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Overview ALICE

Introduction and historic background:

= Anomalous Soft Photon (ASP) Puzzle
= AFS dielectron spectrum

ALICE & the low-magnetic field setup:
= Analysis techniques & low-field performance
= Soft dielectron production cross section

Outlook:
= ALICE low-field data taking in Run 3 & 4
= A next-generation LHC heavy-ion experiment: Run 5+
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Motivation %

Dilepton Production | ALICE

p—Pb collisions:

= Study cold nuclear matter (CNM) effects
(shadowing, energy loss)

= Onset of thermal radiation in high-multiplicity (HM) O—)
pA collisions

pp collisions:
= Vacuum baseline for p—Pb and Pb—Pb studies

(heavy-flavor (HF), Drell-Yan, direct photons) O > < Q

= Search for new phenomena in HM events

Pb—Pb collisions:

= Chiral-symmetry restoration: modification of vector mesons
= Thermal radiation throughout the medium evolution

= Decorrelation of heavy-flavor pairs in the medium

= Coherent photoproduction in peripheral collisions
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Motivation
Dilepton Production

Pb—Pb collisions:

= Chiral-symmetry restoration: modification of vector mesons
= Thermal radiation throughout the medium evolution

= Decorrelation of heavy-flavor pairs in the medium

= Coherent photoproduction in peripheral collisions

q 1
p—Pb collisions: Y’
= Study cold nuclear matter (CNM) effects 'VVWVWVWW
(shadowing, energy loss) ) | §
» Onset of thermal radiation in high-multiplicity (HM) v A

DA collisions Thermal dilepton production //Dov/)' :
pp collisions: C/E/@g
= Vacuum baseline for p—Pb and Pb—Pb studies K- DO"\}%

(heavy-flavor (HF), Drell-Yan, direct photons) iy
= Search for new phenomena in HM events "

Correlated open-charm production
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‘Anomalous’ radiation in small systems
The ‘Anomalous Soft Photon’ (ASP) puzzle

B

ALICE

Several fixed-target’ experiments observe the emission of soft photons in hadron-hadron collisions:
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Measurement via photon conversion
method:
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‘Anomalous’ radiation in small systems

The ‘Anomalous Soft Photon’ (ASP) puzzle

ALICE

Several fixed-target’ experiments observe the emission of soft photons in hadron-hadron collisions:
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Measurement via photon conversion
method:

Significant excess of photons at low
momenta compared to the expected
contributions of hadronic decays

- Exceeds even the expectations
from hadronic bremsstrahlung
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‘Anomalous’ radiation in small systems

The ‘Anomalous Soft Photon’ (ASP) puzzle ALICE

Several ‘fixed-target’ experiments observe the emission of soft photons in hadron-hadron collisions :

Experiment Year Collision energy Photon pT Photon/Brems. Detection Reference
[GeV] [MeVic] ratio method

1979 1.25+0.25 bubble chamber Phys. Rev. Lett.
43, 1065 (1979)
K*p 1984 70 <60 40+0.8 bubble chamber  Phys. Lett. B 141, - Various collision SyStemS
WA27, CERN 276 (1984) + + + -
tp 1991 250 <40 6.4+1.6 bubble chamber Z. Phys. C 51, 541 (T’: p7 K p’ pp’ p-A’ e € )
CERN, EHS, NA22 (1991)
K*p 1991 250 <40 6.9+1.3 calorimeter Z. Phys. C 51, 541
CERN, EHS, NA22 (1991) - Large energy range
n~p, CERN, 1993 280 <10 79+14 pair conversion, Phys. Lett. B 305,
WA83, OMEGA (0.2<Ey<1GeV) calorimeter 182 (1993) (lo . 5 - 450 GeV/C)
p-Be 1993 450 <20 <2 calorimeter Z. Phys. C 59, 547
(1993) . .
p-Be, p-W 1996 18 <50 <2.65 pair conversion Phys.Rev. C54 = lefe re nt deteCtlon meth Ods
(1996) 1918
n~p, CERN, 1997 280 <20 7815 pair conversion Phys. Lett. B 408,
WA91, OMEGA (0.2<Ey<1GeV) 487 (1997)
n~p, CERN, 2002 280 <20 53+1.0 pair conversion Phys. Lett. B 548,
WA91, OMEGA (0.2 <Ey < 1 GeV) 122 (2002) - Enhancement factors
pp, CERN, 2002 450 <20 4.1+0.8 pair conversion Phys. Lett. B 548, 1 -
WA102, OMEGA (0.2<Ey<1GeV) 129 (2002) ranglng between 3 8
ete™ — 2jets 2006 91 (CM) <80 40+03+10 pair conversion Eur. Phys. J. C 47,
CERN, DELPHI (0.2<Ey<1GeV) 273 (2006)
ete” — P+u— 2008 91 (CM) <80 ~1 pair conversion Eur. Phys. J. C57,

CERN, DELPHI

499 (2008)

Soft Dileptons | BNL Seminar | 24.11.2020 | Jerome Jung | Uni Frankfurt 7



BROOKHFAEN

NATIONAL LABORATORY

‘Anomalous’ radiation in small systems

The ‘Anomalous Soft Photon’ (ASP) puzzle ALICE
DELPHI
8 b) ® D MC N 9) ® RD_MC ASP also observed in ee collisions:
g 0‘2; + + A Brems fq‘; ++ A Brems
S ete + 5 Y Hadronic ev.: et + e~ - Z° > hadrons + y
« 01 | s S 0.2
o - *+ N
F N A i .
S e Mﬂ*&aﬁi verarsnil b»AA\AiA*+ ; —> Excess of factor 4
< B +? ++ -’_/.; ()i + ¢:+¢$*é$‘*‘65
C 11 [T R R RTIN R R Coovvo v v by b g
0] 0.1 0.2 0.3 0.4 0 0.1 0.2 0.5 0.4
0, (rad) pr of ¥ (GeV/c)
: A e
jet a)g_!s ete™ — 70 > 2 jets

\ B=1.23T Conversion in front of TPC:

Measured photon yield:
(69.1 + 4.5 + 15.7)x1073 yl/jet

L =) ;&7 Expectation from bremsstrahlung:
O K S (17.1 £0.01 + 1.21)x1073 y/jet

Eur. Phys. J. C57, 499 (2008)
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‘Anomalous’ radiation in small systems

The ‘Anomalous Soft Photon’ (ASP) puzzle

Eur. Phys. J. C 67, 343-366 (2010)

DELPHI
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ALICE

ASP also observed in ee collisions:
Hadronic ev.: et + e~ - Z% - hadrons + y
- Excess of factor 4

