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ALarge lon Collider Experiment

Low mass dielectron studies ALICE
Produced during all stages of collisions 2 AL:CES 'I'ti o
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* Medium-free reference (min. bias events)

« Heavy-flavour cross sections

* (Virtual) direct photons

 New phenomena in high-multiplicity events?
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High-energy heavy-ion collisions: | RS
* In-medium modifications of vector mesons | e (GeV/c?)
« Thermal radiation from QGP

« Energy loss of correlated heavy-flavour quarks

MADAI Collaboration e
i i - q \M}A B

<% \‘V\b' - “ % = T o Ny V';-T\'g_ ~
0.1 fm/c 1 fm/c .0 ..o I PR A R t

Initial state Pre-equilibruim QGP and expansion Hadronization Hadronic phase and freeze-out
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ALarge lon Collider Experiment

The ALICE Experiment at CERN LHC ALICE
Inner Tracking System THE ALICE DETECTOR s \3ay N ;S Soo oy

. C ITS SSD (Strip)
d. VOoand TO
e. FMD

 Tracking, vertex, PID (dE/dx)
Time Projection Chamber ‘ 5
» Tracking, PID (dE/dx) ::- :
Time Of Flight detector 0

 PID (TOF measurement)
VO scintillators oo
 Trigger, centrality estimation i soner

12. Muon Tracker
13. Muon Wall
14, Muon Trigger
15. Dipole Magnet
16, PMD
1 . 17. AD
In this talk:

19. ACORDE

i®

ITS
FMD, TO, VO
TPC

TRD

TOF
HMPID
EMCal . =
DCal QIS T ~ /]

CONOUAWNE

Collision system N of events, Lint Trigger
pp at Vs =7 TeV ~370 M (Lint ~ 6 nb™") min. bias
~ 440 M (Lint ~ 7.8 nb1) min. bias
pp at Vs = 13 TeV ~80 M (Lint ~ 2.7 pb™) high mult. (0-0.05% VOM)
~ 150 M (Lint ~ 2.7 nb~T) min. bias (low B-field)
Pb-Pb at Vsnn = 2.76 TeV ~20 M (Lint ~ 23 ub") 0-10% centrality
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ALICE

pp collisions at Vs =7 TeV
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ALarge lon Collider Experiment

pp Vs = 7 TeV: invariant mass spectrum ALICE

Cocktail of known hadronic sources: arXiv:1805.04391 (submitted to JHEP)
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and 7 TeV) 1072 + 3.5% norm. unc. on data not shown 5

» Correlated HF semi-leptonic decays 0ok N

« shape from PYTHIA 6 scaled to i =

measured cross sections [5, 0] 10“5—~ s T
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 Detector acceptance (pre > 0.2 GeV/c, & 12; E
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.. . 0.5 . . . . . . —

Analysis is performed as a function of mee, 0 0.5 1 15 2 2.5 3

pt1ee and pair impact parameter DCAee Mee (GEV/c?)
[1] ALICE Collaboration, Phys. Lett. B 717 (162) 2012 - : -
[2] ALICE Collaboration, Eur. Phys. J. C. 72 (2183) 2012 Data in ?greement with CO.Ck.taII
[3] ALICE Collaboration, Phys. Lett. B 704 (442) 2011 calculations within uncertainties

[4] ALICE Collaboration, Phys. Lett. B 718 (692) 2012
[5] ALICE Collaboration, Eur. Phys. J. C77 (2017) 550 |
[6] ALICE Collaboration, Eur. Phys. J. C71 (2011) 1645 LMee in ALICE | I. Vorobyev | ICHEP 2018 | Seoul
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Heavy-flavour cross sections in pp Vs =7 TeV

ALICE

Correlated HF decays dominate the intermediate mass region (1.1 < mee < 2.7 GeV/c?)

arXiv:1805.04391 (submitted to JHEP)
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Fit the dielectron spectra in 2D (mee VS pree) Or VS DCAee With MC templates
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ALarge lon Collider Experiment

