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Outline ALICE

ALICE experiment

1. The ALICE detector in Run 2
2. ThelTSdetectorinRunland2 =

Event reconstruction and vertexing

* Heavy-flavour (HF) vertices

Physics results
The ALICE detector in Run 2

ITS upgrade

ITS 1 (ALICE exhibition)
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Tracking detectors in the ALICE apparatus

Time Projection Chamber (TPC):
tracking, PID via dE/dx

THE ALICE DETECTOR
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EMCal
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. PHOS, CPV
10. L3 Magnet
11. Absorber

12. Muon Tracker
13. Muon Wall
14, Muon Trigger
15. Dipole Magnet
16, PMD

17. AD

18.ZDC

19. ACORDE
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Central barrel coverage: || < 0.9

Muon spectrometer coverage: —4 <17 < —2.5

ALICE

Inner Tracking System (ITS): tracking,
vertexing (primary, secondary HF), PID via
dE/dx, trigger

a. ITS SPD (Pixel)
b. ITS SDD (Drift)
c. ITS SSD (Strip)
d. VOand TO

e. FMD

»
e ol g0t

®

Transition Radiation Detector (TRD):
tracking, trigger, electron ID via
transition radiation
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Inner Tracking System (ITS) in Run 1 and 2 ALICE

ALICE Coll. 2008 JINST 3 S08002 |

Six cylindrical layers of silicon detectors:
. -1: . Thickness | Spatial precision
. Silicon Pixel Detector (SPD) [% of X,] v X 7 [m?]
3.9

ii.  Silicon Drift Detector (SDD)

iii. Silicon Strip Detector (SSD) ! Pixel 114 12100

2 Pixel 7.6 1.14 12 x 100

Pseudo-rapidity coverage: |n| < 0.9 3 Drift 150 113 35x25
High granularity detector to cope with 4 Drift ~ 23.9 1.25 35 x 25
thousands of tracks per unit of rapidity at 5 Strip  38.0 0.83 20 x 830
mid-rapidity in heavy-ion collisions G Strip  43.0 0.86 20 x 830

Simultaneous detection of > 103 tracks

Purposes:

1. reconstruct secondary vertices of heavy-
flavour hadrons (ct(Af) = 60 um),
separated from the primary vertex

2. improve the tracking

3. track and identify charged particles with
pr < 200 MeV/c
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Event reconstruction flow Int. |. Mod. Phys. A 29 (2014) 1430044 ALICE
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https://www.worldscientific.com/doi/abs/10.1142/S0217751X14300440
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Event reconstruction ﬂow Int. ]. Mod. Phys.A29 (2014) 1430044 ALICE
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Event reconstruction flow Int. ]. Mod. Phys. A 29 (2014) 1430044 ALICE
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Event reconstruction flow
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) M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98,030001 (2018) and 2019 update
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Heavy-flavour vertex reconstruction ALICE

I T T T
e Full reconstruction of hadronic final
1865 K- (3.95 %) state
Dt L 2 K-t (9.38 %) « Vertex position: minimization of
. v distance among daughter tracks
Dy 1968 151 o ('2?2;;:) ¢  Straight-line approximation for tracks
A roe o pK-Tr* (6.28 %) close to PV
¢ PKS (1.59 %) — bias < 1 um for daughters of
o+ 2468 132 BTt pr = 0.5 GeV/c of 3 mm-displaced

(2.86 % Phys.Rev. D 100 (2019) no.3. 031101)

secondary vertices @ B =0.5T

ARDA-Note-2009-002

_ 300 T T T T TT T T T T T 1T
5§ T | : . . . .
s L AL'CrE Performance 1 | * Reconstruction of topological variables exploitable for
o 2501 Pb-Pb 5.02 TeV, n| < 0.8 — . . L.
N ] signal extraction: decay length, pointing angle, ...
L ]
200 " ITS-TPC tracks with a hit in the inner SPD layer _
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L 4 _
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: ? hd : - .
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ALICE

PhYSiCS results ... a hon-exhaustive collection!

