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A Large lon Collider Experiment

Photons and dileptons ALICE

* the EM thermal radiation spectrum of hot QCD matter
* are produced at all stages of the collison
* |eave the system without FSI

hard photons  thermal QGP thermal hadronic hadronic decays
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Photon puzzle ALICE

* Early and late emission times are not separable
* Worst case: QGP radiation could be outshined by late hadronic processes
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Dileptons

ALICE

EM radiation spectrum: space-time integral over thermal emission rate:

dN,, o’ BE
m 3M2 f (QO’T)ImEM(Mewq MB’T)

R. Rapp Acta Phys PoIon B42 (2011)
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Scientific objectives

* Chiral symmetry restoration (m_.<1 GeV/c?)
* Early-temperature measurement (m_, > 1 GeV/c?)
 Space-time evolution, EoS:

- hadronic (m_.< 1 GeV/c?) and partonic (m_,> 1 GeV/c?)
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Chiral symmetry restoration ALICE

LQCD: chiral transition region (T = 130-170 MeV) in confined phase

Renormalized Polyakov loop
= R S
D » o o

<
o

— observable via in-medium properties of hadrons

—> Thermal radiation in the low mass region (m_, < 1 GeV/c?)
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Chiral symmetry restoration

CSR €< —>vector-axialvector degeneracy
Vector spectral function in medium: p — melting
— mechanism confirmed by NA60

10—5 L

(I/Ng) d°N,,, /(@M dn) 20 MeV)!

Towards CSR:
Axial-vector experimentally inaccessible

7

ALICE

H. van Hees, R. Rapp, Nucl. Phys. A806 (2008)

T =T,4=175MeV, a=0.1 /fm - NA6O —e— |
all g in-medp —-—
T QGP
primp == --
FOp ——

(] 471 mix

" — N

Requires constraints from theory (LQCD, sum rules) = Possible at u,=0

Requires experimental access to M, ~p;..-~T region

R. Rapp, Nucl.Phys. A870 (2013)
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A Large lon Collider Experiment

Chiral symmetry restoration

CSR €< —>vector-axialvector degeneracy
Vector spectral function in medium: p — melting

— mechanism confirmed by NA60
H. van Hees, R. Rapp, Nucl. Phys. A806 (2008)

P. Hohler, R. Rapp, Phys. Lett. B731 (2014) 103 : : 3 : ‘ :
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Towards CSR:
Axial-vector experimentally inaccessible
Requires constraints from theory (LQCD, sum rules) = Possible at u,=0

Requires experimental access to M oo™Pr1ee-~T region R. Rapp, Nucl.Phys. A870 (2013)
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Early temperature ALICE
In the low-mass region (0.15 < m..< 0.3 GeV/c?) at 1 < p; <5 GeV/c:

- virtual photon yield allows extrapolation to real photons at relatively low p;

- complementary to real photon measurements via calorimetry or
conversions

In the intermediate mass range (1.1 <m,__ < 3 GeV/c?):

- structureless (,dual”) spectral function allows most direct temperature
determination from exponential in m_, no blue shift

- complicated by large physical background from charm
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Space-time evolution ALICE

Transverse momentum spectra contain information on collective radial and
elliptic flow (T ¢ and v,)

Mass dependence gives access to early times =2 dN__
dm,dp,  d¥
0.1 Chatterjee, Srivastava, Heinz, Gale PRC 2008
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Dielectrons with ALICE at the LHC

1
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ALICE

pp:

e Vacuum baseline for p-Pb and Pb-Pb

e Heavy-flavour and direct-photon production
* Possible new (and old) phenomena

p-Pb:
* Cold nuclear matter effects
* Thermal radiation

Pb-Pb:
e Chiral symmetry restoration
* QGP radiation—early T, S, v,

- Pb-Pb at the LHC js the largest, hottest, and
longest-lived system!
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A Large lon Collider Experiment

The boon and bane of heavy quarks

R I B IR AR M I * HF production dominates the dielectron
ALICE Simulation Cocktail ‘ spectrum at the LHC over a wide range in
\s=13Tev =7 Light-flavour decays ?:
pp \s = e g mass
— - bb —>e'e” =
nO’ n, n” OJ,Q' Dalitz == - J/\II —)'Ye+ef&e+e“ E . .
- e Standard cocktail techniques are not
SN . sufficiently precise to isolate thermal
E 5 contributions
E .
E _— — = E
S bb | - e Additional experimental means are needed
E 1 N 11 . " to separate HF dielectrons from prompt
0 0.5 1 1.5 2 2.5 3 sources

Mee (GeV/c?)
—> Dielectrons turn into a complementary
probe to study HF physics at the LHC
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ALICE detector at the LHC ALICE

Time Projection Chamber Inner Tracking System

AN\

»
“ Rl L

Since 2009 (LHC RUN1 and RUN2):
Pb-Pb at 2.76 and 5.02 TeV
p-Pb at 5.02 and 8 TeV

pp at 0.9, 2.36, 2.76, 5.02, 7, 8, 13 Tev% !