Heavy-flavour cross sections in pp Vs =7 TeV ALICE

Results agree between two methods
 Sensitive to predicted acceptance and mee/ptee Spectra (Mee/pr.ee fit)
In good agreement with previous independent measurements of single HF hadrons

arXiv:1805.04391 (submitted to JHEP)

g N ®  DCA,, fit (x*/ndf = 2.216)
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ALarge lon Collider Experiment

Heavy-flavour cross sections in pp Vs =7 TeV ALICE

Results agree between two methods
 Sensitive to predicted acceptance and mee/ptee Spectra (Mee/pr.ee fit)
In good agreement with previous independent measurements of single HF hadrons

Model dependence: implementation of heavy-quark production mechanism
 PYTHIA 6: leading order with parton shower

« POWHEG: NLO, PYTHIA 6 for parton shower
arXiv:1805.04391 (submitted to JHEP)
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ALarge lon Collider Experiment

ALICE

pp collisions at Vs =13 TeV
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Data/Cocktail

ALarge lon Collider Experiment

pp Vs = 13 TeV: invariant mass and pree spectra ALICE

Cocktail of known hadronic sources similar to 7 TeV data analysis
 11* from data, PYTHIA 8 for p/1tr and w/1r, mt scaling for n" and ¢

* PYTHIA 6 for correlated HF semi-leptonic decays
arXiv:1805.04407 (subrglitted to PLB)
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Good description of data with hadronic cocktail expectations

« e*e” production in min. bias pp collisions is well understood for pte > 0.2 GeV/c
LMee in ALICE | I. Vorobyev | ICHEP 2018 | Seoul



do/dm,, (mb / GeV/c?)

ALarge lon Collider Experiment

pp Vs = 13 TeV: heavy-flavour cross sections ALICE

Fit the dielectron spectra in 2D (mee VS pree) in intermediate mass region
» Similar model dependence is observed as for results in pp at Vs = 7 TeV

arXiv:1805.04407 (submitted to PLB)
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Ratio of dielectron spectra in HM over INEL events ALICE

New phenomena in high-multiplicity events? Nee(HM) " (dNch/dn(INEL))
|dea: produce a ratio of dielectron spectra (Nee(INEL)) dNch/dn(HM)
Cocktail calculations take into account expected modifications:

« Hardening of h* pt spectrum [1], same mult. scaling for LF hadrons at the same m+

* D and J/p production vs mult. [2,3], same enhancement for beauty as for open charm

[1] ALICE Collaboration, Phys. Lett. B 753, 319 (2016)
[2] ALICE Collaboration, JHEP 09, 148 (2015)

[3] ALICE Collaboration, Phys. Lett. B 712 (2012) 165 LMee in ALICE | 1. Vorobyev [ ICHEP 2018 | Seoul
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ALarge lon Collider Experiment

Ratio of dielectron spectra in HM over INEL events ALICE

New phenomena in high-multiplicity events? Nee(HM) " (dNch/dn(INEL))
|dea: produce a ratio of dielectron spectra (Nee(INEL)) dNch/dn(HM)
Cocktail calculations take into account expected modifications:

« Hardening of h* pt spectrum [1], same mult. scaling for LF hadrons at the same m+

* D and J/p production vs mult. [2,3], same enhancement for beauty as for open charm

Good agreement with cocktail expectations over whole measured range
arXiv:1805.04407 (submitted to PLB)

ALICE pp \s=13TeV ® Data
P> 0.2 GeV/c, [n | < 0.8 Cocktalil

o (o))

I
L L I LR

dN_/dn(HM) / (dN/dn(INEL)) = 6.27 + 0.22

P, . < 6 GeV/c

O lllllllllllllllllllllllllllllllllllll
0 0.5 1 1.5 2 2.5 3 3.5 4

M, (GeV/c?)
[1] ALICE Collaboration, Phys. Lett. B 753, 319 (2016)

