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Central barrel upgrade @® °

New Inner Tracking System (ITS2)

* Complementary Metal-Oxide-Semiconductor (CMOS)
Monolithic Active Pixel Sensor (MAPS) technology

* Improved resolution, less material, faster readout

New TPC Readout Chambers (ROCs)
* Gas Electron Multiplier (GEM) technology i
* New electronics (SAMPA), continuous readout

Tokyo, Nagasaki
Integrated Online-Offline system (O?)
* Record MB Pb-Pb data at 50 kHz

* Online data processing to cope with 3 TB/s

Tokyo, Nagasaki




ALICE ITS upgrade - status

Beam pipe

ALPIDE (ALICE Pixel Detector)

Developed for the ALICE upgrade (ITS and MFT) 'fi

Thinner: for innermost layers ~0.30% X,

Smaller pixels: 27 X 29 um?
Readout rate: 100 kHz

130 000 pixels/cm?

Max. particle rate: ~100 MHz/cm?
Spatial resolution: ~5 pm

Thickness: 50 pm for the inner layers

Fake-hit rate: < 10 per pixel per event

fake-hit rate (per pixel and event)

number of pixel vs hit frequency
. 1:5853
. 2: 2991
N 3-100: 57
N 101-0.1%: 27
BN 0.1%-10%: 13
N 10%-99%: 6
. >99%: 24

10-1 fake hits / pixel / event

10° 104

number of masked pixels (out of 28 x 106)
Runs 200029 - 201183

3 hit track
candidates

22/ ndf 9926/ 12
Constant 1.483e+04 + 1.281e+02
Mean -0.003638 £ 0.000119
-| Sigma 0.0246 + 0.0002

~1/5 of statistics
from each run
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ALICE GEM-TPC upgrade

ALICE

Central HV
electrode

High precision, low
mass field cage

Diameter: 5 m, length: 5 m

Gas: Ne-CO,-N,, Ar-CO,

Max. drift time: ~100 ps

I8 sectors on each side

Inner and outer read out chambers: IROC, OROC

Current detector (Run |, Run 2):
* 72 MWPCs, ~550 000 readout pads
* Wire gating grid (GG) to minimize lon Back-Flow (IBF)

¢ Rate limitation: few kHz

Operate TPC at 50 kHz

— no gating grid. 4 GEMs and continuous readout

particle track

.»” gating grid
¢ shielding
grid
Z ©
: | sensing grid
P )

pad plane

Using 4 GEM stacks with different
pitches (S-LP-LP-S)

* GEMis good at IBF

* Fast signals and no ion tails

Many R&D efforts by CNS to
optimize the GEM configurations
and search for the alternative options

i (2 F R4 —E| [EFE—LICH]
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http://be.nucl.ap.titech.ac.jp/cluster/symposium/166/

ALICE GEM-TPC upgrade - status

2019-2020 ALICE

Max Values OROC A03 (39) Event 111 Mlax Values OROC A03 (39) Event 98
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TPC space-charge distortion correction

ALICE

* t4ion = 160 ms — ion pileup from 8000 events at 50 kHz Pb-
Pb collisions
* Distortions up to dr ~ 20 cm, dr¢ ~ 8 @ Gain=2000, IBF=1%
 Final calibration to 103 required

* ML-based framework development in CNS using GPUs

High resolution currents on GEM electrode
— space-charge density — distortion correction

e 50 kHz Pb-Pb MC events
e Tracks/Clusters from different collisions are shown in different colors.

