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The ALICE detector (during Run2) &

ALICE
Inner Tracking
System
- triggering,
vertexing, tracking .

Event selection:
- trigger on at least one

Time Projection S A end  hitin VO detectors
Chamber = -« /

- tracking, vertex, PID

’-‘. LA o - at least one charged
| - particle within |n| < 1

Time of F|ight ..... ) an f: . = : ‘ - ; o
- PID =4 |

Tracking, kinematics:

st b i - ITS and TPC tracks
VO detectors (at large n) -|n| < 0.8 or |y| <0.5,
- triggering

0.15<p_ <20 GeV/c
- event classification based on charged-particle multiplicities by Pr

measuring signal amplitude in VOA and VOC detectors: VOM

Gyula Bencedi, HUN-REN Wigner RCP 2



Introduction

nLiéE
High energy pp collision:
hard parton-parton interactions and underlying event (UE) modeled by PYTHIA 8

(O Hard Interaction
® Resonance Decays

(O Multiparton Interactions PYTHIA 8 -

S O Beam Remnants* Comput.Phys.Commun. 191 (2015) 159-177
M Matrix Elements ¥ :7 y o> Strings
M Final-State Radiation S //\f-"”’///.,‘\\ Ministrings / Clusters
M Initial-State Radiation e » E' i'\\ Colour Reconnections

QED Radiation //'. S ‘.-:"'\‘;"‘EE::\ String Interactions
M Weak Showers ’ .‘

Lo @,. =0 (1) UE contains multiparton interactions
Incoming ? . (MPI) supported by LHC measurements
proton Wiy J _ .

Edited from (2) Properties of the hadronic final state:
g. _liierlicgvhet al., sensitive to modeling of MPI, and non-
Codobases 8 (2022) perturbative final-state effects such as

Main structure ot a pp collision modeled by PYTHIA 8. color reconnection (CR)
Hadronization not included.

Gyula Bencedi, HUN-REN Wigner RCP 3




Introduction

ALICE

(3) High-multiplicity collisions (4) High-muiltiplicity class selected by VOM
- large number of MPIs (Nwe)) — - selects pp collisions with jets in the
- more “central” pp collisions - forward pseudorapidity region -
— high probability to find a high-pr parton - jet bias due to local mult. fluctuations
70| R B I L L B
O ,F. ALICE simulation 3 pp Vs =13 TeV In. | <09 o
; 185 pp Vs =13 TeV 3 PYTHIA 8 Monash Charged-particle jets P je el
@ 16~ PYTHIA 8.244 (Monash) — Trigger track {20, 30}  Anti-k algorithm, R = 0.4 |(0TT— ‘chJ > /2
(OJ = .
= 14 = L 025 )
£ F 1 & - voc VOMAVOM) € VOA 7
g 12 = 02F = N
E —F 3 <) - . -e- (0.0, 2.5) - §
(Q 10 A — 2 0.15 »* —— (2.5, 4.4) 38
= I . = o [ %- 1 N—
8F- : 4 = - w % (4.4,9.0) 1 5
- | i = 0.1 N . 4 o
6= ! E E - i%""‘!“‘”"’g§¥;g 10
P High multiplicity 3 Z o5& o0 g® e 1z
= - — - ¢ & ]
o selected by VOM 3 o e | e .
TEFENE BT ST PP PPN P = —4 —2 0 2 4
0 5 10 15 20 25 30 n
Nmpi 1€k
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Motivation

ALICE

Objective: study particle production using event shape observable with
strong sensitivity to MPI, CR, and local multiplicity fluctuations

A. Ortiz et al., PRD 102 (2020) 7, 076014

1.5

mCD.

pp Vs = 2 76 TeV (Pythla 8 244)

T +T ® N
-ngh QZ(MPI CR)' Hmpl-m -
:...' . LOWQZ

2 aTMPI selecti
d°N ch > ect1on/ <N MPI Selection>d77de

d*N, éﬁm'bias/ (Nnin. bias)dndpT

Rpp —

Ratio of yield in MPIl-enhanced pp collisions
to yield for minimum bias (MB) pp collisions:

* 40% increase w.r.t. the binary parton-parton
scaling: “bump” structure in 1 < p_< 6 GeV/c

* the effect is driven by CR
* MPI selection does not bias toward higher p+

Gyula Bencedi, HUN-REN Wigner RCP 3]



T

1/N,, Ni(dydp.) (GeVic)’

