Lawrence Berkeley National Laboratory
Recent Work

Title
MEASUREMENT OF THE RADIATIVE WIDTH OF THE n' IN TWO-PHOTON INTERACTIONS AT
SPEAR

Permalink

https://escholarship.org/uc/item/7nw7391d

Author
Abrams, G.S.

Publication Date
1979-05-01

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/7nw7391d
https://escholarship.org
http://www.cdlib.org/

™\ Submitted to Physics Review Letters RECEIVED LBL-9178 ¢ -l

LAWREVCE  PUB-335
BERKEL™/ LAC 'ATURY SLAC-PU 1

JULy 18978

LIBRARY AND
DOCUMENTS SEGTION

MEASUREMENT OF THE RADIATIVE WIDTH OF
THE ' IN TWO-PHOTON INTERACTIONS AT
SPEAR

G. S. Abrams, M. S. Alam, C. A. Blocker, A. M. Boyarski,

M. Breidenbach, C. H. Broll, D. L. Burke, W. C. Carithers,

W. Chinowsky, M. W. Coles, S. Cooper, B. Couchman,

W. E. Dieterle, J. B. Dillon, J. Dorenbosch, J. M. Dorfan,

M. W. Eaton, G. J. Feldman, H. G. Fischer, M.E.B. Franklin,
G. Gidal, G. Goldhaber, G. Hanson, K. G. Hayes, T. Himel,
D. G. Hitlin, R. J. Hollebeek, W. R. Innes, J. A. Jaros,
P. Jenni, A. D. Johnson, J. A. Kadyk, A. J. Lankford,

R. R. Larsen, D. Liike, V. Lith, J. F. Martin, R. E. Millikan,

M. E. Nelson, C. Y. Pang, J. F. Patrick, M. L. Perl,

B. Richter, J. J. Russell, D. L. Scharre, R. H. Schindler,
R. F. Schwitters, S. R. Shannon, J. L. Siegrist, J. Strait,
H. Taureg, V. I. Telnov, M. Tonutti, G. H. Trilling,

E. N. Vella, R. A. Vidal, I. Videau, J. M. Weiss, and H. Zaccone

May 1979

Prepared for the U. S. Departmeht of Energy
under Contract W-7405-ENG-48

( | TWO-WEEK LOAN COPY

Thf's is a Library C irculating C opy
whlclﬂrmay be borrowed for two weeks.

For a personal retention copy, call

Qech. In fo. Division, Ext. 6782 | J

TRl Ta7




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.




:umz...mpmaﬁnauﬂzaouocm 0$22dX £Aq mvcm yioq uo @mzmﬁ>. MUch

Sud-p§tZ ‘SI9IUNOD coﬁumﬁmﬂpcaum 8V %n pepunozins sT 0@ mss .

(g) 2/A°9 UT unjusmou oy ST d exoym m_thvﬁo.oM+Nﬁm0Ho“curm

= d/de .3o 4AdeandOd® UB YITIM pAINsSeIUW d1E mowuﬂumwm padieyd
JO eBjULWOW 3yl puUB 9 [y ST PIATJ uﬂpocmma o:a a.E SY°T.

01 W Ty 0 TIPEL JO SIAAE] 9ITM-9SUIS 9T SUTEIUOD (ITHM ﬁuav

€2)

TBOTIPUTTAD YOTY3 Wd-$9'(Q DTIIUSDUOD OM] puE adtd umndeA T993s

 SSOTUTE3IS YOTYl WW-G°(Q oYl SOSISABI} }SITF UOTISX UOTIDE

-193UT 9 9 9Yy3 wWoljy PIEMINO SIA0U umnp,oﬁuﬁphmm V. I "813

UT uMoyS ST 103D918p II YIBW SY3 FO MITA DIIBUSYDS <
.%Hv uorideal £q COMvu:monmA u 103
@muuoaxm 9soy} 21e S2IN1edF TEDTIBUSUTY, wmmce ..mmawnmcm Ewon
2y3 u®BYyl JI9ITBUS YOonu mH A31oud 1e103 IT9Y3 pue :oauumyav
Ewon syl 8uole @oxmom A18uoxls st :oapsnahumﬂv umﬁzwnm
IT9Y3 .wo;aﬁh.&Oa A1 03 PIITUWIT ol Suosau Wu mmo:p wo
mw:msos 9sI9ASUBI} OYL °PIIDIIOP IOU dIdM -whwnm +w.mpﬂpm
-3no ayyl .>0a,*,.n ovoE.Amuow‘msp.aMﬁop:uum<mmw £11110%]
Sutax adexols 9,0 193ue) I03BIS[IIDY IBOUTT pIOoyuUElS Y3
1t 1032939p II YIBW SYl YIIM PUNOF 9IaM 3I1dY poixodar sjuaas
9yl -ssodoxd STY3l WOIJF .SUTWOD SE mmvmunm¢mwum¢onvmmﬁuass

