

http://www.google.fr/imgres?start=219&um=1&hl=en&client=firefox-a&sa=N&tbo=d&rls=org.mozilla:fr:official&biw=1030&bih=594&tbm=isch&tbnid=CWszt4A7a3zQmM:&imgrefurl=https://cdsweb.cern.ch/record/1378144&docid=VNVGa5J0GC-Z5M&imgurl=https://cds.cern.ch/img/cern_theme/img/cern-logo-large.png&w=129&h=126&ei=oVMCUZ6LLZCChQfX6IDwBg&zoom=1&iact=hc&vpx=437&vpy=94&dur=817&hovh=100&hovw=103&tx=63&ty=47&sig=102712132849904362506&page=12&tbnh=100&tbnw=103&ndsp=20&ved=1t:429,r:21,s:200,i:67

Heavy quarks

* Heavy quarks and Quark Gluon Plasma (QGP)

Heavy quarks are "special ” QGP probes : my >> QGP critical temperature T. (~170 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

< I\\\‘I\\\ll\\\ll\\\ll\\\ll\\lll\\lI\\

Heavy quark hadronization (cc example): o 1401 Phys. Rev. C84, 044905 (2011) E

° "’90% Of CE pairs 9 open Charm r Phys. Rev. C84, 054912 (2001) M ]

* ~10% of cC pairs = hidden charm (charmonia) 121 [ - H

Since most of the produced cc pairs hadronize into open 1‘% | : ]

charm (~90%), open charm production reflects the ml I_F

original charm quark yield. 0.8} i ] - —:

PHENIX Au+Au collisions @ +/Syy = 200 GeV pump 06| % i E

Blue = open charm 0.4 N H ﬁ ]

Red = hidden charm _ AuAu sy, =200 GeV ]

0o © PHENIX e <D (p}>0.3 GeVic, Iyl < 035)0] -

"L o PHENIX: J/y (ly| <0.35) ]

* no (little) modification of open charm yield C | | | | | | | .
« modification of J/¥ (c¢ bound state) yield O30 100 150 200 250 300 350 400

N

part



Heavy quarks

* Heavy quarks and Quark Gluon Plasma (QGP)

Heavy quarks are "special ” QGP probes : my >> QGP critical temperature T. (~170 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

— Modifying hidden bound state yields
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: QQ bound states enhancement

— at sufficiently high /syy, heavy quarks are
abundantly produced.

— After thermalisation, statistical combination
can lead to an enhancement of quarkonium
production yields Energy Density

recombination

screening

guarkonium production probability




Charm quarks

* Experimentally, charmonium is a priviledged probe
— Charmonium production in A+A collisions studied at:

* CERN-SPS (\/s=17 GeV) NA38, NA50, NA60 experiments
* BNL-RHIC (\/s=200 GeV) PHENIX, STAR experiments
* CERN-LHC (\/s=2.76 TeV) ALICE, CMS experiments
— Short summary for J/\V:
* NA50 (PbPb@SPS) observed an anomalous J/Y¥ suppression
* PHENIX (AuAu@RHIC) observed a similar suppression (than NA50)
 ALICE (PbPb@LHC) observed a smaller suppression (than PHENIX)

recombination.

2
=» Possible Color screening starting at SPS E recombination
=»Possible recombination occuringat LHC 2 LHC
S SPS < >
5| € >
— Within the SPS+RHIC+LHC energy range, 5[~~~/
charm seems to be the adequate probe ¢
to investigate both screening and 2 screening
(@]
©)

Energy Density



Charm quarks

e What next to be done with charmonium

To confirm (and study) charmonium color screening and recombination, one
must compare charmonium and open charm production in A+A collisions

* Since most of the produced cc pairs hadronize into open charm (~¥90%), open charm
production reflects the original cc pair production

* Open charm is therefore an (the?) appropriate reference to calibrate charmonium
screening/recombination studies.

— TeV scale: Charmonium recombination

* Both J/Y¥ and open charm will be measured in PbP>b at large energy densities at LHC

=

=» Best place to study charmonium recombination:
— 20-GeV Scale: Charmonium color screening

* At SPS energies, in Pb+Pb collisions, J/YV
suppression occurs in the middle of the accessible
energy density range

recombination

LHC

SPS <€
>

=» Best place to study color screening
* Needs measurement of open charm yields

* Needs precise measurements of several cc states
to test if color screening leads indeed to a
sequential suppression Energy Density

screening

Charmonium production probabil




Sequential suppression

* Quarkonium sequential suppression

— Quarkonium sequential suppression in a Quark Gluon Plasma is a
prediction of lattice QCD :

H. Satz, J. Phys. G 32 (2006) state | J/(19) | x(1P) | &7(25) | Y(1S) | xo(1P) | T(2S) | xu(2P) | T(35)

quarkonium dissociation temperature 5 | 7,/7, | 210 116 | 112 | =40 | 1.76 | 160 | 119 | 1.17
critical QGP temperature

— Because of feed-downs and different T,, sequential suppression should
show up.

