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New ALICE results since last LHCC 2

ALICE

New publications:

@\_N_@ Pb-Pb collisions

e Global polarization of A and A hyperons in Pb-Pb collisions at the LHC, submitted to PRC, arXiv:1909.01281
¢ (anti-)hypertriton lifetime measurement in Pb-Pb collisions at Vs,, = 5.02 TeV via two-body decay, accepted by PLB arXiv:1907.06906

e Measurement of Y(1S) elliptic flow at forward rapidity in Pb-Pb collisions at Vs, =5.02 TeV, submitted to PRL, arXiv:1907.03169
e Differential study of inclusive J/y production at forward rapidity in Pb-Pb collisions at Vs, = 5.02 TeV, submitted to JHEP, arXiv:1909.03158

‘ > < @ p-PbcoIIisions

e Measurement of prompt D9, D+, D*+, and D} production in p—Pb collisions at Vs,, = 5.02 TeV, submitted to JHEP, arXiv:1906.03425
e Multiplicity dependence of light (anti-)nuclei production in p-Pb collisions at Vs, = 5.02 TeV, submitted to PLB, arXiv:1906.03136
e Measurement of A(1520) production in pp collisions at Vs = 7 TeV and p-Pb collisions at Vs,, =5.02 TeV, submitted to EPJC, arXiv:1909.00486

@ — —@® pp collisions

¢ Multiplicity dependence of (multi-)strange hadron production in proton-proton collisions at Vs = 13 TeV, submitted to EPJC, arXiv:1908.01861

+ set of new preliminary results presented in the summer conferences
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ALICE

Run:295585

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

Recent results in Pb-Pb collisions
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NEW
% Preliminary 4
ALICE 4 _
e Jet reconstruction in central Pb-Pb collisions suffers from large amount of background NI
e Development of new technique based on Machine-Learning Ry = PT
: . . 2
e Reduces background fluctuations Nevent * {Tan) - d*opp/dpr
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¢ Allows the measurement down to much lower jet pr
¢ Jet Raa < 1: parton energy loss
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ALICE

e Jet reconstruction in central Pb-Pb collisions suffers from large amount of background
e Development of new technique based on Machine-Learning
e Reduces background fluctuations

016 I?ackgr?und ﬁluctuaFio ’ Jet Raa
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¢ Allows the measurement down to much lower jet pr
¢ Jet Raa < 1: parton energy loss

e New measurement with larger jet resolution at R=0.6
e QOutlook: training ML estimator with fragmentation models other than PYTHIA
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ALICE

J/y suppression in Pb-Pb collisions at 5.02 TeV

e Quarkonium suppression: probe of de-confinement in the QGP
e (Quarkonium production can be enhanced via regeneration
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e New double differential results: compatible the two LHC energies in the different centrality, pr, y regions.
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e Models are able to reproduce the results with some tensions at intermediate/high pr.

®* Raa at low pt + J/Y elliptic flow: clear evidence for regeneration

quarkonium survival probability
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. . . . arXiv:
Upsilon elliptic flow in Pb-Pb at 5 TeV .| ¢
ALICE e - )
e Regenerated Quarkonia inherit elliptic flow from deconfined heavy quarks
J/y elliptic flow Y signal . Y elliptic flow
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V, acquired from path-length dependent dissociation of initially-created bottomonia in the QGP

+ (re)generation

e First measurement of the upsilon flow in Pb-Pb collisions
o v2(Y) <vy(J/Y) at 2.60
e Compatible with zero and with models having negligible regeneration
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A\ production in Pb-Pb at 5.02 TeV Pre':ri\i’:ary 7

