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Àâòîð çàùèùàåò

1 Íîâûå äàííûå ïî ïåðåäà÷å ñïèíà îò ïîëÿðèçîâàííûõ ìþîíîâ â
Λ è Λ̄ ãèïåðîíû â ãëóáîêî-íåóïðóãîì ìþîí-íóêëîííîì
ðàññåÿíèè â ýêñïåðèìåíòå COMPASS.

2 Íîâûå äàííûå ïî x è xF çàâèñèìîñòÿì ïðîäîëüíîé ïåðåäà÷è
ñïèíà (x - Áüîðêåíîâñêàÿ ìàñøòàáíàÿ ïåðåìåííàÿ, xF Ôåéíìàíîâñêàÿ
ìàñøòàáíàÿ ïåðåìåííàÿ).

3 Ïðîãðàììó ìîäåëèðîâàíèÿ ñîáûòèé ãëóáîêî-íåóïðóãîãî
ìþîí-íóêëîííîãî ðàññåÿíèÿ íà óñòàíîâêå COMPASS(NA58) â
ÖÅÐÍ.
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Àêòóàëüíîñòü ðàáîòû

Ïðåäñòàâëåíû ðåçóëüòàòû èçìåðåíèÿ ïðîäîëüíîé
ïîëÿðèçàöèÿ Λ è Λ̄ ãèïåðîíîâ ðîæäåííûõ â
ãëóáîêî-íåóïðóãîì ðàññåÿíèè ïîëÿðèçîâàííûõ ìþîíîâ íà
íåïîëÿðèçîâàííîé èçîñêàëÿðíîé ìèøåíè â ýêñïåðèìåíòå
COMPASS (NA58) â CERN.
µ+ + N → µ′+ + Λ(Λ) + X , Λ→ p + π− (Λ→ p + π+)
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Ïðîäîëüíàÿ ïîëÿðèçàöèÿ Λ
and Λ â ÃÍÐ ÷óâñòâèòåëüíà ê:

s(x), s(x)

Ñïèíîâîé ñòðóêòóðå Λ

ÊÏÌ: ∆uΛ = ∆dΛ =
0,∆sΛ = 1
Burkardt è Ja�e:
gΛ

1 ⇒ ∆uΛ = ∆dΛ =
−0.23,
∆sΛ = 0.58
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Ïîëÿðèçàöèÿ Λ èç ôðàãìåíòàöèè êâàðêîâ

Ïîëÿðèçàöèÿ Λ îò ôðàãìåíòàöèè âûáèòîãî êâàðêà â ïàðòîííîé
ìîäåëè:

PΛ =

∑
q e

2
q [PbD(y)q(x) + PT∆q(x)] ∆DΛ

q (z)∑
q e

2
q [q(x) + PbPTD(y)∆q(x)]DΛ

q (z)

PbD(y)q(x) � ïåðåäà÷à ñïèíà îò ïîëÿðèçîâàííîãî ìþîíà

PT∆q(x) � ïåðåäà÷à ñïèíà îò ïîëÿðèçîâàííîãî êâàðêà

Îñîáàÿ ðîëü ñòðàííîãî êâàðêà:
Ïîëÿðèçàöèÿ ãèïåðîíîâ â e+e− àííèãèëÿöèè â Z -ïèêå â ýêñïåðèìåíòàõ íà LEP
(Ps = −0.94), Çíà÷åíèå ALEPH PΛ

L = −0.32± 0.07, OPAL èçìåðèë
PΛ
L = −0.329± 0.055

Âêëàä îò s-êâàðêà â ñïèí Λ ÿâëÿåòñÿ äîìèíèðóþùèì (100 % äëÿ SU(6) ìîäåëè
äî 60-70 % â ìîäåëè Burkardt è Ja�e èëè QCD âû÷èñëåíèÿ íà ðåøåòêå).

Ìîæíî îæèäàòü ÷òî ðàññåÿíèå íà u-èëè d-êâàðêàõ âàæíî äëÿ ðîæäåíèÿ Λ(Λ̄) ,
íî íå äëÿ ïåðåäà÷è ñïèíà â Λ(Λ̄).

A. Kotzinian, A. Bravar, D. von Harrach, Eur.Phys.J. C2, 329-337 (1998), hep-ph/9701384
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Ñïåêòðîìåòð COMPASS
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Â 2003 ã. :
Pb = −0.76± 0.04

Â 2004 ã. :
Pb = −0.80± 0.04

ïó÷îê 160 ÃýÂ/ñ µ+

2.8 · 108 µ/ñáðîñ (4.8 s/16.8 ñ)

Q2 > 1 (ÃýÂ/c)2: 31.2 · 107 ñîáûòèé
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Ìîäåëèðîâàíèå ñîáûòèé â ýêñïåðèìåíòå
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Íàñòðîéêà ãåíåðàòîðà ÃÍÐ ñîáûòèé LEPTO (ôóíêöèé ôðàãìåíòàöèè).
Ïðîãðàììa ìîäåëèðîâàíèÿ îòêëèêà äåòåêòîðà COMGEANT (íà áàçå
GEANT3.21)
Çàäàíèå óñëîâèé ìîäåëèðîâàíèÿ, îïèñàíèå ìàòåðèàëîâ, ãåîìåòðèè óñòàíîâêè,
õàðàêòåðèñòèêè äåòåêòîðîâ çàäàþòñÿ ïðè ïîìîùè âíåøíèõ óïðàâëÿþùèõ êàðò.
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Èëëþñòðàöèè ðàáîòû ïðîãðàììû

ìîäåëèðîâàíèÿ(I)
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Ðàñïðåäåëåíèÿ ïî xBj , y , Q2,
è W . Êðàñíàÿ ëèíèÿ äëÿ ÌÑ,
ñèíÿÿ äëÿ ðåàëüíûõ äàííûõ.

