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Outline

« ALICE -HMPID description,

» Detector performance

» PID performance

- Perspectives for the HMPID in LHC Run3 (2021-2023)

« Summary
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ALICE was built to characterize the high density, high

temperature phase of strongly interacting matter
known as Quark-Gluon-Plasma state;

Excellent PID capabilities are required.

A-side view
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MPID: High Momentum Por’ncle
|IDentification detector

PID range:
1<p<3GeV/c r, K
1.5<p<5GeV/c p

7 RICH modules ~1.3 x1.3 m2for a total
Csl active area of ~11 m?

September 2006: HMPID installation in
the ALICE magnet!

Institutions:
INFN and Dip. Of Physics, Bari (Italy);

Politecnico of Bari (lfaly)s—
CERN Geneva (Switzerland);
Wigner Research Institute Budapest (Hungary);
University of Malta, Msida, (Malta).
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Proximity-focusing geometry;
cos6=1/np

Cherenkov Radiator
« 15mm CF,,; n=1.2989 @ 175 nm;

Photon converter: N
« 300 nm thick reflective layer of e
Csl; QE~25% @ 7.1 eV (175 nm) '

Photoelectron detector: )

«  MWPC 2,2-2.5 mm asymmetric gap 42 tom

with CH, af atmospheric pressure, gas
gain~ 4 104;

* analogue pad read-out ( pad size =
8x8.4 mm?), total number of channels
~ 160 K.
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HMPID basic elements

20 um
W-Re3
wires

€C0000O 0O

€ 1+ 205KV

8x8.4 mm pads
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Detector performance in Run2

5-9/09/2016 RICH
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Sub-system segmentation in

one RICH module

6 Csl pad Photocathodes (PC's);

6 x HV sector of 48 anodic wires
(HV's);

6 x FEE sectors (FEE's);
2 RO sectors (ROR-L)

Details : CERN/LHCC 98-192 ALICE TDR
1 14 of August 1998.
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Koo 4,
%

C,F,4 circulafion
and purifying
systems

Safe C4Fy, circulation by gravity flow;
Stable transparency to C photons;
Separated control for each radiator

vessel;
C4Fi4: 3M PF5S060DL.
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Fig. 6 Location of the three units of the HMPID liquid system in the experimental cavern
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Detector status

Leaking radiator vessels

YP 2004

RICH6 Rad1: YP 2003
AUGUST 2006

YP 2004

YP 2003

YP 2003
YP 2003

YP2003 YP 2003

YP 2003

RICH4 Rad1: YP 2002
JUNE 2012
RICH4 Rad0: YP 2003
OCTOBER 2010

YP 2004
MB6R1 : leaking 2006

M3RO : leaking 2010
MA4RO : leaking 2010
MA4R1 : leaking 2012

YP 2003

YP 2004

RICH3 Rad0: YP 200
JUNE 2010

Year of production YP

BN EDESETIED

YP 2004
YP 2005
YP 2005
YP 2005

YP 2005

YP 2005

Faulty sub-system segments:

Combining leaking vessels and failing HV sectors, the detector acceptance is ~ 70% after 10

years of operation.
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200 210 220
Wavelenght (nm)

d 23/06/2016 stag. splitter

24/06/2016 cire. splitter

01/07/2016 stag. splitter

- 08/08/2016 stag. splitter

25/08/2016 stag. splitter

transparency/transparency ref.
Integral/Integral ref.

210 220
Wavelenght (nm)

On August the 4, after replacement of H,O molecular severs , the fransparency improved
around the water absorber peak of 165 nm. Anyway no Npe variation expected.
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Histogram of Photon Cluster Charge with Photon cluster size <4 hvo
Histogram of MIP Charge hv0
PhoCluQ123 hvO
Entries 2309 mipQ123 hvO
Mean 38.71 Entries
RMS 32.72 Mean
Underflow o || RMS
Overflow o ! Underflow
=/ nalt 58.84/ 45 { Overflow

%
Constant 5.48 £ 0.04 | %2 / ndf 111.1 /92
1A, ~0.03059 + 0.00076 - | Constant  257.2 + 8.6
MPV 375.2+ 7.1

| Sigma 87.14 £3.15

150 200 350 300 - Lk | Ty
Photon Cluster Charge [ADC] 2000 2500 3000
MIP Charge [ADC]

Npe at 6.x (B=1) depends only from the opfical property of the radiator: cosdax =1/n
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ALICE Performance
13/03/2016
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High-voltage sector 0
High-voltage sector 1
High-valtage sector 2
High-voltage sector 3
High-voltage sector 4
High-voltage sectar 5
2015 2075g 207, 208073 2075

« HV equalization (Sept. 2011) to set Ay = 35;

« Gain variations = * 15%;

« Areduction of 20% on A, -> photoelectron detection efficiency loss of 3%
(A /Ay = 4/35) . No effects on the PID performance.
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H,O Contamination (ppm)

Monitoring of CH,
contaminants

O, Level Contamination

H,0O Level Contamination

©, Contamination (ppm)

H,O and O, in the MWPC CH, can degrade the UV transmission and damage the
hygroscopic Csl layer;

At he level of few ppm they are well below the threshold to impact the detector
performance.
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ALICE Performance
22/03/2016

705 "9 7205735

Photo-cathode 0
Photo-cathode 1
Photeo-cathode 2
Photo-cathode 3
Photo-cathode 4
Photo-cathode 5

Good Npe stability infers a Csl QE stability;

Except RICH2 PC 2 and 3 with a drop of 30%. After cleaning, PC's were
re-evaporated during 2005, maybe procedure not optimised;

Empty space between blobs represents LHC technical stops from 2010 up to 2015.
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PID performance in Run2

