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Open heavy-flavour production in pp collisions
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* Heavy quarks (charm and beauty) are produced
in hard partonic scattering processes
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Open heavy-flavour production in pp collisions

D; (2. Q%) %
* Heavy quarks (charm and beauty) are produced e -4
in hard partonic scattering processes | ,
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®* mq sets hard scale - perturbative QCD
applicable

“Factorisation”:

Aok %% = fo/(@1,Q%) @ faya(z2, Q%) @ doli’ e (z1, 22, Q%) ® Deoyi(2,Q7)

e Open heavy-flavour production measurements in pp collisions:
 Important test of pQCD-based calculations
e Sensitive to fragmentation functions determined from ete- collisions

e Sensitivity to low-x gluon PDF (ot — 0)

Charmed baryon workshop - 26-Jun-2018 Jaime Norman (LPSC)



Charm production at the LHC

. LHCb: Nucl. Phys.B871 (2013) 1-20
Charmed-hadron production - test
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e Similar observations made at z VR ALICE Prefiminary
different collision energies 3 wzﬁ% Prompt D, pp V=13 TeV 3

Q lyl <0.5 7

e Beauty-meson production also s el ALICE D*+
. Q = -
described well by theory g 3
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FONLL: M. Cacciari et al. JHEP 05 (1998), JHEP 10 (2012) f

GM-VFNS: B.A. Kniehl et al. Eur. Phys. J. C 41 (2005), Eur. Phys. J. C 72 (2012) 2082 A E T iy
Charmed baryon workshop - 26-Jun-2018 Jaime Norman (LPSC)



Charm quark fragmentation

Charmed-hadron ratios - sensitive - EPJ C 76 (2016) no.7, 397
u Cambinalian o] e'e" B-factories
to fragmentation process ee 2 decays pDIS
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Charm quark fragmentation

Charmed-hadron ratios - sensitive . EPJ C 76 (2016) no.7, 307
to fragmentation process e 2 decays e DS
¢*p PHP v pp LHC

 fragmentation fractions expected to be e | I : | _J : i
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Baryon production measurements £ oif I L \ | |
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e Very few charmed-baryon production measurementsin © 0= | | ‘ l I

D* D° D} D' D' D

O+

hadron colliders

e Acproduction measured by LHCb at \/s =7 TeV
LHCb: Nucl. Phys.B871 (2013) 1-20

e Higher-mass charmed baryon production
measurements (e.g. =c0) only exist in ete- collisions

* |ndication in beauty sector that beauty-baryon production depends on collision
system CDF: Phys.Rev.D77:072003,2008
LHCb: Phys. Rev. D85 , 032008 (2012)

* Predictions of baryon production including string formation beyond leading colour
approximation anticipates larger baryon/meson ratios C. Bierlich, J.R. Christiansen, Phys. Rev. D 92 (2015) 094010
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Charmed baryon production with ALICE

A+ production in pp collisions at \/s = 7 TeV and in p-Pb collisions at \/snn = 5.02 TeV

JHEP 1804 (2018) 108

First measurement of =% production in pp collisions at \/s = 7 TeV

Phys.Lett. B781 (2018) 8-19

Note: here | touch on results in p-Pb collisions - see Elisa’s talk
tomorrow for more information/latest results in p-Pb!
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https://arxiv.org/abs/1712.09581
https://arxiv.org/abs/1712.04242

The ALICE apparatus
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VerteXing, traCking pemusaw. v av, m'm a'a¥a™ E3))

In| <0.9 38 200
e

AAAAAA 'UO 150

IS EAT: 100

- 50

Time Projection Chamber (TPC)
Tracking, PID via dE/dx
measurement

In| < 0.9

Time-Of-Flight detector (TOF):
PID via time-of-flight
measurement
In| < 0.9
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The ALICE apparatus

Inner Tracking System (ITS)
vertexing, tracking
In| < 0.9

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

measurement
In| < 0.9

VO
Trigger
2.8<n<5.1 (VOA)
3.7<n<-1.7 (VOC)

¥/
;o

M REAWw. Y

——

Data samples (from Run 1):

PID via time-of-flight
measurement
In| < 0.9

Time-Of-Flight detector (TOF):

pp collisions: min. bias trigger using VO, SPD
« Js=7TeV:~4x108 min. bias events, L, ;= 6.0 nb-

p-Pb collisions: min. bias trigger using VO
« Jsnn =5.02 TeV : ~108 min. bias events, L, ;= 48.6 pb-1
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Jaime Norman (LPSC) 9



Charmed baryon reconstruction

Hadronic decays

« PID using TPC via dE/dx and A+ baryon
TOF via time-of-flight M = 2284 MeV/c2
measurement Quark content udc
cT =60 pm

* no cuts, or Bayesian
approach to identify particles

] Branching
. Cuts on decay topologies Decay | . &0 (%)
exploitin vertex |
Xploiting decay verte A+ — pKTr+ 6.35
displacement from primary
vertex As+ = pKOs 1.58
e Signal extraction via invariant Lo A10°
e L 5| A B NP A AR R R A ]
mass distribution in bins of > [ ALICE pp, Vs=7Tev ! | ospsaceve
transverse momentum = 1 3
i: " | “+ r>++ + 0 1.8_ -
* B feed-down subtraction using AR S/ GERR ++ 1 8 |
PQCD-based estimation of o[ Tan ]
. - A = pK* .C. . i * - pK° .C.
beauty-baryon production Wp A mRtmree. SID [ Ao =Pl v o, TD
L u=2.291= 0.002 GeV/c? . 1.4 u=2.284 = 0.002 GeV/c? -
L 0 =0.007 GeV/c?, fixed to MC . - o =0.009 GeV/c?, fixed to MC
o Efficiency, acceptance 08[ S(:00)=§3999 | [ SE39 2413289 ]
. 2.25 2.3 2.35 215 22 225 23 235 24
corrections M(pKx) (GeV/c?) M(pK)) (GeV/c?)
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Charmed baryon reconstruction

N\;t baryon
M = 2284 MeV/c?
Quark content udc

* PID using TPC via dE/dx and TOF
via time of flight measurement

=.tbaryon
M = 2471 MeV/c?

