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| A bit of a disclaimer

e This talk will not be particularly groundbreaking...

o No new results will be shown.

e This talk is more intended to be a PSA

o Ideais to create grounds for discussion
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| Strangeness Enhancement

e One of the first suggested QGP observables:

an abundance of strange hadrons
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| Multiplicity Selections

e Intuitive approach

o  Simply the number of charged particles

measured at midrapidity

dNch
/dEta

Np(Imi<0.5)
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| Multiplicity Selections

e Intuitive approach

o  Simply the number of charged particles

measured at midrapidity
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| Multiplicity Selections

e Intuitive approach

o  Simply the number of charged particles

measured at midrapidity
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| Multiplicity Selections

e Intuitive approach

o  Simply the number of charged particles

measured at midrapidity
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| Multiplicity Selections
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| Multiplicity Selections

e Intuitive approach

o  Simply the number of charged particles

measured at midrapidity
e Less intuitive approach
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| Multiplicity Selections

e Intuitive approach

o  Simply the number of charged particles

measured at midrapidity

e Less intuitive approach
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| Multiplicity Selections

e But why is this done?

e Autocorrelations: Local fluctuations (jets) bias toward your multiplicity region

o Depending on your phenomenology; pp collisions are complicated....

o Combination of correlated vs. uncorrelated production

S peripheral AA
high mult pp,pA

m MECs, Matching & Merging
W FSR
W ISR*
QED
B Weak Showers
M Hard Onium
(O Multiparton Interactions
O Beam Remnan its*
@ Strings
S Ministrings / Clusters

Colour Reconnections
Strin, i
Bose

Fermi-Dirac
M Primary Hadrons

M Secondary Hadrons

M Hadronic Reinteractions
(*:incoming lines are crossed)
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| Multiplicity Selections

e But why is this done?

e Autocorrelations: Local fluctuations (jets) bias toward your multiplicity region

o Depending on your phenomenology; pp collisions are complicated....

o Combination of correlated vs. uncorrelated production

e Charged particle bias:

Hadrochemistry is uneven

e Thejuryisin: VOM is superior?

Phys. Rev. C 99, 024906 (2019), 1807.11321

(dN_ /dmn) (|n|<0.5)
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| Main takeaway

e Main takeaway from this talk:

o If your multiplicity is produced from multiple processes which fluctuate...
o ...you cannot select multiplicity in an unbiased way!!

m  Simply not possible
e Name of the game: UNDERSTAND the biases, and use it to your advantage

o These “biases” can constrain physics; might not be trivially correlated

o Likewise for VOM, it is not perfect in this sense

Adrian Nassirpour, Understanding biases in experimental multiplicity estimations for pp collisions at the LHC ATHIC 2025 1¢



| Controlling the fluctuations: Transverse Spherocity

® |dea is to classify high-multiplicity events based on event topology
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| Controlling the fluctuations: Transverse Spherocity

® |dea is to classify high-multiplicity events based on event topology
O  Jetty: Back-to-Back "jet-like" events

B Particle production mainly
driven by hard physics
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| Controlling the fluctuations: Transverse Spherocity

® |dea is to classify high-multiplicity events based on event topology
O  Jetty: Back-to-Back "jet-like" events

B Particle production mainly
driven by hard physics

O lIsotropic: Azimuthally isotropic events

B Particle production driven by multiple
softer collisions
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| Controlling the fluctuations: Transverse Spherocity

® |dea is to classify high-multiplicity events based on event topology
O  Jetty: Back-to-Back "jet-like" events

B Particle production mainly
driven by hard physics

O lIsotropic: Azimuthally isotropic events

B Particle production driven by multiple
softer collisions
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| Controlling the fluctuations: Transverse Spherocity

® |dea is to classify high-multiplicity events based on event topology

O  Jetty: Back-to-Back "jet-like" events
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® |dea is to classify high-multiplicity events based on event topology
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| Controlling the fluctuations: Transverse Spherocity

