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»ÕäæËÑêÑËÌäËÌÔæãìÌÏ14-ÒææçäÎÊËÎ2011Ò.

Â×ÑÏïÓ ãÑçËÑäÌËíãéÑå.ÐæÕÑäÌ

àæçäæËêÖÔÖçæ-ÍÌäÑÍÌäÖ×ÑãçËï ÏÌè$ Ù.à. ÛÌÔÌÔÎÏ

¾Äß»Á É»Å»ÚÆÈÅ½ÐÆ½Ú»Å»Ä¾Æ�

á ÏÌãäæÎÿÑÓ ËÌÊæäÑéËÑâãäÌÕìÑÏï ËÑÔèìíäÌäï îçãéÑËÖÍÑÏäÌ éæÖÔè×ÑÏÖ�
ãäËèçäèËï ÏÑÓäËæÏÌ. ÞËæÕÑâ� ÏÏïÓ îçãéÑËÖÍÑÏä éæÔÕæìÖìèãäÌÏæÕÖäíËÌÏÑÑ
ÏÑÖÔÕÑãäÏïÑ æãæÊÑÏÏæãäÖËÌãéËÑâÑìÑÏÖÎ çÕÌËçæÕá ÏèçìæÏÌë ÏÌ ÍÌìïë
ËÌããäæÎÏÖÎë[1].

½ÔÍÑËÑÏÏïÑ ÔÏÌ×ÑÏÖÎ îìÑçäËÖ×ÑãçæÒæêæËÍ-êÌçäæËÌ ÏÑÓäËæÏÌ à¿Á
ÔÏÌ×ÑÏÖÓ éÑËÑâÌÏÏæÒæÖÍéèìíãÌ ž2 - 1.2, 1.7, 2.5, 3.4 (Ûîá/c)2 éæÔÕæìÖìÖ
èãäÌÏæÕÖäí, ×äæ ËÌãéËÑâÑìÑÏÖÑd çÕÌËçæÕá éËæäæÏÑÔÏÌ×ÖäÑìíÏæ � ÖËÑ
ËÌãéËÑâÑìÑÏÖÎ Ö çÕÌËçæÕ.¾ÊÏÌËèþÑÏÌ éËÖËæâÌãçÑÓìÖÏÒÌ ÔÌÕÖãÖÍæãäÖ
æäÏæ� ÑÏÖÎ êæËÍ-êÌçäæËæÕéËæäæÏÌF æäéÑËÑâÌÏÏæÒæÖÍéèìíãÌ.

ÐæÔâÌÏÏÌÎ ÏÌÍÖ ÌééÌËÌäèËÌ îçãéÑËÖÍÑÏäÌ æÊÑãéÑ×ÖìÌÏÌÊæË âÌÏÏïë ã
éËæÖÔÕæâÖäÑìíÏæãäí� ÊæìÑÑ×ÑÍ ãäæËÌÔ Õï� Ñ,×ÑÍ ãæéæãäÌÕÖÍïëâËèÒÖë
îçãéÑËÖÍÑÏäÌë. ÅÌÔËÌÊæäÌÏÏÌÎ îçãéÑËÖÍÑÏäÌìíÏÌÎ ÍÑäæâÖçÌ, éËæåÑâèËÌ
çÌìÖÊËæÕçÖîçãéÑËÖÍÑÏäÌìíÏæÓ ÌééÌËÌäèËï [2] ÖéËæåÑâèËÌÌÏÌìÖÔÌ âÌÏÏïë [3]
ÊèâèäÖãéæìíÔæÕÌäíãÎ ãÑËÖÖîçãéÑËÖÍÑÏäæÕèäÕÑËþâÑÏÏïë ìÌÊæËÌäæËÖÖÖÍ.
T. àþÑêêÑËãæÏÌ (JLab),USA [4,5,6.7, 8,9]

»çäèÌìíÏæãäí _ËÌÊæäï. ÐäËèçäèËÌ ÏèçìæÏÌ ÑÒææãÏæÕÏïÑ
ëÌËÌçäÑËÖãäÖçÖ,äÌçÖÑ çÌç ÔÌËÎâ, ÍÌÒÏÖäÏïÓ ÍæÍÑÏä, ËÌÔÍÑË éËÑâãäÌÕìÎ� ä
êèÏâÌÍÑÏäÌìíÏïÓ ÏÌè×ÏïÓ ÖÏäÑËÑã.½ããìÑâæÕÌÏÖÑãäËèçäèËïÏèçìæÏï ÎÕìÎÑäãÎ
æäìÖ×ÏïÍ ÖÏãäËèÍÑÏäæÍ âìÎ ÖÔè×ÑÏÖÎ çÕÌËç-çÕÌËçæÕïë çÕÌËç-Òì� æÏÏïë
ÕÔÌÖÍæâÑÓãäÕÖÓ.½ããìÑâæÕÌÏÖÑãäËèçäèËï ÏÑÓäËæÏÌ, æãæÊÑÏÏæÌçäèÌìíÏæ,
éæãçæìíçè îçãéÑËÖÍÑÏäÌìíÏïÑ âÌÏÏïÑ éæ ÏÑÓäËæÏÏïÍ êæËÍ-êÌçäæËÌÍ
ÔÏÌ×ÖäÑìíÏæ èãäèéÌ� ä éæäæ×ÏæãäÖãèÿÑãäÕè� ÿÖÍ ÖÔÍÑËÑÏÖÎÍ êæËÍ-êÌçäæËæÕ
éËæäæÏÌ.

ØÏÌ×ÖäÑìíÏÌÎ ×Ìãäí ÖÏêæËÍÌåÖÖ éæãäËèçäèËÑÏèçìæÏæÕÊïìÌ éæìè×ÑÏÌ
éæãËÑâãäÕæÍîìÑçäËæÏÏæÒæËÌããÑÎÏÖÎ. ¾âÏÖÍ ÖÔÍÑäæâæÕéæÖÔè×ÑÏÖ� éÌËäæÏÏæÓ
ãäËèçäèËï ÏèçìæÏæÕ éËÖ Êæìí� Öë ÔÏÌ×ÑÏÖÎë éÑËÑâÌÏÏæÒæÖÍéèìíãÌ ÎÕìÎÑäãÎ
ÖÏçì � ÔÖÕÏæÑÒìèÊæçæ-ÏÑèéËèÒæÑËÌããÑÎÏÖÑ. ÛìèÊæçæ-ÏÑèéËèÒæÑËÌããÑÎÏÖÑ
éËÑâæãäÌÕìÎÑäÖÏêæËÍÌåÖ� æÊÖÍéèìíãÏæÍ ËÌãéËÑâÑìÑÏÖÖçÕÌËçæÕ Òì� æÏæÕá
ÏèçìæÏÑ.

âËèÒæÓãäæËæÏï,îçãçì � ÔÖÕÏïÑéËæåÑããï,äÌçÖÑçÌç, èéËèÒæÑËÌããÑÎÏÖÑ
îìÑçäËæÏæÕÖêæäæÏæÕéæãËÑâãäÕæÍêæËÍ-êÌçäæËæÕéËÑâæãäÌÕìÎ� äÖÏêæËÍÌåÖ� æ
éËæãäËÌÏãäÕÑÏÏæÍËÌãéËÑâÑìÑÏÖÖÏèçìæÏÏïë ãæãäÌÕìÎ� ÿÖë Ö ÖëçæËËÑìÎåÖÎë.