5-9/09/2016 RICH

G De Cataldo, INFN Bari, It on behalf of the ALICE collaboration GoMmdieiniovenie



Event 1 Total 117
TRKxPC 5
& Mip hits 0
Ckov hits 0
¢ Feed hits 0
Digs 3055
# Clus 1274 oS o Event 0 Total 117
. -+ TRKxPC 13

RICH n —> ddldzd n+1 (ri a . 2 Mip hits 0
heat right Ckov hits 0
¢ Feed hits 0

Digs 3534

*  Clus 1576

Print ESD

Print digs ON

Next Previous

Next Previous

+  HMPID Calot-like design optimized for 0.2 Tesla but experiment operation @ B=0.5
Tesla;

« Deformation/opening of the circular Cherenkov patterns. Some degradation of the
angular resolution anyway PID performance ensured (3o separation in the momentum
ranges).
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PID performance on pp Vs =13 TeV and
Pb-Pb s,y =5.02 TeV

=1

o
o
oo

e

~
o
o

e

=)
o
@

o
o

o

&)
o
w

PERFORMANCE
26/08/2015

ALICE pp 1s =13 TeV

ALICE PERFORMANCE
Pb-Pb at \ s, = 5.02 TeV
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Cherenkov angle, 6, (rad)
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HMPID Cherenkov angle vs tfrack momentum for pp Vs =13 TeV (left panel) and Pb-Pb Vs, =
5.02 TeV (right panel);
Continuous lines represent theoretical Cherenkov angle values vs. frack momentum.

5-9/09/2016 RICH

G De Cataldo, INFN Bari, It on behalf of the ALICE collaboration PORIRL i e



ALICE pp {s=13TeV Minimum bias
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» Two PID techniques possible: statistical (Gaussians fits as in figures) or event-by-
event which needs an effective background rejection;

» For the confribution of HMPID to the ALICE physics see G. Volpe presentation,

session Pattern recognition and Data Analysis.
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Perspectives for the HMPID in
HL-LHC Run3 (2021-2023)



LHC roadmap: according to MTP 2016-2020 V1 B Prsics

LS2 starting in 2019 => 24 months + 3 months BC ] zhutdo-.»-.-n
LS3 LHC: starting in 2024 => 30 months + 3 months BC eam commissioning
LHC Run 2: 2015-2018 InjectorS' in 2025 => 13 months + 3 months BC | Il ==

Jnjectors Run 2 r

PHASE 1

- Run 3 Run 4
Injec‘tors

e— PHASE2 ——

Run 5
Injectors
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« Study of charge dose for potential Csl ageing by avalanche ions;

» During Run2, ~70 % of charge dose from pp collisions and ~30% from Pb-Pb.
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Charge dose on the Cisl
photocathodes
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« Charge dose threshold (Qth ) for possible Csl QE loss: 0.2 mC/cm?
« Sfill far during Run2;
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Delivered luminosity in ALICE and

charge dose

2010-2013 15 pb’!
End of Runl

2015 7.1 pb!
(Run2)

2016 ~15 pb
(Run2) (expec. 10/2016)

2017 ~15 pb-!
(Run2)

2018 ~15 pb!
(Run2)

End Run?2

2021-2023 HL 450 pb!
LHC (RUN3)

End Run3

0.013 mC/cm?

0.007

~0.013

~0.013

~0.013

~0.059
~0.4

~0.46

%

Qth=0.4 mC/cm? Expected at the end of Run3 with a possible Csl QE reduction of 8%.
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New trigger schema and
HMPID Read-out rate

RO rate )vsoccupancy (%) ::C

0]
-—
O
— &
O
(0’4

% occupancy

During Rung3:

Detectors with continuous read-out @ 50 KHz in Pb-Pb collisions;

HMPID still friggered detector;
Preliminary tests results with RO firmware Run3 compliant: 10KHz and 6 KHz respectively in

pp and Pb-Pb collisions, two times higher than in Run2 (four times w.r.t. LHC Runl);
New trigger modules, Run3 compliant, already under development.
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Summary

- Detector status: stable since LHC Run1(2010-), a small further
acceptance loss 72% -> 70% in 2016 (one HV sector OFF);

- Number of detected photoelectrons perring stable
(<Npe>=~14). No ageing effects of Csl photocathode
observed, except evidences on the re-evaporated RICH?2,
PC2 and 3;

- Specific charge dose from ion bombardment: at the end of
Run2, well below the threshold of 0.2 mC/cm? for possible Csl
QE loss. At the end of Run3, a QE loss of 8% is expected;

* Very good preliminary results with new RO firmware:10KHz and
6 KHz in pp and Pb-Pb collisions. RO rate doubled w.r.t. Run2
(four times w.r.t. LHC Runl);

Good perspective for the HMPID operation in LH-LHC Run3!
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Back-up slides
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ALICE Performance

13/03/2016
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Good Npe stability inferring a Csl QE stability.
Except RICH2, PC 2 and 3, with QE drop of ~30%
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Npe dropping

PC60 PC37
April 2005 0.::.2001

RICH O

* Production date of the Csl photo-cathodes and location in the RICH
modules
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MWPC anodic current
2010-2016

hCurrentTot_0_0 hCurrentTot_0_1 hCurrentTot_0_2

Entries 311380
n 0.

w
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+ Black curve: MWPC anode current | in the six HV sectors of the RICHO during
2010-2016;

 Black curve double peak: |, distribution during HV setting between STANDBY ->
BEAM TUNING and BEAM TUNING -> READY (charging of cables and capacitors);

« Red curve: |, with HV sectors at the nominal value of 2050 V during collisions.
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