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worth a
thousand words..

2015 has been a very important
and rewarding year!



ALICE in 2015

ALICE

e RUN2

— All new detectors and triggers are in operation (just the RCU2 was
missing, but installation has been done in the Winter stop)

— Excellent stability and efficiency, thanks to a LOT of preparation work
and continuous care.

— Very good pp@13TeV, pp@5Tev and PbPb runs

e The Upgrade progresses
— All 5 TDRs have gone through the full approval process
— The R&D is progressing very successfully

— First steps towards production, two key design reviews passed
successfully just now (the ITS chip and the TPC chambers)

e Analysis in full swing
— 143 papers at end 2015, already 147 now
— Impact of the publications remains extremely high

— Strong presence at the 2015 conferences. 29 talks and >50 posters at
Quark Matter

— First 13 TeV paper and First PbPb paper submitted, several in
preparation



ALICE Continues to grow!

Now over 1600 members from 169 Institutions in 42 countries ALICE

Number of participating institutes in ALICE
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No sign of saturation!
15 new institutions in 2015
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A scientific and technological program with great prospects!
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The RUN: pp at 13 TeV
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NOTE: Beam induced background x10 better than 2012:
took data from the beginning of each fill




Run 2 pp data taking:
Online systems

(] Readout M Event builder

16m 31m 46m 1h01 1h16

Data taking at up to 12.5 GB/s
Data compression by a factor 5
Data recorded at up to 2.5 GB/s




Recorded triggers, 10°
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ALICE pp run at 13 TeV

- ALICE Performance, pp is =13 TeV

MB triggers: 618M

VO HM triggers: 164M
SPD HM triggers: 136M

5 ALICE Performance, pp Vs = 13 TeV
_ MB friggers: L = 0.011 pb™
L V0 HM triggers: L=1.811pb

4~ SPD HM triggers: L = 0.237 pb”"
_ Dimuon triggers: L = 4.341 pb

ALICE
LHC restart (Isolated bunches):
diffractive data taking with global OR
triggers (VO | AD | ZDC |SPD).
Planned 100M, collected 165 M

50ns: muon data taking

90m run: diffractive data taking,
collected ~250 nb-1

25ns: data taking at rates up to 5 Hz/ub
with rare triggers and minimum bias data

3 taking at low p

% MB: planned 600M, collected 616M

r muon triggers: planned 4pb-coll. 4.3 pb
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ALICE Detector Performance %

 New detectors (DCAL, AD, CPV) and new triggers ALICE
(TRD sub-L0, CALO LO and L1g,jet)

 Good detector stability and running efficiency

* TPC gas mixture changed from NeCO, (90:10) to ArCO, (90:10)

* TPC stable response at high fluxes (up to 800 kHz, 14 Hz/ub)

*  Muon Chambers tested up to RUN3 rates (2.5 MHz, 42Hz/ub)
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The Particle Zoo: strangeness...
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... and charm %
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Detector Performance: EMCAL/DCAL
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Charged-particle density at 13 TeV .
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INEL:  {(dN/dn)in |n|<0.5
INEL>0: (dN/dn)in |n|<1.0

Energy dependence fitted with power-low function as®

Energy dependence in fair agreement with
expectations from low energy extrapolations

ALICE
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dN/dn measured for two
normalisation classes:

INEL: inelastic events

INEL>0: events having at least one
charged particle in [n]|<1 12



P, distributions at 13 TeV
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HI 2015: Tight Schedule

A Large lon Collider Experiment

Mo protons from injectors 1
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Federico Ronchetti — ALICE RC

ALICE



Integrated luminosity, nb™

pp Reference Run at 5.02 TeV

Precious reference data for PbPb 2015 and pPb 2013
Complex operations: short setup time, little contingency

ALICE

e LHC moved from ion to proton cycles several times.