[2] ALICE Collaboration, JHEP 09, 148 (2015)
[3] ALICE Collaboration, Phys. Lett. B 712 (2012) 165
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ALarge lon Collider Experiment

Ratio of dielectron spectra in HM over INEL events

New phenomena in high-multiplicity events?

|dea: produce a ratio of dielectron spectra

Nee(HM)

ALICE

(Nee(INEL))

Cocktail calculations take into account expected modifications:
« Hardening of h* pt spectrum [1], same mult. scaling for LF hadrons at the same m+
* D and J/p production vs mult. [2,3], same enhancement for beauty as for open charm

Good agreement with cocktail expectations over whole measured range
ubmitt
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ALICE Collaboration, JHEP 09, 148 (2015)

ALICE Collaboration, Phys. Lett. B 712 (2012) 165 LMee in ALICE | I. Vorobyev | ICHEP 2018 | Seoul
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Virtual direct photons

ALICE

Any source of real photons can also produce virtual photons (— e*e™ pair)
« Small internal conversion probability O (1072), cross section decreases as ~1/mee
« Additional dimension: invariant mass — can suppress hadronic background by

going to mee > Mmo

Fit dielecton mass spectrum above ¢ %
mass with: Q 1
€
f(mee) =r: fdir(mee) + (1 o r)fLF(mee) + fHF(mee) _8 5810_2
©
* fair and fLr are normalised to data at mee = 0 10°
 r=(virtual) direct y / inclusive y (at mee = 0)
* V*dir from Kroll-Wada (mee << pr1), ~1/Mee 10
10°°
10°°

ALICE

s ® Data
=7TeV
n|<0.8,p._>0.2GeV/c . 5
3<p. <4GeV/c LF .
Tee e fdir —

— — fe (PYTHIA)

+ 3.5% norm. unc. on data not shown
Fit range: 0.09 < m,, < 0.39 GeV/c?
x?/ndf = 1.86

r=0.02 £ 0.03 (stat.)

=
S~
.
~e

'~
~.
~.o
~.,

-
.
.
L .
-

0.1 0.2 0.3 0.4 0.5 0.6 0.7
M. (GeV/c?)

LMee in ALICE | I. Vorobyev | ICHEP 2018 | Seoul



v
inclusive
Y

,Y=

R

ALarge lon Collider Experiment

Virtual direct photons: results in pp collisions ALICE

No significant direct photon contribution is observed
» Results in inelastic events are consistent with pQCD NLO calculations [1]
« Upper limits at 90% C.L. are extracted with the Feldman-Cousins method [2]

Extend the measurements of direct photons in pp collisions at different energies [3]

arXiv:1805.04391 (submitted to JHEP) arXiv:1805.04407 (submitted to PLB)
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" NLO pQCD predict Ppis=7TeV 1 S0i5F 7 2015
1.2F P P - :‘ ® Virtual photon analysis - T - (0-0.036% INEL) ® Virtual photon analysis
1.155_ E T b |/ s0%CL - ) 0.1F | 90%CL
- - _|_ — NLO pQCD (W. Vogelsang) ] C _|'
- | - 1 005 I T
1.05[ - $ i J{
- /'/ 7 (0 e it teieisbirhieiebl Inb L LEELEEEEL REELEELEEEELE
1: —¢—_+_ ' :
- 1 -005F + Jd  -005F
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[1] L. E. Gordon and W. Vogelsang, Phys. Rev. D 48, 3136 (1993)
[2] G. Feldman and R. Cousins, Phys. Rev. D 57, 3873 (1998) _
[3] ALICE Collaboration, arXiv:1803.09857 LMee in ALICE | . Vorobyev | ICHEP 2018 | Seoul
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ALarge lon Collider Experiment

Central Pb-Pb collisions at Vsny = 2.76 TeV G/ ALce

arXiv:1807.00923 (submitted to PRC)

