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b^p�Û�c'c'b^fTdj��p4b�� wØc9��k'p4t�iEkmi0`PiBÔVÙ"ÚV{4b � d�n0fBtoiEd�{Pi ��~ � Ü©Û�cmi0b2n0p4djiEk@|�b�Ô�nEd�{Pk'b2p�ihÙ>�>p4q)zPn0u�i0n0u�p"Ý
Ì�Û�Ô=Ù4Í�b2t�i�k'p4t�i)d�cmc'r�d�`�Þ�nou"u�ß>z4dM|�b2p�à�djiEkmu�pFd�c ~ d��&u�nEdji0u�no�áÌ7Þ�à ~ Í{Pb�à�b�âäãu�n0ß �4~ bOÙ"`Py�b^nå n0ujiEu�pæÙ>�>p4q)z4n0ujiEn0u�pçÌ9Ù å Ù4Íxt0b	iEn0u�`P|�bj��_a`Fd�p�iUwAc'`Pk9��d�` � b2p�iEnobØÖË`4n0u�y&r2b^pæy&u�`4nBced�è�bX}
q)z4b^n0q)z4b�à�`4q2cmrsd�kmn0báÌ � Ö�è�à�Í�� w�c'd	v�n0u�pai0k'l^n0bUéFn0d�p4q2u;}�Ù"`4kmt0tob � Ö�p"�Fp�c'bgÜ�èZb2c'djiEk@|"kmtoi0k'qxê�b2ds|>�
ÚQu�p � u�c'cmk'{4b^n�ÝhÌ7è�ê�Ú � Í�t0b£tokmi0`4b���q2u�fBfhbVc9��Û�ÔVÙ��Rdj`ëÞ�à ~Ë��~ bgÙ"Ú�Ù��Rc×��Û�ÔVÙ�b�i�c'b£Ù å Ù�v�u�p4qX}
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É�Ê"Ë!Ì ε = 1 Í]Î"ÏÐkÑ Ë!ÒkÓ-Ë Ð@Ô<Õ;Î�Ö Ò�Ë!× ε = −1 ÍPÎ�ÏÐkÑ Ë!Ò�Ø Î Ò Î"Ö Ò6Ë!× Ei(p) =
√

p2
i +m2

i Ù
Ú Ë Í]Î ×@Ë Ö × Õ Ë Ñ Ì8Û Õ;Ô<Õ;Ü>Ï Ë µi

Ì Î"Ð@Ð Ë$Ò Í]Î"ÖÝ�ÞAÏÖ ËCÌ Î�Ô Ø Õ;Ö É Õ Ò Î"Ö}Ñ;Õ;Ö�ß É Õ�Ð Ë Ý Ë!Ò Í]Î ×VË Ö × Õ Ë Ñ Ò6Ì8Û Õ{à
Ô<Õ;Ü>Ï Ë<ØXÉ Ð5á"Î"ÖÕ�Ü>Ï Ë�â Ý Ë ÑTãEß × Ð É Öä Ë!× ß Ë1× Ý Ë Ñ Éx× Ð@Î"Õ Ò Õ�å$Ô Ë<Ì Î"Ô<ÍPÎ Ò@É Ö ×VË Ý Ë ÑTãEÕ Ò Î Ò ÍÕ;Ö Ù�æ Õ�ÖÎ�Ï ÒÉ�Ê Õ;Î"Ö Ò Þ Ì Î"Ö Ò Õ�Ýß$Ð Ë Ð�Ý\ã É Ï × Ð Ë!Ò�ÒVÉ�Ê�Ë ÏÐ Ò Ý Ë Ü>Ï É Ð.ç Ò!â Ñ ËZÌ8ÛXÉ Ð.Ô Ë Í É Ð Ë�è�Ë Ô<ÍÑ ËLâ ÖÎ�Ï Ò Ý Ë1Ê Ð.Õ;Î"Ö ÒÉ Ñ�Î"Ð Ò Õ�Ö Ì Ñ�ÏÐ Ë Ý É Ö Ò�Ì$Ë1×@×VËgÌ Î"Ô Ø Õ;Ö É Õ Ò Î�ÖAÑ�Õ;Öß É Õ;Ð Ë Ñ Ë Í]Î ×@Ë Ö × Õ Ë Ñ Ì8Û Õ;Ô<Õ;Ü>Ï Ë�Ì8ÛXÉ Ð.ÔAß�é�ê>ëbì Ùæ ÕMÖÎ�Ï ÒÖÎ�Ï Ò Ñ;Õ;Ô<Õ × Î"Ö Ò�É Ï × Ð@Î�Õ Ò ÍÐ Ë Ô<Õ;å!Ð Ë$Ò6Ò@É�Ê�Ë ÏÐ Ò Ý Ë Ü>Ï É Ð@ç Òrí u â d â s îiÖÎ"Ï Ò�É�Ê Î"Ö Ò�ï

µi = µBBi + µSSi + µIIi
í5ð Ù ð�ñ îògó ÖAÝ�ãaß ÊLÉ Ñ�Ï Ë ÐOÑ Ë ÍPÎ ×VË Ö × Õ Ë Ñ Ì8Û Õ;Ô<Õ;Ü>Ï Ë Ý Ë ÑTãEß × Ð É Öä Ë1× ß â Ý Ë Ñ`ãaÕ Ò Î Ò ÍÕ�Ö Ë!× Ñ Ë!Ò ÖÎ"Ô Ø Ð Ë$Ò Ü>Ï É Önà× Õ;Ü>Ï Ë$Ò Ð Ë$Ò Í Ë$Ì1× Õ Ó-Ò Ñ Ë$ÒkÌ Î"ÖÝÕ × Õ;Î�Ö ÒkÒ ÏÕ ÊLÉ Ö ×VË$Ò6Ò Î"Ö × Õ�ÔAÍ]Î Ò ß Ë$Ò\ï

ô Ì Î"Ö Ò.Ë Ð ÊLÉL× Õ;Î"ÖõÝ Ë ÑTãEß × Ð É Öä Ë1× ß�ÝÏ Ò á Ò5× å$Ô Ë^ï ∑
i

SiNi = 0 â�Ì!Ë Ü>ÏÕ Ò Õ;ä"Ö�Õ ó Ë Ü>Ï�ãaÕ;Ñgá É
É Ï ×8É Ö × Ý Ë Ü>Ï É Ð.ç Ò s̄ Ü>Ï Ë Ý Ë Ü>Ï É Ð@ç ÒgÒ\öô Ñ Ë Ð É ÍÍ]Î"Ð ×ZË Ö × Ð Ë Ñ ÉxÌ8ÛXÉ Ð@ä Ë ß$Ñ Ë$Ì!× Ð@Õ�ÜnÏ ËuË!× Ñ Ë Ö�Î"Ô Ø Ð Ë Ý ËuØXÉ Ð.á"Î�Ö ÒrË$Ò5× Ñ Ë ÔA÷!Ô Ë Ü>Ï Ë
Í]Î"ÏÐkÑ ËYÒ á Ò.× å$Ô Ë�Ë Ö × Ð É Ö ×�Ë Ö Ì Î"Ñ;Ñ�Õ Ò Õ�Î"Ö ï

∑

iQiNi
∑

iBiNi
=
Z

A
ö

ô Ï × Õ;Ñ�Õ Ò@ÉL× Õ�Î"ÖAÝ Ë Ñ ÉZÓ Î"Ð@ÔZÏÑ Ë Ý ËCøWË Ñ;Ñ{à�ù É ÖÖnà�úgÕ Ò@Û Õüû.Õ;Ô É�ï Qi = Ii +
Bi + Si

2
ÍPÎ�ÏÐkÝß ×@Ë Ð�à

Ô<Õ;Ö Ë Ð�Ñ Ë$Ò ÝÕ{ý\ß!Ð Ë Ö ×@Ò Ö�Î"Ô Ø Ð Ë$Ò Ü>Ï É Ö × Õ�ÜnÏ Ë$Ò Ý Ë Ñ É Í É Ð × Õ Ì ÏÑ Ë Ùþ ã Ë$Ò.× Ñ É¯Ê�Ë Ð Ò Õ;Î"ÖÿÑ É ÍÑ�Ï Ò}Ò Õ�ÔAÍÑ Ë Ï × Õ;Ñ;Õ Ò ß Ë ÍPÎ�ÏÐ}ÍÐ@ß!ÝÕ;Ð Ë Ý Ë$Ò Ð É ÍÍ]Î"Ð ×VÒ Ý Ë Í É Ð × Õ Ì ÏÑ Ë!Ò ÙÚ Ë$Ò Ñ�Î"Õ Ò Ý ËYÌ Î"Ö Ò.Ë Ð Ê�Éb× Õ;Î�Ö Ò Î"Ö ×�É ÍÍÑ�Õ;Ü>Ïß Ë!Ò6Ò.× Ð.Õ Ì1×VË Ô Ë Ö × ÞwÑ`ã Ë$Ò Í É�Ì!Ë Ý Ë Í ÛXÉ�Ò@Ë!ÒgÌ Î"Ô<ÍÑ Ë1× éaê��Lì Ù� ã É Ï × Ð Ë!Ò Ô<Î�Ý�å$Ñ Ë!Ò$â Ï × Õ;Ñ�Õ ÒVÉ Ö × Ñ É�Ó Î"Ð@ÔZÏÑ Ë Ý Ë þ ÎnÎ"Í Ë Ð5à��MÐ5á Ë é�ê�� â ê��Lì â ÍÐ Ë ÖÖ Ë Ö ×uË Ö Ì Î"Ô<Í ×@Ë
ÑTã Ë�è Í É Ö Ò Õ�Î"Ö Ý Ë Ñ ÉxØ Î"ÏÑ Ë Ý ËRÓ-Ë Ï Ù � Ë ÍÑ;Ï Ò�Ò Õ�ÖÎ�Ï ÒZÌ Î"Ö Ò Õ�Ýß$Ð.Î"Ö Ò Ñ Ë Ð É Í�ÍPÎ"Ð × Ý Ë$Ò Í É Ð × Õ Ì Ï�Ñ Ë$ÒÉ á É Ö × Ý Ë!Ò?Ê Õ ×@Ë$Ò.Ò@Ë$Ò Ý Ë ÍÐ@Î�Í É ä ÉL× Õ;Î"ÖwÕ�Ý Ë Ö × Õ;Ü>Ï Ë$Ò!â Ñ Ë!Òh×@Ë Ð.Ô Ë!Ò Ý�ã Ë1è Í É Ö Ò Õ�Î"Ö Ò ã É ÖÖ>ÏÑ Ë Ö ×�Ë!× ÖÎ�Ï Ò
Ð Ë!× Ð.Î"Ï Ê Î"Ö Ò Ñ`ã Ë1è ÍÐ Ë$Ò@Ò Õ;Î"ÖxÎ Ø�×@Ë Ö>Ï Ë Ý É Ö Ò ÑTã Û ánÍPÎ ×VÛ å Ò@Ë Ý�ãEÏ�Ö ËWØ Î"Ï�Ñ Ë Ý ËYÓ-Ë Ï Ò.×VÉL× Õ�Ü>Ï Ë Ùògó Ö Ý�ãaß ÊLÉ Ñ;Ï Ë Ð Ì Î"Ð.Ð Ë$Ì1×VË Ô Ë Ö × Ñ Ë!Ò Ð É ÍÍ]Î"Ð ×@Ò Ý Ë!Ò Í É Ð × Õ Ì ÏÑ Ë$Ò!â Õ�Ñ Ó�É Ï ×<×VË ÖÕ;Ð Ì Î"Ô<Í ×@Ë Ý Ë!Ò
ÍÐ.Î Ì!Ë$Ò.Ò Ï Ò Ý Ë Ýß Ò Õ;Ö × ß!ä"Ð ÉL× Õ;Î"Ö í ÖÎ ×8É ÔAÔ Ë Ö × Í É Ð?Õ�Ö ×VË Ð É�Ì!× Õ;Î"Ö Ó�É Õ Ø Ñ Ë î Ù �)Õ;Ö É Ñ Ë Ô Ë Ö ×$â Ñ Ë Ð É ÍÍ]Î"Ð ×Ý Ë!Ò Í É Ð × Õ Ì ÏÑ Ë!Ò i Ë1× j Ò ãaß Ì Ð@Õ × é�ê�	dì ï

R =
Ni +

∑

k b(k → i)Nk +
∑

kl b(k → l)b(l → i)Nk + ...

Nj +
∑

k b(k → j)Nk +
∑

kl b(k → l)b(l → j)Nk + ...
í5ð Ù ð ê>î

Ú Ë$Ò^Ò Î"Ô<Ô Ë!Ò)Ò Ï�Ð k Ë1× l Õ�Ö Ì Ñ�Ï Ë Ö ×�× Î"Ï ×@Ë$Ò Ñ Ë$Ò Ð@ß Ò Î"Ö É Ö Ì$Ë$ÒOË1× b Ë$Ò.× Ñ Ë Ð É ÍÍ]Î"Ð × Ý�ã Ë Ô Ø Ð É Ö Ì8Û�Ë à
Ô Ë Ö × Ù Ú Ë$Ò�Ò@Ë ÏÑ Ò Í É Ð É Ô<å × Ð Ë$Ò Ñ;Õ Ø Ð Ë!Ò Ý Ë�Ì!Ë!×@×@Ë Ý Ë!Ò@Ì Ð@Õ;Í × Õ;Î�Ö Ò Î"Ö × ÝÎ"Ö Ì Ñ Ë Í]Î ×@Ë Ö × Õ Ë Ñ Ì8Û Õ;Ô<Õ;Ü>Ï ËØXÉ Ð.á"Î�ÖÕ;Ü>Ï Ë µB

Ë!× Ñ ÉR×@Ë Ô<ÍPß!Ð ÉL× ÏÐ Ë T Ù � É Ö Ò Ñ ËCÌ�ÉLÒ Î�
�Ñ É ÍÐ.Î�Ý�Ï Ì!× Õ;Î"ÖoÝ Ë ÑTãEß × Ð É Öä Ë!× ßZÖ�ã Ë$Ò5×Í ÉLÒYÉ Ð@Ð.Õ Ê ß Ë Þ ÒVÉ[Ò@ÉL× ÏÐ ÉL× Õ�Î"Ö â Õ;Ñ Ë$Ò5× Õ;Ö × Ð.Î�ÝÏ�Õ × Ï�Ö × Ð@Î"Õ Ò Õ�å$Ô Ë Í É Ð É Ô<å × Ð Ë�â γs
É ÍÍ Ë Ñ�ß Ó�É�Ì1×VË Ï�Ð

Ý ËWÒ@ÉL× ÏÐ ÉL× Õ�Î"Ö[Ý Ë Ñ`ãaß × Ð É Ö�ä Ë!× ßRéaê ð�â ë�� â ë ð ì Ù Ú ãaß$Ü>Ï ÉL× Õ;Î"Ö ð Ù ð"ð Ý Ë1Ê Õ Ë Ö ×�ï

fi(p) =
1

2π3

[

γ−si

s exp

(

Ei(p) − µi

T

)

+ ε

]−1 í5ð Ù ð ë"î
γs  ð	Ò Õ;ä�ÖÕ ó Ë Ü>Ï Ë ÑTã Ë!Ò Í É�Ì!Ë Ý Ë Í ÛXÉ�Ò.Ë$Ò Ý Ë Ñ É Í�Ð@ÎnÝÏ Ì!× Õ;Î"ÖAÝ�ãaß × Ð É Öä Ë1× ß Ë!Ò.×kÒ@ÉL× Ï�Ð@ß í ß$Ü>ÏÕ{à

Ñ�Õ Ø Ð Ë�Ì Î"Ô<ÍÑ Ë!× î Ù� Ö ó Ö â Í]Î"ÏÐ ×VË Ö�Õ;Ð Ì Î"Ô<Í ×VË Ý�ãaÏÖ Ë ÔAÎnÝÕ ó Ì�ÉL× Õ;Î"ÖRÝ Ë Ñ É Ô ÉLÒ@Ò@Ë Ý Ë$Ò Í É Ð × Õ Ì ÏÑ Ë!Ò$â Ñ Ë6×VË Ð@Ô Ë Ý Ë
Ô É�Ò@Ò.Ë ÍÐ@ß Ò@Ë Ö × Ý É Ö Ò ÑTãEß!Ö Ë Ð.ä"Õ ËRí ß$Ü>Ï ÉL× Õ;Î"Ö ð Ù ð È î Ë!Ò.× ÔAÎnÝÕ ó ßwéEë È ì ï
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E?
i (p) =

√

p2
i +m?2

i?5@(AB@�CDCFEHGIEJC�A:KJCDL�MNCOE-P�GNEQCORS@>TDU�L�MNC�EJC6P�A:LVGIWYXSKQEHZ)[]\^@�W_GNE�GNE`GNEJa�bdcS@>Te@�A:fQPFTFEJC&GNKJcgEJMIGS@�M�PGNa8CDU�C6PefJA:E�EQP)GNE�[]\hKJMIEJTFi�W_E�jJL�MNCFWYGNKJTDKJClk
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Figure 3. Thermodynamic equilibrium fit to NA49 data [29] 
 

 
Figure 4. Comparison of the  enhancements at 40 and 160 A GeV/c (NA57) [11] 
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Model prediction for
 = 29 MeVbµT = 177 MeV,   

Model re-fit with all data
 = 41 MeVbµT = 176 MeV,   

/pp Λ/Λ Ξ/Ξ Ω/Ω +π/-π +/K-K -π/-K -π/p -/h*0K
-

/hφ -/hΛ -/hΞ *10-π/Ω /pp +/K-K -π/-K -π/p *50-/hΩ
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ô�õRöÊ÷ö�ø	ù½úQû%÷�ú�ù.ü�ýyõ&þ�úQ÷	ù.ü�ö�ÿSÿ�ö��%ö<ÿSú~ø�������ù.÷üSö	��
%üS÷�úQÿSö^þ�ýyûR÷�÷.ú�ü�ùbö�õ�ù�÷.ú�Sõ%ö�÷bûRõ%ö	�%ü��]üSõ�ûRù�üSýyõ�%öbÿSú��'ú�ø�ø�ö��Rö�øjþ�úQ÷	ù.ü���û%ÿSö�øLú��yö���ÿSú���úQü�ø�ø�ö��Röbÿ´ú���úQÿSö�û%÷��%û���ýyõ��%ö�õ%ø.ú�ù��%ö���û�úQ÷���ø�Ô��mýQû%÷��%üSö�õ��ý��!þR÷�ö�õ �%÷�ö	��ö<þ�
 ��õ%ý��"!�õRö$#�þ%÷ö�õ%ýyõRø�ÿSú&%Çýy÷'�]ö³ø�ü(�!þ%ÿ�ü()*��ö��%û»ÿ´ú+y÷.úQõ +yüSö�õ,�%ö.-0/2143 Õ�56�7

LQCD = iψγµ(∂µ − igAµ)ψ −mψψ − 1

4
F a

µνF
µν
a 8 Ó�Ô(9;:<Hö�þ%÷ö=�]üSö�÷-ù.ö�÷'�]ö�ö�ø	ù,��ý$�!þ)ýyø'�>�%ö�ÿ@?A��õ%ö�÷�+yüSö>��üSõ ��ù.ü(��û%öB�C? û%õD��
�ú$�]þE�C? û%õD��û�úQ÷��·ö�ù�%ö�ÿ@?Vü�õ�ù.ö�÷�ú$��ù�üSýyõlö�õ�ù.÷ö]ÿ�öF��
�ú$�]þG�%ûH%Çö�÷'�]üSýQõ

ψ
ö�ùÊÿ�öI��
�ú$�]þG�%ö�ø	+yÿ�û%ýyõ%ø

Aµ

ÔCJ�ýyû%øÊú��yýQõ%øö�õ%ø�û%ü�ù.ö~ÿ�ö*ù�ö�÷'�]ö&�RöI�'ú�ø�ø�ö&�%ö�øK��û�úQ÷���ø³þ%û%üSø�ÿL?M��õ%ö�÷'+yü�ö&��üSõ���ù.ü���û%ö&�%ûH��
�ú$�]þB�%ö�øK+yÿSû%ýQõ%ø^ö�ùÿ�ö�û%÷ø3úQûRù.ýON�üSõ�ù�ö�÷.ú��ù.ü�ýyõ%ø�Ôô�õ>��û�úQ÷'��þ)ö�ûRù�öQPPü�øù.ö�÷���ú�õ%ø�ûRõR��ù.ú�ùS�%ö&��
%ü�÷.úQÿ�ü�ù'�K�%÷�ýyü�ù 8 ÿ�ö*øþ%üSõ>�%ûR��û�úQ÷���ö�øù�ýy÷üSö�õ�ù'���ú�õ%øbÿSöS��T��!öeøö�õ%ø���û%ö³øýyõU�!ý��]ö�õ�ùV�%ö³ø�þ%ü�õW:$ýyûU+�ú�û���
%ö 8 ÿ�ö��]ý��!ö�õ�ù2�%ö³øþ%üSõ&ö�øù3ýy÷üSö�õ�ù'�ö�õ�øö�õ%ø�ýyþ%þ)ýyø'��:�ÔW<Hö³þ%÷ö=�]üSö�÷Gù�ö�÷��!ö³õ%ö	��ýyû%þ%ÿ�ö0��û%ö<ÿ�ö�ø���ù.ú�ù.ø��%ö	��
%ü�÷.úQÿ�ü�ùX��ü��%ö�õ�ù.ü���û%öY7
iψUψ = iψDUψD + iψGUψG avec U = γµ(∂µ − igAµ) 8 Ó�Ô�Ó�:�;ú�÷Z��ýyõ�ù.÷ö$#�ÿSöeù�ö�÷��!öK�%ö0�!úQø�øöK��ýyû%þRÿSö	�%ö�ø���ù½ú�ù�øZ�Rö0��
RüS÷.ú�ÿSü�ù'���%ü\[]��÷�ö�õ�ù�ö�7

mψψ = m(ψDψG + ψGψD) 8 Ó�Ô^5_:
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→ à�à

K+K−
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The KaoS collaboration proposed to disentangle these two competing effects by study-
ing K+ production in a very light (12C+12C) and a heavy collision system (197Au+197Au)
at different beam energies near threshold [22]. The reaction volume is more than 15 times
larger in Au+Au than in C+C collisions and hence the average baryonic density - achieved
by the pile-up of nucleons - is significantly higher [32]. Moreover, the maximum baryonic
density reached in Au+Au collisions depends on the nuclear compressibility [27, 28] whereas
in the small C+C system this dependence is very weak [34]. The repulsive K+N potential
is assumed to depend nearly (or less than) linearly on the baryonic density [33] and thus
reduces the kaon yield accordingly. On the other hand, at subthreshold beam energies the
K mesons are created in secondary collisions involving two or more particles and hence the
production of K+ mesons depends at least quadratically on the density. These multiple-step
kaon production processes contribute increasingly with decreasing beam energy. Therefore,
the K+ production excitation function in Au+Au collisions is expected to be influenced
stronger by the nuclear compressibility than by the in-medium potential. In contrast, the
K+ production processes in C+C collisions are expected to be little affected by the nu-
clear equation-of-state. Therefore, the comparison of precision data on K+ production as
function of beam energy in C+C and Au+Au collisions should reveal effects caused by the
compressibility of nuclear matter rather than in-medium modifications of the K+ mesons.

Figure 13: Left panel: K+ ratio measured in inclusive Au+Au and C+C collisions as func-
tion of beam energy [22]. The data are compared to QMD calculations assuming nuclear
compressibilities of κ = 200 MeV ( full dots) and 380 MeV (open squares) [34]. Right panel:
Skyrme nuclear equation of state for different values of the compressibility.

Figure 12 (left upper panel) shows the measured pion and K+ multiplicities per nucleon
for C+C and Au+Au collisions as a function of beam energy [22]. The pion data points are
scaled by a factor of 1/100; they represent the sum of charged and neutral pions as calculated
from the measured π+ multiplicities according to the isobar model [35]. The pion multiplicity
per nucleon is smaller in Au+Au than in C+C collisions whereas the K+ multiplicity per
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Figure 2: Azimuthal distribution of π+ and K+ for semi-
central Au+Au collisions at 1.5 A·GeV. The data are cor-
rected for the resolution of the reaction plane and corre-
spond to impact parameters of 5.9 fm < b < 10.2 fm, ra-
pidities of 0.3 < y/ybeam < 0.7 and momenta of 0.2 GeV/c
< pt < 0.8 GeV/c. The lines are fits with function (1) re-
sulting in the values for v1 and v2 as given in the figure.

a preferential out-of-plane emission (negative elliptic flow)
of K− mesons due to their large absorption cross section
in spectator matter. However, as shown recently, the K−

are produced predominantly via strangeness-exchange re-
action Λπ → K−N and consequently, the K− are emitted
later than the K+ which are produced together with the
Λ. Therefore, the shadowing spectator might have moved
away when the K− emission occurs which would lead to a
flat azimuthal distribution. Nevertheless, a late emission
of K− mesons cannot explain their elliptic in-plane flow
pattern.

Recent transport calculations find such an effect if an
attractive in-medium K− potential is taken into account
[12]. A quantitative comparison of our data to transport
calculations is presently beeing performed.

Recently, a new high-statistics measurement of the az-
imuthal distribution of K− in Au+Au collisions at 1.5
A·GeV has been performed. These data are presently bee-
ing analyzed.

References

[1] C. M. Ko, Phys. Lett. B 138 (1984) 361.

[2] C. Hartnack, H. Oeschler and J. Aichelin, Phys. Rev.
Lett. 90 (2003) 102302.

[3] H. Oeschler, J. Phys. G 27 (2001) 1.

[4] A. Förster, F. Uhlig et al., (KaoS Collaboration),
Phys. Rev. Lett. 91 (2003) 152301.

[5] J. Schaffner et al., Nucl. Phys. A 625 (1997) 325.

0

0.05

0.1

0

0.05

0.1

(1
/N

 d
N

/d
φ)

co
r

v
1
=-0.02±0.01

v
2
=-0.04±0.01

π
+

v
1
=-0.01±0.01

v
2
=-0.04±0.02

K
+

φ

v
1
=-0.02±0.02

v
2
=0.08±0.06

K
-

0

0.05

0.1

-90
o

0
o

90
o

Figure 3: Azimuthal distribution of π+, K+ and K− for
semi-central Ni+Ni collisions at 1.93 A·GeV. The data are
corrected for the resolution of the reaction plane and corre-
spond to impact parameters of 3.8 fm< b < 6.5 fm, rapidi-
ties of 0.3 < y/ybeam < 0.7 and momenta of 0.2 GeV/c
< pt < 0.8 GeV/c. The lines are fits with function (1)
resulting in the values for v1 and v2 as given in the figure.

[6] Y. Shin et al., (KaoS Collaboration), Phys. Rev. Lett.
81 (1998) 1576.

[7] P. Senger et al., (KaoS Collaboration), Nucl. Instr.
Meth. A327 (1993) 393.

[8] D. Brill et al., (KaoS Collaboration), Phys. Rev. Lett.
71 (1993) 336; D. Brill et al., (KaoS Collaboration),
Z. Phys. A 355 (1996) 61; D. Brill et al., (KaoS Col-
laboration), Z. Phys. A 357 (1997) 207.

[9] P.Danielewicz and G.Odyniec, Phys. Lett. 157B

(1984) 147

[10] Li et al., Phys. Lett. B. 381 (1996) 17.

[11] Z.S. Wang et al., Eur. Phys. J. A 5 (1999) 275.

[12] A. Mishra et al., nucl-th/0402062

 "!$#%�&)(+*�¬ ,_Ö�P1D�:Q>sPQ×�X):QPR46IJDq9]Ø�P$W`XC:Ç9;21BED�@CBED
π+ h K+ B�:

K−
F^46XC>�@CBEDÙNE462$2oP1D�PR46IJDKu�Pbv8u�P�w

f6hRy�z�{c|�BJ}_pbz�h[��LsW
<
×
<
l]hRmÚLsW�t]hÛF^46X)>"X)Iq@C46W�9;P$IOBB�In>?9�FGPQ@;P$:=<�Ü½k]h[z

< jEÝGj faisceau <
k]h?r

B�:KB�IÞP$W�FGXC2YD�PR46IÞ:[>?9;IJD�\;B�>HD]B�Ü�k]hQiß|�BJ} Ý N < pt <
k]h[�Þ|�BJ} Ý N��à��BED�2oP+á;IOBEDÙNE46>s>EBEDbF^46IG@CB�I^:w¡2VU 9?âsXÛD�:bB�W�B�I^:ÚFJ9;>c2VUã<Vä�XJ9;:[PR46I/iC�å�SB�:�21BED�FJ9;>?9;W���:Q>HBED
v1

B�:
v2

D]46I^:>HBbF^46>s:=<EDcD�XC>c2+9Tæ�á;X)>HB
~=f;iJlb���



çJèÃçJè¡é�ê"ë�ì�í�î	é�í�ì	ï�ðñ�ò�ê�ó�í�ë	ô�õ�ö�ì�é�ï=ê�÷�ø�ï=é�í�ó�ê ù;ù
ú�û�ü�ý1þ1ÿ���û�ü��������?û�ü�	
�����Jû�����qý���������ü��Vû��û����	�������û�ü�ü���?þ1û�ü���û�� �����Vþ«û��!"��#$� �%�Hþ&���('*)�+�,�û-�

ý«û�ü.	 �������0/-�1�?û�ü
v1 2 v2

ü����$�3�Vû�	4���5�1��ü"ü����"ý6��7�ÿ����Vû%)98:����ü;�Vû��<����#$������ü=#$��û�ý«û�ü
π+ û-�8ý«û�ü

K+ü������>���þ1ü:��û?�0����þ&/�?û�	�����@A���Vû���Vþ1û�ý«ý1ûCB����?ü>���D	�ý6���(�JûE��������Vþ6���F!
v2 < G ,-)4HI���J��ý1û�ü�	�þ&����ü 2��û����Vû��Hû���� ���J��ûTü� û-K*	�ý«þ6#$��û>	����àý1ûL@"�;þ&�;#$��ûM��û�ü�	 ���5�Hþ6����ý1û�ü8ü���N�þ1ü?üVû��$���Jû>�E��ýO�Hþ6	Jý1û�ü=��;ý1ý1þ«üVþ&����ü

û-��ü������:���P�%N�ü�����N4��û�üL� ����ü�ý«ûM�qþ«ý1þ1û��DQSRT'�UWV�)
X û����Hûqû-K*	�ý1þ&�P�%�Vþ6���Y��û0	½û��J�EZ-�1�Vû0�Vû-�Hû�$��û<	4���J�Ký«û�ü

K+ �[�����üVû<��û�üKüVû�-�Hþ&����üeû-\]�P����û�ü
�^� þ6���Vû�1�%���Hþ&���_��`;û�xý1ûa�qþ«ý1þ1û��b	�ý6�Jü]@"�;þ&N�ý1û�ü) X ûa����ü���ýO�c�%�qû-K*	
��Vþ&�qû����c�;ý�ü��Jÿ�ÿ�/�?û(�������[�J��û
þ&�$�Vû�������Vþ6���[���	J��ý1ü?þ&`�ûeû���1�?û`ý1û�ü

K+ û��Tý«û�ü:�9�J��ý6������üM	�����ü?û���Hü�� ���Jü�ý1û��qþ«ý1þ1û��^)
d>�D��N�ü?û�5`�û
ý6�0�Hû���� ������û`þ6��`�û��Vü?û]	
������ý1û�ü

K− 2 ��� û�ü5���e��þ6�?ûE����ûf���qþ«üVüVþ&���D	����������J���ûf������üTý1û?	�ýg���h�Jû
���P���-�Hþ6���^)9d>�<���J�1�;þO�;	Ji�ü�j�%���Hû�J���Vû:�Ký��Ãû-kOû-�"þ&��`�û�?üVû:	���þ1ü�#$��û�ý«û�ü

K−
	
��üVü�/��û����l����û�þ6�]	4���5m

�1�����Hû�ü?û�-�Hþ6���Ùû�\]�P����û>�^�j��N�ü�����	J�Vþ6���<� ����üàý6���0�%�Hþ&/�?û�) X û>����0	
�����Vû��û���������1�������û�]�qû����
	������þO�l	 �%�l���n�]�*��/�ý1ûL��û>�1������ü�	4���5�MQSRT'�+%V½þ6�J��ý6�������l���n	
���Hû����Hþ1û�ý^�%���1�������Vþ&@�û��$���VûTý«û�ü

K−
û-�

ý«û�ü��$����ý&����Jü)

o^p&o^p6o^p&q r�s
tvu�w�xvyPzAs4tvyf{�|0}~{$�Wy}~{9u�|Tz��
{*y
8:����ül�P`�����ü3`9�n#$��û�ý6��	�ý&��	 ���5�3��û�ü3����ü��Jý&�c�W�Hü3��������û���������ýg�C	����9�����-�Hþ6����û��8ýg��	�����	 �;ÿ��Wm

�Vþ6���[��û�ü
K±

ü�������û��D@"�P`�û�J�>�^� û�k½û��Hü���ûE��þ1ý1þ«û���$����ý&�P�;þ&�Vû%) X û�	½û���� ����� 2 ����]��ûKý«û��]�����1�?ûý6��7^ÿ����Vû<'*)OR���QSRT'��TV 2 ý1û�ü���������ý6��ü?þ6����üC����	½û�����û���f�Jû�ücü?û���Vþ6���JüKû-\0�����û�üE�J�Vþ1ý1þ«ü���û�ü�� ����üKý1û�ü�]�*�J/�ý1û�ü) 8L����üL�1��	J	½û�ý6����üL���JüVüVþ�#$��û-ý1ûM�Hû��0	Jü:��ûM`Cþ1ûC��û�ýg�f����ü���� ������û
∆
û�ü5���J���Hû�����þ6� �%�$�

� �%��üýg�?�����]	�����B�û��ü?þ6���n�Jû�ü�	����*��û�üVü���ü���ûM����P�%�Vþ6���n�Jû�ü��W������ü�) 8:����ül`���������ü�	 ���àû�KJû��0	Jý1û 2#$��û]	4�������J���]Z��ûf�0�9��/�ý«û[!"�5���(� þ&��þg,���þ&k4��?û���Hû�üeüVû����Vþ6����ü-û�\]�����û�ü?���������þ«üVû���E�a��û�ü
�1���*K���û�	����*�J�����Vþ6���n��û

K+ ��þ&k4��?û���Hü�)

FOPI data
KaoS data

(Nan)sIQMD, no pot.,

(Nan)sIQMD, w. pot.,

(Gi)sIQMD, no pot.,

(Gi)sIQMD, w. pot.,

(Gi)sw. pot.,RBUU,

(Gi)sRBUU,no pot.,

0.00

0.10

0.08

0.06

0.04

0.02

−1.5 −1.0 −0.5 0.0 0.5 1.0 1.5

d
N

(K
  
)/

d
y

+
0

Y 0

�3�������$�&���f�h���6�-�"�-�����9�"� �W¡J�]¢-¡Y��£�¤
��¥%���§¦¨¥$¢c�
K+ ¤ �W�9�¨¥$¢c�]©c�Wª�ª«�6�-� �W¡J�¨©c¢-¡ ����£%ª6¢c�e¬

b < 0®�¯�°±��³²3±>��´¶µT·¹¸�º[»?¼:¢�½I¾;¿�¢c��¤ �W��¡ �A��¢�À�¤ ¦-��� ¯ ¢-¡ �³£%�%ÀY¥$¢¨Á�Â;Ã~Ä�Å5¸�¸§Æa¢-�M¥$¢¨ÇE£$�TÈ�Å5µ$ÉWÊ�Æ¨���W¡ �
©c� ¯ ¤�£%�1¦c�e´¶¥%� Ë>¦-�1¢-¡ �A� ¯ �P¥$Ì-ª6¢c�e¥$¢0�"�1£%¡J�³¤ �W�����P£%¡J�[¬&¤ �W��¡ ����ª�ª6¦c� ° ¢-�M£%Í�¢c©D¬¹ª«�&Î%¡Ï¢c� ° ¢AË>¢-���e¥$¢
¯ ��ª«� ¢-��¾�¿�£LÐÑÎ%�*�1¢E¢c�-��¢�À��"�1£%���³¢E¥$¢Cª&£]�1¦ ® ¦-�1¢-¡Ï©c¢LÅ5µ%Ê*¸§Æ¾



ÒJÓjÒJÓ�ÔLÕ;Ö�×�Ø]ÙvÔLØ�×vÚ-Û�ÜÞÝ>Õàß�ØÞÖvá.â(ã�×IÔ�Ú§ÕÞäæå:Ú§Ô�Ø>ß�Õ ç�è

é;ê�ë�ìîí*ïOðTñ�ò�óvôWõÏö-÷�ø ôWõnù³ú ûcö-÷"ü�ý�þ6û�ÿ9ûcù
K−

ú ô��*ü�ÿ9ûcù>ø���ú��*þ�ù-ø ôWõJù����
	0û-÷����
	�����:û�����öEû-÷
ú ô��9ü�ÿ�ø ���-ücû-õ ÷³ûcùCÿ9û-õJù-ø�÷��cù�ÿ9ûCþOý��]ý�÷"ø��-ü1ûCõ��îö-þ���ý�ø�ü1û��! #"$ !%&�

')(+*�,.-#/10(3254�6&7#89,;:<(�/=>,;?)@9/&850,.2A0(�@B@9,C,;*$29618B/1@9@90*D2�E�/F89/&?�,�/&8G?�/&@IHJ7#*�KL25,;7#*�@M@9N�/1KL25890?�/&@
O ðQPJðLR E�/1@

K±
0S(UTV/&WX/&29@YE�/�Z[,�?;,�/1(\NX7#(�8CZ�/L29258B/]/1*^6&-<,�E�/&*�K1/�(�*�/]89/&@B250(�850�25,�7*^N�08B29,�/1?;?�/

E�/�?_0F@a`UZ[6&2989,;/bKc4�,;850?;/Ade4�0S(�25/�E�/1*�@9,;296 ïgf 0Vh�i#(�89/ í*ïOðTñ N�896&@9/1*D29/j?_0jHJ7#*�KL25,;7#*k@BNX/&K&29850?;/
E�/&@l0*D25,;mS0S7#*�@nN�7#(�8nE�,;WX618B/1*D25/&@o,�Z[N�(�?�@B,�7#*�@�pJ:Mqsrt/&2l:Iqur ï è�v /xw�ySK{z�/&2>NX7#(�8>E�,;WX618B/1*D25/&@
E�/&*�@9,.256&@|E�/>?_0}ZI0S29,�~&89/n*$(�K&?�610,�8B/ O ð{PJð&R�ïD� *�7#��@B/18a-#/l:$(�/o?_0)?�089i/1(�8�E�/o?_0}HJ7*�K&29,�7#*�@BNX/&K&29850?;/
0(�i#Z�/&*D25/|0{-#/&K�?�0nE�/&*�@9,.256=1/1*�N�08B29,�K&(�?�,;/18�NX7#(�8�E�/�H�0,���?�/1@X,�Z[N�(�?;@9,�7*�@ ï&f 0nHJ7#*�K&29,�7#*C@BNX/&K&29850?;/
E�/&@

K−
E�0*�@�?�/lZ[,�?�,;/1(�/L2n?���0Z[N�?;,;25(�E�/>E�/&@nE�,.W�(�@B,�7#*�@�0�W�/&K&25/&*D2>E�/�ZI0S*�,�~&89/l,�Z[NX78B2c0S*$29/o?�/&@

N�8B7UK&/1@B@9(�@�H�0,�@90*D2Y,;*D25/18a-#/&*�,�8�?���61Kc4�0*�i#/[E�/[?���6&25890*�i#/L256]25/&?�@�:$(�/
π � → K− � 7� � q

Λ
=

Σ
ï<� ?�0SN�N�0890S��2�:$(�/)25/&*�,�8gK17Z�N�29/)E�/}?_0�8961@B7#*�0*�K1/

Σ
p ðQP#� è z�E�0S*�@>?�/&@nZ[7UE�~1?�/&@�E�/}25890*�@BNX7#8a2

/&@B2�E���(�*�/�,;Z�N�7#8B250*�K&/tK{0SN�,;250?�/YNX7#(�8�N�08a-#/1*�,�8CdG(�*�/��X7#*�*�/�K17#Z[N�8B614�/&*�@9,;7#*VE�/1@�250(UTFE�/
N�8B7UE�(�K&29,�7#*�E�/&@

K−
Z[/1@B(�896&@[/�TUNX6&89,�Z[/1*D250?�/&Z�/&*$2 ï�� 61K&/1Z[Z�/&*$2[?;/1@�HJ7#*�KL25,;7#*�@�@9N�/1KL25890?�/&@

7#*D2�6L256M,;Z�N�?;61Z[/1*D256&/1@�E�0*�@�?�/&@�K{0S?�K1(�?�@Y294�61789,�:$(�/&@ O ð{P r R Z�0,;@t?���0K&K17#8BE�7#��25/&*$(k0{-/1KA?�/&@
E�7*�*�61/&@}/�TUNX6&89,�Z[/1*D250?�/&@o@9(�i#i~189/�/&*�K17#8B/YN�?�(�@B,�/1(�89@oN�4�0S@9/1@�E�/�E�6L-#/1?;7#N�N�/1Z[/1*D2 ï O ð r ñ�R

� ,;*�0?�/&Z�/&*D2{=Q*�7#(�@�-#7Q`7#*�@|:$(���(�*���7#*�*�7#Zt��89/gE�/n:$(�/&@B29,�7#*�@�89/1@a25/&*$2�/1*�@B(�@9N�/1*�E ï#� /&@�,�*U�
K&/18B29,;29(�E�/1@�@B(���@9,;@B29/1*D2g/1*[K1/l:$(�,�K17*�K1/&89*�/�?_0�Z[,�@B/>/1*[6&-<,�E�/1*�K&/�E�/1@�/&WX/&29@�E�/oZ[,�?;,�/&(�dCN�08a25,�8
E�/�?�0]N�897<E�(�K&29,�7#*A/L2}E�/�?�0�N�897#N�0iD0S29,�7#*ME�/&@lmS0S7#*�@tp�0*D25,;m�07#*�@5z ï�f /�850N�NX7#8a2

K−
y
K+

0(�iS�
Z[/1*D25/o-/189@g?�/&@|850N�,�E�,.2561@|,;*D25/18BZ�6&E�,_0S,�89/&@|0?;7#89@�:$(���,�?�/&@B2gK17*�@B250*D2�pJ7#([E�,�Z[,�*$(�/{z�/1*]HJ7#*�KL25,�7*
E�/|?�0oK1/1*D29850?;,;256�E�/�?_0>K17?�?�,;@9,;7#* ï&� /1N�/1*�E�0*D2{=�?���4D`UN�7294�~1@B/gE���(�*�N�725/&*$29,�/&?�p�0*D29,�zam�07*U��*$(�K&?�617*
@B/1Z���?;/)�B(�@B29,;h�6&/�N�7#(�8�/LTUN�?;,�:$(�/18�?_0MN�8B7#N�0i#0S25,;7#*VE�/1@

