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LNF group and activities 

 The Latest (Pb+Pb results) from
Helen Caines - Yale University - on behalf of the ALICE Collaboration

MIAMI 2011 - Fort Lauderdale, Fl
December 15-20 2011

Focus on Heavy-Ion results

Energy density
Size and lifetime
Flow
Jet quenching
Heavy flavor

F. Ronchetti:  
•  Run Coordinator for the 2015 data taking         



! LNF group is an important contributor to the physics@LHC 

LNF paper contribution in 2014-2015 
 
•  Measurement of jet quenching with semi-inclusive hadron-jet distributions in 

central Pb-Pb collisions [LNF co-primary author] (JHEP 09 (2015) 170) 
•  QGP review paper (300 pages, Eur. Phys. J. C (2014) 74:2981) [LNF co-primary 

author] 
•  Quenching by electron decay from Heavy Flavor quark, upcoming publication 

[LNF co-primary author] 

 
 
Phenomenological studies of jet quenching  
 
Collaboration with the University of Santiago de Compostela & LNF theory group 

Bridge between polarised physics and LHC 
 
Λ reconstruction globally and in jets => First link of GPDs and TMDs at TeV scale 
Collaboration with Tufts University and University of Virginia 

 The Latest (Pb+Pb results) from
Helen Caines - Yale University - on behalf of the ALICE Collaboration

MIAMI 2011 - Fort Lauderdale, Fl
December 15-20 2011

Focus on Heavy-Ion results

Energy density
Size and lifetime
Flow
Jet quenching
Heavy flavor

LNF activities: analysis 
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Shapes of Jet-core �

���

•  New variables to characterize Jet-
core shapes (constituents in R=0.2)
!  Radial moment (g), Dispersion in pT, 

leading–sub leading pT
•  Consistent with PYTHIA in pp 
•  Core of Pb-Pb jets more collimated 

than pp jets�. Cunqueiro Mendez (Mon. PM)�

R=0.2�

pp@7TeV�

g=�

0-10%�
R=0.2�

A new observable: Jet shapes 

Presented @QuarkMatter 2015 



ALICE upgrade strategy 
This"requires"sta2s2cs"(luminosity)"and"precision"measurements"

Target"for"upgrade(programme"(Run3"+"Run4)"

o  Pb9Pb"recorded"luminosity""" " " """≥"10"nb91"""!"8"x"1010"events"

I."Upgrade"detectors,"readout"systems"and"online"systems"to""

o  read"out"all"Pb9Pb"interac2ons"at"a"maximum"rate"of""""""""""""""""""""""""""""""""""""""""""""""

50kHz"(i.e."L"="6x1027"cm92s91),"with"a"minimum"bias"trigger""(at"present"500Hz)""

!  Gain"a"factor"100"in"sta2s2cs"over"originally"approved"programme"(Run1"+"Run2)"

II."Significant"improvement"of"vertexing"and"tracking"capabili2es"at"low"pT""

o  New(Inner(tracking(System(

It(targets(LHC(2nd(Long(Shutdown((2018/19)(((

ALICE"Upgrade"Strategy"

5"

ALICE"Upgrade"LoI"

September"2012"

Addendum"

September"2013"

1."Improve"impact"parameter"resolu2on"by"a"factor"of"~3"

• "Get"closer"to"IP"(posi2on"of"first"layer):"39mm"!23mm""

• "Reduce"x/X0"/layer:"~1.14%"!"~"0.3%"(for"inner"layers)"

• "Reduce"pixel"size:"currently"50µm"x"425µm""!"O(30µm"x"30µm)""

2."Improve"tracking"efficiency"and"pT"resolu2on"at"low"pT"
• "Increase"granularity:""

•  6"layers"!"7"layers"""
•  silicon"drix"and"strips"!"pixels"

3."Fast"readout"
• "readout"Pb9Pb"interac2ons"at">"100"kHz"and"pp"interac2ons"at""~"several"105"Hz"
""(currently"limited"at"1kHz"with"full"ITS)"

4."Fast"inser2on/removal"for"yearly"maintenance"
• "possibility"to"replace"non"func2oning"detector"modules"during"yearly"shutdown"

11"
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LNF main involvement 
in the next years 
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The"Current"ALICE"Detector"

Readout"rate:"
pp"mnimum"bias:"~"1kHz"
Pb9Pb"minimum"bias:"~500"Hz""

7"

ALICE: the actual setup 
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ITS upgrade design objectives 



ITS – Performance del detector 
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Physics performance studies
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B+: Johannes Stiller (M-26)

Λc: Rossella Romita (M-23)

Λb: Cristina Terrevoli (M-27) 

H: Stefania Bufalino (M-02)

Posters
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Performance"of"new"ITS"(MC"simula2on)"
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ITS new layout 

