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Physics motivation
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BRI B LA R Strangeness enhancement:

i ] The ratio between (multi-)strange hadron yields and pion
= B e 2K yields is enhanced in heavy-ion collisions with respect to
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* Smooth evolution with the multiplicity of charged particles
across different collision systems (pp, p-Pb, Pb-Pb)
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Physics motivation

ALICE pp Vs =7 TeV, |y| < 0.5 ALICE p-Pb \fs =5.02 TeV, 0 < Yeus <05 ALICE Pb-Pb \/s, =2.76 TeV, |y| < 0.5

E=—J VoM Class I, (dN_/d 7)) = 21.3 = 0-5%, (dN_/dn) = 45.1 F=— 0-5%, (dN, /d ) = 1601.0 O . .

= kol sl oo s L b A/Kg evolution with pr:

% 15l pp . A/Kg ratio increases at pt~3 GeV/c
* This effect is observed in different collision systems
1-
(ppl p_PbI Pb_Pb)
05} * This effect is larger in collisions characterised by a

larger multiplicity of charged particles

Phys. Rev. C 99, 024906 (2019)
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Physics motivation

ALICEpp Is=7TeV, |y| < 0.5

E=—J VoM Class I, (dN_/d 7)) = 21.3

F=—] VoM Class X, (dN_ /d 1)y = 2.3
(VOM Multiplicity Classes)

ALICE p-Pb |5, =5.02TeV,0<y_ <05  ALICE Pb-Pb s, =276 TeV, |y| <05
== 0-5%, (N, /dn) = 45.1 == 0-6%, (4N, /d 1) = 1601.0
== 60-80%, (dN_ /dn) = 9.8 F==—] 60-80%, (IN_/d 1)) = 55.5

(VOA Mult. Classes - Pb side)

¥ 15) PP
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ozt . PP p-Pb Pb-Pb
1I0 1(I)0 10l00
<chh/d n>|n|<045
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A/K(S’ evolution with p:

A/K{ ratio increases at pp~3 GeV/c

This effect is observed in different collision systems
(ppl p_PbI Pb_Pb)

This effect is larger in collisions characterised by a
larger multiplicity of charged particles

Smooth evolution with the multiplicity of charged
particles across different collision systems

Phys. Rev. C 99, 024906 (2019)
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ALICEpp Is=7TeV, |y| < 0.5

E=—J VoM Class I, (dN_/d 7)) = 21.3

F=—] VoM Class X, (dN_ /d 1)y = 2.3
(VOM Multiplicity Classes)

ALICE p-Pb /s, =5.02TeV,0<y _ <0.5
= 0-5%, (dN_/dn) = 45.1
== 60-80%, (dN_ /dn) = 9.8

(VOA Mult. Classes - Pb side)

Physics motivation

ALICE Pb-Pb s =2.76 TeV, [y| < 0.5
F=— 0-5%, (dN, /d ) = 1601.0
F==—] 60-80%, (IN_/d 1)) = 55.5

4 T T
~ 15 Pp p-Pb
<
1-
0.5
1 10
Low pr High pr
X4t 0.60 <p. <080 GeV/c + pp: 6.50<p_<8.00 GeV/c ]
P ' p-Pb: 6.00<p, <8.00 GeV/c

pp: 250 <p_ <2.90GeV/c |

Pb-Pb: 6.50 < p_ <8.00 GeV/c 1

25/05/2023

- pp p-Pb Pb-Pb p-Pb: 260 <p_<280GeV/c }
(x4) (x1)  Pb-Pb: 260<p _<280GeV/c | (<2)
10 100 1000 10 100 1000 10 100 1000
(dN_/d ">|n|<045 (dN_/d '7>|n|<o.s (chh/d 17)m|< -

A/K(S’ evolution with p:

A/K{ ratio increases at pp~3 GeV/c

This effect is observed in different collision systems
(ppl p_PbI Pb_Pb)

This effect is larger in collisions characterised by a
larger multiplicity of charged particles

Smooth evolution with the multiplicity of charged
particles across different collision systems
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ALICE Pb-Pb s =2.76 TeV, [y| < 0.5
F=— 0-5%, (dN, /d ) = 1601.0
F==—] 60-80%, (IN_/d 1)) = 55.5

