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STUDY OF 'ﬂg"P —T% n CHARGE EXCHANGE

IN FORWARD DIRECTION AT HIGH ENERGY

P, FALK-VAIRANT et P. SONDLREGGER

I. INTRODUCTION

Although the relativistic Regge pole theory seems to
encounter now both theoretical and experimental difficulties, it
has had striking confirmations in high energy p - p scattering.
Current investigations bear mostly on the behaviour of the vacuum
(POMERANCUK) pole. They show that at available energies the
cohtribgtions of a few other conijectured Regpe poles cannot be
neglected,

It seems therefore of considerable interest to look for direct

evidence of Regge poles other than the vacuum pole,

We propose an experiment concerning a study of 77 p ~—nr®n
charge exchange at small angles including zero degrees, with the
aim of obtaining information on the f trajectory in the

framework of relativistic Regge pole theory,




Acecording to this theory. hiph energv  W-p charpe exchange in
forward direction is dominated by Repge poles whose quantum
number are those of the crossed channel : T = 1, G = +1 (Fig,1).
The only candidate known at present is the tra‘iectorv belonping
to the A meson (sipnature -)., If this trajectorv ic dominant fer
negative t wvalues, then the predicted asymptotic form of the

cross section is

2ot) 2 (4 een op(t) Y2

(1) -f‘-‘i(s,t) = F(O) (&

dk sih Tro</,(t)

F(t) is an unknown function related to the residue, s, is an

essentially arbitrary parameter, O“o(t) is the 4 traijectory.

A measurement of f%zit) at two different Lab, energies El.

E, determines then cfp(t) with a precision of

dor L do y3
A v 4 a5t (5 5) A g &F)
(2) O;o(t') b -'—EN‘—E‘“‘ dﬁ' +
1 h
2 T “g"g'(t: Ey) %%(b’ £2) | ¢

At present there are very few experimental fesults
concerning high energv T~ p—sT°n charge exchange (see
Table I, lines 8, 9, 10 ; we apologize for any omissions we may
have made),

From T - p total cross sections a value of CKf(O)
between 0.3 and 0.5 has been deduced [l . ﬂ « DRELIL [3] remarks

that the data are in fact compatible with | 090(0) = 1 {(nco Regge

type behaviour). Fig.2 shows the present knowledge of the
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trajectory along with the CHEW~-FRAUTSCHI conjecture.

The experimental technique 1s described in section II,
Both decay photons of forward emitted 1°'s are detected by

means of a thick spark chamber {~8 radiation lengths) triggered

by an electronic system which selects elastic charge exchange event:

We propose twe series of measurements

A) Low enerpgy :

Measurement of EEE. between t = 0 and t -~ - 10}&2
at
at ten energies between 2 and 4 GeV, Desired number of events
1000 per energy.
This energy range includes the resonances recently discovered by

DIDDENS et al, [tq . The purpose is to study the transition from

the region of "resonances" to the "asymptotic" region.

B) High energy :

Measurement of {;; at three energies around 5, 10 and
17 Gev between t = 0 and t ~ qu/uz =~ 0,8(Gev/c)?, Required
number of events : 5000 per energy, of which about 200 are at
t = -25/&2 (between -22,5 and "27,5/L2)¢ Those measurements
should allow one to establish the possible shrinking of the

forward peak and to determine el (t) with a precision of

Ao ¢ + 0,1 between t = 0 and =252,
P& = I




IT, EXPERIMENTAL TECHNIQUE

. . . . . 1)
The experimental method is schematically shown in Fig.3 .

The liquid hydrogen target i1s surrounded by a set of lead converters
and counters (Al A2 AS) which are in anticoincidence with the
telescope (S1 Cy 02 82 vv.) defining the incident W~ beam,

The spark chamber is about 8 radiation lengthsthick and consists
of 4 thin plates and 23 6&mm brass plates of dimensions 50x50 cm,
The chamber is triggered only when there are no outgoing charged
particles, Furthermore, a careful geometrical arrangement of the
lead converters strongly inhibits triggering for neutral events

when one or more X's are emitted outside the solid angle

subtended by the chamber.