® This topological selection can be used with a multiplicity
selection to “control” the physics selection

JHEP 05 (2024) 184

o  With a midrapidity multiplicity selection
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| Controlling the fluctuations: Transverse Spherocity

® This topological selection can be used with a multiplicity

selection to “control” the physics selection

o  With a midrapidity multiplicity selection

o
m Large shiftin <pr> E
s Very small (~10%) shift in yield /\i

Q

m Our jet-like selection is able to capture events
that are significantly harder than average

o  With a forward rapidity multiplicity selection

m  Now we get the opposite!
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| Controlling the fluctuations: Transverse Spherocity

® This topological selection can be used with a multiplicity
selection to “control” the physics selection

JHEP 05 (2024) 184

o  With a midrapidity multiplicity selection
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| Controlling the fluctuations: Transverse Spherocity

® This observation also directly affects the secondary physics measurements

o Using midrapidity multiplicity
m Significant suppression of jet-like yields
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| Controlling the fluctuations: Transverse Spherocity

® This observation also directly affects the secondary physics measurements

o Using midrapidity multiplicity
m Significant suppression of jet-like yields
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| More observables: Flattenicity

® |Instead of contrasting different processes, we can dial into one
O  Fully bias into the MPI scaling as modelled in PYTHIA

B Can act as a direct proxy for MPI ,
arXiv:2407.20037
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| More observables: Flattenicity

Instead of contrasting different processes, we can dial into one
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B Can act as a direct proxy for MPI

Fully bias into the MPI scaling as modelled in PYTHIA

O  Novel features in the spectra: bump at intermediate pT

T

1/N o, &*N/dydp_ (GeVi/c)'

10"

arXiv:2407.20037
L bi<bs o T T <bs IR 1 TR Sk ™ 1 T

1/N, d>N/dndp_ (GeVi/c)"

\::IZ' e a1 Somal
A _._:_._ - \:,—o— i ALICE :,—.—:
1-p classes e 1-p classes -t 1 pp, Vs = 13 TeV -
ol (><108) =3 oV (x10“3 == T + Stat. Unc. -
o ll (X103 « VI (x10 2 1 ([OTotal Syst. Unc.
I (x10) + < VII(x10 ) ¥ mUncorr. Syst. Unc.
o IV (x10°) i o VIII (x10) 1
1 1 PSR | PR | w1 + i P | PR AR |
e K +K ' p+P ' ‘h"+h '
: L]
o0 o
1 - ve-2 e |

Adrian Nassirpour, Understanding biases in experimental multiplicity estimations for pp collisions at the LHC

* t
cls
o“@
° deecee
(] o000
° °

10

T

ATHIC 2025 59


https://arxiv.org/abs/2407.20037

| More observables: Flattenicity

T

® |Instead of contrasting different processes, we can dial into one
O  Fully bias into the MPI scaling as modelled in PYTHIA
B Can act as a direct proxy for MPI
O  Novel features in the spectra: bump at intermediate pT
arXiv:2407.20037
O  However, cannot Iy 10115 N.fb's T e, MFOS T IS *‘“‘\“1"68 1%
R ] e
with VOM selection F T e e N s
2 EE:}: \E::: \::E:: S
g " : 1-p classes =3I 19 classes ZEE *";:;EE :;,chls,z:w Tev == g
S 105 .|(><10) 3 .V(><109 I + 4 Stat. Unc. R o)
3 e .::I(E(><11002) il '\\5:I(E<X11003 I T [Total Syst. Unc. 3
§ 1079:5 -IV(‘><105) | EE :VIII (><10?) E: EE M Uncorr. Syst. Unc. z
il e v S msa. iy S e et =
3+ T | «0-1% VoM .
Q 2_
o |
0_ -4

0
P, (GeVic)
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| More observables: Flattenicity

® |Instead of contrasting different processes, we can dial into one
O  Fully bias into the MPI scaling as modelled in PYTHIA
B Can act as a direct proxy for MPI

