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Resonances In Medium

- Resonance particles are short lived (few
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STAR Detector

Solenoidal Tracker At RHIC Silicon Vertex

Electronics
Platforms
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Time Projection Chamber (TPC)
= full azimuth, |n| <1
= Momentum & dE/dx

Time of Flight System (TOF)
= full azimuth, |n| < 0.9
~70% (2009)
~100% (2010)

= Velocity (particle
identification)
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Resonance Particles
* P9 (=mtr), K* (=aK), ¢ (—=K*K), Z* (—=nA), A* (—Kp)
 Hadronic resonances are measured in STAR from

various colliding systems (p+p, d+Au, Cu+Cu, and
Au+Au) and colliding energies (62.4, 200 GeV).

Resonance Lifetime [fm/c] decays (BR)
p? (770) 1.3 n+, et+e (10°5)
K* (892) 4.0 m+K

¢ (1020) 44 K+K, et+e" (10%)
2*(1385) 5.7 A+m

A*(1520) 13 A+m
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0% (770) Mass & Width

STAR QM2008
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accounted in
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« Detector effect may be not fully

the simulation.

Width is fixed.
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Counts [10%(10 MeV/c?)] Counts [10%(10 MeV/c?)]

K*(892) Mass & Width

Vs, =200 GeV

Phys. Rev. C71, 064902(2005)
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« Mass shifts at low p;by ~6-15

MeV/c?
= Consistent within 2 sigma level

« p+p and Au+Au have same trends

=» medium effect?

«  No width broadening
+ Detector effect may be not fully

accounted in the simulation.
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Counts [10%(10 MeV/c?)] Counts [10%(10 MeV/c?)]

K*(892) Mass & Width
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= Consistent within 2 sigma level

p+p and Au+Au have same trends
=» medium effect?

No width broadening

Detector effect may be not fully
accounted in the simulation.
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Different Collision systems

0.94

& energies

Phys. Rev. C84, 034909(2011)

(a) Au+Au 62.4 GeV
A Au+Au 200 GeV
—~0.92( O Cu+Cu 62.4 GeV
O A Cu+Cu 200 GeV
s . PDG value
G 09 ... PUETRI SR 5 S— P
Tn/ } g ? %‘% 2‘1‘ éA i‘ i
%) b 11
@ 0.88[
=
0.86[
0 05 15 2 25 3 35 4 45
P, (GeV/e)

No dependence of mass

and width within the errors

on beam energy and
colliding ion species
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Mass (GeV/c?)

Width (MeV/c?)

$(1020) Mass & Width

Phys. Rev. C79, 064903(2009) 400
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larger than from simulation.

- No significant dependence of mass
and width on beam energy and
colliding ion species

—= + Detector effect may be not fully

accounted in the simulation.
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$(1020) in Cu+Cu

Phys. Lett. B 673, 183(2009)
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A*(1520) & X*(1385) Mass & Width
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Mass & width of A* and =* are in
agreement with the PDG values
within errors.

Phys. Rev. Lett. 97, 132301 (2006)
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Yield Ratio

pO—mir, K*—nK, ¢—=K*K-, =*—rA, A*—Kp
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B ] . * I/ - .
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AT LK K 1 centrality
-9&1 5__ v | _ re-scatt.(o,) > re-gen. (o)
g | . p° & ¢ no suppression
:g 1..<,T+ .[+ .................. Y ‘ ere_scatt- _ re_gen.
© i T
. 0.5 » A" suppressed most
- pHp
I L Phys. Rev. Lett. 97, 132301 (2006)
1 10 Phys. Lett. B 673, 183 (2009)

dN ./ Phys. Rev. C 84, 034909 (2011)
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A(1520) +A(1520) in Cu+Cu 200GeV

A(1520) +A(1520) p. : 0.4-3.2 [GeVic]

~20M Min. Bias events

(after event selection)
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Fit with the Breit-Wigner func. + background.
Error is statistical only. Systematic is under study.

STAR APS2011
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Resonance Workshop 2012

Fit: mass = 1513 + 1 + sys. MeV/c?
width = 16 + 3 + sys. MeV/c?
Simulation:
mass = 1518 + 0.1 MeV/c?
width = 16.3 + 0.1 MeV/c?
Particle Data Group:
mass = 1519.5 + 1.0 MeV/c?
width = 15.6 + 1.0 MeV/c?
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A(1520) +A(1520) in Cu+Cu

Corrected
— »* / ndf 1.049/4
A(1520) + A(1520) Prob 0.9023
0.1f
-
Q.
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>
©
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N
U —
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. dN/dy=0.17 = 0.01
o-....I....I....I....I....I....I....
0 0.5 1 1.5 2 2.5 3 3.5
pr [GeVic] Fit with Maxwell-Boltzmann dist.
STAR APS2011 Error is statistical only.



