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Abbildung 2.1 Beschleunigeranlage am CERN [Bri97]

2.2 Detektoren

Den Hauptbestandteil des fixed target NA49-Experimentes (Abbildung 2.2) bilden

vier große Spurendriftkammern (Time Projection Chamber, TPC ). Die beiden

Vertex-TPCs (VTPCs) befinden sich in zwei Magnetfeldern mit einer Feldstärke

von 1.5 und 1.1 Tesla, die die geladenen Reaktionsprodukte auf Helixbahnen len-
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Y − Ȳ U VW� �#(�C���;-(�8���4��&O���7I<:5��#��(�=�*���8 ���+���FO"�-��;F(����$3 ��O��
�KT��&�Q�
(KT�7#��
a ≈ 2 − 9%

��
(K
+����*����#� ���K_�;BA�

n− n̄
$��\$�:5�;$3
R ��\��
��1���C��I�$%�*#���:l

+����7����#� ��
�;BA�

p− p̄ U
q +����*����#� ��

K+ −K−
:5��
($3�� �#�"�#����*I<�*���/�����	�*#(�X�4"�#4-�#����<$3 �F	��
�K\"���������#�Q�F�6

��
��*��K\"�#��X"��;�����*:l#����Y�*�, ��;$3F��4��� U �]"�F
��
R���������(��
($�
X��
(K["���������#�Q�F���
4�7��K!�7#�"��<#"�&���BE"�-��;F(����$� ��_+���-�0�"������7���(��"�F`�7#(�e+��('/����FY����� '/ �F_�;BA�e"�����&���#�Q�BA�]��"��;��#��4ISBA�
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p + p
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C + C
� r � U �

Si + Si
n�� i U �

Pb+ Pb(6)
i �(n�r �X6pr � � � �

42 ± 10
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i�� � 
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�X6 ��i(t �

362 ± 8
i U r

h I ����+���K9t U ��>HVW� �4����.3#����;����+�& $��($%���( ����*� ��-�-�& +����W#2�f+�����
��%#���I��;KO+2�;�C������+�F(6
��
��*��K������9�*�8"��7������ �������+�&H���;��#� ��;���8"�#��D������-�04'/
�+����=$%��
(���*���;�C�%�7��� √

sNN =
17.3GeV U k �*#(�D"�I ����+��G.3�2I ��#����*���A�*�G$��($%���( ����*�9+����p#�� �8+��*�C������+�F���
����;K��*BA���-(-�
�-(�;"�������&�$��;BA�

Pb+Pb J +��('/@AKW+������*#R�*0(��#�Ke��
(KW�*���;�C�%�7����K]$%�7#1+���-�#���I� �������#"�#��1+��(')#���I�m��*�l��
(�\+��*�C������+�F���
��*�
 ���m�Il ��W�7#��_����� ') �FR�;BA�`��#���+�-��;#(��I�BA�`"�#��X$��( 46
 ������*:5#��(�?$%��
(�?��-(-(
�-���"�I�������$�
 U VW��-�#�K J "���������I '/�;�*���p+����A�*#G���C��I<$��*#��<:5# �*0���#�K��
(K\"������� ��;����#���+���#�0($�
(K U

 �������#R�����
��
1 ������<$%��
X�;���;�C�%�*���
�*#��
SPS

� √
sNN = 17.3GeV

� U VW�
������.3#���������+�&:5�C@A ����7�L���C����$%�*#���:l#�0��,$%�7���;0(��
,�;BA�T�*���;���5�7��@A�R"�#��	+��(')#���I�m�#��(�T��
(�R+2&('/�`+2��6
��
��%#���I��,+��;�C���4�S+2F4��
��7��K_F�"�BAKY�������;K!"�����#��($3��&�m�#(�C�7���)$%�*#(�Y"�I ����+��=t U � UVW�;-(#�K J �����D��
��
�;���*�C�%�*����+��L ���-�����
	"�#��	"������% ����*#�"�#2���4'/
�+�� J ������-�0�')
4+2���
#2�"��<#X+��*�C������+��*K]��-(-�
�-���"�������&�$3�*�<K

Pb+Pb
$��eF�-�#X�7#1�*���;���5�7����+�F�./&�$� ��1�*#��

SPS U
b �����<'/ �F�Ko�;BA�f�%���%#(��F��;BA�W"�#��]������-�04'/
�+��A$��P+�&�'/�p�*���;�C�%�7��� J +���'3@AKp+2���4+�&�"�#����;K��"���"�-��;#(�["�-�
(��#�.3#���I��;K � F�"�BAKe�7#Y"�#�$�#�$%��FY��
(Ke�;���*�C�%#�0_�������7#� ��(Ke"�#��`���C���<$%�7#��<:5�*I
$%���<K\+2�;�C������+��*K`$����5+���#�0($��7�<K\+�&(')�[�*���;���5�7����K � J "�����#���$/��&�m�#(�C�*���/$%�7#��Y"�I ����+���t U n U
� �;$3�L$��Y+�&('/�1+�����
4�%#��4I��D+��*�C������+�F���
��*��K J ��-��;�5:5#��( ��X�����*�D���C��I<$%�7#��<:5�D�%�^6�%#(��F��*� "���#��;��:5#(�C�*�2�e��"�F ��
(�O"��CBZ���*0�#���$3� ��-(-(
�-���"�I�������$�
 �H���9���C���<$%�7#��<:5#�0(�

$��[+�&�"�#2�<#L �
(:5�����<$3 �F
"�#�����"�#�����-��7I��7#,��"�F����(')��# J F�"�BAKY��-(-�
4-��;"�I�������$�
R��
(K`���^6$� �
(Kd ��d�*#T���;���<#
�*#��1$�BZ-(�(���T"�#��X ����*��.3�;�����*�2�5
1���;$� �

(beam gas)

�1��+�F� ��T+2���
 �
L�*$%������$� ��*��
L���*$� �
="�#��?��-(-�
�-���"�������&E ��X�7�8�*#2�<:l@A ����*�9�*#��D$%BZ-��(��� U �s���O�*#$%+�#�"�F=������F J �;-(�;�%:l#��� ��_�*#�$�
( ��7I<#	��
(K`"��CBZ���*0�#���$3��K_��-(-�
�-���"�I�������$3
�K (primary
vertex)

+��2� $%���<KX�����*�<KT$3���4�<$%�C@A$��*K U VW#D$3:l�( ��Ot U i J ���*I<:5���7� +2&�"�#����;K
�;�����7��+�����+��;K+����7����#� ��*K[�;BA�
Vx

� �����<$����;��F��5��&�.3
( �� � J Vy

�  ��*$���I<#T�5��&�.3
( �� �p+����
Vz

� ���*Q�I2�5��&�6
.3
( �� �_"�#��8�������<$%�*#2�<:5#�0(�?$%�7�

minimum bias Pb + Pb
�%���%#(��F��*� U � �
+�F�+�+l� ��#


 �



 [GeV]vetoE
0 5000 10000 15000 20000 25000 30000 35000 40000 45000

0

50

100

150

200

250

300

350

400

Veto Energy

k :l�( �� t U �(> q +����*����#� �� ��
(K
�;���*�C�%�*����K "�#�� ��"�#���I '/�;�*���
$%�*#
+���-�#���I� �������# ��
(K ����&��7��Q�
(K �7#��
NA49

��"�F �*� ��#��4+�-(�*F(����� "�#��
���;�o-��� 4��&���#��(�f ��;��#�KA$%���<Kp��-(-(
�6
-(�;"�������&�$��7�<KD�;BA�8"�-��*#��8��������BA�
��F(�C�*BA� �

Pb+Pb
�j�����[��
W ������<$%��


�;���*�C�%�*��� �*#��
SPS

� √
sNN =

17.3GeV
� U

�[-�-�
�-���"�I�������$�
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C + C
�7r � U �

Si+ Si
n � i U �

Pb+ Pb(6)
��r � �16oi � � � �

42 ± 10
� � U t ��� �

Pb+ Pb(5)
t4r�n �Y6 ��r � �

88 ± 10
� U � ��� �

Pb+ Pb(4)
r � � �[6ot4r(n �

134 ± 10

 U n ��� �

Pb+ Pb(3)
i(t�
 �Y6pr ��� �

204 ± 10
� U t ��� �

Pb+ Pb(2)
�Cn � 
Y6oi(t

 �

281 ± 10
r U � ��� �

Pb+ Pb(1)
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362 ± 8
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� U n � � � � � U i 349 ± 1 ± 5� U � � � � � � U i 349 ± 1 ± 5
 U 
 � � � � � U i 349 ± 1 ± 5��i U n � � � � � U i 349 ± 1 ± 5� � U n � � � � t U � 362 ± 8
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Heavy Ion Jet Interaction Generator - HIJING

m^(
HIJING (Heavy Ion Jet Interaction Generator) [6]
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63. @ 8 ;O( 2<H / .36�3 &9G H / 1 D
&9G .32 & U /A@ ; .\0�3 & 0 G =F2 ;�/ 0?= --( 8 ,J&IKL; =M2 ;�&)(<; 0?=MH<N ;�,�/I; 4 .
638 D 6 / 0 ; .o4 /
K 8 /)@ & .\0M6 ( 1 : H / _ , 1 GhS

% >sU]H/. 4hSX� � � 0 * . & . ;O( H D Y &9G Y Balance
Function _ 0X. 610+3 ; 0X. 6 ( 2 638 (3D 89> (<;�& .10
./6�3B=M2 ;�&)(<; 0?=MH (3: Y * .10 _ 0c.B610<3 ; 0X. 6 ( 2,9G H30 ( 2<8 _ (3:<;�& .10{= &A( = &9,�, 0 (5&9G Y�. , 8 ( k;9( 6 (1@RG = G Y S

' 0c. ; . / 63.�1 G 4 / 2 &�/)@ .32 & 33Y ( 0?=M>s2<8O0?=MH�33YQa1638O. _ H/. &A( 6 ( 0cUQ4 G]*4/ H30X. /
*3&�/A; U<Y"H / k
1 D
&9G H /y&9G"W3( UO4 / 0X. &)( 2�638 (]&9: 6 ( 2 HIJING.

" � _ 0 ;�/ 63.389. _ K _ U`0 * . ; U<Yr= & . & 0P= & 0 * U<Yv Nevents ≈ 50K wu_ 0X. & 0?Y , 2 ( . * 8O. @+/ Y * . &9G _ ( 8 @+/ Y *4/I;�& 8Q0 * 3 &9G]& .3Y &IKL; .�1�1 G 1 / k610 , 8 , = /
KL; Pb + Pb = /Q/A;9D 8 _ / 0c. √
sNN = 17.3GeV

# � % S � 3<4 GQ*@/Q,�/ 0 , 0X. @?&�/ 8 GW .38 :]&9G]& .n= &9G<; 6 / 8 @ 6 &AK = Gd&IKL; 610 (];Q@RKL; 6 ( 2d638 (3D 89> (<;�& .10p./6�3 &9GT, 0 , =b63.3= Gd&)( 2
ρ0 H / = (<;O@?( 2 * .10 _ 0X.C.32 & 3 &A( 1�3 _ (�& . _ / _ (<; 3 & .5> K 8 @ = &9G]* . ; = / .12 &9, 6 ( 2 &)(H / =#3 ; 0 (S, 0X.3=b6 , = &9G]*4/�* .10M= / .32 &9, 3/6 ( 2 GE, 0 , =b63.1=MU &A( 2 /)@ > / ./63. _ ( 8 / 2 &�/)@ H D =F.
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./6�3 &)(<;�* N , 0 * . &)( 2`638 (Q&9: 6 ( 2 S|m . _ 89. - U<H/. & . &A( 2t=M>sU<H/. &A( Y 4hS �N,Q@ ;O( 2 ;u& 0?Y * .]k& . ;9( H D Y &AKL; Balance Function
K Yr=M2 ;9, 8 &9G = G�&9G Y , 0X. --( 8 , Y�= &9G<; E / 2 ,9(/K|*1:]&9G]& .

_ 0X.e3�1/. & . --( 8 & 0?=FH DI; .V= K H/. &O@<, 0c. * .10 _ 0X. & 0?Y"610 (V*4/A;�& 8O0 *1D Ytv .38O0?= &�/ 8�3 _ 8 ,�--G H/. w* .10 & 0?Yr610 ( 6 / 8O0 -:/ 8 / 0X. *\D Yzv ,�/ Z @ _ 8 ,�--G H/. w .�1�1 G 1 / 610 , 8 , = / 0?Y Pb+Pb
S � 0 , 2 (E, 0X.]k

-F( 8 /
& 0 *1D Y * . & . ;O( H D Y *\, 4 / _ 8O. - U<H/. &)( Y . ;�& 0?= &)( 0?> (3:<; = & 0?Y , 2 (N, 0X. --( 8 /I& 0 *\D YQa K Y
638 ( Y &9GT, 0 , =M63.3= G�&)( 2 ρ0 H / = (];Q@?( 2hap6 / 8O0c6 & NL= / 0?Y S`m^( .389>b0 * 3 =M2<H<6 D 89.3=FH/.�./6�3&9G H / 1 DI&9GV&A( 2J=M>sU<H/. &A( YOa /)@ ; .10.3 & 0 ( 0 * . & . ;9( H D Y ,�/A;G, 0c. -FD 8 ( 2 ; .10?=s4 GQ&9,MS{T 2 & 3
/ 610 W4/ W .10cN ;�/I& .10-./6�3 &)(]; 2]6 ( 1 ( _ 0?=MH�3 &)( 2 /A: 8 ( 2<Y &AKL;z* . & . ;O( H<N ; H /�&9GtW1( UQ4 / 0X.&9G =M> D = G Y �\S~} �l&A( 2 *4/�- .�1/. @?( 2 �hS � 0 & 0XH D Y�6 ( 2i63. @ 8 ;O( 2<H /�/A@ ; .10 ( 0-. * 3;1 ( 2O4 / Y �

% >sU<H/. 4hS � � � 0 * . & . ;9( H D Y &IKL; =M2 ; .38 & U<= /IKL; 0?= ( � 2 _ @P( 2�6 ( 2 638 (/*1: 6 &A( 2 ; ./6�3. ;9, 1<2<= G _ / _ (<; 3 &IKL;V&)( 2J638 (Q&9: 6 ( 2 HIJING _ 0X. , 2 ( . * 89. @</ Y * 1 , = / 0PY *4/A;�& 8O0 * 3]k&9G]& .3YV.�1 1 G 1 / 610 , 8 , = /
KL; Pb + Pb = /G/A;9D 8 _ / 0X. √
sNN = 17.3GeV � _ 0X. & 0?YV610 (*4/A;�& 8O0 *1D Yr=F2 _ * 8 (3: = / 0?Yuv .38O0?= &�/ 8�3 _ 8 ,�-FG H/. w * .\0 & 0?Y 610 ( 6 / 8O0 -:/ 8 / 0X. *\D Y`v ,�/ Z @ _ 8 , k-FG H/. w S � 0 , 2 (G, 0X. -F( 8 /
& 0 *1D Y * . & . ;9( H D Y�. ;�& 0?= &)( 0?> (3:<; = & 0?Y , 2 (E, 0X. --( 8 /
& 0 *1D YOa K Y

638 ( Y &9GQ, 0 , =b63.3= Gi&A( 2 ρ0 H / = (<;O@?( 2hab6 / 8O0c6 & NL= / 0?Y S

• ��/I;�& 8Q0 *\D Y�.�1�1 G 1 / 610 , 8 , = / 0?Yuk � 610 & 8 / 6 & U , 0 , =b63.1= GV&A( 2 ρ0 �

〈∆η〉 = 0.746 ± 0.014
S

• ��/I;�& 8Q0 *\D Y�.�1�1 G 1 / 610 , 8 , = / 0?Yuk �nGv/ 610 & 8 / 6 & U , 0 , =M63.3= Gi&)( 2 ρ0 �

〈∆η〉 = 0.777 ± 0.015
S

}12<�



• � / 8O0 -:/ 8 / 0X. *1D Yz.�1 1 G 1 / 610 , 8 , = / 0?Y�k � 610 & 8 / 6 & U , 0 , =b63.1= Gi&)( 2 ρ0 �

〈∆η〉 = 0.726 ± 0.022
S

• � / 8O0 -:/ 8 / 0X. *1D Yz.�1 1 G 1 / 610 , 8 , = / 0?Y�k �nGV/ 610 & 8 / 6 & U , 0 , =b63.3= GV&)( 2 ρ0 �

〈∆η〉 = 0.757 ± 0.023
S

m^( ./6 (]&9D 1 / =MH/. /)@ ; .10 3 & 0 G / 6 @+, 89.3= Gg&IKL; 638 (�� 3 ;9&IKL;e&9G Y , 0 , =b63.3= G Y &)( 2 ρ0H / = (<;O@?( 2 /)@ ; .10 &9G Y &9, Z G Y &)( 2 4%
* .10|H , 1/0P= & . ,�/I; / Z9.38 &9,3& .10|.36�3 &9G<;�*4/A;�& 8O0Pk* 3 &9G]& . S " �L& =F0 G .10P=s4 G]& UC6 & NL= GC&)( 2 /I: 8 ( 2<Yq= / =M> D = G H /�&9G<;�*@/I;�& 8O0 * 3 &9G]& .&9G Y�.�1�1 G 1 / 6 @+, 89.3= G Y�6 ( 2�63.389. &9G 8 /)@ & .\0y= & . 6 / 0X89.3H/. & 0 *1,],�/�,9( H DA; .ba ,�/I; H<6 ( 8 /)@; .d./6 (4,9( 4 /)@ ./6 (3* 1 / 0?= & 0 *1, = &9GQ, 0 , =b63.1= Gi&AKL; =M2 ;�&)(<; 0?=MH<N ; # � % S

� � �
Ultra-relativistic Quantum Molecular Dynamics
- UrQMD

m^(
UrQMD (Ultra-relativistic Quantum Molecular Dynamics)

# ( %J/)@ ; .10 DA; . H30?k* 8 ( = *1( 610 * 3qH (<;�&9D 1 (oW .3=F0P=MH DI;9( = / H30X.�6 / 8O0 _ 8O. - U &A( 2 - .3=F0 *1(3: >hNL8 ( 2 &9G Y`.�1Qk
1 G 1 / 6 @+, 89.3= G Y�H /e&9G<; 638 ( =s4-U *1G�&9G Yo4 /IK 8 @ .3YgH /I& . --( 8 , Y S %'& .56�1/. @ =-0c.+.12 &)(3:&)( 2+H (<;�&9D 1 ( 2ha _ @ ;�/
& .10 H30X. =M> /
& 0 * 0P= & 0 * U76 / 8O0 _ 8O. - U &9G Yq.�1�1 G 1 / 6 @+, 8O.3= G Y = / /, 0X.3= &9, = / 0PYOa /I; N�. *1( 1 ( 2Q4 /A@ & .10 DI; .1Yg=M2 ;�/ 63U<Y --( 89H/.�130?=MH�31Y &9G Y , 2 ; .3H30 * U<Y &AKL;
=M2 _ * 8 (1: = /
KL;tW .38 DIKL; 0+3 ;�&IKL;J& 33= ( = / >s.3H G 1 D YQaq31= (g* .\0 = / 2<E G 1 D Y /I;OD 8 _ / 0 / Y S" �L& =F0~a , 0X. -F( 8 /
& 0 *1(1@ H G >s. ; 0?=FH (1@ 6 ( 2 D > ( 2 ; / Z , 8 &9G = G ./6�3 &9G<;C/A;9D 8 _ / 0X. D > ( 2 ;2/0 ( 4 /
&9G 4 /A@ a Z /
* 0 ; N ;�& .3Yq./6�3 &)( =M> G H/. & 0?=MH�35632<89U ;�KL;q* .10 &9G W .<4 0 , . ;�/ 1/.3= & 0Pk* U�= *1D�, .1= G a-H D >s8O0 &9G<; 63.38O. _ K _ U�= K H/. & 0 ,O@cKL;V* .10 =M2 ;�&A(<; 0?=FH<N ; = /�/A;�, 0 , H / = / Y
/A;9D 8 _ / 0 / YOa -M&9,3;9(<;�& .3Yd= / =F> /I& 0 * 0?= & 0 *1D Y /I;9D 8 _ / 0 / YT3/6 ( 2 & 33= (�GI, 0 D _ / 89= G > ( 8)k, N ; aM33= (�* .10 GT, 0 , =b63.1= Ge* .10 = *1D�, .3= G 63.38 &A(<;O@cKL; 63. @ �O( 2 ; = G H/. ;�& 0 * 3�8�3�1 (bSux
63.38O. _ K _ U ,�/g&AKL; = K H/. & 0 ,O@cKL; H<6 ( 8 /A@ ; . _ @ ;�/ 0 H D = K , 0 D _ / 8O= G YOa"=F2 ;�, 2<.3=MH (3:63.38 &A(<;O@cKL; a , 0 , =b63.1= G =M2 ;�&)(<; 0?=MH<N ; U , 0 , =b63.1= G > ( 8 , N ;/S � 0 ( =M2 _ *4/
* 8Q0cH DA; .ba
_ 0X. /I;9D 8 _ / 0 / Y √sNN < 6GeV a G 63.389. _ K _ Uq= K H/. & 0 ,O@cKL; 6389. _ H/. &A( 6 ( 0 /A@ & .10 * 2Ok8 @cK YzH D = K .�1�1 G 1 / 610 , 8 , = /
KL; H / = (<;O@cKL; k W .1892 (];Q@RKL;t* .\0-H / = (<;O@cKL; k H / = (<;O@cKL; a /A; N
_ 0X. H / _ .�1 :]&�/ 8 / Y /I;9D 8 _ / 0 / Y G , 0 D _ / 89= Gd* .10 , 0 , =M63.3= G > ( 8 , N ;S/)@ ; .10 (B/ 610 * 89. &9D k
= &�/ 8 ( Y�H G >s. ; 0?=FH�33Y SBx H /I& . --( 8 ,5&IKL; = K H/. & 0 ,O@cKL; 6389. _ H/. &)( 6 ( 0 /A@?& .10 H /iW1, = G/ ZO0?=bNL= / 0?Y *h@ ;OG = G Y S x /I;�/ 8 _ 33Y , 0X. &A( H/UoH /I& . - 8 ,	��/I& .10 _ /
K H /I& 8O0 *1, a ,Q@ ;O(];9& .3YzH30c..�1�1 G 1 / 6 @+, 89.3= G H /
& .3Z : = K H/. & 0 ,O@cKL; 6 ( 2n6�1 G =F0 ,	�O( 2 ; .18 *4/
&9, H /
& .1Z :g&)( 2<Y Sem^D k
1 ( YQaF= & .o6�1/. @ =F0X. &A( 2oH (];9&9D 1 ( 2J.12 &)(3: a / 610 & 8 D 6 /I& .10 G 6 / 89.10 &9D 8 K .�1�1 G 1 / 6 @+, 8O.3= G
v = *4/�,9, = / 0?Y w &IKL; = K H/. & 0 ,O@cKL; 6 ( 2g63.38 , _ (];9& .10 ./6�3 & . 2]6�3;1 ( 0R63.�= K H/. &O@+, 0X. &)( 2,�/)@ _ H/. &A( Y S7T 2 & U /)@ ; .10LH30X.C.36�3 & 0PY�H / _ , 1 / Y , 0X. --( 8 D YgH /J&)( 638�3 & 2]6 ( HIJING
[6, 7].
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Data
UrQMD v1.3 % >sU<H/. 4hS0/ � x / Z , 8 &9G = G &AKL; / 2<8�N ;&AKL; * . & . ;9( H<N ;�&9G Y Balance Function.36�3 &9G<;7*4/A;�& 8O0 * 3 &9G]& . &IKL; .�1�1 G 1 / 610Pk

, 8 , = /IKL; _ 0X. & . 6 / 0X89.3H/. & 0 *1, ,�/�,9( H D k; .�v * 3 *3* 0 ; .	= G H /)@ . w * .10 &)( 638�3 & 2]6 (
UrQMD, _ 0X.i.�1�1 G 1 / 610 , 8 , = / 0?Y Pb+Pb= /P/A;9D 8 _ / 0X. √

sNN = 17.3GeV
S

�B/|&9G'W1( UQ4 / 0X. &A( 2"638 (]&9: 6 ( 2�.32 &)(3: 63.38 , >\4 G]*4/ 0 * . ; U�= & . & 0?= & 0 * U _ / _ (<; 3 &IKL;v &A( 2 1 , >b0?= &)(]; 50K _ / _ (<; 3 & . Pb + Pb _ 0X. *1, 4 /`* . &9G _ ( 8 @ . *@/I;�& 8O0 * 3 &9G]& .1Y w & .( 6 (1@ .ba . -F(1: 6 D 8O.3=M. ; ./6�3 &)( --@ 1 & 8 ( ./6 (�,9( >sU]Y &A( 2i6 / 0X8 , H/. &A( Y NA49
# } % .�1�1 ,* .10 & . * 8O0 & U<8O0X. / 610l1 ( _ U]Y v & 33= ( = /e/ 6 @ 6 /�,9( _ / _ (<; 3 &IKL; 33= ( * .10 & 8 ( >b0cN ; w 6 ( 2/�- .389H�33= &9GQ* . ;q* .10'= & . 6 / 0X89.1H/. & 0 *1,\,�/�,9( H DA; .ba . ; .�1 : 4 G]* . ; H /d&9G =F2 ;O, 8 &9G = G

0?= ( � 2 _ @P( 2 --( 8 &O@?( 2 S � - .3=F0 * 31Yz>hNL8 ( Y`6 ( 2J. ; .�1 : 4 G]*4/J/A@ ; .10 @+, 0 ( YzH / .32 & 3 ; 6 ( 2
6 / 8Q0 _ 8 ,�-FG]*4/ = &A(o*4/�--, 1/.10 (gfhSm^( =M>sU<H/. 4hS0/a,O@ ;�/ 0 &9G];x/ Z , 8 &9G = G5&IKL;^/ 2<8�N ;�&9G Y =M2 ;9, 8 &9G = G Y 0?= (	� 2 _ @?( 2-F( 8 &O@?( 2 _ 0X. .�1�1 G 1 / 610 , 8 , = / 0?Y Pb + Pb = / /A;9D 8 _ / 0c. √

sNN = 17.3GeV .36�3&9G<;t*4/I;�& 8Q0 * 3 &9G]& . &9G Yz.�1�1 G 1 / 6 @<, 89.3= G YQa:3/6 K Y`.12 & Uo. ; ./63.18O0?= &9,/& .10 ./6�3 &)( H D = (
.38O0?4-H�3 &IKL;e;9( 2 * 1 /I(<;O@cKL; 6 ( 2C1/.3H W1,3;9( 2 ; H D 8 ( Yi= / H30c. = : _ * 8 ( 2]= G\Six H /)@cK = G&A( 2 /A: 8 ( 2<YyH /{&9G<; . : Z G = G"&)( 2�.38O0?4-H (3: 〈NW 〉 6 ( 2[63.38O. &9G 8 /A@ & .10/= & .u6 / 0X89.1H/. & 0 *1,,�/�,9( H DI; . ,�/I; H<6 ( 8 /)@M; .e6 / 8Q0 _ 89. -:/)@ .36�3 &A( 638�3 & 2]6 ( UrQMD.

� ���
A Multi-Phase Transport model - AMPT

m^(
AMPT (A Multi-Phase Transport model) [8] a /A@ ; .10 DA; .�H (<;�&9D 1 ( 6 ( 2q6389. _ kH/. &�/A: /I& .10 , 0X. -F( 8 /
& 0 *1D Y"H ( 8 --D =hk -F, = / 0?Y &A( 2�=F2]= & U]H/. &A( Y 6 ( 2 ,9G H30 ( 2<8 _ /A@?& .10hH /
&9,./6�3qH30X.n.�1�1 G 1 / 6 @+, 89.3= G = / H / _ , 1 / Y /I;9D 8 _ / 0 / Y S � / 8O0 D > / 0 ,�/ H /I& .3Z :�, 1�1 KL; a H30X.

-F, = G 6 ( 2n6 / 8Q0 _ 8 ,�-:/ 0 & 0?Ye.�1�1 G 1 / 610 , 8 , = / 0PY &AKL; quarks
* .10 &IKL; 63.38 &)(<;O@cKL; 638O0 ;&9G<; . , 8 (<;9( 6 (1@RG = GhS{T 6 (Q&�/ 1 /A@ & .10F.36�3 &9D =M= / 89. *\: 8Q0c.�H D 8 G �

• � 0h> K 8Q0 *\D Y * . & . ;9( H D Yu.�1�1 ,i* .10 ( 0s. ;�&O@ = &)( 0?> / Y * . & . ;9( H D Y &9G Y ( 89H/U<Y &IKL;
63.38 &)(];Q@RKL; .�1�1 ,i* .\0 &IKL; > ( 8 , N ; 6 / 8O0 _ 8 ,4-F(<;�& .\0F./6�3 &A( H (<;�&9D 1 ( HIJING.
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• � * . & .10 _ 0P=MH�33Y &IKL; 63.38 &A(<;O@cKL; 6 / 8O0 _ 8 ,�-./
& .\0F./6�3 &)( H (<;�&9D 1 (J&)( 2 Zhang -
ZPC [12].

• " � & . ;�( 0h.�1�1 G 1 / 610 , 8 , = / 0?Y &IKL; 63.38 &A(<;O@cKL; = & .3H/. & U<= ( 2 ; a & 3 &�/ .32 &9,Q/ 63. ;�/ k; N ;9(<;�& .10 H /�& 0PYz> ( 8 ,OD Yl./6�3 & 0PY ( 6 (\@</ Yl638 ( U 1]4-. ;V* .10 ,9G H30 ( 2<8 _ (3:<; . , 8�3]k; 0X.d= : H -MKL; .eH /�&A( H (<;�&9D 1 (S, 0 , =b63.3= G Y�> ( 8 , N ; 6 ( 2V6 / 8Q0 _ 8 ,�-:/I& .10-./6�3 &)(
LUND [13].

• x = *1D�, .3= G H /I& .3Z :�&IKL;o&�/ 130 * N ; . , 8 (<;O@cKL; 6 / 8Q0 _ 8 ,�-:/I& .10 ./6�3 &A( H (<;�&9D 1 (H /
& . -F( 8 , Y ART [14].

