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“And early on, still with proton beams, we tripped over another surprise — the first, and arguably still the most
unexpected, LHC discovery. A feeble, but distinct, very long-range correlation between particles, never before
seen in any elementary collisions [...].” (Jurgen Schukraft, Recollections, 18.10.24)

“We have immediately set-up an independent analysis (control group) and organized a full set of tests and cross-
checks to kill the effect. [...] If we are here today it is because we didn’t succeed to kill it.”
(Guido Tonelli, LHC seminar, 21.10.10)

“This is a subtle effect in a complex environment — careful work is needed to establish physical origin”
(Gunther Roland, LHC seminar, 21.10.10)



https://home.cern/news/series/cern70/cern70-tasting-primordial-soup
https://indico.cern.ch/event/107440/
https://indico.cern.ch/event/107440/

Paradigm 15 Years Ago

ALICE
Small and large systems governed by totally different physics

Single-process limit N % Thermal limit
— «— 0 < > — —
Vacuum P P Pb% Pb Dense system

which is directly reflected in experimental programs at that time

1.1.3 ALICE experimental programme

In general, to establish experimentally the collective properties of the hot and dense matter created in
nucleus—nucleus collisions, both systematics-dominated and luminosity-dominated questions have to be
answered at LHC. Thus, ALICE aims firstly at accumulating sufficient integrated luminosity in Pb—Pb
collisions at /s = 5.5 TeV per nucleon pair, to measure rare processes such as jet transverse-energy spec-
tra up to E; ~ 200 GeV and the pattern of medium induced modifications of bottomium bound states.
However, the interpretation of these experimental data relies considerably on a systematic comparison
with the same observables measured in proton—proton and proton—nucleus collisions as well as in colli-
sions of lighter 1ons. In this way, the phenomena truly indicative of the hot equilibrating matter can be
separated from other contributions. ALICE physics performance report, J.Phys.G 30 (2004) 1517-1763
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... and then came the surprise The,.

Guardian

Life and Physics © This article is more than 14 years old

Science

A surprise from the LHC already!

The CMS experiment at the Large Hadron Collider (LHC)
announced a surprise yesterday which may dramatically
change our ideas about quarks, gluons and protons

Jon Butterworth There was a special Cern seminar yesterday evening on some new results

\ 4

22-09-201 0 Wed 22 Sep 2010 12

) 05 CEST from the CMS experiment, one of the detectors at the Large Hadron Collider.

The CMS experiment at the Large Hadron Collider (LHC)
announced a surprise yesterday which may dramatically
change our ideas about quarks, gluons and protons

@ Theresult is summarised in this colourful landscape.
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https://www.theguardian.com/science/life-and-physics/2010/sep/22/lhc-large-hadron-collider-cms

ALICE

« Same feature observed in p-Pb collisions
e Second ridge discovered

(with subtraction procedure, see later)

2<p,, <4GeVic p-Pb s, = 5.02 TeV
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950 citations!

ALICE, PLB719 (2013) 29
and ATLAS, PRL110(2013)18,182302
and CMS, PLB718(2013)795

and LHCb, PLB762 (2016) 473

& First Discovery: Ridge and Ridges

Unexpected in pp and p-Pb collisions

Well known from A-A collisions

\

Ridges are a direct consequence in
hydrodynamic expansion description
(called flow in heavy-ion collisions)

N
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% Second discovery: _ Strangelnvs. dNy/dn
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ALICE Strangeness Enhancement =~ & st 0 g
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Torbjorn Sjostrand (arxiv:1808.03117): “we lack some 102+
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Detalled - characterization. ..



Higher-Orders Collectivity

ALICE How many particles contribute to the phenomena®?
. _ . V2 (= second Fourier harmonic of ridge structure) vs. N, , pb%_. ._%pb
x .
X — (d) T .
= 0 08 — Pb-Pb . .’0;0:4»:":’:”” ‘ol :::"“‘ % ‘0 . o NN K o - Sao
] — o ;wmv . po—-+<%Pb
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Z solid = with n- subevent XS AV/ v2{8} PRL123,142301(2019) L.
5 .
10 10 N, (n] <0.8)
Ridge component characterized with multi-particle correlations: pp ~ p-Pb < Pb-Pb (see also
-> At least 6 particles involved above N, = 30 PLB 765 (2017) 193)
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b |dentified-Particle Collectivity

ALICE
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Similar trends in all systems
Baryon and meson grouping observed in all systems - partonic degrees of freedom? ALICE
Different magnitudes (factor 2-3): pp < p-Pb < Pb-Pb arXiv:2411.09323

ALICE Results in Small Systems and Light lons - Jan Fiete Grosse-Oetringhaus


http://arxiv.org/abs/2411.09323
http://arxiv.org/abs/2411.09323

Open Questions...

