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INFN ~ Ongoing upgrade: ALICE look in Run 3

(L e — talk by S. M. Panebianco
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INFN Upgrades for Run 4 (LS3 in 2025)

Istituto Nazionale
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INFN
| F OCAL

ALICE
Forward electromagnetic and hadronic calorimeters
e FoCal-E: high-granularity Si-W sampling calorimeter — direct y, 7°
e FoCal-H: Pb-Sc sampling calorimeter for photon isolation and jets
1mm
. - . :_Iayel12 i.-’i ‘-.'.
Transverse segmentation — 1T H Beam teSt, fU” p|Xe| prototype ) G ‘..- ‘- ..1
LG cells N uy e s i E &
i | JINST 13 (2018) 01,P0é_(,)1E4= 244 GeV ii_ _’: " 5 .-l_"l
EELTT T % —
1 HG cell e, E=54GeV =
2

N— . y (cm)0
- 1 (2)ng|tu m3 segmentiuon ; )
ailed view of shower
profile
heodber Gy , — high-resolution
\ ‘ ’ m LOIl: CERN-LHCC-2020-009 2-shower separation
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e
INFN
INFN FOCAL

di Fisica Nucleare

Forward electromagnetic and hadronic calorimeters
e FoCal-E: high-granularity Si-W sampling calorimeter — direct y, 7°
e FoCal-H: Pb-Sc sampling calorimeter for photon isolation and jets

Main goal:
e Constrain gluon nuclear PDF at small Bjorken-x
e Limited information even for proton for x<10

SUF

G

. q Y q Y o

— Measure isolated y at forward y [

N.B. DIS experiments: not sensitive _ g
to gluon PDF at LO y NI ; :

EM and DIS measurements

Accessible x lower than LHCb, gy
E s(P, 4

thanks to 1) coverage IRV IRTTY o R I

10 10 10 10 10 10 1

LOI: CERN-LHCC-2020-009 &
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INFN FOCAL ®

L/ di Fisica Nucleare HLI E
H1 and ZEUS HERA I+II Combined PDF Fit .
1 —— = o DIS, HERA: gluon PDF increases at low x . .
z o Infinite growth expected from DGLAP and BFKL evolution equations,
08| e i ) including only splitting terms
\ — s N - e “Gluon recombination” (— non-linear terms) can be important and

may “tame” the gluon pdf

» HERAPDF1.0

Linear QCD Nonlinear QCD
BFKL: gluon BK/JMWLK gluon
emission recombination

el | [

high x

HERA Structure Functions Working Group

[l L L L % .
10+ 10° 10?2 10! 1

X Gluon fusion/saturation?

Limited information on nPDF at low x — large uncertainties on theoretical predictions
— difficult to disentangle QGP-induced effects from “cold-nuclear matter” effects.

ICHEP Online, 28 July - 6 August 6
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INFN FOCAL.: performance for isolated vy %

ALICE
i i T T T T | T Il T T I T T T T | T T |
@ o ALICE projection [l Isolated y ]
- FoCal upgrade — EPPS16+CT14 1 dN ,./d
" p-Pb Sy = 8.8 TeV T Ropy = R ..
i Lint — 50 nb-1 nNNPDF1 O | (Ncou) dep/de
1.5 _
Ropy™"1 - == o Less than 20% relative uncertainty above
no nuclear -
effects i ! 6 GeV/c
0.5_— - . . .
i 1 e Significantly better than theoretical
: 4.25 <My <475 4 uncertainties from nuclear PDF
| | 1 | 1 1
00 5 10 15 20

LOI: ALICE-PUBLIC-2019-005
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INFN _FOCAL: expected constraints on gluon nPDF

Istituto Nazio
di Fisica Nucle H L I C E
I

Nuclear/proton gluon PDF ratio

<!