* A, = candidates reconstructed Quark content usc

Charmed baryon workshop - 26-Jun-2018
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CcT =34 pm CT =60 pm
* Wrong-sign (WS) e/ (e-=) pairs
subtracted from right-sign (RS)
spectra e+/\ (e+=) . Branching
Subtract tributi : _ Decay . fraction (%)
ubtract contributions from: Ao ehve | 36
« M0 (2,9 in wrong-sign spectra =0 e+Zve Unknown
« Z=.0+in right-sign spectra for A_* @ e —
analysis S (b) —¢— ALICE
_ o | pp, Vs =7 TeV
Unfold e+/\(e+=") p; spectra to 100l 4 4 o ey,
tain A+ (=0 tr _ — and charge conjugates
obta c ( C ) Spectira | . :+_ e
B feed-down subtraction using - " = Wrong sign
pPQCD-based estimation of beauty 200" - j
baryon production (Ac* only!) - \L :g_
Efficiency, acceptance corrections o — A
M(eE) (GeV/c)
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Nt pT-differential cross section in pp collisions

JHEP 1804 (2018) 108

. . . O pp,is=7TeV :
. N+ pr-differential cross section > oL W P s= e b
significantly underestimated by S t = combination of :
S _ - pKn*, pK_ and e v A analyses_
theory s — iyl <0.5 -
_ QI_ 1O§_ N —e— ALICE E
* GM-VFNS: Next-to-leading order T S . ] GM-VFNS -
QCD with large logarithms oS = il POWHEG -
1= =
resummed to all orders 0@ : -
* Non-perturbative fragmentation B |
astimated from e+e- collision 107" = 3.5% lumi. uncertainty not shown =
s presramynotshomn -
data B.A. Kniehl, G. Kramer: 10 & _Ei_“‘—m—_m_ .
Phys. Rev. D 74 (2006) 037502 s “g = e =
. MC generator with Wit =
next-to-leading order accuracy - .
2210 =
Z e
* PYTHIA parton shower §L>|L ; -
T N S R -
0 5 10
P, (GeV/ce)

GM-VFNS: B.A. Kniehl et al. Eur. Phys. J. C 41 (2005), Eur. Phys. J. C 72 (2012) 2082
POWHEG: S. Frixione et al.: JHEP 09 (2007) 126
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Nt pT-differential cross section in pp collisions

LHCb: Nucl. Phys.B871 (2013) 1-20
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« N\t production at forward rapidity

described by GM-VFNS
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N\t /D0 baryon-to-meson ratio vs models

JHEP 1804 (2018) 108
I | I I I

(@) I I I I | I I I I | I I I (@) - I I I | —
o ., A= .
- 1 4__ PP, \/E =7 TeV p-Pb, \/SiNN =5.02 TeV __ ~ 09:_ 2 < p.< 8 GeV/c _:
+<° - lyl<05 -0.96 < y < 0.04 g +<° - T ]
1.2~ —e— ALICE —=— ALICE — 0.8 ALICE —
[ —— PYTHIAS (Monash) - - - Shao et al. N = ® pp, \s=7TeV -
- e PYTHIAS (CR Mode0) with EPSO9NLO nPDF | 0.7 = p-Pb, \s, =5.02 TeV =
1'0_ - DIPSY (ropes) . - m -
- -..- HERWIG7 7 0.6 LHCb E
0.8:— B T —: 0.53_ + O pp, \s=7TeV _f
0.6 _+_‘ETH} — 0.4 B 7% =
[ B ] 0.3 =
0.4— LI — et ﬁék .................... -
- g 0.2 -
0.2— — - =
B i 0.1 :::.'_':'_'.::::'.'.‘.':'.'.'_':::'_'.-_':'_'.:::::T'-'!'-‘-:@‘*‘-"'-”“"'“""““"'“""'" —
- ] S L L I
%% 0.0 0 > 4

P, (GeV/c)

« NA.+/D0 ratio higher than expectation from MC

 PYTHIAS8 tune with enhanced colour reconnection closer to data
* String formation beyond the leading-colour approximation

* Flat rapidity trend predicted by models not in agreement with ALICE and LHCb
measurements
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AL/ D°
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N\c+ /D0 baryon-to-meson ratio

B I I I I | I I I I I T T ]
1.4~  ALICE =
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JHEP 1804 (2018) 1
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|
2 < pT<8 GeV/c

ALICE
® pp, \s=7TeV
= p-Pb, |5, =5.02 TeV

LHCb
O pp, \s=7TeV

 ALICE measurement systematically higher than LHCb

Jaime Norman (LPSC)
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Nt /DO baryon-to-meson ratio

 Baryon-to-meson ratio higher than previous measurements in different
collision systems + kinematic regimes (+ LHCb at ~0.2-0.3)

e For a more robust comparison it will be very important to measure the
N+ down to pt=0 with good precision

