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.. — HL-LHC . projected timeline and calendar

Extension of Run 3 7?
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LS5 Run 6 ‘ Tons (tbe after L54) “Question 0” to tackle here,
\ ). Commissioning with beam

ALICE 3 Hardware commissioning before anythlng
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https://lhc-commissioning.web.cern.ch/schedule/LHC-long-term.h

[l.1 — The piCtU '€ : towards a heavy-ion standard model

i Pre-equilibrium y  «— QGP phase — i «— free streaming

o

0.

- Coherent E__
- nPDF

- shadowing

- CGC

+ fluctuations

------- "

Initial cond?

Courtesy of MADAIus
E

Chemical freeze-out Kinetic freeze-out

® L
1. 2. 3+4.
- Level of : - Degrees of freedom . Sudden freeze-out
. (non)Hydrodynamisation - Phase transitions : . HBT/Femtoscopy
. chemical (non)equilibration . Chiral symm. restoration . Recombination/
. (non)Thermalisation . Deconfinement coalescence
via - Eq° of State . Hadronic re-interactions
Multi-Parton Interactions - Transport coefficients
+ Colour Reconnections - Radiative/Collisional E_

+ Multiple parton scatterings
+ Rope shoving
+ Glasma ... TP

Vs parton showerine
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#https://madai-public.cs.unc.edu/visualization/heavy-ion-collisions/

[l.o - PhYSiCS Incentives : response as f(quark flavour)

g+ u.d.s,c.b (t) s (ot K* K ... p A X*(uus) =% (dss), Q(sss) ...
N(547) w(782) ... K°892) ¢(1020) X*(1385) A(1520) =°(1530)
+d t *He* “He?" ...
L +° H,* He* — He* pm .
« (D°D* D** D.)...n_J/ x., P(2S) ...
A (udc) — pKm'or pKs (et~ 60 pm)

A

1wpopy

=.(usc) — pKmor=2m (cr= 136 pm)

< = (dsc) —=m (cT=~45pm)

Q.(ssc) —Qm*  (cT~80pum)

ECC2+(ucc), e QCCC2+(CCC)
+ c-deuteron (A _n)" — dK™1t* ? c-triton (nA n)* ?
tetraquark X(3872) — J/y * w / Tec!

« heavy-flavour (p*, e*)

- B B* B’ ... Y(15,25,3S)...

A’ (udb) — A1 ... Zs(dsb), Q. (ssb)
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https://madai.phy.duke.edu/indexaae2.html?page_id=503
https://arxiv.org/abs/2104.07622

[l.3 - Questions IN 2035 : 10 benchmark questions

01. What are the thermodynamic properties of the QGP at the LHC?

02. What are the hydrodynamic and transport properties of the QGP? Benchmarking our
Research
03. How does the QGP affect the formation of hadrons? through the years
04. How does the QGP affect the propagation of energetic partons ? e.g.
ALICE white paper
05. How does deconfinement in the QGP affect the QCD force ? Outcome Runs 1+2
06. Can the QGP lead to discovery of novel QCD effects? e Introduction
(Where we were before
07. What are the limits/minimal conditions of QGP formation? /outside LHC)
« Conclusion
08. What is the nature of the initial state of heavy-ion collisions ? (where we are after

ALICE Runs1+2)
09. What is the nature of hadron—hadron interactions?

10. Can ALICE tackle some BSM physics ?

ALICE White Paper, arXiv:2211.04384 Ll
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https://arxiv.org/abs/2211.04384

[l.3 - Questions IN #2035 : answers by ALICE3

Questions ALICE3 answers (including physics interests by French community)

01 Thermodynamics Te.e. , net quantum fluctuations

02 Hydrodynamics+ transport  Diffusion coefficent for c,b, v.(HF baryons and mesons)

03 Hadronisation Family of multi-HF hadrons ( =cc et al), beauty hadrons beyond B®*

04 Energetic-parton propagation D-D correlations (e.g. D-D%) in AA, fully-tag HF jets, recoil jet techniques

05 In-medium impact on QCD  nc — baryons, )/ — py, X

force
06 Novel QCD effects Chiral Magnetic Effect (CME), Disoriented Chiral Condensate (DCC)
07 Roots of collectivity High multiplicity (pp, pA) with low bias, light-ion “scan”
08 Initial stage UPC y-Pb vector mesons (J/{, ...), D-D correlations in pA (e.g. D°-DY),

CGC with FoCal

09 Hadron-hadron interaction  D*D pairs (x#y), xc1(3872), Tcc, nuclei A<6, hypernucl A=4,
charm nuclei c-deuteron (Ac*n)

10 BSM search YY scattering with m < 5 GeV/c?, axion-like particle search

ALICE3 Lol, arXiv:2211.02491 L7/ 21
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https://arxiv.org/abs/2211.02491
https://alice-publications.web.cern.ch/node/10248

[1l.. — ALICE3 IaYOUt v : key features

3.

