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Outline

LHCDb detector

pPb collisions: recent results

* Open heavy flavor results
» Hidden heavy flavor results

PbPb collisions: work in progress

Fixed target: first results

» Heavy flavor in pAr
 Antiproton in pHe
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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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pPb datasets and recent results %

Rapidity Coverage
» y™*: rapidity in nucleon-nucleon cms
* Voms = +0.465
Forward: 1.5<y" <40
Backward: —-50<y*<-25
Common region: 2.5 < |y*| < 4.0

Forward R
Magnet G

RICH2 M1

JSvv = 5 TeV (2013)

Backward L * pPb (1.06 nbl) + Pbp (0.52 nb™?)
« Open heavy flavor D° and A}

* Collectivity

P+ ySyy = 8TeV (2016)
N\ e pPb (13.6 nbl) + Pbp (21.8 nbL)
» Hidden heavy flavor J /y
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C
Prompt D° measurement in pPb at 5TeV %
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Reconstructed through
decay channel:

D° - K—mt

Inclusive D° mesons from
fitting invariant mass dist.:

« Signal: Crystal Ball
» Background: linear

Prompt D°fraction
extracted from fitting
Impact parameter dist.:

* Prompt: simulation
« DO-from-b: simulation

» Background: sideband in
data



Prompt AT measurement in pPb at 5TeV

Ay pV
IP K-

Forward 4 Backward { AF -
c
U E—— = I+ % & ¥ K 40T T " T T T p
S 1400F pPb (5=5 TeV S ook PPP Vsm=s TeV + data 3 * Reconstructed through
S 1200f- forward 4 = [ sk — total 1 decay channel
“ 1000 - LHCb preliminary “ 1000:_ LHCb preliminary | ., szt E + -+
1o : % sof c E A »pK™m
= 800F background a2 C background
_ié sook E 600}
5 a0of 5 400 pregtgmy : _ N
200 200F 4« Inclusive A¢ baryons from
oE SRS b flttlng invariant mass dist.:
2250 2300 2350 2250 2300 2350 _ ]
m(pK7t")[MeV/c?] m(pK m")[MeV/c?] o Slgnal: 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

W3 3500F o T 2o
g = PPb sn=5 TeV
~ 3000 forward

600 — Al-from-b

00 Dipackground * Prompt: simulation

| « Af-from-b: simulation
2 4 . .
log, (12,(A%) log, (12(AD) » Background: sideband in
LHCb-CONF-2017-005 data
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Prompt D° at 5TeV

nuclear modification factor in pPb

JHEP 10 (2003) 046
Eur. Phys. J. C77 (2017) 1,

R I LA S B B s S S B S B B o 2T T T T T T T T T T

m“a 4 LHCh LHCb Q;a [ 4-LHCb LHCb i}

F=]EPS09LO VSyn = 2 TeV 1 i F=]EPS09LO VSyn = 2 TeV ]

1.5 — EPSO9NLO — 1.5F — EPSO9NLO —

---nCTEQI15 i . ---nCTEQI15 ]
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0.5 T .

Backward Forward i
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P, [GeV/c] p. [GeV/c]

£ 250 1 LHCbI L

1 _ oppb (V" DTA/SNN) = [ = LHCbprompt D’ ]

Rpr (y*, pT) =—X P " , A=208 = - [ LHCb prompt J/ ¢ VSNN: 5TeV .
A opp(Y PTA/SNN) 2 E=EPS09LO .

- — EPSO9NLO p.<10GeVic |

Updated since preliminary result: | sk ---nCTEQLS h
. . - T, CGC .
Directly measured with prompt D° in pp at /s = 5 TeV - .
arXiv:1610.02230 |Froty .

 Nuclear modification factor smaller at large rapidity F
- Measurements consistent with theoretical calculations “°F ~ Trrreeeeeess :
0 - M | P | | ]
arXiv:1707.02750 —4 -2 0 2 4
y*
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Prompt D° at 5TeV
forward-backward production ratio

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

* Rpp does not need results from pp collisions.

