
iv. javaxiSvilis saxelobis Tbilisis saxelmwifo univeersiteti 
fizkikis fakultetis elementaruli nawilakebis fizikis kaTedra 

 

 
 

 

samagistro naSromi: 
 

COSY amaCqarebelis amaCqarebelis amaCqarebelis amaCqarebelis    deitronis deitronis deitronis deitronis nakadis nakadis nakadis nakadis 

polarizaciis polarizaciis polarizaciis polarizaciis Seswavla Seswavla Seswavla Seswavla ANKE speqtrometris speqtrometris speqtrometris speqtrometris 

gamoyenebiTgamoyenebiTgamoyenebiTgamoyenebiT    

    

    

    

daviT WilaZis daviT WilaZis daviT WilaZis daviT WilaZis     

    

    

    
magistranti: daviT WilaZe 

 

xelmZRvaneli, Tbilisi: prof. m. nioraZe 

xelmZRvanelebi, iulixi a. kaWarava, f. ratmani 

 

recenzenti, londoni: prof. k. vilkini 

 

 

 
 

 

 

 

 

 

 

 

 

 
naSromi Sesrulebulia iulixis kvleviTi centris 

birTvuli fizikis institutSi (germania) 

iulixi 2004 w. 



 2



 3

    

SesavaliSesavaliSesavaliSesavali............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................5555 

fizikuri motivacia..................................................................................................................................5 

np procesis Seswavla ANKE-ze .......................................................................................................5 

polarizebuli eqsperimentis tipebi..............................................................................................6 

polarizaciis principebipolarizaciis principebipolarizaciis principebipolarizaciis principebi ............................................................................................................................................................................................................................................................................................................................................................................................7777 

1/2 spini ...........................................................................................................................................................7 

veqtoruli polarizaciis gazomva..................................................................................................8 

spini 1 ..............................................................................................................................................................11 

tenzoruli polarizaciis gazomva............................................................................................... 13 

eqsperimentieqsperimentieqsperimentieqsperimenti................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................ 14141414 

COSY amaCqarebeli .................................................................................................................................14 

ANKE speqtrometri ............................................................................................................................. 15 

wina deteqtoruli sistema (The forward detector system) ...............................................16 

wina deteqtoris fazuri sivrce (Acceptance) .....................................................................17 

silikon teleskopi (Silicon-detector telescope) ...................................................................... 18 

2003 wlis noemberis monacemebi.................................................................................................... 18 

ganaTebuloba (ganaTebuloba (ganaTebuloba (ganaTebuloba (Luminosity))))................................................................................................................................................................................................................................................................................................................................................................ 19191919 

ganaTebulobis gazomva dp  drekadi reaqciidan .................................................................. 19 

fazuri sivrcis gansazRvra..............................................................................................................20 

polarimetriapolarimetriapolarimetriapolarimetria ....................................................................................................................................................................................................................................................................................................................................................................................................................................................................................21212121 

EDDA eqsperimentis Sedegebi.........................................................................................................22 

dp→ dp reaqcia ANKE speqtrometrze .................................................................................... 23 

np→ dπ0 reaqcia....................................................................................................................................... 25 

dp→ 3Heπ0 reaqcia..................................................................................................................................26 

dp→ (pp)n reaqcia...................................................................................................................................27 

daskvnadaskvnadaskvnadaskvna ........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................ 29292929 

literaturaliteraturaliteraturaliteratura ............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................30303030 



 4



 5

SesavaliSesavaliSesavaliSesavali    

fizikuri motivaciafizikuri motivaciafizikuri motivaciafizikuri motivacia    

urTierTqmedebis erT-erT umartivesi da fundamenturi saxis Sesaswavlad, 

romelsac Zlieri urTierTqmedeba qvia, saWiroa nuklon-nuklonuri ( )NN  sistemis 

Seswavla. es aris erT-erTi ZiriTadi nabiji birTvebis Sesaswavlad, romelic 

saSualebas mogvcems gavigoT Tu ra xdeba birTvSi da ra Zalebi akaveben mis 

SigniT protonebsa da neitronebs. 
NN  sistemis sruli aRwerisaTvis sakmaod didi mniSvneloba eniWeba 

polarizebul eqsperimentebs. aseTi eqsperimentebi pp  sistemisaTvis Catarebulia 

3 GeV energiamde, xolo np  sistema Seswavlilia 800 MeV-mde. np  reaqciis 
spinuri amplitudebis gazomva, rac sakmaod mniSvnelovania TeoriisTvis, 

SesaZlebelia polarizebuli deitronis wyalbadze gafantvis eqsperimentSi, roca 

gafantva masaTa centris sistemaSi xdeba ukana naxevarsferoSi. am SemTxvevaSi 

saqme gvaqvs gadamuxtvis reaqciasTan Charge Exchange Reaction (CE). rodesac 

gafantvis kuTxe θ  axlos aris nulTan da neitronze gadacemuli oTximpulsi 

mcirea 0~t , maSin CEdp  reaqciis kveTa mTlianad damokidebulia spinur 

amplitudebze. Sesabamisad reaqciis kveTisa da analizuri unaris gazomviT 

SeiZleba maTi ganvsazRvra. 

np    procesisprocesisprocesisprocesis Seswavla Seswavla Seswavla Seswavla ANKE----zezezeze    

np procesis Seswavla programas ANKE speqtrometrze ganpirobebulia Semdegi 

mizezebiT: 

1. dawvrilebiTi Seswavla da drekadi pn gafantvis monacemTa bazis Sevseba 
didi sizustis eqsperimentebis saSualebiT, sadac Seswavlili iqneba 

polarizebuli protonis polarizebul deitronze gabneva ( )dp
�

�

 

2. elementaruli np  gafantvis procesis (CE) spinuri amplitudebis 

gansazRvra polarizebuli deitronis polarizebul samizneze gafantvis 

procesidan ( )pd�
�

 

programa gayofilia or nawilad: 

1. pirveli nawili moicavs arapolarizebuli da polarizebuli deitronis 

gafantvas arapolarizebul wyalbadis samizneze. reaqciis kveTisa da 

analizuri unaris (Analysing power) gansazRvra saSualebas mogvcems 

daviTvaloT ori amplitudis absolituri mniSvneloba. 

2. polarizebuli deitronis polarizebul wyalbadze gafantva ki saSualebas 

mogvcems ganvsazvroT fazaTa sxvaoba or amplitudas Soris. 
Cveni programa miznad isaxavs rogorc kveTis aseve polarizaciis gazomvas, 

amitom es eqsperimenti iqneba pirveli, romelic saSualebas mogvcems np  procesis 
spinuri amplitudebi viangariSoT LAMPF-is energiaze (800 MeV) maRali 

energiebisTvis COSY-is maqsimalur energiamde (1150 MeV nuklonze). ANKE 
speqtrometri moicavs �� 300.. −≈mcθ  kuTxur ares, romelic eqsperimentulad jer 

kideve Seuswavlelia. 

pirveli sacdeli eqsperimenti Catarda 2003 wlis noemberSi polarizebuli 

deitronis arapolarizebul wyalbadze gafantviT, sadac nakadis energia iyo 

GeVTd 2.1=  ( )cGeVpd /4.2= . eqsperimenti miznad isaxavda Segveswavla ANKE 



 6

speqtrometris SesaZleblobebi, nakadis polarizaciis gansazRvra damoukideblad, 

romelsac Zalian didi mniSvneloba aqvs momavalSi polarizebuli eqsperimentebis 

Catarebisas da SeisaZleblobas iZleva Secvalos EDDA deteqtori, rogorc 

polarimetri, xangrZlivi eqsperimentebisas. 
reaqciis diferencialuri kveTisa da analizuri unaris gazomva saSualebas 

mogvcems kargi sizustiT aRvadginoT ori spinuri amplituda, raTa seriozuli 

cvlileba movaxdinoT nuklon-nuklonur monacemTa bazaze. yovelive amisTvis 

saWiroa eqsperimenti, romelic saSualebas gvaZlevs didi sizustiT gavzomoT 

nakadis polarizacia da ganaTebuloba (Luminosity). 

