G. Usai - University of
Cagliari and INFN(ltaly)

;
o 4 YOI 0D j P2
UTokyo S

®

Stony Brook
University

\

-

PHD 2025

- GSI

o



C Crucial observables currently not
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Fixed-target experiments
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Heavy ion collisions
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Unigue combination of

Complementary to CBM
A Same obseerabIes
A Different Gs
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C Dilepton Tg,,e measurements A (average)

C Precise measurement of thermal

0.3<M<0.7 GeV

yield in

C Thermal dilepton elliptic flow

C Beam energy scan at CERN SPS might
provide signals of a

Fireball average temperature

—#— HADES

—&— NAG6O
—— STAR

— Rapp Model

b1

(ANT*%/dy)/(dN_/dy)
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—#— CBM (simulation)
NABO+ (simulation, new)

—S—— ALICE Run3+4 (simulation)

Model R. Rapp
Adv. in HEP 2013, 148253

Hadronisation temperature

Lattice QCD
PLB 795 (2019) 15

SHM fit to experiment
Nature 561 (2018) 7723

102 10° 10*
VS (GeV)

Normalized excess yield

STAR Preliminary
0.4 <M,<0.75 GeV/¢

—e— STAR RuRu+ZrZr 0-80%
—— STAR BES-Il Au+Au 0-80%
—x— STAR BES-I Aut+Au 0-80%
—+— NAGO In+In dN/dn>30

—a HADES Au+Au 0-40%




C Chiral restoration at the phase boundary :

meltingof r and a;

C.Jung et al,,
PRD 95 (2017) 036020

C r meson strong broadening
consistent with chiral restoration

C @, not measurable exclusively

C Mixing of vector (V) and axial

correlators A
M.~ 1-1.4 GeV/c 2
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Pb-Pb 0-5%
Vs = 8.8 GeV (p,,,=40 GeV)

= no mixing

= p-a, chiral mixing

C Measurements at low energy:
A (Exponential) thermal dimuon yield from QGP becomes small
A Contribution from open charm becomes relatively negligible

-vector (A)

for

R. Rapp and H. van
Hees,PLB753 (2016)
586
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c-quark, T-matrix, U-pot.
c-quark, T-matrix, F-pot.
= =c-quark, LO pQCD, ¢ =0.4

C No measurements below top SPS energy c-quark, Torino

-=-=c-quark, Nantes

C Moving toward lower collision energies
C Explore temperature closerto T c
C Shorter -lived medium and

C Expect increase of charm diffusion coefficient

0.8 1.0 1.2 14

C ImpaCt on of a baryon -rich QGP F. Prino, R. Rapp, JPG43 (2016)053{802

C Baryon/meson ratios  (L./D) _

C Influence of strangeness (D /D) -
C close(r) to threshold :5

C Explore nPDF atlarge Xg; 0.8 BH

A anti -shadowing and EMC region > 06

C Reference for charmonium studies :;:‘

C Intrinsic charm U‘Ol o 10

(R. Vogt, Phys.Rev.C 106 (2022) 2, 025201)
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Eskola etal., EPJ C77 (2017) 13




Burnier etal., JHEP12 (2015) 101

Re[V] [GeV]

4

.*.“H‘;HH}
....".::.;-i { jel :}
C No measurements below top SPS energy _ ‘:‘“.,...---:_._._..... s
D R L R
C Moving toward lower collision energies oty
C Explore temperature closerto T c . ._,..*,,’}'
C Investigate role of feed -down from y(2S)and c, e o)+ 1048 « TS,
(; ShOUId (gradual |y7) . o T=0.95T¢ « T=1.06Tc « T=1.197¢
. T=134T; » T=1.41T; » T=1.66T;
disappear 02 04 06 08 10 12 714 '[m
C Cana
. . Im[V] [GeV]
of the fireball be established? 0-57 ¢ " 7os67, — T=0957, — T=1.06T,
T=1.19T¢ T=1.34T — T=1.41T¢
C Are increasing when lowering collision energy? o
C When approaching the , IS the ratio