K±
E�0*�@Y?;/[Z[,�?;,�/&( ï�  *�/�6L25(�E�/IE�6��

250,�?;?�61/�E�(^¡�¢�7Q£>¤[E�,.W�6&89/&*$29,�/&?�E�/&@
K−

=¥Z�0,�@�0(�@B@9,�E�/I?�0bN�8B7UE�(�K&25,;7#*¦E�/1@tZ[61@B7#*�@
φ
O ð�ð�ð&R

N�7#(�8B850,.2�NX/&89Z[/&292989/�E�/)Z[,�/&(UT]K&7#Z�N�89/1*�E�89/}?�/1@gN�8B7UK&/1@9@B(�@nZ[,�@�/&*��B/1(�?�7#8B@�E�/�?�/&(�8gK189610S25,;7#* ï
� ?�/1@B2n,�Z[NX78B2c0S*$21=DNX7(�8�(�*�/�K17Z�N�8B614�/&*�@9,;7#*Ii61*�6&850?;/)E�/}?_0�N�897<E�(�KL25,�7*I/&2nE�/)?�0YN�8B7#N�0��

iD0�25,�7*[E�/)?���6&29850*�i#/&296)0(<TI6&*�/18Bi#,�/&@nE�/)§ � §�/L2>E�/}?���' v §�=DE���6L25/&*�E�89/)?�/1@�0*�0S?;`<@9/&@>dYE���0(U2589/&@
-S08B,�6&2961@lE�/�N�08a25,�K&(�?�/&@l6&25890*�i#/&@�29/1?;?�/1@l:$(�/�?�/&@}4D`<NX6&897#*�@

Λ
/&2

Ξ−
ï�f ��,;*D25618B¨&2}E�/�?���6&25(�E�/YE�/

?�0�N�897<E�(�KL25,�7*�E�/�K&/1@lE�/&(UT�N�08a25,�K&(�?�/&@>HJ/1890]?���7�<�B/&2lE�/�?_0�N�897<Kc4�0,�*�/C@9/1KL25,;7#* ï



©�ª¬«<ªA�®C¯o°M±n²�³¥´L¯oµ¶°�·
Λ
·)³¸°�·

Ξ− ¹ ±»º¶¼�µ)·�®C½o´!·g¾�°)·3¿�À ¹ ½�¾A·)³¸°)·3¾U´a¾ Á#Â
Ã]ÄBÅ ÆÈÇ�É[ÊAËAÌ�Í»Î&ÉYÏ ÊMÐ

Λ
Ð>ÍÑÊMÐ

Ξ
− Ò ËIÓ ÔlÏMÐ>Ç�Õ�Î&ÐlÖ×ÊAÐ ØDÙ!ÚÜÛÞÝ

Ð>ÍßÊMÐ Ý�à»Ý

á>â�ã�âaä å�æ�ç�èêé}ëíì}î�ïoé)ç}ð�ñUò!ï�ó×é)ë�ô
Λ

õ�ö;÷�ö�ø�ö�ø ùIúUû1ü�ý�þQÿ�þ�û������|ú��	��
����þQÿ�ü����eý��������
�������! #"%$&"%$(')�*�+�!,.-0/#12$��!��$+34�5 #/#$(6#-0,4�.78$�7�9:6<;2,4�!-0/��!$:"# =6#,.;210,!-0959:$:"#$>6#?�@A3.78B� #$>"#$+3

C ;2'8'8-0DE;0,!-F�.78;2/#3HGJI%KML�NOKMP2Q�RSKMP0P	TU$��VGJI2W�X�NYKMP Á TUZ�')�*[H\^]<_`�a- C ;0'8'b-FDE;2,.-F�!7�;2/&GJI2W�X�-��+�. #"#7��
'8->6%,.;A"# C �.78;2/c"#$5')�*?�@�6<�d,4;2/ Λ

$+/�ef;2/ C �!7�;2/�"%$:'8- C $d/��!,.-0'87O�!�g6<;2 #,h"#$d3 C ;2'�'87�3.78;0/#3i[j lkm[n 
Z Â [H\h$poqNYKMP Á T)_���$+35,4�d34 #'��!-F�!3�"#$ C $d3g9:$+3. #,4$d353.;2/��g,4$d6<;2,4�.�d3g3. #,g'8-�rl12 #,4$�QA_�KMI�_�sn;2 %3
t ;u@0;2/#3vBA %$ C $H3.;0/��w'8$+3J�!-0 �x5"#$H6#,4;�"# C �!7�;2/ Λ+Σ0 B� #7y34;2/��w6#,4�d34$d/��!�+3z$+�v6l-03{ #/#78B� #$+9:$+/��
C $d �x�"#$d3 Λ

_l|w$ C 7�3d�*$�x�6#'�78B� #$m6l-0,w'8$ne}-F7��~B� #$m'�$ Σ0 $d3��� #/#$m,.�+3.;2/#-0/ C $hB� #7E3.$m"#�+3.78/��.�d12,4$V$+/
 #/

Λ
$��� #/�6#?#;0�.;2/�ZcKML2L���_�]%-0/#3V')�*78"%$d/��!7Or C -F�.78;2/�"#$ C $+3�6#?#;F�!;2/#3+R�7�'J$d34��78956E;03.3.7�D#'8$�"%$

"#7�34�.78/#12 %$d,~ #/
Λ
6#,4789:-078,4$i"��* #/

Λ
3.$ C ;2/#"l-F78,.$ t $d/l-0/��n"#$h'b-�"#�+3.7�/��.�d12,.-F�!7�;2/>"��* #/ Σ0 _

2fm4fm6fm8fm

A part

M
u

lt
ip

lic
it
y

(L  + S0)

0 50 100 150 200 250 300 350 400

0

5

10

0 50 100 150 200 250 300 350 400

0 50 100 150 200 250 300 350 400

RQMD (V2.3)

�v���z�%Q�_�K�Im���v�!�d�0�l�����)�	���A�
Λ+Σ0 ���h���	�`�����)�	���0���`�	�5�d�!�i�A�i�l�l���8� �	�%¡J¢%£0�¤���)���¥¢%£0�l��¡J¢l�	���

�8� ¡i� �	���¦�8¡��)�	�%¡{§j�E¨{§j�ª©5«j§�¬n�%�®�¯2°�±d²+³<´a� ¡Hµ	£0�8���A�!¡m�0�d�����l�l� ¡j£0µ0� ���8�H�ª�d�A¶��8�~·V¸v¹&º»¡M�	�l�
�!�¼¢<�!� ¡M���l��� � ¡v¢%£0�h�O£ª�¦�O½0�`�����:¢l�	���l�}�����8� ¡H®�¯2°�¾�²+³

¿ /�;2D#34$d, t $m #/#$nef;2,4�.$n"#�+6E$+/#"l-0/ C $hZ�'8- C $+/��!,!-F'87��.�n"% ª� -0 Ax�"#$n6#,.;A"# C �!7�;2/ª"#$+3 Λ + Σ0 _
��$d3{,.�+3. #'O� -F�.3J$�x�6E�+,.7�9:$+/��!-0 �x534;2/��w$+/ªD<;2/�- C+C ;2,4"ª- t $ C '�$d3J6#,4�d"#7 C �!7�;2/#3J"# :9:;A"#�d'�$�ÀzÁhÂ�Ã
NYKMP�XMT)_Esn;2 %3i6E;0 t ;2/%3m,.$d9:-0,4BA %$d,jB� #$�'8$d3H� -0 AxÄ"#$�6#,.;A"# C �!78;0/�/#$�34;2/��m6l-03j/#;2,.9:-0'�783.�+3H-0 
/#;09�D#,.$h"#$V6l-0,��!7 C 786#-0/��!3d_%[j78/%3.7)R%')��-0 #1295$d/�� -	�!78;0/(;2D#3.$+, t �d$�6<;2 #,4,!-07O��Å+�.,.$V6#'8 #3ze}-07�D#'8$i-06#,.�+3
/#;0,.9:-0'87�3!-F�.78;2/�_

õ�ö;÷�ö�ø�ö;õ ùIúUû1ü�ý�þQÿ�þ�û������|ú��	��
����þQÿ�ü����Dþ5�Æ��úAÇÆ��ÈþM�}É<¥û����`ÊM�
�������! #"%$n"#$H'b-m"#�+6E$+/#"l-0/ C $j"% 5�!-0 �xg"#$H6#,4;�"# C �!7�;2/g"#$d3 Λ

ZV'8- C $d/��.,!-0'�7��!��"#$�'8- C ;2'8'�783478;2/
/���-�6l-F3~$d/ C ;2,.$j�+�!�m,4��-0'�7834�d$n-0 �xª�d/#$+,.127�$d3~"#$m]�Ë�]E_#sH;2 #3~3.- t ;2/#3 C $d6<$d/#"#-0/���BA %$m'8$d3 Λ

$��z'8$+3
K+ 3.;2/��H6#,4;�"# %7��!3 C ;2/	Ì4;27�/��.$d95$d/���_lË¼'�$+34�n"#;2/ C 7�/��.�d,4$d3.3.-0/��j"%$^3+�¥-0,4,.Å��!$d,�34 #,n'8-�6#,.;A"# C �!78;0/
"#$

K+ $+/�ef;2/ C �.78;2/Í"#$('b- C $d/��!,.-0'87O�!��"%$�'b- C ;2'8'�783.7�;2/�_Æ|w$��.�!$(���! #"%$>-Ä�+�!�(,4��-0'�7834�d$�6l-F,�'8$+3
C ;2'8'8-0DE;0,!-F�.78;2/#3vÎh-0;�]ÏNYKML2P	Ta$��nÐ ¿mÑ ËiNYKMP Â TÆ-0 �x>�+/#$d,41278$+3�"#$^]�Ë�]E_



Ò%ÓÕÔAÓ>ÖJ×mØzÙ(ÚwÛHÜÆÝ�ØzÞßÙià
Λ
àjÜáÙià

Ξ− â ÚaãßäJÞjàJ×måzÝ�à{æ&Ùjàèçié â åHæ>àjÜáÙjàèæ�Ý�æ ê�ë

1.1 K+ (x3)

1.5 K+

1.93 K+

APart

M
K
/A

P
ar

t
1.5 K- (x6)

1.93 K- (x3)

APart

M
K
/A

P
ar

t

10
-5

10
-4

10
-3

0 20 40 60 80 100 120

ìví�îzïSð�ñ�ò�ó�ôÍõÄöA÷¦ø�ù¥ú<÷¦ù)û�ù�ø¼ü�ýAþ ÿ��������%ÿmú���	
�löyû�÷8ü�����ú���	¤ø}ù)û�ù¥ú����løVþ�������`û�ø}ù����áý0ö���������	!þ:ýAþ�lölû�÷8ü����%ÿ�ú���	¤ø�ù)û�ù¥ú����lø�ÿ�ú��	ö�	>÷8þ ÿÄû��	÷�÷¦ù8ÿ�ù����%ÿ��jù����iù
�4û þ�	!û�÷8þ ÿ�� þ�ø �jö!�"�jö#�4û$��	%	!ü ÿ�� þ�øzú��	ö&	
ý0ù 'iü�	!þ��lø¼þ ÿ�ü��`þ�	)(0ù)þ ÿhýAþ*+�0ù8ÿMû þ$�0ö
,.-�/1032+465aþ ÿmø7	¤ù7����(0÷8þ ÿwú<÷8þ�ù8�%ÿ
��ú���	¤ø}ù)þ:9��0öAø�þ��:û���	�	!þ ÿ¼ú����<ýAþ��lø�0ö1;&û��	÷�÷¦ù8ÿ�ù����%ÿ:�jù����iù"<=-�>�?@0A�ABnþ�CD4
E6FHG�I@J�K$L�ð�ñOòMóNMOK$P+Q$L�RTS$LNUVL�QDWAJOUVS$XYMOUVXYZ+XVS[P+Q]\OL_^�F�`@R�QaM�F�KDRbJOZ�UVP�`@R�M�F1K3S[XVZ�XVM�F�RTSaL+RAcd`@ROZ�S[XY`�R\OJeRO`@WAfOK3Lg\�L�M�F�KhS[XVZ�XYMOF�RTS[Q�ijM!`@JOKD\OXVklP�K3L�RTS[QDQ3m�Q3S$n�W�L�Q*L�S*P�R�L�K$I�XYL�QDXYROZ+XY\OL+RTS[L�Q+ñ@E]L�QDK$P+Q$JOUoS�F1S$Q

p JOXNRO`@JOQ�XYRTS[P+K$L�Q3Q$L+RbS�MOUYJOQqM�F�KhS[XYZ+JOUYXVn�K3L�W�L�RTS�i"rsQ$F�t@`@XVK�UuFvWAJOUoS[XYM�UYXYZ+XVS$P�\OL�Q K+ \�F�ROQqUYL+QK3P�F�Z�S[XY`�ROQxwHXuyzwHX{r�ò�i¥ó@|A}N~zL����Yò��@|��)iOQ3`@RTS�Q$XVS$JOP�QxL+R���F�J�S�\OLzUYFeG�I@JOK3L0ñ�wN`@JOQxK3L�WqF�K p JO`@R�Qp JOL�UVL�S[F�J&��\OL�MOK3`&\OJ�Z+S[XV`@R�\OL�^1F1`@ROQ=F�J�I@WqL+RTS[L�F�t@L+Z�UuFvZ�L�RTS$K[F�UVXVS[P�\OL�UYF�Z�`@UVUYXVQ$XY`�R�ñ�E6FW���W�L:S[L+RO\�F�ROZ+L�L+Q3SN`@fOQ3L�Kht@P�L�Ml`�JOKx\{��F�J�S[K3L�QNQ3m�Q3S$n�W�L�QHL+SNP�ROL+K$I@XVL�Q�\OLzc7F�XVQ$Z�L�F�Jv�Oò���ð&i�ò��@|j�)ñE6FAcd`@ROZ�S[XY`�R=J�S[XVUYXYQ3P�L:M!`@JOKNFj�3J�Q3S[L+K�UYL�Q�M!`@XYRTS$QxL��&MlP+K$XVWqL+RbS[F�J&��\�L�UYFeG�I@JOK3L^ð�ñ�ò�ó
L+Q3S]�
MK+ ∝ Aα

part � ðAñ¥óT��D`�JOK�UVL
Q3m�Q3S$n�W�L�wHXuyzwHX�i�U���Fj�3JOQ3S$L�W�L�RTS�L�Q3S�c7F�XoSeF�t�L�Z
α � ò@i�� ± ��i¥ð�Z+`@W�WqL�t1F�UYL+JOK�\OJM�F1K[F�W�n+S$K$Lz\OL�M!L�RTS[L��Yò���ð&i�ò��@|���ñE]L�QNMOK$P+\OXYZ�S[XV`@ROQ�\OJ�Wq`�\On�UVLz\OL�S[K[F1ROQ$M!`@K3SH NK�¡�¢�£¤�Yò�| ë �6MOK$P+Q$L�RTS$P�L�Q Q$JOKNUuFAG�I@J�K$L�ð�ñÕð1�Z+`@ROZ�L+K$ROL+RTSqUVL�S�F1J&�¥\OL=M�K$`�\OJOZ+S$XY`@R¥\�L�Q

Λ
\�F�R�Q�UYL�Q�Z+`@UYUVXYQ3XY`@ROQ�Z�L+RTS[K[F1UYL�Q

(bgeo ≤ |�i�|�cdW��wNX8yzwHXlrªò@i�ó@|A}N~zL�� � ��F1J�S%�gL�SxUuF�\OP�M!L�RO\OF�ROZ�Lz\�J�S[F�J&��\OL:MOK3`&\�JOZ+S$XY`@R�reUYFeZ�L+RTS[K[F1UYXVS$P \OL+QZ+`@UYUVXYQ$XV`@ROQ � f�F�Q[��ñ�E]L�W�`&\On+UYL� NK�¡�¢�£¦MOK$P+\OXVSN��iOòuð�§ ± �&i��@�@¨
Λ
MOF�KxZ�`@UVUYXVQ$XY`�R�Z�L+RbS$K[F�UVL0ñ� NROLMOK3P�\OXVZ+S$XY`@R�XVQ$Q$J�Lq\{�©JORvWq`�\On+UYLAS[��L�K$W�X p JOL��Yò ê �j��c7F�XVS�P�S�F1S�\���JORvS�F�J��ª\OL
MOK$`�\OJOZ�S[XV`@Rª\OL ΛP+ITF�UDr���iOòAMl`�JOK UVL�Q W���W�L�QHZ�`@UVUYXVQ$XY`�ROQxZ�L+RbS$K[F�UVL�Q+ñ]«�`@W�WqL�UYL�Wq`�RbS$K$L�UuF�M�F1K3S[XVL�fOF�Q$Q3LA\OLAUYFG�I�JOK$L�ðAñÕð��&i�UYLgWq`�\On+UYL_ NK�¡�¢�£¬MOK3P�\OXoS�JORAS�F1J&��\OL�MOK$`�\OJOZ�S[XY`�R�\OL

Λ
i1RO`@K3W�F�UVXYQ3P�F�J�R�`@WAfOK3L\OL�M�F1K3S[XVZ�XVM�F�RTS[Q+i p JOXF�JOI@W�L�RTS$L:c7F�XYfOUVL�W�L�RTS�F�t@L+Z�UYFAZ�L+RbS$K[F�UVXVS$Pz\OL�UuF�Z�`@UVUYXVQ$XY`�R�ñE]L�Q

Λ
W�L�Q3JOK$P+Q�r�U��©}N~�®��Yò�| ë �*Q$J�XVt@L+RTS�J�ROL�P+t�`@UYJ�S$XY`@R�L�R�cd`@ROZ�S[XY`�R�\OL�UuF�Z+L�RTS[K$F�UYXoS[PA\�LUYF�Z�`�UYUYXVQ$XV`@RqQ3XYW�XYUYF�XYK3L�rAZ�L�UVUYLHMOK$P+\OXVS$L:M�F�KgUYL:W�`&\�n�UYLH HK[¡�¢�£¯Ml`@J�K�\OL+QxP�ROL+K$I@XVL�QxXYR�Z�XY\�L�RTS[L+QMOUVJOQ�c7F�XYfOUVL�Q+ñ°wH`@JOQHK[F�M�MlL+UY`@ROQ p JOL�UYL�Wq`�\On�UVL� HK�¡�¢�£±ROLeMOK3L�RO\�M�F�QNL�R�Z+`@WqM&S[L�UYL�QNL+klL+S$Q\OL�WqXVUYXYL+J{i{WqF�XYQ�XYU�S$XYL�RTS�Z+`@W�M�S[Lq\OL�QA\�XVklJOQ$XV`@ROQe\�L�QAM�F1K3S[XVZ�JOUVL�Q�\�F�ROQAUVLqW�XYUVXYL+J�ñ6£ L�MOUVJOQ�iRO`�JOQ�Ml`�J�t@`@R�Q�R�`�S[L+K p J�L�UYF�\OP+MlL+RO\�F�ROZ+L�\�J²S[F�J&�³\OL=MOK$`�\OJOZ�S[XV`@R¥\OL�Q Λ

r�UYF�Z�L�RTS$K[F�UVXVS[P\OL�UuF
Z�`�UYUYXVQ$XV`@R�MOK3P�\OXoS[L�M�F�KNUYL�Wq`�\On+UYLzL�QhS p J�F�UVXVS[F1S[Xot@L�W�L�RTS�Q3XYW�XYUuF1XYK$L r�Z+L�UVUYL p JOXaF
MOJ���S[K3L`@f�Q$L�Kht@P+L�M!`@JOK�UYL+Q
K+ ñ



´�µ·¶�µ�¸º¹z»x¼=½�¾N¿À�»xÁ±¼:Â
Λ
Â ¿Ã¼:Â

Ξ− Ä ½6Å±ÆºÁ Âº¹zÇxÀ.Â"È�¼ Â¬É:Ê Ä ÇNÈ�Â ¿Ã¼ Â¬È&ÀhÈ Ë@Ì
 Ni+Ni 1.93 AGeV

0

0.02

0.04

0.06

0.08

0.1

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

▲ UrQMD  b < 3.3 fm
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£�ª�¦Z¬'®��)·*ª�¦�¢ ��¸!�JÔ#¸ Ê ¨#ª�£Z¨#ç�£�¢�¦�¥*¨#¯�£Wª�¯�¢wãÅ¨#¦q« ¢7¡��§2¢�¯�¡)®�¯�©�¢SÑ4¬5®g©�¢�¯C«�¦ ®*¬!¤!« v¡�¢w¬5®4©�¨#¬'¬!¤'£�¤'¨#¯@¡�¢�£
« ®*ª�Ð-¡�¢@§�¦�¨J¡�ª�©[« ¤'¨*¯%¡�¢�£gå�"�§2�¦�¨#¯�£

Ξ−
¢�«

Λ
¸oâ7¨#°.°a¢_¬!¢_£�ª�·#·#±�¦�¢E¬'¢@¦ ®�§�§{¨*¦�«

Ξ−/(Λ + Σ0)
²

©�¢�«�«�¢7¡��§{¢�¯�¡)®*¯�©�¢S¢�£q«W§�¬!ª�£�ãÅ¨*¦�« ¢v§2¨#ª�¦�¬'¢�£
Ξ−

¶6ª�¢7§2¨#ª�¦�¬'¢�£
Λ
¸ Ê ¨#ª�£Z¦�¢�°a®*¦�¶6ª�¨*¯�£Z¶6ª�¢w¬'¢7°.¨�Ý

¡�±�¬'¢S¡�¢S«�¦ ®*¯�£�§{¨*¦�«$#&%('�)*�NÔ Õ+�,� ¦�¢�§�¦�¨J¡�ª�¤N«R§)®*¦qã�®*¤!«�¢�°.¢�¯C«R¬'¢�£X¦��£�ª�¬!« ®�« £R¢uÐ�§2�¦�¤'°.¢�¯C«�®�ª�Ð{¸ Ü ¢�£
¥�®*¬!¢�ª�¦�£4¨#ç�« ¢�¯6ª�¢�£_£�¨*¯6«_®*ª�£�£�¤Z¢�¯eç2¨#¯e®*©�©�¨#¦�¡`®h¥#¢�©=¬'¢�£4§�¦��¡�¤!©�«�¤'¨#¯�£?¡�¢c°a¨J¡�±�¬!¢�£g« å�¢�¦�°.¤'¶6ª�¢�£
£q«�®�«�¤'£�«�¤'¶6ª�¢�£-�FÔ � Ô � ¸2Û�¬
ã�®*ª�«4°a¢�¯6«�¤'¨#¯�¯�¢�¦?¶6ª]Ì^ª�¯�¢=°.¢�£�ª�¦�¢=®�¯6«��¦�¤'¢�ª�¦�¢j¡�ª

Ξ−
®�ª�Ð+�¯�¢�¦�·#¤!¢�£T¡�¢

¬VÌ Ö?× Ú.�NÔ Õ*Õ,� £�¢.£�¤N« ª�¢9ª�¯àã�®*©[« ¢�ª�¦ � ®*ª�¡�¢�£�£�ª�£c¡�¢�£E§�¦��¡�¤!©�«�¤'¨#¯�£@«�å��¨#¦�¤'¶6ª�¢�£0/Å¢�«j¡�¨#¯�©a¡�¢9¬'®
°.¢�£�ª�¦�¢_¢[á}¢�©�«�ª��¢@§)®�¦7¬5®j©�¨#¬!¬5®*ç2¨#¦�®�« ¤!¨#¯1���  ��+2 ¸�â7¢�«�« ¢_°.¢�£�ª�¦�¢T¢�£�«7« ¨#ª�«�¢�ãÅ¨#¤!£7¢�¯6« ®*©�å��¢@¡]Ì^ª�¯�¢
¬'®*¦�·#¢T¢�¦�¦�¢�ª�¦�¸
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®°¯�±°¯�®°¯�® ²¨³µ´7¶¸·z¹kºµ·¼»�½F¾¿ºµÀP´�»r³,·zÁ°ÂPÃ	¾M¾�ÂP³ÅÄzÆ*ÇF³,»°¶¸ÂF¹kºµ·¼»�½È¶FÃ
Ξ−

ÆiÂ�ÉÊ´7½FÃ�³µËr·zÃ7¾M¶FÃ
ÄÌ�Í@Î�Ï

ÐPÑÓÒÕÔ�Ö7×ÕØÕÙGÚtÛ�Ö+Ü.×ÕÝ
Ξ−

×iÑkÜÕÞ¬ß�ÝuÞ¬Ù¡Ö+ß�ß�Û�Þ�Û�Ö+ÜÕÞ(àLØiá=à�ØMânãÓàDä=ÝæåçÑÓè¡Ú�è9è¡ÚtØ5×ÕÛ�è¡Ý9Ñ«ékÝuÙ9ß�Ý
ê Ö	×5ëuß�Ý(×ÕÝ¨ÚtÔ�ÑkÜÕÞ�ÒrÖ+ÔXÚ¬ìzí�Ô�î(ï�ðKñD×ÕèGé+Ýuß�Ö+ÒÕÒrè�ÒiÑkÔLä¬b�ò�Ý¡ÝuóÓÝGÚ=Ñkß�bPô�cuõ+õkö�b°÷BÝ ê Ö7×Õëuß�Ý(ÒÕÔ�èGé+Ö+Û�ÚØÕÜ5Ý$ø¼Ö+ÔXÚtÝBÞ�ÝuÜÕÞ�Û�óÕÛ�ß�Û�Útè;×ÕØ�Ú�Ñ�Ø	ùú×ÕÝBÒÕÔ�Ö	×5ØÕÙ¡Ú�Û�Ö+Ü�×5ÝuÞ

Ξ−
Ñ�Ø	ùúÒÕÔ�Ö7ÙuÝ¡Þ�Þ�Ø5Þû×°üýè¡Ù�þiÑkÜÕÿkÝ ×°ü è¡ÚtÔ�ÑkÜÕÿ+ÝGÚtè�b

��ß	ÜÕÝ ÒÕÔ�ÝuÜÕ×eÒiÑkÞaÝuÜeÙuÖ ê Ò5Ú�Ý ØÕÜ¬Þ�Ù¡èuÜiÑ�Ô�Û�Ö=Ö��¬ß Ñ ê Ñ�Ú�Û�ëuÔ�ÝBÒiÑ�Þ�Þ�Ý¡ÔtÑkÛ�ÚûÒiÑkÔaØÕÜÕÝ ÒÕþÕÑkÞ�Ý&×Õè¡ÙuÖ+Ü��iÜÕèuÝ�bÐ�ÝuÞ ê Ö	×5ëuß�Ý¡Þ�Ø5ÚtÛ�ß�Û�ÞtÑkÜ�Ú�ØÕÜ¨Þ�Ù¡èuÜiÑ�Ô�Û�ÖDÒÕØÕÔ�Ý ê ÝuÜ�ÚFþiÑk×ÕÔ�Ö+ÜÕÛ��7Ø5Ý�×ÕÑkÜÕÞFß{ü è¡é+Ökß�Ø5Ú�Û�Ö+Ü=×ÕØ¨Þ	�7ÞXÚtë ê Ý�ÙuÔ�è¡èß�Ö+Ô�Þ�×ÕÝ�ß Ñ�ÙuÖ+ß�ß�Û�Þ�Û�Ö+ÜTÔ�Ý¡ÒÕÔ�Ö7×ÕØÕÛ�Þ�Ý¡Ü�Ú(Ù¡Ö+Ô�Ô�ÝuÙGÚtÝ ê ÝuÜ�Ú=ß�ÝuÞLÚtÑkØ	ùÓ×ÕÝ�ÒÕÔ�Ö	×ÕØ5Ù¡ÚtÛ�Ö+ÜÓ×ÕÝ K± 
 Λ ÝGÚ
Ξ−ÑkØ7ù1èuÜÕÝ¡Ô�ÿ+Û�ÝuÞB×5ÝLß{ü àDä���ô c� Y 
 c�õkõ 
 c�õ Y ö�óÕÛ�ÝuÜ���Ø°ü Û�ßwÞ�Ö+Û�Ú$ÒÕÔ�è¡×ÕÛ�Ú���ØÕÝLß�Ý�Þ��7Þ�Útë ê Ý�Þ�Ý�ÔtÑkÒÕÒ5Ô�Ö7Ù�þÕÝ×ÕØ ÒrÖ+Û�Ü�ÚKÙuÔ�Û�ÚtÛ��7Ø5Ý�ÝuÜÓÚ�ÝuÔ ê Ý¬×ÕÝ¬×ÕÝ¡ÜÕÞ�Û�Útè�×�üýè¡ÜÕÝuÔ�ÿ+Û�Ý�b��aÑkÔ=Ù¡Ö+Ü�ÚtÔ�Ý 
 ×iÑ�ÜÕÞ=ÙuÝ ê Ö	×5ëuß�Ý 
 ×�ü ÑkØ	ÚtÔ�Ý¡Þ

ê èuÙuÑkÜÕÛ�Þ ê Ý¡Þ���ØÕÝúÙuÝ¡Ø	ùÓÝ ê Ò5ß�Ö��+è¡ÞL×iÑkÜ5ÞLß Ñeé+Ý¡Ô�Þ�Û�Ö+ÜÓ×ÕÝúóiÑkÞ�Ý-×ÕØ ê Ö7×Õëuß�ÝúíDÔ�î(ï�ð ô c�õ+õ�ö¸Þ�Ö+Ü�Ú
ÜÕè¡ÙuÝ¡Þ�ÞtÑ�Û�Ô�Ý¡Þ�ÒrÖ+ØÕÔ&Ô�ÝuÒÕÔ�Ö	×5ØÕÛ�Ô�Ý=ÙuÖ+Ô�Ô�ÝuÙGÚtÝ ê Ý¡Ü�Ú�ß�Ý¡Þ&Ô�è¡Þ�ØÕß�Ú�Ñ�Ú�ÞDÝ�ù	Ò�è¡Ô�Û ê ÝuÜ�ÚtÑkØ	ù�b

ÐPÑ��Õÿ+ØÕÔ�Ý�`	b `+` ÒÕÔ�è¡Þ�ÝuÜ�Ú�Ý�ß�Ý¡ÞeÙuÖ+Ü�ÚtÔ�Û�óÕØ	ÚtÛ�ÖkÜÕÞe×ÕÝuÞ1×ÕÛ���èuÔ�ÝuÜ�ÚtÞ1Ù�Ñ�ÜiÑkØ	ùM×ÕÝTÒÕÔ�Ö	×ÕØ5Ù¡ÚtÛ�Ö+ÜM×ÕØ
Ξ−

ÒÕÔ�Û�Þ¨Ý¡Ü�ÙuÖ ê Ò5Ú�Ý�×ÕÑkÜÕÞ¨ß�Ý ê Ö7×Õëuß�Ýeí�Ôtî¨ï�ð ô�cuõ+õkö�ba÷BÖ ê�ê ÝeÜÕÖ+ØÕÞ¨Ò�ÖkØ5é+Ö+Ü5Þ-ß�Ýeé+ÖkÛ�Ô 
 Ø5ÜÕÝÿ+Ô�ÑkÜÕ×ÕÝ�ÒiÑkÔXÚtÛ�ÝD×ÕÝ�ß ÑúÒ5Ô�Ö7×ÕØÕÙ¡Ú�Û�Ö+Ü�×ÕÝ
Ξ−

Ý¡Þ�Ú�Ñ,Ú�ÚtÝ¡ÜÕ×ÕØÕÝ�×iÑkÜÕÞBß�ÝDÙ�ÑkÜiÑ�ß ê èuÞ�Ö+ÜwáKóiÑkÔ��+Ö+Ünì�ï��&ñGbÐ�ÝuÞ$ÙuÖ+Ü�Ú�Ô�Û�ó5Ø5ÚtÛ�Ö+ÜÕÞ;×ÕÝuÞ$Ù�ÑkÜÕÑkØ	ù��&á���ÝGÚ ×ÕÝ¡ÞB×Õè¡ÙuÔ�ÖkÛ�Þ�Þ�ÑkÜÕÙ¡ÝuÞ ×ÕÝ¡ÞBèGÚ�Ñ�Ú�ÞBÝGù	Ù¡Û�Útè¡ÞB×ÕØ
Ξ−

Ô�Ý¡Þ�Ú�ÝuÜ�Ú
ê ÑkÔ�ÿkÛ�ÜiÑkß�ÝuÞ¡b

÷Lü ÝuÞ�Ú�ß Ñ¿ÒÕÔ�Û�Þ�Ý�ÝuÜVÙ¡Ö ê Ò5ÚtÝ�×ÕÝuÞ�Ò5Ô�Ö7ÙuÝuÞ�Þ�ØÕÞ@×�üýè¡Ù�þiÑkÜÕÿ+Ý ×�üýèGÚtÔtÑ�ÜÕÿ+Ý¡Ú�è���ØÕÛLÒrÝuÔ ê ÝGÚ�×ÕÝ�Ô�Ý��ÒÕÔ�Ö	×5ØÕÛ�Ô�Ý�Ù¡Ö+Ô�Ô�ÝuÙ¡Ú�Ý ê ÝuÜ�Ú¬ß�ü ÑkØ5ÿ ê Ý¡Ü�Ú�Ñ�Ú�Û�Ö+Ün×ÕÝ�ß�Ñ�ÒÕÔ�Ö	×ÕØ5Ù¡ÚtÛ�Ö+Ü¿×�üýèGÚtÔtÑ�ÜÕÿ+Ý¡Ú�è�×iÑkÜ5Þ�ÙuÝ�×ÕÖ ê ÑkÛ�ÜÕÝ×°ü èuÜ5ÝuÔ�ÿkÛ�Ý�ô�c�õkõkö{b,Ð�Ý�Ù�ÑkÜiÑ�ß	×ÕÖ ê Û�ÜiÑkÜ�Ú ê è¡Þ�Ö+ÜwáKóiÑ�Ô	�+ÖkÜ-Þ�Ý$×ÕèuÙ¡Ö ê Ò�Ö+Þ�ÝB×ÕÝ$ß Ñ ê Ñ�ÜÕÛ�ë¡Ô�Ý;Þ�ØÕÛ�é�ÑkÜ�ÚtÝ 
ß�Ö+Ô�Þ	�7Ø5Ý=ÜÕÖ+ØÕÞDÙuÖ+Ü5Þ�Û�×5èuÔ�ÖkÜÕÞ�ß�ÝuÞ&Ò5Ô�Ö7ÙuÝuÞ�Þ�ØÕÞ�×°ü èuÙ�þiÑkÜ5ÿ+Ýú×�üýèGÚtÔtÑ�ÜÕÿ+Ý¡Ú�è��
d � Z"! ×ÕÝ(Ù¡ÝuÞDÔ�è�Ñ�Ù¡ÚtÛ�Ö+ÜÕÞ&ÒÕÔ�Ö	×5ØÕÛ�Þ�ÑkÜ�Ú�ØÕÜ

Ξ−
Û�Ü5Ùuß�Ø5ÝuÜ�Ú�ØÕÜTþ#�7ÒrèuÔ�Ö+Ü�$



%'&)(*&,+.-�/1032547698:/1;<0>=
Λ
=?6@0>=

Ξ− A 2CB<D.;?=.-�E18F=HGI0?=KJ>L A E7G,=?6@0?=KG�8�G M*N

0.0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

a
b

so
lu

te
c

o
nt

rib
ut

io
n

MB +x

BB +x

* +x

Au+Au, b 3 fm, Elab=6 AGeV

production channel

O�PRQ1SUT*V)TWT�XZY�[]\_^a`:baced*^abf[]\�g*hjilknm�\om�d�pqg*hsro`t[eg�duk:^abf[]\vg*h
Ξ− w h	pW^a`	m�bR^sg*h�xFyez"ze{}|�~

X����������>�e���1���"�t���t���:�t���W���������#�s���"�t���	�W�������5���3���n�*�e���n�	�����������j�_�������������:�t�n�����W�:�t���a���"�t� �
¡ �����u¢>�#£*�o�e�	�W�u¤:V

¥ �W¦§¦§�¨���W������©�©��W�'�?©��¨���W����ª«�n�W���¬©�����¦�*��®e©��e�>�'���n�t���'�n�o�W�	�¬���	�e�����n���#���o�W�������l���W¦�������
���¯�e�'�e�n�����§���������W�"�t�	��°��'�n���W��¦��±	�e�'�n�§���e�²���n�*�e���n�n�'�¨���¯�e�j�_���'�W�����¯���n�t���'�W���n���o�W����©³�,���n�´�
���'���t���W�µ�'�

Ξ−
V·¶¸���¨���W�"�t�	��ª¸©��e�²�n�e�:�t���W���¹�:º§�»�����e�l���q���e�¨�'�n�*�e�e�	�n���l�'��¼«®e�n���"�l�n��� �´���"�¨©��

�½£*�o���'��¦§�*��®e©��>�'�t��©����n�l¾¿�»ÀWÀ�ª��»À#Á�ÂÃV
Ä��e���	�e�n�'©��j�]�t������©³�¨�e��©�©³�´°«�W�n�´�t���W�3Å.ÆWÇ"Á3¾¿��È�À�Â��W�"�?�:�t�¬�e�"�´©��e¦§�e�"�����W¦�����n�����´�É¦§���'®e©����'�
�n�t�����	�«���	�¨�'���W��©��W�'�«�3�_�´��Ê«V�¶·��©s�:����©fV�¾¿�»À#Á�ÂÃV ¥ �3¦§�*��®e©��������n�t���'�n�o�W�	�l�	�e©��´�t� �����	�n��'�n��©�� �
�n���"�����Ë�	�e���_���n�����_�����	�W����Ì#���v��Í>Î¸Ï7¤3¾¿�»À#Á�Âfª��	�e���	���'�����§���'�n�n�1���W�n�	�e�:�t�e¦§�e�"�§©����l�n���n��© �j�´�n�
���?©f�¯�:Ð��«���n���e������Å.ÆWÇ"Áq¾¿��È�À´ÂÃV ¥ ���«�����_���"�eª�©����s���n�*�e���n�	�������W¦§���_���"�n�5�'�n��©����n�����o�W���s©Ã�����j�_�������
���²©f�¯���n�t���������t���n���#�?����¼«�e�	�e�"�t�����¹���e��Ð����	���7�e�Ñ�e��¦�'�n�²�������?©��²¦§�*��®e©����'�e�e�	���?���n���e�e�'�e¦l�
¦§�e�"�»V«ÄC�Ò_�W�'�n�lT*V)T�È���n���n�e�"�n�l©³��'�e�o�e���_�´���e�l�����e���#�n�t��©����n�¹�����?�j���*Ð��'�¨���n�*�����:�t���W�������
K±
ª
Λ + Σ0 �a�����'��¤����²����� Ξ−

��°_���j¤�ªC���n�������n��_�´�²©��¦§���'®e©���Í?Î¸ÏÓ¾¿�»À#Á�Â>�a��£*¦¨°«��©��e���W���
���e�	�n�j¤����H©��e�Ô�n���n��© �j�´�n�Ô�:Ð��o�e�n��¦���"�j����Ðl�W°'�t���#���������Ô©³�>���W©�©���°«���t�´�n���W�²Å.ÆWÇ"Ál¾ �»È�À�Â9���	£*¦¨°o�W©����
��©��e�����j¤�V_ÄC�§�����«�����_���'�e�¹�'�É�j�´��Ð,�������n�*�����:�t���W�,���e�

Ξ− Õ ©³�l�n�����n���W�I��º§�»�´�e�¹�'�²�	�»���:�t�����
K̄(Λ,Σ) → πΞ

�e�������'�n�n�9¦§�W�"�t�n���²�������7©³���_���	�n���¬°_���	�n�²���²©���Ò��W���n�´VUÖ7�W�����W��£W�����>Ì#���¹©��
¦§���'®e©��.�	�e���	�����'����©��������«�����_���'�e�s���l�e�e�"�n�t��©����t�H�����

Λ+Σ0 ���_���'�j¤9�:�Ô���e� Ξ−
�a°_�´�j¤9¦§�e�	���n���

�_�´�²©��É�e��©�©³�´°«�W�n�´�t���W�vÅ.ÆWÇ"Á×¾¿��È�À´ÂfV·Ø?�q��©����eª9�e�¦�*��®�©��§���n�:�W�W� �¨�����§�t�	®e�¹���W���t��n�e�'�n��°'��©�� �t�
�����t����Ð����l���n�*�����:�t���W�������

Ξ−
�´�Ñ���n�*�e���n�n�'���U�����j�_�����W�����¯���n�t���'�W���n�����"�t� ¡ �����u¢>�#£*�o�e�	�W�

���W�"�t�t�´���n��¦���"�7���,¦�*��®e©��>���²ÙlVoÚU�e�e°×¾¿�»ÀWÀ´ÂÃV
Û��l¦§�*��®e©��H�n���e�	¦��Ì*�'��ª]°_���n�5�n����©������W�	¦��´©����	¦�Ô���t�����¹�»����������Ì#����¾¯Æ'�´ª'�»À#Á�Âfª��?���n�s�'�n��©����n�

�o�W���§�e���'�W¦��´�����I���¯�e�����n�W�����_���'�q©��I°��'��������°'�t����������e�q���'���W�	¦��´�n���W�'�l�n���q©��×�o�W�n�	��°���©�� �t�
���¯�����eÌ#����©���°��n�¨�j�'��¦§��Ì#���¨���

Ξ−
�»�W���§©��e�>�����	�n���e�'©��e���'�W���½�:�t�n�����W���eV�Ä��e���	�e�	��©��t�´�t���	�W�"�²���

�����t�����e�W�	���»���e�¹©��e�1���	�e�������n���W���1�'�É¦§���'®e©��?���²Ê«Vu¶¸��©.¾¿�»À#Á�ÂC�«�����1©����7�n�����	�W���1�	�����´���"�t����Ü
XÝ©��¹Þ½���n���eß��:�½���'�	à�j����¦��Ì*�'�§���"�t�e���*���e�"�¹��©����¬�tá´�¹�o�W���²©��e�

Ξ−
Ì#����«�W�'�²©��e�¹�����	�n���e�'©��e�

�'�W���½�:�t�n�����W����â
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	�G��%�HJ2 * ����
	%K L�.���M�N���2+���N� * 2+�������G2+
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Ξ− a �N�� b�������G2+
]�dce�-�����^���7�N�f���-�������G2+

K̄(Λ,Σ) → πΞ

�� ��g��%� � ��h1�2+
	�$�F���i �%B�7�N�kjml�%����M��%
* �+ 3W
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Ξ− { v�nur-r-s�|~}���}Fr-z { r�vBtun.|~}hs�nM}FvUnB}�tu�Ixun.}mtuzg��s��3vU�~�0|~�-|0v�pZ�3�~vUr-����n.z�~z,������}F�Iw�z@zI��}7}-r-�I�)tuzIpu�-z@z�}^puz { vUnur�rFs�|N} { s��7�I}-r-z�s�xu�-v�r-x� { s�r���s�w�s\}-|0�3r�z����Vs�nu��zt.z/�$��zC� { s�pu��|0vUpDrFs { |0tuz^�KnuzM��nuxu|~}i�~z^������}-�3w�z�ý

