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Abstract. The nucleon—nucleon interactioN ) is fundamental for the whole of nuclear physics and hence

to the composition of matter as we know it. It has been demonstrated that stored, polarised beams and polarised
internal targets are experimental tools of choice to probe dp#tts inNN-scattering experiments. While the

EDDA experiment has dramatically improved the proton—proton date base, information on spin observables in
neutron—proton scattering is very incomplete above 800 MeV, resulting in large uncertainties in isgsphkse

shifts. Experiments at COSY, using a polarised deuteron beam or target, can lead to significant improvements in
the situation through the study of quasi—free reactions on the neutron in the deuteron. Such a measurements
has already been started at ANKE by using polarised deuterons on an unpolarised target to stymy-the

{ppin deuteron charge—exchange reaction and the full program with a polarised storage cell target just has been
conducted. At low excitation energies of the fipgd system, the spin observables are directly related to the spin—
dependent parts of the neutron—proton charge—exchange amplitudes. Our measurement of the deuteron—proton
spin correlations will allow us to determine the relative phases of these amplitudes in addition to their overall
magnitudes.

1 Introduction Due to the Pauli principle, when the two final neutrons
) _ o are in a relativeS—wave their spins must be antiparallel

Anunderstanding of theN interaction is fundamental  and the system is in th&, state. Under such circum-
to the whole of nuclear and hadro_nlc phySICS. The databasestances thad — p{nn} reaction involves a Spin f||p from
on prOton—prOton elastic Scatterlng is enormous and thethes = 1 of the deuteron to th® = 0 of the dineutron and
wealth of spin—dependent quantities measured has allowethence is dependent on the spin-isospin-flip amplitudes.
the extraction oNN phase shifts in the isospln= 1 chan-  |f the data are summed over all excitation energies of the
nel up to a beam energy of at least 2 GeV [1]. The situ- nn system, then the Dean closure sum rule allows one to
ation is far less advanced for the isoscalar channel wheregeduce fronR, the fraction of spin-dependence in the
the much poorer neutron—proton data only permiitked  charge—exchange amplitudes [3]. Such measurements have
phase shifts to be evaluated up to at most 1.3 GeV but withnow been carried out up to 2 GeV [4].
S|gn|f|9ant ambiguity abo_ve_ about 800 MeV [1]. The data_1 However, Bugg and Wilkin [5] have shown that much
on which such an analysis is based come from many facil- yygre information on thep charge—exchange amplitudes
ities and it is incumbent on a laboratory that can make a g pe extracted by using a polarised deuteron beam or

significant contribution to the commundfert to do so. ¢ t and studving the ch offi
It has recently been argued that, even without measur- arget and studying the charge—symmetrip — {ppin
ing triple—spin observables, a direct amplitude reconstruc- reaction. TC.) achieve the full benefit, the excitation energy
tion of the neutron—proton backward scattering amplitudes]tEpp In t?e f|2al pdp Sé/sl\t/ler{w/ mustt b2e éep\)/t Igvv7. Ehxpenments
might be possible with few ambiguities provided that ex- rom a few hundred Mev up 10 2 € [6,7] have gener-
periments on the deuteron are included [2]. This work stud- ally bprne out the theoretical pfed'c“ons. and haye there-
) fore given hope that such experiments might provide valu-

ied in detail the ratio of the forward charge—exchange Cross_ = *1ata on the amolitudes in the small momentum trans-
section of a neutron on a deuterium target to that on a hy-fer region P

drogen target, o _ _
The ANKE collaboration is embarking on a systematic
programme to measure thefférential cross section and

analysing powers of thd p — {ppin reaction up to the
maximum energy of the COSY accelerator of 1.15 GeV
per nucleon, with the aim of deducing information on the
np amplitudes [8]. Higher energies per nucleon will be
2 e-meil: a.kacharava@fz-juelich.de achieved through the use of a deuterium target. Spin cor-

do(nd — pnn)/dt
do(np— pn)/dt”’

Rap(0) = @

wheret is the four-momentum transfer between the initial
neutron and final proton.
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relations will also be studied with a polarised beam and elastic diferential cross section [12,13]. The cross section
target [9]. However, for these to be valid objectives, the is, symmetric about.,, = 90°, which accounts for show-
methodology has to be checked in a region wherenthe  ing only data below this angle. The vast bulk of the data
amplitudes are reasonably well known. above 500 MeV were obtained by the COSY-EDDA col-
The first evaluation of the analysing powers and dif- laboration [14], but these were limited to c.m. scattering
ferential cross sections of th:E p — {pp}n reaction at ang|eS above about 35This scatter p|0t also shows that

