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Physics motivation

ALICE

* Multi-baryon states are produced in
< high energy hadronic collisions at

the LHC

* Their production mechanism is still
under debate

* Two classes of phenomenological

models:
» Statistical hadronisation

= Coalescence

> 3
)
P
©
B
‘\\‘
3
\i
S

Mid Rapidity

=
\\ b) with QGP =

beam

chiara.pinto@cern.ch SQM Online Conference 21 May 2021



Statistical models 3

ALICE
T :_ T I T I T | T j
. : . 10° E.g Pb—Pb = 2.76 TeV, 0%-10% centralit
* Hadrons emitted from a system in statistical e s T
and chemical equilibrium CE E
101 e ]
$: = ]
* dN/dy o< exp(-m/T ) o e ;
—~ ., 2 s
= Nuclei (large m): large sensitivity to T, + 10 g .
W
: : : S 102 -
* Light nuclei are produced during phase g
e

transition (as other hadrons) 10% e E
1074 @ Data from the ALICE Collaboration 't';.t E

* Typical binding energy of nuclei ~ few MeV

10°° Statistical hadronization

(EB ~ 2 Mevfor d) 108 Total (after decays) ~.fH9 b

. . . F omemmum Primordial f f

= how can they survive the hadronic phase jor L

. 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
environment (T~ 156 MeV )? Mass (GeV)

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

Andronic et al, Nature vol. 561, 321-330 (2018) chemical freeze-out temperature of 7., = 156 MeV.
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Coalescence mOdEIS S.T. Butler et al., Phys. Rev. 129 (1963) 836 n

ALICE

.——————_...
.—---—"‘

 |f (anti)baryons are close in phase space and match the spin state, they
can form a (anti)nucleus

* Coalescence parameter B, is the key parameter

sz F-\/ 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 B, < small B,

* More sophisticated coalescence models are available, with quantum
mechanical properties considered
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The ALICE detector B

ALICE

* General purpose

experiment
‘ * Excellent tracking and PID
- — P % | capabilities over a broad
- TR i

momentum range
* Low material budget

—> Most suited detector at the
LHC for the study of
(anti)nuclei produced in HE
collisions
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The ALICE detector B

ALICE

Inner Tracking System

Time Of Flight
VO
* General purpose
experiment
‘ * Excellent tracking and PID
- — P % | capabilities over a broad
- TR i

momentum range
* Low material budget

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

Time Projection Chamber
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Nuclei identification B

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

* (anti)®*He well separated from the other particle

o 1.1
species over the full p range o
Y 10° Y -
= pp
< Vs=7TeV 0.9 3
Fo! -
é 0.8} )
& 0. i =
= - ALICE performance -
= o 1 PP s =13TeV E
3 10° 0 Goin e E
] : :
04705 1.5 Y R Y
ALI-PERF-112141 p (GeV/c)
I | 1 T | 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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ALICE "—
\G N ALICE Preliminary Eur. Phys. J. C (2020) 80:889 deuterons, pp, \s=13TeV
% 10 E pp’E=13 Tev, Iy'<0'5 L :l L | L | L | L L LI | L | L | L
& F (*He+’He) / 2, o [
- with Lévy-Tsallis fits % 1';‘ *b-a&.p_* (dN _ /dn) = 26.02
g T 0] - - o
- e s g
% ~7 . 10_1?"’“’%4* *:‘?‘i.F' — =
= 10 2% S lhg..:_‘:‘: === = 3
C\IZ o~ o e, T = m
0 O Q 0T T e e T -
= > - — T, e .
= —| 0 . g >
T 0L Z 107 e, e S 5
E E-- g Y- H S === __ VOM Multjpﬁty Classes =
- 104 TSR Chem e [lx2) [h2) ]
i %%% e 2% o IVev 2 S
I 105 £ e e VI(x2%) [o]Vil(x27) -
E = i 2 1 =
10 VOM multiplicity classes S s A elix <2y =
= e -1l 0-10%) 10 T (N _/dn)=255 = [0]x (x2% [m]INEL>0(x2")
T e Il - X (10-100%) ch - - Individual fit E|
B I 11 1 1 | 11 1 1 | 11 1 1 | 11 1 1 | 11 1 1 | 11 1 1 | 11 1 1 | 11 1 1 | 11 1 |:
% El | - | 111 I L1 11 | L 111 | T (Y N} I Y A l | - 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
cv)\ 2 E,_ ‘. .......................................... p (Gevlc)
jq:_) 1.5 s 0 SO O OO = T T
R K S TP E—— * p;spectra fitted with Lévy-Tsallis function = Extrapolation to
S . . — -~ . TS .
%2 unmeasured regions

b (Gevic) ° Hardening with increasing centrality — as seen for other light-
flavour hadrons

