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I. PHYSICS 

Antiproton nucleon strong interaction at threshold (annihilation, 

elastic scattering, off shell charge exchange ... )occur in atomic orbitals 

of the antiprotonic atom that forms when an antiproton is stopped inside a 

target. Direct evidence of formation of antiprotonic hydrogen and deuterium 

atoms has been established by detecting the characteristic radiative trans­

itions to the 2P atomic energy level in a recent experiment where, for the 

first time, use was made of a gas target at room temperature 1 ' 2 ). 

At threshold the strong NN interaction manifests itself by shifting 

and broadening the Coulomb levels of pp and pd atoms 3 - 16 ), by causing 

annihilation and by determining the annihilation pattern (branching ratios 

of annihilation final states for each initial atomic state depopulated by 

annihilation). Shift 6E and broadening r of the pp and pd Coulomb atomic 

levels are expected to depend strongly on the total spin state (hyperfine 

splitting due to the spin dependence of NN forces) and on the existence 

in the proximity of the threshold of resonances and quasinuclear pN bound 

states in the same spin state. Baryonium states below threshold can be most 

intensely populated by radiative 10 ) and pionic 17 ) transitions from initial 

atomic states. The strength and the yield of these transitions depend on 

the strong interaction distortion of the atomic wave functions and on the 

distribution of initial atomic states. 

Antiproton interaction at rest are then of interest for atomic physics 

(strong interaction shift and broadening of pp and pd atomic levels, pp 

and pd atomic cascades in matter), for nuclear physics (NN and NN potentials 

comparison, quasinuclear bound states of N and N) and for particle physics 

(antiproton as low energy hadronic probe of the inside of the nucleon: 

annihilation; exotic quark aggregates: baryonium). The atomic, nuclear and 

particle physics aspects are strictly connected because the phenomenological 

picture of NN strong interactions at rest (annihilation branching ratios, 

transitions to baryonium) depend on the (n, 1) distribution of initial 

atomic states. This distribution depends on the mixing of atomic levels 

during collisions and on the annihilation width of S and P atomic levels 

(Stark mixing 18 )). Moreover the Stark mixing depends on the target density 

and on the strong shift of the S levels. 
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Investigations of the antiproton-nucleon strong interaction at threshold 

started with bubble chamber experiments and continued with counter experi­

ments making use of liquid H2 (D2) targets. In bubble chamber experiments 19 • 27 ) 

branching ratios for annihilation at rest in liquid into picnic and kaonic 

final states were measured, pN coupling to mesonic resonances was studied, 

evidence of dominant annihilation from initial atomic S-wave orbitals was 

produced and evidence for pn quasinuclear/baryonium bound states was reported. 

Counter experiments concentrated on rare annihilation channels (e.g. 

pp+ e+e- 28 )) and on annihilation channels with many neutrals (e.g. pp+ 

n°n° z9 , 3 o) , pp+ y + anything 31 • 32 ))in the final state Comparison 

of pp annihilation branching ratios into n°n° and into TI+TI- pointed to an 

important P-wave annihilation component in the pp + 2n channel and has 

cast doubt on the usual assumption of dominant S-wave annihilation in 

liquid hydrogen supported by bubble chamber data 33 ). Evidence has been 

reported of detection of direct y transitions from initial pp atomic states to 

states below threshold (quasinuclear bound states or baryonium states 34 )). 

Upper limits for the population of the pp atom ground state lS are available. 

These limits depend strongly on the assumption made on the width of the 

Klines and range from some 10-4 in liquid H2 35 , 35 ) to 10-2 in H2 and D2 

gas at 4 atm 1 • 2 ) Atomic P-wave annihilation has been observed directly 
- - 1 2) in the 2P level of pp and pd atoms ' , but only a lower limit rANN ~ lOfRAD 

for the 2P level annihilation width is available. 

The existing picture of NN interactions at rest is clearly far from 

being complete: 

i) there is no direct measurement of the pp and pd S-wave scattering 

length and of the P-wave scattering volume; 

ii) the (density dependent) balance between S-wave and P-wave annihilation 

is not known (existing branching ratios of annihilation channels are 

inclusive on all the initial atomic states compatible with the selection 

rules); 

iii) evidence for baryonium below threshold is weak and quantum numbers 

cannot be attributed to present candidates. 

