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https://indico.gsi.de/event/18475/

New experiment at the CERN SPS to explore
the QCD phase diagram at high baryon
chemical potential (uy)

NA60+ will perform precision studies of
hard and electromagnetic processes

o accessing muon pair production from
threshold up tom - 4 GeV/c? (dilepton
continuum + quorionio)

o measuring hadronic decays of strange
and charm hadrons

A beam energy scan between Vs ~ 6 - 17 GeV
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will allow us to access the g region ~220 - 550 MeV
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The NA60+ program needs a large luminosity to search for rare QGP probes

4

Heavy ion collisions This luminosity can be collected with PoPb
2 J,PAggiwﬁFfi?il-?; interactions rates > 10° Hz, reachable with 10¢s™
5 beam intensity in a fixed target environment

ALICE@LHG

e NAG&O+ is unique, for energy coverage AND
A—ah SPHENIX@RHIC . . . .
hbEEGE) MPD@NICA interaction rate, in the heavy-ion landscaope
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e NA6O+ is complementary to experiments
accessing:
e Jdifferent (hadronic) observables in the
same energy range (STAR BES, NICA,
1 2 34567 10 20 30 100 200 NA61)
(T. Galatyuk) Collision energy \'sy, [GeV] e similar observables in a lower energy
range (CBM)
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the NA60+ detector

Setup inspired by the former
NA6Q detector: hadron

dipole magnet absorber

toroidal e el

e Muon spectrometer
e \ertex spectrometer

Energy/systems:

e Pb-Pb and p-A collisions
e energyscan:6<Vs<17 GeV/c
(20 < E_, <158 GeV/c)

e high luminosity ~10° Pb/s muon

spectrometer
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the vertex region

e Dipole magnet: % ‘,‘1
MEP48 (available ot CERN), 1.5 T field over 400 mm gap 2
e \ertex spectrometer: -
5 layers of MAPS detectors ‘ M;\" —

e Target system:
o AA: 5 Pb sub-targets, 1.5 mm thick each
o pPA:several sub-targets (e.g. Be, Cu, In, W, Pb) simultaneously exposed to the beam
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High charged particle multiplicity in Po-Pb collisions (up to dN_, /dy = 430)
— high granularity, fast and radiation hard detectors in the vertex region

4

Use of state-of-the-art Monolithic Active Pixel Sensors
o synergy with ALICE ITS3 = first large area stitched
sensor (MOSYS) is currently being tested

o sensor based on 25 mm long units, replicated several
times through stitching up to 15 cm length for NA60+

+— 30cm —»

e few tens of microns of Si = material budget < 0.1% X,
e spatial resolution £5 um
e cooling with airflow and water
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6 tracking stations, with a modular structure
Muon spectrometer position will be varied
(rails), to cover mid-rapidity at different v's

MS4 MS5

Thick absorber (235 cm BeO +C)
— modest rates (FLUKA) already in the

upstream stations

graphite 1 r

BeO
— for 10¢ ions/s beam,

rate of charged
particle ~2 kHz/cm?

target
e T,

-80 -60 40 20 0O 20 40 60 80
x(cm)

N

110 cm
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TN

12x2 modules

mp GEM or MWPC detectors can
match these rates

|\

i

84x2 moules
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Ongoing discussions on the final spectrometer set-up, various possible solutions, as
e GEM for upstream stations (MS0-MS])
e MWPC for downstream stations (MS2-MS5)

First prototypes modules characterised in a Pb test beam at CERN (Fall 23)

Good performances of the MWPC - Good performances of GEM

sample vs channel

First rough evaluation of
resolution ~100 um

(channel corresponds to readout strips,
sample number to 25 ns time samples, z
axis is ADC)
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) Warm magnet
e FEight sectors with 12 turns per coil
e Light design — low material budget in the acceptance area

ki

B

— -' Ir/

Prototype (1:5 scale)

built and tested to check
calculations and investigate
mechanical solutions

¢

B measurement [ agreement
with simulations by 3%

2

:
| rw EP-DT
] \

7 Detector Technologies

Distance along line [m]
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NA60+ will be installed in the CERN EHNT1 - PPE138 area along the H8 beam line

very stringent beam requests at all energies (from 20-30 A GeV to 160 A GeV)
o high-intensity (107 Pb/spill)
o extremely focussed sub-mm beam (vertex spectrometer will have 6 mm hole)

e ongoing beam optics studies
» e promising results from high intensity tests (up to 2.4 10° Pb/spill at 150 GeV)
at SPS in 2022 and 2023