pue sited uoldel POTITIUIPT SABY $IUSUWTISAXS® SNOTAdIJ

(z°1)
(1) - . - (8se).u®. e =« . B°.°

. :s'sed01d uojoyd-om1 syl 4£q
suosow ,Uu Jo uotrydonpoxd m:u,hom;oummvﬁhm.upoawy.wz.

.zoqueyd 3IFTIP Oyl SI9IUS UaY] 3] °SI93UNO0D :omwnﬂﬁﬁuﬁﬁvm

*8y-9NI-GOVL-M PUB GLGO-£0-0-9L-A3 SJequnu
4oeJLU0D JBpun ABusul jo tusuisedeq oyl Aq Al1deutsd pejaoddns NJOMy

. —

*31397 A9y "sAyd 031 palituqng

*(sxoxxs
uHumEoumkm wnm Hmuﬁumﬁumumv A9 09:06500¢ = ST Yipim
[e303 943 puE ASY 2°T39°156°S = 1 ST U 9y3 Fo

YIPTM 9ATIRIPEE -9Y3 “, U 9yl FO suorTidery FurydUelq UMOUY
pue _U0T3ID9S S$SOID. PIALIS]O Y3 WOL{ hgd « U opou £edop
2yl mcauuoumv 4q m<mmw um 1032229P 11 Mwmz wcu yitm wo>hmm@o
:won a>m: ﬁwmmv U 9, ERP m ad4y’ 9y31 o $3usSAg
Hothmm<

0ZLYE mﬁckowaﬁmu < Koeyiog ‘BTUIOFTTE) Jo K3TSIoAfupn
s21s{yq .30 3usuiredsq pue Li03eroqeT APT}19g mucouzmq

pue

momvm macuowHHmu wpom:mpm..kpamum>anb @pow:wum,
- 7.191U8) 103BISTOIDY: J1BOUTT .PIlOJUEIS .

au0dde7 ‘H .mmﬁmz 2 h :mwvﬁ> .H .Hw@w>..< Lml.mwwm>..z
- .mmaﬁﬁaae ‘H 9 .ﬁpuzﬁOH ‘W m>ocﬁma 1 h> ‘goaneL "
¢31eX3S " ‘31sTIdOTS T [ ﬁo::m:m ‘¥ °S ‘si933TMYDS g

o .hoaccacuw *H ¥ .oapmnuw 1 :d ﬁmem:m ror mwmu:UHm
. ‘119d 1 ‘W “AdTI3Bd A L .mamm X u “uosTeN ‘4
‘amxaﬁﬂﬁz ‘4 Y wnﬁuumz 94 °r ‘yanT A .oxsq ‘qQ ‘ussieT Y
‘progjueT ‘L YV x»vwm 'y r fuosuyor ‘@ ‘y ‘Tuudr
_‘soxep "y - fsauul. "M M99QSTIOH ‘[ ¥ .:Hﬁwﬂm.uo

¢ [ouWTH "L mm%mm "9 X .cow:mm 9 .hmnm:ﬁaow i) NHN@HU
.cﬁﬁxcmgm m q- z mao:umﬁm o ‘H :mEchm ‘preg ‘uoled M
‘uejioq ‘W ‘C ‘yssoqualroq ‘p “uorTrQ. g ‘[ “9T1939TA °H
‘uewyono) -°g .hwmoou .m“,mmﬁou MKW a%xmzo:ﬁ:u

‘siay3tiey °d Lz ‘oyang 1 " aﬁoam ‘H "D :umn:mvﬁohm
‘1ysiedog "W 'V ‘Isyd01d 'V u Emﬁ< 'S ‘W ‘sueiqy 'S