Charmed baryon workshop - 26-Jun-2018 Jaime Norman (LPSC)
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=c0 pr-differential cross section in pp collisions

Phys.Lett. B781 (2018) 8-19

-:G - I ' | ' ' ' [ . , I : . -
% ! . ALICE !
% E | |y0| <0.5 E
% : T EC —> e+E_Ve :
Ql_ I | -
3 L]

2 107E | -
© ~ :
> f AR :
I> B :
% ol Not corrected for Z,  decays + .
T 10 = + 3.5% norm. uncertainty not shown =

([@N6) u l . | | | . I | I | | | -
g:l 0 2 4 6 3
3 P (GeV/c)

e —_0production cross-section-times-branching-ratio measured from
1<pr<8GeV/c

 Not feed-down corrected - includes =, - = .0X— e*t="ve
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0 = e+=-ve /D% baryon-to-meson ratio

Phys Lett B781 (2018) 8 19

_ OQ@ I(b)l o ALICE

* Baryon-to-meson ratio = 10-1E pp, Vs =7 Tev ey o 651

I S ’ / rope E

=c0 —» e*="ve /DO hlgher GTD <05 N HERWIG? [67]

than expectation from o 102k ; .

theory =5 e

3L —

° _CO - e+__Ve branChlng " ?60“:‘:‘00’000 KRR "o RERRRIRLSS :

ratio not known: range in R

s 10+ RN
prediction bands E | |

(0.83-4.2%) is the 0 2 4 6p (Gewa

envelope of theoretical

predictions °g> e D;ta' T

Phys. Rev. D40 (1989) 2955, 10 ' pp, Vs=7TeV -

Phys. Rev. D43 (1991) 2939, v 19 S E/p|<g.5 ° PYTH'A8 Monash [64] 2

Phys. Rev. D53 (1996) 1457 ! - PYTHIA8 (CR, Mode0) [28] 4

T 1077 ' E

_ : == ]

e PYTHIAS with enhanced ook S
colour reconnection closer NI Wm..%:,:.:,:.:.:::.,.M,’.:g:?:f.5.:‘:3§

to data Wy (L2222

0 > 4 6 8

P, (GeV/c)

=c0 = et=ve/DO(1 < p1 < 8 GeV/c) = 7.0 +-1.5 (stat.) +- 2.6 (syst.) x 10-3
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Summary and perspectives

e First measurement by ALICE of charmed-baryon production in pp collisions
intriguing;

e Charmed-baryon production in pp collisions higher than expectations from ete-
collisions

e Violation of fragmentation universality?

e Run 2 data beginning to aid in answering some open questions

Larger pp datasets collected at 5 TeV, 13 TeV
Larger p-Pb dataset collected at 5 TeV

Charmed baryon workshop - 26-Jun-2018 Jaime Norman (LPSC) 20



Summary and perspectives

e First measurement by ALICE of charmed-baryon production in pp collisions
intriguing;

e Charmed-baryon production in pp collisions higher than expectations from ete-
collisions

e Violation of fragmentation universality?

Run 2 data beginning to aid in answering some open questions

Larger pp datasets collected at 5 TeV, 13 TeV

] Larger p-Pb dataset collected at 5 TeV
e pr-dependent baryon production?

e Fragmentation/coherence effects manifest themselves in different baryon-to-
meson pr shapes

* Kinematic range covered by different measurements not exactly the same -
important to extend measurement to pt=0

e Multiplicity-dependent baryon production?
* Baryon production could be modified at higher/lower multiplicities
e Energy-dependent baryon production?

e Continuity from e*e- energies — LHC energies?

Charmed baryon workshop - 26-Jun-2018 Jaime Norman (LPSC) 21
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pp: Beauty production at the LHC

ATLAS: JHEP 1310 (2013) 042 CMS: Eur.Phys.J. CT1 (2011) 1575
o = | ' | ' | ' - Ty R I
o~ - — +Pythia - D ¥ S CASCADE
) - \/S= - i
;,? - \;S 7 TeV oo MC@NLO+Herwig - g | ~ PYTHIA N
3 4f [Ldt=24 6" s FONLL : < 10 —— CMS data
Lo t Z E
% 3l B+ _ o 1 E
° ¢ ¢ * - % : :
LY -
................ = ©
o + 10| rompt
- Ihasccasssssssssssss nf)| : ‘-IJ
1 - 2 s= |
_ 9GeV<p <120GeV 107 CMS,\Ns=7TeV ~
i _ "~ L=314nb’
0 | | | | | | 1 | 10_3 , , Dy s , vyl , | gl , ,
0 0.5 1 1.5 2 0 5 10 15 20 25 30
Iyl pJT’u (GeV/c)
* Cross sections of B mesons at the LHC in agreement with pQCD predictions
* FONLL, GM-VFENS: Next-to-leading order with next-to-leading-log resummation
e POWHEG, MC@NLO: MC generators with next-to-leading order accuracy, with
leading-log Parton shower
* Similar agreement of charm and beauty meson production with theory at Tevatron
FONLL: M. Cacciari et al. JHEP 05 (1998), JHEP 10 (2012) POWHEG: S. Frixione et al. JHEP 09 (2007) 126

GM-VFNS: B.A. Kniehl et al. Eur. Phys. J. C 41 (2005), Eur. Phys. J. C 72 (2012) 2082 MC@NLO: JHEP 08 (2003) 007
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pp: total charm and beauty cross section

3 ||||| [ [ ||||||| [ [ T TTTI [ [ |||||||

= | —@— ALICE (total unc.) .
~ 10% [ ] ALICE extr. unc. ) '
I8 - —©— ATLAS (total unc.) I =
o — [_] ATLAS extr. unc. /ﬂ =
| —=— LHCb (total unc.) I i
B % STAR X -

A PHENIX et
10%l= —— NLO(MNR) el g —
- Charm # -
- Cross .