Time of Flight

13
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ALICE
JHEP 1809 (2018) 064

Dielectron analysis
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Conversion rejection
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e Conversion pairs exhibit an apparent opening angle in the plane perpendicular to the magnetic

field, characterized by ¢, (conversions are at ¢, = 1)
e Conversion pairs are strongly suppressed by vicinity (,,shared-cluster”) cuts in the ITS
e Distributions are well described by MC
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Background and pair acceptance correction
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ALICE

e 2mazimuthal coverage allows powerful
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pp collisions ALICE

Run 1:
* ppatvs=7TeV (min bias)
ALICE Coll. JHEP 1809 (2018) 064

Run 2:
* ppatVvs=13TeV (min bias and HM)
ALICE Coll. 1805.04407 (PLB acc.)

e ppatVvs=13TeV(B=0.2T)
preliminary (status by Jerome Jung)

* ppatvVvs=5.02 TeV (min bias)
analysis ongoing ALICE 07 TeV (June 2010

17
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pp mass spectra at vs =7 and 13 TeV ALICE
JHEP 1809 (2018) 064 1805.04407 (acc. PLB)
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* Dielectron production (p;. > 0.2 GeV/c) in min. bias pp is well described by hadronic sources
* Dominant contribution (m_, > 0.5 GeV/c?) is from heavy-flavour decays
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Dielectrons from cc and bb ALICE
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ccandbbinppatvs=13Tev_ ___________ ALCE
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ee Tee S et
. 5 .%e o 0000 7 cc—e'e” (POWHEG)
extract HF cross sections and separate charm s 10 -~ bbe'e” (POWHEG)
and beauty (PHENIX Phys. Rev. €91 (2015))
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Topological separation of dielectron sources ALICE
JHEP 1809 (2018) 064
= 10;'"I"'I'"I"'I"'I"'I"'I"'I"'I"';
98 - ALICE Simulation o0 0 —yete .
A S F ® bb —e*e s
3 -2 329 | <08, p__>0.2GeVic -
DZ\ 10_1E00. Mee < 3.3 GeV/c?, P; ., <8GeVic ;
" g,
- © .:..'o ]
102 - OQ 'l.-::’””; -
NAGO - b "oy » $H444 ++ A i + -
Eur.Phys.dJ. C59 (2009) _3* s ] N
oo T ik
DCA? + DCA? - -
e
: —47|||I|||I|||I|||I|M...I......* |4| ]
%" 2 4 6 8 10 12 14 16 18 20
DCA,, (o)
DCA,. allows to separate prompt from delayed dielectron sources:
DCA,.(prompt) < DCA_ (charm) < DCA_ (beauty)
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Topological separation of dielectron sources
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DCA,. allows to separate prompt from delayed dielectron sources:

DCA,.(prompt) < DCA_ (charm) < DCA_ (beauty)
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ccand bb in pp at Vs = 7 TeV ALICE

1 cc, bb mass region JHEP 1809 (2018) 064 cc, bb mass region
6 10_ El TTT I L I TTrrr I L I TT 1T I L I T T 1T I L I T T 1T I LI IE Q 10_ EI L I L I L I L I L I UL I L I L IE
5 = 302 - ALICE 3
[= - ALICE ® Data ] % C ® Data 7
Y. [ eels=7TV B coga 1 @G [ PPle=TTeV e coga .
© 402 L _In1<0.8,p_ >0.4GeV/c _ B — = 5 Inel <0.8, P> 0.2 GeV/c _ }
) < & Le — — cCc — e'e” (PYTHIA) 3 O 10°5 £ — — cC — e*e” (PYTHIA) —
30 ﬂ 1.1<m,, <27 GeV/c? | _ = IS 1.1<m,, <27 GeV/c? | _ 3
s R e — - bb — e*e (PYTHIA) 3 = — - bb — e'e (PYTHIA) 3
T,ee _
B Prompt J/ip — e*e” 7] _8 3 B — Jhp —e'e, Jly — vy e'e” i
10° = % ~ + 3.5% norm. unc. on data not shown
E 10 3 ]

