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ABSTRACT

We propose a wire spark chamber experiment to measure the pion
electromagnetic radius accurate to *0,03f by measuring the scattering
cross section for 50--80 GeV pions from electrons in a liquid hydrogen
target. The data will distinguish between the p dominance prediction

of 0.64f and the “proton-like'" radius to 0,81f.




II. PHYSICS JUSTIFICATION

The elcctromugnetic dimensions of the various particles are of

o

‘he charge radius of both the pion and proton

fundamental interest. )
arc predicted to be 0.64f from rho-dominance, yet the proton radius
measured from electron-proton sc;ttering is 0.81f. A mecasurement of
the pion radius is crucial in order to understand whether this differ-
ence is due to some peculiarity of the nucleon or to a breakdown of

vector dominance. In a larger sense, this is one place where thcory

has far out-strippad experiment. The pion radius is one of the fun-

damental nuambors of physics and has inspired a wide variety of theoretical

predictions only loosely subjected to experimental test., Many of these

predictions fuil to diffeventiate between "proton-like" (0.81f) and

w

uggested that

<

"rho-doninance" (0.,64f) r:dii. PRecent speculation” hes

the pion radius moy be even smalleor if higher nuss particles couple to

the photon., This experiment will differentiate @mong these values for

the radius by meesuring cross sections to a pracision of one pov cent,
1his accuracy distinguishes between the two values of 0.64f and 0.81f
by six Stan@ard deviations and rejects a point-like pion by about fif-
teen standard deviations.

We will messure the cross section differential in the final state

electron encrgy. This is given in terss of the point cross section by

do . fdo .2
rclll v
polint

wheve £ is the pien form factor. Since the momentum transfer is small
(8]




pi-e¢ collisions, f,, depends only on the mean radius, <r"5 and, qz, the
four momentum-transfer squared:

. 1 2 2
fﬂ 1+ 6. q <rn>

¢

Direct pi-e scattering has been measured in several experiments,
The most accurate completed experi 2 -1
accurate completed experiment” quotes <r_><3 x 10 ““em. A
Dubna group led by E. Tsyganev is scheduled to carry out an cxperiment whose
aim is to mcasurc the radius with a 50 GeV/c © beam and a wire-spark-
chamber spectromcter. Even if the Serpukhov experiment is successful, the
added intensity and improved techniques of this proposed experiment will
provide a more accurate result with less systematic errvor. A group frop
Harvard led by Richard Wilson has proposed to do the experiment at the
AGS with a pion beam of about 25 GeV/c. The effect to be measured in the
present experiment is at least a factor of three larger. Table I compares
the effect expocted in the cross section for threc incident pion beam
encrgies representative of the three experiments, The AGS experiment would
run at 25 GeV, the Serpukhov experiment at 50, and this experiment at both
» . . 2 2 . 2
50 and 80 GeV. We use the previous equations, g = 2me - 2mehe and q nax -
5 . C
4m

P

e w .

o e St e W TO p., E_refer to the initial pion; m_ and m_ are
b 1 e g

n + I + 2m b
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the clectron and pion mass; and Ee is the final state electron encrgy.




wde

pion % deviation

bean range of accepted from the point cross scction
energy - recoll electron energy <r > = 0.81f <r > = 0.641
80 GeV 40 -~ 64 GeV 23 -~ 36 14.5 -~ 23
50 25 -- 37.5 13.5--21.5 8.5 -~ 13.5
25 -8 -~ 14 4.7-- 8.0 2.9 -~ 5.2

Three other methods have been used to measure Lhe pion form factor.
Berkeluzn et el.” and Mistretta et al. isolated the one-plon . exchange
. . + . s o . . .
diagram in n  electreproduction and measurcd its contribution as a function
2

of q~ to extract <r >. They find <r > = 0.8t0.1f but the vesult is uncor-

tain theoretically because of the dlfilculty in estimating ‘the contributicn

. . 5 * 4 .
of other torms to the cress section. Block et al.” use w~ - He elastic

scattering to find the pion form factér via an interference effe They

find <r > <l x 10—l”cm. This method also suffers from significant uncer-
tainty due to the contribution of terms other than Coulomb scattering.