Vertexer+Tracker,
Compact (R ... ~85cm)

ultra-light (layer 0 ~ 0.1 % x/X)

Silicon MAPS-based (~ 60 m?)
with high-performance tracking
(Axe, granularity, ...)

ALICE3 Lol, CERN-LHCC-2022-009

with PID capabilities
(iTOF, oTOF, fTOF, bRICH, fRICH
ECal, p)

over an acceptance as wide as possible :
eln|<3.5-4
« p, €[ 0.05; 0(10) ] GeV/c

pe

To collect integrated MB luminosities :
;| =1MHz recorded readout
=+« 005 fb") / month pp

« O(5.6 nb™") / month Pb-Pb

Antonin MAIRE (IPHC)/ GdR QCD - ESPPU@IN2P3


https://cds.cern.ch/record/2803563

V.1 — HL-LHC - large- to small-ion candidates, for which ¥

ALICE3 Lol, arXiv:2211.02491 Tab. 1 p.18

Quantity PP 0-0 Ar—Ar Ca—Ca Kr-Kr In—In Xe-Xe Pb-Pb
SNN e . . . . . . . .
(TeV) 14.00 7.00 6.30 7.00 6.46 5.97 5.86 5.52
Laa (cm™2s7h) 30x10°2 | 1.5x10°  32x10¥ 28x10% 85x10®® 50x10® 33x10®® 12x10%
(Lap) (cm™2s71) 30x10%2 | 95x10%  20x10¥ 19x10¥ 50x10*® 23x10® 1.6x10%® 33x10%7
month (pp-1) 50x10° | 1L.6x10°  34x102  3.1x102  84x10'  39x10'  2.6x10 5.6
Zmonth (ph~1) 505 409 550 500 510 512 434 242
Rumax (kHz) 24000 2169 821 734 344 260 187 93
u 1.2 0.21 0.08 0.07 0.03 0.03 0.02 0.01
dN, /dn (MB) 7 70 151 152 275 400 434 682
pp (2024) pp (2018) Pb-Pb (2023)
ALICE2 ALICET 3 . ALICE2
Jsan (TeV) 13,6 13 2 7.‘” are oy 5,36
Lan (cm?s™) 1x10% 3x10% Lered VS 3,5x107
@monh, . (MB nb") ~5x10°nb'| = 2nb" inspected Vs L , ~2.0 nb"!
<Ro> (kH2) 500 actually “recorded” luminosity (skip or trigger) ... 45
Colliding bunches ~ 2200 ~ 2200 — for ALICES, delivered ~ recorded) ~ 875
M < 0.02 < 0.02 <0.01
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https://arxiv.org/abs/2211.02491
https://bpt.web.cern.ch/lhc/statistics/2018/
https://alice-figure.web.cern.ch/node/8930

(Pam) - HL-LHC . large- to small-ions, uncertainties on &

Alemany Fernandez, LHCP2024

5 8 10 (12 18,
B O Ne Mg _
Boron Oxygen Neon Magnesium alciun Xenon
10.811 ) | 15.9994 20.1797 24.305 39.948 : 131.29
LS3 2023/25 2024 2015 2023 2003 2017
c WG5 (2018):
= T tive too optimistic no
A:-E [13] mm Optimistic Beam Dynamics Limits = WG5 AA in HL-LHC, arXiv:1812.06772
S : .
g — 10 Ar: ~500 pb- (BDL) in the injectors
— a Pb: ~200 pb-!
T B Conservative:
%' 3%: today’s lon Complex
=4
ié = Optimistic:
Z * LEIR-PS stripping = publication to appear
S « PS no-splitting
< « Isotope optimization
> O Ar Ca Kr In Xe Pb

NB : Both Conservative and
Optimistic includes BDL

New LHC injector model under development R
— more accurate estimates for possible [£ _ to come .10/ 21
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https://arxiv.org/abs/1812.06772
https://indico.cern.ch/event/1253590/contributions/5843744

V.2 — Pb-Pb : why taking still Pb-Pb data ?

estimated v,

How much smaller than w(charm) is vy(beauty) ? Is vy(beauty) # 0 ?
— Examples of accuracy for single-HF baryons

(Note: some hypotheses for scale of v2 for charm, for beauty below... but important = size of Gtot)

A (udc) (m = 2.286 GeV/c* / ct = 60 pm)

o
&

A’ (udb) (m =5.619 GeV/c* / ct = 441 pm)

EREL UL LN I AL LA LU B ELELELELE B 0.3 ! | I T |
- ALICE3 Study L, =35nb ] ALICE 3 Study L, =35 nb
0.25 FbPb \s,, = 5.5 TeV 30-50% ] PbPb |5, = 5.5 TeV 30-50%
C e — pK, [y|<1.44 . Ap = AIT(AL — pKY), ly|<1.44
0.2~ s ALICE3 ; = o 0.2 a ALICE 3 —
n + o ITS3, L =10nb" 7 = ITS3, L, = 10 nb”
E _+_ ITS2, L =10nb" 3 b e
0.15 |4 St - £ ITS2, L, =10 nb
IS 3 e
- . Wy
: i : + 1IC
0.05F-+ — * : i ' )
D:. ! | | I i RN ST T T R T I: | | 1 ] |
0 5 10 15 20 25 30 35 0 5 10 15 20 25