W 2 = (Pµ + qµ)2 � êâàäðàò
ìàññû êîíå÷íîãî àäðîííîãî
ñîñòîÿíèÿ
Q2 = −qµqµ � êâàäðàò
èíâàðèàíòíîé ìàññû γ∗

ν =
Pµqµ

M

lab
= E − E ′ � ýíåðãèÿ

x = Q2

2Pµqµ
lab
= Q2

2Mν
�

Áüîðêåíîâñêàÿ ìàñøò. ïåðåì.

y =
Pµqµ

Pµkµ
lab
= ν

E
� äîëÿ

ýíåðãèè, óíåñåííàÿ γ∗

~pL = ( ~ph · ~q|~q| )
~q
|~q| � ïðîäîëüíàÿ

êîìïîíåíòà èìïóëüñà àäðîíà
â γ∗N ñ.ö.ì.
xF = |~pL|

|~q|
∼= 2~pL

W
�

Ôåéíìàíîâñêàÿ ìàñøò. ïåðåì.
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Èëëþñòðàöèè ðàáîòû ïðîãðàììû

ìîäåëèðîâàíèÿ(II)
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Ðàñïðåäåëåíèÿ ïî èìïóëüñàì, ïîëÿðíîìó è àçèìóòàëüíîìó óãëàì àäðîíîâ èç
ïåðâè÷íîé âåðøèíû. Êðàñíàÿ ëèíèÿ äëÿ ÌÑ, ñèíÿÿ äëÿ ðåàëüíûõ äàííûõ.
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Îòáîð ñîáûòèé Λ è Λ̄
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Ñòàòèñòèêà Λ è Λ̄ ãèïåðîíîâ
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E665 750 650
NOMAD 8087 649
HERMES 26714 3610
RHIC 13000 10000
COMPASS 70000 42000
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Äëÿ îïðåäåëåíèÿ óãëîâûõ ðàñïðåäåëåíèé Λ(Λ̄) èñïîëüçóåòñÿ ìåòîä âû÷èòàíèÿ áîêîâûõ
ïîëîñ (ss-ìåòîä îò àíãëèéñêîãî sidebands subtraction)

Èñïîëüçóåìûå çîíû: (−5;−3), (−1.5; 1.5), (3; 5) σ îò ìàññîâîãî ïèêà.
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Íàñòðîéêà ôóíêöèé ôðàãìåíòàöèè (I)
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PARJ (41) è PARJ (42) ýòî a
è b ïàðàìåòðû ñèììåòðè÷íûõ
ôóíêöèÿ ôðàãìåíòàöèè
ìîäåëè Ëóíä.

f (z) ∝ z−1(1−z)aexp(−bm2
⊥/z)

z
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= Eh

ν
� äîëÿ ýíåðãèè γ∗

ïåðåäàííàÿ àäðîíó
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Íàñòðîéêà ôóíêöèé ôðàãìåíòàöèè(II)
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Êèíåìàòè÷åñêèå ðàñïðåäåëåíèÿ Λ
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〈Q2〉 =
3.7 (ÃýÂ/c)2
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Êèíåìàòè÷åñêèå ðàñïðåäåëåíèÿ Λ̄
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Ïðîäîëüíàÿ ïîëÿðèçàöèÿ Λ (Λ̄)

−1 < cos θ < 0.6

1

Ntot

dN

dcosθ
=

1

2
(1 + αPLcos θ)

PL - ïðîäîëüíàÿ ïîëÿðèçàöèÿ ãèïåðîíà.
α = +(−)0.642± 0.013 � Λ (Λ̄) ïàðàìåòð
ðàñïàäà.
Cèñòåìà êîîðäèíàò:

Îñü X � âäîëü âåêòîðà èìïóëüñà
âèðòóàëüíîãî ôîòîíà â ñèñòåìå
ïîêîÿ V 0. (V 0 ≡ Λ, Λ̄ ).

Îñü Y � íîðìàëü ê ïëîñêîñòè
ðîæäåíèÿ ~nY = [~nX × ~nT ], ãäå ~nX
åäèíè÷íûé âåêòîð íàïðàâëåíèÿ îñè
X, ~nT ýòî åäèíè÷íûé âåêòîð â
íàïðàâëåíèè èìïóëüñà íóêëîíà
ìèøåíè â ñèñòåìå ïîêîÿ V 0.

Îñü Z � ~nZ = [~nX × ~nY ].
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Ïîïðàâêà óãëîâûõ ðàñïðåäåëåíèé íà àêñåïòàíñ

Àêñåïòàíñ A(cos θX , φ) èñêàæàåò
èäåàëüíîå ðàñïðåäåëåíèå.