« Compared to next-to-leading order NLO calculations with different nPDFs

 Consistent with theoretical calculations within uncertainty arXiv:1707.02750
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RFB

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

R _ da(+|y*|,pT)/dx
FB — %
do(—|y*|pr)/dx

* Rpp does not need results from pp collisions.

« Compared to next-to-leading order NLO calculations with different nPDFs
 Consistent with theoretical calculations within uncertainty
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Charmed baryon/meson production ratio

Rp+/po atSTeV

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

LHCb preliminary

Forward

8 10
P, [GeV/c]

T I T T T
pPb s =5 TeV A
—~45<y*<-25

LHCb preliminary

Backward

» 0.6 I
P 0+ (V" PT) 3
+ =
AC /DO O'DO(y*'pT) {
02l — EPS09LO
EPS09LO & EPS09NLO oot
gives similar predictions. e
. 2 4
nCTEQ15 slightly lower.
% 0-6 I
Forward: <
« Consistent at lower p 0-4_-‘
- Below theory at higher p
_ o2l — EPS09LO
Backward: I EPS09NLO
« Consistent for all p; [ e
ST
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8 10
P, [GeV/c]
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LHCb-CONF-2017-005

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

Comput. Phys. Commun. 198
(2016) 238
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Charmed baryon/meson production ratio
RA}'/DO at 5TeV

O-AZ-_ (y*;pT)

Rr+,n0 =
Ac/DT T g o (v* pr)

EPSO9LO & EPSO9NLO
gives similar predictions.

nCTEQ15 slightly lower.

Forward:
 Consistent for all |y*|

Backward:
 Consistent at lower |y*|

- Displays a rising trend
with increasing |y*|
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Prompt and nonprompt J /4 in pPb at 8TeV

Reconstructed through

J/ - ptu”

Signal extraction with 2D
simultaneous fit to mass and the
pseudo proper decay time

(219 = 2pv) X My
Pz

t, =

Prompt and nonprompt (from-b-
hadrons) separated

Fraction from b hadrons:
* Increasing trend

 Low p;: cold nuclear matter effects
different for the prompt and
nonprompt
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R pPb

1.5

1.0

0.5

0.0

Prompt J /1y at 8TeV
nuclear modification factor in pPb

ppb (Y ,PTA/SNN)

. 1
Rppo(y™, pr) = 7 X

T T T T I T T T | T T T
| [ 1HELAC — Onia with EPS09L.O
HELAC — Onia with nCTEQ15
L. HELAC — Onia with EPSO9NLO -
CGC
[ 4 LHCb (8.16TeV)

X\\\:$+;\H%€ v'\%““ :
4+ ]

prompt J/w, pPb
1.5 <y <4.0

| LLHCb
1 1 1 1 I 1 1 L I

5 | IOI —
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0
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A=208

opp (V*PTA/SNN)
pp reference: interpolation of LHCb measurements at 7, 8 and 13TeV

Backward rapidity: closer to unity

Compatible with 5TeV results

T T T T I T T T | T T T
| [ HELAC — Onia with EPS09LO
HELAC — Onia with nCTEQ15
- .. HELAC — Onia with EPSO9NLO
— 4 LHCb (8.16TeV)

prompt J/w, Pbp
—50<y* <25 |

. 10. L
pr|GeV/e]
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Forward rapidity: suppression up to 50% at low p+, decreasing with increasing p+

Overall agreement with models with large uncertainties on the gluon PDFs at low x

arxXiv:1706.07122

1.5}

& 4 LHCb (8.16TeV)
N

1.0 ==

LN I L B L
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HELAC — Onia with nCTEQ15 7
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W05 Energy Loss ]
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4 LHCb (5TeV)
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0.5 [ prompt Ty
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R pPb

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

R, pp (y*, pr) = 1o ppb (Y, PTA/SNN)
pPb O A O'pp(y*,pT,\/SNN),

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

A=208

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 JHEP 04 (2009) 065
arXiv:1706.07122

. Compatlble W|th 5TeV results
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Prompt / /1y at 8TeV
forward-backward production ratio

R — oGy lpr)/dx
FB ™ do(-|y*|,pr)/dx

Rpp does not need results from pp
collisions.

