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 Prompt D%and A} production in pPb collisions at 5 TeV
« Upcoming open beauty and charm measurements
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Open heavy flavor in PbPb collisions
arXiv:1708.04962

27.4 pb (5.02 TeV pp) + 530 ub' (5.02 TeV PbPb)

1-6; CMS ;l E)t:rgr:d hadrons
 Heavy flavor states are sensitive probes to 14- e A
study the properties of the QGP created in 125 1 and i, * 102
AA COI I ISIOﬂ y 1; “"Ce”a'my+++
* Produced in the early stage of the collisions o8 %+
« Significant D° quenching at higher p; observed % =it ¢
in central PbPb collisions G y<1
« Large A} /D ratio measured in mid-central 3 | Cent 0-100%
AuAu collisions T
* b-hadron measurements becoming available at _ pTI((,aeIWC,) __
LHC AnA @GNy
| STAR Pretiminary "0 |
e
» Open heavy flavor in pA collisions provides <
baseline measurements to disentangle cold |
nuclear matter effects from effects of hot and s
dense medium. ol

0 1 2 3 4 5 6
Transverse Momentum P, (GeV/ic)

arXiv:1704.04353



Open heavy flavor in pPb collisions

« LHCb well suited to pPb measurements: Shadowing

 Heavy flavor measurement down to p; =0

AN

« Separation of prompt and b-decay %
components €
=
I
* Cold Nuclear Matter effects o
* |nitial state: &
« Modification of nuclear PDF %:m

* Color Glass Condensate

« Multiple scattering or radiation of partons
crossing the nucleus

 Final state Anti-shadowing
arXiv:1802.05927
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LHCb detector

 Asingle arm forward spectrometer designed for the study of particles
containing c or b quark

* Acceptance: 2 <n <5

* \ertex detector
* IP resolution ~ 20 um

« Tracking system B e \\
+ 2 = 0.5% — 1% | *
(5-200 GeV/c)
 RICH
» K/=t/p separation
 Electromagnetic
+ hadronic i : 7
Calorimeters | g, -
« Muon systems S N
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LHCb pPb datasets %

* Rapidity Coverage

ECAL HCAL

Forward bR

! | * y*: rapidity in nucleon-nucleon cms
il * Yors = +0.465
 Forward: 1.5<y"<4.0
 Backward: —-50<y*< =25

« Common region: 2.5 < |y*| < 4.0

®* \/SNN = 5.02 TeV (2013)
« pPb (1.06 nb1) + Pbp (0.52 nb1)

HCAL
Backward B M
g
agne -~

RICH2 M1
T3

®* \/SNN = 8.16 TeV (2016)
« pPb (13.6 nb1) + Pbp (21.8 nb1)
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C
Prompt D® measurement in pPb at 5 TeV %

PV
IP < -
Forward ¥ Backward Do i
TO0F Forvard  f,  LHCb ] Lageof Bakwad | % Lmce 4 * Reconstructed through
% SoE+Daa ey <raeve ] B 3500f+Data ; decay channel:
= 70005—:151-?11211 ATPT.{ * JC_E _g-lt 1 1 2<pp<3Gevie 3 y 0 ’
2 6000 é_mBagckground R E 23000 Blchground _-: "'-._4'“<'r*<_3'5_§ D - K_T[+
o S000E 1 3 2500 P :
= 4000 —; % 2000
= i = .
g E - * Inclusive D® mesons from
E 7 < - - - - -
1000:.__._. e O OSIO _ =500 = - st flttmg Invariant mass dist.:
M) [MeV/e?] M(K*r) [MeV/c?] Crystal Ball+Gaussian
= E T T T 3 = 2000 T a4 n S » Background: linear
8400(); Forward ; LHCb S 1800 F Backward LHCD 3 g
SI00E L ygeve f | P q 5 1600E 2<p <3GeVie +Daa 3
§30005‘2-i~<<w " :gttompt 1 2 400E _40- e 35 | :]f:’lrtompt E
Sosw0f tmfoms 33 pgf 0 f hmD-foms 3 e Prompt D°fraction
= F i E3Background 3 E i\ 3 Background -
£ 2o00p | ] 5ok -. 3 extracted from fitting
Iswof o0k 1 impact parameter dist.:
e I 3 / o . « Prompt: simulation
0 St n Iy U; () S e 0'4 « D%-from-b: simulation
2 - -
log, 0,(P") log, (¢, (1)) « Background: sideband in
JHEP 10 (2017) 090 data
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Prompt A measurement in pPb at 5 TeV

1400

1000

Candidates / 3 MeV/¢?