© — <&  proton-proton (pp) collisions
P P

a" _G lead-lead (Pb-Pb) collisions

New result




A Large lon Collider Experiment

Typical Pb-Pb collision in ALICE ALICE

Run:295585

Timestamp:2018-11-08 20:59:35(UTC)
Colliding system:Pb-Pb
-11-08 20:59:35(UTC) Energy:5.02 TeV

:Pb-Pb

* Huge track density in Pb-Pb collisions (several thousands in central events)
e Heavy-flavour analysis more challenging due to the huge combinatorial background
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More details in Gian Michele Innocenti’s talk “Heavy flavor and quarkonia”

A Large lon Collider Experiment

Heavy-flavour in the QGP ALTGE
e ALICE main goal: study of quark-gluon plasma (QGP) in heavy-ion collisions

e Charm and beauty quarks produced before the QGP formation
(tp ~ 0.02 <7, ~ 0.07 < 79ep < 0.1 —1fm/c)

* Heavy quarks traverse the QGP

* Unique and calibrated probe of QGP full evolution

méz.s_l....... ﬁ__a

~ ALICE Preliminary Po o

T Al Nuclear modification factor
—=— Average D°, D", D"
15 —* D 1 dNpppy/dpr

Raa(pr) =

+— charged particles, |y| < 0.8, JHEP 1811 (2018) 13

(NcoH) dep/de

Filled markers: pp measured reference n
Open markers: pp pT-extrapolated reference |

 Comparison between the AA
behaviour and the pp expectations

0.5
gl W Il L . .
( B :  Sensitive to in-medium parton energy
0 —————5 loss, heavy-quark hadronization
p_ (GeV/c) mechanisms and spatial diffusion

coefficients at low pt
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Beauty-decay electrons (b(— ¢) — e)
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Beauty hadrons have longer lifetimes than
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— larger DCA (d, in the transverse plane)
with respect to PV for decay products

e
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More details in Chun-Lu Huang’s talk “Recent results on heavy flavor in small and large systems from ALICE”

A Large lon Collider Experiment

Non-prompt D meson production in pp and Pb-Pb ALICE

— 1 T 71 I 1 T 1 I T T T | T T T T T § T T T T ‘ T T T T | T T T T ‘ T T T T | T T T T 4
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* Prompt D, non-prompt D and background separation with machine learning tools
— exploiting different decay topologies, resolved thanks to the ALICE vertexing
capabilities

- Hintof RR5¢ < RY\9P at intermediate py
— comparison with theory: access to the medium properties
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More details in Alena Harlenderova’s talk “Recent results on hard and rare probes from ALICE”

A Large lon Collider Experiment

Heavy-flavour in the QGP... but not only!

AL/ D°

C T T T T T T T T T T T B
1.4— ALICE Preliminary ]
C pp, \s=5.02TeV pp, \s=7TeV ]
1.2 ly|<05 ly|<0.5 ]
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0'8, e HERWIG7 N
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02— el . # i
L II 1 1 1 —l 1 1 1 1 .‘l 1 ..l.--.
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ct(A) =60 um | P, (GeVic)

©— — @
p P

Competitive measurements also in
pp collisions

ALICE is the only LHC experiment
able to measure the At baryon
down to pt = 1 GeV/c at mid-
rapidity

Low pr: region where the
differences with hadronization
models are the largest
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More details in Alena Harlenderova’s talk “Recent results on hard and rare probes from ALICE”

A Large lon Collider Experiment
/

Heavy-flavour in the QGP... but not only!