Light-flavour cocktail sources: P T o o E

o 10° ALICE mmm CoCKtall SUM —=

* Measured ° spectrum, n/tr and K*/mr* > Pb-PD, | Sy =276 TeV, 0-10%  ooms & 3t =

ratios for n [1-3] O O b r0daCeven <08 ULEDEE E

» mr scaling for other hadrons zl¢ & by ot L vee B

. o =, B D ee tnf”'ii%%, PYTHIA 6))?_

Heavy-flavour cocktail: s =
2 1

 PYTHIA calculations for pp at 2.76
TeV scaled with Ncoi from MC Glauber
(no medium and shadowing effects)

LN
1111111

Data / Cocktail

Data compatible with cocktail within
uncertainties °0 0.5 1 15 2 2.5 3 3.5

o Statistically limited sensitivity of current dielectron measurement
 Data/cocktail (excluding vacuum p°) in 0.15 < mee < 0.7 GeV/c?:
R =1.38 £ 0.28 (stat.) £ 0.08 (syst.) £ 0.27 (cocktail)

[1] ALICE Collaboration, Eur. Phys. J. C74, 10, 3108 (2014)
[2] ALICE Collaboration, Phys. Lett. B717, 162 (2012) |
[3] ALICE Collaboration, Phys. Lett. B736, 196 (2014) LMee in ALICE | I. Vorobyev | ICHEP 2018 | Seoul



ALarge lon Collider Experiment

Light-flavour cocktail sources: P T o o =
0 + + Q 1 02 ALICE == Cocktail sum (random charm correlations) —

* Measured 1° spectrum, n/m and K*/1r* > Pb-Pb, | Sy = 2.76 TV, 0109 Lo tavorhadins =

ratios for n [1 _3] <] 10 E P, _>04GeV/c,|7,|<08 == g(t:)—>ee idl\\// > xpp, E’a:ﬁg =

. o g | ---- cC ::Z <anc§c>)rr>1<§§rrealons ?—

« mr scaling for other hadrons = Random coroatons) "2

. 107" =

Heavy-flavour cocktail: N =
. =z'10° :

* PYTHIA calculations for pp at 2.76 LI o ==
TeV scaled with Neon from MC Glauber 0 £~ Sl N
(no medium and shadowing effects) 107 |

¢ A|tematlve methOd Complete 10_65 —t————— ettt —{ "\q—.—.—.—%‘
randomisation of initial angular 4 E E
correlations of cC pairs (extreme case , E =

of medium effects)

Data / Cocktail

® Cocktail version: <N > x pp, PYTHIA 6 $

- []  Cocktail version: Random charm correlations
—

Data compatible with cocktail within
uncertainties 005 1 15 2 25 3 35

o Statistically limited sensitivity of current dielectron measurement
 Data/cocktail (excluding vacuum p°) in 0.15 < mee < 0.7 GeV/c?:

R =1.38 £ 0.28 (stat.) £ 0.08 (syst.) £ 0.27 (cocktail)
 Intermediate mass range compatible with both approaches for HF cocktail

[1] ALICE Collaboration, Eur. Phys. J. C74, 10, 3108 (2014)
[2] ALICE Collaboration, Phys. Lett. B717, 162 (2012) |
[3] ALICE Collaboration, Phys. Lett. B736, 196 (2014) LMee in ALICE | I. Vorobyev | ICHEP 2018 | Seoul
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Thermal dielectrons and direct photons

Data compared to hadronic cocktail + thermal dielectrons from two models:
 Expanding fireball model [Adv. HEP 2013 (2013) 148253, PRC 63 (2001) 054907]
e Parton-Hadron-String Dynamics transport approach [arXiv:1803.02698]

arXiv:1807.00923 (submitted to PRC)
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Thermal dielectrons and direct photons