ÜæËÍ-êÌçäæË àÖËÌçÌ, Fl, æéÖãïÕÌÑäÕÔÌÖÍæâÑÓãäÕÖÑÕÖËäèÌìíÏæÒæ

êæäæÏÌã ÏèçìæÏæÍ ÊÑÔéÑËÑÕæËæäÌãéÖÏÌ ÏèçìæÏÌ, aêæËÍ-êÌçäæËÞÌèìÖ, F2,
æéÖãïÕÌÑäÕÔÌÖÍæâÑÓãäÕÖÑÕÖËäèÌìíÏæÒæêæäæÏÌã ÏèçìæÏæÍ ã éÑËÑÕæËæäæÍãéÖÏÌ
ÏèçìæÏÌ. á ËÎâÑãìè×ÌÑÕèâæÊÏÑÑéæìíÔæÕÌäíãÎîìÑçäËÖ×ÑãçÖÍ ÍÌÒÏÖäÏïÍ êæËÍ-
êÌçäæËÌÍÖ ÏèçìæÏÌ GÍ

, çæäæËïÑÎÕìÎ � äãÎ ìÖÏÑÓÏïÍÖ çæÍÊÖÏÌåÖÎÍÖ

êæËÍ-êÌçäæËæÕàÖËÌçÌ ÖÞÌèìÖ.
ÙçãéÑËÖÍÑÏäÌìíÏïÑ âÌÏÏïÑ éæîìÑçäËÖ×ÑãçæÍèêæËÍ-êÌçäæËèÏÑÓäËæÏÌ

Gr ÔÏÌ×ÖäÑìíÏæÓãäÑéÑÏÖèãäèéÌ� ä éæäæ×ÏæãäÖÖÔÍÑËÑÏÖÎÍ æãäÌìíÏïë äËÑë
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êæËÍ êÌçäæËæÕ:îìÑçäËÖ×ÑãçæÒæÖ ÍÌÒÏÖäÏæÒæêæËÍ-êÌçäæËÌéËæäæÏÌ,Ge GÍ,
a äÌçþÑ ÍÌÒÏÖäÏæÒæêæËÍ-êÌçäæËÌ ÏÑÓäËæÏÌ, GÍ. Þæìè×ÑÏÖÑéæìÏæåÑÏÏæÓ

çÌËäÖÏï çÕÌËçæÕïëËÌãéËÑâÑìÑÏÖÓÕÏèçìæÏÑ ÏÑÕæÔÍæþÏæÊÑÔÔÏÌÏÖÎ ÕãÑë×ÑäïËÑë
èéËèÒÖë êæËÍ-êÌçäæËæÕ.Ùäæ âÑìÌÑä ÖÔÍÑËÑÏÖÑ ÏÌÖÍÑÏÑÑ ÖÔè×ÑÏÏæÒæ
îìÑçäËÖ×ÑãçæÒæêæËÍ-êÌçäæËÌÏÑÓäËæÏÌæãæÊÑÏÏæÌçäèÌìíÏïÍ.

ÞæÍÖÍæ ÕÌþÏæÓ ËæìÖ îìÑçäËÖ×ÑãçæÒæêæËÍ-êÌçäæËÌ ÏÑÓäËæÏÌ âìÎ
ÏÑæÊëæâÖÍæÓéæÏÖÍÌÏÖÎ ãäËèçäèËï ÏèçìæÏÌ, UE ÎÕìÎÑäãÎ ×Ìãäí� ÌÏÌìÖÔÌ

éËæåÑããæÕîìÑçäËæÍÌÒÏÖäÏæÒæÕÔÌÖÍæâÑÓãäÕÖÎã ÎâËæÍ. ØÏÌ×ÑÏÖÎ êæËÍ-êÌçäæËæÕ
ÏèçìæÏÌ ÏÑæÊëæâÖÍïâìÎ ÍÏæÒÖë îçãéÑËÖÍÑÏäæÕÕæÊìÌãäÖÎâÑËÏæÓêÖÔÖçÖ½

êÖÔÖçÖ×ÌãäÖå.ºÌéËÖÍÑË, âìÎ ËÌã×ÑäÌ ÕÔÌÖÍæâÑÓãäÕÖÓÏÑÓäËÖÏæã ÎâËÌÍÖ
îçãéÑËÖÍÑÏäÌë éæ¾Ð¼½¿¿Á¼½ÁÇ ÏÑÓäËÖÏæ.

áÌþÏïÍ âæãäÖþÑÏÖÑÍéæãìÑâÏÖë ìÑä á êÑÏæÍÑÏæìæÒÖ×ÑãçÖëÍæâÑìÎë
çÕÌÏäæÕæÓëËæÍæ-âÖÏÌÍÖçÖ(ÚÉà) ÎÕìÎÑäãÎ ËÌÔËÌÊæäçÌêæËÍÌìÖÔÍÌ ¾ÊæÊÿÑÏÏïë
ÞÌËäæÏÏïë ÅÌãéËÑâÑìÑÏÖÓ(¾ÞÅ) [10, 11]. ÜæËÍÌìÖÔÍ ¾ÞÅ éËÑâæãäÌÕìÎÑä
ÕæÔÍæþÏæãäíèãäÌÏæÕÖäí ãÕÎÔí ÍÑþâè ÖÏçì � ÔÖÕÏïÍÖ Ö îçãçì � ÔÖÕÏïÍÖ
ÏÌÊì � âÌÑÍïÍÖ. ºÌéËÖÍÑË, êæËÍ-êÌçäæËï àÖËÌçÌ ÞÌèìÖ Fl ÖFö ÕïËÌþÌ � äãÎ
×ÑËÑÔÏèìÑÕæÓÍæÍÑÏä ãææäÕÑäãäÕè� ÿÑÓêèÏçåÖÖ ¾ÞÅ (11]:

(1)
F.(1)=] K'(x,1)d

1. ¾éäÖÍÖÔÌåÖÎ ÍÑäæâÌ âìÎ ÖÔÍÑËÑÏÖÎ îìÑçäËÖ×ÑãçæÒæêæËÍ-êÌçäæËÌ
ÏÑÓäËæÏÌéËÖÊæìí� ÖëÔÏÌ×ÑÏÖÎë éÑËÑâÌÏÏæÒæÖÍéèìíãÌ.

2. ÅÌÔËÌÊæäçÌéËæÒËÌÍÍÏæÒææÊÑãéÑ×ÑÏÖÎâìÎ çÌìÖÊËæÕçÖâÑäÑçäæËæÕ
ÌÏÌìÖÔÌ âÌÏÏïë îçãéÑËÖÍÑÏäæÕãÊæìí� ÖÍ çæìÖ×ÑãäÕæÍã×ÖäïÕÌ� ÿÖë
çÌÏÌìæÕ [2].

3. »ÏÌìÖÔ îçãéÑËÖÍÑÏäÌìíÏïë âÌÏÏïë éæ ÖÔÍÑËÑÏÖ� êæËÍ-êÌçäæËÌ
ÏÑÓäËæÏÌ[3].

4. ½ÏäÑËéËÑäÌåÖÎêÖÔÖ×ÑãçÖëËÑÔèìíäÌäæÕéæãäËèçäèËÑÏÑÓäËæÏÌ[1].

ÇÑäæâï ËÑÌìÖÔÌåÖÖ.½ÔÍÑËÑÏÖÑîìÑçäËÖ×ÑãçæÒæêæËÍ-êÌçäæËÌÏÑÓäËæÏÌ
îçãéÑËÖÍÑÏäÑE02-013æãÏæÕÌÏæÏÌ ÖÔÍÑËÑÏÖÖéæéÑËÑ×ÏæÓÌãÖÍÍÑäËÖÖ

éËæåÑããÑéæìè-îçãçì � ÔÖÕÏæÒæ,çÕÌÔÖ-èéËèÒæÒæËÌããÑÎÏÖÎ éæìÎËÖÔæÕÌÏÏæÒæéè×çÌ
3

îìÑçäËæÏæÕÏÌ éæìÎËÖÔæÕÌÏÏæÓÍÖ � ÑÏÖ ÒÑìÖÎ-3:ºÑ(Ñ,Ñ'n). á îçãéÑËÖÍÑÏäÑ
3 -

ÊïìÌ ÖãéæìíÔæÕÌÏÌéæìÎËÖÔæÕÌÏÏÌÎ ÍÖ � ÑÏí ºÑ éæìÎËÖÔæÕÌÏÏïÓîìÑçäËæÏÏïÓ
éè×æçCEBAF.ÙìÑçäËæÏï ËÑÒÖãäËÖËæÕÌìÖãíãéÑçäËæÍÑäËÑBigBite, ÏÑÓäËæÏï
æäâÌ×Ö - ÏÌÊæËÑãåÖÏäÖììÎåÖæÏÏïë ã×Ñä×ÖçæÕÏÑÓäËæÏÏæÒæâÑäÑçäæËÌBigHAND
[18].

