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Outlook
• The present ALICE Muon Spectrometer


‣ Physics motivations 

‣ The setup

‣ Physics highlights of Run 1 & Perspectives for Run 2


• The Upgrades

‣ Limitations of the present Muon Arm

‣ Running the spectrometer in Run 3/4

‣ The upgrades of the Muon Arm

‣ Physics perspectives for Run 3 (Ginés talk)
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Physics motivations
• Why HF & Quarkonia are interesting probes?


‣ Heavy quarks are produced in the early stage of the collision (hard scattering)

‣ They are sensitive to the hot medium formed in the ultrarelativistic HI collision


• Open heavy flavors => Probing the medium by energy loss

‣ Mass dependence (ΔEc > ΔEb) => comparison charm/beauty (only possible w/ MFT)


• Quarkonia => Probing the medium by color screening

‣ Quarkonia should be suppressed by heavy quark potential screening

‣ Recombination due to the high density heavy quarks could play a role


• Low mass => chiral symmetry restauration

‣ in-medium modification => rho broadening


• Reference needed: pp collisions

‣ Check production mechanisms (pQCD), A-A normalization


• Disentangle «hot effects» from «cold effects»: p-A collisions

‣ Initial state effects: Modification of PDFs in nuclei (shadowing),  

gluon saturation
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Introduction (i) 

� Charmonium suppression via 

colour screening Æ probe of 

deconfinement 
� Matsui and Satz, PLB 178 (1986) 416 

 

� Sequential suppression of       

the quarkonium states  
� Digal, Petreczky, Satz,  PRD             64 

(2001) 0940150 

 

� Enhancement via (re-)generation 

of charmonia, due to the large 

multiplicity of cc pairs 
� P. Braun-Munzinger and J. Stachel,           

PLB 490 (2000) 196  

� R.L. Thews et al. PRC 63 (2001) 054905 
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Observables

Nuclear modification factor:

RAA(pT) =
1

hT
AA

i
dN

AA

/dpT
d�

pp

/dpT

QCD-based models describing collisional and radiative energy loss in the medium
predict: [Dokshitzer et al., PLB 519 (2001) 199], [Armesto et al., PRD 69 (2004) 114003], [Djordjevic et al., NPA 783 (2007) 493], [. . . ]

E
loss

(g) > E
loss

(u, d , s) > E
loss

(c) > E
loss
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+
RAA(light hadrons) < RAA(c) < RAA(b)

IAA: ratio of yields measured in AA and pp collisions.
Used in correlation studies

IAA =

R �2

�1
d�� dN

AA

d��R �2

�1
d��

dN
pp

d��

Near side (around �� = 0): sensitive to fragmenting jet leaving the medium

Away side (around �� = ⇡): sensitive to the probability that the recoiling particle
survives the passage through the medium

⇤The mass hieararchy holds in the pT range where the quark mass is relevant
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Introduction (ii) 
� Cold nuclear effects. What do we expect at LHC ? 

� Nuclear absorption 
� at LHC, quarkonia formation time >> collision time       
Æ small absorption expected 

 
� Gluon shadowing 

� at LHC (= small x)  a large shadowing expected but huge 
uncertainty on nPDFs at low Q2  

 …  or  gluon  saturation 
 

� Initial state energy loss 
� energy loss of the incoming parton: 
      typically, constant fraction in each  
      collision 
� new approach (Peignè, Arleo ):  
       coherent energy loss    arXiv:1212.0434 

� Hot nuclear effects in pA? 
� Multiplicity in pA@LHC ~ that of  semi-central AA at 

lower energies 
SQM 2013 Giuseppe E. Bruno 4 
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The ALICE Detector
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The ALICE Muon Spectrometer
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The Muon Tracking
• 10 planes of Cathode Pad Chambers (CPC) arranged in 5 stations

• Stations 1&2 quadrant type (3 pad segm.) 

• Stations 3, 4, 5 slats type (3 pad segm.)

• 156 detection elements, 1.1 M channels

• CPC


‣ Gas mixture Ar/CO2 80:20, gap 5 mm (4.2 mm St. 1)

‣ Gain of ~104, HV ~ 1650 V

‣ Spatial resolution of ~100 μm and ε ~100%

6

View from the dipole 



A. Baldisseri MFT Meeting @ Hiroshima, Oct. 5th 2015

The Muon Trigger
• 4 planes of 18 single gap Resistive Plate Chambers (RPC) each, 

• Arranged in 2 stations

• Total surface ~140 m2

• Readout/FEE channels ~21000

• Trigger electronics: decision and readout

• Trigger decision


‣ pT-based muon selection  

‣ single muons, unlike-sign, and like-sign muon pairs

7

Dr Pascal Dupieux, Muon Trigger Review, Torino, 29/11/2013 2 

The ALICE Muon Trigger 
 

� 4 planes of 18 single 
gap Resistive Plate 
Chambers (RPC) each, 
arranged in 2 stations 

� Total surface ~140 m2  

� Total # of readout/FEE 
channels ~21000 

� Trigger electronics 
(decision, readout) 

� Decision on single 
muons, unlike-sign and 
like-sign muon pairs  

� pT-based muon 
selection 

RPC  
(Resistive Plate Chamber)



A. Baldisseri MFT Meeting @ Hiroshima, Oct. 5th 2015

Physics highlights of Run 1  
&  
Perspectives for Run 2
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(Today bias: Mostly Pb-Pb @ 2.76 TeV/nucleon, little p-Pb, almost no pp)
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ALICE Data sets
• Pb-Pb @ √sNN = 2.76 TeV


‣ 70 μb-1 in 2011 (20 times less in 2010)


• p-Pb @ √sNN = 5.02 TeV 

‣ 11 nb-1 in 2013 (divided in p-Pb and Pb-p) 

• pp @ √s = 7 TeV 

‣ 1.35 pb-1 in 2011 

• pp @ √s = 2.76 TeV 

‣ 20 nb-1 in 2011 

• pp @ √sNN = 8 TeV

‣ 1.3 pb-1 in 2012

9

(Full luminosity seen by muon triggers)

➡Pb-Pb luminosity: 1 nb-1 
➡p-Pb: 30 nb-1 
➡p-p: ~50 pb-1

Run 2
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J/ψ RAA in Pb-Pb

• Less suppression compared to RHIC (10 times lower energy)

• Less suppression at low pT

• Recombination should play a role (~100 charm quark pairs in HI central)

• Models including regeneration give satisfactory agreement

10

Phys. Lett. B734 (2014) 314 

TM1: Zhao et al. NPA 859 (2011) 114–125  
TM2: Zhou et al.  PRC 89 (2014) 054911 

➡Better multi-differential analysis (pT, y) 
➡Larger pT range 
➡Higher energy (more recombination ?)