A(1520) +A(1520) in Cu+Cu

Corrected
— . ,
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A(1520) + A(1520) | Prob 0.9023 |
0.1 I
B | L LR R
s | , ':‘":ﬁk Curid! o = 200 GeV
- A £ OIK - N
E 0.08_ STAR Preliminary N O A:/A Di*l/\ STAR Preliminary |
> i on. : ZOI/A_
e i = 15—  PIT { { -
O : 1))
= 0.06 2 | Th773 | :
N i oé 1.«.T.+. I+ ................ el “ll}l ..... T ........... -
© i = 1 T l ‘ ol
0.04 g | : T | |
T F 0.5 []E ! ; .
I - PP Au+Au
Cu+C
002l <pt>=1.53 = 0.11 olewcs RN 1 S
. 1 10 10 10
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pr [GeVic] Fit with Maxwell-Boltzmann dist.
STAR APS2011 Error is statistical only.
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in Leptonic Decay Channel
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Electron ldentification

With New TOF Detector
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Au+Au (201 0)

: Electron ldentlflcatlon

>

N
TTTTT

Combine

'
N
T T

no, (dE/dx )

& b
T

- STAR Preliminary

10&
-0.2 -0.15 -0.1 -0.05

0.05 0.1 0.15 0.2

A/ [3 (TOF)

We use electrons up to p=1.5GeV/c due to
large contaminations from pions.
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¢(1020) Signal

%1 03 | hinvMass pt [0.30-2.50] |
Au+Au 200 GeV v e
pT = [0'3-2'5] GeV/C 300_\\ :Zn:):ondlii;e(::)unts:2.009+06) |
_ __ - _ .§ | Normalization |
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4000 - ‘
i 100 -
.§20()01 , \
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'2000& STAR preliminary  S/stat.Err=12.49 | [MeVicT] | MeVicT]
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Mass & Width in p; Bins
Au+Au ZQO GeV

1.03 — T 0.05 — | |
* Simulation .+ Simulation ]
-+ Data Fit 1 o4 -+ DatafFit S:f;'rsggf' |
_1.025- ~PDG value 4 - ~PDG value Y
™~N ™~N - -
o . . ] _2 . .
% STAR preliminary > 0.03- STAR preliminary _
: £ 0.02- —T—_l_ | -
= s | . 1 :
1.015 . 001 " *
Statistical error only | L — z
1 | L | | | I | I 1 | L | | | I | I
1.0% 0.5 1 1.5 2 2.5 % 0.5 1 1.5 2 2.5
p. [GeVic] p.. [GeVic]

Mass and width are in agreement with the simulation.

= No mass shifts or width broadenings
STAR SQM2011
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/N, d°N/dp_dy [(GeV/c )]
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Corrected

N W

—h
-

T ] 1 1 l T

dN/dy = 2.87+0.17+0.23 |

(p,)=0.87+0.05=0.07
[ ] Errors are stat. + sys.

95% conf.band

STAR preliminary

Fit func. =

p. [GeV/c]
d°’N dN/dy
dydp, Pr T(m,+T)
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T

$(1020) Spectrum

Au+Au 200 GeV

d—e*e (0-80%)
<p>=0.87+0.05+0.07 [GeV/c]
dN/dy=2.87+0.17+0.23

Run4 ¢—K+K- (0-80%)
<p>=0.962+0.014 [GeV/c]
dN/dy=2.68+0.15

(Statistical error only)

STAR SQM2011
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Comparison to Hadronic Decay

o 10 ' [ . :
: : STAR Au+Au (Cent.=0-80%) -
; V=200 GeV *— Run4 ¢—K*K  (stat. err)
8 - *— Run10 ¢—e*e 7
= 1l [ | Errors are stat. + sys. :
- N
© i
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Q -
©
Q.'_
§1 o’ E
o
©
\ *
10 ]
- | | S
0 2
STAR SQM2011 P [GeV/c]
3/6/12 Resonance Workshop 2012

No significant
difference between
hadronic and
leptonic decay
channel within the
errors.

