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ABSTRACT

Direct channel or absorption effects are first con-
sidered for 7 exchange reactions, and in particular for
mN— pN. The discussion is then restricted to nondif-
fractive pseudoscalar-meson baryon scattering reac-
tions, where only two helicity amplitudes define the
scattering process. The 6 GeV/c np amplitude analyses
are reviewed; energy dependences of various features of
the data are then studied to obtain a qualitative under-
standing of the energy trends of the helicity amplitudes.
The relation of these results to 7w analyses is discussed.

I. INTRODUCTION

Many features of two body and quasi-two body scattering data are most
easily understood under the general title of direct channel or absorption
effects, The most familiar examples are momentum transfer dependent
features of the scattering data: the ""anomalous" forward peaks in certain «
exchange differential cross sections1=% and the crossover phenomena in
elastic scattering.6,7 However, absorption may also result in energy or
particle dependent variations in the data,

In the present talk we investigate the general features of absorption by
systematically studying data over a large energy interval and in several dif-
ferent reactions. The relation of our observations to n7 scattering analyses
is emphasized.

The qualitative ideas associated with absorption are introduced in
Sec. II using the familiar reaction 7N — pN. The study is then restricted
in Sec. III to the simpler pseudoscalar-meson baryon scattering reactions,
described by two helicity amplitudes, and having only natural parity ex-
changes in the t channel. Only nondiffractive reactions are considered.

The mp amplitude analyses at 6 GeV/c are discussed first, providing an
introduction to the t dependence of the scattering amplitudes. To extend the
results of the amplitude analyses, data in several reactions are studied to
determine quaiitative trends in the energy deperdences of the scattering
amplitudes, In particular data in mp and Kp reactions are contrasted to re-
veal possible direct channel effects.

The observations are summarized in Sec. IV.

*Work supported by the U, S, Atomic Energy Commission.
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II. INTRODUCTION TO ABSORPTION

For many years absorption has been known to provide a simple explan-
ation of the 77p — p%n data at small values of momentum transfer. Histori-
cally, simple one pion exchange (OPE) failed in p© production, predicting
pGH= 1, In contrast the Gottfried-Jackson OPE plus absorption model8
successfully reproduced the p© differential cross section and density matrix
elements.

More recently it has been emphasized that in 7 exchange reactions an
unambiguous signature of absorption occurs for -t < m72r As discussed by
Kane, 9 po and do/dt for p© production should turn over in the forward di-
rection, but le do/dt should have a sharp forward peak. This has since
been observed at 15 GeV/c,4, 10 gsee Fig. 1, and more recently at 17
17 GeV/c. 11 Analogous features are seen in the forward cross sections for
the reactions yp — 7'n, 1 pp — nn, 3 and np charge exchange. 2
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Fig. 1. Differential cross sections from the reaction
7p —p°n at 15 GeV/c.

In the absorption model the explanation for this behavior is straight-
forward. Absorption "smooths' the amplitudes, thus in the forward direc-
tion helicity amplitudes possess only the minimal t dependence, (tmin—t)m\,
consistent with conservation of angular momentum. The net helicity flip,
A), is defined in the s channel ov helicity frame. In the limit of large cner-
gies, the dominant 7 exchange amplitudes flip the nucleon s channel helicity,
resulting in r exchange contributions to sN— pNof the form:

AA
¢ . -t
A
H.(f = fm(t) ~ _111_1_1_1____72__ (1)
t- mﬂ)
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where A_ is the p helicity, and AA=A_-1. For scattering near t~tyi,, the

=1 axﬁl litude dominates yielding pH ~ 0.5 as observed in Fig. 1.
popular model that embodies the features of absmpaon is the Williams
OPE-5 12 or poor man's absorptlon model; ! th1s has been successfully
compared to the high energy p© production data.l

The unique features of the data discussed above are a special argument
for absorption however, relying as much on the proximity of the 7 pole to
the physical region as on absorption itself. More generally absorption or
geometrical models suggest that s channel helicity amplitudes have the
approximate form#:

£pn () ~ 9 0 WD) (2)

where r, the radius in impact parameter qpace where the amplitude is max-
imum, is approximately r ~1im~ 5 GeV-1, Thus AA=0, 1 amplitudes are
predicted to have minima (or zeros) at -t ~0.2, 0.6 GeV , respectively.
The former zero is responsible for the crossover cffect in elastic scattering
reactions, 7 the latter usually vies with the Regge signature zero as the
more basic interpretation for helicity tlip amplitudes.

