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SUMMARY

We propose to search for long lived neutral heavy leptons produced
in high energy proton interactions in a beam dump. We request the use
.of the E-8 hyperon beam magnet as the beam dump. The strong magnetic
field is essential for sweeping out most of the penetrating muons
produced in the hadronic showers. The heavy lepténs would be detected
through their decays in a 50 foot downstream decay region.

We are requesting 1000 hours for data taking and 200 hours for
equipment testing. The M-2 beam would be tuned to 400 GeV protons
(i.e. x = 2PL//E&1) and with an intensity of 109 protoﬁs/pulse we expect

10 events/nb/hr.



I. GENERAL DISCUSSION

It seems to us extraordinary that, in contrast with the hundreds of
known hadronic states, only four leptons (e, Vs M and vu) have until now
been well established. Because of the evident significance of the existence,
or the non-existence of additional leptons the search for them should be
continually extended to new ranges of lifetime and mass, and the sensitivity
to smaller and smaller production cross-sections should be improved at every
opportunity.

One might imagine the existence of entire families of leptons differing
from each other by additive quantum numbers which are conserved in strong,
electromagnetic interactions and in weak interactions to the first order
of GF. In this circumstance the lightest member of a family would be stable,
or relatively long lived. Alternatively the new leptons would all decay into
ordinary leptons with lifetimes ¢ < 10"ll seconds for mass @L>»O.Gevlc2)
These questions have been discussed extensively by a number of authors.

The status of the present experiments and the indications for possibly
fruitful areas for new searches are summarized below.

A. Charged Heavy Leptons Lt

1) There is no evidence for the production of stable Li-in any reaction.
For instance, the experiments carried out at CERN-ISR and at FNAL found no
stable (1 _::.10—7 sec) massive charged particles heavier than the d (or d)'s
praoduced in pp collisions.2 The FNAL direct muon search group has also
reported no evidence for the production of ﬁt with a lifetime greater than
few nsec and a mass < 1.4 GeV/c2.3

+ -
2) Anomalous lepton production has been observed in e e annihilation
4 . +- F2
at SPEAR for /5'3_4 GeV. These évents, e e =+ y e + neutrals, can be




interpreted, among many possibilities, most favorably in terms of L+L—
production, followed by their leptonic decay. The mass of Lt is probably

35 cm2 at /;.3_4 GeV,

1.8 GeV/cz, the production cross section is 10~
X , + . -

and the lifetime of L— is probably less than 10 10 sec. No evidence for

+ -

L= production was obtained at lower energy e+e annihilation.5

3) There is no evidence for Lt-production in high energy neutrino

. 6 : : ,
reactions. This kind of search assumes that:

vu + N » L+ + anything

> u+ + vu + vu or e+ + ve + vu

which is meaningful only if (a) L+ belongs to the same'family as the vu
and carries the leptonic number of the u , and (b) the leptonic decay mode
L+ -+ Z+ + Ve + vu' is dominant. Otherwise if L+ -+ vu + hadrons are

dominant or vu +N->L + anything, then there would not be an observable

signal. Experimentally one finds

g(v + N u+ + anything) -3
2 < 4 x 10 ¥ at FNAL vu energies,

o(vu + N - u~ + anything)

the mass limit on L' is M > 8.3 GeV/c>.
Consequently, we may conclude that L-i does not belong to the same family
as the y or e, with a lifetime that is short.
B. Neutral Heavy Lepton r°

1) There is no evidence for L° production in high energy neutrino

interactions.




1f 1° are produced in v-interactions via

vﬁ + N -+ io + hadrons

[* u o+ u+ +-v#, etc,

They would appear as dimuon events in the final states of vu interactions.
Indeed, events of this kind have been observed by two experimental groups at
Fermilab;7’8 The rate for dimuon events is 1% to 2% of the rate of all
neutrino interactions. But these events are characterized by (a) the two
muons possessing opposite charges, (b) a pronounced asymmetry in the energy
distributions of the u and u+ with <E->/<E+> v 3.7 where <E> is the average
muon energy, (¢) no structure in the mu+u_ spectrum, and (d) no consistent
structures in Evis and Wmin' Hence the dimuon events cannot be interpreted
as signal of 1° production in vu + N reactions.

2) There 1is no evidence of stable (Tt > 10—? sec.) A production at FNAL
energies.9 Search for decays of long-lived penetrating neutral particles in
the neutrino beam at Fermilab has been reportéd by the HPWF group. They
found an event rate consistent with background which corresponds to a fraction
(7 5 x 10«.3 of vu(Gu) scattering in liquid scintillator. Since the paih
length for Lo, if produced, would be % 1 km, and v &212.6, (assuming at-rest

production in the pp center-of-mass), lifetime of the Lo if observed in this

experiment would have been % 1 km/yc 10-7 > 10_5 sec. (see note in Ref. 9).
C. The L° Mass
If the L belongs to the same family as thep or the e then from the lack
of K+ A u+ and the unneeded contributién of the L° 4in the g, 2 calcu-

lations one concludes that ML° 2 0.4 GeV/cz. However, since experimental

evidence does not suggest that the L has the same leptonic number as u's or



e's the mass limit of L° can only he suggested from the Evis spectra of the
anomalous lepton events observed in e+eg annihilation at SPEAR, The data
from this experiment s consistent with MLO being as large as a few pion
masses.

