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This talk: a selection of pp results

ALICE jets in pp collisions

Data samples:

Groomed jet substructure Vsux (TeV)  Years

Measurement of the dead-cone B B
. . 7 TeV 2009-2013

D-mesons in jets: production

D-meson and A.-baryon: fragmentation

13 TeV 2016-2017

— Test of pQCD and hadronization models
— Flavor-dependent production and fragmentation
— Baseline for measurements in heavy-ions

Not covered: Jets in heavy ion collisions

LHCP 2020

Modification of substructures by jet-medium interactions
Flavor-dependent energy loss mechanisms

R. Vértesi - Jet measurements with ALICE
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Jet measurements with ALICE

| central barrel: |#/<0.9 |

Time Projection Chamber:
gas detector
charged-particle tracking
and identification

[ kB P
i [y T ’
N B [

Inner Tracking System [85 o ==

silicon detectors A e
charged-particle tracking, e At oy
secondary vertex g ;

>z

ElectroMagnetic Calorimeter
sampling scintillator
full jet reconstruction
7 <0.7,14<op<m

Charged-particle jets
» Full azimuth coverage
= Experimentally easier
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Jet measurements with ALICE

Time Projection Chamber:
gas detector
charged-particle tracking
and identification

Inner Tracking System
silicon detectors
charged-particle tracking,
secondary vertex

T ICSS

p ]
=

" | ElectroMagnetic Calorimeter
sampling scintillator
full jet reconstruction

|;7l| <0.7,14<op<m

Charged-particle jets Full .jets _ @
» Direct theory comparison

» Full azimuth coverage o
- E . tall : » Limited acceptance,
xperimentatly easier technically more challenging
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Jet measurements with ALICE

central barrel: |#]<0.9

pemasiaw. v nv, mm & aVLN

Time Projection Chamber:
gas detector
charged-particle tracking
and identification

[/
il N
" LR T

Inner Tracking System
silicon detectors
charged-particle tracking,
secondary vertex

>

Heavy-flavor
identification

secondary vertex

—ay—

| 'ﬁ"'""'ff'i'“l ElectroMagnetic Calorimeter
o sampling scintillator

full jet reconstruction
7 <0.7,14<op<m

jet axis
N ”

Lifetime of heavy flavor: ¢z (D) ~100-300 um

d ~ 400- :
impact parameter ecay length . T (B) 400-500 Hm —M. Faggln
Secondary vertex resolution: <100 pm Performance

primary vertex Monday 3pm
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LHCP 2020

Groomed jet substructure

Access to the hard parton structure of a jet
= Mitigate influence from underlying event, hadronization
= Direct interface with QCD calculations

Soft-drop grooming: Remove large-angle soft radiation
» Recluster a jet with Cambridge-Aachen algorithm (angular ordered)
= |teratively remove soft branches not fulfilling

P11
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log 1 Soft Soft-Collinear
z /
A // B >0
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Larkoski, Marzani, Soyez, Thaler,
JHEP 1405 (2014) 146



Groomed jet substructure

= Access to the hard parton structure of a jet
= Mitigate influence from underlying event, hadronization
= Direct interface with QCD calculations
=  Soft-drop grooming: Remove large-angle soft radiation
» Recluster a jet with Cambridge-Aachen algorithm (angular ordered)
= |teratively remove soft branches not fulfilling

2> 2o 0P i
cut = Substructure variables
= Groomed momentum fraction
4 . pT,sublead
PTsublead ,;::_ k= PT.ead + PT,sublead
_//"”/p | = Groomed radius
-_—_ R, R 3
L p— 6,=—=
pT,lead x\% g R
= Number of soft drop splittings

nsp
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Soft Drop grooming: z, vs. jet R

30-40 GeV/c 60-80 GeV/c 160-180 GeV/c
o 12 AR = 1 ! o 12 T T T T T o 12 T T ™ T i
o [ ALIGE Preliminary, pp fs= 13 TeV, L, = 11.5 nb™| o [ ALICE Preliminary, pp Ys= 13 TeV, L, = 11.5nb™] N [ ALICE Preliminary, pp Vs= 13 TeV, L, = 4 pb™ ]
3 {0[Anti-k+, 30 GeV/c < pi' < 40 GeVie ] < 1p[Anti-kr, 60 GeV/c < pf < 80 GeVie ] < 1ol Anti-kr, 160 GeVic < pi' < 180 GeVic
Zi [ phck > 0.15 GeVie, ESUser - 0.3 GeV 26‘ | pleet > 0.15 GeVic, ESUster 5 0.3 GeV 1 2§ r p‘;ﬁck >0.15 GeV/c, E™* 0.3 GeV
= gl <07, g < 0.7, |7 < 0.7 - R ] - gl < 0.7, [p™=e] < 0.7, |9 < 0.7 - R ] = gl < 0.7, [povse] < 0.7, | < 0.7 - R .
| SoftDrop: z.,, = 0.1, =0 TAR=02 7 [ SoftDrop: 2, = 0.1, =0 =02 [ SoftDrop: 2, =0.1, =0 TR=02 7
R=03 5 R=03 R=03
6 . 6 . = 61— . -
L ] - +R=04 A t +R=04
B H R=05 + o R=05
4 B 4 - 4 =
i L —— PYTHIA Perugia 2011 r —— PYTHIA Perugia 2011
o 2F 2 -
o 1 4 R ! R o 1 4:‘ (®] 1 4i‘ e e o =
= 13F 4 = q3F 4 = q3F 3 3
o 11-21:* - - E o 125 3 o 1.2 e e
s 1E - e T = 3 T 1t R
o 1 gt a8 1'% g 1 ] i . :F"”"-?lq‘v—
0.9% = ! 3 0.9E = 0.9E =éﬁ_&_‘ . =
0.8E E 0.8F = 0.8F =
0.7 3 = 0.7F E 07E E
0.6¢ . ‘ 3 0.6E ‘ ‘ 3 0.6E y :
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5