+ 3.5% norm. unc. on data not shown

S I —
L AN E N
= = 10 =
N i / N~ =
r N~ ]
10° = [ 3 = 1 \\ ~ _ i
: —1_ E 10 T/’\”\i N —
_I 111 ! 11 11 + 1111 ! 11 11 ! 11 1.1 ! 11 1 1 ! 11 1 1 ! 11 1 1 ! 11 1 1 !hl I_ _\ l l l l l L1 l l l L1 l l l L1 l l l N'\L - T :_
_ 2k = osl® 2F E
el C o E - E 15;_
T 0? = ] . S|S
-2 - (@)
0 1 2 3 4 5 6 7 8 9 1o 0-55 1 2 3 ] 5 6 7 8
DCA,, (0) P, ., (GeVic)

* No indication of prompt source in IMR — not expected in pp
* Charm and beauty cross sections from simultaneous fits of MC templates to DCA_,
and m_.- p;.. distributions in IMR
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cc and bb cross sections pp at Vs = 7 TeV ALICE

JHEP 1809 (2018) 064

g F = DCA,, fit (x?/ndf = 2.216)
" 0'8:_ ALICE ® Mg /p,  fit (1?/ndf = 0.999)
© 0 7:_ ?p \-s = ey —}— syst. uncertainty data
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C | o, Eur. Phys.J. C 772017
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G, (Mb)
DCA,.. and m, - p.. fits agree well
o, and o . agree with previous measurements
using single-HF hadrons
dominant systematic uncertainty from cc>ee
branching ratio (hadron composition)
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cc and bb cross sections pp at Vs = 7 TeV ALICE

JHEP 1809 (2018) 064

g F = DCA,, fit (x2/ndf = 2.216)
" 0'8:_ ALICE ® Mg /p,  fit (1?/ndf = 0.999)
© 0 7: Pp\s=7TeV —}— syst. uncertainty data
b |_Fitwith PYTHIA | I syst. uncertainty QQ — e*e”
0 6:— (O stat. uncertainty
E Reference:
0.5~ —— ©,, Eur. Phys. J. C 71 2011
- | o, Eur. Phys. J. C77 2017
0.4
0.3E
0.2
0.1~
O:lllllllllllllillll|l||||I||||||||l||]||||l||[
0 2 4 6 8 10 12 14 16 18 20 22

G, (Mb)
DCA,.. and m, - p.. fits agree well
o, and o . agree with previous measurements
using single-HF hadrons
dominant systematic uncertainty from cc>ee
branching ratio (hadron composition)

€ 08

o)
Qa
o]

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

= DCA,, fit ({¥/ndf = 2.216)
ALICE ® me/p,__fit ((/ndf = 0.989)
PP \s =7TeV —— syst. un'certainty data
Fit with POWHEG | I syst. uncertainty QQ — e*e”

(O stat. uncertainty

Reference:
—— o, Eur. Phys. J. C 71 2011
| o, Eur. Phys.J. C 772017

IIIllll]llllllllllllllllll

........................

lllllllll{

III|I|I|III|I:I !IIIIIIIIIIIlIIIlIIIIIIIlIIIl

0 2 4 6 8 10 12 14 16 18 20 22

., (mb)
DCA,, and m_, - pq.. fits agree well
O, and o, from POWHEG are different from
PYTHIA fits
Discriminate against different QQ production

mechanisms
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w

o
N LB L BRI NN R

i.e. 0.036% most-HM

High-multiplicity pp collisions ALICE

Medium effects in HM pp collisions? 1805.04407 (acc. PLB)

LA B I I IULLE ILELLL IS

* High-multiplicity selection with ®F ALICEpp is=13Tev ® Data -

; p, >02GeVic, In| <08 " Cocktail ]

dN,/dn(HM) / (dN,/dn(INEL)) = 6.27 + 0.22 ]

N, [an(HM) _ ¢ 57 0.2 ¢ GeVo -

(dN,, / dn(INEL)) Pres< =

Neo(HM) / AN /d(HM)
(Ngo(INEL)) / (dN_, /dr(INEL))

N

Cocktail reflects stronger-than-linear

increase of HF production with M 1o 2 e L U =
charged-particle multiplicity and ; -
hardening of p; spectra N - R
M, (GEV/c?)
* athigh p; ., similar scaling in HM for beauty observed as for charm
* HM pp data show no indication of medium radiation
26
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pp at Vs = 13 TeV with low B-field ALICE

)

FRF] ALICE Performance
S pp Vs =13 TeV

7] <08, B=02T

Dedicated campaigns in Run2 with Mixed events:

reduced solenoid field (0.5 T > 0.2T) 10 ZErlla = OUErcVREELRER)
ULS (. >02GeVic, B=05T)

e Test case for Run3 08
_ , 0.6

e Allows dedicated studies of very
soft dileptons at low mass in pp 04
* Talk by Jerome Jung 0.2
0

0 0.2 0.4 0.6 0.8 1 1.2 1.4
M. (GeV/c?)

