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*Introduction

*The LHCb detector

* LHCb pPb data samples

 Prompt D productionin 5.02 TeV pPb coIIisJiHcgpr]Os(zom090

* Prompt A{ productionin 5.02 TeV pPb collisions
JHEP 02 (2019) 102
e Summary and outlook




Introduction

* Heavy flavor states are good probes in heavy-ion collisions
»m. > MAqcp: allows perturbative calculations

» Experience whole time evolution of collision

Shadowing
/
* Cold nuclear matter effects: § L6
» Modification of parton distribution 5 i; 3 / 11T !
functions: nPDF or CGC =10 B -
> Energy-loss due to collisions and gluon N” 0.8 E i
radiation & 06 [ —— EPPS16UlHIiH
> Interacting with co-moving particles I PS09 T
> ... 8 00 Lol vwnad
* Observables 10 10° 10” 10" 1
T

» Nuclear modification factor Rpy,
» Forward-backward ratio Rgg
» Baryon-meson ratio

Anti-shadowing

Eur. Phys.J.C(2017)77:163
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The LHCb detector

A single arm general purpose detector at forward rapidity !
pseudorapidity acceptance 2 <1 <5

Muon system:
u identification: € (u = u) ~97%
Mis-ID: e (r > u ) ~1-3%

RICH: K/n/p separation
Vertex detector: IP € (K—=K) ~95%

resolution ~20 um Mis-ID: € (r = K) ~ 5%
Decay time
resolution ~45 fs

- t “' Electromagnetic
Ipole magne Tracking system: + hadronic
Bending power4 Tm Ap/p = 0.5-1.0%

calorimeters
(5—200 GeV/c)

JINST 3 (2008) S08005
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LHCb pPb data samples

Forward: pPb

* ./Snn = 5.02 TeV (2013)
>pPb (1.06 nb™1)+ Pbp(0.52 nb™1)

2 * Rapidity coverage
»Y" = Ylab — Yems
Backward: Pbp rapidity in nucleon-nucleon cms
»Ay = +0.465
g | »Forward (pPb): 1.5 < y* < 4.0
»Backward (Pbp): =50 < y* < =25
»Common region: 2.5 < |y*| < 4.0

QPT 2019; open charm in LHCb 4



DY producion

ggggg-m o % 4000F Bwd
E 7000; LHCb E 3500 LHCb
6000 HDaa o SO0 E - Daa
Z 5000 - Signal g 2500 ... Signal
é 40005_ B3 Background § 2000 3 Background
2 3000 2 1500

2000 E 1000

1000 .. _ | 500

MK t+) [MeV/c?] MK rtt) [MeV/c?]

* Reconstructed through decay channel: D° - K~ r*

e Obtain Dvyields N(D° —» K~r*) by fitting invariant mass distribution:
»Signal: Crystal Ball + Gaussian, f* fcg(u, 0,a,n) + (1 —f) * feauss (U, YO)
»a,V, fare fixed by MC samples andn =1
» Background: linear

JHEP 10 (2017) 090
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Prompt D°
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e Extract prompt D° by fitting )(IZP distribution
» Prompt: AGE function, peak position and width
are free to float, other parameters are fixed by

simulation

»From b: Gaussian
»Background: sideband data

QPT 2019; open

charm in LHCb
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Prompt DY: cross section

[ L B B [ LI LR LA
<107 = < 107
=~ \San =5 TeV E ~ \San =5 TeV
> - NN 3 > == NN
8 == Forward LHCb pPb ] 8 =——=p= Backward LHCb pPb
| = ==
E —— I =
* —f—— i % — i ——
= - == 5 | =
f,\.'g S 1+ L(“) PR %(J —t—— E 632 S 4 S50<yt<45 T TR
% __t 25« v < 3.0 . __'_:.:_ ] % —~+ 11(%) < y¥ < -4.0 el
DSYSs O — 1L 4-40<y*¥<-35 — —"
+30<)%<35 e 107 E S 55202 30 —t
-1 4=35<y*¥<4.0 - o
10 DK, : _H -4 -3.0<y¥<-25 .
PR R T T T T TR N S TR S | PR R N R PR T T T TN TR TR N ST SN SRR N R S S | -
0 2 4 6 8 10 0 2 4 6 8 10
p. [GeV/c] P, [GeV/c]
d’c N(D°—K~nt; pr,y)

* Double-differential cross section:

dydpt - LXe(pT,y)XB(DO—>K~nt)XAyXApT
The uncertainty is the quadratic sum of the statistical and systematic components