12.5 G-pixel camera 
(~10 m2) 

11"12"

New"ITS"Layout"

12.5"G9pixel"camera""
(~10"m2)"

79layer"barrel"geometry"based"on"MAPS"""

r"coverage:"23"–"400"mm"

η coverage:"|η|"≤"1.22""
for"tracks"from"90%"most"luminous"region"

3"Inner"Barrel"layers"(IB)"

4"Outer"Barrel"layers"(OB)"

Material"/layer":"0.3%"X0"(IB),""1%"X0"(OB)""



13"

Tower"Jazz"0.18"µm"CMOS"
•  feature"size"" "180"nm"
•  metal"layers "6""
""Suited"for"high9density,"low9power"

•  Gate"oxide" "3nm"
""Circuit"rad9tolerant"

"

"

ITS"Pixel"Chip"–"technology"choice"

CMOS"Pixel"Sensor"using"TowerJazz"0.18µm"CMOS"Imaging"Process""""

▶  High9resis2vity"(>"1kΩ"cm)"p9type"epitaxial"layer"(20µm"9"40µm"thick)"on"p9type"substrate"

▶  Small"n9well"diode"(293"µm"diameter),"~100"2mes"smaller"than"pixel"=>"low"capacitance"

▶  Applica2on"of"(moderate)"reverse"bias"voltage"to"substrate"can"be"used"to"increase"
deple2on"zone"around"NWELL"collec2on"diode""""

▶  Quadruple"well"process:"deep"PWELL"shields"NWELL"of"PMOS"transistors,"allowing"for"full"
CMOS"circuitry"within"ac2ve"area""

""

"
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New ITS layout 

ITS layers are (azimuthally) segmented in 
staves, which are mechanically independent 
 
Radial coverage 23mm÷405mm 48 Inner layer 

STAVES 

54 Middle layer  
STAVES 

90 Outer layer 
 STAVES  

13"

ITS new layout 



Outer Barrel

12

Outer Barrel Stave

Power Bus

Flexible Printed Circuit
2 x 7 Pixel Chips

Cold Plate

Half-Stave Left
Half-Stave Right

Space Frame

Material budget: ~ 0.8 % X0 per layer

    

ALICE                                                                                                 Quark Matter 2014, Darmstadt  |  May 21,  2014 | Sabyasachi Siddhanta

Outer Barrel 

Max Length 1500 mm 
Weight of the structure ~30 gr 14"



The full stave must be 
assembled with an accuracy 
of <20 µm 
 
Big effort in the development 
of jigs, tools, procedures 
 

2015" 2016" 2017" 2018" 2019" 2020"

Comple2on"of"R&D,"
produc2on"and"

construc2on"tests"

Produc2on,"integra2on"and"
commissioning"at"surface"

Installa2on"in"ALICE"



Training sessions in Clean Room 
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Working Scheme  
•  Optics and electrical module (2x7 chips) acceptance 

•  Half-Stave assembling (x2): 
•  Cold plate  
•  7x module gluing (minimize glue, maximise surface for thermal contact) 
•  7x module soldering (~250 connections per HS) 
•  Power bus soldering (~100 connections per HS) 
•  Electronic test 

•  Stave assembling (carbon fiber space frame) 
•  Gluing of 2 half-staves 

•  Survey ! DB 
•  Electronic test, validation 
•  Shipping to CERN for insertion into the final barrel 



Working Scheme  
•  Optics and electrical module (2x7 chips) acceptance 

•  Half-Stave assembling (x2): 
•  Cold plate  
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•  7x module soldering (~250 connections per HS) 
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•  Stave assembling (carbon fiber space frame) 
•  Gluing of 2 half-staves 

•  Survey ! DB 
•  Electronic test, validation 
•  Shipping to CERN for insertion into the final barrel 

Manpower 
 
•  Until beginning of 2017: 3 people for 4 days/week 
 
•  Construction (from 2017): 5 people for 5 days/week for 80 weeks 



CERN"

Bari%

Strasbourg"

Liverpool"

Pusan"

Wuhan"

CERN"

Torino%

Frasca,%

Daresbury"

Nikhef"

LBNL"

CERN"

Ch
ip
"se

rie
s"t
es
t"@

"S
eo

ul
"

Test"Chip" Module""
Assembly"e"Test"

Stave""
Assembly"e"Test"

Detector"Barrel"
Assembly"e"test"

CERN"

Inner"Barrel"

Outer"Barrel"

Responsibilities 

23"



21"

pALPIDE91"Characteriza2on"

Intensive"test"beam"campaign"
9  PS:"597"Gev""π9""
9  SPS:"120"Gev""π9"
9  PAL"(Korea):"60"MeV"e9"

