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Talk Outline

® Strangeness as a signature of QGP formation
® Strangeness in p+p and Aut+Au at RHIC
® Bulk: strangeness enhancement
® |ntermediate pT:identified baryons and mesons

EhER

® Strangeness in Cu+Cu
® What'’s different?

® Summary
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%@K Strangeness as a QGP signature

In 2 de-confined medium, the dominant form of

: g (b)
strange quark production is via gluon fusion
(~80%)

If chiral symmetry is restored, the strange quark

mass is reduced to its “bare” value and its
production is easier:

q+q->s+s : Ey oy = 2m, ~ 200 MeV

g+g->s+s : B . =2m, ~ 200 MeV

EPS HEP2007- Matthew Lamont (macl@bnl.gov)


mailto:macl@bnl.gov
mailto:macl@bnl.gov

& Py
{\6/99 I&S.-CS

. Strangeness as a QGP signature

In 2 de-confined medium, the dominant form of
g

(a) g (b)
strange quark production is via gluon fusion ’
(~80%)
g s
g

If chiral symmetry is restored, the strange quark
mass is reduced to its “bare” value and its
production is easier:

q+q->s+s : Ey oy = 2m, ~ 200 MeV

g+g->s+s : B . =2m, ~ 200 MeV

® |n a hadronic system, there is a much greater
energy penalty to produce strange quarks

N+N->A+K*+N : E; ., ~ 700 MeV (primary collisions)
N+N->N+N+A+A : E; ., ~ 2200 MeV (primary collisions)
m+N->A+K* ! Eipyresn ~ 330 MeV (secondary collisions)

m+K->A+N : By o ~ 1420 MeV (secondary collisions)
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@ ‘Strangeness as a QGP signature

In 2 de-confined medium, the dominant form of

(@) g, ()
strange quark production is via gluon fusion § ’
(~80%)
g s
g

If chiral symmetry is restored, the strange quark
mass is reduced to its “bare” value and its
production is easier:

q+q->s+s : Ey oy = 2m, ~ 200 MeV

g+g->s+s: B, . =2m ~ 200 MeV

Therefore, in a de-
confinement scenario, we
expect a large strangeness
enhancement which increases
with the strangeness content

of the particle
m+K->A+N ! Eresn ~ 1420 MeV (secondary collisions) Muiller and Rafelski, PRL 48, 1066 (1982)
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® In a hadronic system, there is a much greater
energy penalty to produce strange quarks

N+N->A+K*+N  : Ej iy ~ 700 MeV (primary collisions)
N+N->N+N+A+A : E; ., ~ 2200 MeV (primary collisions)
m+N->A+K* ! Eipyresn ~ 330 MeV (secondary collisions)
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3 Data Presented

) STAR NAS57
Thigwt

d+Au | AutAu ptBe | Pb+Pb

X

v
v
v

Low energy RHIC
running - coming soon!
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& Strangeness at RHIC
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& Strangeness at STAR
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Strangeness at STAR

Silicon Vertex
Coils Magnet —Tracker

E-M
Calorimeter

Time Projection
— Chaimber

Time Of
Flight

Electronics
Platforms

Forward Time Projection Chamber
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Calculating System Size

* Event centrality classes are defined based on the measured charge

particle multiplicities.

* The equivalent number of particles that participate in the reaction
is calculated using the Glauber Model, that also provides the

N

part

equivalent number of binary collisions N, or Ng;,.

STAR preliminary | |

Au+Au @ 200 GeV
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Calculating System Size

* Event centrality classes are defined based on the measured charge
particle multiplicities.

* The equivalent number of particles that participate in the reaction

N, is calculated using the Glauber Model, that also provides the

equivalent number of binary collisions N, or Ng;..

