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Inner Tracking System (I'TS2

’

7 layers, 10 m2 silicon
based on MAPS, 12.5 B pixels

0.36% Xo per layer

pixel size:

30 x 30 pm?

beam pipe radius: 18mm

3x higher pointing resolution

TDR: CERN-LHCC-2013-024
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op \/? _13.6 TeV ALICE Performance
) NN — )

MFT+MCH+MID

3< pi“ <4 GeV/c
2.5 < |y <3.6
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TDR: CERN-LHCC-2015-001
Additional tracking in front of absorber to

add charm / beaUty Separati()n Capabﬂities. Reconstructed tracks:

- Acceptance: 2.4 <1 < 3.6 (limitation at
MEFT design: high rapidity because of the beam
- 936 ALPIDEs on 280 ladders pipe).
- 10 double-sided half-disks - Pointing resolution at IP region: ~ 100
- Position: 46 cm - 76.8 cm from the IP. um (to be compared to ypc B ~5 mm).

- Spacial resolution: 5 um.
Alexander Schmah - GSI



Time Projection Chamber (TPC
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Time Projection Chamber (TPC)
V=88m3, AT < 0.1 K

Quadruple-GEM readout
Continuous readout

3.4 TeraBytes/second

TDR: CERN-LHCC-2013-020
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ALICE computing

3.6 TeraBytes/s raw data

— up to 170 GBytes/s to disk
50k CPUs

2700 GPUs

130 PetaBytes disk

New online/ offline system (O?2)

TDR (02): CERN-LHCC-2015-006
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Pb-Pb integrated luminosity 2023
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— ALICE Performance, 2023 12
(al Pb-Pb, {5, =5.36 TeV 2 Runl +2 (2009 - 2018)_
. Recorded: 1535.5 ub™ {10

pp : 0.032pb! minimum bias
collisions, 2 billion events
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b 0-10% central collisions

O
)

O
N

O
N
|

()
[

| | | i
0
05 Oct 12 Oct 19 Oct 26 Oct

Run 3 (2022 - now)
2022 pp: 19.3pb1 or 1000 billion minimum bias collisions
2023 pp: 9.7pb-1 or 500 b11110n minimum b1as Colhsmns
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p-p integrated luminosity

2 | ALICE Performance, Run 3, pp, Vs = 13.6 TeV
> 50—
@ Recorded
€ [ 2022: 19.3pb™
E a0l 2023: 9.7 pb™’ 2024 integrated luminosity is
O o e e
e | 2024: 45.9pb” larger than initial goal.
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ALI-PERF-581127
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TPC Performance
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TPC data rate GB/s

TPC data rates in Run 3

Expected and measured TPC data rate

3000
A Link Based (pp)
2500 B Improved Link-based format (pp)
W Dense-Packed format (pp)
2000 # Dense-Packed format (PbPb)
‘A—-—"—_-
1500 — 4._____“'_____{» - —
1000 /I’“”—
/ —
500 Z ——
O
0.0 kHz 10.0 kHz 20.0 kHz 30.0 kHz 40.0 kHz 50.0 kHz 60.0 kHz

Pb-Pb interaction rate (scaled from pp)

~50 kHz Pb-Pb: 800 GBytes/s (CRU - Common Readout Unit)

—still about 20% margin to readout limit
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Intrinsic TPC resolution

ALICE

p-p, 13kHz, 0O<dE/dx< 100, O. 000<Itan(oc)|<0 115

TDR: CERN-LHCC-2013-020 025———————— — '

— m Run 3 data, 85 <R < 132 Cm AC S|des

| mRun3data, 132<R <170 cm -
m Run 3 data, 1770 < R <207 cm g
0-2__ = Run 3 data, R > 207 cm .

- ALICE performance IROC value from TDR,
=0.151- _«| +<—— including used GEM
- b i o settings.
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drift length (cm)

* Very low IR p-p — low occupancy — mainly TPC intrinsic etfects.

* At low drift length we have a significant fraction of one pad clusters.