½ÔÍÑËÑÏÖÑ éËæÕæâÖìæãíéæìÎËÖÔÌåÖæÏÏïÍ ÍÑäæâæÍ.áUE îçãéÑËÖÍÑÏäÑ

ÖÔÍÑËÎìæãíÔÏÌ×ÑÏÖÑéæéÑËÑ×ÏæÓÌãÖÍÍÑäËÖÖ,»ä, éËæåÑããÑËÌããÑÎÏÖÎ éè×çÌ
éæìÎËÖÔæÕÌÏÏïë îìÑçäËæÏæÕÏÌ éæìÎËÖÔæÕÌÏÏæÓÏÑÓäËæÏÏæÓÍÖ � ÑÏÖ.ÞæéÑËÑ×ÏÌÎ
ÌãÖÍÍÑäËÖÎ ÏÌéËÎÍè � ãÕÎÔÌÏæã æäÏæ� ÑÏÖÑÍ îìÑçäËÖ×ÑãçæÒæ½ ÍÌÒÏÖäÏæÒæêæËÍ-
êÌçäæËæÕÏÑÓäËæÏÌ:

ÞËÑâãäÌÕìÑÏÏïÓ ËÌÊæäÑ[12] éæâëæâ,ÏÌ æãÏæÕÑ¾ÞÅ, âìÎ ËÌã×ÑäÌ
ÙÚÐÚ¿� Ø½áº � É ËÑÌçåÖÓ âÖÌéÌÔæÏÑæä1 âæ10 (Ûîá/c)2èãäÌÏÌÕìÖÕÌÑäãÕÎÔíÍÑþâè
èéËèÒÖÍÖêæËÍ-êÌçäæËÌÍÖ ËÑÔèìíäÌäÌÍÖ æäÒìèÊæçæ-ÏÑèéËèÒæÒæËÌããÑÎÏÖÎ
ÚæÍäæÏæÕãçæÒæËÌããÑÎÏÖÎ. ÚËæÍÑäæÒæ,çÌç éæçÌÔÌÏæ ËÌÊæäÌë[12], ÔÏÌÏÖÑ êæËÍ-
êÌçäæËæÕÏèçìæÏæÕéæÔÕæìÎÑäéæãäËæÖäíÍæâÑìÖêèÏçåÖÓ ¾ÞÅ.

ÆÌçÖÍ æÊËÌÔæÍ,äæ×ÏïÑ îçãéÑËÖÍÑÏäÌìíÏïÑ âÌÏÏïÑ éæîìÑçäËÖ×ÑãçæÍè
êæËÍ-êÌçäæËè ÏÑÓäËæÏÌ,GE, éËÑâæãäÌÕìÎ� ä èÏÖçÌìíÏïÑ ÕæÔÍæþÏæãäÖéæ

éËæÕÑËçÑèäæ×ÏÑÏÖ� æÊìÌãäÖéËÖÍÑÏÑÏÖÎ äÑæËÖÖ¾ÞÅ.
ØÏÌ×ÑÏÖÑ îìÑçäËÖ×ÑãçæÒæêæËÍ-êÌçäæËÌ ÏÑÓäËæÏÌ éËÑâ� ÑãäÕè� ÿÖë

îçãéÑËÖÍÑÏäÌë Êïìæ ÖÔÍÑËÑÏæâæÔÏÌ×ÑÏÖÓéÑËÑâÌÏÏæÒæÖÍéèìíãÌ _ 1.5(Ûîá/c)2
[13, 14, 15,16, 17]. ÆÌçÖÍ æÊËÌÔæÍ,éËæÕÑâÑÏÏæÑÏÌÍÖ ÖÔÍÑËÑÏÖÑéæÔÕæìÖìæ
èÕÑìÖ×ÖäíâÖÌéÌÔæÏÔÏÌ×ÑÏÖÓéæéÑËÑâÌÏÏæÍè ÖÍéèìíãè ÊæìÑÑ×ÑÍ âÕÌËÌÔÌâæ
3.4 (Ûîá/c)2. ÅÌÔËÌÊæäÌÏÏïÑ ÍÑäæâÖçÖÌÏÌìÖÔÌ âÌÏÏïë çÌìÖÊËæÕçÖæÊÑãéÑ×ÖìÖ

èãéÑëËÎâÌ îçãéÑËÖÍÑÏäæÕá ìÌÊæËÌäæËÖÖÖÍ. T. àþÑêêÑËãæÏÌ.

¼Ñìí ËÌÊæäï.¼Ñìí� âÌÏÏæÓ ËÌÊæäï ÎÕìÎÑäãÎ êÖÔÖ×ÑãçÖÓîçãéÑËÖÍÑÏä
éæÖÔÍÑËÑÏÖ� êæËÍ-êÌçäæËÌÏÑÓäËæÏÌéËÖÔÏÌ×ÑÏÖÎë éÑËÑâÌÏÏæÒæÖÍéèìíãÌ âæ3.4
(Ûîá/c)", á ËÌÍçÌë âÌÏÏæÓ ËÌÊæäïÊïìÖ ËÑ� ÑÏï ãìÑâè� ÿÖÑÔÌâÌ×Ö:

4

+1)tan(0/2)
AT UE (2)

UM (GE/GM)2+(T +22(1+t)tan?(0/2))

àÌìÑÑ ÖãéæìíÔèÎÖÍÑ� ÿÖÑãÎ îçãéÑËÖÍÑÏäÌìíÏïÑ âÌÏÏïÑ éæÍÌÒÏÖäÏæÍè
êæËÍ-êÌçäæËè éæìè×ÑÏÏæÑ îçãéÑËÖÍÑÏäÑÔÏÌ×ÑÏÖÑéæéÑËÑ×ÏæÓÌãÖÍÍÑäËÖÖ »ä,
Êïìæ éæìè×ÑÏæÔÏÌ×ÑÏÖÑîìÑçäËÖ×ÑãçæÒæêæËÍ-êÌçäæËÌÏÑÓäËæÏÌ[3]

ºæÕÖÔÏÌ ÏÌè×ÏæÒæ éæâëæâÌ.ÚæÍéìÑçã æËÖÒÖÏÌìíÏïë ËÑ� ÑÏÖÓ éæ
ÍÑäæâÖçÑîçãéÑËÖÍÑÏäÌ, ÌÏÌìÖÔè îçãéÑËÖÍÑÏäÌìíÏïë âÌÏÏïë Ö çÌìÖÊËæÕçÑ
âÑäÑçäæËÏïëãÖãäÑÍæÊÑãéÑ×ÖìèãéÑëîçãéÑËÖÍÑÏäÌ.

áïãæçÌÎ éËæÖÔÕæâÖäÑìíÏæãäíîçãéÑËÖÍÑÏäÌ ÊïìÌ âæãäÖÒÏèäÌÔÌ ã×Ñä
æéäÖÍÌìíÏæÒæ ÕïÊæËÌ ÕÑËäÖçÌìíÏæÒæ ÒæËÖÔæÏäÌìíÏæÒæèÒìæÕæÒæÔÌëÕÌäæÕ
âÑäÑçäæËÌâÖÌéÌÔæÏÌéæéÑËÑâÌÏÏæÍè ÖÍéèìíãè.

Äïì ÖãéæìíÔæÕÌÏãéÑçäËæÍÑäËã Êæìí� ÖÍ äÑìÑãÏïÍ èÒìæÍ BigBite,
æÊÑãéÑ×ÖÕ� ÖÓÌâÑçÕÌäÏæÑà¿Á ÖããìÑâæÕÌÏÖÎçÕÌÔÖ-èéËèÒæÒæËÌããÑÎÏÖÎ ÖÍéèìíãÏæÑ
ËÌÔËÑ� ÑÏÖÑ. ÅÌÔËÌÊæäÌÏÏÌÎ ÍÑäæâÖçÌ éÌçÑä éËæÒËÌÍÍ à¿Á æéäÖÍÖÔÌåÖÖ
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éÌËÌÍÑäËæÕÕËÑÍÑÏÏïë ãâÕÖÒæÕÖéæìæþÑÏÖÓâìÎ çÌþâæÓ éËæÕæìæ×çÖâËÑÓêæÕïë
çÌÍÑË [2], éæÔÕæìÖìÖâæãäÖ×íçææËâÖÏÌäÏæÒæËÌÔËÑ� ÑÏÖÎ éæËÎâçÌ0.2

ÆËÖÒÒÑËîìÑçäËæÏÏæÒæâÑäÑçäæËÌÏÌ ÊÌÔÑçÌìæËÖÍÑäËÌ ã ÕïãæçÖÍ
ÔÏÌ×ÑÏÖÑÍ éæËæÒÌäËÖÒÒÑËÏïëâÑäÑçäæËæÕéËÖÕÑìç ÍÖÏÖÍÖÔÌåÖÖ ãçæËæãäÖã×ÑäÌ
äËÖÒÒÑËÌæäêæÏæÕæÓÔÌÒËèÔçÖ ãææäÕÑäãäÕÑÏÏæÍÏæÒæçËÌäÏæÍè èÕÑìÖ×ÑÏÖ�
ãÕÑäÖÍæãäÖ,éËÖçæäæËæÓÍæþÏæ éËæÕæâÖäíîçãéÑËÖÍÑÏä.

