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Physics motivations in dielectron measurements %

ALICE

* Low mass region (LMR) : mge < 1.1 GeV/c?

- Modification of spectral function for p meson to
study chiral symmetry restoration

Yield (a.u.)

Schematic view of dielectron signals

The higher mass, the earlier stage. - Thermal radiation from QGP and hadronic gas

+

-- Virtual direct photons y*—e"e™ at mge — 0

 Intermediate mass region (IMR) : 1.1 < mg, < 2.7 GeV/c?

- Semileptonic decays from correlated heavy-flavor
hadrons (HF)

- Thermal radiation from QGP

JAp

- Dielectrons from pre-equilibrium

» High mass region (HMR) : 2.7 GeV/c? < me,

_ - Semileptonic decays from correlated heavy-flavor
- hadrons (HF)
SR BRI EAVEN TR AR S B I M (<Y, .
0 0.5 1 15 2 25 3 3.5 - Quarkonia
m V/c?
< > — (Gevre) > - Drell-Yan process
LMR IMR HMR
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ALICE apparatus at the LHC

* Inner Tracking System (ITS)

PEERE AW .Y AL IRm a vaVa ‘

- Vertexing

- Tracking
* Time Projection Chamber (TPC ,

- Tracking b ShfE _ = |

S LEEr
P

:: A\

- Particle identification
« Time of Flight (TOF)

- Particle identifica

« VO at forward rapidity

- Triggering
- Multiplicity estimation

.. A
collision system analyzed luminosity .\'s—-
pp at /s =13 TeV 30 nb-! (Min. Bias (MB)) , 6.1 pb-! (High Mult. (HM) 0-0.1%)

Pb-Pb at v/syny = 5.02 TeV 84 ub-1 (0-10%)
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Dielectron production in MB pp at +/s = 13 TeV

@

ALICE

~ 10 B i o s o * Full statistics in Run 2 data
Al
. D t . H

§ AL'?FE Prefiminary % oy e NEW - 4 times more data compared to previous
L T Ny ete publication. PLB 788 (2019) 505
Q) s P, > 0.2GeV/c,In | <08 -.... N —vye'e,nN = wee
= 1 6 GeV/ p—>e'e
B 107" 1<°pT’Teb<| © Ch -0 =l ete, o - e'e

= =17 glopalune. netshonn - ¢ >me'e, ¢ >a’e'e 9 ~e'e] o Described by hadronic cocktail.
NP == Jp =y ete, Jp — ete”

2102 E+Y — . CT — e*e” (PYTHIA)

E‘” ¥ \-.,.‘ J‘ y | — b5—>e.+e‘ (PYTHIA)
N Cocktail sum « The hadronic cocktail updated with measured
8107 neutral mesons

- at the same ener
1074 . e
- in the same multiplicity class

% Joshua Koenig (neutral mesons)

T 1.5 07.July.2022 at 11:30, Strong interactions and Hadron Physics
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Dielectron production in HM pp at +/s = 13 TeV ®

ALICE
- 1g—r—r—— 3 * Full statistics in Run 2 data
N imi ° . .
O ot AHCE Prelminay o e NEW - 4 times more data compared to previous
> gL PP 192 1TV 00 publication. PLB 788 (2019) 505
) -0.072% INEL) ... n—yee,nN— we'e

%1 0 | p. >0.2GeV/c,Inl<08 p—ee =

! e e -= M — T ', m — efe” -
S103 B ' <Pre< 8GeVO v —mne'e, ¢~ e, g ~e'ed o Described by hadronic cocktail.
o +1.9% global unc. not shown == J/y — y e*'e”, Jhp — e*e” 3
E _4 B — . ¢T — e'e” (PYTHIA) -
510 =N . — bb — e'e” (PYTHIA) E

