T

Production of light (anti)nuclei
with ALICE at the LHC

Chiara Pinto

Technische Universitat Minchen

(5

ALICE Zimanyi School, Budapest —9 Dec. 2021



TUT Physics motivation
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| S * Multi-baryon states are produced in high energy
SN hadronic collisions at the LHC

* (Anti)nuclei measurement studies are crucial
* microscopic production mechanism

* input in the indirect dark matter searches through
antinuclei probe
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UM Antinuclei as dark matter probe B
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Antinuclei production:

* pp, p—A and (few) A—A reactions
between primary cosmic rays and
the interstellar medium

e dark-matter annihilation
processes
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UM Antinuclei as dark matter probe B

\f\p_ip S 3He + X Antinuclei cosmic ray flux
| — AMS-02
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To determine exact primary and secondary fluxes = precise knowledge of antinuclei production,
propagation and annihilation is needed

0 ] 0 0 0 d .
Transport equation: X yp) + div(D,.grady — Vy) + —p*D,, Y 22 _Ldiv.-vy| -L_-¥
ot op opp? op| dt 3 T,
Sour<_:e Propagation: diffusion, convection... Fragn_me_ntaftlon,
Function annihilation
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UM Antinuclei as dark matter probe B

\f\p_ip S 3He + X Antinuclei cosmic ray flux
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To determine exact primary and secondary fluxes lerprQduction,

propagation and annihilation is needed

0 ] 0 0 0 d .
Transport equation: X yp) + div(D,.grady — Vy) + —p*D,, Y 22 _Ldiv.-vy| -L_-¥
ot op opp? op| dt 3 T,
Sour<_:e Propagation: diffusion, convection... Fragn_me_ntaftlon,
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UM Antinuclei as dark matter probe

Production
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UM (Anti)nuclei production 3

\O_' * At LHC energies (+/s =1-13 TeV) same amount of matter
tiTe K ‘-T /4 and anti-matter is expected (ug ~ 0)
p : : :
2 f“\ /T’° Teh * Production mechanism still under debate
€ * Two classes of phenomenological models:
S

= statistical hadronization = works very well for
integrated yields (even for nucleil)

= coalescence = describes fairly well the ratio to
protons of integrated yields

(ty< 1 fm/c)

=
\\ b) with QGP =

beam
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TUM Statistical models B

| | | | | | |
) . .. 108 EX Pb-Pb \suv = 2.76 TeV, 0%-10% centrality j
 Hadrons emitted from a system in statistical e =
. - . e -
and chemical equilibrium W S B :
101 R ]
: . = 3
« dN/dy < exp(-m/Tem) i yit! ;
S 3 W o 3
. . . ] ] o g g - ’...' -
= Nuclei (large m): large sensitivity to T ., 10t " .
. . . = qa2l
* Light nuclei are produced during phase = B E
transition (as other hadrons) = e
. . . . 10* F @ Data from the ALICE Collaboration ;,.,,
* Typical binding energy of nuclei ~ few MeV : .
10 3 Statistical hadronization
(EB ~2 Mevfor d) o - Total (after decays) . MHe
. . E -------- Primordial +
= how can they survive the hadronic phase ey n g g0 o8 0 I u A aR AN aNGss s e
. 5 0 0.5 1.0 155 2.0 2:5 3.0 3.5 4.0
environment (T, ..~ 156 MeV ): ety

- In Pb-Pb collisions, particle yields of light flavor hadrons
are described over 9 orders of magnitude with a common

, chemical freeze-out temperature of Tem = 156 MeV.
Andronic et al., Nature vol. 561, 321-330 (2018)
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TUTl Coalescence models 5.7, Butler et al, Phys. Rev. 120.(1963) 835 T

* If (anti)nucleons are close in phase space (Ap < py) and match the spin
state, they can form a (anti)nucleus

Coalescence parameter B, is the key parameter

d3N 4 d3 Ny 4
B4(pr) =Eaps dp3 /(Ep dp,%)

P A
Pr=pP1/A

* Experimental parameter tightly connected to the coalescence probability
Larger B, <Larger coalescence probability

Coalescence probability depends on the system size

Small distance in space Large distance in space
(Only momentum correlations matter) (Both momentum and space correlations matter)
< large By < small By
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TUM The ALICE detector B