ALICE k )

e \/DO ratio is sensitive to the charm quark hadronisation mechanism in the medium
e Larger statistics and higher pt reach using the 2018 data sample
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e Results are qualitatively reproduced by coalescence/thermal models, and underestimated by PYTHIAS ‘string fragmentation’
model
e Need more data to look for possible differences in pp, pPb, and PbPb collisions
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NEW
J/LP ole 02 TeV Preliminary ¢
ALICE . )
e At the LHC, all the measurements in pp collisions lead to zero polarisation
e Different models predict non-zero J/ polarisation
e Usually studied using the di-lepton decay angular distributions
£ : — .
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ALICE _ L1 T )

e Angular momentum + spin-orbit coupling - global polarisation ty
e + splitting between polarisation of (anti-)particles to study the present magnetic fields

P, (%)
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¢ Polarisation compatible with zero
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arXiv:

:
ALICE _ L1 <o )

. . . . . A
e Angular momentum + spin-orbit coupling - global polarisation y
e +, splitting between polarisation of (anti-)particles to study the present magnetic fields
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e Polarisation compatible with zero

e Results compatible with empirical extrapolation relating the global polarisation to the system vorticity
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arXiv:

N/ (anti-)hypertriton lifetime measurement in Pb-Pb at 5 TeV 11907.06906 10

eProperties of exotic nuclei sensitive to hyperon-nucleon interaction potentials: relevant to astrophysics

HEE >|

500 — . —
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e ALICE measurement agrees with the different theoretical predictions and with the A lifetime
e With Runs-3 and 4 data: expected ALICE precision ~1% and measurement of higher states
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ALICE

Run:266405
Timestamp:2016-11-26 12:43:12(UTC)

System: Pb-p
Energy: 8.16 TeV

Recent results in p-Pb collisions
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. . arXiv:
Prompt open-charm production in p-Pb at 5.02 TeV 12
N4 1906.03425
e Measurement in p-A collisions as baseline for initial state effects (e.g gluon shadowing) in A-A
e Final state effects in p-A (e.g energy loss, radial flow) ?
Nuclear modification factor | Central-to-p'grr_ipl?eral ratio
g T T 1 | T T 1 | T T 1 | T T 1 | T T 1 | T T 1 | T T 1 | I I_ g T T 1 | 1T T T T 1 T T 1 | T T 1 | T T 1 | T T 1 | I I_ n- = . ' . ' . . . .
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of E b Y 0 D’ - - ®  Prompt D mesons )
S ! ! m - 1.4 4 Charged particles ]
1 B i ﬂ ------------------------------------------------------------------------------------------------------ H Z )
| : H .o -,“I\O'/‘\ln\’hp’«'\l.\\ : 1 -2 -_ _-
0.8 — 0.8[f  neveren — I -
7 3 E B 1 [ -
0.6~ / - 0.6/F - 1= I_
-/ - H y - -
0.4/ === CGC (Fuiji-Watanabe) - 0.4l - 0.8 ~
-/ == FONLL with EPPS16 nPDF _ [ === Duke _ ) -
O.Zi ----- Vitev et al.: power corr. + k; broad + CNM Eloss  _| 0o — ' POWLANG (HTL) ] 0.6 o E
f nnnnnnnnnn | Kang e;[ al.: inC(I)herent rlnultiple |scat’[erinlg | E B -----I-- POWII_ANG (I(IDCD) | | | | E ] : 0_1 OO/o ZN energy -
% 5 10 15 20 25 30 35 % 5 10 15 20 25 30 35 ' —_— E—
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e Models with initial state effects can describe the data
e Models with large energy loss are disfavoured
e The Q. for D-mesons is compatible with that for charged particle
e Enhancement at intermediate pr suggests radial flow ? Moharmad Tarhini, LHCC meeting, Sep-2019



arXiv:

Multiplicity dependence of light (anti-)nuclei in p-Pb at 5 TeV =1 | 13

ALICE . J

e Understanding the production mechanism provide inputs for background determination in searches for anti-nuclei in space
e Measurement in p-Pb to bridge the available results in pp and Pb-Pb

