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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 Region] *©  saturation, color glass condensate
i 3 gUPPEesSion Via comovers
MIGeVIET  feed down from y,, y’

sequential screening (first: ., y’,

J/hy 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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Charmonium production

1990 2010 2013

Charmonium suppression is one of the important signal of QGP
formation ’



Jhy suppression at SPS
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G, depends on energy ;
Suppression (~20-30%);

G.c ¥ (158 GeV) = 7.6 £ 0.7 £ 0.6 mb

Oy ¥ (400 GEV) =43 08206 mb

B. Alessandro et a AS5Q P O 00 R. Arnaldi et al. (NA60), Nucl. Phys. A (2009) 345

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




Jhy suppression at PHENIX, RHIC
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Suppression (~40-80%); Models could describe main features but no
Larger suppression at quantitative agreement.
forward rapidity

d2N* /dp,d7

Raa(Pr) = o™/ dp.d .— | N-N cross section
T

Is regeneration
important?

A.Adare et al.



Jhy suppression at PHENIX, RHIC( +low energy+AA)

16 arxiv:1208.2251

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

* ™ R,.(62.4 GeV) = PHENIX data/our estimate

Global sys.= + 29.4%
1.2 i R,.(39 GeV) = PHENIX data/FNAL data
1 Global sys.= + 19%
éﬂ_ﬂ Jiy —up, 1.2 <|y] < 2.2
A
06— E{E E Au+Au
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Phys. Rev C 86 064901 (2012

No pp- data at
62.4 and 39 GeV —
large systematic errors

Suppression approximately
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Comparison of SPS and RHIC data
at mid rapidity

Rap8s2 _functlon of Raaas afunction of N
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Which dependence With NAGO data (cabsdgpends on ene_rgy)
suppression of charmonium production

?
to choose at PHENIX larger that at NA5O 7

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



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

At LHC energy ? Suppression or/and regeneration ?

Jw=ptu 2.5<y<4 Py rLoverage
ALICE down to
Jjwsete  |y|<0.9 PO
(up tp now only inclusive J/y results)
Pr, = 3GeV,
ATLAS  Iy=2urw lyl<2.4 | |<2.5
= pr J/w>6.5GeV/c
(separation between B and prompt J/w)
pr coverage
CMS Jw=2utp |yl<2.4 depending on
the y region
(separation between B and prompt J/w)
] pr coverage S
LHCb y=2ptwe 2.5<y<4 4own to p-~0 S
(separation between B and prompt J/w) I"
(no heavy ion physics program) .




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

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

Il{llllllllllll‘,lllllll
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4 "’
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Tl i ‘ ] Good agreement of
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: —, C and ALICE and LHCb
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* 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,

9
ALICE: Phys. Lett. B/04 (2011) 442




Jhy production in pp-collisions and dependence on
rapidity and energy
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CMS: Eur. Phys. J. C71, 1575 (2011).
ATLAS: Nucl. Phys. B850, 387
(2011).

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

11



fraction of J/y from B-hadrons
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057 » cms  100nb" |y|<1.4 ol ek (e I
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ATLAS: Nucl.Phys/B 850, 387 (2011).
CMS: JHEP 2, 011 (2012,
ALICE: JHEP 11, 065 (2012).

The fraction of Jiy from B-hadrons decay depends on pt

and consists ~10% for pt~1.5 GeV/c.
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Jhy production in ALICE in pp-collisions at 2.76 TeV
and dependence on pt and rapidity
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ool g RE
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| [ V3= 2.76 TeV, CS+CO NLO oF E
M. Butenschoen et al., priv. comm.) o -
= V5= 7 TeV. CS+CO NLO 1:_ E
(M. Butenschoen et al., Phys. Rev. D84 (2011) 05150 ._ open: reflected
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Results in agreement with NLO NRQCD calculations.

pp data at 2.76 TeV — reference for PbPb at 2.76 TeV.
13

ALICE: Phys. Lett. B718 (2012) 295



Raa VS Nnumber of participant for different rapidity regions.

Comparison of ALICE and PHENIX data.