* At larger drift length diffusion is important and theretore multi-pad
clusters dominate.

* TPC intrinsic resolution is in perfect agreement with TDR expectations!
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Space Charge Distortions (SCD)

Ions from the amplification stage move back into the
drift volume

Ions are slow (~200 ms for full drift)

— Ions from large number of events pile up (~10k
events @ 50 kHz IR)

— Significant space-charge density (S5CD) in drift volume
— Large average distortions (O(5-10 cm))
— Intrinsic TPC resolution: ~200 um

— Space charge density: pge~1,,,;,, ® gain « I BF (ion back
tlow)

Correction strategy based on reference tracks using I'TS
extrapolations.

Corrections every few ms!
Challenge for Run 3 with continuous readout

Alexander Schmah - GSI

® raw TPC cluster

® hitinlITS, TRD or TOF

e |nterpolated position

e Qactual position

~ extracted distortion vector

----- reconstruction with distortions

------ enlarged search roads

— ITS-TRD-TOF interpolation
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* Average maps
calculated once per
hour.

* Distortions up to

s - ~8 cm in radial
M, * direction!




Fluctuation corrections

weights

0.04
0.03
0.02

0.01
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Pb-Pb, {s=5.36 TeV,B=05T
runs: 544121, 544122, 544123
— fit: exponential + pol3

| tan(A) |

ALICE performance 0.8
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Pb-Pb, Y\s=5.36TeV,B=05T

— A-side

}—

H

® nho sc-fluctuation correction
® w/o weights
® W/ weights

+

/

C-side

ALICE performance

B no sc-fluctuation correction
B w/o weights
B W/ weights

—.—L—.—_‘_:_._

» Space-charge-distortion fluctuation correction done by scaling the average
maps with the currents measured at the TPPC pad planes every millisecond.

» Not all ions from the past 200 ms contribute equally to the distortions!
» At - dependent weights developed based on correlation with observed

distortions (DCA,).

 Significant improvement compared to flat weight.
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250

Pb-Pb, 37kHz, TB: 0, time: 0.00000000 s

-40 -20 0 20 40

y _(cm)

loC
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Average occupancy for pads

above threshold is below
20% for 50kHz Pb-Pb.
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First Physics
Performance
Results from Run 3

Alexander Schmah - GSI
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Charged particle multiplicity
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8- ALICE Preliminary
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* Charged particle multiplicity from Run 3 in agreement with world data.
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* D mesons in Pb-Pb at 5.36 TeV

10° 3
N830>_<||||rllllrrlr]rlllllllllllll|||| D;" (\IQC,H,-)X‘IIOIIITII]T]]IIlIITI[T DO N00.045:IIIIIIII]IIIIIIIITIIIII] D+
s [  ALICE Performance : > | ALICE Performance 1 % .0 ALICE Performance -
¥ 5l 10-30% Pb-Pb, |5, =536 TeV = | 10-30% Pb-Pb, |5,,=5.36TeV ] = [ 10-30% Pb-Pb, |/s, = 5.36 TeV :
2] 7] - = -
c ¢ 2<pT<4GeV/c_ - > 30 1<p_<2GeVic - @ 00385 4<p <5GeV/c -
8 T D; —» ¢n” > K'K'n* and charge conj. - 5 | D’ - Kn* and charge conj : 5 r -
B 20f ~ 8 | ' ] Q 0.03 -
s I + — 3 | 1 g F :
= . — — ] e | —
- D;- i S I T E B i
) I < F . o 0.02[— .
i e ‘ - - T Z e §
o P B 0 - 0.015— _
i i | e Data | - D" - Kn*n* and charge coni. -
s ® Data - I ] oot > ge conj :
" ---- Background ] 15|~ Background = . Rackaround -
i —lTotaI f:t functllon 1 1 | 1 | | — Total fit function : 0.005:— Totalgﬁt function E
O | 1 1 | | L1 1 1 | I ) I I | | I | 1 1 1 | i I | | l A | i | l I | i I | I | A I I A - I -
1.75 1.8 1.85 1.9 1.95 2 2.05 2.1 A N U U T N U N SN T N U NN NN Y N S NN SO S Y N NN SR
M(KKn) (GeV/c?) 175 . I 139 M(Kr) ((;3,5/02) 0 1.75 1.8 1.85 1.9 VK H;S(G v 2)2