P, (A) (GeVic) p. (A,) (GeVic)

Key of improvement between , ALICE2.1 (run 4) and ALICE3?
# L but rather the instrument : ALICE3 pointing resolution and AxEff
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V.3 — Pb—Pb but Sthg else : smaller systems for themselves

1. Collect higher luminosities of small systems ...

2. with a more suitable camera :

Investigate lighter ions (Xe, Kr, Ar, O, ...) down to pp
with a large acceptance in [n, (ultra) low pT]

i.e. with less bias in the event activitiy estimator
(multiplicity, Ry, jet veto, flattenicity, ...)

“Root of collectivity”

PYTHIA 8.303 (Monash 2013), pp (s = 13 TeV, N, =8

*

If you look only in the blue windows (VZERO acceptance ALICET)...
You may miss fluctuations in MPI that lead to jets...

Ortiz, SQM2024 C12/21
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https://indico.in2p3.fr/event/29792/contributions/137133/

V.3 — PbPb but Sthg else : smaller systems as opportunities

Higher raw signal (higher luminosities wrt Pb-Pb) while still 3 sensitivity to collective medium ?

(rad™)

1 d NE.SSO'C
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SO ok,

20
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X107

—— Mo guenching
- Full thermalisation

—+

EARRRARRNRARRRARRNY
it
%
e
%
%
§

F_‘l'__

I | ] ] I I I ] I I I I ) I 1 ) I 1 1
ALICE 3 Study, L, = 35 nb™

PYT_HlA. 8.2, V8w = 5.5 TeV, 0-100% central
D°-D" azimuthal correlations, bkg-subtracted

p?ﬂ >4 GeVie, 2 < p?ﬁ <4,y |<4

+. e m e im0 v

Correl. unc, = 1.8e-04 (indep. c-char contrib.)
Unc. NS width + 18.0%, AS width + 3.8%
Unc. NS yield £ 19.39, AS yield + 3.4%

quhﬁ

-1 0

1 2 3 4

Ag (rad)

1. D-D (de)correlations in AA

A}
Jet axis \‘
A}

2. Fully-tagged HF jets
(full topological reconstruction
of HF hadrons, within/near jets)
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V.1 — Particle Identification : PID with TOF + RICH

< L L e e e i e e e e R Ty I EEma G T ™ T T

; 102 E B _ 2 {] T &/n 35 separaton 3 S 107 b./'x 3a separation E ; 102 3 p'H 3a separation E

b o = . [ TOF (inner) m @ ] TOF (inner) m ik ] F [ TOF (inner) m

4] F ) TOF jouter] - 0] ) TOF jouter] - [ =] TOF {auter) -

‘-;_ COToF l;fcrwan:.l'; _ "-;_ EATOF l;fc'wan:_l'; _ ""_ ] TOF (forward) |
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Figure 20: Analytical calculations of the 1 — pt regions in which particles can be separated by
at least 3¢ for the ALICE 3 particle-identification systems embedded in a 2.0 T magnetic field.
Electron/pion, pion/kaon and kaon/proton separation plots are shown from left to right.
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https://cds.cern.ch/record/2803563

V.2 — Particle Identif® - why caring about the low-p_m,K,p

2. Disoriented Chiral Condensate or ™ condensate
if present at all, will be at p_ < 1/2 m_

X1I Ols T T T

—— Full acceptance
i —— ALICE 3, Barrel+Forward, ~52% of full acc.
8 —— ALICE 3, Barrel, ~25% of full acc.

—— ALICE 1-2, ~4.5% of full acc.

Wikipedia: Bose-Einstein condensate

: : Increase of acceptance when moving from
af . 0.6 < pr< 1.5 GeV/cin |n| < 0.8 (ALICE2)

- - to
2f ] 0.3 < pr< 10.0 GeV/cin |n| < 4.0 (ALICE3)
S0 s 0 s 10

n - 15/ 21
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https://en.wikipedia.org/wiki/Bose%E2%80%93Einstein_condensate
https://cds.cern.ch/record/2803563

V.3 — Particle Identif® :ex. 3 - net quantum fluctuations

Net quantum number fluctuations at (yu, = 0)

Q: netcharge (h"-h),
B: netbaryon(p-p,A-A ..)
S : net strangeness (K'- K, A - A, ..))

