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2 PARTICIPANT-SPECTATOR MODEL

* Participants:
* Nucleons that actively participate in . ~°>Dectat0rs\$i"\‘A‘:T
the collision '

* Spectators:

* Nucleons outside the overlapping

. participants
region

before collision after collision

* Unstable projectile remnant breaks
Alberica Toia, “Participants and spectators at the heavy-ion fireball,” CERN Courier, May 2013, CERN

up after the collision

* Fragments can be detected by
forward detectors

Introduction
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3 THE STAR EVENT PLANE DETECTOR

Part of the upgrade for BES-II

Motivations:
* Centrality determination
* Event plane resolution

* Triggering

Can also be used to measure dN,;,/dn

Characteristics:

* Detects charged particles

* Located at £375 cm from the interaction point (East and West EPD)

* Large pseudorapidity coverage: 2.14<|n|<5.09
* High n and ¢ segmentation:
* 16 radial segments ( )

* 24 azimuthal segments (sectors)

Inner TPC Endcap TOF

Event Plane Detector

......

Introduction
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4 LANDAU FITS

* EPD measures energy deposited via 7 [ ~IINDF 22447.6/106
oy . = STAR MPV 0.993+0.012
lonization S 1 AusAu sy, =200.0 GeV, 30-40%  WID/MPV 0.184+0.002

= E N Vz: [-5,5] cm 1 MIP weight 9.486 +0.079

* Mostly Minimum lonizing Particles (MIPs) & EPD East ring 12 2 MIP weight 5.427 +0.049

5 B T 3 MIP weight 1.427 +0.077
. . : : o101 — 4 MIP weight 0.341+0.049

* Deposited energy has Landau distribution o' - cigma 0.105:0.012

fOI" singl e MIP E Total 25.985+0.082
. -2 h

* Multiple MIPs — convoluted Landau 107

distributions |
. . -3

* Detector effects — convolution with a 1072

GaUSSian oo L R S N, | | | | L1
0 2 4 6 8 10 12 14 16

* nMIP weights follow Poisson distribution Calibrated ADC [nMIP]

Analysis details,
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5 SPECTATOR FRAGMENTS IN THE SPECTRA

* At lower energies (<19.6 GeV)
spectators hit the EPD

* Inner rings, non-central collisions

* Heavier fragments also detected:
He, Li, Be
- dE/dx~Q?2

* No isotopic resolution

* Yields can also be obtained from
Landau fits

* Fit function~
Yr—1ln+ Lye + Ly + Lpe

-
o

Counts [arb. units]

10!

- Au+Au \s, = 7.7 GeV, 20-30%
Vz: [-15,15] cm
= EPD East ring 0
- - Helium
? / Lithium
- — / Beryllium
- Singly-charged i‘"““““'%-~x‘,§a /
E| [ | [ — ‘ [ — ‘ L ‘ L ‘ [ — ‘ [ — ‘ L ‘ L ‘ [ —
0 2 4 6 8 10 12 14 16 18

Analysis details |

20
Calibrated ADC [nMIP]
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6 SUBTRACTING SINGLY-CHARGED CONTRIBUTIONS

* First fit only singly-charged MIPs
* Then subtract them from the spectrum

nMIPhistCent5Yz4EW0ring1
= 10 o 105 Eniries 9535654
:E ] E Mean 0.5272
3 : B Std Dev 2127
2 STAR ¥?INDF 13110.3/20 8 1
o Au+Au 's = 7.7 GeV, 40-50%] = F . .
2 1 V2 [-15.15] cm MPV 0.936:0.007 g After subtracting singly-charged MIPs
S EPD East ring 1 3107 =
S WID/MPV 0.148+0.007 o £ Helium
- o . T b
107 ws sigma 0.229:0.014 e Lithium
E 1 ) %‘“‘M\ /
Total 6.166+0.074 103 ; MM""‘W
NN d = "
10° ey § T,
eCaoe e e B
ettt et ke 10 =
e -
e e -
103 e e e s
I I 0NN HE N i NN HEE N L] 10_ =
n 1 2 3 4 5 s 7 s g 10 E 1 | | | | | | | | | | | | | | | | | | | | | | | | | | | |
0 5 10 15 20 25 30

Calibrated ADC [nMIP] Calibrated ADC [nMIP]

Analysis details |
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7 EXTRACTING HELIUM AND LITHIUM YIELDS

