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Recent heavy-ion results

* Results in Collider mode

* Open heavy flavor in pPb collisions
 Prompt D%and A} production in pPb collisions at 5.02 TeV
- B*, B%nd A} production in pPb collisions at 8.16 TeV

 Quarkonium in pPb collisions
]/ production in pPb collisions at 8.16 TeV
« Upsilon Y(nS) production in pPb collisions at 8.16 TeV

* Quarkonium in Ultra-Peripheral PbPb (preliminary)

* Fixed target results
e Charm production in pNe and pAr at 87, 110GeV
 Antiproton production cross-section in pNe at 110GeV
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Heavy flavor in pPb collisions %}]

Phys. Lett. B 782 (2018) 474

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

Heavy flavor states are sensitive probes to study the properties of the QGP
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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 |
* |P resolution ~ 20 um

 Tracking system
. %” = 0.5% — 1%
(5-200 GeV/c)
 RICH
« K/n/p separation
 Electromagnetic
+ hadronic
Calorimeters
* Muon systems
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LHCb pPb datasets %

B HOAL s » Rapidity Coverage
Forward R N e P *y vera
“ | » y™*: rapidity in nucleon-nucleon cms

« Forward: 1.5<y*<4.0
« Backward: —-50<y*< =25

« Common region: 2.5 < |y*| < 4.0

® ASNN & 5.02 TeV (2013)

Backward it « pPb (1.06 nbt) + Pbp (0.52 nb?)

®* \SNN = 8.16 TeV (2016)
* pPb (13.6 nb1) + Pbp (21.8 nb1)
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Prompt DY and A} measurement in pPb at 5 TeV %
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Reconstructed through decay
channel:

D° - K rmt
AY > pKnt
Inclusive D°/AZ signals from
fitting invarian mass dist.:
« Signal:
Crystal Ball+Gaussian (D°)
Gaussin (A))
« Background: linear

Prompt charm fraction
extracted from fitting impact
parameter dist.:

* Prompt: simulation
« from-b: simulation (D°)
sPlot+MC (A])

« Background: sideband in
data
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Prompt DY at 5 TeV
nuclear modification factor in pPb

Ry,pp (", pr) =

1 _ doppp(¥",pT+/SNN)/dX

JHEP 10 (2003) 046

— X
A

* 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

———r—
< LHCb
F=]EPS091L.0

— EPSO9NLO

dO-pp (y*;pT;VSNN)/dx ’

Eur. Phys. J. C77 (2017) 1

S

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

A=208

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

. . theor
* hint of enhancement at large rapidity y
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Charmed baryon/meson production ratio

R+ /po ato TeV
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» Sensitive to charm hadronisation

mechanisms

* Model based on measured pp cross-section

» nPDF effects mostly cancel
* EPSO9LO & EPSO9NLO similar
* nCTEQZ15 slightly lower.

« Slight increase with increasing p
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LHCb

JHEP 04 (2018) 108

P, (GeV/c)

 Consistent at lower p+
» Below theories at higher p

 Consistent for all p

Consistent with LHCb pp results ~0.3
Lower than ALICE points in midrapidity

for both pp and pPb

- —— EPS09LO ]
L ereas Backward
- —¢— data
pT [GGV/C]
« Forward:
* Backward:
SETSEERYE



Beauty hadron production in pPb at 8.16 TeV %

PRD99 052011 (2019)
Bt > J/YK* BY - D rm*
j j a250F T T g 5’8250-_ T T T T I T ]
LHCb ;d  LHCb pPb ] ST f LHCb pPb ]
Vs = 8.16 TeV + Data g 200:— Vsxy = 8.16 TeV =+ Data —: g 200 f— Vs =816 TeV + Data —f
—Fit o . — Fit ] o - —Fit ]
— Signal 150 — Signal - E 150 :— — Signal —:
B Partial -:2 L @Partial ] 2 C ElPartial ]
B Combinatorial % ]OO:— B Combinatorial —: § ]OO:— + B Combinatorial —:
W5 -DK* g b Bs—imyr 1 5 5D K* ]
5 50:— —; 5 . s —E
Do 5200 5400 5600 05100 5200 5300 o100 3300 3000 5200 5400 5600
m(D 1) [MeV/c2] m(JIWK*) [MeV/c2] m(D" %) [MeV/c?]
: : A) - A
Reconstructed through exclusive hadronic decay modes: ~ o ]
§ C LHCb pPb ]
© 100F |5y =8.16 TeV +Data .
Decay pPb Pbp = sk —Fi g
- -’ L — Signal i
B+ — D'z* 1958 + 54 1806 £55 3 eof Braia -
B* — J/yK* 0883 £ 32 0907 £33 3 wf gl
=l [ 7 e ]
B > D~z 1151 + 38 0889 + 34 5 0k E
_A?-+z\jn‘ 0484 + 24 0399 4 23 0 Phibls, " ]
’ 5400 5600 5800

m(Alm) [MeV/c?]