ALICE
C)D B T T T T | T T T T T T ] 0
= 1.4 ALICE Preliminary - T
ro [ ] p p
< L pp,\s=5.02TeV pp, \s =7 TeV ]
1.2 ly| <05 lv| < 0.5 — o _
[ e data —e— data (JHEP 04 (2018) 108) 1 * Competitive measurements also in
__ M. H dR.R —— PYTHIA8 (Monash) ] . :
1.0 M HeandR Rapp PYTHIA8 gg,qq— cc, Mode0 pp collisions
r === PYTHIA8 SoftQCD, Mode0
0 8__ ------ DIPSY (ropes) _ . ]
St <= HERWIG? . e ALICE is the only LHC experiment
= _ +
0.6 o-Pb, |5y =5.02TeV ] able to measure the A¢ bar}_/on
0.96 <y, <0.04 . down to pr = 1 GeV/c at mid-
0.4 —a— data - l"apldlty
02 T S # . .
ete —[ o S AR s N N . * Low pt: region where the
0. —————g g differences with hadronization

ct(A) =60 um | P, (GeVic) models are the largest

* Charm baryon-over-meson ratio significantly higher than expectations from MC
generators tuned to reproduce e*e”™ measurements

* Recent measurements that challenge the hadronization models
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Non-prompt J /¢ at mid-rapidity ©— —eo ALICE
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Lifetime (ps)

*H lifetime measurement 8- -8

Pb

Po

ALICE

* Neutron stars (NS) equation of state (EOS) inhibits large masses due to hyperons

— 2Mg NS observed — “hyperon puzzle”

«  2H lifetime 7 is an experimental probe of hyperon-nucleon-nucleon (Y-N-N)

interaction — additional repulsion

e 3H - *Hem™ candidates reconstructed with the “VO0 finder” technique
«  2H signal measured from m( *He ™) distribution in different ct intervals

e ¢t from exponential fit

* Outstanding contribution

from ALICE
* Precision improved with the
Pb-Pb samples at 5.02 TeV

\ ALICE, Pb-Pb /syy = 5.02 TeV, 2018 sample

(Preliminary)

“\

ALICE, Pb-Pb y/syny = 5.02 TeV, 2015 sample
(PLB 797 (2019) 134905)

500 B A lifetime - PDG value Theoretical prediction
- =+ ==+« H. Kamada et al., PRC 57 (1998) 1595
~ AH average lifetime R.H. Dalitz, M. Rayet, Nuo. Cim. 46 (1966) 786
400 — e J. G. Congleton, J. Phys G Nucl. Part. Phys. 18 (1992) 339
: = = == A Gal, H. Garcilazo, PLB 791 (2019) 48-53
300 — a l | ALICE Preliminary
; | | E
200 —
- PRL 20 (1968) 819 PRD 1 (1970) 66 PLB 797 (2019) 134
- PR 180 (1969) 1307 NPB 67 (1973) 269
I~ NPA 913 (2013170
= Science 328 (2010) 58 B 754 (2016) 360
100 _— P S — PRC 97 (2018) 054909
[~ PR 136 (1964) B1803 ALICE, Pb-Pb VSNN = 2.76 TeV
0 (PLB 754 (2016) 360)
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Upgrade - ITS 2 (Run 3 and 4) ALICE

ITS 1 (ALICE exhibition)

: : Muon Forward Tracker (post-LS2): new Si-tracking
Piotr Gasik . : s
“ALICE uperades” —> | detector designed to add vertexing capabilities to

—— the MUON spectrometer (forward rapidity)



https://indico.cern.ch/event/856696/contributions/3722357/

More details in Piotr Gasik’s talk “ALICE upgrades”

A Large lon Collider Experiment

LS2 upgrade - ITS 2

. Phys. G 41 (2014) 087002 ALICE

* Ready to be installed after LS2 & 1.2E—Nlc’rl1';’r°rl‘“"“"“'}‘”l (eelyi0s

1 6F Pb-Pb,\[Sy, = 2.76 TeV

* Layout 1_4; L, = 10 nb", centrality 0-10%5

o 7 layers (inner/middle/outer): 3/2/2 B i |

o 192 staves (inner/middle/outer): 48/54/90 e P ]

« 10 m? active silicon area, 12.6 x 10° pixels 0.81 ++ E

0.6;— ++ _

* First large scale ALPIDE Monolitic Active Pixel 04F E

Sensors detector 0'2;..|‘.....l‘...‘..‘..‘_i

* HF vertexing improved — uncertainties reduced at T s e pT1(% v 01)2
low pr

Distance to interaction point (mm)

X, (innermost layer) (%)
Pixel pitch (um?)
Readout rate (kHz)

Spatial resolution (r¢ X z) (um?)