2 ...,A;., B Cocktail sum 3 « The hadronic cocktail updated with measured
Z A A 28 ‘§ neutral mesons
= - at the same energy
i - in the same multiplicity class
s E
X ]
3 — * No excess of thermal radiation in HM pp at the
% 05 1 IMR within uncertainty.
- L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 I: - " .
S8 0 05 1 15 2 25 3 35 4 ;ILarged syst. UP(IZique 15) rT][yItlpllc;lty
m.. (GeV/c?) ependence o production.
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Extraction of direct photon fraction r via internal conversion

&)

ALICE
) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [ ] direCt —_— inC — decay
— I _I . I I I I ’Y ”y ”y
% 10°E  ALIGE Prel E iginati
O = reliminary 5
3 E oo (5= 13 TeV F 00199 = 0.0069 - Photons not originating from hadron decays
G 105 p. >02GeV/c,In| <08 »2Indf = 6.78/8 =
s F NEW 3 o
£ e Data £, (Mee) « Template fit with light-, heavy-flavor hadrons and
~ 1 E_ )
S Eﬁ ----- Foir(Mee) 3 direct photons.
S 1 _ ,:m """ fHF(mee) —- —_
I 10 e Teg (1= 1) (M) + T Fye(Meg) + Frye(Mee) -do/dmee =1 X Iy + (1= 1) X I + fie
102 & T T = - ris the only free parameter.
E 2<p._<3GeV/C  Filrange. ... 3 -+ ris extracted from m, > 140 MeV/c? to suppress
107 [ a n’ background.
1 1 1 .r-'i-l 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 005 01 015 02 025 03 035
Mee (GEV/c?)
d*N 20 1 4m2 . 2m? dN
dimedpr 37 my I- m2, (1+ m2, )E Direct photon template 7, is described by KW formula.

N.M. Kroll and Walter Wada , Phys. Rev. 98, 1355
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Direct photon fraction in pp at+/s =13 TeV €

ALICE
E 0.2 B 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 | Tc) 0.2 B 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 _
>;_ B . . ] >;_ B . . ]
~_ ~ ALICE Preliminary e Data, L, =30.3nb™ . ~_ [ ALICE Preliminary ® Data, L, =6.08pb™" ]
- 0.15 [ Virtual photon analysis ;l; 90% C.L. ] 50.15 [ Virtual photon analysis o ]
. - - ] : - . e $QO/OC.L. ]
. B pp Vs =13 TeV —— NLO pQCD (W. Vogelsang) - N B High-mult. pp Ys =13 TeV ]
- . - (0 -0.072% INEL) .
01 ] 01 ]
- NEW . - NEW .
0.05 - 0.05 — -
S i M M : : v 4] \i :
O e W e — O kR —
N ALICE, PLB 788 (2019) 505 MB ] N ALICE, PLB 788 (2019) 505 HM ]
0051 90% C.L., L, =7.87 nb = -0.051 90% C.L., L, =2.79 pb™, (0 - 0.036% INEL) =
_0.1 B 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 L ] _0.1 B 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 ]
0 1 2 3 4 5 6 0 1 2 3 4 5 6
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« Significant reduction of both stat. and syst. unc., compared to the previous ALICE paper
« Similar direct photon fraction in MB and HM pp collisions

- understand the direct photon yield vs. dN,/dn from small to large systems

- search for onset of thermal radiations in small system
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Dielectron production in central Pb-Pb at v/syy = 5.02 TeV

ALICE
'T/\ T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T : ) 1 H H
T [ ALICE Prelminary . NEW Comparison to hadronic cocktails
® 0-10% Pb-Pb at \s,,,=5.02 TeV == Cocktail sum (POWHEG x <N_,>) - _

S R ‘! 02<p_ <10 GeV\FcN, In | <0.8 &= Cocktail sum (POWHEG x <N,> x R 9 NCO” scaled HF (PRC 102 (2020) 055204)
S|5 10§ 00<p, <80 CeVic e X - Modified HF by Raa of c/lb—e (PLB 804 (2020) 135377)
-2 K — E — e'e” (POWHEG x <N__>)