Run 2
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J/ψ <pT2>

11

J/y and y(2S) production in Pb–Pb collisions at psNN = 2.76TeV ALICE Collaboration
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 = 0.2 TeV, global syst. = 3% NNsAu-Au and Cu-Cu 

<1y, 0<-µ+µ → ψNA50 inclusive J/
 = 0.017 TeV, global syst. = 3%NNsPb-Pb 

Transport model calculations
TM1 ALICE
TM2 ALICE RHIC SPS

Fig. 6: (Color online) Mean transverse momentum hpTi measured by ALICE [37] and PHENIX [21, 52, 56] as a
function of the number of participant nucleons (left). rAA measured by NA50 [57], PHENIX and ALICE and compared
to model calculations [13, 58], as a function of the number of participant nucleons (right).

a function of hNparti. This behavior could be related to the onset of recombination phenomena and to the
thermalization of charm quarks. Theoretical calculations [13, 58], based on transport models (described in
the next section) are able to reproduce the rAA at SPS, RHIC and LHC energies. They correlate the specific
dependence of rAA on collision centrality with the increased importance of recombination effects in the J/y
production mechanism at the LHC.

9 Nuclear Modification Factor

Some of the RAA results presented here were already published in [27] and are shown again in this section,
where they are compared with model calculations and with results from previous experiments. They include
the centrality dependence of RAA (Fig. 7), the pT dependence of RAA for the centrality classes 0–90% and
0–20% (Fig. 9 top row) and the rapidity dependence of the RAA (Fig. 10). The new results shown in this
section include the centrality dependence of RAA for three pT intervals (Fig. 8) and the pT dependence of
RAA for the centrality classes 20–40% and 40–90% (Fig. 9 bottom row). These new results were obtained
using a slightly different trigger selection, as explained in section 3. The consistency of the results obtained
with the two selections was verified.

9.1 Centrality dependence of RAA

Our measurement of the inclusive J/y RAA at psNN = 2.76TeV in the range 2.5 < y < 4 and pT < 8GeV/c
is shown in Fig. 7 as a function of hNparti. Statistical (uncorrelated systematic) uncertainties are represented
by vertical error bars (open boxes). A global correlated systematic uncertainty affecting all the values by
the same amount is quoted in the legend. The same convention is applied in the following figures, unless
otherwise specified. The J/y RAA in the centrality class 0–90% is R0–90%

AA = 0.58±0.01(stat.)±0.09(syst.),
indicating a clear J/y suppression. This suppression is significantly less pronounced than that observed at
lower energy in PHENIX in a similar kinematic range, as previously discussed in [26, 27]. For hNparti larger
than 70, corresponding to the 50% most central Pb–Pb collisions, the J/y RAA is consistent with a constant
within uncertainties. Such behavior was not observed in heavy ion collisions at lower energies (SPS, RHIC)
where RAA is continuously decreasing as a function of centrality.

18

• Strong energy dependence of rAA

• Transport models work reasonably well

• Considered as recombination signature

arXiv:1506.08804

J/y and y(2S) production in Pb–Pb collisions at psNN = 2.76TeV ALICE Collaboration

pT range y range Centrality hpTi ± stat. ± syst. hp2
Ti ± stat. ± syst.

(GeV/c) (GeV/c) (GeV2/c2)
Pb–Pb psNN = 2.76TeV

0–8 2.5–4 0–20% 1.92 ± 0.02 ± 0.03 5.17 ± 0.12 ± 0.16
0–8 2.5–4 20–40% 2.04 ± 0.02 ± 0.04 5.83 ± 0.11 ± 0.17
0–8 2.5–4 40–90% 2.22 ± 0.03 ± 0.04 6.72 ± 0.14 ± 0.20

pp
p

s = 2.76TeV [37]
0–8 2.5–4 n/a 2.28 ± 0.04 ± 0.03 7.06 ± 0.26 ± 0.13

pp
p

s = 0.2TeV [52]
0–(7)8 1.2–2.2 n/a 1.61 ± 0.01 ± 0.012 3.60 ± 0.06 ± 0.07

Au–Au psNN = 0.2TeV [21]
0–(5)8 1.2–2.2 0–20% 1.94 ± 0.18 5.79 ± 1.33
0–(6)8 1.2–2.2 20–40% 1.87 ± 0.07 4.78 ± 0.34
0–(6)8 1.2–2.2 40–60% 1.74 ± 0.04 4.19 ± 0.27
0–(6)8 1.2–2.2 60–92% 1.61 ± 0.05 3.87 ± 0.27

Cu–Cu psNN = 0.2TeV [56]
0–(5)8 1.2–2.2 0–20% 1.68 ± 0.04 ± 0.02 3.79 ± 0.25 ± 0.11
0–(5)8 1.2–2.2 20–40% 1.69 ± 0.04 ± 0.02 3.71 ± 0.18 ± 0.08
0–(5)8 1.2–2.2 40–60% 1.68 ± 0.05 ± 0.02 3.91 ± 0.30 ± 0.11
0–(5)8 1.2–2.2 60–94% 1.66 ± 0.10 ± 0.04 4.13 ± 0.64 ± 0.24

Table 3: Values of hpTi and hp2
Ti at various energies and colliding systems. The statistical and systematic uncertainties

are quoted separately, except for PHENIX measurements in Au–Au collisions where the quadratic sum is given. If
the measurement is not available in the range 0 < pT < 8GeV/c, the fit function is extrapolated down to 0 and up to
8GeV/c to compute the hpTi and hp2

Ti. The pT limits of the measurements are given by the numbers in parentheses.

A clear downward trend in hpTi is observed when going from pp to the most central Pb–Pb collisions. The
hpTi in peripheral (40–90% ) Pb–Pb collisions and pp collisions are statistically compatible. The hpTi de-
crease from peripheral (40–90%) to central (0–20%) collisions is significant, the two values being separated
by more than 5s . These results are compared to the ones obtained at lower energy by PHENIX in pp, Cu–Cu
and Au–Au collisions at psNN = 0.2TeV. There is no evidence for a decreasing trend, contrary to what is
observed in the ALICE measurement.