polarizebuli eqsperimenpolarizebuli eqsperimenpolarizebuli eqsperimenpolarizebuli eqsperimenttttis tipebiis tipebiis tipebiis tipebi    

cnobilia Semdegi tipis polarizebuli nuklon-nuklonuri eqsperimentebi: 

i. ( )DcbA �,  polarizebuli eqsperimentebi; 

ii. ( )DcbA ,
�

 Analysing power eqsperimentebi; 
(i) tipis eqsperimentebi aparaturulad isea mowyobili, rom saSualebas iZleva 

ganvsazRvroT gafantuli nawilakebis polarizacia. es Cveulebriv keTdeba 

gafantuli nawilakebis sxva samizneze Semdgomi gafantvis asimetriis SeswavliT. 
(ii) tipis eqsperimentebi aseve iyenebs ‘marcxena-marjvena’ asimetriis Seswavlis 

meTods, oRond am SemTxvevaSi cnobilia damcemi nakadis polarizacia. adre 

iyenebdnen ormagi gafantvis meTodi. pirveli gafantviT izomeboda nakadis 

polarizacia xolo meore gafantviT ukve SesaZlebeli xdeboda reaqciis Analysing 
power-is gazomva. meoradi gafantvisas naklebia SemTxvevaTa raodenoba da dabalia 

energetikuli da kuTxuri garCevisunarianoba, amitom am meTodis gamoyeneba 

SesaZlebelia mxolod maRali kveTis mqone procesebisTvis. 

polarizebuli ionebis wyaros Seqmnisa da ganviTarebis Semdeg gaadvilda im 

eqsperimentebis Catareba, sadac ganisazRvreba reaqciis nalizuri unari. misi 

gamoyenebiT SesaZlebelia iseTi eqsperimentebis Catareba sadac polarizebulia 
reaqciaSi monawile ori nakadi. am tipis eqsperimentebi Semdegi saxisaa: 

iii. ( )DcbA �

�

,  polarization – transfer experiments 
iv. ( )DcbA ,

��

 spin  – correlation (initial chanel) experiments 
v. ( )DcbA

�

�,  spin  – correlation (final chanel) experiments 
(iii) tipis eqsperiments xandaxan sammagi gafantvis eqsperimentsac eZaxian, 

radgan polarizebuli ionebis wyaros gamogonebamde aseTi eqsperimentis 

Casatareblad saWiro iyo sammagi gafantvis Seswavla. pirveli gafantva saWiro 

iyo polarizebuli nakadis misaRebad, meore am polarizaciis gasazomad da mesame 

analizuri unaris gansasazRvravad. polarizebuli ionebis wyaros Seqmnis Semdeg 

aseTi eqsperimentebis Casatareblad ukve sakmarisia ormagi gafantva. 

(iv) tipis eqsperimentebSi polarizebuli nakadi ecema polarizebul samiznes. 

ukve Seqmnilia polarizebuli samizneebi romlebic saSualebas iZleva am tipis 

eqsperimentebis Catarebas, romelic aseve Zalian sainteresoa birTvuli fizikis 
sxvadasxva sakiTxebis Sesaswavlad. 

(v) tipis eqsperimentebSi saWiroa orive saboloo nawilakis nakadis 

polarizaciis gazomva, rac sakmaod did sirTules warmoadgens. am saxis 

eqsperimentebi jer ar Catarebula Tu ar CavTvliT nuklon-nuklonur gafantvas. 
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drekadi gafantvis SemTxvevaSi, drois SebrunebiT (v) tipis eqsperimenti 

emsgavseba (iv) tipis eqsperiments. 
am naSromSi Cven ganvixilavT (ii) tipis eqsperiments. 

polarizaciis principebipolarizaciis principebipolarizaciis principebipolarizaciis principebi    

kvantur meqanikaSi impulsis momentis operatori akmayofilebs Semdeg 

gantolebas: 

kijkjjjj SSSSS ε=−  (1)

esenia spinis hermituli operatorebi, romelTa kvali 0-is tolia. dekartes 

koordinatTa sistemaSi gveqneba sami komponenti xS , yS  da zS  romlebic 

gansazRvraven erT S
�

 veqtors, romlis sakuTari funqciebi da sakuTari 

mniSvnelobebi moicema Semdegnairad 

( ) smsssmS �
�

12 +=  (2)

sssmsmmsmS z ++−−== ,,1, l�  (3)

sm  aris 2S
�

-sa da misi erT-erTi mdgenelis sakuTari funqcia. SeTanxmebiT 

miRebulia, rom es iyos z  mdgeneli. es sakuTari funqcia damokidebulia or 

kvantur ricxvze: spinuri kvanturi ricxvi s  da magnituri kvanturi ricxvi m , 

romlsac gaaCnia ( )12 +s  mniSvneloba. 

21=s  SemTxvevisTvis gvaqvs magnituri kvanturi ricxvis ori SesaZlo 

mniSvneloba, 21−=m  an 21+=m . spinuri operatorebi SeiZleba CavweroT 

paulis matricebis saSualebiT: 

σ��
�

2
1=S  (4)

sadac 










−
=








 −
=









=

10
01

0
0

01
10

z

y

x

i
i

σ

σ

σ

 (5)

paulis es sami matrica erTeulovan matricasTan erTad Seadgens srul 

sistemas sadac 21=s  da am sistemaSi yvela hermituli operatori SeiZleba 

gamoisaxos, rogorc maTi wrfivi kombinacia. spinuri operatorebis aseTi saxiT 

Cawera Zalian mosaxerxebelia kvanturi meqanikisTvis. 

1/2 spini1/2 spini1/2 spini1/2 spini    

zemoT ganxiluli SemTxveva Seexeba nawilaks romlisTvisac �⋅±= 21zS  da 

1±=zσ . magram Tu gvaqvs ara erTi nawilaki aramed nawilakebis sistema 
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(magaliTad nakadi) maSin aseTi sistemis aseTi saxiT aRwera ar SeiZleba. am 

mizniT SemoaqvT simkvrivis matricis cneba: 

∑
=

=
n

i
iii smsmp

1
ρ  (6)

sadac: 

≡n sufTa mdgomareobebis raodenoba (am SemTxvevaSi 2=n ) 

≡ip sistemaSi i  mdgomareobis albaToba 

aseTi Cawera saSualebas iZleva sistema aRvweroT sami komponentis saSualebiT 

( )zyxipi ,,= : 

( )iiip ρσσ Trace==  (7)

esenia polarizaciis veqtoris komponentebia ( )zyx pppp ,,=�

, romelic axasiaTebs 

naxevari spinis mqone nawilakebis sistemas. aq yuradRebiT unda viyoT radgan 

kvantur meqanikaSi veqtoris modulTan erTad mxolod misi erT-erTi mdgeneli 
SeiZleba gaizomos. SeTanxmebis Tanaxmad es aris z  mdgeneli. 

( ) −+−+ −=−−+++=== ppppp zzzzz σσρσσ Trace*  (8)

rodesac 0* =zp  maSin −+ = pp  da Sesabamisi 21,21 +  da 21,21 −  

mdgomareobebis albaTobebi erTmaneTis tolia. 21+=m  mdgomareobaSi myofi 

nawilakebis +N  raodenoba igivea rac 21−=m  mdgomareobaSi myofi nawilakebis 

−N  raodenoba. Tu −+ > pp  maSin 21,21 +  mdgomareobaSi nawilakebis raodenoba 

metia anu −+ > NN . 

amrigad polarizacias vzomavT z  RerZis gaswvriv: 

−+

−+−+
−+ +

−=−=−=
NN
NN

N
N

N
Nppp

tottot
z
*  (9)

saidanac gamomdinareobs rom 

11 * +≤≤− zp  (10)

Tu nakadSi yvela nawilaki imyofeba 21+=m  mdgomareobaSi, maSin nakadis 

polarizacia 1* =zp , an Tu yvela nawilaki imyofeba 21−=m , plarizacia iqneba 

1* −=zp . 

