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.. ;'from~~.aa.iy.sisOfthe~a oCCy<kJtrti.. Trap (pj-atom) .
 
, .and OBJn,IX ecattering experimentsat:LEAR. ~deducethe,.charac·
 

;ie!UtiaJ dpp..mtca.cti()!l in the,ing1et lpinatUe;TherAtiootUte .
 
',triplet Wl·~t1ridUua:=l'(~$l)lr(ls.)~O.,2..Wediscuia also . 

.cmhow the inequality a: .~ 1 influences outhe V,altie Of eIectrOm.a.s-· 
.' ·.·netjeproton f9rmfaCiorh1 'the·~.region8tth:resldd~"1'he"~' :' .' 
"... deduced qttaatitY is 1G(i:-.. O}I.=· O.39.inIteaclofthev8lueO.sap,e.:': . 
. ,tefttecU•• paper.(81.'ThuJthe''',atthteiho1dQfthe~.:.' 
:'.·~~of.·~.· .... ,:, ""',' 
.. - . . . . 
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In the Eq.(4) alld in equationS to follow the error bar# a.t:t' Qmitted sincetbe"" 

Nowdaystbe p;-inter.actlon in the lOw-energy regiClil is known mainly for eicpt'rimental K'llults are ('ootionously refined. Th.. deComPo~iiion of 11(1'."" 
, . labOratory momentuni". ~ 190MeV/c, lle/!l, e.g., the pape~ [1-3]. The di into triplet ~:Id singlet. .contributionR reatJl - .
 

'reet data just. near th.. thrt'lihold were Ilrt'llented recently by OUE~[X group
 
; 3' I l'(4]. In this fl81~r the annihilafioll pp-crOl>S llection \Va~ present.ed &,t the three (5)TIlT..... =- ~lI(1' __ +. 4T1(l'~ .... 

mOlllent.a near 11I.b= iO'MeV/c. 'l'h" vilille p = 711MeV/c is low enough to
 
1IIle the S·wave ocatt.etillg length approximation ..' One may compare scat
 Th.. valne of th.. 1Il0menu~m PI. = 7iJMeV/c is low enough in order.to 
tering length deducro f,omt.lti. ll.na.lysis with scatt.ering length from atomic usc the S-waNe scattering .Iength i1pproximal,ion. Oil the oth('.r hand at such
 
data on shirt alld width of t,h'e ",,!,om,' see e.g. the re,'ii'w pafler [5]. Un
 low eTlt'rgies the Conlomb~jfedsbP.c:ome irnport.allt.. ' Keeping this in mhid
 
fortunately all the ahovemeTltioned results were pt."form..o ~ith nonpolari:red
 . we writt' l.he following ~t1al.~ns for the annihilat.ion CI'OI:l!1l Sectiom . 
ter~t8 and hearns. So no ,Iirect dilta arc kllo\vn 01\ tl;pl..t and singlet. scat7 
tering pararnetersseparately i).' , .,J_ :i ai.. ..; aiel i.= t,', . 

The separate vnluti of t.he triflld width WlSll flfllt retX>1"t.cd hy the Cyclotron 
Trap t'xppriment at. LEAR. [7). TI,e extrilct;,avnlue of r('Sd is [7) .. .11~ .... "" 81r d)'(IeHJmIJ _ /re2(1e) I Ii 1}·. (6)2

. 'm·· , . . 

f('Stl ='(708 ± 1M ± lO)e.Y (1) . ,et(1I1 = (Z,r{~B)/(l ~ e2l~ -~/"IIB» .(7);~; 
fJ d:. ~ /(1 - ilett) , . (8),;. ' For the spin ltreragcd ~idtl.tl~ ~IHne ('xperi;Dentyielcied II TeSult[7} 

. Iv!lere m ill II nncloon m...~s.1c ',,;, ~..{2is til.., r ..nter·of ma.~5 mOmetli~~, r 
,. f(Sl= (1 iso ±89±lO)eV . . . (2). ~(/r) is t1le Coulomb Garnow JlIdor, IIj-=-th~ complex scattering leii$tb,.\~ 