83500-_. —

— 3000

S 1500

LHCb-PAPER-2018-021 in preparation

1200 |

800F
600
400F
200

-4 -2 0

Forward <

L pPb s =5 TeV
- forward

E LHCb preliminary [} :

background

PR (DDA S G S R T
2300 2350

2250

m(pK nt")[MeV/c?]
T I T T T I T T 3
g (a) 2<p <10GeVIc§
= pPb Vsun=3 TeV 1.5 <§‘* <40
£ LHCb preliminary forward
;_ -+ Data _;
= [JBackground =
- — Prompt E
E — Al-from-b ]

- —Fit

2 4
log (x7(AY)
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Backward {
i ¥ v I v 4 . ¥ 1 ¥ v X v I %
1200 :_ ppb SNN=5 TeV + data
[ backward .
1000F 7ric preliminary [ . s E
800F- § E

background

200 =
0 . S R S T R R
2250 2300 2350
m(pK ") [MeV/c?]
. —r—— ———T———
& 2000 E
o 1800:— (b) 2<p.. <10 GeV/c3
1 % 1600F PP Vsw=> TeV 45<yt<-25 3
& E LHCb preliminary backward 3
< 1400 =
T o0E -+ Data E
800 £ []Background E
600 . —Prompt E
4002_ — Al-from-b _f
200 —Fit E
0

2 . 4
log (17(AD)
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Ay pV

i * Reconstructed through

decay channel
AY - pK~n™

1« Inclusive A} baryons from

fitting invariant mass dist.:
« Signal: Gaussian
 Background: linear

Prompt A fraction
extracted from fitting
Impact parameter dist.:

* Prompt: simulation

« At-from-b: simulation

 Background: sideband in
data



E

Prompt D°

double-differential cross-section in pPb
§loz=_"'|"'|"'|"'|"'_= § '|"'|"'|"'4-
5 o = 3 TeV E e = 5 TeV E
% ;EE—— l\iﬁvard e LHCD E @kward e LHCb
= == = ——=t= 4
S 10F =S = E s = S
E f == k) —~ == :
% . ———— % L — A——— _:
OIS 1 F 1520 OIS b sy == 3
SV E == 2.0<p%<25 S Y i +-:1:5<'1*< 4{3 } i -
= 25730 Pt L A--40<3F <35 ==
3.0 <)% <35 10 F e 35<1+ <30 —t3
107 ==35<y" <40 E+-%.O< y¥ <25 ]
o 2 4 / 0o 2 4 6 % o
GeV GeV
Forward: Py [GeVicl Backward: Py [GeVie]
0 <p<10GeVic 0 <p< 10 GeV/c
1.5<y*<4.0 —5.0<y* < =25
Oforward = 230.6 £ 0.5 + 13.0 mb Opackward = 252.7 £ 1.0 £ 20.0 mb

JHEP 10 (2017) 090
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Prompt A

double-differential cross-section in pPb

E

(b)

:

ﬁ”

!

+

- 300 < y* < =250
- 350 < y*<-3.00
- 400 < y* < =3.50
—— 450 < y* < —4.00
I

LHCb preliminary
pPb s =5 TeV

Backward

+H

1

= 10 A 7 = 10
g- LHCDb preliminary E “; E
8 10 pr SNNZS TeV E 8 10
= - Forward ; <4 C
,-Q | —— ] 1-Q =
E 1y Tt 1 & it
. E —— 3 . E
* - S . S -
=) - 4 ©Olo -
= [ e150<yr<200 T %=, S

S 107 E +200<y*<250 s 100F
E e 250 < y¥ < 3.00 :
[+ 3.00<y*<3.50 A
1072 | =350 <y <4.00 102 F

- L | L L L | L L L | L L L .
2 4 6 8 10 2

p.. [GeV/c]
Forward: !
2 <p;r<10GeVic
1.5<y* <40

Oforwara = 32.1 £ 1.0 £ 4.1 mb

LHCb-PAPER-2018-021 in preparation
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Backward:

.6.