, section o ’ ] HERA-B (pA)
10 - B E653 (pA) -
- V E743(pA)
B V¥ NA27 (pA) .
i ,"|' ¢ NA16 (pA) ]
10 ," O E769 (pA) =
n ! / N

1111 | | )IIIII| | | IIIIII| | | IIIIII|
10 10 10° 10*

s (GeV)

ALICE: Phys. Rev. C 94 (2016) 054908
ALICE: Phys. Lett. B 763, (2016) 507-509

3 | I I I T T 11 | I I T T 11 |
= ,| @ALICE pp Vs=276TeV, lyl<0.8
% 10 - @ALICE,pp Vs=7TeV, lyl<0.9 PR
~ B K
I - ==CDF,pp Vs=1.96TeV, lyl<0.6
-8 — & UA1,pp Vs=0.63TeV, lyl<i.5 ‘
- EPHENIX,pp (s=0.2TeV, lyl<0.35 T ’
[ — FONLL ‘ e
10 Beauty
- Cross
1E
B  ALICE extr. unc.
- # ALICE extr. unc.
| | | L1 1 11 | | L1 1 11 |
3
10° 10 10*
\'s (GeV)

e Total charm and beauty cross section described well by predictions at NLO

Charmed baryon workshop - 26-Jun-2018
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pp: Charm quark fragmentation

Can hadronisation be modified?

e Multi-parton interactions,

coherence effects at LHC energies
may affect hadronisation

e e.g. within PYTHIA, enhanced colour
reconnection modes gives better
agreement with measured N\/K9% ratio

e String formation beyond the
leading-colour approximation,
specific tuning of the colour

reconnection parameters

N 0 A ,"Kg versus transverse momentum at /s = 7 leV
K°,
},- 1.2 —e— Data
~ . —— Old CR maodel
é 1 ++'-|_ e, T New CR model
= I
< 0.8 ++ -7 ‘I
B S
o6 — i==ccecd
1
().4 *
Old CR model
0.2 New CR model
0 - | ‘ | | | | ‘l ] ‘ |
1.4 - l... -l I
.3 1.2 .:_!: —“J-""'
‘D 1 - il ¥ L - e 94
9 u |
= 08 L ok
0.6 1 1 1 | 1 1 1 1 1 1 1
0 2 4 6 3

pr [GeV/c]

e String junctions provide new
source of baryon production

o * @Gives physical, microscopic picture
of hadronisation

Interesting to extend these studies to heavy-flavour sector = Ac+/D°

Charmed baryon workshop - 26-Jun-2018

C. Bierlich, J.R. Christiansen, Phys. Rev. D 92 (2015) 094010
J.R. Christiansen, P.Z. Skands JHEP 08 (2015) 003
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pp: D meson ratios

C"Ddl-z_"'I"'I"'I'"I'"I"'I"'I"'I"'I"'I"'IIII 001-2_"'I"'I"'I"'I"'I"'I IR B B B |
+ [ ALICE pp,¥vs=7TeV 1 & [ = ALCE .
i lyl<0.5 7 O 1 s FONLL * 7

: y ] - <= @, GM-VFNS D +/ DO ]
os-  D+/DO 0.8F == = LOK, fact ]

llllllllllll

[+ 2.7% BR uncertainty not shown

lllllllllllllllllllllllllllllllll_
8 10 12 14 16 18 20 22 24

ALICE: Eur.Phys.J. C77 (2017) 550

[+ 0.7% BR uncertainty not shown
llllllllllllllll

llll

llllllllllllll lllllllllll_
10 12 14 16 18 20 22 24

0 2 4 6 0 2 4 6 8
P, (GeV/c) P, (GeV/c)
OQ 085 UL DL AL DL DL AL DL AL L L L B E +Q 085 ! | | | L | | | E
bm0.7:— = +Dw 0_7: E
0.6 — 0.6F -
os- ER: &ﬂ—[ﬂ— :
0.4F = 0.4F U =
 Ds/DO
o g e — 1 Ds+/D+ -
0.2f- — = 3 0.2f S
0.1 = 0.1F =
-+ 3.7% BR uncertainty not shown ] -+ 4.3% BR uncertainty not shown ]
C PR N T S T NN TN S T T SN T S N S T T N T T T N T T S N N - C PR N T TN T NN T U TN S TN S N T T T A T T S N T T S N -
O0 2 4 6 8 10 12 14 16 O0 2 4 6 8 10 12 14 16
[N (GeV/c) P, (GeV/c)

* Production ratios of D mesons compatible with theoretical predictions (in which
charm fragmentation is based mainly on measurements in e+e- collisions)

e [Include Act: Very few charmed baryon production measurements in hadron
colliders LHCb: Nuclear Physics, Section B 871 (2013), pp. 1-20
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pp(pp): Beauty baryon fragmentation

Indications that the fraction of b-baryons depends on the collision system

1. b-baryon fragmentation in pp 2. pt dependence for fap/ (fu + fa) [3]
collisions over 2x that in e+e- at (fqe=B(b—By) ) at the LHC
Z resonance (though e Similar observation at the
uncertainties large) Tevatron in pp collisions