T 8O0?4-H�33Y _ / _ (<; 3 &AKL; ��/I;�& 8Q0 * 3 &9G]& . �{: 8 ( Y b[fm] 〈tfreeze−out〉
100K V eto1 0 ≤ b ≤ 3.4 5.0 ± 3.5
100K V eto2 3.4 ≤ b ≤ 5.4 12.7 ± 1.2
300K V eto3 5.4 ≤ b ≤ 7.4 15.0 ± 1.1
300K V eto4 7.4 ≤ b ≤ 9.1 17.1 ± 0.8
300K V eto5 9.1 ≤ b ≤ 10.2 18.4 ± 0.6
300K V eto6 10.2 ≤ b 19.1 ± 0.4

� @ ; . * .3Y 4hS } � %'&A(<; 6 @ ; . * .�.32 & 3 63.38 ( 2<=F0 ,	�9(<;�& .10 ( .38O0?4-H�33Y &IKL; _ / _ (<; 3 &IKL;
Pb+Pb 6 ( 2 D > ( 2 ; 63.38O.3>\4 /A@ H / &9G W1( UQ4 / 0X. &A( 2[H (<;�&9D 1 ( 2 AMPT,

G"*4/I;9& 8O0 * 3 &9GQ& .
.�1�1 ,d* .10 &A( /A: 8 ( Y &9G Yu63.38O.3H D
& 8 ( 2 * 8 (3: = G Y S x &�/ 1 / 2 & . @ .�= & U 1 Ge,O@ ;�/ 0 &A( H D = (
>s8�3 ;9( . , 8 (<;9( 6 (1@RG = G Y &IKL; _ / _ (<; 3 &IKL; _ 0X. *1, 4 /�* 1 , = Gi*4/A;�& 8O0 * 3 &9G]& .3Y S
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% >sU<H/. 4hS 2 � � 0 * . & . ;9( H D Y &IKL; 6 ( 1�1/./6�1 (Q& U &AKL; 3;1 KL;"&AKL; 63.389. _ 31H /I;�KL; = K H/. & 0Pk,O@cKL; v 6 ,3;9K .38O0P= &�/ 8 , w a &AKL; 610 (];Q@RKL; v 6 ,3;�Kk,�/ ZO0 , w a &AKL;"* . (];Q@RKL; v *1,/&AK .38Q0?= &�/ 8 , w.�1�1 ,J* .10 &AKL; 638 K|&)(<;O@cKL; v *1,/&AKc,�/ ZO0 , w _ 0X.T3�1 / Y & 0?Y *4/A;�& 8O0 * 3 &9G]&�/ Y &AKL; .�1 1 G 1 / k
610 , 8 , = /
KL; Pb + Pb = /e/I;9D 8 _ / 0X. √
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• Tfreeze−out = 165MeV

• µI = −0.9MeV
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1 ( _ @ = &9G]* . ; * .10 & .7. ;�&O@ = &A( 0P>h. /I: 8 G�&AKL;�* . & . ;9( H<N ;/S m^( =M>sU<H/. 4hS~} ( ,�/A@ > ;�/ 0&)(�&�/ 130 * 3C.36 (Q&9D 1 / =MH/.�.12 & U<Y &9G YJH / 1 DI&9G Y � GB/ Z , 8 &9G = G�&)( 2 /I: 8 ( 2<Y &9G Y * . & .]k;9( H/U]Y &9G Y Balance Function ./6�3 &9G<;t& 0XH/U &9G Y / _ *1, 8O=F0X.3Y & .3> :]&9GQ& .3Y / 6 D
*3& .3= G Y&)( 2�=M2<= & U<H/. &)( Y S�� 1 D 6 ( 2<H / 3 & 0L2]6 , 89> / 0LH30X. DA;�&A(<;9Gx/ Z , 8 &9G = G &A( 2 〈∆η〉 ./6�3&9G<;t& 0XH/U &9G Y βT

S � 0 , 0 *1, = &9G<; 6 / 8 @ 6 &IK = G 6 ( 2 -M&9,3;O( 2<H / = / 6 ( 1 : 2<E G 1 D Y & 0cH D YOa
. * 33H/. * .10 _ 0X. /A;9D 8 _ / 0 / Y &A( 2 RHIC a &)( /A: 8 ( YlH / 0cN ;�/I& .10 .10?=s4 G]&9, apZ /I* 0 ; N ;�& .3Y

}�f 2



./6�3�H30X. & 0XH/U 〈∆η〉 ≈ 0.69
* .10 * . & .�1<U _ (<;�& .1Y�= / 〈∆η〉 ≈ 0.54 v _ 0X.C= : _ * 8O0?= GH /r& 0?Y[. ;�&O@ = &A( 0P> / Y[6 / 0X89.3H/. & 0 *1D Y & 0XH D Y &)( 2 STAR 63.189./6 D H<6 ( 2]H / = &)( =M>sU]H/. fhSXf&A( 2 *4/�- .�1/. @?( 2 f w S

T
β

-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

>
η 

∆
<
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% >sU<H/. 4hS } ( � x / Z , 8 &9G = G &)( 2 /A: 8 ( 2<Y&9G Y Balance Function
K Y�=M2 ;9, 8 &9G = G&9G Y / _ *1, 89=-0c.1Y & .3> :Q&9G]& .3Y &9G Y 8 ( U<Y&)( 27=M2<= & U<H/. &A( YC3/6 K Yq638 (/*\: 6 &�/ 0 ./6�3&9G H / 1 D
&9Gl&)( 2V638 (]&9: 6 ( 2 THERMINA-

TOR.

m . ./6 (]&�/ 1 D =MH/. & .B.32 &9, a^. ;�* .10 H<6 ( 8 (3:<;�; .74 /
K 8 G 4 (3:<; = G H/. ;9& 0 *\, a /A@ ; .\0
./6�1 ,v/A;�,�/ 0 *1& 0 *\, _ 0X. &)( 6 ( 0X.eH<6 ( 8 /)@s; . /)@ ; .10 Ge/ 6 @+, 89.1= Gt&9G Y�=M2 1�1 ( _ 0 * U<Y�=M2<H<6 / k8O0 -F( 8 , Y &)( 2J=F2]= & U]H/. &A( Y�= &9G<; Balance Function

S��Q/I; ./6 (]&�/ 1 (3:<; 33H K Y &O@ 6 (]&�/, 1�1 ( 63.38 , H30X. 638�N &9G 638 ( =b6 , 4 / 0X. 2]6 ( 1 ( _ 0?=MH (1:�&9G Y &9, Z G YdH / _ D 4 ( 2]Y &9G Y / 6 @ k
, 89.1= G Y S �y@ ; .10 - . ;�/ 8�3k3 & 0 _ 0X. ; . / ZO.3>\4 (3:<;g&�/ 1/0 *1, =M2<H<6 / 8 , =MH/. & .ba|638 D 6 / 0 ; .
. ; .36 & 2]>\4 /)@ 6 / 8O0?=F=#3 &�/ 8 (o(V* N , 0 * .3Yu.36�3 &A( 2]Y�=M2 _s_ 89. -./A@ Y &A( 2 * .10 ; . / 6 /
*3& .<4 /)@& 33= ( = / H / _ .�1 :Q&�/ 8 / Y /I;9D 8 _ / 0 / Ye2]6�3 &)( 638 @ =MH/. &9G Yi. ; .3H /I; 33H /I;9G YV1 / 0 &)( 2<8 _ @ .1Y&A( 2 LHC a#33= ( v * 2<8 @cK Y w = / H30 * 8�3 &�/ 8 / Y /I;OD 8 _ / 0 / Y &A( 2 SPS S

� ��� ��� ����� �  ����  
! 

" � 6 K Y /)@+, .3H / = &)(n*@/�-F, 1<.\0 ( .32 & 3ba H / 1 /
& UQ4 G]* . ; .38 *4/I&9, 638�3 & 2Q63.q6 ( 2�6 / 8O0 _ 8 , k-F( 2 ;y& 0?YL.�1 1 G 1 / 610 , 8 , = / 0?Y W .18 D
KL; 0+3 ;9&IKL;'* .10 * .�1 : 6 &A( 2 ;�, 0 ,�--( 8 ( 2<Y{H G >s. ; 0P=MH (3: Y
63.389. _ K _ U<Yt= K H/. & 0 ,O@cKL;/Sr%'& .d6�1/. @ =F0X.g.12 & U<Y &9G YzH / 1 D
&9G Y * .10 = &9G<; 638 ( =b6 , 4 / 0X.; . / 1 / _ >\4 (3:<;z& .o6 / 0X89.3H/. & 0 *\, / 2<89U<H/. & . / ZOU]>\4 G =M. ;�& .e. * 3;1 ( 2Q4-.�=M2<H<6 / 8 , =MH/.]k& . �

• m^(a/I: 8 ( Y &9G Y�=M2 ;9, 8 &9G = G Y�0?= (	� 2 _ @?( 2+H / 0cN ;�/
& .10 * .<4FNLYq.32<Z ,3;�/
& .\0 & 33= (&A( = : = &9G H/.t6 ( 2l.�1�1 G 1 / 610 , 8 , 31= (V* .10 Gt*4/A;�& 8O0 * 3 &9G]& . &IKL; =M2 _ * 8 (1: = /
KL;/S%'&9G H D _ 0?= &9Gv,�/J/A;9D 8 _ / 0c. &)( 2 SP v √sNN = 17.3GeV w G =M> /
& 0 * UoH /A@cK = G
}�f<f



&A( 2 /A: 8 ( 2<Y`= & 0?Y *4/I;�& 8Q0 *\D Yt.�1�1 G 1 / 610 , 8 , = / 0PY Pb+ Pb 2]6 ( 1 ( _ 0P=MH DI;9G =M2 _ k* 8O0 & 0 *\, H /o& 0?Ye610 ( 6 / 8O0 -./ 8 / 0c. *1D YQa'2]6 ( 1 ( _ @ = &9G]*4/ 3 & 0 /A@ ; .\0 &9G Y &9, Z G Y &)( 2
17 ± 3%

Sem^(j- .10 ; 33H /A;9( .32 & 3 63.389. &9G 8 /A@ & .10 & 33= ( = / >s.3H G 1�3 &�/ 8 / Y /I;9D 8)k
_ / 0 / Y�v √sNN = 8.8GeV w a�33= (`* .\03= / 2<E G 1�3 &�/ 8 / Yuv √sNN = 130GeV w S xH /A@cK = G�&A( 2 /A: 8 ( 2<Y _ 0X. & .�6 / 0X89.3H/. & 0 *1,G,�/�,O( H DI; .Ma ,�/A; H<6 ( 8 /)@]; .�6 / 8O0 _ 8O. -:/)@(3:]&�/ ./6�3 & .�H30 * 8 ( = *1( 610 *\, . , 8 (]; 0 *\, H (<;�&9D 1/.e6 ( 2eH / 1 /
& UQ4 G]* . ; v HIJING
- UrQMD)

(3:]&�/ 33H K Y * .10s./6�3 & . _ / _ (]; 3 & .J. ;O, H30XZ G Y (shuffling).
x H / 1 D
&9G

33H K Y &)( 2JH (<;�&9D 1 ( 2 AMPT
&)(e( 6 (1@?( 6 / 8Q0 _ 8 ,�-:/ 0 &A( = &9,�, 0 (o&AKL; .�1 1 G 1 / 610Pk, 8 , = /
KL;[&IKL; 63.38 &A(<;O@cKL; 638O0 ;[&9G]; . , 8 (<;9( 6 (1@RG =FU &)( 2<YOah./6 (�,O@+,�/ 016 ( 1 :�* .�1 ,& .d6 / 0X89.3H/. & 0 *1, ./6 (]&�/ 1 D =FH/. & . S �B/u&9GVW1( UQ4 / 0X. &A( 2eH (<;�&9D 1 ( 2J.32 &)(3: a / 610Pk&�/I: >\4 G]*4/ H30X. .38O>s0 * UC=M2<=M> D
& 0?= Gq&)( 2 /I: 8 ( 2<Y &9G Yd=M2 ;9, 8 &9G = G Yd0?= (	� 2 _ @?( 2-F( 8 &O@?( 2eH /[&A( >s8�3 ;9( . , 8 (<;9( 6 (\@PG = G Y &)( 2J=F2]= & U]H/. &A( Y S

• x H /)@RK = G .32 & U &)( 2 /A: 8 ( 2<Y`H /�&9G<;t*4/I;9& 8O0 * 3 &9GQ& .g./6 (]& 2]6/N ;�/
& .10 H�3 ;9( = &9G
H / =F. @ .�6 / 8O0 ( >sU &9G Y`E / 2 ,9(/K|*\:Q&9G]& .3Y S�x H / 1 D
&9GJ&9G Y / H<638�33=s4 0X.3Yz6 / 8O0 ( >sU<Y
= /�, 2 (G/I;9D 8 _ / 0 / YQa1./6 (/*\, 1/2]E / 3 & 0/.32 & 3 &A(G- .10 ; 31H /I;9(E/ ZO. - . ;Q@ ��/
& .\0 S{m .tH30Pk* 8 ( = *1( 610 *1, H (<;�&9D 1/. HIJING - UrQMD) 6 ( 2tH / 1 /
& UQ4 G]* . ;b/ 610 W4/ W .\0RN ;O( 2 ;&A( _ / _ (<; 33Yz.32 & 3 S

• xu/I;�/ 8 _ / 0X. * UqH / 1 DI&9Gd&9G Y Balance Function a 2]6 ( 1 ( _ 0?=MH DA;9G H /�W1, = Gd&9G];* . ;O(]; 0 *\( 6 ( 0 G H DA;9G 63.38 , H /
& 8 ( W a D�,9K = / H30X.�638�N &9G�DA;�,�/ 0cZ Gf/ Z , 8 &9G = G YL./6�3&9G<; 63.38 , H /I& 8 ( √sNN

&9G Y^.�1 1 G 1 / 6 @+, 89.1= G Y S|x / Z , 8 &9G = G .32 & U\a ,�/I; H<6 ( 8 /)@; . ./6 (�,9( 4 /A@ _ 0X.5H30c. . * 33H G^-F( 8 , ./6�3 & . / Z /I& . � 31H /I; .5638�3 & 2]63. v HSD -
UrQMD).

• m . , 0 ,�--( 89.CH (<;�&9D 1/. 6 ( 2nH / 1 /
& UQ4 G]* . ; ,�/A; H<6 ( 8 (3:<;g; .�./6 (�, NL= ( 2 ;g&9G];
/ Z , 8 &9G = Gz&A( 2 /I: 8 ( 2<Y[./6�3 &9G<;[*4/I;9& 8O0 * 3 &9GQ& . &9G Y".�1 1 G 1 / 6 @+, 89.1= G Y _ 0X. ��/A: k
_ G 610 (<;O@cKL;/S

• � 0p=M2<=M> /I& 0?=MH (1@q--( 8 &O@?( 2 &IKL; ��/ 2 _ N ;o* . (<;O@cKL;T,�/I; 63.38 ( 2<=F0 ,	�O( 2 ;d*1, 6 ( 0X.
/ Z , 8 &9G = G ./6�3 &9G<;�*4/I;�& 8Q0 * 3 &9G]& .ba & 33= ( = & .t6 / 0X89.3H/. & 0 *\,e,�/�,9( H DI; .e33= (z* .10
= & .o638�3 & 2]63. S

' @ ;�/
& .\091 ( 0c6�3 ;G- . ;�/ 8�3ba#3 & 0 /I; N 2]6 , 89> / 0FH30X.o.38O>s0 * U DI;�,�/ 0XZ G 1 / 0 &A( 2<8 _ @ .3Y &9G YH / 4.3 ,9( 2nv =M2<=M> DI& 0?= GE/I: 8 ( 2<YuH / >s8�3 ;9( . , 8 (<;9( 6 (1@PG = G Y�k / Z , 8 &9G = G ./6�3 &9G<;�*@/I; k& 8O0 * 3 &9G]& . * .\0 &9G<;S/I;9D 8 _ / 0X. &9G YJ.�1�1 G 1 / 6 @+, 8O.3= G Y w a G H G�: 63.189Z G 638 (]&9: 6 KL; 6 ( 2; . 6 / 8O0 _ 8 ,�-F( 2 ; H /C/ 610 & 2<> @ . & .+6 / 0X89.3H/. & 0 *1, ,�/�,9( H DI; . * .<4 0?= &9, &9G];j/ Z9. _ K _ U( 8Q0?= & 0 * N ; =M2<H<6 / 89.3=FH ,/&IKL; H G .3= - .�1/U S ��/
K 8 (3: H /V,�/ 3 & 0~a / 0 , 0 *1, = &A(^/ 6 @ 6 /�,9(&AKL; H / 1 /
& N ; Event by Event a G 4 /
K 8 @ . 638 D 6 / 0 ; . . ; .36 & 2]>\4 /)@ 6 / 8O0?=F=#3 &�/ 8 (bS
}�f (



�{@ ; .10 _ /A; 0 *1, ./6 (4,�/
*3& 3Ma�3 & 0h2]6 , 89> / 0 DA;�,9( 0X.JH (<;�&9D 1 KL; 6 ( 2z4-.VH<6 ( 8 (1: =F. ;`; .i6 / k8O0 _ 8 , E ( 2 ; 3Q>b0pH�3 ;9(�& .g6 / 0X89.3H/. & 0 *1, ./6 (]&�/ 1 D =MH/. & .�6 ( 2d6 / 8Q0 _ 8 ,�-FG =M. ; = / .32 & U&9GT, 0X. & 8O0 W Ud.�1�1 ,�* .10 , 1 1/.n./6 (]&�/ 1 D =MH/. & . &)( 2 1 , >b0?= &A(<; .32 &A(3:d&)( 2�./63.10 &9G]& 0 *1(3:* 1 ,�,9( 2 S

}�f�4
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� � ! � �"� � � �
ALICE

m^( 638�3 _ 89.3H/H/. &)( 2 LHC D > / 0O=M> /�, 0X.3= &�/A@j* . &9, . ;�&O@ = &)( 0?> (u& 8�336 ( = / =F> D = G H / & .
638 (1G _ (3: H /A; . 638 ( _ 8 , H/H/. & . &IKL;T/ 610 & .3>s2 ;�& N ; SPS * .10 RHIC S � . W .3= @���/I& .10= /I, 2 ( *1( H/H ,/& 0X. � =M2 _ * 8 (3: = / 0?Y�H /
& .3Z :+&AKL; H / _ .�1 :Q&�/ 8 KL;k, 2 ; . & N ; 632]8OU ;9KL;
= &9G H / _ .�1 :]&�/ 8 Gb, 2 ; . & U /I;OD 8 _ / 0X.ba * .<4FNLY * .103=M2<= &9G H/. & 0 * U�H / 1 D
&9Gb, 0X. -F( 8 /
& 0 * N ;
=M2<= &9G H ,/&AKL; v pp a pA a AA w = /P, 0 ,4-F( 8 / Y /A;9D 8 _ / 0 / Y Sm .t638�N & . ,�/�,9( H DA; .z6 ( 2�4-. * . & . _ 89. -F(1:]; .36�3 &)( 2<Yr. ; 0?> ;�/ 2 &9D Y &A( 2 ALICE4-. 638 (3D 89> (<;�& .10"./6�3 .�1�1 G 1 / 610 , 8 , = / 0PY pp H30X.3Y * .10 &)( LHC 4-. Z /
* 0 ; U<= / 0 &9G
1 / 0 &A( 2<8 _ @ . &A( 2�63.38 D > (<;�& .3Y�=M2 _ * 8 ( 2 31H /I;�/ Y ,9D =MH / Yd638 K|&A(<;O@cKL;/S � 0L.�1�1 G 1 / 610Pk
, 8 , = / 0PY Pb + Pb 6 ( 2d4-.n63.38 , _ ( 2 ;d* .10 &9G H / _ .�1 :]&�/ 8 G /I;�/ 8 _ / 0X. * U�632 *1; 3 &9G]& .638 (<W 1 D 6 (];9& .10{.3H D = K Y�H /I&9,�&9G 1/U<Z G &9G Y��c610<1 (]& 0 * U]=�� .12 & U<Yd.389>b0 * U<Yg6 / 8O0+3 ,9( 2 Sm^( .38O>s0 * 3d638�3 _ 89.3H/H/. &)( 2 ALICE ,O@+,�/
& .10F= & 0?Yu610 (e*1,/&AK _ 8O.3H/H D Y �

• T 1�1 G 1 / 610 , 8 , = / 0?Y p+ p = / √s = 14TeV
S

• T 1�1 G 1 / 610 , 8 , = / 0?Y Pb+ Pb = / √sNN = 5.5TeV
S

• T 1�1 G 1 / 610 , 8 , = / 0?Y p+ Pb = / √sNN = 5.5TeV
S

• T 1�1 G 1 / 610 , 8 , = / 0?Y p+ p = / √s = 5.5TeV
S

• T 1�1 G 1 / 610 , 8 , = / 0?Y Ar + Ar = / √sNN = 5.5TeV
S

x . ; N & . &9G / 610 & 8 / 6�33H /A;9G ./6�3 &)( 2<Yi. ; 0P> ;�/ 2 &9D Y & 0XH/U &9G Y luminosity
/A@ ; .10 ≈

5x1030cm−2s−1 _ 0X. &9G<; 6 / 8 @ 6 &IK = G &IKL; .�1�1 G 1 / 610 , 8 , = /
KL; p+p * .10 ≈ 1027cm−2s−1

_ 0X. &9G<; 6 / 8 @ 6 &IK = GV&AKL; .�1�1 G 1 / 610 , 8 , = /
KL; Pb + Pb
# } % S

m^( 6 /)@ 89.3H/. ALICE D > / 0M=F> /�, 0X.3= &�/)@b* . &9,d&9DI&A( 0 (d& 8�3/6 ( NL= &�/�; .d. ; 0P> ;�/I:�/ 0* .\0 ; . . ; . _ ;�K 8 @���/ 0�. , 8�3 ; 0X.ba81 / 6 & 3 ; 0X. * .10 -MK|& 3 ; 0X. _ : 8 K ./6�3 &9G<;5*4/I;9& 8O0 * U
}�f �



6 / 8Q0 ( >sU &9G Y K|*1:]&9GQ& .3Y S x =M> /�,O@ .3=MU &A( 2 /A@ ; .10 , 0X. -F( 8 /
& 0 * U . ; =M2 _ * 8O0 4 /)@ H /& . 2]6�3�1 ( 0c63. 6 / 0X8 , H/. & . &)( 2 LHC S�T 2 & U G], 0X. --( 8 /I& 0 * 3 &9G]& . 638 (/*1: 6 &�/ 0"./6�3&9G<; ./63. @ &9G = GV; .iH<6 ( 8 (3:<;z; .i. ; 0P> ;�/I:<(<;�& .10 * .10 ; .J. ; . _ ;�K 8 @��9(<;�& .10M= K H ,/& 0X.J./6�3=M> /
& 0 *1, H30 * 89Utv ≈ 100MeV/c w H D >s8O0].38 *4/I&9, H / _ , 1 G v ≈ 100GeV/c w & 0cH/U &9G Y / _ k*1, 8O=F0X.3Y ( 8OH/U]YQa ; .lH<6 ( 8 (1:];�; .l. ; . * . & .3= *4/ 2 , �9(<;�& .10s=F2 ;9&A(<; 0?=MH (\@ 6 ( 2 �O( 2 ; 1 @ _ (3/6 K Y & .J2Q6 / 8�3 ; 0X.ba & . D * .\0 B H / =#3 ; 0X.J.�1�1 ,V* .10 ; .JH<6 ( 8 (1:];`( 0s. ; 0?> ;�/ 2 &9D Y &A( 2; .�. ;9& ./6 / Z D 89> (<;�& .10 = /uDI; .d6 / 8O0 W1, 1�1 (]; H / H / _ , 1 G 6 ( 1�1<.36�1�3 &9G]& . --( 8 & 0?=FH DI;�KL;
= K H/. & 0 ,O@cKL; . -F(3: . ; .3H DI;�/I& .10 G 63.38O. _ K _ U � ����� k 4������V&9D
&)( 0 KL; = K H/. & 0 ,Q@RKL; . ;9,H (<;9,�, . K|*1:]&9G]& .1Y^= &9G<;"*@/I;�& 0 * U &9G Y 6 / 8O0 ( >sU SLx . ;O@ > ;�/ 2]= Gu* .10 & .32 &)( 6 (1@PG = Gz&IKL;
H30 (<;O@cKL; 6389. _ H/. &A( 6 ( 0 /A@ & .10hH /{DI; . / 0 , 0 * 3l=b6 /I*3& 8�33H /I& 8 ( 6 ( 2 * .�1 : 6 &�/ 0 & 0?Y H / _ , 1 / Y6 / 8Q0 ( > D Y &9G Y K|*\:Q&9G]& .3Yov −4.0 < η < −2.4 w S'Tb, 8�3 ; 0X.ba G 1 /
*1& 8�3 ; 0X. * .10 -MK|& 3 ; 0X.
. ; 0P> ;�/I:<(<;�& .10 = &9G<;V*4/A;�& 8O0 * U�6 / 8O0 ( >hU &9G Y K|*1:]&9G]& .1Ygv −0.9 < η < 0.9 w ./6�3 DI; .= :<;9( 1 ( . ; 0?> ;�/ 2 & N ; _ 0X. &)( 2<Y ( 6 (1@P( 2<Y�4 .+H30l1/U<= ( 2<H / = & 0?Y / 6�33H /A;�/ Y /I; 3 &9G]&�/ YOa
H D =F.g= /tDI; .nH/. _ ;9G]& 0 * 3�6 /�,O@?(n&9G Y &9, Z G Y &AKL; B = 0.5T

S�x . ;O@ > ;�/ 2<= GoW .3= @���/ k& .\0 * 2<8 @cK Y � = &A(V/ = K|&�/ 8O0 * 3o. ; 0?> ;�/ 2 & 0 * 3�= : = &9G H/. (Inner Tracking System - ITS)6 ( 2q./6 (]&�/ 1 /A@?& .10 ./6�3 D ZO0 / 6 @ 6 /�, .�. ; 0?> ;�/ 2 & N ; 632<8O0 &O@?( 2ha DI; . ; . ; 0P> ;�/ 2 & U�638 (]W1( k
1/U<Y�>s8�3 ;9( 2 (Time Projection Chamber - TPC)

* .\0 DA; . ; . ; 0?> ;�/ 2 & Ue. *3& 0 ;9(<W3( 1 @ .3Y
H /
&9,<W .1= G Y (Transition Radiation Detector - TRD).x & .32 &A( 6 (\@PG = Gz&IKL; = K H/. & 0 ,O@cKL; = &9G<;"*@/I;�& 8O0 * Uz6 / 8Q0 ( >sUz6389. _ H/. &)( 6 ( 0 /A@ & .10bH /&9G�W1( UQ4 / 0X. &AKL; ITS * .10 TPC H /i&9G<; H DI& 8 G = Gq&9G Yo./6/N 1 / 0c.1Y /I;9D 8 _ / 0X.3YQa &A( 2
TRD H /g&9G H D
& 8 G = G . *3& 0 ;9(<W3( 1 @ .3Y H /
&9,]W .3= G YQarH /�&A(<; Time Of Flight - TOF. ; 0P> ;�/ 2 & U * .<4FNLY * .\0 H /g&A(<; High-Momentum Particle Identification Detector
(HMPID) H /I& 8�N ;�& .3Yl. *3& 0 ;9(]W1( 1 @ . Cerenkov.

m . -FK|& 3 ; 0X. ,�/ . ; 0?> ;�/A:](<;�& .10 H /`&9GW1( UQ4 / 0X. &IKL; . ; 0?> ;�/ 2 & N ; PHOton Spectrometer (PHOS)
S � 610R6�1 DA(]; . ; 0P> ;�/ 2 &9D Y

6 ( 2 /A@ ; .10 &)( 6 ( 4 /I&9G H DI;9( 0h= / H / _ , 1 / Y & 0cH D Y &9G Y K|*1:]&9GQ& .3YQah>s8 G =F0XH ( 6 ( 0 (3:<;�& .10 _ 0X.&A( >s.389. *3&9G 8O0?=MH�3 &AKL; _ / _ (<; 3 &AKL; .�1�1 ,5* .\0 _ 0X.+= * . ;�, .�130?=MH�3 S � 0L. ; 0?> ;�/ 2 &9D Y
.32 &A(\@ a * .�1 : 6 &A( 2 ; H30X.BH / _ , 1 G 6 / 8O0 ( >hU &9G Y K|*1:]&9G]& .3Y7v −3.4 < η < 5.1 wJ_ 0c.&9G<; . ;O@ > ;�/ 2<= Ge-F( 8 & 0?=MH DA;�KL; = K H/. & 0 ,O@cKL; (Forward Multiplicity Detector - FMD).�1�1 ,�* .10 _ 0X. &)( = * . ;�, .�130?=MH�3 (V0 - T0).

