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ALICE 3 - A short overview of the physics program
ALICE

e High-precision beauty measurements New detector for LHC Runs 5&6

Magnet RICH
ECAL

e Multi-charm baryons, P-wave quarkonia, Absorber
exotic hadrons MUuon Chambers-l

e DD azimuthal correlations

e QGP thermal radiation
e Chiral symmetry restoration
e Fluctuations of conserved charges

e Ultra-soft photons and tests of quantum
field theories

TOF

e And more, see Letter of Intent arXiv: 2211.0249] Vertex detector

Tracker
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Multi-charm baryons, p-wave quarkonia and exotic hadrons

Goal: Establish connection between the thermalisation of charm quarks in the QGP and
the formation of hadrons from deconfined quarks

Measurement: Measure the production of multi-heavy-flavor hadrons (like=..., Q.. and
ideally ...) and p-wave quarkonia ( Xc¢; 2). Investigate dependence of the production of
multi-heavy-flavor hadrons on the heavy-quark density that varies with rapidity

Method: Track all decay products, such as =~ and Q~ hyperons, before they decay further

ALICE
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Multi-charm baryons, p-wave quarkonia and exotic hadrons

Detector requirements:
- Hadron identification over a wide p. range (few hundred MeV/c to a few GeV/c)
- Tracking close to interaction point (first layer at 5 mm)
- High readout rates (>100 kHz Pb-Pb and 24 MHz pp)
- Large acceptance (|n| < 4)
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Multi-charm baryons, p-wave quarkonia and exotic hadrons

ALICE

Detector requirements:
- Hadron identification over a wide p. range (few hundred MeV/c to a few GeV/c)
- Tracking close to interaction point (5 mm) Strangeness tracking
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Multi-charm baryons, p-wave quarkonia and exotic hadrons

ALICE

Detector requirements:
- Hadron identification over a wide p. range (few hundred MeV/c to a few GeV/c)
- Tracking close to interaction point (5 mm)

. Strangeness tracking
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Multi-charm baryons, p-wave quarkonia and exotic hadrons

ALICE

Detector requirements:
- Hadron identification over a wide p. range (few hundred MeV/c to a few GeV/c)
- Tracking close to interaction point (5 mm) Strangeness tracking
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- Retractable: ry =5 mm See ct

- Material budget: 01% X / layer
- Unprecedented spatial resolution: 2.5 pm
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R&D for the Inner Tracker

ITS3 engineering model 2 S — H LIC E
' Sensor R&D leverages on ALICE ITS3 *
upgrade for Run 4

For more information

Join: talk from Bong-Hwi Lim:
Design and expected performance of the
ALICE ITS3 tracker upgrade (next talk)

Read: TDR ALICE ITS3

IRIS system:

e Full scale prototypes are
being developed
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R&D for the Outer tracker

Outer tracker end caps with disks:
- “Paving” with modules
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ALICE

- Mechanical layout, carbon-fibre support

Outer Tracker mechanical
layout and cooling concept
(air or water) under study
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Heavy-flavor correlations

ALICE

Goal: Discriminate between the different regimes of energy loss in the QGP and reveal
possible charm isotropization by diffusion

Measurement: Azimuthal angular correlations between fully-reconstructed charm hadron
pairs over a wide rapidity range

Method: Low p_ angular DO-DP correlations
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10 T  Fre—r —~ 51 0:3 ———— ] — X1 Ovie -
i 1l ]\ =15 [1 —'4] GeV i S5 1 Tc 60— ' I ALICE 3 Study, L =35nb"’ I I =] ke 120? ! Expected ALICE 2 performance L 13 nb‘ ]
1 b coll—Ll 1(1 K=038 [4- 1”1 GeV === 1 o [ —i—Noquendig, PYTHIA 8.2, {5, = 5.5 TeV, 0-100% central 1 £ F PYTHIAB.2, {5y, = 5.5 TeV, 0-100% central .
r 1() - )() GeV = = ] Qv 500 TR MienmiaNRatioi DO—D“ azimuthal correlations, bkg-subiracted 1 g 100 D°ﬂ—D azimuthal correlations, bkg-subtracted ]
: g |e F P >4 Gevic, 2<p? <4,ly| <4 1 2| [ P54 Gevic,2<p? <4,y | <08 ]
-1 < _ 4 % L N
3 1071 ¢ %3 oF: i ] %% 80— B
T . o[ cE 0—20% ] —2 F +§ 1 2 1
] 10 . A : < 30; + .1 T 5] = 60— I —
= . | i T ! - *
S 5 | // \\ (a) E N Tt i - ]
= e = / - -3 = [ |
N : 7w Y ] 2o F T TR 4 40r ]
a5 // e W \ \ 1 E + 1 ]
10 & / 7/ ,‘ " “‘\ NN & 10 Correl. unc. + 1.8e-04 (indep. c-cbar contrib.) = 20
I gl i R AN i F Unc. NS width + 18.0%, AS width + 3.8% B a SEEE| g
1{)_7, ! y A 1 Y | a1 | TR | E Unc. NS yield + 19.3%, AS yield + 3.4% = okl 1 P ! i
: . - - R A A I SR il Bl e I 0 B I -
1 2 3 4 5 6 ob—t 4 . 5 ; ) 1 0 1 2 3 A4 e
Ao Ao (rad) #
M Nahrgang et al, PRC 90, 024907 ALICE 3 Lol, arXiv:2211.02491