Measure event-by-event fluctuations into distributions

with p_> 0 GeV/c + over large y

) (i.e. p-integrated quantities)

1 moment, m. : mean M

2" moment, m,: variance ¢’

3" moment, m,: o skewness S

4" moment, m, : o< kurtosis

5" moment, m_: no name
6" moment, m_:

7" moment, m_ :

— key : ratios mJ./ m. (e.g. m4B/ sz)

0.8

0.7 F

0.6 |

0.5 F

0.4 F

0.3}

0.2

0.0
/ o

— mode
— median
— mean

RE, (T.ug)
T=152 MeV

to access direct comparison to LQCD for

( deconfinement d.o.f.
+ chiral restoration
+ nature of transitions)

See also EMMI, arXiv:2001.08831

HotQCD, arXiv:2001.08530

Wikipedia:Skewness

T-158 MeV —— B SBI’TE x5 (T, 115)
T=161Mev 1 | R3\ (T pp) = Mo B
I s xi(lus)
Ny=8 . T=152 MeV B
LOT:”‘” ng(’ﬂ 1) = -“-SBfT?g _ Xi (T, i)
NLO: [3,3] 0.8 lﬁg (T-. ,MH]
NNLO: [5,5] et ——
1 1 U'?
0 0.2 0.4 v ol
0.6
05} Ne=8 o
LO: [0,0]
0.4
MLO: [2,2]
03k MMNLO: [4.4]
ﬂ_z I Il I i
0 0.2 0.4 0.6 0.8 1
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https://en.wikipedia.org/wiki/Skewness
https://arxiv.org/abs/2001.08831
https://arxiv.org/abs/2001.08530

Vi - Vertexing/Tracking : Vertex Detector in the beam pipe

: \ 25 Closed

| s mm/\ RIS
| .o
\ e\ ; (radii)
% Y SmR ] Iris tracker
\ o ) /
A\ /
A\ / CTTTTTrTorTrees
AN 72
\\

~—_= 1tonin MAIRE (IPHC)/ GdR QCD - ESPPU@IN2P3



V.2 - PhYSiCS : strangeness tracking, example in ALICE3

=cc’(ucc)— =c*(usc) m* — [=(dss) 2n*] Greco, arXiv:2305.03687
1L 5 d ; ] 1
QCC+(SCC) 10 L
oL i 0
Qccc®(ccc)— Qcc(sce) m — [Q(ssc) ] ... 10 L
= = : — : 107}
=p(dsb)— =c(dsc) m — [=(dss) '] 7 ... e
1072}
Qg (ssb)— Q’(ssc) m — [Q(dss) '] 7 ... ® e
}JU_S‘ ® Eee
___________________________________ ‘O QCCC
A |
s 1 _ [ T 7 L R R R g ] (TR R T T 210 F 0
/1§ | ALGE 3 Full Simutation JN 111 O o) 8 D” SHM
/// : ; L pp\[s_NN=14 TeV ---..,,____‘.. 10_5 | B AC SHM
S 6 B Eg SHM
s : L 7.0 C‘:n ’ 1078} & Qgec SHM R { 107
// ! _ ‘//
— 1 S 375 eme i 107} @ 1 107
=cc*(ucc) decay chain | | | v
/ X [—f ; 1.2cm e e " 0-O Ar-Ar Kr—Kr Pb-Pb "
1 L = \ - 10 . - , - : : g - . - 10~
| of | e 05 orh (B i 15 2 25 & 3.;”34 45 5 55 6 65
| “-— ‘ S = (dss) .
! 5 X ‘ — 1
R AN . /]
r N N imn i g2 1 . .
i F\ \.“'«H e / ! Prediction by SHM
i IR -+ e ™ : ] .
N \\ £ ! or Coalescence model
! 2 5 I|I \ W, A !
_: _6 B i I|I I|I|II /\. -'/'\ - E
: F Tt | L 1
| i |
1 | | L | L | L s s 1 1 |
- 6 4 2 0 2 4 L
: x(cm) 18 / 21
N e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e P eseessscsssmscsc==
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https://cds.cern.ch/record/2803563
https://arxiv.org/abs/2305.03687

VIl.1 — Extra reason for ALICE3 : (e'e) Higgs factories

A. Conclusion 1 out of 4 (2027 ECFA roadmap) :

"Develop cost-effective detectors matching the precision physics potential of a next-decade Higgs factory

with beyond state-of-the-art performance, optimised granularity, resolution and timing,

. . . . . . 9
and with ultimate compactness and minimised material budgets S
& 5
© 5 L 5 c§5\§ g
°c‘9{°éb %g‘ & Q;?Q? & & & S &
B. Overlap of specifications : eA, pA, AA // e'e! e TR FEY Y R B EN
DRDT <2030 2030-2035 i:i:’ 2040-2045  >2045
Positi isi 13 @ @
osition precision 31,34 @ @ . :.| ® & . o @
Low X/X, 34 @ @ °o|9e e b4 @ : : ® : -
Low material . Low power 31,34 [ ) [ @ & 1
ot Excellent spatial Vertex High rates 134 0 @ @ . oo o eoee/@® e o0
udge resolution detector? Large area wafers? 3134 i & @ ®
Ultrafast timing® 32 & @ o o & o
Optimisation c Radiation tolerance NIEL 33 @ i o
. onsumer Radiation tolerance TID 33 | | ® |_I L] . N
ee & heavy ions market Position precision 31,34 :‘I ®® @ 000 O
Low X/X, 3134 ® Ooc0000600 m
Low power 3134 @ ¢ o |0 [ B N N ) M
. . High rates 31,34 & e =)
Low power High hit Tracker® Large srea vaters? g ' o A
dissipation rate Ultrafast timing® 32 0! ® © E
Radiation tolerance NIEL 3.3 ] (| i
Radiation tolerance TID 33 | & :_: el & 8
Q
Optimisation @ Must happen or main physics goals cannot be met @) Important to meet several physics goals %
hh S
. Desirable to enhance physics reach @ R&D needs being met S
High Excellent time
,rr;g'rgfr;?:g resolution R REEEEEEEEEEEES
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Conclusions : ALICE3 ...

