.'.‘1 &#;ﬁ Irmzﬁ.;\;‘,ﬁ g LY Ty " Ly - -“? rr. ' rrhoimE o W -
- - - . T T B S 2 A . R CrRet i B R T T A
S e et N Dot D el e G LR s e i K P R A AN RS, A

_T —_——— e e - — LI L T o

2 _ *- % Backvard Efastic Scattering Vi IR
. - Prom 2,38 to 5,25 teV/c* R :
Ropald Arden Sidweil SRR
© Physics Departwent
RE . Ingiana University ~ - = S

u : . . B E‘-]:Flmjngton,_-]:nﬂj_g:]& 1;'?!“}1 -
R e

o o R RSSE K
has BOER rwn!uﬂlﬁlhl p;tﬁ'ﬁﬁu S - -
.mn-nmummumiﬁhnﬂ | . -
I‘ﬂh- T ’ ' .

LEG AL WOTICE
This report wid prepered a5 s account of werk
gponsored By the United Stplas Gaovemmant, Heither .o
the United Stalen por ihe Unitad S1ates Alomic Energy =
Commigslon, ned any of the employsed, nat any of :
n - thelr ¢ontraciars, subconiracdar, o thelr cmployees, .
§ - . . ' . - makes any wersity, $xXpress or implied, ar asaowied any \
- i : ’ : . lsgal labRity or tesponaibility fut the a¢curacy, oom-
- R ' . : pleteneis oF uczfuingss of oy infarnaton, apparalug,
gL . praduct of procem Alackased, or Teprasenis fhat s e .
- . . wauld nol inirnge privately owaed righla,

-

LAn Tarh by the Algwic LT gy Cormigeicn. Comirae’ W . AV

“#lork surrerte

Y

{103 3-2C09. . | |
' . - . . UM
SISTRIBUTION 0¥ THE UCUMENE 15 UNL




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, aor
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thersof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



=T .“,WF

Abstract

-+

. TDifferential cross sections eve presented for ploneproton elastic
geattering in the engular range «0.6 @ cos Ec_m‘?ﬂ =0,95 &t 15 incident
2" momenta from 2.18 to 5.25 GeV/c and five incident n° moments’ from 2.33
: to 3.00 ceV/e.
E The ﬂ+p angular distributions rise steeply near 180° at all‘mﬂmﬂnt;.
For laboratory moments @ 2.75 Ge‘i?fc they dhow £ minimuwe &t w = =D.17 (Gﬁ?fc J'2
{  end & brosd maximum near u > -0.5 (GeV/c)?, vhere u is the squore of the
F four momentun transfer befween the incoming pion and cutgolng proton.

LI Tha gtructure of the ﬂ*p anguwlar disiritutions undergoes r marked

change In tne mementum rangs studied. A promounced dip in the cross gection

et 1807 hieh ia observed ot mements & 2.50 GeV/c evoives into a steeply

el i, T e e s

riging peak at 2.80 and 3.00 GaV/e. A mimimum in the d¢ifferentisl cross sec-

tions appears in the 3.00 GeV/c data ut 9§, = 155%. A ghallow mintmes is

o,
Indieated For 2ll momentce near Ec n o= 1350.

Gualitatively good ngresmeny with the experimental resultes iz cbtaimed

- L L

witn a dirscv channel resonance model. The ﬂ+p data ore compered with a Regge

izl which congiders the exchanse of hoe ﬁﬁ &nd Hnt

.- Qualitabive success of both the diraci channel resonance medel and the Regpe

Regige trajectories. Thc

Rodel lends suppori to the concapt of Juality.
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1. Introduction

We repart results from an opticel spark chamber experiment per-
formed at the Argonne Naticnal Leboratory Zere Gradient Synchrotron during
culy-August 1968. The purpese of the experiment was to measurs angolar

distributions for pion=-proton elastic scattering in the angular renge

0.6 os 8, # -0.98 at 15 incident ¥ momenta from 2.18 to 5.25 GeV/e

and Tive incident M momentm from 2.38 to 3.00 cev/e.

At the time that this experiment wae proposed, it was suggested that
Lhe ﬂ*'p backward engular distribution, for momenta less than 3 GeV/c, could
be explained by direct channel resnnance3.1 At high energies (p > 5 feV/e)
the anpular distributianﬁz vhich iz characteriased by & peak at backvard
sngles and a minimem near o = -0,2 {Geﬁ!ﬁ}aﬁ was thought to arise “rom
exchanpe of the &4, and Ha_ﬁagge tradectoriés-3 A wrong gignature ncisensge
zero in the W amplitude at u * -0, 2 fGe‘V/c}z produced the miaimus ssen
14 the experimeatsl dala

At intermediate enerzies, 2-95 GeV/c, it was proposed that the resonance
wPplitude was interfering with a nucleon exchange temh or Regge trajse-
)

tory exchange” amplitude, In the Regge interference model, severall=so-

5

~ates were postulated as recurrences of the known Bgs I'Ta, and HT states.

¥ith these postulated resonances, the model wes quite successful in fitting

the #Z-p 4 pr. 180° cross section,5 and it was shown that the rescnance

¢ratridution was very small at momenta sbove 3 GeV/c. The dip seen in the

-3 dats at 2.1 GeV/e at 180° was due to interference between tne resonance

; +
And Regge emplitudes. Fox the 1t p data it was suggested that the resonance

—

g
T .'.n;*.‘*m._
- - K -\.rmm_h
b - T R P A NS R 4 e = P
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eg=plitude saturated ithe 1806% aifferentisl cross section for momenta up

1n b GeVfe. Several criticisths were made of this Regge interference '
-

gndal however, on the grounds that double counting resulted from the model.’

't was [urther shoun by I}imna that the ﬂ'p 180° oross section eould be

gescribed using resonances only.

It was with the hope of shedding some light on the question of the
phenomenolegical interpretation of #p backward slastic acatifering that we
yndertook the detailed measurements in the expeximent described above,

Fxtant ﬂ+p da-.tng in this interesting momentun region were rather sparse,
The ﬂ-p

ond at momenta sbove 3 l}e?f-: of rather poor statisticel accuyacy.
differential cross section had been neasured with good precision f~ 109

slatistical error) at 180° from 1.6 to 5.3 GeV/c® but at less backward

angies was of poorer statistlcal sig,nif‘icance.!ﬁ

The experimental equipment and procedw e= are described In Chapter II

of this work. The detemmination of the differential crass sections is ocutlined

in Chanter IIT and corrcetions to the dala are diacussed in Chapter I¥. In

Cagnter ¥ we present the results from this experiment. We compare the results

with the Reggell &nd direct thannel resonance mdelsjz’la in Chapter VI.
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es. EQUIPMENT AND PROCEDURES

&. Experimental Layout

This experiment was performed in the secondary beam #1 of the Argonne
wationsl Leboratory Zero Gradient Synchrotron. Fig. 1 shows & schematic
qlow of the beam transport system. The pion beam used in the experiment
yar produced by & bezam of 2.5 Ge¥/c protonsz, defined by the bending magnets
{74 and XB6, incident on the copper target 141.1% The momentum of this
recondnry beam was deternined by the bending magnet ¥XBAll and & lead collimator
{rarked by A in Fig. 1)}. After the collimator the beam passed through
v tending magnets, {¥BAL2 and 13}, and a set of guadrupolas [¥QA13 and 14}
wu. *h focused tne secondary beam on the 12" liguid hydrogen targst (TG
. Fir. 1) In the reglon of the liquid hydrogen target the beam spot .

A craged about 3/4" in diameter. The momentum spread of the beam

3 3100 geVic vas 1% (FWIM). The ancertainty in the median momentun was

L fi than 13,. The actual valuc was determinéd from time of flinht sludies

&L osoveral maomenlia for the pions, protons, and deuteruns in the positive

w2 The tim=g of flight were measured between the upstiream nd eof the

* ~artum s}it (& in Fig. 1} and counter B (see Pig. 2} a distance of

« -2 feet. ‘the messured difference in time of flight oboiween the picos

= ! deuterors rorresponded to & momentum which agreed with the calceunlated
«t to wichis 14,

To distin mish pions from protons in the beam, a Cerenkov counter

! Vin Fig. 1) was placed betwsen the collimator and XBAlZ. The counter

VT Tilled with Freon 12, dichloredifluoromsthens. The counter's index
rerrection was adjusted at each beam momentam, Eo thet the threshold

= Tty for erepkov light was greater than the proton velocity and much

Toinan iy pionm velocity. -

- ea o -
- - " ) o e ") .
Sl T ——— A= e L p
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\

L i

i

PR d W B e b rr——

y:

J
!
|
i
i .
j
!

-2

The beeam intensity varied from 30,000 particles {15,000 pions) per

purst at 2.18 Gev/e to 150,000 particles (LO,000 pions) at 5.00 GeV/c.

The experimental layout is shown schematically in Fig. 2. The beam

. was detected by counters Bl and B2 which are regpectively 2" x 2" and

1" X 1" counters of 4" thick scintillator. AH was an snticounter with
8 1" hole in it for the beam to pass through and was 2" thick. About 54
or less of the besm was intercepted by this counter in normal operation.

Anticounters Al-AD were placed at strategic locations mbove, below, beside,

end downstream of the target. These counters covered most of the splid

angle not subtended by the detectors, and redﬁced the trigger _ate by an
order of magnitude. Counters al-n6 detected the scattersd pion and

‘sounters Fl and P2 detected the recoil proton. ALl counter: e.cept Bl,
B2 and AH were made of 4" thick scintillaling plastic., A weilr ~filled

EE;EDkD? counter with 2 sensitive area of 24" x 28" was placed behlina

ihe pion counters xl and n2. The purpoese of this counter wes Lo suppress

firippers from Corward scatiering evenls with a -1e proton wn -he pion
detector. A sigoal was required from this Cererkov counter Whenéver nl
andfor a2 detected a particle.

& =chematic of the fast electronics employed in the erperiment is
shown in Fig. 3. The besm {for positive pions) ~&s definec by CG AH Bl B2
i.e. a coincidence between the gas Cerenkov covnter (CG) and Leam
counters Bl and B2, with no signal from AH. CG wes & very nosy sipgnal as
discriminator settinge were low to detect the small signals from the
ﬁhﬁtotube vicwing the Cerenkov light. Thus spuricus bsam ¢ountg ware
& hazard. These accidental coincidences were estimated bym'ﬂ_ﬂ Bl B2
(gee Fig. 3), where we deliberately mis-timed OO signals by 50 ns with'

recprol to AH Bl B2. About 2% of the beam coun.~ Were ace:drpial coincidences.

The Lrigger for firing thc sperk chambers was orn &¥ B1B2 mp 4, where

n
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g means any combipation of one or more of the pion connters =1 - #6, p
geans & signal rrom Pl andfor P2, and A means no signal from any of tune
anticounters A1 - A5. If «l or «2 had & signal we also required s aignafl
from the water-filled Cerenkov counter (CWl - CWS). The sigrsls from six
phototubes in the Cerenkov counier were gddad tegether in & pixer. The
coincidence €C AR BL B2 #p A was rceorded iwice using independent cireuitry
{net shown). The AMP eircuits shown were EGG colncidence modules'™ folloved
by discriminster modules. The "Pile-up Gate" shown in Fig. 3 was nsed

to suppzess some of the triggers with multiple beam tracks. The inpuis

to the gate were AH Bl B2 and A Bl. A sigral from either of these inputs
was sufficient to furn off the gate for L ps. The effect of thais a5 to
shut off the system for 1 us after each beam pa;‘ticle, if 4% 444 vot

produce & 1T188ET.

i The incudent beam, forvard scattered profton, and backward scatiered
pion trajectories were each measured by two optical spark chamibers. The
gpark chawbers are indicated tn Fip. 2 by cross hatching.

Trne polar angle covered an the lab by the pion chambers Jas ?5-150°
for the proton chambers 1.5-24° . These angles correspond to & _ange of
picn angles in the center of mass of -0.5 2 cos 8, 2 «0.9'6 ¢t 2.18 Gefe
end -0.72 cos ¥, , % -0.985 ai 5.0 GeW/co.

Each chamber had six one-hall inch saps with 001" thidr 2lueinun
forl planes. They were filled with a ecrrculating mixture wi 404 fle anl
1% He gas. The chambers were pulsed at 9.5 K when trigge «d by the
Teler:trom::s. A 150 clearing Tleld of opposite polarity to the voltage

pulse was applled al all tumes.

O e e
b - L"':_"'H-n——-.q,..‘__. .
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Twenty-ong sets of fiducial lighls were mounlod on {he zeven spark
chambers. A set of fiducial lights consisted of & luminescent panﬁ}
overlaid with a photegraphic negatlive, generabting a pattern with an X
and two rectangles.

