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ALarge lon Collider Experiment

Low mass dielectron studies

Produced during all stages of collisions with
negligible final-state interactions

High-energy heavy-ion collisions:

* In-medium modifications of vector mesons

* Thermal radiation from QGP

» Energy loss of correlated heavy flavour quarks
Proton-ion collisions:

» Cold nuclear matter effects

Proton-proton collisions:

* Medium-free reference

« Heavy flavour cross-sections

 New phenomena in high-multiplicity events?
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The ALICE Experiment at CERN LHC ALICE

THE ALICE DETECTOR , a. ITS SPD (Pixel)
§ 7 % b. ITS SDD (Drift)
x . . ITS SSD (Strip)
d. VOand TO
e. FMD

Inner Tracking System
 Tracking, vertex, PID (dE/dx)
Time Projection Chamber

+ Tracking, PID (dE/dx) S rrm—
Time Of Flight detector s
* PID (TOF measurement)
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. PHOS, CrPV
10. L3 Magnet
11. Absorber

12. Muon Tracker
13. Muon Wall
14, Muon Trigger

CeNOOAWNE

15. Dipole Magnet
16, PMD

17. AD
18.ZDC

19. ACORDE
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The ALICE Experiment at CERN LHC
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The ALICE Experiment at CERN LHC ALICE

THE ALICE DETECTOR (9 i a. ITS SPD (Pixel)

b. ITS SDD (Drift)
c. ITS SSD (Strip)
d. VOoand TO

e. FMD

Inner Tracking System
 Tracking, vertex, PID (dE/dx)
Time Projection Chamber
 Tracking, PID (dE/dx)

Time Of Flight detector

* PID (TOF measurement)

VO scintillators oo
- Trigger, centrality estimation 1 s

12. Muon Tracker

-

L

i®

ITS
FMD, TO, VO
TPC

TRD

TOF

HMPID
EMCal

CeNOOAWNE

13. Muon Wall
14, Muon Trigger
15. Dipole Magnet
16, PMD

17. AD

18.ZDC

19. ACORDE

In this talk:
Collision system N of events Triggers
pp at Vs = 7 TeV ~370 M min. bias
pp at Vs = 13 TeV ~104 M + 48 M min. bias + high mult.
p-Pb at Vsnn = 5.02 TeV ~105 M min. bias
Pb-Pb at Vsnn = 2.76 TeV ~20 M 0-10% centrality
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ALICE

pp Vs = 7 TeV: invariant mass spectrum

Cocktail of known hadronic sources:

« Resonance and Dalitz decays: T1°, n, ¢ and J/y measurements, K

other sources (n’, p, w) from mt scaling _ -
: : N

« Heavy-flavour correlated semi-leptonic decays: < /( ---------- R

measured cC and bb cross sections, shape from \ \ e Vi
. . Do
PYTHIA simulations | " A/A/;g

» Detector acceptance and resolution effects G

Data in agreement with cocktail = — cooidal E

calculations within uncertainties o _ ozGeve T n B

. . . . . B TR ALICE |n1;3|<0_8 — 0> ee &0 —een %

* Finalisation of results is ongoing £ o 0ogesoeer’ 3
(heavy-flavour cross section, 8 ¢ Uy oeesdy e 3
direct photons, pair DCA 102 2 —=
analysis) . y 3
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. . )
pp Vs = 7 TeV: pair DCA analysis o
O
Idea: separate prompt and non-prompt ‘ ot €
contributions using pair vertex position \
DCA! + DCA; L)

* Observable: DCA,, =\/

2

DCA7!