Finally, we conclude that the Lo, if it exists, (a) would be lighter than
the Li and might be no heavier than several pion masses, (b) does
not belong to the same family of the u or e, hen;e has a long lifetime 10-10
sec. < 1 < 10_6 sec.

Therefore, as shown in Fig. 1, there exists a preferred lifetime region

-10

10 < T < 10-6 for the searching for the L° and we propose to search for

Lo
the existence of the L° via its decay with an apparatus most sensitive in this
region. We assume that an L+L— pair will be produced in proton-nucleon colli~-
sions and that this will rapidly decay into long lived Lo,io. The production

+ - .
cross section can be estimated by scaling the u p cross section according to

the relationship.lo

+ - + = 2 2
do (L'L ),do (uu) 4Mp © % 2M
g@g( )/ aQ = Q- @) a2
where Qz = (di-lepton mass)2 >> mi. Accordingly the production cross section

34 to 10-35 cm2 at FNAL energies.

for pp * ﬁ+L- + hadrons would be G(L+L-) N 107
The required sensitivity for an exploratory experiment is therefore about 10

events/{(nb~hour).

II. EXPERIMENTAL DESIGN
In the experiment a search will be made for multipronged events in a long
decay region downstream of a beam dump. These events will be examined to

determine whether any of them could be attributed to the decays of long lived

" ‘meutral leptons produced in the beam dump. Neutral lepton decay events will
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be selected from a variety of backgrounds by requiring: (a) the reconstructed
event. vertices to occur in the helium gas filled decay regions; (b) the time
correlation between each vertex and the RF to be the same as that of a particle
produced at the beam stop entrance and having 8 & 1 up to the point of decay;

V {c) that at least one of the prongs be due to an energetic muon with Eu > 10
GeV.

We will further require that the vertices be distributed along the decay
regions according to the exponential decay law and that the prong number be
even and small. Requiring an energetic muon will greatly reduce the background
from the decays and collisions of neutral hadrons in the decay regions. The
principle sources of such particles will be inelastic muon interactions in the
beam dump, and the ambient flux of neutrons from upstream targets. The
required time correlation with the RF should further reduce the numbers of
neutron induced events which are expected to be out of phase with respect to
events initiated in the beam dump. The timing requirement would also be a
constraint against possible accidental event simulations by unrelated particles.
The distribution and prong number requirements would be a further consistency
- check against neutron interactions. The various backgrounds are described in
part III and their contributions are shown to be negligible.

We propose to use for the beam dump the E~8 neutral hyperon sweeping
magnet in the M-2 beam line. The collimated channel in the magnet would be
closed with a removable form fitting plug. The strong magne;ic field is
necessary for sweeping out most of the penetrating decay muons and also the
directly produced muons from the hadronic showers. Otherwise the large flux

of charged particles would create difficulties in the operation of the detectors




(see Section III). The layout of the experimental apparatus is shown in
Fig. 2. The incident beam will make its initial impact upon a meter long
target. Targets made of aluminum, lead and tungston will be available
to cycle in during the experiment to deterﬁine whether there is any
“density dependence in the yield of events. In particular if the back-
ground events are due to muons from pion decay the yields will be
proportional to the ratio (absorption length/decay length)(see Section III).
A low pressure cerenkov counter in the beam will produce a signal for
each incident RF beam bunch and these signals will be used to initiate
the TOF system for tﬂe counters in the decay region. In order to reduce
events from low energy neutrons a neutron moderating shielding wall will
cover the downstream face of the beam dump magnet. Veto counters at the
entrance to the decay region will be used to eliminate events which are
due to, or accompanied by, a charged particle. It is expected that any
neutral hadron from inelastic muon interactions will be accompanied fy at
least one charged particle. The veto will however be intermittently
disabled in order to provide a source of fast muons to calibrate the

TOF system and to monitor efficiencies of the spérk chambers.

Three identical detector modules, each consisting of a hodoscope of
trigger counters and a bank of three wire plane spark chambers, will be
stationed along the decay region as is shown in Fig. 2. The hodoscope
counters will also provide high resolution TOF data for ON-LINE analysis.
The spark chamber data will be used to locate possible event vertices and
to lmprove the TOF resolution by removing the transit time uncertainty of
scintillation light in the hodoscope counters. The three detector modules

will mark-off three 14 foot long decay regions. These regions will be



filled with helium gas in mylar bags. An additional module will be
stationed downstream of the currently emplaced BM109 bending magnet and

will be used as a muon identifier. The steel in the magnet yokes (along
with additional steel to cover the magnet gép) will be used as a hadron and
y-ray filter.. A lower limit of about 10 GeV will be required for a muon to
be confidently identified. This lower limit is an average of energies

of muons whose multiple Coulomb scattering angles are equal to the arbitrary
maximum angle of one degree.