* High ALICE data taking and operational efficiency
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Link Status of Beam Permits
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Comments (19-Nov-2015 16:29:51)

VdM scans ongoing
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Moveable Devices Allowed In
Stable Beams
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Run:244918

Timostamp:2015-11-25 11:25:36(UTC)

System: Pb-Pb




PbPb data taking

ALICE
1000 Hz/b = 16 GB/s readout, 6 GB/s on disk after HLT compression
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PbPb Run at 5.02 TeV

ALICE
Tg 500_— ALICE Performance, Pb-Pb Vs = 5.02 TeV % 180 ALICE Performance, Pb-Pb Vs =5.02 TeV
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e Statistics reasonably close to our goals (especially for MB)

e Should insist for the future not to take the pp reference run out of

the Hl time
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Charged particles in Pb-Pb@5.02 TeV
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ALICE

charged-particle
multiplicity density

— at mid-rapidity, |n| < 0.5
reaches a value of 1943
=+ 56 in most central
collisions

much stronger Vs
dependence than pp

— 2.4x larger charged-
particle multiplicity
than p-Pb at same
energy scaled by the
average number of
participating nucleon
pairs (Npart)/2

e Submitted dec 18t : CERN-PH-EP-2015-324
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The ALICE Grid keeps growing

ALICE

8 in North America
B operational S <
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Grid utilization since end of RUN1 .

Running Jobs [Number]
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Running Jobs

ALICE

* Reaching new highs
* 96K parallel jobs
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Consistent and very good
efficiency in all computing
centres
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An impressive Physics output

e A huge scientific output

— 147 ALICE papers on arXiv (already 4
since the beginning of 2016!)

— High impact papers: average of
over 75 citations

— Several hundred presentations at

international conferences each year:

29 talks and ~50 posters just at QM

139 papers submitted as of 2015-10-08

120
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20 1

Thanks to Tom Mc Cauley {http://github.com/tpmeccauley) for sharing his code

ALICE

ALICE presentations - trend 2015
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____LHC physics publications by number of citations ) Cimtons

G TR DN G VRN Idu al ite ms from thisCitation Report
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s Observation of a new particle in the search for the Standard Model Higgs boson w ith the ATLA S detector at
the LHC

By: Aad, G_; Abajyan. T_; Abbott, B_; et al. 0 138 1042 1007 549 2736 684.00
Group Author(syg AT LAS Collaboration
PHYSICS LETTERS B Volume: 716 Issue: 1 Pages 1-29 Published: SEP 17 2012

2. Observation of a new boson at amass of 125 GeV with the CMS experiment at the LHC
By Chatrchyan_ S_: Khachatryan, V.; Sirunyan, A M_; et al_ 0 124 992 934 5135 2585 646 25

Group Author(sf CMS Collaboration
PHYSICS LETTERS B Volume: 716 Issue: 1 Pages 30-617 Published: SEP 17 2012

3 Com bined results of searches for the standard m odel Hggs boson in pp collisions at root s=7 TeV/

By Chatrchyan, S_; Khachatryan, V.. Sirunyan, A M_; et al. 0 294 98 49 25 393 ag 25
Group Author(sy CMS Collaboration
PHYSICS LETTERS B VWolume: 710 Issue: 1 Pages 26-48 Published: MAR 29 2012

4. Com bined search for the Standard Model Hggs boson using up to 4.9 fb(-1) of pp collision data at root s=7 TeV
w ith the ATLA S detector at the LHC
By Aad, G_; Abbott, B_; Abdallah, J_: et al. 0 223 79 23 21 352 88.00

Group Author(sk AT LAS Collaboration
PHYSICS LETTERS B Volume: 710 lIssue: 1 Pages 49-66 Published: MAR 29 2012