ÆËÖÒÒÑËÏÑÓäËæÏÏæÒæâÑäÑçäæËÌêæËÍÖËæÕÌìãÎéèäÑÍ ãèÍÍÖËæÕÌÏÖÎ
ãÖÒÏÌìæÕ ÌâÑçÕÌäÏæÓÒËèééÑÏÑÓäËæÏÏïë ã×Ñä×ÖçæÕ,×äæéæÔÕæìÖìæÖãéæìíÔæÕÌäí
ÕïãæçæÑÔÏÌ×ÑÏÖÑéæËæÒÌÖ ãææäÕÑäãäÕÑÏÏæèÍÑÏí � Öäí ãçæËæãäíã×ÑäÌæäêæÏæÕïë
ãæÊïäÖÓ. ¾éäÖÍÖÔÖËæÕÌÏÏÌÎ ÔÌÿÖäÌ ÏÑÓäËæÏÏæÒæâÑäÑçäæËÌéæÔÕæìÖìÌ
ÔÏÌ×ÖäÑìíÏæ èÍÑÏí � Öäí ãçæËæãäíã×ÑäÌ ÕÑäæ-âÑäÑçäæËæÕÊÑÔ ãèÿÑãäÕÑÏÏæÒæ
èëèâ� ÑÏÖÎ îêêÑçäÖÕÏæãäÖËÑþÑçåÖÖéËæäæÏæÕ.

áæÕËÑÍÎ îçãéÑËÖÍÑÏäÌ ÏÌéËÌÕìÑÏÖÑ éæìÎËÖÔÌåÖÖÍÖ � ÑÏÖ Êïìæ ÕïÊËÌÏæ
äÌçÖÍ æÊËÌÔæÍ,×äæÊï ÍÖÏÖÍÖÔÖËæÕÌäíãèÍÍÌËÏè � éæÒËÑ� Ïæãäí ÖÔÍÑËÑÏÖÎ.
áÍÑãäæ äËÌâÖåÖæÏÏæÒæÖÔÍÑËÑÏÖÎ æäÏæ� ÑÏÖÎ éËæâæìíÏæÓ éæéÑËÑ×ÏæÓ
ÌãÖÍÍÑäËÖÓ,ÕãÑéè×çæÕæÑÕËÑÍÎ Êïìæ ÖãéæìíÔæÕÌÏæâìÎ ÖÔÍÑËÑÏÖÎéæéÑËÑ×ÏæÓ
ÌãÖÍÍÑäËÖÖ. áçìÌâ éËæâæìíÏæÓÌãÖÍÍÑäËÖÖ Êïì ÍÖÏÖÍÖÔÖËæÕÌÏ ÕïÊæËæÍ
ÏÌéËÌÕìÑÏÖÎ ÍÌÒÏÖäÏæÒæéæìÎ. ÞæâæÊÏïÓéæâëæâéæÔÕæìÖìÔÏÌ×ÖäÑìíÏæèìè× � Öäí
ãäÌäÖãäÖ×Ñãçè� Æ¾Ãº¾ÐÆÀ ÖÔÍÑËÑÏÖÎ ÔÌ ã×Ñä ÏÑÔÏÌ×ÖäÑìíÏæÒæèÕÑìÖ×ÑÏÖÎ
ãÖãäÑÍÌäÖ×ÑãçæÓæ� ÖÊçÖ.

ÞËÖ ÌÏÌìÖÔÑ âÌÏÏïë ÊïìÖ ÖãéæìíÔæÕÌÏï þÑãäçÖÑçÖÏÑÍÌäÖ×ÑãçÖÑ
æÒËÌÏÖ×ÑÏÖÎà¿Á éæâÌÕìÑÏÖÎÏÑèéËèÒæÒæçÌÏÌìÌ. ÃäææãæÊÑÏÏæÕÌþÏæ âìÎ Êæìí� Öë
ÔÏÌ×ÑÏÖÓéÑËÑâÌÏÏæÒæÖÍéèìíãÌ, éæãçæìíçèÕçìÌâ ÏÑèéËèÒÖëãæÊïäÖÓÕæÔËÌãäÌÑäã
èÕÑìÖ×ÑÏÖÑÍéÑËÑâÌÏÏæÒæÖÍéèìíãÌ.

ÅÌÔËÌÊæäÌÏÍÑäæââìÎ îçãéÑËÖÍÑÏäÌìíÏæÒææéËÑâÑìÑÏÖÎîêêÑçäÖÕÏæãäÖ
ËÑþÑçåÖÖéËæäæÏæÕ,æãÏæÕÌÏÏïÓ ÏÌ ãËÌÕÏÑÏÖÖæäÏæ� ÑÏÖÓãçæËæãäÑÓã×ÑäÌçÕÌÔÖ-

èéËèÒÖëãæÊïäÖÓ(� ,Ñ'n) Ö(e,e'p) âìÎ ÍÖ � ÑÏÑÓã ËÌÔìÖ×ÏïÍ æäÏæ� ÑÏÖÑÍ

×ÖãìÌ ÏÑÓäËæÏæÕéËæäæÏæÕ.

(e,e

1.

2.
3.

4.

1.

2.
3.

4.

5.

[20]; Transversity (e,e'n+) [21]; TransversitySingleSpin [22]; Quasi-Elastic
SingleSpin [23].

ºÌ æãÏæÕÑËÌÔËÌÊæäÌÏÏæÓ îçãéÑËÖÍÑÏäÌìíÏæÓ ÍÑäæâÖçÖ Êïì
ãêæËÍèìÖËæÕÌÏéæâëæâà¿Á éæãäÌÏæÕçÖÊèâèÿÖë îçãéÑËÖÍÑÏäæÕéæÖÔÍÑËÑÏÖ�
îìÑçäËÖ×ÑãçæÒæêæËÍ-êÌçäæËÌÏÑÓäËæÏÌéËÖÑÿÑÊæìí� ÖëÔÏÌ×ÑÏÖÎë éÑËÑâÌÏÏæÒæ
ÖÍéèìíãÌ (âæ10 (Ûîá/c)")[7].

»ÕäæË ÕïÏæãÖä ÏÌ ÔÌÿÖäè:
ÜÖÔÖ×ÑãçÖÑËÑÔèìíäÌäï îçãéÑËÖÍÑÏäÌ:

a. ØÏÌ×ÑÏÖÎ îìÑçäËÖ×ÑãçæÒæêæËÍ-êÌçäæËÌ ÏÑÓäËæÏÌ à¿Á ×ÑäïËÑë
ÔÏÌ×ÑÏÖÓž2 = 1.2,1.7, 2.5,3.4 (ÛîB/c)?.

b. ÅÌÔìæþÑÏÖÎ ÏèçìæÏÏïë êæËÍ-êÌçäæËæÕÏÌ ÕçìÌâï Ö ÖçÕÌËçæÕ.
ÇÑäæâÖçèçÌìÖÊËæÕçÖ ÌÏÌìÖÔÌ âÌÏÏïë ÍÏæÒæãìæÓÏïëäËÑçæÕïëâÑäÑçäæËæÕ.
ÇÑäæâÖçèçÌìÖÊËæÕçÖîìÑçäËæÍÌÒÏÖäÏæÒæçÌìæËÖÍÑäËÌ âìÎ ãéÑçäËæÍÑäËÌã
Êæìí� ÖÍ äÑìÑãÏïÍ èÒìæÍ.
ÞÌçÑä éËæÒËÌÍÍ âìÎ ÌÏÌìÖÔÌ îçãéÑËÖÍÑÏäÌìíÏïë âÌÏÏïë îçãéÑËÖÍÑÏäÌ éæ
ÖÔÍÑËÑÏÖ� êæËÍ-êÌçäæËÌ ÏÑÓäËæÏÌ.

¿Ö×ÏæÑ è×ÌãäÖÑ ÌÕäæËÌ ÕÕïéæìÏÑÏÖÖ ËÌÊæäï
ÅÌÔËÌÊæäçÌîçãéÑËÖÍÑÏäÌìíÏæÒæ éæâëæâÌç ÖããìÑâæÕÌÏÖ� îìÑçäËÖ×ÑãçæÒæ
êæËÍ-êÌçäæËÌÏÑÓäËæÏÌ.
ÞæãäËæÑÏÖÑ½ ÏÌìÌâçÌ äËÖÒÒÑËÏæÓãÖãäÑÍï.
¾ÊÑãéÑ×ÑÏÖÑËÌÊæäïäËÖÒÒÑËÏæÓãÖãäÑÍï ãÖãäÑÍï ãÊæËÌâÌÏÏïë (DAQ)
éËæåÑããÑéËæÕÑâÑÏÖÎîçãéÑËÖÍÑÏäÌ.
ÅÌÔËÌÊæäçÌéËæÒËÌÍÍÏæÒææÊÑãéÑ×ÑÏÖÎà¿Á çÌìÖÊËæÕçÖÍÏæÒæéËæÕæìæ×Ïïë
âËÑÓêæÕïëçÌÍÑË, îìÑçäËæÍÌÒÏÖäÏæÒæçÌìæËÖÍÑäËÌ.
ÅÌÔËÌÊæäçÌéËæÒËÌÍÍÏæÒææÊÑãéÑ×ÑÏÖÎà¿Á ÌÏÌìÖÔÌ îçãéÑËÖÍÑÏäÌìíÏïë
âÌÏÏïë ½ éæìè×ÑÏÖÎêÖÔÖ×ÑãçÖëËÑÔèìíäÌäæÕ.

