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ALICE in Run 2 =5
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o VO detector:
o MInimume-pias (MB) trigger,
multiplicity (VOM), and

Ay flattenicity
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o TPC: tracking and particle identification (PID) using dE/dx in gas packground
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Bias due to local mult. rluctuations

Sl Multiparton interactions (MPI): more than one parton-parton
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Data analysis 1S
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Qpp: data vs MC models 1S

4F | | | | T 1 _
_ + o + + +++ PYTHIA8 Monash without CR -
: AI—ICE : —0-1% 1'p : - PYTHIA8 Monash with CR 7
i pp ¥s =13 TeV T —50-100% 1-p 1 I - .EPOS LHC

3 . - ) i —— i —
l T+ T 1 K'+ K 1 p+P I h*+ h
: 1 T o . i

2 P T ) -

werrirpree, o G RR E PR
s —ae & ‘-" | ) -

PYTHIA 8 without CR: anearly flat Qpp as a function of pr

Pythia Monash (with CR): overall the best description of data

EPOS LHC overestimates and underestimates Qpp at iIntermediate and high pr values, respectively

Antonio Ortiz (ICN, UNAM) LASNPA (Facultad de Ciencias, UNAM 19/6/2024) 22



Antonio Ortiz (ICN, UNAM)

Partic

|

i ALICE Prellmlnary |
‘& [ pps=13TeV :
+ 0.15- =
. I |
Py i i
X 01— -
+ } |
L IR PYTHIA8 Monash without CR
~— 0.05— — PYTHIA8 Monash with CR~ —
- EPOS LHC )
i - Fit |
O__ — L -
1.4 @ | Flattenicity (1-p) only -
_12f <ﬂ> 2IVOM =
i - +<ﬂ> -
L g e
S - ¥@ @ @ @ ’
© 0.8 —
a : :
0.6 —

0 10

20
(chh/d n)

Data/Fit

= ratlos: atten c1ty VS \/OM

ALICE Prellmlnary
pp, s =13 TeV

—PYT

THIA8 Monash without CR

HIA8 Monash with CR

......... EPOS LHC

.- Fit

o O e §
®» 0O . N B~ O

_I|III|IIIIIII|III|I__|

<~g @ Flattenicity (1-p) only
O

o

l|lll|lllllll|lll|l

o

5

20
(chh/d n)

@

NEW

The particle ratios as a function of flattenicity exhibit a steeper iIncrease with

multiplicity thon those as a function of VOM
LASNPA (Facultad de Ciencias, UNAM 19/6/2024)

Instituto de
Ciencias
Nucleares
UNAM

o>

23



Partic.

e ratios:

10°
10*

107
10
1

dp.) (GeV/c)!

y

10° ¢

/(d

"

107

0.2 —
i ALICE ]
- pp s=13 TeV .
I/l; 0.15 B ‘ ﬁHO """ ® ‘ """ —_
+ & ' 8]
+ B , I t L _
£ ! _
=~ 01— —
X I ]
+ i _
+ I — PYTHIA8 Monash without CR
X 0.05- — PYTHIA8 Monash with CR ~ —
- — EPOS LHC -
e Fit _
= ]
1.4 ® | Flattenicity dependent -
- o Multiplicity dependent only
— 12r + Eur. Phys. J. C 80 (2020) 693
LL B _
S~ L - Y. --0--8---0----@---‘ @ - @ e _—
R
© B E _
A 0.8 -
0.6 —

0 10 20
(dN_/dn )

Antonio Ortiz (ICN, UNAM)

< 107

QAl
~107°
% 10

d

1/N

Ratio to INEL>0

LICE Eur Ph S J C80 2020 693

10° e

lattenicity vs VOM

Instituto de
Ciencias
Nucleares
UNAM

(dN_ /d1)=2.55

; AL|CE VOM multlpI|C|ty classe E
pp, \s=13TeV ¢ 1(x2"%) ol (x2%) 3
lyl <0.5 (x2) « IV (x2) =

V (x 29 VI(><2)—§

o VIl (x 2% o VIII (x 2°) =

X o IX (x2%) o X (x2) 2
see—— _ (dN_/dn)=26.02-

o’s ' =
'.'-O-...'.'-.- :|
-o-""-o-_._'" =5

> ."'-o-:—o——.— _j

-.-..:.:. . E'
TTHT T —

|
6 8 10121416 18 20

P, (GeV/c)