� 6 @ = G Ye2]6 , 89> / 0 ( . ; 0?> ;�/ 2 & U<Y Photon
Multiplicity Detector (PMD), 6 ( 2 * .�1 : 6 &�/ 0"H30X. = &�/A; U76 / 8Q0 ( >sU &9G Y K|*1:]&9G]& .1Yv 2.3 < η < 3.5 w`_ 0X. &9G]; H / 1 D
&9Gn&9G YJ6 ( 1�1<.36�1�3 &9G]& .1Y &AKL;C-FK|&A(<;O@cKL; .�1�1 ,�* .\0(

Zero Degree Calorimeter (ZDC) 6 ( 2 * .�1 : 6 &�/ 0 &9G<; 6 / 8O0 ( >sU &9G Y K|*1:]&9G]& .3Y &9G Y,9D =MH G Y _ 0X. &9G H DI& 8 G = G &IKL;';9( 2 * 1 /I(<;O@cKL; 6 ( 2 ,�/I; H /
&9D > ( 2 ; = & 0PY|.�1�1 G 1 / 610 , 8 , = / 0PY* .10 * . & " / 6 DI*3& .3= Gn&)(<;d* .<4 ( 8Q0?=MH�3 &9G Y *4/I;�& 8Q0 * 3 &9G]&9, Y &A( 2]Y S � 0X. / 0 * 3 ; .x3�1 KL;&IKL; . ; 0P> ;�/ 2 & 0 * N ;Q, 0X. &9, Z /
KL;t&A( 2J6 / 0X8 , H/. &A( Y ,O@+,�/
& .10-= &A( _ 8 ,�-FG H/. �hS }<S
%'& 0?Y / 6�33H /A;�/ Y^63.389. _ 8 ,�--( 2<Yr4-.l. ; . -:/ 8j4 (3: H / . ; .�1<2 & 0 *1, = &)( 2<Y *1: 8O0 ( 2<Y�. ; 0Pk> ;�/ 2 &9D Y &A( 2V6 / 0X8 , H/. &)( Y`.�1�1 ,o* .10M= &A(<;`& 8�3/6 ( H /[&)(];t( 6 (1@P( 6389. _ H/. &A( 6 ( 0 /A@ & .10 G& .12 &)( 6 (1@RG = Gi&IKL; = K H/. & 0 ,Q@RKL;3S

} ( �



% >sU<H/. �hS~} � %'&A( =M>sU<H/. - . @ ;O(];9& .10A3�1 ( 0 ( 0p. ; 0P> ;�/ 2 &9D Yl6 ( 2�./63.38 &O@��9( 2 ;o&9G<; 6 / 0Pk
89.1H/. & 0 * U , 0 ,3& .3Z GJ&A( 2 ALICE S

� � � 
�� � �!�$
�� � � ��� ������
����   ����-	����.������� 
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ITS

� . ; 0?> ;�/ 2 & U<Y ITS .36 (Q&�/ 1 /A@ & .10/./6�3 D ZO0 * 2 130 ;�, 8O0 *1,G/ 6 @ 6 /�, .`. ; 0?> ;�/ 2 & N ; 632]8Q0 &O@?( 2ha
6 ( 2 /A@ ; .10 &)( 6 ( 4 /I&9G H DI; .q= / ./6 ( = &9, = / 0?Y r = 4 a (\a }-2 a � / a � �d* .10 44cm ./6�3 &A(*1DA;�& 8 ( &A( 2+= K 1<U ; . &9G Y ,OD =MH G Y (beam pipe).

� .�1 : 6 &�/ 0 &9G<;C*4/I;�& 8Q0 * U76 / 8O0 ( >sU&9G Y K|*1:]&9GQ& .3Y |η| < 0.9 _ 0X.\3;1/. & . = G H /A@ . &9G Y *\: 8Q0c.1Yq.�1 1 G 1 / 6 @+, 89.1= G Yn6 ( 2W 8 @ = *1(<;�& .10'= / 0 * . ; U7./6�33= & .3= G ./6�3 &9G<; 6 / 8O0 ( >sU &9G Y�.�1�1 G 1 / 6 @+, 8O.3= G Y v ±1σ w S
� . ; 0?> ;�/ 2 & U]Y D > / 0p=M> /�, 0X.3= &�/A@ _ 0X. * .�1/Ug. ;O@ > ;�/ 2<= Gg& 8 ( >b0cN ;/SVxu/ Z K|&�/ 8O0 * U &)( 2
. *1&O@ ; . D > / 0 * ./4 ( 8O0?= &�/A@ H /|&A( = *4/ 6 & 0 * 3 ; . * .�1 : 6 &�/ 0 & 0?Y & 8 ( >s0 D Y{6 ( 2�. ; 0?> ;�/I:<(<;�& .\0
./6�3 &)(<; TPC a /I; N GQ/ = K|&�/ 8O0 * Uo. *3&O@ ; . /A@ ; .10 G H30 * 8�3 &�/ 8 Gv, 2 ; . & U / 610 & 8 / 6�33H /I;OG
H /uW3, = Gd& 0?Y , 0X.3= &9, = / 0?Y &)( 2d= K 1/U ; . &9G Y ,OD =MH G Ydv 3cm w SRm^( 638�N &A( / 6 @ 6 /�,O(�D > / 0
H30X.+610 ( H / _ , 1 GC*\, 1/2]E G |η| < 1.98 NL= &�/g; .763.38 D > / 0 H/. �O@ H /�&A(<; FMD H30X.
=M2 ;�/ >sU *1, 1/2<E G = /VDA; .�H / _ , 1 (j--, =MH/. &9G Y K|*1:]&9G]& .1Y &9G Yi6 ( 1�1<.36�1�3 &9G]& .1Y &AKL;
--( 8 & 0?=MH DA;�KL; = K H/. & 0 ,O@cKL;/S�� 3 _ K &9G Y[H / _ , 1 G Yu= K H/. & 0 , 0X. * U<Y�632 *1; 3 &9G]& .1Yiv ≈ 80

} ( }



= K H ,/& 0X.n. ;9, cm2 w a . ; 0?> ;�/ 2 &9D Y pixel
D > ( 2 ;v/ 610l1 / _ /)@ _ 0X. & . , 2 ( 610 (B/ = K|&�/ 8O0 *1,

= & 8�NLH/. & .�v SPD w * .10 . ; 0?> ;�/ 2 &9D Y ( 1 @ =s4 G = G Y`632<8O0 &O@?( 2 (silicon drift) _ 0X. & . , 2 (
.3H D = K Y / 6�33H /A; . v SDD w S$' 0X. & . , 2 (x/ Z K|&�/ 8O0 *1,]/ 6 @ 6 /�, .ba�3/6 ( 2 G 632 *1; 3 &9G]& .&IKL; = K H/. & 0 ,O@cKL;�/A@ ; .10 *\,/&IK .36�3 } = K H ,/& 0 ( . ;9, cm2

D > ( 2 ;�/ 610<1 / _ /A@ silicon strip. ; 0P> ;�/ 2 &9D Y S �B/o&9G<;C/ ZO. @ 8 / = G�&IKL;C, 2 (x/ = K|&�/ 8O0 * N ; = & 8 K H ,/&AKL; a & .52]6�3�1 ( 0c63.
4-. D > ( 2 ; . ; .�1 ( _ 0 *\D Y / Z�3 ,O( 2<Y^NL= &�/ ; .t63.38 D > ( 2 ;�&9G<; 6�1 G 8 (�-F( 8 @ . &9G Yr./6/N 1 / 0c.1Y/I;OD 8 _ / 0X.3Yev dE/dx w = &9G H G =M> /I& 0 * 0?= & 0 * Uo6 / 8O0 ( >sUqv 1/β2 w #R�1% S

� . ; 0?> ;�/ 2 & U<Y�.32 & 33Y D > / 0s=M> /�, 0X.3= &�/A@ NL= &�/"; . -FD 8 / 0h= / 6 D 89.1Y & 0?Y�. * 3�1 ( 2Q4 / Y
, 0X. , 0 * .1= @+/ Y �

• �L: 8 / = G &)( 2�= G H /)@?( 2 &9G Y *1: 8O0X.3Yg.�1�1 G 1 / 6 @+, 89.3= G Y (primary vertex) H / H30X., 0X. * 8O0 & 0 * Ud0 * . ; 3 &9GQ& . * .�1 :]&�/ 8 G ./6�3 100µm
S

• T[; . * . & .1= *4/ 2<U &IKL; = G H /A@cKL;o&IKL;T,�/ 2 &�/ 8 / 2�3 ;�&IKL; .�1�1 G 1 / 610 , 8 , = /IKL; (sec-
ondary vertex) ./6�3 , 0X.3=b6 , = G Y D * .10 B H / = (<;O@cKL;/S

• T[;O@ > ;�/ 2<= GV* .\0 & .32 &A( 6 (1@RG = G = K H/. & 0 ,O@cKL; H /�( 8OH/Ui6 ,3;�K ./6�3 100MeV/c
S

• �_/ 1 &O@RK = G7&9G Y , 0X. * 8O0 & 0 * U<Y70 * . ; 3 &9G]& .3Y = &9G H DI& 8 G = G7&9G Y ( 89H/U<Y * .10 &9G Y
_ KL;O@ .3Y _ 0X.e= K H/. &O@+, 0X.eH / H / _ , 1 GV& 0XH/U / _ *1, 89=F0X.3Y ( 89H/U<Y�6 ( 2V6 / 8 ;9(3:<; ./6�3&A(
TPC

S
• T[; . * . & .1= *4/ 2<UhaMH / 6 / 8O0 ( 8O0?=MH DA;9G .1= - .�1<NLY , 0X. * 8O0 & 0 * Ud0 * . ; 3 &9G]& .�= &9G<;`( 8)k
H/Uhas= K H/. & 0 ,O@cKL; 6 ( 2i6 / 8 ;9(3:<; ./6�3 ;�/
* 8 D Y � N ;�/ Y &)( 2 TPC S

� 6 @ 6 /�,9( �{@+,9( Y r [cm] ±z [cm]
� . ;O, 130c.
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strip
/ �hScf / 4hS � } / 2 �/� ���

� @ ; . * .3Y �\S~} � � 0 , 0X.3= &9, = / 0PY &IKL;G, 0X. - 338 KL;e/ 610c6 D�,�KL;t&A( 2 ITS S

� . ; 0?> ;�/ 2 & U<Yt.32 & 33Yl=M2 ;�/ 0?= -FD 8 / 0-= &9GVW4/ 1 &O@cK = Go&9G Y , 0X. * 8O0 & 0 * U<YJ0 * . ; 3 &9G]& .1Y
= &9G<;�( 8OH/U * .10 &9G _ KL;O@ . &IKL; = K H/. & 0 ,O@cKL; 6 ( 2V2]6 ( 1 ( _ @���/
& .10F.36�3 &)(]; TPC S T 2Ok& 3 &)( >s.389. *3&9G 8O0P= & 0 * 3 D > / 0 / 6 @ 6 &IK = G = / 6 ( 1�1 D Yd. ; .�1 : = / 0?YS3/6 K Y � = &9G H / 1 D
&9G

} ( �



� .38 , H /I& 8 ( Y SiliconP ixel SiliconDrift SiliconStrip
�[K 8O0 * Uo. * 8 @PW4/ 0X. (rφ) [µm]

}9� ��4 � �
�[K 8O0 * Uo. * 8 @PW4/ 0X. z [µm]

} ��� �54 4 ���
Two track resolution(rφ) [µm]

} ��� � � � �����

Two track resolutionz [µm]
4 2 � f���� � / ���

� @ ; . * .3Y �hSX� � � .18 , H /
& 8 ( 0 &AKL;8, 0c. - 338 KL;e/ 610c6 D�,�KL;l&)( 2 ITS S

_ /I; 0 * N ; >s.389. *3&9G 8O0?= & 0 * N ;o&IKL; _ / _ (<; 3 &AKL; 3/6 K Yl.32 &9, 638 (/*1: 6 &A( 2 ; ./6�3nH / 1 D
&9G
- .3=MH ,/&AKL; a = &9G H / 1 D
&9G 63.389. _ K _ U<YV=M2 ;�&A(<; 0?=FH<N ; v 83a K * .\0 - w 3/6 ( 2 Ge& 0XH/U &9G YH ,	� .3Y * .10 &A( 2 /I: 8 ( 2<Y / Z9.38 & N ;9& .101./6�3 &9G�, 0X. * 8O0 & 0 * Ul0 * . ; 3 &9GQ& .l= &9G H D
& 8 G = G�&9G Y( 8OH/U]YQa = &9G H / 1 D
&9G�&9G Y�H /)@cK = G Y &9G Yg63.389. _ K _ U<Y W .38 DIKL; =F2 ;9&A(<; 0?=MH<N ; (heavy
quarkonia) 336 K Y J/Ψ * .10 Y .�1 1 ,e* .10F= &9G H / 1 DI&9G 63.389. _ K _ U<Y�610 ,9,/*3KL;l* .10 &AKL;.�1�1 G 1 / 610 , 8 , = /
KL; .32 & N ; H /�&)( H D = (bS
' 0c. & 0?YVH / 1 D
&�/ YV.12 &9D YOa ( 0 , 2 ; . & 3 &9G]&�/ Y & .32 &A( 6 (1@RG = G Yi= K H/. & 0 ,O@cKL;o&A( 2 ITS/)@ ; .10 / Z @ = ( 2�= G H/. ;�& 0 *1D YQa * ./4FNLYi= K H ,/& 0X.qH / H30 * 89U & 0XH/U ( 89H/U<Y�v ≈ 100MeV/c w. ; . _ ;�K 8 @��9(<;�& .\0 H�3 ;O( ./6�3�.32 & 3 ;/S � 6 @ = G YOa G ./63. @ &9G = G _ 0c. * .�1/U , 0X. * 8O0 & 0 * U�0 * .]k; 3 &9G]& .�H D
& 8 G = G Y &9G Y _ KL;O@ .3Y &IKL; = K H/. & 0 ,O@cKL;V* .<4 ( 8 @���/
& .10p./6�3 &9G<; . ;9, _ *1G�; .H /I& 8 G 4 /A@ H / . * 8 @PW4/ 0X. &)( = G H /)@?(�&9G Y *1: 8O0X.3Y^.�1 1 G 1 / 6 @+, 89.1= G Y * .<4FNLY * .\0 &A( 638�N &A(

= G H /)@?( .�1�1 G 1 / 6 @+, 89.3= G Y *1, 4 /`& 8 ( >b0 , YlH /u&)( 2 1/0 * 3 S�x . * 8 @PW4/ 0X.�.32 & U / Z9.18 &9,/& .\0
./6�3 &A( 6 , > ( Y * .10 &9G 4 D = GC&)( 25638�N &A( 2 / 610c6 D�,9( 2 &IKL; . ; 0?> ;�/ 2 & N ; a ( 0 ( 6 (1@?( 0D > ( 2 ; =M> /�, 0X.3= &�/)@ NL= &�/u; . ,O@ ;9( 2 ; . * 8O0 W�/)@ YlH /
& 89U<= / 0?Y &9G Y`63.389.3H DI& 8 ( 2 * 8 (3: = G Y&AKL;�& 8 ( >b0RN ;E/ 610 & 8 D 6 (<;�& .3Y DI& =F0 &9G];`& .32 &)( 6 (1@PG = G = G H /A@cKL;N, 0 , =M63.3= G Y charm

* .10
beauty H / = (<;O@cKL; .�1�1 ,J* .10M2]6 / 8 (];Q@RKL;3S � 8O0?=FH DI;�/ Y�./6�3 & 0?Yu610 ( = G H/. ;9& 0 *\D Y�63.389.<kH DI& 8 ( 2<Y &IKL;z*1, 4 /J/ 610c6 D�,�KL;e,Q@ ;O(];9& .10F= &A( 2<Yu6 @ ; . *4/ Y �\S~}�* .10 �hSX�\S

� � � �  ����-	����.��
���� ��� ����� ����� 	�� ������� �
TPC

� . ; 0?> ;�/ 2 & U]Yi638 (]W1( 1/U<Yi>s8�3 ;9( 2 /A@ ; .10 (q*1: 8O0 ( Yo. ; 0?> ;�/ 2 & U<Y & 8 ( >b0cN ;e&A( 2�6 / 0X8 , k
H/. &)( Y * .\0LH/. �O@ H /e&A( 2<Y�2]6�3�1 ( 0c6 ( 2<Yn. ; 0?> ;�/ 2 &9D Y &9G Y *4/I;9& 8O0 * U<Yg6 / 8Q0 ( >sU<Y (ITS,
TRD, TOF, HMPID) a 63.38 D > / 0 . * 8O0 W4/A@ Y�H /
& 89U<= / 0?Y &9G Y ( 89H/U<Y &AKL; -F( 8 & 0?=MH DA;�KL;
= K H/. & 0 ,Q@RKL; ap0 * . (]; 6 ( 0 G]& 0 * 3 , 0X.3> K 8O0P=MH�3 , 2 (g& 8 ( >b0RN ; a & .32 &A( 6 (1@PG = G = K H/. & 0 ,O@cKL;* .\0 * .<4 ( 8Q0?=MH�3 &A( 2l= G H /A@P( 2 &9G Y *1: 8O0X.3Yu.�1�1 G 1 / 6 @+, 89.3= G Y S � - .3=-0 * 33Yu>hNL8 ( Y[6 ( 2* .�1 : 6 &�/ 0{= &9G<; E / 2 ,O(/K|*1:]&9G]& .56 / 8O0 ( 8 @���/
& .10'= &A( |η| < 0.9

/I; N�.32<Z ,1;�/
& .10'= &A(
|η| < 1.5 _ 0c. & 8 ( >b0 D Yl6 ( 2 D > ( 2 ; 6 / 8O0 ( 8O0?=MH DA;9( H/U *\( Y * .10 , 0X. * 8O0 & 0 * Un0 * . ; 3 &9GQ& .

} ( �



= &9G<;l( 89H/U S � Y�638 ( Y &9G<;E/ _ *1, 8O=F0X. ( 89H/Uha GJ*1, 1/2<E GS-M&9,3;�/ 0-H D >s8O0 & . 100GeV/cH / 0 * . ;9( 6 ( 0 G]& 0 * U , 0X. * 8O0 & 0 * Ui0 * . ; 3 &9G]& . S � 6 @ = G YOa ,�/�,9( H DI; .t6 ( 2z638 (3D 89> (];9& .10h./6�3&A( 2]Y *4/A;�& 8O0 *1(3: Yr.32 &A(1: Y'. ; 0P> ;�/ 2 &9D YQa<4-.�>s8 G =F0XH ( 6 ( 0 G 4 (3:<; _ 0X. &A( _ 89U _ ( 8 ( = * . ; k, .�130?=FH�352<E G 1 (3:^/ 610c6 D�,9( 2 (online High-Level Trigger - HLT) _ 0X. &9G<;I/ 610<1 ( _ U= G H ,/&AKL; H / >s.3H G 1/U /I;�/ 8 _ 3 , 0X. &A( H/U # � % S
� . ; 0?> ;�/ 2 & U]Y D > / 0/=F> /�, 0X.3= &�/)@ NL= &�/'; .t. ;�& .36 / Z D 1Q4 / 03= &9G H / _ , 1 G 632 *1; 3 &9G]& .& 8 ( >b0RN ; 6 ( 2 . ; .3H DA;�/
& .10 = & 0?Yo6�1 DI(<;�*4/A;�& 8O0 *1D Y�.�1�1 G 1 / 610 , 8 , = / 0PY Pb + Pb = & 0?Y/I;OD 8 _ / 0 / Y &A( 2 LHC v H D >s8O0 dNch./dη = 8000 w S T 2 & 33Y ( H / _ , 1 ( Y^.38O0?4-H�33Yr63.189.]k

_ 33H /I;9KL; = K H/. & 0 ,O@cKL;i(�, U _ G = / = / . ; . _ * .3= & 0 *1D Y & 8 ( 6 ( 6 ( 0cU<= / 0?Yl= &A( =F> /�, 0X.3=MH�3* .10<= & . G 1 /
*3& 8 (]; 0 *\,�&A( 2 TPC a ( 0 ( 6 (1@+/ Y (4, U _ G =M. ; = / H D _ 0P= &�/ Y & 0XH D Y &9G Y * . &9, k1 G E G YOa/6 ( 2 ( 8 @ ��/
& .\0 K Y ( 1�3 _ ( Y &)( 2z.18O0 4-H (1:�&IKL; pad rows
* .10 &IKL;b, 0X.3H / 8 @ = /IKL;&A( 2J>s8�3 ;9( 2 (time bins) 6 ,3;�K ./6�3 &A(d* . & N - 130b638 ( Y &A(<;l( 1/0 * 3 &A( 2<Y�.38Q0 4-H�3ba &9G Y&9, Z G Y &A( 2 40%

*\(];9&9, = &9G<;�/ = K|&�/ 8Q0 * U / 610 -F,3;�/ 0X. &)( 2 TPC * .10 *1(<;�&9, = &A( 15%= &9G<; . ;�&O@ = &)( 0?> GV/ Z K|&�/ 8Q0 * U # � % S
� . ; 0?> ;�/ 2 & U<YV.32 & 33YQa ( 6 K Y /)@ 63.1H /`* .\0p610 ( 6 ,3;�K a /A@ ; .\0 (�*\: 8Q0 ( Yi. ; 0?> ;�/ 2 & U<Y

_ 0X. &9G H / 1 DI&9G . , 8 (<;O@cKL;t& 33= ( = & 0?Y�.�1�1 G 1 / 610 , 8 , = / 0?Y W .38 DIKL; 0+3 ;�&IKL; a#31= (J* .10b= /.32 &9D Y�H /
& .1Z : 638 K|&)(<;O@cKL;/S � 0{. , 8 (<; 0 *1D Y�H /I& 89U<= / 0?Y ,O@ ;9( 2 ; 6�1 G 8 (4-F( 8 @ . _ 0X. &A(/A@+,9( Y &IKL; = K H/. & 0 ,O@cKL; 6 ( 2 /
* 6 D H<6 (];9& .10p.36�3 &9G<; �X6 G _ U �pH D = K &9G YlH / 1 DI&9G Y - .]k
=MH ,/&AKL; = K H/. & 0 , 0cN ; H /|DI; .�U * .\0O6 / 8O0?=M=:3 &�/ 89.u63.38 , Z /I; . *1( 2 , 8 * a _ 0X. &9G<; / Z D 130XZ G= &)( >\NL8 (u* .10]= &)( >s8�3 ;9(u&9G Y �X6 G _ U<= � * . &9,�&9G<; . , 8 (<;9( 6 (\@PG = G H D = Kn&AKL; H / 1 /
& N ;
_ : 8 K ./6�3 =M2<=M> /
& 0P=MH DI; .�= K H ,/& 0X.ba * .<4-NLY * .10 _ 0X. & 0?Y , 0X. * 2<H ,3; = / 0?Yo= /N/ 6 @ 6 /�,9(
_ / _ (<; 3 &A( Y S � 0 H / 1 DI&�/ Yo=M2<=M> /
& 0?=MH<N ;S/ 610 W1, 1�1 ( 2 ; ,�/V&9G H / _ .�1 :]&�/ 8 G ./63. @?&9G = G= &9G<; . * 8 @PW4/ 0X. &AKL; H /I& 89U<= /
KL;�& 33= (t&9G Y ( 8OH/U]YQa@31= (t* .10\= &9G�, 0X. * 8Q0 & 0 * Ui0 * . ; 3 &9G k& . , 0c.1> ( 8O0?=MH (3:e, 2 (l& 8 ( >b0cN ;/SLT 6�3 &9G<;u, 1�1 G H / 8O0 , a G H / 1 D
&9G`&IKL;J, 0X. * 2<H ,3; = /
KL;
. ;9, _ / _ (<; 33YQa ./63.10 &�/)@L&9G<;n*1, 1/2<E G 0 * . ;9(3:k- .3=F0 *1(1: >hNL8 ( 2 v η − PT w NL= &�/e; .* . & . _ 89. --(3:<;�* .10 ; . , 0X.3> K 8O0?= &)(3:<;`( 0 , 0X. * 2]H ,1; = / 0PYu.32 &9D Y�6 ( 2z=F> /I&O@��9(<;�& .10 , H / k
=M.nH /`&9G<; �X6 G _ U � S ' @ ;�/I& .10 ,�/t* . & . ;9(3G]& 3baA3 & 0 _ 0X.nH / 1 D
&�/ Y - .3=MH ,/&AKL;oG�: 63.389Z G
0 * . ;9( 6 ( 0 G]& 0 * U<Y & .12 &)( 6 (1@RG = G Y�= K H/. & 0 ,O@cKL; /A@ ; .10 / Z @ = ( 2q. ; . _ * . @ . S�T[* 33H/.ba _ 0X.&9G H / 1 DI&9Gi&9G Y�8 ( U]Y * .10 &9G<; . ; . * . & .3= *4/ 2<U * .10 /I: 8 / = GV&A( 2 / 610c6 D�,9( 2 &A( 2 _ / _ ( k; 3 &A( Y`>s8 / 0 ,	��/
& .\0 * .�1/U * .10-6�1<U<8 G Y�. � 0XH ( 2Q4 0X. * U *1, 1/2<E GhS m^D 1 ( YQa _ 0X. &9G H / 1 D
&9G= K H/. & 0 ,O@cKL; 6 ( 2 D > ( 2 ; charm
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_ 0c. G 1 /
*3& 8�3 ; 0c.�H /�( 8OH/U PT > 3GeV/c

S
• x .363.10 &A(1: H /A;9G , 0X. * 8O0 & 0 * U 0 * . ; 3 &9GQ& .7= &9G H D
& 8 G = Gn&9G Y ( 89H/U<Yd638 (/*1: 6 &�/ 0
./6�3 &9G<; . ;9, _ *\G ; . =M2 ;�, 2].1= &�/A@ G 6�1 G 8 (�--( 8 @ . H / .32 & U &A( 2 TPC S �

TRD 4-.563.38 D > / 0 , 0X. * 8O0 & 0 * U70 * . ; 3 &9GQ& .+6 ( 2C4-. * 2<H/. @ ;�/
& .10y= & . / 6 @ 6 /�, .&A( 2 5% _ 0X. & 8 ( >b0 D YzH /u( 89H/U PT ≈ 5GeV/c
S

• m^( 6 , > ( Y &)( 25. ; 0?> ;�/ 2 & U 638 D 6 / 0 ; . /A@ ; .10 &9DI&A( 0 ( NL= &�/d&A( 2 130 * 3 &A( 2 ; .
H GQ,9G H30 ( 2<8 _ /)@:/ 610R6�1 DA(]; 2]6�3 W .<4 8 ( a * 2<8 @cK Y`.36�3 &9GQ/
* 6 ( H<63U -FK|&A(<;O@cKL; aFH /
./6 (]&9D 1 / =FH/. ; .d.32<Z ,1;�/ 0 &9G<;`* . &9, 1 G E Gi&AKL; pixels.