In order to compare the evolution of hp2
TiA–A at different energies, one can form the variable rAA defined as

rAA =
hp2

TiA–A

hp2
Tipp

. (8)

This variable was measured over the wide range of energies and colliding systems covered by NA50 and
PHENIX experiments. The comparison with the ALICE results is done in Fig. 6 (right side). A very
different hNparti dependence is seen, especially when comparing Pb–Pb collisions at the SPS and the LHC.
At the SPS energy of psNN = 0.017TeV [57], the increase of the J/y hp2

Ti with the centrality of the collision
was attributed to the following interpretation of the Cronin effect [59], i.e. an extra pT kick due to multiple
scatterings of the initial partons producing the J/y . At the LHC, a clear decrease of rAA is observed as

17

➡Higher statistics -> more centrality binsRun 2

TM1: Zhao et al. arXiv:1102.2194 
TM2: Zhou et al.  arXiv:1401.5845
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J/ψ flow in Pb-Pb
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• Indication of a non-zero elliptic flow

• CO-onsidered at a signature of the recombination

• At RHIC J/ψ flow was compatible with zero

PRL 111 (2013) 162301 

X. Zhao et al., Nucl. Phys. A904-A905, 611c (2013) 
Y. Liu et al., Nucl. Phys. A834, 317c (2010)

Azimuthal anisotropy

p

x

p

y

Spatial anisotropy is converted via multiple collisions into an anisotropic
momentum distribution
Reaction plane ( 

RP

): defined by the beam axis and the impact parameter vector
of the two colliding nuclei
Azimuthal distributions of particles measured with respect to the reaction plane
can be expanded in a Fourier series:

E
d3N

d3p
=

1
2⇡

d2N
pTdpTdy

 
1 +

1X

n=1

2v
n

cos (n(�� 
RP

))

!

The elliptic flow is defined as:
v2 = hcos(2(�� 

RP

))i
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Azimuthal anisotropy

p
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Spatial anisotropy is converted via multiple collisions into an anisotropic
momentum distribution
Reaction plane ( 

RP

): defined by the beam axis and the impact parameter vector
of the two colliding nuclei
Azimuthal distributions of particles measured with respect to the reaction plane
can be expanded in a Fourier series:

E
d3N

d3p
=

1
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d2N
pTdpTdy
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RP

))

!

The elliptic flow is defined as:
v2 = hcos(2(�� 
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))i
D. Stocco SQM 2013 - Birmingham 21 – 27 Jul. 2013 16 / 25

➡Higher statistics 
➡Conclusion on non zero flow (> 3 sigma)Run 2
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ψ(2S) RAA in Pb-Pb
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• Results are not inconsistent wrt models that describe J/ψ

• Discrimination between statistical and transports models

➡Higher statistics 
➡Model test (Statistical vs Transport)Run 2

arXiv: 1506.08804 

SHM: Andronic et. al., PLB678 (2009) 350-354  
TM: Chen et. al., PLB276 (2013) 725-728 

\(2S) 

� how ? 

 

 

� why ? 

 
� R is weakly-dependent on 

charm production cross 
section employed in models 
for Pb-Pb collisions 

 

� R < 1 expected in both 
transport (NPA 859 114) and 
statistical (PLB 490 196) model, 
but different magnitudes 
predicted 

 

At SPS (NA50): R=0.24 

 SQM 2013 Giuseppe E. Bruno 15 
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Heavy flavor decays in muon

14

• Suppression observed for central collisions

• pT > 3 GeV/c to control the background subtraction

• Models with in-medium energy loss gives the trend

➡Higher pT rangeRun 2

arXiv:1507.03134 

A"Large"Ion"Collider"Experiment"

Heavy Flavor muon RAA and v2�

���

•  Forward muon RAA measurement extended up to 20 GeV
!  W contribution subtracted

•  RAA
µ"HF~0.3 (6<pT<16 GeV/c) between RAA

D~0.2 and RAA
non prompt J/ψ~0.4

•  RAA and v2 are described by transport model calculations
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•  RAA and v2 are described by transport model calculations

A. Dubla�

)c (GeV/
T

p
0 2 4 6 8 10 12 14 16 18 20

H
F

←
µ A

A
R

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

ALICE Preliminary
 = 2.76 TeVNNsPb-Pb, 

2.5 < y < 4
Centrality class 0-10%

HF←±µ
MC@sHQ+EPOS
BAMPS elastic
TAMU elastic
Syst. uncertainty

ALI−PREL−101250

)c (GeV/
T

p
0 1 2 3 4 5 6 7 8 9 10

H
F

←
µ 2

v

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

 in 20-40%{2}HF←µ

2v

MC@sHQ+EPOS 20-40%
TAMU elastic 20-40%
BAMPS 30-50%

ALICE=2.76 TeVNNsPb-Pb, 

HF in 2.5<y<4←µ

ALI−PUB−95311

ALICE, arXiv:1507.03134�

0-10%� 20-40%�

2.5<y<4�

2.5<y<4�

• Positive flow observed

• Models seems to underestimate the data 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J/ψ photoproduction in Pb-Pb (hadronic coll.)

15

arXiv:1506.08804

A word on J/ψ photo-production 

10 

An excess of the J/ψ production has been observed at forward-rapidity, low-pT  
(pT < 300 MeV/c) and in peripheral  collisions  
It is discussed in detail in the talk from G. Martinez, Wednesday, Quarkonia IV 
It could originate from coherent J/ψ photo-production, as also measured in ultra-
peripheral collisions (b>2r) 
It must be properly accounted for (or removed) when interpreting the results on 
RAA or ¢pT² 

arXiv:1506.08804 [nucl-ex] 

• Excess observed in peripheral collisions

• Could be from coherent J/ψ photoproduction (like in ultra peripheral collisions) 

➡Higher statistics 
➡Photoproduced J/ψ used as probe?Run 2
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Low masses in Pb-Pb

16

25/09/2015 Alessandro De Falco           Università/INFN Cagliari 20

f R
AA 

at forward and mid-rapidityf R
AA 

at forward and mid-rapidity

● Comparison with ALICE measurement at midrapidity in the f→KK 
channel 

● Points at forward and mid-rapidity in agreement if considered one by one 

● Different slopes observed between forward and mid-rapidity: possibly 
different hydrodynamic push in the two rapidity regions?

25/09/2015 Alessandro De Falco           Università/INFN Cagliari 16

Low-mass dimuons in Pb-Pb collisionsLow-mass dimuons in Pb-Pb collisions

● Same selection as in 
pp and p-Pb plus:

- online trigger 
threshold at p

Tm
~ 1 GeV/c

- Sharp cut set offline to
  p

Tm 
> 0.85 GeV/c

- Cut on dimuon 
  p

T 
> 2 GeV/c

Background 
described as 
an empirical 
continuum
(blue line)

Centrality: 0-20% Centrality: 20-40%

Centrality: 60-90%Centrality: 40-60%

➡Higher statistics 
➡Improve systematics (?)Run 2

25/09/2015 Alessandro De Falco           Università/INFN Cagliari 17

BR s
f
/(BR s

r
+BR s

w
)BR s

f
/(BR s

r
+BR s

w
)

BRs
f
/(BR s

r
+ BR s

w
) increases from pp to Pb-Pb collisions and 

tends to saturate for central events

•  ɸ/(⍴+⍵) increase from pp to Pb-Pb (saturation)

• RɸAA : Similar trend observed in Au-Au collisions @ PHENIX 
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Upsilon RAA in Pb-Pb
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• First measurement of Υ(3S) with ALICE 
• ALICE measurements are in agreement 

with LHCb [arXiv:1509.02372] as function of 
pT and y  (in both cases the difference do 
not exceed 1.5𝜎). 