0.15

\ Work in Progress

o
-

IIIIIIIIIIIIIIII

* TPC intrinsic resolution ~ 200um
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New DAQ system “O2”

ALICE

O2/FLP

CRI - First Level Processors
Receive detector data and
processing on PCle-based FPGA
board (CRU)

O2/EPN
TPC 570 GB/s

CRO - Event Processing Nodes
ITS 40 GB/s
Rest 5 GB/s ~2000 GPU & CPU

60 PB

Sub-Timeframes (10-20ms)

AR

Continuous ; ] (;ompressed

Unmodified 1 Timeframes (CTF) disk storage,
Calibration data

Raw data

360 GB/s

TPC 3.3TB/s
ITS2 40 GB/s
Rest 25 GB/s

2/3 CTF 1/3 CTF

O2/PDP

Physics and Data Processing on EPN TierO Tierl
* Synchronous reconstruction . .
* Calibration & asynchronous reconstruction archival archival

(and event selection only for pp)
» Utilize ~2000 GPU and HPC

)

1]
]
i

Asynchronous
processing

60 PB
CCDB Compressed time frames
conditions
database Calibration data disk storage, 360GB/s

(~25% redundancy)

\
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Asynchronous
processing

CTP
Central Trigger Processor

Distribution of timing info, heartbeat trigger

Analysis Facilities



(Re-)installation sequence

ALICE

Reinstall TPC in
ALICE Cavern

O

Jul-Aug ‘20

o

Install cage and central
beampipe

Aug-Sep ‘20 Oct ‘20

Install MFT and
FIT-C

Global
commissioning

LS2 ends

Install ITS2

Y
°NY
* N
N

Nov-Dec ‘20 Jan-Mar ‘21 Apr ‘21 Aug ‘21



LHC and ALICE Run3 program

2019 2020 2021 2022 2023 2024 2025 2026 2027
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" Long Shutdown 2 (LSZ)J Run3 " Long Shutdown 3 (LS3)

e Decision at the last December:

* Extend LS2 by 2 month. Cavern closure on May It 2021.

* Extend Run3 by one year (2021 — 2024). LS3 starts in 2025

* Consider to drop one of the HI runs after 2021 (most likely 2022) and attach it to the HI run in 2024.
* Decide on the final beam energy after the magnet training at the end of the extended LS2.

 ALICFE’s plan is to accumulate 200 pb-! for pp and 6.2nb"! for Pb-Pb (~x5 as Run2) in Run3.
arXiv:1812.06772 (YR-WGO05)

**The COVID-19 pandemic has a huge impact on these plans ***
LHC and experiments are evaluating new schedules. First outcomes will come in June.



|
Main questions to be answered (personal view) n%uce

* Space-time evolution of the system is described by relativistic (viscous-)hydrodynamics.
* Viscosity/entropy is found to be close to the limit of strongly interacting system

* What is the temperature dependence of medium properties!
* strongly correlated system S weakly correlated system

* What is the characterization of the phase transition between hadron gas and QGP!?
* Deconfinement and chiral transition?

* What is the smallest droplets of the QGP!?

* Observation of collectivity in small systems (pp and p-Pb collisions). What is the origin? Hydro?

[ Ultra-Cold Quark-Gluon hadron : ) i
Helium Water . Semi quark-gluon plasma - quark-gluon plasma
§ | \./
° . P
(]
I \/ .
£ 0L
s f
E L http://science.energy.gov/np/nsac/reports/ ‘
1 String Theory Limit ' :
E Loy e g S dilute : strongly correlated == perturbative QCD
0 4 "8 "4 8 12 "4 8 121 2 3 >
x10° x10 x10 x10 — 12 2
arXiv:1707.04966 TC (2 3)TC . T

Temperature (K)



Prospects — Transport properties
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Prospects — di-quark correlations
ALICE

99 s} % i
Y@~ @

Enhanced production of charmed baryons relative to mesons
Sensitive also to the existence of [ud] diquarks in the QGP

Oh et al., PRC79 (2009) 044905
Ghosh at al., PRD 90 (2014) 054018
He, Rapp et al. arXiv:1905.9216

