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Characteristics ¢f the Pulsed Electiron Beam from Febetron 706

Hiroshi HOTTA, Ryuichi TANAKA, Hiromi SUNAGA
Masamitsu WASHINC, Toshio SUGIURA and Nobutake SUZUKI
Takasaki Radiation Chemistry Research Establishment, JAERI

(Recieved June 22, 1574)

The pulsed electron beam, generated from a Febetron 706,
was examined by several methods, rhotograpns of the emission of
the beam profile indicated that the beam is self-focusing at a
certain pressure of the gaseous medium, The phenomenon was further
studied by measuring the depth-dose distributlon in an aluminum set
nlaced on the beam axis. A stack of aluminum absorbers and blue
cellophane sheets was used as the dosimeter, The characteristiecs
of the blue cellophane dosimeter was examined in detail, Other
dosimeters were also used supplementally, The total energy per
pulse was ﬁeasured by an aluminum calorimeter, The dose distribution

of bremstrahlung in the laboratory was also measured by a thermcluminescence

dosimeter,
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2  Febetron 706 O FF¥

Fepetton 706 (ZField Emission #(Qrgon,U.S.A.) HOBFH - r A FEEEET,
Flihmswn(@@@%%H%)EKI%%@T@éQC©§E©7uyiﬁ4¥7§
AR Fig. 21 AL Ako AIKD Pulser (XHHE 50 cm , 23110 cm OH HMT, Quter
Flectrode MR AEsEAM ( HE13~18cm , X 40cm) O 3O R—FICRHE T
Bo COEMML AMAEFEHHE, ZEREOBRAFI PV F —HBELD Y =4 P —AN
B BT Do AKORBESEEANICHT & Fig. 22 DL OIChBo  WERES
CHEBHMBEORAAES ORI AN Trdo 600kVOMarx ABEEREMITEL OET]
E#EModule Chamber ICA»TWT, | 5#® Module #EMD BT EH ER THRELIT L
R B B Tin Do Module i File THO b0 IEEARA b, %O MICHBER A ED
S DEEREDYONEEICENR TS Do TREOIRERRICRA ST 2 HOKEBH T
nho MELRER #5 KL, BModule B0 2 »7F ¥ ¥ —%#30kVCHEL T+E , Tt
O Mdule D BEHFEO—2K1T5kVOL I #H -~ a2 ehd THET L, 30NONERE
Ra LERBICTLE, 30BOa »7F » ¥ —HEfllCEK LaREEL D, EHOModule

CEBEEREETD, P U H =" A2 HRE %R EC AL 2% Delayed Trigger
Anplifier T25kVITEMEH L Thb, #~Ar R+ T yRTHELTHETH 0

Module Chamber TH4EL RS EEE Switch Chamber & Tube Chamber P H b
Short Pulse Adapler THEETK{EL LATEHFEKEL bivh, BFEFO RS R
F v QY EEOR A DEFARCEL THEE (ZOBEF 2B (EI00025¢m) D
EFEOETMML ) & OMTIES 1T, v AE 5 B bRET A 5o Module
Chamber & Switch Chamber K& A1 vy FERK L TnLDO T, L(EBLAERIR
MG AETERL , BB L AEEmn b F X OEEEREHILE €50 T2 LT %
SR D Ao HAADENEIMETEIC I TET LD T, HHEOZ 57 15 BEIER ETatilo
THEL, BC—El LTw {#sih bo Switch Chamber D HEZHTF S LEF Mo N
# L ¢ EFL, %2 Module Chamber DA T4 & REMEL X5 Thodule s T o3
FNAB L.

Tube Chamber MICTHBMEBDOF v XV 24— A YA 25— Y, —HOMERET
WL TWwho &S CILFERGE LT F¥2MEAR , FLOHRND LD TE ¥ 27 LF
v 7 TUET o Tube Chamber @ #hef @ FHliC L Voltage Divider Q22D ,
COWMBES (M FEr b ) AEFEAANREDAA I I BEELTNAED TY ¥ 2 u R
~7OFYH—BRELCERATE Do

BFEAA L 25— ORCHEAINT Do BESSEIL L5510 RHEHAINLTNEAN,
551645517 bIESR TV o TN EOUAEIL Table I KARTHI TS L0 BEF , &
FHAXEETACEI MImmD Y 7 RT ¥ DF -4 v b RN TXEEE#RLAY, ZdS
(345nm),Z2nSe(487nm) ,0dS8(530nm),ZnTe(567um)}.0d8e(735nm
m) R EDEXRKEF WTEFEERL D IE AV ANOKEBLZLMAET, ZHHO

