M B M O R A N D U M

Date: 27th Auvgust, 1962,
TO: The Blectronic Bxperiments Committoe, -

TROM ¢ LW, Jones, D,C.-Caldwell, B. Blsner,
D. Harting and W.C, Niddelkoop.

CONCERNING: The &) Experimental ( o=p scattering st high energies)

The Sl sxperinent. wes proposed in October 1961 by Jones,
Harting ond Middelkoop. . Thefpgrpqse of the experiment is the -
meaguremnent of the_difﬁerentigLEcross~sectipn for elagtio wr=p
seattering at high cnergy, lE_QgV/C gnd la,GCV/C were chosen for
the incoming # nomenta, up o, the lgrgest seattering angles and
with the highest accurccy posgible with present tecnniques.

With the proposed apparatus, a spark chamber arrangumunfl
with triggering counters, a limit of 1ub/sr for a 10% neasurenent
wag thought to be quite precticable,  As no knowledge about the
crosg-section of the elastic w-p -scattering at larger momentum
trensfors was eveileble ot that tise for unergies zhove 2.5 GeV/c
on attenpt was made to extrapolate cxisting data to the cnergy and
angle region in which we were. interested.

Un the basis of this entrepolation the experiment was
accordingly planmned to cover all loboratory ougles from 40 to 90O
in the laboratory system, corresponding to an ongular renge from

from 25° o0 160° in tho c.m,
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it tho meetings of the Rochestor Conferonce of July 1962,
we were able to cppraise mort recent data from exporiments up to
5 GeV/c as well as results of pp scattering, ond to digcuss at
groater length the present theorétical interests in the data.
The information which has suggested ;n; rearrangoenent of our - _
experiment 1s primarily the cobservotion that the diffarentkﬂ glastic
scattering cross-section ils falling off rather rapidly beyond the
diffraction peak at high pion cncrgies ond is expected to be well
below lyb/sr:at our chosen énergies already ot much smaller angles
than we Oonsider@d'neceSSary to cover in the original dosign.
Tt seems, thevrefore, advisabit ' fo decreuse the angular range covered
in the*firSt proposal which will result in a much better measurement
of theLcross#sections in' the smuller angular renge now considered. -
It is then peossible to include on accurate nctburencnt of momentum
of all outgoing pions. C e

| This is importent for the following reasong. -+ There is
increasing interest in the‘diffraotion-inolustic procesg and in the
details of the shrinking of thg*diffraptioh pedk oﬁer a wide range
of momentum sronsfers as o congéguence of the theorics related to
the Hegpe pol: concept. AISO; by determining the mosientun of the
scattered pios in addition to an accurate messurement of the
seattering angles, the lower limit to the cross-section. that can be
meagured with s, 10% accursey'contbe reduced by an appreciable
factor and diffyaction ineldstic eventsd can bé measured much nors
quantitatively shan in the originnl arrangement proposed for this
experiment.
. The apparotus layout as concelved for the improved

experiment is indicated in the attached sketeh.

4656/ p



‘"The'incoming‘and‘dutgoing pion are momentumbanalyZed by'
_2 meter bending nagnets to on accuracy of abo&t51;5%'using pairs
of spark chambers to define each trnck entering snd leaving o
magnet to about 7 x 10m4 rodisns, The same gpark chuambers
determine the pion scatiering cngle to 167 sdions.  The recoil
proton is not momentum analyzed, buib ita angle'ié mezsured to
<lO_2 rodians,

Three sets of trigger counters are used: cach apanning a
different (but overlapping) ronge’ of Tetl ttufing'anglos from 15 to
130 milliradions, Tho Lower' 1imit i set by $he ronge of the
recoiling proton within the liquid hydrsgenjfarget; the upper
limit is set by the gob&Ffiéld aperture of the 2 meter nagnet,

Frow an opblenl model of diffradtion scattering, the
integrated cross—scbtion for elastit sc ﬂttering is one microbarn
for & > 4,57 at 18 G(,V/ end for'@' > 6, 5% at 12 GeV/ not
inciuding the s hxlnkiﬂ of the diffraction peak suovbsted by the
recent theorics growing out of the Rogge pole concept. - It is
geen, thon, that the rmngu of ‘¢ included is coupatible with the
range over whzgh We oxpcct a cross—~cct10n detectoble by this
technigue.,

