
ivane javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti 

 

 

 

 

daviT WilaZe 
 

 

zust da sabunebismetyvelo mecnierebaTa fakulteti 

fizikis mimarTuleba 
 

 

 

 

polarizebuli gadamuxtvis reaqciis  Seswavla 

ANKE-COSY speqtrometrze 
 

 

 
sadoqtoro disertaciis Sedegebis  

mokle aRwera 
 

 

 

 

 

 

sadoqtoro programis xelmZRvaneli, 

Tsu asocirebuli profesori: simon wereTeli 

 

samecniero xelmZRvanelebi: 

fiz-maT-mecn. doqtori, profesori: 

fiz-maT-mecn. doqtori: 

fiz-maT-mecn. doqtori: 

mixeil nioraZe 

andro kaWarava 

frank ratmani 

 

 

 

 

 

Tbilisi  

2008 weli 

avtoris stili daculia 



 2



 3

Sesavali 

nuklon-nuklonuri ( )NN  urTierTqmedeba warmoadgens birTvuli fizikis 

Seswavlis ZiriTad obieqts. NN urTierTqmedebis eqsperimentul kvlevas fundamenturi 

mniSvneloba aqvs birTvuli Zalebis xasiaTisa da saerTod Zlieri urTierTqmedebis 

SeswavlisaTvis. nuklonebi monawileoben yvela urTierTqmedebebSi (Zlieri, susti, 

eleqtromagnituri da gravitaciuli) da mniSvnelovan rols asruleben nawilakebis 

dabadebis procesebSi. NN  urTierTqmedebis Seswavla warmoadgens mravali 

laboratoriis saerTo kvlevis sagans. nuklonebi warmoadgenen naxevarspinian nawilakebs 

da emorCilebian fermi-dirakis statistikas, spini ki gavlenas axdens urTierTqmedebis 

intensivobaze. aqedan gamomdinare, NN  urTierTqmedebis spinuri struqturis Seswavla 

metad mniSvnelovania. es ki SesaZlebelia mxolod polarizebuli nakadebisa da 

samizneebis gamoyenebiT. Tavis mxriv aseTi tipis eqsperimentebi, romlebic „ormagi“ 

polarizaciuli eqsperimentebis saxelwodebiTaa cnobili, Znelad gansaxorcielebelia. 

nuklon-nuklonuri uerTierTqmedebis aRwerisTvis ZiriTadad gamoiyeneba fazuri 

analizi. srulyofili fazuri analizisaTvis saWiroa urTierTqmedebamde da mis Semdeg 

nawilakTa polarizaciis da reaqciis polarizaciuli maxasiaTeblebis codna. dRemde 

arsebuli eqsperimentebi ZiriTadad exeboda protonebis wyalbadis samizneze gabnevas da 

iZleoda informacias pp  urTierTqmedebaze izo-tripletur mdgomareobaSi ( )1=I  

farTo energetikul areSi. am SemTxvevaSi eqsperimentuli monacemebis arseboba pp  

drekadi gabnevis diferencialur da srul kveTebze da sxvadasxva polarizaciul 

maxasiaTeblebze iZleva saimedo fazuri analizis Catarebis saSualebas GeV3  

energiamde. izosingleturi ( )0=I  mdgomareobisaTvis igives gakeTeba SeuZlebelia np  
gabnevis saimedo monacemebis ararsebobis gamo. mdgomareoba SedarebiT 

damakmayofilebelia MeV800  energiamde. dabali intensivoba, farTo impulsuri speqt-

ri da saerTod siZneleebi, romlebic warmoiqmneba neitralur nawilakebTan mimarTebaSi 

gvaiZulebs np  gabnevis Sesaswavlad veZeboT neitronuli nakadebis gamoyenebis 

alternativa. mravali wlis ganmavlobaSi deitroni gamoiyeneboda Tavisufali 

neitronuli samizned.  

sadisertacio naSromis mizania pnnp →  gadamuxtvis reaqciis amplitudis 

spinuri struqturis gansazRvra deitronze gadamuxtvis reaqciis ( )nppdp →  

Seswavlis safuZvelze. aseT SesaZleblobas safuZvlad udevs pomeranCukis Teoriul 

naSromSi[1] gamoTqmuli idea, romelic Semdeg sxvadasxva avtorebis[2] mier iyo 

ganviTarebuli. ideis arsi SemdegSi mdgomareobs: ori nukloni deitronSi imyofeba 1
3 S  

an 1
3 D  mdgomareobaSi, anu sivrculi da spinuri mdgomareobebi simetriulia 

( 1;2,0 == SL ). maSin paulis ganzogadoebuli principis Tanaxmad misi izotopuri 

mdgomareoba antisimetriuli unda iyos ( 0=I ). deitronze gadamuxtvis reaqciaSi 

gabnevis kuTxeebze nulTan axlos, roca ori protonis aRgznebis energia mcirea, isini 

rCebian ( 0=L ) mdgomareobaSi, xolo izotopuri mdgomareobis gadasvla 1=I  
mdgomareobaSi moiTxovs spinuri mdgomareobis cvlilebas, anu erT-erTi protonis 

spinis mimarTulebis Secvlas ( 0=S ). am SemTxvevaSi deitroni asrulebs „spinuri 

filtris“ rols ( 0
1

1
3 SS → ). naCvenebi iyo, rom nulovan kuTxeebze gabnevisas 

deitronze gadamuxtvis reaqciis amplituda ganisazRvreba mxolod elementaruli 
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pnnp →  amplitudis spinze damokidebuli nawiliT da SesaZlebelia misi 

eqsperimentuli gansazRvra. 

