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This publie:ation is of a preliminary character. 
To facilitate the rapid appearance of Reports, they 

are printed in the form as 'presented by Rapporteurs. 
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A wide :vai-i.city' ~f 'painstilicingi:y acquir~d ex:pe~ime~tal;,. ' 

information ~~s b~en: p~e1ented during the · sessi6ns on Strange -
: -:· .. t'· ·' , .... ~· 1

. f••---~- :.-·.~, .·• ~ ' ,, --· :i 

Particle'Physics~ Because·of space.limitations, it is possible 
r, . .. 

in some cases to discuss only typical ex?iuJ?les ·to illustrate' 

a particular point. 

I. Properties of the Baryon Octet. 

A. 'H.yperon Magnetic Moment. 

A new. measurement of ;the /I magnetic moment has been 

reported by Gibson et al. (Bristol, Geneve, Lausanne, Munich 

Collaboration). The experimental arrangement is shown in 

Fig.l. The A 's resulted from associated production 

by 1.07 + .0.02 GeV/c 17- mesons incident on a polyethelene 

target. In contrast to previous experiments, emulsion stacks 

oriented with their planes parallel to the initial polarizatio~ 

of the t A 's were used as detector~. Before e~tering the 

emulsions, the /I 's travelled through 11 cm of a pulsed 

transverse magnetic field of abour 150 kgauss, · 'so that the 

decay pattern rotated about the normal to the emulsion plane. 

Thu_s far, 109 11 events have been found which satisfy a 

set of cr:i:terii'i imposed to ensure good measurement and minimum 

. cont~ation of the sample.- "Th~ analysis ·was performed 'on 
, ~.. '\ 

b5 of these events observed in a region of low background in 
the emuls.ion stacks~ 
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The maximum likelihood :t'it to the decay distribution is 

shown in Fig.2. '.i.'he best estimate for the ,1 magnetic 

moment is 

,#,1 = -0.5 + 0.3 

in units of nuclear magnetons. In ~able I this value is 

compared with those obtained in previous experiments. In 

the limit of exact su3 symmetry, but-to first o~er in 

' electromagnetism, Coleman and Glashow (Phys. Rev. Letters .§, 

423 (1961) have shown that A = 1/cylln (= --0.96). 

The li~ited experimental- data available do not yet permit 

a quantitative check of this prediction. However, it is important 

to note that a comparison of v"'z+ and,,,«_.., provides a 

stronger test of su
3 

since the prediction of equality.is 

valid to all orders in the electromagnetic interaction. · -

B. ~s_i,_es. 

Several groups have attempted to improve the mass determina­

tions using the b;yperons produced by absorption of C mesons stoppec 

in a hydrogen b,,bble chamber. The results of these measurements 

are sunu:i.arized in Table II • 

Each group has made rather different use of the available 
' ' . t 

experimental da1:_'l. Burnstein et al. (Phys. Rev. Letters .U, 66 

(1964)) used a range-momentum retation as calibrated from 

measurement of sto!)ping lTr--,':'r decays _together with the 

accepted K, 11 ·, and Et- masses. This approach resulted in an 
' . 

internally consistent set of data. Dosch et al. (Heidelberg) 
." -_ • ' -- • - ;a:- . ·-,. - ' 

used the relative // momenta in the.:!:°- /7-,. events to determine 

Mr --1\i~,.. . Bo-th groups_ ~se~ Z t-p ➔ e i-+i_;_ .,.; 1-q event~ -

to calculate 1ii e:-- - ~-D In the '!°rk of Schmidt et al. 

(Columbia-Rutgers Collaboration1, an attempt was made to fit 
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all the K~p absorption reactions simultaneously using the hydrogen 

cfensity,;magnetic field, and baryon masses as free 'parameters. 

A poor fit is obtained unless reactions depending upon range 

mea~urements are supressed. However, when this is done serious 

disagreements exist in the /I and .z- masses. When the range 

measurements are included, the same z- mass is obtained as by 

Burnstein et al.,Investigation of the source of the discrepancy 

continues. 