'Uoo—

2 <p;r<10GeVic
—45<y* < =25

10
[GeV/ c]

Obackward = 27.7 i 1.5 i 4.5 mb
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Prompt DY at 5 TeV THCD

forward-backward production ratio
_ o(+ly*l, pr)
* Rpg does not need results from pp collisions. o (=ly*l,pr)

« Compared to Helac-Onia calculations incorporating different nPDFs
» Model parameterisation constrained by existing LHC pp cross-section measurements

« Consistent with nPDF predictions within uncertainty
* Data show smaller uncertainties than nPDF calculations

JHEP 10 (2017) 090

m I T T | T T T | T T T m LI N B
;- [LHCb . =t ) LHCbH i
o o \

0.5

== Data

] FI1EPS09 LO
— EPS09 NLO - L — EPS09 NLO i
---nCTEQI15 L ...nCTEQI5 -

0...I...I...I...I... O....I....I....I....I....

0 2 4 6 8 10 0 1 2 3 4 5
P, [GeV/c] b*|

Comput. Phys. Commun. 184 (2013) 2562

Eur. Phys. J. C77(2017) 1 Comput. Phys. Commun. 198 (2016) 238
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Prompt A at 5 TeV
forward-backward production ratio

_o+ly"lpr)
* Rgg does not need results from pp collisions. o=yl pr)

Compared to Helac-Onia calculations incorporating different nPDFs
» Model parameterisation constrained by LHC pp cross-section measurements

Consistent with nPDF predictions within uncertainty
» Data uncertainties comparable to nPDF calculations

E T T T I T T T I T T T I T T T E T T T T I T T T T I T T T T
< 1 (a) 1 < [(b) '
a | a = |
i T i G A ] T
05H - 05H ”"”"""“"*3*3’1iig?%%%?’???it?????5 -
Ll_l i i Rt | )
| o 23] EPS09LO i | £C7] EPso9LO o i
LHCDb preliminary EPSOSNLO EPSOSNLO LHCb preliminary
i pPb i[s=5 TeV —— nCTEQ15 i [ —— nCTEQ15 pPb 5 =5 TeV T
T 25<h* <40 —4— data . - —— data 2.0<p_<10.0GeV/e .
0 L L L | L L L | L L L | L L L 0 L 1 L 1 | L L L L 1 L L L L
2 4 6 8 10 2.5 3 3.5 4
#
p, [GeV/c] Comput. Phys. Commun. 184 (2013) 2562 Y
Eur. Phys. J. €77 (2017) 1 : Comput. Phys. Commun. 198 (2016) 238
LHCb-PAPER-2018-021 in preparation put. Fhys. :
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Prompt DO at 5 Tev JHEP 10 (2003) 046 %
- - . . Eur. Phys. J. C77 (2017) 1
nuclear modification factor in pPb  comput poys. commun. 182 (2013) 2562
Comput. Phys. Commun. 198 (2016) 238
1, doppb(¥",PTA/SNN)/dX

* =—-X =
Rppo (7", 1) = 4 X ey A=208

* pp reference directly measured by LHCDb

* R,pp, suppressed at forward rapidity
*slight increase with increasing p-

*Ry,py, closer to 1 at backward rapidity

* Measurements consistent with models
with nPDF, CGC
* Data has smaller uncertainties than

theory

§2--'|"'|"'|""|"-_ 6?2-""""""'1"""-
Qﬁ& =4 LHCb LHCDb ] Qﬁa i = LHCb LHCDb ]
F=1EPS09LO VSaw = 5 TeV . T F=]EPS09LO VSaw = 5 TeV ]
1.5 — EPSO09NLO - 1.5  —EPS09NLO .
i i ---nCTEQI5 ]
C B CGC i

|
0.5 T .
Forward ]
PP B B SRR S PP B B B L]
00 2 4 6 8 10 OO 2 4 6 8 10
p [GeVic] P, [GeVic]
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Prompt DO at 5 Tev JHEP 10 (2003) 046 %
- - . . Eur. Phys. J. C77 (2017) 1
nuclear modification factor in pPb  comput poys. commun. 182 (2013) 2562

