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A rough timeline”

(*) focusing on AA, pA, €A, coallisions only

Vsnn (TeV)
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CMS i t major ijpérades ATLAS, CMS(CERN)
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A rough timeline”

(*) focusing on AA, pA, €A, collisions only

Vsnn (TeV)

ALICE, ATLAS, | CTEEEERRST LHC
550 CMS’LHCb .......... ‘ .......................................... .......... ........................................................
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H.l. collisions @ L HC

[ H. Appelshauser, ESPG Symposium, Cracow, Sept. 2012 ]

® Unique opportunities to study QCD at pe ~ O-in H.l. collisions via hard and
electroweak probes

x nitial T and energy density : the highest achievable inthe lab
x large Vsnn ™ abundant production of hard probes

x first principle methods (pQCD; Lattice-Gauge  Theory) most applicable
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H.l. collisions @ L HC

[ H. Appelshauser, ESPG Symposium, Cracow, Sept. 2012 ]

®x Unique opportunities to study QCD at ps ~ O0-In H.l. collisions via hard and
electroweak probes

x nitial T and energy density : the highest achievable in the lab
x large Vsnn ™ abundant production of hard probes

» first principle methods (pQCD; Lattice Gauge Theory) most applicable

s —— = S— = = — = = -

sHihestop priontyfortuture quarkimatierresearchiin  Europe is the
pofulb-exploitationiofthieiphysics-potential-of-colliding -heavy ions in
HANCIEHCS

. r
‘ Conclusions of the Heavy-lon Town meeting (June 2012, CERN), in the preparation

of the European Strategy Preparatory Group for Particle Physics (ESPG)
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H.l. collisions @ L HC

[ H. Appelshauser, ESPG Symposium, Cracow, Sept. 2012 ]

®x Unique opportunities to study QCD at ps ~ O0-In H.l. collisions via hard and
electroweak probes

x nitial T and energy density : the highest achievable in the lab
x large Vsnn ™ abundant production of hard probes

» first principle methods (pQCD; Lattice Gauge Theory) most applicable

S = —— —— E— = = - — == -

sHihestop priontyfortuture quarkimatierresearchiin  Europe is the
pofalexploitationiofithieipnysics-potential-of colliding:heavy ions in
HANCIEHCS

. r
" Conclusions of the Heavy-lon Town meeting (June 2012, CERN), in the preparation

of the European Strategy Preparatory Group for Particle Physics (ESPG)

Temperature

» currently approved program (1 nb™") : essential step
towards an era of precision measurements

extension to 10 nb" : full exploitation of LHC physics
potential + experiments complementarity

= .l beyond LS3

4
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| HC - short term (2013 - 2014)

ETechnical Stop lon run
Recommissoning with beam lon setup

Machine development 4

~p-Pb + Pb-p(Jan. 2013) : CNM effects

> Vs =5 TeV, target luminosity 30 nb’

| 22 days of stable beams

eks physics
oton

2010 | Pb-Pb | O(10) ub"

2011 | Pb-Pb | O(150) b
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| HC - short term (2013 - 2014)

~p-Pb+ Pb-p (Jan. 2013) : CNM effects

(@8 [as o051 [62] 1] 2] 5] s > Vs =5 TeV, target luminosity 30 nb-’

[P 22 days of stable beams

SESEERSSES

oton [
--_ | Proton Lead < B

LS1

I O [ LR, S 2010 Pb-Pb | O(0) b
2011 Pb-Pb  O(150) ub-

Long-Shutdown 1 (2013 - 2014) :

b 1 year o = 1HC design energy (p+p 14 TeV, Pb+Pb 5.5 TeV)

& detector maintenance, completion and (small) upgrades (e.g. ALICE-TRD, -CAL,
ATLAS additional pixel layer, ...")
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| HC - short term (2013 - 2014)

~p-Pb+ Pb-p (Jan. 2013) : CNM effects

5 £S5 G0 K5 I I I I > Vs=5 TeV, target luminosity 30 nb’

ﬂ-ﬂﬂ I I
------TU—'r
I I N I I

& 22 days of stable beams

eks physucs

oton
< SHUTDOWN

LS1

=
--'. | Prc;;c;n Ic.sead
I O [ LR, S 2010 Pb-Pb | O(0) b

2011 | Pb-Pb | O(150) b

Long-Shutdown 1 (2013 - 2014) :

P 1 year 2 = [LHC design energy (p+p 14 TeV, Po+Pb 5.5 TeV)

& detector maintenance, completion and (small) upgrades (e.g. ALICE-TRD, -CAL,
ATLAS additional pixel layer, ...")

Followed by 3 years of data taking at the LHC design energy

Andry Rakotozafindrabe (CEA Saclay)
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| HC - mid/long term

1 nb!

Vs (TeV)  target luminosity

5.50

2.0

2013 18 29 time

2010 Pb-Pb | O(0) b
2011 = Pb-Pb | O(150) b
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| HC - mid/long term

1 nb!
Vs (TeV)  target luminosity

5.50

2.0

2013 18 22 time
B8 ~High lumi: Pb-Pbruns :
2D R 50 kHz collision rate

2011 Pb-Pb | O(150) pb! §(Current ALICE max readout ~1kHz)
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| HC - mid/long term

1 nb!
vsa (TeV)  target luminosity : 10-nb™!
o
B N 3 b By LHG
<> (CERN)
276 ......... ................................. upgrade ......... ........................................................................

ALICE

2013 1183 22 time
~High lumi.-Pb-Pb runs :
2010 Pb-Pb | O(10)pb™ 50 kHz collision rate
2011 Pb-Pb | O(150) pb! (current ALICE max readout ~1kHz)

x  ALICE Lol (Sept. 2012) i upgrade TS, TPC, Muon Arm, ...

Y. improve low pr tracking, vertexing, PID capabilities, reduce material budget

v/ many key observables do not allow low-level triggering ™ high rate capability of detectors and
readout system

»x  ALICE Lol addendum : Muon Forward Tracker (MFT), VHMPID, FoCal

Andry Rakotozafindrabe (CEA Saclay)



ALICE ITS upgrade

new ALICE Inner Tracking System:

- 7 Si-layers (7 pixel or 3 pixel + 4 strip)

—> low material budget X/X,= 0.3% per layer
(currently 1.14%)

- improve vertex resolution by factor 3

—> improve low p; tracking efficiency

- allow for 50 kHz readout

CERN-LHCC-2012-05 / LHCC-G-159

Parallel 6C: R. Lemmon
Poster: G. Contin

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

& G)

N7

CERN-LHCC-2012-05 / LHCC-G-159
March 6, 2012

Conceptual Design Report for the Upgrade of the ALICE ITS

The ALICE Collaboration*

Version: CDR-0

Copyright CERN, for the benefit of the ALICE Collaboration.
This article is distributed under the terms of Creative Commence Attribution License (CC-BY-3.0), which
permits any use provided the original author(s) and source are credited.

*See Appendix A for the list of collaboration members

Harald Appelshauser, Quark Matter 2012, Washington DC

Andry Rakotozafindrabe (CEA Saclay)




EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

ALICE ITS upgrade

@

N7

CERN-LHCC-2012-05 / LHCC-G-159
March 6, 2012

Conceptual Design Report for the Upgrade of the ALICE ITS

The ALICE Collaboration*

Version: CDR-0

new ALICE Inner Tracking System:

- 7 Si-layers (7 pixel or 3 pixel + 4 strip)

—> low material budget X/X,= 0.3% per layer
(currently 1.14%)

- improve vertex resolution by factor 3

—> improve low p; tracking efficie

- allow for 50 kHz

for the benefit of the ALICE Collaboration.
buted under the terms of Creative Commence Attribution License (CC-BY-3.0), which
ided the original author(s) and source are credited.

