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�
� ¶ � » �a�a#}£heD!$4�<,#(/©<,!0#"4,!$'*)M>-/-#=.$8N>;!POH!$+7>-!$+7'*),# ��#='*),432,4I56#=4c=2I/�^H#=.$`I+7>;#(4,#=/756!$#a4,!0'*)M>\[j#=)I/B56.98:2I` ?tT2I/-<,!05j+7!$4,<��·+=XZ "!$+7132,+-+7!$W64|!$4�@a8:m,!P>;#(. À �}X



¾¿4 B\`,`,!0.$<,2,4I5 /IXP� ��+-!04,<l<,!0# Y �r#(1M>;#a<,#=/ ��#=<,!02,[j[kWH<,! �,1N8q>;!$W:4,#=4k8:2I�¨<,#(4l>;W:>;8:.$#(4%@!$/7132,4,5K�32,#(/-+-'*)I4,!0>7> � T2I/
<,!$#©z:Q¿u
),W:>;W:m,/-WH<,2,1M>;!0W64Vc=2V+-#(),#=4rXD s8N`d#(! ?�2,/7<,# ?�!$#=<I#=/
<,!0# "!$.0#=mI>-W64,#(4,m,/-WH<,2,1M>-!$W64,+7/;8N>-#"`b#=/-#('*),4,#}>�X

0,7 0,8 0,9 1,0 1,1

0,1

1

γ  12
C -> Dileptonen 

12
C

 mρ = 768 MeV
 mρ = 700 MeV
 Resonanzmodell

σ to
t (

nb
)

Eγ (GeV)B�`I`,!$.0<,2,4,5 /IXP� �D¢�AFW:>*8:.0#=/
%@!$/7132,4,56+��H2I#=/-+7'*),4,!P>->�� T2I/ <,!0#�u~/7WD<I2,1M>;!$W:4kO6W:4� "!$.0#=mI>-W64,#(4T2,`b#=/B<g8N+Bz:Q ��#(+-W64&8:4 ` , �VXPY
+B+-!04,<|<,!$# Y~/756#=`I4,!$+7+-#"� T2,/©O:#=/-+7'*),!$#(<,#=4I#X��#(<,!$2I[k[jWD<I!PQ
�g1q8N>-!$W64,#(4|<,#=+�m,/-WH<,2,c(!$#(/7>;#(4|z:Q ��#(+-W64,+�56#(c=#=!05:>�X
 "#(/ -\8:2,mI>-2,4M>;#=/7+-'*),!0#=<|!$+n>©<,!0#"�s/ TW:i6#=4,W:/-<,432,4,5U<,#=/©#(!$4,c(#=.04,#=4 �"2,#(/-+7'*),4,!0>7>;#NXI% 8N+<,!0#�/7#=.98q>;!0O:#h�s/ TW:i6#U<,#(/\%@!0/-132,4,56+��32,#=/7+-'*),4,!P>->-#t`d#}>;/-!
�d>=eZ+-W�+7!$4,<�<,!$#RY~/756#=`I4,!$+7+-#h[j!0><,#(4,#=4p� T2,/"<I!$# �
Q¿u
/-WH<,2,1M>;!0W64S1:W:4,+-!0+7>;#(4M>�Xr%@!0#=<,#(/"`d#(W6`g8:'*)M>-#(>a[k8:4S#=!04p+7>;8:/-1N#=+MB�4HQ