O EE=E 208 M @M T M

LAvads’
LV SNOILOVYTINI NOLOHd-OML NI .Y HHL
40 HIQIM FATLVIQVY SHL 40 INHWUNSVIN

9/1
6L6T LeW
8.16-141

I$€Z-9nd-JV1S



b
»

PSERIIGSSe-)DBL] OU 99 919y} 3eYl pPUB ‘SUOIIDII[3 I0F paadadxa
jeyl -ueYy3l Ssoy oq V7 .94yl ut A8isud peirsodep syl eyl ‘auwrl
poi1dadxse 9yl FO SUOTIBTASP PIBPUBIS ¢ UTYITM 8q AJ0L dYl I8yl
Sutxtnbax Aq poldeT9s 918M SUOT{] ;.mHaEmw B3EP STY} UT SIUSAD
~oy3 uodn pesodur sem SIND I3YIINF JO UOTSSIIINS VY
"sot13IndIqUe UOTITUZODAL ursijed fo&w @cm syoel1l padaeyd wmﬁuum
<197UT WOl Spunoidydeq 2dnpax o3 nmuxo cﬂ.vouocw« aI9M S)DdeIl
paSieyd 8yl yo wd Q9 UTYITM SUOIOY] .Jmcoﬁum:uUSHm omﬂmz
uﬁzowuumam Aq vmpwgm:om ST 1Byl o::owmxumn aonpas 03 19pro ﬁﬂ
ASW 0LT ueyl woumohm mmﬂm~mcm aarYy 03 wmpﬂscoh a1e suoloyd
@opuwﬂom 919m sarnpou 1911Bq Y1 9yl Uur vmuuwpwv :owo:a
ouo pue COmeu GOﬁpumhmucﬁ 8yl woxjy wcHEou mxumpu vowam:u
%a@wﬂmomao om3 A1uo mmﬁkm: muﬁw>m ,.H-s: owom ST %uamocaesﬂ
 pe3pa39lUT TEI03 |y .mﬂw»ﬂmca juosoaxd 9yl 1oy pasn ale
A®D 0L°S Pue TZ°Z :om;umn_nm saT819Us weaq um.amxmw”mwNﬁ
*%9; Ueyl ssof ST A3Tsourumnt mmw ut L3urejIredun uﬂwmsmuwxm
oYj] "1032938p oYl UT PIAISS]QO SIUAAS EBYqRYg oﬂwmm.mwﬂz 1sutede
PeYd9Yyd puE pEIW 7T pm.mcﬂpoupmum mgﬁm:m.wcﬁwumumv mhmumiou
pmso:m.u:o@:wamv:ﬁ Y3TM painsesu ST A3r1soutuntg w:e.mewme S
3SITI S3T 1seal 3e ydnoiyl ard>rixed rayjoue ﬁcw Ioqueyd 3FTIP
a113uUs 2yl ySnoxayl ayd>iiied padieyd o:m 1sea] 3® 3TWR 3BY]
mcoﬂpumwmurﬂ Hﬁm,wmmA.>uz®MUmem Yyitm mpumﬂmm wmpu Nwwhowmﬂhu
a1empley s8e3s om1 ®B yitm wwhmMMAnu ST pouumuu@ ayL
, ..hm Ly mo %06
03 98e1sa0D> of8ue PTITOS 3Y3} PUSIXd YITYM ﬁvmoﬁ Jo wd H.ﬁ Aq

popaedaid yoee siaqueyd ﬁmWOﬂuﬁOQOHm Jo soueTd om3 pus I3Y3o

oyl 1® vcm 1939UTIO[ED :om&m pInbiy B pus s2UO 1B) SId3UNOD
1amMOys TeUOTITPpE d1B ogm:u mammn m:u 01 o>aumﬂo~ mwﬂw:m TTeuws
v %65 ST Wa3SLs :oauuouov uonu mzu %n vcm .aon ST saInpou
V1 @Y1 £q “4S. 3Inoge mﬁ.mampa:ou 40l pue Isqueyd IFTIp
m;u Aq pexsAaod ar8ue pIToOs [INF 2yl JO UOTIDEIF BYL