CERN-LHCC-2012-05 / LI

*See Appendix A for the list of collaboration members

Parallel 6C: R. Lemmon
Poster: G. Contin

Harald Appelshauser, Quark Matter 2012, Washington DC

Andry Rakotozafindrabe (CEA Saclay)




ALICE TPC upgrade ©

GG open GG closed
inter L1g (drift time) (ion coll. time in ROCs)

:
t0 . Int. + 100us Int. + 280us

Parallel 6C: T. Peitzmann

Limitation of the present system: Poster: T. Gunji

Readout rate limited to 3.5 kHz due to Gating Grid closing time

- Needed to prevent ions from drifting back into the drift volume
—> drift distortions from space charge

Solution:

Replace present MWPC-based readout chambers by GEMs
- GEMs have intrinsic property to block back-drifting ions

— allows continuous operation at 50 kHz

— preserves the present momentum and dE/dx resolution

Harald Appelshauser, Quark Matter 2012, Washington DC

Andry Rakotozafindrabe (CEA Saclay)



ALICE TPC upgrade ©

GG open GG closed
inter  L1a (drift time) (ion coll. time in ROCs)

!
t0 . Int. + 100us Int. + 280us

Parallel 6C: T. Peitzmann

Limitation of the present system: Poster: T. Gunji

Readout rate limited to 3.5 kHz due to Gating Grid closing time

- Needed to prevent ions from drifting back into the drift volume
—> drift distortions from space charge

Solution:

Replace prese
- GEMs have intri
—> allows ca
— preserves the present momentum and dE/dx resolution

Harald Appelshauser, Quark Matter 2012, Washington DC

Andry Rakotozafindrabe (CEA Saclay)



MET (Muon Forward Tracker)

Absorbeur

a1
o
o
o

21/05/2012
ALICE
PERFORMANCE
22/05/2012

Events/(50 MeV/c?)

Pb-Pb, \%= 2.76 TeV
2.5< yJ/\v <4

N
o
o
o

Pb-Pb |s,, =2.76 TeV
Centrality: 0 - 20 %
p, > 2 GeVlc
25<y<4
S/B (¢) = 0.043

dN/dM (pairs per 50 MeV/c?)

Ny, = 39502 + 815
G,,=75.1% 1.6 MeV/c®
S/B (30) = 0.212 £ 0.004

0 02 04 0.6 08 1
M (GeV/c?)

low mass vector mesons inclusive J/Ap

Multiple scatterings in
the absorbeur ~60Xo
= blur frack
extrapolation fo vertex

ALICE Pb-Pb \s,=2.76 TeV, u*« HF in 2.5<y<4
Centrality 0-10%

open heavy flavor
(D+B) from single p

Andry Rakotozafindrabe (CEA Saclay)


http://arxiv.org/abs/1205.6443
http://arxiv.org/abs/1205.6443

MET (Muon Forward Tracker)

Absorbeur

Absorbeur

‘

Multiple scatterings in
the absorbeur ~60Xo
= blur frack
extrapolation fo vertex

@ utilization : match u-tracks
with MFT clusters

® secondary vertex
measurement => charm/
beauty separation

® prompt and non-prompt u
prompt separation =
additional m/K background
rejection, S/B improvement

Andry Rakotozafindrabe (CEA Saclay)



\Vii=hE (Muon

No centrality selection

CMS Preliminary

Jy . PbPb {5 = 2.76 TeV
r(1238) 4w

2

ALICE mid-y p+p b/(b+c)

FONLL
—@— ALICE %

ALICE Systematic uncertainty
ALICE

v(2S)
S=360 000

(S/B)=1/7

Events/(GeV/c?)
=

0 1.4~ PbPb {5, =2.76 TeV

NA60 m CMS: prompt J/y ® ALICE: inclusive J/y
X ly| <2.4 25<y<40

6.5< p, < 30 GeV/c (arXiv:1202.1383)

Y
N

pp Vs=2.76 TeV PRELIMINARY

EMCal Trigger Events
m¢ < 0.7
Liy=146nb" _ .
/

dN/dM per 10 MeV/e

—

o
©

o

.
[$)
£
[e]
£
2
[}
+
o)
E 4
=]
(3]
o
=
o)
£
o
1
g
[}]

p. > 4.0 GeVic . ALlCE inclusive

g 1oy @
'

10
pf (GeV/c)

open heavy flavor
with D/B separation

CMS prt)mpt *

@ utilization : match u-tracks
with MFT clusters

® secondary vertex
measurement => charm/

Absorbeur .
beauty separation

prompt and non-prompt u

prompt separation =

Dipole additional /K background
rejection, S/B improvement
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\Vii=hE (Muon

No centrality selection

2

S=360 000
(S/BY=1/7

NA60

dN/dM per 10 MeV/e

Mh

12 14 1.6 1.8
M (GeV/c?)

Absorbeur

Events/(GeV/c?)

CMS Preliminary
Iy ) PbPb /s . =2.76 TeV
Y(1,2,3S) |__(=15(§||pg'h1l
y(2S)

X 1.4—PbPb \js_NN= 2.76 TeV
m CMS: prompt J/y

vl <24
6.5 < p, < 30 GeV/c

® ALICE: inclusive J/y
25<y<40
(arXiv:1202.1383)

ALICE inclusive

g 1oy @
'

p# > 4.0 GeV/c

CMS prt)mpt *

L. Massacrier
(ALICE upgrades)

ALICE mid-y p+p b/(b+c)

ALICE

PRELIMINARY

-
S

FONLL

—@— ALICE

Y
N

ALICE Systematic uncertainty

pp Vs=2.76 TeV
EMCal Trigger Events
m¢ < 0.7

Ly=146n0" . 7
/

o
©

.
[$)
£
[e]
£
2
[}
+
o)
E 4
=]
(3]
o
=
o)
£
o
1
g
[}]

o

10
pf (GeV/c)

open heavy flavor
with D/B separation

utilization : match u-tracks
with MFT clusters

secondary vertex
measurement => charm/
beauty separation

prompt and non-prompt u
prompt separation =
additional /K background
rejection, S/B improvement
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Future opportunities @ LHC

[ H. Appelshauser, ESPG Symposium, Cracow, Sept. 2012 ]

- precision measurements:
y-let, b-let, Z-Jet, multi-Jet,
PID fragmentation functions,

TeV-scale jet quenching

Y spectroscopy - 1s, 2s, 3s states, onset-behaviour

Charmonia - low p; J/Y over wide rapidity range, J°, X_

Heavy Flavors - comprehensive measurement of D, D", D, A, B, A,;:
Baryon/Meson ratios down to low p;, R,,, V,

accurate normalization for quarkonia ALICE

EM radiation - low mass dileptons

Exotica - anti- and hypernuclei
-> enter 10 nb! regime

Andry Rakotozafindrabe (CEA Saclay)



Future opportunities @ LHC

First measurement of Z-jet
correlations

1 nb! Pb-Pb @ /snny = 5.5 TeV
10°

. Anti-k, Jet R=0.2
p’:'>25, p§>1 00 GeV

%)

dN/d(p” fp

2

MC Present Statistics x 30
MC Present Statistics x 10
MC Present Statistics

[ H. Appelshauser, ESPP Symposium,
Cracow, Sept. 2012 ]

Andry Rakotozafindrabe (CEA Saclay) 11



Future opportunities @ LHC

absolute error in Pb-Pb First measurement of Z-jet
correlations

J/P polarisation p-p @ 7 TeV
[ ALICE, PRL 108 (2012) 082001 ] [ ALICE, Lol (2012) LHCC-1-022]

