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Charmonium production at LHC beams
In a fixed target mode.

N.S.Topilskaya and A.B.Kurepin
INR RAS, Moscow

1. Physical motivaion.
2. Experimental situation.
3. Fixed target suggestion.

3. Summary.

N.S.Topilskaya, AFTER@ECT, 7 February 2013.




Charmonium

.1974 r.: discovery of J/y, 1986 r.: Matsul & Satz:

M

colour screening in deconfined matter
— Jhy suppression

— possible signature of QGP formation
Experimental and theoretical investigations

— situation is more complicated
cold nuclear matter (CNM)/initil states.
“normal” nuclear suppression
| (anti)shadowing
F Low- | Intermediate- | High-Mass Regiony *©  saturation, color glass condensate
i 3 gUPPIession Via comovers
MIGeVIET  feed down from y,, y’

sequential screening (first: ., y’,

Jhy only well above T,)
regeneration via statistical hadronization
B deca or charm coalescence

4 Jhy production from B-hadron 2
Important for “large” charm yield, i.e. RHIC and LHC

dN,. / dM
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Fixed-target data (SPS, FNAL, HERA)

AA collisions
SU, PbPb, Inln

NA38
S-U 200 GeV/nucleon, 0<ycm <1, Vs=19.4 GeV
NAS50

PA collisions

Pb-Pb 158 GeV/nucleon, 0<ycm <1, Vs=17.3 GeV
NAGO
In-In 158 GeV/nucleon, 0<ycm <1, Vs=17.3 GeV

HERA-B
p-Cu,(Ti),W 920 GeV, -0.34<xr<0.14, Vs=41.6 GeV
E866
p-Be, Fe, W 800 GeV,-0.10<xr<0.93, Vs=38.8 GeV
NAS50
p-Be,Al,Cu,Ag,W,Pb 400/450 GeV,-0.1<xF<0.1,
\§=27.4/29.1 GeV
NA51
p-p, d 450 GeV, -0.1<x¢<0.1, Vs=29.1 GeV
NA3, NA38
p-p,Pt, Cu,U 200 GeV, 0<x¢<0.6, s=19.4 GeV
NAGO
p-Be,Al,Cu,In,W,Pb,U 158/400 GeV,-0.1<xr<0.35,
3 \s=17.3/27.4 GeV




Colliders (RHIC,LHC)

AA collisi RHIC CuCu, AuAu s =39, 62, 130 GeV, 200 GeV
COTHISIONS LHC PbPb Vs = 2.76 TeV (max 5.5 TeV)
pA collisions RHIC pp, dAu Vs =130, 200 GeV

LHC pp Vs =2.76, 7, 8 TeV (max 14TeV)

pPb  Vs=5.02 TeV

Fixed-target (at LHC) —energy between SPS and RHIC
was suggested in 2005 and then in 2009 at CERN Workshop “New
opportunities at CERN”.

AA collisions Pb-Pb 2750 GeV/nucleon, \'s = 71.8 GeV

A collisi p-A 7000 GeV , Vs = 114.6 GeV
pA COTTISIoNs (5000 GeV, Vs = 96.9 GeV)




Jhy suppression at SPS

NASO

NAGO

.
1_4-_ & NAS1 pp, pd 450 GeV
© NA38S-U200 GeV

Measured/Expected BWG(J hp)/o(DY)
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Measured / Expected J/vy yield
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w

08 NA50 * + “+ b 0.8 I
I |
++ 0.7 l
0.6 i O NAS50 LI p-Be, Al, Cu, Ag, W 450 GeV + NA60O
A NASO HI p-Be, Al, Cu, Ag, W 450 GeV 0.6
A NASO p-Be, Al, Cu, Ag, W, Pb 400 GeV ]
04 ¥ NAS50 Pb-Pb 2000 158 GeV . ]
0.5 |
L 0 50 100 150 200 250 300 350 400 450
0 2 4 6 8 10 N

Suppression (~40%);
y’ suppression Is measured

L (fm) part

G, depends on energy ;
Suppression (~20-30%);

O V¥ (158 GeV) =7.6+0.7 0.6 mb
O s V'V (400 GeV) =43+ 0.8+ 0.6 mb

00 R. Arnaldi et al. (NA60), Nucl. Phys. A (2009) 345

5




Jhy suppression at PHENIX, RHIC
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Mid-rapidit\

Forward-rapidity 0op

m 2004 Au=Au,  [l=035,  gliobhalsys. =+ 12%

& 2007 Au=An, 12=<y=22, globalsys. =2 9.7%

Raa(Pr)

A.Adare et al. (PHENIX), PRC84 (2011) 054912

rL“l f

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

d2N* /dp,d7

N-N cross section
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Jhy suppression at PHENIX, RHIC

Theoretical models for Au-Au

i
-----

m 2004 Au+Au, |yj<0.35, globalsys. =£12% |
® 2007 Au+Au, 1.2<|y|=2.2, global sys. =+9.2% -
—— Zhao & Rapp CNM |
-—-Zhao & Rapp Direct

] |
50 100 150 20 250 300 350

Models could describe
main features but no
quantitative agreement.