CDF: Phys.Rev.D77:072003,2008

Table 1: Fragmentation fractions of b quarks 0.6
into weakly-decaying b-hadron species in Z — bb 2%
decay, in pp collisions a: /s = 1.96 TeV.

b hadron Fraction at Z %| Fraction at pp|%]| 0.3

Bt BY 40.4 4+ 0.9 33.9 + 3.9 LHCb
=7 TeV -
B, 10.3 4+ 0.9 11.1+1.4 = I
b baryons 89+£1.5 21.2 £ 6.9 T — S Ta—
P, (charm + u) (GeV) P, (charm + u) (GeV)
http://pdg.Ibl.gov/2015/reviews/rpp2015-rev-b-meson-prod-decay.pdf LHCb: Phys. Rev. D85 , 032008 (2012)
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pp: =0 production

. H 2000 U LI BN LA B LB BN [T ¥ ¢

* EXxotic charmed baryons in the L . e
- 4+ 0 L B (a)

news recently (Zcc**, (e glm__ ' BABAR -
resonances) N Js = 10.58 GeV-
LHCb: LHCb-PAPER-2017-018 ol ol -0 5 = . . =

LHCb: Phys. Rev. Lett. 118, 182001 2017) %' °f —C = s Y(4S) resonance

o - * —

: Rt i WU RL A R : -
e Charm hadron production 2 500 a0, 5%%00 0o, e
measurements in hadron collisions § ¢ -
limited to low-mass mesons and o,  OF—H % S T .
baryons E’ 00 % ONE

e Only =0 production “ﬁ 150 t + -
measurements in e+te- collisions & 1000 _ ' E

g b =2 QK o ;

* New measurements of charmed £ 0F S E
. c ® . Soue .
baryons could provide further N vttt e e o e 0

. . . . ] £38 2.4 "42 244 "46 "48 25 2352 254 256
IhSIght |nt0 had rOnlsatlon _c candu’ate mass (GeV/c2)

meChan|SmS ARGUS: Phys. Lett. B247 (1990) 121

ARGUS: Phys. Lett. B303 (1993) 368.
CLEO: Phys. Rev. Lett. 74 (1995) 3113.
ARGUS: Phys. Lett. B342 (1995) 397. 12
BABAR: Phys. Rev. Lett. 95 (2005) 142003
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p-Pb: Heavy-flavour production

K. J. Eskola: Eur.Phys.J. C77 (2017) no.3, 163

>< . ]..6 I lllllll| I lllllﬂ| I IIIHIII T TTTTI
* p-Pb collisions traditionally used to & 1.4
separate ‘hot’ effects in Pb-Pb > 1.9
collisions (effects due to hot dense 2 1.0

deconfined matter) from ‘cold nuclear T 0.8

matter’ effects (effects due to the % 0.6

presence of a nuclei) 504 [ I

* Initial state effects: modification of a’-’j_;()z B EPPSI6 ]

nuclear parton distribution 0.0 Dl vl vl v

- -2 -
* Final-state effects: (energy loss? 10" 107 10 :[1;01 1

Collectivity?) N (x5, Q%) = RN (2, Q%) fi (i, Q%)
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p-Pb: Heavy-flavour production

Charmed baryon workshop - 26-Jun-2018

><€ ®

* p-Pb collisions traditionally used to

separate ‘hot’ effects in Pb-Pb
collisions (effects due to hot dense

deconfined matter) from ‘cold nuclear

matter’ effects (effects due to the
presence of a nuclei)

e [nitial state effects: modification of

nuclear parton distribution

* Final-state effects: (energy loss?
Collectivity?)

D-meson nuclear modification factor
Rppo indicates minimal modification
to pt spectrum w.r.t pp collisions

1 do _,, /dp;
1>(F%)== e
i Ado  /dp,

Rppb < 1 = suppression
Rppb > 1 = enhancement

ALICE Preliminary  p-Pb, \s, =5.02 TeV
:=::Prompt D mesons, -O.96<ycms<0.04

------------------------

Average D°, D*, D"

1
]
]
]
1]
1
1
1
1
[l
I'-.
=
=
=
L=
L=
=y
N — —
[ =
[ =
[ =
[ =
[~
[ =
(=
. ——— ——a=
lI
i
n,
il
i
i
|III|III|III|III'III|III|III|III

1
O 63‘ measured pp reference at Vs = 5.02 TeV
o
o / - = = . CGC (Fujii-Watanabe)
O 4\77/ —— FONLL with EPPS16 nPDF
' —/ nnnnnnnnnnn Kang et al.: incoherent multiple scattering
:/ ----- Vitev et al.: power corr. + kT broad + CNM Eloss
LT - Duke
02} — . POWLANG (HTL) -
- mima POWLANG (IQCD) ]
o b b b b b L
0 5 10 15 20 25 30 35
p_ (GeV/c)
T
30
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p-Pb: Heavy-flavour production

* p-Pb collisions traditionally used to
separate ‘hot’ effects in Pb-Pb
collisions (effects due to hot dense

. 24 I I LI LI 1T T 1
deconfined matter) from ‘cold nuclear ¥’ oo E- AUCE', 0-Pb, \/LTN 502 TeV 3
matter’ effects (effects due to the 2 ' 5 EVOA Multiplicity Classes (Pb-side) 3
presence of a nuclei) 18 F C10-5% 3

~E —8— 60-80% 3

e |nitial state effects: modification of 1.6 E
nuclear parton distribution 1.4 =

1.2 =

* Final-state effects: (energy loss? 1E 3
Collectivity?) 0.8 z_ _z

e D-meson nuclear modification factor 0.6 !
Rppo indicates minimal modification 0.4 4
to pt spectrum w.r.t pp collisions 0.2F B