(J/ y)/D increasing? Sensitivity to variation of the spectral
functions?
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NAGO+DICEsetup

Inspired by the
former NA6O
detector
(2002 -2004)

Measurement of
(Di)muon
production and
hadronic decays
of strange and
charm hadrons

SPS energy scan
vary z -position of
the muon
spectrometer and
thickness of
hadron absorber

Vertex
dipole

Pb beam
(~10 ©/s)

Muon
dipole

Significant evolution of the original design

and from the finalization of the

Lol (2023)

Muon tracking

from its inception (Eol, 2019)
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NAGO+DICEsetup

Inspired by the
former NA6O
detector
(2002 -2004)

Measurement of
(Di)muon
production and
hadronic decays
of strange and
charm hadrons

SPS energy scan
vary z -position of
the muon
spectrometer and
thickness of
hadron absorber

Vertex
dipole

P beam
(=510 7/s)

Muon
dipole

Significant evolution of the original design

and from the finalization of the

Lol (2023)

Muon tracking

from its inception (Eol, 2019)
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C Positioned downstream of a thick hadron absorber ( BeO + C)

C magnet
C A MWHPC detectors (max. rate ~2 kHz/cm 2)
C C wall in front of the last two stations, to improve muon identification BL=083Tm
Significant fringe field
OPERA 3D mOdeI f.“ . —— calculated
‘ ~—— measured
-\ | .
\P =
C experiment (rare K decays) till the end of run3, discussion ongoing with EP -DT group and CERN
Magnet WG, to assess integration aspects in the NA60+ set -up (powering, cooling)
C Previous versions of the set  -up were considering a toroidal magnet, to be built A strong cost reduction (4 MEuro )
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C Tracking stations realized with and varying strip pitch

o 100 nmm spatial resolution in bending plane (0.5 -1 mm in non bending)
o0 Readout based on VMMS3 chip

MS2, MS3

Y

| Even longer l

| strips |

MSO0, MS1

:
:
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C with secondaries from Pb  -Pb collisions in 2023 and 2024

Strip correlation Hitmap Pb-Pb 150 A GeV Cluster size

Side A, Mean = 3.2, Std Dev = 2.4

Side B, Mean = 3.4, Std Dev=23

Space resolution ~100 mm (strips)
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Vertex spectrometer

C Positioned inside the gap of the MEP48 dipole  magnet (1.5 T over 400 mm)

C Five tracking stations A large area MAPS produced with stitching technique
C Extremely low material budget (<0.1% X o) and excellent spatial resolution (<5 nm)
Dipole
magnet
: BEAM
(10 © Phb/s)
Vertex —
spectrometer
Target
| T‘“ system
1 U
- = 5x 1.5 mm Pb targets

MEP48 as of 24.03. 2025

¢ (stored in CERN bldg 190) & .



Large area silicon sensors

C Production of large area monolithic sensors:
C Strong synergy with ALICE ITS3 project (same timeline as NA60+/ DICE)
C MOSS (Monolithic Stitched Sensor): first large area sensor prototype produced in 2023

single units 10 units stiched
C Prototypes of stitched sensors have been

successfully produced :
o tested for yield and detection efficiency

C The sensors are fully integrated detector modules

C This technology forms the ideal construction
elements for ultra -light detectors

Threshold map of 40 MPixel over 10x26 cm of silicon

ALICE ITS3 (M. Mager QM25)
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. (almost) -final sensor prototype, submission expected in June 2025

6 x REPEATED SENSOR UNIT - R . C Stitching plan:
. o LS SENSOR UNIT X | 0 1 MOSAIX segment with
(6] .
2 il 300 mm Si wafer 9 RSLE
n e o Replicated 7 times
l'_llJ BOTTOM HALF SENSOR UNIT T .
vertically

[ o |

i5 /y
129.996 )
. 134.496

i dummy sensor
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Silicon pixel stations