ALI-PREL-329515
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Light (anti)nuclei in p—Pb

p—Pb @ 5.02 TeV

ALICE
~ 1 [T [ [ [ | | [ [ [ | [ [ [ [ | [ [ I I ‘ I 1]
— 5 Phys. Rev. C 101, 044906 (2020)
__9 B ALICE Preliminary E 0'1 0(.3) cyo °22 n i 10_2 B I e L L L [T T 1 T ] T 1
© 107'F p-Pb, | S = 8.16 TeV 8] 0-19% -2 S - ALICE VOA Multiplicity Classes
- i y — . _ [} . 1 —
S NN 10-20%.2 3 > o[ pPb {5 =5.02TeV*0-10% (x8) +10-20% (x4)
= : ©20-40% G 107 ¢ NN . .
QI_ : "mec.: Iil 40_1 00 O/O | = - —1 < ycms <0 20-40% (X2) +40-100%
2. L = --- Lévy-Tsallis 104 & (He + °He)/2 * INEL>0 (x100)
- 107°F; — - Z|& = e =
5 - e = ®- I‘EQ?E.: o N - ——— E
& i e T 10°y = . =
© P ) = - = 4+, 7
% 4 T — 20) 6l — . " il
Z 100 e e 10° ) :
I e - 107 & . + =
i ., = = ] = ' 3
[ — ) N ‘ .
10745 "o - 10° & | i T =
M | == . 1 2 3 4 5
: (d+d)/2 i
- ] P, (GeV/c)
i | | | | I | | | | | | | | | | ‘I‘“ | | | l | I\_ . . . .
0 1 5 3 4 e Similar behaviour observed also in p—Pb
0 . 0 3
0-Pb @ 8.16 TeV p_ (GeV/c) * Light (anti)nuclei up to *He have been measured

in small systems
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Ratio to protons — models comparison B

ALICE

P~ = T T T T TTT l T T 1 T TTT I I T ] 1T TTT I w
Q- 0.005 Thermal-FIST CSM (PLB 785 (2018) 171-174), T_ = 155 MeV = -
+ VU v _sdvidy —V.=dvidy 1 £ 40
8 ~ —Coalescence (PLB 792 (2019) 132-137) N 9
~— B 0 o
© 0.004— wmuttiplicity Classes: PO I =
N —  VOA (Pb-side) for p-Pb H ol i = o
~ VOMforppand Pb-Pb .- | U 1 ®
0.003 | B o' , CSM (Thermal-FIST), T = 155 MeV
- . - 5 — V,=dV/dy ---- V_=3dV/dy
B o 10°%=~ Coalescence =
0.0021— = - - - - Three-body -~ Two-body .
T ; i : [e] °He + *He, p-Pb, 5.02 TeV ]
B (+] Pb'Pb’ 2.76 TeV gl — [®] 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.) -
L [ p-Pb, 5.02 TeV = [#] 2« °He, pp, 7 TeV [®] 2 « °H, Pb-Pb, 5.02 TeV (Prel.)
# (e p-Pb, 8.16 TeV (Prel.) - 107 | [G1°H + °H, p-Pb, 5.02 TeV ®He + *He, pp, 13 TeV (Prel.)  —|
0 1 ||||||| | 1 ||||||| 1 | ||||||| 1 | —|||||| | | IIIIII| \ | | IIIII| i —
1 10 10° 10° 10 10 10°
dN /d dN /d
( ch 77|ab>lnlabl<0-5 ( ch nlab>|ﬂlab| <05

* Smooth transition across different collision systems and energies
* Light nuclei production seems to depend only on multiplicity

e Results challenge the models for A=3 nuclei
| |
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Coalescence parameters VS pI/A E