veqtoruli polarizaciis gazomvaveqtoruli polarizaciis gazomvaveqtoruli polarizaciis gazomvaveqtoruli polarizaciis gazomva    

nakadis Teoriis kvantur-meqanikuri ganxilviT, birTvuli reaqciis dif. kveTaze 

gavlenas axdens nakadis polarizaciis xarisxi. 

polarizebuli nakadebis TeoriaSi, arapolarizebuli nawilakebis gafantvis f  
amplitudis magivrad gamoiyeneba gadasvlis anu M  matrica. reaciis kveTa 

naxevari spinis mqone nawilakebisTvis SeiZleba Caiweros Semdegi saxiT: 

( )zzyyxx
pol

ApApAp
d
d

d
d +++









Ω
=









Ω
1

0

σσ
 (11)
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sadac 
0









Ωd
dσ

 aris arapolarizebuli nakadis kveTa. iA  aris reaqciis 

analizuri unari “Analysing power” an “efficiency tensor” (meore rigis). garda imisa 
rom iA  damokidebulia birTvul reaqciaze, igi aseve damokidebulia nakadis 

energiaze da damcemi ink  da gafantuli nawilakebis outk  impulsebs Soris kuTxeze 

ϑ . analizuri unari Semdegnairad ganisazRvreba: 

( ) ( )
( )*

*

Trace
Trace,

MM
MMEAA i

ii
σθ ==  sadac .,, zyxi =  (12)

luwobis Senaxvis gamo reaqcia mgrZnobiarea mxolod iA -is im komponentisadmi, 

romelic kveTis sibrtyis marTobulia. medisonis 1970 wlis SeTanxmebis Tanaxmad, 

koordinatTa sistemis RerZebi mimarTulia ise rogorc naCvenebia naxazze. 

zyx
kky

kz

outin

in

���

��

�

�

�

×
×

||
||

||

 

(13)

(14)

(15)

 

 

naxazi 1. koordinatTa laboratoriuli sistemis gansazRvra medisonis SeTanxmebis mixedviT 

am SeTanxmebis mixedviT yovel deteqtors gaaCnia sakuTari aTvlis sistema 

gafantuli nawilakis impulsis outk  mimarTulebis mixedviT. mxolod z  RerZis 
mimarTuleba rCeba ucvleli. polarizaciis dakvantis erTeulovani veqtori 

aRniSnulia p� -Ti da misi mimarTuleba ganisazRvreba β  da φ  kuTxeebiT, rogorc 

es naCvenebia naxazze. β  aris kuTxe dakvantvis RerZsa da nakadis mimarTulebas 

Soris, xolo φ  aris kuTxe p� -is yx,  sibrtyeSi gegmilsa da y  RerZs Soris. am 
aRniSvnis upiratesobaa is rom, x  da z  RerZebi yovelTvis gafantvis sibrtyeSia 

da rogorc ukve avRniSneT, mxolod 0≠yA . amis gaTvaliswinebiT (11) 

formulidan miviRebT 

( ) ( )yzyy
pol

Ap
d
dAp

d
d

d
d φβσσσ cossin11 *

0

+








Ω
=+









Ω
=









Ω
 (16)



 10

sadac *
zp  aris veqtoruli polarizacia p�  RerZis gaswvriv, romelic izomeba 

eqsperimentze. rodesac �90=β  da �0=φ  polarizaciis RerZi mimarTulia y  
RerZis gaswvriv da ppp zy

�== *  yvela danarCen SemTxvevisTvis unda 

gaviTvaliswinoT yvela komponenti. 

medisonis SeTanxmebis Tanaxmad, Tu �0=φ  maSin gafantva gvaqvs marcxniv (L) da 
Tu �180=φ  — marjvniv (R). Tu nakadsa da gafantul nawilakebs Soris kuTxea 

θ  maSin SemTxvevebis raodenobisTvis miviRebT Semdeg mniSvnelobebs 

( )
( )

( )

( )
( )

( )yyRA

yyLA

Ap
d
dNnR

Ap
d
dNnL

−








Ω
Ω=

+








Ω
Ω=

1

1

,,

,,

θ
φβθ

θ
φβθ

σζ

σζ
 

(17)

(18)

( ) ≡φβθ ,,L  marcxena deteqtorSi moxvedrili nawilakebis raodenoba; 

( ) ≡φβθ ,,R  marjvena deteqtorSi moxvedrili nawilakebis raodenoba; 

≡n  damcemi nawilakebis raodenoba; 

≡AN  nawilakebis raodenoba samizneSi; 

≡Ωi  deteqtoris sivrculi kuTxe; 

≡ζ  deteqtoris efeqturoba; 

≡0σ  arapolarizebuli nakadis kveTa. 

 

polarizaciis gasazomad arsebobs ori gza: 

 
pirveli SemTxvevisTvis SegviZlia nakadis polarizacia SevcvaloT °180 -iT da 

daviTvaloT spini ‘zeviT’ da spini ‘qveviT’ nawilakebi, ris Semdegac miviRebT 

asimetrias: 

yy

yy

Ap
Ap

LR
RL

−
+

=
↓⋅↑
↓⋅↑=

1
1

1ε  (19)

polarizaciisTvis gveqneba: 

y
y A

p 1
1
1 ⋅

+
−=

ε
ε

 (20)

meore SemTxvevisTvis polarizaciis dasaTvlelad SeiZleba SevadaroT 

polarizebuli da arapolarizebuli SemTxvevebi: 

yy

yy

polunpol

unpolpol

Ap
Ap

RL
RL

−
+

==
1
1

2ε  da 
y

y A
p 1

1
1

2

2

⋅
+
−=

ε
ε

 (21)

polarizaciis cdomilebis daTvlisas ZiriTadi wvlili Seaqvs analizur unars 

da asimetrias 

ε∆⋅∆∆ Ap ~  (22)
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Tu SevadarebT pirvel da meore xerxs davinaxavT, rom meore SemTxvevaSi 

cdomileba ufro metia vidre pirvelSi 

12
2 εε pp ∆=∆  (23)

formula (20) –Si SevitanoT L  da R  da davTvaloT cdomileba, gveqneba: 

( )0

111~
Ω

⋅∝
+

∆
ddtARLA

p
σ

 (24)

sadac t  aris gazomvis dro. Tu gamoviyvanT margi qmedebis koeficients 

miviRebT: 

0

2









Ω
⋅

d
dA σ

 (25)

rac ufro didia es wevri miT ufro naklebi droa saWiro sasurveli 

cdomilebis misaRebad. es niSnavs rom reaqciis SerCevisas yuradReba unda 

mivaqcioT jer analizur unars da Semdeg kveTas. 

spini 1spini 1spini 1spini 1    

erTi spinis mqone nawilakebisTvis gvaqvs sami sufTa mdgomareoba (formula 3.). 

anu zS  gaaCnia sami sakuTari mniSvneloba, esenia: 

1;10;11;1 −====== msmsms  (26)

amasTan S
�

 operatori warmoadgens 33× -ze matricas, romelic SeiZleba paulis 

operatorebis msgavsad CavweroT: 

















−
=

















−
−

=

















=

100
000
001

010
101

010

2

010
101
010

2
1

z

y

x

S

iS

S

 (27)

es sami matrica erTeulovan matricasTan erTad gvaZlevs oTx wrfivad 

damoukidebel hermitul operators. cxadia rom 33× -ze sivrcis srulad 

aRsawerad saWiroa cxra wrfivad damoukidebeli hermituli operatori. 