� z3��tu|N���Ir-zIpK}-��}FzIw { ��tuzg���dr�z3zI�3z��[vUn.}������3s��0�Inu�0�I��sV�UzI���0zkw�vBt.�3�0z�tuzE}-rFs�pu� { v�r�}��)�� ¢¡'£V¤#÷b¥G�
��vUp�}Yr-z { r-�3��z3p�}F�I����nur��0s)¦	qUnur�z�ø�ýþø\¤�ý�§7p@r�z3w�s�r-�Knuz��Knuz��0s { �0n.��qUrFs�p.tuz { s�r�}F|~zEtuzI� Ξ−

q��3�0zIp�}
��¨u|~w�|~�Knuz3w�z3p�}7zIp�}Fr-z¨ÿ��dwS©\�,zI}^ª��dwS©\�\�}Fs�putu|~�)�Knuz@�~z3� { |0vUpu�)zI}7�~z3� { r-v�}-vUpu�7vUp�}^�~z3nur�qUz3���¨u|~w�|~�Knuz��«zIpK��|~r-vUp¬£�øD�dw�©\��ýhEz�}-}-z�tu|N���Ir-z3p.�3z { zIn.}��I��zC� { �0|~��n.z3r�zIp:�IvUpu�-|~tu�3r-s�p�}��Knuz��0zI�¨�� { �Ir-vUp.�kvUp�}Et.z3�E��z3��}F|0v�pu�Ez�®��3s��3zI�ktuz�tu|~�¯nu�-|~vUp�sb��z3�7�~z�w�|0�~|0zIn { �0nu�g��s�|0x.�0z3�Y�Knuz��3z3�~�0zI��tuzI�
{ |~vUpu��z�}�t.z3� { r-v\}FvUpu��ý � z3nur��i|~p�}Fz3r-s��I}-|0vUp.�Lsb��z3�/�0z^w�|0�~|0z3n��3��s�r-r��I}FzIrFs�|~z3p�}ituvUpu� { �0nu��}F°\}»ý

± v�nu��sV�UvUpu�²��n/��n.z��0z3� { r-v��3z3���-nu�htuvUw�|0pus�p�}F� { r-�3t.|~}F� { s�r²�0zI�²w�v�tu�3�~z3�Zt.z�}FrFs\pu� { vUr�} { vUn.r�0s { r�vBt.nu�I}-|0vUp�tuz Ξ−
�-vUp�}y�Iz3nB����s�|~�Fs�p�}/|0p�}FzIr���z3pu|~r��0zI�,r��Vs���}F|~vUpu�/tZ���I��¨	s�puq�zStZ�³�I}Fr-s�puqUz�}F�´ý

´ |N���Ir-zIpK}-�Ew�vBt.�3�0zI�Ytuzi}-rFs�p.� { vUr�}�r-z { r-v�tunu|~�-z3p�}E�3vUr�r-z3��}FzIw�zIpK}E�0zI�gr��3��nu�~}Fs\}F��z�� { �Ir-|~w�zIpK}Fs�nB�w�z3��nur-�I�Es�n����3puzIr-qU|~z3�gtuz��$���iµ/¶·¡N£»ÿ"÷B�	£V¤U¤.�	£V¤#÷¸¥Ãý�¹�s�rg�3v�pK}-r-z\���~z3� { r�vB�Iz3�-��nu�kn.}-|0�~|0�-�I� { s�rY�3zI�tuzIr-pu|~z3r��/��vUp�}M}Fv�}Fs��0zIw�zIpK}7tu|~�¯�3r�z3p�}F��ýh§^nB}Fr-zf�0sDp.�3�3zI�-��|~}F��tZ�³�I}-nutu|0zIr^�3z�tuvUw�s�|0p.zytZ�³�3puzIr-qU|~z
{ vUnur·w�zI}�}Fr-z(v�nºpuv�pºzIpº���B|~tuz3p.�3zPtuz3� { ¨u�IpuvUw��3puzI� { r-�3�Inur-��z3nur��»�¼nup½��¨	s�puq�z3w�z3p�}¾t.z
{ ¨us��-z�tuzL�0s)w�s+}F|0�Ir-zkpKnu�I�0�3s�|0r�z���p.vUnu���Uvb��vUpu�g�3��s\|0r-zIw�zIp�}��KnuzL�0zI� { r-v��3zI�-�-n.�gnB}F|0�~|0���3��t	s\pu���0zI����3�3pus�r-|~vU�kn.}-|0�0|~�Fs�p�}Enupuz^tuzI�-�3r�| { }-|0vUp { nur-zIw�zIpK}L¨us�tur-v�pu|0�Knuz^��vUp�}Lw�s���3v�pupKnu�eý_¿ipuzMw�zI�-nur�ztuzI�

Ξ−
s\nB�e�Ipuz3r�qU|0zI�·tuz�¶BÀ�¶ { vUn.r-rFs\|~}Ds {.{ vUr�}FzIrStuz3�D�IvUp�}FrFs\|0p�}FzI�«��n {u{ �~�3w�z3p�}�s\|0r-zI�Ds�nB�w�vBt.�3�0zI�eý
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Ξ−

9?35@A� )�4.��B=!$4 *6�54DCFE�C
G<HJILK.M N=OJPRQTS?IVU?QTW�X?Y�H[Z\H[S.]LO[]^P�_&S�`THJIaSFbcQTSd]eHJS?f[QTP^Hhg^_&Zi_kj�IlO[]^OmZ\H[I^W?PROJIe_&Won\OJS?H[P^`Tj�HJIaU�H

poqrp Þ�s5tTHJfuW?S�H6OJS?H[P^`Tj�HmU?Hmv$_&j�I^fJHJ_&W;Nw_&PeS W�fJY�O[QTS;U?HyxTzc{ Ø s+|6H~}�z�S?QTW?IVS?Q&W?IaN?Y�_&�JQTS�IV��N?Y�W�I
U?H�xTz × |uH~}�IRQTW?I+Y�H6IRHJW?j�Y�U?HufJPRO7_k]^j�QTS�U?H[I

Ξ− � t&QTj�PVs�S?S?H�n�H�s^Ý&��ÞG�Þ�� ÞT�eK?HJS�H[]h_&YGÞ0QTSd]hW�]^j�Y�j�I^OLY�HeZ�Q U?�JY�Ha��}6������x3ß Øk� N=QTW?P�O[]�W�U?j�H[P�Y�_�N�P^Q U?W?f[]^j�QTS�U?H
Ξ−Uw_kS?ImY�H[I�f[QTY�Y�j�I^j�QTS?I�fJH[Sd]�P�_kY�HJIm��j��6�+j���x&z�{ Ø s+|uH~}�Þ�G<HJImN�P^Q fJHJIRI^W?I6UFbcO[f�Kw_&S?`THyUFbcO�]�P�_kS?`TH[]^O

]^HJY�I��.W?H
KΛ ↔ πΞ

H[]
KΣ ↔ πΞ

I^Q&S.]�N?P^j�I�H[S>f[QTZ\No]�H�Uw_&S?I�Y�H�Z\Q U?�[Y�H�Þ��eQ&Z\Z�H�S?QTW?I
_&Y�Y�QTS�IeY�Hmt&QTj�P[z�Y�Hm]�_&Won�U?HuN?P^Q U?W?f�]�j�QTS;U?HJI

Ξ−
U?O[N
H[S?UDv(Q&PR]�H[Z\H[Sd]�U?HJI�I^H[f[]^j�QTS?I�H��\fJ_&fJH[I�U�H

f[HJI�N?P^Q fJH[I^IRW?I3Þ
�eHlZ\Q U?�[Y�H�]^P�_&j�]�H�H�n�N�Y�j�f[j�]^HJZ�HJSd]<Y�H[I5S W�fJY�O[QTS?I[z-Y�HJI<N�j�QTS?I<H�]5Y�H[I�PROJIRQTSw_&S?f[HJI

∆
Þ-GhbcO[� W?_k]�j�QTS

U�b�O[]�_k]�U?H�Y�_ Z\_k]�j��JP^H;S.W?f[Y�OJ_&j�PRH;HJIR]\f�K?QTj�I^j�HDU�QTW?fJH � K∞ = 194 ¡ H~}6��Þ¢G<HJI�£0_&QTS?I�H[]�Y�HJI
KdM N
O[P^QTS�I�IRQTSd]�f[P^O[OJIVt j�_yY�H[IVN?P^Q fJH[I^I^W�I�¤

πB → K ¥ H[]
BB → B ¥ K ÞwG<HJI�_&Sd]�j�£0_&Q&S?IaI^Q&S.]

f[P^OJO[IVtoj�_�Y�H[IaN?P^Q fJH[I^IRW?I�¤
πB → KK̄B

z
BB → BBKK̄

H[]
π ¥ → K̄

�¦_7tTH[f ¥¨§ Λ
H[]

Σ
Þ

G<H6N?PRQof[HJI^IRW?I�UFb�_&S�S?j�K?j�Y�_k]^j�QTS\U?HJI+_&Sd]^j�£0_&QTS?IVH[IR]�j�S?f[Y�W?Iat j�_�Y�_yP^OJ_&f[]^j�QTS
K̄
� → π ¥ ÞG<HJI¢N
Qk]�HJSd]^j�HJY�I

Λ © S.W?f[Y�O[QTS\H�]
Σ © S.W?f[Y�OJQ&SiI^Q&S.]¢ª�noOJIe��Ý&« Ø U�WiN=Q&]�H[S.]^j�H[YwS W�fJY�O[QTS © S W�fJY�O[QTS� tTQTj�P�IRHJf�]�j�Q&SeÝBÞ ÝBÞ ÝBÞ�x-��ÞlG<HJI�N
Qk]�HJSd]^j�HJY�I�U?HJI � _&Sd]�j��r£0_&QTS�I�IRQTSd]ifJ_&Y�f[W?Y�O[I\IRW?j�tk_&Sd]�Y�H�Z�QoU��JY�H

U?O[fJPRj�];Uw_kS?I¬�c& � Þa®lSoªwS¯Y�H°N=Q&]�H[Sd]�j�H[Y
Ξ− © S W�fJY�O[QTS±HJIr]�ª�noO¬�¯x-« Ø U?H¬fJH[Y�W?j�U?W¯N
Qk]�HJSd]^j�HJY

S.W?f[Y�OJQ&S © S.W?f[Y�OJQ&S²�³xVß Ø0� Þ
G5_´N?Y�W�Nw_&PR]�U?HJI�Nw_&Pr]�j�fJW?Y�HJI � K, Λ, Σ, K̄, π

H[]
∆
�iI^Q&S.]�f[P^O[OJHJIDY�Q&P^I^�.W?H Y�_>Z\_k]�j��JP^H

H[IR]iv(Q&PR]�H[Z\H[Sd]�fJQ&Z\N?PRj�Z�OJH � ρ ' 2
�

3 ρ0

��H�];_&WµX=QTW�]iU�b�W?S¶]�H[Z\N�IiU�b�HJSdt j�PRQTS¸·Av(Zi«kf�Þ
Ghbc_&X
Q&S?Uw_&S?f[H\U�HJI

Ξ− � ' 10−4 �6HJIr]�ª�noO[H�_&N?PR�JI�W?S²]^HJZ�N?I�U?H�Ý&¹�v(Z�«kfkz5fJH�� W�j¢t&HJW�]yU�j�P^H
�.W�b�j�Y�I�S�H�I^Q&S.]iNw_&I\�²Y2bcO[� W�j�Y�j�X?P^H;f�K�j�Z�j��.W?H�Þ¢º�H»N?Y�W�IJzlfJHDZ\Q U?�[Y�H�N?P^O�tTQTj�]iW�S?H�N?Y�W?I�v(QTPR]^H
IRHJS?IRj�X?j�Y�j�]^O�U�W°]�_&Won�U?H�N�P^Q U?W?f[]^j�QTS�U?H

Ξ−
��Y¼b�OJf�K?_&S?`TH�U�H�Y¼b�O[]^P�_&S?`&H[]�O�Uw_&S?ImU�HJI6fJQ&Y�Y�j�I^j�QTS?I

IRHJfJQ&S?Uw_&j�P^HJI�N?Y�W�]�½&]u�.W�b�W?S?H\P^O[HJY�Y�HyZ\Q U?j�ªwf7_k]^j�QTS U�HJIu]�_&WonAU�H\N?PRQoU�W?f[]^j�QTSA��f7_&W?IRHiU�b�H[¾
H[]^I
U?H�Z\j�Y�j�H[W»S.W?f[Y�OJ_&j�PRH�Þ<�eH[fJj�H[IR]uj�Y�Y�W�IR]�PRO�IRW?P6Y�_�ªw`TW?PRH�ÝBÞÄÝ × ��x3ß Ø0� Þ<G<HJImIRHJf�]�j�Q&S?I6H[��f7_kfJHJIuU?H[I
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Ù?ÚRÛoÜ[ÝJÞRÞ^ß?Þ�àFácâ[Ü�ãwä&å?æTÝ;àFácâ�ç�Ú�äkå?æTÝ[ç^âiÛTådç�â[ç�â\è\Û à?é�êwâJÝ[Þ�ë�ì$ä&Ü[ç^ÝJß?Ú�è�ß?í�ç^é�Ù?í�é�ÜJäkç�é�ì¢ä&í�í�ä&ådç�à�Ý�î�ï ×ðòñTó Ý[ç�í2ácé�å�ôwß?Ý[å?ÜJÝ°à�ÝJÞ;Ý[õ
Ý[ç^Þ;à?Ý°è�é�í�é�ÝJßöÞ^ß?Úií�ÝJÞi÷käkÛTå?Þ;Þ^ß�Ú�í�Ý�ç�ä&ßoø¶à?Ý Ù?ÚRÛoà?ß�Ü[ç�é�ÛTåµà?Ý[Þ
Ξ− ä¬ä&ß?Þ^ÞRé�â[ç�â�ÚRÝJÙ=ÛTÚRç^âJÝDÞ^ß?Ú�í�ä°êwæ&ß?Ú^Ýkùlú�ÛTß?Þyû&Û�ü&ÛTå?Þ\ý ß�Ý»è�ß�í�ç�é�Ù?í�é�ÝJÚ�Ùwä&Ú ñ í�ÝJÞyÞRÝJÜ�ç�é�Û&å?Þ
Ý�þ\ÜJä&ÜJÝ[Þyà?ÝJÞ�Ù?Ú^Û ÜJÝ[Þ^Þ^ß�Þyà�ácâ�ç�Ú^ä&å?æTÝ�ç�â�Ý[å.ç^Ú�äkÿ�å?Ý�ß?å�Ýiûkä&Ú^é�äkç�é�ÛTå²à�Ýií¼á�ÛTÚRà?Ú^Ý\à?Ý Ø î�� à?ß´ç�ä&ßoø
à?Ý�Ù?Ú^Û à?ß?Ü�ç�é�Û&å�à?ÝJÞ Ξ− äkí�ÛTÚRÞLý.ß?Ý6í�ä�Ù?Ú^é�Þ^ÝmÝ[å;ÜJÛTè�Ù�ç^ÝmÛTß�å?Û&å;à�ácß�åDÙ=Û&ç^ÝJådç�é�ÝJí=÷käkÛTå�� å.ß?Ü[í�â[ÛTå
Ý[å.ç^Ú�äkÿ�å?Ý6ß?å?Ý6ûkä&ÚRé�äkç^é�ÛTå\à?ßDç�ä&ßoø�à?ÝuÙ?Ú^Û à?ß?Ü�ç�é�Û&å;à?Ý Ξ− àFácÝ[å.û é�Ú^ÛTå�������ù	��é�å?ÞRé¼ï?í�ÝJÞaÞRÝJÜ�ç�é�Û&å?Þ
Ý�þ\ÜJä&ÜJÝ[Þuà?ÝJÞ6ÚRâ7ä&Ü�ç�é�Û&å?Þmà�á�âJÜ�ãwäkå?æTÝ�à�á�â[ç�Ú^ä&å?æTÝ�ç�âyÜ[ÛTè\è�Ý KΛ ↔ πΞ− Ý�ç KΣ ↔ πΞ− û&ÛTådç
ì(ÛTÚrç�Ý[è\Ý[å.ç�é�å�ôwß?Ý[å?ÜJÝ[Ú�í�äyÙ?Ú^Û à?ß?Ü�ç�é�ÛTå;à?Ý Ξ− ù
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Y�o^dqpmSUTr_�SWocn(Q�Y 3�sut o^pmLbP�dcLX\b\aN5dcYmKM]^o�_�\aNWovdwLXI�KMY�oq]^nm_xNW]vdwLboqYmPzy{ocY�p�dwY�KM]co|Q�Y�}W~�n�\XnmTrYmPedco
p��MNWpmKMP�H�q�xNWI�KMY�TrS�Q�KM\XYCYmo^d$\bKz_xNW] t _M�MSWdcSUT�KM\�dwLX_�\XLXpmN5dwY�KM]co�_M\XNWpmn�o|NWK��zY*��dw]^nmTrLbdcnmom�
�q�MNWI�KMY�\aN	dcdwY�QMn�\XLb��]^YOQMSWPMp�QMY�K���o^LX[UPMNWK���YmP�n�PMYm]^[ULXYOY�d�YmP�dwY�TV_�om�5��N2_�Y�]^dcY�Q ��nmPMY�]c[ULbY
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Q�nmpm\bYmPMp���YmTrYmPed(I�KMLJLbPMpm\bK�d|\bY�ocLX[WPxNW\ Y�PkT�K�\bdwLb_M\XLbpmL�dwn2QMYmo$_xNW]vdwLbpmKM\bYmo|QMn*dwYmp*dwn�Ymom�

�?Nr��L�dwYmo^ocY�Q�Ymo(_MNW]^dcLXpmK�\XYmo2Ymovd�QMn*dwY�]cTrLXPMn�Y{YmP�pmSUT���LXPxNWPedC\aNZTVY�ocKM]^Y{QMY�\XY�KM]CdcYmTr_MoCQ�Y��USW\
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X%Y�Z/X\[^]/_a`cbBd-`ebBZ$fcX8Xaghbaij`cfcY�ZTk�bml�Y+]/n�o/_Bb�p
qQrtsIr p6u)v < θlab < w�wyx ]/baz�fc_aX|{q~} bB��n�`ef%Y�i?p W < θlab <

u�u"]/bBz�f%_BX|{
qQ� Z/f:���+`cbBfci$b�p W < θlab <

u W ]/bBz)fc_BX�{
qQ� Z/f
��i�`cbBf%i/b�p w < θlab <

W$�hW ]/bBz�f%_BX|{
qJ�N�t� f%fcbB���<p'vVu < θlab < � u�]$bBz�f%_BXB�

� � o�z)Z/fcb
v$� w��8� fc_BX%bBiV`eb
��g � dadBb � ` � i$dBbt]/baX � fcY,`eY�i/X�] � i/X�� �?rts?r~� z � Z$d��/b���b-`�]/bBX � � f%`cn�dBZ$��bBX]/b�d�� � fcz)b:��� w ] � i/X���b � Z/fM���+`ebafci/b � ]/fcY�n�`eby� � Y�Z/f�]/baX�dBY�����n�Xcn�Y)i/X�dBbBiV`cf � ��bBXM ¡n£¢? ¡nT¤ w �¦¥ v§:¨ b^©"� � baX�dBY�Z$fcª«bBX�fcb � fc_aXcbai�`cbBiV`¡��bBX�i/Y�Z$k)bB����bBX�daY�Z$k�baf%`cZ/fcbaX � i/z�Z/� � n�f%bBX�]$b?dBbBX�]$bBZT�4X%Y�Z/XN[]/_-`ebada`ebaZ/fcX¡¬�Z/b i/Y�Z/X � k�Y�i/X:Z$`cn���n�Xc_ � Y�Z/f
��bBX � i � ��+XcbaX � f%_BX%bBiV`e_abBX8] � i/X:dBb ]/Y+dBZ/l�bBiV`y� § o�i¬�Z/b¡��g®n�]/bai�`cn�o�d � `en�Y�i¯]/bBX � fcY,`eY�i/X°] � i/X°� �±rts?r i/b:XcY�n�` � � X�dBY)i�` � l�n�i/_ab � � f°��bBXE]/bBZ$`cY�i/X � �� w b-` § �²u�� � Z/i$bIdBY�Z � Z/fcb?X%Z/ft��bBZ/fEn�l � Z/��Xcn�Y)i � _-`e_Ib-³�bada`cZ/_Bb � p < 2,9
¨ b^© ´,d � ��n�z�i/b:bBi

� Y�n�iV`cn�����_BX � � � f%`cn�b?z � Z$d��/b��� g � dBdBb � ` � i/dBb¡z���Y�ª � ��bt]$bBX Ξ− � n�i/da��Z � iV`M��ghb-µ�d � dBn�`e_
]/b:fcbadBY�i/X\`ef%Z/da`cn�Y�i'� � d � ��dBZ/��_Bb:¤ � � f\[`cn�f�]|g®Z/i/b¶Xcn�l"Z/� � `en�Y)i·dBY�l � ��¸-`eb � k�Y�n�fjd�� � � n�`cfcb x � X%bBda`cn�Y�i x �¦u � Y�Z/f � ��Z/X4]/b¹]$_a` � n��?XcZ$f� � X%n�l"Z$� � `cn�Y�i'� � _-`e_jbBX\`en�l�_Bbj¤¶vVº » wyxV�,¼ � � bj` � ZT�½]$b � f%YT]$Z/da`cn�Y�i¾]/b Ξ− baX%`�bBX%`cn�l�_4¤
∼ ¿ �¦À × w�� −5 � � f°dBY�����n�Xcn�Y)i�dabBiV`ef � ��b � bgeo < xPÁ lÂ�M ¡n£¢? ¡n«¤ w �h¥ v §:¨ b^©"� § o�i�]|g � k)Y�n�f°Z/i/bX\` � `cn�X%`cn�¬�Z/b:XcZ$µ�X � iV`eb � Y)Z/f°l�bBX%Z/fcbaftdBb-`c`cb � � f\`en�daZ/��b � w�w�w l�n�����n�Y)i/X�]|g®_ak)_Bi/bal�bai�`cX
dBbBiV`cf � ZT�� bgeo < 4,9 Á lÂ� Á Z$fcbBiV`:dBY)����bada`c_BX�bBi w u:Ã%Y�Z/f%X
]/b � fcn�Xcb ]/b ]/Y�i/i$_BbBXa� ¡Y)Z/X � ����Y�i/X�fc_aXcZ/l�bBf�] � i/X�� � � fcY+d�� � n�i/btX%bBda`cn�Y�i���bBX � l�_a��n�Y�f � `cn�Y�i$X<b-`�l�YT]/n�o�d � `en�Y)i/X�¬+Z$nY�iV`¡_a`c_ � �/� Y�f%`c_BbaX � ZÄ]$_a`ebada`cbBZ/f � o�iÄ]/b � Y�ZTk�Y�n�f¡f%_ � ��n�Xcbaf
��g®b-� � _afcn�bBi/dab)�| :Y�Z/X¡]/_a` � n�����bBf%Y�i/X� Z$XcXcn���bBX:]/n�³6_Bf%bBiV`ebaX¡_-` � � bBX:]/bm� � Xc_B��bBd-`en�Y)iÅ]/baX¡_-k�_ai/bBl�bBiV`eX � k � iV`¡��g®_Bdafcn�`cZ/fcb ]/baX8]/Y)i/i/_BbaXX%Z/f
XcZ �/� Y�f\`¡l � z�i$_a`en�¬�Z/b)�
Æ
ÇÈÆ:Ç�É Ê·ËÍÌAÎNÏNÐ�Ñ/Ò�ÓTÏ\ÐMÔÖÕ8×AØ½Õ8Ï�Ù±Ì|Ñ/×AÔ°ÓTØ½ØTÐMÚ¡ØVÛ�Õ¡Ì�ÓT×AÜ«ÓT×AÚ¡Ñ$Ø
� � � ��Z � � f\`�]$bBX�X%Y�Z/XN[�]/_-`ebBd-`ebaZ/fcX � XcZ/ª/n:]/baX � l�_B��n�Y�f � `en�Y)i/X"dBY)i/Xc_a¬+Z$bBiV`ebaX�bBiJk+Z/bÄ]$b��ghbÝ� � _Bf%n�bai/dBb Þ$u W w � � bBX � bBf Á Y)fcl � i/dBbaXt]/baX�d�� � l"ª/f%bBX
¤P]$_Bfcn�k�b?Y�iV`�_-`e_ � l�_a��n�Y)fc_BbaXB�+��i � � f\[`cn�dBZ$��n�baf � `cY�Z/X���bBXEo���X°]/b8� �"rts?rß� ∼ À ���)� �MY)i�`�_a`c_Ifcbal � � � dB_aXB� � ghba��bBd-`ef%Y�i/n�¬�Z/b¡]/b8��bBd-`eZ/f%b �_-`e_ � Z$XcXcnTfcbal � � � dB_ab)� � b°dBY�iV`cfcà���btbBi���n�z�i/bEbBX\` � ��Z/X � bBf Á bBda`cn�Y�i$i/_ � k�bad�� � l�bBX%Z/fcbtbai�dBY�iV`cn�i�Z]/baX
dBY�Z/f � iV`eX � ]$bm� � `ebal � _Bf � `eZ/f%b?ba`:]/b � � � f%bBX%Xcn�Y)ij]$bBX:d�� � l"ª/f%bBX¡¤�]/_Bf%n�k�b,�á i�i/Y�Z$k)b � Z�`cY�i/i/b � ZÂ]/b¡Xcdan�iV`en���� � `ebBZ$fcX � � � X%`en�¬�Z/bBX � _-`e_8f%_ � ��n�X%_)�����'bBX%`tdBY�l � Y)Xc_:]/b w�¿)�� � `c`cbBX?]|g®Z/i/b���Y�i$z�Z/bBZ$fm]$b w À � dal � daY�iV`efcb�u x�� dal � Y)Z/f ��b � fc_adB_a]/bBiV`Ý�Ý����i � `c`cbBi/] � i�`m� �l�n�X%bIbBi � � � dab?]|g®Z/ij`cY�i/i/b � Zj]/b � ¨ � � XcXtâ:baXcn�X\`en�k�bmã�� � `cb r � � l"ª«bBf%X\� � ¨ â:ã r � k�Y�n�f�XcbBd-`en�Y�iv$� x � � dabtXcY)Z/X\[^]/_a`cbBda`cbBZ/f�daY�Z$k+fcb���bBX � i/z���bBX � Y�� � n�f%bBX � ��� � iV`<]/b�vVu:¤ � u¡]/baz�fc_aXB� � � z�f � i�Z/� � fcn�`e_baX%`¡XcZ$µ�X � i�`cb � Y�Z/f:��g®_a`eZ$]/b±]$b±X\TX\`e¸al�baXI��_az�bBf%X:`cbB��¬�Z/b" :nä¢? ¡n�¤ w �¦¥ v §:¨ b^©"� ¨ feå)dabP¤�Z/iX%dBn�iV`cn���� � `ebaZ/fP]$b�l�ban�����bBZ/f%b�¬�Z � ��n�`c_ � � � fc_BX%Y���ZT`en�Y)iæbBi½`ebBl � X�baX%`�l � n�iV`ebai � iV`¯n�i Á _afcn�bBZ/f%b�¤

w À �"� XB�
Æ
ÇÈÆ:ÇÈÆ ç"×Jè�Ó+Ñ$Ï\éMéM×|Ñ�êìëaØ+ÌAÎ\×AÜ'ÓTÏ\ÐMÔÖÕ8×AØæÌ|íMÌAÔ8×�ËÍ×AÔEÓ$Ø½×AÔîÎNÏ\éMÔ¡×�ï
� bIX%+X\`e¸Bl�b?]/b?X%_B��bada`cn�Y�iÂbai���n�z�i/b � � Y�Z$ftfcà���b8]/b¡o���`cfcbBf���bBX°_ak)_Bi/bal�bai�`cX¡¬�Z/n6i/Y�Z/X�n�iV`e_-[f%bBXcX%bBiV`y� s n�³6_Bf%bBiV`ebaX�dB� � XcX%bBX�]�gh_-k�_Bi$bBl�bBiV`eX � bBZ$k)bBiV`�ða`cfcbI]$_ao�i/n�bBX°bBi�n�l � Y�X � iV`E]/baXtdBf%n�`e¸afcbaXX%Z/f�� � ¬�Z � ��n�`c_j]$Z Á � n�XcdBb � Z � ]/baXÂdBY�i$]/n�`cn�Y�i/X¯X%Z/f�� � l"Z$��`en � ��n�dBn�`e_�]$bBX � � f%`cn�dBZ$��bBX�d�� � f%z�_BbaX
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ìVè
��í�ëDñ�ò�è0�v�Mê��Mè�õ
�*�[�A�����L�C�
�G�����[���O�.���
�.�����C�[�O�_�l� ���P���.���y¡£¢n¤l�A�C���.�X�]�P���.�
ö"èMì�ì�è���í�ëDñ�ò.ì�è0���¨ê���èMì�ê;ï.ì�ñ;éDð.è�ì�ì�ñ�òLí£î�è�éDë�óMèMì
ê;ð íFê;ð.��æ.è_��ñ�÷Sø#íFê;ô�è

dN
øBê;î
ð.ò�ÿGê���í7è�ð.î

æ.è`ò.ñ;î�÷Sê;éDë�ì7ê�í�ëDñ�ò
Knorm

æ.ó�ø¤è�ò.æBê;òLí�æ.èMì��¨ê;î�ê�í7ó�î�ë�ìVí7ë��kð.èMì£æ.è`é�ê`��ëDï.é�è;ãUæ.ðÁí7è�÷SøTì�÷}ñ�î�í£æ.ð
ì¥#ì�íM��÷Sè_æ��/ê�����ðTëDì�ë�í7ë�ñ�ò è�í
æ.ð�ò.ñ�÷�ïTî�è�æ.è_ø.ê;îVí�ë	�MðTéDèMì�ê@¥Lê;òLí£æ.ó��MéDè�ò��R .ó`éDè�ì�ë�ô�òBê;é£¦H§�í7ê;îVí¨�æTè
éL�/èS�Tø½óMîVëDè�ò��Mè�õ�©�ñ�ð.î�ð.òTè�øTî�ëDìVè£æ.è£æ.ñ�ò.ò.ó�èMì

i ú ð.òª¦vîVð.ò4¨vüCò.ñ�ð.ì�ê@��ñ�òTì�«¬Já�®�¯�ù
dσ

dM
(mb) = K i

norm × dN

dM



°.±�²�±�³�´tµ�´�³^¶¸·�µ^¹º.´�¶O¹0»�¼¾½t¿Zº�³'»'À,À£¹º4¹0»'¼tº ÁeÂ

dN Ã�ÄHÅ�Æ	Ã^Ç�È�É<Ê�ËHÃ�Ì�ÃbÍPÎ�ËÅMÏ	Ð�Ñ�Æ	Ã�Ä�ÉvÃ�ÄUÑ�ËHÒ
Ã
Ä�Ã�Å M Ã
ÄHÅ�ÆDÓÔÈ�Ê�ÄUÃ�ËHÕeÎ�Ê�Æ�ÃbÒ0ÅMÑ�ÌGÏ	Ò
ÃeÖG×,Î�Ø.Ñ�Î�ÇyÅMÏ�ÅUÒ
dN Í�ËHÃ
Ç�ÌEÃ�Ç�Ð�È�É�ÍGÅMÃ_Æ�Ã
ÄtÙCÎ�Ð0ÅMÃ
ÑGËUÄ�Ì�Ã_ËHÒ
Ì�Ñ�Ð0ÅMÏ�È�ÇÛÚÜ Â Í[È�Ñ�Ë�Æ�Ã<ÄHÝ.ÄHÅUÞ
É�ÃßÌ�Ã_Ì�Ò
Ð�Æ	Ã�Ç�ÐRà�Ã
É�Ã
ÇyÅá ÉvÃ�Ì�Ï	Ñ�É_âãSÖ

Ki
norm Ã�ÄHÅ^Ì�È�ÇGÇ�Ò�ÍPÎ�Ë�ÆDÓÔÃ0ä4Í�ËHÃ
ÄUÄHÏ	È�Ç*ÄUÑGÏ�ÕeÎ�ÇyÅMÃaå

Ki
norm =

1

Ncible × TV ×Ninc

Ncible ËHÃ
Í�ËHÒ
ÄUÃ�ÇyÅMÃ�Æ�Ã�Ç�È�É<ÊGËUÃ�Ì�Ã�Ç�È]ÝyÎeÑ4ä*Ð
Ï�Ê�Æ	Ã�ÍPÎeË'É<Ê�å
Ncible =

ρ× x×NA

A
× 10−27

ρ Ã
ÄÅ�ÆæÎ�ÉvÎ�ÄUÄHÃtÕ�È�Æ�Ñ�É�Ï	ØlÑ�ÃtÌ�Ã�Æ	Î�Ð
Ï�Ê�Æ	Ã_ÚCÃ
ÇèçléAÐ
É 3 ã�Ã�Å x Ã
ÄÅ^ÄUÈ�ÇèÒ
Í�Î�Ï	ÄHÄUÃ
ÑGË�ÚCÃ
ÇèÐ�ÉªãSÖ NAÃ�ÄHÅtÆ�Ã7ÇGÈ�É<Ê�ËHÃ7Ì�ÓÔê,Õ�È�çyÎeÌ�ËUÈªÃ0ÅtÆ�Ã�ÙCÎeÐ�ÅMÃ�Ñ�Ë�É�Ñ�Æ�ÅUÏ	Í�Æ�Ï	Ð@ÎAÅMÏ�Ù 10−27 Ã0ëBÃ�Ð�ÅMÑGÃ<Æ	Ã�ÍPÎ�ÄHÄMÎ�ç�Ã�ìvÆLÓíÑ�ÇGÏ�ÅMÒ
É<ÊBÖ TV Ã0Å Ninc ÄHÈ�ÇyÅbËHÃ
ÄHÍXÃ�Ð�ÅMÏ�Õ�Ã�ÉvÃ�ÇlÅbÆ	ÃtÅUÃ
É�Í�Ä�Ì�Ã�Õ.Ï	ÃvÚCØlÑ�Ï�ÅUÏ	Ã
ÇyÅ�Ð�È�ÉvÍ4ÅMÃ�Ì�ÑèÅMÃ�ÉvÍ�Ä�É�È�ËHÅÌ�Ñ�ÄHÝ.ÄÅMÞ
É�Ã*Ì�ÓîÎeÐ
ØlÑ�Ï	ÄHÏ�ÅUÏ	È�Ç�ã�Ã0Å�Æ	ÃèÇ�È�É<ÊGËUÃèÌ�ÃèÍPÎ�ËÅMÏ	Ð�Ñ�Æ	Ã�ÄßÏ	Ç�Ð�Ï	Ì�Ã�ÇlÅUÃ
Ä_ÅMÈ�Ñ�ÐRàPÎ�ÇyÅvÆæÎïÐ
Ï�Ê�Æ	Ã`Ã0Å
Î@ÝyÎeÇlÅtÌ�Ò
Ð�Æ	Ã
ÇGÐRà�ÒßÆ	Ã áð ÅRÎeËHÅHâMÖXñ�Ã
Ä�Ç�È�É�Ê�ËUÃ�ÄtÄUÈ�ÇyÅ�Ù�È�ÑGËUÇ�Ï�Ä�ÍPÎ�ËbÆ	Ã�ÄtÒ
ÐRà�Ã�Æ	Æ�Ã
ÄtÌ�Ã�Ð
È�É�ÍGÅRÎeç�Ã�Ì�Ã�Ä
Ì�Ï�ëBÒ�ËUÃ�ÇlÅUÄKÌ�Ò0ÅMÃ�Ð�ÅMÃ�Ñ�ËUÄKÌ�ÑòÄHÝ.ÄÅMÞ
É�ÃóÌ�Ã�Ì�Ò
Ð�Æ	Ã�Ç�ÐRà�Ã
É�Ã
ÇyÅ�Ú%Õ�È�Ï�ËvÐRà�Î�Í�Ï�ÅUËUÃõôyã0ÖZö�Ï�ÇPÎ�Æ	Ã�ÉvÃ�ÇyÅ@÷nÆ	Ã
ÙCÎ�Ð0ÅMÃ�Ñ�Ë'Ì�Ã�Ç�È�ËHÉKÎ�Æ�Ï	ÄUÎeÅMÏ�È�ÇKç�Æ�È�ÊPÎ�ÆL÷GÍ[È�Ñ�Ë'Ñ�ÇGÃ�ÄHÒ
ËHÏ	Ã�Ì�Ã�Í�ËUÏ�ÄUÃ�Ì�Ã�Ì�È�Ç�Ç�Ò
Ã�Ä
÷�Ã
ÄÅ£å

Knorm =
1

∑N
i=1(1/K

i
norm)

N Ã
ÄÅ^Æ	Ã�Ç�È�É�Ê�ËUÃ�Ì�Ã�Í�ËHÏ	ÄUÃ�Ä�Ì�Ã�Ì�È�Ç�Ç�Ò�Ã
Ä�Ú á ËUÑ�Ç�ÄTâã�Î�Ç�Î�Æ�Ý.ÄUÒ�Ã
Ä�Ö

ø*ù[úAû�ü�ýLþCÿ
ü���þ�ù������.ÿ�ÿ��
	���þCù��Oÿ����	�ü�	��.ÿ��,ü��Oÿ������õÿ@þCû��Oý�ü���þ�ù��
×£ÃtÉvÈ.Ì�Þ�Æ	Ã�������� ç�Ò
Ç�Þ�ËUÃtÌGÃtÉKÎeÇ�Ï	Þ�ËUÃ^Ï	ÄUÈeÅMËUÈ�ÍXÃbÆ	Ã^ÍPÎ�ËMÎeÉvÞ0ÅMËUÃbÌ�ÓÔÏ	É�ÍPÎ�Ð�Å
Ölê�Ï	ÇGÄUÏBÆ	Î7Í�ËHÈ�ÊPÎ �

Ê�Ï�Æ	Ï�ÅMÒ�ÌBÓíÈ�Ê4ÅMÃ
ÇGÏ	Ë'Ñ�Ç�Ã�Ð�È�Æ	Æ�Ï	ÄUÏ�È�ÇªÍ[Ò
ËHÏ	Í�à�Ò�ËUÏ�Ø.ÑGÃ�Ã
ÄHÅ^Æ	ÎßÉ"!
É�ÃtØlÑ�Ã�ÍXÈ�Ñ�Ë'Ñ�Ç�Ã�Ð
È�Æ	Æ	Ï�ÄUÏ�È�ÇªÐ
Ã�ÇyÅMËMÎeÆ	Ã�Ö��Ã'ÙCÎ�#�È�Ç�ì�ÇGÈ�Ñ�Ä�Í�ÆæÎeÐ
Ã
ËnÌ�Î�Ç�Ä�Æ	Ã'Ð
Î�Ä�Ì�ÓíÑGÇ�ÅUÏ	ËMÎeç�Ã'ËUÒ
Î�Æ	Ï�ÄHÅMÃ�Ì�ÑvÍ�Î�ËMÎ�É�Þ�ÅUËUÃ'Ì�ÓÔÏ	É�ÍPÎ�Ð0Å b ÷yÆ	Ã�ÄZÌGÏ	Ä��
ÅUËUÏ	ÊGÑGÅMÏ�È�Ç�Ä�ÄHÈ�ÇyÅ�Í[È�Ç�Ì�Ò�ËUÒ�Ã
Ä^ÍPÎ�Ë�Æ	Ã�ÍPÎeËMÎ�É�Þ�ÅUËUÃ�Ì�ÓÔÏ	É�ÍPÎ�Ð0Å@Ö�$^È�Ñ�Ä�È�ÊGÅUÃ
Ç�È�ÇGÄ�Î�Æ�È�ËUÄ'Æ	Î_ËUÃ
Æ	ÎeÅMÏ�È�Ç�å
dN

db2
∝ dN

dσ
= cste Ö�×£ÃKÐ�È4Ã&%�Ð
Ï	Ã�ÇyÅ<Ì�ÃvÇ�È�ËUÉvÎ�Æ�Ï	ÄMÎAÅMÏ	È�Ç k ËUÃ�Æ	Ï	Î�ÇyÅ7Æ	Î*ÄHÃ
Ð0ÅMÏ	È�Ç Ã'%�Ð@ÎeÐ
Ã dσ ÚCÃ
Ç

É<ÊPã�ÎeÑóÐ
È�É�ÍGÅMÎ�ç�Ã dN Í[Ã
ÑGÅ(!�ÅUËUÃ7Ð@Î�Æ�Ð
Ñ�Æ�Ò�ÌGÃ�ÆæÎßÉvÎ�Ç�Ï	Þ�ËUÃ�ÄUÑGÏ�ÕeÎ�ÇyÅMÃe÷[ÄUÎ�ÐRàPÎ�ÇyÅ�ØlÑ�Ã7ÆæÎßÄUÃ�Ð�ÅMÏ�È�Ç
Ã&%vÐ
Î�Ð
Ã�ÅMÈeÅRÎ�Æ�ÃtÌ�È�Ï�Å)!�ÅUËUÃ�Ò
çyÎeÆ	Ã�ìßÆæÎ<ÄUÃ�Ð�ÅUÏ	È�Ç*Ã'%�Ð@ÎeÐ
Ã�ç�Ò
È�ÉvÒ0ÅMËUÏ�ØlÑ�Ã σgeo * Ü Â Ü�+�å

dσ = k dN

∫

dσ = σgeo = 10πb2max = k
∫

dN = kN

È�ÇèÈ�ÊGÅUÏ	Ã�ÇlÅ�å

k =
10πb2max

N

bmax ËUÃ�Í�ËUÒ�ÄUÃ
ÇyÅUÃ7Æ�Ã�ÍPÎ�ËUÎ�É�Þ�ÅMËHÃtÌ�ÓÔÏ	É�ÍPÎ�Ð0Å�ÉvÎAä4Ï	É<Ñ�É Ã0Å N Ã
ÄÅ�Æ	ÃtÇGÈ�É<Ê�ËHÃ�ÅMÈ�ÅMÎ�Æ[Ì�ÓíÒ0Õ�Ò�Ç�Ã&�
É�Ã
ÇyÅMÄ�ÄHÏ	É<Ñ�Æ�Ò
Ä�Ö�×£Ã�ÙCÎ�Ð�ÅUÃ
Ñ�Ë�Ü-,ßÎ�ÄHÄUÑ�ËHÃ7Æ	Î<Ð
È�ÇyÕ�Ã�ËUÄHÏ	È�Ç�Ã
ÇyÅMËHÃ�Æ�Ã
Ä'Ù�É 2 Ã0Å�Æ	Ã�Ä^É�Ê�Ö
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m(n�olprqln�olprsutvtxw'qlyln�qlp{z}|�w�~�olw��Pw�txs�oI��ylw��l��n
ylol|&tx�Pn�qbylw�p
Λ

s�ol����w'q�t�wd��n�ol���Pw'p|'n��P�S�Pp��Sn�qlp��Pw'p��l�Polp�|'w�qktx��s��Pw'p����>��w�pvt�olq�w'��w't�t����S�
�Ps��:y��Epv�P�"�l�Pw'��w'q�t�zr�j��suol���"w�qkt�sut��Pn�qgyloqln����l��w"ylw"��s���tx�P|'�P��suq�t�p�w&t�y�n�ql|"ylw��j���'qlw��v���Pw�yl�Sp���n�ql�P���Pw�y�s�qlp��Pw"|�w'qktx��w�ylw���s�pvp�w�����qlw�"w��S�P�Pw'ol��w���w'�l���'p�w�qktxsutx�Sn�q�|�n�qlpv�Pp�txw7yln�ql|�z�qln��v��su�P�Ppvw��:�Pw�txs�oI���l�vnIy�ol|'t��Pn�q�ylw'p; �¡
�����vn�qlp�s�oqln����l��w�ylw¢q�ol|��S��n�q�p£��s��vt��P|'�P��s�qkt�p��u¤;�Solp��Sw�ol�vp¥�"nIyl¦'�Pw'p)§1¨ª©k«
¬I¨-©�I¬�¨-©�®u¯���w'o���w'qkt�°&tx�vw¢o�tx�S�P�Sp���p��n�ol�(�'�us��Po�w���¬�z���su�vtx�S�>ylod�ls��xs��"¦'t���w�yQ���S���ls�|'t�¬��Sw�qln����l��w�ylw�q�ol|'�P��n�qlp���s���tx�P|'�P��suq�t>z��Ps�v�ªs�|&tx�Pn�qQ�
±Gw'p¢�"nIyl¦'�Pw'p����'n��"�'tx�v�P~�olw'p6§²¨-©k«X¯³o�tx�S�P�Sp�w�qktDolqlw>ylw�pv|����S��tx�Sn�q�pv�l l�'���P~�olw�y�o´qln-¡ks�o³�µ���s�o�t���w'p��"nIy�¦��Pw'p�o�tx�S�P�Sp�w�qkt�o�qlw�y�w�p�|'���S��tx�Sn�q�ylo`q�nX¡�s�o¶pvol�S�us�qkt"olq·��nutxw�qkt��Pw��)y�wr¸En
nIyI¹º sX��n�q�§1¨-©�I¬³¨ª©�®�¯j�lm(n�olp)sª��n�q�p7�����v�S»��6~�olw��Sw�p¢�v��pvol�Stxsutxp¢y�n�qlql�'p)��s��¢�Sw�p¢yl�1�³�'��w'q�t�p)��n
yl¦'�Pw�ppvn�qkt(w'q���n�q{s�|'|�n��vyQ�
±Hw�qln����l��w"ylw�q
o�|��P�'n�qlp���s��vt��P|'�P��s�qkt�p�yls�qlp��Sw�|�s�p�y³��olq[qln-¡ks�o�pv�l l�'���P~�olw�ylw�q�n����l�vwylw���s�p�pvw