ALPIDE_0 Cluster Position (Local)

clusterPositionLocal_px

ALPIDE_O Cluster Position (Local)
clusterPositionLocal_py
Entries 4380
Mean 185.1
Std Dev 6.021
¥2/ ndf 163.3/56
Constant 378876
Mean 185.3+£0.1
Sigma 4.441+0.058

Entries 4380
Mean 585.2
Std Dev 12.29
x2/ ndf 103.1/86
Constant 231.1£43
Mean 585.1£ 0.1
Sigma 7.39 +£0.08

o, ~ 119 um
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Collision systems

e PLPL
— data taking: T month per year
o PA

— data taking at the some energies as AA collisions, with similar integrated luminosity

1) caloric curve 2) chiral symmetry
[felc B ‘ restoration

measurement of o p-a, mixing in the
thermal dimuons dimuon channel
temperature vs v's | h

dimuons: 3) charmonium
° vertex melting in the QGP :
. £ =g v  Ean Hit ¥ : : -
telescope R L " | hooronic gecaysof _ | flelglelpaliglelelgelpls
e muon (dimuon decay channe) .. - | B =l ; e vertex telescope

spectrometer
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Muon tracks

e matching (in coordinates and
momentum space) of tracks in
vertex and muon spectrometer

e measure muon kinematics
before multiple scattering and
energy loss

4

very good mass resolution
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Caloric curve of the QGP

Measurements only at top SPS energy and at very low energy

HADES, Nature Phys. 15(2019) 1040
NA60, EPJC 61(2009) 711

* Hees/Rapp
« Dusling/Zahed

ch

(0PN, /ndM)/(dM_/c) (20 MeV)™

100 200
(5w (GoV)

dilepton TSlope measurement [J (average) temperature of the early stage of the system

SPS energy ‘

1 accurate information on the region close to the deconfinement transition temperature
1 possible signal of a 1%t order phase transition
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Thermal radiation yield
e accessible up to M= 2.5-3GeV/c?
e dominated by p contribution at
low mass

Drell-Yan contribution
1 to be estimated via p-A
measurements

Open charm contribution
1 negligible dimuon source

T extracted fitting

slope

1.5<M< 25 GeV/c?

iy 5=6.3 GeV (x 1)

is (5=17.3Gev (x100)
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Pb-Pb |s 8.8 GeV NA60+

0-5% central collisions

Pb-Pb central collisions

3 +NA60 In-In

¥ %

® HADES Au-Au

(preliminary) Theory estimate 1orT‘ s

Theory estimate for T___
@ CBM (FAIR SIS100)
¥ NAB0+ (CERN SPS)
i L |

20 3040 100 200
s\ (GeV)

\\/\‘ ; L R S S A |
LML 2 3 4567 10
Hees, Rapp PLB 753 (2016) 586
Galatyuk et al. EPJA 52 (2016) 131

25 3
M [GeV/c?]

~1-3% uncertainty on the evaluation of TSlope

4

accurate mapping of T,
v's-dependence around T__

strong sensitivity to possi%le
flattening of the caloric curve due to
15t order transition
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Chiral symmetry restoration investigated with the measurement of the p-a, mixing

Full p-o, chiral mixing detected studying the
modification of the dimuon continuum

— a0 20-30% enhaoncement is expected in the
region 0.8 < M < 1.5 GeV/c? wrt. no mixing

4

NA60+ could clearly detect a signal
of chiral symmetry restoration

ch

(N, /dydM)/(dN_ /dy)(50 MeV))