Uéing three sets of frigger counters, data would be
collected ot w high' rote over the entire saguler range covered,
SO thaf‘inulo4ibﬁf8%s'0f 104 pions ner burst, 3 x 104 diffroction
gvents wﬁuid“fall:iﬁtb tho solid ingle gubtended by our trigger
counters. :This fo@ﬁiréslonlv two ahifts of PS operation at
12 GQV/C and four shiftk ot 18 G(V/ pion momentum.  We would
devote the mijdrity‘of bur running tlme to operation where one and
two of the ddinéidehce chennels were in anticoincidence to colleet
scattering dota with good statistice at angles whore the cross=
geoction ds small.  Thus 20 shifts of PS running will provide

50 evente of 1 micerobarn cross-scotion.
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Diffrection inelugtic Qvents:ure collected by removing the

criterion of o proton coincidence, ‘_Tn;nqrunninp in the deferunt
qodcs indicoted for the elastic Lrlp
In gummary, then, our pro*rammu is to improve our apparatus
to seleptlonly thogse angles where we LXQLCt the cross-section to be
mea surable by our techniques, and at thuse uutlua th’n to tske uore
precise datn (e.g. momentun analyzed pions) than would have been
vogaible with the previously describusd apparatus. .Thgbgpparatus
layout for this experiment ias larguly id enflcql to th,f with which
the 82 (dlbOSOﬂ) experiment hos Jjugt b sen, succegbfully Couplutod- 
We will uee the same bean, ¢12, which provides « very adequnte
Cintonsity at both_qhoéen nonenta, fhu running tine required:}s Oﬁ_;
course consistent with our previous request, as approved. |
At the suggestion of thﬁVNPRC we hove investigated what
-dato were available from bubble ohdwber GXPOSUres to date. There -
geem® to be only‘ﬁwo sets of film reloted to this problem. Onebis
the run at 16 GeV/CTH“ nada in the 30 cm chamber from which a
meager sauple of 300 clostic events has been obtained. The second
is on exzposure of the 8l em chumber ot L0 GeV/ o (pelow our
lowest proposed encrey)whereamaximmia of 3000 oveants may exist on
the file, however a very swall froaction of these hove been analyzed.
Of course, thuse oll corrcspond to gompletely ungelected events,
and thwli Jorlty 11@ al very. gmall angles. wg are very 1nterugfo
ineven thls "ﬁmple uﬂQ we. would bo w1111n9 to uaucrt“ke un&ly sig
of thig elws+1c uxtq w1th tho bubbl( chambur ”ﬂuLVSlS pae OJlltJLS t
the Un1vurs;ty of Mjchlgan (thu olde&t and. LRong, Lh» uost ..
advanch_bubbl~ ch”mber f“CllltlU% 1n LA&SEGHCO) ”OW@VLT,_&S
gtatcd_;gpgaiedly? 1t ;s ou;?obgectlvg_ln_thn cxpuerVnt Lo gpt
'differentiql cross—sections to 10% sﬁgtistics over o range of

angles where bubble chonber exposures con be cxpecied to have only
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.one or two eventa totel. In addition the ffr+ data we will take
cannot be collected by bubble chambers for BOne Pime O come.

The experinent ae proposed ond schédulod secis compatible
with other counter experiments in pcflud IIE Spééificdlly, the
04 beam ond experinents with it do héf'confiiét. 'rWé do stress
the adventages to all concernid’ in PT@SSlHr this:cxﬁériment
Forward with vigour to complétionl: n particelar, the activitios
connected with the neutrinotshicelding way proceed with less
conflict when our apparatus. ig removed, ond the proposed m2 béon
ey be lnstolled Ter a-prolonged. puordod after we ore finished
without interruption, From our indircet inforwation concerning
The gatug. of experismemts during veriod I11 wo cannot esoape the
feeling. that our elastic scattering experimunt is of more’
dmediate and vital interest thon the proposed p2 oxperiments,
and. we foel it would be unfortunate for time to be lost to our
experinent from this isource.