Cas van Veen (they/them), Physikalisches Institut Heidelberg 12


https://arxiv.org/abs/2211.02491
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.90.024907

Heavy-flavor correlations

ALICE

Detector requirements:
- Large pseudorapidity coverage

- Lowp; DO.DY measurements which call for excellent background reduction down to P, =1 GeV/c
- High statistics -> Interaction rate and read-out rate

Background reduction from the TOF (low p;) and RICH (larger p,) is critical to obtain pure
samples of D°.
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RICH R&D

Cherenkov angle of pions and H LIC E
protons: 4 mrad angular resolution

Projective layout to minimise surface
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Time-of-flight R&D %%

Time resolution target: 20 ps LGAD track angle scan ALICE
Several test beams since 2022, .
various sensor options: & 28 | 35pum (145 V) o0
- SiPM coated with different resins = e30
. o
(type, thickness) 5 o5 " 45
- Single and double LGADs 20 um, 3 0 k e75
25 um, 35 um thick 2 95 y il 30°
- 50 um thick CMOS-LCAD QE) ................. ] ; ;
(ARCADIA MAPS with gain layer) S N . s = I rget.r.esomuon achieved
and with integrated FEE (MADPIX) [T T on individual sensor
T S —. 16 75°| | Small dependence on
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Chiral symmetry restoration

ALICE

Goal: Confirm presence of chiral symmmetry restoration in the QGP at sufficiently high
energies

Measurement: Modification of the p and al mass spectrum in the medium because chiral
symmetry breaking generates masses in QCD. Large mass difference between p (770 MeV)
and al (1260 MeV) in the QCD vacuum.

Method: Measure the dilepton mass spectrum close to the p peak. Change of 15% is
expected
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Chiral symmetry restoration

When chiral symmetry is restored in QGP
the mixing of the p and a, degenerates occurs

pand a, spectral function
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Chiral symmetry restoration

ALICE

-
o

T T TTTI]

LN S S B B B B B B B S R S S S e S S B e
I T T I T

ALICE 3 Study
0-10% Pb—Pb, {5, = 5.02 TeV
TOF+RICH (40, rej), B=0.5T

=== vacuum p SF

Ly

— in med. SF w/ x-mixing

Measure in the range between the p (770 MeV)

[ ¢t (15%) + LF (10%)

1/N, *N/dm,dy (GeV/c?)'

IHHII

NI

1 - e Ga — in med. SF w/o )(-mixing—E
and ¢ (1019 MeV) peak. This is where the 15% E Py <4 GG In <08 44 —E6n5 E
. .. 5 o bremsstrahlung included Syst. Uncertainties: ]
INncreases becomes visible. oi DCAw <120 i () i (002 |

ol

[ B i
p and a, spectral function

T T IHHII

| IllIIIIl

008 Vacuum T=100 MeV T=140 MeV

006 — Vector — Vector — Vector 10—3
— Axial-vector — Axial-vector — Axial-vector

pv.AS)/ms

T IHHII

T

= ]
+~ .
0.08 T=150 MeV T=160 MeV T=170 MeV 5 .
o
2 006 — Vector — Vector — Vector _‘\’
= — Axial—vector — Axial-vector — Axial-vector S
= oo ©
s 9
<
i &/\—’_‘
0.00
0.0 05 1.0 15 20 25 30 a5 0 05 1.0 15 20 25 30 k4 0 05 1.0 15 20 25 30 35
S(GEVZ) S(Ge\/z) S((}e\/z)

ALICE 3 Lol, arXiv:2211.02491

P.M. Hohler and R. Rapp, PLB 731,103

Cas van Veen (they/them), Physikalisches Institut Heidelberg 18


https://arxiv.org/abs/1311.2921
https://arxiv.org/abs/2211.02491

Ultra-soft photons and tests of quantum field theories %%

ALICE

Goal: Conclusively verify the Low theorem, the violation of which would lead to a crisis in
theory. The Low theorem can be used to test the infrared limits of quantum field theories
such as QED, QCD and quantum gravity.

