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Characteristics ·of broad hadronic resonances excited in nuclei and the related nu- '. 

dear ~edium response on high energy excitations have bee~ 
0

discuss~d intensively dur-1 / - . . ~ - .,, 
ing last decade. Still, a wide gap remains between experimental re~1;1lts and theory[l): 

apart from a bv-~xceptions, ~ost ~f the welj establjshed experimental observations· 

do_n 't have a qu~ntitative theoretical !nterpretati_on., ; , , 

}'he main interest. and at .the same time the main difficulties of these studies, is 

rel~ted
0 

to the fa~t that the behaviour of nuclear matter at high excitation energies is 

·governed not only by
0

it
0

s ~ucleonic de~rees 9f fre~dorn, but also by the internal degrees 

of freedom.. of the/~~nstitu~nt --~ucleons. · When the energy "pumped" i;to the mi clear 

mediu~ is dos~ t~ th~ ~h~racteristic ·energy of excitation of the inter~al degrees "of 

-.... freedom of a ~ucleon, these c~n no longer b~ tre-;._ted i~depende'ntly._•Such excitations 

reveal themselves as riude~r N -+.N* .. transitions followed by radiation of p11rticles. · 
, . , . I ~ • '. \~-~ • • • ' ' - • , , • • 

The non-trivial difference between resonance excitation off a free proton and off' 

nuclei was first ~bserved in experimentsm~asuring inelastic charge-exchange cros~ ;~c

tions; it ~vas sho~n that th.~ prop~rti~-of i- excitatio'us of nuclei c~nnotbe described 

in thepicture of ~uasifree production[2) .. Non-quasifree -me~hani~m.s observed in inclu~ 

sive experiment~ were confirmed in exclusive experiments[3) but· a number of theoretical 
uncerta(nties ~till persist[4). ,. • . , .· • . 

The relative contributions-of these new, mechanisms can be studied[5, 4, l] by 

.. changing··;he iriiti~l eriergy•and th~'qtia~tu~ number~ in the'initi~l state by ch~osing 

different p;ojectiles (o:,}H e;, t, d, pt In 'thi~ respect ineias_ti~ (d, d') s~~ttering[6) is ~s 

p~o~ising ~s the (o:,a1) ieaction with cohere~t pion producti9n[5}, and excitation of 

N~(l440) res~nance[7). For exa:rriple, excit~tion of t:i. "in the target;'. i; forbidd~n by 
. ' ,'/' ' ... ·, >' ',.. . . , . ' 

· isospin wnservation both in,the ( d, d') and ( o:, o:') reactions:· t:i. can be excited oµly "in 

the proje~tile';[5, 1). 
.. New valuable informatiori may come from studies of polarization effects when broad 

hadronic rescinanc~s are ~xcited in the nucl~ar medi~m[l}. A difference between protori 

· · · and _nuclear t~rgets cguld. be e~pected[S} for some polarization observables, but' there · 

· 'are only·a few experiments expl~ring the polariz;tion obse;vables of these reactioris[9J: 

~n·example,of th~ use of the (d,d') reaction.with polarized deuteron~ as a fil!er of 

specific reactiori mechani.sms:ivas demonstrated in ref.[10).,.· .. 

·The· experim_ ent ~as ~e:d_ormed at: the Laboratory for High Energies at the Joint ' ,. ~, . . -

Institute for Nuclear Re~~;rch (JINR) u~ing- terisori~lly polarized deuteron beam of 

.· the Synchr~pha~otron'. The ALPHA-:s~tup (shown in Fig.I) was used in 'the same 

configu~ation as in a c~ncu~rent investigation ~f deuteron break;p • and the p( d, p )d 
' ,_ •. l' . ' • •--
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_backw~rd elastic scattering(i1J: Th~ (J,d') data _wer~ taken befgre an<l after the d1tta 

fo~ T20 i~ p(d,JJ)d at !9=>= 180°; the systemiJ,ticuncertainty o~ the final results was 

estimated using this circumstance. . . ·. .. . ·. , . · .. 