1

Nexp
tot

·
dNexp

dx
=

1

2
(1+αPL ·x) ·A(x)

Ïîïðàâêà íà àêñåïòàíñ áûëà
îïðåäåëåíà, èñïîëüçóÿ
Ìîíòå-Êàðëî(ÌÑ):

A(x) =
NMC
tot,gen

NMC
tot,reg

·
dNMC

reg (x)

dx
/
dNMC

gen (x)

dx
,

ãäå x = cos θX , NMC
gen (x), NMC

reg (x)
ñîáûòèÿ â x-èíòåðâàëå.

θcos 

−0.5 0 0.5

0.46

0.48

0.5

0.52

0.54 Λ

θcos 

−0.5 0 0.5

0.46

0.48

0.5

0.52

0.54 Λ

Óãëîâûå ðàñïðåäåëåíèÿ Λ, Λ̄, ïîïðàâëåííûå íà
àêñåïòàíñ. Ñîáûòèÿ 2004 ã.
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Óñðåäíåííàÿ ïåðåäà÷à ñïèíà

Ïðîäîëüíàÿ ïåðåäà÷à ñïèíà DLL:

PL = DΛ
LL · Pb · D(y)

Äåïîëÿðèçóþùèé ôàêòîð D(y) = 1−(1−y)2

1+(1−y)2

DΛ
LL = −0.012± 0.047± 0.024

D Λ̄
LL = 0.249± 0.056± 0.049

D
K0
s

LL = 0.016± 0.010
x̄F = 0.22 (0.20), x̄ = 0.03, ñðåäíÿÿ äîëÿ ýíåðãèè Λ z̄ = 0.27, ñðåäíèå y è
Q2 0.46 è 3.7,(ÃýÂ/ñ)2, ñîîòâåòñòâåííî

Âêëàäû â ñèñòåìàòè÷åñêóþ îøèáêó Λ Λ̄
Ïåðåäà÷à ñïèíà â êàîíû, δ(MC1) 0.016 0.016
Âàðèàöèÿ óñëîâèé îòáîðà, δ(MC2) 0.016 0.044
Íåîïðåäåëåííîñòü âû÷åòà ôîíà, δ(ss) 0.010 0.016
Íåîïðåäåëåííîñòü ïîëÿðèçàöèè ïó÷êà, δ(Pb) 0.0006 0.013
σsyst 0.024 0.049
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Ñðàâíåíèå ñ ðåçóëüòàòàìè äðóãèõ

ýêñïåðèìåíòîâ, Λ

F
x

−0.6 −0.4 −0.2 0 0.2 0.4 0.6 0.8

L
L

D

−1.5

−1

−0.5

0

0.5

1
NOMAD
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COMPASS 

Λ
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Ñðàâíåíèå ñ ðåçóëüòàòàìè äðóãèõ

ýêñïåðèìåíòîâ, Λ̄

F
x

−0.2 0 0.2 0.4 0.6 0.8

L
L

D

−0.5

0

0.5

1
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Λ
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Ïåðåäà÷à ñïèíà â Λ è Λ: PT = 0

Îæèäàåòñÿ, ÷òî ∆DΛ
q (z) = ∆D Λ̄

q (z) ∼ 0 äëÿ q = u, d , ū, d̄ , òàê
êàê âêëàä îò s-êâàðêà â ñïèí Λ ÿâëÿåòñÿ äîìèíèðóþùèì.

DΛ
LL(x , z) ≈ 1

9

s(x)∆DΛ
s (z)∑

q e
2
qq(x)DΛ

q (z)
,

D Λ̄
LL(x , z) ≈ 1

9

s̄(x)∆D Λ̄
s̄ (z)∑

q e
2
qq(x)D Λ̄

q (z)

çíàìåíàòåëè ïðîïîðöèîíàëüíû ñå÷åíèþ ðîæäåíèÿ Λ(Λ̄)

DLL(Λ) > DLL(Λ)
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Ïåðåäà÷à ñïèíà â Λ è Λ̄: xBj

x

−2
10

−1
10

L
L

D

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

0.8

1
Λ

Λ

COMPASS

ïðåäñêàçàíèÿ
òåîðèè:
DΛ

LL > DΛ
LL

ïðåäñêàçàíèÿ
òåîðèè: SU(6),
CTEQ5

Λ � ñïëîøíàÿ
ëèíèÿ

Λ̄ � øòðèõîâàÿ
ëèíèÿ

DΛ
LL = −0.012± 0.047± 0.024 D Λ̄

LL = 0.249± 0.056± 0.049
J.Ellis et al., Eur.Phys.J. C52 (2007) 283
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Ïåðåäà÷à ñïèíà â Λ è Λ̄: xF

F
x

0 0.2 0.4 0.6

L
L

D

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

0.8

1

Λ

Λ

COMPASS

ïðåäñêàçàíèÿ
òåîðèè:
DΛ

LL > DΛ
LL

ïðåäñêàçàíèÿ
òåîðèè: SU(6),
CTEQ5

Λ � ñïëîøíàÿ
ëèíèÿ

Λ̄ � øòðèõîâàÿ
ëèíèÿ

DΛ
LL = −0.012± 0.047± 0.024 D Λ̄

LL = 0.249± 0.056± 0.049
J.Ellis et al., Eur.Phys.J. C52 (2007) 603
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×óâñòâèòåëüíîñòü ê s(x)

F
x
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L
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D
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SU(6)CTEQ5L   
SU(6)CTEQ5L no s−quark  
SU(6) GRV98LO 
SU(6) GRV98LO  no s−quark  