— o 25<y<4
—#- helicity 1 b-1
ALICE =7TeV 2. 4 .
CE pp \'s e 5<y< Collins-Soper n 2<p, <10 GeVic

1 nb! Pb-Pb @ ,/snny = 5.5 TeV

10°F -
Anti-k_JetR=0.2
p’T°'>25, p§>1 00 GeV

)

T

MC Present Statistics x 30
MC Present Statistics x 10
MC Present Statistics

dN/d(p” fp

2

[ H. Appelshauser, ESPP Symposium,
Cracow, Sept. 2012 ]

Centrality (%)

Andry Rakotozafindrabe (CEA Saclay) 11



Future opportunities @ LHC
First measurement of Z-jet

correlations

absolute error in Pb-Pb
1 nb! Pb-Pb @ \/snn = 5.5 TeV

J/P polarisation p-p @ 7 TeV
[ ALICE, PRL 108 (2012) 082001 ] [ ALICE, Lol (2012) LHCC-1-022]
& helicity -1 25<y<4
1 n b 2<p, <10 GeVic E" 103 A Anti-k' ot Reo2 |
5o pl'>25, pZ>100 GeV
% MC Present Statistics x 30
10° MC Present Statistics x 10
MC Present Statistics

ALICE pp\s=7TeV 25<y<4

[ H. Appelshauser, ESPP Symposium,
Cracow, Sept. 2012 ]

Centrality (%)

absoluteerror @ 5.5 TeV
LHCC-1-022]

J/P v2in Pb-Pb'@ 2:76-TeV
[H. Yang, QM 2012 ] [ ALICE, Lol (2012)

Pb-Pb ysy = 2.76 TeV, Centrality 20% - 60%

Jy:25<y<4.0, p, 2 0 GeV/c
ALICE g ALICE preliminary: 6-A¢ method with VZERO-A EP

PRELIMINARY

Centrality 20-60%
O—
Full25<y<4

% Open:3.7<y<4

P, (GeV/c)

Transport model: R. Rapp et al. (priv. comm.)
di(priv. comm.)

Transport model: P. Zhuang et al., b thermalize
Transport model: P. Zhuang et al., b not thermalized (priv. comm.)

Andry Rakotozafindrabe (CEA Saclay)



Future opportunities @ LHC

J/P polarisation p-p @ 7 TeV - absolute errorin'Pb-Pb First measurement of Z-jet

[ ALICE, PRL 108 (2012) 082001 ] [ ALICE, Lol (2012) LHCG-1-022] correlations
—&- helicity ;_ 1 nb-1 25<y<4 1 nb Pb Pb @ ‘\/SNN == 5 5 TeV

. 2<p, <10 GeVic T
~4- Collins-Soper Antl k Jet R=0 2

[p"’szs pZ>100 GeV |
pE N

g N =681 | Tm] owe. |l ﬁ’ﬂ’ﬁ

ALICE [ H. Appelshauser, ESPP Symposium,
LARIOE L] Gracow, Sept. 2012 ]

Centrality (%)

J/) v2in Pb-Pb '@ 2.76 TeV i absoluteerror@ 5:5TeV open-charm A: @ 5.5 TeV
[H. Yang, QM 2012 ] [ALICE Lol (2012) LHCC-1-022] [ ALICE, Lol (2012) LHCC-I- 022]

. T T
i Pb-Pb ysy = 2.76 TeV, Centrality 20% - 60%
r Jy:25<y<4.0, p, 2 0 GeV/c

- A~ pK®
2 ALICE g ALICE preliminary: 6-A¢ method with VZERO-A EP

Z
2
_A

1 lllllL

dN/d(p” fp

2

® MC Present Statistics x 30
® MC Present Statistics x 10
[0  MC Present Statistics

1111

11

1

T lllllll
1 lllll'll

o
o |
;"5‘-33—
“4N

—
e
n

7 ILml:‘IOnb

" Pb-Pb,\S,,, =55 TeV
| PRELIMINARY

Centrality 20-60%

e
Full25<y<4 7
° Open:3.7<y< 4~

ALICE ., o

—h
o-
w

Absolute error on v.,

—
o
&
T

® Current ITS (0-5%)
= Upgraded ITS (0-5%)
0 Upgraded ITS (70-803%) -

Significance /\\Number of events
o
IS

Transport model: R. Rapp et al. (priv. comm.)
Transport model: P. Zhuang et al., b thermalizedl(priv. comm.)

—
QS
(=2

Transport model: P. Zhuang et al., b not thermalized (priv. comm.)
\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\

2 3 4 5 6 7 8 9 10
V/
p, (GeVic) P, (Gevic)
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Future opportunities @ LHC

J/P polarisation p-p @ 7 TeV - absolute errorin'Pb-Pb

[ ALICE, PRL 108 (2012) 082001 ]

[ ALICE, Lol (2012) LHCC-1-022]

1 nb
10 nb" )

25<y<4

—#- helicity
2<p, <10 GeVic

ALICE =7TeV 2 4
CE ppNs=7TeV 25<y< &~ Collins-Soper

\\l\H‘H\‘\H‘\H;H\‘\H‘\H‘H\l\\\

P 1. PR Y P
60 70 a0 90
Centrality (%)

absoluteerror @ 5.5 TeV
[ALICE Lol (2012) LHCC-1-022]

J/P v2in Pb-Pb'@ 2:76-TeV
[ H. Yang, QM 2012 ]
T Pb-Pb {5y = 2.76 TeV, Centrality 20% - 60%
r Jy:25<y<4.0, pTZO GeV/c

2 ALICE g ALICE preliminary: 6-A¢ method with VZERO-A EP
| PRELIMINARY

CEmL, =10nb

Centrality 20-60%
Full25<y<4 7
Open:3.7<y< 4~

Transport model: R. Rapp et al. (priv. comm.)

Transport model: P. Zhuang et al., b thermalizedl(priv. comm.)

Transport model: P. Zhuang et al., b not thermalized (priv. comm.)
\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\

2 3 4 5 6 7 8 9 10
P, (GeV/c)

Andry Rakotozafindrabe (CEA Saclay)

First measurement of Z-jet
correlations
nb Pb Pb @ JSNN = 5.5 TeV

" Anti-k JetR=0.2
’p’%zs p2>100 GeV |

%)
%_L

1 lllll'

dN/d(p” 1p?

® MC Present Statistics x 30
® MC Present Statistics x 10
[0  MC Present Statistics

2

111

1 1

1

J — Jlll'll

g
()

T
—
N

[ H. Appelshauser, ESPP Symposium,
Cracow, Sept. 2012 ]

charmbaryon/meson @ 5.5 TeV
[ALICE Lol (2012) LHCC-1-022]

Pb Pb \'SN =55 TeV
1.7x10'° central events (10/nb)
Upgraded ITS
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H.l. collisions @ RHIC

«-The complementarity-of- LHCand:RHIGIS anessential-resotrce
[~ in-efforts to-quantify-properties:ottne-Quark=-Guon-plasmea:>

Conclusions of the Heavy-lon Town meeting (June 2012, CERN), in the preparation

Temperature

of the European Strategy Preparatory Group for Particle Physics (ESPG)

Baryon density [ J. Nagle, H. Z. Huang, QM 2012 ]
what is the nature of the QGP-at pg>0-7

x can we map the transition from-plasma to hadron gas ?
= s there a critical point in‘the phase diagram-?

x does perfect fluidity disappear ?