The T P e T event is then defined by observation
on a spark chamber picture of two and only two photon chowers
The direction of the incident 1w~ 1is assumed to be given by the ¢
target center and the unscattered beam image in the spark chamber,
The directions of both photons are given by the origins of the
showers and by the target center,

The knowledge of the 177° energy and of the directiongof its two

decay photons yields in general two possible directions of emission

of the y°, As a first approximation, the y° direction is assumed

1)

A similar device has been used in Saclay for an analogous
experiment between 0.8 and 1,9 Gev ; a short account with preliminary
results at 1,9 Gev is given in the Appendix,




to be given by the bisector between both Y's, For our geometry
this ambiguity is then mainly responsible for the angular resclution

which is of the order

Lab
) Lot
* 5 kL .
A 91r° ry 0.5 —
'no

Contamination by inelastic events is expected to be-small
because of the selective power of the triggering system . An
estimate of the number of such events can be determined by comparing
the observed distribution of opening ang les between the Y's with

the kinematical prediction,

The distance between target and spark chamber will vary
between 2 m and 6 m, depending on the beam momentum,
The liquid hydrogen target will be 30 cm long for energies up to
5 Gev, and 60 cm for energies above 5 Gev,
For the high energy measurements the chamber will occupy two
azimuthal positions :

a} centered on the beam axis, for observation of events in

the momentum transfer range 0 > t > ~4Qp2. In this position




the unscattered beam poes through the chamber and its intensity.
should not exceed ~ 5000 1~ per 100 msec burst ;

b) placed at 35 em from the beam axis it allows the
“observation of events in the range - jﬂz >t >- quz. (see
also Fig.%), In this position the beam does not hit the chamber

and a beam intensity about ten times higher can be accepted.

ITI. CROSS SECTION ESTIMATES.

Table I gives cross section estimatesin the framework of
Regge pole theory, for beam momenta between 2 and 17 Gev/c, along

with experimental results known t0O us.

Line 2 gives the difference ¢~ -~ 0, between measured
T~ p and m"p total cross sections [2, 4]. Knowing o= - o
and assuming charge independence and unitarity one calculates the
imaginary part Im T(0) of the forward charge exchange amplitude,
and thereby a minimum value _%E:(O) (for Re T = Q) for thé

opt.
forward charge exchange cross section 3 this value is given on line

3,

The Regge pole hypothesis predictsthe phase which is independent of

energy in the one pole approximation :

Re T{(0O) _ | A= cosTT < p (o)
Tm T (0) sim'lT"»(P (o)




TABLE I : m 'P....,..“"n CROSS SECTION ESTIMATES AND EXPERIMENTAL RESULTS,
1. Beam momentum 2 Gev/c 5 Gev/c 10 Gev/c 17 Gev/c
a) alb) b) b)
2. o - oy 6.5 # 0,6 mb (2,4 + 0.4 1.6 + 0.4 1.1 + 0,2 mb
do~ A # /&g !2 e' @
3570 <A (o . 21 + 4 2,85+ 1 A& 1,27+ 0,7 A& 0,6 + 0,4 AT
dt [OJGH’ aw (0: 0;‘) - 74_5 - /—I;T - i - /&2
2 ? + 0.5 + 0.5 + 0,5
Re T ¢ L]
u, 4 IQ‘TTi) {resonance 1.5 1.5 1.5
e T region ) -~ 0,25 = 0,25 - 0,25
& 4 4 £
g, do 20 A% lu,3 4+ 2 AE 11,9 4 L& o, 6 Mo
de () b j‘z - J2 1 }}‘z 0.9 * 0.5 Lt
6. t (width of ? ~om T ~o= T ~ow bt
o peak)
..50}11 E
G R e o S N AV
Q
Experimental results :
)
clo~ ¢
at ¢ ~ ”9/}%
o) 9 d)
- 2 -
Q. ‘to ~ 9 /u 1/,{
€l Hax ) e) ) )
10 0~ = d‘*(&)d# uoﬂoﬁg ¢s6 b €130 b <95fQ‘
. = — " b A
ch ex. dt ~45 /A ‘ /“' /
ft]
a) DIDDENS et al, ref, [u] d) FAISSNER ref, [§] : 4 Gev/e
b) VON DARDEL et al. vref, [2] e) BELLINI et al. ref,[6]: 6 and
18 Gev/c
¢) Saclay (see appendix) £) MORRISON et al. ref. [7]10Gev/c

