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6epeTaac A. H AP· E1 · 12357 
npRMOe H3MepeHHe ~p~aKTOpa KaOHa 

BwnonHeHo H3MepeHHe 3neKTPOMarHHTHoro ~p~aKTopa K -Me3oHa 
B o6naCTH nepeAaHHWX HMnynbCOB OT 0,036 AO 0,116 /r3B/cf 2. 3KcnepH­
MeHT npOBOAHfiCR Ha ny4Ke KaOHOB C 3HeprHeH 250 r3B B ~epMHna6'e. 
CneKTpOMeTp COCTORn H3 *HAKOBOAOPOAHOH MHWeHH, BOCbMH CTaH~HH nponop­
~HOHanbHWX KaMep, 4eTWpex MOAyneH APeH¢QBWX KaMep, H3rOTOBneHHWX B 
OHRH, ABYX MarHHTOB, C~HHTHnnR~HOHHWX C4eT4HKOB , AH~epeH~HanbHoro 
4epeHKOBCKOrO C4eT4HKa H nHBHeBOrO CBHH~OBO-CTeKnRHHOrO 4epeHKOB­
CKOrO C4eT4HKa. no npeABapHTenbHWM AaHHWM paAHYC KaOHa < f 2 > 'h = 
= 0 , 51± 0 , 0 7 ~M, k 

Pa6oTa awnonHeHa a fla6opaTopHH awcoKHX 3HeprHH OHRH. 

Coo5meHHe 05beAHH9HHOrO HHCTHTyTa HaepHhlX HCCneaOB8HHA, ny6Ha 1979 

Beretvas A. et al. E1 • 12357 
Direct Determination of the Kaon Form Factor 

The K--meson electromagnetic form factor was determined for 
the momentum transfers from 0.036 to 0.166 (GeV/c) 2.The experiment 
was carried out on a kaon beam of 250 GeV/c at Fermilab. The 
spectrometer co~sisted of a liquid hydrogen target, eight stations 
of proportional wire chambers, four modules of drift chambers 
constructed at JINR, two magnets, scintillation counters, a dif­
ferential Cerenkov counter and a lead glass shower Cerenkov counter. 
According to the preliminary data, the kaon radius is <r:>= 0.21Li{).07F~ 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 

© 1979 06r.eJl•HeBBblll .BCTII'f'YT' llllBpBbiJC •ccneJlOBIIHJI/1 /Iy6HII 

.J 

DIRECT DETERMINATION OF THE KAON FORM FACTOR 

Determination of the kaon form factor in 
a space-like region has until now eluded experi­
mental measurement. In erectron-positron annihila­
tion experiments the two-kaon final state is not 
dominated by simple resonance production and the 
extraction of the kaon form factor is not a straight­
forward matter, in contrast to the pion with its 
rho resonance dominance. For similar reasons 
electroproduction experiments cannot be usefully 
interpreted to produce the kaon form factor. Di­
rect determination of a kaon charge by kaon scat­
tering from electrons has not been possible be-
fore Fermilab energies became available because 
the unique kinematic characteristics of scattering 
with a relatively massive projectile require such 
energies to produce momentum transfers sensitive 
to the kaon form factor. 

We have used a 250 GeV negative kaon beam at 
the Fermi National Accelerator Laboratory to mea­
sure the cross section for elastic scattering from 
atomic electrons of a 51 em long liquid hydrogen 
target for momentum transfers from 0.026 to 
0.116 (GeV/c)~ The electromagnetic form factor for 
these kaons is determined by 

da/ dq
2

= (da/lk
2

)pt · IFK(q2)1 2 , 

where the point cross section is, apart from ra­
diative corrections 

(da/dq1 pt = (4a
2

h
2

c
2
/q ~1- q

2
/ q!ax>· 

The mean squared radius is determined by 

<r2> =-6ldF (q2)/dq21 , 
K K q2 =O 
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Elastic scatters were recorded by a high-resolu­
tion, single arm spectrometer which is illustrated 
in Figure 1. The incident beam kaon and the scat­
tered kaon and electron were tracked by both pro­
portional wire chamber (PWC) stations and drift 
chamber (DC) stations. 

Both chamber types were used in track finding 
and event reconstruction to provide the high re­
dundancy required for good efficiency. With PWC 
calibration an overall drift chamber resolution of 
approximately 100~m was achieved and made possible 
good discrimination against the copius interaction 
background. The momentum of the scattered kaon and 
of the electron were determined by two magnets 
with a total field integral of 70.35 kg-m followed 
by three PWC stations. This was followed by a 21 
radiation length lead-glass shower counter system 
which was used in the trigger and in the final 
background determination. 

An event trigger was determined by stringent 
beam requirements and a loose two-par t icle requi­
rement. The beam logic was 

BEM1= C0-B0 • Bt" B2· B2TWO ·AH·KILL-::1'-DP-DCD, 

C
0 

represents the differential Cerenkov counter 
signal requirement (100 feet of helium at - 13 PSI 
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Fig. I. High resolution, single arm spectrometer. 

provided unambiguous identification of the 2 per 
cent kaons in the beam) . B0 , B 1 , B2 and B 2Two re­
present beam scintillation counter signals and 
a two-particle discrimination. A beam halo counter 
AH defined the lateral extent of the beam. KILL 
required that no other beam particle preceeded 
the event within 500 ns nor followed it within 
460 ns. The beam PWC's provided a single particle 
requirement SP and discriminated against double 
particles DP. Similar requirements were formed 
by the beam drift chambers in the logic decision 
DCD. For a two second beam spill, the typical num­
ber of beam kaons was 30 000 (opt of 1.5x10 6 beam 
particles) . Of the se about 10 000 satisfied the 
clean beam trigger requirement. The event trigger 
was _ v 