_ _[l)eLftlerl‘c?n lloTl-)l/ileIdlslirlr |cerlm’clrzlalllit%/lc:llef::.lsesl'. _ Deuteron/proton ratio vs multiplicity
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E :,/, o T \\\ : : [E] ED:I :
© 0.003- -
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< ) ) - - H -
T i i 0.002— H HHH op INEL @d/p)
| == s | - % xﬂy%hﬂ AVs =900 GeV
107 :_ \ —~ 0.001 [ Vis=276TeV ~
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: : O_ ] ] I I | I| ] ] ] 1L 1 11 I| ] ] ] 1 1 1 I| ] B
. VOA Classes (Pb-side) . 1 1 O 1 02 1 03
108 | ® 0-10% (x16) 10-20% (x8) 20-40% (x4) <chh / dnlab>ln Y
- 40-60% (x2) 60-100% (x1) - Individual fit 7 ~
'0'5' - '1 = '1'5' = 2' — '2'5' — O'j | e p-Pb results at low (high) multiplicity compatible with the pp (Pb-Pb) ones
p. (GeV/c) * Pb-Pb: Agreement with thermal models
e The spectra of d and d harden with e p-Pb, pp: Qualitatively agree with expectations from coalescence models

increasing multiplicity
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ALICE

Multiplicity dependence of light (anti-)nuclei in p-Pb at 5 TeV

arXiv:
1906.03136

. J

14

e Understanding the production mechanism provide inputs for background determination in searches for anti-nuclei in space
e Measurement in p-Pb to bridge the available results in pp and Pb-Pb

(anti-)Helium pryields
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e More 3He differential results expected when exploiting the whole Run-2 data samples

e Exponential decrease vs A with different slopes
e Penalty factor = yield reduction for every extra nucleon:

, 635190, 359441
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e

Run:285602

Timestamp:2018-04-30 08:13:04(UTC)
Colliding system:p-p
Energy: 13 TeV

Recent results in p-p collisions




( )
o o o . . arXiv:
Multiplicity dependence of (multi-)strange hadron in pp at 13 TeV 16
A 1908.01861
LICE . )
Strange-hadron total yields vs multiplicity: 7 and 13 TeV pr-yields for different multiplicities Self-.normah?ed yields: Strange-hadron vs charged
_ particle at high pr( > 4 GeV/c)
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e The pr spectra harden with increasing multiplicity
e At high-pT, strange hadron yields increase (non-linearly) faster than charged particle vs multiplicity
e Strangeness-content driven by multiplicity, not collision energy
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Operation at high interaction rates (50 kHz for Pb-Pb collisions, Run 2 was 8kHz) and continuous (i.e. untriggered) read-out for core detectors

Inner Tracking System Time Projection Chamber

. T TN S T/ SIS ST -“'l\

. »
o ‘il'll" L

pad plane

GEM readout chambers

Both based on Monolithic
Active Pixel Sensors

— -

Forward Interaction Trigger

- -'\\
. \..
.'\.
VO+ scintillation | —d "'
detector T 4 , |I TO+C Cheren kov
/ J detector

224050 /
.", /

TO+A Cherenkov / - , | £

detector e 'f' faakey G0 | ~t

3820550 Iy P | P

3.5 m away from IP . ',' |
\

Muon Forward Tracker

-3.4Snc-23
-0.8 m away from IP

E
? W

} ',.r"
74
A /S L @2~15m
//
\ y

+ improved readout for calorimeters, TOF, TRD, Muon arm, ZDC N
+ new Central trigger Processor To replace the VO and TO detector
+ NEew DAQ and Onllne-Ofﬂlne SyStem (02) Mohamad Tarhini, LHCC meeting, Sep-2019
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ALICE

s | a6 | aw | ae | ao | a0 | aa | a2 | ae

JLFIMAIME )L TATSIOINION ) LF IMEAIME )| ) JAISIOINIOL ) LFIMLAIM] ) | ) TAISIOINIDY ) [FIMIAIME ) | JTAISIOINION ) [F [MIAIM )| ) TAISIOIN 101 ) LF IMFAIML ) L) TATSIOINIOY D IF IMEAIME )| ) [AISIOINIOY ) [FIMEAIM] ) | ) JAISTOINIOY J | FIMIAIME ) | JJASIOINID