5. Elliptic Aow of Charged Particles in Pb-Pb Collisions at root s(NN)=2.76 TeV
By Aamodt, K

A b ale =

CE Col

ntes Quintana, A ;. et al . 418 82 78 BT 27 302 50.33

PHYSICAL REVI Wolume: 105 Issue: 25 Article Mumber: 252302 Published: DEC 13 2010
5. Observation of a Centrality-Dependent Dijet Asymm etry in Lead-Lead Collisions at root s(MNN)=2.76 TeV with
the ATLAS Detector at the LHC
By: Aad. G_; Abbott, B.; Abdallah, J_; et al. 44 80 86 61 30 301 5017

Group Author(sk AT LAS Collaboration
PHYSICAL REVIEWLETTERS Volume: 105 lssue: 25  Article Number: 262303 Published: DEC 13 2010

7. Suppression of charged particle production at large transwverse mom entum in central Pb-Pb collisions at root

s(NM)=2.76 TeV

66 80 71 48 27 292 58.40

8.

By Aamodt, K _; Brakgntes Quintana. A et al. 1 7s 84 w 37 287 57.40

Group Author( bora

PHYSICAL REVI S—Volume: 107 Issue: 3 Article Number: 032301 Published: JUL 11 2011
- 1 Transwverse-Mom entum and Pseudorapidity Distributions of Charged Hadrons in pp Collisions at root s=7 TeV

By: Khachatryan, V., Sirunyan, A M_. Tumasyan, A_; et al 69 54 A8 33 20 246 41.00

Group Author(sy CMS Collaboration
PHYSICAL REVIEWLETTERS Volume: 105 Issue:2  Article Number: 022002 Published: JUL 6 2010

10.  First Evidence for the Decay B-s(0) -> m u(+) mu(-)

By Aaij, R Abellan Beteta, C.; Adametz, A_; et al. 0 0 119 59 18 196 65.33
Group Author(sk LHCb Collaboration
PHYSICAL REVIEWLETTERS Volume: 110 Issue:- 2 Article Mumber: 021801 Published: JAM 7 2013



Measurem ents of Hggs boson production and couplings in diboson final states with the ATLA S detector at
the LHC

By Aad, G Abajyan. T.; Abbott, B: etal. 0 0 18 127 50 195
Group Author(sy ATLAS Collaboration
PHYSICS LETTERS B Volume: 726 |sue: 1-3 Pages 88-119 Published: OCT 2013

Centrality dependence of dihadron correlations and azimuthal anisotropy harmonics in PbPb collisions at root
s(NN)=2.T6 TeV

By: Chatrchyan, S.; Khachatryan, \V; Sirunyan, A. M_; et al. 0 4 33 7 76 184
Group Author{sf CMS Collaboration
EUROPEAMN PHYSICAL JOURMAL C Volume: 72 Issue:5  Article Mumber: 2012 Published: MAY 2012

Long-range angular correlations on the near and aw ay side in p-Pb collisions at root S-NN=5.02 TeV
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Search for Supersymm etry at the LHC in Events with Jets and Missing Transverse Energy

By: Chatrchyan, S.; Khachatryan, V.; Sirunyan, A. M.; et al. 0 118 41 9 & 174
Group Author{sf CMS Collaboration
PHYSICAL REVIEWLETTERS Volume: 107 lsue: 22  Article Number: 221804 Published: NOWV 21 2011

Observation of long-range, near-side angular correlations in pPb collisions at the LHC

By: Chatrchyan, S_; Khachatryan, V.; Sirunyan, A. M_; et al.
Group Author{sp CMS Collaboration
PHYSICSLETTERS B Volume: 718 |ssue: 3 Pages 795814 Published: JAN 8 2013

Search for the Standard Model Hggs Boson in the Diphoton Dss
root s=7 TeV with ATLAS

By Aad, G_; Abbott, B_; Abdallah, J.; et g
Group Author(sf ATLAS Collg
PHYSICAL REVIEWLET

Study of the Mass and
By: Chatrchyan, S.; Khach at!

