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ALICE Data

ALICE
System Year JSnn (TeV) Lint T‘é 165_ 20100006 1az0gs o
2010-2011 2.76 ~75 pb-’ 2 14[- Dvv: sl g 87 b
Pb-Pb 2015 5.02 ~250 pb- g p TRO:tam
upcoming: 2018 5.02 ~750 pb1 S | Evcalloeompy
Xe-Xe 2017 5.44 ~0.3 pb™ 810 oo
- Pb 2013 5.02 ~15 nb- g 8 e
2016 5.02, 8.16 ~3 nb~1, ~25 nb’ £ L Min. bias: 0.018 pb”
0.9,2.76  ~200 ub-1, ~100 nb-" 6
2005-2013 7,8 ~1.5 pb1, ~2.5 pb-1 As
PP 2015, 2017 5.02 ~1.3 pb-’ E
2015-2018 13 ~35 pb-1 2

02 May 02 Jul 01 Sep
* LHC Run-2 nearing completion

 One month from now: last Pb-Pb campaign of Run 2, aiming at total Lint ~1 nb~*
* Last year: sizeable pp reference sample at \/s = 5 TeV = improved Raa for hard probes

* Significant detector upgrades during LS2

Torsten Dahms — Hard Probes 2018 3
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00 . L ow-Mass Dielectrons

 Emitted from all stages of the collisions w/o

strong final-state interactions = 100 g
o
: .. . = ALICE —— Light meson d
» search for signals of thermal radiation and chiral- E 10°F b, >02GeVic, n,| <038 o ch% ;:io o
symmetry restoration (p modification) = 10 Pb-Pb:p_>0.4GeV/c, || <08  — . bb—sete
O _ :
» hidden behind ordinary signal from hadron decays E L oot fotal cockdal
(not to mention combinatorial background) 5 %8 . o (5 < 13 TeV x 3000
» Published results in pp at s = 7 and 13 TeV = Fe M1 S,
Tz oiEwC T Ty
and Pb-Pb at \/snn = 2.76 TeV u ~ T ——_
10_1% Fj”-'cl:l"ppﬁ=7Ter3O ~N
» Data consistent with cocktail expectation A I N E
| | 10—2 —— T —
 Measure charm and beauty cross sections in pp . A N L W? 276 TeV, Gent. 0-10%
¢ ¢ | I %
» Ma] - T . |
major background for any low-mass measurement [0 | — ‘f
* Not yet sensitive to quantify the presence of vos Bt b e

an enhancement in Pb-Pb 0 05 1 15 2 25 3 35 4

m,, (GeV/c?)
* New results in Pb-Pb at \/snn =5 TeV

» charm is not described by PYTHIAXNcol

A. Caliva, Wed, 12h05
» improved description when adding shadowing (EPPS16) ALICE, JHEP 09 (2018) 64
arXiv:1805.04407 (submitted to PLB),

Torsten Dahms — Hard Probes 2018 arXiv:1807.00923 (Smeltted to PRC) 5




00 . L ow-Mass Dielectrons

* Emitted from all stages of the collisions w/o . - HLICE
strong final-state interactions N ALICE Preliminary oDtz =
= —— Cocktai .
: .- : 0-20% Pb—Pb |5, = 5.02 TeV 70 yye*e
» search for signals of thermal radiation and chiral- G 10k oy g GV;(; ) |<Oe_8 e
symmetry restoration (p modification) 88 b < & GeV/c ° :Ejgfefe', n—we'e
» hidden behind ordinary signal from hadron decays § 1 :;’j:ee gj}’ﬁ‘gz%oye_
(not to mention combinatorial background) < — cc—oe’e (PYTHIAG x Ng,)
o 0 — bb—e*e (PYTHIA6 x N_,)
3 107" — Jly—ete, Jy—syete

* Published results in pp at s =7 and 13 TeV
and Pb-Pb at /Jsnn = 2.76 TeV

» Data consistent with cocktail expectation T

* Measure charm and beauty cross sections in pp \

—k
<
w
®

g
o

» major background for any low-mass measurement

 Not yet sensitive to quantify the presence of
an enhancement in Pb-Pb

* New results in Pb-Pb at \/snn =5 TeV

» charm is not described by PYTHIAXNcol

A. Caliva, Wed, 12h05
» improved description when adding shadowing (EPPS16) ALICE, JHEP 09 (2018) 64
arXiv:1805.04407 (submitted to PLB),

Torsten Dahms — Hard Probes 2018 arXiv:1807.00923 (Smeltted to PRC) 5
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00 . L ow-Mass Dielectrons

* Emitted from all stages of the collisions w/o P HLICE
strong final-state interactions L F ALICE Preliminary & Daa -
> I 0-20% Pb-Pb \'s. = 5. e :nooi :le- -
» search for signals of thermal radiation and chiral- Q)'i 10 i] g_i/ppbj;(aﬁc ; O|2<TO_:_HYY9+€- =
symmetry restoration (p modification) k t o 8 BV e :Ejgfefe', nowe'e -
» hidden behind ordinary signal from hadron decays s “ :jjj:fj;’qﬁ”j]’ﬁeeﬁ%oye- =
(not to mention combinatorial background) < ' — ccoe’e (PYTHIAG + EPPS16) x Ny -
2® 107" : S?qfe?e'(?/(\lise?; oot —:
* Published results in pp at s =7 and 13 TeV = ’ =
and Pb-Pb at \/snn = 2.76 TeV o _ -
| i i - ; * =\ =
* Data consistent with cocktail expectation |G —— 4 -
. . -3 |, > ? _
 Measure charm and beauty cross sections in pp 107 \ %- =
_ bl N AN LNy L L LS T
» major background for any low-mass measurement E 3 ? —
&) _
» Not yet sensitive to quantify the presence of 3 ° ® -
an enhancement in Pb-Pb s 1& ; =" -
= N = I ——® L =
* New results in Pb-Pb at \/snn =5 TeV 0 o5 1 15 2 25 3 35 4
. . Mee (GeV/c?)
» charm is not described by PY THIAXNcol N Al Wed 1on05
. Caliva, Wed,
» improved description when adding shadowing (EPPS16) ALICE, JHEP 09 (2018) 64

arXiv:1805.04407 (submitted to PLB),
Torsten Dahms — Hard Probes 2018 arXiv:1807.00923 (Smeltted to PRC) 5



Direct Photons in pp and p—-PDb

ALICE
* Average of three independent measurements
» EMCal, PHOS, Photon Conversions o~ Fr T T
O o Eom ALICE, pp, Vs =8 TeV -
' mi : S norm. unc. 2.6% 3
» Systematics limited s e ot
Lt 2 mmT S Y. TCM fit 2
» Large uncertainties from hadron-decay & T - :
2 10°= o =
background ST UE N T < ;
10 | I i e%;@: E
10° AN ~
105%_ Y, data —%
L NLOPpQCD -
= --- PDF:CT10, FF: GRV =
~  --- PDF:CTEQ6.1M, FF: BFG2 o
1°  JETPHOX b=
~ -] PDF: NNPDF2.3QED, FF: BFG2 .
2L  POWHEG -
§ -1 PDF: NNP[|)F2.3QED + PYTHIA8 PS | §
0.3 1 2 3 4567810 20
P, (GeV/c)

ALICE, arXiv:1803.09857 (submitted to PRC)

N. Schmidt, Wed, 10h




* Average of three independent measurements

» EMCal, PHOS, Photon Conversions -
Systematics limited Ng 10:
Large uncertainties from hadron-decay ;‘;,:09
background b 8
New: multiplicity dependence in p—-Pb 12
Limits consistent with NLO pQCD o
iIn pp and p—Pb .
» pQCD scaled by Ncoi 0"
» p—Pb data not yet sensitive to nPDF effects .
o

ALICE, arXiv:1803.09857 (submitted to PRC)

— [ [ [ [T 11 [ [ [ [ [T T | [ 3
- e ALICE, pp, \s=8TeV -
= i norm. unc. 2.6% 3
N S o, data .
= = e v~ TCM fit 3
= s inc =
— — . ~
= =, E
- N _[ = .
< 2
= R = =
— N _ = =
— 1 ‘,@, _
. .
= Y, data E
- NLOpQCD -
E - PDF: CT10, FF: GRV =
— -- PDF: CTEQ6.1M, FF: BFG2 .
. JETPHOX -
— -] PDF: NNPDF2.3QED, FF: BFG2 -
- POWHEG -
= [~ ]PDF: NNP[|)F2.SQED + PYTHIA8 PS | =
[ [ N I | | [ A N I ||
0.3 1 2 3 4567810 20
p. (GeV/c)