C Pixel station with 4 large sensors

iiiii

DipGap

C Powering and data transmission from right
side:
0 10.24 Gb serial links (optical to DAQ)

C Maximum rate: 6 MHz/cm  2:
o okforl -1.5x10 ¢ Pb/s
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Mechanics and cooling for silicon stations

C Large areasensors A mechanics + cooling issues:

o 50 mm thick, 180 cm 2 flexible sensors
o 40 mW /cm 2 power dissipation in pixel matrix (+ 800 mW /cm 2 in periphery)

bR

Graphite frame

C Simulations calibrated on a

Surface: Temperature (degC)

LIIIIIIVNIHIlllIllilmlllIIIﬂllllllllllllllll‘lll‘llil_l test Set = up:
? """ 4 :umnmnmwmum:::::::::::========I b .th . t
e o L BT TestER SlEg
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ey Ay frame to mimick power

D e |V O
e o et 1 . . .
e et ot |1 T d|SS| ation
1 o o |1 e o o D p
1100 0 o o o O T
e T 0 1 D D Y D |
0 O O Y | O O O T T Y D T O
10 T 9 T T
| | O O Y T T T O
T Y O O | YT Y Y O Y |
a------------l----m“"%"I‘""l""l"‘-"-'l‘-.’llﬂ
~ N T O Y V] T T DT O D Y
_‘--t--'----------wum»"‘"""""""‘""---'HIU#
| VO IR D O 1 D T Y O
e T e
J | mie e e
1 1 M o
N O O Y VO O | Y DO D YD Y D
¢V D ) O Y
)Y Y O D D ¢
R W00 08w | 0 011D O Y O Y Y
B WS W 0800 00w w0 0 R 6 D D o
BREE RN SRy ’.".llll.H't.l.llimIl.l.l.(.[.[.[-".”
ERTRTR NN SN 'rl\‘tlflla'l‘rlillm-l-mllllilllilillilﬂ
- | v

COMSOL/ANSYS simulations e, e B

) O D O
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Mixed water + air cooling B e o
: : :': :::‘. -;Il ll{]l{‘fl’.'lfi'l‘l(
L N O

0.4 mm carbon fiber substrate to S
improve heat dissipation
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Integration of the silicon tracker inside MEP48

o ch

nvering and data
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Location of the experiment

C The location chosen for the experiment is the EHN1 - PPE138 experimental hall :
onthe HS8 beam extracted from the SPS (the former location of the NA45/CERES experiment)

C A crucial aspect for the feasibility
of the experiment is the possibility
of delivering a high -intensity Pb
and p beam  to this hall, at various
energies

C The beam should be very  well
focused , due to the only 6x6 mm
hole defining the acceptance of the
vertex spectrometer

4

Non -trivial accelerator and
radioprotection issues

C Modifications to the hall and
Integration aspects currently
worked -out within a
dedicated PBC study group
includinga CERN BE -EA team
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Integratlon |n experimental area PPE138

Low -energy setup CERN BE-EA A
i R

Saleve Sld\é (counting
rooms) 3 nbvih:

High -energy setup  CERN- BE-EA

C Heavy shielding of iron and
concrete:
3 dose below 3 uSv/h externally

to the experiment

C Integration studies for detector and
infrastructure also performed

G. Usai 1 University of Cagliari and INFN ( Italy ) PHD 2025 - GSI 20




Ath. Par. BDSIM
*  FLUKA H6, HS data
X Geant4 %  Ath. Meas.