39 22 — (loser to interaction point
~Al14 ~035  ——  Lower material budget
S0x425  27x29  —— [mproved granularity
1 100 —>  Faster readout
11 x 100 5x5  — Improved resolution
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Conclusions

* Thanks to its vertexing capabilities, the ALICE experiment has been
obtaining remarkable results in Run 2, especially in the heavy-flavour
physics (... but not only!) in pp, p-Pb and Pb-Pb collisions

* Looking forward to the post-LS2 (LS3) data taking campaigns
— improved performance for the ALICE detector
1. Fabrizio Grosa, “Physics perspectives for ALICE in Run 4”
2. Andrea Dainese, “Highlights and perspectives from the ALICE
experiment”
Piotr Gasik, "ALICE upgrades”

w

... a hon-exhaustive list!
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ALICE

Thank you for your attention
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ALICE luminosity ALICE
System VCEWE)) v/Snn (TeV) Lint
2010-2011 2.76 ~ 75ub~1
Pb-Pb 2015 5.02 ~ 250pub~?
2018 5.02 ~ 0.9nb~?
Xe-Xe 2017 5.44 ~ 0.3ub™1
2013 5.02 ~ 15nb~1
p-Pb
2016 5.02,8.16 ~3nb~1, ~ 25nb~1!
~200pub~1, ~
2009-2013 0'9%22'376' 100nb~1, ~ 1.5pb~ 1,
’ ~ 2.5pb~1!
pp
2015,2017 5.02 ~ 1.3pb~1
2016-2018 13 ~ 59pb~1




A Large lon Collider Experiment

SPD, SDD and SSD The ALICE Collaboration et al 2008 JINST 3 S08002 | ALICE

Silicon Pixel Detector (SPD)

* Unit: two dimensional matrix (ladder) of reverse-biased silicon
detector diodes

 Operating with tracks densities of tens/cm?

* Key role for primary vertex and impact parameter
measurement

Silicon Drift Detector (SDD)

* Produced from homogenous high-resistivity (3 kf.cm) 300 um
— thick Neutron Transmutation Doped silicon

* Active area split in two drift regions

* Two out of the four dE/dx samples for PID in the ITS

Silicon Strip Detector (SSD)

* 300 um - thick sensors with 768 strips on each side with a
pitch of 95 um

e Material budget optimization by usage of Carbon Fibre
Composite material for support in the active area — reduced
multiple scattering

* Two out of the four dE/dx samples for PID in the ITS

* Crucial for ITS-TPC track matching
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Event reconstruction flow
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reconstruction ®
() TPC track ,
finding /
- /
. 0 /
Clusterization /
(all detectors) /’
/
/
>
a ': T T T L | T T =
% O.B;i:__‘__ = — —f
'.%, 0.?2— ALICE Performance —j
E osf p-Pb |/ = 5.02 TeV ;
E osE 2
5 osf- =
ok E
= 04— ——+—— MC (data-tuned correction of f_;...) —
E ——+—— DATA(20186) 3
03— -
; with at least 1 SPD hit and TOF matched ;
0.2:— _:
oif- =
g T
§|§ Qﬁgi‘ i S R R L ++—0;
0.96F i
i :

10

n
~
<}
e}

12 14
P, (GeV/c)

Int. ]. Mod. Phys. A 29 (2014) 1430044

Track prolongation

from TPC to ITS

Standalone ITS
track finding

/
Track inward
Track outward propagation
propagation, with final refit
matching to TRD, ~_
TOF, EMCAL, PHOS, »
HMPID

Final interaction
vertex finding

Heavy- flavour
secondary vertices

D mesons, AL, EF, ...

