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PROPOSAL rro SEARCH FOR NEW LONG-LIVED PARTICLES 

Abstract 

-14 -12New "stable" particles with lifetines in the 10 sec to 10 sec range 

have been hypothesized on theoretical grounds. 1 The recent discoveries of the J/1.jI 

particles2 have added a great l'l'easure of conviction to these theoretical argurrents 

and have consequently made it all the rrore important to search for such long-lived 

objects. Although observation of long-lived particles has been. reported in the 

literature,3 the evidence is still far from compelling as it is based on only very 

few interesting events. We propose to perform a sensitive search for particles 

with lifetimes in the 10-13 sec region. The equipment for the experiment will 

consist of the E397 spectrometer system presently in the M-3 beam line at the 

Meson Detector Building of Ferm1lab. In addition to the present apparatus we Will 

require 3 silicon surface barrier detectors and ancillary electronics to execute 

our proposal. We request 300 hours of beam time to establish whether particles 

with lifetimes in the 10-13 sec region can account for at. least 10% of the prompt 

lepton production in hadron collisions at Ferm1lab energies. 

Introduction 

We are presently developing for E-397 a method for detecting muons which are 

produced directly in hadronlc collisions (i. e ., not derived from 1T or K decays) j 

these muon signals will be used to trigger our spark chambers so as to study the 

hadronlc as well as leptonic objects which are produced in association with "prompt" 

muons. Although the origin of the large direct-lepton production cross section 

-4 )in hadronlc collisions (-10 of 1T production is not understood, best recent 

est1m3.tes of the contrib~tion from standard sources, e.g., vector meson decays, 

indicate that only a fraction of direct lepton production at large transverse 
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rromenta can be attributed to fast decays of known particles." It would appear, 

therefore, that the presence of a prompt lepton is l.tkely to be a oignal for ne\,l 

phenomena. In E-397 we hope to find a narrow mass peak (charm particle) in the 

hadron system which is produced in association with our J.l-trigger; in the present 

proposal we wish to examine, also in association with the prompt muon, the 

spatial distribution of particles produced within 0.5 rom of the target. 

Technique 

Figure I provides a sketch of the technique envisioned for the measurement 

,)f life-tines correspoming to typical mean free paths of -0.5 nIn. A 0.7 rom 

thick iridium target will be positioned within 0.1 rom of a 0.2 mm thick silicon 

surface-barrier detector; two additiona! Si detectors spaced by 7 nm will be placed 7 rm 

downstream of the first. A neutron beam of 106 particles/spill will 1mpirge 

on the iridium target; the rrultiplicity (ionization pulse height) will be neasured 

~oncurrently in the three detectors and recorded if a prompt IW.on trigger is obtained 

in the interaction. If only strongly decaying particles are produced forwa.n:l in the 

collision then the pulse heights in all the detectors should be the sane (this can and 

will be calibrated continually durirg running coniitions by periodically ignoring the 

prompt muon trigger). If on the other hand a particle is produced which decays 

into two or more additional char~d particles after the first detector (typically 

0.4 rrm flight path) then the pulse height in the two downstream detectors should be 

greater than in the first one. (We expect that if associated charm production 

contributes to prompt lepton production then two such long-lived decays per event 

are likely to occur and consequently a. four-unit change in charge between the 

first and second detector might not be infrequent. )Once a signal of the type we 

have described is observed we can obtain in a separate run an estimate of the 

life-t:1mes involved by moving the iridium target ~o.,4 rom further back from the 
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detectors and thenperform1ng another set of measurements ,with the effective 

mean free path for detectable decay lengthened from 0.4 mm to 0.8 nm. For a 

particle having mass of 2 GeV, produced at rest in the centerof mass J an effective 

decay mean free path of 0.4 mm corresponds to a lifetime of _10-13 sec (for the 

typical incident neutron moroontum of -300 GeV/c). 