Data compared to hadronic cocktail + thermal dielectrons from two models:
 Expanding fireball model [Adv. HEP 2013 (2013) 148253, PRC 63 (2001) 054907]
e Parton-Hadron-String Dynamics transport approach [arXiv:1803.02698]

Virtual direct photon results in agreement with real direct photon measurements
arXiv:1807.00923 (submitted to PRC)
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Summary and outlook ALICE

pp collisions

* Results are described with cocktail calculations of known hadronic sources
« Measurement of heavy-flavour production cross-sections and direct photons
* First low-mass dielectron analysis of high-multiplicity events

Pb-Pb collisions
« Challenging analysis, limited sensitivity for detailed studies

» Results compatible with hadronic cocktail within uncertainties, room for
additional contributions

* Plan to collect ~100x more central Pb-Pb events in Run 3 after detector
upgrade: precise studies, access to Tinit

First results from Run 1 and Run 2 data
are submitted for publication

More Run 2 results are on their way
(p-Pb and Pb-Pb at \sxn = 5.02 TeV)

LMee in ALICE | I. Vorobyev | ICHEP 2018 | Seoul
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Back-up slides ALICE
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Dielectron pair analysis
* Physics signal:
S=N_-B-R

« Combinatorial background: geometric
mean of like-sign pairs from same event

B=2N_-N_

 Pair acceptance correction factor (from
mixed events)

N

+—MIX

2\/N AMIX N —_MIX

« Conversion rejection techniques: VO
tagging, pair orientation relative to the
magnetic field

R=

Conversion pair
Z

Dalitz decay
y4
|
y

I'd
X

e-

v

e+

Counts / (GeV/c?)

S/B

ALICE min.-bias pp Vs = 13 TeV
p, > 0.2 GeV/e, |ne| <0.8
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The ALICE Experiment at CERN LHC: PID ALICE

Inner Tracking System R
) S 00—
 Tracking, vertex, PID (dE/dx) —5
. ) . £ so0f-
Time Projection Chamber PR
. " 400:—
» Tracking, PID (dE/dx) s
= 300—
Time Of Flight detector :
200[—
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\ 100[—
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S S
" g
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o o
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0.8} -] c ’
] X Lk
. ALICE performance ] ©
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pp Vs = 7 TeV: DCAce analysis o ALICE

(\ -
(DCAy1 /axyl)2+ (DCA,y2/Oxy2)? ¢ ol

* Observable: DCA.. _\/
* HF decays: D mesons c1 ~ 150 um, B mesons ¢7 ~ 470 uym |
 Daughter tracks do not point to vertex DCA7 ¥

i Ve rtek

 Obtain DCAee templates from MC, normalise to cocktail and compare with data

Good description of data in all observed mass regions
« Separation of prompt and non-prompt sources with DCAee

arXiv:1805.04391 (submitted to JHEP)
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pp Vs = 7 TeV: DCA resolution ALICE

« DCA resolution should be smaller than observable (ct of D meson ~ 150 um)
« Pair DCA analysis is done for pt > 0.4 GeV/c

= 600 | = 300,
= ALICE = ALICE
S o001 op Vs =7 TeV S 00 charged particles
3 - . 2 S (s=7TeV :
o 400 o 34 e data, pions 1 o 200p ppis=/71€ ]
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® A o MC, pions ] - e i
- 8 o MC, kaons B - s ]
200; o m A A MG, protons ] 100; 33 i
i R 1 i -
o Q [ 3
100 : i, - 50F o, -
: 5!8555! - .':grglioo
L L L L L o L L 0 L L R R | L L IR R |
P, (GeV/c) P, (GeV/c)
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HF production mechanisms ALICE

|dea: study different charm production processes using PYTHIA 6 simulations
 Gluon splitting (GSP) (default fraction 55%)

* Flavour excitation (FEX) (20%) g c
 Flavour creation (FCR) (10%) @Pm C—
 e*e” from bb (15%) T g