z
9 Zq %

=  Full-jet groomed momentum fraction in pp collisions at Vs=13 TeV
z.,~0.1, =0, absolute normalized, no background subtraction

= Atlow py: small radii jets tend to split more symmetrically

larger radii: higher sensitivity to non-perturbative effects
= Slight p-dependence for small radii
= Trends reproduced well by PYTHIA
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Soft Drop grooming: z, vs. f8

20-40 GeV/c 40-60 GeV/c 60-80 GeV/c
2l . [ ALICE Preiiminary 2y, | ALCE Preliminary 2N, [ ALICE Preliminary
o 10 ppis=502Tev s o 107 ppis-502Tev Tl o 100 ppis=502Tev piEmis
c . . = g i = = . : =
i I Charged jets anti-k; 4 ALICE pp p=2 _ i I Charged jets anti-k; + ALICE pp B2 b +  Charged jets anti-k # ALICE pp p=2
= F s = Sys. uncertaint; < F = = Sys. uncertaint - & F - 2 Sys. uncertaint
2'2 8 A=04 ‘q;e=|<0'5 Zan =01 N8 Monashzo1a 2 gl f=g4 Wia‘ 2BS =01 Pﬁﬁ\n:aamﬂl;:shzma 2'9' 8+ el |n|e‘<0'5 Zgy =01 Pﬁ#lﬁnﬁ:gshzms
L 20.0< Pr gt < 40.0 GeVic = L 40.0< Pr i = 60.0 GeVic I 60.0< P 80.0 GeVic
B-— 6 ’ 6 * ¢
[ L N\ )
o P
ar TR 4r w 4r #
“ 8 ’ o e N
@ u & + e
oL o ol ¢ + ® ol | ®
L ® *
L ¢ v} t B ] - B ; o o r g T
L [ L == =0 —N
415_4‘ L Ll <15 | | S <15 PR R S R T SN A NN T T U R
sIT i} s|T ] o
R B it g & S
S m—— B DE PR cmegs e LB ‘ - alx 1 e "[‘
0.5 05F 0.5
0 0.1 02 03 04 05 0 0.1 02 03 04 05 0 0.1 02 03 04 05
Z
g g Zg

= Charged-particle jet groomed momentum fraction
in pp collisions at Vs=13 TeV
z.,=0.1, R=0.4, absolute normalized

= A weak pr-dependence is present
= Trends reproduced relatively well by PYTHIA
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Soft Drop grooming: 0, vs. f

20-40 GeVic

b ALICE Preliminary

o _ ® ALICE pp =0
Eoppis 5‘,02 TeV. o ALICE oo fet
r Charged jets anti-k, ¢ ALICE pp p=2

. = = Sys. uncertainty
Lo A=A WIEtl AR 2= PYTHIA8 Monash2013
[ 20.0< b, — 40.0 GeV/e

dN

Njets, inc dﬂg

Data
PYTHIA

f———
=]

> =
r _f. : [ ] ™
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Data
PYTHIA

40-60 GeVi/c

60-80 GeV/c

ol
w o s

1.5

0.5F

t  ALICE Preliminary
T ppVs=5.02TeV

Charged jets anti-k;

- A=04 \r]‘_el| <05 z,,=0.1
[ 400< p, it S 60.0 GeV/c
2.5F

I ALICE Preliminary

. » @ ALICE pp p=0
L pp s 5.'02 TeV. el
r Charged jets anti-k; # ALICE pp p=2

L R-04 wm‘ 208 2y 20 Sys. uncertainty

PYTHIA8 Monash2013 F j
[ 600<p_ . <80.0GeVic
T, chjet

PYTHIA8 Monash2013

t

g
i Y * L N
; e ;_‘

Data
PYTHIA

® (] ' ol 2
nl ) —®
] ]
4+
L |
i  ¢-s-2
02 04

= Charged-particle jet groomed radius in pp collisions at Vs=13 TeV
z.,—=0.1, R=0.4, absolute normalized

= Smaller p grooms soft splittings away — more collimated jets

= Trends reproduced relatively well by PYTHIA

— possibility to explore contributions from partonic and hadronic stages

LHCP 2020
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Heavy-Flavor fragmentation: The dead cone

= Dead cone: 2,
. . . g=
Forward emissions from radiators m, /2P
: - K
with large mass are suppressed 0 < E

