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I. INTRODUCTION 

This addendum is designed to update our original 

proposal (I) with special emphasis on backgrounds, phasing 
". 

in logistics and time scale. 

II. REVIEW OF OBJECTIVES 

We propose to use real and virtual photons as a tool 

to probe \\'~ak, electromagne'f;ic and what have you structures 

of hadrons in three phases: 

1. Photon Survey. Using total absorbing Cerenkov counters 

with high resolution (~1-2%), we survey the spectrum of 

photons vs production angle down to as small an angle as the 

system will work. For P « 3 GeV, this is a simple pionT 


(~o) beam survey, at P ~ 3 GeV the photons may well arise
T 

from other mechanisms and provide both intrinsic interest 

and valuable information on backgrounds. The technical 

feasibility, neutron probl~ms etc. were priefly discussed 

in I and ·subsequent considerations reaffirm that this is a 

very simple, informative first encounter with ~ 101°_lOll 

interactions of 500 GeV protons (target: ~ 0.01 rad. length 

Be or possibly H2), 

±
2. Single Arm Small Aperture Study of ~ at Large PTa , 

This is a search for the continuum momentum and angle distribution 

of single electrons arising from the reaction 

p + p ~ e+ + e + anything (I) 

and the superposition of resonant bumps due to the two body 

decay of massive objects: 

± ± 
~x e ... \I (2) 

or 
XO .... e+ + e . (3) 

. , . 
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Examples 	of (2) are the weak intermediate boson, of (3) arc 

heavy vector mesons, neutral weak bosons, Lee-Wick massive 

photon. 	 ~le point is that the kinematics of decay coupled 
'. 	 \ 

with very plausible models of production (see below) give 

enhancement in the distribution in P, e plot or in the P T 

projection (see Figs. I, 2). 

3. Double ~ study of Lepton Pairs. ~is'is a larger 

aperture study of the continuum distribution of effective 

masses of the dilepton produced in (1). It is complementary 

to reactions of deeply inelastic scattering 

e 	 + p ~ e + anything (4) 

+ and clashing e e beams 

e+ + e ~ anytning • (5) 

Recent theoretical analysis of (l) 'indicates that the rather 

special diproton initial state can be handled and the range of 

-2
variables sand m + - far s~rpasses those available in the e e 

time1ike "competition" of reaction (5). 

The continuum serves also to "measure ll the theoretical 

production ,cross section for weak charged bosons via the eve 

arguments of Yamaguchi etc. , 

However, the major thrust is to search for new physics 

however weakly coupled to hadrons via the 1- state we are 

studying. The larger apertures here would extend the 
. 

sensitivity of the single arm search by an order of magnitude. 

The observation of pairs permits a study of parity violation 

via the term: 

+ 
e x e 
~ ...;,....... 

.. 	 ·r ' • 
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both in the ct....:inuum and in the bumps. ( ...nis is a unique way 

of detecting neutral lepton currents in a background of electro
. . ..~ St'Lmd lr-lfl1 J"4?J'lm..J:;; u·.v 

magnetism. Note also that :Lf:-=-i F~-~'.H:!~O- ~o establish parity 
.". 

violation in the single arm search if the gods are kind. 

III. RATES 

We base our estimates on the principle of minimal 

theoretical interactions by assuming that, for dimensional 

reasons; the cross section for reaction (1) can be written: 

dO' 1 2 2 2 
--2 = 4" F(s,q ) q = (6)·me +e 
dq q 

and F is a dimensionless function of the remaining variables. 

We assume scaling: 

F(s,q2) = F(S/q2} (7 ) 

in the NAL domain. 

2We then deduce the s-dependence from the observed q 

dimuon data at BNL at fixed s: 

s = 60 Gev/c2 (a) 

In the yields presented, we actually used the formulae of 

Drell and Yan's parton annihilation model {Phys. Rev. Letters 

25, 316 (l970) but, in effect, only for analytical guidance 

in the region where vW varies with s/q2 and to define the2 

production dynamics for our detection efficiency calculationi.

Since in this theory, no transverse momentum for "'V" production 
-pr.r/0.4 

appears, we inserted the distribution e observed at BNL. 

The resulting s-dependence is far more pessimistic than . 

several other theories and the (limited) s-dependence 

observed at BNL. 

" 

. ,......-~... ~..... ·c"' ..·• 
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We predict the yield of W± of mass Mw from the pair cross 

2 2
section, Eq. (1) , do/c1q (q ::::~ ) via the cvc argument, neglecting 

the axial vector contribution: 

0'
W 

= 0:025 ~ 31M 2(~ ) . (9) 
. -tv P ee M =~ 

ee W' 

We predict the distortion of the continuum by the 

existence of a Lee-Wick pole in the 'kinematic region 

available at NAL via the multiplicative factor proposed by 

these authors. The ~ntegrated enhancement is "given by 

0'-0 = 31r 137 M (dO' ) (10) 
J3 4 B dM M =M 

ee ee B 
~ 

The single arm rates are summarized, together with 

.~ rt II:''';%; backgrounds I in Fig. 2. 
''Tl\.t UO\~ 
no..M-e ct ,~Y: IV. BACKGROUNDS 

~{-«ln tiCJ! 