QGP transition from-strong (RHIC) to weak coupling (LHG?)
x do QGP properties change from T=170to 400 MeV ?

x Quasi-particles ?

x heavy flavor jet quenching, flow

Andry Rakotozafindrabe (CEA Saclay)
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H.l. collisions @ RHIC

LHC

i PRIt .'-‘T_.;‘. -« The complementarity-of LHCana:RHIG s anessential-resotrce
R F o2 T incefforts torquantify-properties;ofthe-Quark-Guon-plasmea:>

“ _ Quark-Gluon,Plasma . |
I. >

', Conclusions of the Heavy-lon Town meeting (June 2012, CERN), in the preparation

Temperature

of the European Strategy Preparatory Group for Particle Physics (ESPG)

_ o RHIC Beam
Baryon density [J Nagle, H. Z. Huang, QM 2012] Eﬂergy SCan ”

what is the nature of the QGP-at pg>0-7
x can we map the transition from-plasma to hadron gas ?

=[S there a critical point in the phase diagram-?
x does perfect fluidity disappear *?

==

x heavy flavor jet quenching, flow reltivitic gamnm

QGP transition from-strong (RHIC) to weak coupling (LHG?)
x do QGP properties change from T=170to 400 MeV ?
x Quasi-particles ?

o
< =
=
e
S~
z
7]
=
£
=
=
g
g

luminosity
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H.l. collisions @ RHIC

LHC ey -
2L  }:, AR @ -« The complementarity-of-EHCand:RAIGISanessentialresource
N F =2 T incefforts to-quantifyproperties:ofthe-Quark-Guon-plasma:>

~  Quark-Gluon,Plasma . |
3] ¢

!, Conclusions of the Heavy-lon Town meeting (June 2012, CERN), in the preparation

Temperature

of the European Strategy Preparatory Group for Particle Physics (ESPG)

_ o RHIC Beam
Baryon density [J Nagle, H. Z. Huang, QM 2012] Energy SCan ”

what is the nature of the QGP-at pg=>0-7
x can we map the transition from-plasma to hadron gas ?
=[S there a critical point in the phase diagram-?

WAVAVI NG S AW N

x does perfect fluidity disappear *?

QGP transition from-strong (RHIC) to weak coupling (LHG?)
x do QGP properties change from T=170to 400 MeV ?

x Quasi-particles ?

total lumin_osity 1/(Cm:\2 sec)

luminosity

» heavy flavor jet quenching, flow RHIC Il high
luminosities

Andry Rakotozafindrabe (CEA Saclay) 13



SPHENIX

[ J. Haggerty, QM2012 |
[ sSPHENIX, arXiv:1207.6378 |

-~ HCAL OUTER

— HCAL INNER

Emphasizes jet physics observables with
calorimetry initially

Full jet reconstruction
Compact detector

Data acquisition capable of recording
> 10 kHz

EBIS = Electron Beam lon Source

Andry Rakotozafindrabe (CEA Saclay)

PHENIX Midterm sPHENIX  SuperQCD Era

Physics Plan Physics Plan

(s+e)PHENIX

012 014 016 |2018| 2020 2022

n
Q
©
©
—
(o)
Q.
-

Silicon VTX
| | I | I

Forward silicon FVTX
| | I | I

Muon trigger / RPC

| | ' ! "
DAQTrig ’ SuperDAQ

Staged
Tracker/CE
| || |

FOCAL
I H I I I
| | | | I

| " Solenoidal Magnet

Compact Barrel Upgrade
Intermediate Tracker,
CEMCfaI, HCAL

| |

Forward Di Forward Electron

Upgrade
| I

Accelerator

Stochastic Cooling (longitudinal + transverse)

EBIS

Electron Lens + 56 MHz Storage RF

l

| PHENIX decadal plan 2011-2020 ]

Electron-lon
Collider




P I_l E N |X PHENIX Midterm sPHENIX  SuperQCD Era
S Physics Plan Physics Plan (s+e)PHENIX

[ J. Haggerty, QM2012 |
[ sSPHENIX, arXiv:1207.6378 |

HCAL OUTER
HCAL INNER

EMCAL
SOLENOID

PRESHOWER

ADDITIONAL
TRACKING

VTX

Forward silicon FVTX
| | I | I

Muon trigger / RPC
| | |

Upgrades

| " Solenoidal Magnet

. . P
upgrade option #-1:: CEMCal, HCAL
Forward Electron
» separation of Y states (add. tracking) Upgrade

» extend up to pr > 50 GeV single y from
r’—yy separation (preshower)

Stochastic Cooling (longitudinal + transverse)

EBIS

Electron-lon
Collider

Accelerator

EBIS = Electron Beam lon Source | PHENIX decadal plan 2011-2020 |

Andry Rakotozafindrabe (CEA Saclay) 15



SPHENIX - ePHENIX

[ J. Seele, QM2012 ]
[ SPHENIX, arXiv:1207.6378 ]

Optimized for jets and photons/DY over a large range in rapidity (n~4)

« Extension/modification of the central solenoid for B field
* GEM based tracking
* Diamond pixel for heavy flavor tagging
« Restack of current PHENIX EMCal

'« RICH based PID (pi/K/p) /
* HCal for jet energy reco
* Muon identification

ter

J. Seele(RBR ) - QM2012
) upgrade option # 2
» also Cold Nuclear Matter studies, spin physics

Andry Rakotozafindrabe (CEA Saclay)



[ H. Z. Huang, J. Nagle, QM2012 |

———PEE
LAARUTTTL .V'
\ \\\ W4 \ L}

\‘ \“\‘ \\\ ,?‘/x..
LB S
N’ proton nucleus

> s i
y — ~ 6 GEM disks
‘ Tracking: 2.5<n <4

Forward Calorimeter System (FCS)

FHC (E864)
STAR Inner TPC Readout

Improved tracking and dE/dx PID u T = . Pb-Sc HCal
Extend n coverage 1.0-1.7 "

FHC (ES64)

W-Powder EMCal

RICH/Threshold
Baryon/meson
separation

also designed for evolution into EIC detector

Andry Rakotozafindrabe (CEA Saclay) 17



|C : electron-ion colliders

0.60 GeV

27.55 GeV.
New
detector

3.05 GeV

5.50 GeV
7.95 GeV

10.4 GeV
12.85 GeV

15.3 GeV
17.75 GeV

20.2 GeV
22.65 GeV

25.1 GeV
27.55 GeV

30.0 GeV

’-";‘ e

RHIC @ BNL
up to 140 (90) GeV ep (eA)
INT Report: arXivi1108.1713v2

Newly built magnets
installed on top of
the LHC, bypassing
LHC experiments

in the twenties.

TH
-~
7
24
\-7" Point 6

=/
>

10 GeV injector into
bypass of P1

2.10%% (LEP: 4 .101)
~10 min filling time
synchronous ep + pp

LHC @
up to 2 (1.2) TeV ep (eA)
CDR arXiv:1206.2913

[ A. L. Deshpande, C. Marquet, A. Stasto,
J.H. Lee, QM 2012 ]

nuclear DIS - F, ,(x,0%
Proposed faciitics:
LHeC
eRHIC
Fixed-target data:
NMC
e ET72
E139
E665 /" e-Pb (LHeC)
/ @0Gev-25Tev)
A

~
e-Au yﬂHIC)
(10 GeV <100 GaV)

.

