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Motivation
‘anomalous’ dileptons in pp
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V. Hedberg, PhD thesis, Lund (1987)
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CERN ISR - AFS (1987):

Excess of dielectrons over expectation
from known hadronic sources in a
‘elementary’ collision system

Low-mass region (LMR) excess:
— 0.05 GeV/c? <m,, < 0.6GeV/c?
Pree < 1GeV/c

— No other experiment could
probe this region

30 years of Heavy lons:
(H. J. Specht ,2016):

— Remaining open issue

— “Challenge for the future”



Motivation
Dedicated low-mass dielectron runs
Reduced field of the ALICE L3 solenoid magnet: (B=05T —-0.2T)
- Overall charged-particle acceptance increased
—> Bulk of the dielectron yield is located at low momenta
= Improve background rejection capabilities
—> Access to low-p particle production

Low-Field Dielectrons | ECT* Trento | 29.11.2018 | Jerome Jung | Uni Frankfurt



Motivation ALICE
Dedicated low-mass dielectron runs
Reduced field of the ALICE L3 solenoid magnet: (B=05T —-0.2T)
- Overall charged-particle acceptance increased
- Bulk of the dielectron yield is located at low momenta
- Improve background rejection capabilities

—> Access to low-p particle production
Dielectron acceptance:

p'I_‘.,ee_h(G?V_{ C)

o
e}

o
o))

o
S

0

0 02 04 06 08 1 12 14 16 18 2

my,y (GeV/cZ)

1

Low-Field Dielectrons | ECT* Trento | 29.11.2018 | Jerome Jung | Uni Frankfurt



pT,ee (GeV/c)

Motivation ALICE
Dedicated low-mass dielectron runs
Reduced field of the ALICE L3 solenoid magnet: (B=05T —-0.2T)
- Overall charged-particle acceptance increased
- Bulk of the dielectron yield is located at low momenta

- Improve background rejection capabilities

—> Access to low-p particle production
Dielectron acceptance:
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Effects of low magnetic field ALICE
Particle identification

30 T T T T = Specific energy loss in the TPC
ALICE performance

EU - = B . . . .
PP, 15 = 13 TeV Nominal B-field configuration:
B=02T

— Low-p cut-off at 150 MeV/c
—> Limits analysis to pp = 0.2 GeV/c

Energy deposit per unit length (keV/cm)

10- T ' 10
Momentum (GeV/c)
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Energy deposit per unit length (keV/cm)

Effects of low magnetic field
Particle identification

T T T T ' T TT | —

ALICE performance
pp, 15 = 13 TeV .
B=02T

Momentum (GeV/c)

Access with low-B field

ALICE

Specific energy loss in the TPC

Nominal B-field configuration:
— Low-p cut-off at 150 MeV/c
—> Limits analysis to pp = 0.2 GeV/c

Low B-field configuration:
= Enables single-leg pr-cut
of pr = 0.075 GeV/c

New Challenge:
* Pion crossing
 No ITS PID available in RUN 3

- New elD approach required
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Electron identification ALICE

New Scheme (@

TPC dE/dx nlP°
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pp s=13TeVwithB=02T, p, >0.075 GeV/c, In | <0.8
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— Electron 30 selection using
TPC dE/dx & TOF if available

- Residual hadron contamination

Energy deposit per unit length (keV/cm)

30

T T T T1TTT I =
ALICE performance
pp, 1s =13 TeV

Momentum (GeV/c)
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TPC dE/dx nlP°

Electron identification ALICE

New Scheme (@ (
X/ measured dx/expected
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TPC dE/dx nlP°

Electron identification
New Scheme

1' 1 "4'4|"Wu..1.'5~' 4

III|IIII

II‘II \I‘ ‘\‘IH‘ I”
I i ‘ | \ W/tull | I \‘\‘ ”:H‘H\‘I‘“ . ‘I 0
l | II | llllll‘ .\“1‘“[\‘\ Q' M\‘u I II‘(ir rhl “‘“‘\:‘ “/“\‘\“H‘H\““\ I: | \‘\ ‘
R
‘\ \I‘ \H‘\‘ ll‘lm’ ‘ ‘:‘ ‘I ’\ | “:‘M\:‘\:\“:‘ ‘:(‘ 'HI:‘ ‘I‘ ‘I

it “‘h i Ill\

i A MWH‘ | u,‘H

il
{14y \H‘ \ ‘

i
Mn’ﬁw:

W

T

.
i M "‘("\

| "M
(|
¢ ""'m%‘ww

! ; | i ‘”|‘ ﬁ\ Jii!
I.M vw MM" ;
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pp s=13TeVwithB=02T, p, >0.075 GeV/c, In | <0.8

IIII|lIII

[ | lIIIII| | |

107 1 p (GeV/c)

Low-Field Dielectrons | E

ALICE
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— Electron 30 selection using
TPC dE/dx & TOF if available
- Residual hadron contamination

— 30 hadron rejection in the TPC
10?
— TOF mfo to recover electron
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TPC dE/dx nlP°

Electron identification ALICE
New Scheme (@ (

X/ measured dx/expected
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— 30 hadron rejection in the TPC
10?
— TOF info to recover electron

T

10 - Similar electron purity but higher
electron selection efficiency
compared to requiring TOF,
down to pt <0.075 GeV/c

ALICE Preliminary
pp s=13TeVwithB=02T, p, >0.075 GeV/c, In | <0.8

IIII|lIII

[ | lIIIII| | |

10" 1 p (GeV/c)

—

Low-Field Dielectrons | ECT* Trento | 29.11.2018 | Jerome Jung | Uni Frankfurt 11



Signal extraction

Combinatorial pairing of all electron ‘

and positron candidates: \

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

Signal (S) Background (B)

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

background X V
QQA

> Signal S=ULS-2R /LS, LS__
R: rel. acceptance correction factor v
R= ULSmix/(2 \/LSmix,++LSmix,——) Estimation
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Signal extraction

Combinatorial pairing of all electron

: : - 2 L LI LI LI L LI LS
and positron candidates: z 10 AR AR RN RRRRE
S . S-ULS-B ALICE Preliminary .
-c% 10 o ULS pp Vs=13TeVwith B=02T —
— Unlike-sign (ULS) pairs: 2 x B ZT,EZO:;ZVGZV/Q <08 2
contain real signal, correlated & 3 1% . E
combinatorial background L T ]
_ &=
107" E—’% g;%% —E
. . . [+ i
— Like-sign (LS) pairs: 2l e “ﬁj;c% N
contain correlated & combinatorial F s 4 < 7
- —¢—+ —x—jit |
background 10°E e T
- T
10*4 E 3

K SIgnaIS:ULS_ZR.‘/LSJﬁLS__ 10500|5|11|5£2|5:|>,35

R: rel. acceptance correction factor Me, (GEV/c?)

R = ULSpix/ (2 \/LSmix++LSmix—-) Low S/B: Reduction of combinatorial
background key aspect of this analysis
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Combinatorial background

Dominated by combinatorial pairs ITS
originating from

~ n0-palitz decays

— Conversions from beam pipe

Conversion pairs are “close” pairs

- More likely to share an ITS cluster Beam\pipe~—

Signal pairs
Conversion pairs
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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 Signal pairs
(especially asymmetric pairs) Conversion pairs
- Low field
- Higher conversion rejection efficiency via === Nominal field

a veto on shared clusters in the ITS
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S/'B

Low/Nom. B-field

Effects of low field
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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

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

Low/Nom. B-field

L___' ! L | — . . . ] .
E ¢+ LowBfielddata ALICE Preliminary 7 Comparison with published data within
et s | same kinematic region: (pr > 0.2 GeV/c)
© [°"=81+04nb’ p,  <6GeVic 3
A0 arXiv:1805.04407 ' B o o
10 \‘ 1 — Good agreement within statistical
107 ety N uncertainties
= e 3
| #:* . - . . .
10%E «* 3 — Effect of low-field configuration on the
& e 3 . . .
|t 4 resolution small within the given
O H  statistics
1.4F | ' = . -
1oF H H\#L 1 — Similar significance compared to
NﬁaH ++||I.T s —  measurement at nominal field
- H | 1 (~440-10°vs. ~ 150 - 105 events)
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Low-B-Field Acceptance ALICE
Effects of the magnetic field

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

ALICE Performance N . .
SR Gain in phase space with low field:

n|<08,B8=02T 10
— Acceptance: lower single-leg pt

Mixed events:
ULSmiX(pTe SORESNENIC, B = 0.2 T)
ULSmiX(pTe FNNC, B=05T)

— Efficiency: TOF

- Increase sensitivity for
1 soft virtual-photon production

0 0.2 0.4 0.6 0.8 1 1.2 1.4
Mee (GeV/c?)
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Data/Cocktail

Corrected spectra & hadronic cocktail

ALICEpp Vs =13Tev @ Data
————— T’ — yeter
‘OTe >0.2 GeV/c, |7]e| <08 ...... n—yete

Pre. <6 GeV/c b et

e 0 ata— +a—
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ALICE

Cocktail: (analogous to nom.-field ana.)

