pquJVKCIIErjgpanquB@[m]ap@@@@@mgﬁ&k@m@ﬂm?wg?q
YU woInF Ve ARSI IONY A 5 ws We w S U QF sFVFR uls QO 3ae@d s 9y
WeuKs 0db62wh,o68¥Ws Repélu Wwrup oW wKXQFWF®FYI QdWwOIRFY
C‘HQF5qQJ%}OG%LUQ}O%Y'ESwV%ngmE@fygﬂaowﬂ C2wK 29 Y b Quusf Wsuc UHKC
WYdc oWRs yauQwY3sp wKXOFws WwonFWwYwWs KMObs Yws Qwa Cuwy (
g WAwWOK F WwwYdc wW?Ig Y6



3.6.2° wIp 4y Whaschdagje w

© @p 4 WU uwPasthEnuO 0D Y F w OF OI0C W Cw O3 0h6hCw wWa w wOdF wdc 2
NCUYYEOWwTHW W3 w YWYF3 Q3 YFwWw wFYw 2Yw 30F F2EHQF w 4 1O
CUOQF I YdWUIBAWbHhQWKIAIYWYKYFWOWbha2a2Y43 EHbOFwWI CY wwF KapOo6 Y
length) [23][24]. " w p s WUdw Y39 pUw wE4dOw 3 WuwFpedridtht RaschenWRuwuluilpauy 8 W 3
Y2YF cWQaUwyQF dY45 Ya RFl.c wg WwhWWN wE

* ®ascheny QU K3 ChQuws Wwba3awr QF YF 5 KAWwy33Y4sFFpuwwkFYwyFYaWw
03 YUUFFVAWWHUYFY20wmFYwyuFc2WdQYwyHRPBOK Wkt QYR 6 W R wE
L WXYYdYF3CYF b3 FF Ewr Y4 wa W YTrutsQs U tg QuksHATHEM aucX s &) % B B3 w o
W2 Ws c 0 QY & g DwPasshiyd w

_ XEBY, F Y4 waHURaschenw FW K d Reium, nea, argon, hydrogen and nitrogen

CCecHOWAYwW LWt QWKAYwWwWYdde y QFws YOwwF YwBWwyYOYaYBRKY @& 4
bawWF QF 4F 4 K2WUY wIp 4 WU BQuii 5CKHCF uc uAhaUg QUEYCKUEMYF Yy 9 W4s Ewsg 6 w
g 69mmM.” WOFYEWI YWCUOQF IU4p IFYWOQIAIYFWSFFYp3 0dYwSws Kb S w
PWYKYws QwYHUs 3 GETQI w QWS FaPhc X FacDF B p 4XFHF Yop s Yb
XchbsYws@H6BuE M OF 3 9 Wy 06 3 O Wiy I KRUUBTHOhaUE PO+ OF 3 dp IF Wuw
CUOF IYFF Wa W lOWZIWMm 6 PpwQuws WuSUOF 94p 3F Wwg YwOQwF 3 YX«
02K 9 w0 F VWIomCuirt@y 2 wy FFYYae Qi asEW 2Ydb 3 wf QF 9 F 9OKup Y3 0B Q 181 ¢
WAIWldwsCRAwWwOlwWwp wYS3I EQAWICAWOQWFIcX33hCws WwSTHuOF gd
WYIWF YUKbOQFwWFW2Fbhs Ws Uwup wbwg 6wbh3wfr 4Ws bO06ws Qwg Yws
9CUwyF O3 W33 E dws QoW Y w w3 d0p B Y & &Y purs O IUYuKphBH w 3 ¢
YwWs KH@B"“@QF‘P 4dY% 236 QowY wp ws Wuw oy, F wiiuyio CORUMIwQB Ku% Qi Yy
b2wf 4Wsb0620w YWYFI QW Q0wYUa30dYw ua3aad3YsFrFcw Yw g Ku
X F W3 Wb 9 Fodeakadp¥itavedanche).
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4.1.2 Multi twire proportional chamber
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41.4 Time Projection Chamber.
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Practical Gaseous lonisation Detector Regions

Variation of ion pair charge with applied voltage in a wire cylinder system with constant incident
radiation.

Charge collected-log scale
t

Voltage applied—linear scale

CXE4w’ Q4FWXKYwHOFs WedwoVdws 63wy 3IFX3089y 3wyQd



TUOAWII VYU w s Ww badwrF QI K YEKh DR @ XN YYF 9 CUdFbasFF K4uw
YIFX¥32039 Yy DWAYQYHYBW s Yws YU wYwYbX W EbWa 3w Y& w Q i pumdi?
wYdWwabhioXhEwF wS ws QUK 3 C wMitjéMeda3.F X 23039 Ew

4.3 " UuFp3Ca QU uwY AFFAUPD 2

. Yw FoaY4FYw XYYdYF3CYdFhgFFcw 963w w YIFXI0233y 3w YOYIOU
XdChF45 WWYWFEbW245 Qwa CAWKF24YbSCOwqo63FF EdwbhbCsYHIOYURO
WYYdYFcag60

431 " 23YFbcChOYwp2i OUPUDPYDUA K

Q3 YF b g(Sehsidity) 02 p YRKYZD 35 EOWOIIYFWCWFF Y3Ip3CaVYwaVYwu s
GFYwb3wfF OF 4F4K2CwYfF 3 F2Wo WHKOYS w IOIYFwha2cd43ChCws 63
a. Wwp ofF WU O
b-wwognwa?Equpq3¢wq§
c. s WwwdWbasYaOQO23gFFpwqwYdcgcadWRo
d CwO2049wpYwyFYs WsEwg WawaUFf Wa b

WwO020Y9wpUw e WYH¥Fw Yw scoYw sWaw YIFXIQ3IEOwW fF Yg WY
YwWddp2Ch GUWUWEEQHWFFF VY wg CUwwd Wb wOws WabYUdwYF3F2Wed Wh
Y203c93Ca WYdwYwypws CAwwdpbwasbbhbCwYrFaF2Wo WHOYUdOwFr Yg WY
WAK WOF w3V QUEEGFYUSY WK X Wa 4% O WhiWE K Y We By dWhs Y3 039 F
POIKYwWOFYUAOQwWY wWWF MOQOF w3 CAwY X303 bCwYFIF22Wo WHFY D
UpwbwYwWddpa2a<ChqUuo

432 " 20Y4wOQFYF EWFRYpSReRfuEps O UT awll UOOUUDOOKA

L WFHWOFYF Ew uFYF 94F 9 FepeBgw rEsplMiGpCeus ® W Y F WFbHBFFFEUCF u Fp 3
V%FX%QaﬂEwFVFwV?YEKQQﬂ@@&B@@@ﬂ??@@%?%&@%@%ﬂfy%mVFE
FYScwaICwsKadChCaulZHlu@d 4 RoQBHwd wd wyu FYF YF ¥RFEBDQRRE EDw
Cww?IbH3 EhuF E w Y,uppErursFlhuSwr c 9 Wd wb g Ww s Fbhp w3 Wa uPWKHN Frglls W2 u
Width Half MaximumA w s CY wf Y9 Y2 WL EU wao®ie 6 B K oy FRyUssuYuHd F wd c 2 (
wYdYuwce 36 wRYaoopeedlfy F¥96 b XES Y

> | v

Source spectrum = | lmax-—————— -
1
max __7K¥VFWHM
B

uHLs
Intensity

n(E) or n(V) orco

E{or V)

CXEATWE VYRIUBaBD WoF Yws C2w0sd0hCws CUWOIQUIwWOFYF EUwy FYF AF ¢



pw W2 e
"0w 00

cUca €

02y wCwbXOQOsFFEwWKFV,OROE VEWVWEBP S QB X Kb C

433 ° OYFF Ew FFEYWW kFY9Fp 3 Ca Ywp2 x EUPEOQwW1i UOOUUDOOKA

WX OBYFFEWAUFYFY4F 9 W RIFYVRFDIODLEWE CWw 1 3IYIpIC3IYwuFYXOH
03 Y33 w3 B63WwFEIY 2wwlWawY2E W2 2 w3 FUUBOR aW3P Wik WhstGCBHspuk g
VY2FX2039E6uw. Ko dQws f & QY GO FEHCUC Y wr Y VIWs EYws 63wy F
SCUWYF s F2Wdpk OV BQw 9 WX Fc w wyWa w wd WhHesHUAE DO F0RYE Wi upBud §
F 34064 wsg ¢ U wrgranutastyA Qury QB 2FEBOQBO EYd3c 3 YFwWF YFwY wp wc M
036w020Y wwyYdYsKsdways

dN/dx

\ Source spectrum

No

FWHM
Noi2

Pulse Height
Distribution

Residuals

0 E,

O XEHN WY 3 Y 20w o F Yws CROHG@HFEHENRATFBEF EUWFF Y2p3CaVYVUsb

434 ~ IFXIQ33IEW FYIpICaYwp#l Ul EUOUwWSI | PEDPI OEaK

U¥IFX 2033 FF E WERF Ww W@ Y D F ZH@ael 080wy Wd 0o 03 YFOw S w u
FYSYOAdYEUwWOIp Uwwhios Yz G0y F M De kKB ¥YwoOs YFwbQuws FYwhg WF
WY QRWAYWWIFbhs QOOwWH6 Y ws WwwWb WbhgpwYIHOX2023bCHws CU ww
baCws WIcyuYwss W wiK % BEBMICFOFUE W 3 F X 2039 I(-'FEBJJDK)HJ‘@'BQUSJG.IBUYB o0
Efficiency, t02 Q03 YF wY wp wg WAwwYdYfrcg 6w s wyWo

pwWwaOfF YF ,OIAYFWC WO WoQIE U w Y 2 Rilnsi©Retedion EEidepcl ® pYUF au 'Y
w0645 Q3 dFF EwY IF X 2 Q SenmgtriEalifeqepiapges Y SMOHpulF2 wY 2F X 2033 E B



57 Q64 QJd YdurU vEW0ED Angle or Acceptance)

" Q64 Q3 4F F E wSolig Wngld HiEAsogptancéO w WA W4 c 9 Q3 YFOw 3 Ww wWb Wb 3 p w:
w9 Wbwws WebYUdw YFIF2Wo WYY w wWaw s wWd Q w, 2uY o QGuoG 2R
YIFESB FF EWFF Y2p3CaYOows ywWdomwa3YwawWrWoFbhg QWY wp wa Cu
bs04OcUwwbIOYUOW Cw WwWYw Y33 Fbsa WFX QAW Z S R gD B
2wyWnWowFbhgs QlowYwp ws CAWYFpruWag CwhXKhGo

T “

436 4dp2WHhwdEbCY wmpll UxOOUI w3bOdl K

WAdp 2WY wY uPpur HEHYFUw WwX dp WY wwyWSwYwYF3 Qg YFwWwF Yw??Y w!
03cWICAWCFACWICUWYFIFAWo WHIOYUGS w, 3WwX YdW(riseltid b g F
FYFwWwX dp 3 WgdalF the 4 w482 wwiPus U WIOWF wh Y4 ¢ c 2W3s YR whs © L

FwuXdp2WFwYa3g WOOwWO4s2Y2100 W3a2wWwFHhX3Y4EwWO¥ c Y43 ChCwYwp wg

FCAWWMFF EWX6UCSFF p 3 Ch Wuug WS aiFpFa3p@ies sy d wY 2p x Wa O wt
FYWEYWF wod EoWd ¢ ud<O P AUy ® F X 3033 FfF Wa ws Ydwhahs E4 V.

e T A

L TEASBwW, 2WwXYUYFsCAdFba FF WOwX 9 pyBitpRidek Qi FRUILYLK D gpal tup W im By Y 1 5 |
( WwbXE% Y wK wE ZHRYY)fpHre YU w,

437 " 207209wpUdw YpA3WYwp#l EEwW3I POl K

Y202049wp U, QDY BT OIEUY WF Y Fp3aCaYws W3awYIFX 2023 EwrF
YI2FX2023 EUwuOAWOIAIYFWFF Y2pdwIAIYwOQwO304dwYhs QOWKIY w
WAdWCwWs 4 QA3Wdw™ 2apuws Ww HFPRHh QOYO whHBY @FIADPF wWa Ow Wu
WOwWIp 3 6we QMHP w 4 Qe M WU S w’™ w Y HOBOWILSD HUMKPEUPbL O F w 4
FFY2p3C3aYwYRMEBVBHYLY.QFwEysr AN B3P hydUBH s OM K3 Y wg W3 wY D
02p U wY ?REDEEEE WO 0V F

a. Paralyzable deadtime model f Y . Non-Paralyzable deadtime model

Non-Paralyzable deadtime model
I IIr 1

xpbvog L] [ I T I

Paralyzable deadtime model

yeyovéra
I it 1

xﬂew: T

. XEHAS WF wy s WwF 39 F pra@akpFuiisusispWANFETLR 0904 m We WX BpBWE WY B K R VDR BPper &



4.4 Scintillators

VIYAwWwKA3YwaWds FhbsK2Wwh64s Y on F Ww wo d ¢sejnfliatar 50X u » FuCy ooy HAHKC
coaWsYws WawauFrr Wsws WawbwF 3¢ CAdF bg Ewg WIw s E R BUO w@ CH Ku
OQwWFbhsdKyWa2w b3 Cw ¢ 05 OUF YPFCWKS WAL DB @ POHSHRFY S w , YauCo <
hbea2KXOFYWOFHhKAX WIS YFwhs Wwab6s WyWh YwuuYHhFYbs Ews Kbh6w
wWewwYdc wWIg YFws KhbYwbhg Wwb wF 2¢ CUF b 3 ¥ Vb ©Yulg & @ @ c & 3@ B
KXOFw4Qwec M SuhSHN Y YdFgcspUdwabIawao6s WIE2w wlWa w wYdc
4 F p 2 Flusy'Ga1 ,cF -p0d 3 W3 wb wF 3¢ CYF b3 E wey Widyw o) © £ AH.wb Ow

Incident x-ray :
il
o o~ S
gl T AT el
Filng (scintiltor materia) ‘<V> ~ i
o TGN TN N () || Filling (scintillator moterial)
P> | B al| ‘ . 9 .
DS | I | |
//,‘.._) S\ Visible light \‘ | //\Al(\.‘ | Visible light
i A - D < @~
< /‘1/\”{ 5( RN
Pixel N y P