The chambers were Tilmed stereoscopically and wore wiewed from above
by mirrors set al 45° with respect ta the horizental. Vertlicel mirross
were used to reflect the images through a lens into the canera. The
eirrere and the camera location are not shewn in Fig. 2. On each frame
of 35 mn £filau were o views for each of seven chambers, 21 sets of fiducisl
lights, and a view of & date box. The data box disnleyed the daLe_of the
run,_pjun charge, beam momentum, target condition {full or empty), 2nd
the roll oumber and frame numbes. Pictores of 1145 triggers were iaken
on each 190 foot roll of 3Smn Kodak Linagraph Shellburst film, n addidion,
"ealiby. tion" pictures were tsken at the beginning and end nfqescﬁ roll.

In thc;o pietlures the chambers were 1it from below end from one =jde in
such & wvay a2 to illuminate mirks elched at 1" intervals in two .id s of
the lucite frames of the chembers.

The camers was capable of recording one plcture per burst: “he
av&gaga nuamber of triggcrs reccoded par burst was 0.8 a. 2.00 gev/e
and 0.3 at 3.00 GeV/c .

Tho operation of the spaik chawbers was monitored by a closed cirenitl
television camera so that irregalarities in the perioviance of tne -hambers

or fiducial lights could be readily deterted during Lhe rumming of the

experincni.
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B. Measgrepent EE Film

o
We took approximstely 330,000 pactures at 15 incident n* momenta

apd five incident n~ momentz., The amount of Useable Tilm taken at each
momentum is listed in Table T. Theze pictures were scanned by an auto-
metic film reader built at Indiave University named CRUDI {Cathode Ray
Ultimale Device, Indiana version). CRUDI, based on & Brockhaven National
Laboratory design, has been described ElEEWhETEw'h- E;IZ:I:HJII"?!‘ was controlled
by the CDC 3400 computer at the I.U. Research Computing Center and was able
to =can and measure abont 900 35 me frames an hour. The machine languige

programming needed to control CRUDY is described in Ref. 18.

The procedure employed in measuring each frame of film is deserihed

below:

1) The film was positioned on the viewing gate using a large
fiducial (zee Pig. 4.}, This faducial was recogmized by it- s:ze,
100 by 40O counts, where one CRUDT least count = 1.5 X lﬂ'h ia.
on the fily, and its cpacity.

2) Iext, the four cutermost faducials on the film were located anc
their pesiticons messured. On every 50th frame all 42 faduec 2l
rectangles were measured.

3} The scan for sparks started in pl, the inper pion chamber i-

Fig. 2. I no sparks were found in pl, the frame was skippod
over. In the case of the tiro outer plon chambers, 1T more

\ than three sparks were found in the first chamber scaoned Llc

cthar chamber was nct exam ped.
4} The remaining chambers were then scanned.

Scannming for sparlswas donge down the centar of the sperk chamber gep.

Sparks were recognized by their opasity (the fi1lm 1s a negative) with respect
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TAFLFR I, Distritutlon o Dala

P{eev/e) Fe, of Elas. Fveris
2.17 1,750
2.~ 7 1,77
z2.3° 1,9
2.75 2,1
7,00 1,671 .
325 hre
3.50 721
3.55 "12
Y. oo iy
.25 652 '
b.40 T . sb0
k.75 ([
.00 34 .
5.12 100
3.75 27°
14,725
2.3 1,097
2.50 Lsa
2.5% ey,
2.0 £CO
3.00 L0
3,113

TTAL- 17,737 Byeaus, 207,700 Tsable Mlcohres

¥ Useabls Piotures

14,200
1z,2m
32,900
13,305
14,500
13,700
17,700
17,200
17,3790
17,100
17,700
17,700
17,500

0,000

13,000
252.600
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to the background level, which was wmeasured every 100 frames by a zcan in

£,

an area free of sparks. Once sparks were found In one gap of the chamber,

the lecations of the sparks in other gAps were predicted and scanning done
in those reztricted area=. This technigue avonided the rather time-consurming
scan down the full length of the chamber for each gap. If < 3 sparks were
found in 2 view of a chamber each gap wee scanped cocmpletely.

The output from ﬁRUDI was written divectly ontc megnetic tepe and
consisted of three types of data recerds: (1) & record at the beginﬁing
of sach roll of £ilm containing the data box information; (2) the 42
fiducial puaitiuns'{repeated every 50 frames); {3} x-y coordinates, width

250 hours of computer time were reaquired to

measure the fiim; this fncluded time spent debugging soitware and remeasuring

some of the £ilm.

€. Reconstruction of Events i

The reconztruction of evenls procesded &5 fuliows., The first task

was to transform the coordinates of the measured iducilals end sparks

from the CRUDT coordinste system X..yp - which i2 non-linear becausoe
of the curvature of the face of the CRT unsed to sran the film - onto a

lipnear enordinate system. The trapsformation wasz of the form

k=xo[&+‘='xn2}=a'=3n (2’ + 3 3.2

¢

whare the &'z and b'a were constents determined when CRUDT was calibrated.

Next the set of 42 fiducials was mapped onto the four fiducials measured
on every picture. This debermined the ocverall magpification, rotation,
and translation of the coprdinate system local io each picture. The spark

coprdinates were then transformed onto a standa 4 orientation of the
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cooxdinate axes. The next sftep was to (ilter the sparks. To do thisz, the
two chanmbers in each arm weres treated as a single 12-gap spark chamber /
filmed in 9° sterec. In each of the two views of the three "l2.gap™
chemhers & least sguares it to a gtraight line was made. If & gap
containzd more than one spark, sparks furthest from the fitted straight
1ine were discarded. The remaining sparks were then filtered by discarding

e for the

the sparks furthest from the straight line until an accepteble x
fit was nbtaine&,“aﬂr only twe sparks rewained. The spatks in the two
views were then peired up and transformed into the three-dimensioral
laboratory coordinate system. After this procedure, thrae vectors were
formed for the beam, scatiered vion, and recoil vroton trajectories. A
geoetrical reconstruction was then made of the vertex o the interection.
.Thjs*vertex was used &% & starting point in & Gauss-Hewion iteration which
minimized the sguares of the prrpendicular distancos of rhe =parks from
threc straight vines which were Citted throwgh them and ronstrainsd to
intergect at a vertox,

The "goodress of £it" for each event was calculsted by computing
digint, the stindard deviation in inches of the scatter of the aparks
from the fitten vectors. Fig. 5 shows 3 histogrem of Zigirt for all
data at 2.15 geV/c. The average seatter was sbout .05" {1.Zmm} in real
BpeCe.

Dependirg on momentum, 55-70% of the events could be reconstructed
az two-body scutters. Events failed the reconstiuction program for & number
of }easons. For B-12% of the data there were no sparhs in the inner pion
chamber, 1.:. the trigger in the n counters was due to a neutral partic%e

or particle:r. Ino this case the other chambars weve nit scanned. For another
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% of the date no single pion track could be formed, ﬁsually beeanse

-

thére-were two or mere good trgcks in thé pion chembers., Pilteen ney uent.
of the events Tailed beciuse Lo t¥a¢k could be recaustrﬁcted frem sparks
in the proton chambers, either because there were no sparks (~ 1-29 oi

:&ll data) of toon many {from torward-going inélastic events), One to fuuf
pef cent of the events failed because of multiple Beam tracks. TIf events
failed because {iducials were mismensured, or if the reconstructed data
iuoked 1ﬂ any way.susPiciuus, the film was remeasured, Suspiciﬁua rolls
were found by noting that'the productiong vertex was disﬁlaced, or too lnany
events from the f&l; had 5igint tﬂn'large, or there we;e not enourth

~ coplanar events compared with other rolls of film at.thg SAMe MOmantim.

Abc:;ut 10&{; of the fi_lm was remeasured. Three rolls of film were
foﬁnﬂ to he1unﬁﬂasurab1e becayse twe fidueials were nhscﬁreﬂ on the

Filn:

_ﬁesulﬁs for each recﬁnstructaﬁle event.were stdreé.permﬁnentiy on
megnetic faﬁe in & 17-word format containiné'bdakkeeping infaymatiaﬁ, |
Sigiﬁt, and the.cunrdinates ot the trajgetaries. | L

Récanétruction was performed by thé CIC 3600 compqtér of tHE.Indiuna

University Resesrch Computiné Center. About 25 minutes of computer tize

was required per roll of film (1100 pictureé}.

D. Fiducial Cuts and Geometrical Efficiencj

cuts on fiducial volume were made under fhe asswoption that all

4 . reconstructed events were elastic. This was done by calculating Lhe pion

_position derived frOm.elastin scattering kinematics from the "proton”

"

i L

angle. Each avenl was chacked to see that, if eslastie, it could have teen

TR

ggen by the detectors and.that the interaction vertex was in the liguic

m’*ﬁ'ﬂr’r‘T o
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hydrogen of the target. For the 12" long target ve have nzed events

"
from the center 10.8". Cuts were madde on the counters and chambers %o Lhat
detector edgas were moved in 2 - L from surveyed positions. Ho cuks were
made where detectors overlapped. Data outside the desirved fiducial volume
were digcarded from the final deta zample.

In caleulating the delectioh efficiency we have included the aginputhal
pceeptance of the apparatus, the absorplicn of the beam in the target, and
the efficiency of the water-filled Cerenkoy counter. The deteclion efficlency
at 2.18 GeV¥/c as a function of proton lab apgle is shown in Fig. &, plotted
Tor every lflﬂth degree. The dip in efficiency at 17 was due to ihe small
gap between the two cutel pion chembers {see Fig. 2}. The structwme at
small angles was caused by cuts reguired by alumpingm sapports on the

upstream =nd of the tarpet . Odioce 5000 random ovents were used Lo generate

each detum in Fig. 6, the statistical uncertainity is 1.b%,
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TII. DETERMINATION OF DIFFERENTIAL CROSS SECTIONS .

Sinee the momsnta of the final stete particles were nol measured,
there a&re two kinsmetical constraints for an elastic event, The first
constraint uzed was a redquirgzont of coplanarity, defined as the triple
sealer product C = % (B x §) where ®, § and § are the unit vectors which
degeribo the trajectories of the schattersd plon, beoam partiele snd
acgttered probon respectively in resl cpace. Bince elastic scatters
ars coplangr, they should have a distributlon in © centerd on zero,
with & #pread determined by the experimental resclution. Fig. T showe
the digtributicn of coplanseities Ior all x+ data &t 5.00 Ge\?‘f::. Tt;e
FWHM of the elaatic pesk Is less tnan .005.

- To determine tha yield of elsotle seatters, data were binned as &
fuanction of <os Hc.m- s which was caleulated from the proton lab angle.
The quantity histograssed for each event was the difference in lab angle
betwean the messured proton angle and the proton angle derdved using
elastic scattering kinewstics and the measured pion angle. This differ-
ence is referred to as Del. Pefore histograsping Del, e cul oh coplanari-v
(| ¢} < .0125) was made in mddition to cuts os fidmeial vetume, prodncticr.
vertex, and the scetter of gparks [rom the fitted ztreight lines. Del is
plolted in Fig. & for H+ aria =i 3.75% Gevfc, integrated ovar gll c.E.
angles; the FWHM of the elastic peak tg £ &éme. jiote in Fig. § that the
ﬁackgraunﬁ iz guite flat nesr +who elastie peak, so (hat background sub-

traction fraom under Lhe peak iz guite straightforward. Del wes plotted

£ -.950) and beckground

for each c.m. angulw Bin {e.p., =375 < cos s,

was estigaved in esch plot Yy 2 linsar interpolsblon fro bins outslde the

elastic psah. The tut on Del Zov the elaslic peek was 220 mr. The background

el e L ]
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gublraction varied from O - 104 at intermedinte angles to 15 - 4O% near
lﬂﬂa, depending on the incident momentum. Flg. 9 shows typical Del plots
at 4.25 GeV/e for -.750 = cosg < ~.T25 and -.975 < cosh 5 -.950.

The differential cross section wes calculsted by

30
Y[ o 1 1 l
. ngn'in:a mxix—- uhf5r¢

whera Y ig the yield of elastie evenls weighted by the reciprocal of the
detection efficiency, w is the net pion flux (for each momentom), Ac ia

Avagadro's number, p is the density of liquid hydrogen = .07 gfee, Z is

the ugsenble target length = 27.6 ¢, and A, ig the &.m. zolid angle.

For most dets bing, An = d {eos8) 4p = (.025) 2. The total correction

to the data from the effects dipouvssed below in Section IV was 17% wiln

s normalization error of *7%.
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™. CORRECTIONS TO THE DATA

A, Efficiency of Counters snd Chambers - L

Each scintillation counter wes constructed of 8 rectangular sheet
of scintillsting plastic which was viewed through e lucite light guide
by B Bingle 65108 photo tube. The effieiggﬁiesy;f the counters were
checked by placing them in the beam in coincidence with the beem tele-
scope BIR2 AH. Effieiencies averaged about 09.9% with none less than '
9%, =

The efficiency of the water filied cerenkov counter for detectingx
relotivistic pione renged from 96 - 92.%%. The efficiency was mapped
on e 2"'grid over the sensitlve ares of the covnter by plering it in the
beam in colncidence with G AN BLBE2, The efficlency wes dotermined by
the ratio CG CW AH B1B2/CG AH BlB2.