TiToeulis kvali unda iyos 0-i da isini unda iyvnen erTeulovani U  matricis 

orTogonalurebi. arsebuli matricebidan SeiZleba SevadginoT Semdegi jami: 
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( ) ijijjiij USSSSS δ2
2
3 −+=  (sadac .,,, zyxji = ) (28)

aqedan vRebulobT eqvs matricas, magram radgan 0)(Trace =S , dagvrCeba mxolod, 

xuTi wrfivad damoukidebeli matrica: 

( )ijijij SSp ρTrace==  (29)

ijp  avRniSnoT zustad ise rogorc es gavakeTeT ip -Tvis: 

( )zzzzzz SSp ρTrace==  (30)

aseTi nawilakebisTvis veqtoruli polarizacia igive formuliT ganimarteba, 

xolo tenzoruli polarizacia Seizleba CavweroT, samive mdgomareobis Sevsebis 

ricxvebis saSualebiT: 

( ) 0
* 2Trace pppSSp zzzzzz −+=== −+ρ  (31)

Tu yvela mdgomareoba Tanabrad aris Sevsebuli, anu 310 === −+ ppp , maSin 

gvaqvs sruliad arapolarizebuli nakadi 0* =zzp  da 0* =zp . zogadad tenzoruli 

polarizacia ase Caiwereba: 

tot
zz N

NNNpppp 0
0

* 2
2

−+
=−+= −+

−+  (32)

aqedan gamomdinareobs rom 

12 * ≤≤− zzp  (33)

sailustraciod naxeT naxazi 2. tenzoruli polarizaciis codna, iZleva 

informacias −+ + NN  da 0N  Soris damokidebulebaze, xolo veqtoruli 

polarizacia (damokidebuleba +N -s da −N -s Soris) intensivobasTan erTad 

informacias gvaZlevs sxvadasxva spinuri mdgomareobebis Sevsebis Sesaxeb. 

 

naxazi 2. dadebiTi da uaryofiTi tenzoruli polarizacia 
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tenzoruli polarizaciis gazomvatenzoruli polarizaciis gazomvatenzoruli polarizaciis gazomvatenzoruli polarizaciis gazomva    

pirvel naxazze mocemul koordinatTa sistemaSi, erT spiniani nawilakebis 

nakadis kveTa SeiZleba ase Caiweros: 











++









Ω
=









Ω ∑∑
==

3

1,

3

10

31231
ji

ijij
i

ii
pol

ApAp
d
d

d
d σσ

 (34)

p -ebiT aRniSnulia nakadis polarizacia, xolo A -ebiT reaqciis analizuri 

unari. damcem nakads SeiZleba gaaCndes veqtoruli polarizaciis samive 

komponenti, zyx ppp ,, , magram luwobis Senaxvis gamo reaqcia mgrZnobiarea mxolod 

gafantvis sibrtyis marTobuli komponentebisadmi. tenzoruli polarizaciis 

mdgenelebisTvisac, isev luwobis Senaxvidan gamomdinareobs, rom mxolod is 

komponentia  mniSvnelovani, romelebic mocemulia formulaSi: 








 ++++








Ω
=









Ω −− zzzzyyxxyyxxxzxzyy
pol

ApApApAp
d
d

d
d

2
1

6
1

3
2

2
31

0

σσ
 (35)

es sidideebi isea normalizebuli, rom veqtoruli komponentebi ( zyx ppp ,,  da 

yA ) SeiZleba icvlebodes 1+  dan 1− -mde, tenzoruli sidideebi ( xzyzxy ppp ,,  da 

xzA ) 23+ -dan 23− -mde da danarCenebi ( yyxxzzyyxx AAppp ,,,,  da zzA ) 1+ -dan 2− -

mde. damokidebuleba dekartesa da sferul koordinatebSi gamosaxul analizur 

unarebs Soris moicema Semdegi formulebiT: 

( )yyxx

xz

zz

yy

AAT

AT

AT

AiT

−=

−=

=

=

32
1

3
1

2
1
2
3

22

21

20

11

 (36)

xolo polarizaciis komponentebisTvis, romelic mocemulia pirvel naxazze 

naCveneb koordinatTa sistemaSi, gveqneba: 

( )1cos321
2cossin23
sincossin23

cossin

2*

2*

*

*

−=
−=
−=

=

−

β
φβ

φββ
φβ

zzzz

zzyyxx

zzxz

zy

pp
pp
pp

pp

 

(37)

(38)

(39)

(40)

deteqtoris mier gazomili nawilakebis raodenoba iqneba: 
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( )

( ) zzzzyyxxzz

xzzzyzNA

ApAp

ApApNnN

1cos3
4
12cossin

4
1

sincossincossin
2
31

2*2*

**

−+−

−






 −+⋅Ω=

−

0,,

βφβ

φββφβσζφβθ

 (41)

rogorc vxedavT, gvaqvs oTxi ucnobi cvladi: zzyyxxxzy pppp ,,, −  an .,φβ,, **
zzz pp  

maT gasazomad saWiroa oTxi damoukidebeli deteqtori, aq ar gamodgeba is gza 

romelic gamoviyeneT veqtoruli polarizaciis gazomvisas, spinis °180 -iT 

Semobruneba radgan −+ NN ,  da 0N  am Semobrunebisadmi araa mgrZnobiare. 

erTaderTi gza, romelic gvrCeba tenzoruli polarizaciis gasazomad, aris 

polarizebuli da arapolarizebuli nakadebis erTmaneTze Sedareba. 

eqsperimentieqsperimentieqsperimentieqsperimenti    

eqsperimenti Catarda ANKE speqtrometrze iulixis kvleviTi centris 

amaCqarebelze (COSY). polarizebuli deitronis wyalbadze gadamuxvtis (Carge 
Eexchange) reaqciis Sesaswavlad ANKE speqtrometrTan erTad gamoyenebuli iyo 

silikonuri teleskopi pp  kvazi-drekadi reaqciis gamosayofad, romelic 

saSualebas iZleva gavzomoT nakadis polarizacia da ganaTebuloba (Luminosity). 
ANKE speqtrometri saSualebas iZleva davafiqsiroT mcire kuTxeebze gafantuli 

maRali impulsis mqone damuxtuli nawilakebi. 

COSY amaCqarebeli amaCqarebeli amaCqarebeli amaCqarebeli    

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

polarizebul da arapolarizebul protonisa da deitronis nakads 300 MeV/c dan 
3.7 GeV/c intervalSi. nakadis ’’gasacieblad’’ gamoiyeneba eleqtronuli gaciebis 

meTodi (600 MeV/c –mde) da stoxasturi gaciebis meTodi (1.5 GeV/c dan 3.7 
GeV/c –mde). COSY-is sqematuri naxazi mocemulia me-3 naxazze. polarizebuli 

nakadi miiReba bonis, erlangenisa da kiolnis universitetebis mier damzadebuli 

polarizebuli ionebis wyaros gamoyenebiT. wyaro saSualebas iZleva miviRoT, 

rogorc marto veqtorulad polarizebuli aseve, veqtoruli da tenzoruli 

polarizaciis yvela kombinacia. COSY-is magnituri sistema isea mowyobili, rom 

polarizebuli nakadis amaCqarebelSi Seyvanis Semdeg, maTi aCqarebis Sedegad 

depolarizaciis efeqti Zalian mcirea. polarizaciis ZiriTad gamzoms COSY-ze 

warmoadgens EDDA deteqtori. COSY-is nakadis naxSirbadis an 2CH -is samizneze 

gafantvis Sedegad EDDA deteqtori zomavs asimetrias, rac saSualebas iZleva 

ganvsazRvroT nakadis polarizacia. nakadis intensiobis da xarisxis cvlileba 

SeiZleba eleqtronuli da stoxasturi gaciebis sistemebis saSualebiT. COSY-is 

nakadi gamoiyeneba oTxi Sida (ANKE, COSY-11, EDDA, PISA) da xuTi gare (TOF, 
MOMO, GEM, NESSY da JESSICA) eqsperimentebis mier. 
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ANKE speqtrometri speqtrometri speqtrometri speqtrometri    

ANKE (“Aparatus for studies of Nucleon and Kaon Ejectiles”) speqtrometris detaluri 

sqema mocemulia me-4 naxazze. deteqtoris ZiriTadi Semadgeneli nawilebia: magnituri 

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

nawilakebisa da win da ukan gafantuli nawilakebis dasafiqsirebeli mowyobilobebi. 

deteqtoris magnituri sistema Sedgeba sami magnitisgan D1 gadaxris nakads α  

kuTxiT, D2 mTavari magniti cvlis nakadis mimarTulebas α2−  kuTxiT da D3 
magniti romelic identuria D1 magnitisa da abrunebs nakads ZiriTad orbitaze. 
gadaxris kuTxe damokidebulia magnituri velis mniSvnelobaze, romlis maqsimumic 

aris T56.1  da araa damokidebuli COSY-is nakadis impulsze. ANKE-ze gamoiyeneba 
sxvadasva tipis samizneebi, ’’strip target“ (carbon, polyethylen an sxva raime myari samizne) 
aseve ’’cluster target“ romelic miiReba wyalbadis an deiteriumis nakadiT da kveTs 

COSY-is nakads. maRali intensivobisa da ganaTebulobis (Luminosity) misaRebad 

gamoiyeneba ’’pellet target“. polarizaciul eqsperimentebisTvis mzaddeba atomuri 
nakadis wyaro (Atomic Beam Source).  

