Charm production in PbNe collisions at LHCb

investigating charmonium color screening in a QGP

* Charm quarks, QGP and J/y sequential suppression
* Experimental results: NASO@17 GeV (SPS)
 LHCb-FT: PbNe @ 70 GeV and outlook
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CHES Charm quarks and QGP

* Heavy quarks and Quark Gluon Plasma (QGP)
Heavy quarks are “special ” QGP probes : my >> QGP critical temperature T¢ (~160 MeV),

=> Heavy quarks should be produced in initial nucleon-nucleon collisions only,
the QGP phase shouldn’t modify the overall heavy quark yields,

=» QGP phase should modify relative heavy quark (hidden/open) bound state yields
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«  Heavy quark hadronization (cc example): 0601

—  ~90% of cC pairs = open charm 0.4

—  ~10% of cc pairs = hidden charm (charmonia)

Since most of the produced cc pairs hadronize into open charm (~90%),

open charm production reflects the original charm quark yield. ) TR T T R VR T
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Charm quarks and QGP

open charm yield

Red = hidden charm,
modification of J/¥
(cc bound state) yield
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—  ~10% of cc pairs = hidden charm (charmonia)

Since most of the produced cc pairs hadronize into open charm (~90%),
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* Possible QGP effects on quarkonium:
—  Color screening: QQ bound states suppression
* Color screening in a QGP decreases quarkonium binding
* Color screening should lead to a suppression of quarkonium production yields

color
screening

Charmonium production probability

Collision centrality
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* Possible QGP effects on quarkonium:
—  Color screening: QQ bound states suppression
* Color screening in a QGP decreases quarkonium binding
* Color screening should lead to a suppression of quarkonium production yields

recombination

— Recombination: QQ bound states enhancement
* At sufficiently high \/syy, heavy quarks are abundantly produced.

* After thermalisation, statistical combination can lead to an enhancement of
qguarkonium production yields

* Occurs at high energies only (many cc pairs needed)

color
screening

Charmonium production probability

— At high energies: interplay colour screening/recombination Collision centrality



Charm quarks and QGP

PHYSICAL REVIEW C 94, 054908 (2016)
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Color screening and Sequential suppression

PRC91, 024913 (2015)

* Quarkonium dissociation in a QGP
. . . . T(IS) = = e
— In QGP quarkonium states are expected to « melt » at dissociation
%
temperature T, > T, P [ ] Lattics aco
— Different T, for different quarkonium states: T, (J/w) > T, (%) > T4 (v') > T, Y| o= = =°°°s“”‘ rules
AdS/QCD
Y(ZS) = |:| Potential Models
] T oo 5 =200GeV
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* Sequential suppression B
— Because of different T,and because of J/\y feed-downs, ol
J/y sequential suppression should show up. vl
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Color screening and Sequential suppression

PRC91, 024913 (2015)

* Quarkonium dissociation in a QGP
. . . . T(IS) = = e
— In QGP quarkonium states are expected to « melt » at dissociation
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— Because of different T,and because of J/\y feed-downs, ol
J/y sequential suppression should show up. vl
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melting T/T
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Feed-downs contributing to

Inplinclusivelyield Alternative (no QGP) scenario: suppression by comoving hadrons

— Charmonia are suppressed by their interaction with comoving hadrons

— Smooth suppression

— Same suppression-starting point

= Sequential suppression - screening
= One should observe a % — Slopes related to binding energy : Sy >S, >S5S,
step-like suppression pattern -§ suppression by comovers
= sequential suppression o
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Experimental results : NA50 @ SPS

Anomalous suppression at SPS

NA50 measured J/y/DY ratio for several pA and PbPb
Drell-Yan (qG — u*u~) = proxy for N,
L = length of nuclear matter seen by quarkonium state

Measured yields in pA to evaluate quarkonium nuclear absorption

(breakup) when traversing nuclear matter

Nuclear absorption
(expected suppression)
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Eur. Phys. J. C 39, 335-345 (2005)
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Theoretical rescale to 158 GeV

¢ NASI pp, pd 450 GeV

O NAS0LI p-Be, Al, Cu, Ag, W 450 GeV
A NAS0HI p-Be, AL Cu, Ag, W 450 GeV
A NAS0 p-Be, Al Cu, Ag, W, Ph 400 GeV

O NA3SS-U 200 GeV
¥ NAS50 Pb-Ph 2000 158 GeV
1 1 - I 1
0 2 4 6 8 10

Projectile

Target

anomalous suppression

Jiy



Experimental results : NA50 @ SPS

Anomalous suppression at SPS

NA50 measured J/y/DY ratio for several pA and PbPb
Drell-Yan (qG — u*u~) = proxy for N,
L = length of nuclear matter seen by quarkonium state

Measured yields in pA to evaluate quarkonium nuclear absorption
(breakup) when traversing nuclear matter

Nuclear absorption
(expected suppression)

Expected = measured yields in p+A extrapolated to large L
* No anomalous suppression: Measured/expected = 1
* Anomalous suppression: Measured/expected < 1
* Anomalous suppression observed in Pb+Pb collisions

Is anomalous suppression due to color screening ?