»\DCA2

Vertex

ALICE

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

Good description of
data in all mass regions

* Low-mass region:
prompt and non-prompt
sources, can separate
them

* Intermediate-mass
region: non-prompt
sources, separation of
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New phenomena in high multiplicity p

Production / destruction of p meson, direct
photons, open heavy flavour... ?

|dea: produce a ratio of (uncorrected)
dielectron spectra:

N, (HM) /(N (HM))
N,.(MB)/ (N (MB))

« Min. bias triggered data: coincidence of
VOA & VOC signals

» High mult. triggered data: coincidence
of VOA & VOC signals, threshold on VOM

o ( Ncnac(HM) )/ { Ncha¢(MB)) = 4.36
(measured at n ~ 0)

* Naive expectation (for light flavour):
signal ~ Nch

1/Ng, dN/dm., ((GeV/c?)™)

Counts
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pp Vs = 13 TeV: cocktail calculations vs multiplicity ALICE
?IZ_ICE, Phys. Lett. B 753, 319 (2016)

- ALICE, pp, Vs = 13 TeV, charged particles, |n7| < 0.8
27 acc ‘
- Data, (N, )=6.7,(N )=9.4 >0.15 GeV/c
: < Chac>c ac<c Ch> (pT ) +
1.8 @ 1< Ny <(N_" .1. _)_

 Preliminary ALICE 11* measurements as input,
mrT scaling for other hadrons fef T NDSNE<AN T
LN N Pl

* Modification of pt spectrum in events with 14
higher charged particle multiplicities — 25

Light-flavour decays:

Ratio to INEL>0

- Lra
0-4; MC, selection on N, ""—".35';:-:,__‘___
0_2; """" EPOS LHC, (Nch) =10.0
E — — PYTHIA 8 (Mon?sh-2013), (Nch) =10.1 ‘ ¢
O I I I I L1 I 1 I I [
1 10
p_ (GeV/c)
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pp Vs = 13 TeV: cocktail calculations vs multiplicity ALICE
?IZ_ICE, Phys. Lett. B 753, 319 (2016)

- ALICE, pp, Vs = 13 TeV, charged particles, |n7| < 0.8
2F Data, (N*) = 6.7, (N_) = 9.4 (p. >0.15 GeV/c)

Light-flavour decays:

 Preliminary ALICE 1 measurements as input, o e | |
16; . <Nj,j°>cs N:§°c<hz<N:§°> WJ.[ _)'

. J‘:--"'"'_‘-}.'.[ I

Ratio to INEL>0

mr scaling for other hadrons :
E o NG 22N

* Modification of pt spectrum in events with 14
higher charged particle multiplicities — 25

Heavy-flavour contribution: 04

%" MC, selection on N, - 35';1-
[ eeeee- EPOS LHC, (N_) = 10.0 ]

 PYTHIA simulation of open charm production o2 — — PYTHIAS (Monash2013), (V) = 101 "

* Multiplicity dependent production of D meson in ! Gevio)
pp at Vs = 7 TeV

ALICE, JHEP 09, 148 (2015)

° Rough eXpeCtatlon: /&,_25i"'“"'N"A"UN(':‘E‘W'"'I""I""I""I"': /D\l_25i"w"'w"ALINC';'E'W"'w"vwvvvwvvvwvvv:
S [ ppis=7TeV,|y<05 1 B [ ppis=7TeV, <05 1
3 B 0 L ¢ D° , 2<p_<4 GeV/ ]
Nezseo (M) / (N ey (FIM)) S oo+ 0 mesen ep 20ve 13 Ly i
~ 1 — 25 S C ke L 4 D* meson, 2<p_<4 GeV/c ]
NcE%ee(MB)/<Nch(MB)> ’\cz._ 15— - i._ 15— —
S S ]
S 10— 103 10; é

“o o

. e
¢ +6%/-3% normalization unc. not shown - L u +6%/-3% normalization unc. not shown
L el + 6% unc. on (dN/dn) / (dN/dn) not shown | L m + 6% unc. on (dN/dn) / (dN/dn) not shown _]
. A e e e e e e ey . e e e e e ey
§ 0.4 B fraction hypothesis: x 1/2 (2) at low (high) multiplicity = § 0.4 B fraction hypothesis: x 1/2 (2) at low (high) multiplicity =
- £ e - i =
S 0.2 = S 0.2: ]
o 3 9 9 1
2 E » = E
© | hel | i L L r L EE e T -
] - o -0.2F
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pp Vs = 13 TeV: high multiplicity data analysis ALICE

