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Ila 11po;o11a_X:· II '12C • . 

TTpeucrnBJJellbl pe3yJ1bTaTbl .113Mepe111rn. T20 WI~ 11ey11pyroii peaKUIIII (<I; d'.) X 

s·b1~e. 11opora 6,. 11:io6apbl. O611apy)Ke110, lJTO T20· QTp1maTeJlb11a, ee a6cOJiJOTllllil 
semi'IIIIJa 11esem1Ka iip11 MaJ(blX 1iepe.ua<iax 311epr1111 (B. o6nacrn p0)K).lemrn om1oro 

:111m11a II ~036y)KJ.leU1Jll ~- l13{)6apbl) II_ paneT (IQlJTI( Jllllleii110 K IT20I_= (0.4~0.6) 
np11 1iepeua,1e ci11epm11 .Q = I P.18, rue ~101yr B036)')KJ.li1Th_Cll Tl!)KejJble_ i1yKJ1011i11,1e 

· pe3011a11cb1. 311a,1m1oii. 3as11c11Mocn1 ·OT· :nrna M11we1111 ·u 11a,1anb1ioii ::i11eprni°1 
lie JaMe'It!II0; 110-Bll.!ll!MOMY, KBa).lpaT 11epeua11110ro 4-mmyJlbca, ti llBJilleTCll a)leKBaT-
11oii 11epeM01111oii llJlll amuuna ::irnii peaKUIIIL 

Pa6orn BblllOJlll·eua B Jla6o~aT?Pllll BblCOKIIX·311epmii 0115H1.. 

\ 

'. '-· 
. npc11p1111T 06bCJlllllClllll?rll IIIICTIIT}'Ta llllep111,IX IICC.1eaona1111ii .. Jl}i.iua. 1995_· 

. / 

Azhgirey L.S. et ~L El-95-357. 
Tz.o in Inc_lusive ln'e_last!c (d, d') X Scattering al 0° 

· on Protons and 12C 

- ~ ' . 

Results for Tw of the inelastic (<{. d') X scattering at 0° at energies above 
the .1-threshold are presented. It is observed that T20 is negative; its absolute value 
is small at low energy transferQ(the single pion production and .1-e~citation region) 
and rises almost linearly to IT26I = (0.4---0.6) at energy transfers Q = I GeY where 
heavy nucleonic resClnanccs ca11 b~ excited.; No significant dependence o~ the type 
of the target aOd on the initial energy was:observed; it appears that the 4~momentum 
transfer squared, i; is an adequate variable for an~lysis of this reaction. . . . . .- . - -· ___ ., - . ,:,. ' 

The investigation has beert performed at the Laborntory ofJJigh En.ergit{s, JINR .. 
- ·_ . ·- ' ',' .._ .. ' .. . . 

!'reprint_ i,f_!hc Jofot Institute_ for Nu~lcar Research." Dubna. 1995 



1. Introduction 
I __ 

_ - --- Char~te~istics ~f btoad h~d~onic tesonanc~: excited inf~uclei and the related 
nuclear medium response ori high energy excitations Jave been di~C\.lS·sed intensively' 

• chu'ingthe-!asf·decade1. • -, ' ,,. - -- -- • - --- - - - - , _- , ' - ',,_ 
- .- - _ The main.interest and at the sametiine the main difficulties of these studies, is 

· related t~ the fact- that the behaviour of nuclear matt~r-at high ex~itation energies is 
gov~rried not only- by its nucleonic degreesof freedoin, but also by the inter~aldegrees 1 

of freedom of the copstituerit nucleons~ When the energy "purriped" into the nuclear 
medium is clcise to the characteri;,tic energy of. excitation of the internal degrees of 
freedom of a nucleon, these can no longer be treated independently. Such excitations , 
reveal themselves as nuclear iv-; N* .. transiti~ns followed by radiation of partides: : 

