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Whny studying nuc\el in P‘IIC and vvhy we should care

t'Te T, K, p, ... * Question 1: When are light nuclei formed?
A ’?:; A Tfo - Hadrons emitted from the interaction region in - | **f”e-f”f' l:,::
= | » /TCh statistical equilibrium when the fireball reaches § :Z o
% T g limiting temperature §‘°":
O —y ° Abundances fixed at chemical freeze-out S
§ * Freeze-out temperature Tchem IS @ key parameter >

= For nuclei (large m) strong dependence on Tchem

ﬁ- Abundance of a species «exp(-m/ Tchem):

A. Andronic, P. Braun-Munzinger, J. Stachel and H. Stoecker,
Phys. Lett. B607, 203 (2011), 1010.2995
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Question 1: When are light nuclei formed?

* Hadrons emitted from the interaction region in
statistical equilibrium when the fireball reaches
limiting temperature

« Abundances fixed at chemical freeze-out

* Freeze-out temperature Tchem IS a key parameter

« Abundance of a species «exp(-m/ Tchem):

= For nuclei (large m) strong dependence on Tchem

Yield (dN/dy) for 10° events

RMAL MO

A. Andronic, P. Braun-Munzinger, J. Stachel and H. Stoecker,

llllllll I llllllll I I lllllll

- %He, *He ¥aH

-5-*He, “He

Phys. Lett. B607, 203 (2011), 1010.2995

* If (anti-)baryons are close in phase space after the kinetic
freeze-out they can form a (anti-)nucleus

* (Anti-)nuclei produced at the chemical freeze-out might
break up and re-form during the time span between the
chemical freeze-out and the kinetic freeze-out.

EA\LES@EN’

J. I. Kapusta, Phys.Rev. C21, 1301 (1980)
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Why studying nGclel in BiG and Fwhy we should care

tlTe . K, p, * Question 1: When are light nuclei formed?
: . . . . . Q 6l lllllll I I IIIIII:I3 I.—I IIIIIII_'-I:i
' S A To » Hadrons emitted from the interaction region in 5 ¢ 7 e e 4

o —+=-"He, "He

% | » / ch statistical equilibrium when the fireball reaches 2 10

5 T limiting temperature 3

Q —y ° Abundances fixed at chemical freeze-out >
2

O
=
§ * Freeze-out temperature Tchem IS @ key parameter
@ < Abundance of a species «exp(-m/ Tchem):

= For nuclei (large m) strong dependence on Tchem

A. Andronic, P. Braun-Munzinger, J. Stachel and H. Stoecker,
Phys. Lett. B607, 203 (2011), 1010.2995

E- If (anti-)baryons are close in phase space after the kinetic
freeze-out they can form a (anti-)nucleus
v - (Anti-)nuclei produced at the chemical freeze-out might

=L

=l

N

(to< 1 fm/c)

break up and re-form during the time span between the
chemical freeze-out and the kinetic freeze-out

/ J. |. Kapusta, Phys.Rev. C21, 1301 (1980)

beam Question 2: Is the hadronic phase affecting loosely bound objects?
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Why Studylngnuc\el inBiC and vthe should care

tlTe 7 KD * Question 1: When are light nuclei formed?
A g A Tho . - Hadrons emitted from the interaction region in ‘%12
% | s~ / ch @ statistical equilibrium when the fireball reaches ® o
g T g limiting temperature ;';‘ 3
O —y ° Abundances fixed at chemical freeze-out >
< $

s ° Freeze-out temperature Tchem IS @ key parameter
(v

« Abundance of a species «exp(-m/ Tchem):
I = For nuclei (large m) strong dependence on Tchem

A. Andronic, P. Braun-Munzinger, J. Stachel and H. Stoecker,
Phys. Lett. B607, 203 (2011), 1010.2995

- If (anti-)baryons are close in phase space after the kinetic

.
(to< 1 fm/c) freeze-out they can form a (anti-)nucleus
* (Anti-)nuclei produced at the chemical freeze-out might
- = break up and re-form during the time span between the
Z

chemical freeze-out and the kinetic freeze-out

/ J. |. Kapusta, Phys.Rev. C21, 1301 (1980)

beam Question 2: Is the hadronic phase affecting loosely bound objects?