O  Novel features in the spectra: bump at intermediate pT X407 20037

027 7 T L0 o e L e e A
ALICE ] L ALICE
O However, cannot B e PRI I -
co-exist L ' ) @M@B@ B Bl +
with VOM selection > %“ 1 Bl
x oiF v -
n , . ]
+ Fo . g + .
O Integrated quantities showcase Loosk  pvriiasMonssnwinor | = | T EVTHIA Monash with CR |
very weak effect : CRpooe | , SR
] R R R S NN S
e This is intuitive to understand: 3 %E'?“/ECS"J“ S 12 o ]
: = | & ;
We bias away from hard 5 %--@-@--gwi@@ ------ s Mﬁwiﬁﬁ@@ T
processes - loses interplay 8 o8- 4 8 o8- :
0.6 = 061 5
0 10 20 0 10 20
(dN_/dn ) (dN_/dn )
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| Summary and Outlook

® Many, many other observables to re-examine in this lens
o Underlying event activity, correlations, etc etc

108

e Important to note that none < 4 2
of these selections are "better” = s 10 5
. . g 3 10° §
e Raises the important - E
question: How do Q2 10° =
we compare with - -
different experiments?
o Important to understand 15 10°

the biases, and the
correlations produced
through fluctuations

10— (_— N

10
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| BACKUP
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trigger
hadron

| Di-jet Acoplenarity

e Semi-inclusive jets

o A charged trigger track is chosen

o Jet finding reclustering is then performed in the opposite direction (pi/2) of this jet
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> trigger
hadron

| Di-jet Acoplenarity

e Semi-inclusive jets

o A charged trigger track is chosen

o Jet finding reclustering is then performed in the opposite direction (pi/2) of this jet

e Probability densities of jet location changes if asking for VOM multiplicity!

pp Vs=13TeV Trigger track {20, 30}
PYTHIA 8 Monash |r)ﬂ| <09

.- p;"jd > 10 GeV/e
- pfrhjﬂ > 25 GeV/e
- pfl".lja > 40 GeV/c

Probability density

https://cds.cern.ch/record/2868276 77
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> trigger
hadron

| Di-jet Acoplenarity

e Semi-inclusive jets

o A charged trigger track is chosen

o Jet finding reclustering is then performed in the opposite direction (pi/2) of this jet

e Probability densities of jet location changes if asking for VOM multiplicity!

° VoM requwement wil SIOWIy pp Vs=13 TeV Trigger track {20, 30}  Charged-particle jets
i : PYTHIA 8 Monash <09 Anti-k algorithm, R = 0.4
kink the jet toward the onash | k. algori

larger (VOC) of the two

9 = @1 > 72

.- p“T"jct > 10 GeV/e
-o-pH_ >25GeVle

scintillators! —a- p;'_'jd > 40 GeV/e

Probability density

https://cds.cern.ch/record/2868276
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> trigger
hadron

| Di-jet Acoplenarity

e Semi-inclusive jets

o A charged trigger track is chosen

o Jet finding reclustering is then performed in the opposite direction (pi/2) of this jet

e Probability densities of jet location changes if asking for VOM multiplicity!

o VOM requirement will slowly pp §=13TeV  Trigger track (20,30) Charged-particle jets

kink the jet toward the e PYTHIA 8 Monash || < 0.9 Anti-ky algorithm, R = 0.4 I‘p‘: T Ot
larger (VOC) of the two % o ::::ja Z ;‘; g:z;z
scintillators! b LE =Py > 40 GeVic
m THISISNOTA g 0.15
DETECTOR EFFECT E 02,1 HM ..".‘5-

e Consequence of

https://cds.cern.ch/record/2868276

multiplicity constraint
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| Controlling the fluctuations: Transverse Spherocity

