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© 06beA"HeHHbli:i WiCH1Tyr ~AepHbiX "CCfi8AOBaH"i:i. ,lly6Ha, 1999 

Elementary Particle Physics 

A full sample of ~01\IAD (WA96 experiment at CERN) data correspond­
ing to ""' 1 300 000 vJl charged current ( CC) interactions was reconstruc­
ted and analyzed. The upper limit (at 90% C.L.) on the probability of 
z;/1 -t vT oscillations was established to be P(v1L -t vT) < 4.2 x 10-4 . The 
corresponding limit on the oscillation amplitude is sin 2 28 < 8.4 x 10-4 

for large 0.m2 [1]. The previous limit from the E531 collaboration is im­
proved by a factor of 6 (Fig. 1 ). A new limit on the probability of Ve -t vT 
o:scillatiow; was obtained (at 90% C.L.) to be sin2 2() < 5.2 x 10-2 for 
large 0.m2 [2]. This result improves the existing limit by a factor of 
more than 2 (Fig. 2). 
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Figure 1: The ~m2-sin2 2() plane for vi-' ---+ l!r oscillations. Tht: region excluded by 
NOMAD at 90% C.L. is shown together with the limits published by other experi­
ments. 

The collaboration memo of the JINR group on the study of A. hyperon 
polarization in vJl CC interactions is accomplished and published in the 
NOMAD preprint database [3]. The statistics of the NOMAD A. sample 
is ,..... 15 times larger than the one of the previous neutrino experiments 
performed with bubble chambers. 
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Figure :2: Tlw 6rn2 --siu2 '20 plan<' for v, ~+ v7 oscillations. The r<'gion cxclnded by 

NOfv!AD at 90',/;. C.L. i~ sb<J\\'11 tog<'ihcr with thP limits pnhlislwd by othPr expt,ri­
uwnts. 

ThC'r<' is a eitlong collaboratioll between tbf' .JI~ll and L\JH 1 \loc-:cm\·) 

group:,; \Yithin rhe .\0\IAD i'X]Wliment. 

DELPHI i~: a gf'llt'ral-pmpoc-:c detector for pby~ic~ "t LEP 011 aiHI 

,d JOn• the Z 0 . offering tbn'c-clinJen:-.ional inftnma t iiJ!i 011 t'lll'V(I tm t' aud 

cncl}'Y cl<']Jt>:,itioJt \\·ith filii' :-;p;,t.icd grannlarit.\· <ts wt·ll :~.~ idt'ntificiltiou of 

ll'pton.c; and hadron.'< over mo,-;t llf the solid :tlll-';lt'. 

During the 1999 clata taking period LEP lt:'s iwt·n ,·,>ntincly npn:-1ting 

a: thl' collision C'lWrgies of np :o ::?02 Ce\'. A toLtl ;lll<'grat.f'd lnllliuu-.:ity 

of ;d)(mt :no pb- 1 w:1:o n·cotdt·d by tl!\' DELPHI t'X[wriment. Tlwse 

lH'\\' delta allowed the cxchl:-;j, 111 limit Oll the JJl<L~s of i]ti' Standard :\I odd 
Hig~~:-. lJocon of about 106 Gc\' (at 9f/X C.L.) to he set. lmpro\·ement:-: 

hr'h' t'l'll .3 and 6 GcV were reported 011 the lll<lc-::-. lilllits for Ill'\\' pmtidt'"· 

compared \\·ith the data ohtai1wd ill 1998. TIJ(' data arc cd:-.o ])('inu, 11.-.:cd 

for the h1gh precisillll m('asurc'nH'llt of the \\'-ho:,oll !Wte':-. and th1' t<':-.h 

uf dr,droweak theory, QCD, two-photon and othn physics. DELPHI 

rr's;dt:-; from rnnuing at Z-resonancc (lllcl at LEP200 arc snmmaril'<'d in 

about 250 papers. :\'e\\. results are regnlarly pn'~<'lltl'cl :tt the confen·nt'(':i. 

4 

l 

• 

The main contributions of the JI)iR group in harrhvare concern the 

maintenance and running of the Hadron Calorimeter and the Surround 

:\lnon Chambers of DELPHI. In the area of physic:s amllysis the Duhna 

JWopli' arc working on the precision tests of the Electroweak theory from 

Z- and \\'-data, T-lepton physics. test::; of QCD and studies of multi­

particle production dynamics at Z ami higher mergics. two-photon phys­

ics etc. 

The cort,ctrnction of the new neutrino beam with encrgy of 1.5 Ge\ ·at 

t h<' l' -10 accelerator ( Prot\'ino) was finished in 1999. The structure oft lw 
targd of th<' IHEP-JII'iR Nentrino Detector was modified b~· remo\·ing 

alnminnm plate,; . 
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Figure 3: Structure functions r2(x) and xF.1 (:1:) measured with the I\'entrino D('­
t.ector 

Tlw tmget. part of thi~ new :setup con:-;iste:; onl~· of liqnid scint;llator 

conutf'r:~ <llld drift chambers. It allowc; protrms from elac;ric -.:cattcrin~ of 

neutrinos on protons to be registered. During the fir::;t tt'sting 11111 with 

the new iw;nn ami the upgraded detector the on-line program was tnned 

and tested, performance of different cletectm compoiwnts W<l::; clwckt>d 

after a long panse in operation (more than .3 years). Tlt(' ~:trud me ftl!JC­

tions xFJ and F 2 in low Q2 were obtaint>d on the basi:-; of the experimf'ntal 
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data collected in prt-viou~ exposures on the :'\ eutrino Detector (Fig .. 3) 
[4]. Cnder the assumption that QCD is valid in the reg;ion of low Q2 

the analysis of xF3 yields /\ M 5 = ( 411 ± 200) l\Ie V. The corresponding 

value of the strong interaction constant as(Mz) = 0.123:+:~Um agrees 
with tht> recent result of the CCFR collaboration and with the curnbirH'd 
LEP /SLC re~tdt. 

The collaboration with physicists from thf' Institute of High Energy 
Physics ( IHEP) is clecisi ve for this project. 