ALI-PREL-148880
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p-Pb collisions ALt

Run 1:
* p-Pbat Vs, =5.02 TeV (2013)
preliminary

Run 2:
* p-PbatVsy,=5.02and 8 TeV (2016)

analysis ongoing




A Large lon Collider Experiment %'%

p-Pb at Vs, = 5.02 TeV (2013) ALICE

rrrr|rrrrrrrr |t 1 &1 [ 1 1T T T T 1T

AL|CE Preliminary = Cocktail sum with uncertainties E
—_— 1% S yee 7
p-Pb NSD | 5, = 5.02 TeV 1 yee

p; >0.2 GeVic ————— w—eeando - nlee
|77e|<08 0 —> ee and ¢ - nee
’ ' — yee

p—ee

* No indication for thermal radiation in
min bias p-Pb

* Data are below N_-scaled HF cocktail
indicative of CNM effects in p-Pb

————— &N > x pp PYTHIA MNR, 6 = 6.9mb)
1B (<N > x pp PYTHIA MNR, 6, = 210b)
(Like-sign subtracted)

1/NSSP dN/dm,, ((GeV/c?)™)

Jiy — ee and J/y — yee

1 IIIIIII| 1 IIIIIII| | IIIIIIII | IIIIIII|

- p-Pb data set from 2016 has 5 times
more statistics

data/cocktail
©
o O 4
%ll”ll””
0
Il
-|-
_E_H
_E_

o
o
(6,
-
-
(6,
N u
N
(&)}
w
il
(6]
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7

p-Pb at Vs, = 5.02 TeV (2016) ALICE

,’._-‘ T T ‘ T T ‘ T T T ‘ T T ‘ T T T ‘ T T T ‘ T T I T ’6‘ 26 | T 1T ‘ T 1T ‘ LI ‘ T TT ‘ T TT T TT T TT T TT ]
2 N i ALICE Performance e m,<0.14 GeV/c? ) 7\0, C ALICE Performance ]
$ 11 — 2.4~ -Pb |8,y = 5.02 TeV 7

< g _ 3 < 40 P-Pb \syy ]
%8 - p-Pb |5, =5.02 TeV o 11<m,<27GeV/c? 3 g T In) <08, p._ >04 GeVic ]
S [e_lni<08p >04GeVic ’ ~2.2- DCA,, < 100 -
E . ’+ ] C ]
10" :1 * . - 2~ + + ]

c o o 3 B C — ete’ §

: E 180 cC — e'e ; | -

i - - i C | i

102k .- i 1.6 —

: e z 3 E

C . 4 R . 1.4 a

L T | N ]

1073 ‘ — 12 ; 7:

- — § 1 ¢ -

i ] - 70, v-Dalitz Jhp .

B * 7 0.8 —]

1 0—4 1| | ‘ | 1| ‘ | | | ‘ | 11 ‘ | | | ‘ | | | ‘ 11 | I 1 L L1 ‘ L1 ‘ L1 11 ‘ L1 1| ‘ L1 ‘ L1 ‘ L1 11 ‘ L1 11 i

0 2 4 6 8 10 12 14 0 0.5 1 1.5 2 2.5 3 3.5 4

DCAee (o) Mge (GeV/cz)

High-statistics p-Pb at Vs, = 5.02 TeV data set allows study of
- CNM effects on HF production
- (onset of) thermal radiation in high-multiplicity p-Pb collisions
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Pb-Pb collisions ALICE

Run 1:
* Pb-PbatVsy,=2.76 TeV
ALICE Coll. 1807.00923 (PRC acc.)

Run 2:
* Pb-Pb at Vs, =5.02 TeV (2015)
preliminary

*  Pb-Pb at Vs, = 5.02 (2018)
high-statistics (central and mid-central),
run ongoing (until Sunday 18:00)
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A

Large lon Collider Experiment

Pb-Pb at Vs, =2.76 TeV ALICE

N

1807.00923 (PRC acc.