ALICE

» Most collective phenomena observed in large systems

can be identified in small systems like pp and p-Pb

— Most studies at high multiplicity. What about the low-multiplicity limit?
 If collective phenomena are due to parton-parton interactions,

then there are parton-parton interactions...
— So where is the energy loss?

« Both hydrodynamic and non-fluid dynamic
d.o.f. relevant at most (all?) sizes

— Experimental handle (species) to dial the relative
contribution - tool to study QGP d.o.f.

— Done with LHC light ion run
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System size


https://arxiv.org/abs/2407.07484
https://arxiv.org/abs/2407.07484

New Results from ALICE

pp and p-Pb



ALICE

Low Multiplicity

Does the phenomena switch off?

« Low-multiplicity correlations dominated by mini-jets and resonances
— Ridge “too small to stick out” (~negligible in high-multiplicity pp or p-Pb)
— Extracting v, coefficient requires subtraction procedure
— Accuracy of procedures depends on v,(N,). See

Low-multiplicity
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Experimental result procedure dependent — in particular at low multiplicity
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Low Multiplicity e

> - ALICE pp Vs =13TeV ]
ALICE pPp VS. e*e" U SR P E
3 F 32 <Ny <37 ;
 Low-multiplicity pp collisions studied on near side 3 e A E
— Near-side ridge found for N, as low as minimum bias £ 00025 o — Fourier :
S 00000 Pl
-0.0025 et S .
« e*e” (ALEPH) data re-analyzed e "
— Thrust axis analysis on archived data Y. vs N
— No ridge observed 10~ ""I""l'"qggl""ﬁh_'ls;.l""
(minor hint at high multiplicity, see ) izz :2;|35= ey .I_:._| -i . :
o :
107 H T 1 < Pr, trig/assoc < 2GeV/c —
» 5o difference between pp and e*e- £ 100 —ﬁl : s _
at the same multiplicity 10 - ‘ ﬁE'ECpEHg;hGJ .
— Comparison as a function of multiplicity challenging ig: 7 o5 CLI-EHMEEH |—_| .
(see ) ALICE, PRL132(2024)17,172302 O (ﬁl‘t) TR
Chen et al, PLB856(2024)138957 po—s<op e —»+-e
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Very-Long-Range Correlations

ALICE

« Forward detectors in pp and p-Pb collisions
— FMD: 1.7<n<5.1and-3.1<n<-17
— Separation of up to 7.5 units in An

* Finite v, even at low multiplicity

* Hydrodynamic simulations underestimate
observed v, by factor 2 (in pp and p-Pb)

* PYTHIA with string shoving does not reproduce
magnitude and trend (in pp)