Direct Photons in pp and p—-Pb

10710

ALICE
=TT a T
— ALICE preliminary [2]0-20% -
_ VOAp-Pb, ys5,,=5.02TeV  [4]20-40% -
- Vo -]40-60%
I +160-100%
B @ +]0-100%

N T,
=T YN -
L i %@N :
- TIIII T i %ﬂ eSS ><108_:
L - L4 —
— \\% ' =
" Shen et al. " -
v NLO pQCD: ‘
" " PDF: CT10, FF: GRV \i\\ ]
B nPDF: nCTEQ15, FF: GRV .
B nPDF: EPPS16, FF: GRV |
] ] ] L 1 1 1 | ] ] ] ] L1 11 | ] ]

3x10™ 1 2 3 4567 10 20 30

p. (GeV/c)

N. Schmidt, Wed, 10h




Direct Photons in Pb—PDb

ALICE
 Clear direct photon signal in Pb—Pb at Jsny = 2.76 TeV §  FTTTTTTTI T T T T T T TR
_ _ o <>'> - Pb-Pb |s,,=2.76 TeV Aexp(-p/Tey) -
* Consistent with models of thermal radiation from R I AN &) 0-20%ALICE  — 0-20%
O 10°5 LN +120-40% ALICE ~ — 20-40% =
QG P I F ‘\3\ "+ ]40-80% ALICE :
o L n " 2;: -g.l_ I % "'"*:‘;:\;‘S\ __
arge uncertainties on v» W [T 10 . -
. o [ TT N -
— no direct-photon puzzle at the LHC (yet?) : [P “ie] -
= T . _
= = "y W ~@- 2 =
>~>C\I I I I | T 11 | 1T 11 | 1T 11 | 17T 11 1T T 1 17T 1T T N : 3;% 't _,' ,:‘-._X 10 :
05 0-20%Pb-Pb, s, =2.76 TeV B L R, SR _
s [ Y dir . ALICE - 10—1_ “'::"—— ""fv ¢ "~I:"'~".—
B _ = . T SR, .3
= Y deo , ALICE simulation . - T ' ’}3.‘.:.‘ =
04— V " hydro, Paquet et al. _ - R R e <10
- vg % hydro, Chatterjee et al. . e P, ' , ............ —
RS vy %", PHSD, Linnyk et al. i S G I
03— Boxes indicate total uncertainties | - ' Tk, TR
- i - RN o
L _ 10 3:_ ~ el —
0ol B — Paquet et al. ~+~"' T x 100 3
T - - arXiv:1509.06738 | | T L e -
i H | | .| --Lnnyketal. Tl o] ]
- JREOSE N 10" arXiv:1504.05699  -.- Chatterjee etal. ~~“~._ E
0.1 o 81T = . Z
i L ' + | * i - --V. Hees et al. PRC 85(2012) 064910 "+
T eeserermeseeeasee, i ﬁ+ I l s B NPA 933(2015) 256 + JHEP 1305(2013) 030 n
R S B B B o o B Skt it YT | Sy v lvv e v b b b g | | —H
o = | i W 1795 2 25 3 35
- 2 (GeV/c)
I | [ 1 1 1 | I | [ 1 1 1 | [ 1 1 1 | | — ! I
0 1 2 3 4 5

ALICE, PLB 754 (2016) 235

7
p, (Gevic N. Schmidt, Wed. 10h

ALICE, arXiv:1805.04403 (submitted to PLB) Torsten Dahms — Hard Probes 2018
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oo . y—Jet Correlations in pp and p—Pb at \/snn =5 TeV

ALICE
Fragmentation Function Azimuthal Correlation Per-trigger Jet Yield
' — 0.06
| | | | ' o _ imi | ALICE Preliminary
ALICE Preliminar ALICE Preliminary 0.12
S % ppx/?=5TeVy | g5l # PPVE=5Tev BE #  p-Pbsw =5Tev
10° 4 p-Pb 5. =5TeV _ | 4 pPbySw=5Tev 0.10 ¢ ppVvs=5TeV
m 1 pp Systematic ] | p%ejcét‘:h > 10 GeV/c, Anti-kt R=0.4 | | 7 | Syst. error
- — . o 004 = 0.08. 20 < p¥ < 30 GeV/c
o p-Pb Systematic = 20 < p¥ < 30 GeV/c g O |
>3 | - o | & = Ap > 11/2, Anti-kt R=0.4
1) | Normalization +25% | < 43 5 o
N 0.06
"c; 3 2> 2>.
~l= O 1 oo j: — 0.04] | | |
L T | |
- 0.01- * 0.021
| 4
4, _ :
10-2 | | | | | 0.00':': ' ' . ' . ' 0.00 | , | , , | | | '
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.0 0.5 1.0 |1A5(p| 2.0 2.5 3.0 10.0 12.5 15.0 17.;51 20.0 22,5 25.0 27.5 30.0
b o (GeV/c
ZT —pT/pT pT,jet ( )
* Unique access to low-Q? and low-xg;j region
L. : : A
* As expected: no significant differences between pp and p-Pb in Y ,\CD
K

» fragmentation function

» angular correlations

» jet yield

M. Arratia, Tue, 16h25

e Reference for Pb-Pb measurement
Torsten Dahms — Hard Probes 2018 9
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. Inclusive Jets: Quenching in Pb—Pb at \/snn =5 TeV

eWr fere < 18_ HLICE
ALICE Preliminary Nce! o 1 6: ALICE Preliminary
Pb-Pb 0-10% |sy = 5.02 TeV OL Pb-Pb 0-10% |s =5.02 TeV
PP \[Sye=5.02 TeV 1.4F pp |5yu.=5.02 TeV
lead,ch "= lead,ch
p. > 5 GeV/e < 7 GeV/ce
_____________________________________________________________________ . 0 ————
@ Fulljets — SoET. I : @ Fulljets :
Correlated unc.ertainty E :ig;;g mggg:: E::ZC}(RT) 0.8 - BT . Cs)ﬁ;rs(laalt;i ::aci?]rtt;mty
Shape uncertainty JEWEL, recoils on, 4MomSub - ] SCET, I
mmm JEWEL, recoils off O 6 L [ IZybridOModeI,
' " [ gm Hybrid Model,
. i - L,};S:Z/(TCOT)G
— 0.4 - g JEWEL, recoils on,
r : j EAV?/EEUPecoiIs off
. ,
0.2
| | ] ] | | ] ] ] | | ] ] O : | ] | ] | ] | ] ] | | | ]
20 100 0 50 100
,OT,jet (GeV/c) pT,jet (GeV/c)

* Jet quenching measured down to pTjet = 40 GeV/c

* New: measured with jetradiiup to R = 0.4

» Hint of tension with most models at low pr

Torsten Dahms — Hard Probes 2018

J. Mulligan, Wed, 11h05

* R dependence probes the angular distribution of medium-induced radiation

(model references in backup)
10



Jet Structure: Splitting Function

« Study QCD 1—-2 splitting function in pp

N
K
>

» momentum fraction z4 carried hard jet component
after removing soft jets with momentum fraction z

, B
min{pr,1; PT, 2 AR
( ) > <cut ( > _____________

o " e RO | A. Larkoski et al., arXiv:1704.05066
here: Zcut = 01 ] ﬁ = O ——————————————————

I ] L B S BN L B O 12 S I B R B
g 2 | ALICE Preliminary, pp Vs= 13 TeV, JLdt=11.5 nb" 2 | ALICE Preliminary, pp Vs= 13 TeV, | Ldt = 4 pb” i
* No dependence on jet pr (as expected) s  F, . i weu 1 B o Ak 160 Gevio < p < 160 ol :
_ _ §'— [ pie > 0.15 GeV/e, E*" > 0.3 GeV ’ §" C ple > 0.15 GeVi/e, E > 0.3 GeV ’
» probe now h|gh-p-|- jets (1 80 GeV/C) g[ 111 <07, 1= <07, 1| <07-R o o o5 ] gl 171 < 07, P <07, 1™ <07 -R o0 ]
~ SoftDrop: z., = 0.1, =0 S R-03 ] ~ SoftDrop: z,,=0.1, =0 Y R-03 ]
 Depends on jet cone radius at low pr 61~ TR-04 ~ 61~ TR-04 ~
. - - +R=05 ] i +R=05 ]
- pOIntS to non-perturbatlve effects 4:_ —— PYTHIA Perugia 2011 4:_ —— PYTHIA Perugia 2011 -
o Studied outto R =0.5 2 -
- 160 < pTjet < 180 GeV/c )

M. Fasel, Wed, 9h40

Torsten Dahms — Hard Probes 2018 11



oo . Jet Structure: Splitting Function

e Study QCD 1-—2 splitting function in pp

» momentum fraction z4 carried hard jet component : i\" < g A
after removing soft jets with momentum fraction z |

: B
min{pr,1; PT, 2 AR
( ) > Zeut ( >

PT. 1 + PT, 2 R()
here: Zout = 01 ] ﬁ = O """" e e -

o - E- T . o T o . . . .