?�8:'*),+-#(4@`d#(!�#(!$4,#(/k#(!$4I��8N'*),#=4 ��8:+-+7#=4MO6#(/-+-'*)I!$#=`I2,4,5G)I!$4´c=2K13.$#(!$4,#(/-#(4 ��8:+7+-#=4G2,4,<#=!04,#h<,#(2I>;.0!$'*),#RB�`,+7'*) ?�T8N'*)H2I4,5�<,2I/-'*)�8:`,+7W6/-mI>-!0O:#tu
/-W6c(#=+-+7#:e `b#=+7'*),/-!0#=`b#=4�<,2,/7'*)�<I#=4¾¿[k8:56!$4 T8:/7>-#=!$.r<,#=/"^D#=.0`,+7>-#=4,#(/-56!0#:X8Y
+�)g8:4I<,#=.P>�+7!$'*)S<g8N`d#(!FO:W6/�8N.$.$#([ 2,[�u
/-W6c(#=+7+-#t<,#(/B�/n>�z�y�w * y�e ?�W:`d#(! * � T2,/�#=!04|`d#(.$!$#(`,!$5:#=+C��#(+-W64�+7>-#=)M>�X��8:4U#(/-1:#(4,4M>�e6<,8:i�`b#=!313.$#(!$4,#(4XY
4,#=/756!$#(4U<,#(/�%@!0/-132,4,56+��32,#=/7+-'*),4,!P>->
<I2,/-'*)h<I!$# z�ylQ^H>-/-#=2I2,4,5V!$[ £~#=/756.$#(!$'*)lc(2,[]�·/7#=!$#(4l Z8:.$.b#(>F?�8:+BO6#(/-56/ TW6i6#(/7> ?�!0/-<fXI "!$#=+7#=+©2I4,#=/ ?©8:/n>;#}>;#£~#=/7)g8:.P>;#=4|. T8:i:>B+7!$'*)�8:4,)g8:4I<&O:W64ZB\`,`,!0.$<,2,4I5 /DX �:�hO:#=/-+n>;#(),#=4fXd "W6/n>�!$+7>�<I!$#_�s/ TW6i6#
��ª ( 5 � � � ( , 
fE�+B­(­ � /IX ���M�

#=!04,[k8:. � T2,/U<,#=4« Z8:.$. #=!04,#=+t�·/-#(!$#(4�z:Q ��#(+-W64,+j2,4,<�#(!$4,[k8:. � T2I/t<,#=4´ Z8:.$. #=!04,#=+t<,2I/-'*)z y|Qn^3>;/-#(2,2,4,5&[jWD<,!
�gc=!0#=/n>;#=4S>-/;8:4I+7O6#(/-+-8:.$#(4�WH<,#=/s.0W64,56!P>;2,<I!$4g8:.0#=4Sz:Q���#=+7W64,+a56#(c=#=!05:>�X "#=/a¾¿[jm,2,.0+ ?�!$/-<�<g8:`b#=!~1NW64,+7>;8:4M>U5:#=)g8:.P>;#(4fe � Etª]� ¶ ���s#(£UXF�r2�£~#(/-56.0#=!0'*),+-c�?�#('*1:#=4+-!04,<&8:2,i6#(/-<,#([�³ S E 2,4,<&³ �E 8:`I56#=`,!0.$<,#}>�X "!0#U "!
�r#(/-#(4,cU!04�<,#(/s8:`,+7W6.$2I>-#=4��s/ TW:i6#�<I#=/�%@!0/-132,4,56+��32,#=/7+-'*),4,!P>->-#t!$4-B\`,) T8:4I56!$5NQ1:#(!0>VO6W:[ 56#D? T8N),.0>-#=4G^Dc=#(4g8:/-!0W�!$+7>V1N#=!04«#(!$4,<,#(2I>;!056#=+k^D!0564g8:. � T2,/t<,!$# B\/7>V<,#(/ �&#=<,!ºQ2,[j[kWH<,!
�g1q8N>;!0W64feI+7W6.98N4,56# ?�#(<,#=/"<,8:+�[j!$13/-W:+-1:W:m,!$+7'*),# ��WH<,#(.$.¨c=2,/�u
/-WH<,2,1M>;!0W64�4,WH'*)<,!0#h��#(+-'*),/7#=!$`I2,4,5l<,#(/�%�#('*),+-#(. ?�!0/-132,4,5�£~#(13>-W6/-[j#=+7W64DQF@a#(/-4�8:2I+-56#}�·#=!$.P>�+7!$4,<rXf^DWL`d#¦Q+7>-#=),#(4S#=/7),#=`I.$!$'*)I#�Y�4,+-!0'*),#=/7),#=!P>;#(4�`b#=cDT2I56.$!0'*)�<,#(/ @aW:m,m,.$2I4,56+-1NW64,+n>*8:4M>;#(4fed8:`d#(/�8:2,'*)