Pb-Pb Vs, =8.8 GeV

green line = no chiral mixing
black line — full chiral mixing

1.4 1.6
M [GeV/c?]
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AA:

accurate measurements from NA50/NAG0O at top SPS energy

e ~30% J/w anomalous suppression in central PbPb, beyond CNM
’ e consistent with J/y suppression from y(2S) and X, feed-down

hot matter effects e significant contribution from CNM effects

suppression
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final CNM effects InIn@158GeV (NA6O)
sizable breakup in & PbPb@158GeV (NA50)
nuclear matter

1~0.5 fm/c for y~0 N PA:

precise measurement of CNM
e anti-shadowing contribution
e nuclear break-up dominant, stronger at lower /s

50 100 150 200 250 300 350 400 450
N

5
)

L (fm
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Quarkonium never studied below top SPS energies

AA: onset of charmonium suppression

accessible via energy scan
e evaluate the threshold temperature of the charmonium melting correlating the
onset with T measured via thermal dimuons

. PA: cold nuclear matter effects

CNM effects increase at low V's
e mandatory (at the same V's as AA) for a correct evaluation of hot matter effects
e disentangle the various contributions (shadowing, nuclear breakup...)

. PA: intrinsic charm

expected enhanced charm production at large x.
e fixed target is the ideal configuration - enhancement is expected closer to mid-y

e dominant effect even with 0.1% probab. of intrinsic charm contribution in the proton
(R. Vogt. PRC 103 (2021)3, 035204)
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High luminosity is needed to cope with the low production cross sections at low V's

Assuming:
Pb-Pb, 0<y<1, I=10"/spill, L,=7-5mm /:
— Epean=50 GeV ; o |....~10" Pb/spill, 75 mm target,
Ebeam=80 GeV : I month data taking— L. ~24 nb™

—— E,..,=120 GeV

— Epean=150 GeV e o factor 3 overall suppression
(CNM+ QGP)

4

NA60+ can aim at

-O(10%) J/y at 50 GeV
. ~O(10%) J/y at 158 GeV

Luminosity (nbj')
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p-A data taking mandatory to calibrate CNM effects

Assuming:

NABO+, J/y — pru’
PA, Epeam =50 GeV
5x 10" p on targets

e I ...~510" pon target, target
thlckness 8.3 9/cm2

e NA60+ can aim at

~8000 J/y at 50 GeV
~60000 J/y ot 158 GeV

=
N
©

/
BR > Wc;;') VIA (ub)
R B

=
)
N

o
N

: _ PA data will provide an estimate of CNM
(assuming Oy/un 4.3mb) iy —

extrapolating the pA measurements down to
A =1 we can estimate o, to be used in the
R evoluotlon
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NAG60+, Jiy — '
® Pb-PbE,_ =50GeV

NABO+, Jhy — pu’

—8- Po-Pb %:l’“:=113(_)80§:\\///u 10'% Pb on target Based on
10" Pb on target cold nuclear matter effects ° 1012 Pb ionS, 8.5 9 Cm—2
cold nuclear matter effects torg et
e 5x10"protons, 8.3 g
cm?target
Assume

e CNM effects for N Ort<50
e CNM effects + 20% QGP
suppression for Nport>50

Precise evaluation of anomalous suppression within reach even at low energy

Uncertainties on CNM (o, ) are ~6 - 15% at 158 and 50 GeV, respectively
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Intrinsic charm component of the hadron wave function |uudccbar>
m) enhaonced charm production in the forward region

e ot collider energies, the region where the IC effects
can be observed is at very large y

—— P, = 40 GeV

- 80 GeV
120 GeV

e for fixed-target, low V's, the enhancement is closer to mid-y
Vs = 7 TeV

Intrinsic charm

e first evidence recently
claimed by NNPDF group
based on LHCb data

(NOtU re 608,483(2022) | " —— Baseline dataset
+EMC Fg
+LHCb Z+c
= + EMC F§ + LHCb Z+c

R. Vogt PRC 103, 035204 (2021)
R. Vogt arXiv:220704347

Roberta Arnaldi Physics opportunities with proton beams at SIS100



e EPPS16 shadowing
P-Pb collisions: e o = 9,10, M mb, E_, =120, 80, 40 GeV
e Intrinsic charm content PiC varied between 0.1 and 1%

without intrinsic charm with P|c =0.1% with PIC = 1%

— 40 GeV v/shgd only L T 40 GeV w/shad only
---- 80 GeV y/shdd + abs ---- 80 GeV w/shedd + abs
120 GeV === 120 GeV

—— 40 GeV
---- 80 GeV
120 GeV

Rppb shape is dominated by intrinsic charm already with P._=0.1%
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open charm in NA60+

Measurement performed through hadronic
decays reconstructed in the vertex telescope

Combinatorial background reduced via
geometrical selection on the displaced
decay-vertex topology

PS detectors
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IQCD [Kaczmarek (2014)]
IQCD [Banerjee et al.]