For the reaction 71N — pN, the com-
bination DHO do/dt isolates unnatural
parity exchange to leading order in the
energy. If A exchange is smalild then
p%{( do/dt isolates the 7 contribution to
thc single s channel helicity amplitude
fAp==1- Recent exper imental results mb/(Bevic)®
(Refs. 16-18) suggest that pfy du/dt has 0.t
a chanoe in t dependence near -t ~0.6
GeV“ pu‘haps even possessing a dip in
this momentum transfer region. The
most optimistic evidence of this type
(Refs. 17,18) is shown in Figs. 2 and 3. 0.00N——lr——gle——15—7¢
It (Bev/c)?
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One explanation for the go do/dt
data associates only the forward peak
with 7 exchange; this decreases rapidly
becoming less than an approximately t -0
independent background near -t~ 0.6
GeV2,19 Alternatively the data may
suggest that the 7 amplitude has a min-
imum near -t ~0.6 GeV2, similar to
the p amplitude in 7~p — #°n. For the 00
p amplitude the dip in #™p — 7°n can be
interpreted as either an absorption 0,001 K
effect (Eq. (2)) or a manifestation of ' ca o8 1z 1s 20
the Regge signature factor: I (Bew/e)? siaze

-
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since o (t)=0 at -t~0.6 GeV.2

How- 10.0005
ever, for m exchange the signature zero !
should occur at -t~1.0 GeV2, in dis-
agreement with the data. The p}
data may therefore provide the first re-
alistic comparison of absorption and
Regge model explanations for the struc-

do/dt
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III. PSEUDOSCALAR-MESON BARYON =~ °%°™ ' 7
SCATTERING ool —_ ! _
To continue the study of absorption, 0,003‘.. l ]| .
we now restrict the scope of this talk to , ‘
nondiffractive pseudoscalar-meson 0.001 & 0‘2 oa O?G 0_[8 ,A'O [_12 s
baryon scattering reactions — the sim- 1 (Gevd)
plest class of reactions for which a sub-
stantial library of data presently exists. Fig. 3. Combined differential

Features of the data will be related to
the s channel helicity amplitudes:

NONFLIP = f{

i

=0 fH-
and
FLIP =1

il

An=1 f+.

cross sections pHO do/dt from

the three channels 7"p — p7p,
7p — p°n and #'p — p*p at
6 GeV/c, from Ref. 18.

)

The amplitudes are briefly reviewed in Table I.

Table I s channel helicity amplitudes

. 2 Typical Dominant t channel
Amplitude [fAA! Reactions quantum numbers
\ o o o)
do —n 1
szO T mp — K(AZ) LIt~0, 2
K*, K**
Kp — m(AZ) )
A
- o
Tp — TN )
do =
-1 | & i . It
Tp —7n 1N A2
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Measurable quantities then have the following forms:

.
do _ 2 2
@~ M=ol * Haay!
do _ /
PE=-2Im(fy %\:J
d 2 2 - ©)
—(Z: — - » — * 1
R (lszOI 'f&\:ll >cos by, - 2Re (fA}\:O fil?\:l>51n01&b
& _ 2 2) o o
AT (1!~ 1?) sin o, - 2Re (fan0 Thae1) 08 fap
J

where P is the polarization normal to the scattering plane,

measurements of the nucleon polarization in the scattering

in Yig. 4.

