
Global and Hadronic Observable from BRAHMS

Flemming Videbaek, Brookhaven Natl. Lab (ITP QCD-RHIC Conference 4/08/02) 1

Global  and Global  and Hadronic ObservablesHadronic Observables at BRAHMSat BRAHMS
ITPITP

April 8April 8--12, 12, 
���������	����

����
����������������

����
��

������������������ 
!#"%$�&('�)��+*�,.-0/21�354.$7686�����$�&���'���$:9
;=<?>A@AB C?@EDGF=H?IAJLKNM�FPOQKARTSUJNVPVAWA<PIQXQFAO�Y�IPKZB VQOPI=[
\QIA]UVQJLIAKQVQJ^>

Overview

_ `�a
b%c�d
e�f%g�b�h�d:a
i jlk m�n�o�k prq7s%t�u�v�w�qyx t�s zL{�|�}y~T� �����������������

� �E�:�������7�������������������l��� ��� ���T� ��� ���+�0�����%�������0���
���
� �y���l�����
� �%����������������������� �������������y���%���������

� �����.�����7���  E¡�¢�£�¤%¥�¦#§L¡©¨�ª�¨Q«­¬�®�¥�¯±°8²³¡7¥�®
´�¥�¢�µ�µ�¶
· ¸�¹U¹»º»¼U½U¾�¿P¹»ºÀ¾�¿ÂÁÄÃPÅ%Æ.Ç
È É�Ê�Ë�Ì�Í�Î7Ï Ð�ÑyÊ�Ì�Í Ò
Ó
Ô É�Ê�Ë�Ì�Í�Î7Ï ÐÖÕ©×�Ð�Î�Ì%Ë�Ê
Ô ØyÒ�Ùl×�Ê�Ë
Í Ó%Ò�Ú�Ì�Ò�Ì�Û�Ð�Ò�Ë�Ð�Ì�Í Î�Ê�Ï�×�Ë�Ð�ÜyÍ�Î%Ì�Í�Ò�Ú�Ó

Ô Ý�Þ�ßàßâá�ã�äæåÀç�Þ
è�é ç
ç�ê



Global and Hadronic Observable from BRAHMS

Flemming Videbaek, Brookhaven Natl. Lab (ITP QCD-RHIC Conference 4/08/02) 2

��� �������
	���
��
� � ���������
����� � � ���! �"$#�%�& ' ( )+* ,�-/.�021 3�4�5�6�7�4
8 9 : ;�<�=�>�?�@�>�A�B C D�E�F G$HJI�K�L�M�L�I�K�N O P�QSRTQ$U�V2W X
Y Z P
[�\�]
^`_�_ba c d e f�g!\�g2h`i�j
k/i
l m n�o!p�q�p osr`tvu w�x�y�zvwvy
z { |�}�~��2�`��� ����� �
������� � ����� �2� ����� � ���!�+�!�
����� � � ���/���������
�� 2¡v¢�£�¤ ¥ ¦
§!¨�©�ª�«�¬�«�­�®�¯b° ± ²�§!¨�³�´`µ�¶�· ¸ ¹�º¼»�½¿¾�À�Á�Â
À Ã ¹�½�»�½¿ÂbÄ ÁvÂ�Å Æ�Â�ÇJÈ Ã É�Ê�Ë�Ì¿Í�Î Ï Ð ÉÑÊ�Ë Ò!Ë�Ì¿Í�Î Ï/Ó Ô+Õ Ö�×ÑØ�Ù�Ú�Û Ô+Ô Ü�ÝSÞ ßsà`á�â�ã
ä�å
æ ç Ü

è/é ê�ë ì+í î�è�ï�ð�ï�èSñ`òôó�ò�õ ì+í ö�÷!ø�ù�ú�û�ü`ý þ�ÿ �����������	��
	�	
�����
 � ����� ���������	��� � �� �!�"�!$#&% ' ( )�*�+�,&-�.0/ 1 2 3�4$57685 9�:	;�<>=	? @ A 3CB�5�DE5
9	=�= @ 3�F�5$G�5 9	=�= H 3CI�5�9KJ>L	M�JON�P�=�? A Q�R�S�T�U�V�W�U X Q�Y�S�TZU	W�[�[>\ ] Q�^�S�TE_0^�`�[�[	a b QET8S�TZc>`�`�U>d ] e�f$g h�i>j>k>lnm j�o p e

q�r s�r t�u v0w x>v�y z {�|�r$}�w ~0�K��y�x>�0u � {���r�}��>v��O����y>v z {���r ��w ��y>vK�>� � {���r ���	��u � {���r �&u x��>v	� �7� {���r ���>v��>�>u ~0� � {
q�r��Er�s�����x�vK� � � {�s�r��$r�sn��y>��v	��x �7� { ��r ��r s$�Kv�v>��� ��� ��r sn�>x	u y � {���r�s��>�>x>��v0w z { ��r s$rE���>vK�>v�� � � {