Studying the (Anti-)(Hyper-)Nuclei production properties will help us to understand better our current description of the
latest stages of a Heavy lon collision and will shed light on the nucleosynthesis mechanism at hadron colliders.
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* General purpose heavy ion experiment

» Excellent particle identification (PID) capabilities and low material budget

=Most suited detector at the LHC to study the (anti-)(hyper-)nuclel produced in pp, p-A and
~-Pb collisions
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ALICE - (Anti-)NUclei idéntification
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) . IR BE \ ALICE _
PEEREAW. Y 'AYHL IAR'm AN a ¥ _ y v ' ;v E ' W | ~ Pb-Pb, \SNN =2.76 TeV -
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Time p/z (GeV/c)

Flight rojection
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*At pr < 1.2 GeV/c the TPC energy loss provides an excellent PID for deuterons
=0dE/dx~6.5% (in Pb-Pb collisions)

* (anti-)3He well separated from the other particle species over the full momentum range

*Raw yields extracted for each prbin from the fit to the no distributions
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* At higher pr the PID iIs perform
=0OTOF-PID~ 89 PS IN Pb-Pb collisions
=oToF-PiID~ 120 Ps INn pp collisions due to th
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ALICE Preliminary

< _
O _
o 350 -
% deuterons, pp Vs=13TeV 1
g 300 2.2 < pT < 2.6 GeV/c _:
O ¢ Data _
© 250F . -
~ o — Signal + background -
~ n a
$ o0 %, [/ ) T Background ]
= F+ X z
L 150 — —
B - _
100 — —
50 :_ ey —
N * ¢ 4
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-1.5 —1 -0.5 0 0.5 1.5

1
m? - m2 (GeV?/c*)

P

ed using TOF to measure the [3 of the particle.

e lower precision on the event start time

* Raw vields extracted for each pr bin from t
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(ANti- )deuteron % and S'bectra |n P Pb

ALICE, 10.1140/epjc/s10052-017-5222-x

Elliptic flow was measured using 2 LA
the scalar product method z ALICE 7:: Blast Wave Fi
| : Pb-Pb | s, =2.76 TeV ° ;
* Particles measured by VOA S 04 NN p+p K
” 0-10% 10-20% *0ed e :
(2.8<n<5.1) and VOC (-3.7<n<-1.7) N _ Predicted
as reference. g e
» Deuteron candidates are the : :*"’“" :
narticles of interest (|n]<0.8)
oA . 20-40%
_:;’..o‘.

<un,i(pT7 77) ' Cj%}>

V(e o

vp{SP} =

Data/Model

5 6 5 5 5 A
p. (GeV/c) P, (GeV/c) p. (GeV/c)

The Blast Wave model, fitted to the spectra and the v2 of pions, kaons and protons reproduces
reasonably well both the v2 and the spectra of deuterons

= Hint for a common Kkinetic freeze-out with lighter particles!
1E. Schnedermann et al., 10.1103/PhysRevC.48.2462; STAR, 10.1103/PhysRevlLett.87.182301
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(ANti- )deuteron % and S'bectra |n P Pb

ALICE, 10.1140/epjc/s10052-017-5222-x
Elliptic flow was measured using - - | SAARREAASAARRALE

S 10 ALICE ~ X : “Wave Fi
the scalar product method 8 ™, N e geavel
. S 1Ty, POPD Sy =2.76 TV = | b, o, o, PP K*
* Particles measured by VOA 3 10 e 0-10% : 10-20% s, ~
(28<n<s5.1) and VOC (-3.7<n<-1.7) iz ) ) d
as reference. o '
. ettt s, , A | setten,, —
» Deuteron candidates are the 102 LN . SN
narticles of interest (|n]<0.8) 10 | e S
10_4 20'400/0 N
( )
Un.i (DT, 1) * 37 . 0 ¢
vp{SP} = : : g ’ :
< n,A n,B> % 3
MA MB a : ® eial®
0.5
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
p. (GeV/e) P, (GeV/c) p, (GeV/c)

The Blast Wave model, fitted to the spectra and the v2 of pions, kaons and protons reproduces
reasonably well both the v2 and the spectra of deuterons

= Hint for a common Kkinetic freeze-out with lighter particles!
1E. Schnedermann et al., 10.1103/PhysRevC.48.2462; STAR, 10.1103/PhysRevlLett.87.182301
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(ANti- )deuteron % and S'bectra |n P Pb

I'he coalescence parameter e & T T T T
for a nucleus 7/ with A NE 10721 o ALICE _ ci 050 Data Coalescence -
nucleons Is defined as: > e = i Pb-Pb | 5, =276 TeV - = C ¢ 0-10%  E@0-10% ]
O i 1 - = 10-20% 353;;;10 20% i
A = - = 10-20% 1 2 - U Ul i -
A3 N, d3 N, o | t 1 o 040 4 20.40% = 20-40% B
E; =Ba E an o O I ° W ° .
i3 A\ Ep713 -+ 20-40% 1 D i i
P; Pp . " i ]
- * f 1 > 03¢ -
15 d* Ny i i
deuterons d7qp3 . ol ® I 1
10 °F — i ]
_ X 0.2 .
: o ] i i
. R | ot .
Simple coalescence - i : : !
° Flat COalescence parameter —1 L1 1d| I 1_1 v b b b b b b ,— O__' "' T ? " ‘ :. .. -. -. l ' B S B B A R ,——
0 1 2 3 4 5 6

o 1/dn(nd+)— 0 05 115 2 25 3 35 4 45
4 2(p T)—2V2p(2,0pT) pT / A (GeV/c) 'DT (GeV/c)