AR —

HHER LN Qe - e 19 sub-detectors
| * pp, p—Pb, Pb—Pb collisions at
\s up to 13 TeV
—aw_ * Excellent tracking and PID
capabilities over a broad
momentum range
* Low material budget

—> Most suited detector at the LHC
for the study of (anti)nuclei
produced in high energy collisions

-
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TUTl The ALICE detector B

Time Of Flight Inner Tracking System = gpcax < 100 um for pr> 0.5 GeV/c in Pb—Pb
opp ~ 70 ps for pp
opip ~ 60 ps for Pb— Pb\

VO -2 multiplicity estimators used as trigger:
Minimum Bias 2 0 - 100%
High Multiplicity 2 0—-0.1%

R——

e 19 sub-detectors

* pp, p—Pb, Pb—Pb collisions at
Radiation \/S up to 13 TeV
Detector 7= —aw_ * Excellent tracking and PID

> used as passive Vanis: I 4 L capabilities over a broad

| momentum range

* Low material budget

Transition

detector for
absorption studies

—> Most suited detector at the LHC
for the study of (anti)nuclei

Time Projection Chamber = o4g/4x ~ 5.5% for pp oroduced in high energy collisions

O-dE/dX ~ 7% for Pb—Pb
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TUTT Nuclei identification

Low p region (below 1 GeV/c) = PID via dE/dx measurements in TPC

* (anti)*He well separated from the other particle
species over the full p range

— 10°
2 pp
g Vs=7TeV
Ie
)
O
o
|_
=
g 10
LL] AAAAA
©
i 1 1 1 1 I 1 1 1 1 I 1 | 1 : I 1 1 1 1 I 1 1 1 1 l 1 1 1 1
_2 ~1 0 1 2
Phys.Rev.C 93 (2016) 2, 024917 p/z (GeV/c)
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TUM Nuclei identification

Low p region (below 1 GeV/c) = PID via dE/dx measurements in TPC

e (anti)®He well separated from the other particle = 10 N
species over the full p range cﬁ 7
e 10° ; 5 15
= I
c Vs=7TeV 0.9 .
= .
é 0.8 ]
. i
S 0.7 S -
~ E’ ‘ - ALICE performance .
c 063 “pp s =13 TeV ]
o 10 E ]
2 0.58 -
© ; e of g m ]
3 iR Rl PSRN 00 W TS TS NS N WO TR T A N N
04705 15 25 3 35 4
p (GeV/c)
: | 1 3 | 1 Higher p region (above 1 GeV/c) = PID via
-2 -1 0 1 2 velocity B measurements in TOF
Phys.Rev.C 93 (2016) 2, 024917 p/z (GeV/c)
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TuT Light (anti)nuclei in small systems

arXiv:2109.13026v1

LU U —— PP @ 13 TeV
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* p;spectra fitted with Lévy-Tsallis function

= Extrapolation to unmeasured regions
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T Light (anti)nuclei in Pb—Pb

* Light (anti)nuclei up to “He have been measured

in Pb—Pb collisions, thanks to a larger amount
of data available

°
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O B 1 1 1 1 I 1 1 1 1 | 1 | | 1 I 1 | 1 1 I 1 1 1 i) I 1 | 1 | 1 | 1 | T
0 1 2 3 4 o 6 7
P, (GeV/c)

classes in Pb—Pb collisions

* 3H nuclei have been measured in several mult.
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TUTI Ratio to protons — models comparison

—~ [ T T T T T TTT | T T T T T TTT l T T T T T TTT |
1Q- - Thermal-FIST CSM (PLB 785 (2018) 171-174), T_ = 155 MeV C
+ 0.005 Ve=3dVidy —V,=dV/dy B 2 107
e I~ —Coalescence (PLB 792 (2019) 132-137) B 9
© 0.004— wmutiplicity Classes: —— 2
AN L VOA (Pb-side) for p-Pb IRTNI— i)
C VOMforppand Pb-Pb .- *'* i T
0.003- T = o0 ) CSM (Thermal-FIST), T = 155 MeV.
- - y — Vo=dV/dy ---- V_=3dV/dy
B al L ALICE i 1061~ Coalescence =
0002_— : il VI = pp, 7 TeV ] n = - Three-body -~ Two-body .
- pp, 13 TeV ’ : [¢] *He + ®He, p-Pb, 5.02 TeV i
- +] Pb-Pb, 2.76 TeV . - [e] ®He + *He, p-Pb, 8.16 TeV (Prel.)
0.001— [0] Pb-Pb, 5.02 TeV (Prel.) - [@] 2 « ®He, Pb-Pb, 2.76 TeV [¢] 2  *He, Pb-Pb, 5.02 TeV (Prel.)
N (] p-Pb, 5.02 TeV ] [¢] 2« *He, pp, 7 TeV [¢] 2 « °H, Pb-Pb, 5.02 TeV (Prel.)
(@] p-Pb, 8.16 TeV (Prel.) 107 1= [G1°H +°H,p-Pb,5.02TeV  [0] *He + *He, pp, 13 TeV (Prel.) |
O ] Lo vl ] Lo vl ] Lo vl ] 1 I EEEd | | Lol | | Lot | ]
1 10 107 10° 10 107 10°
dN /d
<chh / dn|ab>|n|ab|<0.5 { ch 77Iab>|77|ab| <0.5

