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Why study light ions

= Collective behavior observed in large (A+A) and in small (pp, p/D/He+A) systems
= Similar pr dependence of ‘flow’
= Strong indication that flow in small systems is geometry driven
= However, theoretical modelling difficult in small systems

= Strong incentive to study intermediate-size collisions
" |s QGP production and evolution smooth with transverse size down a proton?
" [ncreased role of viscosity & fluctuations as system-size decreases

= (Can also probe nuclear geometries of Ne and O nuclei:

=  o-Clustering in O il

. . %0, P,z (X5 Vs 2) ~ PGCM
= Bowling-pin shape of Ne (5 Proe |-
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pr spectra and (pt) = Radial Flow Nuclear structure
o-Clustering

vo{2} and v,{4} = Flow and flow fluctuations ‘ Equation of state

Shear and bulk viscosity
d_n

an - Entropy
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pr spectra and (pt) = Radial Flow Nuclear structure
o-Clustering

vo{2} and v,{4} = Flow and flow fluctuations ‘ Equation of state

Shear and bulk viscosity
d_n

an - Entropy

Enhanced sensitivity to individual sources
Cancellation of experimental uncertainies.

Ratios:

= Ne+Ne/O+0O

= Central/Peripheral
= Mid-rapidity/forward-rapidity
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" pr spectra and comparison to models * Hydro model calculations
= |eft :central collisions = |PGlasma or Trento initial conditions
= Center: mid-central collisions = Using PGCM or NLEFT nuclear modelling
= Right : peripheral collisions = Data generally well described by models.

= Within 5-15% for pr < 2 GeV
= Except for EPOS, deviations at higher pr



pT Spectra ratlos Ne+Ne/O+O

Ne+Ne/O+O ratios in data;
nearly flat vs pr

Best reproduced by EPOS

Hydro Models show stronger pr
dependence: Spectra harder or

softer than in data

Larger/Smaller radial flow in
models, depending on nuclear

modelling.

Uncertainties in measurements

much smaller than model
differences.
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Central/Peripheral ratios in O+0
Reference periph. centrality: 70-80%

Spectra: progressively harder in central
collisions for pr<2 GeV:

Stronger radial flow in central collisions.

At higher pt trends reverse; region
dominated by hard processes.
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prt Spectra ratios : Central/Peripheral
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dn/dn and dn/dy
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dn/dn and dn/dyn
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(pt) vs 1 and y 10
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= Center: dn/dn for 0O<py<5 GeV : Extrapolated to 0 GeV

= Right : dn/dy, for 0<pr<5 GeV : Extrapolated to 0 GeV, pion mass assumption
= Only ~70 MeV change from central to peripheral collisions

* Distributions much flatter as function of y;



dn/dn vs centrality 1
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(pT) vs centrality
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Ne+Ne/O+O :
dn/dn ratio vs centrality

Hydro models comparable
at 0% central collisions.
Deviations for more
peripheral events.

EPOS shows best
comparison to data
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Anisotropic flow

c T

T T [ T [ T T T [ T

> | ATLAS 0.5<p, <5GeV -
- 0+0 536 TeV .
015 o yso2) Data v,{2} Hydro + IPGlasma + PGCM
W 8021 Data v4{2} Hydro + IPGlasma + PGCM |
0'1j c ® ® e ® 0 o o . ]
_’ ® o ® 5 .|

B [ ]
0.05—_ _
H m ] ]
n B m g B m g T B
. 0+0 o

1 | 1 { 1 l 1 {
% 20 40 60 80
Centrality [%]
" v, and vy vs centrality for O+0

~
-



Anisotropic flow
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Anisotropic flow
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Anisotropic flow : Ne+Ne/O+0O ratios
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Summary

= Comprehensive set of measurements probing particle production

" pr spectraand (pr) arXiv:2606.20257 (hepdata.net/record/ins3170344)

" dn/dnanddn/dy, Phys. Rev. C 113 (2026) 045205 (hepdata.net/record/ins2967110)
= p,{2}and v, {4}

= Ratios : Central/peripheral, mid/forward-rapidity, Ne+Ne/O+0
= Stronger sensitivity to one aspect vs another
= largely insensitive to pr selections

= High precision, not statistics limited
= Strong constraints for models

= Measurements able to probe multiple facets of soft physics
= Hydrodynamics
" Geometry fluctuations
" Nuclear structure

All ATLAS heavy-ion results: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavylonsPublicResults
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Flow: Light-ions vs Heavy-ions, multiplicity dependence
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Anisotropic flow : Ne+Ne/O+0O ratios
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Systematic uncertainties : n-differential

T T I
Trk. Sel.