LHCP 2020

NS
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(d,/AQ)(d,,/d0)
o]

o
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=
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[N
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=
tn
T

S
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T

0

DELPHI-2004-037 CONF 712

* Measurements at LEP:
Flavor-dependence of angles
between jet fragments

% X @1 = | ow-background ete— environment

» |ndirect measurements w.r.t. jet axis

" PPN B ETS IS ATUPEINTE AVETITRTEN ST AN ST S SIS SR i SR
0 00501 015 02 025 03 035 04 045 0.5
0, rad
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Dead cone: the Lund plane

= DO as well as inclusive jets: Reclustering with C/A
L. Cunqueiro, M. Ploskon, PRD 99, 074027

= Lund plane populated with all splittings of the radiator’s prong

= DO: depletion expected at low angles (~higher In(1/0) values)
Note: 10 to 15% feed-down contribution in D° from b

o (rad) @ (rad)

0.37 0.30 0.25 0.20 0.17 0.14 0.11 0.09 0.07 0.06 0.05 = 0.37 0.30 0.25 0.20 0.17 0.14 0.11 0.09 0.07 0.06 0.05 5
'—':5”!1!\![Hw|\li|II;III|III|1H|H\‘I", X1O -—':5||w||||<||||\||||\|\||||\||||\|\||||\l, X-IO
= ALICE Preliminary 2<p <36GeVic 1 g x ALIGE Preliminary 5<p <50 GeV/c
= : 5 ‘ 1]
= pp 5= 13 TeV 5 <, <50 GeV/c = po (5 =13 Tev r i

D" in charged jets, anti-k7, R=0.4 = g charged jets, anti-k;, R=0.4 = "
I, < 0.5 side-band subtracted ] n,,l <0.5 . = B
lal - lal -
E G inclusive -

Fion o sl per o ol ool pspen gy g ] - 2008
12 14 16 18 2 22 24 26 28 3
In(1/86) In(1/6)

Lo boos b n bon bew o Lo by o PO
4 16 18 2 22 24 26 28 3

-5

A
1 121
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Dead cone: the Lund plane

= DO as well as inclusive jets: Reclustering with C/A
L. Cunqueiro, M. Ploskon, PRD 99, 074027

= Lund plane populated with all splittings of the radiator’s prong

= DO: depletion expected at low angles (~higher In(1/0) values)
Note: 10 to 15% feed-down contribution in D° from b

o (rad) @ (rad) zp,

037 0.30 025 020 017 014 0.11 0.09 0.07 0.06 0.05 037 0.30 0.25 0.20 0.17 0.14 0.1 009 007 006 0.05 8~ ki/zp,
-—':5|||1|u‘u\|\.;||||f||||||.|u\|u\‘HL <10 - R e S RARNREEEEEEsmmnsesne =10
= ALICE Preliminary 2<p <36GeVic 1 g x ALIGE Preliminary 5<p <50 GeV/c kr
= ; ] j i
= 4T ppis=13Tev 5<p:,"iel<5(JGeWc: = pp Vs =13 TeV r i
3 D”in charged jets, anti-ky, R=0.4 = g charged jets, anti-k;, R=0.4 _E e E 6
| <05 side-band subtracted ] In,,| < 0.5 "N . ]
lal -1 lal -1
2 ek inclusive
1 iz
0
U — ﬁ - * kT=2 AQCD
T~ 4}QCD
- . - -* kT=1/2 AQCD

Agcy=200 MeV

| e b b b Lo Lo a beaa Lo 1y
6 28 3 1 12 14 16 18 2 22 24 26 28 3
In(1/8) In(1/8)

= fr-cut to remove contamination from hadronization,
decay and the underlying event
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Dead cone effect in ALICE

5<E, giator<15 GeV 0 (rad) 15<E,,giator<35 GeV 6 (rad)

0.37 0.30 0.25 0.20 0.17 0.14 0.11 0.09 0.07 0.068 0.05 0.37 0.30 0.25 0.20 0.17 0.14 0.11 0.09 0.07 0.06 0.05

T TTT TTT TTT TTT TTT T 18 T TT1T TTT TTT TT
TITTTpTrT T g I I I I I B I I I I I

= ALICE Prelummary ALICE Prehmmary 4

9 Kp>27 Agep ]

y ko= 2*
pp Vs = 13 TeV @ Kr>2" Aaoo pp Vs =13 TeV
o k> Agep charged jets, anti-k;, A=0.4 0 Kr>Agep
In_|<0.5 o ky>Agep/2 il
Agep = 200 MeVic ]

-k

—
» @
T T

=
(2]
I

[ charged jets, anti-k;, R=0.4
oI, l<05 o Ky>Agep/2 ]
Aggp = 200 MeV/c ]

»
I
|

D°- tagged jets / Inclusive jets
Ail
|
D" tagged jets / Inclusive jets
{ Il :
|

=
I
|

-
)
L
-
e
]