—> Linear dependence on charged particle
multiplicity
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‘Anomalous’ radiation in small systems
The ‘Anomalous Soft Photon’ (ASP) puzzle

Eur. Phys. J. C 67, 343-366 (2010)
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Hadr. bremsstrahlung fit

ALICE

ASP also observed in ee collisions:
Hadronic ev.: et + e~ - Z% - hadrons + y
- Excess of factor 4

—> Linear dependence on charged particle
multiplicity
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‘Anomalous’ radiation in small systems
The ‘Anomalous Soft Photon’ (ASP) puzzle

Eur. Phys. J. C 67, 343-366 (2010)
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ALICE

ASP also observed in ee collisions:
Hadronic ev.: et + e~ - Z% - hadrons + y

- Excess of factor 4

—> Linear dependence on charged particle
multiplicity

—> Stronger than linear dependence on
neutral particle multiplicity
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‘Anomalous’ radiation in small systems
The ‘Anomalous Soft Photon’ (ASP) puzzle

Eur. Phys. J. C 67, 343-366 (2010)
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ALICE

ASP also observed in ee collisions:
Hadronic ev.: et + e~ - Z° - hadrons + y
- Excess of factor 4
—> Linear dependence on charged particle
multiplicity
—> Stronger than linear dependence on
neutral particle multiplicity

Electromagneticev.: et +e " > Z% > ut +u + y

- No excess observed
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‘Anomalous’ radiation in small systems
The ‘Anomalous Soft Photon’ (ASP) puzzle

Eur. Phys. J. C 57, 499 (2008)
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ALICE

ASP also observed in ee collisions:
Hadronic ev.: et + e~ - Z° - hadrons + y
- Excess of factor 4
—> Linear dependence on charged particle
multiplicity
—> Stronger than linear dependence on
neutral particle multiplicity

Electromagneticev.: et +e " > Z% > ut +u + y

- No excess observed

ASP origin in the interaction of QCD « QED ?
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The ‘Anomalous Soft Photon’ (ASP) puzzle ALICE
However, this additional contribution was not expected:

Low theorem: Direct correlation between the hadr. process and the corresponding hadr. Bremsstahlung (HB)
A+B—>C+Dknown > A+B — C+ D + y precisely calculable

2

dN” x -1 . P . P n;e,-P; dNH
- = d’p;...d - -
ek (2n) Egamma/ (45 4%n) PK | d%pi...d%w

Particle i
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‘Anomalous’ radiation in small systems
The ‘Anomalous Soft Photon’ (ASP) puzzle ALICE

However, this additional contribution was not expected:

Low theorem: Direct correlation between the hadr. process and the corresponding hadr. Bremsstahlung (HB)
A+B—>C+Dknown > A+B — C+ D + y precisely calculable

2

~ H
dN o « -1 (d3[—5 d3[_5 ) n;e,-P; dN
- T 1«+- N T e AP — —
3 21)2 E P;K d3p;...d3
d k ( ) ga\mma Particle i ! p1 PN
Characteristic 1/E, dependence Contribution from decay photons
E g 50000§
g 2 40000} v
] S -
% . o 30000f-
kS i
« BAF.y = Z 20000}
% N = : o
Jr‘; ' 10000f
1 bremsstrahlung, - 1/pr
' (range = uncertainty) T T T T T
R O "20 720 60 80 100 120 140 160 180 200
a0 20 40 60 80 100 p, (MeV)
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‘Anomalous’ radiation in small systems

The ‘Anomalous Soft Photon’ (ASP) puzzle ALICE
However, this additional contribution was not expected:

Low theorem: Direct correlation between the hadr. process and the corresponding hadr. Bremsstahlung (HB)
A+B—>C+Dknown > A+B — C+ D + y precisely calculable

Landau-Pomeranchuk-Migdal (LPM) effect:

In the limit of vanishing photon energy k — 0:
Case a) & c): the emitting particle is real and the resulting bremsstrahlungs cross section diverges
Case b): the emitting particle is virtual and the resulting HB cross section is finite
- HB dominates all other processes at sufficient low momenta
(w At > 1, in pp: pr < 0.2 GeV/c)
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‘Anomalous’ radiation in small systems
The ‘Anomalous Soft Photon’ (ASP) puzzle

However, this additional contribution was not expected:

- In contradiction with Low theorem and LPM effect:

- Suppression of the emission of soft photons from the intermediate state
- Hadr. bremsstrahlung should dominate at low momenta

Proposed solutions:
= Cold Quark-Gluon Plasma Glob

= Pion Liquid
= Quark Synchrotron Radiation

» (Modified) Soft Parton Annihilation

—> Possibility for new and interesting physics!

dN,/dp, (arb. units)

P. Lichard, Phys. Rev. D50 (1994) 6824
T TT | T T
pBe 450 GeV/c y_ =0

/ P -
0.1 ;_// CQGP glob 5
i /

Bremsstrahlung

1 | 1 1 \Illl | 1 | II-I"
1 10 100

p; (MeV/c)
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‘Anomalous’ radiation in small systems

The virtual-photon sector

Unfortunately, the picture is not as clear:

- Only a few measurements exist

- Soft theorems in case of off-shell particles
not as well understood

First hint for a possible excess based on the
measurement of the e* /m ratio by AFS at the ISR

Axial Field Spectrometer
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‘Anomalous’ radiation in small systems

The virtual-photon sector ALICE
1072
. . ! ISR DATA
Unfortunately, the picture is not as clear: ; AFSpp
i « Busser et al Vs= 53 GeV, 90°
- Only a few measurements exist ' . Barone et al  V's= 53 GV, 30°
: : [ + Basile et al.  Vs= 63 GeV, 90° |
—> Soft theorems in case of off-shell particles | ot e Gy e +
not as well understood |« « Perez et al. V5= 53 GeV, 90°

T L e Present exp. Vs= 63 GeV, 90°

First hint for a possible excess based on the

measurement of the e* /m ratio by AFS at the ISR

—> Clear surplus of positrons at low momenta
compared to hadr. sources or bremsstrahlung

[

do,
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‘Anomalous’ radiation in small systems
The virtual-photon sector

Unfortunately, the picture is not as clear:

- Only a few measurements exist

- Soft theorems in case of off-shell particles
not as well understood

First hint for a possible excess based on the

measurement of the e* /m ratio by AFS at the ISR

—> Clear surplus of positrons at low momenta
compared to hadr. sources or bremsstrahlung

die*e”/n®) / dm (GeV./ci)-!