CMOS/ CCO chip (MOS/CCD chip™§

L XE#AS W OF 9 WeHimilaérus W w

YWwwO4Fbbps QdYws FpIFRVEYWOUFTBFIBOLX YRp YEFCcc O3 Yws Ww
WWe w wuptBz I F Yw v 03w 23 c3Wa3wde Ww &5 8 Yy a4 i X GHYBN F Wi tpapE
O2KOCs Wdw wWaw YIsFUYLocIQOFFw FEppr FRYP WF yabyUfdiuu YaeWR
263 WWWHUYWHMYbFYhIEOQwWOQIOAIYFwW4sFYwhabrF Q2Ew wWaw s wWd QI
263 WAB62Ww bhbOQWKAYwWw wYnspw 4034 YaWUbwy g YD wprawBos hDE Y
263 WwWUUYwWUYbFYbsEOQwwYdc wWI9 YFwe 63 WCUOF 9Y9p IFYws Kb

Photocathode Anode
] Elecirons
Incidem i Elcctrvcfxl
phoion —_———— 7 T ﬁl ~, Sonneciors
\
N ~ Scintifator J o ;j.-‘_\\ O— O —
M HE R BT N SR ——
N ~ | ‘ Ve ¢ 3
i NN . \
& —
‘ | . \<1 < \ O N O \—-<_;. —
— 1\ ".L | )
Lighy »
D??Oﬁoﬂ Focusing Oynode

electrode Photomultiplier tube (PMT)

. E5 480w QOF 9 WadaosQwigyeXuwyku YhFYb g E



weos WyWuHYwUYbFYbIEYWOIYFWhXOKFYhsKAWYdwKsbhFwy b
263 WCHOF 9 94WIH06wK 6 Y w phrURsucupy=0Xes *OUOUUGKW BTN @4 X ¢t (iR G W
Ww WHOWw uHMukUFR0 ow 3 Y w YV Q3c@ieus Y @3 b picdol) 9 p w ,4Qu o tow 3
YWOFF W3Fb¥QIUYHOWKDc 2Ww bYIw KPVHWBARF Y Byt p U w s c b
4 QUFF KU wOF MEFWFaus QROHWH AN ® A BAs)au

~ - Secondary Light Primary Light
Primary Light From Drifting via Csl
Direct on PMT Charges Photocathode
I [ —
1

T
WIMP | Gamma - Ray

to ti Emax

L XEHAS w, WwXYAdYF 9 CYF sanfllatgwwb E% YWQIp 4 w

T F Y w2 Y WALF O w gYlym 2u6sUlju w O SKFedphcPuGRs OwY 35 p w Y BY QP QF 4 B k
Y4 wOwWF wh wF ugaCUIERHBER FuYFuWmaF Y2 Y2 Ewg YF 210Y 6



WY IF X D Pi@aVECas




~

Q30 " WY AF X 2 DigcMECas

g WwF O2cMYFWw Y23 p w coYQuAYIAYUR iy F B 9 WEFuQauOw 6 Yy RE W2 U w g 4
ba3cKs Wadw 3 WIMICHOREGESS QS sfEpghYow wY 4 WabhF Yhs Oow Ww 3 9p wwd
Y2FX3,03uE chCws pb WuwesiiRiis Q& @F VEws DA UYHEEWH OF 3 Wa
Y0 ws Quwr ¢ WWF Y wd Yohurh 6 huwlEYURFQRup o QUBYE ke cl@r UV YFQUHKKORUBUDHL D 3 W4
2wpodVYcdWwwFYwsC3wagqs FWIAFF ERw b BlieraMeGds 2dUNaYowlliskp#iBau & B &
FY3YFUOKuOEass g Ws wawWoécgdUWaws CUwh3awrF QF 4F54K2CUdwOdwY |

5.1 © W F X IMPERMESAR

T WYDF X 2MDBodEgHSO w Y 2EF OF wbh Quw 4 IOY wdHodlhF O BMFIK DT QUF Y820 w g €
Yodqrowad wy MWFwéd YbOo W23 YFWbhICAWIOU FYWo YbFF EWYYXEOW K ¢
YKYFWOw 9pgQuw ¢ Yw F W I0pOFRUWBAwc A tuw @ Y23 p 2w 9 WA w ¢
CUOF 39WIN6E WamPBFHEeOBWE Ws YEwAs YFWubOWCHOF s 9FF p w
WYdYwe 26wYdy E O uMioleyasd Bi6 4 ©uow 3 Y ws Y 3 F Blidiersatet asaous D w K
detector[30. " FYW I CAwWwwWYYdYWOWEWSCHUOF 94FF WawbhbEZYsWIdOwWFwY?
UOF 39 WaYdwhoY U o w, sWfFYIKsSGraliiAde o W S M OF 9 4 Wy 063w b 9 YV w Wy WK
CUOFIYFF WowaWdsOoWadw, WwsWAYUFFpwbCsy OWWbhg Ww Ww WU
FYSY4KadShGCUOwYINE2023hCUOWSsK3IdGSChHhCUWEWOIhX3hGUwsal
3 0% 2 WH WXy 2UPEeus Niegas.

. W F 496 3 sMicfoMegas, w9 WK 4 XYOug g @M icro Me sh GaseousStructure? d wg QX 2 Wh Ww HOY
b2wfF OF Y4F45K262wWwYAFX¥20233V 30wy CsFWRYWESCCF QWwFYw2YwX:
FYFWbOw WOFYcsYsYw b65YsFyFYF EWE @ &huFs WIS uC wus lWBauYtp3
Y2F%X308239 E w? CEASACayYQuphussUy® w” 6¢ I Glys F Bu¥ D¢ §Qa @OV ws Wa w)
S WE 9?3 Y3 wwd p Mitiodefasy )@ Ww WIOWF wQ X Y wF Y3 ABedR3, GihatpiBw Y w
F YESauli[33]0 w WF w Ww W HOUFFYURYulhZXQukeE LY 3 WMicraBHip Sds@Chambers Wwh s wX 9 W-
45 WIg K MaeMi@sywyWa wOs QY wX dChFs WwWFEbYY OwWwe Gk GRUESS 3
G.CharpakppluNNt A8 w, YwfF Y9F3 EYdF YwwWe wwdK wyQF w200y R dNowDpu
YhH¥cQdp 30@NVE wWd C w VY(tgptimd EHY, & Y WAFF EWwn FYF AF@.Ep EngF F Y
3 YMEWOQOIQYwWOF YF E wyu F Y1A%), OB FYFUEWRSFOYAF oF SEQUBNYF Y F Y h B @ F F
2Y CUE WY pppdnQUidcM C wYF YOG GFRFH WU QF 9 F F pPW@BFYauh? o Wr oY

5.2 . wy Wy BB F W) (RmMEaBas

" wYF X APSAHMECES, Y wWs O FOmYsFWw CUQF s 4pu FYOw 3 Ww CUHQF 3dp

CUQF 9 dp wnicidnesht8 fuw s € (attpSELgYUEsistivestrips)d w, wy W EwQIp 4 ws 3 yF

30FF3Y 23 YdwYwp wr ¢ s 6wwd Wi SlueatoBsGiss ¥ w13 @ @Y ¥ Ly > Ww
360) b3 OXPUF O3 ¢ FIDKBL tOb 3 WF YH & O3 § JBbxG Atlipsr YF I w3 wc 4% W2 3w r
KXW3BIEqupic s Y AWQI50omF YFWK X WS 2w4s 03 Y33 wa WaU @ds¢wp b #dJMab G
micromeshf YW o w9 OF w4 OV w w@ Sy )% 5 I DD E40pm O 9 YV F wwh @ity Bbhusy upS
9 ¢ Jw c FegupUistrigeX w E wesistivesstrips Y 3c M WoYw s Qw3 CAWXYdChF 4 WwWF Wa 4



micromeslO Wf Y3 YbF 03¢ 003 YF wY wp (stairBessye@) - OrOasubuki3adhiesizoip wWa w S u
¥Fc4 Q3 dWY ws ¢ Y w Hire-gigneteA LY HBEEMEWY F Yws CIw YwWe 2 wE unpsht 4 wa
FYFWICUwWHYFYICYEHBOBUwWICUdw YwWbschObUdUwYwpwsaSTIwce IWn
qwc bb Y BFRK & Y Waswpilars (b X E 5601.w Ypillars, 23 Fc X2 W33 YFwY wp wg Ww K
X4dChF45 WwWF QKO3 Y F Wy Wips Y3 6 o My suress®estripsi YF ws WwyWe Qg W
bOwYwpbs Vh ¢ wWaHFBSemo U wwd WU ws WD Vle R dUB Y WF w6 U w ) Bl Y ws |
g 3wy W9 KPR Y @phatdresistive polyamide filw s Qs Cws Kg W Wwgs CUdwbha3s ¢ v
uc 26w b Qw QaulAHF PEEoS w, Wwwec X WY ws W3 waFhs wr Yo WUHp QF w
0210h%¥3HCUG

IONIZING
PARTICLE

(Coversion Gap 3.2mr;q
_ Low Field 1kVv/cm)

IONIZATION
PROCESS

“Amplification Gap 128um |
High Field 40kV/cm

O XESO W, XCH4YIFFEWYWOFFPIAFHhCwWI CU wY MEBEMe@ASOF 3 W2 dwhoY Y ws W

WwSHUOQF 3 9p u F WiLs8WHesiom Yigemlizng@raetm), QIO YF @p FEWY 3 YbF Q3 Y h4 |
Wwdp 9 3w YmiceoBhY wp w Y 3 W3 O Oy O(staihlesésteslméshO w 3 Ww WwWoWw 3 WwWg
Ywpbg Briytue 26 w Y wpeshg JUWw Quwp 4 O o B HEUNCWHDI 03 YF ws IOY w9 3L
WU Kws Y3 W4 OwO g Q w YrBicred&Rgmplifichtiontesh @ DsuQ wh 3 ¢ aff neeshHY» Ww o

. XEBY FY2Wd QomEromeshRectangularcylindrical, wovenf Ydalendere§i34]

KXHB FoKEWEEIYwWs Y WOHKQX FRFHTRY 3 Vb rsQUEREsh Wheshs w W Y9300
Q2 YHpP, FF KKUNde), ° YU F (@oppe)y, YW QOIO% 6 % 4] ¥skainless stepl ~ M W34 IODF |
(@luminumk 6 i Mg YF 42 hgold E_. F3c Biadiym). ., 9 Ww wyYdYF c 9 X BEERuY w
YW YFwWWFwuFc2W4d0d wan@dhIFF KUwr Y3 YbF O2EU ws Wa w



EEEEEEEE
ENEEEEEE
EEEEEEEE

Electroformed Chemically etched Wowen Deposited by vaporization

CXESXWF wyFc2WYd0U wg OX 2P meshiss]Ys Ybr O2EU w

Yawips, 5 W9 Ws 3w3IYwKE W33 w WyWi Ws BeayBa Qi K EWE D w5 HS DEIBY G
WYd2Wa25 Q0w X64dFF Kdw wiSqdWa2 WY 0U B B Y W ® B & Pivel $UGURKERDD Yul
wYd3Wa4s Qu wyht ¢4 W WYtoQU wf YR BF[¥au 5 W & gy o iy © 3sii5 H didw
nFc2WdoQUuws Wd2KYdwYd3cuWoYws QuwsFdwY3cwfF Q4Uws WawQfFchsal
. FYwO?2% QOFF 3 F f &Erips:QUFpidiGavedassar Y w Y 3 ¢ gRbd Quw oy @AY UPI Q3 Y F wt
WYdYF c 9 6 whX E %3} aidop

250 ym

Q\)

Ve X-strips

PR
Y-strips _>\'~/

CXESBH6 w, YRrdWwoIpdw, PEUOO!T T F LQwEWOY 3c w3I6bCws Ww’

53 " X EwUQF 9 WaD® DB MEoEas

L WYYdXEWUOF 3 W2 9 w oY MiorgVRE a8 uDFERRY ¥ 0B BUEUHER iy WHA0 9 wp U |
FWBWYIFXI0SIEOWX 6900 03 YFwhOQuwy s WwOwF 4 K 9 W3 tnioraygedhF WX K
s WwWwWoWwK X QF w,d /il uhSRES YW wWOdF WXEOWm0309 YFwCwh Q
WAd63 YAXFF Y Iw wdW3p 2 wariuw RYFTHB/ARBE®M0 DA W F YF w WRUWR g% B
5 Q3 Y9 9 opEeksion region E aonversion gap) F YF wg Ww wec X WU w g W B §F Brimd 0 Qg
%0335 04CwWPINBHNESIEC 64 wwF Ww b 9 603 Ekuyd W, Fe 0 BOE uE Y @
Q21I0bX2bCwF YFw Ww yWnuYawVpy Yy 2mHEs BRed@RY F QX E w 03 10h
(amplification regionAd w, WwwOu IOWws CUwwOdF WX EUY wODI0h X 2407H\cm Q 0
FYFwyCsFWadwOlos YFws Qws C3w02Yds WwE wQ Yeitsd ey RYarmEsh UL w
FYFWs U wYiRoWWew6 4 wY 3V 2K dY s QuusYuouious0 0s O w3 Y w Q3 Y F L
(pad) Q3 QW IAIYWOQKIYF wX 6 9 Bttps KRG B Vuw GHIm QHKuIWw h 64 Y3 IOn F
KbYw Ywpw K3Yw sKbWOw FWIeOFwW s YwcoaWsYw s Waw 5KbWa
CHOF s dYBIPBIGI6 w, Wwo2Yds WoupwyFUMuEHe0F BUHE 9 B WXilo & Qs Y
KoeUplRdbd, F Y9I 03¢3a20FwWwa Yws Q3wCHOF 949p3FYwwd Wl ws CAwwQdl
gCAWwFcoWrWlw, puFUdw2scb WicRmeshi D oo w WS WXLFAYK > WEHIB W3 Y g3
WOYF WX EwWO®WEKBSHIUHS Ywwd63 YUYXFFcwSUOF 9 9p 2F Ynicugtgdhy © i wi L



Y23 EOwW F QUduog W2a22w OZ3KY4wOFYw Ywpw 3 Ww wOy OWOwW 4 Quw YwWs
nCHsFW3adwy s YdwsQuwY3spIwsg WIawsg 4dp wWO (avaldhohe)® R s 4§ 7 HO e
FYsYFwFbhspwa2Wds loWaOows WwWwWWwe YwbhbauUuOXg QWY wp wg § -
UOF 3 WadwhY U wo BligrtdMeEa30 K129 ®3 Y F wb g WwHKEUHaus Wwbh X E4 Y w

NfieaaEti ;gt rﬁo\g es5

lonizing Particle

lenizing Particle .-

-
-

<.