CERN BE-EA

Secondary proton beams

2
k=
=
&
=
2
e
~

<
=

CERN BE-EA

Hl RP + SPS Power + NA MSN currents

o
o
—
Q.
w
| -
@
o
14}
c
.8
=
3
£
x
©
=

100 125
Momentum (GeV/c)

0
40 60 80 100 120 140 160
Energy [GeV/c/u]

C Need a similar number of nucleons on

C Maximum possible . targets(s)

C Estimate of
assuming ~4 weeks running time and
realistic machine efficiency

from fragmentation of
400 GeV primary proton beam
A insufficient purity and luminosity

(dominated by RP considerations) G Use from SPS:
C Interaction probability is 15%, leading to 0 ole C _ as
150 kHz interaction rate A L, ~147nb -1 0 technical issues under investigation by
CERN BE-EA
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ALPI‘)E MAPS telescope G New beam optics
for Pb beam emjttance
measurement

| C Reached the target intensity:
3 at 150 GeV with a

3 Reasonable results even at 13.5 GeV.
; Y 5x10°Pb/s and a 12 C®bheamspdt50 T m
Yy Room for further optimization by CERN BE -EA team

clusterPositionGlobal_1Pb

Entries 33947

Elab =150 GeV Meanx  0.5519
Meany -0.9859

Std Devx 0.7508

_ StdDevy 0.1677

CERN BE-EA
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C Detection efficiency extends down to
C Moving from toroidal to dipole magnet
A further improvement, no central dead zone

-
Y S S —
+¢i+13:$+-tﬁ*% i

QGP (M>1 GeV/c 2) =

=‘=T
A Tk
e d——d—h—

Dipole set -up
Toroid set -up

+ eta Dalitz

—+— omega Dalitz

+ omega 2 body

+ phi

—+— QGP M>1GeV

W Dpalitz

- h Dalitz

C Efficiencies are about a
than in the old NAGO experiment
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Pb-Pb 40 A GeV

Pb-Pb Vs 8.8 GeV NAGO+
0-5% central collisions
— OS spectrum
— Signal
Fake matches
Combinatorial bkg

=>
QO
=
o
Te)
@
Q
=
O
=
T

15 2 25 3
M [GeV/c?]

C B/S (M=0.6 GeV/c ?2)~ 20
C Fake matches contribution:
25% at h Dalitz, 10% at f

C Mass resolution 7 MeV at w

0.6x10 12 Pb on target (1month)

Pb-Pb Vs 8.8 GeV NABO+
0-5% central collisions

dN/dM per 50 MeV
5 3 3

—
o

M [GeV/c?]

C Hadronic cocktail +
Drell -Yan + charm (PYTHIA)
+ thermal radiation

Thermal radiation yield accessible

uptoM =25 -3 GeV/c ?

+ Pb-Pb (s=8.8 GeV NA60+

___ thermal fit

"

1.5 2 2.5
M [GeV/?]

C Temperature from

In 1.5<M<2.5
GeV /c %2: 4% uncertainty
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C Chiral symmetry restoration investigated withthe measurement ofthe 0- AQ; mixing

C Full 6-a, chiral mixing A 20-30% enhancement is expected inthe region 0.8 <M <15GeV/ic ?
w.rt . Nno mixing
Theoretical prediction from:

. R. Rapp, H. van Hees. Physics Letters
Pb-P b sg 8.8 GeV B 753 (2016): 586  -590

Pb-Pb Vs 8.8 GeV NAGO+
0-5% central collisions

—h
S
w

green line A no chiral mixing

ch

black line A full chiral mixing

>
®
=
o
o
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e

1
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o
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>
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=
o
Tp]
=
>
S,
=
©
=
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>
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o000 .
=W .,

M [GeV/c?]
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Vujanovic et al, Phys. Rev. C 98, 014902 (2018)

C 4 0.02

n/s=1/4n, wio 6R = =
C Predictions at RHIC energies _ a0 SSI6(TITe AT iam wloOR - -
C LMR dominated by hadrongas : [ _‘ IANES 8026271y e wi OR - - -
. = T S o N/s=0.5516(T/Ty-1)+1/4n, w/ 6R
almost linear increase of v, vs = =
mass < o

C IMR dominated by QGP: smallv  , _ o o ys=an -
> N/5=0.2427(T/Ty-1)+ 14T =+ =+
n/s=0.5516(T/Ty-1)+1/4n

0.7 0.8 0.9
M [GeV]