Feed-downs 60% direct J/¥
contributing to +30% .2/ V+y
JI¥inclusive yield _+10% Y 2> J/W +X
Inclusive J/V yield

Sequential suppression - screening

According to lattice calculations,
Tq (F) < Ty (xe) < Tq (IY)

production probability

= One should observe a step-like
suppression pattern Temperature (Energy density)



http://arxiv.org/abs/hep-ph/0512217v2

Charmonia in A+A
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* Anomalous suppression ¢ - o ]

at SPS Eur.Phys.).C49:559-567,2007 %1'3:_ PD{20B x 168 GeVIc)Pb

—_ - B 5(32 x 200 GeVic)-U -

E 1.6 & p(450 GeVic, LI)-A —

L = length of nuclear matter seen 2 e

by quarkonium state E“‘;: pHA g

Expected = measured yields in 12F —

p+A extrapolated to large L 1: % e JJ et Pb+Pb -
09 E % r...l- .................... Eog

AR

U.E; ...................................... } + ‘ ‘ [j:] ]

NA50 measured J/¥ and ¥/, but, - YV e T T + v

- too small ¥’ J/Y¥ feed-down 041 B Phiz0e x 150 Gevioy T ‘ & + —

L ) 5(32 x 200 GeVic)-U i _

- too fragile 'V’ — [ ¥ oo @ [ ++ -

] D.2j A pi450 GeVic, HI)-A | | [ +__

to answer the question C ¥ pié00 Gevic, V-4 T

|||||||||||||||||||||:||||||||||||E|||||||||||||:|||
= need of a larger feed-down fraction 0o 2 3 4:5 6 37 8 9:10

=>» Need of a stronger bound state
=> Need to measure 7 yield !

—————————————————————————————————————————————————————————————



http://arxiv.org/abs/nucl-ex/0612013

Charmonia in A+A

e Anomalous suppression E 2
Q
at SPS Eur.Phys.).c49:550-567,2007 & 1-8
*
216
o ) E.
60% direct J/¥ o
T?re advan;a%;a‘y +30% ./ W4y =12
o oot D +10%W DI
ecd-down traction = Clusive J/VY yield
0.8
Measuring J/'¥, ¥’ and y suppression
patterns will give the answer 0.6
* Alternative (no QGP) scenario: 04
suppression by comoving hadrons 0.2

Smooth suppression

Same suppression-starting point

Slopes related to binding energy :
S¢:>5,>5,4
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[ =}, SUppressed by QGP ]
[ X, suppressed by comovers Pb(208 x 158 GeVic)}-Pb |
B @  5(32 x 200 GeVic)-U i
— b p450 GeVic, LI}-A —
B A pl450 GeVic, HI)-A _
L O pl400 GeVlic, VHI)-A -
C DP+A R ]
- _ S+U R —
- % . Pb+Pb’
N | 5 >
- | | ? | ..- *ay ITl e N
__ nu,.' i % _—
- ® RO [::l [:j I::] _
L w, ° \ I::] —
E i, [
P s Ibo;"..\ [:] e |
= v'iDY ey 4
- 4270 ~ —
B DX,
— B Pb(208 x 158 GeVic)-Pb \ Rl
C @ s(32x 200 GeVic)-U * i
- ¥ p(450 GeVic, LI)-A —
— A P(450 GeVic, HI)-A ; ]
L ¥ p(400 GeVic, VHI-A I
OD_I 111 | 1111 | 1111 | L1l | | EI 1 1 | L 111 | [ | L1111 | 1111 | L)1 I_

1 2 3 4 5 6 .7 8 9 10
. L (fm)

L(fm) 1 437 || 4.90 || 6.65 || 7.65 |: 8.83 || 9.43

€ (GeV/fm3) i 1.04 ' 1.24 |} 2.04 | 2.53 i 3.19 3.76

LLR (fleuret@in2p3.fr) 8

EXPECTED /DY 457,

JigiDy 4370



http://arxiv.org/abs/nucl-ex/0612013

Physics case summary

* Hint of color screening at SPS

— Anomalous suppression of J/y
— Anomalous suppression of y’

 But, need to be confirmed

— by measuring together J/y, v/, %,
and open charm

* Measuring % . may also permit to
— Contrain J/y T
— test the phase transition

2S)

39)

Thy

Y’

