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Outline

ALICE

* Low mass dielectron analyses performed in ALICE

— Studies in pp, p—Pb and Pb—Pb collisions
e Study of AT — pKJ inALICE
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Dielectron production in nuclear collisions
(FWF P 34881)
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Quark-gluon plasma & heavy-ion collisions
Blg Bang ALICE

» Shortly after the big bang matter
was in a state of plasma of
deconfined quarks and gluons (QGP)

Ultra-relativistic heavy-ion
(Pb-Pb) collisions at the LHC

* QGP recreated in laboratory
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Electromagnetic probes [ sosrn *

0

Light ' 0
o ALICE
Photons and leptons experience no strong interactions,
can therefore directly probe the inner regions of collision )
—» penetrating probes, information from earliest
Stages Well pr‘eserved :CE 1 1 T T I T T 1 1 I 1 T T T I 1 T 1 ] I 1 T T T I T 1 ] 1 I T T g
[s : . ,
=) ALICE Simulation — Cocktail
EF ppisotaTev T Lonfevurdecas
 Dielectrons emitted from many sources during g . BB e
isi [0 :
all stages of the collisions L E\mn . o,0¢-Daitz ey oy e & e

—® investigate the whole history of the medium

* Small systems (pp and p—Pb) used as
reference measurements

N\
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- crucial reference for Pb—Pb studies

- investigate possible cold nuclear matter effects
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Dielectron mass spectrum
Different sources:

Mee < 1.1 GeV /c?

e Decays of light-flavor mesons

ALICE Simulation Cocktail

Light-flavour decays
=13 TeV
pp S - — — CC — e'e”

— + bb —e'e
°,n, ', o, ¢ - Dalitz cmee Iy = y 6 & &6

- Dalitz decays (7%, n,w,n’, ®)

Yield (arb. units)

- 2-body decays (p,w, ®)

et
f -
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TEO:. | ezl \
FY L 1 1 1 I 1 1 1 1 I I“I L L l‘f"l_“lul I 1 1 1 1 I 1 1 1 'l \I 1 ‘I
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P

2
earlier production time Mee (GEV/C%)
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Dielectron mass spectrum 7
Different sources: ALICE

. 2 2
» Dielectrons from decays of correlated 1.1GeV /e <mee < 2.7GeV/c
heavy-flavor (HF) hadrons _ @ T T T e TS
5 ALICE Simulation Cooktai
Do e A Ta\, Light-flavour decays
/4‘ SE ppis=13TeV T Honav
' ke, — - bb —e'e
' IS
.>__ Tr’o’ n, n" , q) - Dalitz —em = J/\|f — Y e'e & e'e”

- Oce and 0, complementary to direct

.”|||||m| covd el vl vl 1w

heavy-flavor hadron measurments - y
=
— Nuclear parton distribution function (PDF) el
in p—Pb and Pb—Pb collisions E i
L | | oL |
0 0.5 1 1.5 2 2.5 3
>

- Pb—Pb: energy loss, partial thermalization
of correlated charm and beauty quarks
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Dielectron mass spectrum *

Different sources: ALICE

e Thermal radiation

q \/\J\/\< A, e E
S
- Quark-gluon plasma R '

— Y L~
q e 9% g @ E L L L B L L L L B R BB B
S [ ALICE Simulation =~ —— Cocktail
. S E e 4aTay Light-flavour decays
~  Hot hadronic matter B pp \s =13 TeV 6 e
% — - bb > e'e”
< E\r%nn’ o, ¢-Dalitz —ms Uy o Y ete & efe

- In the intermediate mass region:
thermal radiation from partonic phase

\

) ”| prvl ool vl o 3ol llllluIl
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dNee 3/2 . —mee/T — b
~ Mg, €
dmee e
. . . . TR BT RN S B T Y lfT::] TR BTN IR
challenging due to dominant contribution 0.5 1 15 2 25 3
: . : Mee (GeV/c?
from charm and beauty hadrons earlier production time ee ( )
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THE ALICE DETECTOR @ IS SPD (Pixe) *
b. ITS SDD (Drift)
FEERLAW. Y "RV iRTm &Y a¥a . c. ITS SSD (Stl’lp)
el ALICE