The detector modules will be so located as to produce a large and
slowly varying geomeérical efficiency over the entire decay region. As a
guide in computing this efficiency we have assumed that heavy lepton pairs
are produced most probably at rest in the proton-nucleon center-of-mass

system. This would be the case if the dominant production mechanism is

the annihilation of a pair of partons (i.e. QQ -+ L+L3.JJ'0ne cannot however exclude

production in the target and projectile fragmentation regions and the
a-priori expectation is a broad distribution of the rapidity variable
peaked at y = 0. The subsequent decay,

L+ > 1% + light particles

should give rise to 1%'s of nearly the same velocity if the 1°'s are much

heavier than the other decay products.

Accordingly we expect the neutral leptons to be moving along the beam

line with Lorentz factor vy = ﬁggﬁggz' = 14,6, and with B = 1.0.
J P

The kinematics for the semi-leptonic decay mode

- +
Lo +~u +nr

is essentially independent of the ML if ML >> m . We have in the laboratory



reference frame the relationships;

tan® tanf = i s
b u 2
Y
R
- sin8
y(1 + cosb¥)

tanf =
u

where(? is the muon angle in the L° rest framé. The geometrié efficiency
‘for detecting both particles can be computed as 'a function Qf position

along the decay region. We assume that the 1° is unpoiarized. The .
resulting efficiency is plotted in Fig. 3. A fiducial cut will be imposed
“on Any vertex lying within a detector module and.conseqﬁently the efficiency
will be zero in thoée‘placeé. The average géometrical efficiency for
detecting the 2-body decay in 0.59. It must be pointed out that n > 2

body decays will have a larger geometric efficiency because of thekreduced
mean velocities of the décay products,inkthe L° rest-frame. The overall
~efficiency, which takes into account the probability for~decéy within the

presecribed decay regions is given by

;. e*Lll)x L, a(z) e__z/)\ dz
b A
where . Ll = 20 feet (the distance from the point of production to

entrance of the decay region)

L2 = 50 feet (length of the decay region)
Q(z)/4n (the y + 7 geometric detection efficiency)

x o= yetT = 14.6 ct (the decay m.f.p. for lifetime 1.)

The efficiency is shown as a function of the L° lifetime in Fig. 4. One
notes that € > 0.1% for lifetimes extending from a few tenths of a nano-

sgcond up to 3 us. The actual efficiency would depend upon the distribution




- and this is within the expected range if Bu > 10

in v which, although peaked about l&.6nis(expected to be fairly broad.

These effects would have the effect of smearing out the structure in Fig. 4

and producing a more nearly uniform efficiency vs. lifetime. If we assign

an average efficiency between the above mentioned limits one obtains

qﬂ
.

€ = 2

s o ‘ st
The requirement that at least one of the L decay products be a muon with

'EU > 10 GeV would seem to impose a lower limit on the detectable MLvmass.

A rough approximation for the 2-body decay is obtained from

1
B, =% YM, = 10 GeV
with . M 3%{9 GeV = 1.4 GeV/c?.

The detection of masses below 1.4 GeV/c2 is by no means excluded.

. . x PR S )

For instance, 1f.MLo << Mi » or if L7 is produced in the fragmentation
region of the incident proton, then y g 400 and the lower mass limit of L°
) | 2 ‘ |
i1n our apparatus is only v 300 MeV/c™. We can now set limits on the detect-

o . . . ‘ A
able L production cross-sections in 1000 hours of data taking. The number
of events N, expected in 1000 hours at 109 incident protons/pulse is given
by , ,

. 3 R ‘
N = (107 hrs) (360 pulse/hr)(lO9 protons/pulse).,

<

(OBUE)/(absorption cross-section in Iron = 0.69 barns)

oB

T 10737em? - _
(0 is the production cross section and Bu is the muonic decay branching ratio)
Therefore if N = 100 events, the production cross-section must be oB 2 10_35c:m2
; . M

-2

.
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III, BACKGROUNDS

The possible-baekgroundé fall into ;wo categories: those originating
in the beam dump magnet, and those due to the general baékgfound radiation.
Reliable estimates are possible for beamkstop béckground and these will be
discussed first. Eétimate5~for the évent rates from the 5ackground radiation
requires detailed knowledge of that radiation which is not readily available.
It can be shown however using reasdnable assumptioﬁs that this latter |
backgrpund can be ignored. The beam dump background will be due tb
inelastic muon interactions. Penetfating muons ﬁill constitute a general
background radiation. They will also arise from diréct production12 and
from the decays of pions, and kaons in the hadronic showers. The muon - £lux
will be considered in the following section.