-i:l'IhOnlf.l'\tU..t.t ~'\01o; These are i) charged pions simulating electrons or 

;'i.Q del ..edi In 'I

n 
0 


Be.uet\<.{ ii) electrons from 1r IS. It is easy to demonstrate that 

.-fl.<. ty\(l~~ l~1 ~J • ) •• ) • ± 0
':lA~hCJ.3 "::.uCp!:! 1 dominates over 11 S1nce the production rates of rr to 1r 

Ihl~ ',S hCO'-if are roughly the same but the electronic suppression of 
·tk chslt') h,m cf . - 3 -4 
_~ d,\tplm charged pions in our detector (conservatl.vely 10 to 10 ) 

o'5;f.QcJWM N.Q.'\ ~s less than the automatic suppression of rr electrons via 
:..n;:clIH'\ ~ v., 

.!> \Ol'Hl-\ I~I'\)' 1 ±
~ (1 the branching ratio ~ 80 and the fact that a given e 
~ rnctn c\2. 
!hi\ .t(\a.1!~\~ t must come from a higher energy neutral pion. Detailed 
::::-W\ ht 
Caltbw,'"'CI,l calculations using the kinematics of Dali tz decay and the P

>:J -tWpo~lI\d tt.I T 

IIf\A,"t'A .(.t.Lt'\&d behavior of pions discussed below give rise to an additional 
-lJJt\.l'U. tf~ lJ . -2 -3

suppression by a factor of 10 to 10 depending on the pionell \ ~ h.M vl 
I'\vll''ll t" \-( • 

ene.rgy spectr).lm~A Thus, we discuss the charged pions:' 

". . Th~-Official Ha9Gdorn-Ranft thGrmodynamic model 

has brq~n w~ticulously contrived to fit data in the region 

of a celcra tor energies. '1'11e facttha t the pion yields are 

'1l.u'\tDVC1\ I' Cl.c._ ~ \ ~Q ru C(U~ n tLj cJ1J.J( Il.(.,.H 1-0 ob H1-un~:et 
Jf (LvV) af ,..{'lrc.hM-}~ r-e/\rYI..:t{'fj c~ jt,l:l J{'4,.j /J-<-/f/1l:·4-1.un (ind ~lvha(",(11 
. tWor 'Cu., !L('.I1'V,v) rr>'.f 11lL~f)'IhSf ("())'IV't,~-t{'tl ('1.) 71 ~ 

http:J-<-/f/1l:�4-1.un


( -Pr.!<r 
governed by the exponential factor e is verified out to 

'P 2:! 3 GeV/c by the BNL dimuon experiment. Its extrapolation
T 

even to 5 GeV/c of transverse momentum (see Fig. 2) gives 

essentially "zero background wi tl!. !!Q detector suppression 

whatever. We have taken { as the worst imaginable background, 

a sharp break at P = 3 GeV/c towards a form suggested by
T 

Serber 


do . 1 
-....,-- (pt. structure for transverse momenta)
dPT P 3 

T 

(Any more pathological behavior than this is automatically 

redefined as foreground.) 

Single scattering of forward produced pions has also 

been considered but also contributes to the data upon which 

the H.R. model is based. 

Figure 2 again shows the results of the charged pion 

yields before electronic suppression. It is seen that even 

3 a discrimination of a factor 'of only 10. between pions and 

electrons at p ~ 50 GeV results in an eKtremely favorable 

signal to noise rate in the single arm experiment. We 

recognize the speculative feature of this proposal. The 

single arm experiment may in fact meet unforeseen difficulties. 

We assert, however, that in the pair experiment, the coincidence. . 
requirement completely eliminates all background. This 

experiment will work like a charm. 

The conclusion that directly produced leptons may well 

dominate the NAL flux at P P 3 GeV/c is supported by the DNLT 

dimuon experiment where the "effect" i.e., pairs over 7r ... J.l. 

•background goes from"'" 2% at 10\'11 .mass to '" 50% at mJ.l.J.l. 5 GoV. 
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V. DETEC'l'ION 'l'.r::CBNIQUES 

We briefly rec@pitulate: Magnets are principally used 

for sweeping low momentum partic1c"$ out of the detection 
.. 0, 

aperture. They also serve to define momenta to 5-10% 

(full width) depending on the hodoscope complexity; better 

if Charpak wires can survive the rates. The high resolution 

in mass is achieved by total absorbing Ccrenkov counters now 

being tested at BNL. At 10 GeV, pion suppression 'is easily 

10-3 and resolution; of 4% (~*ll1) have been achieved. Things 

should get better at higher energies. See I for further 

details. 

VI. 'LOGISTICS 

A. Beam Area 

Discussions with Sanford and Wilson indicate that 

Area 3 is most appropriate. We require about 200 ft of 

space downstream of a small transmission target (~ 0.01 

rad. length of low Z: Be or H2 ) flaring out to a - 40 ft 

width at about 150 ft. Detailed sketches of the building 

requirements, shielding and disposal of apparatus are in 

the process of being made~As for timing, putting ourselves 

in the NAL frame, we propose to be ready in July, 1971 with 

a high resolution photon and electron detector (\vi th strong 

hadron suppression) \vhich can easily be moved in order to 

m<;lke the beam survey. The single arm spectrometer is based 

upon two 18D72 type AGS magnets \'lhich we hope to borrow and 

install by early fall, 1971. At this time, we will have an 

area of Pb-Glass counters \</hich is 2 ft x 4 ft and which covcrs 

the 8 mr~d x 8 mrad aperture, together with appropriate
'*' \\Jc... {>-~JH d iG.~:l n\J..Cl \'t> be fLV\(\I\\l..C'd \,,,,y-! (i be CJ IT\ (f ~ I{) n. f'rOh'lln 11<'" p....J..).( (\f itS()U II 

(J<.tlV iqv c{' LI.lCv..d... ll..;:"U jl\J.cAdd ,'j, r()\J{'" h:: lIl5el-: (1- L{'(h.:lcJ h< c:." ,m 11 ,'\J;::lqt J(c~tv"t( (r' /1.1/1 

.(')w'\J.\~ 1,\a.."(;\ tw ...e.,N'\~::I ..f fC;.{ lHvTfY\.'l f,"I ..CtyCLlh'I(~'] {·d )00 eket '1.00 ~eifo 
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readout, scintillation hodoscopcs, etc. 