� 01./63.10 & U<= / 0?Y�6 ( 2z. ; . -FD 8j4 G]* . ; 610 ( 6 ,3;�K a (4, U _ G =M. ;�* .10\= &9G 63.38 (1: =F.V=M> / k,O@ .3= GC&A( 25. ; 0P> ;�/ 2 & U S � 8 G =F0XH ( 6 ( 0 (1:];9& .10 * 2 130 ;�, 8O0 *1D Y�=M2 ;�&�/I& . _ H DA;�/ YgH / .189>sU= &)(�*1DA;�& 8 (n&A( 2�= K 1/U ; . &9G Y ,9D =FH G Y * .10 4 /I& 0 * 3 , Z (<; . z 6 ( 2 ,�/A@ > ;�/ 0p638 ( Y &9G];* . &9D 2Q4-2 ; = G�&)( 2�. ; 0?> ;�/ 2 & UqH30 (<;O@cKL;/S�x *1, 1/2<E G = &9G<; E / 2 ,9(/K|*\:Q&9G]& . /A@ ; .10 = &A(
|η| ≤ 0.9 _ 0X. ; . & .10X8O0 ,	��/ 0LH /i&9G<; . ;�&O@ = &A( 0?> G�*\, 1/2]E Gq&A( 2 TPC S � 0 4 , 1/.3H ( 0&A( 2 TRD _ / H @��9( 2 ;e&A( >hNL8 ( 6 ( 2�2]6 , 89> / 0 H /
& .1Z :�&A( 2 TPC * .10 &IKL; 4-.�1 , H ( 2

} ( 4



&)( 2d. ; 0?> ;�/ 2 & UeH D
& 8 G = G Yz>s8�3 ;9( 2e6 & U<= G Y TOF _ 0X. &)(g( 6 (1@?( 4-.gH30<1/U<= ( 2<H / = &9G=M2 ;9D > / 0X. S ' 0X. ; . * .�1 : E / 0 &A(E, 0X.3> K 8O0?=MH�3i6 ( 2`638 ( = -FD 8 / 0 &A( space frame
# } % = &9G<;

. � 0cH ( 2O4 0c. * U _ KL;Q@ . - a ( . ; 0?> ;�/ 2 & U<Yz.36 (Q&�/ 1 /A@ & .10 ./6�3 }-4i*1( H/H ,/& 0X.�6 ( 2 * .�1 (3:<; k& .10 super modules.
��, 4 /'&9DI&A( 0 (e,�/ ./6 (]&�/ 1 /A@ & .10h./6�3 fN/ 610XH D 8 ( 2<Y / 6 @ 6 /�, . K Y^638 ( Y&9G<;

r =M2 ;�&�/
& . _ H DI;9G�* .10{.36�3 2 � N ;�/ Y K Y�638 ( Y &9G z v * . &9, H/U *1( Y &A( 2 , Z (<; .&9G Y ,OD =MH G Y w S"% . ; = :<;9( 1 ( 1 ( 0c6�3 ;JD > ( 2<H / � 18x5x6 = 540 TRD modules.
�B/ 8O0Pk*1D Y[1 / 6 &)( H D 8 / 0 / Y _ : 8 K ./6�3 & 0?Y &�/ > ; 0 *\D Y�638 (�, 0X. _ 89. --D Y &A( 2`. ; 0P> ;�/ 2 & U - . @ ;9(<;�& .\0= &)(<; 6 @ ; . * . � S0/sS

�`, 1/2]E G |η| �\S �
��, 1<2<E G φ 2πT�*1&O@ ; . 2.9 < r < 3.7m
� U *1( Y ≈ 7000mm

� 0X.3> K 8O0?=MH�31Yz= &9Ge- } 4 H D 8 GT�*3& 0 ; 0 * 31Y , 0X.3> K 8O0P=MH�33Y fV/ 6 @ 6 /�, .
� 0X.3> K 8O0?=MH�33Yz= &A( z 2 H D 8 G

� 1/0 * 31Y`.38O0?4-H�33Y�4-.�1 , H KL; 2 / �

� @ ; . * .3Y � S0/ � � .38 , H /
& 8 ( 0 &A( 2i. ; 0?> ;�/ 2 & U TRD S

� � � �  ����-	����.��
���� 	�� ������� ��
�������� �
TOF

� . ; 0?> ;�/ 2 & U<Yz>s8�3 ;9( 2o6 & U<= G Y &A( 2<Y�6 / 0X8 , H/. &)( Y ALICE # 21% a * .�1 : 6 &�/ 0 &9G<;l*4/A; k& 8O0 * Ue6 / 8O0 ( >hU &9G YtE / 2 ,9(/K|*1:]&9G]& .3Ydv |η| ≤ 0.9 w * .10 63.38 D > / 0 & .12 &)( 6 (1@RG = G = K H/.]k& 0 ,O@cKL; = &9G<; H / =M. @ .t6 / 8O0 ( >sU &IKL;�( 89H<N ; v 0.2−3.1GeV/c w S T 6�3 &9G = & 0 _ H/U�6 ( 2 G6�1 / 0 (]; 3 &9G]& . &AKL; = K H/. & 0 ,Q@RKL;8/
* 6 D H<6 (<;�& .10F= / .32 & U &9; 6 / 8Q0 ( >sUha G ./6�3 ,O( = GQ/A; 33Y&9DI&A( 0 ( 2i. ; 0?> ;�/ 2 & U /A@ ; .10s6 ( 1 : = G H/. ;�& 0 * U _ 0X. &)( 6 /)@ 8O.3H/. S{x . ;O@ > ;�/ 2<= G .�1�1 ,J* .10& .32 &A( 6 (1@RG = G = K H/. & 0 ,O@cKL; = / .12 & U ;d&9G<; 6 / 8Q0 ( >sU &AKL;�( 89H<N ; a 4-. W1(3G 4-U<= / 0 = &9G
H / 1 DI&9G`& 31= (V&9G Y --: = G YQa@31= (V* .10 &9G Y / Z D 130cZ G Y &A( 2t=F2]= & U]H/. &A( Y"6 ( 2 ,9G H30 ( 2<8 _ /A@ k& .10 H /I&9, ./6�3 H30X. .�1�1 G 1 / 6 @<, 89.3= GeW .38 D
KL; 0+3 ;9&IKL; = /G/I;9D 8 _ / 0 / YQ336 K Yi.32 &9D Y &)( 2
LHC

S
� . ; 0?> ;�/ 2 & U<Y`.32 & 33YQaMH /�&9GtW1( UQ4 / 0c. &AKL; ITS * .\0 TPC 6 ( 2J. ; .�1/.3H W1,3;9( 2 ;* 2<8 @cK Y &9G<; . ; . * . & .1= *4/ 2<U &)( 2d= G H /A@?( 2 &9G Y *1: 8O0X.3Yl.�1�1 G 1 / 6 @+, 89.3= G Y * .<4-NLY * .10&9G<;z& .32 &A( 6 (1@PG = G = K H/. & 0 ,O@cKL; = &A( >s.3H G 1�3 -F, =MH/. &AKL;z( 8OH<N ; v PT ≤ 0.6GeV/c a4-.l63.18 D > / 0s. ; . _ ; NL8O0?= G 610 (<;O@cKL; a * . (<;O@cKL; .�1�1 ,V* .10h638 K|&A(<;O@cKL; = /[/ 6 @ 6 /�,9( event

} ( �



by event (E-by-E).
m . . ; . _ ;�K 8Q0?=MH DI; . .36�3 &)(<; TOF = K H/. &O@<, 0c. 4-. >s8 G =F0XH ( k

6 ( 0 (1:];9& .10 _ 0c. &9G H / 1 D
&9G . , 8 (<; 0 * N ; 63.389.3H DI& 8 KL; = /e*1, 4 / _ / _ (<; 31Y S %'&)(]/ 6 @ k
6 /�,O(j,�/V&9G Yi=M2 ;9( 130 * U]Ye. ;9, 1<2<= G YQa * .43 ; 0c.�4-.�>s8 G =F0XH ( 6 ( 0 (1:];9& .10 _ 0X. &9G H / 1 D
&9G&9G Y�. ; .�1�1 (1@cK|&9G YuH ,	� .3Y * .\0b610 ( =M2 _ *4/
* 8Q0cH DA; . _ 0c. &9G H / 1 D
&9Gl&AKL;�* . & .3= &9, = /
KL;
open charm a * .<4FNLY * .10 _ 0X. &9G<; 63.389. _ K _ U φ H / = (<;O@cKL;/S " �L; .3Y &9DI&A( 0 ( YE1 ( 0R6�3 ;
. ; 0P> ;�/ 2 & U<YOa'H / H / _ , 1 G�*1, 1/2<E G - .3=F0 *1(3: >hNL8 ( 2haL638 D 6 / 0 ; .^1 / 0 &A( 2<8 _ /A@ ./6 (�,9( k& 0 *1, = /�DA; .56 / 8O0 W1, 1�1 (]; 6 ( 2x3/6 K Y /A@ 63.3H / . ; .3H DI;�/I& .10 ; .+>s.38O. *3&9G 8 @���/
& .10 ./6�3
H / _ , 1 G 632 *1; 3 &9G]& . & 8 ( >b0cN ;/S " �|& =-0 a|H /VW3, = G .32 & 3ba 4-.�638 D 6 / 0 G ./6�3 * 8Q0?=MU &A( 2; . /A@ ; .\0 &9DI&A( 0X.7NL= &�/d; .7. ;�& ./6 / Z D 89> /
& .10'= / 6 ( 1�1/./6�1�3 &9G]&�/ Yg6 ( 2C. _s_ @��9( 2 ; &A(
dNcharg./dη ≈ 8000

S
� TOF

* .�1 : 6 &�/ 0<H30X. * 2;130 ;�, 8Q0 * U�6 / 8O0 ( >sU�H / 6 ( 1/0 * Uu.36 (�,9( >hU |θ−90o| < 45o S" � > / 0 & H G H/. & 0 * U ,9( H/U[6 ( 2�. ;9& . ; . * 1 ,/& .103= /r}-4"& H/U<H/. & .u= &9G<; . � 0XH ( 2Q4 0X. * U _ KL;O@ .
φ
* .10 2`& H/U<H/. & . * . &9, H/U *1( Y &)( 2 , Z (<; . &9G Y ,9D =MH G Y S � &�/ 1 / 2 & . @?( Y , 0X.3> K 8O0?=MH�31Y

/ 610<1 D >\4 G]*4/ _ 0X. ; . & .10X8O0 , Z / 0 H /z&A(<; . ;�&O@ = &A( 0P> (j, 0c.1> K 8Q0?=MH�3 &A( 2�638 (3G _ (3: H /I;9( 2. ; 0P> ;�/ 2 & UVv TRD w &)( 2 ( 6 (1@?( 2 ( 0Q4 , 1/.3H ( 0]H<63. @ ;9( 2 ; = &A(<; /I;�, 0 , H / = ( .36�3 &A( TPC* .10 TOF >hNL8 (bSlx 3�1 G ,9( H/Ug=M> G H/. &O@���/ 0 DA; . ;o* 2 130 ;�, 8O0 * 3 - 1 ( 0+3qH /G/ = K|&�/ 8Q0 * U* .10 / Z K|&�/ 8O0 * UV. *3&O@ ; . 370cm
* .10 399cm . ;9&O@ = &A( 0?>s. S �B/ 8Q0 *\D YJ1 / 6 &)( H D 8 / 0 / Y &9G Y

=M> /�,Q@ .1=MU<Y &A( 2J. ; . --D 8 (<;�& .10 = &A(<; 6 @ ; . * . � S 2\S

��, 1<2<E G |η| �hS �
��, 1<2<E G φ 2πT�*3&O@ ; . 3.7 < r < 3.99m
� U *\( Y ≈ 7450mm

� 0X.3> K 8O0?=MH�33Yt= &9GQ- }-4 H D 8 G
� 0c.1> K 8Q0?=MH�33Yt= &A( z 2 H D 8 G

� 1/0 * 31Y�.38O0?4-H�33Yu4 .�1 , H KL; � �

� @ ; . * .3Y � S32 � � .38 , H /
& 8 ( 0 &)( 2i. ; 0P> ;�/ 2 & U TOF S

� ��� ����� ��� ����� �����  ����-	���� ��
�� � 
����
ALICE

%'&9G<; 63.38 , _ 8O. -F( .32 & Un4-.C. ; . -:/ 8j4 (3: H /S/I; =M2 ;�&A( H /)@ .C= &)( 2<Ye2]6�3;1 ( 0c6 ( 2<Y�. ; 0Pk
> ;�/ 2 &9D Y &A( 2J6 / 0X8 , H/. &)( Y S

}-4��



� ������� � � � ��� � ��� 
 	 � HMPID

� . ; 0P> ;�/ 2 & U<Y & .32 &A( 6 (1@RG = G Y`= K H/. & 0 ,O@cKL; 2<E G 1/U<Y ( 89H/U<Yuk High-Momentum Par-
ticle Identification Detector (HMPID) [6],

/)@ ; .10L. --( =F0 K H DI;O( Yg= &9G<; . ; . _ ; NL8O0P= G. , 8 (<;O@cKL; H /`& 0cH/U / _ *\, 89=F0X.3Y ( 8OH/U]Y PT > 1GeV/c
S � . ; 0?> ;�/ 2 & U<Yl.32 & 33Y * .�1 : k

6 &�/ 0 DI; .q=M> /
& 0 *1, 6 ( 1 : H30 * 8�3 H D 8 ( Y &)( 2 - .3=F0 *1(3: >hNL8 ( 2Cv 5% w 6 ( 2 * .�1 : 6 &�/
& .\0./6�3 &A( 2<Yt2Q6�3;1 ( 0c6 ( 2<Yl. ; 0?> ;�/ 2 &9D Y &9G Y *@/I;�& 8O0 * U<Yt6 / 8Q0 ( >sU<Y S"x _ /
K H /I& 8 @ . ,�/u&)( 2
. ; 0?> ;�/ 2 & UV=M> /�, 0 , = &9G]*4/ 1/.3H W1,3;9(<;�& .3Yu2]6�33E G<;u&9G<; 63.389. _ K _ UV= K H/. & 0 ,Q@RKL; H / H / k
_ , 1 ( PT

& 33= ( = / .�1 1 G 1 / 610 , 8 , = / 0?Y pp a 33= (�* .10 W .18 D
KL; 0+3 ;�&IKL;3S � HMPID4-. /A; 0?=M> : = / 0 & 0?Y , 2 ; . & 3 &9G]&�/ Y & .32 &)( 6 (1@PG = G Y &A( 2�6 / 0X8 , H/. &)( YeH /z&)(�; .q63.38 D > / 0
6�1 G 8 (�--( 8 @ . _ 0X. = K H ,/& 0X.qH /l( 89H/U * 2<8 @cK YV6 ,3;9K ./6�3 &A(I, 0 , = &9G H/.n= &A(q( 6 (1@P(�( 0
2]6�3;1 ( 0R6 ( 03. ; 0P> ;�/ 2 &9D Yuv * .10 * 2<8 @cK Y ( TOF w /A@ ; .10 1 / 0 &A( 2<8 _ 0 *1(1@~S � . ; 0?> ;�/ 2 & U<Y .32Ok& 33Y`4-. W1(3G 4-U<= / 0M= &)( , 0X.3> K 8O0?=MH�3 &AKL; π/K * .10 K/p = /�/ 6 @ 6 /�,O(�& 8 ( >s0 , YlH D >h8Q0& . 3GeV/c

* .10 5GeV/c . ;�&O@ = &)( 0?>s. Szx *1, 1/2<E G 6 ( 2e4-.�63.38 D > / 0p= &9G<; E / 2 ,9(/K k*1:]&9G]& .g6 / 8O0 ( 8 @���/
& .10 = &)( , 0 , = &9G H/. |η| < 0.6
/I; N &)( . ;�&O@ = &A( 0?> (I, 0 , = &9G H/.g= &9G];

. � 0cH ( 2O4 0c. * U _ KL;O@ . /A@ ; .\0 &9G Y &9, Z G Y &AKL; 57.610
S � . &A( 6 ( 4 /
&9G 4 /A@ = / ./6�33= & .3= G

5m ./6�3 &)(�*1DA;�& 8 (�&)( 2 = K 1/U ; . &9G Y ,OD =MH G Y /A; N 4-.�> K 8 @���/I& .10 = / �n*1( H/H ,/& 0X.
= &)( -5* .\0 z a D > (<;�& .1Y DI; .n=M2 ;9( 130 * 3 .38O0 4 H�3�4 .�1 , H KL; 6 ( 2 -M&9,3;�/ 0 &)( 2<Y*( 3/6 K Y
- . @ ;�/
& .10F= &A( =M>sU]H/. � SX�\S

� ������� � � � ��� � ��� 
 	 � PHOS
� . ; 0?> ;�/ 2 & U<Y PHOton Spectrometer - PHOS [7],

/)@ ; .10 DI; . G 1 /I*3& 8 ( H/. _ ;OGQ& 0 * 3 - .<k
=MH/. & 33H /
& 8 ( H / 6 ( 1 :i* .�1/U , 0X. * 8O0 & 0 * Ug0 * . ; 3 &9GQ& .d6 ( 2J4-. /)@ ; .10 &A( 6 ( 4 /
&9G H DI;9( = /
H30X.�6 / 8O0 ( 8O0P=MH DI;9G 6 / 8O0 ( >sU &A( 2 - .1=F0 *1(3: >hNL8 ( 2 * .10-4 .�63.38 D > / 0 . ; . _ ; NL8Q0?= G -MK k&)(];Q@RKL;o* .<4-NLY * .10 ( 2 ,OD
&�/ 8 KL; H / = (<;O@cKL; H D = K &A( 2 * . ; .�130 (1: , 0 , =M63.3= G YV= /G, 2 (
-FK|& 3 ; 0c. S � 0 *1: 8O0 ( 0p= & 3]> ( 0 &A( 2d. ; 0?> ;�/ 2 & U�.32 &A(1:S/)@ ; .10 ; .g=F2]H W1, 1�1 / 0-= &9G H / 1 D k&9G�&AKL; 4 / 89H30 * N ;o* .10 , 2 ; .3H30 * N ; 0 , 0 (]& U &IKL;e&A( 2�=M2<= & U<H/. &)( Yt6 ( 2 ,9G H30 ( 2]8 _ /)@ & .\0= &9G<; .189>b0 * U -F, = G H /I&9,�&9G = : _ * 8 ( 2<= G H D = K�&9G YyH DI& 8 G = G Y - .3=MH ,/&AKL; ./6 / 2O4 /A@ .3Y
single photon .�1�1 ,o* .10 diphoton.

" �L; .d. * 33H/.d= G H /)@?( = &A(e( 6 (1@?( 4-.e=M2<H W1, 1�1 / 0 (
. ; 0?> ;�/ 2 & U<Y�.32 & 33Y[4-. /A@ ; .\0 * .10 GQ, 0 / 8 /A:<;9G = Gl&A( 2 jet quenching =M. ;�, H / = ( >s.389.]k*3&9G 8O0P= & 0 * 3 &9G Y : 63.389Z G Y QGP H D = K+&9G Y[H / 1 D
&9G Y - .3=FH ,/&IKL;z( 2 ,9D
&�/ 8 KL; 610 (<;O@cKL;
v π0 w * .10h. ; . _ ; NL8O0?= G Y[610 ,9,/*3KL; H D = K7&9G Y"H / 1 D
&9G Y &AKL; =M2<=M> /
& 0?=MH<N ; γ− jet

* .10
jet − jet

Snx *1, 1/2<E G = &9G<; E / 2 ,O(/K|*1:]&9G]& .j3/6 K Y /A@ 63.3H / 4-. /A@ ; .10 6 / 8O0 ( 8O0P=MH DI;9G
= &)( |η| < 0.12 a ∆φ = 1000 = &9G<; . � 0cH ( 2O4 0c. * U _ KL;O@ .ba G ./6�31= & .3= G ./6�3 &A( = G kH /)@?(e&9G Yu.�1 1 G 1 / 6 @+, 89.1= G Y[4-. /)@ ; .10 ≈ 4600mm

* .10 ( . ; 0P> ;�/ 2 & U<Y�4-.e./6 (]&�/ 1 /A@ & .10
./6�3 2 4-.�1 , H ( 2]YzH /�DI; .�=M2 ;9( 130 * 3�.38Q0 4-H�3 * 892<= &9, 1�1 KL; 6 ( 2i4-.�. _h_ @���/ 0 &)( � 2 45/* .�1 : 6 &AKL;�& .3YzH30X.o6 / 8O0 ( >sU 8m2

S
}-4h}
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modules

�,&�/���$ )���$���/1���
HMPID

9������������ ����� ��!�"#!��$�%��&���')(
��!+*,��!-"�.��/��*���!0*,����12�43�&��

(space frame) 576 "�8��9������"#�#12�:*,��;����/�<��'�*=�>*,�?!>"#��@�'A��!
AliRoot

�

B<CED7CGF HJI7K=LNMOK�P�Q=R�S�T
EMCAL

U *=���AVW�X��*=� 6 �+��!#Y Electromagnetic Calorimeter - EMCAL
��� �����Z�%"#&�1����#*=��'���!#�

��" 6 ��&��[��!#"#!��\'%��&�*=�]��!#Y^*=�_*���'�*=&]���0�?!`����a,���b��&c�?!#Yd"#���41�;#�����?!#�fehg?ij� U
EMCAL

elkWi#�\�m�?� �2���W��!�"#!��$�%��&���'A��!��Z��'�*=�n*,��&���"#�A1W��!W���o"#!#Yo!#1W�Xp2����!m����a,���b��&�� 5@���.�qb"���!��r�?�#�s'A������@�Yb.#� �2V�12�X@ 6 ����1�!�"#��12�X"#!#Y 112cm
*,��&�����@#�2� �2�X@��0*=Y��2�:*,�r��*=�

�#��;����A*=�t�#" 6 ��!t"�.��/��*���!u*,����12�43�&�� (space frame)
evg?i\@������?!��n����a,���b��&/� w 6 a�8x��&��a,�%8����A��12�4�#�y� 6 *=!9�?!#Y PHOS 5#6 *=!t@��/����!#Y HMPID

��!9@��#.�!�12�4���%��1�!u@���.�qb"������
�#�4�z"#�A12�:!W���z"#!#Y{�%@#���?� ���%�?����*=�og�g}|~��!��41��A�y*,��&��o�#p2�4��!#YW�$�4��@��{a�8��2�4�t� 5 V2�X"�.��t��" 6��!�Yb�n�\��.�;#��!#Y��n�?!#Yt���A.���Yb������!�Y/�

grk��



� ������� � � � ��� � ��� 
 	 � PMD
� . ; 0?> ;�/ 2 & U<Y Photon Multiplicity Detector - PMD

D > / 0 K Ye.189H (�, 0+3 &9G]& . &9G H D k& 8 G = G�&9G Y 6 ( 1�1/./6�1�3 &9G]& .3Y * .\0 &9G > K 8Q0 * U * . & . ;9( H/Uz= &)(E- .3=F0 * 3V>hNL8 ( η−φ &IKL;-FK|&A(<;O@cKL; = /8/ 6 @ 6 /�,9( _ / _ (]; 33Yi. ;9, _ / _ (<; 33Yi= &9G]; 6 / 8O0 ( >sU &AKL; H / _ , 1 KL;J& 0XH<N ;&9G Y^E / 2 ,9(/K|*1:]&9G]& .1Y # � % S � PMD 4-.l>s8 G =F0XH ( 6 ( 0 G 4 /)@ = / H / 1 D
&�/ Y , 0X. * 2<H ,3; = /
KL;
= /e/ 6 @ 6 /�,9( _ / _ (<; 33Yo. ;9, _ / _ (<; 33YQa = &9G H / 1 DI&9G�&9G Yi8 ( U<Yi.�1�1 , * .10 = &)( =F> G H/.]k& 0?=FH�3+./6 ( 638 ( =F. ; . &)( 130?=MH DA;9( 2B> / 0c8O.�130 *\(3: =M2<H<632 *1; NLH/. &)( Y (Disoriented Chiral
Condensate - DCC).

� . 63.18 D > / 0 ,�/e/I*3& 0XH/U<= / 0?Y _ 0c. &9G<;T/ _ *1, 89=F0X. & 0XH/U &9G Y G 1 / k*3& 8 ( H/. _ ;9G]& 0 * U<Y /I;OD 8 _ / 0X.3Y * .<4FNLY * .10 &)(B/ 6 @ 6 /�,9(q&9G YV.�1�1 G 1 / 6 @<, 89.3= G Yl6 , 130p= /*1, 4 / _ / _ (<; 33Y S
� . ; 0P> ;�/ 2 & U<Yg.32 & 33Yd4-. &A( 6 ( 4 /
&9G 4 /)@ = / ./6�33= & .3= G 360cm .36�3 &)( = G H /A@?(&9G Y *1: 8O0X.3Yo.�1�1 G 1 / 6 @+, 8O.3= G YOa = &9G<; . ;�&O@ 4 /
&9G ./6�3 &A(<; . ; 0?> ;�/ 2 & UnH30 (<;O@cKL;e* . &�/I: k

4-2 ; = G�* .10 4-. * .�1 : 6 &�/ 0 &A(I, 0 , = &9G H/. 2.3 ≤ η ≤ 3.5
S � PMD 63.38 D > / 0 6�1<U<8 G*1, 1<2<E G = &9G<; . � 0XH ( 2Q4 0X. * U _ KL;O@ . -n* .10b4-.J.36 (Q&�/ 1 /A@ & .10F=F2 ;O( 130 *1, ./6�3 /V*\: 8Q0 ( 2<Y

4-.�1 , H ( 2<Y S

� ����� � � � � ��� � ��� 
 	 � FMD
x *\: 8Q0c.7.38OH (�, 0+3 &9GQ& . &A( 2 Forward Multiplicity Detector - FMD

/A@ ; .10 ; .563.38 D k
> / 0MH D
& 8 G = Gl&9G Y[6 ( 1�1/./6�1�3 &9G]& .3Y &AKL;8--( 8 & 0?=FH DI;�KL; = K H/. & 0 ,O@cKL; = / 6 / 8O0 ( > D Y &9G Y
E / 2 ,9(/K|*1:]&9G]& .1Yd6 ( 2 ,�/I;�* .�1 : 6 &A(<;�& .10L./6�3 &A( 2]Yd. ; 0?> ;�/ 2 &9D Y &9G Y *4/A;�& 8O0 * U<Yd6 / k
8O0 ( >sU<Y � −3.4 < η < −1.7

* .10 1.7 < η < 5.1
# } � % S � FMD 4-. / 610 & 8 D E / 0 &9G

H / 1 DI&9G[&IKL;R, 0c. * 2<H ,3; = /IKL;"&9G Y'6 ( 1�1/./6�1�3 &9G]& .3Yr= /_/ 6 @ 6 /�,9( _ / _ (<; 31Yr. ;9, _ / _ (]; 33Y* ./4FNLY * .\0 &9G<; . ;9, 1/2<= GV&9G Y�8 ( U<Y`= &)(S- .3=F0 * 3�>hNL8 ( 6 ( 2 * .�1 : 6 &�/ 0 S � . �Q@:,�/ H /&)( = : = &9G H/. &IKL; pixels &A( 2 ITS 4-.z63.38 D > / 036�1 G 8 (�--( 8 @ . _ 0X. &9G<; 6 ( 1�1/./6�1�3 &9G]& .&AKL;�-F( 8 & 0?=MH DI;9KL; = K H/. & 0 ,O@cKL; = /^DA; . ;�/I*3&�/I; U - .3=F0 * 3J>hNL8 ( −3.4 < η < 5.1
S �

. ; 0?> ;�/ 2 & U<YJ.32 & 33Yo./6 (]&�/ 1 /A@?& .10 ./6�3 2\}9� ����* . ;9, 130X.�6 ( 2 * . & . ;9D H (<;�& .10 = / 6 DI;�&�/
, . *3& 2 1 @P( 2<Y S

� ������� � � � ��� � ��� 
 	 � ZDC
x 63.38 , H /I& 8 ( Y /
*4/)@ ;OG 6 ( 2 =M> /I&O@ ��/
& .\0 6 / 8O0?=M=#3 &�/ 8 ( ./6�3 *1, 4 /J, 1�1 G H /i&9G _ /
K kH /I& 8 @ .qH30X.3YJ.�1�1 G 1 / 6 @+, 8O.3= G Y /A@ ; .\0 ( .38O0?4-H�33Y &AKL;o;O( 2 * 1 /I(<;O@cKL; 6 ( 2 1/.3H W1,3;9( 2 ;
H D 8 ( Yl= / .12 & U S � .38Q0 4-H�33YV.12 & 31YtH<6 ( 8 /A@ ; . /
*3& 0XH G 4 /)@ H D = K &9G YtH D
& 8 G = G Y &9G Y
/A;9D 8 _ / 0c.1Y"6 ( 2tH /
& . -FD 8 ( 2 ;�& .lH G .�1�1 G 1 / 610 , 89N ;�& . ;O( 2 * 1 / 3 ; 0X. &IKL;b,�/ =MH<N ; = &9G<;
/ H<638�33=s4 0X. * . &�/I: 4-2 ; = G v = / H G ,ODI; H (1@ 8 / Yy= / =M> D = G H /|&A(<;r, Z (<; . &9G Y ,9D =MH G Y w S x/A;9D 8 _ / 0c.g6 ( 2o. ;�& 0?= &)( 0?> /A@ = / .32 & U &9G]; 6 / 8O0 ( >hU / 1 1/. & N ;�/
& .\0FH /�&9G<; . : Z G = Gi&9G Y
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*4/A;�& 8O0 * 3 &9G]& .3YnH30c.1Yg.�1�1 G 1 / 6 @<, 89.3= G Y S5m .+H G .�1 1 G 1 / 610 , 8�N ;9& . ;9( 2 * 1 / 3 ; 0X.ba'4-.
. ; 0P> ;�/I:<(<;�& .10h= &)( 6 /A@ 89.3H/. ALICE ./6�3 & . Zero Degree Calorimeters - ZDC

# }<}&% S
%'&9G<; 0 ,�/ . & UV6 / 8 @ 6 &IK = GV* . &9,e&9G];z( 6 (1@ . 3;1<. & .oH G .�1�1 G 1 / 610 , 8�N ;�& . ;9( 2 * 1 / 3 ; 0X.
. ; 0P> ;�/I:<(<;�& .10~a & 3 &�/[( 2]6 ( 1 ( _ 0?=MH�33Y &A( 2V.38Q0 4-H (3:i&IKL;`;O( 2 * 1 /I(<;O@cKL; 6 ( 2l63. @ 8 ;9( 2 ;H D 8 ( Y�= &9G<; .�1 1 G 1 / 6 @+, 89.1= G 4-. ,O@ ;�/I& .10-./6�3 &9G<; 610 (d*\,/&IK =M> D = G �

EZDC(TeV ) = 2.76Nspectators

Nparticipants = A−Nspectators
v � S } w

3/6 ( 2 �\S ( fI/)@ ; .10 GI/I;9D 8 _ / 0X. &A( 2 ;9( 2 *@/ 1 (<;O@?( 2�= /v,9D =MH G Pb = & 0PY /A;9D 8 _ / 0 / Y &A( 2
LHC

S
� ZDC 4 . &)( 6 ( 4 /I&9G 4 /A@ 116m .36�3 &A( = G H /A@P(d&9G Y`.�1�1 G 1 / 6 @+, 8O.3= G Y S � 6 , 8jk

> ( 2 ;�, 2 (v, 0c. -F( 8 /I& 0 *1(1@ . ; 0?> ;�/ 2 &9D Y�6 ( 2t4-.i>s8 G =F0XH ( 6 ( 0 G 4 (3:<; � DI; .1Y _ 0X. ;�/
& 8�3 ; 0X.&A( 6 ( 4 /
&9G H DA;9( Y"= &A(l*1DA;�& 8 (V&)( 2 , Z (<; . &9G Y ,9D =MH G Y * .\0 DA; .3Y , 1�1 ( Y _ 0X.l638 K|& 3 ; 0X.6 ( 2 ,�/A; H /
&9D > ( 2 ; = &9G<; .�1 1 G 1 / 6 @+, 89.1= G a &)( 6 ( 4 /I&9G H DI;9( Yd= /i&9D
&A( 0c.�4 D = G NL= &�/; . & .5. ; 0?> ;�/A:�/ 0 1/.3H W1,3;O(];9& .3Yg2]6�33E G<;g&9G<;g& 8 ( >b0 , &)( 2<Y 1�3 _ K &A( 2�H/. _ ;OGQ& 0 *1(1:6 /�,Q@?( 2 S`m^( 3�1 ( . ; 0?> ;�/ 2 & 0 * 3 = : = &9G H/. ( 1 (/* 1 G 8�N ;�/I& .10 * .10p./6�3 DI; . G 1 /
*3& 8 ( H/.]k
_ ;9G]& 0 * 3 * .�1 ( 8 @ H /I& 8 ( 6 ( 2 /)@ ; .10 / 610 -F( 8 & 0P=MH DI;9(o; .V. ; . _ ;9K 8 @���/ 0s= /^*1, 4 / _ / _ (<; 31Y= K H ,/& 0X.z6 ( 2 /I* 6 D H<6 (<;�& .101= / H / _ , 1 / Y & 0XH D Y &9G YrE / 2 ,9(/K|*1:]&9G]& .3Yzv * 2<8 @cK Y π0 6 ( 2, 0X.3=b6/N ;9& .10\= / , 2 (E-MK|& 3 ; 0X. w S � =F2 ;�, 2<.3=MH�33Y &9G Yr6�1 G 8 (�--( 8 @ .3Y[./6�3 & .l. , 8 (<; 0 *1,* .10 &A(lG 1 /
*3& 8 ( H/. _ ;9G]& 0 * 3 * .�1 ( 8 @ H /
& 8 (l*1,3;�/ 0 , 2 ; . & 3 &)( >h.189. *3&9G 8O0?=FH�3 &9G Y *\, 4 /.�1�1 G 1 / 6 @+, 89.3= G Y K Y"638 ( Y &9G<;�*@/I;�& 8O0 * 3 &9G]&9,l&9G YR3/6 K Y - . @ ;�/I& .10 * .\01= &)( _ 8 ,�-FG H/.
� S �
��� ����� � � � ��� � � � 
 	 � MUON
� . ; 0?> ;�/ 2 & U<Y &IKL; H30 (<;O@cKL; =M> /�, 0 , = &9GQ*@/ _ 0X. ; .V. ; . _ ;�K 8 @���/ 0\H30+3 ; 0X.V= /rDI; . D 2]8 ( Y6 ( 1/0 * N ; _ KL; 0cN ; H /
& .3Z : 20 − 90