Forward rapidity

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

Mid- rapidity

141
rr:5 1<

ALICE Preliminary, Pb-Pb u'sTN =276 TeV, L= 15ub"
@ Inclusive Jiy, |y|<0.9, |:|-T=-1ZII GaVic global sys.=+ 26%

BHENIX (PRC 84(2011) 084912), Au-Au |5,p, = 0.2 TeV 1.21 ALICE PHENIX (PRC 84(2011) 054912), Au-Au|5,, = 0.2 TeV
[ Inclusive Ny, 1.2<]y]<2.2, p =0 GeVic  global sys.= £ 9.2% i O Inclusive My, |y|<0.35, pT}G GeVie global sys =+ 12%
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oal @E g .. = . i 0
A 04
; i : g,
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0 50 100 150 200 250 300 35{%’- 400 0 50 100 150 200 250 300 350 400
part part

Smaller suppression with respect to RHIC,
compatible with Jhy regeneration model

ALICE arXiv:1311.0214 14



Comparison with the statistical hadronization model
and transport models.

T ALICE Preliminary, Pe-Pb {5, = 2.96 Tel, L= 70 ub” & 1.4 ! ALICE Preliminary, Po-Po {5, = 2.76 TeW, L~ 15 pgr’
3 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 J/y produced at hadronization or models including large
fraction (>50% in central collisions) of J/y produced from recombination

can describe results. 15
ALICE arXiv:1311.0214



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
: : “T Ry, 4.
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
At low transverse momentum At high transverse momentum
~50% J/y are produced with contribution of regeneration is
negligible.

regeneration.
X. Zhao and R.Rapp, Nucl. Phys. A859(2011) 114 16

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




Ra, 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%

[ ALICE, 0-80%, p, >3 GeVic @ CMS {arkiv1 201 8068}, [ < 24, E_S-Epl (Gewiig) £ 30 global sys.= & 8%

| 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 GeVic 1 1
0.8 I
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Suppression at ALICE for 2.5<y<4

'.A‘t I_arge rapidity suppression lower, than at CMS for 1yI<2.4
Is higher for p;>3 GeV/c and p, >6.5 GeV/c.

S. Chatrchyan (CMS) ,JHEP 05(2012) 063 arXiv:1202.1383 17

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




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

transverse momentum suppression is lower than at RHIC. 18



R, PbPb CMS data for bottomonium

14

— CMS Preliminary, PbPb\[Syy = 2.76 TeV
L #Y(S) Le=150p" ]
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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

{ II|IIII|IIII|II
o CMS PbPb |5, =

1_4:— 2.76 TeV —
B m Prompt J/yp (Preliminary)
1.2 4 yas) -
1: L e Y(2S)
1
0.8_— —
- m +
0.6/~ ¢ .
B *+'F " 6
0.4 "' B, ¢ 8
B m - 7]
0.2[ + + + - C
:I ] ] L L1 + + | +
% 50 100 450 200 250 300 350 400
Noan

50-100“/0

19

0-10"/n



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 _
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Binding energy [GeV] NS PAS HIN-Ao 014

Less suppression for states with higher binding energy. 20



R,n ALICE PbPb data for bottomonium

< 1.4¢
© [ & ALICE Pb-Pb\|s, =276TeV, L =69ub"
1 2: Inclusive 1(18),25 <y <4, P, >0

A. Emerick et al.,, EPJ A48 (2012) 72
[l Total 7l Pomerdial == Regenerated
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Suppression of Y(1S) grows with centrality.

s 1.4

E PD-PD |5, = 276 TeV. inclsive 1(1S), p_>0

1.2~ e ALICE: L, =69 ub™, 0-90% (cpen: reflected)

- ® CMS: L” =150 ub ' 0-100% (PRL 108 (2012) 222301)
! S s ot e i 1B 5
A. Emerick et al., EPJ A48 (2012) 72
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0.6 Il
RS Emow e
02:&—@- -
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arXiv:1405.4493 y

Larger suppression compared to measured by CMS at mid-rapidity.
Theoretical transport model (suppression and regeneration plus CNM

effects) underestimates the observed suppression both for centrality and

rapidity dependences.
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CNM: J/y suppression at LHC in pPb and Pbp vs y

a
u:-h."] 4-_ u;l!i 14_ p-Plb | 5,4, = 5.02 TeV
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06F 0.6 - [ |EPS09 NLO (Vogt)
i - |1 CGEC (Fujii et al.)
04 0.4 |- - - ELoss, q,=0.075 GeV*m (Arleo et al.) i
» ALICE: 0<p <15 GeVic, (arXiv:1308.6726) T EPaee L0 ELoss 60,055 Gf“:fm (Arieo et al)
B M — eentra rrelife el al.
U2 LHCb: 0<p <14 GeVic, @rXiv:1308.6729) 0.2~ | Epsos LO central set + ., = 1.5 mb (Ferreiro et al)
= - ... EPS09 LO central set + o = 2.8 mb (Ferreiro et al.)
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Forward

Very good agreement between ALICE and LHCDb

results.