Results are in agreement with cocktail expectations
 Intermediate mass: in agreement with D-meson results at 7 TeV

N P= N v B L B B BN B B L
= |2 [ ALICE Preliminar :
T |2 -FE y dat i
5= F ppVs=13TeV $ data | -
S° < 5:_ pe > 0.2 GeV/e, In°| < 0.8 cocktail e
=3 TF  NRHMY/ (NE(MB) = 4.36 -
% 0 [M8 1.8 nb™, L™ ~ 832 nb™" (0-0.1% VOM) :
3| 8 =
=< .
°F — E

B —@— -

= , @ . m
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P e + --------------- A -
O:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII :
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pp Vs = 13 TeV: high multiplicity data analysis ALICE

Results are in agreement with cocktail expectations

* Intermediate mass: in agreement with D-meson results at 7 TeV

* Low mass: ratio > 1 due to change of hadron pt spectrum and acceptance cut
« Analysis of more data (x5) is ongoing

4% o B B B B LI L B
ALICE Preliminary
op (s = 13 TeV ¢ data

p_er > 0.2 GeV/c, m?| < 0.8
(NZE(HM)) / (NT°(MB)) = 4.36
Y8 ~1.8nb™, L™~ 832 nb™" (0-0.1% VOM)
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(MB))
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p-Pb Vsnn = 5.02 TeV: invariant mass spectrum ALICE
Cocktail calculations:

. ,I_/'\ 1EI ! ! ! | ! ! ! ! | ! ! ! ! ! ! ! ! | ! ! ! ! | ! ! ! ! | ! ! ! IE
e Resonance and Dalitz decays: % E ALICE Preliminary —— C:cktail sum with uncertainties E
T+ and J/y measurements, S N oronspys.-s02Tev o -
mT SCallng fOF Other hadrOnS 58 10 ps>0.2 GeVic ® — ee and » — n’ee _E
. . E " . — ee an — nee -]
* Heavy flavour contributions: S wri<os P ]
cross section extrapolated from o 107 o =
pp at 7 TeV measurements 23‘" —_— CE_(<N;;Z>xpp PYTHIA MNR, 5 = 6.9mb) ]
— bb (<NcoII > x pp PYTHIA MNR, S5 = 210ub) |

Data consistent with cocktail
within uncertainties

data/cocktail

1= | B

(Like-sign subtracted)
Jy — ee and J/y — yee

o
o

o

LMee in ALICE | |. Vorobyev | Bormio 2018



T

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?

1/NNSP dN/dpee ((GeV/e)™)

data/cocktail

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 Prellmlnary — Cocktail sum with uncertainties B ALICE Prellmlnary — Cocktail sum with uncertainties 7 10-2 5_ ALICE Pre“mmary Cocktail sum with uncertainties _5
21— p-Pb NSD {5y, = 5.02 TeV = ~  p-PbNSD |5 = 5.02 TeV . . = p-PbNSD |5y, =5.02 TeV 3
= p°>02GeV/c o = J| 2=02Gevic ©eeando e - p°>02GeV/c ———— T (N> xpp PYTHIAMNR, 0, = 6.9mb)
- I © — ee and 0 — t’ee 1 107 E I 2 ¢ — ee and ¢ — nee = l 2 I
- (;.1l4<<umtjee <0.75 Gev@ e : E_(lc;?ls:urzee <11 GeV/c) " e ‘( I177.1I . Ta <3 GeV/c ) o5 (™ x 0 PYTHANNR, o - 2105 |
. - | I . - - . =
» _ P ] - (Like-sign subtracted) -
10%— p—ee ] L ————— 8 (<N ’> xpp PYTHIAMNR, 5, = 6.9mb) | - -
= ———— & (N> x pp PYTHIAMNR, o , = 6.9mb) - = (Like-sign subtracted) - Jiy — ee and J/y — yee -
I - ] 4 —]
- 1 10t | 10%E /ﬁ% E
| 7 B -
1 0 4 E/ _: _/ ] - / NI\_
- ] | 10° = =
= — - -
o 1= 10°F = = N