Comput. Phys. Commun. 198 (2016) 238

R ( * ) . l X do_pr(y*;pT;\/SNN)/dx A_208
A Tpp (V" DT/SNN)/dX
«pp reference directly measuredby 223~ T T T T T T ]
ipHC b / / Q;‘S- - — LHCb prompt D’ LHCb .
f d - LHCb prompt J/y \[s\ny = 5 TeV -
*torward _ 2 EZEPSOYLO g
« significant suppression - — EPS09NLO p;<10GeVic 4
* backward 15k  -o-nClEQLS .
ecloserto 1 :
*hint of enhancement at large -
rapidity

* Measurements consistent with
models with nPDF, CGC

* Data has smaller uncertainties
than theory

JHEP 10 (2017) 090
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» Sensitive to charm hadronisation mechanisms

Charmed baryon/meson production ratio

R+ /po ato TeV

ox+ (V" 01)
opo(¥*, pr)

Rag/po =

Model based on measured pp cross-section

nPDF effects mostly cancel

« EPSO9LO & EPSO9NLO similar

* nCTEQA15 slightly lower.

Slight increase with increasing p+

Forward:
« Consistent at lower p+
- Below theories at higher p

Backward:
« Consistent for all p+

5/16/2018

ﬁlzﬁcbg
Eur. Phys. J. C77 (2017) 1

Comput. Phys. Commun. 184 (2013) 2562
Comput. Phys. Commun. 198 (2016) 238

T T | T T T
LHCb preliminary -
pPb s =5 TeV
15<y*<4.0

02l — EPS09LO
-------- EPSOINLO
. ncTEQI5  Forward
—— data
O L L L | L | L L L | L L L
2 4 6 8 10
P, [GeVic]
= 06 T T T T T T T T T T
3 (d) LHCb preliminary -
' pPb {[5=5 TeV

—— EPS09LO

—45<y*<-25

02 EPS09NLO |
s NCTEQ15 Backward
—4— data
02"'4' I6III8III10
Py [GeV/c]
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Charmed baryon/meson production ratio
RAZ'/DO at5 TeV

apr (V' pr) )
apo(y*, Pr) 506
R

Sensitive to charm hadronisation
mechanisms 0.4

Model based on measured pp cross-section

nPDF effects mostly cancel 02 cossro L HCh oreliminar

+ EPSOOLO & EPSOONLO similar | EPSOONLO »Pb \,%:5 i

« nCTEQ1S5 slightly lower [ e 2.0< p_ < 10.0 GeVle
Flat across y* T4

y*
Consistent with theories for all y*
Eur. Phys. J. C77 (2017) 1

Comput. Phys. Commun. 184 (2013) 2562
Comput. Phys. Commun. 198 (2016) 238

LHCb-PAPER-2018-021 in preparation
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Recorded integrated luminosity [nb

ﬁlﬁle

Ongoing open heavy flavor measurements at LHCb

LHCDb participated in the 8 TeV pPb data taking during 2016.
Recorded luminosity in total ~31nb~1(20 times more than 2013)
Increased charm & beauty cross-sections at higher energy

Measurements of beauty hadrons in pPb (upcoming)

Precision measurements of charmed hadrons in pPb (ongoing)

Integrated luminosity MNumber of events
- Actual pPb  Minimum Bias pPb
20 — Actual Pbp <.+« Minimum Bias Pbp -2.0
15 / 15

10

N
[

_
o
Number of minimum bias events

/ 0.0
No L0 L0 e o
70 % a)(} O~
w0 wo

A high multiplicity pPb event seen by LHCb in 201
http://Incb-public.web.cern.ch/Ihcb-public/
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Events/(10 MeV)

Open beauty measurements in pPb 8 TeV

Events/(10 MeV)

TOF—

60

40

30F
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O

50F

5&-

Fr T rerp e e
00F LHCb preliminary + 3
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50F ~13nb?! E

S

T T T T
4+
|

'4-0--0-"'*' .

