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X�<�;uebgkdbc� :�:�F_gvrh\� I�G�Hkljhmfh\� :�B�D\ZrZ  (BYB J:G)
G.Dutto, R.E.Laxdal, R.Poirier  (TRIUMF)

<\_^_gb_

< eZ[hjZlhjbb TRIUMF khhjm`Z_lky ebg_cguc mkdhjbl_ev jZ^bhZdlb\guo bhgh\ ^ey

ijh_dlZ ,6$& >�@� Mkdhjbl_ev jZ[hlZ_l gZ qZklhl_ ���F=p \ g_ij_ju\ghf j_`bf_ <Q \ha[m`-
^_gby� < khklZ\_ mkdhjbl_ey ij_^mkfhlj_gu � ]jmiibjh\Zl_ey� mklZgh\e_ggu_ f_`^m mkdh-
jyxsbfb j_ahgZlhjZfb k ljm[dZfb ^j_cnZ [2]� Hkgh\gu_ lj_[h\Zgby d ]jmiibjh\Zl_eyf:
jZ[hlZ \ g_ij_ju\ghf j_`bf_ \h[m`^_gby� \ukhdh_ wnn_dlb\gh_ mkdhjyxs__ gZijy`_gb_ �^h

��� d<�� rbjhdbc Zdk_ilZgk ih kdhjhklyf bhgh\ ���� � ��� ��� IheghfZkrlZ[guc ijhlhlbi

i_j\h]h ]jmiibjh\Zl_ey [ue jZajZ[hlZg b ba]hlh\e_g \ BYB J:G� Wlh ��o aZahjguc j_ahgZlhj

kh kljmdlmjhc lbiZ Splitring� jZ[hlZxsbc gZ qZklhl_ ��� F=p [3]� < ijhp_kk_ bkiulZgbc \

]jmiibjh\Zl_ev \ g_ij_ju\ghf j_`bf_ [ueZ \\_^_gZ <Q fhsghklv �� d<l� qlh khhl\_lkl\m_l

fZdkbfZevghc gZijy`_gghklb we_dljbq_kdh]h ihey gZ ih\_joghklb ljm[hd ^j_cnZ ≈��F<�f�

Hkh[_gghklb dhgkljmdpbb ]jmiibjh\Zl_ey

=jmiibjh\Zl_ev ij_^klZ\ey_l ba k_[y \ukhdhqZklhlgmx kljmdlmjm lbiZ Splitring [3, 4] k
� ljm[dZfb ^j_cnZ� jZaf_s_ggufb gZ dhgpZo ihemdhe_p� aZ^Zxsbo j_ahgZgkguc dhglmj �kf�

jbk� ��� Dhjimk j_ahgZlhjZ b kljmdlmjZ Splitring ba]hlh\e_gu ba f_^b� ;hevrbgkl\h

dhgkljmdlb\guo kh_^bg_gbc \uiheg_gu ijb ihfhsb iZcdb k_j_[jyguf ijbih_f IKj��� \

\h^hjh^ghc i_qb� IhemdhevpZ kljmdlmju ijb\Zj_gu d ih^^_j`b\Zxs_c rlZg]_ \ Zlfhkn_j_

]_eby k bkihevah\Zgb_f f_^b \ dZq_kl\_ ijbkZ^db� <gmljb ihemdhe_p jZaf_s_gu dZgZeu

hoeZ`^_gby� Dhjimk j_ahgZlhjZ b h[Z ^gbsZ lZd`_ hoeZ`^Z_fu_�

JZkq_l ]jmiibjh\Zl_ey [Zabjh\Zeky gZ 3-
f_jghf fh^_ebjh\Zgbb we_dljh^bgZfbdb kljmdlmju

ijb ihfhsb iZd_lZ ijh]jZff 0$),$� Ijb wlhf j_-
rZebkv ke_^mxsb_ hkgh\gu_ aZ^Zqb�

• HilbfbaZpby ]_hf_ljbb kljmdlmju ih fZdkbfm-
fm rmglh\h]h khijhlb\e_gby�

• <u[hj kihkh[Z ih^kljhcdb qZklhlu \ ijhp_kk_

ba]hlh\e_gby�

• Hij_^_e_gb_ jZaf_jh\ kljmdlmju k j_ahgZgkghc

qZklhlhc jZ[hq_]h dhe_[Zgby ���F=p�

• JZkq_l \ukhdhqZklhlguo ihl_jv \ we_f_glZo

kljmdlmju ]jmiibjh\Zl_ey�

Ba jZkq_lZ [ueh hij_^_e_gh� qlh ijb kms_kl-
\mxsbo h]jZgbq_gbyo gZ jZaf_ju j_ahgZlhjZ �kf�

lZ[e� �� gZb[hevr__ \ebygb_ gZ rmglh\h_ khijhlb\e_-
gb_ kljmdlmju hdZau\Z_l ^bZf_lj ljm[db dhevpZ