L —_— B
DB —_— = 0.8~ T
0.6— - 0.6 [ ;
: | : : %
0.4~ i = 0.4 —
0.2i 5< p““ <50 GeVic 7 0.22_ 5< p?‘m <50 GeV/c B
r 5« Enau aier < 15 GeV ] r 15 < Eq g < 35 GeV
O_I l l 1 t Ll ] Ll J Ll I Ll | Ll { Ll E Ll I 07| I | 1 1 1 1 1 L L L 1 1 1 1 1 1 1 11 7]
1 12 14 16 1.8 2 22 24 26 28 3 1 12 14 16 18 2 22 24 26 28 3
In(1/8) In(1/6)

= D-tagged to inclusive ratios vs. In(1/0) at Vs=13 TeV

= Significant suppression of radiation in D-tagged jets towards low angles
= effect decreases toward higher energy of the radiator ( — 0 > m/E)
» effect decreases towards lower &, cut ( — more contamination)

First direct measurement of the dead cone effect in pp collisions
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Dead cone: model comparison

5<Eradiator<15 GeV 15<Eradiator<35 GeV
& (rad) 8 (rad)
0.37 0.30 0.25 0.20 017 0.14 0.1 0.08 0.07  0.06 0.05 0.37 0.30 0.25 0.20 0.17 0.14 0.11 0.09 0.07 006 0.05
@ 18— e e e @ 18— e e
o L ALICE Preliminary =] « [ ALICE Preliminary =]
= b O ALICE Data ] - i O ALICE Data =]
g 16— P s=13TeV 7 GE-T 16— pp Vs =13 TeV 1
o [ charged jets. anti-k;, R=0.4 O PYTHIA G 7] g [ charged jets, anti-k;, A=0.4 0 PYTHIAG ]
E 14 } |nm| < 0.5 { _8 14 C |);rm| <05 ]
2 B ] ) r ]
A r - o = -
- 12— —] - 12— -]
@ — o B ]
g f ] o — E
b 1= — & 1= '=¢=| —
wE g B _E | T =
» —— . -
08— — 08— [ 7 —
o.s:— 0 - = 06— =
04— s5< Epaciane < 15 GeV — 04— 15< E psiaree < 35 GeV —
L k> Agep .« Ageo = 200 MeVic - C k> Agen» Agen = 200 MeVic =
02— — 02__ ]
) P I I ] Fpeppilge ey T pep Beepenlop ol e oy sy By (Sl W8
18 = 8B 1 1 + t i 1 1 1 + =
9 1.&? € ] 1"5_ =
3 q2E 5 @ E -
A - 8 e % 3
) = 5 = o B —_——————
2 0sf = 2 08 =
08 i i ; ; i o 06 =
1 1.2 1.4 16 1.8 2 22 24 26 28 3 1 1.2 1.4 1.6 1.8 2 22 24 26 28 3
In(1/6) In(1/6)

= D-tagged to inclusive ratios vs. In(1/0) at Vs=13 TeV
= Simulations with PYTHIAG describe ALICE data qualitatively

LHCP 2020
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Charm production: D%-jet cross sections

p\/s 502 TeV st 7TeV
by T T 3 — 10" T ; g
g 1 ALIGE F‘rellmlnary 7 s 5: ALICE PP, r 7 TeV §
@ 107Epp 1s=502TeV E = ooz, Charged Jets, Anti-k, R=0.4 T
g | charged jets, anti-ky, A = 0.3, %] <06 3 & - i 1<05 b
o LwithD%,3< Py < 36 GeVic N B iR s jet -
E 1078 E S E . wnh D P> 3 GeV/c 3
= = Dat = —_ - ot 3
oo, E « Daia a 5 - ]
“ola [ Syst. unc. (data) N = L B ¢
SAUTE © POWHEG+PYTHIAG 3 |5,
E l:l Syst. unc. (theory) 3 © %Q£10 £ E strararsrtrananas &=
. ; ® ; o E ........ * ........ E
107 E :I E e Data ]
E IZ 3 - PYTHIA 6 Perugia 2011 - R
10°% ; ; 104" PYTHIA 8 Monash 2013 A
3 |—$ 3 E - Herwig7 MEPP2QQ [T 3
L | I = I - - Herwig 7 MEMinBias B
b E ‘ ‘ ' ‘ ' B | l i
[=] F— = E T =
2 g s E 9«% s - —— 3
g 15 8 0 =] E 3 E
s El 4 l = P E E
g 15 T E g 5 i 3
0.5 kbt ] fl-e TopA R AR 3
= E L= i
U5 70 15 20 25 30 35 40 50 -SE E
Pt enie I(GeWc) 05 10 15 20 25 3
pi”st (GeV/c)
Bl

"
n
]
n
n
]
LHCP 2020

Analysis technique

JHEP 1908 (2019) 133

|ldentify D9 mesons via hadronic decays
Replace decay products with DO in jet

Comparison with models

PP \/8—13 TeV

NLO POWHEG+PYTHIA (hvq) calculations consistent with data

(only marginally at low-py)

'-:\ T TrrrrrrrrrrrrrT 4
o ALICE Prellmlnary -
> 107 pp, 15 =13 TeV =
S charged jets, anti-ky, R = 0.4, | <05 E
2 2 with D, 2 < p__, <36 GeVic = E
<10 g « Data E
oo 3
Bla [ _ Syst. unc. (data) =
T gl _ o POWHEG+PYTHIA6
E Of [ Syst. unc. (theory) E
C s =
10° g | =
- L. L Laay ] I I ey ! I -
2 of é
£ Ve 3
= P s E
E 1 5E L) + E