ALICE, arXiv:2504.02359
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®  [TALCE Prefminary. Y2 Yo P17 T $op) ]
11 v "~ pp, {s=13 TeV . T
Identified v, at low N, ze[Zis" A
ALICE v - Low Multiplicity Template: N_.<15 K2 T
. - '25<Nch<50l —
« Identified-flow measurements have been & . # [P P -
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Table 1. Summary of observables or effects - - .gh multiplicity p-Pb, a~A and pp collisions.
References to key measurements are given. H g h N t d ed by publications of the last 5 years.
Observable or effect 1 I ch S u Ies (high N)
Near-side ridge yields yes yes yes 4 J
Azimuthal anisotropy v Ug v Vs Uy I 2
‘Weak 7 dependence yes yes yes E
L Characteristic mass - — = : :
“haracteristic mass dependence Uy Vg Vs, Uy vy 10
Higher-order cumulants Q6 8= LYZA" “Urebr8x LYZ “4 6"
(mainly vy{n}, n > 1) ~+higher harmonics ~+higher harmonics
Symmetric cumulants (SC up to (5,3 only (4,2), (3,2 only (4,2), (3,2
y (sC) p to (5,3) y (4,2), (3,2) y (4,2), (3,2)
Non-linear flow modes up to vy not measured not measured
Factorization breaking n=24, {2}, {4} n =223 {2} not measured
- Event-by-event v, distributions Vg —Uyg not measured not measured
« Smaller system like pp and p-Pb are o
— T correlation up to vy Vo not measured
r I n r Directed flow (from spectators) yes no no
. . Charge-dependent correlations yes yes yes
very well characterized at high N
Ch Intermediate pp (“recombination”) | yes yes yes
Particle ratios GC level GC level GC level
. . . Statistical model ",:;c =1 '}:;C ~1 "J'E <1
— Only few studies at low N, but activity BT i (e T, RQIR) | o o ST o g ST | o/ o 1
Ch Direct photons at low pp yes not measured not observed
. vy, in events with Z, jets not measured up to vy vy
ra I I I pl n g u p Jet constituent vy, g Uy vy in jet frame
Jet quenching through I2a s yes L/ \\observed not observed
... through dijet asymmetry yes Ngerved not observed
... through correlations yes (Z jet, v jet, h/ \Q) jet, jet h) | not measured
... through high pp v, and jet-v,, | yes £ — not measured
Heavy flavour anisotropy up to vg (c), up to vg (b o up to vg
Quarkonia production suppressed ssed not measured
L] L]
« Reanalysis of archived ee and ep has
Observable
happened, essentially no further R\ il I g
pp ’ y System ridge yields / anisotropy (v ) cumulants
—Pb serve 1 u - : not studiec
' ' Pt observed (template to vg (template 10t studied
Statistical power (in Pb-Pb UPC)
P not observed up to vg = MC not studied
(in p—Pb UPC) (template)
P not studied up to v, &= MC n =4~ MC
. . (in ep) wrong sign
 Ultraperipheral collisions (y-Pb and y-p) p (DIS) ot studied up 105, % MC | not studicd
. . . pp (low N) observed up to vy (template) | not studied
. v - ) P
very interesting for future studies of pos Timits - Bint ot 1.020 | un to va ~ MG | not studied

collective phenomena Low N, + other collision systems

JFGO, Wiedemann, arXiv:2407.07484,
World Scientific Annual Review of Particle Physics
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. Oxygen and Neon run at LHC

Vv, uncertainty gc)u
ALICE 0.15/ — OO only NLEFT _‘Qg_)
_ _ _ 1‘ = NeNe/OO ratio 1o
« Special run week in July for cosmic-ray and 3|5 o.10} i
heavy-ion community SR 1S
: o 16 20 $| & 0.05 12
* Modelling uncertainties Y | IR
cancel in light-ion ratios 0.00 - o
. W 0 10 20 30 40 50 ©
centrality [%] &
o) Ne
« LHC and ALICE performed with excellence
— pO: recorded 7.27 nb' | 3:10° events (93% eff.)
— OO: recorded 5.01 nb' | 6:10° events (97% eff.)
— Ne-Ne: recorded 0.84 nb-' | 10° events (99.8% eff.!)
* Interesting new background in these beams /
— Transmutation S= e

5th July 2025

OO0 collision 1
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ALICE

Transmutation (theory)

* Accelerator configured for a certain beam rigidity [ e faear e
— lons with the same A/Z ratio have the same rigidity
_ 160 and 20Ne are On A — 22 5.0E-22s | 4.1E-22s 1.1E-19s 1.075m 11.163s 4.158s
Hadronic and e.m. interactions lead to
160, 4N, 12C, 0B, 8Be, 6Li, “He, d N O R (e ' = B P
(all except Be stable)
- What happens in the beam’ B-7 E-8 B-9 B-12 B-13 B-14 B-15 B-16 B-17
Stays |n the beam . 3.3E-22s 770ms [ &5E-19s 20.20ms 1?.33m5| 12.5ms 9.93ms 5.08ms
: : : : : : LHC L, simulation vs. time ——
Main contamination (from simulation): (S SN
He-O and O-He collisions =121 Q o
. 27 4 — 8
Experimental assessment of these 1o He Be
. . . s ||B0B.82ms | 3 /”__ — 10
contaminations crucial 102 =
$32 $32 " _lupdated estimate in — MN
0o 2 4 6 8 10 12 14 °0
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Transmutation (experiment)

ALICE

« Experimental assessment through time dependence

of multiplicity distributions and observables

— Good benchmark: time dependence of primary-vertex

contributors (tracks in a reco. vertex)