* No dependence on jet pT (as expected) 0 """" %Llc‘:; PreI6|m|nary """"
» probe now high-pr jets (180 GeV/c) & 102;— go;gaph?zgoétg/: - —
) i O i T oD -
» Depends on jet cone radius at low pr = L = Shane Uncertainty -
— points to non-perturbative effects e F T FEPYIHiAtmbedded =
. =3 B —— _
o Studied outto R =0.5 = E ——
O :!!!!.!!!!!!!!.!!!!!!!!!!!!!!!!!!!.!!!!.!!!!!!!!!j
S 150 -
o e
g 0.5F =
M. Fasel, Wed, 9n40 505 0.1 0.5 02 05 03 095 04 045 05
g

Torsten Dahms — Hard Probes 2018 11



oo Jet Structure: Sub-jets in pp and Pb-PDb

* Study number of sub-jets within jets

» Quantify how pronounced N prongs are in a jet

_ Zz pT,i min(Alei, ARQ,i, c .. ARN,i)

TN
R) ,pr
» TN — O: N or less cores

» TN — 1: at least N+1 cores

» To/T1 — O: jet has 2 prongs

L | | | | | |
- ALICE Preliminary

- pp\s=7TeV
| Anti-k; charged jets, R = 0.4

)

—=— ALICE Data
—=— PYTHIA Perugia 11
- Shape Uncertainty

l\;\
~~
N
>
g 4__ 4O<pT,jet<60 GeV/c __‘i’:
< | C/A reclustering :
o 3r ]
CI_)\ B ] e a
< ——
- E
1 — 7
_| | | ||||||||||—
0 0.6 0.8 1

T,/ 7T,

sub-jet

sub-jet

N. Zardoshti, Thu

. 14h40

Torsten Dahms — Hard Probes 2018

ALICE
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* Study number of sub-jets within jets

» Quantify how pronounced N prongs are in a jet

_ Zz pT,i min(ARlﬂ;, ARQ’Z', c .. ARN,Z')

TN
R Zz PT,i

» TN — O: N or less cores
» Tn — 1: at least N+1 cores

» To/T1 — O: jet has 2 prongs

* Different structures probed by different
reclustering algorithms (e.g. C/A or kr)

e Splitting of sub-jets in pp described by PYTHIA
* use PYTHIA for energy extrapolation: 7 TeV — 2.76 TeV

Torsten Dahms — Hard Probes 2018

E‘ [ ALIGE Preliminary —=— ALICE Data o
~\ o pp 1s=7TeV —=— PYTHIA Perugia 11 ~
o | Anti-k; chargedjets, R=0.4 Shape Uncertainty (&
5 4:_ 40<p$,‘jet<60 GeV/c __'i’.:_: §
< - 1 <
< | C/A reclustering e
@ 9 1@
Q B —_— . CI_)‘
< | —— ] &
- °r E—
- —_-— .
O:| [ [ L |
0.2 0.4 0.6 0.8 1
T,/ 7T,
sub-jet
2 sub-jet
N. Zardoshti, Thu, 14h40

Jet Structure: Sub-jets in pp and Pb-Pb

Al TAI™

C N L B B I B B
- ALICE Preliminary

- pp\s=7TeV

| Anti-k; charged jets, R=0.4
B h

41 40 < p;jet <60 GeV/c

|
—= ALICE Data

| kT reclustering :
S g

—=— PYTHIA Perugia 11 |
- Shape Uncertainty T

E ==
2 = == -
- —= = .
O;—_—;——|—|I_ITI_| I R B B R ; Lo
0 02 04 06 0.8 1 1.2
T,/ 7T,
12



Al TAI™

* Study number of sub-jets within jets

Jet Structure: Sub-jets in pp and Pb-Pb

E 5:| IAL;CEl Prlelir;lin;ry —=— ALICE Data ET 5: | AI|_|ICEI Plrellim;nalryl o I—EI—,IALIICI'E [I)atlal a
) I I ' ~.  ppis=7TeV —=— PYTHIA Perugia 11  ~ . ppis=7TeV —=— PYTHIA Perugia 11
Quantlfy hOW pronounced N prongs arein a Jet lQN i ,FZ‘Fr)lti—kT charged jets, R=0.4 ~ Shape Uncertainty 7 l\)(\l . Zpr:ti—kT charged jets, R=0.4 ~ Shape Uncertainty 7
. " 40<p <60 GeVic 1 == T 40< o <60 GeV/c -
o i recliusterin ] i recliusterin }
R Z’L pT,Z ﬂ-c 3_— g ] _g-c 3__ i} g .
. o I e o — :
» Tn — 0: N or less cores > 1= B
— 2 o — 2 —— = —
» Tn — 1: at least N+1 cores - o 1 - o o
_ ~ _ L B= 7 ~ —— i -
» To/T1 — 0: jet has 2 prongs 1 T -
* Different structures probed by different 002 04 06 08 1 % 02 04 06 08 1 12
reclustering algorithms (e.g. C/A or k) T,/ T, 5 T,/ T,
» Splitting of sub-jets in pp described by PYTHIA E‘“ 55 oummpfmerrer Dl 3
. = 4; An_ti-:; zhoa;ged jets, R=0.4 . Shape Uncertainty _E
* use PYTHIA for energy eXtrapOIatiOn: [ TeV = 2.76 TeV SUb_Jet g -5; TT{15,45}—-TT{8,9} E
O 3E 40< pit‘jet <.6O GeV/c _;
* Very similar sub-jet structure in Pb—-Pb ;zjz 25 | :
— In-medium jet core remains vacuum-like sub-jet < 12;: E
» more pp data needed to quantify 1— | : —
0.5 =
Eoo oy S
N. Zardoshti, Thu, 14h40 2 0.4 0.6 0.8 1

Torsten Dahms — Hard Probes 2018 12



o0 Particle ID In Jets: Deuterons

ALICE

* Are deuterons created In jets?

» €.g. by coalescence of protons and neutrons Deuteron—-Hadron Correlations
. x107 - - - - _
» directly linked to baryon production in jets 5 ota— | | | | | %
g ~  ALICE Preliminary 2.4 < p?° < 3.0 GeVic =
;f “E pp Vs=13.0 Tev Pl > 5.0 GeVic Anl<18 -
. 2 01— nc s.Unc. =- _:
e If yes, should observe a correlation of z L ot Une. HSys. Uno. S 2VAML
deuterons with other hadrons in jet 5 °F -
S 0.06/— —
© B _
_ _ 0.04 | — T HH —
* High-pt deuterons show angular correlation - =
i i _ (00022 a0 = "= o i e =i s B B o o :'___ """"""""""""
with high-pt hadrons in pp at /s = 13 TeV : -
| —— | | | | | N
» indication that deuterons are also produced in jets | O | 2 ’ 4Acp (rad)

(and not only non-composite hadrons)

B. Schaefer, Tue, 12h05
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Heavy Flavour



 |dentify heavy flavour jets via:

» electrons from semileptonic HF decays

» fully reconstructed DY meson

 Charged HF jets well reproduced by POWHEG
(NLO event generator)

et D

PP

S. Aiola, Thu, 11h45

Particle ID in Jets: Heavy Flavour

L L L B I
— ALICE Preliminary
10" =pp, \s=5.02 TeV !
- charged jets, anti-k, R = 0.3, |77EL| <0.6 -
I ]
(02 éliwth D, 3<p_ . <36GeV/c _E
- = ® -
© | o e Data _
%'_1 03 L8 Syst. unc. (data) B
= s o POWHEG+PYTHIA6 =
B Syst. unc. (theory) -
1074 ° —=
- ¢ .
107 =
- 3 -
E’ :! ....................... —————— !:
o e E
g ° ¢ 0 =
: 1-5; el ! 1 ¢ 0
© m ¢
I e s :
e — =
%5~"70 15 20 25 80 35 40 45 5
p. . (GeV/c)
T,ch jet