. , 

.II) ;:II{ + ill~. KcepiD~ U;adill~wrn\ll~ilh respect-to (k4j
) we get '>r; . If one wOllld naively aSlllime that I'(S) is llveraged over ~i"gletanrl triplet 

states with 1 : 3 IItllti~tiCaI distribl\tion, one would get [rom (1) and (2) a 2~. =87-c2(/r IIf+1c \,'aJi2 (C (k)':"1) ~ dlrc2ilt) /I~ , "\9);'
resilit r(ISol ::::2.6KeV.. So wr. gd fol'lhe ratio:ll =:= f('S\)/f(ISo). ..... m ) (I +kIl4)~ + k2(11{)2 m' 1 -+ 2k12~ '; '.' 

• • r \, 

. '21.::::.&.21 • . (3) whf.l't" we; ha\'~ also lIS1~d tht'fa('~ that C2(k) ~ 1.4 ItlPi" =iOMeYlc. 'fro~ 
eqs. (5) and (\1) "'C ohtaill '. :: .., .... \' .

HOwe,;e~sllch an a.~sllllll)t.ion iSI)j'ohahty in<:OtTf>Ct ilillce the relat.i~e weights 
; .... .,' ~ I . .....• .' .. ;. ·\,.:L.

of t~ singlet. and tripk'1 ('JIlIJIOII",il-,Hlcl'elld IIpon tltewidth of the 2P hy- . fit .' . .,a2!· 4 2 ( . 
.--.-(\16.......) = --.- - + .._ l.lJ~
perline levels [6}.111 particllh,.r the re;IIlt (l) (OT f('Sd wa~ obtained IIsing 27C2(k) . 1 +J'l.,l~ 1 +'1.11; . ~/, 

. "::. t ;;the intensity rl\tio l' : 2.2. As argll~ by Prof. L.U.Simons (private COIllI"\U!
 

uicAtion) th.. ~xtfll('l~ vaIn.. ofnS5d i" I'llther stahle with resPect to the Thi> imaginary part 0I. the" triplet scattering len~h G~ can I~ E'.xJlr~
 
intensity rMio, whereas reSo) is Il.ud.'more ~en9iti\'e to it. The first purpo.'lt' th~OI,lgli the t.ri\lld. \\·jdth r('StY(1) M:cQrdi"ng to t.lie well knowne<jui\won).·
 
oHhr 1)~\It not., is 1.0 Im",i,t" n. rdiahlf' t'~l,illlilte for the singlet willth. " . .' S' ..... . \'"
 

. U~ will l><> mad/' of tilt' two illdl'p<'lHkni ex~ril"enl,al re>lnltll: (il th~ . rr'Sd= m.d 4~ =aSm2C1~ , .. (11)'". 
valoc orr('Sl)giveTll>y "~ll.(1),a\l(l, (ii) t.he vallie or ilililtililiion Cf'~11 sect.ion . B.... 

at very loW r.nerRV fel>ortfot:! hy OflE{.fX mll.boMI:iot) [4J . s~ 
which yiclcls' 

...~ =O.4OS!m .' (12t 
'11/1_ = ;,I;J.2~6at "..'-=:, 7GMeV/c: (4) . 

\
 



____ __ __ ••__~ ~H ~.~ 

;!:, 

f
fe;_ 

j 91,'; &; .. 
I)' 

Stlbstitllting tim ~t fntoEq. (If))''~id 
w~ .;,.-1.• :1:"t.OUHfI liquidb,dnipu ~; l'he ohst'rved mimiMr of' .' 
e+.--paino in the ft'Pl!ritlW1t f9J hi ~wi,1t 14')(0): . 