6/24/2019 *EHHZYIE 9



b-hadron production in pPb at 8.16 TeV %Ié
B™ nuclear modification factor

1 _ doppp(¥",PTA/SNN)/dX

Rppo (Y™, p1) = 7 X A=208
» UT J
P A dopp(y*,pTA/SNN)/dX
pp reference interpolated between 7 & 13 Measurements consistent with
TeV measurements from LHCb_ _ calculations with nPDFs EPPS16 and
-Rppb_suppresse(_]l at_ forwar_d rapidity nCTEQ15
* mcregse Wlth_lncreasmg Pt « Consistent with ]/1/J-from-b
* Rppp COnsistent with 1 at backward - Trend similar to D R, py,
rapidity
S AT IR IS TR M T AR T A P TY e R
A 1 6F Viny =816 TeV Eggsﬁg)w El L6E P =816Tev %Eg‘%l&s El | 6F Van=8.16TeV FAEPPS16 E
F 25<y<35 EPPS16%* E E 35<y<-25 EPPS16% E “F 2<p.<20GeVic DnCTEQLS ]
]'4: - Nonprompt J/y L4E - Nonprompt J/y 14F T EPPS16 =
1.2F 1.2 — ; 12;'—1””7 - Nonprompt J/y E
3 . 1 —H— H | e .
0.8 . 08F —H_ E
0.6:— ; 0.6F =
0.4 — 04E =
02F 3 0.2FE =
% 5 10 is 0% 5 10 is 20 0l
pT [GCV/C] pT [GGV/C] —4 -2 0 2 4 ,
PRD99 052011 (2019)
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HCD
b-hadron production in pPb at 8.16 TeV m
Production cross-section ratio

§ 1.85—“IICb s " pPORby E % L LHCb | $BYB"  pPb,25 <y <35 ]
K| 6E Vs =8.16TeV + B’ 2<p,_<20GeVic ] e 2F Bw=816TeV  +AYB’ ]
L4F E ' 1 :
2F - InBin I 15 T
II—_B_ E - _EI_
0.8F 3 I H B ]
0.6;—_@_ & = '
048 ™ & = ol 0.5- - —f— .
0.2F = - d i
- 3 I SR R TR [ TN TN SR T N TR TR SO S N S S
T T I S % 5 10 15 20
y p. 1GeV/c]
¢ RBO/B+
* No significant dependence on rapidity and p+
[ ]

« ~0.4, no strong rapidity dependence
 Similar values observed in LHCb pp measurement JHEP 08 (2014) 143
* Decreases with prwhen p+>5 GeV/c
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Prompt and nonprompt J /) in pPb at 8.16 TeV %

I (1) 1
* Sources : '
* Prompt: direct production, feed down from heavier states
P(29), xc s B
* Nonprompt: from-b-hadrons decays L o 6<py<7GeVie LuCh E
_ ] F 35<yr<a0 VSx=8.16 TeV: pPb]
« Reconstructed through /¢y — u*u : 250~ i -
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R pPb

b
Prompt J /1 at 8.16 TeV THCP
nuclear modification factor in pPb PLB 774 {2017) 159

R, py (v*, D7) = 1o doppb (Y ,PTA/SNN)/dx
pPb 'O A dapp(y*;pT,\/SNN)/dx !

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

A=208

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
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b " HELAC — Onia with EPSOONLO { | . HELAC — Onia with EPSONLO - e B Foncrgy L oss ]
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1.0 % ! 10f = et 105‘"\\~
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R pPb

1.0k

0.5k

0.0

iy

PLB 774 (2017) 159

J/W-from-b-hadrons at 8.16 TeV
nuclear modification factor in pPb

R, py (v*, D7) = 1o doppb (Y ,PTA/SNN)/dx
pPb 'O A dapp(y*;pT,\/SNN)/dx !