15



0 . Particle ID In Jets: Heavy Flavou

. ‘I_ LI I LI I LI I LI I LI I LI I LI

o> ,pF ALICE Preliminary

 |dentify heavy flavour jets via:

, = p-Pb, |5y, = 5.02 TeV

= chtir%eod cjgeis;)anti;kg6 R z \(/)/2 |7° ] < 0.6 :%

» electrons from semileptonic HF decays 1162_ 5 Prp =0 =

0 W E

» fully reconstructed D" meson E $ iiiiiiiiiiiiiiiiiiiiiiiiiiiiiii i

 Charged HF jets well reproduced by POWHEG ﬁjzﬁf@ 3 E

(NLO event generator) 4 E

* No suppression of D-tagged jets in p—Pb R S
et D

PP

S. Aiola, Thu, 11h45

Torsten Dahms — Hard Probes 2018 15



Particle ID in Jets: Heavy Flavour

a 24
o
C

 |dentify heavy flavour jets via:

» electrons from semileptonic HF decays

» fully reconstructed DY meson

 Charged HF jets well reproduced by POWHEG
(NLO event generator)

 No suppression of D-tagged jets in p-Pb

e Clear suppression of D-tagged jets in Pb-Pb

» comparable to D-meson suppression

et D

PP

S. Aiola, Thu, 11h45

IqAA

Torsten Dahms — Hard Probes 2018

— ALICE Preliminary

22 "
» == p-Pb, \/ Syy = 9-02 TeV =
— charged jets, anti-k;, R =0.3, [*'| < 0.6 -
8E" with D", 3<p_ <36 GeVic =
16— ’ —
1.4 _H_ —
1.2— E =
== &E 7777777777777777777777777777777777 =
0.8 H’E’ F —
0.6 — | —
0.4 =
0.2 —
0 1__ | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | I | I:

5 10 15 20 25 30 35 40 45 50
P (GeV/c)

1.4

0.4

0.2

1,21 Pb-Pb, |'s,,, = 5.02 TeV

ALICE Preliminary

Charged Jets, Anti-k;, R = 0.3, |njet| <0.6

o D’-tagged jets (p. >3 GeVic), 0-20%
p-Pb data reference

= Ch. Jets (p'TeaOI > 5 GeV/c), 0-10%
POWHEG+PYTHIAS reference

o Average D°, D*, D*, 0-10%, arxiv:1804.09083

_I_J&HHH JII

I
T [
T
Bl s
I [ 1 | I I [ 1 |
10 10°
Pro and Pr o o (GeV/c)

15



Charm Baryon ProdUCtlonxm"’.ALI@EB?J;(:ZQ?‘?%EQ%Z ALICE

15 | |1=2.286 £ 0.003 GeV/c?
c = 0.014 GeV/c?, fixed to MC
[ S(+30) = 2299 + 407

 Pb-Pb: indication of A:/D larger than in pp

» suggests coalescence contributes to hadronisation in Pb—Pb

AL > ng +cC.
ALICE 6<pT<12 GeV/c

Entries / 5.0 MeV/c?

0-80% Pb-Pb, |5, = 5.02 TeV

1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1
22 225 23 235 24
M(ng) (GeV/c?)

N

| 1 1 | I I | | 1 I L |

AL, ly|<0.5, 0-80%

p—Pb reference from arXiv:1712.09581
e Average D°,D*, D", |y|<0.5, 0-10% (arXiv:1804.09083)

pp rescaled reference

D;, y|<0.5, 0~10% (arXiv:1804.09083)

pp rescaled reference A
e 1 |y|<0.5, 0-10% C
+ charged particles, |17|<0.8, 0—-10% (arXiv:1802.09145)

HAA

1.5

- ALICE Preliminary
0.5 Pb-Pb, (s, =5.02 TeV 'Ef i

—_l
o
| I I | I I | l I I | | I I

107" 1 10
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Charm Baryon Production  auce axvissi (e
qg. fubmitedtoply) N

o = 0.014 GeV/c?, fixed to MC
[ S(+30) = 2299 + 407

 Pb-Pb: indication of A:/D larger than in pp

15

» suggests coalescence contributes to hadronisation in Pb—Pb

AL > ng +cC.
ALICE 6<pT<12 GeV/c

Entries / 5.0 MeV/c?

0-80% Pb-Pb, |5, = 5.02 TeV

1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1
22 225 23 235 24
M(ng) (GeV/c?)

C:)D 3 | | | | | | | | | | | | | | | | | | | | | | | I |
4:0 -+ 0-80% Pb—Pb, {5, = 5.02 TeV, |y|<0.5 -

e o~ —

—— Catania, fragm.+coal.

— N —

- - - Catania, coal.

, Lo Shao-Song, RB/M=0.425
2 . .7>=< ' - -shao-Song,R_ =12 ]
_ ' B/M

- ~_% ALICE :

O | | | | | | | | | | | | | | | | | | | | | | | T |
0 2 4 6 8 10 12
p. (GeV/ce)
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ALICE, arXiv:1809.10922

Charm Baryon Production

%10° (submitted to PLB)
RS L LI ALICE
_ - - - - > 1L =2.286 + 0.003 GeV/c?
* Pb-Pb: indication of A:/D larger than in pp 5 T s feadoo MG -
. . . _ © | S(*30)=2299 + 407
» suggests coalescence contributes to hadronisation in Pb—Pb 6w T A" oK + 6.0
= C S N -
.§ - ALICE 6 <p.< 12 GeV/c -
€ 14
L i
13
| 0-80% Pb-Pb, |5, = 5.02 TeV
v oy by s by by
22 225 23 235 24
M(ng) (GeV/c?)
C)D 3 | | | | | | | | | | | | | | | | | | | | | | | I |
’2‘3 . 0-80% Pb—Pb, {5 = 5.02 TeV, |y|<0.5
pp, ¥s=7TeV, |y|<0.5
(JHEP 04 (2018) 108)
2r . p-Pb, sy =5.02 TeV, —0.96<y<0.04 —
(JHEP 04 (2018) 108)
ALICE
i _
R T
O- l l l | l l l | l l l | l l l | l l l | l l l I l
0 2 4 6 g8 10 12
P, (GeV/c)
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Charm BaryOn PrOdUCtiOn ALICE, arXiv:1809.10922

%10° (submitted to PLB)
RS L L I LI ALICE
. - - - - > W = 2.286 + 0.003 GeV/c?
* Pb-Pb: indication of A:/D larger than in pp 5 T s feadoo MG -
. . . _ © | S(*30)=2299 + 407
» suggests coalescence contributes to hadronisation in Pb—Pb 6] A oK e
— . . E - ALICE 6<p <?2 GeV/c
* pp: Ac (and =¢) productions higher than expected £ 14 '
L i
(based on ete~ data from LEP)
» p—PDb: no significant difference to pp for Ac/D ol
» impact on total charm cross section estimates | 0-80% Pb-Pb, |5 = 5.02 TeV
v oy by s by by
22 225 23 235 24
M(ng) (GeV/c?)
_91||||||||||||||||||||||| C>DS"'|"'|"'|"'|"'|"'|I
© [ P-Pbysy=502TeV ALICE Preliminary - = 1
o [ —09%<y <004 . < | o 0-80%Pb-Pb,\s,,=5.02TeV,|y|<0.5 1
O | —e— ALICE Preliminary ||op|,rg ; 7TeV .
20.8— ao et al. yi<U. — - _ -
<08 A e NLO nPDF  —%— ALICE, ariv:1712.09581 B E’Jpégaj(;%\:é;yl;gf ]
_ — - PYTHIAS8 (Monash) |
i — — PYTHIA8 (CR Mode1) 2_ i p—Pb, VTIW =5.02 TeV, -0.96<y<0.04 ]
0.6 -..=..= DIPSY (ropes) — - (JHEP 04 (2018) 108) -
B ii%:@: ---- HERWIG7 7 = ALICE -
] i - .
0.4 T = - .
- _\\\ + s i M )
0.2 ~ E — - ~H> .
- \\\ . B =E= g _
PRt L '-_.:.,.:"s;—l;—:\/z P C\\ LA L e T i ¥ |
O_ | | | | | | | | | | | | | | | | | | | | | | | | O l l l | l l l | l l l | l l l | l l l | l l l I l
° 10 ' 2 eV 0 2 4 6 8 10 12
p, (GeVic) p. (GeV/c)
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 Pb-Pb: indication of A:/D larger than in pp

Charm Baryon Production  Auce axiviss.10022
g (ubmitedtoPLe)  NT

o = 0.014 GeV/c?, fixed to MC
[ S(+30) = 2299 + 407

—
)

» suggests coalescence contributes to hadronisation in Pb—Pb

AL > ng +cC.
ALICE 6<pT< 12 GeV/c -

* pp: Ac (and =) productions higher than expected
(based on ete~ data from LEP)

Entries / 5.0 MeV/c?