The corresponding dielectron spectrum also exceeds
the expectation of hadr. decays in the LMR

- However, this spectrum was never properly published
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Low-mass region (LMR) excess:
— 0.05 GeV/c? < mge < 0.6GeV /c?
— Pree <1GeV/c
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‘Anomalous’ radiation in small systems
The virtual-photon sector

ALICE

2 -
| > +us & HELIOS 2| ¢ HELIOS
No excess observed by other experiments: N "’5’* p-Be %500,— p-Be | »
HELIOS: BN X " .
( %, 300} -_-';
- Muon channel = higher momentum required °~ | ' 200] | 5
- Probes different phase space : : 2
7 AN =
CERES: Yo JQ/;L T % 02 04 06 o i '1[6evlé
- Hadr. expectation mainly based on my scaling 2oty oeRes PBedsGeV  y (CERES phu 5o Gey
. . pr> eVic pr > eV/c
- Known to overestimate yield at low momenta %m 2
g 3
5610_ g
Since 20 years: pp considered only as a vacuum reference 3 . ?§
- Experiments could not access very soft regime i §
o >
10

0 .
2 2
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Soft Dileptons | BNL Seminar | 24.11.2020 | Jerome Jung | Uni Frankfurt 21



BROOKHFAEN

NATIONAL LABORATORY

‘Anomalous’ radiation in small systems

The virtual-photon sector . 5 o ALICE
| - 2 | HELIOS
No excess observed by other experiments: N soop p-Be | .
s £ s
HELIOS: N ! =
- Muon channel = higher momentum required  °: 200 | 5
- Probes different phase space - &
CERES: e 5= =

2 e 1.6 1.8 2
pr [CeVl

L Y Tt
2 1.4
o
m,, [GeV]

—_
o

“ CERES p-Be 450 GeV 1 CERES p-Au 450 GeV
' p; > 50 MeVic

- Hadr. expectation mainly based on my scaling
- Known to overestimate yield at low momenta

p; > 50 MeV/c

) (50 MeV/c®) !
)

) / (AN, /dn
o

Since 20 years: pp considered only as a vacuum reference
- Experiments could not access very soft regime

/cndM
o

ee

(N
G221-2.2T (S66T) GL NaT1 Ay sAud

The question of anomalous soft-dilepton production
remains unresolved for three decades
- ALICE could shed new light on this puzzle

0 .
2 2
M., (GeV/c?) M, (GeV/c?)
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Dedicated low-mass dielectron runs

ALICE
Reduced field of the ALICE L3 solenoid magnet: (B=0.5T — 0.2 T)
- Overall charged-particle acceptance increased
—> Bulk of the dielectron yield located at low momenta
- Improve background rejection capabilities
—> Access to low-pt particle production

Extending the single electron selection from
pr 2 0.2 GeV/c down to pp =2 0.075 GeV/c

Soft Dileptons | BNL Seminar | 24.11.2020 | Jerome Jung | Uni Frankfurt

23



BBWM EN
NATIONAL LABORATORY

ALICE
Dedicated low-mass dielectron runs
Reduced field of the ALICE L3 solenoid magnet: (B=0.5T — 0.2 T)
- Overall charged-particle acceptance increased
—> Bulk of the dielectron yield located at low momenta
- Improve background rejection capabilities
—> Access to low-pr particle production

Extending the single electron selection from
pr 2 0.2 GeV/c down to pp =2 0.075 GeV/c

—> Allows to challenge the AFS measurement
for the first time with even better acceptance

PTee (GeV/c)

Pr.ee(GeV/c)

Dielectron acceptance:

0 1

0 02 04 06 08 1 1.2 14 16 18 2
m,, (GeV/c?)

2 10
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0.6

0.4

0.2
0

0 .2 04 06 08 1 12 14 16 18 2
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1
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Dedicated low-mass dielectron runs

ALICE
Reduced field of the ALICE L3 solenoid magnet: (B=0.5T — 0.2 T)
- Overall charged-particle acceptance increased
—> Bulk of the dielectron yield located at low momenta
- Improve background rejection capabilities
- Access to low-p particle production

A IS
———t N1\

£ (
i o

Extending the single electron selection from
pr 2 0.2 GeV/c down to pp =2 0.075 GeV/c

—> Allows to challenge the AFS measurement
for the first time with even better acceptance

Data recorded 2016-2018 in pp collisions at 13 TeV
- After physics selection a total of 542 x 10° MB events

t

corresponding to an integrated luminosity of £;,; = 9.38 + 0.47 nb~1

Soft Dileptons | BNL Seminar | 24.11.2020 | Jerome Jung | Uni Frankfurt
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ALICE apparatus
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ALICE (45) - (45)
measured expected

dx dx

Electron identification Ng, = - ALICE
4 |7} | I I 1 LI I I I I - - - -
E’Cg e ., - Electron 3o selection using TPC dE/dx & TOF if available
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ALICE (45) - (45)
measured expected

dx dx

Electron identification Ng, = - ALICE
4 |7} | | | 1 U I I I I - - - -
E’Cg e ., - Electron 3o selection using TPC dE/dx & TOF if available
% wl . . . :
S 3 T A AR r - Residual hadron contamination
o) : l . | | Iql' “wl W‘ "‘L ' [ |h‘ {"n I"I“‘\H‘"‘"\‘ | ] E
g 2 b Ll \‘ TR .
= ‘ ;‘ i | ‘. it j";‘,;;”, i ‘ \‘\' “u ||I'\ u:'hl: :\ '||“ i’, 'I\ | : 1 03
1 J “TJ " i “ i "‘j \ [l ¥ uf"m ‘ 1\|;||||' i ‘ . =
B N l ‘ h 1‘ IW I “l \' ’I ’ 5 : -
8 i g \u\u I h K ] 30 T T T T
g 7 i i \‘ Ji ’n ’ I| i \ ‘\”u" | — E s ALICE performance
0 = it | A ‘I‘ |||”H I ll;J 1 > S 20 pp,Is=13TeV 1
- g w " Il {10 £ N\E B=02T
B o ‘ l i I “l \I\ | lh \ : % ._.
-1 I l_ i ‘ ” H H'l” w”‘ ' ‘|\ i l{ \II i! ‘ I'|' ||‘\I'n | E _.E? 12 ~ _:
i | i il ‘/\fi | % d W’h i E . ;_ L% i
2 Ju ‘\ I '\”\ w H'\l 1‘” il ) @ ; I
2: ! | ” l“““ﬁ " I I “H Pl“ j{l!\”’ 1] : 10 % ﬁ :
n . 8
-3[~  ALICE Preliminary = .§, s
- pp/s=13TeVwith B=0.2T,p__>0.075GeV/c, |, <08 - E’ 2f
-4 [ 1 r ! Lo ! L1 1] 1 u o 1 -
10 1 p (GeV/c) Momentum (GeV/c)