6SOLWULQJ �kf� jbk� ��� K wlhc lhqdb aj_gby [ueh [u p_-
e_khh[jZagh bkihevah\Zlv dhevph dZd fh`gh f_gvr_]h

ihi_j_qgh]h k_q_gby� H^gZdh� ijbgbfZy \h \gbfZgb_

g_h[oh^bfhklv wnn_dlb\gh]h hoeZ`^_gby dhevpZ lj_-
[h\Zgby ih f_oZgbq_kdhc `_kldhklb kljmdlmju� ^bZ-
f_lj dhevpZ [ue \u[jZg jZ\guf �� ff�

Jbk��� =jmiiibjh\Zl_ev 6SOiWULQJ gZ
��� F=p�
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Ijb ihfhsb iZd_lZ 0$),$ [ueb

ijhZgZebabjh\Zgu jZaebqgu_ \ha�

fh`ghklb j_]mebjh\db qZklhlu aZ kq_l

baf_g_gby jZaf_jh\ kljmdlmju� OZjZd-
l_jgu_ \_ebqbgu dhwnnbpb_glh\ \eby-
gby jZaf_jh\ [Zgq_jZ gZ qZklhlm ijb\_-
^_gu \ lZ[e��� JZajZ[hldZ ]jmiibjh\Zl_-
ey g_ khijh\h`^ZeZkv fZd_lbjh\Zgb_f�

ihwlhfm \ dhgkljmdpbx [ueZ aZeh`_gZ

\hafh`ghklv ih^kljhcdb qZklhlu \ ijh-
p_kk_ ba]hlh\e_gby� >ey wlh]h f_`^m ih-
emdhevpZfb 6SOLWULQJ [ueZ mklZgh\e_gZ

ijyfhebg_cgZy pbebg^jbq_kdZy \klZ\dZ�

Z ljm[db ^j_cnZ ih^kh_^bg_gu d ihem-
dhevpZf q_j_a dhgbq_kdb_ djhgrl_cgu�

HdhgqZl_evgu_ jZaf_ju kljmdlmju ijb-
\_^_gu \ lZ[ebp_ �� JZkij_^_e_gb_ \ukhdhqZklhlguo ihl_jv \ we_f_glZo kljmdlmju [Zgq_jZ

ij_^klZ\e_gh \ lZ[ebp_ ��

LZ[ebpZ �� AZ\bkbfhklv qZklhlu hl jZaf_jh\

[Zgq_jZ�

>bZf_lj j_ahgZlhjZ �� d=p�ff

>ebgZ j_ahgZlhjZ �� d=p�ff

JZ^bmk dhevpZ 6SOLWULQJ ��� d=p�ff

>bZf_lj rlZg]b �gh]b� �� d=p�ff

<ukhlZ rlZg]b �gh]b� �� d=p�ff

LhesbgZ dhevpZ 6SOLWULQJ ��� d=p�ff

LZ[ebpZ �� JZkij_^_e_gb_ <Q ihl_jv�

Dhevph Splitring 68%
>gbsZ 24.5%
H[_qZcdZ 2.5%
RlZg]Z 4.4%
� ljm[db ^j_cnZ 0.25%
We_f_gl ih^kljhcdb 0.04%

LZ[ebpZ �� Hkgh\gu_ jZaf_ju [Zgq_jZ�

>bZf_lj j_ahgZlhjZ ��� ff

>ebgZ j_ahgZlhjZ �� ff

JZ^bmk ba]b[Z dhevpZ 6SOLWULQJ ��� ff

>bZf_lj ihi_j_qgh]h k_q_gby

DhevpZ Splitring
�� ff

Kf_s_gb_ hkb j_ahgZlhjZ hl

Hkb imqdZ

����� ff

>ebgZ ijyfhebg_cghc \klZ\db �� ff

>bZf_lj rlZg]b �gh]b� �� ff

<ukhlZ rlZg]b �gh]b� �� ff

>bZf_lj ljm[hd ^j_cnZ �� ff

>bZf_lj Zi_jlmju �� ff

J_amevlZlu ij_^\Zjbl_evguo baf_j_gbc

Ihke_ ij_^\Zjbl_evghc k[hjdb mkdhjyxs_c kljmdlmju hlebqb_ jZ[hq_c qZklhlu hl

jZkq_lZ �MAFIA) khklZ\beh ��� d=p� Ih^kljhcdhc ^ebgu ijyfhebg_cghc \klZ\db [ueZ

ijhba\_^_gZ dhjj_dpby qZklhlu� J_amevlZlu jZ^bhl_ogbq_kdbo baf_j_gbc ijb\_^_gu \ lZ[ebp_