ALICE3 equation

« Ultralight detector (0.1 =1 % X, per layer)
« Hypergranular tracking (spatial resolution 3-10 pum= f(layer))
— prevailing role of CMOS MAPS

- extension towards (ultra) low pr (p; € [ 0.05; O(10) ] GeV/c)

- extension towards (much) more unitsinn/iny (|g| <3.5 - 4)
— bridge and overlap to LHCb n coverage with a single experiment
« PID = a cornerstone (iTOF)

« fast reading / very fine time resolution (bunch tagging for tyiewp = 1)

Instrument with desired French participation

IP21, IPHC, LPSC = ALICE3 Outer Tracker
— CMOS design, readout electronics, mechanics

Antonin MAIRE (IPHC)/ GdR QCD - ESPPU@IN2P3



App. A — General layout



|.2 — ALICE3 : default layout overview, v1 SD

+ ALICE3 Scoping document Fig.1 [Lolv1] update = default config.

6

Scoping document (2024-03)

ALICE 3 layout
Version 1

S

N

T ‘ /_412—5’/
= //_/I—Hfﬁ'g"‘
i+ [T = A
0 -4 -5 -6
zZ(m)
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https://cds.cern.ch/record/2803563

R(m)

w

.3 — ALICE3 . layout overview, v2 SD

Scoping document (2024-03)

+ ALICE3 Scopin document Fi. 12 [v2] = a scoping option = No ECal = new default in practice

6 5 4 3 2 1 0 -1 -2 -3 -4 -5 -6
ALICE 3 layout =1 =0.5 n=0 n=£0.5 <-1.0
Version 2
n=t X D / v °
=2.0 ==
= |
- \Tracker/
w - EOF =Y
6 5 4 3 2 1 0 -1 -2 -3 -4 -5 -6
Z(m)
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o 2 LHCb Run 4-6 3 ALICEB .R. : .5.5
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PaR Reading B Tl e

( X €ading :3 <|n| <4 landscape, 3 PR P <

Fx ¥ | |58 | Flmie

20l povert [ |38

Beware : | | |

pseudo-rapidity n # rapidity y, especially at low pr (b) " e——— =

(in fact, one has always |y| < |r]|) _1___&]8" ; | ]

— Looking at forward n may be less forward rapidity physics e R Somaialp e 107

than one could imagine naively v ., o o
(hiatus more and more sensible at low pr, for the heavier hadrons) 1 005 f5 85 3 4

y i , particle rapidity
n

— 1 02 | R I P | T T e I . L 1 1 _— 1 02 _I L L L L L L L L L L L L LB {ETH} 4
_E:"__ - ALICE-3 config - [HL-LHC run ¥ ] ‘ ¥l /K separatlon | _E:"__ - ALICE-3 ccnflg - [HL-LHC run V] ‘ K /p separatlon |
> i & s &8 = = & > §8 >
[(h) 2 Fow o o S bTOF [1}] 5 g 3 o S bTOF
0] Al & & S & FSlmiw O] o & & S Ylmio
— 1 0 & & i~  Eaid — 1 0 = = - .2-5
= B ) (8530°) L m3o =M B x (k)" (8530°) | m3o
Q : T-'T"lj x'na: A | 4-6 Q 3 63 i) sma- ol 4-6
_2‘?7. — mi<m, =1.32 1 .5_5 L |r||<r|5 =1.32 1 .5_5
| M@I 1l ETOFHWJ s /1 eTOFme.
L 1-c 1-c
1E im2o d 1E im2o
(C) 1 W3 ( ) 1 m3o
1 Dd-o Ii 1 4o
O1s | m5o Oig | m5o
- i f o < il e
1 0 Cel> Solenoidal B field : 1.0 T 10 Solenoidal B field : -1.0 T
& UTOF{anCnn or BH.’IE|) 120 ps 8 I UTOF{.:nann or Barlel) 120 ps
i I <r=ToF(Barrel) :1.00m I7 I <r="T°F(Barrel) :1.00m
i <z>TOF(EndCap) : 2.00 m <z>TOF(EndCap) : 2.00 m
g A=30°) 0.55 (»>30°)
1 0_2 1 |...'] o { >D A | | | | 1 0_2 ORI st D(OT‘I ev#c | 2 P [ e DA P
0051“%“52-3354 0 "05" 15[ 2]25 3 35 4
. particle rapidity y , particle rapidity
yK* P
37/ 21