*
Unit of squared momentum transfer t : ﬂz =,ﬂ2c2 2(0,14% Gev/c)? =0,02(GQVkﬂ2



Re T(0)?
Line 4 gives the phase factor (1 + ), for oly(o)= 0,430,1,
Im T(0)2 P
The zero momentum transfer cross sections are then listed on
line 5
d Re T 4:»2 d
GE©) = (e Z) SR
ak Tm T(o)2 at OP!F‘

The theory does not predict the variation of {?E.(t)

for £ < 0. The uncertainty is in the choice of s, and F(L) in

formula (1). One often takes F(L) ~ const., and Sg = 2M2 or %uM.
The phase factor in formula (1) varies slowly.
For our machine time estimates we shall assume an exponential

behaviour

do _ do~
“&?(&) = L2 (0) e

g'l‘ifT‘

with to z 7/42 or 6/12 (l1ine 6 in table I), This is the same
momentum transfer dependence as observed for p p»p p and Tpa>T7p
up to t = = SO}xQ.

Line 7 gives the corresponding integrated cross section over the

forward peak :

-Son
” b
o = do" o) Eo (,{.L'
OL-!;«.. d[: ()

On lines 8, 9 and 10 existing experimental data are shown,

AT




IVv. NUMBER OF EVENTS,

For the cross sections given in table I and geometries
and target lengths described in section II, the number of
photographed events per incident pion has been calculated. In what

follows we list this and other relevant figures:

A) Between 2 and 4 Gev/c,

Spark chamber on beam axis 1 .

Momentum transfers measured : 0 ¢ |t] ¢ 5 to 10‘}k2
Number of events per incident pion ~ 2 107H

Number of events per picture taken ~ 0.3

Beam intensity 5000 ¥~ per burst
Number of energies 10

Number of events required per energy 1000

B) At 5,10 and 17 Gev/c Position of spark chamber

a) on axis b) off axis
Momentum transfers measured Oglt[<10}x2 7/12<‘t5é uo‘ﬂﬁ
Number of events gat 5 and 10Geve 2.5 107° ~2 1070
per incident pion : lat 17 Gev/c 1 10”5 ~045 10-6
Number of event per picture 0.3 to 0,1 ?
Beam intensity 5000/burst 50 000/burst
Number of events required per energy 2500 3000

For the points at 5 and 10 Gev, Fig.4 shows for both azimuthal



spark chamber positions :
1) The efficiency &(t) for detection of both decay photons

of a 7v° emitted with squared momentum transfer ~t,

2) The assumed cross section variation :
(3
dopy /A 2 e K

3} The number of events %%g (€) expected per unit

interval At, and per incident pion., It is given by

k
Lo 2X ey = LURE

n, is the number of target protons per em?.
t has been assumed to be -7 }?.

0
N_ is the number of incident pions,

V. BEAMS AND MACHINE TIME,

The machine time estimates are based on the information
contained in sections III and IV and on the following beam
properties

A} Low energy T beam (2 to 4 Gev) :

intensity 5 000 w~ /burst
pulse duration 100 msec
fifm " 2%
P

beam cross section at image £ 9 em
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angular divergence < 10 mrad

B) High enerpgy w beam (5, 10, 17 Gewv) :

intensity 50 000 w /burst
pulse duration 100 msec
beam profile at £ 9 em

Ae

+ <+t h%
angular divergence £ 10 mrad

Under those conditions the required machine time is
estimated to be 20 shifts for the low energy part (A) and BO shifts
for the high energy part (B) of the experiment, the time for

setting up and testing not included.

This machine time is approximate and will strongly depend

on preliminary results at high energy,
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P. FALK-VAIRANT and P.SONDEREGGER
L.P.C.E.E.
C.E.N. Saclay June 6, 1963

ADDENDTUMNM

to Proposal for an experiment at the P.3.
STUDY OF =« p -» n°n CHARGE EXCHANGE IN
FORWARD DIRECTION AT HIGH ENERGY
(March 2%, 1963%)

I. MACHINE TIME AND BEAM INTENSITY

Discusasions with Drs. HYAMS and HARTING have shown that
in our original proposal the assumptions about Duty cycle of

the P.3. were ftoo pessimistic.