208pp reweighting

— nNNPDF 1.0

B EIC it

E= FOCAL fit

Q°=10 GeV?
90% CL

Recent nNNPDF fit to DIS measurements

unconstrained for x < 1072
N.b. constraints from HF measurements by ALICE
and LHCDb not used

e With FOCAL: significant constraints at ~
10° < x <1072

e More precise than electron-ion collider
(EIC) experiments for x < 1073

|
L Ll 11 1°HS

10°° 10° 104 107 102 10"

LOI: ALICE-PUBLIC-2019-005
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N .
INEN Inner Tracking System 3

i Fisica Nucleare

Novel vertex detector consisting of wafer-scale, ultra-thin
Monolithic Active Pixel Sensor (MAPS) in curved, perfectly .~
(half-)cylindrical layers.
e Control logic, data buffers & links at the edge of the sensor
e Air-flow cooling
New beam pipe (r_, =1.65 cm)
LOI: CERN-LHCC-2019-018

S

Half Barrels <

Inner layers ITS1 ITS2 ITS3
(Run 1-2) (Run 3) (Run 4)
X/X, 1.14% 0.38% 0.05%
innermost radius 39 mm 22 mm 18 mm
pixel size 50x425 um? | ~27x29 um? | O(15x15 um?)
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e

NN Inner Tracking System 3

Novel vertex detector consisting of wafer-scale, ultra-thin
Monolithic Active Pixel Sensor (MAPS) in curved, perfectly . > — =
(half-)cylindrical layers.
e Control logic, data buffers & links at the edge of the sensor
e Air-flow cooling

Half Barrels

Niw beam pipe (r_ . =1.65 cm)
—— ITS2 standalone
=== [TS2+TPC
O ITS2 standalone (full MC)
ITSZ —— ITS3 standalone

> ITS3+TPC
102 4 ‘!-.. o ITS3 standalone (full MC)
5

e Improvement by ~factor 2 on DCA resolution

101 4

rg pointing resolution [pm]

e Significant improvement of tracking efficiency for p. <200 MeV/c

LOI: CERN-LHCC-2019-018

10° T T T T T T T T T T
0.05 0.1 0.2 0.3 0.5 1 2 3 5 10 20 30
Transverse momentum [GeV/c]
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ITS3 performance: low-mass dielectrons

ALICE
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£ ALICE Upgrade Simulation

Pb-Pb \ s, =5.5TeV Rapp p (broad)
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0-10%, L;, =3 nb" Rapp QGP

ITS3, B=0.2T Rapp Sum

In|<0.8 —+$— ‘meas.’ - cc - cockt. _g
B P> 0.2 GeV/c E Syst. uncert. sig. + bkg.

ALICE Upgrade Simulation
Pb-Pb \s,, = 5.5 TeV

Rapp p (broad)

E== Syst. uncert. cc + cocktail

|

o

1.5 2 2.5
M., (GeV/c?)

0.5 1

Dielectrons — study electromagnetic radiation from QGP
M, slope — QGP temperature

ITS3
°
°

reduced combinatorial background from conversions

better charm rejection

-
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e
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ALICE Upgrade Simulation
Pb-Pb | s, = 5.5 TeV, 0-10%
—— L,=3nb", B=0.2T

1.1 < M, g (GeV/c?) < 2.0

E= syst. err. cc + cocktail

o bec b b e b B 1

ITS2 ITS3

Reduction of statistical (~ factor
1.3) and systematic (~ factor 2)
uncertainties on QGP temperature
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INFN

Istituto Nazional
di Fisica Nucleare

|ITS3 performance: beauty-quark hadronisation %

ALICE

Significance

[y A

Study beauty-quark hadronisation mechanism

m/

Baryon-over-meson enhancement

L e B L e e e e L L e e e .
C Upgrade n
35— —
- s S Abo .
30 e ITs2 4’7 =
20 R U
15— ) ) i
C ALICE Simulation 7
10 ] Pb-Pb, \sNN 5.5 TeV 3
C L =10 nb™, 0-20% 7
5:_ Ay—AIT (Af—pKt) E
0: TN RIS RERPRTEN RN SR A

