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Physics motivation

e Heavy quarks are produced In hard scattering processes
® mcpb >>Nacp -> perturbative QCD (pQCD) applicable

B -~ Fragmentation
(non-perturbative)

>@ X1 /\
X2 fB |
Hard Scatter

(perturbative) !

Parton Distribution
iNn nucleon

(non-perturbative)

e Open heavy-flavour production measurements in pp collisions

= |mportant test of pQCD-based calculations

o Study of charmed and beauty hadrons ratio and baryon-to-meson ratio

= Sensitive to fragmentation functions

= Relate the gg production cross-section from pQCD to the observed hadrons

o HF tagged jets

= [Fxplore the inner structure of jets
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LHC experiments
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Detector characteristics
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LHC experiments
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gy » Several data samples collected in the past years
by all the experiments:

e pp collisions: 5, 7, 8, 13 TeV

o p-Pb collisions: 5.02, 8.16 TeV

e PDb-Pb collisions: 2.76, 5.02 TeV
== Huge amount of data to be anal
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Charm

® D meson production in ALICE
® /\c; baryon production in ALICE and LHCb

® A:/D baryon-to-meson ratio

® =’ baryon production and baryon-to-meson ratio in ALICE
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D meson production

® Focus on D-meson hadronic decay channels:

M(GeV/c?) ¢t (um) decay BR (%)

3.93
1.870 312 K-TeHe 9.46
2010 |I=83.3KeV| DK+ | 67.7 x 3.93
1.968 150 D(K-KHre 2,27

Reconstruction based on identification of displaced secondary
vertices by few hundreds um

o Background reduction via topological selections and Particle
|Dentification (PID)

® [nvariant mass analysis

o FONLL-based method to subtract feed-down from b hadrons
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D meson production (®

ALICE
® Focus on D-meson hadronic decay channels: New reference for D mesons at 5 TeV/

M(GeV/c®) ¢t (um) decay BR (%) S F T S

: 3.93 S 0 op, 15 =5.02 TeV -

o 10°§= =

1.870 312 K-ttt 9.46 O] -

_ . _Q E:::::::_ —

2010 | =83.3KeV| DOKm)m+ | 67.7 x 3.93 g 1ol Prompt D%, ly|<0.5  —

1.968 150 D(K-K#)+ 2.27 = =

O 1 =

Reconstruction based on identification of displaced secondary & F -

vertices by few hundreds um L 107 E

o Background reduction via topological selections and Particle 1072 - arXiv1901.07979 =

T - ——

|Dentification (PID) : d

2.1% lumi, + 1.0% BR uncertainty not shown E

l I | L | I |

® [nvariant mass analysis

—h

<

w
o | IIIII|
I+

o FONLL-based method to subtract feed-down from b hadrons

—>pT-diﬁerentiaI cross section of D mesons down to p1~0

o Compatible with pQCD
calculations
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D-meson particle ratios
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ALICE
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e The relative abundances of the four
species are unmodified in pp
collisions going from 5 to 7 TeV
within uncertainties.



D-meson particle ratios

(B

ALICE
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e The relative abundances of the four
species are unmodified in pp
collisions going from 5 to 7 TeV
within uncertainties.

e The measurement are well
reproduced by theoretical
calculations



D-meson particle ratios
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ALICE
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e The relative abundances of the four
species are unmodified in p-Pb
collisions with respect to pp
collisions within uncertainties.
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N\c: pr-differential cross section

(B

ALICE
JHEP 1804 (2018) 108
AN | | | | | | | I | I | ]
6\ B ' ' I ' ' '_ ' I ' ] > [ .
S PR 18 =7 TeV I o - ALICE Preliminary -
o 102 T A . 0 i ]
oG F e combination of 1 GM-VFNS: B.A. Kniehl et S , op, Vs = 5.02 TeV N ew resu It
Fe) . pKn*, pK; and e'v A analyses]  al. Eur. Phys. J. C 72 (2012 - N —
8 o e | mermenem s 208 = bl <0 = from pp @
o 10 —e— ALICE ' POWHEG: S. Frixione et al.: 5 - —8- average of ] pp
O - GM-VENS - JHEP 09 (2007) 126 B Kt K° | —
N e SOWHEG ] Q|_ i - PK'n* and pK_ analyses ] 5Tev
B 1L +PYTHIAG _ S
< - E 1 O = =
© - > = —5- -
i i Q u ]
107" =+ 3.5% lumi. uncertainty not shown = C\Jb B - i
— = — ' . O - 1
gilos T = L . _| higher pt reach
-ES.; B ] - E . .
RIE E : 1 and precision
210 ¢ 3 0 $ -
e ® 107" +2.1% lumi. uncertainty not sh =
0(25 1 b S R N = t2 o lumi. uncer almyno shown | -
o 5 10 0 5 10
p_ (GeV/c) p_ (GeV/e)

