


Character1st1cs of broad hadron1c resonances exclted in nucle1 and the related nu--t s

) i
: »clear medlum response on lngh energy excltatlons have been dlscussed 1nten51vely dur-'/_ :

‘ 1ng last decade “Still, a wide gap remalns between exper1mental results and theory[l]

o apart lrom 2 few e\ceptlons most of the well establ}shed exper1mental observat1ons" P

: "‘don t'have a quantztatwe theoretlcal 1nterpretatlon R S ’

The main interest: and at the same t1me the main d1fﬁcult1es of these stud1es 1s’

o 1elated to the fact. that the behav1our of nuclear matter at h1gh excitation _energies is.

« governed not only by 1ts nucleon1c degrees of freedom, nut also by the 1nternal degrees B

N 'f of freedom of the const1tuent nucleons When the energy pumped” 1nto the nuclear

‘medium is close {o the character1st1c energy of: exc1tat10n of the 1nternal degrees of_' S

: vreveal themselves as nuclear N —» N i trans1t10ns followed by rad1at1on of part1cles S

w_freedom of a nucleon, these can no longer be treated 1ndependently Such excltat1ons."?f o

The non trivial drfference between resonance exc1tat10n off a free proton and off e

=5 nuclel was first observed in experlments measur1ng 1nelast1c charchexchange cross sec- ia

i t1ons it. was shown that the properties of A excltatlons of nucle1 cannot be descr1bed; . o

BT in; the p1ctu1e of qua51free product10n[2] T\lon-qua51free mechanlsms observed in 1nclu-';

sive experlments were conﬁrmed in excluswe exper1ments[3] but a number of theoretlcal

: f'uncertarntles Stlll persrst[4] R :: S

The relat1ve,{ ontr1but10ns of these new mechanlsms can be stud1ed[5 4;. 1] byv”‘

. ‘changmg the 1n1t1al energy ‘and the quantum numbers in the‘1n1t1al state by choos1ngt

e v,lfdlfferent pl‘O_]eCtlleS (a, He t d, p) +In th1s respect 1nelast1c (d, d’) scatter1ng[6] is as e

v srsospm conservation both in, the (d, d’) and (a oz ) reactlons A can'be exc1ted only

,V;the pro_]ectlle [5 1] S l_ﬁ:;[ L e

- are only a few experlments explorlng the polarlzat1on observables of these reactlons[g]

g V:specrﬁc react1on mechamsms Was demonstrated 1n ‘ref. [10].;

o promlsmg as the (@, a ) reactlon w1th coherent pion- product1on[5] and excitation: of e

4N*(1440) reso,nance[7] For example, exc1tatlon of A in, the target” is forb1dden by s

New valuable 1nformat10n may come from studles of polar1zat1on eil'ects when broad C :

hadron1c resonances are exc1ted in the nuclear medlum[l] A d1fference between proton e

and nuclear targets could be expected[8] for some polar1zat10n observables but there

o An example of the use of the (d d'): reaction with polarlzed deuterons as a ﬁlter of =

The experlment was performed at’ the: Laboratory for ngh Energles at the Jo1nt‘ B

*:;'Inst1tute for: Nuclear Research (JINR) us1ng tensorlally polarlzed deuteron : beam “of - ‘o 8

the. Synchrophasotron The ALPHA—setup (shown in Fig.1). was used in the same et

V“'.‘conﬁguratlon as 1n a’ concurrent 1nvest1gat10n of deuteron breakup and the p(d, p)d; :

.ﬁa‘.::«.
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'backward elastlc scatterln‘rr[II] The (d d') data ‘were, takcn before and after ihe data o o

for ng in p(d, p)d at ﬂm = 180° the systematlc uncertamty of the ﬁnal 1esults was

o . . T ~

p:f‘Ap/p ~ :f:S% of the setup was mostlv delermmed b) the sr7es of the tngger scmtrllatlou

