
HHD.eKC 3624 

.. 

•. 

EPEBAHCKll1A <l>ll13"1YECKHA "1HCTMTYT 

' " i 

1. 

L 
''\ 

I 

i 

' 

t 

"©I>VT-53b ( 65)-65 

b p I; i£ /1. t /1 :b ,, !l, ,, ,, ll IJ ,, ,. t u s ,. s fl ft s 
EPEBAHCKHfl (JJH811l/ECKHFI HHCTHTYT 

.n:. c. EAI'.ILACAPHH, r .A.BAPTAITETHH' IT.11. rAJJYMfLi, 

r.E.KA3APHH , M.,U.KAP1ffilli, 8.P.MAPKAPHH , 

r. A. MAHYKffH' r. r. MKPT1IffiI 

KBA311YITPYI10E PACCEffiIBE 3.JIEKTPOHOB (e,e'p) 

HA H.UPAX 9Ee H 
28st 

U.H H HaroMaeclJopM 

EPERAH-1985 



El:DH-836(63)-85 

K.A. ATSAGORTSYAN, L.A. GE'IORGYAN 

SUPPRESSION OF TRAN~PARENCY EFFECT AND 

INVESTIGATION OF PARTICLE REFLECTION FROM 

ASYMMETRIC POTENTIAL WELL 

The particle one-dimensional motion in the field of asym­

metric potential Poschl-Teller well is considered. The particle 

total passage effect is shown to be suppressed at the particle 

energies as distinct from the symmetric well. The reflection 

coefficient qrows with increasing the well asymmetry, while 

at the particle high energies its exponential decrease is re­

placed versus energy by the power-law dependence. A dispersion 

is obtained and energy spectrum is found for the particle 

bound states. The influenec of the potential asymmetry on 

the shape of the particle wave functions is investigated. The 

analytical conclusions are illustrated by a numerical calcula 

tion at various values of the problem parameters. 
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I. Blle,lleime 

JiICCJ.l8,1lOBaHJ[8 yrJlOBBX • 8HepreTIN8CRllIX onexarpoB BHJ18T8DllllX 

- ,"SIB Jl,ltep n:pOTOHOB B npotteccu: (e, e'p) ~eT B8lltHH8 CB8ll8Hlm Kalt 

~·~ ·o oaMllX R,lij)!U, TaK JI o MexaBJISMe eA-:es8.JIMo,1lelc:mu [I] • e B no0.11e.u;ma:e ro~ BHTepec K nponeccaM A(e,e'p)A-I :eospoc. 

t. llOJDSBJll[Cl> aomre sxcnepBMeH1'8.lll.HHe pa6om JI TeopeTB11ecue MO-

~ i 
>i~ )t8JDI:, JIISJ'118Dltll8 <So.11ee TOHKBe &qxpeRTH, c:easamme co CTPJ'l't'cypol 

;!~ ~JJ.1tpa (CM. pa60TY [ 2-3] JI BMeonm:eca Ta.M CCHJ!D). 
., 
.:~ !-. Ha BBB&lleHHoM uexarpoHHOlll IJY1Ute Epe:Ba.Hoxoro c:imxpoarpou 

,;..-,.l'DOJl8,1lOB8JlOJi IIpoiteC~ A(e,e'p)A-I • IIOJJY'l8HH IIepBse pesyJIDTaTH. .. , 
, . '. B ~ol pa6o'l'e n:peJJ;c'lSBJleBH 11eTo,1lllK8. 11s11epeHJIJ1 :a: pesyJID-

'tas no KCCJ.l8J(OB8.BD) yrJlOBol saBllCBlllOCTII mrxoxa JipO'l'OHOB B 

. ·~ll8KlaJI (e , e'p) Ba axpax 9ee :a: 26si. IIP• SHa"lemmx Ba1f8llt­

. - 'IJl8Pl'D UU'J.'.POBOB I,54 JI.2,0 reB I: yr.Ile perBC'.l'j>lln1DI pao­

l~ U8K'J.'.POBOB. I5, ts B o6Jlacfti: KBaSJJYJI.PyrOrO mma. 

2. 3KonepD18B'l'8Jll'ollU J'Ci'&BOBA I: BSMepeJme 

8KcnepJJMeB'l' BllIIOJIHeH aa :a;rme BYBe.u;emmx uexTposoB Epe:eaH,. 
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CKOrO cmDCpOTpOHa. Cxem 8RCII8pml8HT8J11>Hol·yoTaHOJSD mmasa­
Ba :aa pnc. I. 