4 T o
~ 15} Pp p-Pb
<
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0.5
1 10
Low pr High pr
X4t 0.60 <p. <0.80 GeV/c + Pp: 6.50 <, <8.00 GeV/c |
P ' p-Pb: 6.00<p, <8.00 GeV/c

pp: 250 <p_<2.90GeV/c |
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- pp p-Pb Pb-Pb p-Pb: 260 <p_<280GeV/c }
(x4) (x1)  Pb-Pb: 260<p _<280GeV/c | (<2)
10 100 1000 10 100 1000 10 100 1000
(dN_/d n)m(o.s (dN_/d n)m(o.s (chh/d '7>|n|< -

A/K(S’ evolution with p:

A/K{ ratio increases at pp~3 GeV/c

This effect is observed in different collision systems
(ppl p—PbI Pb_Pb)

This effect is larger in collisions characterised by a
larger multiplicity of charged particles

Smooth evolution with the multiplicity of charged
particles across different collision systems

Are these phenomena related to hard processes,
such as jets, to the underlying event, or to both?

Phys. Rev. C 99, 024906 (2019)
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ALICE at the LHC

PEERE AW, YR YL

TPC: Time Projection Chamber P e |TS: Inner Tracking System
Gas-filled detector — 6 layers of silicon detectors

Main tracking detector, vertexing, Tracking, triggering, vertexing
PID (dE/dx)

»
= ill"” |I'
»

VOA and VOC

Arrays of scintillators at forward rapidity
Triggering, multiplicity estimators

TOF: Time Of Flight

Array of Multigap Resistive Plate Chambers
PID, out-of-bunch pile-up rejection
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Strange particle production

in and out of jets
using jet finder algorithm
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Strange particle production in and out of jets

using jet finder algorithm ALICE

Jet finder algorithm: anti-k

Charged primary | |
particles ‘

___________

Jet cone

/° Jet cone (JC) : R(strange hadron, jet) < 0.4\
Perpendicular Underlying Event (UE):
cone . .
strange hadrons in perpendicular cone
\. In jet production (JE) =JC - UE )
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Strange particle production in and out of jets €

using jet finder algorithm ALICE

- pas . . Inclusive
. . - 8 10'F 3 9 . ALIIDCaFit?CF:GIIEI 130T7e;/ e - Jet: anti-k;, R = 0.4 o Perp. cone
Jet finder algorithm: anti-kt o \ ic I /i 1072 IP‘: ° n Ay, >10GeV/c = R(par, jet) < 0.4
Jet axis % 10_2 ... o - JET ‘.. 2 B |njet| <0.35 v Particle in jets
A S " ) . JET
A | 4 10> .o e *
Charged primary | | -8‘ 10 . & 10_4 [ ]
particles ‘ \Q . UE = ™
........... 9 q0 * - UE
® [ ]
10°F| K2 . e T+ &2t
Vo S S— §
Jet cone 0O 2 4 6 8 10 12 0 2 4 6 8 10 12
p. (GeV/c) p. (GeV/c)
ALI-PUB-529109 T T
/° Jet cone (JC) : R(strange hadron, jet) < 0.4\ L
C): Ristrang jet) * The spectra of K and % in jets are
one strange hadrons in perpendicular cone * The same is observed for A and O
e Similar results in p-Pb collisions
Phys. Lett. B 827, 136984 (2022) N In jet production (JE) = JC - UE )

arXiv:2211.08936 (2022)
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A/K< and E/A ratios in and out of jets -

ALICE

-% 08I ALICEpp fs=13TeV S
c H * Incusive ] A/K2 (baryon/meson) |S|=1
@) ] o Perp. cone
n i ] v . - b
O oaf [ % . Particle In jets _ * The inclusive and UE ratios show a peak at pp~3 GeV/c
L . . . . * The enhancement is not present within jets

n . . . .
§ 0_2'_:“ 0 . - +!K ] * The same is observed in p-Pb collisions at \/syy = 5.02 TeV
3 : ° 2k | «  Similar results shown by Z/KJ and /K2

P, (GeVic)

Phys. Lett. B 827, 136984 (2022)
arXiv:2211.08936 (2022)
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A/K< and E/A ratios in and out of jets X,