_'(ounlcrs bl SZ, Stl and SABI,_ The' measurements were performed in se\eral steps N
0 estrmated usmg thls crrcumstance . - . NEGH S hy changmg the spcctromcler and the VPl beam line tunmg for a contlmous coverage
/i The srgn “of the beam polarlzatlon was changed in a cychc f'xshron, ’lburst aftcl-

v 'of the momoutum spect1 um; At C\crv scttmg the 1nteuslt\ of the prlmar\ bcam \\ as 7o

o

o na» w » ] ‘
‘burst ) a8 (0 ,+) where 07 means absence Of POlarlzatlon’ 7 " and +7 corrcspon( o 2 optlmued for a leasouahle counlmg 1atcs in the couutms at the 4 pomt the t\plcal
to the sngn Of the- P” E \/_pzo, the quantrzatron axrs was perpendrcular t;) the Elanc N ~mteus1ty \aned hom 107 ‘to 5 - 102 pel l)urst \\uh a sprll dmatlou of ~ 100 mscc \t
s contamlng the mean beam orb1t in. the accelerator The polarlzatlon e the cam o oach settmg data were. taken mlh both the LH’7 and ( targot at most settings data
i was measured w1th the ALPHA polar1meter[12] before and after data talung, averaged -

0.822 £ 0.007 + 0. 008. and P(+>,— +0.800 % -
- 0. 011 :f: 0. 024 where both statlstlcal and systematlcal uncerta1nt1es a1e shown Othel e

’"‘: ’,‘\wre also tal\eu w1thout target ‘the " no- lalget” bacl\grouud was uol more than 10% at
Q > 0 6 CCV and less. thau 50% at Q ~ 0. 4 GeV Ilerc Q Fd -‘F,y is thc transfened

‘ cnelgy Ld is the cuelgy of the plo_]eclrlc aud 1"‘1: the euelgv ‘of the scatteled deutorou

values of- the polar1zat1on are P( )

beam parameters (posrtlons and w1dths of the beam spot at control po1nts) together}{

: I’he momentum of the detocted paltlclcs was measuwd \\nh accuracs a,,/p =
2 _W1th parameters of -the. machlne, were rnonltored by the bearn control system of thc :

0: ""‘/) . 'lhe hual 1esolutxou of the l()l' svslem aftcl all conc(tlons \\as 0701‘ ~ 0 ’l ‘1 :

. ere t‘ nsmrtted to our on hne com uter after cach burst and we1e : I -
: ‘accelerator They W : : p i use Palt]clc xdeutlhcahou was pcx formcd uslug mom(‘ulum aud lOl 1uf01matlou

;used in the off l' 'e ana ysi

"tlus 1csolutlon provulcd a complcte separatlon b(’t\\(‘(‘u plotous pxous au(l (l(‘utcxoux S

lhe spectlomcte a(ceptan(e s sy mmotllcal ow.c a/uuuthal dugl(‘ lor (l(‘uterox‘ls
~‘.detected al 02 \/Vhen the- spm quant17at10u axls is pcrpcu(h(‘ular to lhe partlclos :

momeuta the cross sectrou e\plvssed[lJ] in lenus of sphcucal t(‘usor aual\ zurg po“ crs

*contalus ouly the on term as the coutubutlon \»1th 122 is zero for Icasous of s\mmetn :

3 Therelme 1’20 can be Calculated duectly hom thc uumbels ni of” good ('\( n letect(‘d

: fOl the e dnd i nodcs of the bcam polanzanou uormahzcd lo lhe co

ulomtm uumbcls (the last part of the hq (l) is \ahd \\hcu { p(H |~| p wll i)

N =

o 4 ;/ n. —n+
! 71+ » l/’(“ l + l/’zo) l ”+ oo

T h(' valucs of Tlg welc obtauled sep(uately for b()th parts of tho 1uu as m(‘utron(‘(l

S "abovo B(,(‘ausc scvcral ovellappcd s(‘lup scttmgs \\(‘w a\dllabl(‘ ‘at-each nullal (‘uelg