Cu+Cu data provides
for

— Au+Au |
— Cu+Cu

lower Npart

| |
200 300 400
Npart
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® Smooth interpolation of baryon and anti-baryon yields from the AGS

and SPS to RHIC

- Consistent with changing “baryon stopping” with energy

- Changing from dominance of baryon transport to pair production
EPS HEP2007- Matthew Lamont (macl@bnl.gov)
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® Smooth interpolation of baryon and anti-baryon yields from the AGS
and SPS to RHIC

- Consistent with changing “baryon stopping” with energy

102

= Changing from dominance of baryon transport to pair production
EPS HEP2007- Matthew Lamont (macl@bnl.gov)
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& Strangeness Enhancement

Expect an increased N B
enhancement with
energy and with
strangeness content
of the baryon for a
thermalised system

Redlich, Tounsi, Eur. Phys. ] C24 (2002) 589

j—
=

Enhancment of strange baryons

N EEIIT R Rt 17 B A R TTT1

10 100 1000
v,/ V,
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& Strangeness Enhancement

Is the system thermalised?
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Strangeness Enhancement

Is the system thermalised?

®  Experimental Data

Ratios
T

Grand-Canonical Approach

'ffc?

Au+Au at \[S,, = 200.0 GeV
<N,,> = 351.0+ 2.3 (0 - 5%)
YéIndf = 0.512020

T=0.164 + 0.007 GeV

1 =0.029: 0.014 GeV

1, = 0.003+ 0.010 GeV

Y, 209162 0.077

|
T K T = .
K _t = - )
THERMUS mode
* Thermus, A thermal Model Package for Root
S. Wheaton & Cleymans, hep-ph /0407174
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& Strangeness Enhancement

Is the system thermalised?

100

- ¥ AutAu 62 GeV
0 m Au+Au 200 GeV

Us - Baryon Chemical Potential

i 0l small for 200 GeV data
of increases at lower energies

60
50
40F

30F

20

10F

0 50 100 150 200 250 300 350 400

* Thermus, A thermal Model Package for Root
S. Wheaton & Cleymans, hep-ph /0407174
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‘®  Strangeness Enhancement

Is the system thermalised?

200

Us - Baryon Chemical Potential
small for 200 GeV data
increases at lower energies

—

w

o
T

—
oo
=

Temperature (MeV)

-
-J
=

T

T - Chemical Freeze-Out Temp

independent of centrality
~independent of energy

i v
1200 Au+Au 62 GeV

1og B Au+Au 200 GeV

100_HII|III“IIII|IH||||||H||
0 50 100 150 200 250 30[} 350 400

* Thermus, A thermal Model Package for Root
S. Wheaton & Cleymans, hep-ph /0407174
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& Strangeness Enhancement

Is the system thermalised?

. Ug - Baryon Chemical Potential
- ¥ Au+Au 62 GeV

18| e small for 200 GeV data

6 = AutAu 200 GeV increases at lower energies

1.4}

T - Chemical Freeze-Out Temp
independent of centrality
~independent of energy

1.2}
1

0.8)

0.6

Ys - Strangeness Saturation Factor
large values for all centralities
S saturates at unity for most
0 50 100 150 200 250 300 350 400 central data
* Thermus, A thermal Model Package forﬁygaét’? ~independent Of energy

S. Wheaton & Cleymans, hep-ph /0407174
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Strangeness Enhancement

ative to pp/Be

-
o

ative to pp/Be
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Strangeness Enhancement

Enhancement at 200 GeV
similar to SPS (17.2 GeV)

ative to pp/Be

-
o

ative to pp/Be
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Strangeness Enhancement

Enhancement at 200 GeV
similar to SPS (17.2 GeV)

ative to pp/Be

-
o

ative to pp/Be

-
o

But we expected an
increase with energy!?

o o
kS S
0 A 8

P P

— —

L=, =2

2 9

> >

We have convoluted

strangeness production in
A+A and p+p(Be)

= higher energies also _ % 1
ALl O NA57

leads to reduction of
strangeness suppression in
I
pP*p:: 1 10 10? 1
NFart
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Strangeness Enhancement

Enhancement at 200 GeV
similar to SPS (17.2 GeV)

Temperature variations from
165 to 170 MeV

Yield/Ng_ , relative _Eo PP
=

Yield/N;_ . relative _\to Pp
o

1 10 102 1

N
Thanks to K. Redlich !! Part
EPS HEP2007- Matthew Lamont (macl@bnl.gov)
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Strangeness Enhancement