Is regeneration
Important?



Jhy suppression at PHENIX, RHIC( +low energy)

arxiv:1208.2251
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Global sys.= + 19%

e,

R,.(200 GeV) PRC 84, 054912 (2011)
Global sys.=+9.2%

Global sys.=+29.4%

R,4(62.4 GeV) = PHENIX data/our estimate SU ppre_SS 1on
approximately
R,.{39 GeV) = PHENIX data/FNAL data
the same.

Ol

Jhy — pp, 1.2 <|y| < 2.2

No pp- data at

=F:

50

100

Au+Au 62.4 and 39 GeV —
@ large systematic errors
g [
¥ o5y E
150 200 250 300 350_. 400
Npart

D McGlinchey - QM2012




Comparison of SPS and RHIC data
at mid rapidity

Rap 88 _a_functlon of Raaas afunction of N
multiplicity (~¢g)
= 14 EKSH8 CNM basaling = 4 EKS38 CNM baseline
= e PHENIX v=0 r &  PHENIX y=0
Q.. _5. 212- & NABD In-n
1-51'2—.:. | ' Mm@m:;;b ﬁ . L NASD PB-Pb
— 1_-_:_ _ -_ 5 1 e .'. [ L f
31 H%T’ xSl * N
0.8 o l 0.8 T

| ] : It
0.6 L 0.6 i

I L]
- Harrow boxes: comralabed sys * ~  Namow boxes: cormolyied sy |

0.4 wide boxss: EHM (prT— 0.4~ wide bowos: CH basaling EYE
Livaad | | | | | ' e '

000500500 40500 606506500 50 100 150 200 250 300 350 400
'l:|I"«I."Il:h‘||n_i:I Noan
Which dependence With NAGO data (cabsde_pends on ene_rgy)
suppression of charmonium production

I)
to choose at PHENIX larger that at NA5SO g

N.Brambilla et al., EPJ C71 (2011) 1534



Jhy production in heavy ions collisions
At LHC energy ? Suppression or/and regeneration ?

[s@ny)
J/y regeneration

L Jhy sequenzial

suppression )
o fs
SPS RHIC e

Bottomonium production at LHC

N

State J/¢(1S) x.(1P) ¢/(2S) MA(1S\ xs(1P) T(25) x»(2P) Y(39)

Tq/T. 2.10 1.16 1.12 \24*0} 1.76 1.60 1.19 1.17
N—r
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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/ 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)

11
R.Arnaldi, OM12




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

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

Il{llllllllllll‘,lllllll
o \'s=7 TeV
4 "’
TS BT 7
Tl i ‘ ] Good agreement of
- —— | experimental data of
+ | ALICE, CMS and ATLAS
j@ for mid-rapidity
: —, C and ALICE and LHCb
& ; for forward-rapidity
* ALICE e'6, |y|<0.9 w= Al
s ALICE '), 2.5<y<4.0 N Transverse momentum
2| © CMS, |yl<1.2 _ distribution- dependence on
* ATLAS, ly|<0.75 : rapidity range.
- LHCb, 25<]y|<4.0 ]
pp | e fa enlog efaug s CMS: Eur. Phys. J. C71, 1575 (2011).

o 2 4 6 8 10 12  ATLAS: Nucl. Phys. B850, 387

p, (GeVic)  (2011).
LHCb: Eur. Phys. J. C71, 1645 (2011,

12
ALICE: Phys. Lett. B/04 (2011) 442




Jhy production in
pp-collisions and dependence on rapidity and energy

107I\I\|I\I\IITII|I\\I\I\
- ® ALICE, e'e’

)

I\flll\lll‘\\ll‘llll‘ll\l

O ]
_ _ - | | 1 L II LI | ll
2 o 4 AUCE PP 18=7TeV - 2 | e ALICE. Jyj<09
& f "oms ] > 10 m CDF. |y|<0.6 N
= = + LHCb E 2~ S 5 1
> f ] _ [ Ao PHENIX, |y|<0.35
S 70 : m 3 < JO | ]
8 I 1 f ] 8 [ ?
- i E : .
g ] i u

"

O 4 M Wk O O N © ©
TTT ||

N —f==

C #

__ open: reflected _: i é
y \s (TeV)
Good agreement of
experimental data at CMS: Eur. Phys. J. C71, 1575 (2011).
ALICE and LHCDb ATLAS: Nucl. Phys. B850, 387
for forward-rapidity (2011).