9  BTF"(Frasca2):"450"MeV"e9"

9  DESY:"5.8"Gev"e+"

Scan"of"main"parameters"""~"200"seÉngs"

79plane"telescope"based"on"pALPIDE91"chip"
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9  SPS:"120"Gev""π9"
9  PAL"(Korea):"60"MeV"e9"

9  BTF"(Frasca2):"450"MeV"e9"

9  DESY:"5.8"Gev"e+"

Scan"of"main"parameters"""~"200"seÉngs"

79plane"telescope"based"on"pALPIDE91"chip"

Test beam @LNF 
2014: May, Jun, Sep, Nov 
2015: Mar, May, Dec(7-14) 

       efficiency and characterization of 
       irradiated chips 

 
In 2015 the DAQ has been entirely developed at LNF 
 



Test Beam: ALPIDE-2 

Efficiency and fake hit rate 

λfake << 10-5 / event/pixel and εdet>99.5%  over a wide threshold range 
 
 
Chip of 50 µm thick: 3 non irradiated and 3 irradiate with neutrons to 
1013 (1MeV neq)/cm2 ! excellent performance also after the irradiation 
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ALPIDE prototype chip – experimental results 

P. Riedler, CERN for the ALICE collaboration 10 

ALPIDE2 testbeam measurement, 25 µm epitaxial layer, -6V back bias, before and after irradiation 

ALICE ITS 

Efficiency > 99% 

Fake hit rate < 10-5 

•  Efficiency > 99.5% and fake hit rate << 105 over wide threshold range 
•  Excellent performance also after irradiation to 1013 (1MeV neq)/cm2 

��150 e- 



Test Beam: ALPIDE-2 

 
Space point resolution (including tracking error ~3 µm) < 5 µm 
 
 
Chip of 50 µm thick: 3 non irradiated and 3 irradiate with neutrons to 
1013 (1MeV neq)/cm2 ! excellent performance also after the irradiation 

Spatial resolution and cluster size 

27"

ALPIDE prototype chip – experimental results 

P. Riedler, CERN for the ALICE collaboration 11 

ALICE ITS 

ALPIDE2 testbeam measurement, 30 µm epitaxial layer, -6V back bias, before and after irradiation 

Pointing resolution < 5 µm 

•  Space point resolution <5 µm over wide threshold range 
•  Excellent performance also after irradiation to 1.7 x 1013 (1MeV neq)/cm2 



Test Beam: ALPIDE-2 
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ALPIDE prototype chip – experimental results 

P. Riedler, CERN for the ALICE collaboration 11 

ALICE ITS 

ALPIDE2 testbeam measurement, 30 µm epitaxial layer, -6V back bias, before and after irradiation 

Pointing resolution < 5 µm 

•  Space point resolution <5 µm over wide threshold range 
•  Excellent performance also after irradiation to 1.7 x 1013 (1MeV neq)/cm2 
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pALPIDE: cluster size vs. position within pixel
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�� Small clusters, but large enough to gain resolution
Magnus Mager (CERN) ITS WP5 – sensor characterisation Pusan, 15–16/12/2014 12 / 25

pALPIDE91"–"PS"test"beam"(Sep"2014)"
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•  Measurements"at"PS:""5"–"7"GeV"π9"""""September"2014"

•  Results"refer"to"50"µm"thick"chips:"non"irradiated"and"irradiated"with"neutrons"
0.25"x"1013"and""1013"1MeV"neq"/"cm2""

"σdet"<""5"µm""is"achieved"with"sufficient"margin"of"opera2on"

Spa2al"resolu2on"" Cluster"size"vs."posi2on"within"pixel"

 
Space point resolution (including tracking error ~3 µm) < 5 µm 
 
 
Chip of 50 µm thick: 3 non irradiated and 3 irradiate with neutrons to 
1013 (1MeV neq)/cm2 ! excellent performance also after the irradiation 

Spatial resolution and cluster size 



Pasquale Di Nezza!

"  The ALICE-LNF group consists of highly committed personnel (<FTE>=90%) 

"  Within the international collaboration, presence in the management and in 
coordination positions  

"  Advanced analysis carried on (jets, HF, GPD/TMD) and papers co-authors  

Key role in the construction of one of the most advanced solid state detectors 
 

"  R&D for assembling, jig design and construction, procedures and protocols 
"  Test beams intense campaigns @BTF in the last 2 years 

Very good support from the LNF services (workshop, electronics, vacuum) 
First silicon detector ever built at LNF ! huge additional know-how for the lab 

Conclusions 
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"  R&D for assembling, jig design and construction, procedures and protocols 
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Very good support from the LNF services (workshop, electronics, vacuum) 
First silicon detector ever built at LNF ! huge additional know-how for the lab 

Conclusions 

We have no lack of enthusiasm!"