» p—Pb: no significant difference to pp for Ac/D

» impact on total charm cross section estimates

0-80% Pb-Pb, |5, = 5.02 TeV
I I

» new pp data at \/s = 5 TeV with improved precision ~ 55 T hob 53 285 24
M(ng) (GeV/c?)

» similar effect as observed for light hadrons

o 3 | | | | | | | | | | | | | | | | | | | | | | | I |
+Qc.> B
_%0.8 L e LI L . B B B N B < o 0-80% Pb—Pb, \s,, = 5.02 TeV, |y|<0.5
c |  Is=5TeV _
S <05 T ALICE Preliminary : o PP 1S =TTeV, [I<05
% E T | p-Pb, \ s = 5.02 TeV . i ( 04(2018) 108)
O 206l —a— AYD° o -0.96<y__<0.04 _ 2 _ pPD, {5y, =15.02 TeV, —0.96<y<0.04 —
O p) § i 1 (JHEP 04 (2018) 108)
g Il g i pp, \s=7 TeV 1 i —— A;’/D0 - B ALICE
& i yl<0.5 1 & H —e— A/K2, PLB 760 (2016) 720 i
% = 04§ —e— A/K2, PRL 111 (2013) 222301 ~¢~ pim, PLB 728 (2014) 25-38 -
; o - I —e— p/n, PLB 760 (2016) 720 | 1 _
o 1 . i
é) o T H ] i ‘H"Fﬂ-ﬂjf+:%:
o — — _
E Ik e i : _ ’
é é T 4 é B O|||||||||||||||||||||||||
+ . 0 2 4 6 8 10 12
| | | | | | I | | | | | | | | | | | | | | | | | | | | | | I | | |
15 20 ) P (GeV/c)
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. D Mesons & Event-Shape-Engineering

ALICE

 ESE to distinguish different initial state ¢
geometries for same impact parameter <

60% smallest g,TPC

<V2> small—g, < <V2>unb

» second-harmonic reduced flow vector

M

— — 9.

g2 = |Q2|/V M, Q2=Z€ZZ¢J
j=1

20% largest goTPC

<V2>1arge—q2 > <V2>unb

F. Grosa, Tue, 11h25
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D Mesons & Event-Shape-Engineering

 ESE to distinguish different initial state 2
geometries for same impact parameter ;10_2

Ce

N 20% Iarge-qlpC

» second-harmonic reduced flow vector ;%10_4
M =k
% % 2 ) -5
g2 = |Q2|/V M, Q2:ZeZ %3 v
j:]_ 10_6
10"7
y 10_8 R
N
N ~ -
<\(p
A
A Z X

Reaction plane Wgp

* Ordering of D v2 with g2 in Pb-Pb at \/snn = 5 TeV
heavy flavour v2 follows shape fluctuations

F. Grosa, Tue, 11h25

ALICE, arXiv:1809.09371

(submitted to JHEP)
Torsten Dahms — Hard Probes 2018

ntrality 30-50%

« unbiased

60% smallest g,TPC

<V2> small—qg, < <V2>unb

; 20% largest qaTPC

I 3 <V2>1arge—q2 > <V2>unb
8 10 12
q-2|-PC

o= B L e e ;

? 0.4 _ [ Syst. from data _

:]: Prompt D°, D* average lyl<0.8 mm Syst. from B feed-down

03 1 4 -

m —#— T §

L2 1 "*'_ # E

+ == o

. T

Centrality 10-30% 1 Centrality 30-50%

|
o
—

.......................

¢  60% smaII-qZPC

20% large-q]"°
biased

w

N

()

(ESE-selected) / v, (unbiased)
__Lg LI DL DL DL L DL
it
I

111111111111111111111111

11111111111111111111111

ALICE
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. D-Meson Directed Flow

ALICE
“International Conference on Hard and Electromagnetic Probes of High-Energy Nuclear Collisions”

Torsten Dahms — Hard Probes 2018 18



. D-Meson Directed Flow

ALICE
“International Conference on Hard Probes of Electromagnetism in High-Energy Nuclear Collisions”
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. D-Meson Directed Flow

ALICE
“International Conference on Hard Probes of Electromagnetism in High-Energy Nuclear Collisions”

* Strong magnetic field created by passing
charged nuclel

- Dlcql, t=t,
» Charm quarks produced at time of max. B o D -
. -4 f.o. il
field - — - = D [cq], t=2 fm/c. e ~Jd
_ _ cq], t=5 fm/c//
 Charm quark relaxation time comparable to -
QGP life time

» much larger than that of light quarks

B field induces C-odd directed flow v

 Two effects: B and E fields with opposite
signs

S. Das et al., PLB 768 (2017) 260

» time order of maxima of B and E is important

» prediction: B field effect dominates

Torsten Dahms — Hard Probes 2018 18



* Light hadrons: observe positive slope of Av1

D-Meson Directed Flow

A?Jl — U1 (h_l_) — U1 (h_)

x1 O_f’ _

F. Grosa, Tue, 11h25

ALICE Preliminary

1
o
R

p.> 0.2 GeV/c

vOdd + _ vOdd -
o
N

1

—8— V] -V,

-
-
-
-
-
-
-
-

Pb-Pb Vs, = 5.02 TeV 5-40% 8 ub™

-
”

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
1
1
1
1
1
1
1
1
1
1
1
. ]
LY 1
A} 1
A\ 1
A} 1
A} 1
A}
, F=8—
A 1
1
1
1
1
1
1
v 1
1
v 1
1
1
1
1
1
1
1
1
1
1
1
1
1
]
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
IIIIIIIIIIIIIIIIII_IIIIIIIIIII

—0.1
fit function: k - m
-0.2 k = 1.68 £ 0.49 (stat) £ 0.41 (syst) - 10
bars: stat. err.
-0.3 B boxes (filled/empty): syst. err. (corr./uncorr.)
:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
-06-04-02 0 02 04 06

Torsten Dahms — Hard Probes 2018
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D-Meson Directed Flow %

ALICE

* Light hadrons: observe positive slope of Av1

* Indication of positive slope of Avi with rapidity
(significance of 2.70)

F. Grosa, Tue, 11h25

o e

_ + — - 0 —0
%vl—vl(h )—Ul(h ) AUl—?}l(D )—Ul(D )
x10
-é il L I LI I LI I L I LI | L I LI I LI |: o/-\ [ [ [ [ | [ [ [ [ | I I I I | I I I I i
o ALICE Preliminary 1 10 o |
S O03F o pp s, =502 Tev 5:40% 8 b” 1 506 ALICE Preliminary -
. ke o - 10-40% Pb-Pb, s, = 5.02 TeV i
+ p_>0.2GeV/c .
g 0.2 T | 0.4 —
-8>1— —o— V-1|- _ V-1 oa\ Not feed-down corrected /ﬂ/ E
0.1 E e _B_/ O . 2 Not efficiency and acceptance corrected / _—
S+ :
““““““ > Bl

o
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
B
S
IIIIIIIIIIIIIIIIII—IIIIIIIIIII
o
II|III|III|III|III|III|III|II

0.1 H ———— 0.2 -
fit function: k - m /J/ H 3 < P < 6 (GeVic) |

-0.2 k = 1.68 £ 0.49 (stat) £ 0.41 (syst) - 10 -0.4 N
bars: stat. err. 0.6 fit function: k x n B

0.3 boxes (filled/empty): syst. err. (corr./uncorr.) Y- k=52x10"+1.8x 10" (stat) £ 5.5 x 10% (syst) -
:I L1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 | | | | | | | | | | | | | | | |
-0.6-04-02 0 02 04 0.6 —1 -0.5 0 0.5 1

=
S
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. D-Meson Directed Flow

ALICE

* Light hadrons: observe positive slope of Av1

* Indication of positive slope of Avi with rapidity
(significance of 2.70)

e Same trend as for light hadrons but O(10%)x stronger %

—0

:U1(h+) —Ul(h_) Avl :U1(DO) —Ul(D )

F. Grosa, Tue, 11h25

- | ]

g i i

e~-0.3 5= 0.6 ALICE Preliminary —

> ~ Pb-Pb = 5.02 TeV 5-40% 8 ub 3 _ oL -

' : S © H -8>“ - 10-40% Pb-PDb, |5, =5.02 TeV .