ÞËÌçäÖ×ÑãçÌÎ åÑÏÏæãäí_ËÌÊæäï. áéÑËÕïÑ éæìè×ÑÏï âÌÏÏïÑ éæ
îìÑçäËÖ×ÑãçæÍèêæËÍ-êÌçäæËèÏÑÓäËæÏÌ ÕæÊìÌãäÖéÑËÑâÌÏÏæÒæÖÍéèìíãÌ, ÒâÑ
âæÍÖÏÖËèÑäÕçìÌâ ÕÌìÑÏäÏïë çÕÌËçæÕ.àÖÌéÌÔæÏ éæ ÔÏÌ×ÑÏÖÎÍ éÑËÑâÌÏÏæÒæ
ÖÍéèìíãÌ Êïì ËÌã� ÖËÑÏ ÊæìÑÑ×ÑÍ âÕÌ ËÌÔÌ âæ 3.4(ÛîB/c)". ØÏÌÏÖÑ
îìÑçäËÖ×ÑãçæÒæêæËÍ-êÌçäæËÌÏÑÓäËæÏÌÖÍÑÑäÕÌþÏÑÓ� ÑÑÔÏÌ×ÑÏÖÑâìÎ éËæÕÑËçÖ
êæËÍÌìÖÔÍÌ ¾ÞÅ. ÄìÌÒæâÌËÎ éæìè×ÑÏÏïÍ îçãéÑËÖÍÑÏäÌìíÏïÍ âÌÏÏïÍ,
æÊÏÌËèþÑÏÌ éËÖËæâÌãçÑÓìÖÏÒÌ ÔÌÕÖãÖÍæãäÖæäÏæ� ÑÏÖÎ êæËÍ-êÌçäæËæÕéËæäæÏÌ
F ÖF, æäéÑËÑâÌÏÏæÒæÖÍéèìíãÌ.

éæÍæÿí� ËÌÔËÌÊæäÌÏÏæÒæéÌçÑäÌ éËæÒËÌÍÍÊïìÌ éËæÕÑâÑÏÌçÌìÖÊËæÕçÌ
ÌééÌËÌäèËï îçãéÑËÖÍÑÏäÑéæÖÔÍÑËÑÏÖ� êæËÍ-êÌçäæËÌÏÑÓäËæÏÌ.ÅÌÔËÌÊæäÌÏÏïÑ
éËæÒËÌÍÍÏïÑ Ö ÍÑäæâÖ×ÑãçÖÑËÑ� ÑÏÖÎ ÕéÑËÕïÑéæÔÕæìÖìÖãÕïãæçæÓÆ¾Ãº¾ÐÆÀ�

æéËÑâÑìÖäíÔÏÌ×ÑÏÖÑ îìÑçäËÖ×ÑãçæÒæêæËÍ-êÌçäæËÌ ÏÑÓäËæÏÌ éËÖ Êæìí� Öë

éÑËÑâÌÏÏïë ÖÍéèìíãÌë.
ºÌ ÊÌÔÑ ËÌÔËÌÊæäÌÏÏæÓ ÍÑäæâÖçÖ Ö ãæÔâÌÏÏæÒæéËæÒËÌÍÍÏæÒæ

æÊÑãéÑ×ÑÏÖÎ ILab ÊïìÌ éËÑâìæþÑÏÌ Ö éËæÕÑâÑÏÌãÑËÖÎîçãéÑËÖÍÑÏäæÕã
ÖãéæìíÔæÕÌÏÖÑÍãéÑçäËæÍÑäËÌBigBite:ThresholdPion Production [19]; Transversity

6

ÞèÊìÖçÌåÖÖ:¾ãÏæÕÏæÑãæâÑËþÌÏÖÑâÖããÑËäÌåÖÖæäËÌþÑÏæ ãäÌäíÎë [1,
2,3],çæäæËïÑÕÏÑãÑÏï ÕãéÖãæçìÖäÑËÌäèËïÌÕäæËÑêÑËÌäÌ.

ÐäËèçäèËÌÖæÊ� ÑÍ âÖããÑËäÌåÖÖ.àÖããÑËäÌåÖÎãæãäæÖäÖÔÕÕÑâÑÏÖÎ,
×ÑäïËÑëÒìÌÕ,ÔÌçì� ×ÑÏÖÎ Ö ãéÖãçÌåÖäÖËèÑÍæÓìÖäÑËÌäèËï.¾Ê� ÑÍ âÖããÑËäÌåÖÖ
ãæãäÌÕìÎÑä112ãäËÌÏÖå, äæÍ ×ÖãìÑ44 ËÖãèÏçæÕ,3 äÌÊìÖåï ãéÖãæçìÖäÑËÌäèËï
ÖÔ85 ÏÌÖÍÑÏæÕÌÏÖÓ.

ÐæâÑËþÌÏÖÑ ËÌÊæäï

áæ ÕÕÑâÑÏÖÖâÌÑäãÎ æÊÿÌÎ ëÌËÌçäÑËÖãäÖçÌ ËÌÊæäï. ½ÔìÌÒÌÑäãÎ
êÖÔÖ×ÑãçÌÎ ÌçäèÌìíÏæãäí ÕïéæìÏÑÏÏæÓ ËÌÊæäï. ÞËÖÕÑâÑÏçËÌäçÖÓ æÊÔæË
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éËÑâ� ÑãäÕè� ÿÖë îçãéÑËÖÍÑÏäÌìíÏïë âÌÏÏïë Ö ãèÿÑãäÕè� ÿÖë äÑæËÑäÖ×ÑãçÖë
ÍæâÑìÑÓéæêæËÍ-êÌçäæËÌÍ ÏèçìæÏÌ.

á ÒìÌÕÑ 1âÌÑäãÎ æÊÿÑÑæéÖãÌÏÖÑèéËèÒæÒæËÌããÑÎÏÖÎ îìÑçäËæÏÌ ÏÌ

ÏèçìæÏÑ. ÐêæËÍèìÖËæÕÌÏ éæâëæâ ç ÖÔè×ÑÏÖ� êæËÍ-êÌçäæËÌ ÏÑÓäËæÏÌ

éæãËÑâãäÕæÍçÕÌÔÖèéËèÒæÒæËÌããÑÎÏÖÎ îìÑçäËæÏÌ ÏÌ ÏÑÓäËæÏÑ.àÌÑäãÎ æéÖãÌÏÖÑ

éæìÎËÖÔÌåÖæÏÏæÒæÍÑäæâÌ éËÖÍÑÏÑÏÖÖç ÖããìÑâæÕÌÏÖ� êæËÍ-êÌçäæËÌÏÑÓäËæÏÌ.

ÞæâËæÊÏææéÖãÌÏï ËÑÔèìíäÌäï éËÑâ� ÑãäÕè� ÿÖë îçãéÑËÖÍÑÏäÌìíÏïë âÌÏÏïë éæ

êæËÍ-êÌçäæËæÍ ÏèçìæÏÌ. ÞËæÕÑâÑÏæãËÌÕÏÑÏÖÑ ãèÿÑãäÕè� ÿÖë ÖÔÍÑËÑÏÖÓã
äÑæËÑäÖ×ÑãçÖÍÖÍæâÑìÎÍÖ.

á ÒìÌÕÑ 2âÌÏï æéÖãÌÏÖÑ æãÏæÕÏïÑéÌËÌÍÑäËï èãäÌÏæÕçÖ,ÏÌ çæäæËæÓ

éËæÕæâÖìæãíâÌÏÏæÑ ÖããìÑâæÕÌÏÖÑ[24].
ÞËÖÕÑâÑÏÌãëÑÍÌ æãÏæÕÏïÑéÌËÌÍÑäËï ìÖÏÑÓÏæÒæèãçæËÖäÑìÎCEBAF

[24], êèÏçåÖæÏÖËè� ÿÑÒæá TJNAF(ThomasJeffersonNational AcceleratorFacility).