28-Sep-15 Y measurements with ALICE, QM-15, I. Das 7 

pp results at 𝒔 = 8 TeV 

ALICE Coll., CERN-PH-EP-2015-267    

➡Higher statistics 
➡Differential studiesRun 2

𝚼(𝟏𝐒) RAA in Pb-Pb collisions 

28-Sep-15 Y measurements with ALICE, QM-15, I. Das 8 

A strong suppression has been observed in the inclusive measurement of 𝚼(𝟏𝑺) 
state in heavy-ion collision at forward rapidity (2.5<y<4.0) 
Note the feed-down to Υ(1S) is approximately  30% from higher mass bottomonia [LHCb : 
Eur.Phys.J. C74 (2014) 3092]. 

ALICE Coll.,  Phys. Lett. B 738 (2014) 361 : Note that the reference cross section for ϒ(1S) at 
�s=2.76 TeV is taken from LHCb  [ Eur. Phys. J. C74 (2014) 2835 ] 

LHCb reference in pp

•   Υ Strongly suppressed  (more wrt central rapidity)

•  Υ vs y: rather flat now with CMS new pp reference!

Mihee Jo Quark Matter 2015 15

Y RAA vs. rapidity with theoretical models

● Theoretical model agrees for both Y(1S) and Y(2S) at

mid-rapidity only

RAA=
Lpp

T AA NMB

N PbPb

N pp

εpp

εPbPb
Y(1S) by CMS 
Y(2S) by CMS

Y(1S) by 
ALICE

CMS-PAS-HIN-15-001

PLB 738 (2014) 361

arXiv: 1507.03951

● Y(1S) RAA are relatively 

Sat over CMS and ALICE

– ALICE used LHCb pp reference
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Quarkonia in p-Pb
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x = 1-5 10-2 

p

Pb

p

x = 2-8 10-5 

Pb

p

ALICE Collaboration  | XXV Quark Matter | September 27 - October 3, 2015 Kobe | Marco Leoncino 12

➢ J/ψ production has been studied as a function of rapidity and p
T  

[JHEP 1506 (2015) 055]

➢ Backward rapidity: no significant nuclear effects on J/ψ are observed

➢ Mid and Forward rapidity: J/ψ suppression at low p
T  

(p
T
< 5 GeV/c)

➢ Study of data as a function of centrality is important for a deeper understanding of the 

role of CNM effects on J/ψ production
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J/ψ vs pT ψ(2S) / J/ψ vs Ncoll

• J/ψ: Backward (almost) no nuclear effets, forward => suppression @ low pT


• ψ(2S): More suppressed than J/ψ. Comover model gives the trend
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ALICE Collaboration  | XXV Quark Matter | September 27 - October 3, 2015 Kobe | Marco Leoncino 23

[ψ(2S)/J/ψ]
pPb

/[ψ(2S))/J/ψ]
pp

 

➢ PHENIX results in d-Au collisions at √s
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dissociation (Ferreiro) models describe the observed ψ(2S) 
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Fig. 2. Inclusive Υ (1S) production cross section as a function of rapidity in p–Pb
collisions at √sNN = 5.02 TeV. The vertical error bars represent the statistical un-
certainties and the open boxes the uncorrelated systematic uncertainties. The cor-
related systematic uncertainty is 1.6% and is directly quoted in the figure. It is 
obtained by summing in quadrature the correlated uncertainty on the integrated 
luminosity and the uncertainty on the branching ratio of Υ (1S) to dimuon. The 
bands correspond to the inclusive Υ (1S) pp cross section obtained with the proce-
dure described in the text and scaled by APb.

pT < 15 GeV/c and 2 < y < 4.5, in 5 rapidity bins of equal size 
[49,56,57]. The LHCb results were re-binned to obtain the cross 
section in (approximately) the rapidity ranges of interest for this 
analysis: 2 < y < 3, 2 < y < 3.5, 3 < y < 3.5, 3 < y < 4.5, and 
3.5 < y < 4.5. For each bin, the cross section as a function of en-
ergy was fitted according to 21 different shapes: 15 are based on 
Leading Order CEM (LO-CEM) calculations for Υ production, corre-
sponding to various choices of PDFs and of the factorization scale; 
3 are based on the energy-dependence of bare bottom-quark pair 
production (FONLL) [61]; the remaining three are a power law, 
a linear and an exponential function. The obtained fit parame-
ters were used to compute the cross section at 

√
s = 5.02 TeV. 

In order to take into account the rather poor agreement of the 
data with the fitting functions (χ2/ndf > 2 for all fits, where 
ndf is the number of degrees of freedom), all the uncertainties 
on the fit results were rescaled by

√
χ2/ndf . Fits with χ2/ndf

values larger than three times the minimum value obtained for 
the rapidity range considered were discarded. The weighted av-
erage of the surviving results was computed (using the rescaled 
fit uncertainty as a weight) and retained as central value. The 
average (rescaled) fit-result uncertainty was evaluated for each ra-
pidity bin: it ranges from 7% to 12%. As an additional uncertainty, 
the maximum difference between the average and the individ-
ual fit results was computed: it ranges from 2% to 7%. Finally, a 
third uncertainty was considered, to take into account the shift of 
0.035 rapidity units between the ranges adopted in the interpo-
lation procedure and those used for the measurement of RΥ (1S)

pPb . 
Such an uncertainty is quantified by the maximum difference be-
tween the cross sections in the two ranges, evaluated with the 
LO-CEM and FONLL models, and amounts to 1% for the forward ra-
pidity region and 3% for the backward rapidity region. Since the 
interpolation is performed separately for each rapidity range, the 
associated uncertainties are assumed to be uncorrelated with ra-
pidity. For the forward and backward rapidity ranges used for the 
integrated results, the obtained interpolated cross-sections times 
branching ratio are 1451 ± 114(syst) pb and 770 ± 87(syst) pb, re-
spectively.

Using the interpolated values of σΥ (1S)
pp , the nuclear modifica-

tion factors are

Fig. 3. Nuclear modification factor of inclusive Υ (1S) in p–Pb collisions at √sNN =
5.02 TeV. The results are compared to those for inclusive J/ψ [36]. The vertical er-
ror bars represent the statistical uncertainties and the open boxes the uncorrelated 
systematic uncertainties (for the J/ψ , the uncorrelated and partially correlated un-
certainties have been added in quadrature). The full boxes around RpPb = 1 show 
the size of the correlated uncertainties, which in the case of the Υ include only the 
correlated uncertainty on the luminosity (see Table 1).