COMPASS

Ïåðåäà÷à ñïèíà â
Λ̄ äëÿ ðàçëè÷íûõ
ïàðòîííûõ
ðàñïðåäåëíèé (PDFs)

CTEQ5 � ñïëîøíàÿ
ëèíèÿ

GRV98 � øòðèõîâàÿ
ëèíèÿ

DLL(s) = 0
ìîäåëè (CTEQ è
GRV) � 2 íèæíèå
ëèíèè

Äàííûå äëÿ
Λ̄ ÷óâñòâèòåëüíû ê
ðàñïðåäåëåíèþ s̄(x)
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Âûâîäû(I)

1 Îïðåäåëåí êîýôôèöèåíò ïðîäîëüíîé ïåðåäà÷è ñïèíà îò
ïîëÿðèçîâàííûõ ìþîíîâ â Λ è Λ̄ ãèïåðîíû. Ïðåäñòàâëåííûå äàííûå
ÿâëÿþòñÿ íàèáîëåå òî÷íûìè èçìåðåíèÿìè ïðîäîëüíîé ïåðåäà÷è
ñïèíà â Λ è Λ̄ â ÃÍÐ â íàñòîÿùåå âðåìÿ. Îêàçàëîñü, ÷òî ïåðåäà÷à
ñïèíà â Λ ìàëà, ñ DΛ

LL = −0.012± 0.047± 0.024 ïðè x̄F = 0.22.
Îáíàðóæåíà çíà÷èòåëüíàÿ ïåðåäà÷à ñïèíà â Λ̄ -
D Λ̄

LL = 0.249± 0.056± 0.049 ïðè x̄F = 0.20. Ýòè âåëè÷èíû íàõîäÿòñÿ
â ñîãëàñèè ñ ðåçóëüòàòàìè ïðåäûäóùèõ èçìåðåíèé.

2 Èçìåðåíû x è xF çàâèñèìîñòè ïðîäîëüíîé ïåðåäà÷è ñïèíà, êîòîðûå
îêàçàëèñü ðàçëè÷íûìè äëÿ Λ è Λ̄ ãèïåðîíîâ. Ïåðåäà÷à ñïèíà â
Λ ÿâëÿåòñÿ ìàëîé, ñðàâíèìîé ñ íóëåì, âî âñåì äèàïàçîíå
èçìåðÿåìûõ êèíåìàòè÷åñêèõ ïåðåìåííûõ. Ïðîäîëüíàÿ ïåðåäà÷à
ñïèíà â Λ̄ óâåëè÷èâàåòñÿ ñ xF , äîñòèãàÿ çíà÷åíèé D Λ̄

LL = 0.4− 0.5.

3 Ñðàâíåíèå ñ òåîðèåé ïîêàçûâàåò, ÷òî ïåðåäà÷à ñïèíà â Λ̄ ãèïåðîíû,
ñóùåñòâåííî çàâèñèò îò ðàñïðåäåëåíèÿ ñòðàííîãî àíòè-êâàðêà s̄(x),
òî÷íûå èçìåðåíèÿ ïåðåäà÷è ñïèíà â Λ̄ äàäóò âàæíóþ èíôîðìàöèþ
î ðàñïðåäåëåíèè ñòðàííîãî àíòè-êâàðêà s̄(x) â íóêëîíå.
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Âûâîäû(II)

1 Ðàçðàáîòàíû è ðåàëèçîâàíû êðèòåðèè îòáîðà äëÿ ìîäåëèðîâàíèÿ è
ðåêîíñòðóêöèè ñîáûòèé ðîæäåíèÿ Λ è Λ̄ ãèïåðîíîâ â ÃÍÐ íà
óñòàíîâêå COMPASS. Îáðàáîòàíû äàííûå ñåàíñîâ 2003 è 2004 ã.
Ïîëó÷åíà ëó÷øàÿ ìèðîâàÿ ñòàòèñòèêà ïî ðîæäåíèþ Λ è Λ̄ â ÃÍÐ.
Èçìåðåíû îñíîâíûå õàðàêòåðèñòèêè ðîæäåíèÿ Λ è Λ̄ ãèïåðîíîâ â
ÃÍÐ. Ïîëó÷åíî õîðîøåå ñîãëàñèå ìåæäó ýêñïåðèìåíòàëüíûìè
äàííûìè è äàííûìè ìîäåëèðîâàíèÿ.

2 Ðàçðàáîòàíû è ñîçäàíû ïðîãðàììû ìîäåëèðîâàíèÿ ñîáûòèé
ãëóáîêî-íåóïðóãîãî ìþîí-íóêëîííîãî ðàññåÿíèÿ íà óñòàíîâêå
COMPASS. Ïîëó÷åíî ïðàâèëüíîå îïèñàíèå îñíîâíûõ õàðàêòåðèñòèê
èíêëþçèâíîãî ÃÍÐ ìþîíîâ.
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Àïðîáàöèÿ ðàáîòû(I)

