
1 

 

 

HLAU< 

gZmqgh]h�jmdh\h^bl_ey 

gZ�^bkk_jlZpbx�MK?GDH�?\]_gby�:gZlhev_\bqZ 

J:AJ:;HLD:�:G:EH=H<HC�WE?DLJHGBDB�KQBLU<:GBY�
FGH=HD:G:EVGUO�NBABQ?KDBO�>?L?DLHJH<   

ij_^klZ\e_ggmx�gZ�khbkdZgb_�mqzghc�kl_i_gb�dZg^b^ZlZ�nbabdh-fZl_fZlbq_kdbo�gZmd� 

ih�ki_pbZevghklb�01.04.01 ± ©Ijb[hju�b�f_lh^u�wdki_jbf_glZevghc�nbabdbª 

 

      L_g^_gpbb� kh\j_f_ggh]h� jZa\blby� wdki_jbf_glZevguo� f_lh^h\� bkke_^h\Zgbc� \� h[eZklyo�

j_eylb\bklkdhc� y^_jghc� nbabdb� b� nbabdb� \ukhdbo� wg_j]bc� hij_^_eyxlky� ijh_dlbjh\Zgb_f� b�

wdkiemZlZpb_c� djmighfZkrlZ[guo� mklZgh\hd� k� ij_pbabhggufb� iZjZf_ljZfb�� <u^Zxsb_ky�

gZmqgu_�^hklb`_gby�b�hldjulby��aZnbdkbjh\Zggu_�\�l_q_gb_�ihke_^gbo�e_l�\�lZdbo�djmig_crbo�

y^_jgh-nbabq_kdbo�gZmqguo-bkke_^h\Zl_evkdbo�p_gljZo, dZd��gZijbf_j��CERN �R\_cpZjby���BNL 

�KR:��� GSI �=_jfZgby��� HBYB� �Jhkkby�� ]�� >m[gZ��� BN<W� �Jhkkby�� ]�� Ijhl\bgh��� y\bebkv�

j_amevlZlhf� wdkiemZlZpbb� gh\uo� lbih\� \ukhdhl_ogheh]bqguo� ^_l_dlhjguo� kbkl_f k� [hevrbf�

qbkehf� baf_jbl_evguo� dZgZeh\� \ukhdbf� \j_f_gguf�� Zfieblm^guf� b� ijhkljZgkl\_gguf�

jZaj_r_gb_f��Gh\u_�lbiu�^_l_dlhjh\ iha\hebeb kha^Zlv ij_pbabhggu_�kbkl_fu�b^_glbnbdZpbb�

we_f_glZjguo� qZklbp�� kbkl_fu� baf_j_gby� bo� bg\ZjbZglghc� fZkku� b� d\Zglh\uo� oZjZdl_jbklbd��

Kj_^b� bo� hkgh\guo� oZjZdl_jbklbd� fh`gh� \u^_eblv� \ukhdh_� \j_f_ggh_� jZaj_r_gb_� ^ey�

ljb]]_jguo� p_e_c� d1-�� gk b� baf_j_gby� \j_f_gb� ijhezlZ� d���� ik�� \ukhdh_� dhhj^bgZlgh_�

jZaj_r_gb_��\hafh`ghklv�jZ[hlu�ijb�[hevrbo�aZ]jmadZo��^h���
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2
���i_j_djulb_�[hevrbo�

iehsZ^_c�^h������f
2
��gbadh_�jZkk_ygb_�fhsghklb�\�hdjm`Zxs__�ijhkljZgkl\h��fZeu_�]Z[Zjblu�b�

klhbfhklv� 

      <f_kl_� k� l_f�� kh\j_f_ggu_� y^_jgh-nbabq_kdb_� wdki_jbf_glu� b� gh\u_� ijh_dlbjm_fu_�

baf_jbl_evgu_�dhfie_dku�- NICA �HBYB��]��>m[gZ���)$,5��GSI, Darmstadt =_jfZgby) hij_^_ebeb�

i_j_kfhlj�ljZ^bpbhgguo�ih^oh^h\�d�ijh_dlbjh\Zgbx�dZd�kZfbo�^_l_dlhjh\�qZklbp��lZd�b�kbkl_f�

kqblu\Zxs_c� we_dljhgbdb�� LZd�� gZijbf_j�� \ukhdb_� \j_f_ggu_� oZjZdl_jbklbdb� ^_l_dlhjh\�

ihlj_[h\Zeb�khhl\_lkl\mxs_]h�jhklZ�ihehku�ijhimkdZgby�gZdZf_jghc�we_dljhgbdb��^hklb]Zxs_c�

500-�����F=p��LZdbf�h[jZahf��^_l_dlhjgZy�dZf_jZ�k�gZdZf_jghc�we_dljhgbdhc�klZeb�g_jZaju\gh�

k\yaZgu� dhg_qgufb� iZjZf_ljZfb� ^_l_dlhjZ� \� p_ehf�� Z� kh\hdmighklv� lj_[h\Zgbc� d� kbkl_f_�

kqblu\Zxs_c�we_dljhgbdb�k�[hevrbf�qbkehf�dZgZeh\�ijb\_eZ�d�g_h[oh^bfhklb�jZkkfhlj_gby�__�

dZd�kZfhklhyl_evghc�kbkl_fu�b�hij_^_ebeZ gh\u_�ijbgpbiu�__�ijh_dlbjh\Zgby� 

       >bkk_jlZpby� ?�:�� Mk_gdh� ihk\ys_gZ� jZajZ[hld_ ZgZeh]h\hc� we_dljhgbdb� kqblu\Zgby�

fgh]hdZgZevguo� nbabq_kdbo� ^_l_dlhjh\ \� ^_ckl\mxsbo� b� ijh_dlbjm_fuo� y^_jgh-nbabq_kdbo�

wdki_jbf_glZo��Ij_^eh`_ggu_�Z\lhjhf�b�j_Zebah\Zggu_�gZ�ijZdlbd_�gh\u_�f_lh^u ihkljh_gby�

ZgZeh]h\hc� gZdZf_jghc� we_dljhgbdb� kqblu\Zgby, g_h[oh^bfhc� ^ey� ^hklb`_gby� klZ[bevghc�
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jZ[hlu�b�j_dhj^guo� oZjZdl_jbklbd ^_l_dlhjguo� kbkl_f�� hij_^_eyxl� ZdlmZevghklv�b�gZmqgmx�

gh\bagm� ^bkk_jlZpbb ?�:��Mk_gdh� GZ� hkgh\_� h[h[s_gby hiulZ ihkljh_gby ij_^r_kl\mxsbo 

wdki_jbf_glh\� Z\lhjhf� ijh\_^_g� ^_lZevguc� ZgZeba� lj_[h\Zgbc� d� dhgdj_lguf� ^_l_dlhjZf��

hkms_kl\e_g�kbgl_a�gh\uo�ih^oh^h\�d�ihkljh_gbx�we_dljhgguo�kbkl_f�kqblu\Zgby�\�p_ehf�jy^_ 

y^_jgh-nbabq_kdbo� wdki_jbf_glh\, \�dhlhjuo�?�:��Mk_gdh�ijbgbfZe�g_ihkj_^kl\_ggh_�mqZklb_��

:\lhjhf� ijh\_^_gu gh\u_� ihbkdh\u_� f_lh^bq_kdb_� jZajZ[hldb�� dZd� \� h[eZklb� mkbebl_evghc�

l_ogbdb��lZd�b�\�h[eZklb�kh\j_f_gguo f_lh^h\ baf_j_gbc� 

      >bkk_jlZpby� khklhbl� ba� \\_^_gby�� q_lujzo� ]eZ\�� aZdexq_gby, kibkdZ� im[ebdZpbc� Z\lhjZ� ih�

l_f_� ^bkk_jlZpbb� b� pblbjm_fhc� ebl_jZlmju� DZ`^Zy� ba� ]eZ\� kh^_j`bl� djZldh_� j_axf_� _z�

kh^_j`Zgby�� H[tzf� ^bkk_jlZpbb�� ���� kljZgbp�� ��� jbkmgdh\�� �� lZ[ebp� b� ��� gZbf_gh\Zgbc�

pblbjm_fhc�ebl_jZlmju� 

      <h� \\_^_gbb� h[km`^Zxlky� ijh[e_fu� bkke_^h\Zgbc� \� h[eZklyo j_eylb\bklkdhc� y^_jghc�

nbabdb� b� nbabdb� \ukhdbo� wg_j]bc�� hij_^_ey_fu_� kha^Zgb_f� gh\uo� djmiguo� mklZgh\hd� k�

ij_pbabhggufb� iZjZf_ljZfb�� $7/$6�� &06�� $/,&(�� /+&E \� CERN �R\_cpZjby�� gZ� ;hevrhf�

:^jhgghf� DheeZc^_j_� �;:D�� Hlf_q_gh�� qlh� lZdb_� fZkrlZ[gu_� ijh_dlu� lj_[mxl� i_j_kfhljZ�

ljZ^bpbhgguo�ih^oh^h\�d�ijh_dlbjh\Zgbx�g_�lhevdh�kZfbo�^_l_dlhjh\�qZklbp��gh�lZd`_�b�kbkl_f�

kqblu\Zxs_c�we_dljhgbdb��qbkeh�dZgZeh\�dhlhjhc�fh`_l�^hklb]Zlv khl_g�lukyq� 

      <� i_j\hc� ]eZ\_ ijh\_^_g� h[ahj� kjZ\gbl_evguo� oZjZdl_jbklbd� kbkl_f� kqblu\Zxs_c�

we_dljhgbdb�^ey�\j_fyijhe_lguo� kbkl_f��ihkljh_gguo�gZ�hkgh\_�gZb[he__�jZkijhkljZg_gguo� \�

gZklhys__�\j_fy�dZf_j ± J_abklb\guo�Iehkdbo�Kq_lqbdh\� �JIK) \� wdki_jbf_glZo STAR (BNL, 