— — @ © —— & ©
* Smooth transition across different collision systems and energies

e Light nuclei production seems to depend only on multiplicity
* Results challenge the models for A=3 nuclei
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TUT Coalescence parameters VS p,/A

107 g g 102 e
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TUT Coalescence parameters VS p;/A
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* B, and B;increase as a function of p/A
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TuT Coalescence parameters VS p;/A
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* B, andBjincrea

o effect of the decrease of the system size (R) with transverse

momentum
o B,oxR3(1A
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TUT Coalescence parameters VS p,/A
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TUT Coalescence parameters VS p,/A

* B, measurements useful to constrain nuclei wave function
o HM data sample also used for the precise measurement of the

source radii (PLB 811 (2020) 1358409) source size
><1| O|_3 | | T T | T T T I T | arIXi\ll:ziI-olg.ll3O|26 3 3 ‘li2 2
— - | ~ — —p 4
% 250 ALICE - Bo (pT) - /d qD(Q)e T
> ,0F -
3 20 - ] D _ d3 2 _—iq-r
e 15 + - (q) T T|¢d(r)| €
m N . ]
o -2 * B T PRC 99 (2019) 044913

10 o :
- ] deuteron wave function
Sr o ] rg=3.2 fm

*|pp, Vs =13 TeV, HM |

_ Gaussian Hulthen ]

51 yEFT Two Gaussians -

C e e e ey T
0.5 1.0 1.5 2.0

p./A (GeV/c) HM pp @ 13 TeV
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TUT Coalescence parameters VS p,/A

* B, measurements useful to constrain nuclei wave function
o HM data sample also used for the precise measurement of the

source radii (PLB 811 (2020) 135849) source size
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o -2 * B T PRC 99 (2019) 044913

10 o :
- ] deuteron wave function
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*|pp, Vs =13 TeV, HM |

0- Gaussi Hulth E
55 aussian dihen . * Data favour Gaussian wave function
P XEFT L Ilelo IGIaUIS‘T"a}nISI i * From low-energy scattering experiments Hulten
0.5 1.0 1.5 2.0 should be favoured

p./A (GeV/c) HM pp @ 13 TeV
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UM Antinuclei as dark matter probe

Absorption

Fragmentation,
annihilation

- !
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UM Antinuclei absorption

ALICE measured the inelastic cross section for antinuclei using the LHC as antimatter factory and the ALICE detector as a
target

Antimatter-to-matter ratio (pp 13 TeV)

* Measurement of reconstructed anti*He/3He ratio
and compare to MC simulation expectations
PRL 125, 162001 (2020)

]
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UM Antinuclei absorption

ALICE measured the inelastic cross section for antinuclei using the LHC as antimatter factory and the ALICE detector as a

target
Antimatter-to-matter ratio (pp 13 TeV) TOF/TPC-matching ratio (Pb-Pb 5.02 TeV)
* Measurement of reconstructed anti*He/3He ratio * Measurement of reconstructed
and compare to MC simulation expectations anti3Heof/anti3Heypc ratio and compare to MC
PRL 125, 162001 (2020) simulation expectations

]
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TUTl Inelastic cross section measurements: d

Inelastic cross sections measured for different species

* Antideuterons:
* good agreement with GEANT4 at high p
» steeper rise than GEANT4 at low p

7
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TUT Inelastic cross section measurements: *He

Inelastic cross sections measured for different species

3 24 T T | T | T | T | T T T | T [ I i i Anti3He:
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C
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TUTI Recipe to cook antinuclei fluxes
LN

ALICE_resuIts —
oinel(CHe) on H and He

Y+ 7 =f+fWr+W-,...=2p,d He,y...