— He-O collisions have lower
multiplicity than O-O

e Comparison with Glauber
— O: no or very little contamination
— Ne: 2% He after 10 hours

Events

(Ne-Ne + He-Ne) / Ne-Ne

TGlauberMC 3.2 & NBD, (s, = 5.36 7

—— Ne-Ne

— 00
He-Ne (2%)
He-O (2%)

P(primary vertex contributors)

rs Normalised to integral within 0-10% cer

NEVE

20

Ratio

« ZDC studies ongoing 14

—— (He-Ne + Ne-Ne) / Ne-Ne
—— (He-O + 00)/ 00

Glauber

0O and Ne-Ne 0-10% centrality

Ny, (Il < 0.5)

0.2

0.15

0.1

0.05

I

Low multiplicity
increases with time

[ p_>0.2GeV/c, In| <08 NGMI

ALICE Performance
—— 10 hrs

0

1

-
o
B

—
o
w

10 10°

— Ratio to start of fill

ALICE Performance ]
— Ne-Ne |5, =5.36TeV:10hrs |
— Ne-Ne Vs, =5.36 TeV:5.5hrs ]|
— 00 s, =5.36 TeV: 5.5 hrs

Ratio of events to 0.5 hrs

-
(=]
M

1.01

—_
T

—+

Ne-Ne: 10 hrs ]
",/ Ne-Ne: 5.5 hrs

e

- 00: 5.5 hrSpT>0.2Gerc,m|<o.sj
1 | 1 { 1 1 l 1 1 l 1 1 1

200

50 100 150

s No. of Primary Vertex Contributors
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14— 2/Npart dN_ /dn vs. Noart

" j‘_.i L ALICE Preliminary Il < 0.5 i
dN_/dn in OO and Ne-Ne .o, :
ZE

ALICE

I Systematic uncertainties: shaded band

&
o ©
» Midrapidity measurement as function of (fwd) centrality s ¥ Pb-Pb |
* N /Nygy vs. Ny very different trend compared to Pb-Pb

C
chhldn VS . ce ntral ity 5.36 TeV [arXiv: 2504.02505]

= "(x 1.06) [PRL 116, 222302 (2016)] —

* N, vs. centrality vs. models (OO) i 00,V anggtoy | e
_ IP-Glasma + MUSIC + UrQMD: i 1
good in central, then 10% too low " o bas i pm
— McDIPPER + CLVisc + SMASH: 1oL conralty ssmatorFroc _
good in central, then 60% too low o AVPT 2.2619b (sring melting) -
— PYTHIA 8 Angantyr: 10% too low - B iems s ik amusic s uavo \ ]
— AMPT (with string melting): Heiitiinit oo _
too high in central, then too low

Model/Data

. . O_ 10 20 30 40 50 60 70 80 90
Urioni — Tue 14:00 Centrality (%)
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v, In OO and Ne-Ne
ALICE

* v{2} and v,{4}, v4{2} as fct of (fwd) centrality
— Sizable v, and v; with weak centrality dependence
— V5 has different centrality dependence than g,
underlining importance of hydro evolution
= hydrodynamic phase in OO and Ne-Ne
* Reproduced by Trajectum up to 50%
centrality within few %
— With two different initial state models
— Vv,{4} better reproduced by NLEFT

« NLEFT: EFT + Lattice QCD. Probes clustering and collective
phenomena in the ground state of nuclei.

« PGCM: ab-initio fw, suited to capture strong static
correlations associated with shape deformation and
fluctuations, N3LO chiral EFT Hamiltonian

v, vs. centrality

¢ E [ Alce’
NS [ OO and Ne-Ne, |s,, =5.36 TeV ]
. [ 0.2< p_<3GeVic Ne-Ne OO )
T A
<08 Do
0.1— % ¢ v,{4y T
i SH N2
I v{2} i
-; @ 8 $ § & & ® & S ® o ® ]
0.05)- ¢ ¢ ¢ ~
n v,{4} ]
M s § o § 5 o va{2} ]
E s § .
[ o , , . . : -
-8 0 10 20 30 40 50 60
= Centrality (%)
s TG
Bl o —— '
3l -
E o~
E 1 I. e o ‘3‘1*:01"':?‘1{:‘52::“ 0 -"jnnnnnn;:
-8 esereien LEFT PGCM
e
o -
50 60