elementaruli pnnp →  reaqciis amplituda masaTa centris sistemaSi gamoisaxeba 

xuTi skalaruli amplitudis jamis saxiT: 

( ) ( )( ) ( )( ) ( )( )llmmnnnif pnpnpnpnnp

vrvrrrrrrrrrrrr
⋅⋅+⋅⋅+⋅⋅+⋅++= σσεσσδσσβσσγα  (1.1)

sadac nσr  da pσr  neitronisa da protonis paulis matricebia, xolo erTeulovani 

orTogonaluri veqtorebi ganisazRvrebian sawyisi ( k
r
) da saboloo ( 'k

r
) impulsebiT: 

kk
kkl

kk
kkm

kk
kkn rr

rr
v

rr

rr
r

rr

rr
r

+

+
=

−

−
=

×

×
=

'
',

'
',

'
'

 (1.2)

am procesis normirebuli diferencialuri kveTa SeiZleba Caiweros Semdegnairad: 

22222 2 εδγβασ
++++=⎟

⎠
⎞

⎜
⎝
⎛

→ pnnpdt
d

 (1.3)

sadac α  amplitudis spinze damoukidebeli nawilia, γ  damokidebulia spin-orbitalur 

urTierTqmedebaze, xolo β , δ  da ε  spin-spinuri urTierTqmedebis amplitudebia.  

gadamuxtvis reaqciaSi ( )nppdp →  pp  wyvilis mcire aRgznebis energiebze 

( MeV3<ppE ) da protonidan neitronze (an deitronidan diprotonze) mcire 

gadacemuli impulsebisaTvis ( 0≈q ), rogorc es Sesavalsi iyo aRniSnuli, pp  sistema 

ZiriTadad imyofeba 0
1 S  mdgomareobaSi. impulsur miaxloebaSi[2] amplituda 

ganisazRvreba mxolod spinze damokidebuli nawiliT, anu β , γ , δ , da ε  
amplitudebiT. naCvenebi iyo[2], rom am SemTxvevaSi λ  proeqciis spinis mqone deitronis 

gadasvla pp  sistemis 0
1 S   mdgomareobaSi aRiwereba ori form-faqtoriT: 

 

⎟
⎠
⎞

⎜
⎝
⎛+⎟

⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛+ qkFqkFqkS DS 2

1,2
2
1,

2
1,  

⎟
⎠
⎞

⎜
⎝
⎛−⎟

⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛− qkFqkFqkS DS 2

1,
2

1
2
1,

2
1,  

(1.4)

 

sadac +S  da −S -iT aRniSnulia gaswvrivi ( 0=λ ) da ganivi ( 1±=λ ) form-faqtorebi. 

SF  da DF  matriculi elementebi ganisazRvrebian deitronis S  da D  mdgomareobebis 

aRmweri ( )ru  da ( )rω  talRuri funqciebiT da ( )0
1 Spp  mdgomareobis aRmweri ( ) ( )rk

−ψ  

talRuri funqciiT:  
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( ) uqrjqkF kS ⎟
⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛ −

2
1

2
1, 0ψ  

( ) ωψ ⎟
⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛ − qrjqkF kD 2

1
2
1, 2  

(1.4)

sadac k
r
 aris pp  sistemis fardobiTi impulsi, romelic gansazRvravs aRgznebis 

mkE pp
2
r

=  energias (m  protonis masaa). Tu SemovitanT aRniSvnebs 

⎟
⎠
⎞

⎜
⎝
⎛

⎟
⎠
⎞

⎜
⎝
⎛=ℜ −+ qkSqkS

2
1,

2
1,  (1.5)

maSin ( )nppdp →  reaqciis diferencialuri kveTa, tenzoruli analizuri unari da 

ganivi spin-spinuri korelaciis parametrebi Caiwereba Semdegi saxiT: 

[ ]
[ ]
( )
( )ℜ−=

−=

+ℜ−=

+−ℜ+=

=

⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛=

ℜ+++=

−

δε

εβ

γδβ

γεδβ

σ

δεγβ

*
,

*
,

2222
22

22222
20

11

2

3

4

22222

Re2

Re2

23

,22

,0

,3
2
1,

,

yy

xx

CI

CI

tI

tI

itI

qkSI
kdtd

d

I

 

(1.6)

(1.7)

(1.8)

(1.9)

(1.10)

(1.11)

(1.12)