The main limits of present day experimental approaches are due to 

the use of liquid targets: 
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a) the rate of y/n transitions to high angular momentum baryonium states 

near threshold is damped by the intense Stark mixing that depresses the 

population of the low n atomic states; 

b) the quantum numbers of the initial atomic states from which annihilation 

and transitions to baryonium may occur cannot be measured directly 

because of the scarcity of detectable X-rays and the incompatibility of 

a large acceptance detector for low energy X-rays with a liquid target. 

Notwithstanding the points indicated above,all experiments presently 

on the floor at CERN and Brookhaven to search for baryonium transitions 

from protonium make use of liquid targets. This is somewhat imposed by 

the nature of present low energy antiproton beams in order to get a sig­

nificant amount of p stops in the experimental target. 

At LEAR the low momentum and momentum dispersion of the extracted 

antiproton beam will permit to stop abundantly antiprotons also in a gas 

target, that can be combined with an X-ray detector of low energy threshold. 

We intend therefore to perform at LEAR a study of pp and pd inter­

actions at threshold by stopping antiprotons in a gaseous target and by using 

a detection system with large angular acceptance designed to 

1) detect the K, L and M X-rays of pp (pd) atomic transitions (~ 10, 2 and 

1 KeV respectively); 

2) measure with a magnetic spectrometer the momentum of p annihilation prongs; 

3) detect with good spacial localization ganunas associated to p annihilations. 

The experimental set up that we envisage combines the new features 

of a gas target and an efficient X-ray detector intended primarily for 

triggering and flagging purposes 37 ). The completeness and sophistication 

of the detection capability of our apparatus for annihilation products would 

be balanced with the aim of starting experimentation as soon as LEAR is ready .. 

Our physics goals concern three main sectors: 

a) Protonium spectroscopy 

b) pp annihilation 

c) Baryonium (via protonium), and the corresponding pd cases (the extention 

to pd is assumed and will no more be explicitly mentioned from now onwards). 
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Also use of the experimental set up for later measurements in flight 

at low kinetic energies is considered. 

a) Protonium spectroscopy 

By detecting radiative transitions to the n = 1 levels of pp and pd 

atoms (K-lines) we could obtain the spin dependent pp (pd) complex S-wave 

scattering length a from the measurement of shift and width of the levels: 

r -1
1 1

2 
6E + i 2 = 2m ~lS(O) a. 

We will try to resolve the ground state hyperfine structure and to 

measure 6E and r of each hyperfine sublevel, by selecting K X-rays in 

coincidence with specific annihilation channels allowed only from one 

given initial spin state (e.g. pp K X-rays detected in coincidence with 

annihilation into neutral pions only must have populated the singlet 

1 1 S state). 0 

The NN scattering length in a given spin and isospin channel is 

expected to be influenced by the existence of quasinuclear or baryonium 

states near threshold in the same channel. Determination and comparison 

of scattering lengths in the pp and pd channels may therefore help to 

assign quantum numbers to baryonium states established in independent 

experiments or point to their existence. 

We intend to measure the annihilation width r2p of the 2P level by 

comparing the intensity of the K X-ray line (2P-1S transitions) to the 
a 

intensity of the L lines that populate the 2P level. The yield of L 

X-rays in gas at 4 atm NT is~ 5% 1 , 2 ). We expect a higher yield at 

1 atrr NT. The lower limit on r 2p was obtained at 4 atm by counting the 

number of X-rays in the K line energy region that were in coincidence 

with a L X-ray. This coincidence technique is extremely powerful in 

reducing background. Our X-ray detector will optimize the detection 

efficiency and maximize the background rejection for X-rays in the L 

energy region to allow systematic use of the L X-ray coincidence technique. 

Extension of the technique to clean the L X-ray spectrum can be envisaged 

by requiring a M X-ray in coincidence. 

Measurements of the yield of K, L and M lines independently and in 

coincidence will give information on the development of the atomic cascade. 
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b) pp annihilation 

We intend to measure annihilation branching ratios focussing attention 

on the two body annihilation channels TI+TI-, K+K-, K~ ~· K~K~ that can 

be identified unambiguously by the magnetic spectrometer. Also the 

inclusive branching ratios with 2, 4, 6 charged particles and any number 

of neutrals could be measured. 