ALICE, CERN-EP-2025-203

Centrality (%)
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v, ratio vs. centrality
v.in OO and Ne-Ne  § [reEeasde e i
ALICE 2 12f-Mhi<08 ¢ v,{2) -
z ¢ V{4
« Ratios between OO and Ne-Ne K . v
reduces uncertainties (< 0.01 exp. for v,)
— Vv, peaks for central: stronger quadropole
deformation of Ne compared to tetrahedral O
— vy increases with centrality: tetrahedral O leads to : _
larger v, 9 3DGlauber IP-GIa‘S/,?ngatlol :;E.Ctﬁﬁntrallty _I_
- IP-Glasma captures ratios well g [ PeM PEM PERM ONERT o 4
« Trajectum overestimates ratio in 0-10% % - - - :
 PGCM favored ¥ L i
— Differences between IP-Glasma and Trajectum -
Initial conditions related to supnucleon width & @ 1
- results support a smaller width than found by 1 , . . . , .
Bayesian analysis using data from large systems 0 10 2 entrality (%)

ALICE, CERN-EP-2025-203
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n0 Ry, in OO

ALICE
« Strong energy loss in Pb-Pb; nothing found in p-Pb o __ dN,/dp,

— Production of particle with respect to pp collisions “ AN, )aN, 1dp,
< ""|RAAvs'pT"'|"'|"|"'|"'|'
< — | | —

_ o - ALICE Preliminary _
« Measured using EMCAL 14 | p-Pb, {5 =5.02TeV, 7%, 0-100% [*] Xe-Xe, {5, = 5.44 TeV, i, 0-80% -
In “0-100%" centrality 1 2: [5] 00, {5,,=536TeV,n°,0-100% [=] Pb-Pb, {5, =502TeV,h" 0-100% -

— - o 27 ]

— Rys ~ 0.65 at 4 GeV/c (4.0 from unity) c |+ _______________________ Pb ] E

— Dominant uncertainty from vdM scan 0.aF T -

(normalization) in pp reference (will improve) ¢ k,, = = — ' =

0.6/l 00 -

Sttt Xe-Xe

. : : 0.44 no , : -
Compared to inclusive Ry, = _ : =
values between p-Pb and Pb-Pb 0.2 ——— Pb-Pb -
o e by by Ly o | I | I |

Strangmann — Thu 11:30 p. (GeVic)
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ncé 1 1; o I#I\IlIICIIE‘Plrt‘eIIirl;iln‘alryl RAA VS. Pt
7-c0 R in OO E =] 00, Y5, =5.36TeV, 20, 0—100% .
1; ......................................................................... ]
AA C Pb-Pb, s, =5.02TeV, i~ (Phys.Lett. B 793 (2019) 420-432) n
e | Eaw 00 |
C 65-70% I_I 7
. . . O [+ 60-65% 1 T
» Comparison to differential Pb-Pb Rxx 08 + ;
.. o 0.7 O | 1 F
— Most similar to 65-70% if epEE T :
0.6 [ -
0.5 =
0I ‘ I2I | I4I | ‘Elil I I€|3I I ‘1|0‘ I |1|2‘ I |1|4‘ | I1|6I I I1|8I | ‘2|0|_
p. (GeV/c)
. D I o) 81-3_”'|"'|H'|ROOCOVSO'pT|"'|"'|"' ]
. — h* pQCD at NLO (PRL 126, 192301 (2021)) .
O wWe see energy 0SS ¢ « 1-25— [e]=° data nPDF: EPPS21, FF: BKK _E
— Raa~ 0.65 at 4 GeV/c (4.0c from unity) tE " ntsona - s ooy
— Comparing to CNM pQCD without energy loss: 2.4 o {2 I — =

— Compatible with energy loss calculation
(Faraday, Horowitz, 2505.14568)

— Normalization uncertainty will reduce

H\

ALICE Preliminary

0.6
i (5. =5.36TeV
Energy loss answer at the horizon... 05 coToy
WiII go down 0.4+ Lo b b b b b b b by v 1

o
)]
n
[e)]
o
—
o
—
N
—
o
—
[8)]
—
o
N
o

Strangmann — Thu 11:30 (expectation: 5%)

ALICE Results in Small Systems and Light lons - Jan Fiete Grosse-Oetringhaus



Summary

ALICE

« Small system observations challenged two paradigms at once
— Smallest system in which heavy-ion “standard model” remains valid?
— Can the standard tools for pp physics remain standard?