�� JZkij_^_e_gb_ we_dljbq_kdh]h ihey gZ hkb imqdZ ij_^klZ\e_gh gZ jbk �� Hkh[h_ \gbfZgb_

[ueh m^_e_gh hij_^_e_gbx f_oZgbq_kdhc klZ[bevghklb kljmdlmju� Ijb wlhf [ueb baf_j_gu

ki_dlju kh[kl\_gguo f_oZgbq_kdbo dhe_[Zgbc kljmdlmju b Zfieblm^gh�qZklhlgu_ oZjZdl_jb-
klbdb \ugm`^_gguo dhe_[Zgbc ijb ghfbgZevghf ijhlhd_ \h^u ih hoeZ`^Zxs_fm dZgZem

dhevpZ 6SOLWULQJ� Baf_j_gby ijh\h^bebkv g_aZ\bkbfh \ ��o iehkdhklyo ijb ihfhsb

hkpbeehf_ljZ �kf� lZ[e����
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 Jbk��� AZ\bkbfhklv rmglh\h]h khijhlb\e_gby

[Zgq_jZ hl ^bZf_ljZ ljm[db dhevpZ 6OSLWULQJ�
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JZkq_l

Baf_j_gby

LZ[ebpZ �� JZ^bhl_ogbq_kdb_ iZjZf_lju ]jmiibjh\Zl_ey�

QZklhlZ jZ[hq_]h dhe_[Zgby �����F=p

QZklhlZ [eb`Zcr_]h iZjZablgh]h dhe_[Zgby �����F=p

>bZiZahg i_j_kljhcdb qZklhlu lxg_jhf ���� d=p

>h[jhlghklv �baf��jZkq�� 4200/5800
Rmglh\h_ khijhlb\e_gb_ �baf��jZkq�� ��������FHf

GhfbgZevgZy fhsghklv ��� d<l

GZijy`_gb_ gZ ljm[d_ ^j_cnZ �� d<

GZijy`_gghklv gZ ih\_joghklb ����F<�f

DK< \ nb^_j_ gZ \oh^_ \ j_ahgZlhj 1.01
Dhwnnbpb_gl \ebygby l_fi_jZlmju gZ qZklhlm ~� d=p�]jZ^�

*
�

�
�

�

V
= � ]^_ U=4U1, U1 ± fZdkbfZevgh_ gZijy`_gb_ gZ i_j\hf

mkdhjyxs_f aZahj_� P -  ihegZy jZkk_b\Z_fZy fhsghklv�

LZ[ebpZ �� IZjZf_lju f_oZgbq_kdbo

dhe_[Zgbc kljmdlmju Splitring.

<_jl� hkv �o� =hjba� hkv �\� Hkv imqdZ �]�

QZklhlu

kh[kl\_gguo

dhe_[Zgbc� =p

11; 36,5; 39,5; 97,5;
109

11; 36,5; 39,5; 97,5;
109

18; 36,5; 97,5; 109

QZklhlu

\ugm`^_gguo

dhe_[Zgbc� =p

36 39 96 107 11 36 39 96 107 19 36 39 96 107

:fieblm^u

\ugm`^_gguo

dhe_[Zgbc� µf

0,5 0,5 0,1 0,1 1 1 1 0,1 0,1 0,4 1 0,5 0,3 0,1

BkiulZgby gZ \ukhdhf mjh\g_ fhsghklb

 J_ahgZlhj aZiblu\Zeky hl <Q ]_g_jZlhjZ gZ ��� F=p k \uoh^ghc fhsghklvx ^h ��

d<l� Kbkl_fZ \ha[m`^_gby ]_g_jZlhjZ iha\hey_l jZ[hlZlv dZd gZ nbdkbjh\Zgghc qZklhl_� lZd b

\ Z\lhdhe_[Zl_evghf j_`bf_ \ g_ij_ju\ghf b \ bfimevkghf j_`bfZo� Fhsghklv ih^\h^beZkv

ih nZahklZ[bevghfm dZ[_ex k \ha^mrghc baheypb_c� GZebqb_ kh[kl\_gguo j_ahgZgkh\ iblZx-
s_]h nb^_jZ h[mkeh\beh ijbf_g_gb_ fhsgh]h nZah\jZsZl_ey ljhf[hggh]h lbiZ gZ \uoh^_ ]_-