BH0 20 Qe I L T bo ;|
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TABLE I

Febetron 706, Average Measured Beam Chracteristics for Various Tubes

Round Beam Line Beam

Tube Model 5510 5515 5516 5517
Charging voltage, kV 30 30 30 30
Bffective pulse duration, nsec 3 3 3 -
Output energy, J - ’ 9.5 1.1 12,1 8,5
Maximum beam Tluence, J/cm> 4.5 10.1 13.4 ba3
Eff, beam areas at window, cn® 2.1 1.1 c.? 2.1
Effective beam width, em (D) 1.65 1.2 1,0 2.3
Max, peak current density, A/cm2 4ooc 9000 12000 3500
Approximate charge density, }A,C/cmz 12 30 Lo 10
Surface dose in aluminum, Mrad (X ) 3.3 5.3 7.5 4,2
Linear range in aluminum, mg/cmz 165 212 130 45
Electron equivalent energy, keV 530 625 Luon 4820
Figuré';f merit for.transverse 5.5 6.4 7.5 3.7

- gas exclitation, XOD, Mrad.cm



JAERI-M 5775

3 VR FR O

3.1 [SEFOBFROLEND ODEEERRN
Febetron A Lo v 2B FHHEET2EET L2 ELAERXs BEABRE T T L
it ,BESGTTEXOFEFHRAEQLIZEGE TE0 2Lk EROERLTLHEE
#9 2BABELE (30cn@X40cem) e~V v akon , BEAHAOCEFHEES 001
MMOATYVEADBEYBLTAK I L LLTHW, ERFELLLTAZI oS VI 25 TH
Elkh, BHEHTHROR D TD %o
EFELHLLS
Charging voltage 28KV DC
Polarcid Land Camera Model 120
Polaroid Polascope Typei47 Land Roll Film ASA 10000
LiZh EEECfOEYTRLT® 5,
Photo.liz~VU ¥ o O&HEE TR I 10 torr ,{blid 60torr ,{E 500torr @FET

WT, 60torr THERLTWAEZEREDRZWEE Thd b, COHBR~N) VA RKEE
BHEH2EVWIEGHES A2 HL{BET 2L I THBE LA, —#iZ 3 6 3t~
T AMNEIA AW Radiation Research WHE Lk, ENH#EhT s Ee4oH e
MTADT, F UMD CHRETD E600torr @A 10torr LDV FEH-TRDI ISR
o 2torr TREBNEBAERCYOBETE A dhw ke

Photo . 2B ASEHTHRELALO T, B4 L 30em M ETHEXRGHRUIL 20 ko
CHEBEOEEOBAEENETFH THTRELENHE TS Y , KBE Sr 2B TRERFO
HHB LB L, Photo 20} LEFLHESH I FIHOLE IR T REHEFTKEH T
BELAZIOT ,Ed 5L 20cmllbiihalcdTid{Hbhi, 22077 X<HRICI
(Reon2amBey FOREEHCBEET L I0OKS 5, COFRLEURIBRHEELEwTH
CopWERET, B2 bEAZLTATHERHUEZE(T L, LOMELLOIAEZEDLK
RV 7 P BRAEREF ST ALENEE 59,

~) v Al0torr Db KEFHsLCEK I EBETEFHOBLEC 30" BEOAES
bAhBAETHI =0 AME ¢ E, Photo dAD L 5 ItEO L S WEFIHBNE NG T &0
HIND, ThidFE image forcelt I 53 o T BGoFREKFERrOBEHLFEEINE
AOCETLZIOT , I EELTWE 30ELD IR,

3.2 NLREFEOE
Fig.3 1 »r 2 H+ET+ 2o 0RBONE+ERNNC R LAYD TEL,b)CETF
EOEEBICEMT 7T 93F —9 97 (Model 1653 )% R LAD, 20Fy Z7OHLICSD
LAEE00204 v FORPFLTEDLhAEFE S A ¥ 0 XTI ~7 ( Hewlett—Pack
ard 183A,500MH, ) TEH LAko o FbAvyaxa—7OHIECEEES (Hewlett
—f—
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{a) 10 torr (f = 22) (b) 60 torr (f = 22)

(c) 600 torr (f = 32) (d) 10 torr (f = 32),

Reflection by Al plate

Photo. 1 Photographs of heam profile in helium

‘(a) (b)