« Vibrant field emerged involving experiment and theory

* Presented results show that phenomena extend...
— ...to low multiplicity (beyond e*e)
— ...to very long range (An > 7.5)
— ...to identified particles at intermediate multiplicity )
 Successful Oxygen and Neon run at LHC 00 collision’
— dN_,/dn: high-precision characterization
— V,: hydrodynamics describes results, hydrodynamic phase needed
— Hint of energy loss signal seen in OO collisions in 1° Ry,

Thank you very much for your attention
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W/

o Higher-Orders Collectivity

ALICE How many particles contribute to the phenomena®?
CMS A7 (— second Fourler harmonlc of rldge structure) vs. N
I T T I— T I I I I I I 1 1 I | I | 1 1 1 I 1 I 1 1 I 1 1
010 pp\s=13TeV o Vsub{g |AT]|>2} ; pr \sNN = 5 TeV a Pbe \sNN =2.76 TeV oo o
i m V{4} 1 pO—bq—%Pb 1 PY ..
p O— «— @ p 2 o
: + V,{6) - | :* Y
8
¢ Vvo{8} 1 o il o &
_ O V,{LYZ) { c 0 ® 0000, | &® |
Q|
< °?
0.05[ - inm T -
T T T T T T ) _'.j'*'.I'.______'_'.__*_!_*_'G_w;*_t_____i ________________ I
' o + ¢ Pb%—”—%Pb
. - - -
0.3< P < 3.0 GeV/c 0.3< P < 3.0 GeV/c 0.3< P, < 3.0 GeV/c
I 1 1 1 1 1 1 ||T]|l < 2I.4I 1 1 1 1 1 --l 1 1 1 1 1 1 |Tl| < 2 4-I 1 1 1 I 1 1 -I | | 1 1 1 1 |T!| <I 2|4-I 1 1 1 I 1 I-
0 50 100 150 0 100 200 300 0 100 200 300
Nofflme Noffline Noffline

trk trk trk

Ridge component characterized with multi-particle correlations: pp ~ p-Pb < Pb-Pb CMS.
-> At least 6 particles involved above N, ~ 90 PLB 765 (2017) 193
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T T L rorr T
‘i@ Strangeness £ AL
"3 B @]@@E
» Strangeness enhancement with 5 A (@) ]
updated models - b g,
-..% E4E (x6) |
oC

1072

ALICE

@® pp, is=13TeV
' O pp,i\s=7TeV .
{$ p-Pb,\s,, =5.02TeV

O Pob-Pb,|s,, =276 TeV

L —— PYTHIAS + color ropes ]
------- HERWIG7

------------- PYTHIA8 Monash

3| ===+ PYTHIA8 Monash, NoCR
10 _: pasgrpepyrpplmeniniges ) ) 0] | Ll ]

10 102 10°
(AN /dn)

1 1 L1 1

Inl< 0.5

ALI-PUB-498577
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Subtraction Procedures

ALICE
» Extracting v, coefficient requires subtraction procedure AY(Ap) =Yn —aYy
- Accuracy of procedures depends on v,(N,, ). Let's assume: ;. ,; = anvi
* Low-multiplicity subtraction % 37, =00 Measureditrue v, vs. relative N, -
> - : :
AY (Ap) =G+ N~ 20, cos(nAy) s V2 = ANV N
— Exactforv, > 0forM - 0 (ay = 0) 25
. "o, =0.5
¢ Template f|t method B Template method
1.5
AY (Ap) =G (1 + Z 2-3!3 c-tyh(rlﬁgJ) -
n - o, =1.0
I coo ™ ———— T T T T
— Exact for v, independent of M for small M F gz SRR
(O('N = 1) 0-5:_0{ 10" Low-multiplicity subtraction method
Experimental result procedure dependent — S Ty e N
in particular at low multiplicity ArXiv:2407 07484 Relative Multiplicity N/M
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0.08

0.06

0.04

0.02

Subtraction Procedures (2)

[ ATLAS 2 0<|An|<5.0 i
L {s=13 TeV 0_5<p:‘b<5_0 GeV -
;:] Including peripheral pedestal A
. i
BN " " 8 ¥ g g m
B 00N G P"™<5 _
i 0 0N & *"<10 -
i ® 0<N (r:ic,perlph<20 |
i 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 il
20 40 60 80 100 120
rec
ch