ALICE
S OBFALCEmp fs-1eTev ]
= H * Inclusive ] A/K2 (baryon/meson) |S|=1
S i |. o Perp_. cone |
O oaf [ % '# Particle In jets _ * The inclusive and UE ratios show a peak at pp~3 GeV/c
L | o " . . ]  The enhancement is not present within jets
| . . . .
§ . 2'_:" 0 . = ] * The same is observed in p-Pb collisions at \/syy = 5.02 TeV
= “l e + .. —_
3 e k0 | 1 *  Similar results shown by /K2 and /K2
oz 4 6 8 10 12
.9 L =R R i B I il L] = '-
© — : .
= oer iR B {I ) =/A (baryons with different strangeness content: |S|=2/|S|=1)
>
g ’ * The UE ratio is consistent with the inclusive one
5:3 * Theratioin jets is rather flat with pt and is suppressed with
§ o1 Vi * =l respect to the inclusive one
o + A+A
c 2 4 6 8 10 12 Phys. Lett. B 827, 136984 (2022)
ALI-PUB-529113 p, (GeVic) arXiv:2211.08936 (2022)
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Angular correlations

for in- and out-of-jet strange hadron
production vs (dNcp/dn)pi<o.s
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Correlations of high-pt charged hadrons

with strange particles

The angular correlation method: _ . o
Leading particle = jet axis

1. Selection of the trigger particle (~jet axis): (highest pr)
the charged primary particle with
the highest pr and pr > 3 — 4 GeV/c

- N Jet
2. ldentification of strange hadrons
(associated particles)
\_ J
/3. Angular correlation between trigger and ) *
associated particles is calculated
Ap = Ptrigg — Passoc
An = - @: azimuthal angle
\ 77 T]trlgg naSSOC n - _ In (tan(e/z))
k 0: polar angle Recoil jet
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h — ¢/h —handh — A/h — hyield ratios €

vs multiplicity in p-Pb collisions

¢d/h A/h
/T 0.045 - —— ,<-—\ 0.4 ]
ptlps = —— Underlying Event ALl reliminary < C o . .
h E/ 004 —m— Away-side (Jet) 5-Pb (5. = 5.02 TeV. AL 0.35F A_I.FI)ﬁE :rel_";“(r;;?ev —— Underlyllng Event 4
¢ I 0.035 - —®&— Near-side (Jet) o E P m — —®— Away-side (Jet) E A
/ ﬂ!f UE 0— Total (Jet + UE) 40< p;mg <8.0GeVic = 03f 40< Prg < 8.0 GeV/c | —e— Near-side (Jet) = /
£ 003 20<p < 4.0 GeV/c o | 2.0< Ps oicos < 4.0GeV/c | —x— Total (Jet+ UE) A
h\ & = i systunc. from v, T,ass0C © 0.25¢ AT<1.2 = —]
" S 0025 - © - ] h\ -
i F = > 02F . —H— h
g %F ] ¥ - - e == ]
£ ootsE- XX B 0-15¢ =< —t—
§ 0015E _@_ - —= ==l
0.01— 0.1 == == 3
- B e —— s == ] \N\.
0.005;— = =, 0.05 7 ﬁ%
O:I — I S— I Sm— I Sm— I Sm— I S— I S— I S— I Sm— I Sm— :I 111 | 1111 | L1 1 | L1 1] | L1l | | | | 1111 | L1 1 | L1 1] | 111 I:
100 %0 8 706050 40 S0 20 10 0 100 90 80 70 60 50 40 30 20 10 O
PR 317404 Multiplicity Percentile (VOA{ Multiplicity (%)
g0 Nearsidejet Increasing multiplicit AL sae Increasing multiplicity
i [ Away_Side jet . . . . . . . e .
P * The underlying event (UE) ratio is systematically larger in all multiplicity intervals
° B B * The jet-like production is smaller than the UE and total production, with the
005~ Underlying event . . . .
near-side jet ratio smaller than the away-side one
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h — A/h — h yield ratios vs multiplicity