A. The Muon Flux through the Beam Dump Magnet

The M-2 beam will be tuned to 400 GeV protons ' (x = 2PL/J§‘2'1>V
vand consequently there will be no muon contamination either from direct
production or from‘w+ decay. The general background of muons will be
" much less than muons produced in the hadronic showers in the beam dump
magnet. The rafe of muons which originate in the beam dump magnet)is
calculated in the fbllowing baragréphs.

We will compute the numBer of detectable muons from the decay of w+
mesons produced in pp collisions at 400 GeV. We note that the muon spectrum
fromvthe decay of pions of energy E is uniform between the limité E and kE.
with k = 0.57. The decay m.f..p. is given by AE with A = 186 feet/GeV.

The inclusive invariant cross-section fqr n+ production can be

fepresented approximately as
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N
with the 7 production angle 6 = F /PL' These invariant cross-sections
which are plotted in Fig. 5 were obtained from ISR datal3 using Feynman

scaling. The fitted parameters are fiven in thé following tablef

8 o } b

(mr) (mb Gev ?) Gev 1y
0 270 .021
1 200 .022
2 150 .023
3 120 .024
4 90 .025
5 80 . .028

10 70 .046

20 62 .084

50 49 .137

+ : -
The ™ multiplicity in the intervals E, 'E + dE, and 6 + d® is given by
Eg e_bE

0
(30 mb) dEd9

n_ (s, E)dEd® = 27 sin®

where PL v E. The corresponding number distribution for decay muons is

given by
E /k A :
8, E ) = M ARBS dE
m, (8 E) J n (8 B) = a0
E .
\ . E /k
g (e) A H -
= 27 sin® ——o ABS - o P(B)E dE

(30 mb) A(1-k) E
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where the available path length for decay is A the absorption m.f.p.

ABS’

" in the stopping material. The calculations were carried using standard

tables of the Logarithmic Integral and are plOfted for various values of -
t in Fig. 6-a.
' * -k ,
The total number of 3 whicli must also include 7 , K decay is
obtained approximately from nu by a factor 2 based on the total multi-
plir:it:i.es‘,J"!‘t muonic branching ratic and the muon emergy intervals E(1-k)

for =, and’Ku decays.

*

2

We have computed integrals of the number distribution to encompass the
acceptance of the experimental apparatus in order to determine the muon

fluxes. In Fig. 6-b we have plottéd the functions
6 E .

N =2 de . 6, E )dE
L J nu( ’ u) u

which is the number of muons per interacting proton. A plot of Nu for
8 = 50 mr, which is the average angular acceptance, and for E0 = 6.7 GeV

which corresponds to a range of nineteen feet in steel, is shown and this

-appears to approach the limit

"Nu(SO nr, 6.7 GeV) — 6 x 10 4

The muon rate from the decay of 7n's and K's would therefore be

4

'(109 interaction protons/sec)6 x 10
-1

R (decay)
H

6 x 105 sec

|

Since directly produced muons are known to have the same x au‘xd-p“L dependence
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as pions lz these will contribute according to the rate

1o'é nu(B,E) per proton interaction.-

- The corresponding rate for directly produced muons is therefore

g (S0Tad = _,
Ru(direct production) = 10 j J 10 nﬂ(eE)dedE
o E

o .
rand =1 50mr o
= Slgaﬁsg-wl- J 2medoo_(0) J E e P(G)EdE
m o 6.7 GeV
5 -1 ,50mr -6.7b
10" sec l.e
= . By g
30 o8 J 210d6{ (6.7 + b)b } 0(e)
4 -1

~ 10 sec

Therefore this is neglibible compared with the decay muon rate and the total

rate is about

Ru 2i6 X 105 secfl'

.Aﬁ thié rate the spark chambers, with memory times of about 1us. are expected
to have one or more extraneous tracks with a 50 percént probability.

However a substantial reduction in the rate can be achieved with the sweeping
magnetic field. The minimum energy Eo would then be determined by the,ﬁagnetic
deflection out of the angular acceptance, and this is obtained approximately

from the following calculation

= 50mr = (0.03 GeV/c/kG-m) JBdZ/pMIN

8
[Bd£,= (23kG) (4.8m) = 110kG-m

‘g < MIN _ 0.03 x 110
- pHMIN _ 0.03 x 110

o ~ 05 GeV = 66 GeV
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The Nu curve for EC = 66.GeV is also shown in Fig. 6-b and this approaches
* the limit -

Nu (sweeping with magnetic field) ———— 10-5.
The reduced muon flux is therefore

Ru(with sweeping magnetic field) % 104 sec*l

We conclude that the sweeping magnetic field is essential for the expefiment.

, o . . .
- 3. "Background from K Production in Inelastic Muon Interactions

" The penetrating muons described in the previous sections will undergo
inelastic interactions in the beam dump magnet andvthere is a chance that
some of the neutral hadrons (KO,AO,n) produced will escape into the decay .
region to éppear as background events.