B —bb — e*e” (POWHEG x <N_,,>)

---CC — e*e” (POWHEG x <N__> x R%, )

coll

---bb — e*e” (POWHEG x <N_> x R%z ")

* Need topological separation between QGP radiation
(prompt) and HF (non-prompt, ct~150 um) in the IMR

2 \\ K}‘} £7
; / —YV,
'ot_'h-. o= A & [(1® ] _:
vy, g ] u,_.“","“‘ D(l
ety N s “-"m.\‘\'“, 2 \“‘M-n., ’
v ”t'“"\'\‘ A d —
! ! N ! T R ! [ R ! TR |“"Jr‘.-"'|.'nh. 1 4” /K¥ D0 / O n h rm (d ) rr I t' n
5 2 cocktail + QGP + in-medium p (R.Rapp, Adv. HEP. 2013 (2013) 148253E e \7; pen cha e)correlatio

) —— cocktail + QGP + in-medium p (PHSD, PRC 97 (2018) 064907) E H
2 = <+ Ahint of an excess at mg, < 0.5 GeV/c?

- Consistent with thermal radiation from hadronic gas

ratio to cocktail ratio to cocktail
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Direct photon excess ratio in central Pb-Pb at /sy = 5.02 TeV

ALICE

e

1.5

07.July.2022

0.9 .

1.4F

13k

T T |
ALICE Preliminary

[®]0-20% Pb-Pb |s,, =5.02 TeV
[4]0-10% Pb-Pb s, = 5.02 TeV from virtual y method ®

1.2k

1.4+

1.0

» Good agreement between real and virtual direct
photons

» First measurement in Pb-Pb at /sy = 5.02 TeV

1 - Smaller systematic uncertainty compared to
- + + o [T N real photons at low p-.
° [ | o ¢ Z . . .
+-n-+ + : - Systematic uncertainty dominated by n/=°.
+ I o ] - Statistically hungry
+ NEW
1 1|O B
P (GeV/c)
inc direct 1
Ydecay Ydecay 1 — r
Mike Sas (real direct photons)
07.July.2022 at 18:40, Heavy lons
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Direct photon spectrum with theory curves

ALICE

Y 103§|||| L I B L = * FirstmeasurementinPb-Pbat\/sNN=5.02TeV
9 - ALICE Preliminary NEW 2 . _ _

> n 0-10% Pb-Pb at {5, = 5.02 TeV : - yin¢ constructed with photon conversion
S 4 +] Data method.

— C.Gale et al., PRC 105, 014909

— H.van Hees et al., NPA 933, 256
O.Linnyk et al., PRC 92, 054914
P.Dasgupta et al., PRC 98, 024911

_ ydirect = 7 X ,Yinc

* A hint of an excess above pQCD

I IllllﬂL
.
l IIIIIII|

N
o1 }\\ _| + Theoretical models with thermal radiation tend to
S N - predict higher yields than data at low pr.
10_2 E_ i 'L",~~ - _E
— pQCDNLO x T, - o _ , e
~  PDF:CT14, FF: GRV 1 - C.Gale : EM radiation from all stages including pre-equilibrium
j0%k mEpy - H.van Hees : Thermal radiation from QGP
S uw=05p, + hadronic many body system
- u=20p
10—4 L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1
0 1 2 3 4 5 6

p_(GeVic)

07.July.2022 Daiki Sekihata (CNS, U.Tokyo) 10



10°

dN/dy Of Ydirect

10

1072

1073

107

dN/dy of direct photon vs. multiplicity %
ALICE
| AUCE 10<p <50Gevie L] First measurement in Pb-Pb at v/syy = 5.02 TeV
= [¢]Pb-Pb, \(s_,\lNT=502O GeV Preliminary ALICE Prellmlnal’y =
[ [#]Pb-Pb, |, = 2760 GeV (PLB 754, 235) NEW i
— —pQCD x T,,, Vs =5020 GeV T )
| —pQCD x T, Vs = 2760 GeV |+ Ahint of an excess above pQCD
= PHENIX, 1.0 < p_<5.0 GeV/c =
C Au-Au, \s,, =200 GeV (arXiv:2203.17187) H 7]
| [@]Au-Au, |5, = 200 GeV (PRC 91, 064904) —
(DlAu-Au, Yy, =200 GeV (PRL 104, 132301) » Universal scaling suggested by PHENIX still