; The characteristics'of the gas-Tilled cerenkov counter ere discussed

in section E below,

The performance cf the spark chawbers was studied by axamining the
effects on the data of reconstructing events with informeiion from cne
chamber omitieds Thiz procedure viilized the redundancy of che detecticon
system, Thus, if the wissing chamber Wwas a proton chamker, the beam
and pion trsjectories were determined o3 usual) and the proton irajectory
wae defined by the point of intersection ot the besm ard pion vectors
(the production vertex), and the sparks in the remsining proton chamber,
The zperks in the remaining chamber were filte;eﬂ by making & leest
squﬁ;es it %o the straight line determined by tha spards in thet chawber
end the vertex, which was treated ss s sparlc. BSPurlous sparks were

dizcarded a5 ovtiined above.
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The purpose of reconstructing evenis in the sbove manner was to
cheek for angular hisges sand spark chember inefficiencies. If a chamber

was inefficient or full of spurious sparks the total number of desired

events in & given set of data incre¢ssed vwhen that chember was omitted in
the reconstruction. An exapple of thig behevicur can he seen in Table I
vhere we list th; nunper of ¢lestic events fob Each mode of reconstruction
in angular bina of width A cos En.m. = ,050, These dats are 2 sample of
bad date from 2,85 GeV/c {n- beam}. @ and Q2 ere the inner end outer
proton chambers, pl 1s the lnner plen chember, g2 and 93 axe the outer
pion chambers, The results cbteined by omitting 02 snd p3 rhow a net loss
of eventa becamuse the experinental resolution is muich poorer when only

the 1inner pion or proton chember 18 uwsed in the reconstruciion. Im the
other cages there ig & net rise of 2 -5% overall, and In the case where

Q? is omitted we see a 25% rise in the yield et cos qt'm_=-,8?ﬁ. A scan
of this rilm showed that this behavior was due to a "hot gpot" in Q2
cantered nrar aP,lah =~ 10° where the chamber was breaking down. Film

in which this type of malfunction wes Tound wes discarded, About 20
rolls of TSk et 2,50, 2.65 and 5.12 GeV/c was not used for this reason,
Tha snalyzis shown in Tasble IJ wes performed for sll of the n-p datae

and sbout 15% of the x+ dets, The rémsining data were scarued by hand.

For the uszeble film we estlimete the inefficiences of the spark chambers

to be 2¥2%.

1

B. Attenwation of the Beaw in the Target

The Leam flux recorded by ¢ G AH B1BZ is the flux et Ghe upstrzan

end of the target. In genersl the intensity of the besm as & function

’
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-cosﬂc_n Hone Q1 Q2
525 4 Y 5
575 I 5 b
625 5 7 4
2675 12 11 1h
- T25 23 2h 22
TI5 29 32 37
825 38 39 38
875 65 F5 &6
325 1nl 115 115
965 61 64y 55 55
™ totale 352 366 370
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of the distence x troversed in the targ&t.is
I(x)=1Io e-xfh
shere A i3 the picn mean free psth in hydrogen. A * 310 inchés for the

omentue range of this ewperiment.

To find the sverage intensity in the target it was observed that
;;fl.:{l 50 that

1(x) = Io {;-“fh]

the aversge intensity is therefore _ _ B T -

L X
I, > Io {1-7/2)

= of%. To :

for the 12" liquid hydrogen tearget. Thus 2% wes subtrected frum.thq

'measureﬁ pean Tlux to account for the sttenuation of the besm in the

=

target. _

An sdditional conection of 0.5% wes made for intersctions of beam -

particles in the lest besm counter B2.

C. Nuclesr Intersctions of the Finn) State Feriicles™ )
Esch épark chdmber presentad 006" of A]Ifbil and'.ﬂjﬂ" of mylar

to iﬁcident particles. To correct for nuclear ini&rﬁctiﬂns of the_finﬁl

state particles in the liquid hydrogen, mylsr windows of the target

end sperk chambers, 2.5 + 1% wus aﬁdad to thi yiel& of desired events.

Twe thirdz of thiz loss occured in the liguid hydrogen. | |

. Malt{iple Beam Tracks

A scen of the Film showed that & - 0% of the pictures contalined
more than one beam track. OF the events with multiple beem tracks,
30 % 15% feiled the reconstruction program ov could not ﬁass the cut on

sigint. O7T the }ecanstfucted events, 0% or wore had Cthe wrong

Fl
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;egm track. Becanse of the loose cuts on coplaneritiy and Del however, -
e estimated that only 10 - 20% of these events were lost {4the besn diverg-
nee vag 15 mr in the vertieal direction . + - pnd T
{n the horizontal Girection}.
Ap overell correction of 3 4 24 wag mede for loss of avents with
ultiple beam tracke.

®, Lepton Content of the Baam -

The rion content of the bsam was measured directly in this experiment
by studying the beam attenustion in lesd, Iead bricks were placed in the
bezm between the counters Bl end B2 (see Fig. £2). The plon flux defined
by the coipcidence (G AE BlP2 wes observed Bs s function of the thickness
of leed. {The pion flux was normalized to fhe counter telescope BTZ,
vhich monitored $he flux at the prodaction terget). The results are shown
in F.g.,1% where we plot the normelized flux es & functlion of the thickness
(t) tn inches of the lesd in the besy for aeversl s+ and =~ momenta. The
stetisticeal errors are smaller then the symbols used %o plot the dats.

21 lhe low moments the date lie on e straight live out to +t = 4 to &";
at Ligher rmomants & straight line cen be drewn tircugh all the date at
each momentum,

To determine the muon content af the hesm from the resnlts shown in
¥lg. 10 we used the fact thet the munn nean free peth in lead is much '
larper then the values of £ used in <his study: QE / & = 12 MaV/cm
for m;ons in lead. B3ince the plons irterset sirongly however, their
mean [ree path is much shorter than the muops, Themeasured plon mean free .

path lﬂ is indiceted st ecach momenbtum in Fig.1Q. For compsrison the

natursl collisior length for pions in Jead 'is
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L = ﬂfwﬂatu-ral = 5*5
where A is the atomic number of lead, K is Avagadro's number, and
2 ) 5 423

*
4

Onatural = " { ﬁfm“c

Using the spproximstion that Ap = ® the beam intensity is given by
I{t,f}=1ﬂ+1u=( 1-r) g exp( -t/ _)+TTo
where I is the ratic of mon 5 Lo pions in the beam, and Io is the
intensity &t £ = 0", The results obteined for f were thaet
= 1.0+ 0%
at 2.28 and 2.38 GeV/e and O £ 0.5% &t the higher moments.

The electron content of the beam wez estimeted from the pressure
curve ghown in Fig, 11 for the beam Carenkov counter. The plon threshold
at 3,00 GeV/e i ~ 17 paie as indicated in the figure. Below tie pion
threshold the background st this momentum was ebout 5 - B8, This back-
ground wes presumed to be lergely very fest electrons since the threshold
for mue&s was 5,5 psie et this momentum. Knock-on electrong (6 reys S
contribute less than .5% of this background.

The overall efficiency Tfor the counter was alse estimated from thu-
curve, The ratic ¢F AR P1BZ / AH B1B2 was 97 st pressures above 35 psie,
From & besm survey (of hedrons) performed at Argonne, keons were found
to constitute ~2% the negative beam at this monentwic The kaon threstoid
is 210 Psia at 3.00 0e¥/c so none were detected at 35 psim, If the kacrs
are subtracted from the signsl AH B182 then the afficiency of the cowier
was shout 954,

F.. Empty Targel Background
Empty target date were <gken at several momenta. The trigger rats

as a frection of the full target rate veried from 15.5%at 2.38 GeV/c 4o -
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2P.5% al 4.25 GeV/e, With the terget emptied, the yield of good {elastie)
events, determined by anelyzing the dste ez though the target were fufi,
was 0.6+ 0,4% of the full targel.yield. About 0.1% of this yleld was
ettrivuted to intersctions with the hydrogen vepor which remeined intihe )
target efter it was emptlied, The remaining events were resumably due to

interections in the eide of the target vessel and supports. The correction

mede to the date for thie effect was to subtract 0.5 ¢ 0,43 from the yield

of good events.

G. Experimental Resolution

From Fig., 5 above the scatier of the sparks slong the fitied particle
trajectories averaged 1.2 mm per gpark in resl space. This eversge
devigtion erose from seversal acuraes:

(2} Crudl measures the location of the edges of each spark, The
error in determining the locallon of the center of & spark, which wes
typically messured by CRUDT to be 2.5 min wide in real space, was #stimaled
to be 0.8 mn, This uncerteinty Inciuded the resolving power of the film
{ ~ 0,5mm, vhen megnified into reel spece), the error in ihe CRUDI calibra-
tion (1-2 least counte or 0,2 - O 4mm in real space) end the repeatability
of the CRUDI measuremwents ( 1-2 least counts).

(b} Multiple Coulowb sestiering of the proton in the sluminum foil
snd myler covers of the spark chembers wes sbout .06 - ,12mr (per gep);
for the pion the aversge deflection per gep was sbout 0.2 - 0.7mr,
depending on the incident momantum :nd the plon lab angle.

) {c) Sparks slong & perticle trajectory inclined st esngles > SGﬂ
with respect to the perpenvicular to the spark chambers tend %o fellow
the electric field rathers than the trajectory. The error due to thisz

shaggering effect was eatimated to be comperable to the eperk widths

{ r~ 0, 5w Lo L. Cywn }-

les mussm Skl = L WIS e ST UL YL, AT T T D omd
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The net effect of the processes listed sbove wes to introduce an
error in the lseation of each aspark which was ~4 . 1lmm for the proton
chambers, ~1.1 - 1.6mm for the pion chambers, snd ~lmm for the beam
chembers, Other [ small )} errors were ignored in 4these estimatea: the
werping of the sperk chamber frames { ~ 0.1 mm }, teper of the spark chember
fremes { ~ 0.2 mm), and the errors 1n surveying the Fiducials relative
to the spark chambers { % 0.13 ma ).

In caleulating the total mean deflecticn of the pion and proton in
the leb, we have included the ebove effects (a} - (¢}, the muliiple Coulomb
gcatiering of the particles in air, and the mmltiple Coulomh scatiering
of" the partlcles in th= hydrogen terget. Fromeultiple scettering in air
the projected meen deflection of the proton was ¢.2 - Ok nr, for the
pion n.ﬁ ~ 1.6 mr. From zcattering in ithe target, the mesn proton daflec-

tion was G4 « 0.8 wr and the meen pion deflacticn wes 0.8 = 2,2 my*, The

oo Sl BT e T AR T T e DR GO TR R TR AT g o A

net deflection in terms of laboratory angias was therefore 2.0 - 2.0 mr

for the protons and 3.9 « 5.6 mr for the pions, depending on the incident

s L ]

momentum end the engle st which the messucements were made. The error
in these eeleulations is about 10 - 15%.

In definining the sxperimentsl resoluiion we used tﬂe quantity Del,
vhich iz equel to the differance in lab aungle botween the mesasured
proton angle and the preton angle derived from the messured pion angle
essuming eleastic scattering kinematics. Vhen Pel is plotted for the deka
of v given momeatum one obtaias & signal with s Geusslan-like distribution,
centered on zero. We have defingd the FWM of this distribution to be

the experimentsl resclution . The experiaental resolutlon in mill iredians

SerWA nptH L AL e Tepdeldee P ¥ eyt Rl

is plotted in Fig. 12 es a Nunction of rioa ¢.m, angle, 8 e.m,, for datem
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at 4.00 Ge‘l.r'/e. Yhe eyperimental resolution is quite congtant as & function

of 8y m.-
We define the celeulsted experiment resolutimto be Y
gin 6 2] M2
a EE + ( A B ﬂilab g )
P * gin © P
P, ls&b )

where &4 §_ and 4 Bﬂ are the mean mngular deflections in the lab of the

proton end plon, J  is defined by
* d (cos € )
7 = e, m
x  |d {cos Bn_’ la'b} -
and (cos © }

Fycm
Jg =i {cos E’ﬁp, la.b}

At %.00 Ge¥/e In/Ip is typicslly 0.01 - 0.10, fo thet the pion deflection
contributes little to Ethe oversll experimental resolution. Under this
assumption, the calculsted resclution bwecomss twice the mean angular
defioction of the proton or ~4% - L Smr, independent of angle, which i3
in gorod agreement with the results showm in Fig. 12

E. Logs of Events Tfrom Pion Decay

. The minimm leboratory womentum for elasticslly scstitered pions
wireh could be detected by the experimentel leyout (Fig., 2) was LOO Mev/c
= 176°. QF these LOooMeV/c pions, W, 1% decay batween the tfarget

Nearly 1008 of theze deceys are topv,

8
at .o,

end the cuter plon chaunber.