in p-Pb collisions

1.5 < pra < 2.5GeV/c

5

—N

iy

Yield Ratio

—— 0.4 _l T 17T I T T 1T I T T 1T I T T 1T I T 1T 1T I T T T I T T 1T I T T 1T I T T 1T I T 17T l_
\ <|< C .. ) .
E . _CI-CI 0.35E- ALICE Preliminary —— Underlying Event ]
ﬁ -"""F p-Pb |5y, =5.02 TeV —=— Away-side (Jet) A
o) = 4.0 < <8.0 GeV/c —e— Near-side (Jet) B
T 0'3: ) p T trig ’ —3¢— Total (Jet + UE) .
o - 1.5< P <25 GeVic Mult. uncor. syst 1
o 0.25 ,assoc —
o) C |AT]| <1.2 n
> 02F 3
015 ... #...::::;;;;ﬂ::::::ﬂ:::::“:":"_'_' ____________ =
. g S —
o g T e E
C e e 7
0.05— -
o :I 111 | | | | | | | | | | | | | | I - | | I | | | | | | | | 111 I:
5 10 15 20 25 30 35 40 45 50 5
dN_,
. $025__Ne‘ar‘5ide,iet ‘ < dn >|77|ab| <05
& : |An] < 1.2
i _ Away-side jet
o T == multiplicity in both pr intervals
005~ Underlying event °

2.5 < prp < 4.0GeV/c

0.4 _I T 1T I LI I T 1T I T TT I T 1T I T 11T I T 1T I T 1T I T TT I 1T I_
0 35:_ ALICE Preliminary —— Underlying Event h
391 p-Pb \/S_NN —5.02 TeV —m— Away-side (Jet) . A
0 3:_ 4.0 < <8.0 GeV/c —e— Near-side (Jet) B
e p T trig : —— Total (Jet + UE) - /
- 25< PT‘aSSOC <4.0 GeV/c ¢ Mult. uncor. syst 1
025 jAnl < 1.2 onraziE h\
0.2 = 'h
E & T E
0.15E __________ B B T E
0.1 e _ g -
C e mT ]
0.05F =
O :I L1 1 | | I - | | I | | L1 11 | 111 | | . | | I . | | I | | L1 11 | 11 I:
5 10 15 20 25 30 35 40 45 50 55
<chh
d’? Il <05

ALI-PREL-537485

The increase is systematically larger in the higher associated pt interval

 The underlying event, the near-side and the away-side ratios increase with

25/05/2023

Chiara De Martin - LHCP 2023



Toward, transverse-to-leading and full pt spectra %

of Kg and = in pp collisions ALICE

0 —
KS ot Full
,?-1 TTTT |I 1T |I 1T TT 1T |I TTT | TTTT | TTTT | TTTT ,F-1 TTT || TTT || TTTT TTT || TTT || TTT || TTT || TTTT sah 4.;
S 10%E ¢ stateror ALICE Preliminary O 10E 4 stat eror ALICE Preliminary ; S f | Transverse to leading
— £ E =~ E 3 3¢ (out-of-jet)
> = [ ]syst. error PP VE =5.02TeV 7 > = [ Jsyst. error PR, yﬂg =5.02 TeV_ 7 ol - -
8 10 h-Kg correlation, p1®° > 3 GeV/c [ 8 1 h-E correlation png >3GeV/c 1
= - E = - 3 0; Toward leading
- 1=t VOM Multiplicity Percentile 0-100% — 107 VOM Multiplicity Percentile 0-100% — £ (near-side jet)
S et 7 S S 1 s el
- . ol . 15 1 05 0 05 1 15
> 107'g - = > 10°¢ et E An
81072 ,o0e, " . = 810°F R s
= g -o- M E = c M
2 aF —— - . 2 C O-Q@——@- ]
= 10°F : = = 10 o . -
<&] 1074LE @ Toward leading (x1) j <8]~ 10-5L @ Toward leading (x1) -
=~ 1 0_5 © Ay <0.75, |Ag| < 0.85 ] =~ 1 0—6 C Ay <0.75, |Ag| < 0.85 ]
2 EE W Transverse to leading (x8) EE §/ '§_ B Transverse to leading (x8) _§'
1 0—6 :E 0.75 < |An| < 1.2, 0.85 < Ag < 2.0 E: Al 1077 :E 0.75 < |An| < 1.2, 0.85 < Ap < 2.0 E:
- ¢ Full (x16) ] - ¢ Full (x16) ]
1077 107
E An| < 1.2, /2 < Ag < 3n/2 a Anl < 1.2, </2 < Ag < 3/2 a
|11 I|I |11 |II II| 111 I|I |11 |II II| 11| I|I 11| 11 II| 111 I|I |11 |II II| |11 I|I |11 |II II| 111
o 1 2 3 4 5 6 7 8 o 1 2 3 4 5 6 7 8
p. (GeV/c) p. (GeV/c)
T ALI-PREL-505165 T

