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Outline

« Heavy flavor physics in pPb collisions
* LHCb detector

 pPb collisions: recent results

* Open heavy flavor results
 Hidden heavy flavor results

* PbPb collisions: work in progress
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Heavy flavor physics in pPb collisions

» Heavy flavor states are sensitive probes to study the properties of the QGP
created in AA collision.

* Produced in the early stage of the collisions

« Significant D° suppression observed in central PbPb collisions
« Large A} /DO ratio measured in mid-central AuAu collisions
|/ suppression a signature of deconfinement

. Heav%/ flavor in pA collisions provide baseline measurements to
a

disentangle cold nuclear matter effects from effects of hot and dense
medium. _ R
Shadowing ¢
[ I
T [ = EPSO09L 14
« LHCDb well suited for such measurements: < M o
» Heavy flavor measurement down to pr closeto 0 5 ' [ |
« Separation of prompt and b decay components = 1.0 10
> 0.8 0.8
~ 06 = = 0.6
« Cold Nuclear Matter effects T 04 y 04
* Initial state: £ oo o2
* Modification of nuclear PDF Q: 00 -—Anti-gshadowing '
* Gluon saturation ot 100 102 100 1

« Multiple scattering of partons in the nucleus
* Final state
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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

* Vertex detector
* [P resolution ~20 um
» Tracking system roaL HOAL s
+P=05%-1% |
(5-200 GeV/c)
* RICH

« Electromagnetic
+ hadronic \ i :
Calorimeters | g ——

« Muon systems s S =
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pPb datasets and recent results %

Forward B  Rapidity Coverage
. e  y*: rapidity in nucleon-nucleon cms
* Yems = £0.465
 Forward: 1.5<y"<4.0
 Backward: —-50<y*< =25
« Common region: 2.5 < |y*| < 4.0

®* \/SNN = 5 TeV (2013)
« pPb (1.06 nb1) + Pbp (0.52 nb1)

Backward bR e o
 Open heavy flavor D° and Af

* VSyv = 8 TeV (2016)
« pPb (13.6 nb%) + Pbp (21.8 nb?)
 Hidden heavy flavor J /y
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C
Prompt D° measurement in pPb at 5TeV %

PV
IP < -
Forward | Backward < Do .

SggggFmd A LHO 3 TaEBakwad %  tHoe 4 * Reconstructed through

E mooi-thff“‘l 2ep crcevic] B 3s00f+Da i 20, <3 Govie 3 decay channel:

e 6000 ;‘EjBl;ﬁ:lI(aground 25<yr<3d _ 35 2000 ]SSlagchlround _-: m40<yTe3s _ DO i K_T[+

> 5000F 4 5 200 P E

= 4000 — % 2000

S i = ;

g E - * Inclusive D® mesons from
E = < - - - - - .
T e e e . Signal:

M(K™T) [MeV/e?] M(K™T) [MeV/c?] Crystal Ball+Gaussian
§4()(J();— Flor;varld A LIHC.b - _ g?ggg : ];aclkwlardl A LIHC.b | :% ) BaCkground Ilnear

- P0E 2<p_<3GeVie B ill:]ftlm E 1600 2<p <3GeVie [ :]]:Di?m 3

2 3000F 55 e - 1 2 e 0eyre s [k e 3 .

S sk :-. 0o j 3 1333_ R A D o i« Prompt D°fraction

= £ | EABackground § F i\ 7 Background 3 -

5 200F | 1 8k '- ; extracted from fitting

o3 600E impact parameter dist.:
e I E « Prompt: simulation
05— 0 2 A e B m—t « D°-from-b: simulation
0 0 . -
log, (x;,() log, (¢, (1)) « Background: sideband in
JHEP 1710 (2017) 090 data
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Prompt AT measurement in pPb at 5TeV

% PV
IP K~
Forward 4 Backward 4 AF -
c
p
Q E—— = I+ % & ¥ ¥ q 40T T " T T T
S 1400F pPb {5=5 TeV S ook PPP Vsm=s TeV - data 1 * Reconstructed through
S 1200f- forward 4 = [ sk — total 1 decay channel
© 1000 LHCb preliminary [} o 1000F 1 Hcw preliminary | . sad E + - ¥
PR & 2 S00F & ) 3 A > pK™n
8 800F background 2 C background ]
_ié : E 600F
g 400: g 400: + + i - +
~ 00f ~ 0f 1 * Inclusive A¥ baryons from
;N b 4w ... 3 fitting invariant mass dist.:
2250 2300 2350 2250 2300 2350 - . -
m(pK")[MeV/c?] m(pK ") [MeV/c?] » Signal: Gaussian