AN _/

Dark matter
annihilation
and decays

Results:

Propagation through
Qp + He,He + He = pthge Galaxy: 9 near Earth
diffusion,
convection,
Production solar modulation
of secondary
anti3He

Implementation of antinuclei
propagation in GALPROP

]
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TUTI Results on transparency of our Galaxy

Solar modulated flux

~—— Oparam bCK  —— OGeanta bck flux with annihilation ya
Transparency = = for bkg (DM
— Oparam DM —— OGeanta DM _ P y flux without annihilation —— ( ) g )
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= Qur Galaxy is rather constantly transparent to 3He passage
= Data are in good agreement with Geant4 predictions

= Uncertainties on Transparency only due to absorption
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TUTI Summary

* Production of light (anti)nuclei has been studied in deep details

Solar modulated flux
~— Oparam bck — OGeanta bck

Oparam DM OGeanta DM _|

=
9
w

with ALICE at the LHC in several collision systems and energies

=

<
w
I

GAPS ===-0ann =0 bck [7 1 0ace beck

; Oann =0 DM Oavice DM

[
S

AMS-02

* RunZ2 data fully analysed > looking forward to Run3 data!

m, =100 GeV
X+X=>WH W~ »3He+ X ___z=== S

-

=
|

-

—

* Experimental results challenge the models

background

Flux (m~=2sr-s~1(GeV/A)™1)
3 8 5

=

9
[
wu

* Light (anti)nuclei production and absorption studies at

accelerators can provide crucial inputs for indirect dark matter > (1)‘7’2 o
searches 3 0.50
|‘_E 0.25
* First measurement of the transparency of our Galaxy to anti*He T T R T T

Ekin (GeV/A)

Thank you for your attention!

e
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UM Backup
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Tm Coalescence parameter B,

2. ALICE

1072

B, (GeV?/ c®)

" @lpp, (s =13 TeV, HM
- @lpp, s =13 TeV

3| [@pp, (s =7TeV
10° E
- [@|p-Pb, \fsNN =5TeV
-~ [@Pb-Pb, \[sNN =2.76 TeV

. B, coalesc. r(d) =3.2 fm
----Param. A (fit to source radii)

’
/
’

| llllllll

107 - — Param. B (constrained to ALICE Pb-Pb B,) =
[ | 11 1 111 I 1 1 | N I T | I 1 1 1 1 111 I 1 1 11 11
1 10 102 10°
(chh/dn )

lab |T|Iab|<0.5

Strong dependence of B, on collision system size

Continuous evolution of B, with multiplicity

* Smooth transition from small to large
system size

* Single underlying production mechanism?

Similar conclusions apply also for B,

Advanced coalescence models taking into
account the size of the nucleus and of the
emitting source predict similar trend

The evolution with multiplicity is
explained as an increase in the source
size R in coalescence models
(e.g. Scheibl, Heinz PRC 59 (1999) 1585)

chiara.pinto@cern.ch
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TuT Coalescence parameters VS p;/A

* B, is rather flat in multiplicity classes
* B, increases at high p;/A in the MB class = related to hardening of proton spectra

anti-deuterons, pp, Vs = 13 TeV p—Pb @ 5.02 TeV 3He
d’)\ E T T I T T I T I T T T T I T T T T I I I T T I E (6.\ I T T
C§ - (dN_ /dn) =255 —i B /e § 10" EALICE VOA Multiplicity Classes E
- —m ] ] - =
8 10 ity Glasses - = - p-Pb |5 =5.02 TeV =0-10% ¢ 10-20% (x2) 7
= SN LU LELE - & ] (m]1(x1) .T & C A =0 +20-40% (x4) +40-100% (x8) -
~ F (=]l (x2) o102 8 omE_ -
DL e i N e e CNELOKI® S
E EEEge = o (== 2 & | VI (x 16) : g - — — i
- 5 | VIl (x 32) ] B = = . 7
I [I— — -+
. 5 ] VIl (x 64) v 10°%E e ' =
101 [m]1X (x 128) - + ] -
S [®] X (x 256) “ o = 7
i , - (m]INEL > 0 (x 512) - B i
" e e " i 104 ‘ 1 ¢ -
1072 E EEEEY s [ w(® el ™ 1 ¥ | — - T —— ¢ . -
- = - e S— e,
- (dN_ / dr) = 26.02 ¢ B FE 1 Byoc’fe/ o ]
—3 | | I 1 | | 1 I | | 1 1 | | 1 1 | | 1 1 1 | I I I l l l l l l I I I

