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The HMPID in the ALICE 
upgrade LoI 2012

• Since the preparation of the LoI on the ALICE upgrading (Sept 2012), the 
HMPID was in the list of the detectors to take data during the period 
2021-2023 (Run-3);

• short description of the physics tasks was given: “Its excellent PID 
capabilities can be exploited for physics and to constrain the charged 
hadron identification by the dE/dx measurement of the TPC in the 
overlapping momentum range”.

• As from 2012 HMPID has attended all the upgrading forum adapting the 
detector to the new trigger schema and data format compliant with 02

environment;

• Nevertheless during the first half of 2018, HMPID has been asked to 
provide a physics program justifying the data taking in Run-3           ??!??
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Preparing the scrutiny of 
HMPID

• Two meetings were fixed: 
– the first with the Physics Board (Nov. the 1st 2018) 

– the second with the Management Board (Nov. the 15th 2018)

• A very intense work to prepare the document with physics 
program, was launched;

• The fantastic collaboration of several colleagues external to the 
HMPID team has been fundamental for succeeding! 

• A second technical document with the detector status, the 
operation costs and the participating institutions was also 
prepared.
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The physics program
• Light nuclei identification 

– Deuteron in pp collisions up to the momentum bin 8 GeV/c 

– Deuteron in Pb-Pb collision  up to the momentum bin 8-10 GeV/c, not 
only in central collisions, and identification of triton and helium up to 
7 GeV/c;

– Measurement of anti-nuclei absorption cross section;

• PID cross-calibration of HMPID-TOF-TPC

• Identified particle correlation study :

– p/p ratio in the bulk and in the jets;

• reduction of combinatorial background in topological identification: 

• (𝑒. 𝑔. : Λ𝑐
+ → 𝑝 + 𝐾− + 𝜋+ and/or  r e+e- );

• Pions, kaons and protons PID in lighter nuclei collisions (O or Ar);

• Experiment alignment.
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Light nuclei identification
• In pp,
• in Run-3, with 2.4 1010 events in HMPID, the 10 GeV/c momentum bin for the deuteron can 

be filled in.This spectrum extension is of interest t in the quest of establishing the 
composition of the X(3872) particle.

• In Pb-Pb, 

• In Run-1, HMPID filled in the 8 GeV/c momentum bin for deuteron in 0-10% centrality 
interval;

• In 2018 , with 150 M events (0-10% centrality), the deuteron momentum bin at 10 GeV/c 
can be filled in. 

• In 2022, with B=0.2 T and ~300 M central events in HMPID, also the 12 GeV/c bin (with 2 
sigma separation) can be filled in. Contribution in other centalities, possible; 

• Triton and 3He spectra up to 7 GeV/c using central collisions can also be measured. Cross-
check with TPC-TOF mesurement to be done.
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Deuteron detection in Pb-Pb

HMPID contribution with 11 ML 
central class events (0-10%) from 
2011 Pb-Pb data (EPJ C(2017) 77:658)
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With 2018 Pb-Pb events the HMPID 
will be able to fill the 8-10 GeV/c pT

bin in two central classes.

Whereas with the expected Run-3 
Pb-Pb statistics the HMPID will also 
fill the 7 GeV/c bin for the Tritium



PID performance of HMPID vs 
TOF
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Left panel. Examples of the fitting procedure to extract the 
yields for the anti-deuteron in Pb–Pb collisions using the HMPID 
detector in the centrality bin 0-10%. Right panel. Fits to the 
anti-deuteron TOF mass squared shifted by the squared nominal 
mass of deuteron in the centrality bin 0 − 10%. 
Superior separation is shown in the HMPID

Examples of the fitting 
procedure to extract the yields 
for the anti-deuteron in Pb–Pb 
collisions in the transverse 
momentum bin of using the 
HMPID detector. 
No corresponding figure exists 
for TOF in the same momentum 
bin.



Absorption cross section for anti-
protons and  light anti-nuclei 

• Interesting for multi-baryon states production;

• To reduce the systematic uncertainties in the (anti-)deuteron (and anti-
3He) yield measurement;
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𝑁 = 𝑁0 × 𝑒
−
∆𝑥

𝜆𝑖 𝑤𝑖𝑡ℎ 𝜆𝑖 =
𝐴

𝜌𝑁𝐴𝜎ℎ

𝑁𝐴
𝐻𝑀𝑃𝐼𝐷 = (𝑁𝐴,𝑎𝑐𝑡𝑢𝑎𝑙

𝑇𝑃𝐶 × 0.05 × 𝑓) × 𝜖 × 10

𝑓 = fraction of HMPID modules

𝜖=matching efficiency

10 = new Read Out Rate factor

e.g.: 25 cm thick 

polyethylene slab (1/3 𝜆𝑖)