LHCb: Eur. Phys. J. C71, 1645 (2011,

13
ALICE: Phvs. Lett. B718 (2012) 295




Dimuons spectra at CMS in pp at Vs =7 TeV

trigger paths
Jhy '
iy
B, = "W
Y
o low P double muon
high P, double muon

2011 Run, L=1.1fb”
CMS Ys=T7TeV

Events per 10 MaV
e
=
i

¥

| | |
1 10 10°
dimuon mass [GeV)

B, Is now seen by CMS, ATLAS and LHCb

14



fraction of J/y from B-hadrons

] » CMS 100nb" 14<|y|<24 R
057 » cms  100nb" |y|<1.4 ol ek (e I
1 v LHCb 14.2nb" 25<y<4.0 o T '
0.4 * ATLAS 17.5 nb' |y| <2.25 { 08 ATLAS, Ir,, I=0-70
] ._,: w il '.-J_*-'J'-' 1
] LHC N\s=7TeV {é = =
0.3 Preliminary 0| | '
g 05} |
I -
0.2-] ' i 04| ot
] '] I ar
h ~
a I i
0 1_‘ i i$!!!!!ii . N +*
1 MEee » CDF Vys=1.96TeV |y|<0.6 - | --
i PRD 71 (2005) 032001 0.1 +
ﬂ T L e B B e 55 B s R B s B B B B ) s B B B B B B B B B ,.'ll 1 { N
0 2 4 6 g8 10 12 14 16 18 1 10 (Gev/c)
Jiy FI:
P; [GeVic]

ATLAS: Nucl.Phys/B 850, 387 (2011).
CMS: JHEP 2, 011 (2012,
ALICE: JHEP 11, 065 (2012).

The fraction of J/y from B-hadrons decay depends on pt

and consists ~10% for pt~1.5 GeV/c.

15



Jhy production in ALICE In
pp-collisions and dependence on pt and rapidity

—_— \\Ill\\\ll\\\ll\llII\\lI\I\lII\\‘III\
O ]
—
% I ALICE pp, 2.5<y<4
O 1t — —
~ B K .
o A : ]
1 = ]
~— 4@_' ]
o |
©
> |
o
-
2
O -
10" .
C\_ID - W Vs=2.76 TeV £3% luminosity)
- A Vs=7 TeV &5.5% luminosity)
| |7 (5= 2.76 TeV, CS+CO NLO
- (M. Butenschoen et al., priv. comm.)
(3= 7 TeV, CS+CO NLO
(M. Butenschoen et al., Phys. Rev. D84 (2011) 051501)
10-2\\Ill\\\Il\\\lll\lllll\\ll\l\l
0 1 2 3 4 S 6 7 8
P, (GeV/c)

dn‘wf’dy (ub)

Results in agreement with NLO NRQCD calculations.
pp data at 2.76 TeV — reference for PbPb at 2.76 TeV.

I_|| ||.||||||||||| |||.|||||||||||||||
- " e, ye=T TeV 4% luminosity) "
8_— A& W, V=T TeV [£5.5% luminosity)
L & &', V5-2T76 TeV f3% luminosity) ALICE PP
?:._ By, ¥5E2TE Te (3% luminosity) 7
13 | E
F I
4f i :
¥ %% : : B@ 3
2 ﬁEﬂ@ Eﬂﬁﬂg -
1._'_ open: reflected -
Gzl TSI NN ERERRNNI SRR NE SRR SRR NE ENE N AW Il.ll.ll.:
5 4 3 2 10 1 2 3 4 5
y i1
16

ALICE: Phys. Lett. B718 (2012) 295
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RAa VS Number of participant and multiplicity.
Comparison of ALICE and PHENIX data.

B ALICE (Pb-Pb fag - 2.78 TeV), 2 Becped

o PHENIX (Au-Au 5, = 200 GeV), jyj-0.35

global sys.=+ 129

@ FPHENIX (M- 50 = 200 GaV), 1 2<ji22  global sys.- +9.2%

okl sys. = & 12%

(N

_ EH] HEE}? f
- L 38
- EEEEFﬂ

<

1.4

12

1

0.8

=
o

o
=

ot
ha

o

Suppression for forward rapidity at ALICE lower than at

PHENIX.

No significant centrality dependence.

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

- W ALICE (Pb-Pb ffsg, = 2.76 TeV), 2.5gr=4 global sys =+ 12%
@ PHEND (Al V5, = 200 GeV], 1222 global sys.=+9.2%
o PHENIX [Au-fu 5, - 200 GeV), |y=0.36 global sys.=+ 12%
- EEH El"ﬂ' 4
SR L )
- +
e L Ly b b b L 1
0 200 400 600 800 1000 1200 1400

dN_ fdiy|

L I'i‘-u
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Raa VS Nnumber of participant for different rapidity regions.

Comparison of ALICE and PHENIX data.