5| / ] : .
10 - 1 = B 1 1 1 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__
2F 4 2F 4 2F =
1.5F =  15F 4  15F =
= E - i E S - E
'E e e ER = i 1E —— =
05 < 05k } 0.5 | =
OE 1 1 1 1 : o : 1 1 1 1 Oé | 1 1 :
0 0.5 1 1.5 2 2.5 3 0 0.5 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 pte® are foreseen
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Pb-Pb Vsnn = 2.76 TeV: invariant mass spectrum ALICE
* Light flavour cocktail: 1 measurements, T E Po-Pb, (5.2 2.76 TV — ot cootl
mt scaling for other hadrons > ok Centrality 0-10% e
. S = pi > 0.4 GeV/c, |T’|e| <0.8 n' — yee
* Heavy flavour cocktail: PYTHIA o[ ] ALICE Prefiminary P
calculations normalised to pp at 7 TeV Sls oowsgome
measurements, extrapolated to 2.76 TeV e ol e
and scaled with Ncoi g s
102
Data compatible with cocktail within OE N
Iarge uncertalntles 10_40I o I0.1 0.2 0.3 IO.I4I I IO.I5I I IO.IGI I0.7
« Room for additional sources Mee (GeV/c?)
' ALICE Preliminary
*°E" Pb-Pb, |'s,, = 2.76 TeV, Centrality 0-10%
3 ps>0.4 GeVic, n | <0.8
25

N

mmE !

—_

data / cocktail

o
o

© IIII|IIII|IIII|III IIII|IIII|IIII|IIII|IIII|IIII

o

|
o
o

11 | 11 1 1 | | I | | 11 1 1 | | I | | 11 1 1 | | I |
0.1 0.2 0.3 0.4 0.5 0.6 0.7

me. (GeV/c?)
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Pb-Pb Vsnn = 2.76 TeV: invariant mass spectrum

« Light flavour cocktail: m° measurements,
mr scaling for other hadrons

« Heavy flavour cocktail: PYTHIA
calculations normalised to pp at 7 TeV
measurements, extrapolated to 2.76 TeV
and scaled with Ncol

Data compatible with cocktail within
large uncertainties

« Room for additional sources

« Data compared to hadronic cocktail +
and HG radiation with modified p
and w in-medium spectral functions [1, 2]

* Reduced sensitivity to measure thermal
radiation

« Run 3 data (after detector upgrade):
more precise studies, access to Tinit

[1]
[2]

R. Rapp, Adv. High Energy Phys. 2013 (2013) 148253
R. Rapp, Phys. Rev. C63 (2001) 054907

(GeV/c?2)"!

2
°

1

Nevt dmee

Data/Cocktail

10E

1

107"

107

ALICE

TITH

| |
.-
. .=

ALICE Preliminary ® data
Pb-Pb \/STN =2.76 TeV

Centrality 0-10%
pi > 0.4 GeVle, |ne| <08

== hadronic cocktail w/o vacuum p

=—=hadronic cocktail + Rapp: QGP and HG
— Rapp: sum of QGP and HG (in-medium p)
Rapp: QGP
-+ = Rapp: HG (in-medium p spectral function)
- = = Rapp: HG (vacuum p spectral function)
Adv. HEP 2013 (2013) 148253 and
PRC 63 (2001) 054907

B I ] I ] ] ] ] I ] ] ] ] 41"1‘ ] ] I ] ] ] ] I ] ] ] ] |
I I I I | I I I I | I I I I | I I I I | I I I I | I I I I | I I I I
+ :
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
0 0.1 0.2 0.3 0.4 0.5 . 0.7
2
M, (GeV/c?)
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Pb-Pb Vsnn = 2.76 TeV: virtual direct photons