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

A=208

Forward rapidity: smaller suppression up to 30% at low p-, reach unity at higher p-
Backward: compatible with unity
FONLL with EPS09NLO consistent with data

EPS09 JHEP 04 (2009) 065
Compatlble W|th 5 TeV results
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Y (nS) in pPb collisions at 8.16 TeV

New differential analysis using 2016 pPb data

Nice Y(35) signals in forward and backward configurations

Samples T(15) T(25) T(35) L
pPb 2705+ 87 584 +49 262444 12.5nb!
Pbp 3072+ 82 679+54 159+39 19.3nb~!
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T b
Y (nS) nuclear modification factor %}I

1o doppp (V" PT/SNN)/dX

JHEP 11 (2018) 194
A=208

R D) = =
pr (y ’pT) A do.pp(y*’pT’\/m)/dx ’

pp reference: interpolation of LHCb measurements at 2.76, 7, 8 and 13 TeV
Forward rapidity: suppression for both states, compatible with nPDFs
Backward rapidity: Y(2S) more suppressed than Y(1S5), consistent with
nPDFs+comovers calculation
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Double ratio

PR

JHEP 11 (2018) 194

T (nS)/T(15) R(Y(nS))pPb|Pbp
Pb Pbp) .
(PPb|Pbp)/pp — R(T(n‘S))pp
 Double ratio of Y(nS)/ Y(1S) in pPb and pp —— (%0 /dprdy®] ( (T(n)
« Sequential suppression also observed in pPb - [d?o/dprdy*] (T(1S))
* Suggests final state effects...
* Agrees with predictions of “comovers” model
Q&ZZIIHIIIIIIIIIIHIII: ,\&2:-|-"|"'|"'|"' ]
= 21.8F LHCb +LHCO ] = 21.8F LHCb +LHCb
= E£1 «F S Eqaf E
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1F 1E
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0.2¢ 5x=8.16 TeV 7 02F sNN_s 16 TeV
I T P IR BRI B | IR B | |
R R R
y* y*
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Gas Injection

Fixed target physics %

LHCDb: only experiment at the LHC can operate in fixed-target mode

The System for Measuring Overlap with Gas (SMOG) allows a small amount of
noble gas injection inside the LHC beam close to the interaction point

Allows p-gas and ion-gas collisions

Sy region between 20 GeV (SPS) and 200 GeV (RHIC)

Access nPDF anti-shadowing region and intrinsic charm content in the nucleon

10°

y 8.16 TeV pPh oHtstor-Sys "ms y 4
I RUE | I LHC w 4
SPOPS oM 10 | ATLAS/CMS HER?
T3 RICH2 MECAL B ALICE :
] 10° ALICE Muon
< 108
i
o 10
- 102
1 1 1 A | 1 l 1 1 | 1 1 ‘l—'l | | 1 1 1 | 1 s 1()1 /
5m 10m 15m 20m z
107° 10— 102 1073 1072 10T 100
P e— @
ip Gas
s s - _(HeNe Ar..)
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Fixed target physics

» LHCb: only experiment at the LHC can operate in fixed-target mode

* The System for Measuring Overlap with Gas (SMOG) allows a small amount of
noble gas injection inside the LHC beam close to the interaction point

 Allows p-gas and ion-gas collisions

/Syn region between 20 GeV (SPS) and 200 GeV (RHIC)

S

o Access nPDF anti-shadowing region and intrinsic charm content in the nucleon

o =5

8 _ Y=y=35

é | arXiv:1612.05741v1 y=5 Y—?-5 =2.5 %) | y I .
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g 061 — EPPS16Y{in S |

% ) e — EPS09 il >, BHIiS with CTEQ6.5
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E Bjorken-x = fraction of the nucleon momentum carried by a parton
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Data samples:

* pArat./syy = 110.4GeV (2015)
e ~4x 10%? Protons On Target

* pNe at /syy = 86.6GeV (2016)
* Lyne = 7.6+ 0.5nb7?

* pNe at \/syy =110GeV (2016)
* LpNe ~ 0.5nb_1

ﬁ: 102 Beam Energy

; o 2500 GeV

S B 4000 GeV

£ Bl 6500 GeV

@)

é 10_1 I I I

£ il

S 107

g pNe pHe pAr pPAr PbAr pHe pHe pNe pNe
2015 | 2016 | 2017
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Charm production in fixed-target pN collision

Phys. Rev. Lett. 122 (2019) 132002
« J/y and DO inclusive cross-section in pNe collisions at 86.6 GeV

* First determination of cc cross-section at this energy scale
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HF production in fixed-target pN collision &

Phys. Rev. Lett. 122 (2019) 132002
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« Differential cross-section (pNe @ 86.6GeV), differential yields (pAr @
110.4GeV)

« Reasonable agreement with Helac-Onia predictions in rapidity shape
e -2.53<y*<-1.73 2 0.17<x<0.37

» Little evidence of intrinsic charm observed
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C

p production in pHe collisions

Phys. Rev. Lett. 121 (2018) 222001
AMSO02, PRL 117, 091103 (2016)
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: HCD
Conclusions ﬁﬂ}l

 Production cross-sections of open charm and beauty hadrons in pPb
collisions at 5.02 and 8.16 TeV

* Precise prompt DY meson measurement down to zero p+. Suppression in the
forward rapidity observed.