. . Th~ s1gri• of the heam polari;ation ,v~s ch~11ged. in a cyclic fashi6n, "burst~aftc1:~ . 

bur;t", as. (0, -, + ), wh~re "O,, means absence ~f pola~izatio11, ''-" and"+" c~rrcspond 

t~ th~ sign of the Pz~ ~: J2 p20; th~ qui~tizati~ii. ~xis ·,vas perpendicular. to the plane,, 

c~~taining. the mean beam. orbit·. jn. th; ~ccelerato;: .·. The· polarizatio~ of' th'e ·. b~am 

. wasmeasured with the ALPHA-p~larimet~r(12) bef~re ;~daft~r data taking; ave;agc~I 
· . • , . , ~ •.. , r -. .- ' , ' . . • .·' •• ', I ;' • 

values of the polarization are: ,PJ;:l = :-0.822 ± 0.007 ± 0.008 and P;;> ,;; +0.800 ± 

().()11± 0.024 where b~th ~tati~tic~l ~11d systematicilJ tinc~rtai~iies are shown: Other· 

be~m parameters (positions-and widthi-of the h~am spot at ~o~trol points)' tog~tl;er 

, with param~ters of th~ 'm:achine; ·~~r~ ~noiiitorecl · by 'ihe. be~m ~011trol system· of' the 
' - ..,~ ' . - . - .-.. ' - ·, ·_· ,_. • .·_. ' \.;' "· .,_,.-- -·- ·. ·! '- ·: ... ·,: .- . , .. .' _, - i- •' 
·accelerator. They _were transmitted to ~mi on-line computer after each burst and were/ 
u;ed in thtioff-line analysls .. ' /. - . . . . . 

s01~02 .· .. • :~ 

.
-~•. ··~-,_tJ-... · 4 .. _·.·. · •. ··. Fv.-.:. -.F .. ~ .. 1.i. · -~!"1/{H~ 

._'.!j • ··. .. . · .. , ...... · .. . 
. . ' . St2 l3 , id 1-12 . 

' . ' ' -. .., 
'• 

, . ' 

~'tp{; \ .<, 

-:- -:--~, .,, ' 

'. • <·1-~'4 . · .. S,! . 

L.:. . 
.. ~-. ~-,, ,:@AB1:...2 

, . Fig.I ALPHA-spectro~eter at-th~ VPl ~beam li~e.'.I1C:' rriu!ti'...wire proportion_al. 

. ~h~mbers; ·S01-02',st1~St3;s11~'.12;- S31-32,S41-42: '~~intillation couiitcrs of thJ TOF

~yst~~j Sl, S2,SAB1-2: trigger sci~til!ati~ri co~Aters; M2: tne~milysl~g,miigneCTlie 

• TOF:-base bet~~en si1t12-~nd S41-42 ~as ~bout50 ni:. ': - ' ' 
·., 

. . . . . . . .. - . . . . '. ' ' ,. . . . . . . . . 
.·. The 30 cm'liquid hydrogen (L,H2),or 5.7 cm carbon (C) targets (T) were placed at 

:the focus F3 ~f the slowly extract~d be~~- Tw~ bea~ inten~ity,monitors were pl~ced 

:'.u~st;eam fr~m the. target: an 'ioniz~~fon. chamber and a scintillation counter op~rated 

. in th~ couriting~Ode Butat·lowered ·high ;oltage in circle~ to avoidove;l~~di~g:~t 
in.teniities 107 deuterons per burst ~r higher ... , ··. . .·. , , . . . · · 

. The deuterons sc;tter~d ii.t 0° a;<lthe u~scatte;ed part of the p~irnary'beam ente~ed 

the .beam !in~ YPl; dipol~ magnets placed b~iwe~n.the foci F3 and F4 (n~t sh?wn in 

Fig.l) re~oved the un~cattered part ofthe b~am.w'hile.,the sc~tt~r~d 'deutero11s were 

transported further to the ALJ>JIAcspe~tro~eiei: (Fig.I) .. The ~omeritum ac~ept.ance 

~-

,. 
-·.· 

/, 

. ., .. . . . , 

·,6,p/p '.:::'. ±5% of th~ sctnp was mostly <leten11ined by the sizes of the trigger scii1tillation . 

