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Heavy-ions: the low ãs frontier

Goal: explore the QCD phase diagram at 

large mB
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Main questions:

cPresence of a critical point?

cFirst order phase transition at large mB?

cChiral symmetry restoration?

cOnset of deconfinement

cProperties of the QGP at large mB

Being studied at RHIC with Beam Energy Scans 

and at the SPS by NA61/SHINE experiment 

cUp to now results mostly on soft hadronic processes



NA60+ at the low ãs frontier
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NA60+ proposed experiment at CERN SPS

Goal: study of hard and electromagnetic processes at CERN-SPS energies and 

investigation of the high-mB region of the QCD phase diagram

Hard processes:

cProbe the Quark-Gluon Plasma and 

study its transport properties

Electromagnetic processes

cInformation on the temperature of the 

system (QGP and/or hadronic)

cInformation on the nature of the phase 

transition 

cInsight into the approach to chiral 

symmetry restoration



NA60+ at the CERN SPS
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Focus on particles from hard and electromagnetic 
processes, which are rare processes
cHigh precision measurements of these observables 

require large interaction rates

cOperation in fixed target mode

The mB interval accessible with the beam energy 
scan should be as wide as possible
cCERN SPS allows to cover the range 6<ãsNN<17 GeV 

corresponding to 200<mB<450 MeV

Notes:
cRHIC BES covers the same mB range, but with much 

lower interaction rates

cComplementary to future experiments at FAIR (SIS100) 
at lower collision energies



Experimental setup
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NA60+ detector concept

Muon spectrometer 

to measure dimuons

downstream of 

absorber

cMuon spectrometer 

length needs to be 

varied, to cover mid-

rapidity at different ãs

Vertex spectrometer 

for precise tracking 

close to the 

interaction point
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Vertex spectrometer

Muon spectrometer

Beam

Target

High energy setup

1370 cm

461 cm

Absorber



NA60+ detector concept

Muon spectrometer 

to measure dimuons

downstream of 

absorber

cMuon spectrometer 

length needs to be 

varied, to cover mid-

rapidity at different ãs

Vertex spectrometer 

for precise tracking 

close to the 

interaction point
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Vertex spectrometer

Absorber

Beam

Target

Low energy setup

1040 cm

131 cm

Muon spectrometer

Muon

wall

graphite



NA60+ muon spectrometer
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Hadron 

absorber

Tracking stations

Å Triple GEM amplification structure

Å 2D strip readout

Å Position resolution ~ 100-200 mm

Trigger stations

Å GEM or RPC

Toroidal magnet

Å Al conductors

Å 12 windings per octant

Å BẗR ~ 0.2-0.25 Tm

335 cm

Muon

wall

graphite

180 cm



NA60+ vertex spectrometer
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Dipole magnet

Wide gap dipole (MEP48)

Vertex telescope

Å Large area MAPS with stitching technology

Å Si thickness 20 mm

Å Pixel size O(15x15 mm2)

Å Mechanical support and cooling on the borders

Target system

Å 5 Pb disks 

Å 1.5 mm thick

Å å15% inter. prob.

38 cm



Integration @ CERN North Area

Installation foreseen in CERN-SPS 

EHN1 hall / H8 line

cPb beam intensity = 107 ions/(20 s spill)

cDetailed integration studies in progress

Low-energy set-up

cOptimized for Elab/A = 40 GeV

High-energy set-up

cOptimized for Elab/A = 160 GeV

VThicker hadron absorber

VMuon spectrometer shifted by 3.3 m

Goal: start of data taking with LHC 

run-4 in 2027 
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Low-energy setup

High-energy setup



NA60+ data taking strategy

11

Beam energy scan (BES) at the CERN SPS in the interval ãsNNå6-17 GeV
c~4 week periods/year with Pb beams Ÿ Pb-Pb collisions

cCorresponding periods with proton beams: p-A reference, with different nuclear targets

cBES example: Ebeam = 20, 30, 40, 80, 120, 160 GeV/nucleon

High precision measurements: 
cComprehensive measurement of full dilepton spectrum

VThermal dimuons from threshold up to 3 GeV

VCharmonium: J/y, y(2S), cc

cHadronic measurements: 

VCharmed mesons and baryons (D0, D±, Ds, Lc)

Statistics goal at each energy of BES:
c~4·106 reconstructed m+m- pairs from thermal dimuons