A calculation of the probability for the production of an escaped

KO, given in the Appendix gives the value;

Prob. /muon = 1.1 x 10 ° for Eg 2 10 Gev

The calculation is for K -mesons energetic enough to produce a 10 GeV decay
muon to satisfy the event selection critera. A total of fifteen such back-.

ground events would be expected which is the product of the following factors: -

E)

il

3.6 % 105 .

6 x 10° .

number of pulSes

i

muons/pulse

1.1 x 108 ,

Ko/muon

‘Kn3 branching ratio = 1/2 (0.28),

decay prob. for 10 GeV Kz = (105 29;?1 g* = 4 % 10". However the number is
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zero because of the high probability that thésekkaons will be accompanied by
a self-vetoing charged particle. The same remarks apply to neutrons and

o P C
A" 's produced in muon interactions.

4, Background from Neutron Interactions.in the Decay Regions
The high energyvneutrons from proton intetactions in upstream targets
etc. will Be maiﬁly moving parallel,with tﬁe beam. Since one pion exchange
is a dominant mechanism for p + n charge exchange we can assume a distribution

of the form;15

f(En) exp. {—bgl}

with b =

B}w

v 67 GeV/c-l. If there is an interaction in the decay'region’
m C

in which a pion dis.produced we require that the pion have E > 10 GeV, and be

directed toward the muon identifier. The situation is illustrated in the

figure below.

65"‘ >
|

< 20

& N T T R

vBeam‘Dump Magnet 'f<f:—”-——— 5; >>1 Muon Identifier
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The probability for the event shown is given by the product of the following

factors:

. a 1
neutron flux ~ f(En)e”bczﬁjEn

porbability for producing w %(area)%5»<n 5 e_bE“en
m

(with 6 = 8 = %  and (area) = (8")°

and A(helium) = 1.1 x 104 feet

50'—' 2

decay probability = E x186 feet/CeV -
T ‘

The total rate for such a background is obtained by summation over En and z

as fbllows:

_(area) '
R = 186 x 1.1 % 104 J dEn <nﬂ(En)> f(En)
50° dz |
* J (50'-z) exp {- 6[—E + 4 (—- 65' s E }}
o g

The integrand, for fixed'ETy = 10 GeV, ?h'= 40 GeV, is sharply peaked at z = 48!
where mqst of the contribution occurs. The rate at these energies is

dR -17

dE o (area)f(E ) 10

The only way therefore that the neutrons could contribute to a background is

as an accidental along with a penetrating beam muon. But such an event would

be vetoed by the veto counters even if it could survive the tight contraints
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of ﬁiming and vertex reconstruction. We must éonclude that any background
of this kind Qould also be negligible.
IV; COSTS AND RESOURCES
A. Available Mahpower and Support
The members of thé High Energy Physics’Group at the University of Mary~

land who will be principally involved in carryong out the experiment are the

following:
Phxéicists Dr. C. Y. Chang
Dr. R. Ellsworth
Dr. P. H. Steinberg
1 Research Associate
Res. Assist. - Mr. E. Sager

1 additional Research Assistant

Other members of the group wéuld be availaﬁle to aid in data taking runs
if necessary.

In addition there’is the support of the Physics Deafrfment mechanical
and electronics engineering staffs and work shops for the éesign and construc-
tion of the experimental equipment.

B. Equipment to be Supplied by the University of Maryland

Thevdetector modules (spark chambers and counters) will be supplied by
the University of Maryland at a cost of $25,000. We will also supply the
SAC'magnetostrictive wire read-out equipment, spark chamber high voltége
supplies, and Ne—He'gas recirculating system. |
| | C. Equipment-Requested of the Fermilab

We will need the necessary fast trigger logic, the TOF to digital con-
verters and SAC-CAMAC intérface; We request in additon the use of a PDP-11.
computer for on—line’ahalysis during equipment tune-up and data‘taking..

We will also require the vérious shielding materials described in Section

| II.
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V. RUNNING SCHEDULE
; ' Wé.ére requesting 200 hoursrof set—-up time, and ;000 hours for data
taking. The results of this explbratory-rgn will be studied from the point
of view of a possible follow up experiment.v’We expect to be ready by the end

of the summer 1976.

APPENDIX

We will relate the inclusive cross section for

+ o,
g p =+ K + anything,

; , to the photo production cross sections usihg the method of Weizsacher and
. _ : L |
Williams. Data exists for ™ photo production in hydrogen 3 in the form of

the invariant structure function,

F(x) -1 J“ E:' mgzgzimdpz
™ o PMax dXd?L B R

and this is found to be adequately fitted in the relevant x~range by the

function

F(x) & (16ub) exp [- x/0.64] (x > 0).

One can obtain the K° cross sections if it is assumed that the kaon and pion
structure function are the same.
- 1 - ‘
Using multiplicites 6 we obtain a m to K° scale factor of 1/5.