« 4E 4 ]

© 1E
0.5 b 3
G.‘J 10 15 20 25 30 35 40 50
(GeWc)
Tchjet
., jetaxis
|
secondary v

ertax

decay length

primary vertax

Neither LO PYTHIA 6 and 8, nor NLO HERWIG 7 describe the cross-section

R. Vértesi
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Charm fragmentation: D-jet z,

DOin jets 5<p.chict<7 GeVic 15<pchiet<50 GeV/c
T T

5 ADprr ey > e
@ E ALICE Preliminary 3 B 4oE ALICE Preliminary 3
$ 35 pp (5=13TeV = S "B pp.(s=13TeV E
a = charged jets, anti-k;, A = 0.4, "7:::,' <05 ] C>L 3_55_ charged jets, anti-k;, R = 0.4, \77:::)| <05 _E
£ 30 withp®, 2« p, <7 GeVic = £ E withD%3< p, <36 CeVic E
ko) E E 3 30F =
8 25 5¢< P 7 GeVic - 8 E 15< Py e jor < 50 GeVl/e 3
< = = S 25K =
& 20F V3% F o E
: e 20f- o 3
156 . - ‘ 3 i [ ¢ | =
1.0 1 3 ' « Data I :D =
= o1 - Data E 1.0E Syst. unc. (data) =
G &1 Syst. unc. (data) 3 E o POWHEG+PYTHIAG E
e o POWHEG+PYTHIAG 0.5 [ Syst. unc. (theory) -4
wE— [ Syst. unc. (theory) 3 E E
B e e B e s HHUWE m?'O;.;.u;.“L‘J..!....u,..,p.”i
T 1.8 f = 16E E
S e S 14f ; 3
= R o - o — 1.2 1 ity
= 1.2 ] = 1.& g E

5 10 % bt 1 g 10 b Ii t e 4
04 . [ | [— — = O.UE E
0.2 i i i i i i i = 0.4F L | | \ L 3
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0.4 0.5 0.6 0.7 0.8 0.9 1
Zch Jet Zch Jet

= Parallel momentum fraction, pp Vs=13 TeV
» Characteristic to heavy-flavor fragmentation

= D-meson fragmentation is softer at high pythan at lower py
» POWHEG+PYTHIAG predicts a stronger change towards low p+

LHCP 2020
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Charm fragmentation: A.-jet and D-jet z,

DOin jets 5<p;chict<7 GeV/c 15<p;chiet<50 GeV/c Acin jets  7<pchiet<15 GeVic
B AT B E iy 3 B
% asb-  op, T5e 13 Tev ¥ |_T€ % 4.05— pp. (5= 13TeV ‘ E g - ALIGE Prefiminary, pp, Vs=13Tev ]
a E charged jets, anti-ky, A= 04, 77 <0.5 4 O 35E  charged jets, antiky, R =04, i | <0.5 3 Z | Al(and charge conj.) in charged jets with 0.4 < z5" < 1 i
£ 80  withD% 2<p , <7GeVie =4 £ TE  withD"3<p _<36GeVic 3 - L ]
= F T.0° . 3 3.0 T.0° = 2 a- anti-ky, A =04, ! :;M <0.5 ]
% 2_5% S5<Prm<’ GeVic ,; % E 15<p . <50 GeV/e E = L 70" <i5Gevic Odata il
X & = & 2% = = - T.iet syst. unc. N
& 20 ' ¢|I| v e 1 o E - 3<p, . <15GeVie ! o POWHEG + PYTHIA 6 .
1.5 ¢ 7 3 = } i 3 3l [ 0 PYTHIA 8 (Monash) N
E t = E 15 . A {i" = L L4 & PYTHIA 8 SoftQCD, mode 0 |
10E 1 - Data = 1.0 m Syst. unc. (data) = B ! T
G Col Syst. unc. (data) 3 E o POWHEG+PYTHIAG E i | |
SE . o POWHEG+PYTHIAB 3 0.5 [ Syst. unc. (theory) = PI= E%z
o [ Syst. unc. (theory) = 0.0F = S S = o ]
© 8‘.u;LHHLHHJ‘“..l....J....l..l.l...r P g =S N Y ANV N S N O S M = 1 -
s I8 : - - : ] L
> 1% = = 1z o = : = ; [ =
g 10 % e o g 10 s 4 t 2 i & i ]
- 8_': o i  — E = 08f L |
0. ‘ ‘ ‘ , ‘ ‘ . ] 0.4F ‘ ‘ , ( ‘ ] L ]
02 03 04 05 06 07 08 03 1 0.4 0.5 0.6 0.7 0.8 0.9 1 [y I EE——— | T A B i B
Fohiet ehiet 0.5 0.6 0.7 0.8 0.9 1
I I zﬁ“
= Parallel momentum fraction, pp Vs=13 TeV pietch . pHF
ch
» Characteristic to heavy-flavor fragmentation 9 = picteh . pietch

