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Charmonium production In
heavy Ion collisions.

N.S.Topilskaya and A.B.Kurepin
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1. Physical motivaion.
2. Experimental situation.
3. Fixed targetsuggestion.

3. Summary.
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Charmonium

.1974 .: discovery of Jhy, 1986 r.: Matsul & Satz:

°m : : ;
o colour screening in deconfined matter
— J/y suppression

— possible signature of QGP formation
Experimental and theoretical investigations

— situation 1s more complicated
cold nuclear matter (CNM)/initil states.

“normal” nuclear suppression

(anti)shadowing

saturation, color glass condensate
S suppression via comovers

MGVl feed down from g, v’
sequential screening (first: y., y’,
Jhy only wellaboveT,)

regeneration viastatistical hadronization
or charm coalescence

J/y production from b-hadron
Important for “large” charm vield. i.e. RHIC and LHC




Jhy suppression at SPS

14 ¢ NASI1 pp, pd 450 GeV
© NA38S-U 200 GeV

08 NAS5O

0.6 ) NAS50LI p-Be, Al, Cu, Ag, W 450 GeV +
2 NAS0HI p-Be, Al, Cu, Ag, W 450 GeV
A NAS0 p-Be, Al, Cu, Ag, W, Pb 400 GeV
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Suppression (~40%);
y’ suppression IS measured
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G, depends on energy ;
Suppression (~20-30%);

.0V (158 GeV) =7.6 07 0.6mb
G, MW (400 GeV) =43 08 0.6 mb
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Jhy suppression at PHENIX, RHIC

Mid-rapidity }

Forward-rapidity |

arxnsaillus el
LI B N B B NN N LR NN B

m 2004 Au=Au,  [=035, gliohalsys. =+ 12%

& 2007 Au=An, 12=<y=22, globalsys. =2 9.2%

Raa(Pr)

M,

d2N™ /dp,dn

war

= N-N cross section
o™ dpdn

\

Suppression (~40-80%);
Larger suppression at

i forward rapidity

+
<|\Ibinary>/6inello P




Comparison of SPS and RHIC data
at mid rapidity

Raa@s afunction of Raa as a functionof N,

multiplicity (~€)
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With last NAG6O data
(o,,.dependsonenergy) suppression of
Which dependence charmonium productionat PHENIX

to choose? larger that at NA50
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Raa suppression vs N, at RHIC

PHENIX Au-Au

i Allmodels for nucl-ex/Q611020

PHENIX 200 GeV Jhy
I I

— Rapp direct m AuAu |y|<0.35
—— Gapella 1 mb B AuAu 1.2<|y|<2.2
— - Capella 3 mb & dAu1.2<|y|<2.2

—— Satz percolation (with CNM added)

ly|<0.35 syst 12%
1.2<|y|<2.2 syst 7%

——

e —

1.5

1.0

AA

PHENIX 200 GeV J/y

— Yan total (y=0)
.= Yann initial (y=0) m AuAu ee |y|<0.35

— - Yan regen (y=0)

Yan, Zhuang, Xu ¢ dAu pp 1.2<lyl<2.2

nucl-th/0608010

0.35 syst 12%
Yan, Zhuang, Xu lyl< y

nucl-th/0608010 1.2<|y|<2.2 syst 7%
nucl-ex/0611020

B AuAu pp 1.2<lyl<2.2 ]

Theoretical models for Au-Au at y=0

Without regeneration

With regeneration

40(




Jhy production in heavy ions collisions
At LHC energy ?

[s(an)

Jhy regeneration
* Contributions of sequential

suppressionand regeneration
define the J/Y¥ yield

L Jhy sequenzial

suppression )
o — €
SPSTRHIC e

Possible bottomonium production at LHC
State  J/i(1S) x.(1P) ¢'(2S) PN xo(1P) Y(2S) xp(2P) T(39)
Ta/T. 2.10 1.16 1.12 ( >4.0 ) 1.76 1.60 1.19 1.17
* Y(1S) meltsonly at LHC
* Y(2S) behaves as Jhy (TPy,s) ~ TP;,,) and expected that regeneration of
Y(2S) would be small at LHC
- Y(2S) measurements are very important for comparison regeneration and suppression of J/y




Charmonium production at LHC:
ALICE, ATLAS, CMS and LHCDb.