Di-quark as effective DoF

J- Phys- G 41 (2014) 087001 b 10:I T | T T 7 | T T 1 | 1 1 1 | T T 1 T
_ 4 GV ’_\% 10’_ T I]IIT]ITI]TII]IIT]ITI]TIITIIIIIT']TV— 2‘0 9: ALlCEUpgradesimulation =
— zi::: - 8:65§eve Qo I Pb-Pb,\'s\,=55TeV ] = Pb-Pb mf 5.5 TeV, centrality 0-20% ]
1 I ——- no diquark correlation §D L Ly = 10 nb™', centrality 0-20% - 85— Ly =10 nb° E
a - — — -
PRL 100 (2008) 222301 & — — ALICE A/Kg param (2.76 TeV) 75 —— Ko three-quark model, Au-Au 200 GeV J
L . C " -====== Ko extr three-quark ]
% -------- Ko et al. (200 GeV) 6 0, ok el ArAIZO0GeY
< N ——— TAMU, Rapp et al. (2.76 TeV) _ C -nnee KO exir diquark 3
- il S HT‘ —— PYTHA -
| af 3
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Prospects — spectrum functions, thermal radiation %

ALICE
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ALICE Upgrade Simulation E 3
Pb-Pb |s,, = 5.5 TeV Rapp p (broad) a - Pb-Pb \s,, =5.5TeV
0-10%, L, =3 nb" Rapp QGP ] | 0-10%, L, =3 nb"
ITS2, B=0.2T ight-hadron decays wio o ITS2, B=02T
Il]el <08 ¢ ‘measured’ |T’.[ <0.8

7 Syst. uncert. sig.+ bkg.
Sum

Ll

P, >0.2 GeV/c s Pr,> 0.2 GeV/c

|

d*N"™"/dM_.dy (GeV/c?)
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ALICE Upgrade Simulation

T 1 1 7T ] T T 17T I L L

——— Rapp Sum (broad p)
------- Rapp Sum (drop p)
------- Rapp Sum (vac p)

—#— ‘meas.’ - cc - cockt.

i Syst. uncert. sig. + bkg.
Syst. uncert. cc + cocktail

Dielectron excess spectrum
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* In medium spectral function and link to chiral symmetry restoration

dN/dM [dimuons per 10 MeV/c?]

10*

Dimuon excess spectrum

with MFT upgrade
MUON + MFT : 1.0 < p_" < 10.0 GeV/c

- Rapp sum (Syst. Err. € + cocktail)

- Rapp sum (Syst. Err. Bkg.)

Rapp QGP

1 lllllll

Rapp in-medium SF

1
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* Direct thermal radiation (M, «T): Differential view of space-time evolution, temperature dependence of medium properties,

(for small systems) direct evidence of formation of thermalzed system

[ 0/0q, Im 115y (qg,q=0:T) |

. <<T: electric conductivit :
PT Y opn(T) = - €2 limg



Hadronization %

ALICE

time ‘ ~
\ | 7 K, p, f /‘ Tfo/ Thermal Freezeout (T ~ 100 MeV)

L Ton * Cease of elastic scattering
* Particle dynamics (momentum spectra)

fixed

Chemical Freezeout (T ~ 150 MeV)

* Cease of inelastic interactions

* Particle abundances (“chemical
composition”) are fixed

Quark-Gluon Plasma (T ~ 400-600 MeV)
* System reaches local equilibrium
* Evolution is described by hydrodynamics
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Yield per spin d.

(anti-)(hyper-)nuclei laboratory ®

ALICE

A. Andronic, P. Braun-Munzinger, K. Redlich, JS Nature 561 (2018) 321

— -
2 9 =
N L — o

1073

F L T I T 1 T 1 l T LI I T 1 T T ] T 1 T 1 I T L I T 1 T 7T I T 1 T 1
F ot — j
os . Pb-Pb \s,,=2.76 TeV -
I .}S central collisions ,
; e, p A ;
L Tes .
] ﬁg = e
r .o.p .
: 0 :
= & d E
- e :
- Data (Jy|<0.5), ALICE :
3 E
= e particles “3He 3 E
o N WA .
= ® antiparticles . g
— Statistical Hadronization (T=156.5 MeV) 4 a
: total (+decays) He -
E 3
E wensems primordial (thermal) F

