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ALICE : Study of the Quark Gluon Plasma at the LHC sce

Experimental study of the hadronic-matter phase diagram by means of the
heavy ion collisions at ultra relativistic energies
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At the LHC
£, ~ 10-40 GeV/fm?
T, ~ 350-550 MeV
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Heavy Quark Production ALTCE

One of the most promising probes to study the QGP in heavy-ion collisions

E @ E-AE %

« Heavy flavours produced in initial hard scatterings &

experience the full evolution of the system: sensitivity to

medium properties.
— Nuclear modification factor mass and colour charge dependence of parton
energy loss: (AE) >(AE)_, 4 5> (AE) ).
— Elliptic flow: transport coefficients of heavy quarks in the medium, degree of

thermalization of heavy quarks in QGP (low p;) and path length
dependence of heavy quark energy loss (high p+).
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Quarkonium Production

Privileged witness of the deconfined phase.

Matsui & Staz, PLB 178, 416 (19860)
®

ALICE
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A. Mocsy and
et al.
(2008)

P. Petreczky in S. Abreu

Journal of Physics G,054001

arXiv:0711.0974v1l.

« Bound states of heavy quarks that would melt in the QGP at

different temperatures.

 Formed quickly (<1 fm/c) after the heavy quark production

« But quarkonium could be formed in later stage, at lower

temperatures, if pq, is large: Recombination.
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ALICE Detector ALICE

ALICE-France

IPHC Strasbourg
IPN Lyon
IPN Orsay

IRFU Saclay
LPC Clermont
LPSC Grenoble

Subatech Nantes

2.5<1n<4.0 HFM, u*u:
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Recombination at the LHC? ALICE

ALICE is the unique experiment to measure J/i quarkonium down to p;=0

ALICE Collaboration, PRL 109 (2012) 072301

® / 1.41
J w RAA I a rg e r at m:)é - B ALICE (Pb-Pb s =2.76 TeV), 2.5<y<4 global sys.=+ 12%

1.2 | @ PHENIX (Au-Au ys,, = 200 GeV), 1.2<lyl<2.2  global sys.=+ 9.2%
B O PHENIX (Au-Au ys,, = 200 GeV), lyl<0.35 global sys.=+ 12%

the LHC. o
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Inclusive JAp: ~90% prompt and ~10% from B decays.

result).
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Recombination at the LHC? ALICE
Large Jp Ry, at low pT < 14r
< | Pb-Pb s, =2.76 TeV and Au-Au |5, = 0.2 TeV
\y -
1.2  ®m ALGEJNy — wiw, 2.5<y<4, centrality 0%—20% global syst. = = 8%

¢ PHENIXJhp — u*u, 1.2<lyl<2.2, centrality 0%—20% global syst. = + 10%

° At |OW pT Charm 1_ .......................................................................................................................................................

density is larger. o, | [b
]

.
soeow p 1"

O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

density is larger. 0 1 2 8 4 5 6 7 8
p. (GeV/c)

* At y=0 charm

0.2

B decays contribution increase with p;.

ALICE Collaboration, arXiv:1311.0214 (2013)
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Recombination at the LHC? ALICE

ALICE Collaboration, arXiv:1311.0214 (2013)

Large Jp Ry, at low pT

< 1.4
CEf | ALICE Pb-Pb |5, = 2.76 TeV
1.2+ @ Jw — e'e, centrality 0%—90%, p,>0 GeV/c
o At | OW pT Ch a rl I I i B J — u'y, centrality 0%—90%, 0<pT<8 GeV/c global syst.= = 8%
o
Jp Raa

density is larger. OSH H . H
0.6;— H
» At y=0 charm o4 'y

density is larger. TSSO ST PNIN

Inclusive JAp: ~90% prompt and ~10% from B decays.
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Recombination at the LHC? ALICE

The golden measurement of the quarkonium elliptic flow.

.+ Difficult 03
ITTCu > " @ ALICE (Pb-Pb |s,, = 2.76 TeV), centrality 20%-40%, 2.5 <y < 4.0

measurement.

|t favours non-zero
J/p elliptic flow
(2.40).

« B feed-down is a

ALICE Collaboration, PRL 111 (2013) 162301

0.23— Jhp v,

o

-0.1F global syst. =+ 1.3%

B contribution could be very high, depending on B v.,.

limitation!
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Recombination at the LHC?

