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* From & combined analysis of the data of Cyclotron Trap (pp-utom) E

B \and OBELIX scattering experiments at LEAR we deduce the charac-
- teristics of pp-interaction in the singlet spin state. The ratio of the .
S ‘lmpht and singlet widths z = T(38;)/T(So) ~ 0.42. We discuss also
. ' .on how the inequality z < 1 influences on the value of electromag- .
~_-netic proton formfactor in ‘the time-like region at threshold. The so .
- - deduced quantity is | G(k —~ 0H= 0.39 instead of the value 0.53 pre- .

~:.-sented in ‘the paper (8] Thus the olupe at thnsbold af the farmfactor
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Nowdays the pp-mkramon in tlw low-energy negmn is kmwn mamly far
) labontoty momentim Prp > 190MeV/c, see, e.g., the papers [1-3). The di-
‘rect data just, near the threshold were presented recently by OBELIX group
" {4]. tn this paper the anmlnl.\ﬁon pp-cross section was presented at the three
.momenta near pg = T0MeVie. The value p = TDMeV/c is low enough to
use the S-wave scattering leugth approxitnation.” One may compare scat-

. tering length deduced from this analysis with scattering length from atomic

data oo shift and width of the pp-atom, see e.g. the review paper [5]. Un-
fortunately all the ahovementioned results were peformed with nospolarized

tergets and heams. So no direct data are known on t.npiet and singlet scat- -

tering parameters separately V.
 The separaic value of the triplet width was first rt»portcd by the Cyclotron
. Trap experiment at LEAR {7]. The extractod value of [(38,) is [7]

F(‘sl)_(~os¢nm:uo)ev Coe )

For the spin mrcragcd w:dth the samne cxpenment )wlded a result [7]

TS =(IBENEIY. @y

) ,'If one would naively assume that I‘(S) is averaged over éingle‘t' and 'triple.f
- states with 1 : 3 statistical distribution, one would get from (1) and (2) a
resnlt F('So) =28KeV. So we g«»t for tle ratm z= (’S;)/F(‘So)

z~0’7 B o E (3)

However such an &«umptmn is pfoha.hly incotrect siuce the r(-latlve weights

of the singlet aud triplet componerts- depend upon the width of the 2P hy- -

© petfine levels [6]. .In parncnlar the vesnlt (1) for T(18,) was obtained using

the intensity ratio T:2.2 As argned by Prof. L.M.Simons (private comrl

nication) the extrad.ed value of T(35;) is rather stable with. respect to the

- intensity ratio, whers‘as ['(* 8o} is much more sensitive to it. The first purpose
of the preseut note is to provide a reliable estimate for the singlet width,

© - Use will be made of the two independent experimental results: (i} the

‘value of (S, ) given by Eq.(1), and, (i) the value of anihilation cross sechon -

at very low mwrxy erorwd ln OBELIX collaboration [4]

w.....— S’mb at 43M¢V/c o ’f"(«t)" .

I the Eq (4) and in equatmns to follow the error bnrs are mmtted gince. the

_where m is a nnc]mn mass, k = pw,/ 2 is t.he center of mass mmeutum,

o =] +iad. !\eepcug k'admg terms. \mh respeck to (ka‘j we get

" eqs. (3) and {9) we obtain -
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experimental results are continnously refined. The clecomposmon of UOenn : .
info triplet and singlet contnbuhom reads
oy S . -
W’Jm = zﬂd‘ + ZW:..,. . (5) :
The value of the momenusm pa = T0MeV/c is law enough in order to

use the S-wave scattering length appxoxmmhon QOn the other hand at such
low energies the Coulomb effects hecorne important. Keeping this in mm'd

- we wnte the followmg eqnatmns for the annihilation evoss secuomz

" ‘,.1'_ =-',{‘-"¢J Jgt,,ﬁ_

V= = —C’(k){Jm F- koM | F I’}

C’(k) = (h’/kaa)/(l - ezp(— "1/543})

i Pl k),

C’(k) 1s the Conlomb Gamow {.\ctor, @ — the Lomple\c ‘scattering length

a,+k|¢-' (C”(k]—l) o’l‘ ,() .,\_ __(
U+k“{)’ k'(a)’ "'. 1+’k¢" .

where we, have also used the fact Lhu CHk) 14 at Ptcb 'OMCV[" F“’“‘ A

- vo{mv

= Cﬂ(k‘

}

+

) " 'jaﬂ'"f "'a';' )
= C"( LTI S Trnadt Topwed "

The imiaginary part of. thc tan qrattermg length af ran be expredsed - .
t.hmngh the tnplot width TS Y (1) accordmg to. rhe m‘l] Lnown equnhon A

3 S _31t )
[‘(31)—“-—4 0m¢1 '

x;'h‘ich y'mida

ol =l0._4&3.,-fm‘:



Snbntntntmg tlua remlt mto Eq ( 10) we- obnm .