It should be noted that all groups agree that the mass . 
splittingo within theL. triplet are not symmetric. The values 

may be compared with the predictions of Coleman arid Schnitzer, 

M~- -•Mzo.:::: 5.8 Mev, and M.!'" Mz,.,::: 3.8 MeV,· reported at 

another session of the Conference. 

II, Low-Momentum Hyperon-Nucleon Scattering. 

The same film has been used to measure the cross-sections 

for l,ypel'.on-nucleon scattering. 

A. /1-p Scattering 

Alexander et al. (Rehovoth-CERN Collaboration) observed 58 

events satisfying a predetermined set of selection. c.ri teria and 

lying in the momentum interval 120-320 MeV/c. Sechi-Zorn et al. 

(University of Maryland) obtained 75 events with somewhat_simiJ.ar 

selection criteria. Their data are shown in Fig.3. The dashed and 

solid curves.illustrate the cutoffs for two different selection 

criteria. Within statistics, the angular distr:i,butions observed.by 

both groups were isotropic in the.interval accepted. In each 

experiment, a measurement of an unbiased sample o_f /1 's together 

with appropriate scaling to the entire sample provided.the path 

length as a function of momentum. ':Che combined results are shown 

in Fig.4. 
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The theoretical curve represents an effective-range 

calculation using the parameters for the singlet and triplet 

state_s suggested by De Swart and Dullemond (Annals of Physics ,;ia, 

458 (1962)) from an analysis of hyperfragment data: as= -J.6f, 

rs= 2f, ¾= -0.53f, and rt= 5f. 
. - .,. -

B. :£. P and Z P Interactions • 
- ' ~- --

The Maryland and Heidelberg groups have also studied the 

Lj, and L/J interactions. The details of the experiments are 

similar and results are summarized in Table III. All -cross­

sections were calculated assuming that the distributions were 

isotropic outside the Coulomb interference region. 

Two important points may be noted: 

(a) su
3 

predicts that o(Li'} = "OO,P). Because of 

the Pauli principle only the singlet states may be compared. 

At the same CM-momentum, o (,o,,o) = 165 mb. Consequently, if 

su
3 

is valid, the triplet Z)' interaction must be weak. 

(b) The zp absorptive reaction _is very strong, with 

the data suggesting considerable p-wave (o abs? 17 A~ ) even 

at the low momenta studied. 

III. K-p Interacti~ns at Higher Momenta. 

AL__The Re@~i91L_K-p - tUZ near Threshol_d. 

Berley et al. (BNL) have studied 11,Z. production at 

four momenta just above the 7l threshold (approximately 720 MeV/c). 

•The observed cross-section (neutral plus charged modes) rises 

• sharply immediately above the ,Z threshold and falls off 

rapidly with increasing momentum. The data are shown in Fig.5. 

A somewhat similar be.ha.vior has been reported by Bastien et al. (MIT) 

and Peterson et al. (Berkeley-Hawaii Collaboration) for the 

reaction il -,._/>-;,-72 n at another session. 
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This marke~ energy dependence has been interpreted in 

terms of the K-matrix formalism of Dalitz and Tuan (Annals 

of Pb;ysi~s 1, 307 (1960)), considering only the channels 

1(-+-?-,.f(-t-p (a) 

l<-17°_;_,,../l-f?/,. (b) 

and /If 1l, -,./1 -I-fl \.C) 

Since the CM K- momentum varies little over the range 

studied, the K-matrix may be parameterized in terms of the 

/172 scattering length; a = ~ + i d. A fit to the data 

indicates that d << /c/ and 3 ~ jcf$ 20f. If c < 0, 

a bound state of A?l may be expected at 2 MeV below 

threshold, decaying predominantly into z.11, Unfortunately, 

the presence of Y1(1660) complicates th~ search for such 

decays. 

Since the authors have interpreted the effect as a result 

of a strong S-wave interaction, we may assume that the angular 

distribution is consistent with isotropy. Consequently, it 

does not appear likely that this peak can represent an I= 0 

state associated with a J = 3/2- unitary multiplet. 