210 Y2INDF 233.4/160
S He MPV 4.121:0.002
* Fit He + Li + Be g STAR ) He WID/MPV 0.094+0.001
S, 1) AutAu s, =7.7 GeV, 40-50% He weight 1.132+0.002
* He and Li yields reliable s Vz: [-15,15] cm Li MPV 9.218+0.015
= EPD East ring 1
. . . 310" Li WID/MPV 0.090+0.001
* #rings with non-zero yields 3)

Be MPV 16.044+0.064

depends on energy and
Be WID/MPV 0.106+0.003

-
o
N

centrality

103

0 2 4 6 8 10 12 14 16 18 20 22
Calibrated ADC [nMIP]
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8 FRAGMENT DETECTION EFFICIENCY

. Geant4 alpha efficiency
* Not all fragments going towards the EPD _ _etahidis_of
o L ntries 5
are detected P Mean  3.915
8 F  —— RMS  0.4706
* EPD internal efficiency (glue&gaps) i
* Fragments destroyed in beam pipe 0151
* Calculate efficiency using particle gun + f |
Geant4 - |
* Geant3 does not have hadronic interaction %85
for He! ]
0.6/ |
* Only results for He so far e

(]
I
(]
0)]
(&%)
o
B
.
(%]
I
I
o
(o7}
.
o
on

Analysis details |
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9 SYSTEMATICS

* Centrality selection ~3%
* East-West asymmetry ~2%

* Landau fits:

* One-sided Gaussian convolution for singly-charged part ~10%

With/without Gaussian convolution for fragment part ~1%

Modify WID for singly-charged/fragment part ~6%

Modify Gaussian sigma for singly-charged part ~2%

Fit everything in one fit (example in backup) ~3%

* Include chance for He+singly-charged hitting same tile (example in backup) ~5%

* All added in quadrature ~13%
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10 RESULTS AT 7.7 AND 9.2 GEV

STAR Preliminary

Au+Au

\'Syn = 7-7 GeV
lv,|<15cm

= 5-10%
* 10-20%
20-30%
+ 30-40%
40-50%
50-60%

- 60-70%
L

+

>

-«
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dN,, /o
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STAR Preliminary

Au+Au

V'Syn = 9-2 GeV
lv,|<15cm

* 10-20%
* 20-30%
* 30-40%
4 40-50%
v 50-60%

- 60-70%
L
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Il RESULTS AT 11.5AND 14.6 GEV

4.5 3.5
§m 3 ”" STAR Preliminary “” §m C STAR Preliminary I
ZI 42— . Au+Au ;EE; ZI 3:_ Au+Au _ .
© 35 T Sy = 11.5 GeV T ©° /Sy = 14.6 GeV *ﬁF
3; . v,| <15 cm e 25 v <15 cm 1
E  10-20% 25 N + 20-30% -
2.5 nl o |y -
25 ;: 20-30% ¥ E . 30-40% M
- [ ] ¢+ 30-40% il 1 .5: :}: 10505, i
1.5 g + 40-50% i e 1i i
- 41; L} L v -60%
= 7 v 50-60% h 50-60%
0.5 - 60-70% 0.5  60-70%
: | | | | | ‘ | | | | | | | ‘ | 1 | | | | | L | | ‘ | | | ‘ |
—6 —4 —2 0 2 4 6 —6 —4 —2 0 2 4 6
n M
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12 RESULTS AT 19.6 GEV

= 3 e Peak in dNy./dn shifts toward
S STAR Preliminary | . .
_ - AusAu arger |n| with increasing energy
© e ISy = 19.6 GeV
B lv,] <15 cm
2
5 + 20-30% a3 .
1.5 =% + 30-40% —+-
= T + 40-50% 1)
- v 50-60%
0.5
- - 60-70%
B L 1 I | 1 I I | I I 1 I | 1 I I | 1 I
—6 —4 —2 0 2 4 6
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13 dNye/dn VERSUS N,

dN,, /dn

dN, /dn

STAR Preliminary

] Au+Au iy §,: °

115 +146 o TR

[ +19.6 Nk .
v v v e v b P b gy |

442 <[ <5.00(

; #4.03<n <442

3.74<n| <4.03 ¢

— (I B e * B
FR . . . ]
BRI . tw v, L
LN * " [ a® hd = @
* . e« | O . . .
R * | [ ]
_|||||||||||||||_|||||||||||||||_|||||||||||||||