nr) (GeV/c

* Good performance in D-meson signal extraction in Run 3.
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D-meson elliptic tlow
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e 0.6_ | | . l. | 1 | | |
5 - ALICE Preliminary
<" 0.5 Pb-Pb, 30-50% centrality
L Run 2, (s, = 5.02 TeV
0.4~ % ALICED’ D', D* average, JHEP 01 (2022) 174
- % CMSD’ PLB 816 (2021) 136253
0.3 * Prompt D-meson v2 measured using Pb-Pb Run3
DL Run 3, {s,, = 5.36 TeV (20% of 2023 Pb-Pb sample) q 1
- e D’ D average ata sample.
0.2

0.1
0.0

Syst. from data
ALICE Run 2: |[An| > 0.9

CMS Run 2: [An| > 3.0 A
ALICE Run 3: |An| > 1.3 Syst. from B feed-down
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L.ow mass dielectrons

ALICE

10 ¢ = | W | | , ! ‘ A | | | =
- ALICE Performance —DCA? integrated =
1035pp Vs =13.6 TeV » DCAY > 20 N
= p._>02GeVic,|n|<08 | DCAYX <050 5
- N, =5.79%x10" )
1074 - - 1sti .
- ete-in barrel7 Huge pp statistics analyzed:

1 = 0.97 pb (2022) for this figure

- = 0.03 pblinRun?2

1= New ITS — improved DCA resolution, better

control of charm & beauty background!
4% 0 ) *+ L= w Promising to look for thermal radiation in pp

10°°

IIHJ

1/N,, dN2"/dm.. (GeV/c?2)"

10,,: T*Nw ob)
- ++ ° g
8 __ —
07F +* '
109_—1111-;.‘.‘1l;A...;1.1111.1-1.1;11A~
0.5 1 1.5 2 2.5 3 3.5 4

M., (GeV/c?)

ct ~150 pm for D mesons
ct ~500 pm for B mesons
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Quarkonia in pp at 13.6 TeV

)(103 : 1 2 | L | I | L ] | L ] | S| l L L l 1 | ] | I B I 1 | I | I L
% LR B B rrr 1 rr ot > 2 . -
> 180 |~ ALICE performance o S i ALICE preliminary i
= 160 - S - 13.6 TeV -4~ same event unlike-sign : ) — Inclusive JAr, w(2S), e'e channel, |y| < 0.9 il
=) - PPIS=13.b 1€ -- mix event unlike-sign - & 1— (o - ‘mini i | . %, .
< 140 Jy, w(2S) = e'e | > 4 pp,¥s=13.6 TeV (minimum bias data), global syst.: 2.2 %
S 0.0 <p. < 16.0 GeVie, |yl < 0.9 © ~ 4pp.Vs =13 TeV (TRD-triggered data), global syst.: 2.2 % n
g 120 ~: I 1
.g - o* 0.8 N Inclusive Jiw, w(2S),u 1 channel, 25 <y < 4 i
o 100 - e o | :' — 4pp.Vs=13.6 TeV, global syst.: 9.0 % -
. - - , |
80 = .”0 ? 0.6 — CUncor. syst. unc. ‘ | .
60 ; ........ * ? '— J -
40 mo***" . = 0.4 - ) n i
000000000“”“000000..00.::’: -] 4 +
20 sty I | - +
- | | L | | | o | I - o || ¢
= | I I l | | N | l :« 02: | _ J ‘ H
l n? S 3 e . dld
(5 S ) _ 4p0.42 —$— raw counts : E*Fﬁ_, S | -
el — CB2 + residual bkg | s AT AU AFRFETIN SPRFETIN AFSFIIN APRPATE AFRArE AFAT AT BT
05 b ¢ ,ASS 3 yizs) = 1919 — residual bkg ] 0 2 4 6 8 10 12 14 16 18 20
E 15+BY : p_ (GeV/c)
. * First ¢(25) measurement in pp at mid-rapidity.
4 . .
10 * Run 2: TRD triggered
* Run 3: Analysis trigger
1 1 1 1 I 1 | ¥

02 24 26 28 3 32 34 36 38 4 * First quarkonium results in both barrel and MUON arm.