Jjw=2ptu  2.5<y<4 Py coverage

ALICE down to
ljy>eter  |y|<0.9  Pr~0

(up tp now only inclusive 1/y results)

Pru >3G EV:

ATLAS  Yyurw lyl<2.4  [n,|<2.5
- pr 1/w>6.5GeV/c

(separation between B and prompt J/w)

pr Coverage

CMS Jy=2ptpe Jyl<2.4 depending on
the v region

(separation between B and prompt J/w)

Jy=utu  2.5<y<4 br COVEIage

LHCb V=l | : down to p;~0
(separation between B and prompt J/w)
(no heavy ion physics program)




Charmonium production in pp- collisions at LHC:
ALICE, CMS, ATLAS and LHCD.

do,,, /dpdy (Ub/GeV/c)

10°F

IlI||ll|III

pp \s=7 TeV

Illilll]lll
i 1

* ALICE e'g, |y|<0.9
s ALICE p'lt, 2.5<y<4.0

| o CMS, Jy|<1.2 B
o ATLAS, |y|<0.75 :

LHCb, 2.5<]y|<4.0
l L1 1 l L1 | I |-

lllllll Jllll

0 2 4 6 8 10 12

p; (GeVic)

Good agreement of
experimental data of
ALICE, CMS and ATLAS
for mid-rapidity

and ALICE and LHCDb
for forward-rapidity

Dependence on rapidity

PLB704 (2011) 442




Jhy production In

pp-collisions and dependence on energy and rapidity

dole /dy (“b)
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Mean transverse momentum of J/y vs energy

g _Inclusive J/y production
©3:3] o ALICE 2.5<y<4, p <8 GeV/c
O | ¢ LHCb 2.5<y<4, P, <14 GeV/c (prompt J/y)
A af © LHCb 2.5<y<4, p'<14 GeV/c (J/y from B)
a” *L . PHENIX 1 2<|y|<3.2 Q
-+ PHENIX |y|<0.35
25- ® HERAB P
- 4 NA3 +
2F
1.5
1} A
0.5
- | arXiv:1203.3641
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ALICE inclusive J/wy mean <p;>and <p;2>in
comparison with SPS and RHIC data.

§3 5 Inclusive J/ w - _& [ Inclusive J/ v
- — F i
% - A ALICE, pp ¥5=2.76 TaV, 2 S<p<4 S N& 3- 4 ALICE, pp Vs=2.76 TeV, 2.5<y<4
O [ o ALICE, Pb-Pb y5,,=2.76 TeV, 2.5<y<4  aITCE s * ALICE, Pb-Pb |5, =2.76 TeV, 2.5<y<4  FLICE
= 3 " A PHENIX. pp Vs=200 GeV, 1.2<|y|<2.2 "o 8 [ 4 PHENIX, pp Ys=200 GeV, 1.2<|y|<2.2

"« PHENIX, Au-Au {fs,,,=200 GeV, 1,2<|y|<2.2 2.5 « PHENIX, Au-Au |5 =200 GeV, 1.2<|y|<2.2

~ o PHENIX, Cu-Cuys, =200 GeV, 1.2<|y|<2.2 - ® NABO, p-A V5=17.3 GeV, O=y=<1

o5l oL © NAS0, Pb-Pb {s, =17.3 GeV, O<y<1
4 3
2 2 ] 1.5 a «J{u ‘:'GCﬂP:'
B % )
: i
L ¢ {' * g *
- A % 4 b : % 1 # + = ®
151 ™
05+
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2
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Behaviorat ALICE is different from obtained at lower energies at SPS and RHIC
where increase of the mean transverse momentum and the mean square transverse

momentum was obtained.
E.Scomparin, OM12



Raa VS Number of participant.
Comparison of ALICE and PHENIX data.
L I

4
E- B ALICE [Pb-Ph fapg = 2.76 Te¥), 2.5yt global sys.= £ 12%
19K ® PHENIX (Au-bu fo g - 200 GeV), 1 2<pj22  global sys.- +9.2%
H, © PHENIX (Au-Au 5, = 200 GeV), jj<0.35  gobal sys.-+ 12%
] 1 S —
0.8
2 C
i - |
06 E| H] ﬂ H ; "
0.4 E
- : 4 3 9
[I_ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 50 100 150 200 250 300 350 400

(N_)

Suppression for forward rapidity at ALICE lower than at
PHENIX.
No significant centrality dependence.