 Background: linear

e TC TN o e e
L 1 = —
2<p <10GeVie] S E PPD s =5 TeV
15<y*<40 4 = F backward

2<p,<10GeV/c3

45<y* <25 3 Prompt A-g fraction

Q3s00F o T i
g = PPb sn=5 TeV
~ 3000 & forward

8 5500E LHCb prelimi g 1699 | HC prelimi P

S 1R extracted from fitting
£ —Fi ] £ 1000F —Fit Impact parameter dist.:
© 15005_ """ _E © 8()0;— ------ Prompt

* Prompt: simulation
« A%-from-b: simulation

600 5_ — Al-from-b J
400E M Background J:

200 - .
o v - 08 - L « Background: sideband in

2 2 At 4 2 2 A+ 4
log, (X7, (A) log, (47,(A) data

LHCb-CONF-2017-005
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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
e T B i e s

N T N B S [ B B

= © LI DL
Qfl =4 1.HCb LHCb ] Q;i i == 1.HCb LHCb i
F=1EPS09LO VS =23 eV 1 [ E=]JEPS09LO VSaw =5 TeV 1
1.5 — EPSO9NLO - 1.5F — EPS09NLO —
---nCTEQ15 i i ---nCTEQI15 i
- - ECGC -
1 T PP PP PP PP .
. 0.5 = .
Backward i Forward ]
EETE BEF B B B EEPE B BRI R SR
OO 2 4 6 8 10 OO 2 4 6 8 10
P, [GeV/c] 2 [GeV/c]
2 25T T T T T T T ] T "
- — LHCb prompt D° LHCb

1 do Pb (y*;pT;\/SNN)/dx - E [ LHCb prompt J/ ¢ =5TeV
Ry,pp v pr) = 1 X —L A=208 2F =repsooro IS

dopp (¥*,pT/SNN)/dx’ L psooNLO p,<10GeVie ]

Updated since preliminary result: LSE. mmcae -

Directly measured with prompt D° in pp at+/s = 5 TeV ]
JHEP 1706 (2017) 147 1%

* Nuclear modification factor smaller at forward rapidity
» Measurements consistent with theoretical calculations

~
)
----------------

JHEP 1710 (2017) 090 —4 -2 0 2 4
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Prompt DY at 5 TeV
forward-backward production ratio

__do(+ly*l,pr)/dx
* Rpp = "
do(—|y*|,pT)/dx

* R does not need results from pp collisions.
» Compared to next-to-leading order NLO calculations with different nPDFs

« Consistent with theoretical calculations within uncertainty
JHEP 1710 (2017) 090

@ 1 r rr 1 rrr 1 rrr1rr1t @ T rrrr[r
=t LHCD . =} _ LHCD
o oz ;
: fsox =5 TeV - p Py = 10 GeVie Vo = 5 TeV
1j= | pessasangzn sy
0.5F" 0.5
| | —4=Data
] | =]EPS09 LO
—EPS09 NLO ] L —EPS09 NLO
---nCTEQ15 ] ---nCTEQI5
0...I...I...I...I... 0....I....I....I....I....
0 2 4 6 8 10 0 1 2 3 4 5
p. [GeV/e] |

Comput. Phys. Commun. 184 (2013) 2562
Eur. Phys. J. C77(2017) 1, Comput. Phys. Commun. 198 (2016) 238
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RFB

Prompt A-CI'_ at 5 TeV LHCb-CONF-2017-005
forward-backward production ratio

R _ do—(+|y*|;pT)/dx
FB — ¥
do(—|y*|pr)/dx

Ry does not need results from pp collisions.
Compared to next-to-leading order NLO calculations with different nPDFs

Consistent with theoretical calculations within uncertainty

m T T

f— - L-L. -
R
1 |— - —
- T i
- B . i
L | ¢ |
S g I R L TR
L 4 1 RIS - -
05 s | ”"""6‘6“’0’6%3&30’__ ‘ |
| pPb s =5 TeV [£Z<] EPSOSLO i | [&Z] EPsosLO pPb ys =5 TeV i
i 25<ly*<4.0 EPSO9NLO ] | 20<p, <10.0GeV/c ]
—— nCTEQ15 —— nCTEQ15

B LHCb preliminary — :ata 4 L :ata LHCb preliminary 4

O L L L | L L L | L L L | L L L O L L L L | 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
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Charmed baryon/meson production ratio

R+ /po at > TeV

O-Ag_ (y*,p'r)

GDO (y*rpT)

* Rpg/po =

* EPS09LO & EPSO9NLO
gives similar predictions.