The third method is via celliding beams. These elegant experinents measure
the forn factoer in the time-like regicn so that a measurement of the foiym-
factor in the speace-1ilke weglion provides an opportunity to test the ebLility to
extrapolate to short distances. At th@ present time, if the clectroproduction
experiments sre correct, this extrapolation fai156 as can be seen in Fig, 1.

We choose 50 aud 80 GoV to perform this experiment becausc

1) The effect in the cross scction is larger than at lower cnergies.
Z) Backgrounds lending to systematic errors can be suppressed via
longitwidingl momentum belance at these energies. This might not be

possible at higher encrgies, #0.1% resolution in incoming and
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2

outgoing ne

witz pernit balonce to 120 MeV ot 80 oV, sufficiont
to reject  backgrounds in the final state from strong interaction
by two standard deviations.

3y  Counting rates decreasc with energy but ere still more than adeqguate.

"4)  Systematic e encrgy independent and their

cffecet is less than at lower encrgies,

ITI., EXPERIMENTAL DETAILS

Introduction

A diagrom of the is shown in Fig. 2. The apparatus

.

is situsted in ths tion choryed been (GIENR). A flux

S 3 A SEaPN LR T TRV R
of 3 x 107 chrrged onoa S0em Jiguid hydrogen .
NPT UL [ S 5 PP PRI 3 P |
The seottering angles of the vecolling pi- neesured
. . . . s
with a combinntlion of proportional > charbhors

accepted by tho apparatus at 50

1

Incid

Electron Rango

50 GeV/c 12.5 -- 25 CeV/c 25 -- 37.5 GoV/e

80 GeV/e : 16 -- 40 Gev/e 40 - 64 GeV/c

Chaorged particle backsreound from the is rojected in the .
trigger by the anti-cojucidence counter Al.  Muon frigeers ave rejocted by

a stecl woll,
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We will run the experiment with negatively and positively c
pions at 56 GeV/e and with negative pilons at 80 GeV/c., Positive pions
will be used to test for charge dependent systematic effects, while the
SU’GCV/C data will detesmine energy dependent systematic effects. With
an incident w beam, a singic spectrometer ara behind the magnet is

5

necessary, In Figure 2, this cousists of wire chambers SC 1-4, scin-

tillation countors 82 and 84, shower counters S3 and 8%, and the muon

telescope., The magnet polority 1s set appropriately to bond negatively

. C +
With an incident w  beam, the magnet
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polarity is reversaed such that negatively chavged perticles are beont in

direction and

tional agm new detects the

hea from the originel

detects only

3

Adpguate momentunm rescluticn is obtained by spucing the choanbers

before and after the spectrometer mognet over 2 10 meter interval and by

i

requiring the field integral for the spectromoter maguet to be 100 kgauss-

r2ters.  The momontwa reselution is thon given anproximately by

1/2
\ il
o w0 o p? e s

2 .. . 2
where p~ is in (GeV/e)™.




The momentuw dependent term is bascd uvpon & 0.5 mm spark resolution, the

nomentun independent tczm COmes from multiple scattering., The terms arc,
approximately eaual at 25 GCV/C where the resolution is  30.1%. Multiple
scattering diminishes in inﬁa ‘tance at higher energies, At 50 GeV/c the
momentum balance can be done at a precision such that AHf = #50 Mc\ff

The horizontal aperture of the magnet should be 48" in order to
accept the wide momentum range of the final state. A 10" gap is adequate
for a 10 ms» acceptance in the vertical dircction., A hodoscope placed
at the momentum s]xz of the incident pion beam will serve to define the
incident pion encrgy to *0.1% so that at 50 GeV/c, Aai = 50 MeV, The
Tongitudinal mementum balance will be 80 MeV at 50 GoV/c and 21720 MeV

at 80 GaV,

Event Rate

Cur estimates of runping time are basod on the following considerations,

do Ml [ E
dE . E

Electrons are accepted between 25 and 37.5 GeV for the 50 GeV case, thus

37.5
- :!
o= 25.5 x 10727 f <7 gk
dbs
25

0,645ub

1

.