*2/ AN 00L ~ d aA0qe suonu 3JO
uo1339319p o:prhow pasn mum,monmw Hmcoﬁphn&oan Jo wﬁwaa,maw £q
POMO[TOF Ydeo STI[eM [991s OMI ‘ATTRUTH ..Hmﬂkwums 1102 3yl
ut mmoH £313us w:u 103 mu:meohzmmmﬁ Elg! puohhou 0] pasn osie
91e YDIYM Anvm:oﬁumﬂzuﬂmu oHumu mucoz poko:m uapmnmmaouuuoﬁo

peiTelap :uH3 11oM 93x8e sanyea 9saYL.. "A9W 00F SAOQEe %06 %
. wcm AW 007 wm wom >mz oca 1e %G1 ST >ucmﬂuﬁuwm aoﬂuuwuvv
uoloyd painsesu m:ﬁ Hmauoums 1102 onu ut ssot %mum:w ay3 jo
9ouejrodut *SUTSEBAIDUT 9Y3 mo.mmzmumn Amx\mﬁuo. v.omhoz St
coﬁi%ﬁ@ﬁhﬁwpwé 1omof 1y .93 ut g9) gf/1176 =-49/49¢
, aq ow vup:mmwe,:mwﬁ.wm: (A®9 S0 % v mmﬂmwvam Y3ty 3e
suoloyd pue chHuuoﬂm I03F: coﬂusﬂommn xmhm:o swi-ay] -a13ue
dip pue yjnurze ur suop wmys 8 u:onm JO uotIniosai reindue
sul ue mcH>Hm SIXE Emmn o:u 0u vmv ae c:m gmasuﬁvﬁmmhwg
ﬁoaﬁmgmn mmahpw unovmmh YITM comwm pue peel jJO m:wwcmﬁ uorle

-TpeI $1 INOQE UTBIUOD 3SOYJL v.ﬁ<qv saTnpow I33sWIIOIED

(9

cowhm @HSGHH wgmﬁm mo auo mhopcm v:m Hmapmuwa jxoddns
w:m TT00. Hmwaocmaom mo m:uwcmH :oﬁumﬁwm& 9¢° 1 momuobmuu
aror3aed ay3z “i1xoN ..mm 00¢ wo.cOHu:~0mwp (d01) pnwwaw-wo

~owt3 sux ® opraoxd Aoyj reuSts 9dUsIaFel SUISSOID weaq oyl



\U JO I9quUNU Swes 3yl 031 pezI[BWIOU ‘SUOTINQTIIISIP Paldadxas

oyl sjudad uojoyd-omi poajeasusld syl £q peonpoidsi TIom

9ae d-Bg *sTTJ UT UMOYS SIJULAd ,U 9Y3l I0F SUOTINQIIISIP [BOTI
-BwWAUTY oYl [IV ‘T SIqel UI Pa3sI] ST 3Insax oyl -(6) "3y
JO SUOT3EINDTED POsSN 3BY3} UOTIBTNWIS O[IB) 91UOW B AQq pautw

-1938p seM (T) uor3ideax 10y A3TTrqeqoid UOTID3IIP AL

(1 @1qel 99s) SIUSAS ,U 9;S7 JO TBIO} B SOAEST

yostTym suoiBasx ssew juade(pe w:u.mcﬂms uoT31dBIlIgNs punoild
-jd5eq 9yl UT POPNIOUT ST SIUIAS UOTIBIIYIUUEB JIOF UOTIDSIIOD
2yl °*O/ASW 007 9aoqe syesad uoTINQTIISIP Td syz pue ‘usas st

suotInqrilstp LA3isus pue sseuw oyl utr Suryead oN .vowcmau::

BII91TID I9Y10 [T YaIm ‘suoloyd 1o syde1l peSiBYyD> TBUOTITPPE

JO 90Ud1SIXd dY] wo,xapzcv:oaoc:ﬂ PeIBINDIED USSqQ 9ABY

SUOT3BUTqUOD mwms >-=+= 9Y] °"SIUSAd UOJIpPBRYTIITNU :w @w«v:am
U99q SBY SIUSAD UOTIBRTTYTUUE o 9 woijy punoagyoeq o]