S m^( =F2 _ *4/I* 8O0XH DI;O(v, 0 , = &9G H/.V6 ( 2 /)@ ; .10hH30X.J= :<; k
4 / = GJ* .10 DI; .1Yt=F2]H W 0 W .3=MH�33YzH /
& .3Z :e*1, 1/2<E G Y &A( 2 - .3=F0 *1(3: >hNL8 ( 2 * .\0 * 33= &)( 2<Y* . & .3= *4/ 2<U]Yd. ;9& 0?= &A( 0?> /A@ = /oDI; . /I: 8 ( Y &9G YoE / 2 ,9(/K|*\:Q&9G]& .3Y −4.0 < η < −2.4# }9�1% S � . ; 0P> ;�/ 2 & U<Y`./6 (]&�/ 1 /)@ & .10-./6�3 & .o63.189. *1,/&AK = &A( 0P> /)@ . �

• " �L; . ; ./6 ( 898 (�--GQ& U _ 0X. &9G<; ./6 ( 898�3 -FG = Go&IKL; . , 8 (<;O@cKL;l* .\0 &AKL;G-FK|&A(<;O@cKL;
./6�3 &A( = G H /A@P(o&9G Yu.�1�1 G 1 / 6 @+, 89.3= G Y S

• " �L; .d= : = &9G H/.J. ;O@ > ;�/ 2<= G Y`6 ( 2i6 / 8O0<1<.1H W3,1;�/ 0 } �v/ 6 @ 6 /�, . S
• " �L; . ; H / _ , 1 ( , 0R6 ( 130 * 3�H/. _ ; U &9GhS
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% >sU<H/. � S � � � =M2 ;�, 2<.3=MH�31Y &9G Yu6�1 G 8 (�-F( 8 @ .1Y &AKL; . , 8 (<; 0 * N ;V* .�1 ( 8O0XH D
& 8 KL;V* .10&)( 2 G 1 /
*3& 8 ( H/. _ ;9G]& 0 *1(3: _ 0X. &)(];e* ./4 ( 8O0?=FH�3 &9G Y *4/I;�& 8Q0 * 3 &9G]& .3YoH30X.3YJ.�1�1 G 1 / 6 @ k, 8O. ,9G Y S

• " �L; . --@ 1 & 8 ( H30 (<;O@cKL; 6 ( 2t. *1( 1 ( 2Q4 /A@ & .10s./6�3 DA; .V= : = &9G H/. &�/ =M= , 8 KL; 4-.�1 , k
H KL; = * . ;�, .�130?=MH (3:hS

• � 0c. / = K|&�/ 8Q0 * U`.3=b6 @+, . ,OD =MH G Y _ 0X. &9G]; 638 ( = & .3= @ . &AKL; 4 .�1 , H KL; ./6�3l638 K k&A( _ /I; U * .10 ,�/ 2 &�/ 8 ( _ /I; Ue= K H/. &O@+, 0X.�6 ( 2o63.38 , _ (<;�& .10 = / H / _ , 1 / Y & 0XH D Y & 0?YE / 2 ,9(/K|*1:]&9G]& .3Y S
x 638 ( =b4-U *1G .32 &)(3:[&A( 2[. ; 0?> ;�/ 2 & U[= &A( = :<;9( 1 (�&IKL; . ; 0P> ;�/ 2 & N ;r&A( 2 ALICE a,O@ ;�/ 0 &9G\, 2 ; . & 3 &9G]& . &9G Y�H / 1 D
&9G Y &9G Y�63.38O. _ K _ U<Y . ; 2<=MH/. & 0 * N ; H / = (<;O@cKL; H /W .38 D . *1( 2 , 8 * a[3/6 K Y J/Ψ a Ψ

′ a Υ a Υ
′ a Υ

′′ * .<4-NLY * .10 - H / =#3 ; 0X.+= &A(5* . ;O, 130
, 0 , =M63.3= G Yg= / ��/I: _ G H30 (<;O@cKL; v µ± w S5x & .32 & 3Q>s8 (<;9G H D
& 8 G = G 3;1 KL;�&AKL; H / 1<N ;&9G Y ( 0 *1( _ DA;�/ 0X.3Y H /o&A(<; @<, 0 ( . ; 0?> ;�/ 2 & U�4-. / 610 & 8 D E / 0 &9G];n, H / = G = : _ * 8O0?= G�&)( 2
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892Q4-H (3: 63.389. _ K _ U<Y &A( 2<Y K Y[=M2 ;9, 8 &9G = G�, 0X. - 318 KL; 63.38O.3H D
& 8 KL; 336 K Y Gz& 0XH/U &9G Y
/ _ *1, 89=F0X.3Y ( 89H/U<Y * .<4FNLY * .10 Gi*4/A;�& 8O0 * 3 &9G]& . &IKL; .�1�1 G 1 / 610 , 8 , = /IKL;/S

��� ��� � � � � ��� � � � 
 	 � V 0

� . ; 0?> ;�/ 2 & U<Y V 0
# } � % ./6 (]&�/ 1 /)@ & .\0^./6�3 , 2 (c/ 610XH D 8 ( 2]Y�=F2]= & U]H/. & . v V 0L

* .10
V 0R w &)( 6 ( 4 /I&9G H DA; .7.3= : H/H /
& 8O. K Y�638 ( Y &A( = G H /A@P(C&9G Y *1: 8O0X.3Yg.�1 1 G 1 / 6 @+, 89.<k= G Y S � V 0L

/A@ ; .\0 &)( 6 ( 4 /I&9G H DI;9( Y 335cm ./6�3 &A( = G H /A@P( .32 & 3�= &9G<; . ;�&O@ 4 /
&9G
./6�3 &A(<; . ; 0?> ;�/ 2 & UJH30 (<;O@cKL;`* . &�/I: 4-2 ; = G a /I; N ( V 0R

W 8 @ = *4/I& .10F= /"* .<4 ( 8O0P=MH DI;9G
4 D = G H<638 ( = &9, ./6�3 &)(<; ./6 ( 898 (4-FG]& U 90cm ./6�3 &A( vertex S � 0 . ; 0?> ;�/ 2 &9D Y V 0> K 8 @��9(<;�& .\0F= / ( � H /
& 8 GQ&9D Y ( 0 ( 6 (\@?( 0 /A@ ; .10 * . & . ;�/ H G H DA;9( 0-= / 6 DA;�&�/b, . *3& 2 1 @?( 2<Y S
�J/IK 8 (3:<;�& .\01.�1�1 ,t* .10 /A@ ; .10\= G H/. ;�& 0 *1, = &)( 0?> /A@ . &9G Y 6 / 0c8O.3H/. & 0 * U<Y , 0 ,3& .3Z G Y _ 0X. &O@63.38 D > ( 2 ; �

• %'* . ;�, .�1/0P=MH�3 / 1 , >b0?= &9G Y / 610X8 ( U<Y (Minimum bias trigger) = &)( 2<Y{. ; 0?> ;�/ 2 &9D Y&9G Y *4/I;�& 8Q0 * U]Y`6 / 8O0 ( >sU<Y S

• " �L;�,�/ 0XZ Gi&9G Y *4/A;�& 8O0 * 3 &9G]& .3Y &9G Yu.�1�1 G 1 / 6 @+, 8O.3= G Y S

• " � 1 / _ > (e&9G Y -MK|&�/ 0 ; 3 &9G]& .1Y (luminosity).

��� ��� � � � � ��� � � � 
 	 � T0

� . ; 0?> ;�/ 2 & U]Y T0
# } / %_/A@ ; .10 / 610 -F( 8 & 0?=MH DA;9( YeH /V&A(�; . 63.18 D > / 0 &)( .389>b0 * 3C=MU<H/.

_ 0X. &)(<; . ; 0?> ;�/ 2 & U TOF S � 6 @ = G Y ,Q@ ;�/ 0 /I*3&O@ H G = G _ 0c. &9G 4 D = Gd&)( 2g= G H /A@P( 2 &9G Y*1: 8O0X.3Yo.�1�1 G 1 / 6 @+, 8O.3= G YJH / . * 8 @PW�/ 0X. ±1.5cm 63.38 D > (<;�& .3Yo63.38 , 1�1 G 1<. &)( = * . ; k
, .�130?=FH�37638�N &A( 2 / 610c6 D�,9( 2 v L0 trigger w 3 & . ;�G 4 D = G�&)( 2 /)@ ; .10y. ;9, H / =M.+= & 0?Y
/ 610 & 8 / 6 &9D Y & 0XH D Y S � 0X.n. * 33H G .38OH (�, 0+3 &9GQ& . /)@ ; .10 G 638 (�/I&A( 0XH/.3= @ . &)( 2�. ; 0?> ;�/ 2 & U
TRD (pretrigger).

m^D 1 ( YQaQ63.38 D > / 0 * .10 &A( = * . ;�, .�1/0P=MH�3 T0min−bias
a T0semi−centralU T0central

H /
& 8�N ;9& .3Y &9G<; 6 ( 1�1/./6�1�3 &9G]& . &AKL; 63.389. _ ( H DI;�KL; = K H/. & 0 ,O@cKL;/S � . ; 0Pk
> ;�/ 2 & U<YV./6 (]&�/ 1 /)@ & .10 ./6�3 , 2 ( =M2<= & U<H/. & .nH /I& 8 G]& N ; Cerenkov a &)( DI; . /
*�&AKL;
( 6 (1@cKL; v T0R w /A@ ; .10 &A( 6 ( 4 /
&9G H DI;O( = / ./6�33= & .3= G 70cm ./6�3 &)( = G H /)@?(z&9G Y *1: 8O0X.3Y
.�1�1 G 1 / 6 @+, 89.3= G Y * .10 * .�1 : 6 &�/ 0 &9G<; 6 / 8Q0 ( >sU &9G YtE / 2 ,9(/K|*1:]&9G]& .3Y 2.9 ≤ η ≤ 3.3 a/I; N &A(o, 1�1 ( v T0L w /A@ ; .10 &)( 6 ( 4 /I&9G H DI;9( = &9G<; . ;�&O@ 4 /
&9Gl* . &�/I: 4-2 ; = G = / ./6�33= & .]k= G 350cm

*\(];9&9, = &A( 2<Y�2Q6�3;1 ( 0c6 ( 2<Y�. ; 0?> ;�/ 2 &9D Y".32 & U<Y &9G Yr6 / 8O0 ( >hU<Ylv FMD a V 0* .10 PMD w * .10 * .�1 : 6 &�/ 0 &A( >hNL8 ( −5 ≤ η ≤ −4.5
S
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ALICE

x & .32 &)( 6 (1@PG = Gq&AKL; = K H/. & 0 ,O@cKL; = &)( 6 /A@ 89.3H/.C6389. _ H/. &)( 6 ( 0 /A@ & .10yH /V&9G<;d& .32 & 3]k>s8 (<;9G 1/U<E G 6�1 G 8 (�-F( 8Q0RN ; ./6�3`6 ( 1�1 (3: Y . ; 0?> ;�/ 2 &9D YOa *\, 4 /'DI; .3Y ./6�3 &A( 2]Y ( 6 (\@?( 2<Y* .�1 : 6 &�/ 0b=M2 _ *4/
* 8Q0cH DA;9G 6 / 8O0 ( >hU &A( 2 - .3=F0 *1(3: >\NL8 ( 2 S � . &9,o&9GG, 0c. , 0 * .3= @ .�.32 & U
1/.3H W1,3;9( 2]H / 2]6�33E G];z&9G<; Bayesian H D 4 (4,9( Z /
* 0 ; N ;�& .3Y�./6�3dH30X.e638 (/* ./4 ( 8O0?=FH DI;9G=M2 _ *1DA;�& 8 K = G = K H/. & 0 ,O@cKL; v , 0X. -F( 8 /
& 0 * N ;g&9: 6 KL; w S " � > (<;�& .3Yd=M. ; = &)( 0?> /A@?(C&9G<;./6�3 * 8O0?= Gl*\, 4 / . ; 0?> ;�/ 2 & Uha ( 8 @��9( 2<H /�K Y"610?4-. ; 3 &9G]& . DA; .i= K H ,3& 0 (J; . /A@ ; .10 &9: 6 ( 2
i
&)( 1�3 _ ( �

Wi = CiΠi/
i=N
∑

i=0

CiΠi,
v � S � w

3/6 ( 2 Ci

/A@ ; .10 &)( 6 ( = ( = & 3g6 ( 2 ,Q@ ;�/ 0 &9G<; .189>b0 * Ue=F2 _ *1DA;�& 8 K = GJ&IKL; = K H/. & 0 ,O@cKL;&9: 6 ( 2 i * .10 Πi

/)@ ; .10 G . ;�&O@ = &A( 0?> G ./6�3 * 8Q0?= Go&A( 2i. ; 0?> ;�/ 2 & U S

� � ����� � � � 
 ������� � � � �	� " � 
 ��
 ��� � " � 
 ��� TPC
m^( =F>hU<H/. � S0/ a ,�/A@ > ;�/ 0 &9G];�/ Z , 8 &9G = G"&9G Yy./6/N 1 / 0X.3Y /I;9D 8 _ / 0X.3Y . ;9, H (<;9,4, .�H/U *1( 2<Y, 0X. , 8 ( H/U<YOa6336 K Yo.32 & UqH /
& 8O0 DI& .10 ./6�3 &A(<; . ; 0?> ;�/ 2 & U TPC a K Yo=M2 ;9, 8 &9G = Gg&9G Y( 8OH/U]Y &IKL; = K H/. & 0 ,O@cKL;/Sq%'&)( =M>sU<H/. - . @ ;9(<;�& .10 * .<4-.18 ,C( 0 , 0 ,�--( 8 / Y � N ;�/ Y _ 0c.*1, 4 /8/)@+,9( Yl= K H/. & 0 ,O@?( 2 � 1 / 6 & 3 ; 0X. v 638 , =F0 ;9( w a 610+3 ; 0c.7v H/. : 8 ( w a * .43 ; 0c.+v * 3 *3* 0 ;O( w* .\0 638 K|& 3 ; 0X.Bv H<6�1 / w S � , 0X.3> K 8O0P=MH�33Y &IKL; 638 K|&A(<;O@cKL;T,�/)@ > ;�/ 0 ; . /A@ ; .10 /�- 0 *3& 33Y
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_ �
�E� ! �����G��� + ������� AliRoot � � � � ��� � 	��9��� � � �-+ 1M	����A5��
1 � ��� �BX3Y[?-\[?`��� + � ��'
�
� �-+ � 	�D�	��
��� � ��� �
� � ��� STEER � � ���P� ��� � �P� ��� � ��� � � �
�
�ED�� � � �P���P�6� � � � � ���
������	���	�� ! � � ����?aK � ��� � �9� � ���
��>M� ����� �	� ��D��$% � �[()� � 	��
1�	���	�� ! � � ��� + � � � � � � ���[�E���
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���E��>/���
� � 	���� � �9����> +�. � �-+ � > 5 � � ���
��	���� � � ()� + � � ���
� + ������	 + � � ! ? K � � ��� � ��� '
� � �
�
1�	 ��� >P� � ������>7��� � �9� � ���
��> � � � �
��5��91��
���3��� � � � �
�/JE� ! " ��� �0���E�=� ���9��� � 	�� �ED
Virtual Monte Carlo (Virtual MC) [11]. K ���3� � 	���� � �9��>N� ���9��� � 	�� � >O�9�
��	 � � � ��� �
��� '
��� � 5 � �/�
��� � � � �
59����� � ��	�� � � � � �E� � � �-+�. � + 1�" � � ���
1/��� + ����()� event generators.

W ����� � � � 	 � �8���E�V��� + �,���E�
�E�6����D
	�� � � � 1�	��
� + �O+ � � ���
� � �
D��^"#� + � � � ����%
D
1 � '� ()� + � � ��� ��� 5 � � � �
� Event Tag System ����� � ����� �	����� + ��� � 1 � � ����� + � �3�
� �-+ ��D
	���	�� ! � � ����>N���E� AliRoot � �
��� !�+ ��" . > + � � �
�9�
��	 � � � �
�6����������� ��� � ���
"#��� � '
� � 5��
� � ��� ��� � ����� � � . >M	���� � � � � � �
� + � � 1 � � � ��?

� Y�Y
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��� � � � � � � � � � � � � � � � � �

Event Tag System
� � � � � ��� � � �

ALICE

��� � ��� �
1�� � ���V����� ��. � � � � �35 ���-. �O�����
1 5������M��� ��� 1 TeraBytes ��� � � � �&��� ���
� � � .
��� � �	��� ���
� � + 1�F � � ()> ��� ALICE FE���
��� ��� � ��� � �
�T�����
1 5������A� + � � ��� � � � 	�	 � � � �&��?
_ � ����� ��� � �
�����7��()� ���
� � D�	 � ()�����
� 5�� � ������� �
��� ��� � 	 � ���
� + ��� � 1 � � ��()� ���E�
� 5 � '
� � �3()�O����� . � � � �
��� ���3()� ? ����� � + 1�F^���T5 � 5���� � ��� ��� �
� � ���35����3()� ���
� 	 � ���
� ��� ��F^���
� ��� � �V� � �
�M	 ��� �
1T���E��> ��� �
� � � ����"#� + � ��� ���
� 	 � � � 5�1 � ��	���	�� ! � � ���$� ��2 � +^! > � ����'
" !�+ � ��	���>&? RS� �
�
�B���
��59� ����� ��� �]! 	 ����+ 1 ��� � ��>M� � �����
1 � ��	��[F � � � � �-+ ��	 �
� > � � ��� ��� � � '
	���> ���
� ��� ()� F � � ()> � D�� � 	�� ��()���E�
� ��� ()�������G� � � � ���9������	���5 + �,+ � � � ���
�M5 � 5���� � ����F
� � ��� � ���
1������ . ��	 � 	��65 + ��+ � � � ��� � >N���
� � � ����� 5�� ��� � >A��� ����" � 	 �
� >G'a����� � �65 � 	�� �-+ 1+ ���3�
�
�������$���9�����O���
� � � " ��� 5 � ���
���G���
1 � ��	��[F + ��" . > + � � � � � � � � 	��M��()�O���
� ��� ()�
����� . �O� � �
1T���$�
� � ��> �
��> � � ��� �-+ �E	 � ��>&F ��� �
� � � � � �-+ ��> � � � � � > � �
���35 ����� > 	�� � >�� ��� � '� > + � ���E�
� ��. � � ��� � ���P� � 5�� � D6� � �
�Q� ���
��>������8�9� � �
���[?��N��1��
�9�����V�
� ��� >�5 � � � + ��>
	��
�&� �
��5 �-+ ��> �����N���3� � � � ��(4� � 2
����� ���A� � �M��1��
(=���
��J � ! � � ����<`����� � � ���
�N� � ��� � ���
1
��()�V���
��5 + � � ()�
�E�
� ��� ()� + 1�" � � ���
1�F � ����" !�+ � ��	�� � � ()�B��()�V���&� ��� ()��	 � � � 5�1�'� �B	���	�� ! � � ��� � ��2 �-+E! >O� ����" !�+ � ��	���>	� X�
 + � � � ���E	���� � ! ��()� � �
59�E	 �-. �M���
1 � ��	���>
	����8����� � �65 � 	�� �-+ � ��+ ��� �
� + ���3�
�
�7�����
� ��� � �E�����7	�D�	��
��� �
� ����" !�+ � ��	���>$��� ��� ���
���
� � 	���� � �9� � � �&��� ���
�
�����B"#�����
� � �6"#��D���� � F�
�
 ?� KO� ()> ����� � 	��
� + �L+ � � 	���� + � � 1 � � � �
XZY[F ���M� ��� �&��� � ALICE ��� ����� � � � ��% ��� �
���
�
� � �
� � � ���&�
��� ! ?)_ � � � � � ��� � + ��	 � ��% �,+^� �
1 ��� � � � �
���OD6���E�
%
�T� � �E> ��� � DM5�� ! 5����
��>+ � � ��% � � � � 	��
��>�JE1�	���> � � �
��� ���3()�
�����8� � � � 5��
1 � ��� � � >B���3� � �
�6� � >������Q����1��&�[�E���

� Y[X



	������ + � �
1 � �659�0���
� ��� ()� � � 
 ? W �
�QJE1�	�� � � �
�E� ���3()�P����� ! � � � � 5��
1 � � ��� � �*	��9� '
	���� � ����%
D ��()�M���&� ��� ()� + � � ��()�T���3� � 	���� � �^()�T��� ����" � 	 �-. �$� ��	��V	������ + � �
1 � �65��� �����V�������
� ��� �8������"#� + � D����3��� � ? @A1 " � ���
� ��� �Q� ��	��
	������ + � �
1 � �65��8� � � � 5��
1 � � '
��� � F �,+ � � >V� � � �
�������
� 5�� � � �-+E! �����7"#��	��7� ��	��/	 � ����� � � + � � � � � ���
�/	�D��
� � �
�����
�E� �,�
�3()�8���E�P���C�9���
� + �
��� � 2&����� ?/K � ���E�
1�� � �
�&� � �����
��>
���
��� 1�2
���3��� � meta-
data � � � � ��F ����1��
�9�����7� ��	��P	��
��JE1�	�� � � �
��� ���3()� + � � "#� � ��� ! 	������ � ���
� � ��� �-+ 1
5 � �
�E�6�
��>A	�� � > � � � � � � � >N���E�
� 5��
1 � ����>&?W � � � � � � �
��5 � 5���� � ��()� � � F���� ALICE ����� � 1�	 � 	 � �
� � � � ���
D�	 ��� + 1���� � �B�9� � '
�
� + � � ���&��	���1�" ��� �C	��
���&��� � �����35 � � � � � >�	���	�� ! � � ���E>&F ����� + � ����� ��� � Event Tag
System, ���;� ��� � � "#� � ���-. 	 ��� � � 	9"#���
1:��� �9� � �
�;�����:�9� ��� 1�2 � ��� � 5 � � �
� ���
��'� �6"#��D��
��� � � �
��� ���
�C� � ��� �
� �����&��� ��� 	������ +�. � �-+ � + 1�" � �9� ! 	��
�&' � ��	 �-+ ��DQ���
5 � 5���� � ��� �,+ ��� �
�M���E�N���9����� 1E� � 	�� � ��� � � � ���
���G	��
��� �,+ 1�	������ � � �	� ���
�^? ��� Event
Tag System

��� �
� � 	�� � � � �E	�� ���
� + � �
1 �
����� � �B�
� � ��� . 	�� � �
�������
��� ��� 5�� ! 59�E�
� + � �
��% � � � � 	��
�7���
� � � ��� �&5 ! ��()��5 � 5���� � ��()�������P	�� � � � 2
���3��� � � � �
��� + 1�" � ���
1 � ��	��[?
_ � � ��� �-+ ��	 � � ����� ! ��� �
� � � � � � �6��� � ��� 5�� � � � �
�H� � � ���;�9� ! 	��
�0�;� ��� � ��> ��� �
� �
��� � D6"#���
��>��
�H��� � 	 ��� ��� + � � � ! � � � �,+ ��� �
��F � ��	�� 	������ +�. � �-+ 1H�����[F)����� "��C���E�� � � �
�
���#�����GD�	�� � �
��� � �
��� � ��� � ��� � � �
�
��	��M� � �����O���3� � 	���� � �[��� ���[�E� � 	�� � �
�����&��'� D�	 ��� � � �&� �,+ ��� �
�N��� � � �
��� ���
�N����� ����� � ��� � � � ���
����� ?`���A	�D�	��
��� �O����� � ��� �
� � � � �� %&� ��� %
�A����� ! �
�$�6��1E�
�9���
����>G	���	�� ! � � ���E> �����M�E�
� � �
D��^"#� + � ���
� �-+ 1B	����T� � � � 	 � �
���E� � ��� �
1�� ������> STAR ��� 
 ?W � � >B�����
� 5��
1 � ����>B�����Q� + � � �E�&"���D��V"��7� � � � 5��
1����E��� � �E�
� � + 1/�
� �
��� ! ���E�+ � ��� � � 5���� ���
� ��� ()�P�����/� ��� �
1�� � ����> + ��" . > + � � ��� metadata � � � � �0	 � � � � � � �
�
���
� ��� ()��? W �
� 	����
��� ��� �C"��C� � � � 5��
1����E��� � � � ��� � ����� ��� ��� �=�
� �
�E� ! ����� Event
Tag System F��
�A"#��	��A��������� ��� ����� � 	���� 	����
� ��� + � � � � � 	 � �V�
��> ���
1 � ��	���> + ��" . >+ � � ��� � . > �
��� � �E���
59�ED��
��� � ���O���
� � 	���� � �9�N���
� ��� � + � � � . >)�����
1O�9�
��	 � � � ��� � �ED��
��� �
	��
� � � ��� � + ��	 � �8�
��>A���
1 � ��	���>6?

������� �	��

� ����� ����������������� ������� �"!$#
(FILE

CATALOG)

��� metadata � � � � ��	 � � � � � � �
� run � ��� 1 + � � ���&� ��� ���M"#�T� ����"#� + � �6����D��O	��
� JE1�	��
� � �
��� ���
()�B������� � � � 5��
1 � ��� ����� + ���
1 � �&5��/���
� ��� ()� � \�
 ?&% � � �
��� ! � � � � � 1 � ���
�� � � � � �
�8"#��� � � � 5��
� � ��� � ��	��7	��
�BJE1�	�� � � �&��� ���3()��F . 	�� � �
� � %&��	 � � � � 	�� ��� ��� �� ���E�
1 � �����H�
��>Q� � ���
� � ��� � ��>6? RS� � �����
1�� ��� 5�� ��FO���
� ��� � �����H���
�E���
�9���3��� � � � �
���&�=	���5 + �,+ � � � ���
� run � � �7�9� ��� 1E2
���3��� � �
�C� � � � 5��
� � ��D��P��� � � � �=	����Z" !6+ �Q�����
� � ���
18��� run ���
�����
��>T���&�8� � ��D������ ! �V� � ���
� � ��� � ��"#�8����1��
� ��� 	 � ���
�7�E� . '

� Y �



� � �
� � � � � � �
��� �E�6� � ����� run ��?$K + � �
1 � �659�E> ��()�
���
� ��� ()�
��� ��� � � � � � �
�
�
� ��� � !
� ��� ��! FS����� � %
�E	 � � ��� 2 ��� + � � D�� � �
�Q���
591E�3()	��Q� ��� 1 + � � �
� �
���
� � � �
�����/�
�/� ���� �����
� � ���6JE1�� � ��� � �$� � ���
� � ��� � �
	 � � � � � � �
�V���&� ��� ���[? � � �
	 � �T���
��� ��� � � � � �
� �
��� !
% ��+^� �
1�� � � ��� � � ���[()� � 	�� � ��()�$�E�
� ��� ()��	 � �����
1V�����B���
�����&�[���3��� � � � � ���
� 5�� ��'
� �-+ 1 � � �&��� ���
� + � � 	 � �����
1����������
�����
�9���3��� � � � � ���
��	���� � � . 	 ��� >6? RS� ���
��� + 1�" �
� � � � � ��()	���� � � ���
�
�E� ! "#� ��� �
� � <

• /data/<Year>/<AcceleratorPeriod>/<RunNumber>/ (real data),

• /sim/<Year>/<ProductionType>/<RunNumber>/ (simulated data),

� ���E� < Y ear > F < AcceleratorPeriod >
+ � � < RunNumber > ��� � �&�
�����

� � � ��> � � ()> � Y�Y��^F LHC07a F)Y�Y�Y[X8���3� � 	���� � �9� + � � � � � � 59�&1 � �����*�
� �9�
��� � 10����'
�
��5[(45 ! >$��()� � � �&��� ���3()��F��
���$� � � � ���&�7���E� � � � �����9���3� !�+ � � �
���T�E� � "#� ��� �-+E! �����&'
� � �
����� ����� run ?�� � � �
���Q1 ��� � � � � � 1�FL�/�����
1E� � �
�
��> < ProductionType >
� � � � 5��
1 � ��� � � >8� � ���
� � �E� �
� >75 � �0���0	���5 + �,+ � � � ���
� run �
��>����
��	���� � � ()	���> + � �
������� ��� �
����1�� ��� � � � ��> � � ()> PDC06 F PDC06 Residual

+ ?-��?L_ �
��� ! ����� ! ��()�
����� + ����� � � 5[()�
�����&��� ��� �
� �
���
��� � �
�����Q�
�P� ����"#� + � �6����D�� � � � � ��� � � � + 1 ��� �
�8����'
� ��� ()�/	 � 	���5 + �,+ � � � ���
� ��� ����" � 	 � ��? � � �
	 � �����E�
��D�� � �
�0�^()� � 	������ � ���0���
� ��� �
	�� � >A� + � � ���6" � > + � �
��5���� �
� >6<

• raw/:
R � �����&� ��� ������� � � � � ���9����� raw data.

• reco/<PASSX>/cond/:
RS� �
�E�
� ��� �������B� � � � ���9�����T� � ���&� � ��� � ��5 � ����� cali-

bration. ���
���
� ��� �������
1��E�3� � 	���� � �9��D�� 	���� X �����&��	�� �����������
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��� ��FL�����
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run start time date (yyyymmddhhmmss) DAQ logbook
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��	 � ��� ��� � � � � � � ��� ���#�/��()�P� � �
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• � � � � � �
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� �-+ � � ���
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� � ��� STEER module.
� � �
	 � ���3� � 	���� � �[�

���[�E��� � � � >A� + � � ���6" � >M�
1�% ��� >&<
• Run Tags: _ �
1�%
�M����� � � ��5�� ��� ����� � ��� � � � � � �
� + � ����� ��� � AliRunTag ? ���

� � � � �M�
��>)� � � � 5��
1 � ���3��� � 	������ � � �&� + � �T? X � � . � � � � "#� �
� � �����G��� � � �,5��9�����
���
��59�&1 � ���3��� � 	������T� � �
� + � �T? � ?

� Y��



Tag System - Sources of Information

Run Tag fields

DCS

DAQ

Offline

LHC Tag fields DCS

Detector Tag fields ECS

Offline - ESD

Event Tag fields

File catalog

W � ! � �*X�X�? � <aK � ����5���>N��()� � � � � ��� � � �-+�. � � � � ��� �
()�������B	���	�� ! � ������>6?