2 4 6 8 10 12 14
P, (GeV/c)

Performance on strange and charmed
baryons (£, Q_°) under study

16

— coalescence

B.’ enhancement from enhanced . I dNy/dpy
AA =
strange-quark production in the QGP (Neon) ~ dNpp/dpr

q.)2() — r < :!V\IV\VI!V!‘!!VIV!t‘!t!lV!VIIVI‘!IV'V!I:
2] ALICE Upgrade PrOJectlon B. — D; ] o 3.5[-ALICE Upgrade Projection -
8 "8 0-10% Po- Pb, 5y =55 Tev ] - 0-10% Pb-Pb, {5, = 5.5 TeV ]
g.’ 16 L =10 nb ° IT82 —: 3'0;Lim =10nb Bg N D; _— ?
14 = |ITS3 E 250 ITS2 E
% 12 [ Unc. signal estimation - C . o ITS3

0] [J Unc. background estimation 20 N TAMU E
3 = T

i ] N

—
o
ll!|l|l[lll{llllHlllll]lllllll]llllll!

\ —-B ]
4$\7 - B (non-strange) |

8 15
6 N T ™ 41 L e
1.0~
4 r
> = 0.5
00 5‘ 16 "1g = ST T T T R N T T
p. (GeV/c) 0 2 4 6 8 10 12 14 16 18 20
-

P, (GeV/c)

Improvement by a factor ~2-2.5 on statistical precision with ITS3
Extend p.-reach down to 2 GeV/c for BS0
— Access the most sensitive region for coalescence

ICHEP Online, 28 July - 6 August
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INFN ITS3 performance: charm nuclei %

L/ di Fisica Nucleare ﬂ L I E
- N Predicted already in the 70s (PRL 39, 1506 (1977))
‘P o) ‘5 Never observed
anti-deuteron anti-triton  anti-hyper-triton  c-deuteron Production enhancement expected in Pb-Pb w.r.t. pp
£ ALICE simulation ~ —primayd ¥ ALICEsmulation g —pimayd : : :
% 10 | Po-PD igjfé?gTev ; :grf':):yad L3k L PoPb \?Q—LjféogTev | :Q'f'[f,:ya" LK Tiny and very challenging signal!
g 3<p,<5GeVlc 4 * 3<p <5GeV/c ]| e Assumed ct~ Ct (Ac) ~ 60 um.
B 102 5 e Unknown decay channels
s fITS ITS3 d,_— dK'm* (as A_— pKn)
S 10° o Expected very small BR
—4
10 b Ml ITS3 better resolution on (anti-)deuteron
105 B Slgnal d I} impact parameter crucial to discriminate
Background d signal from background
6 e bog w4 Lo g o o & ¢ a4 o 4 " T
107004 002 0 002 004 -004 -0 02 o 0. 02 0.04
DCA,, (cm) DCA,, (cm)
13
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INFN . Run 5: ALICE “next-generation” possibilities %

Istituto Nazional
di Fisica Nucleare n L IC E
e ——

“Ambition to design a new experiment to continue with a rich heavy-ion programme at the HL-LHC”
mentioned in the Update of the European strateqy for particle physics

Goal: studies of pp, pA, and AA collisions at luminosities x20-x50 higher than in ALICE in Run 3-4.