¥ NAGO+ perf. v, ) v NABO+ perf. v,

[ syetematics CJ Sysomaice C No prediction at SPS energies
— v, HG . )
o C Two possible scenarios: v ,=

—— Weighted v,

C VZ:V 2RH|C
A increase of v , versus mass (HG)
25 3 and a drop in the IMR (QGP)

M [GeV/c?]
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C Ther mal Aexcesso radiation in the mass regi on
0 sensitive to all emission stages
0 tracks the within an accuracy of  D10%

A NA60 measurement, In  -Inat G5\ =17.3 GeV :

Hees, Rapp, Phys. Lett. B 753 (2016) 586
C Soft mixed phase in a

hadronic 0.3 GeV/c 2 <M< 0.7 GeV/c 2

0 pressure gradients in the system are small
and thus stall the fireball expansion

0 increased lifetime in the collision -energy
regime where the mixed phase forms

C Black points A NAG60+ projections (N.B. EOI plot,
expect some increase of errors with new setup, but
still very good accuracy)
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C Decay products reconstructed in the vertex spectrometer

C Geometrical selections on the displaced decay

C All simulations based on 0.6 x 10

Pb-Pb, ys,,=10.6 GeV, centrality 0-5%
Be+11 ions on target, 95% pixel efficiency

D’ - Kr, pT>0

Epeam =60 AGE

S = 300789 + 1103
B (30) = 837265 + 258
S/B (30) = 0.3593

Signif (3c) = 262.0 £ 0.9 Assumption: o = 0.5 pb

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

C Differential studies of yield and v

UD60-3 0 0 m)ito enhance
12 Pbions on target (1 month of data taking)

-vertex topology (c

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

6e+11 ions on target, 95% pixel efficiency 6e+11 ions on target, 95% pixel efficiency

D¢ — ¢n* — K'K', p>0 AL = pKn, p.>0

Epeam =158 AGeV

S = 24188 + 430
B (30) = 136422 + 56
S/B (30) = 0.1773
Signif (3c) = 60.4 £ 1.0

S = 152033 + 763
B (30) = 400978 + 232
S/B (30) = 0.3792

20— Signif (3c) = 204.4 £ 0.9

-, Assumption: o . =5 ub Assumption: 6 . = 5 ub

2 2.05 21
Inv. mass KKn (GeV/c?)

> VS pp, Y and centrality

C NAGO+/ DIiCE will be able to measure D° D* ,D¢ ", 0., and possibly j 0+

G. Usai 17 University of Cagliari and INFN ( Italy )
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NAGO+, Jhy — i
—e— Pb-Pb E =50 GeV/u

eam
\/JS)NN =9.8 GeV
6.00e+11 Pb on target
cold nuclear matter effects
2.50e+13 proton(s) on target

Significance no

C Datatakingwithp -Be, p-Cu, p -Pb to calibrate

for CNM effects

C Extrapolate A -dependence to pp, then used
in R 5, calculations (here assume 30%
suppression in 0 -20% and 20 -40%)

C Expected significance

Pb-Pb, 0-20%
Anomalous J/y suppression
—— 10%
20%
—a— 30%

140 160 180 200
Lab energy (GeV)

for the observation of an

anomalous suppression signal
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Timeline of NA60O+/DICE

Technical
proposal Data taking

¢ Project is part of CERN Physics Beyond Collider Initiative

¢ LOlreleased at the end of 2022 ( arxXiv:2212.14452 ) and discussed with SPSC
¢ Technical proposal will be submitted in May 2025
¢ Aim is taking data in 2029/30 after LHC LS3

o 7-years running with Pb beam (one beam energy per year)
o proton beams for reference and dedicated p -A studies

G. Usai 1 University of Cagliari and INFN ( Italy ) PHD 2025 - GSI
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https://arxiv.org/abs/2212.14452

Precision studies of I n the regigwwwh7 6 <
GeV are currently lacking

Caloric curve measugr ement at high 1
Chiral symmetry restoration

Onset of charmonium anomalous suppression, correlation with temperature
QGP transport propgerties at high 1
Charm thermalization, hadronization and intrinsic charm