The moximum cpening sngle of the muon is 5,60 in ihe leb for this plon

momentum. Thus for e pion decaying near ths farget, the mezsured "plon"

ragle was deflected by st most 52 11 the 1sb. This meximum deflection,
vhen transformed intc the prolon lsb angle yisids 4 ﬁp o G.Bu. Since

the cuts on coplanarity and Del were 100s2 s loss of events due to pion

ABcay Was ¢ o 1%
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. RESULTS d

Miferential cross sechtions from this experiment for backiard
alnstic vlon scatbering of protons are yresented in Table IIT for 15
incident x’ momenta and in Table IV for % inzident ® momente. Tata
narked with an mgterisk (#) indicete where ihe biekground subtraction
wvaz 2 10% of the net signal. ‘he guoted erro.s are stetisticsl and

were computed by

g /dn _ _
A‘Eéﬂ:-,fs Y 28/3

vhers ,n.,dcrfd,n ig the statistical errcr, 5 i tie net sipgnal and B the
beckground. Results for &r/du as a functio of u from this experiment
and other experiments in this momentun rang: &re plottel “or sr+p - pn+
in Pig. 13. v iz the equare of the four mumenyum tranyfe: between the
incoming pion and culgoing proton. Data ave presented from the CERN-
Sacley cﬁll&hﬂr&tiﬂnzl, the HHL-Bochester cell‘l.hnre,t.innl, the University
of Pﬁ.chigng and Brabson, E‘E__&_l-za Data frow this ex;er:ment are
presented by solid cvircles. Note thac the ordinate In Mg. 13 is linear,

At romenta = 2.75 GeV¥/c the #'p distribuiions are remarkably similer,
being characteorized by a ateep, neyrow becloard peak, « d'p &b w = - 17
{Gev;’c)E and 8 broad maximm centered around 1 = «.6 [fﬂvfc]z. This
game structore pargists in anpular distribuiions falen at momenia ag
high ag ]:3 Gelf,!'c.z The backwmrd peak dissppearsz st 2.08 uveV/e (Rel. i,
for example). Tae pronoineed dip 8t u = .17 #1so dizaprenrs at this

momentum. Fig- 14, where we plor do/du {u = canst.} we,

" +hﬂ ﬂﬂ'l't&""
raa p  mei g ealad

¢
£
Fy

the total o.m. energy Eﬂ - for ¢ from 1-1h Gar® ; Bhows the behavicr of

Loni oy et o L)l e M T L el bR e BT o SR e LLi AT LITY T TR e R T e BT TR TR v IR ETONF T e L TN T
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the ﬂ+P - pﬂ+ crogs zecticn as we pass through the varicusa rescmanceiin
the T = 3/2 amplitude. The date is from this experiment and Refs, 1 and
2. Hote the large bump cernlered on the p {2420) st 5 = 6 Gavz. A%
E =B ﬁe?e {Ec.m. =~ 2.8 ¢e¥) the cross secticona alsc show & hint of
struciure, r

Resulta for n p backward elastic scatiering sre shown in Fig. 15:
where dofdn vs. cos 8, p, 18 plobted. (The s0lid curve in the Figure
15 @ caloulation which is described below.) Results from several other

1, 21-2, 245

investigetions are also shown. 'The agreesment among *he

variocus experiments 1e generally good, mlthough ocur resulte at 2.50 GeV/c

near cos 8, w ~.9 disagree with thoge at 2,85 GeV/c from CRin-Saclay.

'Pmi

Ve meamirad ﬁ’p eroaa gectiong from 2.38 to 3.00 Gevfc any in thie
gmall momentun 1ntervnl—-EE'm‘ increager from 2,318 to 2,557 McY. -thare
grs gtriking changes in the structure of the angular distributions. From
Py, = - to 7.5 GeV/e the angular dietributicnz show a minimu nenr

Qo8 B¢ 1t = _.7, rise stesply to a mawxinum near cos Bc o = -2 1then

turn over sharply at 180°. At 2.65 GeV¥/e the anguler distribuviio: is
nesrly flat near 180° and at higher momeniam there iz steep narrow pek
at 180° end & minixvm is seen at cos § > -.92. The shallow mindrum &t

S . 23 _—
cos 8, .7 persists up through py = 5 Ge¥/ e, The minimid

indicated at cos Pe.m = .92, on the other hond, is not seen at algher

4

mﬂmanta.a 7 p data are rather gparse in this angular region between 3

andféiﬁevfc, however.

In Fig. 16 we plot ﬂcfdu v8. U for = p elastic anguler distributions

for motenta from 2.38 1o 3.55 GeV/e. The experiments included in this

compiletion have slvesdy been cited. The quaniity i indicated oy the




.
e

PR S Y SR |
Py WWMWWMWW

iRy opeeieta s e Sl —

s\,
,}; [ LN LI B

/

rov e 1 T Voo den T
. eV'c
80i— 208 GeVic LEGEND
© THIS EXPERIMENT
. 2 X BNL- ROCHESTER
goL b= mO-3tGevic) 60—0 IICHIGAN-(KORMANYOS, el al) | —
A MICHIGAN={&NTHONY, ef af )
7 1OWA ST - BINHESOTA
40k-- 40P~} CERN-SACLAY ]
20— 2[-'"{*%
f—t— P | ¥ ¥ i 1 | t
BO— 218 GeV/o 2.65 GeVie
. |
te _
S0— I o
&
40— % 40— —
ux -0 (Gevre)
20— rad m
¥ I —!r
g 'h}?‘ 1 [0) : |
o 1 F— | p——
Teo—- 2.78 GeV/ic "leol— 2.80 GeVic B
ST i
o i L
_ T"i 40—
40
- u=-06 IIGaWt:lz—--l
“T b & Gl
ED_ T - 7 7
}T‘ ] i’ ((f," "\P\%’E
i ?W&D/ﬁ OV |
— 5t ——t— P
2 28 GeV/c 3.00 GeVic
- -
I
GO - .]
uz -0 1BV ‘I
40t

20—

u=-0 8 [Gawic)®

e r— e m—— T TS =t
" D ek it

L3 - - - ™ . ) -

e ey




& 60 .
3 ! K I N D R B D Y
. 3 ¢ THIS EXPERIMENT 238 Geve T - B

BO s sugHIGAR (COFFIN, 21 al}
B MICHIGAN [KORY HANCS, ol oI} '}{
401 ¥ 10Y74 ST.- MNMHESOTA _3;&%)1
| % BNL-ROCHESTER
¢ CERN - SACLAY {

20 {

'.;§:.i, s :a|5u le.rcl I} i %ﬁ?"%

Tow T ﬁ
#ﬁﬁj

20— {'f 1= {Gevie
10— ’ II ?_
. I IJ[ | l% I {ﬁg{

2.65 ?Fw: _ f}{

q

—

.Wlilllptll_ﬂ

.
. T
'li-'-‘. “
' -
: @o
s 3
* = 4{GeVre)
4 i =3 [Gavrc)? . {oevre
4 40— | {. 280 Eavre 'I' Fr
3 .
"B
i =

E

b
=]
-
——
]
‘—C‘ﬂq_.

é - h '_“'L'[G ulf.;}z i L Li=-—4|ffieh";'!;}2 I-E?
. ¥ o 40 ]
| | f 'ri’%fi it fiiﬁf}ﬁ .
‘ji‘f IS S |_H| §

e A GV )E

3,50 Gevrg fll’ —

" ~5lew:Jl" . i % 7

?rnw-—n-mﬂw R S L P e K i PN PR AT
- T . .
; ’ .
: N i
; 1 . .
N .
H ' E '
A
: H
) i L :
; : - - AW
] 1 ! T
r : ;:-. '
! P-  —
'
— i —y
e e
o [ 1
[ SN v ST

=
1
\

| — T AR, r————

— e 1 11 TR S R




b

el PP = TR R I gl Ay e Tt e to.

e —— A iy e s ——— —_ — —

V-3

arrows in Fig. 16 is the square of the four-moméntim transfer betwesn
' the incoming end sutgolng pions. ' o ' R

Regults from this experiment were p:.blisha& in stie.al Reﬁw :

.Letterqzs and the Fhysical Emaw.l?'
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yY. THEORY

A coﬁsi&emble amount of pion-misleocn pcattering dete hes now DEEn

a.ccmul&taﬂ.m and & large muber of medels wnich attespt 1o explain this

data heve been propoged.

n to two models which are reasonebly successful in describlng elastie

ot intermediate momenta {from two

tio
geattering in the paclwerd henisphere

to five Gev/c). Before discussing thege models, a fev general remarks

oI nng*l;at.inn and econetruction of smplitudes A'e in order.

The amplitude for pion-rucleon goattering mey be written

ﬂ.I - fI {cos B) + o-n &g {cod ©, o)

-

where I denotes the 1soapin, ¢ is the c.1b. scabtering angle betweln the

{neoming and cutgelng pions, o 18 the azimthal angle, o is the Pl

gpin matrixz, and 1 1a the norasl to the reaction plens
- Eﬁ. x .I-EI

"TTh * ke

where '15_1 and Ef gre the initlel end final plon C.m. momentun veohors.

The suplitudes ¥ prl g above &I definnd to b
Thuaa, am=0farfa:ﬂbm=ﬂ.fnr

e the opin non-fiip and

gpin flip explitudes regpectively:

where M is the eonponent of the proton spln parallel to the besn.

£
synot e transiersed -

g mpt vanish &t 180° ginee snguler amentum &

patwesn the incoming pion and proten in a hesd-on collison. ¥ and g

oan be written in terms of apherlcal herranie fuanetlons &%

28, 23 In this paper we have contined our etten-
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vhere B is the orbital amglar mowentum belween the pion apd proton.
e differential cross section is given by

wfa-tePle B

Since Yi ~ P and Yil

. ~ % gin @ dPﬂfd{cos @), T end g way also be written

T = E F = hrsinﬁ= gin 9
Be Tu* & T &'

]
vhere P; = [dfd (eos &)] P We then have ,

&fdn=| 12 + gin® o | E’IE.

In termg of the igotopic spin ammlitvdes, we have

and

AX-P = lfﬁ{aﬂlf‘g + AB."IE]

for :rt*p pnd 7 p scattesing. The differentinl cross sections ere tFere-

fore

2 2 L
{a;;a‘n)ﬂ-l-p = | a/n |© + sin" 9 | g3/p i

{a:/an)ﬂ.P = 1/3(21'“,2 + f3f2) }2 + 5in° © | 1{3{2g;_f2 + g;fz} }E.

T T TN MRS et e Y M b A, emy




proten
The polarieaticn of the autgoing phes 18

P = 2 In f*g/dg/dq

A, Rezpelized Baryon Exchenge

In the conbext.of the Regge language, the baclwerd glantic zeattsriug
of pion off proten 1a agsumed to proceed vis the virtuel exchange of &
Reggeized baryon belween the intldent pion and prntnn.so The simplest
Feynmann dlegran Tor this process {e showm in Fig. 3T.

Mhe fermion Kegge amplitude for a gingzle Regge pole can be written
jn terms of a single u-channel smplitude fl{ﬁ,s). The s-channel foiw
of the mmplitvde is glven by croasing symuetyy:

Eﬂ- + o~ . rl {ﬁ.ﬁs)
£ (/Fu) = S| VB -/E + 24) E, +H *

(/i + /8 - 2) fli; ﬁ:)]

2 2
us+}fq-u _u+ldz-m -
where EE = -+—§7=—~$ and Eu = ——_m are the muelaon o.:. eneryf. s
in the s channel and u channel respectively, M is the nucleon mesg, Ang

m is the mess of the plon. The #pin non-flip and splo fiip awplituhes

are written

f=1 {(/8,u) -~ cog 0 £, (- JE,a}

g = -1y (- fE5u)-

o - - — e EmE T T P e
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The complete expression for the amplitude fl{ﬁ,s} degexlbing the

wchange of & single fermlon Regge pole, iz guite ¢mnpli¢ated31, Tt

for uwodersie valies of s the pplitude can be yrltten (follewing Berger

and Fox }11

E + M L v
f»1'{""“’:1*‘_!' )= u:?ﬁ ""{ﬁ} Eri& :i}gi cog wX {bﬂawlﬂ' )

y{/a) is the modified residue function. o(/G) L= the trajectory and is

defined such ihat Re a{/A) = Jpee at the mess of & known resORAnce

Ji = B+ For the known trajectories, Re af/8) = ag + b gives & good

aecount of the gependence of J on Maforu - 03 for u < O (J.e.; ®p

elagtic scattering) 1i is semmed that the esme dependence holds. al fT)

iz teken to be reel antlytic for u < 0.30' 3 The factor 1,1'.:.-33 8]

tlowe up for O = en ; 1, ne0, }, . . Dub 1/r{a +1/2) bas zeroes

= .n so that £(/i,s)} remains well behaved at thene points.

at o +1/2 =
< J-1/2
r, the signature of the trajectory, is glven by 71 = {-} vhere

T = Jgog FOUT positive and O = -11/2,1, goes to zerc. This zevo '8

called s wrong signsture nonsense Zero.