 

naxazi 3. iulixis kvleviTi centris COSY amaCqarebeli 
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naxazi 4. ANKE speqtrometris sqematuri naxazi 

uaryofiTi da dadebiTi nawilakebis deteqtorebis impulsuri area 0.3 – 0.8 
GeV/c, xolo wina deteqtoris – 0.3 – 3.7 GeV/c. romelic gamoiyeneba Zalian 

bevr eqsperimentSi. 

wina deteqtoruli sistemawina deteqtoruli sistemawina deteqtoruli sistemawina deteqtoruli sistema ( ( ( (The forward detector system))))    

wina deteqtoruli sistema moTavsebulia D2 da D3 dipolur magnitebs Soris. 

me-5 naxazze 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. 

man unda SeZlos drois erTeulSi didi raodenobis SemTxvevebis dafiqsireba 

(High counting rate 15 s10 −> ), radgan igi moTavsebulia nakadis milTan axlos. 
saWiroa maRali sivrculi garCevisunarianoba, radgan proporciuli (MWPC) 
kamerebi axlos aris erTmaneTTan. sivrciTi garCevisunarianoba daaxloebiT 1 mm-ia 

rac impulsis aRdgenisas iZleva 1%-ian cdomilebas. es saSualebas iZleva 

gamovyoT or protoniani wyvilebi, romelTa aRgznebis energia MeV3<ppE . wina 

deteqtoruli sistema moicavs sam proporciul kameras. TiToeuli maTgani 

Sedgeba X  da Y  modulisagan. TiToeul modulSi gvaqvs mavTulebisa da 

stripebis sibrtye. X  modulSi mavTulebi gaWimulia vertikalurad xolo Y  

modulSi – horizontalurad. rac Sexeeba stripebs, isini daxrilia Sesabamisad 

°18  X  modulSi da °−18  Y  modulSi. proporciuli kamerebi hodoskopebTan 

erTad moTavsebulia saerTo sadgarze. 
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naxazi 5. ANKE speqtrometris ZiriTadi nawili, romelic mniSvnelovania eqsperimentisTvis 

mavTulebis sibrtyeebi kamerebSi iZlevian 6 ns. xangrZlivobis signalebs, xolo 

stripebis signalebis sigrZe 30 ns. magram trekuli sistemis droiTi garCevis 

unarianoba wamkiTxveli eleqtronikis gamo 50 ns-ia. nawilakis gavlisas anTebuli 

mavTulebis saSualo mniSvneloba Zalian axloa erTTan, rac gvaZlevs maRali 

sizustis koordinatul gazomvebis saSualebas.  

hodoskopebis sistema Sedgeba ori sibrtyisgan, romlebic Seicavs Sesabamisad 8 
da 9 vertikalurad orientirebul scintilatorebs (4 – 8 sm. sigane, 1.5 – 2 sm. 

sisqe). scintilatorebis orive boloze moTavsebulia fotogamamravleblebi, 

romleTa saSualebiTac xdeba amplitudebisa da drois informaciis wakiTxva. 

hodoskopebis sistemis saSualebiT xdeba energiis danakargis gazomva. aseve 

SesaZlebelia sxvadasxva mTvlelebSi moxvedrili nawilakbis frenis droebs Soris 

sxvaobis gageba. energiis danakargis sizuste daaxloebiT 10%-ia, xolo drois 

garCevisunarianoba 0.5 ns. 

wina deteqtoris fazuri sivrcewina deteqtoris fazuri sivrcewina deteqtoris fazuri sivrcewina deteqtoris fazuri sivrce ( ( ( (Acceptance))))    

horizontaluri fazuri sivrcis is nawili, romelsac gadafaravs ANKE 
speqtrometri mocemulia me-6 naxazze. masze kargad ari gamoyofili dp  drekadi 
reaqcia, romelsac gamoviyenebT ganaTebulobisa (Luminosity) da polarizaciis 

( zzz PP , ) gasazomad da agreTve deteqtoris kalibrebisTvis. aseve Cans He3  
0→ πHe3dp  reaqciidan, romlisTvisac cnobilia reaqciis analizuri unari 20T  

da aseve gamoviyenebT deitronis polarimetriisTvis. 
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naxazi 6. ANKE speqtrometris horizontaluri fazuri sivrce 

22T  sididis gasazomad saWiroa nawilakebis deteqtireba 0-isgan gansxvavebul 

kuTxeebze ( °0 -ze nulis toli xdeba). am miznisTvis SesaZlebelia D2 magnitis ise 
dayeneba, rom deteqtorma gadafaros ufro didi kuTxeebi.  

silikon teleskopisilikon teleskopisilikon teleskopisilikon teleskopi ( ( ( (Silicon-detector telescope))))    

silikonuri teleskopi Sedgeba sami sibrtyisagan da Camagrebulia samiznis 

vakuumur kameraSi. am SezRudul pirobebSi maqsimalurad efeqturi muSaobisTvis, 

raTa moxdes trekis aRdgena, nawilakebis identipikacia da energiis gansazRvra, 

arCeul iqna sami sibrtyiani deteqtori. nawilakTa identipiqaciisTvis gamoiyeneba 

EE∆  meTodi. es deteqtori Seiqmna im reaqciebis Sesaswavlad romelSic 

gamoiyeneba neitronuli samizne. misi ZiriTadi daniSnulebaa dabali kinetikuri 

energiis mqone (2 MeV) speqtatoruli protonebis dafiqsireba, dppd ,  da dd  

reaqciebSi. aseve SesaZlebelia dp  drekadi reaqciis Zalian kargi gamoyofa, rac 

saSualebas iZleva, nakadis ganaTebulobis da veqtoruli polarizaciis gasazomad. 

2003 wlis noemberis monacemebi2003 wlis noemberis monacemebi2003 wlis noemberis monacemebi2003 wlis noemberis monacemebi    

pirveli monacemebis aReba mimdinareobda daaxloebiT 60 saaTis ganmavlobaSi, 

sadac xdeboda vertikalurad polarizebuli deitronis wyalbadze gafantvis 

reaqciis dakvirveba. 

eqsperimentis ZiriTadi trigeri (Tr1) romelic afiqsirebda erT nawilakovan 

trekebs, gamoiyeneboda protonebis dasafiqsireblad. meore trigeri (Tr2) modioda 
silikon telekopidan. misi saSualebiT sakmaod advildeba kvazi drekadi pp  

reaqciis gamoyofa, veqtoruli polarizaciis gasazomad. specialuri trigeri 

(Tr3) romelic damokidebuli iyo hodoskopSi gamoyofil energiaze da 

gvexmareboda 0→ πHe3pd
�

 reaqciis fonidian gamosayofad. aseve gamoyenebuli iyo 

Tr4 Scaler SemTxvevebis wasakiTxad yovel 10 wamSi. yoveli trigerisTvis garda 

Tr4-isa iwereboda sruli informacia yvela deteqtoridan. 

SemTxvevebis raodenobis normalizaciisTvis gamoiyeneboda BCT (Beam Current 
Monitor) signali, romelic wamoyvanil iqna EDDA deteqtoruli sistemidan. me-7 
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naxazze naCvenebia BCTL  fardobis yofaqceva eqsperimentis ganmavlobaSi, 

romelic Seicavs informacias samiznis Sesaxeb. 