Ay a final note, 1t is qur conviction that the ¢lastic
SOatterinﬁ datﬁ mst be co]loctbu with ¢ ood statis tic“_OVOr the
largest pcﬂ:slble range of mov LU]tur tran for‘g, 'znd that only with
results of hlgh precision will de lﬂlthb conolu sions rulatva o

the concupt of R'f_o tra)) LCtOTiL“ bb po s¢b1o - Qur. feoilng in

this repard is q%rcngthunod by tho ruounf yipor of Hanajou,

Phillips and P"rltu pointing out just onu fqut oE ths potcntmal
00191@x1tlus of thu thuory. Wo‘ronoln COnVinCOd that our expariment
ig the movt suitoble HuLhOd uf colle cting thx duta, and that cur
results will %ubstnntlallv 1nf1uvncg the 1ntcr)rotwtlon of the recent

theorics of utrons 1ntcr&ctlonu.“
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Summary of Objectives of o= b Seattering Bxperimont

1. . To wmeasure the o I p elagtic SCﬂLtovlny crogs=section to
as large o seattering angle s is posszb1o w1tn o reasonable

| amount of accelerctor tiue. This ooacctlve is the same ag in the
pmﬁmm;mmmmh wehWeb;wyWNl wrolmmm of the

5140 of tha t anhlh Und of’ the L feet of inelastic backarounds.

2. To observe the norrowing of the diffraction peak with
inereasing cnergy.. . Thia is also ng proposed proviously, except
thet the seasurements willinow be extended- to .snaller ongles.
in perticular it will be inﬁeresting to sce whether the scatte ering
con bo Ffitted.in the same menner &8 the p - p-scattering cose,

- predominantly by the vacuun Regge trajectory. - Measuresents at
two energlies over o range of momentuy tronsfoers determine this

:_trajectory, and we will now be able toiesrry this-closer to the
Poles. By including qr+p seattering, contribitions ‘frow

different trajectories may be ptudicd, 7 .

" J. TQ detérminu the moméntum distributioﬁ.oi llhhtly

inclastic plon scatterings ( & 2 GwV inelas tloltyj ovor'ﬁ TONEe

of sngles wnd ot two incident energics t0 deterine . h

A (1) Ir penks dppedr in thu momcntum dl trlbuLlon, |
as in the »-p Cuoup | ' _‘ o

(2) If such pu k% ﬁopuar ‘whethor th&r Luorgy and

angle dunundbnc flts a one-plon exchange moael

or the vacuun Reggé‘tT Juctary.

4y o To find whether the high cnergy s htly dnele stiq‘
geattering really results in a two-body flnul state, the pion

and o nucleon isobar. | This can bo checked woro explicitly than
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by the observation of pesks in the cross-seciion, since the
kinematice are now determined by the pion angle and momentun and

the proton angle,

The last two objectives were not possible in the
previcus oxperianomtal orrongenent, ond the firet twe can bo achieved
with more brccision iﬂ_the pregently proﬁosod:aanfiguration, Kot
only can o laréo faﬁge of fourumpgentum trangfers bo coversd
(0.1 to 5 (GeV/c)g), Lut also these ofn be neusured with excellent

securacy (12% to 3%,.resp¢ctively).
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o Sunmary of  Parameters

Target H

0 ongle subtended

- ¢ engle subtended

- Momentun resclution
con scattered pion
“relative to
. dncident pion.

Regolution of pion
scattering sngle..

‘Resolution of protonm: .

angle. .

'Ncpc”ivc lon
Gotd flux . .

. aw

- Positive pionm flux

BUo'to 900”ﬁ.éngle ( ub)

S ;
12 GuV/C up to 2 % lQ' oY burbtl

-2:5: . .
20 on Liqui¢ Hydrogen (0,84 % 107 .‘;?E'_E:i%,’m )

10 0 1.5° ngle (1 b)iyf to 19 G, pt J.R GOV/

J-—-225 cr.“.' 1:18 Gc,v/

o

16° Fron all Pdintu in targot

WER = 1,55 5 Ap - T 200 MeV/, at 12 GeV/,
el Vo ¢ s
- Ap F 300 MeV/ ‘ot 18 GeV/
A0 = 107 rodicas
A8 =5 x 10m3-radians

h nuasurcd in
18 GQV/C up to 4 x 10' Der burs ﬁf d 12 beam -

net measured in d 12 boom yet, wut expected

e be_about-l_O4 per burst ot 12 GeV/C fron

Cexpericnce  in. d 7 beam,

- 4656/p




DESIGN ©F S 1 EXPERIMENT ss AMENDED @5/8/é2

Ligu1 D

g° s sy HYDROGEN
SCATTERED TARGET
B eamM ' _
$C [~ 5¢CY SPARK CHAMBERS
c ' COIMCIDENCE ColUNTERS
HYDROGEN  HUT A ANT! COINCIDEN CE COUNTERS
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