B. Two-Particle Final States above 1 GeV/c. 

Several detailed studies of elastic and charge-exchange 

scattering in ~he region 1.3-3.5 GeV/c have been presented. 

Although a great deal of evidence for structure is observed, 

thus far it has not been possible to do more than fit the 

angular distributions in terms of powers of cos Q. However, 

the importance of additional accurate charge-exchange data 

in identifying possible resonant states is neatly demonstrated 

in Fig.6, from the report by Barbaro-Galtieri and Tripp 

(Berkeley). Strong peaks in the total cross-section are 
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,,,. . ;t 
observed at Y

0 
(152~) and Y

0 
(1815). 

Fits to the Zt.lT ~ and A pP final states in the 1 - 2 GcV /c 

momentum interval'also reveal little as to the nature of the 

structure present. However, at 3.5 GeV/c,·Haque et al. (British 

Collaboration) estimate that <r{~.,.11;/errz.'"n!) ,..._ 12. In addition, 

the ~.,.. 's are peaked sharply in the backward· direction, 

indicating that the region dolll;inated by peripheral interactions 

in this final state has been reached. 
.,. 

c. Multiparticle States with a 11 or x,-
Analyses of multiparticle final states with a I\ or.;£~ 

illustrate the importance of resonance production at higher 

momenta. As a typical example we s~ow in Fig.7 the effective-

massfi)s for the /I /T.,.t7'17, - final state at 2.45 GeV/c as discussed 

by Ross et al. (Berkeley). ClP,arly, a study of the production 

mechanisms in such a state represents a complicated and 

challenging task. 

As a second example, we show the effective~mass distributions 
. ' +_7= r -

in Fig.8 for the x-11 '/7 ll final states at 2.63 and 2.70 GeV/c 

presented by Ficenec et al. (Illinois-Berkeiey Collaboration). 

Again the complexity of the final state is apparent. 

In summary, the most important general feature-of 

the K-p data presented is the tendency for dominance of 

resonance production through peripheral processes with increasing 

' momentum. Only those charge states· are produced capiously which 

are accessible through exchange of I= o, 1/2, or 1 systems; 

angular distributions are characteristic of processes involving 

exchange of low-mass systems. 
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D. Production of -H:yperons. 

The cross-sections for =- production in 2,3,4,5 and 6 

body.finai states have been summarized by Barnes et al. (BNL­

Syr~cuse Collaboration) for K-momenta to 5 GeV/c. The data 

are given in Fig.9. Analyses of the final states by many 

groups have shown that E- 's observed in multiparticle 

final states are either produced in association with a K+-, 

or result from decay of S = -2 baryon resonant states. 

E. Production and Decay of the 52-

A further search by Barnes et al. (BNL group) for 

.52-,s produced in 5 GeV/c K-p interactions has yielded 

no new unambiguous candidates over the original two. 

Extensive study of the fitting procedures confirms their 

interpretation as valid SJ.- events. From the sample 

size and branching ratios (only for the decay modes observed) 

they correspond to a cross-s~ction of ~ 2_,µ~. A study o:f 

the errors gives the following best estimate :for the masses: 

Event 1: Revised to 1677 + 9 MeV(a) 

Event 2: 1674 + 3 MeV(b) 

Average 1675 + 3 MeV. 

(a) V.E~ Barnes et al., Phys. Rev. Letters 12, 204. (1964) 

(b) V.E. Barnes et al., Sumbitted to Phys: Letters. 

IV. Strange Particle Production in p - p Interactions at 

6.74 GeV/c. 

The production o:f strange particles in p - p interactions 

at 6.94 GeV/c has been investigated by Baltay et al. (Yale-BNL 

Collaboration)~ The "1-11 final state is shown in Fig. 10, 
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The angular distribution shows a stt<)nger peaking than at 

3~69 GeV/c, consistent with an exchange model. In addition, 
-,..-- -,.--- -

the 2. L,, :E. /I 11 . / and z-/117-,. final states together w:i th 

their charge conjugates were examined for consistency with 
~ . 

the~ or K exchange model. In all cases, the Y(Y) 

or Y~ (Y~ ) . charge states observed could be produced through 

exchange of I= 1/2, S = -1 systems. Similar results were 

obtained in a study of 5!7 GeV/c p - p interactions reported 

by R. Bock et al. (CEEN-Saclay,.Collaboration). 