‘90 > £ > 9°Q- 'anoqe jo 9dueideddE

103D939p 9yl UTYITM uorInqriistp (4£) xwﬂvﬂamp 1B[J ® 9AX3SQO

omam.mz *SUOTIDAIIP vpmzxumn.vaw piemioy 9yl ut payead ATysdty

ST UOTINQTIISTP AeIndue 9yl °Po3Idd3opun ST A Y 3Id3YM A, u

T coﬁuu:GOHQ %vow-osu Jo cOMpmuwhmuwucﬂ ue wcﬂvzﬂwxo w::u
SaNTeA MO 3® mxmma.xwhmnm Ie3102 IT9Y] .mp=w>w punoigdyoeq
o:u.:uﬁz ummhpcou.cw mppv?os 9SIGASUBI] MOT ummxﬁcﬂms INnd20
mu=o>w Juoayyg .ﬁvocmswv aOwah SSBW ,U 9Yl Uur mcﬂxﬂ mpwo>m
ay3 ioF vcm.mmEmHWOumﬁ: IINF) S3IuUdAd [I® 103 s-e¢ -sS1g ﬂw
umoys 9Ie (SIXe weaq ayl 01 1dedsax yiim) emou,rOMazawHmev

1eindue pue g A3isud 1el01 «Td wnjuouiow 9SISASUBII YL

.

wt

"sAedop 0 woiy Burwod sited [Te Yyiim orqriedwod ST

:oﬂubu«pumﬂv mmmE_-F+: a2yl Nu\>wz.QOHH vrr¢Ev 008 S paUTFop.

uoT8ax sseuw f:“opu ut SUuT4I wuco>u 30 orduwesqns syl lIoFy -

1BY} POTFTIOA 9ABY 9 -"SSBW _L L 3Y] UO 9PBW USIQ.SBY IND ON

*uorgax ssew ,u w:u,gowummeVNU\>®z 05§ 3Inoqe aq 01 po93dsdxa:sT-

pue 3jusweinseauw AJxaus uozoyd ayil: 4£q voua:HEovHWﬂ.%omu:ﬁowmu

ssew 9YyJ- -TeUSTS >-=+= « Uu_xes1o ® smoys ‘7z, 8rg-uTr UsATZ

‘S3UAD mcﬁawmsmh.wnu 10J UOTINQTIISIP SSEBUW >-Fr: ayL . - e

“syoe1l vmmgm:u,uﬁmnm I1eWS wouu:ppmcoump:sﬂHw:oﬂuﬂvvm

Jo asnedsq poaidsfer weyl jJo' L pue pauueds ATTBNSTA. U99Q -9AEY -
Aoyl "®BTISITID 959yl TTe TTTIFINF SIUSAS SUTU AIXIS

‘PEI S0° 0 < °q “¢v pue. 9/ASW 0S5 < 9q hoe3lels: 4w

+
9yl JO-wn3juswouw 9SIdASUBILI .Yl 3ey3l Sutiinbeux. Lq: possesiddns -
sem m:oao:mowﬂmm@upmuwcmm-mmﬁmn Y1TM POUTqWOD SUQOTIDBIPIUT.-

uojoyd-om3. Ut padnpoad mkwmm.co«m,hozcoumoﬂ woxy :oﬂuinﬂhu:ou

2yl ‘ATIBUTd °A®9 T > 99 %mpmcoﬁcouo:nzw:wﬂvwm,EsunoEoE<
noﬁm.ocp 1ey3 Butarnbox 4q ﬁwuuoﬁmh;wwatchHuuoﬂv vohmwumuw .
eyqeyqd poperdop ATSATIIEBIPEI.WOLJ wnnonmwum@ Ayl wﬁm%wommﬁ,
xuanOU-xumn 10y 0 = ¢V} PeX 8 T'>9q A::edv«mcmwm.WBa.wzp
usoM1aq o78ue A3rieue(dod® oYJ -IBYI PUE PBI-G'Q > - 9q ($v):
| STXe wedq syl 01 1d9dssl YITM PAUTISP $10123A; WNJUSWOU.

A u:u pue & 1 8yl uasmiaq aJ8ue %wﬂpmcmamouw%. 2Yl -3eysy.