Ca}=005fm P . o ‘”(13), N
“Then wplvmgrelmon fll)totheamgkt utm.ewegn - ’

0(Se) = 1.TOkeV , (14
Thny the singlet wiate m broader than- the tnpie'. one and the ratio of

their W\dth ]
z= rg‘s,)/r( s.) =o=us ~042 ‘ (xs)

~ It is necessary to take in view also the followiug: the OBELIX resuit on”
Vann AL Praj = 'OMeV‘/c ia the aiily one available at such low energy. If one

estimates the vaiue of B0y A P = 70MeV/c according to the fit of Heidel-

berg group {3}, the result would be v, = 47.7mb. Using this quantity in-

'stendof&hatgwmhyihei‘:ﬁ{-ﬂ we get [(15s) = 56K eV and z = 0.126. Of

course onie should keep in mind that the ifeidelberg fit describes the annibila-

“tion ¢ross section in the momentum interval 130M eV/e < Py § G00MeV/c

and does not pretend o the extrapetation toward threshold, However the

-abeve example clearly: detonstraten & very tight correlation between the ex-
" perimental quantities (90w 3nd T(5e). Sothe tendency & < | is confirmed

in all our estimates, Notice that the result (15) was obtained using only the:
direct experimental informiation with no additionsl theoretical asamption

- -upou the width of the 2plevels or some extrapolnuon of \he expenmenhl
" dats. So the result (15) in indeed more preferahle.

: The second part of our mnrudno&edmnlthhewmemm
[romnmqnlht} » < . Consider first of al} the problem of electromagsietic

. formfactor i the sime-like cegion At threshald point (k — 0). Reaction.
- pfi =» e*e™ ab rest prooseds from 35; states of agtiprotopic stoms. In the -

pnper[ﬁ)}thevdneoftheiormfactorlﬂ(k—oﬁ)Iwuextrnctedfromthu !
- reaction,

lafk-+ou-=m ST

Notice that this valise in  the n-&[!)]'vu obtained undermmptm I‘(*S;) =-

T3S} orz = 1 9, .Let us get formuls for probabifity of the reaction
pF — e"e" at rest. We use the following motations: Ny(0) - numbes of

stopped antiprotons forming the pp-atom. N""(O)-number of stopped an-

hpmlom cspttm'd u'cto §- stnlcs According fo the ref [10] _
NP0y (A-of® - amn-

s R
G D D e S G
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: -hme,aams :1:6015 n nqmd bydmg.-n case: 'l'heobsemsd mmi)erof‘

e*’e -pairs in the cxpenmnt 9w eonneeted with N‘"(ﬂ)

n....a-n* af,ﬁ(*s,). ‘ m)-

’ vrhm Dr,ﬁ-('S}) ia branching ratio into e*e-pairs &om the triplet state
of the pp-atom. Evidently, that thia braarhmg is mmt«l with um ppcmn C
= - section at ﬂl;ht via the' follo\nng equation -

Bos-(5,) = fim(vef"*")/ '_g(w"") o (19'):--

'hdexthmdenommphm%otberhmdt‘htnpld annihilation
" erdms. sectm is oonnecknl mua the total umhﬂumum ne::m oo

3 1Y . o
=-¢""‘(1+.”.‘,‘;';) ‘ » (20)_

) Correspondmgiythecmncthn dﬂuw&c&mmthetnplet hu |
,nertaimthhtllcmuuectnonforthtsmmmn ‘ TR

PSS | . ’ e

Taking in vw' (M) and (21), we pt

Horem Né"m—n FRER

ey
»Numbcroﬂher*r mugmbymﬂbwmw N
YT = N0 B = Ny fu(f*r') '(2;'5":
Hmnmmmaouotthsm{m] i DR o
o fatre) = -w R aB g
_mfz‘:ommuds.aomz. Comhnmgﬂqs (23)¢nd(23‘);-g-_:
o , Bnlt;o‘”) Nosr fydr‘r’ . 'l'“ |

Nﬂ,— i~ o' !(1 + i.) ‘“n(w) . (%)




nnmulmhl.lecbumwhmmwdmmmmmmmf’ o
&cuxm{h—aoyl butsttlttheremtwodlluﬁntpemh The right part of . .
 the Eq. {25) contains the factor fim,_.s(vd*™) instend of limy.o(v0* ) in the

auslogous formula of the paper {9). Formally these iwo fimits-are to beequal.