O L1 1 I L1 1 I L1 1 I L1 1 -

 Modification to charmed baryon 0 2 4 6 €
production in p-Pb collisions? p. (GeV/c)

e (strange) /K ratio increases
towards higher multiplicity
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Strange baryon-to-meson ratio

e Enhancement in the baryon-to-meson ratio is also expected if coalescence
has a role to play in hadronisation

* Proton/pion and A/KOs ratios enhanced in Pb-Pb collisions

e A similar enhancement is seen in high multiplicity p-Pb collisions

0(92-2: ——— - ow 24_IIIIIIIIIIIIII__IIIIIIIIIIIIII
X LE v1<0.5 g ':\R‘ niiontas \'SNN:O‘Z i X' 5 5F ALICE, p-Pb, |5, =5.02TeV _F_ ALICE, Pb-Pb, [y = 2.76 TeV
|2 . / - NK; 0-0% = KIKS 0-5% —~ EVOA Multiplicity Classes (Pb- Slde) -
i 1-8F LT, B VK 60-80% —o- UK 60-80% < 2 Foosw E3
< 18f 47174 N ALICE:Pb-Pb at |s,,=2 76 TeV 1.8 e 60-80% EJ
RIS gﬁ'ﬁ“\ 4 AKK2 0-5% OF E3
1ok T 3[=¢ 5 4 \/K’ 50-80% Lag E3
1E e ¢ , . syslema.ic uncerlainly 1. 21 F ¥
o =P 208 "9 _Theory 0-5% = +
08f gfﬁ’ ;s b} “ — Hydro VISH2+1 0.8 =*
0.5} (L % - Recombinatior 0.6 E = =
- o - —_
0.4 (=POS ‘ 0.4F =
- ¢ C e e
- 0.2F =
0.2 : A l l ’ l O L1 I L1 1 I L1 1 I L1 1 = | L1 I L1 1 I L1 1 L1
'D 1 1 1 1 L 1 L 1
0 2 4 6 8 10 12 o 2 4 6 8 2 4 6 8
P; (GeV/c) P, (GeV/c)

Coalescence? flow? Interplay between both effects?
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pp and p-Pb collisions

* Many of these studies fit into the broader
scope of understanding many ‘Pb-Pb-
like’ phenomena emerging in high
multiplicity pp/p-Pb collisions:

Di-hadron azimuthal correlations to
large An

CMS: JHEP 09 (2010) 091
ALICE: Phys. Lett. B 719 (2013) 29

ALICE: Phys. Lett. B 726 (2013) 164
ATLAS: Phys. Rev. Lett. 110 (2013) 182302

Mass-dependent azimuthal anisotropy

ALICE: Phys. Lett. B 726 (2013) 164-177
CMS: Phys. Lett. B 765 (2017) 193

Evolution of average pr vs. multiplicity

ALICE: Phys. Lett. B 728 (2014) 25
CMS: Eur. Phys. J. C 74 (2014) 2847

Strangeness enhancement...

ALICE: Nature Physics 13, 535-539 (2017)

What is the origin of the continuity of
phenomena seen from small to large systems?
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Jaime Norman (LPSC)

Ratio of yields to (n*+m)

—
<

1072

1073

ALICE

® pp, is=7TeV

O p-Pb, sy =5.02TeV |
[1 Pb-Pb, {5y = 2.76 TeV

—— PYTHIAS
------ DIPSY
----------- EPOS LHC
IIII| | IIIIIII| ]
10 10? 103
<chh/d 77>|n|< 0.5

(d) CMS N = 110, 1.0GeV/c<p <3.0GeVic
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Charmed baryon BDT analysis

Hadronic decays

e BDT analysis performed for the
N+ — pKtitand A+ = pKOg in p-Pb

>< L I r 11T 11 17T 1T 11 I L L L L I LIELLE

collisions g AL ALICE ]

S [ p-Pb, |5y =502TeV ]

e BDT trained on simulated signal = | .

S~ - .

sample, and background sample from  — 3| —

. - T AL = pKn? i

simulation or data - i

. . 2'_ 2<pT<4GeV/C N

e |Input variables mc]ude pr of Qecay [ Background :

products, topological properties of  Signal i

decay, and PID variables 1 -

e Final result merged with std. analysis r L
taking into account correlation between e i T Y-

analyses x (= BDT response)

Analysis allows for slightly better statistical
precision + gain in signal efficiency
TMVA: PoS(ACAT)040
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p'Pb!

pp, Js =7 TeV

Charmec

Charmed baryon signal extraction

Entries / 4.0 MeV/c

N
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+ i
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.
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Ul
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T T T T T T

L 1 =2.288 + 0.001 GeV/c? -
[ 0=0.006 GeV/c?, fixed to MC ]
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e
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- I
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1.4 -
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S(30) = EI>39 +99 | —

2.05 23 23
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- S(x30)

= 414|: 89
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Hadronic decays

e Signal extracted from
2 <pr<12 GeV/c in
p-Pb collisions
e Signal extracted from
2 <pt<8GeV/cin
pp collisions
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pr-differential cross section measurement (Ac+)

Correction factor for feed-down - fraction Extracted raw yield in the fiducial
from beauty decays acceptance
using pQCD-based estimation of beauty

baryon production
< 8% correction \
N
+ . A(‘:
dQO-AC 1 1 jprOIIlpt ) lel <yﬁd 1

dedy N QCAyApT BR (A X 5)prompt »Cint

N

Efficiency x acceptance for prompt Ac*

a 1 2 | | = T 1 LB — L

o - ALICE pp, {s=7TeV ]