Strangeness and hypernuclei production

‘oTorererere
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https://na60plus.ca.infn.it/
https://arxiv.org/abs/2503.23872
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represent a key asset for the future of our field

C Complementary to collider experiments
C With CERN playing a complementary role with respect to lower energy facilities

(FAIR)

C They represent a typical example of which/CERN
management affirms to encourage and promote

C The realization of a fixed  -target ion program at CERN requires the
C It implies an adequate level of investment for upgrade of beam lines and

experimental areas (NA -CONS, ¢€)

C Technical support from CERN, already quite substantial in the design phase
thanks to the PBC initiative, is a key ingredient for the success of the experiment

G. Usai 17 University of Cagliari and INFN ( Italy ) PHD 2025 - GSI




About Us External Funding Activities Research

21 July 2025 — 25 July 2025
PENETRATING PROBES OF HOT HIGH-MU_B MATTER: THEORY MEETS EXPERIMENT

The study of the QCD phase diagram in the high-muB region is a key avenue toward
understanding strongly interacting matter under extreme conditions. First accurate data in
the collision energy region around 10 GeV, corresponding to baryo-chemical potentials of
several hundred MeV, became available recently, with the completion of the Beam Energy
Scan at RHIC. Hadronic and electromagnetic observables were the main addressed topics.
The next breakthrough is expected with the CBM/HADES experiments at FAIR/GSI and the

proposed NAGO+ experiment at SPS/CERN that will take data at interaction rates larger by at

least two orders of magnitude, allowing a much more accurate study of electromagnetic
probes and first results on heavy-quark production. Following an exploratory workshop held at
ECT* in 2021, we now aim at substantial progress in reviewing currently available results,
analyzing the physics potential of the forthcoming experiments, and discussing first actual
predictions for the future measurements. We will also review the progress on new detectors
for high-luminosity experiments, identifying possible developments and synergies between

the various projects.

More info
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The NA60+ toroid

B [teslal

21
13

= N Warm magnet

L e S

. 96

Eight sectors,
12 turns per coil

[

Conductor has a square
copper section with a
circular cooling

channel inthe centre

Operating Current [kA]
Ampturns [KA]

Combined inductancenjH|
Resistivity Al 1100 @RTMjem]

Magnetic field azimuthal [T]

Length Conductor [m]
Total resistance [m]

Dissipated power [MW]

(oreas g:1) adAiolo.d

https://edms.cern.ch/document/2694487/1

C Measurements of resistance,
inductance, cooling performance
and magnetic field were carried out

¢C B measurement
A agreement with simulations by 3%

Design of the final toroid to
be started

G. Usai 17 University of Cagliari and INFN ( Italy )



Counts / 0.91 MeV/c?

Counts / 0.66 MeV/c?

=10

Pb-Pb sNN = 8.8 GeV, centrality 0-5%

= 4A°+n'%p+n'+K',pT>O.OGeV/c

S = 3807045 + 22527
S/B=1.91+0.01
Signif. = 1581+ 10

1.32 1.325 1.33 1.335
m (GeV/c?)

Pb-Pb SNN = 8.8 GeV, centrality 0-5%

++X0+n++ﬁ+n++K+,pT>O.OGeV/c

S=179193 £ 857
S/B = 0.381+0.002
Signif. = 222 + 1

1.33
m (GeV/c?)