¢(pr,V): effeciency estimated from simulation and PID sample
o(pr <10GeV/c, 1.5 <y" <4.0) = 230.6 + 0.5(stat) + 13.0(sys) mb
o(pr <10 GeV/c, =5.0< y* < —=2.5) = 252.7 + 1.0(stat) + 20(sys) mb

QPT 2019; open charm in LHCb 7
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AT production
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* Reconstructed through decay channel: AT - pK~n™

* Obtain AL yields N(AL — pK~n™) by fitting invariant mass distribution:
» Signal: Gaussian
» Background: linear

JHEP 02 (2019) 102
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Prompt A

2 3500 ' ' 0 N ' ' '
N : 2000
S - (a) 2<p, <10GeV/c g 1800 (b) 2<p,<10GeV/c
~ 3000 = LHCD 1.5 < y* < 4.0 > 1600 LHCb —4.5< y* < 2.5
§ 2500 ;_ pPb sy =5 TeV forward ic; 1400 pPb \s=5 TeV backward
S 2000E 4 data = 1(2)88 -+ data
8 1500 F- background 8 200 background
F - prompt c00E
10005 — Al-from-b 400 — Al-from-b
5005— — total »00E — total
0k s . 0 iy ’
—4 -2 0 K —4 -2 0 2 .4
log (X,(A) log, (p(A)
* Extract prompt A} by fitting xfp distribution p(K)+p(™)+pp™)
» Prompt: bukin function, peak position is p*
free, other parameters are fixed by T
simulation K+
»From b: bukin function, peak position and AZ others
width are free, other parameters are fixed pvﬁ" —
{

by MC
» Background: sideband data

QPT 2019; open charmin
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Prompt AL cross section
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Double-differential cross section:
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QPT 2019; open charm in LHCb

dydpr  Lxe(pry)<BUE —pK~ T+ )xAyxApT
¢(pr,v): effeciency estimated from simulation and PID sample
0(2<pr<10GeV/c, 1.5<y*<4.0)=32.1 £ 1.1(stat) + 3.2(sys) mb
0(2<pr <10GeV/c, =50 <y* < —=2.5) = 27.7 + 1.8(stat) + 3.8(sys) mb
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Prompt DY: nuclear modification factor

£ 2 Y L L I B R
= [D" 4=1HCb LHCb i
A | = HELAC-EPSO9LO [Sun =5 TeV -
- — HELAC-EPS09NLO E
LS L..HELAC-nCTEQI5 ]
[ mmcGel
- EmCGC2
0.5 e e T -
. Forward
i A N I B B
OO 2 4 6 8 10
P, [GeV/c]

2

—Q.i R D() LA DL L L B DL L L | ]
Nl —~+ LHCb i
i F<]HELAC-EPS09LO -
1.5F — HELAC-EPS09NLO -
i ---HELAC-nCTEQIS ]
1 et 1=
0.5F .. .
4 Backward ]
0 - ol T
0 2 4 6 8 10
P, [GeV/c]

_ 1 doppp(T1.y"~/SNN)/dpT(dY)

* Rpr

A dopp (p1.¥* A/SNN )/dpT(dY) ’

A = 208

* pp reference is measured by LHCb

* R,pp suppressed at forward rapidity
»Slight increase with increasing pr

* R,py, close to 1 at backward rapidity

* Data are consistent with models with nPDF, CGC

* Data have smaller
QPT 2

uncertainties than theory

019; open charm in LH
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Prompt DV

nuclear modification factor

‘é 2_5 T I T T T I T T T I T T T I T T T | T ]
2. D O == LHCb prompt D° LHCb -

A 5 LHCb prompt J/y s, =5TeV 1 JHEP10(2017)090
2 F=]HELAC-EPS09LO NN —

— HELAC-EPSOONLO < 10 GeV/c ]
--- HELAC-nCTEQI5 T

1.5

\'VI’1IIIIIIIII

* Rppp, = 1 doppp (pT.y" v/SNND/dpT(dy) A =208

A dopp (p1,y*/SNN)/dpT(dy) ’
* pp reference is measured by LHCb

* R,pp suppressed at forward rapidity
* Rypp enhance at backward high rapidity
e Data are consistent with models with nPDF, CGC