RΥ (1S)
pPb (−4.46 < ycms < −2.96)

= 0.86 ± 0.11(stat) ± 0.13(uncorr) ± 0.01(corr),

RΥ (1S)
pPb (2.03 < ycms < 3.53)

= 0.70 ± 0.08(stat) ± 0.08(uncorr) ± 0.01(corr).

Under the assumption of a 2 → 1 production process (gg → Υ ), 
the sampled xBj ranges are 5.5 · 10−5 < xBj < 2.5 · 10−4 and 3.6 ·
10−2 < xBj < 1.6 · 10−1 at forward and backward rapidity, respec-
tively. Thus, the measurement at forward rapidity tests the shad-
owing region and the one at backward rapidity the anti-shadowing 
region. In the case of a 2 → 2 production process (gg → Υ g) the 
covered xBj ranges are naturally expected to be enlarged. In Fig. 3
the inclusive Υ (1S) nuclear modification factor in p–Pb collisions 
at √sNN = 5.02 TeV is shown in four classes of rapidity. The verti-
cal error bars represent the statistical uncertainties and the open 
boxes the uncorrelated systematic uncertainties. An additional cor-
related uncertainty is indicated by the full box around RpPb = 1. 
The RpPb shows a suppression of the inclusive Υ (1S) production 
yields at forward rapidity in p–Pb compared to pp collisions. At 
backward rapidity, the Υ (1S) RpPb is compatible with unity within 
uncertainties, and therefore does not favour a strong gluon anti-
shadowing. Also shown in Fig. 3 is the ALICE measurement of the 
inclusive J/ψ RpPb [36]. Although the uncertainties are large, it 
appears that at positive ycms the Υ (1S) and J/ψ RpPb are rather 
similar. It is worth noting that due to its larger mass, the Υ (1S) 
RpPb at forward rapidity is higher than the J/ψ one according to 
all available model calculations [25,26,28,62]. At negative rapidi-
ties, the J/ψ RpPb are systematically above the Υ (1S) one but the 
two RpPb are consistent within uncertainties. Although the rapidity 
ranges are not identical, the RpPb measured by LHCb [63] are con-
sistent with the ALICE measurements within uncertainties, albeit 
systematically larger [60].

The ratio [Υ (2S)/Υ (1S)] of the production cross section of 
Υ (2S) → µ+µ− to Υ (1S) → µ+µ− can be obtained as

[
Υ (2S)/Υ (1S)

]
= N[Υ (2S)]/(A × ε)Υ (2S)

N[Υ (1S)]/(A × ε)Υ (1S)
. (3)

The branching ratio of the dimuon decay channel does not en-
ter the calculation. Additionally, since the same data sample is 
used, L cancels out in the ratio. The systematic uncertainties on 

Phys. Lett. B 740 (2015) 105

J/ψ vs Υ

• J/ψ and Υ similar suppression (within errors bars!) 

• Shadowing and/or (coherent) energy loss models 

  overestimate the data

➡statistics x 3Run 2
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Fig. 4. Nuclear modification factor of inclusive Υ (1S) in p–Pb collisions at √sNN = 5.02 TeV as a function of rapidity. The vertical error bars represent the statistical uncer-
tainties and the open boxes the uncorrelated systematic uncertainties. The full boxes around RpPb = 1 show the size of the correlated uncertainties. Also shown are several 
model calculations: (left) parton energy loss [25] with and without EPS09 shadowing at NLO and CEM with EPS09 shadowing at NLO [62]; (right) CGC based [26] and CSM 
with EPS09 shadowing at LO [28]. For the latter the effect of variation in the shadowing and EMC curves is highlighted as described in the text. (For interpretation of the 
colours in this figure, the reader is referred to the web version of this article.)

the ratios were obtained by quadratically combining the system-
atic uncertainties entering in each element of Eq. (3). Nevertheless, 
since the decay kinematics of the two Υ states are close, the sys-
tematic uncertainties on tracking, trigger and matching efficiency, 
estimated for the same detector in the same working conditions, 
cancel out in the ratio. The results are:
[
Υ (2S)/Υ (1S)

]
pPb(−4.46 < ycms < −2.96)

= 0.26 ± 0.09(stat) ± 0.04(syst),
[
Υ (2S)/Υ (1S)

]
pPb(2.03 < ycms < 3.53)

= 0.27 ± 0.08(stat) ± 0.04(syst).

The same ratio has been measured by ALICE in pp collisions 
at 

√
s = 7 TeV in the rapidity range 2.5 < ycms < 4.0 [64] and 

is 0.26 ± 0.08(tot), where the uncertainty is the quadratic sum 
of the statistical and systematic uncertainties. The LHCb Collab-
oration has measured the same ratio in pp collisions at 

√
s =

2.76, 7 and 8 TeV and as a function of rapidity in the range 2.0 <
ycms < 4.5 [49,56,57]. The measured [Υ (2S)/Υ (1S)] is found to 
be, within uncertainties, independent of 

√
s and rapidity. For 

pT < 15 GeV/c (14 GeV/c for 8 TeV) the measured values in the 
range 3.0 < ycms < 3.5 are 0.22 ± 0.03(tot), 0.24 ± 0.02(tot) and 
0.25 ± 0.01(tot) for 

√
s = 2.76, 7 and 8 TeV, respectively. Our mea-

sured ratio [Υ (2S)/Υ (1S)] in p–Pb collisions is compatible with 
the same ratio in pp collisions. Within our uncertainties, there is 
therefore no evidence of a different magnitude of CNM effects for 
the Υ (2S) with respect to the Υ (1S). At mid-rapidity, however, 
the CMS Collaboration has measured the double ratio, i.e. the ra-
tio [Υ (2S)/Υ (1S)] in p–Pb divided by that in pp collisions, to be 
0.83 ± 0.05(stat) ± 0.05(syst), suggesting a stronger suppression of 
the Υ (2S) than of the Υ (1S) in p–Pb collisions [35].