àÌÏæ æéÖãÌÏÖÑîçãéÑËÖÍÑÏäÌìíÏæÒæØÌìÌ A.
¿ÖÏÖÎ éè×çÌ ÔÌìÌ A æÊæËèâæÕÌÏÌâÕèÍÎ éæìÎËÖÍÑäËÌÍÖ îìÑçäËæÏÏæÒæ

éè×çÌ, âÕèÍÎ ãÖãäÑÍÌÍÖ ÖÔÍÑËÑÏÖÎîÏÑËÒÖÖéè×çÌ, ËÌã� ÖËÎ� ÿÑÓãÎ ÕÌçèèÍÏæÓ

äËèÊæÓéæãìÑÍÖ � ÑÏÖ èãäËæÓãäÕæÍéæÒìæÿÑÏÖÎéè×çÌ "BeamDump*

Neutron
detector

ØºÑ cell

Beam

Target BigBitemagnet

field
magnet MMDC

- Shower

ÅÖã.1: ÐëÑÍÌ îçãéÑËÖÍÑÏäÌìíÏæÓ èãäÌÏæÕçÖ.

ÞæìæþÑÏÖÑéè×çÌ çæÏäËæìÖËèÑäãÎÏÑãçæìíçÖÍÖ âÌä×ÖçÌÍÖ "áÅÇ" (beam

position monitor), çæäæËïÑçÌìÖÊËè� äãÎ ã éæÍæÿí� âÑäÑçäæËæÕ*HARP" [24]. á

çÌ×ÑãäÕÑÍÖ � ÑÏÑÓÍæÒèäÖãéæìíÔæÕÌäíãÎËÌÔìÖ×ÏïÑ ÕÌËÖÌÏäï äÕÑËâïë,ÒÌÔæÕïë,

éæìÎËÖÔæÕÌÏÏïë,çËÖæÒÑÏÏïëÍÖ � ÑÏÑÓ.

á ÒìÌÕÑäÌçþÑ éËÖÕÑâÑÏïãëÑÍÌ æãÏæÕÏïÑéÌËÌÍÑäËï âÑäÑçäæËÏïë

ãÖãäÑÍÖ ÍÖ � ÑÏÖ, ÖãéæìíÔæÕÌÏÏïë á¾ ÕËÑÍÎ îçãéÑËÖÍÑÏäÌ éæÖÔÍÑËÑÏÖ� êæËÍ-

êÌçäæËÌ ÏÑÓäËæÏÌ (ËÖã.1). ÞËÖÕÑâÑÏææéÖãÌÏÖÑãéÑçäËæÍÑäËÌBigBite [25],
ÖãéæìíÔæÕÌÏæÒæâìÎ ËÑÒÖãäËÌåÖÖîìÑçäËæÏæÕÖËÑþÑçåÖÖéÖæÏæÕ.¾éÖãÌÏ Êæìí� æÓ

ÏÑÓäËæÏÏïÓ âÑäÑçäæËBigHand[25], ÖãéæìíÔæÕÌÏÏïÓà¿Á ËÑÒÖãäËÌåÖÖÏÑÓäËæÏæÕ.

ÞËÖÕÑâÑÏææéÖãÌÏÖÑéËæäÎþÑÏÏæÓéæìÎËÖÔæÕÌÏÏæÓÍÖ � ÑÏÖ ºÑ .
á îäæÓ ÒìÌÕÑ éËÖÕæâÖäãÎâÑäÌìíÏæÑ æéÖãÌÏÖÑ ÌìÒæËÖäÍæÕ

ÖãéæìíÔæÕÌÏÏïë à¿Á çÌìÖÊËæÕçÖâÑäÑçäæËÏïëãÖãäÑÍ ãéÑçäËæÍÑäËÌBigBite:

âËÑÓêæÕïëçÌÍÑË îìÑçäËæÍÌÒÏÖäÏæÒæçÌìæËÖÍÑäËÌ[1]. ÞËÖÕÑâÑÏï,éæìè×ÑÏÏïÑ

ËÑÔèìíäÌäÑçÌìÖÊËæÕçÖ,ÔÏÌ×ÑÏÖÑçææËâÖÏÌäÏæÒæËÌÔËÑ� ÑÏÖÎ à¿Á âËÑÓêæÕïë

çÌÍÑË. ÞæçÌÔÌÏÌ âæãäÖÒÏèäÌÎÕÑìÖ×ÖÏÌËÑþÑçåÖÖéÖæÏæÕ.

ÛìÌÕÌ 3 éæãÕÎÿÑÏÌ æéÖãÌÏÖ� ÍÑäæâæÕÌÏÌìÖÔÌ îçãéÑËÖÍÑÏäÌ.
àÌÏæ âÑäÌìíÏæÑ æéÖãÌÏÖÑÍÑäæâæÕÌÏÌìÖÔÌ âÌÏÏïë. ÞËÖÕÑâÑÏææéÖãÌÏÖÑ

ÏÌìæþÑÏÏïë æÒËÌÏÖ×ÑÏÖÓà¿Á ÕïâÑìÑÏÖÎ çÕÌÔÖèéËèÒæÒæãéÑçäËÌ(2]. àÑäÌìíÏæ

æéÖãÌÏÌ éËæåÑâèËÌæéËÑâÑìÑÏÖÎÔÌËÎâÌ ÔÌËÑÒÖãäËÖËæÕÌÏÏæÒæÌâËæÏÌ. ÞËæÕÑâÑÏ

ÌÏÌìÖÔ ÏÑæÊëæâÖÍïëéæéËÌÕæçà¿Á éæìè×ÑÏÖÎêÖÔÖ×ÑãçæÒæËÑÔèìíäÌäÌ.

ÞËæÕÑâÑÏËÌã×ÑäãäÌäÖãäÖ×ÑãçÖëãÖãäÑÍÌäÖ×ÑãçÖëæ� ÖÊæç.

á ÛìÌÕÑ 4 éËÖÕÑâÑÏï êÖÔÖ×ÑãçÖÑËÑÔèìíäÌäï îçãéÑËÖÍÑÏäÌ éæ

ÖÔÍÑËÑÏÖ� êæËÍ-êÌçäæËÌ ÏÑÓäËæÏÌâìÎ ×ÑäïËÑëçÖÏÑÍÌäÖ×ÑãçÖëäæ×Ñçž*= 1.2
(Ûîá/c)", 1.7(Ûîá/c)2,2.5(Ûîá/c)2 3.4(Ûîá/c)2 ÖÖëÖÏäÑËéËÑäÌåÖÎ[3].

ÙçãéÑËÖÍÑÏäÌìíÏïÑ ËÑÔèìíäÌäï éËÑâãäÌÕìÑÏï ÏÌ ËÖãèÏçÑ2.ºÌ ËÖãèÏçÑ

éËÑâãäÌÕìÑÏï ËÑÔèìíäÌäï îäæÓËÌÊæäï: êÖæìÑäæÕïÓÖçËÌãÏïÑ äËÑèÒæìíÏÖçÖ,a

äÌçþÑ æéèÊìÖçæÕÌÏÏïÑËÑÔèìíäÌäï ËÎâÌ éËÑâ� ÑãäÕè� ÿÖë îçãéÑËÖÍÑÏäæÕ[26,27,
28, 29,30,31]. ÚËÖÕïÍÖ éæçÌÔÌÏï ËÑÔèìíäÌäï äÑæËÑäÖ×ÑãçÖëéËÑâãçÌÔÌÏÖÓæä

ËÌÔìÖ×Ïïë ÍæâÑìÑÓ.
ÚÌç ÕÖâÏæÖÔËÖãèÏçÌ, ãèÿÑãäÕè� ÿÖÑâæÏÌ � ÑÒæÖÔÍÑËÑÏÖÎâÌÏÏïÑ éæ

îìÑçäËÖ×ÑãçæÍèêæËÍ-êÌçäæËèÏÑÓäËæÏÌ(âæ1.5Ûîá?) ÏÑâæãäÌäæ×ÏïâìÎ éËæÕÑËçÖ

äÑæËÑäÖ×ÑãçÖëÍæâÑìÑÓéæêæËÍ-êÌçäæËÌÍ ÏÑÓäËæÏÌ.Þæãçæìíçè æÊìÌãäÖÍÌìïë

éÑËÑâÌÏÏïë ÖÍéèìíãÌë ËÌãëæþâÑÏÖÎ ÍÑþâè ËÌÔìÖ×ÏïÍÖ ÍæâÑìÎÍÖ

ÏÑãèÿÑãäÕÑÏÏï.
ºÌ ËÖãèÏçÑéËÑâãäÌÕìÑÏÌÍæâÑìí ÄæìÖåçæÒæ-àþÖ[32]. ºÑãÍæäËÎ ÏÌ äæ,

×äæâÌÏÏÌÎ ÍæâÑìí ëæËæ� ææéÖãïÕÌÑäâÌÏÏïÑ éæéËæäæÏÏïÍ êæËÍ-êÌçäæËÌÍ,

æéÖãÌÏÖÑÏÑÓäËæÏÏïë êæËÍ-êÌçäæËæÕéæìÏæãäí� éËæäÖÕæËÑ×Öäéæìè×ÑÏÏïÍ á

ÏÌ � ÑÓËÌÊæäÑîçãéÑËÖÍÑÏäÌìíÏïÍ ËÑÔèìíäÌäÌÍ. ÚÌç èçÌÔÌÏæÕ[32] ãæÕéÌâÑÏÖÑã

éËæäæÏÏïÍÖ âÌÏÏïÍÖ ÍæþÑäÊïäí ãìÑâãäÕÖÑÍãìè×ÌÓÏïë ãæçËÌÿÑÏÖÓ.
ÅÌã×ÑäîìÑçäËÖ×ÑãçæÒæêæËÍ-êÌçäæËÌ ÏÑÓäËæÏÌ ÏÌ æãÏæÕÑèËÌÕÏÑÏÖÓ