o Combination of 3 decay channels in pp collisions at 7 TeV and 2 decay channels in pp collisions at 5 TeV
o Theoretical predictions underestimate Ac pr-differential cross section

o In GM-VFNS and POWHEG the fragmentation function is tuned to reproduce the results from lower energy

ete~ collisions N
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N\:/DO baryon-to-meson ratio
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® A./DO ratios in pp and p-Pb collisions are compatible within uncertainties
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p-Pb, \ s =5.02 TeV
096 <y_ <0.04
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New results from
pp @ 5 TeV

PYTHIA8 Monash: P. Skands et al., Eur. Phys. J. C (2014) 74:3024
Enhanced colour reconnection (CR): J. R. Christiansen and P. Skands, JHEP 08 (2015) 003

DIPSY: JHEP 08 (2011) 103
HERWIG?7: Eur. Phys. J. C58 (2008) 639-707

ALICE
.908 | rJjrrrr|rrrropqrrt [T rrrrJrrrrp[rr1
s T pp, 15 =5 TeV
c ¥ <0.5 ALICE Preliminary
3 s p—Pb, \ 5 = 5.02 TeV
GEJO.G —=— AY/D -0.96<y__<0.04 .
o I =
< Efﬁ’: 05 re = A/ '
o | 1 —e— A/Kg, PLB 728 (2014) 25-38
-k —e— A/KS, PRL 111 (2013) 222301 _ m —e— p/x, PLB 760 (2016) 720
m | —e— p/m, PLB 760 (2016) 720

+

o All theoretical predictions underestimate our measurements, PYTHIA8 with enhanced colour

» Is it a baryon/meson effect independent of quark content?
Cristina Bedda

reconnection closer to data
o Similar trend as a function of pt as the baryon-to-meson ratio in the light-flavour sector
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N\:/DO In different experiments and collision systems %
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< i ALICE Preliminary %< i LHCb pr VSNN_S TeV _
= ® pp, Vs=5.02TeV,|y| <05 i 15 <y* <40 i
0.8~ ® pp, (s=7TeV, |y| < 0.5 (JHEP 04 (2018) 108) 04 : N
A n p—Pb,VS—NN=5.02TeV, -0.96 < y < 0.04 l . e

LHCb -

Eﬁ: 5 pp,Vs=7TeV,2<y <45 i I:ﬂ i

0.4 H (Nucl.Phys. B871 (2013) 1-20) 02k —— EPSO09LO m m _
T I Q- EPSO9NLO ]

: L e CTEQ15 -

: - —¢— data -
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J

® A./DO ratio in pp and p-Pb collisions from ALICE higher than LHCb measurements for 2<pt<6 GeV/c in pp
and pPDb collisions

o [HCDb results in pPb collisions consistent with theoretical calculations
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N\:/DO In different experiments and collision systems % %

ALICE
arXiv:1809.01404
QQ l I ] ] 1 I 1 1 ) I ] ) I I
=~ - — EPSOSLO AF/DY £ stat. &= syst.  System /s (GeV) Notes
< LHCb
_ - ----EPSOINLO - CLEO [43] 0.119£0.021£0.019  ee 10.55
I Ly nereaqls ARGUS [42,98) 0.1274£0.031 e 10.55
dat
: Ai::E LEP average j80] 0.113+0.01340.006  ee 91.2
O 5 . = 1 2 2
- — < 0% < 1000 GeV?,
. ZEUS DIS [51] 0.124+0.0341003  ¢p 320 ¢ -
_ - o 0< pr<10GeV/e, 0.02 <y <0.7
i _ ZEUS 7p., 130 < W < 300 GeV, Q* < 1 GeV?,
P 0.220+£0.0357903  ep 320 ¢
HERA I [49] pr > 3.8GeV/e, |n| < 1.6
— | 2 2
pPb \ s\ =5 TeV ZEUS 7p. 0107400184009 o 3 130<W<300GeV, 0% < 1GeV?,
_ - . V180014 p
2.0< P < 10.0 GeV/c HERA II [50] pr > 3.8GeVie, n| < 1.6
O 1 | 1 1 1 | 1 1 | 1 1 1 | 1 1 1 |