A1

w't7ylw��xsª¡�n�q
R1

w�qkt��xs�qkt�w�q{|�n��S�P�Sp��Pn�qQ¬�sª��w�|�olqr��s��xsu��¦&tx��w�y³���S����su|'t
b
pvol�7olqqln-¡�s�o�pv�l l�'���P~�olw�ylw�qln����l��w�ylw���s�p�pvw

A2

w't�ylw��xsª¡�n�q
R2

w�p�t>y�n�qlql����s���§²¨-©k«X¯�¼

N1 = A1 F (ν,β) ½ ®l��®k¾
¿ ��w'|

ν =
R1

R1 +R2

w&t
β =

b

R1 +R2¤:n�ol�7olq�p�¡
pvtx¦'��w�p�¡I�"�'t����S~
o�w ½ m(�ÁÀ�m��Q��s��)wÂ�Iw��"�l�Pwª¾��Ás�Ã]n�ql|&tx�Pn�q
F (ν,β)

p'���'|��v�St�§²¨-©k« ¯�¼

F (ν,β) =
3

4
(1 − ν)2

(

1 − β

ν

)2

− 1

8

[

3(1 − ν)
1

2 − 1
]

(

1 − β

ν

)3 ½ ®��ÅÄ�¾
Æ4�Sq�s��Pw'��w'qkt)�Pw�qln����l��w�y�w��ls��vt��P|��S��s�qktxp)w'pvtH¼

Apart = 2A× F (ν,β) ½ ®l��©k¾
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��	�
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+���)��%9%>�����R��S,$���� /���T+�$� " /."��./$���, "���U� "��#+������1��	& "���HV

b < WKX:Y  /�!�$�%('L����)���0	��-�1./+�./�0	&���1�T)	&����L�Z+�$& " "./��./$��[CH.FEGCD.\���-�G�-��@����./����M] WK^�^ ���M)��J_."�����G�*� U�@$���H)���MJ�	& /����-�H)L�`�0	&�1	�%98:�1���)<;=."%>�0	&+:����-$N+ba���H)L�7c(35%[�

d�egf0e"h<eid jZk�l@m5npo�qNr>s�t5u0rRr�q_rvq_wxs�qNw@yKz{u0tImFyK|
��	>�L����%>."8����G�0	��-�1./�G)�4�$&�1�-�6���1�L)�4J�	}+�$��L��."�~�1���H]}��J�	& /����� /���b	&�N��)�7�L��$_)�+���."$���)���

Λ
�@$���6���9+��������1	& /./�1�})���7+�$� " /."�-."$�����

bgeo ≤ �LY�� 35% V
σgeo ' 350

%(' X ��S,$&��7�@���-%9�:���������L��+�$&%9�0	��1	&./��$���)���L$��Z�-�����L /�b	��1�7	KJ&��+��L��%9$_)8� "�})�9���1	&�L���@$��-� Y �$&��Z�$&��Z� "	&+�����$��L�	&�L����.�)0	���M���)$�%9	&."�L�G����+������1��	& ".��1�G�1�� �O_�L�
bgeo ≤ �}35%�V

σgeo = 510
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Λ
]4 B	6+����*���1	& /./���H)���
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n
Õ¢Ý�Õ�ÈhË¢Å�Ë¢È¬É¤Ï�ÒhÇjäåÕ�Ê�Ë�È�É/Ï�ã

n

g¦Ö Á.Â¢Ë�È�É/Ê¤Á�À�Ç-É/Õ�Ò1Ë�Ï�Õ¢Ý�Õ�ÈhË¢Å�Ë¢È�É/Ï�Å�Ç�Þ,Õ�Ï>ã
n

ÒhÄaÇjÉKæ¢É¤Ê¤ËNÇjÒhË�È,ç
É¤Ç�è¬ÑhË Ø Â�Ë¢À�ÀjËKÒhË�À�ÙÚÕ�ÝaÕ�È1Ë�ÅxË�È�ÉTã
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ghÖ Ë¢Ï+Õ¢Ý�Õ�ÈhË¢Å�Ë¢È¬É¤ÏTÅxÇ-Þ,Õ¢Ï¯Ï¤ÄaÈ�É�âhÊ�Ä"é�Ë¢É¤Õ�Ï�Ò�Á�È1Ï+À�Ë>âhÀ�Á�ÈoÒhË�À�Á
Ê�ÕlÁ�Â�É/Ç�Ä�ÈêÌ(ÝaÄaÇjÊ�Ï¤Ë�Â�É/ÇjÄaÈ f1gjiagÚë Ð>Á�ìhÈíè¬ÑhË�À�Ë�Ï�â�Á�Ê�É/ÇjÂ�ÑhÀjË�Ï�âhÊ�Ä$ÝaË�ÈhÁ�È�ÉNÒ¦ÙîÕ¢Ý�Õ�ÈhË¢Å�Ë¢È¬É¤Ï�ÒhÇ-ä�Õ¢Ê¤Ë¢È¬É¤Ï
Á�ÇjË�È�É^À�Ë�Å�æ¢Å�Ë9Ï�ï&ÏàÉ/ð�ÅxËKÒ1ËKÊ¤Õ�Ó7Õ�Ê�Ë�ÈhÂ¢Ë ghñ ÄaÑhÏZÁ�âhâhÀjÇ�è¬ÑhÄaÈhÏ°ÑhÈ.âåÄaÇjÒhÏ Ø Â�Ë�É¤É¤ËKÒhÇjÏ�É/Ê�Ç�ÆhÑ,É/Ç�Ä�È�Á"ì�ÈÒ¦ÙÚÁòé�ÑhÏàÉ/Ë¢ÊTÀjË�ÆhÊ¤ÑhÇ-É�ÒhË�Ó7ÄaÈhÒHÏ¤ÇjÅNÑhÀ�Õ�Á�Ñ<ÆhÊ�ÑhÇjÉ�Ò1Ë�Ó7Ä�ÈhÒ<Ò1Ë'À�ÁYÂ�ÄaÅNÆ1Ç�È�Á�É¤ÄaÇ�Ê�Ë�ó,Ò�Á�ÈhÏ�ÑhÈhË'Ê¤Õ¢ÎaÇ�Ä�È
Ë¢È<Å�Á�Ï¤Ï�Ë�Ä�ô<ÈhÄ�ÑhÏTÏ�ÄaÅxÅ�Ë¢Ï+Ï¤õhÊ�ÏKÒhË�ÈhË'â�Á�Ï9Ê¤Ë¢Â�ÄaÈhÏàÉ/Ê�ÑhÇ�Ê�Ë'Ò1Ë'Ý&Ê/Á�Ç�Ï

Λ
g%ß Ë�É¤É/Ë'ÈhÄaÊ�Å.Á�À�Ç�Ï¤Á�É/ÇjÄaÈ

Ï¢ÙÚË�ä�Ë¢Â¢É/Ñ1Ë>âåÄ�ÑhÊZÒhË¢ÏZÅ�Á�Ï¤Ï�Ë�Ï¯Ï�Ñhâ%Õ�Ê¤ÇjË�ÑhÊ�Ë�Ï Ø i ó iòö�÷ Ë¿ø�ù�Â 2 g&ú âhÊ�ð�Ï¯Ï�ÄaÑhÏ�É¤Ê/Á�Â�É/ÇjÄaÈ.ÒhË¢Ï¯ÒhË¢Ñ,Þ±Ò1Ç�ÏàçÉ¤Ê¤Ç�Æ1Ñ1É/ÇjÄaÈhÏZÌ�Â�Ä�ÑhÊ¤Æ%ËZÒhÑYÆhÁ�Ï�Ð¨ÈhÄaÑhÏÄ�Æ1É/Ë¢ÈhÄaÈhÏÀjËZÏ�Ç�ÎaÈ�Á�À&â1ÑhÊè¬ÑhÇ1Ë¢Ï�É�ì�È�Á�ÀjË�ÅxË�È�ÉBÁòé�Ñ1Ï�É/ÕZâ�Á�Ê	Ñ1ÈhË
Î�Á�ÑhÏ¤Ï�Ç�Ë�È1ÈhË gWú ÝaË¢Â�ÀjË�Ï�Â�Ä�ÑhâhÑhÊ�Ë�Ï'ÒhÑÍÉ�Á�ÆhÀjËlÁ�Ñ fhgÚë ó¦È1ÄaÑhÏ�Ê¤Ë¢Â�ÄaÈ1Ï�É/Ê�ÑhÇ�Ï�ÄaÈhÏ f�ûakak�k

Λ
âåÄaÑ1Ê ëaë ó ö

ÅxÇ�ÀjÀ�Ç�Ä�ÈhÏ>Ò¦ÙîÕ¢Ý�Õ�ÈhË¢Å�Ë¢È¬É¤Ï.Á�È�Á�Àjï&Ï�Õ�Ï g	ñ ÄaÑ1ÏNÄaÆ1É¤Ë�ÈhÄaÈ1ÏYÑhÈüÊ/Á�â1âåÄaÊàÉNÏ�Ç�ÎaÈ�Á�À^Ï�ÑhÊNÆhÊ�ÑhÇjÉ�ÒhË.Ó7ÄaÈhÒ�ý
þ ù�ÿ����,ó û,g�Ö Á.À�Á�Ê¤ÎaË¢ÑhÊ Ø Å�Ç�çAÜ�Á�Ñ1É/Ë¢ÑhÊTË¢Ï�ÉxÌ i$k ó k ± k ó���Ð��<Ë¿ø�ù

c2
g¦Ö Á.Ï¤ÇjÎaÈhÇ-ì�ÂlÁ�È1Â�Ë�ó%Õ�ÎaÁ�À�Ë Øi ���,óhË�ÏàÉ9ÒhÕ¢ì�È1Ç�Ë�ÒhË�ÀÛÁNÅ�Á�ÈhÇjð�Ê¤ËKÏ¤ÑhÇ-Ý�Á�È¬É¤Ë
	 i$û��� ý



���������������������! ����#"$�&%���'� (��"*)+%&�-,.��'/���0 
Λ 132

SIGNIF =
S√
S +B4+5768695;:3<9=3>@?A5CB@<7DFE9=G>@E�?@HJIK57>@ELHJM�>ND-?@M�>@>@5O?@5CE�HJ>APQM�<8IO=G6LHRM�>AESE8B@<�TR=�UG=3TRHJ?@HJ6LVW?@BXELHJ:�>Y=3T

M�Z[695C>\BN][^[HY_75768695`U3=G<LHa=GZ@TR5b57E860HR>APQV7<LHJ5CB@<85`ced*fhg 2jik >@M3B@ElELM�I
IK57El?Y=3>@ElB@>K<LVC:3HRI
5bm@B@<85CI
5C>j6nYBA_769B@=G69HoP(576�HJTp5CE86�=3TRM�<8E+HJIKmqM�ELE8HRZ@TJ5�?Nr�=Gs
<LI
5C<+M3Bt?Nr�HJ>AuY<8IK57<0TR=vI
5CELBA<L5�?NrwB@>tE8HR:�>Y=GTx]�y$M�BAE
<85C_CM3>@E86L<LB@HJELM�>@Evg�Dwz

Λ
69M�BAE$TJ5CESg|{�{�{WV7U3VC>@57IK57>\6LE}?Y=3>@E$Txr�=3_C_75CmA69=3>@_75v?@5vTa=K4b~}4�]q��M�BAE�_C57E

_��@Ho��<85CE`ELM3>\6&M�Z[695C>\B@E$c
�
σ
=3BA6LM�B@<`?@5�Ta=�IK=3ELE85�>@M�I
HR>Y=3TJ5�?@B

Λ
]

0

2000

4000

6000

8000

10000

12000

14000

1.05 1.075 1.1 1.125 1.15 1.175 1.2 1.225 1.25

b < 3.3 fm

Es < 1.2 (1.6) MIP

dN
/d

M
 (c

ou
ps

) S = 42107

B = 16033

S/B = 2.6

SIGNIF(±2s ) = 147

FWHM = 10.0 ± 0.8
NEVT = 30 E+06
NL /evt = 1.4 E-03

0

200

400

600

800

1000

1200

1400

1.05 1.075 1.1 1.125 1.15 1.175 1.2 1.225 1.25

Es > 1.2 (1.6) MIP

M (GeV/c2)

S = 3923

B = 1779

S/B = 2.2

SIGNIF(±2s ) = 52

FWHM = 10.0 ± 0.8
NEVT = 2.9 E+06
NL /evt = 1.4 E-03

�0����� zA]Jg�gv�����Y���.���9�
�.���
����|�e���Y��3�.���3�Y���������
Λ
�Y����W�3�  �¡.�9�.�Y�¢���
����|�q�[�9���S�.�[�*£R�S�.�o¤3�q�3£

�.��¡.���.��¤3�x�v�3�¥��¡.�¢���.���.�[�W¦a�p�x�3�§�L¨v©�ª!��«3¬-N��®�¤3�����e�3�t¯A�3���+�O��Y�����S£R�}���Y���.���9�e���S�
����|�S���Y°
��3�§���3�Y���&�����

Λ
�3±C�¢�.�Y�;�.�;�9�Q²³�.�x�3�Y�´£R����¡.�3¡.���.�O�.�Y�Q�`���$±C�§�[���F���(µ³��q�
©��|¡.£R���.���x��;�3���q�9�.�*�x�.�

�q�x��«|¶}���.£�£R�;�3�·±�����q�9¡��|�.�Y�¢�K£R�W���Y���.�����;���K�
����|�K���Y��3�§���3�Y�¢�¸�3±C���.�Y�¹�.�·���W�|¡.£R���.���x��Y�q�3�Y�
º �Y��£R���e¡.�3¡.���.�O�.�Y���S����±C�§�[���0���»µ³��q��©��|������q�}�q�x��«3¬´�p���}�������O¼.�O�½®�¤3���9������\���3�3��A�}�9�.°�q�9¡��|�.�Y��¡S£o������
±C���q�3������9�
©¾���.���3��¤3£R����«|¶!£R�e±C�§�����`���lµ³��q�¥©8¡.�����£R����«t�.�b£R�S�9¡��.�[£¿�x�3��®l�q�3£-�.�q�9À��
�|��j�.���8���.���x��X©8�.�9��hÁ7«3¬´ÂS��\�e�3�3��A��¡x¤j�3£R�.�O�.�Y�l�9���Y��§�¢¡S£LÃ �8²§�j�.���.�O�.�Y�(�A�3�}������¤j�3�j���.�x�.�Y���C¬

y$M3B@Ee=³U3M�>@EvU�B#Ä�EL57_76LHRM�>Åz@]og�]Jg|Æ}Ç\B@5K_C57<86�=GHR>@E�V7U3VC>@57IK57>j69E�mq5CBAU35C>j6W=³U�M3HR<�B@>�ZA<LB@Ho6v?A5
PQM�>A?KHJIKmqM�<869=3>j6!=G6L6L<LHJZ@B@V&cvB@>K5CI
m@HRTJ5CI
5C>j6l?@5&m@TRBAELHR57B@<LE!V7U3VC>@57IK57>j69EC][È�Tp5CE86+mÉM3ELELHJZ@TR5`?NrwVCTJHoÊ
I
HR>@57<b_C57E$V.U�V7>@5CI
5C>j69E&5C>Ë=3m@mATRHRÇ\BY=G>\6`BA>@5�_CM�B@mAB@<L5SELB@<`TJ5�ELHJ:�>Y=3TN57>ËV7>@5C<8:�HR5�?@B�?@V.695C_.6957B@<
?@5v?@VC_7TR57>@_��@5CI
5C>j6$ÌÍ^�6�=G<868Î
Ä�Ï»E

<
g�DÐ�OÑ�È¢ÒÓM�B�Ï»E

<
g�D 2 ELBAHJUG=3>j6�TJ5}Ì�<LB@>[ÎS_7M�>@E8HR?@V7<LV|Æ§]N4+5§Êmq5C>@?@=3>j6³Dp=³UG=3>j6`?NrÐ=Gm@m@TRHJÇ\B@5C<�B@>A5�6L5CTJTR5�_7M�B@m@B@<853DYE8B@EL_75CmA6LHRZ@TJ5S?A5S>AM�B@E�P�=3HR<85�mq5C<L?A<L5�5C>jU�HR<8M�>

g³zjÔ�?@5�TR=�E86�=69HREÍ69HJÇ�BA5�69M369=3TR5*ÄQ69M3BA6957E&_75C>j69<L=3TRHo69V7Eb_CM�>[PQM�>@?@B@57E�Æ§DY>@M�B@E&=³U�M�>AE&<85C_7M�>@E86L<LB@Ho6`TR57E
Λ
5C>Õ>@5O_7M�>@ELHJ?@VC<L=3>j6�Ç\B@5KTR5CESV7U3VC>@57IK57>j69E�_7M�>j695C>\B@Ee?Y=3>@EvTR5
m@<L57IKHJ5C<�m@HR_
?@5KTa=¸?@HREÍ69<LHJZ@B[Ê

6LHRM�>X57>ÖÏ»EËÄQu@:�B@<L5tzA]Jg�g3D½�Y=3BA6�ÆeM�B·5C>·TR57E*<L5�×8576�=G>\6ËÄ�uY:�B@<85¸z@]Jg3g�DFZY=GE�Æ.]lØ(5t>@M3I�Z@<L5t?A5
Λ<85C_CM3>@E86L<LB@Ho69E+m@=3<bV7U3VC>@57IK57>j6`5CE86b_CM�>@EÍ6�=3>j6�?@=3>@EbTJ5CE+?A5CB[ÙO_³=3E7]@Ò�=3<b_CM3>\6L<L5GDATRM3<LELÇ\B@5�>@M�B@Eb>A5

E8VCTR57_76LHRM�>@>AM�>@E�Ç\B@5�TR57E�V7U�V7>@5CI
5C>j6LE$_7M�>j695C>\B@E&?Y=3>AE�TR5}EL57_CM�>A?Ëm@HJ_}?@5}Ta=�?AHRE86L<LHJZ@BA69HJM�>;57>ËÏ»E7D



Ú�Û�Ü�Û�Ý�Þ�ß�à�á�â�ã!ä�â�ã#å$ã&æ�á�ç�ä(ß�å*è+æ&ß-é.á�ç/â�ã0ä
Λ ê�ë

0

0.01

0.02

0.03

0 10
(cm)

No
rm

d01

0

0.02

0.04

0.06

0 2 4

d02

(cm)
0

0.01

0.02

0.03

0.04

0 50

nh1

(coups)

0

0.02

0.04

0.06

0 50

nh2

(coups)
0

0.01

0.02

0.03

0 20

dxy 01

(cm)
0

0.02

0.04

0.06

-10 0 10

Df

(degres)

0

0.01

0.02

0.03

0.04

-1 0 1

d0L

(cm)
0

0.02

0.04

0.06

0 0.25 0.5

pt1

(GeV/c)
0

0.01

0.02

0.03

0 0.5 1 1.5

pt2

(GeV/c)

0

0.02

0.04

0.06

-50 0 50

z01

(cm)
0

0.02

0.04

0.06

0.08

-50 0 50

z02

(cm)
0

0.02

0.04

0.06

0 25 50

dvz12

(cm)

H  DATA

- SIMU

ì0í�î�ïjð@ñoòôó&õ¥ö0÷ø�ùAú3ûLú3üRý|÷þ¸ÿ.þ���û9ÿ��Rÿ�ý.ü��3þqú��[ý.ü�ø��	��
���Rý.ü�ø��������¿ü��3þ�ÿ�ý���ÿ����Rÿ�ý.ü��3þqú�����ÿ�ý���÷þYþ�
�ÿ�ý
�����jú��xú�����
���÷ü��Rÿ�ý��� �!eÿ#"Aú��	�»ÿ.þ%$�úý�ÿ�����ÿ&�jú���'("Yÿ�)*�3û�÷ü���ÿ+ý|÷þ��´û9ÿ�ùqû�
�ý|ÿ.þ��+
�ÿ�ý#�Rÿ�ý��3üRý���û§ü�$,�-��üx÷þAý
��ÿ�ý

d0

ÿ��.���;þ�÷ø/$Cû9ÿ0��ÿ��"�ü��Qý1�2��ÿ�ý���û8ú	'�ÿ�ý3��ÿ�ýlùqüx÷þAý�ÿ��4��ÿ�ýlùqû9÷5�¢÷þAý(���oú6�3üRý��xú3þ�'�ÿ3��ÿ�73÷5����ÿ�ý
Λ
�jú3þAý��Rÿ$ù8�oú3þ9��û8ú3þAý�73ÿ.û�ý|ÿ(�:�Rÿ��[û;�ÐùY÷ü�þ���ü�þ	��ú3þ	���Rÿ1�vÿ��<�Rÿ���û

d0

�2�Rÿ�ýWü�ø�ù8�	�Ðý.üx÷þAý*��û8ú3þAý�73ÿ.û9ý|ÿ�ý
ÿ��4�Rÿ�ý

z0
��ÿ�ý0ùqüx÷þAýeÿ��#��ÿ�ý+ùqû9÷5��÷þAý(�bÿ��NùY÷5�[û>=lþYü�û3�oú%�3üRý��xú3þ�'�ÿeÿ.þ���û9ÿ?�Rÿ�ý?��û8ú	'�ÿ�ý��ÿ�ýbùqüx÷þAýeÿ��

��ÿ�ýbùqû9÷5��÷þAý�jú3þAý?�Rÿ�ù8�oú3þ@�R÷þ	�3ü����A�3ü�þqú��� 

B�C�D�EGF�H�I?J�C�KMLON�JQP�F�ROS/C,NTIGC/UAF�H�VXW	FACYB�C�E�P�U�U8LOEZI?VGH�R�N�P�B.VGFAE[DAEGF�H�I?J�C/KML�N�J\U�P�VGVXCYJAC ó-]_^a`
ó-]Ðó[ñcb CdU�CdN�J�P�NTI ] B�C,V2e�fOe,NAC,S/C,NTI�V�J�FgVGC,hdLON�JiU�H�h3J�C3B�PjJ�H�VZI�EXH�D�FAIGH�LON;CdNlk.V<N�C3EXC,U�EXe,VGCdNTI�C,NTI
WmF�C?nTopJ�C0B�P*VXI�P1I�H�VXIGH�WmF�CqIGL�I(P�B�CqJ�CdV2h,LOB�B�H�VGH�L�N�V4h,C,NTIGE�P�B�C,V[r

b < s ] s KMS%t ñAu.v Cdw�CdI<VGFAE:B�C0DAEGF�H�IJ�C?KMLON�JgI�L�I�P�B&r�B�LOEGVXWmF�CNALOF�VqN v P�UAU�B�H�W	FALON�V<U�P�V�J�ChdLOF�U�FAEGC*VXF�E�k4V�t�CdVXI0JALON�h[N�e,ROB�H�ROC,P�D�B�C ñ
x LOF�VjU8LOFAf�LON�VjN�L�F�VjC,NyEXC,N�JAEGC;h,L�SYUAIGCzCdNyh,LOS/U�P�EGP�NTIjB�CdVjEGedVGF�B�I(P1IGV*J�CzB{Pi|�R�F�EGC ð@ñJò~}@`
hdC,F-�gJ�C[B{P�|�ROFAEGC ð@ñJò3ò rM��P�FAI(t ñ8u CEGP�U�U8LOEXI<VXH�RON�P�B�VGF�E�D�EXF�H�I�J�C?KMLON�JgEGCdVXI�CH�J�CdNTI�H�WmF�C?J�P1N�V



�	���	�g�l�q���j�2�0�&�l�q�������2�2�0�������#�������2���q���
Λ ���

���,�&���,�-�Y�,���, A¡�¢�£��1���,¤/�,£T¥4£�¦����:�~§O¦�£��:��¨d�,¢��A¨�����£��q©����#��ª��d�d¥��A�,«:�����,¦O�A©���«G���G��«������G¢�¬O£����
�d£i¨d£��,«X¬O¢��3���g��¨�¥��,��¥��d��«2Z®	¥(�1«X¥X¯0�1°�£g���?¬T��«X���,«<���3¤z�5�-¢�¤j��¤±���?�X¥(�5¥�¢��Z¥�¢�²	�A�� 

³ ��£A�2�{�*©�«X¦-�(´���¢�£��3�X�,��¥�¢�¦�£;£�¦O���2�µ�-¥G«���©8¦O���,«G¦�£��:�{�¤Y�d�G��«X�3���;¥(���-�%���0©�«X¦-�A���d¥G¢�¦O£;���d�
Λ ¶ °�¬O�A«G�%·� �¸º¹T»[¼@�{�i¥G¦�¥(�1��¢�¥G¨6���%�¾½¿�,�X©����d�;���%©�´��1�G�,�d .À�¦���«��,�zÁ��1¢�«G�1Â�¢����d�X¥�£A¨,�,�d�G�G��¢�«X�g�A��d¦O«G«X¢�¬O�d«0�{�z¤/�,�X��«G�6�µ�A©8¨,«X¢�¤/�,£T¥(�1���j�����Ã½_��Ä/�~���d¢�¥�¨*���6«G�,�d¦O£��Z¥�«G�A�d¥�¢�¦O£\���,�

Λ
��¥?�����¾½_���d�,�,©	Å

¥���£��,�?¬O¨d¦O¤/¨d¥�«X¢�²m���1 8Æ#�d¥G¥G���Ä/�~���d¢�¥�¨[¬O��¦OÇ������ ¶ ���d�,�d©A¥(��£A�,�*��¥��dÄ/�~���d¢�¥G¨���[«G�d�,¦O£A�X¥�«X���d¥G¢�¦O£�»�d�X¥��¨d¥G�,«G¤/¢�£A¨,�Y¼g©��1«X¥�¢�«?�È½_�A£��z�X¢�¤j�����1¥�¢�¦O£ ¶ �G�,��¥�¢�¦O£9·� ÊÉO»µ �Ë��4�d¦O£T§-¢��,£T¥*��¢�£��X¢4���Y�d½Ê�5¥G¥(�1«G���d«�X��«j���d�j��¢�ª�¨d«G�,£A�,�,��¦�ÇA¥��d£	�A�,�6�,£T¥�«X�;���%�X¢�¬O£�����¢��G�X�y���;�{�l�X¢�¤j�A�{�1¥G¢�¦O£Ì�d¥����z�X¢�¬O£��1�#¢��X�G�y���d�
��¦�£�£�¨,�d�, �Í��a°�¬O��«X�z·� �¸ÎÉa©�«G¨d�G�,£T¥G�;�,�d¥X¥��Y�,¦O¤/©���«G��¢��X¦O£Q©8¦O��«���d��d¦O����¢��G¢�¦O£��3�d�,£T¥�«G�����d� ¶ b <Ï Â Ï ÁM¤%»µ 

À�¦���«j�dª��,��¥����d«��,��¥G¥��;�d¦O¤/©���«��1¢��G¦�£9£�¦O�A�6�º§�¦O£��6��©A©���¢�²	�A¨z��£��z�G¨,���,��¥�¢�¦�£y�G��«j���l¤Y���G�X�
¢�£m§1��«X¢{��£T¥G�Ð���,�

Λ ¶ ¸OÂ�¸º¹TÑÓÒ3�ÕÔ?Ö1� 2 < × Λ <
¸OÂ�¸ºÉOÑÓÒ?�ÕÔ3Ö1� 2 »%�d¥g���ÐÇA«G��¢�¥i�A�ÌÁM¦O£A�Ø�y¨d¥G¨

�X¦O���X¥G«���¢�¥~ �Ù�¦O���[«G�d¤z��«X²m��¦O£��?²m���/���,�?��¢�ª��d«G�d£��,�d�¤Y�ÎÚX�,�A«G�,�?�d¦O£��,�d«G£��d£T¥j���d�3§��1«G¢{�1Ç����d�
nh1��¥

nh2

 �Û#¢��d£\²	�A�Y����©�«G¦O¬�«���¤/¤Y�*���6«G�,�d¦O£��Z¥�«G�A�d¥�¢�¦O£Ì���,�?¥�«G���,�d�[�X¦O¢�¥?����¤YÜd¤Y�1ÂÈ����£A¦O¤jÇ�«X�
���l�,¦O��©A�g�A�,�%¥�«G���,�d�;���,�;©A¢�¦O£��z�d¥;���d�a©�«G¦�¥G¦O£��%¢��G�X���;���Ð�{�Q�G¢�¤*���{�1¥G¢�¦O£Ý�,�Z¥a©����A�%¬O«��1£��
²m���Y�,�,����¢&©�«G¦º§O�d£���£T¥����d�j��¦O£A£�¨,�d�,  ³ ��«���£T¥*�{�a©�«G¢��G�z�A�z��¦O£A£�¨,�d�,Â��d�,«Z¥(��¢�£��,�*��£�¦	���,����z���
Æ ³ ÆÞ£���ÁM¦O£��d¥G¢�¦O£A£���¢��d£T¥?©����,Â��d�6²	�A¢&�µ�-©���¢�²	�A�/�d�d¥X¥��6��¢�ª�¨,«X�,£��d�� �Í��;�G¢�¤*���{�1¥G¢�¦O£l«G�,©A«G¦	����¢�¥
©��1«XÁ���¢�¥��,¤/�,£T¥q���,��§��1«G¢{�1Ç����d�q��¨�¥��,«X¤Y¢�£���£T¥��d�0����£A�3�{�z«X�,�,¦�£��X¥G«G����¥�¢�¦�£Ì�A�,�

Λ
Â�¼%���~§O¦�¢�«3���d�

d0��¥
∆φ

 
× ��¢�£T¥��,£���£T¥�²m���:£A¦O�����º§�¦O£��>�A¨d°�£�¢m¥�¦��A¥��d�����d���d¦O��©��A«G�,���A¥�¢���¢��G¨,�d��©�¦O�A«�«X�,�,¦�£��X¥G«G��¢�«G�#��� Λ��¥4²	�A��£�¦����4�~§O¦O£��&��£��<�X¢�¤j�����1¥�¢�¦O£*²m��¢�«X�,©�«X¦-�A��¢�¥4���<¤Y��£�¢�ß,«G�#«G¨~�1��¢��Z¥��:���,�.��¢��X¥G«G¢�ÇA�A¥�¢�¦O£��>���d�

§1��«X¢{��Ç����,�.²m����£�¦O�����~§O¦O£A��¤/�,�X��«G¨1Â	£A¦O����������¦O£��>�,�����d�����d«&���:¥(���	�/����©A«G¦	�����d¥G¢�¦O£6���d�
Λ
���1£��

���*¥�¦�¥�����¢�¥�¨q�A�[�Ã½_�d�G©��1�,�[���?©�´����X�,� ¶ · π »#��¥<©���«<¨d§�¨,£��d¤Y�d£T¥q©8¦O��«2���d���d¦O����¢��X¢�¦O£����,�d£m¥G«������,�d 
à�á�âÈáÃã�á�ä å�æ�ç�èÝé�êaë�ìÎí�é�ç�î�ïÎð�í8ñÝé�ê	ò

Λ
é�æ�ñ�ò�óMê-ò*îOí�ó�ó�ðÃò~ðMí8ñ�ò?îOê	ñ�ïºìÎæ�óMê	ò%ô

b <
âÈõ�âÐöÕ÷Ýøù ð�ú ù ð4ûüãcõ�ýcâ9þ%ÿ;ê��

Æ#¦O¤/¤Y�Y£�¦O�����Ã½Ê�~§�¦O£��j§	�y����£������l�G�d�d¥G¢�¦O£Ó·� ÊÉ-Â�£A¦O���j�A¥G¢���¢��G¦�£��*���z¤/¦-��ßd���YË�� × ³�� É ���©8¦O��«�©�«X¦-�A��¢�«X�;�d¥Y©�«G¦O©���¬O�,«����,�6©���«Z¥�¢��,�����,������£A�Y���,���,¦�����¢��G¢�¦O£���Ù�¢	�3Ù�¢2¼y¸OÂ�
 Ï� Ò?�ÕÔ* 4Í���X¢�¬O£��1���,�X¥:¬O¨,£�¨d«G¨q¼�¾½_��¢����<�È½_�A£��0�G¢�¤j�����1¥�¢�¦O£ × ¦O£T¥��µÅZÆ:��«X��¦�A¥�¢���¢��G��£T¥&�{�3ÁM¦O«G¤j�A���<���3®	¢��,¤/�,£A���¥����1�G¤j���X�G�d£ ¶ T � 
�¹ × �ÕÔjÂ βf � ¹AÂ Ï »� �Ù�¦����3�~§O¦O£A�3¬O¨,£�¨d«G¨����*¤z��£A¢�ß,«X�¢��G¦�¥G«G¦O©8�*�A£
Λ©��1«[¨�§O¨d£��,¤/�,£T¥~ �Í��,�*©���«X¥G¢��,�A���,�?�X¦O£T¥j©�«X¦O©���¬O¨d�,�����£��[���6��¨�¥��,��¥��d��«j¬O«����,�Y���9©A«G¦O¬O«G��¤/¤Y�

���\�X¢�¤j�����1¥�¢�¦O£ Ò�� � Ù��3 �Ù�¦O���a«G�d�,¦O£��Z¥�«X��¢��X¦O£��g��£ �d�,«Z¥(��¢�£ ©8¦O��«X�,�,£T¥���¬O�Ì���,�
Λ
²m��¢?¦O£T¥

¨�¥�¨\¬O¨,£A¨,«G¨d�, �Æ#�d�{�y©��d«G¤/�d¥g���Ð�,�����d�����d«;�¾½¿�dÄ/�~���d¢�¥G¨Ð¬O��¦OÇ������ ¶ ���d�,�,©-¥(��£��d�Q��¥g�dÄ/�~���d¢�¥G¨Ì�A�«X�,�,¦�£��X¥G«G����¥�¢�¦�£c»� cÙ�¦O�����G¦O¤/¤Y�d������¦O«X�<�,£l¤/�,�X��«G�[�È½¿�,�Z¥�¢�¤/�,«<���?¥����-�a�A�©�«X¦-�A���d¥G¢�¦O£g���,�
Λ
 

Í�¦O«X���A��d��,�����d���¾Â�£A¦O���<¥��,£A¦O£����,¦O¤/©A¥��?���[�{��©�«X¦OÇ���ÇA¢���¢�¥�¨0�A�[�A¨,�G¢�£T¥�¨,¬�«��1¥G¢�¦O£g���,�
Λ
�,£i��£

π−
��¥��A£i©�«X¦�¥�¦�£g²m��¢��d�X¥�������·��% 

� ò,í�ïºìÎícë�ðMêiæ��mðÃ÷\ç�ïºæ�óMêié�êÐóMæÌîOí8ìÎìÎê	î�ïÎðMí�ñüé�� ê �yîOæ�îTðMï"!
� §1��£T¥g�È½¿�dª��,��¥����d«l�{� �d¦O«G«X�,��¥�¢�¦�£ �d£ ��ÄY�,���,¢�¥�¨\���\£�¦�¥G«G�\¤/�,�G�A«G�\���-©8¨,«G¢�¤Y�d£T¥(������Â:£�¦����

����§O¦O£A��£�¦����4���G�X��«G�d«�²m���<���0©�«G¦O©���¬T�1¥G¢�¦O£����d�4©���«X¥G¢��d�����d�>����£��4���2¤Y¢���¢��d�*£��<Ç�¢���¢��X�:©����4�Ã½_��Ä6Å
�,���,¢�¥�¨����q«X�,�,¦�£��X¥G«G����¥�¢�¦�£%���,�

Λ
 	Ù�¦����:�~§O¦�£��#§	�%����£A�#�����(´���©A¢�¥�«X�3É-Âm²m�������,��©�«G¦1¥�¦O£��&�d¥#���d�

Λ
�G¦O£T¥2¨d¤Y¢���©�«X¨dÁM¨d«G�,£T¥G¢��,�����d¤Y�d£m¥#����£��#���q©A�{��£%�A�0�{�[«G¨~�1�d¥�¢�¦O£ ¶ $#�¦"%:¯��{�1¥G¨,«G����» ¶ °�¬O��«G�3É- �¸ºÉO»� & «,Âc���,�

Λ
�G¦�£m¥0¬O¨,£�¨d«G¨d�0���*¤Y��£�¢�ß,«X�¢��G¦�¥G«G¦O©8�����£��q���Y�X¢�¤j�����1¥�¢�¦O£È �Ù�¦O����©�¦O�A«G«G¢�¦O£���©��d£��G�d«

²m���?£�¦O�A�<�º§�¦O£�����£��3©8�,«Z¥��?�È½¿�dÄ/�~���d¢�¥G¨[�A�3«G�,�d¦O£��Z¥�«G�A�d¥�¢�¦O£g���,�
Λ
���A�¼���£A��1��¬O¤/�,£T¥(�1¥G¢�¦O£

�����{�?¤j����¥�¢�©���¢��,¢�¥G¨��A�,��¥G«����d�,������£��&���<©�����£Y�A�����[«X¨~����¥�¢�¦�£È mÍ���,¦�«G«G�d�d¥G¢�¦O£/�È½¿�dÄ/�~���d¢�¥G¨�£����G�µÅ



')(+*)(-,/.1032547698�:/618<;�8>=747?9:@03;BAC=>0EDF47?G618H:
Λ IKJ

L�MKNPOQMKRTSKL�UQVWMKUXL�YZMKRTNPU[O�\H]^M�_WU`\aO`\a_B]W\Zb�ScL�UX]�dBVWReMK_f]W\gReM�L�YhM�iaOjNPSc_lknm3SKd�O`]lo�MKpqScL�]lrnNTR)iZSK_�s)NP\Z_ O
]W\tiZScuvV^MKL[\ZLwRT\ZUfMK_WxcRP\ZUwMKyZNPu5d�OjMKd{z|]WYa}W_WNTUwV^MKLfL�MKVWVqScL[O5MKd~VWRTMK_�]�\�ReM-L�YZMKiaO�NTSc_�MhsK\Zi�RTM
U[NTu5dWRTM�OjNPSc_�\FO5Mhsc\aitRP\ZU�]WSc_W_�YZ\ZU�\Fz{VqYZL[NTuv\Z_ O�MKRP\ZUak3��M�}^xcdWL[\��WkP�h�-uvSc_ OjL[\vRP\ZU�L�YaU�dWR�O�M�O�Uw]�\
ia\aO�O�\�iZScuvV^MKL�MKNTU[Sc_lk

0

0.002

0.004

0.006

0.008

0.01

0.012

-150 -100 -50 0 50 100 150

H  SIMU

s  DATA

f  - f r (degrés)

1/
N

 d
N

/d
(f

-f
r) 

(u
.a

.)

