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ØSensitive probe across !"
§ High #$ : proxy for jets
§ Intermediate #$ : Cronin effect
§ Low #$ : possible radial flow effect

ØPrevious measurements
§
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PHENIX d+Au & tagged p/n+Au

STAR d+Au

§ Central bins show larger 
suppression than 
peripheral bins at low 
#$; %&'( rises with #$

§ Some tension between 
measurements, no 
definitive conclusion 

§ Only d+Au & tagged 
p/n+Au so far

Tong Liu 10/12/212021 Fall Meeting of the APS Division of Nuclear Physics



0 5 10 15 20 25 30
Ncoll

1

10

210

310

410

510

610co
un
ts

All

0-10%
10-20%

40-60%
60-100%

3

Percentage by 
impact parameter 

p+Au !"#$
Glauber MC[1]
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!%&''

ØConcept of centrality is not trivial for 
small systems

ØAsymmetric small system: correlation 
between !%&'' and collision geometry 
significantly smeared compared to A+A 
collisions

ØEA: degree of violence of the collision

ØEA indicator: experimental observable 
that best correlates with EA

ØMid-rapidity multiplicity: auto-
correlation for spectrum measurement

ØUnderlying multiplicity ()*+',
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Code from: C. Loizides, Phys. Rev. C 94 (2016) 024914



ØTime Projection Chamber (TPC) 
§ Methane-argon gas mixture
§ Momentum reconstruction for charged tracks
§ ! < 1 , full azimuthal coverage

ØTime Of Flight (TOF)
§ MRPC technology providing PID info
§ TOF-matching used for pileup rejection
§ ! < 1 , full azimuthal coverage 

ØZero Degree Calorimeter (ZDC, 
out of view)
§ Used for triggering & luminosity monitoring

ØData: 2015 p+Au @ 200 GeV
ØParticle selection:

§ Charged particles reconstructed by TPC
§ TOF-matched to reject pileup
§ 0.2 < '( < 30 GeV/c, |!|<1 4

CHAPTER 3. THE EXPERIMENTAL SET-UP 3.3. THE STAR DETECTOR

3.3 The STAR Detector

STAR(Solenoidal Tracker At RHIC) is situated at the 6 o’clock position in the

RHIC ring. The main goal of STAR is to explore the QCD phase diagram and

study the characteristics of quark-gluon plasma formed in ultra relativistic heavy

ion collisions. It is one of the most successful on going experiment in the world.

The STAR is well equipped to identify charged particles and to measure their mo-

mentum. The setup of the experiment is shown in Figure 3.2[87].

The STAR detector has a large uniform acceptance with complete azimuthal

Figure 3.2: (Color online) A perspective view of the STAR detector system with a
cutaway for viewing inner sub-systems.

coverage. Its solenoidal design helps one to measure many experimental observ-

ables simultaneously. The detector consists of several subsystems or detectors.

The heart of the STAR detector is a large Time Projection Chamber (TPC) located

in a uniform magnetic field of 0.5 Tesla[88]. The cross-section layout of the STAR

detector system is shown in Figure 3.3. The main tracking detector systems are

TPC, two Forward TPCs (FTPC) and the silicon vertex tracker (SVT). The event

multiplicity is measured by the Central Trigger Barrel (CTB). The Time of Flight

(ToF) and a ring-imaging Cherenkov detector extend the particle identification

up to a very high pT . The measurement of photons, electrons and transverse en-

59
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1.0

! − 22.0

ØDivide TPC acceptance into different regions

ØCount track multiplicity in regions transverse 
to a random trigger angle as EA 
indicator:$%&'()*+,-

• ./0*+,-: # of events in each $%&'()*+,- bin

ØTracks in trigger & recoil region: 12.34
)*56 278

Random
angle as
trigger
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ØDivide TPC acceptance into different regions

ØCount track multiplicity in regions transverse 
to a random trigger angle as EA 
indicator:!"#$%&'()*

• +,-'()*: # of events in each !"#$%&'()* bin

ØTracks in trigger & recoil region: ./+01
&'23 /45

ØGlauber MC[1] ⨂ negative binomial 
distribution to fit !"#$%&'()* at high end

ØDivide (fitted curve) into deciles & get +78%%
for each !"#$%&'()* bin

ØLow end of multiplicity: mismatch due to event 
trigger inefficiency
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Fit range

C. Loizides, Phys. Rev. C 94 (2016) 024914
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!"#$%&'()*

ØDivide TPC acceptance into different regions

ØCount track multiplicity in regions transverse 
to a random trigger angle as EA 
indicator:!"#$%&'()*

• +,-'()*: # of events in each !"#$%&'()* bin

ØTracks in trigger & recoil region: ./+01
&'23 /45

ØGlauber MC[1] ⨂ negative binomial 
distribution to fit !"#$%&'()* at high end

ØDivide (fitted curve) into deciles & get +78%%
for each !"#$%&'()* bin

ØLow end of multiplicity: mismatch due to event 
trigger inefficiency
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Fit range
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Glauber uncertainty