Tays to Z Boson Pairs

0 0 44 78 31 153
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Charged-Particle Multiplicity Density at Midrapidity in Central Pb-Pb Collisions at root s(NN)=2.76 TeV
By: Aamodt, K_; Abele ~abrahantes Quintana, A et al. 49 38 28 27 11 153

PHYSICAL REWVI lume: 105 Issue: 25  Aricle Number: 252301 Published: DEC 13 2010

Evidence for the spin-0 nature of the Higgs boson using ATLAS data

By: Aad, G.; Abajyan, T.; Abbott, B.; et al. 0 0 7 95 AT 149
Group Author{sfp ATLAS Collaboration
PHYSICS LETTERS B Volume: 726 Issue: 1-3 Pages 120-144 Published: OCT 2013
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Group Author(sg”ALICE Collaboratio

ElLIROPEARM PH B P T TN Violume: BE  |egye- 1-2 Pages 29908 Publidhed: L 2010

65.00

46.00

60.33

34.80

54.00

38.75

51.00

25.50

49.67

24.33



ALICE @ Quark Matter 2015
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The LS2 ALICE upgrades

New Inner Tracking System (ITS) ALICE
* improved pointing precision Muon Forward Tracker (MFT) =
* |less material -> thinnest tracker at the LHC « new Si tracker
oved MUON pointing precision
MUON ARM
. o * continuous
Time Projection Chamber (TPC) readout

* new GEM technology for
readout chambers

e continuous readout =

* faster readout electronics

electronics

New Central
Trigger
Processor

Data Acquisition (DAQ)/
High Level Trigger (HLT)
* new architecture ; A/
* on line tracking & data ; g;? A:VSL Rossegger

compression New Trigger
* 50kHz Pbb event rate Detectors (FIT)



The ALICE Upgrade: status

ALICE

* Five Pillars (each in a Technical Design Report), all
approved by LHCC, UCG and RB, the latest this past
September:

 Completely new Silicon Inner Tracking System

* New or upgraded readout for all detectors to cope
with the higher rate, new CTP and Trigger Detectors

* New readout chambers for the Time Projection
Chamber

e New Silicon Tracker in front of Muon Absorber

 New Data Acquisition System and High Level Trigger
to handle the continuous readout, new Offline
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The ALICE Upgrade: status

ALICE

Upgrade of the Upgrade of the Upgrade of the
Inner Tracking System Readout & Trigger System Time Projection Chamber

Upgrade of the
__Online - Offline computing system




LHC Schedule

ALICE
PHASE | Upgrade

ALICE, LHCb major upgrade Heavy lon Luminosity

ATLAS, CMS ,minor‘ upgrade \ from 10?7 to ? x10%7
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ATLAS, CMS major upgrade from 1034 (peak) to 5 x1034 (levelled) 29



Upgrade milestones

2015 2016 2017 2018

2019 2020 2021

1AL ENAEREANREEDNE

—_

AEREONREEDE NQEREANREE

paled 3| [l el 3] 3 [ scnlmalied 2| e [mal fia 2 | 3 |l s icnfmal e o | il iaf 2] 0 ) ] ma o

place
Nov-2017: ITS |
IB assembled
Dec-2015: SAMPA
final prototype Aug-2018: ITS
submission OB assembled

Q3-2018: 0O? installed

19 Oct 2015: ITS pixel chip EDR - done

4 Nov 2015: TPC GEM and chamber EDR
—> start of production

Nov 2015: ITS stave EDR

NNNS i
EYETS LS2
M A M ML J1 J\ J
Y ! ! |
EYETS: O2 EL and CV 4 Aug-Dec 2020: ALICE
infrastructure in re-commissioning

Nov 2019-Jul 2020: install
TPC/new ITS/MFT/FIT
beampipe + close experiment

Mar-Oct 2019: TPC upgrade in
cleanroom

Jan-Feb 2019: open experiment +
remove TPC/ITS/beampipe

Dec-2018: TPC chamber production
finished
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Upgrade of the ALICE Inner Tracking System

ALIC

7-layer pixel detector
based on CMOS ALPIDE
sensors (~15 x 30 mm?)