�C�	�7� �W���"���t���{���T�9�"�a�	�B�) $���c¡W��¢£¢���¡ ¡^¤n¢� ¥����¡q�P���§¦���¢j¨j��©F ª�«¤n�f¡^¤n�{¢>�T��¬`¡W��¢� �«©F�)�T��¬®¦�¨F ¯��©F $¨���¬
¦ ����¬t�P��°3±v°3²�¤c³a ¯�F�^�´��µK��©��P�§¬F�	�B�{�P�� ª�«¤n�·¶[¨F ¯¤n�	�T��¬$¸�F w��µK��©t�T��¬-¦�¤n�^�¹¨���¬º�[»a¡^¨F¢��	���F�^ ¼���T��¬
¶¼ ª¢�����{���T��¬$¸c½

¾�¿wÀ[ÁTÂ5ÃWÄT¿�ÅjÁPÆcÇBÈ�ÉaÊWÈ�Æ)ËWÃWÁ�Å�Ê^¿KÈ[Ìª¿�ÁPÅjÉaÂtÉaÇ ÅHÄT¿�Å�ÉZÇWËW¿KÇWÍZÉ�ÆcÎWÀ[ÉZÈ[ÏKÐZÉ®¿hÏKÉZÍ9ÄPÉZÀ�ËWÆcÇWÇWÐaÉZÀHÉFÑ{ÊÒÐaÈ�ÁÔÓ
ÂvÉZÇ Å�¿�ÄTÉZÀa�qÕHÆcÂvÂtÉ9¿�Å�Å�ÉZÇWËWÃ¹Ö^ÇWÆcÃWÀ£ÆcÎWÀ[ÉZÈ�ÏcÆcÇWÀ>×�ÃlØÙÁTÄlÚ�¿BÊWÄPÃWÀ£ËWÉ�Ê^¿KÈ�ÅjÁTÍaÃWÄTÉaÀgË^¿KÇ�À>ÄPÉ®ÊWÄe¿�Ç-Ë�É
ÄT¿ºÈ[Ðh¿KÍFÅjÁPÆcÇÜÛ�Ý Ó¯Þcß o à Þcß o á	â ×�ÃlØ�ÉaÇ~ËWÉaãWÆcÈ�À�ËWÉvÍZÉvÊWÄe¿�Çl�@ä�ÆKÃWÀwË�ÉaÏcÆKÇWÀfÂt¿KÁTÇ Å�ÉZÇ^¿KÇ Å�ÍZÆKÂtÊ^¿�È�ÉZÈ
ÄØ�ÉFåtÍZ¿KÍZÁ�ÅjÐ>ËWÉ9È[ÉZÍZÆKÇWÀ[Å�È�ÃWÍFÅjÁTÆKÇ�ËWÉZÀ

Λ
Ë^¿KÇWÀCÉaÅgã�ÆcÈ�ÀgË�Ã�ÊWÄe¿�Ç�ËWÉ1ÄT¿wÈ[Ðh¿KÍFÅjÁTÆKÇl�^Õ�ØÙÉZÀ�Å£ÍZÉ�×)Ã�Á¹ÉZÀ�Å

ÁPÄTÄTÃ�À[ÅjÈ[Ð1À[ÃWÈ£Äe¿5æ^çcÃWÈ[É��W�P�Z�W�
¾@ÉZÀ£ÉaåvÍZ¿KÍZÁ�ÅjÐZÀ>ËWÉ�È�ÉaÍZÆcÇ�À[ÅjÈ[ÃWÍaÅ�ÁTÆcÇ-ËWÉaÀ

Λ
À[ÆcÇ Å>È�ÉZÊ�È�ÐZÀ[ÉZÇ ÅjÐaÉZÀ9ËW¿KÇWÀ£ÄTÉaÀ>ÍZ¿KÀ£À�ÃWÁ�Ï�¿KÇ ÅjÀlè

�éÀ�¿KÇWÀ£ÍZÆKÃWÊWÃWÈ[ÉZÀ5ÛêÐaÅ�ÆcÁTÄPÉZÀ âqà�·¿hÏKÉZÍ�ÄTÉZÀ
Λ

ÂvÉZÀ[ÃWÈ�ÐaÀ�ËW¿KÇWÀ£ÄTÉ®ÊWÄT¿KÇ�ËWÉ�Äe¿5È[Ðh¿KÍFÅjÁTÆKÇ~Û	Íh¿KÈ[È�ÐaÀ âqà�·¿hÏKÉZÍ�ÄTÉZÀ
Λ

ÂvÉZÀ[ÃWÈ�ÐaÀ�ÉaÇ§Ë�ÉZãWÆcÈ[À£ËWÃ§Ê�Äe¿KÇºËWÉ�Äe¿5È[Ðh¿KÍFÅjÁPÆcÇ�Û	ÅjÈ[Áe¿KÇ�çcÄTÉaÀ â �
ä>ÆcÃWÀ¥È�ÉaÂ�¿KÈ[×�ÃWÆcÇWÀ�Äe¿9ÂvëZÂvÉ7ÅjÉZÇ�Ë^¿KÇWÍaÉ�ÊqÆcÃWÈ¥ÄTÉaÀ`ÅjÈ�ÆKÁTÀ`ÍZÆKÇ�æ^çcÃWÈ�¿�ÅjÁPÆcÇWÀ`ÐFÅjÃWËWÁPÐZÉaÀZÖ)ì�À�¿hÏcÆcÁPÈ�Ã�ÇWÉ
Î^¿�ÁTÀ�À[É�ËWÉ�Ä«ØÙÉaåvÍZ¿KÍZÁ�ÅjÐ�çcÄPÆcÎ^¿KÄPÉ�ÊqÆcÃWÈ5ÄPÉZÀBçcÈ�¿KÇWËWÉaÀvÂfÃWÄPÅ�ÁTÊWÄPÁTÍZÁ�ÅjÐaÀ�Ë�É�ÅjÈj¿�ÍZÉZÀa�HÕHÉZÍaÁ7ÀZØÙÉFÑ{ÊWÄTÁP×�ÃWÉ
Ê^¿�È®ÄTÉ5Ìª¿KÁ�Å®×�ÃWÉtÊ�ÄTÃWÀ®ÁPÄQÚ¿�ËWÉBÅjÈ�¿KÍZÉaÀZÖ@ÊWÄPÃWÀ�Ä«ØÙÉaåvÍh¿KÍaÁPÅ�ÐBËWÃ|Ê�È�ÆcçcÈ�¿KÂvÂtÉ5Ë�ÉvÈ[ÉZÍaÆcÇWÀ[Å�È�ÃWÍFÅjÁPÆcÇ
ËWÉ>ÅjÈ�¿KÍZÉaÀgËWÁTÂvÁTÇ�ÃWÉ�� í$ÄÒÉaÀ[Å£¿�ÄTÆcÈ[ÀHÊWÄPÃWÀCË�ÁPåvÍZÁPÄTÉ£ËlØÙÁTËWÉaÇ�Å�ÁPæ^ÉaÈCÄPÉZÀ�Ê^¿KÈ[Å�ÁTÍaÃWÄTÉaÀZ�{¾�ÉaÀHÏ�¿KÈ[Áe¿�Å�ÁTÆcÇWÀ¥ËWÉaÀ
ËWÁ�î¹ÐaÈ�ÉaÇ�Å�ÉZÀ£ÉaåvÍZ¿KÍZÁ�ÅjÐZÀ>À�ÆKÇ�Å£Å�ÆcÃ�ÅjÉaÀ£ÍZÆcÂvÊWÈ�ÁPÀ�ÉaÀ7Ë^¿KÇWÀ£ÄTÉaÀ£Î^¿KÈ�È[ÉZÀ£ËlØÙÉZÈ[È�ÉZÃ�È�À>À[Å�¿nÅjÁTÀ�ÅjÁP×)Ã�ÉZÀZ�

ïQÁPÇ^¿KÄTÉaÂtÉaÇ ÅtÇ�ÆcÃWÀ�ÍaÆcÇWÀ�Å�¿�Å�ÆcÇWÀ�×�ÃWÉ�ÄT¿|ÍaÆcÈ�È[ÉZÍaÅ�ÁTÆcÇðËlØÙÉaåvÍh¿KÍaÁPÅ�Ð�ÉZÀ�Å�¿KñaÁTÂ5Ã�Åj¿KÄTÉaÂtÉaÇ ÅtÁPÀ�Æ�Ó
Å�È�ÆcÊqÉK�Òä�ÆcÃ�À1ÇWÉfÅ�ÁTÉaÇWËWÈ�ÆKÇWÀ1ËWÆKÇWÍfÊ^¿�À9ÍZÆcÂvÊ�Å�ÉfËWÉaÀ9ÉaîÒÉaÅ�À9ÍZÆcÄPÄTÉaÍaÅjÁ�ÌêÀ£ÄTÆcÈ[À�ËWÉfÄ«Ø�¿KÊWÊWÄPÁTÍh¿nÅjÁTÆKÇ-Ë�É
ÄT¿5ÍZÆcÈ[È�ÉZÍFÅjÁPÆcÇºËlØ�ÉFåvÍh¿KÍaÁPÅjÐ�¿KÃ)ÑºËWÆcÇWÇ�ÐZÉZÀ>ÉFÑ{ÊqÐZÈ[ÁTÂvÉZÇ Å�¿KÄPÉZÀa�



ò)ó+ô)ó-õ/ö1÷3ø5ù7ú9û�ü/ú1û<ý�û>þ7ù7ÿ9ü@÷3ý��Cþ>÷��Fù7ÿGú1ûHü
Λ ���

0.01

0.012

0.014

0.016

0.018

0.02

0.022

0.024

0.026

0.028

0.03

20 30 40 50 60 70 80

H  (f L  - f r) ∈ [-180o;180o]
n  (f L  - f r) ∈ [-90o;90o]
s  (f L  - f r) ∈ [-180o;-90o[ ¨  ]90o;180o]

TOTMUL

E
FF

�	��
��������������������� ��!#"�$�%'&(%)�)*,+.- !/&102� !/�3*,+4$�%)-
Λ

% +657*,+8� !/�3*,+4$�%:9;��<�0�9=!/�?>�9=�3� ��!@"BADCEAGFIHKJML
$N��+.-B9O%�>�9;��+P$�%�&("���� !Q�3*,+�RS����&1&(")-#TUL�% +P$�%)VW*,&(-X$�%Y�)%�>�9;��+�RZ!Q&1�/��+�[�9O%)-#T\% !]-���+.-�>�&(*@^7%)� !/�3*,+
>.��&�&S� >N>W*,&1!_��0�>�9;��+`$�%6&("���� !/�3*,+aRS" !@*,��9O%)-#T�b

ced2fgf,h�i�jgkld�monqprhNstivuWiNk�jUw
xMyYz|{v}�}S~�z �(�O{��\�G��~ �Bz7y�z|���(�����O{v�Wy��O~E~|�S�6��� �(~|}��B�O���|~�~��\�l{v��z �(�O{��\��~���y���y����S~��(}�y����S��~�}S��~

�
mt �

√

p2
t +m2

0 � m0

�|�(y��N����y��Xy�����~��.{v�����Wy���~U�]~ ����y�}(y����O���;�(��}S�����.���(~
y0

� �v{��O}6y����.~ ��~
�'� � ��xMy��W�v��}S~'���;�g ���}��|��~��N��~'�O~|�	z|{v}�}S~�z �(�O{����q~���~ ��z�y�z��;�(� � ~|��¡¢�£~��X�l{v�.z|�(��{v�¢��~

mt −m0 ���{v��}qz�����¤E�l~|��¥|��}�~��	~���}(y������������}��|��������~���x¦��~ �Bz7y�z|���(�]�Wy�}¦��}(y���z)§.~'~���}(y��.�O���;�(�~��¨�©�.~:�Q��{v}S��}�~
��~� v¡��8xK~|�ªz7y�}S}��|�'����~��O�.�'}�~|��}��|��~|����~��N�6�O~���{v��y�����~e~|�

mt −m0

�.���O�O�����6�Wy�}:��y¢�����;�(~e�«{v�.}
~1����}(y���}�~���~ª�)y�������~6��}�{�����z �(�O{��¬�.~��

Λ
~|�]�O~|��}_�(~|������}�y��(�.}�~��

xK~\��{v��y��O�.~~�� �
mt − m0

� � ~ ®8~|z|�����v~|��~|�N�Y�.�(���O�O�S���{v��}��Oy¯z�{�}�}�~|z|���O{v�°��~|�Y��{v�����|~�� �~|�S��z)§.{v�O�S�	~|�±�l{v��z|���O{v�²��~X�Oy4�v}�y�����~|��}E�.~���~|}�}�~|��}��E�S�)y,�(�O�¨�(��¤��.~����´³µy�}E~ ��~|������~ � �«{���}E��~|�
}�y����O�.���(�|�	}S�����.���(~|�©��~ −1 < y0 < −0,8

~|�_y�����~|��¶e�.~
mt −m0 � � � �� E·6~Z¸�¹�z 2 � �3��y����O��}S~]�.~

�Oy¢�.�O�S��}������.�(��{v�Y�G�º~��S�'�Wy��]}���y��O���S�(~��2³´{v�.}'z�~���{v��y�����~6~��}�y�������������~|�:~��
mt −m0 � �.{v���'�.~

��}S~���{������Wy���~|�\z�{v�B�.�(~E�3�º~|�Bz7y�z|��������~�}�~|z�{v�.�S�(}S��z|���O{v�8�K»:{v�.��}�~���y�}S¤��.{v���ª¤���~���~��ª�Wy�}�}�~|�
�G�º~�}S}�~|��}��q�S�(y��(���S���O¤���~��¦�.�O�B�O����~��N�¦��{v}��S¤���~��{v���¦�.{v���q}(y��.��}�{�z)§�{v���¦�.~]�Oy'}(y����O���;�(�_�.�Bz|~��N�(}S~
��~]��y����S~ � �Wy��D��~:�Oy6���v��}�~]���;�g v�1��¼©~�z������º~ �������O¤���~:�Wy�}D�O~�/y����q¤���~:�O~½��{v�E��}�~]��~

Λ � �v���.��}��|�¶ª�Wy�}S�(��}µ��~½�Oy'���O�¨�(}S�O���.���O{v�E��~]¾��O~|��~|���£~ �D¿:y��S�����S��~�� � �|¤��Wy��(��{v�����;� � � � ~��¨�D���O���µ�O�B�«{v}¨�)y��N�
¶��B�;À#}�y��������������

xMy:�¨�)y����O�S���O¤���~q��~
Λ

}S~�z�{����S��}����;�(���Wy����´��y½���O�E����y����O{v��~|�S�µ�«~�y���z�{����E�������M�/y��O����~¦¤���~©�Wy����
��~��K��{v�.����~|�´~1�.����}S�O�B~��N�)y��O~��|�UxK~��KÁW��z �(�Wy,�(�O{����M~���z|{v}�~q��}S����~|�N�(~��´�Wy����M��~��K��{v��y�����~��K~|�e�|��~�}@À
�v��~	��}(y����¨�v~|}���~]¤���~��{v�.�¦z�{v���S�O���|}�{v�.�¦�«{v�.}qy��������O¤���~�}´��yªz|{v}�}S~�z|���O{v���8��~ ��z�y�z��;�(� � �«{���}�}�y��O~|����S~B�.}�{v�Wy��v~�}6y��`���;�v~�y��²�.~��6����~�z �(}�~|�E~|�Â��y��S��~��(}�y����S��~�}S��~X~1���«�|}��O�B~��N�(y����`z|{v}�}S�O�v�|��� � �W�
��~¢�|�?y�®«}(y���z)§��O}��.~Bz|~��6ÁW��z �(�Wy����O{v�.���¨�)y����O�¨�(�O¤���~|� � ��{�����yU��{v�����.�(���O���������²y����v{v}��;�(§��B~��«{v�.}
Ã �O�O�S��~|}¨Äq��~������O�¨�(}������.���O{v���M��~	��y�W�v��}S~©���;�g ��,xK~©}S���S�����(y�� � y���}SÅ��´�O~D�Wy�����y��v~	��~©z|~|�¦y��O�v{v}S����§���~ �~|�S�]��}��|��~|�����e�S��}]��yE�W�v�.}�~6���;�UÆ.�



Ç�ÈÊÉ�È¬ËÌ'Í´Î�ÏÐªÑDÒÐ'ÑIÓ:Ñ]ÔÏÕªÒKÍ´Ó�Ö©Ô]Í�× ÏÕØÐ'Ñ	Ò
Λ Ù�Ú

0

5

10

15

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

ef
f (

%
)

-1 < y0 < -0.8

0

5

10

15

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

-0.8 < y0 < -0.6

0

5

10

15

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

-0.6 < y0 < -0.4

0

5

10

15

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

-0.4 < y0 < -0.2

0

5

10

15

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

mt-m0 (GeV/c2)

-0.2 < y0 < 0

Û	Ü�ÝÞ.ß.à Úgá'â�ã�ä°å�æ�å ç�è@é6ê�ëªì(ë)å)í,î.ï è/ì ðWå è/ç3í,îñê�ë)ï Λ ò ë î²ó©ô�ë î�õ7í,î8å è/ç3í,îñê�ë mt −m0 ö í,ð�ì6ê�ë)ï
å)í,÷�÷=çOï ç3í,î.ïªå)ë îWè/ìSæ�÷Oë)ï ò b < ø�ùQø õ1ú'ô¢ë è ö í,ð�ì'ê�ë)ï]ìSæ ö ç/ê�ç�è@é)ï]ì(é�ê�ð�ç�è@ë)ïªæ�÷�÷;æ�îWèµê�ë]û¨ü ò å ç/ý�÷Oë ù ö æ�ì1èQç3ëþ æ�ð�è@ë#ôÂÿ�� ò å)ë îWèQì(ë4ê�ëYúBæ,ï)ïUë ù ö æ�ì è/ç3ëý)æ,ï)ïUë#ô����Më)ï\å�æ�ì1ì(é)ï ö ÷Oë ç�î.ïYì(ë ö ì(é)ïUë îWè@ë îWè6÷Oë)ï ö í,ç�îWè�ïð�èQç�÷=çOïUé)ï ö í,ð�ì6÷;æ¬å)í,ì1ì(ë)å èQç3í,î`ê�ë)ï'ï ö ë)å èQì(ë)ï�ë îñúBæ,ï)ïUë6è/ìSæ�î.ï���ë ì(ïUë�ë	� ö é ì1ç�úXë îWèZæ�ð
���

�������������	������������
Cn � �! �� ��"$# �%� "&�(')"+*-, � , �.�/�0�21 # � ��"3, ���� � n 4 �1 # �5� "+, � �.,$#�� 16�� ��" �"�*7, � , �8���+�9�����;:

Cn =
Cn−1 + Cn+1

2< " �-� ��= 16�	�.�/>�? " ���+�/� # ��� � �.�/� # ���@ #�" ? " ��!�21 # �0� ' �
AB�/�� , >��.�C� " �ED #�, � # �
���.16��C�F�G�
�/���FH�/��@ #�" �I�
��7� " �21 #  61���� , 1�?7���
� " � �." �J�/� "$, ��� " � " 7?7���/� " �����
��	 " �/� " �K "+,%�." �J?71L��M ��" �N�/>��$1OH�	��@ #�" ��PQ �16��� , >������8��� "�R�S àUT%����	� 4 �(')" �	� "$# �7�FVW�F���+?X�
�/��@ #�" �.����/1L� # �8� " ����� �(' � ��= 16�/�8��>�? "Y" �F� #��.��"5� 16�/�	@ #Z" Z1 # � , 16Z�/���Z�$�/1��� ��" ���	� "+, �/� " �9� " ���
�������8��� " �9� " � " ?-�2�$���O� # � " � " � Λ
à[�N��������1����3@ #Z"E��" �9D #Z, � # �
���.16��9����8���\� ��" �]�/16��5�F�G�
�/���F����@ #�" � 4 " �^��16 , @ #�"E�." �9�_16�.���� � �.�/�/�+�%�	16��, 16?7�Z�/���`���
�� �a'b" �/� "+# �3�	�G�O�����F���.@ #Z" 4 ��" � " �	� "+# �/�&����8���\� ��" �^16��E�+�/�X� " �216�	�/� " �&� # � ��" �&�216����/�c � ���	�/�+�Fd)à[ef���� �." ? " �� 4 ,�')" �	���g "$,E�a'b"�*-, � , �.��� c � ���	�/� " d`����� �(' � �.= 16�/�8��>�? " @ #�" �1 # � , 16�	�/� =�" 16���." ���/� "$, ��� " � " h?X���	� " ���/����F " �	� "&"�i �_�+�/�.? " ���� #Wi � " � Λ

àjf1 # � , � �.,$#��." � � �E�Z�/1L� #�, �/��16k�/1��G� �." � " � Λ 4 �1 # �l�1 # �l� � ��m+16������
�� ��" � � ���:
mt −m0 " � 1

m2
t

d2N

d(mt −m0)dy0n%1 # � # ��� � �.�/16�� ,$" �/� " � " �Z�/�$� " ��G�O����1�oP , 16?-? " ����Z�qp ÙvÙOr S7, ��� "+����" � " �/? " �k� ' �� �� ��#�" ��a'b"�*7, � , �8��� =6� 16s�� �." ����Z� #  " ?7�
�/�/� ,+"Jt � "$#Wi ���.? " ��/�.16��;:$?X���	� " ���/����F " �	� "U" �f�������.���.�/��à$u "� �.# � ,+" �/� " � " �Z�/�$� " ��G�O����1�v� " �	? " ��� ' �xw # �	� " � ��" ���/� "$, ��� " � " y?X���	� " �/������F " �/� "3, 1��/�/� = �$��� "�a'b"�*7, � , �8���^�g "$,`#  "5z 1� , �/��16Y�	��?-� ��" àZ�� �a' ��sZ� "  ,$" � ')" A " �/� , 1 ���."$, ��� z � " �{�_1 # � # y�	VL�	�/M$? "



|L}�~L}h���^�f�E���5�I���^���%�9�����5���f�C�]�9�������o�^�U�
Λ �6�

0

5

10

15

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

ef
f (

%
)

-1 < y0 < -0.8

0

5

10

15

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

-0.8 < y0 < -0.6

0

5

10

15

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

-0.6 < y0 < -0.4

0

5

10

15

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

-0.4 < y0 < -0.2

0

5

10

15

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

mt-m0 (GeV/c2)

-0.2 < y0 < 0

�U�����L���.�K���k�2� �/¡L��¢�£¥¤�¦L§%¨�§G�G©OªZ«�£a¨¬���£a¢(©Oª�¦L§G«
Λ ® §�ª°¯]±!§�ª3²K©OªB��£³¢(©Oª�¦L§

mt −m0 ´ ©O¬L¨`¦�¢ ²µ²K¤�¨�§�ª�£¶§G«�£³¨/¡�ªB�G·�§G«&§�ª�¨	¡ ´ ¢³¦�¢�£¥¤5¨�¤/¦�¬W¢�£¶§G¸{©�¹$£¶§�ª�¬[§`¡ ´ ¨GºG«5»¼¢�«G«$¡g½L§3¦L§G«&¦�¢�«�£³¨¢³¹$¬W£³¢(©OªZ« ´ ¨�¤G«g§�ª�£¶¤G§G«¦�¡�ªZ«`»8¡l¾f½�¬W¨�§9¿2À�Á�Â�À

Ã/Ä�Å$Æ	ÇXÈ�É.Ê�Ë	Ì�ÍIÉ(Î)Ì$Ç-Ê�Ë/Ë	Ê�Ï6ÐÒÑ�Å$ËyÓ�È�ÆFÃ�Ê.Ô$Õ�É.Å$ËYÓ2Å$ÕZÃyÖ�Ã�Æ	Å×Ñ�Ì$Ô+Æ/Ê.Ã/ÅqÓ�È�ÆYÕ�ÐZÅ°ÑZÊ�Ë	Ã/Æ/Ê.Ø�ÕZÃ�Ê.Ï6Ð�Ñ�Å�Ã¶ÙLÓ2ÅÚ Ï�É.Ã�Û+ÇXÈ
Ð�Ð�Ü

1

m2
t

d2N

d(mt −m0)dy0
= A× exp

−(mt −m0)

TB

Ý ���8�6�xÞ
ß Å`Ó�È�Æ�È
Ç7à�Ã�Æ/Å`Ñ;ÎbÈxá	Õ�ËFÃ�Å+Ç7Å+Ð�Ã

A
Ô$Ï6Æ	Æ/Å+Ë/Ó2Ï6Ð�Ñ�â!Õ�Ð�Å3Ô$Ï�Ð�Ë	Ã�È�Ð�Ã�Å3Ñ;ÎbÊ.Ð�Ã�Ì$ã�Æ�È
Ã/Ê�Ï6ÐyÅ�Ã%É.Å`Ó�È�Æ�ÈxäÇ-à+Ã/Æ/Å

TB
ÍNÈ�ÓZÓ_Å+É�Ì7Ã/Å$Ç-Ó_Ì+Æ�È
Ã/Õ�Æ/Å7Ñ�Å Ú Ï6É8Ã�Û+ÇXÈ�ÐZÐ;ÍåÔ$Ï6Æ	Æ/Å$Ë	Ó_Ï�Ð�Ñæâ�É(Î)Ê�Ð�ç6Å+Æ/Ë	ÅYÑ�ÅYÉ�ÈvÓ2Å$Ð�Ã�ÅkÑ�Å+ËÑ�Ê.Ë	Ã/Æ/Ê�ØZÕZÃ�Ê.Ï6Ð�Ë �

ß ÈEè�ã6Õ�Æ	Å �Z�.�xé Ó�Æ	Ì$Ë	Å$Ð�Ã�Å3É�Å+Ë9Ë	Ó_Å+Ô+Ã/Æ/Å$Ë9Å$ÐhÇ7È�Ë/Ë	Å`Ã/Æ�È�ÐZË	ç6Å+Æ/Ë	Å&Ñ�Å+Ë
Λ
Æ	Å$Ô+Ï6Ð�Ë	Ã/Æ/Õ�Ê8Ã�Ë9âCÓ�È�ÆFÃ�Ê�ÆÑ�Å+Ë^Ñ�Ï�Ð�Ð�Ì$Å+Ë5ÈKç
È�Ð�Ã Ý Ä�È�ÕZÃ Þ Å�Ã�È�ÓZÆ/à$Ë Ý Ø�È�Ë Þ È�Ó�Ó�É.Ê�Ô$È
Ã�Ê.Ï6ÐyÑ�Å&É�È-Ô+Ï6Æ/Æ	Å$Ô�Ã�Ê�Ï�Ð�Ñ;Î)Å+ê-ÔKÈ
Ô$Ê.Ã/Ì �_ë Ï6ÕZËÈKç6Ï�Ð�Ë�Èxá	Õ�Ë	Ã/ÌJÉ�Å$ËBË/Ó2Å$Ô+Ã/Æ/Å+ËìÈKç6Å+ÔJÉ\È]íQÏ6Ð�Ô�Ã�Ê.Ï6Ð�Ñ�Å�Ã¶ÙLÓ_Å Ú Ï�É.Ã�Û+ÇXÈ
Ð�Ð Ý Ì+îLÕ�È
Ã�Ê.Ï6Ð ���.���xÞ��$ß Å+ËåÆ/Ì$ã�Ê�Ï6Ð�ËÕZÃ/Ê�É.Ê�Ë/Ì+Å$Ë{Ó2Ï6Õ�Æ�ÉaÎïÈgá	Õ�Ë	Ã/Å$Ç-Å$Ð�Ã9Ô$Ï6Æ	Æ/Å$Ë	Ó_Ï�Ð�Ñ�Å$Ð�Ã^È�ÕWðyËFÙLÇEØ_Ï�É�Å$ËlÓ�É.Å$Ê.Ð�Ë �

ñ È�ÐZË9Ô+Å+Ã	Ã�Å3Æ/Å$ÓZÆ/Ì$Ë	Å$Ð�ÃGÈOÃ�Ê�Ï�Ð;Í�É\ÈEÑ�Ê.Ë	Ã/Æ/Ê�ØZÕZÃ�Ê.Ï6ÐkÅ$ÐhÆ�È�ÓZÊ�Ñ�Ê8Ã�Ì5Æ	Ì$Ñ�Õ�Ê8Ã�Å`Ë$Î)Ï6ØZÃ/Ê�Å+Ð�ÃlÓ�È�Æ;Ü

dN

dy0
= A

∫

m2
t × exp

−(mt −m0)

TB
d(mt −m0)

Ý ���8� � Þ
ò ÓZÆ/à$Ë9Ê�Ð�Ã/Ì$ã6Æ/È
Ã�Ê.Ï6Ð;ÍLÐ�Ï6Õ�ËlÏ6ØZÃ/Å$Ð�Ï�Ð�Ë%É�ÈEÆ/Å+É\È
Ã/Ê�Ï6Ð�Ü



óLô�õLôhö�÷^øfùEú�û5üIý�û^ü�þ%ü9ÿ�ú��5ý�øfþ��]ÿ9ø���ú��oû^üUý
Λ ���

10
-11

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

10
-4

10
-3

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

mt-m0 (GeV/c2)

1/
N

ev
t (

1/
m

t)2 d2 N
/d

(m
t-m

0)
dy

0  ( 
(G

eV
/c

2 )-3
 )

H    -0.2 <y0< 0.0  ( 1 × 10-1 )
n    -0.4 <y0< -0.2 ( 6 × 10-3 )

s    -0.6 <y0< -0.4 ( 1 × 10-3 )
l    -0.8 <y0< -0.6 ( 2 × 10-4 )

t    -1.0 <y0< -0.8 ( 2.5 × 10-5 )

10
-10

10
-9

10
-8

10
-7

10
-6

10
-5

10
-4

10
-3

10
-2

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

mt-m0 (GeV/c2)

1/
N

ev
t (

1/
m

t)2 d2 N
/d

(m
t-m

0)
dy

0  ( 
(G

eV
/c

2 )-3
 )

H    -0.2 <y0< 0.0  ( 1 × 10-1 )
n    -0.4 <y0< -0.2 ( 6 × 10-3 )

s    -0.6 <y0< -0.4 ( 1 × 10-3 )
l    -0.8 <y0< -0.6 ( 2 × 10-4 )

t    -1.0 <y0< -0.8 ( 2.5 × 10-5 )

	�
������������������� �"!$# � %&�"'�(*)+% %,�-!$#.)�'�%"/��"#0%,�213� %
Λ

#0� � 4+'�%"!5#7638!9%2)�/�� �;:<� %2134+'�'>= � %?�A@B��="C#78(D�"'�!E)�:<� % FG��4+63#H1�8 IJ="#0�"'�!%H134+(*)�8'>� %-�"'K#A)"�L8$1�8!M=N#0=.1�638!O� FP)�/+)�'�!RQ5S�)�6T!VUW�"!X)"�L#0Y %2QOZ )+%MU� 4+#7#0� �"!58E4+'-13�[:.\]�9^_�.)3�"8!M=a`Lbc� %d1�8<%"!$#78$Za6T!$8E4+'�%�%,4+'�!e)Af76g%"!M= � %G��)�#h63'>��ij4+'>�"!58E4+'-13�k!$l7���hmJ4+:V!<naC(*)�'�'oQA=.pa6�)�!$8E4+'NqL`rgr+F�Z )+%MU�`csX4+6t%u)�/�4+'�%v)"�g�L:V8$pa6�=P63'uiB)3�"!O�"63#u1�\]= � S��"::<�P)�6�@H1�8<%"!$#78$Za6T!$8E4+'�%Qw#0�M��4+#7!O=x%"6T#P:<� %zy|{�63# � %MU�`



}3~��3~-���x�|�u���J�G���x���k�[�����J���|�����[���"�����x���
Λ ���

dN

dy0
= AT 3

B

(

m2
0

T 2
B

+ 2
m0

TB
+ 2

) �
�����,�g�

���a�X���a�3 W¡�¢�£0¢�¤*¥B¦.£.�B�X�>§¨¢�©A���A¦0�B¤ª�B«g¦ �
A

�"¦
TB � �.¬�«g¦v«�¬�«Tw®a¬�£A£.¯a°�¯a� ��±�² �a® ∆A

°E§³�a£A£.�a��£
�A��£|°��z¡�¢�£0¢�¤ª¥"¦0£.�

A
�B¦

∆TB
°5§´�B£.£A�a��£��.��£�°<�z�A�a®a¬�«��u¡�¢�£.¢�¤*¥B¦0£A��µ,°5§´�B£.£.�B��£c¶�«�¢�°��

∆

(

dN

dy0

) �a�A¦¸·

∆

(

dN

dy0

)

=

√

√

√

√

(

∂

∂A

(

∂N

∂y0

))2

(∆A)2 +

(

∂

∂TB

(

∂N

∂y0

))2

(∆TB)2

±c² �a®¹·
∂

∂A

(

∂N

∂y0

)

= m2
0TB + 2m0T

2
B + 2T 3

B

∂

∂TB

(

∂N

∂y0

)

= A(m2
0 + 4m0TB + 6T 2

B)

���º£A¯a�.��°�¦ ¢+¦J���v°E§³»<«g¦0¯B¼�£0¢�¦.»<¬�«H���B�J�.¡L�a®"¦0£A�a�d�a«�¤D¢��A�.�X¦0£0¢�«�� ² �a£.�A��µ¸¡L¬���£k® ½�¢�¾t���º¦.£0¢�«�® ½���B«
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∫

dN

dy0
dy0 = 0,124 ± 0,004(stat)
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µ�»<° ² »��a«g¦�·

∆I =
√

2πσ2 × σ11 + 2πC2 × σ33 + 2πσC × (σ13 + σ31)
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T = 125 ± 2(stat) � ù����
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Ni+Ni - 1.93 AGeV - b < 3.3 fm
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P(L+S0) = 0.124±0.004
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T = 125 MeV

E(stat) = 2 MeV
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�+üCý�ü-û�ûDü-ùuûDýiý��$ý-þ�����@þ/ÿ��2ùKüCý��
�e§�¥KÔ^¤�¢< �å�· ì@í ¬�¢<®2©< 2¦GªD W¨+ 2©R©<¬y £²£ªD¢< 2©s 2¦�«h§O©k©k �³	¦nØO§@¢<³|§@¦Gªk i±^Ó�ªD £¦n¤�©U§
Ø@ 2²�¨+ i¨+±Oª�°� �²2±^¤��¬�¤�¢k 2©�°� h¢<®£ÕÖ®2¢< 2¦�²£ :àÖªD§@Ó�¨+ 2§@¤Íå�· æ Ñ ¬K§O¢<ªD³	 hÙK§O¤�ªD I°� h¨+§�¥KÔ^¤�¢k  á  £ªF§
Ø@ 2²É¨	 I¨	±@ª�°� É²2±^¤�¬�¤�¢k £©¤�ªk³+¨	³+©k®�¬y±^¤�¢�®-ØO§@¨+¤� £¢�¨+ 2©� 2¢<¢k £¤�¢k©�©<µ3©<ªk®2«I§OªD³	¶n¤� 2©ÉàÖªC§OÓ�¨+ 2§@¤×å�·¡å Ñ ¬K§@¢<ªk³+ FÓK§@©<©k I°� F¨|§�¥KÔ^¤�¢<  á ·�� s°� 2¢<¦�³+ £¢f¨+±Oª�°� U²2±@¤�¬�¤�¢< 2©Ý £¦nªk¢D§��+¦� U¤�¦� U°�³	«I³	¦n¤�ªD³	±^¦F°�¤É¢D§O¬�¬y±@¢<ª�©k³	Ô^¦K§@¨ ©k¤�¢fÓ�¢<¤�³	ª�°� �ÕÖ±@¦�°¶n¤�³e 2©çªw«I§@³+¦Gªk 2¦K§@¦GªR°�  ë^Ñ¡� · �e§¨+§@¢kÔ^ £¤�¢R°�¤~©<³+Ô^¦�§@¨�±^Ó�ªk 2¦n¤(§@¬�¢<Ú2©s©k±^¤�©<ªD¢k§@²£ªk³+±^¦�°�¤~Ó�¢k¤�³qª�°� ÕÖ±^¦�°� £©<ªRªD±@¤7ã<±^¤�¢<©s²£±^«¬�¢k³	©k i°K§@¦�©s¨	 2©�ÓK§O¢k¢k £©R°�¡ £¢k¢< 2¤�¢<©2·
� Ø^ 2²�²2 �¦�±@¤�Ø^ 2§@¤~¨	±@ª�°� �²2±@¤�¬�¤�¢< 2©s¦�±^¤�©R±^Ó�ªk 2¦�±@¦�©��

P (Λ + Σ0)syst = 0,129 ± 0,004(stat)

Tsyst = 124 ± 2(stat) �  �ð
Ït±@¤�¢[®£ØO§@¨	¤� 2¢p¨P�¡ £¢k¢< 2¤�¢p©çµ3©<ªD®£«h§7ªD³+¶n¤� R©<¤�¢[¨+ fªD§@¤u¯�°� �¬�¢<±u°�¤�²£ªD³	±^¦& £ª�¨+§�ªD £«I¬>®2¢k§OªD¤�¢k Ý¦�±@¤�©¬�¢<±u²£®2°�±@¦�©R°� �¨|§�«I§@¦�³+Ú£¢k i©<¤�³	ØO§@¦GªD ��

∆P (Λ + Σ0)syst =
∣

∣

∣P (Λ + Σ0)ref − P (Λ + Σ0)syst

∣

∣

∣

∆Tsyst = |Tref − Tsyst|
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SYSTÉMATIQUE

M (GeV/c2)

S = 58338

B = 36391

S/B = 1.6

SIGNIF(±2s ) = 190

FWHM = 10.5 ± 0.8
NEVT = 33.5 E+06
NL /evt = 1.7 E-03

@<A�B*C5DFEHG	I�JLK?MONQP�RTSUNQVWN�XLY�Z�VQV�N7[�XO\�Z	S][�Z	XOR^N�_�NQV
Λ
MO`�abS7cdNQVePQ`�c�cf[dV�[g`�XhViPQN�XOR�SjZ	cdNQVlk

b < m�nTmo Y%pq`	r�R�N�XOasV3Z	\	NQP8cdN8cd`�R:_�N%PQ`�a�MtabSUNQV3_�N8SUu o u�SUN�XvPQNwkTxhZ	a�RypzN�R:Z	\	NQP1PQN�cfa�[va�R�[�cf[dV�u�MO`�a�S{cdN%P|Z	cdP�a�c_�NQV�N�S]SUN�a�SQVwV�}�V�R^u�Y�Z	RT[�~�aONQV�k�rQZ�V^p	�

�?� P (Λ + Σ0)ref(syst) ��� Tref(syst) � �?� �1�|���j�������|���?���e� � �,�d���*�Q�	�b�!�h���F� � �F�h���U� �?� ���1�d����|���������U���|�F�|���8�F��� Λ �?� �U� � �F�*���?���,�d�3� � �<�F�1� � �F�h�F�|���{�F�i�U� � �d���	� DhEH�i� �|�������j� � ����� � �e�d�3� � ��F�
� � �F�F�F�j���3�F���Q� � �d����� DhE�D�� �¡ ��j�U���i���U�d¢£�F��� E¤¦¥ ���|�j���F�*� � �Q�	���w�|�F�§�d���*�F�����!¢��F� � �U���|���§���¡�5¨
∆P (Λ + Σ0) =

√

(∆P (Λ + Σ0)syst)
2 + (∆P (Λ + Σ0)stat)

2

∆T =
√

∆T 2
syst + ∆T 2

stat

�?� ∆P (Λ + Σ0)syst(stat) ��� ∆Tsyst(stat) � �?� �*�j���|�t�����U�©�?����� � �§�����{���|�|���F�|�*�¡ ��j�U���i���U�d¢£�F���� �l�¡�Q���|�d�j�|�d¢£�F���3�j�F�§�d�,�U�	�b�l�F�
�F� � �h�F���|� �?� ���1�d���U�����t���U���U�F�j�w�F��� Λ
E

ª � �F� �?� �|� �F�?� �.� � ���e�{�j���j�F���U���¬« � ���F� � �F�¦�d���¦� � ���d�d�j� �?� �'��� � �U�|�	�d��� � b < �h�� ���W� ª ��® ª �¯�° �±?�7²3³ �µ´¶¨
P (Λ + Σ0) = 0,124 ± 0,006
T = 125,0 ± 2,5 · �µ´¤ �%�U���e�t���|���U�F�j�{¢£�F� �F� �h� �?� �|� �F�?� � � �{�U��� � �¦�O�	��� � ���h�U�8�F�z¸^¹ ��º{» �U�	�h�¼�	� E�ª � �F�½��� �	� ��¿¾j�h�j�U�À�d�l�h�d�j�|�|� � �h�U� �?� TB(y0) Á � � ���|���i���?���i�d��� �	� ���|� �?� �F�7�^ ����iÂb������� � �
���zÃ3�	�|���F�|�j� �Ä G	I�Å<� ��¢£�O���|� �?� DFE ° I �  � � �F�§� � �
�U�����t���U���U�F�j�q�h� ±	I · �µ´Æ���1� � ¸^¹ �¿º{» �U�	�F�d�	�v�h� Ih��h ���?����d�7� �	� ���|� �?� DFE ° DFEOª � �F� �?� �|� �F�?� �1� � �q�|���������U���|�F�|�
�F� ° G	Ç · �µ´ EÈª � �F�3� � �h� �	� �1�����j�d�|�
�d�
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Û�Ü?Ý|ÝjÞ�ß|àtÜ?áFâFã	áFÛ�Þqß|ähå�æ�ã	ásçUÞwÞ�á£ç|Ý|ÞqèdÞ�ß*âFå�é�ê�ÝjÞ�ásçUß3àOã	Ý|ã	ëeì�çUÝjÞ�ß�í
î
T ïñð¿ò	óÀô Þµõ
ö Boltz. ⇔

î
T ï÷Ù?ø�ô Þµõ÷Þ�ç βf ï;øhù�ú ö Siem. Rasm.