01.10.2024 Alexander Schmah - GSI




J /1 in forward direction

5 . o .
E 10 gl L | | L I L I L | | I | I | L LI L I§ o Separatlon Of J/,¢ ContrlbUtlonS ln forward
= - V5o = 13.6 TeV ALICE Performance - : : ,
& - IF\)/IpF,T IT/INC—H o _ direction via MFT, based on measurement of
o 10°E Ml + Data = pseudo-proper decay length.
g - 0<pl <2GeVic — Total fit - %

- m — Background . R
N ’
= 103 n 2.9 < |y““| < 3.6 — J/w Prompt _ E .
O — . i = B
Lﬁ - J J/y Non-Prompt - o few mmn f

- f - py D¢ >

10° ( = >
- = beam L il >
u — ZPV — =SV
104 & Rl !
2
1 L1 1 1 I L1 1 1 I | L1 I L1 /I I L1 1 1 I L1 | I L1 1 1 | L1 | | L1 1 IF (ZPV o ZSV ) MC
473 2 4 0 1 2 3 4 5 [, =
ly,, (MmM) PzC
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B-meson production in pp

x10°
CEJ I | I | | I B | | | I B B | | | I B | I | I I I || ]
% | ALICE Performance _
S b pp, Vs =13.6 TeV, L, =21 pb™" -
90-8_+ ',y 2<p <10GeV/c
O | . . . . .
-~ | ~J + | First direct observation of B? meson in ALICE.
> - S~ | * Measured down to pr =2 GeV/c.
T —el% . .
© [ . Data W4t | Better constrain of the open beauty production.
04— B8 B° — D' and charge conj. ¢ ¢
- —-Comb. background -
- .. B’ 5 D" {n*, 0%, B - D! 1
0.2 — Total fit |

ALI-PERF~578341
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Antihelium-4 in pp collisions

_,‘9105'I""I""I""I""I""I""I"'
S ALICE TPC dE/dx 3
10 ALICE Performance « Data .
‘ =13.6 TeV  —Fi : : 5. . .
: Pp Vs =136 Te it - e First signal of *He in pp collisions
10° 3 08<p <25 GeV/c —"He E L
; —"He :  Fundamental to constrain *He production in
10° =
: | 6’ ° interactions between cosmic rays and interstellar
10 \ P = .
5 4 e = medium
107" B b e — — dominant background for dark matter searches in

I
3
NTPC(“He

N

space experiments (AMS observes an unusual high flux)

R
Mass [GeV/c?] Paolo Zuccon (Uni Trento + TIFPA), MIAPP 2022 at TUM "ANTINUCLEI IN THE UNIVERSE?", AMS02 Results
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ALICE Upgrades
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Forward Calorimeter

o 0
J
m
- 1002 B -
——al| Lt
o ~

= e T —.

-/ -
St V)
/ T8
FoCal-H

FoCal Lol:
CERN-LHCC-2020-009

ALICE upgrades

ITS3 ALICE 3

Absorber —
Muon chambersj — Magnet

Cylindrical
Structural Shell

Half Barrels

ITS3 Lol: ALICE 3 Lol:
CERN-LHCC-2019-018 CERN-LHCC-2022-009

1 . ACE2 | ALCE21 .

