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Q.C Heavy quarks
CHIC y A
A H

eavy quarks and Quark Gluon Plasma

Heavy quarks arespecial QGP probesmg>> QGRriticaltemperatureT(~170 MeV),

C Heavy quarkshouldbe producedin initial hardnucleonnucleoncollisionsonly, the
QGP phaséa K 2 dziédifythé overallheavyquarkyields

C On theother hand, TheQGP phasshouldmodify |k |- bound stateyields

I Possible QGEffects

A Colorscreening:|t|k boundstates suppression

I Color screening in a QGP decreases
guarkoniumbinding

I Color screening should lead to a
suppression of quarkonium production
yields

A Recombination |- |- boundstatesenhancement

I at sufficiently high energies 11 pairs are
abondantlyproduced
I Statistical combination can lead to an

enhancementof quarkonium production
yields

recombination

screening

Charmonium production probability

Energy Density
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HIC
A E
:

Charmquarks

Xperimentally charmoniumis a priviledgedprobe
Charmoniunproductionin A+Acollisionsstudiedat:

A CERMNSPS (Gs=17 GeV) NA38, NASO, NAGO experiments

A BNLERHIC (Gs=200GeV) PHENIXGTARRXperiments

A CERNLHC (Gs=2.76 TeV) ALICECMSexperiments
Shortsummaryfor J/Y :

A NASO (PbPb@SBS observedananomalouslJ/Y suppression

A PHENIXAUAU@RHIC observeda similarsuppressior{than NA50)

A ALICE (PbPb@LHC observeda smallersuppressior(than PHENIX)

C PossibleColorscreeningstarting at SPS
C Possiblerecombinationoccuringat LHC

Within the SPS+RHIC+Lld@ergyrange,
charm seemsto be the adequate probe

to Investigate both screening and
recombination

Charmonium production probability

recombination /
SPS < LHC >

screening

Energy Density
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CHI
A

<

Charmquarks

What nextto be done with charmonium

Toconfirm (andstudy) charmoniumcolor screening anénhancementone must
comparecharmoniumand opencharmproduction in A+A collisions

A Sincemost of the producedAApairs hadronizeinto open charm open charmproduction

reflectsthe original AApair production

A Open charm is therefore an (the?) appropriate reference to calibrate charmonium

screeningfecombinationstudies

Studycharmoniumrecombination

A BothJ/Y and opencharmwill be measuredn PbPbat largeenergydensitiesat LHC

C LHOsthe best place tostudy recombination

Studycharmoniumcolor screening

A At SPSenergies in Pb+Pb collisions, JIY
suppression occurs in the middle of the
accessiblenergydensityrange

C SPSsthe bestplaceto study color screening
A Needmeasurementof opencharmyields

A Need precise measurementsof several 45k
statesto test if color screeningleadsindeed
to a sequentialsuppression

SPS

recombination

LHC

/|

screening

Charmonium production probability

Energy Density



Dc Sequential
CHIC |

suppression

A Quarkoniumsequentialsuppression
'r

Quarkoniumsequentialsuppressiorin a Quark Gluon Plasnsa
predictionof lattice QCD for instance :

H. Satz, J. Phys. G 32 (2006) state || J/10(1S) | x(1P) | £/(29) || T(19) | xo(1P) | T(2S) | \u(2P) | T(35)

NOAOETAEMI OBRABRAIOAOOQA 210 | 106 | 112 | 40| 176 | 160 | 119 | 1.17
AOE OE ®AT DAOAOCOOA

I Becauseof feed-downs and different T,;, sequential suppressionshould
showup.

Feed-downs 60%direct J¥

contributing to + 30%c A JIY 19
J/Y inclusive yield _*+10%Y QA J/Y + X
Inclusive J¥ yield

Sequential suppressiorscreening

“““ itstep”
A
2nd step
\4
C One should observe a step-like

suppression pattern Temperature (Energy density)

According to lattice calculations,
Tq (YO ) &) IT4(/Y)

production probability



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

x Charmoniain A+A

CHIC

AAnomanussuppreSSionE 2:IIIIIIIIIIIIIIIIIIIIIIIIIIII|IIII|IIII|IIII:

0 B Jyiy ]

at SPS EurPhys.J.C49:55867,2007 §1'B__ S —

W r @  S(32 x 200 GeVic)-U i

E 1.6 &b p(450 GeVic, LI)-A —

L = length c_)f nuclear matter seen 2 [ e

by quarkonium state L 1-4:_: DA | E

Expected = measured yields in 12 -

p+A extrapolated to large L 1: % | HL Jf I Pb+Pb
09 F % [ ....... *# ............... {).9

A 0.3 . 7 " -

) N T

0 5; ...................................... ‘ ‘ [ﬂ ]

/ . - 1l|'rljll:ﬂ.rau-?.IJ v ® E':I i

NASO measured ¥ andY Q2 0 dz{ g4F 5 wusresoevio ; ( ‘ T | & + -

too smallY @ J/Y fe(_ed-down 0o $ San o Senay | K [ ++ E

to answer the question S D cevi A ( + .