~non-perturbative

10 =

. ...lll.l L

10° 1
X

TR -

107

10°

saturation
region

non-perturbative region

Andry Rakotozafindrabe (CEA Saclay)
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high pr J/U, P(2S)
Y(1S, 2S, 39)

CMS Preliminary 0-100%

PbPb\[s, = 2.76 TeV
Sequential melting ?
Inclusive y(28) (6.5 < P, < 30 GeVlc, ly| < 1.6)
Y(3S) (ly| < 2.4), 95% upper limit

T(28) (lyl < 2.4)
prompt J/y (6.5 < P, < 30 GeVlc, |y| < 2.4)

T(18) (lyl < 2.4)

. 0.6 0.8
Binding energy [GeV]

CHIGC ; Xc at SPS

A fixed targetiexperimentiat:SPS:specialized - inidilepton
measurement

Charmonium family-as a thermometer-at SPS energy
= sequential melting- 7

= o is the missing piece (30% prompt J/ yield)
Cold-Nuclear Matter effects at: SPS

= high luminosity iIn p-A

xwide (Xr) rapidity range -0.5 < Yoms < 2
xcharmonia, open charm

compact detector

Andry Rakotozafindrabe (CEA Saclay)
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high pr J/U, P(2S)
Y(1S, 2S, 39)

CMS Preliminary 0-100%
PbPb\/sy, = 2.76 TeV

Sequential melting ?
Inclusive y(28) (6.5 < P, < 30 GeVle, |y| < 1.6)
Y(3S) (ly| < 2.4), 95% upper limit

T(28) (lyl < 2.4)
prompt J/y (6.5 < P, < 30 GeVlc, |y| < 2.4)

T(18) (lyl < 2.4)

CHIC : yc at SPS =. Ferreiro, F. Fleuret

A fixed targetiexperimentiat:SPS:specialized - inidilepton
measurement

Charmonium family-as a thermometer-at SPS energy
= sequential melting- 7

= o is the missing piece (30% prompt J/ yield)
Cold-Nuclear Matter effects at: SPS

= Nigh luminosity in p-A

xwide (Xr) rapidity range -0.5 < Yoms < 2
xcharmonia, open charm

compact detector

Andry Rakotozafindrabe (CEA Saclay)
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Long term prospectives

Vsnn (TeV)
” L S1 Ls2 Ls3
0.115 sses
0.072 s et srsrsresees, s asersesees: SO g8
. . |
reve leses I >
2013 18 22 temps

» fixed target experiment that will «recycle» the LHG halo; LS3
horizon

= extend RHIC physics to the high x-region-for-gluons

= era of precision measurement : quarkonium olbservatory
(102-10° x projected BHIC yields)

= complementary to LHeC

Andry Rakotozafindrabe (CEA Saclay)
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nuclear modification of g PDF in Au

Long term prospectives

‘central (quarklike) = §
EPS09LO rawgé

Vsnn (TeV)

A LS .LSZ. .LSS
0.115 s .
ooz | pammnnn
| isves B >
2013 18 22 temps

» fixed target experiment that will «recycle» the LHG halo; LS3
horizon

» extend RHIC physics to the high x-region-for-gluons

x era of precision measurement ;- quarkonium:-observatory
(102-10° x projected BHIC yields)

x complementary to LHeC
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nuclear modification of g PDF in Au

Long term prospectives

‘central (quark-like) = f
max
EPSO09LO range

Vsan (TeV)
” L S1 Ls2 Ls3
0.115 oses
0.072 oo erareroratareors st tats ey, S HH
| [ |
reve leses et >
2013 18 22 temps

8888 EPSO9NLO
mmm with the
LHeC input

» fixed target experiment that will «recycle» the LHG halo; LS3
horizon

» extend RHIC physics to the high x-region-for-gluons

x era of precision measurement ;- quarkonium:-observatory
(102-10° x projected BHIC yields)

x complementary to LHeC

—
1

]
-
e
D
\O

[ LHeC CDR, J. Phys. G 39 (2012) 075001 ]
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Long term prospectives

« Relatively small cost extension to-LHG program:>

P. Newman, European Strategy Preparatory Group for Particle Physics (ESPG),
Cracow, Sept 2012

» fixed target experiment that will «recycle» the LHG halo; LS3
horizon

» extend RHIC physics to the high x-region-for-gluons

x era of precision measurement ;- quarkonium:-observatory
(102-10° x projected BHIC yields)

x complementary to LHeC

nuclear modification of g PDF in Au

‘central (quark-like) = f
max
EPSO09LO range

~

1.69 GeV")

8888 EPSO9NLO
mmm with the
LHeC input

(.1:,Q::

Pb

g

R

[ LHeC CDR, J. Phys. G 39 (2012) 075001 ]
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nuclear modification of g PDF in Au

L.ong term prospectives

central (quark-like) == §

max
EPSO09LO range

« Relatively small cost extension to-LHG program:>

P. Newman, European Strategy Preparatory Group for Particle Physics (ESPG),
Cracow, Sept 2012

~

1.69 GeV")

8888 EPSO9NLO
mmm with the
LHeC input

» fixed target experiment that will «recycle» the LHG halo; LS3
horizon

» extend RHIC physics to the high x-region-for-gluons

x era of precision measurement ;- quarkonium:-observatory
(102-10° x projected BHIC yields)

x complementary to LHeC

[ LHeC CDR, J. Phys. G 39 (2012) 075001 ]

(\ M. Anselmino (Torino), R. Arnarldi (Torino), S.J. Brodsky (SLAC), V. Chambert (IPN), J.P. Didelez (IPN), B. Genolini (IPN),

E.G. Ferreiro (USC), F. Fleuret (LLR), C. Hadjidakis (IPN), J.P. Lansberg (IPN), C. Lorcé (IPN), A. Rakotozafindrabe (CEA),

P. Rosier (IPN), I. Schienbein (LPSC), E. Scomparin (Torino), U.l. Uggerhgj (Aarhus)
AFTER @ LHC

e first paper on physics opportunities Phys. Rept. 522 (2013) 239
e webpage after.in2p3.fr
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ixed larget Expe

Use LHC beams on fixed target :
e LHC 7 TeV proton beam

» Vs~ |15 GeV :p-p,p-d,p-A

e |HC 2.76 TeV lead beam
Pb-p

iment at LHC

Andry Rakotozafindrabe (CEA Saclay)
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ixed larget ExpeRiment at LHC

Use LHC beams on fixed target :
e LHC 7 TeV proton beam

» Vs~ |15 GeV :p-p,p-d,p-A

______________________________________________________________________________________

e |HC 2.76 TeV lead beam
Pb-p

* benefit from typical advantages of a fixed target experiment

» high luminosity, high boost =48 @ 115 Gev), target versatility
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A Fixed larget ExpeRiment at LHC

Use LHC beams on fixed target :
e LHC 7 TeV proton beam

» Vs~ |15 GeV :p-p,p-d,p-A

......................................................................................

e |HC 2.76 TeV lead beam
» Vs ~ 72 GeV :Pb-p, Pb-A

* benefit from typical advantages of a fixed target experiment

» high luminosity, high boost =48 @ 115 Gev), target versatility

* multipurpose experiment, modern detection techniques
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Use LHC beams on fixed target :
e LHC 7 TeV proton beam

» Vs~ |15 GeV :p-p,p-d,p-A

......................................................................................

e |HC 2.76 TeV lead beam
» Vs ~ 72 GeV :Pb-p, Pb-A

* benefit from typical advantages of a fixed target experiment

» high luminosity, high boost =48 @ 115 Gev), target versatility

* multipurpose experiment, modern detection techniques
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Precision studies of the Ph)’SiCS in P_A and Pb—P

nuclear matter :

e A dependence (better than <Nc.i>) thanks to target versatility

<Ncoi> dependence => A dependence (a la NA50, NA60)

Andry Rakotozafindrabe (CEA Saclay) 23



Precision studies of the Ph)’SiCS in P_A and Pb—P

nuclear matter :

e A dependence (better than <Nc.i>) thanks to target versatility

 nuclear PDF from intermediate to high xg : antishadowing, EMC region,
Fermi motion. Extraction using for e.g. isolated photons, photon-jet.