* Data have smaller uncertainties than theory

QPT 2019; open charm in LHCb 12



Prompt DV

forward-backwardratio

05

0.5

]
LL' -
| p,.<10GeV/c

<+ Data i S
. JHELAC-EPS09 LO [sys. - | JHELAC-EPS09LO [] sys.
| —HELAC-EPS09 NLO [total. | —HELAC-EPS09 NLO
| ...HELAC-nCTEQI5 otal. - | ...HELAC-nCTEQI5 [ total.
'R T T NN TRNNE SR TN NN TR TR SN NN THN SHN T NN S S PR S TN TR N T T TR T N T TN SN SN NN TR TN NN SN NN TN SN SN
% 2 4 6 8 10 % 1 3 4 5
P, [GeV/c] y*|
.« R = doppb(@T.+ly* D /dpT (dY)
FB ™ doppp(pr,—ly*D/dpr (dy)
* Rpg < 1 and decreases with rapidity

* Data agree with calculations using various nPDF sets

* Data have smaller uncertainties than theory

QPT 2019; open charm in LHCb
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Prompt AT : forward-backward ratio

/M — T 1 T T T T T - 1 T = - . 1 T T T
Q:LL i (a) A: LHCb  pPb \s=5TeV 7 Q:.LL i (b) Aé’ LHCb  pPb s\ =5 TeV 7
[ [rremesiemnemsena e e e - 1

0.5 — ) l ]
I 2] EPS09LO ] | [Z] EPS09LO
I ESJEPSONLO 2.5 < |y*| < 4.0 p,.<7.0GeVie '[l sys. | EPSO09NLO [I SYs. ]
— nCTEQ15 . ' — nCTEQ15 2.0< p.. < 10.0 GeV/e [
I 2.5<y* <3.5 p_>7.0GeV/c il I D<p : total. _
0 L— ?-d.ata L lyl | N T. Ly oy I total, 4+ daa | . 1
2 4 6 8 10 2.5 3 3.5 4
p. [GeV/c] [y

doppb(@T,+|y"1)/dpT (dY)
dopbp(oT,—|y*1)/dpT (dYy)
* Rgg < 1 and decreases with rapidity

* Rpp =

* Data agree with calculations using various nPDF sets

JHEP 02 (2019) 102
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Prompt open charm: baryon/meson ratio

27 Forward
::<< i LHCb

pPb 53 =5 TeV |
1.5<y*<4.0 .

02 ___ EpsosLo
T EPS09NLO ]
A nCTEQ15 |
- —4— data |
ol—— ' s
: 1 6 3 10
Py [GeV/c]
d?o , +(pT.y*)/dpT(dY)
* Ri+,n0 = e
Ac /D d? O po0 (p1,y*)/dpT (dy)

* Theoretical calculation are based on measured pp results from LHCb

/D

+

O

R,

0.6

021

| Backward
[ LHCb

—— EPS09LO
------- EPS09NLO
" e nCTEQ15

- —¢— data

| L L L |

2 4 6

* NPDF uncertainties cancel in baryon/meson ratios

* Forward: consistent with theory in lower pr and below theory in higher pt

* Backward: consistent with theory for all pt

JHEP 02 (2019) 102
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Prompt open charm: baryon/meson ratio

S L R R L R B B S R BB |
g i — EPS09LO |
%< | LHCb --- EPSO9NLO ]
------- nCTEQ15
B T —4- data T

0.5 ” -4~ ALICE .

pPb s =5 TeV

2.0<p_<10.0 GeV/c T
O L | 1 1 1 | 1 L T. | 1 L 1 | 1 1 1 | L
4 i) 0 7 4 JHEP 02 (2019) 102
y*
P d%o af PTy")/dpT(dY)
[ J + 0 o
Ac /DT ™ 4250 (pr,y*)/dpr (dy)

* Theoretical calculation are based on measured pp results from LHCb
* nPDF uncertainties cancel in baryon/meson ratios

* Data is consistent with theory for all y*
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Summary and outlook

* LHCb has excellent capabilities to study heavy flavour in heavy ion
studies

* Production of DY and A} are measured in 5.02 TeV pPb collisions
by LHCb

0
>R5Pb is significantly suppressed in the forward and more
precise than theory so that can be used to constrain model

DO Ag_ . . DO
»Rgg and R:§ agree with nPDF calculations and Rgg has
smaller uncertainties than theory

» R+ /po agrees with model except in forward high pr bins

* Production of open charm in 8.16 TeV and more species such as
DS, D* in 5.02 TeV pPb collisions are under study

» Multiplicity dependence
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