. QGP transport properties gy o

D-meson [TAMU]
QPM (Catania) - BM

Charm diffusion coefficient depends on the medium T, : QPM (Gataria) -LV
being larger in the hadronic than in QGP phases =
At SPS
3.5 fm/C
e temperatures closer to T,. can be explored T 32
e hadronic phase is a large part of the collision evolution = 1.6 fmic

> sensitivity to hadronic interactions
> input for precision measurements at LHC

. charm thermalization

Impact on charm of a shorter-lived medium can be explored

e current measurements on HF-decay electron v, at RHIC
VS = 39 and 62 GeV/c show small v, wrt 200 GeV, not

5 02 04 06 08 1 12 14 16 18 2
conclusive on v,>0 p_ [GeVic]
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. hadronisation mechanisms

—o— pp, Vs =5.02 TeV
- PYTHIA 8 (Monash)

Measure the relative abundances of charm-hadrons === FYTHAB (CR Moda 2

- HERWIG 7

(D°, DY, D*. mesons and A_baryons) in a high u; environment : Catania, fragm.coa

M. He and R. Rapp:

——— SH model + PDG

e Strange/non-strange meson ratio (D/D°) lg * SH mocel + RGM
o enhanced in AA due to recombination in the

strangeness rich QGP

e Baryon/meson ratio (A_/D)
o enhanced in AA in case of hadronisation via coalescence
o Interesting also in pp and pA, as observed at LHC

. total charm cross section

Limited measurements so far (NA6O,NA49) because of low yields

e precise measurement requires to reconstructs mesons and baryons ground states
e deal reference for charmonia
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. nuclear PDFs via D meson production in pA

4

NAGO+ will cover the range 0.1 < xg <03 at Q?~10-40 GeV?

e EMC and anti-shadowing regions accessible,
e PDFs poorly constrained by existing data

k - -
- N w

cross-section ratio

-

L
Lt r
|l

10*
\s [GeV]
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. nuclear PDFs via D meson production in pA

4

NAGO+ will use several nuclear targets, from Be to Pb
e access tothe A-dependence of nPDF
e precise inputs to nPDF
from D production ratios
pA/pBe at different +/s,
vsy and p.

-
=]

POWHEG+EPS09, ¢ quarks, ly|<0.5

Ry, (NPDF)
a

-
)

—

(S8 GeV
{Sr=10 GeV

4 GeV

35 4
P, (GeVlc)
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with 10" MB Pb-Pb collisions (1 month of data taking)

S = 369565 + 1219
B (30) = 1028262 + 285
S/B (30) = 0.3594
Signif (3c) = 312.6 £ 0.9

310° D°, 0-5% PbPb, \/SNN=17.3 GeV
> R,,andv,vs p_,y and centrality

accessible also at lower /s, with
~1% statistical precision

Pb-Pb, \s,,=10.6 GeV, centrality 0-5%

1e+11 MB events

D° - Kn, pT>0

Assumption: 6, = 0.5 pb

1.95 2
Inv. mass Kr (GeV/c?)

measurement of yields
feasible, statistical precision
of few percent

Pb-Pb, \s,,=17.3 GeV, centrality 0-5%
1e+11 MB events

D; — on" — K'K'n*, pT>0

S = 196958 + 868
B (30) = 519316 + 264
S/B (30) = 0.3793
Signif (30) = 232.7 + 0.9
Assumption: 6 = 5 ub
2 2.05 2:1
Inv. mass KKn (GeV/c?)