û ã,çUÞ�ë�àtê�ÝUã�çUäFÝjÞ3Ü	ühçUÞ�á�ähÞ%ýwàOã	Ý¡çUå�Ý¦âFÞ�ß½âFÜ?áháFê�Þ�ß î T = 125,0±2,5 ô Þµõ
ö¬àtÞ�ähç.âFÜ?áhÛ1þ�çUÝ|ÞâFå�Ý|Þ�Û�çUÞ�ëeÞ�ásç*Û�Ü?ë�àOã	Ýjê�Þ
ý�Û�Þ�èdè�Þ,ådásç|Ý|Ü�âFäFå�ç|Þ%âOã�áFß*è¼ã�âhådßjç|Ý|å�üFähçUå�Ü?áWâFÞqÿ�ådÞ�ë�Þ�áhß{Þ�ç��3ã	ß|ë�äFß|ßjÞ�á
� äFåOçUå�Þ�ásç<Û�Ü?ë�àhçUÞ§âFÞ1è¼ãwÛ�Ü	ëeàtÜ?ßUã�á£ç|Þ1âhÞ����OÜ��
	3ÝUã	âFådã	è���1Ü?äFß½æ?Ü��	Ü?áFß � äFÞ1èdÞ§Ý|ê�ß|äFè©çQã�ç.Ü?ühç|Þ�á£äÞ�ßjç,Þ�á ã	Û�Û�Ü?Ýjâ ã�æ?Þ�Û�è¼ã7çUÞ�ëeàtê�Ý|ã�çUähÝ|ÞqÞ�ßjç|ådë�ê�Þzã	ä�����Ý|Þ�Þ���Þ��^Ü?äbç�	
ç��hÞ�Ý|ë�å � äFÞqàtÜ?äFÝ3Û�ÞqâFÜ?ëeã	ådáFÞâ�� ê�áhÞ�Ý��	ådÞ�� ð�Ú � �û Þ�ßwÝjê�ß|ähè�çQã�çUßwß|Þ�Ý|Ü?ásçqÛ�Ü	á!��Ý|Ü?ásç|ê�ßqýWâFå�æ	Þ�Ýjß|Þ�ß
àFÝjê�âFå�Û�ç|ådÜ?áFß,ç��Fê�Ü	Ý|å � äFÞ�ßwÞ�çqýWâ���ã	ähç|Ý|Þ�ßqë�Þ"�ßjäFÝ|Þ�ß{Ý|ê�ã	èdå�ß|ê�Þ�ß{âOã	áhß8â���ã	ähç|Ý|Þ�ß*Þ�#bà�ê�Ý|ådÞ�áFÛ�Þ�ß*âOã	áFß8èdÞ3Û$�Oã	àFå©çUÝ|Þ ó �!3Ü?äFß{àtÜ?äFÝjÝ|Ü?áhß{ã	å�áFß|åtÝ|Þ�àFè¼ã%�Û�Þ�ÝqèdÞ�ßqÝ|ê�ß|äFè©çQã�ç|ßzâFã	áFß�ähá Û�Ü	á£ç|Þ"#�çUÞiàFèdäFß&�?ê�áFê�Ý|ã	è½âFÞièdã!àFÝjÜbâhäFÛ�ç|ådÜ?á â�� ê�çUÝ|ã	á'�?Þ�çUêeâOã	áFßqèdÞ�ßÛ�Ü?èdè�ådß|å�Ü?áFß<â���å�Ü?áFß*è�Ü?äFÝ|âhß§ã	ä(#lê�áFÞ�Ý��?ådÞ�ß3âhÞ�ÿ*)¡ÿ+�û ��å�ëeàtÜ?Ý¡çQã	ásçUÞ�ßjçUã�çUå�ßjçUå � äFÞ âFÞ Λ ÝjÞ�Û�Ü	áFßjç|Ý|äFå©çUßlã¶àtÞ�Ý|ë�ådßiâ���ê�çUäFâhådÞ�Ý�èdã âFê�à�Þ�áFâOã	áFÛ�ÞLÞ�áÛ�Þ�ásçUÝ|ã	èdå©çUê7âFä çQã	ä(# âhÞeàFÝjÜbâhäFÛ�ç|ådÜ?á âFÞ�ß Λ � û Þ�ßzÝjê�ß|ähè�çQã�çUßqÜ?ühçUÞ�á£äFßzßjÜ?ásç�àhÝ|ê�ßjÞ�ásçUê�ß�âOã	áhßzèdãàFÝjÜbÛ$�Fã	ådáFÞwßjÞ�Û�çUådÜ	á��
,.-0/�-213-0/ 46537.8:9<;�=<>%?�9@7<ACBEDF?+GH9.;*I

Λ
;*GHJ�?KG@ACB�DL?KGH9<;NMF5OA�;*G+B�>E53MLDPB�QR9.;NML5SA�?+MLMLD2ITDF?KG

1Ü	äFß
âFådßjà�Ü?ßjÜ?áFßwâ�� äFáFÞÀß¡çQã�ç|ådßjç|å � äFÞ � äFå¦àtÞ�ÝjëeÞ�ç
â���ê�çUäFâhådÞ�ÝVU�çUÝ|ã	áFÛ$�FÞ�ß
Þ�á Û�Þ�ásç|ÝUã	è�å�çUê7âhÞÛ�Ü?èdè�ådß|å�Ü?á î æ?Ü?å�Ý�çQã	üFè�Þ�ã	äWU'� ò ö�� û Þ çUã	üFèdÞ�ã	äWU'�YX âhÜ?áFáFÞ èdÞ�ßlçUã	ä(# âhÞ àhÝ|Ü�âFäFÛ�ç|ådÜ?á âFÞ�ß Λ Þ�çè�Þ�äFÝ½çUÞ�ëeàtê�Ý|ã�çUäFÝjÞ1àtÜ?äFÝ.âFå©évê�Ý|Þ�ásç|Þ�ß8Û�Þ�ásçUÝ|ã	èdå©çUê�ß î Þ�áS��Ü?áhÛ�çUå�Ü?á�âFäWàOã	Ý|ã	ë�ì�çUÝjÞ1âZ��å�ëeàOã�Û�ç.Þ�ç8âFäáFÜ	ë�üFÝ|ÞwâhÞqá£äFÛ�èdê�Ü?áFß3àOã	Ýjç|ådÛ�ådàOã	ásç|ßQö"�
b
î ��ëiö Apart P (Λ + Σ0) T

î ô ÞµõwöX ù�ò ± øhù�ú ú�[ ± X øhùHø U ø ± øhù�ø?ø\[ ð?ð�ø ± X
U ù�ð ± øhù�ú X%U ± X øhùHø�[	ø ± øhù�ø?ø?Ú ð?ð�ø ± X
ò�ù][ ± øhù U [C[ ± ó øhù�ð	ð�ø ± øhù�ø?ø\[ ð¿ò U ± úð	ù U ± øhù U Ù	ó ± ó øhù�ð U [ ± øhù�øhð�ø ð¿ò	ú ± ú

^`_ba@c U'�YXedgfihCj k�l*m�nKo�p�lCjiq"rLs�p%tum"rvrwm"xyn3z"o�hCr2j*o�mRl*m${ Λ n3p%j*oRlCs |}z"o�m"t3rP{el*p%xNhCsPtZm${Rm"tuq$m"t3~
rLo�hC��sPr�z��

û ã1çUÞ�ëeàtê�Ý|ã�çUähÝ|Þ8âhÞ�ß Λ Þ�ßjç¬àFèdäFß<��ã	ådühèdÞ½à�Ü	äFÝ�âFÞ�ß¬Û�Ü	èdèdå�ß|å�Ü?áFß ß|Þ�ëeå��^àtê�Ý|å�à'�Fê�Ý|å � äFÞ�ß � äFÞ8à�Ü?ähÝâFÞ�ß�Û�Ü	èdèdå�ß|å�Ü?áFß
Û�Þ�á£ç|ÝUã	è�Þ�ß����8Þ�ß7âhå�é�ê�Ý|Þ�áFÛ�Þ�ß7ß|Ü?ásç7Û�Þ�àtÞ�áFâFã	ásçÀàFÝUã�ç|å � äFÞ�ëeÞ�á£ç�Û�Ü?ásçUÞ�á£äFÞ�ß7âOã�áFßè�Þ�ß{üOã�Ý|Ý|Þ�ß§â���Þ�Ý|ÝjÞ�äFÝjß��K�8Þ�èdã�Þ�ß¡ç1Û�Ü?áFßjådßjçUã	ásç3ã�æ?Þ�Û
è�Þ�ß*Ý|ê�ß|äFè©çQã�ç|ß*Ü?ühç|Þ�á£äFß3ý�àFèdähß��Oã	ähç|Þwê�áFÞ�Ý��?å�Þ
� äFåtëeÜ	á£ç|Ý|Þ�á£ç � äFÞ,èdã
ç|Þ�ë�à�ê�ÝUã�ç|äFÝ|Þ3Ý|Þ�ßjçUÞ%ßjçQã�üFèdÞ3Þ�áS��Ü	áFÛ�ç|ådÜ?áeâFÞ%èdãqÛ�Þ�ásçUÝ|ã	èdå©çUê§âFÞ%èdãzÝjê�ã	Û�çUådÜ	áÞ�ç � ähÞzè�Þ��w�OÜ��
	wÝ|ã	âFådã	èvæ�ã	Ý|å�Þ%çUÝjì�ß���ã	å�üFèdÞ�ëeÞ�á£ç�� ð�ó	Ù � �û ãe�3�?äFÝjÞ�U'� òbð àFÝ|ê�ß|Þ�á£ç|Þzè�Þ%çQã�ä(#�âFÞwàhÝ|Ü�âFäFÛ�ç|ådÜ?á�âhÞ�ß Λ + Σ0 àOã	Ý*ê�æ?ê�áhÞ�ë�Þ�ásç ù Þ"#�ç|ÝUã	àtÜ?èdêâOã�áFß@U π ù Þ�á���Ü	áFÛ�ç|ådÜ?áqâFä�àOã�ÝUã	ë�ì�ç|Ý|Þ½â�� ådë�àOã	Û�ç î �Oã	ähçQö Þ�ç�è�Þ½çUã	ä(#qâFÞ<àFÝ|Ü�âFäFÛ�çUå�Ü?ázàFã	Ý'á£äFÛ�èdê�Ü?áàOã�ÝjçUå�Û�å�àOã	ásç*Þ�á���Ü?áFÛ�çUå�Ü?á�âFä!áFÜ?ë�üFÝjÞ
âFÞ
á�ähÛ�èdê�Ü?áFß§àOã	Ý¡çUå�Û�ådàFã	ásçUß î üFã	ßQö��û Þ8çQã�ä(#zâFÞ{àFÝjÜbâFähÛ�çUå�Ü?á�âFÞ�ß Λ+Σ0 Þ�áR��Ü	áFÛ�ç|ådÜ?ázâFä7àOã	Ý|ã	ëeì�çUÝjÞ8â�� ådë�àOã	Û�ç¬ã	ä!�?ëeÞ�ásçUÞ*ã�æ?Þ�ÛèdãÀÛ�Þ�ásçUÝ|ã	èdå©çUêwâFÞqè¼ã7Û�Ü?èdè�ådß|å�Ü?á��'�8Þ�ç|ç|Þ�ã�ä'�?ë�Þ�ásçQã�ç|ådÜ?álÞ�ßjç3çUÝ|å©æ�å¼ã	è�Þ,Û�ã	Ý§è�ÞqáhÜ?ë�üFÝjÞqâhÞzá£äFÛ�èdê�Ü	áFßàOã�ÝjçUå�Û�å�àOã	ásç1ýiè¼ãÀÛ�Ü?è�èdå�ß|ådÜ	á�ã�ä'�?ë�Þ�ásçUÞ�ã	äFß|ßjå î æ?Ü?å�Ý1ßjÞ�Û�ç|ådÜ?á�U'� ð � ò � ú ö�� û ÞqçQã	ä(#�âFÞ�àFÝ|Ü�âFäFÛ�çUådÜ	áã	ä!�?ëeÞ�ásçUÞWàFè�äFße��ã	å�üFèdÞ�ëeÞ�ásç�èdÜ	Ý|ß � äFÞiáFÜ?äFß7áFÜ	äFß7áFÜ?Ýjëiã	è�ådßjÜ?áFßzã	ä áFÜ?ë�ühÝ|ÞWâFÞ�àFã	Ýjç|ådÛ�å�àOã	ásçUßî �3�?äFÝjÞ7âFäLüFã	ßQö���)^è¬Þ�ß¡çqÛ�è¼ã�ådÝ,Û�Þ�àtÞ�áFâOã�á£ç � äFÞÀáFÜ?ähßzã�æ	Ü?áFß
äFáFÞÀâFê�à�Þ�áFâOã	áFÛ�Þiý�èdãWÛ�Þ�ásç|ÝUã	è�å�çUêâFÞÀèdãWÛ�Ü?è�èdådßjådÜ?á#âFä çUã	ä(# âhÞ�àhÝ|Ü�âFäFÛ�ç|ådÜ?á âFÞ�ß Λ + Σ0 � û ��ã	ä'�	ëeÞ�á£çUã�çUå�Ü?á Þ�ß¡çzâZ��Þ�á£æ�å�Ý|Ü?á�U ø\�
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45-R/�:<2>=?(+*.@BADC.:E(+25/�-)2S/,(+*,C.:E-I45-IC.(+J5/�7E-)/�25-RJ5*.(+2>-)/�4>-T7UAV&)(3J5&XW5-�/,J501HR*.:<-)J5*,-ZY[2>-)J5*,(+25-)/ Oj \A^]+-R&_7<-)/0N(+:E4>/ Wij A305057<:E`aJ5H)/bADJ$cd&)(32525-�c$:<(+25/�A3*.*,:<]DA32FCbA3J�25-)J>*.(+25- i L
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f(x) =

1 − e−x

1 + e−x
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Wij(t) = Wij(t− 1) + ∆Wij(t) + α∆Wij(t− 1)
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I9JLK9JNMPO�QSR
TVU�WYXPU�W[Z\W,]VTV^�X6QSZ#_�],Q!`�TV^aU�WbX
Λ c%c@d

e<f-gihEj2kmlSn�o,p�p
> q*rts%u*r�v�w�x e<f-jzy w�{<{ j8|�}ip,~%h {�� ~8��~%� { gih�� w�� j@����j�e�e1jV�Ej x �Ef�� x j+��~%h v h x j r �*~%h {�E~�h {'vE��w�� ~%� {:w h��A���Aj�e w h5���Ej�y x hEf�e'�Ej
�m~%�*��gihEj#��j � hEf�~%y*e<j@�ih w8� j@� ��w�x j@��~%� { e x hE��e1f�~%�

{ e w �E� w�x � v ~�h xV� j � ~�eV�Ej:�@~�h v h x j { �EhNe w y � j w h d } d km���%h x j d }H� q*r y w�{ |�}p\~�h { h*e1f � f { ~%� {Y��w �A���Aj v*x ~9�@�@�*h x j'gih�� w�� j@� �-w �A��e1�E~9�Ej { e w �*� w�x � v ~%h xz� j { � w�� ��h �-{ �Ehe w h5�N�Ej vEx ~9�EhE��e1f�~%��j�e��*j �-w e<j@� v � x1w e<h x j�} p,~%h { ~%y*e<j@�E~%� {�w�� j�� ��w �E~�h � j �-� j2�@~�h v h x j { h xlSn�o,p�p¢¡

P (Λ + Σ0)syst = 0,119 ± 0,002(stat)

Tsyst = 129 ± 2(stat) £ j¤l
¥ j {¦x � { h � e w e { ��� w���{ �Ej { �Ej�h5� w � w�� � { j { ��~%�E�@j x � w �ie � jbe w h5�#�Ej vEx ~9�EhE��e1f-~��§j�e ��w e1j�� v ��¨

x<w e1h x j'�Ej { Λ v ~%h xV� j { �@~ ��� f { f-~%� { �@j��©e x1w�� j { k b < s5rHs �m�ª|zp\f«'p,f�¬ c%rH�s n,®'j¤l { ~��ie w�� ~ x<{ ¡
¯ e w �E� w�x � P (Λ + Σ0) = 0,124 ± 0,006

T = 125,0 ± 2,5 £ j¤lo,� { j w h��*j P (Λ + Σ0) = 0,117 ± 0,004�Ej�h x ~��Ej { T = 130,0 ± 2,5 £ j¤l
¥ �tj x<x j@h xV{ � { e1��� w e<f-gihEj { h xz� j\e w h5���Ej vEx ~5�*hE��e<f-~%���Ej { Λ

~%y*e<j@�ihEj w�� j�� � � w � w�� � { j�h*e<f � f�¨
{<w �©e � j x � { j w h��Ej\�Ej@h x ~%�Ej { j { e vE� h { � w f-y � j+g9h*j��@j �-� j,~�y*e1j��9h*j w�� j@� ��w:x j@��~%� { e x h*��e1f�~%� { e w �9¨� w�x ��}*p\~%h {Vx j@� w�x gihE~�� { gihEj ��w �Ef�°±� x j��E�@j'j��ie x j � j { �Ej�h5� w � w�� � { j {@r j��²�@j:gihEf��@~��E�@j x �Ej � je w h5�#�*j vEx ~9�EhE��e1f-~��
j { eb�±�tj�� � f x ~%� u©³ }©´�j�e<e<j,�*f�° � x j��E�@jVj { e¦��~%� v*x f { jz� w � {�� j { y w�x<x j { ���µj x ¨
x j@h x�{ ~�y*e1j��9h*j {,w�� j@� � j { �Ej@h9� w � w�� � { j { }En�hN�Ef � j w hN�*j � �t� ��w�� h w e1f-~��ª�Ej �-w e1j@� v � x1w e1h x j rE�-w�Ef�°±� x j��E�@j\j@�©e x j � j { �Ej�h5� w � w�� � { j { j { eV�*j � �µ~ x � x j\�Ej di³ } ¥ w �Ef�° � x j@�E��j�j { e w h {<{ f �@~%� vEx f { j� w � {+� j { y w�x<x j { ���µj x<x j@h x�{ ~�y*e1j��9h*j {\w8� j@� � j { �*j@h5� w � w�� � { j { }¶ � v j@h*eª�E~%�E�N�@~��E� � h x j�g9h*j � j {Ax � { h � e w e { �@~%�*�@j x � w �©e � j²e w h5�·�Ej vEx ~9�EhE��e1f�~%�¸j�e �-we<j@� v � x1w e<h x jA�Ej { Λ { ~%�©e { e w y � j { j�e
�@j �-w�w�� j@���*j@h5�¹�A��e1�E~9�Ej { ��� w � w�� � { j��@~%� vE� ��e1j��Aj��ie�Ef�°±� x j��ie<j { } ¥ j { j x<x j@h x�{�{ � { e1��� w e<f-gihEj { j�e { e w e<f { e1f-gihEj { ~%y*e1j��ihEj {�w8� j@� � � w � w�� � { j#h*e<f � f {1w �©e
� j x � { j w h��Ej2�Ej@h x ~%�Ej {�{ ~��ie vE� h { � w f-y � j { gihEj2�@j �-� j { ~%y*e1j��ihEj {�w8� j@� � � w � w�� � { j { e w �E� w�x ��} ¥ w
x j@�@~�� { e x hE��e1f-~��·�Ej { Λ w�� j�� � j x � { j w h·�Ej��*j@h x ~%�Ej {§��w�v j x �Aj�e<e x j²���tj�°±j���e<hEj x hE�EjN��e1h*�Ej�E��e w f �-� �@j§�Ej {
{�v j���e x j { j��º� w�{�{ jªe x1w � {�� j x<{ j w�� j@���Ef�°±� x j@�©e { �A~9�E� � j { �Ejªe x<w � {�v ~ x eNk � ~%f x��� w�v f�e x j u |�}
»½¼�¾�¼-¿�¼�À ÁbÂ�Ã½Ä¹Å!ÆªÇSÈÊÉ6Å!ÃSË�Ì8Í7É/Î¹Æ©Ì:Ì8Æ9Ï¢Ç�ÐiÈ	Â5ÌÊÃ!ÈÊÆ�Å½Æ9Ñ

Λ
Æ9ÎºÒ¤É/ÎSË�Ì8Í7É/Î¹Å½Æ�ÓmÂPË%Æ9Î Ì8ÈÊÂ5Ô

Ó7ÍÌ8ÐPÅ½Æ�ÓmÂ�Ë%É/Ó�Ó7Í�Ñ@Í7É/Î
p\~�h {
w�� ~�� { h*e<f � f { � � j { �A���Aj { e x1w �E���*j { j��¹�@j��©e x1w�� f�e<��g9h±� w�� j�� ��w �A��e1�E~9�Ej { e w �E� w�x �ke w y � j w h d }L�%|�} ¥ j {,x � { h � e w e {V{ ~%�©e x j v ~ x e1� { � w � {+� j�e w y � j w h d }  }p\~�h { ~%y { j xÕ� ~%� {��-w �A���AjA� � ~ � h*e<f-~%�¢�Ej ��w e1j@� v � x1w e1h x jªgih�� w8� j@� � �µ��e<hE�Ej�h5e1f � f {<w �©e �-w�§��e<�E~5�*j { e w �E� w�x ��} ¥ w e1j�� v � x<w e1h x j��Ej { Λ

j { e vE� h { � w f�y � j v ~%h x �Ej { �@~ ��� f { f-~%� {�{ j@�§f�¨
v � x f v �E� x f�g9h*j { gihEj v ~%h x �Ej { �@~ ��� f { f-~�� { ��j@�©e x<w�� j { }¥ w ���%h x j d } s�d�vEx � { j@�©e<j �-w ��~%� vEw�x1w f { ~%�A�Ej {�x � { h � e w e { ~%y*e<j@�ih {+w�� j�� � j { �Ej@h9� w � w�� � { j {j�����j2gihEf½��~%�E�@j x �Ej � j�e w h5�²�*j v*x ~9�EhE��e<f-~%�²�Ej { Λ

j��N�m~%�*��e1f�~%�²�Ej ��w ��j@�©e x<w�� f�e1�'�Ej ��w ��~ �-� f�¨
{ f-~%��}Ep\~%h {V� ~Ê��~%� { g9h*j � j {+x � { h � e w e {+{ ~%�©e,j@�²e x � { y ~�� w ���@~ x ��}/´��µj { e,��� w�� j@�§j@�©e � � w � w�� � { j
w�� j�� � j x � { j w h��Ej\�Ej@h x ~%�Ej { gihEf±j { e x j�e<j@�ihEj v ~%h xY��w �Ef { �@h {�{ f-~����Ej {bx � { h � e w e { k7��� w�v f�e x j u |�}
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Λ æ%æ8ç

b èmémêªë Apart P (Λ + Σ0) T è�ì�í¤î'ë
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Λ
íOÜ[äiè�Þ�äjÜ[á�ß8ñsâ#ò�Þ�ícä�ãÜ[á8ócé�ß[á�â�ãäjÚeåGócô �öõ ôq÷�ã#Þ�åMãbæOÚeåcåcà8ì�ÛOá!ÝiáTã#Þ�Û>øHæcá'ícÜ[Ú�æcÛcâ�ãäiÚ�åæcá

Ξ−
á\ßPã8ß[ÛcíOíqÚeßPà7ù�Þ�äjëcÝiáQñ ∼ ú éüû × �Bý

−5 þ � ó ý�ÿ&õ éKåcÚeÛcß8æcá\ç�Úeåcß8ã[Ü��\ß!Þ�ãPãá�åMã[äjçeá\è�á\åMã'â\ÚeèuïícÜPá�åcæOÜ[áTá\ãpá�ßPã[äièDá�Ü2ã[ÚeÛOãá\ßpÝjá�ß<ß[ÚeÛOÜ[â�á\ß�æcámëcÜPÛcäjã<æcámùsÚeåcæ(ô��pÚeÛcßpÞ5çeÚeåOßpç�Û�ìSÛcáTÝiámß[ä��eå�Þ�ÝKá\åà\åcá�Ü��eäiá8æcÛGæcà�ãá�â�ãá\ÛcÜbæcá!æcà\â�Ýjá�åcâ#òcá\è�á\åMã���	�ãÞ�ÜPã�
TícÜ[à\ß[á\åSã[áuÛcåcá!æcÚ�ÛcëcÝiáTßPã[Ü[Ûcâ�ãÛcÜPáuÞ�ß[ßPÚ>â\äià\á� æcÛ ëcÜ[ÛOäjã�æcáHùsÚeåOæ ñ�á\è�ícäjÝiá\è�á\åSãDæ�î�à\ç�à�åcá\è�á\åMãß õ ô�pÚeÛOß7å�î�Þ5çeÚeåcß7í�Þ�ß1Þ�íOícÝiäjì�ÛOàHæcáHâ�ÚeÛ�ïícÛOÜ[á�ßPÛcÜ2â\á\ã[ã[á�ç�Þ�Ü[äiÞ�ëcÝjá<ÝjÚeÜ[ßPìSÛcá%åcÚeÛOß2Þ5çeÚeåOß	Ü[á�â\Úeåcß�ãÜ[ÛOäjã2Ýjá�ß
Λ

ícÜPäiè�Þ�äiÜPá�ß�ô��<ÚeÛcß2æOäiß[í�ÚeßPäiÚeåcßæ�î�ÛcåcáYß�ã#Þ�ã[äißPã[äiìSÛcáYí�ÚeÛcÜ{Ýiá	ßPä��eåcÞ�Ýcß[Û���ß[Þ�èDè�á\åSã�à\Ýiá\ç�à�á<íqÚ�ÛcÜ{ìSÛ�î�äjÝ�å�î�á�åDß[Úeä�ãCí�Þ�ß�Þ��qá�â\ã[à�ô�Ù�Þ�Üâ\ÚeåMãÜ[á�é�åcÚeÛcßYåcÚ�Ûcß<Þ�ã[ã[á�åcæcÚ�åcß�é�Þ�Û1ç�ÛQæcá�ßYícÜPà�æcäjâ\ãäjÚeåcß2ù�Þ�ä�ãá\ß	í�Þ�Ü	Ýiá\ß	è�Ú�æ��\Ýiá�ß\é � Ûcåcábù�Þ�äjëcÝiáß�ã#Þ�ã[äißPã[äiìSÛcábí�ÚeÛcÜ	Ýjá%ß[ä��eå�Þ�Ý�æOá
Ξ−

ô���î�á\ßPãpíqÚ�ÛcÜ[ìSÛcÚeä(åcÚeÛcß<Þ5çeÚeåOßpÜPá��Pá\ã[àbãÚeÛcß	Ýjá�ßYà\ç�à�åcá\è�á\åMãßßPÛcß[â\á�íOã[äiëcÝjá�ßbæcá���à�åcà\Ü[á�ÜbÛOå ëcÜ[Ûcä�ã%æcá8ùsÚeåcæ ß[ÛOícícÝià\è�á\åMã#Þ�äjÜ[á'í�ÚeÛcÜ�Ý�î�Þ�å�Þ�Ý�ð>ßPá'æcá\ß
Ξ−

ñ ÷{ß
<� é������+Ù¬ÚeÛH÷{ß

<
� é � ���+Ù·ß[ÛOäjç�Þ�åMãYÝ�î�à\ç�à�åcá\è�á\åSã õ ô

	>à�Ýjá�â�ãäiÚ�åQæOá�ß<à\çeà\åcá�èDá�åMã[ß�  ø �
<

� éüû!â\è�  ð �
<

� éüû!â�è�  "!#�
<
� ý â\è÷Cß

<
� é��$�%�+Ù·ÚeÛQ÷Cß

<
� é � ���+Ù&'��(*)

<
û �

	�à�Ýiá\â\ã[äiÚeå�æcá\ß<ícÞ�ÜPã[äiâ�ÛOÝiá�ßý
<
�

π− <
ý éFû$+bá  -, â 2ý éüû�./+bá  -, â 2 <

�
p <

� é102.$+bá  -, â 2

3547698�û�ô �;:=<?>A@CBD@#EGFIH;HJ@#ELK�FIHNMOEG>AP�HRQI>AS*BT>UHWVYXTMZFIH\[#FLK]VNBT>UHJP^MOP_>AX`[Y@baYFJEcM�F�dNBDEcP^S$VYP^EIFIe*K�FHJP]fYXDVYKgFJX%hJXiFJE_fYP_F'[Y@L[#hJMZFIQJM�FJ@#E�[#F*[#hIQJK�FJXiQIjTFJS;FJXTMkelK]VmSn@�KoMOP�BDKoP_QJP^MZh�[#FIH'MpE�V#QIFIH�[qVYXrHsK]VL<9t$<FJMuHUhJK�FIQJMpP_>AXvFJXRS$VAHIHUFw[#FIHxBDP_>AXrH�FJMy[#FIHsBDEG>AM�>AXrHWz
)Ká�ß2à�çeà\åcá�èDá�åMãßYícÜPà�ßPá�åMã#Þ�åMã<Ûcå�ã[Ü���ßy�eÜÞ�åOæ�åcÚeè!ëOÜ[á%æcápãÜÞ�â�á�ß�æ�Þ�åcß	ÝiÞ��x{|� ß[ÚeåMãYÞ�Ûcß[ßPä



}�~1�r~%�����`�����*���J������5���s�s���������J�s���\�*�b�N�����J������ �2�U�
���������W�r���������W�$ ��\¡2¢W£�¢�¤���¤/ T¥�£���£�¦Y�G¤��%¥Y£T¥Y�]§������r£¨��©/�D¦2¤��G¥Y£q�n��¤������� ��Nªk¦2£r l«"¬�¦2�r�;¥®2¦Y£�� �¦Y£��n��©$�g¦Y��¢m�r£����¥Y������¤�����©/�]�G�w¯L�°¥L©��r���G���������W�]�G¢| ����-��¤G¥Y���W�| ����-¢�2¢�£��W©$�W£q���w��¦2£����� �¢W¤�¢W��«± ¥�¤����W¦2£r���G¤���������¦2£\ �� Ξ− ����ªk��¤G¥n�D¦2��¤x �����W¦2����������¦2£r�?���W£q�G¤�¥Y�����³² � < b < ´�µ�¶ ªk©L·5¬��^¸|¬'�l¯� µ1¹2ºn»'¼ �¾½�«¿ £������W¦2£� À£���Y�®¥Y�R r�w��¢W����������¦2£% ��W��¢�Y¢W£���©/��£����-¥$¢J�G¢³ªO¥Y�����£À���w¤�¢Jªk¢W¤G¥�£���¥Y�%��¤����]�* r�ªk¦2£r v¦Y�r�G��£#��¥®2�W�$�°¥L¤��W��¦2£�����¤����J�G��¦2£Á r� Λ �r¤���©/¥Y��¤��W��«l¬'¦2���³¥®2¦2£��³¤��ZÂ�����¢$���W�-¢�Y¢W£���©/��£q�G���¤�¢W���W£q�I¥Y£q�³��£Ã��¤������| r��ªk¦2£� Ã¥Y£�¦Y¤�©/¥Y����©/��£��*��©$�g¦Y¤��I¥�£��*¯ ¶ σ ¥Y�r��¦2��¤� r�n�°¥;©/¥Y�����n£�¦2©$�]Ä£T¥����N �� Λ « ±uÅ ¥Y�r¡2©/��£q�I¥�����¦2£Æ ��¨��¤��r���$ ��\ªk¦2£� ��W���/�W£¨�T¥Y¤��G���\ ��r�À¥Y�#ÇbÈT�������T¥�����¦2£��$���r¤� Å �� ��W£q�G�]ÉT�®¥A�G��¦Y£Æ�W£`©/¥Y�����À ����;��¤�¦Y�G¦Y£��W« » ���G¦Y�G¥Y��W£q#��¤�¦Y£ ¶YÊ · � Ê 6   Å ¢J2¢�£��W©$�W£q�G�N¦Y£��/¢���¢¤���Â�����¢W��«± ���I¥Y�r���®¥��%Ë�« � �r¤�¢W���W£q�G�-���W�s�W¦Y������¤��W�����¤s���W�y�¥Y¤��°¥Y�r���W�yÌ#�r�|£�¦2���s�r����������¦Y£��y�D¦2��¤x��¥���¢cÄ���W������¦2£m ��W�u��¦2����������¦2£���«�¬'¦2���5¥®2¦2£r�u¢W¡q¥Y���W©$�W£q�u¤��W�D¦2¤���¢s�°¥*��¢W����������¦2£n��£$©/¥Y�����s ����5��¥Y¤������W�r���W�Ì����-£�¦2�r�'���G��������¦2£��x�D¦2��¤s¤��W�W¦Y£�����¤�����¤��-��� Ξ− «
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¬�¦Y���n¥®2¦2£r�n�r�G��������¢/���;©$àW©$�/�Z§#�D�N ��L����©�����¥��G��¦2£ÁÌ����N�D¦2��¤w�°¥À¤��W��¦2£�����¤����J�G��¦2£Æ ��W� Λ²k�IáT¥Y���]�G¤�� ´�µ ���W�J�G��¦Y£ ´ « ¶ ·c« ± �W�³�W¦2����������¦2£r��¬��°¸|¬��"¯ � µ1¹2º%»'¼ �¾½â��¦2£q�w����©�����¢��W�-¯\� Å ¥Y�� r�n ��©$¦� rãW���wä�å-æÀçéè ¶YêCë ���-£�¦Y���-�r�G��������¦2£���������¦2¡2��������� ¼-ìu» ¬'íÝè � Ë � ë �g¦2�r¤�����©�������¤��°¥/¤�¢W�D¦2£���� ��$ �¢J�G�W�J�G����¤W« ± ���T¥�¤G¥Y©$ã���¤��  Å ��©$�T¥Y���" r�W�5�W¦2����������¦2£r�î�W¦2���¤����r£; �¦2©/¥Y��£��¥Y����¥Y£q�u �� Ê ¯ ´�µ �ªk©%«r¬'¦2���s�r����������¦Y£��y��£r�| ������G¤������r����¦2£/ ����Z§#�g�³ï����W©$�W£��y���'ð'¥Y��©��r������£Á² T ñ�¹2Ê æ%�¾½ò��� βfñóÊrµ�º ·è ¶YÊCë �g¦2�r¤5¡Y¢W£�¢�¤��W¤5���s����¡2£�¥Y�� �� Ξ− ²k�IáT¥Y���]�G¤�� ´rµ ÉT¡2��¤�� ´ « ê ·c«�ôy�'����¡Y£T¥Y�������?�����D�W¤��g¦2��¢¯$� Å ¢�2¢�£��W©$�W£q�|ä�å-æÀçõ¯/¤G¥Y����¦2£�  Å �r£ Ξ− �T¥Y¤�¢�Y¢W£���©/��£��W«�¬�¦Y����¥Y r¦2�r�G��¤�¦2£r�*�����*£�¦��I¥�����¦2£���������¥Y£q�G���lö
÷ Ξ− ¸|ä�å-æÀçøöT����¡2£�¥Y�i�Gár�W¤�©$��Ì����|  Å ��£ Ξ−  T¥Y£����£%¢�Y¢W£���©/��£��*����©�����¢*ä�å³æ�çøù
÷ Λ ¸�ä�å³æ�çøöT����¡Y£T¥Y�i��á��W¤�©/��Ì#�r�|  Å �r£ Λ  �¥Y£����£%¢�2¢�£��W©$�W£q�*����©m����¢�ä�å-æÀçøù
÷ K0

S
¸ Λ ¸�ä�å-æÀçøöi����¡2£T¥�����á��W¤�©/��Ì#�r�m  Å ��£ Λ ���|  Å ��£ K0

S
 T¥�£�����£ú¢J2¢W£r�W©$�W£q�-����©�����¢ä�å-æÀçw«

û ¦2��¤¤����W¦2£����G¤�����¤��³��� Ξ− µ £�¦Y����W¦2£����� �¢�¤�¦2£r�����|�®¥Y£T¥��l�����]�¥Y£q��ö
Ξ− → Λ + π− ² � Ê2Ê2ü ·

↓
p+ π− ²pý ´�ü ·± � Ξ− ���- �¢W����£q�Gã�¡2¤��-�W£%��£ Λ ���'��£ π− ¥®2���w�r£%¤�¥Y���D¦2¤��  Å ��©���¤G¥�£��Iá��W©$�W£q�� �� � Ê2Ê2ü «û ����� µ ��� Λ ���� �¢W����£q�G¢�¡2¤��%�W£¨��£ π− �J�;��£¨��¤�¦��G¦2£¨¥®2�W����£��%��¤�¦Y�T¥Y����������¢L ���ý ´�ü «5¬�¦2�r�¤��W�W¦Y£�����¤�������¦2£��y �¦2£���©;¥Y��£q�G�W£�¥Y£q�y��£r���®¥Y���®¥Y r�Y« » ��£���� µ  ���£r¦2©���¤��W�����W�x��¦2��¤����W�s �����¤��r���x r�ªk¦2£r %��¦2£q�'�������W�W���G���r���W�'  Å à���¤��-��¤�¢�����£����W�� T¥Y£�����|�r¤����]� ��|ªk¦2£� %�W¦2©��r��£T¥���¦2��¤��Y«
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Ë�Ì�Í�Ì�Î�Ï	Ð�Ñ�Ï	Ò�Ó�Ô�Õ�Ö�×�Ñ�Ó�Ñ�Õ�Ø�Ô�Õ�Ô	×�Õ�×�Ð�Ï ×�Ø�Ù"Ñ�Ô$Ú	Ô&Û"Ü(Ö�Ý*Ö�Ð+Ô�Õ Þ-Þ/ß
à dxy01 áiâ`ãfä�åuæ^ç`è:éKéEç�åeê3é*ëxé	ì-é:ê3åeé�í�î`êbãxï�æmãfêbé+é:å�ëfé	ì^éEê�åeé?í�âjéRâ`ð:äbãxç�åbðEñ-êbæmåeãxò-çDâ`ó Ξ− ô
à dxy12 áJâ`ãfä�åuæ^çjèEé(éEç�åeê3é(ëféyì^éEê3åbé?í¿â`é(â`ð:äbãxç�åbðEñ-êbæmåeãxò-çÀâ`ó Ξ− é:åKëféRì-éEê�åeé�í¿â`é(â`ðEä3ãfç�åeð�õñ^êeæmåbãfò-çUâjó Λ ôà dxy02 áiâ`ãfä�åuæ^ç`è:éKéEç�åeê3é*ëxé	ì-é:ê3åeé�í�î`êbãxï�æmãfêbé+é:å�ëfé	ì^éEê�åeé?í�âjéRâ`ð:äbãxç�åbðEñ-êbæmåeãxò-çDâ`ó Λ ôà ∆φΛ áGæ^ç`ñ^ëféyé:ç�åeêbé(ë�ö¹ãxïYî`ójëfäbãxò-ç=åeêeæmç`ä3ì^éEêbä3éYâjó Λ é:åKëpæYâ`êbò-ãªåeéoî`æ^äbäbæ^ç�åRî`æ^ê	ëféRì-éEê�åeé�íîjêbãfïYæ^ãxêbé é?å�ëfé	ì^éEê3åbé?íTâ`éKâ`ð:äbãfç�åbðEñ-êbæmåeãxò-çDâ`ó Λ ôà ∆φΞ á¦æ^çjñ-ëfé	é:ç�åeêbéKë�ö¹ãxïYî`ójëfäbãxò-çYåbêeæ^çjä3ì-é:êbä3éyâ`ó Ξ− é:å�ëpæoâ`ê3ò-ãxåbé7îiæ^ä3äeæ^ç�å�îiæ^ê"ëxé	ì-éEê�åeé�íîjêbãfïYæ^ãxêbé é?å�ëfé	ì^éEê3åbé?íTâ`éKâ`ð:äbãfç�åbðEñ-êbæmåeãxò-çDâ`ó Ξ− ô
à d0Λ ájâ`ãfä�åuæ^ç`è:éKïYãxç`ãfïYæ^ëfé�éEç�åbêbéKëpæoåeêbæ^èEéKâ`ó Λ é:å�ëxé	ì-é:ê3åeé�íTî`êbãxï�æ^ãxêbé ôà d0Ξ áiâ`ãfä�åuæ^çjèEé7ï¯ãfç`ãxï�æ^ëxé+é:ç�åeêbé*ëpæyåbêeæ^è:éKâ`ó Ξ− é?å+ëxé	ì-é:ê3åeé�í�î`êbãxï�æmãfêbé ôà pt1 ÷ pt2 é:å pt3 áiãfï¯î`ó`ëxäbãfò^ç`ä�åbêeæ^ç`ä�ì-é:êbäbé:ä â`é:ä+îjêbò�â`ó`ãxåbä"â`éKâ`ðEä3ãfç�åeð:ñ-êeæ�åeãfò^çJø
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ù�ú�û"üÊý øÿþ à����������
	���������������������������������� �!�"���#$�����%�&"����'��#)(�� Ξ− (
��#$�*��+�,����#-����#�.������/(���#,����0
1 ò^ó`ä¼ójåbãfëfãxäbò-çjä�æmó`äbä3ãjâ`é:ä9ìmæ^êbãfæ�2`ëfé:ä�âjò-ç`çiæ^ç�å©ójç`éQãxç$3 ò-êbïYæmåbãfò-çKâiæ^çjä¼ëfé�î`ëpæmçoëfò-çjñ-ãxåbó`â`ãfç`æ^ëâ`éKëfæ54�6�4 ø74QéEä�ì^æmêbãpæ82`ëfé:äE÷jê3éEî`ê3ðEä3éEç�åeð:éEä	ä3ó`ê�ëféEä"ä3è�9`ðEïYæ^ä�â`éKëpæ;:iñ^ó`êbé ý øÿþ�÷`ä3ò-ç�åGá
à z01 ÷ z02 é:å z03 áGâ`ãfä�åuæ^ç`è:éEä*éEç�åeê3éYë�ö¹ãxç�åeéEê3äbé:è:åeãxò-ç¾â`éEäKåeêbæ^èEé:äRâjéEä*î`êbò�â`ó`ãªåeäKâ`é¯â`ðEä3ãfç�åeð�õñ^êeæmåbãfò-çDæ/ì^éEè*ë�ö¹æ�í�é*âjó<3�æ^ãxäbè:é/æ^ó=é:å�ëxé	ì-éEê�åeé�í�î`êbãxï�æ^ãxêbé ôà σz1 ÷ σz2 é:å σz3 áJð:è/æ^ê�å3õÅå>=�î�éEä*â`éEäKâ`ãxä3åbêbã�2jójåeãxò-ç`ä âjéEä z0 ?�æA@3ó`ä�åeéEï¯éEç�å*îiæ^êKó`çjé�ñ�æ^ó`ä�õä3ãfé:ç`ç`é�B�øDCGé:ähèEò^ó`î`ó`ê3éEäÀäbójêhèEé:ähìmæ^êbãfæ�2`ëxéEä=î¸é:êbï¯é:å3åeéEç�åhâJöÿæmïYð:ëfãfò^êbéEê=ëfæFE�óiæ^ëxãxåbð â`é:äåbêeæ^è:éEä ôà dvz12 áÊâjãfä3åeæ^ç`è:é�éEç�åeê3é�ëféEä+åeêeæmèEéEä7âjóÀî`ãfò-çÀé?å7â`ó¾î`ê3ò^åeò-çhâ`ó Λ æ^óÀî�ò-ãfç�å	âjé�â`ðEä3ãfç�åeð�õñ^êeæmåbãfò-çUâjó Λ ?HG7þIB ôà dvzΛ3 á¸â`ãfä�åuæ^ç`è:éoéEç�åbêbé�ëfé:ä åeêbæ^èEé:ä7â`ó Λ é?å7â`ó¾î`ãfò^çhì-é:çiæ^ç�åKâ`é�ëpæ¯â`ðEä3ãfç�åeð:ñ-êeæ�åeãfò^çÀâ`ó

Ξ− æ^ó�î�ò-ãfç�å"â`éKâ`ð:äbãxç�åbðEñ-êbæmåeãxò-ç=â`ó Ξ− ?�G Þ B�ø
J ç$:iç�ç`ò-ójä�ãxïYî�ò-ä3ò-ç`ä"ó`ç`éKè:ò-ç`â`ãªåeãfò^çDäbó`ê�ëfé7çjò-ïK2`ê3é7â`éKèEò-ó`îjä+îiæmê�åeêeæmèEéKâ`éEä�îiæ^ê�åeãxèEó`ëxéEäJá
à nh1 ÷ nh2 é:å nh3 áiç`ò-ïK2jêbé7â`éKèEò^ó`î`ä�â`éEä"åeêbæ^èEé:ä�â`éEä�î`êbò�â`ó`ãªåeä"â`éKâ`ð:äbãxç�åbðEñ-êbæmåeãxò-çJø
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rfsIt/uWvxwzy�sI{/uc|!v}t/~�u}sI{/uf�����8�7sIv}��t${

Λ
y���{$�/~�����|���uxwzyz|x~�sI{<�/���$� o������ t/~�uW{/sIt/ufy�����y�t/��sI{/u+��w�uW~�{��|xw�vxu}w�y�|!~�s�{/u�w�{
|xvxw+���f|!v!���}w�yz|xsI~�v}w��/t

