
CehiF- F*"J~/ - -<>d 

UCRL- 99308, Rev. 1 
PREPRINT 

"-? 'Ov ̂ 

PEGASYS — A PROPOSED INTERNAL 
TARGET-SPECTROMETER FACILITY 

FOR THE PEP STORAGE RING 

Karl Van Bibber 
Lawrence Livermore National Laboratory 

Livermore, CA 94550 

This paper was prepared for submittal to 
the Tenth Conference on the Application 
of Accelerators in Research & Industry 

November 7-9, 1988 
Denton, Texas 

September 1988 
REPRODUCED FROM 

BEST AVAILABLE COPY 

This is a preprint of a paper intended for publication in a journal or proceedings. S 
changes may be made before publication, this preprint is made available with the 
understanding that it will not be cited or reproduced without the permission of the 
author. 

DISCLAIMER 

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

MASltR 
fllSTMBUTWN OF THIS WWi.uu !i:U 



PEGASYS — A PROPOSED INTERNAL TARGET-SPECTROMETER FACILITY FOR 

THE PEP STORAGE RING 
U C R L — 9 9 3 0 8 - R e v . l 

DE89 0 0 1 9 2 4 

Karl Van Bibber 

Department of Phys ics 

Lawrence Livermore N a t i o n a l Labora to ry 

P. 0 . Box 808 , L-405, Livermore , CA 94550 U.S.A. 

ABSTRACT 

A proposal for an internal gas-jet target and forward 

spectrometer for the PEP storage ring is described. The 

beam structure, allowable luminosity {&= 10 3 3 cm~ 2s _ 1 for 

Hj, l>2 decreasing as Z""L-75 for nuclear targets) and energy 

(Ee i 15 GeV) make the ring ideal for multiparticle 

coincidence studies in the scaling regime, and where 

perturbative QCD may be an apt description of some exclusive 

and semi-inclusive reactions. 



1. INTRODUCTION 

The utility of storage rings for coincidence measurements, 

and for applications where ultra-thin targets are required or are the 

only targets available is well known and will not be elaborated on 

further1'. An internal target facility at the PEP storage ring, 

PEGASYS (PEP Gasjet-Spectrometer System) would provide unique 

opportunities in the Bjorken scaling regime, and complement the 

programs at SLAC End Station A, the Tevatron muon facility and CEBAF 

in the future. 

2. THE PEP STORAGE RING 

The PEP storage ring is 2.2 km in circumference, and has 6 

interaction regions^'• The ring can run at 5-15 GeV per beam, with 

an energy spread of AE/E = 6 x 10~5E(GeV). Circulating currents of 

20 mA (in three bunches) per beam are typical for high energy 

operation. Internal target luminosities will be constrained by the 

desired storage lifetime. Figure 1 shows that the luminosity of H 2 

and 02 may be 10 3 3 cm~2 s _ 1 for target thicknesses of 10-20 ng/cm2; 

the luminosity (in terms of nuclear scattering centers) decreases 

roughly as Z -*" 7 5. This luminosity results from e.g. a 20 mA 

current, and a 2-hour beam lifetime. In practice, the time in 

between fills will probably be 4-12 hours, but ihe current can be 

higher if running at less than full energy. 

The PEP ring will continue to operate for high energy 
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physics (the TPC collaboration) in the intermediate term. A 

synchrotron radiation physics program has begun at PGP and promises 

long term stability for the machine. 

3. THE INTERACTION REGION 

3.1 The Gas Jet Target 

After considerable study, the cold cluster target appears to be 

the most promising for the PEP storage ring; such a target has been 

used by UA-6 at the SPS for hydrogen3), and a similar target is 

operational with hydrogen, nitrogen and argon for future use at the 

CELSIUS ring4'. This target relies on condensation of the gas into 

microclusters of 10^ - 10 6 atoms to minimize the transverse momentum 

of the atoms and thus the opening angle of the jet. Skimmers further 

suppress the tails of the density profile relative to the core. The 

maximum density used (for hydrogen) at the SPS was 4 x 10 1* cm - 2, and 

a factor of 2 improvement in density will be straightforward. 

Nevertheless, some development will be needed to achieve our nominal 

goal of 2 x 10 1 5 cm - 2. 

3.2 The Spectrometer 

There are two important elements of the concept for the 

detector. The first is a forward spectrometer with as large a solid 

angle as is feasible, and excellent particle identification. 
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Furthermore, it should have sufficient resolution of all kinematic 

quantities such that the missing mass resolution for simple event 

topologies will be better than the pion mass. The second is to 

design an environment in and around the scattering chamber that will 

allow us to exploit the thin, point-like nature of the gas jet target 

for observing the low-energy decay of the target spectator nucleus. 

