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From i B. Maglid

Subject : Letter of intention for 1965, K-shell X-rays produced in
collisions of pilong with atomic slectrons.

It is intended to develop a technique for measuring K~shell
Z-rays produced in colligions of ploms with atomlc electrons of lead.

It is believed that once we learn how te handle K X-rays,
the "epitron" type of experiment, designed to measure pion charge dis-
tribution (see enclosed preprintj could beccme possible,
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PROSPECTIVE PLON-BLECTRON COLLIDING BEAM BXPERIMUNTS

USING K~SHRELL OF HEAVY ATOM AS BLECTRON "STORAGE RINGM

B, Maglid G. Costa

CERN, Geneva ' University of Padua

Direct oxporimental <dnvestigations of the electromagnetic form
factor of the 7 meson by means of o~ scattering are restricted at present
to the low values of the momentum transfer obtainable in collisions of pions
with atomic clectrons. In order to measure pion charge distribubion, with
the purpose of obtaining r.m.s. radius of the distribution, it is essential
to penetrate into pion to & distance shorter than its "physical radius"
T Tl Termi; but even with 25 GoV plons incident on electrons at rest,
the maximum momentum trangfer is A;ax = 0.014 (GeV)?, which corresponds to
an interaction d¢istance d ~ he/A = 1,6 f, With pions of 15 GeV - the Energy
at which intenge beams avre available - the corresponding figures are
A?ﬂax = 0,007 (GeV)?® or & = 2.4 fo In such distant e-w collisions, only the
total pion charge can be measured

The gituation is changed 1if the target electron, instead of being at
rest, has a small amount of kinetic cenergy Ta. We shall refer to a device in
which a beam of high~ecnergy pions ecollides with a beam of low-encrgy electrons
as "e~m-tron" or cpitron. While with any storage ring technically conceivable
at present an epipron would be unfeasible by an intensgity factor of 109,
it can be easily shown that‘storage rings" with electrons of momenta up to
~ 1 MeV/c are readily available in the form of K-shell of heavy atoms such

as uranivim,

In this case, however, cono has te take into account that the electron

is bound., Suppose that the binding energy is W = -~116 keV (seeﬁpggt Seotion)

and the pion kinetic encrgy Ti = 25 GeV; then, if electron of momentum
Pz = 500 keV/o has a head-on collision, one gets Q;ax = 0,032 GeV)?, and
the collision distance correspondingly shortens from 1.6 to 1,1 I, The
equivalent pion kinetic energy needed to produce this A® with electron of
gero momentum is Ty = L3 GoV.
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T Momentum distribution of electrons in Kwshell

We consider the simple wave-function of the K~shell electron:
» —1 -
§(x) = (n?) V207 (1)

where o = ao/%, do = Bohr radius. The screening will be negleected in our
considerations, because the Ke~shell cnergy obtained from eg. (1),
W= ~(z%e?) /200 = ~115 keVS is in sufficiently good agreement with the

1
observed x~ray measurement ' W = -116 keV,

Momentum distribution is obtained by Yourier transformation

of eq. (1):
g(k) = (Eﬁ)—aéj@(r)exy (wj.ﬁ-;)d?r ) ? (2)

where k = pz/h; after integration, we obtain (normalized to unity)

plc) = B2 : (3)

a (1+ aaka)g

The probability that the magnitude of the momentum |k| has'a value between

k ané k+ dk in any direction is,
Pk)ak = 4mk? |y(k)|?dk - , (1)

and is plotted in fig. 1.

R7SNE
P(k) has maximum atk . = (,é)F/;a = ~ 0,198 MeV/c, while the

Laaverage value is 0,292 MeV/c. One percent of the electrons hes
k = 0,650 MeV/b; 0,5% has k = 0,750 WeV/c, The tail falls to 0,12% at 1 MeV/c;

1y . 2 . . . :
iT, Determination of iy without megsuring cither the crossing angle or c¢lectron

- momentun before scaltering

Let us label all pion quantiticsjwith 1, the clectron ones with 2;
the unprimed gquantities before, and the priced ones after the scattering.

Thus the laboratory momenﬁum, kinetic energy and total cnergy are
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i, o, By and psf, Te', By’ Tor w(my ), and pe, Ta, Ez and p2’/, T2’/ and By’
for e(mg); e have +o take into account that B, = mp + W, where W = = Tp

is the binding energy of the eleoctron in the K~shell, Angles are messured
in respect to the pion direction, which is teken to be & = 0; +then, the
electron angle before scattering is aimply 2. For high-energy {15- 25 GeV)
pions and low-energy (100~ 600 keV) electrons, we can write down the

c.m. energy, Lo, of the e+ 7w system:
lad z
Fio® = my®+ 2pg (B2 = pa cos d2) (5)

where the eleotron mass is neglected, Product ps cos ¥z 1s the effective

electron momentum at the instant of collision,

Cn the other hand, By can be dlroctiy deternined by mcasurlng

outgoing momenta py’ and pp! and tho Fe openLHg anglc Mt
Bo? = m124-2E{’ﬁa”— 2Pt pateos Pz’ = Bel{py/, pal, 1, H20) (6)

where $p' g‘ﬁ1}4—6é’, and &1/ and #.! are the laboratory angles of the
pions and electrons after collision. The actual relation is:

cdé te! = vosg %/ cos ' + s2in K sin ﬁé’ cos Y, bub if pz << Py

one ocan take_¢12’ = W

Momentwn of cither particle in c.m. is

By ? :
Go = BTIL L o (it paty 917, B2 - (7)

The square of the momentum transfer ls:
2 (4) ( ) 2 e 2 2 " F)
A ( P = 2qo (1 v COB ‘8’0) = Zmp© w 2Ty (E1 Pmpy? cos l) .