KR:���)23,�b�+$'(6 (GSI, =_jfZgby���K^_eZg�\u\h^��qlh�lj_[h\Zgby�fgh]hdZgZevghklb�dZf_j�

ijb\_eb� d� g_h[oh^bfhklb� gZdZf_jgh]h� bkiheg_gby� kqblu\Zxs_c� we_dljhgbdb�� \\_^_gby�

^hihegbl_evguo�nmgdpbc��gZijbf_j� LHL-ij_h[jZah\Zgby \�Zfieblm^ghf�dZgZe_� 

      <lhjZy� ]eZ\Z� ihk\ys_gZ� hibkZgbx� jZajZ[hldb ki_pbZebabjh\Zgghc� gbadhihjh]h\hc�

we_dljhgbdb� ^ey� ljb]]_jguo� fxhgguo� kbkl_f� wdki_jbf_glh\� ATLAS (CERN�� R\_cpZjby�� b�

BKLJ:-F� �BN<W� b� BYB� J:G��� :gZeh]h\Zy� kqblu\ZxsZy� we_dljhgbdZ�� jZajZ[hlZggZy� ?�:��

Mk_gdh ^ey� dZf_j� JIK� \� wdki_jbf_gl_ ATLAS�� iha\hebeZ� hkms_kl\blv� \u[hj� gh\hc� ]Zah\hc�

kf_kb� j_`bfh\� jZ[hlu� dZf_ju� kihkh[h\ kh]eZkh\Zgby� kqblu\Zxsbo� we_dljh^h\� b� bo�

\aZbfh\ebygb_� ;eZ]h^Zjy� ijbf_g_gbx� jZajZ[hlZgghc� Z\lhjhf� gbadhihjh]h\hc� ZgZeh]h\hc�

we_dljhgbdb� kqblu\Zgby� \� wdki_jbf_gl_� HD:� �BKLJ:-F�� ^hklb]gmlZ� \_ebqbgZ §����

wnn_dlb\ghklb�j_]bkljZpbb�kh[ulbc�jZkiZ^Z�.�:���� 

      <� lj_lv_c� ]eZ\_� hibku\Z_lky� jZajZ[hldZ� kbkl_f� kqblu\Zgby� \j_fyijhezlguo� ^_l_dlhjh\�

wdki_jbf_glh\� HARP, ALICE (CERN��R\_cpZjby�� b� +$'(6� �GSI�� =_jfZgby��� <i_j\u_� ?�:��

Mk_gdh� ijh\_^_gu� bkke_^h\Zgby� ijbgpbiZ� kmffbjh\Zgby� we_dljh^h\� �kljbih\�� b� ^hdZaZgZ�

\hafh`ghklv� ihkljh_gby� \j_fyijhe_lguo� ^_l_dlhjguo� kbkl_f� k� kmffbjh\Zgb_f� kqblu\Zxsbo�

we_dljh^h\�b \ukhdbf�\j_f_gguf�jZaj_r_gb_f�                 

      :\lhjhf�jZajZ[hlZgZ�i_j\Zy�\�fbj_�ki_pbZebabjh\ZggZy�bgl_]jZevgZy�ko_fZ�NINO ^ey� 



3 

 

fgh]hdZgZevguo� \j_fyijhe_lguo� ijbeh`_gbc� GZ� hkgh\_� NINO-qbiZ [ueZ� ihklj_gZ�

\j_fyijhe_lgZy� kbkl_fZ� kqblu\Zgby� wdki_jbf_glZ�ALICE k� qbkehf� dZgZeh\� ���� luk�� <i_j\u_�

jZajZ[hlZgZ� b� bkihevam_lky� \� wdki_jbf_gl_� HADES we_dljhgbdZ� kqblu\Zgby� gZ� hkgh\_�

^\modZgZevgh]h�^bkdjbfbgZlhjZ TOFAddOn k�^hihegbl_evghc�nmgdpb_c�baf_j_gby�Zfieblm^�ih�

LHL-f_lh^m��      

      <�q_l\_jlhc�]eZ\_�ij_^klZ\e_gu�j_amevlZlu�bkke_^h\Zgby�fh^bnbpbjh\Zggh]h�LHL-f_lh^Z�k�

^\modZgZevghc� kljmdlmjhc� b� kbgmkguf� nhjfbjh\Zl_e_f�� h[_ki_qb\Zxs_]h� \h� \j_fyijhe_lghc�

kbkl_f_� wdki_jbf_glZ� HADES \j_f_ggh_� jZaj_r_gb_� ���� ik�� Z� \� i_j_^g_f� FW-]h^hkdhi_�

\j_f_ggh_�jZaj_r_gb_�����ik�b�jZkrbj_gguc�Zfieblm^guc�ki_dlj�^h����<� 

      <�aZdexq_gbb ijb\_^_gu�hkgh\gu_�blh]b�^bkk_jlZpbhgghc�jZ[hlu�       

      GZmqgZy�gh\bagZ�^bkk_jlZpbb�?�:� Mk_gdh�hij_^_ey_lky�dZd�ihklZgh\dhc�ZdlmZevghc�aZ^Zqb�

ijb�\u[hj_�l_fu�gZmqghc�jZ[hlu��lZd�b�ihemq_ggufb�j_amevlZlZfb� 

      Ebqguc� \deZ^� Z\lhjZ \h� \k_o� iheh`_gbyo�� \ughkbfuo� gZ� aZsblm�� khklhye� \�

g_ihkj_^kl\_gghf� \deZ^_� \� wdki_jbf_glZevgu_�nbabq_kdb_� bkke_^h\Zgby�� ihklZgh\dm� aZ^Zqb� b�

jZajZ[hldm�kbkl_f�we_dljhgbdb�kqblu\Zgby�fgh]hdZgZevguo�nbabq_kdbo�^_l_dlhjh\�  

      Hkgh\gu_� j_amevlZlu� ^bkk_jlZpbb� ^hdeZ^u\Zebkv� gZ� F_`^mgZjh^guo� kh\_sZgbyo� b�

dhgn_j_gpbyo� b� him[ebdh\Zgu� \� ��� jZ[hlZo�� \� lhf� qbke_� ��� ± \� j_p_gabjm_fuo� ba^Zgbyo��

j_dhf_g^h\Zgguo�<:D. 

      <deZ^� ?�:�� Mk_gdh \� ij_^klZ\e_ggu_� bkke_^h\Zgby� y\ey_lky� agZqbfuf�� ijb\_^_ggu_�

j_amevlZlu�ihemq_gu�eb[h�kZfbf�Z\lhjhf��eb[h�ijb�_]h�g_ihkj_^kl\_gghf�mqZklbb�   

      <� l_dkl_� ^bkk_jlZpbb� Z\lhjhf� ^hims_gu� hij_^_ezggu_� g_[j_`ghklb� b� hjnh]jZnbq_kdb_�

hrb[db��dhlhju_�g_�\ebyxl�gZ�hkgh\gu_�aZsbsZ_fu_�iheh`_gby�^bkk_jlZpbb� 

      >bkk_jlZpby� ?�:�� Mk_gdh� y\ey_lky� aZdhgq_gguf� gZmqgh-bkke_^h\Zl_evkdbf� ljm^hf b�

\uiheg_gZ� gZ� \ukhdhf� gZmqghf� mjh\g_. Ihemq_ggu_� j_amevlZlu� ^hklh\_jgu, \u\h^u� b�

aZdexq_gby�h[hkgh\Zgu. :\lhj_n_jZl�khhl\_lkl\m_l�hkgh\ghfm�kh^_j`Zgbx�^bkk_jlZpbb.  

      KqblZx��qlh�Mk_gdh�?\]_gbc�:gZlhev_\bq�aZkem`b\Z_l�ijbkm`^_gby�_fm�mq_ghc�kl_i_gb�

dZg^b^ZlZ� nbabdh-fZl_fZlbq_kdbo� gZmd� ih� ki_pbZevghklb� ��������� ± Ijb[hju� b� f_lh^u�

wdki_jbf_glZevghc�nbabdb� 

   �����������]� 

                                                                                                                 J_r_lbg�:g^j_c�B]hj_\bq 
 

                                                                                                 dZg^b^Zl�nbabdh-fZl_fZlbq_kdbo�gZmd�� 

                                                            N_^_jZevgh_�]hkm^Zjkl\_ggh_�[x^`_lgh_�mqj_`^_gb_�gZmdb 

                                                          ©Bgklblml�y^_jguo�bkke_^h\Zgbcª�Jhkkbckdhc�ZdZ^_fbb�gZmd�� 

                                                                                                 klZjrbc�gZmqguc�khljm^gbd� 

 

Ih^ibkv�J_r_lbgZ�:�B��aZ\_jyx 

AZ\��hl^_ehf�dZ^jh\�BYB�J:G�����������������������������������=hjrdh\Z�?�:� 