The original proposal needs therefore a slight modi-
fication for the high energy part (B), resulting in less

machine time and less beam intensity requirements.,

It should be possible to send 20'000 pions (rather than
51000 as previous by assumed) per 100 msec burst through the
spark chamber without serious analysis complication - i.e. no
more than 10 to 20 % of the pictures containing a random beam
track. The spark chamber position "off axis" is then no more
paying and all the pictures will be taken with the spark
chamber on the beam axis. The modified geometries, efficiency

and number of eventis expected are given in Table I.
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TABLE I

GEOMETRIES AND EXPECTED KUMBER OF EVENTS

1. Bean Momentum 5 Gev/e 10 Gev/c 17 Gev/ec
2. Parget length (liquid H2) 15 ¢m 30 c¢cnm 60 cm
3. Distance Target-Spark Chambexy 125 cm 250 cm 400 cn
4, Number cf events per pion 45 10-6 10-6 2.10-6

snd per Wb events/ib " events /b i

5. Conjectured Cross sections 30 pb 1% ub
(see Proposal ,pages 6 to 8)

6. Number of events per
burst (201000 =n-) 0,35 0,3
(for cross sections bvents/burst | events/burst

of line 5)

eventsﬁlb.ﬂ”

5,% pb

0,25

events/burst

The experiment needs therefore

-~ & negative pion beam yielding 201000 n~

at 5,10 and 17 Gev/c, with —-‘3})—3 <t 2%

- 10 to
statistics -~ where good statistics means

of ~» 10'000 events,

per burst

15 shifts per energy in order to get good
a total

out of whieh ~200 events with

momentum transfer 22 pé ¢ [t] ¢ 27 P2. The total is

about 40 shifts for three energies.,

target enpty measurements,

and a "security factor®

This figure includes

of 2.
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IT. OTHER MODIFICATIONS

The 50 cm x 50 cm spark chamber will be made 12 radiation
lengths thick. 10 Gev ¥ rays can then be stopped in the chamber,
and & very rough determination of the relstive energies of both
decay photons should ke feasible by comparing the number of

sparks in both showers.

Two small spark chambers will define the direction of

the incident pion.

Both modifications should help to dimprove the angular

resolution.

III. SUMMARY OF RELEVANT DATA

For comparison with other experimental approaches, we
summarize relevant data for the experimental technique proposed.
The device is that described in our original proposal, with

the modifications listed above.

Detection efficiency : The overall detection efficiency is

high for momentum transfers up to 40 pz H

90 % for a m° emitted at 0°

70 % for a n° emitted at t = - 25 p2.

It is felt that good statistics are essential for the experiment
proposed. The high detection efficiency seems therefore to be

a major advantage of the proposed device.
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Angular resolution : The angular resolution has been calculated

and is

Atr,m.s. =+ 0,6 L V-t ~ 0 in gorward dlrectlog
=+ 3 P at t = =25 B

at all energies, or

,Qﬁr - = + 4 m rad at 10 Gev/c (all t).

Complexity of Data Analysis :

Analysis is simple. The principle is outlined on pages
4 and 5 of the Proposal. The data processing of ihe similar
experinent done at Saclay shows that there is no major diffi-
culty once the anticoincidence counters are elaborate enough

to detect large angle photons with good efficiency.

Scanning and measuring equipment as well as computer

prograns exlst and are working.
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September 10th, 1963

ADDENDUM II

THE CONTAMINATION BY INELASTIC EVENTS

We have calculated in detail the expected contributions

of two photon pictures from the most dangerous resctions :

kif F.——@—Tﬂﬂ“’m

and T p — = 0 ({u — T2y

The calculations were done by Monte Carlo Technique,
taking into account the geometry of the experiment and the

engrgy dependant X ray efficiency of the counters.

Two models were used for the calculation : the convariant
statistical model and a peripheral model sherply peaked in forward

direction, of the Chevw~Low~Selleri type.

For both reactions the probability of mistaking a
T? ¥ o or wn event for a charge exchange event is of the
order of 0.5 % for the peripheral model {and three times smaller

for the statistical model).




These contributions are measurable as the corresponding
distributions of opening angles between the 2 photong differ

strongly from the one for elastic charge exchange mets

Discrimination against inelastic events is an order of
magnitude better than it was in the similar Saclay experiment,

mainly for the following three reasons

- the snticoincidence counters arocund the target will be

lead~scintillator sandwichesg
-~ the counters will contain more lesd converter;

-~ the geometry will be such that all y's will hit

either the spark chamber or the lead counters.
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APPENDIX

PRELIMINARY ACCOUNT QF A STUDY OF 1" pes °n
CHARGE EXCHANGE IN FORWARD DIRECTION

BETWEEN 0,9 AND 2 Gev/c

A, Description of the experiment.