13

For the modifled regidue function, Bergér and Fox  huve used *ne

general fori

(D naB+hRu1f'2 +cnu+d3u3!2

In fite perforned bty Bavger Rnd ﬂline33, the pa.rametrizafaton WS

i/E) =B+ aul’faz {lfsn}u - 3/2

where B and & are copetants.
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VI-5
;; The isospin structure of the »np scattering emplitude in the' w _
¥ ' o
‘%ﬁ‘ A =1/3(a3/2 42 A2y
i ' '
EI.. .
Ay =
H

Acénrding to the Hegge lwpotheaissa 21} strongly interacting

particles 1ie on Regge trajectorles., If we mpprosch the I = 3/2 bapyon .
. tables of the Pariiele Data i.'i:l:-t:-uyr31l in thie =pirit, we ean hypothesize

, the existence of up many es five or six fmogpin = 3/2 trajectories.

The lowest maga states with gpin J should have recurrences vith gpin
J +2, J +Y, ete. t higher maesmes. Unfortunately, the experimentel
raet 1s that recurrences have been seen orly for the famous py Which

hea remu'reneéa &t MH = 1950, 2_h20, and posaidly 2850 and 3230 MeV. A

. gtraight line £it (by linear regression) to ti‘:e #pine ard masees ﬁf the

by recurrences yields
Re O [ﬁ} = Re @ {u.;' = 1-125 + 195 s

For the I = 1/2 baryons, there sre two possible trajeciories, the
My and the My. The WX has as its loweat-lying .stat.e the micleon, and

its tivst recurrence would be the N{1688) 5}'E+.' Tor thie trajectory
Re & {u) = ~.38 + 1.0 u.

The Ny iz not such a well-eatablished Regge t:pajeetéry; theve 1s pome

uncersainty az to whather lts lowest mans stste should be (i) the R( 520)
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3/2” with recurrences et 2190, 2650 and 3030 MeV or (i1) whether 1t
ghould have the N{1755) 3/2 as the lowest state with & kpown recurrence
at 2190 MeV. The known N(2650) and N{3030} resonances in the latter
case would be assigned as recurrences of the N(1670) 5/2° rescnance

(see Ref. 35). It should be noted that the W(1755) 3/2 is not a well-
H For the two cases above, we have

eateblished resonance, however.
Re @ (u) = -.6 + .87 u (1)
= -2.1 % 1.17 u (11)-

The trejectory given by case {1} is the more favored solutdon. In

_elther cage, the N would be the highest-lyinz mucleon trejoctory.
Chew-Frautschi plots for the a&, x, and Wy trajecticries are

shown in Fig. 8.
For Jl+p backward elestic scattering, it 1e predicted et the

angular disztribvutions on domdnated by the By > W end porsitly the ¥

trajectories end the. zhe ¥ p scattering should be given by the By

trajectory. 3 1L» 33

The nmost direct way to declde which trajectories ere <xchange: 1

beckvard mp elestic seatterinz is to determine & (u) from the data. %he

differentinl corozs gection for fermion Regge exchange cen be approxvivsbed

by the model independent form

dsfdu = ¥ (u} R

ms it the date with thie simple expression, we write

¢n do/@n = gn F (u) + {22 5.2) o s

o rPanr-
-m
e b LR e b y Loa s o Y Tl T T Ty
a £ -n-m
> Y —— e —
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Ay, N,, AND N TRAJECTORIES

N {ﬁ == 38 +E OU) ":_:-;:',__
Hyla=.125+.90u) -
Ayf24200122 / N, {3030%
N {2650)?
%{u%ow;z]
—&3(123613/’2 / RN (2190)7/2
N (16881572 T
N (1518)3/2° N, (@=-0.6+.87u)
@383#’2
i | |
2 4 6 8
HF& ”ﬂ,nj }
Pig. 13.
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and then plot gn dﬁ/ﬁu Bt fixed u versus jn § 10 determine @ at varicux
values of u. log &s/du at fixed u ve. log £ is shewm in Fig. 19 for )
02uz -1.0 (Ge¥/e)°. The date are from this experiment and Refs, 2

and 21. A plot of A, pp Versua u ie shown in Fig. 20 vhere we use x+p

kit
dsta from thir experiment for which 5.25 2 P, , 2 3.25 GeV/e. For
eccmperigon @ (u} iz deawn in Fig. 20 for the Ags T, and Ty trejectories.
The effective trajectory, axeept veosplbly in the neighborhood of u= -2
(Ge¥/<)®, is in good sgreement with the MY trejeclory. The emplitude
for N exchenge is zero for @ = - 1/2, a value atteined for the R aex
u=~-,1. This zero means that the B amplitude should be domdnent nozr
u == =.1, which is the behavior coserved in Fig. 20. The conclusion to
‘be ?iru.wn from this analysie is that the effec'j:.im frajectory for ‘.H.'-}p
backward elastic gcattering 1s conslmtent with the u channel exchenge

of the N and A, trajectories at least for | u | = 1.0 (Gev/c) ard

b
5.25 =2 Pla.h r 3.25 G-EV;"c. Cver thie range of angles and Tomenta fler
appeArs (o be no need to Include Regge cutsas in the piplitude. These
would lead to &2 less steen effective Lrulectory. For & plot of aefi‘
vergug © for forumrd and intermediste engles for both n'p and 1 p
seattearing, soe Refs. 23 and 37.

We have caleulated the angulsy distribtudions and polarizgzatiop for

v ﬂ+p baclsard elastic seabterdng ueing ﬁ& ol I ﬂcnhange.as The pars-

metization employed was thot of Berper ard It‘oxu who obhtained for the

By

aﬂ = 0.09 + 0.9

v, = {aﬂ - 1/2) [35.2 +56.0u + (/T - M) {20.k + 35.8 v)]
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and for the 0x

@ = -0.3% +0.88 v
vy = (104 - 188 u) + (i - M} (293 + 106 u).

The factor (@ - 1/2) in the I = 3/2 amplitnde leads to a zero in the
scattering anplitude at u = + b5 (G&Vfc]2= an unphysieal value of u
Tor fp elsatic zcatleripg. Resuits frow this calculstion sre ghown by
the dashed curves in Figs. 13 and 2%, f%ae polarization data are fram
Booth gﬁ_ﬂé,ag The agreement wilth the cross secticn data is quite good
for P » 2.75 Ge¥/c. The model alsc agrees well with the polarization

dats (Fig. 21), except near cos 0 >~ -.0 2t the higher momenia. The

pintdmam in the differenllal cross sectionz st u ™ -£.15 {Gﬂ";"c}z wag

obtained in this model by the nnsense tern in the N asplitude at

@ = - x/2.

B Berger and Foxll hawe ralculated the effective trajectory for mp
deta avallable as of Juns, 1854, The resulis are not compatible with
aﬁ piven above. The dizcrepancy wes etiributed. in part, to normnlize-
ion errord snonz the vecious swgperinmernts uwsed in the calcwlation. The

cbserved structure ia the ® p dats (Fig. 15) below three Ge¥/c is, in

any case, not obtained ty Regge pole celeulations using the exchange of

a single (ﬁE] trajectcry.hﬂ
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B. TDHrect Chanrel Resohences

It haz been prapc:sﬂdlg that the 'ﬂp backward angular distributions,
for moderates values of =z, arise from 2 sum of direct channel resonances,
The direct channel resonance model {DCRM) assumes that all resonances in
the mo system lie on Regge trajeclories of uniform slope. In order to fit
the dote with the DCEM it iz necesaery to posiulate & large number of resc-
na~ies as Regge recurrences of Wnown resonances, The vidths and elasticities
of the recurrences are generated from -

reT) +a (M)
and

X = X, exp [-b (ME-:MEI}'] {Solution I)

where r_l, ]-:1, and Ml are the width, elasticity, and macs of the lowest lying
gtatr on Lhe trajectory and I' and X are the width and elasticity of &
recurrenrce of mass . a and b are adjusiahle param~iers. Tor tha ‘"'.5 trajero-
tory &2 = .10 and b = .54 describe the widihs and elastipities of the recurrerces
fairly well.

crittender et 81¥dised the DCRM to it backiare different cross
geelinas for 1'r+p - pn+ in the anzular rang~ 120° < A m. % 1A0% for lab
momerte from 2.17% to 5.0 GeV/e. Tive trajcetories, which had ag lowegt-mass
states the ,

» (3236) 3727, 5 (1300) 1727, 4 (2670) 3/27, A (1600} 3727,
end

a (1930) 1/2°
rosorances, were emgloyed, with a totsd < right paceneters {1isted under

it #1 in Tehles ¥ and VI reguired $o creaie She wiaths and elaslicities
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¥ of Beveral Fits mads iz the
Direct Chanael Rescnance lodel
1 2 3 L
(Ref. 1z}  (Tuis Work) {Tris Hork) (Ref. 13)
=+ + + -

P P TP TP
£.18-5.00 2.33-5.00 2.36-5.00 2.08-2.00 Gev/e
120-130° 120-280° 120-162° 120 350°

210 17k T4 108

Hoae 1-:+p s1+p Houe

- 2.5-3.75 2.5-3.75 GeV/c me

—— 135-100° 135-283° L .

- 66 66 -

8 i1 _ 1 1

720 2,440 2,TED 310
Te ncaced Darmed 2.7, ) CTaeded BUW. J
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mARTE Vi, X = 3/2 Rescasn e Paramclers
. owectoty  WMOEY & p () g 2 b Fit {8ec
; Tabls ¥ )
——
P 1,235 3/2° 120 1.00 A .Sk - 1
; 120 1.00 16 .50 2
20 1.00 L3 B = .025, v = .37 3
' 20 1.00 .18 .50 N Ut
" -
B 1,905 172 300 25 2.k e 1
1,510 300 .25 .15 .5 2
X 1,910 300 .25 12 o= .C25, vy = .37 3
1,905 300 L15% A0 .5 L
. - .
oot 1,800 5/ s -—- —— - 1
EI Twr
. 1,890 290 17 17 - .5 z
J -
»ES0 .250 17 16 B = .05, v = .37 o
: .
; 1,800 .250 0 13 .5 H
i b 1,630 /2" .150 25 L GRY Qo ]
1,650 150 27 L .5 2
1,650 A6 2T 17 B x J025, y = .37 3
: 1,530 150 25 1° 0.7 L
|. ] — [ —— - - - -
Ly 1,870 3/2 L2235 15 ot Nl 1
E : ) 225 .13 e .5 2
i ooe, 13 e B = .029, v = .37 3
1 Vol Used in Dii st
tL 1 ” fom - - B
e 1,542 5/2 27 .10 S .21 T
3 Mol Msad 40 viLe "2, 3, !
i RER RN Capyf, @R
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Wi aemo theers ahore. 5-:*-" e Goext TiRH, T omm oy Dee lale Freit the Meegdien Ces;
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.of the recorrennes of these gtates., The agréemﬂnt of the model with thp"

data 15 quite good, egpeeielly for momente abové 2. 23 Gevfb the DCRH wag’
quite EUEEEEEful.&t obtalnlng the dip in eress section at U o~ - {Ge?fc
seen at moments above 2,38 GeV/e. )

Tt should be pointed out that, in Epite of the suceess of the cross
SEctinn fits, the ampl1tudea obteined in Ref. 12 do not 51Ve i very goad
account of the palurizatinn at bnckward angles. In addition, the widths
obtaineﬁ for some of the Qu reburrencea.are lgrger than the masses of the
reson&nces. | |
i Hnré recéntlr we have made fits tﬁ the ﬂ+r data using a version of
ﬁhé DCRM which requires only one free parameter. We add thé angular o
distribvuticns from resonances on five trajectariea'as before, tut fgr the

A {16§u} 3/2" wo substitute a trajectory based on the 4 (1890) 5/2% (e

4 {1590) 5!?1'15 considered by the Particle Data GrmlpaIL to be 6 much betbter

eatabllshed resonance then the g (1690} 3}2 .} The elasticities of the
recurrences are now assumed to drop more rapidly with 8. ~.