 

amrigad, diferencialuri kveTis, tenzoruli 20t  da 22t  sidideebis gazomviT 

SesaZlebelia ganisazRvros 
22 γβ + , 

2δ  da 
2ε  amplitudebis mniSvnelobebi mcire 

gadacemul impulsebze. Cven energiebze da kuTxur areSi γ  mcirea, xolo roca 0→q  

maSin 0→γ , rac iZleva np  gadamuxtvis reaqciis spinze damokidebuli amplitudebis 

absoluturi mniSvnelobebis eqsperimentuli gansazRvris SesaZleblobas. mniSvnelovania 

aRiniSnos, rom 800 mev energiaze, amplitudis spinze damoukidebeli nawili α  bevrad 

mcirea, vidre β . 

kolinealuri kinematikis SemTxvevaSi, rodesac yvela impulsi nakadis gaswvrivaa 

mimarTuli ( 'kk
rr

= ), azimutaluri simetriis gamo skalaruli amplitudebis raodenoba 

(1.1) formulaSi mcirdeba samamde. am dros βδ =  (radganac ϑδβ 222 sin=+ )  da 

0=γ ( ϑγ 22 sin= ) nulovan gadacemul impulsebis SemTxvevaSi, D -talRis Sesabamisi 

deitronis form-faqtori qreba, ris Sedegadac 1=ℜ  da  022 =t , xolo (1.7-1.12) 

tolobebidan vRebulobT: 
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{ } ( )

{ }
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20
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4
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0,2
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1

εβ

εβ

εβ

βεσ

−==

−=

+=

+=

yyxx

S

CICI

tI

I

kF
kdtd

d

 

(1.13)

(1.14)

(1.15)

(1.16)

gamoTvlili β  da ε  amplitudebis modulebis codna da spin-spinuri korelaciis yyC ,  
koeficientis gazomva gvaZlevs amplitudebs Soris fardobiTi fazis ( )βε ϕϕ −cos  

gansazRvris saSualebas. amisaTvis ki saWiroa polarizebuli deitronebis nakadi da 

polarizebuli wyalbadis samizne. pp  sistemis mcire aRgznebis energiebisaTvis aseTi 

eqsperimentebi metad mgrZnobiarea np  gadamuxtvis reaqciis amplitudis spinze 

damokidebuli nawilis mimarT. am SemTxvevaSi deitronis tenzoruli polarizaciis 

analizuri unari eqvivalenturia nppn rr
→  gadamuxtvis reaqciaSi spinis gadacemis 

parametris. polarizebuli deitronebis nakadisa da polarizebuli wyalbadis samiznis 

gamoyeneba damatebiT iZleva spinuri korelaciiebis Seswavlis saSualebas.  

warmodgenil sadisertacio naSromSi ganxilulia deitronis gadamuxtvis 

( )nppdp →  reaqcia np  urTierTqmedebis amplitudis spinuri struqturis 

gansazRvrisaTvis.  

 

eqsperimentuli danadgari 

eqsperimenti Catarda ANKE speqtrometrze iulixis kvleviTi centris COSY 

amaCqarebelze, romelic saSualebas iZleva davafiqsiroT mcire kuTxeebze gabneuli 

maRali impulsis mqone damuxtuli nawilakebi. aseve gamoyenebuli iyo silikonuri 

teleskopi dp  kvazi-drekadi reaqciis gamosayofad. 

COSY amaCqarebeli 

COSY (COoler SYnchrotron) amaCqarebeli iZleva maRali sizustis 34 1010 −− −=Δ pp  

polarizebul da arapolarizebul protonebisa da deitronebis nakads 300 MeV/c-dan 
3.7 GeV/c intervalSi. nakadis ’’gasacieblad’’ dabal energiebze gamoiyeneba 

eleqtronuli gaciebis meTodi (600 MeV/c–mde), xolo maRal energiebze 

stoxastikuri gaciebis meTodi (1.5 GeV/c-dan 3.7 GeV/c–mde). COSY amaCqareblis 

sqematuri suraTi mocemulia nax. 1-ze. polarizebuli nakadi miiReba polarizebuli 

ionebis wyaros gamoyenebiT. wyaro saSualebas iZleva miviRoT, rogorc marto 

veqtorulad polarizebuli deitronebis nakadi, aseve deitronuli nakadis veqtoruli 

da tenzoruli polarizaciis yvela SesaZlo kombinacia. amaCqarebelze eqsperimentebi 

mimdinareobs rogorc Sida (ANKE, WASA, EDDA), aseve gamoyvanil (TOF, BIG KARL) 
nakadebze. 
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ANKE magnituri speqtrometri 

