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Plan

d Open charm and charmonia in nuclear collisions > probe of the QGP

O Extensive information available at collider energy

d Heavy-ion collisions at fixed target energies

 Few results on open charm production at top SPS energy - dilepton spectrum
0 Many results on charmonia at top SPS energy 2> J/vy, v(2S)

d Is it meaningful/relevant to revive these studies and extend them to lower energy ?

O An experiment is being proposed with this aim > NA60+ at CERN SPS
(also focuses on electromagnetic probes!)

It is crucial to sharpen the physics program in this area, your feedback is important!
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Proposing a new experiment at the CERN SPS

d Aim: perform accurate measurements of the dimuon spectrum from threshold up to the
charmonium mass region, and of hadronic decays of charm and strange hadrons

O Energy scan with a Pb beam from top SPS energy (Vsyy=17 GeV) down to Vsyy~ 6 GeV
(Eiap~20 A GeV)

d Based on a muon spectrometer (toroid field) coupled to a vertex spectrometer (dipole field)
Q High luminosity, to access rare probes of QGP — ~106s1 Pb ions/s

Vertex spectrometer
+ dipole magnet

NA6O+
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https://na60plus.ca.infn.it/

Open charm at low Vs in oA: nuclear PDFs

d Sensitivity to nuclear PDFs in p-A collisions
Q Probe EMC and anti-shadowing for Vs, ~ 10-20 GeV
d Perform measurements with various nuclear targets to access the A-dependence of nPDF

0 NA60+ offers a unique opportunity to investigate the large xg; region (study ratio to pA/pBe)
0 0.1<xXp;<0.3 at Q*~10-40 GeV?

-
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POWHEG+EPS09, ¢ quarks, |y|<0.5
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cross-section ratio
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Vsyn=10 GeV

Vsyn=14 GeV
= (5, =20 GeV
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Lourenco, Wohri, Eskola et al. , EP]J C77 (2017) 13
Phys.Rept.433 (2006) 127
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Open charm in Pb-Pb: R,, and v,

d Insight into QGP transport properties

d Charm diffusion coefficient larger in the hadronic phase
than in the QGP around T,

A Hadronic phase represents a large part of the collision
evolution at SPS energies

d Sensitivity to hadronic interactions

O Test models which predict strongest in-medium
interactions in the vicinity of the quark-hadron
transition

d Measurement also important for precision estimates of
diffusion coefficients at the LHC

0O Study charm thermalization at low s
0 Current measurements of HF-decay electron v, at
Vsyw=39 and 62 GeV/c from RHIC
> Smaller v, than at Vs=200 GeV
- Not conclusive on v,>0

c-quark, T-matrix, U-pot.
c-quark, T-matrix, F-pot.
- =c-quark, LO pQCD, 0L5=0.4

c-quark, Torino
-=-=c-quark, Nantes

1 12 14 16 18 2
P, [GeV/c]

STAR, PRC 95 (2017) 034907
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Open charm hadrochemistry ) et

¢ ALICE p+p 5.02 TeV

d Reconstruct different charm hadron species to
get insight into hadronization mechanism

0 Strange/non-strange meson ratio (D./D):  bvTHIA —200 GeV —5.02 TeV
0 D./D enhancement expected in A-A
collisions due to hadronisation via

recombination in the strangeness rich STAR, PRL 127 (2021) 092301
QGP ALICE, PLB827 (2022) 136986

0 Baryon/meson ratios (A/D): .
. . —e— pp, Vs =5.02TeV -
0 Expected to be enhanced in A-A in T PYTHIAS (Monash) . ALIOE Promineny

-------- PYTHIA 8 (CR Mode 2)

case of hadronisation via coalescence [T HERWIG 7
. - . . atania, fragm.+coal. . —e— 0-10% Pb—
O Interesting also in p-A since A,/D° in M e and 7. Fapp IR

pp (p-Pb) at LHC is higher than in m—rr e I —— o
ete- - L}
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otal charm cross section