LI L B L B N S B B N B B L T T

(] Data

ALICE Cocktail sum

- yee
llllll n—>yee
............ n—yee
R o—>ee & o nee

b—ee & ¢ o nee
—JY > €€ & JY > yee
- cC — ee (<N_>xpp, PYTHIA 6)
— DD — e€ (<N°c‘:)'|'|> x pp, PYTHIA 6)

| 9@ 5

— | * Indication of enhancement over cocktail
""""" ‘ < in0.15<m_,<0.7 GeV/c?:

| IIIII.Ill | IIII.I.lIJ | IIII|.|J|_LL

Pioneering study in Pb-Pb at Vs, =2.76 TeV

||||||
,,,,,,,,,,,,,,,,,,,
:::::::::::::::::::::::::::::::::::::::::::

1.40+0.28 (stat.)+0.08 (syst.)+0.27 (cocktail)

= R.Rapp, Adv. HEP 2013 (2013) 148253
and PRC 63 (2001) 054907
- PHSD, arXiv:1803.02698 [nucl-th]

* Compatible with models including
thermal dielectron production

0 01 02 03 04 05 06 0.7 08 09 1
me. (GeV/c?)
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Data / Cocktail

A Large lon Collider Experiment

Pb-Pb at Vs, = 5.02 TeV ALICE

10 g E
ALICE Preliminary —- Data 3
—— Cocktail ]
[ 0-20% Pb-Pb sy =5.02TeV 10 yete’ N
10 B 02<p <8GeVic, |qe|<o.8:2:\;ee}:_ I §
[l pr,, <8GeVic —poete . Run2 Pb-Pb data from 2016
1B — m—>e:e_,m—>n°+efe' 0. - ] o
L Soee (Y THIA 6 N -  Higher collision energy
—— bboe*e (PYTHIA 6 x N) . . o
107" — Jyoete, Jy-rete E e Higher detector efficiency
o2 _ « More powerful analysis cuts
. * Acceptance gain by lowering p-, cut:
10° =
A= 0.4 GeV/c = 0.2 GeV/c
8 - E * Ongoing developments:
2 - . :
. : Machine Learning for PID
1 == E

0 05 1 15 2 25 3 35 4
My, (GeV/c?)

* Preliminary results at Vs, = 5.02 TeV are also compatible with low-mass
enhancement
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Data / Cocktail

A Large lon Collider Experiment

Pb-Pb at Vs, = 5.02 TeV

1/N,, dN/dm,, (GeV/c?)"

Data / Cocktail

ALICE

107 §

—
Q

—
<
N

1.5

0.5

-@- Data

—— Cocktail

0-20% Pb-Pb Y5y = 5.02 TeV ---- n’—ye‘e’
---- M>vE’e

02<p <8 GeVic, |n | <08 ___. nNoye'e, Nooe'e
---- 0oe'e, n-nlete

ALICE Preliminary

—--- goe’e, gome'e, oonlete
---- cG—e*e’ (PYTHIA 6 x N,
---- bboe*e (PYTHIA6 x N_,)
— HG + in-med. p (Rapp)

—— QGP radiation (Rapp)

Adv. HEP 2013 (2013) 148253
and PRC 63 (2001) 054907

..........

............

......
.......

—ot]

o

02 04 06 08 1 12 14

16

Mee (GeV/c?)

Preliminary results at Vs, = 5.02 TeV are also compatible with low-mass

10— TS
ALICE Preliminary - Data 3
—— Cocktail ]
10 0-20% Pb-Pb | S = 5.02 TeV — 19 syete ]
E 02<p. <8GeVic,|n|<0.8 ——N>re’e 3
\ re ° — nore’e, Nowe'e 3
N P e<8<3eV/c — poete N
1 — o—e'e, o-nlete’ _
—— ¢—e’e’, oome'e, oonlete E
—— cc—e'e (PYTHIA 6 x N,) ]
—— bb—e*e (PYTHIA6 x N_y,) .
10! — Jy—ete, Jy—oyete —=
102 E -
1072 ‘ =
3 [ - - L ! 1 L L L ! 1 1 1 L ! 1 1 1 L ! L _}_
2 .
®
1 e LR
0 0.5 1 1.5 2 2.5 3 3.5 4
My, (GeV/c?)
[ ]
enhancement
[ ]

Enhancement is compatible with thermal dielectron production
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1/N,, dN/dm,, (GeV/c?)"