Forward rapidity

ALICE Praliminary, Ph-Pl '|||5m.| =276TaV,L = 7O ub™
m  Inclusive Jfw, 2 5<y<d O<p T*:EI Gelffc  globalsys= + 1d%|

FHEMIX (PRC 84(2011) 054912), Au-Au ﬁ =02 TeV
[ Inclusive Jw, 1.2<[y<2.2,p T:*I:II GeVic  global sys.= + 9.2%

i

50 100

150 200 250 300 35{% 400

part

Mid- rapidity

1.4

< N
o G5
1.2 aLIce

| PRILTMINART

0.8f

0.6
0.4

0.2

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

D_IIIIIIII

300 350 400
part

100 150 200 250

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

18
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
E.B _Tﬂ -'.;:::.I . ljﬁlf.ll'd}ﬂﬂ 25 mh G,B _
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 g N,
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 Jhy produced at hadronization or models including large
fraction (>50% in central collisions) of J/y produced from recombinations

can describe results. 19
E.Scomparin, OM12



R, ALICE for forward rapidity vs centrality for
different ranges of transverse momentum. Comparison
with models of X.Zhao and Y.P.Liu

<1.4 <1.4

T | Inclusive J/y, 2.5<y<4 o i Inclusive J/y, 2.5<y<4
I Pb-Pb | 8,,=2.76 TeV, L= 70 by x zhao st i, Nea g50j2011) 114 I Pb-Pb | 8,,=2.76 TeV, L= 70 ub™ x zhao stal, Nea gsaj2011) 114
LB ALICE  giobal sys.- 16% - ol l.e ALICE - giobal sys.= 6% - piord
X » 0<p,<2 GeVic » 5<p,<8 GeVic
081 ? o, 08f
06" 06F § . o
[ A .
0.4 0.4 e B
: : i G 2
0.2} 0.2 o
U-Illlll.llI.ll.llLlllLI]IIlIIlLlJI.II 0-l'll|"|"""'|" l_EEFFF:'#
0 50 100 150 200 250 300 35% 400 0 50 100 150 200 250 300 35? 400
Nout N
~50% J/y are produced with contribution of regeneration is
negligible.

regeneration.
X. Zhao and R.Rapp, Nucl. Phys. A859(2011) 114 20

N. Xu and P. Zhuang, Phys. Lett. B678(2009) 72




Ra, VS rapidity and comparison of
ALICE and CMS data

At large rapidity suppression

IS higher for p;>3 GeV/c

S. Chatrchyan (CMS) ,JHEP 05(2012) 063

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

mg 1.2 POPb\Gy =276 TeV, inclusive Jy
i - ALICE, 0-80%, p_ >0 Gevic
[ - ALICE, 0-80%, p_ >3 Gevic
1 [ A OIS preliminary (PAS HIN-10-006), 0-100%, 3 <p, <30 GeVlc |
B A CMS preliminary (PAS HIN-10-006), 0-100%, 6.5 < p, < 30 GeVic
0.8
0.6
y g M
0.2
_\\lll\lll\\\ll\lllll\l\l\l\l\l\\\ll\\l
0 | | \ \ \ | | | |
0 05 1 15 2 25 3 35 4
Rapidity

1.4
[ré E Pb-Ph calisions at {5, = 276 TeV
.1 2-_ i ALICE {arkiv: 1302, 1383), E.E-d:,r!-i,,:ll (Geiic) = 0 global sys.= = 12.5%
I i CMS (arkhe 100 BORE], | < 24 6.5 <, (Gevia)< 30 global sys.= & 6%
0.8 H
0.6/ w : i
N
02- A
) NP W IR ET P ST S
0 50 100 150 200 250 300 S?EJ 4;30
part

Suppression at ALICE for 2.5<y<4
lower, than at CMS for 1yI<2.4
and p; >6.5 GeV/c.

arXiv:1202.1383 21



ALICE inclusive R,, at low and high transverse momentum.

s 14
o _ Inclusive Jhy, 2.5<y<4 %

i ~ » _

12 - Pb-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
0.8 i
06 [ & 7 n

-8 E * ) L)

A 3 - =
0.4 E E
0.2

0 i L1 1 1 I 1 1 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.

22
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Rcp as a function of centrality.
Comparison ALICE and ATLAS data.

—_
N
I

o
™

o
[}

Rp Normalized to 40-80%
_LI T
—y—
il
i

Pb-Pb \'s,, =2.76 TeV
m ALICE, 2.5<y<4, pT>O (preliminary)

T

0.2 e ALICE, lyl<0.8, pT>0 (preliminary)
o ATLAS, lyl<2.5, pT>6.5 GeV/c (arXiv:1012.5419)
| | |
0 40-80% 20-40% 10-20% 0-10%
centrality

Suppression at ALICE for 2.5<y<4 lower,
than at ATLAS for 1yI<2.5and p;>6.5 GeV/c.

23

P. Pillot (ALICE), QM2011

G.Aad et al. (ATLAS), PLB697



Raa for forward rapidity vs transverse momentum.
Comparison ALICE, CMS and PHENIX data.