1 11 | I 11 11 I 1 11 1 I 1 11 1 I 1 1 11 I 1 11 1 I 11 1 1 I 1 | 11
0.5 1 1.5 2 2.5 3 3.5 4
Mass (GeV)

Yields of light hadrons from a chemically equilibrated system

can be described by statistical-thermal models :
dN/dy ~ exp{-m/T.}

| free parameter: temperature T, (= 156.5 £ |.5 MeV)
can describe the yields over 9 orders of magnitude

Light (anti-)nuclei are also well described despite their low
binding energy (E, 4 = 2.2 MeV << T,).
How light (anti-)nuclei exist in the medium?

Mass Nucleus Composition Binding Spin AL (fm)

number energy (MeV)

A=2 d pn 2.224575 9) 1 2.1413 £ 0.0025

A=3 H pnn 8.4817986 (20) 1/2 1.755 + 0.086
‘He ppn 7.7180428 (23) 1/2 1.959 £ 0.030

f\H pAn 0.13 £ 0.05¢ 1/2 4.9-10.0




Statistical hadronization model

%W

ALICE

The production mechanisms of light (anti-)nuclei in
high-energy physics are still not completely understood.

Two classes of models are available:

* the statistical hadronization model
* Chemical and kinetic freezeout are decoupled.

thermal model for yields:

dNg gaVero 9 Mg
T m5 K
dy ay 0 om2p3 O T2 Topo
PT spectra:
1 R inh h
14y o< / rdrmtly (pT S p )Kl (mT cosAp
prdpr  Jo Txin Txin

p =tanh™! B =tanh™! (ﬁs("/R)n)

)
)

Taen= 160 MeV, T, ~1 13 MeV and B.= 0.86

—_

Data / Fit

Data / Fit

108

/

S ¢’He(10x)

Comb. fit
® 1 (10%) ® K' (10%°%)
*p (10°%) *+d (10 x)
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Coalescence model N e

The production mechanisms of light (anti-)nuclei in
high-energy physics are still not completely understood.

Two classes of models are available:
* the statistical hadronization model ]

* the coalescence model
* If baryons are close in phase space they can form a nucleus
* Interplay between the configuration of the phase space of
baryons and the wave function of the nuclei to be formed A,

* Coalescence parameter Bp
* Ba is related to the probability to form a nucleus via

coalescence

Parton distribution Hadron Wigner function 3
f d°N, d°N

fW(xaﬂxq;pqSPq)




Coalescence models: Description of B,

* Space-time distribution of nucleons (local
equilibrium) and space-time evolution (collective
expansion, HBT volume as effective volume)

considered
* overlap between nucleus wave-function (Wigner

formalism) and nucleon phase-space distribution

 Quantum mechanical correction factor which accounts for

the internal structure of the deuteron cluster
U. Heinz et al. Phys Rev C.59.1585

371.3/2 C 2
2mT R 3(mT 2R (mT)
- 13@A-1)

1.2

/\_°
Qo
N

1

0.8

0.6}

\;IIT
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p/A=0.75 GeV/c
-w=e B, coalesc.,
----- B, coalesc.,
- B, coalesc.,
— — B, coalesc.,

ry= 0 (point-like)

ry=0.3 fm
ry=3.2fm
ry=10fm

*F Bellini, A. Kalweit PRC.99.054905


https://arxiv.org/ct%3Furl=https%253A%252F%252Fdx.doi.org%252F10.1103%252FPhysRevC.59.1585&v=1c8355f7

B, vs. multiplicity (pp — Pb-Pb)

%20

ALICE

1072

B, (GeV?/c®)

