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Motivation

The LHCb spectrometer

Beam Configurations

Analysis strategy for JAI & Y reconstruction
Measurement of JA¥ & T cross sections

Determination of nuclear modification for

J &Y

Calculation of forward-backward asymmetries
@ Conclusions & Outlook
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Focus on:
@ JU, T — putpu~
Cold-nuclear effects (decouple cold-nuclear matter from quark-gluon plasma effects)
Soft QCD; energy-loss vs. saturation
Useful as reference for ion-ion collision analyses
Y (1S, 28, 3S) survive higher temperatures in QGP than J/¥
Production ratios probe sequential dissociation of bb pairs
Determine sequential suppression of Y in cold nuclear matter

e Z—putu~
e nPDF’s based on data from fixed-target experiments
e = no or little data available at 0> > 10 GeV?,
e x ~ 1.0and
e x < 0.01
@2y <5

® xp= %eiy
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dopa (v,V/5) (v,ﬁ)
Nuclear modification factor:

pA (y7 f) A dUW (V NG)
dy

From PHENIX data: heavy quarkonia
suppressed at large rapidity:
(PRL 107, 2011, 142301)

prediction for LHC energies (5 TeV)
from JHEP 1303(2013) 122
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LHCb Spectrom

@ Pseudo-rapidity: 2 <n < 5
@ good IP measurement: (5IP) = 20um for pr > 2 GeV:
o excellent vertex reconstruction to select e.g. J/¥ mesons
o separation of prompt from secondary J/¥’s
@ 1 ID efficiency: ~ 97 % for < 3 % © — u mis-id probability from p = 2 — 100 GeV
@ reconstruct open charm
@ very useful for particle-yield ratios

@ V), reconstruction
% J. Instrum. 3 (2008) S08005




LHCb Spectrometer

Event characteristics

5.2.2013 5:30:36
Run 136734 Event 3832870 bld 1424

Typical pA collision in LHCb
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LHCb Spectrometer
Event characteristics

positive rapidity (protons on lead) negative rapidity (lead on protons)
forward backward

N



LHCb Spectrometer

Event characteristics
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Pseudo-rapidity in LHCb for p-Pb collisions
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LHCb proton-ion data

LHCb Integrated Luminosity at p-Pb 4 TeV in 2013

Inlegraled LHCb Efiiency breakdown
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@ low instantaneous luminosity: £ ~ 5 x 10>’ cm~2s~!

@ low pile-up (approx. 1 primary vertex per interaction)

@ data-taking efficiency better than 91%.

@ results based on 2 beam configurations and 2 magnet configurations.

forward : £ =1.1nb~! backward : £ = 0.5 nb~!
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JAU & Y production in p-Pb collisions
Analysis strategy

@ reconstruct J/¥ in p-Pb and Pb-p data
@ separate prompt JAF(T)s from secondaries

@ determine double-differential J/A¥ cross
sections

@ use total prompt JAT(T) cross section for
nuclear modification

@ determine forward-backward asymmetry in
prompt J/¥ () production

Pseudo-proper time:

. (zypw — z0v)Mypg
: Pz
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JAU & Y production in p-Pb collisions
Analysis strategy

@ reconstruct J/¥ in p-Pb and Pb-p data
@ separate prompt JAF(T)s from secondaries

@ determine double-differential J/A¥ cross
sections

@ use total prompt JAT(T) cross section for
nuclear modification

@ determine forward-backward asymmetry in
prompt J/¥ () production

— average b lifetime

A b lifetime in z direction

Pseudo-proper time: B ¢, distribution

. = — )My 3
T - i Prompt
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JAU & Y production in p-Pb collisions

Mass- and pseudo-proper time fit

@ determine yields by simultaneous mass & pseudo-proper time fit
@ mass model: Crystal-Ball signal and
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JAU & Y production in p-Pb collisions

Mass- and pseudo-proper time fit

@ determine yields by simultaneous mass & pseudo-proper time fit
@ mass model: Crystal-Ball signal and exponential background
@ . model: exponential for J/U’s from b’s
@ convoluted with double Gaussian

@ delta function for signal

° from side-band for
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Results from LHCb: JHEP 02 (2014) 072 (arxXiv:1308.6729), arXiv:1405.5152 _\\b\_
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JAU & Y production in p-Pb collisions

J/¥ total and double-differential cross sections

@ pA:15<y<4.0
pA prompt:

opa = 1168 £ 15 (stat) £ 60 (sys) pub

pA fromb’s:

opa = 166 £ 4.1 (stat) £ 9.2 (sys) ub
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@ Dominated by systematics from luminosity (3%), fit model and data-MC agreement
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Results from JHEP 02