EMC gluon: min
central (quark-likg) s §

max

EPSO09LO range
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Precision studies of the Ph)’SiCS in P-A and Pb-P

nuclear matter :

e A dependence (better than <Nc.i>) thanks to target versatility

 nuclear PDF from intermediate to high xg : antishadowing, EMC region,
Fermi motion. Extraction using for e.g. isolated photons, photon-jet.

e Cold Nucl. Matter effects on heavy quarkonium production, from nPDF
or not (Cronin effect! energy loss? ...). Extend to open charm and open

beauty.
" m PHENIX = 7.8% global err.
O  STAR prelim. A_l
= |
|

EPS09 LO
quark-like EMC
min. EMC

== max. EMC

Global Scale Uncertainty + 7.8%
—— EPS09 and 6, =4 mb

— — Gluon Saturation

Andry Rakotozafindrabe (CEA Saclay) 23



Precision studies of the PhYSiCS in P_A and Pb_P
nuclear matter :

e A dependence (better than <Nc.i>) thanks to target versatility

 nuclear PDF from intermediate to high xg : antishadowing, EMC region,
Fermi motion. Extraction using for e.g. isolated photons, photon-jet.

e Cold Nucl. Matter effects on heavy quarkonium production, from nPDF
or not (Cronin effect! energy loss! ...). Extend to open charm and open
beauty.

o test QCD factorization in charmonium production at high xr

e these studies are needed to clear the current picture of heavy
quarkonium as a hard probe of QGP from SPS to LHC energies,
RHIC-like energies being a key step

Andry Rakotozafindrabe (CEA Saclay) 23



Precision studies of the Ph)’SiCS in Pb_A

deconfinement at RHIC energies :

* For e.g. quarkonium studies, a threefold improvement w.r.t. RHIC

» much higher statistics compared to RHIC @ 62 GeV

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

R,A(62.4 GeV) = PHENIX data/our estimate
Global sys.= +29.4%

R,A(39 GeV) = PHENIX data/FNAL data
Global sys.= + 19%

JWinAuAu 1.2 < |y| < 2.2

200 GeV
62 GeV

" 39 GeV

Andry Rakotozafindrabe (CEA Saclay) 24



Precision studies of the Ph)’SiCS in Pb_A

deconfinement at RHIC energies :

* For e.g. quarkonium studies, a threefold improvement w.r.t. RHIC

» much higher statistics compared to RHIC @ 62 GeV
» much better control of Cold Nuclear Matter effects

Rx(200 GeV) PRC 84, 054912 (2011) ,
Global sys.= + 9.2% Al J/\IJ in AuAu @ 200 GeV

Raa(62.4 GeV) = PHENIX data/our estimate Additional Global Scale Uncertainty 12%
Global sys.= + 29.4%

R,A(39 GeV) = PHENIX data/FNAL data
Global sys.= + 19%

JJW inAuAu 1.2 <|y| <22 S | ly| < 0.35

12<lyl<22

Additional Global Scale Uncertainty 9.2%

200 GeV
62 GeV

" 39 GeV
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Precision studies of the Ph)’SiCS in Pb_A

deconfinement at RHIC energies :

* For e.g. quarkonium studies, a threefold improvement w.r.t. RHIC

» much higher statistics compared to RHIC @ 62 GeV
» much better control of Cold Nuclear Matter effects

Rx(200 GeV) PRC 84, 054912 (2011) ,
Global sys.= + 9.2% Al J/\IJ in AuAu @ 200 GeV

Raa(62.4 GeV) = PHENIX data/our estimate Additional Global Scale Uncertainty 12%
Global sys.= + 29.4%

R,A(39 GeV) = PHENIX data/FNAL data
Global sys.= + 19%

JJW inAuAu 1.2 <|y| <22 S | ly| < 0.35

12<lyl<22

Additional Global Scale Uncertainty 9.2%

200 GeV
62 GeV

" 39 GeV

» measure excited states, especially Y. and y, with improved EMCal
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Precision studies of the Ph)’SiCS in Pb_A

deconfinement at RHIC energies :

* For e.g. quarkonium studies, a threefold improvement w.r.t. RHIC

» much higher statistics compared to RHIC @ 62 GeV
» much better control of Cold Nuclear Matter effects

Rx(200 GeV) PRC 84, 054912 (2011) ,
Global sys.= + 9.2% Al J/\IJ in AuAu @ 200 GeV

Raa(62.4 GeV) = PHENIX data/our estimate Additional Global Scale Uncertainty 12%
Global sys.= + 29.4%

R,A(39 GeV) = PHENIX data/FNAL data
Global sys.= + 19%

JJW inAuAu 1.2 <|y| <22 S | ly| < 0.35

12<lyl<22

Additional Global Scale Uncertainty 9.2%

200 GeV
62 GeV

" 39 GeV

» measure excited states, especially Y. and y, with improved EMCal

* also jet quenching, direct photon ...

Andry Rakotozafindrabe (CEA Saclay) 24



Q,

enrnnE Detector @ could be inspired by PANDA
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Barrel + forward detector, 2 magnets
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« Faster, Higher, Stronger »

Nn»r-p»

anad
complementary:!

Olympic games, London, 2012

Andry Rakotozafindrabe (CEA Saclay)
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DOE ONP Budgets in FY2012 Dollars

NSAC report
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Fiscal Year

http://science.energy.gov/np/nsac/eportss

budget scenarios discussed above would impact the field. Of the options considered, the sub-
committee was unanimous in endorsing the modest growth budget scenario as the mini-
mum level of support that is needed to maintain a viable long-term U.S. nuclear science
program that encompasses the vision of the LRP. This endorsement, which was made fully
recognizing the sacrifices that it would entail, preserves the tools needed for both the present and

future program. It preserves a path to realize the long-term vision outlined in the 2007 Long
Range Plan, in which there are two large nuclear science facilities in the U.S.: FRIB, devoted to
the study of complex nuclei and their applications, and an Electron-Ion Collider (EIC) focused
on questions at the frontier of QCD and the nature of the interactions of quarks and gluons.

<O

—&— Modest Growth
o Flat

= C-O-L

~=LRP 2007

Andry Rakotozafindrabe (CEA Saclay)
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LHC PROJECT
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QCD near the high x frontier

Test the high x frontier of QCD
x=03-1

Dilute system

* Nucleon partonic structure (PDF)

\
Non perturbative regime

* Correlations between partons
| Emceftect (spatial position, momentum, spin ...)
log (Q%) % nucleon 3D structure

x>i-;x—) 1

Q,

S
= =
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o
=
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©
Q
X
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AFTER @ LHC
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QCD near the high x frontier

Test the high x frontier of QCD
x=03-1|

Dilute system

* Nucleon partonic structure (PDF)

1

)
Es
=]
o
~
o
-
-
°
Kol
E
Q
Q.
c
Q
=

* Correlations between partons
JEEem (spatial position, momentum, spin ...)
m nucleon 3D structure

X

~-
%
X
~-
A
x

Q,

S
= =
J -
© -
rrd
Q.
o
=
LA
[
©
Q
X
'8

AFTER @ LHC

ixed Target ExpeRiment
* very energetic unpolarised p beam
* polarised or unpolarised nuclear target, where (:13T = T9)

o full backward access,up to (zp — —1) & (2! — 1)

» the target rapidity region corresponds to high ol

Andry Rakotozafindrabe (CEA Saclay)
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Nucleon partonic structure :

Physics in P_ P (d) test the high xg frontier of QCD

saturation

Dilute system

1

Non perturbative regime

EMC effect
Nuclear fermi motion

O
I
J -
®
el
Q.
(2)]
T
[\
=
©
o
X
.

x>i/x—) 1
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Nucleon partonic structure :

Physics in P_ P (d) test the high xg frontier of QCD

xg =0.3 - |

gluon PDF at high x :

gluon PDF with large uncertainties for proton,
uncertainty unknown for neutron

exp. probes :