O Total charm cross section in A-A collisions

O Measured so far by NA60 in In-In collisions from intermediate-mass dimuons with 20%
precision

NA60, EPJ C59 (2009) 607
Q Upper limit from NA49 measurements of D° mesons

NA49, PRC73 (2006) 034910

O Precise measurement requires to reconstruct all meson and baryon ground states (D?, D+,
D.* and A .t and their antiparticles)

O Charm cross section ideal reference for charmonia
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Towards a precise measurement of open charm

at SPS energy

A measurement of hadronic|

decays is required

Mass | ct Decay
MeV) | (um) |

o [1065 123 | ko' |som ]

K™ | 6.28%
A, | 2285 ok’ | 1.59%
Ar" | 1.30%

<A

—-—___
%ﬂ'

Vertex spectrometer

<

Dipole magnet

Wy BEAM
(106 Pb/s)

Target system
@ >

@" 2.

.5 x 1.5 mm Pb targets
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D-meson performance studies

 Fast simulations for central Pb-Pb collisions:
0 D-meson signal simulation: p; and y distributions from POWHEG-BOX+PYTHIA
0 Combinatorial background: dN/dp; and dN/dy of p, K and p from NA49
d Parametrized simulation of VT detector resolution + track reconstruction with Kalman filter
d Reconstruct D-meson decay vertex from decay tracks
0 Geometrical selections based on displaced decay vertex topology
QFor DY in central Pb-Pb:
Q initial S/B ~10-/
a — after selections S/B ~0.5

—— 5 layers, nVThits>=4 L] D° - Kr SNN =17.2 GeV

* Generated MAPS, 5 um
— 10 layers, nVThits>=7 oReconstructed *

—— 10 layers, nVThits=10

pointing angle

point

impact parameters ~100 (L m 0 03
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Charm hadrons: performance plots

QWwith 101 minimum bias Pb-Pb collisions (1 month of data taking)
O More than 3:10°6 reconstructed DO in central Pb-Pb collisions at Vsy,=17.3 GeV
QAllows for differential studies of yield and v, vs. p;, y and centrality
QDY accessible also at lower collision energies with statistical precision at the percent level
O Measurement of D, yield feasible with statistical precision of few percent
QA baryon also accessible, possible improvement using timing layers under study

Counts

Pb-Pb, |'s,,=10.6 GeV, centrality 0-5% Pb-Pb, s, =17.3 GeV, centrality 0-5%

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

1e+11 MB events
D’ - K, p,>0

1e+11 MB events
D5 — ¢n" — K'Kn*, p >0 A = pKm, p >0

Epe.n=158 AGeV

S = 31280 + 490
B (30) = 176699 + 64
S/B (36) = 0.177
Signif (3c) = 68.6 +1.0

Epeorn=60 AGeV

S = 196958 + 868
B (36) = 519316 + 264

S/B (30) = 0.3793
Signif (3c) = 232.7 £ 0.9

S = 369565 + 1219
B (30) = 1028262 + 285
S/B (36) = 0.3594

Signif (3c) = 3126 £ 0.9 Assumption: 6, = 5 pb

Assumption: 6, = 0.5 pb

Assumption: = 5 pb =

2 2.05 2.1

1.9 1.95 2 ) 5
Inv. mass KKn (GeV/c?)

Inv. mass Kn (GeV/c?)

DO Knr D,f—-®n — KKn
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Charmonia: high vs low Vs

COIIider ( LHC) statistical regeneration Fixed ta rget (SPS)

Hot matter effects:

Hot matter effects: regeneration
suppression effects (if existing)

counterbalances

sequential suppression

z
2
el
2
[= 5}
=}
2
i
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&
>
5

(overcomes) suppression dominate
Energy Density
Initial state effects: L »
shadowing 5 1y A Initial state effects:
X~105 (y~3) il ==l moderate anti-shadowing
x~10-3 (y=0), o 08 | Xx~1071 (y=0)
Xx~1072(y~-3) £, 02 |