A. Maire, CERN-OPEN-2021-003, Fig.36
Red lines here = examples of n =4 with pr ~ 120 MeV/c for m,K,p
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https://cds.cern.ch/record/2753971

H.4

Inner TOF Outer TOF Forward TOF
Radius (m) 0.19 0.85 0.15-1.5
7 range (m) -0.62-0.62 -2.79-2.79 4.05
Surface (m?) 1.5 30 14
Granularity (mm?) =1 Sx5 l=1ltoS5x5
Hit rate (kHz/cm?) 74 4 122
NIEL (1 MeV nt.q;"c:rnz} / month 1.3. 10! 6.2-10° 2.1-10!
TID (rad) / month 4-10° 2-10° 6.6-10°
Material budget (%Xy) 1-3 1-3 1-3
Power density (mW/cm?) 50 50 50
Time resolution (ps) 20 20 20

— ALICE3 : PID with (CMOS) TOF

Table 11:

TOF specifications.

ALICE3 Lol, CERN-LHCC-2022-009, section 4.3

3 options :

« MAPS with gain layer
(~ ARCADIA project)

« Low Gain Avalanche Diodes (LGAD)
(CMS MTD fwd, ATLAS HGTD)

« Single Photon Avalanche Diode (SPAD)
for a combined TOF+RICH reading
by a single sensor

Antonin MAIRE (IPHC)/ GdR QCD - ESPPU@IN2P3


https://cds.cern.ch/record/2803563

App. C — OT staves & discs

ALICE3 Lol, CERN-LHCC-2022-009

\
v
!_f’ A

Figure 83: Sketch of the outer tracker mechanics. Modules assembled in staves structures are visible
as well as services and power lines. Furthermore, the overlap of the staves can be seen.

« Barrel basis = carbon spaceframes (ITS2-like)
« Endcap basis = double-side sandwich with alternate column of modules


https://cds.cern.ch/record/2803563

[11.1 — OT staves & discs : layout and surfaces

ALICE; SD, Fig.1, DraftID:10248

i~ —— N — — £|3F_./ ........... o — — /
________________ ® Tracker —_— i |
b O ® b m————ﬂ_——#
: : \ B —
= T — \ : \\_\ \\ i'\
_____________________ o6l [a7| (o8] || [ow0] [o1

Preamble :
° ITS2 sensitive area (i.e. active silicon without periphery on ALPIDE) ~ 9.99 m?
° MFT sensitive area ~ 0.37 m*
— OT ~ 50 m? of plain acceptance geometry in total (i.e. naive discs and cylinder models)

« OT Barrel = 33 m? — O[3x ITS2]
« OT forward discs » 6x(2m?/disc plane) = 32-m? 8.7 m? — O[1x ITS2 or 23x MFT]
« OT backward discs = same ~ 42-m2 8.7 M? (may-depend—onFCFrequirements)
« IT-Middle Tracker ~ 5.95 m? — O[ % x ITS2]
4-layer barrel ~ 3,73 m? 41/21 """

2x3-disc endcaps =~ 2,22 m?
Antonin MAIRE (IPHC)/ GdR QCD - ESPPU@IN2P3


https://alice-publications.web.cern.ch/node/10248

App. D - CMOS sensor



v1.0 (2023-05-15)

l.1 — Backgrou nd : MAPS, Monolithic Active Pixel Sensors

sens. layer ™ g-collect = ampli = analog treat = A-D conv = digital proc

Hybrid pixel sensor —  sensor: [—— ce PR

CMOS pixel sensor —  CPs:

Ex: sensor using
TowerSemiconductor 180-nm CMOS Imaging Process

2 X 26.88 um

2 x 29.24 ym

ITS2 ALPIDE — 3D and 2D views of 2x2 pixels
(Here, in the 50-um-thick version...) R

Antonin MAIRE (IPHC)/ GdR QCD - ESPPU@IN2P3



v1.0 (2023-05-15)

|.2 — Backgrou nd : ITS2+MFT, MAPS-based detectors for Run 3

y N

512 rows

m Pixel Matrix 1 3-8 mm

5 double-sided vertical discs
896 ALPIDE chips
0.47 x10° pixels

s 1.2 mm
30 m m 1024 columns -

= 0.37 m? of sensitve area s | B
|P.A.. 135.5 -121.5: : l\ '\?J\ & ) (‘5\3'\:9
(3.7% Of ITSZ area) L] "ITS_LD. 11,12 ims_1s, 8 | ITS_15, L6 o 3.&\-—1 1}%\
ITS2 393 AR e
router = ¢
344 + B =

7 layers as barrel structure ro =245+ : =

24120 ALPIDE chips, 196 - EEE e

12,6 x10? pixels . =
= 9.99 m?® of sensitive area e = 24/ 32/ 40 « 5

(10.85 m? of active silicon, incl. periphery)