= [o] Au-Au, |5, = 62.4 GeV (PRL 123, 022301) = _
~ [0]Au-Au, (5, =39 GeV (PRL 123, 022301) : holds with the new ALICE data.
- Cu-Cu, |s,,, = 200 GeV (PRC 98, 054902)H -
~ [0lpp, Vs = 200 GeV (PRC 91, 064904) - _ ' ' '
e T Ve 200 Gov __ Consistent with extrapolation from both
= —PpQCD x Ty, Vs =200 GeV = PHENIX and STAR.
B . i
:_ STAR,1.0< pT < 3.0 GeV/c _:
= [m]Au-Au, |5, = 200 GeV (PLB 770, 451) 3
L WA98, 1.0 < p_< 4.0 GeV/c, upper limit at 90% C.L. 4
B Pb-Pb, |[s,,, = 17.3 GeV (arXiv:nucl-ex/0006007) N
E_ IIIIIII| | IIIIIII| | IIIIIII| _E
1 10 102 10°

chhldr/In=o
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First DCA.. analysis in Pb-Pb at /Sy = 5.02 TeV ®

ALICE

- 10 g T = DCA : Distance of Closest Approach to the primary vertex
) = ALICE Preliminary ®Data NEW s
o TE010%Pb-Pb |5, =5.02 Tey  —Cockiall sum E . . DCA.. — DCA? + DCA?
<(a> = 04 8 GeV/c —cc—e'e (POWHEGXN,<0.43) 3 e’ ot e ee — 2
QS 10 <Pre< —bbse'e (POWHEGKN x0.74) | -~ s
Q = 7,/ <0.8,1.2 < mee < 2.6 GeV/c? _ Jv - e'e, Jw - ye'e z DCA, 4 -
B 102 | in-med. hadr.+QGP [Rapp]x2.64_ DCA;  Vertex A 2
P = Upper limit at 90% C.L. = DCA, NVErEy
-O> 107 —; prompt non-prompt
> o 1 topological separation : DCA¢ (thermal rad.) < DCAg. (HF)
- § §  First attempt to extract scaling factor for HF and
_ >_‘_ T
10°F = thermal radiation (R.Rapp) from DCA.. template
050 _ - fix bb component at large DCA.
0 E_ At the IMR B - free param. : cc and
% 3— S — _ 1 0.74 £0.24 (stat.) £0.12 (syst.) (w.r.t. Ny scaling)
8 of | 4 cc:0.43 £0.40 (stat.) £0.22 (syst.) (w.r.t. N scaling)
e : ] - + +
§ 1?@ | :+: T l : : 2.64 =£3.18 (stat.) £0.29 (syst.) (w.r.t. R. Rapp)

1'0 1'5 20 Larger statistics (x100) and better vertexing resolution
DCA.. (o) will give us strong separation power in Run 3 and beyond.

o
ot
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Summary %

ALICE

T pp collisions at/s =13 TeV :
- Direct photon fraction measured with full statistics of Run 2 data
- Similar direct photon fraction in MB and HM events

* In central Pb-Pb collisions at +/syy = 5.02 TeV :
- First measurement of virtual direct photon via dielectron with ALICE
- A hint of direct photon excess above pQCD at low py
- State-of-the-art model tends to predict higher direct photon yields.
- Universal scaling of dN/dy of direct photon vs. dN,/dn holds within large uncertainty

- Need topological selection with DCA,, to separate thermal radiation and HF suppression in
Run 3 and beyond
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backup %