PaccemmHe &JieK'l'poBK pel'HCTpJIPOB8Jll!CI> llBI'BllTHIDI cnui:po­

uerrpoM "8.nexTpoH" no.it yrJioY 88 = I5,5°. CneETpOMH:p odec11e1m­

:ea.n yrJIOBOI BaXBaT ...., I,9 Mp, llYIIY.lll>Cmll SBDaT "'IQ%. To'i­

HOC'!'l. onpe,IteJieBJ!II saepI'JDI JI yrJJa pacce.mma: UeKTpoHOB coo'!'-
' I 0 BeTCTBeBHO COCTaBJIB:eT AE/E = ± 0,5% • tiee = :± 2,3 • 

BHJieTaDitKe :n:s H;D;ep IIpOTOBY pel'llC'!'PJIPOB8JlJIC:& n:po6emm11 xe­

TeKTOpoM. yrOJI ItOToporo MeHHJJ.CJI OTBOCU'8Jl])H0 R8IIpaBl8BJU: :ua­

.namtero :ayTflta B ~anasOHe OT 50 ,11;0 II0°. IlpoTO:mml ,11;eorexorop -

HMeJI TeJieclllill yrOJI "" 20 MP JI co.u;epm.n 11empe c~OH 

HHX C1ieT1Dll<a. BTopol C118T11Et OJQClIJl ,1l;JUI Jl8M8PeBD B;OHll88IlJ(Oll­

HHX IIOTep:&, IIOCJie;ItHJII - aH'l'ltCOBIIB,JtaTeJIDHHI. !Iepe.J; aHTBCOmt!l,5-,, 

TeJll)BHM C110T1il'IROM paSMeJita.l[CJI IIOr.IO'l'JIT8Jl]) C , TOJllllllBol ,.,30 W 

ooecne1D1BaDJtBI ;ltlBIJB.SOH.RBJ!e'l'Jl'qecltBX aaeprxl: perJ1c'l'pJq>7e11111X 

npoTOHOB 60 - 300 MsB, Toimocu onpe.u;eJieHJIJI yrJJB. A8p= '±6°. 
ITy11ox SJieKTpOHOB c suepr:n:el I,54 • 2,0 raB ~Rye~ 

Ha MmueHH ( 9ae:n: 26st. TOJ1.lllllRO:lt 0,04 111 0,05~BBllX eg­

mm;, COOTB8TCTBeHBO). PasMepY IJY1Uta :ea llJllll8BJI -IO 1111, tKepre.­

TlfCleclt:d pasopoc + O,S)(. MoHlllTO:pBpoBamie nyua. OCYBtecTBJIUOOz. - . 
MOmtT~PoM. B'J:'?PRHOI 8MlllCClllil JI KBBRTOMeTpoM faycca C TOllBOOftD 

-Z'. 
EoJiee ,I{0TaJil>HH0 CBe;o;eu:m OTHOCB'l'eJil>HO SKCIIeplDl~Bm.m.nol 701 

"TaHOBRH M0'1HO HaitTJl B paOOTe (4]. 

.IlM KOBTpoJIS: ammpaTypH IIpOBO.JtWD[Cl> JlSYepes:rm cnex~OB Ba 

Mllllll0Hlll ~H2 B oOJJaCTlll saeprd,cooTBeTCTBYDl(IIX ynpyro111 uB.r 
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Ha BOJl;OpoJlEI. B X0,1(8 asMepelUll Henpe~o KOHTpoJIHpO:BaJmC]) aM­

lIJIJl'l'YJOHte cneK'l'IJl c11e'l"!:rma cl E I dx ~Tolmoro IIJie11a B :ape-
. . I . 

MeBBot OlieK'l'p OOBI18,1temdt ( e p) • 

OT:iteJll.HHe BSMepemrs OHJD! BHIIOJJHeHY 'l'aDe Ba MJlllleHJDC 6Lt 

:a: I2c , JIMelllllilX ooo~eTC'l'BeHHo 'l'OJllltBHH o, 05 JI O, DI paJtJ!W\W­

ommx e~H!im. 