ALICE

* B, is rather flat in multiplicity classes, but increases at high p;/A in the MB class

anti-deuterons, pp, Vs =13 TeV @
c:)""'\ = T T T T | B E— — LA L A S N B B B S| 3 (.6-\ | T | T T T T ‘
= - (dN_ /dn)=2.55 — - &5:3 10" EALICE VOA Multiplicity Classes =
ol ] 1> o « 0-10% ¢ 10-20% (x2) -
(‘B 10 & e VOM Multiplicity Classes = @ ~ P-Pb s =5.02 TeV ° ° m
D SN COCOEREE ] w1 1) =IO - 1<y <0 20-40% (x4) +40-100% (x8) -
S F a0 (x2) 1 o102 . 7 “oms_ . _
Q - -ji__|:5- L Il (x 4) 1 107 E (*He + °He)/2 INEL>0 (x16) —e ) =
1= = ]___‘ A L . IV +V (x8) — = e -
= EmR s [mjm} =1 8 ] VI (x 16) = B ——— i
- VIl (x 32) ] B —% + |
B " | VIl (x 64) - 10°EF e F—%— ‘ i —
I = ]IX (x 128 _ = + | =
1015 %X(LZSB)) R - 3
i - [EJINEL>0(x512) . B |
" e e e ] 1 1oL v .
2 L ] = ¢ =
1072 - S S —— ——] g :
- (dN_ /dn) = 26.02 Q B e T R B -
B | ! ! | \
— 1 I | | 1 I | 1 1 I 1 1 1 | l 1 1 1 | I
10° 0.5 1 15 2 2.5 0.5 1 /1A5 GeV/
Eur. Phys. J. C (2020) 80:889 p/A (GeVic) Phys. Rev. C 101, 044906 (2020) Pr (GeV/c)

pp @ 13 TeV
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(® Coalescenceparameter8, @~ A

ALICE
CG\ T T T T T TTT T T T TTTT T T T L II| o
2 I Continuous evolution of B, with multiplicit
Al ‘L 2 p y
> 102 —iidbabs Biare p/A=0.75GeVic - o gmooth transition from small to large
QS - TN . system size
) Coauce N 1+ Single underlying production mechanism?
~ d, pp, \s =13 TeV - .. .
| v pp. 15 -7Tev | Similar conclusions apply also for B,
10 = [¢] d+d, p-Pb, | s, = 5.02 TeV ]
- [#] d, Pb-Pb, \ s =2.76 Tev 4 Advanced coalescence models taking into
- (@] d+d, p-Pb, |5 = 8.16 TeV (Preliminary) 1 account the size of the nucleus and of the
- B, coalesc. r(d) = 3.2 fm (PRC 99 (2019) 054905) ' emitting source predict similar trend
10_4 | --Param. A (fit to HBT radii) ]
- —Param. B (constrained to ALICE Pb-Pb B,) = _ . o
Y R ST RS AT R The evolution with multiplicity is
2 3 . . .
1 10 10 10 explained as an increase in the source

dN _ /d ' '
( ch n'ab>|’7|ab|<°-5 size R in coalescence models

o ] (e.g. Scheibl, Heinz PRC 59 (1999) 1585)
Strong dependence of B, on collision system size

| ]
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Transverse plane activity 12

ALICE
Production in small collision systems is also FenE PS50
explored using the underlying event (UE)
activity TOWARDS region
Multiplicity dominated by
. . .« pe —A A
UE activity quantified by the self- 7 ? hard trigger (jet)
normalized charged particle Toward
multiplicity: [Ag] < 60
Transverse Transverse TRANSVERSE rEgion
Ntransverse 60° < |Ap| < 120° 60° < |Ap| <120° | Useful observable definition of
R = N ) the Underlying Event (UE)
( transverse Away
Ag| > 120°

AWAY region
Momentum conservation
—> contains recoil jet

10.1140/epjc/s10052-016-4135-4
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Characterize the UE 13