. .; ... 0,91)/'" .. ~ 

Thf:"n applylnS relation (ll) tottMo·"illp.tBt.Ak we set 

(1:t) . I 

... 3.J~·. ~ 
3 ...... -419; • ........l oilth (18). 

r(lS:t) =LrOhV . (l4) 

Thnll t."" ltillgJet IIQteill hroMIerlhantlK- triplet one and tll4' ratio of 
their width ill .. 

wIifftBr...~'S.)ii1 brU«'lJiq f3tiO ialo ,+,-"pail'1!,ftom thto tri~ J<latoIo 
of the ,p.ll&om, Evidr.ntlr,dt. thi. hnuadrinll ill niR_...n witb tiM- 1IPc:_ 

· lIeCtion at flipt via the· foIIowinK t>qUation .' . . 
· 

It ill ~elIIIat)' 

C.. n·St)/reS:tJ == o.4·lfi ~ 0,42 (IS) 

to.taft in \~ aOO'lhe ro1loiVi'ug: the OBELIX I'eS\1It 011 

~ 

.;,+.-"('St> =fu1<.-)/~-r-). (19)' 

__ at"..- '1OMeVle inhe oilly Oltl' a\1l.Ilablf! at nch low mergy. If ODe 

. MinWl1.e!l th.VlII': of ..._!'l ~ ='ittMcV!e according 1.0 t,he·fit orHeidel· 
· .lndex t ItPlt'denotee tripltot lItMe: On other IulncttMtriplet,p anitihilatMin 
~.acetion is COII~ted with theUIW anailtiLit.-U'OIll8P<'tlon 

bftrg group 1:lJ.the_!tw~uld h. _ ... '= 4-T.1_. (",ing tkill quantity-in
,leftd Ohbal giVl.'nhy the F~.~4j. Wf'set [(15.) = UKeVa-nd ~ =O.12fl. Of 
COU'-~ ,hotlk! krlljl in milKl that the Ht'i<WbeTg lit dt'!Cri~the iMlnibila

.' ':1. . 1 ['(1s.i< 
er- :: 4~(l + irf'St})' 

. 
(20) . 

Uotl tl'Oll8lM!<-tion in tfit. 'llOlllPntNm inlt'naIT80MeV/~ S~:S GOOMeV/e 
and dotosoot Jl~ to 'tM extrapcriatWlcI toibnl .thresltoJd'; H~ the 

'al»ioe exaJllp!p, c!$Irly defuonst1'lltell .: very ti«bt .oorreiMiou ~wt;:en t~ ex

' ~respoMdinstr t~ c"* _tioo ()( the readieB itt ~1i~8taJe 
· Ilerted with total croIIll· JeCiicm lOr tllia l"eIIdion 

is ClOI\

. peorimentalqltMtiiiel.(__)andT(tS.},So-tM-tendeney_< 1 i3c:onfirmed 
iRItU Ollr eat.inlMes. Noiire that the _uli (15) W'Ila oob;Aed U8iog~yibe 

..:.+~~ ~ __+r 
crt· ,.. 3" . (21), 

dirt"ct ~~rimental infonnaUon· with no addKionalCheomi(a1 Momp&n Takiftlin view (20) 1!Qd(21), we ~ 
upon the width or the 2p.~'eltor ~extrapol"Uonoftheex~ 
data. So th... ~Itlt (15)' ill ~. more pcel'i;rable. . 

•The- ~nd p.rt .of o'ir pap._ ~.. meinly. ~ ~he ~ 
.. AI.. • 
............ 

. .,(oo)("l~1 + .!..jlim......<rr..·->...·· . 
.., v,r:(,. :Jcliln.-(w:-r.. 

.(2'l). 
. 

from inequality» < 1. CoMw.r.ftm of all theo ~Iem orelflC&~ic: 
.fonuf.dor iii tbe &imeor~ ~ At ~ point (. -- 0). ~. 

. " .... e+;e- a.l.rest ~trmn 'St"... of alltiproumic MoIN. 10 tilt! . 
paper (91 tbe vaJue of t:he~ (.(1('..:. 9) r w. eXtracted from thia '. 
~tion, . . 

Numlier-of the- ......"";.. itt PPeIi.Dy. 1M' Wiuwins~ 

Jr"'~ =N,(')~= ..... /t.Ir(..?lr"')~ 
Here we ~ nOtatto..'01 tile- PItNt MI. 