+
‘O/ASH 0SZ > @oQ ﬁqmu.muwum »-h+= 8yl JO Wnjuswou dSIJIASUBIY
ay3y wm:u,mdwhw:vmh £q poonpal sem uUOIleB[TYTIUUE 3.9 uojoyd:
. '9UO0 WOX¥ . punol8yoeq 9[QISSOJ @ SIdQUEYD UONW 9yl UT. SITY

.|m|A S o



“(yL6T) mmv ‘01 .uumq oucoEHo oaonN ..Hw 19 aN:Homm 1

.ﬁqhmﬂv 08s qu "3391 .m>:m O TIEY) Opﬁxo.fm ¢

“(6L6T) 6L mﬂw .upog .mzsm ‘*Te 19 :umom TH 2
“(VL6T) S8§ ‘7€ "3391 .>om “sAyq - ..Ha 19 ﬁcﬂﬁﬁoﬂnhmm i)

S (ZL61) 60L ‘S 331971 oucmEHu o>o=z ..ﬁm uo Huumm *)

‘(1461) £99 .mqm 1397 .m%gm ..ﬁw 75 :meﬁmm 3 A T

*4°'s°s'n 06 i .
xmhﬂnﬂmo>oz .muHmmgm IBITONN JO 9INITISU] :SSIIPpPR JUISAI] 3
LYLZ0 VA aw:osunmo N .
.%uamuo>a=5 si3asnydessel :powmmmgp:om "mwouvvw lussaxyg s
S 09516 VO .mxmo puesnoyy - . ..
f197U9) -9DUSTIDG. ‘TBUOTIBUISIUI [TOMYD0Y :SSaIpPpe JUSSdI] P
‘9+y°d ‘zs SanqueH ‘xSIq :SSoIppe jussald
PUBTISZ3TMS me BAQUDY. ‘NYID :ssaippe ucmmmwm
9duURIg ‘XO9Pa) “XNATIA-IT-ALdauuy _

610v.-d°onbrsAyd ap Adouuy,p 31T0}BIOQET :SSSIPPE JUSSAIJ e

_AOHU

S9D0U919J9y PUE S930U300]

stvﬁcnuopxﬂom 81029

‘g H'N°'d"T pue ‘Aeides NID ‘uuog 3O »pﬂwpo>ﬂc: snid suotl

| -n3TISUT POISI] oyl WOLJ swed sTenpTATpur 1oj 1xoddng ‘.mq

-9NI-50%L-M PU® STS0-£0-D-9L-XF  SIoquUnu 3DBIIUOD zopun A31oug

jo quouzsedaqg oyl £q Artrewrid pajioddns sem xyozfmﬂgh.

g1 JO UOUUBYS ‘Y ‘S PUB NYAD FO UBWYINO) g ‘paseadap

Mou sonSesa[[0d pue SPUSTIF INO FO OM3 30 snijeiedde ay3 jo

jusudo[sAsp 8yl 03 suotinqrijuod jueiliodur oyl sdpaymouxde

A11eT29ds 03 YsTIM oM “SFFels [EBOTUYD3]1 4T PU® DVIS ¥yl
pue 13eM ‘¥ ‘ZOpUBUISY 'd ‘9ITYM-S9TABQ M £q II YIEW 3O uoTl

-5NI115U0D Y3 01 suoTingrijuod jueirodut -2yl oFpaTMmoude oM
*suor31se83ns pue suorssndsIp SUTUSIYSTIUD .XOF UBUTTY "L 1"

pup Asupng "W ‘A ‘AiSpoxg ‘[ °S 'SIQ YUBYI O3 YSTM oM _

. AL .
: A% €7 = (LM)7T1 s39Tpaxd YITYM UOTIBINITED

ﬁNAvHOVOE MFNDG Uﬁumﬁ>d“mﬁwh PGOUQH e yiim juswgaase ut

osie aJde elep 9yl .HﬂOEwhﬂmme Ino Yyitm uCOEQOHwN UOOM ﬁd

ST STY] "A3Y 9 F m.cu g uot3dTpaad ayl 03 S3IUBISUOD

(s1) . (91)

Aedap 319100 pue 19[3uts Tenbs jyo :oﬁuQE:wmm 9yl 1apun.pedl

oﬂm:m,mcﬂxﬂe uoawcmm4umwuo nmﬂmumocsuma.ﬂﬁmsm.m pue..sjienb
AL

s . )

. A (ct-sT) " (%)

JO JUSWSINSEBAW. B UT 3SSI2IUT. 9[QBIAPTSUOD ST .dI3Y]

...+ -pesieyd xaawcowuuwhm Y1TM - STOpOU x»m:o.