!$[ �s��Y Q���WD<I#=.$.~c(2,/h��#(+7>-!$[j[h2,4,5�<,#=/Uu~/7WD<I2,1M>;!$W:4,+;8:[jm,.0!0>;2I<,#:X¨¾¿[#�\8N),[k#(4�#(!$4,#(/+-W:.$'*),#(4 56#(4g8:2,#(/-#=4 ��#('*),432,4,5K1q8:4,4x#=+&<,2,/7'*)g8:2,+�c=2 5:/-W6i6#(4 TB\4,<,#=/72,4,56#(4�!$4J<,#(/8:`,+7W6.$2D>;#=4��s/¬TW6i:#s<,#=/ �"2,#(/-+-'*)I4,!0>7>;#a1:W6[j[j#=4fXg s8N),#=/B+7!$4,<|4,#(2,#�^H>;/72,1M>;2,/7#=4�!04M>;#=/7#=+²Q+;8N43>-#=/7# ��#=<,!02,[j[kWH<,! �,1N8q>;!$W:4,#=4feg<,8�+-!$#U2,4g8:`,) T8:4,56!05LO6W64�<,#(/s8:`,+7W6.$2D>;#=4��s/¬TW:i6#h<,#(/
�"2,#=/7+-'*),4I!0>->-#�+7!$4,<rX% T8N),/-#(4,<�<,#(/_>-W:>*8N.$#t%@!$/71H2I4,56+ �32,#(/-+7'*),4,!0>7>h+7W6.$'*),#j4,#(2,#=4�^3>;/-2I13>-2,/-#(4 4,!0'*)3>U8:2I�9Qc=#(!$5:>=ed!0+7>\<,#=/�[L8:+7+-#(4,<,! �d#=/7#=4M>;!0#=.0.$#��"2,#=/7+-'*),4,!P>-> � �� � #=!$4I#U!$4M>-#=/-#(+-+-8:4M>;#j�s/ TW6i6#NX8Y~/\!$+n>!$4 B\`,`,!$.0<,2,4,5
/DX0� /h� T2,/�#(!$4,#"�·#(+7>;#�u
),W:>-W64,#=4I#=/-5:!$#�� �sªx� ¶ /M�V�s#(£�56#(c=#=!05:>�X
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Eγ = 850 MeVγ 12C -> ρ 12C -> Dileptonen 12C

 mρ =768 MeV
 mρ = 700 MeV
 Resonanzmodell

d σ
/d

m
 (

nb
/G

eV
) 