Having measured a sufficient num-
ber of quantities in Ea. (3), the detailed
structure of the scattering amplitudes
can be determined in a model independ-
ent manner, In 7N — 7N for example,
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there are four complex amplitudes: t é\ReCOi'
channel isospin I;=0, 1 and helicities ap A\
Ax=0, 1; for comparisen in N — pN T _Rp,

there are twelve complex amplitudes:
L=0, 1 and six helicity amplitudes. Such
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an amplitude analysis lor #N — 7N has
recently been possible at 6 GeVZ/c

results of the Argonne analysis20
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Fig. 5. #N s channel helicity amplitudes, HIt , determined at 6

GeV/c from Ref. 20.



observe:

(@) L=0 amplitudes, since the Pomeron dominates the helicity nonflip
(and possibly also the helicity flip) amplitude, no model independent infor-
mation is obtained for the f© exchange amplitudes; and

(o) I+=1 amplitudes, the p eichange amplitude is consistent with absorp-
tion model predictions for the helicity nonflip amplitude (cf. Eq. (2)), and
with absorption or simple Regge model predictions for the helicity flip ampli-
tude (cf. Egs. (2) and (3)).

To test the sensitivity of these results to possible systematic effects in
the data or to different analysis techniques, the Argonne20 and Saclay2l
solutions are compared in Fig. 6. The agreement is good, except possibly
for -t > 0.4 GeVZ where some deviations are observed in the I;=1 amplitudes.
These amplitudes will be taken therefore as a guide to our further study of
meson baryon scattering reactions.
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Fig. 6. Moduli of the 6 GeV/c =N helicity amplitudes from the
Argonne analysis, Ref. 20, and the Saclay analysis, Ref. 21.
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To extend the results of the 6 GeV/c 7N amplitude analyses to different
energies and reactions, we now consider six signposts which may lead to
qualitative, if not quantitative, extrapolations.

Special Channels

If high energy scattering amplitudes can be described by the t channel
exchanges involved, then reactions having only one known t channel exchange
should provide the best means to systematize our study of the data. This
logic has motivated the many analyses of 77p — 7°n and 7™p — n°n reactions;
recently data has also begun to accumulate in several new channels:

@) K¢p—K@p — w° exchange dominates the forward cross section;
(b) K'p — n%A — K* exchange dominates; and
(c) K'p — n'A —K** exchange dominates,

These reactions are listed with the ""old faithfuls' in Table H.

Table II Special channels of interest

Old New . SU(3) t channel quantum
faithfuls | allies Reaction amplitudes (@) number exchange
- 0
TP —7Tn -J2v p
X TP —TNgh J2/3T A2
T p —~ 70 J2/3 SpT A2
O o
X | Kp—k% | i[@F-1w -p)®
W, p
= (2F-1V
X Kp — nSAO -1/6(2F+1) (T+3V) K* (K**)
X Kp — n1A° 1/3(2F+1) ST K**

(a) Note that F is defined such that F+D=1, and experimentally
Fareg ~1.25, FAn_1 ~0.25
AA=0 2 = AA=1 .
(b) It is assumed that ¢ exchange is negligible, having zero
coupling at the nucleon vertex.

The physical states 1n© and ' are dominantly SU(3) octet and singlet
components:

o_ .
N =7g COS ] -7y Sin 6

n' =n8sin 0 +771 cos 0

-T-



where 6 is typically in the range -11> 6 > - -23°, the limits of the quadra’ac
and linear SU(3) mass formulae.22 A comp11at10n23 of the K'p — °,n")A
data is shown in Fig. 7. The data in the two channels are quite different in
structure, and may suggest that absorption differs for vector and tensor
exchange Teactions. 24
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A 3.3 GeV/c Oxford

100 - 100 -

O
T

do/dt [ pub/(Gev/e)?]

g

| 1 | | 1 |
0 -0.5 -1.0 -1.5 0 -0.5 -1.0 -1.5
t (GeV/C)2 t (GeV/C )2 2281810

Fig. 7. Compilation of data in the reactions K™p —»nOA and K™p —n'A.