0 0.5 1 15 2 25 0.5 1 1.5

Eur. Phys. J. C (2020) 80:889 pT/A (GeV/C) Phys. Rev. C 101, 044906 (2020) ’DT / A (G eV/C)

MB pp @ 13 TeV

chiara.pinto@cern.ch

- is the probability of forming a (anti)nucleus constant with p;?
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TUT_Astrophysical implications

ANTINUCLEI PRODUCTION

% 1. Secondary cosmic rays from hadronic
interactions of primary CR with the
InterStellar Matter (pp, p-He...) in the Galaxy

Dark matter annihilation

SIGNAL

e Search for Dark Matter through antinuclei

probe is chased by several experiments (GAPS,
AMS, BESS, ...)

* Need to determine exact primary and
secondary fluxes, which require precise
knowledge of antinuclei production,
propagation and annihilation

Experiments at accelerators can provide crucial
inputs for dark matter searches

chiara.pinto@cern.ch
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TLUT Antinuclei fluxes near Earth B

Ingredients needed to predict primary and secondary fluxes:
*® antimatter cluster formation mechanisms

*® model of cosmic ray propagation in the Galaxy and the heliosphere
¥ annihilation cross section of antinuclei in the ISM and the detector materials

Transport equation of antinuclei:

oy : o oy 0| dp p, .. v oy
— = g(r,p) + div(D, grady — Vy) + —p2D — —=iv-Vy| - = -=
= q(r,p) (D, grady — Vy) app P op 2 op e 3( W e &
Source S ! : Fragmentation,
EBEtGh Propagation: diffusion, convection... Ay
Production Propagation Absorption
« DM * Galaxy Studied with ALICE at the LHC
« CRs * Heliosphere .

Antinucleus/nucleus ratio
 TOF/TPC ratio

Coalescence models developed at accelerators are also used to calculate the probability that DM annihilation would
create an antinucleus
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TUTI Transverse plane activity 2

Small collision systems as pp are particularly interesting = O— -0
 system created in the collision has a size similar to that of the

UE activity quantified by the self-normalized
charged-particle multiplicity:

R _ NtTClTlSUBT'SB \\
=
(N transverse ) \
UNDERLYING \
EVENT
Low R; <~ low UE f
High R; <~ high UE Toward: |Ad| < 60°

Transverse: 60° < |Ad| <120°
10.1140/epjc/s10052-016-4135-4 Away: |Ad| > 120°

nucleus f
* allows for the study of coalescence since nucleons are created close 1

RECOIL

chiara.pinto@cern.ch PF session 24 November 2021



TUM deuteron production vs R, 25

* First measurements of (anti)deuteron

G L L L L L L R B RN B
production in several Ry classes N§  [*]Towards ALICE Preliminary ]
e d-to-p integrated yields ratios weakly depend T - [m]Transverse Wl gla) -
= s pTea >5 GeV/c .
on R; Q" 0.1_— y 0.0<R.<50 -
o) [** F T * T F[® T AF [ ® @ a T &7 | i
é_ ALICE Preliminary  [= ] Towards I ]
=0.004- ppis=13Tev  [c]Transverse 0.05F _ —
é pT'ead >5 GeV/c L e |Away I = . - ]
0.003F = - -
: | _ I B B S R A
— e § 04 0.6 0.8 1 2 1.4 1.6
0'002; i § . - p_/A (GeV/c)
0.001+ — ¢ Bjissimilarin all azimuthal regions, confirming
- . that deuteron production is dominated by UE
0 % 2' ' é ' 4', 5 (Phys. Lett. B 819 (2021) 136440)

By

e
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TUT d production in

jets

* Insight on (anti)d production in §
smaller phase space available in jet 3
fragmentation 8 <

 High-p; (p;'®% > 5 GeV/c) trigger =

particle used as jet proxy
* Fraction of deuterons produced in
the jet is ~ 8-15%, increasing with

increasing p

* The majority of the deuterons are
produced in the underlying event

Phys. Lett. B 819 (2021) 136440

0.08

&
o
»