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Alexander Schmah - GSI


https://inspirehep.net/literature/1805025
https://cds.cern.ch/record/2703140/
https://cds.cern.ch/record/2803563?ln=en

Forward calorimeter

FoCal prototype

SRS Pixels FoCal-H

4 [/
i s ¥4t \
r‘vx\]féﬁlﬁﬂ‘ < ' ! / [
« w /] — ‘
- . ‘. "l‘ o G
=-‘! i
S : 9 4‘\
v -, : L

¥ ! FoCal-E Pads
" ‘J'S * 18 layers Si pad sensors
Y « wafers of 9 x 8 cm?
« pad size 1 cm?
% » readout with HGCROC v2
N

FoCal-E Pixels
qi», . 2 + Monolithic Active Pixel Sensors
D

_wd °* 2ALPIDE pixel layers
3 | N Wk « pixel size of ~30 x 30 ym?
Cal-E Pads N ~NE Y |« two tested prototypes (HIC,pCT)

Y. ’%\ | FoCal-H

A « 9 Cu-scintillating fiber modules
0. ° towerssize ~6.5x6.5cm?

y * length ~110 cm
» readout with CAEN DT5202

~

FoCal Lol:
CERN-LHCC-2020-009 * FoCal-E: Direct photons and high pr neutral pions in forward direction
TDR: CERN-LHCC-2024-004 * FoCal-H: Jets + photon isolation

* High-granular Si-W EM calorimeter + conventional hadronic sampling calorimeter
* 34<1n<>8
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https://inspirehep.net/literature/1805025

Inner Tracking System (ITS3)

[TS3 prototype

Cylindrical
Structural Shell

Half Barrels

* New vertex detector for ALICE 2.

* Three cylindrical (bent) layers of Monolithic Active Pixel Sensors.
* Bent ALPIDE, performance unchanged after bending!

* 0.05% Xo per layer (reduction of material budget by a factor of 6).

153 Lol — charm, beauty, low mass di-leptons!
y P

CERN-LHCC-2019-018
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ALICE 3
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Acceptance x IR rate: new opportunities

100

ALICE 1

®
\ ALICE 2
(® Run 3

ALICE

10 '\ | Pb-Pb \/ST\‘N=5.02 TeV 0-10%
1 lyl<0.5

§, ALICE 2
10 @ Run 4
®

ALICE

ALICE 3

u,d,s only particles

4

I 0_8 —— c =1 particles x

! 0_9 —— ¢ = 2 particles

-10 — . . 5 e
0 ¢ = 3 particles A

SHMc, T, =156.5 MeV O
0~ '3 | do_ /dy=0. 532 +0.096 mb

0_14 ST T 1 10 100 1000
1.5 2 2 5 3 3 5 4 4 5 5 5 5 6 Acceptance (An)X Pb-Pb interaction rate (kHz)

Mass (GeV) CERN-LHCC-2022-009

Pointing resolution at n=0, pr=1GeV (um)

—r N | [ —r
I
—4
(A

A. Andronic et al. JHEP (2021)

* Multi-charm baryons: unique probe of hadron formation.

* Requires recombination of multiple charm quarks.

 Statistical hadronisation model: very large enhancement in AA.
— requires high statistics and excellent vertexing!
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https://cds.cern.ch/record/2803563?ln=en

Detector overview

ALICE
—> Tracking precision X 3: <10 Muon chambers /_f_ Magnet | —
pm at pr > 200 MeV/c j
— Acceptance X 4.5: |n| <4
(with particle ID)

— A-Arate X5 (pp X 25)

Enables unique physics in Runs 5-6:

 QGP thermal radiation and its time
dependence

» Chiral symmetry restoration in QGP

*  Multi-charm hadrons

* Charm - anticharm angular Letter of Intent:
(de)correlation CERN-LHCC-2022-009
* Charm h-h residual interaction

. . Positive review by
» Ultra-soft photons - infra red limit of QFT I HCC in March 2022

Scoping document
soon!
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https://cds.cern.ch/record/2803563?ln=en
https://cds.cern.ch/record/2803563?ln=en

Conclusions

* Very successful Run 2 operations + publications!