Measured/Expected Buuc(wa)fc(DY)
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Experimental results : NA50 @ SPS

Anomalous suppression at SPS

NA50 measured J/y/DY ratio for several pA and PbPb
Drell-Yan (qG — u*u~) = proxy for N,
L = length of nuclear matter seen by quarkonium state

Measured yields in pA to evaluate quarkonium nuclear absorption

(breakup) when traversing nuclear matter

Expected = measured yields in p+A extrapolated to large L
* No anomalous suppression: Measured/expected = 1
* Anomalous suppression: Measured/expected < 1
* Anomalous suppression observed in Pb+Pb collisions

Nuclear absorption
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— Isanomalous suppression due to color screening ?
* Not clear yet
* Y. Mmeasurement missing
— % ->J/v feed-down ~30%

* Energy density range not large enough

* LHCb is very well placed to address this question
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— Y. measurement capability
— Larger energy > larger energy density
\/Syy =70 GeV@LHC .vs. 17 GeV @ SPS
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Detector performances : NASO@SPS .vs. LHCb@LHC
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. Muon spectrometer = designed for high mass dimuons
. 400 GeV/proton > Pb beam@158 GeV/nucleon = /syy = 17 GeV
. Absorber downstream of the target
. AM,,, ~100 MeV/c?
. No limitation in centrality reach due to occupancy
. Acceptance = one rapidity unit: -0.5< y* < 0.5
. Open charm measurement via semi-leptonic decays
. Normalize J/y production with Drell-Yan (qg — utu™)
. Cannot measure y. = J/Y y
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Detector performances : NASO@SPS .vs. LHCb@LHC

NA50 experiment
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Muon spectrometer 2 designed for dimuons
400 GeV/proton > Pb beam@158 GeV/nucleon = /syy = 17 GeV
Absorber downstream of the target
. AM,,, ~100 MeV/c?
. No limitation in centrality reach due to occupancy
Acceptance = one rapidity unit: -0.5< y* < 0.5
Open charm measurement via semi-leptonic decays
Normalize J/y production with Drell-Yan (qg — utu™)
Cannot measure y. = J/Y y
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Detector performances
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Muon spectrometer 2 designed for dimuons
400 GeV/proton > Pb beam@158 GeV/nucleon = /syy = 17 GeV
Absorber downstream of the target
AM,,, ~100 MeV/c?

. No limitation in centrality reach due to occupancy
Acceptance = one rapidity unit: -0.5< y* < 0.5
Open charm measurement via semi-leptonic decays
Normalize J/y production with Drell-Yan (qg — utu™)
Cannot measure y. = J/Y y
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: NASO0@SPS .vs. LHCb@LHC

LHCb experiment

EcaL HCAL
SPD/PS M3
Magnet RICH2 My

T3

B -y,

Forward spectrometer: vertexing, tracking, Calo, PID, MuonID
7 TeV/proton = Pb beam@2.75 TeV/nucleon = /syy ~ 70 GeV
No absorber
*  AMmM,,, ~15 MeV/c?
. limitation in centrality reach due to occupancy
Acceptance = three rapidity units: -2.5 < y* < 0.5
Open charm measurement via hadronic decays
Normalize J/\y production with open charm
Canmeasure y. - J/Yy
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Detector performances : NASO@SPS .vs. LHCb@LHC
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Muon spectrometer 2 designed for dimuons
400 GeV/proton > Pb beam@158 GeV/nucleon = /syy = 17 GeV
Absorber downstream of the target
AM,,, ~100 MeV/c?

. No limitation in centrality reach due to occupancy
Acceptance = one rapidity unit: -0.5< y* < 0.5
Open charm measurement via semi-leptonic decays
Normalize J/y production with Drell-Yan (qg — utu™)
Cannot measure y. = J/Y y
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LHCb experiment

Forward spectrometer: vertexing, tracking, Calo, PID, MuonID
7 TeV/proton = Pb beam@2.75 TeV/nucleon = /syy ~ 70 GeV
No absorber
*  AMmM,,, ~15 MeV/c?
. limitation in centrality reach due to occupancy
Acceptance = three rapidity units: -2.5 < y* < 0.5
Open charm measurement via hadronic decays
Normalize J/\y production with open charm
Canmeasure y. - J/Yy
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Operation: NA5S0@SPS .vs. LHCb-FT@LHC

Looking for anomalous J/y suppression with LHCb-FT
— LHCb-FT = \/SNN~7O GeV .vs. NA5O > 4 \/SNN~17 GeV

Which target should we operate with LHCb ? (to compare to NA50 PbPb collisions)
— Multiplicity is related to event centrality and center-of-mass energy
— Multiplicity can be used to compare different A+B collisions at different \/syn