 

naxazi 7. ANKE samiznis ’oscilacia’ eqsperimentis mimdinareobis dros 

ganaTebuloba (ganaTebuloba (ganaTebuloba (ganaTebuloba (Luminosity))))    

ganaTebulobis ganaTebulobis ganaTebulobis ganaTebulobis gazomvagazomvagazomvagazomva    dp  drekadi reaqciidan drekadi reaqciidan drekadi reaqciidan drekadi reaqciidan    

nakadis ganaTebulobis (Luminosity) gasazomad gamoyenebuli iyo, arapolarize-

buli dp  drekadi reaqcia, romlisTvisac diferencialuri kveTa cnobilia 

Katayama et al.[1] monacemebidan. am reaqcias gaaCnia didi kveTa da kargad aris 
gamoyofili sxva reaqciebidan rac aadvilebda mis identifikacaias. dp  drekadi 
procesis kuTxuri are, romlic Cans ANKE speqtrometrSi aris °−°= 104labθ . 

simulaciebisTvis raTa gagvekeTebina fazuri sivrcis koreqtireba gamoyenebuli 
iyo GEANT programa. kuTxuri are davyaviT erT gradusian intervalebad da 

saimedoobisTvis ganaTebuloba ganvsazRvreT °−°= 95.5labθ  intervalSi. 

reaqciis gamosayofad gamoyenebul iqna erT trekiani SemTxvevebi, romelSic 

kargad Cans dp  drekadi procesis piki. igi kargad aris gamoyofili sxva 

procesebisgan rac advili SesamCnevia me-8 naxazze. 

 

naxazi 8. erTtrekiani procesebis impulsuri ganawileba da dp  drekadi procesis identifikacia 

ganaTebulobis gansazRvra aseve SesaZlebelia pp  kvazi drekadi procesidan, 

romlisTvisac saWiroa silikon teleskopis monacemebis damuSaveba. es mogvcems 
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Sedegis Semowmebis saSualebas. me-9 naxazze naCvenebi ganaTebulobis (Luminosity) 
kuTxuri ganawilebidan kargad Cans, rom mas aqvs wrfivi xasiaTi. rac am 

monacemebis sisworis kidev erTi dadasturebaa. 

 

naxazi 9. ganaTebulobis (Luminosity) kuTxuri ganawileba 

fazuri sivrcis gansazRvrafazuri sivrcis gansazRvrafazuri sivrcis gansazRvrafazuri sivrcis gansazRvra    

fazuri sivrcis dasaTvlelad, rogorc zemoT avRniSneT gamoyenebuli iyo 

GEANT programa, romelSic modelirebulia D2 magniti da wina deteqtoruli 

sistema (FD). dp  drekadi procesebis SemTxvevebis generireba xdeboda 

°−°= 200labθ  da °−°= 1800φ  kuTxur intervalebSi. TiToeul SemTxvevaze 

dadebuli iyo Semdegi pirobebi: 

• arcerTi nawilaki ar xvdeboda D2 magnitis konstruqciul nawils, 

gansakuTrebiT magnitis wveroebs. 

• yvela nawilaki gamodis specialur gamosasvlel fanjaridan. 

• TiToeuli nawilaki gadis proporciuli kamerebis mgrZnobiare areSi. 

• nawilakebi kveTen hodoskopebis pirvel da meore sibrtyeebs. 
am pirobebiT daTvlili fazuri sivrcis kuTxuri ganawileba moyvanilia me-10 

naxazze. 

 

naxazi 10. fazuri sivrcis (Acceptance) kuTxuri ganawileba 
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polarimetriapolarimetriapolarimetriapolarimetria    

Cvens mier ganxiluli eqsperimenti pirvelia ANKE-s eqsperimentebs Soris, 

romelSic gamoyenebuli iyo polarizebuli deitronebis nakadi. da rogorc zemoT 

avRniSneT misi erT-erTi ZiriTadi mizani gaxldaT nakadis polarimetria. 

eqsperimetnis dros Cven gamoviyeneT nakadis yvela SesaZlo veqtoruli da 

tenzoruli polarizacia, ris saSualebasac iZleoda wyaro, sul 8 gansxvavebuli 

moda. pirveli moda (Spin mode 0) iyo sruliad arapolarizebuli, xolo danarCeni 

Svidi veqtoruli da tenzoruli polarizaciis sxva da sxva kombinacia. aseTi 

meTodi saSualebas iZleva asimetria (anu polarizacia) gaizomos polarizebuli 
da arapolarizebuli nakadebis SedarebiT. pirvel cxrilSi moyvanilia rvave 

modisTvis damaxasiaTebeli sidideebi da maTi mniSvnelobebi. 
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cxrili 1. deitronis nakadis polarizaciis 8 SesaZlo konfiguracia 

polarizebuli nakadis diferencialuri kveTa SeiZleba CavweroT Semdegi saxiT 
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(42)

sadac zP  da zzP  nakadis veqtoruli da tenzoruli polarizaciaa, xolo A -ebi 

reaqciis analizuri unari (Analysing  power). 
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EDDA eqsperimentis Sedegebi eqsperimentis Sedegebi eqsperimentis Sedegebi eqsperimentis Sedegebi    

Cven eqsperimentamde erTi kviriT adre, polarizaciuli gazomvebi Caatara meore 

eqsperimentma EDDA. romelic polarizaciisTvis iyenebda dp  drekad reaqcias. 

maT mier miRebuli Sedegebi moyvanilia me-2 cxrilSi. miRebuli Sedegebidan 

kargad Cans, rom eqsperimentulad gazomili polarizaciis Sefardeba 

polarizaciis idealur mniSvnelobasTan (Teoriulad SesaZlo maqsimaluri 

mniSvneloba) erTi da igivea yvela modisTvis. me-11 naxazze mocemulia gazomili 

mniSvnelobeis damokidebuleba idealur mniSvnelobaze, romelic dafitirebulia 

Semdegi damokidebulebiT. 

ideal
iii PP ×= α  (43)

romelic veqtoruli da tenzoruli polarizaciis koeficientebisTvis iZleva 

Semdeg mniSvnelobebs 012.0735.0 ±=EDDA
zα  da 024.0589.0 ±=EDDA

zzα . aq Secdomebis 

gansazvrisas gaTvaliswinebulia mxolod statistikuri cdomileba. 

 

naxazi 11. 43-e formuliT gakeTebuli fitebi EDDA eqsperimentis Sedegebze 

Mode EDDA
zP  ideal

zP  EDDA
zzP  ideal

zzP  

0 

1 

2 

3 

4 

5 

6 

7 

0 ± 0 

–0.499 ± 0.021 

0.290 ± 0.023 

–0.248 ± 0.021 

0.381 ± 0.021 

–0.682 ± 0.022 

0.764 ± 0.022 

–0.349 ± 0.022 

0 

–2/3 

+1/3 

–1/3 

+1/2 

–1 

+1 

–1/2 

0 ± 0 

0.057 ± 0.051 

0.594 ± 0.050 

–0.634 ± 0.051 

–0.282 ± 0.052 

0.537 ± 0.052 

0.545 ± 0.050 

–0.404 ± 0.0 

0 

0 

+1 

–1 

–1/2 

+1 

+1 

–1/2 
cxrili 2. EDDA eqsperimentis mier gazomili veqtoruli da tenzoruli polarizacia 
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dp→→→→ dp    reaqcia reaqcia reaqcia reaqcia ANKE speqtrometrze speqtrometrze speqtrometrze speqtrometrze    

Cveni eqsperimentSi nakadis impulsi, rogorc zemoT avRniSneT iyo 

cMeV 2400=dp , rac tolfasia nakadis Semdegi energiis MeV 1170=dT . am 

energiebze dp  drekadi reaqcia polarizebuli deitronis nakadiT Seswavlilia 

ori eqsperimentze (Saturne, Argonne) da sakmaod kargi sizustiT aris gazomili 

analizuri unari. es gvaZlevs imis uflebas, rom polarizaciis Seswavla 

daviwyoT swored dp  drekadi reaqciis gamoyenebiT. me-3 cxrilSi moyvanilia 

SemTxvevebis saSualo mniSvneloba yvela spin modisTvis, romelic normalizebulia 

BCT signalze. mTeli kuTxuri °<<° 3515 *θ are masaTa centris sistemaSi 
dayofilia xuT nawilad. EDDA-sgan gansxvavebiT ANKE speqtrometrs ar SeuZlia 

yvela SesaZlo φ  kuTxiT gamofrenili nawilakebis dafiqsireba, amitom 

veqtoruli da tenzoruli komponentebis gansacalkeveblad miRebuli ricxvebi 

davafitireT 

[ ]ideal
zzzz

ideal
zz PPNN ββ ++= 10  (44)

damokidebulebiT, saidanac miRebuli zβ  da zzβ  koeficientebi aseve mocemulia me-

3 cxrilSi. miRebuli Sedegi kidev erTxel adasturebs EDDA-dan miRebul 

daskvnas, rom gazomili polarizacia idealuri mniSvnelobis proporciulia. 