(2:1) 

~-' 

'. . lG(i .... 0)1=0.5.1' . -(16) 
Notice thattbis valile in the reC.(9}"w- obcamedu__mpUea r('S,) ... -

['{ISo} or ~ "" 1 4~, .Let-U!l set Conn"l. for PRlbability of Ul~ n.o.aCtioA . 
'JII - ie....,- M A.'llt.· We UM!. tbe foUowin( ROtationl: N,IO)·. numb« or' 
stopped wipro&oilll fonniilgtl~H-Atom.~·}(O).nllmber of stopped an
tiprotons. c8fltured into $.staIC:l. Artt~in« t'O t~ ref. flOJ 

NtI(O) =(J -~JN,(O) . (17)' 
~ I. 

!ia-{Y+"'-) •. (I -Up)~ +.cr,Ba .... (24) 

· wbrre .... l.ootl-9.Nl .8t,,; UWl. ComLininl Eqe; (22) _ (23). ,. 
finally bave . '. 

, - . '. . .. 
Iifl!(w:+·"') =!!ti:... [J;.Ii'{rio:K-};· 1 .'t~..-) .{2$) 
- . N..... 1-0,.. fit +1) - .. 

... 

'" 

t; \. 

.;...J.:,:' ~" .. ": ',-/, ,;", "-~"."."", .'•."~iM~;r' -~ .. ...... 
., ij~,~Iir~:" ~, ."", ,

\: < ' .• ~-, ""l'
" 

/;. ,~. ':."....;.;;.~ ..w_"'."L~ii-';,i£t:~~ ::':::>·.;.~"'~."._.~~L,.~~~.j1~~~~~t .•
.' " ,P,.,-,,: 

~..JJI"""'_.:;.,-....~:.•
" ;."",~ -,~,~,_._~- --_.-. _.~ cl L(~. ,....:."••• ;~.. _ ..•,' .".A..ol 



--

!t:"P":""""-';'",~,,~"'~..: "~"'_. \ .... ,"" ;, ,', .. ,::1' ~'~fi;'~: 
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. 'This fonriVJa look. Iilrr~ one' wfIi4 _uMd~. i~~(9I"_rad , 
, . fadOl' IGel .... O}j, but llt.iIt there.-e two dill"ertlli puintll. '!'he fi&lta part Of ' 

. the Eq. (2$) (Oftla;nl the f.aclOl' lim-(W-, illHelld or lim"..,(.'-) ill t.~ 
lIIYIoF11ll,feirmula 01 the paper {91. 'Fom1ll1Jy thfte' t_limi~;areto be'8l!juaJ. 
But practically we get diR'emu numbers. SoWliJlg the .,.rametrization ror 

, "given in ~he Bu. pltpeJ:. (11, Ift'lft 

lui}(.....) =1i7.4nt6. (26) 
.' 

Veins ~ pullinetrizatiolt [;II we get 

Iim(__>~ ,49.1.. (21)-' 
' 

If we - tIN! patalMtrixatioltoC the paper (Ul. wllid! fits tbt-OBELQ( a.t.a ' 
(41. - set' , 
, : 1itt}(W-}~41m6. cal:

...."
 ' .Tbt> seroud mtsQllCor <Wuciflg of ibe Mnafactorin ~iM' Eq.(~) ill ik aPia,
faetor " clet-t1i,,«0Il ni&io _, ' , . 

. 3 1 (_,,c-) = -(1"+ -) _), 4 :k 

ID the with. or tiiptet IIId iinP't. ....'I,nnbe _; or. "'" i',C _ 1."As 
it loIto.e From otrr~ious ~at.ioD, *< 1.ft.~C(~ anct·re..ct. 