Hadron crossing regions

Soft Dileptons | BNL Seminar | 24.11.2020 | Jerome Jung | Uni Frankfurt 28



BROOKHFAEN

NATIONAL LABORATORY

ALICE (45) - (45) )
measure expecte

. . . dx dx
Electron identification Ng, = - ALICE
4 |7} | | | 1 o oy | | I | - - - -
E’Cg i ., - Electron 3o selection using TPC dE/dx & TOF if available
x I al . . .
S 3 Pl w R F - Residual hadron contamination
_o : I I IJ : |H I‘ Ih\‘ |:\ ' | Irl IHI 1]\\h\ll l‘l ‘ 1 : ] ] ]
O o ) ! W1t .“M‘" |'“" \} ﬂ\” 1‘ iy o — 3o hadron rejection in the TPC
- ;"“ ;' I lif ‘\"‘Huhll " ' '|u“ i TNy i 1 03
ih If I Il l _ -
o B i Tf'.rruntx il 'E':'l 1. — TOF info to recover electron
! "' Jilnl v""l'“. l& b i
E B 1 e “ I\[\‘ HI M ' luh ! ‘I 1 L?- ' 1
0 I ..\l i | °
i “ i ;’HIQIJ' ’W"Ix i 1¢°
y ] \ L i ||‘ | n f'w i “p"‘l ,"' ] ] .
&8 i Ly \' it Mulﬂ ] E
: -8 1] i : m(” E‘ i 11 ImWFh : E
P i ' (i i ‘H,‘/Hu Hu H i M S oy s
- AR 1‘”‘# u ' “H “u IJ”‘IJ’ i ] 10 - ALICE performance |
L N PP v§=13TeV E
-3 —  ALICE Preliminary = _ 3
I pp /s =13 TeV with B% 0.2 T, T,e > 0.075 GeV/c, Iﬂel <0.8 g Plons rejected via TPC E
W | | . W A ! ! R 0.4 S R !
-4 1 0_1 1 1 .} 1.5 2 2 5 3 3p5(GeV/c;‘

p (GeV/c)

Hadron crossing regions: —> Clear rejection of K & p below pp <2 GeV/c

only TOF efficiency
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ALICE () pessurea = ()
Electron identification Mg, = R PRRE ALICE
E’Cg N3 T o — Electron 30 selection using TPC dE/dx & TOF if available
Ui; 31 kg ;";1"‘;;;” i - Residual hadron contamination
o D I ' ' 'J: i I"|‘| “1 |:\ A |”|‘|“ ‘lﬁl‘:“\ | I
O v o J .m it w‘\ b — 3o hadron rejection in the TPC
& 2 ! | = 4 ! | I\‘ ‘“ ||, ' | 1”! IH
| . \‘ H|II | ”uh !
: N I "*"mu i M — TOF info to recover electron
R il ”I”N b

|

. 0} it
L8 z.p' i
X 4 b i '! “..
e - ,."?i’h i
i ""\ i *'f’:*.a '
i ’('/H.&. Jﬂ ﬂM’h

‘;l‘v LI AR B O u
& i "““"u'wH w'wuw ‘

- No ITS PID required

—> Similar electron purity but higher electron selection

llIIIIIIIIIllIIlllllllllllllI||Il||lll|

W
IIIIIIIlI

ALICE Preliminary . . . .
pp /s =13 TeV with B =02 T, p,_>0.075 GeVic, [1,| <0.8 efficiency compared to requiring TOF
_4 [ L] | | | | | | L1 1 | | | 1 |

10" 1 p (GeV/c) —> Similar result to machine learning techniques
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ROONANEN,
Analysis

Signal extraction ALICE

Combinatorial pairing of all electron and positron candidates:

— Unlike-sign (ULS) pairs: ‘
contain real signal, correlated & combinatorial
background I

Signal (S) Background (B)

— Like-sign (LS) pairs:
contain correlated & combinatorial background

Hybrid approach to background estimation: b
- Arithmetic mean B = (LS., + LS__)/2 (low statistics) \‘V
- Geometric mean B = 2,/LS,  LS__ 6\1&
—> Different bias due to charge asymmetry

Background estimation
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Analysis
Signal extraction

Combinatorial pairing of all electron and positron candidates:

— Unlike-sign (ULS) pairs:
contain real signal, correlated & combinatorial
background

— Like-sign (LS) pairs:
contain correlated & combinatorial background

Hybrid approach to background estimation:
- Arithmetic mean B = (LS., + LS__)/2 (low statistics)

- Geometric mean B = 2,/LS,  LS__

- SignalS=ULS-B-R
R: rel. acceptance correction factor

R = UI—‘Smix/(2 \/LSmix,++LSmix,——)

102

—_
o

Counts (arb. units)

—

107

1072

107°

107

10°°

LI LI | LI | LI | LI | LI | LI E
. SeULS- B ALICE Preliminary .
0 ULS ppis=13TeVwithB=02T
y B p,, >0075GeV/c,n|<08 3
4 P < 6 GeV/c b
. = IE
ge W ]
- £ -
R & _
= %
N + v ]
[ YL == _
3 + w® E
E + o E
B L - _¢_+—x—j}i<t_ - ]
= —¢—+ :[;::—D——WQG -
= o == 3
- Rahins i piton
i L1 1 | I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 | | L1 1 1 |
0 0.5 1 1.5 2 2.5 3 3.5

Mmee (GeV/c?)

Low S/B: Reduction of combinatorial
background key aspect of this analysis
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Analysis
Combinatorial background

ALICE

Dominated by combinatorial pairs originating from

~ n0-palitz decays

— Conversions from beam pipe

ITS

Conversion pairs are “close” pairs
- More likely to share an ITS cluster

Beam pipe~

Signal pairs
Conversion pairs
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Analysis
Combinatorial background

Dominated by combinatorial pairs originating from

~ n0-palitz decays

— Conversions from beam pipe

Conversion pairs are “close” pairs
- More likely to share an ITS cluster

Low-field configuration:
— More conversion pairs get reconstructed
(especially asymmetric pairs)

—> Higher conversion rejection efficiency via
a veto on shared clusters in the ITS

Additional photon conversion rejection based on their
characteristic orientation relative to the magnetic field

BROOKHFAEN
NATIONAL LABORATORY

ALICE

ITS

Beam pipe

Signal pairs
Conversion pairs

=== |Low field
=== Nominal field
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Effects of low field