2019: first document outlining possible concept and “ALICE3” layout shower Pixel Detector (SPD)
physics opportunities https:/arxiv.org/abs/1902.01211 T

Compact, all-silicon “nearly massless” detector with
excellent low-p_ tracking capabilities l
e Truly-cylindrical layers with curved wafer-scale
ultra-thin MAPS + endcaps (|n|<4 coverage)
e Innermost layers possibly inside beam pipe
e OQuter layers: PID via time-of-flight with
20 ps resolution

<«— Time Of Flight
(TOF)

insert-able
conversion layer

v

< ~400cm

ICHEP Online, 28 July - 6 August 14
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INFN . Run 5: ALICE “next-generation” possibilities %

Istituto Nazional
di Fisica Nucleare n L IC E
e ——

“Ambition to design a new experiment to continue with a rich heavy-ion programme at the HL-LHC”
mentioned in the Update of the European strateqy for particle physics

Goal: studies of pp, pA, and AA collisions at luminosities x20-x50 higher than in ALICE in Run 3-4.

2019: first document outlining possible concept and “ALICE3” layout
physics opportunities https:/arxiv.org/abs/1902.01211 T

Compact, all-silicon “nearly massless” detector with

excellent low-p_ tracking capabilities l N

e Truly-cylindrical layers with curved wafer-scale — =

ultra-thin MAPS + endcaps (|n|<4 coverage)

e Innermost layers possibly inside beam pipe
e OQuter layers: PID via time-of-flight with

20 ps resolution e

Shower Pixel Detector (SPD)

<«— Time Of Flight
(TOF)

insert-able
conversion layer

— Access doubly and triply heavy-quark hadrons < e — »
_, Precise dielectron measurements Unprecedented insight into QGP world:

> heavy-quark coalescence, medium temperature,
— soft and ultra-soft photons chiral-symmetry restoration

ICHEP Online, 28 July - 6 August 15
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e

LI_'LF ::’L{;::a";z::::: S umma ry

LS2 (now): Upgrade of ALICE on track — talk by S. M. Panebianco

LS3 (2025): new upgrades for LHC run 4
e FOCAL: v, 7% jets in the forward region to constrain gluon nPDF at low Bjorken-x
e |TS3: truly cylindrical silicon layers made of ultra-thin wafer-size MAPS
o low-mass dielectrons (— QGP temperature)
o improve HF-particle performance + search for exotic charm nuclei
Beyond 2030: continue heavy-ion programme sor-curved to R=1.8cm
in HL-LHC era
Possibility of a “nearly-massless” silicon detector
e multi-HF particles
e |ow-mass dielectrons and soft photons

Unprecedented insight into QGP world
expected ahead of us!
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Istituto Nazionale
di Fisica Nucleare

FoCal-E: performance examples

ALICE
Simulation with realistic Run 4 setup Test beam (€), full-pixel prototype
JINST 13 (2018) 01, P0O1014
g =Ty =y =ty | L T% o 12 U T T g ¥ Toal d Bl k o & BRED g g _|l||||||||||1|||||||l|l|l||_
W [ Single y w {1 E 5o 3
- L od = L _
3% —8._027 5001 ® % ) _ ]
w E E A | « Data(e/e" a
I | 10 = B |“\ o :
r ] % E * Simulation ]
' 1 €%k :
i ! ]
1 asf \\ .
* Simulation (ideal detector) 2 \\\\ 7]
s\ N ]
O Simulation (real detector) o N \\ . Sl i
C Mg e — ol
= Data(e) 25~ b Z
_l | 155 B S | I | e [ 57 I 1 1 1 1 I 1 1 1 |1 I I IS ] IS | I'
1 1 1 11 1111 I 1 1 L1 1111 I 1 0 50 1m 150 2w 250
10 102 Energy(GeV)
Energy (GeV)
18
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(BN Bjorken-x range coverage
ALICE

Saturation scale 107 EM and DIS measurements Hadronic+UPC measurements

Q (GeV)

log(Q)

DGLAP 10

1 lllllll

BKMJIMWLK  BFKL NMC/EMC

Ss ~ ) 7

’l"bf/on 1= \\\\ =
E ] 1= —
R~ = C 3'75} ] F ‘ 3
4’;"-':':‘»&:"/-““:“' T [ vl v vl vl il v ] E i ]
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X
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INFN ITS3 details