(Final state) CNM effects: (Final state) CNM effects:

negligiELi,ssi);tgiTnféy short break-up in nuclear matter can
be sizeable
1=L/(By)~ 7 10> fm/c (y~3) t=L/(B,y)~0.5 fm/c(y=0)

t=L/(By)~ 4 1072 fm/c (y~-3)
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J/y suppression: Pb-Pb at top SPS energy

1 d Contrary to open charm, accurate studies were
0.9 Ebgbersbecrananredranen performed at Vs=17.3 GeV (NA50, NA60)

X - A —
v ebp2000amatoss T gy 0 J/y yields normalized to Drell-Yan reference

2
th

Il":
1T
S,
—_
S
S
L
>
-
b:_
=
aa)

d QGP-induced suppression evaluated with
respect to a CNM reference obtained with
systematic p-A studies

[
=

—
Lh

d ~30-40% anomalous suppression effect
possibly due to disappearance of feed-down
from y. and y(2S)

40 60 80 100 120 140
E; (GeV)
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CNM effects are (very) large

Q Shadowing effects are moderate NAGO, PLB 706 (2012) 263
d Dominated by nuclear absorption
> ~30% effect in p-Pb at Vs, = 17 GeV

Q Strong Vs-dependence
-> CNM may become the dominant effect at low energy

O NA3

* NA50-400
* NA50-450
® EB66
O

[E 400 GeV

HERA-B

158 (:«e‘u'HEL
B

15 2 25 3 35 4 45 5
L (fm)

i
! — exponential
1

linear

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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J/y: going below top SPS energy
ﬁ Track matching ﬁ

Vertex tracking Muon identification in a

(dipole field) spectrometer (toroidal field)
| A
[ \ [ |

Track matching: measure
muon kinematics
before multiple scattering
and energy loss

NAGO+
7\

Jy—-utw FastSim
! o, =33.7 MeV/c®

Fluka
G, =32.3 MeV/c?

26 28 3 32 34 36 38 4
M, (GeV/c?)

Excellent resolution
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J/w in Pb-Pb collisions at (various) SPS energies

Pb-Pb, 0<y<1, I=10"/spill, L =4mm
— E,_..,=50 GeV

—— E,_,.,.=80 GeV

— E,_,=120 GeV

— E,_,,=150 GeV

10°

Luminosity (nb™)

a With I,.,,~107 Pb/20s spill, 4mm Pb target and 1 month of data taking > L;,, ~17 nb-!
NA60+ can aim at

d ~0(104)]/vy at 50 GeV
d ~0(10°)]/y at 158 GeV

ad N.B.: a factor 3 overall suppression (CNM + QGP) is assumed in these estimates
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J/w in p-A collisions at (various) SPS energies

NABO+, Jhy — u'w : . : :
® DA E,.. =50GeV ad With Iy..n~8x10° p/20s spill, 7 targets with total

- 1.6e8 pls interaction length 10% and 0.5 months of data taking
NA60+ can aim at

d ~6000]/y at 50 GeV

d ~50000]/y at 158 GeV

15 days, /

beam

Al

PA _ PP | sa
Oy = Oy~ A

d pp collisions unpractical
- Use a system of several targets
Epp = 50 GeV simultaneously exposed to the p beam
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NA6O+, R,, estimate

NABO+, J/y — oo NABO+, J/y — oo 0 Based on
® Pb-PbE,. =50GeV

@ Pb-Pb Et:eam =158 'G!ev
30 days, /.., = 1e7 ions/20s sl ' 30 days, /.., = 1e7 ions/20s spi 4 30 days Pbe .
cold nuclear matter effects cold nuclear matter effects Ibeam = 1 e7/5p| ”

Q 15 days pA
Iieam = 8€8/spill

Assume only CNM
effects for N,<50
and 20% extra
suppression in Pb-Pb
for N ,+>50

par

- Precise evaluation of anomalous suppression within reach even at low energy
In 15 days of data taking at 1.6 x 108 p/s the uncertainties on the pA reference are:

_ * ~15% on o, _ °* ~6% on o,
E.p = 50GeV | ~5% on 5, E., = 158GeV | ~2% on 5o,
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LOW-V'S J/y: studying intrinsic charm

A Intrinsic charm component of the hadron wavefunction |uudcc>
O Leads to enhanced charm production in the forward region

d Hints from several experiments, but no conclusive results
O At colliders, forward xe pushed to very high rapidity, difficult to measure
- fixed-target configurations more appropriate

—— P, = 40 GeV

120 GeV Assumed intrinsic charm content

varied between 0.1% and 1%

Vs =7 Tev [

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

(Prospects) on open and hidden charm production

E. Scomparin — INFN Torino INT Seattle Oct. 21, 2022



LOW-V'S J/y: studying intrinsic charm

EPPS16 shadowing
p-Pb collisions Oaps = 9,10,11 mb at E_,=120, 80, 40 GeV

. (0]
P,. varied between 0.1 and 1% (w/o intrinsic charm)

—— 40 CeV ,
T80 Gev | w/shg ~~-- 80 GeV
“o 120 GV fs B - 120 GeV /|

d R,p, shape is dominated by intrinsic charm, already with P,,=0.1%
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Prospects for y(2S) measurements at low Vs

Good charmonium resolution (~30 MeV for the J/y) will help y(2S) measurements

Expectations based on
- 30 days PbPb, I,.,,, = 1e7 ions/spill (assuming stronger suppression for y(2S) than J/vy)
« 15 days pA, I,.., = 8e8 p/spill

NABO+: J/y, w(2S) — o« E ., = 80 GeV NABO+: J/y, w(2S) — «'«, E ., = 120 GeV NABO+: J/y, w(2S) — =", E oy = 158 GeV
®p-A, I, = 1.6e+08 p/s, 15 days o p-A, /.., = 1.6e+08 p/s, 15 days o p-A I, = 1.6e+08 p/s, 15 days
® Pb-Pb, /..., = 2.0e+06 p/s ions/s, 30 days ® Pb-Pb, I, = 2.0e+06 p/s ions/s, 30 days ® Pb-Pb, /.., = 2.0e+06 p/s ions/s, 30 days

d v(2S)/v measurement looks feasible down to E,,, = 120 GeV
d Lower E,,, would require larger beam intensites/longer running times
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R&D for t’]@ NA6O+ R&D carried out
experiment (Weizmann) and

US (StonyBrook)
groups

Muon tracker

O Relatively low incident
flux: <2kHz/cm?

"~ 1 Considering MWPC
and/or GEM options

| ,/'i’g /7 =y |- - O First MWPC prototype
d——— N | e A A on SPS test beam at
jt | / the beginning of 2023

e~
“\
(Y

%
I *,
o N
%
o,

Complete spectrometer
7 N s —264 modules
. W | —~100 m2 surface

\.,.
- "‘ ,“
y A
. b
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B [teslal

Warm pulsed
magnet - 0.5 T
over 120 m3

R&D for the NA6O+
experiment

Eight sectors, 12
turns each

Current — 190 KA,

idal magn
Toroidal magnet total power 3 MW

Demonstrator (scale 1:5) — g =

constructed and tested

(CERN/INFN)

— cross-check of various
aspects of the design

Measurements of the
magnetic field in the
prototype in agreement
with simulations

within 3%
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R&D for t

experime

Nt

ne NA6O+

Vertex spectrometer

i
I
H
|
P
““‘
o
e
/'-j

.

*,

N,

e~
J‘.\
(Y

— ] “.