i®

NGO~ ONE
U
»,

9. PHOS, CPV
10. L3 Magnet
11. Absorber
12. Muon Tracker
13. Muon Wall
14, Muon Trigger
15. Dipole Magnet
16, PMD

17. AD
18.ZDC

19. ACORDE
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Particle Identification

: L _ _ ALTCE
Time Projection Chamber (TPC) Time of Flight (TOF)
o 11 g T T T T T T ]
E 3 d \t 3H(—'} ALICE performance LOI- £ - ]
E \ Pb-Pb |sy, = 5.02 TeV = 1 :
g :
3 0.8}3 —f
4 f :
0 10 073 =
= .
= 0.6 -
""" ALICE Performance E
058 Pb-Pb | 5,,, = 5.02 TeV _:
L . N 0.41 E
1 10 1 GeV/ \°
_ _ p/z (GeVic) p (GeVie)
energy loss in medium
(Bethe-Bloch formula) time resolution ~50 ps
<dE> 4r  nz? ( e’ )2 |i ( 2m,c* 3 ) 2.|
_(4EN _ dm_ nz (2B g mep p
. — = " = =
dx mecz 'ﬁﬂ 4?TE{:| I (1 ﬁﬂj} p m B (mc)2 —|—p2
v
B=—
C
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Obtaining the spectrum

ALICE

m

 Track quality cuts applied to ensure only DecaY T Signal Pair
“good” quality tracks are used particle/~__ | |
: | .. Combinatorial
* Electron particle identification performed | ; Pair
. . : 'Decf-iy L | | Signal Pair
* Real photons converting into electrons in the particle |
detector material need to be removed ‘W
—» conversion rejection cuts (hit in first ITS layer)
* Obtain spectrum via like-sign (LS) subtraction from unlike-sign (US) pairs
LSaH — Ré 2 \/N_|__|_ -N__
USsignal = USan — LSan additional factor to account for different

acceptances for like- and unlike-sign pairs
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Run3 LHC220_ pass? study

Obtaining the spectrum = 1°F o - 136TeV, B-05T
&% o p, >02GeVic, || <08 ]

E‘”w‘ag Ny, = 1.53e+11 E

* Track quality cuts applied to ensure only S tuLs .
“good” quality tracks are used F10E, fLs E

§ 10°5 f.‘s\" ."_._. +Signal ;

* Electron particle identification performed 10°E v., i -
f h'*".+++}"m,' :

10’75— . :':1:.: =

e Real photons converting into electrons in the - “’*”+++ T
detector material need to be removed 107 + 3
—» conversion rejection cuts (hit in first ITS layer 10_||||ff

0 05 A1 15 2 25 3 35 4 45 5
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m,. (GeV/c?)

Obtain spectrum via like-sign (LS) subtraction from unlike-sign (US) pairs
LSall — RéQ \/N_|__|_ -N__

USSignal =US.n — LS.

~ additional factor to account for different
acceptances for like- and unlike-sign pairs
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Dielectron production in pp at /s = 13 TeV

in minimum bias

—~ 10 g T T T T T T L L HLICE
Tg ALICE Preliminary . Doata .
s P > 0.2 GeV/e, |ne| <08 ..... 'syee, N s owe'e . .

g10_1 % 1<p__< 6GeVic 3—>§+§— _” ) * Well described by hadronic sources
0 +1.6% giT;bal unc. not shown :___ (0_—)) T ?? ’m_)_;t{}e ? - b — e'e .
E e e e e e - also seenin pp atv/s = 5.02 TeV

2102 & — . cC — e'e” (PYTHIA

SN 4 — E’;%?i?(‘w“)’ : (Phys. Rev. C 102 (2020) 055204)
o '-‘j“J L ;?‘..: 2 Cocktail sum ]
B S —""-'i--‘l--.. ®
.8 10 /'::-: ".'_i_:'. :—-“-T:k% Py EE

* Within uncertainties no excess of
thermal radiation in high particle
multiplicity pp events

Data/Cocktail
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Dielectron production in pp

in high multiplicity

E o _> 0.2GeVic, |n | <0.8

LI | I LI I T LI I ) I T I LI B B I T T LI | I LA B B | I LI lg
ALICE Preliminary . Doata ]

, =’ o yete
High-mult. pp Ys =13 TeV . n—vee _é
(0 - 0.072% INEL) ceem s ye'en, N - oe'e .
p—ee _5

- s nle'e, ® - e'e

E 1 0_3 :_. 1 < pT:ee < 6 GeVJ'fC I ¢ — Tl e+e—, q) - 'JTD e+e—, ¢' N e+e;a
o ce £1.9% global unc. not shown == Jiy = ye'e”, J/y — e'e”
S A — - cC - e'e” (PYTHIA)

% 107 — bb — e'e (PYTHIA)
> 21 Cocktail sum
> 1 0°
=
—
10°°

1077
£15

&)

O 1%

Q
< 0.5

(U 1 L
) 0
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at /s = 13 TeV

ALICE

Well described by hadronic sources

- also seen in pp atv/s = 5.02 TeV
(Phys. Rev. C 102 (2020) 055204)

