
��������
��6 

70(3 (KEK)

�������"���$���
�&	��)/�48�
�+�%*-��,�.5�

201928!191�8��"�'�9#



2 / 25)#�& (KEK),����������, +�, -�, 2019%8�19$

�*
1. �����"��
2. 
�����	��
�(�
3. �'!�� ,



3 / 25���� (KEK),	��
��
���, ��, ��, 2019�8�19�

����������



4 / 25($�' (KEK),���
�	����, *�, +�, 2019&8�19%

�
��(heavy ion)

n ��"���� ��197Au, gold�, ��208Pb, lead���

R = 6�7 fm�
(�� )1/3��

)�
(proton)

1 fm�

#!�
(neutron)

�� (nucleon)
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"���$) (heavy ion collision)
n 1 %

$)( $)�

$)�"	����/0
-!�'&�
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,���.3 (heavy ion collision)
n ;*/

.32 .3$

.3
,��'	�9:
7+�10���&����

participants
spectators

.3
(����)� par=cipant ��
���)�
spectator �#�
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Npart
Ncoll

n Npart (number of par=cipants):*���!+/
n Ncoll (number of collisions): !+-!+.3�/

?: 

Ncoll
"1>	
����������#,��:%�8<

Npart = 6

Ncoll = 3

Npart = 6

Ncoll = 9

(Nspec
12����90�8<)

�����:% (Glauber model)�)��
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�����(geometry)
n +���.9
���

�?&�.9(	05?&�
	1�!

x

y

z

x

*?&�.9(?&�	
@4��32

������),�$'��=/	6
� (RHIC�1/10078)
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 7)
�����
n �������(centrality)

central peripheral

/�����6���;*
+<�0�7��.��
0-5 %, 5-10%, … , 95-100%


�	'�

0% 100%

bb

b: impact parameter (1-"$:)

ALICE collaboration, PRL 106 (2011) 032301 
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�����D(
n 58B/�'$9>7�F��D(

1. Woods-SaxonA@
%��-2#�C:A@�*��

I p, d, 3He	�� 	�3���

#2�����>7�0��
Monte-Carlo Glauber model 

��

"6)1���
Optical Glauber model 
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 &��$%�"���S0
n <CQ6�/+EKB�U��S0

x(fm)

-10 0 10

y
(f
m
)

-10

-5

0

5

10
Loizides et al., SoftwareX 1-2 (2015) 13-18

2. *8�PO�,���KB

3. "&���.Y�H48*�
V'
*8-*8:F����
LD��
[LD;2
*8-*8:F�M@=7WAR>:

*8?�.Y� ��	�
�:F���
���� R> �(
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��

����	��4�
n (,3!���-1*�6��4�

M. L. Miller et al., Ann. Rev. Nucl. Part. Sci. 57, 205 (2007)

3. ()�) b, Ncoll, Npart��#$7�

MC = Monte Carlo

+'��9
K. Reygers, https://www.phenix.bnl.gov/phenix/
WWW/p/draft/reygers/glauber

Au-Au 200 GeV�&"
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�"�� !�����E+
n 69D0	*&:@8�G��E+

4. %1-%14<	#8��� ��/�"�!���G��
�	CB�;� Fig: B. Schenke et al., 

PRL 108, 252301 (2012)

K7E+�'
H���� 	2(5-�I��
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" ����(rapidity)
n ;@6G2�%?O�4E�I50�

n 7/��(" ����(pseudorapidity)���K����

1<�+�<
�H=��,
�'9����FL

0 1 3 ∞
0 0.76 0.995 1

y = 0

N38������
�%?O�	�>)���
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������
n +8%!�,%(space4me)�������2#���

�3>%!���������
�
�	
�1��
0"���

ηs = 0 ηs = ∞

t

z

ηs = 1 …

@9<
"&-

�.> (transverse mass):

);,! (proper time):
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%<��"#8 Nch

n 5/;�<%�4�
K3(charged hadrons)�(9��	�

_

<% π:)3 K:)3 '3 ���"#

Q = +1 π+ K+ p

Q = 0 π0 K0, K0 n, n …

Q = -1 π- K- p

__

particle identification�,�0F�K37G�Nπ+ , etc.�
�>���

�2C+)
���$=L+)�ED���I����
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&4��!";: dNch/dη
n 3��25,��� ���0@	��B
$�

Centrality
central
0-5 %

peripheral
80-90 %

,
�� ������
=#	���<+
)(%�

��?�����

ALICE Collaboration, PLB 772 (2017) 567
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dNch/dη�Npart$>;
n ���� �/��9H�B���

A�Npart�%
�K5=<

(6: 4),5:
(�#�� ���$>)

���� �&�

76: ?'������
��*@��"#=<

Xe-Xe

Pb-Pb

ALICE Collaboration, PLB 790 (2019) 35

(pp	F-��
Npart/2
�.�����)
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*&)+/!1VT dNB/dy
n *&)+/!1G�+/!1G-R+/!1G��YI_
FM;A5�[\�����;A5�QX��2K
�	�

-FMH���?�JC��

y = 0 y = ypy = -yp
�,�"
����

*B@�U>^A���������

y = 0 y = ypy = -yp

-3L_�<6
����W8
.,( ' �D
���

Before

A;er

+/!1$)&,1#
(baryon stopping)
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�������32 dNB/dy
n %����

H. Dalsgaard (BRAHMS), QM2008 poster

%#�4����
�
��"

�'+�*5)�1�$0���

BRHAMS, 
PLB 677, 267 (2009)

*5)

!

(
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- 2
�6:-�=��W+�
M<�CB���@H;R8
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par4cipants
spectators

2. ($* �())�&�"�T1
- Woods-SaxonQP�.��-
:�LD��-:--:@H�
��� �.�NF
- Ncoll, Npart, b ���29���
>/A4�G���

x(fm)

-10 0 10

y
(f
m
)

-10

-5

0

5

10



25 / 25VK?N (KEK),�'�!(�);70, W;, Y>, 2019M8:19L

���
3. 5SD�B� ���W1

-/E$"*+QP dNch/dη

9��#)���U8�62
-�4��C<�I���

- dNch/dη�NpartQP
9���&!(�4��AR
�I���

-#�!%(�+QP dNB/dy

@J�
�
�,HX�=3
�	�(GTF)�O.���

etc …