= -

“ A ‘. N7 |
o l

Common development
ALICE — NA60+,
state-of-the-art
imaging technology
Towerlazz 65 nm

Sensor thickness:
few tens of um of
silicon — material
budget < 0.1% X,

Spatial resolution 5 um

Cooling studies for
NA60+ geometry
— mixed air+fluid

Four sensors per
station

Five to ten stations
in the spectrometer

E. Scomparin - INFN Torino
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Conclusions

- Open charm and charmonia in nuclear collisions & no results below top SPS energy

O Measurements from Vs, ~ 6 to 17 GeV have a strong physics interest
0 QGP transport properties at high pg
d Charm thermalization and hadronization
O Intrinsic charm

d Onset of charmonium anomalous suppression (and correlation with temperature)

d A new experiment at the CERN SPS has been designed for precise measurements
of heavy-quark production > NA60+
d Couples state-of-the-art and well-known detection techniques

d Project is part of the CERN Physics Beyond Collider Initiative
d Letter of Intent ready for submission to SPSC
O Aim is taking data after LHC Long Shutdown 3 > 2029 onwards!

Feedback on physics program and participation in the experimental effort are welcome!
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Backup
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Open charm at low \s:
what can we learn ?

0 Charm production in p-A collisions
O Sensitive to nuclear PDFs
0 Q2~10-40 GeV? and 0.1<xXg;<0.3
(anti-shadowing and EMC)
O Possible sensitivity to intrinsic charm

Q Charm hadron yield and v, in A-A collisions
O Constrain estimates of the charm diffusion coefficient
d Charm quark thermalization in a short-lived QGP
O Insight into hadronization mechanism

U Enhanced D./D and A_/D ratios in case of quark
recombination

POWHEG+EPS09, c quarks, |y|<0.5

{5,=8 GeV
{S=10 GeV
{Su=14 GeV
Sun=20 GeV

== \s,,=50 GeV

VS =200 GeV

c-quark, T-matrix, U-pot.
c-quark, T-matrix, F-pot.

= =c-quark, LO pQCD, ¢ =0.4
c-quark, Torino

«=+=c-quark, Nantes
| | [ ]
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Trigger
hodoscopes

liager [ Match track(s) in a muon spectrometer
Muon Spectrometer to tracks in a vertex spectrometer
Torelds - Excellent resolution on the muon
kinematics
| - Separate prompt (DY+thermal) from
e \ T / . . nonprompt sources (open charm)
telescope
rooeeeees Prompt: 2.26+0.09 d Analysis of open charm contribution
10° o Charm : 1.06+0.22 (semileptonic decays of charm hadron pairs)
Fit %2/NDF: 1.5 leads, for In-In collisions at Vsy,=17.3 GeV,

to o= 9.5+1.3(stat.)+1.4(syst.) ub
assuming kinematic distribution as in PYTHIAG6

2

dN/d A, events/0.2 units

- Compatible with corresponding p-A measurements
by NA50 and supporting the hypothesis of N_,;, scaling

-
o

Dimuonweig:tedoﬁsats No other results available below top SPS energy

NA60, EPJ C59 (2009) 607
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J/y at SPS energy: discovery of the suppression

NA38, Z. Phys. 38(1988) 117

NATE 0"—Urar|i|.| 200 GeV/l
ET<28 Ge

0t O U 200 AGeV

M= 1.353% 0.112
5 = 5.890% 0.397
No/N,= 00004 0.005)
¥/NDF=0,9

rﬁ‘* MAXIMUM LIKELIHOOD !

..\_
\\,.

E

peripheral M“i - central Tf

2.8 38 4.4
Mo, (GaV/CT

Centrality—-dependent ratio
J/v / continuum > evidence
for suppression

Reference process?

C. Gerschel et al., PLB207 (1988)253

Nuclear Physics A544 (1992) 513c¢-516¢ NUCLEAR
North-Holland, Amsterdam
PHYSICS A

Comparison of J/y-Suppression in Photon,
Hadron and Nucleus-Nucleus Collisions :
Where is the Quak-Gluon Plasma ?