1073

1074

arXiv:2003.03184
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ALICE
d, pp, {s =13 TeV

m|d+d, pp, /s =7 TeV

[#]d+d, p-Pb, {5, = 5.02 TeV

(®]d, Pb-Pb, {5, = 2.76 TeV

B, coalesc. r(d) = 3.2 fm (PRC 99 (2019) 054905)
== Param. A (fit to HBT radii)

= Param. B (constrained to ALICE Pb--Pb B,)
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pT/A =0.75 GeV/c
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10 102

10°
(dN_ /dn

Iab>lnlabl <0.5

The coalescence parameter evolves smoothly
as a function of multiplicity

A possible parameterization using the system
HBT radius R

2+l 1
- 2ay/a mi!

R = a (dN/dn)'” + b

2r
R*(my) + (7’14/2)2

F(A-1)

Interplay between R and ry

(a.) system size < deuteron size

P'/i

(b.) system size > deuteron size
p_



B; vs. multiplicity (pp — Pb-Pb) ®

ALICE

The coalescence parameter evolves smoothly

(6\ 10_3 E I I L L III I 1 T II I I L | lal—lxll\:l191014]401§ as a function Of mUItiPIiCity
2 - '\ p./A=0.90 GeV/c 1
S S N\ - A possible parameterization using the system
Qo0 TG = HBT radius R
CH . : : 13061
ol 52 L i 27,+1 1 2r
107 E - A-1 2
- g 2‘4\/K my R(my) + (ry/2)
[ Q’o - - -
- B, coal., r(*He) = 2.48 fm "l :
10°¢ ui-ﬁtu)éBTzadﬁ S . R=a(dN/dn)"" +b
- N =
F — constrained to ALICE B, \ f
107 SHM + Blast-Wave (ALICE n,K,p) e
= — GC GSl-Heidelberg (T = 156 MeV i
. CSM (T = 155 Me\Q/J)( ) . Neither of the two(coalescence, CSM+GC
10—8 i 1 1 | -] - lll 1 1 | - llll 1 1 L1 1 1.1 ll 1 \ SHM) r.ePr.Oduces B3 Over the fUII range.
1 10

102
<chh/d77 >

lab"[n, | < 0.5



Dynamical Models

%22

ALICE
. . Oliinychenko, Pang, Elfner, Koch, 1809.03071
Hydro + Coalescence (hadronic rescattering) (TRENTO+CLVies+SMASH)
* Incorporate nd S wnp with detailed balance in the SMASH
afterburner (“pion catalyzed coalescence”):
N — 0
0-10% Pb+Pb, Vs = 2.76 TeV] o1l e o + afterbumer
i inelastic | o ¢  ALICE, PbPb, 0-10%
elastic ) .
deuteron 5 "N .
- 1 5 001 =
3 -é : i
ZU + 9 | — 7ud: fi ti g i \
'O} H + E 103k i B gn_) ngn:d(i)gﬂfe:gothion i °'> . +*
Z“ + __________ (mpn — nd) - (nd — 7pn) ] [5) . +
— * + H+++ i (nd — mpn) + (mpn — nd) | g H* {* + + +
= 20 } ettt CS .
SRS S
i g T |
e RN T P -.
tA 4 ‘*‘ T) \ AP BT TP ST R
OL‘A! U T S o —40 P I PP R R 05 | 15 ) 25
0 20 40 60 80 10 20 30 40 50 /A [GeV]
t of last collision [fm/c] t [fm/c] pr