0THOCJIT8Jlldl0 YPOBIM pa OJJy'lldHllX CO:BII8,1temdt M83,11Y RS.Ha­

JlaMH 8Jl8K'fPOH-IIpo'l'OH B Jl8Mepe.HHHX C~KTpax MOllHO CY;D;lITl> IIO 

oneKTPY TA-itoimeporopa, IIOxa.saBHoro Ha pJ10.2. B:a:.n;Ho, uo lf)oH 

oJI;Y118bHx COBIIa,tteH.d He npeBHmaeT ,.., IO%. 

3. PesyJI])TaTH JJ: aHaJDIIS 

Ha pzo.3 IIOKS.SaHH yrJIO:BYe H suepreTJI11801(1![0 SaBHCHMOCTH c11e­

m ( e, e' p) . , IIOJJy'lemme Ba MmneHJJ: CH2 .IWI E = I, 54 rsB H BP= 

= 70° :s o6Jiac'l'B: ynpyroro IIll'.Ka Ha BQ.JJ;opop;e. BJl.n;Ho, 11To Ha 060-

BX CII0KTpax xopomo Ha6Jlll,Il,8eTCJI MaKCJIMYM. IIOJIO!teHHe IIBKOB H HX 

lllBPHH!i COOTBeTOTBylOT pao11eTHO-O&JJJta8M!lM. IIllllpBHH ImKOB COCTaB­

JIJllM' IIO A8p = .± 60 H IIO E!.30 M&B Jll B OCHOBHOM OOyCJfnu 11<=>"11H pas · 

pemeHllleM sxonepHMeH'l'SJlliHol VO'l'SHOBKZ. 

SHepreTJAecue CIIeit'fPH :i;aooesmma MeKTpoHoB B CJ.Iy11ae pe­

l'llIC 'l'panm! Ba COBIIaJteHllle IIpoTOHOB O'l',Jta1{Jll BBI'~T 3aM0TIIO yllte 

no Cpami8Hlllll 00 cneKTpoM (e,"e 1
) p~ OoM.plllc.4). Co CTOPOHH 

60JllJlll!X.E
1 

oyzeHBe o6ycJio:BJieHo noporou o6pe9aHlllJI npoToHHoro .ite­

TeRTOpa, a co OTOPOHl:i MBJlilX E1 
- B OOHOBBOM IIO,Jtal!JleHHeM BKJ.la­

Wl A33-P830HaHoa. 
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Ha pHc.5 IIOKaSaHH 88.JmCHMOC'm Bopgpo:sa.BHBX Ba ay&l[OH 

BHXO.JlOB pea,xmm (e,e'p) OT yrJJa BWLem npoTOBOB IIpB 8Bepro 

I,54 H 2,0 rsB. Ha6JDwlero.a: YM8Hl.meHl!e HOpMllipo:eaHHoro Ha :eyK­

JlOH ce11eHJ1.B: B o6JiacTH MaltcJIMYMa c y:BeJ!lll1leHlll:eM A (B patoue 

8p ~ 60 - 70°), a B o6J.la.CTH 6o.m:.nm:x yrJIOB,Ha06opoT • ce11eBJle 

m T.DeJIOM 8,Jl;Pe :11MeeT TeH,D;emnn> npeBH!llemm Ha,tt JleI'D!ll. B MaR­

CJIIMYMe KBaSJIYI[pyroro mma IIpH 2,0 rsB H.aMJJ HCCJ16,11;0:eaHa Samt­

CJllMOCTL HOpta!pO:BaHLJrO Ha HyKJIOH C611elll!Ui OT aTOMHOro HOMepa 

,D;JJJI H,llep 6Li. , 9se , I2c B 2Bst (pmc.6). 

Yxasaiume samICHMOCTH,ecTecT:eeHHo, HCRallteHH paJl.llSllHOBBIDm 

IIOrrpa.BRa.MH H sqxpeKTaMH BsaHMo.v;eicTBHH IIpOTOHcm B KOH61!HOM coc~ 

TO.fIHRl![.B .lla.HHOM aKCIIepllIMeHTe a:aaJil![8HpoBaJIPrCL IIpoTOHH c KBHeTH-

11ec1tol suepmel TP > 80 MaB :a:, RaK IIORasaHo B pa6orre [6] .~ 

ma BliXI>eK'l'H BSaJ[M(),lte:ltcTBl'IJI npoTOHOB B KOHe'llHOM COCTOJDIBH M8JJH 

H He CIL7lDHO HCxa!fEllJT pacnpe.1teJieHHe. 0THOCHT8Jt&HO s@ileKTOB .18-

,ltllBUHOHHHX IIOIIpaBOK MOJ!HO CY,l!;Z'l':D IIO npOBO,ItmVIHM HaMll pac11eTEHM 

.1¥1HHYM peaR.Itm! ( e , e} ,ItJ1J1 STHX lie H,llep ( 8 ) • B MaKCBMYMe Im­

Ra OHH COCTaBJIJIDT "'30% H .JlJJ.f.t BH6pB.HHHX MmlleHei 9eex 28st 
npllIMepao O,l!;ZHaKOBH. CJie.v;OBa.TeJIDHo, IIOJ1Y11eHHaH mum A-s~HCH­