Theoretical models: agreement with shadowing
EPS09 NLO (R.Vogt) and LO (E.Ferreiro) results

846 < yopus < -2.96

2.03< <353 :
Backward eks and Eloss (F.Arleo et al.) calculations.

CGC (H.Fujii et al.) could not describe the data.
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CNM: Jhy suppression at LHC in pPb and Pbp vs pt

Forward rapidity Mid-rapidity Backward rapidity
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1.2

i
141 2idcy_ <383, L = S08k"

FRILISIRRET

12} 1.2F
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-

EPSIE HLO (Vogth

2 B S50 Fujl & sl I EFEdd MLO [Negll
0 == ELsai with g 20073 Ge¥'rim fAcses sl k) 0.2¢ =n'?|||'EEaEw 02 <= Blosswits g <575 GoVitm [Ariso et al)
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ok 0 L PP BT i | o il T | M| P M 1 . I —Iﬂ;ﬂﬂT-I::+!:auI-llh urJI!ﬂI::-'-:""htlrl:nIIIIl:l
0 1 2 3 4 3 & 7 i 0 2 4 G 8 10 ) | 2 3 4 5 &

78
P (GeVic) P, (GeVic) P (GeVic)

Theoretical models: agreement with shadowing
EPS09 NLO (R.Vogt) and LO (E.Ferreiro) results

and Eloss (F.Arleo) calculations.
CGC (H.Fujii et al.) could not describe the data.
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Ropp ALICE data for Jhy and y(2S) vs pt

E 4 ol AUCE.pPb |5,= 502TeV, 446<y <296
m‘ 1 8 [ um

£ EPS09 NLO + BLews with § 93.355 GaV'm (Arfea ot o)
1.6;— FLoss with 50076 Gav'iin (Ao ot at)

F EFL03 MO (Vogt)
14-

= o

1.2F® W)

-

-

-4.46 < yops < -2.96

Backward

arXiv:1405.3796 p, (Gevic)

1d

06

04F
02}
0',.

16
14}
125._0 vi28)

& 1.8 AUICE.pPD (5,502 TeV. 203 <y, <383

2500 .0 ¢ BLows wth g 20345 GaV'Am (Ackeo ot al )
Elcos with g 20075 Calihn (Aes et 4l |
2500 NLO [Vogt)

1:_ .................. e e R D R AT
08+

| ST EEEPET E

R R
arXiv:1405.3796

Suppression for y(2S) is systematically higher than for J/y, but has the same behavior.

Theoretical models predict almost the same suppression for both resonances.
Initial state effects alone could nor describe y(2S) data — final state effects should be taken

into account.
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R,pp ALICE data for inclusive y(1s) vs y

o |
p-Pb |5, = 5.02 TeV %
ALICE

FRELIMINN

Forward
-4.46 < yous < -2.96

e Inclusive T{1S)-p'y, p, > 0 (preliminal
Backward of B {1S)-u'w, p, > 0 (preliminary)
| Eloss (Areo et al., arXiv:1212.0434):

02 NN Eloss
L [ ELoss+EPS09NLO

(1] PP I IS ENNPITE IR S e |
A 3 2 -1 0 1 2

[ =
L
L

r'S

2.03 <yms <3.53

Only energy loss plus shadowing can describe the data at forward rapidity but these
models underestimate the suppression at backward rapidity.

25



R, (PbPD) for forward rapidity vs transverse
momentum without shadowing effect

factorization of shadowing effects in p-Pb
and Pb-Pb: . .
PbPb — Rpr X RPbp

Shad _  Shad
Rpvpy = Rypp(3=0) x Rppo(y=0) = Sye = Revpy | Rpvpy

+» 18—
"y : ALICE inelusive Jiy—u'y Sy, = mﬁgg __
1.6 R * Rirs
L Frprnt | G276 ToV, 2hcy ol B-50% (subemitiael te arliv]
14 W —

Rt |2gy=502 ToV, 203y 3.53 {preliminary
1.2

[ ﬂ':;'i | Bp= 02 Tal, -ddbay, <284 (prefiminary)
C [ et wncmrisinay
‘I = R TITE T e R————
0.8