EVENT = BEM1· A 
5 

· 'IP ·C. 
where A 5 was a scintillation counter with a 4-
inch hole which vetoed some of the strong inter­
action events (a small correction was required for 
the elastic kaon-electron scatters due to radia­
tive photons and delta rays). TP required that 
there were at least two particles in PWC stations 
5 or 6. Requirement C was that some combination 
of the five lead-glass shower-counter sections 
produced a pulse consistent with an electron from 
an elastic kaon-electron scatter. The trigger 
rate was about 10-3 per incident kaon or ten per 
spill. Less than one per cent of these were elastic 
scatters. The geometric efficiency for detection 
of elastic events is determined largely by the 
shower counters and with safe cuts away from the 
counter edges this efficiency ranges from 84 to 
100% for electrons from 36 to 116 GeV/c momentum. 
The upper momentum is near the kinematic limit of 
128 GeV/c where the cross section vanishes. 

Events were reconstructed by finding and fit­
ting horizontal and vertical track projections 
and then matching these projections with rotated 
PWC's in stations 4, 7, or 8. Pairs of se~ondary 
tracks having "a common target origin with a beam 
track taken to be candidates for elastic scat­
tering. Monte Carlo calculations reproduced well 
the data and determined the efficiency for the 
event finding procedure to be 98.4%. An indica-
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tion of the quality of track reconstruction is 
found in the plot in Figure 2 of longitudinal 
Z vertex positions for events subsequently fit as 
elastic scatters. The target position and length 
are well reproduced. The secondary peaks arise 
from elastic scattering from the vacuum window of 
the target and from stations 2 and 3 (Figure 1). 

Events were tested for energy and momentum 
conservation in the elastic scattering process 
by means of a chi-square fit. In this fit it was 
assumed t hat an undete cted photon was produced in 
the electron's direction either by radiation ac­
companying the elastic scatter or by electron 
bremsstrahlung in the target or spectrometer ma­
terial. The resulting chi-square distribution is 
shown in Figure 3. It is clear from the small tail 

I I T I 

1501-
[l -

~ IOOr j ~ l 
501- I I -

fl. /I l ~ 
30 31 32 33 

Z(m)-

Fig. 2. zvertex positions for events subsequently fit as 
elastic scatters. 
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in this distribution that background is very 
small. In fact, much of the tail can be accounted 
for by elastic scatters in which the kaon subse­
quently decays or undergoes nuclear scattering 
in the target or spectrometer. The fitted photon 
energy distribution is shown in Figure 4. 

Events were selected to have Z vertex posi­
tions within 84 em of target center, chi-square 
less than 30, and photon energy from -6 to +12 GeV. 
The z cut losses and losses due to the chi-square 
and photon energy cuts were determined by Monte 
Carlo calculat i ons. A major correction was that of 
bremsstrahlung (typically 20%). Radiative correc­
tions ranged from 4.4 to 10.6%. · 
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Fig. 3. Resulting chi-square distribution for fitted events. 

7 



8 

9 

.... 
..c 
00 

- ~ 
Q) 

..c 
Q) 
Ul 

...... 
::l 
0. 

"0 
Q) 

'• N 
..c. -~ 

0 
Q 

- 910./ S~ua113 

~--~--------~----------~~ 

"' N 

0 
N 

10--> 
Q) 
(!) 

o~ 
- >-. 

w 
I() 

0 

L---------~0~----------------~o~------------------~Q 
0 0 I 
N -

- AafJ 1 s~ua113 

...... 
ell s ~ 
1-1 0 
O·~ z .... 

::l 
•.0 

ll"\ -~ 
1-1 ..... 

OOUl 
-~ -~ 
1'<-<"0 

:>. 
00 
1-1 
Q) 

~ 
Q) 

~ 
0 .... 
0 
..c 
0. 

"0 
Q) 
.... p 
.... 0 
-~ -~ 
!'« .... 

t ~-~ 
1-1 .... 

.. ~ 
1'<-<"0 

,. 

1 
r 

r~ 

i 

' 

The pulse height distribution normalized by 
electron energy is shown in Figure 5.A hadronic 
background of less than 2% was estimated based 
upon the events below the electron peak. The tail 
at high pulse heights is caused by the kaon 
sharing the same shower counter blocks as the 
electron. Of the many additional corrections re­
quired, the principal ones affecting the beam flux 
are kaon beam attenuation (2.85%), beam momentum 
cut of +6 and -12 GeV (1.50%) and muons from 
kaon decay downstream of the differential Ceren­
kov counter (0.10%). Elastic scatter corrections 
include scattered kaon attenuation (4.25%) and 
decay (1.4 to 2.3%). 

From the measured elastic scattering cross sec­
tion and from the point cross section corrected 
to the measured electron energy, the form factor 
was determined as a function of the measured q

2
• 

Our preliminary results are shown in Figure 6. 
A fit to the dipole form gives <ri > '=0.~±0.07F 

(or <r i > 'h ~ 0.51 ± 0.07F). This may be compared to 
2 'h 

<r; > =0.31±0.04F 2 (or <r 11 > =0.56±0.04F) for 
the pionn~ An accurate theoretical prediction has 
not been produced, but it is of interest to com­
pare our result with the Chou-Yang model in which 
the kaon structure function is identified with 
the electromagnetic form factor. The model gives~1 

2 'h < r K > = 0.62F. 
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Fig. 6. Kaon form factor. 
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