Fit dielecton mass spectrum

(Mee 100-300 MeV/c?, pt 1-2 and 2-4 GeV/c)
f(mee): r.fdir(mee)_l_(l_r)fLF(mee)+fHF(mee)

* r=virtual direct y / inclusive

* Direct virtual photons described by
Kroll-Wada (mee << pr)

1 dN 2o 4m? 2m? 1
ee e.m. 1_ 2e (1+ 26‘ )X
N’)/ dmee 372: mee mee mee

* Results compatible with ALICE and

RHIC direct photon measurements
of r~0.1-0.2[1, 2]

[11  ALICE Collaboration, Phys. Lett. B 754 (2016) 235-248
[2]  PHENIX Collaboration, Phys. Rev. Lett. 104 (2010) 132301

ALICE

é‘(.; ; ALICE Preliminary data
% B Pb-Pb, s\, =2.76 TeV  __ Hadronic cocktail
0} 10 Centrality 0-10% _—r .fd_r +(1-r) .fLF+fHF
. F pS>0.4GeV/c,In| <08 — i, '
% g 1;_ 1<p*<2GeVic — fur
-O“ = - fdir
~l_3
2 L
107 =
: ‘ 
1072 =
107 é_/_|/ ! | |
0 005 01 015 0.2 025 03
m,, (GeV/c?)
S 0.5
£ - .
> 045E ALICE Preliminary
—~ -
= Pb-Pb s, =2.76 TeV
= = ;
I ossE Centrality 0-10%
~ =
03 90% C.L.
0.250 T
= 90% C.L.
0.2
0.15F
0.1 o
0.05F
: 1 | 1 1 1 1 | 1 1 1 1 1 1 1 1 | 1 1 1 1
o 15 2 25 3 35 4

pie (GeV/c)
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Summary and outlook ALICE

pp collisions

* Medium-free baseline for heavy ions studies

 First low-mass dielectron analysis of high-multiplicity events

* Results are described with cocktail calculations of known hadronic sources

p-Pb collisions
» Studies of possible cold nuclear matter effects
« Compatible with hadronic cocktail within uncertainties

Pb-Pb collisions

« Challenging analysis, results compatible
with hadronic cocktail within uncertainties

« Room for additional contributions

More results are coming soon!
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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 FAMIX N ——MIX

R=

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

)

u

s

dN/dm,,

ALICE

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

ALICE Preliminary

p-Pb NSD | s, = 5.02 TeV
102 p$ > 0.2 GeV/c

10

¢ T IIIIIII
L1 IIIIIII

n°| < 0.8 —— Unlike-sign distribution
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ot +*o

L d
3 s **
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ALarge lon Collider Experiment

pp Vs = 7 TeV: direct photons

10
Fit dielecton mass spectrum (Mee § 1
100-400 MeV/c?, pt > 1 GeV/c) with 2
o 107
f(mee) — r.fdir(mee)+(1_r)fLF(mee)_l_fHF(mee) C\Jggg 102
 r = virtual direct y / inclusive
* Direct virtual photons described by 104
Kroll-Wada (mee << pr)
c,’,\‘IO11
1 dN, 2« C4m; o 2m, 1 o
ee — e.m. > )X % 1010
N, dm,, 3 mee m., m,, o
Q 9
* Results compatible with NLO pQCD m‘% hd
calculations 2 10°
C’_Dc C
W 10’
10°
10°

)
s
'
-3 .
.
E .
F .
F 0
c .

24<pf<32 GeV/c

ALICE
E I I T E
" ALICE preliminary —+— data ]
- pp, Vs=7 TeV fy,dir
é_p$>0.2 GeV/c — (1 -r)*fcocktail + r*fY,dil’ 3
" ne<0.8

—— cocktail sum

 ALICE preliminary $E7
_pp \s=7 TeV +Yd it ]
E. ,Yincl (PCM)
. it
- e W)
L4 — n=0.5
® PY |.L=1.0
E ] — u=2.0 =
°
e
i 95 % C.L. °* . :
' .
E....I....I....I....I....I....
1 1.5 2 2.5 3 3.5 4
p_ (GeV/c)
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norm. Pull