- —H— torward rapidity
0.6

G'E - hypothoss: iachoncaion of shadeesng ofocts from the beo
- msschesl i PPl el 2-#1 kinesmaios for L'y produstien
D-IJJL PO TR TN T T T 0 N T (0 T 0 T 0 A (S T T O M

l
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pT:GeWcJ

At low transverse momentum Jhy are produced with indication on

enhancement in agreement with regeneration model. At high transverse
momentum strong suppression is seen — QGP formation? 26



Conclusions

- Quarkonium production is a useful probe for the QGP formation

and for testing pQCD models in pp-scattering.

- Jhy, w(2S) and Y (1S) differential cross sections in pp-scattering
could be described by NLO NRQCD models.

- For pPb suppression+ shadowing+energy loss models reproduce Jhy,
but fail to describe additional suppression of y(2S) and
underestimate the observed Y (1S) suppression at forward rapidity.

- Evidence for additional J/hy production from regeneration at low
pt in PbPb collisions.

Our suggestion to measure charmonium production
at LHC with fixed targets for lower energy with high

statistic to clarify the mechanism of production. .



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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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<xr<0.1,
\s=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<xg<0.6, Vs=19.4 GeV
NAGO
p-Be,Al,Cu,In,W,Pb,U 158/400 GeV,-0.1<xr<0.35, ,
2 \5=17.3/27.4GeV




Colliders (RHIC,LHC)

AA collisi RHIC CuCu, AuAu Vs =39, 62, 130 GeV, 200 GeV
coTliSIons LHC PbPb Vs = 2.76 TeV (max 5.5 TeV)

RHIC pp, dAu Vs = 130, 200 GeV

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

pPb  Vs=5.02TeV

Fixed-target (at LHC) —energy between SPS and RHIC
was suggested in 2005 and then in 2009 at CERN Workshop “New
opportunities at CERN”.  A.B.Kurepin, N.S.Topilskaya, M.B.Golubeva

Phys.Atom.Nucl.74:446-452, 2011.

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

A collis p-A 7000 GeV , Vs = 114.6 GeV
PA COTTIsIons (5000 GeV, \s =96.9 GeV)
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Existing and future experiments in heavy ion collisions

energy
(GeV)

~2

~10

~100

~1000

accelerator/exps
accelerator/exps

S1S-18/HADES
BM@N
SIS-100/HADES-CBM

SPS/NAG1
SPS/NA61+/CHIC
NICA/MPD/AFTER
RHIC/BES I

RHIC/STAR,PHENIX
FT@LHC

LHC/ALICE ATLAS,CMS

T (MeV)

200

100

f

LHC

RHIC

FT@LHC quark gluon plasma

....SPS
NICA

S|S-18
BM@N

I
500



SPS, CERN., Geneva (~2017-...)

Experiments: NA61+ (open charm), CHIC (charmonia), NA60+

Energy: up to 158A GeV, Beams: from p to Pb

Apparatus
NA6 1 + \ \ x artlst view V

Calorimeter:

Exit window ~&__ |

\
A \
V3= b \
: o \ ;
P | ; '
‘ \ '
1
. ) .
'ul :
\ B!
‘:‘ ‘ Aluminum plate Vs
|
P Instrumented Absorber : E
4.5 m thick Fe absorber A I4 - - :
> dimuon trigger rate ~ 0.3 kHz x| f LA ‘ \

El”[fy window Could be magnetand to meature musse momentum Rl Silicon Spectrome!
oovers 1.5 rapidity uret
 mass resolution =20 MeV/c?
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FT@LHC, CERN. Geneva (~20??-...)

Experiments: AFTER (quarkonia), ...