~e double arm large angle spectrometer, discussed 

below would, if begun January 1971, be ready by early 
... 

spring, 1972, by which time matching shower counter arrays 

should also be available. 

VII. WHO DOES WHAT 


We divide the research into three systems: 


1. 	Magnets ~ cost scale ~ $140 K exclusive of refrigeration. 

See below Appendix A. 

2. Pb Glass Electromagnetic Spectrometer ~ $300K 

and 
, 

3. E~ectronics,hodo~copes, Charpak wires, gas Cerenkov Counter, 

etc. ',.., Cost"" $150K (see (I). 

The accelerated time scale of the NAL program coupled 

to the well known budgetary squeeze makes funding a severe 

problem. However, we would expect: 

1. ~e magnets to be built by NAL (Nevis could assist 

in design or model tests). 

2. ~e remainder of the apparatus to be.provided by 

Nevis and'its Collaborators. We would expect to ask for 

some additional support from the funding agencies in order 

to meet the time scale discussed above. It would be natural 

to separate item 2 as a discernable facility to remain at NAL 

and ask for special support from the AEC to provide this. 

VIII. RUNNING TIME 

Based upon experience at BNL and with a healthy respect 

for the unknmVl1 terrors of 500 GoV, \Ye propose for the 

various phases: 
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I: About 3 months; some debugging of Phase II here. 

II: 	 About 4 months. 
. 

III: Pairs are somewhat more programmatic but our original 
.'. 

5estimate of 5 x 10 pulses typically about 6-8 months still 

seems reasonable for a very good survey of the entire mass 

range. Thus, we would expect to relinquish our NAL 

terri tory 1;>y fall of 197 2, ~ssuming typical BNL-type experience I· 

and the magnet and area availability assumed above. 

IX. PEOPLE 

P.I. 	Leon M. Lederman * Professor, Columbia University 

Wonyong Lee** Assoc. Prof. , II " 
J. Appelt 	 Asst. Prof II 

0 I " 
Do Saxont 	 Research Associate, Columbia Univ. 

I. Gaines 	 Graduate Student, " 
II 	 ..H. Paar II .. 

MoJ. Tannenbaumt Assoc. Prof., Harvard Univ. 

T. Yamanouchitt 

L. Readtt 	 National Accelerator Laboratory 

J. Scullittt 


·T. 1111i tettt 


Nevis Laboratories has a staff of 3 mechanical engineers 

(Senior Engineer, Mr. yin Au) and 3 electronic engineers 

(Senior Engineer, Mr. W. Sippach). Typically, we have two 

full time on-site technicians for BNL experiments. We 

expect t9 shift these to NAL. 

other activities: 

* 	ISR research committed when NAL beam date was July. 172 as 
detailed in Proposal (I). 

** 1\ tagged photon beam exper .;.ment (NAT. Proposal 87). 
-ynl~ Q..)(Fl!'\I'\'~_u.T (.~ (.·f't\\·l(~,\(l(). In be .A... .(.eAU"l-- U'''-'iC, U. --, 1 q ... d L~Jl! ClA-{ 

IY\ uch 4 ~'f t c,.' ~ (l /1"-( (Lt Pi(' \iLTvJ . 

II 
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t Full time NAL Experiment

tt . ., t' t . t
L~ason Sc~en ~s s: We expec' their contribution to be 
largely in interface with the accelerator and its 
peripheral:=,

ttt .
We expect these collaborators to be analogous to 
University people; with other duties comparable to the 
teaching duties of the University people. 

Note In vie\v of the magnitude of the effort, the finances 

and the standard difficulties of University people. 

we expect to seek additional collaborators. 

..' '........... ·t 
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APPENDIX A 


Large Aperture Magnets 


1. 	Cold Magnet version 

--. 


Time schedule and cost estimates for the large aperture 

magnets are prepared by Ron Fast at NAL. The dimensions 

of the magnet are shown in Fig. 3. 

cost estimate: 

"Conductor $20 K 

Coil \'linding 10 K 

Cryogenic 20 K 

Iron 15 K 

Power Supply 5 K 

'TOTAL 70 K 

Retrigerator 20 K 

Time Schedule: 
I 

~ 1 year from the date of approval for completion of 1 

magnet and 1 1/2 years for 2 'magnets. 

. . .~ .. 	 ,. " 

.,.' 	 .~ '\' 



Figure 1 

'assuming 0.5% acceptance in apparatus. 

±1. pp -+ 7r + ••• according to' Hagedorn-Ranft 
\ 

(Nuovo Cimento Supple I, ~, 169 (1968» and Serber 

(private communication) • 

+ 2. pp -+ e e + ••• according to the parton model, 

(s. Drell and T.M. Yan, Phys. Rev. Letters 25! 316" (1970» 
. + 

adjusted to fit pp -+ ~ ~ at 29.5 GeV (J.H. Christenson 

et al, Phys. Rev. Letters 25, 1523 (1970». 

3. pp -+ W + ••• W -+ ev • Calculated from the e +e 

production by cve (Y. Yamaguchi, Nuovo eimento il, 193 (1966» 

assuming branching ratio w - ev is 1. 

+ The signal for pp -+ Bo + ••• ,' -+ e e is similar to that of W 

{T.D. Lee, G.e. l'lick, Phys. Rev. D2, 1033 (1970». 