In 1999 the DIRAC collaboration. ainwd at tlw lif!'time mcasun•nwr1t 
of rr~rr- atomc>. achirvPd the following main n'sults. Tlw dedicated pro­
cessor of the forth-lew] trigger was cl(•\·elop(·d. TIH' map of tlw spectro­

meter magnet field \\'ils n·conc;t n 1cted with thl' a en !riLe~· of 0. 4 Vr. Tlw 
programs for determination of the setup gt>ometric CO!lStilnts and for 
event n•construction were devf'!oprd. 
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Figure 4: Distribution of 11"+11"- pairs over the longitudinal component of relative 
momentum in the c.m. frame. 

Experimental data for measurement of the dimesoatom yields on the 

targets of Ni and Pt were obtained during a 4-month data taking at the 
CER)J PS accelerator. Performance of the setup is demonstrated by the 
observation of the Coulomb enhancement in the yield of ?T+ rr- pairs in the 

relative momentum range below 5 MeV/c (Fig. 4) and by observation of 

a peak from A decay in the spectrum of the detected ?T- p-pairs (Fig. 5). 
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Figure 5: Effective mass distribution of 11"-p pairs. 

The processing of 2.5% of ne\1',; experimental data (about 14000 events) 
obtained with the HYPERON setup allows new determination of the 
slope parameter of the vector form factor of the K+ --+ ?T0e+v decay: 

,\+ = 0.0277 ± 0.0040 [.S]. This result (Fig. 6) is in good agreement with 
the world average value and the accuracy of measurement is comparable 

with the accuracy achieved in the best experiments. 

f(q~1.5 · i/ndf 21.74 I 18 

p1 0.9432 ± 0.9286E-02 
1.25 ..- I P2 0.2768E-01 ± 0.4043E-02 

............ :f3 
1f-- + + ..... 

0.75 

0.5 0 2 4 2/ 6 2 q; m 
Figure 6: The dependence of the vector form factor of K+ --t 7r0e+v decay on q2-

momentum transferred to the lepton pair. 

7 



The experiment was carried out at IHEP (Protvino) with a valnahle 
contributions from the scientific group of IHEP. 

At the Nuclear Center of Charles University (Prague) new meac:nn'­

mcnts of spin-dependent total cross-srction differences ~O"L and 0.0"y 
were performed with the transmis~ion method. For t hrse eXJWriment:.; 
the frozen-spin polarized target \Yac; develo]wd. \\' l1ich iucl udes a ~ta­

tionary cryostat with a dilution rdrigernt01, il movahk magnNic c:~·st('Jll 

and electronic equipment for providing dynamic polarization awl .'\.\IR 
c:ignal detection (Fig. 7). 

,.,.~PT 

Experimental lay- oul 

T 

Tla-dereoo 
ii d, 2MeV -!'!'"vallllll!n d~e G~ra..,affr--, 

((~) ~-4-=-- accelerator 
n, 16MeV 

Ml, M2 
3 4 

d+ H-He+n 

neutron beam : -eni:rgy about 16 MeV 
-P," !8% . 
-intensity l d neutr./s 

Fig,an' 7: o-dd.er:tor -the silicon rletect.or f"r monitorinl', of the ne1ttron beam, T-
titanium-tritium target: 0,1 1, J\I 2 thin plastic sc:intillaL<Jr dt-t(•ttors: I\I magnet 
fur !Wlltrun spin rotation: PT pnlarizcd target: D 1, D2 liqnid sci11tillation 
detectors. 

A polarized neutron rH'i-Ull is produced with th(' Charles l' nivn·,-.;i tv 
\'au cle Gretaf electrostatic accelerator hy means of the rf'action 3H( dn) 3He 
with an initial deuteron energy 1.82 .\It~V. 
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The physics results on the meac;urement of ~O"L and 0.0"r obtained 
Ill Pragne permit a new view at the earlier data in this energy range. 
Earlier. c:ome experiments (Bonn, Erlangen) c;upported the hypothesis of 

the minimal value of the 3 5 1
3 D 1 mixing parameter ( cl) in the range of 

15 \leV. These results disprove it. which is in good accord not onl~- with 
the other ('xperimcntal data. but also \Vith the model predictions [1.5]. 

In 1999 the main acti\·ities of tlw ATLAS TileCal-group wen' a) study 
of perfonwmce of combined calorimeter and the haclronic Tile calori­

meter, h) production of modules of the Tile calorimeter, c) construction 
of opto-nH'chanical test benchPs for PTM and d) deYelopment of slow 

control. 
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Figure 8: Energy resolutions (for 10, 20, 40, 50, 80, 100, 150 and 300 GeV pions 
and electrons) obtained with the c/h method (black circles), tlw benchmark 111\'t.hod 
(crosses) and the cells weighting method (open circles). 

Tlw rec;ponse to pions and electrons at an incident angle of 12co was 

investigated [6, 7] (Fig. 8). The response of the ATLAS calorimeter 
system to single charged pions was investigated via fnll simulation [/]. 

Performance was Pstimated for the rases when energy and rapiclit.v de­
pendent and independent calibration parameters were rtpplied. The best 

results were obtained with the energy and rapidity dependent paramet­
ers. The lateral and longitudinal profiles of hadronic showers detected 
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by the prototype ATLAS Iron-Scintillator Ti!P Hctdrrm Calorinwtn \\'('!<' 
investigated [8]. The detailed experimental information n.bont tlH· r+c­

tron and pion responses. the elf'ctron energy re:-;o]ution and the r j h ratio 
as a function of incident C'llC'rgy E. impact point Z and incidence nllfode 

f) of the .\Iodule-0 of the tile imn-scintillator band hadron calorimet<T 
i:-; obtained [9]. 