—4 -2 0 2 -+

o LHCb and ALICE results in pPb collisions suggest a trend of A,/DP° ratio towards mid-rapidity, not reproduced
by the relatively flat theoretical curves

® Results from LHC in p-Pb collisions higher than previous measurements in ete™ and ep collisions at lower
centre-of-mass energy

o |n the beauty sector, a larger fraction f(b->/\y) was measured in pp and pp collisions at LHC and Tevatron with

respect to ete- at the LEP » Violation of the universality of the fragmentation functions?

arXiv:1612.07233 Cristina Bedda 14



=0 pr-differential cross section and baryon-to-meson ratio %

ALICE

Phys. Lett. B 781 (2018) 8-19

) . | | | . 2 T [ T T T T T T T T T T 3
. - - - - (a ALICE 1
% i ¥ ALICE i I><D 1— (@) m Data i
©  4E Pp, \s =7 TeV _ m 10 g IIOFT, ‘8 - 7TeV. 7773 PYTHIAS Monash [64] =
O = = - < V. . -
El : | Iy(! <05 E GTJ : y S PYTHIAS (CR, Modeo) [28]
> . Ec = €"E Vg i R ; N
o | - y 1077 §
| — -
< L n N =
© 107 | = I - = a—
Al - i = 3
© L - VY E=
8 : i : " E R '0'0'0'0'0'0'6’6’6’6’8’3’3’3‘:‘:‘:‘}’0};\’;‘;‘z’:‘:‘:‘s
o e e for = | - - AvAv.?‘?‘?IQX‘:‘:zf;’:’:?:?o?o?o95909590?0?02020:0:0:?:9:9:?:::2:?:?:2:’:?:?’?:?2
o ol ot corrected for £, decays T — 4l ///// /
T 10 = + 3.5% norm. uncertainty not shown = 10 E E
() O : 1 1 1 I 1 1 1 I 1 1 L I 1 1 L : - 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 =
[D::l 0 2 4 6 38 0 2 4 6 38
m p. (GeV/c) P (GeV/c)

DO from Eur. Phys. J. C77 (2017) 550

) F| rSt E(()) prOd uctlon measu rement at the LH C (B R U n kn OWH) PYTHIA 8 Monash: P. Skands, S. Carrazza, and J. Rojo, Eur. Phys. J. C74 (2014) 3024

Enhanced colour reconnection: J. R. Christiansen and P. Z. Skands JHEP 08 (2015) 003

o Not feed-down corrected, includes =, & =cX— e+="Ve

e Baryon-to-meson ratio =.9 = e+=-v¢/D0 larger than model predictions (0.83-4.2%: range of the BR in prediction
bands)

PYTHIA8 with enhanced colour reconnection closer to data
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Beauty

® B meson production in CMS

® h-hadron fractions in LHCD

® =}, production ratio in LHCb

@ /\Ob polarisation in CMS

Cristina Bedda
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B meson production in CMS

CMS,/!

Muon

Full reconstruction of B+ mesons hadronic decay: B+->J/¢ n+ .

Reconstruction based on identification of displaced
secondary vertices by few hundreds um

Background reduction via topological selections

Invariant mass analysis

28.0 pb™' (pp 5.02 TeV)

600- CMS 10 <p_<15 GeV/c
- B'+B” lyl<2.4
<500 B'+5 -o- Data d
: — Fit
400:— . Signal

----Combinatorial
7)B — Jhp X
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>

1.5
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arXiv:1705.04727

28.0 pb™' (pp 5.02 TeV)

- +
- CMS B
=8 e | Data
FONLL
= -] lyl < 2.4
- Global uncert. 3.8%
— ==
E [ =
E EFEFF——%———
| | | | |

.E_. E \a— ¢ ]  — N
:_l | | | | | | | I | | | | I | | | | I | | | | | | |

10 20 30 40 50

P, (GeV/c)

pt-differential cross section of B+ mesons

o Compatible with pQCD calculations
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b-hadron fractions

