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Physics Motivations K Ponkre

1. Correlations between flow harmonics v for n=2,3,4 and mean transverse momentum py in 12°Xe+12%Xe and 298Pb+298pPp collisions at v/syy=5.44
TeV and 5.02 TeV are potentially sensitive to the shape and size of the initial geometry, nuclear deformation and initial momentum anisotropy.

. Vp=p7 correlations show strong dependencies on centrality, harmonic number n, p;rand pseudorapidity range.

3. Current models qualitatively describe the overall centrality and system-dependent trends but fall to quantitatively reproduce all features of the data: therefore
a correlator is a good observable to investigate the available models.

4. In central collisions, where models generally show good agreement, the V5=-pr correlations are sensitive to the triaxiality of the quadruple defor-
mation. This work shows strong evidence for a triaxial deformation of the 122Xe nucleus from high-energy heavy-ion collisions.

N

The p, Origin of v,-p Correlations Triaxiality
Correlator In Relativistic Viscous Hydrodynamics the rapid expansion converts spatial Nuclei with density distribution as R(6,®) = Ro(1 + SlcosyY20 + sinYs5]) are less de-
anisotropy in the initial state into momentum anisotropy in the formed. 3: magnitude of deformation, y=(0, 60, 30) angle for prolate, oblate and max
final state; therefore eccentricity vectors ¢, show good correlation with n-order az- triaxiality (2ro=r1+r3) cases. [Atom. Data Nucl. Data Tabl. 109-110 (2016) 1]
COVn imuthal flow vectors V,,. [Int. J. Mod. Phys. A 28 (2013) 13400111, [Phys. Rev. C 85 For Even-even nuclei (?°8Pb) shape is measured by low energy spectroscopy while for
Pn = > (2012) 024908] odd nuclei like '2?Xe models are applied; in addition, the p, measurement allows to
\/var(vn) Ck _ study their deformation.
2 The size of the overlap region also leads to fluctuations in the radial flow, reflected
COVnp = ((Vh opT)) by the average trans.ver'lse momgqtum of particles in each event. | v, and p, follow the parametric form V% ~ a+b62 and py ~ a’ +b' cos (37>53’ where
Var(v2> _ <V4> _ <V2>2 Smaller transverse size in the initial state are expected to have a stronger radial ex- , . - , .
n n n - a, a’ are the lowest at high centrality and b and b’ represent the deformation
pansion and therefore a larger pr. [Phys. Rev. C 85 (2012) 044910],[Phys. Rev. C 85 . : .
= ((OpTOpT)) (2012) 044910] (together with 3) and they do not depend on centrality. Therefore in central col-
lision are expected the strongest effects of deformation on flows.[Phys.
— Dynamical Correlations between v, and pr in the final state are expected. Lett. B 784 (2018) 82],[Phys. Rev. C 100 (2019) 044902]
The Subevent Method The HI ATLAS detector and triggers R fos2m \
The event is divided into three rapidity ranges, a, b, and The trigger system: level-1 (L1) + high-level trigger (HLT) — 7l
C. 4'part'de CorrEIatqu are constructed by choosing two - Inner Detector (ID)= charged particles at |n| < 2.5 [Si Pixel, Si Microstrip TRT<
nggtleclltgs froT_S z;nd one pgﬁ';';fg;gfer&m b anqdf' I (SCT), straw-tube transition-radiation tracker (2 T axial field)] P N
contributions are , since they can only pro- . . o e K |
duce particles in two subevents, Forward Calorimeters (FCal)= 3 layers, longitudinal in shower depth, at -4 mn | ¥
3.2<|n| <4.9 (R =514 mm
Cumulants can be based on two .
subevents as well. In this © - Zero-Degree Calorimeters (ZDC)= +£140 m from IP, neutrons and pho- e S
case, two particleseacharecho- NS »~ S tons at |n| > 8.3 :z;;mm
sen from b and c, which effec- ™2° S The experimental centrality definition based on the final-state particle multiplicity Nyec e o
tively suppresses contributions Is smeared by fluctuations in the particle production process.
from intrajet correlations, but not B A better centrality estimator is the total transverse energy >Erin W—
from interjet correlations. =25 ° D FCal at 3.2 < |n| < 4.9. F’i*e'S{g:gg-gm
Nrec is applied at mid rapidity n < 2.5 but is less performing i
Data set and Event/Track Selection Analysis Procedure and Subevents n ranges
ATLAS datasets and Track Reconstruction: COVnp, var(v,%) and €, measurement is done in 3 steps:
. Xe+Xe: 3 Mb—l of minimum-bias at \/Syn[=5.44 TeV (2017) 1. calculated in each event as the average over all combinations among particles in ranges of n and a pr
(Pt > 0.3 GeV and |n| < 2.5) 2. averaged over events with comparable multiplicity SE7
- Pb+Pb: 22 ,ub_l min. bias + 470 Mb_l ultracentral at \/Spypy=5.02 TeV (2015) 3. recombined in broader multiplicity ranges of the event ensemble to obtain statistically more precise results
(pT > 0_5 Gev and |r|| < 2_5) lg/tlzrtl}c]l(;crid Defalﬁ;i s;;:ction Alternatlir;/le f i;election
Further requirements: i:fe;ﬁi‘;l:m 0.75 31?]<?7_n<‘;75<|n2;|5< 0.5 0.35 33157<n—n<,;7|;b|1 <03
° primary vertex at |z|<100 mm + CloseSt track to vertex < 2.5 mm Combined-subevent average of two-subevent and three-subevent results
. . . . . pt selection for Xe+Xe pr selection for Pb+Pb
 Pb+Pb pile up suppression: neutrons in ZDC and correlation with Nec 03 <pr<2GeV,05 < pr<5GeV,05 < pr <2GeV | 05 < pr <5GeV, 0.5 < pr < 2 GeV
* Centrality using XE7 (>42 GeV in Pb+Pb and >30 GeV in Xe+Xe) Event weights w(n, @, pr) = d(®,n)/e(n, pr): d accounts for nonuniformities in the azimuthal acceptance.