ANKE (“Aparatus for studies of Nucleon and Kaon Ejectiles”) magnituri speqtrometris 
detaluri sqema mocemulia nax. 2-ze. deteqtoris ZiriTadi Semadgeneli nawilebia: 

magnituri sistema, Sida samizne da oTxi deteqtoruli sistema: dadebiTi da 

uaryofiTi nawilakebisa da win da ukan gafantuli nawilakebis registraciisa da 

identifikaciisTvis. deteqtoris magnituri sistema Sedgeba sami dipoluri magnitisgan, 

romelTagan D1 gadaxris nakads α  kuTxiT, D2 speqtrometris mTavari magniti, 

romelic cvlis nakadis mimarTulebas α2−  kuTxiT, xolo D3 magniti, romelic 

identuria D1 magnitisa abrunebs nakads ZiriTad orbitaze. gadaxris α  kuTxe 

damokidebulia magnituri velis mniSvnelobaze, romlis maqsimumic aris T56.1  da araa 

damokidebuli amaCqareblis nakadis impulsze. ANKE speqtrometrze gamoiyeneba 

stripuli samizne (naxSirbadi, polieTileni an sxva) da klasteruli samizne, romelic 

warmoadgens wyalbadis an deiteriumis gazur Wavls. polarizaciul eqsperimen-

tebisTvis samizned gamoiyeneba polarizebuli atomuri nakadis wyaro (Polarised Atomic 

 

naxazi 1. iulixis kvleviTi centris COSY amaCqarebeli 
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Beam Source). uaryofiTi da dadebiTi nawilakebis deteqtorebi faraven impulsur ares 

0.3 – 0.8 GeV/c, xolo wina deteqtoruli sistema efeqturia 0.3 – 3.7 GeV/c areSi. 

1m

NEGATIVE EJECTILES

POSITIVE EJECTILES

D1 D3

FDS Hodoscope

TOF-stop

TOF-start

TOF-stop
Curved

Cherenkovs

SW
Hodoscope

TOF-start

NDS MWPC

PDS MWPC

FDS MWPC
Target

D2

PDS Telescopes

 

naxazi 2. ANKE speqtrometris sqematuri naxazi 

wina deteqtoruli sistema (Forward detector system) 

wina deteqtoruli sistema moTavsebulia D2 da D3 dipolur magnitebs Soris. 

nax. 3-ze mocemulia ANKE speqtrometris is nawili, romelic mniSvnelovania Cveni 

eqsperimentisTvis. dipolebs Soris manZili 1.6 m-ia, xolo nakadis milsa da gverdiT 

deteqtors Soris 0.7 m. es garkveul pirobebs uyenebs trekul sistemas, romelmac 

unda SeZlos drois erTeulSi didi raodenobis SemTxvevebis dafiqsireba (High counting 
rate 15 s10 −> ). wina deteqtoruli sistemis geometriuli SezRudulobis gamo, sami 

proporciuli kamera axlos aris erTmaneTTan, rac moiTxovs maT maRal sivrcul 

garCevisunarianobas (daaxloebiT 1 mm), rac impulsis aRdgenisas iZleva 1%-ian 

cdomilebas. amis Sedegad SesaZlebelia gamovyoT or protoniani wyvilebi, romelTa 

aRgznebis energia MeV3<ppE . 

 

naxazi 3. ANKE speqtrometris ZiriTadi nawili, romelic mniSvnelovania eqsperimentisTvis 

scintilatoruli hodoskopebis sistema Sedgeba ori sibrtyisgan, romlebic Seicavs 

Sesabamisad 8 da 9 vertikalurad orientirebul scintilatorebs. maT orive boloze 

moTavsebulia fotogamamravleblebi, romelTa saSualebiTac xdeba amplitudebisa da 

droiTi informaciis wakiTxva. hodoskopebis sistema gamoiyeneba energiis danakargis 
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gasazomad da sxvadasxva mTvlelebSi moxvedrili nawilakebis frenis droebs Soris 

sxvaobis gansazRvrisTvis. maTi energetikuli garCevis unarianoba daaxloebiT 10%-ia, 

xolo droiTi garCevisunarianoba 0.5 nw. 
 

Mode ideal
zP  ideal

zzP  
0 
1 
2 
3 
4 
5 
6 
7 

  0 
–2/3 
+1/3 
–1/3 
+1/2 
–1 
+1 
–1/2 

  0 
  0 
+1 
–1 
–1/2 
+1 
+1 
–1/2 

cxrili 1. nakadis veqtoruli da tenzoruli 

polarizaciebi  

nakadis polarimetria 

polarizebuli deitronebis nakadis misaRebad gamoiyeneboda polarizebuli 

atomebis wyaro, romelic iZleoda rva sxvadasxva modis polarizebul nakads. amaTgan 

erT-erTi iyo arapolarizebuli ( 0=zP , 0=zzP ), xolo danarCen Svid modaSi gvqonda 

veqtoruli da tenzoruli polarizaciebis sxvadasxva kombinacia (crili 1). aCqarebamde 

nakadis polarizaciis gazomvam aCvena, rom veqtoruli polarizacia iyo 

%74=zP ,Pxolo tenzoruli %59=zzP .  

 

naxazi 4. ANKE speqtrometris fazuri sivrce (Acceptance) 

COSY amaCqareblis energetikul areSi deitronis nakadisTvis ar arsebobs 

depolarizaciuli rezonansebi, ramac aCqarebis procesSi SeiZleba gamoiwvios nakadis 

depolarizacia. miuxedavad amisa saWiroa nakadis polarizaciis kidev erTxel gazomva 

eqsperimentis energiaze ( MeV1170=dT ). am mizniT gamoyenebul iqna sami sxvadasxva 

reaqcia: 

• 03Heπ→pd
r

. 