, , - • , . • ·-. . ·I • - ·-. - , , 

, The non-trivial difference between.resonance·excitation off a free proton and 
-off nuclei wa~ first observ~d.in experiments measuring inelastic charge~exchange cross 
sections;-it-.was shown that the properties of ~..:.:_excitation;, of.nudei cannot be de-_ 

-- -~scribed in the picture of quasifree prod'uction2: Non-quasifree mecha'uisms observed -
i'r{ inclusive- experiments were confirmed iri exclusive experiments3 but a number of 
theoretical uncertainties still persist4 . _ -- , - ; - - - _- ' • 

--_-_ Th~se new- mechanisms ca:n be "filtered"5, 4;-_l by changi0:f the initial energy 
and the quantum numbers inthe initial state bJ_choosing differentprojediles ( a; ~He, -
t, d, p). In_this respect inelastic (d,d'f scattering6 is as promisi~g as the (a;a') reiction - . 

-- fith coherent pfon producti~n5 an4 ·excitation of the Roper N.*(1440)_ resonance7: _ Fo_r -- -' 
example, excitation of~ "in.the target" is forgidden by isospin conservation both in .-
the ( d; d') and ( a, a') reactions: ~ can be excited imly'"in the projectile"5, _1. _ - -- __ _ 

_ . ~ Another interesting feature of both p( d, d') and p( a, a') reactions at· energy 
tra,nsfcrs su~cient for e~_citation 0~ the N*, ( 1 ~40) rescma11ce, is the 4-N~ [ 1440 ~ 'int~r
ference. This effect appears, as pomted 01Jt mref. 1. and confirmed m recent ana)ys1s8 -
oHhe p_ublished p(a; a') data, because· the N*(1440) has a rather big branching ratio 

, for de/ay into the N + ir channel. - ' - _ , _ --
- •• '. St~dies of polarization.effects in the excitation of broad resonances in the 
nuclear rrJddii.im1 cari bring- new valui!,ble information. A difference:'between proton 

f and nuclear targets could_ be_ expected 9 for some polarization -observables, -b_ut -only_ 
·- a few of them were measured10. Ari,example of the use ofthe (d,d') reaction with 

polarized deuteron~' as a filter of. specifineaction me~hanisms is given in ref. 11. . 
' ; . ' . " -~ . - . . ' . - ' . ' - . ' . 

. _2.': The experiment 

The experiment was p~rformed ~t the La,borat~ry for High Energi~s at_, the Joint 
Institut~ for Nucle_ar Research (JINR). The.ALPHA~setup (sho~n in Fig.I) wa~,used· 
-in 'the same configuration as in. a concurrent investigation·of deuteron oreakup and 
p(d;p)d backward)elastic13. :, • . ~ ___ •-•-. , ·:• - _____ . >· · · ·_ --~- _ · 

, . , ... ' ' . ,_ , \ 
·. . - . ' ,: --- "'; 

",-:--;?--~~------:~a1t.'!R',;,.";."t. 

I. i;~u.\\,ttim,hltl tg:rd_r1i (_ .• - ·:: ~ _ 
_ -- lim-!!Slll-.Jl iltc~ftii:?.ain L ' 
. 5i1sm1tOTEHt1: - • ---------~'· 



-
. ' -

~ 

. ; s01;...02 . 

l~_4F4;_F:~_: 1~·1 Jr: ~+p\4:~ --1a:JJI 
~-~-

PC J_ _ .- -
-1 ·.:. . _✓., 

Figure 1/ ALPHA.CSpectrometer at the VPl beam line:<PC: m~lti-wire proport.ion~lcham~:~~; 
S01-02,Stl-St3,' 811~12, S31-32,S41~42; scintillation count~rs ~f the TO Fi-system; SJ; S2, SAill 02: . 