e
---------
-t

. ——Totat e Trk.Sel. e Centrality |

L meeee Trk. Eff. === MC Rewt. == NonClosure —

B === FitModel == FitRange Y Wi. T
B R A R
P i e T T TR T e P TR T R T T T e vy e P

O]
.......
‘.
'

- ATLAS 0-1% -
- | 0+05.36 I'I'eV | p_>0 I}/IeV | —]
-2 —1 0 1 2

n

(a)
T T I T T T T T T T T T T T | T T T T T 1]
= = Total e Trk. Sel. ~ ====- Centrality .
IR Trk. Eff. === MC Rewt == NonClosure ]
~ ==~ FitModel == FitRange =y M Wit. N
e T T T s e |
Lo ST ""f.g/"’ |
- ATLAS 0-1% -
i | 0+05.36 |TeV | pT>0 I}/Iev | i
-2 —1 0 1 2

3

Uncertainty in dn/dn [%)]

—_
o

(=)

iR
o

Uncertainty in{(p_) [%]

T
—_
(=]

(¢

(=)

T T I
Trk. Sel.

=== MC Rewt.
== FitRange

- | 0+05.36 I'I'eV | pT>O I\lfleV | —
—2 —1 0 1 2
n
(b)

[T T I T T T T T T T T T T | T T T T I T L
= = Total e Trk. Sel.  ====- Centrality .
[ Trk. Eff. === MC Rewt == NonClosure ]
~ -~ FitModel ==+ FitRange —y. M Wt. 7

|
|

4 U T R S0 0 T ST S R R

ATLAS 60-70%
 0+0536TeV | p_>0 MeV |
1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1
-2 -1 0 1 2

=



Systematic uncertainties : Centrality dependence
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Extrapolation to pt >0
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dn/dn, dn/dyn, or dn/dy
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pr spectra: Theory/Data

Ratio: Theory/Data Ratio: Theory/Data

Ratio: Theory/Data

151 ATLAS

1% ]

{],
0+05.36 TeV Inl<0.5
wae ¥ ¥
S .:* A ”‘%
1;“-' e -'-" %
. ¥
L § .3 ¥
"y
"%
0.5 v -
i -
| x EPOS = Trento (PGCM) 1
oL* Trento (NLEFT) B
3x10™ 1 2 3 45
GeV
(a) P, [GeV]
1.5 ‘ATLAS 20-25%
- 0+05.36 TeV Inl<0.5
i guEaEERE ]
1 “m(‘!t’r*#u»;;;*:k-ﬁ |
3
3
I a.: . 4
o
0.57 %
3"\}
+ IPGlasma (PGCM) x EPOS
Qf— = Trento (PGCM) » Trento (NLEFT) —
3x10™ 1 2 3 45
GeV
© p, [GeV]
"ATLAS 50-55%
| 0+05.36 TeV In|<0.5
1 T byt ]
5 gt ¥ ]
L 5 ¥ ]
ny
"%
®
0.5 'I‘
%
¥
o-* IPGlasma (PGCM) x EPOS
= Trento (PGCM) x Trento (NLEFT)
3x10™" 1 2 3 45
p, [GeV]

(e)

Ratio: Theory/Data Ratio: Theory/Data

Ratio: Theory/Data

1.5

— ATLAS ‘ 01% -
Ne+Ne 5.36 TeV i<0.5

FRER R
74l ot ;*‘!&! X X ¥ !*‘%
i by "

®
F ®
0.5 .
r »
» EPOS » Trento (PGCM)
® Trento (NLEFT)
. A . .
3x10™" 1 2 3 4
GeV
(b) p. [
15 Amas 20-25%
Ne+Ne 5.36 TeV nl<0.5
&;!lw!l*!!!
15 w'® MR £ 2 7 2" -
L Yy
= L 59
0.5 gy
=
+ |IPGlasma (PGCM) x EPOS
0| = Trento (PGCM) Ix Trento (NLEFT)
3x10™ 1 2 3 4
GeV
"ATLAS ! 50-55%
Ne+Ne 5.36 TeV Inl<0.5
L -
U Zn‘"‘"“ T “.:"‘\_
S—_— N,
3
i e,
0.5 ': !
[ Ly
0- + IPGlasma (PGCM) x» EPOS )
| = Trento (PGCM) x Trento (NLEFT)
| 1
3><1 0" 1 2 3 4
p_[GeV
(f)



pt spectra ratios :

332.5
= o
$ o
O
~
o 2
©
oC
cg'-1.5
Rk,
'_
Q.
—|c
1
392.5
S &
O
~
o 2
©
oc
£ 1.5
golke;
'_
Q
—ic