Amplitude zeros and minima in differential cross sections

An intriguing feature of many differential cross sections is the existence
of minima at approximately fixed values of t {(or u), independent of the reac~
tion energy. This is shown in Figs. 8 and 9 Where the locatlons of minima
in the differential cross sections for 7°p— 7°n and 7™ p — 7 n are recorded2®
fixed t dips are observed at -t~0.55 GeV2 and -t ~1.65 GeV2 respectively,

Similar fixed t dependences are found in the contributions of s channel
resonances to the imaginary parts of the s channel helicity amplitudes. This
is shown for 7p scattering26 in Fig. 10, where the locations of the first zero
in the contribution of the dominant resonances to helicity flip and nonflip am-
plitudes are plotted.
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For Kp scattering a more com-
plete separatmnz‘ has been done yield-
ing s channel helicity amplitudes with
definite t channel isospin It+=0,1. The
results are shown in Fig. 11. For the
Li=0 helicity nonflip amplitude, aud the
It=1 helicity flip amplitude, the fixed t
zZero structures at -t~0.2 GeV2 and
~t~0.5 GeV?2 respectively, are azain
observed. The other two amplitudes
are smaller in magnitude than the first
two mentioned (ct. Fiz. 6), thus the
random structure of zeros in these
results, I'ig., 11ib,c, may only reflect
uncertainties in the analysis and in the
resonance parameterizations used,

The data suggest therefore that:
(2) zeros or pronowiced minima occur
at values of momenta transfer that
change only slowly, if at all, with beam
momentum; and (h) several of these
features exist virtually from reaction
threshold to the highest energies pres-
ently measured. We note that these
results also carry over to 77 scatter-
ing where recent analys S

5<% pevend
similar fixed t zZero structures in wr
amplitudes with well defined t channel
isospin.

Polarization changes with energy

In channels with one t channel ex-
change, or with two exchanges thought
to be exchange degenerate (EXD) polar-
ization provides a pessible means to
observe different relative energy de-
pendences of helicity flip and nonflip
amplitudes (see Eq. (5)). TFor example,
a large class of absorption models mod-
ify or "'absorb" the nonilip amplitude to
a much greater extent than the flip
amplitude. If the absorption is then en-
orgy dependent, the nonflip amplitude
will vary with energy more rapidly than
the helicity flip amplitude, resulting in
possible changes in the polarization.

To determine the energy trends in
the data, polamzamon results for the
reactlons 1"p—7°n, 29 hop-—*r A%, 30
and 7Tp--Ktxt 31 are plotted in Fig. 12
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and Fig. 13 for beam momenta » 2 GeV/c. Momentum transfer intervals
are chosen where the polarization is only slowly varying in t. The data are
observed to be consistent with litfle or no energy dependence. This suggests
therefore that helicity flip and nonflip amplitudes have similar energy de-
pendences in the momentum interval ~2 GeV/c to ~14 GeV/c.

Phases of the amplitudes at t=0

Although amplitude analyses typically require a prohibitive experimental
effort, this is not the case at t=0 for many pseudoscalar-meson baryon scat-
tering reactions. That is, the magnitude of the helicity nonflip amplitude is
obtained directly from the forward differential cross section, and the imagi-
nary part of the amplitude is provided by the optical theorem, for example:

Im (7 p—7n) = - k (O'T_ —UT+ )
427 R
and 6)