1.4

:'I:l: - ALICE Preliminary, Pb-Fb |5, =276 TaV, Lh =Tk’
[I: i B Inclusive Jiwy, centrality (9:-90%, 2.5=<y<4 ghobal sys.= =+ 7%
190 CMS (JHEP 1205 (2012) 063), Pb-Pb |5, =276 TeV.L _ = 7.3 ub"
-= | ALICE ® Inclusive Jiw, cantrality 09-100%. 1.6<|y|<2.4  global sys.= + 8.3%
| FUBLEMINARY PHENIX (PRC 24{2011) 054912), Au-Au | 5,,= 0.2 TeV
1 I ¢ Inclusive Jiy, centrality 0%-20%, 1.2<ly}<22  global sys.= + 10%
0.8

u.af—ﬂ
DAL

: =
0.2:—@1 o B 4

D'.,.I..J.I....I....IL.”n.JI...lI....l.L..IJ.J.
0 1 2 3 4 5 6 7 8 9 10
pT{GeWc)

At LHC suppression is stronger for higher transverse momentum. At low

transverse momentum suppression is lower than at RHIC. 24



R,, data at CMS.

Prompt J/hy.
ly1<2.4 and p; >6.5 GeV/c.

2 omspleimnay .2 oMs pretminary 0 & omE PreliminaryT T T
M PhPhﬁ:E_%Teu 1= E Bobo st'.]@E_%Tev 1M mphﬁ=g£Tev ]
12 SRR SRR .
1| . 1' . 1'
“—“:—‘+ Prompt Jhy ‘ ‘“‘;‘ Prompt Jiy ‘ “B;‘ Prompt Jhy
oo Mo 1 oef 1 oo ;
0" 0" "o 1 od I E
- - ] n e - i S ]
02l 1yl <24 om0l cem 0-100% 4  oz2f Cent. 0-100%]
C 655 <p <30 GeVic ] C 6.5 < p_ <30 GeVic ] C Iyl <24
T30 100 750" 200 250 %00 350 40 D 02040808 1131416182338« D 5 W B 2w Bk
N 0 / 24 J
Pb | Pb N__. |yJ | Pt"Y [GeVvic]
60-100% P 0-5%
Suppression is growing with centrality (up ~80%) .
Week dependence on rapidity and transverse momentum.
25
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R,, data at CMS.

Non-prompt J/\v- |y|<2 4 and p; >6.5 GeV/c.
- CMS Prefiminary ' A&, F SRR 20 F oMS Preliminary '
i PbPby[Syy = 2.76 TeV 1= E#F:smplr M%Tev 1" 1'4: PbPD\[Syy = 2.76 TeV ;
12F 4 12f 4 12f -
1I 1I 1I
08 + Non-prompt .qu?; “ﬁ;‘ Non-prompt Jhp_; “—“;‘ Non-prompt Jhp_;
0.6 * . - o0& - osf + -
oor o g of * FRRIFNRE BV SR L S " .
02f <24 < 02} cent. 0-100% 4  o2f Cent. 0-100%]
EE-:;}T-:HGGEWE ] ﬁ.ﬁ-:p = 30 Gevic : C Il =24 ]
L‘h” 51]' lﬂﬂ léﬂ 2(|l|'.] Eéﬂ”-ﬂt;ﬂ HE;D I;ﬂ: (‘b DIE ﬂ|4ﬂlﬁ DIB ‘II 1_2 141IEI1IB EI 2.|2 24 [ii]” Ilﬁll B III'.']” ”1|5I ”I2!ﬂl B IEI!'}” ”3!]

Pb| Pb

0-100%

Noart

0-10%

0

|

24

PV [Gevic]

Week suppression growing with centrality (from ~30% to ~60%b). Indication on

lower suppression for mid-rapidity and low transverse momentum.

CMS-PAS HIN-12-014
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R,, CMS data for bottomonium

14
1.2
1
0.8
0.6
0.4

0.2

— CMS Preliminary, PbPb\[Syy = 2.76 TeV
- eY(18) Le=150p" ]
Z% *Y(25) lyl < 2.4 5
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arXiv: 1208.2826

For all centrality
— Y(1S): 0.56+0.08%0.07

— Y(25): 0.1240.04+0.02
— Y(38): <0.10 at 95% CL

RAAY(SS) < RMY(29)< RMYQS)

Comparison of J/y and bottomonium
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R,n CMS data

RAA 1_4 B I | | | | | | | | I | | | | | I | | | | | | |
- CMS Preliminary 0-100% 7
1.2 PbPby[s,, = 2.76 TeV .
1: » Inclusive y(2S) (6.5 < P < 30 GeVlc, |y| < 1.6) i
0 8—_1 T(38) (ly| < 2.4), 95% upper limit B
TF4 T(2S)(ly] <2.4) s
= prompt J/y (6.5 < p. < 30 GeVlc, |y| < 2.4) i
06y v(18)(ly| <2.4) ~
0_4:_ Y(1S) _:
L . wa _
0.2~ y(2S) Y (2S) o
[ é Y(3S) 4 i
D_ 1 | | I | | | | | 1 | | | | | | 1 | | | | | | |
0 0.2 0.4 0.6 0.8 1 1.2 e 1208 2826
Binding energy [GeV] NS PAS HIN-Ao 014

Less suppression for states with higher binding energy. -



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% at pt~1.5 GeV/c.