Enhancement at 200 GeV
similar to SPS (17.2 GeV)

Temperature variations from
165 to 170 MeV

Yield/Ng_ , relative _Eo PP
=

Yield/N;_ . relative _\to Pp
o

Assuming a constant Tchem:
V =A%V
A = Npart/2
Vo = 4/3.11R3

o = | - scales with Volume

1 10 102 1

N
Thanks to K. Redlich !! Part
EPS HEP2007- Matthew Lamont (macl@bnl.gov)
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Strangeness Enhancement

Enhancement at 200 GeV
similar to SPS (17.2 GeV)

Temperature variations from
165 to 170 MeV

-
o
-
o

ive to pp

Yield/Ng_ , relativ
Yield/Ng_ , relative to pp

Assuming a constant Tchem:
V =A%V
A = Npart/2
Vo = 4/3.11R3

o = | - scales with Volume

o = 2/3 - scales with Surface _ _ [
Area ] IIIIIII| | IIIIIII| | 1111 l ||||||||

10 102

N
Thanks to K. Redlich !!
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Strangeness Enhancement

Enhancement at 200 GeV
similar to SPS (17.2 GeV)

Temperature variations from
165 to 170 MeV

Yield/Ng_ , relative _Eo PP
©

Yield/N;_ . relative _\to Pp
o

Assuming a constant Tchem:
V =A%V
A = Npart/2
Vo = 4/3.11R3

o = | - scales with Volume

o = 2/3 - scales with Surface _ _ [
Area ] IIIIIII| | IIIIIII| | 1111 l ||||||||

o = 1/3 - scales with Length 10 102

N
Thanks to K. Redlich !!
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Strangeness Enhancement

Enhancement at 200 GeV
similar to SPS (17.2 GeV)

Temperature variations from
165 to 170 MeV

Yield/Ng_ , relative _Eo PP
©

Yield/N;_ . relative _\to Pp
o

Assuming a constant Tchem:
V =A%V
A = Npart/2
Vo = 4/3.11R3

o = | - scales with Volume

o = 2/3 - scales with Surface

10 102

N
Thanks to K. Redlich !!
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Particle Production vs pt
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® ReCo models invoke
the coalescence of
low-pT partons to form
hadrons at
intermediate pT

E d’c/d’p (mb/GeV?)

Ll | ‘ Ll il | Ll I Ll il I - I L1 I Ll 1 | I | Ll | Ll
1 2 3 4 5 6 7 8 9 10
pr (GeV/c)
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hadrons at
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® ReCo models invoke
the coalescence of
low-pT partons to form
hadrons at
intermediate pT

E d’c/d’p (mb/GeV?)
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Particle Production vs pt

7° PHENIX 0-10% cent. ® p PHENIX 0-5% cent.

® ReCo models invoke L
the coalescence of |

low-pT partons to form
hadrons at \ __ >
i nte rm ec iate PT J | | *I l‘<"s ST:AR 0-5"/:> cent. | | * :A+/'& S1:AR o-5°/:, cent.

Models do a good job

fitting single-particle

spectra K, W,

2 4 6 8 10 122 4 6 8 10 12
P; (GeV) Pt (GeV)
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Particle Production vs pt

100 ¢

e ReCo models invoke 10’ |
the coalescence of o |
low-pT partons to form _ . |
hadrons at zZ
Intermediate pt

Models do a good job
fitting single-particle o | == without s+h
SPeCtra with s+h

—-—- fragmentation

Some models allow the 0
recombination of soft p, (GeV)
and hard partons

EPS HEP2007- Matthew Lamont (macl@bnl.gov)
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Intermediate pT

Using strangeness to
identify hadrons reveals

Year 4

baryon/meson anomaly S
< 18
- lLarge increase in pt reach
with different data-sets 1.6
1.4
1.2
1
0.8
0.6

0.4

& -
® Au+Au 200 GeV -
STAR Preliminary :