àÌÓãæÏÌ-ßÕÖÏÒÑËÌ éæçÌÔïÕÌÑä ëæËæ� ÑÑ ãæÕéÌâÑÏÖÑ ã éæìè×ÑÏÏïÍÖ
îçãéÑËÖÍÑÏäÌìíÏïÍÖ âÌÏÏïÍÖ éËÖÊæìí� ÖëéÑËÑâÌÏÏïë ÖÍéèìíãÌë.
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2: InnÅÖã. ØÌÕÖãÖÍæãäíæäÏæ� ÑÏÖÎ, uGe JUM æäçÕÌâËÌäÌ éÑËÑâÌÏÏæÒæÖÍéèìíãÌ,

ÞËÑâãäÌÕìÑÏï ËÑÔèìíäÌäï îäæÓËÌÊæäï,aäÌçþÑ æéèÊìÖçæÕÌÏÏïÑËÑÔèìíäÌäï
ËÎâÌ éËÑâ� ÑãäÕè� ÿÖë îçãéÑËÖÍÑÏäæÕ[26,27,28,29,30,31].ÚËÖÕïÍÖ éæçÌÔÌÏï
ËÑÔèìíäÌäï äÑæËÑäÖ×ÑãçÖëéËÑâãçÌÔÌÏÖÓ æä ËÌÔìÖ×Ïïë ÍæâÑìÑÓ.
éÚÉà (pQCD) (32],ÅÚÚÇ (RQQM) [33], Âàß½ (DSE)[34], ¾ÞÅ (GPD) [35]
Çáà (VMD) [36].

ºÌ æãÏæÕÑéæìè×ÑÏÏïë ÏÌ � ÑÍ éËÑâïâèÿÖë [26, 27,28,29,30,31]
âÌÏÏïë éæ îìÑçäËÖ×ÑãçæÍèêæËÍ-êÌçäæËè ÏÑÓäËæÏÌ,îçãéÑËÖÍÑÏäÌë UE,

ÔÏÌ×ÑÏÖÓäËÑëæãäÌìíÏïë èéËèÒÖëêæËÍ-êÌçäæËæÕ,GE,GÍ Õï×ÖãìÑÏÏïë,
ÏÌ æãÏæÕÑêÖäÌ ÚÑììÖ [37] ÊïìÖ éæìè×ÑÏï çÕÌËçæÕïÑÕçìÌâï êæËÍ-êÌçäæËï.
¾äÏæ� ÑÏÖÑéæìè×ÑÏÏïë ÕçìÌâæÕÖ d çÕÌËçæÕêæËÍ-êÌçäæËàÖËÌçÌ éæçÌÔÌÏæÏÌ

ËÖãèÏçÑ3. ¾äÏæ� ÑÏÖÑ, Fid ãéÌâÌÑä ã ÕæÔËÌãäÌÏÖÑÍ�� . ÆÌçæÑéæÕÑâÑÏÖÑ

æÔÏÌ×ÌÑä,×äæ ãææäÕÑäãäÕè� ÿÑÓ ãÖãäÑÍÑÊÑãçæÏÑ×ÏæÒæÖÍéèìíãÌ ÔÌËÎâæÕæÑ
ËÌãéËÑâÑìÑÏÖÑdÔÏÌ×ÖäÑìíÏæ � ÖËÑ,×ÑÍ ËÌãéËÑâÑìÑÏÖÑÖ çÕÌËçÌ.

0.6 -

--- RCOM
GPD
Lattice0.4

°
«¬°

� .2 VMD

DSE
Our Fit

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Q2 [GeV/2]

ÅÖã.3: ØÌÕÖãÖÍæãäíæäÏæ� ÑÏÖÎ ÕçìÌâæÕÖ Öd çÕÌËçæÕêæËÍ-êÌçäæËàÖËÌçÌ æä
çÕÌâËÌäÌ éÑËÑâÌÏÏæÒæÖÍéèìíãÌ, ÚËÖÕïÍÖ éæçÌÔÌÏï ËÑÔèìíäÌäï äÑæËÑäÖ×ÑãçÖë
éËÑâãçÌÔÌÏÖÓæäËÌÔìÖ×Ïïë ÍæâÑìÑÓ.éÚÉà [32], ÅÚÚÇ [33], [34],¾ÞÅ [35],
Çáà [36] ÚÉàË (LatticeQCD) [38].

½ÔÕÑãäÏæÑéËÑâãçÌÔÌÏÖÑéÑËäèËÊÌäÖÕÏæÓçÕÌÏäæÕæÓëËæÍæâÖÏÌÍÖçÖ
îçãçì � ÔÖÕÏïë éËæåÑããæÕâìÎ ÔÌÕÖãÖÍæãäÖæäÏæ� ÑÏÖÎ êæËÍ-êÌçäæËæÕéËæäæÏÌ

[32], - ÕéÑËÕïÑéËæÌÏÌìÖÔÖËæÕÌÏæà¿Á ÕçìÌâæÕæäâÑìíÏïë çÕÌËçæÕ.F
ÞËÖÕÑâÑÏÒËÌêÖç æéÖãïÕÌ� ÿÖÓ éËÖËæâèãçÑÓìÖÏÒÌá ÔÌÕÖãÖÍæãäÖæäÏæ� ÑÏÖÎ

êæËÍ-êÌçäæËæÕéËæäæÏÌ Ö æäçÕÌâËÌäÌ éÑËÑâÌÏÏæÒæÖÍéèìíãÌ (ËÖã. 4).ºÌ

ËÖãèÏçÑ éËÑâãäÌÕìÑÏï ÕÑìÖ×ÖÏï Sued âìÎ çÕÌËçæÕÖ

ÕÑìÖ×ÖÏï âìÎ éËæäæÏæÕ ÏÑÓäËæÏæÕ.ÞËÖÕÑâÑÏÏïÓp(n)
ÒËÌêÖçéæçÌÔïÕÌÑä,×äæÏÌÊì � âÌÑÍæÑéËÖÔÏÌ×ÑÏÖÎë çÕÌâËÌäÌéÑËÑâÌÏÏæÒæéæËÎâçÌ
ÏÑãçæìíçÖë(Ûîá/c)2 éæÕÑâÑÏÖÑæäÏæ� ÑÏÖÎ êæËÍ-êÌçäæËæÕàÖËÌçÌ Ö ÞÌèìÖ à¿Á

éËæäæÏÌæÊèãìæÕìÑÏæçæÍéÑÏãÌåÖÑÓçÕÌËçæÕïëÕçìÌâæÕ.
ÆÌçÖÍ æÊËÌÔæÍ,ÏÌÍÖ ÕéÑËÕïÑéæìè×ÑÏï ÔÏÌ×ÑÏÖÎ îìÑçäËÖ×ÑãçæÒæêæËÍ-

êÌçäæËÌ ÏÑÓäËæÏÌ ÕæÊìÌãäÖâæÍÖÏÖËæÕÌÏÖÎÕÌìÑÏäÏïë çÕÌËçæÕ.Þæìè×ÑÏÏïÑ
ËÑÔèìíäÌäï éæÔÕæìÖìÖéËæÕÑãäÖËÌÔìæþÑÏÖÑéæ çÕÌËçæÕïÍ ÕçìÌâÌÍ êæËÍ-
êÌçäæËï ÖæÊÏÌËèþÖäí ËÎâ ÖÏäÑËÑãÏïë æãæÊÑÏÏæãäÑÓ,çÌç âìÎ èéËèÒÖëêæËÍ
êÌçäæËæÕÏÑÓäËæÏÌ,äÌç Ö âìÎ çÕÌËçæÕïëãæãäÌÕìÎ� ÿÖë.
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2. ÅÌÔËÌÊæäÌÏÌ æäìÌþÑÏÌ éËæåÑâèËÌçÌìÖÊËæÕçÖÍÏæÒæãìæÓÏïë
äËÑçæÕïë âÑäÑçäæËæÕ.àìÎ âËÑÓêæÕïë çÌÍÑË âæãäÖÒÏèäæ- çææËâÖÏÌäÏæÑËÌÔËÑ� ÑÏÖÑ ÍÍ [2].3. ÐæÔâÌÏÌ ãÖãäÑÍÌ éËæÒËÌÍÍÏïë éÌçÑäæÕà¿Á ÌÏÌìÖÔÌ âÌÏÏïë