By exploiting the X-ray information it will be possible to measure 

and compare: 

i) inclusive branching ratios (no X-ray trigger); 

ii) b.r. for annihilations in the 2P level (L X-ray in coincidence); 

iii) b.r. for annihilations in the lS level (K X-ray in coincidence). 

If the hyperfine splitting of the lS levels turn out to be appreciable 

it will then also be conceivable to compare S-wave annihilation reactions 

from states of different spin. 

c) Baryonium 

We intend to search for baryonium states reached from protonium levels 

with a radiative or pionic transition by analyzing events with at most 

one neutral in the final state. By discarding those events where some 

prongs escaped the spectrometer chambers these reactions will be kine­

matically constrained because, due to the little scattering in the gas 

target and the surrounding X-ray detector, it will be possible to recon­

struct precisely both the missing mass and the missing momentum. 

We consider in particular the following set of possible transitions: 

PP -+ B + y (1) 

+ 
TI+TI-
2TI+2TI-
K+K-

PP -+ B + TI 0 (2) 
+ 

TI+TI-
2TI+2TI-
K+K-

PP -+ B + TI+ (3) 

+ 
2 TI±TI+ 

TI±TI~ 
2n± TI+ TI 0 
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for which a baryonium level narrower than the experimental resolution 

produced with a 10-3 branching ratio would give a better than 5 to 10 

standard deviation peak to background signal for 10 9 triggers. Reaction 

(1) would be particularly clean because the direction of the missing 

momentum would also be defined by the annihilation vertex and the y 

conversion point and no direct coincident background is expected. Both 

negative and positive G parity baryonium states are accessible by one 

or the other of these reactions. 

To increase the probability of reaching a narrow baryonium state of 

high angular momentum we would trigger on events with a detected L X-ray. 

Comparison with spectra without the L X-ray trigger would allow us to 

restrict or fix the quantum numbers of peaks appearing in the data. 

Experiments in flight 

A natural extension of our progrannne which is envisageable with no 

major modifications to the experimental apparatus would be to study the 

low energy region above threshold that is at present unexplored. 

We would then envisage a search for the formation of narrow baryonium 

resonances and study the energy dependence of crTOT , crn+n-, crK+K-' crKoKo' 
ANNIH S S 

crel and crTOT" The two body annihilation channel could be studied with 

good resolution because of the constrained kinematics. 

II EXPERIMENTAL SET-UP 

Apparatus 

A sectional view of the general layout of the experimental apparatus 

cut along a horizontal plane containing the beam axis is shown in Fig. 1. 

The central part of the set-up is a system that includes 

i) a cylindrical gas H2 target; 

ii) a surrounding X-ray detector (XDC for X-ray drift chamber); 

iii) a multicell cylindrical drift chamber (IDC) envelopping the XDC. 

The H2 gas where antiprotons are brought to rest is contained in a 

very thin aluminized mylar tube that has good transmission for the low 

energy pp X-rays and is installed and kept in cylindrical shape following a 
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well tested technique 38 ). The XDC is a cylindrical drift and proportional 

multiwire chamber with radial drift direction capable of detecting and 

identifying low energy X-rays down to 500 eV 39 • 40 ). The IDC works with 

the same gas mixture of the XDC, supplements the XDC for detecting pp 

K line X-rays and detects with good accuracy in 0 p annihilation prongs 

from the H2 target. 

The assembly H2 target/XDC/IDC is installed in the centre of a magnetic 

spectrometer consisting of four extra light cylindrical MWPC's (each with 

read out from the anode and the cathodes) located inside a 1.2 m long 

0 1.7 m solenoid with 0.8 T top field. We plan to use the solenoid and 

the chambers of the DMl spectrometer41 • 42 ) which has terminated its oper-
+ -ations at the DCI e e storage ring at LAL, Orsay (Fig.2). 

Position sensitive y detectors (lead plates and MWPC sandwiches) are 

installed at the end caps of the solenoid to count y's,measure the conversion 

point of y's from neutral transitions to baryonium and possibly deter-

mine the energy of monocromatic TI 0 transitions from a measurement of the 

opening angle of the two photon TIO decay43 ). 

Position senitive y detectors are also located between the coil and 

the return iron yoke. 

The characteristics of the main components of the apparatus are 

SUimnarized in Table 1. 