- ” F
== [ ] Lattice acD
- - QCD Sum rules
=, =
I Adsiaco
sz I:' Potential Models
= -
[ ]~ V‘s_=zooeev
peak |~ NN
= e ——
PHENIX
== PRC91, 024913 (2015)
== | | | | |
S Y N I o A O i o v G G I s A ) ) I ) I A i

|
2 25 3 35 4 45 5
melting T/T

FIG. 1. (Color online) Compilation of medium tempera-
tures relative to the critical temperature (T,.) where quarko-
nium states are dissociated in the quark-gluon plasma. Note
that these estimations were performed assuming different T,
values. Each horizontal bar corresponds to one estimation
and its temperature extension (when applied) represents the
range where the quarkonia state undergoes a mass/size mod-
ification until it completely melts. Techniques used in cal-
culations: Lattice QCD [5-15], QCD sum rules [4, 16-20],
AdS/QCD [21-24], effective field theories [27, 28] and poten-
tial models [15, 29-35]. The shaded band from 1.8 to 3.5
T /T. represents the hydrodynamic estimation for the peak
temperature reached in Au+Au collisions at 200 GeV [36].



~ 180 000 J/¥Y-> u*u recorded by NA50
~ 1300 ¥’ = p*u recorded by NA50

If capable of measuring x_->J/VY,

in NA50 acceptance : 3000 < % < 7000

NA50 was not instrumented to perform PID
=» not able to measure D° production

—
™

[y
N

Measured LExpected
[8)]

—
[N

NA50 was not instrumented to measure photons®® |
=>» not able to measure . production o.s

0.4

0.2

1

Charmonia in A+A

* Typlcal 40-day Pb+Pb run @SPS (107.s* Pb beam > 10% A, Pb target)

Possible y. suppression pattern

U _||

0

Today, these measurements are possible with LHCb / SMOG

Jy DY, 50,

~180 000 J/¥
~1300 ¥’
~ 3000 y,

O Pb(208 x 158 GeVic)-Pb
O S5(32 x 200 GeVic)-U ]
& p(450 GeVic, LI}-A
A p(450 GeVic, HI)-A
o p(400 GeVic, VHI}A

L wiDY, 5

L m Pb(208 x 158 GeVic)Pb
[ e S(32 x 200 Gevic)}U

L % p(450 Gevic, LI}-A

L 4 p(450 Gevic, HI)}-A

I 400 GeVic, VHI}-A




Muon system
 identification g(p—p) ~ 97 %,
mis-ID g(mt—p) ~1-3 %

RICH detectors
K/n/p separation
£(K—K) ~ 95 %,
mis-1D g(m—K) ~5

Vertex Detector — v n
reconstruct vertices T mmm ALICE
decay time resolution: 45 fs - =
IP resolution: 20 um _—
n
ATLAS
]
|| I |
I
16 a 5 a ] o - 4 5 B N
l"
CMS+TOTEM
]
i : ——
Dipole Magnet Waching systemn Calorimeters o
PO gn momentum resolution  energy measurement
bending power: 4 Tm Aplp = 0.4%0.8% elyidentification 4 & & a4 .z o 2 4 B B :

(5GeV/c—100GeV/c)  AE[E =1 % @10 %/VE (GeV)

tracking
lum i counters

&
%Q’Q d
60 mra

T AT

15 mrad
= T ey =™
\\ im

]
1

\ |
Interaction region ¢ =5.3 cm




The VELO

4
7/

7

7 // /

/
< ////

Vacuum vessel isi i 7
LHC collision point  repeater electronics

custom manufactured
rectangular bellows

module support RF box
detector "hood" o VELO exit
J window
€O, cooling g
2 . Wake field
suppressor
kapton cables s :
Silicon d
o modules VErtEX Locator

| : i
13/10/2015 Frédéric Fleuret - LLR (fleuret@in2p3.fr) 12



A fixed target

* Injecting gas in LHCb Vertex Locator (VELO) region
— Primary role : luminosity measurement
— Can be used as an internal gas target

— Noble gas only : (very low chemical reactivity)
* He (4), Ne (20), Ar (40), Kr (84), Xe (131)
e Gaz pressure : 107 to 10® mbar

A
y
Sm SPD/PS
magnet HCAL m2
T \
S~ ~-
| A
. ! 1 4

RICH2 ECAL
—M1

vertex
locator

] 1 ] 1 1 1 |
Sm 10m 15m 20m
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[/
THCD

e LHCb fonctionnera en deux modes

— Mode collisionneur

+\/ =5TeV
VSNN & 5a8TeV SNN ©
W —) o
p

Ph Pb Pb

— Mode « cible fixe »
SPS

\/_NN — 20 G V / WWV VSNN & 70 GeV ﬁ
c—( - —
RHIC_ o @ ,__ﬁ @
Vsyy =200 GeV p Ar
\/_I’\;]‘;’C_ 5 TeV -

7 TeV beam: — 2.3 <yigep < 0.3

LHCDb rapidity 2.5 <yLHCb < 4.5 = { 2.75 TeV beam: — 1.8 < yipep < 0.2
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Running PbAr ?