m (GeV)B�`I`,!$.0<,2,4,5�/IXP� /I¢ ��8:+-+7#=4,<,!
�r#(/-#(43>-!$#(.$.$#(/©%@!$/71H2I4,56+ �32,#(/-+7'*),4,!0>7>�� T2,/©O:#=/7+-'*),!0#=<,#(4,# ��#¦Q<,!02,[k[jWH<,! �g1q8N>-!$W64I#=4�<,#(+Gm,/7WD<I2,c=!0#=/7>-#=4]z:Q ��#(+-W64,+«`d#(!|#=!$4I#=/´u
),W:>;W:4,#=4,#(/-56!0#JO:W64
���aª � ¶ /M�~�s#(£�Xb�a#(c=#(!$5:>B+7!$4,<� "!$.0#=mI>-W64,#(4,m,/-WH<,2,1M>-!$W64,+7/;8N>-#=4fX
 "#(/ ?�#(+-#(43>-.$!0'*),#hY�43>-#=/7+-'*),!0#=<�c�?�!$+7'*),#=4�<,#=4&#=!04,c=#(.$4,#(4 @s2,/nO6#=4�!$+n>�4,#=`b#=4&<,#=/\8:`DQ+-W:.$2I>-#=4 - TW6),#V<,!0#t/-#(.98N>-!0O6#j�s#D?�!0'*)M>;2,4,5&<,#(/_`b#=!0<,#=4�u�#=8:13+=X % T8:),/7#=4,<�� T2,/s<,#(4� Z8:.0.�e<g8:i|<g8N+sz:Q ��#(+-W64�5M8:/"4,!0'*)M>�[jWH<,! �gc(!$#(/7>
?�!0/-<fer4,WD'*)�/7#=.98q>;!0O&OH!$#(.$#Vu
!$W64I#=4,mg8:8:/-#t[j!0>#=!04,#=/L!$4MON8:/-!$8:4M>;#=4 ��8:+-+7#�O:W64J'�8IX �6�:� ��#}£ 8N2I� >;/7#(>;#(4fe©!04,<,!$c(!$#(/-#=4G`d#(!$<,#�^Dc(#=4g8N/-!PQ#=4&[j!0>E��#(<,!$2,[j[jWD<,!
�g1q8N>;!0W64,#(4�#=!04,#s+7>;8:/-1N#UY�43>-#=/7<,/NT2,'*132,4I5�O6W64 A�#(!$.0'*),#=4,m,868:/-#(4�!04<,!0#=+-#([ ��8N+-+-#(43`d#(/-#=!0'*)fXF "!$#RY~/713. T8:/72,4,5|!$+n>s4g8N> T2,/-.0!$'*)feb<g8:il!04p`d#(!$<,#(4�^Dc=#(4g8:/-!0#=4�<,!0#^Dmb#=1M>;/-8:.0�·2I4,1M>;!$W:4 <,#=+tz:Q���#=+7W64,+t!0),/ ��8q¥D!0[h2,[ `d#(!�13.$#(!$4,#(/-#(4�!$4MON8:/-!$8:4M>;#=4 ��8:+-+7#=4)g8N>�2I4,<�<,8:),#=/�<,#(/CY
!$4 [g2Iij<I#=+\ ZW:/-[V��8:1M>;W6/7+=eI<I#=/B13.$#(!$4,#sz:Q���8:+-+7#=4�`d#}O6W6/7c=2,5:>=eg#=),#(/O6#(/-+n> T8:/713> ?�!0/-<fXb¾¿[ ? #=+7#=4M>;.0!$'*),#(4�!0+7>"<I!$#XB\2,+-+-8:56#:er<g8:il#=!04,#h+n>*8:/71:#jY\4M>;#(/-<,/ T2,'*132,4,5O6W:4´!04MO:8N/-!98N43>-#=4 ��8N+-+-#(4«4,8:),#l<,#(/tz:Q ��8:+7+-#l!0[ ��8N+-+-#(4,+-mb#=1M>-/-2,[ 8:.0+h#=!04 -\!$4 ? #=!0+8:2I� ��#(<,!$2,[j[jWD<,!
�g1q8N>;!0W64,#(4�<,#=+�zj!$4M>;#(/-m,/7#(>;!0#=/n> ?�#(/-<,#(4S1q8:4,4fX� #=!s<,#(/|��#=/7#='*),432,4,5G<,#=/&^Dmb#=1M>-/;8:.P�·2,4,1M>;!0W64���@a8:m,!P>;#=. 
IX ��2I4,< 
IX �:�L+7>;#(.$.P>;#p+-!0'*)),#(/;8:2,+(e
<g8:ip� T2,/t56/7W6i6#l/ T8:2,[j.$!$'*)I#�¾¿[kmI2,.$+7#l<,#=+Vz:Q �&#=+-W:4,+k<I!$#|^Dmb#=1M>-/;8:.P�·2,4,1M>;!0W64-V7#4g8:'*)@uFW6.98N/-!$+-8N>;!0W64«O:#=/7+-'*),!0#=<,#(4,#�^H>;/72,1M>;2,/7#=4@c=#(!$5:>=¢ % T8:)I/-#=4I<J³ S +-#(),/l+7>;8:/-1«8:2,+²Q56#(+-'*),[j!$#(/7> ?�!$/7<feg)g8N>�³ � 5:/-W6i6# TB\),4,.0!$'*),1N#=!0>�[j!0>B<I#=/B£ 8:132,2,[j+-mb#=1M>;/-8:.0�·2I4,1M>;!$W:4�<,#(+