Ðåçóëüòàòû äèññåðòàöèè äîêëàäûâàëèñü àâòîðîì íà íàó÷íûõ ñåìèíàðàõ ËÔÂÝ
(ÎÈßÈ), ðàáî÷èõ ñîâåùàíèÿõ êîëëàáîðàöèè COMPASS, ìåæäóíàðîäíîì XIX ñåìèíàðå
ïðîáëåì ôèçèêè âûñîêèõ ýíåðãèé èì. Áàëäèíà (ñåíòÿáðü 2008, Äóáíà),
ìåæäóíàðîäíûõ êîíôåðåíöèÿõ SPIN 2004 ( 10 - 16 îêòÿáðÿ 2004 Òðèåñò, Èòàëèÿ),
SPIN 2005 (3 - 7 àâãóñòà 2005, Ïðàãà, ×åøñêàÿ Ðåñïóáëèêà), BEACH 2010 (21-26 èþíÿ
2010, Ïåðóäæà, Èòàëèÿ).
Îñíîâíûå ðåçóëüòàòû, âîøåäøèå â äèññåðòàöèþ, îïóáëèêîâàíû â ðàáîòàõ:

�Ýêñïåðèìåíò COMPASS â ÖÅÐÍ�, P. Abbon et al. [COMPASS Collaboration], The
COMPASS Experiment at CERN Nucl. Instrum. Meth. A 577, 455 (2007).

�Ãåîìåòðè÷åñêàÿ ðåêîíñòðóêöèÿ ñîáûòèé â ýêñïåðèìåíòå COMPASS�,
V. Y. Aleksakhin, Y. Bedfer, S. Gerasimov and A. Y. Korzenev, Geometrical event
reconstruction in the COMPASS experiment, Phys. Part. Nucl. Lett. 4, 350 (2007)
[Pisma Fiz. Elem. Chast. Atom. Yadra 4, 588 (2007)].

�Èçìåðåíèå ïîëÿðèçàöèè ãëþîíîâ â íóêëîíå ñ èñïîëüçîâàíèåì êâàçè-ðåàëüíîãî
ôîòîðîæäåíèÿ àäðîííûõ ïàð ñ âûñîêèì ïîïåðå÷íûì èìïóëüñîì�, E. S. Ageev et
al.- COMPASS Collaboration, Gluon polarization in the nucleon from quasi-real
photoproduction of high-pT hadron pairs, Phys. Lett. B 633 (2006) 25-32.

�Èçìåðåíèå ïðîäîëüíîé ïåðåäà÷è ñïèíà â Λ è Λ̄ ãèïåðîíû â ïîëÿðèçîâàííîì
ìþîííîì ÃÍÐ�, M. Alekseev et al. [COMPASS Collaboration], Measurement of the
Longitudinal Spin Transfer to Λ and Λ̄ Hyperons in Polarized Muon DIS,
CERN-PH-EP/2009-011, Eur. Phys. J. C 64 171 (2009)
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Àïðîáàöèÿ ðàáîòû(II)
Ðåçóëüòàòû, âîøåäøèå â äèññåðòàöèþ, òàêæå ïðåäñòàâëåíû â òðóäàõ êîíôåðåíöèé:

V. Y. Aleksakhin et al., Study of Lambda hyperon polarization in the COMPASS experiment, Phys.
Atom. Nucl. 62 (1999) 2013 [Yad. Fiz. 62 (1999) 2182].

V.Yu. Aleksakhin for the COMPASS collaboration. Possibilities of COMPASS spectrometer for the
Lambda hyperons polarisation measurements, Acta Phys. Polon. B 33 (2002) 3809.

V.Yu. Alexakhin for the COMPASS collaboration, Λ and Λ hyperons production by polarised muons at
COMPASS, Proceedings of the 11th International Workshop on Deep Inelastic Scattering DIS 2003 ,
St. Petersburg, Russia , 23 - 27 Apr 2003.

V. Yu. Alexakhin for the COMPASS collaboration, Longitudinal polarization of Lambda and
anti-Lambda hyperons in deep-inelastic scattering at COMPASS, hep-ex/0502014; Proceedings of 16th
International Spin Physics Symposium (SPIN 2004), Trieste, Italy, 10-16 Oct 2004.

V. Yu. Alexakhin for the COMPASS collaboration, Production and Polarization of Lamba and
Lambda-bar Hyperons in Deep Inelastic Scattering at COMPASS, Talk given at the IX International
Conference on Hyperons, Charm and Beauty Hadrons (BEACH 2010), Perugia, Italy, 21-26 Jun 2010,
Nucl. Phys. B Proc. Suppl. NUPHBP13612.

Ñïèñîê ïóáëèêàöèé ýêñïåðèìåíòà, ðåçóëüòàòû êîòîðûõ ïîëó÷åíû ñ èñïîëüçîâàíèåì
Ìîíòå-Êàðëî:

E. S. Ageev, et al.- COMPASS Collaboration, Measurement of the spin structure of the deuteron in the
DIS region, Phys. Lett. B 612 (2005) 154.