Ratio to INEL>0

Existing spectra results from ALICE

CUALICE | VoM multiplicity classes
pp, Vs=13TeV o1 (x2'%) ol (x29

: ly| < 0.5 1 (x 2% IV (x 270

’ Vx2%) - VIx2)

-, o IX (x2% o X (x2)

VI (x 2% « VIII (x 27)

(dN_ /d1)=2.55 é

p— |
= ?

oo —

P, (GeV/c)

101214 16 18 20

ALICE Coll., EPJ C 80 (2020) 693

ALICE pp V5=7 TeV, |y|<0.5

o [ ]
AN I i
_1 10 VoM Multiplicity Classes -
L] a2 K'4+K ]
= [ e p+P A+A & i
— - — s -
o 8 - AE+E K*+K* ‘gé/f% -
= L +0 e Unidentified e i
o 6r ]
H - -
© i i
¥ 4r ]
L WL e s = (a) _
o[ Multiplicity class | ]

0.1 1 10
ALICE Coll., Phys. Rev. C99, 024906 (2019) p (GeV/c)

-

» Selection bias toward higher p+
* Explore event classifier: sensitivity to MPI with reduced selection bias
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Event classification with Flattenicity %

* Define a grid in n — @ covered by the V0 detector of ALICE:
2.8<n<5.1(VOA) and -3.7 <n <-1.7 (VOC) and full azimuth
« Measure charged particle multiplicity in a grid of N__ (64 cells)

PYTHIA 8.303 (Monash 2013), pp ¥s = 13 TeV, N, ;=24, N =325, p=0.58

i-th cell:
Ncell, Ich

(7 .,
(T T T 772777~ = - =0 =
(T 777777 oSt~ g~ &M . F5a 2

] 77 77 - s

A. Ortiz et. al,
Rev.Mex.Fis.Suppl. 3 (2022) 4, 040911

- &
2.8<n<5.1(VOA) ; 3 g ~
-3.7<n<-1.7 (VOC)
« Neel' : charged-particle multiplicity in the i-th cell
_ celll
« (N, : the event-averaged N \/Zz (NS (yeetlyy2 /N2
* Define event shape Flattenicity event-by-event: p = (N
ch
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Parton yield ratio to MB

I

N

-y
o

(0]

»

NN
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o

High-pr physics: VOM vs. flattenicity selection (&

7

ALICE
—— = . — * Ratios of parton yields for the
- ALICE simulation ] events with the 0-1% highest
—  pp, Vs=13TeV — . . .
-~ PYTHIA 8.244 (Monash) ot . activity to that without any event
— . 0-1% Flattenicity (1-p) Gow ‘# = selection: 1 9Nsarion
- o 0-1% VOM . -
= 0-1% MPI o - Go(he) — Nev dpr 119 xsec
B O@@&S&@@@ ] td IO(pT) B 1 dearton
Z_ _O_-(}OOO _Z Ney  dpr MB
. _O_ﬁlill“\ ] -
=" i + * VOM selection:
—— =SSk s .
— + - - jet bias toward higher p+
B L toa | L L - - -
; 10 102, * Flattenicity selection:
p. (GeVic) - similar behavior to the case of

MPI toward higher pr
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Data analysis ®

ALICE
Low NMP| ngh N|v|p|
= En Ao T T L B B
- Data set: 2016-18 LHC pp collisions ool et E
at 13 TeV, 1.6B events & oL MOt 5% b -
(integrated luminosity: 21 nb) E E000% 1o M 30407 1) E
10° £ I 40-50% 1-p [50-100% 1-p E
* To associate with other event 10 g -
shapes (e.g. Spherocity) using 1 — P 10° B =
Talk on Spherocity by 0o b 3
Rutuparna Rath, 19/07/24, 08:47h ;
07 e E
e Systematic uncertainties up to 10% 10° E
107, 0.2 0.4 0.6 0.8 1
1-p
1—p—0 1—p—1
\/ Y. (N celll — (N2 /N2 * large local N°*="' « small local N*¢"'
cell fluctutations in VO fluctutations in VO
<Nch > e Jet structures ° “Isotropic” distr. of

particles
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p. spectra and Q,, ratios vs. Flattenicity ()