ALICE

e RN R o o e e R
"o 0.016[~ p-Pb, |5, =5.02TeV, Inl<0.8 -
s [ = TPC standalone tracks ]
8 0.014~ o TPC tracks constrained to vertex ]
3_ [ O TPC+ITS combined tracks pz?FIBRIMCnEcE ]
& 0.012[~ o TPCTS constrained to vertex 18/11/2013
0.01— 3
0.008 o
- P e
L _._..,...-I-"’"' "'-.-E-j:} - m
0.006 fg-u-u-u-u-a-aa" S = —
E - _D__j_'—‘ -
C - o -
0.004 1 Pt ]
0.002|= , o2 —
to-o- 2 i
e ]
0 v b b b b b b b buw s iy
0 01 02 03 04 05 06 07 08 09 1
1/p, ((GeVic)")
0 3
Ks, A, en AH
VO finding
—— -
=7,07, ..
Cascades
26

ALICE® | Vertexing detector and performance in Run2 | 25th May 2020 | Mattia Faggin


https://www.worldscientific.com/doi/abs/10.1142/S0217751X14300440

A Large lon Collider Experiment

Heavy-flavour vertex reconstruction

y'4
.l.
‘JI:+ F
ARDA-Note-2009-002
SEC.
N WERT
_JPr"JF.-/ dist
—— = - - " .
PRIM&RY YERTEX e K S "
straight line approximation

Figure 29: Sketch of the three-body decay D™ — K~7"#" with the illustration of the
straight line approximation for one of the decay products. d is the distance between the
secondary vertex and the tangent line. The reference system (2’,y’) represents the local
coordinates of the tracking algorithm.

ALICE® | Vertexing detector and performance in Run2 | 25th May 2020 | Mattia Faggin

ALICE

27


https://cds.cern.ch/record/1225497?ln=it

A Large lon Collider Experiment

Heavy-flavour vertex reconstruction ALICE

ARDA-Note-2009-002

20.043 decay length = 300 um 5 4
-~ El -~ El decay length = 3000 um
.035 T 35K
E | &
0.03F 3
0.0251| . ;lﬂ
| E
0.02F 4 2:—#h
E c
0.015F | 156 |
0.01F 1
0.005F 05F
- ‘_‘H""++.—¢.H — E 1“"“‘—'—-—&
0—....|....|....|....|....TT...rr**-?-rnu.. (|—....I....I....I....I....T_'._.'T'."T....H“.‘T“I'qu
0 05 1 15 7 2 3 0 05 1 15 2 25 3
(GeWc) pT (GeWc)

Figure 30: D™ — K7™ 7" decay: distance between secondary vertex and the tangent line
as a function of the transverse momentum of the particle, for decay lengths of 300 pm
(left panel) and 3000 pm (right panel), with B = 0.5 T. See text for more details.
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Data-driven correction of impact parameter in MC ALICE

’é‘ 60_||| T T lllllll T I IIIIIII I I llIll-IIIIIIIIII LI | IIIIIIIIIIII
=

~ [ ALICE Performance T ]
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i 1 2 -
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I 8099999 00000000g .EQ!$ i - e & - ]
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VO finding ALICE

Eur. Phys.].C71, 1594 (2011)

<Pr-+Py
Vo v VO finder for K? and A reconstruction

SR v" Selections of secondary tracks (large impact

DGA VO Neg. daughter 0 ~{Vvo.b parameter w.r.t. primary vertex)
fo Prim. Vx| 1 3 72" DCA between VO
’ 2 daughters

o v Combination of secondary tracks
\ el ,.f;}" v" VO candidates: combinations with DCA < 0.5
.—*"" A cm
e M.“ ,’fr_______ VO a v' V0 vertex position: 3D minimization of DCA
ot '\ ;’f DCA VO Pos. daughter — in a line connecting the points of closest
{o Prim. Vix approach of the two tracks
DCA VO to Prim. Vix — distance from tracks proportional to

track parameter precision

Mass ¢t (cm) Decay v VO candidates accepted:
(MeV/c?) (B.R.) » radius w.r.t. primary vertex from 0.2 cm