= D-meson fragmentation is softer at high pythan at lower py
» POWHEG+PYTHIAG predicts a stronger change towards low p+

= A, fragmentation: similar trends (different py range!)
= PYTHIA8 with SoftQCD settings performs well with A, —A. Gromada

. . Heavy lons
. ni mpar ntom n fragmentation
Opportunity to compare baryon to meson fragmentatio Monday 3:36pm
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(1/N,,,) dN/dz,

LHCP 2020

D-jet substructure: z,, R,, ngp

Zg

ErT O T 0 T [ Gl W G T F O 1] D
£ ALICE Preliminary, pp, Vs = 13 TeV
- charged jets, anti-k;, A = 0.4

815 < pf"" < 30 GeVre, 7| <05
F5< p?u <30GeV/c, |y ,| <08

C peednatack » 533 GeV/c

E ™1, incl. ch. jet

F Soft Drop (2., = 0.1, 8 =0)

11

@0

©D’-tagged
Binclusive

~1
T | T
(1/N,y) dN/dR,

L1 I EEET FWE T SRR RN SR SN it

111 ‘ Ll 11 ‘ L1l I L1l | ‘ Ll 11 ‘ 1111 I 111 | ‘ 111 l:
03 035 04 045 05
Zg

= DO0-tagged charged-jet groomed substructuce

pp Vs=13 TeV, z,,=0.1, f=0

" ngp : charm jets typically have less hard splitting than light jets
— Consistent with harder heavy-flavor fragmentation

6

(&3]

- Soft Drop (z, = 0.1, 8 = 0)

R,=Ro,

0,= R/R
0 01 02 03 04 05 06 07 08 09 1
R R R e A AARE
| ALICE Preliminary, pp, /s =13 TeV D°-tagged
| charged jets, anti-k;, R = 0.4 Hinclusive
[ 15<pf'™ <30 GeVie, | 7| <05
"5 < p” <30 GeVie, |V, 08
[ aleading track
I 'DT,IFICI. ch. jet 2533 GeVie

ALICE-PUBLIC-2020-002

(mass and color charge effects)
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(1/N) dN/dngg

New!
Ngy

PP GRARH LAsEERARM RAY ARALS LALAH RASRORAASN LARA] RRBEA

[ ALICE Preliminary, pp, Vs = 13 TeV 8 D"-tagged
O.BLGharged jets, anti-k;, R=0.4 Hinclusive

F15< o' < 30 GeVie, |7,| <05

L o°
0.5*5 £p; < 30 GeV/e, & <08

C pleauing track >5.33 GeV/e

- T.incl. ch. jet

0.4 Soft Drop (z.,, = 0.1, = 0)

"

Elev oo b b b b bov i biaay

0.33— =
02k & -
0.1 % 2
[ = $
O i) o et L e | Ry
0 1 2 3 4
Nsp
pT,sub]ead
Zg ==

" PTlead T PT sublead

PTsublead



Summary and outlook

= Jet substructures with soft-drop grooming in pp collisions
= Full jets vs. R, charged jets vs. £ in a broad p; range

— Opportunity to explore contributions of pQCD and hadronization
— Baseline for measurements in heavy-ions

= Charm-jet measurements in pp collisions
= Clear indication of the dead cone effect in first direct measurement
= D-tagged jet cross sections, D and A, parallel momentum fraction
= DO-jet substructure indicates harder fragmentation than light flavor

— Test of pQCD models and flavor-dependent fragmentation

LHCP 2020 R. Vértesi - Jet measurements with ALICE
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Summary and outlook

= Jet substructures with soft-drop grooming in pp collisions
= Full jets vs. R, charged jets vs. £ in a broad p; range

— Opportunity to explore contributions of pQCD and hadronization
— Baseline for measurements in heavy-ions

= Charm-jet measurements in pp collisions
= Clear indication of the dead cone effect in first direct measurement
= D-tagged jet cross sections, D and A, parallel momentum fraction
= DO-jet substructure indicates harder fragmentation than light flavor

— Test of pQCD models and flavor-dependent fragmentation

Stay tuned for new results soon

LHCP 2020 R. Vértesi - Jet measurements with ALICE
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Backup slides >>>

Thank You!




Jet suppression in Pb-Pb

< 1.8¢ < 1 8r
@ ’ - ALICE Preliminary iy ’ - ALICE Preliminary
61 pb-Pb 0-10% |5y = 5.02 TeV 61 Pb-Pb 0-10% |5 = 5.02 TeV
1.4[ pp |5y =5.02TeV 1.4F pp Sy =5.02TeV
12f Agi-i? R=02|n, |<05 1ok Als::i-g: R=04|7n,]<03
L e > 5 GeV/c - P> 7 GeVic
oo mmsinminin s ——— I i I
- @ Fulljets — SCELGM - g" Full jets _
0.8f [ Corssd sty €5 pifhoce 20, 0.8) _ ior =
: R R e oy s | 3 Porid vods! |
0.6 — e 0.6 - ' e
L L " I . = IE;E_ri%fMngel, i
0.4F == 0.4] mm JEWEL tocoils on
i e EE— " m JEWEL, recols of
0.2F 0.2k T
0 B L 1 | i | I 1 i 1 | 1 L 1 0 [ 1 1 1 | 1 1 1 1 | 1
0 50 100 0 50 100
pT‘iEt {GeV/C) ALI-PREL~306523 pT‘jet (GeV’,C)