The main achiev·ement in 1999 was the :-;nccr•,-;:-;fnl :::t;ltt '1f um..;,..; prodnc­
tion of the ATLAS Barrel Hadron Calorimr•tr•r :\IodJI!r-..; ;md :-;nlnnodnl••:-; 

at .JL\R [10]. In Dubna 110 :-;nbmo(lldcs \\'r'n' ltlalmfactlm·d . .\'ine ?dud­
ules were sent to CER.'\ in 1999. Tlj(' <'X]H'r·tr·rl ri\'<Tau;r· cleliwry cyclt' 
is 1 .\Iodnlc per 2 week;;. :\Iodnl(' ;L..;:::<'mbh' i:-; ('rJ!ltrollr•d bv· a :--pccial 
l:::~ser harchvare and software coinplr·x which wa:-; dr·vdopr•d ;lt .JI.\'H and 
vvhich allows measurt'nwr1t precision of 00 p1u. 

L\'P :::tarted the constnwtion of sen'll opto-merhanical k:-;t benches 
to lH' l!o;ed fur the detailr·d :-;tud~· of 10300 photomtdtipli<·r:-;. Thi,.; te,.;t 
lH-·nch will allow our, to Illf'a:::un• 2-± plJ,ltOI!lidtiplicr,.; at Olt('('. 

The architectme of the Til•· calorimeter control c;ystew (TCS) \Yao; 
elaborated including detailed fnnctionality arra!lg('Jllent. c!lld (Ltt;t flow 
distriln1tions. Tl[(' pilot project of final version of H\. ;;uhsyo;tPJ!l wa:-; 
started. 

The main task of the .Jl:..JR :\Iuon ATLAS gronp in 1990 mt.:-- tu CO!l­

,.;tnwt <1 c;ite (Fig. 9) for fnll cycle pror!nctiou and t(•c:t ()f \I110J1 ('!J;uulwr,; 
(.\IDT-chamlwn;) at .JI:\"R. 

To rhis end a lot of high-teclmolugy set-up.s ;uul tuob \wn~ con-,;tmr­
ted. Their list consist:-; of 1) tvvo dust-free pmdll('tion Mras vvith climate 
r·m1irul: 2) full infrastructure for the production area (with crane:o. com­

pn:ss<1J.s. vacuum pumps, gas pipes, comput('l' IH'two1k. etc.): 3) sewi­
<tl!fon~atic wiring line for mass-production of drift tube drtrctor.s \DDT): 

-±)full ~-:et of tools for DDT testing (with wire tcusiou. tightness, H\'-tcstJ 
including X-ray set-up for \vire position control inside the detector: 5) 
full :'ct of tools for high-precision muon chamber assembling, which in­

d ndcs 1 arg<?-scale high-precision granite tabl8 ( 3. 5 x 2. 5 x 0. G) 111 :J, c;ct of 
precision tools for high-accuracy DDT positioning, computer-controlled 
pneumatic sag compensation mechanism and automatic glue machine. 
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Figure 9: Site for full cych1 prodndiou ;md te~t of Mnou Chambers <LL .JII'<R. 

Search for the flavor clmnging ur·ntral-cnnent ( FCN C) rlerays of D­
mesonc~ wac-: performed by the CDF Collaborntion with 88 pb- 1 of Run I 
dctta from pp collisious at yls = 1.8 TeV [11]. The best limits Br(B+ -t 

IL+J_CK+) < 5.2 x 10-6 and Br(B0 -t p 1p-K*0 ) < 4.0 x 10-6 were 

found at 90% C. L. 
The oscillation frequency D,rnd of B 0 f3o mixinp; was measmed using 

- -

the semileptonic decay fJD -t WD* +X. The value obtained is C:.md = 

O .. S16(8tat.) ± 0.099~~:~~~(syst.) ps- 1 [12]. 
Silicon Vertex Trigger (SVT) is designed to recon8truct. track para­

meters P~ and ¢with a sufficient speed and accuracy [13]. The SVT is 
aimed at tagging events containing secondary vertices from the b decay. 
The LNP group participates in the design and hardware implementa­

tion of the SVT [14}. The SVT operation time for most of events from 
B -t 11"+11"- decays in Run II was found to be between 8.6 and 10.8 fLS. A 

new layer of silicon detector (100) was proposed as an upgrade to CDF. 
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The main 1999 results of JINR cooperation with Fermi lab 011 cou­

struction of the upgraded DO detector (forward/backward muon system) 
for Run II at the Tevatron Collider are the following: 

Figure 1(1: Shematic view of the DU upgradt: Udt·C'tor 

a).\ new type uf vYin; detector. called I'viiui Drift T11lll'c; (!\IDTs), is 
dP:-lgw;d and te:-.tr·cl. Tlwsl' Iarocci-t:-:p<' rllliltn:i; :• t tll H'.~ wit 11 a meted lie 
cathode nm in a proportional rJJod,· :1nd <Ll<' ~ltit:tl>l(' for lcugt··snrfacl' 
setups. like muon s:v·stcms, in particnLtr. 

b) \!Rss production ;ll!d testillg of \1DTs Wt'!"t' t l('\'< hpr•d practicall~r 
on the basis of r he dome~t.ic ( Russiau) t.cduwl()gics. Production of nll 
GSOO dl'tt•ctors is accomp1ish('d at the .Jl~H <"l'lltral \York:-;hop and 2j.3 of 
thi-; tntal cill!Oilllt are aheady shipped tn Fennilab. 

c) .-\SIC chips were clewloped. tested and produced for the DO muon 
,:;ystem in cooperation with Byel0111ssian institutes and industries. These 

chips include an 8-channel amplifier (DOl-vi Ampl-8.:3) ancl an 8-charmel 

di.scriminator (DO?v1 Disc-8.3). A total amount of chamtds produc0d is 
52736. most of them are shipped to Fermihb. 

Tlw DO f'C•operation involves industries of 5 countries (Armenia. I3~'d­
orussia, Canada. Russia and USA). In Russia five enterprises, '"Serp i 
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.\Iolot .. (.\Iosco\\'), "Agriso\·gaz" (!vialy Jaroslavrb), "'Savma" (Savelovo). 
·· Hirnpla:-;t .. (D:;erzhinsk) and ... JII\R workshop .. ( Dnlma), participettecl 

in tcclmolog:v dC'n•lopnwnt etncl mass production. 
The .JI:\R ph~·sicists are prescntl~- participating in assembl~' of the 

DO muon :;ystem in Fermilab and in preparation for commissioning and 
mmtin,g tlw detector. They also plan to participate in data anal~·sis. 

