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It is intended to develop a technique for measuring K-shell 
X-rays produced. in collisions of pions with atomic electrons of lead, 

It is believed that once we learn how to handle K X-rays, 
the 11 epitron 11 type of experiment~ designed to measure pion charge dis
tribution (see enclosed preprint) could become possible, 
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PIWSPEC~l'IVJ~ PJON-EWCTIWN COLLIDING· BF:J\!Vi l~XJ·J~iUW':N'l'S 

USING K-SlfELL Ol' HEAVY ATOM AS BLiiC'I'llON "STORAGE RING" 

G·. Costa B. iVIa.gliO 

CBHN, G{;neva University of Padua 

Diroct oxporiHontal ·investigations of tho electromagnetic form 

factor of tho 1T megon by mcarw of o-7f scattor:ing aro restricted at present 

to tho lov1 values of tho momentum transfer obtainable in collinions of pi.ons 

with atomic oloctrona. In order to measure pion char go distribution, vTi. th 

tho purpose of obtai.nir,1g r,m,s. rad.ius of tho distribution, it is e.ssential 

to penetrate into pion to a di. stance shorter than its "physical radius" 

r
1
r :::: 1,1+ fermi; but even v1ith 25 G·oV pions incident on electrons at rest, 

the maximum momentum transfer is /::,2 = 0,01~. (GoV) 2
, which corresponds to max 

an interaction distanced~ hc/t:, = 1,6 f, With pions of 15 GeV- tho energy 

at which intense beams are available - tho corresponding figures aro 

/::,
2 = 0,007 (GGV) 2 or d = 2,4 f, In such distant e-1r collisions, only the max 

total pion cha:rgo can bo measured 

The situation is changocl if the target electron, insteac1 of being at 

:rent, ha.s a small amount of' kino tic on(;rgy T2 • We shall rofer to a dovice in 

which a beam of high-oncre,;y pions collides with a beam of low-onorgy electrons 

as 11 o-1r-tron" or ~·on, While with any storage· ring technically conceivable 

at present an opi~ron rrould bo unfeasible by an intensity factor of 109
, 

it can bo easily 9hovm that "storage rings" with electrons of momenta up to 

~ 1 MoV/c aro readily avnilablo in tho form of K-Bhell of heavy atoms such 

as uranium. 

In thi.s ca.so, however, ono has to tako into account that tho electron 

is bound, Suppose that the binding onorgy ir3 W = -116 keV (soo next Section) 

onergy 1'1 = 25 GeV; them, if electron of momentum and tho pion kinetic 

P2 ~ 500 koV/c has a head-on collision, ono gets ~2 = 0.032 (GeV) 2
, and mnx 

the collision distance correspondingly shortuns from 1 .6 to 1 ,1 f, 'rhe 

equivalent pion kinetic anergy needed to produce this 1::,
2 vdth electron of 

zero momentum is T, = 43 GoV. 
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We consider tho simple vmvo-f'unction of' the K-sholl electron: 

'
·"(r) ( ")-% -r/a " -- 1ra~ o ( 1) 

whore a == a0 /z, a0 = Bohr radius. Tbe scruening will be neglected in our 

considerations, because tho K-sholl energy obtained from eq, ( 1), 

vi ~ -(z 2 o2 )/2ao = -115 keV~ is in sufficicmtly good agrc>ement Vlith 
z 1 ) 

observed x-ray measurement W = -116 koV, 

tho 

Momentum dintribution is obtained by Jlour:ior transformation 

of oq, ( 1) : 

whero k = p2/n; after integration, wo obtain (normalized to unity) 

(2) 

(3) 

-;>. ·. 

Tho probability that the magnitude of tho momentum lkl has ·a value between 

k and k + ilk in any direction is, 

and is plottGd in f':i.g, 1. 

P(k) has maximum at k = CJ,)+%a-
1 

= ~ 0.198 MoV/c, while tho 
max 

average value is 0,292 llleV/c, One percent of tho electrons has 

k = 0,650 llleV/c; 0,5% has k = 0,750 MoV/o. Tho tail falls to 0,12% at 1 llloV/c. 

II • :!2.S1«£tll:\-.!l'!-lJ.S!E .•. .2L~~ ... w.:L,;tt!g~·tE12Jl£! .. 'd£i':.IL£i:tiJ:lg.,x,: .• th.~ ... £££~~ :i,!l.1L;3.HJ{1."' ... ~'2E. g;[,gg .. :Ji£.9.':. 
£1g2TI.9E.ii.'d}:!.J:>.<?.f o ~:£..~§£'_0.:tJig£Lt}.l£ . 