0,7 0,8 0,9 1,0 1,1

0,01

0,1

 Transversales ρ mit Modifizierung

 Longitudinales ρ mit Modifizierung

 Transversales ρ ohne Modifizierung

 Longitudinales ρ ohne Modifizierung

σ to
t (

nb
)

Eγ (GeV)

B�`I`,!$.0<,2,4,5 /IXP� �I¢XB\2,+ ?�!0/-132,4,5�O6W64 z y|Qn^3>;/-#(2,m,/7W6c=#(+-+-#(4�8:2I��<,!$#K%@!0/-132,4,5:+ �32,#=/²Q+-'*)I4,!0>7>;#s� T2,/B<,!0#au~/7WD<I2,1M>;!$W:4|>-/;8:4I+7O6#(/-+-8:.$#(/�2I4,<�.0W64,56!P>;2,<I!$4g8:.0#=/ z:Q ��#(+-W64I#=4fXd�s#=c=#(!$5:>+-!04,<|<,!$#_ "!0.$#=mD>;W64,#(4,m,/7WD<,2I13>-!$W64I+-/;8q>;#=4rX
z:Q �&#=+-W:4,+=X3^H'*),W64j8:4h<,#(/
u
/-WH<,2,1M>;!0W64,+7+-'*) ?�#(.$.0#B+-!$4I<h<,!$# >¿¡DmI!$+-'*)I#=4Vz:Q¿¾¿[jm,2,.0+-#�!04h#(>F?�8� EBª � ¶ �\�s#(£UX���#=!3<,!0#=+7#=4U¾¿[jm,2,.0+-#(4U!$+n>F<,#=/�Y\4M>;#(/-+7'*),!$#(<UO6W64�³ S 2I4,<U³ � `b#=/7#=!P>;+¨+-#(),/56/7W6i,Xd s8:),#=/\+-W6.0.0>-#�<,#(/MY
!$4 [,2,il<,#=/�z�ylQn^H>-/-#=2I2,4,5|8:2I�~<I!$#hu
),WN>;W6m,/7WD<I2,1M>;!$W:4p.$W64,5:!PQ>;2I<,!$4g8N.$#=/
z:Q���#=+7W64,#(4 ? #=+-#(4M>;.$!0'*)L13.$#(!$4,#(/~8:.$+ 8:2D�r<,!0#�u~)IW:>;W6mI/-WH<,2,1M>;!0W64t>;/;8N4,+7O:#=/-+-8:.$#(/z:Q �&#=+-W:4,#=4«+-#=!04fX
 "!0#=+ ?�!$/7< O6W64 B�`I`,!$.0<,2,4,5 /IXP� �p`b#=+7> T8N>;!05:>�X�¾¿4«!0),/h+7!$4,<�>;/-8:4,+nO6#=/²Q+;8N.$#=/j2,4,<«.$W64I56!0>-2,<,!$4,8:.$#(/tu
/-WH<,2,1M>;!0W64,+ �32,#(/-+7'*),4,!0>7>�#(!$4,c(#=.$4«56#=c(#=!05:>�X ��#(!$<,#"?�2,/-<I#=456#([ T8:i&� /IX À �6��`b#=/-#('*),4,#}>�X��8:4�+7!$#()3>=e¬<g8:i�<,#=/¨.0W64,56!P>;2,<,!04g8:.0# �"2,#(/-+-'*)I4,!0>7>B�/N � �f!$[J£~#=/756.$#(!$'*)ac=2,[�>-/;8:4I+7O6#(/-+-8qQ.$#(4��'N S � 432,/B/7#=.$8N>;!POk+7'*) ?©8:'*)�8:`,56#(+-#(4,1M> ?�!$/-<rX B�2I+B<,#=[]#}¥Dmd#(/-!0[k#(43>-#=.0.$#=4�£~#(/-56.0#=!0'*)