0.2

Au+Au 0-5% central
Au+hu 20-40% central

Au+hu, 40-60% central
Au+Au, 60-80% central

Pp

0 1 2 3 4

EPS HEP2007- Matthew Lamont (macl@bnl.gov)
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Intermediate pT

Using strangeness to
identify hadrons reveals Year 4
baryon/meson anomaly :

s
[\

Au+Au 0-5% central
Au+Au 20-40% central
Au+Au, 40-60% central
Au+Au, 60-80% central
Pp

AIK

—
oo

- lLarge increase in pt reach
with different data-sets

—
()]

-
I

® |arge baryon
enhancement in Au+Au
over ptp data

Q Q 9 =
o Mo (@) oo - M
II@III'III|III|III|III|III|III|III|III

<
o

# Au+Au 200 GeV -
STAR Preliminary :

1 2 3 4 5 6 7
p, (GeV/c)

o
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Intermediate pT

Using strangeness to
identify hadrons reveals Year 4
baryon/meson anomaly :

s
[\

Au+Au 0-5% central
Au+Au 20-40% central
Au+Au, 40-60% central
Au+Au, 60-80% central
Pp

AIK

—
oo

- lLarge increase in pt reach
with different data-sets

—
()]

-
I

® |arge baryon
enhancement in Au+Au
over ptp data

-
M

o
M -
D||)-|C£|||||||||||||||||||||||||||||||||||

Q
o0

- Inconsistent with purely
fragmentation!!

Q
o

<
o

# Au+Au200Gev : L
STAR Preliminary —4—

1 2 3 4 5 6 7
p, (GeV/c)

o
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Intermediate pT

Using strangeness to
identify hadrons reveals
baryon/meson anomaly

Large increase in pt reach
with different data-sets

Large baryon
enhancement in Au+Au
over ptp data

Inconsistent with purely
fragmentation!!

Coalescence/ReCo
models describe data well

Other models can also
describe some aspects of
the data

EPS HEP2007- Matthew Lamont (macl

HIJING BB

ReCo

® Au+Au[0-5%)]

¥  Au+Au [60-80%)]
—— Soft+Quench Npart scal. central
Soft+Quench an scal. central

— Soft+Quench Npart

Soft+Quench Nhn scal. peripheral |

scal. peripheral

" ®  AutAu[0-5%]

— TEXAS central
TEXAS (w/o hard)
DUKE central
OREGON central

P, (GeV/c)

bnl.gov)

P; (GeVic)
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Intermediate pT

Using strangeness to
identify hadrons reveals
baryon/meson anomaly

- large increase in pt reach
with different data-sets

® Large baryon
enhancement in Au+Au
over p+p data

- Inconsistent with purely
fragmentation!!

® (Coalescence/ReCo
models describe data well

- Other models can also
describe some aspects of
the data

For information on 2-
particle correlations, see
talk by

later this afternoon

EPS HEP2007- Matthew Lamont (macl@bnl.gov)
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System Size:

Au+Au

Cu+Cu

N

part

NBin

N

351.0+ 3.0

1039 + 79

293 7.

810 + 58

231 +3.2

574 + 42

139 £5

278 = 30

0-10

984 + |.0

185.7 +5.9

10-20

748 + 2.5

126.7 £6.7

20-30

544+ 28

81.5+ 6.0

30-40

385+25

51.0+48

40-60

21926

243 £ 39

EPS HEP2007- Matthew Lamont (macl

bnl.gov)
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Cour=Cu 0-10% {*100)
Cur=Cu 10-20% ("540)
Cour=Cu 20-30% ("25)
Lo ou 30=20% (*10)
CaneCou 40=-50% (*5)

Cur+Cu S0-60%:

Cu+Cu 0-10% {*100)
Cu+Cu 10-20% (*50)
Cu+Cu 20-30% ("25)
Cu+Cu 30-40% (*10)
Cu+Cu 40-50% (*5)
Cu+Cu S0-60%

_._l._l..
o 9
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=

(1/22p N, 0, ;d‘mdedy
E:-l

(112=p N, )d *mdpl dy
—
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=

STAR Preliminary i froeneaucy STAR Preliminary

.'JIIII-JIIIII.I.JIIIII.-IIIII.I.-IIIII.---III '] __|||_I,Jjj|I___||__|||.|.jJ||__||__JIII.I.JJ.II.