® Goal: complete measurements of h-hadron production fractions at the LHC

: : : _ (p/K™)
e Inclusive semileptonic decay channels: Hp = Hcu v, d H decay vertex
H, decay vertex \
o Same strategy for the study of B and A} \ et .
fignt 9525+
o Removal of prompt charmed hadrons Py - * i
through lifetime related requirements - ()
® Non resonant contributions are subtracted
Ay - Dpu~v, X

> 1800:_ I | | | | | 'Prel'lmlhar}'/ l,/-; 7000 | lP}eI;m'lnalry' | | | | | | |
2 1600 F LHCb 13 TeVd & LHCb 13 TeV
- 1400 F (©) — 6000 (d)
Z1200F % 5000
S 1000 F Resonant S 4000
2 =
S 800 Nonresonant3 E 3000
Z 000] background ¥ 2 TN
O 400fn N J 009 7 <

500 . BN 1000 . 7~ et -

0 = — 0 >y vt A e S S TN -
3000 3500 4000 -4 2 0 2 4
()=
m(D'p)c [MeV] arXiv:1902.06794  In(4x)) 18



b-hadron fractions

S

® Assumptions: .

e semileptonic widths fu+ fa
almost equal for all

'ncorr(.B — DU/I.) + ncorr(_B — D /’.)‘ QTEO

Neore (B — Dgpt)

TB— + Tpgo SU(3) breaking correction
(1-&) (& =(-1£0.5)%

B(B — D,K) ¢(B — D7) | Subtraction of B°(B™) -

| i (B”
hadrons Corrected yields (BsL) (_(ﬁ‘j — DY) i% l—;(o” Si;,;‘)glcs:ontnbutlons
. . p0 po - <
o well measured lifetime for Of 55, 5%, B
B2 and branching ratio for
B0 and B-
« 0.25 T .
g'\ B - S~ :
<y Ok LHCb : <1+ F @ LHCD
> 02F - S 02 Prelimina
. 0'2: \s=13TeV - - - M
0.15F - 0.15F
bt e : — ¢ }
0.1 :_ TS = 0.1
005k E 0.05F
:| T T T :I OI: N | N M M N | N M N M
0 5 10 15 20 25 2 3 4 ’;
- p.(H,) [GeV
Slightly pr dependente

= N\o eta dependence
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b-hadron fractions

Neorr( Ay — Hept™ TB- + Tgo
n'corr(B — DO:U'— ) T+ ’n'corr(B B D+,U._1 QTAQ

/'

(1— &)
/

Chromomagnetic correction

c():fo/:gecgeod gi_elds £0 = (3+ 1.5)%

ﬂ “\z 04 I I 1 ¢t ¢t v v 1 v v 7 .‘\: 04!: ' : : ' | : ' : : | : : : : :n
| *_03sE LHCb |+ o03sf (®) LHCb =
= 3 [s=13 TeV < 03k Preliminary -
025F 0.25F t ——4 5
0.2F ) 02F 5
0.15F . 0.15F =
o s 0.1F =
005F 0.05F =
- ] S S R B
0 10 15 20 25 2 3 4 5
p (H,) [GeV] 1

» Strong pTt dependence » No eta dependence
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b-hadron fractions

S

® Frompp @ 13 TeV (1.67 fb-1)

/s

o Kinematic region 4<pt(Hyp) <25 GeV/c and 2<y<5

——— = 0.122 £+ 0.006
f U + f d o Statistical and systematic uncertainties combined
f (systematic dominates)
AO
~— = 0.259 + 0.018
fu -+ fd
. . . LHCb 7 TeV It:
== Consistent with previous results f SV resy
= =0.128 + 0.010
fu + fd

LHCb, JHEP 04 (2013) 001

Cristina Bedda
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b-hadron fractions and =}, production ratio %

® Goal: complete measurements of »-hadron production fractions at the LHC

fbaryon — ng +f519 +fEb_ +f§2;

fEb—

far

= ng(l -2

ng

ng

)

-

Measurement of f 5~ /A0 through the SU(3) relative decays
E->Jd/p E- and N\y->Jd/p N

GG VS 3 M-Sauage ot e 100 1
0 =35 . Voloshin, arXiv: :
r(A) - j/pa) 2 Y. Hsiao et al, PLB751(2015) 127
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b-hadron fractions and =}, production ratio

® Goal: complete measurements of »-hadron production fractions at the LHC

(Zy =2 JWET) TS

=b

[(A) — JWA) Tho

N(=, = JW=") €a

N (A} — Jhp A)