This means equilibrium and pre-equilibrium nucleon emission, heavy 

fragment emission, gamma decay, and perhaps the recoil of the entire 

target nucleus itself. 

3.2.1 The Forward Spectrometer 

Figure 2 shows the top and side views of the proposed 

spectrometer and gas jet target. The magnet is being designed to 

cover S x = + 42*, 9 y = + 19*, representing a solid angle of 

approximately 830 msr. The fBdl » 2.2 T-m, and cutting the pole 

faces to diverge radially in the vertical direction minimizes the 

vertical focussing. As the beam path must be essentially field-free 

throughout the PEP straight section, a thin tapered iron plate with a 

bore hole lies in the spectrometer mid-plane. A soft iron tube 

containing the beam pipe occupies the bore hole leaving a small 

cylindrical air gap between them. The two-layer magnetic shielding 

will reduce the integrated transverse magnetic field to a few 

Gauss-meters, and with a minimum sacrifice of solid angle. 
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Since virtually all experiments will require an 

inelastically scattered electron as a part of the trigger, excellent 

*-e discrimination is necessary, particularly at low scattered 

electron energies where the «7e ratio becomes very unfavorable. The 

atmospheric C0 2 Cerenkov detector (pion threshold = 4.9 GeV/c), and 

electromagnetic calorimeter (segmented liquid-scintillator design) 

provide the requisite discrimination. The heavy gas Cerenkov 

detectors (Freon 114 at 2 atm.), and time-of-flight scintillators are 

responsible for w-K-p separation. Both the C0 2 and heavy gas 

Cerenkov detectors are diffuse-scattering in design, and will use 

large 20" hemispherical photomultiplier tubes (PMT's). The 

scintillators will be 20 cm x 5 cm in cross section, and read out by 

5" PMT's. Conservatively the time resolution will be 350 ps FWHM. 

A summary of the particle identification capability of the 

forward spectrometer is shown in Figure 3. The trapezoidal bars for 

the TOF system indicates where the particle identification is at 

least 100:1 (lower lines), and 10:1 (upper lines). As the asymptotic 

number of photoelectrons H(P=1) for the Cerenkov detectors is 

designed to be moderately large (6 for CO2. 40 for Freon), amplitude 

information may be used. Here the trapezoidal bars indicate the 

threshold momentum (lower lines), and momentum corresponding to 50% 

light output (upper lines). 

The tracking will be performed by three planes of drift 
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chambers, each a stereo triplet of planes. Monte Carlo studies 

indicate that the momentum resolution should be (Ap/p) * 1.1 x 10~ 3 p 

(GeV/c). 

3.2.2 Ancillary Detectors 

A number of detector systems are being considered for the 

more backward angles, both within and outside the vacuum chamber. 

Figure 2 (top) shows an array of movable neutron time-of-flight 

counters with long flight paths (s 6 m). These would permit 

detection of high momentum neutrons (p»p F) in coincidence with 

scattered electrons in deep-inelastic kinematics, necessary for 

studying the quark structure of the NN short-range correlation.5-7' 

A 'mini-ball' array of Csl detectors could occupy = 1/2 x 4* solid 

angle within 10-15 cm of the gas jet target to detect p,d,t, 3 , 4 H e 

(up to 100 MeV for protons). 8 , 9' This would be important for the 

study of 'tagged' structure functions, i.e. structure functions 

modified in nuclei by selecting specific initial state 

correlations.10' Solid-state telescopes providing E-AE and 

time-of-flight information may be mounted within the scattering 

chamber to observe heavy nuclear fragments indicative of massive 

energy deposition in the target nucleus. Such measurements, 

heretofore only performed in p-A collisions and inclusively,11' would 

be of much greater importance with x,Q dependencies and in 

coincidence with the forward 'jet'. The electronics and data 

acquisition system are being designed to take data at 200 Hz, with a 

typical event size of 300 words. 
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4. THE PHYSICS PROGRAM 

4.1 Overview 

The energy range of PEP is well-suited for studies in the 

scaling region (Q2 > 1 (GeV/c)2) in deep-inelastic scattering, which 

manifests the point-like coupling of virtual photons to quarks in the 

nucleon or nuclear target. The attainable momentum transfers that 

may be achieved with good statistics in semi-inclusive or exclusive 

channels is obviously process-dependent, but as a general rule 

2 i Q 2 i 5 (GeV/c)2- This is thought to be the regime also where 

perturbative QCD descriptions of many processes should become 

relevant. 

