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Introduction

@ Heavy quarks are excellent probes of the cold and hot nuclear matter
effects in heavy-ion collisions.

e Bring information of the early stage. . JHEP 05 (2020) 037

o tprod K tqap: experience whole 1.4 ] @=10Gev?
time evolution of collisions.

e mq > Aqcp: allow perturbative
calculations.

@ Cold nuclear matter effects are assumed
to be dominant in pA collisions.

o Modification of nPDFs. PO“‘ 103 10~2 10~} 1
e Other initial/final state effects. v

@ The baryon-to-meson ratio measurements in heavy-ion collisions help to
understand the hadronization of heavy quarks.

o Comparisons with pp results.
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~ LHOD detector and data configuration |
LHCb detector

@ A single-arm forward spectrometer, covering the pseudo-rapidity range of
2 <n<h.

@ Designed for studying particles containing b or ¢ quarks.

LHCb, JINST 3 (2008) S08005
LHCb, IJMPA 30 (2015) 1530022
Identify p, Kand m up to 100 GeV/c ¢ )

IP resolution /) EcaL HCAL M5 ‘
(15+29/pr) um, 4 SPD/PS s M
excellent prompt
and from-b
separation

Magnet

Momentum resolution 0.5-1.0% (5-200 GeV/c)
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Data configuration

@ pPb data taken at 2013 (,/snn =5.02TeV) and 2016(,/snn =8.16 TeV),

two collision configurations.

pA, forward

pPb system boosted in laboratory
frame:

Y* = ylap — 0.465 ,

Rapidity acceptance:

pA: 1.5 <y* < 4.0

Ap: —5.0<y* < —2.5,
Transverse momentum acceptance:
0 < pr < 20GeV/c,
Luminosity:

5.02TeV: 1.06 nb~! (Fwd)
and 0.52 nb~! (Bwd),

8.16 TeV: 12.18 nb~! (Fwd)
and 18.57 nb~! (Bwd).
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Open heavy-flavor measurements with pPb collisions

Prompt DY production at 5 TeV HeP 10 (2017) 090]

Prompt Aj production at 5TeV HEP 02 (2019) 102]

Prompt D° production at 8.16 TeV  [LHCb-CONF-2019-004]

e BT, B° and /12 production at 8.16 TeV [PRD 99 052011 (2019)]

Prompt charm pair production at 8.16 TeV [LHcb-PAPER-2020-010) New!
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Prompt open charm production

7/26



Results on open charm production

@ Charm hadron decay modes: D9 — K~ 7+, AT — pK—n+.
JHEP 02 (2019) 102
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@ Prompt and from-b components separated using impact parameter(IP). o
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D? and A hadron production at 5 TeV

e DY Rppy with opp, from 5 TeV results at LHCb and RA+/D0.

JHEP 10 (2017) 090
JHEP 02 (2019) 102

£25 T T T N T T T
& < LHCbpromptD° LHCb = T — EPS09LO
of  EELHChpromp Iy Sy = 5Tev ] o LHCb - EPSOONLO
F B, p, <10Gev/c L [ nereass
15k e e E 05 -avce
05F I PPb \§=5 Tev 1
F i 20< p, < 10.0 GeV/c 7
0 C 1 1 1 1 1 0 | IR S S SRS S S S R
4 2 0 2 4 -4 -2 0 2 4
y* y*

@ The D° R,py, are in agreement with calculations with nPDFs.
P g

@ The results of R ,+ /po are generally in agreement with calculations with nPDFs
and LHCD pp results but lower than ALICE results in mid-rapidity region.

JHEP 06 (2017) 147, CPC 198 (2016) 23, PRD 91 (2015) 114005, JHEP 04 (2009) 065
EPJC 77 (2017) 163, arXiv:1706.06728, NPB 871 (2013) 1-20, JHEP 04 (2018) 108
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DO RFB at 8.16 TeV
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@ The Rpp points show a rising trend with pr, which are in agreement with
theories in low pr bins while the discrepancy increases in high pr bins.

@ The result shows a slight dependence on rapidity, consistent with the
measurement at 5TeV and calculations with nPDFs.

EPJC 77 (2017) 163,EPJC 77 (2017) $10052, PRL 121 (2018) 052004
CPC 184 (2013) 2562-2570, CPC 198 (2016) 238-159
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B*, B" and A} production at 8.16 TeV
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b-hadron mass distributions

@ b-hadron reconstruction using exclusive hadronic modes: Bt — DOz,
Bt — JWKT, B D rt, A)— Afn— .

PRD 99, 052011 (2019)
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b-hadron cross-sections ratios

PRD 99, 052011 (2019)
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o B° /BT ratio shows no significant pr and y dependence within experimental

uncertainties.
@ AY/B° =~ 0.4 similar to results in LHCb pp data.