In general, simple coalescence does not describe ALICE deuteron measurement in Pb-Pb collisions.

e Different observation made at lower energies, where simple coalescence is able to describe deuteron
V2 In A-A collisions.

e [lattening of the Bz in peripheral collisions
= Hint of system size dependency in the nuclei production mechanism
= Completely flat B2 in p-Pb and pp vs multiplicity
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mailto:mpuccio@cern.ch

/};7' &' 7 7"‘ “W,‘ ::\ \'_/ - FEN ‘ T “ / )

,_53 //i

The Coalescence parameter CY,)\ | | | | | | | | | | | | | | | | | |AI_IICIE_IPLIJBILIIC_I20I17I_()IO6I |
f C\A/ O Pb-Pb \ s, =5.02 TeV |
ora ﬂUC|§US lWIth A “; - o 05%\ o 5-10% 10-20% 20-30% i
nucleons is defined as: 8 107 30-40% 40-50%  © 50-60%  ® 60-70% =
37 2 A ~ - e 70-80% e 80-90% o ppINEL \s=13TeV .
E' d N’L _ B E d Np m — ) Q INEL normalisation uncertainty: 2.55% -
de3 A pdp3 -~ [OloloreTol ; |
(/ p 10_2 — ® é _ 0 =
dSNd - %L °le ° o * O : o 5 -
B o] ® o ¢ YE A ® eol® ° r 3k I[E _
deuterons Ed dps3 _ @5.:::..‘..-° _
| EE. —
107 TeTele ela st 3 E

deuterons, |y| < 0.5
° Flat COalescence parameter 10—4 : | | | | ] | | | | ] | | | | ] ] I ] ] ] ] | ] ] | ] I ] ?

0.5 1 1.5 2 2.5 3

o d d-)=

V9o (0%7)=2Vv2P(20PT) pJA (GeVi/c)

In general, simple coalescence does not describe ALICE deuteron measurement in Pb-Pb collisions.

e Different observation made at lower energies, where simple coalescence is able to describe deuteron
V2 In A-A collisions.

e [lattening of the Bz in peripheral collisions
= Hint of system size dependency in the nuclei production mechanism
= Completely flat B2 in p-Pb and pp vs multiplicity
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nucleons is defined as: 8 107 30-40%  © 40-50%  © 50-60% e 60-70% E
A ~ - ° 70-80%  © 80-90% o ppINEL \s=13TeV
dSN ) d3N \ : INEL normalisation uncertainty: 2.55% -
Ei——"=Ba | Ep——" R Srele
dp dp3 OloJooT0o 3
‘ b 1072 [ 5
SO ==r T O -
EdSNd N @"T":T:‘:""o’é < =
deuterons d™qp3 - W:::...,,:::..l.. :
i e} oTo /ol . o |
0ok e ol STeTels] — —
- QppOOQESOnoaC O : -
. e roleatetete® ’ . .
Simple coalescence - - d'-'fE Pre'l'“l“'“g’;’ -
euterons, |y| < O.
* Flat coalescence parameter 10 o=
0.5 1 ® 2 2.5 3
o d d+\—
V9o (0%7)=2Vv2P(20PT) pJA (GeVic)
In general, simple coalescence does not describe ALICE “n measurement in Pb-Pb collisions.
e Different observation made at lower energies, wher - coalescence Is able to describe deuteron
V2 In A-A collisions. O
e [lattening of the B2 in peripheral collisions
= Hint of system size dependency in the . duction mechanism

= Completely flat B2 in p-Pb and pp vs “yCity
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(Anti-)3He v in F

The v2 of 3He was measured
using the Event-Plane method:

1. Reconstruction of the Event
Plane (estimator of the
Reaction Plane)

2. Vo computed as:

I =« Nin—plane — 1Vout-of-plane

RZ 4 Nin—plane =+ Nout—of—plane

Rz is the event plane resolution
Out of plane

U2

In plane

I b o
.0
o
‘0
*
*

mpuccio@cern.ch - (Anti-)Nuclei production and vz at the LHC - 16/05/18

0-9 :l | I LB | LI L L I 1T 171 I LI L ' UL I || |::| | | P11 I | L L I L L I LI I | I L | I || |::| | | L I L I | L I | L L I | L I | | |:
0.8F- ALICE Preliminary + T -
0.7 Pb-Pb, ys,,,=5.02 TeV,0-20% 20—40% + 40—-60% | —4—T
ook E - .5
: Data Blast-Wave T —4—1 :
0.5 e °He+ °He [ + E: E
>04f ™ P+P } S :
0.35_ (v,), %3, (p,)) x 3 _ _
0.2F .- w3
: = : :
0.1 guT = - E
% =5 . -
N I ' L s N ]
OF T =
Lol vttty b B s b v b b e e by B v b s b b s b Lo o Lag gl

