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1.Introduction 

The deuteron photodisintegration 0cl -.. pn is one of the 

most fundamental processes in nuclear physics. The expe~imental 

and theoretical study of this reaction can give important in­

formation on the deuteron wave function at small i nternuclear 

distances and determine the contribution of different mecha­

nisms such as meson exchange, isobar excitation et c . [1]. At the 

same time the detailed study of these problems would be helpful 

to define th~ role of pair correlations in photonucl ear reac­

tions at large transfer momenta, which will undoubtedly serve 

as a ba?is for t he conetructionof theoretical models [2]. 

Intensive study of id - pn reaction in the past few 

years is related to the problem of the existence of dibaryon 

rcG onances. An indication to a possible existence of dibaryon 

renonances in the ~d ...... pn is firstly obtained from the recoil 

p~oton polarization (Pj data [3]. The anomalous high polari­

zation observed a t the photon energy Ei = 550 llleV was not 

ex LainC'd by the existing models [4]. At the srn:ic ti!.1~, the 

daL'l on the differential cross section ( d.6 / c :1. ) and pol,tri­

zati on .( F) were described by the partial-W'lVP a11c.lysis [5 J tak-
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i ng into account the dibaryon resonances. However the results of 

f urther me asurements o.f the beam asymmetry '2: [ 6, 7 ,8) and tar-

get asymmetry T [9] did not confinn the predictions of the 

analysis [ 5], wh ich showed the insUfficiency of existed models 

of deuteron photodisintegration. 

In this paper the experimental method is described and the 

measurements of the beam asymmetry L:. of the reaction ~d--pn 

"' f or energies E~ = 400 + 800 MeV and angles 6p = 45° + 95° 

are repor t ed. The present measurements, along with the data of 

Kharkov (6) (E~= 400 + 600 !UeV, e;= 75° +125°) and Bonn (7] 

• (B0 = 400 + 800 MeV; Bp= 115°, 135°) provided systematic data 

on the beam asymmetry Z::. in the energy range EK = 400 + 800 

1..leV a t e; = 45° + 135°. 

2. Experi~ental method and setup 

The experiment . was perfonned using the linearly polarized 

q'.lasimonochromatic photon beam of the Yerevan synchro t ron. The 

beam and experimental area are illustrated in fig.1. The beau. 

1v.:i.s prodaced by t he coherent bremsstrahlung on the internal mo­

nocrys talline diamond target (D) . The photon beam was funned by 

?. system of collimators (K1 , K2 ) and mveeping magnets (SM1, SM2). 

'!.'··,o beam cross section at the liquid-deuterium targe t (LD2 ) was 

t· bout 1Ox10 mm2 • The photon beam was moni tared by the Wilson 

;uuntometer (Q) and fast monitor (M), which is a telescope of 

~·c intillation counters used to detect charged particles .from 

t he converter (C 2). 

The photon energy spectrum was mea sured and controlled by 

a J-channel pair spectrometer (PS-9), consisting of an analyz­

jng magnet (PSM), 6 telescopes of scintillat i on counters t o de­

tect e+e- pairs an4 a set of converters (C 1) with 10-4 + 10-5 
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rad. length thickness. Different (3x3) combina tions of coinc i ­

dences between e+ and e- telescopes allowed to measure the pho­

ton spectrum simultaneously for 9 values of the phot on energy 
- -

in the range A Ea- = ±0.15 1'.:a' , where E~ is t he value of the 

pair spectrometer mean energy. The energy resolution of the pair 

spectrometer (6(E~)/Elf) Vias ±.1.2%. The PS-9 spectrometer, 

realized on-line with the measuring-computing system on t he 

basis of CAMAC apparatus and an 3-60 computer (10], operated 

in the regime of mounting of the analyzing magnet current, sta­

tistics storage and control of photon energy spectrum stabili­

ty. A typical 0 -spectrum, measured by PS-9 as well as the 

calculated polarization curve (11] is shown in fig. 2. 

During the experiment the electron energy was ad justed ao 
pea1< p201< 

that the ratio Ell' /Ee = 0.2 + 0.3, where Ell' is ·the energy 

of the coherent maxi mum of the quasimonochromatic bremsstrah­

lung spectrum (fig.2). This gave (50+70%) of polarization of 

photons PK used i n any setting of the experimental setup. 