accessible, possible
improvement with timing
layers under study

Pb-Pb, sNN=17.3 GeV, centrality 0-5%
1e+11 MB events

/\g = pKT[, p.l.>0

S = 31280 + 490
B (36) = 176699 + 64
S/B (36) = 0.177
Signif (3c) = 68.6 + 1.0

Assumption: 6, = 5 b~

235 2.4
Inv. mass pKn (GeV/c?)
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the NA60+ timeline 30

it > o )

e Projectis part of CERN Physics Beyond Collider Initiative
e | Olreleased at the end of 2022 (arXiv:2212.14452)

e Expect proposal in 2024

e Aim is taking data in 2029, after LHC LS3
o /-years running with Pb beam (one beam energy per year)
o proton beams for reference and dedicated p-A studies

https://na60plus.ca.infn.it/
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Letter of Intent: the NA60+ experiment

C. Ahdida' , G. Alocco® Antinori* , M. Arba® , M. Aresti R. Amaldi® ,
S.Beole® 5, A. Bemudo " | Ben}hard L. Biang

E. Casula®~
K. Dehmelt'! . ;
F. Geurts'? | V. Gr A3 .M.P.

Lombardo

L. Micheletti' , L. Mirasc . E Mazzaschi' 6, M. Mentink' , P MeresS ,
L. Musa' . C. Oppedisano’ . B. Paul”* , M. Pumm"‘ A PlumanH F. Prino’
3, B. Schmidt' , E. Scomparin® .

C. Puggio R. Rapp'” . I. Ravinov
S. Siddhanta® , R. Shahoyan' , M.

.European Organization for Nuclear R

2 .Dipartimento di F dell’Univ
3 .INEN, Sezione di

. G. Usai® | H. Vincke'

4 .INFEN, Sezione di Padova, Padova, Italy

5 .INFN, Sezione di Torino, Turin,

A. Baratto Roldan'

ol Blt.’s\l(.l . S. Bufalino®-

L Dt FdlL\) ) [ J

. M. Puccio' ,

. I. Vorobyev

), Geneva, Switzerland
Cagliari, Italy

of Science, Rehovot, Israel
Jkraine (NASU)

.C panmcm of Physics and Astronomy, Stony Brook University, SUNY, Stony Brook, New York,

USA

.Dep ) , University of Groningen, Groningen,
3 .[lpmmtm of th ics and Astronomy, Rice University, Houston, Te:
4 .Dipartimento di F e Astronomia dell’Unive

INFN, Laboratori Nazionali del Sud, Catania, Italy
6 .INFN, Laboratori Nazionali di Frascati, Frascati, Italy

otron Institute and Department of Phys

Station, Texas, USA
.Institut de Physique des 2 Infinis de

on, Université de Lyon, CNRS/IN2

s and Astronomy, Texas A&M U rsity, College

The Netherlands

\ USA b
tania, Catania. Italy

3, Lyon, France

the Lol was signed by 62 physicists, engineers,
technicians
support also from members of the QGP theory
community

INFN

Istituto Nazionale di Fisica Nucleare

Y9 1R PO

WEZMANN INSTITUTE OF SCIENCE

A
C© mrce @

Stony Brook ‘& N7
w University

funding for the R&D phase since 2020 allowed
us to complete the Lol preparation

ongoing contacts to strengthen the
Collaboration
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Precision studies of em and hard probes in the range é <V's,< 17 GeV are currently lacking

4

NA60+: new heavy-ion experiment proposed at CERN SPS

e designed for high precision measurements of thermal dileptons, charmonium,
open-heavy flavors

e projectis part of CERN Physics Beyond Collider Initiative
e technical proposal expected in 2024, data taking in 2029
e present stage: consolidation of collaboration and completion of R&D

feedback on physics program
m | and participation to the NA6O+
https://na60plus.ca.infn.it/ realization is welcome!
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Fast simulation:

. D-meson: signal simulated with p. and y distributions fromm POWHEG-BOX + PYTHIA
Combinatorial background: , K, p with multiplicity, p; and y shapes from NA49

Particle transport: carried out in the VT, with parametrized simulation of its resolution
Track reconstruction: Kalman filter

« Reconstructed/Generated
+ Selected/Reconstructed
o Selected/Generated

P
il

D-meson vertex reconstructed from decay tracks
Geometrical selections based on decay vertex topology