“ASY 0015082 = (s cvuoup 30 enTea

psinsesw.IToy3l Y3ITM Judwaaide uzmﬁamuxm.:ﬂ ST, 3[NSa1 Ing

(v1)
A13us231 sey YiIptm [el0l1 9yl - (929s

‘juawrxadxo sseu FurssTw. 4+ U <« m-: ® UT POINSBIW UDS]
. HN-OHquAB.OﬁN.NV .
10} A9 06;00¢ = (,u)?°F 1 oq 03 poutwisiap 9q uUSYI.UED

YipIim- [e3031 3yl woNoo.owhmHo.o = (AL < ,U)g Byl YaTM

(o1

ﬁmﬁv.womw,mo £3jurelasdun dTleWS3ISAS PajBWIISS UE ‘pnIdUT

10U saop pue »A:o TedT31SIIBIS ST J101Xd Y] ,ﬁmu *FJ9y.30

UOTIBINDTED:. UDTIIAS mmouu.couonmtozu w:u m:ﬂmb.ﬁwﬂv>ox o.me.m.
Ak
(Lu) 70 suTwIalap ap AHHU "G :u _H:p@ﬂz 9ATIBIPRI 9yl 03
Teuor3zodord AT1D94Tp ST UOT3D8S S$S0Id uojoyd-omi isyg

*1 9Tqe]l UT UAIZ $T pue AOHunHo.owmmN.o = (Ay9 « W)g
;ot3el SuTyouriq 9yl SUISN paleINI[ED USSQ Sey ﬁwV uotideas

I0J UOT398S SSOID 3Y] °*SOAIND PI[OS SB UMOYS dI® ‘SIUSAD



. *Teudrs ,u

POAIaSQO aYy3 03 pezTeWIOU U 3.0 + wm+o,mcﬂszmmw uorl
-eINOTED OTIB) 93lUON oyl siussarder aAInd 9yl .vwvmﬁm
ore yead SSEW ,U 9UI UT SIUGAS 9Y3 ‘SIUAAD Hmm UTRIUOD

swexfolsTy TINJ a9yl .waxm.smwawusﬂ 03 3o09dsax yim

918ue uorionpoiad a9yl Fo sursod () pue ‘LB1sus TR0} (q)

‘unjusuow 3SISASUBI3 (B) 10J SUOTINGTAAISTP [BOTIBWAULY - °¢.

.moﬂp:nmyumﬂc Sseu >-=+
- *saqny Hm:o«uwom

-oxd uonu (H) ‘isqidsqe UOIT(9) .mhmucscu XoMOys uodie
nﬂzrﬁﬁﬁmv ‘1102 prousios(g) “‘sis3unod JYITIF-Fo-aurl (@)

‘xaqueyd 1ITIP(D) ,hmu::ou.umﬁm (g) myunEm:u ESJum>m<v

$10329039p II NIEBW 9Y3 mowzmﬂ> uﬂumso:uw T

suotide) aand1d-

“(LL6T) vt ‘Zv oluswT) ononN ‘02919 R pue Eﬁpw k! ‘.NH
.vmmomop&.wﬂ sTsATeue m>ﬂpmmpouﬁm :m.w«mhmas NWmmﬂu LL6
‘6¢ 13197 Aoy .m%wm .Nuﬂzmcmcu 'S "W 89S T( Ak « Lu)g
ARG JU) 1 9qT40s9p 03 sTie} ¢0ﬂuaszmmw STyl .uw>@30m ‘91
.NNN@HV
S0S ‘v "33°7 ojudwr) oaonyN ‘3Bunox -4 pue ysrem ‘4 L

‘eanng "H ¢ (0L6T ‘MLOK MAN ‘ydeolg pue UOPIOH) PUBYD Y

£q po1Tpe ‘STAPON NienD pUE SoTA3eWUAS UT ‘0qmi0 'S ST

b oATIde}FE 'z

: ‘ "(6L6T) 2/6L/dNdH/DT
jutidoxd ucpucT o¥e1710) Teraaduy ‘T 18 aruurg ‘W "d ¥l

)|

S T135°S m,ﬁ.cv>>h 03 $pear ‘(TIT) "3o¥ T 33 4Ayspoig
Jo uotjeInOIEd 9yl ‘51duexs 103 ‘Sutdiddy +9ouspuadap
Topow oYyl WOXF SOWOD £f3ute119oUn >T3BWAISAS 3Y3 mo 11ed €1