The inclusive Υ (1S) RpPb integrated over the backward or for-
ward rapidity ranges, are compared to several model calculations 
in Fig. 4. In the left panel, the results are compared to a next-to-
leading order (NLO) CEM calculation using the EPS09 parameter-
ization of the nuclear modification of the gluon PDF (commonly 
referred to as gluon shadowing) at NLO [62] (blue shaded band) 
and to a parton energy loss calculation [25] with (green shaded 
band) or without (red band) EPS09 gluon shadowing at NLO. In 
the case of the CEM + EPS09 calculation, the band reflects the un-
certainties of the calculation, dominated by the ones of the EPS09 
parameterization [19]. In the cases of the parton energy loss model 

calculations, the bands represent the uncertainty from the EPS09 
parameterization or from the parton transport coefficient and the 
parameterization used for the pp reference cross section. None of 
the calculations fully describe the backward and forward rapidity 
data and all tend to overestimate the observed Υ (1S) RpPb. The 
parton energy loss with EPS09 calculation reproduces the Υ (1S) 
RpPb at forward rapidity but tend to overestimate it at backward 
rapidity. The opposite trend is found if only parton energy loss is 
considered.

In the right panel, the results are compared to a calculation of 
a 2 → 2 production model (gg → Υ g) at leading order (LO) us-
ing the EPS09 shadowing parameterization also at LO [28]. Two 
bands are shown to highlight the uncertainties linked to two dif-
ferent effects. The extent of the blue band shows the EPS09 LO 
related uncertainties in the shadowing region, i.e. at low xBj. The 
red band shows the uncertainty in the EMC region, i.e. at high xBj. 
As the authors of [28] discuss, the gluon nPDF is poorly known 
in this region and the Υ (1S) RpPb at backward rapidity could add 
useful constraints to the model calculations. It is worth noting that 
the two blue bands in the left and right panels of Fig. 4 differ by 
their central curve and the extent of the uncertainties. The two 
approaches are similar and although the production models used 
are different, most of the difference comes from the usage of the 
NLO or LO EPS09 gluon shadowing parameterizations. It can be ar-
gued that using an NLO parameterization is more appropriate than 
an LO one, however it is worth remarking that other gluon shad-
owing parameterizations [20,21] (also at NLO) are available and 
that the uncertainty band of the EPS09 LO parameterization prac-
tically includes them. Therefore, the blue uncertainty band in the 
right panel of Fig. 4 can be considered as including the uncertainty 
due to different gluon shadowing parameterizations. The backward 
rapidity Υ (1S) RpPb disfavours the strong gluon anti-shadowing in-
cluded in the EPS09 parameterization. In the right panel of Fig. 4, 
a calculation based on the CGC framework coupled with a CEM 
production model is also shown (green shaded band) for positive 
ycms. It is worth noting that this calculation, although only slightly 
underestimating the Υ (1S) RpPb, is not able to reproduce the J/ψ
RpPb in the same rapidity range [36].

The quantity RFB is defined as the ratio of the nuclear modifica-
tion factors at forward and at backward rapidities in a range sym-
metric with respect to ycms = 0. It can be computed directly from 
the ratio of the cross sections (see Eq. (1)) of Υ (1S) at forward 
and backward rapidities. RFB is therefore independent of σΥ (1S)

pp . 

110 ALICE Collaboration / Physics Letters B 740 (2015) 105–117

Fig. 4. Nuclear modification factor of inclusive Υ (1S) in p–Pb collisions at √sNN = 5.02 TeV as a function of rapidity. The vertical error bars represent the statistical uncer-
tainties and the open boxes the uncorrelated systematic uncertainties. The full boxes around RpPb = 1 show the size of the correlated uncertainties. Also shown are several 
model calculations: (left) parton energy loss [25] with and without EPS09 shadowing at NLO and CEM with EPS09 shadowing at NLO [62]; (right) CGC based [26] and CSM 
with EPS09 shadowing at LO [28]. For the latter the effect of variation in the shadowing and EMC curves is highlighted as described in the text. (For interpretation of the 
colours in this figure, the reader is referred to the web version of this article.)

the ratios were obtained by quadratically combining the system-
atic uncertainties entering in each element of Eq. (3). Nevertheless, 
since the decay kinematics of the two Υ states are close, the sys-
tematic uncertainties on tracking, trigger and matching efficiency, 
estimated for the same detector in the same working conditions, 
cancel out in the ratio. The results are:
[
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= 0.26 ± 0.09(stat) ± 0.04(syst),
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= 0.27 ± 0.08(stat) ± 0.04(syst).

The same ratio has been measured by ALICE in pp collisions 
at 

√
s = 7 TeV in the rapidity range 2.5 < ycms < 4.0 [64] and 

is 0.26 ± 0.08(tot), where the uncertainty is the quadratic sum 
of the statistical and systematic uncertainties. The LHCb Collab-
oration has measured the same ratio in pp collisions at 

√
s =

2.76, 7 and 8 TeV and as a function of rapidity in the range 2.0 <
ycms < 4.5 [49,56,57]. The measured [Υ (2S)/Υ (1S)] is found to 
be, within uncertainties, independent of 

√
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pT < 15 GeV/c (14 GeV/c for 8 TeV) the measured values in the 
range 3.0 < ycms < 3.5 are 0.22 ± 0.03(tot), 0.24 ± 0.02(tot) and 
0.25 ± 0.01(tot) for 

√
s = 2.76, 7 and 8 TeV, respectively. Our mea-

sured ratio [Υ (2S)/Υ (1S)] in p–Pb collisions is compatible with 
the same ratio in pp collisions. Within our uncertainties, there is 
therefore no evidence of a different magnitude of CNM effects for 
the Υ (2S) with respect to the Υ (1S). At mid-rapidity, however, 
the CMS Collaboration has measured the double ratio, i.e. the ra-
tio [Υ (2S)/Υ (1S)] in p–Pb divided by that in pp collisions, to be 
0.83 ± 0.05(stat) ± 0.05(syst), suggesting a stronger suppression of 
the Υ (2S) than of the Υ (1S) in p–Pb collisions [35].

The inclusive Υ (1S) RpPb integrated over the backward or for-
ward rapidity ranges, are compared to several model calculations 
in Fig. 4. In the left panel, the results are compared to a next-to-
leading order (NLO) CEM calculation using the EPS09 parameter-
ization of the nuclear modification of the gluon PDF (commonly 
referred to as gluon shadowing) at NLO [62] (blue shaded band) 
and to a parton energy loss calculation [25] with (green shaded 
band) or without (red band) EPS09 gluon shadowing at NLO. In 
the case of the CEM + EPS09 calculation, the band reflects the un-
certainties of the calculation, dominated by the ones of the EPS09 
parameterization [19]. In the cases of the parton energy loss model 

calculations, the bands represent the uncertainty from the EPS09 
parameterization or from the parton transport coefficient and the 
parameterization used for the pp reference cross section. None of 
the calculations fully describe the backward and forward rapidity 
data and all tend to overestimate the observed Υ (1S) RpPb. The 
parton energy loss with EPS09 calculation reproduces the Υ (1S) 
RpPb at forward rapidity but tend to overestimate it at backward 
rapidity. The opposite trend is found if only parton energy loss is 
considered.