This work has been done at the Proton Synchrotron
SATURNE by P, BORGEAUD, S. BREHIN, Y, DUCROS, P. FALK-VAIRANT,
0. GUISAN, J., MOVCHET, P, SONDEREGGER, A, STIRLING, M.YVERT
and S.D.WARSHAV.

The main purpose was to test a zero momentum transfer

dispersion relation,

The experimental technique was similar to that described
in Section II (see also Fig.4), The liquid hydrogen target was
15 em long, the distance between target and spark chamber was
90 cm.,
90 000 pictures were taken at 13 beam momenta between C.9 and
2 Gev/c.A total of 10 000 TP e T° n events were
obtained, between 500 and 1000 at each momentum, The ratio of
good events to pictures taken varied between 1/10 at 1 Gev/c

and 1/3 at 2 Gev/c, The beam intensity was about 2000 w~ per
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100 msec burst.
Fig. 5 shows a typical event, The average number
of sparks per gap was 4 to 6 at a depth of 3 to 4 radiation

lengths,

Analysis of pictures is in progress,

B.Preliminary results at 2 Gev/c,.

We report preliminary results based on 464 events out
of 750 events photographed at 1,85 Gev incident pion kinetic
energy. The events are required to have opening angles between
the two decay photons between 7° (kinematical limit) and 28°.

6 events which do not satisfy this criterion are probably
inelastic., Fig. & shows the angular distfibution of the
remaining 458 events, The analysis ylelds for each observed
event two possible angles of #° emission 3 both are assumed to
equally probable, Each event is then weighted by its calculated
inverse probability, given by the probability that both decay
photons enter the spark chamber (Monte Carlo calculation) and

materialize inside the fiducial volume.

The angular distribution of the weighted events is
fitted by an exponential (Fig.6). This fit is bad at large
angles and is used mainly for extrapolation to 0°, We obtain

an uncorrected cross section
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t
ff’_:(t—) = 2% (0) e % . with
dt at
d o 2
e [ b = 52 % 5.5 ub/ n
l:C ?’\oncorr. / i
ko, ~ -9 H;

In order to test wether the observed ﬂ°'s are
from elastic charge exchange or wether there is a background
froﬁ other events, we analyse the distribution of the opening
angles between the decay photons, This distribution is rather

sensitive to the T° spectrum,

Fig. 7 shows the distribution of opening angles
for all events, including 6 events with Y < 7° or Y> 29°,
The events are weighted by the inverse probability for
materialization inside the fiducial volume. We have compared
this distribution with the théoretical distribution which is
determined by a Monte Carlo calculation, assuming that all
observed events are T~ p __, w°n ("elastic"). The
ghape of the peak around the minimum opening angle (-~ 8°)
depends strongly on the average beam momentum, The best fit is
obtained by assuming a beam momentum of 1,96 Gev/c which is

compatible with hot wire measurements.



Both distributions are normalized to the same area

between 7° and 28°,

Fig.8 shows the observed opening angle distribution
after subtraction of the calculated distribution., There is an
excess of events left outside the peak region ( ~ 8°) which is

attributed to an inelastic background from processes like
Tl"'P — e T? 7% n

or e —s T ¥ om

In the region around 30° there are four events which are
probably
™ — 4+ "
P
%
The background of inelastic events with 7°<:\$ < 29° is found

to be § % * 2 %,

The presence of this background is mainly explained
by the fact that there was a solid angle of about 0,14 sr
which was not seen by the lead converters nor by the spark
chamber, In the experiment proposed here the geometry of lead
converters (see Fig.4) will be such that every photon emitted
from the target will convert either in the spark chamber or
give an anticoincidence signal ; the anticoincidence efficiency

inerease with energy.



After subtraction of the inelastic background and
after correction for target empty effect (5 %) W contamination
(2 %) and beam attenuation, in the target (1 %), we get a

corrected value of the cross section in forward direction

a9 . 48.5 £ 6ub/ud o 9% 0')= 3.12 % 040 mb/er
ne pb /1 —

carr

This figure is compatible with the dispersion relation
prediction, which we recalculated taking into account new

high energy total cross section data [f, u} :

—f%(oo)m =2.9 + 0.4 mb/sr

Saclay 1l,4,1963
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