2012.
Measuring of p-p at 2.76, 7 and 8 TeV.
Test measuring p-Pb collisions.
2013.
Measuring p-Pb collisions at 5.02 TeV. (CNM effects).

Our suggestion to measure charmonium production
at LHC with fixed targets 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.
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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 (N s = 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. 3t



In the frame of AliRoot fast simulation we calculated the
geometrical acceptances for the J/y production at LHC
(ALICE for testing) and RHIC and at known fixed target
experiments.

In the same framework we calculated geometrical
acceptances for 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 (\ s = 71.8 GeV).

Then - luminosity and counting rate estimation and

comparison.
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Geometrical acceptances for Jiy at ALICE I M3

Pb-Pb, Vs=5.5 TeV pp, \s=14 TeV

Jhy are generated using CEM y-spectra  J/w are generated according

and CDF scaled p,-spectra and including ~ R.Vogt 2002 approximation for
shadowing for Pb-Pb. P, -spectra and y - distribution.

— — total ( ) —
le. = Integrated acceptance = Ncconred/N® senerated Ngen(J/w)=30000
Entries 30000
—[ewessom]| : C [Eowies s0000]
D.'-"E“":’ %’ E Jl’\jl CEM Eommf > 4a0F JWR 002
B 1o Jiy CDF scaled = 5 o g o Jly RVogt2002 S ™: Jly
% 12005 T 250 enerated Z 2500 Z o
1000F generated 200F . < ok 8o generated
800 150F accepted ok 60
600 - d - E generated [
400 accepted 1005_ i | accepted (with p_cut) WL 0r accepted
200 accepted (wi cut ot 5001 200 .
0 :-r"T""-'F""p?'-?"hi—t ) ok b L ! ! £ with P, cut) LT ‘acclepte‘zd (V‘Vlt pT qut)
c 2 4 6 8 10 8 6 4 2 0 2 4 6 8 R R e S
p, (GeVic) y p, (GeVic) y
é é 60 7 :\: 3 :\: suE
® 9 st o 12f o
g e 2 2w
£ L Qg 3 8 F
Qo Q £ Q o 30
[ @ 30C [0 [0 E
Q 3] £ Q O L
Q Q  20F Q Q E
® @ P L] L] F
0F 10
3 2 3 8 8 70 T o P 2 3 T T T I T
P, (GeVic) y P, (GeVlc) y

| .= 9.76%-wi/o p; cut l,cc= 4.71%-wloprcut
4.26%0- with cut p; >1 GeV/c 4.01%0- with cut p; >1 GeV/c




Fixed target experiment

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

Jhy are generated using p,-spectra with 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
Gaussian with mean value y_ =0 and o=1.1

Jhy are accepted in the rapidity range -2.5<n<-4.0 (-2.98<n<-4.14), and each of
2 muons in the degree range 171°<0<178° (174.2° <0< 178.2°) for generation
Jhy atz=0 (z=+50 cm). Erven 2o30)

Jhy

dN/dp
dN/dy

z=0
l...=12.0%

8 10
[ (GeVic)

z=+50 cm

acceptance (%)

.= 8.79%

acc

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

34




Fixed target experiment

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

Jhy are generated using p,-spectra with the same parametrization with energy
scaled parameter: dN/dp~p,[1+(35n- p,/256 -<p,>)?]° where <p>= 1.6, and
using y-spectra as Gaussian with mean value y_ =0 and 6=1.25.

_ Entrios 30000] I I — 8 . 54%
o S 350F \ acc
T 2500 JI A\ = E
= generated % 300 f
T 2000 250F generated
1500 2005
150 _
1000 e accepted Z_+50 Cm
200 accepted (z = +50 tm) sof B c)
0 0 E
) 10 . — 0)
p, (GeVic) V.. | ace — 5.98%0
g 50 7 — g - _
E 50
L 40
§ = s
@ g o °c
o E 8 2
(5] r «© F
Wig 100
0 E U P S| NS W P - | n 0 i L
0 2 4 6 8 10 -4.5 2.5 2

P, (GeVic) yL;b 35




T

T
Geometrical acceptances I @
b I'E

System pPby;,q

pt cut s (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/e

no cut 0.0718 12.0 7.97 7.44

pt > 11 0.0718 9.79 6.62 6.20

GeV/e

1 range 4.0 > -25 |-4.09--297 |-3.76 < -2.5
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As i1t 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.
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= iy