T K= X, exp {75 f:"ig""12:'E -V (”27”12}} -fﬂﬁlutionlII)
wﬁere the parameterz B and v were fixed by fitting the elaszticities af the
ﬁﬁ recurrences. In Fig. 22 we plot the elastiecities of the && reclUrrences
as a function of' s. -Solution I in the Figure is the parametrization used
in ﬁefs} 12 and 13. Assuming 108 uncertainties in the elasticitlies of the
s (1950), & (P42, a (2A50) aud 4 (3230), the fitted value of b for Sol. I

5 .
is .5?_&#? = 33); for solutien IT we get _ : ,

B =L0., v ='2.?
with'#?'= 5. Thece same constants are used to predict the elasticities of
the other four trajectories used in the m&de;. The widtha of the resﬁnanc&s

are gerersted by
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Frer +oa{d-u)

, re & is agsumed to be the same constant (8 = 0,16} for all the trajectories

o 4 is determined from & fit to the widths of the 56 recurrences. The

rogonance apmiitude employed iz a non=reletivistic Breit-Wigner with expo-
-ertizlly deamped trils:
& = v/2 {(z-4} + 1 (r/2)}
(E-4)° + v/

exp {-h (daep) (E_f;?}

vhere demp is & Iree parameter in the model--the conly free perameler is this
version of the DUEM. We have used this model to fit 66 n polarization data
from 2.50 GeV/e to 3.75 GeV/c from Ref, 39 sud 17h n'p » pr' data frea this
experiment at lab momenta from 2.38 to 5.00 GeV/e, The Y? for the fiL te
thesa 250 datm was 2725 for Sclution II, the 1? Tor the polarizatior érte
alose woeg 554, The results obteined for this solution, indiecated by thLe
golid curves in Figa. 13 and ?1l, are quite encouraging. At &1l momeatr thae
slmplr model predicts Lre backwaryd peaking of Lhe angular distributicns and
the minimum at v . .2 (Gevfb}?. The model is in good agreement with toee
polarization date st romenta up to 3.25 GeV/e, and for cross gection deta
between 2.75 mnd 4.5 Gev/e. The predicted differential erosg section je
low i 5.0 Ge¥/e and too bumpy at 2.75 GeV/e and below,

The demping factor obrteined for this 1it iz damp = 038 =o thet at
srergies one full width 1 away from the resgonance energy ithe damping amounts

to 14%°
Solution I for the elasticities also gives good quelitative agreement

vith the dsta, For this case, damp = .031.

A complete lis.ing of the resonsnce parameters and a compariron of

the parametrization uwsed in Lhis work are in Tebles V and VI, The Fits
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uging Sels, T and II are referred to in the tables az Pits: 2 mnd 3.

The BCRM of Ref, 12 haz been extended to eover the case of wp back-
ward elastie scatterinngbr a limited renpge of mumEnta.13 Rerponences from
four I = 3/2 and nine T = 1/2 Regge trajectories were used in fitting data
from 2,08 to 3.0 Ge¥/fe in the angulmr renge 120° S m, S 180%, with the
results showm by the selid curves in Fig. 19, The parameters uged are
1isted under fit A in Tables ¥V, VI and VIT. & was taken toc be the same
{a = 0.18 in this fit} for all trajectories. The slopes of the trajestories
were taken te be the same a3z the By except for the H?' which was assigned the
N{2190)7/2 a8 its first recurrence. The other recurrences of the HvF'HﬂrE
found using the Ay glope. We found it possible to use b = .5 for seveom of
the 13 trajectories in the fit. For the other trajectories b was variwzd
between 0.2 <1 < 10. Th2 upper limlt on b ylelds elasticities < 1n'E,
hence a trejectory with b thiz large has essenllally no mesningful recur.-ences.

b = 10 was attained for the AP and N5 trajectories. To improve the aprezment

of the model with the date, 1"1 and X were edjusted for the several resonancey

1
marked with an msterisk un the Tables. A good Fit (with 12 larger by about
100 1hen ithat shown in Fig. 15) could be made to The data witlout chenging
r and Il for any resonances, If' two new trajectories bascd on the W (1900)
?/?+ and ¥ {2030) 3/2  rescnances &'e added one obtaing = y? smelle: by
124 than that in the fit described in Ref. 15. {135 date were used in the
fit, with 12 = 510 for the fit shown here.) The eurve shown in Fig. 15 for
data al angles « 120° was an extrapolation from the fit; the DCEM gives -
good account of the dalz sut to sround 20%. In fittipg the nfp date B
standard non-relativiasis¢ Breit-Wigner n.n_rplitude

A =t} (r/2)s Th

i - — - P A EERETRE Frm Thwe - ST E Ay - %y ——n TETEap T A e, Tpr S prE T —— T = - - -
e wch e o wpErrhea - i
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Table VII. Values of the I = é resonance parameters ugsed in fisting

backward ﬂ.p elastic secatterlng from 2.1 to 3 Ge?}h with direct channel re-

SONANGCES.

the trajecteries used in the Tit.

meters. )

The T = % regonances listed hare are the lowest mass states for

{See text for definition of these para-

fGuantities marked with an asterisk were adjusted in the fit. The

values ln parentheses are from the 1959 Particle Data Group tables (Ref. 3 ).

N’ Th70
R, 1518
Hﬂ 1550
Hp; 1680
L 16688
fign 1710
H_. 1755
L 1705
Ng - 1660

WI—p-r.-.-u_..,',.,..._ ¥ o e

1/t

3/e
1/2
5/2"
5/2
Aje”
3/2”
1/2*

3/2

_—r— = meq

260 (260)

115 {115}

100 { 80)

a5 (145)

130 (125)

OO [280)

150 { 7 )

300*{L035)

S00%(335)

=  amrer wrm

J70*({ . 57)
.36%( .52)
-35 { .34)
45 { .u3)
.60 { .61)
.é; { .66)

35%( 1)

ox  { .34)

16N o)

16

.18

.18

.18

.18

.18

.18

10, ¢

« 30

1.08

. So%

HegE
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was wsed ingtead of the truncated amplitude employed in Ref. 12 or the
dunped amplitude used in the one parsmeter ﬂfp fits above. The tails of
Lhe resonances arg apparently not important over the small energy range
covered.

Predicted polarization from the DCHM for wyp -+ pn at 3.00 GeV/e
is shown in Fig. 23. Thare are currentiy no dsia available at backward
angles with which the predictions can be compared. It is interestirg to
note that the predicted polarization is the negative of the ﬁ+ polarization
pmeasured in this momentim region (see Fig. 21).

Predisted differentisl cross sectionz Al 180° are shown in Fig. 24
end can be compered to results Trom the eounter experiment performed by
Kormanyes et &} 6 The agreenent of DCRM with the dete is quite good for
3.} 3 » 1.7 ge¥/e and guite poor near 3.5 Ce¥/e. Since data ar 1RQ®

wasz usead only for P & 3.0, the failure of the model osutside this region

lab
is perheps not too meaningfui. The sharp minimum in cross seet'om 3t p =2 1
GeV/e at 130° {which correspcmcia to -t = 3.2 {Gevfﬁ}a} arose from the
interference among the N, {2en0) 9}?+, HEF {2200) 9/2", and Nv' (7150} 7/27
resonances, primarily. A& good zecount of in: 180° w p cross seetion 1§
provided by the resongnces model of F. DikmenB uzing reronencet [.som only

the pg, &, and Ny tragestor-ec. 'Tne paramelers of e2ceh resongnce wers

varied independently by Dikmern 2nd the dip was due to inlerference between

bkhe ﬂw (2190)7/2  and & postulated Na {2200) 9j2+ resonance, The angular

distributions predacted by this model for angles away from 190% do not mgree
well with the dais, howrever.
The helircaty ampli.odss Zo0 5% #h tg the r-; dzte =t .00 Ge?fh are

shown in Fig. 25. € end £ are the helicity non-fiip and helieity flip

Erw aaugp
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amplitudes respectively., The experimental dip al cos @ ~ -.T is produced
4 ~ -2 i
jn the DCRM by zeroes in Im £ snd Im ¥ _ whije the dip at cos 9 ~ -.92 is
. - £
obtained from a zero in Re £, _- For & digeussion of 8 possible model for
relating the structurse in the plon-proton elastic scattering angular
& stribulion to zeroes in Bessel functions see, e.g., the recent preprint

L
by Chu end Hendry. 1
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¢. Duality

e have shawn that t g anguler

he w'p backwerd elastic scatterin

digtributians and polarization can be described by either exohange of

eized baryon trajectories or by Sums of the angular dietributions of

Fegd
From & study of finite enerey sum rules [FESR),

direct channel TesOnences.

aolen, HoTn, and Schmid? heve suzgested that the Regge awplitude (for back-
Thiz

pard scattering) is given by the smoothed-out }esonance contributiorn.

congequence of the FESR iz ususlly called "weak" duslity. The gconsistency

petween Lhe results of the DCRM, which et energies BbOVF ? GeVjfc is summing

the angular dependences of mMAny TEaoNances, and the Regge model of Bergetr

ard Faxll lends support to ihe vaiidity of wesk duality.

R T T T R R T T T T . .
. = WYY DT ST W T T
? ! MR T I AT AL TR L e T T T _
T ST . I — _*_“‘
L



.

REFERENCES

1. A, 5, Cerrolli, J. Flacher, A, Lundby, R, E. Fudldips, G. L. wWang,
F. lobkowiez, A. C. Molissings, Y, Nagashima, and 5. Tewksbury,
Fhyo. Rev. Lettara 20, 607 (1968},
2; Eﬂe'ﬁq gij 'J.. ﬂrﬂﬂ.l‘. Dr Pi ﬂ'ﬂ'ﬂl‘lp F- Gl Pﬁtﬂrﬂﬂﬂg Aa I-I. Rﬂld‘,
D, &, Ryarn, I}, H. White, A. Ashmore, C. &, 5. Damerall, W. R,
Frisken, and R, Rubinstein, Phys, Rsv, letters 2{, 389 (1968).
€, Chin and J, Staok, FPhys, Rev, 1531, 1575 (1967).
4. R, M, Heint and M, H. Ross, Phys. Rev,.letters 14, 1091 (1965).

5. ¥, Barger and D, Cline, Puys, Rev. 155, 1792 (1567).

Ve Eer bt v et T e e T S e, 8
b
[ ]

€. The date wepre meagured by &, W. Kormooyose, A. D. Xriech, J. R,
0'Fellon, K, Ruddick, and L. G. Ratner, Phye. Rev. Letters 16,
. 709 (1968},

7. R. Delon, D, Horn snd C. Schmid, Fhys. Rev. 166, 1768 (1968)%
C. B, Chiu and A, ¥, Stirling, Phys, Lettoers 258, 236 (1968} em
Wuews Cimente 564, 805 (1968},

8, Dikmon used the semse resonances as in Raf, &, but with a slightly
differant parsmetsizatisn of the wldihs end elasticities,
(F, K. Diimen, Phye, Rev, Latterc 13, 798 (1947)).

* e ey =y e

G, Ref, 17 alse C, T, Colifin, K, DMkmen, L, Btilinger, [. Neyar,
A..Seys, K, Terwilliger, and D, iillltams, Phys, Rev. 159,
1169 (1967)s J. Baneiga, J. BE®per C(, Bonnel, J, Doflo,
L. Goldzahl, F. Flewin, W, F. Bakevr, P, J. Cari=en, ¥V, Chabsud,
and A, Lundby, Nucil. Fhye, B8, 31 (1968) ard Fhys, Lettors 23.

- 608 {1066} and Nuol. Pays, B9, 289 (1969); H. Brody, R. Lehung,

R, Marehall, J, Flodorer, W, Selowve M, Shochat, and R, Van Berg,
Fhys, Rev, Letters 16, 828 (1966),

10, Se¢e, 8,g., Bels, 1 and 9,

oo ] sy, gy e M Gl o

14, Wa have uned the racent work of E. Serper and G, Fex, Pays. Rew. 188,
2120 (1969).

i2. R. R, Crittenden, R, K, Heins, D, F, Liechtenbavg, and B, Predacsi,
i fhys, Fov. 134, 169 {1970),

‘43, B, R. Critterden, K. F. Gallowtay, R, H. Helaz, H, A, Neal, aad
R, A, Sidwoll, Phys, Rev, D (June, i970), to ba published,

14, For nE snd kt producticn cress sociioas seo R, A, Lundy; T. B, i
Hovev, D, D, Yovanovitch, and V, L, Telegdl, Pbys. Rev, Letters iU,

50# {1?‘55}1 ;

Fal oy BT L St R A o ik [ e

|
|
|
|
|
|
f%
1


http://paraiaet.fi

D — e
.-
i

f ‘#"M“' B o W e w30 L | bk Yoyt e b ey

T

LA

i A wm»:,.&;.agﬁe;!.ﬂ.m,ﬁ BepTren g

=
=

SR o S Rt T AT i T o g e i LI S0 S —— _*.
. I'-\

AT Lo e

P e e - —
BRI R T S Pt L o o i R WW“W’MWWT E' "“3 W?‘ iy
u ';r'-_‘a [REERR o N

15, Edperton, Gepmashausen and Grier, Ine., 35 Cengross Stmt,
Salom, Haszachusetis 01971,

16, T. Carides, J. G. Cottinghem; 4. V, Psltman, A, §, Grocsman,
L. B, Leipuner, J. G. Harirmzel, md G. G, 2chwonder, Rev, Sci, .

Instr. 38, 1425 {1967).

17. K. A, Patccki, doctoral disaartatinn, Indiana Hrﬂ.wrsity (un- -
publd shed) | -

18. W. F, Prickett, doctoral dlessrtation, Indisnz Unlversity

(unpublished),
19. The mgpt,ablﬂ-— Ne2+2 J2{8 ~ 2) where H is the nmtbﬁr af

HPRﬂEE, B=3, .

20, D, Rust, fArgonne Hatd.nrsai Laboratory, private mmuninat.iﬁ:i.
21, Baker, ot. sl., Ref, 9. '

22, Coffin, et al., Ref, 9, ' .