» Measurement down to p; = 40 GeV/c => redistribution of energy
= Only weak dependence seen in data on jet resolution R
= Challenge to some models: stronger R dependence predicted than in data



Jet-medium interactions

RS T T
I Pb-Pb/pp {5,y =2.76 TeV Centrality 0-10%
(o, (rad) ° 3<p,  <d4:2<p <3GeVicTg, ALICE preliminary ] o5 8.0<p, <150.40<p _ <6.0(GeVic)
- 3<p, 4 GaVic—— 8 o - | —— ALICE Preliminary
Y TP Pramee <2 PONET ERREAE gy =roalle. I AMPT/pp data
L d4ep <B:i2<p  <3CeVic ) pp {5 =5.02 TeV - AMPT/PYTHIA softQCD
+ 3<p <4 GaVie g AMPT string melting and rescattering on
Rt 4<p_ _<8GaVic | B — 20 a
= - 1 =~ | .
S osf- + . = I |
B0 <51 ]
= <
¥ - [t . 1
bﬂ. 04 -1 =1 t _+—‘|_' . _
~ & I I
0.2} - - IX
ol—t 0 vy T oy ] 051 _ B
0 20 40 80 80 -] 0 20 40 60 80 pp Lo Lo b b T L
Centrality (%) Centrality (%) 0 0.05 0.1 0.15 0.2 0.25 0.3

AY]

* Low p;: Azimuthal h-h correlations, per-trigger normalized
= Broadening of central angular correlation peaks in the An direction
» Understanding: rescattering with radial flow (AMPT)
= Higher py: Azimuthal h-h correlations, Iap = Yaa/ Yop
= Narrowing of the peak in central events in the An direction
= Jet structure modifications? No proper understanding by models.
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1/Nyys dN/dz,

Ratio to
PYTHIA

LHCP 2020

Jet Substructure in Pb Pb

- - Smeared Hybrid Model

— Smeared Jewel (wirecoils)

E ﬂUCEPb Pb' E?BTEV B{!l“:pf<12ﬁGerC FEO—1U-’EPb Ph
| Anti-k, charged jets, A = 0.4 Soft Drop 2, = 0.1 EEE Emb. PYTHIA

(.,‘_}
LRLI

107
First intra-jet splitting z, 7
= Atsmall angles (AR <0.1): | PR
consistent z, distributions Mi1-z|

in Pb-Pb and vacuum

= Atlarge angles (AR > 0.2):
z, distributions are steeper 7 =
in medium than in vacuum

Early jet development influenced by medium

R. Vértesi - Jet measurements with ALICE
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Charm fragmentation: D-jet z, vs. pt

5<pchiet<7 GeV/c 7<pqchiet<10 GeVlc 10<p;chiet<15 GeV/c 15<p;chiet<50 GeV/c

4.0
> 40 T T 3 > 850t T T T T T 2 40 I o 1> T T T T 3
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E a 4 E 1 2 L ) E 5E =
Z 30E  withD, 2<p_, <7 GeVic 3 & E  withD%2<p_<10GeVic £ 30 withD’,2<p  <15GeV/c 4 & E withD3<p_,<36GeV/c E
5 E & % i 1% 250 <15 Geie 8 E 10<p. . <15GeVic 38 3% 5. <50 Gevic E
g 25 <Prean< ER: E Pen.jet 8 25k Tichcjet = 5 55 Prenje E
= E = ~ o E 1a “°F E
[ = v« 20F * ] £ t 5 o Tk E
E E & o] T 2.0 [~ 1 = E =
o N C A Ty s = ==
2k [ * B St ¢ E 150 |i] 3 JEE ¢ =
E + E E Eb ] “E + Data E ’ « Data R
1.0F- 5 . Daa 3 10Es « Data = - Syst. unc. (data) 4 1.0 Syst. unc. (data) =
E s Syst. unc. (data) E o lII Syst. unc. (data) E : o POWHEG+PYTHIAS E E o POWHEG+PYTHIA6 E
0.5 ) o POWHEG+PYTHIA6 052 © POWHEG+PYTHIA6 3 = [J Syst. unc. (theory) ] 0.5 [ Syst. unc. (theory) =
ooB— [ Syst. unc. (theory) B [ Syst. unc. (theory) 0.5 = E E
“E | ! | | | ! ! B o I i L ; ' ; : d E ' b 4 I | & 0.0 " X " " 1 =
o 18E i L 3 £ 16F £ 16 E
g :.X; =5 © 14F 4 © 1.4’_| T 14F |
S sk 1 2 ] I o e R g . ‘ E
S 12 — e T e—— i > w“—", . P IO v s ) s ——
z 1 t Dt 154 T =T IR I — g 1O T I
8 oo T e— 5 £ o8 e 2o 1 2 o8  ———
£ 0 v 3 £ o6 y 0.6} 3 = osf E
o4F 1 E [ — 0.4 3 0.4F 3
02 03 04 05 06 07 08 09 1 02 03 04 05 0.6 07 08 09 0.4 0.5 0.6 07 0.8 0.9 1 0.4 0.5 0.6 0.7 0.8 0.9 5
. Sehiet ZChiet ZChiet