Fit the data in 2d (mee VS pree) allowing each

T ]
|

fractional contribution to be between 0 and 1 2 [ ALIGEpp is=13Tev S A i ]
8 o p, >0.2GeVic,|n|<08 — MC: gluon splitting B
- : S F 108<me<28600V/c?  _ uc ioo cremton ]
Fit results: E F p_<6Gevi -~~~ MC:bb -
3 - —— Light-flavour cocktail + J/y -
« GSP: (0.00 + 0.67) E -
+ 0. £
81072

« FEX: (0.68 £ 0.06)
* FCR: (0.00 £ 0.99)
» e*e” from bb: (0.32 £ 0.06) 1072

o
L
L] =

T II1III|
L1 IIIIII|

* Fit prefers larger FEX contribution than

D™

predicted by PYTHIA 10—“2— -::J:‘ir-——*——_j
« Poor constraint on FCR and GSP Do el .".:E:é*u b d
contributions: more data needed m.. (GeV/c?)
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pp Vs = 13 TeV: low B-field studies ALICE

Run 3: major experiment upgrade (ITS, TPC), dedicated run for low-mass
dielectrons with reduced magnetic field of the ALICE solenoid

* Increased charged-particle acceptance, access to low-pr/low-mee pairs
* Improved background rejection capabilities

c? | T I T T T T I T T T T T T T T I T T T T ]
[S) N - . 7
ALICE Performance S q2 [ ALICE Preliminary —— Cocktail ]
o 10°F (s=13TevwithBo02T —— % —7ee 3
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e é 10 =y P, <04 GeVic 5 ee o e 0 5
3 . o — — 00 >ee,0omee, 0 onee
Mixed events: g - e ee ]
i | o —bb > ee —
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Results from pilot runs in 2016 and 2017: data on the upper edge of the cocktail unc.
* Need more data and n measurements at very low pr

« Will help to understand the excess of dielectrons observed by the AFS experiment [1]
[1] Ph. D. thesis of V.Hedberg, Lund University (1987) LMee in ALICE | I. Vorobyev | ICHEP 2018 | Seoul 24
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p-Pb Vsnn = 5.02 TeV: invariant mass spectrum

Cocktail calculations:

* Resonance and Dalitz decays: %
1t and J/y measurements, 3
mt scaling for other hadrons =

. . S

« Heavy flavour contributions: S
cross section extrapolated from o
pp at 7 TeV measurements z

Data consistent with cocktail

within uncertainties

=
S
g
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ALarge lon Collider Experiment

p-Pb snn = 5.02 TeV: differential analysis ALICE

Differential analysis in mee - p7°©:
 Sensitive to ¢t and bb cross sections
e Cold nuclear matter effects?

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

ALICE Pre“mlnal’y ———— Cocktail sum with uncertainties - ALICE Pre“mmary — Cocktail sum with uncertainties ] 1 0-2 E_ ALICE Pre“mmary Cocktail sum with uncertainties _E
21— p-Pb NSD |5, = 5.02 TeV - —= ~  p-Pb NSD {5y = 5.02 TeV . . = p-PbNSD |5y, = 5.02 TeV 7
= e s 02 GeVie n=y = | ee02Gevc ®—eeando -1 ee T e 02 GeV/e ———— @ (<N"’>xpp PYTHIAMNR, G, = 6.9mb) ]
= I ® — ee and ® — tee 1 107 E I > ¢ — ee and ¢ — nee —] ' > .