Central/Peripheral: Theory comparison °

T T [ T T ‘ T ‘ T T
- ATLAS . & :
© 0+05.36 TeV v ]
- 0‘10/0 ”® *m mE N —
- Il<0.5 ¥ g —
L . L J
i ¥ %y ) |
44 o X
- ¥ x”.. ¥ —
»* ﬁl. e
B ¥ .‘.' 000 g 4 Y - ¥ x 7
® 2 o
* 9
® Data ® Trento (PGCM) B
x Trento (NLEFT) * EPOS T
{ Il 1 1 ‘ 1 1 1 1 J 1 1 L 1 1 1 ]
1 2 3 4 5
GeV
(a) p. [GeV]
T T [ T T T ‘ T T T T
ATLAS
~ 0+05.36 TeV ]
L 40-45% i
— m|<0.5 —
L % |
N R B
[} H g B
L ;&*x" 1 u ] |
L 4444“‘&‘-. ° ’: o9 e * o, o
L x ¥ ¥ X
® Data ® Trento (PGCM) i
B * Trento (NLEFT) * EPOS 7
1 1 { Il 1 1 ‘ 1 1 1 ‘ 1 1 1 1
1 2 3 4 5
GeV
(©) p. [GeV]

o 2.5 T T T T T T T ‘
=& | ATLAS -
QR - 0+05.36 TeV i
2 - 10-15% * |
o 2 ml<0.5 * -
T i * e i
o I x%m L ]
_g' M *X = n |
»
£ Ql—‘] 5_— ¥¥¥ xg:- ¥ " ]
O|©T ¥¥ ". ¥ X
- X
Q e00®0 0o 4 90 , °
—|C L a ‘ ® |
1 ™
® Data ® Trento (PGCM) i
* Trento (NLEFT) * EPOS T
L 1 1 1 ‘ 1 1 1 L ‘ 1 1 1 1 1 ]
1 2 3 4 5
GeV
(o] 2_5 T T T T T T I T T T T
= ATLAS
@® - 0+05.36 TeV i
2 _ 65-70% ]
S 2 Ml<0.5 —
©
o
<515 .
o3 ]
Q | i
— I i % i
= Mﬂw%ii ey fo 9 0 o
W ® Data = Trento (PGCM) ¥
i * Trento (NLEFT) * EPOS 7
1 Il 1 1 1 ‘ 1 1 1 Il ‘ 1
1 2 3 4 5
p, [GeV]

(d)

8




dn/dn

100

50

200

100

dn/dr] Theory Comparlsons

T T I T T |
- ATLAS
—0+05.36 TeV
i pT>270 MeV

® 0-1%

— EPOS

= 10-15%

- - - IPGlasma (PGCM)

+ 40-45% |

_y./,ﬁ'-----°°\

i) -1 0 1 2
Ul
(a)
L | | ' | |
- ATLAS ® 0-1% ™ 10-15%  + 40-45%
- 0+05.36TeV  __ gppg - - - IPGlasma (PGCM) |
_p_>0MeV
T e Trento (NLEFT) =---- Trento (PGCM)

_Mi

PP W VR N NN N N

e
L

=200

O
I

c
©

150

100

50

200

100

B T I T T T ‘ T T T ‘ T T T T | T o -
- ATLAS. ©0-1% ®10-15% +40-45% |
| Ne+Ne 5.36 TeV i
L pT>270 MeV —— EPOS - - - IPGlasma (PGCM) |

T I

é
)

T T T 1

oo“\.\.

) —1 0 1 2

n

(b)
(- r I I I
| ATLAS ®0-1% ™ 10-15% + 40-45% |
| Ne+Ne 5.36 TeV _ gpog - - IPGlasma (PGCM) 1
p_>0 MeV

EUTO T e Trento (NLEFT) =--- Trento (PGCM)
® @o © © e ® o o o




(pt) Theory Comparisons

; ﬁ\ T " T T T T | T T T T | T T T T | T T T T I T \7 ; 7I T | T T T " T T T T | T T T T I T T T T ‘ T \ﬁ
© ” ATLAS ®0-1% ®10-15% +40-45% | © _ ATLAS ®0-1% ®10-15% + 40-45% _|
O, - 0+05.36 TeV 4 G, - Ne+Ne 5.36 TeV .
Q-O_85__pT>270 MeV — EPOS = 3_*0.85_—pT >270 MeV — EPOS ]
0.8 - o8- .
i . i N
0.75/— . 1 0.75- ]
- - Fm -
|+ ¥ i |
0_7;/\ 0_7; ]
7\ Il J 1 L 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 \7 7I 1 | 1 1 1 L J 1 1 1 1 | 1 1 1 1 I 1 1 Il Il ‘ Il \7