+ " 0.2 GeV/ - = |

% 0.2 Pr>7em=eve H 7 1 04 / —

Or _ + 1 & - Not feed-down corrected P .
-V, -V < .

> 0 1 - 1 1 . ] e O 2__ Not efficiency and acceptance corrected / [l N

- E “““ 1 8_ T ]

|| I : 1 > L 0 -

O $ ----------- E ------------------------------ B oof i :

—0.1F B ———— 31 -0.2F -

- - _ e .

L fitfunction: k -1 ; L B 3<p_<6(GeVic) -

—0.21  k_1.68+0.49 (stat) £ 0.41 (syst) - 10° -4  —0.4r ~

n bars: stat. err. - 0 6-_ fit function: k x n N

—0.3 [  boxes (filled/empty): syst. err. (corr./uncorr.) —YULOL k=52x10"+1.8 x 10" (stat) 5.5 x 10% (syst) -

:I L1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 I: B l | | | | | | | | | | | | | | |

-0.6-04-02 0 02 0.4 0.6 —1 -0.5 0 0.5 1

=
S
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. D-Meson Directed Flow

ALICE

* Light hadrons: observe positive slope of Av1

* Indication of positive slope of Avi with rapidity
(significance of 2.70)

e Same trend as for light hadrons but O(10%)x stronger

F. Grosa, Tue, 11h25

L + — _ 0 U

AN, —Ul(h )—Ul(h ) AUl—?}l(D )—Ul(D )
-é I | I I.I |.I [ | | LI I | | LI | | LI I | | 1l l: o/'\ B I I I I | I I I I | I I I I | I I I I ]
i i 803 = relminary : 9’O 6 ALICE Preliminary -
° Opposﬂe from theory expectation > ~ Pb-Pb Vs, =5.02 TeV 5-40% 8 ub" 1 8t 10-40% Pb-Pb, |sy, = 5.02 TeV -
. . ' i N Yo PRIV ONN T Y 1
— is charm produced when induced 3 0.2F >%2¢ve H 1 104 -
= = = O B + - 1 s L Not feed-down corrected M |
E fleld domlnates 0ver B fleld? > O 1 . o V1 V1 _____ _ eo 2__ Not efficiency and acceptance corrected / il ]
_____ E 85_ : :
O $ ""_'_'_'_:::E": """"""""""""""" I O_— """""""""""""""""""" A ! o
* More data this year will help to 0.1 _B ————— 1 o2 | .
confirm effect - fit function: k - n - I /J/ ! 3<p. <6(GeVic) |
-0.2 :_ k = 1.68 + 0.49 (stat) £ 0.41 (syst) - 10™ __ —0.41 ]
B bars: stat. err. i - fit function: k x n ]
—0.3 [  boxes (filled/empty): syst. err. (corr./uncorr.) —0-6__ k=52x10"+1.8 x 10" (stat) + 5.5 x 102 (syst) _
Lo b b b b b by v by o [T T N I SN SO R N S S N R R R R
-06-04-02 0 02 04 0.6 —1 -0.5 0 0.5 1
N n
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. Beauty Suppressmn IN Pb Pb

f ALICE Prellmlnary
© 0-10% Pb-Pb, {5, = 5.02 TeV :

- b(—=c)—e -

Et 1.6 |

1.4
1.2

1.0
0.8}
0.6 |

0.2

0.0 L——

0.4}

—e— data

771 MC@sHQ+EPOS2 i
PHSD —]
== Djordjevic |

* New: electrons from beauty decays out to pt = 26 GeV/c

» separation from light and charm hadrons decays via template fit of impact parameter

Z. Zhang, Tue, 15h

» Suppression well described by models that include mass dependent energy loss

Torsten Dahms — Hard Probes 2018
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Quarkonia



measured pp reference at s =5 TeV <

* Clear signs of (re)generation:

» in central collisions: J/P at midrapidity less %[

suppressed than at forward rapidity

» low-pt J/P less suppressed than high pr o

J/P Raa and Elliptic Flow

 Updated Raa at midrapidity based on

ALICE preliminary
Pb-Pb | sy, = 5.02 TeV
Inclusive J/p

<15 T T T T | T T T T | T T T T

EI:I

® cte, lyl <0.9
®gtu,2.5<y<4

gy @

0 100

A
200

200
paﬂ>

300
(N

ALICE, PRL 119 (2017) 242301

Torsten Dahms — Hard Probes 2018

R AA

ALICE preliminary
Pb-Pb \s,, = 5.02 TeV
Inclusive J/y

1.5

® ee,lyl<0.9

B uu,25<y<4

—fm— m
0.5 —— —
B ++E " __F
A S e
pT(GeV/c)
M. Kohler, Wed, 9h20 22




J/P Raa and Elliptic Flow

* Updated Raa at midrapidity based on _;;

L L ol < 2 I '
<C _ o - < r .. 7
measured pp reference at /s =5TeV © | JLoerenon 1% I rorojoccaoprey  ® ceubi<os
Inclusive Jiyp ! 1 15F Inclusil:l/l\le JN "o, 25<y<4
| . C ] _
_ _ @[ﬂ t 19 m :
* Clear signs of (re)generation: ? e o

o NN gy By @@

T
+
:

» in central collisions: J/P at midrapidity less = ©°

® cte, lyl <0.9 0_5__ — =
suppressed than at forward rapidity ", 25<y <4 i o
} IOW_ T J/ IeSS Su ressed than hi h T 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 O_ 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
p Lp pp g p OO 100 200 300 400 0 2 4 6 8 10
(Npar) p. (GeV/c)
= —— 0.25 B 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 ]
* Slzeable J/lp V2 & ~ ALICE 20 - 40% Pb-Pb, \/STIN =5.02 TeV ]
~ ook Inclusive J/y -
> - se*e, y| < 0.9, V,{EP, An = 0} .
- Ouu,25<y<4,v,{EP, An=1.1} -
0.15 et - global syst : 1% —
0.1 ['F' =
C ||, ]
0.05 — '; R —
3 L E
u X. Du et al. K.Zhou etal. 25<y<4) ]
—0.05 2223 Inclusive J/vy, |y|<0.9 Inclusive J/y w non-collective _J
R Inclusive J/y, 25<y<4 Inclusive J/y w/o non-collective
L e Primordial J/y, 25<y <4 Primordial J/y -
_0.1 B L L L I L L L I L L L I L L L I L L L I L L [ "
0 2 4 6 8 10 12
P, (GeV/c)

ALICE, PRL 119 (2017) 242301
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(O J/{ Raa and Elliptic Flow

 Updated Raa at midrapidity based on

<

measured pp reference at /s = 5 TeV 3

* Clear signs of (re)generation:

» in central collisions: J/P at midrapidity less

suppressed than at forward rapidity

» low-pT1 J/P less suppressed than high pr

e Sizeable J/P v2

 First evidence for vz > 0!