(8)
where do is the c.m, scattering angle., The momentum transfer in each

event is then obtained by measuring only the momentum ps’ and the angle &4/

Promthese two quarntitics , Weean infer the effeetive giectron mounenton

before scattering, ps cos 92, but not separately pz and cos Uz,
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IIT, Rejection of the events other than - ¢ collisions with moving clect:

whose crossing angle 9, > 90°

e

To the acouracy to which ps sin €2 << py ), we can write down the
clectron cnergy B’ alter scattering, as o function of thae c.m, anglc do;

or the laboratory angle d,7:

B! = 2y _go cos® Yo .. Pl ) ot o ' °- (9)
e 7 o (p1/B0 )? tan? d,7 +

The maximum of ' is obtained for &7 = C,

:E(" 4 = 2 . !
h('a.)max Yedo v (o)
Let us call €o the c.m, energy obtained whon the target eleetron has vero

momentun  [Fe = €0 for pa = 0 in eq. (5)]; and the corresponding energy of the

outgoing electron €z’ [E2/ = €2/ for Bo = 6o in og. (9)].

Dependence of B! on 3 means that at any angle &7,
Bl (827) > €' (837). : (10)

By accepting only the electrons of energy Fo! satisfying inequality (10),
we rejoct the collisions with electrons of zere mementum or moving in the

same direection as the plon. Ratio:

Jory (
= e 1)
€a'
at 0° (where A* and Be’ have maximun valu@s) varies from 1.2 to 1.4
depending on ps and pe {see Tables 1 and I1), These large differences
are easily detectable by meang of magnetic apectremcters whose typlcal

resolution is 1%,

5 e N _
%) The c.m, velocity is approximated by § - 3 Baf B, and .- s
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IV,  Average valucs of Bo, A® and B/

Tt should be pointed cut that eq. (&) gives the distribution
of the scalar momentum in all directions, vhile the cquations (5), (8) anda (9)
give the largest values of Bo, A® and T’ obtainable sincc they assune
collisions with the most effective crossing angle 92 = 180°; only 0.5% of
the K~sholl electrons may contribute to this configuration (180°  10°),

- N N “ . i . 2 .
It is more dinmstructive to evaluate Bo, (Fa') and Amax averaged over

all crossing angles &z > 90°, which is equiviiint to taking inte account

the effect of half of the electrons in the shell; .the other half, Having

2 < 90°, will be rcjected on the basis of o6 low B/ [see Scotion 1L, eq. (10)].
The averages of eqs. (5), (8) and (97) are:

Q

Bo* a:[EOEd(COS G2) = omed 4 fpy (B + pa/2) 3 (51)
-1
A;’Lax = (EOE - 214 Y - log j’?_i‘inpi,]a‘\—.\ : (8’ )
2ppe Eo” = pie/

V.

Bvery collision in K-shell will be followed by a K x-ray of 115 keV,
while that in L-shell by 30 keV x~ray. The L-shell collisions can be
rejected by requiring a 125 keV x-ray in ceolncidence with high-energy
electron-pion pair. Similarly, by accepting only 30 keV x-rays, the

observations can be restricted to l~shell collisions only.
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The shape of the tall of thoe c¢lectron distribution, cq. (&),
could be checked by (a) switching the measurement to Leshell only; (b) changing
the target material and studying the shape of G(AE) for K- and L-shell,

Another way to check the distribution would be by using muong, instead of

pions, and comparing the two,

VI. Crosse~sccbion for the we- ¢ gcatlering on frec electrons, caleulated by

Bhabha, can be expressed as a funcblon of the outgeling electron energy

Bz’ oniy. After integration, from (Ezf)mnx = €' (& = 0) to (Ezl)max’
. < .

we obtain:

g £ .
s log TEE (12)

o ((‘:2! > Egl ) = 20 ‘.!."‘32 o l : T
. daam da2m

or, using 9¢. (11),

2 dmitog 8 . (12¢)

o > i, = 27U pd
U(i‘xe /8 > i ) 2y o o (EE ) )
max

Taking 1 = 1, 6 = 1.3, 6/ = 13 GeV, the cross-sectlon is

no ®max
0 R 0,75x10  em®,

The obscrved ecross-section in the R-shell epitron oxperiment,
can bo obtained as follows: one has to integrate Cirst over all the values

of pa, ¥z which are considered in the experiment, keeping A" constant:

o Q,

Z‘i: = 1/2 F(Ae)/dpajd cos ’32 . (T(€1-, Az)P(p?) , (‘lj)

o —~1

" A + ‘ ' . - 2 .
where P( ) is the momentum distribution given by eq. (&); o(ey, A®) is

2

) L] . 3.0 o L) 1 v R 2 e} "
the crogs-section relative te the set of final configurations with A" = const,

[i.e., with constant valucs of pef, &' as given from eq. (8)]; €4 is the

thergy of the incideit pion i the syster Il whish s =07

To 2 = 1y

€ = 2T
28,

Integration over the observed region of A® gives the required cross-secltion,
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Meure caplion

Figure 1. Momentwn distribution of electrons in K-shell of uraniunm,
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