~Otlllt~rs ·s1; S2; Stl and s,\01,2. Thl; meas{1rements were p~rfo~mcd in seve~al :steps 

by changing the spectrometer and the VPI beam line tuning for a continious coverage 

~fth~ 111omentt1111.spc~~n11;1. At every setting the inte11sity of the primary bc~m fras, 

optimized for a reasonable couiiting:rates in the counters at. the Yl point.: the typ/cal .. 

·-ii1te11sity varied from 107 to 5. 108 p~r hi1tst\·itl1 a spii!dnr~tion of'.:::'. :rno ms.cc. A(~ 

.~a'ch ·setting data were. taken with both thc,LH2 and C target; ·at most scttin,gs data . 

were also'takenwithout target;thc "iio,-tai·get" background was not'more than 10% at . ~ 

Q >'0.6 GeV and lt~st1ia1; 50% atQ ~ 0.-1 GeV.Ile;·c Q ~.E,i-c{,1• is J1e transfe1:/ed ·· 

energy; Ed is the energy of the projcdilc ai1d E,1• tl~e en~rgy' of the scatt_ercd deul<'ron.'·/ 

The momenfu_m c>fthc d~tected p~rticles,_was mca~urnl with _accuracy c,,,/p '.:::'. · 

0:25%. Tlic final resolutimi -of the TOF svsti:111.after all rnrfrctions was c,TO·F '.::::'. 0.2·1 

ll~ec. I;ardcI~ i~I~·ntifi;ation ~as 1i<'rfoi·111:;c1 ;1si;1g lllm;1rntiim a1id TOF information:' 
, ' .. ' ~ ,_ ., ' . 

this rcs.olution provided· a compkte ~cparation beh\"cell protoi1s> pion>arnl dcuterons. 

.• ~ .. The, spectrometer aCJ.'Cptaiicc is symmetrical ·over azi11111tlial. angle 'for dcut_ero1\s_ 

d.etectcd al. 0~. When the spin qua.ntizatimi axis is perpendinilar t~ 't,he particle;s 
' • •• - • , ' ' • • < ' t_ -. . ' ' ·. '. - . '' ( 

momenta; the cross sectio1i expn•sscd[l3] ·in terms of sphNical t.P11sc>r analyzi11g powers 
~ ·. ' \ . ' . - . ' - , \, .• : '~ ' -

contains mily the T2~ term, as the contribution with 1'22 is zero for ·reasons of symmetry . 

. Ther~fore'I'20 ca1; be calcul~kd directly fromJiie Jllt1;1bers 11± 'or ,:good"' ('\'(\11t~detccted 

. for the" +"and ''.{.:":1{16dcs of. the 1;:can{ polarizati~m; noi1iializcd lo tliec/ii·i';:spo11di1ig 

IllOI;itoi· Illlli1bcrs ( the la~t part of the Eq:{I) is valid wl;ei1 r /l~t) l'.:::'.I fl~~) I): . 

r • 2(n_•.:__n+) . ..j ./ll_-11+ 

Tw =. (+J .. _ H . '.:::'._ <+J • H · ----,-
Pw.11- - P20 11 + · .1 flw I+ I /l20, I 11 + + 11 ~ 

'(!) 

Tl~e val~1cs of Tw weie obtained Sl'paratcly for l;oth pai-ts of the 1'1111 as n1cntio1;ed 

. . above: Bccauscscvcral ovcd~pped sd.UJJ set.tings weie available 'at ead1 i11itia·1 ('Il!''rgy· 

. ·an;f f~r, each· target, f~1rther. checks ~f .systcm~lirn coi!)d be;, 111adi•. ·. \\1i> i•stin;ate th<' 
. .,., . , - \ ' , ,. - . -· ' 

,ovei·all ;ystematical ifr1certainty fo '1'20 as CJrzo,syst '.:::'.,0~05 which is abciut. th1• Sillll(' siZ<'· 
a~· the typical statistical·uncertainty. · ·· ·. · . . ' - - ,. 

. . ' ,• ·." . ,,, ' . _,,.,,,... 

The final data for T20 arc J>rcscnt<;d. in Fig,2· as a fnnct.i<i,i of CJ; tlw. data points 

shciwn ai·e weightt;d averages (~vith weights l/c,}
20

). from·botl; p,u-t; of tlw ru;1. 
. ,,.., -- .. . -· ·""'- . 