Deuteron freezes out at late time. Its chemical

and kinetic freeze-outs roughly coincide

After about 12-15 fm/c within 5%, nd & nnp is equilibrated



Hypertriton production

23

ALICE

®nrp

anti-hyper-triton

» 3.5
) B .
R 4 E864 Au-Pt 0-10% -== GSI-Heidelberg
- PRC 70 (2004) 024902
- — Hybrid UrQMD
3 % STAR Au-Au 0-80%
B i 28 (201
- Science 328 (2010) 58 ~— Default AMPT + Coal.
N HypHI éLi-2C
25l oL 747 '(201 5120 String Melting AMPT + Coal.
- o ALICE Pb-Pb0-10% -+*DCM model
= PLB 754 (2016) 360
21— imi 3 35
L. e ALICE Preliminary 0-10% WH+ TH
B 2
- assuming B.R. = 25% 3 3
15 1H / °He
1= - +
05 [ Tt I ...... - »-E.l
- &—’/ Uncertainties: stat. (bars), sys. (boxes)
0— | lIllllI | | llllllI | | lllllll | | I

10

10*

sy (GeV)

10° 10°

Yields of (hyper-)nuclei agree with SHM predictions at
chemical freeze-out.
Final-state coalescence requires more detailed modelling (ex,
local baryon-strangeness correlation):
simple coalescence (S; = |) does not describe data.

107"

1072

T IIIIIII

-

IIIIIII T T

ITIIIII

T IIIII1I

pp Vs = 14 TeV, L=200 pb’

ALICE Simulation

T

| Illllll

- Full canonical SHM 1o expected
i —— 2-body coalescence —— 1o expected ]
:_ - 3-body coalescence 1o expected _:
E #— ALICE Pb-Pbys,,=2.76 TeV E
i 1 1 L1 1 1.1 I 1 1 1 L1 1 1.1 I 1 1 1 L1 1 1.1 I l—
10 10? 10°
<chh/d n>l)}|<0.5



(anti-)(hyper-)nuclei

prospects

24

ALICE

Utilize very different sizes of (hyper)nuclei vs radius of fireball

Run 3 and Run 4 will
allow us to measure in
details the production of
even *He and hyper
nuclei

Decisive test for probing
the interplay between
system size and
(hyper)(anti)nucleus wave
function

< -3 Ly vy L LA LA Ty L L TrrT UL T LI I LI B LI B ) L) lllllllll I LI ] I LI I LI ] I LR llll q
@M 10 4 k
AH ;
10 /A =0.75 GeV/ 3
3 p/A=0. evic N p /A =062 GeVic E
105k , === Coal., r (*He) =1.9fm . — Coal, r ({H) =24 1fm }
GE \ —--Coalr(H) 49fm 3
107°F .~ ;
107F - B ;
10'8!' ___________ '!
10°F 1
10—10&_ p/A=0.77 GeV(c pT/A= 1.17 GeV/c _!
F = *BW + GSl-Heid. (T 4, = 156 MeV) = Coal., r( H)=6.81fm 3
107" ==Coal., r(°*He) =2.48 fm - Coal r( H) 14.1 fm 3
. :llll!llll!llll!llll!llll!llll!ll‘ 111111111 | NS FE RS RN | N N TR o ]
(&) 1F = Sanas ; ) I 3 7
= L lPo-Po s, =5.5 TeV (Run 3+4) : ]
— 0.5 F[Po-Po s =5.02 TeV (2015 data) F + = .
© s ] [ ]
® OF---#-eee- S B---8-F | | IO S ......H........_:_ ||I|| -4 4-F - - 3
o) : : : ]
~_05F =X T -] .
-1 - 4 1 -':- 1 1 -:' ......................... n
C Al T T ] ] T L] T T T T T ; 21 é 41 51 61
9O 10?2 - 07 = 02, + o
© E —0,,/B, = 10% R (fm)
g 1104, /B, =20% ]
o 3 E i ALICE Upgrade projection
%)
o [ ] [ ] Pb-Pbys,,=55TeV,L,,=10nb"
> [ ] [
1? 1 1 3_ L L L 1 1 }_ 1 1 L 1 1 -E'
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Correlation functions
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/’ hY 7 Picture courtesy of A.Mathis .
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{‘ ! Measure the
\\f‘"” /’ Tf f correlation function C(k™) . . . .
e \ The formation of any exotic bound objects can be studied by
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two particle wave function