. ~ " ,.. , 

.. 
---~.~-------.!...--------
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Figure 2 Transverse momentum spectrum ~f electrons 

produced by 

pp -+ W + 
, 4 ev 

at 500 GeV incident energy and 15 GeV W mass. Three 

curves are given 

1. P = 1 . Longitudinally polarized W is produced.
00 

Decay distribution is ", 

'. 

dNe 3. 2 ' 
dcos8 = 4 S1n 8. eve analogy with photoproduction 

makes this ,polarization unlikely. 

2. p = O. W produced polarized transversely.
00 

This is the more probably mechanism~ 

3. Poo = 0, and the H is produced \'lith a transverse 

momentum spectrum ~xp (- 3.3 Pt) • The parton model used 

is I, and 2, predicts no transverse W momentum. (3) shows 

that provided the transverse momentum i's much less than the 

W mass, the peak for Pt is still preserved. 

.. .r . \ 
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( "study of Lepton Puir::; from Proton·-NLlc.lcar Interaction;;;; 

Search for IntermediClte Hosons and Lce-lvick. structure" 

\'1. LEE, L.J-1. LEDEru'll\N, J. l\PPEL,. Columbia University, 

M. TANNENi3l\UH, Harvard Univers:i.,ty, L. READ, J. SCULLI, 

T. WHITE, and T. YAMANOUCBI, National Accelerator 

Laboratory': 

ABS'fRACT 

We propose to observe lepton pairs emerging from high 

energy proton-nuclear collisions. Large effective mass pairs 

probe the hadronic electromagnetic structure. The con

tinuum mass spectrum will be measured and any resonant 

structures in the mass range up to ~ 28 GeV will be 

( 	 detected with great sensitivity. The data provides a 

prediction, via Conserved Vector Current theory, for 

the· production cross section for weak vector bosons and 

these are also sought in the mass range -8-28 GeV. We 

also propose an initial photon-~lectron beam survey at 

high transverse momentum whic1'l. is also a W-search vii th 

good sensitivity. 

June 17, 1970 

correspondent: L. M. Lederman, Columbia University 



II. PHYSICS JUS'J'IFJCl\'.l'IOl~ 

( Introc1uction 

We propose here to s,tudy the emis:=;ion of lepto'11 •pulrs 

in 500 GeV proton-nucleus collisions: i.e. p + nucleus 
+ 

~ e 	 + e + anything. 

The objectives of this proposq.l will be: 

1. To observe the differential cross section for 

emission of pairs of effective mass M + - up to the kinematic e e 

limit of ~ 28 GeV.' 

'2. To observe structures in the di1epton mass 

distribution vIi th a mas's resolution of the order of 1%. 

In the particularly interesting case' of the Lee-lvick I. 'theory, 

the heavy photon pole would be easily observable if it 

exists and its mass is less than 30 GeV. ' 
( 

3. To search for the charged intermediate vector 

meson via its 1eptonic decay mode. The cross section for 

production of intermediate bosons is provided by the 

electromagnetic pair ~istribution (to within a factor of 

2 or 3) via cvc. 

B. u'I'heoretical ConsiderationsII 

1. Di1eptons 

The observation, of lepton pairs emerging from othervlise 

unrestricted hadronic collisions at fixed s is a new tool 

for probing hadronic electromagnetic structure. Furthermore, 

the available domain of variables far surpasses anything 

toot will be available from'electron machines or 

electron storage rings. . rfhe continuum has great 

. , 



theon:o:tic;J.l intc::re~~;ti 1.:):covi(.'tcs the bacJ:C:j170Und l)('C'I,·,,,··tCll fc]- . "'--'.-' .'- . ) .. 
c.~ 

( 	 p -like rosonanccs I for the LC::8--Wick pole and serve:> to 

calihrat8 tho 1'1 expcrimcn L 

Several theoretical p~pers have recently beon stimulated 

by theBNL c1imu onexper irnen t • '1'11e se try to ro 1ate the 

heavy time·-like pl:lOton of maSf; Iq\ observed here to the . 
deeply ine~astic scattering results at SLAC. Generally 

the results are of the form 

do s 
- ::= G(s) F(-) (l)
dq2 . q2 

~. 

where F is a universal "scaling function" related to the 

VW2 of inelastic'electron ~cattering~ s is the square of 

the total energy in the CM system. Lacking anything better 

we have studied two of these models to predict the results 

( of a pair experiment at NAL. Both give adequate fits to 

the 30 GeV BNL data. 

2Drel1 gets G(s) = 	 12 i F('s 2) (2) 
s q 

2
where R is slmvly varying for q «s 

3Brandt gets 

1G(s) = 	 (3) 
s 

clearly the Drell model 1S more pessimistic and we 

9ive its predictions in Fig. L The scale parameter in 

this model is adjusted to the BNL data. It is seen 

that this predicts observable pa"irs out to near the 

38 2limit if the experimental sensitivity exceeds 10- cm . 

" , 

--------------- ..---...- ..~ 
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'1'11 e sen s i tivi t \T to narrCYd ro f~():";'l ','. '~(\,,' C'" j'j hr. re' ',(1 '['-C' ~ tJ ..:l 	 .I, '-.. ,c, J'.:., •.n, .. ,I. ),ll . 'lJ.S( 
graph: c·.g. Cl.t 20 G8V <:[ (i13 of 10- 36 cn/ should b(~ 8asily 

detected. O'le stre,,;s that this. is only an illustration of 

what 	may be observed; nature may be totally different). 