Known (theo. + exp.) Measurable
oM ol = = o = (- n
Ap > ]/ pA Ep > J/PE™ (> Amy) p = J/WYE™ (> Amp)
s} N ~ T
%1500_514Cb +-Data . ?Cb +-Data ;’ 100—LHCb +- Data
2 | Vs=13TeV — Full PDF 2 eo-Vs=13 TeV w  — Full PDF - Vs=13 TeV — Full PDF
< = | _ """ Ey> INE e o I E
o o - ) | (£ —A7)) @ _ . h, (" >Ax,)
g s 4 |nside i} § [Outside | i
< e = S i
5 | § | VELO || 5
500 20 )
N ' =: | :
T D H' 1{'1 . {'L---l.--r;‘l 1 1{'1 'I' 1 'H' 1 AT S
5500 5550 5600 5650 5700 5750 5700 5800 5900 5700 5800 5900
J/w A mass [MeV/c?] J/wE mass [MeV/c?] J/wE mass [MeV/c?]
arXiv:1901.07075
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b-hadron fractions and =}, production ratio %

® Three different results from pp @ 7,8 and 13 TeV-:

® Most precise determination of the 5, mass

arXiv:1901.07075

om = 177.30 & 0.39 & 0.15 MeV/c,

m(Z, ) = 5796.70 £ 0.39 + 0.15 4 0.17 MeV/c”

® Production asymmetry splitting into baryon and anti-baryon
== consistent with zero

Apod(=, ) =( 1.1£5.6=+ 1.9)%

Aprod(Z, ) = (—3.91+£4.94+25

® Fragmentation function

fo
f a0
I=;

S0

— (6.7

(8.2

(stat.) (syst.) (SU(3) breakina)

Vs =T7,8TeV],

/s = 13TeV].

0.5H0.5H 2.0) x 1072 [/5 = 7,8 TeV],

0.7H0.6H2.4) x 107* [/s = 13 TeV].
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-

Consistent with existing
theoretical predictions:
(5.4 + 2.0)x10-2

H.-Y. Jiang et al, EPJC78 (2018) 224

(6.5 + 2.0) x10-2
D. Wang, arXiv:1901.01776
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A} polarisation

CMS/

. §

luon Solenoid

_ a®

b
[ \

® Study of the angular distributions in the oL

0
decay Ap->Jd/p \ ->uupr

® A, polarisation P=0.00+0.06(stat)+0.06(syst)

e Parity-violating decay asimmetry a

PRD 97 (2018) 072010

19.8fb" (8 TeV) + 5.2 b (7 TeV)

400
® CMS
=
2 300 ¢ Data
2 — Fit
s % —- Signal
u?' ------ Background

2

562 5.64 5.
m (J/yp A) [GeV]

19.8fb" (8 TeV) + 5.2 fb" (7 TeV)

600

Events /0.2

\
¢+ Data \\
— Fit ~
- Signal

------

Background

a1 =0.14x0.14(stat)+0.10(syst)

...........
........................
0 TR RS s enanaeEET 0 T ey

== Results are in agreement with LHCb and ATLAS
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Events /0.2
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19.8 fb" (8 TeV) + 5.2 fb™' (7 TeV)
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— - Signal
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.
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Jets

® Jets measurements in ATLAS and ALICE
® D-meson tagged jets in ALICE

® Other approaches to heavy-flavour tagging

Cristina Bedda
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Jets SATLAS %

EXPERIMENT

® Anti-kr clustering algorithm used in all the experiment

® ATLAS: topological calorimeter-cell clusters

® et energy corrected for pile-up, jet flavour
composition, absolute/relative scale

Calorimeter jet

® ALICE: jet trigger based on neutral

energy in the EMCal and charged rarticee jet
constituent reconstruct in the central

parrel

Parton jet

Cristina Bedda



Jets ATLAS

® ATLAS: jet cross-section in pp collisions at 13 TeV

— 1012- T T B N T T NG
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e = | 2 .l \P b i 201

10— — ++ » A — E q
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» Good agreement with NLO predictions within the uncertainties

Cristina Bedda arXiv:1711.02692



Jets

ALICE

® ALICE: jet cross-section in pp collisions at 13 TeV

d°c/dp_dn(mb c/Ge

MC/Data
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® Ratios of jet cross sections with different R are sensitive
to intra-jet broadening