• kvazi Tavisufali 0πdpn →
r

 gabneva, roca protoni speqtatoria sppdpd 0π→
r

. 

• drekadi dppd →
r

 gabneva mcire kuTxeebze. 

am reaqciebis analizuri unarebi gazomilia sxvadasxva eqsperimentebSi da SesaZlebelia 

maTi gamoyeneba. nax. 4-ze mocemulia ANKE speqtrometris fazuri sivrce - aqseptansi 
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(Acceptance) reaqciebis kinematikur mrudebTan erTad. polarizebuli deitronuli 

nakadis SemTxvevaSi reaqciis kveTa gamoisaxeba Semdegi formuliT: 

( ) ( ) ( ) ( )( ) ( )( )[ ]
⎭
⎬
⎫

⎩
⎨
⎧ −++++

Ω
=,

Ω
0

↑

ϕϑϕϑϕϑϑ
σ

ϕϑσ 2cos12cos1
4
1cos

2
31 xxyyzzyz AAPAP

d
d

d
d

 (3.1)

sadac zP  da zzP  nakadis veqtoruli da tenzoruli polarizaciebia, yA  reaqciis 

veqtoruli, xolo yyA , xxA  tenzoruli analizuri unarebia. 
Ωd

d 0σ  reaqciis kveTaa ara-

polarizebuli nakadis SemTxvevaSi. koordinatTa RerZebi aRebulia ise, rom z  RerZi 
emTxveva nakadis mimarTulebas, y  mimarTulia amaCqareblis sibrtyis marTobulad 

zemoT, xolo x  SerCeulia ise, rom miviRoT marjvena koordinatTa sistema. rogorc 

vxedavT nakadis polarizacia iwvevs kuTxuri ganawilebis Secvlas. polarizaciis 

gasazomad saWiroa Sesabamisi reaqciebis analizuri unaris codna da kuTxuri 

ganawilebis Seswavla (polarizebulis arapolarizebulTan mimarTebaSi). 

ANKE speqtrometris wina deteqtoruli sistema saSualebas iZleva 

davafiqsiroT 03Heπ→pd
r

 reaqciaSi mcire kuTxeebze gabneuli He3  ( o0He3

≈cmϑ ). am 

reaqciis tenzoruli analizuri unaris ( yyA ) energiaze damokidebuleba o0=cmϑ  da 
o180=cmϑ kuTxeebisTvis eqsperimentulad sakmaod kargad aris gazomili [3]. am 

kuTxeebze veqtoruli analizuri unari nulis tolia, xolo 12cos ≈ϕ , rac (3.1) 

gamosaxulebas amartivebs:  

( ) ( ) ( )
⎭
⎬
⎫

⎩
⎨
⎧ +

Ω
=,

Ω
0

↑

ϑϑσϕϑσ
yyzz AP

d
d

d
d

2
11  (3.2)

rogorc ukanaskneli formulidan Cans 03Heπ→pd
r

 reaqciidan SesaZlebelia mxolod 

tenzoruli polarizaciis gansazRvra. Cvens mier miRebuli Sedegi ( ) 030.0461.00 ±=o
yyA  

sakmaod kargad emTxveva kolaboracia SATURNE-is mier gazomil mniSvnelobas 

( ) 014.0458.00 ±=o
yyA  [3]. 

 

naxazi 5. ANKE-ze gazomili 
0πdpn →

r
reaqciis veqtoruli analizuri unaris Sedareba SAID-is 

monacemTa bazidan aRebul 
+→ πdppr  reaqciis veqtorul analizur unarTan 
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deitronuli nakadis veqtoruli polarizaciis Sesaswavlad ganxiluli iyo kvazi-

Tavisufali 0πdpn →
r

 gabneva. am reaqciis gamoyofa SesaZlebelia ornawilakovani 

SemTxvevebidan deitron-protonis wyvilebis amorCeviT, roca nakluli masis ganawileba 

iZleva piks 0π  mezonis masaze. aqve yuradReba unda mieqces imas, rom aseTi 

SemTxvevebisTvis proton speqtatoris impulss unda qondes fermis ganawileba. aseTi 

deitron-proton wyvilebis amorCeva SesaZlebelia scintilatoruli hodoskopebidan 

miRebuli droiTi informaciis safuZvelze. es reaqcia saSualebas iZleva gaizomos 

deitronebSi myofi neitronebis veqtoruli polarizacia (neitronis nakads tenzoruli 

maxasiaTebeli ar aqvs). cnobilia, rom speqtqtoris mcire impulsebis SemTxvevaSi 

deitronebis veqtoruli polarizacia da misi Semadgeneli nuklonebis polarizacia 

erTi da igivea. analizisTvis gamoyenebuli iyo SemTxvevebi, roca speqtatoris impulsi 

60 MeV/cspP < . tenzoruli komponentis ar arsebobis gamo (3.1) formula sakmaod 

martivdeba da iRebs Semdeg saxes: 

( ) ( ) ( )
⎭
⎬
⎫

⎩
⎨
⎧ +

Ω
=,

Ω
0

↑

ϕϑϑσϕϑσ cos
2
31 yz AP

d
d

d
d

. (3.3)