Measurement: Low's theorem predicts a 1/,oT dependence of the ultra-soft photon
spectrum as a direct consequence of the conservation of electric charge.

Method: Measure the soft photon spectrum in the forward direction down to a few MeV/c
via the conversion to e+e- pairs.

rl.ol  plof pl.0f plol  plol pl.0f PeQ POl Pl

N; +Nf
................ * k A pn
A/!]f.,? M" /1« *Pn \
/ \ va/ \ / ’\ Photon ‘ Higher order
‘ """ ‘ ~~~~~~~~ Outgoing particle: +1 polarization corrections
P& o POy

Incoming particle: -1 4-vector
Non-radiative

charged particle
production

Charge Charged
particle
4-vector
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Ultra-soft photons and tests of quantum field theories

ALICE
Detector requirements:
- Dedicated forward conversion tracker (FCT) with a separate dipole magnet to improve
tracking in the forward direction
- Low material budget in front of the FCT
- Dedicated particle identification system behind the FCT
- 11 consecutive silicon discs with il =
monolithic pixel trackers 025]  Dorrellavers
—— Beam pipe
- Pseudorapidity coverage: 4 < n < 5 E°‘2°‘\_ . ]
- Dipole magnet with a magnetic EOIS |
field of 025 T [~
\
] \ —
- PID for e*/e” event veto oS =
——
0.00 = . . , R B 1. =
5 4 3 2 a § 0

Distance z (m)
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Ultra-soft photons and tests of quantum field theories %%

ALICE

Detector requirements:
- Dedicated forward conversion tracker (FCT) with a separate dipole magnet to improve
tracking in the forward direction
- Low material budget in front of the FCT
- Dedicated particle identification system behind the FCT
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Summary

ALICE

To achieve its physics goals, ALICE 3 will have

An unprecedented spatial and DCA resolution from the retractable Vertex Detector
Large pseudorapidity coverage |n| < 4 thanks to the barrel and end caps layout
Very low material budget for the all-silicon inner and outer trackers

High readout capabilities 24 MHz in pp

Comprehensive particle identification capabilities thanks to the RICH, TOF and MID

R&D is well on its way and the building of prototypes has started.

To learn more about the physics program of ALICE 3
| invite you to have a look at the Letter of Intent
ALICE 3 Lol, arXiv:2211.02491
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ALICE

Backup
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ALICE 3 - Timeline %@
ALICE

2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 2033 | 2034

Run 3 LS3 Run 4 LS4
QlQ2Q3Q4|Q1Q2Q3Q4|Q1QZQ3Q4Q1Q2Q3Q40.102Q3Q4QIQZQ30.4Q1Q2Q3Q4Q1Q2Q3Q4Q1Q20304|Q1Q2Q304Q1Q2Q30.4 Q1 Q@ a3 a4

Scoping Selection of
ALICE 3 | Document, | technologies, R&D,
WGs kickoff| concept prototypes

Contingency and
precommissioning

e 2023-25 :Scoping Document, selection of technologies, small-scale prototypes
(~25% of R&D funds)

e 2026-27 :large-scale engineered prototypes (~75% of R&D funds) » TDRs and MoUs
e 2028-30 :Construction and testing

e 2031-32 :Contingency and pre-commissioning

e 2033-34 :Preparation of cavern, installation

e 2035-41 :Datataking
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Heavy-flavor correlations %%
ALICE

Detector requirements:
- Large pseudorapidity coverage
- Low p; DO.D° measurements which call for high selection efficiency down to p; =1 GeV/c
- High statistics -> Interaction rate and read-out rate

S/B

High purity for D°® measurements. 0 = Barrel RICH Magnet fRICH
' ' -0-I0<[y|l<1 1;.0<|q:m|<4.'o ' D _> K A
104|- =+1<lyl<2 7
+2<lyl<3
10°F o g 1 D° candidate
102l . selection with IRIS
and Outer tracker.