Peripheral collisions Central collisions

100 - 60% 60 —50% 50-40% | 40-30% 30 - 20% 20-10% | 10-0%

PbNe-71GeV  108.6 254.4 3925  588.0 8145 10860 14949 &
| PbAr-71Gev 1236 308,8 496,5 8066 12283 17119 23727 | %
PbKr-71GeV 196, 533,6 919,1 14512 22055  2986,6 40843 1
PbXe-71GeV 2014 5817  103,0 15873 24002 35417 50657 &
| Popb-17Gev 124, 331,6 6059 9196 13387 20358 29805 |°

— PbAr @ 71 GeV multiplicity = PbPb@17 GeV multiplicity =» PbAr @ 71 GeV is a good starting point to compare with NA50
— But multiplicity in PbAr too large for Run1+Run2 LHCb setup (saturation of the vertex Locator, drop of reconstruction efficiency)

— Study PbNe as a starting point = demonstrate the faisibility of the physics program (no saturation)

23/06/2022 fleuret@in2p3.fr - LLR 16



LHCb-FT: PbNe data

* Data taken during 2018 PbPb run *é v
— Fromnov. 9, 2018 to Dec. 2, 2018 :% ’
— 2500 GeV Pb beam ,E\m_j
— 33 fills: Two main filling schemes %10,2
» 15 fills with 100 ns, 648 Pb, 52 Coll, 596 non-Coll g

» 18 fills with 75 ns, 733 Pb, 468 Coll, 265 non-Coll
— Use non-Coll bunches only

— Very small contamination due to debunched ions (<0.3%)
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J/y and D° measurement in PbNe with LHCb

No dependence with rapidity
(within uncertainties)

— 300 T T ]
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To be compared with J/y / D° ratios in pNe

(coming soon)



Looking for anomalous J/y suppression in PbNe@68.5 GeV

« J/y/DO ratio as a function of the number of binary nucleon-nucleon collisions N
— Centrality determined by energy deposit in the electromagnetic calorimeter

coll

N, estimated from Glauber model to data

JINST 17 P05009 (2022)

% LHCb E
blofl PbNe sy = 69 GeV E
%102 % C)D ] ] L) 1 1 ] ] ] l ] 1 1 1
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)
_ o 107 —4— PbNe —
- 3 & N ]
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— Ratio fitted with a power law function,
- N -
. 95 /¢
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. . 1 10 102
* No evidence of anomalous ]/ suppression N coll
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PbNe@70 GeV .vs. PbPb@17 GeV

* No evidence of anomalous J/y suppression : is it expected?

— Back-Of-The-Envelope calculation indicates that charge particle multiplicity

for most central PbNe@68.5 GeV is similar to mid-central PbPb@17 GeV _Eur. Phys. J. € 39, 335-345 (2005)
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Next at LHC Run 3
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New electronics for muon and calorimeter systems
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CHES Summary

* The LHCb-Fixed Target program offers the opportunity to
test sequential suppression as an effect of quarkonium
color screening in a QGP

— Measure all quarkonium states (including )
— Measure open charm

*  LHCb has successfully operated and analyse PbNe collisions
at 68.5 GeV

— No evidence of anomalous J/y suppression observed
— Small statistical sample (~500 J/y)

*  With LHCb upgrade
— SMOG2: Strong increase of statistical samples

— Improvement of detector performances for high-mult events
Full performances expected for PbAr



The LHCb-Fixed Target program offers the opportunity to
test sequential suppression as an effect of quarkonium
color screening in a QGP

— Measure all quarkonium states (including )

— Measure open charm

Summary

-
=
——

e
b
——

-
T

uwy
-
=)
ol
—
-
a
—
@]
S
—
=
]
p—
o)
=,
=
aa)
=
W
-
]
=¥
=
"
S
3
1 -
=
N
=
-

; B R A
LHCb has successfully operated and analyse PbNe collisions ' NN .
- b/ wyield
at 68.5 GeV 0.8 \ _¢:+§ -
— No evidence of anomalous J/y suppression observed : \\ | ++~ 1plateau
Lo L ¥ NAS0 Ph-Ph 2000 \ r + 1P
— Small statistical sample (~500 J/y) 0.6 \ Yy 3
L O NA3SS-U 1992 \ I \
| \ | H
' ield ?° {No plateau
0.4 XY : \\ _
i T T PO T PO TR b S T
With LHCb upgrade 0 05 1 15 2 25 3 3554 45
— SMOG2: Strong increase of statistical samples <« PbNe - € (Ge‘t’{fm“)

— Improvement of detector performances for high-mult events

* Full performances expected for PbAr
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Looking for anomalous J/y suppression in PbNe@68.5 GeV

J/y /DO ratio as a function of the number of binary nucleon-nucleon collisions N
— Centrality determined by energy deposit in the electromagnetic calorimeter

N estimated from Glauber model to data
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— Ratio fitted with a power law function,
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* No evidence of anomalous ]/ suppression

* Oy X NC“O,” can be related to the (old fashion) a;/y, <AB®
(see Felipe Garcia’s thesis)

— o’ =0.82+£0.07 = o =0.88 £0.05
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