0 o k T T
Im K, p—~Kgp) = - g2 ("K—n - "K+n>




Recent results for the phase of the forward amplitude for K%p —-K%p, 32

are shown in Fig. 14,

The data are consistent with having a constant phase,
¢=-133.4+3,39, over the momentum interval 1.5

to 50 GeV/c, in remark-

able agreement with the naive Regge model prediction, ¢ =-135° for o, 0)=

0.5. The curves on the figure result
from using the optical theorem:

- A
@\
dt
¢==-tan'1< za&j—g———-- 1l ¢+
L dt optical

and parameterizing the data with the
power law form:

doy _ -n
<E>‘Aﬁm

The solid and shaded curves compare
the phases of the forward amplitudes
for K%p —K% and 77p —7°n, 33 re-
spectively. The um’u‘t;untles in the
curves ave ~=+6° for 7~p— 7°n and
~+89 for I\Lp—d\bg

If the phases of the forward am-
plitudes are in approximate agreement
with the Regge phase, then equal for-
ward cross sections should be observed
for those processes related by s-u
crossing and dominated by EXD t chan-
nel exchanges. Near equality of the
t=0 cross sections is in fact observed
in the channels 7p — K= and Kp —72,3°
see Fig. lo, as well as for Kp clnrO‘e
exc:haunge“6 and 7p — Ka, Kp— 7a
data. 35

In summary it is observed that:
(a) the forward phase for KLo — K&p
is consistent with being energy inde-
pendent; and (b) the phases of the
amplitudes at +-0) are consistent with
simple Regge predictions.
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or

o 20()-2
T < Prap )

the energy dependence of the scattering
amplitudes can be studied as a function
of momentum transfer. A recent
Serpukhov result for 7 p— 7°n is
shown along with previous data37 in
Fig. 16. The curve in the figure rep-
resents the simple Regge prediction,
a'=1, approximately normalized to the
data below 20 GeV/c. The Serpukhov
data is interesting and may suggest
that shrinkage has stopped by ~20
GeV/c. However, the evidence is not
vet overwhelming.,

At lower energies we obtain the
effective Regge trajectory, agqgp(t),
shown in Fig. 17 for the SLAC
Kgp» K% data, 32 and for the reaction
P — 13?1 8 The solid curve in the
figure gives the canonical p, w trajec-
tory a(t)= 0.5+t.

The Igl);p — K%p and 77p— 7°n data
(Fig. 17) do show shrinkage, a=a(t),
however

Qo . kOn < ¥
K®p— KZp 7™p — 7°n
for -t < 0.4 GeV2, Analogous differ-
ences are also found between the energy
dependences of the reactions Kp — 7A

or mp —KA and the related 2 reactions,
Kp— 7 or np—»K~“.24,30

Simple Regge models would erro-~
neously predict similar energy depend-
ences for K p — K3p and rp — 7°n
reactions, and for A and Z reactions.
By contrast, it was observed in the
previous secticn that the phases of the
forward amplitudes were in good agree-
ment with simple Regge predictions.
For example, the K§p — Kgp data32
yield o pp(0)=0.48+ 0.04 as deter-
mined from the phase of the forward
amplitude, but ggep(0) = 0.30 £ 0.03

-13-
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from the energy dependence of the for-
ward cross sections (see Fig. 17). The
Regge model relationship between the
phase and the energy dependence of the
scattering amplitudes fails therefore at
t=0; a similar conclusion for the helicity
nonflip amplitude at momentum trans-
fers -t > 0 can be inferred from the mp
amplitude analyses at 6 GeV/c.20,21

Cross sections at =0

In factorizable models (see for ex-
ample Table H) the reactions 77p— 7°n
and K§p — Kgp are related by a single
constant assuming p and w e‘cchanoe
amplitudes have similar energy depend-
ences. This prediction disagrees with
the data, as discussed in the last sec-
tion; the magnitude of the discrepancy
is observed by comparing the forward
cross sections in Figs, 18 and 19.

An analogous comparison can be made
using total cross section differences;39
where 77 p — 7°n is replaced by

and
o o
KLp — KSp by MKip
(see Eq. (6)). The results are shown
in Fig. 20. Again the Kp data are

observed to decrease with energy more
rapidly than the 7p data.