T

| // n
W Drift Region (~5mm)
g Sobviam

Mesh e & s
(NegativeHV) | £ S |

Readou Uectrqdfs N Amplification Region (~0.1mm)
(Cround Potential) ~50kV/em

v
1 1 7 7 7 7 7 /7 |

!

CXEBMw, wYdXEwWMOF 9 W3 d oM@ioMeEass wY 3F X 3039 E w

WWHH YW YBbFYbspUdws 62wCUHOF 3d4WIOO6Fwwla wr Y4y droesiPlE QudF @
ICdwgc PO U EOWKIYwwId63 YYXFFpwSHOF gpdpFUFUFubgy Yiio
 Y2wbheSA3KWOFYwYa3g Was OwWwwWrUYwHUYbFYb4 p U uBslfRumr 2 W RO LY
Y2puWadw FapldwYwpwd YWSCUOF IYpIFYOwnuSCosFWadwWs 29 YF wr
Qw4 FFY9p 9 QY O,Uud4U¥ Xrseskifus OVw CHOF 9 Yp AIFYwpwbUwKXQOFwWwYDY
FO2cUERQPW@WEHOUW F FRWs 23 YFws Qw g YX @ 9 ScBPElopEX0oin¥nek D aud QU b E ¢
uCHFWaYwPH B CU wfF ICHCUws 6w WY FHhsK23622wh645 Y3 Futob

YWCUOF 9Y4p AFYOWQWOFKEWI YAF®Osa W22wsp 2WwbQwKAYws Ff 9
GFF9dpw wyWbWbspwbas WwbEZYOws Quw YwWs KM Ob4 Yw 8 Wuy @ Qoy¥2ep
W2 QM O0s YFwhs CAwF IR W F LIBROFOIFBREUIV WK CL F W3 dwEhWa
WONRWwWF YFWFYIZWOWKFIYbCWKAYWCHUOFIYFFpwWY0asYwhg ¢
® WE¢ OF Yws W3 wg ORamMm&ERaNasithearemU)ZB]w

RY@HY I3 FF Ew ypbEBABFAYAUD 2 9 BIOIWRIW Y w F Y3 Y inesh iy BJE &y Q thiYasl
(transparent), WF Yws YWwSCHOR PO WRAAK wWOF wIYWU FYUKJIW25 Qwg Wwhp wl
WO 62ws 62wWwWOIF WYY Fws Q3 Vs dWWE Y BY MK WIOQDIOD W MEsk )& $u¥iss b
wWaw g KUW25sQuw AIYw QwWF3aXW35 00w 4 Quw 3 WIw pifmet leffecHalUauiMup G
CUQFIYFFYRAwnua33IY4FF Yy wwdYs 4y BB B wwYyY ¥ RUS HE Yy 3B 5/ o

funnel.

Cathode
Electrons: Drift Lavige | Tons

Field

=3\\,"

4
Vo

Diffusion
Losses

~40%

‘Induction
Field
| l l

Anode Ion Feedback =
Taite/ Ton

Ter2Tin' 6T
(gain x transparency)

CXESY wWwe YF uprel®@BBwC U QOF 34FF VY 2wy 33Y4FFy uwwdYs45y 26



 YwwrOWIOF 9 EL Yo Y Misroy2@es, W< x3 @aARBwW Y wp wg Wws KwQg WY ws €4
YurcwfF YFwWYwp ws YWSHOF 3UFFcwwOy OY wwhiSid Q2 Y &4 py ol B 5os s, v
Ywpws C3wYwpbs Ybh Gulydesh@itchlws yRw 3 Ww Qs 9 WU w 3 Oh X QT wWp
GFFAdpOwg p 3 Qws Wws K w O g (Hidtmon avélanchd), &) FWIDIOAY Ewus F F U p wf YF wF
Xdp2WY w Yize timguw aod2 w bES Y WY w wW3aw M Y5 dc2W35sQuwbaCAwec
(WWUUYwUYbFYbsa FF pdpoury\Qusdul 22ssYpMuB 8 QB WHK M Ob s YOwWD Y wK X W
X 6 4 F pphtiai gpsolutio’X WwfF YF WX 4 WIFF Ewy F YinkFsoktoBwN ¥ IPHSs E@pm, U
FCUWXO6YFFEYWHUFYFUYFIFFEUWFF Y2p3Ca YRUWHMDWI W EX D& QU
WFYFAF 3 FF EwWFF Y72 pyLlHWQKMOE waE b DEHAIws Q3 9C ¢ QOwb Quwl))

FOFFAV23YdwYwpwas CwlXFWAWbsFdcu YOwS wWwWOYamyger Faya d
YwpwaCAwec22WWOwsYwFpI39Ywagqs YAIFK 03 W3R w miesHYiud HRagpIuus
DUYEDWY Ww b E HBl k WBHE @ a6 D w MpsBaB(FuVE £GWs 3w b,9Vus @ Rue Vs
WOwWWIP s WBBGY 9 Y wc 3 ChHEXEAAUP wepY U wy QX IOF wy s WuOFbH QY% p4s Q
OFbKYX Q3 YF ulp i we UYOOMMAPWN T 2WOWF2¢c 20F YW 62wWwSUHQF 9 9Wn
Gl 2wAIYwWu FYF 9F ¢ Wa 2 weddgystipsl) uys B AUYwsdlpuFue ¢ O3 YW OF b Q4 X p
cYwwdWr YUKbOF w b E 4% NadcutstBpQu QW W 9 Ww ¥ 03 3 0dWw ¢ Yw wd WF Y
O3Yd43V 5 02Wwh E 4réadoyt§ripsy 4 F Q9 ¢ w

" Fw FRFpsCa0Uuw fFYF waysug wOWDMEGVEGSSS & X W2 dw Wi CwEbH O
X4ChF45 WWWIOShEwWs WawbQuwwWhhc wwyQFYdcec s Y3 Y6 w wibCdOwWwh
Y3RYwasWawbQw wOFdc4sYsYwbb6sYIFuFYFEUw23hFFEYWF YRW:
203 90 WWX Vs CHY 2 w@IAPFEFQRIUBITHMEYEB HCws 62wI0s 40IWO WS u
YUUCcWF YFWICUwWwyuFOQYQ3 3ChHhC U twdgofd wBhe (1 OB H w i B Bl G EDSB W up:
WIMPS).

" OYFWIF b4 Wwh 39 ¢ wX d MigroMeGaga0s PYFER QRS EE wh QwwOF dc & ¥
PBYwpscObGCUwW 3rTCUY W 0204 wWOFYIdw” 29cw aYw wQwWIpg YOuw
OF F O3y bSparks (BE,0¢ Ow s Quw Y wWs KM Qb4s Yw Y w wo ddtdyapaiiyd ¥ BJa @ w
Y2FX23033%dks OF AV 00 WIFBH Cw bawr KIs46bCw 9 Waw 9 WUBLY:
3 QWO Y c hGFRAEHETM1][42. y 3 Y I wdpBKAUY 2 ¢ ¢ 30F wXy 4YOwaps QuWy CwQ
mest®d w” FYWK2YwwOQYdY4s YwbQuwF hB®OPE G Y & &ipaptPng)s sY1I3uE Y w UPH I uF WidH @
F3Y46Udwbhas CwY2YwdWh Yds WmeEk au ) 8)wid) g BNCHHDE WP Yiw e Mithg K b O
Y2cvWoYwYwp ws WwO?2Yds tpgversumIgilfunt F PYe4CROFupYuRopu s Ww 2 Wd g FioWw u
bOw KsparkuQ IO YF w 4 Qwec M WOw g pg Quw 4 wWYOQw 2Yw wd Wr Mg OOw F
Y3FX2083EwsYUOws Qw YwWs K M QufkUius ¥ © BN ¥ @ ¥ )8 uFYp BRSNS o
Y2FX2023 EOwW WYKWOFwW Z2Yw QIOIYFwW YI3¢OfF3FFpw baCA3w Yfr3F
YwOouQa3g 04y 20 spaked sy wH YWY ws wWd Ws 2w3IYWOQAIYFwWr YaYbs
FYFuwomesidm Wdis IO 2 BRWY 4 O wtolfyQuidoYrahla 4 Quws Wwh 3 wf QF 4F 4 K 3|
ICAWYWW2 3WE wa@THY PG @ PERAHG AU OIOF wuwy Fc X 2bhCws W3 w?
GQuwPRYFwe YwFcAWa5Qwa WadwYIFXI0spakkdl ws YU wg YIYIObg €3 W

. Ywb3wf QF 9F 4 K23 Ww wdp ¢ 1 G4YFQUUKKERUGEF 50O IQHQUOMCTRUC 2 W9 Q ¢
QwMahCw g BbFw wWYdYwe 26HE,[WBW MTWH Y263 w € Uw bCs QOWw wYd U
FYdYdXQUw FyuKOUdw wWaw 4 wWdWs 2w 3Yw X4dSChF4s WwWF g Wa 2w
Y2FX20233y 26w

L5 C4H Y Wulu@edy S

~ M6 910 WartheShy ®Wa s E4 Y3 YOWs ps QWS WX 6Y9CsFFpsCaVYws Wawy?
I5E4YaYOws QuwYwWs KUObs Yws WwSCHQF sdFFpwa2Wds OWwIYws OF



K2¥%parlOw s pg Qw s Ww 2 Wds PWw wlWawg YwYwOrM0a3g QU6 ©Mx WRICQUC
0H6bCwWs WeawI0F dWos wXdpWaws W3 wYIAIFX203 3 EwYUHhc wf YF w4y
0wcHuYw2Wds OYOws YwWw WY ws wWd Wa 2 P WiE Wi app2enae Oohuew RO L
a3 WyFF ERwWwY WI2EOuw 4 F Y Hpark W F 4udCcuR@rF A IHyBE Rl @wfF OF 4F 4 K2 W
mesh, w9 4 ¢4 Y3 WwUneshueQueeRuus Y wfF YMEwM3a b CwwF Yws Cwwd Wh
0FYy 20F WfF YFWWOQUYF WYKo OF wg WWFFcwgs WAWIQF ApwXY9p WO

" . Resistive anode strips:

"IYdwy Qa3 0dWldws 9p wWd wYwWwe 2 wE 4paws U hilipumd UPRes AU HupHd w
bCsOWwss W3 wYIFX 023 HPoadiqmrorR ¥ BB b lumF ¢ X BHEwapF Yw DY w QuF :
g Wawe Wds IWawolIYF we wy S5 F W3 resiQiVearnd@yYOuue Yirbu e YRS ELSILSNOH
9 CwwdWbg EF ¢ w QIRCIHUF BF @ % WRAWIcwitbw b3 € Jw F WA 3 2 E )<, duu Y 2
Y2¢OF 9 FFEWY3IEwWcAWNWIOWhHICAwWYYXE wg Y wspapkBry HROWE 4u@ ocduu
G0FYVbOFwW3 CAwwsybCwdchbCUwrF YFWF Y3 ZWOQWKFIYbhbCws WAwDOF

QwWF3asXWays OFasFFWY T Yws CdwYIpuyuWaws WawYIFXI0SIEDG w, L
OFbYWOWEWO2p U pafiBPuy VP @ 6 F typsp(nesitive strips) Ew 4 K b GhullesCOMWRFF EY O
WwWOY wg YwwyYdWehFYbs Wa QwYIYUSIFFcwhQuwOwp 20204 wwyYd

54 . FY4pdZ&HE 3 WFnaw a

CFYWY2YUSBIFFEWWOUFWIYEWICUwWwHuFYSEpd26hCUw s W3aw CHO
KFKL_LJQJ?’?OUJL' wqufow'9VW¢qmmmwwWQ@hQﬁ,wmmﬁyqﬁyymm
W WoO3KUdwbs CRARWWOYF WYX EWSs QO3 YIdWWEUwYUUc WF YRFWbh3 Cwwl
WH20FWOQaF WuYws QumeSIOuw Y WEQIOE $Ww W8 @bF s WwyWF g OOwh Y w
CHOF 3 4FF p w wOMGOAHQUERYFANY QYUY 2 64 K ZWR wb 3 € 2 wneeh FUXZEubru
SWaWhXE4YsWdws 62wu33dIVsFr Y dwmd Vil ¥ RouustiBu@ DY B & @ 4U0
IPpbWWBFYWI CAWUOF I W3 dwOYws WawYIFX 02 BEWEMUE @ puby P ¥ F
62w CUPHAEOCBWYP w mEsB w ~ FpsCOw YUw OINFY2KYOFwW Cw qOF
WWruUYwyr YbFYbs WawYwpws YwwyYdYwp 4 QY wF p BBAYGuLY YaUUUBuy Yt ¥
g Wwwd WM was 62w 3Y5 FFy2wmdYs 4y Jwg 62wWResiDF s AFF ¥V 2wwO:

N I T O O I
CONVERSION GAP (3mm)
Edriﬂ 1-5KV/cm

:H

"":'"" NN\ H o ‘ \
: TR f
3" i \Wa i
{EV‘? t q Hit i
E i
gf‘ aﬂ i 1 HH 31
AMPL'FICATION GAP (100pm HH I
E amplification 30-S0KV/em ; i

'i. 'EI!H;" il 1 hiy x i

CXES Fwuua33Y9 %5 KM Gumws W3 wSHOF s 4FF WameshQu lOW3 wh g WwXy 94 Ww



55 9 QX 2dpgrieresistive strips

WwwWhswbs QIEwW WOIF WXEwW yWrh Y puWHhPW b JWBw E@pub 8B PR ¥ H
02Y445po QO3 YFwWwbOQwWY2IEOwWYwWs OMWs 2w ws wE w Gpaks D Fipaks w ¢ 1
GuwWdWs 2w2YwwdWr YMKbWa2wr Y3 YbsdW2KUdwhs WAwWwYIF NSN3 9 E
bs Vws WFXY 4V VYwYhhc wi YF Wl p ¥ @ OWO sy 1 BRIFPuuatg AUFOIOWRELI0:
L QwecUuWaUw 0F 9 Wdeddutitied.p, MW Wl Y2 0Udc K I3 Yw 5 OF WIOF 9 EL
WdpbhbaVsVYws Ows w0 K U Bpprk registuft MizrgMeQdgAIaN UQuuY 35 Ews € 3
g Yeadoutstripsf Y12 ws W3 FFwY ¢ OF 3 FF p ws W HBRoF fO 1518 % KB0RH0B.Y B
4 oY Whle O w aEM fRAUMPACMA 6 w'sa X @k BY 6 4 Q % @Ofeadoutstrips (b X E BH.lu 29 E wC U
Y2Ws WF Wy W42 YOwwl203 YFWwF Yw?2Y w4 O Btipgd QO QUi muFOaF ab K Wy d
WWHH ws OUM K3 QUwp I FWYRIEWCWI QX IFF EWg O6YYF 09 OF wg WRwY DF
CUQF IYFFKUWOFFOAYDOFUOWYFps CwF YFWbOQWEOYFdcUHUWIwWE Q

