An experiment to measure ¥
suppression at the CERN SPS
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Charmonia in A+A The PhySiCS case

C

* QGP color screening through quarkonium measurements

— Quarkonium color screening in a Quark Gluon Plasma is a prediction of
lattice QCD, for instance :

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.

Sequential suppression - screening

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

Inclusive J/V¥ yield

‘)

3rd step

production probability

Energy density


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

Charmonia in A+A

The Physics case

e Other possible QGP effect: cc recombination
— In a QGP, c and ¢ quarks can combine to form a J/V.
— Requires a large number of c¢ pairs = RHIC energies? LHC energies?
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Charmonia in A+A Experimenta"y

 Charmonium production in A+A collisions studied at:
— SPS (Vs™~17 GeV) : NA38, NA50, NA6O experiments
— RHIC (\/s"‘200=GeV) : PHENIX, STAR experiments
— LHC (\s~2.76 TeV) : ALICE, CMS experiments

e Short summary for J/¥:

— NA50 (PbPb@SPS) observed an anomalous suppression

— PHENIX (AUAu@RHIC) observed a similar suppression (than NA50)

— ALICE (PbPb@LHC) observed a smaller suppression for low p; J/'¥
— CMS (PbPb@LHC) observed a larger suppression for high p; J/'¥

* Unclear picture :
— Observed Hot and Dense Matter effects. For quarkonia, are they due to
* color screening ? Apply in principle at SPS, RHIC and LHC
* Recombination ? Apply at RHIC? LHC?
* Both?

 To understand Hot and Dense Matter effects on charmonium,
— need to confirm color screening scenario first.
— Recombination study is a second step (at higher energies).



Charmonia in A+A Color Screening

* How to Test sequential suppression with charmonia ?

1. must be in a regime where recombination is negligible =» SPS energies

2.  must measure the suppression pattern of several related states, for instance:
* ~30% of the inclusive J/¥ yield comes from ) decay.
* According to lattice calculations, T, (x.) < T4 (J/'¥)
* If screening, one should observe a step-like suppression patterns

— Alternative scenario: suppression by comoving hadrons
— Smooth suppression
— Same starting point
— Slopes related to binding energy : Sy >S,> S,y

Sequential suppression - screening

suppression by comovers

production probability

y’ Xc J/Y
Energy density Energy density

production probability




Charmonia in A+A

NAS5O results

* Anomalous suppression
at SPS Eur.Phys.J.C49:559-567,2007

60% direct J/¥

1
use J/¥feed-downs *30% y 2J/¥+y 0.9 {
to discriminate +10% ¥V’ =2 J/¥ + X

Inclusive J/V¥ yield

NA50 measured J/¥ and ¥, but,

Measuring J/¥ and ¥’ only is not the
answer : too small ¥’ J/¥ feed-down

=>» need of a larger feed-down fraction
=> Measure 7, !
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http://arxiv.org/abs/nucl-ex/0612013

Charmonia in A+A Comovers
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* Anomalous suppression @ T T
p p § B suppression by comovers JYIDY 520 ]

at SPS Eur.Phys.).49:559-567,2007 Q 1-3; e inclusive Jy I

=S direct Jiy @ S(32x200GeVigU ]

016 v & p(450 GeVie, LIFA ~ —

5 | A pl450 GeVic, Hi)-A ]

) ) o N Xe ¢ pl4o0 GeVic, VHI)-A -
Binding energy 2L p+A .
state Ne | S/ Xeo | Xet | Ne2 g 1.2 :_ —:

mass [GeV] | 2.08 | 3.10 | 3.42 | 3.51 | 3.56 | 3.69 - % >

1 — —

AE [GeV] | 0.75 | 0.64 | 0.32 ] 0.22 | 0.18 | 0.05 = % —
0.8 —

Taking breakup cross-sections: ) 5: ’
» comovers-direct J/¥ = 0.2 mb r vy, | T ¢ - .
*comovers =Y .= 1.0 mb 0.4} B Pb(208 x 158 GeVic)-Pb ‘ T ‘ ‘#\+ *. —:
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* comovers— ¥’ =2.0 mb - o f ¥ wsseve | K [ \H .
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. . 60% direct J/ ¥ L W p(400 GeVic, VHI-A ! _

and ConSIderIng + 30% XCQJ/L},-F'Y B [ | 1 111 | [ | 1111 | | :I 1 1 | 1111 | | IEI | 1111 | 1111 | 1 11| I_

P

feed-downs  +10% ¥’ > J/¥ + X
Inclusive J/¥ yield

1 2 3 4. 5 6 78 9 10

. L(fm) 1437 ! 4.90 || 665 7.65 || 8.83 |} 9.43 |
| £(GeV/fm?) ! 1.04 || 1.24 | 2.04 !} 2.53 || 3.19 |} 3.76 |