Data / Cocktail

A large

lon Collider Experiment

Pb-Pb at Vs, = 5.02 TeV ALICE

-
o
N

ALICE Preliminary -o- Data
— Cocktalil

0-20% Pb-Pb | s = 5.02 TeV — 0 yye*e

10 £ 02<p _<8GeVc|n,| <08 Novee _ 3
8 € © — n'>ve‘e, N'—>we’e B
1 Prg. < 8 GeV/c — poete N
1 B — o—e'e, o-nlete’ _
E —— ¢—e’e’, oome'e, oonlete E
—— cc—e'e’ (PYTHIA6 x N ]
—— bb—e'e (PYTHIAG x N_,,) .
10! — Jly—e'e, Jy—yete =
1 0—2 - = o o .
" 3+ Cocktail including N, - scaled HF
| ] overshoots data in 1.1 < m_, < 2.5 GeV/c*:
. =

0.53+0.19 (stat.)+0.12 (syst.)+=0.13 (cocktail)

- indication for charm suppression in Pb-Pb

|
%;

0 05 1 15 2 25 3 35 4
m,, (GeV/c?)
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1/N,, dN/dm,, (GeV/c?)"

Data / Cocktalil

Pb-Pb at Vs, = 5.02 TeV ALICE

2_T|f| \I\INI||||IIIflllfl|1IflxlfllwlllflllTllllfl_
o180 EPPS16NLO R,, band E
E Pb-Pb 5 TeV, c quarks, |y|<1
5 _ 1.6;
10 L B B e L L IR E
ALICE Preliminary —o- Data =
— Cocktall N
[ 0-20% Pb-Pb |5, =5.02TeV — n0syeve
10 E 02<p_ <8GeV/c,[n,|<08  N>1€E ) 3
- © € — n'>ve'e, N—owe’e -
[\ p;,, <8GeVic — poe'e ]
1 K — o—e'e, o—onle'e’ .
i —— ¢—e'e, ome'e, oonlete E 0.4f .
— ccoe'e (PYTHIA 6 + EPPS16) x Ny ] oot/ R. Rapp et al. NPA979 (2018) 21 -
i —— bbse’e’ (PYTHIA 6 x Noy) . A
10 — Jyoete, dyorete = %5 10 15 20 25 30 35 40 45 50
] P, (GeV)
1072 — . .
1 ¢ Cocktail including N, - scaled HF
| ] overshoots data in 1.1 < m_, < 2.5 GeV/c*:

0.53+0.19 (stat.)+0.12 (syst.)+0.13 (cocktail)

N w
@
L1l ||||||l|]|

4 D:i:,,:ﬂﬁ |
0 0.5 1 1.5 2 2.5 3 3.5 4
M., (GeV/c?)

— indication for charm suppression in Pb-Pb

- Charm cocktail including CNM effects
(EPPS16) is consistent with data
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Virtual direct photons ALICE

JHEP 1809 (2018) 064

&Q 1§I T | 1T 17T | T 17T | 1T 17T | T 17T | 1T 17T | 1T IE
o B ALICE ]
; - - eV ® Data -
o I pp Is=7Te S e
C g | <08 p >02GeVic i ) fie+r g + HF
-g = 3<p, <4GeVic fLF .
T o107l 7 PYTHIA ] Real and virtual photons are connected by the
O lo) E HF E _ . .
'O_g - + 3.5% norm. unc. on data not shown J KFO“ Wada equatlon (fOF pT,ee)'
10 __ Fit range: 0.09 < m,, < 0.39 GeV/cZ__
= x2/ndf = 1.86 3
E r=0.02 = 0.03 (stat.) E
o e N e E 2 2m§) I [ dNy
= e N —— —Fa .
- Pt 0 : m2,” mek dpt
10_5_— // ----------------------- —
e/ 3
- // .
ool b e o Lo e Lo I = Extract direct photon yield by extrapolation tom, .= 0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Mee (GeV/c?)
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Virtual direct photons ALICE
L JHEP 1809 (2018) 064
0.2) % . :I T | T 1T | T TT | T TT | T TT | T TT | T 1T | T I:
.2 >'81_25; e Virtual photon analysis ALICE é
Il - [ NLO pQCD prediction Pp /s =7TeV .
oc 12 —
- 1 Real and virtual photons are connected by the
1.15F - Kroll-Wada equation (for p; ..):
1.1; =
N \ 4 ]
105 //f 2mg 1 dNy
- —— ] 5 ) -
N o N ms. " mek dpr
S M z
0.95 —
E....|....|....|....|....|....|....|....E —> Extract direct photon yield by extrapolation to m_,= 0
0'90 1 2 3 4 5 6 7 8
P (GeV/c)

* R,inppatvs=7TeV from virtual analysis compatible with NLO pQCD
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Z/|\\