4and for (‘nch larget furthcr chccl\s of sy stomatl(‘s (ould ho made. \\’(‘ vxtnnale lh(‘ S

The 30 cm hqu1d hydrogen (LH2) or 5 7 cm carbon (C) targets (T) were placed a

tthe focus F3 of the slowly extracted beam Two beam 1ntens1ty momtors were placedf

':ovelall systematrcal uncertamty in ]20 as UTZQ sust _tO Dr) whxch is about th(- s(uno xm' :

PR N

as the typical qtatrstlcal unceltamty RTINS T U AN

’\upstream from the target ‘an 1on1zat10n chamber and a sc1nt111at10n counter operated

L Pk ;'; lhc final’ data for 120 aro plcsoul('d in Flg as a fuu(llou of Q lh(‘ (lala ])()HllH
m thc countmg mode but at’ lowered hlgh voltage in; order to av01d overloadlng at . y

: shown are welghled avorag(‘x (wlth \V(‘xghts 1/0”u from hoth p(uls ol the run:

mtens1t1es 10 deuterons per burst or hlgher (B e o lh(, syst(‘matl(, uuce1 taluty of - lh(‘ zero-point” of thc Q- s(al(‘ was’ (TQ o200
The deuterons scattered at 0° and the unscattered part of the prunary beam entered A

: : '.LMeV as a conscqucncc the data shown in F]g 2 nught be shlflod as.a \\'hoh- \nlhm lhls o
~ the beam llne VPl drpole magnets placed between the foci F3 and F4 (not shown in L

, : corr1don SH) he lesolutlon on Q was" (J‘Q o 15 M('V
fFlg 1) removed the unscattered part of the beam whlthhe scattered deuterons wcre -

‘ ‘transported further to the ALPHA spcctrorneter (Frg 1)"

< Fhe mam fcalur(‘s of tho data are th(‘ foHowulg

Thc momentum acceptance

: ) 120 is uvgatlve aud m(‘lcases (ahnosl hn('arly) n’ ahxohtt(‘ mhu‘ \\h(‘ﬂ Q |u(rv ases. s
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Flg 2 Tensor analysmg powel of th( C( (l’) X (opeu squues) and p((l (l’) \’ (fu]l

: ff,')) Tm is small and compatxble wrth zero in the reglon of coherent plon productron o

cnrcles) melastlc scatterlng at 0° \ersus the energ) trausfcr Q (l(‘fme(l m ““' “M ' - ‘wllere the 4- momentum tra.nsfer squared is sma.ll ] t |< 0. 05 GeV"’/c2 It s1gnlﬁcantly :

yoA

S dlffers flom zero in the regron of the N(1440) resona.nce exc1tatlon and a.bove
SR 3)] Tm l be(‘omes relatwely brg at; large Q (about 04 to 0.6 at Q ~1 GeV) R
; :,, i 4) I‘hele 1s no v1sxble dlfference between the p(d d’)X and C(d d’)X da.ta. at, 0%

Tllese fea.tures 1nd1cate tha.t T20 in the 1nelast1c (d )X sca.tterlng at 0° 1s not

10 r,‘[ :

"(dd)X & C(dd)X

p ST tals GeV/c
> ;-“‘, Dubno 19}7945,

1

5 ‘hxghly sensrtlve to nuclear medlum eﬂects in excrtatlon of broad nucleomc resonances

Perhaps the deuteron formfa.ctor determlnes most of the overall Q dependence of T 20,

L as it appears to be the case for the genera.l trend of the cross sectlons[ﬁ] For example,
the »(d, d) scatterlng at low Q (1 e. low | t l) should be determmed by the coherent

'.plon productlon vra the A exc1ta.t10n ln the pro_]ectlle[5] Interpretlng thls process o

“as ar coherent scattermg of a v1rtualp n[14] on the deuteron, one could explaln the PRt

;,,:;,,smallness of T, at low' Qe as 2 1esult of the domlna.nce of the S—wave part 1n the

'deuteron formfactor at small | t |
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