Comparison R,, at ALICE and PHENIX
as a function of multiplicity.

1.4
- = ALICE [Pb-Pb {5, - 2.75 TeV), 2.6 global sy -+ 175
12— & PHEND] [Au-Au fog, = 200 GeV), 12«22 global sys.- £ 8.7%
~ o PHENIX [Au-Au 5. - 200 GeV), {036 giobal sys. -+ 12%
“——
0.8
3
[0 iy
0.6 H H H " H
0.4 E’
- El i L.
02 L W :E:
ﬂ B 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1
0 200 400 600 800 1000 1200 1400

dNfdn]

Phys.Rev.Lett.109,072301(2012)



ALICE inclusive Ry, at forward and central rapidities.

141 ALIGE Pb-Pb |5, = 2.76 TeV

12k ./ m 2.5<y<4,p >0, L=70ub’
“bLRHSE, e lyl<09,p, 20, L~ 15 ub”

2
ac

0.8 —|+ [&
06F H'{

: *- . - = .
0.4
0.2}

: ALICEmn 'r::-ngnb. srs 19‘.-&

U T B I A A | | | | 1
0 50 100 150 200 250 300 35{?"‘ 400
part

Large uncertainty on the mid-rapidity pp- reference.
Different behaivior?

E.Scomparin, OM12



Raa VS Number of participant for different rapidity regions.
Comparison of ALICE and PHENIX data.

Forward rapidity

ALICE Praliminary, Pb-Pb {5, =276 TaV. L = 70 ek

PHENIX (PRC 84(2011) 054912), Au-Au |5,p, = 0.2 TaV

i

m  Inclusive Jfw, 2 5<y<d O<p T*:EI Gelffc  globalsys= + 1d%|

[ Inclusive Jw, 1.2<[y<2.2,p T:*I:II GeVic  global sys.= + 9.2%

100

part

150 200 250 300 35{% 400

Mid- rapidity

1.4
2

0.8f

0.6
0.4
0.2

D_IIII

1.21

| PRILTMINART

s

ALICE

ALICE Preliminary, Pb-Pb |5, = 2.76 TeV, L= 15 ub"
@ Inclusive Jiy, |y|<0.9, |:|-T=~{II GeVic global sys.=+ 26%

PHENIX (PRC 2472011) 054812, Au-Auys,, = 0.2 TeV
O Inclusive My, |y|<0.35, pT:vD GeVic  global sys.=+ 12%

H

0

50

300 350 400
part

100 150 200 250

Smaller suppression with respect to RHIC,
compatible with J/y regeneration model

E.Scomparin, OM12



Comparison with the statistical hadronization model
and transport models.

ALICE Preliminary, Po-b s, = 2.76 Tel, L= 70 wh? & 1 4 | ALICE Preliminary, Po-Pb {5, = 2.76 Te, L = 15 po”
W ALICE, Z.E--c}-ta,pT:-D F @ ALICE, |y|<0. B.pTJ-D
— Elat, Hadronizaton Model (A Andronic & o, JPG 33 (2011) 124081) m I —— Siat. Hadronization Modal (A, Andronic & al., JPG 38 (2011) 124081)
1.2 L ALICE o Transport Model (X, Zhao & al, NPA 859 (2011) 114) 1.2 | ALICE -7 Transport Modal (5 Zhao & al, MEA 853 (2011) 114 & peiv. comm.)
| PRRMINERYC . Transport Model [¥-P. Lin & al, PLB 678 (2009) 72} [ PRELIMINARY...... Transport Modal (¥.-F. Liu & al, PLE 678 {2009) 72)
. 'i| Shadowing+cormaverstresombination (E, Ferreirg, griv.eomm,} 1 r Shadowing+comaovers+Hecomination (E, Ferrairo, priv.oome
0.8 _ﬂ N des , Jdy=0.25 mb 08"
I}.E I l‘-.:-.l"-.: ._::_. .. - :.:Vv D.B‘ _
04| o 0.4}
i o ddy=0.15 mb [
0.2} 0.2-
ﬂ-l.lllI.I.III.I.I.II.II.I.II.II.IIII.II. 0 "I BT T A AT N A A A PN AT T W N T W IO A Lii
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 40
. N rt Nn.art}
Stat. hadr. model — A.Andronic et al., J.Phys.G38(2011)128081