VFactor å20 over NA60, >104 over RHIC/LHC experiments

c>~ 1.5·104 reconstructed J/yŸ m+m-

c~107 reconstructed D0 mesons



Dimuon measurements
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Dimuon simulation
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Simulated m+m- mass spectra:

cThermal dimuon distributions 

cHadron cocktail from NA60 and 

statistical model 

cDrell-Yan and open charm from 

PYTHIA

cCombinatorial background: 

input spectra from NA49 

measurements

Detector performance studies: 

cBased on a simulation framework with semi-analytical tracking algorithm (Kalman filter) + 

FLUKA for hadronic background studies

NA60+
simulation

NA60& Rapp, van Hees, PLB 753 (2016) 586

& Becattini et al., PRC73 (2006) 044905



Dimuon reconstruction

14

Muon reconstruction:
cMuon tracks reconstructed in 

muon spectrometer

cMatched to tracks reconstructed 
in the vertex spectrometer 
upstream of the hadron absorber

VOvercome degradation of 
resolution on muon kinematics 
due to multiple scattering and 
energy loss fluctuations in the 
absorber

cMass resolution for resonances 
varies from <10 MeV (w) to ~30 
MeV (J/y)

NA60+
simulation

NA60

Detector performance studies: 

cBased on a simulation framework with semi-analytical tracking algorithm (Kalman filter) + 

FLUKA for hadronic background studies



Low and intermediate mass dileptons

M<1.5 GeV/c2

cDimuon yield dominated by r, wand fmeson peaks

cPrecision measurement of rspectral properties

cSensitivity to yield enhancement expected in 
1<M<1.5 GeV/c2 due to chiral mixing r-a1 via 4p
states

1.5<M<2 GeV/c2

cThermal radiation can be extracted after 
subtraction of open charm and Drell-Yan pairs

cTemperature can be determined with few MeV 
precision via a fit to the spectrum Ÿ insight into
order of phase transition
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Dimuon invariant mass spectrum: net signal

cAfter subtraction of the combinatorial background from pand K decays and fake matches



Caloric curve
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Temperature via thermal dimuons:

cMeasurements from HADES and NA60 

cFit dimuon mass spectra with:ὨὔȾὨὓθ ὓ ȾὩ Ⱦ

cTslope = space-time average of the thermal temperature 

over the fireball evolution

cTslope of thermal dileptons close to initial temperature

Goal of measurements at low SPS energies:

cMap the evolution of Tslope as a function of collision 

energy, with a resolution of few MeV

cInsight into the order of the phase transition

VFlattening of the caloric curve expected for first order 

transition in the region where the pseudocritical 

temperature is reached

cComplementary to future measurements at FAIR 

energies

& HADES, Nature Phys. 15 (2019) 1040

& NA60, EPJC61 (2009) 711

& Rapp, van Hees, PLB 753 (2016) 586

& T. Galatyuk, EPJA 52 (2016) 131

Tslope

Tinitial



NA60+ physics performance: Tslope

Thermal dimuon mass spectra
cAfter subtraction of open charm and Drell-Yan pairs

Fit for M>1.5 GeV withὨὔȾὨὓθ ὓ ȾὩ Ⱦ

cTslope = space-time average of the thermal temperature T 
over the fireball evolution
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Pb-Pb

Ebeam = 40 A GeV

Tslope = 168 Ñ4 MeV

Tslope values determined with few MeV accuracy

cAccurate mapping of the region where the 

pseudocritical temperature is reached

cStrong sensitivity to a possible flattening expected in 

case of first order phase transition



High mass dimuons: charmonium
J/y: ~30% suppression in central Pb-Pb collisions at top SPS energy relative to 
expectation from cold nuclear matter effects
cQualitatively consistent with melting of y(2S) and cc in the QGP

cQuarkonium dissociation in the QGP due to colour screening of the cc potential

y(2S): strong suppression also in peripheral Pb-Pb
cSensitivity to dissociation in the hadronic phase?
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& Matsui, Satz, PLB178 (1986) 416

_

In-In (NA60)

Pb-Pb (NA50)

Ebeam=158 AGeV

& NA60, NPA 830 (2009) 345

NA60+ goals:
cExtend the measurements to 

lower SPS energies and look for 
the onset of the suppression

cCorrelate J/ysuppression 
pattern with temperature from 
thermal dimuons

cExtend measurements to other 
quarkonium states: y(2S), cc

& NA50, EPJC 49 (2007) 559



NA60+ physics performance : J/yand yô
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In 30 days of Pb beam at 5Ā105 ions/s: ~1.5-20Ā104(depending on ãsNN) 

reconstructed J/yin NA60+ acceptance 

Collect p-A data with different targets to calibrate cold nuclear matter effects

cExtrapolate the J/ycross section in pp collisions, needed for RAA

cExtrapolate break-up effects to Pb-Pb collisions

Strong potential for getting new insights into charmonium dissociation in the QGP

p-A Pb-Pb

ÕsNN=9.8 GeVÕsNN=9.8 GeV

y(2S)/J/yJ/y J/y

p-Pb
Pb-Pb

ÕsNN=15 GeV



Open charm
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Charmed hadron reconstruction