Baltay et al. also carried out a systematic search for 

events which might be Sl- or its charge conjugate. No 

event with a satisfactory fj,t to any expected ~7.- decay 

mode was observed. Taking into account the path length and 

detection efficiency, the upper limit for~- production is 

~ ~t for an .Q.- _lifetime of ~ 2 x 10-lO sec. 

v •.. strange Particle Production ·in p - p Interactions at 

5~5 GeV/c. 

Alexander et al. (Rehovoth) have studied p - p interactions 

at 5.5 GeV/c leading to final states involving either a /f or 
~- , r II U~ 
.r.. • For the three-body final states /fpl( ~ Z ',P n 

and :F.+pl( 0 
· the dat~ suggest that YK systems result: 

from excitation and subsequent decay of N -1-- (168~) and 

N,. (1920). The effective-mass combinations for the 

four-body final stat~s AK!Vt7 and Z"f<A;IT are shown 

in Fig.11. Strong enhancements are observed at N -K (1238) 

and Y' (1385)~ ~he baryon angular distributions in all cases· 

are consis.tent with the dominance of peripheral interactions. 

Similarly, the extensive studies of 17-;,o interact~ons 

at 3 - 4 GeV/c presented by Brannik et al. (Dubna-Bucharest 

Collaboration) and Hardy et al. (Berkeley) again emphasize the 
IO . 



increasing importance at highe~ momenta of resonance production 

in peripheral collisions~ Conseq~ently, the qualitative 

unde~tanding of much of.the data presented was based upon 

the _e~change mod~l~· The question remains as to the 

possibility that these reactions can be described quantita­

tigely by this model •. 

VI. Discussion of the Exchange Model. 

The most detailed attempts to fit the peripheral model 

have been carried out in the analysis of K+ interactions. 

·Ferro-Luzzi et al.,(-CERN) have extended their study-of the 
' 

from 3~0 to 3~5 GeV/c,-with qualitatively 

similar results (an earlier report is given in Phys. Letters ,2, 

359 (1964))~ The p/7.,. mass distribution for their latest 3~0 GeV 

data is shown in Fig.121 the K0 iT.,.. mass spectrum in Fig.13. 

It is clear that the reaction proceeds through either ~he 

K N ~ (1238) or N K ,1-. (888) intermediate state. We shall 

discuss only the H K., events in this report. The Ll..t 

distribution to the K" 's is given in Fig.14. The peak 

at low ,4 .i is again characteristic of an exchange mechanism. 

The angular distribution for the K # decay in its CM 

is most conveniently parameterized in terms of the elements of 

the density matrix, .f I/ Choosing the z-axis of quantization 

along the direction of the incident K+, and the x-axis in the 

production plane, the decay distribution is given by 
w(tJ,r/!)ri/fl. = fr[.to u,26 + fl:1-..&.,)µ"n-lP -J,,.,~"nLpl-UJ2(P-

- vF lle.Jt, ,µq,? P'-~ fP 1 p/.Q 
For the two simplest cases of interest it is readily shown 

that: 

(a)exchange of a pseudoscalar meson yields ali angular 
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distribution o\ cos20,·so that .fo
0

=1, andf,__,,=f1.t1=0. ;. , . , 
and 

(.b) for vector. meson exchange fu0 =0 

The angular.distributions for the x_3f decay at 3.0 GeV/c 

are shown in Fig. 15. Plearly, the reaction is dominated by 

exchange of a·vector meson. However, in order to account for 

the Lt2 dependence, it would be necessary to arbitrarily 

introduce a form factor with a strong dependence on 4~ 

Such a form factor would be in contradiction with other know­

ledge of nuclear structure, implying and unacceptably large 

radius of interaction at each vertex. In an effort to over-

come this objection, Gottfried, Jackson, and Svensson (to 

be published) aiong with others have developed a model which 

atte!!lPts to t_ake into 9.ccount the absorptive processes in _the 

_low partial waves. This results in a strong collimation in the 

forward direction and a non-zero value for .Pqc even for 

pure vector meson exchange. The elements of the density matrix 

. also assume a dependence on. .t1 :i · 
/ 

An interesting test of th~ model may be provided by a 
I 

comparison of the ·reactions. 
/{+t-p -'?/(11+ f-,P. 