Prompt J /1:
» Clear forward-backward asymmetry
* Increasing trend with increasing p+

Nonprompt J /1:

» Closer to unity

Models for prompt J /1 only

Consistent with 5TeV results
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PbPb collisions

December 2015: first LHCb PbPb data taken

\VSNN = 5 TeV (3‘5 lUb_l)
Event classification: total energy in the calorimeters

(Ecal)

Analyses limited by saturation in Vertex Locator (VELO)

Track reconstruction: 50-100% event activity (~15k
Activity 50-70%

clusters)
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Fixed target physics

LHCb: only experiment at the o S
LLHC can operate in fixed-target spomg o M2 T
mode ‘ T RICH? ™" T
Gas Injection \) "
SMOG: The System for
Measuring Overlap with Gas Beam
* Unique feature
* noble gas (He, Ne, Ar...)
injection inside the LHC By & |
beam close to the interaction d
pOInt | Il 1 T I I »
. . Sm 20m Z
e Luminosity measurement 1
 Internal gas target e y<5
i S aXiv:1612.05741v1  y=5 Y89 o5 | y=';’,.5 y=2.5
Allows p-gas and ion-gas R A et T e i T - & e el
CO”ISIOHS ‘% |:2 L l \,! g 1072 |— Withrlntrisic harm:,"‘\\ - §
. £ 10k e = = N 1B
/Sy region between 20 GeV & o il S oo [ Winmo ME
(SPS) and 200 GeV (RHIC) & ¢ ool s Y8
5 A -—-=— EPS09 o, - 1
Access nPDF anti‘ShadOWing S : :))(2) - L il Lol Tnlr)ljszl L % "
region and intrinsic charm content =« 4 10> 102 i | e Tc WE gy W 100
in the nucleon W x LHCb LHCb
E Bjorken-x = fraction of the nucleon momentum carried by a parton
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Charm production in pAr collisions

LHCb-CONF-2017-001
« Dataset: JHEP (2013) 2013:122
. J3un = 110 GeV (2015) JHEP (2013) 2013: 155
* 6.5 TeV proton beam on Ar gas target
* Protons on target: 4 x 1022
« ~500 J /4 and ~6500 D"

 Shapes consistent with PYTHIA and interpolation between HERA-B and PHENIX
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ch
Charm production in pAr collisions THCDH

LHCb-CONF-2017-001

* ]/ / D°cross section ratio
« Luminosity cancels
* Increase with p-
« Little dependence on rapidity

* Demonstrate the feasibility of a heavy—flavor—fixed—target

program at LHCb
* Theoretical calculations are welcome
— 1010° X107
B . B
E = LHCD preliminary E - LHCb preliminary
3 8;— \sNN=11OGeVpAr 3 8 \sNN=11OGeV pAr
S 7E 1 S 7
© 6? l 0 6
50 = }
4— 1 I 4 ‘-} E +
= 3
2F 2F
1= =
T B R e meey Al 03 T T T

3 4 7 8 4 a5
Transverse momentum p_ [MeV/c] Rapidity y
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Measurement of p production in pHe collisions

1073

¢ PAMELA 2012
$ AMS-02 2015

10~}

(I'ﬁ/cI’P

10—° —  Fiducial
Cross-sections
Propagation

B Primary slopes

Uncertainty from:

Solar modulation
1 5 10 50 100
Kinetic energy T [GeV]

10~

» AMS-2: possible anti-proton excess at
high energies

« p/p ratio predictions limited by
uncertainties on p production cross-
sections, particularly for p-He

* Prompt production at \/syy = 110
GeV in pHe collisions

« EPOS LHC prediction:
« Data/MC ~1.19 +0.08
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LHCb-CONF-2017-002

o

_
<

dzc(pX)/dpde [ub c*/GeV?]