LF based on 13 TeV n*
parametrisations combined with
particle ratios for n, p and w

mT scaling for remaining particles

HF generated with Pythia6 scaled
with FONLL cross sections to 13 TeV

J/p based on 7 TeV parametrisation
scaled with FONLL to 13 TeV

m,, (GeV/c?) —>Good agreement within uncertainties

arXiv:1805.04407
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Hadronic Cocktail ALICE
Low-pt i parametrization

12 T T T 17 T T T T T T 11 T . . R .
on [ ALICE | PHENIX 1 — n contribution dominant in the LMR
3.1 ol (@ ]p-Pb,ys,, =5.02 T:-V O d-Au,\s,, =200GeV A
- ;“"‘:’“ ’”;ff;e‘” 1 — ALICE measurement only down
n PP, Ys=14 1€ _
08l -’ to pr < 0.4 GeV/c
0. [ CERESTAPS \sy = 29.1 GeV U501 4 - my scaling overshoots 7 at low py
0 p-Au : i
() p-Be |
0.4 ¢ | — Ceres — Taps measurement used
i . to further constrain the cocktail
0.2 — at low pr
Bl o @@ : 0 ompi _
0.0 Y T - — n/m” ratio independent of collision
1 10 system and ener
Phys. Lett. B717 (2012) 16 p_(GeVic) y 9y

— Higher estimate compared to AFS
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do/dm,, (mb/ GeV/c?)

Data/Cocktail

Invariant-mass spectrain LMR ALICE
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Outlook ALICE
Multiplicity dependence of the LMR excess

Mean charged multiplicity
b 6 8 10 12 1h

R Dielectron signal after subtraction of hadronic
= [ 50<m, <100 MeV/ - y . T
Tl t .| sources as a function of multiplicity
Al - 1 ldea:
el + | | Multiplicity dependence gives insight into the
3 P AFS | underlying production mechanism
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Total energy (GeV) —> Soft annihilation processes

expects quadratic dependence
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Outlook
Multiplicity dependence of the LMR excess

Mean charged multiplicity

[GeV /el
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Dielectron signal after subtraction of hadronic
sources as a function of multiplicity

ldea:
Multiplicity dependence gives insight into the
underlying production mechanism

—> Soft annihilation processes
expects quadratic dependence

New low-B field data taking in 2018:
— Increase in statistics by a factor of 3
- EXxpect to reach a stat. significance of about 3o

— Study multiplicity dependence at LHC energies?
—> Constrain for the underlying production mechanism
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Neo(HM) / dN  /dn(HM)

Outlook
Multiplicity dependence of the LMR excess

Dielectron signal after subtraction of hadronic
sources as a function of multiplicity

—> Soft annihilation processes
_ expects quadratic dependence

bR BLELALEL ILRLELELE I R I I Idea

6 ALICEpp 1s=13TeV ® Data = Y ; ; ; ;
S BMowa 1 Multiplicity dependence gives insight into the
C 1> 02 GeVie, | < 0. ocktai 4 . . .

SE ananti / @Njan(NEL) - 6.27 + 022 1 underlying production mechanism

:_ pT‘ee<1GeWc _:

: New low-B field data taking in 2018:
0y b e b e o INCrease in statistics by a factor of 3
me (GeVI) - 5 Expect to reach a stat. significance of about 3¢

- B

— Study multiplicity dependence at LHC energies?
—> Constrain for the underlying production mechanism
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Conclusion
— First preliminary results of the dielectron measurement in pp collisions
at /s = 13 TeV with the low-field configuration
— Good agreement within stat. uncertainties with published nom.-field analysis
— Low field: Increase in significance and S/B

— Low-field gives access to a new phase space at low momenta

- Sheds new light on the LMR excess seen at the ISR ¢ 1(: ééwwi
T XA

However: Low-p+ n measurement required for o E
a final conclusion ') é%i—ﬁrz
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ALICE

AFS measurement:

Pt (MeV/c)

200 =500
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Transverse momentum (GeV/c)

nin

0.01+0.06
0.30+0.15

Even lower value compare to
CERES/TAPS
Large uncertainties ignored

—> Leads to a bigger LMR excess
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