Within uncertainties no excess of
thermal radiation in high particle
multiplicity pp events
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Dielectron production in p—Pb at \/ sNN = 5.02TeV

Phys. Rev. C 102 (2020) 055204

g 1W0gTrr T | AR DR = ALICE
QO =
S ALICE, p-Pb  Data - ) )
8 L Vsw=502TeV,n <08 = Cocktail sum N * Heavy flavor cocktail from binary NN
e 02<p; <10GeVie  —Light flavor s collisions scaled with atomic mass
=~ P; ., <8GeVic -- ¢ — e'e (POWHEG x A) - number (A=208
o E‘” 10° ~ * 3.7% norm. uncertainty  ---bb — e*e’ (POWHEG x A) I ( )
T Io . : 3
—Jly —e'e,Jly - yee
10: =
13 - * |n good agreement with known hadronic
= sources
ol VL
102k ‘ LaE * No significant deviations from vacuum
N e AR expectations
o = o i == - Cold nuclear matter effects seem to be
© 0-50:‘ >z : s 5 . : ;5 small compared to current measurement
| ' 7 e (GeV/e) uncertainty
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Dielectron production in Pb—Pb at \/ snN = 9.02 TeV
I S ALICE

1

ALICE Preliminary [e]Data

0-10% Pb-Pb at \/s,, =5.02 TeV &= Cocktail sum (POWHEG x <N_,>)

02< pT <10 GeV/c, |qe| <0.8 E= Cocktail sum (POWHEG x <N_,> x RS9
e

8 [ K T P
%|E 108-00<p <8.0 GeV/c Light flavoz—) e_e Le'e X
o B Tee Jy —se'e,e’ey

* Comparison to hadronic cocktalil
~ N.o-scaled HF (PRC 102 (2020) 055204)

-1# — % - e'e” (POWHEG x <N_;>)
—bb — e'e” (POWHEG x <N, >)

1 col

iE
---6% - e’ (POWHEG x <N_p> x A% "9 5 modified HF by R f /b —
>x Rip %) = - Y A4 OF € c
E
=
"=

coll

---bb — e'e” (POWHEG x <N
(PLB 804 (2020) 135377)

 Hint of an excess at m.. < 0.5 GeV /c?

cocktail + QGP + in-medium p (R.Rapp. Adv. HEP. 2013 (2013) 148253

—— cocktail + QGP + in-medium p (PHSD, PRC 97 (2018) 064907) — consistent with thermal radiation
Lo from hot hadronic matter

T \:P;\M<e'
A
b e
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Outlook: DCA studies

* Heavy-flavour hadrons have a delayed decay
D-mesons; ¢t = 150 — 300 um  B-mesons: c7m = 450 um

e Can use distance of closest approach (DCA) as discriminating
variable to separate elctrons form charm and bottom decays

( 8 i " ALICE Work in Progress ]
e A2 1 A2 = -Pb, {5, = 5.02 TeV, MC simulati )
f\e-l- ,,: DCA. — _\/D("'Al + DCA;3 & 10 5 3.2 < vas_< 150 Ge\?fc, |mi"(;?g ations =
ee 2 = ee 3
l‘z"-.‘r & DCA; B —}— dielectrons from LF
DCA; 5 —}— dielectrons from charm
Vertex 10 E_ —|— dielectrons from beauty_
* Already promising studies in Run2 -
107° =
* Run3 with upgraded tracking system :
~ 3 — 6 times better vertexing resolution 0t T
0 2 4 6 8 10 12 14 16 18 20
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Summary & outlook

* Interesting results for low-mass dielectron production achieved in pp, p—Pb and Pb—Pb

— only some of the most recent results shown here

e RUN 3+4 see also: CERN-LPCC-2018-07

— higher statistics (factor 100)

upgrades:
TPC: CERN-LHCC-2013-020, CERN-LHCC-2015-002

— better vertex pointing resolution (factor 3-6) TS CERN.LHCC.2019.013

—» Will allow for better separation of thermal radiation and HF background

* Vienna group: ongoing studies using machine learning techniques for background
rejection
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AT — pK g in pp collisions in ALICE

(Elisa Meninno, Daniel Samitz, Paul Buhler)
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Motivation

 Understand hadronisation processes in the QGP: measuring the
baryon/meson ratio

A, /D°
T & .
10 |'|I|'|I|'| Il "I LI} 'I LI LI || |l|-||-|'|||.|||||'||_ 2-0 Fragmentatlon: o Q
A —  three-quark modal 0
2 ¢ — —. diquark mode! ()
10" PYTHIA 7 ce o 00° °
- ..'38 0'9.,.,.‘0 0.00 o
Coalescence:  Jgfogies >
o 9.38' '0::..;; 0 ° ‘

« Enhancement of A_*/ D° ratio
predicted in coalescence models.

dN /2np,dp, (1/GeV?)