ØCorrected for detector effects (see 
backup)

ØHigh-to-low EA ratio: systematic 
uncertainties partially cancel

ØPer-event yield for !"#$%&'()* ≥ 6
divided by that for !"#$%&'()*≥ 2

ØRatio～1 @ low ./, rise up at 
intermediate ./ and plateau above 3.5 
GeV/c

ØSlightly different observable than 
previous measurements 

ØIdeally: ratio to p+p collisions
6
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STAR Preliminary
011 = 200 GeV p+Au

charged hadron yield
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§ First inclusive charged hadron EA-dependent ratio measurement for 
0.2 < %& < 8 GeV/c charged hadrons in 200 GeV p+Au collisions at STAR

§ Yield ratio between high and low-EA events: consistent with unity at low %&
and show hints of enhancement at intermediate & high %&

10/12/21
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§ Study different systematic effects and calculate absolute invariant yields

§ Compare to STAR p+p yield and calculate ()*+
§ Extend the measurement to charged & full jets

2021 Fall Meeting of the APS Division of Nuclear Physics

Thank you!
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ØPileup: tracks from different physical collisions 
recorded in the same event
§ Use TOF-matching to reject pileup

ØEvent trigger efficiency: low-EA events might 
not be able to fire the trigger
§ Reweight events by Glauber-fitting ratio

ØVertex & luminosity correction: Average 
multiplicity has artificial dependence 
§ Assign weight factor from polynomial fitting

ØTrack momentum resolution & tracking 
efficiency: tracks reconstructed with wrong !"
or completely missed 
§ Use embedding data to correct for detector effects

2021 Fall Meeting of the APS Division of Nuclear Physics

ZDCx
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ØPileup: tracks from different physical collisions 
recorded in the same event
§ Use TOF-matching to reject pileup

ØEvent trigger efficiency: low-EA events might 
not be able to fire the trigger
§ Reweight events by Glauber-fitting ratio

ØVertex & luminosity correction: Average 
multiplicity has artificial dependence 
§ Assign weight factor from polynomial fitting

ØTrack momentum resolution & tracking 
efficiency: tracks reconstructed with wrong !"
or completely missed 
§ Use embedding data to correct for detector effects

0 5 10 15 20 25 30 35

7-10

6-10

5-10

4-10

3-10

2-10

1-10

Pr
ob
ab
ilit
y

= 200 GeVNNsp+Au 

 fit with Glauber modelrand
multUE

data

Glauber+NBD

0 5 10 15 20 25 30 35

0.4
0.6
0.8
1

1.2
1.4

da
ta
/m
od
el

#$%&'()*+,

Fit area

Tong Liu 10/12/21



11
2021 Fall Meeting of the APS Division of Nuclear Physics

ØPileup: tracks from different physical collisions 
recorded in the same event
§ Use TOF-matching to reject pileup

ØEvent trigger efficiency: low-EA events might 
not be able to fire the trigger
§ Reweight events by Glauber-fitting ratio

ØVertex & luminosity correction: Average 
multiplicity has artificial dependence 
§ Assign weight factor from polynomial fitting

ØTrack momentum resolution & tracking 
efficiency: tracks reconstructed with wrong !"
or completely missed 
§ Use embedding data to correct for detector effects
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ØPileup: tracks from different physical collisions 
recorded in the same event
§ Use TOF-matching to reject pileup

ØEvent trigger efficiency: low-EA events might 
not be able to fire the trigger
§ Reweight events by Glauber-fitting ratio

ØVertex & luminosity correction: Average 
multiplicity has artificial dependence 
§ Assign weight factor from polynomial fitting

ØTrack momentum resolution & tracking 
efficiency: tracks reconstructed with wrong !" or 
completely missed 
§ Use embedding data to correct for detector effects
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§ Pink band (along the curve): TOF matching uncertainty
§ TOF-matching is always required for EA-indicator tracks
§ Nominal spectrum uses TOF-matched tracks to get rid of pileup
§ Variation 1: alternative pileup elimination method – low ZDCx events (0-8000 HZ), don’t 

require TOF-matching for tracks
§ Variation 2: Closest to “Ideal” case: low ZDCx + TOF matching
§ Currently quoting the bigger difference to nominal spectrum as uncertainty  

§ Gray box on the right: Glauber uncertainty
§ Nominal: !""=42 mb, R(Au)=6.38 fm, d=0.535 fm (skin depth), Hard-core collision profile
§ Variation 1: R+= 2%, d-=10%, or R-= 2%, d+=10%
§ Variation 2: !"" +/- = 1 mb
§ Uncertainty: for each variation, quote the bigger difference to nominal spectrum; then add in 

quadrature
§ Assuming uncertainty uncorrelated in different bins (adding in quadrature)
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