. K >t~ to 100 cm
Ks 498 2.6 (69.2 %) » reconstructed momentum has to point
A pr- to the primary vertex — cos 6, > 0.99
A 1116 7.89 (63.9%) v TPC PID used to reduce the combinatorial
background

DCA = Distance to Closest Approach between two tracks
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Cascades

Bachelor:n~ T

DCA Bachelor
o F-‘.' m. Vix
Casc al xr Vitx/

Wi
hY,
- Casc.b

~ DCA between Xi

Y . /.":-'
3 daughters

v, \'{— Prim. Vix

0

Casc+V0.d

ALICE
Eur. Phys. ]. C 71, 1594 (2011)

o miﬁ;ﬁg « =7 and Q" reconstructed as cascades
N[V v VO finding without cos 0, requirement
| 65 " Cascc — VO daughters do not have to point to
Prim f‘ — Vi primary vertex
Yl v" V0 candidates selected around the VO mass
i value and combined with all secondary
tracks (bachelor) except the VO daughters
' v

Selection on bachelor impact parameter to
reject primary particles = background
reduction

V0-bachelor association if the DCA
between the bachelor and VO trajectory is
less than 3 cm

Mass Decay v Ref:onstructed.cascade momentum has to
(Mev/c?) | €* (cm) (B.R) point to the primary vertex — cos 6, >
- 5= - A" 0.85 o
= 1322 (99.9 %) v" TPC PID used to reduce the combinatorial
o o7 ae 0= — AK- background
' (67.8 %) DCA = Distance to Closest Approach between two tracks
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) M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98,030001 (2018) and 2019 update
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V0 and cascades

—_ — [ ]

VO Vix

DCA VO Neg. daughter % | VO.b

to Prim. Vix j S DCA between V0
VO.a 2y daughters

*",‘;..,L,---""' VO .d
o %\ ! DCA VO Pos. daughter

to Prim. Vix

DCA V0 to Prim. Vix

« =7 and Q" reconstructed as cascades

v VO finding + association with
secondary track (bachelor)

v Selections on VO mass and bachelor
impact parameter — background
reduction

v’ cos 6, > 0.85 — cascade momentum

pointing to PV

e TPC PID used to reduce the combinatorial

Eur. Phys.].C 71, 1594 (2011) .

ALICE
“V0 finder” for K? and A reconstruction

v Secondary track pairs with DCA < 0.5 cm

v VO vertex position distance from tracks « track
parameter precision = fiducial volume (radius €
[0.2,100] cm)

v' cos 6, > 0.99 - momentum pointing to PV

Mass .
| e pecay BR)

K2 498 2.6 KQ -t~ (69.2 %)
A 1116 7.89 A = p~ (63.9 %)
= 1322 491 = —> A (99.9 %)
Vi 1672 2.46 O~ - AK™ (67.8 %)
B 2991 (aférlfge) M= Hem (25%)

1998) 1595-1603

DCA = Distance to Closest Approach between two tracks
PV = Primary Vertex
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Hypertriton lifetime measurement in Pb-Pb ALICE

* Inner cores of neutron stars (NS): hyperon production favoured
* Resulting equation of state (EOS) inhibits large NS

— 2M@ NS observed — “hyperon puzzle”
* Models: additional repulsion from 3-body interactions

«  >H lifetime 7 is an experimental probe of hyperon-nucleon-nucleon (Y-N-N)
interaction — precise measurements are fundamental

Lifetime (ps)