• LHC Tags: _ �
1�%&������� �	� ��59� ��� ����� � ��� � � � � � �
� + � ����� ��� � AliLHCTag ?
���8� � � � �7�
��>M� � � � 59�&1 � ���3��� � 	�������� � �
� + �����

� � . � � � �,"#���
� � �����
��� �	� �,5^'
�9�����T�E�
� 5��
1 � ���
��� � 	������$� � �
� + � �T? � ?

• Detector Tags: _H�
1�%
� ����� � � �,5�� ��� ����� � ��� � � � � � �
� + � ����� ��� � AliDetectorTag ?
���M� � � � �M�
��> � � � � 5��
1 � ���3��� � 	�������� � �
� + � �$? � � � . � � � � "����
� � ���E�O��� �	� �,5^'
�9�����T�E�
� 5��
1 � ���
��� � 	������$� � �
� + � �T?-\[?

• Event Tags: _ �
1�%&�$���E� � � �,5�� ��� ����� � ��� � � � � � �
� + � ����� ��� � AliEventTag ?
���I� � � � � �
��> � � � � 5��
1 � ���3��� � 	������H� � �
� + � �T?�� � � . � � � �,"#���
� � ����� ����	� �,5��9���������
� 5��
1 � ���3��� � 	������M� � �
� + � �$? X3Y^?

� � � � 	�	 � � � � � > ��� � ����� ��� ���
� >G5 � �V��� � � � � �V����� 	���	�� ! � ������> + ��" . > + � � 5 � �V� � >
� � " � �
����> �����$��� � � �,5��9����� � � �&���
��� � 	����$���E�
1��3�
��� � ���]? � KO� ()> ��� ����� � ����� �	���-+ 1
tag ���
� ��� �I�����:���&� + D�� �������0"#� ��� �&� � ���&� ��� � root �����H"#�I���[�E��� � � ���
�
� ��� � !
� ��� �#! F � � ()> � � � � � ��� ��+ � � 	����
	�� ! � �PX�X�? 
[?
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W � ! � �QX�X�? 
[<4_ � � �
�
�
� ��� � ! >N� �E� ��! � � � >N���
� ��� ��� tag � � ()>N����� � ���
� + D6� � ��� � � �
������� � 5��
��� � �8�E�
� + � ����	 + � � ! >$���E� AliRoot ?

������� ��� ��� ��� ��	���� � � ����� ��������� � �
� KN� ()> ��� ����� �*+ � � 	��
���C���
����5���D�� � �
�:���E�
1 5��
� � � ��� tag ���
� ��� � ��� �
� � ���
� ��� �
root �����7���9����� � � ���
�
� ��� � ! � ��� �#! ?�_ �&��� � �����35 � �*������>B������� ��� �
�P5 � � ��� � � �
���
� � � � ��� � � � + ��D�>M�
� � ������>&<

• On the fly:
W � �E�6� ! �
���/� � � � � ��()	��0��� ���
� ��� � �&��� � �����35���D��3��� � 	����:� � '��� ����� � �*J ! � �P�����7���&�&5��
1�� � ������>����
� + � ���E	 + � � ! > � � ()> � � � � � ��� �S+ � � 	����

	�� ! � �*X�X�? � ? _ � � � � �-+ ��	 � �Q�E�6� ! � � � �35�� ��� �
��� ��� � � + � � J . >$� � �
1�����5���� � 	�� �+ 1�" � ESD ���
� ��� ���B� � � �
���A�
1E%
� AliReconstruction ����� � �6"#D�� � ��� � 5 � �
�
��� ���35�1��3()	��H����� � � �E� ��� + �,�����H�
��>P���&� + � ����	 + � � ! >/��()� 5 � 5���� � ��()� ?W �
� 	����&��� ��� � + � ����� ��� � � � �,"#���
��> AliReconstruction::CreateTags(TFile
*file) �����I���9���3���E> ()>CJE1�	�� ��� ESD �����I��� ���G! �
� �
��� � �����35��6" ��� ���
��'� ���6JE1�� ��� �
� �
��� � �����35 � � ����� tag ���
� ��� ���;�����:��� ��� �
���=� + � � ���6"#� ���
��'
� ��	 � ��< RunRunId.EventFirstEventId_LastEventId.ESD.tag.root [9]. @A� �
1
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����� � � + � � J . > �������
� � ���M���
� 5�� � ��� ��� �
��� ��� �^+ � � � �&��� � �����35 � �$��()� � � � 	�����()�
tag �E�
� ��� ()�������B� ��� �
1�� � ����>6?

• Post process: % � �
1O�
� �
��� � �����35 � � + � � �
��� + � ����� . � � 	��G��()� AliESDs.root
���
� ��� ()�
	������ + � �
1 � �65���F + 1�" � �9� ! 	��
��>���� ��� �
� �
���
� � � �
�����*�
� �
��� � ������'
5 ! 	 ��� ��� � �-+ 1V����� tag ���
� ��� ��5 � �V������>G	 + � ����D�>G�
��>G�E�
1 � ��	 ! > ����� � � � � �
� � ��� �-+ ��	 � �Q��%3( � � � ���
��� � 5��
��� � �8���
� + � ���E	 + � � ! >6?

W � ! � ��X�X�? � < � � + � �&�A����� � ��� �[� ��� �
� �
��� � �����35 � �A��()� tag �E�
� ��� ()� ()>)���O� �	��� ����� � �
J ! � �8�����
���
�65��
1�� � � ����>B���&� + � ����	 + � � ! > ��()� 5 � 5���� � ��()� ?A@M� �
17����� � � + � � J . >
�������
� � ���C���
� 5�� � ��� ��� �
��� ��� �)+ � � � �
��� � �����35 � �C��()� � � � 	�����()� tag ���&� ��� ()�8�����
� ��� �
1E� � ����>6?

� � � �-+ 175 � �
�
� � � D�� � �
�B�E�6� ! � � � � � ��()	��[F9����1��&� ��� ��� � J ��� ��� 5 � � + 1�" � � � "#��� !
��������" � 	 � �H� ��� " !�+ � ��	���>8����� ESD ���
� ��� ���[? ���=J ! � �����0�����C� + � � ���6"#��D��3��� �
� � � � 5��
1 � ���3��� � � � � + 1 ��( <
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� � ()�
��D�� � � � � ������� � 5��
��� � �7�E�
� + � ����	 + � � ! >$5 � 5���� � ��()�B��� ��� � � � +�� ��� . 	 ���
�
� �&��� � �����35 � � � � ()�
��()�
���
� ��� ()� + � � ��� � �-+ � � � �&�/��()� AliESDs.root ���*����� � �
���[�E��� + � �����[()�
�6" ��� � � � � � �
��� � �B	������ + � �
1 � �65���? W �
�T	����
��� ��� ��� � ��� � ��	 � ! ����� �
�9� ! 	��
��>A������� ��� �
� � � ��JE1�	 ��� �
� ��� 	����8��� � ���8���&� ��� �7�����
1 + � � �
� �&��� � �����35 ! 	 ���
��� tag �E�
� ��� �
���
� ��� � ����� ��� �
� �
���
��� � �
�����V�
������� ����"#� + � D�	 ������� � � 	����B��� � �-+ �
�����A	�D�	��
��� � ! � + � � � + � � 	������ + � �
1 � �&5��T��()�G���
� ��� ()��?�� > ���
�$� �	��� ����� � �AJ ! � ��F
� �[� ! 	��
��>
��� ��� �
� �
���
��� � �
�����=�
� �
��� � �����35 ! 	 ��� � � �
�=���
� tag ���
� ��� � �����*"#�
���
� + D�� ��� � � � �
��	�D��Z" � 	�����()� � � � � ���
����>T�����8��� ��� � � ��� > �&��� � �����35 ! 	 ��� ?A_ � � �
� � ��� � + ��	 � �;���
������� � 	��
1���� � 5��
� ��� + 1:	����H	�� ! � � X�X�? �^?�� � � ���E� ��� ����� >85�D��3( � � �
�����B�
� � ��� �
��� � �E���
5 � ��>T��()�B���
� ��� ()� tag � + � � ���6" . �
����>��
� � � D�� � �
� � � ��� � + ��	 � �
� � �
���3��� � 	���� ����
 ?

POST CREATION

Create a collection

TGridResult (GRID)

Directory name (LOCAL)

File name (CAF)

Read the collection

Create the tags

Store tags locally

Store tags in AliEn

Merge the tags

W � ! � � X�X�? �^<V_ � � ��� � + ��	 � �0����� � + � � ���6" ��� ��� � 5 � �=�
� �
��� � �����35 � �=��()�Q���
� ��� ()�
tag ?

������� ��� � �	��
 	�� � � � � �
� ���	� � � � ����	 Event Tag System
W �
��� �����
1 5��
� � �A����� ! "#� �
��D�� � 	����
� � � �-+ 1O� . >a�������
��D�� � �
�N�9�
��	 � � � ��� �-! 	��E��� �
��� Event Tag System 5 � �V�&�V���
� � D�	��E��� � � � �&��� ���
��? �G�&� � �6� �-+E! � � � � 5��
� �#! � ��� 1+ � � ��� � ����� � � ��� >$���
��5 ��� > � � �
���3��� � 	����
�����
1��
�
��� � � � ?
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���7	�� ! � �/X�X�?-\[F � ��� �9� ��� �
�
�
� ! �
��> � � ��� �-+ �E	 � ��>B���
1 � ��	���>6? ���8��� . ���
J ! � �
5 � � � ��� � � � �
���=� ��� � ��� � � �
�
��	��;� � ����� + � �
1 � �&5�� ���&� ��� ()� ����� GRID � � � �
���
� ��� � � �
��� � �����35���D�� � � � � ��� 	��������
� ��� ()� tag �����$"#� � �E��� � �
�V�9�
��	 � � � ��� �-! 	��E��� � ?W �
� 	����
��� ��� � ��� � 2&����� � ��� + � � � ! � � �0����� ���
��� ��� ���=5 � 59��� � ���0�&� �-+ ���&� ��� � ��D�� <
��� + � � � ! � � �8�����
1 + ��"#��� � 2
���3��� � ���
1 � �65��7� � �
���$���
� � 	���� � �9�
�E�
1 � ��	��[? � � �9���3���E>
�����
18�����
���Q	���� � � ��� ��F 2&�6����D�� � � � � ��� Event Tag System �&���
��� � �����35 ! 	 ��� ��� � �
� � � � � ��	 � �
� ���
� ��� ()� + � � 5 � 5���� � ��()��� 5 � 5���� � ��� ����� � � ���
��D��Q��� � � � J � �6"#���3���+ � � � ! � � � � ! � � �/1 ��� �Q	�� ��� �&5 ! ESD ���&� ��� ()�8� � � ���/� ��� � � ��1 � � � %&1 5������ � ���
5 � 5���� � ���I����� �-+ ���
� ��� � ��D��;��� + � � � ! � � � � ��>6? W ���I�
� � �E>&FN� ��� 	����I����� ! ��()�
5 � 5���� � ��()�����
� � D � ��� � ��� � � ��� � �-+ 1�F ��� � � 	���� GRID ! � + � � � + � � 	���� PROOF ?
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W � ! � �=X�X�?-\[< _ �
� ! �
��> � � ��� � + ��	 � ��>V�E�
1 � ��	���>&< � � �9���3����>B()>$���E�
��� �,�
�&����> � � �
	�� ��� �&5 ! ���
� ��� ()� tag (tag xml collection) �
���7����� � � �
��� � �����35���D�� � � � �
���8� � '� � ��� � � �
�
��	��V� � ����� + ���
1 � �&5��Q�E�
� ��� ()������� GRID + ��" . > + � � ��� + � � � ! � � � � � � '� �65 ! >6F#2
������D�� � � � � ��� Event Tag System

+ � � ��� � � ��� � �
�
����� � �
����� � ��	 � �
����()�
���&� ��� ()�$� ��2 � � � �
� ��� 	����B��()�A5 � 5���� � ��()�M���E��� � ���
�ED��M��� + � � � ! � � ������� � � � J � ! '
"#� + �E� ! �
��� � �����35���D�� � � � � + � � �
��D�� � � 	�� ��� �65 ! ���
� ��� ()� ESD � � � �
���*� ��� � �
��1 ��� �
��� � �E���
59�ED�� � �
���B� � ��	 � �
�7��()� 5 � 5���� � ��()�������
� � ���&��D��B��� + � � � ! � � ��?N���
5 � 5���� � ���=�����
1 �������
��D��8�
� ���&� � �&"���D�� ��� � � ��� � �-+ 1�F ��� � � 	���� GRID ! � + � � �+ � � 	���� PROOF ?
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E54A%(f./1-.* b/bmax ;17QJ +A79*jD579% E5GP26+)4A7^E5!P*jE5J57 +A79*jD579% D(GP4A7Q>@GT4AGP7QJ"E5!P*�/10<;aE54)%(f./1Gb79*
Pb+ Pb R

7QN.26+T_[2O/1GdGT2A!T46;VGP7QGP*dD(%(0yGP= 2)JH7aE5J"+)3vD(%FX.fg�"G
;VJ"X"f<+)GT4)GP*UJ"D(NnJ50F+)!P*dD(%(0mD(J(4AGP=9`aJ(2
%57 �"!T`a4A7l+6][4AJ GTD57 +PJ5`C0.26+)!P*AR � E(+)N(*j+b%(0�2)!P%(0~GP2)GT46;VGb7^J(E5%(f >@3(/1�"J(+P%(*FBc%57[D(%AXFY
X"J"D"X"N<+)-<+)GT*vD(%(0�J(2)J5�"!T2)%.26+bJ57 � dN/dη ≈ 7 ;17^J p + p E5J57 dN/dη ≈ 1200 ;17^J
Pb+Pb �
B"#&J?GTD57 +)4)!TWK%(0.2�+)-<2�G
D(!TE(+PJ5/1-U+T_[2�'A7QJ(>KN(46_[2UJ(2)J(X.f./1GT_[2�/@GM'F7^J5>@%(4)GT+A7iY
E53eGTD5= D(GP')JVR �d79%m/10<;aE5G
EH4A7Q�"!T2)JO;17QJe+)-<2 Balance Function B(N"D"_[*8')Gb= �)J(�"GIE5J57H/V+)-
�"GTX.!T+)-vD(4)%(/1%(�"%H7 ][/@G
_[2"B J(2A%5= ;VG
+bJ57�+b%�D(GT'F=9%h;V7QJ�+)-<2nG
D(!TE(+PJ(/@-x+)-<*e�"G
#KN(')%(0x/1G
3"X.X"-v�(7^Jz'A7Q3(/V+bJ(/1-xG
E(+)N5*?J"D(NzJ(0<+)Lg+)-.* � WKGT0.')% � _�E5f<+)-<+PJ(*FR �d0<+)Nj�.D(%(4)Gb=&D"X.!P%.2
2)J�;1= 2AGP7&J(>@%5fj-n/V+bJ"+A79/V+A7^E5Lv+P_[2m+)4)%<`a7^][2n/V+A79*e0.W@-<X"!T*qJ50F+)!P*?GP2)!T4);aGb7QGT*?#KJ�Gb= 2AJ57
7^E5J(2ALn][/1+)G�2AJj�"J(*q'6][/@GP7@E5J"+PJ52)%(�"!T*O�"GU�(7^E54)3�/1+PJ"+A79/1+A7 EH3j/1>@3"X"�"J"+bJVRIk8!
X"%(*FB@-
�"GT;aJ(X.f<+)GP4)-qD(J54)J";a_�;VLHBV/1G}/1`a!T/1-?�"G,+A79*�`CJ5�"-FX"N<+)GT4AGT*�GT2)!P46;VGP7QGT*FBHD57Q')3(E(_[2qJ('A4)%<Y
2A=^_[2"B #KJ�E5J(+PJ(/V+)L./1Gb7�')0.2)J"+)L�+)-j�"G
X"!
+)-x+)-.*eG
D5=Q')4)J5/1-.*m+)!
+b%57^_[2n>KJ57 2)%(�"!T2)_[2n/1G
�"G
#KN(')%(0.* Event by Event E5J57@D579%j/10<;aE5G
EH4A7Q�"!T2)Jj/V+)-.2 Balance Function R
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| +)-v'A7QJ"+)4A7io5LvJ50F+)Lv!
;17 2)G?�(7^J�D(4)%(/VD(3.#&GP7QJ�2)J�J(2)J"X"0F#K%(f.2mE5JH7K2AJ�D(J(4)%50</K7^J5/V+P%(f.2
+PJt')0.%zE5f.4A7QJh#K!T�"J(+PJh+PJt%"D(%5=QJ�J(2AJ"D"+)f.`5#&-FEHJ(2"Ryk8%tD(46]�+b%hE5%(�"�"3"+A7 B�D57i%h35�"GT/1J
/10./1`aG
+A7Q�"!P2)%z�"Ge+)-�>@0./@7^E5LCB J(>K%(4)3t+)-.2vJ(2)3"X"0./1-�+P_[2vD(GP7Q4)J(�"J"+A7^E(][2�')GT')%5�"!T26_[2
J"X.X"-<X.GTD57Q')4)3(/1GT_[2 A + A /1GUNAX"GP*p+A79*?GT2)!P46;VGP7QGT*q+P%(0 SPS �"GU/VE5%"D(Nx+)-.2e�"G
X"!T+)-
+T_[2z/10./1`aG
+A79/@�.][2�>@%(4)+A=9%(0��"Gn+)-zo5%(LF#KGP7QJ +)-<*x/10.2)3546+)-./1-.*v79/@%(:)0<;1=9%(0 Balance
Function R � �"!$#K%('A%(*mJ(0<+)Lj!T`aGP7 D(4)%<+PJ.#&GP=�N<+A7�/1`aGT+A=^:AG
+PJH7 3(�"GP/1J � E5J57 D579%t/10<;HY
E5GTE54A7Q�"!T2)J +P% GTf.4)%(*�+)-.* �m�"Gx+b% `a4)N.2)% J(')4A%<2A%"D(%5=i-./1-.*z+P%(0 /10./V+)L.�"J"+b%(*AR | +P%
D(46]�+b%�G
D5=^D(GP')%�+)-.*e�"G
X"!T+)-<*FB G��)GT+)3(/V+)-<E5Gq-jG��)3(46+)-./1-xJ"D(Nz+P%zJ"X.X"-FX"GTD57^'A4)N.2n/1fAY
/V+)-.�"JmJ"X.X"3mE5J571J"D(Ny+)-.2dE5GP26+)4A7^E5N<+)-<+PJy+b%(0mGTf.4)%50<*�+)-.* Balance Function /1G8')0.%
GT2A!T46;VGP7QGP*A{ √sNN = 17.3GeV E5J57 √sNN = 8.8GeV R � �"G
X"!T+)-pJ(0<+)LpD(4)J(;a�"J(+P%<Y
D(%5= -A#&-FEHG�/@G�NFX"Jg+bJn>K%(46+A79/1�"!P2)Jv/V_[�"3"+A7QJ �S')GP2q`a4)-./@7Q�"%"D(%57QLF#K-<E5Gd-e+PJ(0<+b%"D(%5=i-./1L
+P%50<* �TR[k8JvD(GP7Q4)J(�"J"+A7^E53�GT0.4)L.�"J"+PJvD(%(0nG��)L.`H#K-./1J(2?L<+PJ(2O+PJxJ"EHNAX"%(0F#KJV{

• k8% GTf.4)%(*z+)-.*�/10.2)3546+)-./1-.*�79/1%(:A0F;1=9%50 �"GP7^][2)G
+bJ57cE5J.#@][*hJ(0 �)3(2AG
+PJH7M+)N(/1%
+P%y/@f</1+)-<�"JOD(%(0eJ"X.X"-<X"G
D57Q')4)3yN5/1%mE5J57a-OE5GP26+)4A7^E5N<+)-<+PJg+T_[2p/10<;aE54)%5f</@G
_[2"R| +)-y�"!
;179/1+)-g')GUGP2)!T46;VGb7^Jx+b%(0 SP � √sNN = 17.3GeV �,-y/1`aG
+A7^E5Ln�"GP=^_[/1-
+P%(0nGTf.4)%(0.*?/V+A79*pEHGT26+)4A7^E5!P*?J(X<X"-<X"G
D57Q')4)35/1GP79* Pb + Pb 0FD(%FX"%A;179/@�"!T2)-x/10<;HY
E54A7 +A7^E53 �"Gg+A79*xD579% D(GT4A7Q>@GP4)GP7QJ"EH!T*FBc0<D(%AX"%F;1=9/V+)-<E5GjN<+A7lGP= 2)J57�+)-<*n+)3 �)-.*v+P%50
17 ± 3% Rgk8%�>KJ57 2)N(�"GT2A%�J(0<+)NhD(J(4)J"+)-.4)Gb= +PJ57 +)N(/@%�/1Ge`CJ5�"-FX"N<+)GT4AGT*gGP2)!T4ZY
;VGP7QGT* � √sNN = 8.8GeV �TB(N(/1%?E5J57(/1GI0<WK-<X.N<+)GP4)GT* � √sNN = 130GeV �TR �
�"GP=^_[/1-}+P%(0dGTf.4)%50<* ;17^Jp+PJUD(Gb7^4AJ(�"J"+A7^E53q'AGT')%(�"!P2)JVB"')GP2,�.D(%(4)GP=<2)JpD(GT4A7 ;V4)J5>@GP=
%(f<+)GUJ"D(Nx+PJx�(7^E54)%5/VE5%"D57^E53zJ(')4)%.2A7^E53z�"%<2)+)!
X"JvD(%(0g�"GTX.GT+)LF#K-<E5J(2 � HIJING
- UrQMD) %(f<+)G8N5�._[*}E5JH7HJ(D(Nm+PJm;VGT;a%.2)N<+bJyJ(2)3(�(7 �)-.* (shuffling).

� �"GTX"!
+)-
N(�._[*U+b%(0y�"%.26+)!
X"%(0 AMPT +P%x%"D(%5=i%jD(GT4A79;a4A3(>@Gb71+b%v/1+)3('A79%x+P_[2?J"X.X"-<X"G
D57iY
')4)3(/@G
_[2�+T_[2�D(J(46+b%.2A=^_[2dD(4A7 2�+)-.2�J(')4)%.2)%(D(%5=i-./1LO+P%50<*FB5J"D(%5'A=Q')GP7HD(%FX.fqE5J"X"3

� �.u



+PJxD(Gb7Q4)J(�"J"+A7^E53hJ"D(%<+)G
X"!T/@�"J"+PJVR %hGU+)-mo5%(LF#KGP7QJx+P%50v�"%.26+)!TX"%(0gJ(0<+b%(fCBKG
D57iY
+)GTf.`H#K-<E5Gv�(7QJ J(4A`a7^E5L~/10./1`a!
+A79/1-h+b%(0�GTf.4)%(0.*x+)-.*x/10.2)3(46+)-./1-.*x79/1%(:A0F;1=9%50
>@%546+A=9%(0v�"G�+P%x`a4)N.2)%xJ(')4)%.2)%"D(%H=i-./1-.*q+b%(0g/@0</1+)L<�"J(+P%(*FR

• � �"Gb= _[/@-yJ(0<+)Lg+b%(0gGPf.4)%(0.*q�"Gd+)-.2OE5GT2)+)4A7^E5N<+)-F+bJ�J"D(%<+)0<D"][2)G
+bJ57&�"N.2)%j/V+)-
�"GT/@J5=QJjD(GT4A7i%F`aLj+)-.*qWKGT0.')%"_�EHfF+)-<+bJ(*AR � �"G
X"!
+)-g+)-<*OGT�.D(4AN(/a#&7QJ(*?D(GT4A7i%F`aL.*
/1GI')0.%OGT2)!P46;VGP7QGT*FB5J"D(%"EH3"X"0<WKG8N<+A7"J(0<+)NO+P%O>@J57 2)N5�"GT2)%eG��AJ(>@J(2F=^:AG
+PJH7�R k8JO�(7iY
E54)%5/VE5%"D57^E53v�"%.26+)!
X"J HIJING - UrQMD) D(%(0O�"G
X"G
+)LF#K-<E5J(2dGTD579o5G$o(JH7 ][2A%(0.2
+P%v;VG
;V%.2)N(*?J(0<+)NVR

• � GT2)GP46;VGP7QJ"E5Lh�"G
X"!T+)-x+)-<* Balance Function B�0<D(%FX"%A;179/1�"!P2)-h�"Gpo53(/@-x+)-<2
E5J(2A%<2F7 EH%"D(%57i-.�"!P2)-UD(J(4)35�"G
+)4)% W BF!T')_[/1G��(7QJdD(46]�+)-�!P2)')Gb7 �A-�G��)3(46+)-./1-.*[J"D(N
+)-.2�D(J(4)3(�"GT+)4)% √sNN +)-.*8J(X<X"-<X"G
D5=Q')4)J5/1-.*AR � G��)3(46+)-./1-?J(0<+)LHBH')GT2d�.D(%(4)Gb=2)J J"D(%(')%.#&GP=�;17QJ �(7^J J"E5N(�"-~>@%(4)3 J"D(N +PJ G��)GT+PJ(:)N5�"GT2)J D(4)N<+)0<D(J � HSD -
UrQMD).

• � G
D(!
E5+PJ(/1-v+)-.*e�"G
X"!
+)-.*qE5J57�/V+)-.2yGP�.D(4)N(/a# 7^J�D(GT4A79%<`aLj;17QJzNFX"GT*O+A79*eGT2)!P4bY
;VGP7QGT*FB J(2)!T'AGP7 �)G?E5J57 /1GpJ50F+)Lv+)-.2eD(GT4F= D"+P_[/1-xN<+A7K-vN"D(%57QJhG��)3546+)-./1-nJ(D(%F+)0AY
D"][2)GT+PJ57K�"N.2)%x/V+)-m�"GT/1JH=^JvD(GP4A79%<`CLn+)-.*pW@GP0.')%"_�E5f<+)-<+PJ(*FR
| +)-x/10.2)!P`aGP7QJVB -v�"GTX"!
+)-vG
D(G
E5+)3.#K-<E5Gq/@Gp+PJ50F+b%"D(%57 -<�"!P2)GT*e+)4A%F`V7Q!T*FR � +bJ(0<+P%<Y

D(%5= -./1-j!
;17 2)GO�"Gp+)-go5%(LF#KGP7QJ�+P_[2yJ(2A7i`C2AGT0<+6][2yD(4)%.o(%FX"L.*m`C4AN<2A%(0x+P%(0xD(Gb7Q4)3(�"J"+b%(*
NA49 R 
 � +)/@7HJ(2)J";V26_[4A=i/V+)-<E5J(2U+)N(/@%?D57QN.2A7QJVBaN(/1%eE5JH7(E5J5N<2F7^JyE5J57C�"G
X"G
+)LF#K-<E5J52�%57
/10./1`aGT+A79/1�"%5=&+b%(0.*m/V+)-.2y_�E5f<+)-<+PJzJ"X.X.3zE5J57�/V+)-.2yJ(2)J(X<X"%5=^_�+)-z%(4)�"LCR � ')GPf<+)GT4)-
D(J(4A3(�"G
+)4)%5*U#KGT_[4)GP= +bJ57K-yD579%xE5J(+)3"X.X.-<X"-y][/1+)G�2AJvJ(D(%(�"%.26][/1GP7K�"-.`aJ(2A79/1�"%5f<*qD(%(0
#KGT_[4)%(f.26+bJ57[0<D(J5= +A7i%57c;V7QJ +)-��"Gb=^_[/1-�+P%50�GTf.4)%(*��"Gx+)-<2zE5GP26+)4A7^E5N<+)-<+PJV{�- J(0 �)J<Y
2)N5�"GT2)-�GT;CEH3(4)/@7QJ 4)%(Lt+P%50�/10./V+)L.�"J"+P%(*v�"Gn+)-<2�J(f �)-./1-h+)-<*vE5GP26+)4A7^E5N<+)-<+PJ(*x+)-.*
J"X.X"-<X"G
D5=Q')4)J(/@-<*d')GP2?J(D(%F+)0<D"][2)GT+PJ571/V+)-.2UD(J(4)3(�"GT+)4)% Qinv. D(%(0mGP= 2)JH7VJ(2)G��)3(46+)-<+)-J"D(NnJ(0<+)LCR � J(2A3"X"0</@-OJ50F+)LOD(4)J(;a�"J(+P%"D(%57QLF#K-<E5Gd/V+)-O�"!
;179/V+)-OGT2A!T46;VGP7QJn+P%(0 SPS
E5JH7@J(2A!T')Gb7 �AGd+PJxG��)L.*F{

• k8Jp:)GPfF;V-�D579%.2A=^_[2"B"N<+PJ(2��"G
X"G
+)-F#K%5f<2I/V+)-.2I_�E5f<+)-<+PJ1B<')Gb=9`a2)%(0.2}�(7QJpGP0.J579/a#K-AY
/@=QJe/V+)-.2}EHGT26+)4A7^E5N<+)-<+PJe+)-.*,J"X.X"-<X"G
D5=Q')4)J(/@-<*8;V7QJe+bJ?D(Gb7Q4)J(�"J"+A7^E53y'AGT')%(�"!P2)JVB
E53"+A7,D(%(0 �.D(%(4)Gb=,2)J J(D(%(')%.#KGb=8/V+)-.2�f<D(J(4 �)- +)-.*�E5J"#K0./V+)GT4)-.�"!P2)-.*zJ('A4)%<Y
2)%"D(%H=i-./1-.*j+P%50�/10./V+)L.�"J"+P%5*AB[/V+)-.2zG
D5=Q')4)J(/@-�+T_[2zD(4)%	� N.26+T_[2t'A7QJ(/1D(3(/1G
_[2
/10.26+b%<2F79/1�.][2"B"E5J"#@][*,E5J57H/V+)-.2�J(0 �)J(2)N(�"GP2)-q�"GM+)-.2�E5GT26+)4F7 EHNF+)-<+bJOGT;aE53(4)/@7QJ
4)%(LCR�wpJ"+)3e+)-q�"G
X"!
+)-U+P_[2d:)GT0<;a][2dJ(0<+6][2�/1+)-<2�J(2)J(X<X"%5=^_�+)-O%(4)�"LCB(D(J(4A3(�"GrY
+)4)%(*pD(%(0m#KGT_[4)GP=9+PJ57@J"D(J"X.X"J";V�"!T2)-nJ"D(Nx+P%v�"-.`CJ52A79/1�"NjJ(0<+)NVBVJ(2AJ(')GP7^E52Af<GT+PJ57
;17QJn�(7QJvJ"E5N(�"-y>K%(4)3v-m�"GP=^_[/1-e+b%(0mGTf.4)%(0.*U�"G}+)-<2?J(f �)-./1-e+)-.*�E5GT26+)4F7 EHNF+)-AY
+PJ5*d+)-<*UJ(X<X"-<X"G
D5=Q')4)J5/1-.*AR �d0<+)Ng+b%n>KJ57 2)N(�"GT2A%n�"J(*q'A= 2)GP7a+)-m'A0<2AJ"+)N<+)-F+bJg2)J