Tlte .. .\I non \Yall 1" drtector of the COMPASS setnp is nnder full 
n·sporJ:-;ihilit~' of .JI:\T\. Concl'ptual and techllical design of the .\I\Yl 

wac; agn·cd npon vvith collaboration. Proportional tubes of Iarocci-typr 
(like iu tlw Fcrmilah DO .-.;etup) will he nsed a.~ cldectors. A production 
lirw wac; c;d up at JI:\R. The detector consist,; of alumirnmt profil(' with 
S cell.-; uf lO lllllt width and a c;ensitiw wire in tlw f"E'ntl·r. Thi.c nnit j:; 

cm·\·red h~· a .-\BS plastic enwlopc. ln total CO:'dPASS :\I\\"1 cl1·!ectllr 
\\·ill1l:'t cll>ont -J. km of these tnlw:-; (10-!0 pircC'o-.). 

These .\l\\-1 falnic~1tcd at .JINH workshop have pas:-wd iusjwdi<JilS 
m1<l n·:-;t:-; C~t .TL\H <tnd ;1t CERl\ iu <l 10:-;t lwa111 run .. 'unplihcatn:-; ;md 
di . .;crimiu;ttors for the .\I\\"1 t1';1d-o1tt ::;y:'tem haw i>CClt nbo tt'::itf'd. The 
mac;>; prodnction of the .\I\ \"1 tnlH'c; ,;t.art.ed 

\Inltiwirc prnportional challllH'J:-, t.\1\\'PCs) to be n:--:ed a; Larf!.l' .-\n•;t 

Tr;wkcrc; i11 tlH· Small Angle Spcct nmwt(T uf thC' CO.\lP:\SS. 
In tlw 1wginuing of 1999 \ctrioll' protot~"]JC .\1\\"PC\ cunfigu,·;ttl\Jll" 

Ill!'\\' [,\~! CF-1-hased gao; mixt>ill'c< I1i'\\. frrJnt /end clcr·trollic::;. \'Tc.) \\"f'!l' 

tc..;tt·cl. lhc final test 'S,\S Dcrfunw·d with the full-size cltmulwr at Ct.n:\. 
Hl':'lllt;; oi>t:tinc< l confirm the <tbility to nse I\1\VPC \\·irh the tl('\\. !2,<1>· 
mixtmr·c; and new dectronic:-, \ogdlwr with a. c;ntticicntly lan_;(' dtici\'Ill'~· 

pLc·l'<ill ar:d acccptahlt' \mrkiug high voltagl' pot<'llti<tl. 
Dnring the ::;ccond half of 1999 the pa;;::;portii:;1tioll of ;tlnw"t full >d 

of availahlr• Omcgct-spectromcter chambers was complct.-d Chamber,; 

\V('l<' clwcb•d for the gas tightness, the efiiciency plateau were tiH'ac;ured 
for each ch;unher. the lPakagc cmrent was examined. 
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Low and lntennediate Energy Physics 

Precise measurement of the probability of the pion /:1-clt'cay allows " 

rigorous test of charged quark-lepton current universality. uuitarity of tlw 

Cabbibo-Kobayashi-Maskawa mixing matrix and search for a pus,;ihlc 

manifestation of ''new physics''. The goal of the PIBETA experiment is 

to improve the accuracy from 4% to 0 I/;{, at the first st<1gc. 

The data taking runs were successful:v jl('rfomwd in 109~l. The ge1wr;ll 

duration of these nms exceeded 4 month. Dnlma specialists took part 

in preparation of the setup for the data taking and in t lw running of the 

setup. The nC\\' electronics for anode wires of proportioned cha!llbers was 

developed at L0P. This electronics pro\·icles more rcliabl(' and dticicnt 
read ont of chamber information. 

The pSR experiments with silicon carried out in 1999 \w-re nimed nt 
investigating the effect of impurities on the n~laxation rate of the magnetic 

monH:nt of the shallow acceptor n·ntre. 

The measurements were carried out in the ternperatnre rrlllg<' .J :300 I\ 
with four c;iliccm samples with different boron impmity (1.-±·1013 cJn-:l_ 

-±.1·101
1\ em -3 ). with two samples \Vith gallium impmity (11· l0 1·c' cm- 3 

11·101
1> em -J) etncl vvi th two samples with arsenic im pmi t\ i S.O·l () 1 '' C!ll-:>. 

2.0·10 17 cm-3
). These measurements allow the constant of tlH' hnwrfine 

interartion of the muon magnetic mome11t wit.l1 the ('lr,ctrnll .sh('l] in tlH• 

:tcceptor centre (muonic atom w-\1) as \\'ell as tlw t.\-IW nf tcmpcra.tme 

dependence of the rebxation rate of thf' m<if.!)letic JWHJWnt of Al C\cceptor 
r·Pnt.n' iu ;;ilicorJ to lw found. 

The values of the hypcrfine interaction constant Alli /2rr arc clo.c;e to 

:)0 :\JH :c for different samples except two samples \\'it h tlw highest cuu­

centrntion of boron impurit~·. For these samples the temperatnn· df'pend­

ewe of the shift of the muon spin precession frequency is not yet studied 

completely. This does not allow the unambiguous determination of A 11r. 
Th(' temperature dependencies of the relaxation rate of the magnetic mo­

ment of the acceptor centre (muonic atom) for the samples inw,;tigated 

are \Veil approximated by the power function v( T) = C · Tq [16]. 
In 1009 the main objective of the analysis of the OBELIX data on 

the antiproton-proton annihilation at low energy into five pions pp -+ 

14 

j 

I 

71+ rr-rr+ rr-1ro ic; the investigation of the 4rr decay modP of the Q-t-0-t- + 

c:c;ctlar nwsons f 0
( 1:300) and f 0

( 1.500). which proceeds mainly via f 0 ---+ 
pp and f 0 ---+ cur. Due to the phase space available the two pion states in 

thi;-; reaction are limited by the low energy part of the rrrr S-and P-waves. 