Charmed mesons and baryons reconstructed from 

their decays into 2 or 3 charged hadrons

cD0Ÿ Kp(benchmark channel)

cD+Ÿ Kpp

cDs
+ŸfpŸ KKp

cLc
+Ÿ pKp

Invariant mass analysis of fully reconstructed decay 

topologies

cDecay products reconstructed in the vertex spectrometer

cBackground reduction via geometrical selections based on 

displaced decay vertex topology (ct~60-300 mm)

VNeed high precision on track and vertex reconstruction

VSubstantially better performance with state-of-the-art 

Monolithic Active Pixel Sensors
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Open charm at SPS energies
Almost unexplored energy domain 

cNo results available below top SPS energy 

Charm production in p-A collisions

cSensitive to nuclear PDFs

VQ2~10ï40 GeV2 and 0.1<xBj<0.3 (anti-shadowing and EMC)

cPossible sensitivity to intrinsic charm

Charm hadron yield and v2 in A-A collisions

cConstrain estimates of the charm diffusion coefficient

cCharm quark thermalization in a short-lived QGP

cInsight into hadronization mechanism 

VEnhanced Ds/D and Lc/D ratios in case of quark recombination 

cCharm cross section sensitive to chiral symmetry restoration:

VEnhancement of charm production at chiral restoration where the 

threshold for production of a DD pair may be reduced 
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_

& Friman et al., Lect. Notes Phys. 814 (2011), 1



NA60+ physics performance : D0

With 1011 minimum bias Pb-Pb collisions (1 month of data taking)

cMore than 3Ā106 reconstructed D0 in central Pb-Pb collisions at ãsNN=17.3 GeV

cMeasurement feasible also at lower collision energies with statistical precision at the percent 

level

cAllows for differential studies of yield and v2 vs. pT, y and centrality 
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Ebeam=60 AGeVEbeam=158 AGeV



Summary and perspectives

Strong physics case for a beam energy scan at the SPS with high intensity 

beams to measure dimuons at low and intermediate mass, open charm and 

charmonium in p-A and Pb-Pb collisions

The proposed experiment NA60+ can carry out these measurements with high 

precision

Expression of interest submitted to SPSC in May 2019

cSigned by 82 physicists from Germany, India, Italy, Japan, Switzerland, USA

Letter of Intent in preparation

cPhysics goals

cExperimental layout and detectors

cPhysics performance
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& NA60+, https://cds.cern.ch/record/2673280



Backup
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Thermal dimuons
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& HADES, Nature Phys. 15 (2019) 1040

& NA60, EPJC61 (2009) 711



Dimuon reconstruction and acceptance
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ycm=0

ÕsNN=8.8 GeV

Detector performance studies: 

cBased on a simulation framework with semi-

analytical tracking algorithm (Kalman filter) 

+ FLUKA for hadronic background studies

Full phase-space acceptance >1% for 

dimuons at low and intermediate mass

Good coverage down to midrapidity

and pT=0

Mass resolution for resonances varies 

from <10 MeV (w) to ~30 MeV (J/y)



NA60+ performance: dimuons

Simulated spectra:

cThermal dimuon distributions 

from Rapp et al., PLB753 

(2016) 586

cHadron cocktail from NA60 

and statistical model 

(Becattini et al., PRC73 

(2006) 044905)

cDrell-Yan and open charm 

from PYTHIA

cCombinatorial background: 

input spectra from NA49 

measurements
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NA60+
simulation

NA60



Chiral symmetry restoration

Strong modification (broadening) of the r

meson line shape in nuclear collisions at top 

SPS energy measured by NA60

cSignal of chiral symmetry restoration? 

Additional information needed on spectral 

properties of its chiral partner, a1

cNo direct coupling of a1 to dilepton channel

cChiral symmetry restoration: mixing of vector (V) 

and axial-vector (A) correlators Ÿ r-a1 mixing

cEnhancement of dilepton yield in 1<M<1.5 GeV/c2
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& NA60, PRL96 (2006) 162302

Ebeam=158 AGeV

Measurements at low SPS energies more sensitive to chiral restoration effects:

cSmaller yield of thermal dimuons from QGP

cNegligible background from open charm decays