® Good agreement with PYTHIA and POWHEG

Cristina Bedda
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HF Jets - D tagging ®

ALICE
Y LALELEN BLELELELE BLALELELE BLELILELES RLALELELE BLELELELE puI o S IS IS S LA B B N, 20T
§300_ 4<p,_<5GeVic 2 120F 6<p, <7 GeV/c . S [ 10<p_<12GeVic i : '
2 | u=1.869+0.001 GeV/c? 1 2 [ u=1.865+0.001 GeV/c? 1 2 [ 1-1.869+0.004 GeV/c? 1 e |nvariant mass analySIS to extract
S 250F 6=0.014+0.002 GeV/c? . S 100} 6=0.015+0.001 GeV/c? . 5 20[ 6=0.023+0.003 GeV/c? ] _
E e Do_éet Candidates E 80: =ggnaéRedgion ) E I ] D—Jet raW SpeCtrum
< _ == it Siag+Bk - < B Ide bands ] =
§ 200: -- F:: BII?thong/ ] § : § . .
oof 60} o Background subtraction from side-
ool 40¢ bands

20

50f o Correction for the D-jet efficiency

of
175 18 185 19 195 2 175 1.8 185 19 195 2
M(Kn) (GeV/cZ) M(K) (GeV/cz) and feed-dOWH frOm beaUty
3 Y w4000 L T T8 : | | eCorrectedjetstpectraunfoIded
510000k  ALICE Preliminary 1 S 3500k Charged Jets S : O Signal Region
&k pps=7TeV ] B Ee Antikn R=04 § OVF —p— O SioBands(SB) for detector
§ 8000:—-[} — § 500F ¢ Signal - SB
X I < "
S 6000F : 5 4008 | —p—
ko S 300F
G 4000 S soof o
2 '¢':B: - 12 r'-l
§ 2000 —g— % 100F
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pT,ch jet (GeV/C) pT,ch jet (GGV/C)

o D-meson pt>3 GeV/c
o Charged jets, anti-kT with R=0.4
o Jet pr>5 GeV/c
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2

HF Jets - D tagging

(B

ALICE

£ SN S R = |
S F AL'?FE Pre'T'm\';‘ary 1 e Good agreement with NLO pQCD POWHEG+PYTHIA
> ~ pp, \s=7Te - T
G 107 ECharged Jets, Anti-k;, R = 0.4, n_ <05 = predictions
e - withD°, p, >8GeVic | paia n o New results with pp collisions with the larger data
Te102 ol Syst. Unc. (data) sample are available at 5 TeV (backup)
o2 Elo L, o POWHEG+PYTHIA6 =
© % B O Syst. Unc. (theory) 7
-3 |
107 R
I SO —
= S =
o ! -
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© = ¢ 3
A RN _E
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5~ ——"90 15 20 25 10
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HF Jets - D tagging ®

ALICE

Charged jet momentum fraction carried by D momentum

7=ALICE IPreliminalry
- pp, Vs=7TeV
6—_Charged Jets, Anti-kr, R =0.4,In_| <05
5 15<,0 Tehiet <30 GeV/c o Data
P> 6 GeV/c Syst. Unc. (data)
b o POWHEG+PYTHIAG6

Syst. Unc. (theory)

—ALICE Preliminary

- pp, Vs=7TeV
6F-Charged Jets, Anti-k;, R = 0.4, n_|<05

5<pTC et <15GeV/c Data

with D”, p__>2 GeV/c ' Syst. Unc. (data)
TP o POWHEG+PYTHIA6

Syst. Unc. (theory)

\l

pchJet pD

<[ =

probability density
I
=3
=
Uo

probability density

pchJet pchJet

e

?17

&)
III|IIII|IIII|IIII|IIII|III
N W
T IIII| III|IIII|IIII|II
@
o—

b
0
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T
|IIIIEIIII|
data / theory

TS

data / theory

o Good agreement with NLO pQCD POWHEG+PYTHIA predictions

® New results with pp collisions with the larger data sample at 5 TeV and 13 TeV will be

available soon
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HF Jets - ¢/b tagging

S

o Different approaches to tag b/c jets:

o track based (impact parameter tag)
e soft muon (discriminate p from b decays)