Luminocity, cross sections(xg>0) , counting rates' -"'x
%, 1"“

System \s G, Opa=C,A%2 | IBwc,, L  Rate
(TeV)  (mb) (nb) (%)  (ub)  (em<s?) (hour)
op 14 329 329 47 0091 5100 1635

OPric 0200 27 27 359 0.0057  2:10% 410
oPb;., 01146 065 882 598 0310 1102 112
oPb.., 00718 055 746 7.97 0349 1102 126
OPbyag, 0.0274 019 258 140 0212 7102 535
PbPby, ., 0.0718 055 11970  7.97 47.9  2.2:107(*+) 378

(*)  pPbyieq, 500 p wire, 3.2 - 101! protons/60 min

(**) PbPDg;, g, 500 p wire, 6.8-108 ions/60 min
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= g

Conclusions I =
N

1. The integrated geometrical acceptances for charmonium
measurement by dimuon spectrometer of ALICE are
5.76% for \s=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 \s=71.8 GeV Pb-Pb
and 5.98% for Vs=114.6 GeV pA at z=+50 cm.

The acceptances are compatible with the acceptances
from other experiments.

3. The measurement in energy range for fixed target
experiment between SPS and RHIC with high statistics
gives important additional information for charmonium
production.
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Comparison with AFTER I

.-'“""w.,,.
AFTER has advantages: '“
e Offers a wide physical program.
e Possibility to use different targets with high thickness — higher luminosity
(20 times more for 1 cm target vs 500 pum)
e Possibility to use 1 meter-long liquid H, and D, targets:
extremely high luminosity ~20 fb-! yr! -compatible to LHC.
But — high cost.

Fixed target experiment with the target in the form of thin
ribbon:
e Only after beam tuning with the aid of rotation system-put in the working
position
e Used only halo of the beam (.and may be used as extra collimator)
e May be placed at existing experimental installation (for example, LHCb?)
e Possibility to measure charmonium production with rather high statistics on
different targets in pA and PbA.

First step to AFTER?
40




Backup
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The luminosity estimate is shown in the Table . This number we obtain from the LHC
proton parameters for the Commissioning Version 3(*)

http://bruening.nome.cern.ch/bruening/lcc/WWWpages/commissioning_parameter.ntm

We get proton Ioss of 3.2-1011 during first hour (0.9-108

1.5:10 22 ¢m

p/s) and luminosity about
s™L for 500 micron lead ribbon.

Mean luminosity ~ 1-10 29 em2571 (0.1ub “1s71). Integrated [Ldt =1pb ~1yr L.

For loss 109 p/s , mean luminosity ~ 1-10 30

JLdt =10pb " 1yrl). vr(p)=10"s.

cm 2571 (1up "1s71),

For lead beam the loss is 6.8-109 ions/ hour , and luminosity about 3.2-10 21 cm™2

for 500 micron lead ribbon.
Mean L ~2.2-10 27

S

s7l22mb™1s71y. JLdt = 22nb7yr™L vr (Pb) = 10 Os.
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=1 10—
1.05 } n oroes
L b & MAEGD 400 GeV
: NASD 158 GeV
0.95 } %-‘H "l ® g
o HiH .
T 1T | b
B J I .
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- | "
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B 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
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Xg

' o (158 GeV) = 0.882 + 0.009 + 0.008
USIng Gpa=Opp Ac ‘ o (400 GeV) = 0.927 + 0.013 * 0.009
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Luminosities

| uminosities

@ Expected proton flux ®pesm =5 x 108 pts—!
@ Instantaneous Luminosity:

L = Ppeam X Niarget = Npeam X (p X { x Ap)/A

@ Integrated luminosity: [dt.Z over 107 s for p* and 10° for Pb
[the so-called LHC years]

Target p (g.cm3)

A

L (pbl.s?)

J.r (pbl.yr?)

Sol. H,

Lig. H,

Liqg. D,
Be
Cu
w
Pb

0.09
0.07
0.16
1.85
8.96
19.1
11.35

1
1
2
9
64

185
207

26
20
24
62
42
31
16

260
200
240
620
420
310
160

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

Key figures for AFTER

February 3, 2013

[ £: target thickness (for instance 1cm)]
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. uminosities

@ 1 meter-long liquid Ho & D targets can be used (see NA51. ...)
@ This gives: i'ﬂHz.-""Dz ~ 20 fb—1 y—1 e LHC 2012 RUN (4 TeV/beam)
@ Recycling the LHC beam loss, one gets Eh g

—— CMS5 22,637 fb”

20 H—¢— LHCb 2,115 fb™
—o— ALICE 9.099 pb~'
PRELIMINARY

a luminosity comparable to the LHC itself !|

@ PHENIX lumi in their decadal plan
- Run14pp 12 pb~" @ /suy =200 Gev
- Run14dAu 0.15 pb~" @ /s = 200 GeV