Λ
vxw�yzsI{/uc|!vxt$~�|�w�|�y�wz����w�����t/{�uxwzy�sI{/� � ~�sI{Ky���{/�/~����8|�����w����wzu}|�����~�|��/��{/u]��w+�/t$|]����sI�$|xw�{/~�v���w�u��Ivx��{/�/wzt/vxu�yz~�{/�z  �8|x~�¡Nt/wzu]�$w�u � vxs��/t/~�|!u��/wf�/��u}~�{
|!�z�Iv!��|!~�s�{��t£¢Iw�vc|!w%¤R�/t

Ξ−
sI¥¦sI{¦y�����yzt/��w§u!�¨ §��u}uxw ~�{
¢��8vx~��8{N|xw��a©[��|!s � sI��sI�I~�wª�$w �/�zy�vxs�~�uxux��{/yzw«�/t

Ξ−
��~�{/ux~e¡Nt/w���� � v}��yz~�ux~�sI{-�/wzu*�/~�uc|���{/yzw�u� ªw�u}t/vx�zw�u�����{$u���w�u � ����{/un|!v!�8{/u}¢�w�vxu}w5wz|*��s�{/�I~�|xt���/~�{����7sI{
|+y�sI{$�/t/~�|+¬5t�|!~���~�u}w�v]�/w�uWy�s�vxvx�z���8|x~�sI{$u�w�{
|xvxw*��wzu��/~�7��v}w�{
|!wzu+¢��8vx~��8�/��wzu�y��8v!��y�|!��v}~�ux��{
|���ª�I�zsI ª�z|!v}~�w��/w;���§v}w�y�s�{/u}|xvxt/y�|!~�s�{��7®asIt$|D�������7s�vx�-{/s�t/uU��¢Is�{/uUy�s�{/ux~��/��v}�K�/w�uny�sIv}vx�z���8|x~�sI{/uwz{N|xvxw*��wzuW�/~�uc|���{/yzw�uW�/wzuW¢�w�vc|!w�¤��/w*�/�zux~�{N|x���Ivx�8|!~�sI{�¯
dxy02 > dxy01

wz|
dxy02 > dxy12��w�u�y�s�vxvx�z���8|x~�sI{$u�uxw�v}sI{
| � vx~�u}w�u*w�{£y�sI  � |xw � sIt$v*|xsIt/u*��wzu*vx��u}t/��|!�8|!u � v}��u}w�{
|!�zuK����{/u*���u}t/~�|xw��/w*{/s�|!v}w*�z|!t$�/w��°es�t/v�ux~� Kt/��w�va��w��$vxt/~�|��/w��Hs�{/�Ky�s� K�/~�{/�8|!sI~�vxw � {/sIt/u���¢�sI{/u�t$|x~���~�ux�]���f §��|!±/s��/w��$w�u��z¢���{/w%� ªw�{
|!uW ª~�¤���uz��rns�t/uWvxw�yzsI{
|!v}t/~�u}sI{/uf�����8�7sIv}�²t/{«³´¢�v!��~¶µ

Λ
y��8{/�/~��/�8|�� � ~�sI{«wz| � v}s�|!s�{¨� �$� ��vc�|xw�{���{
|n��t< §·z §w*��¢I��{$w� ªw�{
| �%�7� t$~�uW{/sIt/uW��w� ª~�¤�sI{$uW��¢�w�y�t/{ � ~�sI{¸�

π3
� � �$� ��v}|xw�{��8{N|D¬5t/{��t�|!vxwD�z¢I�z{/w� ªw�{
|��,¹fº�{²�/w�{/w � �8u+~�{
|!v}s��/t$~�vxwn�/w��/~���~�u�����{/u+�»����¢��8��t��8|x~�sI{§�/t²�/vxt$~�|+�/wU�Hs�{/��/w§���²y�sI ;�/~�{���|!sI~�vxw � {/sIt/u�~�  � sIu}sI{/u � sIt/v�����u}����w�yz|x~�sI{£�/t

π3
� ¡Nt���~��]{�����~�| � ��u��z|x� t$|x~���~�ux����8{/u+���;yzsI K�/~�{��8|xsI~�v}wD��t«{$~�¢Iw���t²�/w�����vxw�yzsI{/uc|!vxt$yz|!~�sI{²����t/{

Λ
� ��w�¡Nt/wz�¼�Kw�{/u}t/~�|xw��/sI{/{$��t/{y���{/�/~����8|

Ξ−
�/©a�� Kt$��|!~ � ��~�y�~�|!�W�/w�uW��¢I��{$w� ªw�{
|!un §~¶¤$�zu+w�uc|W�/t� ª·� ªwUsIv}�/vxwª� ± ½ � ¡Nt/w*y�wz����w�/wª�'���z¢���{/wz §wz{
|Ky�s�t/v!��{
|��e¾�{$º/{ � {$sIt/u�~�  � sIu}sI{/u�¬�y�±/��y�t/{¸�/w�u��z¢I�z{/w� ªw�{
|xuK §~¶¤���u*�/w {$wyzsI{
|!w�{$~�vU¡Nt���t/{¿uxw�t$�

Ξ−
y���{/�$~����8|��¼��sI ª ªw � sIt/v��'����{��8��À�uxw��/w�u

Λ
� ��wzuU�z¢���{/wz §wz{N|xu� ª~�¤��zuu}sI{
| � vxs��}w�|!��uW���8{/un��w � ���8{«�/w*����vx����yz|x~�sI{��

Á�Â�ÃfÂcÄ ÅKÆÈÇeÆ�É/ÊbÆ�ËUÌbÍ
θ∗¾�{ � ��t/uÎ�/w�u�¢8��v}~����/��w�uey�~�|x��wzu�����{/u���� � v}��y��z�/w�{
|xwfu}w�y�|!~�s�{ � {/sIt$u���¢IsI{/u�t$|x~���~�ux�]���f¢��8vx~��8�/��w

θ∗Λ Ï o�ÐIÑ�Ò �I��wz|x|xw�¢8��vx~����/��w]y�s�vxvxwzu � sI{/�ª¬U�'����{/����w]w�{
|!v}w+�'��~�  � t/��u}~�sI{*�/t Ξ−
���8{/u���w������,sIv!��|!sI~�vxww�|��'��~�  � t/��ux~�s�{��/t

Λ
����{/u���wKy�wz{N|xvxw��/w� §��u}uxwK�/t

Ξ−
�H{/s�|!�zw

~p∗Λ
� ��©[� º��It$vxw ½ ��� � v}��uxwz{
|!wt/{<uxy�±$�� §�ª~�����t$u}|!vx��{
|�yzwz|x|xw�¢8��v}~����$��w��
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*

q

q*

*
p

L

L

X

V1V0

p
Ó]Ô�Õ+Ö ½ ����×-Ø�Ù�Ú�Û�ÜªÝ5Þ!ß>à,Þ�Û�á�ß�â�ã'Ý�â�ã�ä�ß�á�å�Ý�Þ%æ�Ý
ç�ä�ß�á θ∗ è ß�á�à,Þ�é è�ê æ�ã�á è ß è Û�á�æ�â�ãbÛ'ë�Þ}Ý�ã�æ'é�â è�ê Ξ− ì
íU��{$uÎ��w�yzw�{
|!v}w��/w]  �8uxuxw]�/w���� � ��vc|!~�yzt/��w� ªî�v}wD�Ht/{

Ξ−
uxt/ve����º��It$vxw ½ ��� ��� ��wzu � vxs��/t/~�|xue�$w�/�zux~�{N|x���Ivx�8|!~�sI{ïu}sI{
|+�� ª~�u�¬ o�ðIq o �/©����8{/�I��wnw�{
|!v}w��'��~�  � t/��ux~�s�{ª�$t Ξ−

����{/u+��wD���8�7sIvx�8|!s�~�vxwWw�|�»��~�  � t$��ux~�sI{*�/t
Λ
����{/u���w�yzw�{
|!v}w+�/w� §��uxu}w ��� w�v} §w�|��/w�vxw���~�wzveyz~�{/�z  �8|x~�¡Nt/wz §wz{N|e��� � ��vc|!~�yzt/��w ªî�v}w*¬5u}sI{ � vxs��/t/~�|+�/w*�/��u}~�{
|!�z�Iv!��|!~�s�{��/©[�Kº��It/v}w ½ ��� � v}��u}w�{
|!w������/~�u}|!v}~��/t�|!~�s�{ï�/w cos(θ∗Λ �� sIt/v��/wzu

Ξ−
�I�z{/��v}��u]¬ � ��vc|!~�v��$w+�����/~�uc|!v}~��/t$|x~�sI{�ñ�~�wz §wz{/u�wz|�òf��ux Kt$uxuxwz{-�H±���t$| � �N©[� � ��vc|!~�w



óNôPõ�ôRö�÷UøWù>÷Uú�û[ü]ý_þ�ÿaùbû[ùcý��]ü]ý<üUÿFý[ÿeøf÷Dÿ����+ùbü��Uü��
	5þ���þaønü]ý ����

0

20

40

60

80

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

SIGNALdN
/d

(c
os

(
q L

* )
) 

(u
.a

.)

0

500

1000

1500

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

BDF

cos( qL
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����������� �"!$#&%'�)(+*�#&�-,/.0!2143
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Mean=1.329±0.001GeV

Sigma=7.9 ±2.1MeV

S=189.6±70.7

S/B=0.11

S/sqrt(S+B)=4.4
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Ä ãML5KsÝná:Î�Û]ÓgÖOØGÖ�Õ�È�ÜuÈ�Ç�ÙVÓ.ÇiØ�ÝAÍ.Ç:ØNÊNÖcãR×:Æ0ÈjÛZÓ�ØGÈOÝAÜuÖ�ÊNÓcØGÆ�ÊNÈ�Ù�È�Ë
Ü0Ê�Í.ØGÍ.Ç0Ë�ÉcÓ.ÊNÌ>ÈaÜ[ÈOÆnÜuÍ6Æ0Ê�Ù0È�Ë�Õ�Í.ÛZÛZÌ>ËNÌ>Í6Ç0Ë�Ü�ÛZÆ0Ë_ÕOÈ�ÇiØGÊNÓ.ÛZÈOËN9 Ã4ÅO; áVâyÍ6Æ0Ë�ÜuÍ6Æ�É6Í.Ç0Ë�Ù0Í6Ç0ÕIÕ�Í.ÝAÜVÓcÊNÈ�Ê
Û>È�Ë!Ù0Ì>Ë�ØGÊ�ÌZæ0ÆRØGÌZÍ.Ç0ËlÙ0ÈOË2Ù�È�ÆRß�Ü0Ó.Ê�ØNÌZÕ�Æ�ÛZÈ�ËOá_â
Í.Æ0Ë�Í6æ0ËNÈOÊ�É.Í6Ç0Ë2×7Æ�È�Û>È�Ë�Ü0Ê�Í.ØGÍ6Ç�Ë!Í6ÇiØnÛZÓTÝ,POÝAÈ
ØNÈ�Ý{Ü[ÖOÊGÓcØNÆ0ÊNÈm×:Æ0È�Û>È�Ë Λ ÜuÍ6Æ0Ê�Ù0ÈOËwÊGÓcÜ0ÌZÙ0Ì�ØGÖOË�Ü�ÊNÍ7Õ�à0È�ËgÙ0ÈAÛZÓ2ÊNÓ.Ü0Ì>Ù0Ì>ØNÖ{Ù�ÆWÕ�ÈOÇiØGÊNÈAÙ0È�ÝAÓ.Ë�ËNÈ.áQ Ó.ÊmÕ�Í6ÇiØGÊ�È.ã�ÜuÍ6Æ0Ê&Ù0ÈOËAÊNÓ.Ü0Ì>Ù0Ì>ØNÖ�ËwÉ.Í6ÌZË�ÌZÇ0ÈOË{Ù�È�ËmÊGÓ.Ü�ÌZÙ0Ì�ØGÖ�Ë&Ù�ÆrÜ0Ê�Í�R�È�Õ�ØGÌ>ÛZÈlÈ�ØAÙ�È2ÛZÓ@Õ�ÌZæ�ÛZÈ.ã ÛZÈOË
Ü0Ê�Í.ØGÍ.Ç0Ë�Í6ÇiØ�Æ0Ç0È
ØNÈ�Ý{Ü[ÖOÊGÓcØNÆ0ÊNÈ
Ü0ÛZÆ�ËSK�Ó.Ì>æ0ÛZÈcáUT�È�ÛSÓ�È�Ë�Ø_ÙWV!Ó.Æ7ß�Ü�ÊNÍ.ØNÍ6Ç0Ë�Ù�ÈXK�Ó.ÌZæ�ÛZÈ�Ë~Ì>ÝAÜ0Æ�ÛZËNÌ>Í6Ç0Ë
ØNÊGÓ.Ç0Ë�É6ÈOÊNËNÈOË�ãiÌ>Ç0Ù0ÌZ×:ÆVÓcÇ:Ø ÛSÓ
Ü0ÊNÖOËNÈ�Ç�Õ�È_Ù0È�Ç:Æ0ÕOÛZÖOÍ6Ç0Ë¦Ë�Ü[ÈOÕOØ�Ó"ØGÈ�Æ�ÊNËY>�ÛZÓ
Õ�Í.ÛZÛZÌ>ËNÌ>Í6Ç]á Ò�È�Ý2P�Ý{È.ã Ç0Í.Æ0Ë
Í6æ�ËNÈ�Ê�É6Í6Ç�Ë&Æ0Ç0ÈlÙ0Ì�Þ�ÖOÊNÈOÇ0Õ�ÈlÈOÇiØGÊNÈ!Û>È�ËgÙ0ÌZË�ØGÊNÌ>æ0Æ�ØNÌZÍ6Ç0Ë�È�Ç�ÊNÓ.Ü0Ì>Ù0Ì>ØNÖAÙ0ÈOË Λ È�Ø&Ù0È�Ë&Ü�ÊNÍ.ØNÍ6Ç0Ë�á 3 Ó
Ù0Ì>Ë�ØNÊNÌZæ�Æ�ØGÌ>Í6Ç�ÈOÇ2ÊNÓ.Ü0Ì>Ù0Ì>ØNÖ�Ù0ÈOË_Ü0ÊNÍ.ØNÍ6Ç0Ë_ÈOË�Ø�Ü0Û>Æ0Ë�ÛSÓcÊNå6Èa×:Æ0ÈjÕOÈ�Û>ÛZÈaÙ0ÈOË Λ á 3 ÈOË_ÌZÇiØGÈOÊGÓ.Õ�ØGÌ>Í6Ç0Ë�Ù0ÈOËÜ0Ê�Í.ØGÍ.Ç0Ë�ÓoÉ6È�ÕIÛZÓ(Ý�ÓcØNÌZäOÊNÈ�Ç:Æ0ÕOÛZÖ�Ó.ÌZÊ�ÈjËNÜuÈ�ÕOØGÓcØGÊ�ÌZÕOÈjÜ[ÈOÆ�ØZPOØNÊNÈIÆ0Ç0ÈjÈ�ß�Ü�ÛZÌZÕ�ÓcØGÌ>Í6ÇlÙ0ÈIÛZÓwÙ0Ì>Þ[Ö�Ê�È�Ç0ÕOÈ
ÈOÇ:ØNÊNÈ(Û>È�ËyÙ0È�Æ7ß�Ù0Ì>Ë�ØNÊNÌZæ�Æ�ØGÌ>Í6Ç0Ë�á 3 È�Ë Λ Ë�Í6ÇiØjÜ0ÊNÍ7Ù0Æ0Ì�ØGËyÙVÓ.Ç0Ë
ÛSÓ{æ[Í6Æ�ÛZÈ�Ù0È[KsÈ�ÆKÈOØaÌ>ÇiØGÈ�ÊNÓ.å6Ì>ËNËNÈOÇiØ
ÓoÉ6ÈOÕ�Û>È�Ý{ÌZÛ>ÌZÈOÆjÇ7Æ�Õ�ÛZÖ�Ó.ÌZÊ�È�ÈOÇiÉRÌ>ÊNÍ6Ç�ÇVÓ.ÇiØoã Õ�È�×:Æ0Ì:ÛZÈ�Æ�Ê ÕOÍ6Ç%Ksä�Ê�È�Ù�Í6Ç0Õ�Æ0Ç0È�ÛZÓ.ÊNå.È�Æ0ÊeÙ0È�Ù0ÌZË�ØGÊ�ÌZæ0Æ�ØNÌZÍ6Ç
ÈOÇnÊNÓ.Ü0ÌZÙ�Ì>ØGÖ�Ü0ÛZÆ0Ë\K�ÓcÌZæ0Û>È.á
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¥ �u�¦���h�X§ ¥ �u�¨�X�©�U�%�r�x�U�N�y���
ªx«�¬W8®�¯
«
°W:¯U¬¦±�«
²�#³W´j±.®�µW²1¶¸·�¶�³%´�°_¹�´�·�«
º2µ�®�²1®�»��«
°½¼¡¬W´c±�´¸#º,«U³W¾¸±�´�#¿x²ÁÀ5ÂÄÃÆÅ �7�_ÇOÈ´*¹,É�À5ÂÄÃÆÅAÊ�Ë È °W´c²1´¸µW²1«U³W¬W»Ì�®�»Ì´�°_¹8µ�®�8±�®Ä¹�´�º2µ�¶�²�®�¹�¬W²�´0´*ÍJ´¸·¸¹1»Ì¯
´0³W´¸

Λ ÎYÏyÐ ¶*¯�®<±�¬�®<¹1»�«
°¨³%´·¸´¸¹1¹1´Ä¹�´¸º,µ�¶�²1®<¹�¬%²1´Ä·¸«
²1²�´��µÑ«
°%³ÓÒ�± Ð ®OÔ�¬W�¹�´�º2´�°_¹jµW®�²�±�®�ÕÖ«
°W·*¹�»Ì«
°Ø× Î � ×�³%´!± Ð »�°_¯
´¸²1�´!³W´!±�®µ�´�°_¹�´[³W´�f�µÑ´¸·¸¹�²�´�5´�°
mt −m0 Ù µW®�²�®�º2¾¸¹1²1´ TB Ú ÎJÏ ®�Û�Ü
¬W²�´:Ý Î ×ÞµW²1¶¸1´¸°¡¹1´8±�´�X1µ�´�·¸¹1²1´¸z´¸°º,®�1�´�¹�²1®�°W�¯
´�²�1´Z´*ß�µ�¶�²�»�º2´�°_¹Á®�¬Uß#³W´¸

Λ
´¸¹à±�´�áµW²1¶¸³W»�·*¹�»�«�°Wá³W´¸yº,«U³W¾¸±�´�á¿x²�ÀzÂ�ÃÓ´*¹yÉ�À5ÂÄÃ³�®<°Wf¬W°�³W«
º,®�»�°W´N´�°�²�®�µ%»�³W»a¹�¶#²�¶�³W¬W»a¹�´8®�±Ì±.®�°_¹X³W´[â�ã%äåÊjÒjã%äåÊjµ�«
¬W²f³%´�5·�«
±Ì±�»Ì1»�«�°Wx·¸´�°_¹�²1®�±�´¸

Ù b < � ä � ÕÖº Ú ªD»�æfªx»UÒ � ä �
�DçDè ´Fé Î�ê ¹�®�°_¹á³W«�°W°W¶�¼¡¬W´�°W«�¹�²�´Sº2´��¬W²1´S´*ß�µ�¶�²1»Ìº,´¸°_¹Á®�±Ì´S�´�±�»Ìº,»a¹�´Ò8±.®:²1¶¸Ü
»�«�°jâ�ã%äåÊ
< y0 <

ã%ä�°%«
¬Wx®7¯�«
°Wx®�µWµW±Ì»�¼¡¬W¶5¬W°cÕë®�·¸¹1´�¬W²D³ Ð ¶�·ÁìW´¸±�±Ì´z³%´#Ê8®�¬01µ�´�·¸¹1²1´N´�°º,®�1�´�¹�²1®�°W�¯�´�²�1´[·¸«
°W�»�³W¶¸²1¶5³�®�°WZ±Ì´f³W«
º,®�»�°W´X´�°0²�®�µW»Ì³W»Ì¹1¶�²1¶¸³W¬W»a¹�´�â�ã%äåÊ
< y0 <

ã Î

10
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10
-2

10
-1

1

0 0.1 0.2 0.3 0.4 0.5 0.6

M IQMD (sans M.E.)

-0.2 < y0 < 0.2 b < 3.3 fm

s  IQMD (avec M.E.)

l  UrQMD

n  DATA (+ reflect.)

mt-m0 (GeV/c2)
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÷�øÁù*úëû�øÁü�ø*ýÿþ��OüÁü7øÄú û��<ý%ü���ø*û�ü7ø��¡øÁü
Λ

���<ý%ü	��ý
����þ����ýJø�ø*ý û��)÷�����ú������������
< � 0 <

����� ø*úh÷�����û��¡øÁü!ù ��!"!#�ü�$��ý%üÄùÁø*ý�ú û���!�øÁü&%
b < ' � ')( þ+*	,+�-.,/10�23�54 '7698 ø;:=<?>¤øÁü÷����ý�ú�üføA@¸÷��*ûB�þ�ø*ý�ú�����@Nü���ý�úáû�ø�÷�ûC�Áü7ø*ý�úD�ÁüY÷;�<û+�¡øÁü5ùC�<û)û �ÁüE<�>¤øÁüY÷�ûC�C���ù*ú�$��ý%ü/���,þ)�E��F�!�øHG�IKJML

N ��OAPQ����øÁù:ø*úSüE�<ý%ü8øSR�ø*ú�üT�¡øNþQ"!#�ø��cü���ý�ú\û�ø�÷�û �Áü7ø*ý�ú��ÁøÁüzû�øÁü�÷�øÁù*ú�"��ø*þ�ø*ý�ú¤÷;�<ûQ�¡øÁüNúëûB��<ýVU�!�øÁü2ø*ú
�¡øÁüW�*ú���"!�øÁü0ø*ú5ùÁø�!"!�øÁüX����þ)�E��F�!�ø�Y'û�IKJML N 2 '�Z Pf÷;�<ûX�¡øÁücùÁø*û�ù�!�øÁüE<[>'øÁü�!#\U<ýJøÁü,û�ø�÷�ûC�Áü7ø*ý�ú�ø*ý�ú
!�] �_^B�_ü*ú�ø*þ�ø*ý�ú.�¡øÁü�ü�÷�øÁù*úëû�øÁü:ø*ý!þ��OüÁü7ø5úëû��<ý%ü���ø*ûÁü7ø�÷;�<û`!�]a�Cbc�;�<ú�$��ýedf<"2�2�<

gihkj;l1mkh3nkhpo;lQq�j;res\rtl1ufrco�v�rtlxwyrtlxlAufrczcvC{Artlxhk|yvCrco}jyrtlT~Emprczes�rcl9��hVw;�cs�rcl1lAhpo�vxu;s\j;l9�\�T�
u�hp{AvC~ko�vCrcl+q�j;rxzcrts�s\r1hk|yvCrco}jyrQ�)u�~k{_vC�\{�wyrtl/w;hko;o;�trcl/r��Vu��t{A����rto�v ~ks\rtl¸ò��+o	u�rtjyv/~kj;lAl���oyhkvCrc{
s�~el�j;{ArtlAv�����~�vC�\hpo�w;j7v ~kj}�7w;rTu;{�h}w;j;z�vC�\hpo7w;rtl

Λ
u�~k{�s\rtl���hVw;�cs�rcl�ò��Khp����rQo;hpj;l�s$��~Em}��hpo;l

{Art��~k{�q�j;����zk��rtl_v1s\rx��hVw;�cs�r9�i{B������q�j;��rclAv`s�rxuys�j;l�u;{AhVz �yrQw;rtl�w;hpoyo;�trcl`rB�Vuf�c{�����rto�vC~ks�rcl
rco&v�rt{���rTw;rQvCrc��u��t{�~�vCj;{ArTrcv`w;rQv ~kj}�&w;rTu;{�h}w;j;z�vC��hko¢ò�gihkj;l1wy��l�u�hplAhpo;l�ztrcufrco;w�~ko�v1w���jyo;r
� ~k�\|;s�r+lAv ~�vC��l_vC�\q}jyr1~Emkrtz`ztr`��h}w;�ts\rk�;s����\o�vCrt{Au;{���v ~�v���hpoXwyj�lAufrczcvC{Ar1rco���~kl�lAr�vC{C~�o;lAmkrt{�lAr9{ArtlAv�r
w;hko;zis\�����\v��tr�òp��rclKlAufrczcv�{�rtl.hp|yvCrco�j;l�~Emprcz+s�r���hVw;�cs�r? A�����¡w;�£¢¤�c{�rco�vKw���j;o;riu�~k{AvKu�hpj;{[s$��rtl_�
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¬�µ/±+´M¶�µ·©i¸¹µ`®�¯�°�«�±·±i°Bº?±i°K»�§�¼�½�¾9µ`¿?³�À ÁEÂpÃ
Ä�Å�Æ�Ç�ÄCÅ\ÈpÉ�Ê;Ë7Ä Ç�ËVÌ7Ê;ÍTÎ;ÏAÈVÊ;ËyÐcÄCÅ\ÈpÉ�Ñ�Í�Ä�É;ÈpË;Ò�ÍcÉ�ÇEÓpÈkÉ;Ò`Ó}Ë&Ô$Õ�Å�É�ÄCÍcÏ�Î;ÏAÖcÄCÇ�ÄCÅ\ÈpÉ�Ê�ÇkÉ;Ò�Ô�ÇeÒ�ÍtÐ�ÄCÅ\ÈpÉ
Î;ÏAÖtÐcÖtÊ;ÍcÉ�Ä�ÍkÑfÆ)ÇkÅ\Ò?ÇkË;ÒAÒ�Å�ÎfÈpËyÏ�Ô�Õ�ÍcÒAÄ�Å�Æ�Ç�ÄCÅ\ÈpÉXÊ;Í`Ô×ÇQÎfÍcÉ�ÄCÍ9ÊyÍtÒ+ÊyÅ�ÒAÄ�Ï�Å\Ø;ËyÄCÅ\ÈpÉ;ÒcÙ;Ú�ÓkÍtÐ1Ô×ÇQÓpÍtÏAÒ�Å\ÈpÉ
Ê;ËQÆ�È}Ê;ÛtÔ\Í.Î;ÏAÍtÉ�ÇkÉ�ÄªÍcÉ�ÐcÈpÆ�ÎyÄCÍHÊyÍtÒ¹ÍcÜfÍcÄ�Ò¹Ê;Í�Æ�Å�Ô�Å\ÍtË1Ò�Ë;Ï�Ô\ÍtÒ¹Ý�ÇkÈpÉyÒtÑkÔ�Ç+Î�ÍtÉ�ÄCÍ�Ê;ÍcÒªÒ�Î�ÍtÐcÄ�Ï�ÍcÒ[ÍcÉ
mt −m0

ÍtÒAÄKÎ;Ô\Ë;ÒªÅ�Æ�ÎfÈpÏ_Ä ÇkÉ�Ä�Í`ÞSÄCÍcÆ�Î�ÖtÏ�Ç�ÄCËyÏ�Í?Î;Ô�ËyÒªß�Ç�Å�Ø;Ô\Í�à�Ù�á.ÍcÄ�Ä�ÍiÄ�ÍtÉ;Ê�Ç�É;ÐtÍ�É�Õ�ÍtÒAÄ.Î�ÇkÒªÏ�ÍcÎ;Ï�È�â
Ê;ËyÅ\ÄCÍiÔ�ÈpÏAÒ�ã�Ë;Í�É;ÈkË;ÒHÐtÈkÉ;Ò�Å\Ê;ÖtÏAÈpÉ;Ò�Ô�ÍcÒHÒ�Î�ÍtÐ�ÄCÏAÍtÒ?ÍtÉXÆ�ÇkÒ�ÒAÍ/ÄCÏ�ÇkÉ;ÒAÓkÍtÏAÒ�Í�Ê;ÍtÒ�Ý�ÇkÈkÉ;ÒHÒ�Å\ÆxË;Ô\ÖtÒ�ÇEÓpÍcÐ
Ô\Í`Æ�È}Ê;ÛtÔ\Í`ä_å�æ�ç²ÍcÄiÆ�ÍcÒ�Ë;ÏAÖtÒ/ÇEÓkÍtÐ9Ô\ÍtÒ�Ê;ÈpÉ;ÉyÖtÍtÒ+Ê;Í1Ô�Ç�ÐcÈpÔ�Ô�ÇkØ�ÈpÏCÇ�Ä�Å�ÈpÉeè`Ç�È�éëê Á�ì�í�î Ù�ï�Ç�Î;ÏAÅ�ÒAÍ
ÍcÉXÐtÈpÆ�ÎyÄCÍ+Ê;ÍtÒ�Í�Ü¤Í�ÄCÒ�Ê;Í/Æ�Å�Ô\Å�ÍcË�ÒAË;ÏHÔ�ÍcÒ

K+ ÍtÉ�Ä�ÏCÇ�ð�É;Í/Ë;É;Í�Ç�Ë;ñpÆ�ÍtÉ�Ä Ç�Ä�Å�ÈpÉ�Ê;Í�Ô�ÍcË;ÏKÄ�ÍtÆ�ÎfÖcÏCÇ�â
Ä�Ë;Ï�Í�Ù�ò¹É�ÍcÜfÍcÄtÑ¤Ô�ÍcÒ+Î�Ç�ÏAÄCÅ\ÐtË;Ô\ÍtÒiÊ;Í9ß�ÇkÅ\Ø;Ô�ÍcÒ+Æ�ÇkÒ�ÒAÍtÒ+Ä�ÏCÇkÉ;Ò_ÓpÍcÏ�Ò�ÍcÒ�ÓpÈpÉ�Ä�ó�ÄCÏ�Í1ô�Ï�ÍcÎfÈpËyÒ�Ò�ÖcÍtÒDõxÊ�Ç�É;Ò
Ê;ÍcÒ/Ê;ÈpÆ�ÇkÅ\É;ÍtÒ�Ê;ÍxÎ;Ô\Ë;Ò+ö;ÇkËyÄCÍcÒ/ÖtÉyÍtÏ�ñkÅ�ÍtÒ/÷)ÐEÇkËyÒ�ÍxÊ;Ë�ÎfÈkÄ�ÍtÉ�ÄCÅ\ÍtÔ=Ï�ÖtÎyË;Ô�ÒAÅ\ß

K+ â5É�Ë;ÐtÔ\ÖtÈpÉ�Ù�Ú+Å\É;Ò�Å
Ô�ÇTÎ�ÍtÉ�Ä�Í1Ê;Í�Ô�ÇTÊyÅ�ÒAÄ�Ï�Å\Ø;ËyÄCÅ\ÈpÉXÊ;ÍcÒiÒAÎfÍcÐcÄCÏAÍtÒiÍtÉ�Æ�ÇkÒAÒ�Í�ÄCÏ�ÇkÉ;ÒAÓkÍtÏAÒ�Í1Ó�ÇTÒtÕ�ÇkÊ;ÈpËyÐtÅ�Ï?Í�Ä�ø;É�ÇkÔ�ÍcÆ�ÍcÉ�Ä
Ê;ÈkÉ;É;ÍtÏ.Ë;É;Í/ÄCÍcÆ�Î�ÖtÏ�Ç�ÄCËyÏ�Í/Î;Ô\Ë;ÒHÅ\Æ�Î�ÈpÏAÄCÇkÉ�ÄCÍ�Ùyù�ÈpË;ÒHÈpØyÒ�ÍtÏ_ÓpÈpÉyÒ�Ô�Ç1ÄCÍcÉ;Ê�ÇkÉyÐtÍ�Å�É�ÓpÍcÏ�ÒAÍ�ÎfÈpËyÏHÔ�ÍcÒ
Λ
Ù�á.ÍtÎ�ÍtÉyÊ�ÇkÉ�ÄEÑ�Ô\ÍtÒHÊ;Å£Ü¤ÖcÏ�ÍcÉ;ÐtÍcÒ�ÍtÉ�ÄCÏAÍ�Ô�ÍtÒKÄCÍtÆ�Î�ÖtÏCÇ�ÄCË;ÏAÍtÒ�Ê;ÍcÒ

Λ
ÈpØyÄ�ÍtÉ�Ë;ÍcÒiÇEÓkÍtÐ�ÍcÄ�Ò�ÇkÉ;Ò�Í�Ü¤Í�ÄCÒ

Ê;Í�Æ�Å�Ô�Å\ÍtËTÒ�ËyÏKÔ\ÍtÒ[Ý�Ç�ÈpÉ;Ò.ÒAÈpÉ�Ä.Ä�Ï�ÛtÒªß�ÇkÅ\Ø;Ô�ÍcÒtÙ�ç+ÍiÎ;Ô�Ë;ÒcÑVÅ\Ô�ÍtÒ_ÄHÊ;Å£ú�ÐcÅ�Ô\Í�Ê�Õ�Ö�Ä ÇkØyÔ�Å�ÏªË;ÉyÍ+ÐtÈkÏ�Ï�ÖcÔ×Ç�Ä�Å�ÈpÉ
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√
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t sinh2(y) » α = γβp/T ¼w½ γ = (1 − β2)−1/2 ^
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Z\M�TUQ;CEWeKEZ\I#O£^`qNCw¤JKNS9SXKvQ�ZlkoWwQ;Zlk�OJK�G\ILD[O\Z\C�WeVXD�M�FaKN]LZJILqN]�G\Q�I'S9QpCND�SXScQ�jfD�ILQ;WeVXD�M æ Q;Diç�hfG�D�ZJI
M\D�Z\]'ILQ�FHKEM\KNI � ScQHFH�EFHK/qNM\KEIL¥�VXK<VXM\CNVXO\KNM�WeK;rnáÚS�QpqEWLq�FaD�M�WeILq�YiZ\K�ScQaG\ILD[O\Z\C�WeVXD�M�O\KE] K+Q�ZJ¥�FHKEM�WeKPQAt�KNCPS�^ qEM\KNIg¥�V9KaO\KpTUQ�VX]LCEKAQ�ZÊ©UM\D�ZJ]�M\KpCED�M\]gV9O\qEILD�M\]<V9CNV�YiZ\KPS9Q)t;Q�SXKNZ\I/FHD�u�KNM\M\KAª
]gZ\VXt;Q�M�W2ScQ�IgKNS9Q;WeVXD�MÞ� ?A� ¯ ��è



é�ê�ë�ê�ì�í�î�ï�ð�ñ�ò�ó�î�ô!ï#õ%ö
Λ
ï�÷#ô'ö)ø*÷+í-ù.÷/ñ�ò�ó�î�ô+ô-ó1ú2ô-ó4û5ë7ü9ý;þ<÷/ÿ2õ�� �����

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0 1 2 3 4 5 6

l  UrQMD

M IQMD (sans M.E.)

s  IQMD (avec M.E.)

n  FOPI DATA

b (fm)

P
(L

+S
0 )

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

x 10
-2

0 20 40 60 80 100 120

l  UrQMD

M IQMD (sans M.E.)

s  IQMD (avec M.E.)

n  FOPI DATA

Apart

P
(L

+S
0 )/A

pa
rt

�	��
���������������������! #"%$&���('*),+-$/.0���
Λ
�*.�1�$/.2'*)3+-$/.0���546�7'8�*.�),"9��4:+�)<;=���=46�7'8$/4�4:+?>*+-$/.#@�AB�8>C��$/.�D

.2;8�8>FEFG	H!I	>J$/.�)B>*K/L7M*$/4:+?>J;8�8>N ���"=���8>�'O��"P"%;8>8QB4?�8>! #"%;O��+-'*),+-$/.�>����RLS$&��T*4?�VUW"/X	Y0Z\[<]�^�_-`N ���"
���8>='8�*"%'*4?�8>&@�AB�8>a #"8;O��+-'*),+-$/.�>F���bLS$&��T*4?�cI/X	YdZe[gf�hO`F��i��8'=�kjl�*)k>���Lb+�4:+-�*�m>J$/.�)2"8�n #"%;8>J�*.�)n;8�8>
 ���"o���8>o),"P+,��.�p�4?�8>��*)c>&��.�>q�kjl�*)k>m���oLb+�4:+-�*�� ���"m���8>�;*)n$/+�4?�8>&@

MK+ ∝ E5,3
faisceaurtsSu,v�w*x%s&y�zqw&{�zOzOs|w|xO}~u

Kcorr � y�s���{�y��bv���{�����v������~} � y���v�y����#{�}~��xO�q�7s&�9y�zO�|����v�zb��v�{���#{�y�z��v��O�Os|z���so�3���|��s&z9��}?sC��s�u,v�}?�9w&s�v�yd��sV�����b�=��sg�����������b�=��sg��s|�9x���{���wN 

Kcorr =
(1,93)5,3

(1,8)5,3
= 1,4

rBv¢¡���y�z9sd���¤£¦¥,��v�z9xO}?s�§�v�y�x%sJ¨q��zO�&�9s&��x%sd�?s|��x8v�y��©��sª��zO{���y�w*x%}?{��«��s&�
K+ �¬��{�z9�Sv��?}?�9�&�v�y«��{��q�zOs0��s0��y�w&�?�|{����7��v�z®x%}?w|}?��v���xO�&�¬�7s&�9y�zO�|�R��v�z7�?v¯w|{��?�?v�#{�z%v�xO}?{����ov�{��±°6�J²���³5s|xR�?s|�

��z9�&��}~w|xO}?{����a��yb�7{���´|�?s	µ�z%¶o·d¸¹°º�J��£J³��#{�y�z!��s&�!w|{��?�~}?�O}~{����a»�}½¼�»=}��m���¾���C�=��sg�q��rtsF�7{���´&�?s
z9s&��z9{���y�}~x0��v�z®u,v�}~xOs&�7s&��xª�?s|�0x%v�y��¿��sÀ��zO{���y�w*x%}?{��Á��s|�

K+ �5rBv«�RÂ|�RsÃw&{��R��v�z%v�}~�O{��\s&�®x
��z9�&�9s&��x%�|s���v����0�½v¦��v�z®x%}~s¯w|s&��x%zOv��?sÃ��sÀ�½v�¡���y�zOsÀ���¤£¦�Ä{�y�zª�?s&�ªx8v�y��¿��s¯��zO{���y�w*x%}?{��Á��s|�
Λ + Σ0 ��¸lv����=�?vq��v�z®x%}~sl�v��9�Os���s��?vq¡���y�z9s����¾£q��{�y��5v���{����5w�v��~w&y��~�l�?slzOv����#{�z9xÅ��s&�x%v�y�����s��z9{���y�w|xO}?{��

P (Λ + Σ0)/P (K+)
�

»�{�y�����{JÆ�{���� � y�sª��{�y��V{��x%s|��{����by���sª��}?�®x%zO}~�y�xO}?{���s|�©uk{���w|xO}?{��©��y«��{����z9s���sª��v�z®Ç
xO}?w&}~��v���x%�o���?v�x%sRv�y��9�O}F�}~s&�©v���s&w��~s&�q��{������|s&�bs*���#�&z9}?�7s&��x8v��~s&� � y2�¾v���s|w��?s|�q��z9�&��}~w|x%}~{����m��y
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ó9÷|ú;�*ð*ò�ÿSó*ý�ñ-ï�õ�÷N$9üOï�ðPð&�8þ'îó*ñ	ú#ð&�Oø�ò-ü*ñ,ò-û/ý�þ�ø�õÀÿSû&ø+/0�?ó
1Bð	354O6P$9ü8ó*ð%ü0�?ó8þ'�=

Q�RTS�UWVYX�Z\[&]_^O` êba R�c�d�efR�cTg�R�hid@j>R�hijWVkci[lX�mnciXEVYo?ei[lR+Sicij0p&qkR�hrSiXWd Λ X0p!SiXWd K+ s g�R�VYc�X_S�X
VYo�Qut>QuX9vwo�x>R�h7oyg�XWj_VzoCj>XWh{p&[lo�VYq|p s SiXEVYoLj>R�VYVkqYd.qYR�h ê

} XE[&o�eieMR�[~p@SiXWd�pJo,cT��SiXEei[.RTSic�j>p&qkR�hrg,o�c�p��

P (Λ + Σ0)

P (K+)
= 1,22 ± 0,2

} XWd�jWo�VYj>ciVYdBpl� s R�[.qYmnciX>d�� â�� ë+�#��ë+� â �#� o�qYhid.q�mnciX�VYX>d�QuX>dlci[.XWd�X0�Te s [.qYQ�XWh{pJo�VkXWdI����� � â�� �+� â���� �
Q�R�h{p&[.XWh{p�mnciX�VYX�[lo�eieMR�[.p K0 � K+ XWd.p s>� o�V�� â êG} o�Siq|� s [lX>hijWX�X>h�Quo�d.dlX�SiX�jWX>d�SiXWcT�
e;o,[.p&qkjWciVkXWd�X>d.p�qYh�v s [lqYX>ci[lXL� â#� X0p�Sio�hid_VYXWdEj>R�VYVkqYdlqkR�hid a q�� a qIVYXC[&o,eiefR�[.p a ��� XWd~p?e�[lR+jJ�iX
SiX�V���cihiq|p s ê�� h%SB��o,c�p&[.XWdEp&XW[.QuX>d?hiR�cid�eMR�c�g�R�hid_vwo�qY[.X�V<��o,eiei[lRy�TqYQuo,plqYR�h�mnciXuVzo�ei[lR+Sicij0p&qYR�h
SiX>d@�,o,R�hid�dlXE[ s e;o�[~p&q|p�XWhO� �{� SiX K+ X>p�� �{� SiX K0 êb� q�hiR�cid�d.cieieMR�dlR�h�d!mnciXEVkXWd Σ±0 R�h{p
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ÀYÁ�ÂuÃ>ÂuÄ9ÂuÁ�Å.ÅlÄEÆnÇiÄEÀYÄ
Λ
Ä>È@ÆnÇiÄ_ÉiÊ�Ç�Å\ÁyË�Ê�ÉiÅ@ÇiÉiÄEÌ;Á�Í~ÎwÁ�ÏkÈlÄ9Å.Ð+Â�Ñ>ÈlÍlÏYÄ�Ò�ÓÔÏkÅlÊ�Å.ÌiÏYÉ�ÒiÇ7Å.Ð+Å.ÈlÕWÂ�Ä

Ö Ë�Ê�ÏkÍ�ÅlÄ>×>ÈlÏYÊ�É�Ø�Ù ½ Ù ¾ ÌMÊ�ÇiÍ�Ì�ÀYÇiÅ9Ò�Ä�ÒiÑ>È&Á�ÏYÀzÚ0ÛMÁ�ÀkÊ�ÍlÅ\ÉiÊ�ÇiÅ9Ò�Ä>Ë+ÍlÏkÊ�ÉiÅ�ÁyË�Ê�ÏYÍ9ÀkÄ?Â�ÃWÂ�Ä?ÉiÊ�Â?ÜiÍlÄ�Ò�Ä
Λ
ÆnÇiÄEÒiÄ