0πdpn →
r

 da +→ πdppr  reaqciebis izospinuri invariantobis gamo maTi veqtoruli 

analizuri unari erTi da igivea. es ukanaskneli eqsperimentulad sakmaod kargad aris 

Seswavlili da SeiZleba aRebul iqnas nuklon-nuklonuri urTierTqmedebis monacemTa 

bazidan (SAID)[4]. dabal energiaze gazomili veqtoruli polarizaciis gamoyenebiT 

gansazRvrul iqna 0πdpn →
r

 reaqciis veqtoruli analizuri unaris damokidebuleba 

deitronis gamosvlis kuTxeze masaTa centris sistemaSi, romelic kargad emTxveva 

SAID-is monacemebs (nax. 5). 

   

naxazi 6. dp  drekadi gabnevis veqtoruli (marcxniv) da tenzoruli (marjvniv) analizuri unaris 

damokidebuleba gabnevis kuTxeze masaTa centris sistemaSi. muqi simboloebiT aRniSnulia ANKE-
ze gazomili mniSvnelobebi xolo Ria simboloebiT SATURNE da Argonne-is monacemebi 

 

zemoT ganxiluli ori reaqciisgan gansxvavebiT dp -drekadi gabneviT SesaZlebelia 

nakadis polarizaciis orive komponentis erTdroulad gazomva. Cvens energiebze am 

reaqciis veqtoruli da tenzoruli polarizebuli unari Seswavlil iqna SATURNE[5] 
da Argonne[6] eqsperimentebSi. wina deteqtoruli sistemis saSualebiT SesaZlebelia am 

reaqciidan win gabneuli deitronebis registracia. ANKE speqtrometrze 
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dafiqsirebuli azimutaluri φ  kuTxeebi sakmarisia mxolod veqtoruli yA  da 

tenzoruli yyA  analizuri unarebis gasazomad. (3.1) formulis gamoyenebiT miRebuli 

Sedegebi mocemulia nax. 6-ze  SATURNE da Argonne-is monacemebTan erTad.  
amrigad, zemoT ganxilulma gazomvebma dagvanaxa, rom aCqarebis procesSi 

deitronebis veqtoruli da tenzoruli polarizaciebi cdomilebis farglebSi ar 

icvleba ( %74=zP %59=zP ).  

naTebis gazomva 

rogorc SesavalSi iyo aRniSnuli pnnp →  gadamuxtvis reaqciis spinuri 

struqturis aRdgena saWiroebs nppdp )(→  reaqciis diferencialuri kveTis gazomvas. 

swori normirebisTvis aucilebelia naTebis sididis codna, romelic araa 

damokidebuli konkretul reaqciaze da mxolod nakadisa da samiznis maxasiaTebelebiT 

ganisazRvreba. mis gasazomad mravali meTodi arsebobs. erT-erTi maTgania cnobili 

kveTis mqone birTvuli reaqciis gamoyeneba. am SeTxvevaSi mocemuli reaqciis R  

sixSire ( )ratecount   damokidebulia mxolod σ  kveTaze  da L  naTebaze. 

σ×= LR  (4.1)

naTebis gasazomad gamoyenebul iqna kvazi Tavisufali 0πdnp →  reaqcia. rogorc 

polarimetriis TavSi iyo aRwerili am reaqciis gamosayofad saWiroa sppddp 0π→  

SemTxvevebis dafiqsireba. sppddp 0π→  SemTxvevebis kinematika sakmaod msgavsia 

nppdp )(→  reaqciis, orive SemTxvevaSi saWiroa GeV/c2.1~  impulsis mqone 

ornawilakovani SemTxvevebis amorCeva. sppddp 0π→  reaqciaSi deitron-proton sistemis 

fardobiT impulsze gamoyenebul iqna piroba 175 MeV/cpΔ < , rac eqvivalenturia 

nppdp )(→  reaqciaSi diprotonis aRgznebis energize MeV3<ppE  SezRudvis. 

izospinuri invariantobis gamo 0πdnp →  reaqciis kveTa +→ πdpp  reaqciis kveTis 

naxevaria, romelic eqsperimentulad didi sizustiT aris gazomili. naTebis  

integraluri mniSvnelobisTvis (4.1) formulis gamoyenebiT miRebul iqna 

( ) 105.025.1 −±= nbL . 

gadamuxtvis reaqcia 

disertaciis mTavari Temaa np -gadamuxtvis reaqciis amplitudebis spinuri 

struqturis Seswavla ( )nppdp →  deitronis gadamuxtvis reaqciis gamoyenebiT. 

amisTvis saWiroa ( )nppdp →  reaqciis diferencialri kveTisa da polarizebuli 

maxasiaTeblebis codna. ( )nppdp →  reaqciaSi proton-protonuli wyvilis amorCeva 

SesaZlebelia droiTi informaciis analizidan nakluli masis meTodis gamoyenebiT. 

SerCeul iqna mxolod is proton-protonuli wyvilebi, romelTaTvisac sistemis 

aRgznebis energia MeV3<ppE , rac uzrunvelyofs diprotonis 0
1 S  mdgomareobas. nax. 