 �¡ ¢n£ ¤�¥�¦�§©¨ ª¬« ­�®�¯©°�±�° ² °	³>±µ´E®¬¯·¶ ¸�¹ º�»0¼ ½¬¾ ¿�® À�Á	Â>Ã�° Ä7ÅOÆ

Ç È�É�Ê�Ê&Ë&ÌÎÍ�Ï0ÐÎÑÓÒÔÍÎÕ0Ö Ê�Ñ&Í�×ZØ�ÍÎÙ�Ê�É�ÍÎÕ	Ê�ÉKÚCÛÝÜ�ÞZß
à á�â�ã&äæå&ç�è éZê&ë ì0íÎî�ï�ë ð	ñ ò�ó�ô&õ öø÷&ù&ö�ú�û&ô�üÎý©þ�ú�ü	ù�ö0ÿnó�ô�ü��ný���ü	ù����&û

� 	�
���
 ��� � ����
 
�������
 ��������
 �����  "!$#�%�&�' (*)�&�+ #�,�-
. /�02143�5 326�3$7�829;:<6�=�> 7�?�@BA�CED�1E5 =21�F G"@$?�=�8�H F�A�8�> ?�0�I
J K�L�M�N2OQPRL�S�T�U N2OQVRN�U W�X�Y�OEU Z�[]\_^�`�a Z4U b*L�Y�Xc\dV�e�f

g h*i�jlk�m�n�oqpRr�s t�i�n2u�s v�w]x�pRy�z
{ |�} ~�� �Q�����������2���4} �$���2~c���c� ~E���������2��~$������������} �4~�����} ���;�2�Q�"����~���������~���� ��~����*���4�

� ���� c¡E¢¤£R¥�¦¨§�©�ª «���¬�¢Eª ­�®�¯d°c±�² ² ��³���´�­$¡�­4ª ±�©cµ*§R´�£
¶ ·R¸�¹ º4»�¼�½�¹ ¾�¿;À2ÁÃÂ�»�¼2Ä�»�¸�Å_Æ<À�¼2Ç�È�¿

ÉËÊ Ì�Í�Î Ï4Ð�Ñ�Ò�Î Ó�Ô;Õ2Ö;×ÙØ�Ú�Û�Ü�Ñ�Ð�Ò�Ó�ÝdÞ�Õ�ß<Ü�Í�Î Ü
ÉàÉ á�â�ã ä�å�æ�çEã è�éÃê2ë;ì�í�â2ç�í�ç�î_ï�í�ð�æ$å�â�ñ�å"îòá�ó�ô

õ÷ö øRù�ú û�ü�ý�þEú ÿ���������þ	� ��
���ý
�����

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

021436587�92:<;>=@?BADC+3FEHGJI23FKHL�MBLN7O:�P4Q

5D7R9S:<;T=VUW1HX+Y+G ZHYN[)\BMD] Y

^`_badc�e f�gTh+abikjlf`mon+p�f	qbpsr�t`ulv pdjd_2w)j`i	i`pd_
xzyS{�|~}d��y�� ���F�
� �H�d�d�b��� �d�2�)�d�d�l���d� �	�-�<�����o�B�z�`�d��� �`�
� �����	�l�����B d�`¡d¡�¢ ��£
¤ ¥`�d�� �¢ ¦l§ ¨s¥`�	�`©�ª`¦b �¢ ���
¤ «)¢¬�~¢ ­ ®b¯`°k±`²b³d´lµ~¶b°d· ³�¸�¹»º�· ¼zº2½ ¾ ¿ À`Á
Â8Ã�Ä	Å`ÆbÇzÃ>ÈFÉ ÇzÃËÊ`Ä	ÌdÍlÉ Î`É Å�Ï2Ð)ÌdÑ�Î~Æ`Ä`ÌdÒ-ÌzÏ�Ó~Î
Ô`Õ�Ö�×lØzÙ�Ú�Û ÕdÛ Ød×ÝÜ+Þl×�ßbÔ�Ùbà<ÔbádØdß�â8Û ×�ØãßbÞzÙ�ä�Ø
å æ�ç�èzé êzé ë�é ì�íïîñð�òoóõôöó%ò�÷
øúù�û�üþý`ÿ�������ü����lÿ���	�
-û�ü�ý��`ý�
 ��ü�ÿ`û�	�
 ��ü����
� �����������������! ��#"��%$'&��)(+*-, . /1032�4�5�6�7