LO,L1,L2  L3+L4 L5+L6
Layers Inner Middle Outer
Chips 432 6048 17640
Active 0.18 m? 2.50 m? 7.30 m? N it i I || fn frosomeen
IP o : :
Su rface -460 493 5295 . STEE 799 -900 measure in mm
Fraction 1.8% 25% 73% 45/
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V1.3 — CMOS :vertexer and tracker specifications

Time resolution: bunch tagging, i.e. O(100 ns)

A Large lon Collider Experiment

Requirements 25x more pixels

‘/\ : HLICE
. |Vertex Detector |Mi Outer Tracker Ims3 |

Position resolution (pm) 10 5
Pixel size (um2) O(10 x 10) O(50 x 50) O(20 x 20)
Time resolution (ns RMS) 100 100 100* / O(1000)
In-pixel hit rate (Hz) 94 42 (barrel) / 12 (foward) 1 (barrel)/ 16 (forward) 54
Fake-hit rate (/ pixel / event) <107

Power consumption (mW / cmz2) 70 20 30
Particle hit density (MHz / cm?2) 94 0.6 (barrel / forward) (;)_.t(s)?f(()?-f:;?g 8.5
Non-lonising Energy Loss (1 MeV neq / cm2)* 2x 1015 51’;3%?&_;‘;&3 1 ff&?;:éﬁ;ﬂ; 3 x 1012
Total lonising Dose (Mrad)* 10 6 (barrel) / 5 (forward) 0.5 (barrel) / 5 (forward) 0.3
* updated values, from FLUKA simulations; safety factor to be decided v

20x higher radiation load

. Table courtesy Felix Reidt
. See also FLUKA studies of radiation loads in ALICE” by Jesus Mendez 46/ 21

ALICE; days 2024-03 indico.cern.ch/event/1372735 e
Antonin MAIRE (IPHC)/ GdR QCD - ESPPU@IN2P3


https://indico.cern.ch/event/1372735/contributions/5857439

VIll.1 — DRDs. spider chart

J. Baudot DRD3 Collab Week June 2024
Indico.cern.ch:1402825

: MAPS specifications

ALICE3 VD  ALICE3OT |Bellelitrk |CBMtrk |LHCbUT | FCCee trk

Position resolution ~ ~2,5 um ~10 um <15 um ~10 ym <10 ym <10 ym
Pixel pitch (um) 10 pm 50 50 ~30 50 50
Hit rate (MHz/cm?) 94 MHz/cm? 0.05t0 2 <1 60/180 160 <10
Data rate (Gb/s) - 8 20

Time figure (ns) 100 ns 100 =1 25 ~1(<25) | 20to 1000
Triggering No no yes no no ?
Power 70 mW.cm:2 ~20 <50 ~50 <100 ~20?
TID (kGy) 100 kGy (10 Mrad) 50 10? ~10 2400 10?
NIEL 2,10 1-MeV ne 10" 10"? | few 10™ 3x10'® 10"1?

47 / 21

Source: Jérome’s [own mix of LOI, recent talks and private communication]
Antonin MAIRE (IPHC)/ GdR QCD - ESPPU@IN2P3


https://indico.cern.ch/event/1402825/contributions/6002316/

VIll.2 — DRDs; Spider chart :the starting pointS

J. Baudot DRD3 Collab Week June 2024, “Versatile pixel matrix TPSCo 65nm”
Indico.cern.ch:1402825

Pay attention fo axis scales,
not very robust!

—tracker / ALICE3
—tracker / ee col.

Up. tracker / LHCb
Power [250-5] p. tracker /

(MW/cmA2) —tracker / Belle li
—tracker / CBM
&
o{\Q
Radiation tolerance [0.01- O@@ Postion resolution [15-
5] (10715 n_eq/cmA2) B 2.5] (um)
i> Incompatible requirements?
Time resolution [500-1] . Material budget X/X0

(ns) [1.2-0.05] (%)

Hit rate [0.1-180]
(MHz/cmn2)

Antonin MAIRE (IPHC)/ GdR QCD - ESPPU@IN2P3


https://indico.cern.ch/event/1402825/contributions/6002316/

Back to App. TOC

App. | — Template for QCD+QGP phys. cases



.1 — Observables : Layer 1/ as a function of the collision time

i Pre-equilibrium y  «— QGP phase — i «— free streaming

o

0.

- Coherent E__
- nPDF

- shadowing

- CGC

+ fluctuations

------- "

Initial cond?