ALI-PREL-505169

 Toward-leading spectra of Kg (£) are harder than transverse-to-leading spectra of Kg (Z)

* Same feature observed in different multiplicity classes and different centre-of-mass energies
25/05/2023 Chiara De Martin - LHCP 2023




Toward, transverse-to-leading and full "

vields of strange hadrons vs multiplicity

’g = LENLEEL L LI DL L L L L L LRI I LB L L — /g - AL L L L L R L L L R L L L L B AL L LA LI L —]
< .45E ALICE Preliminary [ Jsyst. error 3 < - ALICE Preliminary [ Jsyst.error 3
S Tk ¢ stat. error 3 s 0.035 ¢ stat.error
< E kO : trigg . - < - —_ . trigg . .
<  0.4Fh-Kgcorrelation|p ™ >3 GeV/c 5 < - h-E correlation, p.” > 3 GeV/c =
A = ® pp,Vs=13Tev 3 7, 0.03 ¢ pp, s=13TeV —
2 0.35 : — o - ; =
=5 F o Toward leading op, (s=502TeV 3 = o Toward leading pp, (§=5.02TeV 3
S, 03 An<075A¢ <0.85 = < 0.025 |a5 <0.75, |Ag| < 0.85 -
> — m Transverse to leading 8 3 = C m Transverse to leading R~
0.25F 0.75<An|<1.2,0.85<Ap<2.0 3 ] — 0.02 0.75<|An|<1.2,0.85<Agp<2.0 3 —]
= ¢ Full 3 - ¢ Full 3
0-2:_ An7| < 1.2, -n/2 < A < 3n/2 = 0.015— Anl<1.2,-n/2 < Ap < 3n/2 . —
0.15F . — - ) =
g '8 s 0.01F . E
0.1 ) — = L] 3
- A = C Y 3
0.05¢- ’ ° e © o ° o o o I 0.005 E_ ® . . _E
: 1 1 1 I 1 1 1 1 I 1 1 1 I I 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 : _ 1 ’ 1 I 1 , 1 1 I I.I 1 .I I I. 1 1 1 I I. 1 1 1 I 1 1 1 1 I.I 1 1 1 I 1 1 .

0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
<chh/ d 77>|r;|<0.5 <chh/ d n>|n|<o.5

ALI-PREL-505074 ALI-PREL-505078

* Both full and transverse-to-leading yields increase with the multiplicity
* Milder evolution with multiplicity of the toward-leading yield
* The yields show no dependence on the centre-of-mass energy

— The contribution of transverse-to-leading wrt toward-leading production increases with multiplicity
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Strangeness enhancement in jets and out of jets %

owm T T T T I T T T T I T T T T T T T T T T T T T T T T I T T T T I T T T T
N4

P [ e lorv%rgslefcrinoges ALICE Preliminary
I i METIB PRSI i ] . . . .
=z 012 = 078 s <3208 <20 . pTQQFSGeWC 71 ¢ The strangeness enhancement in the ratio of full yields is
B 75 < <1.2,085< <2. ’ =13 TeV 1 . -
o U p‘;pﬁs_sszfev i attributed to the larger strangeness content of E (|S| = 2)
A 7 < 1.2, - <Ap< s =5, | i
S - with respect to K2 (|S] = 1)
o0  * e ;4 §f J - Thetransverse-to-leading £/K2 yield ratio increases with
i Vo4 # ¢ +} Z the multiplicity and is compatible with the ratio of full yields
0.06— t _
4 : H } * 1 e+ The toward-leading yield ratio increases with multiplicity
0.04] ! ﬂ ﬂ t - and is smaller than the transverse-to-leading one
B Cl N T R B B B
g pol0 fit
é 0.8 ﬁ ﬂ _
S . 6‘; """ * """ H """""" W( * """"""""""""" %* """""" | * Thetoward-leading and transverse-to-leading E/Kg yield
s ratios show compatible increase with multiplicity
0 5 10 15 20 25 30 35 40
<chh/ d77>| |<0.5