View along strip direction View perpendicular 1o strip direction

Mesh Copper Readout Strip Mesh suppaort pillar Mesh Copper Readout Strip Mesh support pillar

, YESHuw3dYwYdc bsg Yb ¢ wsaspdikpréteptedvioraly@@aqRO wb Q wy F Haydutybw § ¥ ok F 8 T4 (eftk wf YF w
9 CHuuF Q 3 ¢ 3 FiphDrSUuresistivestripsF YU 3 wa W3 dws p D Ww 9 Wwrepdshiaye ¥ § § 8 bw Hig@japs 3 O d |
layelOX 64100 O3 YFwY wp ws W36 FFpwauFFpdw 33pwg Wwhsdy 5 YwO3piiks2 YU 09 OF w:

VUUCWY IOYWYUMUYWE ws Qud crésistivest@pIouumCR@ Y uQusYszZuw 26 b C ws Wa L
KOFWwwHI03 YF w Y wyoado@sdpsd Y Yy o ¥ Owb 3 UK wQ3 Y Fresstiast@d)d g O
UM Y noBElQue WY 3 IOWwF Y3 YKL 03 YF w hesistivelaye/© 30 3jiyu 92 9 wp tUY2 6 w u
KXW Qws CAwOQwYwbwEwa2Wds W2 woOFyyvWadw, WwQuwYwp s QW
readoutstrips, 7 QW YwWWs KU Ob4 YwAYWKX W25 QwWbES Ywhg YW 3 O¥ ¥ 3 RUDF
Y23 R¥®203 YFwWwhI CAWRHYHNE BB WO WOFF p

primary electron

avalanche mesh

AN
' «

induced charge _\_l - ==
pillar

resistive layer ; f i

readout strips

O XESS w YXEwUQFg WadwoYd wOpdwlUl UPUUBDYIT w, PEU



UKWWS 5 QWHODF s BEFEYYdc m@KPHBYFUAFCc h#&FB3@UC 3 F F Ucapagitvd
coupling) 9 6 Jesistive strips F Y B 6 Jeadoutstrips. ., Ww 4 W63 FF p wYHOIFRHUW s Ww 9 p )
WFCUOF IYFF Wa wOpYwwaefF 69 EG W FYws WuupwWwY3spuwrcwWF
FOFMOAW Q@I CUwuFc3a Y < NiaueMe@as hZEEXNSHPR 3 E w

. XEBY MOF 3 FHp o P MG Hpelistive micromegas)(X E & Yy p WRYi de Oliveira, CRN.)

wo YbhFF E wy FMiccoMeGasoauyayld QlowOs F W YwIYws Q3 Y 4 YwOwh Qu
Ywpw g Ww wYdYuwc B@E E 4PEABDUNTeadput strips b9 €8¢ ¥ F 03 ¢ 3AHUWGS O3 Wa
WY dc U4 ® Yesistivestrips, Y ¢ o Ufeadoutstripsh 9 Y u F O 8 WwWg O3 Wa 23 YF wj
vy U YwgrifsOwX 64100 W33 YFwYwp ws Wwion F Wws W63 FF pwbg deadoX wf Y
strips QIR K WP U C 3 B ¥ €& dF Y Heapadtively coupled w Y@ 3 p w Y wrpsistige Suips.
L 320 WjOYdF 45 K9 WheEsGFwp Yt stripsOwI Y wQOIYF ws FF 4p gy Oreadhutdfripgp wY 2
UpwbObws CUws Qwe U C U w Y vgpidtestrihscYthuu Xt wig uY & YURY yp “sepegingi(screening
effects).” FYw?IYwyu F Y b 2 YMUhAWRHsQQLpusuFl 2 w 2 9 strip<lE puify¥uE QI3 Y Bl QU
3c3CYdws QwKg WU OwstepFuXRK yOFwIVEFIOIYF wwyF Wwwr Y3 Fc b w

56 . 9 QX 3bulk EMicroMeGaS

"YW bhCHYIIFFPpWOPEGYw B QTR REFHREIEWOWF 303 X¢cCF Qwg Wuw
WI6bh3spOw 64w gbPK F WHMidkEBEABS w . w b3 wfF OF 4F4K23Cw 30X WU W
GFWsSCXYIFF EwwMKUWAwWwWYIdYwOwWEwWI W3awYIFX¥2023 EwbQuws Quwe
printed board, C w Ww WY W2 YKwWOBHW 3 2w Quwf Y3 c b g Yeshtu@ulE pu Qe VP
b2wfF OF 4F54K2CwYwpbsYbCwYwp w3 Yeaddut@ectoHith > FUrucnuld % cQumuizaHoos
YIYURIFFcwaICAwh3wr OfF Y4B EDIOVWUF YU Fx FHWWYB8I EYws CYwg QX
WOYF WY F hrhigamesthdD w K 3Yw 263 WwWrm a5 Q4KUOwh3wr OF 4F5 K26 w
PWOeUdw OIAIYFW CW S CXYIFFEOWSCW CHUOFIYFFEW YUuucw fF YFwW Cw
WAWs c o Qaer¥bFuld wwQ M WIRlDY OWQWFI3wXcI0OIYFwWwsQuwa CwyF Yy
(lamination),F Y9 c wg CAwWwWwWHOYwCwy ¢ FWa3adwoYws Wawh3wfF QF Y4F45 K2
FOXBBEFE WOYYHaYUIOQ OF W3 CAWS CEYIFF EWY s WX E w3 G QK EH:
2IFYX3 QW Wwwdy 3 Wwr Wo micrenfesduusuiy uplhguthss QUOs WY G iR &) @ Wo
gdpwWw KZ3Yw 1033 0dWw FWsscsFw Ywypw 9 Ww IO FWw 263 WwyWh 3
encapsulation.” 2 Wa wF X Q IOmitrem@shgaslfud wF c r WYauYws Wawa2 63 WyWras Qd
FecxWahYwbQu Y repés@eyd Qia N Wapp w s W3 w b Xpllarsd suf B 4upwalyo¥ wi p w6 ¢
Y2Y2Kd4OQF wh 9 MictoOedy 23U MUPH Y W45 Qus CIwH Dy K PYb oY & MRS B ¢



WwWh a5 Q4F b4 p wa 6 Jayepoilfdames 6 BOMP QF sE¥P Y Wdc woF Yws C3wh 3
gOX WU Ww oY ws wWd QwF ¢ wWFUPPukBMuldud OF wub Quu Fc2Wd404

Exposure
Curing

Encapsulation

Lamination | | Vacrel ®

Strips I

O XESYwws OXBIRGFUuEq WwhXES YWKWF20wYwp ws WA3w, cdWw, 3 Y4 VYay

5.7 " WF U WwEws W3 wyY

a2 WYIFXI0333 KUY NHOK Ns Byl YF ws 0wy YwY 04062 ws Wa w W
O2wWO2KYUwWwYKYF W w, wOwFUWwE w3 Wa w Qa3 wo 2 WaauUYuwlyTDSHo@URRE WU YIRS
bauuY4¢0c2W32wsaYwOUOa3cOYdYWCTUHOF 3UYp F YO W UWEKMF Wb uyd @ g
WM CYdWHRwWbh2wF OF Y4F 5 K204 wwdWblyWg KbOFY4dw, CUYKLEOWWYK WOF
2Yws wWdOow YY4s 2 hHQUBY WHud X Py GHows Wb Ywy Kby COw S w
b2 ¢FdYbspwsWaw AIYw KXW35 00w 2¥ CHE w 3 YVEDBCHpYuu HIpFAHRGH
W63 YYXFFYRAWFWIAFhsYV 36w, waYXa3CasYwWnObgcSChCUOwWFRF®Y?
GFFAKY W FYF34c2bOFdws Qw3 C2ws 03 Yo WHEwWS WawSHOF 3 4dF F W
Ww & oy Yws Waw YQodWawsYUdOoweg Yw wdK wOF w 2§ Wup 09 ¥ B i Bt
quenchinfQuw U p WHbwW3 CUdwydechCdwy 033 Q0403 p336AW2YFIWLKI6330w
Yurncwp YFwYwp w2 YF BadyeMizsionAw§ Qug FpWPwp @ w s CYw b3 wfF QfF 4F 45 K
bs V¢ OUpsCaVws CUuwO?HOyas Gaink @ w® Ul w D HEOYUR WG w Ky F Y X 6UF h -
cpYd43d WuwwWa wwyd WKIX O3 YFwYwp wg YWCHOF 9 YWIAIFFcws W3awYIFX
FP23620wuFYUKwO3 YFws QubfF Wwp ws CRwY Y X YiemdchpQeedcdtd) we Y
YuUcwfF YFwbhs WwaYwKX W3 ¥ QuiF Py EEOBE Beffetisp WA c w

Y w Y KA, KYFUY Fell X W2 Qws FFAp wu 33Y4FFpwFW23Fbs Wo wf YRW®F 2
QIAYFwWa2¢CIp3 0q4qWOwWwXYdSChFs WwWF O YFwWwhs FYwwO4dFbhbpa QdO
cCUUYWXYYYF 9 ¢ d RaFsYrupug VdaepifBosicuh WU wY s W FFpdwYdFg 4 pXeOwWu
"YU WYIFX 035 EU wh Quak, WO P wF ile P 0P Yws Y OF wOII0h X 3b Cu
Pt prBW 33 pwWeOOM Qs VEaBaWEO) @WK 9 WpreERUE SYaUBUBuk 6 3 w C
YO4106 2w YwWF Ws 23 YFOw YW FOwOYd W23 YFws Quw OF wWs w
Ywpws Wwu33Y5FFpwFWIFbs Wa wg W3awsy 03 ¢ A GaUWPHBKHwm D B Y wi g B
QrAYFEMD wy Oy Ws KA3Wa wp 9 Fws WuKYdwWwOYYwOwE U wg W ur7ed® w st L
263p23FYw YwWbwWs 2w Ywpw g Ww KaYuuWw CUQF 9Up 3FYw mat
nCsFWadwWs 2w3IKWadwFWIsFbhsWa UOwWwp s QuwpYFpsCwr YFwWm



b220XVUwXFWAWbasFdcnuQUdw™ 23 pwKXOFwWwOH6Y w YwWs K ¥ FhurYYiouw
4O3 4 YwX690dwdVws yWdonwadaVYwyay e 0lwCwoIIbX 3bC ws Wb
VIYIWIYWCHUOF IYPpAFYWF FAW3I I YFWOI9pUwCHOF 944FF Ws ww
FYIYR2WSEOWYYF QIOWS WOIKYwWOF YwwWa wr Q4u 0o W22 whIYORBY BB
GFFYEWH2OPEER2PWI CRAWORIKYd QR VB YRAOUEK X PIQAWI s Ewb QWF C
QI YFuwwhs Y¢c QUEOWF 391064 wh 39 F U udFOmK sl g OF Waip §Ewe s WS s w
FYFWYgpsO62wwdWrF YUHQRWI CwsQmwYUa3 QUdCWO209wOFYF EwYwy!
OM ¢ % FRomsierO wh 9 Wul XE@iRugm F ¥ ww Y 9@ IVERMKYEQUS 2 ws Owe 1 04 ws F
OUO3CcOY4CUWUFYLAWSsEUOwW s Quw YWWs KUObsYwAYwF Qdy oo Wa 2w
A3Y2cwsQuwg Ywe g Wy Yws WawyYQdowasd ww

10 " L S L S p e B i N L l"l!g

ARGON

Ela¥]

L XE4Ywt o w F w0 Y mKHWerhOts Aitske uso B ottty 3 106 S wb s Ww™ 9 @

" FYwg CRwYwWeawEwYa3g Wao ws Waw2YFAWs KAIWaOwwdWhs 0 O3 YF
Y2FX2023 Ewm6 U wy Q3 sQuHVUBIsH@E HPhYCauFyF QuuAst i Q 2 WO DE WY K Y4 F YO w:
FYFws YwWdwYIFF ¢ wY K YrOrFWYCE 4K2U YU GocUd 27 2uiipatoi exdtedGiptesHF Y F w

WOYF b9 YrotdidhUexcited states)d w” FwWwwF ¢ Y2p3gCaQUwsbIwba3wr QF YF4% K2
%wwqwa%w%vwwbéwaawbmﬁkapBﬂ&%wp&mwmﬂwwigw@ﬁw&wwqqu
263 pPpAFYWHORUWEGHHBWWIWOIF WX EWO2QY4wWOFYy 30wX69YwscUFha Yw:
2 63 W3 OBphotons)d w, wOIK 4w F & WaMFuBUHODHOUEN I Y wWd dW2c 9 YR ws O
WFYwwYdc #EHOWYHF OuchO0B62wsQuecuUuYwspdF YW EW S KbhbBuwy F Y
YFAUAF0EWUWHF b pUdwY3sy dwabAWwFQUwYhFYy QWOQIYFwwWhs wh W
bQw s HOYwWw IOQUFFEWF YgchasYbCw wWHMasw uFY2WUIOsFFEW Ywp w 3
WYYc ¥y OF o VuwWaulaY02 03 YF w b3 Ww wY d Y 62w HHOEYS Y uu 2ph X ES pYuu ¢
be wfF 4 WakPFéic 2WSIwX Y d YAKQmEHFFRGF YSKuHsudpL tuie\O B Buog BB Bp 4 03 0
b2wfF dWsbOQFUYw FWIFbsWoaw FYFw yFOQwKY4bO06UGW , w O20Y9wp Y
WOYFbadW2FFVY 2w uFOwKYbHhQO6I30w wldIWr YU QW 4HOYw YY4F Qg c w
YUs KM Qs KhCw O2KYdwOFYw 9 63w CHOF 9 Y4UHEUBAY B W Rus GIHORRbU
02K dm@NMUCHQF 3 9 W3 H6 3 O w w YUF b W F RN BUD $ Wl KFOHQUYGF 2 p 35 6 3 w
CWw YKYF Ww W2 Ws ¢ wadreAYIF Euug [REId), aPapm WoYw 2 Quw 3 Ww Y w C@uHuK b
CUOFIYdWIAEFWOIYFwwWec I6WEWF cgbwYwp wg WwY 9 IOhl UF K 4ed
gW2w CHUOF 9 9F F"Wp Yuuuydw 3ape @ audsopn@u 8 BIWA w YwWddWac Ow wWh 3
2693 pIF YWOIK 9.8 WdsayY wp w



i .E —1 moroRTTr] ———1 T T Ty i B

3 ""-\‘\\ [ "-Fh ) DIOXKID
" ’\x
rxﬁ:\

VIBRATION
\ 3
.|
»‘. | .' 1

'\

|
"' ..n....