It is found that the '7f+7r- invariant mass and angular distributions are 

rather sC'nsitive to the mass and width of the a meson (!0 ( 400 -;-1200) in 

the R e\·iew of Particle Physics). and the particularities of their behavior 
can he well dec;crihed only with the small a mass (Ma::::::::; .500 MeV jc2 ). 

:\Ieasurements of the double differential cross section for subthreshold 

K-t- -production in pC-collisions at the spectrometer ANKE wer carried 

ont in tlw energy range from 2.0 GeV down to 1.0 GeV. This lov.; value 

( 1.0 Ge\·) is 580 t\.Ie\' below the free NN-threshold. 
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.,. 
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Figure 11: PreliminarY results of the ANKE collabomtion on the kann sp(·ctra in the 
process p + C -r K ~ + X. The numbers in the fmrne denote thE' beam energy and 
time of the data taking. 

The kaon spectra ar(' obtained at au angll' about 0° [17] (Fig. 11). A 

software package for th(' AI\KE data processing. developed in Dubna, 

prm·ides calibration of the spectromder momentum scale witb a relativ(' 

accmacy not worse than 4 x 10 -3 . The gained energy dependence of the 

differential cross section i~ significantly more sensitive to mPt:hanisms 

of the deep subthreshold kaon production than the total noc;s sectioiJ 

dependence measured earlier in Gatchina. In the middle of 1999 a deu" 

terium cluster target developed in M iinstfT was installed and tested in 

the beam conditions. The commissioning of the target and the detector 

system developed in Dubna allows an experiment on cumulative deuteron 

break-up by protons with the energy from 0.5 GeV up to 2.5 GeV. 
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The collaboration D l 1BT0 has completed the experimental appar­

atus for studying pion interactions with light nnclei at low enn~ie:-; 
The experimental setup is based on the .JI::\R stn·awcr spectrometer 

STREAJ\lER, serving both as a vertex ancl track ckt<'ctor. and is eqnipped 

with CCD telecamcras for recording the images of unclear ewnts occur­

ring inside the gas volume of the streamer chamber. \\'ith the cxcvption 

of the streamer chamber, no available apparatu:-; can 1Jc' nc;c•d for mca~m­
ing energies clown to '"'-' 1 ?\le\' of charged c;('CO!ldari<'S. :mch ac; proton:-; 

and light nuclei, produced in renctions occnning insirl<' gns ta.rgets. A 

150-hour run was pcrforllwd in \on'nl1wr 1999. awl \·icko images (lJ\'l'l 

1000) of inelastic 7f+- 4 Hc- nuclear events \WlT obtained: datd prut·t•s,-,iug 

is under way. 
The purpm:e of the experiment DlSTO is to nwasun· tlw diJkn·Htial 

cros:o sections .. as vYell as trw spin oh,.:cn·ablcs ?.\· P'£n, A1 and Dn'· 
for the reactions pp ~ pK~ .\, pp --t pK+':Y. and pp ~ pK~y• at 

encr~ies between the reaction thresholds and the waximuw attai11ablc 

('W'ru;:; <1 t S;:tttnne ( abo11t 2. Cl Ge\'). Tlw eorrdatiou 1 wt\W'<'ll th(•:w o b­
:::erva\llcs and the N* and Y* rr•sonetncPs will also 1 w dl'tcrllli]l('d [ 13]. 
The measurewent of spill <lhsen·ables at SatllllH' ])]'0\'id(•:-; a \\'ay to in­

\·e,.:tigate tlw relationeiltip bct\\·crn the fundantent;d QCD appnmch and 

tlw \loSO!l-CXCLIH~t' tlH ori(':~. 
The D'1bna gronp hn.,.: 11nclertalzcn in\'('c,tig;,ti.,Il ()f t\11 rr·act!oll pp ~ 

p;('- \K0 which. in case both ll<'llhal partie\,·:· d1·cay \i<! chm;'!'<llllodes. 

l'!'(j11irc~ rcgi:-;tratiun of e\·cnts with G clwr;>ecl :1artides and 2 :-'ecmHlar~, 
wn.u;:-;. This prl)t)lelll is noti' ('abl)· mon· ,·mnplicated th<lll rq~ic;tr;1tion 
of the nnin reaction pp --+ ]JK+ ;\. ~ o e\·ent:; involving K~ d('(·ay,.: lw.\T 

\wen fm~ncl yd. most likely owin~ to tlw gconwtry of the DISTO cL]l­

paratus. The registration of events with a ,\-decay in pp ~ p7r+ .\K
0 

pcrmi ts estimC1t.ing the munber of (•vents nf this 1Tactior1 that c<m lw o1J­

tained b\· re~istering ewnts with all strnnge particle.; (kcaying vi<1 th(' 

chauHf.+-> with charged particles. The results obtained are not final. and 

stndies ·will be continued with more profound investigation of how well 
the simulation program describes the experimental data for the rcactinns 

at issue. 
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In 1999 the rneasmement:-; of the astrophysical S-factor for the dd­
reaction at wr~· lmv deuteron collision energies with the liner plasma 

technique wnc pt"rfonned under project LESI. The experiment was ful­
filled at the high current generator of the High-Cnrrent Electronics In­

.stitute (Tome-k. Bussia). It is worth to stressing that investigation of 

Jl\lclt"ar rea('tions at ultralow collision energies ( rv ke \') with ordinary 

accclnatorc; is UI1r\'alizctble in practice due to a \'Pry low cro:-.s section 
of tll!' pmcessc;-; under inw:o;ti!~ation ( J :::::; 10-43 -;.- 10-:~2 cm2 ) and ex­

treu]('h- low 11llnilH!sity of he<un:-; of charged panicles. The first meas­

mccl \·alncs of the S-factor for the denteron collision t'llPrgies 1.8. 2.06 

2.21 kt·\· <uc 51111 =(53± 16): (G~ ± .30): (11~ ± 68) b· b'V. respcctiwly. 