0.04

0.02

X] O_:? I I 1 I | 1 | I | I IALIICEI pF)I ET‘I 3ITe\I/
B ,otTrig >5.0 GeV/c ¢ Stat. unc. |
B |An|< 1.8 Sys.unc. 7
B ZYAM unc.
— ¥  PYTHIA+AB —
: ] H p,=110 MeV/c :
- —L L} B
R az 2n l* ]
B | |
i | | 1 | | 1 | | 1 | | 1 | | | | | |

pp @ 13 TeV

4
pieUt (GeVic)
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UM Simple coalescence models (l)

* B, is related to the probability to form a nucleus via coalescence Py 4
* Different implementations of coalescence model
SIMPLEST COALESCENCE
Considers an emitting source of nucleons randomly distributed like
a gas of nucleons in thermal and chemical equilibrium
Hypotheses:
* Neutron spectrum = proton spectrum (isospin invariance)
* No space-time distribution of the nucleons considered
* Nucleons with similar momentum (Ap < p, [=coalescence

momentum]) can form a nucleus

ma

n
e
@®
o
A-1
n=(34)
Consequences: p
* B, vsp;is flat

Applications:
* pp collisions: small volume (comparable with nucleus size) -
nucleons are always close to each other

chiara.pinto@cern.ch Zimanyi School Workshop, Budapest - 9 Dec 2021



T Simple coalescence models (1) B

Phys. Lett. B 794 (2019) 50-63

—

I IIIIIII

B, (GeV?/c®)

I

107"

I Illllll

IlllIlllllllllllllllllllllllllll

VOM Multiplicity Classes ALICE

® I+l (x1) =

v Il (x2) pp, Vs =7 TeV
V4V (x4) d+d

A VI+VII (x8)

+ VIII+IX+X (x16)

Bﬁl‘ll‘liq-*‘i- +
Mg AT ATAL 4]

Vv Y Y V] ]
eserereerer L * | ¢

IlIIIllIIlllllllllllllllllllllll

|

| llIIIll

02 04 06 08 1 12 14 16 1.8

pT/A (GeV/c)

B, (GeV?/c®)

* B, vs p;is flatin small systems as pp = in mult. classes

* B, vs p7isincreasing with increasing pT in pp = in MB

0.04
0.03
0.02
0.01

0.04
0.03
0.02
0.01

0.04
0.03
0.02
0.01

o

Phys. Rev. C 97, 024615 (2018)

P AEUEE T N S | ’l_ LI B L L L L L Y N L ) L L LY L =
= ALICEpp Vs=0.9TeV, |y| <0.5 o d E
3 - 0d -
3 . E
E I T B (SN T RN N O (O oy T M i T Ol L3N N LA G ol o L7 e e e E
= ALICE pp (s =2.76 TeV, |y| < 0.5 E
3 : .
3 8 oo 00 : E
E PR T T S T N T T T [N T TN T T T N T N T N T N S ' ;
= ALICEpp (s=7TeV, |y| <0.5 . E
3 i mal; =
: —alera* b ‘ OF } IJ E
3 ssmaeeeeeel® 2= E
g g | oo g | opf ey g 9 ) o 9 5 | oG ptef ]y g ] g é
2 04 06 08 1 12 14 16

p1jA (GeV/c)
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TUT Simple coalescence models (ll1) B

An increasing B’, for the integrated-multiplicity class can be  Rising trend with pr reproduced by QCD-inspired models coupled