1 2 3 4 5 6 1 2 3 4 5 6 1 2 S 4 5 6
P, (GeV/e) p. (GeV/c) p; (GeV/c)
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(Anti-)3He vo |n

The V2 Of 3He WaS measured O.QEIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIEEIlIlllllllllllllllllllllllllllléé
' 0-3F relimin T T
using the Event-Plane method: Pb_PbA;LiEf;_’(‘)z A e i
1. Reconstruction of the Event st
. . Data Blast-Wave - | ¥
Plane (estimator of the 05F o °He+ °Fic [ * 1
' >04f ® p+P T E
Reaction Plane) IR _5
2. V2 computed as: o 4 _:
o — L Nin—plane — 1Vout-of-plane 0-1;‘ ...l."':j.d‘ l‘ ‘
9 = - o _+_, 1 : :
R24Nin—pla,ne_|_Nout—Of—plane 0:1111111111|||||||||||||1||||||| lIllllIllllllllllllllIllllIlll_::lllllllllllllllllllllllllllllll:
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

P, (GeV/e) p. (GeV/c) p; (GeV/c)

Rz is the event plane resolution
Out of plane Different behaviour with respect to the deuteron v»!

* The overall agreement of the Blast-Wave! fitted to lighter species
prediction for 3He is better in the most central collisions

* The simple coalescence expectation (green points) gets closer to
the measured 3He for 40-60% centrality

* More statistics in the next Pb-Pb run and in the Run3 and
Run4 of LHC will help to disentangle this discrepancy!

mpuccio@cern.ch - (Anti-)Nuclei production and v at the LHC - 16/05/18 1E. Schnedermann et al., 10.1103/PhysRevC.48.2462; STAR, 10.1103/PhysRevlLett.87.182301
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*
*
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(Antl ISV in Pb-Ph

TheV2 OfBHewaS measured 0'95"|""|""I""l""l"ll|"l§ll|llll|llll|llll|llllllllll|||EE|||”|||””|””|””I],
i - : 0.8 ALICE Preliminary E +
using the Event-Plane method: b Po-pb.youe 503 0, 0-20% 4 o -

1. Reconstruction of the Event 0.6F

- Data Blast-Wave
Plane (estimator of the 05F o °He + °Flc [
: >4 W P+P
Reaction Plane) b g xaey, xs

2. V2 computed as: o

: e |
1 = Nin—plane — 41Vout-of-plane 0.1 .l'... "1
Vo — _"_._—+— +

RQ4Nin—pla,ne_|_Nout—Of—pla,ne O:IIIllllIlllllllllllllllllllllll AN NN R RN Y oo lv e bvrr s bv v ber v bvv v baag
1 2 3 4 5 6 1 2 3 4 o} 1 2 3 4 5 6
P, (GeV/c) v, (GeV/c) p; (GeV/c)

Rz is the event plane resolution
Out of plane Different behaviour with respes 1e deuteron va!

The overall agreement ¢f siast-Wave! fitted to lighter species
prediction for SHe is k N the most central collisions

The simple coales 2 expectation (green points) gets closer to
the measured< or 40-60% centrality

e More sis s In the next Pb-Pb run and in the Run3 and

| | Run/ (C will help to disentangle this discrepancy!
mpuccio@cern.ch - (Anti-)Nuclei production and v at the LHC - 16/05/18 . Schnedermann et al., 10.1103/PhysRev(C.48.2462; STAR, 10.1103/PhysRevLett.87.182301
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(Anti-)*He productlon' '|‘I;b Pb

ALICE, 10.1016/j.nuclphysa.2017.12.004

!r =
¥ & l\, ’

Pb- Pb 2015 run \/SN =5.02 TeV negative particles

: - _1000F SR .
= L ALICE, 0-80% Pb-Pb, | 5, = 2.76 TeV} E R b % ,d "’H§ 4;5 ALICE performance
; : = 900 O Y\ 20.04.2018 [of
= o - - . :‘; < —
C - + A L T =
0.95 - . T _e 800 — -' 8102;_ i
: AN | —=10°
0.9 f : — 7001 -
L L - E “He B
0.85 [ T D600 10°
0.8 E 8 E g | ‘-1 15 2 25 3 35 mg(;\t/s/z:
: ; = & 5005— 22 o
0.75 + 400{ |
L - Positive tracks | N
: = = Negative tracks : : :_
0.7 :_ + ':'§ e Data 200 - e S
0.65 [ , ) -+ . i —Theoretical °He line 200 4
E alll- - ' o ¥ . N O T .. N,
0.6 - O 111 e s ' \ + L,’ . == Theoretical *He line - 100}; ................
B T(GeVlc) ' T I g : ,
0l g e n lsgwa g gg ol M R oo ool winafoasolooiolsoialiooeled | | '
6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 9 0" 2x10™ 1 2 3 4 56
P
> (GeV/c) £ (GeV/c)