» heavy quarkonia

» isolated photons

» high prt jets (pt >20 GeV)

N
o

Dilute system

Non perturbative regime

o
2

u =100 GeV

EMC effect
Nuclear fermi motion

CT10 gluon uncertainty

U
I
J -
®-
el
Q.
o\
T
M\
P \v‘l‘.
u \
0
X
18
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Nucleon partonic structure :

Physics in P_ P (d) test the high xg frontier of QCD

xg =0.3 - |

saturation Fixed Ta rg et @

gluon PDF at high x :

gluon PDF with large uncertainties for proton,
uncertainty unknown for neutron

exp. probes :

» heavy quarkonia

» isolated photons

» high prt jets (pt >20 GeV)

N
o

Dilute system

1

DGLAP

)]
E
=]
]
1 )
]
2
L4
m©
K]
2
]
o
c
=)
=

X

~-
N
x
~-
A
x

o
N

= 100 GeV

EMC effect
Nuclear fermi motion

CT10 gluon uncertainty

‘—A—A_ﬁ

v
I
J ~
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el
Q.
o
T
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P \
o
0
3
| 8

charm PDF at high x :
discriminate all charm PDFs currently
in agreement with DIS data

exp. probes :

» open charm, open beauty

» new open ¢, b hadrons at high xr ?
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Nucleon partonic structure :

Physics in P_ P (d) test the high xg frontier of QCD

xg = 0.3 - |
gluon PDF at high x : * spin physics :
gluon PDF with large uncertainties for proton, asymetries,
uncertainty unknown for neutron Transverse Momentum
exp. probes : Dependent PDFs,
» heavy quarkonia quark and gluon Sivers effect ...
» isolated photons » if using a polarized target
» high pr jets (pt>20 GeV) » Drell Yan as a probe of quark PDF

5 intrinSiC Charm (E.harm | ?005 . (Eharm A Char:m P.D.F at hlgh X :

o 1 oo : Lot/ N : discriminate all charm PDFs currently
A in agreement with DIS data
: i —sea-like -

B exp. probes :
B » open charm, open beauty

» new open ¢, b hadrons at high xr ?

1 0.02}
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Nucleon partonic structure :

Physics in P_ P (d) test the high xg frontier of QCD

xg = 0.3 - |
gluon PDF at high x : * spin physics :
with large uncertainties for proton, asymedtries,
unknown for neutron Transverse Momentum
exp. probes : Dependent PDFs,
» heavy quarkonia quark and gluon Sivers effect ...
» isolated photons » if using a polarized target
» high pr jets (pt>20 GeV) » Drell Yan as a probe of quark PDF
“r intrinsic charm . 8 charm PDF at high x :
ol {ou A 2 U discriminate all charm PDFs currently
= sea-hl e in agreement with DIS data
B exp.probes :

» open charm, open beauty
» new open ¢, b hadrons at high xr ?

need high luminosity to reach large xs
+ detailed studies on heavy QQbar prod. before
using them for gluon PDF extraction

Andry Rakotozafindrabe (CEA Saclay) 31



Heavy Quarkonium yields in pH, pA

Jp Y
yield / dy (b~ year™!) @ /s = |15 GeV ¥ [

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberyg, arXiv:1202.6585 |
dNj/y

Target f dt L Br | _

~ 10cmsolidH 26 52107
10 cm liquid H 2 4.0 107
10 cm liquid D 2.4 9.6 10’

1 cm Be 0.62 1.1 108
1 cm Cu 0.42 5.3 108
lcm W 0.31 1.1 10°
1 cm Pb 0.16 6.7 108

0.05 3.6 10’
pp low Py LHC (14 TeV) 1.4 109

AFTER ]

:Lﬁcgmh

e2PDLHC 88TeV) 10 0
dAu RHIC (200 GeV) i

detector geometrical acceptance ~ 8% for J/P (41T) = u+p-

from simulations with ALICE detector (-4< y <-2.5) used as fixed target exp.at LHC
[ Kurepin et al., Phys. Atom. Nucl. 74 (2011) |
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Heavy Quarkonium yields in pH, pA

Jp Y
yield / dy (b~ year™!) @ /s = |15 GeV ¥ [

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberyg, arXiv:1202.6585 |
dNj/y

Target f dt L Br |

~ 10cmsolidH 2. 52107 1.010° op : 100 x RHIC,
10 cm lquId H e 4.0 10; . comparable to LHCb
10 cm liquid D : 9.6 10
1 cm Be : 1.1 108
1 cm Cu : 5.3 108
lcmW : 1.1 10°
1 cm Pb . 6.7 108

: 3.6 10’
pp low Py LHC (14 TeV) , 1.4 109

AFTER ]

:Lﬁcgmh

e2PDLHC 88TeV) 10 0
dAu RHIC (200 GeV) i

detector geometrical acceptance ~ 8% for J/P (41T) = u+p-

from simulations with ALICE detector (-4< y <-2.5) used as fixed target exp.at LHC
[ Kurepin et al., Phys. Atom. Nucl. 74 (2011) |
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Heavy Quarkonium yields in pH, pA

Jp Y
yield / dy (b~ year™!) @ /s = |15 GeV ¥ [

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberyg, arXiv:1202.6585 |
dNj/y

Target f dt L Br |

TT0emsolid H 26 52100 1010° | [
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1 cm Be 0.62 1.1 108
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lcm W 0.31 1.1 10°
1 cm Pb 0.16 6.7 108
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pp low Py LHC (14 TeV) 1.4 109

AFTER ]

:Lﬁcgmh

e2PDLHC 88TeV) 10 0
dAu RHIC (200 GeV) i

detector geometrical acceptance ~ 8% for J/P (41T) = u+p-

from simulations with ALICE detector (-4< y <-2.5) used as fixed target exp.at LHC
[ Kurepin et al., Phys. Atom. Nucl. 74 (2011) |
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Heavy Quarkonium yields in pH, pA

Jp Y
yield / dy (b~ year™!) @ /s = |15 GeV ¥ [

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberyg, arXiv:1202.6585 |
dNj/y

Target f dt L Br |

~ 10cmsoidH 26 52107 1.010° op : 100 x RHIC,
10 cm liquid H 2 4.0 107 . comparable to LHCb
10 cm liquid D 2.4 9.6 10’
1 cm Be 0.62 1.1 108 :
1 cm Cu 0.42 5.3 108 : pA : 10%-10° x RHIC
lcm W 0.31 1.1 10°
1 cm Pb 0.16 6.7 10°

0.05 3.6 10’
pp low Py LHC (14 TeV) 1.4 109

AFTER ]

:Lﬁcgmh

e2PDLHC 88TeV) 10 0
dAu RHIC (200 GeV) i

detector geometrical acceptance ~ 8% for J/P (41T) = u+p-

from simulations with ALICE detector (-4< y <-2.5) used as fixed target exp.at LHC
[ Kurepin et al., Phys. Atom. Nucl. 74 (2011) |
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Heavy Quarkonium yields in pH, pA

Jp Y
yield / dy (fb~! year™!) @ Vs = | |5 GeV ¥ [

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberyg, arXiv:1202.6585 |

Target fdtL ng )
=0, ..