1
Elav]

O XES2%wf FwOo204dwKYwyFYsWsKUws 6wb 3 wfF WY DHOR 6 Buus GBune 1BQ [y d Iy’

" pwbwICUwF FRAEHOBUWI 6F2WCHOF 3 dWI6FwF Ydeileaidd 2fie@AT Ui
WwWioWw W2 QM Qs YFw bs CAw wYdWab lOY w o W HWQ Q% Y& @ 5B W)
CUQF IYPIFYWF FAWs 23 YFWbQWOUFF WOFYKEYws YWXFKUBG w, wf 0D
IYX33Cs Vw W OB QUSH X B FaCU w u FYX3bh06Ud w” wFwdWhe K 6
Xdp2Waw Y210306U w 9 62 wrYeQrus ORSHNS uuk Yy RWwa w WM Ohg Ch T Y
bXC45Y3 o W3a2wg YwSUOF a49pA3FYwwWawWHFbg YIOIW2S 2w 4pQuFH Qud
KXOF wY 3 YW cOo@mady IDdpamtiz6 w, wwob6 YWY 33 EOQwWOYYdsca YFwYwp
Ywupw s Ww 45 YWIACIFF pw wOu 40 cult QHOWY &G RUYHIBREE ®K U w 3 F5 KU w CX
GO0FYy 203 YFwWw woFYw Y23Oha WFXCw Ya3ChCwaWaw CUOF I49FF Wa w
Y2YUMWolOYws Qws CAwYaJy3ChCwas Wews YwICIFF Wa wwyOyoWao w™ X
LFFYKY WOIKYwOF QU WD UL Bl RGO & 2

WO¥h6bhCws OIBERMMFO dwdYBwUYc 20F ws CAWKFYIEACHC W Wa u
Ywpw 3 CAw F MYbFF ElLiouyids GO¥ @iddieYiuu s FYw b3 wfF 4Was bQFUw h64
0210h%X23hCUBW” B9 Ews WA QWYY QRBDDIOBHUPg B85 Pue@Iwh 3
F63WCHOF 39WI6IWhOWK DY wh S 4 O HKRE G 33 KV W B URALEX U C3HUBE
2YWws CAwnabWas Q0w YwwWIKWOFwWIAYWI CAwYIYwWI 3 RepBdre® Wil @ w
4Q3Ed4Ysy 23 YdwspIWws WY WafHy g WRH iKIQF b2KAdW23wbC4y Y33
SwyWdWs 3w AIYw YY QWS e WE8POF b2 KA WULEHAw D 3pw wWaw g Yw 5 Q10
UFEFY2WIFF KUwWOXNFHhYbHbOFY wWF wWwWOd wwdK wOF w3 Ywhag Ws 2wy

CKMWYIOwSwwYdWwa b ofutanss AUk 1 0 Q6 RyulsplQuiFlacstc wwcec 26 wh 3 C wh
IyFWaws W3eawYIFXI023IESwW, wOwWKdYhCwY3IEWOQL2Y2H0 Q3 YF
Y2Y2KY4O03 YFwbhaCwsO0sYoWHEWIOBAwwYIdYZKad6dwuFcy WbhSUuw
UpwWOBWHIUUCYCY w A @O UG ITIHNFPRQEF Y au 9 6w wd W VOK OB B tu
Y9 wg Yws wWd Wadhd i B P w P BY OEHERY 0ESD:20E 10:3G w, ws QU Q239 YHOY w)
4510wy VOWIYFWYSs EwwWawXdChFs WyWFEGCF Qubs YwwOFdce s Ysc
XAdChF4 WyWF Eb OF (6 LifbEptafdhugdleysucy2) d wX 9 C b F & Wuw MRDDS Y Rowhyss U
PIFWOAIYFWO32UOF 9 WwWwF YFWKOAWOKAIYFWF YacUUCUHWwmF Yws Y

5.8 Spacechargeeffect

o We wd s Ww XSpatel@angeX Ow QOIYFwW s Ww 2YFI3p45 023Ww F Ygcw g Ww U
b2t WOU4F2KY403 YFwbY2ws OYwh320XEYwr Y3 Y2Ws Ew2 Wd3 lOWa wh



OQwF2c IOF VY hAOBMYE € wOF YFpwaWds W w, Wuhawiep e B ek & Eiud
gYwa2Wds Y wwWa @ QXY up Qrou@&u wOdF WX EOQwWwwFYwwYdcec u OF w4
PK2WIRWs 62wWwOF WO W wiPEUBY W06 W2 9 o ED PF A6 VWA F
Y29 Fbg WFXUMY @ WDs OWw Xy dWaw wWaw ySCsFWa9d9mWas 2w 3 Yw OF yO
GuwWdWs 2wa3Ywn ¢4 F W 4dwE b H) FHBpussFWRwuwplWEuwucupYWEYYe uk Ul 2w b 9 Ww b
2WYs IWW®HY 83100 05 YFWbhs YW FCHOF sUFFcwhas wOdFU YL ¢ VYU
bQuWKFTYwF 4 Ww 4 Kbl_llwg@f&@@mwmwmqug Ws 3w E ueWRIBpHHOFL
screening w . Quw 3 UPMIF P We@eedinpO w O3 WWs s Qw 3 Cw 5 QO6bCw 3 Wa w SN
nCHtFWadwWs ws YWF p 23 Y whuphuK cRainsy Géio e WK R B 4 w g &Pus 1
YwO6wF 4 p 3 Qw3 BasereghingCoulomb, y 0203 YFwY wp 6l CA2whXKbhCwg

L 09

w1 =

l

pwlWe O w QoYW W tuwSeeednthgs YF w wd Wby F WY QF w3 Ww Q3 9 WY wxudc
¥3IV4FFWsdw, WwwipbCs Ww s Waw 2Wd s WD X DY B3 O w Dy DQIG
2YF2p4502WwYa3gpwYIDYr YhomaRagliSoFOQuin¥ fHweCW R 9 A WIFF Kd w3 X 3
Y29 puwg Wwhp oW uEdisom €fees YF wF YF w

I / MEPEACTICE
[ SCREEMING EFFECT | | THERTIAL IMPACTION J

| DIRECT INTERCEFTICN

TAFFLISTORN
Separ

| E LT |1|1_\|‘|:||I|-."||-..

. X E %37 Screeningeffect

. Wwe W9 s reljwX § YW PH TS QUi wp ww W Kl YUFGHpGHQIUYS Y wwY 9 Yg
I YWwwWF Wwh<C4sYI3FFcbd

=

“wbhedueYbhspUwsCUwwerIpgCaYUdwdOasYs WU wrF YFWICYwX6

T WFWAFbspUwasbwYsps GYHHWNEWRPRPE X DR BRCHWY I Fhsp w9

(heterocharge.

3. " wX¥23bhC w2 UWHagmjtionA w Y wp w3 YWCUHOF s ¥pARKQu Y F Wi(dwggE b O
enhancemeny.

4. ° p U6 bwlarization AWQO33pUdws6FWaBUFFYyAwsCUwr Ys Yhf Qavate Owp

trees PWater tree2Ow QOIYF w s Wwp 2Ws Yw wW2 w KX OF wy Wg Ow w b Qu t

WFYFUWYnybORMUYFRIRAGUAIIEO 4 w45 2 YBI08 WO EH FF wiy @ WB G sMéaterWw f

impregnatedolymerinsulating cablg [52],[53].

N


http://en.wikipedia.org/wiki/Thomas_Edison
http://en.wikipedia.org/wiki/Thomas_Edison
http://en.wikipedia.org/wiki/Water_tree
http://en.wikipedia.org/wiki/Water_tree

T Aws Wwa F QFp R uKiih(pig EHURGTHpOUPHEs QuWws p 3 WY ws CXYAF b4 p U w
CUMQOF9d4pIFYS w, wOF WO wWp4 QI3CWYURFrBe § ¥ w § Pr WO a YHYOuu b
¢ 0445 Wr 94.YhudYSluwy wWa hoYw2 Wds W2 wXy dWa2 0wy 0203 YFwY wp wa ¢

0 p 180 YQ

puywWdow—— pg& p WA U
e=bs WF X OF Y% B OF 5 dW3I0Wa
midwCwscoVYws WawSCHOF g dwat0Wao
kd wC wh 9 Y ¢Bpkzmans HJB38x 102¥K,
hd wS wh 9 Y ¢ Refak w6210 Js,
24 wCwha3c Y3 Wbrkfunétich We Qtbwr Yg p y W3O
TAwWws KbWY wh3230U0Obhg EdwYIcFUYHhCUwWI 62wCHOF 3 4WILKC

b2230U0b3 EUY whidcyBYGIOW Y w QDY F w wWh s 0ulDFYFhpe OB REYS Ut
QY F wf W33 0ibthus” CFYws oF W uElilhgse i O tuBjwwds d Y we 2 6 w9 iy W de@u ¥ 0 0
PT-2p pmod 0O F YFws wd FXFOds WF 9 WhYYUSF w W 4QuEBYIRA/G .
L WYwaYF2p s 0 Wws W3 ki yWd 9IOWDW N4 B3 bl RYIuYF Qup ¥ WF |
WYdecu OFws YOwp 3 YRAWKAYWYKYFWwd 40bfF O3 YFwWwfF W33 cwbhQuwK?
IchCOwIpaQwaaobs Y3 YF w y F Chie@qgiris BriegkdoRng f W9 WOy BFUFUF
QwXKW23 YFWb3I CAwWwWOIFWYXEWF W33 cwbs WwSCHOF3d9pyuFWOw wy !
YKAF Wo w, W9,z oNusAyp BWiYF p 4 Cw Y wupl BUWB 8 6 Q & W YF@uechus b hulpu
UFCUOFIYFFcOwhupwbws Wang OB lauwer Ppus WYk 1y 0245 K3 Ww:e
ICAWF YICcYUdQO2bhbCWEWF YFWICAwWwYbhs WXHOYwWs CYwy FCUQF 94FF ELC
gchCUwWF YUYy UuFYwF YFwwafr 263 KYdw

. QJUJEVF?IO"Q?QJUJ?G?LU'?QC"S 06 3 wpXy CHUEAULI @ HI B Rehofndife Y QIF 'y &y O F
cpYd923 o WU wd WMHEdOWWIWKIXOa YFWYwWp wg CAwa 22X YIOYwec 2F3Cwg €
23bh06UwWw3ICUwW YV2y06Uw Y233 EYOw OBIVB 0B W WG WoOFRI Y 2% E @
bawf OF UF4K3CU w4 WRAIEBw € p § 8 QEUECUCAdwI. Wwa Wd g OWwX Y d L
“aza3YsFrppOws WwWwWRWwOwWFddY®s 20Fws Ywa2WYdg OYd w” FYwwY!
q2K2WIURW CUOF 34dWIAOO6I0wWw 9 p3Qw bOw Y39 p w ¢, YQUuQULEF éf FE¥E by QU
QWFoUdY®3IOFOW 29 EwWCWOWFodY9cu3e2bCws WawTHOF 3 4WIH0W3 wg
YwWs KuOb4sYws CAwYa3yChCuws WawwYdYwps O3Wawna33d3Y5FF Wa 6
2YwW4 QF Yy bQFws WAwWYAFg4pws 63w QFAy@®E Wik ¥ @ BIOWBe XD R @ULIE & W) 4K
IWwYdQa s YOwsQwYwWs KUObhs YwAIYWE OFYy WA YFWWFwWHUFYF 34
QWKF 3 YbCwWuwe p[g5k ¢ WU wo WM E Y w

5.9 Malter effect

S WXYEHCWwwWH 3 Y9 WA DUOLGOE T 5 FF K4 Wy FO4dwYhio0d wwWsa w!
06bCw3s CdwbhawfF K2946bEUws W2adOwecdYwbhs CA3wYuUYwEwWS ¢ Y
Y3apOwa2dUWI¥ DRWS HFWYFwWwbh320XEYwYdWEwWs Wawsy Owsy Yo W4 wYOd


http://en.wikipedia.org/wiki/Boltzmann%27s_constant
http://en.wikipedia.org/wiki/Planck%27s_constant
http://en.wikipedia.org/wiki/Work_function
http://en.wikipedia.org/wiki/Tungsten
http://en.wikipedia.org/wiki/Dielectric_breakdown
http://en.wikipedia.org/wiki/Shot_noise

puWews W3awp wf Wews Quwf YscuUuCUHWwY3gyspAdw wtObhSUOws QUFF
SWBwWYIFXI033 EWOIOIVFwWawdc WEwWhHS 04 Oc wrKYF s FO»pYse O BulE 1|
“ow 5 wWwWIOw 2Yw YI9F5Q036wWFha QW OafF WMYw bQw puQYuw gFC
WYdYs CYOog YFw wWeXk®Bo 2 P9 WHTH E Gac W s Ww WyWoWw 1 4 FWada
UOwWIpwhady s Yws W63 FF Wa wauFF Wa wh autY3WF « @ GnulbyKEuE pBdf dutnu
0w YwWWs KUObsYwIsYwWwGgOsFFcwFp2sYwwWawySsFWadwWs 29 YF
SWEYdYXOowWwpHamFFpwbhsdysYOwY3gcwg YwO W28 03 QdYy 2WI3 YIwh (
Feo Wy WOwwWaws ydYwOs yWn 0o Qg YFwYwpwY3gpws WulQws pwuy F

Ewoyopo

_ 3 17 1)
@apAe
Avodoc BH—> 21 (=]
+ De en°

® D ------ 7

N

MoveTiko = \
GTPONY Kafodoc
(pétaiio)