The production of the heaviest anti-nucleus ever seen has been measured in Pb-Pb@2.76TeV
= \We “rediscovered it” also in the new data sample Pb-Pb@5.02TeV!
* |ts production rate is compatible with that of 4He

mpuccio@cern.ch - (Anti-)Nuclei production and vz at the LHC - 16/05/18
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(Anti-)*He production’ifn®

ALICE, 10.1016/].nuclphysa.2017.12.004

P

Wiand Y

3 ¥ —_—— Y W) AN a7\ \ I/ \ {
- -’Ti \ _“3 'p"". T < ‘E{\-‘-' _
? =9 EH v N
¥ L - )
'ﬂ - ~ a ‘—\ \ ! '.\‘?
o :
|

.!b Nl
S

.
= L ALICE, 0-80% Pb-Pb, | 5,5, = 2.76 TeV}. . : 2107 E ALICE
& i § . ©
095 F =~ T 10;
; T e
09 i =
E E 107"
0.85 [ I oI
E 107
08— T 1073 E
075 C — Positive tracks - 1 0_4
r = = Negative tracks - | _5
0.7 F 3 /i e Data 10
0.65 —+ ' — Theoretical °He line - 107° 0-10% Pb-Pb, \ Syny = 2.76 TeV
E G ]
! ! i == Theoretical “He line 107/
0.6 [ -y ¢ r
I PN PPN PR PR FETL TRUTE JRET Fo TNl INNN1 SN ANl ANETE FRATA AT, 10_8 | | | | | I | I I
6 -5 -4 -3 2 -4 0 1 2 3 4 5 6 4 3 -2 -1 0 1 2 3 4
£ (GeVic) A

* The production of the heaviest anti-nucleus ever seen has been measured in Pb-Pb@2.76TeV
= \We “rediscovered it” also in the new data sample Pb-Pb@5.02TeV!
* |ts production rate is compatible with that of 4He

The exponential decrease in nuclei production rate (predicted by the Thermal model) is confirmed!
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W

04D 2-.20 or.o - * Thermal model is very

nt+nt K'+K KO K*+K*
S

5 —5 0 == A == d &—2-°He “He “He

£ ° . & e s successful in reproducing the
o r T T ¢ T T T T T T T T T 3 particleyields measured by
L e e PLER0I0%POFD s =270TEV 1 ALICE in Pb-Pb collisions at

e T = ] sw=276Tev
otE b o == 4 e (Anti-)nuclei and even hyper-

q» Not in fit

oo | oEewsws ¢ 0: i F i F P PP ] nuclei fit in the thermal picture
Model T (MeV)  V (fm) +v2INDF |: e e g | _
— THERMUS 2.3 155+2 5024 +543  24.8/11 | BR = 25% -1 * This result, together with the

[ ez smeesw wenl e successful Blast-Wave fit to
R S S S S S S S SN SN N S deuteron data suggest that
o ........... ........... ¢¢¢ ........... ........... — ........... ........... ..... l% ......... _ nuclei production happens at
' e R AT N A %H- the hadronisation, when all the
3 other particles are formed.

dN/dy
=)
I
?
|

>
;M
|
l

1

—_
S
M
!
!

O
o o
[

L
.
.
.
.
.
.
.
.
.
r
.
.
.
.
.
.
.
.
.
.
.
i
.
.
.
.
.
.
.
.
.
.
.
v
.
.
.
.
.
.
.
.
.
.
)
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.-
.
.
.
.
.
.
.
.
.
.
.
-
.
.
.
.
.
.
.
.
.
.
.
L4
.
.
.
.
.
.
.
.
.
.
’
.
.
.
.
.
.
.
.
.
.
.
r
.
.
.
—_—
.
.
'
.
.
.
.
.
.
.
.
.
i3
.
.
.
.
.
A
.
.
.
.
.
.
.
.

N
ll'l 11 ororird | L |
:
:
:
-
:
-
i
-
L
:
P
:
:
|

The current formulations of the
thermal model seems to be the

N
lllll
I

-
-
-
-
.
.
.
.
.
.
.
.
.
.
.
-
.
.
-
.
-
-
-
-
-
-
-
)
.
-
-
.
.
-
-
-
.
.
-
-
-
-~
-
-
-
-~
-
-
.
-
.
.
.
.
.
.
-
.
.
.
.
.
.
-
.
.
.
.
-
-
.
-
-
-
-
-
-
-
-
-
-
-
-
o~
-
-
-
-
-
-
-
-
-
*.
-
-
.
-~
-
-
-
-
.
-
-
-
-

(mod.-data)/o .. (mod.-data)/mod.

|
N
TTTTTY

-
-

:

:

.