LASNPA (Facultad de Ciencias, UNAM 19/6/2024)

The particle ratios as a function of
flattenicity (red) exhibit a steeper

Increase with multiplicity than
those as afunction of VOM

ases the low pr plon vield

(black)

The reason is that VOM multiplicity
oI

24


https://link.springer.com/article/10.1140/epjc/s10052-020-8125-1

Instituto de
Ciencias
Nucleares
UNAM

Average pr

Data/Fit
O O _ —
O © . a D O

Little or no difference 1s observed pbetween tlattenicity and VOM select

A
1 1 1

g

> _
ol
— 0.5
/\I_ _
=

ALICE Preliminary
pp, Vs =13 TeV

T =F=|

T ==:PYTHIA8 Monash without CR T
T == PYTHIA8 Monash with CR

| ---Fit

EPOS LHC

- ¢-¢(|9 ®0-0-@0 10-9-0§- - -~ - - ’<|5 $#@@@ 8- @ -

03

T ¢

s .1.0.

.2.0.

90 20 0
<chh/d77>

10 20

ons for kaons and protons

A slightly larger mean pr as a function of multiplicity for flattenicity selection

Antonio Ortiz (ICN, UNAM)

LASNPA (Facultad de Ciencias, UNAM 19/6/2024)

o>

25



Summary

Instituto de
Ciencias
Nucleares
UNAM

o i
Flattenicity is more sensitive to MPI (and theretore to the Aok o o a8 -
Impact parameter of the collision) than the VOM multiplicity > ol BN
: . L E4E KR R
estimdartor S Y e Unidentified
o 6
| | | | I
An approximately scaling with MPIL1s seen at large pr T 4r @
oL Multiplicity class | _
Promising tool to study QGP observables at both low and 0.1 1 1(()(5 Vic)
. . evi/C
high pr in small systems Pr
4_' o P EEEA ) o P EEEA 1 ' L i L 'l 1 o ) o |
- ALICE —0-1% 1-p i +++ PYTHIA8 Mgnash without CR I
f ppis=13Tev ~ 501005 1 : ; ~Eyanaers o
i T+ 7T KM+ K i P+P 9 i h"+h ]
: Ly :
21 e . -
o 1F - - _ LA ',ﬁ'i'i'i'i'i'*'*-l.r - -
O i RIS, - I ]
Q oL o Flattenicity (1-p) only T _
- r 2 3 3331 ; r 2 3 3331 ] 1] - ] 11 ] : ] =

Antonio Ortiz (ICN, UNAM)

p_ (GeV/c)

LASNPA (Facultad de Ciencias, UNAM 19/6/2024)

26



Thank youl



packup



Instituto de
Ciencias
Nucleares
UNAM

ALICE pp Ys =13 TeV ALICE

— o 0-100% (S,-integrated)
O M m<o.s, 0.15 <p_<10 GeV/g
>
O 08
o | = | S
>~ | L # |,
A~ 06F £ — — PYTHIA 6
F= T PYTHIA 8

Q| PYTHIA 8 (rr=0)
~ o e EPOS LHC

0.4
—_— 1.2
[T
o 1.1
<
o I L= oty A T R Al | oo
©

0.9
O

Antonio Ortiz (ICN, UNAM)



MPI

At high energies, the leading

order cross-section for 2 — 2
parton scatterings with
momentum transter

Q > Onin > Agcp exceeds
the total pp cross-section at a

range of Q. -values where
perturbative QCD 1S

applicable (at LHC, O
GeV/c) | T Sjost
D36 (1987)

/11l Phys. Rev.
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IIllIl
rand and

N

__\/L

T. Sjostrand, 6th MPI @ LHC Workshop

1000 | |

10000
Integrate QCD 2 — 2 el
aq’ — qq’ S ol
qq — q'q 5
qq — gg '
qg — qg |
A
gg — gg o
gg — qq 0.01

(with CTEQ 5L PDF's)
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Integrated cross section above pTmin for pp at 14 TeV
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Interpretation: Many partonic scatterings per event: (MPI)

' | . . pTmin for pp at 14 TeV
Athighene o\MPpl is a logical consequence of ———
* - btal cross section - |
OICEr CIOSS|  the composite nature of o oross sect
parton Scat protons , ;
momentu r omevert B B b q
Q > len | . D Il \,V\/Dt ‘
the tofal po generators
. like Pythia, an
perturbail\f J[ Overlap of protons during encounter is \ :
- : drarrietelr -
applicable ( g 1 O(b) = / dB3xdt pi(x, t) pa(x, ) |
GeV/c) [T 5 epenaence e
30 35 40 45 50

' ; wher Is (b d) m r distribution in p,
iQ CODSldered ere p is (boosted) matter distributio p )

e.g. Gaussian or more narrow peak.