500

400

300

200

100

_— A lifetime - PDG value Theoretical prediction
- ==+ ==+ + H. Kamada et al., PRC 57 (1998) 1595
: AH average lifetime R.H. Dalitz, M. Rayet, Nuo. Cim. 46 (1966) 786 ALICE, Pb-Pb \/syy = 5.02 TeV,
— e J. G. Congleton, J. Phys G Nucl. Part. Phys. 18 (1992) 339 20 18 Sample (preliminary)
: = = = A Gal, H. Garcilazo, PLB 791 (2019) 48-53 m/ r
= : J | ALICE PrelimMary
F’ I 7 L l
__ PRL 20 (1968) 819 PRD 1 (1970) 66 PLB 797 (2019) 1
B PR 180 (1969) 1307 NPB 67 (1973) 269
I~ NPA 913 (2013170
= Science 328 (2010) 58 B 754 (2016) 360
_— ® e —— PRC 97 (2018) 054909
— PR 136 (1964) B1803 ALICE, Pb-Pb /syy = 2.76 TeV ALICE, Pb-Pb y/syny = 5.02 TeV, 2015 sample
(PLB 754 (2016) 360) (PLB 797 (2019) 134905)
r
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D-mesons non-prompt fraction HEP 2016, 92 (2016) ALICE

%104-_|IO'IIII-II'IIlIIII'IIII'I'III__ a1_2-lllllllllIlllllIlll[llll[lllllllllll-
£ F D’ - K=" and charge conj. § [ ALICE
S [2<p <3GeVic foompr = 0.88£0.03 1 = [ h
10%E --- Prompt E L T
F - - FromB 3 - “H
[ -... Backgr ] 0.8~ WL—="""1— f—
102 = — Sum E i .
i ] 061 p—Pb, {5y = 5.02 TeV E pimk
10:_ = - |
F 3 0.4 |:] FONLL-based method . &
i T I =  |mpact-parameter fit ]
T E 0.2 ]
E ¢ ) K A 15
NS B PR O 0 I I I D P P P
-600 400 200 0O 200 400 600 OO 5 10 15 20 25 30 35
Impact parameter (um) p. (GeVic)
* Data-driven method for frompt measurement
* Transverse-plane impact parameter (dg) distribution fit with
— FD rompt bk
F(do) =5 [(1 - fprompt)F (do) + fpromptFp b (do)] +B-F g(do)
* Results compatible with FONLL-based method Results in pp collisions at v/ = 5.02 TeV:

* Lower uncertainties for 4 < pr < 24 GeV/c Eur. Phys. ]. C 79, 388 (2019
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Prompt - non-prompt J /¢ separation
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* Maximization of 2D
likelihood