* NCTEQ15 slightly lower.

* Forward:
* Consistent at lower p;
* Below theory at higher p

 Backward:
* Consistent for all p;

12/22/2017

| —— EPS09LO

T T I T T T
pPb s =5 TeV A
1.5<y*<4.0

LHCb preliminary

0.2
| e EPSOSNLO
I— nCTEQ15
- —4— data FOFWard
" L L | 1 . t * ' ' , I I I
: 1 ) 10
pT [GCV/(.]
0.6 ———— s Tev
i pr SNN=5 TeV 7
I —45<y¥<-25
| LHCb preliminary
04 ‘ |
ool —— EPS09LO 7
[ e EPS09NLO
I—— nCTEQ15 B kW r
- —4— data ac i d
o E— S
; 1 8 10
P, [GeV/c]
PANIC2017
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LHCb-CONF-2017-005

Eur. Phys. J. C77 (2017) 1,
Comput. Phys. Commun. 184
(2013) 2562

Comput. Phys. Commun. 198
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Charmed baryon/meson production ratio

L HCb-CONE-2017-005
RAZ'/DO atb TeV
R O-Ag_ (y*,p'r)
. +/n0 =
Ac /D O'DO(y*,pT) A I I | I I
5“06

« EPS09LO & EPSO9NLO
give similar predictions.

: 0.4 _
* NCTEQ15 slightly lower. l l — {. ! {' ]
° Forward 0.2 —— EPS09LO pPb V?=5 TeV —
. I EPS0SNLO 2.0< pw.—; 10.0 GeVie
* Consistent for all |y*| - nCTEQ15 T -
- —$— data LHCb preliminary i

 Backward: ol

—4 -2 0 2 4

 Consistent at lower |y*|
« Displays a rising trend with
increasing |y*|

%
y
Eur. Phys. J. C77 (2017) 1,

Comput. Phys. Commun. 184 (2013) 2562
Comput. Phys. Commun. 198 (2016) 238
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Prompt and nonprompt J /1y in pPb at 8 TeV

 Reconstructed through

J/Y - utu L oobo<r<TCeve e
2 F 35<y*<4.0 $w=8.16 TeV: pPb ]
O A £
+ Signal extraction with 2D £ a0
simultaneous fit to mass and the £ 15} :
pseudo proper decay time 100l E
= (219 — 2pv) X My of :
z = pZ sa-a!'gg.—.-*_' :_A_¥_._‘.._‘....
3000 3050 3100 3150 3200
M. [MeVie?]
z T e
* Prompt and nonprompt (from-b- = (.16 TeV: pPb ]
hadrons) separated =0 6<p, <7GeVIc
Z 3.5< y*<4.0
Rt E
@)
* Fraction from b hadrons:
« Increasing trend 0F
* Low p+: cold nuclear effects different

for the prompt and nonprompt
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R pPb

1.5

1.0

0.5

0.0

Prompt J /¢ at 8 TeV %

nuclear modification factor in pPb

R, py (v*, D7) = 1o doppb (V" PTA/SNN)/dX
pPb T A dopy (Y*,pTA/SNN)/dX !

* pp reference: interpolation of LHCb measurements at 7, 8 and 13 TeV

 Forward rapidity: suppression up to 50% at low p+, decreasing with increasing p

» Backward rapidity: closer to unity

 Overall agreement with models with large uncertainties on the gluon PDFs at low X
» Compatible with 5 TeV results

A=208

PLB774 (2017) 159

— 71— 2077 2.0 L L B L NN
" C1HELAC — Onia with EPS09LO ] ‘& [ C_JHELAC — Onia with EPSOOLO | & [ CIHELAC —Onia with EPS09LO 1
HELAC — Onia with nCTEQ15 | & I HELAC — Onia with nCTEQ15 < I o e o
- HELAC — Onia with EFSOONLO { | . HELAC — Onia with EPSO9NLO - ot BB ncrgy Loss ]
B CGC <4 1.5 4 LHCb(8.16TeV) . 1.5 cGC ]
[ 4 LHCb (8.16TeV) i i ] B 4 LHCb (5TeV) i