> , ' • _,,,•' ~ • - • ·- • •• •• • A ,.,. • '\ ·• 

trigger scintillation·counters; M2: the analysing magnet. The TOF-base between S11-12 and S41,42 
· was about 50 ~~ _ · · - 0 

· · ' • ·-· • • • '. · • 

Here only the key point~ of th(; experi~ent ar~ outlined. · The ~ncasurements 
were done using th~ tensorially polarized deuteron ·beim of the Dubna. Synchropha- . 

_ sotron .. Th~-sign_of the be~polarization was changed i~ a cycli~ fashion, "burst- -
·- · after~burst", .as (01 -, + ), where ."O": means absence of polarization, "::-" and ?'+" 

.- correspond :to the sign of Pzz · == V'J, p20; the quantization axis wa'.s ;perpendicular to 
the plane containing" the 'mean beam orbit iri the. accelerator: The polarization of 

. the _beam was ·ineasur~d with _the ALPHA-pol_arimeter14 .before and after <lat,;_ t~k- : . 
ing; averaged values of the polar1za.tion are: PJ;l == -0.822 ± 0:907 ± 0.00S~r{d: 
Pz~+) = +0.800 ± 0.011 ± 0.024 where both 1,tatistical and systematical uncertainties 
are shown.' Other beam parameters (positio;s and wi'dths.of the bearii sp~t at control_ 
points· ek) were monitored by the_ beam control system of the ii.ccelerator. •· . 

. . The 30. cm liquid hydrogen or 5.7 cin carbori targets (T) weIC placed at the 
focmi" ·_F3 of the slowly extracted bean:1; (Fig'.l ).-The deut~rons scattered at 0~ and the 

-urisca.ttei:ed part of the primary beam entered the beam line;VPl; dipole inagnHs. 
'. placed between the foci F3 and F:4 {not shown in: Fig.I )ren~oved the· uns_c~ttcred 

particles while the scattered deuterons were transported to.the ALPIIA-spcctr6°mcter; ·· 
The momentum acceptance of the setup .was t,.p/p ~ ±5%: Thtf measu'rcments.were 
performed in several steps by changing th:e m'agnetic field in the spectr~in~ter and the 
VPl beam line tuning, for a continious coverage of the momentum' sp~cti:um.' 

'• • • - " • ,,. • . • l , . --.. < • ~ I 

·>3: Data ·analysis ~nd r~sults, · 

. - 'The tens~r- analysing power T20 can be c~lculated directly'from 'tl;c" numbers 
' n± ~f "good" events detectedJor the"+'' and,,..:_,, modes of the beam polarization,· 
. normalized to the 1::orrespondirig monitor numbers: _ ·. . - ··- . . . - .· , ·· · ... · : . 

. . 2(n_ ~ n+) 4-- ri~~ n+ 
T20= '(+l , H ·~; .. (+l . _ <-l' '. . . > 

· P20 n_ - P20 n+ . I P20 I+ I P20 .J · n+.+ n_ 

{the last part of.the Eq.(.1) is valid wlie'n 1Ai> 1~1 p~;>·n. . . 
~ ·: ,· . ,..-, -·. . 

-::.... ·-, 
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·" 

We esti111ate the m,e1·all _ systematical uncertainty i~ T20 as· aT2o ,y;t :::'.. 0.0.5 
which is about the same size as' the typjcal statistical uncertainty. . ' . / . - . 

· .. • The data 12 for T20 arc rfresente<I in Fig.2 as a function ·or the energy transfer 
Q =- Ed - Ed;, \Vhere .· Ed is the energy. o(thc p'rojectile and. Ed, the energy of• the 
scattered deuteron. Tlw i-esolution on Q ,vas1

aQ ~ 15 !\le\!., : ··, 1 ' ~-- • _ : ;.·. 