ALICE
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
5 SR A N A S A e B B B LA R N S D:|_ 'IALI'IE'|"I | L L B
Z ,[ALICE Preliminary 1 3 0L AHCE | N
<9]' -Uncertainties: stat.(vertical), syst.(box) 3 25 ',*‘]""“""'-4,‘_‘ | =
< B K i = ; it = 2 : © —1 I -.5.".!
A e T T -4 |
= °F f{w“"*“*****'_*_‘— 4 2 F | . E
: i 3 charged particle density - T 107 E pp, Is = 1pTev E
1" — pp@13TeV . F 4| e =
:,% Transverse region  — published pp@7TeV - 10°° 3= — PYTH{A 8 Monash 2013
F — Pythia8(Monash2013)] = o — EPOS/LHC
| {PT >0.15GeV/candn| < 0.8 £pos.LHC i 104 ‘?_. --NBD f}t (k = 3.969, = 5.247)
o T S P EP N S TS I P 5 T VR BV R T =
"'(-% ................................................................................................ 7EPOS-LHC/Data ...... % k. _E
m ......................................................................................................................................................... _:.l m 1 S R —— oo ———TEITT T LI ALl :
: : 0.5F -
30 35 40 : . . T
T 10.1007/JHEP04(2020)192 R+

chiara.pinto@cern.ch SQM Online Conference 21 May 2021



deuteron production vs R; e new: 10

ALICE

* First measurements of (anti)deuteron production in several R; classes
* d-to-p integrated yields ratio does not depend on R;

(@}
+
Q.

~~

2
<) 0.004

0.002

chiara.pinto@cern.ch

ALICE Preliminary

0.5<

i [m] R:<15
I ppVs=13TeV (411 5< R, <50 |
i pT'ead >5 GeV/c i
| Transverse, 60° < |A¢| < 120° )
i ] ; |
i " £ . |
BE=E S ’
- == -
i | | [ BT

0.5 1 1.5

pp @ 13 TeV

Ia I L L L I
é ALICE Preliminary  [= ] Towards ]
=-0.004- ppVs=13Tev  [o Transverse -
ks C p>5GeV/c Lo |Away )
~0.003F .
0.002 4 5 : =
il i

0.001 —

: R | PR TR  R TR T N AN TR N S ]

0 1 2 3 4 5

Ry

]
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B, vs R; N B

ALICE

& | T [T 7T [T 600 < IAd)I < 1200 & T T T T T T [ T T T T T T T IAd)I < 600
NE | |®|/05<R; <15 ALICE Preliminary | (;,9 e 0< R, <0.5 ALICE Preliminary |
o - +/15<R; <5 pp Vs =13 TeV 2 - [m]05<R, <15 pp Vs =13 TeV |
S} . pT'ead >5 GeV/c - &) © [+15<R.<5 pT'ead >5 GeV/c .
q 01~ Transverse, 60° < 9] < 120°7| @ O0.1- D= TS Towards, [A¢| < 60°
0.05 — 0.05— ‘ ; ]
L _ L = ‘ = _
il = = O - . - —l—? + . = -
- [+ | [— S— . - .
i 1 | | | | | | | | | | | | | | | | | | | | | | i | | | | | 1 1 | 1 1 | | | | | | | | | | | ]

0.4 0.6 0.8 1 1.2 1.4 1.6 04 0.6 0.8 1 1.2 1.4 1.6

p /A (GeV/c) 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

pp @ 13 TeV
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B, vs Ry e B

ALICE
— e e 00 < |Ad| <120° P SN | A0 | < 60°
NS - [m|05< R <15 ALICE Preliminary ] NE . *|0< R; <0.5 ALICE Preliminary i
> B . > - _
o - [*1.5<R;<5 pp \s =13 TeV - @ - [®m]05<R;<15 pp \s=13TeV .
S i PYTHIA 8.3 p > 5 GeV/c 12 b E (5 R <5 pled > 5 GeV/c -
' 0.1- "~ Transverse, 60° < [A0| < 120°7] of' 0.1 D= s Towards, A¢| < 60°
B ] - PYTHIA 8.3 ]
0.05_— 7 0.05_— ' ; ; y
- ! . - LA A= . : -
- [+ ] [ S— - - ; : - .
- —— : ' - . - n f i
R R R N T SO T TN Y TN SN S AN S S MO AN SN SO S AN SO S PR I T N S AU T N N T O NN SO TSN NN SN S S NN N S
04 06 0.8 1 12 14 1.6 04 06 0.8 1 12 14 1.6
p./A (GeV/c) 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
e Comparison with Pythia 8.3 (including d production via coalescence and reactions)