Expected statistical 
precision for anti-deuteron

For anti-3He



PID cross-calibration of 
HMPID-TOF-TPC

• collision energies in Run-3 different from Run-2, no published spectrum 
that can be used for precise benchmarking; 

• HMPID can select with 3 sigma separation samples of 𝜋, Κ 𝑎𝑛𝑑 𝑝 in the 
range 1-5 GeV/c;

• HMPID overlaps TPC and TOF, with uncertainties smaller than the TPC and 
also of the highest-pT TOF points in the ratio of individual spectrum to 
combined
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Identified particles 
correlation study 

• in pp collisions at 7 TeV, an internal note on one trigger particle in the full TPC 
acceptance with one identified in the HMPID acceptance was prepared;

• In Run-3 this study can be completed crosschecking with a ten times higher event 
statistics in the HMPID;
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Proton-over-pion p/π ratio as measured with the HMPID detector. Empty rectangles (combined sys. and 
stat. errors) represent the points measured with the HMPID. The ratio is measured in jet and bulk and 
in the figure, it is compared with correlation analysis using TOF templates [1] not yet published. The 
results agree within statistical and systematic errors



HMPID in  Run-3 !!

• On Nov. the 1st The Physics Board has approved the HMPID 
scientific program for Run-3;

• And on Nov. the 14th the Management Board has given the green 
light for the HMPID in Run-3;

• Details in the documents at:
– https://twiki.cern.ch/twiki/pub/ALICE/ResonsForHMPIDinRUN3/Reasons_x_HMPID_in_Run3_v3.pdf;

– https://twiki.cern.ch/twiki/pub/ALICE/HMPIDPhysicsinRUN3/Physics_for_the_HMPID_in_Run3_v3.7.pdf
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Credits to G. Volpe and to:  M. Van Leeuwen, F. Barile, F. Bellini, S. 
Bufalino, A. Caliva, M. Colocci, A. Dainese, A. P. Kalweit and M. 
Weber.



Activity in LS2

• HMPID will not be removed from L3; 

• First draft of Service Work, Planning of Activities and Resources for LS2,  
prepared;

• Porting in O2 under way for Simulation-reconstruction-calibration software 
(see presentation of G. Volpe);

• Check feasibility of the target installation for the measurement of the 
absorption cross section of light (anti)-nuclei;

• Development/procurement of new software components (RO firmware, 
DCS…) and external HV-LV and trigger modules;

• New Lab. set-up at bld. 581 for HMPID under preparation: FLP computer 
and C-RORC already available,  new CTP-LTU delivered by end Jan 2019.

14 December 2018 ALICE week GdC, INFN Bari, It. 12



14 December 2018 ALICE week GdC, INFN Bari, It. 13



Planning of LS2 activities
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Resources for LS2 activity
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Institutions and people  
involved
• INFN Bari, It:

– G. Volpe, A. Franco, C. Pastore , A. Dell’Olio (electr. Tech.) and GdC;

• CERN team

– A. Di Mauro (consultancy)

• University of Malta, Malta

– Dep of Info. & Comm. Tech. Microelectronics and nanoelectr.

• E. Gatt, O. Casha, J.L Gauci (PhD);

– Dep of Computer science

• G. Valentino, J. Briffa; 

– Dep of Physics;

• C. Sammut, G.P. Nicosia  (Master student)

• Hungarian Academy of Sciences 

– Wigner inst. Budapest:

• G. Barnafoldi, A. Futo and O. B. Visnyei (not full time, master student);

External collaborators
– CEADEN Cuba

• Raul Arteche Diaz; Guillermo Mesa Perez.
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Summary

• The PB approved the HMPID phisics program for Run-3 and the 
MB has given green light for HMPID in Run-3;

• Upgrading activities successfully under way;

• Service work, Activity planning and Resouces for LS2, are under 
preparation;
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Backup slides
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Additional tasks

Details in the posted documents:

• Pions, kaons and protons PID in lighter nuclei collisions; 

• Experiment alignment; 

• Combinatorial background reduction for the topological identification; 
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LHC shedule

14 December 2018 ALICE week GdC, INFN Bari, It. 20



14 December 2018 ALICE week GdC, INFN Bari, It. 21

Andrea Dainese



Establishing the composition 
of the X(3872) particle
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Figure from A. Kalweit



Technical papers 
and Public Note

https://aliceinfo.cern.ch/Notes/node/474
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HMPID contribution to the physics
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http://aliceinfo.cern.ch/ArtSubmission/node/3691 (EPJ)

http://aliceinfo.cern.ch/ArtSubmission/node/3691