The systematic uncertainty of the ''zci·o ... 1>oint" of the Q-scale was aQ,,y;; :::'. 20 · 
McV, i.e._thc data shown in Fig.2 n'iight be shif5ed as a whole\\'ithin·this corridor. 
>:, . The main features of the data;1re th"e'followi11g: · .· _ ~ . : , . 

i) T20 is i1ega~ive a1{d inc~·ea~es almost _linearly in absoh;tc value· \~·!;en Q increases .. • 
2) T20 is s1nall and compatible with· zero in the·region·of coherent pion·,production 

- whfre the.4-mornentuin tra.nsfcr iqt;-~red is small: I I l:5 0.05 GeV2 /c2 • Jt significantly· 
. differs·frorn Z(:ro in the region of the N*( 14·!0) 'reso1ia'11~e excitation and abm·t•. . . 

:3) I T20 I b~·coines relatively big at large Q (about OA to 0.6 at Q ~ 1'GeV).; . · 1 

;1) Thcr~ is 11~ visible difference lwt\veen thez1(d,d')X and C(d/d')X dat; at 0°. 
. ·. . "Tltese fcatnres indicate \hat ,T20 in, the inelastic ( d;d')X. scattcrii1g at 0° is not 
highly sensitive to nuclear'medium effects in e_xcitation of broad. nudecinicksona.ifres. 

, Perhaps the <leutercm formeJac,tor d~termines most of the <>\wall Q-deprnd~nce of 
. T20, as it appears to be the c'ase,for the general trend- of .the_ cross' .sections6 •. For · . 

example, the p( d, d'): scatt9ring; ~t Im,;. Q (i.~·., low I Cl) should b.c determined by . 
the cohqrcnt pion production via the_ .u excitation in the projectile5• The c1ualitative ..• 
picture ~( l:~L 16 .explains' this 'process ,IS coherent scatteri1ig of a virtual pion on i.Iie 
,deuteron; on_c c;o'uld-then lli~~erstand thq s111alli1essof Tw ilt•lo\V {J 11,s.res1iltingfro:1:1 

. dominance ~f the' S-wave. pfirt in thy dc;utrron forme fact.or at. small l /:I-·. On the 
· other hand, the D-wave _contribution' issignificilnt at I I I~ 0.2 ,_ O..t Gc\'2 /c2 so that 
. significa11t T20 cotikl be expected withi.11 thisrapgeof L:values, as is obserw·d (Fig.3);. 
In this case the 4-momentum-transfcr squa.red, I, ·should be th(; adequate variable for 
analysis ofthis'rcaction, . _ . _ _ . . 
. Study. of the ei1ergy dependence of T2~ in' a biggei· ei1ergy- inten;al f1:om • the .. 
N*(1440) thresl;oM (Sadaysyhchrotro;1 encrgit·s) to the highest Dubna C1wrgies ,i1;d 
in a wider Q intcrvii.l wmild be interesting in this respect. .. . .• . . . ' ' . . 

k better theorcticaUnpuf isn~·cessary. to answer questions about the.mecha-: . 
nism· of this re~ctio1i: hi particular, the role of interfr:rellCC bct.~\'een the Hoper. a1id ~ 
resonances'~ well a~~ sensiti~ity of the; data to the paramet.ers c>f the Hop~•i· r'l•sonan:•e 
need to be Ul;clerstood. In the perspective of further cxper1111e1~ts ~vith lltl\ !\lovable. 
Polari~cd 'fa.rgct 17 , 'frccntly installed a.t the' Laboratory for High E1iergies, it' \\·ould 

· b~_important tq have a'better._111{<ler~l.\t11ding of what:Conecould expect to lear11_ from 
additional data Oil spi1i_ tra.nsfcr coellic:ic1_1t or spi1!----8pin c;orrdations in _this read !OIi, 
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Figure 2: Tensor analysi~g power of the C(d! ii').\" (~quares) and ii(~/, d')X (foll circk.~Li1;elastic 
~cattering at 0° ·_:crs;s ~l{e energy transfer Q defined in the text .. •· .. 
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Figure 3: Data for p(d;d')X _inelastic 

scattering at 0° in dep_endence on 4-nio- .. 
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