@ AFTER vs PHENIX@RHIC:
3 orders of magnitude larger L
@ Lumi for Pb runs in the backup slides ° " Mar dor ey kin NIALg Sep et ov

gqenerabed 20021302 18:22 incleding fl 2360

15}

10

Delivered integrated luminosity (fo™")

(roughly 10 times that planned for the LHC)

45
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Luminosities

@ Instantaneous Luminosity:
¥ = Ppeam X Niarget = Npeam % (p x  x Ap)/A

Dpeam =2x 105 Pbs™', ¢ =1 cm (target thickness)
@ Integrated luminosity [dt.¥ =.% x 10° s for Pb
@ Expected luminosities with 2 x 10°Pb s~ extracted (1cm-long target)

A £ (mbls)=fr (nbryr)
Sol. H, 0.09 1 11
Lig. H, 0.07 1 8
Lig. D, 0.16 2 10
Be 1.85 9 25
Cu 8.96 64 17
w 19.1 185 13
Pb 11.35 207 7

@ Planned lumi for PHENIX Run15AuAu 2.8 nb—! (0.13 nb~! at 62 GeV)
@ Nominal LHC lumi for PbPb 0.5 nb—1

46
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A few figures on the (extracted) proton beam

Beam loss: 10° pts1

Number of p+: 2808 bunches of 1.15x 1011 pt =3.2 x 10'4p*

Revolution frequency: Each bunch passes the extraction point at a rate of
3.10% km.s~' /27 km ~ 11 kHz

@ Extracted “mini” bunches:

e the crystal sees 2808 x 11000 s~ ' ~ 3.10” bunches s
e one extracts 5.108/3.107 ~ 16p™ from each bunch at each pass
e Provided that the probability of interaction with the target is below 5%,

@ Extraction over a 10h fill: no pile-up...
e 5x 1080 x3600sh 'x10h=1.8x10"3p* fill "

e This means 1.8 x 10'3/3.2 x 10'* ~ 5.6% of the pT in the beam
These protons are lost anyway !

o
@ Extracted intensity: 5 x 108 pts=1 (1/2 the beam 0SS) & agers, u: uggernol, i 8 234 200831
)
)

@ similar figures for the Pb-beam extraction

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

47

Key figures for AFTER February 3, 2013 12/17




AFTER: also an heavy-flavour observatory in PbA

@ Luminosities and yields with the extracted 2.76 TeV Pb beam

(v/Snw = 72 GeV)

A.B f.£ (nbryry) N{(/¥) yrt N(T) yrt

= ABLB0, =AB B0,

1 m Lig. H2 207.1 800 3.4 10° 6.9 10°

lcm Be 207.9 25 9.110° 1.9 10°

lcm Cu 207.64 17 4.3 10° 0.9 10°

lem W 207.185 13 9.7 10° 1.9 104

lcm Pb 207.207 7 5.7 10° 1.1 10

LHC PbPb 5.5 TeV 207.207 0.5 7.3 10° 3.6 10%

RHIC AuAu 200GeV 198.198 2.8 4.4 10° 1.1 10
RHIC AuAu 62GeV 198.198 0.13 4.0 10% 61

48
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Mean transverse momentum of J/y vs energy in pp

_ Inclusive J/y production

" o ALICE 2.5<y<4, p_<8 GeV/c

- o LHCb 2.5<y<4, p_%14 GeV/c (prompt J/y)

C o LHCb 2.5<y<4, p/<14 GeV/c (J/y from B)
PHENIX 1.2<|y|<3.2 Q
PHENIX |y|<0.35

. = HERAB +‘
- 4 NA3 +

«
o

<p_> (GeV/c)
©w

n
(3

[ o]
III

0.5\

NS Phys Lett 5718 (2012) 205

102 10° 10
5”2
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ALICE inclusive J/y mean <p;>and <p;2>1In
comparison with SPS and RHIC data.

) (GeVic)

asl Inclusive J/ v - _& [ Inclusive J/y
| A ALICE, pp ¥5=2.76 TeV, 2 5<y<4 = “Q 3L A ALICE. pp V5=2.76 TeV, 2.5<y<4 j
"« ALICE, Pb-Pb {5, =2.76 TeV, 25<y<4  AITCE S * ALICE, Pb-Pb /5,,=2.76 TeV, 2.5<y<4 JBLICE
- " 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, D<y<1
I o NASO0, Pb-Pb s, =17.3 GeV, D<y<1
250 oL YSun
A @
E 1 5 B o2 C'CIC,:LP:‘
2 ® o {
'
_ s el *
S Pty 1~ & }  ® .
151 ™=
05
1 1 1 ||||||| 1 1 |||||||2 1 | L L llll-lll- L L LllLlllE L L
1 10 10 1 10 10° N
(N2 (N oar?

Behavior at 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 with centrality was obtained.
50
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ALICE inclusive R,, 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?
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