MOCTL He HMeeT 60J.I1>moro HCKlj.Jlt6HllI.f.!. 

PacqeT IIOKa3HBaeT, 'iTO ZMeD11HeCH B HaCTO.mqee BpeMll 60JID­

um:e Heonpe,p;eJieHHocm B HaIIpe.BJlemm pacceHHHiix 3JleK$HOB 

(;!: 2,5°) H IIpoTOHOB OT,Ilfl11JI (;!: 6°) o6ecne'llBB.m TO'iHOCTH .JlJJ.f.t 

onpe.zteJieHHH HMIJYJ!DCa BHYTPM.ll6pHOro HyRJIOHa ,... (30 - 40)% • 

.UoJJ.f! IIpOTOHOB, HM8IJllPJX BHYTPM.Jlepmd 11£MIIYJIDC ~ 300 MeB/c 

B H3MepeHl;llle cneKT:pH, COCTa:BJilieT 15-20%. ~MeeTCH yxasaHHe B 

IIOJ!Dsy yBe.1lll1leH11Lf.! BHCOKOHMIIYJ!DCHOro XBOCTa c yBe,mtqeHHeM aTOMi 
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uoro HOMepa g,v;pa.. 

AHa.Jm:s IlOJJy'i8HH!lX .itaHHllX H y.nyqmeime IJap:lM6TPQB YCTaHOBRH 

IIOSBOJillT H37'18TL BllCOKOl!IMIIYJ!DCHyn KOMIIOHeHTy :eyR.llOHHoro pac­

Ilpe,lleJlemr.a: B H,1lpaX [ 5-7 J. 
ABTOpH 6Jiaro.v;apHT A:pyTmunra c.c.' Ar~ A.A •• IleTpo­

csma o.rr. sa noMOlltD IIPH npoBe.v;emm yRB.SaHHHX HCCJie.v;oBaHH:lt H 

. o6pa6oTRe MaTep:ewra, Erwma K.111. sa IIOJieaHHe o6cyz;D;emm H 

1tp:ra:'fl![llecue SaMe11aHBB:. 
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I. BE/ax meAeC!KDn 
9 npoQe~IJltl meAectron 
JO.HoNIUIJqD /moputmou ~ucc:U.u 
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PHc.I CxeMa axcnep:HMeHTa.Jil>Hoi ycTaHOBKl'I 
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PJic.3 a'- YrJio:BSJI sami:cl!IMOCT:& c-.:i:eTa (e,e'p) ~ MmneIDI CH2 
npH Be =.I5,5°; Ha1Ul.1.l:&HaS: aHepl'llf.R: SJiexTpOHOB 

E = I,54 rsB 

d.- CnexTp pacceJIHHHX ueitTpoHoB B PeaKUHJI (e, e'p) Wlff" 

MBllleHK CH2 IIpJ! Be= I5,5° • E = I ,54 raB H Sp = 
70°± s0 
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PHc.4 3HepreT:l'fllecrur:e cneKTJ.l:l pacoemil!NX 9JleK'l'pOHo:s aa .a;J.tPe 
9ae :s o6moTB: ·ICBaseynpyroro mma, cymmpo:saHHHe uo 

ep (50' - rro.0 ) 

• - 6ea perB:c~ npoToHo:s 

t - C perKC'l'panHel npOTOHOB ( CYMMJlpoBaHHHe DO 6p) 
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2e.BHCJ'!MOCTb BHXO~OB peaxuz:z (e,e'p) Ha H,lijl8X 
9ae B: 

28st oT yrJJa BHJieTa npoToHoB IIPH aaepr:mi: I,54 raB a 

2,0 I'sB H Be = 15,5° B o6JracTH KBa3HYIIPYroro Ill!lta 

,, 



··'· 
' 

j 8 
~ ~ E=2.Dr•• I- I 

t ! 
0 4 E =1.9 r3B 

"° f1e=i5.5° 

' 

~ 2 ~ Bp=70° f 
~ 
\o ! 