23, B. B. Brebson, R. R, Crittender, R, ¥. Heirs, R. C, Kameerwd,
H. A, M¥eal, H. W. Palk, and R, A, Fiduwell, Indiana Un.iwrﬁity

_preprint (19‘?9}

2, R, Anthony, C. T. Coffin, E. Heanly, J. Rice, N. $taton, and

K. Torwilligsr, Phys. Eav. Letvere _J._, 160%. (1968}, and proprint,

, e
25 ﬁwfallingar. D, F. Owen, ¥, ., Petersen, L. E. Schroeder,
R, C. Chase, E, Colensn, and T, G. Elhnndﬁs, Phrs. Rev, Letters 23,

600 {1969},

26, J. P. Chandler, R. R. Crittenden, X, F. aaucmy, K. M. Eeing,
K, A. Nesl, K. A, Potocid, W, F, Pricketi, snd R. A. Sidwell,

Phys. Rev, Letters 23, 186 (1965).

27, Saa, 0.2., the 1969 corpiletion by G. Glacomelldi, P. Fini, and-
%, Stagni, CERN/HERS report #5691, .

28, For 'n pacant review of Regzs model results gas G, E Hita, Revw,
Mod, Physies b1, 669 (1969). .

2%, Por & revisw of work on the Voasglano madel see the Indlana
Univemsiiy proprint (1959) by E. Predezzi,

30;.:-‘!9@ Raf, 3.
3. V. Singh, Phys. Rev, 129, 1889 (1963).




4

e el P e Sl NSt (ol S R ekttt bt it o, I L A g " e o

T I

1

" Kanc

dr ot mmy

P BT

T

3
[Ty T P
f

33.
3

35,

36,

3?.

39.
ho,
41,

¢, E. Jones ard J, A, Polrer, *Besic Thoory and Applicatdens of
Regga Polea®, UCRL report #10677 {1963).

¥. Darger and D, Cline, Phys. Rev. Leltera 19, 1504 {1%67),
Particle Data Group, Rev, Mod, Fhys, &1, 109 (1969}, and Rev.

Mod., Phys. bz, 87 {1970),

. W, Gresnberg, University di Meryland Technicel Eepert 70=Di7

{hugust, 1969), This is a rapporteur's review {rom the Jjuly 1969

Land Conforence on Elementary Particles,

F, Henysy, G, L, Ksne, J. Pumplin, and ¥, B, Ross, Phyn, Rev, {02,
1579 (1%69): R, L. Kelley, G. L. Kana, ard ¥, Henyey, University

of Mlahigsn preprint (1970),

G, Hohley, J. Bapoks, H, Schetls, and P, Somdsgger, Fhys,
Latters 20, 79 (1966)., See slso the recent compilation of
G, Fox and C, Quigg, UCEL repart 20001,

The Regpe oalculations ware done by F. 'I;huminsun, Indians

Undwersity.

N. Baoth, Unalversity of Chizago, priwvate communicatlon.

E, Paschos, Fhys. Raw, Lettors 21, 1858 (.938).

S.¥. Chu and A, Hendry, Indisna University prapiint (1970).

Yk = ==

[ —————_ T TR T,




L]

et ey e B

Ty

1wl e Mmoo

-1 n

~cos8
cm

513

538

.563

663
638
LT
738
763
788
H13

2.532
2.573
?.615
2.657
2,699
2,74
2.783
z.824
2.866
2.508
2.950

2.992

3.034
3.076
3237
3.139
3.201
3.243
3.295

2.1 Ge¥/e v p = pr

- .B58
-.626
-.58M
~, 542
-.500
- 159
- LaT
“.313
-.333
-.291
- 249
~.208
=166
=2k

- 040
+,002
+. 0l
+.086

Runbker
of

Events
1kl
180
136
121
123

86
ol

55
5T
23

26
41
d3

104

145

Ba.La7.5
B6.0:6.4
6Y.745.5
4. 845.0
56.415.1
h3 bad Y
39.1:h.2
ko Bah .l
30.543.7
24.843.3
24.943.3
r3.343.72
32.644.5
17,3430
15.TH.5
22,542.5
P1.942.3
26,947, 7
38.7+3.2

L mE A L WAL 4 e L  amE —d mE mr e ol re Pl

33520
323.2h
23421
20519
21010
263417
14716
161217
11h41k
93412
93412
B742
119247
6521 2
59 9
8k 9
Bz241 9
2034 10

i4s-12

b - b
dg/dn (Eﬁér.] dg/du (%EE?}E]EJ

I "



o T A A e A L Sl P T by i 7 A 2 TR Sy 0 L 1 {
1

i) T LA

=208
al?.!TI]

.513
.538
563

613

.638
.63

AR
738
.763
788
013
538

2,660
2.713
2.757
2,602
2.846
2.890
2.934
2.978
3,022
3.006
3.0
3.154
5,199
3243
3.287
3.331
3.375
3.419
3.443
3.489

« TLT
~.673
-.629
-.585
-. 54
~.hg7
=153
= 40Y
-.365
~.320
-, 276
~.232
-, 186
- Ahh
-, 106
-. 055
. OLZ
1,033
+. 077
+.10-

2.28 o
Mumber

of
Eventis

79
125
125
108
100

78

68
69
69

62
Lo
Ly
65

121
164
195

L7

do/dn

52.815.9
62.845.6
€0,715.4
51.945.0
k3,144.8
37.644.3
27.7+3.0
32,944 .0

T 33.240.0

33.3¢h.0
32,940
28.343.6
2h.2:3.8
32,5+4.9
31.843.9
27.32.5
33.0-3.0
bé,043.6
55.143.9
73.8210.8

d:;rf du

188221
22420
216419
185418
1?1%1?
134215
92+13
117 11k
11841k
11943k
117 20k
JIO1L4i 3
86 1k
11647
113410
Y710
147411
16L£1 3
19511%

263420




=208
. E\|'.‘l'|].

_ : .513
.538

l .53
588

613
638
.x
.88
23
738
J763

|
%

913

938
.563
i

2.807
2,853
2.900
2.94%6
2.993
3.039
3.035
3.132
3.178
3.205
3.271
3.3'7
3.364
3.h10
3.457
3.503
3.5L3
3.595
3.6k2
3.608

i
E
H
m‘“’*—ﬁﬁwr'rﬂ R AT oW S i oy

=

-

deﬂjmpwmw Wmﬁ—f_:u- ‘: .

21:38 T{+
Hurhay

of
BEvents

52
92
79
g1
7O
56
T
g0
77
68

70
48
18

101
140
197
289

dg/da

41.8+5.8
51.645.k4
Lo.0#.5
45.944.6
35,544, 2
28.143.8
37.244.3
ho, 54k, 5
39,044k
34, 244.1
Lz, 64,6
33.344.0
27.143.€
32.244.0
36, 3eh. L
34.243. 5
37.843. ¢

56,0l 2

84,815,

28,4131

ﬂgf du

22420
175415
135215
155416
120114

9Ll
126415
137415
132115
1163k
k216
1134k

92113
10935
123415
Libar2
128411
1931h
287417
3534k

Ip—— - wmare -
B A
Tl




Aoyl 17 ST rn.."E

e

o

"
s

a3 o i e A

]

713
738
763
7L

1813%

838
863
583

013
938

.o(8

—

t,197
b, 22
L3uy

Losh .

-.893
-, 8368
=783
-.728
~.F73
-.E19
- . 564
~.509

- .15k

2.9

Humber

Events

-+
n
of

3k
S0
74
Q0
99
83

10h

101
100
100
113
w7
50

154
227
34
138

do/fdn,

20.745.3
3L.84h.5
38.544.5
46,0448

50.745.1

ha, 7.7
53.545.2
44 8:4.8
B1.645.2
5L.045.1

51#1:’-5!1

55.715.3

29,14, 2
353.045.0
37.8+4.3
L7.043.5
66,544 .1

100.945.5

L7026

“ Ll I o A L

do/du

82415

91413
110413
13221k
145415
122423
153415
12821
148415
16235
1605
155415

832
10041k
a8z
13hx10
190#10
291416

420235

W g emape T A —ra x et T,



o EITR

h63

LT13
738
.T63
.788
813
830
863
888
N3
.938
063
979

3.728
3.788
3.849
3.910
3.970
L.031
4.091
h.152
L.213
L.273
4.334
b, 394
b, 455
h.516
ke, 576
L 637
k. 690
4. 758
L.797

«1.008
~.gh7

-.826
- 706
-.705
. BLh
- 551
~.523
- 462
- ho2
- 341
- 281
- 220

- 159

X
Bacheground subtraclicn 2107,

b

+

3.00 '

Ruriber

of

Eventz

15

63

83
10l

100

77

Th
69

52
37
36
78

210

264

103

LLLLLL

dg/d,

17.24h 4
24.8:% .1
30,143.8
26.6+3,2
31.543.5
39.9+3.9
28.343.8
29.143.3
36.623.7
28.243.3
26.143.2
32.4+3.3
20.6:42,9
19.343.2
k.32
18.342.1
Whgi3.1
50.9¢..0"
67.74u.5

rqar] R 0y ] BPoTTEm . Y

dafdu

bl
&lan
78110
6943
8249
103130
99410
(P
9510
7348
6828
&h g
53+
505
37
LY ES
N6k
1o

A7y

EET Ay L MrTEm—may . . o



Aoy f L

_.963

h.?ls

h.285
B.3h8

b k1h
4,580
b, sh7

4,613
i,600
ki LThb

L. 822

h.879
h.ghs

-.989
-.923

-.857

_‘Tg{)

-.72l

~.658

- 291

-.525 .

.bsa

H-SQE_
-.326_'
-.250

-.293
~. .27

-,ﬂéﬂ:

+, 005

+, 048

* ! - ) -
Background subiracticon =109,

-

a T gy

-y

ot mte

3.29 Ge?fc ﬂ+
Hunber

of
Events

31
Ly
5k
48
45
56
57
51
52'
kb
23
..21
14
20
87
2k
T2

. iﬂ'{ Y

19.0+3.4

18.642.8
19.042.6
17.012.5
15.742.3

EQ.?&E.T .

19,948,7

7725
17.942.5

13.312.0

7.6:1.6
" 9.912.2

56417
5021,
17.122.1
29;112.8

bo.245.8"

Rl ISRy Wl (ki ki Cr i ot 1 piant o i B R s e

Fetptn -

ﬂg/ du

L5.018,0
Lk 0156,6

45.016.2 °

40,2158
3??2¢5.6
158.55:6.1;

h7.346.3

' 41.945.9

hE.his.g

31.540.8

- 18,043.8

22.h15.1

13.3:4h.0

12.843.3
Lo, 545,0
68.5946.6

95.2033.7

e i e o Ty

R e e

ot g bk g+

P N P

et e mrata m e



F‘ﬂﬂt‘!‘v‘

3.50 '.'r+

g : ' Humber : ' '
; =05 g_cm -t . u of \h'i;ﬂn , d{j‘/du.
g 613 L .65k -1.019 18 ;‘3.3:!:3 -3 2047
§ 638 4,726 ~.9k7 27 R R X 316
£ 63 wres N O 1.842.2 2615
E 668 L.B70 -.803 b3 a3 38202 3115
E .T13 o hooh2 -.731 he bat 254
g 738 5.015 «.658 42 =2.34k.6 2213
F.763 5081 .58 by LT 254k
§_ .788 5. 159 -.514 A NI ZARE 33k
% . .813 5.231 R 1Y 49 ':;‘t'}:tl.h 2143
E 538 54303 -370 0 k1 3413 2843
|. N *. -
g 863 5.375 © -.298 . w3 943
P88 . 58 -.226 0 mOsLS - 1383
: . . ) ’ = . * .
g 913 5.520 =153 24 ) B 1.2 943
$ 938 5. 592 -.081 62 §.0:1.3 L1743
q ' ' ) . o * ’ ’ -
g .963 5. 6o4 - 009 122 Jlf.“B;j,-E.ﬂ 37l

- * (]
E 980 5.713 4,040 © $5 0M.9:3.6 813
¥

#* .