Tlw nltralm\ S-factors do not disagree within cxperimental1mcvrtaintie:::; 

\\'it!J the ,-,tines uf the S-L1ctor c:.::t1 <1polated from lar~er collision l'Jl('r":it':-> 

I 1-:- ~.) kc\ ·) (Fig. 12). The correspowl ing dd cro:o;,-; ::;cctionc; dcscri bed it" 
a proclnct of t l1e banier factor aucl the measmf'cl astropllysica 1 S-factor 

an· !I;}d = (-L.3 ± 2.6) X 10-:!3 cm2 . !I:Jd = (9.8 ± -LG) X 10-:;:; cm 2 . 

rr:Jr1 = ;2.1 ± O.G) x lll-:32 
r·n1 2 . re.-.:pectivcl.r [19]. 
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Figure 12: Dr•pendence of the astrophysical S-factor on the energy of dd-int.Praction. 
Filled circles and squarPs -- previous data, • - results obtairwcl. 

The project performed in collaboration with High-Current Electronics 

Institute of RAN (Tomsk), Electrophysical Institute of RAN (Ekaterin­

burg) and ~udear Physics Institute of Politechnical University (Tomsk). 
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In 1999 the rest>arch on 11-catalyzrd tlltdear fusion \\'it" nmtinn('cl to 

uw<Lsllr<' ba~ic charact<"ristics of thf' proce:-,~e~ in a hi~lt <k:,<t~· lljxtmc 

of h~;clror:sen isotoprc>. including tritium. Two rnw' witlt '' lnl!,lt-pwc.;stm' 

h~·drogcn target were carried onr at the .Jl\'I1 L:"T' Pln"t>tnu to in­
vestigate clqwmknce rite cycle nttr' IIH'LtiOl! \.;,,ld) <1t1 

1
·'l'I]Hl<lflll•' 

t3UO :3001\L pr<~sc.;ltiT t_up tu 15()l; atlll! nlld <'Iilli I'!Jl'.t::,,rt ,,, i . .:()t•>pr';-- in 

rbe rloul>le (H/D) and triplr· IH/D/T) l!liXtlll<' l't•'' < "';'·'-' <>t' rlw <'X]Wl 

lilit'lll:il cbt<t is nJI(lrr wax. \\·hicl1 will 'll:.h· ;\ jl" _;!_,],. 1 • ~ittd tlt<' nt'<' 
fm fopnation dt11 mcsollt<tl<'Cid<·, \1!1 IJD :•1:d [JT 1 :1,:. 1 ,:·1.: ··'"1. L'·:tt 

;on 11111ltiplicities P''r !llll<lli <\c- :t htti< tiutl 11: 11'1:! 1''':, lilt·· ,:)1
1
1' '-f)()!\. .. 

pre,;:-;1\n' 1 ')0(1 L1()() ;1!1!1) :tnd 11 it;:nll ,·i!tl<<'!ill:tr:.,~, 
.-'u ,dtlitirllt:tl \\' Ll'!t'l (; ()iJ ;n~:. l .!!. i \,; iJ;:--L:lll't: ;ll : ;;, 11 '" - ,, :)c•r 

,t\,,r ·u,ituf rite lSOL r·mup'~"'= Y.\S\ -\PP 2 \'··]t;,JJ cl:l. ;.,:t;;· li\<' fr,Jd 
iLr'l'(';t,(' in tlH' ~-jeLl uf r:-,dinactiv•· li1lt'-l'dJIL lc,.,t,.pr'> .\1: 

1 ~. ; llJli,·ir\ 

,·ucr' lll"rle lit operation is pnAidcd fu: the .. mimol :\W'.' · .~pr'l'\ l< tlll> i''l. 

:\ )lli'l \:-;ion tr•chnique ior detl'trllilllW .. >, l-(jliallttur ,' 1
Jr'l

0 lt'.• i prriJl'lc.:<'rl 

l>ll t iw ba:-.lc- uf tlw d(')a~-,-d cmlwirlellC\' ll!f'tlwd a11d f'l )I'J 'l]!tics .. \ qu:t: i­
ditfcn·ntiat.ion nwthod 1s introclnccd to ,•liruinatl' Compton dist rit 11 ttion 

ill 1-spcctra measured h~- SCD [20]. 
:\[onopole excitntions in transition nuclei (l 52

Gd) ctnd ~t\tJllC::l~· di'-

fornwd rmclei (Dy Isotope.-; \\'ith .-\=1-)G. 158. 160) \'Tl<' ..;~·stl'llwticall~· 
:-;rardwd for .. -\lot of EO ;:mel EO+E2 trausitiou:- mT<' oLsrrved [21]. A 

few new isomeric states are identifiNl and studied in the 
1
"

2
En and 
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nuclei that are in the vi<inity of the clefonnat·ion jump (:'\=88) [22]. 

The inw~tigation of the 221 Fr (T1; 2 = 4.9 min) o-decay is complctc·cl 

[:23]. Popnlations of 217 At levels by the 221 Fr a-decay and nmltipolarities 

of some 1-tran~itions are found from the quantitatiw analysis of a-~ 
coincidences. The properties of 217 At levels agree with their interpreta­

tion as ex<itations related to shell-model states 1rhg;2 and 1fh~ 1j712 . Thr 

investigation of the 209Tl (T1; 2 = 22 min) ,8-decay is accomplished; the 

inve~tigation of the 213Bi(,8-, 46 min) 213Po decay is under way. The 

probabilities for the ,8-decay of 213 Bi to 213 Po levels are found. Investig­

ation of /:-coincidences confirm the decay scheme. 
Cadmium KLL and KLZ Auger spectra from the 

111 
In decay are stud-

ied with an ESA-50 electrostatic spectrometer [24]. Energies and relat-

18 

ivt' inteu;;itics of all niuc well-resolwd ELL lines are found with a high 

accmacy. Thr int.eu:-;ity valuPs are in very good fl.greernent with tlw cal­

cnlations b~- the relativistic model of intermediate <oupling. On the other 

hand. the energies. espe<inlly tbeir absolute values, differ from the results 

of \\'iddy 1\sed semiempirical caJculations. The inwstig:1tions allow the 

conclusion that more accurate theoretical cakulations sho11ld be carried 

out for the compli<ated mechanism of interaction between two inner-shell 
\·acanctes. 