Tq = 1170 MeV has been reported in Refs. [10,11]. Since ther_e is a lack of good data even for th@eﬁential cross
both the cross section and two tensor analysing powers af€ction at small angles for beam energies above 1 GeV.
585 MeV per nucleon largely agree with theoretical pre- This is mainly due to the design of the EDDA detector,
dictions based upon reliable neutron—proton phase—shiftwhich requires a significant minimum momentum transfer
analysis, this gives us confidence that the methods used® the recoil proton in order that both protons can be de-
here can be extended to higher energies where much lesiected [14]. Itis therefore clear that new high quality small

is known about thep elastic amplitudes. The possibilities angleppelastic scattering data are required.
of such work will be discussed in this contribution. Most nucleon—nucleon phase shift and amplitude anal-

ysis in the GeV range is carried out by the SAID collabo-
ration [12]. When the group was asked what impact a mea-

2 The SAID dat and oh hift surement of the dierential cross se_ction in the_ range say
Ie S database and phase s 5° < 6cm < 30° at say 2.4 GeV with a precision of 5%
analysis would have on the phase shifts, the answer vitectvely

NONE [15]. SAID already predicts those results with a 2%
uncertainty — despite there being no experimental informa-

Apart from their intrinsic importance for the studv of tion available in this region. How can we understand this
P P y apparent contradiction?

nuclear forces, nucleon—nucleon data are also necessary in- i, . .
Professor Rentmeester [Nijmegen NN-online] explains

gredients in the description of meson production and other L .
. i . ; o the situation as follows [16]. For a single—energy proton—
nuclear reactions at intermediate energies. It is incumbent

on any facility that can make a significant and new contri- proton phase shift analysis, only the lower partial wave

. g phase shifts are free parameters. For the higher waves,
bution to this important database of knowledge to do so. . ;

. . . P . fixed values are chosen from the one—pion exchange (OPE)
Let just discuss the cross section situation in some detail.

model, assuming that: (i) The OPE is “known” (its strength
as well as the basic mechanism), and (ii) In the wave where
one starts using just the OPE, the non—OPE contribution
H cannot be determined with statistical significance.
= g The second point could be tested if new data at small
i
H

2.1 The pp — ppdatabase

[L, s s s
.-

0 [degrees CM]
0]
o

angles, where currently no data exist, enable the determi-

nation of a new phase shift in an analysis. The 2% pre-

ST dicted uncertainty is very dependent on the parametrisation
- and the set of data that are used to determine the free pa-

i rameters. If pseudo—data are generated with the predicted
R angular shape as the source, such input would only pro-
vide a confirmation of the prediction. The values for the

phase shifts would stay the same; only their uncertainties
might change, depending on the uncertainties assumed for
the pseudo—data. Hence, if one can produce good data in
a region where there is none, they are always potentially

useful.
00 500 1000 1500 2000 2500 a0 To contribute usefully to thepdatabase, the cross sec-
Tiab [MeV] tions must be measured absolutely in, say/sniEDDA

Fig. 1. Abund lot of th lastic diferential " had a relative monitor (measuring electron pairs from the
'g. L. Abundance piot ot thp efastic diierential Cross SECLON 4o yaty which was normalised to data taken in an external

do/dQ (left) extracted from the SAID [1] and NN-online [13] : .
databases. The points show the positions in energy and centre-of-eXperlment at low energy. How does one measure directly

mass angle of existing measurements. It is important to note thatth.?hlur?m(l)s.'ty for internal gxperquﬁnts at a storaget r'qg
in the energy range of.® < T, < 2.5 GeV the plot is largely without relying on a comparison with a measurement wi

dominated by the very precise COSY-EDDA data [14] but that an extracted beam ? . .
these only cover the range in scattering ang5° < fon < 9C°. The ANKE collaboration and the COSY machine crew
have jointly developed an independent and very accurate
method for determining absolutely the luminosity in an ex-
A full pp phase shift analysis requires data on cross periment at an internal target position of COSY. The tech-
sections, analysing powers, spin correlation, and transfemique relies on measuring the energy losses due to the elec-
parameters. The scatter plot of Fig. 1 shows the energiedromagnetic interactions of the beam as it repeatedly passes
and c.m. angles where there are experimental data on theéhrough the target by studying the Schottky spectrum [17].
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s e T I then demands that the protons should have opposite spin
$ 100 OB P J projections so that they lie in th&, state. Hence in the

g dp — {ppish reaction there is a spin—flip from tHS,,

@ 140 ] 3D; of the deuteron tdSy of the diproton. The data are

therefore sensitive to spin—flip, isospin—flip transitions, as
indicated pictorially in Fig. 3.