The experiment used a universal liquid cryogenic target 

(LCT) [12J for the H2 and D2 liquefaction. The irradiated appen-­

dix of the target wa s a 50x100 mm cylinder with an axis along 

the beam made of 5 0~ m thick stainless steel. The outer vacuum 

shell of the target with 100~ m thick lavsan windows provided a 

cons-r.ructive-free kin0matic region of angles. 

The LCT exploit a~ ion conditions provided a stable density 

of l iquid H2 and D2 . in the targe t with an s.ccuracy ±.0.2%. 

To detect the products of ;Jd - pn. a two-arm spectre-

me t er has been used ( s ee fig. 1). Prot ons were detected by a 

magnetic spectromet er Orn) [ 13] which cont ains :i lense double t 

(L1 , 1 2 ), a bending magne t (BM ) and d tel es cope of soin t illator 

coun ters s 1+s 5• The choi ce o:f the new opt i cal conf i gt:r at ion of 
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t he doublet and optimization of the telescope counters' sizes 

leads to an increase in the angular acceptance of MS from 

10-3 sr to J.5x1o-3 sr. 

The momentum r esolution of the spectrometer defined by 
+ TOF was ~J%. !if mesons were separated from protons on the 9 m 

flight path be tween the counters s1 and s4 with the time reso­

lution about ~1 nsec. To decrease the multiple scattering and 

absorption effects, polyethylene bags with helium gas were placed 

along the trajectory of particles in the MS . 

Nuetrons were detected in the 12-module time-of-flight 

spectrometer (NS) (14] which is a (4x3) counter matrix, each 

module being a plastic scintillator with a size 2JOx2JOxJOO nun 

viewed by a photomultiplier $38-JO. To subtract the background 

of charged particles and ~-quanta of the target, a lead con­

verter of 2 rad. length thickness and a hodoscope composed of 

four thin scintillation anticoincidence counters (A1 + A4) were 

mounted i n front of NS. The time-of-flight analysis of neutrons 

was performed on the J.J m f light path between target and NS, 

using start pulses from s1 counter of the proton arm. 

The thresholds of neutron modules were calibrated by means 

of cosmic }A-mesons and were equal to c-.:> 10 MeV {equivalent 

electron energy). The corresponding calculated efficiency [15] 

was about 25% in the energy region 150 + 400 MeV. The time-of­

flight calibration, the definition of time resolution and re-

scattering effects were performed using :! p -- p 9f 
0 

· anr. 

0p-ST+n reaction on the liquid hydrogen target. Protons 
+ and ffr -mesons were detected by the magnetic spectrometer, while 

neutrons and ~-quanta from the 9i 0
-meson decay by a neutron 

spectrometer. 

The peak observed in the time-of-flight speotrum (fi~.3) 
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corresponding to ~-quanta from 0p-ST°p defined the posi­

tion of particles with ~ = 1 on the time scale, and provided 

an absolute g:r.adua ti on of the time-of-·flight. 

Detection of neutrons from the oP --5f+n allowed to deter­

mine the time resolution of NS (~2 nsec) and -~e probability 

of rescatterings of the "mixing" and "multifiring" types [16] -

about 5 + 25% depending on neutron energy. 

An additional detector (R) was used to define the co~tri-

bution of accidentals between magnetic and neutron spectrome­

ters. It was a shower counter in coincidence with the telescope 

of monit or counters and detect ed secondary electrons from the 

conve i·ter c2 • 'rhc pulses from R were used as start signal s 

for th e TOP analysis of accidentals between R and NS. The 

munbcr r,:· uccidentals H1 between 1.-!S and NS was d·efined .by the 

number of a cci aen t o.ls N2 between R and NS: 

N1 =Na· NMs/NR 

where NMs/ N11. is the counting ratio of the magnetic spectro­

meter and detector R. As is shown in [17], this method of ir.ea­

suring the contribution of accidentals is insensitive to the 

time structure of the be £>1.i 11nd is m"re correct as compared to 

the tre.di tional method of delayed co i.ncidence ::i . 

J. Data acquisit ion 

The beam asymme try was defined by the 0cl .- p n yields 

fox the photon polarization vecto.1'.' perpend:i.culo.r and parallel 

to the reaction plane . 

A time-of-flight analysis of neutrons 1·1as performed to 

distinguish the considered reaction from t h\> many-particle 

background and accidentals. In fie.4 t he time-of-flight spect-
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rum of ne1.itrons is shovm for the Ei = 5~0 MeV, e• 0 
p = 45 ki-

nematics. As is seen from figures the time-of-flight spectra 

have characteristic peaks of ultrarelativistic particles from 

backgr ound processes and quasimonochromatic neutrons from the 

r enc tion considered. 