What about (2S)?

« Small S/B ratio.

e Large

uncertainties.

e Difficult to

conclude.
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ALICE Collaboration,
R. Arnaldi Quark Matter 2012
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The golden reference and quarkonium genesis

ALICE

Measurement of open heavy flavours : charm and beauty, is mandatory.

Suppressionis &
observed for
p>4 GeV.

Decreasing to

lower p+ IS

1.6
. ALICE Pb-Pb \s,,=2.76 TeV, u*« HF in 2.5<y<4
1.4}
: —— 0-10%
1.2 |
» —— 40-80%
0.8 '__ﬂ m
: -+--+-+ ‘E—

0.6 ] u “

0.4} IR B -

02; I }{hﬂ“‘E —
' Filled boxes: systematic uncertainty on normalization
0 i i 1 M . | i M

0 2 4 6 g ) (GeV/c1:)0
ALICE Collaboration, PRL 109 (2012) 112301 T

crucial.

Disentangling beauty and charm contributions
and reaching lower p; reach is challenging.
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The golden reference and quarkonium genesis

|/
/ \)

ALICE

Measurement of open heavy flavours : charm and beauty, is mandatory.

* Non-zero elliptic
flow of HFM
measured for p>3
GeV.

N 0'3: . .
o o25E- % Pb-Pb collisions, \s,,=2.76 TeV
= = 2.5<y<4
> 2
g °F ALICE
@ 0.15preLIMINARY
© - )
- f_-_.\
L i
| . b fcls ——
> -
S -0.05
I 0 15_ E ALICE, centrality 20-40%
E BAMPS, centrality 30-50%, Phys. Lett. B717 {2012) 430
-0.15 , ,
- = = Rapp et al., centrality 20-40%, arXiv:1208.0256
_0.2_IlllIllllIIIIIIIIIIIIIII|IIII|IIII| IIIIIIII IIIII

0 1 2 3 4 5 6 7

ALICE Collaboration,
S. Li, Hard Probes 2013

Decreasing to

Disentangling beauty and charm contributions
and reaching lower p; reach is challenging.

lower p+ Is crucial.
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The surprise

A new observable of the QGP?

« Excess of J/ip yield
observed at low p+
(pr<300 MeV).

 Observed in semi-
peripheral Pb-Pb
collisions.

* Photo-production is

the natural candidate.

7th FCCPL Workshop, April 8-10th, Clermont-Ferrand, France

ALICE Collaboration,
A. Lardeux, Hot Quarks 02012
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'ALICE Detector Upgrade

Increase luminosity (100 kHz IR) and improve vertexing
and tracking capabilities of ALICE at low p-.
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ALICE Upgrade documents

Letter of Intent:

v ALICE -~

v ITS ALICE Experiment
v MFT
TDR:

v' Readout-Upgrade
v ITS

v TPC

v' 02 (in progress)

v MFT (in progress)

Upgrade of lhg
Inner Tracking System

7th FCCPL Workshop, April 8-10th, Clermont-Ferrand, France

Upgrade of th?*
Inner Tracking System

Upgrade of the
Readout & Trigger System

Upgrade of the
ALICE Experiment

The Muon Forward Tracker

" "’%%\

Upgrade of the
Time Projection Chamber
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Strategy of the ALICE collaboration 2015-2025 ALICE

Low pT and |y|<4 coverage for heavy flavours, quarkonium,
di-lepton and jet chemistry in heavy ion collision.

( Heavy flavours: measurement of the total production crossx
section.

v Quarkonium: Precision measurement of the dissociation and
recombination of quarkonium states.

v Low mass di-lepton: Measurement of the thermal virtual

Q)hotons and the rho meson spectral function. [MFT+MUON |/

v' Jets: Particle identification in jets, low p; c and b jets and

dissipation of the lost energy in the medium.

7th FCCPL Workshop, April 8-10th, Clermont-Ferrand, France 17
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ALICE Muon Spectrometer ALICE
New read-out electronics at 100 kHz IR. Muon trigger = Muon ID

-~ N - N 4 \ \i/ 3 ;‘k‘ "-,’; il LA
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Muon Forward Tracker: An internal Forward Trackery i¢:
for the ALICE Muon Spectromgter.

\\

m:@ _"':"’T\V —-
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Many new physics cases become accessible.