Strangeness measurements: hyperons

C Hyperon decays simulated with EViGen, decay products
propagated in the VT using the fast simulation of NA60+
C Background from hadron production A NAA49 results

C Channels studied

and charge conjugated

C Topological selections applied

C BDT employed to enhance the significance of the signal
C Among the variables:

C Product of the impact parameter of decay tracks,

C Distance of closest approac between the decay tracks
C Decay length and the cosine of the pointing angle

C Alsof A KKandK A p pwere studied
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for central Pb -Pb collisions:
C D-meson signal simulation: pr and y distributions from POWHEG -BOX+PYTHIA
C Combinatorial background: dN/dpt and dN/dy of p, Kand p from NA49

C Parametrized simulation of VT detector resolution + track reconstruction with Kalman filter

C Reconstruct D -meson decay vertex from decay tracks
C Geometrical selections based on displaced decay vertex topology
C For D9 in central Pb -Pb:
C initial SIB~10 -7
C Y after selections S/B ~0.5

D° - Kn VS = 17.2 GeV

* Generated MAPS, 5 um
o Reconstructed

—— 5 layers, nVThits>=4

— 10 layers, nVThits>=7
m Selected

— 10 layers, nVThits=10

pointing angle B

L

O'flightline—, __---=>

1‘__-1--"' !
e

P"”‘Tﬁ)"“"ﬁ:{ secondary vertex
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Counts / 0.56 MeV/c?

Counts / 0.91 MeV/¢?

Pb-Pb |s,,, = 8.8 GeV, centrality 0-5%
A sp+m, p,>0.0 GeVic

S =3103314414 + 273041

S/B =11.891+ 0.001

Signif. =53503 £ 5

" 44 1405 141 1415 142 1425 143 1.135
m (GeV/c?)

Pb-Pb \s,, = 8.8 GeV, centrality 0-5%

T oA+ T sp+n+ K, p,>0.0 GeVic

X_ S = 3807045 + 22527
S/B=1.91+0.01

Signif. = 1581+ 10

1.31 1.315 1.32 1.325 1.33

1.335
m (GeVic?)

Pb-Pb \"S_NN = 8.8 GeV, centrality 0-5%

QF 5 A+K —>p+n+K,pT>0.9GeWc
S =157237 £ 2083

SB=1.12+0.02

WI_ W Signif. =288 + 4

1.7 1.72
m (GeV/c?)

C Topological selections
with  BDT employed to
enhance the significance
of the signal

C Among the variables:

C Product of the impact
parameter of decay
tracks

C Distance of closest
approach between the
decay tracks

C Decay length and the
cosine of the pointing
angle

C Alsof A KKandK ;A pp
have been studied

Events / ( 0.0004 GeV/c?)

® ALICE data
od, d

= He, *He
= “*He, *He

3

Vs (GeV)

NA60+ Performance ! 3<n<b,p >05GeVic

Fit Probability: 0.33
Pb-Pb, {5, = 6.06 GeV Signal (S): 7297 + 515

SHe — *He+p+1 S/B (3 6): 0.18 +0.02

SNS+B (3 0):30 £ 2
10
1010 central } it = 4839.88 + 0.09 MeV/c?

4.86 4.87 4.88
2
M, (GEV/CH)

Low energy

HI collisions

A high baryon
density
favours the
production of
hypernuclear
clusters

Separation of
heavily ionising
particles from
ordinary hadrons
A size of the
clusters
associated
with the track

G. Usai 17 University of Cagliari and INFN ( Italy ) PHD 2025 - GSI




LowGs Ji : studying intrinsic charm

C Intrinsic charm component of the hadron wavefunction | uudcc™ >
C Leadsto enhanced charm production in the forward region
C Hints from several experiments, but no conclusive results

C Atcolliders, forward  Xgpushed to very high rapidity, difficult to measure
A fixed -target configurations more appropriate

——— P, = 40 GeV

120 GeV
Vs = 7 Tev [

Assumed intrinsic charm content
varied between 0.1% and 1%

R. Vogt, PRC 103, 035204 (2021)
R. Vogt, arXiv:2207.04347
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CNM effects

C Shadowing effects are moderate NAGO, PLB 706 (2012) 263
C Dominated by nuclear absorption
A ~30% effectinp -Pbat G =17 GeV

C Strong Gs-dependence
A CNM may become the dominant effect at low energy

L: thickness of nuclear matter crossed by the cc pair
Lourenco, Vogt, Woehri , JHEP 0902:014,2009 (evaluated with Glauber model)
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