 Prompt A}/DP ratio consistent with theoretical calculations and pp results

* First measurement of b-hadrons using exclusive hadronic modes. Smaller
suppression in the forward rapidity than D® meson at low p-.

- First direct measurement of A9 baryon in heavy ion collisions. A9 /B° ratio ~
0.4
 Production of quarkonia in pPb collisions at 8.16 TeV

 J/u: suppression similar to open heavy flavor results
* Y(nS): sequential melting observed in pPb

 Fixed-target mode (SMOG)

« Charm production: no strong evidence for instrinsic charm contribution
 Antiproton: valuable inputs to anstrophysics



Backup
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Prompt charm production at 5 TeV %

forward-backward production ratio
_a(+ly*l,pr)
-~ a(=ly*l,pr)
Compared to Helac-Onia calculations incorporating different nPDFs

» Model parameterisation constrained by existing LHC pp cross-section measurements

FB

Rrg does not need results from pp collisions.

Consistent with nPDF predictions within uncertainty
D° meson show smaller uncertainties than nPDF calculations

JHEP 10 (2017) 090 JHEP 02 (2019) 102
m L B I R B L DL DAL E""'_l_"""""
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Eur. Phys. J. C77 (2017) 1 Comput. Phys. Commun. 198 (2016) 238
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b-hadron production in pPb at 8.16 TeV %Ié
B*, B%and A forward-backward production ratio

« B* production suppressed in the forward rapidity region compared to the

backward.
* Limited statistics to observe clear trend wrt p
« Consistent with nPDF expectations _o(+ly*l,pm)
. FB = — -
« Small uncertainty on B* Rgg o(=ly*l,pr)
» Consistent Rgg between BT, B%and /¢
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b-hadron production in pPb at 8.16 TeV
B%and A} relative modification

 forward rapidity: consistent with 1
- backward rapidity: hint of more suppression for A9.
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Prompt and nonprompt J /4y in pPb at 8 TeVV %

PLB 774 (2017) 159

» Separation of prompt and nonprompt  So<p + e e

J /¢ with p; down to 0 Toop g, e " :
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b
Prompt J /1y at 8 TeV %}I

- - PLB 774 (2017) 159
forward-backward production ratio
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HCD
Y (1S) nuclear modification factor m

JHEP 11 (2018) 194

* _1 dUpr(y*;pT,\/SNN)/dx _
fproopr) = " dopp (¥*pr/SNN)/dx A=208

pp reference: interpolation of LHCb measurements at 2.76, 7, 8 and 13 TeV
Forward rapidity: suppression for for Y(1S5) and Y(2S) states, compatible
with nPDFs

Backward rapidity: Y(2S) more suppressed than Y(1S), consistent with
nPDFs+comovers calculation
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Y (2S) nuclear modification factor

Rpr (y*r pT) =

1

A

doppp (Y PTA/SNN)/dX

A=208

do—pp(y*;pT;VsNN)/dx ’

ﬁIij

JHEP 11 (2018) 194

pp reference: interpolation of LHCb measurements at 2.76, 7, 8 and 13 TeV
Forward rapidity: suppression for Y(15) and Y(2S) states, compatible with
nPDFs
Backward rapidity: Y(2S) more suppressed than Y(1S), consistent with

nPDFs+comovers calculation
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J /4 production in fixed-target pN collision &

Phys. Rev. Lett. 122 (2019) 132002

« Differential cross-section (pNe @ 86.6GeV)

« Differential yields (pAr @ 110.4GeV)

» Helac-Onia underestimate the J /4y cross-section by a factor of 1.78
» Reasonable agreement in rapidity shape
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DO production in fixed-target pN collision &

Phys. Rev. Lett. 122 (2019) 132002

« Differential cross-section (pNe @ 86.6GeV)

« Differential yields (pAr @ 110.4GeV)

« Helac-Onia underestimate the DY x-section by a factor of 1.44
» Reasonable agreement in rapidity shape
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