(2014)

@ Ap: —5.0<y< =25

Ap prompt:
oap = 1293 £ 49.8 (stat) & 82 (sys) ub
Ap from b’s:
oap = 118 £ 6.8 (stat) £ 12.2 (sys) ub
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JAU & Y production in p-Pb collisions

J/¥ single-differential cross sections

J/¥ production suppressed at large rapidity
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Fraction of J/T from b-quarks:
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Prompt J/U cross sections at LHCb

Comparison of prompt J/¥ production in p-p, p-Pb and Pb-p:

= 10f T T T T E
= 9F LHCb Preliminary =
s sE p.< 14 GeVic A
3 Jf 25<y<40(ppA) 3
B MOy esew 3 o re-scale op, to common rapidity
o range
af 3 @ scale JAU cross section by +
3F —k pp (Rescaled) 7 @ perform linear interpolation
2F - Ap E between oy, cross sections
L3 4-pA 3 @ obtain opp@ \/snN = 5 TeV
o] S | I IR =
0 2 4 6 8 10
s [TeVv]

Total prompt J/T cross section
@ clear observation of JAU suppression in pA @ opp @276 TeV: JHEP 1302 (2013) 041

and Ap (arXiv:1212.1045)
. . @ op, @7 TeV:EPJ. C71 (2011) 1645
@ but Ap cross section only slightly O Xivi1103.0423)
suppressed

@ o, @8TeV: JHEP 06 (2013) 064
(arXiv:1304.6977)
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["EPS09 at NLO in Ref.[4]
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Rpp Vs transverse momenta

Forward-backward asymmetry vs. transverse momentum:
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Results from JHEP 02 (2014) 072 (arXiv:1308.6729), N\
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and Arleo etal. (JHEP 1305 (2013) 155 (arXiv:1304.0901))



Z-production in proton-lead collisions
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Z — ptp~ reconstructed in pA & Ap data

1.10 £ 0.02 fb—! pA (forward) data
0.52 £ 0.01 fb—! Ap (backward) data

PA: xa =~ (0.2-3) - 1073

Ap: x4 ~ 0.2-1.0
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Apply track-multiplicity reweighting to get
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s Eiﬁg collisions

5 ; .
o Zowp
4F Low (pPb data)
E pPb (5 =5 TeV .
3 - forward (MC PYTHIAS8)
2F B
- (b) z
1 e
o h
60 80 100 120
2
My [GeV/c?]
5r T ]
o Zops
4F LHew (pPb data)
E PPb 5y =5TeV _ Zopwe
3 r backward (MC PYTHIAS)
2F B
- (a) ]
1= B
o h
60 80 100

Theoretical curves from: arxiv:1401.2345
LHCb: arxiv:1406.2885

120
My, [GeV/c?]




Z-production in proton-lead collisions

T o .
= F stat. LHCb 1
= [ syst PPb 5y =5TeV ]
. . J30F —
Cross section measurements: St o EEWZNNLO  MSTWOS ]
: o FEWZ NNLO + MSTWO0S8 + EPS09 (NLO) :
Oy syt (fwd) = 13.5750 (stat.) & 1.2(sys) nb 20F .
(bwd) = 10.784(stat.) £ 1.0(sys) nb : R
Oz ptp— (bwd) =10.7757 (stat. .0(sys) nl 10f .
L] o
0
backward forward
Compare to:

@ NNLO calculations (Lie & Petriello: prp 86 (2012) 094034 (arxiv:1208.5967))

@ Nuclear modification (EPS09) (Eskola, Paukkunen & Salgado r1e 675 (2009) 123
(arxiv:0902.4145))

ﬁ Ei éé LHCb: arxiv:1406.2885 —\Q\sb\-
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Conclusions & Outlook

@ ~ 1.7 nb~! recorded by LHCb in 2013 p-Pb & Pb-p runs
@ unique kinematic reach complements other experiments
@ important for understanding of heavy ion physics

@ probe specific QCD phenomena



Conclusions & Outlook

~ 1.7 nb~! recorded by LHCb in 2013 p-Pb & Pb-p runs
unique kinematic reach complements other experiments
important for understanding of heavy ion physics

probe specific QCD phenomena

Measurement of (prompt) J/A¥ and Y cross sections in (y,pr) at \/snxy = 5 TeV
Nuclear modification determined, using interpolated LHCb o’s to /sxn = 5 TeV
Nuclear modification in p-Pb collisions in agreement with theoretical predictions
Forward-backward asymmetry as function of rapidity; agrees with theory

First observation of Z production in proton-lead collisions