—2 -1 0 1 2 2 -1 0 1 2
n n

(a) (b)

;! _1 T T T T T T I T T T T I T T T T I T T T T I T f_ ;! _l T | T T T T } T T T T I T T T T I T T T 1 T W_
o | ATLAS ®0-1% m10-15% +40-45% | @ . ATLAS ®0-1% ®10-15% + 40-45% _|
O, | 0+05.36 TeV 19 _ Ne+Ne 5.36 TeV i
g— 0-7jp7>0 MeV — EPOS - :‘%F (]_-/jpT >0 MeV — EPOS -




(Npart) dependence

: T T T . T B | . T T | T T T T |
O - ATLAS e 0+0536TeV |
S (o D m  Ne+Ne 536 TeV -
/"“---.E i |

Q 2 2
= g &
-o_& s = T
B wﬁt{ﬁﬁ il B
2_ |
i 1 1 | 1 1 | 1 1 | 1 _
0 10 20 30

" dn/dnvs (Npar) (for [1]<0.5)

<Npart>



(Npart) dependence

T T T . T = | : T T T T | T T T T | T T
- ATLAS e 0+0536TeV
—_pT>0 MeV, mi<0.5 B  Ne+Ne 536 TeV

() [GeV]

0.65

06 4 % ++11+-+} .

o

" dn/dnvs (Npar) (for [1]<0.5)

" (pr)Vs (Npart> (for |n]<0.5)



	Slide 1: Collective Flow and Soft-QCD Observables in Light-Ion Collisions with ATLAS
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42


   p T


   p T


  ⟨  p T ⟩


   p T


  ⟨  p T ⟩


   v n { 2 }


     v n { 4 }


   p T


  ⟨  p T ⟩


                            d n  d 𝜂


   v n { 2 }


     v n { 4 }


   p T


  ⟨  p T ⟩


   v n { 2 }


     v n { 4 }


                            d n  d 𝜂


   p T


  ⟨  p T ⟩


   v n { 2 }


     v n { 4 }


                            d n  d 𝜂


   p T


   p T


   p T < 2   GeV


   p T


   p T


   p T


   p T


   p T


   p T


   p T


   p T


   p T


   p T


  d n / d 𝜂


  d n / d  y 𝜋


  d n / d 𝜂


   p T


   p T


  d n / d 𝜂


  d n / d  y 𝜋


  d n / d 𝜂


   p T


    d n / d 𝜂


   p T


   p T


   p T


  d n / d 𝜂


  d n / d  y 𝜋


  d n / d 𝜂


   p T


    d n / d 𝜂


   p T


  d n / d  y 𝜋


   p T


   p T


   p T


   p T


   y 𝜋


  d n / d 𝜂


  d n / d  y 𝜋


  d n / d 𝜂


   p T


    d n / d 𝜂


   p T


  d n / d  y 𝜋


   p T


  𝜂 = 0


  d n / d 𝜂


  d n / d  y 𝜋


   p T


   p T


   p T


   y 𝜋


  〈  p T ⟩


  𝜂


   y 𝜋


  〈  p T ⟩


  d n / d 𝜂


   p T


    d n / d 𝜂


   p T


  d n / d  y 𝜋


   p T


   y 𝜋


   p T


   p T


   p T


   y 𝜋


  d n / d 𝜂


  d n / d 𝜂


  𝜂


  d n / d 𝜂


  d n / d 𝜂


  𝜂


  d n / d 𝜂


  d n / d 𝜂


  𝜂


  〈  p T ⟩  


  〈  p T ⟩  


  𝜂


  〈  p T ⟩  


  〈  p T ⟩  


  𝜂


  d n / d 𝜂


  d n / d 𝜂


  〈  p T ⟩


   v 2  


   v 3  


   v 2


   v 2  


   v 3  


   v 2


   v 2  


   v 3  


   v 2


   v 2  


   v 2


   v 2


   p T


   ⟨   p T ⟩


  d n / d 𝜂


  d n / d  y 𝜋


   v n { 2 }


     v n { 4 }


   p T


   v 2 :


   v 3 :


   v 3 :


   v 3 :


  𝜂


   p T


  d n / d 𝜂


  d n / d  y 𝜋


  d n / d y


   p T


   p T


  d n / d 𝜂


  〈  p T ⟩  


  ⟨  N  part ⟩


  d n / d 𝜂


  ⟨  N  part ⟩


  𝜂


  ⟨  N  part ⟩


  ⟨  N  part ⟩


  d n / d 𝜂


  ⟨  N  part ⟩


  𝜂


  ⟨  N  part ⟩


  〈  p T ⟩


  ⟨  N  part ⟩


  𝜂