Let us lab8l all pion quanti tioa with 1, the ol ectron ones with 2; 

the unprimed quantities before, and tho primed ones after the scattering, 

Thus tho laborato:ty momentum, kinetic energy and total energy are 
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P1, T1, E1 ana. P1', T1', E1' for n(m1 ), and P2, r_r2, E2 and P2', T2' an<l E2' 

for e(m2 ), We have to tnke into nocount that E2 = m2 + W, whore W = -. T2 

is the binding energy of tho ''loctron in the K.-shell. Anglos are measured 

in respect to the pion direction, v1hich is takon to be 01 = 0; then, tho 

8lootron anglo blo.fore scattering it1 simply 02. :For high-energy ( 15 •• 25 G·oV) 

pions and. low-energy ( 100- 600 lwV) ol octrons, v1o can write do>·m tho 

o.m. energy, 1~0 , of tho e + 1T system: 

(5) 

whero tho electron mass is noglectecl. Product P2 cos ff2 is the effective 

electron momentum at the instant of collision, 

On tho othor hand, Eo can be directly detorm:Lnod by measuring 

outgoing monwnta p1
1 and p 2

1 and the -n:- o opening ariglo 1~12 1 : 

and 01 
1 and 0 2

1 are the laboratory angles of tho 

pions and electrons after collision, 'rhe actual relation is: 

cos D1 2
1 

:::: cos D1' cos D2 1 + sin &1' sin fJ2
1 cos ¢12 1 , but if P2 << P1 

one can take ¢112 1 = 1T, 

lVlomontum o.f oithor particll) :Ln c ,m, is 

~~he square o.f tho momentum transfer is: 

(7) 

·- 2m2 2 
- 2E1 (E, 1 

- P1 1 cos &1 1
) , 

(8) 

where flo is the c .m •. scattering anglo. Tho momentum tra.nsfer in each 

event is then obtained by measuring only tho momentum p 1 
1 and tho angLo 01 1 • 

From thesb two quantities, we can i11.for tho o.ffoot:Lvc electron momentum 

before scattering, p2 cos {12, but not separately p2 and cos {12, 
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III, £if'J.e~o:~Jg~l .. .?.t .. :f.ll'L.2Y:£!l.~.s~ .. 2..i£1S'1' •. :t;ll_lm.:rr.-.:.'L.S2.J,;L:i,.gj._q!J:~l.1L~il!...~l.9Y.~!!C~.''I."s.tf'9.l},i!_,_ 

.YLh.'2.~.e .• C?.£2.s~.JE£ .. 1~'1.S:Lg .• fl.£ .. 2' •... :Z.Q.~ 

To the aoonraey to which P2 sin fh << Pi'"), wo can write dovm the 

electron oncrg:y E2_1 after cc.attcring, aD a function of thu Ct~E1. anglo Do; 

or the J.aboratory angJ.o IJ2 1 :. 

(9) 

The maximum of E2 1 is obtained. for IJ2' ·- 0, 

(E:2 1 ) = 2y qo • - max o (9' ) 

Let us call t:0 the c.mo onorgy obtained , .. ,·twn the tn.rgot electron hnD ?,Oro 

momentum [E~ :::: .£0 for P2 ::~ 0 in eqG (5)]; and tho corresponding on orgy of' tho 

outgoing electron c2 1 [E2 1 = f2 1 for Eo =to :in oq. (9)], 

Depondonco of' E2 1 on Eo moans that at any angle H2 1 
, 

( 1 0) 

By accepting only tho electrons of energy E2 
1 satisfying inequality ( 1 0), 

vve rejoct the collisions v.rith electrons of zero mornentum or woving in ·:_;ho 

samo direction as the pion. Ratio: 

8 = Elfr~~. 
(:' 2 ! 

at oo (v1hore /'/ an<l J!l I -12 havo maximum valwcs) VD .. ri(;:S J'r·om 1 .2 to 1 ,1.1-

doponding on P1 and P2 (soe Tables I and II)' Thuso largo diffo:concf;;s 

are easily detectablo by moans of magnetic spuctromctu!.'s vvhoso typ:Loal 

resolution is 1%. 