Connection to QCD in these data?
• Baryon Stopping (junctions)
• Intermediate pt identified hadrons
• Particle yields vs. Energy, centrality and rapidity
• Spectra shape.
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Scaled Multiplicity distributions
dNch/dη� /(0.5<Npart>)
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The increase at large eta reflects the
Change in width of  dNch/dη� . Increase 
in beam rapidity (see later)
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dNch/dη Measurements in Au+Au Colli sions at two energies
√SNN=130GeV  and  √SNN=200GeV

�
Combining different sub-detectors in BRAHMS

⇒ Cover a wide range  -4.7 ≤ η ≤ 4.7
⇒ Reduce Systematic Errors

Around η=0 

➞dNch/dη/(0.5<Npart>) = 3.10±0.20 at √SNN=130GeV 

3.50±0.30 at √SNN=200GeV    (13%+-4% increase)

Forward η’ s → No Dependence on Centrality 
→ No Dependence on Energy (Limiting Fragmentation)

Partonic Models → good general agreement with data

Hadronic Spectra

• Particle ID and coverage (experimental)

• Pt, centrality, and rapidity dependence of pbar-p

• Model comparisons

• Even particle ratios (thermal)

• Energy dependence and comparison with pp

• Pt/mt dependence of particle species,
• Spectra.
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The BRAHMS Experiment
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BRAHMS acceptance

Shown to illustrate that the particle ratios are from specific 
are from <y> and <pt>

Particle Ratios from BRAHMS (130 GeV data)

At y~0
• pbar/p: 0.64+-0.04+-0.06
• N(K−)/N(K+): 0.90

Centrality and and pt

dependence of  particle 
ratios
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Particle Ratios from BRAHMS (200 GeV data)Ratios (cent & pt)

Ratios vs 
Centrali ty (top 25%)

…and Transverse 
Momentum

Rapidity dependence

Rather smooth change from 130 to 
200 GeV.

Ratios ~identical over +-1 unit 
around mid-rapidity.
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How consistent are the models?

Rapidity dependence of pbar/p

Compar ison with AMPT (…) calculations 
including modification to str ing breaking 
(pop-corn) mechanism and re-scattering in 
hadronic phase.
nπ� <->NN channels simulated by  ρ� and ω� 2-
body channels.

Brahms 200 GeV
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Thermal description of yields 

Comparison at 130 GeV ratios with 
model by Becattini et al 
(PRC64,024901 (01))

The change in K/K and p/p to 
forward rapidities is consistent with 
the thermal description.

Energy Dependence of  p/pbar ratio

Summary of pp and AA data.

Large symmetry of baryons achieved at RHIC.
Never the less still significant net baryon yield 
at y~0 at 200 GeV.

Look in more details on the pp. What can we 
learn.
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From pp to AA

ISR R803 

√s=23

√s=63

D.Kharzeev proposed to study Baryon 
Junctions and evaluate magnitude from pp.
(Physics Letter B378,238)   description with 
P-bar/p  = s∆

�
/(s∆

�

+s-1/4+ ∆
�

/2 ) =0.08  c =8.5.
Second component should dominate 
stopping at higher energy

Unlike particle ratio’s

•N(K)/N(π): 0.2 – 0.5 

• N(p)/N(π): 0.1 – 1.4 

increasing with pt

• pbar(p) > π−(π+) at pt > 2
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BRAHMS PRELIMINARY

K/π=0.17+−0.04
pbar/π=0.08+-0.02

y=0

BRAHMS PRELIMINARY
As for 130 GeV the charged hadron  
yields are dominated by protons, 
anti-protons at pt ~2.

T( � +) = 225 ± 3 (stat) ± 15 (syst) 

T( � -)  = 227 ± 3 (stat) ± 15 (syst)

T(K+) = 284 ± 20 (stat) ± 25 (syst)

T(K-)  = 269 ± 17 (stat) ± 25 (syst)

Particle spectra for cent 0-25%

K/pi ~0.17+-0.04

Are the spectral shapes fully described by 
radial flow? Do we need  gluonic degree of 
freedom for the data? How can this be 
distinguished?
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Hadron observables Summary

• pbar/p =0.75 y~0
– Net baryon transport important

• Pbar/p approximately constant over +-1 unit of y

– falls with y, for y>1

• Models need to include rescattering to reproduce 
ratios(pbar/p). (AMPT)

• K/π=0.17; pbar/p=0.08 at y=0.

• P-bar/ π increases with pt reaching ~1 at pt > 2 GeV/c

• Large inverse slopes (T) for K,p T(p) >T(K)> T(π)
– Radial expansion seems important

Outlook

To come from analysis of 2001 data

• Spectra π, K , p, pbar for centralities in range 0-25%.

• p- up to ~ 3.5 GeV/c.

• Net-Baryon rapidity distributions (0-3).

• pp comparison data at modest pt ( < 2 GeV/c). The hadron 
spectra in pp are much softer than in AuAu.

• First look at HBT at y~2; 