_
=

(g

10—15

10—]7

I| I| I| I| II I| Il I| III

LHCDb Preliminary —J

O/ N YA Y e Y

10—19

(=]

PANIC2017

- @= 10°x (120 <p< 14.0 GeV/c)

--®= 10"x(140<p<16.2GeV/c)
~ = 107x(16.2<p<18.7 GeV/c)
- %= 107 x(18.7<p<21.4GeVic)
- ©= 10"x(21.4 <p<24.4GeV/c)
107 x (24.4 < p <27.7 GeV/c)
- A= 10°x (27.7<p<31.4 GeVic)
%= 107 x (31.4 <p<35.5GeVic)
10® x (35.5 < p <40.0 GeV/c)
== 10" x (40.0 < p < 45.0 GeV/c)
= de= 10" x (45.0 < p < 50.5 GeV/c)
= %= 10" x (50.5 < p <56.7 GeV/c)
== 10" x(56.7 < p < 63.5GeV/c)
10" x (63.5 < p < 71.0 GeV/c)
10" x (71.0 < p < 79.3 GeV/c)
10" x (79.3 < p < 88.5 GeV/c)
~A = 10"°x (88.5 <p <98.7 GeV/c)
- 7= 10" x(98.7 <p < 110.0 GeV/c)
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Conclusion

« Heavy ion collisions
» pPb collisions at \/syy = 5 and 8 TeV in 2013/2016

« Open heavy flavor analyses: prompt D° and A
 Hidden heavy flavor: prompt and nonprompt J /1y
« Angular correlation measured (not included)

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

» Ongoing analyses on semi-central to peripheral collisions

* Fixed target collisions
« SMOG: unique feature enabling a fixed target program in LHCb

* First results on
« D% and J /4y production in pAr collisions v/syy = 110 GeV
» p production in pHe collisions \/syy = 110 GeV
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SMOG: Gas target in LHCDb

« SMOG: System for Measuring Overlap with Gas

* Inject noble gas (He, Ne, Ar...) into the LHC beam (~+20 m) around the
LHCDb collision region

 Gas pressure ~ 2 X 10~7 mbar
 Primarily for measuring luminosity at LHC JINST 9, (2014) P12005

* Fixed target: use non-colliding bunches T T T T T
. o g A PP /
« Fixed target collisions: 10\ =e=1h - /
» Covers mid to backward rapidity region: 10’;
. Yy =y —4.77 i \ /

Ebeam(p) p-SMOG Pb-SMOG 105; \ /

2.5 TeV 69 GeV A — S A
6.5 TeV 110 GeV 69 GeV y‘“'"“"“"\\ e / s
7.0 TeV 115 GeV 72 GeV B o
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Charm signals in PbPb dataset
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Strange signals in PbPb dataset
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Ultraperipheral J /1 photo-production

« Selecting events containing only two muon tracks
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Long-range near-side angular correlations

forward
High act|V|ty

forward
Low act|V|ty
LHCDh p+Pb s, =5TeV

" =STeV
LECY o0 {8 = 3.T0 1.0<p, <2.0GeVic

::“'<‘l‘.,l< ’:")‘:’;:"" ' Event class 0-3% | s * In hlgh_aCtIVIty
: R < events, a long-

S 0457 range correlation
Z|o A - -
H5 °4 k. on the near side is
13 /h’".’w bW observed in the

i AN pseudorapidity
o range
20<n <49

backward backward
LHCb Pb+p \syy=5TeV I . -
~| \High activity
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