� �Cs



79/1`a0.4A79/V+b%(f.�"G?N<+A7&0<D(3(4)`aGP7 �(7^J�D(46]�+)-x!T2)'AGP7 �)-jN<+A7&+P%z>@J57 2)N(�"GP2)%z+)-<*OJ(f �)-AY
/1-.*d+)-.*UG
;aE53(4)/K7^J5*q4)%(L.*p�"G�+)-.2?E5GT26+)4F7 EHNF+)-<+bJv'AGT2eG
D57Q')4)3x/V+)-g�"GP=^_[/1-e+P%50
GTf.4)%(0.*FR

• k8JO:AGTf<;V-UE5J(%.2A=^_[2U')GP2�D(J54)%(0./@7Q3(:)%(0.2dE53(D(%57QJmG��)3(4)+)-</@-pJ"D(Ne+)-.28E5GP26+)4A7^E5N<Y
+)-<+PJVB.+)N(/1%qE5J"+)3?+)-d�"G
X"!
+)-�+P%50<*I/V+)-.2,_�EHfF+)-<+bJVB"N(/1%?E5J57"/V+)-.28J52)J"X.X"%5=^_�+)-
%(4)�"LCR � 7Q'A7^E53 ;17^J�+)-�')GPfF+)GP4)-zD(J(4)3(�"GT+)4)%VB�G
D57^D"X"!T%.2��"GTX.!T+)-�+)-.*gGTD57^X.%F;VL.*
+T_[2x+bJ(0<+P%"D(%57 -.�"!T26_[2�/1_[�"J"+A7Q'A=^_[2xD(4)!
D(Gb7 2AJt;V= 2)Gb7 ][/V+)Gm2)J�G��AJ(`H#K%(f.2xD579%
`a4)L./@7Q�"J?EHJ575J5/1>@J"X"L?/10.�.D(GT4)3(/@�"J"+PJmJ"D(Ne+A7i*8E5J"+bJ(2)%(�"!P*}+)-.* Balance Func-
tion R

• 
 �dX"J +bJ �"%.26+)!TX"J D(%(0 �"G
X"G
+)LF#K-<E5J(2(B�')GP2 �.D(N(4AGT/1J(2 2)J D(GT4F7 ;V4)3(W@%50<2 +A7i*
/10.�.D(GT4A7Q>K%(4)!T*pD(%(0yJ"D(%<+)0<D"][2)%.26+PJH7K/1+PJnD(GP7Q4)J(�"J"+A7^E53�')GT')%5�"!T2)JVR

��= 2)GT+PJ571X"%57^D(N<2e>KJ(2)GT4ANVBVNF+A7@GT26] 0<D(3(4)`aGP7V�(7QJxJ(4)`V7^E5Ln!T2)')Gb7 �)-mX"GP7 +b%(0.46;1=QJ(*p+)-.*
�"G$#&N(')%(0 �S/10./1`a!
+A7i/1-eGTf.4)%(0.*U�"Gd`a4)N.2)%nJ5')4)%.2)%"D(%5= -./1-.*dY G��)3546+)-./1-yJ"D(Nn+)-.2qE5GP2bY
+)4A7^E5N<+)-<+PJtE5JH7 +)-.2xGT2)!P46;VGP7QJt+)-.*yJ"X.X"-<X.GTD5=Q')4)J(/1-.* �
B\-��"-zfFD(J54 �)-��"%.26+)!TX._[2nD(%50
2)J D(GT4A7 ;V4)35>@%(0.2 �"G�G
D579+)0<`V=QJ +bJ D(Gb7^4AJ(�"J"+A7^E53 ')GT'A%(�"!T2)J E5J.#&7i/V+)3 +)-.2�G��)J";a_�;VL
%(4A7i/V+A7^E(][2�/10.�.D(GP4)J(/1�"3"+P_[2��"-tJ(/1>KJ"X"LHR � GT_[4)%(f.�"Gg')GvN<+A7 BlGb7Q'A7^E53 /1+P%�GTD5= D(GP')%
+T_[2~�"G
X"G
+6][2 Event by Event B8-~#&G
_[4A=QJ D(4)!TD(GP7I2)J J(2)J"D"+)0.`H#KGP=MD(GP4A79/1/@NF+)GP4)%VR� = 2)J57C;VGP2A7^E53gJ"D(%5')G
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Event Tag System

Table A.1: Run tag fields.

Field name Field type Description Source

fAliceRunId Int_t The run’s unique identifier. DAQ
fAliceMagneticField Float_t The value of the magnetic field. DCS
fAliceRunStartTime Int_t The start time for each ALICE run. DAQ
fAliceRunStopTime Int_t The stop time for each ALICE run. DAQ
fAlirootVersion TString (10) The version of AliRoot. Offline
fRootVersion TString (10) The version of ROOT. Offline
fGeant3Version TString (10) The version of Geant3. Offline
fAliceRunQuality Bool_t Validation of the reconstruction. Offline
fAliceBeamEnergy Float_t Center of mass beam energy. DCS
fAliceBeamType TString (5) Colliding systems type. DCS
fAliceCalibrationVersion Int_t Calibration version. Offline
fAliceAlignmentVersion Int_t Alignment version. Offline
fAliceDataType Int_t Simulation (0) or data (1). Offline
fNumEvents Int_t Number of events per file. Offline
fEventTag TClonesArray An array of event tag objects.
fDetectorTag TClonesArray An array of detector tag objects.
fLHCTag AliLHCTag An AliLHCTag object.
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Table A.2: Run tag methods.

Setter Getter Description
SetRunId(Int_t n) Int_t GetRunId() Run number.
SetMagneticField(Float_t n) Float_t GetMagneticField() Magnetic field.
SetRunStartTime(Int_t n) Int_t GetRunStartTime() Run start time.
SetRunStopTime(Int_t n) Int_t GetRunStopTime() Run stop time.
SetAlirootVersion(TString n) const char* GetAlirootVersion() AliRoot’s version.
SetRootVersion(TString n) const char* GetRootVersion() ROOT’s version.
SetGeant3Version(TString n) const char* GetGeant3Version() Geant3 version.
SetRunQuality(Int_t n) Int_t GetRunQuality() Reconstruction sanity.
SetBeamEnergy(Float_t n) Float_t GetBeamEnergy() Beam energy.
SetBeamType(TString n) const char *GetBeamType() Colliding systems.
SetCalibVersion(Int_t n) Int_t GetCalibVersion() Calibration version.
SetAlignVersion(Int_t n) Int_t GetAlignVersion() Alignment version.
SetDataType(Int_t n) Int_t GetDataType() Real data/MC.
AddEventTag(AliEventTag *t) TClonesArray *GetEventTags() Event tag objects.
AddLHCTag(AliLHCTag *t) AliLHCTag *GetLHCTag() LHC tag objects.

Table A.3: LHC tag fields.

Field name Field type Description Source

fLHCState TString LHC run conditions. DCS
fLHCLuminosity Float_t The value of the LHC luminosity. DCS

Table A.4: LHC tag methods.

Setter Getter Description
SetLHCState(TString t) const char *GetLHCState() LHC state.
SetLuminosity(Float_t l) Float_t GetLuminosity() LHC luminosity.
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Table A.5: Detector tag fields - the configuration will be retrieved from ECS.

Field name Field type Description

fITS Bool_t Takes 0 if the ITS is used otherwise 1.
fTPC Bool_t Takes 0 if the TPC is used otherwise 1.
fTRD Bool_t Takes 0 if the TRD is used otherwise 1.
fTOF Bool_t Takes 0 if the TOF is used otherwise 1.
fHMPID Bool_t Takes 0 if the HMPID is used otherwise 1.
fPHOS Bool_t Takes 0 if the PHOS is used otherwise 1.
fZDC Bool_t Takes 0 if the ZDC is used otherwise 1.
fMUON Bool_t Takes 0 if the MUON arm is used otherwise 1.
fPMD Bool_t Takes 0 if the PMD is used otherwise 1.
fEMCAL Bool_t Takes 0 if the EMCAL is used otherwise 1.
fVZERO Bool_t Takes 0 if the VZERO is used otherwise 1.
fTZERO Bool_t Takes 0 if the TZERO is used otherwise 1.

Table A.6: Detector tag methods.

Setter Getter Description
SetITS() Bool_t GetITS() State of the ITS.
SetTPC() Bool_t GetTPC() State of the TPC.
SetTRD() Bool_t GetTRD() State of the TRD.
SetTOF() Bool_t GetTOF() State of the TOF.
SetHMPID() Bool_t GetHMPID() State of the HMPID.
SetPHOS() Bool_t GetPHOS() State of the PHOS.
SetZDC() Bool_t GetZDC() State of the ZDC.
SetMUON() Bool_t GetMUON() State of the MUON.
SetPMD() Bool_t GetPMD() State of the PMD.
SetEMCAL() Bool_t GetEMCAL() State of the EMCAL.
SetVZERO() Bool_t GetVZERO() State of the VZERO.
SetTZERO() Bool_t GetTZERO() State of the TZERO.
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Table A.7: Event tag fields.

Field name Field type Description

fAliceEventId Int_t The event’s unique identifier.
fGUID TString The file’s unique identifier.
fturl TString The logical filename (file catalog).
fPath TString The file’s path in the local file system.
fNumberOfParticipants Int_t The number of participants (ZDC).
fImpactParameter Float_t The impact parameter (Glauber).
fPrimaryVertexFlag Bool_t Primary vertex found (1) or not (0).
fPrimaryVertexX Float_t Primary vertex x coordinate.
fPrimaryVertexY Float_t Primary vertex y coordinate.
fPrimaryVertexZ Float_t Primary vertex z coordinate (SPD).
fPrimaryVertexZError Float_t Error in primary V z coordinate.
fTriggerMask ULong64_t The trigger type.
fTriggerCluster UChar_t The trigger cluster.
fZDCNeutronEnergy Float_t The ZDC neutron energy.
fZDCProtonEnergy Float_t The ZDC proton energy.
fZDCEMEnergy Float_t The ZDC e/m energy.
fT0VertexZ Float_t The z coordinate of the vertex (T0).
fNumberOfTracks Int_t The number of reconstructed tracks.
fNumberOfPositiveTracks Int_t Number of positive tracks.
fNumberOfNegativeTracks Int_t Number of negative tracks.
fNumberOfNeutralTracks Int_t Number of neutral tracks.
fNumberOfV0s Int_t The number of V0s.
fNumberOfCascades Int_t The number of cascades.
fNumberOfKinks Int_t The number of kinks.
fNumberOfPMDTracks Int_t The number of PMD tracks.
fNumberOfPHOSTracks Int_t The number of PHOS tracks.
fNumberOfEMCALTracks Int_t The number of EMCAL tracks.
fNumberOfFMDTracks Int_t The number of FMD tracks.
fNumberOfJetCandidates Int_t The number of jet candidates.
fMaxJetEnergy Float_t Maximum of the charged jet energy.
fNumberOfHardPhotonsCandidates Int_t Number of hard photon candidates.
fMaxNeutralEnergy Float_t Maximum of the neutral jet energy.
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Table A.8: Event tag fields (cont.).

Field name Field type Description

fNumberOfChargedAbove1GeV Int_t Ncharged particles with PT > 1GeV/c.
fNumberOfChargedAbove3GeV Int_t Ncharged particles with PT > 3GeV/c.
fNumberOfChargedAbove10GeV Int_t Ncharged particles with PT > 10GeV/c.
fNumberOfMuonsAbove1GeV Int_t Number of muons with PT > 1GeV/c.
fNumberOfMuonsAbove3GeV Int_t Number of muons with PT > 3GeV/c.
fNumberOfMuonsAbove10GeV Int_t Number of muons with PT > 10GeV/c.
fNumberOfElectronsAbove1GeV Int_t Number of electrons with PT > 1GeV/c.
fNumberOfElectronsAbove3GeV Int_t Number of electrons with PT > 3GeV/c.
fNumberOfElectronsAbove10GeV Int_t Number of electrons with PT > 10GeV/c.
fNumberOfElectrons Int_t The number of electron (combined PID).
fNumberOfMuons Int_t The number of muons (combined PID).
fNumberOfPions Int_t The number of pions (combined PID).
fNumberOfKaons Int_t The number of kaon (combined PID).
fNumberOfProtons Int_t The number of protons (combined PID).
fNumberOfLambdas Int_t The number of Λ (combined PID).
fNumberOfPhotons Int_t The number of photons (combined PID).
fNumberOfPi0s Int_t The number of π0 (combined PID).
fNumberOfNeutrons Int_t The number of neutrons (combined PID).
fNumberOfKaon0s Int_t The number of K0 (combined PID).
fTotalP Float_t Total event momentum (all tracks).
fMeanPt Float_t The < PT > of the event (all tracks).
fMaxPt Float_t The maximum PT of the event (all tracks).
fTotalNeutralP Float_t Total event momentum (neutral tracks).
fMeanNeutralPt Float_t The < PT > of the event (neutral tracks).
fMaxNeutralPt Float_t The maximum PT of the event (neutral tracks).
fEventPlaneAngle Float_t The value of the event plane angle.
fHBTRadii Float_t The value of the fireball’s radius (HBT).
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Table A.9: Event tag methods.

Setter Getter
SetEventId(Int_t Pid) Int_t GetEventId()
SetGUID(TString Pid) const char *GetGUID()
SetTURL(TString Pid) const char *GetTURL()
SetPath(TString Pid) const char *GetPath()
SetNumOfParticipants(Int_t P) Int_t GetNumOfParticipants()
SetImpactParameter(Float_t Pimpact) Float_t GetImpactParameter()
SetVertexX(Float_t Pvx) Float_t GetVertexX()
SetVertexY(Float_t Pvy) Float_t GetVertexY()
SetVertexZ(Float_t Pvz) Float_t GetVertexZ()
SetVertexFlag(Int_t i) Int_t GetVertexFlag()
SetVertexZError(Float_t f) Float_t GetVertexZError()
SetTriggerMask(ULong64_t Ptr) ULong64_t GetTriggerMask()
SetTriggerCluster(UChar_t n) UChar_t GetTriggerCluster()
SetZDCNeutronEnergy(Float_t Pen) Float_t GetZDCNeutronEnergy()
SetZDCProtonEnergy(Float_t Pen) Float_t GetZDCProtonEnergy()
SetZDCEMEnergy(Float_t Pen) Float_t GetZDCEMEnergy()
SetT0VertexZ(Float_t Pvz) Float_t GetT0VertexZ()
SetNumOfTracks(Int_t Ptr) Int_t GetNumOfTracks()
SetNumOfPosTracks(Int_t Ptr) Int_t GetNumOfPosTracks()
SetNumOfNegTracks(Int_t Ptr) Int_t GetNumOfNegTracks()
SetNumOfNeutrTracks(Int_t Ptr) Int_t GetNumOfNeutrTracks()
SetNumOfV0s(Int_t Ptr) Int_t GetNumOfV0s()
SetNumOfCascades(Int_t Ptr) Int_t GetNumOfCascades()
SetNumOfKinks(Int_t Ptr) Int_t GetNumOfKinks()
SetNumOfPMDTracks(Int_t Ptr) Int_t GetNumOfPMDTracks()
SetNumOfPHOSTracks(Int_t Ptr) Int_t GetNumOfPHOSTracks()
SetNumOfEMCALTracks(Int_t Ptr) Int_t GetNumOfEMCALTracks()
SetNumOfFMDTracks(Int_t Ptr) Int_t GetNumOfFMDTracks()
SetNumOfJetCandidates(Int_t Ptr) Int_t GetNumOfJetCandidates()
SetNumOfHardPhotonsCandidates(Int_t Ptr) GetNumOfHardPhotonsCandidates()
SetMaxJetEnergy(Float_t f) Float_t GetMaxJetEnergy()
SetMaxNeutralEnergy(Float_t f) Float_t GetMaxNeutralEnergy()
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Table A.10: Event tag methods.

Setter Getter
SetNumOfChargedAbove1GeV(Int_t i) Int_t GetNumOfChargedAbove1GeV()
SetNumOfChargedAbove3GeV(Int_t i) Int_t GetNumOfChargedAbove3GeV()
SetNumOfChargedAbove10GeV(Int_t i) Int_t GetNumOfChargedAbove10GeV()
SetNumOfMuonsAbove1GeV(Int_t i) Int_t GetNumOfMuonsAbove1GeV()
SetNumOfMuonsAbove3GeV(Int_t i) Int_t GetNumOfMuonsAbove3GeV()
SetNumOfMuonsAbove10GeV(Int_t i) Int_t GetNumOfMuonsAbove10GeV()
SetNumOfElectronsAbove1GeV(Int_t i) Int_t GetNumOfElectronsAbove1GeV()
SetNumOfElectronsAbove3GeV(Int_t i) Int_t GetNumOfElectronsAbove3GeV()
SetNumOfElectronsAbove10GeV(Int_t i) Int_t GetNumOfElectronsAbove10GeV()
SetNumOfElectrons(Int_t Ptr) Int_t GetNumOfElectrons()
SetNumOfMuons(Int_t Ptr) Int_t GetNumOfMuons()
SetNumOfPions(Int_t Ptr) Int_t GetNumOfPions()
SetNumOfKaons(Int_t Ptr) Int_t GetNumOfKaons()
SetNumOfProtons(Int_t Ptr) Int_t GetNumOfProtons()
SetNumOfLambdas(Int_t Ptr) Int_t GetNumOfLambdas()
SetNumOfPhotons(Int_t Ptr) Int_t GetNumOfPhotons()
SetNumOfPi0s(Int_t Ptr) Int_t GetNumOfPi0s()
SetNumOfNeutrons(Int_t Ptr) Int_t GetNumOfNeutrons()
SetNumOfKaon0s(Int_t Ptr) Int_t GetNumOfKaon0s()
SetTotalMomentum(Float_t P) Float_t GetTotalMomentum()
SetMeanPt(Float_t Pt) Float_t GetMeanPt()
SetMaxPt(Float_t Pt) Float_t GetMaxPt()
SetNeutralTotalMomentum(Float_t f) Float_t GetNeutralTotalMomentum()
SetNeutralMeanPt(Float_t f) Float_t GetNeutralMeanPt()
SetNeutralMaxPt(Float_t f) Float_t GetNeutralMaxPt()
SetEventPlaneAngle(Float_t f) Float_t GetEventPlaneAngle()
SetHBTRadii(Float_t f) Float_t GetHBTRadii()
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tronic and optical systems, I proposed the design of the geome-
try for the selected system and I developed a large portion of the
corresponding software.

11/2004 Participation in the data taking for the test beam of the TR de-
tector for the ALICE experiment at CERN.



03/2005-Present Study of the BF for the ALICE experiment as a function of cen-
trality and particle species.

03/2005-Present Development of tools that are used in order to analyze simulated
data that are distributed world-wide by using the grid middle-
ware of ALICE.

05/2005–Present Developer of the AliRoot framework.

05/2005–Present Design and development of the Event Tag System for the AL-
ICE collaboration which defines the metadata scheme of the ex-
periment.

09/2005–Present Design and implementation of an analysis framework prototype
that uses the metadata catalog in a distributed environment.

02/2006–Present Software coordinator for the Physics Working Group 2 (PWG2
- Soft physics) for the ALICE collaboration.

02/2006–Present Software coordinator for the Physics Working Group 2 (PWG2
- Soft physics) for the ALICE collaboration.

02/2006–Present Software coordinator for the Event by Event topic of the PWG2
for the ALICE collaboration.

09/2006–Present Responsible for the distributed analysis in the Analysis Task
Force (ATF) for the ALICE collaboration.

09/2006–Present Responsible for the GRID analysis tutorials for the ALICE col-
laboration.

B.4 Publications and Preprints

1. C. Alt et al., "Strangeness from 20 AGeV to 158 AGeV", published in J.
Phys. G 30, S119-S128 (2004).

2. C. Alt et al., "Observation of an exotic s = -2, Q = -2 baryon resonance in
proton protn collisions at the CERN SPS", published in Phys. Rev. Lett.
92, 042003 (2004).



3. T. Anticic et al., "Transverse momentum fluctuations in nuclear collisions
at 158 AGeV", published in Phys. Rev. C 70. 034902 (2004).

4. T. Anticic et al., "Λ and Λ̄ production in central Pb+Pb collisions at 40
AGeV, 80 AGeV and 158 AGeV", published in Phys. Rev. Lett. 93, 022302
(2004).

5. C. Alt et al., "Multistrange hyperon production in Pb+Pb collisions at 30
AGeV, 40 AGeV, 80 AGeV and 158 AGeV", published in Prog. Part. Nucl.
Phys. 53, 269-272 (2004).

6. T. Anticic et al., "Energy and centrality dependence of the deuteron and
proton production in Pb+Pb collisions at relativistic energies", published in
Phys. Rev. C 69, 024902 (2004).

7. M. Gazdzicki et al., "Report from NA49", published in J. Phys. G 30, S701-
S708 (2004).

8. S. Kniege et al., "Rapidity and transverse momentum dependence of π−π−

Bose-Einstein correlations measured ate Event by event fluctuations of par-
ticle ratios in central Pb+Pb collisions at 20 AGeV, 30 AGeV, 40 AGeV, 80
AGeV and 158 AGeV beam energy", published in J. Phys. G 30, S1073-
S1078 (2004).

9. C. Roland et al., "Event by event fluctuations of particle ratios in central
Pb+Pb collisions at 20 AGeV to 158 AGeV", published in J. Phys. G 30,
S1381-S1384 (2004).

10. C. Alt et al., "Electric charge fluctuations in central Pb+Pb collisions at 20
AGeV, 30 AGeV, 40 AGeV, 80 AGeV and 158 AGeV", published in Phys.
Rev. C 70, 064903 (2004).

11. C. Alt et al., "System size dependence of strangeness production in nucleus
nucleus collisions at
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052301 (2005).
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13. C. Alt et al., "System size and centrality dependence of the Balance Func-
tion in A+A collisions at

√
sNN = 17.3 GeV", published in Phys. Rev. C

71, 034903 (2005).



14. M Rybczynski et al., "Multiplicity fluctuations in nuclear collisions at 158
AGeV", published in J. Phys. Conf. Ser. 5, 74-85 (2005).

15. P. Christakoglou et al., "System size and centrality dependence of the elec-
tric charge correlations in A+A and p+p collisions at the SPS energies",
published in Nucl. Phys. A 749, 279-282 (2005).

16. D. Flierl et al., "Indications for the onset of deconfinement in nucleus nu-
cleus collisions", to appear in the proceedings of 32nd International Confer-
ence on High-Energy Physics (ICHEP 04).

17. G. Georgopoulos, P. Christakoglou, A. Petridis, M. Vassiliou, "Wavelet
analysis in Pb+Pb collisions at the CERN SPS", published in Crete 2002,
Correlations and fluctuations in QCD 282-292 (2003).

18. D. Flierl et al., "Indications for the onset of deconfinement in nucleus nu-
cleus collisions", published in AIP Conf. Proc.756, 433-435 (2005).

19. P. Seyboth et. al, "Indications for the onset of deconfinement in Pb+Pb
collisions at the CERN SPS from NA49", published in Acta Phys. Polon.
B36, 565-573 (2005).

20. C. Alt et. al, "Upper limit of D0 production in central Pb+Pb collisions at
158-A-GeV.", nucl-ex/0507031.

21. C. Alt et al., "Inclusive production of charged pions in p+p collisions at 158-
GeV/c beam momentum.", submitted to Eur.Phys.J.C, hep-ex/0510009.

22. P. Christakoglou et al., "Energy and rapidity dependence of electric charge
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to appear in the proceedings of 35th International Symposium on Multipar-
ticle Dynamics (ISMD 05), Kromeriz, Czech Republic, 9-15 Aug 2005,
nucl-ex/0510045.

23. C. Hohne et al., "Report from NA49", to appear in the proceedings of 18th
International Conference on Ultrarelativistic Nucleus-Nucleus Collisions:
Quark Matter 2005 (QM 2005), Budapest, Hungary, 4-9 Aug 2005, nucl-
ex/0510054.

24. C. Alt et al, "High PT spectra of identified particles produced in Pb+Pb col-
lisions at 158-GeV/nucleon beam energy", to appear in the proceedings of



18th International Conference on Ultrarelativistic Nucleus-Nucleus Colli-
sions: Quark Matter 2005 (QM 2005), Budapest, Hungary, 4-9 Aug 2005,
nucl-ex/0510054.

25. C. Alt et al, "Elliptic flow of Lambda hyperons in Pb + Pb collisions at
158- AGeV", to appear in the proceedings of 18th International Conference
on Ultrarelativistic Nucleus-Nucleus Collisions: Quark Matter 2005 (QM
2005), Budapest, Hungary, 4-9 Aug 2005, published in Nucl.Phys.A774:499-
502,2006.

26. A. Adronic et al., "Transition radiation spectra of electrons from 1 to 10
GeV/c in regular and irregular radiators.", submitted to Elsevier Science.

27. C. Alt et al., " Main physics results and further analysis plans of the NA49
collaboration on nucleus nucleus collisions at SPS energies.", ERN-SPSC-
2005-041, CERN-SPSC-P-264-ADD-12, Nov 2005.

28. C. Alt et al, "Rapidity dependence of Bose-Einstein correlations at SPS
energies.", published in AIP Conf.Proc.828:473-478,2006.

29. T. Anticic et al., "Recent results from the NA49 experiment.", published
in "Camyuva-Kemer 2003, Structure and dynamics of elementary matter"
53-60.

30. C. Alt et al., "Energy and centrality dependence of anti-p and p production
and the anti-Lambda/anti-p ratio in Pb+Pb collisions between 20/A-GeV
and 158/A-Gev.", published in Phys.Rev.C73:044910,2006.

31. M. Mitrovski et al., "Strangeness production at SPS energies.", published in
J.Phys.G32:S43-S50,2006.

32. T. Schuster et al., "High p(T) spectra of identified particles produced in
Pb+Pb collisions at 158-A-GeV beam energy.", published in J.Phys.G32:S479-
S482,2006.

33. C. Alt et al., "Inclusive production of charged pions in p+C collisions at
158-GeV/c beam momentum.", hep-ex/0606028 - Submitted to Eur.J.Phys.

34. C. Alt et al., "Elliptic flow of Lambda hyperons in Pb + Pb collisions at
158A- GeV", nucl-ex/0606026 - Submitted to Phys.Rev.Lett.



35. N. Antoniou et al., "Study of hadron production in hadron nucleus and nu-
cleus nucleus collisions at the CERN SPS", CERN-SPSC-2006-034, CERN-
SPSC-P-330, Nov 2006.

36. P. Christakoglou et al., "Using the Balance Function to study the charge
correlations of hadrons", nucl-ex/0611015 - To appear in the proceedings of
the "Quark Confinement and Hadron Spectrum VII".

37. P. Christakoglou et al., "Study of charge correlations using the Balance
Function", to appear in the proceedings of the SPHIC06.

38. B. Alessandro et.al, (ALICE Collaboration)J. Phys. G30 (2004) 1517.

39. B. Alessandro et.al, (ALICE Collaboration)J. Phys. G32 (2006) 1295.

40. F Carminati et al., "ALICE: Computing technical design report.", CERN/L-
HCC 2005.

B.5 Conferences

Correlations and Fluctuations 2002 Crete, June 2002.

“Search for dynamical fluctuations in Pb+Pb collisions”, pub-
lished in the proceedings of “Correlations and Fluctuations 2002”.

HEP 2003 Athens, April 2003.

“Centrality dependence of the Balance Function in Pb+Pb col-
lisions”, http://www.inp.demokritos.gr/eesfye/proceedings.html.

QUARK MATTER 2004 Oakland, January 2004

“Charge correlations and fluctuations in Pb+Pb, Si+Si, and
p+p collisions at 20-158 GeB beam energies at the CERN-SPS”,
poster presented at the conference.

NPDC18 Prague, August 2004

“System size and centrality dependence of the electric charge
correlations in A+A and p+p collisions at the SPS energies”,
published in Nucl. Phys. A 749, 279-282 (2005).



ISMD05 Kromeriz, August 2005

“Energy and rapidity dependence of the electric charge correla-
tions at 20-158 GeB beam energies at the CERN-SPS (NA49)”,
to be published in the conference’s proccedings.

SC05 Seattle, November 2005

“ALICE distributed analysis demo.”, application demonstrated
at the conference.

LHC Physics School Lecce, June 2006

Participation in the “Italo-Hellenic LHC Physics School”.

QCHS7 Azores, September 2006

“Using the Balance Function to study the charge correlations of
hadrons”, to be published in the conference’s proccedings.

SPHIC06 Catania, September 2006

“Study of charge correlations using the Balance Function”, to
be published in the conference’s proccedings.

Physics Week 07 Muenster, February 2007

“Baryon yields in p+p collisions”.

B.6 Internal Notes

NA49 Internal note P. Christakoglou et al. “Is there any boost invariance or mul-
tiplicity dependence in the Balance Functions?”], NA49 internal
note.

ALICE Internal note P. Christakoglou et al. “Event by event physics in ALICE.”,
ALICE internal note (ALICE-INT-2005-047 v.1).

ALICE internal note P. Christakoglou, “Measuring mechanical deformation of
the outer structure of ALICE detectors”, ALICE internal note.

ALICE Internal note P. Christakoglou and P. Hristov, "The Event Tag System",
ALICE-INT-2006-023.