The systC'matic'unccrtainty of the "zero-point,'' of the Q · scale was <TQ .. ,~si '.:::'. 20 

'.JvleV; as a con~equcncc tl1e data showh in Fig.2 might- l;e shiftcdas, a whol<; within this 
corridor. Tl;c rcsolutio1; o~_Q was'c,~ '.:::'. 15 ifrV. . . . . ·. . 

- The main features of the• data aie the foHowi11g: 

[) '/~o is l1~~g;{Hvc and incrc~es (~im~st li11early) in,1bsolt1t!' -~-aiue wh1•1i (J inn:;:ilS!'S . 
. ,. ' ,•,, , . ' . . . 

' --:--... 
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Fig;2 Tensoranalysing powei· ofthe C(d, d')X. (ope11 '.5~1ua.res) ;n<l' p(d. d')X (full 

circles) 1nelasti.c scattering at 0° verst!S the energy-transfer Q defined in th~ text. 
_f;0 -. /---. ·, .. ' '. -- '·, . . . ' . 

-~. 
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2) .T20 is siuall and compatible ·with' zero in the region of coherent pion pr~duction -. 

, where ihe 4~momentu~ transfer squared is. small: j t I:::; 0.05 GeV2 /~2 • .It ~ignificantly 

diffe:r; from zer~ in th~ ·region of the N(1440) resonance exci_ta'.Uon and above. · 

3)1 T20j becoines ;elatively big at.large 9 (about 0.4 to 0.6at_(J ~ lGeV) .. 

- 4 )There is ;o visible dlffere~~e bet\veen the p( d, d')X and, C(d; d')X d~t~ at. 0°. 

These fe'~tuies indicate that Tio'. in the inel~tic ( d, d')X ·;c~tt~ring at_.0° is not· 

highiy sensitive to ~udeai- ~edium effects in ~xcitation of broad nucleoni~ re~onances . 

. Perhap~ the deuteron for~fact~r d~termines ~ost ~f th; ov~raU Q~dep~nden~e of Tw, . 

. ·. as it appe'ars to be the ~ase f~r the generar'trend ·of the cross sections[6]: For e'xampl~, 

the p(d, d') s~attering at low Q (i.e'.· [~~ I t I) sh~uldbe determined.by the' coherent 

pjon productio~ via the'~ excitati~n in the pr~jectile[5): Interpreting thi~- p;ocess 

as ~ ~oh~i-ent \i~;tteri~~ ~f ~ virt~al'pion(14] od th/deuteron, one c~uld_expl~in th~ 

~m~li~es~ of T 20 a{ low Q as a<r~s~lt of the do~i~a~ce· 'of th~ s.:..wave -~art ii:1 th~ 
" : •• ,_••, • • \ -•C,--:• S • •• ••• > • N •·,. S 

· deuten;mformfactorat small It I- ;_ > . . :-

. . lnd~pendentl_ y 'of a~/ interpretation, the data d~monstrate th.at this r~action can 

be us~d for the pol~rimetry ~f terisoriaHy polarized,deutercms ~~ high energies. 
• •- ' 0 •, < ~ ': ' • -, ', N 0• "• • • • •• :• ( ,' ' ~ •• •• • ' • - ,' •: • ' '' • ,-•~ • • 
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TipIIHHMaeTC.SI rronnncKa 11a nperrpHHThI, coo6mettI1.S1 Ofaenm1e1rnoro lillCT~Tyra. 
·.SIJlepHhIX uccne,lloBaHHH'II «KpaTKHe _coo6meHH.SI 0115Il1». ·· - · · ' 

· . YcrnHoBneHa cneny10mM CTOHMOCTh rronnncKi1 · Ha i 2 .Mec.Huen ua IIJJlaHIUJ 
O115I11, -DKJIIO'lllJI _ ne~echmKy, _no ornenhHhIM TeMarnqecKI1~1 Karerop11.S1M: 

lfH)lekc . -< Te1.rnTHKa'. 
.<J 

. 1. 3KcnepiIMeHTaJihHlUI ·. (pll3HKa. Bh!C0KIIX ::mepmii• 

. 2, TeopeTil'lecKM -cpH3IIKa BhICOKIIX :rnepruii 

3_: 3KcnepI1MeHTaJihHlUI HeiiTpOIIHlUI (pH3HKa ·. 