Rates 

A 0.7 mm thick iridium target corresponds to -0.8% neutron absorption 

mean free path (inelastic). Consequently, in comparison to our envisioned rates 

for E397 we expect a factor of 10 reduction in the yield of prompt muons per 

spill. We, however, expect the background trigger level to deteriorate scmewhat 

because of the relatively low yield from the target material. Thus, we expect 

0.02 prompt ~ and 1 background ~ trigger per spill (~106 neutrons during a 1 sec 

3pill) . We wish to take data for -10 5 pulses and thereby obtain 2000 prompt ~ 

and -10 5 background triggers. (The background trigger level corresponds to 

-5 x 10-3 of the charged hadron yield at production.) We expect to reduce the 

false ~ background by a factor of -10 in the off-line analysis and thus achieve 

a (prompt-~)f(backgrou:nd-~) ratio of ~0,.2. If 10% of the 20QO true l.I triggers are due t 

long-lived particles (10-13 sec lifetimes) produced in pairs, and each particle 

decays 50% of the t1me into two or more charged particles J then we would expect to 

observe ~15 decays containing a four-unit increase in charge (LlQ~) ,between the first 

and second silicon wafer; a two-unit increase in charge (8~2) would occur in ?110 

events. (The thiro wafer is used to reduce background which simulates signal events.) 
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Bac~round 

We fo~see several.1mportant sources of background. The first one is due 

to secondary interactions in the second silicon detector or in the effective Itdead" 

layer of the first detector; such interactions cause an increase in the number of 

charged tracks observed in the second and third detector relative to the first and 

oonaequently simulate our sought-for signal. The second important source of back­

ground is due to AOor ~ decays which occur between the first two silicon detectors. 

Another important background is due to conversion of y-rays in the second detector. 

Finally, there is the background due to IS-ray production in the downstream detectors 

caused by the traversal of charged particles produced in the iridium target. (The 

third Si wafer is used mainly to reduce backgrounds expected from o-rays.) All these 

backgrounds should be independent of target position (on a 0.4 rnn scale) or of the 

presence of the muon trigger and can therefore be subtracted out. 

The average inelastic charged-particle multiplicity in 300 GeV/c collisions 

1s -8. We will consequently have 10'+ background events, each having -8 particles 

which can interact in the second silicon detector. We will use 0.2 ntn S1 wafers 

(0.06% and 0.04% interaction mean free paths for baryons and mesons respectively) 

and consequently we expect -35 secondary interactions in the downstream detector 

which can simulate the signal. (We expect in addition ~20 events of the kind 

wherein the incident neutron interacts in the second detector and a single 

pion backscatters into the upstream Si detector. These background events will 

be easy to eliminate becauseof the charact~istically small pulse heights which 

they will present in the upstream detector.) Of the -35 secondary interactions" 

about half should provide heavy nuclear spallation products with ionizations 

corresponding to pulse heights of 100 t:1mes min:.1nD.lm. Such events can be safely 

excluded from consideration (see later sectlon). 

http:min:.1nD.lm
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Ba.ckground :from A°ani ~ particles produced in the target and decaying between 

the first two 8i detectors can be estimated as follows. In the 104 background 

AOtriggers we expect a or K~ produced in the backward hemisphere of the center 

of mass -5% and -8% of the time respectivelY (we ignore forward produced partieles sincf 

their mean free paths for. decay will be greatly time dilated). From 400 GeV pp data WE 

AO Ofind that the effective "(a for a is -1.1 while for KO it is -3.5. The A and If's deCB,). s 

-60% of the time into charged final states. Consequently, for a 7 mm decay region 

,Ie expect ~ 25 ··A0 ani 30 K~ decays simulating the signal ~ 

At high energies the average number of 'ITo,S produced IEr interaction is -50% 


of that of the number of charged particles. Thus we expect -4'IT° or 8 "(-rays per 


trigger. The 8i wafers have thicknesses of 2 x 10-3 of a conversion length. 


+­Consequently, we expect -160 e e pairs in the second wafer, half of which will 

simulate our signal corresponding to b.Q:2. 

Consequently, aside frorp the background due to fluctuations in ionization 

in the detectors (a-rays), we expect :S150 events which can simulate our b.Q~2 

signal. (The background for the b.Q?:.4 signal is expected to be ~l ev~nt.) 

Noise and Resolution of Detectors 

Ultimately, the experiment is based on the reliability and resolution of 

the solid state detectors. We have checked into state of the art surface barrier 

detectors provided by ORTEC and believe that the quality of their totally depleted 

8i surface barrier devices will meet the reqUirements of the experiment. 