ALICE Internal note P. Christakoglou and M. Oldenburg, “Distributed Analysis
- Overview of the framework and practical examples”, ALICE
internal note (to be submitted).

ALICE Internal note F. Carminati et al., “ALICE offline primer”, ALICE internal
note (to be submitted).

B.7 Teaching Experience

1997–2003 Tutor

Private lessons in Physics, Chemistry, Mathematics, Biology for
high school students.

2001–2003 Teaching assistant in nuclear physics laboratory at the Univer-
sity of Athens, Physics Department.

2001-2003 Tutor

Lessons in Physics to University candidates.

2006 ALICE Tutor

Responsible for presenting the official ALICE tutorials for the
PROOF framework to the collaborators.

2006-Present ALICE Tutor

Responsible for presenting the official ALICE tutorials for the
distributed analysis framework to the collaborators (GRID).

B.8 Language Knowledge - Computer Skills

English: University of Cambridge - Proficiency in English.

French: Institute de Francais d’ Athenes - Certificat de Lange Francaise.

Greek Native

Operation Systems: Windows 95/98/NT/2000/Me/XP

MS-Dos



Unix, Linux (several platforms like Redhat, Suse, Fedora, Man-
drake, SLC)

Mac OS X

Programming Languages: Clipper, C, C++, Pascal, Fortran, Visual Basic, Delphi.

Databases: Development of applications using

MySQL

Delphi

Power Builder

Access

SQL-4GL (Informix)

Oracle

Software Packages: Microsoft Office, Open Office, LaTeX, Tcl/Tk, ROOT, Ali-
Root.

Version Management Package: Concurrent Versions System (CVS).
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 �
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4)JxJ"D(NjNFX"%(0.*p+P%50<*qG
X"!
;V`a%(0.*ARORqRqRqRqR?RqR?RqRqR?RqRpR?RqR?RqRqR?R�
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 E53"+P_ ;V4)J(>KL.�"J"+PJ �TRek8JtJ(4A79/V+)GP4)3z;a4AJ(>@L.�"J"+bJh'AGP=9`a2)%(0.2
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+b%(0 GPf<4A%(0.*�+)-.*tE5J"+PJ52)%(�"L.*�+b%(0 Vz 
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#K%(')% shuffling ;VGT;a%.2)N<+bJ
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�CR 
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J"D(Nx+)-y�"GTX"!
+)-e+P%50g�"%.26+)!
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E5X.35/1GP79*vE5GP26+)4A7^E5N<+)-<+PJ(*v+P_[2�J"X.X"-FX"GTD57^'A4)3(/1GT_[2 Pb + Pb _[*n/10AY
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X"GTD5=^'A4)J(/1-CROk8%zJ(4F79/V+)GT4ANz;V4)35>@-.�"JzJ5>@%(4)3h+)-.2yEHGT26+)4A7^E5L�D(GT4A7i%F`aL
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EHL<*O'A7QJ(>K%(4)3(* ∆η +P_[2y�"-n+PJ(0<+P%(D(%57i-.�"!T2)_[2g/V_[�"J"+A7Q'A=^_[2m;17QJ�NFX"GT*
+A7i*�E(X"3(/@GP79*tE5GP26+)4A7^E5N<+)-<+PJ(*h+P_[2~J"X.X"-<X.GTD57Q')4)3(/1GT_[2 Pb + Pb /1G
GP2)!T4);aGb7QJ √sNN = 17.3GeV N(D"_[*8D(4)%"EHfFD"+b%(0.2UJ"D(NO+)-.2�J(2A3"X"0</@-
;VGT;a%.2)N<+P_[2?D(%50yD(J(4)35`5#&-FEHJ(2m�"Gd+)-Oo5%(LF#KGP7QJn+P%(0n�"%.26+)!
X"%(0 AMPT. s 
��


CR sZu k8JhGTf.4)-v+P_[2gE5J(+PJ(2)%5�.][2n+)-.*e/10.2)3(4)+)-</@-<*e79/1%5:)0<;V=i%(0j_[*m/10.2)3(4ZY
+)-./1-z+P%50��"!T/1%(0t`a4)N.2)%(0�J5')4)%.2)%"D(%5= -./1-.*j+T_[2�;aGT;V%<2ANF+P_[2"B[N"D"_[*
J50F+)N5*p0<D(%AX"%F;V=Q:)GT+PJ57&J"D(Nx+)-g/1`a!T/1- 
CR�s.R RpR?RqR?RqRqR?RqR?RqRpR?RqRMs�
��


CR s<s k8JhGTf.4)-v+P_[2gE5J(+PJ(2)%5�.][2n+)-.*e/10.2)3(4)+)-</@-<*e79/1%5:)0<;V=i%(0j_[*m/10.2)3(4ZY
+)-./1-�+P%(0h�"!T/1%50�J(4A79#K�"%(fz+T_[2j2)%50FE5X.GP%.2A=^_[2jD(%(0h�"G
+)!T`a%(0.2x/V+)-.2
J(X<X"-<X"G
D5=Q')4)J5/1-j;17QJt+PJzD(GP7Q4)J(�"J"+A7^E53~')GT')%5�"!T2)J 
 E5N"E(EC7 2AJ�/1-.�"GP=QJ �TB
+b%y�"%.26+)!
X"% AMPT 
S�.D"X.G}/1-.�"GP=QJ ��EHJ.#@][*�E5J57C+PJg3"X.X.Jg')0.%y�(7^E54)%<Y
/1E5%"D57^E53j�"%.26+)!
X"JvD(%(0n�"G
X"G
+)LF#K-<E5J(2 (HIJING - UrQMD). RqRpR?RqRMs��<u


CR s6� �q7,E5J"+bJ(2)%(�"!P*~+b%(0 �"!T/1%(0 `C4AN<2A%(0 J5')4)%.2)%"D(%5= -./1-.* +P_[2 D579%.2A=^_[2

SJ(4A7i/V+)GT4)3 �
B.+T_[2IEHJ(%.2A=^_[2 
S�"!T/1- � J(X<X"3UEHJ57<+T_[2ID(46_�+b%.2A=^_[2 
 'AG��A7Q3 �
;17QJ~NFX"GT*x+A79*vE5GP26+)4A7^E5N<+)-<+)GT*x+P_[2�J"X.X"-FX"GTD57^'A4)3(/1GT_[2 Pb + Pb /1G
GP2)!T4);aGb7QJ √

sNN = 17.3GeV N"D"_[*~J(0<+)!T*tD(4)%"EHfFD"+b%(0.2 J"D(N +P%
�"%.26+)!TX"% AMPT. R?RpRqR?RqR?RqRqR?RqR?RqRpR?RqRqR?RqR?RqRqR?RpRqR?Rcs��Cs


CR s	� �q7[E5J(+PJ(2)%5�"!T*h+)-.* Balance Function _[*�/@0<2A3(46+)-./1-�+)-.*�/@`CGT+A7iY
EHL<*}'A7QJ(>@%(4A3(* ∆y +P_[2�+PJ(0<+P%(D(%57i-.�"!T2)_[2dD579%.2A=^_[2U;17^JmNFX"GT*,+A7i*8E(X"3<Y
/@GP79*qE5GT26+)4F7 EHNF+)-<+bJ(*p+P_[2mJ"X.X.-<X"G
D57Q')4A3(/1G
_[2 Pb + Pb /1GUGT2A!T46;VGP7QJ√
sNN = 17.3GeV B N"D"_[*gD(4)%"E5f<D"+b%(0.2�J"D(N�+)-.2xJ(2)3"X"0./1-�;aGT;V%<Y
2ANF+P_[2OD(%(0yD(J(4A3(`H#K-<E5J(2m�"G�+)-Oo5%(LF#KGP7QJv+P%50g�"%.26+)!
X"%(0 AMPT. R?Rcs��"�


CR s � � G��)3(46+)-./1-h+P%50�GTf.4)%(0.*x+T_[2�E5J"+bJ(2)%(�.][2h+)-.* Balance Function
;17QJm:)GPfF;V-qD579%.2A=^_[2pJ"D(Nm+b%O�"!P/1%m`a4)N.2)%mJ(')4A%<2A%"D(%5=i-./1-.*�+T_[2�;VG
;V%<Y
2ANF+P_[2 
SJ(4A7i/V+)GT4)Nz;V4)3(>K-<�"J �
R � /1f<;CEH4A79/1-j+P_[2y+A7Q�.][2n+T_[2gGP0.46][2
�"GT+PJ �Afx+T_[2nD(GP7Q4)J(�"J"+A7^E(][2x')GP')%(�"!P26_[2gEHJ57�+P_[2g�"%.26+)!
X._[2 AMPT
EHJ57 UrQMD _[*,/10.2)3(46+)-./1-d+b%(0p�"!P/1%(0pJ(4F7 #K�"%(fq+T_[2�2)%(0<E(X"GT%.2A=^_[2
D(%50g�"G
+)!P`a%(0.2?/V+)-.2OJ"X.X"-FX"GTD5=^'A4)J(/1- 
S')G��A=V;V4)3(>K-.�"J �
R�RqR?RqRpR?RqRMs ���


CR s�
 �q7(E5J(+PJ(2)%5�"!T*d+)-.* Balance Function _[*�/10.2)3(4)+)-</@-p+)-.*}/1`aGT+A7 EHL<*
'F7^J5>@%(4)35* ∆y +T_[2~+PJ(0<+b%"D(%57i-.�"!P26_[2~EHJ(%.2A=^_[2~;17QJ NFX"GT*h+A79*hE(X"3<Y
/@GP79*qE5GT26+)4F7 EHNF+)-<+bJ(*p+P_[2mJ"X.X.-<X"G
D57Q')4A3(/1G
_[2 Pb + Pb /1GUGT2A!T46;VGP7QJ√
sNN = 17.3GeV B N"D"_[*gD(4)%"E5f<D"+b%(0.2�J"D(N�+)-.2xJ(2)3"X"0./1-�;aGT;V%<Y
2ANF+P_[2OD(%(0yD(J(4A3(`H#K-<E5J(2m�"G�+)-Oo5%(LF#KGP7QJv+P%50g�"%.26+)!
X"%(0 AMPT. R?Rcs�� �




CR�s�� � G��)3546+)-./1-t+P%(0�GPf.4)%(0.*v+T_[2�EHJ"+PJ(2A%(�.][2h+)-<* Balance Function
;17QJh:AGTf<;V-xE5J(%.2A=^_[2jJ"D(Nz+P%t�"!T/1%z`a4)N.2)%tJ(')4)%.2)%"D(%H=i-./1-.*y+P_[2y;VGrY
;V%.2)N<+T_[2 
SJ(4A79/V+)GP4)Nv;V4)3(>@-.�"J �TR� /1f<;aE54A79/1-e+P_[2p+A7Q�.][2p+P_[2qGP0<4)][2q�"G
+bJ �)fe+P_[2pD(GP7Q4)J5�"J"+A7^E(][2e')GrY
')%(�"!P26_[2�EHJ57\+T_[2��"%.26+)!TX._[2 AMPT EHJ57 UrQMD _[*n/10.2)3546+)-./1-
+P%50v�"!P/1%(0vJ(4A79#K�"%(fv+T_[2y2A%(0<E(X"GT%.2A=^_[2yD(%(0x�"GT+)!T`a%(0.2m/V+)-.2mJ"X.X"-)Y
X"G
D5=Q')4)J5/1- 
S')G��F=V;V4)3(>K-<�"J �
R RqRqRqRqRqR?RqR?RqRqR?RqRpR?RqR?RqRqR?R s�� 



CR�s�� � G��)3(46+)-./1-U+b%(0pGPf<4A%(0.*,+)-.* Balance Function _[*8/10.2)3(46+)-./1-d+)-.*
G
;aE5354)/@7QJ(*�+PJ(`af<+)-<+PJ(*,+)-.*,4)%5L<*}+P%(0q/10./V+)L.�"J"+P%(*,N(D"_[*8D(4)%"EHfFD"+)Gb7
J"D(Nx+)-y�"GTX"!
+)-e+P%50yD(4)%<+)f<D(%(0 THERMINATOR. RqRqRqRqR?RqR?RqR s�� �

�CR�s | +P% /1`aL.�"J >KJ5= 2)%.26+PJ57}NAX"%578%57,J(2A7i`C2AGT0<+)!T*tD(%(0 J"D(J(46+A=Q:)%(0.2 +)-.2
D(GP7Q4)J5�"J"+A7^E5Ln'F7^3(+PJ �)-n+P%50 ALICE R RqRqR?RqR?RqRqR?RpRqR?RqR?RqRqRcs��5s

�CRQ� k8J � modules +P%50�J(2A79`a2)GP0F+)L HMPID E5J.#@][*�Gb= 2)J57l+b%"D(%.#KGT+)-)Y
�"!T2A%~/V+b%�D"X"J5=9/@7i% /V+)L.4A7 �)-.* (space frame) B[N(D"_[*vJ52)J"D(J(4A7i/V+)3"+PJH7
�"!T/@Jv/1+P%nD(J"E5!
+b% AliRoot R�R?RqRpR?RqRqR?RqR?RqRqR?RpRqR?RqR?RqRqRcs 
.�

�CR � � /@0<2A')0.J(/1�"N(*n+)-.*nD"X"-.4)%(>K%(4A=QJ(*x+P_[2�J(')4A%<2F7 E5][2zEHJ"X"%(4A7Q�"!
+)46_[2
E5J57@+P%50y-<X.GTE(+)4)%(�"J(;a2A-F+A7^E5%5fy;17QJx+P%.2qEHJ.#K%(4A7i/1�"Nx+)-.*�EHGT26+)4A7^E5N<+)-AY
+PJ5*q�(7QJ(*pJ"X.X"-<X"G
D5=Q')4)J('A-<*FR R?RqRqRqRqRqR?RqR?RqRqR?RqRpR?RqR?RqRqR?R s 
 


�CR�� � G��A3(46+)-./1-xJ"D(Nz+)-<2n%(4)�"Lx+)-.*eJ"D"]�X"GP7QJ(*yGP2)!T4);aGb7QJ(*yJ(2)3h�"%.2)3(')J
�"L<E5%(0.* 
 D"X"-.4)%(>K%(4A=QJgJ(D(Ny+P%.2 TPC �[;V7QJy'F7^35>@%(4)JvGP=Q')-e/V_[�"J(+A7^'F= _[2(R s 
 


�CR 
 � J"D(N(')%(/@-n+)-.*?+PJ(0<+b%"D(%5=i-./1-.*e/V_[�"J"+A7Q'A=^_[2mJ"X.X"3jE5JH7&+PJ�'A7Q3(>K%(4)J
D(%(/1%5/V+)3mD(4)N(/@�(7 �A-<*}_[*}/10.2)3546+)-./1-p+)-.*}%54)�"L.* 
 D"X.-.4)%5>@%(4A=QJy�"N.2)%
J"D(Nq+P%.2 TPC ��;17QJp+)4F=^JqGP=Q')-C{�D57QN.2A7QJ 
SJ(4A7i/V+)GT4)Nq;V4)3(>@-.�"J �TB.E5J(N.2A7QJ

S�"GT/1J5=i%x;a4A3(>@-.�"J �IEHJ571D(4)_�+)N<2F7^J 
SJ(4A79/1+)GT4)Nx;V4)3(>K-.�"J �
R�RqR?RqRqR?R s 
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 D"X.-.4)%5>@%(4A=QJy�"N.2)%
J"D(Nq+P%.2 TOF � ;17QJp+)4F=^JqGP=Q')-C{�D57QN.2A7QJ 
SJ(4A7i/V+)GT4)Nq;V4)3(>@-.�"J �TB.E5J(N.2A7QJ

S�"GT/1J5=i%x;a4A3(>@-.�"J �IEHJ571D(4)_�+)N<2F7^J 
S')G��F=V;V4)3(>K-<�"J �
R�RqRpR?RqR?RqRqR?R s �.u
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 � J"D(N(')%(/@-n+)-.*?+PJ(0<+b%"D(%5=i-./1-.*e/V_[�"J"+A7Q'A=^_[2mJ"X.X"3jE5JH7&+PJ�'A7Q3(>K%(4)J
D(%(/1%5/V+)3eD(4)N(/1�(7 �)-.*}_[*}/10.2)3(4)+)-</@-U+)-.*8%(4)�"L.*8;17QJm+)4A=QJmGb=^'A-H{\D57QN<Y
2A7QJ 
 J54A79/V+)GP4)NO;a4A3(>@-.�"J �TB(E5J(N.2A7QJ 
S�"GT/@J5=9%O;V4)3(>@-.�"J �\EHJ57(D(4)_�+)N<2F7^J

S')G��A=1;V4)3(>@-.�"J �TR R?RqRqR?RqR?RqRqRqRqRqR?RqR?RqRqR?RqRpR?RqR?RqRqR?R s �Cs



�CR � � J"D(N(')%5/1-x+)-.*p+PJ50F+b%"D(%5= -</@-<*e/V_[�"J(+A7^'F= _[2gJ"X.X.3�E5J57&+PJ�'A7Q3(>@%(4AJ
D(%5/1%(/V+)3gD(4)N(/1�(7 �)-.*d_[*U/10.2)3(4)+)-</@-?+)-.*d%(4)�"L.* 
 +)4)%F`V7Q!T*pD(%(0mD(GT4ZY
2A%(f.2mJ"D(N�+b%<2 TOF �I;17^J�+)4A=QJ�GP=Q')-C{ID57QN<2F7^J�
 J54A79/V+)GP4)N�;V4)3(>K-.�"J �
B
EHJ(N.2A7QJ 
 �"GP/1J5=9%x;V4)3(>K-.�"J �IE5J57@D(46_�+)N.2A7QJ 
 'AG��A=1;a4A3(>@-.�"J �TRdRqRpR?RqRMs �Cs

s6uCR�s | `a-.�"J"+A7^E5L8J52)J"D(J(4)35/V+PJ(/@-8+T_[2M0<D(%AX"%F;179/V+A7^E(][2,GT4);aJ5/@7^][2 +b%(0 ALICE
/1+P%nD"X.JH=9/@79%x+b%(0g�"%.26+)!TX.%50 MONARC R@RpRqR?RqRqR?RqR?RqRqRqRqRqRMs ���

s6uCRQ� | `a-.�"J"+A7^E5LpJ52)J"D(J(4)35/V+PJ(/@-p+)-.*87QGT4)J(4A`a7^E5L.*8'A%(�"L.*ID(%(0pJ"E5%FX"%(0F#KGP=iY
+bJ571/1+P%x�"%.26+)!
X"%nD(%(0g!P`CGb710 � %.#&G
+)-F#KGP=1J"D(Nx+P% ALICE R8RqR?RpRqR?Rcs � 


s6uCR � | `a-.�"J"+A7^E5L�J52)J"D(J(4)35/V+PJ(/@-�+)-.*j/1f.2)')GP/1-.*g+b%(0 Virtual Organisa-
tion (VO) +b%(0 ALICE �"Gd+bJvG��6_�+)GT4F7 EH3v/@0</1+)L<�"J(+PJVRxRqR?RqRpR?RqRMs � �

s6uCR�� k8Jg'A7Q3(>@%(4AJn/V+b%579`aGP=QJgD(%(0eJ"D(%<+)G
X"%(f.2U+P%yD(J"E5!
+b%nJ52)3"X"0./1-.* ROOT R s � �
s6uCR 
 � J"X"0./@=Q')JhD(%(0�J(E5%AX"%(0F#KGb= +PJH7 ;17QJh+)-<2nG
D(G��)GT46;VJ(/K=^Jh+P_[2g')GP')%(�"!rY

2)_[2?/V+bJvD"X.JH=9/@7QJx+P%(0 AliRoot R R?RqRqR?RpRqR?RqR?RqRqR?RqR?RpRqR?Rcs � 

s6uCR � � 'A%(�"Ly+b%(0yD(J"EH!
+P%50 AliRoot R R?RqRqR?RpRqR?RqR?RqRqR?RqR?RpRqR?Rcs ���
s.s.R�s k8%tD"X"J5=i/@79%�J(2)3(X.0./1-.*g+P%(0�D(GP7Q4)3(�"J"+b%(* ALICE E5J57 -j#K!P/1-j+b%(0

Event Tag System �"!T/1Jv/1GdJ(0<+)NVRMRqRqR?RqRpR?RqR?RqRqR?RqR?RqRpR?RqR��Fu 

s.s.RQ� �q7aD(-<;a!P*U+T_[2e'A7QJ(>K%(4)GT+A7 E5][2mG
D57^D(!T'6_[2e+b%(0y/10./V+)L.�"J"+b%(*FR RqRpR?RqR��Fu 

s.s.R � � ')GP2)')4)%(Gb7Q')L.*h�"%54)>@L GT2AN(*tJ(4)`aGP=9%50 tag N"D"_[*tJ(0<+)N D(4)%"EHfFD"+)Gb7

J(D(Nn+b%vD(4)NA;V4)J5�"�"J�J(2)J"EHJ"+PJ(/1E5GT0.L.*p+b%(0 AliRoot R\RqRqR?RqR?RpRqR?Rl�<u��
s.s.R����c7 EHN<2AJyD(%(0O')GP=i`C2AGP7H+)-q')-.�(79%50<4);V=QJm+P_[2 tag J(4)`aGP=^_[2U_[*}+P%m+)GTX.GP0AY

+bJ5=9% o5L.�"J +P%50~D(4)%F;V4)3(�"�"J"+b%(*tJ(2)J"EHJ"+PJ(/1E5GT0.L.*h+T_[2t;VG
;V%.2)N<+T_[2"R
wqJ"+)3xJ(0<+)NvJ(E54A7io(][*p+P%.2O+)4)N"D(%xD(4AJ";V�"J"+P%"D(%H7^Gb= +PJH7 E5J57K-y')-.�(79%(0.4bY
;1=QJv+T_[2eG
D5=i/1-.�._[2 tag J(4)`aGb= _[2O+b%(0yD(Gb7^4A3(�"J"+P%5*AR RqR?RqRqR?RpRqR?Rl�Hs6u

s.s.R 
 � 'A7QJ('A7^E5J5/@=QJzD(%50jJ"E5%FX.%50A#&GP= +bJ57�;17QJ�+)-x')-.�(79%(0.46;1=QJz+T_[2yJ(4A`CGb=^_[2
tag RVRqRqR?RqR?RqRqR?RpRqR?RqR?RqRqR?RqR?RqRpR?RqRqR?RqR?RqRqR?RpRqR?Rl�Hs.s

s.s.R � � 4)%(L?+)-.*8'A7QJ('A7^E5J(/K=^J5*UJ(2)3"X"0./1-.*A{ 
 � `C%.26+bJ(*�_[*8D(J(4AJ(�"!
+)4)%50<*��(7QJ
/@0FX.X"%F;aLOJ(4)`aGb= _[2 tag (tag xml collection) +)-<2U%(D(%5=QJg')-.�(79%(0.46;V%(fAY
�"Gd�"Gd+)-.2OJ"X.X.-<X"G
D5=Q')4AJ(/1-g�"Gd+b%.2?EHJ"+)3"X"%A;V%�J54)`aGP=^_[2e+P%(0 GRID
EHJ.#@][*�E5J57H+PJeE54F7 +)L.4A7QJgG
D57^X"%F;aL.*FBC:A-F+b%(f.�"G8J"D(Nm+b% Event Tag Sys-
tem E5J57MGb= +)G�D(J5=Q4)2A%(0.�"G�+)-.2tJ"X"0</K=^'AJ +T_[2�J(4A`CGb=^_[2��"J(:A=M�"Gj+)-
X(=9/1+PJ�+P_[2�;VGT;a%.2)N<+P_[2�D(%(0�D"X.-.4)%5f<2�+PJ~E54A7 +)L.4A7QJ D(%(0�GTD579o(X"LF#K-AY
EHJ(2gLx')-.�(79%(0.46;V%(f.�"GO�(7QJ�E5J57 2)%5f<4F7^Jt/10<X.X"%A;VLxJ(4)`aGb= _[2 ESD J"D(N
+)-.2v%"D(%5=QJtD(3"X(7 'A-<�(7i%(0.46;V%(f.�"Ge+)-<2vJ"X"0./@=Q')Jh+T_[2n;VG
;V%.2)N<+T_[2xD(%(0
D"X"-.4)%(f.2}+PJ?E54A7 +)L.4A7QJVR�k8JO;VG
;V%.2)N<+PJeJ(0<+)3O�.D(%(4)%(f.2�2)J?J52)J"X"0F#K%(f.2
Gb= +)Gd+P%(D57 EH3VB@GP=9+)GU/V+P% GRID LyJ"E5N(�"JxEHJ57@/1+P% PROOF RaRqRqRqRqR��Hs��



s)�HR�s � E5J(+PJ(2)%5�"L +P_[2 +)4A%F`V7^][2 N"D"_[*�D(4)%(E5f<D"+)GP7�J"D(N +)-.2 J(2AJ"E5J"+bJ<Y
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REVIEW

This dissertation, was an attempt to cover two different, yet related subjects:
the analysis of experimental data recorded from the NA49 experiment, part of
the old generation of machines (SPS), and of simulated data produced for the the
ALICE experiment which is one of the main experiments of the new generation
of accelerators (LHC), and the development of the software framework that will
be used by the members of the ALICE collaboration.

The first two chapters of this manuscript, were devoted in pointing out the
theoretical physics background of the heavy ion collisions at sufficiently high en-
ergies. The goal of these studies is the determination and discovery of a new
phase of matter which consists of quarks and gluons which are not confined. The
main experimental results from both SPS and RHIC experiments concerning all
physics topics were briefly mentioned. In addition, chapter 2 was dedicated to
the main results of a very interesting and demanding part of the physics analysis
which is well known as Event-by-Event physics. In the end of this chapter, there
was the first attempt to introduce the main physics topic of this dissertation, which
is a rather new method of analysis among the Event-by-Event topic: the Balance
Function.

In chapter 3, I tried to set the stage by describing the motivation for studying
the Balance Function (BF) along with its basic properties. The former comes from
the prediction that its width may be sensitive to the creation of a deconfined phase
in the early stage of central nucleus-nucleus collisions. The method is based on
the observation that hadrons are produced locally in pairs of oppositely charged
particle. Particles of such a pair are separated in rapidity (y) due to the initial
momentum difference and secondary interactions with other particles. Particles
of a pair that were created earlier are separated further in rapidity because of
the expected large initial momentum difference and the long lasting rescattering
phase. On the other hand, oppositely charged particles of a pair that were created
later are correlated with a smaller difference ∆y in rapidity.

In chapter 4, the NA49 experimental setup was described in detail. The NA49
detector, which was the machine used to collect the data analyzed in this book, is
a wide acceptance hadron spectrometer for the study of hadron production in col-
lisions of hadrons or heavy ions at the CERN SPS. The main components are four



large - volume Time Projection Chambers (TPCs) which are capable of detecting
80% of some 1500 charged particles created in a central Pb+Pb collision at 158A
GeV. In this chapter, the tracking, particle identification as well as the centrality
determination was described in terms of performance and resolutions.

In chapter 5, we took a first look at the experimental data, by defining the
different quality criteria at both event and track level. These criteria were imposed
in order to make our data sample as clean as possible from parameters that are
considered to form the background that shadows the signal (such as secondary
interactions of tracks etc). Furthermore, the phase space along with the acceptance
filter of NA49 was introduced. Finally, in this chapter, we included different tables
in order to list the event statistics and the main characteristics of the events that
were analyzed.

Chapter 6, is the main chapter inside of which the first experimental results are
listed. This chapter was devoted to the analysis of correlations of non-identified
particles using the BF. Data from A+A collisions at 40A and 158A GeV are pre-
sented in two different rapidity intervals: The mid-rapidity region where we ob-
serve a decrease of the width of the Balance Function distribution with increas-
ing centrality of the collision, and the forward rapidity region where this effect
vanishes. This could suggest a delayed hadronization scenario. Results from an
energy dependence study of the Balance Function through the whole SPS energy
range are also presented. The scaled parameter of the Balance Function’s width
increases with energy towards the highest SPS and RHIC energies. The above en-
ergy dependence is not observed in simulation results from the UrQMD hadronic
model.

Chapter 7, describes the main results from the study of correlations of iden-
tified tracks. In particular, the rapidity and momentum correlations of pion and
kaon pairs were studied for A+A collisions at 158A GeV. The analysis, revealed
a centrality dependence of the width of the BF for pion pairs but not for kaon
pairs. As in the case of non-identified particles, this narrowing of the width with
centrality seen for pions was not observed when the forward rapidity region was
analyzed.

In an attempt to interpret the results, many microscopic along with thermal
models were studied. In chapter 8, we describe one by one the underlying physics
of each model and we concentrate on the main results obtained from its analysis.
The main conclusion is that models, such as AMPT, that contain a quark-parton
transport phase before hadronization can reproduce the narrowing of the BF’s
width with centrality, which can be a first strong indication of the relation of the
method with the time of hadronization. On the basis of interpreting the results,



we tried to estimate the contribution of resonances in the narrowing of th width:
the study revealed a 4% effect that can be attributed to the decay products of such
particles.

In the second part of the dissertation, we concentrated in the (near) future
of the heavy ion physics. As this was written right before the start of this new
era, the operation of LHC, the detectors of the ALICE experiment were described
in detail on the basis of their performance in tracking and particle identification
(among other things) using Monte Carlo simulations. This was covered in chapter
9.

Chapters 10 and 11, covered the software that has been developed within the
ALICE framework. In the former (chapter 10), the complexity of the GRID in-
frastructure along with its crucial role in the data analysis was briefly discussed.
In addition, chapter 11, consists of the main contribution to the ALICE offline
framework: the development of the Event Tag System. The system has been used
in many Physics Data Challenges proving its stability and efficiency. It will also
be used for the real data analysis reducing the analysis time significantly. The
software has been validated for usage in all kind of conditions: local analysis, in-
teractive analysis with files stored on the GRID, PROOF analysis and last but not
least GRID batch analysis.

Finally, chapter 12, described the first attempt to extend the BF method in the
very high energies of the LHC. In order to do that the relevant code had to be
optimized in order to cope with the high multiplicity environment expected in this
energy range. Furthermore, this study was performed with the help of the whole
infrastructure described in the three previous chapters, providing a proof of their
validity.