ALICE

* backup
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Physics motivation of photon/dielectron measurements

Emitted from all stages of the collision without final state interactions
- A unique tool to study space-time evolutlon of heavy ion collisions and medlum propertles

Before collisions

Pre-equilibrium

- Hadronization

MADAI collaboration

Prompt photons/dileptons via hard scatterings of in-coming partons

Electromagnetic radiation from pre-equilibrium stage
Thermal radiation from QGP

main topics in this presentation

Thermal radiation from hadronic gas
Decay photons/dielectrons from hadrons
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First DCA,, analysis in Pb-Pb at 5.02 TeV

ALICE

—- 10 T T T T T T ] =
E = ALICE Preliminary eData NEW 3
o TE0-10%Po-Pb |5, =502 Tev -C_OCKt?”‘SEgWHEG N E /[ .\ .
E() f0- i_o.4 <p,, <8GeVic :‘;g::: EPOWHEGcho'g ?I T~ /\e
Q = 7 | <0.8, 1.2 < my < 2.6 GeV/c? Iy L > = DCA
- © -Jly — e'e,Jly - ye'e 3 2 4 DCA
D 102 Upper limit at 90% C.L. 5 DCA, ‘f\g_z\/ertex ' 2
< - DCA, ¥ ™
© 10°° — i Vertex
® % prompt non-prompt
3 1074 E —-
— g 5 DCA,. (thermal rad.) < DCA,. (HF)
- — .
10°F = . :
- 1 -« Ahint of HF suppression
-6 _ o .
107 3 - bb dominates large DCA
E At the IMR 3 ee
L = A =
= 3E =
O - ]
S 2 T E
=~ = ]
o 4 i | :
© I:Il:*:b#:l ]
0 - , 4 , l -
0 3 10 15 20

DCA,, (o)
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First DCA,, analysis in Pb-Pb at 5.02 TeV ®

ALICE

7. 10 L S 5« First attempt to extract scaling factor for HF and
o - ALICE Preliminary ®Data NEW 7 thermal radiation (R.Rapp) from DCA.. template
o 1E0-10% Po-pb |, = 502 Tev :Sgik;?!'s(ggWHEGxN X0 43)_§ fi tatl DCA
E() 101 B4 < Pro <8 GeVic —tB-se'e” (POWHEGKN, x0.74) - fx bb component at farge ee
Q = 1,1 <0.8,1.2 < mee <26 GeV/C? _jpy 5 e, iy — 7 e'e = - free param. : cc and
D 102 | in-med. hadr.+QGP [Rapp]x2.64_
= = Upper limit at 90% C.L. =
'0> 1073 — :0.74 £0.24 (stat.) £0.12 (syst.) (w.r.t. Ny, scaling)
() =
Z 104 ] cc:0.43 £0.40 (stat.) £0.22 (syst.) (w.r.t. Neo scaling)
T 10_55 _ | . 1 2.64 £3.18 (stat.) £0.29 (syst.) (w.r.t. R.Rapp)
oL B
10 = At the IMR 5 Larger statistics and better vertexing resolution will give
107 © [ | ]  us strong separation power in Run 3 and beyond.
oz 3 | T =
3 : -
o 4 B
] ]
g W :+: :
0 : . VW - l ]
0 3 10 15 20
DCA, (0)
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First DCA,, analysis in Pb-Pb at 5.02 TeV ®

ALICE
2§ 10 N}&
|8 B ALICE Preliminary * DCA_, fit (x®/ndf = 2.51/6) 9 L-
= e -
|8 0-10% Pb—Pb \[s, =5.02 TeV —Syst. unc. of data /—\e /\e'" €
B4 1.1<m, <2.6GeV/c? (Ostat. unc. of fit 8 DCA, \
Theory comparison: , OCA, ...,_-.,_}tvertex * 4 DCA,
-- Thermal R. Rapp DCA1 Vertex
- Thermal PHSD 6 "
prompt non-prompt
0.8
S DCA,. (thermal rad.) < DCA,, (HF)
4« Ahint of HF suppression
3
0.4
2
0.2