obtained from a flat B, in each multiplicity class with to coalescence-based afterburner > only momentum correlations
> (N/N)S?, between nucleons are considered (Ap < po)
Bé:Bz — 2 WlthSd,I:BQSp21 5‘* rr | rrr.rrrrrrr &[T ] T
% N, : ’ S H 3
[zi=0 (N/N) Sp < - —d,ALICEpp \s=7 TeV VA
Rise of B, : consequence of the hardening of the proton spectra  § 0.04— —— EPOS (LHC)* 2 A=
T : BT : : ~ [ ---PYTHIA 8.2 w/o CR (Monash)* 3
with increasing multiplicity + hard scattering effect (high p+) o L PYTHIA 8.2 (Monash)" " o .
;’; I_ LA N N N N O N N HY N B B B |_ 003_ Event mixing* ,/'-+ —
R - ALICE g [ *with afterburner { ]
> & - i -‘ ‘ ]
8 0.04— anti-deuterons, pp INEL, Vs =7 TeV - = % + -
2 N - 0.021— , ¢ ] =
o [ e B,, PRC 97 (2018) 024615 i B l B olsle . B - -
=, 0.03 Ws, + - = -
= - - 0.01— - » B
0-02:— — ~ Phys. Rev. C 97, 024615 (2018) 3
— —] 1 1 1 l 1 1 1 I 1 L 1 I 1 1 1 l 1 1 1 I 1 1 1 I 1 1 1 l 1
N - 04 06 0.8 1 1.2 14 16
0.01— 7 pT/A (GeV/c)
- 1 <« B,isflat only in event mixing: uncorrelated pairs of nucleons
-]« Rising trend with pr: hard scattering effect vs AA collisions where
04 06 038 1 12 14 16 related to collective flow
/A (GeV/c
Phys. Lett. B 794 (2019) 50-63 P AL ) SIMPLE COALESCENCE IS A GOOD APPROXIMATION FOR d IN pp
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UM Simple coalescence models (IV

B, weakly rising with p;/A also in p—Pb collisions in

mult. classes

> trend of B, in MB most probably explained by

kinematic effect

CY/)\ B T | T T T T | T T T T T | T T T T ]
NE B ALICE Preliminary (d+d)/2

> "~ p-Pb, |5 =8.16TeV,-1<y <0  ®40-100% 2" °

S ) ® 20-40% + 22 ]
m (@1 ® 1 o 10-20%-2

107 [e[eTef®Te[ @ | © | ® 0-10% E

) :lI!' )

‘é -

_2 0 ]

1 O - (@] (] ® ® _

C [l ™ o[ o .

i 1 | 1 1 | 1 | 1 | 1 1 |

0.5 1 1.5 2 2.5
pT/A (GeV/c)
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Enm
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aa
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©
o
0

] p-rb colisions i 0

T IIIIIIII

ALICE

p-Pb s, = 5.02 TeV .
1<y <0 1
« B, (INEL > 0) —— i

1 B (Re-calculated) - (-

1 Il 1
T + + + + T + + + + T +

| IIIIll|

llll|||||||”|

7 -
e ] 7
e .
05 1 15
Phys. Rev. C 101, 044906 (2020) p_/A(GeVic)

Rising trend of B, with p;/A cannot be explained by
simple coalescence hypothesis

MORE SOPHISTICATED COALESCENCE IS NEEDED FOR

A=3 NUCLEI, CONSIDERING VOLUME DEPENDENCE
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TUT Advanced coalescence models

* Space-time distribution considered
* Coalescence probability given by overlap between nucleus wave-function (Wigner formalism)
and nucleon phase-space distribution

_~~ 12 ! 1 1 Ll T T L ) T L] ] T T T T T T T T
[Sun et al., Phys Lett B 792 (2019) 132-137] E TFit to ALICTE HBT | | | | |
E - —— Sun, Ko, Doenigus, 1812.05175 //f
—— Constrained to ALICE Pb-Pb 0-10% B, E q
* System size: HBT radius R ALICE HBT, k; = 0.887 GeV/c /// .
* Rvs multiplicity: R=a (dN/dn)*3 + b 8 ; zﬂ;fv-"s%f;g;'i;o) 2 B
: e Pb-Pb, \(%q —276Tev 7 8

* When looking at B, vs mult. the
parameterization of R plays a crucial 4
role in the predictions

I]TTTITTIIIIIITIT]TII
\

o 2 4 6 8 10 12
13
Phys. Rev. C 99, 054905 (2019) (chh/d n
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TLUT Characterize the UE B