Transport models- X.Zhao and R.Rapp, N.Phys.A859(2011)114,
Y.Liu et al.,P.Lett.B678(2009)72
Shadowing+comovers+recomb.- Capella et al., E.Phys.G C58(2008)437 and
E.Ferreiro,priv.comm,

Models with all J/\y produced at hadronization or models including large
fraction (>50% in central collisions) of J/\y produced from recombinations

can describe results.
E.Scomparin, OM12



Raa VS rapidity and comparison of
ALICE and CMS data

< 1.4

i) E— T — & _ B

v el Vo =45 TE TSI Ty - PbPb calisions at {5, = 276 TeV
i n ALICE, 0-80%, p. >0 Gevc r

.1 2 -_ g ALICE {arkiv: 1302 1383), 25y « -i,,'.lI (Geiic) = 0 global sys.= = 12.5%

u ALICE, 0-80%, p, >3 Gevie i CMS (arkhe 100 BORE], | < 24 6.5 <, (Gevia)< 30 global sys.= & 6%

| A CMS preliminary (PAS HIN-10-006), 0-100%, 3 < P, < 30 GeVic

i A CMS preliminary (PAS HIN-10-006), 0-100%, 6.5 < p. < 30 GeVe 1 L s
0.8 [

! 0.8 H
061 - 06l w + ) _

I 0 i + i ¥ :
041 @ - 0.4

I [{ﬂ i * &+ N
0 4 {' 02f +

_\ | 11 | L1l | L1 1] ‘ L 111 ‘ L 111 ‘ [ | [ | [ | [ | |1 ﬂ : S S e | I : I — | — | I : . =

0 0 05 1 15 2 925 3 35 4 0 50 100 150 200 250 300 350 400
Rapidity { Nnan

)
o _ Suppression at ALICE for 2.5<y<4
At large rapidity suppression  ower, than at CMS for y <2.4

Is higher for p;>3 GeV/c and p; >6.5 GeV/c.

Cold nuclear effects in p-Pb collisions need to be evaluated arXiv:1202.1383



ALICE inclusive R, at low and high transverse momentum.

s 14
o _ Inclusive Jhy, 2.5<y<4 %
i ~ » _
12 - Phb-Ph ﬁ-?.?ﬁ TeV, L= 70 ub ", global sys.= +6% ALTCE
e 'D{pT'IE GeVic PRELTHENRRY
- e 5e<p <8 GeVic
R I o e e e
0.8 i
06 § . ¥ 3
S T T
0.4 E E
0.2
0 i L1 1 1 I L1 I L1 1 I 1 1 1 I L1 1 1 I L1 1 1 I L1 1 I

0 50 100 150 200 250 300 35{2'” 4}?(
part

Suppression is higher for higher transverse momentum.

E.Scomparin, OM12
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Rcp Normalized to 40-80%
o o
) o

©
~

o
N

Rcp as a function of centrality.
Comparison ALICE and ATLAS data.

——

Pb-Pb \«"sTN =2.76 TeV
s ALICE, 2.5<y<4, pT>O (preliminary)
e ALICE, lyl<0.8, pT>0 (preliminary)

T

o ATLAS, lyl<2.5, pT>6.5 GeV/c (arXiv:1012.5419)
| l

|
40-80% 20-40%  10-20% 0-10%
centrality

Suppression at ALICE for 2.5<y<4 lower,
thanat ATLAS for y <2.5and p;>6.5 GeV/c.