L.A. Dal, A.R. Raklev, Phys.Rev.D 91 (2015) 12 pp @ 13 Tev
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d production in jets

ALICE

x107° ALICE pp Vs=13 TeV
; _I ] | ] 1 ] ] | ] ] ] ] | ] 1 ] ] | ] I_
e Deuteron production from hard S 0,08 pr? > 5.0 GeV/c ¢ Stat. unc. _
processes: p;'¢?>5 GeV/c = - An|<1.8 Sys.unc.
o8 | ZYAMunc. -
* Fraction of deuterons produced in “c;% 0.06— ! ¢ PYTHIA+AB —
the jet is ~ 8-15%, increasing with i i H po=110Mevic |
increasing p; - | I T
0.04— i —
* The majority of the deuterons are - T " -
produced in the underlying event 0.021— + |
UL | _
_I 1 | : | 1 1 | 1 1 1 1 | 1 | 1 1 | 1 I_

0 1 2 3 4

pijre”t (GeV/c)

arXiv:2011.05898 [nucl-ex] pp @ 13 TeV
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Summary

ALICE

* Production of light nuclei evolves smoothly with multiplicity
* Experimental results challenge the models

* Production in small collision systems is also explored using the underlying event (UE)
activity

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

Thank you for the attention!

——— —— —_—_—_—————————————
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Backup

ALICE

.
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Simple coalescence models (I) 20

ALICE

* B, is related to the probability to form a nucleus via coalescence Py 4

* Different implementations of coalescence model
SIMPLEST COALESCENCE no
Considers an emitting source of nucleons randomly distributed like . /'
a gas of nucleons in thermal and chemical equilibrium ° pe
Hypotheses: 1__ P
* Neutron spectrum = proton spectrum (isospin invariance) .
* No space-time distribution of the nucleons considered o
* Nucleons with similar momentum (Ap < p, [=coalescence
momentum]) can form a nucleus >
Px
A, Al My
By=\=m| —
3 m
Consequences: P
* B, vsp;isflat
Applications:

* pp collisions: small volume (comparable with nucleus size) -
nucleons are always close to each other
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Simple coalescence models (ll) 21

ALICE
Phys. Lett. B 794 (2019) 50-63 Phys. Rev. C 97, 024615 (2018)
’.::I_H I I o LI-I : Ii il I ol I o I o I Y I o | o {-';:l_“ a | I I | I I I | I | I | | I | | I I I | | I I | | I | | I .
T L e g YOS ALICE S 0045 ALICEpp {s=0.9TeV, y| <05 od
E vl (x2) pp-_.'l‘s =7 TeV % 0.03F | . a =
(M 1 I+ (x4) d+d O] m F ]
e — A VI+VII (x8) - 0.02 ; 25 m =
m - + VII+HIX+X (x16) - m 0.01 ;_ _;
| %IIIL + + + + E | 1 1 | 1 1 1 | 1 | 1 | | 1 | | 1 1 1 | | 1 1 | | 1 | | 1 E
0.04F = — —
10 EE (ATA A ] - : ALICE pp V\s=2.76 TeV, |y| < 0.5 ]
B AR AAA) sL AR A ! 0-01F | - E
- | 1 1 | 1 1 1 | 1 | 1 | | 1 | | 1 1 1 | | 1 1 | 1 | 1 :
102 [oejepreferoterei ol * | ¢ - : - :
- elepere ° . 0.04F  ALICEpp Vs=7TeV, |y| <0.5 E
I T T R BT BT BTN B R B UUBE_ # I:T _E
02 04 06 08 1 12 14 16 1.8 DGEE e N Q -
02F gl ' E
p /A (GeVic) - [elmmie{e[e[8]® ]
0.01F =
* B, vs p;is flat in small systems as pp = in mult. classes 0:2' By ey e T RIS :

* B, vs p;isincreasing with increasing pT in pp - in MB pJA (GeV/c)
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Simple coalescence models (l11) 22