. fPb-Pb  _ -1 . fPb—Pb  _ -1
Run2 : L;, o oratea = 1.0 nb Run3: Lipiooratea = 6-0 nb

I2018 |2019 I2020 I2021

IOct INov IDec Ijan IFeb IMal' IApr IMay I,lun I,lul IAug ISep IOct INov IDec Ijan IFeb IMar IApr IMay IJun IJul IAug ISep IOct INov IDec Ijan IFeb IMar IApr IMay I,lun I,lul

Open L3 doors

Bring TPC to SXL2

TPC upgrade

[ Work on services
1

[] PHOS/DCal/CPV extraction .

e TRO rework

1 PHOS/DCal/dPV reinstallation

Reinstall TPC
Install MFT

Install ITS
FIT-A

ITS-MFT-FIT commissioning
ALICE Clobal Commissioning

Toc;Iay
e ALICE is getting ready for the Run-3
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Remove Services and FEE (outside cleanroom) Uninstall MWPC ROC Install GEM ROC Install new FEC + test Ready for transportation to SX2

TPC in cleanroom. FC HV infrastructure modification

. . I Survey, sealing, overpressure test
Cleaning & irradiation tests y 9 P

Pre-commissioning with cosmic, Laser, pulser, Xray

25 Apr (A)
5 Aug (C)

13 May (A) 14 Jun (A) 5 Jul (A) 1 Oct (A) 31 Oct (A) 18 Feb 2020
16 Aug (C) 28 Aug (C) 13 Sep (C) 22 Oct (C) 4 Dec (C)

7 Mar

, , . e GEM installation on the A-side completed successfully
eChamber uninstallation on both sides completed

successfully e (C-side installation to be completed soon
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ITS Upgrade

ALICE

meline 20

Detector Construction and Assembly
 Module production (ITS.13): completed!

e Stave production (ITS.14): 95% done
= continues till Sep 19

1513 @May '15 * Electronics production (ITS.18): done!

ITS.18 Jun ‘19

Assembly and Commissioning

Commissioning on ground with final
services ongoing (operation 24/7)

ITS.14 Sep ‘19

715 () Oct ‘19 * OB Stave Assembly End (ITS.15): >75% done [y

ITS.28 June ‘20

7T | _._ll . "
Inner Barrel Assembly Outer Barrel Assembly

Feb 21

Mohamad Tarhini, LHCC meeting, Sep-2019
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ALICE

rigger (FIT) 21

FIT: New trigger setup to benefit from the LHC increasing

MFT disk production process: luminos:
uminosity

~ + FTOC assembly at CERN in the Departmental Silicon Facility
- July 2019

-

Gluing ladders on * FTOC array is now fully assembled, tested, and ready for
disk: ongoing . integration with MFT

MFT Half Disk 00-01

Mohamad Tarhini, LHCC meeting, Sep-2019
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ALICE

)

ALICE

RP— Silicon Genesis:
20 um thinned wafer

Letter of Intent
for an
ALICE ITS Upgrade in LS3

ALICE Collaboration, CERN, Geneva, Switzerland

Abstract

Recent innovations in the field of silicon imaging technology for consumer applications open
extraordinary opportunities for new detector concepts, and hence offer strongly improved physics
scope. This document presents a proposal for the construction of a novel vertex detector consisting
of curved wafer-scale ultra-thin silicon sensors arranged in perfectly cylindrical layers, featuring an
unprecedented low material budget of 0.05 % X per layer, with the innermost layer positioned at
only 18 mm radial distance from the interaction point. This new vertex detector is planned to be
installed during the LHC LS3 to replace the innermost three layers of the ALICE Inner Tracking
System. It will provide a large reduction of the material budget in the region close to the interaction
point and a large improvement of the tracking precision and efficiency at low transverse momen-
tum. The combination of these two improvements will lead to a significant advancement in the
measurement of low momentum charm and beauty hadrons and low-mass diclectrons in heavy-ion
collisions at the LHC, which are among the main objectives of the ALICE physics programme in
the next decade.