IIII|IIII|IIII|IIII|I:III|IIII|IIIEIlIIIIlIIIIlI:III
" . % 12 3 4.5 6 (7 8 910
C needof a larger feeddown fraction L {fm)

C Need to measurec, yield ! T oo o T o



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

Q_C Charmoniain A+#

CHIC
AAnomaloussuppreSS|0nE 2:IIII|IIII|IIII|IIII|IIII|IIIIIIII|IIII|IIIIIIII:
®1.8F EXPECTED IJDJ by QGP P s ]
a-t S PS EurPhys.).C49:55967.2007 & . I ;: 5u23ressed h; COMOVers o ::’;:“32’;;5; fﬂ;ﬂph N
) W, et e
Colorscreening - 5 161 G plsoceve kA
60%direct JY :-:"-.. 141 +A T
s D . 5
Tosdmnage  vsmearvg f R o
feed gojlowﬁl ?raction + 1090V R JIY + X h: é % Hﬂ—& ' Pb+Ph
- . . — !] A
Inclusive JY yield 1 SRR S #ﬁ-‘% :
Measuring J¥,YQ Icysuppression 0.8 o %}\[:] : -
patterns will give the answer n AN Ehthﬂ:] ]
0 .6 __ oy O/bgl%;h.\ [::l __
- " i A
A Alternative (no QGP) scenario: "4 § powxmcaam | +;* E
suppression bgomovinghadrons 025 § hecevema =
I SmOOth SUpprSSlon :I | II'I | IIJ{T?“I(TE:'ITEI .‘IrHll}Iﬁ:. 11 | | I 1 1 | L 111 | 11 I | | L1111 | 1111 | | II | :
i Same suppressiestarting point S T T 4.5 6 ;7 8 9
i Slopes related to binding energy : A A L{fm)
S5~S>Sy . L(fm) 1 437!490| 665! 7.65! 883 ||
L_‘?_(F%‘?Y_’Tﬁ)____l__‘?‘_‘_ __1__2_‘_‘_ __2__0_‘_‘_ __2__52?’_ 319 {376
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9.43
3.76 !


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

Experlmental

AMust measure:

: _ Vertexdetector:
i Charmonia JIY,Y Qc, FRmin<05cm  zmin=7.5cm
i opencharm(for reference) 120 cm [ Rmax=3.5cm Zmax=18 c’m‘
B Spectrometer:

FRmin=1cm Zmin =20 (100) cm
100 cm - Rmax=22cm Zmax = -120 (200) cm

ABeamfixed-target experiment 20 .crm |
i highrintensity 158 GeVc Pbbeam :
i highintensity 158 450 GeVc p beam 60cm |

40 cm
AExperimentalconstraints 20cm [t (TS
I Measure muons from charmoniaand open charm g — lee—
decays b suEy o —I-_“‘-j_"“" S S S I 5 B o b - o i ] S S

i Measurephotonfrom c.decay(c. A J/Y +g) el @z

A Detectormain components:

1. Vertexdetector + Spectrometer

A Measurestracks before absorberC very good
massresolution

A Measuremuonvertexoffset C opencharm
2. Ultra-granularcalorimeter
A Measuregin high p°® multiplicity environment

tc*c':'::'

*

X X
Lo &U

WU~

*

X
o nnuwmn

3. Absorber/ muontrigger
A Absorbp/K
A Minimize fake triggersfrom p/K decays

Im Z2m 3m 4m 5'm 6m




Apparatus
artist view

Calorimeter:
ultra-granularEMCal
W + Slayersala CALICE
- 30layers
-0.5 x 0.5 crpads
- 24 X% in 20 cm
- DE/E ~ 159%0E

Magnet :
1m long 2.5 T dipole
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Py

Instrumented Absorber : = I ll R
4.5 m thickFeabsorber ) s

C dimuontriggerrate ~ 0.3kHz

Could be magnetized to measurauon momentum SiliconSpectrometer

coversl.5 rapidity unit
Dp/p = 1%C J/Y mass resolution ~2BleVic?



Q_C Expectedperformances
CHIC P P
A

Typical mass plOtSl week data taking w/ a 10% Pbtarget)
i 200 000 JY embedded inPb+PMinbiasevents produced w/ EPOS

A 140 000 direct ¥ A mtm (70%) [Cdimuon invariant mass Enires 38213
A 60 000c A JY gA mm g(30%) i e o i docen
"]4;_ dimuunls I‘ll'clm Jiyr decay
| dimuon+photon invariant mass | Eﬂ:::ﬁ 33;;; o 1 a7y
1;‘ B >T1|]-' i 10° '
1':'. B _a T
__%I]l]l] — u*uhl'yk;l;i)m X, ‘“;
= - 1L
R Ax TvA6TAOG i
4[][][]_— 05 1 15 2 25 3 35 4 45 E
300007 After acceptance/selection cuts
2000 HH H H 35000J/Y A nfm
C I s s s C accxeff=17.4%
1000( ] " |
- Including
L — 1700c.,A JY A nmg