ALarge lon Collider Experiment

pp Vs = 7 TeV: pair DCA analysis ALICE

|dea: separate prompt and non-prompt contributions using pair vertex position

* Tracks from D or B decavs (¢t ~ 100-500 um) do not point back to event vertex

DCA’ + DCA;
2

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

« Observable: DCA,, :\/ (DCA: - Distance of Closest Approach of track i)

:l||II||||I||IIIIIIIIIIIIIIIIIIIIIII |||||||||||| ::lllll|||II|IIIIIIIIIIIIIIIIIIIIIIII ||||||||||| l::lllll||||IIIIIIIIIIIIIIIIIIIIIIIIII |||||||||||| — :l|||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ||||||||||| l:
- JE | —e— data 3 - —e— data 3
- ALICE Preliminary _* Sgiita” cum IF ALICE Preliminary _* Sszita” cum AF ALICE Preliminary cocktail sum 1 [ ALICE Preliminary cocktail sum
- pp Vs=7TeV : . AF pp Vs=7Tev : . AF ppVs=7TeV  —— light flavour — e*e” (X) (MC) - ppVs=7TeV  —— o —>e'e (MC -
B pp — light ﬂa:/o_ur —e'e (X) (MC) || PP — light flal/qur —e'e (X) (MC) || PP C%_) o6 (MO) X) ( L e PP bE & oo ((MC)) _
= —— ¢C —e’e (MC) JE —— ¢C —e'e (MC) 3E —— bb > e*e’ (MC) 3 & —— Jly > e*e (MC) 3
- —— bb — e*e’ (MC) —— bb — e*e’ (MC) 1 — Jly > e'e (MC) —— non-prompt J/y — e*e’ (MC)
(0 p,,> 0.4 GeVic, || <08 P, >04GeVic |n)<08 | P >04GeVic <08 | | ' p,,> 0.4 GeVic,|n| <038
[ 5 GeV/c Pi oo < 5 GeV/c E :I P e < 5 GeV/c ; - [ 5 GeV/c
0.08 < m,, < 0.14 GeV/c? 0.2 < my < 1.1 GeV/c? —“HF —— 1.1 < Mg, < 2.7 GeV/c? a - 2.8 < My, <3.2GeV/c?
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ALarge lon Collider Experiment

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€ ]
z [ = data, kaons 1 % : : " p-Pb \s,=5.02 TeV
© 300 r- A4 data, protons 1 © 150 ® Pb-Pb \s\=2.76 TeV -
® 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, -
: !!E!!a!'ﬂq .':grglioo
L L l L 0 l L l
P, (GeV/c) P, (GeV/c)
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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

1072

1073

=10%e =
. . L = = m = ] .
ALICE simulation =~ electrons S F ALICE Performance ¢ F ALICE Simulation — Before MVA cut
- op \G _13TeV pions g _ Pb-Pb {5y =2.76 TeV, 0-10% —
o B - S 105 e All e*¢” pairs (Data) = B .
C PYTHIA 8.1 (Monash 2013 Tunes) — protons % § — Alle*e pairs (HIING) ) 1 02 E_HIJING, Pb-Pb \fS_NN =2.76TeV, 0-10% — After MVA cut
i — kaons > N — Signal "¢’ pairs (HIJING) = ' o
10 E = Combinatorial e*e” pairs w/ conversion leg (HIJING) — — Ideal conversion rejectlon
L == Muons - L )
r = ¢'e pairs pairs from conversions (HIJING) 1 0 L
— 10° -
B 107 = = | : :
L - - ' i 1 ,__II il
10 = 1 u 1 :_ L
L | = 100
- A\ =
- g’i o VERrH -
- 1l &= oiF . :
o N\ Q 2E_ = 2
- ,“; i % 28 = =5 10 =
- N\ EREE E -
N ﬁo E = -
1 0_4 4 !l l Ll l  — : \k * — J) 03;] o b ba v b v b bov oo Lo oo Lo E : 1 0_3 1 1 1 l L 1 1 | 1 1 L I 1 1 1 I L 1 L I L L
-08 -06 04 -02 0 0.2 04 0.6 0.8 2 % of 02 03 04 05 06 07 08 09 1 0 0.2 0.4 0.6 0.8 1 1.2
MVA Outout MVA output ' ’ ' ' ‘
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ALarge lon Collider Experiment