 

Range Spin-mode 0 1 2 3 4 5 6 7 

15-18º 
Experiment 
Error 
Fit 

11109 
55 

11208 

14196
64 

14061 

10134
53 

10228 

12276
61 

12187 

8783 
60 

8844 

15932 
82 

15935 

7502 
55 

7375 

13043
74 

13124 

18-21º 
Experiment 
Error 
Fit 

10746 
54 

10839 

14007
64 

13772 

9740 
52 

9911 

11802
60 

11766 

8342 
58 

8369 

15782 
82 

15777 

7140 
54 

6977 

12649
72 

12769 

21-24º 
Experiment 
Error 
Fit 

4221 
34 

4240 

5509 
40 

5472 

3852 
33 

3967 

4502 
37 

4512 

3129 
36 

3143 

6486 
52 

6432 

2828 
34 

2734 

5025 
46 

4992 

24-27º 
Experiment 
Error 
Fit 

2534 
26 

2513 

3363 
31 

3266 

2346 
26 

2400 

2580 
28 

2625 

1821 
27 

1816 

3870 
40 

3906 

1675 
26 

1647 

2926 
35 

2946 

27-30º 
Experiment 
Error 
Fit 

1258 
19 

1297 

1710 
22 

1673 

1263 
19 

1271 

1324 
20 

1323 

928 
19 
935 

2001 
29 

2022 

919 
19 
895 

1527 
25 

1499 

30-35º 
Experiment 
Error 
Fit 

1235 

18 

1247 

1651 

22 

1597 

1294

19 

1275 

1206 

19 

1219 

888 

19 

883 

1928 

29 

1976 

914 

19 

925 

1398 

24 

1408 

cxrili 3. normalizebuli eqsperimentuli SemTxvevebis raodenobebi da 44-e formuliT 

gakeTebuli fitis Sedegebi sxva da sxva kuTxur intervalSi, masaTa centris sistemaSi 

me-12 naxazze mocemulia Argonne-isa da Saturne-is mier gazomili analizuri 

unari, romelic dafitirebulia Semdegi funqciiT: 
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( )∗∗∗∗ −+−= θθθθ 32 cos92.30cos45.78cos51.6133.15sinyA  (45)

naxazze aseve naCvenebia Cvens mier miRebuli zβ -is mniSvnelobebi. polarizaciis 

misaRebad sakmarisia es wertilebi davamTxvioT eqsperimentuls 

><= φαβ cos23 yzz A  damokidebulebis gaTvaliswinebiT da miviRebT 

02.073.0 ±=ANKE
zα  (46)

aq gaTvaliswinebulia mxolod statistikuri cdomileba. 

 

 

naxazi 12. Saturne-is (●) da Argonne-is (○) mier gazomili yA  

situacia ufro garTulebulia tenzoruli komponentis gansazRvrisas, radgan 

rogorc zemoT avRniSneT Cveni speqtrometrs ar SeuZlia yvela φ  kuTxiT 

gamofrenili nawilakebis dafiqsireba. me-13 naxazze naCvenebia am reaqcissTvis 

gazomili xxA  da yyA  analizuri unaris eqsperimentuli wertilebi, romlebic 

dafitirebulia Semdegi formuliT 

∗∗∗

∗∗∗

−+−=

+−+−=

θθθ

θθθ
32

32

cos1.126cos5.331cos7.28219.77

cos09.75cos1.203cos6.17851.50

xx

yy

A

A
 (47)

tenzoruli komponentis gansazRvrisas aucileblad unda gaviTvaliswinoT is 

faqti rom ∗θ -s TiToeul binSi >< φ2cos -s sxvadasxva mniSvneloba aqvs. am 

mizniT Cvens mier Semotanil iqna CF  (Correction Factor) koeficienti Argonne-is 
monacemebis gamoyenebiT: 

( ) ( )><−+><+
=

φφ 2cos12cos1
2

xxyy

yy

AA
A

CF  (48)

misi mniSvneloba icvleba 27.104.1 ÷=CF  SualedSi. naxazze aseve naCvenebia 

Cvens mier miRebuli zzβ  da Tu movaxdenT am wertilebis eqsperimentul fitTan 

damTxvevas miviRebT tenzoruli polarizaciis koeficients 

02.049.0 ±=ANKE
zzα  (49)
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aqac gaTvaliswinebulia mxolod satatistikuri cdomileba, sistematikuri 

cdomileba zzα -Tvis ufro meti iqneba vidre zα -sTvis, magram miuxedavad 

yvelafrisa es Sedegi %1510 − -iT emTxveva EDDA-s mier miebul Sedegebs. 

 

 

naxazi 13 Saturne-is (●) da Argonne-is (○) mier gazomili yyA  da xxA  

np→→→→ dππππ0    reaqciareaqciareaqciareaqcia    

es reaqcia dagvexmareba veqtoruli polarizaciis gazomvaSi. misi gamoyofisTvis 

Cven vafiqsirebdiT or trekian SemTxvevebs, romelSic erTi iyo proton- 

speqtatori nakadis naxevari impulsiT da meore deitroni. ANKE speqtrometri 
afiqsirebs maRali GeV/c 3.1≈dp  da dabali GeV/c 8.0≈dp  impulsis deitronebs, 

romelic Seesabameba masaTa centris sistemaSi win da ukan gafantvas. or 

ganzomilebian impulsur da frenis drois naxazebze kargad Cans Tu rogor moxda 

am reaqciis identifikacia. 

izospinis Senaxvidan gamomdinareobs rom 0→ πdnp  da +→ πdpp  reaqciis 

analizuri unari erTi da igive iyos. ase rom SegviZlia +→ πdpp  reaqciis 

analizuri unaris gamoyeneba SAID-is monacemTa bazidan, romelic sakmaod kagi 

sizustiT aris gazomili. ar unda dagvaviwyde, rom Cven vzomavT deitronis da 

ara neitronis polarizacias. ( ) d
zd

n
z PPP 231−=  es aris nuklonis da neitronis 

polarizaciebs Soris damokidebuleba, sadac dP  aris deitronis D  mdgomareobaSi 

yofnis albaToba, romelic miT ufro naklebia, rac mcirea spp  speqtatoris 

impulsi. amitom Cvens mier aRebul iqna mxolod is SemTxvevebi sadac 

speqtatoris impulsi MeV/c 60<spp . aq moyvanilia mxolod maRali impulsis 

deitronebis analizi. 

