Evidence of the Triaxial Structure of 129Xe at the

Large Hadron Collider

Benjamin Bally,

M. Bender, G. Giacalone, V. Soma

13th International Spring Seminar, Sant’Angelo d'Ischia,
16/05/2022




Introduction

e Investigation at the interface between high- and low-energy nuclear physics!

Sant’Angelo d'Ischia - 16/05/2022



Introduction M

e Investigation at the interface between high- and low-energy nuclear physics!

e Nuclear structure inputs for simulations of relativistic heavy-ion collisions

Sant’Angelo d'Ischia - 16/05/2022



Introduction

e Investigation at the interface between high- and low-energy nuclear physics!
e Nuclear structure inputs for simulations of relativistic heavy-ion collisions

o Study of 2®Pb + 2%®Pb and '**Xe + *Xe collisions performed at LHC
ATLAS Collaboration, Report No. ATLAS-CONF-2021-001
ATLAS Collaboration, arXiv:2205.00039
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Introduction

e Investigation at the interface between high- and low-energy nuclear physics!

e Nuclear structure inputs for simulations of relativistic heavy-ion collisions

o Study of 2®Pb + 2%®Pb and '**Xe + *Xe collisions performed at LHC
ATLAS Collaboration, Report No. ATLAS-CONF-2021-001
ATLAS Collaboration, arXiv:2205.00039

o First evidence of triaxiality in relativistic heavy-ion collisions!
Bally, Bender, Giacalone, Soma, Phys. Rev. Lett. 128, 082301 (2022)
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QGP creation in ultrarelativistic heavy-ion collisions -
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Asymmetry in particle distribution: elliptic flow M

e Distribution of detected hadrons displays a quadrupole component

dN/d(ZS o< 1+2vy COS(2(¢— (,252))

where v, is the elliptic flow
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Asymmetry in particle distribution: elliptic flow

e Distribution of detected hadrons displays a quadrupole component

dN/d(ZS o< 1+2vy COS(2(¢— (,252))

where v, is the elliptic flow

e Linked to geometric asymmetry of the initial condition
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How to discern orientations in central collisions? -

e
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Courtesy of G. Giacalone
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Relation between the size of the system and (p;)

e (p;) is the average transverse momentum of particles
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Relation between the size of the system and (p;)

Sa=3Sp

R4 <Rp

= | Ty >Tg |

(Pa > pvs

Courtesy of G. Giacalone

e (p;) is the average transverse momentum of particles

B. Bally
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Relation between the size of the system and (p;) E

Ss=Sg
= | T4 > Tp |=|{Pa > (P8

R4 <Rp

Courtesy of G. Giacalone

e (p;) is the average transverse momentum of particles

e Looking at low (p;) = looking at larger nuclear overlaps
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Orientation at low (p;)

(@) deformed nucleus (8 > 0)
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Orientation at low (p;)

(@) deformed nucleus B>0) (b collisions at low (p;)
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e Pearson correlation coefficient

p(V3,(pt)) =

where §o = 0 — (o)
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Modeling of the nuclei: Monte-Carlo Glauber
12 impﬂ&meter

y (fm)

x (fm)

Courtesy of G. Giacalone

e Nucleons sampled using Woods-Saxon density

1 -1
pws(r,0,0) = Po(l + exp[;(r - R(b‘,sa))])
siny [ Yo (0, ) + Yao(0, 80)])}

R(97g0) = R0{1+ﬂ(C057Y20(9,<P)+ \/5
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Modeling of the nuclei: TRENTo model M

e(x,7=0.6 fm/c)
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Courtesy of G. Giacalone

e Nucleons translated into energy density using TRENTo model
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Modeling of the nuclei: inputs from nuclear theory M

e State-of-the-art multi-reference energy density functional calculations
e Variational calculations

V|H|vY )
5( ‘L\Ll =0 with |¥)= Z '((BV,WV)KP/{//KPNPZ@(BV,%))
( | ) (ﬂvu'Yv)K
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Modeling of the nuclei: inputs from nuclear theory a

e State-of-the-art multi-reference energy density functional calculations
e Variational calculations

V|H|vY )
5( \L\Ll =0 with |¥)= Z '((BV,WV)KP/{//KPNPZ|¢(5V7%))
( | ) (ﬂvu"/v)K

e Explore triaxial deformations (3,,7,) through constrained minimizations
e Calculations performed on a 3d Cartesian mesh

e Skyrme-type SLyMR1 parametrization
Sadoudi et al., Phys. Rev. C 88, 064326 (2013)

Jodon, PhD thesis, Université Lyon 1 (2014)
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Modeling of the nuclei: inputs from nuclear theory @

B. Bally
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Modeling of the nuclei: inputs from nuclear theory @

'y

AE(By, 7)) (MeV)

60 6
?40 ,,
& 20 2
0 0

60 1
40t =
= <

T2 RS
0.0 00 0.1 02 0
By

e Strategy
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Modeling of the nuclei: inputs from nuclear theory @
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e Strategy

?_v = Z(Bv,'yv) Bv gz(ﬁw ’YV)

— build |®(8,,7,)) - fit WS parameters
'Yv:Z([iv,fyv)'va2(Bva'VV) [*(Be:30)) P

e Results for 2%8Pb: a=0.537 fm, Ry = 6.647 fm, 3 = 0.062, v = 27.04°
e Results for 19Xe: a=0.492 fm, Ry = 5.601 fm, 3 = 0.207, y = 26.93°
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Analysis of LHC data
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Analysis of LHC data
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e Only triaxiality explains LHC results!
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Best fit of LHC data
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e Simulation of 2 x 10 collisions at 50 deformations (53, ~)

e Best fit obtained for: (8~ 0.20,~ ~ 30°)

B. Bally Sant’'Angelo d'Ischia - 16/05/2022 13/15



Results on 130Xe
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Conclusions and outlook

e First evidence of triaxiality in relativistic heavy-ion collisions!
Bally, Bender, Giacalone, Soma, Phys. Rev. Lett. 128, 082301 (2022)
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