Phys. Rev. C 79, 064903 (2009)
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w Signal

STAR QM11

I I

60— @O signal _
STAR preliminary

Counts
Counts

— 2-component fit
== Residual BG

[ @ osignal i
3000~ — 2-component fit STAR preliminary _
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20~ 7 1000
0 ? + + 0
| I | + |’+ | | I | |
0.7 0.8 O.? 0.75 0.8
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Fit ® by two components
w Invariant shape from the cocktail simulation
: the cocktail without
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w—e*e-Spectra

w—e*e" spectra measured in
p+p and Au+Au 200 GeV

= Yield consistent with Tsallis fit
expectations

= Applies to p+p

dN/dy of w consistent with
previous measurements

aN [ T T T T T | ]
) B STAR o Au+Au 0-80%
Z 12 TBW fit to light hadrons
e - ¥ STAR @ p+p |
= O PHENIX o p+p
T PR TBW fit to high pT |
=  [.B
"U[_ BT *
g.. 1 STAR preliminary |
& B ., .
> ..
e
T [P e i
i @,
1 0 21 "@L * |
A ..ICB‘.. —
101 . 1 | | T ||
0 1 2 3
p.. (GeV/e)
SQM 2011

Tsallis Blast-wave(TBW) fit:

T=96.4 MeV, g = 1.0926 for mesons <B>=0 in p+p,
T=117 MeV, q = 1.0416 <B>=0.47 in 0-80% AuAu.

(q is a parameter characterizing the degree of non-
equilibrium)
Z.Tang et al., arXiv:1101.1912
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Summary

- InSTAR, p,, K*, ¢, Z*, A* are measured in various colliding species and
colliding energies.

« Masses and widths of those resonances are presented. No significant mass
shifts or width broadening are observed.

+  {p7) and yields ratios are presented.

= In most central, the K* (p;) agree to the (p;) of non-resonance particle. However,
in peripheral bin, the K*? (p;) shows enhancement.

= Double ratio of K*/K & A*/A ylleds show suppression with centrality possibly due
to re-scattering of daughters in hadronic medium.

*  New measurements of ¢ and w from leptonic decay channels are presented.
We couldn’t see any difference between results from leptonic decay channel
and from hadronic decay channel.

« No signature of the Chiral symmetry restoration is observed.
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Medium Effects

- Re-scattering: loss of

re-scattering {‘ —————— y Slgnal O daughter-medium

A~ >« 5 - Re-generation:
had - §— Increase resonance
adronic .
medium ‘% YIeldS oc()-daughter-daugh’[er

[

chemical freeze-out

— K___ g — Estimate time span
regeneration _
between chemical and
time Kinetic freeze out.
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The Chiral Symmetry Restoration

100 ———— T
I — vacuum
-80—— pB,eff=O . B}
T | - Pg=0-68p, | Search for evidence
B -oF oM 1 of chiral symmetry
=~ | T= ] .
ol eV {  restoration
g | w(782) ¢(1020) 3 Z = Masses of p—e+e- and ¢—e+e-
200 1\ _' may broaden/shift
e JIN ] = Relative production rates of ¢—
e et VT ) A ry e+e- and ¢—K+K- may
8.7 09 1 1.1 change...

M [GeV]

The Chiral Restoration Transition of QCD
and Low Mass Dileptons. Stock, R. (ed.).
SpringerMaterials
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Back Up

c“H 1 O - I I I 1 B
&:; - STAR Au+Au (Cent.=0-80%) -
; *— Run4d ¢—K*K (stat. err)
Q - —%— Run10 ¢—e*e :
g, 1 [ ] Errors are stat. + sys.
= - -
'U'_ i
o 1+ The difference between
©_ Run4 and Run10 is
g-_l 0_1 N 1.180
g Integrated value -
“.‘c of the fit function
. torundresultat = * N ]
the highest pt bin ‘é’
102} \
6 ' 1 ‘ é ' Phys. Rev. C 79, 064903 (2009)

P. [GeV/c]
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<p,> (GeVic)
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0.2
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Mean p; Distributions

DAE2010 (P. Pujahari)

- OTC 0
S °p \(Sy=200GeV
I _ [ K*
— AP
- # + % 3 The (p; ) of m, K,p and K*
n i ¥ % % is taken from STAR published
3 A ] results.
— 0 0ol O
- O p% in p+p, Au+Au 200 GeV: Phys. Rev. Lett. 92 (2004) 92301
C o o O oW o OO O O © Q0
— p% in d+Au 200 GeV: Phys. Rev. C 78 (2008) 44906
= STAR Preliminary
L 1 1 1 Il | | | | | | | L1 11 | 1 1 | I I |

10 10? 10°

N

part

For p® in Cu+Cu only statistical error.
p? mean p; slightly increases with N,
p® mean p; comparable with proton mean p-.
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Particle Ratios

DAE2010 (P. Pujahari)

0.5

- K*K . E‘Zg‘
- - +
45 \Eu200GeV R TEE,
0.4 A CuCu A cucu
035 © AuAu uAd K*/K- ratio is obtained
o F From STAR published results.
g o03-
é 0.25
8 0.2 H ﬂ
0.15;—H i H H‘ i
0.1=
0.05; STAR Preliminary
0: 1 1 1 Lol 1 1 | RN 1 | |
10 102
N

part

- Cross-section = regeneration or re-scattering.