A rough schema of the physics program at present is 

o Quark Propagation and Hadronization in Nuclei 

Quark-Nucleon cross section 

"Formation Length" 

Target Spectator Decay 

o pQCD 

p(e.e'YP), p(e,e'ir0p), p(e,e'p°p) 

"Color Transparency" in A(e,e'x), x = », K, p, p 

o Higher-Twist Contributions to Semi-Inclusive (e.e'ir*) 

o "Tagged" Structure Functions 

Initial State Correlations and the EMC Effect 

Quark Structure of the US interaction 
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To demonstrate the strength of this facility we give a brief example 

concerning the "formation length" of hadronization. 

4.2 Quark-Nucleon Cross-Section and Formation Length 

Although the notion of a formation length T in the 

materialization of struck quarks into hadrons is not new, 

experimental data on the issue is nearly non-existent. Greatly 

differing theoretical approaches have run unchecked. While in all 

cases r a v (representing the Lorentz factor in boosting from the 

rest frame of the hadron to the lab frame), the formation length 

may 1 2' or may not 1 3' depend on the hadron mass M n, and may 1 2 , 1*' or 

may not be 1 3' z-dependent (z = G n/v). The only experimental method 

that can address these questions is to imbed the fundamental process 

I + H -» l* + h -i- X (t = lepton, h = hadron) into nuclei of varying 

radii and look for the attenuation of hadrons in the ratio of 

production cross sections per nucleon between nuclear and nucleon 

targets. Such a depletion would occur at a given z if the 

materialization occurred predominantly within the nucleus and is thus 

subject to scattering or absorption with a characteristic 

cross-section of 20 mb. (The current quark is believed not to 

interact inelastically in a nuclear medium, i.e. Cqn ~ 0, and there 

is some experimental evidence for this). The only evidence for 

nuclear attenuation in leptoproduction ever observed is from a 

HIT-SLAC collaboration of more than a decade ago 1 5'; this experiment 

suffered from virtually no particle identification, poor statistics 

and limited coverage in 

p x
2 (<HGeV/c)2). Recent data from EMC 1 6' at much higher energies 
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are consistent with no nuclear attenuation, and further give evidence 

that Oqg « 0. The data are shown in summary form in Fig. 4, and are 

consistent with the estimates that the formation length is roughly 

(O.l-l)v fm, with v in GeV. Thus at EMC or Tevatron muon energies 

(100-600 GeV) the leading hadrons appear far downstream of the 

nucleus, while at PEP (E=15 GeV) chis distance is well-matched to the 

range of nuclear radii. Figure 5 shows the kind of detail that we 

will achieve with PEGASYS which is due to enormous statistics, good 

particle identification and large acceptance. Recall that the 

HIT-SLAC data were confined to Pj_2 < 1, and with large errors 

associated with them. 

5. PROSPECTUS 

The facility will be officially proposed by the fall of 

1988. Funding would begin FY 91, and experiments by fall of 1991 at 

the earliest, or more realistically by 1992. The nuclear physics 

operation will be compatible with high energy physics operation 

(E = 13.5-14.5 GeV) and operation for synchrotron radiation research 

(E = 8-10 GeV). We anticipate dedicated nuclear physics running for 

part of the program as well. 
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Fig. 1. Luminosity (in cm~z sec - 1) as a function of atomic 
weight A for internal target physics at PEP. A 20 mA 
current is assumed, and a 2-hour beam lifetime. 

Fig. 2. Schematic top (top) and side (bottom) views of the 
proposed spectrometer and gas jet target. A shaped 
iron plate with a concentric soft iron pipe in its bore 
will occupy the spectrometer mid-plane to exclude flux 
from the beam path. 

Fig. 3. Summary of the particle identification ability of the 
forward spectrometer of PBGASYS. For the TOF system, 
the trapezoidal bars indicate where the separation 
between two species will be at least 100:1 (lower 
lines), and 10:1 (upper lines). For the Cerenkov 
detectors, the trapezoidal bars indicate the momentum 
threshold (lower lines), and where the light output is 
50% of asymptotic (upper lines). 

Fig. 4. Attenuation of hadrons (z > 0.4) vs. « = E - E'. Dots, 
data of Ref. 16, Square, data of Ref. 15. 

Fig. 5. a) Attenuation of * + s that would be measured with 
PEGASYS (v = 7, Av = 1; Q 2 = 2, AQ 2 = 1) with and 
without linear z-dependence. b) Attenuation of * +, K+ 
expected, assuming T a M n

- 1 (z = 0.7, Az = 0.2; Q 2 = 2, 
AQ 2 = 1 ) . c) Dependence of the attenuation of » + on 
the inelastic quark-nucleon cross section, vs. v (z = 
0.7, tz = 01; Q 2 = 2, &Q* = 1) d) Expected effect of 
elastic quark rescattering^7' vs. p^2- a)-c) assuming 
A = 64, d) A = 40; all, 30 days of running. 
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