Y 1 2 3 4 5 6 7 8 0

prompt/prompt Rapp
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Direct photon spectrum in central Pb-Pb at /sy = 5.02 TeV

&)

ALICE

C\ll103IIIIIIII|IIII|IIII|IIII|IIII:
S ALICE Preliminary NEW
= o 0-10% Pb-Pb at |[s,, = 5.02 TeV
(\5/ 102 inc
> - [oJy™ (PCM)
Z>— Q|_ - E’Ydirect = r x Yinc (PCM)
o (o |
10 ==
3
i P ==
|4
Al

" —
— o—
£
-
o
7
K
-
? ﬁ
||||||| | |||||||| | |||||||| | |||||||| | |||||||| | |||||||| L LI

* First measurement in Pb-Pb at 5.02 TeV

- y'n¢ constructed with photon
conversion method.

A hint of an excess above pQCD

1 _
1 0_1 —o—
L~
[ ] —a—
1072 -
PQCD NLO x T4 S -
PDF: CT14, FF: GRV
1 O lllllll n= 0.5 pT .‘."\‘"‘*'«-..
--u=20p R
uncertainty of extrapolation e
10—4IIII|IIIIIIIIIIII|IIII|IIII
0 1 2 3 4 5 6
P, (GeV/c)
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Direct photon excess ratio in central Pb-Pb at /sy = 5.02 TeV

ALICE
L FT T 171 | T T | T T | T T | T T | T T T T T T T3 f1 5:_ AL;CE Prelimin;ryl | | | | _:
S ~  ALICE Preliminary . " [®]0-20% Pb-Pb s, = 5.02 TeV )
& - 0-10% Pb-Pb at \s,,, =5.02 TeV . 1 43_ [+]0-10% Pb-Pb Vs, = 5.02 TeV from virtual y method o | -
2lE 08 ol Creceve | 3 | S RIS :
-05 | p T.ee ' [+]Data E s o i Ydecay Ydecay 1 —r ]
Y= —rxfy + (1-r) x f e+ f - - ]
fair | - - + ® — ]
1= _;LF — 1.2 ® _+ + ol @ 7]
- "F r=0.039 = 0.020 (stat.) J - +* + .
- x?/NDF = 11.34/4 - . ==h =
: F4et ]l T NEW :
107" = 10—~ -~ N L i i fai e R —
n —— ] +
B [ ® — 09_ 1 1 1 1 | ]
10721 — Mike Sas (real direct photons) p_ (GeV/c)
- = https://agenda.infn.it/event/28874/contributions/171015/
N 1 + Good agreement between real and virtual direct photons
il | | L1 1 I | I | I | L 111 | I | L1117

o
o
o
a

01 015 02 025 03 035 04 e« First measurementin Pb-Pb at5.02 TeV
Mee (GeV/c?) - smaller syst. unc. compared to real photons at low pr
- syst. unc. is dominated by n/=°.
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Neutral mesons yields vs. multiplicity in pp at /s =13 TeV

&)

ALICE

? ! I L I ! ! I I L I ! ! L I !
o 10° == ALICE Preliminary mult. est. with VOM —=
Z [ ppVs=13TeV -
o [ m®-vy 7
X/xx L N
S oL ~
5 F E
e E
10_1 E_ d Data i Bl ] _E
= — PYTHIA =
B [+]70-100% [¢]50-70%  [=]30-50% [#]10-20% [+]5-10% 7]
102 = 5% [+]0.05-0.1% [*]0-0.01% —
- | | 1 1 1 I| | | | | 1 1 1 | I | | | | I I | -

1 10

2
}S’T (GeV/c)

« Similar direct photon fraction in MB and HM pp collisions
* Neutral mesons yields increase with N,. (i.e. large inclusive photon yields in HM events)
— Indicating that direct photons yields increase with N, too.
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