pp Vs =13 TeV: S / B and significance ALICE

Naive expectation: signal is proportional to Nch, combinatorial background
grows like Ncn?
— Signal / background ratio is lower for high multiplicity events

— Significance is comparable in background-dominated mass region
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Counts

ALarge lon Collider Experiment

pp Vs = 13 TeV: MB and HM triggers

ALICE

* Min. bias trigger: coincidence of VOA & VOC signals (forward rapidity)
« High mult. trigger: coincidence of VOA & VOC signals, threshold on VOM

{ Nenee(HM) ) / { Ncn2c¢(MB) )

107 ALICE Performance VOM Multiplicity Classes
pp Vs =13 TeV Min. Bias Triggered Data:
108 0-1% | | 20-30%
- L 115% [ | 30-40%
105 | T SN\ [ ]510% [_]40-50%
\\ NN [ 110-15% [__] 50-70%
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10 AL . — 0-100%
NN s
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10° AR i
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102 N
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= R | TN NN i
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VOM amplitude / {VOM amplitude)

= 4.36 (measured at n ~ 0)
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ALarge lon Collider Experiment

Pb-Pb Vsnn = 2.76 TeV: virtual direct photons

data / cocktail
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10E ALICE Preliminary
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counts

3

10°

10

ALarge lon Collider Experiment

Upper limit on virtual direct photons ALICE

Measure fraction of virtual photons in N =10* simulated experiments

« Random sampling of data around best fit curve and moving of data coherently
by fraction of their systematic uncertainties

» Upper limit (90% CL) extracted from integration of obtained r distributions

counts

ALICE Preliminary
Pb-Pb |5, = 2.76 TeV

Centrality 0-10%
2 < pie <4 GeV/c

ALICE Preliminary

Centrality 0-10%
1< p?e <2 GeV/c

= — 90% C.L. 10—

- —— gaussian fit -

- - — 90% C.L.

_ * H L H —— gaussian fit
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Recorded triggers, 10°
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ALarge lon Collider Experiment

Run 2 collected data
Statistics collected in pp 2016 (13 TeV), p-Pb 2016 (5 TeV) and Pb-Pb 2015

(5 TeV)

ALICE Performance 2016, pp Vs = 13 TeV

Minimum bias: 822M
High multiplicity: 514M

| | |
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|
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Recorded triggers, 10°
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ALarge lon Collider Experiment

Direct photon results
PHENIX Au-Au 200 GeV [2]

107

o Au+Au (Min. Bias) 1.0<p <1.5 GeV/c

":’ cocktail components f dil,(mee)

1]

a T fo(m )

8 102 n 11} o

8 — B — (1-1) c(mee)+ dir(mee)
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g 3l ¥%/NDF = 12.2/6
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[11  ALICE Collaboration, Phys. Lett. B 754 (2016) 235-248
[2]  PHENIX Collaboration, Phys. Rev. Lett. 104 (2010) 132301
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ALICE

ALICE Pb- Pb 2. 76 TeV [1]

I

0-20% Pb-Pb \s,, = 2 76 TeV
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ALarge lon Collider Experiment

ALICE Upgrade for Run 3 (2020-2022)

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)

Beam pipe

_Outer Barrel

'-’
-
.-‘
-
-
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ALarge lon Collider Experiment

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 :
1 0'5 | l L1 | l 1 1 1 I | I I;"“ 1 “;““ l 1 ”"“ | - I | — | 1 0'5 | | | I | | | [ 11 | | | 1| | 1| | E | 1 1 I | | | |
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M.. (GeV/c?) M,. (GeV/c?),

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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