Σ±0
Ù

Ý Ê�É�×�ÅlÏBÉiÊ�ÇiÅ�×WÊ�É�ÅlÏYÒ�ÑWÍlÊ�ÉiÅ�ÀzÁ?Í.ÑyÁ�×0È&ÏkÊ�É
B +B → B + Λ +K+

ÛiÀYÄ\Í&Á�Ì�ÌfÊ�Í~È P (Λ + Σ0)

P (K+)Ä>Å.È!ÄWÅ~È&ÏYÂ�ÑEÞGß
P (Λ + Σ0)

P (K+)
=

0.5 + 0.5/3

0.5
= 1,33

à Ä>È.È&Ä9Ä>Å.ÈlÏYÂuÁ,È&ÏkÊ�ÉuÄ>Å.È�ÄWÉ�Á�×>×WÊ�Í.ÒrÁyË�ÄW×�ÉiÊ�È&Í.Ä�Â�ÄWÅ.ÇiÍlÄ9ÄµáTÌfÑ>ÍlÏYÂ�ÄWÉ{È&Á�ÀYÄ!ÒiÄWÅ
Λ
Ä>È�ÀzÁ_ÂuÄ>ÅlÇiÍ.Ä

ÒiÄ>Å
K+ â ½�ã�ä#å ÀYÊ�ÍlÅlÆnÇiÄrÉ�Ê�ÇiÅCÈ&Ä>ÉiÊ�ÉiÅC×>Ê�ÂuÌTÈ&ÄrÒiÄ>Å�ÜiÁ�ÍlÍ.ÄWÅCÒBÓ�ÄWÍ.ÍlÄWÇ�ÍlÅWÙ Ý ÄrÌ�ÀYÇiÅ>ÛæÉiÊ�ÇiÅ�ÁyË�Ê�ÉiÅÂ�Ê�É{È&Í.Ñ�ÆnÇiÄ�×WÄ0ÈlÈlÄ�Æ+ÇiÁ�É{È&ÏkÈlÑ�ÉiÄ�Ò�ÑWÌMÄWÉiÒ�Ì;Á�Å�ÒiÄ9ÀzÁ�×WÄWÉ{ÈlÍ&Á�ÀkÏkÈ&Ñ\ÒiÄ9ÀYÁ?ÍlÑWÁ�×>ÈlÏYÊ�ÉBÙTç\Ê�ÇiÅGÌMÊ�Ç�Ë�Ê�ÉiÅ

Á�Ç�ÅlÅlÏèÉiÊ�ÈlÄWÍ�ÆnÇiÄCÀkÄ�Â�Ê+ÒiÕWÀkÄ?é!ÍJêEë Ý ÍlÄ>ÌiÍlÊ+ÒiÇiÏ|È9Ì;Á,Í.ÎwÁ�Ï|È&ÄWÂ�ÄWÉ{È\ÀYÄ>Å\ÈJÁ,ÇTáìÒ�Ä�ÌiÍlÊ+ÒiÇi×0È&ÏkÊ�ÉAÒiÄ>Å
Λ
Ä>È�ÒiÄWÅ

K+
Ä>È�ÀYÄWÇ�Í5ÒiÑ>ÌfÄ>ÉiÒ;Á�É�×WÄ�Þ_ÀzÁ�×>ÄWÉ{È&ÍlÁ�ÀYÏ|È&Ñ!ÒiÄ�ÀYÁ_×>Ê�ÀYÀkÏYÅ.ÏYÊ�ÉBÛ�Å&Á�ÉiÅ5ÌfÊ�ÇiÍ�Á,Ç�ÈJÁ�É{È�Ç�È&ÏkÀYÏYÅ.ÄWÍ

ÒiÄEÌMÊ�È&Ä>É{È&ÏYÄ>ÀBí	Á�Ê�ÉTîïÉnÇi×WÀkÑWÊ�É�Ê�Ç
Λ
îïÉ+Ç�×WÀYÑ>Ê�ÉBÙ

ç\Ê�ÇiÅ�Á�ÀYÀkÊ�ÉiÅèÂ�Á�ÏkÉ{È&ÄWÉiÁ�É{ÈI×WÊ�ÉTÎðÍlÊ�É{È&Ä>ÍIÉiÊ�ÅIÍ.ÑWÅlÇ�ÀkÈJÁ	È&Å�Þ�×WÄ>ÇTáLÊ�Ü�ÈlÄWÉnÇiÅ�Ì;Á�ÍñÀzÁ9×WÊ�ÀYÀzÁ,ÜfÊ�ÍlÁ,È&ÏkÊ�É
ò¯óEô â ½�õ{ö�å Ù+÷�ÄWÅ�Í.ÑWÅlÇ�ÀkÈJÁ	È&Å�ÅlÊ�É{È5ÌiÍlÑ>ÅlÄ>ÉnÈlÑWÅ5ÄWÉuÎðÊ�Éi×>ÈlÏYÊ�ÉLÒiÇ�Ì;Á�ÍlÁ�ÂuÕ0È&Í.Ä!Ò�ÓÔÏkÂuÌ;Á,×>ÈIÅ.ÇiÍ5ÀYÁ9ø;ù�ÇiÍ.ÄØ�Ù õ Ù
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l  UrQMD MODEL (Ni+Ni 1.93 AGeV)
n  FOPI DATA (Ni+Ni 1.93 AGeV)
M EOS DATA (Ni+Cu 2 AGeV)
s  ARC MODEL (Ni+Cu 2 AGeV)

b (fm)

P
(L

+
S

0
)

ú5û�ü�ý Ø�Ù õ�þ�ÿ��������	��
�������������������	���
Λ

������������� �����!���"
#���$��%"&�� �����(' �)%*
#�	���)+,��-��.���/�0�*
#���
1 ���2��� 1)1 �0-����3���������#�"46587:9<;$�3������=��?>@���BA*5DCE;$=��?��� 1 ���?>GF.HJI/K�LNMPO(���Q
��=3�������������#�R�	���S%"���	& 1 ���
T ��U8V2WXF.HJY/K L<���[Z[\^]_F.HJI0I3LS�`���/�a���?
��=��`���/�?=����R�����?
/����� �)b���%"���/�P
#���2�	���c������� 1 ���<���d�	���
���e�����	f 1 ����M

÷�ÄWÅ
Λ
ÍlÄ>×WÊ�ÉiÅ~È&Í.ÇiÏkÈlÅ2Ò;Á�ÉiÅ�À�Ó�Ä0áTÌfÑ>ÍlÏkÄWÉi×>Ä ò¯ó_ô Ì�ÍlÊ�Ë+ÏYÄWÉ�ÉiÄWÉ{ÈrÒiÄ>Å2×WÊ�ÀYÀYÏkÅlÏkÊ�ÉiÅ�ç\Ïhg à Ç Þ�i

j,k Äml�Ù à ÄWÅGÅ~Ð+Å.È&Õ>ÂuÄ>Å�ÅlÊ�É{È�Ì�Í&Á,ÈlÏYÆnÇiÄWÂ�ÄWÉ{È�ÏYÒiÄ>ÉnÈlÏYÆnÇiÄ>ÅWÛ�À<Ó�Á	È&Ê�Â�Ä@ÒiÄ à ÇiÏ|Ë+ÍlÄ9×>Ê�É{È&ÄWÉiÁ�É{È�ÅlÄ>ÇiÀYÄµî
Â�ÄWÉ{È¯ÒiÄWÇ+á�É+Ç�×WÀYÑ>Ê�ÉiÅ¯ÒiÄ!ÌiÀYÇiÅ�ÆnÇiÄ!×WÄ>ÀYÇiÏbÒiÄ@À�ÓÔÁ,ÈlÊ�ÂuÄ�Ò�Ä\ç!ÏY×Jí,ÄWÀ�Ù ò É�Ê�Ç�È&Í.Ä\À<ÓÔÑ>ÉiÄWÍ.ù�ÏYÄ�×>ÏYÉiÑ0È&ÏkÆ+Ç�Ä
ÒiÄ>Å�ÉnÇi×WÀkÑWÊ�É�Å�ÏYÉi×>ÏYÒiÄ>É{È&Å?Ä>Å.ÈCÌ�Í&Á,ÈlÏYÆnÇiÄWÂ�ÄWÉ{È?ÀzÁOÂ�ÃWÂ�Äæßni j,k Äml8ÌMÊ�ÇiÍ ò¯óEô Ä>È ½ Ûpo ä j,k Äml
ÌMÊ�ÇiÍ*q óBrts ÙB÷�Ä>Å�ÌiÍlÑ>ÒiÏY×0È&ÏYÊ�ÉiÅ�ÒiÄ>Å�ÂuÊ+ÒiÕ>ÀYÄWÅ j[u à â ½�õ�õ#å Öhv jwu ÄWÀYÁ,È&Ï|ËTÏkÅ.ÈlÏY× à Á�Ål×WÁ�ÒiÄ�ëOÊ+ÒiÄ>Àyx~Ú
Ä0È�é!ÍJêEë Ý â ½�ä�ö#å ÅlÊ�ÉnÈ�Á�ÇiÅ.ÅlÏ�ÍlÄ>ÌfÊ�Í.È&Ñ>ÄWÅ!ÅlÇiÍ!ÀzÁ�ø;ù�ÇiÍlÄ_Ø�Ù õ Ùb÷�Ä�Â�Ê+ÒiÕWÀkÄ j[u à ÍlÄWÌ�ÍlÊ+ÒiÇiÏkÈ\ÁyË�Ä>×
Å.Çi×W×>ÕWÅ�ÀYÄ>Å�ÈJÁ,ÇTáìÒ�Ä�ÌiÍlÊ+ÒiÇi×0È&ÏkÊ�ÉìÒiÄ>Å�Ì;Á�Í.ÈlÏY×>ÇiÀYÄ>Å�Ò;Á�É�Å9ÀYÄ�ÒiÊ�ÂuÁ�ÏYÉiÄ_ÒBÓ�ÑWÉiÄ>Ílù�ÏkÄ�ÒiÄ�À<Ó j,k ô Ä0È�ÏYÀ
Á7Ñ>È&ÑuÇ�È&ÏkÀYÏkÅlÑLÌfÊ�ÇiÍ�À<ÓÔÑ0È&ÇiÒ�ÄuÒiÇ v?z Ê`{6x�Ò;Á�É�Å�ÀYÄ>Å�×>Ê�ÀYÀkÏYÅlÏkÊ�ÉiÅ j Ç�g j Ç�Á�Ç+á ÑWÉiÄ>Ílù�ÏkÄWÅ?Ò�ÄS|�Ä0Ë�Á#î
ÀYÁ�× â ½�õ o å Ùªç!Ê�ÇiÅ�Ë�Ê�Ð�Ê�ÉiÅ?Æ+Ç�Ä2ÀYÄ>Å�Í.ÑWÅlÇ�ÀkÈJÁ	È&Å_ÌiÍlÊ�Ë�Ä>É;Á�É{ÈCÒiÄuÒiÄWÇ+á%ÄµáTÌfÑ>ÍlÏYÄ>Éi×WÄ>Å�ÒiÏy}�Ñ>ÍlÄWÉ{ÈlÄWÅ�Ä0È
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¼[¨�©#§d¥�¬N§a®N¸J¥�¥¦¤�§3¤¦¸J©§^Ä�¤hÅBÄ�¤�Æ � ¾pÇJÈRÉ,ÊË¬mÌQ¾Í©¸�¢§d©¸J¢#§Q½¥�¨�Î�¸J©#§d¨�¢!«#¬�§3§$¢§d«¢�§$¬�¢¤¦¥8«#¬
®N·3µ�¨�£�¤�¸�©�«¬�§ Λ »Ä�¸�¢§P½¶¸�¢#ÏJ¸J©#§�¨�¤�©§$¤�µ�À�¬N£$£�·$¬B¥�±Ð¯ª³	½¸�£�¯#Ã�§3¬B°ª¢¬Ë¥�¨aÑ�¨�¤�¹#¥�¬[¨�¢ÒJÀ�¬�©0£�¨�£3¤�¸J©"«¢
£�¨�¢Â¿�«#¬R½#·3¸	«¢®N£3¤�¸J©�«#¬�§ Λ ¨�ÏJ¬�®G¥�¨�®�¬�©0£3·�¨�¥¦¤¦£�µ"«¬�§Ó®�¸�¥�¥�¤¦§3¤¦¸J©§Q¬N§$£Á¨�¢§$§3¤P¸J¹#§3¬�·ÔÏJµN¬2¥¦¸J·3§$°	¢#¬
©¸�¢§a®N¸J©§$¤�«µN·3¸J©§^«¬N§aµN©¬�·$ÒJ¤�¬N§a¤¦©®�¤¦«¬�©0£�¬N§a½#¥�¢§Ëµ�¥¦¬NÏ�µ�¬�§N»:Õ�¬�§^¬N´¶¬N£3§a«#¬Á§$¬�¢¤¦¥�¸�¹§3¬N·$ÏJµN§d§3¢#·
¥�¨d«µ�½¬�©«¨�©®�¬a«¬Ë¥h¨Ö½·$¸Â«¢#®N£�¤¦¸J©G«¬�§ K+ Æ�¥�¨d®�¬N©ª£3·�¨�¥¦¤¦£3µB«¬�§,®�¸J¥¦¥�¤¦§3¤�¸�©§D½¸J¢·�«¬N§�µN©¬�·$ÒJ¤�¬N§
¤¦©®�¤¦«¬�©0£�¬N§Ó¨�¥�¥�¨�©0£d«¬ � ¾ � Æ � ¾pÇJÈ�É,ÊB¬mÌ×«¬�À�¬�¢·$¬�©0£Ó£�·$Ã�§ÖÑ�¨�¤�¹#¥�¬�§"Ø ��Ù0Ú�Û »tÜn¨�·Ö®N¸J©0£�·$¬�¾:¤¦¥D¬�§Ô£
¨�¢#§3§3¤½·$¸J¹/¨�¹¥¦¬�°ª¢²±pÆQ½¥¦¢§�¯/¨�¢#£3¬*µ�©#¬�·3Ò�¤�¬�¾ª«²±p¨�¢#£3·3¬N§D½·$¸Â®N¬�§3§$¢§P«¬�®�·3µ�¨�£�¤¦¸J©�«¬�§ Λ ¬�©0£3·3¬�©0£P¬N©
Ý ¬N¢R¬�£,ÀÁ¸	«¤¦Þ¬�©0£�¥�¬N¢·6£�¨�¢	¿G«¬Ë½·3¸	«¢®�£�¤¦¸J©�¬�©GÑß¸J©®�£�¤�¸�©R«#¬^¥�¨d®�¬N©ª£3·�¨�¥¦¤¦£3µB«¬Ë¥h¨Ö®�¸J¥¦¥�¤¦§3¤�¸�©²»
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M E895 DATA (Au+Au 6 AGeV)

n  FOPI DATA (× 9) (Ni+Ni 1.93 AGeV)
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à8á)âPã ¡ »pÇ[äæå�ç�è�éÓê	ë�ìí�î�ê�è/ï�ð�ñ�î�òRê	ë�ó Λ+Σ0 ê�ñ)ô`ñ�ó`õtì#ç�í�ö�ë�ò�î�÷�ø�í�ë*ê	ë�ò/è/ï�ö�õ�î�ò#ótì#ç�íeð ñ�ï�ñùì#ç�ò/ð)ó
ë�òSú�î�ò�ï�ð�ñ�î�òûê�èæò�î�÷�ø�í�ë"ê	ëÁò/è�ï�ö�õ�î�ò#óBì#ç�íeð�ñ�ï�ñùì#ç�ò/ðßó�ü�ýþë�óÁð�ç�è�éÿê	ëËìí�î�ê�è�ï�ð�ñ�î�ò�÷"ë�ó�èÂí�õ�óBì#ç�í
öyçcï�î�ö)öyç0ø�î�í$ç�ð�ñ�î�ò������ºì/î�è	í�ê	ë�óSï�î�ö)ö ñ�ó�ñ�î�ò#ó��*è	�
�*è��������ë������������dó`î�ò/ð�í�ë?ìí�õ�ó`ë�ò/ð?õ�ó*ì#ç�í
ê	ë�ó[õ�ð?î�ñ)ö�ë�óBë�ð(ò�î�èªó*ç�ô�î�ò#ó�ç�ì0ìö ñ���è/õ�è	ò[úNç	ï�ð.ë�è	í�ê � õ�ï"!/ë�ö)ö�ë�# ×9 $ �Qò�î`ó,í�õ�ó�èÂö ð�ç�ð)ó%#$ï3ç�í�í�õ�ó $ ü�ý²ç
ï�î�è	íNø�ë�ë�òËì/î�ñ)ò/ð ñ)ö)ö�õ�óDí�ë?ìí�õ�ó`ë�ò/ð?ëDö&� ç('eèªó�ð?ë�÷"ë�ò/ðþê	ë�ónì/î�ñ)ò/ð)ó(ì#ç�í6öyç�ú�î�ò�ï�ð�ñ�î�ò*),+�# Λ+Σ0 $.- A×
(Apart)

α ü
Ä�¸�¢§G½·3µN§3¬�©0£3¸J©§RÀ"¨�¤¦©0£�¬�©¨�©0£�¢©¬c®�¸�ÀÁ½/¨�·�¨�¤¦§3¸J© ¨�ÏJ¬N®@¥¦¬�§�«¸�©©µ�¬N§G¸J¹#£�¬N©ª¢¬�§R½/¨�·�¥�¨

®N¸J¥�¥�¨�¹¶¸�·�¨�£3¤�¸J©0/
132"½¶¸�¢·D«¬N§P®�¸J¥¦¥�¤¦§3¤�¸�©§�É*¢�Å[É*¢SÆ ¡ É,ÊË¬mÌwØ � È  �Û54 Þ/ÒJ¢#·3¬ ¡ »pÇ76e»#Ä,¸J¢§P¨�ÏJ¸�©§
¨�½#½¥�¤¦°	¢#µ"¢©�Ñ�¨�®�£�¬�¢#·d«²±Ðµ�®�¯¬N¥�¥�¬GÆ�©#¸�£�·$¬SÀÁ¬N§3¢·$¬ 4 × Ç76Q¨�Þ/©�«¬�·3¬N©«·$¬�¥h¨º®N¸JÀÁ½¨�·�¨�¤¦§3¸J©æ«¬
¥ ±ù¨�¢#ÒJÀÁ¬N©0£�¨�£3¤�¸J©c«¢æ£�¨�¢Â¿ÿ«¬"½·3¸	«¢®�£�¤�¸�©æ¨�ÏJ¬N®S¥�¬�©¸JÀQ¹·3¬Á«¬"½/¨�·$£�¤¦®�¤¦½/¨�©0£�§Ë½¥¦¢§d¨�¤¦§3µN¬�»98D¬
Ñ�¨�®�£�¬N¢·Á«�±pµN®�¯¬�¥¦¥�¬R¬�§$£Á£�¸�£�¨�¥�¬NÀÁ¬N©0£"¨�·3¹¤y£�·�¨�¤�·3¬�¾:¤�¥P½¬�·$ÀÁ¬�£ Ý ¢#§$£�¬2«¬RÀÁ¬�£3£�·$¬2¬N© µNÏ	¤¦«¬�©®N¬º¥�¨
§$¤�À�¤�¥�¤y£�¢«#¬D«¬N§8½¬�©0£�¬N§8«#¬�§D«#¤�§$£3·3¤¦¹¢#£�¤¦¸J©§N»JÕ�¬�§�½¶¸�¤�©0£�§�¬�¿Â½µ�·$¤�À�¬�©0£�¨�¢	¿�«¬�§�«¬�¢	¿�¬�¿Â½¶µN·3¤¦¬�©®N¬�§
¸J©0£�µ�£�µ^¨ Ý ¢§Ô£�µ�§,½/¨�·�¥�¨QÑß¸J©®N£3¤�¸J©;:

P (Λ + Σ0) = A× (Apart)
α 4 ¡ »ùÈ76
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S0Thw0Y6TVomU(fVd0W[Q�TnZBN(QDTVSlc�ZuW[Q�N U Zud�wtrVU \^U v'c�S�fVSN(Q�`VWuY'fVcVw$Z[U Y6T�f4O�d0Z[WuQ�TV�6S$Z[d5XVf4OeQ�`V`�Y6WmZuSlWBcVTVSxR5Q��
N U(fsQ5ZuU(Y6T}fVSloZ[Q�c+��f�S]`�WuY'fVcVw0ZuU(Y6T�f�Slo�`sQ�W�Z[U(w0cVN(S0od0ZuW[Q�TV��Slo\]Slouc�WudlS0o�fVQ�TVoN(S�f�Y6\:Q5U(TVSDS0T
d0TVSlWm�6U(SfVS�¬+§�¬ p

  T�U \^`�Y6W�ZtQ�TnZ¥Z[W[Q-R5Q�U Nbf4OeQ�TsQ5N ¨'ouSQ�`bY6W�Z[dxomcVWBN�Q3\^U ouS�SlT;d0R'U(f�SlTVw0SS$�+`bd0WuU \^S0T_Z[Q�N(S�fVSxN(Q
`VWmY+f�cVw0ZuU(Y6T�fVc

Ξ−
ouY6cVo&N SouSlc�U(N4fVS�w0Wud-Q�Z[U(Y�T p q SZtQ�c+�	fVS�`VWuY'fVcVw$Z[U Y6T;SlomZuU(\]dd0Z[Q�TnZ�{Q5U(yVN S�X

cVT�ShZuSlwtrVTVU v_cVS�fVShWuS0wlY6T�omZ[WmcVw0ZuU(Y6T�c�Z[U N(U(ouQ�TnZ�cVT®�6W[Q�T�f�TVY6\�yVWuShfVS;R�Q5WuU�Q5yVN(S0o�fVSlo�Z[U(T�dlSlo �wlQ�W[Q�w$Z[d0WuU(omSlW&N�Q�Z[Y�`bY6N Y6�6U S�fVS3fVdlw0WuY6U ououQ�TVwlS�fVS3wlS0ZmZ[S�`sQ�WmZuU(w0cVN(S�Q�d0Zud�fVd$R6S0N(Y6`V`�dlS p q S3ouU �6TsQ�N
\]SlomcVWud5X¯yVU(S0T®v_cVS}omZtQ�Z[U(o�Z[U v'c�Sl\]SlTnZ�{Q�U(y�N(S�S0Z]f4O�cVTVSh{Q�U(y�N(S	omU(�6TVU © w-Q5TVwlS5X¯olO�SlomZ:Wud$R6dlN d}�$Z[WmS
WmSlN�Q�Z[U R�Sl\]SlTnZ�omZ[Q�yVN S p §"N¯`�Y6cVWmW[Q�U<ZwlY6T�omZ[U<Z[cVS0W�N�Q�`VWuS0\^U zlWmS�U(TVfVU w-Q5ZuU(Y6T�fVS�`VWuY'fVcVw$Z[U(Y�T�f�Oern¨n�
`�dlWmY6TVox\Dc�N Z[U°�"d$Z[W[Q5TV�6Slo

Ξ−
omY6cVoN(S�ouS0cVU(N p q Slo�WudlomcVN Z[Q5Z[o�v'c�S�TVY6cVoQ-R�Y6TVoY6y�ZuSlT_c�ouS0WmR'U(WmY6TnZ

fVS�ysQ5ouS^Q�c+��{|c�ZucVWuS0o�Q5TsQ�N ¨'omSlolX�TVY5ZtQ�\]\^S0TnZ�`bY6c�W3NPOeS*�+`bd0WuU(S0TVwlS � N�� � N �}± ��� S��²`VWud$R'cVS
S0T�\]U(N(U Slc?f�O�Q�T�TVdlS ±�³6³ K p §"N¯ouSlWuQ}fVS]`VN cVolX9U T_ZudlWmSlououQ�TnZDf4O�c�ZuU(N(U ouS0WN(Slo�WmdlouSlQ�c+��fVS]TVSlc�WuY6TVS0o
`�Y6cVW�N�Q:\]SlomcVWuS�fVS�w0S0ZmZ[S�`sQ�W�Z[U wlcVN S�X�fVSD`sQ�W�N�Q:WmdlfVcVw$Z[U Y6T�fVc�yVWmcVU Zf�S�{|Y6TVf�v_cVU¯Q	`�c��$Z[WmS
Y6y�ouSlW�R6d0S�omcVW&N�Q�WuS0wlY6TVo�Z[WmcVw0ZuU(Y6ThfVSlo

Λ p
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¾À¿=ÁÃÂ�ÄÆÅ�Ç3È�Ä&É�È�Ê$ÄBË®Ì¯Í�Ê0Î ÊlÏ]Ð�ÄÒÑhÓÔ1Õ�Ç�É�Ê0Ï^Ð�Ä
µB

Ö1×�ØVÙFØVÚVÛ£ÜVÛlÚVÝmÞ ßuà£ÜVÛaá^â5ßuÞ(ãlÙmÛ=Ú_ØVä0å(àlâ�Þ(ÙmÛ£ÜV×6Ú�ÚVàlÛ5æ�å�â�ÙuÛ0å�â5ßuÞ(×6Ú�ÛlÚnß[ÙmÛaå(Û=çb×�ßuÛlÚnß[Þ Ûlå'ätèVÞ(á]Þ(é_ØVÛ
ê â5Ùmë6×�ÚVÞ(é_ØVÛ�Û0ß�å(â	ß[Ûlá]ç�àlÙ[â�ß[ØVÙmÛ�çbÛ0Ø�ß3ì0ß[ÙmÛ�× ê ßuÛlÚ_ØVÛ^í;çVâ�ÙmßuÞ(ÙxÜ4î�ØVÚVÛ]äl×�ÚVÜVÞ ßuÞ(×6Ú�Ü�Û�ÚV×6Ùuá^â�å Þ<ï
Ýuâ5ß[Þ ×6Ú4ð1ñxâ�ÚVÝ�å(Û^ä-â�Ý�Ü�îeØVÚóònâ5ô	ÜVÛ�Ú_ØVälå àl×6Ú�Ý�í�Ý�ë'á^à$ß[ÙuÞ Û	Þ(Ým×�ß[×�çVÞ(é_ØVÛ?õPöø÷úù9û$æ¤å(â�ÙuÛ0å�â5ßuÞ(×6Ú
â�ÝmÝu×'älÞ(â�Únß^å(â�ÜVÛlÚVÝmÞ ßuà ê â5Ùmë6×�ÚVÞ(é_ØVÛ}â-ü6Ûlä}å�â?ß[Û0á^ç�àlÙuâ5ß[Ø�ÙuÛ;Û0ß^å(Û�ç�×�ß[Û0Únß[Þ(Û0å&ätèVÞ(á]Þ(é_ØVÛ ê â5Ùmë6×�ï
ÚVÞ é_ØVÛÝlî�àlä0ÙuÞ ß4ý

ρ =
N

V
=

4π

h3
g
∫

∞

0

p2dp

exp[E−µB

T
] + 1

µB

Û0Ýmß�å(Û�ç�×�ß[Û0Ú_ßuÞ(Û0å�ätè�Þ(á]Þ(é_ØVÛ ê â�Ù�ë6×6ÚVÞ é_ØVÛ�æ
T

å(â�ßuÛlá]çbà0Ù[â5ßuØVÙuÛ�Û0ß
g

å Ûþâ�ä0ßuÛlØVÙ�ÜVÛ3ÜVàlò6à*ï
ÚVà0ÙuÛ0ÝuälÛ0ÚVälÛ	õ

g
÷ ¶ û*ð

¾¹ÿ�Á�� É�ÄaÔ���Ê$Ä����9Ä&Ð�Ê0Ë���ÄÆÅ;Ô1Ç	�;ÐhÌ¥È�Ê0Ç�É ��Ä��
K+ 


Λ

 K− ÄaÈ

Ξ
−

Ö1×�ØVÙ&å(Ûä-â5å(älØ�å4ÜVÛlÝ�àlÚ�ÛlÙuò�Þ(ÛlÝ&ÝmÛlØVÞ å4ÚV×6ØVÝ�äl×�ÚVÝuÞ ÜVàlÙm×6ÚVÝ&ØVÚVÛ�äl×�å(å(Þ ÝuÞ ×6Ú:Ú_ØVä0å(àl×�Ú+ï"Ú_ØVä0å(àl×�Ú4ð

������������������������ + � �
Λ !

" ×6Þ<ßBå�â�Ùmà-â�ä$ß[Þ(×�Úý p+ p
1 2

−→ K+ + Λ + p
3 4 5

# Ú�àlä0ÙuÞ ß£å�â�ä0×6ÚVÝmÛlÙmü5â5ßuÞ(×6Ú:ÜVÛxå�â�ÚV×6Ùuá]Ûxâ5Ø�ä-â�ÙmÙuàxÜVÛ0ÝBé_Øsâ�ÜVÙmÞ ü6Û0ä0ßuÛlØVÙmÝBàlÚVÛ0Ùuò6Þ Û$ï"Þ á^ç�ØVå(ÝmÞ(×6Ú
Üsâ�Ú�Ý�å Ûå�â ê ×6Ùuâ5ß[×6Þ ÙuÛ�Û0ß�Üsâ�ÚVÝ&å ÛälÛlÚnßuÙuÛ3ÜVÛ�á:â�ÝmÝuÛFý
(

E1 + E02−→p 1

)2

=

(

E03 + E04 + E05−→
0

)2

$"å�ü'Þ ÛlÚnß9ý
E2

1 + E2
02 + 2E1E02 −−→p 2

1 = (E03 + E04 + E05)
2

Ü4î�×&%ý
E1 =

(E03 + E04 + E05)
2 − E2

01 − E2
02

2E02

ñ�îeâ�Ø�ßuÙuÛ�çsâ�Ù�ß9ý
E1 = T1 + E01
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021436587&9:3<;43<=?>�@A@83B;43<C63D@FEG>H58IJ9KC6L4MK36@ON










E01 = E02 = E05 = 938 MeV
E03 = 494 MeV
E04 = 1116 MeVP 1RQ�STIJ9K361 I�;4Q&14C<MVUXWD1436587&9:3-CD9:14WYIJ9KZ[LT3;TLRE458Q�IJQ�1\9K14C69K;4361 I�14WDC63D@A@J>H9:5A3^]_M`>_C658Wa>HIA9:Q&1b;TL

c + 3DId;4L Λ
N

T1 = 1,58 GeV

ef�g�h�i�j�k�l�g�m�h�n�o
− p

q Q&9rIsM`>_58Wa>�CYIJ9:Q�1BN
p+ p−→ K+ t K− t p+ pu�v 36C);436@wW6143D5A7&9K36@x;T3)=?>�@A@83)9:;T361 IJ9KZ[LT36@xE�Q&L45yM:3D@wz{>�Q�14@x3YI|>�1 IA9r}~z{>�Q�14@6��3DIx361?E45AQ[C6WD;G>�1 I

;43<M:>�=?�D=?3B=?>�149K�65A3)Q&1RQ�STIJ9K361 I�L41\@A36LT9:MO;43C658Wa>HIA9:Q&1bE�Q&L45�MK3
K−

;43,N
T1 = 2,49 GeV

ef�g�h�i�j�k�l�g�m�h�n
Ξ− p

q Q&9rIsM`>_58Wa>�CYIJ9:Q�1BN
p+ p−→ K+ t K+ t Ξ− + p��3

Ξ−
E�Q&@8@A�6;T3^L41T3^WD1436587&9:3B;43<=?>�@A@83<;43,N

E0Ξ− = 1321 MeV�FQ�L4@�Q&STIJ3D14Q&14@�;4Q�14C<L41R@836L49KM�;43<E45AQ[;4L4CYIJ9KQ&1BN
T1 = 3,74 GeV

���)��������D�b�Y�������~�\�b���\�<�����6�x���Y�

�d>�E49:;T9KIJW);OUXLT143<EG>�58IA9:CDL4M:3B;G>H14@�M:3BC63D1 IJ5A3;43<=?>�@A@83,N
ycm =

1

2
ln

(

E∗ + cP ∗

L

E∗ − cP ∗

L

)

�d>�E49:;T9KIJW);OUXLT143<EG>�58IA9:CDL4M:3B;G>H14@�M:3BM`>HS�Q&5A>HIJQ�9:5A3�N
ylab =

1

2
ln
(

E + cPL

E − cPL

)

u�v 36CM:3D@�W67 >�MK9KIAW6@|;43<M:> IJ5J>H14@8¡�Q&58=?WD3<;43��Q�5A361 IA¢,N










E = γE∗ + γβcP ∗

L

cPL = γβE∗ + γcP ∗

L

cPt = cP ∗

t9:M v 9K361 I�N
ylab =

1

2
ln

(

1 + β

1 − β

)

+
1

2
ln

(

E∗ + cP ∗

L

E∗ − cP ∗

L

)

ylab = ycm/lab + ycm

�d>�E49:;T9KIJW)5AW6;TL49KIA3,N
y0 =

ylab − ycm

ycm

�¤£<�¦¥§����\�b���¨��©��x�D����ª �B���D«?�b��©�����\©¬�D��x���_�����®�b�®ª �©�©��
P 1�C6Q&14@89:;4�D5A3L41�1�L4C6MKW6Q&1\9:14CD9:;43D1 I�;OUXLT143^WD1436587&9:3BCD9:14WYIJ9KZ[LT3;T3

T1 = 1,93 ¯ 3±°²@AL45�L41
1�L4CDM:W6Q�1\³T´µ3H¶ q Q&9KI

E
′ M·U¸W61T365A7�9:3-;4L\C63D1 IJ5A3;43<=?>�@A@83;TLR@º¹µ@ºIJ�D=?31�L4C6MKW6Q&1µ}±1�L4C6MKW6Q&1BN
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S =

(

E1 + E02−→p 1

)2

=

(

E
′

−→
0

)2

=⇒
(

E
′
)2

= E2
1 + 2E1E02 − −→p 2

1 + E2
02

Â~ÃOÄ[Å:ÆDÇ�ÈOÉ (
E

′
)2

= E2
01 + 2E1E02 + E2

02 Ê Ä�Æ6Ë E1 = T1 + E01

(

E
′
)2

= E2
01 + 2T1E02 + E2

02 + 2E01E02

(

E
′
)2

= (E01 + E02)
2 + 2T1E02

E
′

=
√

(E01 + E02)
2 + 2T1E02

Ì Ä&Æ6ËRÍ4Ç4Æ\Î6Ç4ÆDÏAÐ&ÅKÆ�Ñ4ÆbÒ Ê Å:Ó8Ë6Æ Ê ÍÔÑ4Æ
T =1,93 Õ Æ±Ö§ÆDÈ	Í4ÇTÆRÎDÇ4Æ6Ï8Ð&Å:Æ�Ñ4Æ�× Ê ÓAÓ8ÆRØ�Ù&Í4ÏÚÍ4Ç

Ç�Í4ËDÃ:Î6Ù�ÇRÑ4Æ
0,938 Õ Æ±Ö ÛGÙ&ÇbÈJÏ8Ù&ÍTÄ&ÆÍ4Ç4Æ<ÎDÇ4Æ6Ï8Ð&Å:ÆBÑ Ê Ç4Ó�Ã:ÆBË6ÆDÇ ÈJÏAÆÑ4Æ<× Ê ÓAÓ8Æ,É

E
′

= 2,672 GeV

Ü Ù[ÆDÝ	Ë6ÅKÆ6Ç ÈdÏAÆ6Ã Ê ÈJÅrÄ[Å:Ó8ÈAÆ,É γcm =
Elab

Ecm

=⇒ γcm =
E01 + T1 + E02

E ′ Þ�ß ÇRÙ�àTÈJÅKÆ6Ç È�Ñ4Ù&Ç4Ë�É

γcm = 1,42

Ö-ÅrÈJÆDÓAÓAÆ<Ï8Æ6Ã Ê ÈJÅKÄ�Æ,É γcm =
1

√

1 − β2
cm

=⇒ βcm =

√

1 − 1

γ2
cm

Þ�ß ÇbÈJÏ8Ù&ÍTÄ�Æ,É

βcm = 0,712

á Ê Ø4Å:ÑTÅKÈJÎ)Ñ4ÍRËDÆ6Ç ÈJÏ8Æ^ÑTÆ× Ê Ó8ÓAÆ,É ycm =
1

2
ln

(

1 + βcm

1 − βcm

)

Þ Â~ÃOÄ[Å:ÆDÇ È�É

ycm = 0,891

âäãdå�æ�çdè é ê ëbìíxé^î¨ï�ð\î¨ï�ìñë�òóî�êbì®ô\çBï�õ�öDí|îb÷Yì�í2ø�ç<ï�ù^úsì
û�ÆBÒ Ê Å:Ó8Ë6Æ Ê Í\Ó8Æ<Ø4ÏAÙ&Ø Ê Ð&Æ<ÓAÍ4ÅrÄ Ê Ç È�Ã·ü Ê{ý Æ ß-þ Ø�Æ6Ï8Ø�ÆDÇ4Ñ4Å:ËDÍ4Ã Ê Å:ÏAÆ Ê ÍRØTÃ Ê ÇbÈJÏ Ê Ç4ÓºÄ&Æ6Ï8ÓAÆ ÿ ý ��� Þ
ß ÇRÎDË6Ï8ÅKÈ�Ã Ê Ò�Ù�ÏAË6Æ<Ñ4Æû�Ù&Ï8Æ6Ç È þ É −→F = q(−→v ∧ −→

B )
�RÙ&ÍµÄ&Æ6×	Æ6Ç ÈFË6ÅKÏAË6ÍTÃ Ê ÅKÏAÆ-Í4ÇTÅKÒ�Ù&Ï8×?Æ,É{ x = rcos(θ)

y = rsin(θ)
⇒ x

′

= −θ′

rsin(θ)
y

′

= θ
′

rcos(θ)

⇒
{

x
′′

= −(θ
′

)2rcos(θ)
y

′′

= −(θ
′

)2rsin(θ) Ê Ä&ÆDË β = f(t) Þ
ß Ç Ê ÑTÙ&Ç4Ë

v2 = (x
′

)2 + (y
′

)2 = r2(θ
′

)2 ÆDÈ
γ2 = r2(θ

′

)4 ⇒ γ =
v2

r

ÿ
γ
ÎYÈ Ê Ç È-ÃVü Ê Ë6Ë6ÎDÃ:Î��Ï Ê ÈJÅKÙ&Ç � ÞÌ Ä&Æ6ËÃ:ÆBØTÏAÅ:ÇTË6Å:Ø�Æ-Ò�Ù&Ç4Ñ Ê ×?ÆDÇ È Ê ÃOÑTÆÃ Ê Ñ � Ç Ê ×	Å���Í4Æ<Ç4Ù&ÍTÓdÙ�àTÈJÆDÇ4Ù&Ç4ÓOÉ

qvB = m
v2

rû2üXÅK×?ØTÍ4Ã:Ó8Å:Ù&Ç ÈAÏ Ê ÇTÓ8Ä&ÆDÏAÓ8Æ^ÆDÓ8È�É
pt = mv = qBr



	�
�
����� �����

���������������! #"$��%�&('�&�)*��+-,/.0"$ �����)21
cpt = qBrc [J ]

&3"
1eV = 1,6 10−19J

4 �5.6%�����'
pt(GeV/c) = 0,3BrZ 7 .98�&�' B :<;�7>=6? &!"

Z
&�)@"�A�.B'DC/.�EF��&(%�&(AG.6H/.�E@"$ �'!,�A�&JI

KL #�/.�A�&!��&!�M"N���OHP&!,�"*��'!EQ �EF&<A�&<EQ.9R����5%�&S'!��,�EFT�,�EQ&(%�&(A�.BH/.�EF"Q �'!,�A�&VUW&��X'��ZY[%�&(AG.]\^.�_!���
)F,� #8J.��M"$&L1

r =
pt/Z

0,3B
× 100

`ba�cedZf(g�h ikj!lnmklpoqlsrutkl[c�oqj!fVvwt
xy&�)zH/.�EF"Q �'!,�A�&!)z'DC/.JEQ���!&�)s+-,� {"$EQ.98�&�EF)Q&��M"|A�.}��.J"$ #~�EQ&|H�&�EF%�&��M"s%�&�A�������&!EQ�� #&|H/.�E[ #���� #)$.J"Q ����

%/.J��)|A�&<�V �A� #&�,2I��[&3"Q"$&SH�&�EF"Q&(%2�>�!��&�EF�� �&(&!)F"*%���������&(H/.�E|AG.]\W��EQ�B,�A#&�%�&S�[&3"$C�&����[A#��'DC����J�0��1

−dE
dx

= 2πNAr
2
emec

2ρ
Z

A

z2

β2

[

ln

(

2mec
2γ2β2Wmax

I2

)

− 2β2 − δ

]

� 8�&!'�1
� NA = 6,022 × 1023 mol−1 7 &�)@"*A�&(�����BT�EQ&(%2� � 8����M.J%�EQ�
� re ' 2,818fm 7 &!)F"*A�&<EQ.9R����X'�AG.J)Q)Q #+-,�&(%�&(A�����A�&!'!"QEQ���
� mec

2 ' 0,511 � &�� 7 &!)F"*AG.6��.�)Q)F&<%�&(A�����A#&�'!"QEQ���
� ρ

&!)F"�AG.B%�&!��)Q �"$�(%�,X�� #A� �&!,
��� &�)@"*A�&<�����]T�EQ&(.J"Q���V �+-,�&<%�,X�� #A� #&�,
� � &!)F"*AG.6��.�)Q)F&S.J"$���V �+-,�&�%�,��V �A# �&!,
��� &!)F"�AG.B'DC/.JEQ��&(%�&(AG.6H/.JEF"$ #'�,�A#&
� I ' 10 eV

&�)@"�A��>�!��&�EF�� �&�%2�>&���'� #"$.J"$ #���O���9R�&�����&
� β =

v

c

&!)F"*AG.]8� �"$&�)F)Q&SEQ&!AG.J"Q #8�&<%�&SA�.BH/.�E@"$ �'!,�A�&
� γ =

1√
1 − β2

&�)@"�A#&<'���&!�V'� #&��M"*%�&Sxy��EQ&!�-" � %�&(AG.6H/.�E@"$ �'!,�A�&
� Wmax

&�)F"zA�������&�EQ�� �&N��.0�� ���.�A�&s+-,� {H�&�,�"��3"$EQ&|"$EQ.���)@\W��EQ�!&� (,��V��A�&!'!"QEQ����A� �T�EQ&s%/.J��)z,���&
'!��A�A# �)F ����

� δ
&�)F"*,��O\^.�'3"$&�,�E*%�&S'!��EQEF��A�.J"$ #���k%�¡X VA�.B%�&���)Q #"Q�(%�,��V �A# �&!,
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±�Å�± Æ�Ç�È�É�ÊQÈ�Ë�ËVÌ�Í�ÌSÎ�Ï/ÈJÐQÌ�Ð�Í�ÌSÑGÈ6ËZÈ0Ò$Ç�Ó!ÊQÌ<Ô-Õ�Ö!Ñ�×ØÈJÇ�ÊQÌ<Í�È�Ô�Ð*Ñ�Ì(Î�ÑGÈJÔXÒQÌ�ËVÎP×!Ê$ÈJÒQÕ�ÊQÌ
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