7-ze (marcxniv) mocemulia diferencialuri kveTis ppdEd /σ  damokidebuleba aRgznebis 

energiaze, roca gadacemuli impulsi MeV/c100<q . Teoriuli mrudebi miRebulia 

impulsur miaxloebaSi 0
1 S  parcialuri talRisTvis (wyvetili), maRali parcialuri 

talRebisTvis (wertilebi) da maTi jamisTvis (uwyveti). miuxedavad dabali aRgznebis 
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energiisa da mcire gadacemuli impulsebisa, rogorc Cans deitronis didi radiusis 

gamo adgili aqvs maRali parcialuri talRuri mdgomareobebis aRgznebas. nax. 7-ze 

(marjvniv) mocemulia diferencialuri kveTis dqd /σ  gadacemul impulsze 

damokidebuleba MeV3<ppE  SemTxvevebisTvis, romelic sakmaod kargad emTxveva 

Teoriul mruds.  

   

naxazi 7. marcxena naxazze mocemulia diferencialuri kveTis aRgznebis energiaze damokidebuleba 

roca MeV/c1000 << q . aseve mocemulia Teoriuli mrudebi: 0
1 S  (wyvetili),  maRali 

parcialuri talRebisTvis (wertilebi) da aseve maTi jami (mTliani).  
marjvena naxazze mocemulia diferencialuri kveTis gadacemul impulsze damokidebuleba roca 

( MeV3<ppE ). Teoriuli mrudTan erTad. 

np  gabnevis spinuri amplitudebis aRdgena ufro mosaxerxebelia polarizebuli 

maxasiaTeblebis sferul koordinatebSi warmodgeniT. am SemTxvevaSi diferencialuri 

kveTa polarizebuli deitronuli nakadis SemTxvevaSi Semdegnairad Caiwereba: 

( ) ( ) ( ) ( ) ( ) ( )ϕϕσϕσ 2cos
2
3

22
1cos31, 222011

0

qtPqtPqitPq
dt
dq

dt
d

zzzzz −−+=⎟
⎠
⎞

⎜
⎝
⎛

 (5.1)

sadac 0 indeqsiT aRniSnulia arapolarizebuli kveTa. 11it  veqtoruli, xolo 20t  da 

22t  tenzoruli analizuri unarebia sferul koordinatebSi. dabali aRgznebis 

energiisTvis ( )npppd →
r

 reaqciis veqtoruli analizuri unari 0-is tolia, amitom 

5.1-is magivrad gveqneba: 

( ) ( ) ( ) ( ) ( )ϕσϕσ 2cos
2
3

22
11, 2220

0

qtPqtPq
dt
dq

dt
d

zzzz −−=⎟
⎠
⎞

⎜
⎝
⎛

 (5.2)

tenzoruli analizuri unaris gamosaTvlelad Seswavlil iqna polarizebuli 

SemTxvevebis raodenobis arapolarizebulTan Sefardebis damokidebuleba ( )ϕ2cos -ze 

gadacemuli q  impulsis MeV20 -ian intervalebSi. am damokidebulebis (5.2) formuliT 

fitirebisas SesaZlebelia tenzoruli analizuri unarebis 20t  da 22t  gansazRvra. nax. 

8-ze mocemulia fitirebis Sedegi erT-erTi qΔ  intervalisTvis. pp -sistemis aRgznebis 

energiis zrdasTan erTad mosalodnelia tenzoruli signalis Sesusteba, rac 

ganpirobebulia maRali talRuri mdgomareobebis aRgznebis albaTobis gazrdiT. amitom 

cal-calke iqna ganxiluli SemTxvevebi, roca aRgznebis energia MeV10 << ppE  da 

MeV31 << ppE .  
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naxazi 8. polarizebuli da arapolarizebuli count rate-is Sefardebis damokidebuleba azimutalur 

kuTxeze. am ganawilebis fitireba (1) formuliT tenzoruli analizuri unaris gansazRvris 

saSualebas iZleva. 

 

tenzoruli analizuri unarebis gadacemul impulsze damokidebuleba aRgznebis 

energiis or sxvadasxva areSi mocemulia nax. 9-ze. tenzoruli signalis Sesusteba 

ufro kargad gamoCndeba, Tu gamoviyenebT diprotonze gadacemul qr  da am sistemis 
fardobiT k

r
 impulsebs Soris kuTxeze SezRudvas. Teoriidan cnobilia, rom P  da 

sxva maRali talRuri mdgomareobis aRgzneba ar xdeba, roca 0=⋅kq
rr

. eqsperimentul 

monacemebTan erTad aseve naCvenebia impulsur miaxloebaSi Sesabamisi pirobebiT 

daTvlili Teoriuli mrudebi, romlebic sakmaod kargad aRweren eqsperimentul 

Sedegebs. 