MUON + MFT

Observable MUON upgrade upgrade

pr>0; 10%
Raa (J/ from B) Unmeasurable (to be improved “a la
LHCDB”)
v (J/ from B) Unmeasurable Not evaluated yet
U decays from c-hadrons Unmeasurable pr>1; 7%
U decays from b-hadrons Unmeasurable pr>2 ; 10%
Raa (prompt J/Y) Unmeasurable pt>0; 10%
v2 (prompt J/V) Unmeasurable Not evaluated yet
P’ pt>0 ; 30% pt>0; 10%
Low Mass ggévgﬂggsrzggﬁ;il func. Unmeasurable pr>1; 20%
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MFT detector in a few words.

Precision of the
tracking: tens of um.

2000 charged
particles per unit of
rapidity.

Challenging
iIntegration and I
matching between ‘
muon and the MFT

tracks.

7th FCCPL Workshop, April 8-10th, Clermont-Ferrand, France 21
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MFT Standalone tracking ALICE

In progress

Implementation of the algorithm
“cellular automaton” in AlIRoot. n1m 489 (2002) 389
T b R 0

detector = plane surfaces 12:- | z vertex
tracks = straight lines (broken when crossing a plane) [ resolution
hits = intersection points ~ ™ :;‘ — m._ .

[
|
\

R

o
|
|

H H /Ay H
/17
Vi
A
v/i1///
v/
) foee VAV A '
v
’, v
'
[." 1
- i
2=~ \ SN \ |
; I
N . 1v-'ll“1“" | .

%.1 008 006 004 002 0 002 004 006 006 01

z-vertex (calc. - gen.) [cm]

7th FCCPL Workshop, April 8-10th, Clermont-Ferrand, France 22



A Large lon Collider Experiment

The displacement of the J/iy vertex: ALICE
A measurement of the open beauty down to p;=0.

o 9‘0 15 Error estimation: Lumi =10 nb I
= sv-or Z
o -— B 4
a;_ g - - [ 10° 0.0 <p,’ < 1.0 GeVic 0.0 <p < 1.0 GeVic
- — &
o]
S|A - |.§ 30 )
2l o0 tz Prompt tz Displaced
L., | , 20
Xy i Amplitude of shape fluctuations
0.05 |- . P
[ B o=
L5 10
|:| a=2% - a=5%
0 i |:| a=3% —$— Stat. Error
P I TR T N N NN N TN N NN TN NN MY S NN Y S SRR | 1 | 0 * v y 0 —
0 1 2 3 4 5 -0.2 0 0.2 04 0.2 0 02 04
. p. (GeV/c) t, [emc] t, femic]
Figure 2.19, MFT Lol T ' 31

Lorentz Boost facilitates the measurement at low p-.
Longitudinal displacement analysis in progress.
Unique at the LHC for p=0.
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dN/dp_ (GeVic)!

A Large lon Collider Experiment

HFM: Separation between beauty and charm.

dN/dp_ (GeV/c)!

.
)

T TIIIHI

10°

10’

ALICE

Rejection of secondary interactions in the absorber.
Rejection of muons from m and K weak decays.

Charm measurement down to p;=1 GeV of the HFM.

T

T IIITHI

it « b : Error estimation: Lumi = 10 nb™

Cette mesure sera
ameéliorée avec
I'analyse Jhp du B

°
°
« Separation of the beauty and charm.
°
| e i « c : Error estimation: Lumi = 10 nb™
10° = e
i e
10" =
E .
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~ S e
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Figure 2.27, MFT Lol
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The measurement of the y(2S).

|/
/ \)

ALICE

Improvement of the precision on y(2S).

S/B ratio increases by a factor 3-5 .

[ ALICE inclusive J/vy and ¢(2S), 2.5<y<4
| Pb-Pb, s=2.76 TeV, L=70ub™" .-

Raa(w(23)) /R, , (JAp)

| e CMS, 3<p <30 GeVlc, 1.6<lyl<2.4 (CMS-HIN-12-007)
| e ALICE, 0<pT<3 Vic, 2.5<y<4
@ ALICE, 3<p <8 GeVlc, 2.5<y<4
S\=5-5 TeV, 0-10%, L=10 nb"
Y MFI',. 0<pT<10 GeV/c, 2.5<y<3.6

95% CL

10"
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Vector mesons and low masses
Only ALICE can address this physics case at forward

rapidity.