2. Intermediate Boson Production 

The reaction is 

p + liN" -t \r-!: + anything 

L-> e± 	+ \I ' (4) 

Historically, such experiments have been carried out 

at BNL and at l'.rgonne but suffered from the inability of 

theorists to predict the cross section. Thus a negative 

result ,,,as useless since no statement could be made' 

concerning the 'v-mass. ,In contrast, neu trino production 

( (or lack of it) led to the one firm number we have: 

~v > 	 2 GeV. 

Hmvever, the recent' Th\fL dimuon ex;eriment4 

demonstrated an easily measurable continuum of lepton palrs 

emerging from proton-uranium collisions. The arguments of 

Chilton5 and Yamaguchi6 relat~d reaction (4) to the reaction: 

p + "N" "'V" + anything-t 

L)l-L+ + l-L- (5 ) 

.+ • . or e -,- e 

The prediction for Intermediate Boson production is 

.. f, 



which yields 

do r( eudq H 3 B (D= (6)W r 

assuming approximate equality of the weak vector and the 

electromagnetic isovector matrix elements. Ne also neglect 

the axial v'ector contribution which may contribute a factor 
. 

of 2 here'. B is the leptonic decay branching ratio which may 

be large (B ~ ~) for a high mass boson. The Mt-v3 term boosts 

the boson cross section to a high level. The interesting 

conclusion is that if this extrapolation is correct, the W 

will be found at NAL in p-p collisions if the mass is 

less than 30 GeV! 

Assume 10
13 

interacting protons and a run of 10 6 pulses; 

Assume a geometric efficiency of .3% and require 100 

events. One finds for the 6ross section x branching ratio: 

aB x .003 100 
3xlO- 26 

This enormous sensitivity implies that very signific,ant 

work can be done with far less intensity and efficiency. 

3. Lee-Wick Pole 

The Lee-\'1ick version of quantum electrodynamics teaches 

us that the cross section for any reaction involving a virtual 

photon, mass q2, the intensity should be multiplied by a factor: 

(7) 


.. , 



which con tribu te::; an in tcgJ_'<l ted cnh(ulcL~rnen t of a· fitctOJ~ 

137 to the cros::; section at -c/ :--" HB2. rl'h(~ ~;tJ:-enqLh ctnd 
( 

width of this bump is unique. The crucial requirement 

that a!1 experiment be sen~3i tive to this is the existence of 

a "platform" of virtual photons on which this l?eak may rest. 

Dileptons 	provide such a base and here, the bigger the 

background~ the easier the "detectie,;n. This striking QED 

breakc1O\\'n 	 is best sought in just this kind of experiment 

because of the large luminosity of NAL protons and the 

fair likelihood of a reasonable production rate of virtual 

photons. 	 If the Drell model is an~vhere near the truth, 

2dramatic effects will be observed if .the mass 1'-1 ~ 28 GeV/c .
B 

4. Surrunary 

This experiment combines many important features 

( 	 in NAL research: it is'explo~atory to the ful~ energy of 

the accelerator, it searches with great sensitivity for 

particles predicted by good theory and over a wide domain 

for new objects coupled to 1 systems and finally, it 

measures an interesting distribution: the dilepton mass 

continum emerging from hadron 'collisions. At this time 

we will forgo a discussion of partons. scaling and light 

cone commutators in favor of our concern '"7i th Cerenkov 

counters, magnets und hodoscopes. 

5. other ~elevant Experiments 

One sort of "compe ti tion" carnes from a similar 

proposal accepted for the CERN ISH. from a CERN-

Rockefeller University - Columbia. group. We look at this 

" , 



as very cornpL)m(~ntary to thc Nl\l, P '1'110 ildya!l t'\.<jc 

( the ISH. i~; thc domain of variables: 

The '\..,eal:;:ncs~·; of the ISH. is the luminosity: 105 jnteractions/ 


sec as compcu:ccl to ~1010 at Nl,L. 


ISR run (scheduled for late 1971) will make all the

• 

discoveries sought for here but this \vould imply a pair. 
2 -~4 2· 

cross sect~on at q = 900 of P 10 em which is 3 

orders of magnitude bigger than Drell's model. Uncertainties 

in the physics backgrounds and the relative hostility of the 

environments also exist. It is our very strong conviction 

that both searches must be made. 

One should also compare this search for Wls with 

neutrino production of WIS. It is generally recognized 

that, for 200 GeV operation, the :f;lux is barely sufficient 
( 

to produce Wls of - 8 GeV masso .. using high intensity and 

7long exposure e.g. Mann est s 5 events/day for 50 ton 

spark chamber at t-\,v :::: 8 GeV. 

We believe the proton production to be the only way 

to study the mass range above 12 GeV. 

III. EXPERIHENTAL ARRl\NGEI'mNT 

A. Introduction 

The BtU, experimen t u a "beam dump" consisting of 

variable c1.::::msi ty uranium block to suppress a background of 

muons from Hand K decay. The subsequent multiple scattering 

of the enh3rging muon pairs degraded the ·mcu:::s resolution 

consic1eretbly. In the present experimcnt we have cllosen 

electron p<.lirs bccc:n.H38 \'Je belic,{c the backgrounds \\'ill be 



smaller (1nd bc~cau S8 it is c<:-' [-ncr to mc~ast1J::-8 electron rnolltcn Let 

( 
to 1%, required to nchic;ve a mel.cos resolution of::' 1%rv 

(Ultimately a comparison of dimuons and dielcctrons will 

. l' t" t -1 30prob e t1Dl.versa 1. y GO'lm 0 f\ > GeV I time like photons) . 