.,

~haracterization of pixel chip full-scale
orototype (ALPIDE)

2 large margin over design requirements
' Engineering Design Review: Oct. 2015
' Pre-series production: Feb. 16

' Mass production: Sep. 16 — Jul. 17

b Silicon wafer

design requirements: 4. > 99%
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Upgrade of the ALICE Time-Projection Chamber (5

Design for new GEM-based Readout Chambers is finalised
Engineering Design Review: Nov. 2015

Pre-production started
Production Readiness Review: Mar. 2016
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= The CRU: Common Readout Unit %

ALICE

e Will be used for the readout of all
main ALICE detectors

— Key element of the overall project

e CRU (PCl based), prototype tested,
pre-series production to be started

e Detector specific firmware
specifications defined

Trigger and Timing

— (i

40 MHz LHC Clock + i CRU
nes 188 bit data (Orbit, B, . H 1 T
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...... Busy
FEE :
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FEEDm . { 9OMHzx2btineraiSC ;| BT
[up 1o 40 e-links) i 40 MHz x 2 bit Extemal SC Rx -
(2amE4s 7 ocs
_______ i) >




What Next? RUN2 Overview

2015

2016

2018

”HM

Lumi [cm2s?]

Rate [kHz]

For RUN2, ALICE is not interested

2016 pp 13 5x1030 300 28w
pPb 5.02 1x10%° 200(rare) 2w

1x10%8 20(min.bias) 2w
pp-ref 5.02 5x1030 300 7d

2017 pp 13 5x1030 300 24w

any other ion species than Pb
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Run plan for 2016

pp operations:

At full energy: Inst. lumi: 5E30 Hz/cm?2, target delivered: 16 pb-1

pp reference at 5.02 TeV:
3 weeks over the whole RUN2 (1E9 MB events, collected 128 M)
— 1 week (including setup and vdM scan) in 2016
— not taken from the planned 4 weeks of HI time

— not necessarily attached/close to the HI block
(ALICE supports the scenario where the pp-ref is taken during the 25 ns yearly
intensity ramp up, with mu of the order of 1-5%)

HI 2016

pPb:
Energy preference for 5 TeV => reference at same energy as PbPb

ALICE interested in parasitic participation to high B runs
(IP2 B 10 m, small crossing angles for ZDC operation)

vdM scans and 1 polarity flip needed (in each operation period)
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Plan for pPb in 2016

Relevant part of the trigger scenario is minimum bias
(wall clock driven) at lumi leveled around 20 kHz (1E28
Hz/cm2, TBC)

ALICE wishes to integrate pPb ~30 nb-1 (TBC) at high lumi
(rare triggers): 200 kHz (1E29 Hz/cm?2)

Energy preference for 5 TeV as physics-wise pPb is seen as
reference data

— ALICE desires to have data for all collision systems at the same
energy (i.e. pp, pPb, PbPb at 5.02 TeV)

— The other experiments prefer 8 TeV (maximum energy)
— A possible compromise would be to have the Min Bias running at
5 TeV and the High Lumi one at 8 TeV
ALICE needs to collect consistent data samples of pPb and
Pbp

1 vvdAlN crarm and 1 nalarvitv flin
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Startup in 2016

A Large lon Collider Experiment
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S

T51

Spedal physic run

MD 1

Week 7 to 8: Detector Commissioning with Cosmics

Week 9 to 11: Cosmics
16 March:
Week 12:

SF - ALICE/CO

Closure of Cavern
Resume full Running Conditions



SUMMARY %
ALICE

2015 has been a challenging yet very rewarding year
for ALICE

RUN1 has started well for the ALICE detector, the LS1
work is paying off

Important data samples collected in pp at 13 and 5 TeV
and in PbPb

— First results already published and many more coming

In the meantime
— The harvest of RUN1 Physics results continues
— The upgrade for LS2 progresses steadily

2016 promises to be as rich and interesting!
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