* Invariant mass and
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length (x) fitted
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Prompt - non-prompt J /¢ separation
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Prompt - non-prompt J /¢ at mid-rapidity in pp ALICE
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« Prompt]/y — e*e” distinguished from non-prompt ones exploiting the larger beauty
displacement — larger decay length
* Non-prompt J/y fraction at mid-rapidity measured down to pt = 1 GeV/c — lowest py
ever measured!
*  Prompt - non-prompt J /3 cross sections measured separately
— smaller uncertainties and wider pr-range covered at 13 TeV with respect to 7 TeV
(JHEP 11, 065 (2012))
— pr-integrated value: extrapolation down to pt = 0 GeV/c exploiting FONLL
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Prompt - non-prompt J /¢ at mid-rapidity in pp ALICE
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« Prompt]/y — e*e” distinguished from non-prompt ones exploiting the larger beauty
displacement — larger decay length
* Non-prompt J/y fraction at mid-rapidity measured down to pt = 1 GeV/c — lowest py
ever measured!
*  Prompt - non-prompt J /3 cross sections measured separately
— smaller uncertainties and wider pr-range covered at 13 TeV with respect to 7 TeV
(JHEP 11, 065 (2012))
— pr-integrated value: extrapolation down to pt = 0 GeV/c exploiting FONLL
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Prompt J /1y at mid-rapidity ©—> +—eo ALICE
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bb cross section at mid-rapidity T ALICE
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r -@- ALICE pp, |y| < 0.8 [PLB 763, 507 (2016)] -
- -@- ALICE pp, |y| < 0.8 [PLB 763, 507 (2016)] .
B CDF pp, ly| < 0.6 [PRL 75, 1451 (1995)] ]
UAT1 pp, ly| < 1.5 [PLB 256, 121 (1991)]
- ¥~ PHENIX pp, ly| < 1.5 [PRL 103, 082002 (2009)] B — )
ALICE, dielectron pp, || < 0.8: — PYTHIA - - POWEG * Measurement of bb cross section
107" = PLB 788, 505 (2019) — ] ] :
- JAEP 09,04 1) . compatible with dielectron analyses
C 1 | | | I| | 1 | 1111 I| i
107 1 10
s (TeV)
do;
bb
< = 67.12 + 7.55 (stat.) + 9.89 (syst.) 974 (extr.) ub
Y lyl<o0.9
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u O d .
Beauty via non-prompt D production p p  ALICE
x10°
% :"'I"‘I“'"'I"‘\“‘\“‘\‘: *51075 L B BN~
< 28] ALICE Preliminary — > f ALICE Preliminary ]
i pp, (§=5.02TeV ‘é - op, (5=502TeV -
’ i ] =100 =
2- ] Saw Y;eé%s ] 3 E D° from b hadrons, |y|<0.5
B —— Fromp ] Q" [ ]
- —— Non-prompt D° - L —=— Data ]
t5) ~ FiTom oL = rFont |
B 3<pT<4GeV/C ] ; g E
2 —, - —E— -
B ] 1045— =
osf . g —f—
j ] | +2.1% lumi, + 1.0% BR uncertainty not shown N
0 S0 012 0,14 s
BDT-based Cut of
U:OE

Npaw (x) = Nip - Enp(x) + N, - Sp(x)

e: efficiency

Machine learning tools

fap () = Npp - €np(x) + Np - £5(x)

10 15 20
Py (GeV/c)

— two-steps Boost-Decision-Trees (BDTs) to separate non-prompt D° from background (prompt

D%, combinatorial)

Non-prompt fraction from template fit of the raw yield vs. BDT selection (x) value
— high non-prompt fraction at low pt = low systematic uncertainties

Measurement down to pr = 1 GeV/c

The measurement lies on the upper edge of the FONLL uncertainty band
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Beauty via non-prompt D° production
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Beauty via non-prompt D° production ALICE

Two-steps BDT procedure

e From MC

simulation simulation
(signal) (signal)
e Training v e Training v/

e From MC e From MC
simulation (bkg) From BDT 1 —_ simulation (bkg)
e Training v/ b

prompt
0

e Training X

(0 NOIERe From mp, e From m;,,
torial sidebands in data torial sidebands in data

bkg Training X bkg Training v/

prompt - non-prompt D° signal-over-background

separation enhancement
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More details in Piotr Gasik’s talk «<ALICE upgrades»

A Large lon Collider Experiment
/

Upgrade - ITS 2 (Run 3 and 4) . Phys. G 41 (2014) 087002 ~ ALICE
£ 400 TTALICE ]
* Layout El 350 % Til(_cli:tz
o 7 layer (inner/middle/outer): 3/2/2 S 300} ded TS
o 192 staves (inner/middle/outer): 3 250 Sl
48/54/90 o 200 1
S 1B0F——\ T
« Based on ALPIDE Monolitic Active Pixel @ 1000 NN
e 100 m? active silicon area, 12.5 x 10° pixels .
I T T
Distance to interaction point (mm) 39 22 » | Closer to interaction point
Xo (innermost layer) (%) ~1.14 ~035 —— Less material budget
. . 2
Pixel pitch (um*) 50x425  27%29  — Improved granularity
Readout rate (kHz) 1 100 . Faster readout
Spatial resolution (r¢ X z) (um?) 11 x 100 5x%X5 —_— Improved resolution
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https://iopscience.iop.org/article/10.1088/0954-3899/41/8/087002