+ K*/K-=> re-scattering of the daughters.

« pY%1 = regeneration compensating re-scattering
of the daughters.
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Entries

Transverse Momentum Bins

2000
1000

-1000

-2000/}

Entries
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1000

500

-500

= [O 3 O 7] GeV/c

i

- ¢(1 020)

STAR prellmlnary

TI| | signal=9864 -
FJ} S/stat.Err=6.79
09 1 11 12 1.3
~¢(1020) | STAR preliminary
L | |
[T R BE g b ’|I'IH'|"
m”'lTHTﬂ” T ”TTTT I ||| signal=4244 '
_”ﬂ T S/stat.Err=7.10 |
09 1 11 12 13
Invariant Mass [GeV/c?]
pr=[1.1-1.7] GeV/c

Resonance Workshop 2012

Entries

Entries

20001

= [O 7 1 1] GeV/c

|
(1020) STAR prellmlnary_
B B
I ! } !
_||||T.||I|||l| lo s ..llll|l|:|||| |||||::|: : '“”:I
M 'l\ i1 1T T signal=9295 -
J|' i | S/stat.Err=8.42 |
09 1 14 12 13
¢(|1 020) STAR prelimlnary_
i | T ; |
L Ll e b
! al ! || i Tl || |
I M L N L
U‘"|| HHH | “| Il signal= 612 |
’ ’ H l S/stat.Err=4.77
09 1 11 12 13

Invariant Mass [GeV/c?]

pr=1[1.7-2.5] GeV/c
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Mean Transverse Momentum

1.5 - - |
® Central Au+Au
/A MinBias p+p + 1
N ¢—e'e 0-80% Au+Au ®®
— T,,=170 MeV, ( ;. )=0 # )F
1— tt+ - \é.l\' o
- A
g - -
0.5— —
A STAR Preliminary
- K p K ffoaa"z v A «
K p A =
0 L | 1 | ! | L
0 0.5 1 1.5

3/6/12

Particle Mass [GeVic ]
Error is stat. + sys.

Resonance Workshop 2012

Agreement
between
hadronic and
leptonic decay
channel within
the errors

Sevil Salur @SQM2006
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Interactions of resonances in hadronic medium

C. Markert WWNDO8

w 24 [1] [2]
Qo  F — =200 GeV - T = [1] P. Braun-Munzinger et.al.,PLB 518
S 225 Pw Ge ® K*K x2.9 E E (2001) 41,priv. communication
g 2E ¥ I¥A x3.5 =1 a [2] Marcus Bleicher and Jérg Aichelin
2 18E B AYA x10.8 El 3 Phys. Lett. B530 (2002) 81.
T E A ¢/K x81 = || M. Bleicher and Horst Stocker
[ - AutAu = | =
= 1.6 - v J. Phys.G30 (2004) 111.
S = ptp [ I
g 1.4 — [ [ l
Q0 1.2
5 1E H,H TTTT% ..... ¥
= ~ c .
e =5 T | ] Life-time [fm/c] :
g ¢ + 71 + T e K@®92) ~ 4.0

0.6 — T >(1385) ~ 5.7

0.4 F + A(1520) ~ 13

0.2 ol ¢ (1020) ~ 44

0 I: 11 I L1l l L1 1l I L1l I L1l I L1 1l I L1l ] j . I

0 100 200 300 400 500 600 700

Phys. Rev. Lett. 97 (2006) 132301

Lifetime of hadronic medium:
C. Markert, G. Torrieri and J. Rafelski,
hep-ph/0206260

T= 160 MeV > At > 4 fm/c (lower limit)
UrQMD: At = 13 + 3 fm/c
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Resonance Workshop 2012

dN_, /dy

Regeneration/Rescattering cross section:
o(K+p) < o (K+x) < o (A+m)

In agreement with UrQMD calculations
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K*(892) (cont’d)

Phys. Rev. C84, 034909(2011) - ) Ak €24 Gov
094 a) Au+Au 62.4 GeV 3
i A Au+Au 200 GeV =
—~0.92 0  Cu+Cu 62.4 GeV 54000
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S e PDG value o oo
Q 09+ 075 05 065 06 085 1 705 11 075 08 085 00 085 1 105 1.
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r A Au+Au 200 GeV °
oud 4 Aushu200Gev t low p;, masses are lower
« 0. A Cu+Cu 200 GeV
g : ------ PBE; :alue ¢ than PDG Value
O] B . g
G 0.06F * &%ﬂ - }  No significant dependence
c T rreeTmrn . F0 Y OIIIT CIIIITD T .
S ool S of mass and width on beam
: energy and colliding ion
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