C (0.14 < Mg <0.75 GeV/ca 7] :_(0.75 <mg <11 GeV/c) = B _( 1.1 <m, <3 GeV/c ) o5 (<Npp|:,>x b PYTHIA MNR, o, = 2104)
| YTT<UB - yee N - TTT<U3 p—ee 3 10°E"TrT<038 « ° =
» _ P ] - (Like-sign subtracted) -
| p—ee N L ————— o8 (<N > x pp PYTHIAMNR, 6, = 6.9mb) | - :
= ———— & (N> x pp PYTHIAMNR, o , = 6.9mb) - = (Like-sign subtracted) - Jiy — ee and J/y — yee -
I — 1 41— —]
C 1 104 ot /ﬁ% e
M=/ = :// ] L/ —
: E 10° —
- - - .
o 1= 10°F = = N
E_I _: B 1 1 1 t T 1 1 T 10-6 _—I 1 : 1 1 1 1 t 1 1 1 1 t 1 1 1 1 t 1 1 1 1 t 1 1 1 I__
= 5 2F 5 2 E
= = 15F 4 15F =
5 E 5 | E 5 . 3
g s ] 3 1E [ : h ' T i =
- ERRSS ' } 0.5 l =
E 1 1 1 1 1 = o E 1 1 1 1 1 Oé | 1 1 1 1 =
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5 3
pje (GeV/c) pje (GeV/c) pje (GeV/c)

x5 more p-Pb data in Run 2: detailed studies vs mee and pt®€ are ongoing
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pp Vs = 13 TeV: cocktail details

Cocktail of known hadronic sources:

« Resonance and Dalitz decays of light-
flavour hadrons

 h*at 13 TeV [1], h*/Tr* at 7TeV [2] for 1%
 PYTHIA 8 (Monash 2013) for p/1tr and w/
1T ratios (good description of data [3, 4])

« mt scaling for other hadrons (n’ and ¢)
« Correlated HF semi-leptonic decays

« PYTHIA 6 scaled to FONLL extrapolated
cross-sections from 7 TeV [5, 6]

doe/dyly—o = 12961175 ub

oy dyly—0 = 68" 13 b

 Detector acceptance (pte > 0.2 GeV/c,
In®| < 0.8) and resolution effects

Data/Cocktail

ALICE

arXiv:1805.04407 (submitted to PLB)
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O ALICEpp \s=13TeV @ Doata )
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Q) 1 B p  <6GeVic .- n—ye'e, N> owee
— ! p—e'e
E @ 5% global unc. not shown —..... ¢ — 1% e'e",  — e'e”
= iy 0o>nee,0on’ee, ) >e'e
S 10 = - Jy > ye'e,Jly - e'e”
? 3 — - > e'e (PYTHIA)
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= =i weer S Cocktail
=~ N R
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©

Good description of data with hadronic cocktail expectations
« e*e” production in min. bias pp collisions is well understood for pte > 0.2 GeV/c

[1] ALICE Collaboration, Phys. Lett. B 753 (2016) 319
[2] ALICE Collaboration, Eur. Phys. J. C 73 (2013) 2662
[3] ALICE Collaboration, arXiv:1805.04365

[4] ALICE Collaboration, ALICE-PUBLIC-2018-004

[5] ALICE Collaboration, Eur. Phys. J. C77 (2017) 550
[6] ALICE Collaboration, JHEP 11 (2012) 065
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New phenomena in high multiplicity pp events? ALICE
» Production / destruction of p meson S 1k ALICE Performance VoM utpicy Classes
O pp Vs = e Min. Bias Triggered Data:
» Thermal radiation in small systems e SIS
- Understanding of Multiple Parton Interactions ol \“\\ i o
|dea: produce a ratio of dielectron spectra in 0k " s 3
high-multiplicity over inelastic events: o
Nee(HM) « (dNcn/dn(INEL)) g _
(Neo(INEL)) © ~ dNcr/dn(HM) UG L L L
VOM amplitude / {VOM amplitude)
e dNch/dn(HM) /{dNch/dn(INEL)) = 6.27 * 0.22 o 22
(measured at rl ~ O) U_I/j 2:_ ALICE, pp, Vs = 13 TeV, charged particles, |n| < 0.8
_ o _ _ = - Data, (NT) = 6.7,(N_) = 9.4 (o > 0.15 GeV/c)
Input for high-multiplicity cocktail calculations: o 18- & 1SNI <N i
e . O qgh ™ NG SNGT<ANGD o 4 LT
« LF: modification of pt spectrum of charged gL e a2 HH;,..?' -
particles in events with higher multiplicities [1] A
« Assume same scaling with multiplicity for all LF d
hadrons at the same mry
« HF: multiplicity dependent production of D meson A
[2] and inclusive J/y [3] in pp at Vs = 7 TeV A o sty g
R : o[ =+ EPOSLHC,(N)=100 ° o
fSame enhﬁncement for beauty is assumed as 025 L ovmine tomen, tpeios 4
or open charm 1 -
[1] ALICE Collaboration, Phys. Lett. B 753, 319 (2016) P, (GeV/c)