:; 4: Teopern'lecKa.SI cpH3IIKa HHJKHX 3Hepmii 

5.,MaTeMaTHI(a ,. .-. -·· 

_ . 6. 51)lepnM crreKTp0CK0IIH.SI JI, pa,llHOXHMH.SI 1 

7. <l>H3HKa T.Sl:JKeJibIX.II0H0B :_ 

. 8 .. KpuoreuHKa _ ' 

9. YCKOpHTeJIH ~ 
10. ABTOMaTHJaUH.SI · o6pa6oTKH 3KcrrepuMeHTaJibHhIX .ua1m·hix, · 

n. Bbl'IHCJll!TeJlblllUI MaTeMaTi1irn H TeXHMKa . 

l2;Xm,1u.S1 

13: Texmufa · cpu311qecKoro 3KcrrepuMeHTa 

· ' 14. lfocne,llOBaHII.SI rnep,llbIX Ten ii ,Kl!JlK0CJ:• 

_~15. 3KCIIepUMeHTaJihH:l.SI (pll311Ka .Sl,llepHhlX_ 
. ·iJpii HH3KIIX 3HeprH.SIX . . 

.1_6. ,IJ;03HMeTpH.S1 H cpH3IIKa JauiHThl 

· 17. TeopII.S! KOH,llem:Iipc>BilHH0fO COCTO.SIHIUI -

IS: lfCII0Jih30BaHHe pe3yJihTaT0B ' .. .. , . 
. I! Me;O,llOB cpyHJlaI.;eHTllJihHblX (pH3H'leCK~X HCCJie,llOBaHllfi 

B CMe:lKHhlX 06nicT.S1X 'HaYKn II rexH~KH ., ' 

. 19. EH0(pH3HKa 

.<<KpaTKl!e coo6meHH.SI _0115I11» ·(5-6 BhmyCKOB)~ 

l.{eHa II0JllII!CKJI 
' C • t • • 

Ha ro.u 

22600 p . 

59200 p .. 

7800 p. 
23400 p . 

. ··14800 p. 

12000 p. 

2200 p . 

·1400 p •. , 

122oo·p. 

12200 p. 

14300 p; 

.'1800 p.· 

1800 p: 

15000 p. 

Tio,llIIHCKa M0:lKeT 61,fr1, ~¢opMJieHa C JII06oro Mee.Hua ~O,lla •.. 
0praHII3aUH.SIM U JlIIUaM, '.JaIIHTepecoaaHHhlM B IIOJI)"leHIIH H3,llaHIIH 0115Ilf, 

cnenyeT.nepeaec:TII (IIJIII ornpaBIITh 110 IIO'!Te) Heo6xonm,iy10 'cyMMY irn pac'leTIIhlii -
. C'leT 000608905 ,IJ;y6HeHCKOfO cpwuiana MMKE; r.,IJ;y6Ha. Moc~OBCKOii o6naCTH, ' 
n/mm. 141980 M<I>O 211844, y1rnJaB: «3'a 110,llIIHCKy Ha Il3,llaHllil 0115Il1>>:. . . ; . •· . 

. . - 'Bo HJ6e)KaHI1e He,llopa3JMeHIIH Heo6~0JlHMO yne~OMIITh innaTeJlhCKHH onicn o' 
. _IIpOI13Be)leHHOH OIIJlaTe ,II BepHyrh «KapTo•iKy Il0,ll1Il!C'l!1Ka»,e on.iernB B_ Hett HOMepa 
. II .Ha3BaHII.SI TeMaTH'lCCKHX_ KaTeropHH: ua KOTOphle ocpopMIDleT~j!. . 

141980 r. ,IJ;y6Ha MocKOB~KOH 66n; 
yn.)Konilo K10pI1, 6 : _· 
0115IM,' 113,ll~TenhCKHfi 'oTJ.{CJl . : 