By concentrating our har:1ware effort on the detectors for neutrals 

(X and y) we should be able to get, combining with DMl, a fairly good 

detection system tested and ready to take data at the start of LEAR operation. 

Our set up will also be suitable to study with high resolution NN 

interactions in flight at low energy by equipping the gas target with 

extremely thin entrance and exit windows, by letting the p beam traverse 

it and by recording the interactions in a fiducial volume inside the gas. 

The XDC could be used in this case to also detect low energy recoil protons. 

An extension of the position sensitive y detection to a 4TI coverage 

inside the coil could be envisaged in a successive step that would exploit 

the solenoid, the XDC assembly and the end cap y detectors. 
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Beam 

In order to stop the maximum amount of antiprotons in the centre of 

the gas target we will reduce the energy of the beam extracted from LEAR 

with a moderator installed inside the magnetic volume at the entrance of 

the gas target. Our target (~ 80 cm long, H2 gas NTP will be ~ 7 mg cm-2 

thick. With the 300 MeV/c 6p/p < 10- 3 p beam expected in the first phase 

of LEAR operation we will have a rather flat distribution of p stops along 

the axis of the detector and ~ 2/3 of the antiprotons will annihilate in 

the moderator and in a downstream veto counter. With a 100 MeV/c 6p/p < 

10- 3 p extracted beam obtainable by implementing electron cooling in LEAR, 

the situation would improve substantially as the p stop distribution would 

concentrate at the centre of the target in a volume shorter than 10 cm. 

This would imply easier pattern recognition and a higher angular acceptance 

of the detection system. 

The rate of fir.ing of the detectors will be fairly independent of the 

beam momentum for Pb < 300 MeV/c, as in all cases annihilation will 
earn 

occur dominantly at rest and inside the magnetic volume of the spectro-

meter. The maximum beam intensity that can be used in stop experiments is 

limited to~ 10 5 sec- 1 due to the long drift time in the XDC cells. During 

first survey measurements with loose trigger conditions we will need a beam 

of lower intensity due to saturation of the data acquisition system. During 

later experiments in flight we could have the whole LEAR beam (~ 10 6 p sec-1 ) 

traversing the H2 target. 

III. PRIORITIES AND INDICATIONS 

Our priority regarding the additional options considered for LEAR goes 

naturally to electron cooling that would allow us to get a better stop 

distribution due to the lower beam momentum and momentum dispersion obtain­

able. 

The research programme that we would like to pursue is an extrapolation 

to LEAR conditions of research work started years ago by part of the present 

collaboration at the CERN PS 1 • 2 ). Testing and design work in the perspective 

indicated in this letter is currently under way in some of the collaborating 

institutes. However funding is bound for some institutes to having an 

approved proposal. Since time may become limited to get the whole set up 
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ready for the start up of LEAR it would therefore be convenient for us to have 

an early call for proposals,so as to have the possibility of getting a 

decision concerning our proposal by the middle of 1980. 



TABLE 1 

Characteristics of the detection system 

Particle Detector Solid angle Detection nn Spatial Resolution 
Note Ref. $1/4Tr efficiency n 4n resolution (FWHM) 

(%) (%) (%) (CJ) + 
~ 

X-ray XDC >90 >20 20 6R®M¢®6Z 6E/E '\J a 38,39 
0.5x2x10 mm 3 

20% Is.~ keV 
+ XDC discrim. 

Prongs Spectrometer 60 99 60 M<jixllZ 6p/p '\J 41,42 
0 .6xl. 7 mm2 6% p(MeV) 

0 500 

XDC >90 99 >90 R6<jixl1Z 
2xl0 mm2 

IDC >90 >95 >90 R6<jix6Z 
0.2xl0 mm2 

PSGD 50 >90 >45 2x:2 mm z b y 
GD 40 50 20 b 

Tr 0 PSGD 20 6E/E '\J b, c 43 
l% E(MeV)-50 

0 140 

a) Detection threshold '\J 300 eV 

Efficiency n > 20% with 6µ mylar tube and Ar counter gas for X-rays with energy E > 1.5 KeV, 

b) Efficiencies are computed for 100 MeV gammas. 

c) 17 mrad resolution on the opening angle of the two y's from a single n° with 1 rnrn 3 granularity in 

the p annihilation vertev reconstruction. 

t-' 
0 
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Fig. 2 


