
ti 1• t; 'l l! h I' 3> I' !!. I• lf l~ 6 I' fl b U S I' S n I' S 
EPEBAHCKHA $H3HqECKHR HHCTHTYT 

~PSU~Ut 4uinP~n~u ~E crmtJ:H1E 

·- <jJ 11-108( 75) 

K.A.ISPIRIAN,A.T.MAR.GARIAN,s.a.MATINIAN 

!l 
ARE TH.t'..RE ADDITIONAL ENERGY LEVELS OF DEUTERON? 

-~F>=tl ;;*•h 
1975 E p E B A H 



" 

. "~ .. 
\~ 

YEHEVAN PHYSICS INSTITUTE 

Scientific Report E<l>l1-f01'175) 

K. A. ISPIHIAN,A.T. l.iA.d GARIAN ,S. G. lUTINl AN 

ARE TH !'..RE ADDifiONAL ENERGY LEVELS OF DEUT ERON? 

Yerevan 1975 

'

. - l!pe~~ffA «f>au•~1e11t 
iJHCTHTYT 

3a,.. npeapaa'ft>m 
---· -£ a 

\ 



YJU{.539.I2:539.I2G_2 HaytiHoe coo6~eHHe E~hl-108(75) 

K .A.MCmlPlIH,A. T •• 1i1API'APHH, 

C. I'. MATMHf!H 

CYi!\EGTBYIO'.l. :.;.1 Jl.OIIOJIHMTEJI1HhlE 9HEPI'ETWIECKL1E 

YPOBHM B .llE~TPOHE? 
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It is shown that if baryonic resonance admixtures are pre-
' sent in deuteron then additional high ( N 1 OOMeV) and low ( v 1 LJ.,,ev: 

energy levels are possible which in principle may be investigat 'lu l 
. I 

experimentally. 
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Hecently the contribution of baryonic resonance admixtures 

to various properties of deuteron has been investigated theore -

tically (for review and references see /1,2/) as well as experi­

mentally /3-5/. As a result a few percent resonance state in deu­

teron does not contradict the experimental data and improves the 

agreement between the theoretical and experimental results. The 

purpose of this short note is to draw attention to another inte­

resti11g consequence of the possible existence of A ( 1236) /:::,. ( 1236) 

N (938)Nh470) et c, configurations of nucleon pairR in nuclei, es­

pecially, in deuteron. 

As it is well known /6/ the normal NN state of deuteron with 

a small ""(3.;. '7)%
3D wave function and rV=2,23 MeV binding energy 

does not allow any additional (excited) nuclear level besides the 

ground state. Considering the simplest case of the A ( 1236) A ( 

(1236) state of deuteron with W z 600 MeV one may show that high 

and low energy nuclear levels are possible in deu~eron. Indeed, 

using a square potential well with a width '\., 0 =2.10- 13 cm one may 

calculate that for a 6 6. configuration in s-state the depth of 

the well is V0 -;;; 660 MeV and besides the ground state with ·;1 ~600 

'ileV there are two other relatively high energy levels with \:
1
:-::220 

3.nd t1~ 58u MeV. Of course, the number and the height of such ener· 

SY levels depend strongly on the value of '\.0 • For example, for a 

b.A potential radius \.~ =1,4.10- 13 cm one obtains 'J0~720 r.ieV 

md a single high energy level E !-::: 430 MeV. Here we have used the 

}onventional values for N'N potential radii (see/2/). Of course, 

}hoosing \.0 small &nough ( '-o~ 1.1o-13cm) one may get a situation 

1hen only the ground state will be present in S -state. 
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For a N~1B<fi!N
1

C1470) 5 state of deuteron with W-:;:,sao t~eV ' 
one obtains \./<:>:: 580, £.1 :::::. 250 MeV and '\/c ·~ 640 and t.1-:::.480 MeV for 

>. -13 -13 . 
· i..

0 
;=2. 10 and '\.0 =1, 4. 10 cm, respectively. 

Besides these high energy levels the large binding energy of 

1
such virtual deuteron states makes possible rotational levels 

\i f:.O) with energy of the order of few tens of Me Vs which may exist 

even if ·'1..
0 

<. 1.10-13cm. Therefore,. one may conclude that if baryo­

nic resonance states are present in deuteron then in spite of the 

conventional point of view the deuteron has low and high (higher 

than all the known nuclear levels) energy states which may be ex- 1 

cited in pri•ciple. At present it is impossible to predict t,he 

exact wiaths and the quantum numbers of these virtual levels. One , 

may also mention that such additional levels must exist in heavier 

nuclei, and this represents a new scale of excitation of nuclear 

· matter. 

Trying to find out whether thesP. unusual energy levels mani-

i f est themselves it is necessary to pay attention to the following 

facts. First of all the search of the deuteron levels with energy 

of some hundred MeVs is complicated by the fact that all the cross 

s ections in this energy region are dominated by the contribution 

of resonance diagrams. Therefore, the effects of the above consi­

dered unusual levels may be find ~ut in the low energy region 

( < 1 OOMeV) where the existing experimental data are very scarce 

except the data on the deuteron hotodisintegration. Unfortuna -

t ely, the influence of the levels under investigation on the deu­

t eron photodisintegration cross section is very small to be obser~ 

ved . Indeed, the photon resonance absorption cross section<(°~ . ::: 
~ Q.lt> 

-::::.J.). \t>b·~/\tp'\where ~is the admixture of the resonance sta-

- ~ -

' J 

I tes in deuteron, ,.., 1 X, , }1 is the photon wavelength corresponding 

to the energy level under investigation, ft.A~ and f \il'\ are the : 

i part·ial and total widths of the same level. Assuming \;.b~ /\ £;:/::..1c, 
. ' .• J.a, :l. . 

one obtains that already ~' ~ '.:> ·iO c..'" for a level enera of 1 

i 20MeV, i.e. much less than the deuteron photodisin.tegration cross 

section for the same photon energy region /7/. 

The usefulness of other processes as the compton scattering 

on deuteron, deuteron bremsst rahlung etc, for our purpose is li­

mited . by the possible · na.rl'owness of the above discu~sed levels, 

by the absence of monochromatic photori and neutron beams and othei 
I 

experimental difficulties. Nevertheless, we think that the detai-

led experimental investigation of the processes where these un -

usual levels may manifest themselves will be useful not only for 

the problem arisen in this work but also for the more genera l 

problem of the possible existenc e of t he virtual res onance s tates 

in nuclei also. 

The authors would like to thank G. Grigorian, I. Aznaurian, 
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