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1. Introduction

Critical Fluctuations
* Fluctuations in conserved charges (such as ‘ QCD phase diagram

e Relativistic Heavy-Ion Collider (RHIC) can only collide
Au+Au down to /syny = 7.7 GeV

baryon number) expected near critical point d |
e Proton number is a proxy for baryon number critical * Gold target installed on west end of STAR TPC
N . point Quark Gluon Plasma e N dat t . 30.392.35 30 4559 69 79 77 eV
* Measure cumulants of net-proton number e . ew data al /SNy = 9.V, 9.2, 9.9, 9.9, 5.9,9.2, 0.2, (.2, {1 (€

distributions as a function of collision energy iy (GeV) 32 35 39 45 52 62 72 17
SNN e . . . . . . . .

up (GeV) 070 0.67 063 059 054 049 044 0.42

* QCD calculations predict non-monotonic cu-

mulants vs /sy if close to critical point hadron oa YoM 1.139 1.254 1.375 1.522 1.683 1.867 2.021 2.102
S # good evts  201IM 116M 117M 108M 103M 118M 317M 113M
Cumulants and Moments o ) produced yes yes yes yes yes yes no yes
Cumulants of a distribution are defined as: 0 B
*C=(N)=p . o
) ) A predicted fluctuation in ko s—
* CZ — <(N o ILL) > =0 KGZ ncar Cl‘ltical pOint = n=-1.0 n=-0.5 n=0.0

gold target and support
* C5 = ((N —p)’)

* Cy=((N — p)*) = 3((N — p)?)’
Some standardized moments are:

baseline

* So = (3/C, [measures asymmetry] NE
* k0’ = C,;/Cy [measures “tailedness"] -
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Previous Results o Central Au + Au Collisions ] Challenges
* Non-monotonicity in Beam Energy Scan I 3¢ ¢ STAR (0 -5%) — * Acceptance is asymmetric w.r.t. midrapidity
net-proton C,/C with 3.10 significance Ert © net-proton i o , O , ,
o83 ¢ O proton — * Limited midrapidity acceptance at highest energies
® Recent \/syny = 3 GeV measurement returns =3 (Iyl <05, 0.4 <p_(GeVic) <2.0).

* Time-of-flight (TOF) required for particle ID
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* High-statistics collider data from Beam En- - | # 3 -
ergy Scan Il will improve measurements 0__' HRG__igE --------- -
from /SNN =1.7-27 GeV -1— D{'F;-O.5<y<0) UrOMD net-proton 4:. Timing Fl“CtuatiOHS
* Fixed-target data will fill the gap between P et ‘3’ | PrOtonl -
Vsyy =3 and 7.7 GeV 2 5 10 20 50 100 20 | |
Collision Energy |s, (GeV) * Fixed-target analysis uses TOF and TPC for proton ID

* Centrality determined by TPC multiplicity

* TOF relies on precision timing and often misses protons

from pileup with timing offset

3. Acceptance * TPC multiplicity includes pileup tracks

* Pileup events classified as central collisions but have few

i = = ] e s TOF-identified protons
“ | AR R e * This causes tail on proton-number distribution, which cre-
1 1 imeotfight = ates false signal for high-order cumulants
) | T . ®Standard analysis window
| Al e || ’ shown in red box VSnw = 3.5 GeV (UrQviD) VSwn =3.5GeV (UrQMD)
0-5:‘1 / Projection — : 10 *1 0.0001 out-of-time 0-5% Centrality n
; T = e . *We have near-full accep- Mdi 04<pT<2GeV | .
T e oo I o1 tanceup to /Sy <45 GeV g o Rl
) o v *Top energy analyses must _ 4" TOF Fib 1 -V ,,

be away from midrapidity

Data not
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Number of Protons ( part )
Overlap at ,/syy =7.7 GeV
* Data was taken at ,/syy =7.7 GeV in both the collider and fixed-target configurations Solution: Reject pileup, do not correct for it. Usual cumu-

L , , lant correction for pileup doesn’t fix timing fluctuations
* There is significant overlap in acceptance for a comparison

* Overlap analysis will validate fixed-target and collider methodologies
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5. Conclusions

ider (2021)

* Fixed-Target Program extends energy range of RHIC down
to A/SNN = 3 GeV

Illl|I|l||1l|llllll,ll-ll‘!

* Fixed-target proton fluctuations analyses are underway
FXT .' ,/”*"' Collider from VNN = 3.2-7.7 GeV
Bl 2021 :
9;}11‘.6'—‘1‘.6'!1'.A'i{.é' 08 06 04 02 0 o | w ( ) Q; 8161412 1 —6.8—6.6—5:;_—;.72 0 ° Overlap acceptance for ﬁxed-target and COlllder data at
-You L e i e vy e T ale Vsnn = 7.7 GeV allows methodology validation
Y-Ycm

* Reliance on TOF for particle ID makes measurements sen-
sitive to timing fluctuations, which can be managed

* Prior measurements show non-monotonic variation in
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