'~) 
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Tho c ,m, voJ.oci ty j_" approximated by (J 
0 

( 11) 



IV. Aver avo values of :E0 /::,
2 and J~2' 

,.. •• ~,~·•«.".""0~ . .-.~---<--•--.""'"~" ,,-_...,,.,.,,.,.,,,.,.~,." ••-~=•~""'~)~-'"="~~·•''''""'' >~~"'"=•m ~'"-' 

It Ghould. bo pointod out that eq, (L,) gives the distribution 

of the sca1ar momontum :Ln a11 llirections, \:hilo tho equations (5), (fJ) and (9) 

g:Lvo the 1n.rgest vc.t1uer:\ of J~ 0 , /:..2 and.. E2 1 obtainable wince: t.hoy aBsumo 

collir:;ions v~:ith tho mo:Jt effective croHsing 11ngle fJ2 ::: 180°; only 0~5% of 

the !<:-shoH e1octrona raay contributo to this configuration ( 1 BO" ± 1 O"), 

It is more instructivo to ovaluato J£ 0 , (F;2 1 ) ttnd 62 avorn.gecl ovrn"'· 
max max 

!!:ll crossing ang1os {}2 > 90°, Hhich is oquiva1ent to taking into account 

tho effect of Jl~Jf' of tho n1octrons in tho DhoH; tho othCJX' haJ.f, having 

19 2 < 90°, vlilJ. be rejected on tho bans of too J.ow E2
1 [soo Suction IIl, oq, (10)]. 

Tho averages of oqa, ('5), (8) and (9') aro: 

0 

Eo = JEo 2 d(cos 02) = m," + 2p, (ll2+ p2/2) 
_, 

(5' ) 

(8') 

(9' I ) 

V.. .9.9J.U9.~A~!!t9,~~~, _YJ.:FJtJ\ ... ~:!~C±Y.I:' .. ~=c:gl...,.J1l93~~-~~~L,~0l~,, .. 19.:2.ll.tif.t2i~:t:JgrL2f~,. _<£~L9J?.j:.tt--~~r.:~.gJn,H."ki . .!!1~. 
,},I!. 1~::~!~?11 

~:vory collision in K-shel1 YJ.il1 bo followed. by a K x-ray of' 115 lwV, 

rrhilu that in I.-sho11 by 30 kuV x-ray.· Tho L-slwll coJ.J.iaions can bc1 

ro,jectod by requiring a 1 ;!5 koV x-:cay in coincid.onco vrith high-energy 

GJ.octron-pion pair·. SimHady, by accepting only 30 koV x-rays, tho 

obsorvations ean be rostrictod. to 1-i-Jhell collisions only. 
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Tlw ;3hapu of tbc tail of tho electron d.iBtribution, uq" (J.1.) J 

could. bo chocked by (a) swi telling tho moasurowont to Irsholl only; (b) changing 

the target mator:ial and ,,Jt;u,lying tho Bhapo of a(t/) for K-· and 1-shol]_, 

Another way to chock tho distribution ·c•ould. bo by using muons, instoad of 

p:LonD, awl comparing the-; two o9 

VI • .9.t2 .. ~.,.~;::g.~£t.t~fl~.-1:'.:2£~. o~J1E:-=.~~C.:::. ".2 .. ~~~~2,Sf~.:t.sx:.~hUf:i on frc o ul. e c tro ns , o al oula t u a. by 
Bhabha, can be oxprusoed as a function of tho outgoing cl.octron enorc;y 

E21 only, Ai'tor intogration, from (c2 ' )max= E'2
1 (f12' = 0) to (E2'Jmax' 

He obtain: 

or, using oq. (11), 

'£nldng (1 1 

"' ~· ,- 1 0-2 9 2 a~O,/::;.x em, 

-1,8-1.3, 1~~., 1 :::: 13 G-oV ~ the crmJa .. ·seotion is 
~max 

'rl!8 obsorvoa cro:Js-sootj_on in the K-shell opitron cxporinwnt, 

( 12) 

( 121 ) 

can bo ob·tainod as f'ollo1;m: one has to intograto firDt over all tho values 

of' p 2 , B2 which are connid.oroc1 in t}·i.u experiment, keeping 6.2 constant: 

02 · a(c,, 1\
2 )P( ) P2 , ( 13) 

Hhore P(· ). is tho momentum d.i.stribution giv<m by oq, (!,_); a(c 1 , 62
) is 

P2 
tho eross-sootion rolativo to tho sot of final configuratiolw v1ith 11

2 = const. 

[i .. e, with constant valuos of p 1
1 , D1

1 as given from eq. (8)]; E 1 is the 

onorgy of tho inoi.dont pion in tho systoJI1 j11 which P2 = 0: 

E 1 = ]l~~-~==!E.L. 
2E;2 

Integration ovGr the observ<Jd region of' 62 gives thG requ:Lrod cross··section, 
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VIe r_~rE: thankful to Drs. A. Schoch, D. Cvijanovic, B. Lovrat, 

D, Freytag, R., Jlliedon, S. J<'ubini ana. L, Van Hovo for vory useful and 

often encouraging di.scussions. 

Hoforcmces 

1) ;r.E, Mack anii J,M, Cook, Phys,Eov, 19. (1927) 71,1. 
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Pigure 1. lllomentwn distribution of electrons in K-shol1 of uranium, 
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