The work done 1mder thP AnCor project (Angular Correlations H'ith 

.\'f'utrino,o.;) \\'CIS aimed at searching for s<alar interaction in ,8-decay and 
in p-captm('. 

In order to ~earch for scalar interaction in a pure Fermi ;:1-decay of 

ts:\e. a two-week experiment was carried out at the MP-Tanclem accel­

erator ( IPI'J. Orsay. France). The angular correlation between the ueut­

rino and positron momenta was measured by means of high-precision 

~(-Spectroscopy Yia the Doppler shift of 1-ray~; following the ,8-decay. 
The data :maly:-:i:-; is in progress. 

A similar idea was nsed in the four-week experiment on 11-capture <It 

the muon beam of PSI (Villigen. Sv-:itzerland). The oxygen gas targPt 

aJ a pre.ssure of 1 bar was irradiatPd by lmv-enPrgy unpolarized muons. 

The 211-kc \' 1-line follm\·ing the 0!\IC (Ordinary Muon Capture) by 
16

0 uuclPi was mca.-mn'cl very precisely vYith ~evernl independent HPGe 

detectors. The Doppler-broadened shape of this line is very sPnsitive 

to the po:::;si ble admixture of Scalar Interaction (genuine and induced). 

~-\nal,v:o;is of the line shape provided the <orrelation coefficient value a = 
+0.096 ± 0.020 ( 687c C.L. ), which corresponds to the prescncP of tlw 

.scalar form factor at the level of 5-10% ( depmding on the nuclear model 
used for the J\il'v1E calculation). 

After fpw years of operation of the NK\10 2 double-beta .spectro­

meter, many new results on the 2jJ2v-decay and upper limits for the 

2p0v-clecay of several isotopes have been obtained. On the basis of this 

experience, a new NEM 0-3 spectrometer is developed in order to re­

place the preYious one and to search for neutrinoless double-beta decay 

of 
100

Mo at the level of T 1; 2 ~ 1025 yeetrs, which would correspond to 
the Majorana neutrino mass of 0.1 eV. 
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Initially, 10 kg of this enriched isotope were planned to 1w used a:-; 

a source. Thanks to recent R&D made by our rvloscow and Anwrican 

colleagues, several purification procedures are being applied now to 
82

Se. 
96zr. 100Mo. 116Cd and 130Te. All these isotopes \vill he measured ;:;im-

ultaneously. 
In 1999 the most of mechanical work on NEl\10 3 Vl.'<tS succes:-Jull:v· 

fini8hed in Dubna, now all of 20 sectors are being equipped with Geiger 

cells and plastic scintilla tors. Almost 2000 :-;uch :-;cintillator:-; (total mass 

about 7 tons) vvere produced by LNP .JINB in 199G 1999. no\'.; thi:-; 

procluction is also finished. 3 of 20 sector:-; are a.lreacly in:-;talled ill tlw 
Frejus tunnel (LSM. Modane. France), the re:-;t will he tini:-;hed (cabling. 

PMTs. front-end electronics, etc.) next spring. 
The 5-year experiment with 0JEI\10 3 is planrwcl to :-;tart after few 

months of tests and tuning. at the end of next year. and this plan seems 

to be quite realistic. 

Relativistic nuclear physics 

The aim of the FASA project is the investigation of nuclear multifrag­

rnentation induced by relativistic light ions in heavy target,;. In the case 

of a proton beam, thermal mnltifragmentation takes place. It is governed 

by the statistical laws. as the excitation energy of the target spectator i::; 

entirely thermal one. It i::; not the case in collisions of very heavy ions. 

vvhf'n the collective degrees of freedom are also excited. and decay of 

hot nuclear system is influenced hy the dynamic effects relat.l'cl to corn­

pression (followed by expansion). rotation and shape distortion. The 

evolution of the reaction mechanism from thermal to more complicated 

one was investigated by comparing the collisions of protons, 
4
He and 

12 C with Au. Figure 13 shows mean multiplicities of intermediate mass 

fragments (IMF, 2 < Z < 20) as a function of the beam energy. 

The saturation effect is observed for energies above 5 Ge V for the all 

projectiles. This fact cannot be rendered by the traclitiou::tl approach 

with the intranuclear cascade (first stage of collision) followed by the 

statistical rnult.ifragmentat.ion model (SMM or EES). Considering an ex­

pansion phase between two parts of calculations, the excitation energies 

20 

!\ 
2 
v 

5 ~--- --- . 
• p 

• .. He 

4 ~-- "' '2c 

3 

2 

0 -.. L. 

5 10 

------- RC+SMM 

RC+PE+SMM 

-~- RC+a+SMM 

-- - - RC cEES 

15 20 

Eproj (GeV) 

-I 

Fig llrl' 1:3: .\!pan II\ IF multiplicity a.-; a fuur-tiou of the beam eungy. Tlw solid lin(' 

j,., obt.ailH'd with taking into account thP addi tioual l'!lcrg,y and rna.-;s loss d ming t lw 
('Xpansion of the system. Other litH's an· till' calculations in traditional approaches 
\which arp not adequatP to the cbta). 

cllld the 1(':-;Jdmd llla.-;.'ics an' ('lll]Jirica.lh- lnodifit•d to obtain agrcelll\'llt 

\':i th rlH· r tl< 'n.-;mt•d I~IF 1mrl ti plici tire;. Tile llH'<tll excitation <'lH ·rg:v· is 

fonwl to he ( -±00 500) .\Ir·V for the ht•;un r•Jwrgie:-; abow 3 Gr\'. It i~ il< 

lit wd that tlH· expansion i:-: dri\'<'11 h~· the tlHTmal pn•:-;;;nn·. It is Lll'..':c•J 

for H('· and C.inc~nced colli:-:ion:-: IJCcan:-w of hie:lh'l initi;.ll tcnqwratnrc. 