In the right panel, the results are compared to a calculation of 
a 2 → 2 production model (gg → Υ g) at leading order (LO) us-
ing the EPS09 shadowing parameterization also at LO [28]. Two 
bands are shown to highlight the uncertainties linked to two dif-
ferent effects. The extent of the blue band shows the EPS09 LO 
related uncertainties in the shadowing region, i.e. at low xBj. The 
red band shows the uncertainty in the EMC region, i.e. at high xBj. 
As the authors of [28] discuss, the gluon nPDF is poorly known 
in this region and the Υ (1S) RpPb at backward rapidity could add 
useful constraints to the model calculations. It is worth noting that 
the two blue bands in the left and right panels of Fig. 4 differ by 
their central curve and the extent of the uncertainties. The two 
approaches are similar and although the production models used 
are different, most of the difference comes from the usage of the 
NLO or LO EPS09 gluon shadowing parameterizations. It can be ar-
gued that using an NLO parameterization is more appropriate than 
an LO one, however it is worth remarking that other gluon shad-
owing parameterizations [20,21] (also at NLO) are available and 
that the uncertainty band of the EPS09 LO parameterization prac-
tically includes them. Therefore, the blue uncertainty band in the 
right panel of Fig. 4 can be considered as including the uncertainty 
due to different gluon shadowing parameterizations. The backward 
rapidity Υ (1S) RpPb disfavours the strong gluon anti-shadowing in-
cluded in the EPS09 parameterization. In the right panel of Fig. 4, 
a calculation based on the CGC framework coupled with a CEM 
production model is also shown (green shaded band) for positive 
ycms. It is worth noting that this calculation, although only slightly 
underestimating the Υ (1S) RpPb, is not able to reproduce the J/ψ
RpPb in the same rapidity range [36].

The quantity RFB is defined as the ratio of the nuclear modifica-
tion factors at forward and at backward rapidities in a range sym-
metric with respect to ycms = 0. It can be computed directly from 
the ratio of the cross sections (see Eq. (1)) of Υ (1S) at forward 
and backward rapidities. RFB is therefore independent of σΥ (1S)
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Υ vs models
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• PYTHIA 8 and Percolation (Ferreiro et. al. PRC 86 (2012) 034903) fairly reproduces the data

• Need higher event activity range to disentangle the modelsSeptember 30, 2015 8Barbara Trzeciak, QM 2015

J/Ψ production vs. event activity

• Hint of p
T 
dependence

• Similar trend at LHC for J/y and open charm production

TofMult -  Multiplicity of TOF 
matched tracks, |h| < 0.9

➔ STAR observes correlation between relative J/y yield and relative 
event multiplicity at 500 GeV 

➔ At higher multiplicities stronger than linear growth at p
T  

> 4 GeV/c

Mustafa Mustafa - QM15 - Kobe, Japan 19

Quarkonia in p+p highlights

● Correlation between relative J/ψ yields and relative charged particles multiplicity (event activity), 

and for higher multiplicities stronger than linear growth at p
T
 > 4 GeV/c observed

● PYTHIA 8 and Percolation Model describe the observed increase

● J/ψ polarization (λ
θ
): common trend towards strong negative values with x

T
 (in the helicity frame)

B. Trzeciak, Quarkonia III (497)

Percolation: Ferreiro et. al., PRC 86 (2012) 034903

di-μ via MTD

x
T
 = 2p

T
 / √s 

STAR Preliminary

➡statistics x ~50Run 2
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The Upgraded MUON Spectrometer
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90 cm

• HL-LHC start after the LS2 (mid 2018 to end of 2019)

‣ Upgraded Pb-Pb luminosity: L=6 1027 cm-2s-1  (50 kHz of int. rate) => DAQ @ 100 kHz

‣ Present nominal LHC luminosity in Pb-Pb: L=1027 cm-2s-1 (8 kHz of int. rate) => DAQ @ 1 kHz


• Need to upgrade the FEE & readout of MUON Trigger and Tracking

• Add the new Muon Forward Tracker (MFT)

MFT
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MCH Electronics and readout scheme
• New FEE based on SAMPA chip (1.1 M channels, ~18k boards of 64 ch)

• New e-link data buses (external to detectors for slats, new PCB for quadrants)

• GBT concentrator card (40 x 80 Mb/s inputs, 3.3 Gb/s fiber output): ~500 cards

• Common Readout Unit (CRU) interfaced to the DAQ: ~500 inputs, ~20 boards

23

▪ FEC: Orsay 
▪ FEE SAMPA: Sao Paolo 
▪ FLEX: Cagliari 
▪ GBT board: Saclay 
▪ CRU: Kolkata / Aligarh 
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The SAMPA chip
• « All-in-one » (analog & digital) 32 ch chip for MCH (38 k) and TPC

• Based on SALTRO architecture, designed in TSMC 130 nm


‣ Analog (pre-amplifier + shaper), continuous sampling @ 10MHz, 10 bits ADC

‣ Digital processing (DSP): baseline correction, zero suppression, multi-event buffers, …

‣ Continuous or triggered readout, sampling and readout running in parallel 

• First MPW1 prototype (~analog) tested


• Next step: Full chip MPW2 (sub. 11/15) 
24

Noise measurement
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The DualSampa (FEC)

• SAMPA MPW2 (32 channels) 

‣ MWP2 submission 11/15 => delivery 02/16 (several months of delay wrt original planing)

‣ Carrier board for qualification tests (w/ 2 SAMPAs), first schematic diagram done @ Orsay

25
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Schematic diagram

• DualSampa (32 channels FEC) 

‣ Design started => we will take advantage of the implementation of MPW2 cards

‣ 2 models due to different geometry of Stations 1 and 2 and Stations 3,4 and 5

‣ Potential issues: power consumption ~20 mW/ch (1.2 V) wrt ~13 mW/ch presently


‣ SAMPA optimisations under study

‣ Cooling studies needed (air flow increase sufficient?)
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The SOLAR Concentrator Card

• SOLAR board 

‣ 1 GBTx, 1 VTRx, 1 SCA

‣ Handle up to 40 DualSAMPA (5 FLEX)

‣ Design started

‣ First prototype in 2016

26

• FLEX

‣ 41 lines per FLEX (reduced vs. TDR)

‣ Design started 

‣ Prototype ordered @ CERN (Rui lab.)
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The Common Readout Unit (CRU)
• Interface detectors data (GBT fibers) to the DAQ (DDL 3 optical link 10 Gb/s)

• Replace the CROCUS data readout concentrator in MCH

• Common to many detectors: MCH, MID, TPC, …

• Located in the counting rooms (no SEU issues)