3.47 < <3.74 |

3.26 < In| < 3.47

(N

100 200 300

(N

100 200 300

100 200 300

(N

* In the EPD acceptance
decreasing yield with increasing

energy

* Non-monotonic centrality

dependence for given |1

* Yields peak between N, ;,; =
60 — 120 depending on 1)

Results
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14 LIMITING FRAGMENTATION

> STAR Preliminary | 20.30% - 30-40%
ak AU+AU 3 P OVTEUe
3k \/sNN [GeV] s
. e7.7 m92 5
2:‘ *11.5 +14.6 -
1_ +19.6 _
5;IIIlIIIIlIIIIIII|,E_IIIIIIII|IIIIIIIH-'-III|IIII|IIIIIIII
- 50-60% - 60-70%
4f - -
2 - -

1' T _ _
EIII|IIII|IIII|III|£IIIIIIII|IIIIIIIII;IIIlIIIIlIIIIlIIII
156 2 25 15 2 25 156 2 25
n-ybezam T]-ybeam n-ybeam

* Limited fragmentation scaling

expected to hold for spectators

* Hint of slight departure from

universal scaling

* dNge/dn versus N — Ypeqm gets
systematically smaller with

increasing energy

* Possibly because 1 # y due to

large my,

Results
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E STAR Preliminary

I 5 SU M MARY %4'5: : Au+Au 7

41— 2 VS_NN =7.7 GeV i
3 5; 4 Iv|<15cm
I o
. E b » 5-10% L
* Measurement of dNy./dn with the EPD LS o yi
25— v
= L | + 20-30% —
* AutAu @ 19.6,14.6,11.5,9.2,7.7 GeV 2= . 30.400%
. . 1.5 o * . 40-50% e .
* Raw yields extracted from Landau fits i . 50.60% o
- . . 05— = = 60-70% T
([ J E ., | L | ‘ ‘ | L |
Efficiency correction via Geant4 L A S ;
¢ MaXimum ShiftS With enel"g)’ 5_ STAR Preliminary ?20_30% ;30_40%
= 4‘ Au+Au — —
* Non-monotonic centrality dependence e 3:-m[eew92 L « b
L r o7.7 m9. : G o I G
o . . . £ 2,115 +146 | SF T L e
* Limiting fragmentation scaling approximately holds  © | {95 """ [« -

* Next steps:

* Measure dN/dn for Li and maybe Be
* Compare to models: DCM-QGSM-SMM, PHQMD

dN,, /dn

Summary
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18 ALL IN ONE FIT

-al = 1 MIP weight 3.78510.018
1 et L 2 MIP ight 1.027+0.005
¢ Usually gives the same result as 2 STAR 2 welght 1.027:0.00¢
d a g = — 4 MIP weight 0.025+0.000
subtraction method within few 4 Au+Au VSnn = 11.5 GeV, 40-50% XZ/NwDeI;gZT407.4/221
: 5 1 Vz: [1515] om ke rN
percen p - EPD East ring 0 sigma 0.148+0.005
= — Total 6.512+0.030
= B o MPV 4.380+0.012
O 1 o WID/MPV 0.14540.002
o110 ' = o. weight 1.483+0.019
; - . — Li MPV 9.248+0.071
* Fit fails in Be region - Li WID/MPV 0.092+0.006
. [ Be MPV 17.698+0.486
* Additional peak needs to be added 102 Be WID/MPY 0.150:0.000
for Boron i
10° = e
| ‘ | |

25 30
Calibrated ADC [nMIP]

Analysis details
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19 INCLUDING HELIUM+SINGLY-CHARGED HITS

* He and MIPs (singly-charged) can hit the

same tile

e—?’*w“) (e-«m-rw )

welght 3.859+
2 MIP weight 1.415+ 777

STAR et
Au+Au |fs  =14.6 GeV, 40-50% U7 T

Vz: [_1 5 15] cm MPV 0.9030.013
- ! WID/MPV 0.178+0.004

EPD East ring 0 sigma 0.103:0.014

Total (MIP) 8.803+0.088

—

[arb. units]

n! m!

Pn,m) = (

Counts
—
<
| |}

o MPV 3.945+£0.028
ce WID/MPY 0.089+0.003
o weight 0.479+ 77

Poisson mean: A o + 2MIP weight 0.129: (?)

102 Total (alpha) 1.093+0.002
* He ratio: r LI WIDIMPY 0.069:0.010
* Chi2 always worse 1073
* Impacts both He and MIP yields
-4
* Significant effect for innermost ring 10
0 5 10 15 20 25 30

Calibrated ADC [nMIP]
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