For 100% geometric efficicncy and a 50cm hydrogen target, the yield is

. -6 S .
Y = 1.4 x 10 ~ per incident pion.
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At S50 GV we will run the

event trigger rate being

T = 1.4 x 10°°
e

x 3 x 106 =

G . . :
x 107 negative pions per pulse, the

4 per pulsc

. - Co. : 6 —
The % flux at 80 GeV will be lower, wve expect only 107 per pulse. The

. + . : . :
50 GeV w  beaw contains 60% protons so we will

106 n+ per pulsc,

50 hours

40 hours (160,000 counts)

60 hours ( 50,000 counts)

60 houws (

210 hours

50,000 counts)
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hydrogen target will also be used

e

magnot, where bean londineg can ba
involved,

Backzrounds

Rt » b

tpround

We consldor {(wo

configuration enly.

(1) T o4 p oo +

Y N
The wrop

Running tinme would be proportioned as follows:

chechout
50 GeV w
S0 Gal

50 GeV o w

50 GeV/e we will

the incident pion

jolrs 1 O e A . .
at 50 GeV for the we

detection
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Hore a y ray from the w coaverts to an ¢ ¢ pair, the % and ¢
simulating a scattering event. The yield from this reaction has been cal-
4ot - 7. ,..‘ 1 "'1(1 r condaries
culated by the Dubna group by assuming that the yicld of scconduries

from incident pions is the same as that frem incident protens. The very

&

small solid angle of the i-¢ process is of great importance in rejceting

these strong interactions backgrounds. The probability per incident

.0 . oL . . .
nd % be preduced in the appropriate solid angle and

2

pion that the v a
momentun interval is

P=P~--Po
"

3

wiere Pro and PT— are the sepavate prob

1

B 0 o
cbilities for the v amd w . They

find the probubility to beo

K -3 -6 L .
P =107 x 10 7 = 10 7 p=r incident pion
The probability of conversion of a v ray with sn ¢ energy in the triggering

2

- 2 - e ey 4 : L R, f 13l et sy 1vae Y A = el e :
range is 10 7, The enti-coincidence countler avound the torgei shoule

reduce this background at least a factor of 10 as cstimated by a Monte
‘s - ; T ! 1n~C 2
Carlo calculation perfcerned at UCLA.  The expected yleld 1z 10 7 x 10 7 X

! -9 C s .
10 7 = 10 7 per incidont pion.

this background in analysis by enother factor of 1077, With an event yield

-6, . e s
of 1.4 x 10 7, this background ratio is

- -2
10 ) x 107 10

. Bof et et B et e e
Y 1.4 x 10

and is nepligible. The expected trigger rate for this background in a besm

of 5 x 10° pions is

Tb = 1077 x 3 x 106 = 3 x 10"3 per pulse
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the s : cond background process that we have considered is

oy ‘_. N - . " . . vy e g e . . - v - :
Here one % is inc tly interpreted as an e . The v n yield calculated by the

Ty m . 3 gy e . 3 U .4 an . S
Dubnz group into the solid angle end momentum acceptonce is expected to be

-4 )
P=3x 10 per incident pion

yield we have perforned o Monte Carlo calculation

The program wes bzsed upon

3 the =« p (troated as a Brelt-Vign 1238 eV,

o 1 VR T PR [ TR S vt e e e . N VIR NS,
We find that the snti-ceincidence counter (eliber the ¢ or the proton

" : T N B o oY g PO = 1o, P
were required to traverse mors than 27 of hydrogon) oround the target is

extyvenely cifective, OF 100,000 g, 63 0 10T would nornally
H 1 -1 = PRI o3 HE R
hove trigoeved the apporatus, but conly 37 survived taz antl coincldencs,
: -2
Considering counter inzfficionciss, wo 07 rejecrion for tiis
& .