7iiil Phys. e‘
T. Sjostrand, ISAPP 2018
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Interpretatmn Many partomc Scattermgs per event (MPD

o>

-y "‘\.\,..' o ‘ |
| ‘\"“\, ; . MPThelpto descnbe
N ] ] particle mul 1phc1t1es
W LY ; ;‘ in MB eventg|
no MPI I 'I T 1 t
1 wrberof  HH T i T Sjostrandand M. v. |
U r 1
LCharged Tracks | Charged Tracks IR 1 PRD 36 (1987> 2019
s e e Charged pamd
| SRRy e T s TNULPIICIEY 1S eXpec *, 2d to
final-state radistion dashed line, with fix impact parameter [i.c., Oy(b)].

|
|

studies using ML: A. Ortizet al., PR
48 (2021) 8, 085014
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Data support the presence of MPI in

D

nig pn\,rgy DD CO [isions, see eg.t

102 (2020) 7076014, J. Phys. G: Nucl
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be sensitive to MPI

hese recent
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MPI+string interactions &=l

T mamre .

e e TunepZ(i (I:efer\e/znce) B Pl'-p vg_ = 276 Tev (PYthla 8 244)

L TR AR N =4
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0.151 E t

The “multiplicity =
ot ordering” is also
' seen in Pythia.

710970 "/ (020¢) ¢OI A8y SAUd

|

ap

\

-

&l

N’

—

-

-

(Q\
i 0.05 4

o O a0ttt

— 2 o 0<N, <5 =

— O 155 5 5<N,, <10 E
. QD . s 10sN_ <15 =

+ D F o 155N, <20

-Iq_)' E 1.3 o Nmp‘F‘;g 7 —;

1 |7 2 E
. T :
2 E 2 4 6 8 10 12

s I= S G- ,.&_
o - 2 mp1

L

al

: R S — S
P = dZNggB/«NMB)dnde)

P, (GeV/c)

mpi

Scaling with numlber of parton-parton
Interactions at high pr
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Radial flow-like behaviour


https://arxiv.org/abs/1303.6326
https://arxiv.org/abs/2004.03800
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High energy heavy-ion collisions

Freeze-out L
Hadronisation @ ...

QGP formation

Initial state

Time: 0 fm/c <1fm/c ~101° fm/c
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gn-pT phys1cs VOM vs attemcity
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~ - —— selection on 1-pnCh -
BEEEEEE selection on VOM B
15 —
10— —
5_ —
Ol | I | | | | I | | | | I | | | | I | | | | ;—
0 5 10 15 30

Phys. Rev. D107 (2023) 7. 076012 <d N / d T]>

ch nl<0.5
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.076012
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Centrality in small systems (p-Po) e

[n contrast to Pb-Phb collisions, for p-Pb collisions the multiplicity (VOA) fluctuations are sizeable
compared to the width of the Ny distribution

= 0% >, 102
O Glauber-MC S20000f- Glauber-MG
g 600 p-Pb \sy, = 5.02 TeV g Pb-Pb s\, = 2.76 TeV {
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= =15000
400 ,
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:
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>
=
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_ . | o
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Npart Npart

Weak correlation between geometry and event activity

Antonio Ortiz (ICN, UNAM) LASNPA (Facultad de Ciencias, UNAM 19/6/2024) 36



[ssues to search

The HM VOM multiplicity class selects pp

CO
CO

[lisions with jets in the forward detector,

nsequently biasing the acoplanarity

pp Vs=13 TeV |77TT| <09 b 525 GeV/e
PYTHIA 8 Monash Charged-particle jets T, jet
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T () 15 B - —
% . v % (4.4,9.0) -
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77jet

distribution measured in the central region
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or jet quencning
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