ol

0 I I I I
0 500 1000 1500 2000 2500 3000

Tiab [MeV]

Fig. 2. Abundance plot of neutron—proton elastic scattering eval-
uated from Ref. [13].

The aim of the proposed experimentat ANKE [18] is to use
this powerful tool in the measurement of thefeiential

cross section and the proton analysing power of proton—F'g' 3. Symbolic depiction of deuteron charge exchange on the

proton elastic scattering in the energy range from 1.6 to proton.
2.8 GeV for centre-of-mass angles’19 6., < 30°.
2.2 Neutron—proton elastic scattering database The reaction can have a polarisation dependence that

can be linked to that in neutron—proton charge—exchange.

Dick Arndt has stressed that there i$a0ss miscon-  Supposed the deuteron is polarised with spin projection
ception within the community that neutron—proton ampli- M = +1 along the beam direction. If we neglect the
tudes are known up to a couple of GeV. The np data abovedeuterorD-state, this means that both the proton and neu-
800 MeV is a DESERT for experimentali§t®]. Thenp tron inside the target are polarised wiih = +%. In the
scatter plot of dierential cross sections shown in Fig. 2 is final state one of the two protons must have polarisation
much emptier than that for proton—proton of Fig. 1. There m = —%. This means that the data are then sensitive to the
has been no equivalent of EDDA that could revolutionise np — pn spin transfer between the initial neutron to the
the neutron—proton database. final proton.

At COSY we have no neutron beam and so we must  The above hand-waving ideas are put on a more quan-
use a deuteron beam or a deuterium target and this raisegtative foundation within the impulse approximation model
the usual questions regarding deuteron corrections. Neverpf Fig. 4 [5]. This will lead to a deuteron charge—exchange
theless, a large programme of spin physics involving the gmpiitude that is proportional to that fop — pn times
deuteron is planned [8]. a form factor that depends upon the overlap of the initial
deuteron with thepp scattering wave function. In addition
to all the spin complications, one has to be careful to in-

3 Deuteron charge exchange clude all relevant partial waves in the description of fige
scattering state.

By neutron—proton charge exchange we merely mean In impulse (single-scattering) approximation, the
near—backwardp elastic scattering where the final proton deuteron charge—exchange amplitude is of the form
is going close to the direction of the initial neutron. The
np charge—exchange amplitudes measure directly the dif-

ferences between small angip andnpelastic amplitudes M = (k, mg, My, mp | f16%7| d, M, my). (2)
and hence the fierences between amplitudes with isospin
| =1andl =0. Here f1, is the pn elastic charge—exchange amplitude be-

Charge exchange can be studied at COSY with atween the incident proton (of spin projectiom) to the
deuteron beam of up te 1.1 GeV/A and with a deuterium  final neutron (of spin projectiom,) at momentum transfer
target up tox 2.8 GeV/A [8]. Of especial interest is the re- g where, to a very good approximatiayf, = —t. The rel-
gion of small excitation energi€s, in the finalp psystem ative momentum between the two protons is denotekl by
since, as it was stressed in introduction, the Pauli principle so thatE, = k?/m.
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d P spin—spin correlation parametef®) (5, 20, 21]:
d*c 1 (e 142
1A =0,
LAY = -23(8"y),

| Axx = B + [y12 + lef? — 2161’2,
LA, = 161°R + s> — 2181 - 2lyI?,
1C,, = —2R(s"6)R,

Fig. 4. Impulse approximation diagram for tklg — {pp}n reac- 1 Coox = —Z%p(s p)
tion. Icyy,y = _ZA_:/~ 9

At COSY-ANKE we do not have yet (!) longitudinally
polarised targets or beams. Therefore, in terms of the pro-