.

’

}

:

.

|

|
N
I

SR OTOOIOIOS SOOI WOTRTTTOOR NUTSTOOOOR U N e T TSI OSSO VORI WSSOI MO standard model of particle
ALICE, 10.1016/j.nuclphysa.2017.12.004 . . -
production in Pb-Pb collisions

mpuccio@cern.ch - (Anti-)Nuclei production and vz at the LHC - 16/05/18



mailto:mpuccio@cern.ch
https://www.sciencedirect.com/science/article/pii/S0375947417304839

Q. '\

3 .“
D 2

Y= ! -

The standard nmodel of’b’artlcle pro“Uction n A-A?

 The larger data sample
> 5. K T 0 ST 5 T2 5 collected in LHC Run2 and

rar KK 0 KSR p+p 24T Q4T “H+ H He

5 ; ; : _ Improved reconstruction and

. ALICE Preliminary ; vsis + hni d d
5 5 . Pb-Pb 15y, = 5.02 TeV, 0-10% analysis techniques reauce
Sl TV ala the uncertainties.

: 5 5 5 5 5 = . 5 5 * The tensions with the thermal
SNotinit e model fit to our new preliminary

Model ~ TMeV) V()  £NDF| results are now larger
— THERMUS 4 152 + 2 7832 + 484 58.710| 5

-3
10 = =+ GSl-Heidelberg 153+ 2 7260 + 410 41.9/10| : : : :
-+ SHARE 3 153+3  5211+703  49.710| § D e THERMUS 4 5.70

dN/dy

2 2
f

+

%

{

?

— —
© o
oL

—
<
1N

-

_ ........... ............. .............. ............. ............. ............. .............. ¢¢¢— GSI-Heidelberg  4.30

|
o

E— ----------- ------------- -------------- Cl[:][:]q]d]di ............. .............. I{JHIJI{J ........... _§ SHARE 3 500

(mod.-data)/c . (mod.-data)/mod.

ANDOND O1 O O
1 Trrjrrirjpirii lll!l 1
i

mpuccio@cern.ch - (Anti-)Nuclei production and vz at the LHC - 16/05/18 11



mailto:mpuccio@cern.ch

LN o =
\> = —

Unifieo descrlptlon‘ of A C1eosynth98|é at collider?

EOOOG_ | | IIIIII| | | L | | IIIIII| | | I_
+ ~ [#lp-Pb, sy = 5.02TeV ALICE Preliminary -
Q. B VOA Multiplicity Classes (Pb-side) ]
~— 0.005— ]
— — [m]Pb-Pb, s, =5.02 TeV i
-(QI - [®]pp. \s=7TeV ) . - ]
0.004[— %[pp, Vs =13 TeV il | —
B VOM Multiplicity Classes — +i m .|_ I ol ] | -
- . - I [ | —
0.003 ¢ U - —
- @ B : _
- ml | 7
0.002- & 197 -
- | *ﬂ | #|Pb-Pb, |5,y = 2.76 TeV (PRC 93 (2015) 024917) -
- B J|pp, Vs =900 GeV, d/p (PRC 97 (2018) 024615)
0.001— MHpp, s = 2.76 TeV, d/p (PRC 97 (2018) 024615) _
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1 10 107 dN /1 é)"’
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» Simple coalescence works in small systems while thermal models describe better the Pb-Pb data
* Hint of deuteron suppression in central collisions (Still not signiticant with the current uncertainties)
* |s this smooth transition suggesting a single description for the nucleosynthesis in HEP?
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» Simple coalescence works in small systems while thermal models describe better the Pb-Pb data
» Hint of deuteron suppression in central collisions (Still not significant with the current uncertainties)

* |s this smooth transition suggesting a single description for the nucleosynthesis in HEP?
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I’a- O 006 B | | L | | | L | | 1T 1T T 11 | | | | |
+ [ [#]p-Pb, Ysyy = 5.02 TeV ALICE Preliminary -
Q. B VOA Multiplicity Classes (Pb-side) ]

~— 0.005— —

— — [m]Pb-Pb, s, =5.02 TeV i

& - [®]pp, s =7 Tev ) - || _ -

0.004(—[%/pp, 15 = 13 TeV - ! I -
- VOM Multiplicity Classes _ N 1l T ]
— . I M I —
0.003— - ﬂl -
: - Thermal model
0.002— W %
: 7 W cxpected shape
- ' " pp, Vs = 900 GeV, d/p (PRC 97 (2018) 024615) —
0.001— P pp, Vs =2.76 TeV, d/p (PRC 97 (2018) 024615) _
N S pp, Vs =7 TeV, d/ip (PRC 97 (2018) 024615) ]