Raa dataat CMS.
Suppression of Quarkonia (J/p and Y)

Ny —T34+54

— saof T ey ~—= * Muon acceptance: |n|<2.4, p; >2-4 GeV/c
% CMS Preliminary ] . o
oot POPOVE, =276Tev Jfap 4 ° Mass resolution ~1%, comparable to pp
g. L= 7208 b’ E . .
S ol mamwon=p-za g | = Displaced vertices to separate prompt JAp and
E Bo<g < mn.mxr.'r_ .
| P B coprini £ B-decays CMS PAS HIN-10-006
— W “1 ] E rrri I rrri I IIIIIIIIIIIIIIII I IIIIIIII
ipof. e 14 EME F’rehmmary —
A i PbPb \ /S =2.76 TeV |
sof . 1.2 = Frompt Ly .
o | +  Mon-prompt Jiyp .
E 22 &4 5 28 1 J.E 34 LB R 4 1- # "I'"I"IE]' .
M, (GEVIE) X ]
0.8
..... Ny = 86212 : :
Hg F . g CI'I.I'IE F'rE|IrT1II'|EF!,' 0.6 + -
EM— POPB Y, 5,y = 2.76 TV i + 1
= 010046, 0.0 = [y = 2.4 ] [ B
S Mg aagewe | 0<p, <20 Gevic 0ar + + -
& | L, = .ok’ 1 B i
I : E 02 0.0<lyl <2.4 " —
i Y oe B2 Mavic (lxad to MG 3 - 65<p’ <30.0GeVic 0.0=p) =200 GeVic
LI I LI | I LI R I LI | I LI I ) I LI T I LI A | I LI
s 0 100 150 200 250 300 350 400

CONM

| = High p JAp is strongly suppressed
e, (BeVIER) = Inclusive Y(135) is suppressed
— WeiLi(MIT) 2011 USLUO Annual Meeting, ANL, November 4-5 14




summary

2010 -2011.
At LHC in p-p and Pb-Pb collisions:

‘measured suppression of charmonium and
bottomonium states production.

- the importance of regeneration process for
charmonium production was shown, and
feed-down contribution from B ~ 10%.

2012 .
Measuring of p-p collisions is going.
Plan to measure p-Pb collisions.

Our suggestion to measure charmonium production
at LHC with fixed target for lower energy with high
statistic to clarify the mechanism of production.



A.B.Kurepin, N.S.Topilskaya, M.B.Golubeva

Charmonium production in fixed-target experiments
with SPS and LHC beams at CERN.

Phys.Atom.Nucl.74:446-452, 2011,
Yad.Fiz.74:467-473, 2011.



Fixed-target data (SPS, FNAL, HERA)

AA collisions SPS: NA38, NA50, NAGOS
SU, PbPDb, Inln Vs(GeV) 19.4 17.3

A collisions HERA-B. E866, NA50/51, NA38/3, NAG60
P Vs(GeV) 41.6 38.8 29.1/27.4 194 27.4/17.3

Colliders (RHIC,LHC)

AA collisions RHIC CuCu, AuAu Vs =130 GeV, 200 GeV
LHC PbPb Vs =2.76 TeV (max5.5 TeV)
RHIC pp, dAu Vs =130 GeV, 200 GeV
PA collisions LHC pp Vs =7 (8) TeV (max 14TeV)

Fixed-target (LHC) — new opportunity — energy
between SPS and RHIC

AA collisions Pb-Pb 2750 GeV/nucleon,Vs=71.8 GeV

— PD-A 7000 GeV , Vs =114.6 GeV
pA collisions (5000 GeV, Vs =96.9 GeV)




No theoretical model that could reproduce all data.

Fixed target experiment at LHC for charmonium
production at the energy range between SPS and RHIC
In p-A and A-A collisions with planning

proton beam at T=7 TeV (¥ s = 114.6 GeV) and

Pb beam at 2.75 TeV (Vs = 71.8 GeV) is possibility to
clarify the mechanism of charmonium production, to
separate two possibilities:

1): hard production and suppression in QGP and/or
hadronic dissociation or

I1): hard production and secondary statistical production
with recombination, since the probability of recombination
decrease with decreasing energy of collision in thermal
model.



As 1t was already used for the experiment on collider
with a fixed target at HERA-B K.Ehret, Nucl. Instr.
Meth. A 446 (2000) 190, the target in the form of thin
ribbon could be placed around the main orbit of
LHC. The life time of the beam Is determined by the
beam-beam and beam-gas interactions. Therefore
after some time the particles will leave the main orbit
and interact with the target ribbon. So for fixed target
measurements only halo of the beam will be used.
Therefore no deterioration of the main beam will be
Introduced. The experiments at different interaction
points will not feel any presence of the fixed target.