, &0 BlUlIer .....iil:~ of fotmrartor l Q{i- _ 0)/. , 
, '~ hDth. nlI1Ktiom Imnmc~H)".. Lri Us • rl'Ot1l 08ELlX 4Ata 
,t"l., Subet.iltiti.. (26) in ~ Eq. '.(25J by(28~_ &et t G I.'0...., iatead of 
o.~.Ta'i"8in vilow FAJ. (II)). WI.' lillally Ft I}' , 

fot' "'+O} f-l.39 "(30) 

.so we ~, 0.$ ~ft(I or o..5:J rr~ tht'fl'lll)t'r(9}. This quantity is worth ' 
compAring with ~l. qWllltitiet mr Corlufac&or At ~ry 10", _rgiell at 
Righi,whid) wt'Teexa'ane.lin the [91lltljl~' anOtl)flr Ilroct.dUI't!: I (J 1= 8.39::1: 
O.M at, 75<:' < lOOMe¥/e: IG ,_ o.:t4:t O.o.t I\t 100< '<l~M.VIt:
 

. ,and I (tl- O':J1:t 0.1);,) al 1:25 <'l.< lrtDM.Vlc. Thew-tltrre points are
 
' OM'lIIlure.1 Otlt'.lt· _t to 'Ulf!alotnic poill~._ O. Wf' roncl" that the
 

slupe at. th~ dC the ~lMtctl' l1li FUnctioao{ i a~orat Iea,& ; 
gett ing bt rlrut.ie tban diIK,\OIO<\fIin (!Jr. " 

• __ > ~"..~ ;~.; ,r,,'· . ! . M"':'~':~'· .::~ "'\" .' ,'1':_"'.:,;',<;0• 

""~'..dwtioa't~~IJIR~~,tS~t" r:ti~:~;~
 
~ after IUbe&itutiQa €Z1) iastnd of (26l1 rit- am. T.lIItiDs,iD,view"
 

.• ==o.l26intbia_.,_set. " . ". 

!G(I ... o.)l=1UO. C3l) 

." ~ i~ this ('__ ohlftill even IJOIlle rllll,loll" tIte ronnW;aor ia ibe 'n:pm _ ' 
tilteMold. '" ' . .. . .
 
h~ ",.-*It__tft&.tPt. dItw _otJ.'~h8a'
 

itM!qtllllity z<, 1. Nl!IW the cn-hoW ~iolI ream.a wbic:b 80 tJuoeck
 
dilIr.leal~. s-.ate.(t~ &lid IlidPtI may baW di&ftDt. eDitFI)'
 
Qependeme. A. ~m. ~. set dilrc!reItt. bnNtclliDp ;for·two nch, .
 
cha&meltaa .1'I!It -...f' at, fj~ We ani ..... tocf.,euM this fJCI'IIibi~Y" in ~.
 

.-r.eJt.eli!iere. ' .. . .
 
TI.e ~tltaftkfGr for..nu diKuuioA ~ P.D~an4 P.i':
 
~~weIt tolO, Sapcr.mikov. ' .
 

I,N__ 
". ; . 

. 1) ne~..__ fOr today. W lIIOft' lUpii- ''O'''Dftda f 
... ~~/e,·-e.I-lbe~ (6).· ". , 

. ; t) U. of the Ower'" aI.· ft?rmula (111 in' tbiuaIl' ia quite -aid bfc:. 
'eht- !lC~ltestk _",00& Iar#. oI'orderof r-srof DUdeAr.fan:e. . 

:J.}ln ourpnMowt pllhlicatioo [81 ~.-1t at =1.92/711'''. ~ 
It_ Ohuhwd w.ith tIw pI'l!'Iimbtary 06HLIX reslrk ......; :0 33.7_ at 

, ,... a lOM.VIc. ..' . .. . • 
..) It ia lII'p'd in tlte rrf•. [91, tbat jlGlIllihIt' mvra d1K'! tQ ~fle ~ f.. 1 ~ 

taken into ~t with chancittl_ in ~ 0.5 < • < 'L
5) to tbe paper [91 all thl- -$ with ,....: s lOOM,Vle _ ~to 

be thE' eveni14 llt mit. EviOeotlyt.hllt: thilt ronctmm ae-n't ~ b PM' . )t 

~'~', 

Of theRe eventS to. talre place in tigbt. So the oumbers N...- and lfw+w-1IMId 
in the ref. (91 to}~xtrari 1G{1l- 0) I are to becorred«L . 
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