ALICE

_ 1o : — _ (dNgh/dn) <08
"G T+ T K +K p+P h"+h o N MB

s | \ -—\|Ih — "\ S = 32 X <NCh>
& \:' =2 + .\: 6 5
F | i | N s 3
5 o \E: %;::I == SR £
‘2 _._"': e "':—-— -.-'—-— E O
S 1-p classes - 1-p classes T - * e & (7))
S qosp =100 T =vxa0Y — i © =
3 = 1l (x107) = VI (x10%) 3 (@)
3 . 11 (x10°) = VIl (x107) 4+ Stat. Unc. ALICE 3 =
— 1071wV (x109) = VIl (x10') [JTotal Syst. Unc. pp fs =13 TeV - T
a0l MR R | L1l 101l L sl 1 el 1 11l AN R ﬁ
ol M Uncorr. Syst. Unc. >
. L (@]
5 RN . =zy § . =il 1 %
S - = ) :
'TLEN EEEs m - EEE ®m <dNCh/d77>|17|<08 [

0 1 10 1 10 1 10 1

10 ~ MB
p. (GeV/c) ~ 0.5 x (Ngp)

Ratio of yields to MB: Qup = (d*N/(dN,/dn) /dndpr)!— 28 / (02N /(d Ny /dny) /dpdpr)Minimum bias
1) Intermediate pr: clear development of a peak with increasing multiplicity (0—1% 1-p, class |)
2) High p+: Qppapproaches to unity
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Q.

comparison with MC models
(dzN/dnde>1 —p class

_ \ {dgn/an) o

PP d2N /dndpr Min. bias g_

( <chh/d77> ) =

T 2]

ALICE Preliminary «PYTHIA 8 without CR + =0- 1% 1 P . + Stat. Unc. —

[ PP, E =13 TeV =PYTHIA 8 with CR : - 50-100% 1 -p “o A B Uncorr. SySt Unc. 8
2_— Flattenicity (1-p) only + . EPOS LHC ] E
S

o

L)

o

3

=

« PYTHIA 8 Monash 2013 with MPI and CR effects describes the data; sensitive to evt. sel. due to CR
- EPOS LHC with parametrized collective hydrodynamics descirbes the data partially (low-to-mid p.)
PYTHIA 8 - Comput.Phys.Commun. 191 (2015) 159-177; EPOS LHC - Phys. Rev. C 92, 034906
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K/Tt and p/n partlcle ratlos L

02 ALICE
i ALICE Prellmlnary ] ALICE Prellmmary |
-’Q i pp, s =13 TeV @ H : —_ pp, Vs = 13 TeV |
+ 0.15— = B |
¥ K j&) ‘‘‘‘‘‘‘‘‘‘ Feee; ‘.‘ u. Bk L _E L
X 01~ / . Eo.os—
+ L ] L i
- 1+
o L e PYTHIA8 Monash without CR o F e PYTHIA8 Monash without CR -
~0.05— — PYTHIA8 Monash withCR 4 ~— B — PYTHIA8 Monash with CR |
[ e EPOS LHC i e EPOS LHC
i --- Fit ] - - Fit ]
0"7_ — = 017 — il
1-4; '@ |Flattenicity (1-p) only E 1.4 %\ @Flattenicity (1-p) only .
R ~ [©10-1% VOM = 1.25— [©]0-1% VOM E
L - 1 iC C ]
T T ~
S hptEeree § e drp e e
thS 0.8 - ths 0.8 =
0.6 | = 060 E
0 10 20 o 10 20
(AN _/dm) dN _/dm)

« K/1t: Flattenicity selection - hint of a steeper increase w.r.t. the VOM selection
* PYTHIA 8 and EPOS LHC describe the data
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Average transverse momentum

[ ALICE Preliminary
1- pp, Vs = 13 TeV
§ i
>
8 [
= 0°r | .. PYTHIAS Monash without CR T |
= - O T =- 8 Monash without T -
S L 2 BYTHIAS Monash with GR  } (@ Flattenicity (1-p) only
[ T = EPOSLHC T [O]o-1% vom
ok 1 --Fit 1 ]
12' Cont+m “ K LK “ I p+P | '
= 1.1F F + =
LL C I 0% ]
= 1f-- -8 -g-9--{0----%--0p 0-0-D0 o0-0-0 g - = F - - -} -B-f, - - -]
& : $3gq§®ﬂ®-§@1§| 0z <f>¢ I <f¥*@‘?@% i ﬁ;
© 0.9F F3 ¥ ¢ 3
0O - I I ]
0.8F . . i | . 1 . | :
0 10 20 0 1 10 20

0 20
(chh/dn)

Flattenicity selection:

> Pions indicate a hint of a steeper increase w.r.t. the VOM selection

> Kaons and protons agree with results from VOM within uncertainties
> PYTHIA with CR and EPOS LHC describe the data qualitatively
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Z/N\
,7/ / N\

ALICE

Summary and Outlook

e Particle production is studied in pp collisions at 13 TeV using a new event shape observable
flattenicity for the first time

ALICE Preliminary | +PYTHIA 8 without CR | -=0-1% 1-p ] +stat. Unc.