10F

1f PID selection with
sl RICH and TOF

fTOF

0 2 4 6 8 10 12 14 16
pT(GeV/c)
ALICE 3 1 ol, arXiv:2211.02491

Inner TOF
Outer TOF
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Chiral symmetry restoration

Detector requirements:
Electron identification

efficiency

High resolution vertexing capabilities

Electron ID

masnsnanny [T
E ool ALICE 3 Study ]
0.9f —_ 0-10% Pb-Pb, |55, = 5.02 TeV —|
. o om0~ Layoutvi,|n |<1.1,B=05T 5
0.8/~ —t— o TOF =
= 8 o o TOF+RICH (365" rej)
0.7 s TOF+RICH (3,503 rej)—|
8 _.__© TOF+RICH (40" rej)
o.e;— o Sy -
0.5{8 X =
0.4 e
: < —— 3
0.3F =
F — i ——
0.2F 3
0.1} R
ol | [ I | Lieadd
0 0.5 1 15 2 25 5 4

p. (GeV/c)

e* track efficiency vs p;
ALICE 3 Lol, arXiv:2211.02491

ALICE

Measure in the range between the p (770 MeV) and
¢ (1019 MeV) peak. This is where the 15% increases

becomes visible.

IRIS Tracker + Outer tracker for the tracking

RICH + TOF for the electron identification
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ECAL: Jet and gamma performance

ALICE
ECal can measure photons with x10 larger
acceptance than ALICE 2 (EMCal)
Photon can be correlated with charged-jets in '
letal<4 (exploiting ALICE 3 tracker Y Recoll igs
acceptance) - anti-k, R=04  y+jet: p. [19, 40] GeV, Ad(y, jet) > n/2
: . . 1.8 ALICE 2, I <0.67, 17*1 < 0.7
Uniqueness: > Sa - ® ALICE3, 71 <16, 7% <36
e Wrt ATLAS/CMS: low p. fr ) i |
0 Pre>10 GeVin ALICE 3 (same 4 —‘]"
ALICE), vs 50 in ATLAS/CMS 125 —
) E & e oy L |
o pTgamma>'|O_2O GeV in ALICE 3, vs 50 15.. ..... .._..’: ..... ®-f .’?i—,FFﬁF‘ ......
in ATLAS/CMS 08 e & ]
Wrt ALICE 2: X10 larger acceptance for the 0.6/ O
photon (EMCal vs ECal), x2 larger L, ch. 0.4 h+jet: p}[20, 50] GeV, IA¢(h, jet) - nl < 0.6
jets in |eta|<3.6 vs |eta|<0.5 0.25_ I ALICE1,I71<0.9, I7*1<0.7

7 ALICE 3, 71 < 1.6, 17*1 < 3.6
1 I 1 1 1 1 1 l

Projections for recoil jet R,, and |, ,

2
10p‘;"' o GeV)
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ECAL: Jet and gamma performance

ECal can measure photons with x10 larger
acceptance than ALICE 2 (EMCal)
Photon can be correlated with charged-jets in

leta|<4 (exploiting ALICE 3 tracker ot (racrons)
acceptance)
Uniqueness: e %
o Wrt ATLAS/CMS: low p, O ‘fr ) 0
o ijet>1O GeV in ALICE 3 (same .
ALICE), vs 50 in ATLAS/CMS
o >10-20 GeV in ALICE 3, vs 50

pTgamma

in ATLAS/CMS
Wrt ALICE 2: X10 larger acceptance for the
photon (EMCal vs ECal), x2 larger L, ch.
jets in |eta|<3.6 vs |eta|<0.5
Projections for recoil jet R,, and |, ,
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® ALICE3, In1<1.6,17*1<3.6
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Multi-charm baryons, p-wave quarkonia and exotic hadrons

Detector requirements:
Hadron identification over a wide p_ range (few hundred MeV/c to a few GeV/c)

Tracking close to interaction point (5 mm)

ALICE

A LTEL Rl RALLIRELM (LI EoEL Strangeness tracking
- High readout rates (>100 kHz Pb-Pb and 24 MHz pp) &~ o4 s | L
< C st ) ] P X '.. ok
- Large acceptance (|n] < 4) i T S e
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- Large coverage: |n| < 4 2 6
- Sensor pixel pitch ~ 50 um Q X (cm)
for gPOS =10 um i Err o> B+t
- Very low material: ~1% X,/ @
layer 8= E-+ 27
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