‘ Geometrical acceptances for J/y at ALICE I

Pb-Pb, Vs=5.5 TeV

Jhy are generated using CEM y-spectra

pp, Vs=14 TeV
Jhy are generated according

and CDF scaled p.-spectraand including ~ R.Vogt 2002 approximation for

shadowing for Pb-Pb.

l... = Integrated acceptance =

Naccepted/ NtOtaIgenerated

a 1600f e
e 1400 JI‘\II CDF scaled ‘i 300
% 1200 T 250F
1000f generated 2000
T 1505_
w0 100E

40 accepted sl
200k accepted (wi cut) 3

P i e o o Y ok

0 2 4 6 -8

Jiy CEM

generated
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: | accepted (wit pT(ut)

8 10
P, (GeVic)

L L [P
6 4 -2 0 2 4 6 8

y

acceptance (%)
acceptance (%)

0:

C ! 1 1
0 2 4 6

s 0
P, (GeV/c)

l...= 5.76%-w/op;cut

= 1 1 h L
-4.5 -4 -3.5 -3 -2.5 -2

y

4.26%- with cut p; >1 GeV/c

pr -spectraand y - distribution.

N gen(J/)=30000

- F > C
g e JiyRVogt2002 T ™ JiyR 002
= 2500 % 100?
2000 80 generated
1500 a0l
F generated F
1000 - 0 accepted
5000 201 ;
‘ with p_cut) A CEET el ()
o 2 3 6 810 8 6 -4 2 0 2 4 6 8
P, (GeVlc) y

T sl =
=~ e =~ E
<k < sl
) F 9 E
g S f
s -
[=% Q -
Q Q L
b o
[} [} £
100
C I 1 1 i . n; L L hl I
0 2 4 6 8 10 4.5 -4 -3.5 -3 -2.5 -2
P, (GeVlc) y

l...= 4.71%-w/op;cut

4.01%- with cutp;>1 GeV/c




Fixed target experiment

Pb-Pb, T=2750 GeV, Vs=71.8 GeV.
Jhy aregenerated at z=0 and outside of ITS at z=+50 cm.

J/y aregenerated using p;-spectrawith HERA and PHENIX form, consistent
with COM model, but parameters are energy scaled:
dN/dp;~p-[1+(357-p;/256 - <p>)?]°® with <p>=1.4, and using y-spectra as
Gaussianwith meanvaluey_=0and 6=1.1

Jhy are accepted in the rapidity range -2.5<n<-4.0 (-2.98<n<-4.14),and each of
2 muonsin the degree range 171°<0<178°(174.2°<0< 178.2° for generation
Jhy atz=0 (z=+50cm). - e el

Jhy

dN/dp
dN/dy

z=0
l...=12.0%

8 10
[ (GeVic)

z=+50cm

acceptance (%)

l...= 8.79%

acc

acceptance (%)
o 5 8 8 &8 8 8
AT R TR G
a;




Fixed target experiment

PA, T=7000 GeV, Vs=114.6 GeV.
Jhy are generated at z=0 and outside ITS at z=+50 cm.

J/y are generated using p-spectra with the same parametrization with energy
scaled parameter: dN/dp~p,[1+(35x- p/256 -<p>)?]°® where <p;>= 1.6, and
using y-spectra as Gaussianwith meanvaluey =0and o=1.25.

acceptance (%)

Entries 30000
-

generated

accepted (zn= +50

Jhy

8 10
P, (GeVic)

PRI
2

P E—
4

8 10

[ (GeVl/c)

dN/dy
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‘ Geometrical acceptances I @
N I'E

SyStem P P bfixed

pt cut [Vs(TeV) |z=0 z=+50cm |z =-50 cm
no cut 0.1146 | 8.54 5.98 5.07

pt > 1[0.1146 | 6.77 4.89 4.11

GeV/c

no cut 0.0718 |12.0 7.97 7.44

pt > 1| 0.0718 9.79 6.62 6.20

GeV/c

1 range 4.0 -25 | -4.09-2.97 | -3.76 < -2.5
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‘Luminocity, cross sections(xg>0) , counting rates' @

System Vs ©,, 0pa=0prA%%2 | I-Bo,, L Rate
(TeV)  (ub) (nb) (%)  (ub)  (cm=s?) (hourt)
op 14 329 329 47 0091  510° 1635