But practically we get différent numbers, So usmg the plrameznutlon or

. o™ given in the Buggsp.per[l] we get

_lifoo™) = 57.4m, o o

Usmg Heide&etg pnnmetnumn Bl m-get

hm(w~)=497m5 R
. lfweumtbepammnmmdtbwpaperilll win»dﬁtstbeOBELIthh-

[4} we get

factor ¢, depemhngou rmo:.

L lnlbemdthofmphmddngktlmelmthem,orawlcsl As

. ll&ﬂhm&omoﬂ’rpmmsmdﬂnm,z<1 umanmm '
" to smaller quantitics of fotmfactor | Glk — 0) |. ' '

. Consider buth corrections numerically. Let us Begm from OBELIX data

‘ '[4] Subummug(lﬁ)mﬂwﬁq.(Zﬁ)by{lﬁ)ngcttcltﬂ.ﬁlmdd’
- _0.5-.0 Taimg in view F.q (15), we finally. gt

- CjGk— o) jeaa '_; (30} -
Sdmgdﬂ.‘t)matadofos.ifrm the paper [9]. Thmqnanbtymworth- :

- comparing with adilegaws quantitier for foriufactor at very low energies at
- flight, which were extracted in the 8] ueing ‘another procedute: | & |= 8.9
0.05 at 75 < k < 100MeV/c; [G = 0.3 0.04 at 100 < b <. 1ZMeV]e

~and | G |= 031 £0.00 a8 125 <k < 1MaV)c. These three points are

measurert ones nearest to the stomic point k = 0. We conclude that the

slupe at threshold of the forminctar as function. afbd’mq»pearsornt lenlu o

' ‘geumg less drastic than dwmswd n f!)} S S =

‘asklﬁmthum.wgd

l““(w""‘)‘*-ilmb. A o (,33)5‘ ‘
mmmudwﬁxdedmngofthekmnfmorm theEq(iS)uu.,w_ o
‘/l thes e ' |
'x)mmmm&mym&hmwmrﬁ : =t
E m)W[qme{, the paper {6}. . S

c(a)s-cu——) . =

" taken inte accsunt with changing 2. in range 05 <z < 2.

Noticem nddstm thdmngﬂeideﬂ:«gmmﬁnmt we
wmmtm‘rﬂm&do‘(ﬁ) [Glaﬁm. ’Mangmmtht

:c(.t-.o);=oao SRR 'b(m') -

_'-~Somthucmnommummfﬁloﬂmmmmmzk@mm
- threshold. . -

. hmdumnmhmemmm;thum-no&uwm
inequality 2. < 1. Nmthe:hmehoﬂmkﬂummwhwhpw
different intermediate S-states {Lriplet sid singlet) may have different enérgy -

. dapendence. As consequences dive may get: different branchings for two such - o S
, "&nmekummddﬂ‘m Wemmtod‘mthmpmbohtvmm s s
- details chewhere .

mmmwthmmwpnmmn
Nmu-ﬂuuﬂ&mw o

+; 2) Use of the Daver ot al. formula (ll}mthnuumqumvﬂ;;mu_ :
ehescatwrmgkngth-,mnm luge.ofocdqa{rangeofnudeur - Y

3) In our previous publication (3] the rewult o} = '1.02fm was presented. S
It was ohtaimed with the. preliminary OBFLIX reurlt OF e = 97155 lt . o

C Piap = mMGV/c.

4) It is argued in the ref. [9), tbatpmhleérmdwhzhea#lm .

5) Tn the paper {9] all the events with pyy S 15080eV/c were reffered to ,
he the events at rest, Evidently that this condition doesn’t exclude for pait
of these events to take place in flight. So the numbers Nyt - and N.*, ueed
mtherei.[Q]wextrattla(&-ﬂ){nretobemrmmi. , -
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