Comparison to nominal field setting in S/B and significance ALICE
o 10* L I B e L B L E1O'15 L L R B B I BN LR BARLELLE
2 e Low B-field data ALICE Preliminary ] =< E e |Low B-field data ALICE Preliminary E

10° L% =27+0.1nb" pp (s=13 TeV ] Eﬁ [ LB =27+0.1nb pp (s=13TeV i
= Nom. B-field data pTe>O.2 GeVic, |n | <0.8 E l+ 5 = Nom. B-field data pTe>O.2 GeVic, |n | <0.8
L°"=8.1+0.4nb’ p, . <6GeVic ] D102 o_gq+04np” p, . <6GeVic E
arXiv:1805.04407 = : arXiv:1805.04407 ]
10 {3 10° =
4t 2 ]
%‘ ¢ e = 104 Mﬂ}.ﬁ:_tiiﬁ— +iﬁ+_ |
- do ., % — . S — . _t E
10" b, = i t
—a— 3 -
SRy S SR S S S Uzj T D T T
2 20 } E e 2OF E
® H%H * + SIRT IPUTA BE
. 15 s . 15F - &
SRS faiiiing i s ST Lol
< 3 i < = =
‘g 0.5; | . | | . | _+_ E % ().5E | . | | . | + |
— 0 0.5 1 1.5 2 2.5 3 3.5 — 0 0.5 1 1.5 2 2.5 3 3.5

m,, (GeV/c?) m,, (GeV/c?)

Higher tracking and PID efficiency in low field:
— Improvement in S/B especially for low invariant masses

— Clear boost in significance per event: reduction of stat. uncertainty
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Corrected spectra

Comparison to nominal-field setting ALICE
N L L L B L L L B . . . "
§ 10? e | ow B-field data ALICE Preliminary g Comparlson Wlth pUbIIShed data Wlthln
5 L L -27z0d pp {5 =13 TeV N same kinematic region: (pt = 0.2 GeV/c)
g " = Nom. B-field data pTe>0.2 GeV/e, |qe_|<0.8 -
E ;: L™ =8.1+0.4nb’ pT:ee <6 GeVic .
£ 107Es  AXS0500407 = — Good agreement within statistical
8 - % - uncertainties
102 ’++d‘ ] =
: e ]
0%k T, - — Effect of low-field configuration on the
g T 4 resolution small within the given
10°E 2 statistics
B | . I -
Q - ' o] . . . .
3 13: + H LL E — Similar significance compared to
S Al +| ihdia | + measurement at nominal field
2 08 H T U E (~ 440 - 10° vs. ~ 150 - 10° events)
3 005 1 15 2 25 3 35
mg, (GeV/c?)
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Low-B-Field Acceptance
Effects of the magnetic field ALICE

Mixed events: Low Field (p; > 75Mev/c)/ Nom Field (pr > 200 MeV/c)

ALICE Performance
pp Vs =13 TeV
lne| <08,B=02T

Gain in phase space with low field:

Pr ee (GeV/c)

B vents: — Acceptance: lower single-leg pr
ULS 1, (p. > 0.076 GeVic, B=0.2T)

ULS,;(p,,>02GeV/c, B=05T) _ Efficiency: TOF

e | - Increase sensitivity for

| -H esEccess with.nom, field soft virtual-photon production
)
0

0 0.2 0.4 0.6 0.8 1 1.2 1.4
M. (GeV/c?)
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Low-B-Field Acceptance
Effects of the magnetic field ALICE

Mixed events: Low Field (p; > 75Mev/c)/ Nom Field (pr > 200 MeV/c)

ALICE Performance
pp Vs =13 TeV
lne| <08,B=02T

Gain in phase space with low field:

Pr ee (GeV/c)

B vents: — Acceptance: lower single-leg pr
ULS 1, (p. > 0.076 GeVic, B=0.2T)

ULS,;(p,,>02GeV/c, B=05T) _ Efficiency: TOF

High gain for pairs with - Increase sensitivity for
IOW e & Pree soft virtual-photon production

0 0.2 0.4 0.6 0.8 1 1.2 1.4
M. (GeV/c?)
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Low-B-Field Acceptance
Effects of the magnetic field ALICE

Mixed events: Low Field (p; > 75Mev/c)/ Nom Field (pr > 200 MeV/c)

ALICE Performance
pp Vs =13 TeV
lne| <08,B=02T

Gain in phase space with low field:

Pr ee (GeV/c)

S svents, — Acceptance: lower single-leg py
ULS,(p, >0.075GeV/c,

ULS,,,(p, >02GeVic, [=05T) : — Efficiency: TOF

- Increase sensitivity for

Gain for pairs with soft virtual-photon production
higher m,, with

increasing pPree

0 0.2 0.4 0.6 0.8 1 1.2 1.4
M. (GeV/c?)
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ROONANEN,
Dielectron production %‘%

Corrected spectra & hadronic cocktail ALICE
Published 13 TeV nominal Field Cocktail: (mainly analogous to nom.-field analysis)
:102 'I""I""I""I""I""I'"'I""E
& - . .
S ALICEpp (s =13Tev @ D8® 5 — 7°: parametrisation of pr spectrum of ¥ in pp collisions
= 10E p _>02GeVic Iy )<08 -..... n-vee = _ : -
o . ® eGevie e N >y 6% 1 - © 66 3 atVs =13 TeV using a modified Hagedorn,
g 1 [ pT,ee p—ee . 0 + . . .
= . Y A E "/ T~ estimated using an effective model that
e (o e e Sed e describes measured hadron spectra at low py
+ - .
- , R e A S - pr-dependent scaling factor:
£ 102 el — b e (PYTHIA - upward shift by 18+6% for pr — 0
% i T e = drops monotonically to below 1% at pt > 1 GeV/c
S 1073 o€ =
107 i 1 - LF: 7° combined with particle ratios for 7, p and w,
N AN A Ve .__ e m scaling for remaining particles and cocktail unc.
g 15
S 1RV R el — HF: Pythia6 scaled with FONLL cross sections to 13 TeV
Q o5
® ) PP P PP PP IR B BT BT . . .
g 0 05 1 15 o 585 3 385 4 — J/W:7TeVparametrisation scaled with FONLL to 13 TeV
M. (GeV/c?)