Nsame (k *)
N mixed (k *)

Ck*) =

= fS(r) W(k* r)|?d3r

For example, (d,A)
triton

— 3,H and (*He, A)— *,He, (d,\.)— c-



X(3872)
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P (2S) is strongly suppressed in Pb-Pb.
X(3872) is less suppressed than (25)



ALICE beyond 2030
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e  Multiply Heavy Flavored hadrons. e.g.:Ecc,Qlcc,Qcce
B o Ultimate precision on B mesons at low pt
o XY, Z charmonium-like states (e.g. X(3872))
~100cm
[ [ [ [y | | | ““ ... o .-:_’
_ ___insert-able e
| conversion layer . ...... ‘ ‘
arXiv:1902.01211

| T | |
"~ B n
< ~400em > 0.04~  Pb+Pb |'S,,=2.76TeV -
C o lyl<1 ]
Chiral symmetry restoration on the coalescence hyper surface: 0.03 |- . 7
e Zccmass: 3.58 GeV — 2.79 GeV . p  Chiral stym':etry el
¢ Zeo<radius>: 0.41 fm — 0.49 fm 2 ol restored 7 -~ ]
e Distance between 2 ¢ quarks and between cc pair and q: 't e . 4
<Tec>=0.44 fM, <Tec-q>=0.53 fim = <rec>=0.46 fM, <rec.q>=0.97 fm : /- Chiral -
0.01 » /// symmetry -
Chiral symmetry broken: =cc is a 3-quark state ccq [ L7 broken ]
Chiral symmetry restored: =cc is a quark-diquark state 0 00: | | | .

— production yield sensitive to coalescence happening 0 500 1000 1500 2000
N

between a 3-quark state and a diquark-quark state

coll

[Zhao, He, Zhuang, PLB 771 (2017) 349-353]



Summary and outlook &,

ALICE

* ALICE upgrade is progressing well.
* LHC and ALICE Run3+Run4 plans will be revisited due to COVID- 19 crisis.

* With ALICE upgrade, more detailed understanding on:
* Temperature dependence of medium properties
* Di-quark correlations
Thermal dileptons, low mass vector meson spectral functions
Production of (anti-)(hyper-)nuclei in heavy-ion collisions

* ALICE upgrade beyond 2030.

* Any inputs are very welcome!
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Particle ratios vs. multiplicity
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* Thermal model with canonical suppression gets the rise of the nucleus/proton ratio
* However with the same parameters proton over pion ratio is not reproduced at low multiplicity

* Advanced nuclei coalescence can describe the d/p ratio but again struggle with the A=3

nuclei
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B, vs. pr and multiplicity Ni7 4
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Smaller B, as multiplicity becomes larger (more central events)

Small p; dependence in pp and larger in Pb-Pb collisions Due to radial expansion, as pr grows, the region from

where pairs with small relative momentum can be emitted

Small system Large system gets smaller and shift to the outside of the source

Large Ba Smaller By X
Small py Large pr
Smaller Ba Larger Ba




HBT radii vs. multiplicity
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Measurements are carried out vs multiplicity
Multiplicity — System size

System size: HBT radius R

R =a (dN/dn)'? + b

Two cases for B2 comparison:

A. a and b taken from a fit of R vs
multiplicity

B. a and b are fixed to reproduce
B2 in 0-10% Pb-Pb

R (fm)
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From the correlation to the coalescence parameter
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A new development that allows us to zoom into the
production of nuclei through coalescence

Correlation radius

3
By(p) ~ Jd%@(ﬁ’)fglgl‘l’(?’, 7)

“Source Radius + Nucleus wave function -> Bs”

Different wave functions give very different expected
coalescence parameter

*K. Blum, M. Takimoto PRC99, 044913 (2019)

Preliminary calculations by B. Singh and B. Hohlweger
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