» pr-integrated significance 3.70

» ordering: va/va(J/P) < va/vo(h®)

* Further corroborates the significant
contribution of (re)generation as
source of J/P production in Pb—Pb

0.05

0

—0.05

1 _5 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 §
ALICE preliminary 1
Pb-Pb \s,, = 5.02 TeV T
Inclusive J/y * i 1
& . ]
I E g gu®E @ gy By @@
0.5 —
= ® cte, lyl<0.9 - 0
®gtu,2.5<y<4 i
O 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 100 200 300 400
< N part>
B 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 I 1 1 1 ] >mo 04
- ALICE 20 - 40% Pb-Pb, /s, = 5.02 TeV . :
— Inclusive J/y —]
- cne'e, |y| < 0.9, v .{EP, An = 0} .
- ouu,25<y<4, v,{EP, An=1.1} 17
— o - global syst : 1% — 003
- | % 1 0.02
4 0.01
_ X. Du et al. K. Zhou et al. (2.5< y < 4)
2223 Inclusive J/vy, |y|<0.9 Inclusive J/y w non-collective _J
- Inclusive J/y, 25<y <4 Inclusive J/yy w/o non-collective 0
Ll Primordial J/y, 25<y <4 Primordial J/y -
_0.1 B L L L I L L L I L L L I L L L I L L L I L L L a
0 2 4 6 8 10 12
P, (GeV/c)

ALICE, PRL 119 (2017) 242301
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i Pb-Pb \s,, = 5.02 TeV ® e'e,lyl<0.9 :
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i Liaac — m :
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i — g — o
oL ' 1 | T
0 2 4 6 8 10
p_ (GeVic)
:— ALICE Preliminary 0-50% _:
~  Pb-Pb |5,,=5.02 TeV -
| Inclusive JAhp -
[ 2.5<y<4.0 -
o 0 5 E
- . i
T -
T e —
p_ (GeV/c)



(O J/{ Raa and Elliptic Flow

ALICE
* Updated Raa at midrapidity based on & _
measured pp reference at \/S = 5 TeV ;OO 1__ olj:;II::vg/fTTZi<?/i4zeZLICE Preliminary1o-50%_

2 Prompt D°, lyl<1.0, CMS PRL120,202301(2018) ] _
| O h*,Inl<0.8, ALICE JHEP1807(2018)103

» Clear signs of (re)generation: °'5ﬁ_§ooo Ot o -
» in central collisions: J/P at midrapidity less - +

CEI

suppressed than at forward rapidity

» low-pT1 J/P less suppressed than high pr . D e e RS

2
p_ (GeV/c)

ALICE Preliminary m 0-50%

- —— 0-25 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 I 1 1 1 ] m
e Sizeable J/lIJ V2 i} ALICE 20 - 40% Pb-Pb, |'s,, = 5.02 TeV 1 = 0.04
0.2 Inclusive J/y —] Pb-Pb \/?M\I=5'02 TeV

fre'e’, |y| < 0.9, v,{EP, An = 0} ]
Ou'W,25<y <4, V,{EP, An=1.1} -

 First evidence for vz > 0!

Inclusive JAhp

0.15 ;— - global syst : 1% — 003:_ _:

- - 2.5<y<4.0 -

» pr-integrated significance 3.70 0.1F- '*' % 1 022_ s s E

_ - el ® a

» ordering: va/va(J/P) < va/va(h) 0.05 - : - )

: . ozeﬁ - 0.01:— —:

* Further corroborates the significant = | wopuetal C Zhouetal. @5ey s -7 ;

. . . 0. T B Inclus!ve JIy, yl<o0.9 Inclus!ve J/q;wnon-collectivg ] - ]

contribution of (re)generation as Bl e
. . _ 0.1 PR TR T AN TN TN T NN TR SRR TR AT T ST T NN T ST SR S S ' O 2 4 6 8

source of J/P production in Pb—Pb R b (GSVIc)

ALICE, PRL 119 (2017) 242301
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.Photoproductlon of J/Y in peripheral Pb—Pb collisions .

 Low-prt excess of J/ in peripheral Pb—Pb S
collisions with nuclear overlap, so far seen at S
» forward rapidity at \/snn = 2.76 TeV ‘%Z;g
» midrapidity at \/snn =5 TeV *Xz°>’
» consistent with calculations of J/Y photoproduction -

L. Massacrier, Tue, 9h40

Torsten Dahms — Hard Probes 2018

——
ALICE Preliminary

Pb-Pb sy, = 5.02 TeV, Centrality 50-70%
Jy — e*e, y|<0.9

(?f) — 0.409 +0.097(stat.) £0.027(syst.) mb ——
y coherent J/y

Dat

: Curves from STARLIGHT MC

photo-production sum
Coherent J/y

Incoherent Jhy
Coherent y(2S) FD
Incoherent y(2S) FD

Y-y continuum

O

AN

0.1 0.2 0.3 0.4 0.5 0.6 0.7

ALICE
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.Photoproductlon of J/Y in peripheral Pb—Pb collisions .

T - — ALICE
* Low-pT excess of J/YP in peripheral Pb—Pb % 3 e o oy s 700,
collisions with nuclear overlap, so far seen at S Jwoee oo carrent iy
> Q|— 10 % (‘é}’)cm g = 0.409 +0.097(stat.) £0.027(syst.) mb — Incoherent J/y
» forward rapidity at \/snn = 2.76 TeV N . e
» midrapidity at \Jsnn =5 TeV '_sz _ T l
. . . . .
» consistent with calculations of J/{ photoproduction - 106;/ \
0-.I | .‘.El’;../ET | I0|3I I\IOI4I - IOl5I - IO|6I - '07 | I0|8I - IO|9I — 1
- GeV/
» New results at forward rapidity at Jsnn = 5 TeV pr (GEVI0
—~ 800 prrrrr e e e e -
» also described by model calculations of photoproduction §_ " o ALGE Uy 25y <4,p, <03GeVC ALlcle Prlelimi:’]aryE
% /700 [ —=— ALCE,J/y ¢, [y <09 Pb-Pb |5, =5.02 TeV 3
; 800 E ------ GBW (M.B. Gay-Ducati, arXiv:1804.09836) Centrality 50-70% _:
_ _ 2 E IIM (M.B. Gay-Ducati, arXiv:1804.09836) E
* A new probe for colour screening in QGP? 3, 500 - E
O o ]
» formed very early in the collision 400 |- =
» passes through the QGP 300 — —
» (re)generation insignificant at very low pr 200 (- =
100 |- =

L. Massacrier, Tue, 9n40| © 4'1_'3_'2_'1(');2':'34'1

|
o
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Quarkonia in small systems

* Faster than linear scaling with multiplicity

ALICE

: PUH P _ Q AL AL B AL BN BLALALEL BRI ELELELILE LI
for J/P at midrapidity in pp at /s = 13 TeV ﬁ 20F ALICE Preliminary :
» i.e. w/o rapidity gap between signal and multiplicity ~—— 1gE PP, \s=13TeV E
estimator |5 - 6 Mult. classes: Inl<1 _
2| 244f *inclusive Jiy —e'e’ ly 1<0.9 T
% '\%/ T 2- + -
10F :
8F f ot
6F L :
; * T i
4 T .
5 * ------- ]
2 I S .
O ;_=I‘ ’—I—’I’I L1 1 I L1 11 I L1 11 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 I-
0 1 2 3 4 ) 6 / 8
dNCh / d77 INEL>0
(dN_ 7/ dm) [y«
Multiplicity
— J/Y > etes [—
D. Thakur, Tue, 16h45 —1 0 1 N
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Quarkonia in small systems

* Faster than linear scaling with multiplicity
for J/P at midrapidity in pp at /s = 13 TeV A ""'
2 20 F ALICE Preliminary
» i.e. w/o rapidity gap between signal and multiplicity —_ 18F _ =
estimator N e \s =13 Tev :
= |< 16F Mult. classes: |n|<1 x 3
%3 %3 421 : * inclusive J/y —e*e, |y | <0.9 + :
« Introducing a rapidity gap: significantly = of VY KM ES<y < :
reduces deviation from linear multiplicity sk ¥ O
scaling 6E * o e E
- * . S
4 0. E
[ ’;h """
- _ _ _ 2 3 ‘__‘.——"' B
e Sign of autocorrelation (e.g. jet bias) obean ¥, .\ | | | | |

w/o rapidity gap between signal and AN/ dy | NESS

multiplicity estimator @AN_7dn) | yie
Multiplicity
— J/P 2 ete- J/ > pty—
D. Thakur, Tue, 16h45 —1 0 1 2.5 4 i
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Quarkonia in small systems

Faster than linear scaling with multiplicity
for J/P at midrapidity in pp at {/s = 13 TeV "III
- ALICE Preliminary