[2] ALICE Collaboration, JHEP 09, 148 (2015) |
[3] ALICE Collaboration, Phys. Lett. B 712 (2012) 165 LMee in ALICE | I. Vorobyev | ICHEP 2018 | Seoul
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pp Vs = 13 TeV: cocktail calculations vs multiplicity

Light-flavour decays:

« ALICE 1* measurements as input, mt scaling

for other hadrons

* Modification of pt spectrum in events with

higher charged particle multiplicities —

Heavy-flavour contribution:

 PYTHIA simulation of open charm production
 Multiplicity dependent production of D meson in

pp at\/s=7TeV\

(®N/d ydp.) / (PN/d ydp.)

ed-down unc.
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ALICE Upgrade for Run 3 (2020-2022) - ALICE

Major upgrades of main tracking
systems

« Completely new 7-layer ITS
detector

* New TPC GEM-based readout
chambers

« Higher readout rate up to 50 kHz
in PbPb (x50 compared to Run 2)

_Outer Barrel

Beam pipe

. LMee in ALICE || vev | ICHEP 2018 | Seoul 30
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ALICE Upgrade for Run 3 (2020-2022)

ALICE

» Dedicated low B field = 0.2 T to increase acceptance of low pt & mass pairs

« Expected statistics: 2.5 x 10° PbPb events in 4 weeks of PbPb data taking

T I T T T T 17 r—T—r—1T 17 17T T 1T 1T 1T T T T T T T T4 | I | | [ | I I ry rrrrrrrrrrrrTrTr T 1T T T T"T-4-

R—

excess spectrum

= T T = = = T | =
: PbPb @\/S__ = 5.5 TeV Sum 3 ' - PbPb @\[s, =5.5 TeV Rapp Sum 3
- NN Rapp in-medium SF . - - NN i i .
3 0 - 10%, 2.5E9 Ragg QGP . 8 0 - 10%, 2.5E9 zapp In-n;edlum SF .
= 1\ 1yl <0.84 cocktail w/o p (+ 10%) | g ly | <0.84 s o :Z: f:feas ' cE- cockt. |
T 10" Al pS>0.2GeV/c cC — ee (x 20%) = B 101 pe>0.2Gevic ; ) =
8 =i I —<¢— 2.5E9 'measured' = 3] Al o =222 Syst. err. bkg. =
£l 0.0<p, <3.0 ] E"’ -\l 0.0<p, <3.0 ]
% - tee Syst. err. bkg. (= 0.25%) - 5 . tee E— Syst. err. cC + cocktail -
5, J ©
102\

-—h
Q
N
T IIIIIIJ-

11 lllllll

102 " % [ = 10° =
10 —\ \ = 10 3
-/ Simulation | || ] - Simulation :
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Excess above 1 GeV is dominated by thermal QGP radiation
T of early stages without blue shift
* 10% statistical and 10-20% systematic uncertainties in IMR
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Normalised Yield

ALarge lon Collider Experiment

New developments: machine learning methods ALICE

 Electron identification: improves efficiency while keeping hadron
contamination low

 Dielectron signal: suppress conversions, reduce combinatorial background

« Usage of the methods are foreseen in the dielectron analysis of pp, p-Pb and Pb-
Pb Run 2 data
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