® vertex based

tag performance

» BDT or Deep Learning Neural Network to maximise

Es. LHCb based on vertices reconstruction inside the jet cone

/.-: 1__ LN L S B L L SN B R BN B '_I,T.‘.v.r.‘ ,.-J 1 LN L B B (L S S B | T ] l
3 i b'JetS . . ; ; ;;’:. .E i C_jets ] 5 - T ].v '-v T T ~— ]
E : S F 1 & : S [ owudsgjets L lliLiiil :
0.5F iiammmms] 205 SN B~ | !
= i ---:llll-‘ — - 80.5f e .
! s s 2 EEEES - 1 - - L
. s " EEEEESN - 3 n ] L -
s cemmEEEE - i e ] «unB
0__ .. O’: =:_: O._ ::=
i .. : L |
- _ K .
0F 1 o8t " o onTIIIiio
. q . | o 7] 0S5F T TITIIIIL .
- LHCDb simulation : ; ' - , o
| SN N TR T _lgl'.'ljl(.:t,):glwu‘]alulof]“l““ - LHCDb simulation d
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BDT(bcludsg) BDT(bcludsg) BDT(bcludsg)
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b jet

-3 tracks

b hadron

iImpact
parameter

secondary
vertex

light jet

v

do XYy
S8 - primary vertex

Aightjet

http://bartosik.pp.ua/hep_sketches/btagging

-1 efficiency of 25%

JINST 10 (2015) P06013

o | light-jet mistag rate < 1% for b-
-+ | tag efficiency of 65% and c-tag
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HF Jets - ¢/b tagging ATLAS

o Different approaches to tag b/c jets: —% tracks b jet

e track based (impact parametertag) e b hadron
e soft muon (discriminate p frombdecays)y 77 rameter

® vertex based

secondary
vertex

» BDT or Deep Learning Neural Network to maximise
tag performance

‘ghtjet
Es. ALICE impact parameter for each track within a jet + ML-based ,

: light je
tagging method

do XYy
S8 - primary vertex

L

1/Entries

N o http://bartosik.pp.ua/hep_sketches/btagging
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HF Jets - ¢/b tagging ATLAS

o Different approaches to tag b/c jets: % tracks b jet

e track based (impact parametertag) e b hadron
o soft muon (discriminate yp frombdecaysy 77 arameter

® vertex based

secondary
vertex

» BDT or Deep Learning Neural Network to maximise
tag performance

light jet

e

do Xy
S8 - primary vertex

Es. ATLAS multivariate classifier combining track, particle and vertex-base y .
ight jet
c 1F E OB =3 A hitp://bartosik.pp.ua/hep_sketches/btaggi
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= & [ i ; i 0
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_3 D .
10 0.7F8 -
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Jet P, [GeV]

MV2MuRnn ATL-PHYS-PUB-2017-013
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Future prospect

® A |ot of data are still waiting to be analysed, more differential analysis will be possible with
the large statistics available

® ull exploitation of machine learning techniques

® Update of several detectors ongoing and huge amount of new data to be collected In

Run3 and 4

Run 3 Run 4
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2017 2018

2019

2020
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Backup

Cristina Bedda
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The ALICE detector

TPC: tracking
and PID

|7]<0.9

e .
/4 7 = =
v 4 A - = —
\J \: .
i \;
q “’/
L W s
TOF: PID ;
[ N o
»
‘l
m<0.9 | —
7
- f g -
73 7 > (&~ I
DQQ ¥
~
\

Data samples:

o pp collisions (F
o pp collisions (F

e p-Pb col
e p-Pb col

isions (R
isions (R

ITS: vertexing
and tracking

|7]<0.9

- , [/
s .,

-

V0 and ZDC:

trigger and event
characterization

un 2) at {/s=5.02 TeV: 990 M minimum-bias events, Lint=19 nb-1
un 1) at {Js=7 TeV: 370 M minimum-bias events, Lini=6 nb-

un 2) at Jsnn=5.02 TeV: 600 M minimum-bias events, Lin=292 ub-1
un 1) at Jsnn=5.02 TeV: 160 M minimum-bias events, Lini=49 ub-1