Rise compatiDle with e
coalescence AN, /A o

» Simple coalescence works in small systems while thermal models describe better the Pb-Pb data
* Hint of deuteron suppression in central collisions (Still not signiticant with the current uncertainties)
* |s this smooth transition suggesting a single description for the nucleosynthesis in HEP?
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Unifieo descrlptlon of A C1eosynth98|s at collider?
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smoothly as a function of multiplicity
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Unified descrlpt on of fi C‘leosynfhe‘ls at collider?

1071 | — The coalescence parameter evolves
- — Eq. i . . .
i P ISR 53 GeV /3 : smoothly as a function of multiplicity
- % 1 pp Serpukhov 11.5 GeV Vs i . . . . .
] 1 771 phl/Be SPS 200-240 GeV 1 ] with no discontinuity between different
- \\ L1 pBe FNAL 300 GeV p,, i . .
_ N 272 BTi FNAL 300 GeV ps _ colliding systems
E=1 pW FNAL 300 GeV p,, ] .
© © PbPb central ALICE 2.76 TeV 5 high p * Another hint of a system size aware
10'2 | @® & PbPb central ALICE 2.76 TeV Vs low p, | . .
— - @ & PbPb off ALICE 2.76 TeV v3 highp, | pI’OdUCtIOn mechanism
N i © © PbPb off ALICE 2.76 TeV v low p, i
2 I e o0 ey T This behaviour has been qualitatively
2 i described by parametrising the
) I coalescence parameter using the
1073} system HBT radius R:
E B 2 2‘ —3/2
i B R b
_ 2 o068 | (BP0t
5 + GeV 1 fm 3.2fm
' ' where the numerical factors come from
4 PR PA M | it
10 ; - . . ; : - approximations of the nucleus and
nucleons sizes
R[ fm ]

mpuccio@cern.ch - (Anti-)Nuclei production and vz at the LHC - 16/05/18 13



mailto:mpuccio@cern.ch

conclusions

(Anti-)nuclei production measurements at the LHC challenge the traditional production models

* Currently thermal model describes sufficiently well the nuclei production (from proton to 4He)
 However the discrepancy between the global thermal model fit and data is slightly larger

* Simple coalescence works only in small systems
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conclusions

(Anti-)nuclei production measurements at the LHC challenge the traditional production models

* Currently thermal model describes sufficiently well the nuclei production (from proton to 4He)
 However the discrepancy between the global thermal model fit and data is slightly larger

* Simple coalescence works only in small systems

Particle chemistry evolution with multiplicity suggests that a single mechanism could be behind the
production of hadrons in all systems colliding at the LHC

* For (anti-)nuclei: system size aware hadron coalescence models?
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Conclusions

(Anti-)nuclei production measurements at the LHC challenge the traditional production models

* Currently thermal model describes sufficiently well the nuclei production (from proton to 4He)
 However the discrepancy between the global thermal model fit and data is slightly larger

* Simple coalescence works only in small systems

Particle chemistry evolution with multiplicity suggests that a single mechanism could be behind the
production of hadrons in all systems colliding at the LHC

* For (anti-)nuclei: system size aware hadron coalescence models?

Deep scan of all the production properties of nuclei will help to constrain and understand these
new models

* Deuteron and 3He vz in peripheral collisions = next Pb-Pb run at the end of this year!
* 3He and “He production at very small multiplicities (in p-Pb and Pb-Pb) = Run3 and beyond!
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(Anti-)nuclei production measurements at the LHC challenge the traditional production models

* Currently thermal model describes sufficiently well the nuclei production (from proton to 4He)
 However the discrepancy between the global thermal model fit and data is slightly larger

* Simple coalescence works only in small systems

Particle chemistry evolution with multiplicity suggests that a single mechanism could be behind the
production of hadrons in all systems colliding at the LHC

* For (anti-)nuclei: system size aware hadron coalescence models?

Deep scan of all the production properties of nuclei will help to constrain and understand these
new models

* Deuteron and 3He vz in peripheral collisions = next Pb-Pb run at the end of this year!
* 3He and “He production at very small multiplicities (in p-Pb and Pb-Pb) = Run3 and beyond!
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= o 1_° Bl = B _
- [ e ; ¢ : - -
I e i 0.01 —
S i _
107 :— . ALICE Preliminary — i i}
: | | | 1 1 1 | 11 1 I I 1 1 | 11 1 | L1 1 I 1 1 1 | 1 1 1 | 1 1 | | 1 |: B | | | I I | | | | | | I | | | | | | I | | | I | I | I | ]
0. 6 08 1 12 14 16 18 2 22 24 26 28
pT/A (GeV/c) 0.4 0.6 0.8 1 1.2 1.4 1.6

pT/A (GeV/ce)

The rising Bs in Pb-Pb and p-Pb collisions can be partially explained, in the wide centrality bins, by
the mathematical bias coming from the proton spectra change as a function of multiplicity.