3 4 5 ! T 8 ) 2 3 4 5 L T B 9
p, (GeVich p, (GeVic)

® 5x107 events analyzed

® High statistics data out to high-pt
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Cu+Cu Spectra

STAR Preliminary

. . Event Centralit
10"'e STAR Preliminary ‘f”m‘:]:fa'y
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5x107 events analyzed

High statistics data out to high-pT
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Au+Au STAR preliminary
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@ Strangeness Enhancement: Cu+Cu

Au+Au  Cu+Cu STAR preliminary

Au+Au Cu+Cu  STAR preliminary
Q+0 Q+0

L= H=

. OA A

® Cu+Cu increases

the fine detail at
lower <Nparc>

> relative to pp
> relative to pp

-
=]
1T
—
o
L

part
part

(dN/dy) / <N
(dN/dy) / <N

® Multi-strange:

= Cu+CuandAu
+Au ~ same

® Singly-strange:

Cu+Cu Au+Au I Cu+Cu Au+Au

10 10° 10° 10 107 10°

= Cu+Cu yields
higher than Au Noars® Noas®

Different system geometries between

+Au for the
central Cu+Cu (spherical) and

same <Nparc>
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Intermediate pt: Energy and
system size dependence

u+Au 0-5% central

A
Centrality: 0-5
ity: % AutAu 20-40% central
Au
Au

f o

Bar on/meson Z « T Centrality: 40-60% 1‘8: ' :
y . : Centrality: 60-80% 16 F ' v
ratio appeéars to _ f T 1_45 O P
be the same for Il 2]
both Aut+Au - | :
energies (large 8L I 08
error bars)

+Au, 40-60% centra
+Au, 60-80% central

06
04
AutAu 62 GeV o2F- ™ AutAu 200 Gev

- Qespite the “E STAR Preliminary 7‘ |STAR P‘rehmlnary

A/A ratio [ L1 L1 L1 1 1 5 6 7 00 Ll 1 5 3
. i P, (GeV/c) p, (GeVic)
being different

by 60%

“Peak’” value of
enhancement at
lower pt for
lower energy?
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Intermediate pt: Energy and
system size de

Baryon/meson
ratio appears to
be the same for
both Au+Au
energies (large
error bars)

- Despite the
N/ ratio
being different
by 60%

“Peak’” value of
enhancement at
lower pt for
lower energy?
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Intermediate pt: Energy and
system size dependence

° 20
: B B Cu+Cu 0-10% central : @ AutAu0-5% central

“1.8 4 Cu+Cu 20-40% central B , B AutAu 20-40% central

° Bar:yon/ meson 16F Y CusCu40-60% cenira 6 01y Ak soiconm
ratio appears to
be the same for 1}
both Au+Au 1
energies (large o

error bars)

04f Cu+Cu 200 GeV

02 STAR Preliminary of ™ AurAu200 GeV

- Despitethe D_||||||||||||||||||||||||||||||| B ‘STARP‘rellmlnary

. 0 2 3 4
N/ ratio o (Gevi) 23

being different
by 60% °

p, (GeVic)

Again, similarities between Cu+Cu and Aut+Au

“Peak”value of L 900 GeV no A/A differences
enhancement at

lower pr for ® “Peak” value of enhancement at lower pt for smaller system
lower energy?
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%@ © Intermediate pt: Energy and
system size dependence

S T B Cu+Cu 0-10% central E u 0-5% central
1'3- 4 Cu+Cu 20-40% central C u 20-40% central

® Baryon/meson : o E 1 10.50% conr

1.6f ¥ Cu+Cu 40-60% central 6F : u, 60-80% central

ratio appears to b
be the same for 12f
both Aut+Au 1
energies (large it

06 6F e 5 0 1
error bars) b b ey 200 Gev P i
0.2F STAR Preliminary of Au+Au 200 GeV

- Despite the : | " STAR Preliminary ‘
_ DIIIIIIIIIIIIIIIIIIIIIIIIIIII C I‘\IIII\II‘\|||\||\\||||\||