4 LHCb (8.16TeV)

x\\\;;w\we@n R aanannts s S
= 1 osh 1 osh

prompt J/w, pPb - prompt J/yr, Pbp - prompt J/y
[ 15<y <40 | [ —5.0<y <25 | 0<pr<14GeVie
| LHCb i LHCb J | LHCb
1 1 1 1 | 1 I L 1 | 1 1 1 O-O 1 1 1 1 | 1 1 1 1 | L L L 0.0 1 1 1 | 1 1 1 | ! I 1 | 1 1 1
0 5 10 0 5 10 —5.0 -2.5 0.0 2.5 5.0
pr|GeV/e| pr|GeV/e] y*
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R pPb

b
J /y-from-b-hadrons at 8 TeV %g
nuclear modification factor in pPb

1, d9ppb (V" Pr/SNN)/dx

pp reference: interpolation of LHCb measurements at 7, 8 and 13 TeV
Forward rapidity: smaller suppression up to 30% at low p-, reach unity at higher p+

Backward: compatible with unity
FONLL with EPSO9NLO consistent with data
Compatible with 5 TeV results

PLB774 (2017) 159
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Prompt J /1y at 8 TeV
forward-backward proc

. p _ oGy lpm)/dx o
FB 7 do(-ly*lpr)/dx B
* Rpg does not need inputs frompp 1o

collisions.

uction ratio

PLB774 (2017) 159

4 LHCb (8.16TeV)

et

0.5 05F -
¢ Prompt]/lp: | prompt J/yr LHch | J/y-from-b-hadrons N
[ 25<|y'|<4.0 [25<|y"|<4.0
* Clear forward-backward asymmetry 0.0 L e 0.0 L e
. . . . 0 5 10 0 5 10
* Increasing trend with increasing p pr[GeV/c] pr[GeV/c]
x 2.0 T T T 1 ] 20 T 1
* Nonprompt J /1: € | Slmoomummmee 1€ v
° Closer to unlty 1.5:_ //\;_//j grlil;%(}—oi:niu \;vith EPSOQNLO__ sk i
« Models for prompt J /1 only e ﬁ
1.0 1.0
Consistent with 5 TeV results | ——— | ——t—
0.5 0.5 .

10}
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. HELAC — Onia with EPSO9NLO | L
- 44 LHCb (5TeV) - 1.5+ .

+

bl I

[ prompt Jy 1 I J/y -from-b-hadrons ]
r0<pr< 14GeV/c LHCb ] [ 0<pr< 14GeV/c LHCb ]
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Entries [a.u.]

HCD
PbPb collisions m

https://twiki.cern.ch/twiki/bin/view/LHCb/LHCbPIlots2015

* December 2015: first LHCb PbPb data taken

* /Syn = 5 TeV (3-5 ub?)

 Event classification: total energy in the calorimeters (Ecal)
 Analyses limited by saturation in Vertex Locator (VELO)

* Track reconstruction: 50-100% event activity (~15k clusters)
x10’

- ' r T 1 ? g 45 _;
5 ' 7 3
107§ LHCD preliminary J E 40 .. =
) S =5 TeV 3 O 35 LHCD preliminary =
10 3= 30 Vsw=5TeV 3
10° 4 Z 2 3
3 @) =
102 y g 2 3
E g 15 E
10 = > 10§ E
3 Z 3
] 5 3
1 ) T R | =

0 20 40 60 0 20 40 60
Ecal Energy [TeV] Ecal Energy [TeV]
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Charm signals in PbPb dataset

https://twiki.cern.ch/twiki/bin/view/LHCb/LHCbPIlots2015
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Ultraperipheral J /1 photo-production

« Selecting events containing only two muon tracks

=2 220F
o 200 ;_LHCb preliminary
180 £\5 (=5 TeV

————
E LHCb preliminary L-..

=5TeV *
SNN 10F m

"y

0.02 g.OS
p2(W'w) [GeVie)]

L

20900‘ | 3000 — I31|OOI | 3200 33:00 . IO.3I — 04 )
M(uw) [MeV/c?] px(uw) [(GeV/ey]

https://twiki.cern.ch/twiki/bin/view/LHCb/LHCbPIlots2015
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Conclusion

« Heavy 1on collisions
 pPDb collisions at \/syy = 5 and 8 TeV in 2013/2016

« Open heavy flavor analyses: prompt D® and Af
 Hidden heavy flavor: prompt and nonprompt J /vy

* PbPb collisions at \/syy = 5 TeV in 2015

« Ongoing analyses on semi-central to peripheral collisions
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