3 1 I i

pp Vs=13 TeV

= parallel momentum fraction b prteh. ptit
= Characteristic to heavy-flavor fragmentation |7 pieteh . pietch
= D-meson fragmentation is softer at high pythan at lower py

POWHEG+PYTHIAG predicts a stronger change towards low p;
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Baryon to meson ratio: A /D9, =.9/D0

L T
e 1.2 AL'CE Prellmlnary Muluphc\ty classes: || <1.0 ]
+ F ,¥s=13TeV, 0.5 Data: i
<0 - PP vl dN,,/dn: [ min—max], mean - ECOID
| [ syst. fram data —&— [ 1.4- 7.5], 3.9 i n
17 [0 Syst. from B feed-down —a— [ 84-24.3),13.7 = & 1 0‘1 E— T T T T T T T T T T T T T T T T g .
- b [ = Sy = <
F 0 0 —— [24.5-45.8], 28.1 - 5 E ALICE Preliminary « Data 1 g~
0.8_— Ac I D PYTHIAS (dN,,/c7) mean): N = - pp, Vs =5.02 TeV /// PYTHIA8 Monash2013 defaull. - S 0
4 Monash: Mode2: 4 o 1072 E vl <0.5 2 PYTHIAS Mode 2 | =4 Q
- -—a7 B ss R E E & oy
i —13.0 129 ] i~ C i
0'6-_ --279 2?.3 ] [;; 1072 f E
r JHEF 08 (2015) 003 | <] _E N 3 W h
0.4 e | oy E D 5 1 0
' ]| m // 74 <.
i ] 1zH
0.2~ B 15
- ‘ e i 10—5 1 1 1 oo
ok | L B . 0 2 4 6 8
L 1 1 L L 1 1 1 L L L 1 L 1 1 L L L 1 L
0 5 10 15 20 25 p. (GeVic)
p. (GeV/c)

= =.9D0 as well as A;*/DP are underestimated by models based on ee
collisions: Does charm hadronization depend on collision system?

= PYTHIA8 with string formation beyond leading colour approximation?
Christiansen, Skands, JHEP 1508 (2015) 003

» Feed-down from augmented set of charm-baryon states?
He, Rapp, 1902.08889

» Detailed measurements of charm baryons provide valuable input for theoretical
understanding of HF fragmentation
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Heavy flavor jets in p-Pb

o @ s 107 ALICE Preliminary
t .|
e F o ® R=03 <06, [y<0.6 g — p-Pb |$y,=5.02 TeV
ALICE Preliminary : _ ot = o
25 KPb,\s. =5.02TeV =0t 105, Y08 E . charged b-jets, anti-k;, A = 0.4
P-FD, | Sy =90 ® R-06|7"<0.3, |y°|<0.6 =10
I Charged Jets, Anti-k; =
o~ withcb —»e4<p <18GeVic 10
! °
- & 10°°
15—

|
m T 1 t
L C —— Data

+ T TN

) PR ; il B R ey e Y- 2.5k — systematic uncertainty =
u E — POWHEG HVQ

- — POWHEG systematic uncertainty

o
o
|
Ratio to data

0"'[101 — ‘20‘ = ISD. — I4ICII I'{;ISIOtiée‘V/lc[jO

T.chie

10 20 30 40 50 60 70 80 90 100
p;':el (GeVic)

Heavy-flavor jets measured down to pr = 10 GeV/c
No mid-rapidity nuclear modification of HFE jets visible
» Regardless of chosen jet resolution parameter
Cross section of beauty jets tagged with displaced vertices
also described by POWHEG HVQ x A (pp) within uncertainty
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ALICE Upgrade for Run-3 and Run-4

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
PZDUCEE0E UL DEBDLEED: B DLBBCEE 0t UL N DACESD < BUL Lz DOCEE0: NUz 02 DO0EE0: N DL DBLE0E UL LLBBRE S 0: BUL L2 BDREE0: UL L DOCES: HUL DL BOLEED: UL CaBDCERD DULCLHEDEE0: DL RUBDOECDE DU LR BECE:
[T LLEL] | ITHT
EVET ‘ 152 | 1S3
] T Y
Run 2 “:Pb-F‘b =10 nb'1 Run o ‘CF’b-PD =6.0 nb'1 Run 4: ‘L.PD-Pb =710 nb'1

= Up to 50 kHz Pb-Pb interaction rate

Protons physics

Commissioning

» Requested Pb-Pb luminosity: 13 nb-1 (50-100x Run2 Pb-Pb) -
» |mproved tracking efficiency and resolution at low pT
= Detector upgrades: ITS, TPC, MFT, FIT

= Faster, continuous readout
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= 350 'y Current 'Fg‘S (data) 1165  0-10%Pb-Pb, {5,=55TeV, L, =10nb" 3
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N
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r ™ ]
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