V. Yu. Alexakhin et al.- COMPASS Collaboration, First measurement of the transverse spin
asymmetries of the deuteron in semi-inclusive deep inelastic scattering, Phys. Rev. Lett. 94 (2005)
202002.
E. S. Ageev et al. COMPASS Collaboration, A new measurement of the Collins and Sivers asymmetries
on a transversely polarised deuteron target, Nucl. Phys. B 765, 31 (2007)

V. Y. Alexakhin et al. [COMPASS Collaboration], Double spin asymmetry in exclusive rho0
muoproduction at COMPASS Eur. Phys. J. C 52, 255 (2007)

M. Alekseev et al. [COMPASS Collaboration], Collins and Sivers asymmetries for pions and kaons in
muon-deuteron DIS, Phys. Lett. B 673, 127 (2009)

M. Alekseev et al. [COMPASS Collaboration], Gluon Polarisation in the Nucleon and Longitudinal
Double Spin Asymmetries from Open Charm Muoproduction, Phys. Lett. B 676 31 (2009)
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Ñïàñèáî çà âíèìàíèå!
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Àêòóàëüíîñòü ðàáîòû(II)

Íàñòîÿùèé àíàëèç îñíîâàí íà 70000 Λ è 42000
Λ̄ ñîáûòèÿõ, ÷òî ÿâëÿåòñÿ ñàìûì áîëüøèì íàáîðîì
äàííûõ, îñîáåííî â ÷àñòè ðåêîðäíîé ñòàòèñòèêè ïî
Λ̄ ãèïåðîíàì.

Ïðåäñòàâëåííûå äàííûå ïîçâîëÿþò èññëåäîâàòü
x-çàâèñèìîñòü ïåðåäà÷è ñïèíà â Λ â áîëüøîì
x-èíòåðâàëå è âïåðâûå èçìåðèòü x-è xF -çàâèñèìîñòè
ïåðåäà÷è ñïèíà â Λ̄.

Áûëà îáíàðóæåíà çíà÷èòåëüíàÿ ïîëÿðèçàöèÿ Λ̄ , êîòîðàÿ
âàæíà äëÿ èññëåäîâàíèÿ ðàñïðåäåëåíèÿ ñòðàííîãî êâàðêà
â íóêëîíå.
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Ãëóáîêî-íåóïðóãîå ëåïòîí-íóêëîííîå ðàññåÿíèå

, 
*

e k
k’

e’

θ
L

q γ ( Q )

W

X
p’

pp

2
ν

µν

µν

Q2 = −qµqµ Êâàäðàò èíâàðèàíòíîé ìàññû γ∗

x = Q2

2Pµqµ
lab
= Q2

2Mν
Áüîðêåíîâñêàÿ ìàñøòàáíàÿ ïåðåì.

y =
Pµqµ

Pµkµ
lab
= ν

E
Äîëÿ ýíåðãèè, óíåñåííàÿ γ∗

z =
PµPµ

Pµqµ
lab
= Eh

ν
Äîëÿ ýíåðãèè γ∗ ïåðåäàííàÿ

àäðîíó h

~pL = ( ~ph · ~q|~q| )
~q
|~q| Ïðîäîëüíàÿ êîìïîíåíòà èìïóëüñà

àäðîíà â γ∗N ñ.ö.ì.
xF = |~pL|

|~q|
∼= 2~pL

W
Ôåéíìàíîâñêàÿ ìàñøòàáíàÿ ïåðåì.

σ ∼ Σ e qq q
2

1/2
+ σ ∼ Σ e qq q

2
3/2

-

γ ∗ γ ∗

ÊÌÏ: q+ (q−) � êâàðêîâûå ïëîòíîñòè äëÿ ñëó÷àÿ,
êîãäà ñïèí êâàðêà ñîíàïðàâëåí (ïðîòèâîíàïðàâëåí)
ñïèíó íóêëîíà.
Cïèíîíåçàâèñèìûå è ñïèíîçàâèñèìûå êîìáèíàöèè
êâàðêîâûõ ïëîòíîñòåé:

q(x) = q+(x) + q−(x)
∆q(x) = q+(x)− q−(x) .
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Êèíåìàòè÷åñêèå ïåðåìåííûå

Èíêëþçèâíîå ÃÍÐ

ν =
Pµqµ

M

lab
= E − E ′ Ýíåðãèÿ âèðòóàëüíîãî ôîòîíà

qµ = kµ − k ′µ = (ν,~q) ×åòûðåõ-èìïóëüñ âèðòóàëüíîãî ôîòîíà

Q2 = −qµqµ
lab∼= 4EE ′sin2 θ

2
Êâàäðàò èíâàðèàíòíîé ìàññû âèðòóàëüíîãî
ôîòîíà

W 2 = (Pµ + qµ)2 lab
= Êâàäðàò ìàññû êîíå÷íîãî àäðîííîãî ñîñòîÿíèÿ

lab
= M2 + 2Mν − Q2

x = Q2

2Pµqµ
lab
= Q2

2Mν
Áüîðêåíîâñêàÿ ìàñøòàáíàÿ ïåðåìåííàÿ

y =
Pµqµ

Pµkµ
lab
= ν

E
Äîëÿ ýíåðãèè, óíåñåííàÿ âèðòóàëüíûì ôîòîíîì

Ïîëó-èíêëþçèâíîå ÃÍÐ

z =
PµPµ

Pµqµ
lab
= Eh

ν
Äîëÿ ýíåðãèè âèðòóàëüíîãî ôîòîíà, ïåðåäàííàÿ

àäðîíó h

~pL = ( ~ph · ~q|~q| )
~q
|~q| Ïðîäîëüíàÿ êîìïîíåíòà èìïóëüñà àäðîíà â γ∗N

ñ.ö.ì.
~pT = ~ph − ~pL Ïîïåðå÷íàÿ êîìïîíåíòà èìïóëüñà àäðîíà â γ∗N

ñ.ö.ì.
xF = |~pL|

|~q|
∼= 2~pL

W
Ôåéíìàíîâñêàÿ ìàñøòàáíàÿ ïåðåìåííàÿ
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Êâàðê-ïàðòîííàÿ ìîäåëü

σ ∼ Σ e qq q
2

1/2
+ σ ∼ Σ e qq q

2
3/2

-

γ ∗ γ ∗

q+ (q−) � êâàðêîâûå ïëîòíîñòè äëÿ ñëó÷àÿ, êîãäà ñïèí êâàðêà
ñîíàïðàâëåí (ïðîòèâîíàïðàâëåí) ñïèíó íóêëîíà.
Cïèíîíåçàâèñèìûå è ñïèíîçàâèñèìûå êîìáèíàöèè êâàðêîâûõ
ïëîòíîñòåé:

q(x) = q+(x) + q−(x)
∆q(x) = q+(x)− q−(x) .