* Further enhancement expected if
thermalised light diquark states exist
in the QGP.
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B T T T T [ T T T T T T
1.4~ ALICE Preliminary ;E’H%

Results (Run2): pp and p-Pb

[ E

— — — : . - +<0 T pp, Vs =5.02 TeV pp, Vs =7 TeV E
> - , ,l ] 1.2 |yl <05 lv| < 0.5 - HLICE

8 L ALIGE Preliminary i - —e— data —e— data (JHEP 04 (2018) 108)

e pp, {5 =5.02 TeV 10 —— PYTHIA8 (Monash) N

O 10’ = AL Iyl <05 = 2t PYTHIA8 gg,q5—> G, Mode0

0 o e ’ . - .= PYTHIA8 SoftQCD, Mode0

= - il average of ] 08 -~ DIPSY (ropes) 7

Q.|_ i i K" and pK? analyses i T -.= HERWIG7 1

S 10- = - 0.6 oPb, (5 =502TeV

Q E = - -0.96 < Yoms < 0.04 ]

(\_Ig i = i 0'4:_.. % —a— data _:

1 = = T ;___:H:,, _:

L 5 4
1 0_1 = +2.1% lumi. uncertainty not shown E pT (GeV/C)
C 1 1 L | | 1 1 | 1 | 1 1 1
0 5 10 0 . .
p_ (GeVic) * A./D" ratio in pp collisions
. . . . ) 1
« A cross section in pp collisions All the MC underestimate the

data

* Pp and p-Pb compatible within

uncertainties
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Results (Run2): Pb-Pb

Hint of higher A./D°than in pp collisions.

A./D" ratio in central collisions higher
than in peripheral collisions

Qualitatively similar to A/K¢J and p/7

AL/ D°

Can be explained by models taking into account
coalescence and QGP effects

14

0.4~

0.2}

CALICE . 0-10% Pb—Pb
212f :
1
08f
R

)1<05  3050% PoPb (o= 502 TV pp]

Catania

I w2 Tamu

SHMc + FastReso + corona

10,0T (GeV/e) 1

10 p_ (GeVic)

1.2

—

0.8

0.6

0.4

0.2

0

| T T
- ALICE Preliminary
sy =5.02 TeV, [y| < 0.5

m_{

| 1T | T 1 | T T | T T1
>——
|

| Filled markers: pp measured refarance

| Open markers; pp e, -gxtrapolated reference

f

T 1T |

—e— 0-10% Pb-Pb
—=— 30-50% Pb-Pb
—+—pp

1

1

10
P, (GeV/c)
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Outlook Run3

* Detector upgrades and higher statistics will allow for unprecedented precision for
baryon/meson ratio in pp, p-Pb and Pb-Pb collisions

* Analysis of Run3 data (pp) is just beginning (many workflows still under development)

« DY peak is already visible in the data

« AT not seen yet....
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ALICE

Thank you for your attention
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Hadronic cocktall

« Data compared to simulations referred to ALICE
as “hadronic cocktail” — T T e
> ALICE Simulation Cocktail
| S F ppis=iaTev T Lenkfevourcecas
* Known source of dielectrons o bbb e
< E\n’n. 1. 0,0 - Daltz cms My Sy e'e & ete

- Light mesons

* mesons generated from parametrized
pT and rapidity distributions

‘.‘|||||u|] |||||u1| |||||u1] |||||u1] IIIII|,|,|,| ||||||ﬂ

E
« Distributions either from experiment or E '
from scaling arguments from other mesons E =
-~
 Forced t(()) decay into dielectrons i
o E o .
( BR(ﬂ- % e e ’y) ~ 1 % 1 1 1 1 I 1 1 L 1 I l“l L L I"fl_l- : I 1 1 L 1 I L 1 1 l\l l.ll
0 0.5 1 1.5 2 2.5 3

- Correlated decays of heavy flavour hadrons Mee (GeV/c?)

« Use standard event generator (PYTHIA) to simulate ¢¢ and bb creation
* Force the resulting hadrons to decay semi-leptonically
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d

t 3He ALICE performance
Pb-Pb sz =5.02 TeV

Electron identification

ALICE

* Track quality cuts applied to ensure only
“good” quality tracks are used

TPC dE/dx (arb. units)

« Electron particle identification performed T

- —1.5<0ortY <4

- 3.5 < olPC

TOF B

- —3<olF <3

ALICE Performance E
Pb-Pb | 5, =5.02 TeV 1

* Real photons converting into electrons in the
detector material need to be removed:

1 - I l — I10
p (GeV/c)

- Demand hit in first ITS layer
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