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

Charmonia in A+A

Suppression patterns

e Anomalous suppression
at SPS Eur.Phys.J.C49:559-567,2007
Take advantage N gg;’ i' r;cjt/f{/j‘i/
oflarge xo = I | 100w > 19 + x
feed-down fraction Inclusive J/¥ yield
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—Beam:

Charmonia in A+A

Measuring . at SPS

Operate a new experlment I_Vertexdetector: = “"T]*':'
. CTRmMin=0.5cm Zmin=7.5cm .~ n*=-
Primary goal: 120 cm [ Rmax=3.5cm Zmax =18 cm* n*=-
- Spectrometer: ’ -n*= 0
+ ,,- ~Rmin='1cm Zmln—20(100)cm e
c -> J/T t+y -> S A ¥ ' A0 “Rmax =22 cm Zmax =120 (200) ¢ 2*= ;
80 cm |

high-intensity 158 GeV/c Pb beam eoem |

high-intensity 158/450 GeV/c p beam
Detector features :

40 cm |4

20cm

Vertex detector + Spectrometer
Measures tracks before absorber
for very good mass resolution
Ultra-granular calorimeter
Measures low energy vy

in high ©° multiplicity environment —> ~u¥= <
Absorber/trigger e ] e :ﬂ‘f 4
Absorbs TE/K CRmin=14cm Zmin = 205 cm =0
FRmax=41cm Zmax=225 cmi. =3
Minimize fake triggers from 7/K decays E G ﬂ¥=—s
=3

1m 2 m Sm 4m 5'm 6m



Apparatus Main purpose : measure y .2J/P+y
artist view in Pb+Pb collisions at Vs = 17.2 GeV

Calorimeter:
Measuring y ‘s
in high ©° multiplicity environment
=» ultra-granular EMCal
= W + Si calorimeter a la CALICE
- 30 layers
-0.5x 0.5 cm? pads
-24 X,in 20 cm
- AEJE ~15% /NE

g 4 &

Absorber/dimuon trigger :
4.5 m thick instrumented Fe absorber
=>» trigger rate ~ 0.3 kHz

Silicon Spectrometer :

Measures tracks before absorber

covers 1.5 rapidity unit

Ap/p = 1% =» J/¥ mass resolution ~20 MeV/c?

Estimations based on NA60 R\ET-IIS#
telescope performances 1m long 2.5 T dipole |



Expected performances

* Typical mass plots (5 days data taking w/ a 10% A, Pb target)

— 200 000 Pb+Pb minBias EPOS events ~ ———— 3
» 140 000 events with J/¥ embedded (70%) *"F '
* 60 000 events with y. embedded (30%)

| dimuon+photon invariant mass | Entries 3812;
Mean 3.2

uy

2 B | FTNTR
=000 a*ul-'lyl-:‘x)m .
= |
4000~
] 5/B=1.8 After écceptance and
- selection cuts:
3000
E * 35000 J/¥
2000 HH H H => accx eff =17.4%
C a5 s Es mass resolution ~ 20 MeV/c?
1000/} o
. *1700 7,
3 35 B S V- S— > accxeff=2.8%

ey mass resolution ~ 45 MeV/c?



Expected performances

* Typical 40-day Pb+Pb run
— ~ 180 000 inclusive J/Y=2> u*u expected
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I I ° _.CI_.'} - fur | :
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Y'yield 1 [ £ o
- 0.8 [ . v .
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§ Er range __(CT“\") : Y’ _ I/¢ _ Xc asJ/¥ 0.4 e s(32x200GeVic)u +
E- 3-20 186 £ 25 || 16942 + 146 406 677 F % p(450 Gevic, Li)-A *
iy 2035 243 £ 31 || 25229 + 181 53 1010 0.2 [-4 p(450 Gevic, HI}-A
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D_C p+A program

CHIC

* A thorough p+A program
— mandatory as reference for hot nuclear matter effects

— Must control (understand) :
— charmonium absorption by cold nuclear matter = A dependence
— Shadowing/anti-shadowing (x, scaling)

= Need large range
— Energy loss (saturation)...  (x; scaling) ] 9€ Yewms g

* Two detector configurations to cover y.,s € [-0.5 ; 2]
Mid-rapidity !Yems € [-0.5; ]

Forward-rapidity : y.,s € [0.5; 2]

Frédéric Fleuret - LLR (fleuret@in2p3.fr) 13/26



C

CHIC

* A thorough p+A program H -n
(Vs)