When a Charged particle enters a silicon detector it creates free electron­

hole pairs at a rate of one pair per 3.6 eV of energy loss. For minimum ionizing 

particles the rate of energy loss is ~0.35 keY per micron of silicon; which means 

that ~70 keY per mininu.un ionizing track is deposited in a 0.2 run thick wafer. 

http:mininu.un
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Because the quoted resolution for the ORI'EC detectors is ±15 keV (standard deviation) 

we see that fluctuations in the number of pairs due to· statistics can be ignored for 

collisions involving the production of ~100 minimum charged particles. Using the 

sta.ndard B--series ORlEe detectors in "transmissionlt mounts of the Type T we expect, 

for exarrple, about a 10 standani deviation increase in the pulse height of the 

downstream detector when a neutral object decays into two charged particles in the 

the 7 mm decay region between the two detectors. 

'Ibe sensitivity of the 3i detectors is 1iInited, however, by the mn-Gaussian 

fluctuations in energy deposition which occur when charged particles traverse matter. s 

Charged particles originating in the target car, produce o-rays in the 3i detectors. 

If o-rays are produced in the first detector, depositing <:120 keV, and do not reach 

the second detector (range out in the first wafer), the effect is to II\Ei.Sk our 

6Q.li:2 signal. rrhe o-ray production probability for o-ray energies in the range 

O.12<E<0.20 MeV is -1.2 x 10-2 ; which means that -10% of the 6Q~2 signal events 

will be lost as a result of o-ray production in the first wafer. (Essentially 

no loss occurs of the 6~4 signal.) 

Not only can IS-rays mask signal events but they can also, and far more 

importantly" simulate the signal. For example, if two IS-rays with E~0.2 MeV are 

produced in the second detector and both penetrate into the third wafer, the pulse 

height information will be essentially identical to that for a 6~2 signal. We 

expect -25 events of this kind. The roost serious background to the !::.Q~2 signal 

would originate from single o-rays of erergy O. 22 >E~O. 20 MeV which deposit -half 

their energy in each of the two downstream detectors. We expect this background 

to be :;';130 events and the total !::.Q?:.2 background from 6-rays to be ~200 events. 

The background to the !::.Q~ 4 signal is expected to be -1 event. 

http:O.12<E<0.20
http:II\Ei.Sk
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O~ation of Detectors 

The detectors and the iridium target will be held under vacuum to assure 

proper functioning of the silicon devices. (We plan to use the preamplifier/ 

amplifier system provided by ORTEG.) The effective lifetime of the detectors is 

usually l:1m1ted by the accumulated radiation damage caused to the silicon lattice; 

it is believed that no significant deterioration in the performance of the detector 

i~ observed before the equivalent dose of -2 x lOll min:1mUrn i9r:Uzing particles per 

cmz of area. It therefore appears that the expected dose of ~101O minimum 

ionizing particles in our lOll neutron experiment is well matched to the lifetime 

of the detector. (Recall that we have 1% interactions in the target and that the 

average produced charged-particle multiplicity is ~8.) We wish to point out, 

however, that the upstream silicon detector may sustain more severe radiation damage 

than the downstream one because nuclear spallation products from interactions 

in the last 0.1 rrm of the iridium target will have sufficient energy to reach the 

first silicon wafer. The low-momentum protons (~120 MeV/c) would be heavily 

ionizing, depositing an amount of energy equivalent to approximately 100 minimum 

ionizing tracks. The energy resolution in such events'would be compromised, 

but more important is the dama.ge these events would cause the detector. There is 

no information at present regarding the rate of occurrence of such events nor the 

energy distribution of the spallation proton products. Finally, there will be 

radiation ~e in both detectors resulting from the expected ~6 x 101 neutron 

interactions. We believe that doses of this size can be sustained. Nevertheless, 

we must perform a test experiment to determine the severity of these problems. 
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New EquiP!l¥nt for Exper.iment 

5 B-025-45D-200 ORTEC Detectors $ 3050 

3 #125 ORTEC Preamplifiers 1395 

2 #428 ORTEC Power Supplies 970 

#471 ORTEC Ampl.1fier 1635 

Total Expense $ 7050 

Summary 

Making a small addition to the E397 experimental apparatus we can perform a 

search for new particles with lifetimes in the region of 10-13sec • In particular" 

if mare than 10% of the directly produced muons in hadronic collisions involve the 

production of such long-lived particles" we expect to observe at least a four standard­

deviations effect in the pulse-he1ght spectrum of events produced in association with 

a prompt muon for both the 6Q~2 signal (-90 events over a background -350)" and 

for the 6~4 Signal (-15 events over a backgroun:l of ~2). 
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