ALI-PREL-505157
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Strangeness enhancement in jets and out of jets %

owm T T T T I T T T T I T T T T T T T T T T T T T T T T I T T T T I T T T T
N4

= e Toward leading ALICE Preliminary
~ L |An| < 0.75, |Ag| < 0.85 trigg i
= 0.12— m Transverse to leading p; " >3GeVic |
: 0.75<|An| <1.2,0.85<A@p <20 ¢ pp Vs=13TeV : . . .
[ & Ful ! ] — Transverse-to-leading processes give the dominant
01  Anl<12 w2<Ap<3u2 pp, s=5.02TeV | . . — 11,0 . L. .
- . contribution to the Z/Kg full yield ratio in pp collisions
o [ syst. error _
0 08_— @ stat. error # B
B i # i $ 4 i — The Z/K2 production is favoured in transverse-to-leading
0.06 * t Y H * +} - processes wrt toward-leading processes
0.04- H ﬂ t - : 10
- ¢ . — The toward-leading and transverse-to-leading Z/Kg yield
- L L ratios increase with multiplicity in a compatible way
§ -- polo fit i
& 08r H ﬂ H ﬂ —
=S AUUR UUURT NN, J SO, JUSR * ............ 1
5 06F * W( % =
:

ALI-PREL-505157
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Summary

* Out-of-jet processes give the dominant contribution to strange particle production
in pp and p-Pb collisions

* The baryon-over-meson enhancement at intermediate pr is related to out-of-jet
processes

e Strangeness enhancement with multiplicity is observed both in and out of jets

Studies of strangeness production in pp collisions will profit from
the large amount of data that ALICE is collecting during Run 3

— e.g. x3000 increase of Q7 for in- and out-of-jet analysis
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Correlations of high-pt charged hadrons €

with strange particles

Full
. S 4 i
The angular correlation method: S| e
2;_ — ~
1. Selection of the trigger particle (~jet axis): N3 T(oward I:jeadin)g
. . . g near-side jet
the charged primary particle with ol 1
the highest pr and pr > 3 — 4 GeV/c An
g ALICE Prellmlnary I+stat.errc|>r '
4 N\ 1_@ L PP, Vs =13 TeV Dsyst. error
P . =4 0 tri
2. ldentification of strange hadrons £ 0.008- K¢ correlaton. pt” > 3 GeVio 5
) ) < C12<p <16 GeVlc i
(associated particles) X | swicors ]
B 0.75<|An| < 1.
\_ J 0. 006__ - ¢ An<12 __
/S . . I oo
3. Angul.ar correlajclon I?etween trigger and 0.004f -
associated particles is calculated
Ap = Ptrigg — Passoc 0.0021- - o 7
An = , _ @: azimuthal angle i U :
\_ 1 = Nerigg — Nassoc n =-1In(tan(6/2)) ] R . ——

k 0: polar angle I A A AR B A

66666666666666
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Toward, transverse-to-leading and full pt spectra of Kg %
ALICE

Y_'_' TTTT | TTTT TTTT TTTT | TTTT | TTTT | TTTT | TTTT
o 1 OQL ALICE Preliminary
-~ E =
> E pp, Vs =13 TeV 7
@ - h-K2 correlation, p"'% > 3 GeV/c -
S {oke . s Pz -
S— E 4 =
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Toward, transverse-to-leading and full pt spectra of % %
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Baryon-to-meson ratio
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Baryon-to-meson ratio enhancement
in and out of jets
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The inclusive and UE ratios show a peak at pt~3 GeV/c
The enhancement is not present within jets
The same is observed for A/Kg in p-Pb collisions at /sy = 5.02 TeV
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A/K(S) in and out of jets in pp and p-Pb collisions s
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In both pp and p-Pb collisions:
* Theinclusive and UE ratios show a peak at pt~3 GeV/c

 The enhancement is not present within jets
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