Jbk� �� JZkij_^_e_gb_ mkdhjyx-
s_]h ihey \^hev hkb imqdZ�



244

����

���

�

��

���

� � � � � � � � � � ��

<j_fy� qZk

8
�
d
<

���(���

���(���

���(���

<
Z
d
m
m
f
�
L
h
j
j

GZijy`_gb_ gZ ��f aZahj_

<Zdmmf

g_jZlhjZ� I_j_kljhcdhc ^ebgu nZah\jZsZl_ey wlb dhe_[Zgby fZdkbfZevgh m^Zeyebkv ih qZklh-
l_ hl jZ[hq_]h dhe_[Zgby ]jmiibjh\Zl_ey� lZd dZd hgb hdZau\Zeb kms_kl\_ggh_ \ebygb_ gZ klZ-
[bevghklv jZ[hlu ]_g_jZlhjZ� <\h^m fhsghklb \ j_ahgZlhj ij_^r_kl\h\Zeb lsZl_evgu_ \Zdm-
mfgu_ bkiulZgby b h[_a]Z`b\Zgb_ \gmlj_ggbo ih\_joghkl_c� H[_a]Z`b\Zgb_ ih\_joghklb

ijh\h^behkv ijb l_fi_jZlmj_ ��°- 60°K \ l_q_gb_ �� qZkh\ ^h ihemq_gby \ZdmmfZ gZ mjh\g_

2⋅10-7
Lhjj�

GZqZeh \\h^Z fhsghklb k fbgbfZevguf gZijy`_gb_f gZ ljm[dZo ^j_cnZ ~100 < kh-
ijh\h`^Zehkv mom^r_gb_f \ZdmmfZ gZ ihjy^hd� Kdhjhklv m\_ebq_gby gZijy`_gby h]jZgbqb\Z-
eZkv ^hims_gguf \_jogbf ij_^_ehf hklZlhqgh]h ^Z\e_gby �⋅10-7

Lhjj� H^gbf ba gZb[he__

ijh^he`bl_evguo wlZih\ �� qZkh\� [ueZ lj_gbjh\dZ j_ahgZlhjZ gZ gbadhf mjh\g_ fhsghklb

�^h ��� <l�� dh]^Z bgl_gkb\gh_ ]Zah\u^_e_gb_ [ueh h[mkeh\e_gh fmevlbiZdlhjguf jZajy^hf�

Ijb wlhf ]_g_jZlhj \ha[m`^Zeky gZ nbdkbjh\Zgghc qZklhl_�

OZjZdl_jgu_ aZ\bkbfhklb gZijy`_gby gZ i_j\hf mkdhjyxs_f aZahj_ j_ahgZlhjZ b ^Z\-
e_gby hklZlhqgh]h ]ZaZ hl \j_f_gb lj_gbjh\db ijb\_^_gu gZ jbk �� >Zevg_crbc ih^t_f gZ-
ijy`_gby ijh\h^beky \ j_`bf_ Z\lhdhe_[Zgbc b [ue h]jZgbq_g \ukhdh\hevlgufb ijh[hyfb

ijb ij_\ur_gbb hklZlhqgh]h ^Z\e_gby ~5⋅10-6
Lhjj� Ih^t_f ^h ghfbgZevgh]h mjh\gy fhsgh-

klb hkms_kl\eyeky \ l_q_gb_ � qZkh\ k ijhf_`mlhqghc lj_gbjh\dhc \ \uoh^gu_ ^gb gZ iheh-
\bgghc fhsghklb \ l_q_gb_ �� qZkh\� Ihke_ lj_gbjh\db gZ ghfbgZevghf mjh\g_ fhsghklb \

l_q_gb_ �� qZkh\ ^h mjh\gy \ZdmmfZ �⋅10-7
Lhjj gZijy`_gb_ [ueh ih^gylh _s_ gZ ��� � Lj_gb-

jh\dZ j_ahgZlhjZ gZ \k_o wlZiZo ijh\h^beZkv \ g_ij_ju\ghf j_`bf_ ]_g_jZpbb� lZd dZd bf-
imevkguc j_`bf hdZaZeky fZehwnn_dlb\guf�

P_ib hoeZ`^_gby ijh^_fhgkljbjh\Zeb wnn_dlb\guc l_iehktzf� L_fi_jZlmjguc ]jZ-
^b_gl hoeZ`^Zxs_c \h^u \ p_-
ib fZdkbfZevgh]h l_ieh\u^_-
e_gby �dhevph Splitring) khklZ-
\be �°K ijb ijhlhd_ �� e�fbg�

<u\h^u

J_amevlZlu ijh\_^_gguo

bkiulZgbc ih^l\_j^beb ijZ-
\bevghklv jZkq_lh\ b l_ogbq_-
kdbo j_r_gbc� J_ahgZlhj jZ[h-
lZ_l gZ^_`gh \ rbjhdhf ^bZiZ-
ahg_ gZijy`_gbc�

Dhgkljmdpby ^\mo ^jm-
]bo ]jmiibjh\Zl_e_c ebg_cgh]h

mkdhjbl_ey ,6$& >�� �@� dhlhju_

^he`gu [ulv ba]hlh\e_gu \

���� ]�� [m^_l [Zabjh\Zlvky gZ

^Zgghc jZajZ[hld_�
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Jbk� �� >bZ]jZffZ <Q lj_gbjh\db ]jmiibjh\Zl_ey�


