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��z+�>uxt�k+�'y8r(u¹{xu8�Wi�r(�x�+�>uxt�k+�'y8r(us�pr(tji��'y8r(u8k��x{xz+r(u�¯�k+����t�r��xr(z³È~r(z6�®h�iji�k�iÊ»�ux��r(u���tju8k+v~r�k+�>u8�xr(z+r©�xr(z
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���xk+���8h>k+k°��t�rTl^r�h�����t��>uË�}tju8r(m©h���t�k+�'y�v�r(Â��>z���{x�9����tjz+��¦[m�¦�r(u}v?h�z£���>mw�~r(u8k+t�r(z+r(u�k�t��+y���t�r¸�²¦�r(�}�
�+r�v~r(t�v~r(t��xr(u�¾�{?h�z���k¶{xux��r
�®»�yxz�����t�r�º|z+����{x�}��t��>u8k���tjz���{xux��k+Á}{8r(z+k+�+yxuxtj���+r�k�tju8��tjm�v~r(��z'h>�'y��+r(�+r(u
�|u8r(z��9t�r
�!vx����¦8¡´h>k'k+r(u�v�r(z+r(t��+y�r(�%�!h��9i�r(t��+y��9z+���8¦

 (GeV)γE
0 20 40 60 80 100

 (f
b)

Hc
 c

→
 g

 
γσ

0

0.1

0.2

0.3

0.4

0.5
 = 140 GeVHm

 (GeV)Hm
120 125 130 135 140 145 150 155 160

 (f
b)

Hc
 c

→
 g

 
γσ

0

0.05

0.1

0.15

0.2

0.25
 = 30 GeVγ E

ü�vxvxtji���{xux����¦ ���£º�z+�}��{x����t��>u8k���tjz���{xux��k+Á�{8r(z+k'�+yxuxtj���W�xr(z�h>k+k+�>��tjt�r(z��+r(uUo�tj�9��k6�$q¶y?h�z�mH�
º�z+�}��{x����t��>uU®Ð²i®¦²��¦���¯¸tjuÉü�vxy?»�ux�9tj�9��r(tj�wÂ��>uÉ�xr(zHº�y8�>�+�>u8r(u8r(u8r(z��9t�r¹�ijtjux��k
¯�{xu8�¥�xr(z
o�tj�9��k6��¡Wh>k+k+r©�z+r��'y��+k�¯
¦R��m �xr(u¼¿6r(�!r(tjijtj��r(u´�pz+r(u8��y8r(z�Â��>z���{xy8r(v�r(u��?��{xz+�xr(u´ijtjux��k���t�r
µ¸h��+r(ux�x{xux���+r^h�v��9��ÐPr��\ijtju8r�h�z|��r
Ä8���+r(���>z+r��+y}�+k���{xz+�xr�r(tju8r�º¨�>�+r(ux�(��{xux����t��>u´

α ·m � βmwtj�
β < 0

¯°��{xz+�+y´��t�r¸µPh��+r(u���r(i�r(�9��¦

µ²t�rÇtjuZ�xr(uÃü�vxvxtji���{xux��r(u\h�ux��r(��r(v�r(u8r(uÏg8r(yxi�r(zJk�tju8����h�i�kw{xuxmwtj���+r(ijv?h�z+r´g8�>ij��r��xr(z©¡´�>u��+r
�
q°h�z�i������pr��'yxuxtj�~�pz+r(tju¢k��'h���t�k���t�k+�'y8r(zP½Ph���{xz�¦�ü^ux��h�v�r(uW�xv~r(zP��y8r��>z+r(��t�k+�'y8r�g8r(yxi�r(z¸ijt�rd��r(u¢k�t��'y¢h�{8k
¡Wh>�?Ð²z'h��xyHuxt��+y��|��r(��tjuxu8r(u�¦�µPh²h�iji�r°±°r(z+r��+yxu�{xux��r(u©tju³���xyxz+r(u8�xr(z|m�z+��u�{xux����{xz+�'yx��r
���xyxz��l��{xz6�
�xr(u���k+�>ijij�+r¼��t�r�k���t�rw�9z����9�+r¼ü^v}�¶r(t��'y�{xux�W��{xmìr
Í��~r(z�tjm�r(u}�+r(iji�r(u«�|z���r(vxuxt�kË�mwtj�³r(tju8r(m g?h��}�+�>z
Â��>u�vxt�k���{ ���}�xr(z���¯!v�r(tjuxy?h�ij�+r(u�¦
ü�{h��r(z+�xr(mbk+tju8����t�rë�Ïtjz���{xux��k+Á}{8r(z+k+�+yxuxtj���+r·tjmÒv~r(��z'h>�'y��+r(�+r(uª±°r(z+r(t��+yWu�{xz²z+r��+y}�¸k+�+y}�!h>�+y¹Â��>u
�xr(z^º|y8�>�+�>u8r(u8r(u8r(z��9t�rÇ�r(�%�!hwijtju8r�h�z�¯�{xu8���xr(z�o�tj�9��k6��¡Wh>k+k+r��r(�%�!h ∝ m−4

H

¯�h�vxy?»�ux�9tj�8¦~Ð²z�����r(u��
�>z+��u�{xux��k+m©»��9tj�¼�9tjij�°���xz+�9���$ÐPr?�^��º|y8�>�+�>u8r(u´{xu8�Çr(tju��d�����$ÐPr?�^��o�tj�9��k��

σγ � → 	 	 � ≈ 0,1
��v�¦

���



�¸ü²º�§%���lnk��¦Ço²§6Ð�Ð����$q!o�ü<l^¡��g��½²µFo�§�Ð�Ð�����±°��ü`�²��
²����m²º�º�n>�²½PÐ¸��½

 (GeV)γE
0 20 40 60 80 100

 (f
b)

Hb
 b

→
 g

 
γσ

0

0.1

0.2

0.3

0.4

0.5

0.6
 = 140 GeVHm

 (GeV)Higgsm
120 125 130 135 140 145 150 155 160

 (f
b)

Hb
 b

→
 g

 
γσ

0

0.05

0.1

0.15

0.2

0.25
 = 30 GeVγE

ü�vxvxtji���{xux� ��¦5���!º|z+�}��{x����t��>u8k���tjz���{xux��k+Á}{8r(z+k+�+yxuxtj�����xr(z�h>k+k'�>��tjt�r(z��+r(uÎo�tj�9��k6��±°r�h�{x��À}�
º�z+�}��{x����t��>uU®Ð²i®¦²��¦���¯¸tjuÉü�vxy?»�ux�9tj�9��r(tj�wÂ��>uÉ�xr(zHº�y8�>�+�>u8r(u8r(u8r(z��9t�r¹�ijtjux��k
¯�{xu8�¥�xr(z
o�tj�9��k6��¡Wh>k+k+r��z+r��'y��+k�¯
¦�µ�t�r¸�P{xz�Â�r(u´k�tju8��h�u?h�i��>����{�ü�vxv�¦	��¦ �?¦

¾�{?h�ijtj�'h���tjÂ�Â�r(z�y?h�ij�+r(uËk�t��+yË��t�rb�\tjz���{xux��k+Á�{8r(z+k'�+yxuxtj���+r�Â��>uË�}tj�9u?h�ij�xz+�>��r�k+k¸®Ð²i®¦L��¦5��¯¨{xu8�J�xr(m
�>v�r(u¢v~r�k+�'yxz�t�r(v~r(u8r(u�^u}�+r(z��9z�{xu8���xz+�>��r�k+k³r(v�r(u8k+�ª�ü�vxv�¦>��¦5�Ë{xu8����¦I°�¯8u���t�r��ªr(z��+r��xr(z³�}tj�9u?h�i �
�xz+�>��r�k+k+r�ijt�r(��r(u¤u}{xz^v�r(t¬r(�%�!hJr(tju8r(mÑü°���+�>v?h�z�uÉ

10−18 v�¯
�?{xux��r
��»�yxz�v~r(tû���I°:���xr(z�º|z+����{x�}��t �
�>u8k���tjz���{xux��k+Á}{8r(z+k+�+yxuxtj���+r9¦�µ²t�r�k+r(zPü�u��+r(tji�r(u��+k+�xz�t��+y���Â��>uW�xr(z�Ð²z�����r(u8�>z+��u}{xux��y8r(zP�xr(z<�¹h�yxz6�
k+�'y8r(tjuxijt��+yx��r(tj�°�xr(z¶È~r(z6��h�iji�k��9h>k��9h>�xr��xr�klo�tj�9��kû�xv~r(z¶r(tjuG��� ∗ ��º¨h9h�z¶tju�r(tju©�|i�r(����z+�>u�Ê�¡�À��>u¼{xu8�r(tju�º¨�9k�tj��z+�>u�Ê�ü�u���tjm�À��>uWmwtj�^�xr(u�r(u}�+k��xz+r��+y8r(u8�xr(u¢½²r({x��z�tju8�9k�¦
µ¸h>kD��r(z�y?»�ij��uxt�k¢�xr(z �\tjz��}{xux��k'Á�{8r(z+k+�'yxuxtj���+r«����t�k+�+y8r(uD�}tj�9u?h�iH{xu8� ��u��+r(z��9z�{xu8�� · �}tj�9u?h�i �l�h�{8k'�+y�����r(z�y?»�ij��uxt�k)¸6¯�t�k��Çv�r(t³q¶y?h�z�m {xu8�d±°r�h�{x��ÀÎz+r��'y���{xu}�+r(z+k+�+yxt�r���ijt��'y��ü^vxv�¦���¦5�}¯
¦£±°r(tjm

±°r�h�{x��À}�$¾�{?h�z��Ït�k+�J�8h>k���r(z�y?»�ij��uxt�kÇr(�%�!h������9�!v~r(tjm q¶y?h�z�mÅr(���°h��������¦�o^t�r(z�v�r(t²��{xz+�xr9�°��t�r
k+�'y8�>uÇ��r�k'h��9����u�{xz£�xr(z£�x�>mwtju?h�u��+r��^u}�+r(z��9z�{xu8���xz+�>��r�k+k£v�r(��z'h>�+y}�+r(���8��t�rK�Ïtjz���{xux��k+Á}{8r(z+k+�+yxuxtj���+r
�xr(z�h�u8�xr(z+r(u©º|z+�>��r�k+k'rP����>�x�xij{xux���xr�k|º|y8�>�+�>u8keÊ9È�h�uHr(tju8r��xr(z�»�{h��r(z+r(u¼¾�{?h�z���ijtjuxt�r(u�¯ûk�tju8�wh�v�r(z
{xmÒmwtju8�xr�k��+r(u8kPr(tju8rwÐPz�����r(u8�>z+��u�{xux�Ç��r(z�tjux��r(z�¦�µ²t�r³ü�vxy?»�ux�9tj�9��r(tj�PÂ��>u´�xr(zPº|y8�>�+�>u8r(u8r(u8r(z��9t�r
y?h���h�v�r(z²v�r(tlq¶y?h�z�m {xu8�¢±°r�h�{x��À¤�xr(u8k'r(ijv~r(uË��r(z�iÊh�{�����r(tju8rHuxt�r���z�tj��rw�|u8r(z��9t�rH���xyxz��P��{Wr(tju8r(m
�xr({x��ijt��+y8r(z+r(ud�}tj�9u?h�i®¦�µ²t�r�k+rÇ�¨h��+k'h>�+y8r¤iÊ»>k+k���k�t��'y¥���>ij��r(u8�xr(z�m©h���r(uÎr(z���iÊ»�z+r(u���µ¸h>k�r(tjuxiÊh�{���r(u8�xr
º|y8�>�+�>u��x�!r(i��+y8r�k²r(tju8r²��r�k+�+r¸�|u8r(z��9t�r

Eγ
��z'»��9���x���>ijijt���t�r(z��^mwtj�£r(tju8r(m �xr(z�Ð²ij{8�>u8r(u�tjm�º|y8�>�+�>u�¦

��m r(tjuÉz+r�r(iji�r�kwo�tj�9��kH��{Ér(z���r({x��r(uM���t�rÇ¡Wh>k+k+rHÊ��|u8r(z��9t�rÇ�xr(zw�
��{xu8�«v��$¾�{?h�z���k©k+r(t°yxt�r(zwÂ�r(z6�
u?h>�+yxiÊ»>k'k�tj�9��¯
��m³{8k+k!�8h>k!Ð²ij{8�>u¼mwtju8�xr�k��+r(u8k¶��t�r��|u8r(z��9t�r

m2
H/(4Eγ)

��z'h���r(u�¦�È�{©�xr(z!�|z���r({x�9{xux�
r(tju8r�k�z+r�r(iji�r(u �Z��ºûh9h�z+r�k£�~�>uxu8r(u¤h�v�r(z�u�{xzPh�iji�r�Ð²ij{8�>u8r(u�mwtj�^r(tju8r(z��|u8r(z��9t�r¸�9z�����r(z����xr(z��9i�r(t��+y
m2

W/Eγ
v�r(tj��z'h���r(u�¦¶�\tjz£k+r(����r(uÇÂ��>z'h�{8k��x�8h>k+k

mH = 140
ÐPr��

< 2mW = 160
ÐPr��w¦�g|»�ijij��u�{xu

��t�rHr(u8r(z���r(��t�k+�+y8r���r(z��+r(tjij{xux���xr(z�Ð²ij{8�>u8r(u¢tju¢��t�r�k+r(m ±!r(z+r(t��'y¹k��+r(tji�h�vÃ�k��+r(tji�r(z�h�i�k¸r
Í����>u8r(u���t �
r(ijiò¯
�xk+�Huxtjmwm³�^�8h>k`��r(z�y?»�ij��uxt�k£����t�k'�+y8r(u��xr(u¤Ð²ij{8�>u8r(u�mwtj�£r(tju8r(z�v~r�k���tjmwm³�+r(u¤�|u8r(z��9t�r���{��xr(u
Ð²ij{8�>u8r(u¢mwtj��r(tju8r(z���u8r(z��9t�r�»������²�8��h�i�k¸r(tju8r(m v�r�k���tjmwm³�+r(u��ªr(z��¸mwtj�¸��{xu8r(yxm�r(u8�xr(z³�|u8r(z��9t�r
��{�ªmwtj�w��{xu8r(yxm�r(u8�xr(z©º|y8�>�+�>u8r(u8r(u8r(z��9t�r�uxtjmwm³����t�r�k+r�k©�}tj�9u?h�i �?l�h�{8k'�+y�����r(z�y?»�ij��uxt�kËh�i�k+�¢h�v�¦
µ²t�r£�xr(u�¿�r(�¶r(tjijtj��r(uËº|z+����{x�}��t��>u8k'k+�+y}�¶r(iji�r(uÇr(u��+k��xz+r��'y8r(u8�xr(u��|u8r(z��9t�r(uË�xr�klº|y8�>�+�>u8k!k�tju8�wtjuJ�xr(u
ü�vxvxtji���{xux��r(u���¦5�P{xu8����¦I°²r(z���r(uxu�v?h�z��}k�t�r�r(u��+k+�xz+r��+y8r(u©{xux��r
�®»�yxzl�xr(u��|u8���x{xux���+r(u¼�xr(z|ijtju8r�h�z+r(u
g¨tj�+k�¦

���



��¦5��¦��\§)l^�T�²½PÐ��x¾<���glP�xq!o�½²§$�����

 (GeV)γE
0 20 40 60 80 100

 (a
b)

ν
ν

 ll
→

 W
W

 
→

H,
 H

 
c

 c
→

 g
 

γσ

0

0.5

1

1.5

2

2.5

3

3.5

4
 = 140 GeVHm

 (GeV)γE
0 20 40 60 80 100

 (a
b)

ν
ν

 ll
→

 W
W

 
→

Z,
 Z

 
c

 c
→

 g
 

γσ

0

20

40

60

80

100

120
 = 140 GeVHm

ü�vxvxtji���{xux����¦5���ê�Ïtjz���{xux��k+Á}{8r(z+k+�+yxuxtj���Ë�xr�k¼h>k'k+�>��tjt�r(z��+r(u\o�tj�9��k6�$q¶y?h�z�mH�$�}tj�9u?h�i�k¢®Ð²i®¦
��¦5�}¯¤tjuDü^vxy?»�ux�9tj�9��r(tj�sÂ��>uD�xr(z¹º|y8�>�+�>u8r(u8r(u8r(z��9t�r �ijtjux��k�¯´{xu8�e�xr�k��^u}�+r(z��9z�{xu8�xr�k
�z+r��'y��+k�¯
¦�µ²t�r·ijtju8r�h�z+r(u¢��z+r(u8�xk�k+tju8�´h�u?h�i��>�Ë��{¢ü^vxv�¦R��¦ �?��ijtjux��k�¦��|z���r(uxu}v?h�z�t�k����~�8h>k+k
��t�rH�}tj�9u?h�i ���Ïtjz���{xux��k+Á}{8r(z+k+�+yxuxtj���+rw�xr(mÑijtju8r�h�z+r(u´�pz+r(u8�����>ij��r(u��8�°»�yxz+r(u8�W�xr(z+��u��+r(z6�
�9z�{xu8�¹k��'»�z���r(z³h�i�k¸ijtju8r�h�z³�!»>�+y8k+��¦pµ²t�r©���+yxuxtj�����x{xux���+r¼�xr(z¸ijtju8r�h�z+r(u«g¨tj�+k��xr(z·�}tj�9u?h�i �
�\tjz���{xux��k+Á�{8r(z+k'�+yxuxtj���+r²mwtj�¶�xr(u©Í}��ü��'y8k+r(u©ijt�r(��r(uJv~r(t�uxt�r���z�tj��r(z+r(u��ªr(z��+r(uJÂ��>u

Eγ
h�i�k

��t�r��xr�kû¿6r(�!r(tjijtj��r(u ��u��+r(z��9z�{xu8�xk�¦

 (GeV)γE
0 20 40 60 80 100

 (a
b)

ν
ν

 ll
→

 W
W

 
→

H,
 H

 
b

 b
→

 g
 

γσ

0

0.5

1

1.5

2

2.5

3

3.5
 = 140 GeVHm

 (GeV)γE
0 20 40 60 80 100

 (a
b)

ν
ν

 ll
→

 W
W

 
→

Z,
 Z

 
b

 b
→

 g
 

γσ

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5
 = 140 GeVHm

ü�vxvxtji���{xux���¦I°��²�\tjz��}{xux��k'Á�{8r(z+k+�'yxuxtj���¼�xr�k©h>k'k+�>��tjt�r(z��+r(uÃo^tj�9��k���±!r�h�{x�%À��$�}tj�9u?h�i�kW®Ð²i®¦
��¦5�}¯¤tjuDü^vxy?»�ux�9tj�9��r(tj�sÂ��>uD�xr(z¹º|y8�>�+�>u8r(u8r(u8r(z��9t�r �ijtjux��k�¯´{xu8�e�xr�k��^u}�+r(z��9z�{xu8�xr�k
�z+r��'y��+k�¯
¦�µ²t�r¸ijtju8r�h�z+r(u���z+r(u8�xk²k�tju8��h�u?h�i��>����{¤ü^vxv�¦	��¦5�x��ijtjux��k�¦

µPr(zú��u��+r(z��9z�{xu8�·�xr(z�q¶y?h�z�mH��º|z+�}��{x����t��>uwk+�>ijij�+r¶�¶r(��r(uH�xr(z¬�!r(tj�+r(z+r(u·º|y8�>�+�>u������>�x�xij{xux��Â�t�r(z6�
m©h�i�k+���9z+���·��t�r��xr(z°±°r�h�{x��À}�?�^u}�+r(z��9z�{xu8��k+r(tju���h�i�k+�x��z+r(iÊh���tjÂ©��{xmU¿�r(�¶r(tjijtj��r(uÇo�tj�9��k6�$�}tj�9u?h�i®��{xm
r(tju8r(u³g�h��}�+�>zX���~Ê>ÿ£�9z�����r(z�¦��¬h��+k'»>�'yxijt��+yHijt�r(�9�¨�8h>kû�}tj�9u?h�i �?�^u}�+r(z��9z�{xu8������r(z�y?»�ij��uxt�k¶h�v�r(zp{xmUr(tju8r(u
�¶r(tj�+r(z+r(u¥g?h����+�>zN�����8h�z��xv~r(z�¦¬µ²t�r�k�m³{8k+k�mwtj�·�xr(zH¾�{?h�z���m©h>k+k+r©��{8k'h�mwm�r(uxy?»�ux��r(u��û�8h�¡Wh>���
Ð²z'h��xyJv~r(t~r(tju8r(m · v��)¸���r(tju8r(mS±°r�h�{x��À}�$¾�{?h�z��©mwtj�!�xr(z!¡Wh>k+k+r£�xr�k£q¶y?h�z�m�����t�r^r(z��°h�z��+r(�+r(u¬��r(z6�

�~°



�¸ü²º�§%���lnk��¦Ço²§6Ð�Ð����$q!o�ü<l^¡��g��½²µFo�§�Ð�Ð�����±°��ü`�²��
²����m²º�º�n>�²½PÐ¸��½

y?»�ij��uxt�k+k+r��xr(z��\tjz��}{xux��k+Á}{8r(z+k+�'yxuxtj���+r σc

σbc

�r(���°h��©v~r(tpr(tju8r(mÑ{xu8�����Hv�r(t����!r(tû¾²��µ�����r(z���t���r�k�¯
h�{8k��9tjvx����µPr(mDi�r(t��+y}�+r(z+r(u¤q¶y?h�z�mH��º¨h9h�z£k+�+r(y��!v~r(tjm �^u}�+r(z��9z�{xu8���xz+�>��r�k+k°m�r(yxz!º�y?h>k+r(uxz'h�{xmS��{xz
��r(z6���x�9{xux�·h�i�k!�xr(mD±°r�h�{x��À}��º¨h9h�z����!»�yxz+r(u8�Jv�r(tjm��}tj�9u?h�ij�xz+�>��r�k+k°�8h>klk'�+y��!r(z+r�o�tj�9��k6��±°�9k+�>uJ��t�r
�Ptju8r(m©h���tj�Ë��r(��r(u��xv�r(z��xr(u´¾�{?h�z���k£�x�>mwtjuxt�r(z���¦
µ¸h>k�{xux�9�xu8k���tj��r¸�}tj�9u?h�i �?��u��+r(z��9z�{xu8������r(z�y?»�ij��uxt�k�v~r(tjm q¶y?h�z�mD��tjz+�Jr�klk+r(ijv8k��¶v~r(t?�9z+����r(z!�|z+r(tj�>�
uxt�k���h�yxiû���¦9y�¦��9{x�+r(z��}�'h���t�k���tj�x¯|k+r(yxz¶k+�'y���t�r(z�tj�·m©h>�+y8r(u�����t�r£o�tj�9��k6���|z+r(tj�9uxt�k+k+r�Â��>m ��u��+r(z��9z�{xu8�
��{´��z+r(uxu8r(u�¦R�¹h>k²��t�rHh>k+k+�>��tjt�r(z��+rH±°r�h�{x��À}��o�tj�9��k6��º|z+����{x�}��t��>uªv�r(��z�tS¦��H®�}tj�9u?h�i��,�^u}�+r(z��9z�{xu8���
���²��¯
���~�>uxu��+r���t�rw�pz+r(uxu�{xux�Wh�{����9z�{xu8�¢�xr(z¸{xu}�+r(z+k+�+yxt�r���ijt��'y8r(uÃ�}�xtju8kPÂ��>uªo�tj�9��k¸{xu8�¢º|y8�>�+�>u
v�r(t�r(u��+k��xz+r��'y8r(u8���9z+����r(z²�}�'h���t�k+��tj�J�xv�r(z£��t�r��Ptju8r(m©h���tj�Çr(z6���>ij��r(u�¦

 (GeV)γE
0 20 40 60 80 100

 (c
ha

rm
)

bk
gr

.
σ/

si
gn

al
σ

0

0.2

0.4

0.6

0.8

1

1.2  = 140 GeVHm

 (GeV)γE
0 20 40 60 80 100

 (b
ea

ut
y)

bk
gr

.
σ/

si
gn

al
σ

0

5

10

15

20

25
 = 140 GeVHm

ü�vxvxtji���{xux����¦5������r(z�y?»�ij��uxt�k��xr(zê�\tjz��}{xux��k'Á�{8r(z+k+�'yxuxtj���+r�Â��>u©�}tj�9u?h�i ��{xu8�G�^u}�+r(z��9z�{xu8���
�xz+�>��r�k'kpv�r(t}h>k+k+�>��tjt�r(z��+r(zûo�tj�9��k6�$q¶y?h�z�mH�|�ijtjux��k�¯~{xu8�³o^tj�9��k���±!r�h�{x�%À������>�x�xij{xux�©�z+r��+y}�+k�¯
tju¤ü^vxy?»�ux�9tj�9��r(tj��Â��>u��xr(z^�|u8r(z��9t�r��xr�k^r(tjuxiÊh�{���r(u8�xr(u´º|y8�>�+�>u8k�¦

Ó©Ô�� ����� � Å�á�Ä�ÝPÝ²ä	Å�!ËÂ²ä,ÂHÜ Ù�É ßHá
γ
â

µPr(za�Ïtjz���{xux��k+Á}{8r(z+k+�+yxuxtj���
σγ � → " "$# 0 �h�m�n�o

γ
qZv~r(t>�9�wÐPr�� ⊗ °��pr?�fk+����t�rG���9�wÐPr�� ⊗ °³�pr���¯��{xz+�xr�h�{8�+y´���xz¸��t�r³��r(yxu&%[�,o��('���tVt*)bo��Z��¥§t$+��~k���r(��t�r(iji�rHº|{xux�}�+rHtjm ¡¢�x��¡���ºûh�z'h�m�r(�+r(z�z'h�{xm��

�¶r(i��'y8r��%À}�xt�k'�+y8r´�L�¸�,
²�$�}��r(u?h�z�t�r(uZz+r(�xz'»>k+r(u}��t�r(z+r(u��¶v�r(z+r��+yxu8r(�¼{xu8�Émwtj�©�xr(m¡�Ïtjz���{xux��k+Á}{8r(z6�
k+�'yxuxtj���

σγ � → " " � �xr�k¤�}�'h�u8�8h�z+��m��}�xr(iji�k�Â�r(z��9ijt��+y8r(u�¦²��k�k��+r(ijij�+r¢k+t��+ydy8r(z'h�{8k��^�8h>k+k��xr(z¬�\tjz6���{xux��k+Á�{8r(z+k'�+yxuxtj���¸v�r(t¬�®h>k���h�iji�r(us�}u8����m©h>k'k6��º|{xux���+r(u���vxt�k�h�{��<��h¼{xu8��°©v~r(tûuxt�r���z�tj��r(z�º|y8���
�+�>u8r(u8r(u8r(z��9t�rD� ¼L�[¥?�8�s�xr(mÅ�xr�k��}�'h�u8�8h�z+��m����xr(iji�k�ijt�r(�9�ª��¬h�v���¦���¯
¦!µ¸h�mwtj���8h�z6�·h�mYnpo

γ
q

��r(tjuª��¶r�k+r(u}��ijt��+y�¯�v~r�k+k'r(z+r(z!½Ph>�+y}�¶r(t�k£Â��>uÇ¡¢�x��¡���o�tj�9��k6��±°�9k+�>u8r(uÇtjm ��r(z��9i�r(t��+yÇ��{���¡���o^tj�9��k��
±°�9k+�>u8r(u©r(z��°h�z��+r(�¶�!r(z+�xr(u�¦�µ²t�r��9z����9�+r£ü�{8k�u?h�yxm�r���º¶���V��h�y?h��l��t�r£ºûh�z'h�m�r(�+r(z

mA = 394
ÐPr?�

{xu8�
tan(β) = 10

�8�xr(zb�\tjz���{xux��k+Á�{8r(z+k'�+yxuxtj���^t�k+�^h�v~r(z�uxt��'y���k+tj�9uxt Ä8�>h�u}�^y	�>y8r(z�¦

- Ø�ÙdÙeÚ�Û§ÜdÜ &(&(&	Ý4å ÚdÚdÚ ÝZáeß�è	ÝZæ�.LÝ©ß$/ Ü1032 â14Vè 2�Ü ã Ú ã65,7 8 B5BIÐdÏ39

���

http://www.ippp.dur.ac.uk/~georg/sps


��¦5��¦��¸§$½���¡´ü|��§$�

¡¤���xr(iji �Ï¾¸�¢
Eγ = 30

ÐPr���¯ �Ï¾¸�¢
Eγ = 100

ÐPr?�¸¯
��¡ ������h�v ���P�wh�v

¡W�x��¡&�?��º¶���V��h :�;<;>=�? ��°�°Hh�v
¡¢�x��¡@����º!���V�(v �9ÿ�h�v �����wh�v
¡¢�x��¡@����º!���1� ÿ��¼h�v ���P�wh�v
¡¢�x��¡@����º!���1� ������h�v �~°��wh�v
¡¢�x��¡@����º!����� ÿ���h�v ���9�wh�v
¡¢�x��¡@����º!���1� ������h�v �����©h�v
¡¢�x��¡@����º!���1� ������h�v �P���wh�v
¡¢�x��¡@����º!���)° :�A<B>=�? �P���©h�v
¡¢�x��¡@����º!���1� ������h�v �9ÿ~°Hh�v
¡¢�x��¡@����º!���%ÿ ������h�v �9ÿ��wh�v

�¬h�v�r(iji�r+��¦���P��r(z��9i�r(t��+yË�xr(zlmwtj�l¡Wh>�?Ð²z'h��xy¼v~r(z+r��'yxu8r(�+r(u��\tjz��}{xux��k'Á�{8r(z+k+�'yxuxtj���+r��xr�k¶º|z+�>��r�k+k+r�k
γ
� → v vxy 0 �vx����¦ γ � → v v8oP¯¶tjmÒ�}�'h�u8�8h�z+��m����xr(ijip{xu8���xr(u���r(yxu´�}u8����m©h>k'k6��º|{xux���+r(u�¦

Ó©Ô�Ó C Ä%Ü^Þ+É Ù�Ú!Ä)ÿ
§%uÏ��t�r�k+r(màü^v8k'�+yxuxtj���J��tjz+�\��t�r�tju\ü�v8k+�'yxuxtj������¦5�¹��r�k��+r(ijij�+r´gxz'h���r´u?h>�+yÎ�xr(zJ�Ptju8r(m©h���tj�\�xr(z
h�{8k�iÊh�{���r(u8�xr(u¹¾�{?h�z���k�{xu8�¤npr(�x�+�>u8r(u´v�r�h�u��%�¶�>z��+r(��¦�µ²t�r���r(z�m�{x��{xux�N�J{xu8�´oPh�{x�x��m��>��tjÂ>h���t��>u
���xzP��t�rHÂ��>z�ijt�r(��r(u8�xrJ�}��{8��t�rë��t�k������8h>k+k¸��t�rw�Ptju8r(m©h���tj�´�xr(z�h>k'k+�>��tjt�r(z��+r(uªo�r�h�Â}À}�$¾�{?h�z��}��o^tj�9��k6�
º|z+����{x�}��t��>uÆtjm �ªr�k+r(u}��ijt��+y8r(uf�xr(zË�xr(z�h>k'k+�>��tjt�r(z��+r(uÆo�r�h�Â}À}�$¾�{?h�z����$È?��º�z+�}��{x����t��>uUtjuÆo²�gl^ü
r(u��+k+�xz�t��+y��·��¶r(uxuÇ��t�rPo��gl�ü£��n�{xmwtju8�9k�tj�'»��£h�{8k���r(z+r(t��+y}�£y?»����+r�¯
��u?»�mwijt��+y��8h>k+k°��t�r¸q¶y?h�z�mH��{xu8�
±°r�h�{x��À}�?��r(�+k�k+����t�rÇ��t�rËn�r(�x�+�>u8k��x{xz+r(uÃtjm µPr(�+r(�}�+�>z��xr�kwnpo

γ
q �x�>z��w��{«Ä8u8�xr(uÃk�tju8���¨�¶�Wk�t�r

v�r(t�r(u}�+k��xz+r��+y8r(u8�xr(zP�|z+r(tj�9uxt�k�z'h��+r³h�{8�+yÇtjmÑÈ~�g�¸����µPr(�+r(�}�+�>z£��r
��{xu8�xr(uÇ�¶�>z+�xr(u¤�!»�z+r(u���mwtju8�xr�k6�
�+r(u8k�r(tju��r(��tjm ��r(u}��z'h�i�r(u«µPr(�+r(���+�>z�{xu8�ª��t�r©n�r(�x�+�>u8r(ustjm ���>z��!»�z��+k��9h�i��>z�tjm�r(�+r(z�¦û§�u¹��t�r�k'r(m
ü�v8k+�+yxuxtj������tjz+����t�r�µ²t�k���{8k+k�t��>u¤h�{�����t�r³�Ptju8r(m©h���tj���xr(z^�pr(tji��'y8r(u´v�r(tp±°r�h�{x��À}��º|z+����{x�}��t��>u´v�r
�
k+�'yxz'»�ux�}�����8h·k�t�r²k�t��+yÇr(tju8r(z+k+r(tj�+k°uxt��'y���z+r(i�r(Â9h�u��°Â��>uÇ�xr(z!v�r(t�q¶y?h�z�mH��º|z+�}��{x����t��>uÇ{xu��+r(z+k'�+y8r(t��xr(�
{xu8�sh�u8�xr(z+r(z+k'r(tj�+k·k'�+y8�>u«��r(��r(tj�9�³��{xz+�xr9�¨�8h>k+k��xr(zwq¶y?h�z�mH�?�^u}�+r(z��9z�{xu8�Ék+����t�r�k'����r(tju8r¼�|Â�r(u��6�
µPr(�+r(�}��t��>uJ��{x��{xiÊh>k+k+r(uJk+�+y8r(tju}��¦�µPh�u8r(v�r(u©t�k+�¶�8h>k!�
���¬h��9�9tjux�wk+�+y}�¶r(z+r(z£h�i�k!�8h>klv����¨h��9�9tjux�Ç�k+t�r(y8r
ü�v8k+�+yxuxtj���+��¦5�}¯
�xk+�>ijij�+r�h�i�k+�H��{8k'»�����ijt��'y���{��!r(uxtj��r(z^��iÊh�z+r(u��|z+r(tj�9uxt�k+k+r(u����xyxz+r(u�¦
§%u¼ü�vxvxtji���{xux�G��¦ ÿ�t�k��°��t�rb��r(z��+r(tjij{xux���xr(z¶ºlk+r({8�x�>z'h��xt���tj�'»��£�xr(z!±°r�h�{x�%À��$¾�{?h�z���k°��{¼k+r(y8r(u�¦�¡Wh�u
�9h�uxu\�xr({x��ijt��'yÆ����t�k+�+y8r(ud�xr(m uxt�r��xr(z+r(u8r(z���r(��t�k+�+y8r(u ¾�{?h�z��M�t®¦!ü³¦!�8h>kJÂ��>màº�y8�>�+�>u�����r(z��+r
Í8¯
{xu8�´�xr(mÑy	�>y8r(z+r(u8r(z���r(��t�k+�'y8r(uÏ�Â��>m Ð²ij{8�>u�����r(z��+r
Í8¯^{xu}�+r(z+k+�+y8r(t��xr(u����8h>k²r(z+k��+r(z+r³v~r
Ä8u8�xr(�¸k�t��'y
mwtj��k+r(yxz¸�9z+����r(z��¹h�yxz+k'�+y8r(tjuxijt��+yx��r(tj�Htjm ��r(u}��z'h�i�r(usµPr(�+r(�}�+�>z©

η ≈ 0
���8h�mwtj��t�k��¸u?h>�'y«Ð²i®¦s��¦��

θ ≈ 90◦
¯w{xu8�Ï�>h�uxuÎk+�>mwtj�¼tju\r(tju8r(mà��r(u���z'h�i�r(uÆ¡¤tj�}z+�>Â�r(z��+r
Íx�xr(�+r(���+�>z¢�Â��9i®¦!ü^v8k+�'yxuxtj������¦���¯

r(tju8�xr({x��tj�ªu?h>�'yx��r(��t�r�k+r(uZ{xu8�¥t��xr(u}��t Ä8��t�r(z��©�¶r(z+�xr(u��l�8h>k©h�u8�xr(z+rËy?h���r(tju8r(uZk��'h�z���r(uÃ±°���9k��Htju
���>z��!»�z��+k+z�t��+y���{xux�¢

η ≈ 3
��k'�>mwtj�

θ ≈ 6◦
¯
¦�µPr(z`��r(�£�xr�k°uxt�r��xr(z+r(u8r(z���r(��t�k+�+y8r(u¢¾�{?h�z���k�k'�>ijij�+r9�x�8h

��t�r�k+r�k!h�{8kl�xr(zl�xz�tjm©»�z+r(uNl^r�h�����t��>u©k��'h�mwm³������z+�>�����xr(m u8�}�'y¼�xr({x��ijt��+yJm�r(yxz¶��u8r(z��9t�r£��z'h���r(uJh�i�k
��À��xt�k+�'y8r���ux�+r(z��9z�{xu8���xy?»�u8�>m�r(u8r9¦

�9ÿ



�¸ü²º�§%���lnk��¦Ço²§6Ð�Ð����$q!o�ü<l^¡��g��½²µFo�§�Ð�Ð�����±°��ü`�²��
²����m²º�º�n>�²½PÐ¸��½

beauty
η

-10 -8 -6 -4 -2 0 2 4 6 8 10

N

1

10

210

LE Beauty

beauty
η

-10 -8 -6 -4 -2 0 2 4 6 8 10

N

1

10

210

HE Beauty

ü�vxvxtji���{xux�D��¦ ÿ��¬º�k+r({8�x�>z'h��xt���tj�'»��+r(uÉ�xr(z�r(u8r(z��9t�r�»�z�m�r(z+r(ud�ijtjux��k�¯²{xu8�ªr(u8r(z��9t�r(z+r(t��'y8r
�
z+r(uÇ�z+r��+y}�+k�¯¬±°r�h�{x��À}�$¾�{?h�z���kûv�r(t�tjyxz+r(z|�|u}�+k��+r(y�{xux�¸tju·o^tj�9��k6�%h>k'k+�>��tjt�r(z��+r(z|º|z+�}��{x����t��>u�¦
��z+k��+r(z+r©k�tju8�¹Â��>z���t�r(��r(u8�¹��r(u}��z'h�iltjm µ²r(�+r(���+�>z���{ªÄ8u8�xr(u��¤m©h�usv~r�h>�'y��+rJ��t�rwi��>��h��
z�tj��yxmwt�k'�+y8r��}�>h�iÊh�D	�Ji�r(�����+r(z+r³tjuD���>z��!»�z��+k�z�t��'y���{xux�8¦�§%u�v�r(t��xr(u´g|»�iji�r(u´t�k��

η
{xux��r
�®»�yxz

��h�{h�9Â�r(z��+r(tjij�H��?h�z'h�v~�>ijt�k'�+y�tju�i��>��h�z�tj��yxmwt�k+�+y8r(z²µPh�z+k+�+r(ijij{xux�}¯
¦

ü�vxvxtji���{xux����¦����s��r(tj�9�Ë��t�r�l�h��xt���tj�'»��+r(uÆ�xr(z��Ï��±°�9k+�>u8r(u��!tju\��t�r´�8h>kËo^tj�9��kJ��r(z6�®h�iji�r(uÏt�k+���
k+����t�r�Â��>uW�xr(z+r(u¤u?h>�'y��!r(t�k�v?h�z+r(usÈ~r(z6��h�iji�k+�xz+�}��{x���+r(u¥�r9�

µ
¯
¦?µ²t�r���r(iÊh>�xr(u8r(u¢n�r(�x�+�>u8r(uW���xz+�xr(u

�¶�>yxi�y?h�{x�x�+k'»>�+yxijt��'yËtju�m��}�xr(z'h��+r(z|���>z��!»�z��+k�z�t��'y���{xux�w��{wÄ8u8�xr(uJk+r(tju��9u?»�mwijt��'y¼v�r(t[l�h��xt���tj�'»��+r(u
����t�k+�'y8r(u

0
{xu8�

3
�r(u��+k+�xz+r��+y8r(u8�

6◦ . θ . 90◦
¯ë�Ã��{xz+�+y?h�{8kËtjmà�xr(�+r(�}��t�r(z�v?h�z+r(ud±°r(z+r(t��+y

�xr�k³�}�'h�u8�8h�z+�x�xr(�+r(���+�>z+kHr(tju8r�k³q!�>ijijt��xr(z+k�¦p�lk¸t�k���h�i�k+�Ë��r�k�����{xy?h�ij�+r(u����8h>k'k���t�rwtjuªü�v8k+�+yxuxtj������¦5�
��r(u?h�uxu��+r(uÇ�}��z'h�yxij�?h�z'h�m�r(�+r(z²4�9���$ÐPr?�^��º�y8�>�+�>u©��z�tS¦��lh�{��!°����pr?�^��º�z+�>�+�>u�¯|��r�r(tj�9u8r(�lk+tju8������t�r£h�{8k
r(tju8r(z�h>k+k'�>��tjt�r(z��+r(u�vxv8o£��º�z+�}��{x����t��>u´h�{8k�iÊh�{���r(u8�xr(u��¬r(tji��+y8r(u´u?h>�+yx��{��!r(t�k+r(u�¦

Wy
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

N

1

10

210

310  H←W 

µe, y
-4 -3 -2 -1 0 1 2 3 4 5 6

N

1

10

210

 H← W ← µe, 

ü�vxvxtji���{xux� ��¦������!l²h��xt���tj�'»��+k�Â�r(z��+r(tjij{xux�¤�xr(zT�Ï��±°�9k+�>u8r(u���tjuª��t�rH�8h>k�o^tj�9��kP��r(z6�®h�iji�r(u
t�k+�H�ijtjux��k�¯^k+����t�r·Â��>u¢�xr(z+r(uWu?h>�+y��!r(t�k�v?h�z+r(u¥È~r(z6�®h�iji�k��xz+����{x�}�+r(u¢�|i�r(����z+�>uW{xu8�W¡�À��>u
�z+r��'y��+k�¯
¦l±!r�k'�>u8�xr(z+kwv~r(t°i�r(�����+r(z+r(uÃt�k+�wh�{����9z�{xu8�¥tjyxz+r(zw��r(z�tjux��r(u l£{xy8r(m©h>k'k+r

y ≈ η®ÐPi�r(t��+y�{xux�¬��¦5��¯
�x�!�>z'h�{8k^�xr(z£tjm��¬r
Í��£��r(u?h�uxu}�+r�r(z��°h�z��+r(�+rH�}��z+r({}��tjux��r(ipz+r�k�{xij��t�r(z���¦
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ü�{��l�xr(u����>ij��r(u8�xr(u´ü�vxvxtji���{xux��r(u���¦�����vxt�kK��¦����wt�k��²r(tju���À��xt�k+�'y8r�k²npo
γ
ql��o�tj�9��k6���|z+r(tj�9uxt�kPtjm

È~�g�¸����µPr(�+r(�}�+�>zPmwtj��yxtji ��r³Â��>u@EGF�H óZö �k�t�r(y8r·ü�v8k+�+yxuxtj���K�8¦5��¯£�8h�z���r�k��+r(ijij��¦�µ�t�r³Â��>uW¡´h>�?Ð²z'h��xyk�tjm³{xijt�r(z��+r(ush�{8k�iÊh�{���r(u8�xr(u¹�pr(tji��'y8r(u¹y?h�v�r(uª��t�rHtjuW�¨h�v�¦s��¦5�Çh�ux��r(��r(v�r(u8r(u���t�r(z+r(z�tjmw�x{xi�k'r9¦�µ²t�r
ü�vxvxtji���{xux��r(u���¦����©{xu8���¦����Ç��r(tj��r(u¥��t�r��'h��+k�»>�+yxijt��+y8r(uÉ�¬r(tji��+y8r(u8k��x{xz+r(ud · ¡¢ql����z'h>�+��k)¸6¯
�¨�!»�y��z+r(u8�·tju·ü�vxv�¦���¦����^��t�r!Â��>uw�xr(zûµ²r(�+r(���+�>z+k+�������°h�z+r°z+r(���>u8k���z�{xt�r(z��+r(uJ�}�x{xz+r(u� · ��z'h>�'��k)¸6¯ûh�ux��r(��r(tj�9��¶r(z+�xr(u�¦�µ²t�rP�}tju8r(m©h���t�k+�'y8r(uWÐ²z�����r(u¤�xr(z£z+r(���>u8k���z�{xt�r(z��+r(uW�}�x{xz+r(u¤k�tju8�Ëtju��¬h�v�¦���¦5�Htju��P{xz+k�tjÂ}�
k+�'yxz�t ����h�ux��r(��r(v�r(u�¦
ü�vxvxtji���{xux� ��¦����©��r(tj�9��r(tju8r���r(z��9z�����r(z�{xux���xr�k¸±°r(z+r(t��'y8kP{xmb�xr(uË�ªr��'y8k+r(ij��tjz���{xux��k��x{xux�}��Â��>u
ü�vxvxtji���{xux����¦������û��¦ûy�¦¨r(tju8r(uÏÈ~���>m tjuÃ�xr(uÉ¡�tj��z+��Â�r(z��+r
Íx�xr(�+r(�}�+�>z�¦¶µ²t�r�k+r�kH�|z+r(tj�9uxt�k�y?h���h�{����
�9z�{xu8�Ã�xr(z��xr({x��ijt��'y8r(uÎÈ~r(z6�®»�iji�r��xr�k�r(tju8r(uÉv��$¾�{?h�z���k¤�tjmÌ± 0 ��¡¤r�k+�>u�¯·r(tjuZ��r(��t�k+k+r�kwº¨�>�+r(u���tÊh�i�8h����xz��¬�8h>k+kH��t�rÇ��r(�}{xu8�8»�z�Â�r(z���t���r�kw��t�r�k'r�k���r(�+k³Â��>u¥�xr(zHü^{8k�i�r�k'r�k+�����%�!h�z+rËr(z��9h�uxu��H{xu8�s�8h�mwtj�
�'h��+k'»>�'yxijt��+yWr(tju8r(m�v��$¾�{?h�z��Ë��{x��r��>z+��u8r(�^�¶r(z+�xr(u¤�~�>uxu8r(us�v����¬h��9�9tjux�8�~ü�v8k+�+yxu�¦[��¦5��¯
¦

�¬r(tji��+y8r(u
px
Ê9ÐPr��

py
Ê9Ð¸r��

pz
Ê9ÐPr��

E
Ê9ÐPr?�

pT
Ê9ÐPr?�

η θ φr + �9�5� �����5� �g�8��� ����� � �����5� ���5��� �)°L�9�5� ◦ ���8� � ◦
IKJLNM IOIPL�Q

νe
�9�5� �1����� � °>ÿ��5� �����5�

µ−
���8�5� ��ÿ�� ÿ ������� �P���5� �9ÿ��5� ��� ��� �����5� ◦ �9� ◦

MJL�J RKLTSVU W$S�L�X ◦ J,XYL�Q ◦
νµ

�1�9ÿ�� � �V����� � ���8�I° ���8� �
v �|���5� �8�5� ���9��� � ���9���I°
v �|��� � �8�5� ���5� �����5� ���5� ��� ÿ¶� �P���5� ◦ �d��� ◦