® This observation also directly affects the secondary physics measurements

o Using midrapidity multiplicity

m Significant suppression of jet-like yields https://cds.cern.ch/record/2877050/

2 S L LA DL L A SEEEREEEREEEEEE R ]-l 1
b (.7F JLHcb pp 5=13Tev, 54" O 0.7 JLHC B =Dy e
I \O<Q C T Multiplicity intervals: N°** / <Nbact >NB ] < E E Multiplicity intervals: N:ﬁ?“NXfct?)NBf
* Scaling ©o6F Tt P06k T
is removed o i : T
when using 0.5F+ fF y| -TaEE 4 0.5F ¥ ++ T
VOM! JEEan A Ltf ] F 1T e
04F F+ 4 1 P 'r
Curiously, similar . Ll |  gabd +ii+ _:
=F * E e |
effects are ooftie ¢¢ f*:t - +++¢+i :
observed for other bl T <t T + ;
; i ] 0.1F + - g
exPerI me nts 0.1 L Ib) Global uncertainty: _']':0:/: ] - 19 Global uncertainty: jll(if
I AR BT I B ] C T v v v v by vy by gy

0 10 20 30 0 10 20 30
p. [GeVic] p. [GeVic]
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| Controlling the fluctuations: Transverse Spherocity

® This observation also directly affects the secondary physics measurements

o Using midrapidity multiplicity

m Significant suppression of jet-like yields
https://arxiv.org/pdf/2204.13042

% jLHCbI plp Is= 13|Ter % | LHCbI p]p (5= 13 TeV"

° Scaling e, L0<p_<20GeVic 54’ o :o<pT<20 GeVle 54 ]

) :Qa L i 24 L =

is removed ] 1 © o4 i

when using ; J& ; ; deL b

VoMm! oty 1 Hr% i $ HHH :

Curiously, similar J@F - e H @W! . oy

effects are 02l } pp—BB+X 1 0.2f } pp—BB+X ]

observed for other i o ete—7'—>BB i [ e'e—7'—BB
experiments ol b) [SeeY(S)588 ] " ) [SeesY(S)BB
0 2 4 6 0 2 4 6
N?rzzi:cz:ll((s/<N?r?af:]l(<s>NoBias Nt\f/illzg)/<Nt\r,ill;?>NOBias
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| Controlling the fluctuations: Transverse Spherocity

® This topological selection can be used with a multiplicity

selection to “control” the physics selection =
>
o  With a midrapidity multiplicity selection 8
m Large shiftin <pT> L
(Q
m Very small (~10%) shift in yield =~
m Our jet-like selection is able to capture events
that are significantly harder than average
o  With a forward rapidity multiplicity selection
m  Now we get the opposite!
m Also confirmed by MC
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| Controlling the fluctuations: Transverse Spherocity

® This topological selection can be used with a multiplicity

H H H JHEP 05 (2024) 184
selection to “control” the physics selection o 35— BERT
) - ALICE Simulation, pp, Vs = 13 TeV .
> [ Ny, 210, p_20.15 GeVic, In] < 0.8 i
o  With a midrapidity multiplicity selection 8 i PYTHIA 8.2 Monash .
— 30Nt VOM | ]
m Large shift in <pT> "L [ ooso-1% S0 - 1% i
(Q L 0 sy 0-100% s 0 - 100% :
. . . ~ | =l p.=1 _
m Very small (~10%) shift in yield o5l 2 S5 99-100% A S 99-100% h
| 0 PYTHIA 8.2 Ropes |
- = Nyacess| .
m  Our jet-like selection is able to capture events [ ol T
. [ ® S’ 0-100% |

that are significantly harder than average 20 b=t
R A S, 99 -100%-
. . T . B VOM | 1
o  With a forward rapidity multiplicity selection - &g — 45

15 _ 32510 - 100% _|
m  Now we get the opposite! - \, A s 99 - 100%
. - R A A® A _
. AISO Conflrmed by MC 1’ 111 I L1 1 I 11 I L1 1 I | - - I L1 1 I L1 1 I 1 T

10 12 14 16 18 20 22 24
We can control the hardness by in this case using midrapidity multiplicity ( nMPI)
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