Ñòðóêòóðíûå ôóíêöèè F1 è g1:

F1(x) = 1
2

∑nf
i=1 e

2
i [ qi(x) + q̄i(x) ]

g1(x) = 1
2

∑nf
i=1 e

2
i [ ∆qi(x) + ∆q̄i(x) ] .
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Îáëàñòü ôðàãìåíòàöèè ïó÷êà xF > 0

+

γ

N

µ
+

µ

∗

Λu

u

d

d

s

s

Ïðîäîëüíàÿ ïîëÿðèçàöèÿ
Λ and Λ â ÃÍÐ
÷óâñòâèòåëüíà ê:

s(x), s(x)

Ñïèíîâîé ñòðóêòóðå
Λ

ÊÏÌ: ∆uΛ = ∆dΛ =
0,∆sΛ = 1
Burkardt è Ja�e:
gΛ

1 ⇒ ∆uΛ = ∆dΛ =
−0.23,
∆sΛ = 0.58

Ïîëÿðèçàöèè ñòðàííûõ êâàðêîâ ∆s

∆s =

∫
dx [s↑(x)− s↓(x) + s̄↑(x)− s̄↓(x)]
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Ìîäåëèðîâàíèå ñîáûòèé â ýêñïåðèìåíòå

COMPASS(I)

and beam profile

Nucleon
structure functions
u(x), d(x), . . . 

dx dy
σd

2
cross sections
Parton model physics,Muon energy

2

MUBEAM PDFLIB JETSET  7.4LEPTO  6.5.1

and Decays

(E,r)µ

q

q’

q

(Lund string model)
Fragmentation

D
h
z

x
Q

+
µ

Cïåêòð íàëåòàþùèõ ìþîíîâ ïó÷êà è ãàëî � ñëó÷àéíûé òðèããåð

Ãåíåðàòîð ÃÍÐ ñîáûòèé LEPTO 6.5.1 (AROMA, PYTHIA è äð.)

Ôóíêöèè ïëîòíîñòè ïàðòîíîâ PDFLIB, LHAPDF

Àäðîíèçàöèÿ â ðàìêàõ ñòðóííîé ìîäåëè Lund (JETSET 7.4)
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Ïðîäîëüíàÿ ïîëÿðèçàöèÿ Λ è ïåðåäà÷à ñïèíà

Íåïîëÿðèçîâàííàÿ ìèøåíü(PT = 0):

PΛ =

∑
q e

2
qPbD(y)q(x)∆DΛ

q (z)∑
q e

2
qq(x)DΛ

q (z)

Ïðîäîëüíàÿ ïåðåäà÷à ñïèíà ñâÿçûâàåò ïðîäîëüíóþ
ïîëÿðèçàöèÿ ãèïåðîíà PL ñ ïîëÿðèçàöèåé íàëåòàþùåãî
ëåïòîííîãî ïó÷êà Pb:

PL = DΛ
LL · Pb · D(y)

Äåïîëÿðèçóþùèé ôàêòîð D(y) = 1−(1−y)2

1+(1−y)2
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Ïîëÿðèçîâàííàÿ ìèøåíü

µ
+

Корректирующие
катушки (16 шт.)

Компенсирующая
катушка

Жидкий  He
(охлаждение
магнитов)

Противоточный
теплообменник

СВЧ-резонатор
Ячейки
мишени Камера

растворения

 Камера
испарения

1 м

 Обмотка
соленоида

He
3

Жидкий
(~1 K)He

3

He
3

He
4

Раствор
и

(~0.1 K)

Газообра-

Предохладитель

(~5 K)He
3

зный

4

Ñîëåíîèäàëüíîå
ïîëå 2.5T

ß÷åéêè 2× 60 ñì

ìàòåðèàë ìèøåíè
6LiD

PT ≈ 50%

Êîýôôèöèåíò
äèëþöèè f = 0.5

Â ýòîì àíàëèçå
äàííûå áûëè
óñðåäíåíû ïî PT
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Íàñòðîéêà ôóíêöèé ôàãìåíòàöèè (I)

PARJ (41) è PARJ (42) ýòî a è b ïàðàìåòðû ñèììåòðè÷íûõ
ôóíêöèÿ ôðàãìåíòàöèè ìîäåëè Ëóíä.

f (z) ∝ z−1(1− z)aexp(−bm2
⊥/z)

Parameters Old New HERMES NOMAD High pt

PARJ(21) 0.36 0.4 0.38 0.41 0.3
PARJ(23) 0.01 0.08 0.03 0.15 0.02
PARJ(24) 2.0 2.5 2.5 2.0 3.5
PARJ(41)a 0.3 0.95 1.13 1.5 0.6
PARJ(42)b 0.58 0.37 0.37 0.9 0.1