    

naxazi 9. ( )npppd →
r

 reaqciis tenzoruli analizuri unaris damokidebuleba gadacemul 

impulsebze. Ria simboloebiT aRniSnulia 
20t  da daxuruliT 22t  marcxniv MeV1<ppE  da marjvniv 

MeV31 << ppE . rgolebiT aRniSnulia Sedegebi roca 5.0cos <kqϑ  da samkuTxedebiT 5.0cos >kqϑ . 

mTliani da wyvetili mrudebi warmoadgenen Teoriul daTvlebs Sesabamis kuTxur areSi. 

np  gabnevis spinuri amplitudebis gansazRvrisTvis ganvixiloT kolinearuli 

kinematikis SemTxveva ( 0=q ). (1.14) da (1.15) formulebidan SesaZlebelia ( ) ( )00 βε  

Sefardebis ganvsazRra: 

( )
( ) 20

20

2
22

0
0

t
t

+
−

=
β
ε

 (5.3)
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radgan 0=q -Tvis pp -sistemis maRali parcialuri talRuri mdgomareobebis aRgzneba 

ar xdeba,  20t  interpolaciisTvis 0=q  wertilSi gamoyenebuli iyo aRgznebis 

energiis mTliani are ( MeV30 << ppE ). Sedegad miRebul iqna mniSvneloba 

02.037.020 ±=t , saidanac spinuri amplitudebis SefardebisTvis gveqneba: 

( )
( ) 03.061.0
0
0

±=
β
ε

 (5.4)

daskvna 

sadisertacio naSromis ZiriTad mizans warmoadgenda pnnp →  gabnevis 

amplitudebis spinuri struqturis Seswavla polarizebuli  deitronis npppd )(→
r

 

gadamuxtvis reaqciis gamoyenebiT. rogorc SesavalSi avRniSneT am reaqciis kveTa da 

polarizebuli maxasiaTeblebi pirdapir kavSirSia np  gabnevis amplitudebTan. am mizniT 

Catarda Semdegi samuSaoebi: 

 

• deitronis gadamuxtvis npppd )(→
r

 reaqciis polarizebuli maxasiaTeblebis 

gasazomad Seswavlil iqna deitronuli nakadis polarimetria. gaizoma 

nakadis veqtoruli da tenzoruli polarizaciebi, sami sxvadasxva reaqciis 
03Heπ→pd

r
, 0πdpn →

r
 da dppd →

r
 gamoyenebiT MeV1170=dT  energiaze 

da miRebul iqna Semdegi mniSvnelobebi: %74=zP  da %59=zzP . 

 

• eqsperimentis momzadebis periodSi Catarda zemoT ganxiluli yvela 

reaqciis modelireba da Seswavlil iqna maTi deteqtirebis impulsuri da 

kuTxuri areebi. am monacemebis safuZvelze moxda ANKE speqtrometris 

deteqtoruli sistemebis optimaluri konfiguraciis miRweva. modelirebis 

gamoyenebiT gamoTvlil iqna ANKE speqtrometris fazuri sivrce – 

aqseptansi npppd )(→
r

 reaqciisTvis, romelic aucilebelia diferenci-

aluri kveTis gasazomad. 

  

• reaqciis diferencialuri kveTis gazomva moiTxovs am reaaqciis 

registrirebuli SemTxvevebis raodenobis normirebas naTebaze, romelic 

nakadis da samiznis maxasiaTebeli sidideebiT ganisazRvreba. mis gasazomad 

Seswavlili iyo sppddp 0π→  procesi. naTebis integraluri mniSvnelo-

bisTvis miRebul iqna Semdegi mniSvneloba ( ) 105.025.1 −±= nbL . 

 

• disertaciaSi naCvenebia, rom impulsur miaxloebaSi npppd )(→
r

 reaqciis 

difrencialuri kveTisa da tenzoruli analizuri unarebis gamoyenebiT 

SesaZlebelia Semdegi spinuri amplitudebis sidideebis gansazRvra 
22 γβ + , 

2δ  da 
2ε . ganxilul naSromSi miRebulia difrencialuri 

kveTisa ( dqdσ , ppdEdσ ) da tenzoruli analizuri unarebis ( 20t , 22t ) 

eqsperimentuli gazomvis Sedegebi  MeV1170=dT  energiaze, romlebic 

kargad aRiwereba impulsur miaxloebaSi miRebuli Teoriuli mrudebiT. 
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• pirvelad ganivsazRvra spinuri amplitudis modulebis ( ) ( )00 βε Sefardeba, 

romelic mxolod 20t  tenzorul analizur unarzea damokidebuli. am 

SefardebisTvis miRebul iqna Semdegi mniSvneloba ( ) ( ) 03.061.000 ±=βε . 

 

zemoT ganxiluli gvaZlevs safuZvels vivaraudoT, rom igive eqsperimenti maRal 

energiebze pnnp →  gabnevis amplitudebis spinuri struqturis gansazRvris 

saSualebas mogvcems. aseve dagegmilia npppd )(→
rr

 ormagad polarizebuli reaqciis 

Seswavla polarizebuli samiznisa da polarizebuli nakadis gamoyenebiT. gazomil 

iqneba spin-spinuri korelaciis koeficientebi xxC ,  da yyC ,  saidanac SesaZlebelia 

amplitudebs Soris fardobiTi fazis aRdgena. 
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