() i ]

E ]

X107 si@nn E3 -

e S R I L

% (xPERRTRRRY « ERL I T

a 1 == Prompt A, ]
)

8 102k + | .a: Feed-down A, |

g 107} At SpKm+ 4 5

[ A} — pKn*, STD 1 A7 —pK, STD I A} —=e'veA I

-3 L L L | L L L | L L L 1 1 1 | 1 1 1 | 1 1 1 PR [ TR TN TR NN TN SR S N S SR
10 4 6 4 6 2 4 6
p. (GeV/c) [ (GeV/c) P, (GeV/c)
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pr-differential cross section measurement (=c9)

Extracted raw yield in the fiducial
acceptance

/'
d2 o Nz -~
dedy - 2-AprAy- (A X €)-Lin- BRz-

N

‘j L Efficiency X acceptance for =¢9
< 107" . .
107°F E
ALICE
' pp.\s=7TeV
':'8 —e'Z v,
-3 s 1 s 2 1 A s L. .
107, > 4 6 8

Gereratedp (GeV, c)
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Semileptonic RS-WS subtraction

%) —T T T T T T T T T T T T R DL L L
2 i $) ) -
3 (b)  —— ?LICE 1 S s0f (b) ‘ RS-WS AUC"ET o
pp, \s=7 TeV Q] B pp,\s=7Te .
—~— SR o 1 2 ez,
400 © © 7 S 100 . -
— and charge conjugates - B s and charge conjugales
—— *_l ® Right sign g R é'."" @® WS Subtracted -
i ® Wrong sign | L] o0 +==++ Simulation -
200 —— - - : -
I —4— i '| ....... —+— -
e B . of * ‘ 4+——+—.
Enl | | ] : ! ! Y ! :
=35 2 2.5 3 15 2 25 3
M(eE) (GeV/c?) M(eZ) (GeVic?)

* Wrong-sign subtracted e= spectrum shape in agreement
with expectation from simulation
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Charmed baryon corrections

* Correct for:
e Ao 2e-Act Ve 7e-AX (Z,0 — e-=-veX ) contribution in wrong-sign spectra:

« A0 contribution from A2 measurement by CMS* - up to 10% correction

- Z,0production not measured - contribution estimated from BR(b — =)
BR(=b = =-I-vX) and BR(b = Aw9)-BR(A:° = Al-vX) measurements in e+e-
collisions™ - Up to 2% correction

« =0+ — e+ =-0v = e+ ATt—Ov contribution in right-sign spectra for A_+
measurement (2 methods):
1. Determined from measured =_0 cross section and measured
BR(zc+ = e+t=0ve)/BR(=0 = e+=-Ve) ratio
2. ct(\;+ = N+X) < ct(z=c = =+X = A+X) - MC fit to A distance from primary
vertex
— =0~ feed-down fraction = 0.46 = 0.06

« Unfold e+/A(e*=") p; spectra to obtain A+ (=c0) spectra

« B feed-down subtraction using pQCD-based estimation of beauty baryon

' -+ !
production (Ac* onlyl) * CMS: Phys. Lett. B714 (2012) 136-157
. - : ALEPH: Phys. Lett. B384 (1996) 449
Efficiency, acceptance corrections ALEPH: Eur. Phys. J. G2 (1998) 197

_ Phys. Rev. Lett. 74 (1995) 3113
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Systematic uncertainties in pp collisions

.
Systematic unc. source ; ;
Low pT (%) |High pT (%)| Low pT1 (%) |High pT (%)
Hadronic decay = Tackingeffilency [ 4 = 3 7 5
analyses | Cutefclency |41 d2 5 [ 6

Similar for p-Pb (backup)

A+ —> etAve =0 —> et=Ve

Systematic unc. source
4 Low pr (%) | High pr (%)| Low pr (%) |High pr (%)

Semileptonic
decay analyses

Luminosity uncertainty = 3.5%
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Systematic uncertainties in p-Pb collisions

A+ —> pKOs

A+ —> pK1t+

Systematic unc. source| Low prt (%) |High pT (%)

Low pt (%)

High pt (%)

STD analysis

A+ —> pK1t+

A+ —> pKOs

Systematic unc. source| Low prt (%) |High pT (%)

Low pt (%)

High pT (%)

BDT analysis

Luminosity uncertainty = 3.7%
Jaime Norman (LPSC)
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N\t pr-differential cross sections

pp collisions p-Pb collisions

N 1 1 1 1 I 1 1 1 1 I 1 1 1 P N T T T T I T T T T I T T T ]
%J i ALICE % . ALICE ’
) i pp, 1 =7 TeV S p-Pb, |5, =5.02TeV -
S 102k Tt Al —= O otk % Ag .
.% - lyl <0.5 . .% : -0.96 <y <0.04 .
— i - A’ — pK* i = I -~ A; = pK'n*, STD 1
Q i = A - pK® . Q R - A{ = pK_, STD |

o c o :E: : s
O : . O - = A = pK, MVA ]
© - . ) n ]
LI - 1% | =2 -
1F : E 10%F T -
[+ 3.5% lumi. uncertainty not shown i [+ 3.7% lumi. uncertainty not shown i

I I I I | L I | | | | ; ; I I I I | I I I I | I I I
0 5 10 0 S 10

P (GeV/e) p. (GeV/c)

* Good agreement between different decay channels + analysis methods
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Nt pT-differential cross section in p-Pb collisions

