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Pentaquark Search at Vs\x=200 GeV
with STAR at RHIC

Introduction to STAR
*Techniques and Analysis
*Simulation Studies

*Conclusions and Future Plans

Sevil Salur Yale University STAR Collaboration



STan RHIC @ Brookhaven National Laboratory
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* 2000 run: AutAu @ s\—130 GeV
* 2001 run: AutAu @ sy=200GeV and ptp @ s=200 GeV
e 2003 run: d+Au @ s\=200 GeV and p+p @ =200 GeV
* 2004 run:  AutAu@ sy=200 GeV [Starts Dec 2003 ]
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STAR Introduction to STAR
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Solenoidal Tracker at RHIC 1s one
of the two large detector systems
constructed at the Relativistic
Heavy Ion Collider (RHIC) at
Brookhaven National Laboratory.

e Investigation of strongly
interacting matter at high
energy density

*Search for signatures of
Quark-Gluon Plasma (QGP)

QGP Phase transition
Space time evolution

Time Projection Chamber (TPC)
1. Magnetic Field: 0.5 Tesla
2. Acceptance:

charged particles | _|< 1.5

dE/dx 1dentification p<0.8 GeV/c
V0 identifications |y| < 1.0
—TT<P<TT

3. Resolutions:
dE/dx ~ 8%
Momentum: 1.5%-5%
atp,~ 0.2-10 GeV/c



ﬁﬁn The STAR Detector
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i&\‘ﬁn Available Data

# of Events dNch/dn

ptp 8 Million 3

d+Au 14 Million 15

Aut+Au| 1.5 Million 800




3’}%@ What pentaquarks are we looking for?
O©">ntK" |No |Noidforn
0" >p+K" Yes
E2E+m | Yes
E-=2>2+K~ [No [Noid for Z2>n+n~
+28%m+ |[No |Noid for E02> A+’
+>3++ KO [No |No id for Z+>p+mrd
Ot*2p+mr+mt | Yes
O~ 2n+7m" No |Noid forn or 7’
OV->p+K- Yes
N.2A+K Yes
SP2A+m Yes
>.2p+ KO |Yes

Good oportunity to observe anti pentaquarks ( p/p ~ 0.7 at RHIC)
First we need to identify the decay daughters K, E, A, m and p.
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Topological Analysis Technique
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This technique 1s used to find long lived (~few cm) particles.



wooo— TOpological
- reconstruction
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san  Particle Identification and Mixing Technique

Charged daughter particles are
identified by dE/dx in the TPC.

A’s are reconstructed by:

Standard decay topology
technique since A’s have a long

lifetime ( ct=7.89 cm).
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Background subtracted Invariant Mass Spectra
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Some Other Resonance Invariant Mass Spectra
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- Acceptance Study for © " in ptp
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Efficiency X Acceptance ~3% .This factor depends highly on cuts applied. Investigating!



STan Acceptance Study for =" in ptp
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,%Tﬁﬂ Feasibility Studies with current p+p data

Ballpark Number

- —————, ~0.1-1 ® per A(1520) for p+p

Preliminary dN/dy
of A(1520) in pp—2> 0.004 per event

8 Million X 0.004 > 32K A(1520) 100
0.1-1X32K®inpp - 3-32K

2000 -

+ Efficiency 3% - 90-960 T Jenroocent
+ Branching Ratio 50% - 45-480 Y NN F I

Background pairs per event in the mass range of © 1s 0.0004.

* 0.0004 X 8 Million -> 3200
Significance o = Signal/N(2 X Background+Signal)
O -2 0.5-6



,%Tﬁﬂ Feasibility Studies with current Au+Au data

From AuAu to pp we have a slightly smaller efficiency with a much
higher background!

W. Liu, C.M. Ko Phys.Rev.C68:045203,2003
J.Letessier, G.Torrieri, S.Steinke and J.Rafelski hep-ph/0310188
Jorgen Randrup nucl-th/0307042

> ~0.5-1.5 O per event for AuAu

* 0.5-1.5 X 1.5 Million - 0.8-2.3 Million
 Efficiency 3% -2 25-710 K
» Branching Ratio 50% -2 10-35K

Background pairs per event in the mass range of O 1s 2.

e 2 X 1.5 Million -> 3 Million
Significance o = Signal/N(2 X Background+Signal)
O -2 4-14

But bin by bin fluctuations ...
We might be losing some of it via re-scattering of daughters.



is:mn Resonance Ratios

STAR Preliminary
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ST Conclusion & Near Future Plans

A

*Preliminary acceptance and efficiency studies shows that we should be
able to find the pentaquarks at the few % level.

(Resonances can be clearly reconstructed via event mixing techniques
in p-p , d-Au and Au-Au central collisions.)

*Can measure the anti pentaquarks at RHIC. (antibaryon/baryon~1)
*STAR measures particles at mid rapidity |y|<land |yg.,.,|~0.

Are the pentaquarks made away from the fragmentation region?
*Much more data from upcoming Run 4 !!!

AutAu at syn=200 GeV 100 Million Events planned. (70 times the Current Data)

STAR continues to search pentaquarks with Bern University, UCLA, Yale University



o The STAR Collaboration
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University
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Ratios

iR Statistical Model

A

10

olp NA ZIE QIQ min KIK Kim piv K9 o/h AN Zh Qi ¢ plp KIK® K pl Q/W
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Braun-Munzinger et al., PLB 518 (2001) 41 D. Magestro (updated July 22, 2002)
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oq  J.Letessier, G.Torrieri, S.Steinke and J.Rafelski hep-ph/0310188

A

0.1 = T T T T ' <) R R R VBT PR R B T P |
- - bawed oo slalislical adrosizalion B Lo hadepdealion param-
— - ebory sl 8PF apd BHED 40 80 1884 LoV T oo slaliosasy
— - B Lawpel colbisioms and ol BHIO lor 884080 and 1L 10604
fa0y M boad oo iddemelions. Belallve sields willh 8, A
sl ATLERD ave shewes Dross bollem Lo lop

&

nances m lgures 2 and 3. These yields vary stronghy
with collizion energy for the case of @1(1540) in figure 2,
but are rather constant i lgure 3. Certanly our resuolt
differs greatly from expectations ansing from an earher
A study of the statistical model production of the G+ (1540}
resonance [23] where the decsive variation of the particle
2N | vield with chemxal potentiak was not explored. More-
0.01 - WM B8 |, over, the hadron vields, presented in [23], did not in-
chide the contributions from decay of short lived hadron
resonances. e checked that the relative particle yelds
shown in [23] for zero chemical potentials and varying
temperature are mathematically correct, also as a cross
check of cur program.
’ In Bgwee 2 we show {from top fo bolteen ) the mladive
B 1 Inl|| weedds V{15400 ACLER0G, OV 1BV A, O {LIBAV K,
/N for  chemipsd nopsouilibpioen  {solid  Hmes),  seme
Ll Lo 1l : equilibriom {v, = 1, dashed bnes} amd chemieal
10 100 equilibrivm {dolted Bres), The vields of & weedd here

imeindes 0% wesk mteraction coscade Brom B
Vs 1GeV] - ot 1 * e

$-(1776) /A

—-(1862)/

L =

mg to greater than equlibrum yields 1= that the



STAR Resonance Analysis Techniques

Resonances cannot be
directly 1dentified with the
decay topology information
due to their very short
lifetime.

Example: Reconstructing X*

A A candidate 1s mixed with a
m to get a X*(1385). The

background 1s formed by
mixing m’s from one event

with the A candidates from  STAR measures charged particles
another event. with the Time Projection Chamber

This technique can be extended to identify Pentaquarks.