Geneva, Switzerland
September 8, 2019
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ITS I B ITS3 I B Cylindrical

/==y S - Structural Shell

Absorber

zzzzzz
222222

FIT

Half Barrels

RRRRRR

MFT

* 3 layers made of ¥7x14 cm2 sensors thinned to ~30 um

TS Outer Barrel * No water cooling, minimal support structure in acceptance

e Total materialatR<4cm:~1.3% > ~0.3%

* Tracking precision improved by a factor ~2

ITS Inner Barrel

« Strong benefit for low-mass dielectron measurement (QGP radiation) and low-p; heavy flavour
(QGP transport coefficients and hadronisation dynamics)

Mohamad Tarhini, LHCC meeting, Sep-2019
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ALICE

* New results for different observables in different collision systems
e 2018 Pb-Pb being analysed: new results on charmed baryons and upsilon flow
* More results in preparation for the next Quark-Matter conference

e ALICE LSZ2 activities are progressing on track

e Plan for a new detector (ITS3) to improve the tracking precision

Mohamad Tarhini, LHCC meeting, Sep-2019
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D-tagged jet in pp at 13 TeV ' 26

ALTGE i Preliminary ]

e Measurement of D-tagged jet (containing fully reconstructed D-hadron) is powerful tool to study charm fragmentation

D — vt rp e rrtr ettt
§ - ALICE Preliminary 1 e w.rt1905.02510 at 7 TeV
o 10’ pp, (s=13TeV ) = e DOprdown to 2 GeV/c (3 GeV/c)
— . . e —
re. e withD",2<p <36 GeV/c N
£ 1028 .o’ =
- _g i O = e Data E
vla~ T° L Syst. unc. (data) .
T 0oL o o POWHEG+PYTHIA6 _ , , ,
= . Syst. unc. (theory) =i POWHEG+PYTHIAG6 describes reasonably well the differential cross section
- - e Better agreement at higher pr
1074 = ® — e Ongoing work on the momentum fraction carried by the D-hadrons.
B . -
= =
> :! —— | ——+ | —+—+— | ——+ | I ! ! I | —+—+ | ——— | ——— —— I;
é 3 ‘ .................................................................................................................................................. _g
E 255_. ............................................................................................................................................. _g
— 2E ............ + + ’ ........................................................................................................... _:
_l(g 15; ........................................................................................................................................... ]
_8 1§ ........................................................... ] + ............................... -
05; ....................................................................... ;
%590 15 20 25 30 35 40 45 50
P o (GeV/c)

Mohamad Tarhini, LHCC meeting, Sep-2019



(5

ALICE

e N*/N\is suppressed in central Pb-Pb collisions with respect to peripheral ones
e The suppression is larger than the predictions
e Measurement in pp and p-Pb serving as baseline for Pb-Pb measurements

<

N~
o
QA
LO
A
<

( N\
arXiv:

1909.00486 &l

Phys.Rev. C99 (2019) 024905

0.1 5 [ [ [ | [ [ [ | [ [ [ | [ [ [ | [ [ [ | [ [ [ | [ [
i EPOS v3.107 ALICE ]
— = Pb-Pb, \s,,=2.76 TeV @ Pb-Pb, \s,,, =2.76 TeV
STAR, \ sy, = 200 GeV )
O pp []d-Au S Au-Au
m |
0.1 \\\ —
O ~ _
_ \\
\\ IIIII -
PA ~N
+ S~ _
\ ~— FrrTTTTY ™ |
0.05 T, =156 MeV n
—— THERMUS ¢ -
----------- GSl-Heidelberg |
-.-.-. SHARE3
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[ e SHARE3 i
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dN /d
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e N*/A\is suppressed in central Pb-Pb collisions with respect to peripheral ones
e The suppression is larger than the predictions
e Measurement in pp and p-Pb serving as baseline for Pb-Pb measurements
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e |n p-Pb, the increase of <pt> with multiplicity is similar to the ones of other light hadrons
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e N*/A\is suppressed in central Pb-Pb collisions with respect to peripheral ones
e The suppression is larger than the predictions
e Measurement in pp and p-Pb serving as baseline for Pb-Pb measurements
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e |n p-Pb, the increase of <pt> with multiplicity is similar to the ones of other light hadrons