PARJ (21) ñîîòâåòñòâóåò øèðèíå ãàóññîâñêîãî ðàñïðåäåëåíèÿ äëÿ ïîïåðå÷íîãî
èìïóëüñà ïåðâè÷íûõ àäðîíîâ. PARJ (23) è PARJ (24) èñïîëüçóþòñÿ äëÿ äîáàâëåíèÿ
íåãàóññîâîé êîìïîíåíòû ê ðàñïðåäåëåíèþ ïî ïîïåðå÷íîìó èìïóëüñó.
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Íàñòðîéêà ôóíêöèé ôðàãìåíòàöèè (II)
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P

PARJ (41) è PARJ (42) ýòî a
è b ïàðàìåòðû ñèììåòðè÷íûõ
ôóíêöèÿ ôðàãìåíòàöèè
ìîäåëè Ëóíä.

f (z) ∝ z−1(1−z)aexp(−bm2
⊥/z)

z
lab
= Eh

ν
� äîëÿ ýíåðãèè γ∗

ïåðåäàííàÿ àäðîíó
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Âçâåøèâàíèå è çíà÷åíèÿ cτ

Çàòåì âîññòàíîâëåííûå ñîáûòèÿ ÌÑ âçâåøèâàëèñü òàê, ÷òîáû
ïîëó÷èòü òàêèå æå z-è p-çàâèñèìîñòè ñîáûòèé ÌÑ, êàê è â äàííûõ.
Çäåñü z ýòî îòíîñèòåëüíàÿ äîëÿ ýíåðãèè àäðîíà z = Eh/(E − E ′) è
p ýòî èìïóëüñ V 0. Ñîçäàâàëèñü äâóìåðíûå ðàñïðåäåëåíèÿ w(p, z)
äëÿ äàííûõ è ÌÑ ñîáûòèé. Ïðåäåëû ïî p áûëè 3-53 GeV/c ,
ïðåäåëû íà z: 0-1, ïî 50 áèíîâ ïî êàæäîé èç ïåðåìåííûõ.
Ïðîöåäóðà âçâåøèâàíèÿ äàåò çíà÷åíèÿ cτ , ñîãëàñóþùèåñÿ ñ PDG.

cτ äî âçâåøèâàíèÿ cτ ïîñëå âçâåøèâàíèÿ Ìèðîâûå äàííûå PDG

Λ 7.29± 0.10 7.74± 0.12 7.89
Λ̄ 7.46± 0.13 7.82± 0.16 7.89
K0

S 2.55± 0.02 2.69± 0.02 2.68
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Îãðàíè÷åíèå èíòåðâàëà óãëîâîãî

ðàñïðåäåëåíèÿ cos θX < 0.6
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Ýòî îãðàíè÷åíèå áûëî ââåäåíî
èç-çà ñëåäóþùèõ ïðè÷èí:

×òîáû óäàëèòü îáëàñòü
ïàäàþùåãî àêñåïòàíñà.

×òîáû èñêëþ÷èòü îáëàñòü
áîëüøîãî êîìáèíàòîðíîãî
ôîíà.

×òîáû óäàëèòü îáëàñòü, ãäå
ôîí îò êàîíîâ ïîä ïèêîì
Λ áûñòðî ìåíÿåòñÿ.
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Comparison with theory (Λ): CTEQ5 and

GRV98(II)

Ïëîòíîñòè ðàñïðåäåëåíèé s(x) êâàðêà äëÿ ðàçëè÷íûõ
ïàðàìåòðèçàöèé.

xBj
−4

10
−3

10
−2

10
−1

10 1

x
*s

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5
CTEQ5L

GRV98

MRST2004

Â.Þ. Àëåêñàõèí Ïîëÿðèçàöèÿ Λ è Λ̄ ãèïåðîíîâ â ýêñïåðèìåíòå COMPASS



High Pt

Îäíîé èç îñíîâíûõ çàäà÷ ýêñïåðèìåíòà COMPASS ÿâëÿåòñÿ îïðåäåëåíèå âêëàäà
ãëþîíîâ ∆G â ñïèí íóêëîíà. Îäíîé èç âîçìîæíîñòåé îïðåäåëåíèÿ ∆G ÿâëÿåòñÿ
èçìåðåíèå ñïèíîâûõ àñèììåòðèé âûõîäîâ ñîáûòèé ñ ïàðàìè àäðîíîâ ñ áîëüøèìè pT.
Ïðèâåäåíî ñðàâíåíèå ìåæäó ñìîäåëèðîâàííûìè è ðåàëüíûìè äàííûìè äëÿ ñîáûòèé ñ
áîëüøèì pT äëÿ òðåõ ïåðåìåííûõ: Q2, ïîëíîãî è ïîïåðå÷íîãî èìïóëüñîâ àäðîíà ñ
íàèáîëüøèì pT. Íèæíÿÿ ÷àñòü ðèñóíêîâ ïîêàçûâàåò îòíîøåíèå
Äàííûå/Ìîíòå-Êàðëî, êàê ìîæíî óâèäåòü íàáëþäàåòñÿ óäîâëåòâîðèòåëüíîå ñîãëàñèå
â øèðîêèõ äèàïàçîíàõ çíà÷åíèé pT, p è Q2.
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