* Huge amount of data already collected in Run 3 (7x central, 40x MB), first
results from heavy flavour, di-leptons, elliptic tlow, correlation, jets, forward
J/ ¥, etc. look very promising.

* Run 4: ITS3 and FoCal technical design reports endorsed by LHCC. First
prototypes ready.

» ALICE 3 Lol endorsed by LHCC!

— Moving forward to the R&D phase, scoping
document submitted for LHCC review.

01.10.2024 Alexander Schmah - GSI




01.10.2024

BACKUP
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L.ow mass dielectrons

—_—
<

| | | | | | I i | | | | | T | |

ALICE Performance

[

QO '3
~— -2 [ -
S 10%E pp /s=13.6TeV oo
8 p..> 0.2 GeV/ce, In | <0.8 = Huge pp statistics
= 10°F N, =579x10" e+e— in barre| * analyzed:
£ ™, - = 0.97 pb1(2022) for
o 107 o/p = .
2 1\ - this tfigure
< 107 3 Iy E = (.03 pb!in Run 2
ol A :
2 10-6 = : | —§
- - t v(25) :
1077 ...”5. =
= . :
108 ingt —
- e s
10—10 - [ | | | 1 | L1 1 | | l | | 1 | 1 | | -
0 2 4 6 8 10
m,. (GeV/c?)
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Antihypernuclei in small systems

Run 3 pp Run 2 Pb-Pb
— L ] | ] | ] I T T 1 I S S | ] S | ] T T 1 LI B B % I llllllllllll I L I LI | | I | I I | | I I I | |
“Oo  70- — >10°F + ALICE Preliminary -
; - 3 N ALICE Performance T Pb-Pb, |5,y = 5.02 TeV
O 60— — SHM using T, = 156 MeV
- - - 4 ch
O = — Run 3, pp Vs =136 TeV 1 I 1 (including excited states)
N 505 A ' ' ] ! Il SHM using T, = 156 MeV
(- 5 - e i (ground state only)
- 405 -H — “He+r = ,
—~ . i 1 I |
» 30— —] 1070 4 T - ]
T = | | .
- | 4 n 4 I 4
S 205 1] | + L e 2.07c ,He I H 2706
10— ® * ® + R +
:_ 11 1 1 l 11 1 l L1 1 1 [ | 11 I | | l L1 1 l L1 1 l 11 1 1 _‘
996 297 2’98 299 300 301 302 3'03 304 I 1 1 1 1 I 1 1 1 1 | 11 | I 1 1 | I 1 1 | | | | I 1 | | | | 1 | |
M. (GeV/c?) 3.9215 3.922 3.9225 3.923 3.9235 3.922 3.9225
*He+n M (GeV/c?)

Illlllllllllllll

> B I ]
o M ALICE Performance 1 : — = .o ,
> oL 4 H - e Observation of >H and #H in Run 3 minimum-bias
0 - Run 3, pp Vs = 13.6 TeV A A
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Vertex detector

Retractable vertex detector concept inside beampipe (Iris):
« closed to Riner = 5 mm during stable beams

e opened to Rj,ner = 16 mm for beam injection/adjustments

stable Component Material Thickness Radiation length
beams
(um) (cm)  (%Xo)
Sensor S1 30 9.37 0.032
Support Be 250 35.28  0.071

~~ Glue 50 35 0.014
-
T — Total 0.117
‘\\ Table 9: Material for the first layer of the vertex detector.
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ALICE 3 outer tracker

o 60 m? silicon pixel detector
=  large coverage: 8 pseudorapidity units

= « compact: Ry & 80 cm, 7, & £400 cm

00— ¢ « high-spatial resolution: 6,,; ~ 10 pm
— = —pixel size ~ 50x50 pm?
9% —= » low material budget: x/ X, ~ 1% per

Eemom=E= layer
EE: « low power density: ~ 20 mW /cm?
|

R&lj focuss;s on

« concept of module ~10 x 10 cm? based on industry-standard processes for
assembly and testing

 services: reduce (eliminate) interdependence between modules
(—replacement of single modules)
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