and 1-C-r,o -- x*- -1-p 

(a) 

Ch). 

since the absorptive processes in the ;initial and final sl;ates 

should be different in the two cases. . .I, . , . rY- . . 
A detailed study of react;ion (b). has been presented by the 

Amsterdam-Ecole l'olytechmique_Saclay_ Collaboration.' A compari-

son of results is shown in .Table., IV. The .agreement-appears 

better than expected if absorptive processes rather than form, 

factors .actually produce the adc.iit.ional forward .colliri1ation·. 
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,· 

Hg~e'ver, deti3.iled evaluation 'oi ·,the' model has not yet bf!en 

carried 'out; for this 'case •. ,,:' . ';, ... ·; ', 

'·n f's iirteresting to'11ote;that· since a proton appears i.n 

the initial 'and final states~' neither of the reactions discus­

sed. distinguishes between J' and cu or (,P excha'.nge • 

. A study of K+ d, interactiot'is has' b'een reported by Gbldhaber 

et al.'(Berkeley). Theyhave 1 e~amined'the reactions 
. l<.,..,.f>(l"I/--:,, K.""t"rp(/J) Tc) 

and xt-t-ll(p) ➔ X*"rf'IP) (d) 

.The Dalitz piots are shown i~ Fig. '16. The ~ bands are clear-

ly distinguished. The decay angular distributions are given in 
Fig~ 17. As discussed above, reaction (c) is do~inated b7 vector 

meson exchange, and yields the characteristic sin2G decay dis? 

tribution with respectto the incident 
+ 

K direction;However, 

cos2G component, the distribution for (d) contains a large 

consistent with a strong contribution from pion exchange. -The 

i:orresponding marked difference in 4 "'- dependence is mown in 

Fig~ 18. 

Since the 17 and f have the same isospin, their 

relative contributions to the two reactions must be the same. 

Consequently, we conclude that the vector meson exchange has 

I = O. 

As a final example, we mention the study of K I" -· 
,r,.11 p17t at 3.5 GeV/c preeented by G:pard et al. (Brussels: 

The scatter plot in Fig. 19 indicates that the reaction proceeds 

mostly through the ~ N* (1238) intermediate state. The 4~ 

di.stribution to the K* is shown· in Fig. 20. Agairi the periphe­

ral natureat'the process is apparent. In Fig. 21, a plot of the 

density matrix elements is given for three intervals of d.t. 
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'l'he large. value f9r f,, 0 at low A~ indicates the dominance 

of pion exchange. The non-zero values.for the other elements 

can be attributed to a small admixture of vector meson exchan­

ge or to modifications of the density matrix through absorp~ 

tive pr?cesses. 

It may be expected that during the next year an·adequate 

amount of quantitative data wiil become available over both 

a large range of incident energies and a wide variety of ~ibal 

states so that detailed tests can be made of the theoretical 

models currently being suggested for descript.ion of the exchan­

ge process. 

Rece1Yed b7 Publishing Department 
on August 17, 1964. 
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Table I 

Summary of measured values of ,1 m,agnetic · 

moment • 

. ==========================================-===========-====== 
Experimenters Detector 

----------------------------,1------------------
R.L. Cool et al.Ca) Spark chamber 

---·----- --+----------- -------------
W. Kernar et ·a1. (b) 

T. Anderson and 

F. Crawford (c) 

W.M. Gibson et al. 

Diffusion cloud 

Chamber 

Hydrogen bubble 

Chamber 

Emulsion 

0 :!: 0.6 

-1.3 :!: o. 7 

--- - - =============-================-===========~=== 

(a) R.L. Cool e:t al., Phys. Rev. 127, 2223 (1962) 

(b) w. Kernan et al., Phys. Rev. 129, 870.(1963) 

(c) J.A. Anderson and·F.C. Crawford, Bull • .Am. Phys. Soc • .2, 

459 (1964) 
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Table II 

Slllll;llary of lcyperon masses as determined in hydrogen bubbie chamber 

================================c=J=============================== . ·================== . ====== === .. 
R.A. Burnstein a H.G. D.'1sch P. Schmidt. et al . . . .. . . ' Theory+. 

et al. · 0-t ae. - without range . with range , 

./'1/1 
. + 3t: 

1115.36 - 0.14 . 1115.-a5<!: 0.08 

./'{~- 1197.0 :!: 0.2 
.. + 

1197-:53 - 0.10 
. . + 
1196~80-0.26 

1192.25 :!: 0.23 
. + 

/l{~D 
1192.47 - 0.12 

./11.~r 
1189~4 :!: 0.2!£ .. 1189,;60 ± 0.10 

' . + 
1190.144-=-o.19 

+ . . + . + 
. L'1z-- .,M..~" 

4.75 - 0.10 4.87.:.0.12 5.00 - 0~12 · 5~a:!:1 

' + + . 
L'1.~,,-L'<.

2
1- 2.a5 - 0.30 3.43-0.32 . I 2.96 ± 0.16.· 3.8:!:1 

L'{r -Ji<.
2

,- 7.6 ± 0.28 8.3 :Eo.25 7 ■ 96 :E 0.10 
-.. -- . - -----------------------------=--==================.==============--==-----------
( a) R. A. Burnstein et al.. Phys·. Rev. Letters .'.ll, 66 ( 1964) 

!£Input data. The I(" mass in taken as 493.9 ± 0.2 and 11 ± mass as 139.55 MeV. 

+Coleman and Schnitzer (this-Conference). 
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T ab 1 e III 

~-f- -
SUMMARY OF CROSS-SECTIONS FOR .c_ AlID L INTERACTIONS FOR 

~N AVERAGE rJIOl,lENTill.i OF 150 + 10 MeV/c 

/7 ;;t"A' ::: ,2J 3 nu(' 
~------------- .. ------ ·---- .. ------------------- ------------------- ---------- --------------------

R.A. Burnstein H.G. Dosch Average 
et al. et al. 

2p-j-p 
+ . 

= 160 - 60 mb = 185 :!: 55 mb = 174 ± 41 mb 

2-;o- 2./J = 200 :!: 43 mb = 232 :!: 82 = 215 :!: 32 

2/J -(Jo) f /2 = 463 :!: 73 mb = 450 :!: 100 mb = 459 ± 59 

~· 
;E of/1 

(in flight = 0.57:!: 0.10 

z:• (at rest) 
+ . 

= 0.4LJ--:. 0.03 0.39 ± .03 0.41 ± 0.2!£ 
;'f:'f/1 

* lncludes value 0. 35 :!: 0.06 obtained by Ross et al, 11.rdt'. tlh1. f"~ . .J''-C)l_ /3.f"S {!JS.,} . 



Tab 1 e IV 

Elements of densitz matrix and cross-sectionsfor 

reactio¢ns r'+p 
ti 

K +pat 3 GeV/c 

K+ K-

----------------------------~----=--=--=======•=================~ 
s;~ { ;(',pil.t) I 2.1 :!: 0. 3 mb I 1.49 :!: 0.30 mb 

---------- ----------
o,<•p I 0.1:l :!: 0.1 I 0.76 :!: 0.15 
4x'it 
,1:I. (63'¼) I 0.5 (GeV/c) 2 0.5 (GeV/c)2 

Joo 0.11 :!: 0.05 o. '17 :!: o. 05 

fs,-1 
. + 

0.34 - 0.04 0.29 :!: 0.04 

AR-.!,,o -0.05 :!: o.04 0.01 :!: 0.02 

-----------------===========~=================================== 
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