The most general form of thep amplitude is ton polarisatiorQ (target) and deuteron vector and tensor
polarisation$®, andP,, (COSY beam), the observables are
fop = @ + iy(on + op) + Blon - ) (07p - A) given by [22]:
+6(on - M)(op - M) + &(on - ) (op - £), 3 oloe =1+ (QA? N %PZA;’) coso
where the unit basis vectors are defined in terms of the 5P2z[(Ayy + Ad + (A — Ac) cOS 2|
initial and final c.m. momenta b
y £P,Q|(Cyy + Cxx) + (Cyy — Cxx) COS D]
ﬁ:|p><p/|’ rAn=|p/_p|, Z,=|p'+p|. @ %PZZQ[(%CXM+%Cw,y+cxy,x)cos¢
pxp’ p’-p p’+p
H3Cxxy ~ 5Cyy + Cryx) COS %] : (10)

It is convenient to use a normalisation that is frame— Here ¢ is the azimuthal angle with respect to the COSY

independent where ring. Note that the 4, + Ax) term has na dependence
q and so its value cannot be determined from looking at the
da — |a,|2 + |ﬂ|2 + 2|’}’|2 + |5|2 + |8|2 ) (5) angular variation.
dt Jippn

As a first approximation, consider deuteron charge ex- 4 The experimental facility
change data witlE,, < 3 MeV where it is reasonable to
assume'S, dominance. There are then two form factors
that arise from the integral over the Fermi momenta:

S*(k 20) = WljoGaniw + V2w lja(2an)w),
S7(k, 2a) = wljoGaniw) — wlja(2anw)/ V2, (6) b2

whereu(r) andw(r) are theS- and D-state components
of the deuteron wave function amﬁ(’)(r) is the pp (*So)
scattering wave function.

Denote the ratio of the transition form factors by

R= S*(k 30)/S(k 3q) (7) MWPCs  “Hodoscope
Fig. 5. Top view of the ANKE experimental set-up, showing the
and the sum of the modulus—squares of the spin—flip am-positions of the three dipole magnets D1, D2, and D3. The hy-
plitudes by drogen cluster-jet injects target material vertically downwards.
The Forward Detector (FD) consists of three MWPCs and a ho-
I =B + Iy + |e? + 16]°R2. (8) doscope composed of three layers of scintillation counters.

Impulse approximation applied thp — (pp):s,n then
leads to the following predictions for theftiirential cross The COSY COoler SYnchrotron of the Forschungszen-
section, deuteron and proton analysing powexs énd trum Jilich is capable of accelerating and storing protons
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and deuterons with momenta up to 3.7 GeY23]. The is only possible at energies where there are calibration
ANKE magnetic spectrometer of Fig. 5 used for the charge-standards. The analysing powers fqy — dp have been
exchange reaction study is located at an internal target powell measured afy = 270 MeV. The EDDA measure-
sition that forms a chicane in the storage ring. Although ments at this energy showed that ~ 0.74P“¢a and
ANKE contains several detection possibilities [24], only P,, ~ 0.59P9%a where theP'9¢a are theideal values of
those of the Forward Detector (FD) system were used tothe polarisation.

measure the two fast protons from tthge — {pp}n charge Now, due to their small anomalous magnetic moment,
exchange [10], as well as the products associated with thedeuterons tend not to depolarise during acceleration — but
calibration reactions. The FD consists of multiwire cham- this has to be checked! It can be seen from the plot of the
bers for track reconstruction and three layers of a scintilla- particle angle versus its momentum in Fig. 6 that it is pos-
tion hodoscope that permit time—of-flight and energy—loss sible to measure at least four nuclear reactions simultane-
determinations [25]. The measurements were carried outously at ANKE, viz. dp —3Hen®, dp elastic scattering,
using a polarised deuteron beam and a hydrogen clusterdp — (pp)n, and quasi—freep — dr° with a spectator

jet target [26]. The main trigger used in the experiment proton [27].