6\ - oottt |

| | | S ot p-+Pb, \ Syn = 5.02 TeV |

. N\, pr-differential cross section o o Ae -
) o _ @) - —| cor_nblnatlon %f -
significantly underestimated by theory S : pK'n* and pK_ analyses .
5 1 03 — —é -0.96 < y< 0.04 —

. MC generator with next- oF - —— ALICE -
to-leading order accuracy 2 = SV

O 10 = | Shao etal. =

* PYTHIA parton shower e - === yith EPSO9NLO nPDF -

O B and multiplied by A |

* Shao et al. : Data-driven model tuned 10 =

on pp data at forward rapidity ; + 3.7% |UIT|li. uncertainty rlmot shown E

* Parameterises scattering amplitude |10 = e . =

using fit to LHCb A_* cross section E% - -

: . LIS 7777 /4 i A N

in pp collisions (2 <y < 4.5, - .

Js=7TeV, 2 <pr <8 GeV/c) <10 -

+ Both models include EPS09 g, e i
parameteristion of nuclear PDF TOE

0) ) 10 15 20

POWHEG: S. Frixione et al.: JHEP 09 (2007) 126
Shao et al: Eur. Phys. J. C 77 (2017)

Charmed baryon workshop - 26-Jun-2018 Jaime Norman (LPSC) 43



N\t /D0 baryon-to-meson ratio vs models

(@)

QO

~—

+ O

<
09 [ | | | L
<06 =
R I -
- ® -
0.4 [ ® —
0.2~ — EpsosLO pPb |[s =5 TeV ]
- EPSOINLO 20<p._<100GeV/ic ]
T nCTEQ15 T -
. —¢— data LHCb preliminary -

0 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
-4 -2 0 2 4

<
*

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

—— PYTHIA8 (Monash)

------ PYTHIA8 (CRMode0) 2 < p_<8 GeV/c

------ DIPSY (ropes)
-.= HERWIG7 ALICE

LHCDb

® pp, \s=7TeV
= p-Pb, |'s,, =5.02 TeV

+ O pp, (s=7TeV

e A./D0 in p-Pb collisions recently measured by the LHCb experiment

shows a flatter trend with rapidity
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LHCb A:+/D0in p-Pb collisions

QQ 0.6 | 1 Y ¥ I ¥ ¥ ¥
SN pPb |5 =5 TeV -
o - 25<y*<40 .
i LHCD preliminary |
b || | e
. | |
o2k — EPS09LO { I _
| === EPSO9NLO i
L e nCTEQ15 -
- —¢— data -

0] I R P
2 4 6 8 1
P, [GeV/c]

0.4

0.2

— —— EPS09LO pPb s =5 TeV
. EPSOINLO 20<p._<100 GeV/c
= nCTEQ15 T
. —¢— data LHCb preliminary
1 I 1 1 I 1 I 1 1 I 1 1 1 I
—4 -2 0 2 4

* Lc/DO0 in p-Pb collisions measured by the LHCb experiment shows a flatter

trend with rapidity
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N\ct nuclear modification factor Rppp

o) _I LI | I LI | LI I | | LI | I LI | LI I I I I__
Q:%l 1.83— ALICE  p-Pb, {5, = 5.02 TeV _
B -0.96 < ¥y <0.04 1
16k g __ Ac* baryon 1
s 4F - D% meson 3
il 5
CEAL 2 [ Lol .
(T R R
: : e Ado /d
0.8;-__ _*_ E pp Pr
o6f L . -
0.4F e o E Rppb < 1 = suppression
' —4— D mesons (average D°, D*, D) ] Rorb > 1 = enhancement
0.2 ~0~ D® meson —
O:I 11 | | 11 | 11 | | 11 1 | | 11 | 11 | | | | I::

2 4 6 8 10 12
p. (GeV/c)

* A\t nuclear modification factor Rppb
* consistent with unity I Minimal modification w.r.t pp
. Consistent with D-meson Rpr collisions within uncertainties
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N\ct nuclear modification factor Rppp

o) B | | | | | | | | | | | | | | | | | | | | | | | | | | 1 | | | | | | | | | | | | | | | | | | | | | _
o N I 2
g 3 A:)L;(;E pO-F;t;, \'Syy = 5.02 TeV £ E
- -096<y<0. + T i
160 . At baryon 1 i E
e - D9 meson 3
C[1 —— I 2
n o T 5
1:" Y """""" m """""""" I ____ | """" NIV AV A VAV VA '>"<A><i_;
B T e SOSAAAX X e XXXX/ \XXXXXX ”
0.8k f o T &?ééxw TN g
T T /xxxxxw | ]
0.6 =+ . =
N I 2 POWHEG+PYTHIAG6 2
0.4 - D mesons (average D, D", D) — == with CT10NLO+EPS09NLO PDF (A,) —
N . I POWLANG transport model N
0.2~ 0~ D’ meson I (charmed hadrons) i
O_ PR ST AN TN TN N N TN TN T NN T N T A TN N U TN T NN T W I N T M N T N T N N T T [N T N U AN TN NN W AN WO MO A NN TN A

2 4 6 8 10 12 2 4 6 8 10 12
p. (GeV/c) p. (GeV/c)

* At Ryp, consistent with models assuming cold nuclear matter effects, or ‘hot’ medium
effects

— POWHEG + PYTHIA with CT1ONLO+EPS09 PDF - parameterisation of nuclear PDF
— POWLANG - ‘small-size’ QGP formation, collisional energy loss only

POWHEG: JHEP 09 (2007) 126
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