The contribution of accidentals was defined by time-of­

flight measurements between R and NS and was further sub­

·tra.cted after normalization · to the NMs/NR ratio. 

The background of many-particle processes due to the high.­

energy part of the bremsstrahlung was subtracted using the po­

l ynomial fit. The whole background contribution did not exceed 

1 ~~ . The quality of the.background subtraction is illustrated 

in f ig. 5, where. the distribution of neutrons among NS columns 

1s sLown along with the results of Monte-Carlo calculations 

t ha t are in a good r.gre~ment with experimental data. The back­

sround C·)ntribution from the appendix and other constructives 

of target was determined in empty target measurements and did 

no t exceed 1%. 

The beam asymmetry L was calculated from 

NJ. - Nu 
L =· ,.,u NJ. + P.L Nu "I 

wher e N.L and Nu are the numbers of events normalized to the 

number of' 0 -quanta f~r perpendicular and parallel orienta-

tions of the photon polarization. PJ. and 

pendi ng effective polarizations. 

A, are .the corres-

The differential cross section d6,/'d~ was calcuJ.ated 

from 

d6 
cUt 

N.1.Pu +Nu PJ. 
P.i.. + P11 Nd Nie 
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where Nd is the number of deuterons per cm2 , Ne 
~ 

is the 

~ffective number of photons, e is the efficiency of t he ex­

perimental apparatus. N: , e as well as the energy and angu­

lar resolutions of the apparatus 6'(Eb') and o( e;) were lllon­

te-Carlo simulated. 

4. Result s and discussion 

Results on the beam asymme t ry ~ and differentia l cross 

section d6'/d.n. of 1fd-pn obt ained in this work are plot­

ted in table 1. Errors in 2:.:. include statistical error in the 

definition of NJ.. and N 11 and about 10~o error i n rLoton pol .oi -

rizations ( P.1.. and P11 ) • Errors in do /d.n. a.re s te ;; l$-

tical only. The possible systemat i c errors in d6'/d.Q. esti­

mated using the data on ~ p- pn. and Monte-Carlo calcula ­

tions are within 10 - 15%. 

The values of d6/dn. for most kinematic points fo r 

E~~ 500 MeV are measured for the first time. A satisfactory 

agreement (see fig.6) with available experimental data is ob­

served [18,1~,20,21]. 

The data obtained for 2: together with data from :refs. 

(6,7,22,23J are shown in f igs.7 and 8 versus Ed' and e;. 
The curves in figs. 7 and 8 correspond to the results of theo­

retical calculations of Ogawa et al. [24], Huneke [25] and La­

get [2 6] and also to the predictions of partial-wave analysi :J 

of Ikeda et al. (5], based on the calcula tions .of Ogawa e t al. 

(24] and taking into account the contribution of di bar yon reso-

nances 1(r) (2.26), 0(1+) (2.36) and 0 (3+) (2.35). :\s is see:i 

from figs.7 rmd 8, the experimental dat e:. are inconsis tent v1i t:t 

t heoretical curves. 
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The possible explanation for this fa~ t can be the simpli-

fied description of ~d.- pn reaction by a few simple dia-

i;,--rams. As i s sh01m in [1 ,26], the final state interaction ef­

f ects, such a s rescatterings which are not considered may be 

essential and can lead to a bad agreement of experimental data 

with theoretical models. At the s ame time, the correct descrip­

tion of t he process not involving dibaryon resonances discussed 

i n r ef.[1] , is not obvious. As is indicated in ref' . [27], the 

anomal ous effect s observed in the N - N processes 1vhich in 

o tal are not explained in the framework of' knovm diagrams of 

meson exchange, isobar excitation etc. and are attributed to 

~ibaryon r esonances apparently should be noticed in the ~d~pn 

reaction dynamiqs as well . Nevertheless, as is seen from figs . 