Our proposal consists of two stages: 

1. A simple but vit(1l "beam survey" to measure the 

m·omen ta of photons and electrons in the angular range from 

- 50 mr to 100 mr at several proton energies up to 500 GeV. 

This will provide essential data on production processes, 

chiefly of 1r
o 

IS. At the high transverse momenta emphasized 

here, all the data are interesting and essentially nothing 

is knmvn, even by Hagedorn. This experiment is a search 

+for W - e + v and for B - e + e with a limited average 

36 2sensitivity of oB < 5 x 10- cm ovcr the mass range( 
2 

- 8 - 30 Bev/c . This assumes that electrons from the wcak 

boson dominate over electromagnetic pairs as described above 

(i.e. the eve argument) and it assumes no large, anomal~us 

production of pions in the ~ 4 GeV/c transverse momentum 

range. ~ 

2. A dielectron pair detection arrangement involves 

gas eerenkov counte~s/magnetic deflection, scintillation 

hodoscopes and Pb-glass eerenkov counters in an arrangement 

which is roughly of the scale of a "standard" AGS experiment. 

This "Till measure the differential cross section for lepton 

pair "production vs dilepton mass and also increase the 

sensitivity of the Band W-scarch to 

. , , 
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B. B:::!~lm . :,urvc:y and V!ca}~ Bo~;on 8(~urch 

( 
rrhe philosophy ot f3c;:[j~ch for the intel-mediate boson 

is the fo110\,:ing: 

A small aper,ture single arm system is proposed, based 

on a sin1.L"Jle dipole to deflect electrons out of the neutral 

beam. This system is furnished with detectors which vlill, 

we hope, guar.'antee that we are counting electrons from a 

10
thin target intercepting about 5 x 10 interactions/pulse. 

The target may be internal or external. At 500 GeV, we have 

some sensitivi ty to W's of mass bet'vleen "" 8 GeV/c and 28 GeV/c ~ 

'l'he expected sensitivity is model dependent i.e. once the 

energy available in the CM is more than enough to produce 

a W, the unknmvn dynamics of production and decay (polarization 

( effect~) determine the efficiency of the system. (This 

efficiency will become mllch better knmYn when the lepton 

pairs are studied in phase II). Rather than use any of the 

current theories l we have devised a number of simple 

models to dispose of the surplus CM energy. These models 

must bracl;:et the true situation. Typical results for 

severul of the models is shown in Fig. 2A. 

A simple calculation of the sensitivity is to estimate 

a mean efficiency 5 x 10-4 from this figure. .'1'hen wi th,-..J 

10 45 x 10 in1:.eracti!!.Sl protons and 5 x 10 pulseswe have: 

the nun0Jsr of interacting protons x fraction making a W 

x efficiency :::: 

10 4 (JB ) . -4
5 x 10 x 5 x 10 x {·:-----=-26 x 5 x 10 = 200 events (8) 

3xl0 ~. 

http:10in1:.eracti!!.Sl


trhc "200 evc,nts" lS 0.on~:;jdcred a 5 (j "bump" on a 

backCJround of clcctromugnctic pc:irs pll1S cJali tz pair electrons
( 

1rofrom decay_ 

According to a blind extrapolation of the Hagedorn-

Ranft curves we would expect ,..,.,.5 dali tz pairs per pulse 

entering the aperture with the minimum transverse momentum 

of 2.5 GeV/c. The number in the P'l' region of interest 

3is ~ 0.05 which yields a background of 9 x 10 electronsper 

10,% interval of P in the designed run - lve emphasize that
T 

this extrapolation of the Hagedorn curves is extremely 

speculative. A large fraction of these will be very narrow 

angle pairs which will be separated by the magnet and 

detected. 'l'hus, a subtraction of this steeply 

falling smooth background may be made_ Figure 2B 

( presents the l'7 bump at 20 GeV, using the Drell 

model of Fig. 1 for two extreme models. Everything said here 

about weak bosons, W, also applies to Lee-Wick heavy photon, B. 

Kaons could also give electrons but suffer an 

immediate suppression by 'factors of 5% x 10% x 5% for 
4 

branching ratio times production yield times decay 

probability. Presumably kaons also respect the famous 

factor exp (--p8/0. 25) from which \ve expect much. 

As discussed above, we obtain the electro;nagnetic 

background by integrating the pair curve in Pig. lover 

the mass efficiency curve (where modelS, the worst case, 

. ueeo") lve are helped by the tendency for the electrons1.S . 

.. ,. " 

----- -".--~.--.-.~~-
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from \,,' s to "peak" a t tran~ovcrsc momenl:a nCQJ~ t1-1e value( 
1\1/2, even in the case of isotropic CIvl cmi~;sion of \'1' s. 

~le resolution in PT(~ 1%) is adequate for this. 

'rhe above equation (8) yields 

l ' ).ng. r5 B < x (worst model)- lnu't' 5 10-36 

A comparison vIi th Fig. 1 raises the distinct possibili ty 

that this is quite interesting. Hore detailed Honte 

Carlo foldings are required. At this writing we would 

1include a leptonic branching ratio of B-2 for \'1' s: 

limiting CW< 2 x 10
-35 

\',hich is still below our prediction from the Drell 

model near the kinematic limit. 

We summarize: Assuming our counters survive and 

succeed in counting electrons vIC will have a distribution 

in PT at several angles (say 50, 70, 90, 110 mr) and 

for several machine energies (say 500, 300 and 150). 

We expect the W to shm·, up as a shoulder or bump 

on a rapidly decreasing background. This bump \ViII be 

very near the va,lue Pr = l-\7/2 and move closer to it and r 

become more pronounced as we approach threshold. The 

bump is very likely to show a positive excess \"hich will 

also get larger as the beam energy approaches threshold 

for W production. 