@ AY/B° points show a decreasing trend as a function of pr.

JHEP 08 (2014) 143
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R,py, for BT meson

PRD 99, 052011 (2019)
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@ o, obtained from an interpolation of LHCb 7TeV and 13 TeV results.
@ Forward: significant suppression observed and R,py, increases with pr.
@ Backward : consistent with unity.

@ The measurement in good agreement with calculations with nPDFs and
J/p-from-b results.

JHEP 08 (2013) 117, JHEP 12 (2017) 026
JHEP 04 (2009) 065, EPJC 77 (2017) 163, CPC 198 (2016) 38
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Prompt charm pair production at 8.16 TeV
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@ The first measurement of charm pair production in pPb at 8.16 TeV.

@ Simple parton scattering (SPS) vs double parton scattering(DPS)

PRD 85, 094034 (2012)

@ Mass distributions of D°-D° pair

LHCb-PAPER-2020-010
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_ Prompt charm pair production at 8.16 TeV
mpp and Ap(DD) distributions

LHCb-PAPER-2020-010
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@ D% D vs D°-D° data: mpp similar, different at near-side for Ad.

@ D°-DY data vs simulation: in general agreement, a discrepancy at A¢ ~ 0.
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Oeff

@ Obtained using J/»-D° and like-sign D°-D° results.

LHCb-PAPER-2020-010
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@ In agreement with the expectation of about 0.9b, suggesting DPS/SPS
enhanced by a factor 3 in pPb compared to pp.

@ O using J/w—D0 smaller than D°-D°, similar to the case in pp data, either
due to SPS contamination or DPS enhancement in J/-D° production.

@ o.g for pPb data higher than Pbp data, suggesting a suppression of DPS signal

in pPb data compared to Pbp.

PLB 800 (2020) 135084, JHEP 06 (2017) 147
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Summary and outlook

@ LHCb has strong capabilities to study heavy flavor in heavy-ion collisions.

@ Studied production of D°, AT, b-hadrons and charm pair

Prompt D° results at 5TeV down to zero pr:

constrain nPDF models down to x ~ 1075,

Prompt A /D cross-section ratios at 5 TeV:

consistent with calculations with nPDF models.

Preliminary D° Rpp at 8.16 TeV:

hint an increasing trend towards high pr.

Measurements of b-hadrons using exclusive hadronic modes:
observe a significant suppression compared to pp in forward region.
The first measurement of charm pair production in pPb at 8.16 TeV:
confirm a DPS/SPS enhancement by 3 in pPb compared to pp and
suggest a suppression of DPS in pPb data compared to Pbp.

@ More measurements with high statistics in process:

DT, Df, A} (at 8.16 TeV), =, correlations, ...
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N
DY cross-sections at 8.16 TeV

@ Double-differential cross-sections:
LHCb-CONF-2019-004
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N
b-hadron cross-sections at 8.16 TeV

PRD 99, 052011 (2019)
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@ BT cross-sections calculated as average between J/ip K+ and DOz
modes.

e B*, B and /12 cross-sections show similar pr and y distributions.
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b-hadron RFB

PRD 99, 052011 (2019)
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@ A suppression of ~ 25% at positive rapidity is observed, without pr
dependence.

@ The results are in good agreement with theories.

o The Rpp for BT, B° and /12 are compatible.
CPC 198 (2016) 23, JHEP 04 (2009) 065, EPJC 77 (2017) 163
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|
Ratio of R,p1, between AY and BY

+,p0 +
RAL/DY _ pAd B0
pPb pPb/ "pPb PRD 99, 052011 (2019)
@, 2 T ] B 27 ™
<& gf LHe +pPo =18 LHCh E
O 6k (Sw=816Tev ~+Pp i 24 16 VSw=816Tev 3
14F E 14F E
12F H E 12F E
L il ] 1f e ]
0.8F I i osf E
0.6F E 0.6F E
0.4F E 04F E
02k 25<l|<35 02F 2<p <20 Gev/cg
L L L 1 1
% 5 10 15 20 R R 0 2 4
p, [GeVic] y

@ Positive rapidity: consistent with unity in all kinematic bins = b-quark
fragmentation function in pPb similar to pp.

@ Negative rapidity: hint of more suppression for A compare with B°.
More data required to check whether there are different nuclear effects in
beauty mesons and baryons.
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Charm pair cross-section ratios
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@ Charm hadronization not strongly modified in pPb compared to pp.

@ Like-sign produced enhanced in pPb compared to pp, more enhanced for

backward.

JHEP 06 141 (2012)
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