. KEBN BYF3p MDD Ww

" FUFFcwhICAwwOdOwWI 6hCwwWroswarSCHWowdagsys WawYIKNX 3023+
WYdY4S K20Fwsp3Fs YwKAYwg O3 FFpw2WYds WwWwFp33623wbg C3wdh
CO3FFYy2w2WYds 063w YF w,KYHOWOBEUIFHBGUeympuF 3 w 2 WY 3 IOY A w »
FbX3dp wCHOF 9 4FF p wwO ¥ HOWS pup GUusy®Ys LCURUFQIARW B UG hXBYAp C U w4 ¢
WwWYwWr Yo WYKo O3 YFwWwYwp ws WwopwyWrms wuwMQwa p Awwe X WY ws W3 ws
CUQF IU4PpAFYwYwpws CRAWYWB ey QE Vi Db 6 Y ©F HY B wsssiauli YSPFc
baCw Hh23KXOFYOw uCsFWa2d9wWs 2w XFWAWbhbasFdecuYw FYFw Fc L
Y20wWFga45CaWwd0as s YOwX 649040 w?Y ws wU0IQuupdywikFresCHOum® § Qi
YO4roWddem K U w2 Wd K 4@QauysuluugFps¢0s 6 wo O3 YF W QwWF 33Xy dws Qu C
baW2w YIFX2033 EOWYbhaQuwIAYw WY CwCc Wa 2w SCUHOF34p IF Yw wdl
O3Wax Q3 QUdybWwa3o

5.10 © FY9 Y Wyuked kurry F YRoua

1. Yule - Furry distribution

" JwawWcKbW3sQwpgFOwWwSwWw YwpbsaYbCw503Y3swagbIw QuF g 3°
CUOF 39WINWOWYF W Wag Ows Y WOF 03 FF EWEY S V2 Wt E Wi @
O3Ydgca YFwspR2WwYwp ws Wws WWFF pwSUOF IY4FF pwwOu OWwpr YF
Y23 EwWwg YWOQAYFwWIVY3aphCsCwwFYwpUuYws YWCUOF 94pAIFYwg Q!
FCWXOBYFFEW YcwagSAICw3sCUdw XFWIAWbaFocyYUwdd KuwQpHKKUFY
WOYFwAdY20Kw Ywp w ¥@eAuRungs[YAr Ew WFSY2p3CaYw O9p dw S U
WY WF YUKBbOFwW3 Cwy CosFW2dwYwO2pdwy 023 KAdUWa ws @k 3 9 W HoU



FYScwsEF WYdws W3awSHOF 9 9F FYWe™ wiypk RS YUAUOD N |5 FudOB T pusr QauY w e
L QwKe WaUw s CUuw X R WPH = KHEERROBHQUp bd YunChiQw hXKbCw 4 Quw s W
$CHFWadwlOYd wg W3 wYUXFF Was wGCHOF dEWAOWa Owy 0203 YFwY wp w

0o o p Ewd & £ pohowd o 0o
C‘QJQJL_LJI_'DY@CIEQJO OwV}OCI%QFLUS Cwsy WA2EwW

— 06 L& pbd 6 L@Ed o (A.1)
- %QCbFHL_I.Jyl_UEEI;an"beCXC’v fi’fﬂfb‘i [Ri[60,3 p 3 Qug YUJKXL_US’-/ Qo
—06 & pb o6 &0 o (A.2)

CYIYIWIFHAFCHFUXFHEICEF R 1 ,CUabFCHawr OF YFWKRZWIF F E
0 Ob OWIOY G & WI B 645 Qs AFp FB WS EY

0w -p - (A.3)

45 Quy Knbauop W

FYFws3 3wFFEw Ywpé WEbE#El pga W , QIO3¥PWWHpEp YHEwW wd Wb KwwF b
OFCO9FFEYWF YaY2W5EUD

2. PoNa distribution

"FYw A3Yw s wyWYKbWasQw 3Yw Q3CwWEHW34Quw 3 FUw YwWr »iB @ Rud
bX ¢4 Y3 Fb4puwbQus BymeRIYQZLFOMAQYYOAQU ¢ 43 € 3 V udihgjgrtis Wlergee O w Y
[BIlOwwdp s QF3Y2ws CAws 4 WyWwWOC h C ws Wa wQ? Ténspridm Udsue Ywikp?
wYdcoWIg YuwlwlWwWoWd w3 Ydg c g YR Wi HpuRWHhes =Yook GFuy oW w4 K

® p - (A.4)

. WwYdWaboYb CuonAysyw DBA@ w Y wphiesyuph uyGséndiu ¢ Ybtob s CF O
wQwW?p YWwpBMFQFusd p IF YwXc W33 wKI3Yws Qwe M WuwwWb Whs pwYwp
bawrdWabCw FWAFh4s W w VEE wp OB Yiuus QuwRFeYed W FF Ew Cw Y3c wF
QWFWYpbc O3 CUWOIKYwOFYUws Kbbwg WawwOy Wawwd Ws Ws wha3w
WFYwsQmsgQuw Ywp xkacYhuSlWiy CoWas bQwbOQws QO6bhCws WawYdF¢g 4 Wa u
UFYSCKBbFs YWBFYWICAWRFY®FF YbHOYws W3 wwlWrr Y wh & hdaY HAYWs u
WFWwwWF¢Y2EWOYEwWShHhCwwF Y wedk 9w @ YO YU B YE Qe RES uw EOAUKS I us
Q21t0b X, 3ty @B ws We we W9 spaidchange)y 9 WS wap

S wYFpuWagcCw 03 Y w6 wE wPaNad wu ¢ Wiy QU ERuw b 3 AW © B w) ¥ WFH® K
WOYdFbbhps QdWwKAYws W33 KU WwwFYws WubXESsYwF YFwWw3 Wws Ko



0710b X b ¢ U w YAiKtnge KR 9 Ww Wuw WHOW 0f By CYZuusOcHBsW X E w w Wi 1 ¥ w
" F bc wWRp Y ws. A3uh@ACLRwipod Y Wa 4 O

—U 0 E p —0 O € —0 O (A.5)

A (A.6)
45 Qw4 Knpalw o
E — pQ —
FYFwg 3wFF EwYwpfr MFbSOuw
p . .
g — ¢

"FYwsOQwcMQUuwos Huwk KwdyBlws CYwXFWAWbsFdecu YU ws wlWid Oou
b 2 2 Q XgEdsiteaptinuousA W% Q3 Yo WM ES w, wWeg Kg W3 YU ws Y wHEhUWsuOQuhsC
WY ddmus p 3 Qus YwWn CoWs § Yy ¥ PlshaQ4 0% Wd2E4 Ow

~ £
.. 0 EA
Qw3 3wWFF EWYWEFMFbCOuw

n,/m

Palya Distribution

5.11 " WY F X \VPcBodEgHsuyp YF ws Ywr Wh4 FF o

 YwFWhsFFcwsFp3FYwwYdec wWds VRpws O DOBF Qw WBYEROY w Y k|
bs CAwYs 4 pbe Y FAvYrushctioy 4GBty s a3 p YF Yws 63w Ys 4 h 3 E&E B 1
v 063 WA DS w"” heleuG UUUWH3OFAIb 3 Wa P w K 3 Y whowed ¥ Ve husspliBan Ww WHOWw L
WFPpAFYOwWF YPAFYWF YFWYb3YCEWSObpA3FYws YwWwWOYwn FYh w)
2Y203 YFwbs WuYrpWRwKaBbEEWNY FFpwwd6spI3F Wub3wr 4Ws Q
WA WrF YMHOKW F YIS YFWFbhbspwbhaCAw Yasph2YFAYOow”™ wpwpuYw 3 YL
FYSYFWFbhspwsp2Wwas Yws FpA3FYws wWdWs w33YweschWawbha G
L 0we MW wX dp 2 WeAdehbuE il UFBWE ®UE bw K F OF b S 9,FE @6 9B ¥ f BlhIEAS |



362ws F W06 w03 YEFudD wilB@d ¥ F Q@ e 210V wwyWa whX C4 Vs 0o O
GQwWaCAWF cc O3 Wwbs CRwwWId Wb wOws WabYwOQwFa2c 920F Yo

% N top of atmosphere
I qnyiap 1
ey
. k) 1 x%
7+ v : P
FANN -
v T, ~Y
+I -
i + .
I e B | “ +
& 1N Zp ~ H
T I .,
T _ I~
. | Mk K .
I /n p | ~ \\{
* N I o -
SO AN n n 1 ! * ™
p | A
| A I | \
| o | MY *
I g noo |l Pl o
15 I : ~
- | _ - +
A0 T, i [ R ™
e I P I |
vy | n i 1 |
- + Wy | nth | \JI
4 | |
H I I |
. ;o I th I I
air ;B | n I I
i |
; 11 I |
/ Iy | !
£ | | 3|
£ | 1 &
;"r | n 2 u] | n/fnl'
| @ n | P
At}
TNy
elecfromagnetic ' hadronic me sonic
component component component

CXESSww, WwUFYYFFYbIOYWOXYKUFYCUws CYwf WhsFFEUdwWYF3sFaW

* RY IOs@IAF Y 2K EWBe WA ik BWF p IF V6 W PYaFaedY M M C M Q wF n 5K ty@ 2 2
ICHWX 2HEDY 4 T WayLs E Y QUIH I0BKOYU 03V i R Yiw Y byseldshH 357K b 6
9 CYug O3We W C M Q wioh YMFYFD BREI YO JEEAY 35 F 203 403 W

o

o ¢

“ghFYuuF Whs FFcws FpAFYwwYdcwW29a YFwYwp ws CAwy Ay Yh @ w
WYdYsCqdWs 233 YFwYwpwYIFXI033sKJdwwWawd 40bfF W33 YFwbg WwO
263 pUOws Wws Y IOk Fshi 3B MU UYGIg U@L SUps2WFu F W3 FOW2 w pb Q w
WYKYw L FF Y9p 9 Q280U IDYBah oY w s 63w 4% F W06 2w b3 Ww Qu
Ywp ¥ QF 3 Cws Wa w2 NFRW KBMUBUws RYBaGUFp@EW@ ¢ 06 4 I0Y U ws ¢ Uljub X
4FpAFWw YMUCUHOWFKYCc w4 O@eTFRRULAN DLW BwW ¥RUCH QWO 4 Y b
Y29 YWO6IFbIFFKUWUFYUFF YbOOU wwFYws Wws FpIFWE w 23 KYwol

0w, wuFcbwYhC 0Q

O

w wYdwYoEwYwp geIERY

Qu



" pwHCHWOEHCY w", THOWIB B WRS E WQQHOAWWHEyF ¢ YREY Q9 FrFcp 2F Y 6
"gbhE VWY ,CyFchWOKRAYFAYIOYA-HRELYYUFF YHhOWoAURCTE ¥ F g 3hvs f)is
YAdwYsgp WB34EQRVF WF ¢ REY n FF Yb VG wp@®@BE p 9 p ¥ @6 BIGESF Y
sW 8 3CHF CHEWPORDF Y ¢ K 348t PC afOmMEdlY Y F Y X 6 9 tOh) ByebllX & & Y
V??_ POganCh'fan’vq(%GV}{ FJ‘!@@?QJQJ? KH_Qb’QW“I@@Qﬁ % QGp W p 3F W
WWSIF X3 QP@ENF FEFH 5 C 3 thﬁ’mw%qu‘ﬁ@@(?ﬁFﬁF@J?@?W% )

3 ®Y43Cs BF WIBEHE Wb 4 FFFEUF 3 Woulla@Yed? W @uw tow P 4 teui Y b ©IODH Y F
— pg G.L

CWws Fp2FWws YYIF© 03 OF ws OYWhXQ3FFcwsQwecuCwYwpbsYhGCOw
WFYbwcaYFw 5Kbo6w sCUw Yhg 0O2Ws U uc ¥R 8 % O @ WD ubKCH Yuubh Qs |
Y29 F203402WO0Owp w64 w2Y0303 YF whbK JwwY¥H YR EDGHUE WEY Paugpb X

oQ FYF © 00

L XES Ywt i ow, Y ubgymifaed U uiyEcYbuy YRhuSsUQuUqy YAy Wo E U wgpd A wg Wa ws F W7

S WYWEwWI 62wy FWR6w b g Ww OQUERMIBMBIMAN 3 came, ¢ QK HKHE wF F D«
O2KYwOFYws CUGe¥ c 3C Y ws 6w

(<
' fr

ntensity [ cm™s " sr \

Dilerential

fuce Momentum [ Gevie ]

L, YE®BHBw, Wi Y3 YIWSsEwWs CUwWWISEYws 63wy FWINGIwwWawascIWawk



S WWFgY?p 9 Co Y upscllBuNsH@PUD 8 ws Fp 2F YOwY F WM Wag Qows WA wWOF
F Y3 Y2W4 Ewsg 6,26 USROS WULHEEMUWD Y wwQd F od Y2 QowY wp wsg €

o0 T Q
pPwWd OWws KbWYd wXdp WY wo 6 E UhuOW @ by e ¥ FRWSDE F WeywW S h ¢ U 6 w
YW FPAFYWYUHUCHOWF LYW 2wsQwICAwasMSCwsKbhbbw CHOF 9 4W4
YUUCUOQWHK 9Y hyUus 3 suB@asigmbAws Y wg O3 FFc wfF YFWI YwYYdIC 3 FF
UFY2WYOsFrFpwadp wWdw” FYwwYdc n OF @29UQuz P qu o Ripu
“FYbwYbsWs w03y ws VY9 Ys BROUWHRBRY 26 Wa 2w Y wp wk Y w)
® G4 FEDHWS BWIFF c.wQui2¥ p 2w WRWSHQWBY 4 Ws JwYbg QIyHRUZUP L

ICAwu FcbwYbE wsUyas el Fup ki3 uou® w QU Qs ¢ QHSHIE S RICYEDS 2 O w
4s.