consisted of a coincidence offt#rent layers in the ho- After acceleration t@yq = 1170 MeV, thed p — pspdr®
doscope of the FD. Figure 6 shows the experimental ac-reaction was measuredBf = 585 MeVhucleon. Here the
ceptance of ANKE for single particles & = 1170 MeV  p,, = “spectator” proton that is supposed not to take an ac-
in terms of the laboratory production angle in the horizon- tive part in the reaction. Only events were selected where
tal plane and the magnetic rigidity. The kinematical loci the spectator (Fermi) momentum in the deuteron rest frame
for various nuclear reactions are also illustrated. In ad- was very small, in which case the vector polarisation of the
dition to the protons from the deuteron charge exchangedeuteron was the same as that of the neutron. This there-
dp— {ppin, of particular interest are the deuterons pro- fore allows one to measure quasi—frge— dz° analysing
duced in the quasi—frep — ps,dr® reaction with a fast  power as well as its cross section. By charge independence,
spectator protomsp. Itis important to note that these spec-  the neutron analysing power ip — dz° should be iden-
tators, as well as those from the deuteron breaklyp:> tical to that of the the proton ipp — dz*, for which there
PspPN, have essentially identical kinematics to those of the are extensive data [12]. The results shown in Fig. 7 are
charge—exchange protons. As a consequence @) consistent with no depolarisation of the deuteron beam be-
reaction can only be distinguished from other processestween 270 and 1170 MeV.

yielding a proton spectator by carrying out coincidence

measurements. Deuterons elastically scattered at small an-

gles are well separated from the other particles in Fig. 6. < 0.5 .
0.4 E
< 20— e N ]
o B d:dp ~dp A - .
5 15 P2 03[ ]
() r m - i
o I ] N ]
= 10| - L ]
q)x r . 02 I -]
S5H - C ]
ofF = 0.1 =
-5 ; é 0 o b b b by b by N
10 ; E 0 20 40 60 80 100 120 140 160 180
g : 6 m. [deg]
151 p: dp —(2p)n E
-200" — ‘0‘5‘ — 1‘ — ‘1 5‘ - ‘2‘ — ‘2‘5‘ - 3 Fig. 7. Analysing power of thexp — drn° reaction measured at
' ’ o ANKE compared to the curve of values &f in pp — dr*, as
Rigidity [GeVI/c]

extracted from the SAID database [12].
Fig. 6. ANKE experimental acceptance for four nuclear reactions
of interest at a deuteron momentummf= 2400 MeV/c.

Elastic deuteron—proton scattering events can be picked
out very easily just by looking at the momentum spec-
trum of a single particle measured in ANKE. This gives
rise to the narrow peak at a momentum just a bit lower

) than that of the beam (2400 M@y in Fig. 8. Since this
5 Deuteron Polarimetry at ANKE is a logarithmic scale, the background is very small, as can
be seen in the Gaussian fit on a linear scale in the right
The polarised deuteron source at COSY provides dif- panel of the figure. The even bigger but wider peak for
ferent combinations of vector and tensor polarisations asp ~ 1200 MeVt correspond to protons that arise from the
well as an unpolarised beam. The EDDA detector is now break—up of deuterons which have twice the momentum on
only used as a proton and deuteron polarimeter and thisaverage.
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5 10°F 1 &1500} 1 : {) % %% :
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Fig. 8. Left: Single-track momentum spectrum for the data at & I T [ ]
1170 MeV on a logarithmic scale. Right: Fit result of the elastic H ii g
peak region with a Gaussian function on a linear scale. 08l iﬁk% <} ]
Using just the deuteron identification from the peak in 06 3 %% %) N
Fig. 8 it was possible to extract values of both the ten- - {) + ¢ 1
sor and vector analysing powers of elastic deuteron—proton 0.4 o -
scattering assuming that the COSY beam polarisations were r +<} $ ]
as given by the EDDA polarimeter. In this way results were 02l {* N
found that were compatible with those published at neigh- R ]

bouring energies from Argonne [28] and Saclay [29], as 20 30 4 50
demonstrated in Fig. 9. Oom [deg]

The other calibration reaction that can be studied is thatrig. 9. vector (upper panel) and tensor analysing powers (lower
of dp— 3Hex®. Since this is a two-body reaction it Shows panel) for elastic deuteron—proton scattering at small forward an-
up as an isolated angle in a plot #le angleversusmo- gles. The ANKE data at 1170 MeV [27] (solid squares) were ob-
mentum. Using the EDDA values of the deuteron polarisa- tained using information solely from the forward detector sys-
tions, the results achieved for the forward analysing powertem. These data are compared to the results from Argonne at
was 1194 MeV [28] (open circles) and SATURNE at 1198 MeV [29]

(open triangles).