27t after aralysis. Showver counter identification of the
electron should reduge this by an sdditionsl factor of 10 7. Ve find for

thc background ratio
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and for the irigger rate (we asgsume no rejection b} the shower counter in

the trigger)

T, =3 x 107 X 10"2 X 3 x 10

i

9 per pulse

We estimare 2ll other ba;kgrounds te be small. Proton and kaon
scatters cannot be confuscd with w-e scattering cvents because the kine-
patics ace coupletely different, Electron contemination in the beam can
be detoomined by looking a

Fineaatics or by insorting

s
STRL U

events for

Y 3 ol g e 1 -~ - 3 -~ i o
Lo this ocxpzrimsnt st oo accurale bolsusc

to 21% eoourooy.  Suoh curreciions

depend upon the detalls of the experinent snd we have not yet caloud

2y

thom precisely., In principle, they are, exactly calculable if the caperimental

rosolution ig woll-kunown; so that no

~ t N . NN . s o ol
ien of tho ousgoing parcicle, the bromsstrah-

lJuong correctien for Z25cm of hydrogen is
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T is the radiator thickness
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Fhe third contribution 63 is from diagraws with external photon lines,

This correction depends on the experimental resolution. We

approxin

inate

this result by considering only those terms dependent upon momentum

resolution end by ignoring the amg¢14r Lv¢5m1cmcats. The
pression is Jengthy but gives approximately

6, = 0,15

Lrs

for cur cxperimental conditions.
The total correction is
6 = ¢ + 8 + &, + & + &

§ = 0,255

The uncerta
ledge of our ex

.
i
i

LS T g e g o JRP T DO . 3 ey g
in the course of tho exporinont.
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IV,  APPARATUS

3 by - Yy o ~ oy P o .y»‘. 3 T . s
The rajor couponents of the apparatus shown in Fig., 2 are a

1y A liquid-hydrogen target S0cm long.

2) An enalyzing magnet with a field integ:

‘ &

3 Seven aud four megnetosntrictive

4)  Two total ebsovpticn Chovenlov shower counters for pay

5 A muon vell for

6) Scintillation counters for triggering purposcs and for
coincidence arvound the liguld-hydrogeon targot.

7) A dirffercential Cherenkov counter for taggin

serimental reseolution ond this will beg stud

nty in the correction dezpends in principle only

csulting

.

choubar

anti-

v boam plons,

21l of 100 kgauss-moters.

CX~
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We will requirc that NAL supply the analyzing magnet, the liquid
hydrogen terget, and the differential Cherenkov counter. The magnet
should be approximately five meters in length with a peak field of =20 Kg.
The downstrcam liwmiting aperturc should be 48" horizontally by 10"
vertically. It would be acceptable to break thé magnet into two separate
magnets. In this casc the aperture of the upstreanm magneé could be
reducced to about 8" x 24", The liquid hydrogen target should be 3em in
diamcter and 50¢m long. It nust have an accurately known density and
length.

Ve will supply our own on-line co@putation in the form of a Hewlett-
Packard 2116D computer. Hewever, we would like to tie this into a
larger computer for an additional floating-point facility if’one is
available, The apvaratus roquires no scennjng~facilities.

We will also wequire from NAL the fast electronics to form a trigger.
UCLA will supply the vemainder of the apparatus including the electronics
for the proportional chembers. They will have an active volume of 30cu
by 30cm., Since the downstremn éhambers are large (Im x 2m), they will
be “conventional wirve chambers with magnetostrictive readout. In order to
use them effectively the area of the incident pion beam will be deedened,

All equipment will be roady in June, 1972, Ve will require of NAL

~

the usual support facilities involved in the setup and running of an

experiment.
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from four laboratories is compared to the vector-dominance model (black lines; solid
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EYPERIENTAL LAV-0UT FOR PIOH-ELECTRON SCATTERIE

—-— ¥ - l hf—a— — - v

FIGURE 2

PC 1-7 are proportional chambers; SC 1-8 are magnetostrictive wire chambers; TH, is the liquid-hydrogen target;
Al is the anti-coincidence counter for the target; SI is a scintillator which defines the acceptance; 52 and 84
are scintillators which detect the pion and electron; 53 and S5 are shower counters; A, is an anti-coincidence

2
counter for muon rejection.