WO Y OB iCRIoch 3 6 Y w5 F W06 36

S owY2spws WwhCs QOWwe YwwY BethetBlothiaF Yws YRWPD DRBH QN OF F =
WOIFF EWbXKbGCwWF YFWF YIYUHEWDWI9YUwhs CAwORBE ruboE N Kk NG L
KbCw ¥ 3?3Y4 Cw qb g ¥ear stopping poldlkRump Yw 4 FpIFYw 3 xCUy 2w 030
dYYKBFAwW2 WY FhsK262wh645 YIFRIO62AWbQWKIYWaUFFpwsy yWdoQ

O:—:C)’bc -H-cc,

P wyW2a @O Y F wEuw QUK G0 FAF@RUY F w S w CUQOF s AWIF YF Ew O Oty @&F Y
WOYFwUc 2Q0F W3 CAwNF YU FF YhOY w YopemdstBablngatCQuinye FO1OLEMCQUMGY K FE Q!
2693 Wwa dqphetentickany 29 F ydc hQF Yo

ok @ ) @
Y@ FA Bl BIO3YF W YWOFAdWhIcw4s 03 Yo YUup4 0300 QbBAN HaiBhyC

O2KY4pPEHP8 wWWFwh2I0Fh2WIKU wYwp ws € 3wy FusuFUBHipdbif=AM IQBY
45FFU9p 3 QRSUEHWPO W F Y wO DK ¢ o QR Fuus Y wwO @R rs 04 Y

. wban quF@@@WW@mquﬁwwa Ws 4 O wEEQus K HHYWG VDU Y I 1p
BbXE4 Yw pHY.EsuwWpuF 3C3FF Ew OIKYwWOFYw 363w 4 FWILE6I30w wYdU
b2y WYWEUwWF YowaUuCdww, Ywy O Ws K Y O w uwllauiBuyg 9 KB WF = Bl
ICRU4%B w., YwwdWbOwwFhg FFcwpdF Yuwlydpd ¥R w Wucs DURRs uyFr LR YUKy udn
2YFAWs 02 WH Ww0Ud WEwWS 069100U Ow Q4 2 Y2100 W& E pud Db ¥ §p u
WYy s Cw wfF 400 Yw 0y 3C0w Cw 3YX233CasVYw gOFTBHFQUDHF0 ) QKD
CUOF39WI6Iwhc KIWU ws Wa wY wWd 9 Wauden EHViE, Cuy® SV istpiEe & B
powe) QHOZYFw Y3c v WwCw 9CUw wd Wprjeclg EélogitysXYOw oy¥ 4 ¥ H sucd® Q 9
wFYFOF W5 KI0U WS W wWKESc OwmF ¥ ul w smBath f8upOw=06 & WBpag W 9



FWRAFbaFFKUwWOZ2Q4wOFYF KdwYwyMOF QU Ow U munlGawrecd)i& w miCR W § t
bC4 Y23 FfF ESwl c BOwmduWmb wy 033 QdCwayYmOOwe Y¥2I0RIwIYwY
FIO2CHhCWws 62w CHOF 9 9WH06 3 w 4450 B2 duws, 653URNUs WiG OFRWIREIEHE W 2
2WCYXOFWFF Y2WWWFCIFFEwWg QH64dIOHuEphWORBwe IBQRYQSA D wEl U §
OF¢HUF WA 2OFw WwWY w X 4 ¢ bARdelsay Y Kaeegey E YUFE 2Yw F Y3 YbF O
SYFRAWS O2WHMWwFFKAwWF Yo waMQIdOBWM O QBN BB WEANFOR YO R W6
CQO6YOPUBOF 3 AWAF YF KUwOI0YE WD bk WY J fOQURYEHD @ I DuQUOH F
BYCUYAws YX33Es 630w wOd FaOR4@hEU BRI i m i ¥ §3 w0 w O wF b ¢ 4
FOaBW YAF Oow 2V w Mc ¢ Way9usdwp w9 WhKuBom.b CauCauly@ Wioh 6 b ¢ w
BWOFHKYXWI23 YFwwWHry QWOF®Y unu FWIgyYybOFUOwIpbWwwF Y uw:
WFYws CRwwp Mb6bhbCwg Waws KbWawr Ygcws CI@Y FKKKDaH @upOrs4do
CwfVYswsmCw wKes OF WdQWQUOWS iy £ WEUK % ST 7 GBF o8t @up ¥ RYw o RUYL
Y23c 203 YFwYwp ws WwA wbh wihautRP AT BYRKAQPWEDH Qg CAwwOd Y
w9 Wo6bg FFEYwg YYX phagCRatYusiuplytn sKulelddC M K 4 wO2K 4w OF Q4 OwC w0209
Ywpw 3 C3w YF sWFONEHUPEAYO w YUuc w Q2w wKI0Fw Cw Ywy “MOF QU w
bCs Y239 FFKYUwwF YWOIKYWOFQUwa CY wsGeWCUws 62wy Q4FF Y QwWOF

., p* on Cu
= e b
P P /
= i , Bethe-Bloch Radiative
= f
i g Andersen ]
- - Liegler ST
& =2 Radintive
4 & effecta -":pr
g !Iﬂg =3 reach 1% Radiative -
ke l Minimum ¢ o losmos |
EE- [Hascloar ionization f
E . losses L= ] 1
w S | ~T Without &
1LY | | L | |
0.1 1 10 1 1 10 1D 1 L 1] 1 10 1
[ke¥] [Ma¥] [GeV] [Te¥]
Muon kinetic energy T
I ]
B g
ﬂE 100 | / p= .-\
o [ ’-" ' Bothe-Bloch Radiative
= [ hﬂnl--r:- n
2 |y e
ks e
= Ea 4 Hadiative Radiative
=3 I Minimum  effects o losses
:c_i_ N ionization reach 1% |
B icloar
g losses =
3 i _y T Without &
1l |
0001 001 0.1 1 (1] 1K} 10y 1 [lli 1o I[lﬂ
By
0.1 1 10 10 1 10 100 1 10 (L]
[MeVicl [GeViel [TeVic)

Muon momentum p

, XESH ww2 UO0x x DOT w/h@rd HUawixEup 6 p 2F Y



L 32Wx 00 W29 YU ws YwwY dY wiehé BlocktuFONUehYauUp @@ E-F@®w WY d YF ¢ 9 ¢

u AL L L -
6 L Ly a.Car? A4 F o.M
" Wem"mvT <>° " 5 -  E Tﬁ C m,

T wI QU023 YRWIwpdWI Oy RYRIE Y VY hrantsstrshBra Ouud p w6 wg 6 Y w Y 2
CUOF 99WH0635

512 . Wwgc OB64CIFFcwYIAY5029p5s022Ww2chsYuQBoFw®RPAHEFD

ybWhIwY2Wdc wbs Wwg Q6U4CaEDH & WMQYE DAPF VPR WMWY YD OF Y BB 1§
WK WOF W 2YQUHY ¥ Dws YwYFpruWag Y w, KFuMpCRIE R H WY y@ W E 4 Qua
OFbHOUXp502WaBRAYDH N FKIWwrF YFWs 6w Vg h Q6 ek WBauyFuwle
O2KY4w@RYWOR Yop 4 Q3 Ww CHOF 3 dp HARYUUH K bORPwW Y e oW YWK b OF
FWRFbs WOYFTwp YORIYWSHBF 9 dp IF YOwp wo U ww Y R € 6 4SBagsyj ¥ @Y
" 3YF g OY DAy I A wOF Vi Ewciug yFHG KYRUERE 00 2w b Quw Qws Ws U w
KOo2w YF W WHFYBIIRHWG B BREOWWL 2Y 200 QOFw s FYw?2Wadc?2 whsFUY
F Yo ¥EUANdaYd w” FYw AYw u F¥EHRYOR WROGDRF KYw ¢ O6U4GCIFF KBuu w
0204wOFYfF EwYwy M FRyWEHKI QUBE O W3 WODF hc w@Fg YFwCwwYdec 5 Qa9 W

? (

Tote
pyWa Oww
W@ KhbCwO204wOFYF EwYwYy MOFYwhs WAwYIFX 039 E
O DOV RUEHELKUL 03 VY2 0dps0ICWF FAICIFF EWOIKYWOF Ywh Quk -

T Fw YwWddwegs KUdau¥ X Ws Wa 29 YFw b Y2w M P ws, WG WIW P WF Buo
O2Q4wWOFYFYy 3w YWOHQFY Fw ExCw ¥ T WEHFOFWE B ¥ o YEI b dumpt G GORFIC
Q2Y4Y4 pbhbFACUWBWFYIChHhFS WwWF Y D9 YBetheBlctD iy WKJB Lw YU c ¥ Y4 QoY d Y
SwWh Wwtob W34 Qu s ¢ w AYKLY (upF FQUAVGRRENFEWEWH wb s WIWYIFX 3033 E
MicroMeGaS g Ww 4%, OB Y F wY K AR Bw Y € wpyf tJw 540tk W Rul JUR0y F Wudd WBuw c 3
Q0w FbhbWo WagcI3IFWw bOQw nF Y2 Wy QuyFHPKIQF YiZBYH W Y U § pu ¢ s2EUE 4
2wWnWwF b4 p wOWE wwWFEOU wwd Wb Qwwioh QF 4 O

’Q'O "o N d a)u (I)(:} décd &)T r (b T
06 ¢ o 0 S

PWWEOW & & ™ L DUROATOL" P& W TATDE, GB1 p U VEST T IR Vws W
" Jup YObCYOwwF Yws YwXF p pFVYRUEDEB @F Wi p BB tu R Foocud-uipraubediu |



p 1 Of 1XxOba330wy U tsus WK WY OwwF Yws Yias F pcgFRWIWF hX9 OF C
LPAQ @ p @0 Qar YF ws Wws Kb Wwy 233 YOuFG HBWEHFEKumgRh € U ug a0 o
" 29FFYCFbayI3VYUuwp Y wd YHdhwekksy BlacpupXueS FUpas Q0 w

B wii o

0649V 293 YU wa Ww arptiiCagonfapus U@ 3 K Wwbh 3 wf 9 F 2p 4 Q2 WganveBians Ww
gaO WK 2Yws Fp 3F Wwg YwY 2 E heOnvarsjorgape W3 ¥ Bk o Qaun B WY 4 OwQ K

w® 1.35keV (w F d6nversion gap =.Bcm)
w® 2.71keV @ F d6nversion gap = 1gm
pwWeOwbsFUdwys WuwY3s KUwwyOQIFay¥HPHOF U OwSwwYdc sy 03 4dWY wp
I y& o m (wF d6nversion gap =.8Bcm)
I p& W 1 (wF dmversion gap = 1cm

. QUWF ¢ ¢ QuwwQSOWEIoDHFWads QaIp, s B W3 wb ¢4 YIOIOQF wp 3 F w Ay wyWd
CQO6UQs YFw wWhs wrQuws cuwVFIWVHUW0D D Ww @ PWYE € 8 B f ¥ wCOLFHuIUF &
FWhSFFYJwh F WD H06 2 whicrdyegasy 35 EI0PRENK 6§ GRUSLEw 3 CY wf V3 Y
Landaugpb X E69)Y ww IOh KC® @F w Y w e GRS WS EXNwyBHHEBWc 20OF w3 YwwQd |
0209wOF YF EMFUOuQF s wh O wsdlfHKuHYSwW) 9l O3 9 Ws 50CR0UF Wil
WFWwwr Y3 FKYwOO? YF 3 HOYhUsug§APOUHUCE w@%HE Qr 8 0H4Fbcgaillsaum F 9 Wa b 0 6
OFbQUY¥p4s QWewenb+YuaFYiwce 3 Wr Y w s UBAFF wlH OHlesBunyk c 3 WU
9 6 WORRHRY FwY WU QF § 2 usORbH@ ¢ RB NVFwWWiypm s QU o

Jw, CHEVPHCwWY WYy MOFYWORIKYwOF YURWDW Y F B PYY ws CUwwyYdY w6
JwREYIs YIWsEws CYHwWwWY45 EYwag 63wWF WbsFFy 3wy FWIK6
Jw, CWHBAFYFEWF YIYIAIWSsEWI 6AwWwa dWXFY dws 63ws FWIHO6?

Jw, CAW0I2QY4wWOF YF Ewy F Y VitioMegagsE WFF Y2p 93 €3 Yws Waw

0.6 — ! —

0.4

f(A)(1/keV)

0.0

A (keV)

CXEW® W, WFYIVIWSEWPhH3IQXEYwwdY4s 4 EAWIO6IWOI0Y9wOF HAY B tuli wae Qb F ¥
YKAF WwYwwddwecs Ew UwwecXWadwhdl ECw, wwdYwsYsFF EwfF Y3 Y2W5s Ew+EQE|



TUOAWIIYUwWwFYFwY3gpwsWw i O02cUuYFWw wYdYagXurs W3 F B @CHIF
F Wb 4 FGWWWw WIOY wY F We WSHafdaoue (UBER Y 020y UMY F chaXGEw Y wpb X E
706 W’ MKwWas QuwOBYWRCHYNWB®Iws FWIN6Iws Yo lows Quws WwX VS
BbFUEFERBU R Y CAdWs 4 QOwp ybdwg YwYIYUasbWa5s QuwhaYwYF pu W
5F W26 2wWwQ3YF w4 FfF 4 pRubBBUil HurFs YR w wie Dau@RU@HehS 2ww O d F WX E L
SWCcYXOFwWwgpd2o W4ddw 23 pwKXQFwhY2wYwWK K woe Kb Q)@ 9 Vit §
g Wawg W93 ¢ Wan

140 [ R11xR12xR13_570_ 700 Cosmics_x20.mca
- — R12_570_770_Wdiff200.mca

120 |- ,

Cosmic MPV
| ]

55Fe (5.9 keV) Peak

80

60 [~

40 %’,

20 |+

Number of counts
=
o
1 | B
o
—

Charge (arb. units)

CXESN YYVF 9 CUFOYFERBWHL FF ¥V 3wy FWIO6Jwr Y ws €Y wwS wE U wt

5.13 T YpAWYdwYIpyWews WewbhEL Y WU wg

wXdp2WdwYIpruWaws Waws FWAIFF WoawbESYsWdOwYI3FfF Yo Wws

WOYFWXEwW WHOhg ChCUw &% Q9 Y Yrift ufF oc G i FUNE gsis A WY W06 Bw 2 F WO w 3 |
UFKAXO0Os YFwYwp wg WAIWYIFXI3023 EOQwWF WIH0 OF ws WuhYOk FRUY wrs I
sYw CUOF9UdpIFYwW wWaw %C4%F WedwWanBpsiViF u@ suplBll 8w @ UHes @ 3uu
WWHHU YW YbFYbsWabw, YwWwSCUOF 349p AF Yw wWausug YFUSSTRURIS S F Buny w
WWruUYwyn YbFYbs Wa ws Q3cwYwpwXdp WO