1 
2 4 9 28 

A 

P:e:c. 6 !llmrcI™ocT:E. HOpMl!POBaHHoro Ha HyKnOH ce11emm QT a'l'OM- . . 

Horo HOMepa .ItJ1JI s;o;ep 6Lt • 9ee • ~2c K 28stB Ma.KC~-· . 

M,VMe KBa.SKYIIPYI'PIX ImKOB. 

12 

.. , .. - .... 

""'· 
t~;. 
y. 
'.t.;.·." 

·-~-

·'· 
I.·, 

·. ·~ 

"· 
--~·· 
~ ·! "· '--

•'-

·' 

·' 

CmiCOK JIHTEPATYPH 

I. AftJtMm ll.fI •• Ar!miOBH11 B • .JI., B'y8l>MEHntO B.C. HccJie;u;ollEUme 

QeplDiX pea.EUd ( e, e' p). . Ma.Tepmmi IX Smmel lllROJIB .mm, 
1974, c.574-617. 

2. EepesoBol B.II. K:eaHTOMexaHJ1!1!eCKoe oIJJlcam.r:e :esa.HMO;u;elc'l'BJUI 

BYKJJ.OHOB c BHemHllM a.neKTpouaI'HIITHRM nOJieM. ~lK. 1984, T.29 

.i 2. 
3. Berezovoj V.P., Melnik Yu.P., Shebeko A.V. D'IIA Calcu1~ .• 

tions of Proton Momentum Distributions in 
12c and 

16
0 

(e,e'p) Reactions. Buel.Phys., 1983 vol.A404,p.443-455. 

4. Ear~capmi .n.c., EoaxUH E.M., Kasapm r.E. 11 .JJ>. KaJDI6-

poima uar.Bl!THOrO cneE'rpOMeTp:l "9JreE'rpOH". IlpeJIPllHT 

E>m-792(19)-85 , Epe:Ball,1985 • 
5. ~obberling M., Moritz J., Sobmidt K.H. et al. Momentum 

Distribution of Bound State Protons Derived Prom Quasi­

Free Electron Scattering on 12c Buel.Phys. 1974, vol.A231, 

p.504. 

6. Heimlich F.H., Rossle B. Quasi-Elastic Electron Scat -

tering (e,e'p) and (e,B'D) Prom 6Li in a Coincidence Expe­

riment Buel.Phys. 1974, vol.A228, p.478. 

7. Bodek ~., Ritchie J.L. Permi-Motion Bffects in Deep-Ine­

lastic Lepton Scattering Prom Buclear Targets Phys.Rev.D, 

1981, vol.D2J, p.1070. 

13 

·~ 

I 



,, 

8. Mapx.apm B.·Y. • Mxp'l'1tfili. r .r., Tpomemco:ea M.A. T~ ~ 

:iurommx n~eccoB B cnexirpax D88J1111.P1I'Oro pacceim:m Mex­
'l'pouo:n Ha .filtP8.X· IlpenpHH'l' E>m-625(15)-83, Epea&,:I963. 

Pyxomrci. noc'ey'nua. 3I JlllWI I985 r • 

.n .c • BAI'll.ACAPfil!, r. A .BAPTAIIEmH, rr .VI. rA.JIYM8H. r. E. KA3.4.P.ffH, 

M • .u. KAmFilH. a. P. MAPKAPHH, r .A. MAHYKHH, r .r .MKPT1IRH 

KBAaiYIIPYTOE PACCEflHHE SJlEKTPOHOB (e , e' p) HA Bll,PAX 

9 l!1 285 • • Be l. 

Pe,I(altTOP R.IT.MyxaSH' 
TexHll1ie~ pe.ll8KTOP A.C.A6pallSIH 
Ilo,1lDJllcSBO :B II811BT:& 25/X-85r. "T•I9075 
QW<l8'1'Ha1[ II6:'1A_T:&.Yq •• 8A.A.I,O 
Six.'l'BII.Ji 48<::! 

~opMa.T 60x84/I6 
~ 299 &d.Il. 15 it 
VIBJJ;eKC 36~ 

0'l'lI911a'l'aHO :B Epe:eaHCXOM i!>11181A8CROM BHCTl!!TYTe 
Epe:eaH 26. Jlap.Kapmta 2 ' 

.~~ ,, 
14· 