- Good agreement within uncertainties
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Dielectron production
Corrected spectra & hadronic cocktail

Published 13 TeV nominal Field

102 g - ' '

ALICE pp Vs =13 TeV
10E p,_>02Gevic,In| <038
Pr oo < 6 GeV/c

5% global unc. not shown

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

[ Cocktail

e Data
----- w© - yeter
------ n—vyee
EEREY nN—-yee,nN - oe'e
— p > ete
——— 0 — nle'e, m - ee”
—--. 0o mnee,donlete, ) o e'e
- Jy - ye'e,Jy — ete
————— y(2S) - e'e”
— - cC — e'e” (PYTHIA)
— . bb — e'e” (PYTHIA)

/1
pe oo 0l IIII|,||‘ IIII|,|,|,|| IIIII|||| IIIII|,||| IIII|,|,|,|| Illlljlil

Data/Cocktail

C T T M LTS Rl TR B e
0.5 |||||?|
0 0.5 1 1.5 2 2.5 3 3.5 4
M. (GeV/c?)

arXiv:1805.04407

(mb/GeV/c?)

Data
Cocktalil

10°

—
o

—
-

o
[3)

0 0.5 1 15

ALICE

Published 5 TeV nominal Field

LI | L

ALICE, pp
Vs=5.02TeV, In|<0.8
0.2< Pie < 10 GeV/c

P oo < 8 GeV/e

+ 3.2% norm. uncertainty

~

|""|-H_I.I‘III‘ I IIIIIII| T TTTTI

I L | T 17T I 1T T T | T 1T | LI

e Data
— Cocktail sum
— Light flavor
--cC — e'e (POWHEG)
---bb — e*e’ (POWHEG)
—Jly s e'e,Jly - ye'e

| | IIIIH| IIIIIIII‘ IIIIIIII| \IIIIIII| IIIIIIII| IIIIIHI| HIIIIII-_rI

Pt L e—
.
’
=
-y ‘.. ~a.
s Ses
. ~.
L ~.
= ] ] 1 PR A R M 2
= T T T u T T
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Hadronic Cocktail arXiv:2005.14522
Low-py n parametrization ALICE

n contribution dominates the hadronic cocktail in the LMR:

® pOTOTTTTTTTIT TR T T I el — ALICE measurement only down to pr < 0.4 GeV/c
= L /// e » -
- // ¥ it CERES/TAPS 4 — Mmr scaling overshoots n at low Dr
A/ ik ~-p-Au (s =29.1 GeV |
e | +p-Be |5,=29.1GeV 1 New n-parametrisation required:
' | ALICE HELIOS . | |
[elpp Vs =7 TeV - p-Be (s5,=29.1Gev | — Ceres/Taps data to constrain the cocktail at low pr
[®pp Vs =8 TeV Parametrisation . - Assumption: n /7Y ratio independent of collision
[#lp-Pb ysyy = 5.02 TeV system and energy
- -nfrom m. scaledn® — ALICE & CERES/TAPS |
at 15.= 13 TeV -sys. uncertainty = _ _
| fwo s s bws s ofoneelos, 1 Estimated uncertainty:

L L L P I
15 2 25 3 p3'(5(§eV/c§' > 15% at pr > 0.5 GeV/c where data from LHC exist
T - 40% at smaller pt covering the full spread of the
data and a possible weak energy dependence
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mb / GeV/c?

do/dm, (

107°E

Data/Cockt.

BROOKHFAEN
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Dielectron production

Soft dielectrons in pp at 13 TeV

Sl

—_
(=)
TTT

—
L T TTT

| ALICE

- ppVs=13TeV,B=02T
0.075 < P, < 10 GeV/c
n)<0.8,p  <04GeVic

=y
o
T

(mb/ GeV/c)

T,ee
[#%]
(o]
T T

do/dp

| LI ‘ L
+ Data
— Cocktail sum i
— 10 5 Y e+e —
—n—>ve'e |
—cC — e'e )
— Light flavor (p+o+¢+n) -

0.15 < Mg, < 0.6 GeV/c?

+5% Global unc.
not shown

:

ADN [ ¢ |

I
—
TroT Tror T TTTTIT T LU

Data/Cockt.

|

0 01 02 03 04 05 06
me (GeV/c?)

02 04 06 08 1 12 14
P .. (GeV/c)

arXiv:2005.14522
ALICE

Enhancement also observed at LHC energies

0.14 < My < 0.6 GeV/c? & pree < 0.4 GeV/c
- 1.69 + 0.14 (stat.) = 0.18 (syst.) £ 0.36 (cocktail)

Significance mostly limited by hadr. cocktail uncertainty

- Independent low-p 7° & n measurement
at LHC energies required
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Dielectron production arXiv:2005.14522
Soft dielectrons in pp at 13 TeV ALICE
e ——— Enhancement also observed at LHC energies
;‘3 : ALICE _ % C l([).‘.gzzell(’[ail sum 2
10 op (5=13TeV.B=02T 103 —m—oyee 1 014 <me <0.6GeV/c® & pree < 0.4GeV/c
s [l 0075<p <t0Gevie |2 | Tkl | = 1.69+£0.14 (stat.) £ 0.18 (syst.) + 0.36 (cocktail)
%105 I <0.8,p, <04GeVic | T, —Lightflavor (p+o+o+n) -
g : : gl;zs 0.15 < Mg, < 0.6 GeV/czj Significance mostly limited by hadr. cocktail uncertainty
S 3 +5% Global unc. - Independent low-p 7% & n measurement

20}

not shown 4 at LHC energies required
] CERN ISR — AFS

107F | . -

- . \ ———— Total background b) c’B

—===— n® Dalitz decay ] 2

i +=——-=- 1 Dalitz decay ~—

o7k gl L A -

= ~ E . -

> L -

& [\ f g

E \ 44

. S wep 4

10 : E\\ \ i 4 =

-I Ll | I | - | Ll Ll Ll Ll L I_ :E : 1‘; : 2

P N S T e e R PR - Qualitatively similar [\~ X 1o

5 T 1 % 3¢ B . LI T~ DN X 5

315k 138 ; picture compared to - | N g
= r \(ﬁ ~ | I " :

g b [ ¢ ] g | the ASF results bl N8

- . : . . . 1 s . ‘ . ‘ , . - 0 0.1 02 0.3 0.4 05 06

0 0.1 0.2 0.3 0.4 0.5 0.6 0 02 04 06 08 1 1.2 1.4 Mass of e"e” pair (GeV/c?)
Mege (GeV/Cz) pT,ee (GeV/C)
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x107° .