C. Gerschel® and J. Hiifner®

p-A collision results
imply significant
dissociation cross
sections in CNM

- Crucial ingredient in the interpretation
of the data

- Stimulated an intense experimental
program at both CERN and FNAL
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“Summary” J/y plot

=%
e

O Expressed in terms of measured J/vy
vield, normalized to an extrapolation of CNM
effects, evaluated starting from p-A results

=%
P

=

O Drell-Yan reference used to extract results

=
2
-y
=
o
=2
2
-ﬁ
€
=1
=
w
—
T
E
=
o
o
&
=

0.9 d Suppression effects beyond CNM reach ~30%
08 in central Pb-Pb collision
07 d Qualitatively consistent with suppression of
InIn@158GeV (NA60) feed-down from y(2S) (measured) and
0.6 PbPb@158GeV (NASO) Y (not measured)
ﬂ.Eu 50 100 150 200 250 300 350 400 450 0 In-In result shows small or no suppression,
Npart with the origin of “wiggle” at intermediate
NA50, EPJC39 (2005) 335 centrality unclear (Coupling to X(3872) via DD*
NAGO, Nucl. Phys. AB30 (2009) 345 proposed in Blaschke et al., NPA927(2014) 1)

R.Arnaldi, P. Cortese, E. Scomparin Phys. Rev. C 81, 014903
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Extrapolation of CNM effects

d Use L as scaling variable
- average thickness of nuclear matter
crossed by the cc pair

1.5-1.5]

d Exponential behaviour in pA
- break-up effects dominate

=
2
2
=
o
—
o
3
m

d Light AA collisions (S-U)
- compatible with pA behaviour

2L NAST, pp.pd, 450 GeV

[] MASD p-& 450 Gav LI 3 Pb-Pb collisions

A& MNASD p-A 460 Ga' HI . . .

. NASD o 400 Cev H > breaking of L-scaling: anomalous suppression
|:] MNASZE, S-LI, 200 Gelf

A MASD, Pb-Pbh, 158 Gavy

N MAGD, In-In, 158 Gey

Ll (1 Caveats
O Assume Vs-independence of nuclear effects
d Extrapolation of shadowing effects is more complex

NA38 Coll., PLB449 (1999)128 :
NA50 Coll., EPIC39 (2005)335 - to be taken into account
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p-A results at fixed target: a complex environment

HERAB 920 GeV J/\|f YIeld in pA is modified with reSpeCt to PP,

E866 800 GeV with a significant kinematic dependence
© NASD 450 GeV

NAGOD 400 GeV -
N O o strongly decreases with x;

NA3 200 GeV
NAGBD 158 GeV

0 for a fixed x;, stronger CNM at lower s

Superposition of several effects

$

Shadowing
Nuclear break-up
Energy loss (at large xg)

NA60 Coll., Phys. Lett. B 706 (2012) 263-367

No consistent theory description over the whole x. range
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Quantifying hot matter eftects

Which observables could be used?

NABO+, Jiy — ™o

® Pb-PbE,.,, =50GeV
30 days, /... = 2¢6 ionss 0 R,, based on pp extrapolated from pA results at the

cold nucleér matter effects Same \/S (<50/0 uncertainty)

O Raa/Rpa ~ measured/expected a la NA50/60
> useful to compare results at various Vs,
since CNM are energy dependent

d Drell-Yan
very much limited by statistics at high mass
(x100 less wrt J/y for m>m;, )

a J/vy/(total charm)?
potentially accessible via hadronic charm
measurements
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Quarkonium at CBM: threshold production

-
o
)

d Sub-threshold production
(rare but feasible) via multiple collision
processes

-
o
o

-
=
N

d Production threshold might be exceeded
with SIS100 beam of N=Z nuclei

-
o
'S

—_
o
&

d Both utu- and ete decay channels accessible

—
<
@

=y
L
=
=
=
8
O
=

O Needs very large interaction rates
- 10 MHz (50 times NA60+)

S

o
-
o

-
<
N

d Beam intensities > 10°/s A, 1011l/s p

Au-Aul l Ca-Ca l pp

Au+Au central:
——J/y
— == HSD J/y
- A

p+p->J/y+X
p+p->A C+[5+x

r SIS100

J. Steinheimer et al, Phys. Rev, C95 (2017) 014911
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Quarkonium at CBM: physics performance
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Central Au+Au (0 — 10%)
| Epgam = 10A GeV
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: 3
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3/ v—pp