AMNKE(g — 0°) = 0.461+ 0.030

yy
ASATURNRG = 0°) = 0.458+ 0.014 (11)  spin-tripletpp waves introduce tensor analysing powers
) ) of the opposite sign [5]. Thisfiect can, to some extent,
The ANKE data were in complete agreement with those pe countered by looking also at the angle between the mo-
from Saclay [_30], \_/vhere the reaction was only measured in jmentum transfeq and thep p relative momenturk. When
the forward direction. _ these two vectors are perpendicular,q = 0, spin-triplet
In summary therefore, the agreement with other data fing) states cannot be excited and so the signal then remains
on the three calibration reactions show that, to within a few large. This is illustrated in the figure by considering sepa-
percent, deuterons do not depolarise inside COSY and sqgately the interval$cosd| s 0.5. The predicted curves in-
we can now look at the deuteron charge exchange, whichg|yde all finalpp partial waves but these are taken as plane
is the main goal of the programme. waves for angular momenta abdve- 2 [20].
The precision of these data is such that one can derive
ratios of amplitudes that are comparable in statistical accu-
6 The dp — {pp}n reaction racy with those that are in the current databases [12]. Thus,
at 585 MeV per nucleon, we find
The results for the tensor analysing poweXg)(of the

d p — {pp}n reaction atTq4 = 1170 MeV are shown BO)I/ls(0)*""F = 1.86+ 0.15,

in Fig. 10 [10]. These are compared with the predictions 18(0)/1£(0)°AP = 1.79+ 0.27.

of the impulse approximation program [20] using as in-

put neutron—proton amplitudes taken from the SAID anal- Where the amplitudes are well known one gets reliable re-
ysis [12]. sults.

The first thing to notice is that, as the excitation energy One obvious question is: what causes the sharp angu-
Epp increases, the analysing powers are reduced a bit. Thidar dependence that is seen in Fig. 10? If we neglect the
is because the amount of spin—tripewaves in thepp deuterorD-state and contamination fromand highempp
system increases with,, and, in impulse approximation, waves, all they dependence must come from the neutron—

05004-p.6



19" International IUPAP Conference on Few-Body Problems in Physics

hand, one merely damps the S-wave one ends up with

[ T T T
% 1 a) the model, where th& amplitude has the form:
o I 4
2 os5F . 2_ 2
I | 5(0) ~ 60 5 (14)
[ r b 2 2
IS | e
g - : which is a good approximation to much data.
= 051 B Notice that, according to Eqg.14 tliemplitude should
i 1 vanish around] ~ u. Equation (12) then shows thag
Sl - should approach its maximum valuesdf forq = 140 MeV/c,
C which it does in Fig. 10. On the other hand, since it is
150 S S— known that|g| > |¢], it follows that A,, should become
0 50 100 150 . v :
4 [Mevid] large and negative when the momentum transfer is close to
the pion mass.
& 1ty =
s ”
g os- e T 4 :
2 - ] 3 r : ]
g E ] s F :
s of z 3L ]
2 L = r ]
2 osF = [ ]
St T ] R ;
- ] [ ]
r ] i 7
15, ‘5‘0“”1(‘)0””150 o]
q [Mevic] % 50 100 150
. . . q [MeV/c]
Fig. 10. Cartesian tensor analysing powekg (open symbols)
and Ay (closed) of thedp — (pp)n reaction for a) @ < Epp < Fig. 11.Unpolarised dferential cross section for thp — {pp}n
1 MeV, and b) 1< By, < 3 MeV. The circles correspond 10 reaction forE,, < 3 MeV [11] compared with the impulse ap-
events whergcostyl < 0.5 whereas the stars dendt®soyl > proximation predictions [20].

0.5. The solid and broken curves, which involve respectively the

same angular selection, follow from the impulse approximation

program of Ref. [20], for which the 585 MeV input amplitudes

were taken from Ref. [12]. In order to show that one can extract information about
neutron—proton amplitudes and not merely ratios, one has
to describe absolute cross sections as well as the analysing
powers. By evaluating the luminosity from the quasi—free
np — dn° reaction, the shadowffect in the deuteron
(where one nucleon hides behind the other) largely cancels

proton charge—exchange amplitudes, which leads to:

B2 + ? + el — 20012 t between thel dd 0 and thi
A= . : = out between p — {ppinanddp — psp_dn an IS
1B + lyI* + lel + |6l leads to the charge exchange cross section results shown
1612 + | — 21817 - 2lyI? in Fig. 11 forEpp < 3 MeV [11]. The agreement with the
Ay = B2+ 2 + 162 + 1012 ‘ (12) calculation of the unpolarised cross section in impulse ap-
proximation [20] is very encouraging.
At g = 0 we haves(0) = §(0) andy(0) = 0 and, con- Data atTy = 2.27 GeV (T, ~ 1.15 GeV) are currently

sequentlyAq = A,, in the forward direction. This is, of ~ being analysed and the firsteliminary results are shown
course, a general result because in the forward directionin Fig. 12. Here the neutron—protonamplitudes are not well

we have no way of distinguishing between thandy di- known and the deviations from the curves predicted on the
rections. basis of the current SAID analysis [12] strongly suggest
Of greater interest s the fact that the one-pion-exchangdhat these data can contribute to the establishment of re-
amplitude only contributes directly to ttieamplitude. If Ilabl_e np amplitudes. The Qbsolute normalisation will be
just to take an undistorted amplitude, then we would find @chieved here onothe basis of the fast spectator protons
that it went something like: since thep_n - dq cross section is too low at high en-
ergies. This work is in progress.
(1-9)(02-q) While these proceedings were being prepared the
fap = W ’ (13) ANKE collaboration has taken the data for the first mea-

surement of spin correlations in thp — {ppjn reac-
whereu is the pion mass. This would vanish in the forward tion [31]. This was much harder than the earlier experi-
direction and definitely not be acceptable. If, on the other ments because it has conducted with a long polarised gas

05004-p.7



EPJ Web of Conferences

It
al
TT T T

Tensor analysing powers

gl
100 150

g [MeV/c]

Fig. 12. Cartesian tensor analysing poweXg (open symbols)
and A, (closed) of thedp — (pp)n reaction at beam energy of
Tgq = 2.27 GeV for 0< Epp < 3 MeV. The The solid curves are
the results of the impulse approximation program [20], for whici
the 1150 MeV input amplitudes were taken from Ref. [12].
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Fig. 13. Predicted vector spin—correlation ¢beients (upper

panel) and the proton analysing power, as well as the tensor spin—

correlation cofficient (lower panel), in the deuteron charge—
exchange reaction at 585 Me\fcleon for cuts in excitation en-
ergy of E;p, < 1 MeV (solid line) andE,, < 3 MeV (dashed
line) [20].

cell target where the density is low and the vertex is far —

less well determined. As can be seen from Eq.Qy), is
proportional to an interference between thaends ampli-

7 Why stop at the neutron?

X
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Fig. 14. Numbers of events from the unpolarisgg — {pp}sX
atTy = 2.27 GeV as a function of the missing masg. In addi-
tion to the neutron peak, one sees clear evidence for the excitation
of the4° isobar.

It was already shown at Saclay many years ago that at
Ty = 2 GeV one can also excite th1232) isobar in the

charge—exchange reactidnp — {pp}4° and substantial
tensor analysing powers were measured [32]. In impulse
approximation, these are also sensitive to a spin—transfer
from the neutron to the proton imp — p4°, which is very

hard to measure directly. The Saclay spectrometer SPESIV
had a very small acceptance and the experiments are now
being repeated at ANKE. It is far too early to quote results
but it is seen from Fig. 14 that thé#(1232) is seen very
clearly in the raw data.

Hence it seems that ANKE will also provide useful in-
formation on the spin structure dfexcitation in neutron—
proton collisions. This field will expand tremendously when
the beam and target are interchanged and ANKE measures
pd — {pp}4 with both slow protons in the Silicon Track-
ing Telescope system (STT) [33] and the products of the
4° — prn~ in the ANKE magnetic spectrometer.

8 Summary and outlook

— COSY-ANKE can contribute to thepelastic database
for 5° < 6cm < 3C° up to the maximum beam energy of
~ 3 GeV.

— Itcan contribute to the small angie charge—exchange
database up to 1.1 GeV with a polarised deuteron beam
and 3 GeV with a polarised deuterium target.

— Theoretical work is needed to evaluate deuteron cor-

rections todp — {pp}n.

A lot of data will be taken on small anglep elastic

scattering through the measurement ofdipe— {pn}p

reaction. The deuteron corrections are much larger here

tudes. As a consequence one can expect much structure in
these observables and the impulse approximation predic-
tions at 585 MeV per nucleon for all the observables that —
are currently measurable at ANKE are shown in Fig. 13.

05004-p.8

and significant theoretical work is going to be needed
to disentangle them.

Production of the1(1232) will also be studied in near-
est future inpd — {pp}4 channel as well.
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