The cross section for K° photo production is therefore given by

A 1
l 1 . —
’ o
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(LAB)

fIt can be shown that EK

VX EY in the limit E >> mp. The cross section
Y Y . ,
for producing a K° of energy greater than EK in muon scatterings is given in

the following equation;

e o]

B

Here, N is the number of virtual photuns per unit energy accompanying the
‘Y .

o (>E = A N (E ,E )o o0o(;E_ ,E )dE .
CE) J BB )OO U E B E,

muon and is given in standard textbooks in Electrodynamics. This is given

in the appropriate approximation for a 50 GeV muon in iron, by the following

s 17
expression;

3
= 37210 b [¢0.11 Gev HE ] .
Ey Y

N 1

e . .0 .
The cross section for K  production in iron is therefore given by

55,9 [ dE -3
G(E, > 10 Gey) = 222 dEy 3.7 x 107> exp(~0.11 E )
K A 5x 2.5 JE =10 EY : Y
K
e , 9
X J (16ub) exp(-x"/0.64)dX
<2k - 10
(o) EY EY

v 6.7 x 107> b
The probability that a K° will be produced and: escape into the decay region

is given by

8

© -3
- -z/A dz A _ 6.7 x 10 "ub _ -
P = J e ABS F XABS' = 0.6D 1.1 x 10
o : PROD PROD
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SEARCH FOR PENETRATING MASSIVE NEUTRAL PARTICLES
PREODUCE IN HIGH ENERGY PROTON COLLISIONS

Experimenters: C. Y. Chang, R. W. Ellsworth,
E. Sager, P. H. Steinberg ./
University of Maryland

April 1976

I. Introduction

We describe in this note several changes in the experimental
design of our proposed massive neutral lepton search. In the original
design neutral leptons which may be produced in nuclear collisions in a
magnetized beam dump are detected through their decay interactions in a
50' downstream decay region. We proposed to use the E-8 hyperon beam
sweeping magnet with its collimated channel plugged as the beam dump.
The decay particles would be detected in three banks of ﬁire—plane
spark chambers triggered by scintillation counters which would be placed
at regular intervals along the decay region. We also intended to use
the E~8 analyzing magnet at the downstream end of‘the decay region as a
hadron filter for muon identification. A fourth bank of spark chambers
was to be placed behind this magnet to detect muons which could penetrate
over six feet of steel withoutsignificant deflection due to multiple
coulomb scattering. We argued that the requirement of an energetic muon
Eu > 10 GeV, would substantially reduce the background which might arise
from hadronic interactions in the decay region. These hadrons could be
produced in other experimental areas. A more likely source would be deep
inelastic muon scattering near the downstream enﬁ of the beam dump where such

events may not be vetoed by accompanying secondary charged particles in the veto

counters at the entrance to the decay region. Our trigger would therefore




have been restricted to the decay process:

Lo g ut + hadrons.

We did not intend to turn on the analyzing magnet. We felt that the
small acceptance, [(8 x 24) in2 at up to 50 feet], would be too severe
a restriction of the otherwise large solid angle. The presence of strong
magnetic fields in the return yokes could not, in our view, be reliably
used for the momentum analysis of penetrating muons without an enormous
calibration effort.

Nevertheless, we acknowledge the value of some measurement of
energy. We also acknowledge the value of a less restrictive trigger

which might also include the decay modes:

L° + v + hadronmns,
- et + hadrons.
We therefore propose to replace the BM109 magnet with a calorimeter
which can 'distinguish between muons, electrons, photons and hadrons
and provide a rough measurement of their energies.
A relatively inexpensive colorimeter can be built in which the
shower ionization is sampled by multi-wire proportional chambers with
1" wire spacing and separated by 3/4" to 7" thick steel plates. A total of
six absorption m.f.p.'s of steel would be used. Adjacent sets of wires
would be connected to a relatively small number of amplifier + ADC
channels. In this arrangement the shower intensity is sampled both in
depth and in laterial position so that one can associate the showers
with individual tracks in the spark chambers. The spatial resolution

would be limited only by the numbers of avilable ADC channels and amplifiers.



We estimate that about 240 channels would be optimum. Calorimeters
similar to this, using racks of ionization counters as detectors, have
been used in cosmic ray experiments.

The advantages of such a device are immediately evident. It can be
made large and therefore would not limit solid angle. It is capable of
particle identification through the very different distributions in depth
of the ionization for electromagnetic and hadronic showers and for pene-
trating or étopping muons. Showers without associated tracks in the
spark chambers would be readily identified as either photons or neutral
hardons. The slow rise times expected (v microseconds) can be easily
tolerated at the expected low rates. Furthermore the device can be cali-
brated in_situ by the E-8 detectors before the latter is dismantled and
removed. We would therefore recommend that the calorimeter be initially
installed behind the E-~8 analyzing magnet to be calibrated on pions and
protons from A° decay with the beam stop magnet opened, and muons with
the beam stop magnet plugged. The total flux of neutrals during the cali-
bration runs would be limited to a few thousand per second by adjusting,
if necessary, the position and thickness of the production target. The
calibration of single particle distributions could be constantly monitored
by muons during the regular data taking.