ALICE
An increasing B’, for the integrated-multiplicity class can be  Rising trend with p; 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 < p)
Bé:BQ 2 with Sd,,{:BZS;; e~ T T [ T T T [ T T T [ T T T [ T ] 17 LI S B
n i ) ’ (&) - Far -
X NN 5 T | «dAUCEpp5=7Tev F=
Rise of B, : consequence of the hardening of the proton spectra 5 0.04— —— EPOS (LHC)* =
ith i i inlici : i e . - PYTHIA 8.2 w/o CR (Monash)* L i
with increasing multiplicity + hard scattering effect (high p;) o - PYTHIA 8.2 (Monash)* e :
;’E; |_ T [ T [ T T T [ T T T [ T T [ T T T [ T T T ]I i 0.03 Euent mixing* “|..- |
& - ALICE g [ * with afterburner \ i
> - - C _ - ’
(‘B 0.04— anti-deuterons, pp INEL, Vs =7 TeV u - £ + + |
< N i 0.02 g + | —
e [ e B, PRC 97 (2018) 024615 i : l E 1) ”»- | ]
", 003 ms, + - - ]
Q - ; 001 ]
0.021 - ~ Phys. Rev. C 97, 024615 (2018) i
— — 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | | 1 1 | 1 1 1 | 1
N i 04 06 0.8 1 12 14 16
0.01 - p JA (Gevic)
N 1 <+ B,isflat only in event mixing: uncorrelated pairs of nucleons
- ..., ... ... 4 < Risingtrend with p;: 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/A ) SIMPLE COALESCENCE IS A GOOD APPROXIMATION FOR d IN pp
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® Simple coalescence models (IV) E

ALICE

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

muIt. classes
>trend of B, in MB most probably explained by
kinematic effect

B, (GeV?/c®)

107"

1072

| T T
ALICE Preliminary

T T I T T T

(d+d)/2

p-Pb, \Sy=8.16TeV,-1<y <0  ®40-100%+2° ~
B ® 20-40% + 22 ]
o | & | 10-20% » 2
— [o[eTeT®le] @ | © | ® 0-10% =
C erefeSTer e o 10 ]
- ® ° =
- ° .
i 1 | 1 1 1 1 | 1 I 1 1 I 1 1 .
0.5 1 1.5 2 2.5
pT/A (GeV/c)

© 10°
3
e
-Enco
5107
Q
*m
Q
fe 5
9
©
'
0

I IIlIHIl

ALICE

p—Pb \s = 5.02 TeV

1<y

cms

<0

« B, (INEL > 0)

1 B} (Re-calculated)

k

I
i

| lIJIIlIl

I

L_e |

T T T T I T T ][[[|||

JIlIIIIJ||||||

e ]
e ]
:EI‘iI
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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Advanced coalescence models

ALICE

Space-time distribution considered

Coalescence probability given by overlap between nucleus wave-function (Wigner formalism)

and nucleon phase-space distribution
[Sun et al., Phys Lett B 792 (2019) 132-137]

System size: HBT radius R
R vs multiplicity: R = a (dN/dn)/3 + b

When looking at B, vs mult. the
parameterization of R plays a crucial
role in the predictions
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d/p ratios vs R, % B
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* d-to-p ratios vs p; show weak dependence on R for all azimuthal regions

pp @ 13 TeV
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d/m ratios vs R; % B

ALICE
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* d-to-m ratios vs p; show mild dependence on R;in all azimuthal regions

pp @ 13 TeV
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d production in PYTHIA 8.3 simulations

ALICE

Simulation details: http://home.thep.lu.se/~torbjorn/pythia82html|/DeuteronProduction.html

* After the final state particles of an event are produced, protons and neutrons are selected and
combined into pairs which may form deuterons

* To ensure conservation of p and E, the final state for each deuteron production channel is required to
have at least two final products, where one product is a deuteron - vs traditional coalescence

* Default deuteron production setup with 8 production channels:

p+n0 - gamma 2H p+ p+ - pi+ 2H
p+ n0 - pi0 2H p+ p+ = pi+ pi0 2H
p+ n0 = pi0 pi0 2H nO n0O - pi- 2H
p+ n0 = pi+ pi- 2H n0 nO - pi- pi0 2H

* Deuteron production:
1. building all valid two-particle combinations
2. determining whether the combinations bind
3. performing an isotropic decay of the bound state into the specified final state

.
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http://home.thep.lu.se/~torbjorn/pythia82html/DeuteronProduction.html

B, in the R—integrated case LWE B
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d production in jets (1)

ALICE
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* (Anti)d vyields is found to be 2.4-4.8 0_—'16%2':'3‘:'1 N
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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