0.08

0.06

0.04

0.02

[ ATLAS 2 0<|An|<5.0 ]
L {s=13TeV o_5<pjb<5_o GeV -
B Excluding peripheral pedestal -
- 8 89399t
. = B 3 o e -
I = O ° i
o~ o ., ¢
- M _ -
S0 e 00N G P"™'<5 -
i 0 0N ™"« 10 1
i ® O<N r;c,penph(zg ]
i 1 I 1 1 1 I 1 1 1 I 1 1 '] I '] '] '] I '] '] '] I '] ]
20 40 60 80 100 120
rec
ch
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e*e” Highest Bin

ALICE

Thrust Axis
Y., .vs.N
-1 ridge = "¥ch
10 R gl | Y B Y I - | Ntrack =50 |
10-2 |FALICE : =% >4k |
pp VS = 13TeV —— | e e |& [YIOD )i
1073 |- o * ° mbs i | )
o ® v g |
, 107 —T'[“ ’ 1< vigiassoc < 2GeV/c =1 | |
= 1.4<|An|<1.8 N - . .
E 10 | | 1o 4R L, |+ ] arxiv:2312.05084
¥ 95% CL ® ALICE = [
-6 ¥ — .
10 95% CL ALEPH thrust N 3'5
-7 = ° e*e” 91 GeV 3 ;
10 I 95%, CLI-:-| l_:_| ] ALEPH thrust N i
10-8 |- ' MB| : ~~ e*e” 183-209 GeV | &
P | I |',| |'I 4 4 Y, | PR T | I I T | [ N | N (SYS_ - 1_?%) -
0 8 16 24 32 40 48 T e
(Nch) D "l 2 3
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Conversion of ALEPH multiplicity

@ Estimate the limits of uncertainty on the conversion Experiment |‘fjmax| PT,min \/E
of the multiplicity ALICE pp 1.0 0.2 13 TeV
@ Target: multiplicity defined by accepted particles ALEPH c'e” | 1.738 | 02 | 91 GeV
within || < 1.0, pr > 0.2GeV/c 1.0.“““. ARED RANRS RALS ha 25
© Multiplicity conversion between different systems - : | ! ! | | 1
and experiments is done using PY THIA 0.8 -_‘:/- 1 T -'\:-_-
Simulate at v/s = 13 TeV in both experimental = - : IPYTHIA MONASHI : ]
PP P O L | I I | -
acce;:tances Multiplicity ratio to obtain a 206 __: : : _Efe1-39TfEev: : :_:
Simulate eTe™ at 4/s = 91 GeV in both % - I | = =This analysis | [ I
experimental acceptances. Multiplicity ratio to =04 '_: : : = —ALEPH r?gi””: : :_'
obtain ap = T g oMo region g ]
DY S R
Method Experiment Corr. factor as /B - : | : i i : | : ]
ALEPH pp 13 TeV 0.57 (A) oobdeml o L e ]
PYTRIA ALEPH ete™ 91 GeV 0.78 (B) -2 -1 0 1 2
Flat dN/dn | ALEPH 0.63 d

Jasper Parkkila Long-range correlations in pp collisions 18.6.2024
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ALICE
E 25 < N, < 50

—_— T T T | ' ! | ' ) I )
X . ALICE Preliminary et #p{P) -
v} p-Pb, |5, =5.02TeV L
E - 25<N_, <50 BKCEAR)
v 0.2~ Low Multiplicity Template: N <15  + K —
5| b '
o i ¥ ¥ ]
LT oo, :
> 04 o - o 7]
: .: + ® ¢ g + :

.It *A*l‘

= .+ 7
O _, | . ] I ]
0 2 4 6 8
P, (GeV/c)

ldentified v, at low N, (p-Pb)

p—Pb 15 <N, <25 A
~ ch = A
@ | ALICE Preliminary e #pp)
v | p-Pb, sy, =5.02TeV . -
5 - 15<N_ <25 =K ®AN)
v 0.2} Low Multiplicity Template: N,<15 4K 7
s [ # :
o
N - * g + 1
> 0.1 - - 7
SN I R T
R ? ]
| em T i
K ¥
0 T 3 L ] L I 1
0 2 4 6
[N (GeV/c)
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% Updated LHC Transmutation Estimate for OO

ALICE

L('°0,(Z,22)/cm™s~" ALICE

— 2
1x1028| — “He
— O
1x1027|' L
— SBe

1x10%°}
1OB

25
1 %10} 120

1 x 10%
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