4-- “’ 2 îçãéÑËÖÍÑÏäÌ éæÖÔÍÑËÑÏÖ� êæËÍ-êÌçäæËÌÏÑÓäËæÏÌ[3].I 4. ºÌ æãÏæÕÑéæìè×ÑÏÏïë âÌÏÏïë ÊïìÖ ËÌãã×ÖäÌÏï ÕçìÌâï çÕÌËçæÕ Õ
“ñ êæËÍ-êÌçäæËï àÖËÌçÌ ÞÌèìÖ. ¾ÊÏÌËèþÑÏÌ éËÖËæâÌãçÑÓìÖÏÒÌ

- ÔÌÕÖãÖÍæãäÖæäÏæ� ÑÏÖÎ êæËÍ-êÌçäæËæÕéËæäæÏÌ F2 æä
ö• éÑËÑâÌÏÏæÒæÖÍéèìíãÌ. ÂãäÌÏæÕìÑÏæ,×äæÔÌËÎâæÕæÑËÌãéËÑâÑìÑÏÖÑd

BJY -pacD(2003) -
¿ÖäÑËÌäèËÌ

çÕÌËçÌ ÔÏÌ×ÖäÑìíÏæ� ÖËÑÔÌËÎâæÕæÒæËÌãéËÑâÑìÑÏÖÎÖ çÕÌËçÌ[1].

...
II ¾ãÏæÕÏïÑ ËÑÔèìíäÌäïâÖããÑËäÌåÖÖæéèÊìÖçæÕÌÏïÕ ËÌÊæäÌë:

I

4
[1] S.Riordan,S. Abrahamyanet.al., "Measurementsof the Electric Form Factorof

Sd the Neutron up to = 3.4GeV2Using the Reaction
3

He(e,e,,n)pp Phys.
I 2 - Rev.Lett., 105,262302,5pp.2010

[2] »ÊËÌÍÎÏ <<ÚÌìÖÊËæÕçÌâËÑÓêæÕïëçÌÍÑË Ö çÌìæËÖÍÑäËÌ ãéÑçäËæÍÑäËÌö BigBite>>½ÔÕÑãäÖÎº»º »ËÍÑÏÖÎ, ÜÖÔÖçÌ,T.43,#5,c.364-374,2011.
[3] Ð.»ÊËÌÍÎÏ, "½ÔÕìÑ×ÑÏÖÑÌãÖÍÍÑäËÖÖ ÕîçãéÑËÖÍÑÏäÑ éæÖÔÍÑËÑÏÖ� êæËÍ-êÌçäæËÌ ÏÑÓäËæÏÌ éËÖ Êæìí� Öë éÑËÑâÌÏÏïë ÖÍéèìíãÌë", ½ÔÕÑãäÖÎº»º

»ËÍÑÏÖÎ, ÜÖÔÖçÌ,T. 43,#5,c.364-374,2011.

6 á
Q2 [GeV2]

ÅÖã.4: ØÌÕÖãÖÍæãäíæäÏæ� ÑÏÖÎ êæËÍ-êÌçäæËæÕàÖËÌçÌ ÖÞÌèìÖ éæÍÏæþÑÏÏæÒæ
ÏÌ çÕÌâËÌä éÑËÑâÌÏÏæÒæÖÍéèìíãÌ, S F2/F, æä çÕÌâËÌäÌéÑËÑâÌÏÏæÒæ
ÖÍéèìíãÌ. ÚËÖÕïÍÖ éæçÌÔÌÏï ËÑÔèìíäÌäï äÑæËÑäÖ×ÑãçÖëéËÑâãçÌÔÌÏÖÓéæÍæâÑìÖ
ÄæìÖåçæÒæ-àþÖ:In'(@ /A?), A 300MeV [32].

á ØÌçì � ×ÑÏÖÖãêæËÍèìÖËæÕÌÏï æãÏæÕÏïÑËÑÔèìíäÌäï ÕïÕæâïËÌÊæäï.1. ÞËæÕÑâÑÏîçãéÑËÖÍÑÏäéæÖÔÍÑËÑÏÖ� îìÑçäËÖ×ÑãçæÒæêæËÍ-êÌçäæËÌ
ÏÑÓäËæÏÌ, éËÖÊæìí� ÖëUE, éÑËÑâÌÏÏïë ÖÍéèìíãÌë, éæìè×ÑÏï
ÔÏÌ×ÑÏÖÎ âìÎ ×ÑäïËÑëUE, çÖÏÑÍÌäÖ×ÑãçÖëäæ×Ñç:ž2 = 1.2,1.7,2.5
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Resume

We presentresults of neutron structure study experiment.experimentallowed us to identify previouslyunknown propertiesof
Results

distribution
of the

in nucleonon shortdistances[1].
quarks

The structure of the nucleon and its
magneticmoment, sizeand mass(and the

general
form

properties such ascharge,
scientific interest. The nucleon is a laboratory

appropriate
for the

factors)areof fundamental

interaction. Both nucleons,the proton and the neutron,need
study of the quark-gluon

the proton hasbeenmore thoroughly studiedthan the neutron.
to
More
beexplored.

data
At present

isessentialif we are to makerealprogressin obtaining complete
on the neutron

quark structureof thenucleon.
a descriptionof the

The valuesof neutron electricalform-factors were measuredtransfermomentum valuesž2 - 1.2,1.7,2.5,3.4(GeV/c)2.Resultsof
at
the

four different

allowed
distribution
usto figure out that d-quarksdistribution in proton issignificantly wider

experiment
than Ö-

noticed
quarks in proton. Resultsallowed usto discoverthe natureof previouslyscaling in proton form-factors F and F ratio dependenceon transfer
momentum.

analysisprocedure
Developedexperimentalmethods,apparatuscalibrationprocedure[2] anddata

6,7, 8,9].
[3] will be used in seriesof approvedJLabexperiments[4, 5,

motivation.
Introduction includes the description of presented work and physics
Thesisconsistsof introduction four chaptersand conclusion.Thesis112pagesand includes44 figuresand3 tables. consistsof
In first chapterwe describedthe electron-nucleon

includesdescription of neutron form-factor study based
elastic scattering.It also

nucleon scattering.We presentedthe double-polarizationmethod
on quasy-elastic

for
electron-

form-factor measurement.We madethe comparisonof previously measured
neutron electric

nucleon form-factorswith number of theoreticalmodelsandcalculations.
data on

Secondchapterincludesdescriptionof experimentalapparatus.We describedheremain characteristicsof CEBAFlinear accelerator.The main experimentaldetectors:BigHAND neutron detectorandBigBite electron spectrometerarealsodescribedindetails.We presentedheremultichannel drift chambersandelectromagneticcalorimetercalibrationprocedures.Achievedresolutions,andother characteristicsof thosedetectorsalsopresentedin this chapter.
In third chapter we presenteddataanalysis

descriptionof quasi-elasticsampleselection.We presented
procedure.

the
We gaveadetailed

and cutsplacedon thosevariables,necessaryfor properselection
calculationof variables

We describedin detailshadronschargeidentification procedurebased
of quasi-elastic

veto-detectors.
events.

We presentedthe calculationof all dilution factorswhich arenecessary
on

forelectric form-factor extraction from measuredasymmetry.
neutron

valuesof
In forth chapterwe presentedthe valuesof neutron electric form factor for four

description
transfer momentum ž2 = 1.2. 1.7, 2.5and 3.4(GeV/c)2. The detailed

We studied
of different
the

effeetscontribution to the systematicerror isalsopresentedhere.comparisonof measuredvalueswith different theoreticalmodelsand
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calculations.We alsopresentedhere the extractionof Öandd quarkscontributions to thenucleon form-factors.
In conclusion we presentedthe main resultsand physical interpretation of

thoseresults.
Developedexperimentalmethods, apparatuscalibration procedureand data

analysisprocedureallowedusto proposeanew experimentto measureneutron electricform-factor at evenhigher momentum transfer(up to 10 (GeV/c)2).This proposalwasapprovedby program advisorycommittee(PAC),and will take placeat JLabafterCEBAFaccelerator12GeV upgrade.
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