Zone (SAID) >< yA Polar cut Azimuthal cut ANKE
zβ  ANKE

zα  

5
4
3
2
1

 

084.0
170.0
188.0
191.0
269.0

 

°<<°
°<<°
°<<°
°<<°
°<<°

20
42
42
42
64

lab

lab

lab

lab

lab

θ
θ
θ
θ
θ

 

none
12060

150120

180150
none

°<<°

°<<°

°<<°

φ
φ
φ

009.0015.0
011.0028.0

0012.00710.0
012.0130.0
009.0177.0

±
±−

±
±
±

 

−
−
±
±
±

091.0537.0
066.0720.0
024.0717.0

cxrili 5. veqtoruli polarizacia xuTive zonisTvis 
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veqtoruli polarizaciis gasazomad mTeli fazuri moculoba davyaviT xuT 

nawilad. me-5 cxrilSi moyvanilia xuTive zona. 

es reaqcia ra Tqma unda mgrZnobiarea mxolod veqtoruli polarizaciis radgan 

nuklons ar gaaCnia tenzoruli polarizacia (spini 1/2). cxrilSi moyvanilia 
xuTive zonisTvis gazomili asimetria, me-14 naxazidan Cans, rom me-4 da me-5 

zonebSi asimetria ANKE
zβ  ar unda gqondes rac dasturdeba Cvens mier miRebuli 

SedegebiT (cxrili 5). miRebuli Sedegebis gasaSualoeba cdomilebebis 

gaTvaliswinebiT gvaZlevs Semdeg Sedegs 

03.070.0 ±=ANKE
zα  (50)

rac karg TanxvdenaSia EDDA-s mier miRebul SedegTan. 

  

 

naxazi 14. gafantvis φ  da θ  kuTxeebis erTmaneTze damokidebuleba  

dp→→→→ 3Heππππ0    reaqciareaqciareaqciareaqcia    

tenzoruli polarizaciis gazomvisTvis Cven gamoviyeneT 0→ πHe3pd
�

 reaqcia. 

misi identifikacia, romlisTvisac gamoyenebuli iyo erT trekiani SemTxvevebi 

moyvanilia me-15 naxazze. Tu CavTvliT rom dafiqsirebuli nawilakia He3  da 
garkveul pirobebs davadebT hodoskopebSi dakargul energias aRdgenili 

nawilakis masa, rogorc naxazidan Cans emTxveva 0π -is masas. 

 

naxazi 15. 0→ πHe3pd
�

 reaqciis identifikacia 

22  33 44

55  

11  
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am reaqciis analizuri unari gazomilia Sacley eqsperimentze Kerboul et al. mier 
°=∗ 3.0θ -ze. amitom kuTxuri intervali davyaviT or nawilad 9995.0cos −<∗θ  

(zona 1) da 995.0cos9995.0 <<− ∗θ  (zona 2), romlebic moyvanilia me-6 cxrilSi. 

rogorc me-16 naxazidan Cans miRebuli ricxvebi ideal
zzP -is wrfivi funqciaa. 

veqtoruli komponentis efeqtis Sesaswvlad gamoviyeneT formula 44. –is fitic 
ramac patara kuTxeebze mogvca nuli, xolo ufro did kuTxeebze nulisgan 

gansxvavebuli sidide, rac adasturebs Cveni monacemebis siswores. patara kuTxis 

monacemebis gamoyenebiT asimetriisTvis miviRebT 

012.0136.0 ±=zzβ  (51)

da Tu gamoviyenebT Sacley-ze gazomil analizur unars 011.0467.0 ±=yyA  

polarizaciis koeficientisTvis miviRebT Semdegs: 

05.058.0 ±=ANKE
zzα  (50)

 

 

 

dp→→→→ (pp)n    reaqciareaqciareaqciareaqcia    

am reaqciis gamoyenebac SesaZlebelia polarizaciis gasazomad. misi analizuri 

unari SeiZleba aviRoT Bugg & Wilkin –is Teoriuli daTvlebidan, romlebic Cven 

energiaze sakmaod kargad eTanxmeba eqsperimentul Sedegebs. 

 Mode 0 1 2 3 4 5 6 7 

1 
Expt 

Fit 

313 ± 7 

312 

304 ± 7 

307 

342 ± 8 

356 

259 ± 7 

267 

300 ± 9 

294 

353 ± 9 

347 

367 ± 10 

361 

293 ± 9 

287 

2 
Expt 

Fit 

1040 ± 13 

1064 

1027 ± 13 

1045 

1147 ± 14 

1189 

933 ± 13 

939 

1043 ± 16 

1020 

1180 ± 17 

1151 

1233 ± 17 

1208 

1004 ± 16 

992 

cxrili 6. 0→ πHe3pd
�

-is BCT-ze normalizebuli SemTxvevebi da fitis Sedegebi 

 

naxazi 16. me-6 cxrilSi mocemuli Sedegebis fitireba  
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reaqciis identifikaciisTvis gamoyenebuli iyo or trekiani SemTxvevebi. me-17 

naxazze naCvenebia nakluli masis ganawileba im daSvebiT, rom orive nawilaki aris 

protoni. rogorc vxedavT, SemTxvevebis umetesoba koncentrirebulia neitronis 

masis irgvliv. frenis droebs Soris sxvaobaze garkveuli pirobis dadebiT 
SesaZlebelia am reaqciis gamoyofa sakmaod dabali foniT. 

pirobebi dadebuli iyo aseve or protoniani sistemis gamofrenis kuTxeze 

°< 5.0ppθ  da aRgznebis energiaze MeV 2<ppE . mxolod am pirobebis dadebs 

Semdeg gvaqvs Cven ufleba gamoviyenoT Teoriulad naangariSebi analizuri unari 

%730.0 ±−=yyA .  

Spin mode 0 1 2 3 4 5 6 7 

Experiment 

Fit 

299 ± 3 

303 

309 ± 3 

303 

277 ± 3 

280 

320 ± 3 

324 

314 ± 3 

313 

279 ± 3 

280 

284 ± 3 

280 

317 ± 3 

313 
cxrili 7. dp→ (pp)n reaqciis BCT-ze normalizebuli anaTvlebi da maTi fitis Sedegebi 

 

SemTxvevebis normalizebuli raodenoba mocemulia me-7 cxrilSi. am ricxvebis 

fitirebis Semdeg 005.0072.0 ±−=zzβ  da polarizaciis koeficientisTvis miviRebT 

05.048.0 ±=ANKE
zzα  (51)

    

 

naxazi 17.  dp→ (pp)n reaqciis identipikacia 
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daskvnadaskvnadaskvnadaskvna    

Cvens mier sxvadasxva reaqciebSi gazomili asimetria, gvaZlevs imis saSualebas 

davaskvnaT, rom gazomili polarizaciis Sefardeba idealur mniSvnelobasTan 

TiToeuli spinuri modisTvis mudmivi sididea. sxvadasxva spinuri modebis 

miuxedavaT, saboloo Sedegebi SeiZleba CavweroT zα  da zzα -is saSualebiT. maTi 

mniSvnelobebi yvela reaqciisTvis moyvanilia me-8 cxrilSi. sadac rogor ukve 

avRniSneT araa gaTvaliswinebuli sistematikuri cdomilebebi. veqtoruli 

polarizaciis saSualo mniSvneloba ANKE-Tvis. rac sakmaod karg TanxmobaSia 

EDDA-s monacemebTan, rasac ver vityviT tenzorul komponentze, romlisTvisac 

saSualo mniSvneloba 

03.052.0 ±=ANKE
zzα  (53)

am gansxavevebis erT-erTi mizezi SeiZleba iyos energiis sxvaoba ( MeV 30 ) Cven 

da Argonne-isa da Saturne-is dp -drekad reaqciaSi. aseve unda Seswavlil iqnas 

eqsperimentis sistematika, rogorc ANKE aseve EDDA eqsperimentisTvis. 

silikon teleskopis monacemebis damuSavebis Semdeg SesaZlebeli gaxdeba 

ganaTebulobisa (Luminosity) da veqtoruli polarizacis kidev erTxel gazomva 

pp  kvazi drekadi reaqciis gamoyenebiT. 

rac Seexeba momaval gegmebs, naTelia rom 2005 wlisTvis dagegmil 

eqsperimentSi polarizaciis On-line reJimSi gasazomad gamoviyenebT dp  drekad 

reaqcias zustad Argonne–isa da Saturne–is energiebze. 

02.072.0 ±=ANKE
zα  (52)

Reaction Facility zα  zzα  

dppd →
�

 EDDA 0.74 ± 0.01 0.59 ± 0.02 

dppd →
�

 ANKE 0.73 ± 0.02 0.49 ± 0.02 

dppd →
�

 ANKE 0.70 ± 0.03 — 

dppd →
�

 ANKE — 0.58 ± 0.05 

dppd →
�

 ANKE — 0.48 ± 0.05 
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