Virtual direct photons ALICE

JHEP 1809 (2018) 064

1.3 T T T 1T T T T 1T T T LI T 1T T 1T
2l x ET | | | | | R 1807.00923 (PRC acc.)
2.8 ]
= > 105 ® Virtual photon analysis ALICE ] AL L L L I L I |:
N {s=7TeV ALICE, Pb-P =276 TeV _
I - I NLO pQCD prediction pRis=11eY ] 1.7 CE, Pb-Pb, {5y =2.76 TeV 4
Q:>‘ 10— ] Bl Virtual direct photons 0-10% E
B i 1.6 @  Real direct photons 0-20%, PLB 754 (2016) 235-248 B
] 15i E > = = \c Gill group, PRC 93 (2016) 044906 ;‘ 3
’ C : o é 1 5 === H. van Hees et al., NPA 933 (2015) 256 04...' _:
B N ;—: R. Chatterjee et al., PRC 85 (2012) 064910 ‘.' T
1 . - =3 14 ... Linnyk et al., PRC 92 (2015) 054914 Jome? =
- 1+ . .
B i — 1.3 K _:
1.05:— //? " ~ .; ¢ + +___;
- 1 1 = 1.2 TR —
1 m m " o :
S M : 1.1falé]*]e]e® g E
0.95— - - | =
E E 1_ ------- .- --------------------------------------------------------------- --_-c
097\ L 11 ‘ L1 ‘ [ ‘ L L1 ‘ [ ‘ [ ‘ [ ‘ [ \7 :l | I | | | I I | | | I .| | | I I | | 111 | | I I | | 11 1 | 11 1 | 1| I: )
~0 1 2 3 4 5 6 7 8 1 15 2 25 3 35 4 4.5 5
. (GeV/c
p. (GeV/c) Pryo | )
* R,inppatvs=7TeV from virtual analysis compatible with NLO pQCD
* R, in Pb-Pb compatible with real photon analysis
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Pb-Pb in 2018 ALICE

Pb-Pb run in November 2018 — 6-7 times more statistics in central collisions
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Heavy ions at the LHCin Run 3 and 4 ALICE

Ls2 LS3

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 | 2025 2026 2027 | 2028 2029 |
S[FTAIAMD [ [AISIOIN O] 3TF IM[AIMI 3|3 Al S[OINIO| 3 [F [MIAIMI 3|3 [A|SIOINIO} 3 [F IMIAM[ [ TAISIO[N D] 31 F [MIAM 3| 3 [ A SIOIN[O| 3 [F [PIAIM] 33 [ATSIOTNIOf 3 [ F IM[AIM[ 3 3] Al S[O]NID] 3 [F [MIAIMI3 |3 [ A SIOIN[O] 3 [F IMA[M] 13 JATSIOINIC] 3]F [M[AM[ 3 [ 3 TAIS[OIN[Of 3 [F [MIAIM 3| 3T A S|OINIO I TF [M[AM[3 |3 TATS[OIN]O} 3 [F [MIAIM I 2 [A[S[OIN[O} I TF IMIAIM 3 |2 JAIS[OINIO, 3 [F [MIAIM I D JAIS[O[N
- - J -

\ EYETS

ITIE ' \

L J J \

J

Y Y

I
Run2: 7, , =1.0nb"’ Run 3: L, ;, =6.0nb" Run4: 7, , =7.0nb"

ALICE strategy for Run 3 + Run 4:

* 50 kHz Pb-Pb interaction rate (now <10 kHz)
 Experiment upgrades (LS2)

* Collect Ly, p,=13nb1(3nbtatB=0.2T)

ALICE physics goals

* Heavy-flavour mesons and baryons (down to very low p;) = mechanism of quark-medium interaction
and hadronization of heavy quarks

* Charmonium states = dissociation/regeneration as tool to study de-confinement and medium
temperature

* Di-leptons from QGP radiation and low-mass vector mesons = y symmetry restoration, initial
temperature and EOS

* High-precision measurement of light and hyper-nuclei = production mechanism and degree of
collectivity

- Need MB readout at highest possible rate no dedicated trigger possible
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ALICE in Run 3 and 4 ALICE

New Inner Tracking System (ITS)
- Complementary Metal-Oxide-Semiconductor (CMOS) Monolithic Active Pixel Sensor (MAPS) technology
- Improved resolution, less material, faster readout

New Muon Forward Tracker (MFT)

- CMOS Pixels, MAPS technology
- Vertex tracker at forward rapidity

New TPC Readout System
- ROCs with Gas Electron Multiplier (GEM) technology [ e
- New electronics (SAMPA), continuous readout

New Fast Interaction Trigger (FIT) Detector

- Centrality, event plane ‘\k\.\\ Iy /4",
FoCal proposal (Run 4)
- Measure forward direct photons

|
“sagl] o

Readout upgrade
- TOF, TRD, MUON, ZDC, Calorimeters

( Integrated Online-Offline system (0O?)
// - Record MB Pb-Pb data at 50 kHz
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ALICE TPC upgrade ALICE