*(g) pue-(z) ¥y ut mpcusﬂhmmxm :ouosmM

AA

woru Eowm vw:mﬂﬁn:m usaq aaAry (,U) I uo muﬂsﬁazhommb A

“(1461) zgST .wla. TADY .m;.a..n.nm..vﬁw ﬁonmﬂu 716 ‘Sz ,.uuwa.
‘A8Y "SAyd ‘emezeIS] ‘H v:n.mu«:mocﬂx.»ﬁ “Ayspoixg ‘[ me
| *(096T) 85 ‘0zI Aoy "sAyq ‘moT ‘g o4 CTL
*(8461) T .MMM .ppoq.W%:m ‘dnoiy eleQ °1oT3dBd Aq porrdwo). 0T
| o ‘uoraedTUNMWOD 93eaTd pur ‘ (1L6T) 18y T
"3391 op:maﬂw onony ‘uTpes *§ A pue 1oteg ‘N ‘A f(1L6T)
025 “HLE .ppwq_quqm ‘8anqzury "4 'I pue AsUPRg W A 6
- (86T)T*SZ78N "To§ '1oNN UO -sueil gagl ¢ “T¢ 30 ueugeig ‘H 8
_ _ | (8L
01z "oN 3xoday VIS ‘uosTaN ¥ "M Pu® Piod T ¥ nmcou‘wwm .

“(8L61) 60%

“S7-SN 195 -[onN uo -suex] FAI ‘TE 38 SWEIQY ‘S "D "9

.ﬁoﬁpﬂmom.Emmn
umouwy ay3 y3noryi ssed 03 PIUTEIISUOD SIE SYDBI] USYM

o |, (§910°0) +,(d500°0)| ; = d/de st uotantosex wnjuowow oYL °§
v “(6L6T) L2

‘00T "Y39W pue "3SuUl ‘[OON ‘"Te 32 °ITYM-S3TABA M ¥




L6y | S S e

rezest

)

NN

*A1uo

NNNNNNN

N

SN

IEJT1STIBIS OIB UMOYS SIOIXJ -UOTIDOS SSOID PIaAIasqo oyl ST o

wcmh@ouumquvaGSOmeuwaumuc®>®.:wogmﬁescm£umﬂ .h

NN

\

Ad.»m « wtvm mnﬂwzwuzﬂ uocv AouaIdtTIIe :oﬂuuowo@ oyl 3

/
/
\_

‘f3Tsoutuny ps3IeiZaIUT IY3 uvM‘ L81sus Emwa.o:p wﬁ mm

7 097034870  Z°Z;I°E © SZT0°0 .- v86 - oLts
2 /) 2£705T67°0 . 9°S3£°0T  LT20°0. ..0SLT .  00°£-05°Z
Y “. 8T°0508°0  9°23°% 92200 1eTe 057275272
& “ “ 05°0386°0 9°Z2:1°S LT0"0 86L ) 12°7
. o | i e
ﬁmm W (qu) . I R (A99)
‘ S LI w0 Y
. _ o e " NOILVIADTVD NOILOHS SSO¥D HHL 40 AUVWANS:.
L | o S o | T a1avl

-11- -



18265¢C

ol

g "Big

§s02

o 0 ¢go- Oi=

/il

| | L

C(A89)  AOM3NI V10l

0¢

=

062 002 Om_ ool 08 O

(/A0W)  Td

< \

o

[Te)

o

(ASW GO'0)/SIN3A3

(/AW G2)/SLIN3A3

z 6y
Zvzsse , A Adt 2Lon 6L—"
A,Nwo\>mov _ 4]
o2 Sl o'l 0
_ T T 10 O
| <
. M
- , — G m
w
BN
- - o
B ol 5
U )
- g1 <
S
S
| | Lol oz



This report was done with support from the
Department of Energy. Any congclusions or opinions
expressed in this report represent solely those of the
author(s) and not necessarily those of The Regents of
the University of California, the Lawrence Berkeley
Laboratory or the Department of Energy.

Reference to a company or product name does
not imply approval or recommendation of the
product. by the University of California or the U.S.
Department of Energy to the exclusion of others that
may be suitable.




o
a

TECHNICAL INFORMATION DEPARTMENT
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720