UYL�Z RKL�Q�S U,IKL[I ◦ I$SOS ◦
�¬h�v�r(iji�r���¦5���¶�²t�r(z+r(z�tjmw�x{xi�k+r��xr(z^h�{8k�iÊh�{���r(u8�xr(u��pr(tji��'y8r(u¤r(tju8r�k°��À��xt�k+�'y8r(u��|z+r(tj�9uxt�k+k+r�k£Â��>m���À��
Ð²i®¦H��¦5�8¦�g¨�xz¬��t�r|��r(iÊh>�xr(u8r(uHn�r(�x�+�>u8r(u·{xu8���8h>k���r(u}��z'h�i�rlv��$¾�{?h�z���k+tju8����t�rlµPr(�+r(���+�>z����}�>z+��tju?h��+r(u
mwtj��h�ux��r(��r(v�r(u�¦��P{xz+k+tjÂJ��r�k'�+yxz�t�r(v�r(u¤k�tju8�N�Ëk+���!r(tj�^Â�r(z6���x�9v?h�z`�Ë��t�r��}tju8r(m©h���t�k+�'y8r(u �lh�z�tÊh�vxi�r(u
�xr(z�z+r(���>u8k���z�{xt�r(z��+r(uÃ�}�x{xz+r(u¹Â��>us�|i�r(�}��z+�>u��¬¡�À��>u¹{xu8�s¾�{?h�z���¿�r(��¦¨�}t�r©k���tjmwm�r(uª�9{x��mwtj�·�xr(u
k�tjm³{xijt�r(z��+r(u« · �!h�yxz+r(uL¸6¯�l£t��'y���{xux��r(u¤{xu8��±°r(��z'»���r(u��xv~r(z+r(tju�¦
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ü�vxvxtji���{xux�Ë��¦�����pµ²t�k��xiÊh�À¢r(tju8r�k·¡¤�>u}�+r
�$q°h�z�i������|Â�r(u��+k¤®Ð²i®¦s��¦5��¯²tjm È~�g�¸����µ²r(�+r(���+�>z
�ü�{8k+k+�'yxuxtj���+r�¯
¦wg¨�xz«��t�rd��r(tj�+r(u?h�u8k�t��'y��M]\T� ¢����8��¯¹��{xz+�xrÎ�xr(z¥µPr(�+r(���+�>z«r(u}��iÊh�ux�
φmin = −60◦

{xu8�
φmax = 120◦

tjuÎr(tju8r · �>v�r(z+re¸¤{xu8�\r(tju8r · {xu��+r(z+re¸WoP»�i ���+r���r(z6�k'�+yxuxtj���+r(u�¦£
φ = 0◦

t�k+��l^t��+y}��{xux�ªo��gl�ü³�ûh�i�k+�¢h�{����xr(m ijtjux��r(uÃ±!tji��«u?h>�+y¥z+r��+y}�+k�¦ù¯
±°r�k+�'yxz�t ���+r(�Pk�tju8�¤��t�r·�}�x{xz+r(u´Â��>u¤¡¤À��>u¥ · µ ¸6¯!{xu8�¤��i�r(�}��z+�>uÉ · re¸6¯�k+����t�r³�xr(zH�ü^u}��t �$¯v��?��r(�¼ · vL¸6¯
¦�µPr(z²���!r(tj�+rwv��?��r(��k+����t�rw�xr(z�º|z+�>�+�>uxz+r�k���Â�r(z�{xz+k�h>�+y8r(u¹��t�rHy?h>��z+�>uxt�k+�'y8r(u�}tj�9u?h�i�r�tju ���>z��!»�z��+k+z�t��+y���{xux�ÉtjuÏ�xr(z©½²»�y8r��xr�kJ�}��z'h�yxijz+�>yxz+kW��|u8r(z��9t�r��xr(�~�9k+tj��t��>uÏtju
�xr(u¤��h�i��>z�tjm�r(�+r(z+k+r(�9m�r(ux�+r(u�¯
¦

ü�vxvxtji���{xux�ë��¦�������µPr(�+r(���+�>z+k�tjm�{xiÊh���t��>uJ�xr�k+k+r(ijv�r(u��|Â�r(u��+k�¦}�}�'h����l�xr(z�k�tjm³{xijt�r(z��+r(u´ · �'h��6�k�»>�+yxijt��+y8r(uL¸6¯J�¬r(tji��+y8r(u8k��x{xz+r(uÆ�!r(z+�xr(uÎyxt�r(zJ��t�r�z+r(���>u8k���z�{xt�r(z��+r(uÆ��z'h�¿�r(�}�+�>z�t�r(udh�ux��r
�
��r(tj�9��u���t�r���r(u?h�{8r·§$�xr(u���tj�'»��¸�xr�kl¿6r(�!r(tjijtj��r(uª�pr(tji��'y8r(u8kPt�k��^u}{xz²tju´�¶r(uxtj��r(u¢g|»�iji�r(u´v~r
�
k+��tjmwm�v?h�z�¦
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ü�vxvxtji���{xux�N��¦������x¡¢ql�$�}�x{xz+r(u�tju��xr(z�½²»�y8r¸�xr�k`�ªr��'y8k+r(ij��tjz���{xux��k��x{xux�}�+r�k�¦�µPr(z�ijtjux��r
ü�{8k+k+�'yxuxtj���wy?h��wr(���!hª��t�rJü�vxm�r�k+k�{xux��r(u��9�5�´mwm × ��� �´mwm��¨�xr(zHz+r��'y��+rÇ{xux��r
�®»�yxz
���Çmwm × ���Çmwm�¦�±°r�k+�'yxz�t ���+r(�³k�tju8�ªh�{8�+yªyxt�r(z³�8h>k�h�{8k��xr(m �xz�tjm©»�z+r(u���r(z��+r
Íªh�{8k6�
iÊh�{���r(u8�xrH¡�À��>u´{xu8�W�|i�r(����z+�>uWk'����t�rHr(tju¤y8���+y8r(u8r(z���r(��t�k'�+y8r�k�º�t��>u����!r(i��+y8r�k�h�{8kP�xr(m
È~r(z6�®h�ijilr(tju8r�k³± + ��¡´r�k+�>u8k�k��'h�mwm³��{xu8�ª�8h�mwtj�³r(tjuª�¶r�k+r(u}��ijt��+y8r(zH�pr(tjil�xr�k�z+r(���>u8k���z�{��t�r(z�v?h�z+r(uÇv��?��r(�+k�t�k���¦�µ�t�rPg8�>ij��r(��r(z6�®»�iji�r��xr�k�h�u8�xr(z+r(uÇv��$¾�{?h�z���k��vx����¦x�xr�k�± 0 ��¡´r�k+�>u8k�¯k+tju8�¹h�{��£�xr(z�ijtjux��r(u¥��r(tj�+rw����t�k'�+y8r(u¥�xr(m �ªr��+y8k+r(ij��tjz���{xux��k��x{xux���³{xu8�s�xr(z�¡Wh�z��}t�r
�
z�{xux� · �±°��¯�¸���{ËÄ8u8�xr(u�¦
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��m ��t�r���u?h�uxu8r(yxmwijt��+yx��r(tj�+r(uÇv�r(t��xr(z!��t��+y}��tj��r(uÇ¡¤r�k+k+{xux�³�xr(z¶o�tj�9��k6�®v�Ê��
�����>�x�xij{xux��r(u¹®¾¸q!µ^�
��u��+r(z��9z�{xu8��h�m n�o¸q`Ê�k+n�o¸q²�����9k��+r(uH{xu8�H±°h�{x��r(tj��h�mF§%n¨q²����r(z�tjux��r°�|u8r(z��9t�r��xr�k¨z+r�h��9t�r(z+r(u8�xr(u
º|y8�>�+�>u8k!z+r(iÊh���tjÂ©��{J�xr(z!�xr�k°�|i�r(����z+�>u8k�h�m�npo�r�q�¯�{xmw��r(y8r(uË��{¼�~�>uxu8r(u��}��{xz+�xrP��t�r�h>k+k+�>��tjt�r(z��+r
o�tj�9��k6�®v�Ê��
��º|z+����{x�}��t��>uËtju¼º�y8�>�+�>u���º|z+�>�+�>u����^�>ijijt�k�t��>u8r(uWh�i�k°�}tj�9u?h�ij�xz+�>��r�k'k°Â��>z���r�k+�+yxiÊh���r(u�¦��^�>u��
��z+r(�+r¤È�t�r(i�r���t�r�k+r(zJ�}��{8��t�r��!h�z+r(u\r(z+k��+r(u8k��|��t�rÇ�+�>���>i��>�9t�k+�+y8r¤½²h>�'y��!r(t�k�v?h�z���r(tj�Ç�xr(z©�^�>�x�xij{xux�
tjus��t�r�k'r(u¹º|z+�>��r�k+k+r(us��r�k�����{8k��+r(iji�r(u��pk'����t�r����!r(tj�+r(u8k·y8r(z'h�{8k���{�Ä8u8�xr(u��¬�>vs��r(u��x��r(u8�«�|z+r(tj�9uxt�k+k+r
�xz+����{x��t�r(z��£�¶r(z+�xr(u¤�~�>uxu8r(u�¦?±°r(t��xr³È�t�r(i�r¸���>uxu}�+r(u¤r(z�z+r(t��+y}�^�!r(z+�xr(u��

µ²t�rl�|tjux��r(i�r(z+r(tj�9uxt�k'k+r°�xr(z¨h>k+k+�>��tjt�r(z��+r(uHo�tj�9��k6�$q¶y?h�z�mH�~{xu8�³o^tj�9��k���±!r�h�{x�%À���º�z+�}��{x����t��>uHtju³�^�>i �
ijt�k�t��>u8r(u¢Â��>uªº|y8�>�+�>u8r(u¹mwtj�Pº�z+�>�+�>u8r(u¹k�tju8�´�}tju8r(m©h���t�k'�+yª�9{x�¸u?h>�'yx��{��¶r(t�k'r(u>u�v�r(tû�xr(z³q¶y?h�z�mH�
�|z���r({x�9{xux�·t�k��lh�iji�r(z+��tjux��k!�xr(z|��u��+r(z��9z�{xu8����{J�x�>mwtju?h�u����}{xmD��t�r��}tj�9u?h�i�r(z+r(tj�9uxt�k+k'r�r(z���r(uxu8r(u¼��{
�~�>uxu8r(u�¦¨§�m g?h�iji�r¼�xr(zHh>k+k+�>��tjt�r(z��+r(u¥±°r�h�{x��À}��º|z+�}��{x����t��>u¥{xu8�¹v�r�k+�>u8�xr(z+k³v~r(t¶�}i�r(tju8r(uÉ���+y}�¶r(z6�
�x{xux���+k+r(u8r(z��9t�r(uÎt�k��J�8h>k��}tj�9u?h�i �?��u��+r(z��9z�{xu8������r(z�y?»�ij��uxt�k¢h�{8k�z+r(t��'y8r(u8�Ï�9z+���8�°k+�>mwtj�Ëk��+r(ijij�Çk�t��'y
yxt�r(z¶��t�r�gxz'h���r9���>vJr(tju8r£��r(u}�x��r(u8�©�9z+����r��|z+r(tj�9uxt�k���h�yxi�r(z��!h�z��+r(�!�¶r(z+�xr(uJ�>h�uxu���{xm�h�uxy?h�u8�©k+�'h��
��t�k���t�k+�'y8r(z�¡´r(��y8�}�xr(us�}tj�9u?h�i�{xu8�Ë��u��+r(z��9z�{xu8�ª��z+r(uxu8r(uª��{¢�~�>uxu8r(u���µ¸h>k�º|z+����{x�}��h�{8k��xr(z�h�u
r(tju8r(mbn�o

γ
qÆr(z��!h�z��+r(�+r(u¢n�{xmwtju8�9k+tj�'»��H�k�¦~�~¦��~°�¯°{xu8�¤�xr(mÒr(z��!h�z��+r(�+r(u��Ïtjz���{xux��k+Á}{8r(z+k+�+yxuxtj���

�xr(z²�}tj�9u?h�ij�xz+�>��r�k+k'r©�k�¦?�~¦[����¯°r(z��9tjvx�^tjmÑ�}�'h�u8�8h�z+��m��}�xr(ijiû��t�r¸�|z+r(tj�9uxt�k�z'h��+r

Ṅ = σ · L = 10−18 v · 1030 �(m −2 k −1 = 10−12 k −1 .

¡¤{xij��tj�xijtj��t�r(z��lmwtj�lr(tju8r(z�z+r�h�ijt�k+��t�k+�+y8r(u�¿�»�yxz�ijt��'y8r(u¼±°r(��z�t�r(v8k+�8h�{8r(z¶�xr(z¶¡´h>k+�'yxtju8r�Â��>u
107 k�r(z��9tjvx�k�t��'y���t�r�È�h�yxip�xr(z£�xz+��±°r(��z�t�r(v8k�¿+h�yxz^�xr(�+r(����t�r(z�v?h�z+r(u¤�|z+r(tj�9uxt�k'k+r¸Â��>u

N 
�g�h #$i[j1k(lnm ∼ 10−5 .

µ²t�r�k·t�k��³i�r(t��xr(z·{xm�Ð²z�����r(u8�>z+��u�{xux��r(uÏ�8h�Â��>uÉr(u��6��r(z�u����ûtjm µPr(�+r(�}�+�>zwk�t��'y���v?h�zw��{¥k+r(tju��ptju8k'���
��r(z�u¼t�k��°r�k¶���xz°�8h>k£�}��{8��tj{xm �xr(z�h>k'k+�>��tjt�r(z��+r(uÇo^tj�9��k6�®v�Ê��
��º�z+�}��{x����t��>uË{xu8r(z�y8r(vxijt��+y��xv�r(t��!r(i��+y8r(z
�|u8r(z��9t�r���t�rH¡Wh>k+�+yxtju8r�v~r(��z�t�r(v�r(u¢��tjz+�W{xu8�´��t�rH�9z+������t�rwo^tj�9��k6��¡Wh>k+k+r·�'h��+k'»>�'yxijt��+yªt�k+��¦~ü�{8�+y
��r(u?h�{8r(z+r�±°r(z+r��+yxu}{xux��r(us�xr�kK�\tjz��}{xux��k'Á�{8r(z+k+�'yxuxtj���+k¼��|tju}v~r(��t�r(y8r(u¹y	�>y8r(z+r(z�m�z+��u�{xux��r(u«r(�+�9¦ù¯
�¶r(z+�xr(uËh�u©�xr(zl�x¦9�8¦��¬h��+k'h>�'y8r^Á}{?h�ijtj�'h���tjÂ·uxt��'y��+k°»�u8�xr(z�u��P��u��+r(z!�xr(zlü^uxu?h�yxm�r9���8h>k+kl�xr(zlnpo
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r − � → r − v v>¿� √s = 938

ÐPr��
; pT

¯
7,3 ± 1,0

u�v ∼ 10
u�v h�z���tjÂ�� ���¶���9¦ ���9ÿ��

r + � → ν r �� 150 ÐPr�� ⊗ 7
�¬r���¯

67
�xv

50..60
�xv m·¦x±!r(yxux��r¼�m���i®¦ù¯

γ
r − → νe

� −  √
s = 150

ÐPr���¯
11
�xv

8..9
�xv h�z��²tjÂ�� �9ÿ9�9ÿ�¦ ���	��ÿ

γγ → � + � −  √
s = 300

ÐPr?�¸¯
75
�xv

80
�xv h�z���tjÂ�� �9ÿ9�9ÿ�¦ ���	��ÿ

� � → � �³ √
s = 1,96

�pr?��¯
5,7

�xv
8,18+0,98

−0,87
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