Ti)('Jdlll:' the exp::msinn flow i, vi:-:Jidr· in t!w k1uetic f'lHT,L(\. h)Wctr;t (If 
L\[f. the~ become harder (Fig. 1-±). The r:-.timation of thl' cxp;trl:-:iou n•. 
locit~· gin' <I \·all!(' O.lc (on th(' :.;yst<'lll -;mfacc'). The a!lah·~i;-; uf tlw (Lit<1 

revr-als \'('!~· interesti11g information 011 tlh· fragmcJit .~p<tcc dihttilnltioll 

inside the' lneak-11p \·olume: heetvier fragments are formed pr(•dumin<llltl~­
in tlH' interior of the nnclens. This conclusiou is in contrrtst tn tlw predic­

tions of tlH· Statistical :\fnltifragmcllta1ion :'vlodel (Copmhap;l'l! wr.-;inn) 
r·).-)·] L- . 

ThE' FASA collaboration indndl·:-: :-:cienti.sts from Du1ma. I,:mdwtm· 
Institute. In:-:titute for :\nclear TIE'SC';uch (!\loscow). H.Niewodnic;anski 

lnsti tntr of :.J uclear Physics ( Cmcow). 1T-Drtrmstaclt ( Dnrmstad t). Iowa 
State Flli\·(•rsity. 
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Figure 14: Energy spectra of outgoing carbon nuclei created in collisions of protons, 
4He and 12C with the Au target. Lines show the spectra calculated in the combined 
model with account of the expansion stage of reaction. Calculations are made under 
the assumption of no flow in the system. Fitting the spectrum for proton collisions, 
model calculations disagree with the data obtained with He (14.6 GeV) and C (22.4 

GeV) beams indicating the contribution of a collective flow. 

Applied scientific research 

Neutralization of the beam space charge in the electron cooling system 
permits one to increase the quality of an electron beam and to decrease 
the cooling time. In the experiments on the JINR Test Bench the in­
fluence of the ion mass composition on the electron beam stability was 
fonnd. The specially method of the ion mass composition determination 
in the neutralized electron beam was discovered. This method showed 
that the number of hydrogen ions decreases with reducing cathode heat­
ing current of the electron gun. In this way the threshold of beam-drift 
instability increases and the electron beam becomes more stable. On 
the basis of the experimental data it is concluded that heavy ions are 

accumulated in the neutralized electron beam (26]. 
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Figure 15: LEPTA Design (dimensions in meters): 1 --·-·positron beam from injector, 
2 electron gun of the electron cooling system. 3 - septum, 4 - collector of 
electrons, 5- injection kicker, 6- toroidal solenoids, 7 ---electron cooling section, 
8 - pick-up c;tations of the diagnostic system, 9 - tubes for vacuum pumping and 
positronium heam extraction. 

In the collaboration with the INOE2000 institute (Romania) a va­
cuum chamber of the LEPTA storage ring was designed and constructed 
(Fig. 15). The first vacuum test was performed and a vacuum pressure 

of 10-
8 

Torr was obtained. The vacuum chamber was transported to 
.JI~R and was reassembled in LNP. The straight section of the magnetic 
system was made (Fig. 15. pos.7) in 1999. The magnetic field was meas­
ured inside solenoids and a correction coil was developed. The coils 
allowed the quality of the magnetic field to be improved up to the neces­
sary value 6B / B < 10-3

. The positron source based 011 the radioactive 
22

N a source and the positron trap for storage of positrons before the 
injection in the LEPTA ring were designed [27]. 

Participants in the research under the topic" Radiation treatment with 
.JINR Phasotron beams" are the Laboratory of Nuclear Problems, the 
Cancer Research Centre and the Medical Radiological Research Centre 
of the Russian Academy of Medical Sciences, the Institute of Atomic 
Energy and the Institute of Nuclear Physics (Poland), the Radiation Do­
simetry Department of the Institute of Nuclear Physics and the Institute 
of Radiation Oncology (Czech Republic). 
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The main objective is to carry out medico-biological and clinical re­

search on treatment of tumour patients on the basis of the 11\all~·-room 
clinico-physical complex at the JINR LNP. to improve eqnipment aw 1 
instruments. rtnd to devise new methods for radiation treatnll'nt and dia­

gnosis of tumour patients with medical hadron 1wam~ from the J[\R 

Phasotron. The following results are obtainC'cl in 1999. 
Clinical investigations on proton tre<ttlllt'llt of tnmom pati('nts with 

Phasotron beams are resumed rtfter a long idk period. Irradiation 

of three patients with mn.lignant head tumours vvas carriecl out in co­

operation with radiology physicians from tlw 1\In RC ( Olminsk). A new 

radiation treatment method was nst'cL which r('qnired :-;olliE.' pr('para­

tion activities that resultC'd in hip~hly conformal irn1cliation of guarantP<'cl 

quality. namely. 
- a beam of 150-1\k\. protons. uniform in the transvenw ~cction. was 

formed. which allowed homogeneous dose distri bntim1 inside the target 

volume; 
- a mnltiplate collimator is designed and mannfactmE'd. which allows 

formation of a proton beam 1Nith the prescribed transverse protik match-

ing the target profile: 
- a method of calculating and rnanufc:tcturing boluse:-; ( <·ompkx-shaped 

muckrators) that allow the dose distribution maximum to 1H' brought into 

coincidence with the tumour volume is deYi:-;ecl and te:-;t<'< L 
- treatment planning softv,;ar e is realized. which grc:l t ly inncascs the 

quality guarantee of the radiation trea.tnH:'nt: 
- ~ystem:-' of <-tdclitional laser alignment and fixing of the patient in 

the' chair are developed, manufactured and tested: tilC'y gnRxante(' highly 

accurate (within 1 mm) reproduci hility of the p~Lticnt's position from 

session tn session. 
An important step forward in organization of clinical research on had-

ron therapy of tumour patients with LNP Phasotron beams is cl special 

radiological 30-bed department opened in !vledico-Sanitary l'nit ::\o 9 in 

Dubna. It will allow up to 150 patients per year to be treate<t with med­

ical beams at JINR. The Russian Health Ministry has given an official 

permit for clinical research on hadron therapy of tumonr patients at the 

.JINR LNP medico-technical complex. 
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