Even with uncertainties up to 50%, energy data can be very useful in
removing backgrounds from neutral K-meson and hyperon decays. Angles would
be well measured in the spark chambers so that the energy errors would
dominate the errors in determining the transverse momenta and the invariant
masses of the decay particles. These quantities have specific upper limits
in the neutral hadron decays which can be used to separate out such back-
grounds. Photon detection can also play a crucial role in distinguishing,

for example, between

Kt-yee‘*—-}-‘n'*'*'\)




and
+ -

Lo +e + 1 + wo

where the massgses of the K;

A slight modification of the upstream veto system is also recom-

and the Lo may not be very different.

mended. We would have two veto counters separated by an additional 3-5
abéorption m.f.p.'s at the downstream end of the beam dump magnet. A
veto coincidence between these counters would necessarily place any

deep inelastic muon interaction upstream of the final absorbing layer.
The probability therefore for a neutral hadron produced in such a
collision to escape into the decay region would be substantially reduced.

The revised experimental layout is shown in Figure 1.

II. Calorimeter Design

The size and depth of the calorimeter, and the spatial resolution for
shower sampling are dictated by the following consideration.

A. Detection Solid Angle.

The detection solid angle will determine the face area of the
calorimeter. If the calorimeter is to be placed downstream of the
existing E-8 A-spectrometer then the overall length of the decay region
would be increased to v 65 féet. A lower limit for the solid angle
fraction /4w, if the face area is 6 x 6 square feet, is obtained by
considering the 2-body decay into light particles of a massive L° at
a point mid-way along the decay region. We will require that both

particles enter the calorimeter. An example of such a decay would be

[s] + +
L +e + 71




The Lorentz factor for the L® will be taken to correspond to its
being produced at rest in the proton-nucleon center-of-masg frame.
(y = 14.7 for ELAB = 400 GeV).

The effective detector radius is R = J@E%é = 3.4 feet. The maxi-
mum angle in the laboratory is therefore SMAX ¥ 3.4'/32.5" ¥ 100 mrad
and the angle of the companion particle is given by eMIN = (YZOMAX)-l.

This corresponds to a center-of-mass angle ed which can be obtained

from
l-cos8 ¢ eMIN)Z ~ 1
1+4cos?h Y - MAX. 2 °
e (ye )

The geometrical efficiency is therefore

2__ cos@ = 0.41
A c

We conclude that an active face area of 6 x 6 square feet would
be quite acceptable.

B. Absorber Depth and Shower Sampling.

The cascade particle multiplicities in iron obtained from Monte
Carlo calculations by W. V. Jones are shown for various incident
hadron energies in Figure 2.

We expect hadron energiés to be below 20 GeV and consequently the
showers would be well contained within 6 absorption m.f.p.'s. This
corresponds to a depth in steel of 6 x 17 e¢m ¥ 100 cm. The peak in
the shower multiplicity is seen to occur at about 1 m.f.p. = 17 cm.

For electrons and photons the shower peak occurs at about 2-3 radiation
lengths which is 4 cm in iron. The electromagnetic showers will be
contained within 15 radiation lengths. 1In ofder to distinguish between

these cases the entire 39 inches of iron absorbers will be sampled at



ten intervals of gradually increasing thickness between a radiation
length (v 3/4™) to an interaction m.f.p. (v 7").

The shower intensity will be sampled by multi-wire proportional
chambers several inches thick and with one inch wire spacing. The
chamber gains will be set to give a linear response from 1 to 100
equivalent particles. The gain of the amplifier-ADC's will be set to
detect single particles and required to be linear over the same dynamical
range. The ten MWPC's will alternate between sampling horizontal and
vertical shower distributions. The resolution of this sampling need
only be fine enough to be able to follow individual showers which, as
we have seen, may be separated by several feet. We will obtain optimum

spatial resolution by tying adjacent wires together in sets of three;
72"
S

requirement for no spatial resolution, would be 10 amp-ADC channels.

this would require 10 x = 240 amplifier-ADC channels. The minimum

C. rEstimation of Energy Resolution
We show in Figure 3 the pércentage energy resolution vs hadron
energy, as given by Sculliz. For samples every &', by plastic
scintillator, the enrgy resolution is 30-40%. Now MWPC's have a larger
signal fluctuation than typical plastic counters, but this will not re-
duce the resolution appreciably as we will show.
Figure 4 shows the signal distribution for minimum ionizing particles
traversing a 2" thick chamber, operated: at the University of Maryland
Cosmic Ray Laboratory in New Mexico. The single particle resolution is
about 70%Z. But the total number of particles we would sample in a 10 GeV had-

ron cascade is generally > 40, go the error or the sampling is 70/v40 ~ 11%.




This will not increase appreciably the errors of 30-40% given in Figure 4

since it is added to the latter in quadrature.