Analysis of Results and Discussion

Centrality and Nonflow suppression Testing Models
Reduction of p, from standard method in left panel, to the two-subevent method in middle and to At high centrality the nucrl]ear orl]eformations are important and all models s_how agregmel?t with data.
three-subevent method in right is a robust proof of suppression of the nonflow correlations. In , , they show . Trento underestimates p; in all pr ranges and
In middle and right plots: overestimate ps. . . . -
v-USPhydro and Trajectum underestimate both p, and p3 values in noncentral collisions. |P-

1. p, values for the narrow |n|<1 range are much larger (red and black) than for |n|<2.5, therefore

In|<1 still have significant nonflow contributions: Glasma+MUSIC does not reproduce the experimental data.

2. differences between the from the two event-activity estimators are N - < < S e
: o c - . |
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because bulk particles (low Pt) follows mainly hydrodinamics behaviour, without bringing new effects
to the overall p, definition.

129Xe Triaxiality

a | Three-subevent method ATLAS - @ [ Combined-subevent method  ATLAS oy | Combined-subevent method ~ ATLAS | 129 . ) o . L. .
_ Pb+Pb 5.02 TeV, 22b” LErbased | o [ Pb+Pb5.02 TeV, 22ub" LErbased | o 5| Pb+Pb5.02TeV, 22ub” XE-based | Due to the large *<?Xe quadrupole deformation, Bxe ~0.2, the p, is sensitive to the triaxiality yxe. This
|'I'|| <25 — L L I ml<25 i =l ml<2.5 - | . . . . . . .
[ ) - . : - ] 2 Xe: T
- ':;h . R b Is confirmed in Trento model by p, differences as a function of centrality for different yx.. However p
0-2_— ﬁ‘“‘ m&‘ [ ' _ e)m@' . ; dependence is absent in Trento model. | |
"% i 0.1 " — ", . To cancel out the pr dependence, Xe+Xe and Pb+Pb p, ratios are compared with Trento model.
: e ©. : "o{a'_--{%- At high centrality, where the predicted p, show triaxiality dependence, the yx. ~30 is favored (black line).
R - "% O] Therefore, flow measurements in central collisions can constrain the nucleus quadrupole deformation.
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