158 Gev  NAS0 [0;1] [0.07;0.18] [0;0.42]
(17GeV)  cHIC  [-0.5:2] [0.02;0.30]  [-0.19;1]

p+A program

l 450 Gey  NA50  [-0.4;0.6] [0.06;0.16]  [-0.09;0.14]
(29GeV)  cHic  [-0.9;1.6] [0.02;0.26] [-0.22;0.51]
. H N I I I I I
|_http:/flapth.in2p3.frigenerators| 4 A=208 (P) nDSq NLO D L_ poTTTTTTTTTTTT T o
E = g A=208 (Pb) EPS09 NLO 2 M - %
. 14 Q’=10GeV - E X = —=SInh 19
lt,,:!* B g A=208 (Pb) HKNO7 NLO 0el Iiﬁii F \/g yCMS_ %’_
€ M ! ! ' | a 33 v
2TX =X, = g Yous ' : . - 1| NA50 | 15
- 1 s I o,
I \E : } 2 06| :(29.1GeV)i §}} E866 —§
T i’ < <
B ﬁ I = h Q
Z’_/// | | o CHIC (29 GeV) i{!ﬁ 2
0.8 i : 0.4 ¢ > ¥, — :
. | : i i NA50 | ‘-.,& 18
- 1 1 1 H
— NA50 | (17.2Gev) | ]
0.6f i<—>i 0.2 ! ! — §
- I I < —>
sl CHIC ! - CHIC (17.2 GeV) 1°
- | ,: | ; |:| I I T | 1 [ | 1 1 [ | 1 I | 1 1 1 1 I 1 [ |
10° 10° 10" 02z 0 D2 04 ©0O6 08 -0
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Q_C p+A program
CHIC

* A thorough p+A program
— J/'¥, ¥, x. with several targets
* NA5O0: p+Be, p+Al, p+Cu, p+Ag, p+W, p+Pb

— Large statistics required
» Typical 1week/target NA50 data taking (EPJ C33 (2004) 31-40)

Target | size | < [Ippons > | Total Nprorons N
() | (x10%) (x10'%) | (2.7-3.5) KRG
Be 60 % 21.7 50.7 368 000 | 13.0
Al 52 % 23.0 63.4 602 000 | 12.0
Cu 28 % 27.0 45.5 762000 |75
Ag | 30 % 24.8 43.8 821 000 |75
W 19 % 23.5 28.5 524 000 | a5

* Current SPS operation:
— Delivering proton beam to the LHC several months per year



other physics opportunities




Dc Low mass

CHIC

* CHIC expected performances for low mass dileptons

— Tracking performed upstream to the absorber
* =» no multiple scattering due to absorber
* = momentum resolution determined by magnetic field only:
AP 1
— X —P
P BL
— Momentum resolution

 With a 1m long 2.5T dipolar magnetic field

AP
— P—” = 1% for typical muon from J/¥ (<Pu> ~10 GeV/c)

u

AP
— P—” = 0.7% for typical muon from ® (<P > ~7 GeV/c)

u
— Expected mass resolution:

AM ~3.097 GeV/c* x 0,7% ~
J/‘P =1% -)\/2 0.7%

dileptons

M
Pu " P Mun NA50: AM]/¥ ~90 MeV/c?
. AP, —0.7% D AP, AMW — 0.5% ~782.7 MeV/c* X 0,5% ~
P, \/ZP My, '

NABO: AM2,~20 MeV/c?



Mid-rapidity

for P.., = 158 GeV/c

Forward-rapidity

Yeus € [0.5; 2]
for Py, = 158 GeV/c

Depending on the beam energy, different rapidity ranges accessible

Ppeam Vs Rapidity of Mid-rapidity Forward-rapidity
(GeV/c) | (GeV)

Center-of-mass

Yoms MiN - Yeus MaX  Yeys MiN - yoyg Max
2.91 -0.5 1 0.5 2
120 15.1 2.77 -0.36 1.14 0.65 2.14
80 12.3 2.57 -0.16 1.34 0.84 2.34
1.48 0.98 2.48

T [ ——



Open charm

* Use same Strategy as NA60: measure muon vertex

DY/=ct =311.8 um (simulation studies ongoing to
0 estimate CHIC performances)
D":ct =122.9 um - > L

— Open charm decay length: {

D*/~:yct = 2.86 mm

P., =158 GeV/c = y=9.2 =>
b fe >y { D% yct = 1.13 mm

Data

Prompt: 2.44+0.10
Charm : 0.60+0.13
Fit ¥%NDF: 1.0

CHIC: Vertex detector located 7.5 cm

downstream from the target
104 | NAGO vertex detector: (7 cm for NAGO) target
] muon offset resolution D
~ 40 um ‘
(in transverse plane)
L L B A I L L B A A L L B

0 1 2 3 4 5
A, Weighted offset

NA60 capable to separate prompt (red) from ‘
charm (blue) contribution

Frédéric Fleuret - LLR (fleuret@in2p3.fr) 19/26




Q.C Conclusion
CHIC

* Measuring together J/¥, ¥’ and 7. in p+A collisions with
several targets will give a thorough control of Cold Nuclear
Matter effects

* Measuring together J/%W, ¥’ and y. in A+A collisions at SPS
energies will (dis)prove sequential suppression scenario.