Istituto Nazionale
di Fisica Nucleare

ALICE

Beampipe inner/outer radius (mm) 16.0/16.5
New Beampipe: r= 16mm AR = 0.5mm IB Layer parameters Layer 0 Layer 1 Layer 2
Radial position (mm) 18.0 24.0 30.0
LO: r=18mm, L1:r=24mm, L2: r =30 mm Length (sensitive area) (mm) 270 270 270
Pseudo-rapidity coverage® +2.5 +2.3 +2.0
Active area (cm?) 305 408 508
~280 MM Pixel sensors dimensions (mm?) 280 x56.5 280x75.5 280x 94
Number of pixel sensors / layer 2
Pixel size (um?) 0(15 x 15)b

Beampipe
IR 16 mm
AR 0.5mm

Beam pipe thickness: 500um (0.14% X,)
Sensor thickness: 20 — 40um (0.03 - 0.05% X,)

“ The pseudorapidity coverage of the detector layers refers to tracks originating from a
collision at the nominal interaction point (z = 0).
b For the fallback solution the pixel size is about a factor two larger (0(30 x 30) um?).

(syu1) g siaynq ejep 2180| 1432)

3N2J1D |esayduiag

wuw ST

280 mm
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I ITS3 Expected performance: B”_
1 Fisica Nucleare ﬂ L ICE
Study beauty-quark hadronisation mechanism . B = 5.02 TeV pp 650 pb "' + PbPb 10 b
0 _ . : c 18-CMS SLRE:Y
— B_” production enhancement from hadronisation of beauty quarks via g E Prleclin —.
recombination + enhanced strange-quark production in the QGP M -
} :I TT | L N TTT | TT1T | T I' | T I.W [ T T T | L ‘ TTT | TT !: _thj 12? CERN-LPCC-2018-07
@ 3.5-ALICE Upgrade Projection - % Y O —————
C 0-10% Pb-Pb, \s,, = 5.5 TeV ] B © E s |
3.0-L, =10 nb" B D = s | s oeces o 20—
[ i s — DS T ] Ge % r x
- o ITS2 § “r e
2.5: e |TS3 ] e ea 0.4;— A s
TN TAMU B 2
2'0: \ —-B ] Q e @ 0'2: Centrality 0-100%
155 --- B (non-strange) ] P ““110 e
: . P, (GeV)
T — 1 Improvement by a factor ~2 on statistical precision with ITS3
: 1 Extend p,-reach down to 2 GeV/c with~ 25% statistical uncertainty
0.5p ™ Expected systematic uncertainty ~10%
:I L1 | 111 ‘ L1l | 111 | L1l | L1 ‘ 111 | 111 ‘ L1l | 11 \:

0 ngm .
p. (Gevie)y — AccesstoB_ " atlow p,, the most sensitive region for coalescence

0 2 4 6 8 10 12 14 16 18 20
Ryp = Nl . %A//;”T TAMU: PLB 735, Better than CMS expectations reported in Yellow Report:
WNoeow?  dNoo/dPr | 445450 (2014) improved p_ reach, centrality differential measurement
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INFN . ITS3 expected performance: non-prompt D * %
S ALICE

Study beauty-quark hadronisation mechanism

— BS0 production enhancement from hadronisation of beauty quarks via

recombination + enhanced strange-quark production in the QGP

< Frorr o[ T[T T[T rrr[rrrprrrprrig >l\lo.257"'||'||||'|||']||i|'|.||"||'VIll TT
- ALICE Upgrade Projection - ALICE Upgrade Projection