Courtesy of MADAIus
E

Chemical freeze-out Kinetic freeze-out

® L
1. 2. 3+4.
- Level of : - Degrees of freedom . Sudden freeze-out
. Hydrodynamisation - Phase transitions : . HBT/Femtoscopy
. Chemical equilibration . Chiral symm. restoration . Recombination/
. Thermalisation . Deconfinement coalescence
via - Eq° of State . Hadronic re-interactions
Multi-Parton Interactions - Transport coefficients
+ Colour Reconnections - Radiative/Collisional E_
+ Multiple parton scatterings
+ Rope shoving
+ Glasma S8

Antonin MAIRE (IPHC)/ GdR QCD - ESPPU@IN2P3


#https://madai-public.cs.unc.edu/visualization/heavy-ion-collisions/

.2 — Observables : Layer 2 / as a function of momentum

A. low-p_ “collectivity” (p, < 2-3 GeV/c) B. high-p_ “collectivity” (p, = 6-8 GeV/c)

~ relativistic hydrodynamics, .~ in-medium energy losses for energetic particles
barely viscous :

Antonin MAIRE (IPHC)/ GdR QCD - ESPPU@IN2P3



|.3 — Observables : Layer 3/ as a function of y (twice)

Initial state | Longitudinal dynamics
L. ultra-low x, (x, < 107) . |y|<2 :max = rapidity plateau in dN_/dn
UL owx, (, €[107:10°]) | I |y|=35 :75% (AN, /dn)
UL moderate x, (¢, €[107;107) | L [y|=50 :45% (AN /dn)

0
«

—

-

ALICE, arXiv:1304.0347

(] ALICE (PRL 106 (2011) 032301) ® ALICE symmetrized
2000~ < ATLAS (PLB 710 (2012) 363-382) — Double Gaussian fit
& CMS (JHEP 1108 (2011) 141
1800 © “MS¢ L e
~ 1400
~ 7.4 Xg,

10-20%

20-30%

>
R

20 XBZ 200-

600+
X1 ¥ 99 X, 400
~ 200+
5— Xg, & 148 X, c
. % =5 o =y 23 el W 1 2 & & 8 B
Xg, ® 2980 X, o
Projectile1 Projectile2 N
if y ~ n(m<<p) e
+ same type of beams (A/Z) 60/ 21
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https://wwwold.jlab.org/news/releases/2004/04radyushkin.html
http://arxiv.org/abs/1304.0347

|.4 — Observables : Layer 4 / as a function of flavours

« hadron-quark duality »

g+ u,d.s,c,b (t) . (em* ' K* K% ... p AX*(uus) =% (dss), Q(sss) ...

uds < N(547) w(782) ... K°(892) (1020) >*(1385) A(1520) =°(1530)
+d t 3He? ‘He?" ...
L n 3/\H’ 4AH_e2+ — 3He2* pm .
« (D°D* D** D.)... n_J/ P x.. P(2S) ...
A (udc), = *(usc), = (dsc), Q_°(ssc)

+ c-deuteron (A n)*, c-triton (nA_n)* ?

pp Vs = 14 TeV

1po)y

_ [ ¢ heavy-flavour (u*, e*)
5 |+ BB B ... Y(15,25,39)...

A,° (udb)...

uey)
*Y/Z°)

NB :

baryons Vs mesons 61/ 21

mixed flavours (s+c, s+b, ... c+b ... Lo
f (s+c. ’ ) Antonin MAIRE (IPHC)/ GdR QCD - ESPPU@IN2P3


https://madai.phy.duke.edu/indexaae2.html?page_id=503

|.5 — Observables : Layer 5/ as a funct’® of the collision system

PP;
Min. Bias

Multiplicity

Pb-Pb, low centrality

86£50EL-P10321/S4D

Pb-Pb,
most central events

Antonin MAIRE (IPHC)/ GdR QCD - ESPPU@IN2P3


http://cdsweb.cern.ch/record/1305398

|.6 — Observables : paths through the multi-layer mesh

The multi-variate and interleaved families of QCD+QGP observables :

time p,(GeV/q) Y| “Flavour” Event activity
Initial conditions e < 0.1 « & o . K&la\ggwlt'
o . e < VU. ® o U . °
Initial fluctuations e c€[01:05] . ~0 . S
° : ° e €(05 s 1.0] o
Early hydrodynamisation e . 2 F;(S) ’ ;8} . [ ] e S e « pp MB
Chemical equilibration ? ’ ﬂ e €[10:25]e 2 L . . ? . p-AMB
Deconfinement extent e * €[3.0:6.0] ’ e €[25;5.0]¢ © b . e pp high mult.
Chiral symm. restoration ® € [6.0:10.0] o « () - A hich mult
. . .0 10. . e p-A high mu
Hydrodynaries R EDSPIEY B L ot
loss e W o AA semi-central
e =200 . o y/Z°e AA most central

Phase transition(s) e
Hadronisation e
Chemical freeze-out e
Kinetic freeze-out

(HL-)LHC watchword for (=Run IlI) : “precision era” pushed on many fronts

i.e. fight for (o = negligible) ® (0'Sy < 1-5%) as much as possible

st
Note : QCD+QGP physics is both i) a bulk physics + ii) a rare-probe physics
— Nowadays, precision then implies extreme cases on both fronts ... (i.e. also for abundant observables)

(e.g. multi-differential, multi-correlated probes, < 1 High-Mult. evt every [10°-10°] MB pp evts...) | ¢3 /21 '''''

Antonin MAIRE (IPHC)/ GdR QCD - ESPPU@IN2P3
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