P PR RS RE S S S | .
ﬁ 50 5200 5250 5300 5350 5400
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S350 T T T T T T T T T T T T ]
% r LHCb preliminary + ]
= 300F p-Pb, 5,5=8 TeV + 3
o E ~13nb” _+_ 3
—250F =
PN _ 3
52005— B + _E
M 150F + 4 .
100 F + + 5
oot + =

50 4—-#— Pl g S -+ oy

T SN SN TR N SN TN SO S NN TN S TN S AN SN ST ST N NN SN S S

501 50 5200 5250 5300 5350 5400

M(D"r) [MeV]

—~ L L B L B R ]
% 350F LHCb preliminary + —;
> p-Pb, |[54,=8 TeV 3
=300 3! t E
.}-5:250 + ; E
§ 200 B _ —_
M 150 t oy g
(X ' E
100874 444444 =
PR . +¢ + o L] ¢+ ]
50 " e (e ”¢‘¢’§§” P .’._‘
M I B
5%00 5100 5200 5300 5400 5500

MJ/WK) [MeV]

» Upcoming results on fully reconstructed b hadrons:
« B*, AY cross-sections in pPb
® RFB for B+, A%

b LHCbprolimimary || ;
e ]
- BO + t _
+ ]
- ++ +++++
0 ‘53'00' TS0 5500

M(D'm) [MeV]
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 baryon-meson ratio R A/B*

* Rypp for BY, A
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80 LHCO pretiminary + I
60 F p-Pb, ‘JISNN:S TeV E
gof 13" + 3
20F 3
00F Ag Pt E
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60F +# ot E
R + E
20 3 oyt tate o7
0 =550 3600 5700

M(AT) [MeV]
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. x10° — S -
=2 S+ LHCb preliminary 3 N 1000 *  LHCbpreliminary
2, 600 s pPh 5 =8TeV F 2 C Te  Pop |u=8TeV ]
= * _ ~13nb’ 4« 800F . ~17 b 7 3
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* Precision measurements of charmed hadrons in pPb 80 D0 180 1w 1930
Mass(K tntt) (MeV/c™)
[ J
Accuracy lmprovement In RA(:I:/DO
» Measurements as functions of multiplicity e T T T ek petmay 3
. g 00 - Pb-p, (s =8 TV 3
* Analyses ongoing S T £
- ——— g D7
2 - 4 LHCb preliminary 3 2 so00f %  LHCb preliminary i - 40000 - - b
>3000F . pPb, (se=8TeV 3 2 : ., b iy F . backward E
s = A+ * i 1= C + . . P: (S ] 30000 E
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Conclusions

« Cross-sections of prompt D and A7 in pPb collisions at 5 TeV
measured by LHCDb

- Nuclear modification factor of D in pPb collisions directly measured
« Significant D° suppression in the forward rapidity
* more precise than theory
 Rpg measured for DY and A}, results consistent with theoretical calculations
« D% more precise than theory
« A uncertainties comparable to nPDF

» Charmed baryon-to-meson ratio R ,+ 50 measured
« Consistent with model except high p; in forward rapidity

* 8 TeV pPb data with high statistics enable exciting new measurements
of open heavy flavor in cold nuclear matter

« Upcoming results on open beauty states
* Precision measurements of charmed hadrons ongoing



backup
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Prompt D°

differential cross-section in pPb

— = 20— —
= = [ +Dat LHCb .
— -~ EJEPS09LO =5TeV
S 9= 200 ZEPS09NLO Vs ]
= - —nCTEQIS -
E 150 E
b| o - N
o] B —+ Forward 100 -
107! & = Backward (x0.1) - _
—1EPS09LO : ]
= EPS09NLO S0F -
102 F [MnCTEQILS - .
S S N T T R S | ] ]

0 2 4 ! =5 0 5
y*
» Data consistent with nPDF predictions JHEP 10 (2017) 090

 Theoretical calculation with Helac-Onia:
* Fit to existing LHC pp cross-section measurement
* Incorporate nPDF

« NCTEQ15 under predicts cross-section at lowest p;  Eur. Phys. J. C77 (2017) 1

. - Comput. Phys. Commun. 184 (2013) 2562
Data more precise than nPDFs Comput. Phys. Commun. 198 (2016) 238
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