e Blast-wave model constrained with data of other hadrons can describe the A* yield for pr < 3.5 GeV/c

e A*participates in the same collective radial flow expansion as the other particles N |
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ALICE Y J
e N*/A\is suppressed in central Pb-Pb collisions with respect to peripheral ones
e The suppression is larger than the predictions
e Measurement in pp and p-Pb serving as baseline for Pb-Pb measurements
Phys.Rev. C99 (2019) 024905
|/<\ i L L L | L | L | L j < 0.1 5 ! ! ! | ! ! ! | ! ! ! | ! ! ! | ! ! ! | ! ! ! | ! !
i ALICE 1 i EPOS v3.107 ALICE i
‘<|' 0.14- ® pPbs,=502Tev | S | =" PP \Sy =276 TeV @ Pb-Pb, |5 =276 TeV
— - k  pp\s=7TeV(NEL) 1 W™ ) STAR, |5, = 200 GeV
: 0.12[ STAR — P O pp [1d-Au i Au-Au
< - + ppVs=200GeV(NSD) | < | [O_ 1 e A*/Aisindependent of
+ 0.1 ) B 0 1__ & \\\ __ centrality = Pb-Pb
“ I+ o - - I | S ) e The enhancement in p-Pb
~ - - A N T depends on the
0.08 o o e o i ¢ ~— : P
i i i S e strangeness content and
- ) } B - [ | not the mass
0.06- EPOS v3.107 T 0.05~ 7 _1s56Mev B
- T =156 MeV | p-Pb, With Cascade _ - —— [HERMUS * H _
0.04 —_ih - THERMUS - pp, With Cascade ” N i ::: gﬁ;:;‘gemerg _
- == GSl-Heidelberg T, = 138 MeV, non-equilib. - i |
C T SHA_R'_ES SHARES ] To,=138 MeV,y_=1.63,y_=2.08
0.02|- Uncelrtamtles: stallt. (bar), sysl.t. (box), uncl:orr. (shadeld box) | - Sll-l ARE3 | q | l l l |
0 10 20 30 40 50 60 2 4 6 8 10 12
1/3
<chh/d 77|ab>lnlabl <0.5 <chh/d 77>

Mohamad Tarhini, LHCC meeting, Sep-2019


https://arxiv.org/abs/1909.00486
https://arxiv.org/abs/1909.00486

ALICE

Rpr

1.6

1.4

1.2

ALICE

0—Pb, {5,=5.02 TeV

1H ___________________________________________________________________________________ F
0.8 i _‘
- Il §
- Il _
0.6/~ —
0 4:_ Prompt D mesons, -0.96 <y < 0.04 _:
il . :)O cms |
0_2__ B D _
: A :)*"‘ :
O_I [ | 1 | [ 11 1 | I | I | [ 1 1 1 | [ 1 1 1 | [ | 1 1 | | I_
0) 5 10 15 20 25 30 35
P (GeV/c)

Rpr

arXiv:

_I 11 1 1 1 1T 1 1 T 1 | 1 1 1 | 1 1T 1 | 1 T | [ I_
- ALICE p—Pb, \s\,=5.02 TeV 7
1.4 —
1.2F -
1H ....................................... | I:
0.8H] —
0.6 -
0.4 Prompt D mesons, —0.96 < Y. . < 0.04 -
- = Average D°, D*, D** 3
02 o D° -
: oL D;' :
O_I [ | 1 | [ | 1 1 | I I | [ 11 1 | [ 11 1 | I I | I | | I_
0 5 10 15 20 25 30 35

P, (GeV/c)

Mohamad Tarhini, LHCC meeting, Sep-2019



30

ALICE
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