The behaviol' of the PT bump \"i th angle is also charac

teristic of H production in a way which is less model 

depen~ent as we approach threshold. 
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experimont. to intel'l)rct tho re,3t11ts and to 100'k hClnk:r. 

2. 

The description abov(! yields tl1C mo;nentUr:l spectru~n 

of electrons from 50 GoV up and from 50 mr up. We 

can supplement this with the sp0.ctrufl1 of photons from 

50 mr up •. '1'his is done by collimating dm-m 'all£' Ph-glass 

r-.Jblock until its counting rate is 106/pulse. 'l'he 

spectrum can then be determined down to a rate of 1 count 

per 100 pulses. Thus we can study ~ 8 decades dovm 

from the "most probable II photon events. This is a very 

simple exploration of large P'l'. The magnet p::covides 

charged particle sweeping and the hac1ronic veto (see belm·,) 

teaches us about the neutron problem, if any. 

The arrangement is skE~tchec1 in Fig. 3. 'l'he 

components involved are lis·ted 2.nd described as follo'ds: 

(1) Lead and/or uranium collimator to define the 

aperture I protect the follm·d.ng magnet pole faces i and 
, 

provide a total shield 'i:111ich will stop muons of less 

than,..., 20 GeV. The fon'lcu'c1 cone of "-' 20 mr should 

probably be left unshielded. 'lhis would permit a front 

collimator of .10 ft of uranium (8 GcV energy loss) . 

whose outer dimensions arc 16 in. x 20 in. The total 

weight of dense shied.ding is G; 60 tOllS. rrh(~se can be 

organized on 2 or 3 tables for movement. 

. , 
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'fIJi~; would be (J small apcrtuD::~ d,ipo1e 

( 'Vlith il transverse 1ll0;I~cnt1Jlll Lick of 1.3 to 3 Gc~V/c.r.J 

An NAL main ring spare is a good candidate but suffers from 

a lind ted ape)'ture for 10\-1 momentum because of its length. 
, ' 

An l\GS 18D72 with reduced horizontal aperture is also 

suitable. The objective of the magnet is to deflect 

the desired electrons (from 50 to 220 GeV/c for 

500 GeV incident) out of the neutral beam and to 

'pr6vide crude momentum determination (±20%). Deflection 

would be in the vertical plane to permit closer approach 

to the beam line and to permit simultaneous measurements 

of both signs of electrons. This also decouples the 

magnetic deflection 'from the emission angle. The 

requirement of protection against the neutral beam( 
limits the aperture normal to the Id. 

Prac cal solutions' for simple ma.gnets require a 

physical aperture of ~ 6 in. in the deflection direction 

and result in a total angular aperture of about 8 mr. 

Magnet to target distance mus.t be at least 40 ft and 

this determines the minimum viewing angle. For 

simplici ty we assume a rectangular apE~rture of 8 mr 

-5by 8 mr fQr a total solid angle of 6 x 10 ster. 

This magnetic deflection results in a fan of 

trajectories at 130 from the target e~g.: 
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220 Gc:V/c 6 in. - ]0 j.n. from magnet center line 

( 50 GeV/c 48 in. -. 60 in. from magnet center line 

'l'hus a ckd:ector area of 54 in. x 12 in. is required. 

of 8 mr can be divided by 16 vertical strips, 1 in. 

wide to provide a·resolution of - 0.5 mr in emission 

arlgle. rI'vlO pJanes are required to make a crude 

momentum determination. This may be as coarse as 

± 20% as \vill be seen below. 

These provide the primary energy measurement and 

large pion rejection. Typical blocks are 30 cm long 

and 5 in. in diameter (- 15 radiation lengths). Studies 

at CERN on nei.'!1 clear Pb-Gl and now running at the AGS( 
indicate an energy resolution given by 

b. E '"'"' 10 % full width at half-maximum. 
E IE 

Thus at 100 GeV , we expect an energy resolution of 

± 0.5 %. ('l'hese are extrapolation s of low energy results 

and not yet confirmed. VIe hope to have rasul ts up to 

20 GeV/c soon.) The pion rejection derives from the 

relatively low yield of Cerenkov light emitted by a 

hadronic cascade. I]'ypical results in Nal (a scintillator) 

shO\'1 only a small taii of: 10 GeV pion pulses under the 10 GeV 

electron peak. 

" f. 



Again, quan ti ti::lti ve rC:3ll1-t:s up to 20 GoV \·;:L1J. soon bo
( 

available. We expect that a threshold of ,..... 50 GoV clc:ctronf.o 

will result in an ext!;gmeJ.:.y' L?~ efficiency for counting 

pions bGlow 50 GoV. The crude momentum determination 

described above s~ould serve to corielate ~ith the pulse 

height to further suppress pion background. 

2Using 5 in. photomultipliers (20 in. ) the detector area 

is covered by 25 counters. The combined counting rate due 

to pions above 50 GeV, muons penetrating the shield and a 

4 guess 	as to the pole face shine yields ~ 10 cts per counter 

10 per 10 protons interacting. 
. 2 

(5) 	 Hadron Veto. The Pb-Gl counters are ~120 gm/cm 

2thick. These are follO\'.7ed by 4 in. of Pb (110 gm/cm ) 

( to make an electromagnetic shield 30 rad lengths thick. 

This is follm'led by a thick scintillation counter. A 

leakage of a few percent simply creates a negligible 

inefficiency in counting electrons. Hadrons howev~r 

see only 1.5 mean free paths for nuclear intera.ction. We 

believe the probability for a »10 GeV hadron to fail to 

leak through th~s kind of shield to b.~ extremelY small. 