M,... C accxeff=2.8%
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CH
A Typical 4Qday Pb+Plrun o .s: Pbbeama 10%l , Pbtarget)

Eur.Phys.J.C49:58%7,2007

IC

events

Expectednumber of

I ~ 180 000 ¥ A ntmrecorded

I 2 extremenumericalsce_r?darios:
G, Yyie

A If c_suppressed as ¥/

amostp erip ho

g G, yield +

A If c.suppressed a¥ Q

JQy

G, yield
Y 'yield

amostpenpho —16942 4%2 0.6= 406

(; G, yield =
Er range (GeV) ' J/
3-20 186 £ 25 | 16942 £ 146
20-35 243 £+ 31 || 25229 + 181
35-50 227 £ 35 || 27276 £ 192
50-65 193 £ 36 | 27681 £+ 196
65-80 154 £ 36 | 27315 £+ 200
80-95 159 £ 37 | 25111 £+ 193
95-150 110 £ 40 || 28570 % 209

Y
NA50 data

406
530
495
421
336
647
240
3075

~ 4%

=16942 4% =677

=218

677
1010
1091
1107
1093
1004
1143
7125

—
™

Mfasu_[ed LExpected
N o

—

=
[

0.6

04 F

0.2

]

Possible ¢, suppression pattern

~180 000 ¥
~ 1300Y Q
~3000c,

< [ 5 O 0O

I DY 570

Pb(208 x 158 GeV/c)-Pb

S(32 X 200 GeVic)-U
P(450 GeVic, LIyA
P(450 GeVic, Hi)}-A
P(400 GeVic, VHI)-A

T

s ? " lei== T
L w/DY, .50 + Eﬁ] .
L m Pb(208 x 158 GeVic)-Pb +

® 5(32x 200 GeVic)-U +
- % p(450 Gevic, LI)-A # *
—A D450 GeVic, HI)-A
- Y p(400 GeVic, VHI-A

TN R R N S B B

0 0 1 2 3 4 5 5 ? 8 9 10
L (fm)

ol EXxpect 3000 <. -y < 7000


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

C

CHIC
A UsesameStrategyas NA60Omeasuremuon vertex

O dd opd'l
Ogd pcai

Opencharm

I Opencharmdecaylength:

+— Eur.Phys.J.C59:607-623,2009

un
= ~—----------- Prompt: 2.26+0.09
=
Nandd T Ty e Charm : 1.06+0.22
@ — Fit 2NDF: 1.5
%
-
o In+In
=
T
= —-]
= |
1'[]_; NAG6O vertex detector: ".
. muon Offigtrrnfomt'on CHIC: Vertex detector located 7.5 cm
1. (in transverse plane) downstream of the target (7 cm for NAGO)
1 T T T T | T T T T | T T T T I T T T T | 1 1 1 1 I
0 1 2 3 4 5
Dimuon weighted offset

o CHIC is able to measure
A NAG0 has separated prompt (red) from charm (blue) contribution in In+In

A NAG0 has found an excess of prompt dimuons in Intermediate Mass Region
A NA60 has measured open charm cross-section: compatible with p+A results

open charm yields.
Detailed simulations needed to
estimate performances

ICNFP201330/08/2013 Frédéric FleuretLLR (fleuret@in2p3.fr) 12/18


http://arxiv.org/abs/0810.3204
http://arxiv.org/abs/0810.3204
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CHIC
A thorough p+A program is mandatory to study Cold Nuclear
Matter effectsasareferenceto study Hot NuclearMatter effects

A Must control (understand) :

i charmoniumabsorption by cold nuclear matt€? A dependence
i Shadowing/antishadowi [ -
.|. adowing/antshadowing Q(scafng)] & Need large yoq range
i Energy loss, formation time({scaling)

Mid-rapidity : Yeusl [-0.5; 1] Forwardrapidity : yousl [0.5 ;2]

ICNFP201330/08/2013 Frédéric FleuretLLR (fleuret@in2p3.fr) 13/13



Dc Athorough

ra*[fel PHApProgram

A Largerapidity range
i SignificantlyLargemrapidity rangefor CHIQy &' [-0.5;2]).vS NASO (Yo [0;1])

A PreciseA dependencegthanksto fixed-target mode)

I Thankdo fixedtargetmode
A NA50samples p+Be p+Al p+Cu p+Ag p+W p+Pb

A Largeamount of data (thanksto fixed-target mode)

I Largestatistics requw_ed to s_tudy JY,YQZ Typical 1week/target NASO data taking
c. and open charmdifferential yieldsas a (EPJ C33 (2004) 31-40)
functionof y, p+.

I Current SPSoperation: Delivering proton
beamto the LHCseveralmonths per year

I Significantly larger (than NA50) amount
of data availablefor CHIC