[ PP, E =13 TeV T =PYTHIA 8 with CR +-50-100% 1-p .s'l ‘—. B Uncorr. Syst. Unc.
o Flattenicity (1-p) only <+ . EPOS LHC 4 . . 1 — |

- .
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I S
P, (GeV/c)
« The ratio of event-class dependent p_spectra to that of MB (Qpp) develops a “bump”-like

structure with increasing multiplicity that has not been observed with the “standard” event
classifier VOM

* Results are qualitatively described by the PYTHIA model based on color strings
and indicate that flattenicity-selected events show reduced sensitivity to multijets

* Analysis with Run 3 pp data is in progress, stay tuned for more results! 13
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Average transverse momenta of 1t, K, and p as a function of

charged-particle multiplicity density

CR in pp collisions with
large number of MPI is
particularly pronounced:

— correlation between the
average transverse momentum
and charged-particle multiplicity

— mass dependent and
reminiscent of radial flow
effects in heavy-ion collisions

(p.) (GeV/c)

Data/Fit

ALICE

B pp, ts=13TeV

® pp,1s=7TeV

K +K

= PYTHIAS8 + color ropes *++* PYTHIA8 Monash
== HERWIG7 = * PYTHIA8 Monash, NoCR
—_l ——

gt u e T b

20 10 20 10

<chh/d 77>m|<o.'5

ALICE Collaboration, EPJ C 80 (2020) 693
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MC studies on Flattenicity

ALICE
Define a grid in the 7 — ¢ plane: N_;; = 10 X 8 Phys. Rev. D 107, 076012
a;g; : :ﬁs _==B: —= - Fs —5 ‘='=:._§: = ==q2ﬁg' :G:_u:_,: — é___«‘: 3
== laoa F = =2 8= =i - £~
P & S5 = = = e —SAS o~ B 5= o f 1'0-8\ el
%10] o 5_7';  — :. &=~ o= Z =S—=2 :‘b:', Z = S F ° \K- The N:l'?
e & L T = _ 7 = === — = e = B N . :
o 07 'g‘FE"g =l = T & e Q-Jff* distribution is
‘ " 3 PR S S obtained (EbE)
Measure the charged-particle multiplicity in R AR RN E AR SRR
the i-th cell: N“e”l 25;[ PYTHIA 5500 (Monash 2013)
For each event Flatten|0|ty is computed: o 4, Ny 325 E
i p=0.07 ;
cell,i cell h 1
\/(N ) / cell I ]
p j— 10: 9
cell [ ]
<Nch > 55 -
Events with isotropic distribution of particles are expected T
1] 10 20 30 40 50
to have small p (p — 0) ot
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MC studies on Flattenicity ®
\/(Ncem_ Neely)? / 2

(Ng

p:

—3.7< n < —1. VZERO-C

Based on MC
simulations, Phys. Rev. D 107, 076012
Flattenicity measured 1= ——T T g’
in the pseudorapidity Ewinﬂﬁzlf\fmnasm #
interval covered by SR e b i -
the ALICEVOAand  VzZERo-A T 1|
VOC detectors is % L 1B
strongly correlated 6 .l . _'10_2
with the shape of the Y r . 1
events measured in T -
eight units of # 0 -
pseudorapidity ol o |

1-p_, (i<4)
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MC studies on Flattenicity

Same sensitivity to MPI as the Flattenicity selects “softer” pp

VOM multiplicity estimator collisions than the VOM estimator

%0 SR ALELEL N BN B AL NLELELELE BLELELELES BLRLIL RS < P B L L L L B B N §

E [ pp Vs=13.6 PYTHIA 8 (Monash) “ S 14Fpp Vs = 13.6 PYTHIA 8 (Monash) —

E - —— selection on 1-pnch . @ - — selection on 1-pnch 7]

15|~ selection on VOM N O 12 selection on VOM .

R . —~_ N 3

: 1 |« E

10 - 8t E

i ] 6 E

5:_ Average Nmpi v.s. the particle _: 4;_ Average. “Ieading. jet” pT.“'S' _;

i density at mid-pseudorapidity ] 2:_ g;%ﬁgg;gﬁ;f;sw at mid- _:

old A P BN N BN B | ot AP I TP IR I :

0 5 10 15 20 dN ?(51 30 0 5 10 15 20 dN ?(5] 30
ﬁm ﬁm

Phys. Rev. D 107, 076012
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