III. Schedule, Requirements, Personnel
The inclusion of the calorimeter represents a significant escalation

in the experiment. We are nevertheless confident that we could be ready

within 12 to 18 months. A large prototype spark chamber of active area

6' x 6; has been built and successfully tested on R-rays from a Rulo6
source. As to personnel we expect to add to the present list of authors
at least one assistant professor, one research associate and one or more
graduate students. We believe that this is adequate to successfully
prepare anélcarry out the proposed experiment with the revisions described
herein.

The spark chambers, counters and calorimeter MWPC's will be con~-
structed at the University of Maryland. We will require, in addition to
the items listed in the original proposal, steel for the calorimeter and
up to 240 ADC channels for the MWPC read-out. We will also require, in

addition to 1000 hours requested for data taking, 150 hours for calibration

of the calorimeter.
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I. Introduction

The Program Advisory Committee has resonded to the two earlier
versions of our proposal by suggesting that we consider the feasibility of
carrying out our experiment using the existing equipment of the neutral
hyperon program. We are now confident that a worthwhile 1L° search can be
carried out with the E~8 apparatus along with several scintillation counter
arrays to provide a fast trigger with an up-strem charged particle veto.

We have also been in contact with Lee Pondrom and Tom Devlin and
they have offered us the full cooperation of their groups in showing us how
to use the apparatus and in helping to keep it in working order during the
experiment.

In the following section we show that a detection efficienty of 10"3
to 10'-2 is possible and accordingly in 300 hours, at a beam rate of lngpp,

the event yield could be as large as (OB)L10_3?cm2. Conservative estimates

based on parton model calculations gives o l()_35 -*lO—:Mcm2 for m v 2 GeV
at 400 GeV, (Vs ~ 27), and therefore the proposed experiment would constitute.

a reasonable search.

II. Discussion
In our original proposal the détection efficiency as a function of
lifetime was calculated for L°'s produced at rest in the p-p CM system and
under going 2-body decay into light particles (Lo + T+ U with m >> o + mu).
Although the decay opening angles would be quite large in this case,
2

(Bﬂu ~ ;—-= 140 mr), the geometric efficiency for detecting both particles

would becuniformly large ( %;-N 0.6) throughout the 1l4m long decay region.

. This was due to the locations and the size (Zm x 2m) of the detectors.




5w

Applying the éame calculation to the much smaller E-8 detectors and
magnet aperature leads to a very substantial reduction in §/47 averaged over
the same decay path.

In a realistic calculation one ought to take into account the Lo -
momentum distribution in the CM. Since @/47 will rapidly increase with
' ihcreasing'Y one expects a strong enhancement in the region x = 2p§/¢§'m 1.
By the same token one must take into account the reduction in /6w due to
the distribution in P -

As an example we might suppose L° production is similar to other non-
leading barticle production such as that of the 1°. This may indeed be
realistic if charmed meson decay is an important source of heavy lepton pairs
as for example in the reactions; pp + D+D- + anything, D+ > L+LO, L+-9-L0 +
hadrons. '

The inclusive L® production cross section could therefore be of the

form ;
nt+ 1 n eu?L/mL
Srorar ¢ 7)1 - x|
éme
with x X f&_ L s P = yYm 6
oy,
/s e

and n ¥ 7 as for pp-*Xo at 300 GeV.
It can be shown that Q/47 > 0.5 for 2—bpdy 1° decay at vy > 60
for the E-8 detector. This is a conservative estimate since it assumes
>> + .
that mL mp’e mTr
Ignoring the contribution from v < 60 we obtain the detectable cross

section

"Ly 1 . 60
If mL = ] GeV, the X in - ”'*; -{; =57 " 14.6 " 0.15
A -2
and 8 =~ 10 7, then
max
£ 1.6 x 1072
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The overall efficiency which takes into account the decay probability is

given by
7m 1l4m
e = X (l—e A ) fZT—T;}\= YeT = (l-SXlOlO %)T

The following table gives some typical values

T(sec) ¢

10710 2 x 107°
1072 3% 10°°
1078 6 x 10
10”7 6 x 10°°

If the lifetime is v lns the efficiency is € A3 x 10-.3 and the nuﬁber
of events to expect in 300 hrs. of data taking at an incident flux of lO9 PPP
is given by

9
N = (107) (300 hrs) (360 pulses/hr)oBe
40 mb '

o
10737 cn?

e

It must be emphasized that we are by no means limited to 2-body decay modes
of the type discussed above. The E-8 lead glass detector has been success—
fully used to identify 7° and it could provide descrimination between muons

and shower producing particles

III. Preparation and Scheduling
Our main task in preparing for this experiment would bBe to learn how
to use the equipment and the computer programs and we would arrange to
spend time working with the E~8 group during their forthcoming data runs.
We do not anticipate setting up and running our experiment earlier than the

end of the summer and this should give us adequate time to be ready.
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