One conclusion is that w and p ex-

changes, dominating Kfp — K3p and

p — ©n respectwely, are just in-
trinsically different. Alternqtlvely, the
comparison of forward I&Lp — Ksp and
Kp charge exchange cross sections?0
shown in Fig. 21 reveals that the mag-
nitudes of the cross sectiens (pure
coincidence ?) as well as their momen-
tum dependence are in excellent agree-
ment., This result suggests that the t
channel exchanges in these processes
(o, w,Ag) are consistent with EXD, and
that dlrect channel effects cause the
disagreement in the energy dependences
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Fig. 18. Differential cross sec-
tions at t= 0 for the reaction

K9p — Kgp.
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of the K{p — Kgp and 7°p — 7°n for-
ward cross sections.

To check this conjecture we note
that the extrapolated K™p — K°n cross
section, Fig. 21, provides an upper
bound to the total cross section differ-
ence K'N = of_ - Uf-p» Shown as
the solid curve gn the "KTN'" data
in Fig. 22. The curve falls below the
Serpukhov data, suggesting that the
Kp charge exchange cross section
should infact lie above the K¢ p — K3
cross section at momenta >20 GeV/c.
However, negative values for the
Serpukhov "K*N" cross section dif-
ferences, Fig. 22, disagree with lower
energy data (and with duality)4! sug-
gesting that small systematic effects
in the total cross sections may be
causing problems in these cross sec-
tion differences.

Thus, if p and w trajectories are
assumed EXD, simple t channel fac~
torization is in disagreement with the
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Fig, 21. Differential cross sec-

tions at t = 0 for the reactions
K™p — K°n and K*n — K%p; the
dashed line represents the forward
cross sections for K‘I)Jp — Kgp .

P (GeV/c)

Fig. 22, Differences of total
cross sections for the reactions
K'p-Knand K'p - K.

Kp —KZp and 77p — 7°n data. The compariscn of Kip — K&p and Kp
charge exchange data then suggest that factorization is infact broken by

direct channel effects. 42

IV. SUMMARY

Our approach in this talk was first to indicate that absorption or direct
channel effects are important in scattering reactions, then to systematically
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investigate energy trends in the data. This latter study presented evidence
for disagreements with t channel factorization, and we conjectured that this
was additional evidence for direct channel etfects.

Generally, the energy trends in the data are consistent with shrinkage
of the forward differential cross sections, but indicate that many features
are essentially energy independent:

(@) the positions of minima in the differential cross sections;

(b) the location of zeros in the imaginary parts of some s channel
helicity amplitudes; and

(c) the polarization, and phase of the t=0 scattering amplitude for
those reactions with a limited number of possible exchanges in
the t channel.

These observations provide qualitative as well as quantitative constraints on
the energy dependence of the actual scattering amplitudes.

The pseudoscalar-meson baryon scattering results suggest that similar
features may also exist in the 7n(Kn) scattering amplitudes. For example,
although amplitude zeros have been used in selecting phase shift solutions,
our present observations suggest that approximately fixed t zeros occur in
those amplitudes isolating a known meson exchange in the t channel. Simi-
larly the observed energy independence of the phase of the forward meson-
baryon scattering amplitudes may provide a guide in selecting mn(Km) phase
shift solutions at relatively high mass. Finally, the different direct channel
effects in np and Kp data indicate that = extrapolations may have ditferent
characteristics in 77 and K7 analyses, and perhaps also in analyses at differ-
ent 7 or K7 masses.
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The explanation for the difference in the energy trends of the forward
cross sections for K(ﬁp — K(S’p and 7 p — 7°n is not clear, however.
Typically absorption models correct simple Regge predictions in pro-
portion to the total cross sections of the particles involved, However,
ol < 0'%) < O'T) in contrast to the energy dependences of the data, see
1‘}1%) 20, whe})é A, and &0y, data are quite similar, and substan-
tially different from the energy dependence of the Ao data. Similar
problems arise in discussing the difference in energy dependence of
the channels Kp — 7A and Kp— 2.
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