K* K+ 23 0-10% Pb-Pb, (5, = 5.5 TeV 1 op0f 0-10% Pb-Pb, (5= 5.5 TeV B
§ - -1 ] 20 4
= Prompt i o Liny=10nb Non-prompt D! s - Lin = 1010 Non-prompt D} 1
= ITS2 7 - ITS2 ]
0.15[- .
D+ do? O_ s K- % . ITS3 ] C . ITS3 ]
; . -s 151 TAMU 1 oa0f i TAMU E
B C % —- Non-prompt D* ] ‘ it . — =~ Non-prompt D
do=0 . Non-prompt [ ® 0 - Non-prompt D' R - PomptD!
1.0[ ™« 0.05 I .
Less direct than B_° but better statistical precision o5k 0,00 - §
Covo bbb b b ben bewn buw i buas _0'05;!!|||||||||||||Jlll|1||||A|||n||||n|||T
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
P (GeV/c) P, (GeV/c)

ITS3 |Z> improve background rejection and separation of prompt, non-prompt and background components.
Reduction (> x2) of statistical and systematic uncertainty
[> Possibility to distinguish prompt and non-prompt D_" azimuthal anisotropy (v,)
— constraints to beauty-quark thermalisation and diffusion coefficient
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INEN ITS3 performance: B°
Study beauty-quark hadronisation mechanism 0 20
— B_° production enhancement from hadronisation of beauty quarks via % 18- OA'_-1"03/E ;Jbri%fc\?%;iofscﬁ:c Bg — D 11:*:
recombination + enhanced strange-quark production in the QGP E, 16 Ly = 10 nb” o ITS2 =
o 35LALICE Upgrade Projection | 1 LAt = ITS3 E
- 0-10% Pb-PD, [3,,,= 5.5 TeV : g e e vamain
3.0:~Lim =10nb BY - D; m* E ugjl 10/ -
e ;
2'03/ AN T_ALVI; E s -
1_5:_ 4%\7 o Bs(non-strange) = 2_ _;
; \ z
1 gl N ] p_ (GeV/c)
0.5 Improvement by a factor ~2 on statistical precision with ITS3

o

IIl\l\IT

o b b b by b b b P 1

2 4 6 8 10 12 14 16 18 20

) dN, ,/dpr P, (GeV/c)

R = .
s (Ncon) dep/de TAMU:

PLB 735, 445-450 (2014)

Extend p_-reach down to 2 GeV/c with~ 25% statistical uncertainty
Expected systematic uncertainty ~10%

— Access to BS0 at low p_, the most sensitive region for coalescence
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INEN ITS3 performance: A,
ALICE

Charm baryon-over-meson: enhancement pattern from e*e” to pp to Pb-Pb
indicate different heavy-flavour hadronisation mechanism in hadronic (0 ]
environment w.r.t. “vacuum” e*e" case

PP, 30-50% Pb-Pb, 0-10% PbPb

BotlE * © ° L F B B P [ = T = . [d) d ]
=, 09F ALICE Preliminary 3 A /D° measured in Run 2 s ]
< E o Ve =5.02TeV, Iyl <05 3 ¢

0'85_ g _E 8 [ T 1| T | T T T | T T T | T T T | T T T I T T T { T T T _]

0.7 —e— 0-10% Pb-Pb = § 35 Upgrade E

06E —=— 30-50% Pb-Pb = = C " 1S3 7

05§ ——pp 5 & 30 e ITS2 =

0_45— -Hh&} —E 25; + —f

0'3;_ ﬁ _z 205_ _E

02f i E - Beauty baryons - + E

T . E in Pb-Pb in Run 3,4 1°E + ALICE Simulation E

I || | E— F 1 Pb-Pb, {Syy=55TeV 7

10 20 10— > IONN T —

p, (GeVic) C Ly = 10 nb™, 0-20% ]

. L N 51 A—AT (A—pKT)

ITS3: improvement up to a factor 2.5 on A, statistical significance - AT (oK)

02 1 1 1 l 1 1 1 é | 1 1 | 1 Il Il 1|0 1 1 \1|2 1 1 Il 1‘4I | I16

Py Ab(GeV/ c)

Performance on strange and charmed baryons (E QCO ) under study
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