• Present design


‣ Based on AMC40 card from LHCb

‣ Programmable FPGA (can eventually be used for data formatting/compression)


• Hungary / India collaboration: design & production

27

detector

12	
  opt.	
  out
12	
  opt.	
  out
12	
  opt.	
  out
12	
  opt.	
  in
12	
  opt.	
  in
12	
  opt.	
  in

High	
  
Speed	
  
Elec	
  

backplane

Memory

FPGA

CRU

FLP
DDL3

TTS-­‐link



A. Baldisseri MFT Meeting @ Hiroshima, Oct. 5th 2015

MID Front End Electronics
• Goal: Limit RPC ageing (× 3-5)

• Present FEE without amplification => upgrade with amplification

• Increase of the max. counting rate from ~50 Hz/cm2 to ~200 Hz/cm2

• 2384 FEE cards needed (20992 ch)

• R&D program started in 2012

• New ASIC (FEERIC) and FE card


‣ ASIC 0.35 µm CMOS technology

‣ 8 channels, bi-polarity input

‣ Dynamic range from 20 fC < q < 3 pC

‣ Resolution <500 ps for q > 100 fC


• Planning

‣ LS1 (done) : Equip 1 RPC (/72) in the cavern with 40 FEERIC cards (w/ final ASIC)

‣ Run2 : test in realistic conditions (under way) + production

‣ LS2 : installation

28

▪ FEE: Clermont-Fd / Torino / Korea 
▪ Readout cards: Clermont-Fd 
▪ RPC & Gas system : Torino
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•  Efficiency 

‣ Shift by -550 V (thr=130 fC) to -750 V (thr=200 fC) wrt present operating conditions with ADULT 7mV

‣ Final threshold will depends on background conditions


• Gain homogeneity 

‣ measured w/ pre-serie cards (31) 

‣ Low dispersion => OK

FEERIC results
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~500 V

~750 V

Measured in a cosmic 
bench @ Torino

Measured in a test 
 bench @ Clermont-Fd
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• Muon Trigger hw decision not needed anymore=> Muon Identifier (MID)

• Dead-time free readout up to 100 kHz MB in Pb-Pb 


‣ x100 above present design

‣ Continous readout (improved wrt TDR)

‣ Fast (~300 ns) simple (no anymore pT based) muon trigger decision available


• Replacement of 234 LOCAL and 16 REGIONAL cards 

• 1 CRU in counting room


• Planning

‣ 2014-2016 : LOCAL and REGIONAL prototypes

‣ 2016-2017 : Production

‣ LS2 : Installation

MID readout electronics
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Present 
LOCAL 
Card
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MUON  Software Upgrade
• Discussion on Run 3 computing strategy started


‣ Part of the ALICE « Conceptual Design Note about Calibration and Reconstruction » 

‣ Linked with O2 working groups 6 & 7


• Basic question: Where do pre-clustering, clustering, tracking, …

‣ In the present software: 80% of the time is devoted to clustering

‣ Expected MUON data rate ~3 GB/s @ 100 kHz


• Task force created (~10 people, not all FTE)
31

ALICE© | Run3 Reconstruction Strategy  | 20-Jan-2014 | L. Aphecetche

A Large Ion Collider Experiment

Run3 data flow in a nutshell

!3
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Conclusion

• Run 1 
‣ New phenomena: Charmonia recombination (RAA, <pT2>, J/ψ flow) 
‣ First results on ψ(2S), Υ, Low masses, Open HF 
‣ Other topics: photoproduced J/ψ (UPC & hadronic), W, …  

• Run 2 
‣ Improved statistics (1nb-1) 
‣ Conclude in many topics (J/ψ flow, J/ψ polarisation, ψ(2S), Υ, …) 

• Run 3/4: Ambitious MUON Upgrade w/ MFT 
‣ Very high statistics for the present channels (10 nb-1) -> very detailed studies 
‣ Open new physics channels -> Open HF separation, Prompt J/ψ, Low masses, … 
‣ Goal: Conclude on the properties of QGP @ LHC
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A very exiting program for Run 2 (while preparing the upgrades) 
Participation in physics analysis are very welcome
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Backup

33
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2008 JINST 3 S08002

Table 4.1: Summary of the main characteristics of the muon spectrometer.

Muon detection
Polar, azimuthal angle coverage 171�  q  178�, 360�

Minimum muon momentum 4 GeV/c
Pseudo-rapidity coverage �4.0 < h <�2.5
Front absorber
Longitudinal position (from IP) �5030mm z�900mm
Total thickness (materials) (⇠10 lint, ⇠60 X0) (carbon-concrete–steel)
Dipole magnet
Nominal magnetic field, field integral 0.67T, 3Tm
Free gap between poles 2.972–3.956m
Overall magnet length 4.97m
Longitudinal position (from IP) �z = 9.94m (centre of the dipole coils)
Tracking chambers
No. of stations, no. of planes per station 5, 2
Longitudinal position of stations �z = 5357,6860,9830,12920,14221mm
Anode-cathode gap (equal to wire pitch) 2.1mm for st. 1; 2.5mm for st. 2–5
Gas mixture 80%Ar/20%CO2

Pad size st. 1 (bending plane) 4.2⇥6.3, 4.2⇥12.6, 4.2⇥25.2 mm2

Pad size st. 2 (bending plane) 5⇥7.5, 5⇥15, 5⇥30mm2

Pad size st. 3, 4 and 5 (bending plane) 5⇥25, 5⇥50, 5⇥100mm2

Max. hit dens. st. 1–5 (central Pb-Pb ⇥2) 5.0, 2.1, 0.7, 0.5, 0.6 · 10�2 hits/cm2

Spatial resolution (bending plane) ' 70 µm
Tracking electronics
Total no. of FEE channels 1.08⇥106

Shaping amplifier peaking time 1.2 µs
Trigger chambers
No. of stations, no. of planes per station 2, 2
Longitudinal position of stations �z = 16120,17120mm
Total no. of RPCs, total active surface 72, ⇠ 140m2

Gas gap single, 2mm
Electrode material and resistivity BakeliteTM, r = 2–8⇥109 Wcm
Gas mixture Ar/C2H2F4/i-buthane/SF6 (50.5/41.3/7.2/1)
Pitch of readout strips (bending plane) 10.6, 21.2, 42.5mm (for trigger st. 1)
Max. strip occupancy bend. (non bend.) plane 3%(10%) in central Pb-Pb
Maximum hit rate on RPCs 3 (40) Hz/cm2 in Pb-Pb (Ar-Ar)
Trigger electronics
Total no. of FEE channels 2.1⇥104

No. of local trigger cards 234+8

– 108 –

Muon Spectrometer Characteristics
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