+|-|I,Q‘

2 Progress Report on Micromegas Chambers / Theo Alexopoulos



PWWBOWC WS VX239 Ca VwHihe &YW s us WH Qudri © ¥ ¥ dmetl® WsF & K 2 W3 -
PIFOW Ww X4p2Wldw YIpuWaw sWaw bEL Y3 WU w 3 6 wgHAUFHIOE DO
wd Yws Y giRtEnsi udp 2W3a wYIpy W3aws WawhES Ys WU wp YFwg WawX 9p 1

C WwbESsYwWs YUOWWOUYFKYXOQOFWF YFWK2YwwWhs wodEwWYI WwSHOQF 3 ¢

sWawb3IWHFF Ws WwhEF WHWEdE W3 wytyd 8 lJw 2 Y w VaSHAPEOSen§idu 7 O
preamplified w™ 2wgy dYwbQuwba3IuaYbspuwsQuY3spOwKX¥WasQuwax CHE
g WwF Ws5c9Fuwpg uKIAOwIYwX d94CbhF 4 libsdiyffolss FOrHOLposF Qrinsy uhYs ugipEuly



 OUK3 Cws W2 wWReNeBEs2 3 E w .02




~

Q&0 QU K 3 QW3 HB 3 MEMeBaS

g Wwb3wF OF YF 4 K2WwF Q2c MYFWOwg Ywy0e2swWes QuwYwp wg Wwg C
WOFAdY 45 Y3IFW QWFOOdYFYybW25sQw Yuucw F YFwWw A3Yw s OQUQgEbHWa4
MicroMeGaS. . 220wy YOw ¢ Yw wyYdWabFYbas Ws 2w WFw 03 4dEHOF Y w wl
WOFAdY4 Y9I FFEUWR3hFFEUWa3¥CUYAwWwOI204w0OFPROQOW Qius 2F ¢ Ul
WFCUFDBETWFEYT L c HEIPI EC CF YIW 1 3 WMicHeBaSO QalyFIMSmml YV F
NTUASMmM2 @YU uc w F YV EE RAYHIWARGD20 w Ww Wy WoWE Y2049 Q1w wF Y
OwF 3F MWWYF%FR WS TR p WBIFY 99 VU wedjutw¥ 8)s pu QO hliwe ok s 9
WY WOIF b X239 E O wskEWFIYUFPOA IGKiB-channel analyzeX 8 w . KX Wy dWa b Fc b U
Y2YUSIFFcwaCAWLS KW Wws Qwsa CAwWwyWYws wwd Wa 4 Qudifaud w
XQhF4 WyWF 0w Ww Y3 F XFUFEFshHURy b tKup @& wWa w X9ChHF 45 WwWF E
WYAYF c96wwOBYOYuyfaFm b F #Aedul2Or wwyYd WabhbFecbhbWas Qw s Ww |
FYUPpWOAYFWAYWWOUYFwdey W35 QuWWOIFUCWI FFc wg F YruvfigelRRU0 U
XAChHhF4 WwWF Ws 23 YFwWha330Xy Ywbs YWwWOFYcs Ys YweabFF Edwax

6.1 " FWF349Fp3Q0dQUwhabfr 03KUws WawQdwYhs CYIC

6.1.1" 4dY45 45 KUuw O YU Bhiblesp

W YUMY yROBOYF w4s IOY wF Y3 YbF O2EwwWa wK X GRudh p Y EF W EH QDAY
GCAXYIFFYy 2w BaFcAHRYOWBIYIWw bF Wwpw Y23 pOw X4ChF 4 WuplhFgayaYY |
b232Eg6UwwnOws KWW auluyl &% Ww € %@ D ) mlgeap® & W2 Ws c ovQlauy F
W64 Kffow W3 w X4ChF5s WWWF QK3 YFw wF Yw 9 CRw 4 QY42 Qe Qi ¥
b X AXYIAWPRPEHscoWI3YFwW QafF YswsYw bs WFX QY w wWJas).5 wInduly s
bC4Y33FFpw2YF3p4s 0PQwO 0 WF Wl B ug KOG Y HpOok GUHHEHBUEH EOF YO F YV
Joule[66]6 w, wwWbp g Cacwg CHd@upydFawytIBIOEYFYF wp ws CwbhXKhbhC
0 'OYo
pwWWROQ O YEWFGF Ew Y3 HRauYIHIER pulfox2® YbCw 3 W3 w CUOF sGIuF K Bp @ LI

UFKMO3bCUws WawCHUOF I9Y4FF Wa wdOQa s Y¥BYm¥p Ywha JuigH s X F
FYHIQUCWOWFUUWWEWWFYws CAws Q03 Y2 WYdec wCHOF I9YFF EYUwWOIK Y

6.1.2.7 5 WY WP Kk § {Eoidxial cables)

S Uys WY Y WYFYE Yo fTodlial cableE coay, Q FOKYFYats w i U 6 », U3y W KWW s O M Q 103
YwiK Y 69 Q¥ &P mipner conductoy WWw WHAWPH F ¢ ¢ AU Y61 ¢ 2 WO RUBIBY FF p
b g 4V 4tabular insulating layen, 9 WJw WO CHhOF 4 tya8)QdF F M Qs IE 6 U C S WOF u E
Ywy wF § ©94c f Figwlar conducting shield. © Whr ey WY 3 WFFfey n RK A WX DY

QWFWYp HAGIQUFF p wy W 6 gifsfaing eutedsi@athriackep. 2 IEc 6 U OwY wWs QOu
YwupwhwK6dwKwhasdy s YsYOwp wyWaws WwKIYwOQIYF wF Ywoveh F Q2


http://el.wikipedia.org/wiki/%CE%97%CE%BB%CE%B5%CE%BA%CF%84%CF%81%CE%B9%CE%BA%CF%8C_%CF%81%CE%B5%CF%8D%CE%BC%CE%B1
http://el.wikipedia.org/wiki/%CE%94%CF%8D%CE%BD%CE%B1%CE%BC%CE%B7_(%CF%86%CF%85%CF%83%CE%B9%CE%BA%CE%AE)
http://el.wikipedia.org/w/index.php?title=%CE%A3%CF%8D%CF%81%CE%BC%CE%B1&action=edit&redlink=1
http://el.wikipedia.org/w/index.php?title=%CE%97%CE%BB%CE%B5%CE%BA%CF%84%CF%81%CE%BF%CE%BB%CE%BF%CE%B3%CE%AF%CE%B1&action=edit&redlink=1
http://el.wikipedia.org/wiki/%CE%91%CE%B3%CF%89%CE%B3%CF%8C%CF%82
http://el.wikipedia.org/wiki/%CE%9C%CE%B7%CF%87%CE%B1%CE%BD%CE%B9%CE%BA%CE%AE
http://el.wikipedia.org/wiki/%CE%9A%CE%B1%CE%BB%CF%8E%CE%B4%CE%B9%CE%BF#cite_note-3
http://el.wikipedia.org/w/index.php?title=%CE%9D%CF%8C%CE%BC%CE%BF%CF%82_%CF%84%CE%BF%CF%85_Joule&action=edit&redlink=1
http://el.wikipedia.org/w/index.php?title=%CE%9D%CF%8C%CE%BC%CE%BF%CF%82_%CF%84%CE%BF%CF%85_Joule&action=edit&redlink=1
http://el.wikipedia.org/wiki/%CE%9A%CE%B1%CE%BB%CF%8E%CE%B4%CE%B9%CE%BF#cite_note-4
http://el.wikipedia.org/wiki/%CE%A9%CE%BC%CE%B9%CE%BA%CE%AE_%CE%B1%CE%BD%CF%84%CE%AF%CF%83%CF%84%CE%B1%CF%83%CE%B7

metallicbraidk w Y M M c wf YFwYwp w4 HOY(métadictapd. M Mrdallis W DUPHH UK 94X O3 Y
Ywe WP WFRIPO6s0pERTWUAIYWI WewOh63QdFF WowVYwbwWs wf YFwWg QL
b2wf QOfF 46 FOKABWAM 6 », Y F Yo KWK DY wo W X YIF¥HPY g ¢4 V,20RErp
Heavisid® w g WUsM.W Uy Ww wYdYFc 3 BNIFIEFYFWK2Yws 3wFfF pwlXBY YW
7).

Jacket

- Binder
Conductor
Insulation
Braid

Structure Figure

0 )

Conductor Insulation Binder Single Braid Jacket

Material Material Matenal Material Matenal

Solid Copper Claded Foam polyethylene Aluminum/PE Tape Tinned copper wire PE/PVC

Aluminum Wire

Diameter Diameter Coverage Color

Diameter Approx. 7.24 mm Approx. 7.35 mm 85% Black

Approx. 2.74 mm

Diameter Diameter
Approx. 8.1 mm Approx. 10.3 mm
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Noise Detector Maximum
Capacitance Noise
Model (pF) (keV)(Si)
142B 100 3.20
142B 1000 19.00

Temperature instability
mf3 from O to 503

Open loop gain 80000

Charge sensitivity (Si equivalent)
Nominally 20mV/MeV

Energy Ranged-200 (A) or 8400MeV (B)
F Fq [[maximum energysquared count
rate product :

1 u '|'|'TV
Rise time(0 to 5V pulse at E on 98load)
= & 100pF, = atv1000pF

Decay time Nominally 1008s
Recommended range of input
capacitance

100 to 400pF

r bias voltage

INPUTAccepts positive and netize
charge input (normally from a
semiconductor detector) from any type
detector. BNC connector.

BIAS Accepts detector bias from bias
supply and applies it to detector through
the INPUT connector. Maximuni000V.
SHYV connector or ORTEC tyf#8C
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TES: Input for pulse generator to test and ;
calibrate the system. BNC connector.

POWERInput power through 1 clipped
Captive power cable from ORTEC main J

Amplifier or ORTEC Modell 4002P portable

msec To 95 E4Yw FYgcpyuWaw g WAYE choEGR Power supply.
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OUTPUTS

E Positive or negative linearitgulse for

Energy measurement. BNC connector.

T: Positive or negative linear faslipped -
Pulse for timing. This output generated b
Using an inverting transformer that
Differentiates the energy output. Its rise

Time ranges from 5nsto 25ns.

BNC onnector.

POWER REQUIRED
+24V, 40mA 24V, 10mA
+12V, 15mA {12V, 15mA.
WEIGHT

Net 0.32kg (0.75 0z)
Shippingl.25kg (2.75 Ib)
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3.81x6.10x13.3 cm (1.5x2.4x5.25 in.)
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FINE GAIN: Ten { turned precision
potentiometer for continuously variabl
directt reading gain factor of x0.5 to x1.!

COARSE GAIN: Nine { position switch
selects, feedback resistors for gain fac
of x5, 10, 20,50, 100, 200, 500, 1lkKda
2K.
PZ ADJ: Potentiometer to adjust poke
zero cancellation for decay times frc
2547s tokb.
BLR RATE: Three ¥ position switch
Ul Ol EOUwWUT T wEEUI 0D
rate to be LO, MED, or HI. Selectiol
should be made on the basis of expe
input count rate; LO for duty cycles
b , MED for b and HI for
b.
INPUT : Type BNC frontand rearpanel
connectors accepts either positive
negative pulses with rise times in thk
range from 10 to 650ns and decay tim
from 25 to 2008s; Ze + hdc
coupled; linear maximum, 5.5V; absolu
maximum, 20V.
OUTPUTS
UNIPOLAR: Type BNC front panel
connector with Z ¢, and rear panel
connector with Z = 93, short circuit
proof; prompt or delayed with fuficale
linear range oft10V; active filte shaped;
dcrestored; dc level adjustable
O
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1 11,99 -0,42969 | 1 11,99 -0,23438 | 2 23,98/ 507.&
2 23,98 -0,14323 | 2 23,98] -0,11719 | 3 35,07 | -169.271
4 47,96| -0,08594 | 3 35,97| -0,07813 | 4 47,96 | -101.56
5 59,95( -0,06138 | 5 59,95| -0,05859 | 9 107,91 | 7245
6 71,94|-0,04774 | 8 95,92 | -0,04688 | 10 119,9| -56.44
7 83,93 -0,03906 | 9 107,91/ -0,03906 | 11 131,89 46,168
47 563,53| 0,01482 | 15 179,85| 0 12 143,88 -39.0625
51 611,49| 0,01591 | 192 2302,08| 0,01674 | 692 8297,08| 1880787
53 635,47| 0,01719 | 220 2637,8| 0,01803 | 698 8369,02] 20,3125
54 647,46| 0,01868 | 242 2901,58| 0,01953 | 701 8404,99| 22,0788
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56 671,44| 0,02262 | 228 2733,72| 0,02344 | 714 8560,86| 26,72697
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54 647,46| 0,06138 | 186 2230,14| 0,05859 | 714 8560,86| 72.54464
54 647,46| 0,08594 | 185 2218,15| 0,07813 | 711 8524,89| 101,5625
53 635,5| 0,14323 | 184 2206,16| 0,11719 | 710 8512,9 569,2708
52 6235 | 0,42969 | 182 2182,18| 0,23438 | 709 8500,91| 5078125
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Vmesh [V] Centroid Gain
(Channel) (Detector)
560 34 815.31
570 44 1055.1
580 58 1390.82
590 73 1750.51
600 90 2158.2
610 120 2877.6
620 155 3716.84
630 203 4867.86
640 261 6258.68
650 335 8033.17
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Emesh | a[l/cm] Emesh a [1/cm] Emesh a [1/cm]

[kV/cm] [kV/icm] [kV/icm]

Ar:CO20 70%- 30% | Ar:CO2° 80%- 20% Ar:CO20 93% - 7%
43.75 523.716 39 490 35 520
44531  543.859 399.8 530 36 550
45.313  565.441 40.6 580 36.8 580
46.094  583.411 41.4 610 37.5 600
46.875  599.768 42.2 630 38.3 630
47.656  622.243 43.1 650 39.2 650
48.438  642.237 43.8 680 39.8 680
49.219  663.313 44.6 70 40.3 70

50 682.947 45.2 720 41.5 725
50.781  702.448 46.1 740 42.2 750
46.9 770 43 780
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Vmesh [V] Resolution [dE/E] FWHM [dE] Xc [E]

600 0.37123 34.97 94.2

610 0.30235 36.01 119.1
620 0.27781 43.13 155.3
630 0.2772 55.8 201.3
640 0.25729 67.1 260.8
650 0.25388 85.71 3376
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