» i.e. w/o rapidity gap between signal and multiplicity - op, 15 =13 TeV

‘ INEL>0
N
o

~_ 18
- >\ >
estimator 2|2 16F Mult. classes: [n|<1 I
% .E 14 — * inclusive J/y — e*e, |y | < 0.9 -
12 + :
Introducing a rapidity gap: significantly 1of Hh |2Li§iv<e}fJ/<\|I4 :
= ] ] ] u ] C . i
reduces deviation from linear multiplicity NI * po
scaling 6F ™ Y(2S) * ; _____________ E
4F F* ----- P :
: ty. ¥

_ _ _ _ 2 - . B ‘ -

Slgn Of autocorrelatlon (e.g- jet bIaS) O :;L.*—’I,!l | . | I L 1 1 1 I L 1 11 I L 1 11 I L 1 1 1 I L 1 1 1 I L 1 11

w/o rapidity gap between signal and AN/ dy | NESS

multiplicity estimator @AN_7dn) | yie
Also measured Y(1S) and Y(2S) vs multiplicity Multiplicity
— J/P 2 ete- J/ > pty—
D. Thakur, Tue, 16h45 —1 0 1 2.5 4 d
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Upgrades



ALICE Upgrades: Run-3 and beyond

GEM-TPC

A

PRI .l}‘

i
AN :
&
A\
\
L -
.-
™
Py “ )
-—
- -
o~ N
-~
s
)
) / /]

o

5] G Bedda, Thu, oh
. Major detector upgrades durlng the LHC Long Shutdown 2

» Focus on low-pt and non-triggerable probes, e.g. low-mass dielectrons
— continuous readout of 50 kHz Pb-Pb collisions: TPC, Muon arm, Fast
Interaction Trigger

» Improve low-pt tracking and vertexing for e.g. Ac: Inner Tracking System
(ALPIDE: pixels based on CMOS MAPS technology)

» Secondary-vertex reconstruction at forward rapidity:
Muon Forward Tracker

 And beyond: FOCAL... Th. Peitzmann, Tue, 11h05
Torsten Dahms — Hard Probes 2018 26




Tuesday

Thursday Wednesday

O NO O A~ DA

N N DO O 4 A A a a o
S L e A

ALICE Talks e

Jack Otwinowski: “ALICE results on the production of charged particles in pp, p-Pb, Xe-Xe and Pb-Pb collisions at the LHC”, Tue, 9h00 ALICE
Laure Massacrier: “Coherent J/psi photo-production in Pb—Pb collisions with nuclear overlap with ALICE at the LHC?”, Tue, 9h40

Dmitry Peresunko: “Neutral-meson production in ALICE”, Tue, 10h45

Thomas Peitzmann: “Forward photon measurements with ALICE at the LHC as a probe for low-x gluons”, Tue, 11h05

Fabrizio Grosa: “Measurement of D-meson nuclear modification factor and flow in Pb-Pb collisions with ALICE at the LHC”, Tue, 11h25

Shreyasi Acharya: “Event-multiplicity and event-shape dependence of open heavy-flavour production in pp collisions with ALICE at the LHC” Tue, 12h05
Brennan Schaefer: “Jet Associated Deuteron Production in pp collisions at 13 TeV with ALICE at the LHC”, Tue, 12h05

Zuman Zhang: “Measurements of heavy-flavour decay leptons production in Pb—Pb and Xe—Xe collisions with ALICE at the LHC”, Tue, 15h00

Antoine Lardeux: “ALICE results on quarkonium production in p-Pb collisions”, Tue, 15h40

Miguel Arratia: “Isolated photon + hadron and jet correlation in p—Pb and pp collisions with ALICE”, Tue, 16h25

Dhananjaya Thakur: “Quarkonium production as a function of charged particle multiplicity in pp and p-Pb collisions measured by ALICE at the LHC”, Tue, 16h45
Cristina Terrevoli: “Open-heavy-flavour production and elliptic flow in p—Pb collisions at the LHC with ALICE”, Tue, 17h05

Jaime Norman: “hadron+jet measurements in Pb-Pb collisions at /snn = 5.02 TeV with ALICE”, Tue, 17h25

Hyeonjoong Kim: “Using di-hadron correlations to investigate jet modifications in Pb—Pb collisions with ALICE”, Tue, 17h45

Markus Kohler: “Quarkonium production in Pb—Pb and Xe—Xe collisions with ALICE at the LHC”, Wed, 9h20

Markus Fasel: “Jet substructure measurements in pp collisions at /s = 13 TeV with ALICE”, Wed, 9h40

Amal Sarkar: “Measuring electroweak boson production in p—Pb and Pb-Pb collisions at \/snn = 5.02 TeV with ALICE at LHC”, Wed, 9h40

Nicolas Schmidt: “Direct photon production and flow at low transverse momenta in pp, p—Pb and Pb-Pb collisions”, Wed, 10h00

James Mulligan: “Inclusive jet measurements in pp and Pb-Pb collisions with ALICE”, Wed, 11h05

Alberto Caliva: “Low-mass dilepton measurements with ALICE at the LHC”, Wed, 12h05

. Sandeep Dudi: “Identified particle production in p-Pb collisions at 8.16 TeV with ALICE at the LHC”, Wed, 12h05

Cristina Bedda: “Enhanced hard-probes measurements in the 2020s with the ALICE Upgrade”, Thu, 9h00

Elisa Meninno: “Charm baryon production in pp, p—Pb and Pb—Pb collisions with ALICE at the LHC”, Thu, 11h05

Salvatore Aiola: “Measurements of heavy-flavour correlations and jets with ALICE at the LHC”, Thu, 11h45

Nima Zardoshti: “Exploring the phase space of jet splittings at ALICE in pp and Pb—-Pb collisions using jet shapes and grooming techniques”, Thu, 14h40
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S

ALICE
Sebastian Scheid: “Direct-photon and heavy-flavour production in proton--proton collisions at /s = 7 TeV” (ID 188)

Erin Gauger: “Nuclear modification factor of beauty-decay electrons in Pb—Pb collisions at \/snn = 5.02 TeV with
ALICE” (ID 192)

3. Alexander Borissov: “>° and 2° production in pp Collisions at /s =7 TeV” (ID 207)

9.
10.
11.

12.

Antonio Uras: “Low-mass dimuon measurements in pp and Pb-Pb collisions with ALICE at the LHC” (ID 231)

Rathijit Biswas: “Measurement of charged jet cross-section and properties in proton—proton collisions at 2.76 TeV
with ALICE” (ID 289)

Andrea Dubla: “Magnetic fields and directed flow of D mesons in heavy-ion collisions with the ALICE detector” (ID
290)

Marcelo Munhoz: “Measurement of electrons from heavy-flavour hadron decays as a function of centrality in p—Pb
collisions at /snn = 5.02 TeV” (ID 305)

Patrick Huhn: “Data-driven particle composition correction of tracking efficiency for charged particles with
ALICE” (ID 323)

Ran Xu: “Isolated photon—charged hadron correlation in pp collisions at 13 TeV” (ID 348)

Yongzhen Hou: “Multiplicity dependent charged jet production in pp collisions at 13 TeV with ALICE” (ID 349)

Ritsuya Hosokawa: “Measurement of jet radial profile through jet-hadron correlation in Pb—Pb collisions at
5.02 TeV” (ID 375)

Artem Isakov: “Performance of b jet-tagging algorithm in ALICE” (ID 596)
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* New results on hard and electromagnetic probes in heavy-ion collisions
* Benefitting from high-statistics pp reference at /s = 5 TeV

 Moving towards connecting hard and soft probes

» jet structure and ID

» heavy-flavour baryon production

» event-shape-engineering with open and hidden heavy flavour
» J/P vs
» quarkonia vs multiplicity in small systems

» first look at low-mass dielectrons, more in Run 3

ALICE
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Event Shape Engineerin

9

_ALICE

ALICE, PRC 93 (2016) 034916

 Comparison of v2 with event shape engineering for light and heavy flavour
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ALICE, arXiv:1809.09371
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LBT: Y. He et al.,in arXiv:1809.02525 and PRC 91 (2015) 054908

SCETG: H. Li et al., arXiv:1801.00008 and Z.-B. Kang, PLB 769 (2017) 242

Hybrid: J. Casalderrey-Solana et al., JHEP 10 (2014) 19; JHEP 03 (2016) 53; JHEP 03 (2017) 135
and D. Pablos et al., JHEP 03 (2018) 10

JEWEL (generated internally, R. Hosokawa): K. Zapp et al. JHEP 03 (2013) 80; JHEP 07 (2017)
141 and EPJ C 76 (2016) 695

S

ALICE

33