MUON only : 1.0 < p." < 10.0 GeV/c

— -
N
§ 7 - Rapp sum (Syst. Err. € + cocktail)
()] - - Rapp sum (Syst. Err. Bkg.)
E Rapp QGP
2 10° o
- n Rapp in-medium SF
™ .
[}] -
n- -
»n -
c -
o
=3 -
E
©
= 10*
= ]
E -
z —
pe) .
10°
—Illlllllllllllll
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10°
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ALICE

MUON + MFT : 1.0 < p" < 10.0 GeV/c
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Silicon Pixel Sensor

R&D in progress. Joint effort ITS and MFT

v MAPS (Monolithic Active Pixel
Sensors) CMOS 0.18 ym from
TowerJazz technology.

v' 50 um thickness

v Radiation hard: 700 kRad (dose)
et 103 neg/cm? (neutron
equivalent).

v" Final architecture to be chosen at

the end of the year.

7th FCCPL Workshop, April 8-10th, Clermont-Ferrand, France

NMOS

TRANSISTOR

ALICE

PMOS
TRANSISTOR

o e

PWELL

Epitaxial Layer P-

" w
NWELL
L/ DEEP PWELL

30 mm

FSBB 2 FSBB 3
tion2 . k
Column Discri X 2 (option 1)
os] 505 | s
[ Multiplexer 1| [ Multiplexer 1
[ 2
RAM 2 P SRAM 1 SRAM 2
& Control
+1/0 drivers Refs. Serializer + 1/O drivers +Registers
Serial link
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Ladders, planes and half disks ALICE

ASIC50um__ Gold 30 um

Glue XX um-__ 7 I———

Kapton 12 ym——>» | ‘
Glue 10 pm ﬁv
Kapton 12 ym

Al 10 ym

\

Ladder

Half Disk

PCB, circuit routing, Front-End-
mechanical support Electronics

28
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MFT readout system ALICE
Standard ALICE readout architecture.

v Sensor-FEE-DAQ.
v" Design for Pb-Pb-MB 100kHz with a 3 fold security factor.

v' Mapping has been optimised: 166 optical links ~3 GB/s (6 detection
planes).

mm

For each sensor, we aSSigned : Half Plane 0 front (6 GBT assigned) inel QED effect
. AGBT i i Back
* Agroup 5 S b A —

5 L ) - e

; 2edinks Half Plane Ob 6 GBT's 6GBT's

* The needed speed

f/llgguaﬁh:gg:/!bps
Fast 320Mbps - - Half Plane 0 6 GBT's 6 GBT's
d 1‘M d2Mm d3s das d

With a securit Half Plane 1 8GBT's 7GBT's

to aleviate

2:1,11%%35;%? o , C Half Plane 2 7 GBT's 7 GBT's

e / —=Z== Half Plane 3 7GBT's 7GBT's
Half Plane 4 8 GBT's 8 GBT's

The mapping strategy :
1/ Respect GBT constraints
2/ Group elinks by speed
3/ Group elinks geographically (ladders)

TOTAL whole MFT 166 GBT's :
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MFT Mechanics and integration ALICE

—




A Large lon Collider Experiment

MFT cooling

v MFT Power ~1.5 kW.

v Cooling with air seems
possible (Lol studies).

v" New thermal studies on
going with new
hypothesis, detailed
MFT description, DC-DC
converters.

v" Vibration studies to be
done.
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Addendum of the ALICE Lol

Approved by the LHCC on Sep 26th

http://cds.cern.ch/record/15926597?In=fr
Next:

MFT TDR for the end of the
year.

MFT collaboration: Clermont-
Lyon- Kolkata-Nantes-Saclay-
St.Petersbourg

Synergy with ITS: Strasbourg,
CERN, Korea” Thailand?
China?

7th FCCPL Workshop, April 8-10th, Clermont-Ferrand, France

ALICE

Upgrade of the
ALICE Experiment

Addendum to the Letter of Intent

The Muon Forward Tracker
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Conclusions

of QGP at the LHC. Upgrade program is planned f
for run3.

v Heavy flavour and quarkonium probes are
measured by the ALICE muon spectrometer.

v" A new internal tracking system: MFT will open

new physics studies: Beauty / Charm separation
and prompt JAhp and y(2S).

v' MFT is a challenging project. Same technology
as the new ALICE ITS upgrade.

v Our Chinese colleagues are welcome to join the
MFT detector project.
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