Photo. 2 Photographs of (a) stable and (b) unstable

beam profile in air (760 torr). £ =4.7

-7 —
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3.3 HBHICKB/INNURHEDOLIRILF—ORUE
 AHEBEFOREBEIDIEWTMI= v A ( 600KeVOBEFRH LK1 mm ) L r2E
FHEREL, 0Lz 0BEEREH =¥ & YEREHOBEFTHELTEE Lk, B
%@ﬁﬁﬁ@ﬂ%«@mﬁm;5ﬁﬁ%Tﬁﬁ®@ﬁ%%%%%%wﬂﬁbr%®&é@ﬁﬁ
iﬁﬁﬁbbﬂéaﬂwz%D©QA%I$W¥*(W)HmﬁwlofﬁmmﬁﬁTﬁbB
n 2o '

W(JI)=4186(J/cal )x25(C/mV) xXomVXMXC,
zaT
AmV: BETHoHENS(mV )
M ! BRESOEE(g)
Cp . mETOKBTTAI =vATH022¢cal/g. T _

#MEEE LT Fig.33 RATLHKEZ ImmBEE A5mm(262g) 0T A3 =y L% [T
ﬁg@mwf—mtn%~7fﬁﬁb,t@¢»ﬂ—&3¢@ﬁwrf$ﬁnﬁﬁbr¢®&
EFGHORLK b, COLIRTRE , +HLc 3 v ¥—OUEHNTELEL LN 20
%%ﬁoﬂﬁﬁ%@§%¢fﬁﬁbf%ﬁuﬁ%%ﬁtoMg&4f@ug%§5mj,m
HEFE5510THaT, 0L RBTROAAV AL POLEIRINMF—LHETILOL,
HETL3IT TH oo

ZE, Hﬁ@%fﬁﬁ%%ﬁCDféﬁglﬁLKﬁf%ﬁE% LTwiWwa, Berger DE ¥ T b
CHEOHREL IARKS B TDh, —REFOTANF—HHLT I =2V ATWANOAHE
NOCAKBEEOUD AN Y EEFLTL EHBEIHNTOFELLRE(TFRELERENTS
55, LEedoT,Ling b1 0BLEFLTHWIORRETERLEELLN B,

3. 4 2xHBBHOEE
HEEHETELTEIR AN 20 LAH 2+ & — 2 HET2ABOLOTH D, B
EAHORTFRHRE R % e BBEOLDITE . BWEEHEOHEN DL W2 EE
Lk 2 EEHNBETHE, KEE A+ 2B THORBEHNECLBELIND, B EE
Ll LTRRoTERLBEL LN S,

(1) A1 z2OBEEBEEAEWO T, BN AHEHEASROAEHNTETSHL Lo

@ BTFROEFREAOT, fEOEBEFRR2D T2, EFHOFMCEERZATNTO
A DTETHER € o R EAR S 28 vh b A —£OERWER E Ta

(8 BEREEEOE N SORHEE Lne —RKEMRIN TH HIEBEXBBOEFR KXY
f%ﬁ%ﬁ%mFﬁwummujaﬁ%ﬁ%ﬂwzﬁ%ﬁmﬁbfﬁfb%gL<&ha

(4 10* rad A4 6107 rad a2 TOEWREGI B b THETEDL L BEE
L g

{5 Febeiron 706Dt 9 2BTORMBOLBHEWEFRICY L TR , MEFE A H 200
TN D (BDAEBENLD) T35 LERSEEAFUEFONFEE LTI ADTLE
TH B

8 @%%ﬁ:ﬁ;@%ﬁﬁ?%%%%ﬁ?%%t&ﬁ%é s, Solid cavity chamber &
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calorimeter (35mm® )
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Fig.33 Aluminum calorimeter assembly
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LTHAW2EEE , Febetron 706D IS 2ETOMBOEWBAEBREFHOKEI( %
BB ) P HGOE KL CERLEL KT AL LR RELRETDH 5,

+ Db, ﬁEKﬁTéﬁﬁﬁrﬁx,m%WﬁFM%bﬁﬁﬁ&@ﬁﬁ%#KKﬁL&MC&:
ERM A E—ROCERINLEERBT bh b,

HEOC:nbEALBRT L, Febetron706 2560 0 2B TFROBEEHECHE LA
B, RO T S 6 0H B BEFROABERNEOBACKELT, L EULWE
EDRERIN DL, chbOEHFPTRTHATHREHEFELZ WY, EH THOADICHK
FHlrn{D2rOBEEH DWW TRNL,