O6W:4ZN S 2,4,< N � 1q8:4,4|[L8N4�8N.$+-W
-�!$4 ? #=!$+7# T2,`d#(/B<,!$#MB\/7>�<,#(/E��#=<,!02,[j[kWH<,! �,1N8q>;!$W:4,#=4`b#=1:W:[k[j#=4fX !$4,#|#=!04I��8:'*),# ��8:+-+7#=4g8:`I+-#=4I1H2I4,5�`g8:+7!$#=/7#=4,<«8:2I� B�`,`I!$.$<I2,4,5 /IXP� 
S� T2,),/n>c:X���Xgc(2�#(!$4,#(/�^D#=.0`,+7>-#=4,#(/-56!0#:e,<,!0#"�¦T2,/B.$W:4,56!0>-2,<,!04g8:.b2,4,<|>;/;8N4,+7O:#=/-+-8:.¨mdW:.98:/7!$+-!0#=/n>;#\£~#(16Q>;W:/-[j#=+-W:4,#=4&56.$#(!$'*)l!0+7>�2,4,<&.¿T8:iN>B+-W6[j!0>�N S � N � 2,4MO6#(/¬T8:4,<I#=/7>=X
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mρ (GeV)
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 mρ = 768 MeV

 AT(L)

 Resonanzmodell

B�`I`,!$.0<,2,4,5#/DX �:�D¢ � �·OH56.µX � /IX ���M�-��`d#(! �·#=+n>;#=[�z:Q¿¾¿[jm,2,.0+ � E�ª�� ¶ �l�s#(£UX �"`d#(4�!$+7> �� T2,/ >-/;8:4,+nO6#(/-+;8N.gmdW6.$8:/-!0+-!0#=/7>-#:e�2,4M>;#(4j� T2I/
.$W64,5:!0>;2I<,!$4g8N.HmbW6.$8:/-!0+-!$#(/7>-# z:Q���#=+7W64,#=4j56#(c=#=!05:>�X
¾¿4M>-#=/-#(+-+-8:4M>"!$+n>�e,<,8:iV`d#(!f13.$#=!04,#=4|!043ON8:/7!98:4M>-#=4Z��8:+7+-#=4 � <,2,/-'*)&<,!0#sz�ylQn^H>-/-#=2I2,4,5#(>F?�8:+V56/ TW6i6#=/ ?�!$/-<rX  "!$#(+��·W6.05:>h<,8:/;8:2I+=e <g8Nip<,2,/-'*)�<,!0#=+7#&^H>;/7#=2,m,/7W6c=#(+-+7#�<,!0#k%�8:),/²Q+-'*)I#=!$4I.$!$'*)I1:#=!P>�eb#=!04�z:Q���#=+7W64:?�#(!0>�8:`�O:W64p<,#(/ ��8N+-+-#(4,+-'*),8:.$#t`b#=!¨13.$#(!$4,#(42��8:+7+-#(4pc=2m,/7WD<,2Ic=!$#(/-#(4feZ8:4,+n>;#=!05:>�XI��#=! 5:/ TW6i6#(/-#(4&!04MO:8N/-!98N43>-#=4Z��8:+7+-#(4�<,W6[j!$4I!$#=/7#=4�)I!$4,56#(56#=4�8:`DQ+-W:/-mI>-!0O6# Y �d#=1M>;#Ne�<,!0#t<,2,/7'*)�<,#(4�¾¿[k8:56!$4 T8:/7>-#=!$.F<,#(/�z y|Q²^H>;/7#=2g8:[jm,.0!0>;2I<,#UO6#(/-2,/7+;8:'*)M>
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