CY
[9)
c

L

Q2

=

w
o
3]
c

3
Q
@
Q
3]
<C

D in central PbPb:

e initial S/B ~107
e after selections S/B ~0.5
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Pb-Pb, 0-20%

Lab energy / .
—e 50 GeV e 10% anomalous suppression

100 GeV P signal detectable at 3o for
S Rl A E ,>100 AGeV

Significance no

e 20% anomalous suppression
signal detectable at 3o for
E >0 GeV

PA=0.93 in p-A

GJ/qJ

25 30 35 40
Anomalous suppression (%)
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Good charmonium resolution (30 MeV for J/) will help Y(2S) measurements:

gb
%- Assume
2402 e stronger suppression for Y(2S) than
J/

4

Y(2S)/P measurement feasible down to E_
~100 GeV

o
m
~
@
S
©
i3
[72)
C\\ll
>
o
m

Lower E_, would require larger beam

NABO+: J/y, w(28) = Wi, Epoa = 100 GeV intensities/longer running times
ep-Ab 10" p on target

® Pb-Pb, 10'2 Pb on target
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Pb |5 = 8.8 GeV, ity 0-5% . :
Bl el O Hyoperon decays simulated with EVtGen, decay products
oA +T sp+T +K.pT>0.OGeV/c

L propagated in the VT using the fast simulation of NA60+

S/B = 1.91+0.01 Q Background from hadron production [0 NA49 results
Signif. = 1581+ 10

Counts / 0.91 MeV/¢?

Q Channels studied

TR

s g and charge conjugated
Pb-Pb s, = 8.8 GeV, centrality 0-5%
2 R +nr 5P+ K, p > 0.0 GeVie Q Topological selections applied
el O BDT employed to enhance the significance of the signal
S/B = 0.381+ 0.002 o
A O Among the variables:
d  Product of the impact parameter of decay tracks,
d  Distance of closest approach between the decay track

d  Decay length and the cosine of the pointing angle

e
S
©
=
©
©
=3
£
=
=}
Q
o

% O  Also ¢ 0 KKand K [ Ttrt were studied

m (GeV/c?)
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-y Low energy HI collisions

5 °He, *He

st T O high baryon density favours the production
o of hypernuclear clusters

3
Sy (GeV)

NA60+ Performance 3<n<5p >05GeVic
; Fit Probability: 0.33
Signal (S): 7297 + 515

i igEigie - Separation of heavily ionising particles from
{ ,Ll:4839.88:r0:09MeV/c‘ Ordlnory hOdronS
0 size of the clusters associated

with the track

Pb-Pb, |5, = 6.06 GeV

Events / ( 0.0004 GeV/c?

4.86 4.87 4.88
Miyierr (GEVIG?)
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Some important improvements:

Physics program extended to lower energy
0 Fundamental to explore rare probes in high-u; region

Larger angular acceptance
1 cope with lab rapidity shift when varying energy down
to low SPS energy

Access new observables (open charm etc))

NAGLO: (di)muon trigger ~ S kHz
NA60+: MB trigger (>100 kHz)

el State-of-the art detectors

\
P !

Pixel size: from 50x425 um?(NA60) to 30x30 um?(NA60+
sensors (from 2% to 0.1% X )

improved resolution and signal over background
from 21to 8 MeV at the w mass

from 70 to 30 MeV at the J/Y mass

Roberta Arnaldi
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NAGT

Year Beam #days #events #(D‘)+ﬁ) #D"+D")

2022 Pbat150AGeV/c 42 250M 38k 23k
2023 Pbat150AGeV/c 42 250M 38k 23k

2024 Pbat40AGeV/c 42 250M 3.6k 2.1k

N.B.: different assumptions for
open charm cross section

NAGO+

Pb-Pb, \s\=17.3 GeV, centrality 0-5%

1e+11 MB events

D° - K, p.>0

S = 3368292 + 3332
B (36) = 6759510 + 941
S/B (30) = 0.4983

Signif (3c) = 1058.4 + 0.9 Assumption: .= 5 ib

1.9 1.95 2
Inv. mass Kn (GeV/c?)
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