06— ALICE .
Fou| PP Vs=13TeV,B=02T ] N
Zmo.z

B i i Tttt i
_ Data MB 015<m,<0.6GeV/ic? |

o5 ata P < 0.4 GeV/c ]
_F Data mult. dependent 2 0.15< m,, <0.6GeV/icz -
s L 1<p, <6GeVic i
E 2_ ,ee |
S T = m,, <0.15 GeV/c? ]
O p, . <0.4GeVic .
E - ) ,ee -
O L |

S =N N N : i
1_ ) I—I-i| I—H o) _ |
B 1 | 1 I | |
0 0.5 1

BROOKHFAEN
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Dielectron production

Soft dielectrons in pp at 13 TeV

arXiv:2005.14522
ALICE

Multiplicity dependence may give insight about

the underlying production mechanism:

0.075 10 GeV/ . o .
n | < JW 1 - 4 intervals of the event multiplicity based on the VO signal
=== ~Cocktail sum - Subdivision into different regions of me, and pree

dNCr/dn /(dN /dn)

INEL=>0
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Data/Cocktail

Dielectron production arXiv:2005.14522
Soft dielectrons in pp at 13 TeV ALICE
X107 | | | | Multiplicity dependence may give insight the
B~ ALICE —| underlying production mechanism:
( ppVs=13TeV,B=0.2T ] IjZI 7
- 0.075 10 GeV/ : o :
(I < JW 1 - 4intervals of the event multiplicity based on the VO signal
: === “Cocktail sum 4 - Subdivision into different regions of me, and pr ee
— O
- m0.15<m,<0.6GeV/ic? | —
- DataMB p, . <0.4GeV/c B X
_ © Data mult. dependent 2015<m. <06 GeV/c2 -
i 1<p, <6GeVic -
- = My, <0.15 GeV/c? —:
B H p,  <04GeVic —
— ) e - enhancement
— %) ] region
_ : ] >
S = 1 T N E : : Mee
- = T " [ 5 1 = No excess at lower m,, or
] 05 i 15— 3

o

dN r/dﬂ /(dN /dﬂ) 253 No clear multiplicity dependence within uncertainties
i N - Most consistent with linear scaling
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Dielectron production
Soft dielectrons in pp at 13 TeV

10

-y

1072

10°E

107k

:Illlllllllllllllllll::

- ALICE
| ppVs=13TeV,B=02T

n.|<0.8, P, < 0.4 GeV/c

[ —in-med. hadr. [Rapp]
¥ — hadr. bremsstrahlung

IIIIIII||II]III|]I5

¢ Data

0.15 < m,, < 0.6 GeV/c?

Ll
—_

04 05 0
Mee (GeV/c?)

0.4 0.6 0.8

!
Pr oo GeV/c)

—
o

2_
d cr/de’eed y (mb / GeV/c)

_.
<2

102

10°

10

§ot

ALICE

arXiv:2005.14522

Excess spectra after subtraction of the hadr. cocktail

Corrected for single-electron acceptance in pre & 1,

- Assuming iso. decay in the pair center-of-mass frame

- Enables measurement of the excess cross section in
Mee > 0.15 GeV/c? and pr e, > 0 at midrapidity

Comparison to theory predictions:

- Data exceeds description of thermal fireball model
or hadronic bremsstrahlung

—> Coherent two-photon production of lepton pairs
insufficient to describe the data due to its strong
Z-dependence
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Soft dielectrons in pp at 13 TeV

Summary

With the application of the low-field setup ALICE measured
an excess of soft dielectrons over the expectation from hadron
decays in pp collisions at Vs = 13 TeV

The enhancement factor estimated to be:
1.69 £ 0.14 (stat.) £ 0.18 (syst.) £ 0.36 (cocktail)

No clear dependence on the event multiplicity observed yet

Acceptance-corrected excess yield cannot be explained by
hadr. bremsstrahlung or by thermal dielectron production

The current measurement mostly limited by the uncertainty
of the hadronic cocktail

Forthcoming precision measurements with the upgraded
ALICE detector will help to further elucidate this finding
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Data/Cockt.
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Dielectron production
Run 3 and 4

Detector upgrades:

New ITS and upgrade of the TPC to a GEM based readout system:

- Improve the vertex pointing resolution by a factor 3-6
—> Improves topological separation (DCAg.)

- Increase the readout rate in Pb—Pb by a factor 100
- 13 nb~! MB Pb-Pb planned

New low-field data taking campaign:
Dedicated dielectron runs with low magnetic fields (B = 0.2 T):
- Increase statistics in pp collisions by a factor of 400
- Allows a precise multi-differential analysis
- First Pb-Pb runs (3 nb™1)
—> Study of soft-dielectron production in medium

N™"/dM,.dy (GeV/c?)’
o

2

d
evt L
|
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—_
|
&

BROOKHFAEN
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I 1 I I T ! | 1 T T l I T
- ALICE Upgrade Simulation
- Pb-Pb \s, =55TeV Rapp p (broad)
0-10%, L, =3 nb”’ Rapp QGP 7
ITS2. B=02T light-hadron decays w/o p

Ir].l <08
P> 0.2 GeV/c

0 05 1

cc —e'e =
—&— ‘measured’ .
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Sum

| ; I l 1 1 | | - | | 1 f‘
15 2 2.5
M., (GeV/c?)

Soft Dileptons | BNL Seminar | 24.11.2020 | Jerome Jung | Uni Frankfurt 49



BROOKHFAEN

NATIONAL LABORATORY

Dielectron production
Run 5+

A next-generation LHC heavy-ion experiment
Shower Pixel Detector (SPD)

«— Time Of Right

~100cm

A =l

L Te————

_insert-able
. conversion layer

Silicon based tacking:
- ~10 layers (blue, yellow, green) based on MAPS technology (pt~10 MeV/c)
Particle ID:
- TOF with 3 outer silicon layers (red)
Electron ID:
- via TOF (pr < 0.5 GeV/c) & pre-shower pixel detector (blue)
Photons:
- EMCal & conversion tracker/forward calorimeter

arxiv:1902.01211

ALICE

Key properties:

Ultra-low material budget
for low pT tracking
* X/X0 ~ 0.05 % / layer

fast to sample large luminosity
* 50 - 100x Run 3/4

large acceptance
*Inl <4 - An = 8 (total)
* |n| = 1.4 (central barrel)

excellent spatial resolution

for tracking and vertexing
* innermost layers: 0 < 3 ym
* outer layers: 0 ~ 5 um

precise time measurement for
particle identification
«0~20ps
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Dielectron production arXiv:1902.01211 %

Run 5+ ALICE

A next-generation LHC heavy-ion experiment
Shower Pixel Detector (SPD)

~100cm

«— Time Of Right

—— i

b s i e e !
= Ea

_\, _ insert-able
. conversion layer

—
i

,
\
\
A ‘
T ———— _ \

>

< ~400cm
~ -

Letter of Intent to be prepared by the end of 2021!