DPre 0200 27 27 359 0.0057 21030 410
pPb., 0.1146 065 882 598 0.310 1:1029() 112
pPbg., 0.0718 055 746  7.97 0.349 1102 126
OPbyase 0.0274 019 258 140 0212  7.10®° 535
PbPby,.,0.0718 055 11970  7.97 47.9  2.2:10%(*+) 378

(*)  pPDbgiyeq, 500 1 wire, 3.2 - 1012 protons/60 min
(**) PbPby;,. g, 500 p wire, 6.8:108 ions/60min
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‘ Conclusions I 7
N

1. The integrated geometrical acceptances for charmonium
measurement by dimuon spectrometer of ALICE are
5.76% for Vs=5.5 TeV Pb-Pb and
4.71% for \s=14 TeV pp collisions.

2. For fixed target charmonium measurement in 2.5<y<4
range the geometrical acceptances are of the same order
and even larger: 7.97% for Vs=71.8 GeV Ph-Ph

and 5.98% for Vs=114.6 GeV pA at z=+50 cm.
The acceptances are compartible with the acceptances
from other experiments.

3. The energy range for fixed target experiment between
SPSand RHIC gives important additional information.




Later French group also suggested  First |etter of physics on arXiv (1202.6585)

A Fixed Target ExperRiment

Generalities
@ ppor pAwitha7 TeV pbeam: /s ~ 115 GeV

@ The beam may be extracted using “Strong crystalline field”
without any performance decrease of the LHC !
E. Uggerhaj, U.l Uggerheoj, NIM B 234 (2005) 31, Rev. Mod. Phys. 77 (2005) 1131

@ Expected luminosities with 5 x 10® p/s extracted (1cm-long target)

Target p (g.cm?) A, (ubl.s) [r£ (pblyr?)

Sol. H, 0.09 1 26 260
Liq. H, 0.07 1 20 200
Lig. D, 0.16 2 24 240
Be 1.85 9 62 620
Cu 8.96 64 42 420
w 19.1 185 31 310
Pb 11.35 207 16 160

@ Using NA51-like 1.2m-long liquid H, & D, targets, L,,p, = 20 fo=1y~!
@ Planned lumi for PHENIX Run14pp 12 pb~! and Run14dAu 0.15 pb~!

J.P. Lansberg (IPNO, Paris-Sud U.) AFTER: A fixed-target experiment at LHC April 18, 2012 3/34




A Fixed Target ExperRiment
Generalities
@ Pbp or PbA with a 2.75 TeV Pb beam : \/syny = 72 GeV
@ Crystal channeling is also possible (to extract a fraction of the beam)

@ May require crystals highly resistant to radiations: bent diamonds ?
P. Ballin ef al., NIMB 267 (2009) 2952

@ Expected luminosities with 2 x 10° Pb/s extracted (1cm-long target)

Target p (g.cm?) A £ (mbl.sY)=/f nb>.yr)
Sol. H2 0.09 1 11
Liq. H, 0.07 1 8
Liq. D, 0.16 2 10
Be 1.85 9 25
Cu 8.96 64 17
w 19.1 185 13
Ph 11.35 207 7

@ Planned lumi for PHENIX Run15AuAu 2.8 nb~'! (0.13 nb—1 at 62 GeV)

@ Nominal LHC lumi for PbPb 0.5 nb~!
AFTER: A fixed-target experiment at LHC April 18,2012 4/ 34



Conclusion

@ Both p and Pb LHC beams can be extracted without disturbing
the other experiments
@ Extracting a few per cent of the beam — 5 x 108 protons per sec

@ This allows for high luminosity pp, pA and PbA collisions at
vs=115GeV and /sy = 72 GeV
@ Example: precision quarkonium studies taking advantage of

@ high luminosity (reach in y, P, small BR channels)
e target versatility (CNM effects, strongly limited at colliders)
@ modern detection techniques (e.g. 7y detection with high multiplicity)

@ This would likely prepare the ground for g(x, Q?) extraction

@ A wealth of possible measurements:
DY, Open b/c, jet correlation, UPC... (not mentioning secondary beams)

@ Planned LHC long shutdown (< 2020 ?) could be used to install
the extraction system

@ Very good complementarity with electron-ion programs

J.P. Lansberg (IPNO, Paris-Sud U.)
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