This effect has been already observed in pp (see M. Colocci talk) and is also affecting the
determination of Ba for rare species, where it is not possible to extract the coalescence parameter
with the finest centrality bins
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The rising Bs in Pb-Pb and p-Pb collisions can be partially explained, in the wide centrality bins, by
the mathematical bias coming from the proton spectra change as a function of multiplicity.

This effect has been already observed in pp (see M. Colocci talk) and is also affecting the
determination of Ba for rare species, where it is not possible to extract the coalescence parameter
with the finest centrality bins

mpuccio@cern.ch - (Anti-)Nuclei production and vz at the LHC - 16/05/18 16



mailto:mpuccio@cern.ch

AT, 7 ' ,_ ‘~|- A .‘ '.l',. | “ g Y \ - _,, ‘»y "‘l " // S A | ;.. > v
7 u _ /o _‘

Deuteron and 3He produ‘C‘tlon spectra |n Pb-Pob@5T1eV
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ZCD ? ‘ Co g ':":b-:z;.:, d t\e\rons Pb-Pb \s 5.02 TeV = Z 6
— eu , Pb- = 5. - 6| _ _ S .
= 10 C Bt - e 0-5% (x512) e 5-10% (x256) ] Z 10 = Pb-Pb VSN = 5.02 TeV =
E%%qu%“ 10-20% (x128) 20-30% (x64) = N — o o -
- Reraung 30-40% (x32) 40-50% (x16) 3 - * 0-10% ° 10-40% B
10°° E O o 50-60% (x8) e 60-70% (x4) = B n
= ® 70-80% (x2) e 80-90% (x1) 3 - * 40-90% ----Individual fit .
o - -- Individual fit O ppINEL \s =13 TeV]
10 E_ INEL normalisation uncertainty: 2.55% E 10_7 — | I | | | | =
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The pr-differential production spectrum is well fitted by the Levy-
Tsallis function

d*N dN  (n—1)(n—2) mr —mg\

dprdy - dy nC(nC + my(n — 2)) (1 i nC )
where mo is the nominal mass of the deuteron and n,C are fit
parameters.

The Blast-Wave (BW) tfunction fits well the data.
Characteristic hardening of the spectrum with
iIncreasing centrality.

» Radial flow pattern

These fits are used for the extrapolation of the yield to
the unmeasured region at low and high pr.
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05 - expectations
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ALICE-PUBLIC-2017-006
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DCAXy (c
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m)

* Fit on a range of DCAxy wider than the
cut used to extract the spectra

* Variable binning used to account for the
shape of the primary particles around O

* Primary fraction extracted from the
fitted primary particles template
integrated in the DCAxy range
corresponding to the analysis cut

Primary particles template and
particle from material templates are
taken from the MC.
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‘E ALICE, Pb-Pb, | 5=2.76 TeV § Comb. i The Blast-Wave combined fit to
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Coalescence in p- Pb COHlSlons

2ox10° Simple coalescence predictions hold in p-Pb
& 1 85— VOA Multiplicity collisions:
C% - Class (Pb-side) | | _ S
o 16 - Ty ol 0.10% * B2 is prindependent in all the multiplicity
el 14:_ A +++ ©!10-20% biNs inVGStigated
12 ®20-40%
C —@— _‘__‘_ o
10 ©140-60%
o %; b L @]60-100%
- -0
6F *
4E  ALICE preliminary
2;— p-Pb | s,, = 5.02 TeV, deuterons
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See M. Colocci talk for more on this topic!
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2ox10° Simple coalescence predictions hold in p-Pb
& 185— VOA Multiplicity collisions:
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See M. Colocci talk for more on this topic!
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Coalescence in p Pb COHISIOHS

Q24 iiev L Simple coalescence predictions hold in p-Pb
> VOM Multiplicity Classes ALICE Preliminary P :

o 2.2 o collisions:
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F 233 Blast-Wave p+p > » B2 is prindependent in all the multiplicity
~ 1.8F i coalescence ¢4 == bins investigated

 Mean pt of the produced deuterons follow
the coalescence expectation

 The Blast Wave expected mean
transverse momentum Is overestimating
systematically our measurements

p-Pb, |5, = 5.02 TeV

VOA Multiplicity Classes (Pb-side)
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Simple coalescence successfully describes
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5 10 15 20 25 30 35 40 45 the nuclei production in small systems
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See M. Colocci talk for more on this topic!
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