Physics goals:

Heavy flavour

» Multiple-HF baryons: formation, coalescence etc.
« Heavy-flavor correlations, jets

» Quarkonia & Exotic states

Di-electrons:

* QGP temperature & flow measurement
 Chiral symmetry restoration

« Conductivity of the QGP

Low- pt physics:
« Soft photon production < Low’s theorem
« Hadron production: condensates, low- pr pion excess

Non-SM physics: dark photons, etc.
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ALICE

Backup
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‘Anomalous’ radiation in small systems
The ‘Anomalous Soft Photon’ (ASP) puzzle

p+Be measurement by Antos et al.

ToF method

BaF»> calorimeter

hadron rejection:
- charged: scintillator in front of BakF>
- neutral (n, KL9): time-of-flight

BGO conversion method

converters + tracking +
BGO calorimeter

two iron converters (10% and 3% Xo)

BGO calorimeter:
()'E/E =2.6%/\/EIGeV

Z. Phys. C59 (1993) 547-554

"modified setup
of the HELIOS
experiment”

Ban U/SC .
N Calorimeter
+eer. B counter
..... velo counter
S target
:Jmcracnon’c’cumer
i
1'4’ ----------- I AL 8m
T ‘ __________________________________ ra
T =0
e =17
PC’s Driftchamber BGO z
i | -
|1 1 jmod. y;mod. x =
1 1 %.
(I ] % .
N
verter - !
: Planes :
| 10 20 30 40 S0cm | :
- t t f t t - a0 2

4I0 60 80 100
py (MeVie)
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‘Anomalous’ radiation in small systems %

The ‘Anomalous Soft Photon’ (ASP) puzzle ALICE
p+Be measurement by Antos et al.

Z.Phys. C59 (1993) 547-554
Two methods (BaF2 and BGO)

dNvy/dp.; (arb. units)

Photons measured down to pr =1 MeV/c
No significant excess
1
- Upper limit on additional ‘anomalous’
i S j sources relative to bremsstrahlung:
1Y factor 2 at pr = 10 MeV/c
Tf bremsstrahlung, ~ 1/pr
; (range = uncertainty)
R Measurement at ycm = 0
a 0 20 40 60 80 100
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Hadronic Bremsstrahlung
Dielectons

Low theorem allows calculation based on hadr. cross section

Photons: diverge for k>0

dic a
w———— ~S

Ty ({(A%(0)) + 0.35p1(0) + 0.05p2,(0)) Thadr

Dielectrons: no divergence due to mass term

(A search of a mechanism responsible for bremsstrahlung enhancement in hadronix reactions.
lll. Low mass dilepton production) Acta Physica Slovaca; 41 no. 4, (1991)

( do* )‘ wt & K1 gca000t>
1

dydk,aM/)i 30 M ki + M

< AQ?> =~ 1.32 (extrapolation)

—> used as input in 2D toyMC to apply resolution

(Rueckl approximation)

10°
10°
0.02
0.05
:-;J 0’ 0.1
* 0.2
3 03
E 165 — 05
>
166
167 el oeod bl
0.0 0.2 04 06 08 10 1.2

KT (Gev)

Fig. 2d. The sum of all contributions to the
k;~dependence of dilepton production at fixed
dilepton mass M.
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Hadronic Bremsstrahlung
Rapidly decreasing decay photon background

o transverse momentum distribution:

dN Pr

o , I'=230MeV
de emT/T -1

10 generated with flat dn/dy in -5 <y <5

19 and y with -0.5 < y < 0.5 counted in histogram

Due to the rest mass of the neutral pion the decay

photon yield falls off rapidly for pr < 15 MeV

(arb. units)

| —

dN/dp

B

ALICE

B N
o o
o o
o o
o o
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Low pr dielectrons pr =75 MeV/c
Fake signal

ALICE

A looping low-momentum track in the TPC with vanishing
longitudinal momentum (n = 0) might hit the interaction point again

Such a looper might get incorrectly reconstructed by the tracking
algorithm, a source of fake signal:

N ~
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Low pr dielectrons pr =75 MeV/c
Fake signal

A looping low-momentum track in the TPC with vanishing
longitudinal momentum (n = 0) might hit the interaction point again

Such a looper might get incorrectly reconstructed by the tracking
algorithm, a source of fake signal:

—> Accumulation of ULS pairs atn = 0 at low p ¢,
Should scale linear with multiplicity

—> No contribution in the LS at at low pr ¢,

Rejection of these pairs based on a hard rejection of a
displacement in z direction

N W
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Dielectron production
Pb-Pb at 5 TeV

—
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ALICE

Clear excess observed at low p in peripheral Pb—Pb:

—> Consistent with coherent photoproduction

—> Similar to the observation by STAR
[Phys. Rev. Lett. 121.132301 (2018)]

More differential studies with 2018 data;

- Event plane angle
- Sensitivity to magnetic field
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Dielectron production
Future DCA analysis

Pull

T TTTTIT
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ALICE o
pp Vs =7 TeV
n|<08,p >04GCGeVic
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Separation of prompt and non-prompt sources:

+ e
e £ + €
*, DCA;
DCA;  ¥Vertex L s
DCA, Vertex
prompt non-prompt
DCA?+DCA?
> DCAg = \/ . :
2

= DCA.c(thermal) >> DCA..(HF)
Feasibility demonstrated in 7 TeV pp

—> To be applied in future dielectron analysis

- Better resolution in Run 3
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TN,
Background Estimation

Comparison of different Strategies ALICE
* ULSpkg =M - N —min(M, N) N := Number of e~ - Geometric Background always
AN M := Number of e underestimates the background
= ULSgke = Q- (1 + 3) A=1— % (Asymmetry) | - Arithmetic Background closer to ULS
N > M=N(-4) Background for low N
LSarith = 5 Q:=NN1-4)-1)
_ . AN+(AN)2 “E\\\ | ] “E\\\\E 101E||‘
Mm@ () - e wle
1-04§— N__=1 —i 104 N__=6 _i 1.0042
M(M—1)-N(N—1) o El E:
| LSGeom — \/ 2 : : - E 1E
ANNL/Z s e | ooed]
2 LSGeom =Q- (1 + E) 12 032; é 0.92? é 0.992} -
0 0.010.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 “0 0.010.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1A 0'990 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0_1A

Precision of the background estimation depends on the asymmetry as well as the statistics
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Background Estimation

Comparison of different Strategies ALICE
* ULSggg =M - N — min(M, N) N := Number of e~ - Geometric Background always
AN M := Number of e underestimates the background
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Precision of the background estimation depends on the asymmetry as well as the statistics

Low-Field Dielectrons | PAG Meeting | 14.08.2019 | Jerome Jung | Uni Frankfurt 63