Energy: up to 2.76A TeV,

Beams: from p to Pb

A tentative design for AFTER

* Tentative design 1.3 < v < 5.3
— With 7 TeV beam : -3.5<yom<0.5
— With 2.76 TeV beam: -3 < ycu = 1

= Bpin =10 mrad

* Multi-purpose detector
® Vertex
* Tracking (+ dipole magnet)
* RICH
* Calorimetry

* Muons

* High boost — forward and as
compact as possible detector

| pesudo-rapidities in the Center-of-Mace System |

nem= -3.5

g

£
8

g

g

NoganeRal

radial distance to the vertex (cm
8

7] — T — / s
= ¢ 7TeV heam ./ -
£ SN

7

T
.
-, t

~ 400 600 BOO 1000

longitudinal distance to the vertex (cm)
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ES-Il, RHIC, Brookheaven (~2017-20187)

Experiments: STAR+, PHENIX+

Energy: 3-20 GeV (N+N c.m.s. energy) Beams: from p to Au

Place fixed
target here
(2m)
BBC NG BBC
'DC e A8 ZDC
e B A
e P TN g
7 A3\ A )|\ UrQMD/GEANT simulation. [ ERCAS
- o L of a peripheral AutAuat e
[T sy =4.5 GeV B S
¢ Vi O T e ..
g/ ' o] WA A Y R AN Fixed Target Program
Cotider moge Ensrgies (GEV) 5 | 727|105 |ses|10st k) . Wl ) =] oxtends STAR's physics
Fized Target vsg (GeV) 25| 20| 3s]as u“. . See reach to region of
e ke L ) [ | | compressed baryonic
Fixed Target v oR 105\ 125|147 |rS2

e —




Luminosity, cross sections(x;>0) , counting rates
for fixed target experiment at LHC by dimuon

-5 i
e 1‘“

System Vs ©,, 0,x=0,,-A%? | 1B, L  Rate
(TeV)  (mb) (nb) (%)  (ub)  (cm?s?) (hour?)
op 14 541 541 471 0150 3100 1620

OPriye 0200 27 27 359 00057 1103 205
oPb.., 01146 065 882 598 0310  3-10%) 3360
oPb.., 00718 055 746 7.97 0349  3-103) 3780
DPbyse, 0.0274 019 258 140 0212  7-10° 535
PbPb, ., 0.0718 055 11970  7.97 47.9 1.7-1027(++) 292

(*)  pPbsieq, 500 p wire, 3.1 - 10° protons/s

(**) PbPbg,.q4, 500 p wire, 1.4-10° ions/s
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= g

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 Vs=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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AFTER - A Fixed Target ExpeRiment

Generalities

pp or pA collisions witha 7 TeV p™ on a fixed target occur at a CM energy
Vs=/2myEp ~115 GeV

In a symmetric collider mode, /s = 2Ep, i.e. much larger

Benefit of the fixed target mode : boost: Y22 = % ~ 60
e Consider a photon emitted at 90° w.r.t. the z-axis (beam) in the CM:
Y
. (Emb) _(T yﬁ) (pT) (Pz.em =0, Eqyy=pPr)
Pzian) \YB ¥ 0
® Pr1ap = 60pT ! [AB7 MeV yiroma x° at rest in the CM can easily be detected.]
. i _p _ 1 T
Angle in the Lab. frame: tan@ = b =78 0 ~1°,

[Rapidity shift: Ay = tanh™'p ~ 4.8]
The entire forward CM hemisphere (y > 0) within 0° < 6 5 < 1°
Yem = 0= yrap = 4.8]
Good thing: small forward detector = large acceptance
Bad thing: high multiplicity = absorber = physics limitation
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The beam extraction

% The LHC beam may be extracted using “Strong crystalline field”
without any decrease in performance of the LHC !
E. Uggerhej, U.| Uggerhoj, NIM B 234 (2005) 31, Rev. Mod. Phys. 77 (2005) 1131

% lllustration for collimation

Bent-cn;st.\
A solid state primary as primary
collimator-scatterer collimator
* Tests will be performed on the LHC beam:
LUA9 proposal approved by the LHCC
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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?
39




Backup



Now (*) from experimental ALICE 2011 year pp data we got 1.2 1011 protons per bunch,

1380 bunches and life time 14.5 hours. We get particle loss of 1.1-1013 p/hour

30

(3.1-109 p/s) and luminosity about 5-10 °° cm™2 s™1 for 500 micron lead ribbon

Mean luminosity ~ 3-10 30 m2471 3 b "1s™1y,

Jdt =30pb ~LyrY). vr(p=10"s.

For PbPb (**) we got 1. 108 protons per bunch, 358 bunches and life time 6.5 hours. We get

particle loss of 5.1.10° Pb/hour (1.4-106 Pb/s) and luminosity about 2.4-10 27 em2 5L for

500 micron lead ribbon. Mean L ~1.7-10 2/ cm™2s71 (1.7mb~ 171y,

Jdt = 2.7nb™2yr L vr (Pb)=10°%s.