* PbAr@70 GeV .vs. PbPb@17 GeV

— Multiplicity is related to event centrality and center-of-mass energy
— Multiplicity can be used to compare different A+B collisions at different \/SNN

2
 PbNe-71GevV ~ 108.6 254.4 392.5 588.0 814.5 1086.0 14949 T
| PbAr-71G6ev 1236 308,8 496,5 806,6 1228,3 17119 23727 |§
~ PbKr—71GeV  196,9 533,6 919,1 1451,2 22055 29866 40843 ©
| PoPb-17Gev 124, 331,6 605,9 919,6 1338,7 20358  2980,5 |§

— PbAr @ 71 GeV multiplicity = PbPb@17 GeV multiplicity
=» PbAr @ 71 GeV is a good starting point to compare with NA50

J_psi_1S_MM
htemp htemp

e Entries 56| 45
B Mean 3097

MJ/‘P |

880
485.6
179.3

Acceptance x efficiency =F
(PbAr full LHCb simulations)

I ~ 20%, y. (¥ y)~5%

ol & HY -
3000 3050 3100

L LT |
3150 0

o rme Lo b b b b b b Lagle o |l
_32ﬁ0 100 200 300 400 500 600 700 800 900 1000
J_psi_15_MM chi_c2_1P_MM

13/10/2015 Frédéric Fleuret - LLR (fleuret@in2p3.fr) 15



s - 30p
E 1: Eninos =Zdaz = 5
- e FERY C
E a8 H:::; coTize g o5
> = FbiS x 22346 = o
= 06— EMES W 0Es001 I
o = C
= == . 20
£ 04f E H{
-1 < n
- 15—
)y = J L
2 15 10F
-I:I-.-1-E— i C + {“{; ‘H
oo i3 W HHHll W{H i
_u_-ﬁ:l:l I N T TN N T T N T T T I T T N T T T N I T [ _I + ‘} ‘}
TTORG -BO0D 50D 40D 20D 0 A AP 2 (e OR—yent 2em0 don 3200 34[:0 3600 :uann 41::

* August 2015: 12h p-Ne @ ~110 GeV
— 36 protons bunches

Events / 16 MeV/c®

100

dimuan invariant mass (MeVic®

" All triggers o=194 = 1.2 MeV/c*
80—

Entries 601

mean = 3094.2 = 1.4 MeVic?
Nygog = 274 = 17

1 1 | 1 1 1 1 1 1 1 1 ’E'T'II
2800 3000 3200 3400 3600
M(up) (MeV/c?)




T“g“!) Conclusion

Testing color screening
— Measuring together y, J/'¥ and ¥’ is crucial
— Open charm is the appropriate reference

LHCb
— Fantastic opportunity to perform this program
— SMOG acts as a fixed target (He, Ne, Ar, Xe, Kr)

— First full data taking in 2015
* October 2015 : 3 days of pAr (~20000 J/vy)
* November-december 2015 : 21 days of PbAr (~15000 J/v)

— Leading role of LAL/LLR team for heavy flavor: Francesco Bossu, Frédéric
Fleuret, Giulia Manca, Laure Massacrié, Patrick Robbe, Yanxi Zhanj

Not discussed in this talk : a thorough pA program
— Capable of reaching large x, (up to 0.3 for J/y, 0.9 for Y)
— First look at the program proposed by the AFTER team (after.in2p3.fr)
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TABLE I Centrality bin, number of NN collisions, mu- =
clear overlap function, charm cross section per NN collision, =
and total charm multiplicity per NN collision, in /vy = “‘—;’u 10
200 GeV Au+4Au reactions, O
. 1 dN — . 1 l::l
Cen- N call T..1 A T l .y |_J i N r'E."'IT.-l A
trality (mb™!) (h) (ub)

min. bias 258+25 6.144+0.45 143+13+36 622457 +160
0-10 % 955494 228416 137+£21435 507403 4156
10-20 %  603+£59 144410 137426435 50641154158
20-40 % 207+31 7.07+0.58 168+27+45 T31+£117+199
10-60 % 91+12 2.1640.26 193+£47+52 84142054232
60-92 % 14.5+4.0 0.354+0.10 116+87+43  504+£378+190

Phys. Rev. Lett. 94, 082301 (2005)
In central Au+Au collisions @ 200 GeV
N~597-1073mb x 22.8 mb~1~13

~0.lcc @ 20 GeV
~lcc@ 70 GeV

~10cc @ 200 GeV 05500 GeV 10 x 0200 GeV 100 x 070 GeV 1000 X 020 GeV

~100 cc @ 5500 GeV
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