e Plateau region (jet pedestal): e Several intervals of R; are selected in order to
5 < p;'eading < 40 GeV/c distinguish between low and high UE activity
'(C) [T Y °*YJ‘ YrrrJyrrryr vy rr Y - m}_. v 'ALI'(:IE v | T T T ‘ T T T T T T T T T T T T l_-
< ,[ALICE Preliminary 4 = 4L | | | . N
= 1 1 - \> - eading - E
<9]' -Uncertainties: stat.(vertical), syst.(box) o [ ,*M‘l-«.‘ T e :
<:1 - 1_1"—' s : = '05 101 | %”L. pin > 0.15 GeVic, | < 0.8
e T a.- .
= L charged particle density - 107 pp. Is = 1pTev E
- " — pp@13TeV N - W) [4-|Data =
] - : E SL2Y evTH|a s Monash 2013 -
B Transverse region  —*- published pp@7TeV - 10 = onash 2 -
F — Pythia8(Monash2013)] oF EPOS'LHC G)
: p, > 0.15GeV/cand n| < 0.8 EPOS-LHC A S -..-NBD dt (k = 3.969, ,-I, = 5.247) N
O ...!....!....!1...!....!....!........1—': . ll.ll 11'11 llllllllllll F
*(__U‘ _13TeV/7Te ........... _ Pyth|aB/Data ........ 7EPOS-LHC/Data ...... g ------- E
_________________________________________________________________________________________________________________________________________________________ = Q) miimiimiimmm == o
8 & SN
: i , : : 0.5 =
5 10 15 20 25 30 35 40 | | | | :
,D:a "9 (GeV/c) 1 2 3 4 5
10.1007/JHEP04(2020)192 R
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Tm B, in the Ry—integrated case e New! 3 36

&= L L L L L LN
N3 - |e|Towards ALICE Preliminary i
Ny i _
Q - | m|Transverse pp \s =13 TeV -
o) e p9>5GeVic -
o 0.1~ way 0.0<AR;<5.0 ”
- PYTHIA 8.3 7

0.05— —

L - = = _

: / e — ] :

R AN S T T TN T N AT T SO TN AN T T T NN ST N SO AN SO S
04 06 0.8 1 1.2 1.4 1.6

pT/A (GeV/c)

B, parameter flat vs p/A = in
agreement with simple
coalescence

Similar values of B, for
Towards & Transverse regions
— against naive expectations
Comparison with Pythia 8.3
(including d production via
coalescence and reactions)

pr-dependence & ordering are

reproduced by simulations, but
not the magnitude

JRONERY

chiara.pinto@cern.ch

Zimanyi School Workshop, Budapest - 9 Dec 2021



TUTI d production in jets (ll)

e |

. . . . - £ ¢ [ ® @ & & 7 ¥ §F 7 ] 3 A L L S L B
Insight on (antl)c?l prod.ucjuon in smaller g E ALCEp {5=13 TeV 2.4 < plett <30 GeVic =
]E)hase spacg available in jet “ - : P05 50Gevic  [An[<18 -
J?ghmentagog Vv : - g 2 0'1:_ ¢ Stat. unc. OSys. unc. EIZYAM -
Ig_ ;’DT (> € /C) trigger particle use 0.08— +PYTHIA+AB  C=(221+0.73) x 10° ]
as jet proxy - .
* Measurement of (anti)d yields within 0.06|— =
|Ad| < 0.7 r?d | i i | sl m Wﬁj rh_I
* Uncorrelated contribution subtracte = = E— i sk kil e
with ZYAM (zero yield at minimum) 0028 Eiﬁl i L&dﬁt %Ltf[ﬁhaﬁji-' il ‘HL,JM, s E_

e (Anti)d yields is found to be 2.4-4.8 B L
standard deviations above uncorrelated A (rad)

background (p;® > 1.35 GeV/c)
* Good agreement with PYTHIA calculation

+ coalescence afterburner

pp @ 13 TeV
arXiv:2011.05898 [nucl-ex]
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TLT CR antinuclei flux

* Search for Dark Matter through o Antideuterons from DM
antinuclei probe is chased by several .
experiments (GAPS, AMS, BESS, ...) 10~ e
. . . i I AMS-02 sensitivit .
* At low energy signal is enhanced wrt T sk ' _
background T . o i
, : : T 107 |- —— DM Cukrko Secondary CR=
* Background estimate of CR antinuclei E = MED-MAX I Secondawgfm =
. e - MED-MAX -
can be provided by accelerator € w07k —~
experiments S | -
e 107F Tertiary CR E
10°° : : —;
- === Tertiary CuKrKo =
= MED-MAX 2]
constrain the coalescence models with light (anti)nuclei 10—1;0_1 _— '1'(')0 S 1'(')1 : L ‘1'02
measurements allows us to reduce the error on source function T/n [GeV/n]

Phys.Rev.D 97 (2018) 10, 103011
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