Again this will soon be measured at the AGS up to 20 GeV. 

This veto not only increases the pion rejection· but also 

serves as a test of the Pb-Gl system. If we have a pion 

problem, the veto effect will measure it. 
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(6) Hc:lium 

""' 40 it ) onS] pipe E; tartinS] c 

through the n1c1gnct. Helium ut: 1/4 atm yields ::::.~ It pho~o-

electrons ( PM v'li th wave length shifter) but rejects 

pions rigorously up to 34 GeV and less efficiently up 

to N,40 GeV. This is redundant but should help against. 
. . 

particles scattered by the collbnator and,ffiugnet surf~ees. 

'rhe optics is very simple and this device 'will insure that 

''Ie are counting particles originating in the target. Tne 

light may be distributed ~ffiong '" 10 PM's to keep the 

counting rate moderate. 

studying equation (8) we would nO\-; propose the 

following runs: 

E ~ 500 GeV' 
p 

4 - 10 pulses at each of 4 angles. We estimate 

the time. required to move to a new angle to be ,...., 3 hours. 

4 1010. t . . /Total time 4 x 10 pulses ':Ji th 5 x ln erae'Clons 

pulse. An internal target would have many advantages if 

the required space is available. This is about 120 ft 

down stream from the target, a transverse dimension. of 

""' 12 ft and a vertical space, above or below the median 

12p~ane, of '" 5 ft. Of course a wire target in a 5 x 10

external primary beam/intercepting ,...., 1% of the protons 

is also suitable. 
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E ~-- 350 GoV 
( 	 P 

4
3 x 10 pulsos at each of 4 	 anglen, as above 

E ~! 200 GeV 
p 

5 x 104 pulses at each of 4 	 angles, as above 

5plus testfng time of the order of 10 pulses. Here,-..J 

. 5 1010 . t' '1 	 daga1n, x _ lnterac -lons per pu se are assume . 

In this phase, no special equipment is required from 

NAL except for shielding and skids to support the 

comp onen t s . If a standard beam transport magnet is 

suitable, we would expect to borro\-, this from NAL or 

else",here. 1'.11 -detectors, 10gic 1 computer/ etc. would 

be brought to NAL except for the share of equipment 

provided by the NIl,.I, collaborating group. 

( 	 C. Phase II - Diloptons 

Many of the devices described above are relevant to 

the pair experiment. Briefly, "'Ie "lould build two magnetic 

spectrometers to straddle a beam line, each subtending a 

horizontal aperture of±25mr at 75 mr (200 GeV numbers are 

used throughout but can of co~rse be scaled up} and a 

vertical apE:~rture of ± 5 mr. These magnets are large i 

the bending is in the vertical plane to reduce the 

necessary strength. Again/ Pb-Gl detectors shielded 

from the neutral beam are used to m(~asure pair energies. 

with the precision cited above, we get a mass resolution 

from: . 

. , 
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'rhc; arru.ng(~mc:nt i:::; ilJu:d::t:at.c:cl ill I'iS;' ,~, 'the 

both n1Clgne t:s \'Jill cancel a t the! location of t~lC:: :J:!:otGfi 

beam. 'rhe magnets h,Jve the curious proi~er 0: having 

a narrow "hori.z.ont<ll" aperture and <l \vide S~P ~5ce Fig. 5.). 

'rhe 200 GE:N incident: beam nOH rpquires a 100 GeV electronN 

upper limit and the 4 m long magnet supplif;s'a 20 mr bend 

for these ~articles. The dilepton backgro'c':1cS should 

be considerably smaller than the single ar;:: s2::.rch 

since most rejection factors are in quadra:ure. The 

50 x 10 mr acceptance yields an average ef:ici2ncy of 

0.3% from curves equivalent to Fig. 2. If eno:lgh c1~tectoX's 

are available to study both signs simultanc~s!Yl the 

efficiency is doubled. The need for a small target 

10
still limits the number of interactions to ~ :' x 10 . 

We would hope this could be placed in the .Fri:-:,-:,ry proton 

beam before a main target station. 

Using a run of 5 x 105 pulses at 200 G:::;V no',v: 

5 x 1010 x 5 x 10 5 x aee x 3 x 10-3 = 100 
3'Omb 

yields a sensitivity of: 

cr ::= 4 x 2 em ee 

The 100 events is taken because the backgrGunt:1 should be 

negligible. Die'lectrons should be seen out to near the 

kinematic limit of ~ 20 G0V. '1'he saine al."l-211gE'.:ent now 

increases thE' send. tivity of tho single electron H-search 

by a facto}: of about 100. 
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( 
A comparison of the DNL data and the NAL data should 

give a very srood account of the S-depcndence and a 

reliable e~trapolation to 500 GeV. 

The ins'trumentation' involved is ex·censive. To use 

both signs on both si~es requires 1~0 ft2 of Pb-Gl 

counters at an estimated cost of $300,000. The scintillation 

counters are more conventional. Detection efficiency 

'can, hmvever, grm'l as funds become available and the 

initial implementation of half the ficiency can be 

accomplished for an overall cost, including magnets, 

of $700,000. Stretched over 2 or 3 fiscal years and 

3 institu·tions I is not unreasonable. 

( We expect to emit a steady flow of addenda as our

ideas mature. 

vIe are no·t ed at this time to allocate costs 

although it is c that equitable sharing will be needed 

to carry out this program .. "Everything is negotiable." 

We ackno'illedge the assistance Charles Baltay and 

Norman Christ in the prepa.ration of this proposal • 

• 
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