10cmsoidH 26 52 107' - 1.010° op : 100 x RHIC,
10 cm liquid H 2 4.0 107 . comparable to LHCb
10 cm liquid D 2.4 9.6 10’

1 cm Be 0.62 1.1 108 :

1 cm Cu 0.42 5.3 108 : pA : 10%-10° x RHIC

lcm W 0.31 1.1 10°

1 cm Pb 0.16

0.05

dN_]/,J,

AFTER ]

pp low Py LHC (14 TeV)

;LHc _;

___pPblLHC88Tev) 10"
SRy
dAu RHIC (200 GeV) 1.510™* 2. 4 10° d

detector geometrical acceptance ~ 8% for J/P (41T) = u+p-

from simulations with ALICE detector (-4< y <-2.5) used as fixed target exp.at LHC
[ Kurepin et al., Phys. Atom. Nucl. 74 (2011) |
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Heavy Quarkonium yields in PbA
J

yield / dy ( nb™! year™") @ Vs = 72 GeV

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberyg, arXiv:1202.6585 |

an
Target fdtL ng ) / £

"10cmsolidH 110 43 105““ -
10 cm liquid H 83 3.4 10°
10 cm liquid D 100 8.0 10°
1 cm Be 25 9.110°
1 cm Cu 17 4.3 106
lcm W 13 9.7 106

. icmPb 757106 1110
© dAURHIC 200GeV) 150  2.410°  5910°}
dAu RHIC (62 GeV) 3.8 1.2 10*
AuAu RHIC (200 GeV) 2.8 4.4 10° .
e AUAU RHIC (62 GeV) L0413 4.0 BN o P B 4V 38
pr LHC (8 8 TeV) 100 1.0 107 7.5 10°
==8  PbPb LHC (5.5 TeV) 0.5 7.3 10° 3.6 10%
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Heavy Quarkonium yields in PbA
J

yield / dy ( nb™! year™") @ Vs = 72 GeV

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberyg, arXiv:1202.6585 |

an
Target fdtL ng ) / £

"10cmsolidH 110 43 105“"“" 801021
10 cm liquid H 83 3.4 10° 6.9 10?
10 cm liquid D 100 8.0 10° 1.6 10°
1 cm Be 25 9.1 10° 1.9 103
1 cm Cu 17 4.3 106 0.9 103
lcm W 13 9.7 10° 1.9 10

PbA :

same stat. w.r.t. RHIC
@ 200 GeV and LHC

A.cmPb s 57 10 1 ] ]O

dAu RHIC (62 GeV) : 1. 2 104 1.8 10" §
AuAu RHIC (200 GeV) 2.8 _44 ‘106 i

pr LHC (8 3 TeV) ' 7.5 10%

PbPbLHC 55Tev) 0.5 7.3.10° 3.6 10*
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Heavy Quarkonium yields in PbA
J

yield / dy ( nb™! year™") @ Vs = 72 GeV

[S. Brodsky, F. Fleuret, C. Hadjidakis, J.P. Lansberyg, arXiv:1202.6585 |

an
Target fdtL ng ) / £

"10cmsolidH 110 43 105“"“" 801021
10 cm liquid H 83 3.4 10° 6.9 10?
10 cm liquid D 100 8.0 10° 1.6 10°
1 cm Be 25 9.1 10° 1.9 103 102 x RHIC @ 62 GeV
1 cm Cu 17 4.3 106 0.9 103
lcm W 13 9.7 10° 1.9 10

PbA :

same stat. w.r.t. RHIC
@ 200 GeV and LHC

1 .cm Pb 7 5710 1.1 ]O

" dAURHIC (200Gev) 150  2.410°  5.910°}
dAu RHIC (62 GeV) 3.8 1.2 10% 1.8 10! ¢
AuAu RHIC (200 GeV) 2.8 4.4 10° 1.110%
22NN RHIC (62 GeV) ‘ L .Y ._-';.-'
pr LHC 88 Tev) 100 1.0 10’ 7.510°
==8  PbPb LHC (5.5 TeV) 0.5 7.3 10° 3.6 10*
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LHC beam extraction

Use strong crystalline field in bent crystals :

circulating beam
scattered
"‘ 3 - L o | po | -

Ge, Si crystal

impinging ‘ .
proton impact parameter : b

impact angle : b’
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LHC beam extraction

Use strong crystalline field in bent crystals :

* mature technique
» successful for proton beam :RD22 @ SPS (1990), ..., Tevatron (2005),

UA9 @ SPS (2008) | [W. scandate et at, JINST6 (zo1) 10002 ]  GeSicrysul

» test @ LHC approved by LHCC w LUA9 (2013)

> ion beam : test at SPS |
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LHC beam extraction

Use strong crystalline field in bent crystals :

* mature technique

o
~

» successful for proton beam :RD22 @ SPS (1990), ...,T¢
UA9 @ SPS (2008)

» test @ LHC approved by LHCC w LUA9 (2013)

> ion beam : test at SPS |

deflection efficiency

0

6 18 20

deflection angle (mrad)
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LHC beam extraction

Use strong crystalline field in bent crystals :

* mature technique

o
~

» successful for proton beam :RD22 @ SPS (1990), ...,T¢
UA9 @ SPS (2008)

» test @ LHC approved by LHCC w LUA9 (2013)

> ion beam : test at SPS |

e for extraction and collimation E

deflection efficiency

6 18 20

deflection angle (mrad)

» extremely small emittance : beam size 950m after the extraction (in the
extraction direction) ~ 0.3mm

Andry Rakotozafindrabe (CEA Saclay) 34



LHC beam extraction

Use strong crystalline field in bent crystals :

* mature technique

o
~

» successful for proton beam :RD22 @ SPS (1990), ...,T¢
UA9 @ SPS (2008)

» test @ LHC approved by LHCC m LUA9 (2013)

> ion beam : test at SPS |

e for extraction and collimation

deflection efficiency

20

deflection angle (mrad)

» extremely small emittance : beam size 950m after the extraction (in the
extraction direction) ~ 0.3mm

* Proposal :insertion in the halo (70) of the proton LHC beam
» here with a deflection 0.275 mrad _

» extraction eff. (multi pass) ~ 50% LHC beam loss => 5.108 p/s extracted

y yearly luminosity (1 ecm thick targeti :0.1 to 0.6 fb"! in i—HiAi, 7 to 25 nb! in Pb-A
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LHC beam extraction

Use strong crystalline field in bent crystals :

* mature technique

o
~

» successful for proton beam :RD22 @ SPS (1990), ...,T¢
UA9 @ SPS (2008)

» test @ LHC approved by LHCC m LUA9 (2013)

> ion beam : test at SPS |

e for extraction and collimation

deflection efficiency

20

deflection angle (mrad)

» extremely small emittance : beam size 950m after the extraction (in the
extraction direction) ~ 0.3mm

* Proposal :insertion in thethalo (70) of the proton LHC beam
» here with a deflection 0.275 mrad _

» extraction eff. (multi pass) ~ 50% LHC beam loss => 5.108 p/s extracted

y yearly luminosity (1 ecm thick targeti :0.1 to 0.6 fb"! in i—HiAi, 7 to 25 nb! in Pb-A
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detector upgrades - ATLAS

1S1(2013-14): - additional pixel layer (Insertable B-layer, IBL) %
—> improve b-tagging

LS2(2017-18): - fast tracking trigger (FTK)
- improve high-multiplicity tracking
- calorimeter readout and trigger upgrade
- improve selectivity of photon and electron trigger

- new forward muon detectors
- improved muon triggers

LS3(2022): - replacement of inner detector (pixel and strips,
reduced material budget)

— improve tracking and resolution

Harald Appelshauser, Quark Matter 2012, Washington DC
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detector upgrades - CMS

Compact Muon Solenoid

By end of LS2: - new pixel vertex detector
- upgraded trigger

- extension of forward muon system

- refurbishment of hadron calo electronics
- DAQ upgrade

Important for Heavy-ion running at 50 kHz:

- HLT input limitation (3kHz) requires 0.95 rejection at Level 1
(0.5 achieved so far)

— dedicated R&D effort started on Level 1 upgrade,
largely driven by HI needs and HI community

LS3 (2022): - new inner tracker
- trigger and DAQ

Harald Appelshauser, Quark Matter 2012, Washington DC
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