TPC Upgrade requirements
* Continuous readout at 50 kHz in Pb-Pb
e Stable operation under LHC Run 3 conditions

e Unprecedented challenges in terms of loads and
performance

- new Readout Chambers with GEMs
- new Frontend Electronics

43
Electromagnetic Radiation from Hot and Dense Hadronic Matter | ECT* Trento November 29, 2018 | Harald Appelshauser



A Large lon Collider Experiment

TPC operation at 50 kHz
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New ALICE ITS ALICE

_ 10 m? active silicon area, 12.5x107 pixels
‘ = — * C(ClosertoIP:39 mm — 22 mm
' e Thinner (X, for innermost layers): ~¥1.14 % — ~0.30 %

* Smaller pixels: 50 x 425 pm? — 27 x 29 um?

*  Granularity: 20 ch/cm?® — 2000 pixels/cm?
* Readout rate: 1 kHz — 100 kHz

Beam pipe

SR Sl ¥ LG}
3 Va4 Wl et s Current ITS (data) ]
2 80 / Current ITS SR X Jpgraded {TS
5 Upgraded ITS 3 250 Yro. N
o 60 / 3 i
£ / @ 200 1
o
8 aof | £ 150 . > S}
o / S 100X Heraca
New-ITS performance S 20/ / AN
. . e © / H 1 \\§<==;mm“""‘“‘--w*.:
* Improved tracking efficiency g 5 . ] 0 m——= -
. . @ 10" 1 10 10" 1 10
* Improved tracking resolution p, (GeVic) Py (GeVic)
* Pointing resolution x3 better in transverse plane (x6 along beam)
—> significant improvement in DCA,,
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Low-mass dielectrons in Run 3 and 4 ALICE

Pb-Pb running in Run3 and 4:
13 nb! (110 B minimum bias collisions) atB=0.5T
* 3 nb?! (25 B minimum bias collisions) atB=0.2 T
dedicated for low-mass dielectron studies
* Electron tracking and PID down to 75 MeV/c
- Improve signal efficiency and background rejection
— increase acceptance to low m.. and p; .
- confirmed in low-B pp pilot runs in Run 2 (Jerome Jung’s talk)
e Separation of prompt dileptons from charm and beauty with new ITS
- not yet fully implemented to Run 3 simulations
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Inclusive mass spectrum in Run 3 ALICE

ALICE Lol J. Phys. G41 (2014) ALICE Lol J. Phys. G41 (2014)
10 \P\b\PtLé\\ \\\‘\\\\\Swwwwwwwwxxlwz E\\\‘\\\ ““““‘S“““““I‘E
Sy = 5-5 TeV um ) ] - PbPb @\s,,=5.5Tev —— Sum _ E
0 - 10%, 2.5E9 FR‘:::E g‘;:ed'”m SF ] 0 - 10%, 2.5E9 - gzgz 'c’;g:ed'“m SF 1

<~ )

> >

S S

; ly1<0.84 —— cocktail w/o p (= 10%) ; ly | <0.84 ——— cocktail w/o p (= 10%)

T, 14| pe>0.2Gev/c —— ¢C — ee (= 20%) = T, 1 o’ pS >0.2 GeV/c —— ¢C — ee (= 20%) =
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Significant suppression of cc pairs by DCA cuts with the new ITS
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A Large lon Collider Experiment

Excess mass spectrum and QGP temperature
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Flow of QGP radiation

ALICE Lol J. Phys. G41 (2014)
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Statistical precision of v, measurement: 0.01-0.02
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New TPC readout chambers at P2 ALICE
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\

Run2 ends Sunday 18:00
Upgrade starts Monday 8:00
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A Large lon Collider Experiment

Summary

* Dielectron analysis in ALICE has reached cruising speed

* First results from Runl and Run2 are available:

Dielectron production in proton-proton collisions at Vs=7 TeV

ALICE Collaboration, JHEP 1809 (2018) 064

Dielectron and heavy-quark production in inelastic and high-multiplicity
proton-proton collisions at Vs=13 TeV

ALICE Collaboration, 1805.04407 (PLB acc.)

Measurement of dielectron production in central Pb-Pb collisions at Vs,,=2.76 TeV
ALICE Collaboration 1807.00923 (PRC subm.)

e High-statistics data sets at 5.02 TeV are available in pp, p-Pb and Pb-Pb
from Run 2

e ALICE upgrade for Run 3 and Run 4 will provide unique opportunities for

precision measurements of thermal radiation in Pb-Pb at the LHC
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