N/ ratio ’ P o GV T R
being different

by 60%

p, (GeVic)

o Difficult to make direct
Peak” value of . . .
enhancement at comparisons like this, what

lower pt for

lower energy? | else can we do!
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Intermediate pt: Energy and
system size dependence
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+ Intermediate pt: Energy and
e System size dependence

central over
peripheral

0
cp s)

Removes any
baryon stopping
effects between
different energies.
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+ Intermediate pt: Energy and
e System size dependence

central over
peripheral

0
cp s)

Removes any
baryon stopping
effects between
different energies.
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+ Intermediate pt: Energy and
e System size dependence

central over
-STAR Preliminary£+

peripheral

0
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baryon stopping
effects between
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+ Intermediate pt: Energy and
e System size dependence

central over
;_STAR Preliminary £
; + 4
as; +

peripheral
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baryon stopping
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- Intermediate pt: Energy and
e System size dependence

central over
peripheral

)

0
s

Removes any
baryon stopping
effects between
different energies.

Re,(A)VR (K

Remarkable =
agreement between b
the dlfferent 6 [~ A NASY: Pb+Pb at 17.2 GeV: 0-5%/40-55%
energies and .
systems

. :— B STAR: Au+Au at 62 GeV: 0-5%/40-60%

] :— ® STAR: Au+Au at 200 GeV: 0-5%/40-60% ¥ STAR: Cu+Cu at 200 GeV: 0-10%/40-60%

L1 1 1 N T T I [ I B |

Central <Npare>/ 0 1 2 3 4 5 6 7
Peripheral <Npare> Py (GeVic)
~ 5 for both Cu
+Cu and Au+Au
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- Intermediate pt: Energy and
e System size dependence

central over
peripheral

- STAR Preliminary #
_ 1e

)

0
s

Removes any
baryon stopping
effects between

Re,(A)VR (K

: l |
different energies. o rJrLA

Remarkable
agreement between
the different 6 |~ A NAS7: Pb+Pb at 17.2 GeV: 0-5%/40-55%
energies and .
systems

. :— B STAR: Au+Au at 62 GeV: 0-5%/40-60%

] :— ® STAR: Au+Au at 200 GeV: 0-5%/40-60% ¥ STAR: Cu+Cu at 200 GeV: 0-10%/40-60%

L1 1 1 N T T I [ I B |

Central <Npare>/ 0 1 2 3 4 5 6 7
Peripheral <Npar:> p_(GeVic)

~ 5 for both Cu Same physics present in the different systems and energies?
+Cu and Au+Au - hydro at low pt, ReCo at intermediate p7 ..
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Integrated A/K% ratios

o 2
B Cu+Cu 0-10% central N Au+Au 0-5% central
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Integrated A/K% ratios
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® Difference in AutAu at
62 and 200 GeV due

to baryon stopping

Similar slopes for same
<Npart> - Why the RCP

= p+p 200 GeV ratio plot showed no

B o O 200 GeV .
-  —— Au+Au 200 GeV differences.

| _* .................... R— - Y AULAL 62 GeV

0 1 2 3 4 5 6 7 .
-r:l'-.lna o

&

Greater enhancement in Cu+Cu than AutAu - evidence of
system size/shape dependence to yields!?
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& Summary and Outlook
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® Bulk physics:
® Yield and ratio excitation functions show no surprises
® Strangeness thermalised in most central data

® Strangeness enhancement observed which is approximately independent of energy
-  Appear to scale with A'3 and not A

- Small differences between Au+Au and Cu+Cu - simply geometry differences?

® [ntermediate pt (2-6 GeV/c):
® A/K% ratio exhibits large increase in A+A compared to p+p
® Rcp plot showed little difference between energies and system sizes
- Same physics processes, independent of A and 's?
® Differences show up in integrated ratio
=  Cu+Cu > Au+tAu - again simply geometry differences!?
® Still to come: Cu+Cu data at 62.4 GeV, low energy runs
EPS HEP2007- Matthew Lamont (macl@bnl.gov)
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