Cristina Bedda
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D-meson nuclear modification factor (Rpprb)

higher pt reach and precision
RUN 2 and new pp reference at 5 TeV

ALICE

<dd_6> _Q1.8_l ettt _Q18 I L O L O
R, = — PP ot - L - o B o i
" A () VJIPN: ALICE Preliminary  p-Pb, sy, = 5.02 TeV i 4 o ALICEPreliminary p-Pb, s =502TeV _
T — - — I —
w [ Prompt D mesons, -0.96<y _ <0.04 . 1.6¢ Prompt D mesons, -0.96<y_ <0.04 ]
- = cms | B n ’ cms _
1.41 - 1.41 -
B - B —— i
1.2F H — 1.2F EL + -
i e b o e sdive s e H I‘_ 1 %ﬁ ” + """" T H """""" I—:
Models including CNM effects: v i - B
- CGC: aI‘XiV:1706.06728 0'8 ! Average DO, D+, D‘k+ —_ 0-8 + __
- FONLL (JHEP 1210 (2012) 137, arXiv:1205.6344) with EPPS16 nPDFs 4‘ measured pp reference at (5 =5.02 TeV - B | Z
(Eur. Phys. J. C77 no. 3, (2017) 163, arXiv:1612.05741) 0.6; y — 0.6 —
- Vitev et al: Phys.Rev. C80 (2009) 054902, arXiv:0904.0032. ¢ - - =+ CGC (Fujii-Watanabe) . B i
0 4L/ — FONLL with EPPS16 nPDF ] - i .
R / nnnnnnnnnnn Kang et al.: incoherent multiple scattering — O 4 N + Df ]
:/ ----- Vitev et al.: power corr. + kT broad + CNM Eloss ] — ® . -
Models including the QGP formation: O 2 7[_ —e= Duke — O 2 s ® Average DO, D',D" ]
. : =  POWLANG (HTL ~ =10 _
- Duke: Nucl. xPart. Phys. Proc. 276-278 (2016) 225-228, arXiv: L T COWLANG (GCD) : " measured pp reference at Vs = 5.02 TeV -
1510.07520. L1 1 | | I I I [ | L 11 | | L1 1| | L | N | L1 | [ | L 111 | [ | [ | L 111 | L1
- POWLANG JHEP 03 (2016) 123, arXiv:1512.05186. 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 135

p_ (GeV/ce) p_ (GeV/c)
o D-meson Rppo compatible with unity

o Data described by models including Cold Nuclear Matter effects, as well as effects deriving from the
formation of QGP in p-Pb collisions

e data disfavour a suppression larger than 10-15% at high p+

o Ds Rppb compatible with non-strange D mesons within uncertainties
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Pb-PDb collisions

D!/D°

D species ratio
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D inside jets by CMS

4 < ptP% < 20 GeV/c ptP% > 20 GeV/c
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Open charm-meson reconstruction
Mid/forward production ALICE

5 - 5 = 5 !

D’ mesons, pp 1s= 5.02 TeV ;

4 =e=data - 4 i 4 =
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n
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= = -
mid-rapidity: ALICE |y|<0.5
forward: LHCb 2.0<y<2.5

d°c/(dp_dy) mid / forward rapidity
d°c/(dp_dy) mid / forward rapidity
d°c/(dp_dy) mid / forward rapidity

—

mid-rapidity: ALICE [y|<0.5
forward: LHCb 3.0<y<3.5
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forward: LHCb 4.0<y<4.5
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Probability Density

MC / Data

DO tagged jets

= DD W~ 010

o

Other comparisons

II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
L ALICE Preliminary, pp, Vs =7 TeV
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Ac nuclear modification factor (Rppb)
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o POWHEG+PYTHIA6 with CT10NLO+EPSQ09 PDF:
Cold Nuclear Matter effects

o POWLANG with “small-size” QGP formation: hot
medium effects, collisional energy loss Cristina Bedda 44



DO tagged jets
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Light flavour CR

(1/Nnsp) dN /dpr (GeV /c)™

MC /Data

e Multiple strings are close in space-time.
Dynamical interaction is not implemented in this

Leadin g Colour strings dominate- model, but colour re-arrangement can happen:
, ) Colour Reconnection (CR)
can’t be attributed to CR
ransverse momentum distribution at /s = 7 TeV A/K! versus transverse momentum at /s = 7 TeV

Nen = : ' 5 — e Takes place after parton shower and takes into
—e— Data = —e— Data account all SU(3) permitted configurations.
— Old CR model ~ . T .
— = = New CR model = Selection parameter: minimum total string

> length

e After re-arrangement of the strings,
hadronization takes place

e Correctly takes into account the colour re-
arrangement in the remnant

MC/Data
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Ratio of yields to (z*+ 77)
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