* The apparatus is well suited to explore other important
physics subjects such as open charm or low mass lepton
pairs production in heavy ion collisions.

* Testing sequential suppression scenario at SPS is crucial to
fully understand RHIC and LHC results.
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color screening ?
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%icc CERN strategy

Conclusions of the CERN Town meeting on
“Relativistic Heavy-lon Collisions”

CERN - june 29, 2012

“...The town meeting also observed that the CERN SPS would be
well-positioned to contribute decisively and at a competitive
time scale to central open physics issues at large baryon density.
In particular, the CERN SPS will remain also in the future the only
machine capable of delivering, heavy ion beams with energies
exceeding 30 GeV/nucleon, and the potential of investigating
rare penetrating probes at this machine is attractive.”



Expression of interest

* Submitted to SPSC (october 2012)
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Expression of Interest

for an experiment to study charm production with proton and
heavy ion beams

{CHIC: Charm in Heavy lon Collisions)

F. Fleuret™*, E Arlea®, E. (L Fermeire®, P-B. Gosiam®, 5 Peigns®

- poivaechnigoe CWRE VIR, Rolsiesy, France
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Ahstract

W propose an experiment to perform a sysiematic study of charmonia prodoction in heavy ion
collisions at SP5. Taking advaniage of significamt advanoes in electromagnetic calorimetry, the
measumment of low energy photons from y . decays should now be achievable Topesther with
moent measunzmenis made at KHIC and &t LHC on Jf and T produoction, such 2 measuneme ot
will offer the opportunity to we guatkonia as & direct test of phase tansition and lattice CD
calculations. In 2 ome month data taking one can expect the collection of thonsamds of .. This new
and dedicabed experiment is desigred o also stody, under optimal conditions, Cold Muclear Matier
{CMM) effects in 2 larger rapidity rangs than previously explored by the M&S0/MA G0 experiments.
Thiz messunzment of mockear effiects in absence of Quark (Glwon Flasma formation will provide a
clear and umambigoous wferenoes for the shudy of Hot and Dense Matter (HIDM ) effects, a refenenoe
which is today needed o deduce an unambigwous inerpretation of the msults alnzady obtzined



http://cdsweb.cern.ch/record/1488886/files/SPSC-EOI-008.pdf
http://cdsweb.cern.ch/record/1488886/files/SPSC-EOI-008.pdf
http://cdsweb.cern.ch/record/1488886/files/SPSC-EOI-008.pdf
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http://cdsweb.cern.ch/record/1488886/files/SPSC-EOI-008.pdf
http://cdsweb.cern.ch/record/1488886/files/SPSC-EOI-008.pdf

%icc Feedback from SPSC referees

January 2013

The SPSC has received an expression of interest to study charm production
with proton and heavy ion beams. The SPSC recognizes the strong physics
motivation of a study that addresses central open questions about the
color screening of charmonium in heavy ion collisions and about cold
nuclear matter effects. For a comprehensive investigation, an extension
including open charm production would be desirable.

For further review, the SPSC would require a letter of intent with

information about the experimental implementation and the collaboration
pursuing it.



Close and open issues

* People involved
@ 1 experimentalist : F. Fleuret
© 4 theoricists : F. Arleo, E.G. Ferreiro, P.-B. Gossiaux, S. Peigné
WE NEED YOU !/
e apparatus O U |
— Tracking =

In the current design, tracking is performed upstream to the absorber.
* Keeping low occupancy = silicon technology : CMOS ?
e Lab currently involved : none

— Calorimetry
* Around 400 y per rapidity unit in central PbPb collisions
* Need ultragranular calorimetry a la CALICE
e Lab currently involved : LLR

— Trigger
* Absorber can be made of Fe (since tracking is performed upstream)

Absorber can be magnetized and, since instrumented, can provide momentum
information to be matched with the tracker (RPCs?, micromegas?)

e Lab currently involved : none
 Timeline

— From T, (3 labs involved): ~ 5 Years for full simulation and final design (2 years),
construction and installation (2 years), commisionning (1 year)
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