7 and _8 .. involving the dibaryon resonances in [5] does not imp­

rove the quality of Jesc~iption of experimental data on the 

beam asymmetry L . Besides the noted remarks on calculations 

of Ogawa et al.[24], one should mention here both the existing 

ambigui t y in the choice of dibaryon resonances and the quality 

of a.nal.ysia, based only on the data on differential cross sec-

tions d 6 /d.st and recoil proton polarization P 
:E'or the ~d-pn reaction the generalized Pauli principle 

-onnec t s helicity amplitudes with a definite value of isospin 

for proton production angles e• p symmetric to 9T/2 • There-

fore , it will be attractive to analyze the experimental data on . . 
the difference of observables for 6P. symmetric to !if/2 

As i s shown in Appendix A, the expression 

") d6 tt::o.•) '( .) d6 *) • .A ( ep =ast\~P ,/;,,,. eP - dsi.. C9T-6p z: c ST- ep) 

includes only in·terf erence terms such as Fs F·v 
L J • Thus 
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.fl (fl:) may be •.. ::ire sensitive to small cont ributions of isoscH­

lar or isovector amplitudes. Due to t ho absenc e of s;y~it ematic 

Jata or. differential cross sections cl6/dn. we have analyz­

ed the differences A2:.(6;)= Ece;;- .L (51- e;) t aking 

into account the fact ·chat such terms as F 5 f8 and Fv Fv 

( 
d6 . d.6 ,\;,(do, cl.6' _ ,, 

arc suppressed fer the factor ciSl.(8)- ctst<fr"-6~/ dsi •if/) ... dSl.(9T e1. 
In fig.9 the energy dependence A!:(f~p) is shown fo .· e; = 45° 

and 65°. As i o seen, a structure with a minimum near Et= 500 

MeV which is lacking in the energy dependence Z:. is observed. 

Taking into account that the isovector amplitudes dominate in 

~ -meson photoprcduction on nucleons near the I and II 'JitJ-re-

sonances , the possible structure may be due to a small 

contribution of isocsalar amplitudes and, in particular, iso­

scalar dibaryons. The structure obtained qualitati vely a grees 

with one of the solutions of the Ikeda analysis consider~.1:. ;f. tr.e 

isoscalar dibaryon contribution, while calculaticns v1i. ;;hout 

such contributions do not predict a minimum. 

Thus the present state in the 0d - pn. study doe s not de-

fine the role of different mechanisms in the process and ans-

wer adequately the question on the existence of dibaryon reso­

nances. At the same time it is evident that the further progress 

in the investigat i ons should be based on the ac cumulation of 

systematic data on various polarization observables (like the 

program of pp --- pp inves t i gation) to perform corr ec1; par­

tial-wave analys is, and also on the improvement of theoretical 

concepts on the process mechanism. 
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Ap i:iendi x J'. 

The diff erential c r uss :.>ect ion d6 /d.S'I.. the cro ss- s e c-

t ion asymme try L: of the ~d-pn reacti on a r e de f ined by mean& 

c f t he helicity amplitudes as (28]: 

do - (_!!1_)2 _e_ > t:_ I F 12 
dst - SSiE 3~ ~ t•t ~~ 

{A.1; 

R '"F F* + r: F• - F F• ~ • ., "' 2:(9)= -z el 1..- 3- r1- a+ l!+ z:F4+Fs- -F,.-F6 + + F5+ Fs-J 

f ~ I F L& I {_\ .2) 

1·1l:ere m is the nuc elon mass ; E, P aw t W nre t he 011ergy , 

nvcJ.eon 1:,.omen t u r1 a nd ph ot on en e:rgy in c . m. s , , r e spe c t i vely . 

Represen t ing t he helici ty a :upli tudea F~~ a s a ::;um o.f 

. · . ·. · · t i·t ct F - F 5 + F " " ~"' ' ' · ·' C f.L:. ar a no J.sove c or amp 1 u e s ~~ - L ~ l ~ e.n c, 

u1 .:.nt'. i s ot opic r elf. t ions for hel i c ity ampl itudes [28] 

r , )I+~ I 
Fi.t'-s;-e)==(-1 FL;t(e) i.f i, = 1,2,3 

Fj_~ (5i-B) = (-1)1H+t FiI:t (6) i.f i. = L~ 1 5 , 6 

•:; 11ere I i s the phot on iaospin , t".! r the va l ue 

.A ( 6)=~~(6)L:te) -~~ (Si - e),L(Si-e) (:c . J ) 

vi e ob t ain the express ion 

( 
ITI )2 p [ V S" S v• v - S• 

fl (S)=- B'llE .;G) 4Re F1+ F3 - + F1+ F3 - ""F1- rs+ 

_s Y• v s• s V• v s• r::s v• 
t- F1_ fa+ - Fe+ Fa- - Fa+ Fa- - F4 + F6 - - • <t-+ F6 -