2 Background subtraction =10%.
; .

RIT L R

e B e L T aen e, T ede MITUTR

- e gty T YR ey T PR ST I B A -

T o M R R AR N P ek AL T

I

-~

ooy

= o .y o~k 4] L

b Rtie i i R

© el o e e L
iyl : -



T e . s T AR T T O R L R L e o o S L | [ IET RS- FITAL PR o S ST 2T P 4

s, e g e b .
-

dr

-'I:DSch -t u
635 5.105 -1.037
.663 5.383 -.959
b8R8 5.261 -.681
V713 5.339 -.803
738 5,427 -.725
763 5. 405 -.6k7
786G 5.573 -.56%
B13 5.651 -.ka)
838 5.7ed} - 413
863 . 5.80% -.335
L0588 _ 5,864 -, 257

".913 5.967 -,180
938 b.ouo 202
963 6.113 -.02h
-960 6.171 +.,029

¥
Back:r, ol subt 2ot Lon 21070,

3.75 1
Whwnher

of
Events

15
26

sh
52
81
1]
60
&Y
2%
26
7
152

g2

-

W L A TEE iy M B iy e A B

ﬂ-D‘{' tn

0.012.3
8.812,0
8.5%1.7
10,6217
12.20.7
10.942.5
1. 741.6
9.541.3
10.341.3
13.121.6
5.941.6
§.841.2"
6.?;1—,1.0*
18.441.8

L3
2T 13,7

defdu

18.144.6
77340
17.123.L
214430
24,633}
22.043.0
29.623,2
19.2:2.6
20.842.6
26.h23.2
21.913.2

g:712.4
13.542.0
3.143.6
oh.E27 .5



6.630

* .
Backaround subiraction 210%,

i)

Ry e
LT LA o

h00 &

Humber

of

Events

21

59

59

82

26
35

123
98

do/dn

6.042.2
6.411.8
g.h.g
G.h41.6
B.741.4
g.721.k
9.941.3
9.641.3

- 13,141.5
'8.841.2
6.4,z

a4F
7.581.3
bt o
13.841.8"

22,843.2"

nam@n

11,3442
12.043.3
17.6+3.5
17.643.0
26.312.6

187242.6

Hmhm»m.r

18.042 .1

- 2h.642.7
16.582.5

12.022.1.

1.242.5
B.341.0
85,93, 5
rm.._mwm.n.

o i AT



e U R AT W By it ST bt i S ot s

-c-::-a,ﬂm - ~%

663 5.9

. .6B8 6, Ohle _
T3 6.133
738 0 6,223
63 6.312
88 6.2
83 6o
838 6.561
863 6.670
888 6.760
013 6.850

‘38 . 6.939
963 7.029

930 T.092

-1.126

1.036

~.ghié

e 85?
- 767

- 678

= 558

~199
~ koo
_ -;320-'

~.230

- 140

o051

+.012

%Bar..}":g‘r pund subsract _ioﬁ =20%.

~h,25 .

Humber
' of

Events

10
18 .
c 22
34
58
ky
b9
65

52

23

22

g

&7

A/

6,2£2.0

T.121.7

b1l

7.841.3
9-?'&.‘1'3
?* ﬂ:i-rl'l"[}

AR
T 9,641,2

8.0+1.1
7.841.3
boah 1"

-
"5.541.0

. +
1.7 LN

N *
35.2s2.3

ligf du

10.923.5
12.543.0
11.8&2.5
13.742.3
17.0+2.3
1éf3¢1.8
13.041.9
16,8421
14.041.9
13.742.3

e

4,641.8

23,942, 5

25.7Th.0




Sk Lhaatags ap e A et by e ik ol et i, e Lt 3 i b i S e e ML B el e icial e

ek Bk " AL el

Mt T

w

4.50 »'
Fumber
-cos9_ -t n Evgits do/dn

067 6,357 -1.192 O 5.042.0
688 6.h36 ~1.213 b 6,641.8
713 6.531 ~1.CLY 11 3.941.2
.738 6,625 -, 012 3h 8.811.5
763 6727 -.8°7 h2 7.5&1,2
768 6.617 ~.731 39 6.141.6
823 6.917 ~. 636 50 7.741.1
.838 T 063 - L 5] ) 6.141.0

T .BA3 7.103 - s :T? B.71.2
.Bag 7.163 -.350 h1 8.341.3
9137 7.29h -2 h 26 5,641.3"
938 7.3% -.159 18 _2.05.9
.963 7.485 SR 86 8.741.3
.581 7.55h +,005 76 16.32,.8"

*Bar.kgrmmﬂ ¢ bt vection =107,

trma ok mmy = A EOT AR iwTR TE o e w7 8wl o

“dg/du

£.223.3
10.043.0
6. 422.0
1h,522.5
12.442.0
10.051.7
12.7:£1.8
10.04+L.7
1h.242.0
13.722.1
9.242,1
3305
1k, 32201

26,8116

E—y e el




Ty

—casem -t
688 6,828
713 o 6,929 _
;#38.  7.0m
63 a3
788 7.233
813 733
.B38 7.435
863 7.53
8 Ty
913 7.739
9B, T.8%0
963 T.98
| f;gﬁﬂ. ) 8.019

- .78
~. 683
.~.582
-.h81

-.360 g
279

=177

- 076

+,002

*Hackgi' owr.d subbraction .zloﬁ.

4,75

. Humber

of
Events

6
13
16
22
k5

35

55
56

33 -

15
ko
(e
YERS

a5 /dn

3,341,353
5.341.5
b.20.0

h.3% .9

© 7,341,

5.42.,0°
8.3:50.1

8.2+1,)

5.981.0
3.551.1°
b.82.0°

L
rl,!‘ 5':?.‘-"'—»-3 ]

| 15.842.G"

ﬂg‘f du

5.132.0
8.212.3
b L1 6
BTN
11.342.7
8016
12,9627
12,7217
st
5. ks .7
7.5:L.0

11.622.0

2. 525:.5




i y

-noaaém . —t
+.713 7,328
738 7.435

763 7.502
788 7.689
-813 7.756
836 - 7.883
.863 7570
688 ; 8.077
£913 8,184
958 8,291
963 8,398

-.,Jg-E.fr{}-- | 82

-1.158 .

-1,051

- . B37

-.730

-.623

-.516.

- Log

=302
-5

=068
oL o1k

*packground subtraction »10%.

-ghk |

' +
500 ¢

Humber
of

' Events

xh
20

30

31
L2

5

i
19
61
66

Ao fdn

0.6
3.4t.9
h.0:.0
4.9+.9
h.hy B

A.0+.9
6.241.0"

' 6.2_41.1*

i ) ¥
2.9&1.&

. .
2.1+.9

. .
5,041, 2 .

*
15.343.1

dg/du

1.3+.9
5.0£1.3
5.941.3

T.28.3 -

6.581.2

8.841.3

Q. 141.5

9.141.6

?‘.'3*1*5 -

3.18.3
8.742,8

22,584 6




ithenas M

TRk

e

Thodp e eem ab

LY
[T

P N I ST R

- ALE S

Ly T ——

[ AP U PR L I [ WL PERRTRT PRUS P

[ PP U

n vy sl s Sya

ECRL LI Yy DRI P T P

A

] . -+
LT3 7219
738 7.629
763 T.739
788 7.849
813 7.958
835 8.068
8383 8.178
688 8.268
913 B.397
538 8,507
H63 - £,617
980 8.693

ABackeground subiraction

- 4918

= 109,

g.12 :r+

Nonber

Events

13
22

20

21

10

34
18

4% fdn

1.9 &
3.7 =%
3.0 #
ko
6.0 &
5.2 ¢
4.1 &
b6+
3.3 %
3.2 &
6.0+
Told &

1.3
1.4
L.)
1.2

1.3

1.0
1.4
1.1
L3
1.7

2.7

ad/du

2.7 2= 1.9

5.3+ 2.0-
L3¢ 1.6

5.7+ 1.6
5,6 4 1.9
T 1.7
5.0+ 1.4
g.h £ 2.0
4,7+ 1.6

4.6+ 1.6
ﬁ.ﬁ 2 2.0

10.0 2 3,0m

P Ny | Y




-cusac_m

T3
S
763
788
.B13
E 838
*.863
588
913
938
953
.989

_—

L A e

By b A r

*Backarovnd -subdraction

cJ

.77
7.840
T.952
B,065
8.178
8.291
8.hoh

8.516

B.629
8, Th2
8.855
8.933

~1.228

~1.115

-1.003
- 850
- 7T
~ 66k
- .552
~ h39
- 320

- .213

- W22

5.25 %"
Humbar

of

Fvents

0
16
rak
1T

29
18
23
5h
53

as/da

1.4z
2.7 &
2.5+
3.0
3.h &
3.1 %
G.g +
5.1 &
4,3 +
3.0 %
k.8 &
13.7 &

.8
1.0
.8

-7
.B
.0
1.1
1.0
9
l.2
2.6

30 /30

2.0+ 1.1

3.8 & 1.k

3.2+ 1.1

.2+ 311

h.7+ 1.0

4,3+ 1.1

B.6 2 1.6

7.0 1.5

6.0 1.k

y.2 & 1.3%
6.7 & L.7#
15.4 + 3.6%




A

1 H i oy [
IR e SRR e L] a bl S M Wi Lok TR Sar

e el s’ e g, AR S il R el Al sl

1 ittt e e s

050
Cin

525
575
625
675
713
738
763
788
.B13
838
863

913
.938
553

. —2.830
2.923
5.016
3.109
3.378
3.225
3,271
3.3
3.364
3,410
3.b57
3.503

3549

3,99
3.642

2.38
Number
u of
Events
-7 .18
-.651 20
-.558 20
- b 13
-39 b
-. 349 21
-.303 43
=.257 20
-.210 Wy
- 16 50
- 117 %
~. 071 168
C 2,025 200
+,022 19%
+.068 128

8.712.0
5.841.3
h.1t.9
2.L1.7

 5.41.h

T 7.641.7

15.632 .1
17.242.0

" 19.332.8

29.0:3.8
37.613.8
39-723.1
41, 4a2.9
1&:543.0

27.1:2.h

b b
dofdn (Sher.) dofau (Gev/e))

307
204k
1843
B2
175
2635
5348
88
65410

98413

227413

13440
140410
143415

925



T 88

. .813
Y
s
Dees
5 .913
R
L g3

i

2.997
3.096
3.19%
3.293
3.301
3. U6k

3.713 -

3.563

3.612

3,661
3.710
2.75%

| - 3.808
3.851

LoR.5C W
Humﬁer
© Eveitts

-8 6

703 7

-.60% 9

-. 403 16 .
~335 1
-.285 25
.23 - 23
-8 20
“.138 | 31
-.088 88
-.0ko 77

4+.010 D

+,059 52

ol

T.7T£3.1
5,141,9
.éxl.5

 4.041.3
6.6£1.6

14.4+3.5

. 20:64h,1
) 20,264.2
22,745,
30.545.5
h5.5sh.9

37.641.3

TR

26.313.6

dgfdn
' Fa

25410

1636

1545
1338
2145
46111
66213

| 6&&13
73416

98218 - .
- 145116

120411

310413

Hﬁilé

o M et s e A P e T
.= oLt I



e 1)
om

-950

gl

3,260
3.365
3.470
3.975
3.680
3.759
3.611
3,854
3.937
3.969
4,022
L.o7h
h,127

-, 820
«. 715
-.610
-.505
-.koo

-.321

-.216

163
-.11%

053

-¢Uf5'
1.047

2.65 1"
Humber

of
Events

Ll
14
19
23
23
22
33
ha
35
Tl
52

do/dn

3.611.8
2,241.,1
5.5%1.5
3.541.1
6.541.5
37.3483.5
15.2:43.2
19.244.3
30.815.4
27.0£3.9
23.243.1
?9.143.5
21.543.6

ﬂg_f du

1146
Tillh
164k

1044

5240
45420
5712
9216
81112
6910

BT4L0
&hain

—_ e — L




-cnsacm -t
.552 3.475
-600 3.585
650 3.607
688 3,761
-T23 3.827
T8/ 3.893
763 3.9%9
788 b, 005
813 h.001
538 k,117
863 4.173
888 4,229
3  b,285
.938 4,341
+963 b.397

%
Backaround subfractiom =205

-.183
-,152
-7
-.020

+.04%

2.80 n
Humber
of
Events
1L
27
27
21
26
34
54
38
45
3h
33
63
59
ol
101

dofan (8, 3 dofen (002

5.9+1.6

7.ha1 L

4.54.9
5.%1.2
7.021.4
9.241.6
1k.612.0
10.2:41.7
1T
10.931.9
11.842.1
1h.7;1.9
9.§¢1.h*
1h.5¢1.T£
16.442,0°

164
2134

2z

1613
2044
264}
4116
2925
3345
3145
3336
4115
274h
k145

Y636

T [ Lk b s el Sy B A R 1Tt 1P



; -casanm -t
; 600 3.879
. 650 b.o0o
700 - 4.121
738 213
- L7163 h.273
788 L.334
813 L. 394
836 .55
863 . 516
.8a8 k.76
913 - L.637
938 L.698
503 b, 758

- . 857
-.733
- 61k
~.523
- h62
- 402
-.3%1
~.281
" 220
-.159
- 050
-, 038
+,023

*
Background suldraction » 109,

of
Events

2h
28
35
25
37
38
27
50
29
24
33
39
Tl

do/dn

6.042.2
b.3+.8
3.9%.7
5.141 .0
7.841.3
8,141.3
5.3+1.0
P 10.8#1.5
8.41.6
5.711.2
L6412
721,10
8,941,

dg/dv

15.6x3.1
1).242.1
10,0407
13.242.6
20,2x3. 4
21.0+2 &
13.737.6
28.043.¢
21.8:h,1
15,8151
11.822.9
12,0 +2 2

23.1:% .