AuAu ~30k J/y in 4 weeks at 10 MHz interaction rate
pAu ~500 J/y in 4 weeks at 10 MHz interaction rate

pA - lower statistics, but very clean signal

Jp — ete-
p+Au at 30 GeV

TTT T‘I‘TT TT 1771
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J/y—ee
pAu ~450 J/y in 4 weeks at
10 MHz int. rate
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Excited charmonium states: y(2S), x.

NA50, EPJC39 (2005) 335, EPIC49 (2007) 559

Jhy /DY, , 4
o 0 Clear ordering in the suppression when moving
HEIINATR R EAS)

d The first discovery of sequential suppression!
- Later confirmed by CMS in the Y sector

d Typical yields in the dilepton channel
- Lower by a factor ~100

W /DY, 570
¢ Pb-Pb
* S-U

© p-A No measurement of CNM on y(2S) available
at E,,=158 GeV > not enough stat for NA60

N.B. here (weaker) CNM effects tuned at 450 GeV were used -> bias!
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Excited charmonium states: y(2S), x.

GpPA=7.311.6mb d Clear ordering in the suppression when moving
OB = 192424 mb from J/y to y(2S)

b
BESN

d The first discovery of sequential suppression!
- Later confirmed by CMS in the Y sector

|

‘ ‘ + * d Typical yields in the dilepton channel

- Lower by a factor ~100

® Pb(158 GeV/c) - Pb
* 5(200 GeV/c) - U
4 p(400 GeVic)-A

No measurement of CNM on y(2S) available
at E,,=158 GeV > not enough stat for NA60

N.B. here (weaker) CNM effects tuned at 450 GeV were used -> bias!
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L measurements

Q ~25% of the J/y comes from the y. decay
- a(y.) important to understand the J/y suppression

O . not measured at SPS (no AA data)
O Available results at HERA-B, pA@ 920 GeV
(large y. sample: ~15000 y. -0.35<x:7v<0.15)

O HERA-B observed no significant difference between
a(xc) and a(l/v)

- similar “global” CNM effects on both resonances
in the covered kinematical range (average value
Aa=0.05+0.04), but more accurate results are needed

O Non-trivial measurement, needs detection of
low-momentum photon (<1 GeV)
- conversion or calorimetry

HERA-B, Phys.Rev.D79:012001,2009
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Conclusions

d Charmonium measurements in A-A at fixed target energy have provided in the past
- Evidence for J/vy suppression beyond CNM effects
- Ordering of J/vy and y (2S) suppression according to binding energy

d p-A studies have shown a superposition of various effects with increasing size
at small collision energy

O No information exists below top SPS energy (Vs\y=17 GeV)

d Prospects for measurements
0 Low SPS energy > NA60+ project
d Threshold region > CBM experiment

a Aims
d Detecting threshold for hot matter effects on charmonia and correlate with
temperature information obtained with thermal dimuon production
d Search evidence for new effects - intrinsic charm

(Prospects) on open and hidden charm production
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p-A results at fixed target: a complex environment

d J/y production vs A, i.e. varying the amount of nuclear matter

crossed by cc pair

d Advantage - do not deal with centrality selection in p-A

4

Size of CNM effects defined by “effective” quantities

pA = pp . . _(PL>0'a S
‘ Oy = Oy "4 °

PA

the larger o, the more

important the nuclear effects

£92-£92 'S-¥ '90£4971d "110D 09VN

o # 1 = nuclear effects

PA _ PP | pa o = 1 2 no nuclear effects
‘ T = gy A S

pPA  — 1w
DD
‘ J/Y a4 gy

R,a= 1 = no nuclear effects
Roa # 1 2 nuclear effects

not used at fixed target

Extrapolation of CNM effects from pA to AA can be delicate - various effects superimposed
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