(A. 4) 

- ,. v FS• - Fs F."" + c" FS• Fs Fv• J r 4- s• 4- & rs+ s- -t- 5+ 5-
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E ~ ( i ieV) 

398 ;t 21 
396 ± 22 
395 .:t 24 
447 ± 24 
446 .± 25 
446 ± 26 
497 ± 33 
500 ± 26 
496 ± 28 
548 ± 27 
546 ± 28 
547 ± J O 
598 ± 40 
596 .i. 42 
600 ± 32 
598 ± 34 

' Ii. 597 :t 37 
i/ 592 ;t. 39 

696 .:t 32 
69.3 .:t 34 
69.3 .:t 35 
69.3 .:t 38 
696 .t 38 
698 ± 41 
796 .t .35 
797 .:!:. .38 
794 .± 41 
792 .i 44 
796 .± 47 
795 ± 52 

'.l'able 1 

ecm 
p I: :~(]Ab/Sr) 

45 :!::. 0.7 -0. 02 :!::. \) . 0 4 1. 70 :!:. o . oa l 
55 .:t o.a 0.04 :!::. 0 ,05 1.so :!:. o.oa I 
65 .:t 0.9 0.28 .:!:. 0. 05 ~-75 ± 0.08 
45 ± 0.8 0. 06 ;t 0.06 1.15,;t0.05 
55 :!::. o.s 0.01 ±. 0.05 1.29 ±. 0.06 
65 .:t 0.9 0.08 ±. 0.05 1.16 :!: 0.05 
45 ±. 2.5 -0. 15 ± 0.05 0.95 ;!:. 0.05 
55 :!::. 0.8 -0. 10 ± 0. 05 0.90 ± 0.04 

I 65 i 0.9 -0. 06 ± 0.06 0.93 :!: 0 .04 

\ 

45 .± o.s -0.1 8 .:t 0.05 0.92 ;t 0.04 
55 :.t. 0.9 -0.2 5 .:!: 0.05 0.88 .:!:. 0. 04 
65 .t 1.0 -0.02 .t 0.05 0.84 ± 0.04 

I 45 :.t. 2.5 -0.1 8 .:t. 0.05 0.60 .!. 0 . ".4 I 

55 ± 2.6 -0.28 .:!:. 0.05 0. 65 ;t 0. 04 I 65 ± 1.0 -0.2 5 .:t 0.05 0.55 .t 0.03 
75 ± 1.1 - 0.20 .±. 0.01 0.74 ;t. 0.04 I 85 .:t 1.2 - 0. 0J .:t 0.06 o .67 z. 0. 04 

I 94 .:t 1.2 -0.15 .:t 0.01 0.5 ± 0. 03 
45 .:t 0.8 - 0 .2.3 ±. 0.05 O.J8 ;t 0 J i2 
55 ± 0.9 -O.J2 .:t 0.05 0.30 ± 0,02 ! 
65 .:t 1.0 -0.3 5 ± 0. 06 0 • .33 ± 0 . 02 
75 ± 1.1 -0.1 5 ± 0. 05 0. 20 :::. 0 . 01 
85 ± 1.1 - 0 • .34 ± 0. 08 0. 25 ± 0. 02 
95 ± 1.2 -0.1 8 ± 0. 07 0. 28 .±. 0 . 02 I 45 .t 0.9 - 0.38 .i 0 . 07 0. 15 .i 0. 01 ' I 
55 ;t. 1. 0 - 0. 42 ±. 0 . 07 o. n .t o.oi 

! 65 .± 1. 2 - 0 . 34 .:t. 0 .01 o. '13 .:!:. 0. 01 
75 ;t. 1. 2 - 0. 24 +0, 07 0.13 ±. 0. 01 I 

I - I 
85 ±. 1. 2 - 0. 45 :t 0 . 08 0. 13 .:!: 0. 01 

I I 
95 .±. 1. 3 - 0.23 ±. 0 . 01 0. 11 ;t 0. 01 

I I . 

n 
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!'ig,1. Experimental setup: D - diamond target, K - collimators, 

SM - sweeping magnets, PS-9 - pair spectrometer, Pb -

lead shield, LD2 - liquid deuterium (hydrogen) target, 

MS - magnetic spectrometer. NS - neutron time-of-flight 

spectrometer, C - converters, l!iI - quick monitor, Sc -

shower counter, Q - quant ometer. 
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