FEOLCAHBHESELHBETIIQELTTIRF » 2Bt L BB RBES (TLD)
bbb, TLDOFARBRELHEELEVWIL LHERREHU I ZVWEEDATNHE E
ETh s, FETHEATAL SO 10° red M EORFERRTMRETS 5 3 bICRAE
LT, 38 RkAT2ERNLESER2ZWE L ,Q0FGrRELIE{ WL , HHAEOER%
EXGRFECEETIAC EaEndF bbb,

—F , BEREE TORAEELYFABLAY I R F v 2EH 10 radl LOoXBREO
BELBLTWT, HEZHOCLOREHIATKHLE S, @, 50o&HtHrTodbds
Thit, B s o7+t 2~ 23BN ARTORLEHESRE L0 T, ARBOEE
EOFLEFB LA —+n 7 7855t E Rediochromic dosimeter WHIBR T h %6

3.6 FIN—-EEO27EES

Fr—en 7T A E A LEEEHEILTHWLATWEIR, BHEFWLRATWE 7/ A
BEHOFTEIE 254 T, BERC NEE OBEZ{L 1 h e ARELTH, MERKNW
TrEHEE st we d ,, RN EREHR THREREAMAB I L, HIETRE2ZBRETEHED
108 ~107 rad K HNAT L, 744 20 RERLTLI—RTAVWADH FEOBEIY
NI R WEERBT bR 5, BEERGTHEE Febetron b 04 NV ABFHO H KB EHR
EOFRCE 2 bE e 27, BEOEWZ R A 2O0REEE(THLLTI»THIL
EBTE B, '

CORBE WA T 4= 7T ZAVISCO 195 CMS Light Blue Cellophane
Thb, Henley & Bichmans)i( Y#lEDu Pont @it dimethoxydiphenyl biazobis—8—
amino—l-paphthol—5 , 7 —disulfanic acid dveF L{ATWKnD,

851 FaA—tr7TryD SESE

Febetron 70645 60X 9 2 XWE A XEFFHECGTL I r— 27Ty OBERIER—
ﬁmﬁ%éhfh%kMEMEkﬁgﬂm AN TRO STk VEFTD bo-

) TrArisvalfRIZBEWERIZLAR s r¥—FHPLLZTAEZLZWD
TT I =y ATOEEHNEREES AL T~k n 7 s Y EFAWTHELE TR EZ bR,
@ vA—knT BRI LTEYNESE RIS WO T, KBS ERY Hit R
WHWAEOT WA MERNFETY L b2 TR 2 b % e

@ Y—anMlOT ,¥EFHOKELTBOLTTELLEAThE 2L

@) BEEREHOABECYFINLE —adFiFEEORbEREREN,
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THEOCL 2 EFELTROL 52 B FFErToke t ST EEOERE ( LO%

LHANARRE) TER - BEEETHE XD , AT rI=v a2 T r—kn 7T ¥ ¥E

KA ERALEBRK AV 2EFHERHAL , TORELLOENERE T FALTELL S

B i A ¥ —OEGEE , BERTKIZLBRE 24 % 8l L TREHEZ R D o
+rbt, T w7 TYOETEHARABATHLLTEL LS,
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THAL, B4t B LHHAARKo2 2 O KFEHMOERY BEL T, BESKX
Bl ohBEOBBELTWE., COHEAREFiIg.31 ¢ (A0 OHRKE 20 TEFHBIE
OBEREIEE E ~THEH, COBSTHGHELRELHEEL T 0 THET 2\,
BEEL L OELO R HA+ 1 0FBEQCL TR A%, chidigE L " » x0BRHE L
NI, FAr—tn 7T Y HEDOBREP I 207 4 P A -5 ~OHFBLITIN TS R
P HEABENEIBYEEL TR ET A o~ : BEHOBTERRM L, HBE OFHE
K HWke '
wic , Fig. 36 T roaT7r+I=vagEl 157mesem* Y& 7r—+w 77 ( 38
mg/em? ) FHEREIERAEEREEH T BFEOELLom@ S TREL , e S
WHEETEL LA V-t 7T YOREBES AL Fig 370Xk Ltk H#EILCE
BBETr—teu 7 TYOERREFETLHRENTE , i €V FIANABFIRETEE 2 0B
BFUNILEWOT, BFEOBKI0LO ATy VAFTHEELL Tk ThIK DT
A=Y ABBE(10mnmd) OBBCHRLT 2 EFFHECPFLERCETA2HMERRLALS
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b i/Blue cellophane
’“_ j film(38mg/ caf )

~Aluminum absorber

(157mg/cm’)

Fig.36 Aluminum—blue cellophane dosimeter
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